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Abstract

Classical Cepheids: an Updated Theoretical Scenario in the Gaia Era

Classical Cepheids are the most important primary distance indicators, and excellent
tracers of relatively young and intermediate-age (from a few tens to a few hundreds
of Myr) stellar populations.

Indeed, they are well known to obey period-luminosity and period-luminosity-color
relations which are traditionally used to calibrate secondary distance indicators and,
hence, to estimate the Hubble constant.

Stellar evolution predicts that the evolutionary phase of Classical Cepheids cor-
responds to the central helium-burning phase of massive and intermediate-mass
stars. Stars in this evolutionary phase obey a mass-luminosity relation which is
dependent on the chemical composition as well efficiency of some non canonical
physical processes such as rotation, core convective overshooting, and mass loss ef-
ficiency during (mainly) the red giant branch stage.

The mass-luminosity relation, adopted in the pulsational model computation, af-
fects the shape of light curves and radial velocity curves, the coefficients of PLC and
period-Wesenheit relations and, in turn, the Cepheid-based distance scale.

The main focus of this PhD project is the modelling of radially pulsating stars,
specifically, Classical Cepheids, through non linear hydrodynamical models.

The primary goal is to constrain the extragalactic distance scale, and test the im-
pact of the various ingredients entering the model computation, on the theoretical
calibration of the Classical Cepheid distance scale.

This PhD research was conducted, in the context of one of the most debated is-
sues in current astrophysical literature: the Hubble Constant tension which is the
discrepancy (at the level of 4.4 o) between the value of the Hubble constant derived
by Riess et al (2016, 2018) on the basis of Classical Cepheids and the Cosmic Mi-
crowave Background results.

Indeed, the first part of this research is devoted to the evaluation of possible
residual systematic errors on the cosmic Cepheid-based distance scale calibration
and Hubble constant evaluation, in the context of one of the most debated issues in
current astrophysical literature: the Hubble constant tension.

The computation of updated and reliable pulsating stellar models for Classical
Cepheids is the basis for the derivation of theoretical tools to constrain not only the
distance but also intrinsic stellar properties such as the age and the mass of observed
pulsators.

Moreover, their comparison with valuable observational datasets, including that
provided by the Gaia mission, allows us to test the predictive capability of current
pulsation theory, and to trace the properties of Galactic and extra-galactic young and
intermediate-age stellar populations.

The pulsational framework developed in this PhD thesis is appropriate not only for
typical Galactic Classical Cepheids, but also to chemical patterns characteristic of
extra-galactic stellar systems such as the Magellanic Clouds.

The pulsational scenario presented in this work is also important in order to con-
strain the physical and numerical assumptions adopted in current generation of stel-
lar evolution models for massive and intermediate-mass stars.

In this context, the final part of the PhD thesis is devoted to the use of Classical
Cepheids as age indicators. By combining updated stellar evolution models with
our updated pulsational scenario, new accurate Classical Cepheid period-age and



the period-age-color relations in the Gaia filters are provided.

The inferred period-age and period—age—color relations are applied to a selected
sample of both fundamental and first overtone mode Cepheids observed with the
Gaia spacecraft, and individual ages for the various adopted theoretical scenarios
are derived.

The thesis will end with a discussion on the first results of the chemical com-
position effect on the updated and homogeneous theoretical scenario for Classical
Cepheids. Accurate metal-dependent relations which represent powerful tools for
constraining stellar parameters of Classical Cepheid distances with simultaneous
photometric and spectroscopic information in the Local Group of galaxies, are de-
rived.

The development of useful tools for constraining the individual distances and in-
trinsic stellar parameters in a variety of Galactic and extragalactic environments,
involves a direct comparison between observed and predicted light curves.
Therefore, in the era of Gaia astrometric measurements and in view of the next gen-
eration of the most advanced observational facilities, the work presented in the PhD
thesis paves the way for future applications and comparisons between theory and
observations.
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Chapter 1

Introduction

1.1 Historical notes and a general overview
on variable stars

For over 2000 years, Aristotelian science, considered untouchable, declared the im-
mutability of the sky that we observe. Celestial objects were considered eternal and
invariable.

However, in 1596, the discovery of a star, which regularly changed its luminosity,
in the Whale constellation (Omicron Ceti) by the Lutheran pastor, Fabricius, was
thus an obvious breaking point from the previous convictions. The relevance of this
discovery was such that the star was given the name, Mira Ceti, which means, "won-
derful star". In 1638, Johannes Holwarda studied the brightness variation of this star
by identifying the regular luminosity variation over a period of time. In an 11 month
period, the star reached a maximum of about 2-3 magnitudes and a minimum well
below 6 magnitudes, the threshold of visibility to the naked eye. Then, in 1669, the
second star found to be variable, Algol, was discovered by Geminiano Montanari.
Its brightness variation was correctly understood in 1784 by John Goodricke due to
the occurrence of a mutual eclipse between its two components. At the end of the
eighteenth century there were about a dozen stars whose variability had been recog-
nized and among them was a star that has a relevant role in the history of astronomy:
0 Cephei, the eponymous star for Classical Cepheids.

Until the beginning of the 20th century, Cepheids were considered just as variable
as the others. Soon, the fundamental discovery of the correlation between the pe-
riod and the intrinsic luminosity of Cepheids by Henrietta Leavitt, currently known
as Period-Luminosity relation, would make these stars fundamental to determining
the distance of astronomical objects from Earth.

In fact, in 1912, she published a work on the Cepheids in the Small Magellanic Cloud
(SMCQ), one of our Milky Way galaxy’s closest neighbors. At that time, the distance
of that galaxy was a matter of debate. However, Miss Leavitt could ignore the dis-
tance effect because the investigated Cepheids were all at the same distance; so, any
trend of the intrinsic luminosity with the pulsation period could be revealed from
the behaviour of observational apparent magnitudes. Miss Leavitt observed that an
increase in the oscillation period corresponded to a brighter apparent magnitude.
This correlation between the period and the apparent magnitude implied a corre-
lation between the period and the intrinsic luminosity (absolute magnitude), as the
distance was the same for all the investigated SMC Cepheids. The power of this PL
relation in the form M, = —a -log P — b where, M, is the absolute V magnitude, P is
the oscillation period and, a and b are constants to be properly calibrated, was imme-
diately clear. By measuring the period of a Cepheid, which is an easily measurable
quantity that is independent of distance, reddening effects, as well as photometric
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errors, one can, in principle, derive the Cepheid absolute magnitude and, in turn, the
distance of the star. Thanks to this discovery, towards the middle of the 20th century,
Cepheids became the most important primary distance indicators inside the Local
Group. They make it possible to calibrate secondary distance indicators and conse-
quently, reach the Hubble Flow at distances of the order of 100 Mpc, and as such
measure the Hubble constant Hy by using the Hubble Law .

From the discovery of the first variable stars, many observational efforts have
been made, revealing that stellar variability is not a rare phenomenon, with tens of
thousands of variable stars having been discovered in our Galaxy alone. At the same
time, substantial differences emerged among the various classes of variable stars in
terms of both variability characteristics and driving mechanisms. The general vari-
able star classification distinguishes between two big classes of variables depending
on the cause of the oscillations: intrinsic variable stars, e.g. with an internal vari-
ability cause (like the aforementioned Mira Ceti) and extrinsic variable stars, such as
binary systems.

The intrinsic variables are those whose change in brightness is due to some change
within the star itself. Among them, the pulsating variables show cyclic or peri-
odic magnitude variation with well-defined amplitudes and periods, while the cat-
aclysmic variables have sudden increases in brightness that are repeated without
precise periodicity.

The extrinsic variables are those whose light output changes due to some process
external to the star itself. There are two main subgroups of extrinsic variables: the
eclipsing binaries, where a binary star system’s brightness changes because one or-
biting companion passes in front of the other, and the rotating stars, where dark or
bright areas on the stellar surface may cause small changes in apparent brightness
as the star rotates.

In the rest of my thesis, I will concentrate my attention on radially pulsating
stars, that can be investigated through 1D pulsation models and for which the stellar
pulsation theory has provided strict relations between pulsational parameters such
as periods and amplitudes of the oscillations and evolutionary parameters, such as
mass, brightness or effective temperature (T,fs). These relations are indeed the basis
for the use of radially pulsating stars as distance indicators and stellar population
tracers.

In the next sections, I will discuss the different types of pulsating variable stars
with a focus on the helium burning ones. Their pulsation properties, corresponding
evolutionary phases and relevance in astrophysics will be discussed.

1.2 The pulsating variable stars

Before introducing the main types of radially pulsating stars, let us introduce the
fundamental diagram used in stellar astrophysical analysis, i.e. the Hertzprung-
Russell (HR) diagram. This is the plot of the intrinsic brightness (bolometric mag-
nitude) of stars against their effective temperature (intrinsic color or stellar spectral
classification).

The pulsating variable stars populate a well-defined narrow almost vertical re-
gion in the HR diagram. This region is known as the instability strip (IS) and is

Hubble’s law affirms a direct correlation between the distance to a galaxy and its recessional ve-
locity as determined by the redshift. It is often expressed by the equation v = Hj - D, where v is the
recessional velocity, D the proper distance to a galaxy and Hj the constant of proportionality between
vand D.
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shown in Fig. 1.1. From Fig. 1.1 one can notice that various types of radially pul-
sating stars can be identified in the HR diagram. However these variables stars are
associated with distinct evolutionary stages; for instance, § Scuti and B Cephei stars
are associated with the core H-burning stage, 6 Cephei and RR Lyrae with the He
burning phase, while Mira stars burn hydrogen and helium in two separated shells.
Within the strips, all stellar structures show an “unstable’” envelope due to the oc-
currence of radial pulsations. Radial pulsations are repetitive and correspond to
periodic changes in the radius, the brightness and effective temperature.

A list of the main variable stars with their periods, absolute V magnitudes, associ-
ated stellar populations and corresponding evolutionary phases is summarized in
Table 1.1.

Pulsation is a phenomenon that essentially involves only the outermost layers
of the stellar structure. In the so-called classical instability strip marked by dashed
lines in Fig. 1.1, the origin of the instability mainly lies in the ionization regions of
hydrogen (H) and helium (He) but I will discuss, in detail, the physical mechanisms
responsible for stellar pulsation in Chapter 2.

Variable stars can pulsate in one or more pulsation modes. Pulsation at the low-
est frequency is known as the fundamental mode (F) and involves oscillation of the
whole stellar envelope, while higher modes (first overtone, second overtone and so
on) are characterized by longer frequencies (shorter periods) and one or more radial
nodes in the envelope. Fig. 1.2 shows a typical light curve for a fundamental Clas-
sical Cepheid. The oscillation period and amplitude are indicated. The oscillation
period is the time interval between two successive luminosity maximums, while the
amplitude is the difference between the maximum and the minimum magnitudes of
the curve.

The presence of different classes of variable stars in a galaxy can help to trace
the star formation history of the galaxy itself. In fact every class of pulsating stars
belongs to a distinct stellar population characterized by a specific age or age range.
Therefore, if for example RR Lyrae stars, which trace old (t > 10Gyr) stellar popula-
tions, and Classical Cepheids, which trace young (t < 200Myr) stellar populations,
are simultaneously observed in the same galaxy, this occurrence is the signature of
a complex star formation history, with a very old and a very recent star formation
episodes.

In the next sections, I will focus on the pulsating stars typically associated with
the central helium burning evolutionary phase, RR Lyrae, Classical Cepheids, Type
II Cepheids and Anomalous Cepheids, paying particular attention to Classical Cephei-
ds which have been the main topic of my PhD studies.

1.2.1 Classical Cepheids

Classical Cepheid (CC) variable stars, sometimes called “delta’ or ‘type I Cepheids,
have been considered very powerful astrophysical objects since Miss Leavitt, at the
beginning of the 20th century, discovered that they obey a period luminosity relation
(PL). This relation has made them the current most used primary distance indicators
in the Local Group.

Pulsation properties

These variable stars are very bright objects, with intrinsic luminosities ranging from
approximately 300L¢, to 25000L, which trace young stellar populations (t<200Myr).
CCs include both massive and intermediate mass stars with masses from 3 to 13 Mg,
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FIGURE 1.1: A schematic distribution of the various types of variable stars in the HR dia-
gram.

(Bono et al., 1999b; Bono et al., 2000b, see Fig. 1.3). These stars cross the instabil-
ity strip 3 times. The first time is during the sub-giant phase when the star evolves
toward the red part of the HR diagram and corresponds to the so-called first cross-
ing. The time-scale of the first crossing is much shorter than the others; as such, the
probability of observing stars in this phase is significantly lower than in the central
Helium burning phase. The two other crossings, called the second and third cross-
ings, occur during the so-called ‘blue loop” phase of the HR diagram, corresponding
to the central helium burning phase of massive and intermediate mass stars. Only
stars whose blue loop phase crosses the IS will show Cepheid-like behavior.

The IS of CCs depends on the chemical composition of their environment. This ef-
fect has been widely debated in literature. According to nonlinear pulsation models
(see e.g. Bono et al., 2000b; Fiorentino et al., 2002; Marconi et al., 2005), the strip gets
redder as the metallicity (Z) increases at a fixed helium to metal enrichment ratio
AY/AZ ?,and bluer as the helium content (Y) increases at a fixed Z.

Since the blue loop covers a wide range of masses in the HR diagram and conse-
quently, a wide range of mean densities, the well-known pulsation equation also
called the period-mean density relation is:

P-\p=Q (1.1)

This relation where Q is the pulsational constant (J. P. Cox, 1980) which is slightly
dependent on the mass of the variable, suggests that Cepheids cover a wide range
of periods too.

2The helium to metal enrichment ratio, also called the helium enrichment ratio, indicates the abun-
dance of helium and metals with respect to the primordial chemical composition produced by the
Big-Bang nucleosynthesis.
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TABLE 1.1: Properties of some types of pulsating stars.

Class Period[days] My[mag] Pop Evolutionary phase
0 Cephei (CC) 1-100 -8+-2 I Blue Loop
d Scuti (dSc) <0.5 2:3 I MS-PMS
B Cephei <0.3 -4.5:-3.5 I MS
RV Tauri 30-100 -2:-1 LII post-AGB
Miras >100 -2:-1 LI AGB
Semiregular (SR) >50 -3:1 LI AGB
RR Lyrae (RRL) 0.2-1 0.5:0.6 IT HB
W Virginis (Type2C) 10-50 -3:-1 I post-HB
BL Herculis (Type2C) <10 -1:0 I poat-HB
SX Phoenicis (SXPhe) <0.1 2:3 I MS
Anomalous Cepheids (AC) 0.3-2.5 -2:0 ? HB-Turnover
SP Cepheids (SPC) <2 <0.0 I Blue Loop
LL Cepheids (LLC) 0.55-0.65 <04 ? ?

They have periods between about 1 to 100 days but there are some cases in which
this period limits are violated. In the Large Magellanic Cloud (LMC), Ulaczyk et
al. (2013) found fundamental mode Cepheids with periods of about 135 days and a
first overtone (FO) Cepheid with a period of about 0.5 days. The spectral type of CCs
varies with the effective temperature but ranges from F-type, with visual magnitude
M, = —2mag, to G or K-type with M, = —6 mag.

As CCs are associated with intermediate and massive stars, they have relatively
short evolutionary timescales when compared with other pulsating stars associated
with low-mass stars. In fact, CC ages range from about 107 years for massive and
bright stars to just 108 years for faint ones. CCs are indeed associated with young as-
trophysical systems where events of star formation are recent or still present. There-
fore, we expect and effectively find Cepheids in the disk of the Milky Way but also in
other nearby galaxies populated by young stars, like the Andromeda Galaxy (M31)
and the Magellanic Clouds. CCs pulsate in the first three radial modes: the funda-
mental, the first overtone and the second overtone modes. However, second over-
tone mode CCs do not exist for all chemical compositions.

Light curves

CCs show a typical light curve with the amplitude decreasing from the optical to the
near-infrared (NIR) filters (see Fig. 1.4).

The ratios of the amplitudes in different filters are a signature of the Cepheid nature.
If the observed amplitudes are the same in all the filters, the investigated object is
not pulsating but most likely a binary star.

Another implication of the trend of amplitudes with the wavelength is that, CCs are
easy to detect in the optical bands thanks to their large amplitude, whereas towards
the NIR filters the amplitude gets very small.

However, optical bands present two problems: the corresponding PL relations are
too largely dispersed, as such, in order to have a good light-curve coverage in these
bands, more than 10-12 phase points are required and this involves a lot of telescope
time.

On the other hand, in the NIR bands, thanks to the small light curve amplitudes, few
phase points are needed to get accurate mean magnitudes. However, if the signal to
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FIGURE 1.2: Fundamental Classical Cepheid light curve showing oscillation period and am-
plitude.

noise ratio of the observations is not high enough, it is very difficult to detect vari-
ables that oscillate with an amplitude of just a few dex of magnitude.

Therefore, to properly study CCs, multiband observations are necessary. In order to
detect these variables and obtain accurate periods optical observations are required
while NIR observations allow us to obtain accurate magnitudes as well as to be less
affected by reddening effects and to produce intrinsically narrower PL relations. On
this basis, some current and future facilities such as the Hubble Space Telescope
(HST) or the next generation James Webb Space Telescope (JWST) and Large Syn-
optic Survey Telescope (LSST) plan to observe pulsating stars in a wide range of
wavelengths.

Evolutionary properties

As also shown in Fig. 1.3, CCs are associated with the core He burning stage of
intermediate-mass or massive stars. Stars within this mass range have structural
and evolutionary properties quite different from less massive stellar objects (Bono
et al., 2000a).

One of the main differences is associated with the fact that stars with masses larger
than about 2.0-2.3M, do not develop a significant - if any - level of electronic degen-
eracy in the helium core in the evolutionary stage, the Red Giant Branch (RGB) that
follows the H exhaustion in the core.

Therefore, no electronic degeneracy has to be removed from the core and the he-
lium ignition does not occur with a flash, as in low-mass stars, but quiescently. Due
to the absence of electron degeneracy in the core, and the fact that the cooling pro-
cesses (thermal electron conduction and thermo-neutrino energy losses, (Salaris et
al., 2005)) are non efficient in intermediate-mass stars, these objects reach the ther-
mal conditions Tc ~ 3 x 103K and p &~ 10*¢¢m > needed for the He-burning ignition
on a much shorter time scale with respect to low-mass stars. This results in a less
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FIGURE 1.3: The evolution in the HR diagram of a selected range of intermediate-mass and
massive stars for a given metallicity (see label). The location of the blue and red edges of the
IS is shown. The evolutionary stage corresponding to the blue loops is drawn in magenta.

extended RGB in the HR diagram.

At the central Helium ignition, the star needs to find a new stable configuration.
First, the star’s structure becomes hotter and as such it moves toward the bluer part
of the HR diagram, and becomes less luminous because the efficiency of the 3-« pro-
cess is lower than the efficiency of the CNO-cycle reaction with which the hydrogen
is burning in the shell (Catelan et al., 2015b).

The new configuration of the star is a double burning configuration: helium is burn-
ing in the core and hydrogen in the shell. During this phase the star performs a loop
in the HR diagram, reaching higher effective temperatures and then moving again
towards redder colors (blue loop). During the blue loop, the star is two orders of
magnitudes brighter than during the Main Sequence (MS) phase due to the presence
of a very large He core and as such, can cross the IS.

Fig. 1.5 shows the typical evolutionary track for a solar chemical composition 5M,
star. The core He-burning phase is from E, the tip of the RGB, to I, the point at which
the central helium burning is exhausted. From the beginning of the helium burning
at point E, the star goes down until point F. At point F, the star moves from the RGB
to the blue side of the HR diagram until it reaches the bluest point of the loop, G,
where the central helium abundance is about half of the initial central helium abun-
dance. Moving from E to G, the efficiency of the CNO cycle in the shell increases. As
soon as the star reaches G, the efficiency of the 3-a reaction in the core supersedes
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the efficiency of the CNO cycle in the shell, until the exhaustion of helium at I.
The evolutionary phase that goes from point F to I is called the blue loop phase of
the HR diagram.
Along the blue loops an evolving stellar structure can cross the IS. Depending on the
extension and morphology of the predicted blue loops, Cepheid variables in a given
mass and luminosity range are expected.
In spite of its crucial role, the morphology of the blue loop is very difficult to predict
due to its highly non-linear dependence on most physical inputs and assumptions
made in the evolutionary computations. It does, however, have a linear dependence
on mass; the extension of the blue loop generally increases with the mass of the CCs.
Consequently, masses lower than ~ 3 M, do not enter the IS, while more massive
stars evolve inside the IS during this evolutionary phase. This happens because the
more massive the star is, the higher the effective temperature is.
The dependence of the blue loop on the chemical composition is not simple to de-
scribe with an analytical function. Fixing the metallicity and increasing the helium
content, produces a slight increase in the blue loop luminosity but a similar effect is
also produced when fixing the helium content and decreasing the metal abundance.
The most interesting relation predicted by stellar evolution for the blue loop
phase is a logarithmic relation between luminosity and mass:

log(L/Le) =a+b-log(M/Mg)+c-logZ +d-logY (1.2)

This relation, called the mass-luminosity (ML) relation, depends on the chemical
composition: the abundance of heavy elements (Z) and the abundance of helium
(Y).

This dependence is due to the fact that both the metallicity and the helium content
affect the helium core mass at the beginning of the central He-burning stage. Con-
sequently, as noted above, the stellar luminosity during this evolutionary stage is
affected, for a given total mass, by the initial chemical composition of the star.
When the ML relation is based on stellar models computed by neglecting core con-
vective overshooting, rotation and mass loss, it is customary to refer to it as a ‘canon-
ical ML relation’. When at least one of these non-canonical, physical processes is
accounted for in the stellar model computation, the brightness of the stellar model
in the blue loop phase, for any given value of the total mass, is increased with re-
spect to the standard (canonical) models. For instance, including some amount of
core convective overshooting during the central H-burning stage causes the star to
get brighter during the blue loop phase as a consequence of the larger He core (see
Fig. 1.6). In passing, we note that empirical constraints seem to suggest that some
amount of mild overshooting should be accounted for in stellar modelling in order
to better reproduce observational constraints (see e.g. Caputo et al., 2005a; Marconi
et al.,, 2013a; Marconi et al., 2017; Ragosta et al., 2019, and references therein)

The occurrence of efficient mass loss during the red giant phase affects only the mass
of the envelope and not the He core mass; therefore, during the blue loop stage the
star is characterized by a lower total mass for a given fixed He core mass. Since
the luminosity is fixed by the He core mass, we will have a stellar structure with
a smaller mass, at a fixed luminosity, with respect to the canonical case, which is
equivalent to a brighter luminosity at a fixed mass.

Finally, the occurrence of rotation causes the presence of a larger convective core
during the central H-burning stage and hence a larger He core during the blue loop
stage; the consequence being that, for a given total mass, the stellar structure is again
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brighter than in the canonical case.

Therefore, there is a sort of degeneracy among these three physical phenomena, as
it is difficult to disentangle the different contributions to the generally observed and
predicted overluminosity of CCs with respect to the canonical assumptions. The
impact of the ML relation and, in turn, of these "non-canonical phenomena" on the
Cepheid distance scale is discussed below.

CC Period-Luminosity and Period-Luminosity-Color relations

The physical reasons at the basis of the existence of the PL relation possible can be
understood from the aforementioned Eq. 1.1 and the Stefan-Boltzmann (SB) law

L= 47tR2(7T4ff (1.3)

e

Since the mean density (p) is a function of mass and radius,
p=M/[(4r/3)R%] (1.4)

substituting the mean density expression in the pulsation equation would provide
a period-mass-radius (PMR) relation. By combining the PMR relation with the SB
law, a relation connecting the period to the stellar mass, luminosity and effective
temperature (PMLT) is derived:

logP =a+b-logTess+c-log(M/Mg)+d-log(L/Ls) (1.5)

As an example, for solar chemical composition fundamental pulsators, the relation
derived in my PhD work and published in De Somma et al. (2020b), for standard
physical assumptions is:

log P = 10.268 — 3.192 - log T,y — 0.758 - log (M /M) +0.919 - log(L/Ls)  (1.6)

This relation is extremely powerful because it allows us to test stellar evolution the-
ory through the investigation of pulsation properties. The left-hand side of the re-
lation, the pulsation period, is a parameter that is very easy to measure from ob-
servations. While, the right-hand side, the evolutionary parameters, such as mass,
effective temperature and radius, are linked to the age and chemical composition
of the star. So, by simply measuring the period and the color, information on other
intrinsic stellar parameters can be easily derived.

Stellar metallicity also affects the pulsation period distribution as an increase in the
metal content shifts the IS towards lower effective temperatures which means longer
periods at a fixed mass and luminosity.

Assuming an evolutionary predicted ML relation for CCs in the form of eq. 1.2
and substituting this relation in eq. 1.5, one obtains a period-luminosity-effective
temperature relation and by transforming the temperature into a color index, the
following period-luminosity-color (PLC) relation is obtained:

Mj =ua+ B-logP + v[CI] (1.7)

The PL relation is then derived by averaging the periods over the color extension of
the IS at each fixed luminosity level or, in other terms, projecting the PLC relation
onto the PL plane.
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This implies that the PL relation is a statistical relation that can be inferred only when
a statistically significant sample covering the whole extension of the IS is available.
Indeed the effect of the finite width of the IS produces an unavoidable intrinsic dis-
persion of the PL relation (1.7). Therefore, the PL relations should not be applied to
individual Cepheids.

The effect of the finite width of the IS on the intrinsic dispersion of the PL relation
tends to reduce when one moves from the optical to the NIR bands. This behaviour
suggests that NIR PL relations are more accurate and reliable tools to derive Cepheid
distances with respect to optical PL relations (Caputo et al., 2000b).

This trend is evident in Fig.1.9 in which Galactic and LMC Cepheid observed PL
relations from the optical (BVI) to the near-IR (JHK) filters, are shown; and in Fig. 1.8
in which theoretical synthetic PL relations for Z=0.004, Z=0.008, Z=0.02 and several
photometric passbands are shown. The first way of reducing the effects related to
the intrinsic dispersion of the PL is to use near or mid infrared filters. Therefore, in
NIR or IR filters we can directly use the PL relation to determine distances and the
3D structure of galaxies.

In the optical bands an alternative solution is to introduce a color term and use the
so-called period-Wesenheit (PW) relation.
The PW relation in the B-V color is:

W(B,V)=My —Ry-(B—V) where Ry=Ay/E(B—V) (1.8)

The usefulness of this relation is that it is reddening free by definition because the
magnitude is replaced by the Wesenheit function (W) which includes the color term
with a coefficient (Ry), and this coefficient is the exact ratio of the total to the selec-
tive extension. This definition makes PW relations reddening free. The PW relation
can be used to find individual Cepheid distances while the PL can’t because of the
finite width of the PL. In fact, when using the PW, we find a magnitude for each
period and color but when using the PL, we find a range of magnitudes for each
period.
A. Riess and collaborators used some combinations of optical and NIR PW relations
to estimate the distance of extragalactic CC contained in galaxies hosting Super-
novae (SN) Ia. In fact, they used the PW relations to calibrate SNIa extragalactic
distance scale (from CCs in the Shoes program), reducing the uncertainty on the es-
timated Hubble constant (Hp) from 3.3 to 2.4 % (Riess et al., 2016a).
Due to the highly debated "Hubble constant tension’, which is the difference between
the value derived by Riess et al. on the basis of Classical Cepheid distances (Riess
et al., 2016b; Riess et al., 2018b), and the Cosmic Microwave Background results de-
rived by the Planck collaboration (Planck Collaboration et al., 2016), there are several
teams around the world that are trying to reduce the systematic uncertainties on the
coefficients of PL and PW relations, as these errors propagate through the various
steps of the extra-galactic distance ladder till the estimate of Hy.
As the Cosmic Microwave Background anisotropy measurements are related to the
initial phases of the Universe, it is possible that something in the fundamental physics
has to be reviewed. However, until the systematic errors on the distance scale cal-
ibration are completely removed, it is not possible to check if the tension is real
and/or related to underestimated uncertainties.

One of the most debated issues concerning the use of Cepheids as distance in-
dicators is the dependence of PL and PW relations on chemical composition (Macri
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et al., 2006; Romaniello et al., 2008; Bono et al., 2010; Freedman et al., 2011; M. Groe-
newegen, 2013; Ripepi et al., 2020). Indeed, in the past the LMC-based PL relation
was used to estimate the distance of CCs in external galaxies with metal abundances
often significantly different from the LMC one. Moreover, in recent years A.Riess
and coworkers have adopted the CC sample observed in the maser galaxy NGC4258
for which a direct geometric distance modulus is available in literature (Riess et al.,
2016b). The metallicity of this galaxy is more similar to the one of external spiral
galaxies hosting SNIa, thus significantly reducing the metallicity issue. From the
theoretical point of view, nonlinear convective pulsation models predict that the PL
depends on chemical composition (Fiorentino et al., 2007; Bono et al., 2010). In par-
ticular, the slope of the PL relation is expected to decrease as Z increases at a fixed
He enrichment ratio.

On the other hand, the PL slope increases as Y increases at a fixed Z. Both these
effects get less important from the optical to the NIR bands (Fiorentino et al., 2007;
Bono et al., 2010; Fiorentino et al., 2013; Di Criscienzo et al., 2013). Another debated
property of CC PL is its possible nonlinearity over the entire period range. Indeed,
the application of a PL relation calibrated on a CC sample with short periods to
a galaxy hosting only long period Cepheids can introduce an error in the inferred
distances. This aspect was analysed for the first time by Ngeow and Kanbur using
MACHO and OGLE data (Ngeow et al., 2005). They found that the cause of the
change in the slope of PL at longer periods is the interaction between the ionization
front and the stellar photosphere which produces a lower luminosity inferred from
the PL than from the ML.

The predicted ML relation for CC is related to the so-called mass discrepancy prob-
lem, that is the difference between masses derived with pulsational versus evolu-
tionary methods. The masses derived from the comparison of pulsation models
with observations were found to be smaller by 20-40% than masses measured from
the comparison with evolutionary models (A. Cox, 1980). With the inclusion of up-
dated physics inputs, including new tables for radiative opacity in the stellar models,
the mass discrepancy was reduced to 10-15% (Moskalik et al., 1992b; Moskalik et al.,
1992a; Bono et al., 2000c). In any case, an overluminosity with respect to canonical
ML relations, due to overshooting and/or mass loss and/or rotation, is needed in
order to reconcile evolutionary and pulsational CC mass values (Bono et al., 2001;
Caputo et al., 2005b). In conclusion, CCs are important not only as distance indica-
tors but also as benchmarks of stellar evolution theories and stellar physics.

Ultra Long Period Cepheids

In the past few years, another interesting class of variable stars with properties sim-
ilar to CCs but with longer periods has drawn the attention of astronomers. These
are the ultra long period Cepheids (ULPs), identified in nearby star forming galaxies
(Ulaczyk et al., 2013).

They have periods longer than 80 days and magnitudes in the I band between
-7 mag and -9 mag. Therefore, they are significantly brighter than canonical CCs
which, as already mentioned, have magnitudes in the V band between -2 mag and
-7 mag.

From their position in the color magnitude diagram (CMD) and in the PL dia-
grams (Bird et al., 2009; Fiorentino et al., 2012b), ULPs have been suggested to be the
extension of CCs at higher masses. If this hypothesis were confirmed from current
and future observational and theoretical investigations, these pulsating stars would
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represent the most powerful primary distance indicators, able, with the advent of
big next generation telescopes like JWST or the Extremely Large Telescope (ELT), to
reach the Hubble flow in one step. For example with ELT it might be possible to ob-
serve the brightest ULPs at the distance of the Coma cluster ( 100 Mpc). This, in turn,
would allow us to directly estimate Hy, skipping the use of any secondary distance
indicators, and providing an independent test of their accuracy.

1.2.2 Other Helium burning variable stars
RR Lyrae

RR Lyrae variable stars are the most abundant class of pulsating stars in the Milky
way.
RR Lyrae (RRL) are old, low-mass, radially pulsating stars with periods ranging
from 0.2 to 1.0 days and visual magnitudes ranging from ~ 0 to 1 magnitudes (See
Fig. 1.12). They are population II variable stars (t>10Gyr) and as such, populate
galactic halos, thick disks and globular clusters (GCs) (Marconi et al., 2018). RRL of
GCs have historically been and still are of extreme importance due to the existence of
samples rich in a few hundred variables, all at the same distance, with the same age
and from stars with the same chemical composition. These samples are, therefore,
optimal for investigating the intrinsic properties of variability and their connection
to evolutionary parameters. The first period-amplitude diagram for RRL in globular
clusters was made by Solon Bailey in 1902. From this diagram, now known as the
"Bailey diagram’, Bailey divided RR Lyrae into two classes: the “ab” and "¢’ types.

The RRab variable stars show periods ranging from about 0.3 to 1.0 days, with
amplitudes decreasing as the period increases and generally asymmetric light curves
often characterized by the presence of secondary features, such as bumps or dips.
The light variations have steep rising branches and a slow decrease of brightness
after the peak brightness has been reached. The amplitude can reach 1.5 mag in the
V band and 1 mag in the I band. A typical RRab light curve is shown on the top-left
panel of Fig. 1.11. On the other hand, ¢ — type RR Lyrae are concentrated at short
periods with a dependence of amplitude on period which explains its characteristic
bell-shape. These stars have much more symmetric light curves with the possible
presence of a small secondary bump located on the ascending branch, and smaller
amplitudes than RRab pulsators (see the top-right panel of Fig. 1.11).

The theory of stellar pulsation has later demonstrated that RRab stars correspond
to the fundamental pulsation mode, whereas RRc stars are first overtone pulsators.

A significant number of RRab stars’ light curves show a modulation that has a
period much longer than that of the primary pulsation cycle. This phenomenon,
called “the Blazhko effect’, was discovered by Sergey Blazhko in 1907.
Although the cause of this effect is still highly debated, one possibility is that it is
due to the magnetic field of the stars. As such, there are studies on the magnetic
tield of the stars in both the MS and the more advanced evolutionary phases like the
Horizontal Branch (HB). On the bottom-right panel of Fig. 1.11 an RRab star light
curve with visible Blazhko effects is shown.
The Blazhko effect is also observed in some RRc stars, but it is much less common
than in RRab stars. Less than 10% of first-overtone RR Lyrae stars exhibit Blazhko
modulation.

There is also a third group of these variables, the d — type RR Lyrae.
The RRd type variable stars simultaneously pulsate in the fundamental and first
overtone modes. The relative number of RRd stars within the whole population of
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RRL variables strongly depends on the metallicity of the stellar environment. In the
relatively metal-rich Galactic bulge only 0.5% of RR Lyrae stars are double-mode
pulsators, while in the more metal-poor Small Magellanic Cloud (SMC), as much as
10% of RR Lyrae variables are of RRd type. The percentage of RRd type variable
stars significantly increases in the metal-poor Galactic Halo.

In the vast majority of RRd stars, the first-overtone component has a larger am-
plitude than the fundamental mode. When the modes are separated in RRd, the
first-overtone light curve usually has a similar shape and amplitude as the single-
mode RRc stars, while the fundamental mode component visibly differs from the
RRab light curves - it has a small amplitude and nearly sinusoidal shape. On the
bottom-left panel of Fig. 1.11, a typical RRd star light curve is shown.

The RRd stars are also very important because when plotting the ratio between the
two periods as a function of the

fundamental mode period in the Petersen diagram, we notice that the obtained

pattern depends on the stellar mass. Thus, by simply measuring the two periods of
RRd pulsators, we can directly estimate the stellar mass.
Until now no second-overtone pulsator among RR Lyrae variables has been ob-
served or predicted. The intersection of the HB, that is the location of central He-
lium burning, with the RR Lyrae IS is sometimes called ‘RR Lyrae gap’, which may
be confusing as it is not really an empty space in the HB star distribution. The RR
Lyrae structure is made of a core in which He is burning via the 3-a process and a
surrounding shell in which H is burning via the CNO cycle. The longest possible
lifetime of an HB star as an RR Lyrae is t = 10° years as this is the time it takes to
fully burn He in the core.

The topology of the RRL IS is shown in Fig.1.10. One can note that the bluest
edge, corresponding to the FO blue edge (FOBE), is located at an effective temper-
ature of around T,fy=7200K at the Zero-age Horizontal Branch (ZAHB) luminosity
level; a value which slightly decreases with increasing stellar luminosity. Moving
towards lower effective temperatures you can find the F blue edge (FBE), the FO red
edge (FORE) and finally the F-mode red edge (FRE). The region between the FBE
and the FORE is called the OR region. In this region a star can pulsate as either a
fundamental, first overtone or double pulsator mode variable. The region to the left
of the OR region is the "FO zone" as only FO-mode is efficient here, whereas the
region to the right of the OR zone is called "F zone" and is bound on the right by
the FRE, located around T,;r=5900K (Cassisi et al., 2013) at the ZAHB level. The
physical reasons for the existence of the blue and red edges of the IS will be largely
discussed in Chapter?2.

RR Lyrae are population II primary standard candles widely used to measure
distances within our own Galaxy and its nearest neighbours up to about 1 Mpc
in distance. Over the years different relations from the optical to the mid-infrared
(MIR) bands that make RRLs distance indicators have been discovered. The most
widely used are: - the My — [Fe/H| relation (Caputo et al., 2000a; Di Criscienzo
et al., 2004; Catelan et al., 2004; Marconi et al., 2021) which is the relation that links
the metallicity to the absolute visual magnitude of RR Lyrae. Its general form is
My (RR) = a[Fe/H]| + b - the PL relation in the K band (Bono et al., 2003; Coppola
etal., 2011; Braga et al., 2018). Its general form is:Mg = a + b - log P A PL relation in
the optical bands is not expected as RRL are located on the HB where the luminosity
does not vary with the effective temperature and as such it does not vary with the
period. In the K band, due to the dependence of V-K on the effective temperature,
the K-band magnitude, that is obtained combining V with V-K, is very dependent
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on the period.

Both these relations are affected by systematic errors. The MV - [Fe/H] relation
is affected by off-ZAHB evolution as well as the metallicity scale and the a element
enhancement. Moreover several theoretical studies claim that this relation is not
linear over the whole observed metallicity range. On the other hand, the K band
PL relation is affected by metallicity variations, so that the true relation is Mg =
« +log P + c - [Fe/ H] generally known as the RR Lyrae PLZ relation.

Type II Cepheids

Type II Cepheids, sometimes called Population II Cepheids, are low-mass pulsating
stars tracing, like RR Lyrae stars, old stellar populations.

These variable stars can be divided into three subgroups. These subgroups, BL Her-
culis, W Virginis and RV Tauri stars, are each in a distinct stellar evolutionary phase.
BL Herculis stars are the shortest pulsation period type II Cepheids. Their period
ranges from 1 to 10 days.

W Virginis stars are type II Cepheids showing pulsation periods between 10 and 25
days.

RV Tauri stars are the longest pulsation period type II Cepheids with periods be-
tween 25 and 150 days. 150 days is the minimum period of another type of variable
stars called long period variables (LPV).

Unlike the RR Lyrae or CC, there is no clear distinction between the fundamental
or first overtone mode pulsators (if any) among type II Cepheids. Type II Cepheids
were discovered and can be observed in the Galactic field but the majority of them
are in the Galactic Globular Cluster with a blue HB morphology and average to high
metal deficiencies. Like CC and RR variable stars, Type II Cepheids obey a PMLT re-
lation too. The relation for fundamental BL Her pulsators derived by Di Criscienzo
et al. (2007) is:

log P = 11.579 4 0.89 - log(L/Le) — 0.89 - log(M/Mo) —3.54-log Tors (1.9

Also in this case, establishing a relation between pulsational and evolutionary pa-
rameters allows us to probe the evolutionary properties of type Il Cepheids observed
in stellar clusters once their periodicity is measured.

BL Herculis variables begin their main core HE-burning stage on the blue side
of the RRL IS, then crossing the IS while moving from the bluest part of the HB
towards the asymptotic giant branch on the red side of the HR diagram. These vari-
able stars cover a wide range of periods because as the total mass decreases, the
mean luminosity increases. The typical crossing time is 80 - 10* years, depending on
the evolutionary mass.

W Virginis (W Vir) stars are type II Cepheids with pulsation periods in an intermedi-
ate range between BL Herculis and RV Tauri variables. The periods and amplitudes
of W Virginis stars often vary irregularly from cycle to cycle.

It is widely believed that W Vir variables originate from the post-HB evolution of
low-mass stars that enter the asymptotic giant branch (AGB) evolutionary phase
with relatively small or intermediate envelopes. After the central helium exhaus-
tion, when there is no fuel in the core, the efficiency of the shell increases because He
burning continues in the narrowing shell. The energy released from the He burning
shell results in the expansion of its outer layers, depending on the residual mass of
the envelope, which in turn starts to reduce the energy released by the H-burning
shell.
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As a result, the envelope shrinks, the surface luminosity reduces and consequently,
the star moves to the bluer part of the HR diagram. This evolutionary path is how-
ever stopped and reversed because, as a consequence of the contraction, gravita-
tional energy is released, the stellar envelope is warmed up and this results in the
re-ignition of the H-burning shell.

The luminosity of both the He and H burning shells, in this stage, increases concur-
rently as opposed to the thermal pulsating stage along the AGB. This results in the
star performing a blueward nose in the HR diagram and thus reentering the IS. This
blueward nose, which typically takes a few Myr, can be repetitive due to the fact that
the burning efficiency of one shell affects the other, resulting in the star entering the
IS multiple times.

The structural parameters affecting the blueward noses are; the abundance of He in
the envelope and the residual mass of the envelope at the end of the He-burning
stage. For envelopes with less than 1072 My, after central HE-exhaustion, the star
can’t reach the AGB thus becoming an AGB manque. However, for larger envelopes,
the star reaches the AGB without performing blueward noses. Stars that experience
the blue loop in the HR diagram have envelope masses less than the mass required
to perform the blueward noses but more than is required to reach the AGB.

RV Tauri stars are the brightest type II Cepheids. These are stars that experience
thermal pulses while burning He in their shell. Although their envelope masses are
very small due to both H-burning and efficient mass loss in the AGB stage, they
burn H in their external shell. RV Tauri stars include stars that are leaving the AGB
towards the white dwarf cooling sequence and thus cross the IS while performing
this final blueward motion.

Anomalous Cepheids

Anomalous Cepheid (AC) variable stars are radial and metal poor pulsating stars.
They are commonly believed to trace the intermediate age stellar populations (1Gyr
< t < 5Gyr) as they are brighter and more massive than RR Lyrae stars. In fact, they
enter the IS at absolute magnitudes of about 0.5 to 2.5 magnitudes and their masses
ranges from 1 to 2 M. See Fig. 1.13.

They belong to the central helium evolutionary phase. ACs pulsate in both funda-
mental and first overtone modes. Fundamental mode ACs have periods from a few
hours to over 2 days while first overtone mode ACs have periods from about 0.3
days to slightly over 1 day. Therefore, as it is shown in Fig.1.14, for Cepheids in the
LMC, ACs are located between CCs and population 2 Cepheids in the PL diagram.
While the PMLT relation for fundamental mode ACs, according to Fiorentino et al.
(2006) is

log P = 10.88 — 3.31 - log T, — 0.62 - log(M/ M) +0.82 - log(L/ L) (1.10)

for a given luminosity, effective temperature and mass, the relation between the
first overtone period and the fundamental one, according to the same authors, is
log P, = log Py — 0.13.

Fundamental mode AC light curves are asymmetric with a rapid rise to the max-
imum followed by a slow decline, while FO-mode AC light curves are generally
smoother than fundamental mode ones.
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Due to the fact that ACs are abundant in most Local Group dwarf galaxies but
very few in metal-poor, older stellar systems, and their pulsational properties sug-
gest that they are more massive than RR Lyrae stars, two hypotheses for the origin
of ACs are possible.

ACs are either intermediate-age stars with astonishingly low metallicity or they are
the final result of mass transfers within old binary star systems.

The first hypothesis for the origin of ACs, according to stellar evolution theory, is as
follows; once a star with an age equal to or lower than 4-5 Gyr arrives at the RGB
tip, He-ignition starts and the He-core mass starts reducing. As a result, for younger
stellar systems, the He-core mass at the RGB tip can be viewed as dependent on the
mass of the RGB progenitor.

From evolutionary computations, it is clear that for low-mass RGB progenitors, He-
core mass and ZAHB brightness are directly correlated. These computations also
show that when the He-core mass is fixed and the envelope mass is increasing, Tff
of the ZAHB models decrease uniformly but after the minimum T, is reached, both
the brightness and T,¢; of the ZAHB increase despite the envelope mass increase.
This then creates an ‘upper branch” along the ZAHB (HB upturn) for stellar systems
ranging from about (1-2) Gyr to about (4-5) Gyr, the exact age depends on the chem-
ical composition. As suggested by Demarque et al. (1975) and Hirshfeld (1980), the
‘upper branch’ can enter the IS depending on the mass of the RGB progenitor, the
mass loss efficiency during the RGB phase and the metallicity. Nevertheless, if the
metallicity is larger than approximately 4 - 10~*, the maximum T, ¢ achieved by the
ZAHB locus is too low to push these structures inside the IS (see also Marconi et
al., 2004; Caputo et al., 2004). This occurrence justifies why they are only found in
metal-poor stellar systems with an intermediate age stellar population. ACs are then
brighter and more massive than the RRL stars.

In spite of their larger masses and brightness, ACs are similar to RRL stars with re-
gards to the He-core burning lifetimes (i.e. 10® yr) because H shell burning is very
efficient.

The second hypothesis for the origin of ACs implies a phenomenon of mass ex-
change in a binary system. The existence of massive Blue Stragglers in the majority
of Galactic globular clusters (GGC) could be the signature of a binary evolution re-
sulting in a progeny whose mass is significantly larger than at the Main Sequence
Turn Off (MS TO).

During the He-core burning phase, this progeny would be in the red side of the
HB; however, if these stellar structures have masses ranging from ~ 1=+ ~ 2Mg and
metallicities lower or equal to ~ 0.0004, they then move to the ‘upper branch” and
become ACs. This hypothesis for the origin of ACs would also provide a possible ex-
planation for their absence in most GGCs. Indeed, a binary system with the required
characteristics can survive only in low enough density stellar environments such as
Globular Clusters (GC) for a sufficiently long time (Clement et al., 2001; Musella et
al., 2012).

However, a problem with this hypothesis is the poor number of ACs observed
in the LMC, which has both the right density and metallicity to produce this kind of
pulsators (Soszynski et al., 2008; Fiorentino et al., 2012a; Ripepi et al., 2014)
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FIGURE 1.4: A map of Classical Cepheid light curves in various photometric bands.
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FIGURE 1.5: The evolutionary track of a 5 solar mass star. The labels mark the position of
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stellar models.
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FIGURE 1.14: The Period-Wesenheit diagram for a large sample of LMC anomalous
Cepheids. Black circles and red triangles represent fundamental mode and first overtone
mode pulsators, respectively. The dashed line represents the theoretical results from CC
pulsational models while the same predictions for BL Her variables are represented by the
solid line.
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Chapter 2

The Physics of Pulsating Stars

2.1 Stellar pulsation theory

Pulsating stars show cyclic or periodic variation on a time scale, of the same order
as the free fall time. In fact, the dependence of the oscillation period on density is

the same as the free fall time ¢ ff 1

This information is very important\/lfecause this time is much shorter than the nu-
clear time scale (for typical CCs around 10° - 107 years). As the oscillations occur in
such a short time, nuclear changes can be neglected during the pulsation.

Thanks to the period-mean density relation (see Eq. 1.1) it is possible to provide the
stellar pulsation period limits.

During stellar evolution, the average densities of stars vary a lot; giant stars are the
lowest mean density astronomical objects with densities p &~ 10~ p and white
dwarf stars are the highest mean density objects with densities p ~ 10° pe.

Using these values in the period-mean density law, the range for the stellar oscilla-
tion period is between 3 seconds (for white dwarfs) to 100 days (for red giants).

The physical-mathematical procedures to investigate the stability of a stellar struc-
ture, such as those provided by evolutionary calculations, are conceptually simple.
The main procedures are, abandoning the equilibrium condition by writing the equa-
tions of motion for the elements of the stellar fluid and perturbing the structure,
investigating whether the perturbation tends to dampen (stability) or increase (in-
stability).

Over time, many theoretical efforts have been performed to model stellar pulsation.
Starting from the first simplest approaches of small perturbations in linear approxi-
mation, which are able to predict the pulsation period but not allowed to follow the
evolution to the full amplitude behaviour, to non-linear formulations.

While theoretical predictions of periods are largely reliable, predictions of the tem-
peratures at which instability begins and ends (instability edges) and the amplitude
of the pulsation, critically depend on the adequacy of the adopted theoretical sce-
nario.

What is of interest here is that by looking at the location of observed pulsating stars
in a color-magnitude diagram, a strip of instability can be identified (See Fig. 1.1).
Thus, suggesting the existence of a common phenomenon at the basis of the oscilla-
tions in brightness, radius and temperature.

2.1.1 The x and ¥ mechanisms

Over the years, several authors have tried to explain the physical mechanism re-
sponsible for the stellar oscillations.
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The first thing that was understood about stellar pulsation is that it is a phenomenon
which essentially involves only the outer layers of the stellar structure. Then, in 1963,
S.A.Zhevakin proposed the most accredited explanation about the pulsation mech-
anisms, the so-called "Valve effect’ (Zhevakin, 1963). According to the valve effect,
there are two possible mechanisms responsible for pulsations; the x and 7 mecha-
nisms, related to the effect on luminosity of a variation of opacity (x) and adiabatic
exponent I'; — 1, respectively.

According to these mechanisms, the origin of the instability lies in the ionization
regions of hydrogen, helium and Helium+, and also in their location within the stel-
lar envelope. This means that the "Valve effect’ only activates in a certain range of
temperatures and this is also a qualitative reason for the existence of an "instability
strip" which is the only region of the HR diagram where the stars pulsate. More
details will be discussed at the end of this section.

The IS is bound by two borders which are called the blue and red edges. The stars
stop pulsating to the left of the blue and the right of the red edges.

The x mechanism is due to the opacity variation between completely and partially
ionized regions in the star. First of all, it is important to remember that the de-
pendence of radiative opacity on temperature (T) and density (p) can be expressed
according to the so-called ‘Kramer’s relation” i.e., x o< p"T°.

In the stellar interior, n and s, the coefficients of density and temperature, respec-
tively, are positive. Therefore, opacity decreases during contraction of the stellar en-
velope producing heat loss. However, in the ionization regions, s becomes large and
negative which means that small temperature variations cause an increase in opacity
during contraction. This implies that the trapped energy released as excess energy
during the subsequent expansion is converted to pulsation work. Nevertheless, the
pulsation is efficient only in the partially ionized regions of stellar structures.

In order to properly understand why the pulsation occurs only in the partially ion-
ized regions, the physical properties of the star must be analyzed from the surface
to the center.

Since the outer stellar layers are cold, the hydrogen is neutral. Entering the star,
there is a temperature zone of T,y ~ 10000 — 13000 K which is the temperature at
which hydrogen starts to ionize. In this region, hydrogen is partially ionized.
Further into the star, closer to the core, the hydrogen will be completely ionized.
Lower opacity values are expected for regions where hydrogen is completely ion-
ized, as the contribution to opacity of the photoionization phenomenon is not ef-
ficient any more. Here, the damping mechanism prevails on the driving one and
pulsation is not efficient.

The v mechanism is due to the temperature variation between complete and partial
ionization regions in the star. From the thermodynamic laws it is known that if there
is an initial contraction of the star in the partial ionization region, the temperature
varies less than in the complete ionization region. This is because in the partial ion-
ization regions a part of the energy is used for the ionization. Therefore, increasing
the density during the contraction results in a smaller temperature variation than in
the complete ionization. As such, based on the Stefan-Boltzmann law 1.3, a smaller
luminosity variation is expected. This means the trapped energy released in the next
phase of expansion will be converted to mechanical work and then pulsation as in
the x mechanism.

ry—1 ry-1 o
r, = <dlnp)ad ,Ta—1 = <‘;llﬁg>ad and %—2 = (Z;Z;)ad = %—1 are the usual adiabatic

dlnp
exponents.
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To summarize, the x and ¢y mechanisms are two aspects of the same stellar lumi-
nosity variation phenomenon. The y mechanism is the effect caused by tempera-
ture variation while the x mechanism is the effect caused by opacity variation. Both
mechanisms are started by a stochastic fluctuation of the external layer’s properties
which means a contraction is needed to start the driving mechanisms.

If the model effective temperature is too high, the ionization regions of H and He are
too superficial (very external), involving a fraction of stellar mass over the ionization
regions that is too small (too low density). Therefore, damping prevails and the star
cannot oscillate.

Only when the ionization regions are deep enough, does the increase in the opacity
in those regions result in a mass sufficient for the pulsation driving mechanism to
become efficient.

At this point, the driving mechanisms prevail on the damping mechanisms and the
star oscillates.

This is the reason for the existence of the blue edge of the IS. From this, one might
deduce that going from the blue to the red part of the HR diagram, since the tem-
perature decreases, the depth of the ionization regions would increase; resulting in
a progressively more efficient mechanism for pulsation. This however, is false, as it
is known that the red part of the HR diagram is close to the Hayashi track which is
the HR diagram zone in which all stellar structures are fully convective.

Indeed as the stellar structure moves towards the red part of the HR diagram, con-
vection becomes progressively more important, thus reducing the efficiency of the x
and y mechanisms. As a consequence, the quenching effect produced by convection
makes the pulsation progressively less efficient until the red edge is achieved and
the structure is no longer pulsating.

This is the reason for the existence of the red edge of the IS.

2.1.2 Theory of radial pulsation

My study is focused on core He-burning variable stars, which are radial pulsators.
Several assumptions are necessary in order to approximate pulsation as a radial phe-
nomenon:

¢ Spherical symmetry is assumed: the luminosity and volume of the star varies
on the pulsation time scale but the shape remains spherical.

* Rotations and magnetic fields are neglected.

* The core is excluded from the analysis for two reasons:
i) the pulsation mechanisms only occur in the H, He and He+ ionization re-
gions that are very close to the star’s surface;
ii) the nuclear time scale associated with the evolution of the core is much
longer than the free fall time that is the typical time scale of pulsation.

Then, to study the pulsation properties of the variable stars, hydrodynamic models
which solve the hydrodynamic system equations in the stellar envelope, need to be
adopted.
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The hydrodynamic system of equations is as follows:

0 1
ﬁ = FP”Z Mass conservation equation (2.1a)
02 o°P GM
a—t; = —4%72% — 2 Momentum equation (2.1b)
JE P oH
5 pzaf =e— o where H = 471r°F Energy equation
(2.1¢)
heat transfer equation (2.1d)

The lagrangian description is usually preferred because it gives a better physical
interpretation of the equations.

There are two main theoretical approaches to the study of pulsating stars: the
linear and nonlinear approaches.

In the linear approach two different kinds of analysis can be done: the linear adia-
batic analysis and the linear nonadiabatic analysis.

The linear adiabatic analysis consists of linearizing the system equations (Eq. 2.1)
and neglecting heat exchanges.

With this approach, it is possible to derive a unique pulsation observable, the oscil-
lation period, which depends on mass, luminosity and effective temperature.

The linear nonadiabatic approach consists of introducing nonadiabatic effects into
the system. Thereby creating opacity gradients which allow for the prediction of the
location of the blue IS boundary. Therefore, this treatment results in the prediction
of both the oscillation period and the blue IS boundary.

The nonlinear approach, which consists of removing the hypothesis of low ampli-
tude oscillations, allows for two different kinds of analysis: the nonlinear radiative
and the nonlinear convective analyses.

The nonlinear radiative analysis allows for the prediction of periods, amplitudes and
the blue boundary.

While the nonlinear convective analysis allows us to predict periods, amplitudes,
light, radius, radial velocity curves (as well as the variation of any other relevant
quantity along the pulsation cycle) and both the blue and red boundaries.

Let’s start with the simplest analysis, the linear nonadiabatic analysis; where lin-

ear means the treatment of oscillations using the small amplitude approximation
and the subsequent linearization of the equations, and adiabatic means that each os-
cillating mass element does not gain or lose heat.
Adopting a Lagrangian description, let’s derive the linearized equations for the la-
grangian variation, éf, of the physical variables, f. Assuming for each layer of the
envelope a coordinate x = 1%, where 1 is the average radius of the layer and Ry the
total radius of the star. The relative displacement of the surface of a mass shell is:

or
c=" 22)

The radial distance out to interior mass m in the perturbed solution is:

r=ro(l1+¢) (2.3)
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Since the relative Lagrangian variation (%) of some physical quantity f is often used,
in the perturbed solution one gets:

f = fo(1+6f) (2.4)

From here, by applying Eq. 2.4 to both sides of the nonlinear form of the conserva-
tion mass equation (Eq. 2.1a) and remembering that in the Lagrangian description &
always commutes with d/0dm, the linearized mass equation is obtained:

op oG

X 3 x= 2.5

F =3¢ —xg 25)
Starting with the nonlinear momentum equation in the form of Eq. 2.1b and remem-
bering x = % and dm = 47r3pedry, solving the equation and dropping the zero
manuscript , the momentum equation is derived:

9 6P R xR, 6P
5P = e (4 - St p) (2.6)
where p p
.
iy @)

Eq. 2.7 expresses the local pressure scale height in the equilibrium model where g is
the local gravitational acceleration.

For the case of complete equilibrium in the unperturbed solution (see Eq. 2.2) and
negligible composition changes, due to nuclear reactions, the linearized energy equa-
tion may be written in the form:

d006P _ ddp p(T3—1) oH
mp—“mp+p5@ o) 28)
where H is the interior luminosity. In the diffusion approximations (valid in the

deep stellar interior), Eq. F = —;% [d%—(TT)} VT, for the interior radiative luminosity

H, where B(T) is the integrated Planck function, applies.
Taking the logarithmic Lagrangian variation of this equation, the linearized radiative
transfer equation is obtained:

CO

o7 1 3(@)
H /.4 T~ dnlox

- (2.9)

By combining the time derivative of the momentum equation (Eq. 2.6) with the other
two conservation equations (Eq. 2.5 and 2.8) the following equation is derived:

E sl (Cr—a)P] = g (e S) = =5 (e =1)s(e= )

(2.10)

For adiabatic oscillations ¢ (e — g%) =0.

Assuming the solution of Eq. 2.9 is of the form:

br _
i

E(r,t) = E(r)et (2.11)
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where ¢(7) is a function of r only and ¢ is a constant. Substituting Eq. 2.11 in Eq. 2.9,

writing % = (4npr2)*1% and rearranging slightly, results in:

_plﬁjr (r pr4;lf) _ rlp(jr (311 4P| = 0% (2.12)

This equation is known as the ‘linear adiabatic wave equation (LAWE)".

This is an eigenvalue equation in which ¢ is the eigenfunction and ¢?, the eigen-
value.

The solution o = 0 is discarded because it corresponds to the perfectly static case
that means no time dependence and therefore no oscillations.

If o # 0, the LAWE equation is an ordinary second order differential equation to
resolve and as such the solution contains two integration constants.

Since the LAWE equation is a linear, homogeneous equation in ¢, it means that if ¢
is a solution of the Eq. 2.12, then ¢ multiplied by a constant is also a solution.
Therefore, the first integration constant is the absolute value of the oscillation ampli-
tudes. The other integration constant is obtained by fixing one of the two boundary
conditions, the boundary condition at the center of the star (r=0) or the boundary
condition at the surface of the star (r = R stellar radius). The boundary condition
that is not fixed is satisfied by varying the other available parameter, the angular
frequency of pulsation ¢. Only some eigenfrequencies 0y, 07 ... and eigenfunctions
¢o, ¢1 satisfy the boundary conditions at both the center and surface.

These eigenfrequencies correspond to the different oscillation modes. oy corresponds
to the fundamental mode, o7 to the first overtone mode and so on.

The fundamental mode eigenfunction, o, has no nodes in the range 0 < r < R
while k overtone mode, ¢, has k nodes in the range 0 < r < R. This means that
when the stellar structure pulsates in the fundamental mode the whole stellar en-
velope is involved in the pulsation; while, when the stellar structure pulsates in
the first overtone mode only the zone outside its single node pulsates. Therefore,
the higher the number of the nodes, the more external the pulsation. In addition,
the higher pulsation modes become efficient at high effective temperatures so that
the corresponding blue boundaries are hotter than the fundamental one. Similarly,
when moving towards the red part of the HR diagram, convection tends to quench
the most external, i.e. the highest modes first, and so, the higher the mode, the hotter
the corresponding red edge.

There are two possibilities for each k :

1. 0y is real which means constant amplitude pulsation described by the eigen-
function & (r,t) = &(r)e*"¥, thus corresponding to sinusoidal oscillations;

2. 0} is imaginary which means there is a dynamical instability on a free fall time
scale.

When 0 is real it is possible to define the oscillation period Py = %7—7;
In conclusion, from the LAWE equation, if the eigenfrequency is real the only possi-

ble result that can be derived is the oscillation period for each mode.
In the case of nonadiabatic regime, in Eq. 2.9 the term § (e — g%) # 0 and the equa-

tion is a linear nonadiabatic wave equation.
This assumption implies that the eigenfunctions are not real but complex frequen-
cies w = 0 + ik, where 0, like in the adiabatic regime, gives the oscillation period
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while ik tells us if the pulsation amplitudes are expected to increase or decrease. In
this case we have the possibility to investigate the pulsation stability.

In the linear nonadiabatic regime, if the solution of the Eq. 2.9 is of the form elwt
the linearized full energy equation can be written as follows:

op dp i (T3—1)p oH
o % —75<€ - %) (2.13)

P 'p w P

To better understand the pulsation stability in stars, one can picture the star as if it
were made up of a large number of elementary Carnot-type heat engines, with each
engine corresponding to one shell of mass dm. There are two possible scenarios that

occur at the minimum radius value phase; each shell either gains heat ( [ Pav > O)
or releases heat ( JPdv < 0).

In the nonadiabatic case, to ensure the k¥ and 7y mechanisms are occuring when the
star contracts, each shell must be gaining heat at the minimum radius value phase.
Then, if the sum of the closed cycle of all mass shells in the star is positive, the driv-
ing regions prevail over the damping ones and the stellar envelope pulsates. As
such, finally, pulsation instability occurs.
However, when the aforementioned sum is negative, the damping regions prevail
on the driving ones and the stellar envelope does not pulsate.
This means that outside the IS, on the left side of the blue edge, the sum is negative
and the envelope does not pulsate. On the other hand, inside the IS, to the right of
the blue edge, the sum is positive and the stellar envelope starts to oscillate.
This limit is parametrized through the growth rate of the pulsation parameters, sim-
ply called the growth rate parameter, and given by:

W 4tk

=g = (2.14)

where W is the work done on the system by the restoring forces around a complete

closed cycle and Y is the total oscillation energy or equivalently can be written as:

27 ¥
The growth rate depends on both the real and the imaginary parts of the eigenfunc-

tion. Therefore, the linear nonadiabatic models provide the oscillation period and
the blue edge. In fact, the temperature at which the growth rate goes from negative
to positive, is the IS blue edge temperature.

The following scheme summarizes what was just explained:

If #>0=W>0 and= k <0 = oscillations are excited
If 7<0=W>0 and= k<0 = oscillations are damped

In the linear treatment of pulsation, there are no ways to predict the light curves
of variable stars and the red edge of the IS because there is no coupling between con-
vection, a nonlinear phenomenon, and pulsation in the oscillating stellar envelope.
The only way to include the convection phenomenon in the linear regime is to in-
clude convection by means of the mixing length theory or to make some ad hoc
assumptions, e.g. on the expected width of the IS. In most evolutionary codes, the
superadiabatic convection is parametrized through a free parameter which is the &,
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parameter. a,,; = Hip where [/ is the length of the path covered by the convective ele-
ments and Hp is the local pressure scale height.
On this basis, the red edge can be evaluated only by means of some ad hoc as-
sumptions like considering that the super adiabatic convection is efficient when the
growth rate is at its maximum. The temperature at which the growth rate is maxi-
mum is then the temperature of the red edge of the IS.
Once the star starts to oscillate, the amplitude of the oscillations varies until it reaches
an asymptotic value corresponding to a pulsation period and a full amplitude limit
cycle, at which the pulsation becomes stable. To predict the asymptotic regime of
the oscillations, a nonlinear treatment of the pulsation is needed.
The nonlinear approach can be radiative, if convection is neglected, but in this case
it cannot provide a good prediction for the red edge. Otherwise, if the coupling
between pulsation and convection is included, we have a nonlinear convective ap-
proach. This treatment can predict all the pulsation observables: the periods, the
oscillation amplitudes, the complete topology of the IS, e.g. including both the blue
and the red edges for each selected pulsation mode.

This complete framework allows us to compare theory to observations.
The crucial property of nonlinear convective code is the modeling of the coupling be-
tween convection and pulsation in a stellar oscillating envelope. In fact, by including
convection, each shell mass will have dynamic and convective velocity terms as well
as a coupling term between these two velocities.
As first suggested by Baker and Kippenhahn (Baker et al., 1965) the increasing effi-
ciency of convection towards lower effective temperatures has a damping effect on
the x and y mechanisms, thereby restoring stability.
Several efforts to model pulsation through a nonlinear convective treatment are
available in literature (Stellingwerf, 1982; Bono et al., 1994; Szab¢ et al., 2004)
In this thesis the approach originally outlined by Stellingwerf, 1982 and Bono et al.,
1994 was adopted.

2.2 The hydrodynamic codes

In this section, guidelines about the hydrodynamic codes used in this PhD project
to build-up the new dataset of nonlinear convective models, are described. These
codes are fully described by Bono and Stellingwerf in Bono et al. (1992), Bono et al.
(1994), and Bono et al. (1999b). The pulsation model calculation is performed in two
steps. The first step consists of using a linear hydrodynamic code: this code is a
lagrangian hydrodynamic code which analyzes linear nonadiabatic pulsation mod-
els, neglecting convection. It linearizes the aforementioned mass, momentum and
energy conservation equations. A temporal dependence in the form ¢!, where w is
the complex eigenfrequency, is assumed for all the oscillating quantities. To use the
code, several parameters have to be selected e.g. the threshold number of iterations
to reach convergence, the number of modes to analyze, the zoning of the envelope,
the ratio between core and total radius and the ratio between mass zones both above
and below the hydrogen ionization region.

Then, in order to create the model, the code needs several initial inputs about the
physical parameters of the model, namely the chemical composition, the mass, the
effective temperature and the luminosity. An analytical equation of state and tabular
opacities (see De Somma et al., 2020b, and references therein) are also required.
When these values are fixed and once the code reads the initial parameters as well
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as the input physics, the eigenfunctions are computed and the static envelope model
is provided.

The output data of the linear code include the model number, the effective tempera-
ture, the external radius, and for each investigated pulsation mode, the growth rate
(see Eq. 2.14), the total kinetic energy, the pulsation constant and the work in both
the hydrogen and helium ionization regions. As already explained in the previous
section, if the growth rate is positive, the stellar model pulsates in the corresponding
mode and the blue edge of the IS for a model with a specific luminosity and effective
temperature, is provided. However, if the growth rate is negative the investigated
stellar model does not pulsate. As this treatment of the models is completely radia-
tive, this code does not provide the red edge.

For this reason and in order to properly predict the full amplitude behaviour of the
pulsation amplitudes, the light curve morphology and the complete IS topology, the
second step consisting in the application of a nonlinear pulsation code is needed.
The nonlinear hydrodynamic code is a lagrangian code that uses a nonlocal and
time dependent treatment of the convective transport to solve the local conservative
equations. Some of the input parameters for the nonlinear code are taken from the
output of the linear code. In particular, the predicted radial eigenfunctions are used
to modulate the perturbation velocity imposed on the nonlinear model. Moreover,
the input file of the nonlinear code includes the number of periods to be calculated,
the number of iterations for each period, the convective a,,;, the eddy viscosity and
the artificial viscosity parameters used in the turbulent convective treatment.

The most important output parameters of this code are, the behaviour of the non-
linear period with the integration time, the bolometric magnitude amplitude, the
radius variation, the maximum and minimum radial velocity, the convective quanti-
ties and the various total energy and work contributions. Three possible behaviours
can be found:

1. The perturbed model has an amplitude that decreases until it is zero and the
total work tends to an asymptotic negative value. According to this model, the
star does not pulsate.

2. The perturbed model has a stable limit cycle in the mode in which it has been
excited. This means that the amplitude increases until it reaches a maximum
value corresponding to an almost perfect periodic oscillation and the total
work asymptotically tends to 0. This scenario is representative of a star that
can pulsate in the corresponding excitation mode of the model.

3. The perturbed model has a stable limit cycle in a different mode from which it
has been excited. This means that the amplitude slowly changes from the ini-
tial value corresponding to the perturbation mode to another asymptotic value
and the work asymptotically tends to 0. This shows a case in which the star
does not pulsate in the excitation mode of the model but in a different mode.

Models for which hydrodynamic codes provide the presence of a stable cycle for two
modes, e.g. both the fundamental and the first overtone mode, when excited inde-
pendently, can also be found. These models define the OR region of the HR diagram
and represent stars that can pulsate either in one mode or in the other, e.g. either in
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the fundamental or in the first overtone mode.

An exception to the three cases enumerated above is represented by the so-called
‘mixed mode models’, for which multiple pulsation modes are simultaneously ac-
tive.

Once the nonlinear model has reached the stable full amplitude limit cycle, the
variations of all the relevant quantities along a pulsation cycle can be predicted, e.g.
the light, radius, temperature, gravity curves as a function of the pulsation phase.
Therefore, thanks to the nonlinear convective approach, the detailed study of the
morphology of light and radial velocity curves, is possible.

Moreover, once the stable and unstable models are identified, for each mass, lumi-
nosity and chemical composition, the effective temperatures corresponding to the
blue and red edge, for each pulsation mode, can be obtained.
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Chapter 3

An updated theoretical scenario for
Galactic Classical Cepheids

The modelling of radial pulsating stars, specifically Classical Cepheids, is funda-
mental to constraint the extragalactic distance scale. The various ingredients enter-
ing the theoretical calibration of the Classical Cepheid distance scale can affect the
accuracy and reliability of the inferred distances, as well as the calibration of sec-
ondary distance indicators, able to reach the Hubble flow. On this basis, they can
cast light on residual uncertainties in the local determination of the Hubble constant
and in turn, on the "Hubble constant tension” debate.

In order to quantify the residual sources of uncertainties still affecting the Cepheid-
based extragalactic distance scale and the Hubble constant evaluation, we started
a theoretical project devoted to the building of an accurate and updated dataset of
nonlinear convective pulsation models. This set extends and complements previ-
ously computed models, by homogeneously covering a wide range of stellar pa-
rameters, including variations in the assumed Mass-Luminosity relation and super-
adiabatic convective efficiency, chemical compositions and helium contents.

This Chapter discusses the first step in building the dataset; computing the model set
of pulsation models for Classical Cepheids at solar chemical composition (Z = 0.02
Y = 0.28).

3.1 The computed set of pulsation models

The hydrodynamic codes as well as the physical and numerical assumptions used
to compute the dataset are discussed in Chapter 2 and in great detail in Bono et al.
(1999b) and Bono et al. (2000b). However, due to the finely detailed inputs in the
parameter grids chosen to compute the dataset, an automated python procedure
was developed to allow fast model computations.

The pulsation stability of both fundamental and first overtone mode models with
mass values ranging from 3 to 11 solar masses, by steps of 1 solar mass, and effec-
tive temperatures from T,r; = 3600K to T,fr = 6700K, by steps of 100 degree, was
explored. As a result we were able to predict the IS boundaries, for each selected
mode, with an accuracy of T, 7f = 50K.

For each selected pulsation model, the nonlinear equations were integrated until a
stable limit cycle was achieved in at least one of the two radial modes.

The models were computed by varying both the ML relation and the assumed effi-
ciency of super adiabatic convection.

For the ML relation, three luminosity levels were considered: a canonical level ob-
tained by Bono et al. (2000b) neglecting rotation, mass loss and core convective over-
shooting (named A), and two noncanonical luminosity levels obtained by adding
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Alog(L/L)= 0.2 dex and Alog(L/L¢s)= 0.4 dex to the canonical value, named B
and C, respectively.
Concerning the nonlocal time dependent treatment of convection, three different
values for the mixing length parameter used to close the nonlinear system equations
(Bono et al., 1999b), &,y = I/Hp = 1.5, 1.7 and 1.9, were adopted 1. This choice was
suggested by previous investigations by Di Criscienzo et al. (2004), Fiorentino et al.
(2007), Natale et al. (2008), and Marconi et al. (2013a). According to these studies
hotter variables are well modeled with «,,;=1.5-1.6, whereas variables closer to the
red edge of the instability strip often require «,,;=1.8-2.0 due to the increased impor-
tance of efficiency of convection in the redder part of the color-magnitude diagram.
Using these input parameters, around 360 fundamental mode and 40 first over-
tone mode stable pulsation models were derived.
Tables 3.1 and 3.2 report the intrinsic stellar parameters of the pulsation models that
were found to oscillate in the F and FO-modes, respectively. The various columns
report the stellar mass, the luminosity level, the effective temperature, the adopted
mixing length parameter, the ML identification defined above, the pulsation period
and the average radius.

TABLE 3.1: The adopted stellar parameters for computed F mode models. This table is
available in its entirety in Section A.1 in Appendix A.

Z=0.02 Y=0.28
M/Mg  log(L/Lo) TesIK]  ay ML P[]  log(R/Rge)

1) @) ®) ORI ) (6) )

3.0 2.32 5900 1.5 A 1.07716 1.142
3.0 2.32 6000 1.5 A 1.03611 1.129
4.0 2.74 5500 1.5 A 256311 1.412
4.0 2.74 5600 1.5 A 242218 1.399
5.0 3.07 5300 1.5 A 473277 1.608
5.0 3.07 5400 1.5 A 4.44069 1.592
6.0 3.33 5000 1.5 A 8.6011 1.789
6.0 3.33 5100 1.5 A 8.0714 1.772
7.0 3.56 4800 1.5 A 14.00799 1.942
7.0 3.56 4900 1.5 A 13.0515 1.928
8.0 3.75 4600 1.5 A 21.7684 2.070
8.0 3.75 4700 1.5 A 20.2235 2.056
9.0 3.92 4400 1.5 A 33.08715 2.190
9.0 3.92 4500 1.5 A 30.575 2.174
10.0 4.08 4200 1.5 A 48.711 2.297
10.0 4.08 4300 1.5 A 4574965 2.285

ISee Chapter 2 for the definition of the «,,; parameter
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TABLE 3.1: continued.

M/M. log(L/L.) TIKI a, ML P[] log(R/Rx)
1) () 3) (4) (5) (6) ()
11.0 421 4100 15 A 6640289  2.386
11.0 421 4200 15 A 6114294 2371

TABLE 3.2: The adopted stellar parameters for computed FO-mode models. This table is
available in its entirety in Section A.1 in Appendix A.

Z=0.02 Y=0.28
M/Ms log(L/Lo) T.[K] &,y ML P[d] log(R/Rc)
(1) (2) 3) (4) 6 (6 (7)

3.0 2.32 6200 1.5 A 0.6715 1.103
3.0 2.32 6300 1.5 A 0.6403 1.090
4.0 2.74 5900 1.5 A 1.4240 1.354
4.0 2.74 6000 1.5 A 13551 1.341
5.0 3.07 5800 1.5 A 23904 1.530
5.0 3.07 5900 1.5 A 22912 1.517
6.0 3.33 5800 1.5 A 35712 1.664

3.2 The results for solar metallicity models

In this section the theoretical predictions as a function of both the ML relation and
a,; parameter, obtained from the new extended dataset at solar chemical composi-
tion, are discussed. In particular, the inferred results include:

1. the topology of the IS;

2. the updated period-luminosity-mass-temperature relation;
3. the period-radius and period-mass-radius relations;
4

. the updated atlas of both the bolometric light curves and the radial velocity
curves.

3.2.1 The topology of the Instability Strip

We predicted new instability strips for both F and FO-mode models by varying the
ML relation (cases A, B and C), and the efficiency of super-adiabatic convection («,,
=1.5,1.7 and 1.9).

The stability of each of the pulsation modes were investigated in order to predict the
hottest and the coolest model for each combination of M, L, and «,,;. The blue and
red boundaries of the F and FO strips were then evaluated by increasing and de-
creasing the effective temperature by T,rs = 50K for the bluest and reddest model,
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FIGURE 3.1: The F and FO instability strips at a fixed mixing length parameter «,,; = 1.5 for
the assumed A, B, C ML relations.

respectively.

The inferred F and FO boundary values are reported in Table 3.3. The columns show
the mass, the luminosity level, the adopted mixing length parameter, the ML label
and the effective temperatures for the FOBE, FBE, FORE and FRE. We noticed that
the FO pulsation is found only for masses lower than 6 solar masses; in agreement
with results based on previous model computations ((see e.g. Bono et al., 2000a, and
references therein)).

The linear fit of the inferred boundary effective temperature values, as a function
of the luminosity level, varying the «,,; parameter, allows us to derive the relations
reported in Tables 3.4 and 3.5, for F and FO pulsators, respectively. The quadratic
fit coefficients of the boundary values are instead listed in 3.6. In the case of the
FO-mode, only the linear fit was taken into account due to the smaller number of
pulsating models and the well-known linear behaviour of the predicted edges (Bono
et al., 2000b).

We note that while the majority of the R? values of these regressions are above 0.9,
the FRE relations seem to be less accurate for the brightest ML (case C) relation.
This occurrence reflects the trend, as already discussed in some previous papers
(Bono et al., 2000b), of the FRE getting hotter when the brightest luminosity levels
are achieved as a consequence of the decreased density in the driving regions.

The linear relations are plotted by varying in Fig. 3.1 the ML relation, and in Fig. 3.2,
the superadiabatic convection efficiency. An inspection of these plots shows that,
in agreement with previous theoretical investigations (Bono et al., 2000b; Fiorentino
et al., 2007), a variation in the ML relation (see Fig. 3.1) does not significantly affect
the topology of the instability strip.

On the other hand, increasing the efficiency of superadiabatic convection (see Fig.
3.2) results in a more important quenching effect on pulsation and, in turn, in a nar-
rowing of the instability strip; in agreement with previous studies (see e.g. Fiorentino
et al., 2007). In particular, increasing the «,,; parameter from a,,; = 1.5 to a,,; =1.9
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FIGURE 3.2: The canonical F and FO instability strips for the various assumptions about the
superadiabatic convective efficiency.

made the FOBE redder by about T,;f = 100K and the FRE bluer by about T,s; =
300K, confirming that the quenching effect due to superadiabatic convection is espe-
cially efficient in the red part of the instability strip.

TABLE 3.3: Predicted Effective Temperatures of the Instability Strip Boundaries. The as-
sumed uncertainties of these boundaries is of T, = + 50 K, estimated on the basis of the
T, ¢ grid used in the model computations

M/M. log(L/Lo) am, ML FOBE FBE FORE FRE
(1) (2) B @ O (6) (7) (8)

3.0 2.32 1.5 A 6550 6150 6150 5850
3.0 2.32 1.7 A 6550 6250 6250 6050
3.0 2.32 19 A 6250 6150
3.0 2.52 15 B 6550 6050 5950 5550
3.0 2.52 1.7 B 6550 6150 6150 5750
3.0 2.52 19 B 6150 5950
3.0 2.72 1.5 C 6450 6050 5950 5350
3.0 2.72 1.7 C 6250 6150 6150 5550
3.0 2.72 19 C 6150 5750
4.0 2.74 1.5 A 6450 5950 5850 5450
4.0 2.74 1.7 A 6350 6050 5850 5750
4.0 2.74 19 A 6050 5850
4.0 2.94 1.5 B 6250 5950 5850 5250
4.0 2.94 1.7 B 5950 5450
4.0 2.94 19 B 5950 5650
4.0 3.14 1.5 C 6050 5850 5950 4950
4.0 3.14 1.7 C 5850 5150
4.0 3.14 19 C 5750 5450
5.0 3.07 1.5 A 6150 5850 5750 5250
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TABLE 3.3: continued.

M/M. log(L/L,) &, ML FOBE FBE FORE FRE
@) (2) G @ G’ O  ®

5.0 3.07 1.7 A 5950 5450
5.0 3.07 1.9 A 5850 5650
5.0 3.27 15 B 5850 4950
5.0 3.27 1.7 B 5750 5150
5.0 3.47 1.5 C 5750 4550
5.0 3.47 1.7  C 5550 4850
5.0 3.47 19 C 5350 5250
6.0 3.33 1.5 A 5850 5850 5750 4950
6.0 3.33 1.7 A 5650 5250
6.0 3.53 15 B 5650 4650
6.0 3.53 1.7 B 5450 4950
6.0 3.73 1.5 C 5350 4250
6.0 3.73 1.7 C 5250 4550
7.0 3.56 1.5 A 5550 4750
7.0 3.56 1.7 A 5450 5150
7.0 3.76 15 B 5350 4350
7.0 3.76 1.7 B 5250 4750
7.0 3.96 1.5 C 5150 3950
7.0 3.96 1.7  C 5050 4350
8.0 3.75 1.5 A 5450 4550
8.0 3.75 1.7 A 5250 4850
8.0 3.95 1.5 B 5250 4150
8.0 3.95 1.7 B 5050 4450
8.0 4.15 15 C 5150 3750
8.0 4.15 1.7 C 4950 4050
9.0 3.92 1.5 A 5250 4350
9.0 3.92 1.7 A 5150 4750
9.0 4.12 15 B 5050 3950
9.0 4.12 1.7 B 4850 4250
9.0 4.32 1.5 C 4950 4150
9.0 4.32 1.7 C 4750 4250
10.0 4.08 1.5 A 5150 4150
10.0 4.08 1.7 A 4950 4550
10.0 4.28 15 B 4950 3750
10.0 4.28 1.7 B 4750 4050
10.0 4.48 1.5 C 4850 4450
10.0 4.48 1.7 C 4750 4450
11.0 421 1.5 A 4950 4050
11.0 4.21 1.7 A 4750 4350
11.0 441 15 B 4850 3950
11.0 441 1.7 B 4750 3850
11.0 4.61 1.5 C 4850 4550
11.0 4.61 1.7 C 4650 4550
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TABLE 3.4: The coefficient of the linear relation log T, s = a +blog(L/ L) for the boundaries
of the F-mode IS, varying both the ML relation and the mixing length parameter.

&y ML a b 0, o R?
FBE
15 A 391 -0.05 0.02 0.005 0.917
15 B 393 -0.05 0.02 0.005 0.944
1.5 C 394 -0.05 0.01 0.004 0.967
1.7 A 395 -0.06 0.02 0.005 0.954
1.7 B 396 -006 0.01 0.003 0.976
1.7 C 397 -0.07 0.009 0.002 0.991
1.9 A 3.88 -0.04 0.008 0.003 0.994
FRE
15 A 397 -0.08 0.01 0.004 0.985
15 B 399 -0.09 0.02 0.006 0.966
1.5 C 383 -0.05 0.08 0.02 0434
1.7 A 396 -0.07 0.015 0.004 0.975
1.7 B 400 -0.09 0.02 0.006 0.965
1.7 C 388 -0.06 005 0.01 0.707
1.9 A 390 -0.05 0.004 0.002 0.998

TABLE 3.5: The coefficient of the linear relation log T, sy = a +blog(L/ L) for the boundaries

of the FO-mode IS, varying both the ML relation and the mixing length parameter.

TABLE 3.6:

Kol ML a b Oy Op R?

15 A 394 -0.05 0.03 0.01 0.9045
FORE

1.5 A 385 -0.03 0.02 0.008 0.8690

The coefficients of the quadratic relation logT,;y = a + b log(L/Le) +c

(log(L/Lw))? for the boundaries of the F-mode IS, varying both the ML relation and the
mixing length parameter.

a,; ML a b c 0a o} o, R?
FBE
1.5 A 3.667 0.104 -0.023 0.054 0.033 0.005 0.981
15 B 3.675 0.098 -0.022 0.053 0.031 0.004 0.988
1.5 C 3874 -0.019 -0.005 0.099 0.055 0.007 0.970
1.7 A 3708 0.092 -0.023 0.037 0.023 0.003 0.994
1.7 B 3.820 0.019 -0.012 0.069 0.040 0.005 0.986
1.7 C 4005 -0.084 0.002 0.064 0.035 0.005 0.990
FRE
15 A 3788 0.030 -0.018 0.031 0.019 0.003 0.998
1.5 B 3901 -0.042 -0.007 0.150 0.087 0.012 0.968
15 C 4915 -0.651 0.081 0.342 0.189 0.0255 0.790
1.7 A 3773 0.044 -0.018 0.050 0.031 0.005 0.993
1.7 B 3.645 0.121 -0.030 0.042 0.025 0.003 0.997
1.7 C 4534 -0420 0.050 0.243 0.134 0.018 0.869
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TABLE 3.7: The coefficients of the PMLT relations log P = a +blog T,r¢ + c log (M/Mg ) + d
log(L/ L) for both F and FO pulsators as a function of the assumed «,,; parameter.

Qe a b c d o, o o, 0y R?
F

1.5 10.268 -3.192 -0.758 0.919 0.001 0.025 0.015 0.005 0.9995
1.7 10.538 -3.258 -0.749 0.911 0.002 0.050 0.019 0.007 0.9996
1.9 11488 -3.469 -0.695 0.847 0.003 0.089 0.012 0.006 0.9999
FO

1.5 10595 -3.253 -0.621 0.804 0.002 0.067 0.014 0.005 0.9996
1.7 10.359 -3.186 -0.576 0.788 0.002 0.056 0.009 0.003 0.9999

3.2.2 The pulsation relation between the period and intrinsic stellar pa-
rameters

In order to obtain the pulsation relation connecting the period to the luminosity,
mass, and effective temperature (PLMT relation) for both the F and FO-mode models
as a function of the assumed mixing length parameter, a linear regression analysis
of the values reported in Tables 3.1 and 3.2 was carried out. The coefficients for the
F and FO pulsators are reported in Table 3.7.

These relations, which update previous relations published in the literature for solar
metallicity models (Bono et al., 2000b), are consistent with them, and validate the use
of pulsation models to establish good relations between pulsation and evolutionary
parameters. Indeed, we remember that the PMLT relation is directly derived from
the combination of the period—mean density relation (see Eq. 1.1) and the Stefan-
Boltzmann law (see Eq. 1.3), and holds for each individual pulsator, independent of
its position in the HR diagram. Therefore, it is not surprising that the coefficients of
the PMLT relation reported in Table 3.7 are not significantly affected by varying the
mixing length parameter except for the «,,;=1.9 case. In this last case, the number
of pulsation models significantly decreases and pulsation is limited to the lowest
masses, and these occurrences affect the derived relations.

3.2.3 The Period-Radius and Period-Mass-Radius relations

An important aspect of Cepheid research concerns the use of CCs to infer stel-
lar radii. CCs are known to obey both period-radius (PR) and period-mass-radius
(PMR) relations, the former involving an averaging operation over the mass distri-
bution (Bono et al., 2001).

The PR relations are used to derive the stellar radii directly from the pulsation peri-
ods, whereas PMR relations can be used to infer an independent value of the stellar
mass, once the period and the radius are known, which would then be compared
with the evolutionary mass estimates.

The coefficients for the F and FO-mode models of the PR and PMR relations derived
from current nonlinear model sets are reported in Tables 3.8 and 3.9, respectively.
Fig. 3.3 shows the PR relations assuming the canonical ML relation for the three val-
ues of «,,; for F and FO-mode models, and Fig. 3.4 shows the PR relations, at a fixed
a,,,;=1.5, for ML relation, cases A, B and C, for F-mode models.

We confirm previous results by Bono et al. (1998) that the PR relation does not vary
considerably with the different assumptions of the ML relation, even if we notice
that the relation gets flatter as the ML relation gets brighter. Moreover, varying the
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TABLE 3.8: The coefficients of the relation log R = a + blog P, for both F and FO Galactic
Cepheids derived by adopting A, B, C ML relations.

&, ML a b o, T R?

1.5 A 1142 0.702 0.004 0.003 0.998
1.5 B 1128 0.685 0.005 0.003 0.998
1.5 C 1104 0.680 0.005 0.003 0.998
1.7 A 1.140 0.705 0.004 0.003 0.999
1.7 B 1126 0.685 0.005 0.003 0.999
1.7 C 1105 0.678 0.005 0.003 0.999
19 A 1124 0.743 0.003 0.007 0.999
1.9 B 1101 0.729 0.003 0.008 0.999
1.9 C 1077 0715 0.003 0.005 0.999
FO

1.5 A 1242 0.768 0.001 0.005 0.999
1.5 B 1216 0762 0.003 0.015 0.997
1.5 C 1193 0.742 0.003 0.009 0.997
1.7 A 1243 0.773 0.002 0.009 0.840

efficiency of superadiabatic convection has a mild effect on the PR coefficients (see
Table 3.8).

Furthermore, we performed a comparison of our PR with that of the literature (see
Fig. 3.4), confirming a generally good agreement with the PR relations from both
Molinaro et al. (2011) and Gallenne et al. (2017). While we had a better agreement
with the Molinaro et al. (2011) relation at shorter periods, the Gallenne et al. (2017)
relation had a better agreement at longer periods.

3.2.4 An updated theoretical atlas of light and radial velocity curves

In this subsection, we present the new theoretical atlas of light and radial velocity
curves for both F and FO-modes resulting from the nonlinear computation of full
amplitude models.

The predicted bolometric light curves (left panels) and radial velocity variations
(right panels) are shown in Fig. 3.5 for the sequence of canonical models. The
curves are plotted over two consecutive pulsation cycles, as a function of the pul-
sation phase. In each plot, dashed lines refer to FO-mode models, whereas solid
lines represent F-mode models. The period in days and the effective temperature in
kelvin of each model are labelled in the corresponding light curve and radial veloc-
ity curve panels, respectively.

Positive values of radial velocity along the curves indicate an expansion phase for
the stellar envelope, while negative values of the velocity correspond to a contrac-
tion phase.

The complete atlas of the bolometric light curves for the various assumptions about
the ML relation and the superadiabatic convection efficiency are available in De
Somma et al. (2020b).

Focusing on canonical models (luminosity level A) with «,,;=1.5, we notice that for
masses lower than or equal to 5 M, the curve amplitudes steadily decrease as the
effective temperature decreases, moving from the FBE to the FRE. Above ~ 5 solar
mass, this trend is less evident because the FO pulsation is no longer efficient. In par-
ticular, in the period range from ~ 7 to ~ 12 days, a secondary maximum (bump) is
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TABLE 3.9: The coefficients of the relation log P = a + blog M + clog R, for both F and FO
Galactic Cepheids derived by adopting A, B, C ML relations.

®, ML a b c 04 o} e R?
F

1.5 A -1641 -0.890 1.830 0.007 0.06 0.03 0.999
15 B -1.709 -0920 1874 0.01 0.072 0.03 0.998
15 C -1.721 -0.687 1.784 0.01 0.06 0.03 0.998
1.7 A -1.642 -1.144 1948 0.008 0.14 0.06 0.999
1.7 B -1.725 -1.194 2001 0.01 0.13 0.06 0.999
1.7 C -1.687 -0583 1.728 0.02 0.11  0.05 0.999
19 A -1570 -0.778 1.737 0.02 0.3 0.1 0.999
1.9 B -1573 -0.720 1.709 0.01 0.09 0.05 0.999
19 C -1587 -0547 1.654 0.01 0.06 0.03 0.999
FO

15 A -1.659 -0564 1.590 0.005 0.06 0.03 0.999
15 B -169 -0.779 1.707 0.02 0.1007 0.05 0.999
15 C -1.738 -0.698 1.704 0.01 0.06 0.03 0.999
1.7 A -1.644 -0589 1.591 0.01 0.1 0.05 0.902

present in the light and radial velocity curves.

For this reason, Cepheids in this period range are called “bump Cepheids.” The evo-
lution of the bump pulsation phase from the descending to the ascending branch
of the curve is the Hertzprung progression (HP) (Bono et al., 2000c, and references
therein). At the center of the HP, the principal and secondary maximum are very
close in magnitude and the pulsation amplitude often reaches its minimum.

The effect of the adopted ML relation

To show the effect of a variation of the ML relation on the predicted light and radial
velocity curves, we chose two models whose trends are representative of all other
models.

In the panels of Fig. 3.6, we show the light (left) and radial velocity (right) curves

of an F-mode model, at a fixed ;7- = 9.0, T,y = 4600K and a,,; = 1.5 for three
different levels of luminosity (cases A, B, and C). Fig. 3.7 is the same as Fig. 3.6 but
for an FO-mode model Wlth = 3.0, Tors = 6300K and a,,; = 1.5.

These plots confirm that both the morphology and amplitude of light and radial ve-
locity curves depend on the assumed ML relation. This effect is evident in particular
for the FO-mode model. Moreover, as expected, longer periods are found for the B
and C cases, at a fixed mass, due to the increased luminosity levels.

As a consequence, “bump Cepheids” are found at lower masses, and the center of
the HP is found at slightly shorter periods. This trend, once the metallicity is known,
makes the HP phenomenon a useful tracer of the Cepheid ML relation.

The effect of the superadiabatic convective efficiency

As discussed above, the main effect of superadiabatic convection is to quench pul-
sation; and so, lower pulsation amplitudes are expected as «,,; increases from 1.5 to
1.7 and 1.9.
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FIGURE 3.3: The canonical F and FO period-radius relations for the various assumptions of
the superadiabatic convective efficiency, «,,,; = 1.5, ay = 1.7, 2y = 1.9.

Assuming a canonical ML relation, Fig. 3.8 and 3.9 corresponding to the F-mode
model with 3~ = 4.0, T,;y = 5900K and the FO-mode model with M = 4.0,
T.rr = 6200K, respectwely, show the comparison between the light and radlal veloc-
ity curves obtained for the three values of «,,;.

The morphology of the curves gets smoother and the pulsation amplitude decreases
as a,, increases. In particular, the FO pulsation disappears for «,,;=1.9 because, at
this value of «,,;, the quenching effect is very efficient and the pulsation disappears.
The same trend is followed by all other models.

In the next three Chapters, we will apply this extended theoretical scenario to the
data for Galactic Cepheids with Gaia Data Release 2 (DR2) parallaxes. In particular,
the implications of our models for the use of CCs as distance indicators (Chapter 4)
as well as the implications of our models for the individual mass estimates (Chapter
5) and age indicators (Chapter 6) of CC will be discussed.
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Chapter 4

The comparison between updated
pulsation model predictions and
Gaia DR2 parallaxes

In the context of this PhD project, the comparison of the updated pulsating stellar
models to valuable observational datasets is extremely important. In order to test
the physical and numerical assumptions used in the model computations and also
to trace the properties of Galactic and extra-Galactic stellar populations, it is impor-
tant to transfer the models from the theoretical plane to the observational ones. In
particular, for this project, to compare the theoretical models to the observational
dataset provided by the Gaia Space mission (Gaia Collaboration et al., 2016a; Gaia
Collaboration et al., 2016b), the theoretical models were converted from the theoret-
ical plane to the Gaia photometric passbands. Indeed, recently, the Gaia DR2 (Gaia
Collaboration et al., 2018) provided, to the scientific community, accurate parallaxes
and proper motions for a large sample of Cepheids observed in the three Gaia pho-
tometric passbands, namely G, Gpp and Grp (Clementini et al., 2019; Ripepi et al.,
2019).

In order to perform the comparison with Gaia data, we transformed the bolometric
light curves presented in 3 into the Gaia filters and derived the Gaia mean magni-
tudes and colors as detailed below.

4.1 From bolometric to Gaia DR2 light curves

In order to provide the first theoretical catalog of CC light curves in the Gaia photo-
metric system passbands, the bolometric light curves shown in Chapter 3 were con-
verted in the Gaia filters using the ATLAS9 non-overshooting model atmospheres
(Castelli et al., 2003).

The convolution between the Gaia passbands and the synthetic spectra provided by
these model atmospheres, with the chemical composition, the effective temperature
and the surface gravity given as input quantities. provides us with the bolometric
corrections, i.e. the differences between the bolometric magnitude and the magni-
tude in each specified photometric passband, The predicted light curves for a se-
quence of canonical models with a,,; = 1.5 and masses ranging from 3 to 11 solar
masses are shown in Fig. 4.1. In each plot, dashed and solid lines represent the FO
and F-mode models, respectively; while in each panel, the green line indicates the
Ggp band, the blue line the G band, and the orange line the Grp band light curve.
The model effective temperature and period are labeled for each model. As usual
the effective temperature is in kelvin, while the pulsational period is in days.
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From the analysis of the curves, it is evident that the morphology of each predicted
Gaia light curve follows the trends of the corresponding bolometric curve, for tem-
perature, mass, luminosity and wavelength.

The complete atlas of the light curves in the Gaia photometric system for the vari-
ous assumptions of the ML relation and the superadiabatic convection efficiency is
available in De Somma et al. (2020b)
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4.1.1 The inferred mean magnitudes and colors in the Gaia filters

The light curves transferred in the Gaia photometric plane allow us to derive intensity-
averaged mean magnitudes and colors in the Gaia filters, < G >, < Gpp > and
< Ggrp > magnitudes and the < Ggp > - < Grp > color.

The three mean magnitudes for each computed stable pulsation model, are reported
in Tables 4.1 and 4.2 for F and FO-mode models, respectively. The columns show
the stellar mass, the logarithmic luminosity, the effective temperature, the adopted
mixing length parameter, the adopted ML relation, and the intensity-weighted mean
magnitudes in the Gaia passbands.

TABLE 4.1: Mean magnitudes in the Gaia filters for F-mode models at varying ML relation
and a,,; parameters. This table is available in its entirety in A.2 in A.

Z=0.02 Y=0.28
M/Me  log(L/Lo) Tef[K] &,y ML G Gpp Grp
(1) 2) 3) 4) G ® @ (3

3.0 2.32 5900 1.5 A 131 -1.03 -1.75
3.0 2.32 6000 1.5 A 131 -105 -173
4.0 2.74 5500 1.5 A 234 -199 -2.85
4.0 2.74 5600 1.5 A 234 -201 -2.83
5.0 3.07 5300 1.5 A 313 -274 -3.68
5.0 3.07 5400 1.5 A 314 -277 -3.67
6.0 3.33 5000 1.5 A 375 -330 -436
6.0 3.33 5100 1.5 A 376 -333 -4.36
7.0 3.56 4800 1.5 A 426 -377 -491
7.0 3.56 4900 1.5 A 428 -381 -4.90
8.0 3.75 4600 1.5 A 470 -416 -5.39
8.0 3.75 4700 1.5 A 472 -421 -5.39
9.0 3.92 4400 1.5 A 507 -448 -5.79
9.0 3.92 4500 1.5 A 509 -453 -5.80
10.0 4.08 4200 1.5 A 538 475 -6.15
10.0 4.08 4300 1.5 A 541 -480 -6.16
11.0 421 4100 1.5 A 568 -502 -647
11.0 4.21 4200 1.5 A 572 -5.08 -6.49
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TABLE 4.2: The same as in Table 4.1 but for FO-mode models.This table is available in its
entirety in A.2 in A.

7=0.02 Y=0.28
M/M@ log(L/L@) Teff[K] Kl ML G GBp GRP
@ 2) € @ & © & ©

3.0 2.32 6200 1.5 A -132 -1.08 -1.70
3.0 2.32 6300 1.5 A -132 -110 -1.68
4.0 2.74 5900 1.5 A 236 -2.08 -2.80
4.0 2.74 6000 1.5 A 237 -210 -2.78
5.0 3.07 5800 1.5 A 317 -288 -3.63
5.0 3.07 5900 1.5 A 318 -290 -3.61
6.0 3.33 5800 1.5 A -384 -354 -429

4.2 The first theoretical PLC and PW relations in the Gaia
filters for Galactic Classical Cepheids

The mean magnitudes and colors derived in the previous subsection can be used to
derive the first theoretical GCC PLC and PW relations in the Gaia filters.

The coefficients of PLC and PW relations with varying ML relations and efficiencies
of superadiabatic convection, for F and FO-mode models, are reported in Tables 4.3
and 4.4, respectively.

To derive the Wesenheit magnitude, the relation provided by Ripepi et al. (2019), W
= G- 1.9 (Gpp - Grp), was adopted.

Both the PLC and the PW relations are valid for each individual pulsator thus allow-
ing us to derive individual distances of observed Cepheids in the Gaia database.
We noticed that the PLC and PW relations, and, in turn, the individual distances
derived by applying them to the observed pulsators, depend on the assumed ML
relation but are almost insensitive to the value of the mixing length parameter.

In particular, assuming a,,,; = 1.5, if we consider a F-mode Cepheid pulsator with
P =10days and < Ggp > - < Grp > = 1.0 mag, the G magnitude obtained from the
theoretical PLC relation varies from < G >= —4.11 mag at the canonical ML (case
A) to < G >= —3.94 mag for an ML relation brighter by Alog(L/L¢)=0.2 dex (case
B) and to < G > = —3.79 mag for an ML relation brighter by Alog(L/Lx)=0.4 dex
(case C). Consequently, assuming P = 10 days and < Ggp > - < Grp > = 1.0 mag,
the difference in the predicted G magnitude amounts to 0.1 mag and 0.3 mag as the
ML relation goes from case A to C. On the other hand, assuming the canonical case
A, the G magnitude obtained from the PLC relation can then change up to 0.1 mag
when moving from «a,,; = 1.5to a,; =1.9.
In order to better show what could occur in typical extra-galactic distance scale ap-
plications, we performed the same kind of test with F-mode PLC relations at fixed
periods of P = 30 and P = 100 days and < Ggp > - < Ggrp > = 1.0 mag.
We found that, assuming «,,; = 1.5 and P = 30 days, < G > varies from —5.91 (case
A) to —5.73 (case B) and —5.57 (case C), whereas for a longer period (P = 100 days),
G varies from —7.89 (case A) to —7.7 (case B) and —7.51 (case C). In addition, we
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find very small variations due to the efficiency of super-adiabatic convection, with
the predicted G magnitude that changes by about 0.15 mag and 0.20 mag for P = 30
days and P = 100 days, respectively, moving from wa,,;; = 1.5 to a;,;; = 1.9. Similar
considerations hold for the predicted F-mode PW relations. For FO pulsators, both
PLC and PW relations are insensitive to variations in the efficiency of superadiabatic
convection.

TABLE 4.3: PLC coefficients (< G >=a+blog P +c(< Gpp > - < Ggrp >) for F and FO
Galactic Cepheids derived by adopting A, B, C ML relations and «,,,; = 1.5, a;,; = 1.7 and
& = 1.9 in the Gaia filters.

a,; ML a b c 0. 0, 0. R?
F

15 A -352 -378 319 0.04 0.03 0.06 0.998
1.5 B -345 -376 327 0.03 0.03 0.06 0.998
15 C -327 -371 318 0.03 0.02 0.05 0.998
1.7 A -361 -394 342 0.09 0.06 0.15 0.999
1.7 B -365 -391 362 0.08 0.06 0.14 0.998
1.7 C -321 -369 3.09 0.06 004 011 0.998
19 A -333 -392 3.05 0.12 005 0.19 0.999
1.9 B -324 -393 314 0.07 0.01 0.12 0.999
19 C -289 -381 281 0.03 0.02 0.06 0.999
FO

1.5 A -353 -395 248 0.04 0.02 0.06 0.999
15 B -349 -396 263 006 0.04 0.11 0.999
1.5 C -345 -397 280 0.08 0.07 0.16 0.999
1.7 A -349 -390 238 0.06 0.03 0.11 0.999

TABLE 4.4: PW coefficients (< W >=< G > —1.9 < Ggp — Ggrp >= a + blogP) for F and
FO Galactic Cepheids derived by adopting A, B, C ML relations and , ay,; = 1.5, ay = 1.7
and «,;; = 1.9 in the Gaia filters.

&, ML a b o, o R?

F

1.5 A 273 -326 0.04 0.03 0.995
1.5 B -268 -318 0.05 0.03 0.994
1.5 C -256 -316 0.07 0.05 0.992
1.7 A 275 -337 006 0.05 0.998
1.7 B -2.68 -320 0.03 0.04 0.996
1.7 C -254 -323 0.08 0.06 0.997
19 A -264 -352 0.05 011 0.999
1.9 B -255 -344 0.09 021 0.999
19 C -251 -311 0.08 0.11 0.999
FO

1.5 A -317 -3.80 0.02 0.07 0.999
1.5 B -3.02 -385 0.02 013 0.996
1.7 A -324 -396 0.05 0.28 0.999
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4.3 The comparison between theoretical and Gaia DR2 par-
allaxes

In this section, we perform a comparison between the individual theoretical paral-
laxes based on the PW relations' in the Gaia filters derived in the previous section
and the observed classical F and FO Cepheid parallaxes taken from the recent cata-
log made by Ripepi et al. (2019) and based on Gaia DR2 results.

In their work, Ripepi et al. (2019) reclassify the DR2 Galactic Cepheids and provide
accurate observable PL and PW relations in the Gaia passbands. To ensure a good
astrometry, we chose from the sample, the classical F and FO Cepheids for which the
G magnitude is brighter than 6 mag and the renormalized unit weight error values
defined by Lindegren et al. (2018) is less than 1.4.

The theoretical PW relations derived in the previous section are applied to the ob-
served periods, the Gaia magnitudes and colors reported in the quoted catalog, to
derive reddening-free individual distances and, in turn, theoretical estimates of in-
dividual parallaxes.

The comparison between our theoretical parallax estimates and the Gaia DR2 ones is
shown in Fig. 4.2. These plots show the predicted and Gaia DR2 parallax differences
versus the Gaia DR2 parallaxes for the adopted assumptions concerning both the
ML relation and the «,,; parameter (See labels in the plot). In each panel, the com-
puted mean offset (solid line) is compared with the mean offset derived by Riess et
al. (2018a) (dashed line) from the HST space astrometric technique, corresponding to
< Aw >=0.04640.013 mas. This offset value is consistent, within the errors, with the
value derived from our models, apart from a few cases at the brightest luminosity
levels (See plot for F-mode case C in Fig. 4.2).

Quantifying such an offset and its dependence on the physical and numerical as-
sumptions is crucial to understanding and trying to reduce the Hubble constant ten-
sion. In particular, we found that a systematic shift in the parallax of the order of
< A@ > £0.02 mas at a typical parallax of the order of 0.5 mas implies a relative
parallax error and, in turn, a relative distance error of 4%. This consequently affects
the Hy estimates; In fact, parallaxes which are 4% smaller imply longer distances
and, in turn, smaller values of Hy by 4%. A similar effect would be enough to signif-
icantly reduce, if not completely remove, the Hj tension.

IThe theoretical PLC relations are not adopted because they require a correction for the individual
reddening of the observed Cepheid.
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Chapter 5

The impact of the updated models
for CC mass determinations

Deriving PL and PLC relations for CCs relies on the existence of the period-mean
density relation (See Eq. 1.1) coupled with the Stefan-Boltzmann law (See Eq. 1.3)
and the Mass-Luminosity relation predicted by stellar evolution models for central
helium burning massive and intermediate-mass stars (see e.g. Bono et al., 1999a;
Bono et al., 2000a; Chiosi et al., 1993).

This implies that any phenomenon affecting the CC ML relation also affects the co-
efficients of the resulting PL and PLC relations and, in turn, the associated distance
scale.

Theoretical predictions about the ML relation as provided by stellar models are
affected by both the physical inputs and assumptions adopted in stellar modeling.
Any change in the adopted inputs, such as radiative opacity (see, e.g, the new study
by Bailey et al., 2015, suggesting that opacity might be underestimated) and equation
of state, impacts the size of the convective core during the core H-burning stage
and, hence, the ML relation during the Cepheid stage. At the same time, different
assumptions about, for instance, the amount of convective core overshooting and/or
the rotational rate during the central H-burning stage, and/or mass loss during the
RGB stage, do affect the CC ML relation.

As already discussed in Chapter 1, several theoretical investigations to derive
Cepheid masses from stellar pulsation (see, e.g. Bono et al., 2001; Caputo et al., 2005a;
Keller et al., 2006; Marconi et al., 2013b; Marconi et al., 2013a; Marconi et al., 2017;
Ragosta et al., 2019, and references therein) suggest that noncanonical models do
provide systematically lower masses than canonical ones. However, as the ML rela-
tion is brighter for noncanonical models, it also allows us to match dynamical stellar
mass derivations for Cepheids in eclipsing binary systems (see e.g. Marconi et al.,
2013b; Neilson et al., 2012; G. Pietrzynski et al., 2010; Grzegorz Pietrzynski et al.,
2011; Prada Moroni et al., 2012).

Using our updated nonlinear convective pulsation models of Galactic Cepheids
(see Chapter 3), in Chapter 4 we derived the PW relations varying both the ML
relation and the efficiency of super-adiabatic convection. Then, we applied these re-
lations to a selected sample of Gaia DR2 to constrain their individual distances and
parallaxes and found that the results depend on the assumed mass luminosity rela-
tion.

In Marconi et al. (2020), we reversed the perspective and relied on Gaia DR2 (Gaia
Collaboration et al., 2018; Gaia Collaboration et al., 2016b) parallaxes to constrain
GCC individual masses through the inversion of predicted mass-dependent PW re-
lations. To explain the approach adopted in Marconi et al. (2020), in this Chapter
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TABLE 5.1: The coefficients of the PWM relation (W = a + blog P 4 clog M/ M) predicted
for the F and FO-mode GCC, varying the mixing length parameter. The last column repre-
sents the root-mean-square deviation (o) coefficient.

- a b C o o o o

F
1.5 -1.654 -2.419 -2423 0.036 0.021 0.067 0.064
1.7 -1.686 -2496 -2.285 0.040 0.026 0.082 0.058
FO
1.5 -2162 -3.068 -1.819 0.023 0.020 0.044 0.013
1.7 -2205 -3.093 -1.765 0.032 0.027 0.062 0.008

we discuss the procedure to derive mass-dependent PW relations and the applica-
tion of these relations to the sub-sample of Gaia Data Release 2 Galactic Cepheids
investigated in Chapter 4.

5.1 The derived mass-dependent PW relations

In order to derive the individual masses for the sample of GCC with Gaia DR2 dis-
tances investigated in Chapter 4, we derived the mass-dependent Period-Wesenheit
(hereinafter PWM) relations for the fundamental and first overtone mode models,
by including models with different ML relations in the regression. The coefficients
of the predicted relations for both F and FO-mode models are reported in Table 5.1
for the two assumptions of the efficiency of super-adiabatic convection, a,; = 1.5
and o, = 1.7.

We noticed that a variation in the «,,; parameter does not significantly affect the co-
efficients of the PWM relations, in spite of significant effects on the amplitude and
morphology of light curves (see Bhardwaj et al., 2017; De Somma et al., 2020b, for
details). For this reason, to conduct our research we only considered model predic-
tions for a,;,; = 1.5.

We notice that, for Cepheid samples at the same distance, such relations allow us
to constrain the stellar mass distribution, whereas in the case of available individual
distances, as with the Gaia database, the absolute individual mass values are directly
determined.

In Fig 5.1 we plotted the derived F (green symbols) and FO (red symbols) model
distribution in the W — clog M vs log P plane, superimposed on the projection of
the inferred PWM relations.

5.2 Application to Gaia DR2 GCC sample

We decided to apply the PWM relations to the Gaia Cepheid sample compiled by
Ripepi et al. (2019), just used in Chapter 4, and in turn, derive the individual mass
estimates. The PWM relations were derived using the same period range as for the
observed GCC selected from the sample by Ripepi et al. (2019).

In order to convert the observed Gaia parallaxes into distance moduli i ,i,, and then
to correct apparent Wesenheit magnitudes, we selected only Cepheids in the Ripepi
et al. (2019) sample with a relative error on Gaia DR2 parallax lower than 10% and
positive mean parallax values.
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FIGURE 5.1: Projection of the inferred PWM relations for the F (green symbols) and FO (red
symbols) model distributions in the W — clog M vs log P plane.

Table 5.2, from column 1 to 8 reports the Gaia source identification, the pulsation
mode, the pulsation period, the mean apparent magnitudes in the Gaia filters, the
measured parallax and the associated uncertainty of the selected GCC.

We used these observed properties to constrain the individual stellar masses, through
the application of theoretical PWM relations.

5.2.1 The individual Cepheid mass estimate procedure

From the equation
Woss — HGaia = Wieo = a+ blog P 4 clog M/ Mg,
where W, is defined as
Wess =< G > —1.9(< Ggp > — < Gpr >)

we were able to derive the stellar mass for each individual F and FO-mode pulsator.
The inferred stellar masses with the associated errors!, for the F and FO-mode mod-
els, are reported in columns 9 and 10 of Table 5.2.

The upper panel of Fig. 5.2 shows the derived mass distribution histograms for the
selected F (green bars) and FO (red bars) Gaia DR2 GCC.

We notice that the selected GCC sample covers a relatively wide range of masses and

IThe estimated errors take into account the uncertainty in the individual Gaia parallaxes, the intrin-
sic dispersion of the predicted PWM relations and the error of the estimated Wss considering a mean
photometric error of the Gaia mean magnitudes of the order of 0.02 mag.
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TABLE 5.2: The individual masses estimated from the theoretical PWM relations combined
with Gaia DR2 parallaxes, for the F and FO-mode GCCs in the selected sample. This table is
available in its entirety in Section A.3 in Appendix A.

Gaia DR2 SourceId  Mode P[d] G[mag] Gpp[mag] Ggp[mag] @[mas] ow[mas] M/M. oM/M., M/Mgcorr oM/Mg corr

[0)) [¢)) ()] “) ©6) (6) @) ®) ©) (10) (1)
1857884212378132096  F 443546 546 5.77 5.07 1.674 0.089 42 05 40 05
4066429066901946368 ~ F 505787  6.82 7.37 6.23 1.119 0.053 52 0.6 48 05
5235910694044165760  F  3.08613  8.70 9.22 8.06 0.681 0.032 41 05 3.6 04
5351436724362450304 FO  1.11936  11.09 11.62 10.41 0.389 0.030 33 07 24 05
2164475809937299584 FO  1.76585  10.18 10.74 9.49 0.343 0.027 7.6 17 54 12

5245796334347122944  FO  2.06344 8.09 8.53 7.54 0.858 0.026 35 0.4 3.0 0.3

it peaks around 5.6 M, and 5.4M, for the F and FO-mode pulsators, respectively. In-
terestingly enough, if the error on the measured parallaxes decreases, as expected in
the next Gaia Data Releases, we would obtain a corresponding improvement in the
precision of our mass determinations. In particular, a precision on parallaxes of the
order of 1% would imply an error on the inferred stellar mass of the order of 2% and
3% in the case of the F and FO pulsators, respectively.

To take into account the Gaia DR2 Cepheid parallax offset corresponding to

< Aw >=0.046+ 0.013 mas and derived by Riess et al. (2018a) through a comparison
with HST space scan astrometric determinations (see Riess et al., 2018a, for details),
we performed our mass derivation procedure for the F and FO GCC again, by in-
creasing the parallax values reported in Table 5.2 by < Aw@ >=0.046 mas. The new
estimated masses and the relative errors for the F and FO-mode pulsators are re-
ported in the last two columns of the aforementioned Table. The obtained results are
shown in the bottom panel of Fig. 5.2.
We notice that the parallax offset effect moves the peak of the distribution to lower
masses, around 5.2 M, and 5.1 M, for the F and FO-mode, respectively. This oc-
currence is expected on the basis of the coefficients of the PWM relations. Indeed,
an increase of the parallax implies a decrease in the distance modulus and, in turn,
a fainter Wesenheit function, which implies a lower mass at a fixed period. For the
same reason, if the applied offset were < A@ > = 0.046 + 0.013 = 0.059 mas, the
inferred masses would be, on average, smaller than the literature ones (see below),
while if an offset < A@w > = 0.046 — 0.013 = 0.033 mas were assumed, the inferred
masses would become more discrepant from the literature ones with respect to Fig.
53

5.3 Comparison with independent results for Cepheids in
binary systems

In the upper panel of Fig. 5.3 we show the behaviour of the theoretical masses de-
rived with the PWM relations. The relations include the DR2 parallax offset, as a
function of the pulsation period, for the F (filled circles) and FO-mode (open circles)
GCCs. The plot also includes a comparison of our mass estimates with the posi-
tion of the Cepheids in binary systems for which independent mass estimates are
available in Kervella et al. (2019, red symbols) and Evans et al. (2011, and references
therein, cyan symbols).

The general trend predicted by our theoretical scenario is in good agreement with
the plotted data and with the more recent determination of V350 Sgr mass ( 5.2 +
0.3 M) by Evans et al. (2018).
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FIGURE 5.2: Top panel: The predicted mass distribution of the F (green bars) and FO-mode
(red bars) pulsators. Bottom panel: The same distribution as in the upper panel but obtained
including the Gaia DR2 Cepheid parallax offset.
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FIGURE 5.3: Top panel:The predicted mass distribution of the F (filled circles) and FO (open
circles) pulsators as a function of the pulsation period. Bottom panel: The difference between
our results and the ones by Kervella et al. (2019, red symbols) and Evans et al. (2011, cyan
symbols) for the Cepheids in common with the two data sets.
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To better quantify this agreement, in the lower panel we show the difference be-
tween our results and the ones by Kervella et al. (2019, red symbols) and Evans et al.
(2011, cyan symbols) for the Cepheids in common with the two data sets. This plot
confirms that we find a good agreement with the literature, for most of the stars with
the exception of RX Cam and U Vul for the F-mode. We notice that these two stars
also deviate by more than 1 ¢ from the empirical PW relation derived by Ripepi et al.
(2019). For the FO V1334 Cyg, our estimate with the assumed offset and the result
by Kervella et al. (2019) are quite different but still consistent within the errors. The
same occurs when the more recent determination of V1334 Cyg (4.288 4 0.133 M)
by Gallenne et al. (2018) is taken into account.

We also verified that a worse agreement with literature mass values is obtained when
no offset is applied to Gaia parallaxes.

Moreover, by forcing the coincidence, within the errors, of our "uncorrected" mass
evaluations as reported in columns 9 and 10 of Table 5.2, with the literature deter-
minations by Kervella et al. and Evans et al., reported in Fig. 5.3, we can derive an
independent estimate of the offset that should be applied to Gaia DR2 parallaxes.
In particular, by excluding RX Cam, U Vul and DL Cas, as well as V1334 Cyg, that
deviate by more than 1 ¢ from the PW relations by Ripepi et al. (2019), we obtain a
mean offset < A@w >=0.053 =+ 0.029 mas, where the uncertainty is the standard error
of the mean. This result is slightly higher, but consistent within the errors, than the
value obtained by Riess et al. (2018a).

The results shown in this Chapter suggest that a generally good agreement can
be found between our mass determinations based on Gaia DR2 parallaxes combined
with new derived theoretical PWM relations and the independent mass values ob-
tained for Cepheids in binary systems in the literature. This occurrence supports
the accuracy of the current theoretical scenario and at the same time paves the way
for future applications. In particular, we plan to apply the same theoretical tool to
the next, more accurate, Gaia Data Releases in order to reduce the percentage er-
ror in mass determinations with relevant implications for our knowledge of both
the present mass function and the ML relation of intermediate-massive He-burning
stars in the Milky Way. Moreover, by extending the PWM relation to other bands
(including LSST Vera Rubin filters) and chemical compositions, we will be able to: i)
infer the mass distributions of Cepheid samples in the Local Group for which accu-
rate distances e.g. LSST astrometric distances, will become available; ii) to constrain
the coefficients of chemical abundances in theoretical Cepheid ML relations; iii) to
predict the implications for the dependence of Cepheid properties and distance scale
on the chemical composition. Our results were consistent with our expectations that
the PWM relation would depend on metallicity because as metallicity decreases, the
theoretical quantity Mag-1.9*color is expected to get slightly fainter than in the solar
case, according to previous results (see e.g. Fig. 9 in Caputo et al., 2000c). Moreover,
preliminary tests in the optical bands, based on the previously quoted computed
models, suggest that the mass dependence of the PWM relation is reduced in lower
metallicity model sets, with the effect of predicting systematically higher masses at
a fixed distance and period.
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Chapter 6

Galactic Classical Cepheids as age
indicators in the Gaia Era

Classical Cepheids are excellent tracers of relatively young (from a few tens to a few
hundreds of Myr) stellar populations.
As already mentioned in the previous Chapters, according to stellar evolution, CCs
obey a ML relation that is dependent on chemical composition and the efficiency
of a number of noncanonical physical processes, such as rotation and core convec-
tive overshooting during the core hydrogen burning-phase, and mass-loss efficiency
during (mainly) the red giant branch stage (see, e.g. Catelan et al., 2015a; Salaris et
al., 2006, and references therein).
By combining the existence of the ML relation for CCs with the well known PL re-
lation and the anti-correlation between mass and age, we can easily conclude that if
CCs obey a PL relation, they also have to obey a period-age (PA) relation.
In particular, if the period increases, the luminosity and the mass also increase ac-
cording to the PL and ML relations, while the Cepheid age decreases (See Fig. 6.1).
The existence of a PA relation has been extensively investigated in the literature
from both the observational and theoretical point of view (see, e.g. Anderson et al.,
2016; I. N. Efremov, 1978; Y. N. Efremov et al., 1998; Yu. N. Efremov, 2003; Grebel
etal., 1998; Inno et al., 2015; Magnier et al., 1997; Senchyna et al., 2015), with most of
the applications related to cluster pulsators both in the Milky Way and in other Local
Group galaxies, such as M31 and the Magellanic Clouds, for which independent age
estimates were available (see Bono et al., 2005; Yu. N. Efremov, 2003; Marconi et al.,
2006, and references therein).
However, Cepheid-based ages are more promising than age estimates based on, for
instance, isochrone fitting on the cluster CMD. This is because they only rely on the
pulsation period, which can be measured with a high accuracy and is not affected
by uncertainties in reddening, distance, and photometric calibration.
In addition, the PA relation is also suitable for application to field pulsators and,
hence, accurate relative' age estimates, based on this method, can provide strong
constraints on the existence of population age gradients in the various Galactic fields?.
In this Chapter we will discuss the combination of the most updated evolution-
ary predictions with our pulsation model predictions for a solar chemical abundance
pattern (Z = 0.02, Y = 0.28), described in Chapter 3, to interpret the properties of
GCCs in the Gaia Data Release 2.

!t is worth noting that relative age estimates are more robust than absolute age determinations,
being less affected by systematic uncertainties affecting stellar models.

2In this context, we emphasized that the number of CCs in the Galactic field is quite larger than in
star clusters.
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FIGURE 6.1: From the top panel to the bottom panel, the period luminosity, mass-luminosity,
mass-age and period age relations are shown, highlighting a correlation in the period-
luminosity and mass-luminosity plots as well as an anticorrelation in the mass-age and
period-age plots.
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FIGURE 6.2: The location in the HR diagram of selected massive and intermediate-mass
stellar models for the adopted solar chemical composition, compared with the predicted
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lines) and FO-mode pulsators (dashed lines) obtained for the canonical (top panels) and

noncanonical ML relations (bottom panels), assuming a,,; =1.5.
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6.1 The adopted theoretical framework for Galactic Classical
Cepheids

In this section we will discuss the GCC theoretical scenario adopted to derive reliable
and accurate period-age and the first theoretical period—age—color relations in the
Gaia bands.

6.1.1 The evolutionary framework

Our previous works on the theoretical PA relationship (see, Bono et al., 2005; Mar-
coni et al., 2006) were based on the theoretical evolutionary framework developed
by Pietrinferni et al., 2004, named the BaSTI library.

However, since the first release of the BaSTI library, several improvements to the stel-
lar physics inputs, some revisions of the solar metal distribution, and corresponding
revisions of the solar metallicity (we refer to, e.g. Bergemann et al., 2014, and refer-
ences therein for a detailed discussion on this issue) have become available.
Therefore, the BaSTI library has been recently updated. This version, known as the
BaSTI-IAC version,?, takes into account all the presently available updates and im-
provements in the input physics.

The new complete library for a scaled solar chemical mixture has been provided in
Hidalgo et al., 2018. It is important to briefly discuss the main differences between
the BaSTI-IAC models adopted in our work and BaSTI predictions accounted for in
Bono et al., 2005 and Marconi et al., 2006.

One of the main differences is associated with the use of different reference solar
heavy element distributions. The previous BaSTI models were based on the solar
mixture provided by Grevesse et al., 1998. The new ones take into account the re-
cent, significant revisions of the solar metal distributions, and rely on measurements
provided by Caffau et al., 2011, supplemented when necessary by the abundance
estimates provided by Lodders, 2010.

The treatment of overshooting beyond the Schwarzschild boundary of convec-
tive cores during the H-burning stage, is included as an instantaneous mixing be-
tween the formal convective border and layers at a distance A,, Hp from this bound-
ary — keeping the radiative temperature gradient in this overshooting region. Hp is
the pressure scale height at the Schwarzschild boundary, and A, is a free param-
eter that is set to 0.2 in the BaSTI-IAC model computations and decreased to zero
when the mass decreases below a certain value* (typically, equal to ~ 1.5M,). Like
the previous BaSTI library, the new BaSTI-IAC library provides two complete sets of
evolutionary models alternately accounting (noncanonical models) or not account-
ing at all (canonical models) for core convective overshooting.

The mass loss phenomenon is accounted for by using the Reimers, 1975 formula,
with the free parameter # - present in this mass loss prescription - set to zero when
neglecting mass loss, or to #7=0.3 when mass loss is accounted for (see Hidalgo et al.,
2018, for the discussion about this choice).

The treatment of superadiabatic convection is based on the Bohm-Vitense, 1958
flavor of the mixing length theory, using the formalism by J. P. Cox et al., 1968. The
value of the mixing length free parameter, fixed via the standard solar model (SSM)

3The whole BaSTI-IAC library is available at the following URL: http:/ /basti-iac.0a-abruzzo.inaf.it

4Gee Hidalgo et al., 2018 for a discussion about the need to decrease the core convective overshoot-
ing with the mass as well as the procedure adopted for reducing the value of Ay, below a given critical
mass.
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calibration®, to a,,; = 2.006, was kept constant for all stellar masses, initial chemical
compositions and evolutionary phases.

As mentioned, the calibration of the SSM sets the value of «,,;, and the initial solar
He abundance Y, and metallicity Z.. The BaSTI-IAC SSM, properly accounting for
atomic diffusion of both He and metals, matches the empirical solar constraints with
the following initial abundances Z=0.01721 and Y»=0.2695.

To conduct our analysis, we selected the stellar models with a solar chemical
composition and mass range between 4M, and 11M,, with a step of 0.5M,.

6.1.2 The pulsation framework

For the purpose of our work, we considered some of the pulsation models included
in the updated data set of nonlinear and convective pulsation models described in
detail in Chapter 3.

In particular, we considered only models with both an ML relation corresponding
to either case A and B, and an efficiency of convection in the outer layers of either
&y =1.5 or ay,; =1.7. The reasons for not considering the brightest models and the
highest «,,; value were related to the need for consistency with the adopted evolu-
tionary scenario which does not predict overluminosities as high as +0.4 dex with
respect to the canonical ML, and the small number of pulsating models we obtained
for a,,; =1.9 (see De Somma et al., 2020b, for detail).

We noted that, despite the improvements in the physical framework adopted for
the BaSTI-IAC stellar model computation, the ML relationship predicted by the so-
lar chemical composition, canonical (no overshooting) models were in quite good
agreement with the the canonical ML relation adopted to build the Cepheid pulsa-
tion models (Bono et al., 2000a). At the same time, the increase of the brightness
in the ML relation by Alog(L/Lw)= 0.2 at a given stellar mass to simulate the ef-
fect of noncanonical processes was consistent with the brightness increase of the ML
relation predicted by the noncanonical, BaSTI-IAC models with respect to the corre-
sponding canonical ones (See Hidalgo et al., 2018, for a detailed comparison between
the various model libraries). These considerations allowed us to safely rely on the
ML prescriptions created for developing the pulsational scenario adopted for our
aim.

Fig. 6.2 shows the location in the HR diagram of the linear (left panels) and
quadratic (right panels) fits of the IS boundaries with respect to the already dis-
cussed evolutionary tracks. For clarity, only a subsample of stellar evolutionary
tracks was plotted. Inspection of this figure suggested that stellar models with
masses lower than about 5M,, cross the predicted IS only once (first crossing) while
evolving towards the Red Giant Branch. However, stars with masses higher than
~ 5M, show three crossings with the second and the third crossings corresponding
to the blue-ward and red-ward evolution along the blue loop, respectively.

As expected on the basis of evolutionary considerations, the time spent during
the first crossing is significantly shorter than the second and the third ones. For
example, in the case of a 6M, star, the time spent inside the instability strip varies
from 7.41 - 10%yr for the 1 crossing to 3.73 - 10°yr for the 2" and 1.80 - 10%yr for
the 3" one; while for a 11M., model the corresponding evolutionary lifetimes are
2.87 - 103 yr for the 1t crossing, and 3.16 - 1O4yr and 1.41 - 1O4yr for the 2" and 3™
crossings, respectively.

5The adopted procedure and the properties of the BaSTI-TAC SSM are fully described in Hidalgo
etal., 2018.
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To discuss the reliability of evolutionary predictions about the blue loop mor-
phology (and extension), it is worth mentioning that the physics behind the exis-
tence of blue loops challenged our understanding of stellar evolution for long time.
As such, it is still a difficult task to predict the response of an intermediate-mass
stellar model, during this phase, to changes in the physical parameters and/or the
physical assumptions adopted in the evolutionary computations. Indeed, both the
morphology, and the actual occurrence of the blue loops have a highly non-linear
dependence on the physical inputs and assumptions adopted in the stellar evolu-
tion models. Even minor changes, for example, in the chemical composition, the
initial mass and the efficiency of the mixing processes - such as convective core and
envelope overshooting - can have a huge impact on the blue loop properties (see,
e.g., Renzini et al., 1992; Salaris et al., 2006, and references therein for a detailed
discussion on this topic).

6.2 The updated theoretical period-age and period-age-color
relations

In order to derive theoretical PA relations, we combined the evolutionary tracks with
the predicted instability strips and pulsation periods inferred from the pulsation
models computed in De Somma et al. (2020b).

At first, we adopted two different sub-samples: one including all the crossings
and the other including only the second and third crossings. However, since we
verified that the resulting PA relations are not significantly affected by the choice of
sub-sample, we only considered the relations obtained including all the crossings®.
Incidentally, we noted that this choice is also consistent with the methodological
approach adopted by Bono et al. (2005) and Marconi et al. (2006) to derive the PA
relationship.

Adopting the PMLT relation, log P = a + blog T,¢s + ¢ log M/ M, + d log(L/Ls),
derived by our team (De Somma et al., 2020b) and described in subsection 3.2.2 of
Chapter 3, we were able to predict the period for each combination of mass, luminos-
ity and effective temperature along the selected portions of the evolutionary tracks.
By combining the period estimate with the age predicted by the evolutionary mod-
els, we derived the theoretical PA relations through a linear regression procedure.
The coefficients obtained for each combination of ML and convective efficiency, as-
suming both linear and quadratic fits to the F boundaries, are reported in Tables
6.1 and 6.2, respectively. We noticed that, in the FO-mode case, due to the limited
number of models, only the PA relations based on linear boundaries were obtained.

Fig. 6.3 shows a comparison between the predicted PA relations for F pulsators
with a,,,; =1.5 and «,,,; =1.7, in case A (canonical ML relation) using both the quadratic
(right panel) and the linear (left panel) boundary analytical relations.

The data shown in this figure reveals that the PA relation is largely unaffected
by the exact value of the mixing length parameter adopted in the pulsation model
computations; therefore, one can safely assume that the predicted Cepheid ages are
barely affected by the lingering uncertainties in the adopted mixing length parame-
ter.

6 As discussed at the end of the previous section, this occurrence is due to the fact that the time spent
in the IS during the first crossing is a small fraction of the time spent inside the IS during the blue loop
evolutionary stage.
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Fig. 6.4 shows the same kind of comparison but varying the ML relation at a
fixed &, =1.5. In this case, we noticed that brighter ML relations provide systemat-
ically older ages. This result is consistent with the theoretical prediction of a longer
core hydrogen burning stage for stellar models, accounting for core convective over-
shooting being the ones that have been combined with our case B pulsation models;
an occurrence obviously due to the larger amount of fuel available during the central
H-burning stage. In particular, the age difference between case B and A ranges from
~ 36 % at log P=0.4 to ~ 60 % at log P=1.8. We noticed that the period range in these
figures is the same as that estimated by De Somma et al. (2020b) (refer to the quoted
reference for more detail) for cases A and Bmodels. Since we found that the relations
obtained using linear and quadratic F boundaries were perfectly consistent within
the errors, we continued our work only relying on the relations obtained assuming
the IS boundaries are linear.

Moreover, we compared our theoretical PA relations (dashed blue line) obtained
for both case A ML (left-hand panels) and case B ML (right-hand panels), assuming
a1 = 1.5 for both cases, with other theoretical relations available in the literature.
We selected a common period range for both case A (from log P = 0.4 to log P = 1.8)
and B (from log P = 0.4 to log P = 1.6).

For the canonical case (left panels), we compared our case A relations with: i) the

theoretical PA relation published by Bono et al. (2005) (dotted yellow line) and ii) the
semi-empirical PA relations derived by Tsvetkov (1980) for the second (dashed red
line) and third crossings (dash-dotted green line), respectively.
For the noncanonical case (right panels), we compared our case B relations with: i)
the theoretical PA relations derived by Anderson et al. (2016) assuming a mild rota-
tion efficiency, for the second (cyan star marker) and third crossings (green square
marker), respectively; ii) the semi-empirical PA relations by Senchyna et al. (2015)
based on both M31 Cepheids (dash-dotted orange line) and M31 cluster isochrone
fitting (solid magenta line); iii) the semi-empirical relation provided by Magnier et
al. (1997) (brown triangle marker) and iv) the empirical relationship by Yu. N. Efre-
mov (2003) (red dot marker).

Fig. 6.6 shows the same kind of comparison but for case A FO-mode models with
&y =1.5 and the FO relation by Bono et al. (2005).

The coefficients of the various PA relations used for the comparison are summa-
rized in Table 6.3.

Inspection of the bottom panels of Fig. 6.5 and 6.6 suggests a very good agree-
ment, within the errors, between our canonical PA relations and the one previously
derived by Bono et al. (2005) on the basis of a less extended and updated set of
models and a slightly different ML relation. No error estimate was provided by An-
derson et al. (2016), Yu. N. Efremov (2003) and Magnier et al. (1997) but we found a
good agreement between their (noncanonical) relations and our case B.

In order to better quantify the level of agreement among the various PA relation-
ships, the two upper panels in Fig. 6.5 show the relative age difference between the
relations obtained in the present work and the ones selected from the literature for
both the canonical and noncanonical ML cases. For the canonical case, the present
PA relation predicts ages systematically larger than the other relations with a maxi-
mum difference of the order of ~ 15 — 20%. The smallest difference is found when
considering the PA relation provided by Bono et al. (2005), while the maximum dis-
crepancy is obtained when comparing the present result with the relation obtained
by Tsvetkov (1980) for the third crossing. In this case the percentage difference can
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TABLE 6.1: The coefficients of the F and FO-mode PA relations in the form logt =a + blog P,
assuming linear IS boundaries and adopting both case A and B ML relations and a,,; =1.5
and a,,; =1.7. The last two columns represent the R-squared (R?) and the root-mean-square
deviation (0) coefficients.

Fundamental mode
Xyl ML a b s o R? o

1.5 A 8393 -0.704 0.008 0.009 0916 0.084

1.7 A 8369 -0.680 0.015 0.017 0.908 0.080

1.5 B 8480 -0.626 0.010 0.009 0.866 0.080

1.7 B 8460 -0.618 0.013 0.010 0.852 0.090
First overtone mode

1.5 A 8120 -0.396 0.020 0.057 0.506 0.052

also reach a value as large as ~ 50% and it is likely related to the difference in lu-
minosity between the second and the third crossings in spite of the quite similar
evolutionary times.

For the noncanonical case, apart from the case of the PA relation, the relative age
differences are within ~ 15 — 20%, based on Cepheids in M31 provided by Senchyna
et al. (2015), who predicts ages about 25% smaller than those provided by our re-
lation. However, we wish to emphasize the large uncertainty associated with the
Senchyna et al. (2015) Cepheid-based PA relationship. For the case of FO PA rela-
tions, the agreement is remarkably good; there is a difference of about 5% between
present predictions and those obtained using the Bono et al. (2005) relation, but this
is well within the errors.

The general good agreement among the various PA relations based on similar
ML relations, as well as the age difference obtained when comparing the results
based on canonical and noncanonical stellar models support the idea that different
assumptions about noncanonical physical processes, e.g., moderate rotation as in
Anderson et al. (2016), and mild overshooting as in the other semi-empirical rela-
tions, have the same effect of producing a brighter luminosity at a fixed mass, and
in turn, an older age at a fixed period.

PA relations have the advantage of allowing a direct evaluation of CC ages when
only the pulsation periods are known, however they suffer from the limitation re-
lated to the finite color width of the IS, which causes, mostly in the optical photomet-
ric passband, an inherent dispersion of PL relations. This occurrence implies that PA
relations are also affected by an intrinsic scatter within a range for both colors and
periods for each fixed age; an effect that can be removed if a color term is included
in the linear regression procedure.

As our main goal was to derive the individual ages of GCCs with Gaia DR2 paral-
laxes, we used the Gaia band model light curves and the resulting mean magnitudes
< Gpp > and < Ggp > discussed in chapter 4, to compute the first period-age-color
(PAC) relations in the Gaia filters. The coefficients of the derived PAC relations, for
the F and FO-mode models and the discussed assumptions concerning ML and «,;,
are presented in Table 6.4 .

In Fig. 6.7, we compare the projections onto a plane of the PAC relations varying
the assumptions on a,,; and the ML relations. As already found for the PA relations,
a change in the super adiabatic convection efficiency does not affect the ages pre-
dicted from the new derived theoretical PAC relations. As a consequence, we only
adopt the PAC relation obtained for «,,; =1.5.
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FIGURE 6.3: Canonical PA relations for various assumptions about superadiabatic convec-
tive efficiency, assuming linear (left panel) and quadratic (right panel) analytical relations
for the IS boundaries.
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FIGURE 6.4: Fundamental PA relations at a fixed mixing length parameter «,,; =1.5 for the
two assumed ML relations, using linear (left panel) and quadratic (right panel) IS boundary
analytical relations.

TABLE 6.2: The coefficients of the F-mode PA relation log t = a +blog P, assuming quadratic
IS boundaries and adopting both case A and B ML relations and «,,; =1.5 and a,,; =1.7.
The last two columns represent the R-squared (R?) and the root-mean-square deviation (c)
coefficients.

Fundamental mode

Xyl ML a b 0a op R? o

1.5 A 8396 -0.708 0.007 0.009 0.910 0.083
1.7 A 8362 -0.676 0.014 0.017 0.898 0.084
1.5 B 8511 -0.660 0.010 0.009 0.856 0.090
1.7 B 8477 -0.639 0.013 0.010 0.847 0.099
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FIGURE 6.5: Bottom panels: comparison between present F-mode PA relations (dashed
blue line), obtained by varying the adopted ML relation (see labels) at a fixed value of the
mixing length («,,), and similar predictions from the literature. The dashed red line and
dash-dotted green line show the PA relations by Tsvetkov (1980), for the second and third
crossings, respectively. The dotted yellow line shows the PA relation obtained by Bono et al.
(2005). The relations marked with stars and squares represent the PA relations by Anderson
et al. (2016), for the second and third crossings, respectively. The dash-dotted orange line
refers to the PA relation by Senchyna et al. (2015) for M31 CCs. The solid magenta line is the
PA relation by Senchyna et al. (2015) for M31 clusters. Filled circles and triangles correspond
to the PA relations by Yu. N. Efremov (2003) and Magnier et al. (1997), respectively. The col-
ored shaded areas represent the 1o errors in these relationships as provided by the authors.
Upper panels: the relative age difference between the age predictions obtained by present
PA relations for the canonical case (left panel) and the noncanonical one (right panel) and
those obtained with the mentioned PA relationships taken from literature.

TABLE 6.3: The PA relations logt = a +blog P derived by various authors for different CC
samples. o is the predicted root-mean-square deviation coefficient.

Authors Source a b o
Anderson et al. (2016) F GCC 2nd crossing 8.393 -0.532
Anderson et al. (2016) F GCC 3rd crossing 8.551 -0.641

Bono et al. (2005) F GCC 831 -0.67 0.08
Bono et al. (2005) FO GCC 8.08 -0.39 0.04
Yu. N. Efremov (2003) LMC bar CC 850  -0.65
Magnier et al. (1997) M31 CC 8.4 -0.6
Senchyna et al. (2015) M31 CLUSTERS 840 -0.53 0.07
Senchyna et al. (2015) M31 CC 838 -069 025

Tsvetkov (1980) F GCC 2nd crossing 8.332 -0.731 0.037
Tsvetkov (1980) F GCC 3rd crossing 8250 -0.504 0.047
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FIGURE 6.6: Bottom panel: comparison between present FO-mode PA relation (dashed blue
line) obtained for ML case A and «,,; =1.5, with the theoretical FO-mode GCC PA relation
obtained by Bono et al. (2005) (dotted yellow line). Upper panel: the relative difference
between the age estimates provided by these PA relations.

TABLE 6.4: The coefficients of the PAC relation: logt=a + blog P + c (< Ggp > - < Grp >)
for F and FO pulsators, derived by varying both the ML relation and mixing length value.

Fundamental mode

Oyl ML a b c 04 o 0. R? o

1.5 A 8303 -0.751 0.121 0.045 0.025 0.060 0916 0.083

1.7 A 8346 -0.720 0.077 0.109 0.062 0.156 0.934 0.046

1.5 B 8275 -0.734 0.278 0.029 0.017 0.037 0.876 0.077

1.7 B 8453 -0.624 0.012 0.030 0.026 0.047 0.852 0.090
First overtone mode

1.5 A 7961 -0508 0.255 0.137 0.064 0204 0.603 0.046
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FIGURE 6.7: Projection onto a plane of the new Gaia band PAC relation (red solid line) for
F-mode models obtained by adopting case A ML and «,,; =1.5; for comparison with either
the same relation obtained by varying the super adiabatic convective efficiency (dash-dotted
cyan line) or the ML relation (dashed blue line), is also shown.

6.3 Application to Gaia DR2 GCC sample

In this section we apply the theoretical PA and Gaia-band PAC relations derived
above to a sample of GCCs published in Gaia DR2 (Gaia Collaboration et al., 2018)
and reclassified by Ripepi et al. (2019).

The selected sample consists of 568 F-mode and 198 FO-mode pulsators. Using
the period and color values reported by Ripepi et al. (2019) and both the PA and
PAC relations, we derived the individual ages for each adopted assumption of the
ML relation. Before applying the PAC relation, it is mandatory to obtain dereddened
(Gpp — Ggrp) colors for the selected GCC sample. For 320 objects in our sample we
adopted the E(B-V) estimates available in the compilation by M. A. T. Groenewegen
(2018). For all other stars, the CC period-(V-I)y color relation obtained by Ripepi et
al. (in preparation) was used to derive the intrinsic unreddened color.

The (V-I) color estimate, averaged over the pulsation cycle, was obtained for 89
objects from the catalog of the OGLE Galactic Disk survey (Udalski et al., 2018).
While for all other stars,” the averaged Gaia DR2 (Gpp — Grp) color was transformed
into the corresponding (V-I) one by using a conversion formula, suitable for the color
range spanned by GCC, derived by Ripepi et al. (in preparation). These E(V-I) values
were initially converted into E(B-V) by adopting the relation E(B-V)=1.283-E(V-I)
(Tammann et al., 2003), and then into E(Ggp — Grp) by means of Eq. 9-10 in Ripepi
et al. (2019). The average errors of the E(B-V) estimates are ~0.08 mag and ~ 0.11
mag, for the (V-I) color estimated from the OGLE survey and the Gaia magnitude
conversion, respectively.

7For 11 multi-mode GCCs the PC was not used because the results are less reliable.
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F and FO pulsators, respectively.
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It was worth checking the level of consistency between the reddening estimates
obtained by using the PC relation with those retrieved from the literature for the CC
in the compilation by M. A. T. Groenewegen (2018). Fig.6.8 shows a comparison be-
tween the E(B-V) values obtained with the two methods for both F and FO pulsators.
The lack of any systematic trend in both the 1:1 (top panel) and the residuals (bot-
tom panel) diagrams, supports the reliability of the approach used for estimating the
extinction from the PC relation (Ripepi et al., in preparation).

We noted that the reddening error affects the age measurements with an uncer-
tainty of A(logt) ~0.009 dex and A(logt) ~ 0.022 dex for F-mode pulsators in cases
A and B, respectively. For FO-mode GCCs the uncertainty is A(logt) ~0.020 dex. As
a result, the typical uncertainty of the GCC ages obtained from the PAC relationship,
associated with the error of the reddening estimate, is of the order of 1-2%.

The GCC sample age estimates obtained by using the PA and PAC relationships
are listed in Tables 6.5 to 6.7.

In order to assess the accuracy of our age estimates, in Figs. 6.9 and 6.10, we
compared the individual age estimates obtained by applying the PA and the PAC
relationships derived in the previous section, for the selected F and FO-mode GCCs.
In Fig. 6.9, the two panels refer to cases A (left) and B (right). It is worth noting that
a good agreement does exist between the age measurements on the whole age range
obtained using the two relationships, as proven by the distribution of points with
respect to the 1:1 line.

The histogram of the derived age distribution based on the application of the
PAC relation, is shown in Fig. 6.11, for both F (left panel) and FO (right panel) pul-
sators. Inspection of this plot confirms that the predicted ages depend on the as-
sumed ML relation. Thus, providing systematically older ages for brighter ML rela-
tions, in agreement with independent evaluations in literature (Anderson et al., 2016;
Bono et al., 2005; Senchyna et al., 2015). For F-mode GCCs, the left panel of Fig. 6.11
suggested that the age distribution peaked around ~ 90 Myr in the assumption of a
canonical ML relation (case A) and got older by about ~ 35 Myr in the non-canonical
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assumption (case B). In the case of FO-mode GCCs (right panel of Fig. 6.11), the esti-
mated age distribution is, as expected, concentrated towards older ages with a peak
between (80 — 85) Myr. On the other hand, the age estimates obtained by means
of both the PA and PAC relations are almost insensitive to variations in the mixing
length parameter. This result was expected because a variation in the efficiency of
superadiabatic convection can modify the pulsation amplitude and the boundary
of the IS (see e.g. De Somma et al., 2020a; Fiorentino et al., 2007), and references
therein), but does not affect the relation between period, color and luminosity at all.
Thus, the relation between period, color and age is also unaffected.

The possibility of deriving accurate and reliable age estimates of a large sample
of GCCs by using the PA and/or the PAC relations provides the opportunity to per-
form an age tomography of the Galaxy. Therefore, the opportunity to properly trace
the Star Formation history of the various portions of the Milky Way, in particular,
the regime of young and intermediate ages is also provided.

In order to show the inferred GCC age distribution as a function of the posi-
tion in the Galactic disk, the selected Gaia DR2 Cepheid sample was represented in
the Galactic coordinates with the predicted individual age varying according to the
logarithmic color-bar scale and increasing from blue to red.

The maps shown in Fig. 6.12 refer to F and FO-mode GCCs with ages derived
from the PAC relations. From left to right, the panels show the age map for: F-mode
GCCs by assuming the ML case A, F-mode GCCs by assuming the ML case B and
FO-mode GCCs by assuming the ML case A. In all panels, the pulsation predictions
were based on an adopted mixing length equal to a,,; =1.5. Inspection of these fig-
ures suggests that:

¢ the predicted ages decrease towards the Galactic center, with the oldest Cepheids
located at longer Galactocentric distances.

e for the same assumption about the ML relation, FO-mode Cepheids are found
to be systematically older than the F ones.

Although a detailed analysis of this topic was out of the aims of the present in-
vestigation, both the age and the spatial distributions of the CCs in our sample as a
function of their age can be compared with independent studies on the presence of
age gradients among the various stellar populations in the Milky Way. For example,
Skowron et al. (2019), applied the PA relation by Anderson et al. (2016) to the OGLE
database of GCCs, and found an age distribution (see their Fig. 3) very similar to
our results based on PA and PAC relations obtained from case B models. Recently,
Bossini et al. (2019) computed the age distribution of 269 Galactic open clusters with
astrometric and photometric data from Gaia DR2. However, in this case the possi-
bility of realizing a meaningful comparison is hampered by the fact that the open
cluster sample adopted by Bossini et al. (2019) spans an age range limited with re-
spect to that of the GCC sample adopted in the present investigation.

A more detailed analysis of the implications that can be obtained for the star
formation history of the various portions of our Galaxy at different locations from
the study of the age distribution of CCs, needs to be supplemented with an accu-
rate investigation of the metallicity distribution of these pulsators. In order to prop-
erly account for the whole metallicity distribution of Galactic Cepheids, in the next
chapter we will discuss the preliminary results of the extension of this theoretical
investigation to different metallicity regimes.
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FIGURE 6.11: The predicted age distribution obtained by applying the PAC relation to the
selected sample of F (left panel) and FO-mode (right panel) GCCs, for the labelled assump-
tions about the efficiency of superadiabatic convection and ML relation.

FIGURE 6.12: Distribution of the selected Gaia DR2 Cepheids on the Galactic plane plotted in
polar coordinates. The Galactic center is in the middle. The Galactocentric polar coordinate
is at 0° in the direction of the Sun, whose position is marked by a black "X". Each circle shows
Galactocentric distances increasing by 5 kpc, from 0 to 25 kpc. In each panel the colored
circles show the predicted individual ages obtained by using the PAC relations, according to
the logarithmic color-bar axis. The labels on the top-left of each figure indicate the pulsation
mode, while 1.5 A and B refer to the PAC obtained by assuming «,,; =1.5 for canonical and
noncanonical stellar models, respectively.
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TABLE 6.5: Individual ages for the F-mode GCCs in our sample obtained by using both
the canonical PA and PAC relations. Columns 1 to 9 show the: Gaia DR2 source id, right
ascension in degrees, declination in degrees, period in days, Gaia passband G in mag, Gaia
passband Gpp in mag and Gaia passband Ggrp in mag. Columns 8 and 9 show the reddening
and the estimated uncertainty in the Gpp - Grp color, respectively. Column 10 provides
information on the reddening estimate: L stands for data from literature, while O and G
refer to the cases for which the extinction was estimated by adopting the PC relation, using
the (V-I) color from the OGLE survey and the conversion to the Gaia color, respectively (see
text for more detail). Columns 11 to 14 list the age and the estimated uncertainty in Myr as
obtained by alternately using the PA relation and the PAC one. This table is available in its
entirety in Section A.3 in Appendix A.

Gaia DR2 SourceId  RA[deg] DEC[deg] P[d]  G[mag] Gpplmag] Grplmag] E(Gpp-Grp)imag] 0E(Gpp-Grp)mag] Note tpa[Myr] o tpa[Myr] tpac[Myr] o tpac[Myr]
(@) @®) ©)

(1) 3) “) (©) (6) 7) (10) an (12) (13) (14)
3442172745919329664  82.35887  27.00089 3.34920  11.57 12.21 10.78 072 0.12 G 105.55 20.41 98.88 189
4704080802304630784  12.82014  -68.98430 0.99469  18.24 1845 17.79 0.18 0.11 G 248.10 47.99 230.53 44.06
5521400228203695232  123.35129  -42.27568 1.00189  16.05 16.93 15.15 123 0.15 G 246.84 47.74 234.34 44.79
6379351625245757568  359.99997  -75.19496 1.03777  17.68 17.98 17.36 0.02 0.11 G 240.80 46.58 231.16 44.18
4711142067840447360  21.61608  -64.87535 1.06447  17.86 18.05 1741 0.16 0.11 G 236.54 45.75 219.39 41.93
4639539705975935360  50.85364  -74.96868 1.11640  17.83 18.12 17.50 0.02 0.11 G 228.74 44.24 218.50 41.76
4690768156035338624  18.95551  -70.54573 1.14292  17.53 17.82 17.09 0.18 0.11 G 224.99 43.52 212.14 40.54
4703965697180635136  9.31520  -67.04117 1.15729  17.89 18.12 1743 0.17 0.11 G 223.02 43.14 207.66 39.69
4666616485480394368  60.40851  -69.47789  1.15905  16.29 16.45 15.90 0.12 0.08 (¢} 222.78 43.09 203.12 38.82
4691081375113472256  20.83822  -70.57775 117564 17.33 17.45 17.02 0.0 0.11 G 220.56 42.66 200.73 38.36
4637614151878607232  20.74650  -76.24745 1.20857  17.80 17.95 17.36 0.1 0.11 G 216.31 41.84 199.28 38.09
5834840099568788864 241.98124 -58.78225 1.23577  13.71 14.05 13.19 031 0.11 G 212.95 41.19 200.06 38.23
4636112425153243904 1619343 -76.86050 125457  17.34 17.55 16.84 021 0.11 G 210.70 40.75 194.40 37.15
4690721839108141568  19.01385  -70.91305 1.30481 17.25 17.73 17.00 -0.0 0.11 G 204.95 39.64 201.29 38.47
4698739817197286912  23.24870  -66.49795 1.30920  17.05 17.30 16.67 0.05 0.11 G 204.47 39.55 192.58 36.8
5298606801235832064 140.10591 -62.22648 1.36601  18.36 18.60 17.89 0.18 0.11 G 198.45 38.38 184.56 35.27

TABLE 6.6: As Table 6.5, but in this case the PA and PAC relations for the noncanonical
stellar models have been adopted. This table is available in its entirety in Section A.3 in
Appendix A.

Gaia DR2 Source Id__RA[deg] DEC[deg] _ Pld] _ G[mag] Ggplmag] Ggplmag] E(Gpp-Grp)lmag] 0E(Gpp-Grp)lmag] Note fpalMyr] o tpalMyr] _tpacIMyr] o tpac[Myr]
2) ®) )

(1) [€)] “) () (6) 7) (10) (11) (12) (13) (14)
3442172745919329664  82.35887  27.00089  3.34920  11.57 12.21 10.78 0.72 0.12 G 141.71 26.10 122.49 21.72
4704080802304630784  12.82014  -68.98430 0.99469  18.24 1845 17.79 0.18 0.11 G 303.00 55.82 257.01 45.57
5521400228203695232  123.35129 -42.27568 1.00189  16.05 16.93 15.15 123 0.15 G 301.64 55.56 268.78 47.65
6379351625245757568  359.99997  -75.19496  1.03777  17.68 17.98 17.36 0.02 0.11 G 295.07 54.35 269.73 47.82
4711142067840447360  21.61608  -64.87535 1.06447  17.86 18.05 17.41 0.16 0.11 G 290.41 53.50 245.31 43.49
4639539705975935360  50.85364  -74.96868 1.11640  17.83 18.12 17.50 0.02 0.11 G 281.88 51.92 254.78 4517
4690768156035338624  18.95551  -70.54573 1.14292  17.53 17.82 17.09 0.18 0.11 G 277.77 51.17 243.67 43.20
4703965697180635136  9.31520  -67.04117 1.15729  17.89 18.12 1743 0.17 0.11 G 275.60 50.77 234.88 41.64
4666616485480394368  60.40851  -69.47789  1.15905  16.29 1645 15.90 0.12 0.08 (¢} 275.34 50.72 223.60 39.64
4691081375113472256  20.83822  -70.57775 117564  17.33 17.45 17.02 0.0 0.11 G 272.90 50.27 220.70 39.13
4637614151878607232  20.74650  -76.24745 1.20857  17.80 17.95 17.36 0.1 0.11 G 268.22 49.41 223.07 39.55
5834840099568788864 241.98124  -58.78225 1.23577  13.71 14.05 13.19 031 0.11 G 264.51 48.73 230.11 40.80
4636112425153243904  16.19343  -76.86050 125457  17.34 17.55 16.84 021 0.11 G 262.02 4827 218.67 38.77
4690721839108141568  19.01385  -70.91305 1.30481  17.25 17.73 17.00 -0.0 0.11 G 255.66 47.09 246.30 43.67
4698739817197286912  23.24870  -66.49795 1.30920  17.05 17.30 16.67 0.05 0.11 G 255.13 47.00 223.23 39.58

G 248.43 45.76 211.15 37.44

5298606801235832064 140.10591 -62.22648 1.36601  18.36 18.60 17.89 0.18 0.11

TABLE 6.7: As Table 6.5, but for the FO-mode GCCs in the selected sample. This table is
available in its entirety in Section A.3 in Appendix A.

Gaia DR2 Source Id ~ RA[deg] DEC[deg] P[d]  G[mag] Gpp[mag] Ggp[mag] E(Gpp-Grp)lmag] ¢E(Gpp-Grp)imag] Note tpa[Myr] o tpa[Myr] tpac[Myr] o tpac[Myr]
)

(1) 2 3) ) (©) (6) @) ®) (10) (1) (12) (13) (14)
5958267083020200448 263.74736 -44.83491 0.48582 1531 15.67 14.78 048 0.11 G 175.45 21.01 168.26 17.82
4652801401061740800  72.89387  -73.52919 0.54856  17.88 18.20 17.42 0.32 0.11 G 167.21 20.02 161.55 17.11
4649684869708905600  78.33946  -73.18860 0.62515  17.60 17.85 17.14 0.28 0.11 G 19.01 149.33 15.82
4757521942202075904  84.00743  -62.92647 0.66840  17.23 17.49 16.81 021 0.11 G 18.51 147.46 15.62
4648894973678313600  78.74744  -76.16060 0.68428  17.58 17.85 17.13 0.26 0.11 G 18.34 145.22 15.38
426097765508018560  13.85755  59.72753  0.69910  13.67 14.18 12.99 0.72 0.12 G 18.19 145.17 1538
5255955821811454592  150.19748 -61.57770 0.70107  14.74 15.09 14.05 0.65 0.12 G 18.17 137.97 14.61
6380124062227694208 357.83150 -72.69153 0.72213  17.86 18.07 17.44 0.19 0.11 G 17.96 139.41 14.77
4648520761770393088  85.76598  -75.18605 0.81359  17.25 17.54 16.80 0.25 0.11 G 17.13 135.51 1435
4652889258915055488  72.48404  -73.00018 0.95488  17.24 17.54 16.77 0.27 0.11 G 16.08 126.16 13.36
5542032357742851712  125.44982  -37.46816 1.01087  16.30 17.08 15.38 119 0.12 o 15.72 122.76 13.00
4652312599416423040  68.88711  -74.56297 1.01787  17.03 17.30 16.59 0.18 0.11 G 15.67 123.28 13.06
4649732762885142272  77.24295  -73.85941 1.02268  17.06 17.35 16.58 0.26 0.11 G 15.64 122.03 1292
5860021737714232576  190.95445 -65.86875 1.03985  15.64 16.14 14.78 0.82 0.1 (o) 129.80 15.54 123.61 13.09
4690203483799384832 1247494  -70.52511 1.05413  16.86 17.06 16.51 0.03 0.11 G 129.10 15.46 120.55 1277
5879216457587855872  220.33866 -58.95261 1.05620  17.35 19.40 15.97 313 0.28 G 129.00 1545 106.51 11.28
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Chapter 7

The metal-dependent pulsational
scenario

In order to investigate the metallicity effect on the relations adopted for using CCs
as distance and age indicators, as well as to pave the way for future investigations
of extragalactic Cepheids, the theoretical analysis of CC pulsation models was ex-
tended to chemical compositions different from the solar one.

In particular, we considered the following chemical compositions: Z = 0.004,Y =
0.25; Z = 0.008,Y = 0.25; and Z = 0.03 — Y = 0.28, representative of CCs observed
in the Small Magellanic Cloud, the Large Magellanic Cloud and M31, respectively.
For each chemical composition, a wide range of masses (3<M/ M., <11) and effective
temperatures (3600<T,sf[K]<7200) as well as three assumptions about the ML rela-
tion were considered (see Tables 7.17.2 and 7.3 for Z = 0.004, Y = 0.25; all chemical
composition tables are available in their entirety in Appendix A).

As for the solar chemical composition case, models with a canonical luminosity
level were labeled as “case A’, while those with the two noncanonical luminosity lev-
els obtained by increasing the canonical luminosity level by Alog(L/Ls )= 0.2 dex
and Alog(L/Ls )= 0.4 dex were labeled as 'case B” and "case C’, respectively. More-
over, three different values a,,;=1.5, «,,;=1.7 and «,,;=1.9 for the efficiency of super-
adiabatic convection were chosen. For Z = 0.03, Y = 0.28, only the pulsation models
for the standard convective efficiency («,,;=1.5) were found to reach a stable limit cy-
cle and only cases A and B ML relations were computed. For each selected model
and pulsation mode, the system of nonlinear dynamical and convective equations
was integrated until a stable limit cycle was achieved.

In the case of Z = 0.004 and Z = 0.008, second overtone mode stable pulsation
models were also found. For each pulsation model and investigated mode, all the
relevant pulsation observables were produced.

In this Chapter the main relations derived from pulsation models with the afore-
mentioned chemical compositions are reported.

7.1 The extended set of pulsation models

As a result of the nonlinear convective model computations, 696 F-mode, 110 FO-
mode and 3 SO-mode stable Cepheid pulsation models for Z = 0.004, 639 F-mode,
126 FO-mode and 6 SO-mode stable Cepheid pulsation models for Z = 0.008, and
127 F-mode and 4 stable FO-mode Cepheid pulsation models for Z = 0.03 were
produced.

The intrinsic stellar parameters, namely the stellar mass, the luminosity level and
the effective temperature, as well as the adopted mixing length parameter, the ML
identification defined above, the pulsation period and the mean radius obtained by
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TABLE 7.1: The intrinsic stellar parameters for Z = 0.004, Y = 0.25 F-mode pulsation mod-
els. This table is available in its entirety in A.5 in Appendix A.

7Z=0.004 Y=0.25 _
M/Mq  log(L/Ly)  TorrlK] Kyl ML P[d] log(R/Re)

3.0 2.49 5900 1.5 A 1.46027 1.23

3.0 249 6000 1.5 A 1.38159 1.217
4.0 291 5600 1.5 A 3.23075 1.483
4.0 291 5700 1.5 A 3.05052 1.47

5.0 3.24 5300 1.5 A 631282 1.687
5.0 3.24 5400 1.5 A 5.94985 1.675
6.0 3.50 5200 1.5 A 10.08817 1.836
6.0 3.50 5300 1.5 A 941852 1.822
7.0 3.73 4900 1.5 A 17.46979 2.0

7.0 3.73 5000 1.5 A 1645231 1.993
8.0 3.92 4800 1.5 A 2539572 2.115
8.0 3.92 4900 1.5 A 23.85683 2.101
9.0 4.09 4600 1.5 A 37.79583 2.229
9.0 4.09 4700 1.5 A 35.82419 2.22

10.0 4.25 4400 1.5 A 5545613 2.333
10.0 4.25 4500 1.5 A 51.67512 2.321
11.0 4.39 4300 1.5 A 74.08461 2418
11.0 4.39 4400 1.5 A 69.86262 2.407

averaging the radius curves (see Section 7.5) are reported in the various columns of
Tables 7.1, 7.2 and 7.3 for Z = 0.004. Tables 7.4, 7.5 and 7.6 list the same parameters
for Z = 0.008. Finally, Tables 7.7 and 7.8 report the F and FO-mode parameters for
Z = 0.03.

7.2 The topology of the instability strip as a function of the
chemical composition

The topology of the instability strips for the aforementioned chemical compositions
was derived. The inferred F, FO and when available, SO boundary effective tem-
peratures are reported in Tables 7.9, 7.10 and 7.11, for Z = 0.004, Z = 0.008 and
Z = 0.03 Cepheid models, respectively. In each table, the mass, the luminosity level,
the adopted mixing length parameter, the ML label and the effective temperatures
for the SOBE (if present) FOBE, FBE, SORE (if present), FORE and FRE are reported.
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TABLE 7.2: The same as in Table 7.2 but for FO-mode pulsation models. This table is avail-
able in its entirety in A.5 in A.

Z=0.004 Y=0.25
M/Mgy  log(L/Le)  Tes[K] Kyl ML  P[d] log(R/Rg)

3.0 2.49 6100 1.5 A 0.96086 1.202
3.0 249 6200 1.5 A 091345 1.19
4.0 291 6000 1.5 A 1.844 1.425
4.0 291 6100 1.5 A 1.75159 1.411
5.0 3.24 5600 1.5 A 3.76641 1.646
5.0 3.24 5700 1.5 A 3.56603 1.631
6.0 3.50 5600 1.5 A 5.60191 1.782
6.0 3.50 5700 1.5 A 5.28456 1.768

TABLE 7.3: The same as in Table 7.1 but for SO-mode pulsation models. This table is avail-
able in its entirety in A.5in A.

Z=0.004 Y=0.25
M/M, log(L/L) TyfIKI & ML Pld]  log(R/Ro)
3.0 2.49 6600 1.5 A 0.60227 1.135
3.0 2.49 6700 1.5 A 0.5745 1.121
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TABLE 7.4: The intrinsic stellar parameters for Z = 0.008, Y = 0.25 F-mode pulsation mod-
els. This table is available in its entirety in A.5 in A.

7=0.008 Y=025 -
M/M. log(L/L.) T,y KI aum ML Pld] log(R/Ro)

3.0 2.39 6000 1.5 A 1.15407 1.166
3.0 2.59 5700 1.5 B 2.00247 1.307
4.0 2.81 5600 1.5 A 267853 1.431
4.0 2.81 5700 1.5 A 252578 1.419
5.0 3.14 5300 1.5 A 5.22834 1.637
5.0 3.14 5400 1.5 A 491119 1.624
6.0 3.40 5200 1.5 A 8.3325 1.787
6.0 3.40 5300 1.5 A 783128 1.774
7.0 3.63 4900 1.5 A 14.39537 1.955
7.0 3.63 5000 1.5 A 13.5206 1.938
8.0 3.82 4700 1.5 A 2212951 2.08
8.0 3.82 4800 1.5 A 20.89769 2.071
9.0 3.99 4500 1.5 A 33.33507 2.196
9.0 3.99 4600 1.5 A 31.42639 2.187
10.0 4.14 4400 1.5 A 46.19803 2.294
10.0 4.14 4500 1.5 A 4275625 2.28
11.0 4.28 4200 1.5 A 65.83958 2.389
11.0 4.28 4300 1.5 A 62.01632 2.378

TABLE 7.5: The same as in Table 7.4 but for FO-mode pulsation models. This table is avail-
able in its entirety in A.5in A.

Z=0.008 Y=0.25 _
M/Mq  log(L/Ly)  TosrlK] am ML P[d] log(R/Rg)

3.0 2.39 6100 1.5 A 0.79791 1.151
3.0 2.39 6200 1.5 A 0.75783 1.138
4.0 2.81 5900 1.5 A 1.62559 1.388
4.0 2.81 6000 1.5 A 1.53301 1.375
5.0 3.14 5900 1.5 A 260887 1.552
5.0 3.14 6000 1.5 A 247821 1.537
6.0 3.40 5500 1.5 A 487884 1.746
6.0 3.40 5600 1.5 A 461845 1.73
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TABLE 7.6: The same as in Table 7.4 but for SO-mode pulsation models. This table is avail-
able in its entirety in A.5 in A.

Z=0.008 Y=0.25
M/M, log(L/L.) TyfIKl _ &w ML Pld] _ log(R/Ro)
3.0 2.39 6500 1.5 A 052047 1.096
3.0 2.39 6600 15 A 0.50097 1.083

TABLE 7.7: The intrinsic stellar parameters for Z = 0.03, Y = 0.28 F-mode pulsation models.
This table is available in its entirety in Appendix A.

Z=0.03 Y=0.28 _
M/Mg  log(L/Lo) Tef[K]  apy ML P[d]  log(R/Rp)

4.0 2.68 5600 1.5 A 2.14887 1.367
4.0 2.68 5700 1.5 A 2.02639 1.352
5.0 3.01 5300 1.5 A 4.2556 1.581
5.0 3.01 5400 1.5 A 4.00248 1.565
6.0 3.27 5100 1.5 A 7.18299 1.743
6.0 3.27 5200 1.5 A 6.72238 1.727
7.0 3.50 4800 1.5 A 12.63542 1.917
7.0 3.50 4900 1.5 A 11.7897 1.902
8.0 3.69 4600 1.5 A 19.54225 2.045
8.0 3.69 4700 1.5 A 18.00428 2.03
9.0 3.86 4400 1.5 A 29.55613 2.163
9.0 3.86 4500 1.5 A 27.46898 2.148
10.0 4.02 4200 1.5 A 4451377 2.277
10.0 4.02 4300 1.5 A 41.39259 2.264
11.0 4.15 4100 1.5 A 59.2919 2.36
11.0 4.15 4200 1.5 A 55.14583 2.347

TABLE 7.8: The same as in Table 7.7 but for FO-mode pulsation models. This table is avail-
able in its entirety in A.5 in A.

Z=003 Y=0.8
M/M, log(L/L.) TufIKI &m ML Pld] log(R/R)
40 2.68 6000 15 A 121353  1.309
4.0 2.68 6100 15 A 115266 1296
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By performing a linear fit of the inferred boundary effective temperature values,
as a function of the luminosity level, for different assumptions of the «,,; parame-
ter, the relations reported in Tables 7.12, 7.14, 7.16, for F and FO-mode Z = 0.004,
Z = 0.008 and Z = 0.03 pulsators, respectively, were derived. The quadratic fit coef-
ticients of the boundary values for only the fundamental mode pulsators are shown
in Tables 7.13,7.15 and 7.17.

The linear relations for the boundaries obtained for the canonical ML relation
and the standard convective efficiency are plotted in Fig. 7.1 and compared with
the boundaries at solar chemical composition (Z = 0.02, Y = 0.28). These plots
show that, in agreement with previous investigations (Bono et al., 1999a; Bono et al.,
1997), a change in the chemical composition does significantly affect the topology of
the instability strip. In fact, as the metallicity increases from Z = 0.004 to Z = 0.03
at a fixed mixing length parameter and ML relation, the strip gets redder. This is
due to both the decreased Hydrogen abundance that makes pulsation less efficient
at the blue edge, delaying the onset of pulsation to lower effective temperatures; and
the increased contribution of iron bump opacity to pulsation at the red edge of the
instability strip, thus also delaying the quenching of pulsation due to convection.

TABLE 7.9: Predicted Effective Temperatures of the Instability Strip Boundaries for Z =
0.004. The assumed error on the boundary predictions is T,;y = + 50 K, based on the
adopted effective temperature step in the pulsational model computations.

M/M. log(L/Lo) &, ML SOBE FOBE FBE SORE FORE FRE
1) (2) B @ 0O (6) ) (8) 9)  (10)

3.0 2.49 1.5 A 6850 6750 6050 6550 6050 5850
3.0 2.49 1.7 A 6850 6150 6150 5950
3.0 2.49 19 A 6750 6250 6250 6050
3.0 2.69 15 B 6650 6050 6050 5650
3.0 2.69 1.7 B 6650 6150 6150 5750
3.0 2.69 19 B 6550 6250 6150 5850
3.0 2.89 1.5 C 6450 6150 6150 5450
3.0 2.89 1.7 C 6450 6250 6150 5550
3.0 2.89 19 C 6350 6350 6250 5650
4.0 291 1.5 A 6550.0 5950 5950.0 5550
4.0 291 1.7 A 6550.0 6050 6050.0 5650
4.0 291 19 A 6450 6150 6150 5750
4.0 3.11 15 B 6350 6050 5550 5350
4.0 3.11 1.7 B 6350 6150 5650 5450
4.0 3.11 19 B 6250 6250 6150 5550
4.0 3.31 1.5 C 6150 6050 5850 5050
4.0 3.31 1.7 C 6050 6150 5950 5250
4.0 3.31 19 C 6050 5350
5.0 3.24 1.5 A 6350 6050 5550 5250
5.0 3.24 1.7 A 6250 6050 6050 5450
5.0 3.24 19 A 6250 6150 6050 5550
5.0 3.44 15 B 6150 5950 5650 5050
5.0 3.44 1.7 B 6050 6050 5750 5150
5.0 3.44 19 B 5950 6050 5850 5350
5.0 3.64 1.5 C 5950 4750
5.0 3.64 1.7 C 5950 4950
5.0 3.64 19 C 5950 5150
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TABLE 7.9: continued.

M/M. log(L/Lo) &, ML SOBE FOBE FBE SORE FORE FRE
(1) 2 B @ 0 6 @) ¥ 9 (10

6.0 35 15 A 6150 5850 5550 5150
6.0 3.5 1.7 A 6050 5950 5650 5250
6.0 35 19 A 5950 6050 5750 5350
6.0 3.7 1.5 B 5950 4850
6.0 3.7 1.7 B 5950 5050
6.0 3.7 19 B 5950 5150
6.0 39 1.5 C 5850 4450
6.0 39 1.7 C 5850 4750
6.0 39 19 C 5750 4950
7.0 3.73 15 A 5950 5950 5750 4850
7.0 3.73 1.7 A 5950 5050
7.0 3.73 19 A 5950 5250
7.0 3.93 1.5 B 5850 4550
7.0 3.93 1.7 B 5850 4850
7.0 3.93 19 B 5750 5050
7.0 4.13 1.5 C 5750 4350
7.0 4.13 1.7 C 5650 4450
7.0 4.13 19 C 5650 4650
8.0 3.92 15 A 5850 4750
8.0 3.92 1.7 A 5850 4950
8.0 3.92 19 A 5850 5150
8.0 4.12 1.5 B 5750 4250
8.0 4.12 1.7 B 5750 4550
8.0 4.12 19 B 5650 4850
8.0 4.32 1.5 C 5550 4450
8.0 4.32 1.7 C 5550 4250
8.0 4.32 19 C 5550 4350
9.0 4.09 15 A 5750 4550
9.0 4.09 1.7 A 5750 4750
9.0 4.09 19 A 5650 4950
9.0 4.29 1.5 B 5650 4250
9.0 4.29 1.7 B 5650 4450
9.0 4.29 19 B 5650 4650
9.0 4.49 1.5 C 5550 4650
9.0 4.49 1.7 C 5450 4550
9.0 4.49 19 C 5450 4450
10.0 4.25 1.5 A 5650 4350
10.0 4.25 1.7 A 5650 4650
10.0 4.25 19 A 5650 4850
10.0 4.45 1.5 B 5550 4250
10.0 4.45 1.7 B 5550 4350
10.0 4.45 19 B 5550 4550
10.0 4.65 1.5 C 5450 4850
10.0 4.65 1.7 C 5450 4850
10.0 4.65 19 C 5350 4850
11.0 4.39 1.5 A 5650 4250
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TABLE 7.9: continued.

M/M. log(L/Lo) &, ML SOBE FOBE FBE SORE FORE FRE
@) ) B @ © @ ©® © (10

11.0 4.39 1.7 A 5650 4450
11.0 4.39 19 A 5550 4750
11.0 4.59 15 B 5550 4450
11.0 4.59 1.7 B 5450 4350
11.0 4.59 19 B 5450 4350
11.0 4.79 1.5 C 5350 5150
11.0 4.79 1.7 C 5350 5050
11.0 4.79 19 C 5250 5050

TABLE 7.10: Predicted Effective Temperatures of the Instability Strip Boundaries for Z =
0.008. The assumed error on the boundary predictions is T,;y = & 50 K, based on the
adopted effective temperature step in the pulsational model computations.

M/M, log(L/Lo) am, ML SOBE FOBE FBE SORE FORE FRE
(1) (2) B @ 0O (6) (7) (8) ) (10)

3.0 2.39 1.5 A 6950 6650 6050 6450 6050 5950
3.0 2.39 1.7 A 6750 6750 6650 6150

3.0 2.39 19 A 6750 6350

3.0 2.59 1.5 B 6750 6050 5950 5650
3.0 2.59 1.7 B 6650 6150 6050 5750
3.0 2.59 19 B 6650 6250 6150 5950
3.0 2.79 1.5 C 6550 6150 6050 5450
3.0 2.79 1.7 C 6550 6150 6150 5650
3.0 2.79 19 C 6450 6250 6150 5750
4.0 2.81 1.5 A 6550 5950 5850 5550
4.0 2.81 1.7 A 6550 6050 5950 5750
4.0 2.81 19 A 6550 6150 6050 5850
4.0 3.01 1.5 B 6450 6050 5950 5350
4.0 3.01 1.7 B 6350 6050 6050 5450
4.0 3.01 19 B 6250 6150 6050 5650
4.0 3.21 1.5 C 6250 5950 5650 5150
4.0 3.21 1.7 C 6150 6150 5750 5250
4.0 3.21 19 C 6150 5450
5.0 3.14 1.5 A 6350 5950 5850 5250
5.0 3.14 1.7 A 6350 5950 5950 5450
5.0 3.14 19 A 6250 6050 6050 5650
5.0 3.34 1.5 B 6150 5850 5550 5150
5.0 3.34 1.7 B 6050 6050 5650 5350
5.0 3.34 19 B 6050 5450
5.0 3.54 1.5 C 5850 4750
5.0 3.54 1.7 C 5850 4950
5.0 3.54 19 C 5850 5150
6.0 34 1.5 A 6250 5950 5450 5150
6.0 34 1.7 A 6150 5950 5550 5250
6.0 34 19 A 6050 5450
6.0 3.6 15 B 5950 4750
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TABLE 7.10: continued.

M/M. log(L/Lo) &, ML SOBE FOBE FBE SORE FORE FRE

1) ) ® @ 06 © @ © © (0
6.0 3.6 1.7 B 5950 5050
6.0 3.6 19 B 5850 5150
6.0 3.8 1.5 C 5750 4450
6.0 3.8 1.7 C 5750 4750
6.0 3.8 19 C 5650 4950
7.0 3.63 15 A 5950 5850 5550 4850
7.0 3.63 1.7 A 5850 5850 5650 5050
7.0 3.63 19 A 5850 5250
7.0 3.83 1.5 B 5850 4550
7.0 3.83 1.7 B 5750 4850
7.0 3.83 19 B 5650 5050
7.0 4.03 1.5 C 5650 4250
7.0 4.03 1.7 C 5550 4450
7.0 4.03 19 C 5450 4750
8.0 3.82 1.5 A 5750 4650
8.0 3.82 1.7 A 5750 4950
8.0 3.82 19 A 5750 5150
8.0 4.02 1.5 B 5650 4250
8.0 4.02 1.7 B 5650 4550
8.0 4.02 19 B 5550 4850
8.0 4.22 1.5 C 5550 4150
8.0 4.22 1.7 C 5450 4150
8.0 4.22 19 C 5250 4450
9.0 3.99 1.5 A 5750 4450
9.0 3.99 1.7 A 5650 4750
9.0 3.99 19 A 5550 4950
9.0 4.19 1.5 B 5550 4050
9.0 4.19 1.7 B 5450 4350
9.0 4.19 19 B 5350 4750
9.0 4.39 1.5 C 5350 4250
9.0 4.39 1.7 C 5350 4350
9.0 4.39 19 C 5150 4250
10.0 4.14 1.5 A 5550 4350
10.0 4.14 1.7 A 5450 4650
10.0 4.14 19 A 5350 4950
10.0 4.34 1.5 B 5450 4050
10.0 4.34 1.7 B 5250 4150
10.0 4.34 19 B 5150 4550
10.0 4.54 1.5 C 5250 4450
10.0 4.54 1.7 C 5250 4450
10.0 4.54 19 C 5050 4350
11.0 4.28 1.5 A 5550 4150
11.0 4.28 1.7 A 5350 4450
11.0 4.28 19 A 5250 4850
11.0 4.48 1.5 B 5350 4050
11.0 4.48 1.7 B 5150 4050
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TABLE 7.10: continued.

M/M. log(L/Lo) &, ML SOBE FOBE FBE SORE FORE FRE

1) (2) @B @ 6 6 O © ©) (10
11.0 448 19 B 5050 4350
11.0 4.68 15 C 5150 4650
11.0 4.68 17 C 5150 4650
11.0 4.68 19 C 4950 4650
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FIGURE 7.1: The F and FO instability strip boundaries for Z = 0.004 (dashed lines), Z =
0.008 (solid lines), Z = 0.02 (dotted lines) and Z = 0.03 (dash-dotted lines), as obtained
when adopting the canonical ML relation and the standard efficiency for the superadiabatic
convection.

TABLE 7.11: Predicted Effective Temperatures of the Instability Strip Boundaries for Z =
0.03. The assumed error on the boundary predictions is T, = + 50 K, based on the adopted
effective temperature step in the pulsational model computations.

M/M, log(L/Lo) a, ML FOBE FBE FORE FRE

) @) ® @& & © O O

40 2.68 15 A 6350 6150 5950 5550
4.0 2.88 15 B 5950 5250
5.0 3.01 15 A 5850 5250
5.0 3.21 15 B 5650 4950
6.0 3.27 15 A 5650 5050
6.0 3.47 15 B 5450 4650
7.0 35 15 A 5450 4750
7.0 3.7 15 B 5250 4350
8.0 3.69 15 A 5250 4550
8.0 3.89 15 B 5050 4150
9.0 3.86 15 A 5150 4350
9.0 4.06 15 B 4950 3950
10.0 4.02 15 A 4950 4150
10.0 422 15 B 4750 3750
11.0 4.15 15 A 4850 4050
11.0 4.35 15 B 4750 3650
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TABLE 7.12: The coefficients of the linear relation log T,¢s = a +b log(L/ L ) for the bound-
aries of the F and FO-mode IS for Z = 0.004 and Y = 0.25 varying both the ML relation and
the mixing length parameter.

&y ML a b 0, o R?
FBE

1.5 A 3.825 -0.016 0.012 0.003 0.7696
1.5 B 3849 -0.022 0.011 0.003 0.8879
1.5 C 3889 -0.033 0.010 0.003 0.9589
1.7 A 3.842 -0.020 0.009 0.002 0.9075
1.7 B 3876 -0.029 0.013 0.003 0.9188
1.7 C 3911 -0.038 0.008 0.002 0.9803
1.9 A 3873 -0.028 0.013 0.004 0.9009
1.9 B 3.895 -0.034 0.011 0.003 0.9565
1.9 C 3924 -0.042 0.005 0.001 0.9939

FRE

1.5 A 3958 -0.074 0.014 0.004 0.9814
1.5 B 3937 -0.069 0.033 0.009 0.9031
1.5 C 3762 -0.021 0.073 0.018 0.1598
1.7 A 3941 -0.064 0.011 0.003 0.9840
1.7 B 3949 -0.069 0.014 0.004 0.9819
1.7 C 3825 -0.035 0.069 0.017 0.3785
1.9 A 3920 -0.055 0.007 0.002 0.9918
1.9 B 3950 -0.065 0.015 0.004 0.9758
1.9 C 3.860 -0.042 0.061 0.015 0.5236

FOBE
1.5 A 3941 -0.044 0.012 0.004 0.9796
1.5 B 3945 -0.045 0.005 0.002 0.9988
1.7 A 3971 -0.054 0.007 0.002 0.9963
1.7 B 3970 -0.054 0.014 0.005 0.9932
1.9 A 3961 -0.052 0.017 0.005 0.9791
1.9 B 3966 -0.055 0.014 0.005 0.9931
FORE

1.5 A 3.844 -0.026 0.043 0.013 0.5588
1.5 B 3.888 -0.042 0.099 0.032 0.6320
1.7 A 3.870 -0.031 0.046 0.015 0.6807
1.7 B 3.894 -0.041 0.097 0.031 0.6321
1.9 A 3.882 -0.033 0.031 0.010 0.8443
1.9 B 3.867 -0.028 0.058 0.019 0.6879




7.3. On the dependency of the period-mass-luminosity-temperature relation on {l}g
metallicity

TABLE 7.13: The coefficients of the the quadratic relation log T,sf = a + b log(L/L) +c

(log(L/Lw))? for the boundaries of the F-mode IS for Z = 0.004 and Y = 0.25 varying both
the ML relation and the mixing length parameter.

a,; ML a b 0, o R?

FBE

1.5 A 3708 0.054 -0.010 0.057 0.034 0.005 0.8657
15 B 3.681 0.072 -0.013 0.033 0.018 0.003 0.9791
1.5 C 3740 0.047 -0.010 0.040 0.021 0.003 0.9878
1.7 A 3734 0.045 -0.009 0.033 0.019 0.003 0.9676
1.7 B 3674 0.084 -0.015 0.010 0.005 0.001 0.9989
1.7 C 3847 -0.004 -0.004 0.053 0.028 0.004 0.9842
1.9 A 3702 0.074 -0.015 0.039 0.023 0.003 0.9766
1.9 B 3788 0.026 -0.008 0.055 0.031 0.004 0.9736
1.9 C 3885 -0.021 -0.003 0.032 0.017 0.002 0.9951

FRE

1.5 A 3776 0.035 -0.016 0.046 0.027 0.004 0.9950
1.5 B 4.157 -0.193 0.017 0.202 0.112 0.015 0.9195
1.5 C 4917 -0.633 0.079 0.196 0.103 0.013 0.8781
1.7 A 3789 0.026 -0.013 0.034 0.020 0.003 0.9964
1.7 B 3.880 -0.030 -0.005 0.087 0.048 0.007 0.9836
1.7 C 4728 -0515 0.062 0.316 0.166 0.021 0.7406
1.9 A 3851 -0.014 -0.006 0.033 0.019 0.003 0.9953
1.9 B 3738 0.053 -0.016 0.050 0.028 0.004 0.9940
1.9 C 4520 -0.392 0.045 0.339 0.178 0.023 0.7108

7.3 Onthe dependency of the period-mass-luminosity-temperature
relation on the metallicity

As already performed for solar chemical composition models (See Chapter 3), a lin-
ear regression analysis of the period as a function of the luminosity, the mass, and
the effective temperature (see Tables 3.1 and 3.2) was carried out. The coefficients
of the relations for F and FO pulsators, at each chosen chemical composition, are
reported in Table 7.18, and an inspection of their values confirms that they are not
significantly affected by the choice of mixing length parameter.

Concerning the metallicity effect, we noticed that metallicity has a larger effect on
both the zero-point and the coefficient of log T, s than the other coefficients. In par-
ticular, in agreement with previous investigations (see e.g. Bono et al., 2000b), longer
periods are expected for higher metal abundance models, when all the other param-
eters are fixed.

7.4 The light and radial velocity curves

As already shown for the solar metallicity case, the computation of nonlinear pul-
sation models allowed us to obtain sound predictions about the variation of all rel-
evant quantities such as the luminosity, the radius, the radial velocity, the surface
temperature and gravity along a model pulsation cycle.

The bolometric light curves for a sequence of canonical models listed in Tables
7.9,7.10 and 7.11 are shown in the left panels of Figs 7.2, 7.3 and 7.4, for each labeled
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TABLE 7.14: The coefficients of the linear relation log T,rs = a +b log(L/ L) for the bound-
aries of the F and FO-mode IS for Z = 0.008 and Y = 0.25 varying both the ML relation and
the mixing length parameter.

Lo ML a b (o 0p R2

FBE

1.5 A 3833 -0.020 0.012 0.003 0.8362
1.5 B 3865 -0.029 0.017 0.005 0.8444
1.5 C 3905 -0.040 0.013 0.003 0.9527
1.7 A 3.888 -0.035 0.020 0.005 0.8745
1.7 B 3910 -0.041 0.024 0.006 0.8601
1.7 C 3921 -0.044 0.012 0.003 0.9660
1.9 A 3934 -0.048 0.025 0.007 0.8960
1.9 B 3942 -0.051 0.020 0.005 0.9288
1.9 C 3967 -0.058 0.012 0.003 0.9802

FRE

1.5 A 3975 -0.081 0.014 0.004 0.9839
1.5 B 3987 -0.087 0.022 0.006 0.9692
1.5 C 3.857 -0.050 0.058 0.015 0.6218
1.7 A 3965 -0.072 0.011 0.003 0.9899
1.7 B 3993 -0.084 0.026 0.007 0.9540
1.7 C 3900 -0.058 0.050 0.013 0.7475
1.9 A 3930 -0.058 0.009 0.002 0.9899
1.9 B 3962 -0.069 0.015 0.004 0.9778
1.9 C 3943 -0.066 0.038 0.010 0.8726

FOBE
1.5 A 3916 -0.037 0.021 0.007 0.9073
1.5 B 3969 -0.054 0.013 0.004 0.9932
1.7 A 3949 -0.048 0.020 0.006 0.9506
1.7 B 3965 -0.054 0.014 0.005 0.9932
1.9 A 3936 -0.044 0.024 0.009 0.9626
FORE

1.5 A 3864 -0.034 0.029 0.009 0.8122
1.5 B 3879 -0.039 0.078 0.026 0.6879
1.7 A 3870 -0.034 0.029 0.009 0.8123
1.7 B 3.885 -0.038 0.076 0.025 0.6879
1.9 A 3869 -0.029 0.040 0.014 0.8073
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TABLE 7.15:

The coefficients of the quadratic relation log T,sf = a + b log(L/Le) +c

(log(L/Le) )% for the boundaries of the F-mode IS for Z = 0.008 and Y = 0.25 varying
both the ML relation and the mixing length parameter.

a,; ML a b C o, o} e R?

FBE

15 A 3.69 0.065 -0.013 0.044 0.026 0.004 0.9391
1.5 B 3633 0.106 -0.019 0.061 0.035 0.005 0.9549
15 C 3711 0.066 -0.014 0.046 0.025 0.003 0.9885
1.7 A 3528 0171 -0.029 0.066 0.038 0.005 0.9820
1.7 B 3551 0.166 -0.029 0.044 0.025 0.004 0.9885
1.7 C 3765 0.041 -0.011 0.056 0.031 0.004 0.9852
1.9 A 3483 0211 -0.036 0.069 0.040 0.006 0.9892
1.9 B 3.633 0.128 -0.025 0.030 0.017 0.002 0.9963
1.9 C 3812 0.027 -0.011 0.056 0.031 0.004 0.9913

FRE

1.5 A 3806 0.023 -0.015 0.049 0.030 0.004 0.9947
1.5 B 3.891 -0.031 -0.008 0.139 0.080 0.011 0.9715
1.5 C 4646 -0481 0.057 0.237 0.128 0.017 0.8691
1.7 A 3820 0.011 -0.012 0.071 0.040 0.006 0.9946
1.7 B 3607 0.139 -0.031 0.062 0.036 0.005 0.9939
1.7 C 4482 -0376 0.042 0.253 0.137 0.018 0.8674
1.9 A 3936 -0.061 0.000 0.076 0.043 0.006 0.9899
1.9 B 3768 0.043 -0.016 0.055 0.031 0.004 0.9929
1.9 C 4159 -0.184 0.016 0.247 0.133 0.018 0.8873

TABLE 7.16: The coefficients of the linear relation log T, ¢ = a +b log(L/ L) for the bound-
aries of the F and FO-mode IS for Z = 0.03 and Y = 0.28 varying both the ML relation and
the mixing length parameter.

TABLE 7.17:

the ML relation and the mixing length parameter.

« ML a b o, op R?
FBE
1.5 A 3979 -0.070 0.007 0.002 0.9953
1.5 B 3976 -0.070 0.009 0.002 0.9937
FRE
1.5 A 4009 -0.096 0.015 0.004 0.9892
1.5 B 4.048 -0.111 0.013 0.004 0.9940

The coefficients of the quadratic relation logT,;y = a + b log(L/ Lg) +c
(log(L/Le) )% for the boundaries of the F-mode IS for Z = 0.03 and Y = 0.28 varying both

a,; ML a b c 0, T} e R?
FBE
1.5 A 3.878 -0.010 -0.009 0.037 0.022 0.003 0.9981
1.5 B 3957 -0.059 -0.001 0.076 0.042 0.006 0.9937
FRE
1.5 A 3764 0.049 -0.021 0.052 0.031 0.004 0.9980
15 B 3.822 0.016 -0.017 0.059 0.033 0.005 0.9985
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TABLE 7.18: The coefficients of the PMLT relations log P = a +blog T,s + c log (M/Mg )

+ d log(L/Lw) for both F and FO pulsators as a function of the assumed «,,; parameter for
Z =0.004and Y = 025, Z = 0.008 and Y = 0.25, Z = 0.03 and Y = 0.28. For comparison,
the relations for Z = 0.02 and Y = 0.28 are also reported.

. a b c d s o 0. 04 R?
Z=0.004 Y=0.25

F

1.5 10711 -3.315 -0.776 0918 0.109 0.028 0.017 0.005 0.9990
1.7 10.699 -3.312 -0.788  0.921 0.104 0.026 0.014 0.005 0.9995
19 10764 -3.327 -0.791 0919 0.124  0.031 0.014 0.005 0.9996
FO

1.5 12.042 -3.636 -0.574 0.799 1271 0325 0.112 0.037 0.9867
1.7 11590 -3.524 -0.677  0.828 1.385 0.352 0.102 0.036 0.9929
1.9 11182 -3.410 -0.591  0.801 0.434 0.111 0.023 0.009 0.9999

7Z=0.008 Y=0.25

F

1.5 10482 -3254 -0.773  0.920 0.103 0.026 0.017 0.005 0.9991
1.7 10.588 -3.283 -0.777  0.922 0.110  0.028 0.015 0.005 0.9995
19 11.077 -3.405 -0.770 0911 0.184 0.046 0.017 0.007 0.9996
FO

1.5 10.880 -3.337 -0.622 0.816 0.122  0.031 0.009 0.003 0.9999
1.7 10927 -3.348 -0.622  0.813 0223  0.057 0.014 0.005 0.9998
1.9 10774 -3.300 -0.618  0.802 0302 0.077 0.014 0.006 0.9998

Z=0.02 Y=0.28

F
1.5 10268 -3.192 -0.758  0.919 0.001 0.025 0.015 0.005 0.9995
1.7 10.538 -3.258 -0.749  0.911 0.002  0.050 0.019 0.007 0.9996
19 11488 -3.469 -0.695  0.847 0.003 0.089 0.012 0.006 0.9999
FO
1.5 10595 -3.253 -0.621  0.804 0.002  0.067 0.014 0.005 0.9996
1.7 10359 -3.186 -0.576  0.788 0.002  0.056 0.009 0.003 0.9999

Z=0.03 Y=0.28

1.5 10414 -3.227 -0.765 0918 0.119  0.029 0.023 0.008 0.9998
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mass, luminosity and mixing length parameter (see labeled values at the top of each
plot). The radial velocity of these models are represented in the right panels of the
same plots. In both panels, dotted lines refer to SO-mode models (if any), dashed
lines refer to FO-mode models, whereas solid lines represent F-mode models. The
model period, in days, and effective temperature, in kelvin, are also reported in the
left and right panels, respectively. The morphology and amplitude of the curves both
vary with the position of the model within the instability strip and depend on the
adopted chemical composition. They also show a general decrease in the pulsation
amplitudes as the metallicity increases, due to the increased contribution of opacity
in the ionization regions to convection.

In particular, within the period range of 6 days < P <16 days, CCs show the
Hertzsprung progression phenomenon i.e. the evolution of the position in phase of
the secondary maximum (bump) in both light and the radial velocity curves as a
function of the pulsation period (See Chapter 3). As expected, based on previous
theoretical studies for 0.004 < Z < 0.02 (see e.g. Bono et al., 2000c), an analysis of
Figs 7.2, 7.3, 74 and Fig. 3.5 in Chapter 3 suggests that an increase in the metal
content causes a shift of the HP center (defined as the period at which the secondary
bump reaches the same brightness as the primary one during its evolution from the
decreasing to the rising branch of the curve) toward shorter periods. In fact, passing
from Z = 0.004 to Z = 0.008 and finally to Z = 0.02 for a M/Mg = 7 model, the
period corresponding to the HP center moves from about 11.4 to about 10.3 days
and finally, to about 7.5 days. A detailed investigation of the dependence of the
period, corresponding to the HP center, on metallicity will be the subject of a future
work (Marconi, De Somma et al. 2021 in preparation).
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7.5 The Period-Radius and Period-Mass-Radius relations

From the radius curves, the mean radii were derived and correlated with the pulsa-
tion periods. If the width in temperature of the IS is neglected, the pulsation relation
connecting the period of a variable, at a fixed chemical composition, on stellar mass,
luminosity (radius), and effective temperature becomes a period-mass-radius rela-
tion. This means that independent estimates of both period and mean radius pro-
vide an independent evaluation of Cepheid masses. Theoretical PR and PMR rela-
tion coefficients for both F and FO-mode pulsation models for Z = 0.004, Z = 0.008,
Z =0.02 and Z = 0.03 are reported in Tables 7.19 and 7.21, respectively.

These relations depend on the ML relation and, marginally, on the metal content. In
particular, for a short period variable (log P = 0.3) with Z = 0.004, the predicted
mean radius increases by 5.0% from case A to B and by about 10% from case A to C.
For a long period variable (log P = 1.8) the variation in the predicted mean radius
increases by up to 8% moving from case A to B and by up to 15% moving from case
A to C. On the other hand, for canonical radii, an increase in the metal content from
Z = 0.004 to Z = 0.008 and finally to Z = 0.03 leads to a variation that ranges from
0.5% to almost 4% for both short and long period variables. Similar results were
obtained for noncanonical models. By adding a metallicity coefficient to the PR re-
lation, a period-radius-metallicity (PRZ) relation for both F and FO-mode models of
all chemical compositions (including Z = 0.02), were derived and reported in Table
7.20. These relations show a negligible metallicity term.

TABLE 7.19: The coefficients of the relation log (R/Re )=a+b logP for both F and FO
Cepheids derived by adopting Z = 0.004, Y = 0.25; Z = 0.008, Y = 0.25; and Z = 0.03,
Y = 0.28 as a function of the assumed «,,; parameter and A, B, C ML relations. For compar-
ison, the relations for Z = 0.02, Y = 0.28 are also reported.

&, ML a b o o R?
7Z=0.004 Y=0.25
F

1.5 A 1146 0.703 0.007  0.005 0.9958
1.5 B 1131 0.690 0.007  0.005 0.9954
1.5 C 1.101 0.690 0.007  0.005 0.9955
1.7 A 1.143 0.708 0.006  0.005 0.9973
1.7 B 1129 0.692 0.006  0.004 0.9970
1.7 C 1104 0.687 0.006  0.004 0.9970
19 A 1140 0.714 0.005 0.004 0.9984
1.9 B 1128 0.6%4 0.005 0.004 0.9978
1.9 C 1103 0.687 0.006  0.004 0.9978
FO

1.5 A 1229 0.731 0.008 0.017 0.9853
1.5 B 1206 0.725 0.012  0.025 0.9800
1.5 C 1182 0.741 0.003  0.006 0.9997
1.7 A 1231 0.752 0.002  0.005 0.9993
1.7 B 1209 0.713 0.014 0.032 0.9749
1.7 C 1178 0.746 0.007  0.017 0.9989
1.9 A 1229 0.756 0.002  0.005 0.9995
1.9 B 1203 0.752 0.003  0.008 0.9995

7=0.008 Y=0.25
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TABLE 7.19: continued.

ay ML a b 0, o R?
1.5 A 1.153 0.703 0.006  0.005 0.9966
15 B 1.137 0.690 0.006  0.004 0.9961
1.5 C 1105 0.690 0.006 0.004 0.9972
1.7 A 1.154 0.706 0.005  0.004 0.9979
1.7 B 1137 0.689 0.006 0.004 0.9973
1.7 C 1111 0.686 0.005  0.004 0.9978
1.9 A 1151 0.711 0.004 0.004 0.9990
1.9 B 1.133 0.695 0.005  0.004 0.9986
1.9 C 1115 0.683 0.005 0.003 0.9987
FO

15 A 1239 0.756 0.002  0.004 0.9990
1.5 B 1216 0.747 0.002  0.006 0.9988
1.5 C 1193 0.736 0.004 0.009 0.9987
1.7 A 1239 0.755 0.002  0.005 0.9992
1.7 B 1.215 0.747 0.002 0.006 0.9993
1.7 C 1.1% 0.732 0.003  0.008 0.9993
1.9 A 1241 0.768 0.001  0.007 0.9993
1.9 B 1214 0.748 0.002 0.014 0.9984
1.9 C 1220 0.573 0.001  0.003 1.0000

Z=0.02 Y=0.28

F

1.5 A 1142 0.702 0.004 0.003 0.998
1.5 B 1.128 0.685 0.005  0.003 0.998
15 C 1104 0.680 0.005  0.003 0.998
1.7 A 1.140 0.705 0.004 0.003 0.999
1.7 B 1.126 0.685 0.005  0.003 0.999
1.7 C 1.105 0.678 0.005 0.003 0.999
1.9 A 1124 0.743 0.003  0.007 0.999
1.9 B 1.101 0.729 0.003  0.008 0.999
1.9 C 1.077 0.715 0.003  0.005 0.999
FO

1.5 A 1242 0.768 0.001 0.005 0.999
15 B 1.216 0.762 0.003 0.015 0.997
15 C 1193 0.742 0.003  0.009 0.997
1.7 A 1243 0.773 0.002 0.009 0.840

Z=0.03 Y=0.28

F

1.5 A 1151 0.699 0.004 0.003 0.9988
1.5 B 1.145 0.676 0.005 0.004 0.9979
FO

1.5 A 1257 0.624 0.001 0.013 0.9992
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TABLE 7.20: The coefficients of the PRZ relation (log R/Rs =a + b log P + ¢ [Fe/H]) pre-
dicted for both F and FO Classical Cepheids of all the considered chemical compositions
(including Z = 0.02) by varying the assumed a,,; parameter and A, B, C ML relations.

&, ML a b c 04 T} e R?
EF

15 A -1.626 1420 0.007 0.009 0.005 0.004 0.9972
15 B -1.640 1453 0.016 0.010 0.005 0.004 0.9965
15 C -1586 1450 0.023 0.011 0.005 0.006 0.9967
1.7 A -1.610 1411 0.009 0.010 0.005 0.006 0.9978
1.7 B -1.628 1449 0.023 0.011 0.005 0.006 0.9974
1.7 C -1596 1453 0.015 0.010 0.005 0.006 0.9977
19 A -1597 1394 -0.016 0.010 0.006 0.009 0.9986
1.9 B -1615 1433 -0.007 0.011 0.006 0.011 0.9982
19 C -1601 1452 -0.001 0.011 0.005 0.010 0.9983
FO

1.5 A -1.653 1325 -0.044 0.018 0.013 0.011 0.9936
1.5 B -1.638 1.339 -0.043 0.027 0.020 0.014 0.9919
15 C -1616 1351 -0.023 0.016 0.011 0.006 0.9989
1.7 A -1.644 1321 -0.025 0.008 0.006 0.006 0.9992
1.7 B -1647 1.345 -0.047 0.037 0.029 0.024 0.9901
1.7 C -1.623 1.353 -0.034 0.020 0.014 0.009 0.9990
19 A -1655 1315 -0.057 0.010 0.007 0.009 0.9995
1.9 B -1.633 1.331 -0.045 0.016 0.012 0.012 0.9992
19 C -2078 1713 0.021 0.006 0.005 0.001 1.0000

TABLE 7.21: The coefficients of the relation log P =a+b log M + clog R/ R for both F and FO
Cepheids derived by adopting Z = 0.004,Y = 0.25, Z = 0.008,Y = 0.25and Z = 0.03,Y =
0.28 as a function of the assumed «,,; parameter and A, B, C ML relations. The relations for
Z =0.02Y = 0.28 are reported for comparison.

«,; ML a b c T4 o} 0. R?
Z=0.004 Y=0.25

F

1.5 A -1712 -0.998 1.901 0.009 0.047 0.023 0.9994
1.5 B -1.782 -0.966 1.916 0.014 0.057 0.029 0.9989
15 C -1813 -0.874 1.889 0.022 0.067 0.035 0.9985
1.7 A -1710 -0.99%4 1.901 0.008 0.047 0.024 0.9996
1.7 B -1.783 -1.016 1.940 0.013 0.059 0.029 0.9993
1.7 C -1.808 -0.890 1.896 0.019 0.068 0.034 0.9991
1.9 A -1704 -1.016 1.909 0.009 0.062 0.032 0.9997
1.9 B -1788 -1.078 1.970 0.015 0.077 0.038 0.9994
19 C -1811 -0.948 1.922 0.020 0.079 0.040 0.9993
FO

1.5 A -1789 -1.242 1.980 0.068 0.468 0.240 0.9884
1.5 B -1732 -0.755 1.722 0.104 0.543 0.270 0.9821
15 C -1676 -0.435 1.560 0.019 0.091 0.045 1.0000
1.7 A -1.705 -0.708 1.685 0.006 0.046 0.023 1.0000
1.7 B -1771 -0.969 1.835 0.145 0.858 0.420 0.9771
1.7 C -1766 -0.947 1.805 0.049 0.238 0.117 0.9999
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TABLE 7.21: continued.
&y ML a b c s T} . R?
19 A -1.701 -0.716 1.687 0.012 0.105 0.054 0.9999
19 B -1.708 -0.653 1.662 0.008 0.044 0.022 1.0000
Z=0.008 Y=0.25
F
15 A -1671 -0.874 1.830 0.007 0.037 0.018 0.9996
1.5 B -1.729 -0.910 1.871 0.011 0.052 0.025 0.9991
15 C -1.740 -0.717 1.797 0.016 0.060 0.030 0.9989
1.7 A -1672 -0.904 1.845 0.007 0.047 0.022 0.9997
1.7 B -1.745 -1.085 1.955 0.010 0.061 0.029 0.9995
1.7 C -1.757 -0.770 1.828 0.016 0.066 0.032 0.9992
19 A -1665 -0.882 1.834 0.007 0.069 0.034 0.9998
19 B -1743 -1.116 1.970 0.013 0.101 0.048 0.9996
19 C -1.772 -0.887 1.883 0.020 0.106  0.051 0.9994
FO
1.5 A -1.700 -0.687 1.675 0.004 0.033 0.017 0.9999
1.5 B -1.69% -0.602 1.633 0.006 0.039 0.020 0.9999
1.5 C -1.696 -0.555 1.617 0.007 0.037 0.017 1.0000
1.7 A -1.698 -0.710 1.685 0.007 0.067 0.034 0.9999
1.7 B -1.707 -0.663 1.666 0.006 0.043 0.021 1.0000
1.7 C -1.713 -0.642 1.662 0.007 0.045 0.021 1.0000
19 A -1667 -0.632 1.626 0.006 0.055 0.029 1.0000
19 B -1.711 -0.698 1.686 0.015 0.094 0.048 0.9999
Z=0.02 Y=0.28
F
1.5 A -1.641 -0.890 1.830 0.007 0.06 0.03  0.999
1.5 B -1.709 -0.920 1.874 0.01 0.072 0.03 0.998
15 C -1.721 -0.687 1.784 0.01 0.06 0.03 0.998
1.7 A -1642 -1.144 1.948 0.008 0.14 0.06 0.999
1.7 B -1.725 -1.194 2.001 0.01 0.13 0.06  0.999
1.7 C -1.687 -0.583 1.728 0.02 0.11 0.05 0.999
19 A -1570 -0.778 1.737 0.02 0.3 0.1 0.999
19 B -1573 -0.720 1.709 0.01 0.09 0.05 0.999
19 C -1587 -0.547 1.654 0.01 0.06 0.03  0.999
FO
1.5 A -1659 -0.564 1.590 0.005 0.06 0.03 0999
15 B -1.695 -0.779 1.707 0.02 0.1007 0.05 0.999
1.5 C -1.738 -0.698 1.704 0.01 0.06 0.03  0.999
1.7 A -1644 -0.589 1.591 0.01 0.1 0.05 0.902
Z=0.03 Y=0.28
F
1.5 A -1629 -0.826 1.795 0.008 0.081 0.036 0.9996
1.5 B -1.718 -0.890 1.865 0.011 0.083 0.037 0.9992
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7.6 The period-age and period-age-color relations

In this section, the analysis performed in Chapter 6 is extended to the derivation of
PA and multi-filter PAC relations for all the investigated chemical compositions. By
combining our pulsation model results for the aforementioned chemical composi-
tions with the corresponding stellar evolution model predictions, and adopting the
PMLT relations derived in this Chapter, the period for each combination of mass,
luminosity and effective temperature, along the portions of the evolutionary tracks
within the predicted instability strip boundaries, was derived.

A linear regression between the periods estimated from pulsation models and the
age and mean colors derived from the evolutionary models, allowed for the deriva-
tion of accurate PA and the first PAC relations in the Gaia bands. The coefficients
of the PA and PAC relations are reported in Tables 7.22 and 7.23. Fig. 7.5 shows the
canonical (left panel) and noncanonical (right panel) PA relations obtained for the
standard convective efficiency for Z = 0.004 (dashed blue line), Z = 0.008 (solid
green line), Z = 0.02 (dotted cyan line) and Z = 0.03 (dash-dotted magenta line).
Noncanonical stellar models account for core overshooting. This means that, during
the hydrogen burning phase, these models have a bigger convective core and live
longer in the Main Sequence phase of the HR diagram than models that do not take
overshooting into account, thus entering the IS with older ages. Then, as already
verified in Chapter 6, the brighter ML relations (right panel in Fig. 7.5) provide
systematically older ages than canonical ones, for all chemical compositions.

Fig. 7.6 shows the same comparison as Fig. 7.5 but for FO-mode models. In this
case, due to the reduced number of available models, only the canonical case for
Z = 0.004, Z = 0.008 and Z = 0.02 is represented. As FO pulsators have masses
and periods smaller than the F pulsators, their ages are systematically older than the
F ones for each chemical composition. Again we note a non-negligible metallicity
effect on both the slope and the zero point of the plotted relations.

As already mentioned in Chapter 6, like the PL relation, the PA relation is af-
fected by the intrinsic dispersion, due to the finite width of the instability strip. This
implies that the use of PA relations provides individual CC ages affected by system-
atic errors related to the position within the instability strip. As such, in order to
derive accurate age estimates for CCs in the early Gaia data release 3 (EGDR3), we
took into account magnitudes and colors in the corresponding photometric system
(for the stellar models in the BASTI library) and derived the first theoretical PAC re-
lations in the Gaia bands for Z = 0.004, 0.008 and 0.03, following the same approach
adopted for Z = 0.02 models in Chapter 6. The coefficients of these relations are
reported in Table 7.23.

Although these results are still preliminary, it appears evident that the metallicity
effect cannot be neglected in the use of CCs as age and distance indicators. Therefore,
we plan to quantify the impact of metallicity variations on current determinations
of Hy, based on the CC extragalactic distance scale calibration.

Indeed, the results presented in the present Chapter will be included and further
expanded and discussed in two forthcoming papers (De Somma 2021 (a) and De
Somma 2021 (b) in preparation).
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TABLE 7.22: The coefficients of the F and FO-mode PA relations in the form log ¢ =a + blog P,
for Z = 0.004,Y = 0.25, Z = 0.008;Y = 0.25 and Z = 0.03,Y = 0.28 derived by assuming
linear IS boundaries and adopting both case A and B ML relations and «,,; =1.5 . The last
column represents the root-mean-square deviation (o) coefficient.

7=0.004 Y=0.25

Fundamental mode

ML a b o o o
A 8.455 -0.800 0.013 0.013 0.126
B 8.570 -0.692 0.019 0.014 0.105
First overtone mode
A 8.342 -0.891 0.024 0.063 0.090

7=0.008 Y=0.25

Fundamental mode

A 8.398 -0.776  0.016 0.013 0.132

B 8.503 -0.688 0.010 0.007 0.121
First overtone mode

A 8.139 -0.552  0.033 0.058 0.065

Z=0.02 Y=0.28

Fundamental mode

A 8.393 -0.704 0.008 0.009 0.084

B 8.480 -0.626  0.010 0.009 0.080
First overtone mode

A 8.120 -0.396 0.020 0.057 0.052

Z=0.03 Y=0.28

Fundamental mode

A 8.336 -0.673  0.009 0.010 0.076
B 8.356 -0.555 0.012 0.009 0.082
" Canonical ML relation Non Canonical ML relation

Log agelyr]

== Z=0.004 Y=0.25

= 7=0.008 Y=0.25
=+ Z=0.02Y=0.28

= Z=0.03Y=0.28

== Z=0.004 Y=0.25

= 7=0.008 Y=0.25
=+ Z=0.02Y=0.28

= Z=0.03Y=0.28

0.4 0.6 0.8 12 1.4 1.6 0.4 0.6 0.8 1.2 14 1.6

1.0 1.0
LogP [d] LogP [d]

FIGURE 7.5: Fundamental PA relations for Z = 0.004 (dashed lines), Z = 0.008 (solid lines),
Z = 0.02 (dotted lines) and Z = 0.03 (dash-dotted lines), as obtained when adopting the
canonical ML relation (left panel) and noncanonical ML relation (right panel) and the stan-
dard efficiency for the superadiabatic convection.
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TABLE 7.23: The coefficients of the F and FO PA relations logt = a + blog P + ¢ (< Ggp >
- < Ggrp >), for Z = 0.004,Y = 0.25; Z = 0.008,Y = 0.25 and Z = 0.03,Y = 0.28 derived
by adopting both case A and B ML relations and «,,; =1.5 . The last column represents the
root-mean-square deviation (o) coefficient.

Z=0.004 Y=0.25

Fundamental mode

ML a b C oA oy o o
A 8.794  -0.571 -0.543 0.036 0.026 0.055 0.118
B 8517 -0.758 0.135 0.024 0.024 0.038 0.104
First overtone mode
A 8.002 -1.097 0.668 0.107 0.088 0.206 0.087

Z=0.008 Y=0.25

Fundamental mode

A 8.772  -0.313 -0.769 0.026 0.030 0.045 0.121

B 8.783  -0.401 -0.533 0.030 0.030 0.054 0.118
First overtone mode

A 8.044  -0.601 0.180 0.100 0.076 0.179 0.064

7=0.02 Y=0.28

Fundamental mode

1.5 A 8.303 -0.751 0.121 0.045 0.025 0.083

1.5 B 8.275 -0.734 0.278 0.029 0.017 0.077
First overtone mode

15 A 7.961 -0.508 0.255 0.137 0.064 0.046

7Z=0.03 Y=0.28

Fundamental mode
A 8.211 -0.752 0.181 0.036 0.024 0.050 0.076
B 8.369  -0.539 -0.027 0.021 0.023 0.035 0.082
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FIGURE 7.6: First overtone PA relations for Z = 0.004 (dashed lines), Z = 0.008 (solid lines),
Z = 0.02 (dotted lines) and Z = 0.03, as obtained when adopting the canonical ML relation
and the standard efficiency for the superadiabatic convection.
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Chapter 8

The conclusions and future
perspectives

The main aim of my PhD project was to investigate, from a theoretical point of view
the residual systematic uncertainties in the relations that make reliable CCs distance
and age indicators. To this purpose, we started the computation of an extensive and
detailed set of nonlinear convective pulsation models to investigate CCs in various
galactic and extra-galactic environments. As a first step, we computed a new, up-
dated model set, at solar chemical composition (Z=0.02 Y=0.28), for a wide range
of stellar masses, varying both the ML and the efficiency of super-adiabatic convec-

tion.

All the predicted pulsation observables for the F and FO-mode models were

discussed in detail and the following main results were drawn:

As expected on the basis of previous investigations, while the predicted in-
stability strip gets narrower as the efficiency of superadiabatic convection in-
creases, it does not significantly depend on the assumed ML relation, apart
from a small, but non-negligible effect, at the brightest luminosity levels.

Analytical relations connecting the pulsation period of the F and FO-mode
models to the intrinsic stellar properties, M, L, and T, Ff, Were derived for each
assumed mixing length parameter value, and they showed a mild dependence
on the adopted value.

From the predicted radius curves and mean radii, the theoretical PR and PMR
relations were derived. The PR relations were compared with similar relations
in the literature, and showed a good agreement. In addition, the PR and PMR
relations were found to be only slightly dependent on the assumed ML rela-
tion, in agreement with previous results in literature.

The obtained bolometric light curves were found to be sensitive to the assumed
value of the mixing length parameter with the amplitude decreasing as the
efficiency of superadiabatic convection increases, whereas the dependence on
the ML relation was found to be much less evident.

From this set of models, the first atlas of theoretical light curves, transferred
into the Gaia filters, for F and FO Galactic Cepheids, was derived.

The obtained mean magnitudes and colors were used to derive the first theo-
retical Cepheid PLC and PW relations in the Gaia photometric passbands.

The derived PLC and PW relations were applied to the Galactic Cepheid data
in the Gaia DR2 database to derive theoretical individual parallaxes that were com-
pared with the Gaia DR2 ones. In particular, the mean offset of the Gaia parallaxes,
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that was expected on the basis of several investigations in the most recent literature
(see, e.g. Riess et al., 2021) was derived. A quantitative analysis of this offset and
its dependence on the physical and numerical assumptions is mandatory in order
to understand and to try to reduce the Hubble constant tension. Indeed, a variation
in the parallax of the order of < A@ > = + 0.02 mas for a typical parallax of the
order of @ = 0.5 mas implies a relative parallax error and, in turn, a relative error
on Hy of 4%. The mean offset derived by Riess et al. (2018a) by comparing Gaia
results with the HST-WFC3 spatial scanning mode measurements corresponding to
< Aw >=0.04640.013 mas (observations with the WFC3 spatial scanning mode in
the optical and near-infrared allow to mitigate saturation and reduce pixel-to-pixel
calibration errors to reach a mean photometric error of 5 mmag per observation.
Spatial scans offer the additional advantage of varying the position of the source on
the detector, which averages down pixel-to-pixel errors in the flat fields, and can
also be used to vary the pixel phase, reducing the uncertainty from undersampled
pointspread-function photometry), was successfully reproduced within the errors
by our model predictions, apart from the cases at the brightest luminosity levels
(full efficiency of overshooting and/or mass loss and/or rotation). Moreover, in or-
der to exploit Gaia parallax information for Galactic Cepheids, so as to constrain
their intrinsic stellar parameters, we also derived theoretical mass-dependent PW
(PWM) relations for both the F and FO-mode pulsators.

These relations were found to be almost insensitive to the adopted efficiency of
superadiabatic convection.

Their inversion and application to a subset of Gaia DR2 GCCs with positive parallax
and relative parallax error below 10%, allowed us to constrain the individual stellar
masses and, in turn, the stellar mass distribution for GCCs.

The inferred mass histograms peaked around 5.6M, and 5.4M, for the F and FO-
mode pulsators, respectively. When Gaia DR2 GCC parallaxes were corrected for
the offset (< Aw >=0.046=£ 0.013 mas) derived by Riess et al. (2018a), the inferred
mass distributions moved slightly towards smaller masses, with the peak of the F
and FO mass histograms occurring around 5.2M¢, and 5.1M,, respectively.

In addition, a comparison with independent mass evaluations for a number of Cepheids
in binary systems in common with our sample, supported the predictive capabilities
of our theoretical scenario.

The most recently updated evolutionary predictions for the assumed solar chem-
ical composition based on the BASTI stellar evolution database were combined with
the updated dataset of nonlinear convective Cepheid models in order to constrain
individual ages, using CCs as age indicators.

This was done to derive updated and accurate PA relations, as well as the first PAC
relations in the Gaia DR2 photometric passbands, for various assumptions about the
ML relations and the efficiency of superadiabatic convection in pulsation models.
The coefficients of these relations and hence, the corresponding age predictions,
were found to significantly depend on the assumed ML relations, with the non-
canonical ML relation providing ages older than the canonical ML relation.

In particular, for the case of PA relations, the predicted percentage age differences
between the values obtained in the canonical and the noncanonical case, range from
~ 36% to ~ 60%. This trend was confirmed by the behaviour of the PAC relations.
The application of the new PA and Gaia-band PAC relations to the selected sample
of Gaia DR2 GCC, produced individual ages which systematically increased as the
ML relation changed from canonical to noncanonical models.

When adopting canonical ML models, the inferred age distribution of F-mode GCCs
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in our sample peaked at around 90 Myr, while for the noncanonical case the peak
shifted upwards by ~ 35 Myr. This occurrence held when adopting both the PA and
the PAC relations.

On the other hand, the age estimates obtained by means of both the PA and PAC
relations were almost insensitive to variations in the mixing length parameter.

This result was expected because a variation in the efficiency of superadiabatic con-
vection can modify the pulsation amplitude and the boundary of the IS but does not
affect the relation between period, color and luminosity at all, and hence, the rela-
tion between period, color and age.

The FO-mode GCCs in the selected sample were found to be significantly older than
the average F-mode pulsator age distribution. This is due to the smaller masses and
shorter periods that characterize FO-mode pulsators.

A preliminary comparison between the age map distribution obtained in this work
with other similar analyses in literature was performed. In general, we found that
older Cepheids were located at further Galactocentric distance than younger pul-
sators, an occurrence in fine agreement with previous results for the age distribution
of Milky Way CCs.

Finally, a first step to investigate the metallicity effect on the theoretical relations
adopted for using CCs as distance indicators and age tracers was taken. The PMLT
relation, topology of the instability strip, atlas of light and radial velocity curves, as
well as the PR, PRZ, PMR, PA and PAC relations were provided suggesting a signifi-
cant effect of metallicity on almost all these relations. The expansion and refinement
of this investigation will allow us to quantify the metallicity effect on the Hubble
constant estimate based on the calibration of the extragalactic distance scale.

In the future I plan to apply the same theoretical relations to the next coming
Gaia data releases as well as to extend the theoretical scenario to other photometric
systems. These updates will allow us to provide a new theoretical calibration of the
extragalactic distance scale, reduce the error in mass determinations to just a few
% and constrain the mass distributions of Cepheid samples in the Local Group for
which accurate distances, e.g. LSST astrometric distances, will become available.
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In the following sections the tables partially shown in Chapters 3, 4, 5, 6 and 7 are
present in their entirety.

A.1 The intrinsic stellar parameters for computed F and FO-

mode models at solar chemical composition

TABLE A.1: The intrinsic stellar parameters for computed F-mode models.

Z=0.02 Y=0.28

M/M, log(L/Ly) TyfIKI _ &w ML _ P[] log(R/Ry)
M @ ® @ 6 ___® @)
3.0 2.32 5900 1.5 A 1.07716 1.142
3.0 2.32 6000 1.5 A 1.03611 1.129
3.0 2.32 6100 1.5 A 0.97997 1.115
3.0 2.32 6100 1.7 A 0.98004 1.114
3.0 2.32 6200 1.7 A 0.93202 1.101
3.0 2.32 6200 1.9 A 0.93319 1.100
3.0 2.52 5600 1.5 B 1.90853 1.287
3.0 2.52 5700 1.5 B 1.80054 1.273
3.0 2.52 5800 1.5 B 1.70066 1.261
3.0 2.52 5900 1.5 B 1.60999 1.247
3.0 2.52 6000 1.5 B 1.52707 1.233
3.0 2.52 5800 1.7 B 1.70066 1.257
3.0 2.52 5900 1.7 B 1.60796 1.244
3.0 2.52 6000 1.7 B 1.52758 1.231
3.0 2.52 6100 1.7 B 1.44264 1.217
3.0 2.52 6000 1.9 B 1.52569 1.228
3.0 2.52 6100 1.9 B 1.44454 1.215
3.0 2.72 5400 1.5 C 3.17345 1.418
3.0 2.72 5500 1.5 C 2.99834 1.405
3.0 2.72 5600 1.5 C 2.82583 1.391
3.0 2.72 5700 1.5 C 2.67191 1.375
3.0 2.72 5800 1.5 C 2.51664 1.362
3.0 2.72 5900 1.5 C 2.37806 1.347
3.0 2.72 6000 1.5 C 2.25267 1.333
3.0 2.72 5600 1.7 C 2.82583 1.389
3.0 2.72 5700 1.7 C 2.66525 1.375
3.0 2.72 5800 1.7 C 2.52294 1.360
3.0 2.72 5900 1.7 C 2.38103 1.345
3.0 2.72 6000 1.7 C 2.25267 1.332
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TABLE A.1: continued.

M/M., log(L/L.) T.KI &, ML Pld]  log(R/Rs)
1) 2) 3) 4) (6) @)

—~
Ul
~

3.0 2.72 6100 1.7 C 2.1306 1.317
3.0 2.72 5800 1.9 C 2.51664 1.359
3.0 2.72 5900 1.9 C 2.37806 1.345
3.0 2.72 6000 1.9 C 2.24986 1.330
3.0 2.72 6100 1.9 C 2.13066 1.315
4.0 2.74 5500 1.5 A 2.56311 1.412
4.0 2.74 5600 1.5 A 242218 1.399
4.0 2.74 5700 1.5 A 2.27149 1.383
4.0 2.74 5800 1.5 A 2.15572 1.370
4.0 2.74 5900 1.5 A 2.03155 1.356
4.0 2.74 5800 1.7 A 2.15839 1.367
4.0 2.74 5900 1.7 A 2.03171 1.354
4.0 2.74 6000 1.7 A 1.92779 1.339
4.0 2.74 5900 1.9 A 2.02664 1.351
4.0 2.74 6000 1.9 A 1.92536 1.339
4.0 294 5300 1.5 B 4.29863 1.545
4.0 2.94 5400 1.5 B 4.03965 1.530
4.0 294 5500 1.5 B 3.80242 1.515
4.0 2.94 5600 1.5 B 3.56453 1.499
4.0 294 5700 1.5 B 3.37987 1.486
4.0 2.94 5800 1.5 B 3.19837 1.471
4.0 294 5900 1.5 B 3.01509 1.456
4.0 2.94 5500 1.7 B 3.80242 1.513
4.0 2.94 5600 1.7 B 3.56009 1.497
4.0 2.94 5700 1.7 B 3.37987 1.485
4.0 2.94 5800 1.7 B 3.19039 1.470
4.0 294 5900 1.7 B 3.01885 1.455
4.0 2.94 5700 1.9 B 3.37987 1.483
4.0 294 5800 1.9 B 3.19039 1.469
4.0 2.94 5900 1.9 B 3.00755 1.453
4.0 3.14 5000 1.5 C 7.81065 1.699
4.0 3.14 5100 1.5 C 7.33711 1.684
4.0 3.14 5200 1.5 C 6.87354 1.667
4.0 3.14 5300 1.5 C 6.44196 1.649
4.0 3.14 5400 1.5 C 5.99093 1.630
4.0 3.14 5500 1.5 C 5.66752 1.616
4.0 3.14 5600 1.5 C 5.35073 1.600
4.0 3.14 5700 1.5 C 5.04389 1.586
4.0 3.14 5800 1.5 C 4.74944 1.571
4.0 3.14 5200 1.7 C 6.83095 1.661
4.0 3.14 5300 1.7 C 6.42601 1.647
4.0 3.14 5400 1.7 C 5.99093 1.629
4.0 3.14 5500 1.7 C 5.66752 1.615
4.0 3.14 5600 1.7 C 5.33742 1.599
4.0 3.14 5700 1.7 C 5.03133 1.584
4.0 3.14 5800 1.7 C 4.74944 1.570
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TABLE A.1: continued.

M/Ms  log(L/Ls) TesrlK] Kl ML P[d] log(R/Rs)

1) ) ®) @ O (6) )

4.0 3.14 5500 1.9 C 5.66752 1.614
4.0 3.14 5600 1.9 C 5.33742 1.599
4.0 3.14 5700 1.9 C 5.03133 1.583
5.0 3.07 5300 1.5 A 4.73277 1.608
5.0 3.07 5400 1.5 A 4.44069 1.592
5.0 3.07 5500 1.5 A 4.19743 1.578
5.0 3.07 5600 1.5 A 3.93086 1.563
5.0 3.07 5700 1.5 A 3.7214 1.549
5.0 3.07 5800 1.5 A 3.52146 1.533
5.0 3.07 5500 1.7 A 4.18693 1.575
5.0 3.07 5600 1.7 A 3.92593 1.561
5.0 3.07 5700 1.7 A 3.7214 1.547
5.0 3.07 5800 1.7 A 3.5039 1.531
5.0 3.07 5900 1.7 A 3.31139 1.516
5.0 3.07 5700 1.9 A 3.72138 1.546
5.0 3.07 5800 1.9 A 3.50385 1.530
5.0 3.27 5000 1.5 B 8.55037 1.761
5.0 3.27 5100 1.5 B 8.03633 1.745
5.0 3.27 5200 1.5 B 7.54078 1.725
5.0 3.27 5300 1.5 B 7.05991 1.708
5.0 3.27 5400 1.5 B 6.65715 1.694
5.0 3.27 5500 1.5 B 6.24377 1.678
5.0 3.27 5600 1.5 B 5.87984 1.663
5.0 3.27 5700 1.5 B 5.54353 1.648
5.0 3.27 5800 1.5 B 5.22027 1.631
5.0 3.27 5200 1.7 B 7.50321 1.722
5.0 3.27 5300 1.7 B 7.0423 1.708
5.0 3.27 5400 1.7 B 6.64059 1.692
5.0 3.27 5500 1.7 B 6.24377 1.676
5.0 3.27 5600 1.7 B 5.87984 1.662
5.0 3.27 5700 1.7 B 5.54353 1.647
5.0 347 4600 1.5 C 16.97743 1.922
5.0 3.47 4700 1.5 C 15.73981 1.908
5.0 347 4800 1.5 C  14.85544 1.897
5.0 3.47 4900 1.5 C 13.7875 1.881
5.0 3.47 5000 1.5 C 1297535 1.868
5.0 3.47 5100 1.5 C 1222245 1.854
5.0 3.47 5200 1.5 C 11.4762 1.840
5.0 3.47 5300 1.5 C  10.72549 1.823
5.0 3.47 5400 1.5 C 9.94997 1.802
5.0 347 5500 1.5 C 9.42263 1.786
5.0 3.47 5600 1.5 C 8.8056 1.763
5.0 347 5700 1.5 C 8.30213 1.748
5.0 3.47 4900 1.7 C  13.68194 1.872
5.0 347 5000 1.7 C 1286181 1.860
5.0 3.47 5100 1.7 C 1213183 1.849
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TABLE A.1: continued.

M/M., log(L/L.) T.KI &, ML Pld]  log(R/Rs)
1) 2) 3) 4) (6) @)

—~
Ul
~

5.0 3.47 5200 1.7 C 11.37788 1.835
5.0 3.47 5300 1.7 C  10.69957 1.819
5.0 3.47 5400 1.7 C 9.94997 1.800
5.0 3.47 5500 1.7 C 9.41113 1.783
50 3.47 5300 1.9 C  10.59377 1.809
6.0 3.33 5000 1.5 A 8.6011 1.789
6.0 3.33 5100 1.5 A 8.0714 1.772
6.0 3.33 5200 1.5 A 7.54675 1.756
6.0 3.33 5300 1.5 A 7.09067 1.742
6.0 3.33 5400 1.5 A 6.65862 1.727
6.0 3.33 5500 1.5 A 6.23545 1.710
6.0 3.33 5600 1.5 A 5.91682 1.696
6.0 3.33 5700 1.5 A 5.5647 1.680
6.0 3.33 5800 1.5 A 5.25316 1.664
6.0 3.33 5300 1.7 A 7.07294 1.740
6.0 3.33 5400 1.7 A 6.65862 1.725
6.0 3.33 5500 1.7 A 6.23545 1.709
6.0 3.33 5600 1.7 A 5.91682 1.695
6.0 3.53 4700 1.5 B 15.92523 1.942
6.0 3.53 4800 1.5 B 14.90301 1.931
6.0 3.53 4900 1.5 B 13.84606 1.916
6.0 3.53 5000 1.5 B 13.09375 1.904
6.0 3.53 5100 1.5 B 12.24931 1.889
6.0 3.53 5200 1.5 B 11.37476 1.869
6.0 3.53 5300 1.5 B 10.75712 1.854
6.0 3.53 5400 1.5 B 9.98642 1.832
6.0 3.53 5500 1.5 B 9.48668 1.816
6.0 3.53 5600 1.5 B 8.87017 1.796
6.0 3.53 5000 1.7 B 12.94873 1.892
6.0 3.53 5100 1.7 B 12.18877 1.882
6.0 3.53 5200 1.7 B 11.34625 1.865
6.0 3.53 5300 1.7 B 10.71737 1.850
6.0 3.53 5400 1.7 B 9.97385 1.830
6.0 3.73 4300 1.5 C  32.13056 2.105
6.0 3.73 4400 1.5 C  29.89931 2.094
6.0 3.73 4500 1.5 C 27.9581 2.082
6.0 3.73 4600 1.5 C  26.07593 2.068
6.0 3.73 4700 1.5 C 2421215 2.050
6.0 3.73 4800 1.5 C 2277338 2.037
6.0 3.73 4900 1.5 C 21.31181 2.021
6.0 3.73 5000 1.5 C  19.88333 2.003
6.0 3.73 5100 1.5 C  18.58507 1.986
6.0 3.73 5200 1.5 C  17.39873 1.969
6.0 3.73 5300 1.5 C 16.1463 1.948
6.0 3.73 4600 1.7 C 2581701 2.055
6.0 3.73 4700 1.7 C  23.96562 2.041
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TABLE A.1: continued.

M/Ms  log(L/Ls) TesrlK] Kl ML P[d] log(R/Rs)

1) ) ®) @ O (6) )

6.0 3.73 4800 1.7 C  22.60556 2.029
6.0 3.73 4900 1.7 C  21.10231 2.014
6.0 3.73 5000 1.7 C 19.7375 1.998
6.0 3.73 5100 1.7 C  18.44884 1.981
6.0 3.73 5200 1.7 C 1727164 1.963
7.0 3.56 4800 1.5 A 14.00799 1.942
7.0 3.56 4900 1.5 A 13.0515 1.928
7.0 3.56 5000 1.5 A 12.20012 1.912
7.0 3.56 5100 1.5 A 11.5374 1.897
7.0 3.56 5200 1.5 A 10.77847 1.879
7.0 3.56 5300 1.5 A 10.07762 1.858
7.0 3.56 5400 1.5 A 9.41961 1.840
7.0 3.56 5500 1.5 A 8.79075 1.820
7.0 3.56 5200 1.7 A 10.73846 1.876
7.0 3.56 5300 1.7 A 10.06517 1.858
7.0 3.56 5400 1.7 A 9.41961 1.839
7.0 3.76 4400 1.5 B 28.03657 2.103
7.0 3.76 4500 1.5 B 25.95567 2.090
7.0 3.76 4600 1.5 B 24.42963 2.077
7.0 3.76 4700 1.5 B 22.79803 2.061
7.0 3.76 4800 1.5 B 21.25822 2.045
7.0 3.76 4900 1.5 B 19.70081 2.028
7.0 3.76 5000 1.5 B 18.58623 2.014
7.0 3.76 5100 1.5 B 17.42477 1.998
7.0 3.76 5200 1.5 B 16.22245 1.980
7.0 3.76 5300 1.5 B 15.2397 1.963
7.0 3.76 4800 1.7 B 21.10035 2.037
7.0 3.76 4900 1.7 B 19.55046 2.021
7.0 3.76 5000 1.7 B 18.49456 2.007
7.0 3.76 5100 1.7 B 17.2963 1.992
7.0 3.76 5200 1.7 B 16.10139 1.973
7.0 3.96 4000 1.5 C  56.62106 2.263
7.0 3.96 4100 1.5 C  53.09965 2.252
7.0 3.96 4200 1.5 C  49.73993 2.240
7.0 3.96 4300 1.5 C  46.45938 2.227
7.0 3.96 4400 1.5 C  43.28206 2212
7.0 3.96 4500 1.5 C  40.07975 2.195
7.0 3.96 4600 1.5 C  37.65683 2.182
7.0 3.96 4700 1.5 C  34.70845 2.164
7.0 3.96 4800 1.5 C 3226574 2.146
7.0 3.96 4900 1.5 C 30.1684 2.129
7.0 3.96 5000 1.5 C  28.45787 2.115
7.0 3.96 5100 1.5 C  26.56725 2.096
7.0 3.96 4400 1.7 C 4295417 2.205
7.0 3.96 4500 1.7 C  39.76979 2.190
7.0 3.96 4600 1.7 C 37.3765 2.176
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TABLE A.1: continued.

M/M., log(L/L.) T.KI &, ML Pld]  log(R/Rs)
1) 2) 3) 4) (6) @)

—~
Ul
~

7.0 3.96 4700 1.7 C  34.43796 2.157
7.0 3.96 4800 1.7 C  32.09583 2.141
7.0 3.96 4900 1.7 C  29.93333 2.124
7.0 3.96 5000 1.7 C  28.25093 2.106
8.0 3.75 4600 1.5 A 21.7684 2.070
8.0 3.75 4700 1.5 A 20.2235 2.056
8.0 3.75 4800 1.5 A 19.02442 2.042
8.0 3.75 4900 1.5 A 17.78229 2.028
8.0 3.75 5000 1.5 A 16.67326 2.014
8.0 3.75 5100 1.5 A 15.62037 1.999
8.0 3.75 5200 1.5 A 14.61829 1.980
8.0 3.75 5300 1.5 A 13.60255 1.960
8.0 3.75 5400 1.5 A 12.73484 1.936
8.0 3.75 4900 1.7 A 17.65023 2.016
8.0 3.75 5000 1.7 A 16.52905 2.003
8.0 3.75 5100 1.7 A 15.50498 1.990
8.0 3.75 5200 1.7 A 14.54618 1.975
8.0 3.95 4200 1.5 B 44.34745 2.233
8.0 3.95 4300 1.5 B 41.37778 2.222
8.0 3.95 4400 1.5 B 38.50035 2.208
8.0 3.95 4500 1.5 B 35.54873 2.192
8.0 3.95 4600 1.5 B 33.50579 2.179
8.0 3.95 4700 1.5 B 31.31042 2.162
8.0 3.95 4800 1.5 B 29.17894 2.145
8.0 3.95 4900 1.5 B 26.89711 2.127
8.0 3.95 5000 1.5 B 25.39363 2.112
8.0 3.95 5100 1.5 B 23.70243 2.093
8.0 3.95 5200 1.5 B 21.87049 2.066
8.0 3.95 4500 1.7 B 35.26505 2.181
8.0 3.95 4600 1.7 B 33.25637 2.170
8.0 3.95 4700 1.7 B 31.00197 2.155
8.0 3.95 4800 1.7 B 28.96389 2.138
8.0 3.95 4900 1.7 B 26.69074 2.119
8.0 3.95 5000 1.7 B 25.17616 2.104
8.0 4.15 3800 1.5 C  89.05428 2.387
8.0 4.15 3900 1.5 C  84.07951 2.378
8.0 4.15 4000 1.5 C 7792523 2.363
8.0 4.15 4100 1.5 C 73.9287 2.354
8.0 4.15 4200 1.5 C  68.98287 2.341
8.0 4.15 4300 1.5 C  64.35625 2.325
8.0 4.15 4400 1.5 C  59.88495 2.311
8.0 4.15 4500 1.5 C  55.76725 2.296
8.0 4.15 4600 1.5 C  51.98958 2.280
8.0 4.15 4700 1.5 C  47.74074 2.260
8.0 4.15 4800 1.5 C  45.10938 2.246
8.0 4.15 4900 1.5 C  42.05208 2.228
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TABLE A.1: continued.

M/Ms  log(L/Ls) TesrlK] Kl ML P[d] log(R/Rs)

1) ) ®) @ O (6) )

8.0 415 5000 1.5 C  39.06678 2.207
8.0 4.15 5100 1.5 C  36.35463 2.187
8.0 4.15 4100 1.7 C 7236817 2.346
8.0 4.15 4200 1.7 C  68.26227 2.334
8.0 4.15 4300 1.7 C 63.5419 2.320
8.0 4.15 4400 1.7 C 59.2831 2.306
8.0 4.15 4500 1.7 C  55.35012 2.290
8.0 4.15 4600 1.7 C  51.60544 2.275
8.0 4.15 4700 1.7 C 47.61713 2.256
8.0 4.15 4800 1.7 C 4477928 2.239
8.0 4.15 4900 1.7 C  41.64282 2.219
9.0 3.92 4400 1.5 A 33.08715 2.190
9.0 3.92 4500 1.5 A 30.575 2.174
9.0 3.92 4600 1.5 A 28.78553 2.162
9.0 3.92 4700 1.5 A 26.87187 2.146
9.0 3.92 4800 1.5 A 2479722 2.126
9.0 3.92 4900 1.5 A 2315984 2111
9.0 3.92 5000 1.5 A 21.87396 2.097
9.0 3.92 5100 1.5 A 20.43495 2.079
9.0 3.92 5200 1.5 A 19.06655 2.060
9.0 3.92 4800 1.7 A 24.67141 2.119
9.0 3.92 4900 1.7 A 2298391 2.104
9.0 3.92 5000 1.7 A 21.65845 2.088
9.0 3.92 5100 1.7 A 20.25856 2.069
9.0 4.12 4000 1.5 B 67.38669 2.349
9.0 4.12 4100 1.5 B 62.4765 2.336
9.0 4.12 4200 1.5 B 5891562 2.326
9.0 4.12 4300 1.5 B 54.91088 2.312
9.0 4.12 4400 1.5 B 51.04931 2.296
9.0 412 4500 1.5 B 47.14572 2.279
9.0 4.12 4600 1.5 B 44.45972 2.266
9.0 412 4700 1.5 B 41.41632 2.249
9.0 4.12 4800 1.5 B 38.48032 2.231
9.0 412 4900 1.5 B 3591817 2.213
9.0 4.12 5000 1.5 B 33.49745 2.195
9.0 4.12 4300 1.7 B 54.48785 2.303
9.0 4.12 4400 1.7 B 50.79213 2.290
9.0 4.12 4500 1.7 B 46.76956 2.273
9.0 412 4600 1.7 B 44.13044 2.259
9.0 4.12 4700 1.7 B 41.00833 2.241
9.0 412 4800 1.7 B 38.29306 2.225
9.0 4.32 4200 1.5 C 9298669 2428
9.0 4.32 4300 1.5 C 86.47917 2412
9.0 4.32 4400 1.5 C 80.4375 2.398
9.0 4.32 4500 1.5 C  74.82546 2.381
9.0 4.32 4600 1.5 C  69.79248 2.365
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TABLE A.1: continued.

M/M., log(L/L.) T.KI &, ML Pld]  log(R/Rs)
1) 2) 3) 4) (6) @)

—~
Ul
~

9.0 4.32 4700 1.5 C  64.83843 2.347
9.0 4.32 4800 1.5 C  59.09155 2.324
9.0 4.32 4900 1.5 C  54.87859 2.301
9.0 4.32 4300 1.7 C  85.61273 2.408
9.0 4.32 4400 1.7 C  79.63912 2.392
9.0 4.32 4500 1.7 C 7427384 2.377
9.0 4.32 4600 1.7 C  69.28299 2.360
9.0 4.32 4700 1.7 C 64.2838 2.343
10.0 4.08 4200 1.5 A 48.711 2.297
10.0 4.08 4300 1.5 A 45.74965 2.285
10.0 4.08 4400 1.5 A 4262315 2.271
10.0 4.08 4500 1.5 A 39.69306 2.256
10.0 4.08 4600 1.5 A 36.95729 2.241
10.0 4.08 4700 1.5 A 34.13333 2.223
10.0 4.08 4800 1.5 A 31.76424 2.204
10.0 4.08 4900 1.5 A 29.59248 2.186
10.0 4.08 5000 1.5 A 27.67373 2.169
10.0 4.08 5100 1.5 A 26.04653 2.150
10.0 4.08 4600 1.7 A 36.68287 2.232
10.0 4.08 4700 1.7 A 33.95961 2.215
10.0 4.08 4800 1.7 A 31.43843 2.196
10.0 4.08 4900 1.7 A 29.36551 2.178
10.0 4.28 3800 1.5 B 98.87824 2.453
10.0 4.28 3900 1.5 B 93.31562 2.442
10.0 4.28 4000 1.5 B 87.64282 2.430
10.0 4.28 4100 1.5 B 81.94595 2418
10.0 4.28 4200 1.5 B  76.55775 2.405
10.0 4.28 4300 1.5 B 71.32859 2.390
10.0 4.28 4400 1.5 B 66.28681 2.375
10.0 4.28 4500 1.5 B  60.83507 2.355
10.0 4.28 4600 1.5 B 57.40752 2.343
10.0 4.28 4700 1.5 B 53.46933 2.325
10.0 4.28 4800 1.5 B 49.78507 2.308
10.0 4.28 4900 1.5 B 46.33831 2.288
10.0 4.28 4100 1.7 B  80.86771 2410
10.0 4.28 4200 1.7 B 75.38981 2.396
10.0 4.28 4300 1.7 B 70.60984 2.384
10.0 4.28 4400 1.7 B 65.79097 2.368
10.0 4.28 4500 1.7 B 60.3603 2.349
10.0 4.28 4600 1.7 B 57.12546 2.336
10.0 4.28 4700 1.7 B 53.07488 2.319
10.0 4.48 4500 1.5 C  95.22049 2.453
10.0 4.48 4600 1.5 C  88.37836 2.435
10.0 4.48 4700 1.5 C  84.08704 2422
10.0 4.48 4800 1.5 C 78.33912 2.403
10.0 4.48 4500 1.7 C  94.68854 2.447
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TABLE A.1: continued.

M/Ms  log(L/Ls) TesrlK] Kl ML P[d] log(R/Rs)
(1) 2) ®3) (4) 6) (6) )

10.0 4.48 4600 1.7 C  87.89931 2.430
10.0 4.48 4700 1.7 C  83.88345 2418
11.0 4.21 4100 1.5 A 66.40289 2.386
11.0 4.21 4200 1.5 A 61.14294 2.371
11.0 4.21 4300 1.5 A 57.56181 2.358
11.0 4.21 4400 1.5 A 5297674 2.340
11.0 4.21 4500 1.5 A 4999711 2.328
11.0 4.21 4600 1.5 A 4641921 2.312
11.0 4.21 4700 1.5 A 43.30313 2.295
11.0 4.21 4800 1.5 A 40.2625 2.276
11.0 4.21 4900 1.5 A 37.10914 2.254
11.0 4.21 4400 1.7 A 5241921 2.333
11.0 4.21 4500 1.7 A 49.62488 2.319
11.0 4.21 4600 1.7 A 46.19167 2.303
11.0 4.21 4700 1.7 A 4298391 2.286
11.0 441 4000 1.5 B 111.85729 2.501
11.0 441 4100 1.5 B 104.26343 2.489
11.0 441 4200 1.5 B 97.0691 2474
11.0 441 4300 1.5 B 90.36539 2.459
11.0 441 4400 1.5 B  84.11829 2.444
11.0 441 4500 1.5 B 78.32581 2.427
11.0 441 4600 1.5 B 72.75984 2411
11.0 441 4700 1.5 B 67.6765 2.393
11.0 441 4800 1.5 B  61.67766 2.368
11.0 441 3900 1.7 B 115.91435 2.504
11.0 441 4000 1.7 B 109.23148 2.494
11.0 441 4100 1.7 B 102.62917 2482
11.0 441 4200 1.7 B 96.07859 2.469
11.0 441 4300 1.7 B 89.45718 2.455
11.0 441 4400 1.7 B 83.28333 2.440
11.0 441 4500 1.7 B 77.7456 2423
11.0 441 4600 1.7 B 72.22616 2.406
11.0 441 4700 1.7 B  67.01262 2.386
11.0 4.61 4600 1.5 C 116.01968 2.508
11.0 4.61 4700 1.5 C 107.81019 2491
11.0 4.61 4800 1.5 C 100.91389 2472
11.0 4.61 4600 1.7 C  115.46007 2.504

TABLE A.2: The intrinsic stellar parameters for computed FO-mode models.

Z=0.02 Y=0.28
M/Mg  log(L/Le) Tes[K] ML P[] log(R/Rg)
(1) ) 3) 4) 6 (© (7)
3.0 2.32 6200 15 A 0.6715 1.103
3.0 2.32 6300 15 A 0.6403 1.090
3.0 2.32 6400 1.5 A 0.6090 1.076
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TABLE A.2: continued.

M/M. 10g(L/Lo) TIKI am ML P[] log(R/Ro)

@) (2) € @ © © )

3.0 2.32 6500 1.5 A 0.5802 1.062
3.0 2.32 6300 1.7 A 0.6402 1.088
3.0 2.32 6400 1.7 A 0.6080 1.075
3.0 2.32 6500 1.7 A 05783 1.062
3.0 2.52 6000 1.5 B 1.0990 1.231
3.0 2.52 6100 1.5 B  1.0169 1.217
3.0 2.52 6200 1.5 B 0.9600 1.202
3.0 2.52 6300 1.5 B 09164 1.190
3.0 2.52 6400 1.5 B 0.8719 1.176
3.0 2.52 6500 1.5 B 0.8333 1.163
3.0 2.52 6200 1.7 B 09615 1.202
3.0 2.52 6300 1.7 B 09179 1.189
3.0 2.52 6400 1.7 B 0.8705 1.175
3.0 2.52 6500 1.7 B 0.8319 1.160
3.0 2.72 6000 1.5 C 1.5693 1.330
3.0 2.72 6100 1.5 C 1.4787 1.316
3.0 2.72 6200 1.5 C 1.3980 1.302
3.0 2.72 6300 1.5 C 13275 1.289
3.0 2.72 6400 1.5 C 1.2609 1.274
3.0 2.72 6200 1.7 C 1.3933 1.301
4.0 2.74 5900 1.5 A 1.4240 1.354
4.0 2.74 6000 1.5 A 13551 1.341
4.0 2.74 6100 1.5 A 1.2861 1.326
4.0 2.74 6200 1.5 A 1.2217 1.312
4.0 2.74 6300 1.5 A 1.1565 1.298
4.0 2.74 6400 1.5 A 1.1038 1.285
4.0 2.74 6100 1.7 A 1.2860 1.324
4.0 2.74 6200 1.7 A 1.2197 1.311
4.0 2.74 6300 1.7 A 11584 1.297
4.0 2.94 5900 1.5 B 2.0801 1.455
4.0 294 6000 1.5 B 19678 1.441
4.0 2.94 6100 1.5 B  1.8634 1.425
4.0 294 6200 1.5 B  1.7665 1.412
4.0 3.14 6000 1.5 C 29045 1.539
5.0 3.07 5800 1.5 A 23904 1.530
50 3.07 5900 1.5 A 22912 1.517
5.0 3.07 6000 1.5 A 21616 1.502
5.0 3.07 6100 1.5 A 2.0550 1.487
6.0 3.33 5800 1.5 A 3.5712 1.664

A.2 Mean magnitudes in the Gaia filters for F and FO-mode
models at varying assumptions of ML relations and val-
ues of the mixing length parameters
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TABLE A.3: Mean magnitudes in the Gaia filters for F-mode models at varying assumptions
of the ML relation and values of «,,; parameter.

7Z=0.02 Y=0.28
M/M® log(L/L@) Teff[K] Kol ML G GBp GRp

@ 2) 3) 4 6 © O O

3.0 2.32 5900 1.5 A 131 -103 -1.75
3.0 2.32 6000 1.5 A 131 -1.05 -1.73
3.0 2.32 6100 1.5 A 132 -1.07 -1.72
3.0 2.32 6100 1.7 A 132 -1.07 -1.72
3.0 2.32 6200 1.7 A 132 -1.08 -1.70
3.0 2.32 6200 1.9 A 132 -1.09 -1.70
3.0 2.52 5600 1.5 B 180 -147 -2.29
3.0 2.52 5700 1.5 B 180 -149 -2.28
3.0 2.52 5800 1.5 B 181 -151 -2.26
3.0 2.52 5800 1.7 B 181 -151 -2.26
3.0 2.52 5900 1.5 B 181 -153 -2.25
3.0 2.52 5900 1.7 B 181 -153 -225
3.0 2.52 6000 1.5 B 182 -155 -2.23
3.0 2.52 6000 1.7 B 182 -155 -2.23
3.0 2.52 6000 1.9 B 182 -155 -2.24
3.0 2.52 6100 1.7 B 182 -157 -2.22
3.0 2.52 6100 1.9 B 182 -157 -2.22
3.0 2.72 5400 1.5 C 228 -191 -281
3.0 2.72 5500 1.5 Cc 229 -194 -2.80
3.0 2.72 5600 1.5 C 230 -197 -279
3.0 2.72 5600 1.7 C 230 -197 -2.79
3.0 2.72 5700 1.5 C 230 -199 -278
3.0 2.72 5700 1.7 C 231 -199 -278
3.0 2.72 5800 1.5 C 231 -202 -276
3.0 2.72 5800 1.7 C 231 -201 -276
3.0 2.72 5800 1.9 Cc 231 -202 -277
3.0 2.72 5900 1.5 C 232 -204 -275
3.0 2.72 5900 1.7 C 232 -204 -275
3.0 2.72 5900 1.9 C 232 -204 -275
3.0 2.72 6000 1.5 Cc 232 -206 -273
3.0 2.72 6000 1.7 C 232 -206 -273
3.0 2.72 6000 1.9 C 232 -206 -274
3.0 2.72 6100 1.7 C 232 -208 -272
3.0 2.72 6100 1.9 C 233 -208 -272
4.0 2.74 5500 1.5 A 234 -199 -2.85
4.0 2.74 5600 1.5 A 234 -201 -2.83
4.0 2.74 5700 1.5 A 235 -204 -2.82
4.0 2.74 5800 1.5 A 236 -2.06 -281
4.0 2.74 5800 1.7 A 236 -2.06 -281
4.0 2.74 5900 1.5 A 236 -208 -2.79
4.0 2.74 5900 1.7 A 236 -208 -2.79
4.0 2.74 5900 1.9 A 236 -2.08 -2.80
4.0 2.74 6000 1.7 A 237 -210 -2.78
4.0 2.74 6000 1.9 A 237 -210 -2.78
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TABLE A.3: continued.

M/M® log(L/L@) Tgff[K] Kl ML G GBp GRP
1) 2 ®) (4) G © @ ©
4.0 2.94 5300 1.5 B 282 -243 -3.37
4.0 294 5400 1.5 B 283 -246 -3.36
4.0 2.94 5500 1.5 B 284 -249 -3.35
4.0 2.94 5500 1.7 B 284 -249 -335
4.0 2.94 5600 1.5 B 284 -252 -333
4.0 2.94 5600 1.7 B 285 -252 -3.34
4.0 294 5700 1.5 B 285 -254 -332
4.0 2.94 5700 1.7 B 285 -254 -3.32
4.0 294 5700 1.9 B 286 -254 -333
4.0 2.94 5800 1.5 B 286 -256 -3.31
4.0 2.94 5800 1.7 B 286 -256 -3.31
4.0 2.94 5800 1.9 B 286 -256 -3.31
4.0 2.94 5900 1.5 B 286 -259 -3.29
4.0 2.94 5900 1.7 B 286 -259 -3.30
4.0 2.94 5900 1.9 B 287 -259 -3.30
4.0 3.14 5000 1.5 Cc 327 -282 -3.87
4.0 3.14 5100 1.5 C 328 -285 -387
4.0 3.14 5200 1.5 Cc 330 -289 -387
4.0 3.14 5200 1.7 C 330 -290 -3.88
4.0 3.14 5300 1.5 C 331 -293 -387
4.0 3.14 5300 1.7 C 332 -293 -3.87
4.0 3.14 5400 1.5 C 333 -296 -3.86
4.0 3.14 5400 1.7 C 333 -296 -3.86
4.0 3.14 5500 1.5 C 334 -299 -385
4.0 3.14 5500 1.7 C 334 -299 -385
4.0 3.14 5500 1.9 C 334 -299 -385
4.0 3.14 5600 1.5 C 335 -302 -3.84
4.0 3.14 5600 1.7 C 335 -3.02 -384
4.0 3.14 5600 1.9 C 335 -3.02 -384
4.0 3.14 5700 1.5 C 336 -3.04 -3.83
4.0 3.14 5700 1.7 C 336 -3.04 -383
4.0 3.14 5700 1.9 C 336 -3.04 -3.83
4.0 3.14 5800 1.5 C 336 -3.07 -3.81
4.0 3.14 5800 1.7 C 336 -3.07 -3.82
5.0 3.07 5300 1.5 A 313 -274 -3.68
5.0 3.07 5400 1.5 A 314 -277 -3.67
5.0 3.07 5500 1.5 A 315 -280 -3.66
5.0 3.07 5500 1.7 A 315 -2.80 -3.66
5.0 3.07 5600 1.5 A 316 -2.83 -3.64
5.0 3.07 5600 1.7 A 316 -2.83 -3.65
5.0 3.07 5700 1.5 A 316 -2.85 -3.63
5.0 3.07 5700 1.7 A 317 -285 -3.64
5.0 3.07 5700 1.9 A 317 -2.85 -3.64
5.0 3.07 5800 1.5 A 317 -2.88 -3.62
5.0 3.07 5800 1.7 A 317 -2.88 -3.62
5.0 3.07 5800 1.9 A 317 -2.88 -3.63
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TABLE A.3: continued.

M/M, log(L/Lo) TolK] &,y ML G Gpp Grp

@ 2) €) W ©& © @O O

5.0 3.07 5900 1.7 A 318 -290 -3.61
5.0 3.27 5000 1.5 B 358 -313 -4.19
5.0 3.27 5100 1.5 B 360 -317 -419
5.0 3.27 5200 1.5 B 361 -321 -4.19
5.0 3.27 5200 1.7 B 362 -321 -419
5.0 3.27 5300 1.5 B 363 -324 -4.18
5.0 3.27 5300 1.7 B 363 -324 -418
5.0 3.27 5400 1.5 B 364 -327 -417
5.0 3.27 5400 1.7 B 364 -327 -417
5.0 3.27 5500 1.5 B 365 -330 -4.16
5.0 3.27 5500 1.7 B 365 -330 -4.16
5.0 3.27 5600 1.5 B 366 -333 -4.15
5.0 3.27 5600 1.7 B 366 -333 -4.15
5.0 3.27 5700 1.5 B 367 -336 -4.14
5.0 3.27 5700 1.7 B 367 -336 -4.14
5.0 3.27 5800 1.5 B 368 -338 -413
5.0 3.47 4600 1.5 C 400 -346 -4.68
5.0 3.47 4700 1.5 C 402 -351 -4.68
5.0 3.47 4800 1.5 C 404 -354 -4.69
5.0 3.47 4900 1.5 C 406 -359 -4.68
5.0 3.47 4900 1.7 C 407 -3.60 -470
5.0 3.47 5000 1.5 C 407 -3.62 -4.68
5.0 3.47 5000 1.7 C 408 -3.63 -4.69
5.0 3.47 5100 1.5 C 4.09 -3.66 -4.67
5.0 3.47 5100 1.7 C 409 -3.67 -4.68
5.0 3.47 5200 1.5 C 410 -370 -4.67
5.0 3.47 5200 1.7 C 411 -370 -4.68
5.0 3.47 5300 1.5 C 411 -374 -4.66
5.0 3.47 5300 1.7 C 412 -374 -4.67
5.0 3.47 5300 1.9 C 413 -374 -4.69
5.0 3.47 5400 1.5 C 413 -378 -4.65
5.0 3.47 5400 1.7 C 413 -378 -4.66
5.0 3.47 5500 1.5 C 414 -381 -4.65
5.0 3.47 5500 1.7 C 415 -3.80 -4.66
5.0 3.47 5600 1.5 C 416 -3.83 -4.66
5.0 3.47 5700 1.5 C 417 -3.86 -4.65
6.0 3.33 5000 1.5 A 375 -330 -4.36
6.0 3.33 5100 1.5 A 376 -333 -4.36
6.0 3.33 5200 1.5 A 378 -337 -435
6.0 3.33 5300 1.5 A 379 -340 -4.34
6.0 3.33 5300 1.7 A 379 -340 -4.34
6.0 3.33 5400 1.5 A 380 -343 -433
6.0 3.33 5400 1.7 A 381 -344 -434
6.0 3.33 5500 1.5 A 381 -347 -4.32
6.0 3.33 5500 1.7 A 382 -347 -4.33
6.0 3.33 5600 1.5 A 382 -349 -431
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TABLE A.3: continued.

M/M® log(L/L@) Tgff[K] Kl ML G GBp GRP
1) 2 ®) (4) G © @ ©
6.0 3.33 5600 1.7 A 382 -349 -432
6.0 3.33 5700 1.5 A 383 -352 -4.30
6.0 3.33 5800 1.5 A 384 -354 -429
6.0 3.53 4700 1.5 B 418 -3.67 -4.85
6.0 3.53 4800 1.5 B 420 -3.70 -4.85
6.0 3.53 4900 1.5 B 422 375 -484
6.0 3.53 5000 1.5 B 423 -378 -484
6.0 3.53 5000 1.7 B 425 -379 -4.86
6.0 3.53 5100 1.5 B 425 -3.82 -483
6.0 3.53 5100 1.7 B 426 -383 -484
6.0 3.53 5200 1.5 B 427 -387 -483
6.0 3.53 5200 1.7 B 427 -387 -484
6.0 3.53 5300 1.5 B 428 -390 -4.82
6.0 3.53 5300 1.7 B 428 -390 -4.83
6.0 3.53 5400 1.5 B 430 -394 -482
6.0 3.53 5400 1.7 B 430 -394 -482
6.0 3.53 5500 1.5 B 431 -397 -482
6.0 3.53 5600 1.5 B 433 -399 -482
6.0 3.73 4300 1.5 C 457 -396 -531
6.0 3.73 4400 1.5 C 459 -401 -532
6.0 3.73 4500 1.5 C 462 -405 -533
6.0 3.73 4600 1.5 C 464 -410 -533
6.0 3.73 4600 1.7 C 466 -412 -535
6.0 3.73 4700 1.5 C 467 -415 -534
6.0 3.73 4700 1.7 C 468 -417 -535
6.0 3.73 4800 1.5 C 469 -419 -534
6.0 3.73 4800 1.7 C 470 -420 -535
6.0 3.73 4900 1.5 C 471 -424 -534
6.0 3.73 4900 1.7 C 472 425 -535
6.0 3.73 5000 1.5 C 473 -428 -534
6.0 3.73 5000 1.7 C 474 -429 -535
6.0 3.73 5100 1.5 C 475 -433 -534
6.0 3.73 5100 1.7 C 476 -433 -535
6.0 3.73 5200 1.5 C 477 437 -534
6.0 3.73 5200 1.7 C 478 -437 -535
6.0 3.73 5300 1.5 C 479 441 -534
7.0 3.56 4800 1.5 A 426 -377 -491
7.0 3.56 4900 1.5 A 428 -3.81 -490
7.0 3.56 5000 1.5 A 430 -3.85 -490
7.0 3.56 5100 1.5 A 431 -3.89 -490
7.0 3.56 5200 1.5 A 433 -393 -490
7.0 3.56 5200 1.7 A 433 -393 -490
7.0 3.56 5300 1.5 A 435 -396 -4.90
7.0 3.56 5300 1.7 A 435 -396 -4.90
7.0 3.56 5400 1.5 A 437 -400 -4.90
7.0 3.56 5400 1.7 A 437 -400 -490
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TABLE A.3: continued.

M/M, log(L/Lo) TolK] &,y ML G Gpp Grp

@ 2) ©) W & © @O O

7.0 3.56 5500 1.5 A 438 -403 -4.89
7.0 3.76 4400 1.5 B 466 -4.08 -5.38
7.0 3.76 4500 1.5 B 468 -412 -5.39
7.0 3.76 4600 1.5 B 471 -416 -540
7.0 3.76 4700 1.5 B 473 -421 -540
7.0 3.76 4800 1.5 B 475 -426 -541
7.0 3.76 4800 1.7 B 477 -427 -542
7.0 3.76 4900 1.5 B 478 -431 -541
7.0 3.76 4900 1.7 B 479 -432 -542
7.0 3.76 5000 1.5 B 480 -435 -540
7.0 3.76 5000 1.7 B 480 -435 -542
7.0 3.76 5100 1.5 B 481 -439 -540
7.0 3.76 5100 1.7 B 482 -439 -541
7.0 3.76 5200 1.5 B 483 -443 -5.39
7.0 3.76 5200 1.7 B 484 -443 -541
7.0 3.76 5300 1.5 B 485 -447 -5.39
7.0 3.96 4000 1.5 C 502 -435 -582
7.0 3.96 4100 1.5 C 505 -439 -583
7.0 3.96 4200 1.5 C 508 -444 -585
7.0 3.96 4300 1.5 C 511 -450 -5.86
7.0 3.96 4400 1.5 C 514 -455 -587
7.0 3.96 4400 1.7 C 516 -457 -5.88
7.0 3.96 4500 1.5 C 517 -461 -589
7.0 3.96 4500 1.7 C 518 -4.62 -589
7.0 3.96 4600 1.5 C 520 -4.65 -589
7.0 3.96 4600 1.7 C 521 -4.67 -590
7.0 3.96 4700 1.5 C 523 471 -590
7.0 3.96 4700 1.7 C 524 -472 -591
7.0 3.96 4800 1.5 C 525 476 -590
7.0 3.96 4800 1.7 C 526 -477 -591
7.0 3.96 4900 1.5 C 528 -481 -591
7.0 3.96 4900 1.7 C 529 -481 -592
7.0 3.96 5000 1.5 C 530 -485 -591
7.0 3.96 5000 1.7 C 531 -485 -592
7.0 3.96 5100 1.5 C 532 -489 -591
8.0 3.75 4600 1.5 A 470 -416 -5.39
8.0 3.75 4700 1.5 A 472 -421 -5.39
8.0 3.75 4800 1.5 A 474 425 -539
8.0 3.75 4900 1.5 A 476 -429 -5.39
8.0 3.75 4900 1.7 A 478 -430 -541
8.0 3.75 5000 1.5 A 478 -433 -5.38
8.0 3.75 5000 1.7 A 479 -434 -540
8.0 3.75 5100 1.5 A 479 -437 -538
8.0 3.75 5100 1.7 A 481 -438 -5.39
8.0 3.75 5200 1.5 A 481 -441 -537
8.0 3.75 5200 1.7 A 482 -442 -539
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TABLE A.3: continued.

M/M® log(L/L@) Tgff[K] Kl ML G GBp GRP
1) 2 ®) (4) G © @ ©
8.0 3.75 5300 1.5 A 483 -446 -5.37
8.0 3.75 5400 1.5 A 485 -448 -5.39
8.0 3.95 4200 1.5 B 507 -444 -5.84
8.0 3.95 4300 1.5 B 510 -449 -5.85
8.0 3.95 4400 1.5 B 513 -454 -5.86
8.0 3.95 4500 1.5 B 516 -460 -5.87
8.0 3.95 4500 1.7 B 518 -4.62 -5.88
8.0 3.95 4600 1.5 B 519 -464 -5.88
8.0 3.95 4600 1.7 B 520 -4.66 -5.89
8.0 3.95 4700 1.5 B 521 -469 -5.88
8.0 3.95 4700 1.7 B 522 -470 -5.90
8.0 3.95 4800 1.5 B 524 -474 -5.89
8.0 3.95 4800 1.7 B 525 -475 -590
8.0 3.95 4900 1.5 B 526 -480 -5.89
8.0 3.95 4900 1.7 B 527 -480 -5.90
8.0 3.95 5000 1.5 B 528 -483 -5.89
8.0 3.95 5000 1.7 B 529 -484 -591
8.0 3.95 5100 1.5 B 530 -4.88 -5.89
8.0 3.95 5200 1.5 B 533 -492 -591
8.0 4.15 3800 1.5 C 543 -471 -6.27
8.0 4.15 3900 1.5 C 546 -476 -6.28
8.0 4.15 4000 1.5 C 550 -4.82 -6.30
8.0 4.15 4100 1.5 C 553 -486 -6.31
8.0 4.15 4100 1.7 C 555 -489 -6.33
8.0 4.15 4200 1.5 C 556 -492 -6.33
8.0 4.15 4200 1.7 C D558 -494 -6.34
8.0 4.15 4300 1.5 C 55 -497 -6.35
8.0 4.15 4300 1.7 C 561 -499 -6.35
8.0 4.15 4400 1.5 C 563 -503 -6.36
8.0 4.15 4400 1.7 C 564 -505 -637
8.0 4.15 4500 1.5 C 566 -508 -6.37
8.0 4.15 4500 1.7 C 567 -510 -6.38
8.0 4.15 4600 1.5 C 569 -514 -6.38
8.0 4.15 4600 1.7 C 569 -515 -6.39
8.0 4.15 4700 1.5 C 572 -520 -6.39
8.0 4.15 4700 1.7 C 573 -520 -640
8.0 4.15 4800 1.5 C 574 -524 -6.39
8.0 4.15 4800 1.7 C 575 -524 -640
8.0 4.15 4900 1.5 C 576 -529 -640
8.0 4.15 4900 1.7 C 578 -529 -641
8.0 4.15 5000 1.5 C 579 -533 -641
8.0 4.15 5100 1.5 C 581 -537 -641
9.0 3.92 4400 1.5 A 507 -448 -5.79
9.0 3.92 4500 1.5 A 509 -453 -5.80
9.0 3.92 4600 1.5 A 512 -458 -581
9.0 3.92 4700 1.5 A 514 -462 -582
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TABLE A.3: continued.

M/M, log(L/Lo) TolK] &,y ML G Gpp Grp

@ 2) €) W & © @O O

9.0 3.92 4800 1.5 A 517 -4.68 -5.82
9.0 3.92 4800 1.7 A 518 -4.69 -5.83
9.0 3.92 4900 1.5 A 519 473 -5.82
9.0 3.92 4900 1.7 A 520 -473 -5.83
9.0 3.92 5000 1.5 A 521 -476 -5.82
9.0 3.92 5000 1.7 A 522 -477 -5.84
9.0 3.92 5100 1.5 A 523 -481 -5.82
9.0 3.92 5100 1.7 A 524 -480 -5.84
9.0 3.92 5200 1.5 A 525 -485 -5.82
9.0 4.12 4000 1.5 B 543 475 -6.23
9.0 4.12 4100 1.5 B 546 -480 -6.25
9.0 4.12 4200 1.5 B 549 -485 -6.26
9.0 4.12 4300 1.5 B 552 -490 -6.27
9.0 4.12 4300 1.7 B 554 -493 -6.28
9.0 4.12 4400 1.5 B 555 -496 -6.29
9.0 4.12 4400 1.7 B 557 -498 -6.30
9.0 4.12 4500 1.5 B 559 -5.02 -6.30
9.0 4.12 4500 1.7 B 560 -504 -631
9.0 4.12 4600 1.5 B 561 -507 -6.31
9.0 4.12 4600 1.7 B 562 -508 -6.32
9.0 4.12 4700 1.5 B 564 -512 -6.31
9.0 4.12 4700 1.7 B 565 -513 -6.33
9.0 4.12 4800 1.5 B 567 -517 -6.32
9.0 4.12 4800 1.7 B 568 -518 -6.33
9.0 4.12 4900 1.5 B 569 -522 -6.32
9.0 4.12 5000 1.5 B 572 -526 -6.33
9.0 4.32 4200 1.5 C 599 534 -6.76
9.0 4.32 4300 1.5 C 6.02 -540 -6.78
9.0 4.32 4300 1.7 C 6.03 -541 -6.78
9.0 4.32 4400 1.5 C 6.05 -545 -6.79
9.0 4.32 4400 1.7 C 6.06 -547 -6.80
9.0 4.32 4500 1.5 C 6.08 -551 -6.80
9.0 4.32 4500 1.7 C 609 -552 -681
9.0 4.32 4600 1.5 C 611 -556 -6.81
9.0 4.32 4600 1.7 C 612 -557 -6.82
9.0 4.32 4700 1.5 C 614 -562 -6.82
9.0 4.32 4700 1.7 C 615 -562 -6.83
9.0 4.32 4800 1.5 C 618 -5.68 -6.83
9.0 4.32 4900 1.5 C 621 -573 -6.85
10.0 4.08 4200 1.5 A 538 475 -6.15
10.0 4.08 4300 1.5 A 541 -480 -6.16
10.0 4.08 4400 1.5 A 544 -485 -6.17
10.0 4.08 4500 1.5 A 547 -490 -6.18
10.0 4.08 4600 1.5 A 550 -495 -6.19
10.0 4.08 4600 1.7 A 551 -497 -6.20
10.0 4.08 4700 1.5 A 553 -5.01 -6.20



176

Appendix A.

TABLE A.3: continued.

M/M® log(L/L@) Tgff[K] Kl ML G GBp GRP
1) 2 ®) (4) G © @ ©
10.0 4.08 4700 1.7 A 554 -5.02 -6.21
10.0 4.08 4800 1.5 A 555 -5.06 -6.20
10.0 4.08 4800 1.7 A 557 -5.07 -6.22
10.0 4.08 4900 1.5 A 558 -511 -6.21
10.0 4.08 4900 1.7 A 559 -511 -6.22
10.0 4.08 5000 1.5 A 560 -515 -6.21
10.0 4.08 5100 1.5 A 562 -519 -6.22
10.0 4.28 3800 1.5 B 574 -501 -6.58
10.0 4.28 3900 1.5 B 577 -5.06 -6.59
10.0 4.28 4000 1.5 B 580 -511 -6.61
10.0 4.28 4100 1.5 B 583 -517 -6.62
10.0 4.28 4100 1.7 B 585 -520 -6.64
10.0 4.28 4200 1.5 B 587 -522 -6.64
10.0 4.28 4200 1.7 B 588 -525 -6.65
10.0 4.28 4300 1.5 B 590 -528 -6.66
10.0 4.28 4300 1.7 B 592 -530 -6.66
10.0 4.28 4400 1.5 B 594 -534 -6.67
10.0 4.28 4400 1.7 B 595 -535 -6.68
10.0 4.28 4500 1.5 B 597 -540 -6.69
10.0 4.28 4500 1.7 B 598 -542 -6.69
10.0 4.28 4600 1.5 B 6.00 -545 -6.69
10.0 4.28 4600 1.7 B 6.01 -546 -6.70
10.0 4.28 4700 1.5 B 6.02 -550 -6.70
10.0 4.28 4700 1.7 B 6.04 -551 -6.71
10.0 4.28 4800 1.5 B 6.05 -555 -6.71
10.0 4.28 4900 1.5 B 6.08 -560 -6.72
10.0 4.48 4500 1.5 C 648 -591 -7.19
10.0 4.48 4500 1.7 C 649 -592 -7.20
10.0 4.48 4600 1.5 C 651 -597 -7.21
10.0 4.48 4600 1.7 C 652 -597 -721
10.0 4.48 4700 1.5 C 653 -6.00 -7.21
10.0 4.48 4700 1.7 C 654 -6.01 -722
10.0 4.48 4800 1.5 C 656 -6.05 -722
11.0 4.21 4100 1.5 A 568 -5.02 -647
11.0 421 4200 1.5 A 572 -5.08 -6.49
11.0 4.21 4300 1.5 A 575 -513 -6.50
11.0 421 4400 1.5 A 579 -520 -6.52
11.0 421 4400 1.7 A 580 -521 -6.53
11.0 4.21 4500 1.5 A 581 -524 -6.53
11.0 421 4500 1.7 A 583 -526 -6.54
11.0 4.21 4600 1.5 A 584 -530 -654
11.0 421 4600 1.7 A 586 -531 -6.55
11.0 4.21 4700 1.5 A 587 -535 -654
11.0 421 4700 1.7 A 588 -536 -6.56
11.0 4.21 4800 1.5 A 590 -540 -6.55
11.0 421 4900 1.5 A 593 -546 -6.56
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TABLE A.3: continued.

M/M® log(L/L@) Teff[K] Kol ML G GBp GRp
@ 2) 3) (4) G ©® @O 6

11.0 4.41 3900 1.7 B 613 -543 -6.95
11.0 441 4000 1.5 B 614 -545 -6.95
11.0 441 4000 1.7 B 616 -548 -6.96
11.0 441 4100 1.5 B 618 -551 -6.97
11.0 441 4100 1.7 B 619 -553 -6.98
11.0 441 4200 1.5 B 621 -557 -6.99
11.0 441 4200 1.7 B 623 -559 -7.00
11.0 4.41 4300 1.5 B 625 -5.62 -7.00
11.0 4.41 4300 1.7 B 626 -564 -7.01
11.0 4.41 4400 1.5 B 628 -5.68 -7.02
11.0 441 4400 1.7 B 629 -570 -7.03
11.0 4.41 4500 1.5 B 631 -574 -7.03
11.0 441 4500 1.7 B 632 -575 -7.04
11.0 4.41 4600 1.5 B 634 -579 -7.04
11.0 441 4600 1.7 B 635 -580 -7.05
11.0 441 4700 1.5 B 637 -585 -7.05
11.0 441 4700 1.7 B 639 -586 -7.07
11.0 4.41 4800 1.5 B 641 -591 -7.07
11.0 4.61 4600 1.5 C 685 -629 -7.55
11.0 4.61 4600 1.7 C 686 -630 -7.56
11.0 4.61 4700 1.5 C 688 -635 -7.56
11.0 4.61 4800 1.5 C 691 -639 -757

TABLE A.4: Mean magnitudes in the Gaia filters for FO-mode models at varying assump-
tions of the ML relation and values of «,,; parameter.

7Z=0.02 Y=0.28
M/M@ 10g(L/L@) Teff[K] Xl ML G GBp GRP

1) ) ®) @ 6 © @O 6

3.0 2.32 6200 1.5 A -132 -1.08 -1.70
3.0 2.32 6300 1.5 A -132 -1.10 -1.68
3.0 2.32 6300 1.7 A -132 -110 -1.69
3.0 2.32 6400 1.5 A -132 -111 -1.66
3.0 2.32 6400 1.7 A -132 -111 -1.67
3.0 2.32 6500 1.5 A -132 -113 -l.64
3.0 2.32 6500 1.7 A -132 -113 -1.65
3.0 2.52 6000 1.5 B -182 -155 -224
3.0 2.52 6100 1.5 B -182 -157 -222
3.0 2.52 6200 1.5 B -1.82 -159 -220
3.0 2.52 6200 1.7 B -183 -159 -220
3.0 2.52 6300 1.5 B -182 -1.61 -218
3.0 2.52 6300 1.7 B -183 -1.61 -219
3.0 2.52 6400 1.5 B -1.82 -1.62 -216
3.0 2.52 6400 1.7 B -183 -162 -217
3.0 2.52 6500 1.5 B -182 -1.63 -214
3.0 2.52 6500 1.7 B -183 -164 -216
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TABLE A.4: continued.

M/M@ log(L/L@) Teff[K] Kol ML G GBp GRp
@ 2 ) (4) G ® @& ¢

3.0 2.72 6000 1.5 C 232 -206 -274
3.0 2.72 6100 1.5 Cc -233 -208 -2.72
3.0 2.72 6200 1.5 c -233 -210 -270
3.0 2.72 6200 1.7 Cc -233 -210 -271
3.0 272 6300 1.5 c 233 -211 -2.69
3.0 2.72 6400 1.5 C -233 -213 -2.67
4.0 2.74 5900 1.5 A 236 -2.08 -2.80
4.0 2.74 6000 1.5 A 237 -210 -2.78
4.0 2.74 6100 1.5 A 237 -212 -276
4.0 2.74 6100 1.7 A 237 -212 -2.77
4.0 2.74 6200 1.5 A 237 -214 -275
4.0 2.74 6200 1.7 A 237 -214 -275
4.0 2.74 6300 1.5 A 237 -216 -273
4.0 2.74 6300 1.7 A 238 -216 -273
4.0 2.74 6400 1.5 A 237 -217 -271
4.0 294 5900 1.5 B -287 -259 -3.30
4.0 2.94 6000 1.5 B -287 -261 -3.28
4.0 294 6100 1.5 B -287 -263 -327
4.0 2.94 6200 1.5 B -288 -264 -325
4.0 3.14 6000 1.5 Cc -338 -311 -3.79
5.0 3.07 5800 1.5 A -317 -2.88 -3.63
5.0 3.07 5900 1.5 A 318 -290 -3.61
5.0 3.07 6000 1.5 A -318 -292 -3.60
5.0 3.07 6100 1.5 A 319 -294 -3.58
6.0 3.33 5800 1.5 A -384 -354 429

A.3 Individual mass estimates derived from the theoretical
PWM relations combined with Gaia DR2 parallaxes, for
the selected F and FO-mode GCCs



TABLE A.5: The individual masses estimated from the theoretical PWM relations combined with Gaia DR2 parallaxes, for the F and FO-mode GCCs selected

from the sample by Ripepi et al. (2019).

Gaia DR2 Sourceld  Mode P[d] G[mag] Gpp[mag] Ggrplmag] @[mas] o w[mas] M/Ms ocM/Ms M/Mgcorr oM/Mg corr
(1) ) ®3) 4 6) (6) 7) (8) 9) (10) (11)

1857884212378132096 F 4.43546 5.46 5.77 5.07 1.674 0.089 4.2 0.5 4.0 0.5
4066429066901946368 F 5.05787 6.82 7.37 6.23 1.119 0.053 52 0.6 4.8 0.5
5235910694044165760 F 3.08613 8.70 9.22 8.06 0.681 0.032 4.1 0.5 3.6 04
279382060625871360 F 3.29487 7.19 7.81 6.48 1.272 0.035 6.2 0.5 5.7 04
5824464493705913472 F 3.38932 6.44 6.86 591 1.475 0.037 4.5 0.3 4.3 0.3
5932997939411720960 F 3.45291 9.79 10.63 8.92 0.547 0.036 5.5 0.8 4.7 0.7
5351721738384434048 F 3.68221 8.08 8.45 7.59 0.561 0.037 5.4 0.8 4.6 0.7
465719182408723072 F 3.83288 10.43 11.14 9.64 0.307 0.028 6.1 1.2 4.6 0.9
6059635702888301952 F 3.83834 7.99 8.43 7.42 0.621 0.038 6.1 0.8 5.3 0.7
2166861170366710272 F 4.04921 10.29 11.11 941 0.528 0.028 3.1 0.4 2.6 0.3
422923956470923008 F 4.07117 9.54 10.14 8.83 0.399 0.030 5.6 0.9 45 0.7
3027940437469882880 F 4.25689 9.32 9.95 8.59 0.492 0.040 4.7 0.8 3.9 0.7
5338024572321721216 F 4.26618 9.44 9.99 8.79 0.374 0.027 5.5 0.9 4.3 0.7
2014609252631258496 F 4.27863 11.57 12.60 10.58 0.390 0.027 29 0.4 2.3 04
1977074811892425600 F 4.32355 8.96 9.40 8.39 0.403 0.034 52 0.9 4.2 0.8
2060021625508894592 F 4.36470 9.49 10.10 8.77 0.399 0.028 5.6 0.9 45 0.7
6055722403534963840 F 4.42452 9.46 10.21 8.65 0.446 0.031 6.9 1.1 5.7 0.9
426881614218441600 F 4.50162 9.55 10.21 8.79 0.403 0.030 6.0 1.0 4.8 0.8
4054440301294394624 F 452781 7.55 8.14 6.92 0.920 0.047 5.1 0.6 4.6 0.5
5521459979795304320 F 4.63985 7.71 8.26 7.05 0.852 0.035 49 0.5 44 04
5338438297925480320 F 4.67767 9.41 9.97 8.73 0.375 0.026 5.6 0.9 44 0.7
3046774762417915136 F 4.67830 7.83 8.33 7.20 0.616 0.047 7.3 1.2 6.3 1.0
6060173364061645696 F 4.68971 6.36 6.80 5.79 1.021 0.045 8.5 0.9 7.7 0.8
1960750328384177408 F 4.86438 8.67 9.19 8.03 0.435 0.028 6.8 1.0 5.5 0.8
2078709577944648192 F 4.92549 8.90 9.42 8.26 0.413 0.023 6.1 0.8 4.9 0.6
5258574068220187648 F 493255 10.24 10.94 9.46 0.365 0.032 3.9 0.7 3.1 0.6
2055122987639665664 F 495045 12.27 13.38 11.21 0.339 0.033 2.3 0.5 1.7 0.4
270272675510149504 F 497249 9.12 9.99 8.23 0.521 0.038 8.9 14 7.5 1.2
2003938801532007808 F 4.98330 8.61 9.15 7.94 0.437 0.035 7.7 1.3 6.2 1.1
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TABLE A.5: continued.

Gaia DR2 Sourceld  Mode P[d] G[mag] Gpplmag] Ggrplmag] ®@[mas] o w[mas] M/Ms ocM/Ms M/Mgcorr oM/Mg corr
(1) ) 3) 4 ©®) (6) 7) (8) 9) (10) (11)
2011315528113463808 F 4.99754 10.50 11.42 9.58 0.355 0.026 6.1 1.0 4.8 0.8
473293889810320128 F 5.06643 10.00 11.16 8.95 0.716 0.031 45 0.5 3.9 04
5871738271033526016 F 5.07890 7.43 7.89 6.85 0.841 0.034 44 0.4 4.0 04
2166303099490547072 F 5.09955 10.53 11.69 9.46 0.528 0.027 5.2 0.6 44 0.5
4080122796947250176 F 5.15424 7.25 7.83 6.58 0.986 0.047 5.3 0.6 49 0.5
4085919765884068736 F 6.63703 6.63 7.21 5.93 1.248 0.041 5.0 04 4.6 04
1827869808377481216 F 5.19725 10.03 10.96 9.09 0.419 0.034 6.8 1.2 5.5 1.0
5254295559276699392 F 5.20456 9.06 9.56 8.44 0.374 0.028 5.6 0.9 44 0.7
1968971582984827136 F 5.25760 8.88 9.91 7.90 0.896 0.027 5.4 0.4 49 04
6053622679932061056 F 5.26567 9.01 9.91 8.12 0.783 0.045 4.2 0.5 3.8 0.5
4147381366335558784 F 5.30141 9.96 11.03 8.94 0.670 0.040 4.1 0.5 3.6 0.5
5334506135119058304 F 5.30996 8.49 9.08 7.79 0.549 0.032 5.8 0.8 49 0.6
1960981328902089088 F 5.33166 8.57 9.13 7.90 0.509 0.031 5.7 0.8 4.7 0.6
458239995077788544 F 5.36511 10.46 11.49 9.51 0.366 0.035 7.1 1.4 5.6 1.1
4190143160245024256 F 5.37668 7.54 8.03 6.92 0.738 0.052 5.6 0.9 4.9 0.8
2010285491880986112 F 5.44090 9.28 9.96 8.51 0.413 0.032 6.5 1.1 52 0.9
5891675303053080704 F 5.49457 6.55 7.11 5.93 1.340 0.045 4.6 04 4.3 04
459035766618689280 F 5.53070 10.37 11.47 9.37 0.394 0.035 8.1 1.5 6.4 1.2
5539107450645759232 F 5.56408 10.59 11.47 9.75 0.258 0.025 7.8 1.6 5.6 1.1
422226488141991296 F 5.80901 8.78 9.37 8.08 0.359 0.033 9.7 1.9 7.5 1.5
5327836325732931840 F 5.85935 9.21 9.96 8.39 0.407 0.029 8.2 1.3 6.6 1.0
5436296928693979392 F 5.89839 9.12 9.52 8.58 0.292 0.029 5.7 1.2 4.2 0.9
2055014277739104896 F 5.95590 8.91 9.76 8.02 0.697 0.039 4.8 0.6 4.2 0.5
4092905375639902464 F 6.74522 6.35 7.01 5.62 1.460 0.045 5.6 0.5 52 04
4312361436842603520 F 6.11423 7.66 8.44 6.84 0.930 0.057 6.6 0.9 5.9 0.8
6059764002146656128 F 6.22040 8.07 8.64 7.38 0.524 0.046 7.8 1.5 6.5 1.2
2008504454839717120 F 6.23397 9.00 9.92 8.08 0.679 0.030 5.4 0.6 4.7 0.5
525136962570940160 F 6.27279 10.23 11.24 9.28 0.374 0.028 6.9 1.1 5.5 0.9
2015820463470505600 F 6.29664 9.24 10.22 8.28 0.588 0.032 6.8 0.8 5.8 0.7
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TABLE A.5: continued.

Gaia DR2 SourceIld  Mode P[d] G[mag] Gpp[mag] Ggrplmag] ®@[mas] o w[mas] M/Ms ocM/Ms M/Mgcorr oM/Mg corr
O 2 ®3) 4) ©) (6) ?) (8) ) (10) (11)

5823134325151372032 F 6.31663 6.22 6.59 5.63 1.075 0.030 5.8 0.4 5.4 04
2027263738130844288 F 6.32059 8.23 9.14 7.30 0.841 0.039 7.1 0.8 6.4 0.7
4096979650282842112 F 6.42429 8.41 9.08 7.59 0.702 0.059 4.5 0.8 3.9 0.7
5312196047720402048 F 6.45380 11.06 12.07 10.08 0.275 0.026 6.2 1.2 45 0.9
5868480143187802240 F 6.45975 8.08 8.71 7.34 0.557 0.039 79 1.2 6.7 1.0
174489098011145216 F 6.46466 7.05 7.73 6.27 1.042 0.064 6.8 0.9 6.2 0.9
5541507237862358912 F 6.66423 7.71 8.14 7.16 0.568 0.030 5.3 0.6 45 0.5
5302258008774271488 F 6.69695 7.11 7.60 6.50 0.760 0.023 6.2 0.5 5.5 04
6054829806275577216 F 6.73287 6.30 6.81 5.68 1.140 0.028 6.2 04 5.7 0.4
4204653587029046400 F 6.80601 7.34 8.02 6.57 0.944 0.048 5.9 0.7 5.3 0.6
5324034867356093056 F 6.92436 7.22 7.93 6.44 1.007 0.037 6.1 0.6 55 0.5
4057701830728920064 F 7.01753 4.21 4.75 3.70 3.431 0.202 3.8 0.5 3.7 0.5
5877533315817003648 F 7.06626 6.42 6.96 5.77 1.015 0.032 7.4 0.6 6.7 0.6
5309174967720762496 F 7.13431 9.69 10.51 8.83 0.312 0.029 8.9 1.8 6.7 1.3
5257664497238811776 F 7.19619 8.95 9.58 8.22 0.355 0.030 7.8 14 6.1 1.1
4307944836090489600 F 7.23996 9.35 10.33 8.39 0.554 0.055 5.9 1.3 5.0 1.1
2165771172070496512 F 7.25140 9.95 10.88 9.00 0.387 0.028 6.4 1.0 5.1 0.8
5855468247702904704 F 7.51028 6.10 6.55 5.55 1.000 0.029 6.9 0.5 6.3 0.5
5337191279923824384 F 7.53200 7.80 8.35 7.14 0.704 0.030 4.0 04 35 0.4
5339394082770287232 F 7.72081 6.61 7.08 6.01 0.796 0.035 75 0.8 6.7 0.7
2016028168089215488 F 7.80112 10.08 11.04 9.12 0.383 0.031 5.7 1.0 45 0.8
2030063919381336832 F 7.81823 9.37 10.16 8.51 0.400 0.032 6.3 1.1 5.1 0.9
1873112207907294848 F 7.85582 9.05 9.82 8.20 0.446 0.028 6.4 0.9 52 0.7
470361114339849472 F 7.91561 7.16 7.92 6.32 0.782 0.040 11.6 14 10.3 1.2
1825621002188696448 F 7.99014 6.58 7.41 5.72 1.053 0.039 12.8 1.2 11.8 1.1
428620663657823232 F 8.00066 8.51 9.23 771 0.422 0.034 10.0 1.7 8.1 1.4
512524361613040640 F 8.37701 6.64 7.46 5.78 1.296 0.031 7.5 0.5 6.9 0.5
5254097093074642944 F 9.19783 8.80 9.39 8.12 0.328 0.029 7.0 1.3 5.4 1.0
4056026175045038464 F 9.31686 8.24 9.08 7.43 0.697 0.064 49 1.0 4.3 0.8
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TABLE A.5: continued.

Gaia DR2 Sourceld  Mode P[d] G[mag] Gpplmag] Ggrplmag] ®@[mas] o w[mas] M/Ms ocM/Ms M/Mgcorr oM/Mg corr
(1) ) 3) 4 ©®) (6) 7) (8) 9) (10) (11)

5854560115494081024 F 9.46519 8.26 8.97 7.47 0.496 0.031 7.3 1.0 6.1 0.8
4269036830424588800 F 9.48055 7.90 8.67 7.12 0.690 0.050 5.7 0.9 5.0 0.8
5835124087174043136 F 9.75376 6.15 6.70 5.52 1.062 0.042 6.1 0.6 5.6 0.5
2070224337474904064 F 10.14797 9.42 10.48 8.42 0.447 0.029 7.8 1.1 6.4 0.9
506779550797525760 F 10.87727 8.84 9.58 8.04 0.330 0.031 9.1 1.8 6.9 1.4
2007201567928631296 F 10.88439 8.04 8.70 7.29 0.458 0.038 7.9 14 6.5 1.2
5871922507947292032 F 10.94947 7.47 8.03 6.79 0.537 0.042 7.1 1.2 6.0 1.0
5313887130948758016 F 11.20064 8.88 9.83 7.95 0.391 0.032 11.3 2.0 9.0 1.6
200708636406382720 F 11.62570 7.34 7.94 6.68 0.543 0.051 7.7 1.5 6.5 1.3
5332375453374624640 F 11.63735 9.33 10.09 8.59 0.264 0.026 7.8 1.6 5.6 1.2
5240441472232302848 F 12.43802 8.85 9.60 8.06 0.330 0.027 7.9 14 6.0 1.1
5884729035255064064 F 12.63346 8.96 9.87 8.03 0.400 0.035 8.0 1.5 6.4 1.2
4267397694768545920 F 13.75460 6.61 7.39 5.85 0.888 0.054 79 1.1 7.2 1.0
5351331755370445056 F 14.10712 8.07 8.99 7.51 0.406 0.037 8.6 1.7 6.9 1.3
6026412893938675712 F 6.06133 6.67 7.17 5.95 1.131 0.055 5.7 0.6 5.3 0.6
2161786374436607616 F 14.71797 8.39 9.71 7.28 0.781 0.037 8.8 1.0 7.9 0.9
2071433765909167232 F 15.11946 8.82 9.73 791 0.362 0.026 9.2 14 7.2 1.1
1870258975238302208 F 16.39062 6.07 6.69 5.36 0.898 0.027 7.3 0.6 6.6 0.5
5338036117182452096 F 16.65998 8.19 8.90 7.38 0.424 0.035 6.4 1.1 52 0.9
2058374144759464064 F 17.07369 8.46 9.24 7.61 0.381 0.033 7.4 1.4 5.8 1.1
4175017625462647168 F 17.12484 5.52 6.41 4.64 1.361 0.083 11.1 1.5 10.4 1.4
5255254711361371520 F 18.17758 8.30 8.97 7.52 0.320 0.031 8.4 1.7 6.4 1.3
5351161399785606016 F 18.87302 7.15 7.82 6.43 0.512 0.041 8.2 14 6.8 1.2
1873250780732545920 F 20.14034 9.27 10.36 8.28 0.350 0.028 7.7 1.3 6.0 1.0
5523162573544337408 F 20.49764 6.66 7.31 5.90 0.547 0.032 10.9 1.4 9.2 1.2
5964193485048327808 F 28.86509 8.85 10.11 7.76 0.504 0.045 6.1 1.2 5.1 1.0
5546476927338700416 F 41.46411 6.46 7.30 5.58 0.584 0.026 9.9 1.0 8.4 0.9
5351436724362450304  FO 1.11936 11.09 11.62 10.41 0.389 0.030 33 0.7 24 0.5
2164475809937299584  FO 1.76585 10.18 10.74 9.49 0.343 0.027 7.6 1.7 5.4 1.2
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TABLE A.5: continued.

Gaia DR2 SourceIld  Mode P[d] G[mag] Gpp[mag] Ggrplmag] ®@[mas] o w[mas] M/Ms ocM/Ms M/Mgcorr oM/Mg corr
O 2 ®3) 4) ©) (6) ?) (8) ) (10) (11)

5245796334347122944  FO 2.06344 8.09 8.53 7.54 0.858 0.026 35 0.4 3.0 0.3
3398383973788673024  FO 2.10240 7.88 8.29 7.35 0.805 0.053 4.7 0.9 4.0 0.8
2203988169026743936  FO 2.11413 7.51 8.05 6.84 1.133 0.033 5.6 0.6 5.0 0.5
6057943520139661184  FO 2.30569 9.77 10.32 9.10 0.396 0.033 5.1 1.2 3.8 0.9
5877460679352962048  FO 2.39812 7.29 7.73 6.70 0.995 0.040 5.7 0.7 5.0 0.6
5824226655600824704  FO 2.42829 7.58 8.02 7.02 0.889 0.032 4.7 0.6 4.1 0.5
1853025642297186688  FO 2.49930 5.62 5.93 5.20 1.706 0.055 4.7 0.5 44 0.5
2007654601080023040  FO 2.80533 9.12 9.68 8.43 0.496 0.039 4.9 1.1 3.8 0.9
429182376660681984 FO 2.84185 9.90 10.50 9.18 0.385 0.028 4.2 0.9 3.1 0.6
4319599865468760832  FO 2.97303 10.15 11.24 9.14 0.571 0.038 6.2 1.2 5.0 1.0
5258420858142702208  FO 3.03785 9.12 9.61 8.50 0.365 0.026 7.0 1.4 5.0 1.0
2200929331984972672  FO 3.05313 10.87 11.74 9.96 0.317 0.027 55 1.4 3.8 0.9
5848500161483878400  FO 3.06525 7.10 7.64 6.44 1.016 0.036 6.6 0.8 5.9 0.7
5613541295473114496  FO 3.12653 8.99 9.63 8.26 0.515 0.031 5.6 1.0 45 0.8
3409635486731094400  FO 3.14835 6.23 6.75 5.59 1.428 0.061 6.6 0.9 6.1 0.8
5334449269746243328  FO 3.21183 8.42 8.81 7.89 0.425 0.032 6.5 14 49 1.1
511226491206912128 FO 3.22284 9.83 10.65 8.96 0.481 0.037 5.0 1.1 3.9 0.9
1971722045688053248  FO 3.28391 8.67 9.33 7.92 0.561 0.032 7.0 1.2 5.6 1.0
1964855904803120640  FO 3.33233 5.72 6.03 5.32 1.151 0.066 7.1 1.2 6.4 1.1
6058439910929477120  FO 3.34248 5.26 5.65 4.81 1.778 0.087 5.3 0.8 49 0.7
429635993926502912 FO 3.65163 10.44 11.33 9.53 0.327 0.028 6.9 1.7 4.8 1.2
5932565900081831040  FO 3.78678 8.58 9.10 7.93 0.474 0.038 5.3 1.2 4.1 1.0
5519380077440172672  FO 422646 5.53 5.89 5.11 1.217 0.057 6.3 0.9 5.7 0.8
428839329030983040 FO 4.30649 8.68 9.37 7.90 0.509 0.030 6.5 1.1 5.1 0.9
5881995546318024704  FO 4.37292 8.65 9.30 7.92 0.463 0.038 6.8 1.6 52 1.2
4514145288240593408  FO 447115 5.11 5.59 4.57 1.810 0.107 5.7 1.0 5.3 0.9
2004036486267748352  FO 5.44565 8.09 8.63 7.41 0.496 0.038 55 1.2 4.3 0.9
5506374096132016512  FO 5.69296 5.44 5.85 496 1.261 0.064 49 0.8 45 0.7
5337634589276921856  FO 5.72548 8.82 9.39 8.13 0.355 0.029 54 1.3 3.9 0.9
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TABLE A.6: Individual ages for the F-mode GCCs in our sample, obtained by using both the canonical PA and PAC relations.

Gaia DR2 Source Id RA DEC P G GBp GRP E(GBP'GRP) (TE(GBP—GRP) Note tpa 0 tpa tpac 0 tpac
@ 2) ®) 4) G 6 O ®) ©) 1o an a2 @3 (14

3442172745919329664  82.35887  27.00089  3.34920 11.57 1221 10.78 0.72 0.12 G 105.55 20.41 98.88 18.9
4704080802304630784  12.82014 -68.98430 0.99469 18.24 1845 17.79 0.18 0.11 G 248.10 4799 230.53 44.06
5521400228203695232  123.35129 -42.27568 1.00189 16.05 16.93 15.15 1.23 0.15 G 246.84 47.74 23434 4479
6379351625245757568  359.99997 -75.19496  1.03777 17.68 1798 17.36 0.02 0.11 G 24080 46.58 231.16 44.18
4711142067840447360  21.61608 -64.87535 1.06447 17.86 18.05 17.41 0.16 0.11 G 236.54 45.75 21939 41.93
4639539705975935360  50.85364 -74.96868 1.11640 17.83 18.12 17.50 0.02 0.11 G 228.74 4424 21850 41.76
4690768156035338624  18.95551  -70.54573  1.14292 17.53 17.82 17.09 0.18 0.11 G 22499 4352 21214 40.54
4703965697180635136  9.31520  -67.04117 1.15729 17.89 18.12 17.43 0.17 0.11 G 223.02 43.14 207.66 39.69
4666616485480394368  60.40851 -69.47789  1.15905 16.29 1645 15.90 0.12 0.08 @) 22278 43.09 203.12 38.82
4691081375113472256  20.83822  -70.57775 117564 17.33 1745 17.02 0.0 0.11 G 220.56 42.66 200.73 38.36
4637614151878607232  20.74650  -76.24745 1.20857 17.80 1795 17.36 0.1 0.11 G 216.31 41.84 199.28 38.09
5834840099568788864 241.98124 -58.78225 1.23577 13.71 14.05 13.19 0.31 0.11 G 21295 41.19 200.06 38.23
4636112425153243904  16.19343  -76.86050 1.25457 17.34 17.55 16.84 0.21 0.11 G 210.70 40.75 19440 37.15
4690721839108141568  19.01385 -70.91305 1.30481 17.25 17.73 17.00 -0.0 0.11 G 20495 39.64 201.29 3847
4698739817197286912  23.24870  -66.49795 1.30920 17.05 17.30 16.67 0.05 0.11 G 20447 3955 19258  36.8
5298606801235832064 140.10591 -62.22648 136601 1836 18.60 17.89 0.18 0.11 G 19845 3838 184.56 3527
5850083595712857472  220.66054 -64.27433 1.37135 17.67 1847 16.71 1.23 0.15 G 19790 38.28 183.88 35.14
4690414800484275840  12.25946  -70.13797 1.37867 17.09 17.39 16.78 -0.0 0.11 G 19716 3813 18694 35.73
5935901715187592704 255.13630 -53.09007  1.39879 1545 1592 14.78 0.58 0.12 G 195.16 3775 183.01 34.98
5615958881027868544 115.24714 -22.49207 1.39928 1546 16.23 14.69 0.89 0.11 @) 19511 37.74 18745 35.82
4627114812265929856  55.76893  -76.93405 1.42992 1795 1831 17.50 0.18 0.11 G 19216 3717 18294 34.96
4690838421706602624  15.93439  -70.90033  1.43044 17.33 17.58 16.94 0.06 0.11 G 19211 3716 180.59 34.51
4637822960304562560  24.11091  -75.12545 1.43113 17.25 1749 16.82 0.11 0.11 G 192.04 3714 17971 34.35
6027070573648725632  251.47116 -33.16585 1.45594 13.89 14.47 13.13 0.75 0.12 G 189.73 36.70 17832 34.08
5321579073778197888 130.00710 -52.33019  1.53045 1525 1590 14.48 0.81 0.12 G 183.18 3543 17297 33.06
6008381624727734784  237.76802 -39.75981 1.57244 17.10 1791 16.20 1.12 0.14 G 179.73 3476 168.77 32.26
4649187405119614848  75.03872  -75.15255 1.57491 16.97 17.25 16.49 0.18 0.11 G 179.53 34.72 167.82 32.07
4108167833903339520 259.75244 -27.43467 1.58118 16.78 17.65 15.71 1.45 0.16 G 179.03 34.63 163.50 31.25
4691023998645738368  17.49608 -69.93794 1.60821 16.70 16.83 16.30 0.0 0.11 G 176.90 34.22 16254 31.06
4650261219962135424  85.33831 -74.16668 1.62049 1691 1729 16.43 0.22 0.11 G 17596 34.03 167.16 31.95
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
@) 2 ®) (4) G  © @ t) ©) (10 @an (12 d3 (14
426580107514101376 1541660 60.59426  1.62477 14.87 15.52 14.07 0.85 0.13 G 175.63 3397 164.77 3149
4684195339947360512  6.98869  -76.24706  1.64272 17.58 17.86 17.10 0.17 0.11 G 17428 33.71 162.87 31.13
2031982665929461504 296.05399  29.68730  1.64410 16.22 17.13 15.31 1.2 0.14 G 17418 33.69 164.77 3149
181620805307496192  76.98162  33.05659  1.66805 14.61 15.30 13.80 0.88 0.13 G 17241 33.35 16236 31.03
4702506576531479424  12.34403  -69.50825 1.68632 1724 17.63 16.86 0.08 0.11 G 171.09 33.09 164.81 31.5
2021540814501736320 293.71912  25.61797 1.69319 1740 18.66 16.25 1.87 0.19 G 170.60 33.00 157.51 30.1
4684369749977673472  13.14590 -75.95877 1.75282 1735 1752 16.89 0.09 0.11 G 166.50 3220 153.11 29.26
4392367984521092608 254.76077  4.79169 1.77576  14.89 15.22 14.38 0.23 0.11 G 16498 3191 15450 29.53
4652327614621999872  70.43479  -74.41493 1.79655 16.84 16.86 16.26 0.21 0.11 G 163.63 31.65 14451 27.62
5516409029527928064 125.97858 -47.25490 1.83399 1520 1590 14.37 091 0.13 G 161.28 31.19 151.29 28091
5814577169727787392 254.58683 -67.66312 1.85575 1393 14.19 13.51 0.06 0.11 G 15994 3094 149.78 28.63
4189050211325803008 299.56897 -12.07101 1.99398 17.75 18.07 17.21 0.24 0.11 G 152.05 2941 14193 27.12
252595410453952384  67.62787  43.65313  1.99947 13.06 14.01 12.09 1.29 0.15 G 151.76  29.35 142.30 27.2
5928285810456681344 247.54255 -57.33140 2.00665 13.64 14.08 13.01 0.44 0.11 G 151.38 29.28 142.10 27.16
5851830444814064512 206.04645 -65.60886  2.02729 15.84 16.51 14.95 0.97 0.13 G 150.29 29.07 139.10 26.58
2928096226097916160 109.16266 -22.18043 2.04402 1473 1546 13.87 0.96 0.13 G 149.42 2890 140.17 26.79
5322875157471168768 129.59122 -49.81203 2.04472 15.13 1593 14.31 0.92 0.13 G 149.39 28.89 14217 27.17
5859972946880769408 189.52856 -66.38308 2.06540 15.01 15.58 14.31 0.63 0.09 @) 148.33 28.69 139.25 26.61
4636099402811865344  19.45728 -76.56544 2.06770 16.80 17.11 16.32 0.16 0.11 G 148.22 28.67 138.81 26.53
6379917835078618752  359.03700 -73.64989 2.08819 17.15 17.32 16.70 0.05 0.11 G 14719 2847 13536 25.87
5211831178906807040  93.60903  -79.18168 2.09182 16.74 1698 16.24 0.15 0.11 G 147.01 2843 136.03 26.0
2162679246615275264 315.66755 45.09280 2.11305 16.28 17.23 15.27 1.34 0.15 G 14597 2823 135.76 25.95
200016111582079744  73.82548 3997972 212061 13.35 1395 12.58 0.73 0.08 L 145.60 28.16 136.31 26.05
5613411827982576768 112.81549 -25.90739 2.14810 11.58 12.04 10.97 0.29 0.08 @ 14429 2791 140.62 26.88
5256605839340504576 149.84616 -60.33354 2.30293 14.62 1523 13.86 0.71 0.12 G 137.39 2657 129.19 24.69
228673477705878400  63.37936  41.31878  2.31244 14.04 1474 13.23 0.85 0.13 G 136.99 26.50 128.88 24.63
6377896696484508544 355.61170 -75.25641 2.33045 17.06 17.34 16.70 -0.0 0.11 G 136.25 2635 12720 24.31
5521137101325930624 12245845 -43.97272 2.34215 1433 14.88 13.65 0.56 0.11 G 135.77 26.26 128.02 24.47
5521712145909463680 128.16223 -46.79047 2.36600 15.36 16.18 14.36 1.23 0.15 G 134.80 26.07 124.09 23.72
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G 6 O ®) ©) 1o an a2 (13 (14
5534744416711687424 119.86019 -40.02830 2.36819 14.81 1555 13.92 0.99 0.13 G 13471 26.06 12547 23.98
4688062360997085440  21.38773  -70.75956 237759 16.60 17.05 16.33 0.0 0.11 G 13434 2598 12820 245
5310255272261039488 138.08441 -55.23391 2.39764 14.44 15.10 13.65 0.79 0.12 G 133.55 25.83 12542 2397
3134002107923090944 101.39057  7.81629 242684 12.82 13.74 12.10 0.88 0.11 O 13241 25.61 12743 24.35
4445130042844217216  249.98383  7.67920 244837 1583 16.15 1532 0.18 0.11 G 131.59 2545 12286 23.48
1865228537734352896 317.06710  32.74552  2.45861 14.11 1456 13.50 0.39 0.11 G 131.21 2538 12336 23.58
4650211741937480192  86.25630 -73.56541 2.47100 16.37 16.64 15.80 0.23 0.11 G 130.74 2529 12043 23.02
207722317998325632  80.88983  44.76008  2.47685 12.75 13.46 11.93 0.85 0.13 G 130.53 2525 122.64 23.44
523700107035878272  14.38545  63.15643  2.48837 13.96 14.89 13.01 1.22 0.14 G 130.10 25.16 122.04 23.32
5596920115637629184 119.15388 -30.95279  2.49448 1391 14.77 12.99 1.15 0.12 @) 129.88 2512 12027 22.99
4757183606166564864  83.55789  -63.16699 2.50146 16.10 16.40 15.61 0.14 0.11 G 129.62 25.07 121.19 23.16
5329778887909167232 131.65005 -46.52931 2.52412 15.66 16.74 14.60 1.51 0.16 G 128.80 2491 119.65 22.87
5520935444020919296 12293820 -44.17210 2.54078 14.99 15.78 14.08 1.05 0.14 G 12820 24.80 11935 2281
5613111347760892672 110.69908 -26.71455  2.54548 1291 1338 12.29 0.4 0.11 G 128.04 2476 12037  23.0
2934255449716149760 107.39410 -18.56329 2.54653 13.25 14.02 1237 0.99 0.13 G 128.00 2476 119.57 22.85
5520440663787736192  122.44604 -45.35460 2.55121 15.84 16.42 15.08 0.69 0.12 G 127.84 2473 11947 22.83
2932101334643047680 105.10347 -20.43170 2.55778 12.65 13.15 11.98 0.36 0.05 L 127.60 24.68 12436 23.77
470144751068871808  61.63394  58.11309 257812 16.51 1697 15.88 0.42 0.11 G 126.89 2454 119.01 2274
5597352047599988352  119.45786 -29.38405 2.58612 11.59 1221 10.84 0.73 0.1 O 126.62 2449 11757 2247
5404862853352596736  149.21983 -51.60892  2.60474 13.30 14.09 1241 1.0 0.11 O 12598 2437 11831 2261
5599566983722741248 114.47706 -29.43804 2.62004 14.18 14.88 13.38 0.81 0.12 G 12546 2427 11810 2257
5617745003304609536  109.88037 -23.80181  2.63003 14.53 1553 13.52 1.35 0.15 G 12513 2420 11671 223
2004103831357741696  332.32734 51.40539  2.63200 14.84 1540 14.13 0.59 0.12 G 125.06 2419 11742 2244
3425576270732293632  93.99953  23.74749  2.63501 11.57 1224 10.79 0.75 0.1 L 12496 2417 11822 22.59
4690127037676227840  13.29901  -70.85695 2.63769 16.20 16.67 15.89 0.0 0.11 G 124.87 2415 12072 23.07
5254994264542210560 153.53708 -59.85044  2.64145 15.11 1596 14.18 1.08 0.12 @) 12474 2413 117.65 2248
5932284528150696704 24522589 -53.55461 2.64407 11.70 11.99 11.25 0.03 0.08 @) 124.66 2411 11810 2257
5857845872913577856  199.32909 -66.11714  2.65755 15.60 16.34 14.72 0.96 0.13 G 12421 24.02 11598 2217
198681686717279616  72.85353  38.18855  2.65963 13.15 13.88 12.23 0.78 0.07 L 12414 24.01 12282 23.47
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) (€) (4) G  © @ ®) ©) (10 @an (32 d3 (14
5322962499927658880 129.02740 -49.26527 2.66635 14.82 15.62 13.88 1.1 0.14 G 12392 2397 11490 21.96
3330259852538068608 91.85611  11.15198  3.88939 11.07 11.64 10.37 0.5 0.06 L 95.00 18.37 89.84 17.17
5611563995612988928 112.16780 -29.34422 2.70160 12.72 13.13 12.17 0.27 0.11 G 122.78 23.75 11558 22.09
3133819112256378368 100.02326  7.60583 2.70467 10.13 10.86 9.35 0.74 0.08 L 122.69 2373 11787 22.53
5515778734493663232 127.31510 -46.74924 2.71653 14.80 1548 13.93 0.9 0.13 G 122.31 23.66 11359 21.71
4688033735040263168  23.36268 -70.67097 2.74408 16.45 16.67 16.04 -0.0 0.11 G 121.44 2349 11223 2145
5280590173638560128 104.74084 -68.31085 2.75554 1596 16.28 15.44 0.17 0.11 G 121.09 2342 11295 21.59
355488086540394112  35.70997  50.07193  2.75989 1454 1496 13.95 0.32 0.11 G 12095 23.39 11344 21.68
5520506531407532928 121.80022 -45.06591 2.77254 14.02 14.57 13.29 0.6 0.12 G 120.56 23.32 112.83 21.56
5545066700588440832 119.73893 -36.89733 2.77514 15.07 16.06 14.05 1.35 0.15 G 12048 23.30 112.11 2143
4637956099996538752  18.33566  -75.37716  2.77979 16.46 16.76 15.98 0.11 0.11 G 120.34 2328 11229 2146
2948568273607650560 105.01213 -14.16082 2.78195 1390 14.80 13.11 0.91 0.13 G 120.28 23.26 11597 22.16
4066429066901946368 273.26040 -23.11729 5.05787  6.82 737 6.23 0.25 0.03 L 7896 1527 76.16 14.56
460909093912435072  42.02334 5793448 2.79873 14.03 15.07 13.01 1.39 0.15 G 119.77 23.17 111.65 21.34
430052537038350976 0.60589 62.84717  2.81345 1441 1525 1349 1.08 0.14 G 119.33 23.08 111.62 21.33
1873298884367855872  314.17890 40.25849  2.82245 16.21 17.13 15.23 1.25 0.15 G 119.06 23.03 110.80 21.18
5616130129962210048 110.43814 -26.53341 2.82545 1291 13.38 12.30 0.37 0.11 G 11897 23.01 112.02 2141
3117307814859500416  97.77268  -2.14679  3.13523 13.29 14.09 1247 0.9 0.12 L 110.57 21.39 104.02 19.88
5293246995583678336  109.08524 -60.30341 2.84929 1552 16.19 14.69 0.83 0.13 G 118.27 22.87 110.27 21.07
5544259212380322560 120.85675 -37.19998  2.85529 14.09 14.84 13.23 0.93 0.11 @) 118.09 22.84 110.08 21.04
2928335747830554240 108.43497 -21.72421 2.86166 14.22 1498 13.36 0.94 0.13 G 11791 2281 11057 21.13
4757607983288353024  83.76190 -62.33990 2.86849 16.03 16.25 15.52 0.12 0.11 G 117.71 2277 108.11 20.66
513074186146353536  24.74994  64.98924  2.87151 11.01 11.84 10.14 1.03 0.11 L 117.62 2275 109.72  20.97
4688114725237948672  24.52435 -70.61840 2.88021 16.38 16.64 15.99 -0.0 0.11 G 117.37 2270 108.80 20.79
261927068718088832  81.89283  50.86737  2.88526 13.17 13.81 12.41 0.7 0.12 G 117.23 22.67 11022 21.06
4682206533865906944  65.11048 -57.85114 2.89258 15.71 16.00 15.30 -0.0 0.11 G 117.02 22.63 110.03 21.03
5253289093802878592 152.85139 -61.48616 291146 14.11 1459 13.44 0.46 0.11 G 116.48 2253 109.01 20.83
2947842664653933824 104.19146 -15.63763 3.69400 13.25 1397 1243 0.81 0.12 G 98.51 19.05 92.36 17.65
5310969267622303872 136.56210 -54.93719 2.92762 1452 15.11 13.78 0.63 0.12 G 116.03 2244 10896 20.82

Suone[aI DV J PUB Y [eITUOURD 3y} Y10q

W-O] pue J pajdd[as ayj 10§ soe [enpIAIpU] By

681 8ursn Aq paure;qo sHHO apo



TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G © O ®) ©) 1o an a2 @3 (14
4642866828161408512  52.89342  -70.99389 292900 16.29 16.60 15.82 0.08 0.11 G 11599 2243 108.83  20.8
5533064637824258816  119.78798 -43.17517  2.92921 1349 1398 12.84 0.45 0.11 G 115.99 2243 10897 20.82
5598642947280233984 116.71718 -30.66590 2.96840 14.15 14.95 13.28 0.97 0.11 O 11491 2222 10776  20.59
5856662557855409280 187.47093 -68.27871 298190 14.44 1492 13.79 0.44 0.11 G 114.54 2215 10743 20.53
5318708901756763520  131.02834 -51.91945 2.98495 15.08 15.82 14.23 0.89 0.13 G 114.46 2214 10738 20.52
4265371574109405824 284.35111 -0.73024 298806 10.56 11.32 9.69 0.99 0.14 L 114.37 2212 10579 20.22
5519861423017907840 124.43265 -45.18550 3.00610 14.46 1524 13.61 0.93 0.13 G 113.89 22.03 10723 20.49
5241937353463150848 162.59092 -62.19142  3.02574 1521 16.09 14.26 1.16 0.12 O 113.37 21.93 10526 20.12
466906311366699520  48.44587  63.34948  3.03268 13.18 14.11 12.24 1.17 0.14 G 113.19 21.89 106.22 203
5252269709082759936  156.40361 -62.55651  3.04556 15.10 15.67 14.35 0.64 0.12 G 112.85 21.83 10532 20.13
5310863370918375552  140.55281 -53.06412  3.05163 13.60 14.46 12.66 1.11 0.12 O 11269 21.80 10541 20.14
5863815636949490048 202.86552 -65.32720  3.06221 15.68 16.55 14.75 1.08 0.12 O 11242 2174 10626 20.31
2930525287803260288 109.84202 -19.54033  3.07149 12.79 13.35 12.07 0.57 0.09 O 11218 21.70 10538 20.14
5858259014403682304 19597407 -66.33292 3.08394 1537 16.09 14.47 0.95 0.11 O 111.86 21.64 10391 19.86
5235910694044165760 176.13694 -67.30525 3.08613 870 9.22  8.06 0.43 0.06 L 111.80 21.62 10546 20.16
5237406545247540608 171.64645 -65.58218 3.11677 1499 15.84 14.04 1.12 0.14 G 111.03 21.47 10325 19.73
5335753015664095104 173.80588 -60.91465 3.12750 14.19 14.98 13.30 1.0 0.11 O 11076 21.42 10337 19.76
5594991812757424768 11597856 -32.50378  3.14920 14.81 15.79 13.80 1.33 0.15 G 11022 21.32 10223 19.54
2932737092877188352  105.22172  -19.45929  3.15504 1236 12.85 11.73 0.4 0.11 G 110.08 21.29 103.74 19.83
2059517087110475392  299.88745 36.02152  3.16632 15.16 16.04 14.20 1.16 0.14 G 109.80 21.24 102.08 19.51
5329323277776517120  130.36480 -47.64966 3.17573 14.05 1490 13.10 1.13 0.14 G 109.57 2119 101.81 19.46
5239658688657671680  160.70962 -65.55805  3.18304 16.74 1737 16.02 0.6 0.12 G 109.40 21.16 103.55 19.79
5322878146768508800 129.73194 -49.77016 3.18474 14.62 1539 13.75 0.94 0.13 G 109.35 21.15 10237 19.56
5612661716228387200 111.62263 -27.92502  3.18518 12.78 13.26 12.14 0.41 0.11 G 109.34 21.15 10275 19.64
377753613615880832  14.89365  45.40672  3.20017 11.48 11.87 10.98 0.16 0.11 G 108.98 21.08 10294 19.67
5875602191067578752  230.82679 -61.21710 3.23038 15.66 16.48 14.71 1.1 0.14 G 108.26 2094 100.28 19.17
512491028363231616  24.35667  63.69136  3.23980 13.13 14.16 1213 1.33 0.15 G 108.04 20.90 10093 19.29
4513100717859042176  286.49619  16.09800  3.26984 13.47 14.24 12.60 0.93 0.13 G 107.34 20.76 100.65 19.23
5617316606087829888 109.16777 -24.50300 3.27499 12.80 13.31 12.13 0.47 0.11 G 107.22  20.74 100.60 19.23
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G © @ t) ©) (10 @an (32 d3 (14
5520505328816739584 121.80935 -45.12830 3.28292 13.45 14.07 12.67 0.69 0.12 G 107.04 20.70 100.13 19.14
5241803217391469568 165.52136 -62.28989 3.28899 14.54 1540 13.59 1.1 0.12 @ 10690 20.68 100.11 19.13
279382060625871360  76.63188  55.35352  3.29487  7.19 7.81 6.48 0.55 0.07 L 106.77 20.65 102.22 19.54
5405496240766414464 148.01595 -51.99247 3.29644 1356 14.38 12.67 1.01 0.11 @) 106.73 20.64 99.63 19.04
505178760644698880  31.25913  57.14294  3.29700 12.34 12.82 11.68 0.35 0.05 L 106.72 20.64 102.14 19.52
5306043592977093504 145.89770 -57.23830 3.00860 15.29 16.16 14.31 1.23 0.13 @) 113.82 22.02 104.31 19.93
505368121464666112  29.62897  57.81985  3.32910 13.78 14.44 1298 0.74 0.12 G 105.99 2050 99.42 19.0
5600862070985787136  119.26547 -28.16158 3.33098 11.61 12.25 10.88 0.58 0.09 O 105.95 2049 101.70 19.44
5605736961940589568 110.81312 -29.72244 3.33617 12.87 13.38 12.30 0.3 0.11 G 105.84 2047 100.86 19.28
5313250548085699712  139.88405 -51.62042 3.35503 12.70 13.62 11.69 1.34 0.13 @) 105.42 20.39 95.64 18.28
5516452460238707968 125.52706 -47.30395 3.36831 14.28 1493 13.46 0.77 0.12 G 105.12 20.33 98.08 18.75
2073935223599391872  300.89457 39.15963  3.37031 13.22 1396 12.38 1.02 0.13 L 105.08 20.32 94.39 18.04
5592331544376193792 113.82822 -31.66418 3.38307 13.77 14.53 1293 0.87 0.13 G 104.80 20.27 98.67 18.86
5824464493705913472  229.94041 -66.49608 3.38932 644 6.86 591 0.23 0.04 L 104.66 20.24 9841 18.81
5598852026287511424 116.00045 -30.14146 3.39082 13.12 13.66 12.45 0.58 0.09 @) 104.63 20.24 95.93 18.33
2025217890612425344 293.14591 26.80479  3.39154 15,51 16.38 14.54 1.15 0.14 G 104.62 20.23 96.98 18.53
5857294605251013760 193.30159 -67.96426 3.40117 1441 1491 13.73 0.48 0.11 G 104.41 20.19 97.69 18.67
206211859601169792  74.06344  44.78185  3.40680 12.54 1343 11.62 1.1 0.14 G 104.29 20.17 97.74 18.68
189739251272296192  85.62191  37.64633  3.41272 12.05 1293 11.18 0.84 0.11 L 104.16 20.15 103.05 19.69
4690436069162376576  10.68389  -70.27426  3.42463 16.23 1648 15.74 0.07 0.11 G 103.90 20.10 96.22 18.39
5932997939411720960 243.72813 -53.33844  3.45291 9.79 10.63 8.92 0.92 0.08 L 103.30 19.98 98.50 18.82
3051144427784813824 103.54766 -7.66438  3.45403 13.28 1398 12.44 0.85 0.11 L 103.28 19.98  96.08 18.36
5547358117187868288 122.79503 -33.51586 3.48218 1044 11.05 9.72 0.58 0.06 L 102.69 19.86 97.06 18.55
5310265099146146816 138.32401 -54.93121 3.50424 14.23 15.01 13.34 0.96 0.13 G 102.24 19.77 95.53 18.26
515527570241664512  34.14985  65.17655  3.52190 12.69 13.52 11.78 1.02 0.13 G 101.88 19.70 95.22 18.2
2936165984303583360 105.87696 -15.54334 3.52281 1345 14.09 12.65 0.73 0.12 G 101.86 19.70 95.12 18.18
5268616973048513664 107.46385 -68.48372 3.52627 15.80 16.25 15.26 0.23 0.11 G 101.79 19.69 96.40 18.42
5618354751226656640 112.51063 -23.67398 3.54416 13.26 14.12 12.36 1.08 0.14 L 101.42 19.62 93.94 17.95
5612495762995320576  113.72248 -26.85579  3.55250 13.56 14.36 12.63 1.03 0.13 G 101.26 1958 94.15 17.99
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) (4) G © ®) ©) 1o an a2 (@3 (14
5547421437881152256 122.36346 -33.26212 3.56310 11.82 1244 11.06 0.8 0.1 O 101.04 19.54 9090 17.37
2162640763705905920 316.08941 4523937 3.56914 13.70 14.61 12.76 1.13 0.14 G 100.92 19.52 9455  18.07
5311139245252191616  137.38339 -53.98770  3.59050 11.68 1222 11.02 0.44 0.11 G 100.50 19.44 9479  18.12
5599370549100412544 114.32029 -29.60773  3.59160 14.17 15.06 13.23 1.12 0.14 G 10048 19.43 9392  17.95
2952257272558933248 101.92934 -13.66668 4.85729 11.71 1223 10.93 0.57 0.12 G 81.24 1571 7492 1432
3441484760885586176  86.43715  27.06790  3.62280 11.67 12.56 10.71 1.13 0.15 L 99.87 1932 9343 17.86
429562773322439296  3.51343  60.98626  3.63045 1191 1273 11.01 0.99 0.13 L 99.72 1929 93.81 1793
457807268533229056  38.46902  57.02750  3.64942 1113 11.84 10.31 0.84 0.08 L 9936 19.22 9223 17.63
5329405672431387648 130.00864 -47.19842 3.67080 13.98 14.88 13.03 1.14 0.14 G 9895 19.14 9232 17.64
5351721738384434048 157.29679 -57.61339 3.68221 8.08 845 7.59 0.14 0.03 L 98.73 1910 9216 17.61
5542528959037609984  127.24360 -36.23207 3.70536 11.33 12.03 10.52 0.77 0.12 G 9830 19.01 9219 17.62
5539023922122441728 118.71081 -37.62246  3.70789 12.47 1345 11.50 1.23 0.15 G 9825 19.00 91.87 17.56
4707044742055169152  9.21974  -66.59323 3.72828 16.74 17.10 16.23 0.14 0.11 G 9787 1893 9192 1757
2202500843341252736  328.64443  59.12168  3.75817 13.83 14.85 12.81 1.34 0.15 G 9732 1882 9048 17.29
2200018111723748224 335.91092 57.68078  3.76750 11.66 1255 10.75 1.06 0.14 L 97.15 1879 91.18 17.43
3445039825569144192  86.71173  31.59791  3.04664 11.88 1255 11.09 0.76 0.1 L 112.82 21.82 105.89 20.24
3378049163365268608 100.78130  20.93911  3.78798  9.70 10.10 9.22 0.28 0.07 L 96.78 1872 8753  16.73
5856994365517642112  194.75148 -68.57855 3.79741 13.12 13.58 12.60 0.19 0.11 G 96.61 18.69 9194 1757
5311409896910828800 137.14651 -53.19702  3.80582 13.72 14.48 12.86 0.89 0.13 G 9646 18.66 90.39 17.28
430647231080076416 5.01280 63.17979  3.81071 11.68 1253 10.74 1.01 0.13 L 96.38 18.64 9153 17.49
465719182408723072  41.18048 61.46470 3.83288 1043 11.14 9.64 0.76 0.09 L 9598 1856 89.88 17.18
6059635702888301952  190.35842 -59.79419 3.83834 799 843 7.42 0.33 0.04 L 95.89 1855 88.63 16.94
509629965971797376  25.81989  59.99762  3.84314 12.33 13.18 11.42 1.02 0.13 G 95.80 1853 89.65 17.13
2031776202613700480 296.20306  29.26468  3.84599  6.69 7.01  6.22 0.17 0.04 L 9575 1852 86.84 16.6
2012494342018730496 353.33454 61.11907  3.87118 1221 13.18 11.23 1.22 0.14 G 9531 1844 88.94 17.0
5619369359933924992  111.25618 -23.15791 3.89113 13.75 14.75 12.76 1.26 0.15 G 9497 1837 88.60  16.93
2072235820984829312  299.71473  37.64725  3.89187 14.29 14.88 13.51 0.67 0.12 G 9496 1837 88.26 16.87
2072329902270080128 299.38702 38.09177  3.89671 13.59 14.22 12.81 0.68 0.12 G 9487 1835 88.62 16.94
5335934297643679360 172.92831 -60.73455 3.89770 13.14 13.88 12.32 0.78 0.1 O 9486 1835 89.85 17.17
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G ©® @ ®) ©) (10 @an (32 d3 (14
4253603501158148736 280.61175 -5.34085 391771 1051 1141 9.60 1.05 0.1 L 9452 1828 89.21 17.05
5615233993628681216 112.66125 -24.68752 3.91882 13.09 13.87 1221 0.91 0.11 @ 9450 18.28 88.92 16.99
2010134274671099264 345.33801 57.86702  3.91921 1149 1230 10.62 0.92 0.12 L 9449 1828 89.18 17.04
3052092481686246016 107.65830 -7.12290  3.28782 1252 13.23 11.64 0.68 0.09 L 10693 20.68 105.65 20.19
5540422122959807232 125.36087 -38.42170 3.96098 12.55 13.54 11.57 1.22 0.13 @) 93.79 18.14 87.96 16.81
5606739884038472704 109.26954 -28.82351 3.96993 12.72 1324 12.05 0.45 0.11 G 93.64 18.11 87.83 16.79
486834100624652800  54.08395  62.28723  3.99690 12.74 13.79 11.72 1.31 0.17 L 93.19 18.03 87.73 16.77
2015458213056909184 351.49362 61.26683  4.00024 1251 13.36 11.59 0.92 0.12 L 93.14 18.01 89.90 17.18
506923449381427968  32.69322  59.25369  4.00720 12.24 13.07 11.35 0.94 0.12 L 93.03 1799 88.11 16.84
5238994102591371776  162.35781 -66.62534 4.01417 14.04 14.61 13.31 0.56 0.11 G 9291 1797 87.01 16.63
514674933331699584  32.62154  63.29753  4.03790 10.27 1096 9.49 0.76 0.1 L 9253 1790 85.70 16.38
2166861170366710272 313.73970 47.53379  4.04921 1029 11.11 941 1.02 0.13 L 9234 1786 84.95 16.23
5242076514741190272 162.97536 -61.46728 4.05483 1223 1291 1145 0.68 0.1 @ 9225 17.84 87.54 16.73
5530071831587999232  129.78343 -37.37551 4.06392 1224 12.87 11.48 0.66 0.09 O 9211 17.82 85.87 16.41
422923956470923008 3.79087 58.42428  4.07117 954 10.14 8.83 0.61 0.06 L 9199 1779 85.09 16.26
5545837900614099584 121.29597 -34.36027 4.08860 11.73 12.56 10.84 0.9 0.11 @) 91.72 1774 8757 16.74
5254281334339678208 160.11285 -60.07640 4.08916 13.97 1491 12.96 1.25 0.15 G 91.71 1774 84.80 16.21
5241961409628951296 162.73299 -62.09798 4.09530 14.32 15.12 1343 0.99 0.11 O 91.61 17.72 84.80 16.21
5861648327739540736  193.74820 -65.20062 4.10167 14.64 15.63 13.62 1.28 0.13 O 91.51 1770 85.32 16.31
511706805997227648  25.25207  63.05553  4.13309 12.66 13.61 11.69 1.19 0.14 G 91.02 1761 84.93 16.23
3127458403130026112 101.78917  3.96710 413423 1021 10.72 9.53 0.42 0.04 L 91.00 17.60 85.67 16.37
462252662762965120  50.94951  59.35567 4.15636 11.84 12.87 10.84 1.22 0.16 L 90.66 1754 86.38 16.51
5321257604065975040 128.76428 -52.47757 4.15812 14.51 1528 13.68 0.83 0.13 G 90.64 1753 85.35 16.31
2031590552598614784 295.87018 29.23810  4.15973 1449 1530 13.56 1.02 0.13 G 90.61 1753 84.17 16.09
5852389305960163328 208.75541 -64.03195 4.16962 11.28 12.18 10.36 1.06 0.14 G 9046 1750 84.93 16.23
5614191175568405376 115.20408 -25.45771 4.17117 1242 1336 1145 1.15 0.12 @) 9044 1749 8494 16.23
5619786177922254336 110.28102 -21.51060 4.17560 12.51 13.26 11.67 0.82 0.1 @) 90.37 1748 85.12 16.27
2934506447605426944 105.97944 -17.87991 4.20487 11.59 1231 10.79 0.75 0.12 G 89.92 1739 84.59 16.17
4690834328595493760  16.04228  -70.95614 4.20529 15.60 1592 15.22 0.0 0.11 G 8992 1739 83.12 15.89
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) 2) ®) 4) G 6 O ®) ©) 1o an (a2 13 (14
5253875717619475200 158.46303 -61.80622  4.23097 14.74 1557 13.80 1.07 0.12 O 89.53 17.32  82.66 15.8
1981367545804985088  329.05685 5298601  4.23698 11.95 12.85 11.02 1.07 0.14 G 89.44 1730 83.66 1599
515832929535462016  41.08082  64.76592  4.23841 1096 11.83 10.06 1.01 0.13 G 89.42 1730 84.02 16.06
5254653759541047424 155.20707 -61.25195 4.23925 1398 14.57 13.25 0.57 0.12 G 89.41 1729 8380 16.02
5587972801102905984 113.75856 -35.91299 4.24340 12.16 12.74 11.47 0.5 0.11 G 89.35 17.28 84.07 16.07
5521352536886237952  123.41069 -42.69920 4.24935 13.62 14.40 12.76 0.89 0.13 G 89.26 1726 83.56 1597
3027940437469882830 110.38690 -16.68722  4.25689  9.32 995  8.59 0.64 0.06 L 89.15 17.24 82.66 15.8
522468168674975616  18.17150  61.21335  4.25925 1096 11.64 10.19 0.63 0.07 L 89.11 1724 8498 16.24
5338024572321721216  164.46108 -60.74208 4.26618 9.44 999 879 0.55 0.07 L 89.01 1722 8098 15.48
510584788742165760  19.00502  61.62071  4.27770 11.35 1236 10.37 1.16 0.15 L 88.84 1718 85.04 16.25
2014609252631258496 342.09618 60.40476  4.27863 11.57 12.60 10.58 1.27 0.15 G 88.83 17.18 83.18 15.9
5620400182140135168 112.95453 -20.14966  4.28543 10.96 11.65 10.18 0.67 0.06 L 88.73 1716 8416 16.08
2033008274099620480 296.26534 31.33077  4.28897 1225 13.01 11.39 0.87 0.11 L 88.68 1715 8287 15.84
228741784865956224  64.27528  41.73183  4.29045 10.67 11.41 9.90 0.72 0.09 L 88.66 1715 8380 16.01
429890595286480384 0.67404  61.86107 430528 12.11 13.08 11.13 0.99 0.13 L 88.44 1711 8778  16.78
1977074811892425600 332.26210 51.04585  4.32355 896  9.40  8.39 0.29 0.04 L 88.18 17.06 81.86 15.64
2074102933481447808 301.83830 40.17809  4.32699 13.77 14.52 1291 0.82 0.08 L 88.13 17.05 83.22 15.9
5311298983669288832  136.84989 -54.09276  4.35093 13.37 1393 12.65 0.52 0.11 G 8779 1698 8220 15.71
2060021625508894592  302.28232  37.15195 4.36470 949 10.10 8.77 0.61 0.1 L 8759 1694 8098 15.48
429385923752386944 0.24680 60.95900 4.36516 10.86 11.53 9.96 0.9 0.07 L 8759 1694 79.87  15.27
2006033847910275584 335.02002 56.06090  4.36625 12.13 1297 11.21 1.01 0.13 G 8757 1694 8170 15.61
204588190167650048  71.39513  43.57284 437214 1322 1418 1225 1.19 0.14 G 8749 1692 8157 15.59
4693901042617667584  27.66874  -70.50366  4.37264 15.68 15.92 15.29 0.0 0.11 G 8748 1692 79.18 15.13
5594091823824942464 119.66611 -33.50405 4.40279 11.64 1244 10.78 0.84 0.1 O 87.06 16.84 83.08 15.88
197337185858157440  84.11148  44.59136  4.40345 11.82 1243 11.25 0.48 0.06 L 87.05 16.84 80.17 1532
6055722403534963840 195.79449 -60.87747  4.42452 946 10.21 8.65 0.78 0.08 L 86.76 1678 81.66  15.61
3397212822106196992  81.77704 1693643  4.43840 1275 13.32 12.06 0.48 0.11 G 86.57 16.74 8158  15.59
2936110669428633216  106.65835 -15.80206 4.46484 1242 1321 11.56 0.82 0.1 O 86.21 16.67 8222 15.71
5881952871520184960 234.52125 -58.69441 4.47575 1524 16.25 14.22 1.32 0.13 O 86.06 16.65 79.55 15.2
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G © @ t) ©) (100 @an (32 {d3 (14

2011892320749270912 359.53791 61.21363 447861 10.57 11.12 9.66 0.74 0.07 L 86.02 16.64 79.71 15.23
2005011237689458688 335.31995 54.53204 447944 1144 1216 10.63 0.76 0.07 L 86.01 16.64 80.52 15.39
5254078504458244352 160.72436 -61.02361 4.48366 12.84 13.68 11.94 0.97 0.11 O 85.95 16.62 80.57 154
426881614218441600 12.47192  60.12738 450162 955 1021 8.79 0.7 0.08 L 85.71 16.58 79.42 15.18
5254000340399606016 157.26590 -60.78069  4.50519 14.48 15.29 13.56 1.03 0.11 @) 85.66 16.57 78.97 15.09
5594382644652353664 119.05201 -32.60264 4.51675 11.53 12.38 10.70 0.87 0.13 G 85.51 16.54 81.13 15.51
5850308411442294400 206.85370 -68.24990 4.52474 13.65 14.14 13.00 0.37 0.11 G 8540 16.52 80.01 15.29
4054440301294394624 262.70159 -33.60992  4.52781 755 814 692 0.48 0.05 L 85.36 16.51 7941 15.18
5534012004528220160 119.94883 -42.02838 4.54706 13.90 14.74 1298 1.01 0.13 G 85.11 1646 79.32 15.16
506699870563323264  33.28119  58.07995 4.56524 11.27 1194 10.55 0.62 0.06 L 84.87 1641 7945 15.18
2012787293154800896 358.60238 62.14947 4.56615 11.45 1228 10.57 0.96 0.12 L 84.85 1641 79.13 15.12
5338148473537341312  165.30989 -60.11656 4.58610 11.08 11.81 10.25 0.76 0.07 L 84.59 16.36 79.99 15.29
4690829659971892480 16.84515 -70.88734 4.59426 15.88 16.22 15.37 0.09 0.11 G 84.49 16.34 78.98 15.09
5253884788591163648 158.53969 -61.59759 4.61631 1391 14.75 12.99 1.01 0.11 O 8420 16.29 78.52 15.01
5253661725170126720  159.49855 -62.20590 4.63195 14.41 1535 13.63 0.9 0.11 @) 84.00 16.25 79.82 15.25
1981006115714214912  327.39800 52.39523  4.63908 1146 1245 10.48 091 0.23 L 8391 16.23 85.05 16.25
5521459979795304320 129.42007 -47.36195 4.63985 7.71 8.26 7.05 0.38 0.04 L 83.90 16.23 80.08 15.3
2170880813073764352 322.34628 49.11002 4.64071 11.77 12.62 10.87 0.99 0.13 G 83.89 16.23 7847 15.0
3044483895581000192 107.31421 -13.78609 4.67003 10.09 10.85 9.26 0.77 0.07 L 83.52 16.15 79.29 15.15
5338207327417387520 163.13667 -60.52675 4.67416 10.94 11.55 10.19 0.54 0.08 L 83.47 16.14 79.15 15.13
5338438297925480320 162.89899 -59.38499 4.67767  9.41 997 873 0.52 0.04 L 83.43 16.14 77.28 14.77
3046774762417915136  109.15680 -11.48730 4.67830 7.83  8.33 7.20 0.32 0.03 L 83.42 16.13 78.98 15.09
6060173364061645696 193.59158 -58.43063 4.68971 636 680 579 0.23 0.03 L 83.27 16.11 78.33 14.97
5861196531541297664 187.06483 -65.04976 4.72838 14.52 1534 13.58 1.06 0.12 @ 82.79 16.01 76.02 14.53
1998384927774603520 359.11116  58.02686  4.73481 11.71 12.60 10.79 1.03 0.13 G 82.72 16.00 77.45 14.8
5242088403212116864 163.61189 -61.34710 4.75984 1154 1232 10.69 0.85 0.13 G 8241 1594 77.35 14.78
5533407170051636608 122.95171 -42.05164 4.76441 1479 1590 13.77 1.36 0.15 G 8235 1593 77.05 14.72
5541229748611783296 123.70107 -37.65190 4.78070 13.80 14.82 12.79 1.24 0.13 @) 82.16 15.89 77.20 14.75
3051692843568009600 106.78562  -7.79513  4.49659 1254 13.27 11.70 0.87 0.11 L 85.78 16.59 79.04 15.11
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ©) (4) G 6 O ®) ©) 1o an (a2 13 (14
2011303326105008768  353.74839  59.35815  4.78948 12.14 1326 11.08 1.45 0.16 G 82.05 1587 7596  14.52
3099066951319051008  102.70284 -7.98073  4.80971 12.57 13.26 11.77 0.62 0.08 L 81.81 15.82 7858  15.02
5864184488751391744 203.61003 -64.37098  4.82483 14.71 1556 13.75 1.31 0.13 O 81.63 1579 7095 13.56
5329338700985814656  130.05832 -47.55156  4.82751 1324 14.15 12.28 1.12 0.14 G 81.59 1578 7592  14.51
2928116120387181824 108.72647 -22.23586 4.84478 12.81 13.54 11.97 0.8 0.12 G 8139 1574 76.09 14.54
5306782361701536128 140.15436 -56.85401 4.86219 1391 14.60 13.11 0.72 0.12 G 81.18 1570 7590 14.51
1960750328384177408  327.92260  43.13402  4.86438 8.67 9.19 8.03 0.39 0.04 L 81.16 1570 75.77  14.48
2011892703004353792  359.57487  61.22105  4.87514 10.66 1141 9.83 0.75 0.07 L 81.03 15.67 77.01 14.72
3344297935963515008  91.43635  13.23999 490958 11.89 12.64 11.03 0.71 0.06 L 80.63 15.60 78.05 14.92
2078709577944648192 297.06443 43.12692 492549 890 942 826 0.43 0.05 L 80.45 1556 7451 14.24
5258574068220187648 153.88689 -58.17444  4.93255 10.24 1094 9.46 0.59 0.08 L 8037 1554 77.63 14.84
2060460704279873536  304.19788  36.54994  4.94524 1157 12.65 10.54 1.45 0.19 L 80.22 1552 7274 13.9
2055122987639665664 301.33609  32.65909  4.95045 12.27 13.38 11.21 1.35 0.18 L 80.16 1550 75.78  14.48
270272675510149504  64.94524  48.95326 497249 9.12 999 8.23 0.92 0.09 L 7991 1546 76.03  14.53
5333640230992516480 173.32410 -63.24240 4.97458 11.78 12.80 10.78 1.26 0.15 G 79.89 1545 7440 14.22
3351921532976862336  100.15651  11.72748 497853 11.77 12.69 10.82 1.1 0.14 G 7984 1544 7452 14.24
2003938801532007808  342.15829  56.32153  4.98330 861 9.15 794 0.4 0.06 L 7979 1543 7542 1441
6057402526059795072  181.66763 -62.59685 4.98851 12.06 13.02 11.10 1.14 0.12 O 7973 1542 7480  14.29
2011315528113463808 354.70162 59.39182  4.99754 1050 1142 9.58 1.09 0.1 L 79.63 1540 7399 14.14
5699042480743325312  120.09545 -23.70317 5.02730 10.08 10.53 9.49 0.26 0.04 L 7930 1534 74.28 14.2
515599111517099136  33.60315  65.59945  5.02942 11.90 12.75 11.01 0.7 0.12 L 7927 1533 79.92  15.27
2164359918864249728 316.94415 46.73698  5.05758 11.90 12.74 11.01 0.99 0.13 L 7896 1527 7322  13.99
3390186156826555136  79.69992  13.98667  5.06607 11.52 1219 10.67 0.78 0.12 G 7887 1525 7313  13.98
473293889810320128  57.10698  59.44227  5.06643 10.00 11.16 8.95 1.01 0.1 L 7887 1525 8297 15.86
5595650351503904896  118.45324 -30.46031 5.07756 10.55 11.29 9.73 0.74 0.07 L 7874 1523 7452 14.24
5871738271033526016  207.68449 -57.58051 5.07890 743 7.89 6.85 0.28 0.03 L 7873 1523 7331 14.01
2166303099490547072  311.55230 45.47861  5.09955 10.53 11.69 9.46 1.45 0.19 L 7851 1518 73.66  14.08
5241157421762533248 162.23993 -64.17420 5.10249 13.62 1429 12.82 0.7 0.12 G 7847 1518 7331  14.01
5307006215391311360 142.54990 -56.80824 5.13704 14.57 15.64 13.51 1.39 0.14 O 7810 1511 72.19 13.8
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  © @ t) ©) (10 @an (32 {d3 (14
2011892325047232256  359.53933 61.21370  5.14077 1049 11.07 9.62 0.75 0.1 L 78.06 1510 71.37 13.64
4080122796947250176  281.32290 -20.64739 5.15424  7.25 783  6.58 0.42 0.04 L 7792 15.07 73.83 14.11
4085919765884068736  282.74947 -20.29525 6.63703  6.63 7.21 5.93 0.38 0.03 L 65.21 12.61 62.29 119
1827869808377481216  296.64660 22.88975  5.19725 10.03 1096 9.09 1.23 0.12 L 7746 1498 69.51 13.28
4690377382729299328  10.34143  -70.61853 5.20108 15.23 15.52 14.77 -0.0 0.11 G 7742 1497 7193 13.75
5254295559276699392 159.07421 -61.01256 5.20456 9.06 956  8.44 0.29 0.05 L 77.39 1497 73.40 14.03
5853170268450896768 219.37630 -63.62524 5.21445 1444 1527 13.50 1.08 0.12 @ 7728 1495 7047 13.47
5257939993613539456 147.08272 -57.81045 521666 12.34 13.28 11.37 1.15 0.12 O 7726 1494 7194 13.75
513830684503187840  34.09382  62.55776  5.23993 12.62 13.62 11.62 1.23 0.15 G 77.02 1490 71.77 13.72
5698636279917579520 119.52141 -24.04176 5.25024 10.34 10.80 9.73 0.35 0.05 L 7691 14.88 70.68 13.51
1968971582984827136 318.66850 41.71634  5.25760 8.88  9.91 7.90 1.22 0.11 L 76.84 1486 7192 13.75
189726984845700480  86.05833  37.58687 525943 1156 12.33 10.81 0.74 0.1 L 76.82 1486 71.81 13.72
6053622679932061056  188.32775 -63.50637 5.26567  9.01 9.91 8.12 0.86 0.09 L 76.75 14.85 74.66 14.27
5594100246268225280 119.84298 -33.35713 5.28196 13.39 14.27 1246 1.01 0.11 O 76.59 14.81 72.08 13.78
4147381366335558784  272.50888 -13.54596  5.30141 996 11.03 894 1.31 0.11 L 76.39 1477 71.29 13.62
5334506135119058304 171.27392 -60.73461 5.30996 849  9.08 7.79 0.48 0.1 L 7630 1476 71.74 13.71
5307761545524640256 147.17283 -55.51953 532402 9.79 10.57 8.95 0.79 0.1 L 76.16 1473 7190 13.74
1960981328902089088 330.10480 43.44535 5.33166 857 9.13 7.90 0.45 0.05 L 76.08 14.72 71.00 13.57
5338215200143652992 163.78784 -60.54772 5.33671 11.44 12.27 10.56 0.92 0.13 G 76.03 1471 71.19 13.61
5255220656517219840 156.71194 -59.66953 5.34632 9.03 9.64 8.31 0.58 0.05 L 7594 14.69 7043 13.46
458239995077788544  38.63042  58.83162  5.36511 1046 1149 9.51 1.2 0.1 L 75.75 14.65 70.75 13.52
4190143160245024256 298.08750 -11.36692 5.37668 754 8.03 6.92 0.25 0.03 L 75.63 14.63 72.20 13.8
2010285491880986112 346.79198 58.55419 544090 928 996  8.51 0.64 0.06 L 75.00 14.51 70.57 13.49
5547742052903182080 122.60782 -32.52136 546460 10.99 11.72 10.18 0.74 0.12 G 74.78 1446 70.24 13.42
5312211543950752128 142.56597 -53.05868 5.48394 11.19 12.09 10.25 1.06 0.14 G 7459 1443 69.67 13.31
5338131529834231680 164.77043 -60.27884 5.49457 11.65 1246 10.76 0.91 0.13 G 7449 1441 69.62 13.31
5891675303053080704 218.13779 -56.88775  5.49457  6.55 7.11 5.93 0.36 0.04 L 7449 1441 70.33 13.44
523887951723531648 11.62454  63.54327 551273 11.17 1221 10.18 1.29 0.17 L 7432 1437 68.58 13.11
5715183929918131968 11547870 -21.13306 5.51615 10.27 10.82 9.61 0.45 0.04 L 7428 1437 69.00 13.19
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
1) (2) ®) (4) G © @ ®) ©) apo an a2 @3 (14
459035766618689280  36.89776 5891715  5.53070 10.37 11.47 9.37 1.28 0.11 L 7415 1434 6995 13.37
5253795384546671104 158.01837 -61.78262  5.54225 870 9.18  8.09 0.25 0.03 L 74.04 1432 7007 13.39
4103989346187406464 276.80604 -15.11799 5.54693 10.07 10.94 9.18 0.95 0.13 G 7399 1431 6951 13.28
5539107450645759232  118.43778 -36.97038 5.56408 10.59 1147 9.75 0.88 0.13 G 73.83 14.28 70.02 13.38
5254512193075687168 158.63079 -59.80854 5.57332 11.84 1294 10.79 1.31 0.13 @) 7375 1426 69.99 13.38
5525918495131126912  126.02410 -44.85228 5.59210 13.08 14.24 12.02 1.45 0.16 G 7357 1423 6831  13.05
506602976101284736  26.76131  59.60626 ~ 5.60412 13.19 1392 1235 0.64 0.15 L 7346 1421 7143  13.65
5283779135317992448  98.37366  -65.99373  5.63702 15.67 16.06 15.11 0.16 0.11 G 7316 1415 6838  13.07
2005753545481718912  331.89771 5536274  5.65812 12.18 13.11 11.22 1.23 0.12 L 7297 1411 6586  12.59
5242185808733501696 162.09637 -60.65394 5.66418 12.16 1299 11.26 0.93 0.11 @) 7291 1410 6837  13.07
2015622212085282048 354.86371 6237214 5.66617 11.06 12.01 10.12 1.03 0.09 L 7289 1410 6929 13.24
2202863166783787520  330.67041  59.45248  5.68839 13.10 14.14 12.10 1.26 0.15 G 7269 14.06 67.76  12.95
5261561063335550208  95.02971 -75.36110 570035 15.26 15.65 14.69 0.17 0.11 G 7258 14.04 67.70 1294
2931247014102560000 108.29864 -18.73074 5.72861 10.60 11.39 9.75 0.62 0.12 L 7233 1399 7194 1375
2034428980559814400 299.89044 33.74604 5.78290 11.05 11.99 10.12 0.99 0.13 L 71.85 1390 68.67 13.12
5600471160241231616 118.49014 -28.36762 5.80047 12.61 1341 11.73 091 0.11 @) 71.70 13.87 66.46 12.7
422226488141991296  3.61766 ~ 56.25293  5.80901 878 9.37  8.08 0.44 0.08 L 71.63 13.85 67.82 1296
5613165915335320192 111.16913 -26.18849 5.81585 11.45 12.33 10.54 0.94 0.12 L 7157 13.84 6794 1298
5327836325732931840 131.23286 -50.56002 5.85935 921 996  8.39 0.72 0.07 L 7119 1377 67.59 1292
5595072420703114624 116.96477 -32.17133 5.86387 13.12 14.08 12.16 1.13 0.14 G 7115 1376 6627  12.66
5544213926244557184 120.20160 -37.82794 5.88476 10.63 11.53 9.71 1.02 0.13 G 7098 1373 66.36  12.68
5436296928693979392  143.46188 -36.61574 5.89839  9.12 952  8.58 0.41 0.05 L 7086 13.71 6154 11.76
467560314629168640  41.46454  63.30457 590466 1196 1278 11.08 091 0.12 L 70.81 1370 6596  12.61
5308893149150949248 145.29272 -53.81604 5.90482 11.10 11.98 10.19 0.97 0.09 L 7081 13.70 66.62 12.73
2055014277739104896  303.09511 32.87160 5.95590 891 976  8.02 0.88 0.09 L 7038 13.61 66.83  12.77
5927687916632523264 250.53743 -57.31247 595730 12.82 1338 12.12 0.46 0.11 G 70.37 13.61 6585 1258
5544001136384668288 121.32198 -37.58019  6.02134 13.52 14.50 12.51 1.23 0.13 @) 69.84 1351 6430 12.29
4092905375639902464  277.97221 -19.12510 6.74522 635 7.01  5.62 0.55 0.05 L 64.47 1247 6053  11.57
1808020329279916288 300.29090  15.80350  6.10820 9.90 10.44 9.26 0.31 0.04 L 69.14 1337 6587  12.59
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  ©® @ t) ©) (10 @an (a2 d3 (14
4312361436842603520 287.31663 10.55247 6.11423 766 844 6.84 0.86 0.07 L 69.09 13.36 63.38 12.11
6053428684887800320 185.88240 -64.47089 6.12121 11.32 1229 10.35 0.96 0.09 L 69.03 1335 67.57 12.91
4303770918113986304 299.38759  11.04366  6.17926 9.72 1021 9.10 0.14 0.02 L 68.58 13.26 67.01 12.81
4093976334264606976  273.85944 -20.62955 6.17945 10.19 11.07 9.25 1.11 0.14 L 68.58 13.26 62.31 11.91
5932812431123862016 241.29147 -53.91943 6.19933 948 10.30 8.64 0.78 0.08 L 68.42 1323 65.23 12.47
506581226385580288  27.77925  59.88821  6.20627 10.30 11.02 9.50 0.66 0.06 L 68.37 1322 64.66 12.36
6059764002146656128 191.59278 -59.12473 6.22040 8.07 8.64 7.38 0.4 0.04 L 68.26 13.20 64.79 12.38
2059598687167348352  299.44206 35.63605  6.22543 12.68 13.69 11.69 1.26 0.16 L 68.22 13.19 6254 11.95
2008504454839717120  341.60318  59.44219  6.23397 9.00 9.92  8.08 0.95 0.08 L 68.15 13.18 65.22 12.46
430670222050230912 9.18544 62.27424  6.24022 11.73 1272 10.75 1.16 0.15 L 68.11 13.17 63.72 12.18
525136962570940160 18.75456  65.59940 6.27279 10.23 1124 9.28 1.17 0.1 L 67.86 13.12 63.08 12.06
2015820463470505600 354.31691 62.42899 6.29664 924 1022 8.28 1.08 0.09 L 67.67 13.09 64.22 12.27
4512950187838606464 286.51934 15.74941  6.30024 14.61 1549 13.67 1.03 0.13 G 67.65 13.08 6294 12.03
5823134325151372032  240.29463 -63.77655 6.31663 6.22 659 5.63 0.12 0.02 L 67.52 13.06 63.71 12.18
2027263738130844288 299.36918  26.55645  6.32059 823 9.14 7.30 1.05 0.09 L 6749 13.05 62.86 12.01
1994462866719961216 354.40810 54.84718 6.33647 9.03 9.72  8.26 0.63 0.12 G 67.38 13.03 63.32 12.1
5339149677605627264 169.58945 -59.23796 6.39427 12.57 1331 11.72 0.77 0.1 @) 66.95 1295 62.66 11.98
6057514092119497472  183.24857 -62.09682 6.39726 1047 11.36 9.60 0.86 0.07 L 6692 1294 63.99 12.23
2006989121667184384 340.36050 56.43277 6.41896 855  9.09 7.89 0.36 0.04 L 66.76 1291 62.90 12.02
4096979650282842112  276.18542 -16.79717  6.42429 8.41 9.08 7.59 0.67 0.06 L 66.73 1291 62.53 11.95
3291491450496573824 7497904  10.28845 6.44163 14.32 14.74 13.69 0.27 0.11 G 66.60 12.88 61.69 11.79
5254071873026676864 160.70349 -61.12298 6.45365 11.21 1196 10.38 0.75 0.12 G 66.51 12.86 62.36 11.92
5312196047720402048 143.34884 -52.75585 6.45380 11.06 12.07 10.08 1.14 0.1 L 66.51 1286 62.85 12.01
5868480143187802240 199.74280 -62.38235  6.45975 8.08 871 7.34 0.5 0.08 L 66.47 12.86 63.00 12.04
174489098011145216  71.94298  36.72278  6.46466  7.05 773  6.27 0.65 0.06 L 66.43 12.85 62.04 11.86
513282131279401728  23.91530 65.33050  6.55713 1249 13.65 11.42 1.45 0.16 G 65.77 1272 60.90 11.64
4096140001386430080 275.82979 -18.57477 6.56959 9.80 10.83 8.83 1.13 0.09 L 65.68 1270 62.19 11.88
272444829450300160  67.57792  53.94018  6.56983 11.86 12.74 10.95 0.96 0.13 G 65.68 1270 61.52 11.76
5541507237862358912  123.09332 -36.94374  6.66423 7.71 8.14 7.16 0.22 0.02 L 65.02 1258 59.83 11.43
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) 2) ®) 4) G 6 @ ®) ©) o an a2 @3 (14

5302258008774271488 127.18202 -60.12256  6.69695 711 7.60  6.50 0.22 0.03 L 6480 1253 6149 11.75
5338072980840100608 165.93830 -60.64226  6.69721  9.84 1049 9.10 0.59 0.06 L 64.80 1253 6023 11.51
4314923363333177984  293.01969 11.54976  6.69729 12.54 13.22 11.75 0.65 0.12 G 64.80 1253 60.62 11.58
2177714415280658944  323.72762 5594226  6.71632 12.85 1393 11.82 1.31 0.15 G 64.67 1251 60.06 11.48
6054829806275577216  185.33793 -62.28164 6.73287 630 6.81 5.68 0.26 0.04 L 6456 1249 6126 11.71

429544700100302080 4.26041 60.80280  6.79828 13.65 14.60 12.67 1.02 0.13 L 6412 1240 6145 11.74
4204653587029046400 287.08654 -7.43777  6.80601 7.34  8.02  6.57 0.58 0.05 L 64.07 12.39  60.67 11.6
5935042378098601856  243.98144 -51.12073  6.81248 10.33 11.31 9.38 1.1 0.14 G 64.03 1238 59.99 1147
4505300988492333312  281.47541 12.33610 7.50794 9.75 1036 9.00 0.53 0.07 L 59.79 1156 55.75  10.65

430766016998901376 8.31747 6290726  6.84634 1097 11.87 10.07 1.04 0.09 L 63.80 1234 5853 11.19
5324034867356093056  137.06555 -51.43625 6.92436 722 793  6.44 0.59 0.05 L 6330 1224 60.37 11.54
2030848897634605440 300.19314  30.90759  6.96110 1211 1321 11.06 1.41 0.18 L 63.06 1220 57.36  10.96
5352181712213705856  159.03578 -56.04323  6.98477 10.22 10.83 9.31 0.72 0.06 L 6291 1217 5840 11.16
3031875585286182144 110.50990 -14.31818 6.99483 9.24 9.82 854 0.5 0.06 L 6285 1216 57.89 11.06
5334563996911649408 179.47384 -62.64613 7.00373 11.44 1237 10.49 1.06 0.14 G 62.79 1214 58.58 11.2
5903821951590649600 228.74274 -46.87257 7.05894 13.89 1442 13.21 0.37 0.11 G 6244 12.08 5839 11.16
5877533315817003648 219.29985 -62.01092 7.06626 642 6.96 577 0.31 0.04 L 6240 12.07 5921 1132
3113441691460573312  102.63473  0.00700 7.09748 1197 12.83 11.03 0.88 0.11 L 6220 12.03 59.52 1138
5240438203718296192  165.36850 -64.29067 7.12163 13.71 14.51 12.82 0.87 0.13 G 62.06 12.00 57.78 11.04
5309174967720762496  144.21441 -53.03278 7.13431 9.69 1051 8.83 0.93 0.11 L 6198 1199 56.52 10.8
5860785795219397376  184.39009 -65.75399  7.13451 13.83 1446 12.97 0.58 0.09 @) 6198 11.99 59.27 11.33
5257664497238811776  148.85895 -58.42969 7.19619 895 958  8.22 0.51 0.04 L 61.60 1192 57.85 11.06
5600628115523816320 117.51301 -28.25514  7.19862 10.32 11.10 9.50 0.78 0.1 L 6159 1191 5738  10.97
5626365410677889792  131.05061 -35.47371 7.21689 9.94 1060 9.17 0.59 0.12 G 6148 11.89 57.65 11.02
2174677564161400064 326.32669 54.49638  7.23099 11.38 1240 10.39 1.19 0.14 G 6139 11.87 57.12 10.92
2007997408188526336  337.20867 58.21093  7.23213 10.62 11.46 9.74 0.86 0.07 L 61.39 11.87 5781 11.05
4307944836090489600 290.25978 851633  7.23996 935 1033 8.39 11 0.09 L 6134 1186 57.39 1097
2165771172070496512  317.72654  49.14204  7.25140 9.95 10.88 9.00 1.05 0.09 L 61.27 11.85 5723 10.94
5335963189825411072 172.84735 -60.58341 7.34403 13.08 13.96 12.13 1.04 0.12 O 60.73 11.75 56.08  10.72

00¢

v xipuaddy



TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) @) (4) G © @ t) ©) (10 @an (32 d3 (14
5613564621430610560 111.82868 -25.78535 7.41934 12.70 13.62 11.73 0.78 0.23 L 60.29 11.66 60.57 11.58
3112475495616980992  104.50389  -0.37596 742462 1035 11.04 9.57 0.59 0.06 L 60.26 11.66 57.05 10.9
5855468247702904704 190.52089 -69.40756 7.51028 6.10 6.55 5.55 0.2 0.04 L 59.78 11.56 55.20 10.55
2934712880912798464 108.42673 -17.62026 7.51211 1239 13.36 1142 1.11 0.14 G 59.77 1156 55.63 10.63
5337191279923824384 168.04213 -61.75487 7.53200 7.80  8.35 7.14 0.29 0.03 L 59.66 1154 56.89 10.87
3368698813404804352  95.55497  14.67813  7.56688  8.12  8.76 742 0.45 0.04 L 5946 1150 56.28 10.76
5337958876494096256 165.10434 -60.99319 7.63695 12.31 13.20 11.37 0.99 0.11 @) 59.08 1143 55.10 10.53
5339394082770287232 167.42135 -58.83772  7.72081 6.61 7.08  6.01 0.15 0.02 L 58.63 11.34 55.95 10.69
5415098722470316544 152.59186 -44.15874 7.77785 13.69 14.15 13.08 0.23 0.11 G 58.32 1128 5451 10.42
2016028168089215488 356.26093  63.00385  7.80112 10.08 11.04 9.12 1.01 0.08 L 5820 11.26 55.38 10.58
2030063919381336832  299.79498 29.45072 7.81823 937 10.16 8.51 0.82 0.07 L 58.11 11.24 54.04 10.33
1873112207907294848 316.06930 39.97223  7.85582  9.056 9.82  8.20 0.8 0.07 L 5791 11.20 53.55 10.23
470361114339849472  61.24359  58.65978  7.91561 7.16 792  6.32 0.74 0.06 L 57.61 11.14 54.02 10.32
5614916921960857088 114.04436 -25.36403 7.96016 1449 1558 13.45 1.29 0.13 O 5738 11.10 53.35 10.2
2170785842762144512  322.18718 48.97821  7.96686 10.10 1090 9.24 0.8 0.12 G 5734 11.09 53.70 10.26
1825621002188696448 294.15720 20.33293 799014  6.58 741 5.72 0.81 0.07 L 5723 11.07 53.96 10.31
428620663657823232 7.49410 60.21196  8.00066  8.51 9.23 7.71 0.66 0.05 L 5717 11.06 53.61 10.25
261548119462093568  77.66762  49.68760  8.00263 9.06 9.69 8.32 0.53 0.06 L 57.16 11.06 53.29 10.18
5236551193933797888 174.75935 -65.20662 8.00290 14.65 15.67 13.62 1.18 0.12 O 57.16 11.06 53.56 10.24
3050050207554658048 105.24924 -8.70898  8.01127 9.62 1032 8.79 0.68 0.07 L 5712 11.05 53.30 10.19
5852880955104044800 214.51090 -64.42147 8.19958 14.15 15.00 13.17 1.04 0.12 @) 56.19 10.87 51.58 9.86
5887482762148283008 228.20632 -54.75528  8.22041 9.02 990 8.19 091 0.1 L 56.09 10.85 51.56 9.85
512524361613040640  23.18010  63.59380  8.37701 6.64 746  5.78 0.8 0.11 L 55.35 10.71  52.09 9.96
3329849043206545920  92.80659 9.61249 8.61488  8.67 9.24 7.99 0.3 0.03 L 5427 1050 51.93 9.92
202939854734748032  70.99117  40.83478  8.63925 11.13 11.87 10.29 0.72 0.06 L 54.17 1048 50.60 9.67
5613972681993587200 115.49584 -25.87617 893422 8.74 9.31 8.04 041 0.04 L 5290 10.23 49.24 9.41
5254097093074642944 159.83465 -61.15243 9.19783 880 9.39 8.12 0.24 0.03 L 51.83 10.02 50.58 9.67
4056026175045038464 267.15626 -30.47597 9.31686 824  9.08 743 0.77 0.07 L 51.36 993  48.08 9.19
5854560115494081024 215.45224 -61.54966  9.46519 826 897 747 0.58 0.05 L 50.79  9.82  48.09 9.19
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac

(1) 2) ©) 4) G 6 @ 8) ©) o an (a2 (@3 (14
4269036830424588800 288.19714  3.55740  9.48055 790 8.67 7.12 0.66 0.05 L 50.74 981  47.54 9.09
5329838158460391296 131.22276 -46.34296 9.56113 797 853  7.36 0.32 0.03 L 5043 975  46.73 8.93
5835124087174043136  244.71595 -57.89980 9.75376  6.15 6.70  5.52 0.25 0.02 L 4973  9.62  47.09 9.0
5351423049186195328 158.22527 -58.52100 9.75912 11.01 11.86 10.14 0.71 0.07 L 4971 9.62  48.18 9.21
5993655659352495616  243.61906 -40.79315 9.76457 1220 12.89 11.39 0.62 0.12 G 49.69 9.61 46.24 8.84
5254662177677566464  155.34567 -61.07408 9.76811 859  9.09 7.96 0.23 0.03 L 49.68 9.61  46.62 8.91
2013029941628292352  359.39565 62.71824  9.80569  9.44 10.16  8.65 0.66 0.06 L 4954 958  45.95 8.78
5241804518715438336 165.39269 -62.21022 9.84085 12.20 13.06 11.27 0.92 0.11 O 4942 956  45.97 8.79
5328248672646357120  132.04364 -48.65915 9.84168 1191 13.00 10.91 1.19 0.11 L 4942 956  46.36 8.86
5328949100222702848 130.67412 -48.68614 10.02929 14.30 1533 13.28 1.19 0.14 G 4876 943  45.15 8.63
4685261526923834496  2.60032  -75.17706 10.09004 14.71 15.03 14.23 0.0 0.11 G 4856 939 4431 8.47
2070224337474904064 311.49913 4530694 10.14797 942 1048 8.42 1.12 0.09 L 4836 935 4581 8.75
5337257834740652160 167.55357 -60.84747 10.27245 11.09 12.12 10.09 1.11 0.11 L 4795 927  45.07 8.61
201574982848108416  74.92307  40.83603 10.30573 9.92 10.67 9.10 0.73 0.08 L 4784 925 43.93 8.4
4156450099578283776  279.51377  -8.36895 10.34150 888 9.93 7.92 1.07 0.09 L 47.72 923 4511 8.62
5241780677399802624 165.37783 -62.29079 10.35488 10.31 11.08 9.47 0.63 0.06 L 4768 922  45.65 8.72
5859119760248045312  198.50696 -64.32488 10.35635 10.85 11.83 9.89 1.06 0.13 L 47.68 922 4447 8.5
5538569613358406144 117.35518 -38.23935 10.50594 12.62 1334 11.79 0.67 0.12 G 4720 9.13  43.95 8.4
4267549637851481344  286.16423  1.30614  17.13794 788 8.66 7.00 0.75 0.07 L 3344 647  30.68 5.86
5337764640889249536  168.58836 -60.05292 10.70960 9.27 992 8.1 0.45 0.05 L 46.56 9.01  44.25 8.46
506779550797525760  31.95200  58.44353 10.87727 8.84 958  8.04 0.65 0.06 L 46.06 891  42.87 8.19
2007201567928631296  340.21724  56.82946 10.88439 8.04 870 7.29 0.48 0.04 L 46.04 890 43.43 8.3
5871922507947292032 205.07765 -57.61318 10.94947 747 8.03  6.79 0.33 0.03 L 4584 887  42.87 8.19
3027495856819349248 113.41167 -16.31710 1098248 11.04 11.89 10.16 0.82 0.12 G 4575 885 4275 8.17
4256744187345732224  280.53297  -4.29349  11.05302 992 11.04 8.88 1.26 0.1 L 4554 881  42.59 8.14
203496585576324224  72.44976 4228970 11.11731 860 923 7.85 0.44 0.06 L 4535 877 4291 8.2
5611465073923671424 106.94491 -24.91952 11.18235 11.25 11.81 10.56 0.35 0.11 G 4517 874 4218 8.06
5313887130948758016  142.92069 -49.65499 11.20064 888 983  7.95 0.92 0.08 L 4512 873  42.85 8.19
462407693902385792  52.35821  60.44647 11.27625 11.76 12.88 10.76 1.18 0.1 L 4490 8.69 4243 8.11
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  ©® @ t) ©) (10 @an (32 {d3 (14
5932569709575669504 243.32248 -54.23490 11.28752 798  8.65 7.24 0.43 0.04 L 4487  8.68  42.80 8.18
3430067092837622272  91.64561  26.32922 11.30513 934 997 8.64 0.47 0.06 L 4482  8.67 4146 7.92
2002637323358768000 343.65706 54.26545 11.31916 1343 14.15 1254 0.74 0.1 L 44.78 8.66 4137 791
200708636406382720  75.34662  39.96038 11.62570 7.34 794  6.68 0.34 0.04 L 43.95 850  41.10 7.85
5332375453374624640 178.07378 -65.40418 11.63735 9.33 10.09 8.59 0.58 0.07 L 4392 849 41.00 7.84
2030427789026783488 299.45419  30.26590 11.66304 10.42 11.28 9.52 1.05 0.13 L 43.85 848  38.75 741
2073922579215436288 301.01866 39.10421 1192821 1297 13.86 12.03 0.93 0.13 G 43.16 835  40.05 7.65
1999252442448732288 358.02928 58.74172 12.14061 9.32 1020 8.46 0.86 0.08 L 42.63 824 3946 7.54
5336389564126521728 175.70084 -58.99339 12.18311 1090 11.71 10.02 0.75 0.08 L 4252 822  39.90 7.62
6054992602724692608 188.59725 -61.23762 12.21766 11.13 1223 10.11 1.29 0.12 L 4244 821 38.68 7.39
4066375912402666624 274.06943 -23.30591 12.27464 1532 16.30 14.35 1.29 0.13 @) 4230 818 36.85 7.04
5616601820448126336 111.52996 -25.25730 12.35350 9.39 10.15 8.59 0.74 0.06 L 42.11 8.14  38.10 7.28
5240441472232302848 165.56688 -64.26289 12.43802 8.85 9.60 8.06 0.53 0.05 L 4191 8.11 40.02 7.65
5884729035255064064 238.67837 -54.56644 12.63346 896 9.87 8.03 0.82 0.1 L 41.45 8.02  39.63 7.57
470386952863752576  61.53736  58.80875 12.65005 10.26 11.19 9.37 0.7 0.09 L 4141 8.01 40.77 7.79
5865206961464617088 201.62523 -63.16263 12.88787 11.05 1222 10.01 1.34 0.21 L 4087 791 37.51 717
4253435825622331392  280.73864 -5.82091 1291058 9.10 9.92 835 0.72 0.08 L 4082 790 3722 7.11
5310669788148987520 139.59222 -54.41226 13.12071 13.73 14.71 12.75 1.06 0.14 G 40.36 7.81 37.37 7.14
5311616398935271168 140.00627 -52.85618 13.23958 10.85 11.86 9.89 0.98 0.11 L 40.11 776 3796 7.25
4313179507891570304 287.50172  12.53654 13.43999 10.08 11.20 9.07 1.38 0.18 L 39.68 7.68  35.09 6.71
5350852677538959104 162.75755 -58.59059 13.45493 1091 1191 9.97 0.94 0.08 L 39.65 7.67 3775 7.22
5600915775257809152 119.42569 -27.60189 13.45979 1149 1236 10.66 0.84 0.1 L 3964 7.67 36.28 6.93
5614312705966204288 117.01604 -25.57777 13.59892 950 10.14 8.79 0.49 0.05 L 3936 7.61 36.03 6.89
459263743483634304  36.80736  59.46060 13.63864 9.14 10.11 8.19 0.96 0.11 L 39.28 7.60  36.90 7.05
5596601154188852352 121.58947 -30.09687 13.67010 9.49 10.23 8.67 0.57 0.05 L 39.21 758  37.12 7.09
6030635804488868480 249.53582 -31.47765 13.68681 12.78 13.33 12.09 0.32 0.11 G 39.18 758  36.48 6.97
4267397694768545920 287.05729  1.29863  13.75460 6.61 739 585 0.66 0.06 L 39.04 755 3595 6.87
5586922973654572416 116.29911 -36.97475 13.76670 12.17 1295 11.27 0.78 0.12 G 39.02 755 36.05 6.89
4087335043492541696 286.51307 -18.42825 13.77231 1249 13.06 11.81 0.31 0.11 G 39.01 754 3644 6.96
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G 6 O ®) ©) o an (a2 (13 (14
206577210999441536  74.41700  46.09253 13.84765 11.03 12.01 10.07 1.06 0.09 L 3886 7.52  35.59 6.8
2243309938950947200 304.41505 62.75205 13.98367 14.12 14.63 13.61 0.02 0.11 G 3859 746  36.68 7.01
5351331755370445056  161.23472 -56.28954 14.10712 8.07 899 7.1 0.51 0.05 L 3835 742  36.08 6.9
5597327141100381568 119.74674 -29.30786 14.15735 9.98 10.74 9.17 0.61 0.05 L 3826 740  35.87 6.86
2016626856473497344 35230314 63.37430 14.37514 10.78 1194 9.72 1.29 0.11 L 37.85 732 3528 6.74
6026412893938675712  254.58229 -33.60913 6.06133  6.67 7.17  5.95 0.46 0.04 L 69.51 1345 6416 1226
2161786374436607616  315.02658 4259755 14.71797 839 971  7.28 1.52 0.12 L 3723 720 3444 6.58
508915489570374272  24.30841  57.75922 14.79237 881 9.08  8.01 0.59 0.06 L 37.09 717 3031 5.79
2034684200359279488 297.82201 32.67553 15.00336 13.12 14.18 12.05 1.42 0.18 L 36.73 710  32.06 6.13
5864955727424819200 203.49590 -64.05556 15.04436 9.72 10.54 8.88 0.57 0.06 L 36.65 7.09 35.56 6.8
2016581673416790656  350.61846  62.75714 15.09343 10.12 11.35 9.12 1.27 0.11 L 36.57 7.07 34.13 6.52
2071433765909167232  308.22621 46.60125 1511946 882 973 791 0.8 0.07 L 36.53 7.06 34.69 6.63
3324153371114695680  95.35961 6.47015 15.23122 8.02 8.65 7.32 0.36 0.04 L 36.34 7.03  34.08 6.51
5537860123428416640 119.69307 -38.99433 15.55821 11.46 1234 10.55 0.9 0.12 L 3580 692 3275 6.26
6704330080883057536  281.53600 -48.63307 16.09459 12.59 13.03 11.97 0.12 0.11 G 3495 676  32.33 6.18
1870258975238302208 310.85080 35.58778 16.39062 6.07 6.69  5.36 0.34 0.03 L 3451 6.67 3241 6.19
6026305309220584576  253.41732  -33.34511 16.40369 1299 13.59 12.25 0.39 0.11 G 3449  6.67  32.03 6.12
4638315266636230400  30.74872  -74.05691 16.48065 14.19 1470 13.59 0.13 0.11 G 3438 6.66 32.24 6.16
5338036117182452096 166.05607 -60.97991 16.65998 819 890 7.38 0.5 0.05 L 3411 6.60 32.24 6.16
2058374144759464064 301.11066 34.11225 17.07369 8.46 924 7.6l 0.69 0.06 L 3353 649 31.04 5.93
5878388529664102016 218.79935 -60.99798 17.11025 9.85 1096 8.74 1.27 0.12 L 3348 648 31.01 5.93
2198162651491732608 329.46952 56.16389 17.87198 9.83 10.85 8.87 0.92 0.1 L 3247 628  30.98 5.92
5253717937706836480 159.23233 -61.58131 18.05246 11.66 1247 10.73 0.76 0.1 O 3224 624  30.06 5.75
6026596989041710336  254.88447 -32.95258 18.13188 12.53 13.10 11.76 0.4 0.11 G 32.14 622  29.64 5.66
5255254711361371520  157.07013 -59.35018 18.17758 830 897 7.52 0.44 0.06 L 3208 621 30.21 5.77
188724234539584256  78.84160  40.07802 18.19076 9.78 10.66 8.85 0.74 0.1 L 32.07 620  30.62 5.85
5351161399785606016 161.13616 -57.56536 18.87302 7.15 7.82  6.43 0.36 0.04 L 3125 6.04 2946 5.63
1873250780732545920 314.33680 40.17749  20.14034 9.27 1036 8.28 1.13 0.11 L 29.85 577  27.46 5.25
5523162573544337408 129.25540 -44.11465 20.49764 6.66 731 590 0.41 0.04 L 2948 570  27.52 5.26
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TABLE A.6: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  © @ t) ©) (10 @an (32 {d3 (14
5937099633141128448 251.32962 -51.34264 20.85306 9.60 10.51 8.67 0.74 0.06 L 29.13  5.63 2790 5.33
4644478166748030976  35.20622  -73.08565 21.36729 13.63 14.02 13.06 0.0 0.11 G 28.63 554  26.33 5.03
4094784475310672128 274.24882 -19.07583 21.83410 748 843 6.62 0.62 0.06 L 2820 545 2759 5.27
4103564728516764032  280.45457 -14.50543 11.03608 13.65 14.58 12.94 0.58 0.12 G 45.59 8.82 4440 8.49
6350220751862829952  358.65290 -83.28872 2244150 14.31 15.01 13.60 0.34 0.11 G 2766 535 26.14 5.0
5600052040150252800 114.64682 -28.49960 23.17284 922 995 842 0.58 0.05 L 27.04 523 2468 4.72
5253571526514498176  159.11275 -62.19251 24.21976 1241 13.32 1149 0.76 0.1 @) 26.21 5.07 2473 4.73
5858474003300201856 193.43279 -65.89971 26.46392 1193 12.63 11.09 0.51 0.09 @ 2463 476 22091 4.38
6096564686351860992  213.33208 -44.89374 26.68846 1241 13.00 11.69 0.28 0.11 G 2448 474 2271 4.34
5355057622305532928 155.17091 -55.32138 28.16616 7.82 8.68 6.96 0.73 0.06 L 2357 456  21.60 4.13
5964193485048327808 252.91061 -45.42671 28.86509 8.85 10.11 7.76 1.15 0.11 L 2317 448 2246 4.29
5597379741549105280 119.59202 -29.13008 30.09021 8.12  9.00 7.26 0.72 0.06 L 2250 435  20.69 3.95
5238808628736339584 164.28834 -65.13474 15.71624 8.66  9.31 7.85 047 0.04 L 3554 6.87 3341 6.38
5864135319959353600 204.15366 -64.55832 34.05097 9.10 10.18 8.12 0.98 0.1 L 20.62  3.99 19.18 3.67
5546476927338700416 123.26755 -34.57851 41.46411 6.46 730 558 0.61 0.05 L 1795  3.47 16.69 3.19
2027951173435143680 297.87876  27.46021 44.87621 6.66 750 5.78 0.64 0.06 L 1698  3.28 15.61 2.98
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TABLE A.7: Individual ages for the selected F-mode GCCs obtained by using both the noncanonical PA and PAC relations.

Gaia DR2 Source Id RA DEC P G GBp GRP E(GBP'GRP) (TE(GBP—GRP) Note tpA (% i’pA tpAC g tpAC
@ 2 @) (4) ©) (6) @) ®) ©) 1 an a2 @13 (14)

3442172745919329664  82.35887  27.00089  3.34920 11.57 1221 10.78 0.72 0.12 G 141.71 26.10 12249 21.72
4704080802304630784  12.82014 -68.98430 0.99469 1824 1845 17.79 0.18 0.11 G 303.00 55.82 257.01 45.57
5521400228203695232 123.35129 -42.27568 1.00189 16.05 1693 15.15 1.23 0.15 G 301.64 5556 268.78 47.65
6379351625245757568  359.99997 -75.19496 1.03777 17.68 1798 17.36 0.02 0.11 G 295.07 5435 269.73 47.82
4711142067840447360 21.61608 -64.87535 1.06447 17.86 18.05 17.41 0.16 0.11 G 290.41 53.50 24531 43.49
4639539705975935360  50.85364 -74.96868 1.11640 17.83 18.12 17.50 0.02 0.11 G 281.88 5192 25478 45.17
4690768156035338624  18.95551  -70.54573 1.14292 1753 17.82 17.09 0.18 0.11 G 277.77 5117 243.67 43.20
4703965697180635136 9.31520 -67.04117 1.15729 17.89 18.12 1743 0.17 0.11 G 275.60 50.77 234.88 41.64
4666616485480394368  60.40851 -69.47789  1.15905 16.29 1645 15.90 0.12 0.08 @) 275.34 50.72 223.60 39.64
4691081375113472256  20.83822  -70.57775 1.17564 17.33 1745 17.02 0.0 0.11 G 27290 50.27 220.70 39.13
4637614151878607232  20.74650 -76.24745 1.20857 17.80 1795 17.36 0.1 0.11 G 268.22 4941 223.07 39.55
5834840099568788864 241.98124 -58.78225 1.23577 13.71 14.05 13.19 0.31 0.11 G 26451 48.73 230.11 40.80
4636112425153243904 16.19343  -76.86050 1.25457 17.34 1755 16.84 0.21 0.11 G 262.02 48.27 218.67 38.77
4690721839108141568  19.01385 -70.91305 1.30481 17.25 17.73 17.00 -0.0 0.11 G 255.66 47.09 246.30 43.67
4698739817197286912  23.24870 -66.49795 1.30920 17.05 17.30 16.67 0.05 0.11 G 255.13 47.00 223.23 39.58
5298606801235832064 140.10591 -62.22648 1.36601 18.36 18.60 17.89 0.18 0.11 G 24843 4576 211.15 37.44
5850083595712857472  220.66054 -64.27433 1.37135 17.67 1847 16.71 1.23 0.15 G 24783 45.65 210.17 37.26
4690414800484275840 12.25946  -70.13797 1.37867 17.09 17.39 16.78 -0.0 0.11 G 247.00 45,50 21947 3891
5935901715187592704 255.13630 -53.09007 1.39879 1545 1592 14.78 0.58 0.12 G 24477 45.09 212.04 37.59
5615958881027868544 115.24714 -22.49207 1.39928 1546 16.23 14.69 0.89 0.11 O 24472 45.08 22410 39.73
4627114812265929856  55.76893  -76.93405 1.42992 1795 1831 17.50 0.18 0.11 G 24142 4447 216.52 38.39
4690838421706602624 1593439 -70.90033 1.43044 17.33 17.58 16.94 0.06 0.11 G 241.37 4446 21025 37.28
4637822960304562560 24.11091 -75.12545 1.43113 1725 1749 16.82 0.11 0.11 G 24129 4445 208.02 36.88
6027070573648725632 251.47116 -33.16585 1.45594 13.89 14.47 13.13 0.75 0.12 G 238.71 4397 207.84 36.85
5321579073778197888 130.00710 -52.33019 1.53045 1525 1590 14.48 0.81 0.12 G 231.37 42.62 203.63 36.10
6008381624727734784 237.76802 -39.75981 157244 17.10 1791 16.20 1.12 0.14 G 22748 4190 197.69 35.05
4649187405119614848  75.03872  -75.15255 1.57491 16.97 1725 16.49 0.18 0.11 G 22726 41.86 19543 34.65
4108167833903339520 259.75244 -27.43467 1.58118 16.78 17.65 15.71 1.45 0.16 G 226.69 4176 184.78 32.76
4691023998645738368  17.49608 -69.93794 1.60821 16.70 16.83 16.30 0.0 0.11 G 22430 41.32 18540 32.87
4650261219962135424  85.33831 -74.16668 1.62049 1691 1729 1643 0.22 0.11 G 22323 4112 199.23 35.32
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
@) 2 ®) (4) G  © @ t) ©) (10 @an (32 d3 (14
426580107514101376 1541660 60.59426  1.62477 14.87 15.52 14.07 0.85 0.13 G 222.87 41.05 19324 34.26
4684195339947360512  6.98869  -76.24706  1.64272 17.58 17.86 17.10 0.17 0.11 G 221.34 40.77 190.24 33.73
2031982665929461504 296.05399  29.68730  1.64410 16.22 17.13 15.31 1.2 0.14 G 221.22 40.75 19553 34.67
181620805307496192  76.98162  33.05659  1.66805 14.61 15.30 13.80 0.88 0.13 G 219.23 40.38 191.76  34.00
4702506576531479424  12.34403  -69.50825 1.68632 1724 17.63 16.86 0.08 0.11 G 217.74 40.11 200.62 35.57
2021540814501736320 293.71912  25.61797 1.69319 1740 18.66 16.25 1.87 0.19 G 21719 40.01 18151 32.18
4684369749977673472  13.14590 -75.95877 1.75282 1735 1752 16.89 0.09 0.11 G 21253 39.15 176.02 31.21
4392367984521092608 254.76077  4.79169 1.77576  14.89 15.22 14.38 0.23 0.11 G 210.81 38.83 182.05 32.28
4652327614621999872  70.43479  -74.41493 1.79655 16.84 16.86 16.26 0.21 0.11 G 209.28 38.55 15793 28.00
5516409029527928064 125.97858 -47.25490 1.83399 1520 1590 14.37 091 0.13 G 206.59 38.06 179.11 31.76
5814577169727787392 254.58683 -67.66312 1.85575 1393 14.19 13.51 0.06 0.11 G 205.07 37.78 177.09 31.40
4189050211325803008 299.56897 -12.07101 1.99398 17.75 18.07 17.21 0.24 0.11 G 196.05 36.11 168.03 29.79
252595410453952384  67.62787  43.65313  1.99947 13.06 14.01 12.09 1.29 0.15 G 195.72 36.05 169.51 30.05
5928285810456681344 247.54255 -57.33140 2.00665 13.64 14.08 13.01 0.44 0.11 G 195.28 3597 169.56 30.06
5851830444814064512 206.04645 -65.60886  2.02729 15.84 16.51 14.95 0.97 0.13 G 194.03 3574 163.09 28.92
2928096226097916160 109.16266 -22.18043 2.04402 1473 1546 13.87 0.96 0.13 G 193.04 3556 167.34 29.67
5322875157471168768 129.59122 -49.81203 2.04472 15.13 1593 14.31 0.92 0.13 G 19299 3555 17295 30.66
5859972946880769408 189.52856 -66.38308 2.06540 15.01 15.58 14.31 0.63 0.09 @) 191.78 35.33 166.54 29.53
4636099402811865344  19.45728 -76.56544 2.06770 16.80 17.11 16.32 0.16 0.11 G 191.65 35.30 165.51 29.35
6379917835078618752  359.03700 -73.64989 2.08819 17.15 17.32 16.70 0.05 0.11 G 19047 35.09 157.75 27.97
5211831178906807040  93.60903  -79.18168 2.09182 16.74 1698 16.24 0.15 0.11 G 190.26 35.05 159.82 28.34
2162679246615275264 315.66755 45.09280 2.11305 16.28 17.23 15.27 1.34 0.15 G 189.06 34.83 160.69 28.49
200016111582079744  73.82548 3997972 212061 13.35 1395 12.58 0.73 0.08 L 188.64 3475 162.79 28.86
5613411827982576768 112.81549 -25.90739 2.14810 11.58 12.04 10.97 0.29 0.08 @ 187.13 3447 177.10 3140
5256605839340504576 149.84616 -60.33354 2.30293 14.62 1523 13.86 0.71 0.12 G 179.15 33.00 156.16 27.69
228673477705878400  63.37936  41.31878  2.31244 14.04 1474 13.23 0.85 0.13 G 178.69 3292 15594 27.65
6377896696484508544 355.61170 -75.25641 2.33045 17.06 17.34 16.70 -0.0 0.11 G 177.82 3276 15248 27.03
5521137101325930624 12245845 -43.97272 2.34215 1433 14.88 13.65 0.56 0.11 G 17726 32.65 15550 27.57
5521712145909463680 128.16223 -46.79047 2.36600 15.36 16.18 14.36 1.23 0.15 G 176.14 3245 146.23 2593
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G 6 O ®) ©) 1o an a2 (13 (14
5534744416711687424 119.86019 -40.02830 2.36819 14.81 1555 13.92 0.99 0.13 G 176.04 3243 150.12 26.62
4688062360997085440  21.38773  -70.75956 237759 16.60 17.05 16.33 0.0 0.11 G 175.61 3235 15835 28.08
5310255272261039488 138.08441 -55.23391 2.39764 14.44 15.10 13.65 0.79 0.12 G 174.68 32.18 151.83 26.92
3134002107923090944 101.39057  7.81629 242684 12.82 13.74 12.10 0.88 0.11 O 173.37 31.94 15938 28.26
4445130042844217216  249.98383  7.67920 244837 1583 16.15 1532 0.18 0.11 G 17241 31.76 147.84 26.21
1865228537734352896 317.06710  32.74552  2.45861 14.11 1456 13.50 0.39 0.11 G 171.96 31.68 149.84 26.57
4650211741937480192  86.25630 -73.56541 2.47100 16.37 16.64 15.80 0.23 0.11 G 17142 3158 14251 2527
207722317998325632  80.88983  44.76008  2.47685 12.75 13.46 11.93 0.85 0.13 G 17117 31.53 14894 26.41
523700107035878272  14.38545  63.15643  2.48837 13.96 14.89 13.01 1.22 0.14 G 170.67 31.44 14796 26.23
5596920115637629184 119.15388 -30.95279  2.49448 1391 14.77 12.99 1.15 0.12 @) 17041 3139 14342 2543
4757183606166564864  83.55789  -63.16699 2.50146 16.10 16.40 15.61 0.14 0.11 G 170.11 3134 14636 25.95
5329778887909167232 131.65005 -46.52931 2.52412 15.66 16.74 14.60 1.51 0.16 G 169.15 31.16 14340 25.42
5520935444020919296 12293820 -44.17210 2.54078 14.99 15.78 14.08 1.05 0.14 G 168.46 31.03 143.50 25.44
5613111347760892672 110.69908 -26.71455  2.54548 1291 1338 12.29 0.4 0.11 G 168.26 31.00 146.61 25.99
2934255449716149760 107.39410 -18.56329 2.54653 13.25 14.02 1237 0.99 0.13 G 168.22 3099 144.44 25.61
5520440663787736192  122.44604 -45.35460 2.55121 15.84 16.42 15.08 0.69 0.12 G 168.03 30.95 144.42 25.61
2932101334643047680 105.10347 -20.43170 2.55778 12.65 13.15 11.98 0.36 0.05 L 167.76  30.90 158.77 28.15
470144751068871808  61.63394  58.11309 257812 16.51 1697 15.88 0.42 0.11 G 166.93 30.75 144.63 25.64
5597352047599988352  119.45786 -29.38405 2.58612 11.59 1221 10.84 0.73 0.1 O 166.60 30.69 141.09 25.02
5404862853352596736  149.21983 -51.60892  2.60474 13.30 14.09 1241 1.0 0.11 O 165.86 30.55 144.14 25.56
5599566983722741248 114.47706 -29.43804 2.62004 14.18 14.88 13.38 0.81 0.12 G 165.25 30.44 14441 25.60
5617745003304609536  109.88037 -23.80181  2.63003 14.53 1553 13.52 1.35 0.15 G 164.86 30.37 141.06 25.01
2004103831357741696  332.32734  51.40539  2.63200 14.84 1540 14.13 0.59 0.12 G 164.78 30.35 143.15 25.38
3425576270732293632  93.99953  23.74749  2.63501 11.57 1224 10.79 0.75 0.1 L 164.66 30.33 14555 25.81
4690127037676227840  13.29901  -70.85695 2.63769 16.20 16.67 15.89 0.0 0.11 G 164.56 30.31 152.87 27.10
5254994264542210560 153.53708 -59.85044  2.64145 15.11 1596 14.18 1.08 0.12 @) 164.41 3029 14429 25.58
5932284528150696704 24522589 -53.55461 2.64407 11.70 11.99 11.25 0.03 0.08 @) 16431 30.27 14571 25.83
5857845872913577856  199.32909 -66.11714  2.65755 15.60 16.34 14.72 0.96 0.13 G 163.79 30.17 140.48 2491
198681686717279616 ~ 72.85353  38.18855  2.65963 13.15 13.88 12.23 0.78 0.07 L 163.70 30.16 160.38 28.44
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) (€) (4) G  © @ ®) ©) (10 @an (32 d3 (14
5322962499927658880 129.02740 -49.26527 2.66635 14.82 15.62 13.88 1.1 0.14 G 163.45 30.11 13793 24.46
3330259852538068608 91.85611  11.15198  3.88939 11.07 11.64 10.37 0.5 0.06 L 129.04 23.77 11396 20.21
5611563995612988928 112.16780 -29.34422 2.70160 12.72 13.13 12.17 0.27 0.11 G 162.11 29.86 141.65 25.11
3133819112256378368 100.02326  7.60583 2.70467 10.13 10.86 9.35 0.74 0.08 L 161.99 29.84 14835 26.30
5515778734493663232 127.31510 -46.74924 2.71653 14.80 1548 13.93 0.9 0.13 G 161.55 29.76 136.87 24.27
4688033735040263168  23.36268 -70.67097 2.74408 16.45 16.67 16.04 -0.0 0.11 G 160.53 29.57 13447 23.84
5280590173638560128 104.74084 -68.31085 2.75554 1596 16.28 15.44 0.17 0.11 G 160.11 2949 137.01 24.29
355488086540394112  35.70997  50.07193  2.75989 1454 1496 13.95 0.32 0.11 G 159.96 2947 138.60 24.57
5520506531407532928 121.80022 -45.06591 2.77254 14.02 14.57 13.29 0.6 0.12 G 159.50 29.38 137.53 24.38
5545066700588440832 119.73893 -36.89733 2.77514 15.07 16.06 14.05 1.35 0.15 G 159.41 29.36 135.63 24.05
4637956099996538752  18.33566  -75.37716  2.77979 16.46 16.76 15.98 0.11 0.11 G 159.24 29.33 136.37 24.18
2948568273607650560 105.01213 -14.16082 2.78195 1390 14.80 13.11 0.91 0.13 G 159.16 29.32 14698 26.06
4066429066901946368 273.26040 -23.11729 5.05787  6.82 737 6.23 0.25 0.03 L 109.48 20.17 101.17 17.94
460909093912435072  42.02334 5793448 2.79873 14.03 15.07 13.01 1.39 0.15 G 158.56 29.21 13550 24.02
430052537038350976 0.60589 62.84717  2.81345 1441 1525 1349 1.08 0.14 G 158.04 29.11 136.12 24.13
1873298884367855872  314.17890 40.25849  2.82245 16.21 17.13 15.23 1.25 0.15 G 157.73 29.05 134.27 2381
5616130129962210048 110.43814 -26.53341 2.82545 1291 13.38 12.30 0.37 0.11 G 157.62 29.04 137.83 2444
3117307814859500416  97.77268  -2.14679  3.13523 13.29 14.09 1247 0.9 0.12 L 147.68 27.20 128.89 22.85
5293246995583678336  109.08524 -60.30341 2.84929 1552 16.19 14.69 0.83 0.13 G 156.80 28.88 134.04 23.76
5544259212380322560 120.85675 -37.19998  2.85529 14.09 14.84 13.23 0.93 0.11 @) 156.59 28.84 133.78 23.72
2928335747830554240 108.43497 -21.72421 2.86166 14.22 1498 13.36 0.94 0.13 G 156.37 28.80 13546 24.02
4757607983288353024  83.76190 -62.33990 2.86849 16.03 16.25 15.52 0.12 0.11 G 156.14 28.76 12893 22.86
513074186146353536  24.74994  64.98924  2.87151 11.01 11.84 10.14 1.03 0.11 L 156.04 28.74 133.53 23.67
4688114725237948672  24.52435 -70.61840 2.88021 16.38 16.64 15.99 -0.0 0.11 G 155.74 28.69 131.37 23.29
261927068718088832  81.89283  50.86737  2.88526 13.17 13.81 12.41 0.7 0.12 G 155.57 28.66 135.57 24.04
4682206533865906944  65.11048 -57.85114 2.89258 15.71 16.00 15.30 -0.0 0.11 G 155.32  28.61 13539 24.00
5253289093802878592 152.85139 -61.48616 291146 14.11 1459 13.44 0.46 0.11 G 154.69 2850 133.37 23.65
2947842664653933824 104.19146 -15.63763 3.69400 13.25 1397 1243 0.81 0.12 G 133.27 2455 11538 20.46
5310969267622303872 136.56210 -54.93719 2.92762 1452 15.11 13.78 0.63 0.12 G 154.16 2840 13396 23.75
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G © O ®) ©) 1o an (a2 (13 (14
4642866828161408512  52.89342  -70.99389 292900 16.29 16.60 15.82 0.08 0.11 G 154.11 2839 133.66 23.70
5533064637824258816  119.78798 -43.17517  2.92921 1349 1398 12.84 0.45 0.11 G 154.10 2839 134.05 23.77
5598642947280233984 116.71718 -30.66590 2.96840 14.15 14.95 13.28 0.97 0.11 O 152.83 2815 13241 23.48
5856662557855409280 187.47093 -68.27871 298190 14.44 1492 13.79 0.44 0.11 G 152.39 28.07 132.05 23.41
5318708901756763520  131.02834 -51.91945 2.98495 15.08 15.82 14.23 0.89 0.13 G 152.30 28.05 132.07 23.42
4265371574109405824 284.35111 -0.73024 298806 10.56 11.32 9.69 0.99 0.14 L 152.20 28.04 12775 22.65
5519861423017907840 124.43265 -45.18550 3.00610 14.46 1524 13.61 0.93 0.13 G 151.62 2793 13255 23.50
5241937353463150848 162.59092 -62.19142  3.02574 1521 16.09 14.26 1.16 0.12 O 151.01 27.82 127.86 22.67
466906311366699520  48.44587  63.34948  3.03268 13.18 14.11 12.24 1.17 0.14 G 150.79 2778 130.85 23.20
5252269709082759936  156.40361 -62.55651  3.04556 15.10 15.67 14.35 0.64 0.12 G 150.39 27.70 128.84 22.84
5310863370918375552  140.55281 -53.06412  3.05163 13.60 14.46 12.66 1.11 0.12 O 15020 27.67 12935 2293
5863815636949490048 202.86552 -65.32720  3.06221 15.68 16.55 14.75 1.08 0.12 O 14988 2761 13222 2344
2930525287803260288 109.84202 -19.54033  3.07149 12.79 13.35 12.07 0.57 0.09 O 149.60 2756 130.12 23.07
5858259014403682304 19597407 -66.33292 3.08394 1537 16.09 14.47 0.95 0.11 O 149.22 2749 12648 2243
5235910694044165760 176.13694 -67.30525 3.08613 870 9.22  8.06 0.43 0.06 L 14915 2747 13096 23.22
5237406545247540608 171.64645 -65.58218 3.11677 1499 15.84 14.04 1.12 0.14 G 148.23 2731 12596 22.33
5335753015664095104 173.80588 -60.91465 3.12750 14.19 14.98 13.30 1.0 0.11 O 14791 2725 12673 2247
5594991812757424768 11597856 -32.50378  3.14920 14.81 15.79 13.80 1.33 0.15 G 147.27 2713 12440 22.06
2932737092877188352  105.22172  -19.45929  3.15504 1236 12.85 11.73 0.4 0.11 G 14710 2710 128.89 22.85
2059517087110475392  299.88745 36.02152  3.16632 15.16 16.04 14.20 1.16 0.14 G 146.78 27.04 12465 2210
5329323277776517120  130.36480 -47.64966 3.17573 14.05 1490 13.10 1.13 0.14 G 146.50 2699 12424 22.03
5239658688657671680  160.70962 -65.55805  3.18304 16.74 1737 16.02 0.6 0.12 G 146.29 2695 12947 2295
5322878146768508800 129.73194 -49.77016 3.18474 14.62 1539 13.75 0.94 0.13 G 146.24 2694 12617 2237
5612661716228387200 111.62263 -27.92502  3.18518 12.78 13.26 12.14 0.41 0.11 G 146.23 2694 12726 22.56
377753613615880832  14.89365  45.40672  3.20017 11.48 11.87 10.98 0.16 0.11 G 145.80 26.86 128.41 22.77
5875602191067578752  230.82679 -61.21710 3.23038 15.66 16.48 14.71 1.1 0.14 G 14495 26.70 122.06 21.64
512491028363231616  24.35667  63.69136  3.23980 13.13 14.16 1213 1.33 0.15 G 144.68 26.65 12423 22.03
4513100717859042176  286.49619  16.09800  3.26984 13.47 14.24 12.60 0.93 0.13 G 143.85 26.50 12457 22.09
5617316606087829888 109.16777 -24.50300 3.27499 12.80 13.31 12.13 0.47 0.11 G 143.71 2647 124.63 22.10
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G © @ t) ©) (10 @an (32 d3 (14
5520505328816739584 121.80935 -45.12830 3.28292 13.45 14.07 12.67 0.69 0.12 G 143.49 2643 123.60 2191
5241803217391469568 165.52136 -62.28989 3.28899 14.54 1540 13.59 1.1 0.12 @ 143.32 2640 123.77 21.94
279382060625871360  76.63188  55.35352  3.29487  7.19 7.81 6.48 0.55 0.07 L 143.16 26.37 130.06 23.06
5405496240766414464 148.01595 -51.99247 3.29644 1356 14.38 12.67 1.01 0.11 @) 143.12 26.36 122.67 21.75
505178760644698880  31.25913  57.14294  3.29700 12.34 12.82 11.68 0.35 0.05 L 143.11 26.36 12992 23.03
5306043592977093504 145.89770 -57.23830 3.00860 15.29 16.16 14.31 1.23 0.13 @) 151.55 2792 12451 22.07
505368121464666112  29.62897  57.81985  3.32910 13.78 14.44 1298 0.74 0.12 G 14224 2620 12327 21.86
5600862070985787136  119.26547 -28.16158 3.33098 11.61 12.25 10.88 0.58 0.09 O 14219 26.19 12995 23.04
5605736961940589568 110.81312 -29.72244 3.33617 12.87 13.38 12.30 0.3 0.11 G 142.05 26.17 127.69 22.64
5313250548085699712  139.88405 -51.62042 3.35503 12.70 13.62 11.69 1.34 0.13 @) 141.55 26.07 113.65 20.15
5516452460238707968 125.52706 -47.30395 3.36831 14.28 1493 13.46 0.77 0.12 G 14120 26.01 12090 21.44
2073935223599391872  300.89457 39.15963  3.37031 13.22 1396 12.38 1.02 0.13 L 14115 26.00 110.77 19.64
5592331544376193792 113.82822 -31.66418 3.38307 13.77 14.53 1293 0.87 0.13 G 140.82 2594 123.09 21.82
5824464493705913472  229.94041 -66.49608 3.38932 644 6.86 591 0.23 0.04 L 140.65 2591 12258 21.73
5598852026287511424 116.00045 -30.14146 3.39082 13.12 13.66 12.45 0.58 0.09 @) 140.61 2590 115.65 20.51
2025217890612425344 293.14591 26.80479  3.39154 15,51 16.38 14.54 1.15 0.14 G 140.60 2590 118.60 21.03
5857294605251013760 193.30159 -67.96426 3.40117 1441 1491 13.73 0.48 0.11 G 140.35 25.85 12094 21.44
206211859601169792  74.06344  44.78185  3.40680 12.54 1343 11.62 1.1 0.14 G 140.20 25.83 121.28 21.50
189739251272296192  85.62191  37.64633  3.41272 12.05 1293 11.18 0.84 0.11 L 140.05 25.80 137.19 24.32
4690436069162376576  10.68389  -70.27426  3.42463 16.23 1648 15.74 0.07 0.11 G 139.74 2574 117.60 20.85
5932997939411720960 243.72813 -53.33844  3.45291 9.79 10.63 8.92 0.92 0.08 L 139.03 25.61 125.13 22.19
3051144427784813824 103.54766 -7.66438  3.45403 13.28 1398 12.44 0.85 0.11 L 139.00 25.60 11821 20.96
5547358117187868288 122.79503 -33.51586 3.48218 1044 11.05 9.72 0.58 0.06 L 138.29 2547 12198 21.63
5310265099146146816 138.32401 -54.93121 3.50424 14.23 15.01 13.34 0.96 0.13 G 137.75 25.37 11835 20.98
515527570241664512  34.14985  65.17655  3.52190 12.69 13.52 11.78 1.02 0.13 G 137.31 2529 118.06 20.93
2936165984303583360 105.87696 -15.54334 3.52281 1345 14.09 12.65 0.73 0.12 G 13729 2529 117.81 20.89
5268616973048513664 107.46385 -68.48372 3.52627 15.80 16.25 15.26 0.23 0.11 G 137.21 2527 12159 21.56
5618354751226656640 112.51063 -23.67398 3.54416 13.26 14.12 12.36 1.08 0.14 L 136.77 25.19 115.15 2042
5612495762995320576  113.72248 -26.85579  3.55250 13.56 14.36 12.63 1.03 0.13 G 136.57 25.16 116.02 20.57
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) (4) G © ®) ©) 1o an (a2 (13 (14
5547421437881152256 122.36346 -33.26212 3.56310 11.82 1244 11.06 0.8 0.1 O 136.32 2511 10733 19.03
2162640763705905920 316.08941 4523937 3.56914 13.70 14.61 12.76 1.13 0.14 G 136.17 25.08 117.69 20.87
5311139245252191616  137.38339 -53.98770  3.59050 11.68 1222 11.02 0.44 0.11 G 135.67 2499 119.08 21.11
5599370549100412544 114.32029 -29.60773  3.59160 14.17 15.06 13.23 1.12 0.14 G 135.64 2499 116.62 20.68
2952257272558933248 101.92934 -13.66668 4.85729 11.71 1223 10.93 0.57 0.12 G 112.28 20.68 9358  16.59
3441484760885586176  86.43715  27.06790  3.62280 11.67 12.56 10.71 1.13 0.15 L 13491 2485 116.22 20.61
429562773322439296 3.51343 6098626  3.63045 1191 1273 11.01 0.99 0.13 L 13473 24.82 11757 20.85
457807268533229056  38.46902  57.02750  3.64942 1113 11.84 10.31 0.84 0.08 L 13429 2474 113.64 20.15
5329405672431387648 130.00864 -47.19842 3.67080 13.98 14.88 13.03 1.14 0.14 G 133.80 24.65 11456 20.31
5351721738384434048 157.29679 -57.61339 3.68221 8.08 845 7.59 0.14 0.03 L 133.54 24.60 11445 20.29
5542528959037609984 127.24360 -36.23207 3.70536 11.33 12.03 10.52 0.77 0.12 G 133.02 2450 11526 20.44
5539023922122441728 118.71081 -37.62246  3.70789 12.47 1345 11.50 1.23 0.15 G 13296 2449 11442 20.29
4707044742055169152  9.21974  -66.59323 3.72828 16.74 17.10 16.23 0.14 0.11 G 13251 24.41 11518 20.42
2202500843341252736  328.64443  59.12168  3.75817 13.83 14.85 12.81 1.34 0.15 G 131.85 2429 11195 19.85
2200018111723748224 335.91092 57.68078  3.76750 11.66 1255 10.75 1.06 0.14 L 131.64 2425 11426 20.26
3445039825569144192  86.71173  31.59791  3.04664 11.88 1255 11.09 0.76 0.1 L 150.36 27.70 130.52 23.14
3378049163365268608 100.78130  20.93911  3.78798  9.70 10.10 9.22 0.28 0.07 L 131.19 2417 10458 18.54
5856994365517642112  194.75148 -68.57855 3.79741 13.12 13.58 12.60 0.19 0.11 G 130.99 2413 11737 20.81
5311409896910828800 137.14651 -53.19702  3.80582 13.72 14.48 12.86 0.89 0.13 G 130.81 24.10 113.12 20.06
430647231080076416 5.01280 63.17979  3.81071 11.68 1253 10.74 1.01 0.13 L 130.70 24.08 116.56 20.67
465719182408723072  41.18048 61.46470 3.83288 1043 11.14 9.64 0.76 0.09 L 130.23 2399 11244 19.94
6059635702888301952  190.35842 -59.79419 3.83834 799 843 7.42 0.33 0.04 L 130.11 2397 109.04 19.33
509629965971797376  25.81989  59.99762  3.84314 12.33 13.18 11.42 1.02 0.13 G 130.01 2395 112.09 19.87
2031776202613700480 296.20306  29.26468  3.84599  6.69 7.01  6.22 0.17 0.04 L 129.95 2394 10424 18.48
2012494342018730496 353.33454 61.11907  3.87118 1221 13.18 11.23 1.22 0.14 G 12942 23.84 11086 19.65
5619369359933924992  111.25618 -23.15791 3.89113 13.75 14.75 12.76 1.26 0.15 G 129.01 23.76 11043 19.58
2072235820984829312  299.71473  37.64725  3.89187 14.29 14.88 13.51 0.67 0.12 G 128.99 2376 109.48 19.41
2072329902270080128 299.38702 38.09177  3.89671 13.59 14.22 12.81 0.68 0.12 G 128.89 23.74 110.65 19.62
5335934297643679360 172.92831 -60.73455 3.89770 13.14 13.88 12.32 0.78 0.1 O 128.87 23.74 11423 20.25
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G ©® @ ®) ©) (10 @an (32 {d3 (14
4253603501158148736 280.61175 -5.34085 391771 1051 1141 9.60 1.05 0.1 L 12846 23.66 11295 20.03
5615233993628681216 112.66125 -24.68752 3.91882 13.09 13.87 12.21 0.91 0.11 @ 12844 23.66 112.15 19.88
2010134274671099264 345.33801 57.86702  3.91921 1149 1230 10.62 0.92 0.12 L 128.43 23.66 11291 20.02
3052092481686246016 107.65830 -7.12290  3.28782 1252 13.23 11.64 0.68 0.09 L 143.36 2641 140.03 24.83
5540422122959807232 125.36087 -38.42170 3.96098 12.55 13.54 11.57 1.22 0.13 @) 127.58 2350 110.53 19.60
5606739884038472704 109.26954 -28.82351 3.96993 12.72 1324 12.05 0.45 0.11 G 127.40 2347 11042 19.58
486834100624652800  54.08395  62.28723  3.99690 12.74 13.79 11.72 1.31 0.17 L 126.86 23.37 110.88 19.66
2015458213056909184 351.49362 61.26683  4.00024 1251 13.36 11.59 0.92 0.12 L 126.79 2336 117.37 20.81
506923449381427968  32.69322  59.25369  4.00720 12.24 13.07 11.35 0.94 0.12 L 126.65 23.33 11225 19.90
5238994102591371776  162.35781 -66.62534 4.01417 14.04 14.61 13.31 0.56 0.11 G 126.52 23.31 109.25 19.37
514674933331699584  32.62154  63.29753  4.03790 10.27 1096 9.49 0.76 0.1 L 126.05 2322 106.14 18.82
2166861170366710272 313.73970 47.53379  4.04921 1029 11.11 941 1.02 0.13 L 125.83 23.18 104.29 1849
5242076514741190272 162.97536 -61.46728 4.05483 1223 1291 1145 0.68 0.1 @ 125.72  23.16 11191 19.84
5530071831587999232  129.78343 -37.37551 4.06392 1224 12.87 11.48 0.66 0.09 O 125,55 23.13 107.31 19.03
422923956470923008 3.79087 58.42428  4.07117 954 10.14 8.83 0.61 0.06 L 125.41 23.10 105.27 18.66
5545837900614099584 121.29597 -34.36027 4.08860 11.73 12.56 10.84 0.9 0.11 @) 125.07 23.04 11292 20.02
5254281334339678208 160.11285 -60.07640 4.08916 13.97 1491 12.96 1.25 0.15 G 125.06 23.04 104.89 18.60
5241961409628951296 162.73299 -62.09798 4.09530 14.32 15.12 1343 0.99 0.11 O 12494 23.02 105.05 18.62
5861648327739540736  193.74820 -65.20062 4.10167 14.64 15.63 13.62 1.28 0.13 O 124.82 2299 106.69 18.92
511706805997227648  25.25207  63.05553  4.13309 12.66 13.61 11.69 1.19 0.14 G 12423 2288 10637 18.86
3127458403130026112 101.78917  3.96710 413423 1021 10.72 9.53 0.42 0.04 L 12420 22.88 108.56 19.25
462252662762965120  50.94951  59.35567 4.15636 11.84 12.87 10.84 1.22 0.16 L 123.79 2280 111.23 19.72
5321257604065975040 128.76428 -52.47757 4.15812 14.51 1528 13.68 0.83 0.13 G 123.76  22.80 108.25 19.19
2031590552598614784 295.87018 29.23810  4.15973 1449 1530 13.56 1.02 0.13 G 123.73 2279 104.88 18.60
5852389305960163328 208.75541 -64.03195 4.16962 11.28 12.18 10.36 1.06 0.14 G 123.54 2276 107.31 19.03
5614191175568405376 115.20408 -25.45771 4.17117 1242 1336 1145 1.15 0.12 @) 123.51 2275 107.37 19.04
5619786177922254336 110.28102 -21.51060 4.17560 12.51 13.26 11.67 0.82 0.1 @) 123.43 2274 108.01 19.15
2934506447605426944 105.97944 -17.87991 4.20487 11.59 1231 10.79 0.75 0.12 G 122.89 2264 10723 19.01
4690834328595493760  16.04228  -70.95614 4.20529 15.60 1592 15.22 0.0 0.11 G 122.89 22.64 103.00 18.26
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) 2) ®) 4) G 6 O ®) ©) 1o an (a2 (13 (14
5253875717619475200 158.46303 -61.80622  4.23097 14.74 1557 13.80 1.07 0.12 O 12242 2255 10230 18.14
1981367545804985088  329.05685 5298601  4.23698 11.95 12.85 11.02 1.07 0.14 G 12231 2253 10532 18.67
515832929535462016  41.08082  64.76592  4.23841 1096 11.83 10.06 1.01 0.13 G 122.28 2253 106.40 18.87
5254653759541047424 155.20707 -61.25195 4.23925 1398 14.57 13.25 0.57 0.12 G 122.27 2252 105.78 18.75
5587972801102905984 113.75856 -35.91299 4.24340 12.16 12.74 11.47 0.5 0.11 G 12219 2251 106.66 1891
5521352536886237952  123.41069 -42.69920 4.24935 13.62 14.40 12.76 0.89 0.13 G 122.09 2249 10534 18.68
3027940437469882830 110.38690 -16.68722  4.25689  9.32 995  8.59 0.64 0.06 L 121.95 2246 10292 18.25
522468168674975616  18.17150  61.21335  4.25925 1096 11.64 10.19 0.63 0.07 L 12191 2246 109.76 19.46
5338024572321721216  164.46108 -60.74208 4.26618 9.44 999 879 0.55 0.07 L 121.79 2243 9839 1744
510584788742165760  19.00502  61.62071  4.27770 11.35 1236 10.37 1.16 0.15 L 121.58 22.40 11040 19.57
2014609252631258496 342.09618 60.40476  4.27863 11.57 12.60 10.58 1.27 0.15 G 121.56 2239 10495 18.61
5620400182140135168 11295453 -20.14966 4.28543 1096 11.65 10.18 0.67 0.06 L 121.44 2237 10798 19.14
2033008274099620480 296.26534 31.33077  4.28897 1225 13.01 11.39 0.87 0.11 L 121.38 2236 10431 18.49
228741784865956224  64.27528  41.73183  4.29045 10.67 11.41 9.90 0.72 0.09 L 121.35 2235 107.04 18.98
429890595286480384 0.67404  61.86107 430528 12.11 13.08 11.13 0.99 0.13 L 121.09 2231 11951 21.19
1977074811892425600 332.26210 51.04585 4.32355 896 940  8.39 0.29 0.04 L 120.77 2225 10221 1812
2074102933481447808 301.83830 40.17809  4.32699 13.77 14.52 1291 0.82 0.08 L 12071 2224 10625 18.84
5311298983669288832  136.84989 -54.09276  4.35093 13.37 1393 12.65 0.52 0.11 G 12030 2216 103.83 18.41
2060021625508894592  302.28232  37.15195 4.36470 949 10.10 8.77 0.61 0.1 L 120.06 2212 100.66 17.85
429385923752386944 0.24680 60.95900 4.36516 10.86 11.53 9.96 0.9 0.07 L 120.05 2211 9753  17.29
2006033847910275584 335.02002 56.06090  4.36625 12.13 1297 11.21 1.01 0.13 G 120.03 2211 10276 18.22
204588190167650048  71.39513  43.57284 437214 1322 1418 1225 1.19 0.14 G 119.93 22.09 10251 18.17
4693901042617667584  27.66874  -70.50366  4.37264 15.68 1592 15.29 0.0 0.11 G 11992 22.09 9577 16.98
5594091823824942464 119.66611 -33.50405 4.40279 11.64 1244 10.78 0.84 0.1 O 11941 22.00 107.69 19.09
197337185858157440  84.11148  44.59136  4.40345 11.82 1243 11.25 0.48 0.06 L 11939 2199 9922 17.59
6055722403534963840 195.79449 -60.87747  4.42452 946 10.21 8.65 0.78 0.08 L 119.04 2193 104.00 18.44
3397212822106196992  81.77704 1693643  4.43840 1275 13.32 12.06 0.48 0.11 G 118.81 21.88 10410 18.46
2936110669428633216  106.65835 -15.80206 4.46484 1242 1321 11.56 0.82 0.1 O 11836 21.80 106.60 18.90
5881952871520184960 234.52125 -58.69441 4.47575 1524 16.25 14.22 1.32 0.13 O 11818 21.77 99.06  17.56
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G © @ t) ©) (10 @an (32 d3 (14

2011892320749270912 359.53791 61.21363 447861 10.57 11.12 9.66 0.74 0.07 L 118.14 21.76  99.57 17.65
2005011237689458688 335.31995 54.53204 447944 1144 1216 10.63 0.76 0.07 L 118.12 21.76 10192 18.07
5254078504458244352 160.72436 -61.02361 4.48366 12.84 13.68 11.94 0.97 0.11 O 118.05 21.75 102.18 18.12
426881614218441600 12.47192  60.12738 450162 955 1021 8.79 0.7 0.08 L 117.76  21.69  99.25 17.60
5254000340399606016 157.26590 -60.78069  4.50519 14.48 15.29 13.56 1.03 0.11 @) 117.70 21.68 98.04 17.38
5594382644652353664 119.05201 -32.60264 4.51675 11.53 12.38 10.70 0.87 0.13 G 117.51 21.65 104.57 18.54
5850308411442294400 206.85370 -68.24990 4.52474 13.65 14.14 13.00 0.37 0.11 G 117.38 21.62 10146 17.99
4054440301294394624 262.70159 -33.60992  4.52781 755 814 692 0.48 0.05 L 117.33 21.61 99.80 17.69
5534012004528220160 119.94883 -42.02838 4.54706 13.90 14.74 1298 1.01 0.13 G 117.02 2156 99.94 17.72
506699870563323264  33.28119  58.07995 4.56524 11.27 1194 10.55 0.62 0.06 L 116.73 2150 100.73 17.86
2012787293154800896 358.60238 62.14947 4.56615 11.45 1228 10.57 0.96 0.12 L 116.71 2150 99.82 17.70
5338148473537341312  165.30989 -60.11656 4.58610 11.08 11.81 10.25 0.76 0.07 L 116.40 2144 10276 18.22
4690829659971892480 16.84515 -70.88734 4.59426 15.88 16.22 15.37 0.09 0.11 G 116.27 21.42  99.99 17.73
5253884788591163648 158.53969 -61.59759 4.61631 1391 14.75 12.99 1.01 0.11 O 11592 2135 99.13 17.58
5253661725170126720  159.49855 -62.20590 4.63195 14.41 1535 13.63 0.9 0.11 @) 115.67 21.31 103.28 18.31
1981006115714214912  327.39800 52.39523  4.63908 1146 1245 10.48 091 0.23 L 115.56 21.29 119.68 21.22
5521459979795304320 129.42007 -47.36195 4.63985 7.71 8.26 7.05 0.38 0.04 L 11555 21.29 10423 1848
2170880813073764352 322.34628 49.11002 4.64071 11.77 12.62 10.87 0.99 0.13 G 11554 21.28 99.48 17.64
3044483895581000192 107.31421 -13.78609 4.67003 10.09 10.85 9.26 0.77 0.07 L 115.08 21.20 10254 18.18
5338207327417387520 163.13667 -60.52675 4.67416 10.94 11.55 10.19 0.54 0.08 L 115.02 21.19 10222 18.12
5338438297925480320 162.89899 -59.38499 4.67767  9.41 997 873 0.52 0.04 L 11496 21.18 96.83 17.17
3046774762417915136  109.15680 -11.48730 4.67830 7.83  8.33 7.20 0.32 0.03 L 11495 21.18 101.79 18.05
6060173364061645696 193.59158 -58.43063 4.68971 636 680 579 0.23 0.03 L 11478 21.14 100.13 17.75
5861196531541297664 187.06483 -65.04976 4.72838 14.52 1534 13.58 1.06 0.12 @ 11419 21.03 94.22 16.71
1998384927774603520 359.11116  58.02686  4.73481 11.71 12.60 10.79 1.03 0.13 G 114.09 21.02 98.50 17.46
5242088403212116864 163.61189 -61.34710 4.75984 1154 1232 10.69 0.85 0.13 G 113.72 2095 98.71 17.50
5533407170051636608 122.95171 -42.05164 4.76441 1479 1590 13.77 1.36 0.15 G 113.65 2093 97.92 17.36
5541229748611783296 123.70107 -37.65190 4.78070 13.80 14.82 12.79 1.24 0.13 @) 113.41 20.89 98.71 17.50
3051692843568009600 106.78562  -7.79513  4.49659 1254 13.27 11.70 0.87 0.11 L 117.84 21.71  98.06 17.39
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ©) (4) G 6 O ®) ©) 1o an (a2 13 (14

2011303326105008768  353.74839  59.35815  4.78948 12.14 1326 11.08 1.45 0.16 G 11328 20.87 9528  16.89
3099066951319051008  102.70284 -7.98073  4.80971 12.57 13.26 11.77 0.62 0.08 L 11298 20.81 103.42 18.34
5864184488751391744 203.61003 -64.37098  4.82483 14.71 1556 13.75 1.31 0.13 O 11276 2077 82.04  14.55
5329338700985814656  130.05832 -47.55156  4.82751 1324 14.15 12.28 1.12 0.14 G 11272 2076  95.89  17.00
2928116120387181824 108.72647 -22.23586 4.84478 12.81 13.54 11.97 0.8 0.12 G 11247 2072 96.74  17.15
5306782361701536128 140.15436 -56.85401 4.86219 1391 14.60 13.11 0.72 0.12 G 11221 20.67 9653 17.11
1960750328384177408  327.92260  43.13402  4.86438 8.67 9.19 8.03 0.39 0.04 L 112,18 20.66 96.20  17.06
2011892703004353792  359.57487  61.22105  4.87514 10.66 1141 9.83 0.75 0.07 L 112.03 20.64 100.07 17.74
3344297935963515008  91.43635  13.23999 490958 11.89 12.64 11.03 0.71 0.06 L 111.53 20.55 103.93 18.43
2078709577944648192 297.06443 43.12692 492549 890 942 826 0.43 0.05 L 111.31 20.50 93.72  16.62
5258574068220187648 153.88689 -58.17444 4.93255 10.24 1094 9.46 0.59 0.08 L 111.21 2049 103.12 18.28
2060460704279873536  304.19788  36.54994  4.94524 1157 12.65 10.54 1.45 0.19 L 111.03 20.45 89.03 15.78
2055122987639665664 301.33609  32.65909  4.95045 12.27 13.38 11.21 1.35 0.18 L 110.96 20.44 9792 17.36
270272675510149504  64.94524  48.95326 497249 9.12 999 8.23 0.92 0.09 L 110.65 2038 99.09 17.57
5333640230992516480 173.32410 -63.24240 4.97458 11.78 12.80 10.78 1.26 0.15 G 110.62 2038 9432 16.72
3351921532976862336  100.15651  11.72748 497853 11.77 12.69 10.82 1.1 0.14 G 110.56 2037 9475 16.80
2003938801532007808  342.15829  56.32153  4.98330 861 9.15 794 0.4 0.06 L 110.50 2035 9747 17.28
6057402526059795072  181.66763 -62.59685 4.98851 12.06 13.02 11.10 1.14 0.12 O 11043 2034 95.74 1697
2011315528113463808 354.70162 59.39182  4.99754 1050 1142 9.58 1.09 0.1 L 110.30 2032 9355  16.59
5699042480743325312  120.09545 -23.70317 5.02730 10.08 10.53 9.49 0.26 0.04 L 109.89 20.24 9494 16.83
515599111517099136  33.60315  65.59945  5.02942 11.90 12.75 11.01 0.7 0.12 L 109.86 20.24 11238 19.93
2164359918864249728 316.94415 46.73698  5.05758 11.90 12.74 11.01 0.99 0.13 L 10948 20.17 9241  16.38
3390186156826555136  79.69992  13.98667  5.06607 11.52 1219 10.67 0.78 0.12 G 10936 20.15 9230 1637
473293889810320128  57.10698  59.44227  5.06643 10.00 11.16 8.95 1.01 0.1 L 109.36 20.14 12337 21.87
5595650351503904896  118.45324 -30.46031 5.07756 10.55 11.29 9.73 0.74 0.07 L 109.21 2012 96.62 17.13
5871738271033526016  207.68449 -57.58051 5.07890 743 7.89 6.85 0.28 0.03 L 109.19 20.11 93.06  16.50
2166303099490547072  311.55230 45.47861  5.09955 10.53 11.69 9.46 1.45 0.19 L 10891 20.06 9448 16.75
5241157421762533248 162.23993 -64.17420 5.10249 13.62 1429 12.82 0.7 0.12 G 108.88 20.06 9348  16.57
5307006215391311360 142.54990 -56.80824 5.13704 14.57 15.64 13.51 1.39 0.14 O 108.42 1997 90.86 16.11
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  © @ t) ©) (10 @an (a2 d3 (14
2011892325047232256  359.53933 61.21370  5.14077 1049 11.07 9.62 0.75 0.1 L 108.37 1996 88.56 15.70
4080122796947250176  281.32290 -20.64739 5.15424  7.25 783  6.58 0.42 0.04 L 108.19 19.93 95.99 17.02
4085919765884068736  282.74947 -20.29525 6.63703  6.63 7.21 5.93 0.38 0.03 L 9235 17.01 83.44 14.79
1827869808377481216  296.64660 22.88975  5.19725 10.03 1096 9.09 1.23 0.12 L 107.63 19.83 84.26 14.94
4690377382729299328  10.34143  -70.61853 5.20108 15.23 15.52 14.77 -0.0 0.11 G 107.58 19.82 91.22 16.17
5254295559276699392 159.07421 -61.01256 5.20456 9.06 956  8.44 0.29 0.05 L 107.53 19.81 95.63 16.96
5853170268450896768 219.37630 -63.62524 5.21445 1444 1527 13.50 1.08 0.12 @ 10741 19.78 87.23 15.47
5257939993613539456 147.08272 -57.81045 521666 12.34 13.28 11.37 1.15 0.12 O 107.38 19.78 91.51 16.22
513830684503187840  34.09382  62.55776  5.23993 12.62 13.62 11.62 1.23 0.15 G 107.08 19.72 9142 16.21
5698636279917579520 119.52141 -24.04176 5.25024 10.34 10.80 9.73 0.35 0.05 L 106.95 19.70 88.44 15.68
1968971582984827136 318.66850 41.71634  5.25760 8.88  9.91 7.90 1.22 0.11 L 106.85 19.68 92.17 16.34
189726984845700480  86.05833  37.58687 525943 1156 12.33 10.81 0.74 0.1 L 106.83 19.68 91.88 16.29
6053622679932061056  188.32775 -63.50637 5.26567  9.01 9.91 8.12 0.86 0.09 L 106.75 19.66 100.60 17.84
5594100246268225280 119.84298 -33.35713 5.28196 13.39 14.27 1246 1.01 0.11 O 106.54 19.63 93.08 16.50
4147381366335558784  272.50888 -13.54596  5.30141 996 11.03 8.94 1.31 0.11 L 106.30 19.58 91.06 16.14
5334506135119058304 171.27392 -60.73461 5.30996 849  9.08 7.79 0.48 0.1 L 106.19 1956 92.54 16.41
5307761545524640256 147.17283 -55.51953 532402 9.79 10.57 8.95 0.79 0.1 L 106.02 19.53 93.26 16.53
1960981328902089088 330.10480 43.44535 5.33166 857 9.13 7.90 0.45 0.05 L 10592 19.51 90.74 16.09
5338215200143652992 163.78784 -60.54772 5.33671 11.44 12.27 10.56 0.92 0.13 G 105.86 1950 91.37 16.20
5255220656517219840 156.71194 -59.66953 5.34632 9.03 9.64 8.31 0.58 0.05 L 105.74 19.48  89.30 15.83
458239995077788544  38.63042  58.83162  5.36511 1046 1149 9.51 1.2 0.1 L 105.51 1944 90.56 16.06
4190143160245024256 298.08750 -11.36692 5.37668 754 8.03 6.92 0.25 0.03 L 105.37 1941 95.07 16.86
2010285491880986112 346.79198 58.55419 544090 928 996  8.51 0.64 0.06 L 104.59 19.27 91.29 16.18
5547742052903182080 122.60782 -32.52136 546460 10.99 11.72 10.18 0.74 0.12 G 104.30 19.21 90.70 16.08
5312211543950752128 142.56597 -53.05868 5.48394 11.19 12.09 10.25 1.06 0.14 G 104.07 19.17 89.33 15.84
5338131529834231680 164.77043 -60.27884 5.49457 11.65 1246 10.76 0.91 0.13 G 103.94 19.15 89.36 15.84
5891675303053080704 218.13779 -56.88775  5.49457  6.55 7.11 5.93 0.36 0.04 L 103.94 19.15 9148 16.22
523887951723531648 11.62454  63.54327 551273 11.17 1221 10.18 1.29 0.17 L 103.73 19.11 86.60 15.35
5715183929918131968 11547870 -21.13306 5.51615 10.27 10.82 9.61 0.45 0.04 L 103.69 19.10 87.88 15.58
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
1) (2) ®) (4) G © @ ®) ©) o an a2 (@3 (14

459035766618689280  36.89776 5891715  5.53070 10.37 11.47 9.37 1.28 0.11 L 103.52 19.07 9092  16.12
5253795384546671104 158.01837 -61.78262  5.54225 870 9.18  8.09 0.25 0.03 L 103.38 19.04 9148 16.22
4103989346187406464 276.80604 -15.11799 5.54693 10.07 10.94 9.18 0.95 0.13 G 103.33 19.03 89.87 15.93
5539107450645759232  118.43778 -36.97038 5.56408 10.59 1147 9.75 0.88 0.13 G 103.13 19.00 91.69 16.26
5254512193075687168 158.63079 -59.80854 5.57332 11.84 1294 10.79 1.31 0.13 @) 103.02 1898 91.75 16.27
5525918495131126912  126.02410 -44.85228 5.59210 13.08 14.24 12.02 1.45 0.16 G 102.81 1894 87.04 15.43
506602976101284736  26.76131  59.60626 ~ 5.60412 13.19 1392 1235 0.64 0.15 L 102.67 1891 96.65 17.14
5283779135317992448  98.37366  -65.99373  5.63702 15.67 16.06 15.11 0.16 0.11 G 10229 18.84 8795 15.59
2005753545481718912  331.89771 5536274  5.65812 12.18 13.11 11.22 1.23 0.12 L 102.05 18.80 80.97 14.36
5242185808733501696 162.09637 -60.65394 5.66418 12.16 1299 11.26 0.93 0.11 @) 101.98 18.79 88.35  15.66
2015622212085282048 354.86371 6237214 5.66617 11.06 12.01 10.12 1.03 0.09 L 101.96 1878 91.13 16.16
2202863166783787520  330.67041  59.45248  5.68839 13.10 14.14 12.10 1.26 0.15 G 101.71 1874 86.89 1541
5261561063335550208  95.02971 -75.36110 570035 15.26 15.65 14.69 0.17 0.11 G 101.58 18.71 86.90 15.41
2931247014102560000 108.29864 -18.73074 5.72861 10.60 11.39 9.75 0.62 0.12 L 101.27 18.65 100.41 17.80
2034428980559814400 299.89044 33.74604 5.78290 11.05 11.99 10.12 0.99 0.13 L 100.67 1854 91.08 16.15
5600471160241231616 118.49014 -28.36762 5.80047 12.61 1341 11.73 091 0.11 @) 10048 1851 8475 15.03
422226488141991296  3.61766 ~ 56.25293  5.80901 878 9.37  8.08 0.44 0.08 L 100.39 1849 88.92 1577
5613165915335320192 111.16913 -26.18849 5.81585 11.45 12.33 10.54 0.94 0.12 L 100.31 18.48 89.37  15.85
5327836325732931840 131.23286 -50.56002 5.85935 921 996  8.39 0.72 0.07 L 99.84 1839 8897 15.77
5595072420703114624 116.96477 -32.17133 5.86387 13.12 14.08 12.16 1.13 0.14 G 99.80 1838 85.09 15.09
5544213926244557184 120.20160 -37.82794 5.88476 10.63 11.53 9.71 1.02 0.13 G 99.57 1834 85.67 1519
5436296928693979392  143.46188 -36.61574 5.89839  9.12 952  8.58 0.41 0.05 L 9943 1832 7221  12.80
467560314629168640  41.46454  63.30457 590466 1196 12.78 11.08 091 0.12 L 99.36 1830 8478 15.03
5308893149150949248 145.29272 -53.81604 5.90482 11.10 11.98 10.19 0.97 0.09 L 99.36 1830 86.72 15.38
2055014277739104896  303.09511 32.87160 5.95590 891 976  8.02 0.88 0.09 L 98.83 1820 88.11 15.62
5927687916632523264 250.53743 -57.31247 595730 12.82 1338 12.12 0.46 0.11 G 98.81 1820 8519 15.10
5544001136384668288 121.32198 -37.58019  6.02134 13.52 14.50 12.51 1.23 0.13 @) 98.15 18.08 8150 14.45
4092905375639902464  277.97221 -19.12510 6.74522 635 7.01  5.62 0.55 0.05 L 9142 16.84 7940 14.08
1808020329279916288 300.29090  15.80350  6.10820 9.90 10.44 9.26 0.31 0.04 L 9728 1792 8739 1549
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  ©® @ t) ©) (10 @an (32 {d3 (14

4312361436842603520 287.31663 10.55247 6.11423 766 844 6.84 0.86 0.07 L 9722 1791 80.07 14.20
6053428684887800320 185.88240 -64.47089 6.12121 11.32 1229 10.35 0.96 0.09 L 9715 1790 92.85 16.46
4303770918113986304 299.38759  11.04366  6.17926 9.72 1021 9.10 0.14 0.02 L 96.58 17.79 91.95 16.30
4093976334264606976  273.85944 -20.62955 6.17945 10.19 11.07 9.25 1.11 0.14 L 96.58 17.79 77.80 13.79
5932812431123862016 241.29147 -53.91943 6.19933 948 10.30 8.64 0.78 0.08 L 96.38 17.75 86.71 15.37
506581226385580288  27.77925  59.88821  6.20627 10.30 11.02 9.50 0.66 0.06 L 96.31 1774 85.09 15.09
6059764002146656128 191.59278 -59.12473 6.22040 8.07 8.64 7.38 0.4 0.04 L 96.18 17.72  85.67 15.19
2059598687167348352  299.44206 35.63605  6.22543 12.68 13.69 11.69 1.26 0.16 L 96.13 1771  79.05 14.02
2008504454839717120  341.60318  59.44219  6.23397 9.00 9.92  8.08 0.95 0.08 L 96.05 17.69 87.16 15.45
430670222050230912 9.18544 62.27424  6.24022 11.73 1272 10.75 1.16 0.15 L 9599 17.68 82.72 14.67
525136962570940160 18.75456  65.59940 6.27279 10.23 1124 9.28 1.17 0.1 L 95.67 17.62 81.23 14.40
2015820463470505600 354.31691 62.42899 6.29664 924 1022 8.28 1.08 0.09 L 9545 1758 84.96 15.06
4512950187838606464 286.51934 15.74941  6.30024 14.61 1549 13.67 1.03 0.13 G 9541 1758 81.17 14.39
5823134325151372032  240.29463 -63.77655 6.31663 6.22 659 5.63 0.12 0.02 L 95.26 1755 83.68 14.84
2027263738130844288 299.36918  26.55645  6.32059 823 9.14 7.30 1.05 0.09 L 9522 1754 81.20 14.40
1994462866719961216 354.40810 54.84718 6.33647 9.03 9.72  8.26 0.63 0.12 G 95.07 1751 8276 14.67
5339149677605627264 169.58945 -59.23796 6.39427 12.57 1331 11.72 0.77 0.1 @) 9453 1741 81.54 14.46
6057514092119497472  183.24857 -62.09682 6.39726 1047 11.36 9.60 0.86 0.07 L 9450 1741 85.60 15.18
2006989121667184384 340.36050 56.43277 6.41896 855  9.09 7.89 0.36 0.04 L 9430 1737 8257 14.64
4096979650282842112  276.18542 -16.79717  6.42429 8.41 9.08 7.59 0.67 0.06 L 9425 1736 81.52 14.45
3291491450496573824 7497904  10.28845 6.44163 14.32 14.74 13.69 0.27 0.11 G 9410 1733 79.23 14.05
5254071873026676864 160.70349 -61.12298 6.45365 11.21 1196 10.38 0.75 0.12 G 9399 1731 81.37 14.43
5312196047720402048 143.34884 -52.75585 6.45380 11.06 12.07 10.08 1.14 0.1 L 9398 1731 82.86 14.69
5868480143187802240 199.74280 -62.38235  6.45975 8.08 871 7.34 0.5 0.08 L 9393 17.30 83.38 14.78

174489098011145216  71.94298  36.72278  6.46466  7.05 773  6.27 0.65 0.06 L 93.89 1729 80.57 14.28
513282131279401728  23.91530 65.33050  6.55713 1249 13.65 11.42 1.45 0.16 G 93.05 17.14 78.29 13.88
4096140001386430080 275.82979 -18.57477 6.56959 9.80 10.83 8.83 1.13 0.09 L 9294 1712 82.30 14.59
272444829450300160  67.57792  53.94018  6.56983 11.86 12.74 10.95 0.96 0.13 G 9294 1712 80.28 14.23
5541507237862358912  123.09332 -36.94374  6.66423 7.71 8.14 7.16 0.22 0.02 L 92.12 1697 76.39 13.54
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) 2) ®) 4) G 6 @ ®) ©) o an a2 @3 (14

5302258008774271488 127.18202 -60.12256  6.69695 711 7.60  6.50 0.22 0.03 L 91.83 1692 8175 14.49
5338072980840100608 165.93830 -60.64226  6.69721  9.84 1049 9.10 0.59 0.06 L 91.83 1692 7794 13.82
4314923363333177984  293.01969 11.54976  6.69729 12.54 13.22 11.75 0.65 0.12 G 91.83 1692 79.10 14.02
2177714415280658944  323.72762 5594226  6.71632 12.85 1393 11.82 1.31 0.15 G 91.67 1689 77.65 13.77
6054829806275577216  185.33793 -62.28164 6.73287 630 6.81 5.68 0.26 0.04 L 9153 16.86 8146 14.44

429544700100302080  4.26041  60.80280  6.79828 13.65 14.60 12.67 1.02 0.13 L 9097 16.76 82.86  14.69
4204653587029046400 287.08654 -7.43777  6.80601 7.34  8.02  6.57 0.58 0.05 L 9091 16.75 80.55  14.28
5935042378098601856  243.98144 -51.12073  6.81248 10.33 11.31 9.38 1.1 0.14 G 90.86 16.74 7857  13.93
4505300988492333312  281.47541 12.33610 7.50794 9.75 1036 9.00 0.53 0.07 L 85.49 1575 73.09 1296

430766016998901376 8.31747 6290726  6.84634 1097 11.87 10.07 1.04 0.09 L 90.57 16.68 74.60 13.23
5324034867356093056  137.06555 -51.43625 6.92436 722 793  6.44 0.59 0.05 L 89.93 16.57 80.98  14.36
2030848897634605440 300.19314  30.90759  6.96110 1211 1321 11.06 1.41 0.18 L 89.64 1651 7240 12.84
5352181712213705856  159.03578 -56.04323  6.98477 10.22 10.83 9.31 0.72 0.06 L 89.45 1648 75.69 13.42
3031875585286182144 110.50990 -14.31818 6.99483 9.24 9.82 854 0.5 0.06 L 89.37 1646 7430 13.17
5334563996911649408 179.47384 -62.64613 7.00373 11.44 1237 10.49 1.06 0.14 G 89.29 1645 76.45 13.56
5903821951590649600 228.74274 -46.87257 7.05894 13.89 1442 13.21 0.37 0.11 G 88.86 1637 7647  13.56
5877533315817003648 219.29985 -62.01092 7.06626 642 6.96 577 0.31 0.04 L 88.80 1636 79.05 14.01
3113441691460573312  102.63473  0.00700 7.09748 1197 12.83 11.03 0.88 0.11 L 88.55 1631 80.35 14.25
5240438203718296192  165.36850 -64.29067 7.12163 13.71 14.51 12.82 0.87 0.13 G 88.37 1628 7529  13.35
5309174967720762496  144.21441 -53.03278 7.13431 9.69 1051 8.83 0.93 0.11 L 88.27 1626 7170 1271
5860785795219397376  184.39009 -65.75399  7.13451 13.83 1446 12.97 0.58 0.09 @) 88.27 1626 79.97 14.18
5257664497238811776  148.85895 -58.42969 7.19619 895 958  8.22 0.51 0.04 L 87.79 1617 7629  13.53
5600628115523816320 117.51301 -28.25514  7.19862 10.32 11.10 9.50 0.78 0.1 L 8777 1617 7490  13.28
5626365410677889792  131.05061 -35.47371 7.21689 9.94 1060 9.17 0.59 0.12 G 87.63 1614 7589 13.46
2174677564161400064 326.32669 54.49638  7.23099 11.38 1240 10.39 1.19 0.14 G 8753 1612 7447  13.20
2007997408188526336  337.20867 58.21093  7.23213 10.62 11.46 9.74 0.86 0.07 L 8752 1612 76.55  13.57
4307944836090489600 290.25978 851633  7.23996 935 1033 8.39 11 0.09 L 8746 1611 7536 13.36
2165771172070496512  317.72654  49.14204  7.25140 9.95 10.88 9.00 1.05 0.09 L 8737 16.09 7498  13.29
5335963189825411072 172.84735 -60.58341 7.34403 13.08 13.96 12.13 1.04 0.12 O 86.68 1597 7248  12.85

0¢c

v xipuaddy



TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) @) (4) G © @ t) ©) (10 @an (dz2 d3 (14
5613564621430610560 111.82868 -25.78535 7.41934 12.70 13.62 11.73 0.78 0.23 L 86.13 15.87 8741 15.50
3112475495616980992  104.50389  -0.37596 742462 1035 11.04 9.57 0.59 0.06 L 86.09 15.86 76.20 13.51
5855468247702904704 190.52089 -69.40756 7.51028 6.10 6.55 5.55 0.2 0.04 L 8548 1575 71.46 12.67
2934712880912798464 108.42673 -17.62026 7.51211 1239 13.36 1142 1.11 0.14 G 8546 1574 7277 12.90
5337191279923824384 168.04213 -61.75487 7.53200 7.80  8.35 7.14 0.29 0.03 L 85.32 1572 76.80 13.62
3368698813404804352  95.55497  14.67813  7.56688  8.12  8.76 742 0.45 0.04 L 85.07 15.67 75.28 13.35
5337958876494096256 165.10434 -60.99319 7.63695 12.31 13.20 11.37 0.99 0.11 @) 84.58 1558 7235 12.83
5339394082770287232 167.42135 -58.83772  7.72081 6.61 7.08  6.01 0.15 0.02 L 84.01 1547 75.78 13.44
5415098722470316544 152.59186 -44.15874 7.77785 13.69 14.15 13.08 0.23 0.11 G 83.62 1540 71.88 12.74
2016028168089215488 356.26093  63.00385  7.80112 10.08 11.04 9.12 1.01 0.08 L 83.47 1538 74.78 13.26
2030063919381336832  299.79498 29.45072 7.81823 937 10.16 8.51 0.82 0.07 L 83.35 1535 70.84 12.56
1873112207907294848 316.06930 39.97223  7.85582  9.056 9.82  8.20 0.8 0.07 L 83.10 1531 69.70 12.36
470361114339849472  61.24359  58.65978  7.91561 7.16 792  6.32 0.74 0.06 L 82.71 1524 71.63 12.70
5614916921960857088 114.04436 -25.36403 7.96016 1449 1558 13.45 1.29 0.13 O 82.42 1518 69.99 12.41
2170785842762144512  322.18718 48.97821  7.96686 10.10 1090 9.24 0.8 0.12 G 8237 1517 71.12 12.61
1825621002188696448 294.15720 20.33293 799014  6.58 741 5.72 0.81 0.07 L 8222 1515 7214 12.79
428620663657823232 7.49410 60.21196  8.00066  8.51 9.23 7.71 0.66 0.05 L 82.16 1513 71.15 12.61
261548119462093568  77.66762  49.68760  8.00263 9.06 9.69 8.32 0.53 0.06 L 82.14 15.13 70.18 12.44
5236551193933797888 174.75935 -65.20662 8.00290 14.65 15.67 13.62 1.18 0.12 O 82.14 1513 71.02 12.59
3050050207554658048 105.24924 -8.70898  8.01127 9.62 1032 8.79 0.68 0.07 L 82.09 1512 70.31 12.47
5852880955104044800 214.51090 -64.42147 8.19958 14.15 15.00 13.17 1.04 0.12 @) 80.90 1490 66.73 11.83
5887482762148283008 228.20632 -54.75528  8.22041 9.02 990 8.19 091 0.1 L 80.77 14.88 66.81 11.85
512524361613040640  23.18010  63.59380  8.37701 6.64 746  5.78 0.8 0.11 L 79.83 1470 69.72 12.36
3329849043206545920  92.80659 9.61249 8.61488  8.67 9.24 7.99 0.3 0.03 L 78.44 1445 71.16 12.62
202939854734748032  70.99117  40.83478  8.63925 11.13 11.87 10.29 0.72 0.06 L 7830 1442 67.23 11.92
5613972681993587200 115.49584 -25.87617 893422 8.74 9.31 8.04 041 0.04 L 76.67 1412 65.29 11.58
5254097093074642944 159.83465 -61.15243 9.19783 880 9.39 8.12 0.24 0.03 L 7529 13.87 7148 12.67
4056026175045038464 267.15626 -30.47597 9.31686 824  9.08 743 0.77 0.07 L 74.69 1376 64.44 11.43
5854560115494081024 215.45224 -61.54966  9.46519 826 897 747 0.58 0.05 L 7395 13.62 6549 11.61
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) 2) ©) 4) G 6 @ 8) ©) o an a2 @3 (14

4269036830424588800 288.19714  3.55740  9.48055 790 8.67 7.12 0.66 0.05 L 73.88 13.61 63.88 11.33
5329838158460391296  131.22276 -46.34296 9.56113 797 853 7.36 0.32 0.03 L 7349 1354 6193 10.98
5835124087174043136  244.71595 -57.89980 9.75376  6.15 6.70  5.52 0.25 0.02 L 7257 1337 6429 1140
5351423049186195328 158.22527 -58.52100 9.75912 11.01 11.86 10.14 0.71 0.07 L 7255 1336 67.79  12.02
5993655659352495616  243.61906 -40.79315 9.76457 1220 12.89 11.39 0.62 0.12 G 7252 1336 61.72 10.94
5254662177677566464  155.34567 -61.07408 9.76811 859  9.09 7.96 0.23 0.03 L 7251 1336 6291 11.15
2013029941628292352  359.39565 62.71824  9.80569  9.44 10.16  8.65 0.66 0.06 L 7233 1332 61.10 10.83
5241804518715438336 165.39269 -62.21022 9.84085 12.20 13.06 11.27 0.92 0.11 O 7217 1329 6136 10.88
5328248672646357120  132.04364 -48.65915 9.84168 1191 13.00 10.91 1.19 0.11 L 7217 1329 6256  11.09
5328949100222702848 130.67412 -48.68614 10.02929 14.30 1533 13.28 1.19 0.14 G 7132 1314 60.00 10.64
4685261526923834496  2.60032  -75.17706 10.09004 14.71 15.03 14.23 0.0 0.11 G 71.05 13.09 57.80 10.25
2070224337474904064 311.49913 4530694 10.14797 942 1048 8.42 1.12 0.09 L 7080 13.04 6275 11.12
5337257834740652160 167.55357 -60.84747 10.27245 11.09 12.12 10.09 1.11 0.11 L 7026 1294 61.18 10.85
201574982848108416  74.92307  40.83603 10.30573 9.92 10.67 9.10 0.73 0.08 L 7012 1292 5788 10.26
4156450099578283776  279.51377  -8.36895 10.34150 888 9.93 7.92 1.07 0.09 L 69.96 12.89 61.72 10.94
5241780677399802624 165.37783 -62.29079 10.35488 10.31 11.08 9.47 0.63 0.06 L 69.91 1288 6350 11.26
5859119760248045312  198.50696 -64.32488 10.35635 10.85 11.83 9.89 1.06 0.13 L 69.90 1288 59.81  10.60
5538569613358406144 117.35518 -38.23935 10.50594 12.62 1334 11.79 0.67 0.12 G 69.28 12.76  59.07 1047
4267549637851481344  286.16423  1.30614  17.13794 788 8.66 7.00 0.75 0.07 L 51.00 9.39  42.00 7.45
5337764640889249536  168.58836 -60.05292 10.70960 9.27 992 8.1 0.45 0.05 L 68.45 12,61 61.13 10.84
506779550797525760  31.95200  58.44353 10.87727 8.84 958  8.04 0.65 0.06 L 6779 1249 5771 10.23
2007201567928631296  340.21724 56.82946 10.88439 8.04 870 7.29 0.48 0.04 L 6776 1248 59.52  10.55
5871922507947292032 205.07765 -57.61318 10.94947 747 8.03  6.79 0.33 0.03 L 6751 1243 58.12  10.30
3027495856819349248 113.41167 -16.31710 1098248 11.04 11.89 10.16 0.82 0.12 G 6738 1241 5792  10.27
4256744187345732224  280.53297  -4.29349  11.05302 992 11.04 8.88 1.26 0.1 L 6711 1236 57.76  10.24
203496585576324224  72.44976 4228970 11.11731 860 923 7.85 0.44 0.06 L 66.87 1232 59.13  10.48
5611465073923671424 106.94491 -24.91952 11.18235 11.25 11.81 10.56 0.35 0.11 G 66.62 1227 57.15 10.13
5313887130948758016  142.92069 -49.65499 11.20064 888 983  7.95 0.92 0.08 L 66.55 1226 59.37  10.53
462407693902385792  52.35821  60.44647 11.27625 11.76 12.88 10.76 1.18 0.1 L 66.27 1221 5843  10.36
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  ©® @ t) ©) (10 @an (12 d3 (14

5932569709575669504 243.32248 -54.23490 11.28752 798  8.65 7.24 0.43 0.04 L 66.23 1220 59.67 10.58
3430067092837622272  91.64561  26.32922 11.30513 934 997 8.64 0.47 0.06 L 66.17 1219 55.55 9.85
2002637323358768000 343.65706 54.26545 11.31916 1343 14.15 1254 0.74 0.1 L 66.12 1218 55.33 9.81
200708636406382720  75.34662  39.96038 11.62570 7.34 794  6.68 0.34 0.04 L 65.02 1198 5597 9.92
5332375453374624640 178.07378 -65.40418 11.63735 9.33 10.09 8.59 0.58 0.07 L 6498 1197 5571 9.88
2030427789026783488 299.45419  30.26590 11.66304 10.42 11.28 9.52 1.05 0.13 L 64.89 1195 49.05 8.70
2073922579215436288 301.01866 39.10421 1192821 1297 13.86 12.03 0.93 0.13 G 63.98 11.79 54.10 9.59
1999252442448732288 358.02928 58.74172 12.14061 9.32 1020 8.46 0.86 0.08 L 63.28 11.66 53.21 9.43
5336389564126521728 175.70084 -58.99339 12.18311 1090 11.71 10.02 0.75 0.08 L 63.14 11.63 54.76 9.71
6054992602724692608 188.59725 -61.23762 12.21766 11.13 1223 10.11 1.29 0.12 L 63.03 11.61 51.14 9.07
4066375912402666624 274.06943 -23.30591 12.27464 1532 16.30 14.35 1.29 0.13 @) 62.85 11.58 45.96 8.15
5616601820448126336 111.52996 -25.25730 12.35350 9.39 10.15 8.59 0.74 0.06 L 62.59 11.53 49.95 8.86
5240441472232302848 165.56688 -64.26289 12.43802 8.85 9.60 8.06 0.53 0.05 L 62.33 1148 56.30 9.98
5884729035255064064 238.67837 -54.56644 12.63346 896 9.87 8.03 0.82 0.1 L 61.72 11.37 55.89 9.91
470386952863752576  61.53736  58.80875 12.65005 10.26 11.19 9.37 0.7 0.09 L 61.67 1136 59.75 10.59
5865206961464617088 201.62523 -63.16263 12.88787 11.05 1222 10.01 1.34 0.21 L 60.96 11.23 50.26 8.91
4253435825622331392  280.73864 -5.82091 1291058 9.10 9.92 835 0.72 0.08 L 60.89 11.22 4945 8.77
5310669788148987520 139.59222 -54.41226 13.12071 13.73 14.71 12.75 1.06 0.14 G 60.28 11.10 50.71 8.99
5311616398935271168 140.00627 -52.85618 13.23958 10.85 11.86 9.89 0.98 0.11 L 5994 11.04 53.04 9.40
4313179507891570304 287.50172  12.53654 13.43999 10.08 11.20 9.07 1.38 0.18 L 59.38 1094 4494 7.97
5350852677538959104 162.75755 -58.59059 13.45493 1091 1191 9.97 0.94 0.08 L 59.34 1093 53.22 9.44
5600915775257809152 119.42569 -27.60189 13.45979 1149 1236 10.66 0.84 0.1 L 59.32 1093 48.59 8.62
5614312705966204288 117.01604 -25.57777 13.59892 950 10.14 8.79 0.49 0.05 L 5894 10.86 48.31 8.56
459263743483634304  36.80736  59.46060 13.63864 9.14 10.11 8.19 0.96 0.11 L 58.83 10.84 51.18 9.07
5596601154188852352 121.58947 -30.09687 13.67010 9.49 10.23 8.67 0.57 0.05 L 58.75 10.82 52.01 9.22
6030635804488868480 249.53582 -31.47765 13.68681 12.78 13.33 12.09 0.32 0.11 G 58.70 10.81 50.02 8.87
4267397694768545920 287.05729  1.29863  13.75460 6.61 739 585 0.66 0.06 L 58.52 10.78 48.60 8.62
5586922973654572416 116.29911 -36.97475 13.76670 12.17 1295 11.27 0.78 0.12 G 58.49 10.77 48.96 8.68
4087335043492541696 286.51307 -18.42825 13.77231 1249 13.06 11.81 0.31 0.11 G 58.48 10.77 50.22 8.90
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
(1) (2) ®) 4) G 6 O ®) ©) o an (a2 (@3 (14
206577210999441536  74.41700  46.09253 13.84765 11.03 12.01 10.07 1.06 0.09 L 5828 10.74 47.81 8.48
2243309938950947200 304.41505 62.75205 13.98367 14.12 14.63 13.61 0.02 0.11 G 5792 10.67 51.76 9.18
5351331755370445056  161.23472 -56.28954 14.10712 8.07 899 7.1 0.51 0.05 L 57.60 10.61 50.28 8.91
5597327141100381568 119.74674 -29.30786 14.15735 9.98 10.74 9.17 0.61 0.05 L 5748 1059 49.77 8.82
2016626856473497344 35230314 63.37430 14.37514 10.78 1194 9.72 1.29 0.11 L 5693 1049 48.62 8.62

6026412893938675712  254.58229 -33.60913 6.06133  6.67 7.17  5.95 0.46 0.04 L 9775 18.01 81.63 14.47
2161786374436607616  315.02658 4259755 14.71797 839 971  7.28 1.52 0.12 L 56.10 10.33 47.10 8.35
508915489570374272  24.30841  57.75922 14.79237 881 9.08  8.01 0.59 0.06 L 5592 1030 35.32 6.26
2034684200359279488 297.82201 32.67553 15.00336 13.12 14.18 12.05 1.42 0.18 L 5543 1021 40.72 7.22
5864955727424819200 203.49590 -64.05556 15.04436 9.72 10.54 8.88 0.57 0.06 L 55.33 10.19 51.83 9.19
2016581673416790656  350.61846  62.75714 15.09343 10.12 11.35 9.12 1.27 0.11 L 5522 1017 47.29 8.38
2071433765909167232  308.22621 46.60125 1511946 882 973 791 0.8 0.07 L 55.16 10.16 49.20 8.72
3324153371114695680  95.35961 6.47015 15.23122 8.02 8.65 7.32 0.36 0.04 L 5490 10.11 47.56 8.43
5537860123428416640 119.69307 -38.99433 15.55821 11.46 1234 10.55 0.9 0.12 L 5418 998  44.34 7.86
6704330080883057536  281.53600 -48.63307 16.09459 12.59 13.03 11.97 0.12 0.11 G 53.04 9.77 4453 7.89
1870258975238302208 310.85080 35.58778 16.39062 6.07 6.69  5.36 0.34 0.03 L 5244 9.66  45.58 8.08
6026305309220584576  253.41732  -33.34511 16.40369 1299 13.59 12.25 0.39 0.11 G 5241 9.65 4442 7.88
4638315266636230400  30.74872  -74.05691 16.48065 14.19 1470 13.59 0.13 0.11 G 5226  9.63  45.30 8.03
5338036117182452096 166.05607 -60.97991 16.65998 819 890 7.38 0.5 0.05 L 5191 956  45.78 8.12
2058374144759464064 301.11066 34.11225 17.07369 8.46 924 7.6l 0.69 0.06 L 51.12 942 4299 7.62
5878388529664102016 218.79935 -60.99798 17.11025 9.85 1096 8.74 1.27 0.12 L 51.05 940 4298 7.62
2198162651491732608 329.46952 56.16389 17.87198 9.83 10.85 8.87 0.92 0.1 L 49.68 9.15 4478 7.94
5253717937706836480 159.23233 -61.58131 18.05246 11.66 1247 10.73 0.76 0.1 O 4936 9.09 4221 7.48
6026596989041710336  254.88447 -32.95258 18.13188 12.53 13.10 11.76 0.4 0.11 G 4923  9.07  41.02 7.27
5255254711361371520  157.07013 -59.35018 18.17758 830 897 7.52 0.44 0.06 L 49.15 9.05 4299 7.62
188724234539584256  78.84160  40.07802 18.19076 9.78 10.66 8.85 0.74 0.1 L 49.13 9.05 44.36 7.86
5351161399785606016 161.13616 -57.56536 18.87302 7.15 7.82  6.43 0.36 0.04 L 48.01 884  42.09 7.46
1873250780732545920 314.33680 40.17749  20.14034 9.27 1036 8.28 1.13 0.11 L 46.10 849  38.20 6.77
5523162573544337408 129.25540 -44.11465 20.49764 6.66 731 590 0.41 0.04 L 4559 840  39.09 6.93
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TABLE A.7: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
1) 2) ®) (4) G  © @ t) ©) (10 @an (32 {d3 (14
5937099633141128448 251.32962 -51.34264 20.85306 9.60 10.51 8.67 0.74 0.06 L 4510 831 41.03 7.28
4644478166748030976  35.20622  -73.08565 21.36729 13.63 14.02 13.06 0.0 0.11 G 4442 818  36.80 6.52
4094784475310672128 274.24882 -19.07583 21.83410 748 843 6.62 0.62 0.06 L 4382 8.07 41.83 742
4103564728516764032 280.45457 -14.50543 11.03608 13.65 14.58 12.94 0.58 0.12 G 67.17 1237 63.48 11.25
6350220751862829952  358.65290 -83.28872 2244150 14.31 15.01 13.60 0.34 0.11 G 43.08 794 3797 6.73
5600052040150252800 114.64682 -28.49960 23.17284 922 995 842 0.58 0.05 L 4222 778 3435 6.09
5253571526514498176  159.11275 -62.19251 24.21976 1241 13.32 1149 0.76 0.1 @) 41.07 757  36.05 6.39
5858474003300201856 193.43279 -65.89971 26.46392 1193 12.63 11.09 0.51 0.09 @) 38.85 716  33.03 5.86
6096564686351860992  213.33208 -44.89374 26.68846 1241 13.00 11.69 0.28 0.11 G 38.65 712 32.65 5.79
5355057622305532928 155.17091 -55.32138 28.16616 7.82 8.68 6.96 0.73 0.06 L 3737 6.88  30.69 5.44
5964193485048327808 252.91061 -45.42671 28.86509 8.85 10.11 7.76 1.15 0.11 L 36.80 6.78  34.38 6.10
5597379741549105280 119.59202 -29.13008 30.09021 8.12  9.00 7.26 0.72 0.06 L 35.85 6.60  29.69 5.26
5238808628736339584 164.28834 -65.13474 15.71624 8.66  9.31 7.85 047 0.04 L 53.84 9.92  46.88 8.31
5864135319959353600 204.15366 -64.55832 34.05097 9.10 10.18 8.12 0.98 0.1 L 33.18 6.11 28.19 5.00
5546476927338700416 123.26755 -34.57851 41.46411 6.46 730 558 0.61 0.05 L 2933 540 2490 4.42
2027951173435143680 297.87876  27.46021 44.87621 6.66 750 5.78 0.64 0.06 L 2792 514 23.10 4.09
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TABLE A.8: Individual ages for the selected FO-mode GCCs obtained by using both the canonical PA and PAC relations.

Gaia DR2 Source Id RA DEC P G Gpp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa o tpa tpac 0 tpac
1) 2) (3) 4 (©) (6) 7) (8) 9) (10 an (a2  (a1s (14)

5958267083020200448 263.74736 -44.83491 0.48582 15.31 15.67 14.78 0.48 0.11 G 175.45 21.01 168.26 17.82
4652801401061740800 72.89387  -73.52919 0.54856 17.88 18.20 17.42 0.32 0.11 G 167.21 20.02 161.55 17.11
4649684869708905600  78.33946  -73.18860 0.62515 17.60 17.85 17.14 0.28 0.11 G 158.78 19.01 149.33 15.82
4757521942202075904  84.00743  -62.92647 0.66840 17.23 1749 16.81 0.21 0.11 G 154.63 1851 14746 15.62
4648894973678313600  78.74744  -76.16060 0.68428 17.58 17.85 17.13 0.26 0.11 G 153.20 18.34 145.22 15.38

426097765508018560 13.85755  59.72753  0.69910 13.67 14.18 12.99 0.72 0.12 G 151.90 18.19 145.17 15.38
5255955821811454592 150.19748 -61.57770 0.70107 14.74 15.09 14.05 0.65 0.12 G 151.73 18.17 137.97 14.61
6380124062227694208 357.83150 -72.69153 0.72213 17.86 18.07 17.44 0.19 0.11 G 14996 1796 13941 14.77
4648520761770393088  85.76598  -75.18605 0.81359 17.25 1754 16.80 0.25 0.11 G 143.05 17.13 135,51 14.35
4652889258915055488  72.48404  -73.00018 0.95488 17.24 1754 16.77 0.27 0.11 G 134.26 16.08 126.16 13.36
5542032357742851712  125.44982 -37.46816 1.01087 16.30 17.08 15.38 1.19 0.12 @] 131.26 15.72 122.76 13.00
4652312599416423040 68.88711 -74.56297 1.01787 17.03 17.30 16.59 0.18 0.11 G 130.90 15.67 123.28 13.06
4649732762885142272  77.24295  -73.85941 1.02268 17.06 17.35 16.58 0.26 0.11 G 130.66 15.64 122.03 1292
5860021737714232576  190.95445 -65.86875 1.03985 15.64 16.14 14.78 0.82 0.1 O 129.80 1554 123.61 13.09
4690203483799384832  12.47494  -70.52511 1.05413 16.86 17.06 16.51 0.03 0.11 G 129.10 1546 12055 12.77
5879216457587855872  220.33866 -58.95261 1.05620 17.35 19.40 15.97 3.13 0.28 G 129.00 1545 106.51 11.28
4650448854192694144  84.54695 -73.04031 1.05937 17.06 17.37 16.55 0.29 0.11 G 128.85 1543 120.72 12.79
5264781017499895936  90.70098 -74.81688 1.06456 17.00 17.31 16.47 0.33 0.11 G 128.60 1540 119.49 12.66
5262612604471337344 112.55193 -74.18419 1.06846 16.96 17.27 16.47 0.28 0.11 G 128.41 1538 120.29 12.74
4636454029673286400 17.74748  -75.46487 1.07579 16.93 17.12 16.56 0.06 0.11 G 128.07 15.33 118.85 12.59

457599392117044224 37.51571 56.69572 1.08362 14.26 14.77 13.58 0.64 0.12 G 127.70 1529 121.01 12.82
4649292305396315904  75.79134  -74.77767 1.08725 1691 17.17 16.47 0.17 0.11 G 127.53 15.27 119.38 12.64
4757456147604475392  81.34978  -62.60265 1.09098 16.36 16.57 16.01 0.03 0.11 G 127.36 1525 119.56 12.66
5984686633766186752 239.21288 -47.24860 1.10006 17.53 18.72 16.43 1.79 0.18 G 126.94 1520 116.56 12.35
5978153915467156992 257.17120 -34.22662 1.10037 16.06 16.91 15.10 1.29 0.15 G 126.93 1520 117.28 12.42
5280952256562534784 106.38399 -67.14481 1.11229 16.67 17.24 15.96 0.72 0.12 G 126.39 15.13 120.18 12.73
5351436724362450304 157.99176 -58.24496 1.11936 11.09 11.62 10.41 0.65 0.12 G 126.07 15.09 120.10 12.72
4296034376370310144 292.98705 8.05287  1.12815 15.60 16.01 15.02 0.44 0.11 G 125.68 15.05 118.71 12.57
4649121747955000448 77.26192 -74.66745 1.12938 16.84 17.13 16.41 0.17 0.11 G 125.62 15.04 118.78 12.58
6388401494999249280 359.61640 -68.76654 1.14138 17.31 17.49 17.02 0.0 0.11 G 125.10 1498 11244 11.91
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
&) ) ®) (4) G © @ ®) ©) (10 @an da2 d3 (14

4691907009561849088  13.52583  -70.09840 1.14422 17.39 17.61 17.00 0.07 0.11 G 12498 1496 116.83 12.37
5610147893350949504 10791737 -26.97786 1.14435 13.22 13.56 12.71 0.31 0.11 G 12497 1496 117.13 1241
4757580426778468480  83.23229  -62.74256 1.14539 16.58 16.85 16.19 0.1 0.11 G 12493 1496 11822 1252
4757352209396545664  82.53930 -63.27145 1.15017 16.74 17.03 16.28 0.21 0.11 G 12472 1493 116.62 12.35
4117130567344719232  266.37656 -21.56332 1.15336 15.57 16.66 14.46 1.74 0.16 o 12458 1492 111.12 11.77
5604731630351388928 109.71092 -32.64398 1.16324 12.74 13.02 12.29 0.19 0.11 G 12416 1487 11631 12.32
4693976423589147648  27.99098 -69.98706 1.16412 17.18 17.36 16.80 0.04 0.11 G 12413 1486 11476 12.16
5237294738660182912 173.70859 -65.08935 1.16453 16.56 17.60 15.48 1.57 0.15 @] 12411 1486 11651 12.34
5265006108149270016  91.76627  -74.14746 1.16991 1691 17.27 16.39 0.33 0.11 G 123.88 14.83 116.76 12.37
4703373747608086272  5.59416  -68.47642 1.17306 17.24 17.38 16.89 0.0 0.11 G 123.75 14.82 11273 1194
4652373209998248832  72.57003 -74.23271 1.18622 1694 17.25 16.45 0.25 0.11 G 12321 1475 11534 1222
4650275547972932608  84.58900 -74.11395 1.20074 16.63 1691 16.17 0.19 0.11 G 122.61 14.68 11490 12.17
4685118349894560128 725192  -75.20856 1.20327 17.11 17.30 16.78 -0.0 0.11 G 12251 14.67 11292 11.96
4649352954637972224  73.46156  -74.63390 1.21391 16.75 17.07 16.29 0.22 0.11 G 122.08 14.62 11576 12.26
4705063044144940416  21.21681 -65.43852 1.21627 17.07 17.22 16.77 0.0 0.11 G 12199 14.61 108.10 1145
5612678213207148032 111.30775 -27.79913 1.21642 13.14 13.59 1252 0.5 0.11 G 12199 14.61 115.17 12.20
5311837740049326848 137.44370 -52.56716 1.25693 1796 19.08 16.88 1.68 0.17 G 12041 1442 11047 11.70
5311347637061714304 137.25223 -53.59880 1.29623 12.22 12.74 11.55 0.61 0.12 G 11895 1424 11254 11.92
5613275454180075264 112.04712 -26.49072 1.30756 1545 16.20 14.57 1.07 0.14 G 11854 14.19 11063 11.72
5857396447520828288 196.47891 -67.30630 1.31275 15.12 15.57 14.43 0.61 0.12 G 118.36 14.17 108.65 11.51
4134649262221615104 258.39633 -18.09767 1.32706 14.44 1476 13.89 0.33 0.11 G 117.85 14.11 108.60 11.50
5851370058646053120 205.56594 -66.97277 1.39185 1525 15.76 14.57 0.61 0.12 G 115.65 13.85 108.61 11.50
4637883330365589376  19.13912  -75.74839 1.39916 1691 17.17 16.48 0.12 0.11 G 11541 13.82 107.60 11.40
4650280594551796864  83.97161  -74.03424 1.44214 1655 16.86 16.09 0.19 0.11 G 114.03 13.65 106.89 11.32
4688096922599486336  22.41111  -70.44117 1.44633 16.55 16.77 16.14 0.08 0.11 G 113.90 13.64 105.02 11.12
4649981772207548672  89.03492  -74.93384 1.45533 16.50 16.86 16.02 0.23 0.11 G 113.62 13.60 108.00 11.44
5533237604747205120 122.05543 -43.25773 1.50255 13.94 1437 13.32 0.46 0.11 G 11220 1343 10499 11.12
6715705353307835776  286.24834 -41.24300 1.56682 1193 12.75 11.03 1.13 0.14 G 110.35 13.21 103.01 10.91
5279103771359717760  98.49359  -69.58687 1.56734 1591 16.13 15.52 0.04 0.11 G 110.34 13.21 102.17 10.82
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
@) (2) ®) ) G 6 O ®) ©) 1o an (a2 (13 (14
5236253535532145792  178.47741 -66.15551 1.61221 1541 16.07 14.58 0.92 0.11 @) 109.11 13.06 100.22 10.61
4652839746530357120  72.51981  -73.13928 1.61261 16.33 16.63 15.91 0.11 0.11 G 109.10 13.06 10293 10.90
4690389954099065984  11.18371  -70.34446 1.62180 17.50 17.73 17.09 0.07 0.11 G 108.85 13.03 9998  10.59
4633993842341089152  31.03923  -77.07734 1.64148 1745 17.73 17.00 0.14 0.11 G 108.33 1297 100.19 10.61
4684545126380271488  15.02763  -75.21117 1.64178 16.00 16.23 15.64 0.0 0.11 G 108.33 1297 100.18 10.61
4650241016434474624  86.69286  -73.38162 1.64223 16.14 1645 15.72 0.11 0.11 G 108.31 1297 102.08 10.81
5238583980437740416  165.04708 -66.57781 1.64338 14.57 15.07 13.89 0.59 0.12 G 108.28 1297 100.68 10.66
5317494559886504704 133.34151 -54.05494 1.66917 1341 13.79 12.85 0.33 0.11 G 107.62 12.89 100.38 10.63
5253058471238877312  155.13635 -62.12037 1.67042 13.72 14.18 13.10 0.48 0.11 G 107.59 12.88 100.83 10.68
4649714659602296448  76.35029  -74.03501 1.68909 16.17 16.44 15.76 0.08 0.11 G 10711 12.83 99.84 10.57
4650425115918541312  85.71464  -73.43898 1.69512 16.15 1644 15.69 0.15 0.11 G 106.96 12.81 99.32  10.52
5324781367038315648 132.52689 -50.88632 1.70128 14.58 15.45 13.63 1.22 0.14 G 106.81 12.79 98.87  10.47
5587628692622346624 116.43209 -35.40995 1.71526 14.35 15.03 13.54 0.89 0.13 G 106.46 1275 99.18  10.50
5850702517654588928 207.15791 -66.88149 1.72076 14.78 1524 14.13 0.51 0.11 G 106.33 1273 99.15  10.50
5306502089316773248 141.31930 -57.56125 1.73125 14.64 1527 13.86 0.81 0.12 G 106.07 1270 98.44 1043
5306051873674535680 146.31100 -57.27895 1.73470 15.00 15.87 14.05 1.24 0.13 O 105.99 12.69 9651  10.22
4649467368264365312  79.98448  -74.44347 1.74813 16.25 16.55 15.75 0.22 0.11 G 105.67 12.65 97.09 10.28
5599120204043561600 113.85342 -31.07499 1.74843 13.57 14.07 12.92 0.53 0.11 G 105.66 12.65 9895 10.48
2164475809937299584 317.78601 47.16828 1.76585 10.18 10.74 9.49 0.62 0.12 G 105.25 12.60 99.33  10.52
5607793392275328640 106.26306 -29.86583 1.79788 15.08 1537 14.61 0.16 0.11 G 104.50 1251 96.59  10.23
4650394089074151168  85.29071  -73.67826 1.82035 16.16 16.48 15.68 0.18 0.11 G 103.99 1245 96.78 10.25
4649470739818783104  79.60945  -74.44693 1.82744 16.16 1647 15.67 0.19 0.11 G 103.83 1243 96.16  10.18
5609883112903185152  108.15032 -27.83878 1.83506 12.62 1295 12.13 0.2 0.11 G 103.66 1241 9639  10.21
4688179115387628544  24.10374 -70.41784 1.84246 16.42 16.70 15.97 0.12 0.11 G 103.49 1239 9570 10.14
5516544028942005120 126.74790 -46.55246 190177 1441 1499 13.65 0.73 0.12 G 102.20 1224 9469  10.03
5857773580024503552  201.67066 -65.86683 1.93030 1532 16.06 14.43 1.0 0.11 O 101.60 1216 9447 10.01
5533667238912747648 122.49124 -41.54244 194450 15.04 1596 14.08 1.26 0.15 G 101.31 1213 9348 9.90
508824711142351488  30.47766  62.70521 1.94936 13.87 14.63 12.99 1.02 0.13 G 101.21 1212 93.86 9.94
5329861901039268736  131.14422 -46.08450 1.96760 14.26 15.19 13.29 1.26 0.13 @) 100.83 12.07 94.66  10.03
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
¢ 2 ®) (4) G  © @ ®) ©) 1) @an (a2 d3 (14
4650327358155154176  83.68263  -74.01122 1.98597 15.82 16.08 15.39 0.07 0.11 G 10046 12.03 92.62 9.81
5241983434223208192 161.77131 -62.17635 1.99082 14.89 15.70 13.97 1.07 0.12 @] 100.37 12.02 94.73 10.03
6723719246886877440 277.60780 -39.85986 1.99883 12.26 13.26 11.26 1.38 0.15 G 100.21 12.00 92.44 9.79
5606634988063582848 109.96244 -28.79174 1.99937 1252 12.89 11.97 0.29 0.11 G 100.20 12.00 93.13 9.86
5864085979393757824 203.27370 -64.58181 2.00621 15.53 16.47 14.52 1.37 0.14 o 100.06 1198 90.21 9.55
5406720409514852352 152.68706 -50.15948 2.00631 11.89 1235 11.28 0.42 0.11 G 100.06 1198 93.63 9.92
5858749121746467456 197.53034 -65.31814 2.02235 14.71 1540 13.88 0.9 0.11 o 99.74 1194 9235 9.78
5251623535508264064 156.10874 -64.71312 2.02842 1249 1295 11.87 0.44 0.11 G 99.62 1193 9297 9.85
5322072960659445760 129.57544 -50.47626 2.03043 15.39 16.23 14.43 1.2 0.14 G 99.59 1192 90.63 9.60
4640289096166011392  40.62046  -74.72156 2.03078 16.16 16.41 15.73 0.06 0.11 G 99.58 1192 91.56 9.70
5543722994310379136 125.64924 -34.40031 2.03970 14.33 14.88 13.60 0.69 0.1 o 99.41 1190 90.45 9.58
4190528813947695232  298.45948 -9.93928 2.04003 14.23 14.62 13.67 0.32 0.11 G 9940 1190 92.15 9.76
5245796334347122944 150.01533 -66.27623 2.06344 8.09  8.53 7.54 0.3 0.06 L 98.95 11.85 9448 10.01
3054600330268450560 111.10215 -7.85545 2.07131 10.15 10.57 9.59 0.33 0.11 G 98.80 11.83 92.71 9.82
2195158098523149312  310.87509  61.75625 2.09946 14.31 14.85 13.59 0.63 0.12 G 98.28 11.77  90.60 9.60
3398383973788673024  86.41888  18.65688 2.10240 7.88  8.29 7.35 0.23 0.02 L 98.22 1176 94.72 10.03
2203988169026743936  329.46631 61.01885 2.11413 7.51 8.05 6.84 0.55 0.07 L 98.00 11.73 91.98 9.74
524799786155513984 18.62522  64.65289 2.11885 1254 1345 11.59 1.22 0.14 G 9792 11.72  90.79 9.62
3425495186047291136  92.58065  24.02085 2.13754 10.49 11.00 9.85 0.49 0.11 G 9758 11.68 91.32 9.67
4767484964954044544  87.95841  -55.74149 2.16924 15.36 15.65 14.92 0.08 0.11 G 97.01 11.62 90.14 9.55
4690719846243518208  18.54532  -70.98892 2.17640 1599 16.23 15.61 -0.0 0.11 G 96.88 11.60 88.62 9.39
2930223059544294912 11142332 -19.89666 2.17773 11.21 11.76 10.53 0.61 0.09 o 96.86 11.60 88.63 9.39
5611675694812770176 113.56309 -28.62465 2.18938 1297 13.51 12.28 0.58 0.12 G 96.66 11.57 90.02 9.54
5251882921501101312  158.02003 -63.67476 2.23584 15.84 16.21 15.26 0.32 0.11 G 95.86 11.48 87.96 9.32
6057943520139661184 186.29705 -61.34817 2.30569 9.77 10.32 9.10 0.55 0.11 G 9470 11.34 88.80 9.41
2949440564287527552 104.71105 -13.73667 2.32596 11.92 1250 11.21 0.63 0.12 G 9437 1130 8794 9.31
5877460679352962048 221.67487 -61.46196 2.39812 7.29 7.73 6.70 0.35 0.06 L 93.23 11.16 87.93 9.31
3157950918582624256 104.70966  9.62273  2.39815 9.23 955 878 0.14 0.03 L 93.23 11.16 85.22 9.03
4650132886338231296  88.06762  -74.12767 2.42105 1593 16.28 1549 0.09 0.11 G 92.88 11.12 87.62 9.28
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac
1) (2) ®) ) G © O ®) ©) o an a2 (13 (14
5824226655600824704 232.70754 -65.59936 2.42829 7.58 8.02 7.02 0.26 0.1 L 9277 1111 89.97 9.53
5257722221591844480 147.63941 -58.85915 2.44212 14.62 1551 13.66 1.21 0.14 G 9256 11.08 84.57 8.96
5241536688894529408 162.42510 -62.63364 2.47137 14.52 1525 13.62 1.0 0.11 0] 9213 11.03 83.95 8.89
5311598634949142400 139.31963 -53.08485 2.48165 10.41 1092 9.76 0.38 0.05 L 9198 11.01 91.39 9.68
5546003793739552896  119.74495 -34.07069 2.48812 14.64 1552 13.68 1.18 0.12 O 91.88 11.00 84.50 8.95
3028237786647550464 11235338 -15.97682 250363 12.77 13.68 11.82 1.11 0.12 O 91.66 10.97 88.66 9.39
5930952980798060032  250.81165 -52.27422 2.53380 15.74 16.44 14.89 0.9 0.13 G 91.22 1092 83.49 8.84
3027132189042054400 114.83954 -17.34696 2.59875 10.76 11.24 10.12 0.45 0.11 G 90.31 10.81 83.88 8.88
5614274807174596864 115.45717 -25.04177 2.62584 10.35 10.87 9.70 0.42 0.05 L 89.94 10.77 87.27 9.24
5718755624717348096 116.00252 -17.12887 2.62974 11.30 11.69 10.76 0.25 0.11 G 89.89 10.76  83.45 8.84
5525825109665030528 132.70396 -39.44449 2.63045 12.64 1353 11.71 1.16 0.14 G 89.88 10.76  82.77 8.77
3350719221309022720 101.47216 10.06146 2.64460 1041 1092 9.75 0.5 0.11 G 89.69 10.74 83.13 8.80
5594180167020044544 120.11432 -33.31980 2.65696 1294 13.58 12.16 0.84 0.1 @) 89.52 10.72 78.08 8.27
4684364458577939328  12.41486  -76.07638 2.65759 15.75 15.99 15.31 0.03 0.11 G 89.52 10.72 81.23 8.60
3112550812164329856 105.47340 -1.13095 2.67492 843 879 794 0.12 0.02 L 89.29 10.69 85.11 9.01
5598174486604978176  116.20151 -31.36252 2.69267 13.83 14.71 12.89 1.14 0.14 G 89.05 10.66 81.75 8.66
5547538196579026816  122.56082 -32.89204 2.71935 1280 13.69 11.86 1.14 0.12 @) 88.71 10.62 82.23 8.71
4513544886184515584  286.95604  16.95625 2.72920 14.44 15.17 13.60 0.9 0.13 G 88.58 10.61 81.69 8.65
3105345570728492416  101.18311  -3.95240 2.77475 11.39 12.04 10.62 0.72 0.09 L 88.00 10.54 82.06 8.69
3107234707804768384 100.46536  -1.33498 2.79810 11.82 1242 11.08 0.65 0.12 G 8771 10.50 81.31 8.61
2007654601080023040 338.42226 57.31830 2.80533 9.12 9.68 8.43 0.59 0.08 L 87.62 1049 79.96 8.47
3398143803515552768  88.22807  18.01082  2.81521 1222 12.85 11.47 0.69 0.12 G 8750 1048 81.31 8.61
425324052915862912  10.09664  58.61852 2.82322 13.03 13.55 12.34 0.44 0.06 L 87.40 1046 84.36 8.94
429182376660681984 3.16670 60.22643 2.84185 9.90 1050 9.18 0.62 0.12 G 8717 1044 81.18 8.60
5598479085688742656  115.17910 -30.71466 2.89019 1254 13.01 11.89 0.43 0.11 G 86.59 10.37 79.89 8.46
4319599865468760832  290.79264 13.85664 297303 10.15 11.24 9.14 1.41 0.16 G 85.63 10.25 7891 8.36
468646563398354176  61.61184  56.38261 299120 10.78 11.50 9.96 0.83 0.13 G 85.42 1023 79.27 8.40
6703004658279987200 272.40289 -50.27762 3.01343 11.87 1290 10.88 1.32 0.15 G 85.17 10.20 78.61 8.33
2008577744163053696  341.59050 59.95872  3.02796 11.06 11.96 10.12 1.16 0.14 G 85.01 10.18 77.94 8.26
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G Ggp Grp E(Gpp-Grp) 0E(Gpp-Grp) Note tpa O tpa tpac O tpac
¢ 2 ®) (4) G  © @ ®) ©) (10 @an (d2 d3 (14
5258420858142702208 152.56700 -58.18688 3.03785 9.12  9.61 8.50 0.39 0.11 G 8490 10.17 79.19 8.39
3121755094578376832  95.20696 0.04161 3.03825 11.65 1229 10.88 0.71 0.12 G 84.89 10.16 78.51 8.32
2200929331984972672  337.77214  60.26569  3.05313 10.87 11.74 9.96 1.07 0.14 G 84.73 10.15 78.46 8.31
5848500161483878400 222.62620 -67.49763 3.06525 7.10 764 644 0.5 0.04 L 84.60 10.13 77.87 8.25
4156512638614879104 279.16501  -8.18483 3.09090 9.62 1040 8.79 0.84 0.07 L 84.32 10.10 81.03 8.58
3050824676059815168 104.89544 -8.37710 3.10304 13.30 14.21 1234 1.18 0.14 G 84.19 10.08 76.80 8.13
5613541295473114496 111.61767 -25.92677 3.12653 8.99 9.63 8.26 0.6 0.05 L 83.94 10.05 80.32 8.51
3356119713188276096  98.47754  14.47138 3.13632 10.38 1098 9.67 0.59 0.05 L 83.83 10.04 78.02 8.26
3409635486731094400 69.31155  18.54301 3.14835 6.23 6.75 5.59 0.41 0.04 L 83.71 10.02 78.87 8.35
2953155500537706752 102.77785 -11.33744 3.15452 13.27 14.17 1231 1.17 0.14 G 83.64 10.01 76.21 8.07
1833295112309561344 300.69070 23.27608 3.16429 13.11 1399 12.19 1.1 0.14 G 83.54 10.00 76.66 8.12
5334449269746243328 171.30404 -61.36915 3.21183 8.42 881 7.89 0.22 0.02 L 83.05 9.94 76.08 8.06
4628830428362208512  61.12043 -75.07970 3.21459 15.15 1543 14.70 0.04 0.11 G 83.02 994 75.60 8.01
511226491206912128  26.79965  61.42249 3.22284 9.83 10.65 8.96 1.03 0.09 L 8293 993 74.89 7.93
6387986571094721280 353.32270 -67.76696 3.23536 15.51 15.74 15.11 0.0 0.11 G 82.81 9.91 72.75 7.71
4650239813843637248  86.77105 -73.41004 3.24359 1550 15.85 14.98 0.17 0.11 G 82.72  9.90 75.99 8.05
3049261303661303552 103.66285 -10.91295 3.25924 12.36 13.14 1149 0.95 0.13 G 82.57  9.89 75.67 8.01
2952531635068093952  100.53995 -12.66113 3.26141 11.41 11.92 10.75 0.46 0.11 G 82.55 9.88 76.42 8.09
5614701001056464384 116.11513 -24.28858 3.27320 1250 13.21 11.69 0.86 0.11 @] 8243 987 73.65 7.80
1971722045688053248 320.13710 45.46749 3.28391 8.67 9.33 7.92 0.7 0.06 L 82.32  9.86 76.18 8.07
514736269771300224  33.88110 63.51778 3.29886 10.32 11.00 9.53 0.75 0.12 G 82.17 9.84 76.18 8.07
5593427031607304704 112.12402 -30.65555 3.30515 12.05 1245 11.51 0.22 0.11 G 82.11 9.83 75.79 8.03
5336579363014965376  171.69650 -58.81950 3.32711 12.88 13.51 12.10 0.72 0.1 o 8190 9.81 74.29 7.87
5960623272099513856 264.40651 -40.81355 3.38020 7.05 7.51 6.12 0.34 0.04 L 81.38 974 91.65 9.71
5255209665741407744 156.49253 -59.94550 3.39566 10.75 11.38 9.99 0.66 0.12 G 8124 9.73 75.17 7.96
3027746854704868608 111.98560 -16.83151 3.39628 10.85 11.65 9.98 0.95 0.13 G 8123 9.73 75.14 7.96
5347071319596612864 167.83483 -54.55701 3.52731 7.78  8.12 7.32 0.07 0.11 G 80.02  9.58 74.16 7.85
2935055065243490048 107.71609 -16.73962 3.64877 1194 12,55 11.19 0.63 0.12 G 7896  9.45 72.78 7.71
429635993926502912 2.46412 61.51404 3.65163 1044 11.33 9.53 1.36 0.18 L 7893 945 6144 6.51
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TABLE A.8: continued.

Gaia DR2 Source Id RA DEC P G GBP GRP E(GBP'GRP) UE(GBP'GRP) Note tpa 0 tpa tpac 0 tpac

@) (2) ©) 4) G  © O ®) ©) 1o an @az (13 (14
4237423603350413568 300.63619  0.71388  3.76719 1095 11.38 10.38 0.25 0.11 G 7796 934 7210 7.64
5932565900081831040 242.83526 -54.35413 3.78678 858 9.10 7.93 0.39 0.04 L 7780 932 7325 7.76
5836231845180574592  240.40305 -56.18477 3.79369 15.02 1594 14.05 1.19 0.12 O 7775 931 70.01 7.41
2246124001521354368 310.79959  67.24650 3.92667 1235 12.87 11.70 0.42 0.11 G 76.69 9.18  70.87 7.51
2006085421882734336  333.44753 5541078 3.98692 12.18 1295 11.32 0.89 0.13 G 7623 913  69.73 7.39
5334591003669216000 178.38968 -62.85220 3.99765 9.72 1032 9.02 0.51 0.07 L 7615 912 7180 7.61
4664274255137737984  77.76935  -63.43402 4.03938 15.80 16.14 15.30 0.1 0.11 G 7584  9.08  69.39 7.35
4649907692617316480  76.13718  -73.15621 4.09895 15.02 15.35 14.54 0.06 0.11 G 7540 9.03 68.84 7.29
5310680130430560768  139.02433 -54.30973 4.11692 11.01 11.52 10.36 0.4 0.11 G 7527 9.01  69.45 7.36
6060761362259462528 189.78014 -58.28456 4.25428 12.83 13.44 12.07 0.62 0.12 G 7430 890 67.77 7.18
428839329030983040  6.64980  60.79817 4.30649 8.68 9.37 7.90 0.81 0.1 L 7394 885 6418 6.80
5254916611530412672 154.36075 -60.33320 4.31079 13.77 1452 12.85 0.99 0.11 @) 7391 885 64.84 6.87
5881995546318024704 232.96911 -59.24980 4.37292 8.65 930 7.92 0.61 0.12 G 7349 880  68.07 7.21
5339554336583678464 168.50011 -57.91090 4.43091 8.09 852 7.54 0.24 0.02 L 7311 875  66.21 7.01
5715901567412202496 117.25952 -19.11357 4.64442 9.52 10.00 8.90 0.32 0.11 G 7176 859  66.11 7.00
5718760258978008320 116.04965 -17.08099 4.70117 10.04 10.50 9.45 0.28 0.11 G 7142 855 6571 6.96
1965135696153566336  319.08500 38.92738 4.74035 9.51 995 8.93 0.25 0.11 G 7118 852  65.53 6.94
3345254098763568768  92.59262  14.64450 4.83734 9.53 10.18 8.79 0.59 0.12 G 70.61 846 6545 6.93
5711201189563596416  119.24042 -22.82542 4.86103 846 892 7.86 0.24 0.04 L 70.48 844  66.30 7.02
2004036486267748352  342.26323  56.42820 5.44565 8.09 8.63 7.4l 0.42 0.05 L 6738 8.07 6201 6.57
2045359534871088384 294.54825 32.48955 5.57148 10.45 1095 9.82 0.33 0.04 L 66.77 799  61.17 6.48
5868451040512196224 202.88916 -61.58237 5.62283 6.39 6.83  5.83 0.2 0.05 L 66.53 797  60.75 6.43
5337634589276921856  167.68575 -60.75027 5.72548 882 939 8.3 0.45 0.07 L 66.06 791 60.54 6.41
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A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

A.5 The intrinsic stellar parameters for computed Z = 0.004, Y =
0.25; Z =0.008,Y = 0.25and Z = 0.03, Y = 0.28 E, FO and
SO-mode (if any) models

TABLE A.9: The intrinsic stellar parameters for computed F-mode models.

7=0.004 Y=0.25
M/Ms log(L/Ls) T.K] Xl ML P[d] log(R/Rs)

@) @) ®) 4 6 (6) ()
3.0 249 5900 1.5 A 1.46027 1.23
3.0 2.49 6000 1.5 A 1.38159 1.217
3.0 249 6000 1.7 A 1.38248 1.215
3.0 2.49 6100 1.7 A 1.31251 1.204
3.0 2.49 6100 1.9 A 1.31104 1.201
3.0 2.49 6200 1.9 A 1.24545 1.19
3.0 2.69 5700 1.5 B 2.40817 1.357
3.0 2.69 5800 1.5 B 2.27668 1.345
3.0 2.69 5900 1.5 B 2.14295 1.332
3.0 2.69 6000 1.5 B 2.03485 1.321
3.0 2.69 5800 1.7 B 2271 1.343
3.0 2.69 5900 1.7 B 2.14295 1.33
3.0 2.69 6000 1.7 B 2.0323 1.319
3.0 2.69 6100 1.7 B 1.92534 1.306
3.0 2.69 5900 1.9 B 2.14025 1.328
3.0 2.69 6000 1.9 B 2.0323 1.317
3.0 2.69 6100 1.9 B 1.92294 1.304
3.0 2.69 6200 1.9 B 1.81248 1.289
3.0 2.89 5500 1.5 C 4.02464 1.485
3.0 2.89 5600 1.5 C 3.78218 1.473
3.0 2.89 5700 1.5 C 3.56681 1.46
3.0 2.89 5800 1.5 C 3.36907 1.447
3.0 2.89 5900 1.5 C 3.17749 1.433
3.0 2.89 6000 1.5 C 3.00397 1.42
3.0 2.89 6100 1.5 C 2.81626 1.405
3.0 2.89 5600 1.7 C 3.78218 1.47
3.0 2.89 5700 1.7 C 3.56681 1.459
3.0 2.89 5800 1.7 C 3.36068 1.446
3.0 2.89 5900 1.7 C 3.18542 1.433
3.0 2.89 6000 1.7 C 3.00397 1.419
3.0 2.89 6100 1.7 C 2.8198 1.404
3.0 2.89 6200 1.7 C 2.68855 1.391
3.0 2.89 5700 1.9 C 3.55789 1.456
3.0 2.89 5800 1.9 C 3.36907 1.445
3.0 2.89 5900 1.9 C 3.18145 1.432
3.0 2.89 6000 1.9 C 3.00397 1.418
3.0 2.89 6100 1.9 C 2.82334 1.403
3.0 2.89 6200 1.9 C 2.6852 1.391
3.0 2.89 6300 1.9 C 2.54758 1.377
4.0 291 5600 1.5 A 3.23075 1.483
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) (6) 7)

—~
U1
~

4.0 291 5700 1.5 A 3.05052 1.47

4.0 291 5800 1.5 A 2.88156 1.457
4.0 291 5900 1.5 A 2.72058 1.444
4.0 291 5700 1.7 A 3.04288 1.467
4.0 291 5800 1.7 A 2.87796 1.455
4.0 291 5900 1.7 A 2.72058 1.442
4.0 291 6000 1.7 A 2.55775 1.428
4.0 291 5800 1.9 A 2.87793 1.452
4.0 291 5900 1.9 A 2.71718 1.44

4.0 291 6000 1.9 A 2.56096 1.426
4.0 291 6100 1.9 A 2.42479 1.412
4.0 3.11 5400 1.5 B 5.40816 1.611
4.0 3.11 5500 1.5 B 5.08933 1.597
4.0 3.11 5600 1.5 B 4.78719 1.584
4.0 3.11 5700 1.5 B 451712 1.571
4.0 3.11 5800 1.5 B 4.25959 1.557
4.0 3.11 5900 1.5 B 4.01811 1.544
4.0 3.11 6000 1.5 B 3.80476 1.53

4.0 3.11 5500 1.7 B 5.07657 1.594
4.0 3.11 5600 1.7 B 4.78119 1.582
4.0 3.11 5700 1.7 B 4.52275 1.57

4.0 3.11 5800 1.7 B 4.25959 1.556
4.0 3.11 5900 1.7 B 4.01811 1.543
4.0 3.11 6000 1.7 B 3.80002 1.528
4.0 3.11 6100 1.7 B 3.58771 1.515
4.0 3.11 5600 1.9 B 4.78119 1.579
4.0 3.11 5700 1.9 B 4.51147 1.568
4.0 3.11 5800 1.9 B 4.25959 1.555
4.0 3.11 5900 1.9 B 4.01811 1.542
4.0 3.11 6000 1.9 B 3.79529 1.528
4.0 3.11 6100 1.9 B 3.58771 1.513
4.0 3.11 6200 1.9 B 3.39611 1.498
4.0 3.31 5100 1.5 C 9.90397 1.765
4.0 3.31 5200 1.5 C 9.30613 1.752
4.0 3.31 5250 1.5 C 8.97425 1.743
4.0 3.31 5450 1.5 C 7.94531 1.71

4.0 3.31 5500 1.5 C 7.6598 1.699
4.0 3.31 5600 1.5 C 6.66287 1.685
4.0 3.31 5700 1.5 C 6.75932 1.672
4.0 3.31 5750 1.5 C 6.54106 1.666
4.0 3.31 5900 1.5 C 5.26096 1.644
4.0 3.31 6000 1.5 C 5.64735 1.629
4.0 3.31 5300 1.7 C 8.68992 1.732
4.0 3.31 5400 1.7 C 8.10073 1.715
4.0 3.31 5500 1.7 C 7.6598 1.698
4.0 3.31 5600 1.7 C 7.16303 1.683



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) @ O (6) )

4.0 3.31 5700 1.7 C 6.74253 1.672
4.0 3.31 5800 1.7 C 6.2887 1.656
4.0 3.31 5900 1.7 C 5.37985 1.642
4.0 3.31 6000 1.7 C 5.63333 1.629
4.0 3.31 6100 1.7 C 5.33456 1.613
4.0 3.31 5400 1.9 C 8.04873 1.71

4.0 3.31 5500 1.9 C 7.62169 1.697
4.0 3.31 5600 1.9 C 7.16303 1.682
4.0 3.31 5700 1.9 C 6.72576 1.669
4.0 3.31 5800 1.9 C 6.28073 1.655
4.0 3.31 5900 1.9 C 5.98917 1.643
4.0 3.31 6000 1.9 C 5.63333 1.628
5.0 3.24 5300 1.5 A 6.31282 1.687
5.0 3.24 5400 1.5 A 5.94985 1.675
5.0 3.24 5500 1.5 A 5.59429 1.661
5.0 3.24 5600 1.5 A 5.26516 1.648
5.0 3.24 5700 1.5 A 4.96355 1.634
5.0 3.24 5800 1.5 A 4.67157 1.62

5.0 3.24 5900 1.5 A 4.41861 1.607
5.0 3.24 6000 1.5 A 4.18582 1.592
5.0 3.24 5500 1.7 A 5.57329 1.658
5.0 3.24 5600 1.7 A 5.26516 1.646
5.0 3.24 5700 1.7 A 4.95116 1.633
5.0 3.24 5800 1.7 A 4.67157 1.618
5.0 3.24 5900 1.7 A 4.4131 1.606
5.0 3.24 6000 1.7 A 4.17541 1.59

5.0 3.24 5600 1.9 A 5.25199 1.644
5.0 3.24 5700 1.9 A 4.95735 1.631
5.0 3.24 5800 1.9 A 4.67742 1.617
5.0 3.24 5900 1.9 A 4.42412 1.605
5.0 3.24 6000 1.9 A 4.17541 1.589
5.0 3.24 6100 1.9 A 3.94328 1.575
5.0 3.44 5100 1.5 B 10.84407 1.828
5.0 3.44 5300 1.5 B 9.47963 1.793
5.0 3.44 5400 1.5 B 9.40481 1.774
5.0 3.44 5500 1.5 B 8.29811 1.761
5.0 3.44 5600 1.5 B 7.81729 1.749
5.0 3.44 5700 1.5 B 6.57405 1.734
5.0 3.44 5800 1.5 B 6.23935 1.72

5.0 3.44 5900 1.5 B 6.57487 1.707
5.0 3.44 5200 1.7 B 10.05332 1.806
5.0 3.44 5300 1.7 B 9.44313 1.788
5.0 3.44 5400 1.7 B 8.85924 1.774
5.0 3.44 5500 1.7 B 8.29811 1.759
5.0 3.44 5600 1.7 B 7.79735 1.747
5.0 3.44 5700 1.7 B 7.39351 1.733
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) ®) (6) 7)

50 3.44 5800 1.7 B 6.94995 1.72
5.0 3.44 5900 1.7 B 6.56671 1.706
50 3.44 6000 1.7 B 6.1945 1.69
5.0 3.44 5400 1.9 B 8.83669 1.772
50 3.44 5500 1.9 B 8.29811 1.758
5.0 3.44 5600 1.9 B 7.77741 1.745
5.0 3.44 5700 1.9 B 7.38429 1.732
5.0 3.44 5800 1.9 B 6.94995 1.719
5.0 3.44 5900 1.9 B 6.56671 1.705
5.0 3.44 6000 1.9 B 6.17909 1.69
5.0 3.64 4800 1.5 C  19.78553 1.969
50 3.64 4900 1.5 C  18.68576 1.958
5.0 3.64 5000 1.5 C  17.59907 1.946
50 3.64 5100 1.5 C  16.50486 1.931
5.0 3.64 5200 1.5 C 1543391 1.918
50 3.64 5300 1.5 C  13.30463 1.908
5.0 3.64 5400 1.5 C  13.73079 1.893
5.0 3.64 5500 1.5 C 12.87917 1.877
5.0 3.64 5600 1.5 C  12.00023 1.859
5.0 3.64 5700 1.5 C 11.23178 1.84
5.0 3.64 5800 1.5 C 10.4824 1.822
5.0 3.64 5900 1.5 C 9.83338 1.804
50 3.64 5200 1.9 C 1517234 1.907
5.0 3.64 5300 1.9 C  14.41539 1.897
50 3.64 5400 1.9 C  13.56308 1.886
5.0 3.64 5500 1.9 C  12.78507 1.873
50 3.64 5600 1.9 C  11.95625 1.856
5.0 3.64 5700 1.9 C  11.19044 1.839
5.0 3.64 5800 1.9 C 10.4824 1.821
5.0 3.64 5900 1.9 C 9.80904 1.804
6.0 3.50 5200 1.5 A 10.08817 1.836
6.0 3.50 5300 1.5 A 9.41852 1.822
6.0 3.50 5400 1.5 A 8.8495 1.809
6.0 3.50 5500 1.5 A 8.3703 1.795
6.0 3.50 5600 1.5 A 7.88559 1.781
6.0 3.50 5700 1.5 A 7.42312 1.768
6.0 3.50 5800 1.5 A 7.00052 1.753
6.0 3.50 5300 1.7 A 9.41852 1.82
6.0 3.50 5400 1.7 A 8.83821 1.806
6.0 3.50 5500 1.7 A 8.3703 1.793
6.0 3.50 5600 1.7 A 7.87576 1.78
6.0 3.50 5700 1.7 A 7.41388 1.767
6.0 3.50 5800 1.7 A 6.9831 1.752
6.0 3.50 5900 1.7 A 6.59345 1.737
6.0 3.50 5400 1.9 A 8.83821 1.804
6.0 3.50 5500 1.9 A 8.3703 1.792



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) 2 ®) GO ) (6) )
6.0 3.50 5600 1.9 A 7.86593 1.78
6.0 3.50 5700 1.9 A 7.41388 1.765
6.0 3.50 5800 1.9 A 6.9831 1.751
6.0 3.50 5900 1.9 A 6.59345 1.737
6.0 3.50 6000 1.9 A 6.21539 1.722
6.0 3.70 4900 1.5 B 18.59074 1.988
6.0 3.70 5000 1.5 B 17.53461 1.977
6.0 3.70 5100 1.5 B 16.13542 1.967
6.0 3.70 5200 1.5 B 15.44676 1.952
6.0 3.70 5300 1.5 B 14.60648 1.939
6.0 3.70 5400 1.5 B 13.65324 1.922
6.0 3.70 5550 1.5 B 12.33287 1.895
6.0 3.70 5600 1.5 B 11.88218 1.884
6.0 3.70 5700 1.5 B 11.13161 1.867
6.0 3.70 5800 1.5 B 10.43983 1.852
6.0 3.70 5900 1.5 B 9.82302 1.836
6.0 3.70 5100 1.7 B 16.31597 1.96
6.0 3.70 5200 1.7 B 15.30752 1.948
6.0 3.70 5300 1.7 B 14.49896 1.936
6.0 3.70 5400 1.7 B 13.60301 1.919
6.0 3.70 5550 1.7 B 12.31771 1.894
6.0 3.70 5600 1.7 B 11.91157 1.884
6.0 3.70 5700 1.7 B 11.15922 1.868
6.0 3.70 5800 1.7 B 10.4658 1.852
6.0 3.70 5900 1.7 B 9.82302 1.835
6.0 3.70 5200 1.9 B 15.18831 1.94
6.0 3.70 5300 1.9 B 14.4272 1.932
6.0 3.70 5400 1.9 B 13.536 1.917
6.0 3.70 5450 1.9 B 13.14549 1.91
6.0 3.70 5550 1.9 B 12.31771 1.893
6.0 3.70 5600 1.9 B 11.89687 1.884
6.0 3.70 5700 1.9 B 11.13161 1.866
6.0 3.70 5800 1.9 B 10.4658 1.852
6.0 3.70 5900 1.9 B 9.84747 1.837
6.0 3.90 4500 1.5 C  36.60231 2.142
6.0 3.90 4600 1.5 C  34.48819 2.133
6.0 3.90 4700 1.5 C 3240613 2121
6.0 3.90 4800 1.5 C  30.35116 2.108
6.0 3.90 4900 1.5 C  28.62569 2.097
6.0 3.90 5000 1.5 C  26.99664 2.085
6.0 3.90 5100 1.5 C  25.15428 2.071
6.0 3.90 5200 1.5 C  23.84109 2.059
6.0 3.90 5300 1.5 C  22.34977 2.045
6.0 3.90 5400 1.5 C  20.75266 2.026
6.0 3.90 5500 1.5 C  19.55625 2.012
6.0 3.90 5600 1.5 C  18.29468 1.994
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) €) 4 O (6) )

6.0 3.90 5700 1.5 C 17.0265 1.973
6.0 3.90 5800 1.5 C 14.725 1.951
6.0 3.90 4800 1.7 C  30.06829 2.1

6.0 3.90 4900 1.7 C  28.40637 2.09
6.0 3.90 5000 1.7 C 2676157 2.078
6.0 3.90 5100 1.7 C 2498275 2.066
6.0 3.90 5200 1.7 C  23.65486 2.055
6.0 3.90 5300 1.7 C 22.1934 2.041
6.0 3.90 5400 1.7 C  20.61933 2.023
6.0 3.90 5500 1.7 C 19.5088 2.01

6.0 3.90 5600 1.7 C  18.27245 1.991
6.0 3.90 5700 1.7 C  16.96424 1.972
6.0 3.90 5800 1.7 C  15.85475 1.951
6.0 3.90 5000 1.9 C  26.45938 2.071
6.0 3.90 5100 1.9 C  24.77037 2.059
6.0 3.90 5200 1.9 C  23.47963 2.048
6.0 3.90 5300 1.9 C  22.03021 2.035
6.0 3.90 5400 1.9 C  20.45926 2.019
6.0 3.90 5500 1.9 C 19.414 2.007
6.0 3.90 5600 1.9 C  18.13935 1.989
6.0 3.90 5700 1.9 C  16.92269 1.97
7.0 3.73 4900 1.5 A 17.46979 2.0

7.0 3.73 5000 1.5 A 16.45231 1.993
7.0 3.73 5100 1.5 A 1547731 1.978
7.0 3.73 5150 1.5 A 15.00301 1.97
7.0 3.73 5350 1.5 A 13.14873 1.935
7.0 3.73 5400 1.5 A 12.68993 1.925
7.0 3.73 5550 1.5 A 11.40065 1.9

7.0 3.73 5600 1.5 A 11.10537 1.895
7.0 3.73 5700 1.5 A 10.54833 1.88
7.0 3.73 5800 1.5 A 9.8301 1.865
7.0 3.73 5900 1.5 A 9.24826 1.849
7.0 3.73 5100 1.7 A 15.34225 1.972
7.0 3.73 5200 1.7 A 14.43854 1.958
7.0 3.73 5350 1.7 A 13.08368 1.932
7.0 3.73 5400 1.7 A 12.65845 1.923
7.0 3.73 5500 1.7 A 11.71019 1.906
7.0 3.73 5600 1.7 A 11.10537 1.894
7.0 3.73 5700 1.7 A 10.49624 1.88
7.0 3.73 5800 1.7 A 9.84234 1.865
7.0 3.73 5900 1.7 A 9.24826 1.849
7.0 3.73 5300 1.9 A 13.38287 1.938
7.0 3.73 5400 1.9 A 12.62697 1.921
7.0 3.73 5500 1.9 A 11.71019 1.905
7.0 3.73 5600 1.9 A 11.07767 1.891
7.0 3.73 5700 1.9 A 10.49624 1.879



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) GO ) (6) )

7.0 3.73 5800 1.9 A 9.84234 1.864
7.0 3.73 5900 1.9 A 9.27132 1.848
7.0 3.93 4600 1.5 B 3225174 2.143
7.0 3.93 4700 1.5 B 30.13947 2.132
7.0 3.93 4800 1.5 B 28.55012 2.123
7.0 3.93 4900 1.5 B 26.82697 2111
7.0 3.93 5000 1.5 B 25.19687 2.097
7.0 3.93 5100 1.5 B 2371644 2.083
7.0 3.93 5200 1.5 B 2216759 2.067
7.0 3.93 5300 1.5 B 21.08345 2.051
7.0 3.93 5400 1.5 B 20.71134 2.037
7.0 3.93 5500 1.5 B 18.19514 2.021
7.0 3.93 5600 1.5 B 16.975 2.002
7.0 3.93 5700 1.5 B 15.85405 1.983
7.0 3.93 5800 1.5 B 14.77373 1.964
7.0 3.93 4900 1.7 B 26.46887 2.102
7.0 3.93 5000 1.7 B 2497546 2.09

7.0 3.93 5100 1.7 B 23.45949 2.077
7.0 3.93 5200 1.7 B 22.02407 2.064
7.0 3.93 5300 1.7 B 20.68542 2.05

7.0 3.93 5400 1.7 B 20.40648 2.036
7.0 3.93 5500 1.7 B 18.1728 2.019
7.0 3.93 5600 1.7 B 16.975 2.001
7.0 3.93 5700 1.7 B 15.81505 1.982
7.0 3.93 5800 1.7 B 14.77373 1.964
7.0 3.93 5100 1.9 B 23.25394 2.071
7.0 3.93 5200 1.9 B 21.86019 2.057
7.0 3.93 5300 1.9 B 20.55799 2.046
7.0 3.93 5400 1.9 B 19.33623 2.032
7.0 3.93 5500 1.9 B 18.10613 2.018
7.0 3.93 5600 1.9 B 16.93333 2.0

7.0 3.93 5700 1.9 B 15.79549 1.98

7.0 4.13 4400 1.5 C  56.51343 2272
7.0 413 4500 1.5 C  53.09942 2.259
7.0 4.13 4600 1.5 C  50.12616 2.248
7.0 4.13 4700 1.5 C 4698715 2.235
7.0 4.13 4800 1.5 C  43.93854 2.223
7.0 4.13 4900 1.5 C 4113773 2.209
7.0 413 5000 1.5 C  38.71829 2.197
7.0 4.13 5100 1.5 C  36.18472 2.183
7.0 4.13 5200 1.5 C  34.01887 2.17
7.0 4.13 5300 1.5 C 31.87755 2.155
7.0 413 5400 1.5 C  29.97465 2.141
7.0 4.13 5500 1.5 C  27.93819 2.123
7.0 413 5600 1.5 C 2594954 2.103
7.0 4.13 5700 1.5 C 2190463 2.08
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) € 4 O (6) ()

7.0 4.13 4500 1.7 C  52.03437 2.252
7.0 4.13 4600 1.7 C 4931771 2.242
7.0 4.13 4700 1.7 C  46.36736 2.229
7.0 4.13 4800 1.7 C  43.53854 2.217
7.0 4.13 4900 1.7 C  40.87442 2.206
7.0 4.13 5000 1.7 C 3852373 2.192
7.0 4.13 5100 1.7 C  35.95949 2.18
7.0 4.13 5200 1.7 C  33.87257 2.167
7.0 4.13 5300 1.7 C  31.70255 2.152
7.0 4.13 5400 1.7 C  29.75729 2.137
7.0 4.13 5500 1.7 Cc 27.81979 2.121
7.0 4.13 5600 1.7 C 2579167 2.099
7.0 4.13 4700 1.9 C  45.87141 2.221
7.0 4.13 4800 1.9 C  43.19572 2211
7.0 4.13 4900 1.9 C  40.66377 2.199
7.0 4.13 5000 1.9 C  38.23183 2.188
7.0 4.13 5100 1.9 C  35.82431 2.174
7.0 413 5200 1.9 C  33.66343 2.163
7.0 4.13 5300 1.9 C  31.50799 2.148
7.0 4.13 5400 1.9 C  29.57604 2.133
7.0 4.13 5500 1.9 C 27.61701 2.116
7.0 4.13 5600 1.9 C  25.57072 2.095
8.0 3.92 4800 1.5 A 2539572 2.115
8.0 3.92 4900 1.5 A 23.85683 2.101
8.0 3.92 5000 1.5 A 2243333 2.091
8.0 3.92 5100 1.5 A 2259572 2.079
8.0 3.92 5200 1.5 A 19.7412 2.064
8.0 3.92 5300 1.5 A 18.50081 2.049
8.0 3.92 5350 1.5 A 1790613 2.041
8.0 3.92 5500 1.5 A 16.00012 2.009
8.0 3.92 5600 1.5 A 15.09005 1.994
8.0 3.92 5700 1.5 A 14.09954 1.975
8.0 3.92 5800 1.5 A 13.2191 1.961
8.0 3.92 5000 1.7 A 22.1522 2.084
8.0 3.92 5100 1.7 A 20.86968 2.072
8.0 3.92 5200 1.7 A 19.64375 2.061
8.0 3.92 5300 1.7 A 18.43252 2.047
8.0 3.92 5400 1.7 A 17.27303 2.029
8.0 3.92 5500 1.7 A 1597975 2.009
8.0 3.92 5600 1.7 A 15.0713 1.992
8.0 3.92 5700 1.7 A 14.09954 1.975
8.0 3.92 5800 1.7 A 13.2191 1.96
8.0 3.92 5200 1.9 A 1949745 2.055
8.0 3.92 5300 1.9 A 18.36435 2.043
8.0 3.92 5400 1.9 A 17.20914 2.028
8.0 3.92 5500 1.9 A 1597975 2.009



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) 2 ®) GO ) (6) )

8.0 3.92 5600 1.9 A 15.05266 1.992
8.0 3.92 5700 1.9 A 14.06447 1.976
8.0 3.92 5800 1.9 A 13.2191 1.96
8.0 4.12 4300 1.5 B 53.10579 2.278
8.0 4.12 4400 1.5 B 49.98657 2.269
8.0 4.12 4500 1.5 B 47.22581 2.257
8.0 4.12 4600 1.5 B 44.06829 2.246
8.0 4.12 4700 1.5 B 41.7235 2.235
8.0 4.12 4800 1.5 B 39.036 2222
8.0 4.12 4900 1.5 B 36.66921 2.209
8.0 4.12 5000 1.5 B 34.44954 2.197
8.0 412 5100 1.5 B 32.28183 2.183
8.0 4.12 5200 1.5 B 30.40683 2.169
8.0 4.12 5300 1.5 B 28.4985 2.154
8.0 4.12 5400 1.5 B 2657234 2.137
8.0 4.12 5500 1.5 B 24.83264 2.119
8.0 4.12 5600 1.5 B 23.11597 2.099
8.0 4.12 5700 1.5 B 21.3603 2.076
8.0 4.12 4600 1.7 B 43.42407 2.235
8.0 4.12 4700 1.7 B 41.28657 2.226
8.0 412 4800 1.7 B 38.73333 2.216
8.0 4.12 4900 1.7 B 36.29653 2.204
8.0 412 5000 1.7 B 34.1478 2.192
8.0 4.12 5100 1.7 B 3212176 2.178
8.0 4.12 5200 1.7 B 30.17442 2.164
8.0 4.12 5300 1.7 B 28.29074 2.15
8.0 4.12 5400 1.7 B 26.49155 2.134
8.0 4.12 5500 1.7 B 2471192 2117
8.0 4.12 5600 1.7 B 2297488 2.096
8.0 4.12 5700 1.7 B 21.3603 2.077
8.0 4.12 4900 1.9 B 36.06354 2.194
8.0 412 5000 1.9 B 33.97535 2.185
8.0 4.12 5100 1.9 B 31.84178 2.173
8.0 412 5200 1.9 B 2993264 2.16
8.0 4.12 5300 1.9 B 28.08287 2.145
8.0 4.12 5400 1.9 B 26.29769 2.13
8.0 4.12 5500 1.9 B 24.5309 2.113
8.0 4.12 5600 1.9 B 22.89016 2.093
8.0 4.32 4500 1.5 C 7415637 2.358
8.0 4.32 4600 1.5 C  69.30556 2.347
8.0 4.32 4700 1.5 C  65.01042 2.334
8.0 4.32 4800 1.5 C  60.82674 2.32
8.0 4.32 4900 1.5 C  56.99699 2.306
8.0 4.32 5000 1.5 C  53.25336 2.294
8.0 4.32 5100 1.5 C 49.8059 2.28
8.0 4.32 5200 1.5 C  46.68241 2.266
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) € 4 O (6) ()

8.0 4.32 5300 1.5 C 43.5603 2.249
8.0 4.32 5400 1.5 C  40.59942 2.232
8.0 4.32 5500 1.5 C  37.69329 2213
8.0 4.32 4300 1.7 C  80.85405 2.374
8.0 4.32 4400 1.7 C  76.94074 2.364
8.0 4.32 4500 1.7 C  72.74583 2.353
8.0 4.32 4600 1.7 C  68.16632 2.341
8.0 4.32 4700 1.7 C  64.15058 2.328
8.0 4.32 4800 1.7 C  60.19803 2.316
8.0 4.32 4900 1.7 C  56.63576 2.304
8.0 4.32 5000 1.7 C  52.85347 2.29
8.0 4.32 5100 1.7 C  49.55938 2.276
8.0 4.32 5200 1.7 C 46.511 2.261
8.0 4.32 5300 1.7 C  43.34792 2.247
8.0 4.32 5400 1.7 C  40.50046 2.231
8.0 4.32 5500 1.7 C  37.41678 2.208
8.0 4.32 4400 1.9 C  75.11968 2.358
8.0 4.32 4500 1.9 C 71.3353 2.346
8.0 4.32 4600 1.9 C 67.2169 2.337
8.0 4.32 4700 1.9 C  63.46262 2.323
8.0 4.32 4800 1.9 C 59.7265 2.311
8.0 4.32 4900 1.9 C  56.05787 2.299
8.0 4.32 5000 1.9 C 5252014 2.287
8.0 4.32 5100 1.9 C  49.18947 2.272
8.0 4.32 5200 1.9 C  46.16817 2.258
8.0 4.32 5300 1.9 C  43.13542 2.243
8.0 4.32 5400 1.9 C 40.3522 2227
8.0 4.32 5500 1.9 C  37.50903 2.208
9.0 4.09 4600 1.5 A 37.79583 2229
9.0 4.09 4700 1.5 A 35.82419 222
9.0 4.09 4800 1.5 A 33.6397 2.208
9.0 4.09 4900 1.5 A 31.54051 2.195
9.0 4.09 5000 1.5 A 29.59549 2.181
9.0 4.09 5100 1.5 A 2771678 2.166
9.0 4.09 5200 1.5 A 2597674 2.151
9.0 4.09 5300 1.5 A 2247917 2.136
9.0 4.09 5400 1.5 A 2273368 2.12
9.0 4.09 5500 1.5 A 21.22188 2.101
9.0 4.09 5600 1.5 A 19.83391 2.082
9.0 4.09 5700 1.5 A 18.47072 2.062
9.0 4.09 4800 1.7 A 33.08125 2.196
9.0 4.09 4900 1.7 A 31.18345 2.186
9.0 4.09 5000 1.7 A 29.37465 2.175
9.0 4.09 5100 1.7 A 27.51146 2.161
9.0 4.09 5200 1.7 A 25.81736 2.146
9.0 4.09 5300 1.7 A 2456019 2.132



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) 2 ®) GO ) (6) )
9.0 4.09 5400 1.7 A 2267813 2117
9.0 4.09 5500 1.7 A 21.19583 2.101
9.0 4.09 5600 1.7 A 19.80949 2.081
9.0 4.09 5700 1.7 A 18.425 2.063
9.0 4.09 5000 1.9 A 2893299 2.164
9.0 4.09 5100 1.9 A 2723773 2.153
9.0 4.09 5200 1.9 A 25.62616 2.142
9.0 4.09 5300 1.9 A 24.02535 2.129
9.0 4.09 5400 1.9 A 2259479 2.115
9.0 4.09 5500 1.9 A 21.14387 2.099
9.0 4.09 5600 1.9 A 19.73634 2.08
9.0 4.29 4300 1.5 B 7097176 2.369
9.0 4.29 4400 1.5 B  66.69699 2.358
9.0 4.29 4500 1.5 B 62.86979 2.345
9.0 4.29 4600 1.5 B 59.11759 2.333
9.0 4.29 4700 1.5 B 55.4331 2321
9.0 4.29 4800 1.5 B 51.86782 2.307
9.0 4.29 4900 1.5 B 48.59537 2.294
9.0 4.29 5000 1.5 B 45.50556 2.281
9.0 4.29 5100 1.5 B 4267269 2.267
9.0 4.29 5200 1.5 B 39.91597 2.253
9.0 4.29 5300 1.5 B 37.43368 2.239
9.0 4.29 5400 1.5 B  35.07674 2222
9.0 4.29 5500 1.5 B 32.6272 2.202
9.0 4.29 5600 1.5 B 30.0184 2177
9.0 4.29 4500 1.7 B 61.84757 2.337
9.0 4.29 4600 1.7 B 58.33565 2.328
9.0 4.29 4700 1.7 B  54.71319 2.314
9.0 4.29 4800 1.7 B 51.40289 2.302
9.0 4.29 4900 1.7 B 48.289 2.289
9.0 4.29 5000 1.7 B 4522222 2.276
9.0 4.29 5100 1.7 B 42.3838 2.262
9.0 4.29 5200 1.7 B 39.8184 2.249
9.0 4.29 5300 1.7 B 37.25197 2.234
9.0 4.29 5400 1.7 B 34.86493 2.218
9.0 4.29 5500 1.7 B 3235035 2.198
9.0 4.29 5600 1.7 B 30.0184 2177
9.0 4.29 4700 1.9 B 54.13727 2.306
9.0 4.29 4800 1.9 B  50.87164 2.296
9.0 4.29 4900 1.9 B 47.9213 2.284
9.0 4.29 5000 1.9 B 44.9956 2271
9.0 4.29 5100 1.9 B 42.06863 2.259
9.0 4.29 5200 1.9 B 39.42801 2.245
9.0 4.29 5300 1.9 B 37.02488 2.23
9.0 4.29 5400 1.9 B 34.5684 2214
9.0 4.29 5500 1.9 B 32.15266 2.194
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) ©) 4 O (6) ()

9.0 4.29 5600 1.9 B 30.09236 2.178
9.0 4.49 4700 1.5 C  87.42882 2.418
9.0 4.49 4800 1.5 C  81.44815 2.405
9.0 4.49 4900 1.5 C 76.14514 2.392
9.0 4.49 5000 1.5 C  70.95197 2.377
9.0 4.49 5100 1.5 C  66.29421 2.364
9.0 4.49 5200 1.5 C  61.86609 2.348
9.0 4.49 5300 1.5 C  57.58576 2.331
9.0 4.49 5400 1.5 C  53.58924 2.313
9.0 4.49 5500 1.5 C  49.79954 2.294
9.0 4.49 4600 1.7 C  92.26887 2428
9.0 4.49 4700 1.7 C  86.29931 2414
9.0 4.49 4800 1.7 C 80.6191 2.401
9.0 4.49 4900 1.7 C  75.38368 2.387
9.0 4.49 5000 1.7 C 7051343 2.375
9.0 4.49 5100 1.7 C  65.97002 2.36
9.0 4.49 5200 1.7 C  61.49028 2.346
9.0 4.49 5300 1.7 C  57.30613 2.329
9.0 4.49 5400 1.7 C  53.45926 2.312
9.0 4.49 4500 1.9 C  96.44606 2.435
9.0 4.49 4600 1.9 C  90.78472 2424
9.0 4.49 4700 1.9 C  85.16968 2411
9.0 4.49 4800 1.9 C  79.99745 2.398
9.0 4.49 4900 1.9 C 74.81262 2.384
9.0 4.49 5000 1.9 C  69.98715 2.372
9.0 4.49 5100 1.9 C  65.64583 2.359
9.0 4.49 5200 1.9 C  61.18958 2.343
9.0 4.49 5300 1.9 C 57.16644 2.327
9.0 4.49 5400 1.9 C  53.32917 2.309
10.0 4.25 4400 1.5 A 55.45613 2.333
10.0 4.25 4500 1.5 A 51.67512 2.321
10.0 4.25 4600 1.5 A 4893171 2.311
10.0 4.25 4700 1.5 A 4593854 2.3

10.0 4.25 4800 1.5 A 43.0147 2.286
10.0 4.25 4900 1.5 A 40.41481 2.274
10.0 4.25 5000 1.5 A 3791505 2.261
10.0 4.25 5100 1.5 A 35.62593 2.246
10.0 4.25 5200 1.5 A 33.35938 2231
10.0 4.25 5300 1.5 A 31.22905 2.214
10.0 4.25 5400 1.5 A 29.12801 2.197
10.0 4.25 5500 1.5 A 27.10833 2.177
10.0 4.25 5600 1.5 A 2522558 2.158
10.0 4.25 4700 1.7 A 45.46366 2.289
10.0 4.25 4800 1.7 A 42.68542 2.278
10.0 4.25 4900 1.7 A 40.05938 2.267
10.0 4.25 5000 1.7 A 37.67986 2.255
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TABLE A.9: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) 2 ®) GO ) (6) )
10.0 4.25 5100 1.7 A 35.32014 2.241
10.0 4.25 5200 1.7 A 33.11539 2.226
10.0 4.25 5300 1.7 A 31.00174 2.21
10.0 4.25 5400 1.7 A 28.95104 2.194
10.0 4.25 5500 1.7 A 27.04213 2.176
10.0 4.25 5600 1.7 A 2510162 2.156
10.0 4.25 4900 1.9 A 39.60243 2.256
10.0 4.25 5000 1.9 A 37.25648 2.246
10.0 4.25 5100 1.9 A 35.03623 2.234
10.0 4.25 5200 1.9 A 3289178 2221
10.0 4.25 5300 1.9 A 30.73646 2.206
10.0 4.25 5400 1.9 A 28.80949 2.19
10.0 4.25 5500 1.9 A 26.87662 2172
10.0 4.25 5600 1.9 A 25.03958 2.153
10.0 4.45 4300 1.5 B 92.68715 2.447
10.0 4.45 4400 1.5 B 87.08472 2.436
10.0 4.45 4500 1.5 B 81.69421 2423
10.0 4.45 4600 1.5 B  76.51204 241
10.0 4.45 4700 1.5 B 71.5272 2.398
10.0 4.45 4800 1.5 B 66.90382 2.385
10.0 4.45 4900 1.5 B 62.60127 2.371
10.0 4.45 5000 1.5 B 58.62488 2.357
10.0 4.45 5100 1.5 B 54.93796 2.343
10.0 4.45 5200 1.5 B 51.31933 2.327
10.0 4.45 5300 1.5 B 4798542 2311
10.0 4.45 5400 1.5 B 44.65926 2.294
10.0 4.45 5500 1.5 B 41.14931 2.269
10.0 4.45 4400 1.7 B  85.16019 2.429
10.0 4.45 4500 1.7 B 80.15278 2418
10.0 4.45 4600 1.7 B 75.50255 2.406
10.0 4.45 4700 1.7 B 70.59826 2.392
10.0 4.45 4800 1.7 B  66.38924 2.379
10.0 4.45 4900 1.7 B 6220752 2.367
10.0 4.45 5000 1.7 B 58.11574 2.352
10.0 4.45 5100 1.7 B 54.60127 2.339
10.0 4.45 5200 1.7 B 50.94433 2.324
10.0 4.45 5300 1.7 B 47.66551 2.309
10.0 4.45 5400 1.7 B 44.44248 2.291
10.0 4.45 5500 1.7 B 41.25046 2.269
10.0 4.45 4600 1.9 B 74.69502 2.399
10.0 4.45 4700 1.9 B 70.04097 2.387
10.0 4.45 4800 1.9 B 65.87454 2.375
10.0 4.45 4900 1.9 B 61.89248 2.363
10.0 4.45 5000 1.9 B 57.89757 2.348
10.0 4.45 5100 1.9 B 54.2647 2.336
10.0 4.45 5200 1.9 B 50.75683 2.32
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TABLE A.9: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) € 4 O (6) )
10.0 4.45 5300 1.9 B 47.3456 2.305
10.0 4.45 5400 1.9 B 44.11736 2.288
10.0 4.45 5500 1.9 B 41.25046 2.269
10.0 4.65 4900 1.5 C  98.98391 2.465
10.0 4.65 5000 1.5 C  92.22037 2.452
10.0 4.65 5100 1.5 C 85.61192 2.438
10.0 4.65 5200 1.5 C  79.77488 2421
10.0 4.65 5300 1.5 C  73.96898 2.404
10.0 4.65 5400 1.5 C  68.95405 2.388
10.0 4.65 4900 1.7 C  97.99896 2.463
10.0 4.65 5000 1.7 C  91.54398 2.449
10.0 4.65 5100 1.7 C  85.19525 2.436
10.0 4.65 5200 1.7 C  79.29201 242
10.0 4.65 5300 1.7 C  73.78947 2.402
10.0 4.65 5400 1.7 C  68.95405 2.388
10.0 4.65 4900 1.9 C 97.014 2.461
10.0 4.65 5000 1.9 C  90.64201 2.447
10.0 4.65 5100 1.9 C 84.7787 2.433
10.0 4.65 5200 1.9 C  79.19549 2.419
10.0 4.65 5300 1.9 C  73.96898 2401
11.0 4.39 4300 1.5 A 74.08461 2418
11.0 4.39 4400 1.5 A 69.86262 2.407
11.0 4.39 4500 1.5 A 65.69109 2.394
11.0 4.39 4600 1.5 A 61.64514 2.383
11.0 4.39 4700 1.5 A 57.70637 2.368
11.0 4.39 4800 1.5 A 54.03403 2.356
11.0 4.39 4900 1.5 A 50.67512 2.343
11.0 4.39 5000 1.5 A 4743912 2.328
11.0 4.39 5100 1.5 A 4450127 2.315
11.0 4.39 5200 1.5 A 41.711 2.3
11.0 4.39 5300 1.5 A 39.02951 2.285
11.0 4.39 5400 1.5 A 36.3963 2.267
11.0 4.39 5500 1.5 A 33.69363 2.245
11.0 4.39 5600 1.5 A 31.17338 2.223
11.0 4.39 4500 1.7 A 64.63449 2.384
11.0 4.39 4600 1.7 A 60.99792 2.374
11.0 4.39 4700 1.7 A 57.10995 2.363
11.0 4.39 4800 1.7 A 53.5522 2.35
11.0 4.39 4900 1.7 A 50.29363 2.337
11.0 4.39 5000 1.7 A 47.086 2.324
11.0 4.39 5100 1.7 A 4417373 2.31
11.0 4.39 5200 1.7 A 41.3809 2.296
11.0 4.39 5300 1.7 A 38.79306 2.28
11.0 4.39 5400 1.7 A 36.15359 2.263
11.0 4.39 5500 1.7 A 33.61111 2.242
11.0 4.39 5600 1.7 A 31.25046 2.222
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TABLE A.9: continued.

M/M, log(L/Lo) TeIKl @y ML Pld] _ log(R/R.)

© @ G @& 6 © )
11.0 4.39 4800 1.9 A 53.13924 2.342
11.0 4.39 4900 1.9 A 49.84861 2.33
11.0 4.39 5000 1.9 A 46.73287 2.318
11.0 4.39 5100 1.9 A 4379144 2.304
11.0 4.39 5200 1.9 A 41.02546 2.291
11.0 4.39 5300 1.9 A 38.46181 2.275
11.0 4.39 5400 1.9 A 35.88866 2.258
11.0 4.39 5500 1.9 A 33.32245 2.238
11.0 4.59 4500 1.5 B 102.3044 2.49
11.0 4.59 4600 1.5 B 86.23414 2.477
11.0 4.59 4700 1.5 B 90.51215 2.465
11.0 4.59 4800 1.5 B 84.61435 2.452
11.0 4.59 4900 1.5 B 79.21852 2.439
11.0 4.59 5000 1.5 B 73.82697 2424
11.0 4.59 5100 1.5 B 69.08762 2.41
11.0 4.59 5200 1.5 B 64.4265 2.394
11.0 4.59 5300 1.5 B 60.00012 2.378
11.0 4.59 5400 1.5 B 55.79884 2.358
11.0 4.59 5500 1.5 B 52.01076 2.34
11.0 4.59 4400 1.7 B  108.47986 2.5
11.0 4.59 4500 1.7 B 100.79988 2.485
11.0 4.59 4600 1.7 B 95.67396 2.474
11.0 4.59 4700 1.7 B 89.57419 2.461
11.0 4.59 4800 1.7 B 83.75312 2.449
11.0 4.59 4900 1.7 B 78.42627 2.435
11.0 4.59 5000 1.7 B 73.32477 2.422
11.0 4.59 5100 1.7 B 68.58079 2.407
11.0 4.59 5200 1.7 B 64.07384 2.391
11.0 4.59 5300 1.7 B 59.70856 2.374
11.0 4.59 5400 1.7 B 55.52731 2.356
11.0 4.59 4400 1.9 B 105.7375 2.494
11.0 4.59 4500 1.9 B 98.99456 2.479
11.0 4.59 4600 1.9 B 94.39826 2471
11.0 4.59 4700 1.9 B 88.40174 2.457
11.0 4.59 4800 1.9 B 83.10718 2.445
11.0 4.59 4900 1.9 B 77.83218 2.432
11.0 4.59 5000 1.9 B 72.86817 2.418
11.0 4.59 5100 1.9 B 68.32743 2.404
11.0 4.59 5200 1.9 B 63.79954 2.388
11.0 4.59 5300 1.9 B 59.48981 2.372
11.0 4.59 5400 1.9 B 55.52731 2.356
11.0 4.79 5200 1.5 C 101.36227 2.489
11.0 4.79 5300 1.5 C 93.37998 2.472
11.0 4.79 5100 1.7 C 112.16956 2.508
11.0 4.79 5200 1.7 C 100.87674 2.489
11.0 4.79 5300 1.7 C 93.1544 2.471
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TABLE A.9: continued.

M/Mgs  log(L/Ls)  T¢[K] Xl ML P[d] log(R/R:)
1) (2) 3) (4) (5) (6) %)
11.0 4.79 5100 1.9 C  109.55185 2.504
11.0 4.79 5200 1.9 C 100.63391 2.487

TABLE A.10: The intrinsic stellar parameters for computed FO-mode models.

Z=0.004 Y=0.25

M/Mq  log(L/Ly)  ToslK] &y ML  P[d] log(R/Ro)
1) () 3) 4) ®) (6) @)
3.0 2.49 6100 1.5 A 0.96086 1.202
3.0 2.49 6200 15 A 0.91345 1.19
3.0 2.49 6300 15 A 0.86753 1.176
3.0 2.49 6400 15 A 0.82503 1.164
3.0 2.49 6500 15 A 0.78114 1.149
3.0 2.49 6600 1.5 A 0.74973 1.137
3.0 2.49 6700 15 A 0.71273 1.123
3.0 2.49 6200 1.7 A 091041 1.188
3.0 2.49 6300 1.7 A 0.86609 1.175
3.0 2.49 6400 1.7 A 0.82229 1.162
3.0 2.49 6500 1.7 A 0.78114 1.148
3.0 2.49 6600 1.7 A 0.74973 1.137
3.0 2.49 6700 1.7 A 0.71155 1.122
3.0 2.49 6800 1.7 A 0.66206 1.106
3.0 2.49 6300 1.9 A 0.86897 1.174
3.0 2.49 6400 1.9 A 0.82503 1.161
3.0 2.49 6500 1.9 A 0.78114 1.147
3.0 2.49 6600 1.9 A 0.74848 1.135
3.0 2.49 6700 1.9 A 0.71392 1.121
3.0 2.69 6100 15 B  1.39567 1.303
3.0 2.69 6200 1.5 B 1.31759 1.289
3.0 2.69 6300 15 B  1.25825 1.276
3.0 2.69 6400 1.5 B 1.19487 1.263
3.0 2.69 6500 15 B 1.1293 1.248
3.0 2.69 6600 15 B 1.07942 1.236
3.0 2.69 6200 1.7 B 1.31538 1.287
3.0 2.69 6300 1.7 B 1.25618 1.276
3.0 2.69 6400 1.7 B 1.19094 1.262
3.0 2.69 6500 1.7 B 1.12551 1.247
3.0 2.69 6600 1.7 B 1.08123 1.236
3.0 2.69 6200 1.9 B 1.31759 1.287
3.0 2.69 6300 1.9 B 1.25618 1.275
3.0 2.69 6400 19 B 1.19291 1.261
3.0 2.69 6500 1.9 B 1.12456 1.246
3.0 2.89 6200 15 C 1.93149 1.39
3.0 2.89 6300 15 C 183572 1.377
3.0 2.89 6400 15 C 1.74108 1.363
3.0 2.89 6200 1.7 C 195705 1.39
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TABLE A.10: continued.

M/M. 1log(L/Lo) T Kl  am ML P[] log(R/R.)

1) () ®) ) 6 (© )
3.0 2.89 6300 1.7 C 1.83572 1.376
3.0 2.89 6400 1.7 C 1.74108 1.362
3.0 2.89 6300 1.9 C 1.82318 1.374
4.0 291 6000 1.5 A 1.844 1.425
4.0 291 6100 1.5 A 1.75159 1.411
4.0 291 6200 1.5 A 1.66859 1.399
4.0 291 6300 1.5 A 1.58554 1.386
4.0 291 6400 1.5 A 1.50613 1.372
4.0 291 6500 1.5 A 143211 1.358
4.0 291 6100 1.7 A 1.75159 1.41
4.0 291 6200 1.7 A 1.66582 1.398
4.0 291 6300 1.7 A 1.58292 1.385
4.0 291 6400 1.7 A 1.50613 1.371
4.0 291 6500 1.7 A 1.42735 1.357
4.0 291 6200 1.9 A 1.67135 1.398
4.0 291 6300 1.9 A 1.58029 1.385
4.0 291 6400 1.9 A 1.50613 1.371
4.0 3.11 5600 1.5 B 3.41301 1.583
4.0 3.11 5700 1.5 B 3.23049 1.572
4.0 3.11 5800 1.5 B  3.06166 1.557
4.0 3.11 5900 1.5 B 2.90478 1.542
4.0 3.11 6000 1.5 B  3.80135 1.53
4.0 3.11 6100 1.5 B 2.58971 1.514
4.0 3.11 6200 1.5 B 2.44197 1.499
4.0 3.11 6300 1.5 B 231318 1.484
4.0 3.11 5700 1.7 B 3.21976 1.568
4.0 3.11 5800 1.7 B  3.05155 1.555
4.0 3.11 5900 1.7 B  2.83811 1.539
4.0 3.11 6000 1.7 B 3.79237 1.529
4.0 3.11 6100 1.7 B 2.57692 1.513
4.0 3.11 6200 1.7 B 2.44598 1.498
4.0 3.11 6300 1.7 B 231318 1.483
4.0 3.11 6200 1.9 B 2.44197 1.498
4.0 3.31 5900 1.5 C  4.2399 1.645
4.0 3.31 6000 1.5 C 4.01713 1.629
4.0 3.31 6100 1.5 C 3.79794 1.613
4.0 3.31 6000 1.7 C 4.01058 1.629
5.0 3.24 5600 1.5 A 3.76641 1.646
5.0 3.24 5700 1.5 A 3.56603 1.631
5.0 3.24 5800 1.5 A 4.68204 1.62
5.0 3.24 5900 1.5 A 441984 1.607
5.0 3.24 6000 1.5 A 3.00411 1.59
5.0 3.24 6100 1.5 A 283514 1.575
5.0 3.24 6200 1.5 A 266922 1.56
5.0 3.24 6300 1.5 A 255204 1.545
5.0 3.24 6100 1.7 A 2.83981 1.575
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TABLE A.10: continued.

M/Mg  log(L/Ls)  T.¢[K] Kl ML  P[d] log(R/Rs)
(1) 2) 3) 4) ®) (6) )
5.0 3.24 6200 1.7 A 2.66468 1.559
5.0 3.24 6100 1.9 A 2.8445 1.573
5.0 3.24 6200 1.9 A 266014 1.557
5.0 3.44 5700 1.5 B 5.21976 1.736
5.0 3.44 5800 15 B 4.94384 1.721
5.0 3.44 5900 1.5 B 4.67175 1.707
5.0 3.44 6000 1.5 B  4.41993 1.691
5.0 3.44 6100 15 B  4.15936 1.674
5.0 3.44 5800 1.7 B 4.94384 1.719
5.0 3.44 5900 1.7 B  4.65644 1.706
5.0 3.44 6000 1.7 B 4.40549 1.691
5.0 3.44 5900 1.9 B  4.65644 1.704
6.0 3.50 5600 1.5 A 5.60191 1.782
6.0 3.50 5700 1.5 A 5.28456 1.768
6.0 3.50 5800 1.5 A 499863 1.755
6.0 3.50 5900 1.5 A 471741 1.738
6.0 3.50 6000 1.5 A 44609 1.722
6.0 3.50 6100 1.5 A 419019 1.707
6.0 3.50 5700 1.7 A 5.25839 1.766
6.0 3.50 5800 1.7 A 499863 1.753
6.0 3.50 5900 1.7 A 470193 1.737
6.0 3.50 6000 1.7 A 4.44995 1.721
6.0 3.50 5800 1.9 A 4.974 1.75
6.0 3.50 5900 1.9 A 470193 1.735
7.0 3.73 5800 15 A 695219 1.866
7.0 3.73 5900 1.5 A 6.54584 1.85

TABLE A.11: The intrinsic stellar parameters for computed SO-mode models.

Z=0.004 Y=0.25

M/Mqy  log(L/Ly)  ToslK] &y ML  P[d] log(R/Ro)
1) () () 4) ®) (6) @)
3.0 2.49 6600 15 A 0.60227 1.135
3.0 2.49 6700 15 A 0.5745 1.121
3.0 2.49 6800 15 A 0.54392 1.106

TABLE A.12: The intrinsic stellar parameters for computed F-mode models.

7Z=0.008 Y=0.25

M/Me  log(L/Le)  TosflK] &y ML P[d] log(R/Ro)
1) (2) 3) 4) (5) (6) (7)
3.0 2.39 6000 1.5 A 1.15407 1.166
3.0 2.59 5700 1.5 B 2.00247 1.307
3.0 2.59 5800 1.5 B 1.88759 1.295
3.0 2.59 5900 1.5 B 1.79074 1.282
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TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) 4) (6) )

—~
U1
~

3.0 2.59 6000 1.5 B 1.69168 1.269
3.0 2.59 5800 1.7 B 1.88992 1.289
3.0 2.59 5900 1.7 B 1.7885 1.278
3.0 2.59 6000 1.7 B 1.68956 1.267
3.0 2.59 6100 1.7 B 1.59998 1.254
3.0 2.59 6000 1.9 B 1.68535 1.264
3.0 2.59 6100 1.9 B 1.59799 1.252
3.0 2.59 6200 1.9 B 1.51815 1.238
3.0 2.79 5500 1.5 C 3.31913 1.435
3.0 2.79 5600 1.5 C 3.11795 1.422
3.0 2.79 5700 1.5 C 2.954 1.409
3.0 2.79 5800 1.5 C 2.79053 1.396
3.0 2.79 5900 1.5 C 2.62019 1.381
3.0 2.79 6000 1.5 C 2.49095 1.369
3.0 2.79 6100 1.5 C 2.3567 1.355
3.0 2.79 5700 1.7 C 2.94294 1.408
3.0 2.79 5800 1.7 C 2.78705 1.395
3.0 2.79 5900 1.7 C 2.61689 1.379
3.0 2.79 6000 1.7 C 2.49095 1.368
3.0 2.79 6100 1.7 C 2.35376 1.354
3.0 2.79 5800 1.9 C 2.78358 1.392
3.0 2.79 5900 1.9 C 2.6136 1.379
3.0 2.79 6000 1.9 C 2.48784 1.367
3.0 2.79 6100 1.9 C 2.35082 1.353
3.0 2.79 6200 1.9 C 2.23005 1.339
4.0 2.81 5600 1.5 A 2.67853 1.431
4.0 2.81 5700 1.5 A 2.52578 1.419
4.0 2.81 5800 1.5 A 2.39326 1.406
4.0 2.81 5900 1.5 A 2.26223 1.392
4.0 2.81 5800 1.7 A 2.39027 1.403
4.0 2.81 5900 1.7 A 2.25941 1.39
4.0 2.81 6000 1.7 A 2.13177 1.376
4.0 2.81 5900 1.9 A 2.2594 1.387
4.0 2.81 6000 1.9 A 2.1291 1.374
4.0 2.81 6100 1.9 A 2.01936 1.361
4.0 3.01 5400 1.5 B 4.46676 1.56
4.0 3.01 5500 1.5 B 4.21606 1.547
4.0 3.01 5600 1.5 B 3.9624 1.534
4.0 3.01 5700 1.5 B 3.7244 1.52
4.0 3.01 5800 1.5 B 3.50106 1.506
4.0 3.01 5900 1.5 B 3.31791 1.491
4.0 3.01 6000 1.5 B 3.1531 1.478
4.0 3.01 5500 1.7 B 4.20028 1.545
4.0 3.01 5600 1.7 B 3.9624 1.531
4.0 3.01 5700 1.7 B 3.71972 1.518
4.0 3.01 5800 1.7 B 3.50549 1.503
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) ®) (6) 7)

4.0 3.01 5900 1.7 B 3.31374 1.489
4.0 3.01 6000 1.7 B 3.14918 1.477
4.0 3.01 5700 1.9 B 3.71503 1.516
4.0 3.01 5800 1.9 B 3.5099 1.503
4.0 3.01 5900 1.9 B 3.31374 1.489
4.0 3.01 6000 1.9 B 3.14918 1.475
4.0 3.01 6100 1.9 B 2.97587 1.462
4.0 3.21 5200 1.5 C 7.60684 1.694
4.0 3.21 5300 1.5 C 7.10568 1.678
4.0 3.21 5400 1.5 C 6.64074 1.662
4.0 3.21 5500 1.5 C 6.2713 1.65
4.0 3.21 5600 1.5 C 5.90389 1.636
4.0 3.21 5650 1.5 C 5.74234 1.629
4.0 3.21 5800 1.5 C 5.23689 1.607
4.0 3.21 5900 1.5 C 4.94839 1.593
4.0 3.21 5300 1.7 C 7.08793 1.676
4.0 3.21 5400 1.7 C 6.62389 1.66
4.0 3.21 5500 1.7 C 6.2713 1.648
4.0 3.21 5600 1.7 C 5.89653 1.633
4.0 3.21 5700 1.7 C 5.55831 1.62
4.0 3.21 5800 1.7 C 5.23689 1.606
4.0 3.21 5900 1.7 C 4.94839 1.591
4.0 3.21 6000 1.7 C 4.6726 1.577
4.0 3.21 6100 1.7 C 4.40766 1.56
4.0 3.21 5500 1.9 C 6.25566 1.645
4.0 3.21 5600 1.9 C 5.89653 1.632
4.0 3.21 5700 1.9 C 5.55138 1.619
4.0 3.21 5800 1.9 C 5.23037 1.604
4.0 3.21 5900 1.9 C 4.94223 1.59
4.0 3.21 6000 1.9 C 4.6726 1.576
4.0 3.21 6100 1.9 C 4.40769 1.56
5.0 3.14 5300 1.5 A 5.22834 1.637
5.0 3.14 5400 1.5 A 491119 1.624
50 3.14 5500 1.5 A 4.63084 1.611
5.0 3.14 5600 1.5 A 4.36931 1.598
50 3.14 5700 1.5 A 4.11382 1.584
5.0 3.14 5800 1.5 A 3.88644 1.569
50 3.14 5900 1.5 A 3.67065 1.555
5.0 3.14 5500 1.7 A 4.63082 1.608
5.0 3.14 5600 1.7 A 4.35841 1.594
5.0 3.14 5700 1.7 A 4.10868 1.581
5.0 3.14 5800 1.7 A 3.8816 1.568
5.0 3.14 5900 1.7 A 3.66609 1.553
5.0 3.14 5700 1.9 A 4.10868 1.579
50 3.14 5800 1.9 A 3.87675 1.565
5.0 3.14 5900 1.9 A 3.67067 1.552



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) GO ) (6) )

5.0 3.14 6000 1.9 A 3.46652 1.539
5.0 3.34 5200 1.5 B 8.30534 1.755
5.0 3.34 5300 1.5 B 7.78196 1.74

5.0 3.34 5400 1.5 B 7.33834 1.727
5.0 3.34 5500 1.5 B 6.8994 1.713
5.0 3.34 5600 1.5 B 6.48208 1.698
5.0 3.34 5700 1.5 B 6.07112 1.681
5.0 3.34 5800 1.5 B 5.76083 1.669
5.0 3.34 5400 1.7 B 7.32003 1.725
5.0 3.34 5500 1.7 B 6.87362 1.71

5.0 3.34 5600 1.7 B 6.48208 1.696
5.0 3.34 5700 1.7 B 6.06347 1.681
5.0 3.34 5800 1.7 B 5.75366 1.668
5.0 3.34 5900 1.7 B 5.43752 1.654
5.0 3.34 6000 1.7 B 5.13038 1.639
5.0 3.34 5500 1.9 B 6.87362 1.708
5.0 3.34 5600 1.9 B 6.46591 1.696
5.0 3.34 5700 1.9 B 6.05581 1.679
5.0 3.34 5800 1.9 B 5.75366 1.667
5.0 3.34 5900 1.9 B 5.43075 1.652
5.0 3.34 6000 1.9 B 5.13038 1.638
5.0 3.54 4800 1.5 C 16.36157 1.921
5.0 3.54 4900 1.5 C  15.35637 1.91

5.0 3.54 5000 1.5 C 1440382 1.897
5.0 3.54 5100 1.5 C 13.5588 1.885
5.0 3.54 5200 1.5 C 1272338 1.871
5.0 3.54 5300 1.5 C  11.95868 1.856
5.0 3.54 5350 1.5 C 11.5414 1.847
5.0 3.54 5500 1.5 C  10.45433 1.82

5.0 3.54 5600 1.5 C 9.77182 1.802
5.0 3.54 5700 1.5 C 9.07709 1.781
5.0 3.54 5800 1.5 C 8.61109 1.768
5.0 3.54 5000 1.7 C  14.25938 1.888
5.0 3.54 5100 1.7 C  13.45833 1.879
5.0 3.54 5200 1.7 C  12.64525 1.867
5.0 3.54 5300 1.7 C 1190012 1.853
5.0 3.54 5400 1.7 C  11.14299 1.837
5.0 3.54 5500 1.7 C  10.44149 1.82

5.0 3.54 5600 1.7 C 9.77182 1.801
5.0 3.54 5700 1.7 C 9.07709 1.78

5.0 3.54 5800 1.7 C 8.61109 1.768
5.0 3.54 5200 1.9 C  12.53576 1.859
5.0 3.54 5300 1.9 C  11.82708 1.849
5.0 3.54 5400 1.9 C 11.11561 1.834
5.0 3.54 5550 1.9 C 10.11973 1.809
5.0 3.54 5600 1.9 C 9.77182 1.801
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) €) 4 O (6) )

50 3.54 5700 1.9 C 9.07709 1.78
5.0 3.54 5800 1.9 C 8.61109 1.768
6.0 3.40 5200 1.5 A 8.3325 1.787
6.0 3.40 5300 1.5 A 7.83128 1.774
6.0 3.40 5400 1.5 A 7.3519 1.76
6.0 3.40 5500 1.5 A 6.92432 1.746
6.0 3.40 5600 1.5 A 6.5085 1.731
6.0 3.40 5700 1.5 A 6.13917 1.717
6.0 3.40 5800 1.5 A 5.79627 1.701
6.0 3.40 5900 1.5 A 5.47296 1.686
6.0 3.40 5300 1.7 A 7.81171 1.772
6.0 3.40 5400 1.7 A 7.3519 1.758
6.0 3.40 5500 1.7 A 6.90705 1.744
6.0 3.40 5600 1.7 A 6.51662 1.729
6.0 3.40 5700 1.7 A 6.14682 1.715
6.0 3.40 5800 1.7 A 5.77462 1.7

6.0 3.40 5900 1.7 A 5.47296 1.686
6.0 3.40 5500 1.9 A 6.90705 1.742
6.0 3.40 5600 1.9 A 6.50037 1.727
6.0 3.40 5700 1.9 A 6.1315 1.713
6.0 3.40 5800 1.9 A 5.77462 1.699
6.0 3.40 5900 1.9 A 5.45934 1.684
6.0 3.40 6000 1.9 A 5.15275 1.67
6.0 3.60 4800 1.5 B 16.31991 1.953
6.0 3.60 4900 1.5 B 15.36944 1.944
6.0 3.60 5000 1.5 B 14.47685 1.933
6.0 3.60 5100 1.5 B 13.52431 1.918
6.0 3.60 5150 1.5 B 13.13738 191

6.0 3.60 5350 1.5 B 11.38587 1.872
6.0 3.60 5400 1.5 B 10.99512 1.862
6.0 3.60 5500 1.5 B 10.3836 1.845
6.0 3.60 5600 1.5 B 9.73574 1.831
6.0 3.60 5700 1.5 B 9.14086 1.814
6.0 3.60 5800 1.5 B 8.56646 1.798
6.0 3.60 5900 1.5 B 7.63124 1.784
6.0 3.60 5100 1.7 B 13.47407 1.913
6.0 3.60 5200 1.7 B 12.6412 1.898
6.0 3.60 5250 1.7 B 12.25914 1.889
6.0 3.60 5350 1.7 B 11.38226 1.87
6.0 3.60 5400 1.7 B 10.99512 1.861
6.0 3.60 5500 1.7 B 10.35784 1.844
6.0 3.60 5600 1.7 B 9.73574 1.83
6.0 3.60 5700 1.7 B 9.09492 1.813
6.0 3.60 5800 1.7 B 8.54477 1.798
6.0 3.60 5900 1.7 B 8.13859 1.784
6.0 3.60 5200 1.9 B 12.48484 1.886



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) 4) (6) )

—~
U1
~

6.0 3.60 5300 1.9 B 11.81817 1.878
6.0 3.60 5400 1.9 B 10.96714 1.86
6.0 3.60 5500 1.9 B 10.3836 1.844
6.0 3.60 5600 1.9 B 9.73574 1.829
6.0 3.60 5700 1.9 B 9.09492 1.813
6.0 3.60 5800 1.9 B 8.5444 1.797
6.0 3.80 4500 1.5 C 30.37731 2.102
6.0 3.80 4600 1.5 C  28.32431 2.09
6.0 3.80 4700 1.5 C  26.84525 2.078
6.0 3.80 4800 1.5 C  25.11597 2.066
6.0 3.80 4900 1.5 C 23.5412 2.052
6.0 3.80 5000 1.5 C 2210995 2.037
6.0 3.80 5100 1.5 C  20.71146 2.022
6.0 3.80 5200 1.5 C  19.39722 2.007
6.0 3.80 5300 1.5 C  18.18681 1.99
6.0 3.80 5400 1.5 C 16.9331 1.971
6.0 3.80 5500 1.5 C  15.85544 1.956
6.0 3.80 5600 1.5 C  14.80347 1.937
6.0 3.80 5700 1.5 C  13.79549 1.915
6.0 3.80 4800 1.7 C  24.86354 2.055
6.0 3.80 4900 1.7 C  23.30694 2.043
6.0 3.80 5000 1.7 C 21.8787 2.031
6.0 3.80 5100 1.7 C  20.54676 2.016
6.0 3.80 5200 1.7 C  19.25544 2.003
6.0 3.80 5300 1.7 C  18.07407 1.987
6.0 3.80 5400 1.7 C  16.72882 1.97
6.0 3.80 5500 1.7 C 15.83611 1.955
6.0 3.80 5600 1.7 C 14.7853 1.935
6.0 3.80 5700 1.7 C  13.79549 1.914
6.0 3.80 5000 1.9 C 21.661 2.022
6.0 3.80 5100 1.9 C  20.36944 2.011
6.0 3.80 5200 1.9 C 19.13727 1.997
6.0 3.80 5300 1.9 C 17.96377 1.983
6.0 3.80 5400 1.9 C 16.6647 1.966
6.0 3.80 5500 1.9 C  15.75868 1.951
6.0 3.80 5600 1.9 C  14.73079 1.934
7.0 3.63 4900 1.5 A 14.39537 1.955
7.0 3.63 5000 1.5 A 13.5206 1.938
7.0 3.63 5100 1.5 A 12.64294 1.921
7.0 3.63 5200 1.5 A 11.80799 1.903
7.0 3.63 5300 1.5 A 11.0391 1.887
7.0 3.63 5400 1.5 A 10.3502 1.872
7.0 3.63 5500 1.5 A 9.74608 1.859
7.0 3.63 5600 1.5 A 9.17502 1.843
7.0 3.63 5700 1.5 A 8.6378 1.829
7.0 3.63 5800 1.5 A 8.14832 1.812
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) (6) 7)

—~
U1
~

7.0 3.63 5100 1.7 A 1253264 1.915
7.0 3.63 5200 1.7 A 11.77859 1.901
7.0 3.63 5300 1.7 A 11.01149 1.886
7.0 3.63 5400 1.7 A 10.3502 1.87

7.0 3.63 5500 1.7 A 9.72177 1.857
7.0 3.63 5600 1.7 A 9.1636 1.842
7.0 3.63 5700 1.7 A 8.62705 1.828
7.0 3.63 5800 1.7 A 8.12806 1.811
7.0 3.63 5300 1.9 A 11.01149 1.885
7.0 3.63 5400 1.9 A 10.3502 1.869
7.0 3.63 5500 1.9 A 9.72177 1.856
7.0 3.63 5600 1.9 A 9.1636 1.84

7.0 3.63 5700 1.9 A 8.62705 1.827
7.0 3.63 5800 1.9 A 8.12806 1.811
7.0 3.83 4600 1.5 B 26.69977 2.101
7.0 3.83 4700 1.5 B 25.08565 2.088
7.0 3.83 4800 1.5 B 23.49363 2.075
7.0 3.83 4900 1.5 B 21.9581 2.059
7.0 3.83 5000 1.5 B 20.41377 2.044
7.0 3.83 5100 1.5 B 18.00174 2.032
7.0 3.83 5200 1.5 B 18.10069 2.018
7.0 3.83 5300 1.5 B 16.94167 2.002
7.0 3.83 5400 1.5 B 15.84641 1.984
7.0 3.83 5500 1.5 B 14.79178 1.965
7.0 3.83 5600 1.5 B 13.85509 1.947
7.0 3.83 5700 1.5 B 12.96377 1.927
7.0 3.83 5800 1.5 B 12.10729 1.911
7.0 3.83 4900 1.7 B 21.7662 2.052
7.0 3.83 5000 1.7 B 20.28102 2.038
7.0 3.83 5100 1.7 B 19.04213 2.027
7.0 3.83 5200 1.7 B 18.01192 2.014
7.0 3.83 5300 1.7 B 16.8794 2.0

7.0 3.83 5400 1.7 B 15.84641 1.982
7.0 3.83 5500 1.7 B 14.81007 1.964
7.0 3.83 5600 1.7 B 13.82095 1.945
7.0 3.83 5700 1.7 B 12.96377 1.927
7.0 3.83 5100 1.9 B 18.92118 2.019
7.0 3.83 5200 1.9 B 17.87882 2.008
7.0 3.83 5300 1.9 B 16.79653 1.996
7.0 3.83 5400 1.9 B 15.74931 1.98

7.0 3.83 5500 1.9 B 14.81007 1.964
7.0 3.83 5600 1.9 B 13.80382 1.945
7.0 4.03 4300 1.5 C 4991412 2.244
7.0 4.03 4400 1.5 C  46.92569 2.233
7.0 4.03 4500 1.5 C  43.39745 2217
7.0 4.03 4600 1.5 C  41.09965 2.206



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) GO ) (6) )

7.0 4.03 4700 1.5 C  38.51609 2.192
7.0 4.03 4800 1.5 C  36.06528 2.179
7.0 4.03 4900 1.5 C 33.5566 2.164
7.0 4.03 5000 1.5 C  31.39016 2.149
7.0 4.03 5100 1.5 C  29.62708 2.136
7.0 4.03 5200 1.5 C 2775012 212
7.0 4.03 5300 1.5 C  25.93796 2.104
7.0 4.03 5400 1.5 C 2421296 2.087
7.0 4.03 5500 1.5 C 2250532 2.066
7.0 4.03 5600 1.5 C  20.90266 2.043
7.0 4.03 4500 1.7 C  43.01898 221

7.0 4.03 4600 1.7 C  40.78113 2.199
7.0 4.03 4700 1.7 C  38.12407 2.186
7.0 4.03 4800 1.7 C  35.88403 2.174
7.0 4.03 4900 1.7 C  33.32049 2.159
7.0 4.03 5000 1.7 C 31.1088 2.145
7.0 4.03 5100 1.7 C  29.41007 2.132
7.0 4.03 5200 1.7 C 2754815 2117
7.0 4.03 5300 1.7 C 2576516 2.1

7.0 4.03 5400 1.7 C  24.06597 2.082
7.0 4.03 5500 1.7 C 2239525 2.061
7.0 4.03 4800 1.9 C  35.52153 2.166
7.0 4.03 4900 1.9 C  33.06285 2.153
7.0 4.03 5000 1.9 C  31.02836 2.138
7.0 4.03 5100 1.9 C  29.22917 2.125
7.0 4.03 5200 1.9 C 2741343 2.112
7.0 4.03 5300 1.9 C  25.63947 2.094
7.0 4.03 5400 1.9 C 23.9191 2.078
8.0 3.82 4700 1.5 A 2212951 2.08
8.0 3.82 4800 1.5 A 20.89769 2.071
8.0 3.82 4900 1.5 A 19.63345 2.059
8.0 3.82 5000 1.5 A 18.4228 2.046
8.0 3.82 5100 1.5 A 17.25127 2.029
8.0 3.82 5150 1.5 A 16.67477 2.02
8.0 3.82 5300 1.5 A 15.09109 1.992
8.0 3.82 5400 1.5 A 14.01343 1.971
8.0 3.82 5500 1.5 A 13.13368 1.955
8.0 3.82 5600 1.5 A 1237118 1.94
8.0 3.82 5700 1.5 A 11.59236 1.923
8.0 3.82 5000 1.7 A 18.26319 2.038
8.0 3.82 5100 1.7 A 17.14491 2.024
8.0 3.82 5200 1.7 A 16.08414 2.009
8.0 3.82 5300 1.7 A 15.05382 1.991
8.0 3.82 5400 1.7 A 1399583 1.971
8.0 3.82 5500 1.7 A 13.16644 1.954
8.0 3.82 5600 1.7 A 1237118 1.939
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) (6) 7)

—~
U1
~

8.0 3.82 5700 1.7 A 11.59236 1.923
8.0 3.82 5200 1.9 A 16.00451 2.003
8.0 3.82 5300 1.9 A 15.01667 1.988
8.0 3.82 5400 1.9 A 13.94282 1.97

8.0 3.82 5500 1.9 A 13.13368 1.954
8.0 3.82 5600 1.9 A 1234051 1.937
8.0 3.82 5700 1.9 A 11.59236 1.922
8.0 4.02 4300 1.5 B 44.03889 2.238
8.0 4.02 4400 1.5 B 41.3919 2228
8.0 4.02 4500 1.5 B 38.81065 2.216
8.0 4.02 4600 1.5 B  36.56076 2.204
8.0 4.02 4700 1.5 B 34.086 2.19

8.0 4.02 4800 1.5 B 32.17708 2.178
8.0 4.02 4900 1.5 B 30.11088 2.164
8.0 4.02 5000 1.5 B 28.18519 2.149
8.0 4.02 5100 1.5 B 26.38067 2.132
8.0 4.02 5200 1.5 B 24.67315 2.116
8.0 4.02 5300 1.5 B 23.04537 2.099
8.0 4.02 5400 1.5 B 21.54641 2.082
8.0 4.02 5500 1.5 B 20.09259 2.062
8.0 4.02 5600 1.5 B 18.70197 2.041
8.0 4.02 4600 1.7 B 36.09444 2.191
8.0 4.02 4700 1.7 B  33.72141 2.181
8.0 4.02 4800 1.7 B 31.85532 2171
8.0 4.02 4900 1.7 B 29.84965 2.156
8.0 4.02 5000 1.7 B 27.97708 2.142
8.0 4.02 5100 1.7 B 26.20313 2.127
8.0 4.02 5200 1.7 B 24.52269 2.112
8.0 4.02 5300 1.7 B 22.961 2.096
8.0 4.02 5400 1.7 B 21.4412 2.078
8.0 4.02 5500 1.7 B 20.01863 2.059
8.0 4.02 5600 1.7 B 18.65567 2.039
8.0 4.02 4900 1.9 B 29.55116 2.146
8.0 4.02 5000 1.9 B 27.73449 2.134
8.0 4.02 5100 1.9 B 26.00949 2.122
8.0 4.02 5200 1.9 B 24.34213 2.107
8.0 4.02 5300 1.9 B 22.79236 2.091
8.0 4.02 5400 1.9 B 21.30972 2.074
8.0 4.02 5500 1.9 B 19.92037 2.055
8.0 4.22 4200 1.5 C 73.9066 2.357
8.0 4.22 4300 1.5 C  69.56262 2.344
8.0 4.22 4400 1.5 C  64.59433 2.33

8.0 4.22 4500 1.5 C  59.96481 2.317
8.0 4.22 4600 1.5 C  56.78044 2.305
8.0 4.22 4700 1.5 C  53.12824 2.29

8.0 4.22 4800 1.5 C  49.19144 2.275



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) GO ) (6) )

8.0 4.22 4900 1.5 C  46.28785 2.261
8.0 4.22 5000 1.5 C  43.33924 2.246
8.0 4.22 5100 1.5 C  40.55359 2231
8.0 4.22 5200 1.5 C  37.80405 2.214
8.0 4.22 5300 1.5 C  35.29769 2.196
8.0 4.22 5400 1.5 C 3254329 2171
8.0 4.22 5500 1.5 C  30.61632 2.156
8.0 4.22 4200 1.7 C  71.83056 2.347
8.0 4.22 4300 1.7 C  68.05035 2.337
8.0 4.22 4400 1.7 C  63.68715 2.325
8.0 4.22 4500 1.7 C  59.43414 2.31

8.0 4.22 4600 1.7 C  56.19653 2.299
8.0 4.22 4700 1.7 C  52.72477 2.287
8.0 4.22 4800 1.7 C  48.93056 2.27

8.0 4.22 4900 1.7 C 46.0581 2.258
8.0 4.22 5000 1.7 C 43.1265 2.243
8.0 4.22 5100 1.7 C  40.25764 2.228
8.0 4.22 5200 1.7 C  37.62049 221

8.0 4.22 5300 1.7 C  35.04097 2.192
8.0 4.22 5400 1.7 C  32.62326 2172
8.0 4.22 4500 1.9 C  58.54965 2.304
8.0 4.22 4600 1.9 C  55.75868 2.294
8.0 4.22 4700 1.9 C 52.3213 2.28

8.0 4.22 4800 1.9 C 4853912 2.265
8.0 4.22 4900 1.9 C 4571354 2.253
8.0 4.22 5000 1.9 C  42.86065 2.237
8.0 4.22 5100 1.9 C 40.0603 2.223
8.0 4.22 5200 1.9 C  37.34525 2.205
9.0 3.99 4500 1.5 A 33.33507 2.196
9.0 3.99 4600 1.5 A 31.42639 2.187
9.0 3.99 4700 1.5 A 2938773 2172
9.0 3.99 4800 1.5 A 27.53414 2.159
9.0 3.99 4900 1.5 A 2577488 2.143
9.0 3.99 5000 1.5 A 2396852 2.129
9.0 3.99 5100 1.5 A 23.99884 2.116
9.0 3.99 5200 1.5 A 21.19549 2.101
9.0 3.99 5300 1.5 A 19.79468 2.083
9.0 3.99 5400 1.5 A 18.47917 2.065
9.0 3.99 5500 1.5 A 1710752 2.043
9.0 3.99 5600 1.5 A 16.16725 2.026
9.0 3.99 5700 1.5 A 15.16481 2.009
9.0 3.99 4800 1.7 A 27.2581 2.149
9.0 3.99 4900 1.7 A 25.5184 2.138
9.0 3.99 5000 1.7 A 23.81505 2.123
9.0 3.99 5100 1.7 A 2252789 2.112
9.0 3.99 5200 1.7 A 21.09155 2.097
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) (6) 7)

—~
U1
~

9.0 3.99 5300 1.7 A 19.74606 2.082
9.0 3.99 5400 1.7 A 18.45648 2.064
9.0 3.99 5500 1.7 A 1710752 2.043
9.0 3.99 5600 1.7 A 16.16725 2.025
9.0 3.99 5000 1.9 A 23.5081 2.113
9.0 3.99 5100 1.9 A 2230532 2.105
9.0 3.99 5200 1.9 A 21.01366 2.092
9.0 3.99 5300 1.9 A 19.67315 2.077
9.0 3.99 5400 1.9 A 18.43368 2.061
9.0 3.99 5500 1.9 A 17.08576 2.04

9.0 4.19 4100 1.5 B 66.62998 2.351
9.0 4.19 4200 1.5 B 62.82049 2.343
9.0 4.19 4300 1.5 B 59.07766 2.332
9.0 4.19 4400 1.5 B 55.41435 2.32

9.0 4.19 4500 1.5 B 51.71991 2.306
9.0 4.19 4600 1.5 B 48.42975 2.292
9.0 4.19 4700 1.5 B 45.39664 2.279
9.0 4.19 4800 1.5 B 42.41655 2.264
9.0 4.19 4900 1.5 B 39.6941 2.249
9.0 4.19 5000 1.5 B 37.10938 2.234
9.0 4.19 5100 1.5 B 34.79688 2.219
9.0 4.19 5200 1.5 B 32.44653 2.202
9.0 4.19 5300 1.5 B 30.36586 2.185
9.0 4.19 5400 1.5 B 28.19896 2.163
9.0 4.19 5500 1.5 B 26.1588 2.14

9.0 4.19 4400 1.7 B  54.68137 2.308
9.0 4.19 4500 1.7 B  51.17836 2.298
9.0 4.19 4600 1.7 B 48.05718 2.286
9.0 4.19 4700 1.7 B 45.05278 2.271
9.0 4.19 4800 1.7 B 42.09838 2.257
9.0 4.19 4900 1.7 B 39.4485 2.244
9.0 4.19 5000 1.7 B 36.88148 2.229
9.0 4.19 5100 1.7 B 34.54259 2.215
9.0 4.19 5200 1.7 B 3220972 2.197
9.0 4.19 5300 1.7 B 30.07095 2.18

9.0 4.19 5400 1.7 B 28.06111 2.159
9.0 4.19 4800 1.9 B 41.78032 2.251
9.0 4.19 4900 1.9 B 39.00637 2.237
9.0 4.19 5000 1.9 B 36.56227 2.222
9.0 4.19 5100 1.9 B 34.24595 2.208
9.0 4.19 5200 1.9 B 31.9728 2.192
9.0 4.19 5300 1.9 B 29.84988 2.174
9.0 4.39 4300 1.5 C  78.56262 2.433
9.0 4.39 4400 1.5 C  86.98947 2418
9.0 4.39 4500 1.5 C  81.15845 2.405
9.0 4.39 4600 1.5 C 75.62176 2.391



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) GO ) (6) )

9.0 4.39 4700 1.5 C  70.49086 2.376
9.0 4.39 4800 1.5 C  65.99352 2.361
9.0 4.39 4900 1.5 C 615129 2.347
9.0 4.39 5000 1.5 C 5742199 2.331
9.0 4.39 5100 1.5 C  53.46852 2.313
9.0 4.39 5200 1.5 C 49.6816 2.293
9.0 4.39 5300 1.5 C  46.20579 2273
9.0 4.39 4400 1.7 C  85.59769 2414
9.0 4.39 4500 1.7 C  80.09618 24

9.0 4.39 4600 1.7 C  75.03704 2.386
9.0 4.39 4700 1.7 C  69.95278 2.372
9.0 4.39 4800 1.7 C 6549977 2.358
9.0 4.39 4900 1.7 C  61.05729 2.342
9.0 4.39 5000 1.7 C 57.1412 2.328
9.0 4.39 5100 1.7 C  53.33843 2.31

9.0 4.39 5200 1.7 C  49.56076 2.291
9.0 4.39 5300 1.7 C  46.37477 2.274
9.0 4.39 4300 1.9 C 89.6419 2419
9.0 4.39 4400 1.9 C 8443773 2.407
9.0 4.39 4500 1.9 C  79.24641 2.396
9.0 4.39 4600 1.9 C 7425752 2.383
9.0 4.39 4700 1.9 C 69.4147 2.368
9.0 4.39 4800 1.9 C  65.00602 2.354
9.0 4.39 4900 1.9 C  60.75347 2.338
9.0 4.39 5000 1.9 C  56.86042 2.322
9.0 4.39 5100 1.9 C  52.81806 2.305
10.0 4.14 4400 1.5 A 46.19803 2.294
10.0 4.14 4500 1.5 A 4275625 2.28

10.0 4.14 4600 1.5 A 40.07512 2.266
10.0 4.14 4700 1.5 A 37.85613 2.254
10.0 4.14 4800 1.5 A 3512454 2.238
10.0 4.14 4900 1.5 A 33.07789 2.225
10.0 4.14 5000 1.5 A 30.86539 2.209
10.0 4.14 5100 1.5 A 28.9081 2.193
10.0 4.14 5200 1.5 A 2697963 2177
10.0 4.14 5300 1.5 A 2525625 2.159
10.0 4.14 5400 1.5 A 23.59444 2.141
10.0 4.14 5500 1.5 A 21.96898 212
10.0 4.14 4700 1.7 A 37.47662 2.245
10.0 4.14 4800 1.7 A 34.75382 2.231
10.0 4.14 4900 1.7 A 32.83287 2.219
10.0 4.14 5000 1.7 A 30.55822 2.203
10.0 4.14 5100 1.7 A 28.76655 2.189
10.0 4.14 5200 1.7 A 2691354 2.173
10.0 4.14 5300 1.7 A 2516354 2.156
10.0 4.14 5400 1.7 A 23.50775 2.138
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)

@) (2) ®) 4 O (6) )
10.0 4.14 5000 1.9 A 30.32789 2.196
10.0 4.14 5100 1.9 A 28.44815 2.181
10.0 4.14 5200 1.9 A 26.68241 2.167
10.0 4.14 5300 1.9 A 25.00914 2.152
10.0 4.34 4100 1.5 B  86.76181 2433
10.0 4.34 4200 1.5 B 81.93044 2421
10.0 4.34 4300 1.5 B 76.79005 2.409
10.0 4.34 4400 1.5 B 71.77199 2.397
10.0 4.34 4500 1.5 B  67.04086 2.382
10.0 4.34 4600 1.5 B 62.68299 2.37
10.0 4.34 4700 1.5 B 58.12685 2.354
10.0 4.34 4800 1.5 B 54.63495 2.339
10.0 4.34 4900 1.5 B 51.01319 2.325
10.0 4.34 5000 1.5 B 47.70139 231
10.0 4.34 5100 1.5 B 44.57905 2.294
10.0 4.34 5200 1.5 B 41.60741 2.276
10.0 4.34 5300 1.5 B 38.68218 2.255
10.0 4.34 5400 1.5 B 35.88032 2.233
10.0 4.34 4200 1.7 B 79.67963 2413
10.0 4.34 4300 1.7 B 75.35278 2.403
10.0 4.34 4400 1.7 B  70.63877 2.39
10.0 4.34 4500 1.7 B 66.34977 2.377
10.0 4.34 4600 1.7 B 62.20567 2.363
10.0 4.34 4700 1.7 B  57.67037 2.348
10.0 4.34 4800 1.7 B 54.15984 2.335
10.0 4.34 4900 1.7 B 50.63623 2.321
10.0 4.34 5000 1.7 B 47.29375 2.305
10.0 4.34 5100 1.7 B 44.2544 2.289
10.0 4.34 5200 1.7 B 41.25486 2.271
10.0 4.34 4600 1.9 B 61.56933 2.357
10.0 4.34 4700 1.9 B 57.21389 2.343
10.0 4.34 4800 1.9 B 53.88843 2.328
10.0 4.34 4900 1.9 B 50.38495 2.314
10.0 4.34 5000 1.9 B 46.94421 2.299
10.0 4.34 5100 1.9 B  43.82164 2.28
10.0 4.54 4500 1.5 C  106.6522 2.481
10.0 4.54 4600 1.5 C 98.71921 2.466
10.0 4.54 4700 1.5 C  91.72465 2.452
10.0 4.54 4800 1.5 C  85.49826 2.436
10.0 4.54 4900 1.5 C 79.61713 242
10.0 4.54 5000 1.5 C  74.06875 2.403
10.0 4.54 5100 1.5 C  69.26296 2.387
10.0 4.54 5200 1.5 C  64.36238 2.367
10.0 4.54 4500 1.7 C  105.02384 2.476
10.0 4.54 4600 1.7 C 97.72211 2.463
10.0 4.54 4700 1.7 C  90.80741 2.447



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.12: continued.

M/M. log(L/L) T Kl  am ML Pld]  log(R/Ro)

@) ) ®) @ O (6) )

10.0 4.54 4800 1.7 C  84.86505 2433
10.0 4.54 4900 1.7 C 79.0331 2418
10.0 4.54 5000 1.7 C 7370914 2.402
10.0 4.54 5100 1.7 C  68.76343 2.385
10.0 4.54 5200 1.7 C 6420764 2.366
10.0 4.54 4400 1.9 C 110.52778 2.485
10.0 4.54 4500 1.9 C  103.3956 2473
10.0 4.54 4600 1.9 C  96.72488 2.458
10.0 4.54 4700 1.9 C  90.34873 2.445
10.0 4.54 4800 1.9 C 8423171 2.429
10.0 4.54 4900 1.9 C  78.64375 2414
10.0 4.54 5000 1.9 C  73.16979 2.396
11.0 4.28 4200 1.5 A 65.83958 2.389
11.0 4.28 4300 1.5 A 62.01632 2.378
11.0 4.28 4400 1.5 A 5794641 2.367
11.0 4.28 4500 1.5 A 54.16829 2.354
11.0 4.28 4600 1.5 A 50.14884 2.338
11.0 4.28 4700 1.5 A 4737627 2.325
11.0 4.28 4800 1.5 A 44.37546 2.312
11.0 4.28 4900 1.5 A 41.52593 2.296
11.0 4.28 5000 1.5 A 38.77465 2.28
11.0 4.28 5100 1.5 A 36.22014 2.264
11.0 4.28 5200 1.5 A 33.825 2.246
11.0 4.28 5300 1.5 A 31.44583 2.227
11.0 4.28 5400 1.5 A 2930023 2.206
11.0 4.28 5500 1.5 A 27.26296 2.186
11.0 4.28 4500 1.7 A 53.47199 2.344
11.0 4.28 4600 1.7 A 49.67894 2.329
11.0 4.28 4700 1.7 A 47.02014 2.318
11.0 4.28 4800 1.7 A 4399051 2.305
11.0 4.28 4900 1.7 A 41.11782 2.29
11.0 4.28 5000 1.7 A 38.49016 2.276
11.0 4.28 5100 1.7 A 3595544 2.258
11.0 4.28 5200 1.7 A 33.57801 2.241
11.0 4.28 5300 1.7 A 31.29201 2.223
11.0 4.28 4900 1.9 A 40.70972 2.281
11.0 4.28 5000 1.9 A 38.111 2.266
11.0 4.28 5100 1.9 A 35.55845 2.251
11.0 4.28 5200 1.9 A 33.24942 2.234
11.0 4.48 4100 1.5 B 91.42037 2.503
11.0 4.48 4200 1.5 B 103.83912 2493
11.0 4.48 4300 1.5 B 97.45984 2.481
11.0 4.48 4400 1.5 B 9091516 2.466
11.0 4.48 4500 1.5 B 84.94676 2.453
11.0 4.48 4600 1.5 B 78.0169 2436
11.0 4.48 4700 1.5 B 73.72361 2.424
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TABLE A.12: continued.

M/M. 1log(L/Lo) T Kl  am ML Pld]  log(R/Ro)
1) 2) 3) 4) ®) (6) 7)

11.0 4.48 4800 1.5 B 68.73125 2.408
11.0 4.48 4900 1.5 B  64.16759 2.394
11.0 4.48 5000 1.5 B 59.85035 2.376
11.0 4.48 5100 1.5 B  55.87581 2.36

11.0 4.48 5200 1.5 B 51.98183 2.34

11.0 4.48 5300 1.5 B 48.20567 2.319
11.0 4.48 4100 1.7 B 106.38588 2.495
11.0 4.48 4200 1.7 B 101.2787 2.486
11.0 4.48 4300 1.7 B 95.38623 2474
11.0 4.48 4400 1.7 B 89.49086 2.461
11.0 4.48 4500 1.7 B  83.85764 2.447
11.0 4.48 4600 1.7 B 77.37384 2431
11.0 4.48 4700 1.7 B 73.16921 2.418
11.0 4.48 4800 1.7 B 68.39016 2.405
11.0 4.48 4900 1.7 B 63.8522 2.39

11.0 4.48 5000 1.7 B 59.55833 2.372
11.0 4.48 5100 1.7 B 55.53715 2.356
11.0 4.48 4400 1.9 B 88.30394 2.455
11.0 4.48 4500 1.9 B 82.98646 2.442
11.0 4.48 4600 1.9 B 76.7309 2427
11.0 4.48 4700 1.9 B 72.61493 2413
11.0 4.48 4800 1.9 B  67.87859 2.398
11.0 4.48 4900 1.9 B 63.37928 2.383
11.0 4.48 5000 1.9 B 58.97442 2.365
11.0 4.68 4700 1.5 C 119.7963 2.519
11.0 4.68 4800 1.5 C 108.17558 2.502
11.0 4.68 4900 1.5 C  100.6772 2.487
11.0 4.68 5000 1.5 C 93.77315 2471
11.0 4.68 5100 1.5 C  87.64039 2.454
11.0 4.68 4700 1.7 C 116.32407 2.515
11.0 4.68 4800 1.7 C 107.64132 2.501
11.0 4.68 4900 1.7 C  99.94236 2.484
11.0 4.68 5000 1.7 C  93.54722 2.469
11.0 4.68 5100 1.7 C  87.43125 2.452
11.0 4.68 4700 1.9 C 114.87685 2.514
11.0 4.68 4800 1.9 C  106.84005 2.499
11.0 4.68 4900 1.9 C  99.45243 2.482

TABLE A.13: The intrinsic stellar parameters for computed FO-mode models.

Z=0.008 Y=0.25
M/Mqy  log(L/Ly)  ToslK] am ML P[d] log(R/Rg)
1) () 3) 4) 5) (6) @)
3.0 2.39 6100 15 A 0.79791 1.151
3.0 2.39 6200 15 A 0.75783 1.138
3.0 2.39 6300 15 A 0.72289 1.126




A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.13: continued.

M/M. 1log(L/Lo) T Kl  am ML P[] log(R/R.)
(1) 2) 3) 4) (6) @)

—~
U1
~

3.0 2.39 6400 1.5 A 0.68463 1.112
3.0 2.39 6500 1.5 A 0.65323 1.098
3.0 2.39 6600 1.5 A 0.62295 1.086
3.0 2.39 6200 1.7 A 0.75783 1.136
3.0 2.39 6300 1.7 A 0.72169 1.123
3.0 2.39 6400 1.7 A 0.68577 1.111
3.0 2.39 6500 1.7 A 0.65323 1.097
3.0 2.39 6600 1.7 A 0.62295 1.085
3.0 2.39 6700 1.7 A 0.59454 1.071
3.0 2.39 6400 1.9 A 0.68463 1.11

3.0 2.39 6500 1.9 A 0.65214 1.096
3.0 2.39 6600 1.9 A 0.62243 1.084
3.0 2.39 6700 1.9 A 0.59553 1.071
3.0 2.59 6000 1.5 B 1.2134 1.264
3.0 2.59 6100 1.5 B 1.15121 1.251
3.0 2.59 6200 1.5 B 1.09342 1.239
3.0 2.59 6300 1.5 B 1.03929 1.225
3.0 2.59 6400 1.5 B 0.98816 1.212
3.0 2.59 6500 1.5 B 0.93431 1.197
3.0 2.59 6600 1.5 B  0.88963 1.184
3.0 2.59 6700 1.5 B 0.85217 1.168
3.0 2.59 6100 1.7 B 1.15696 1.251
3.0 2.59 6200 1.7 B 1.09342 1.238
3.0 2.59 6300 1.7 B 1.03929 1.224
3.0 2.59 6400 1.7 B 0.98816 1.21

3.0 2.59 6500 1.7 B 0.93431 1.197
3.0 2.59 6600 1.7 B 0.89112 1.183
3.0 2.59 6200 1.9 B 1.09705 1.236
3.0 2.59 6300 1.9 B 1.03757 1.222
3.0 2.59 6400 1.9 B 0.9898 1.21

3.0 2.59 6500 1.9 B 093273 1.195
3.0 2.59 6600 1.9 B 0.89037 1.181
3.0 2.79 6100 1.5 C 167913 1.351
3.0 2.79 6200 1.5 C  1.59503 1.338
3.0 2.79 6300 1.5 C 151167 1.325
3.0 2.79 6400 1.5 C 1.43685 1.31

3.0 2.79 6500 1.5 C 13627 1.295
3.0 2.79 6200 1.7 C  1.6003 1.338
3.0 2.79 6300 1.7 C 1.51666 1.325
3.0 2.79 6400 1.7 C 143927 1.311
3.0 2.79 6500 1.7 C 13672 1.296
3.0 2.79 6200 1.9 C 1.59241 1.336
3.0 2.79 6300 1.9 C 1.51666 1.324
3.0 2.79 6400 1.9 C  1.43451 1.31

4.0 2.81 5900 1.5 A 1.62559 1.388
4.0 2.81 6000 1.5 A 1.53301 1.375
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TABLE A.13: continued.

M/Mg  log(L/Ls)  T.¢[K] ami ML P[d]  log(R/Rs)
(1) () 3) 4) (©) (6) )
4.0 2.81 6100 1.5 A 1.45461 1.362
4.0 2.81 6200 15 A 1.38473 1.348
4.0 2.81 6300 1.5 A 1.30512 1.333
4.0 2.81 6400 15 A 1.25025 1.32
4.0 2.81 6500 15 A 1.18449 1.305
4.0 2.81 6000 1.7 A 152784 1.372
4.0 2.81 6100 1.7 A 1.45218 1.36
4.0 2.81 6200 1.7 A 1.38704 1.346
4.0 2.81 6300 1.7 A 1.30731 1.333
4.0 2.81 6400 1.7 A 1.24818 1.32
4.0 2.81 6500 1.7 A 1.18449 1.305
4.0 2.81 6100 1.9 A 1.45704 1.358
4.0 2.81 6200 19 A 1.38244 1.347
4.0 2.81 6300 1.9 A 1.30731 1.332
4.0 2.81 6400 1.9 A 1.24818 1.319
4.0 2.81 6500 1.9 A 1.18052 1.304
4.0 3.01 6000 15 B 2.24179 1.475
4.0 3.01 6100 15 B 212035 1.462
4.0 3.01 6200 1.5 B 1.99541 1.446
4.0 3.01 6300 15 B  1.90983 1.433
4.0 3.01 6400 1.5 B 1.81256 1.418
4.0 3.01 6100 1.7 B 212035 1.461
4.0 3.01 6200 1.7 B 2.00221 1.445
4.0 3.01 6300 1.7 B 1.90983 1.432
4.0 3.01 6100 1.9 B 214843 1.46
4.0 3.01 6200 1.9 B 2.00221 1.444
4.0 3.21 5700 15 C 391602 1.622
4.0 3.21 5800 15 C 3.70924 1.607
4.0 3.21 5900 1.5 C 350234 1.593
4.0 3.21 6000 1.5 C 3.30535 1.578
4.0 3.21 6100 15 C 3.13284 1.563
4.0 3.21 6200 1.5 C 294538 1.545
4.0 3.21 5800 1.7 C 3.70266 1.605
4.0 3.21 5900 1.7 C 350234 1.591
4.0 3.21 6000 1.7 C 3.29973 1.576
4.0 3.21 6100 1.7 C 312273 1.561
5.0 3.14 5900 15 A 2.60887 1.552
5.0 3.14 6000 15 A 247821 1.537
5.0 3.14 6100 15 A 234137 1.524
5.0 3.14 6200 15 A 220483 1.509
5.0 3.14 6300 1.5 A 210826 1.496
5.0 3.14 6000 1.7 A 246184 1.536
5.0 3.14 6100 1.7 A 2.33363 1.523
5.0 3.14 6200 1.7 A 2.20483 1.508
5.0 3.14 6300 1.7 A 210131 1.495
5.0 3.14 6100 1.9 A 2.33363 1.522



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.13: continued.

M/M. 1log(L/Lo) T Kl  am ML P[] log(R/R.)
(1) 2) 3) 4) (6) @)

—~
Ul
~

5.0 3.14 6200 1.9 A 220483 1.507
5.0 3.34 5600 1.5 B 4.56631 1.698
5.0 3.34 5700 1.5 B  4.28316 1.684
5.0 3.34 5800 1.5 B 4.08241 1.671
5.0 3.34 5900 1.5 B  3.85576 1.655
5.0 3.34 6000 1.5 B 3.63963 1.638
5.0 3.34 6100 1.5 B 3.43774 1.624
5.0 3.34 5700 1.7 B 4.28316 1.681
5.0 3.34 5800 1.7 B 4.07571 1.668
5.0 3.34 5900 1.7 B 3.85576 1.653
5.0 3.34 6000 1.7 B  3.6277 1.637
6.0 3.40 5500 1.5 A 4.87884 1.746
6.0 3.40 5600 1.5 A 4.61845 1.73
6.0 3.40 5700 1.5 A 436213 1.715
6.0 3.40 5800 1.5 A 411089 1.699
6.0 3.40 5900 1.5 A 3.89044 1.684
6.0 3.40 6000 1.5 A 3.66273 1.671
6.0 3.40 6100 1.5 A 3.45172 1.655
6.0 3.40 6200 1.5 A 3.27817 1.642
6.0 3.40 5600 1.7 A 4.58796 1.728
6.0 3.40 5700 1.7 A 434778 1.714
6.0 3.40 5800 1.7 A 413793 1.698
6.0 3.40 5900 1.7 A 395421 1.685
6.0 3.40 6000 1.7 A 3.65076 1.67
6.0 3.40 6100 1.7 A 3.46311 1.654
7.0 3.63 5600 1.5 A 6.44336 1.843
7.0 3.63 5700 1.5 A 6.06308 1.83
7.0 3.63 5800 1.5 A 5.74236 1.813
7.0 3.63 5900 1.5 A 5.40022 1.798
7.0 3.63 5700 1.7 A 6.06308 1.827
7.0 3.63 5800 1.7 A 57236 1.811

TABLE A.14: The intrinsic stellar parameters for computed SO-mode models.

Z=0.008 Y=0.25 _
M/M, 1og(L/L.) TofIKI _ &%w ML _Pd]  log(R/Ro)

@) @) ©) @ 6 © )

3.0 2.39 6500 15 A 052047  1.09
3.0 2.39 6600 15 A 050097  1.083
3.0 2.39 6700 15 A 047628  1.071
3.0 2.39 6800 15 A 045485  1.058
3.0 2.39 6900 15 A 043455  1.043
3.0 2.39 6700 17 A 047628 1.07
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TABLE A.15: The intrinsic stellar parameters for computed F-mode models.

7Z=0.03 Y=0.28

M/Mg  log(L/Lo)  TerIKl &y ML P[d] log(R/Rg)
1) (2) ©) 4 ©) (6) @)
4.0 2.68 5600 1.5 A 2.14887 1.367
4.0 2.68 5700 1.5 A 2.02639 1.352
4.0 2.68 5800 15 A 1.92388 1.339
4.0 2.68 5900 1.5 A 1.81678 1.325
4.0 2.68 6000 15 A 1.71735 1.309
4.0 2.68 6100 1.5 A 1.66045 1.296
4.0 2.88 5300 15 B 3.82169 1.516
4.0 2.88 5400 1.5 B 3.6036 1.501
4.0 2.88 5500 15 B 3.39337 1.486
4.0 2.88 5600 1.5 B 3.16762 1.468
4.0 2.88 5700 1.5 B 3.01821 1.455
4.0 2.88 5800 1.5 B 2.84645 1.441
4.0 2.88 5900 1.5 B 2.68406 1.426
5.0 3.01 5300 15 A 4.2556 1.581
5.0 3.01 5400 1.5 A 4.00248 1.565
5.0 3.01 5500 15 A 3.76854 1.551
5.0 3.01 5600 1.5 A 3.55648 1.536
5.0 3.01 5700 15 A 3.35089 1.521
5.0 3.01 5800 1.5 A 3.16791 1.505
5.0 3.21 5000 15 B 7.72772 1.73
5.0 3.21 5100 1.5 B 7.22242 1.713
5.0 3.21 5200 1.5 B 6.6902 1.695
5.0 3.21 5300 15 B 6.3661 1.682
5.0 3.21 5400 1.5 B 5.97267 1.666
5.0 3.21 5500 1.5 B 5.62288 1.652
5.0 3.21 5600 1.5 B 5.29789 1.636
6.0 3.27 5100 1.5 A 7.18299 1.743
6.0 3.27 5200 1.5 A 6.72238 1.727
6.0 3.27 5300 15 A 6.33052 1.712
6.0 3.27 5400 1.5 A 5.93872 1.697
6.0 3.27 5500 15 A 5.59045 1.681
6.0 3.27 5600 1.5 A 5.26714 1.664
6.0 3.47 4700 1.5 B 14.23299 1.917
6.0 3.47 4800 1.5 B 13.27014 1.906
6.0 3.47 4900 1.5 B 12.42743 1.89
6.0 3.47 5000 1.5 B 11.61412 1.875
6.0 3.47 5100 1.5 B 10.89613 1.857
6.0 3.47 5200 1.5 B 10.19829 1.839
6.0 3.47 5300 1.5 B 9.53266 1.819
6.0 3.47 5400 15 B 8.93985 1.8
7.0 3.50 4800 1.5 A 12.63542 1.917
7.0 3.50 4900 15 A 11.7897 1.902
7.0 3.50 5000 1.5 A 11.0448 1.883
7.0 3.50 5100 1.5 A 10.29799 1.864
7.0 3.50 5200 1.5 A 9.50878 1.842



A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.15: continued.

M/Ms  log(L/Ls) TesrlK] Kl ML P[d] log(R/Rs)

1) ) ®) GO ) (6) )

7.0 3.50 5300 1.5 A 9.05206 1.827
7.0 3.50 5400 1.5 A 8.48928 1.811
7.0 3.70 4400 1.5 B 25.42894 2.082
7.0 3.70 4500 1.5 B 23.68877 2.067
7.0 3.70 4600 1.5 B 22.07037 2.052
7.0 3.70 4700 1.5 B 20.53785 2.037
7.0 3.70 4800 1.5 B 19.20683 2.022
7.0 3.70 4900 1.5 B 17.94248 2.006
7.0 3.70 5000 1.5 B 16.46713 1.986
7.0 3.70 5100 1.5 B 15.68924 1.972
7.0 3.70 5200 1.5 B 14.64676 1.952
8.0 3.69 4600 1.5 A 19.54225 2.045
8.0 3.69 4700 1.5 A 18.00428 2.03

8.0 3.69 4800 1.5 A 17.0485 2.018
8.0 3.69 4900 1.5 A 1592789 2.003
8.0 3.69 5000 1.5 A 14.93935 1.986
8.0 3.69 5100 1.5 A 13.9125 1.968
8.0 3.69 5200 1.5 A 13.01944 1.949
8.0 3.89 4200 1.5 B 3997477 2.212
8.0 3.89 4300 1.5 B 3713171 2.199
8.0 3.89 4400 1.5 B 34.6235 2.183
8.0 3.89 4500 1.5 B 3227025 2.169
8.0 3.89 4600 1.5 B 2996794 2.151
8.0 3.89 4700 1.5 B 27.91157 2.136
8.0 3.89 4800 1.5 B 26.0309 2.118
8.0 3.89 4900 1.5 B 23.73611 2.094
8.0 3.89 5000 1.5 B 22.63889 2.079
9.0 3.86 4400 1.5 A 29.55613 2.163
9.0 3.86 4500 1.5 A 27.46898 2.148
9.0 3.86 4600 1.5 A 2559271 2.132
9.0 3.86 4700 1.5 A 23.83264 2.118
9.0 3.86 4800 1.5 A 2228519 2.101
9.0 3.86 4900 1.5 A 20.76447 2.085
9.0 3.86 5000 1.5 A 19.36678 2.066
9.0 3.86 5100 1.5 A 18.05012 2.045
9.0 4.06 4000 1.5 B 61.02986 2.328
9.0 4.06 4100 1.5 B 56.79468 2.316
9.0 4.06 4200 1.5 B 52.82894 2.302
9.0 4.06 4300 1.5 B 49.23194 2.288
9.0 4.06 4400 1.5 B 45.72095 2272
9.0 4.06 4500 1.5 B 42.4816 2.255
9.0 4.06 4600 1.5 B 39.56435 2.239
9.0 4.06 4700 1.5 B 36.47222 2.219
9.0 4.06 4800 1.5 B 33.89363 2.198
9.0 4.06 4900 1.5 B 31.47951 2.178
10.0 4.02 4200 1.5 A 4451377 2.277
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TABLE A.15: continued.

M/M., log(L/L.) T.KI &, ML Pld]  log(R/Rs)
1) 2) 3) 4) (6) @)

—~
Ul
~

10.0 4.02 4300 1.5 A 41.39259 2.264
10.0 4.02 4400 1.5 A 38.25243 2.248
10.0 4.02 4500 1.5 A 35.61354 2.233
10.0 4.02 4600 1.5 A 32.75683 2.212
10.0 4.02 4700 1.5 A 30.51528 2.194
10.0 4.02 4800 1.5 A 28.41331 2177
10.0 4.02 4900 1.5 A 26.87986 2.162
10.0 4.22 3800 1.5 B 89.77025 2.436
10.0 4.22 3900 1.5 B 83.71551 2422
10.0 4.22 4000 1.5 B 78.63102 241

10.0 4.22 4100 1.5 B 72.96586 2.395
10.0 4.22 4200 1.5 B 67.83021 2.381
10.0 4.22 4300 1.5 B 63.01493 2.364
10.0 4.22 4400 1.5 B 58.52998 2.347
10.0 4.22 4500 1.5 B 54.38437 2.33

10.0 4.22 4600 1.5 B 54.38437 2.33

10.0 4.22 4700 1.5 B 46.81053 2.293
11.0 4.15 4100 1.5 A 59.2919 2.36

11.0 4.15 4200 1.5 A 55.14583 2.347
11.0 4.15 4300 1.5 A 51.12257 2.333
11.0 4.15 4400 1.5 A 46.62419 231

11.0 4.15 4500 1.5 A 43.36424 2.296
11.0 4.15 4600 1.5 A 40.27836 2.277
11.0 4.15 4700 1.5 A 37.49688 2.26

11.0 4.15 4800 1.5 A 34.72396 224

11.0 4.35 3700 1.5 B 121.7419 2.519
11.0 4.35 3800 1.5 B 114.62465 2.507
11.0 4.35 3900 1.5 B 104.71933 2.491
11.0 4.35 4000 1.5 B 100.10856 2.481
11.0 4.35 4100 1.5 B 93.03681 2.467
11.0 4.35 4200 1.5 B 86.1934 2.451
11.0 4.35 4300 1.5 B 80.15718 2434
11.0 4.35 4400 1.5 B 74.41308 2.419
11.0 4.35 4500 1.5 B 69.25856 2.401
11.0 4.35 4600 1.5 B 64.2853 2.382
11.0 4.35 4700 1.5 B 59.46493 2.36

TABLE A.16: The intrinsic stellar parameters for computed FO-mode models.

Z=0.03 Y=0.28
M/Ms log(L/Lo) T.f[K]  ay ML P[d] log(R/Rq)
(1) (2) 3) (4) (5) (6) (7)

4.0 2.68 6000 1.5 A 1.21353 1.309
4.0 2.68 6100 1.5 A 1.15266 1.296
4.0 2.68 6200 1.5 A 1.09496 1.282
4.0 2.68 6300 1.5 A 1.03927 1.267




A.5. The intrinsic stellar parameters for computed Z = 0.004,Y = 0.25;
Z =0.008,Y =0.25and Z = 0.03,Y = 0.28 E FO and SO-mode (if any) models

TABLE A.16: continued.

M/M. 1og(L/Lo) TKI am ML P[] log(R/R.)
1) 2) ©)] 4 ©6) (6) 7)
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