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Abstract

The presence of a large amount of Li in giants is still a mystery. Most of the super Li-rich (SLR) giants reported in
recent studies are in the solar metallicity regime. Here, we study the five metal-poor SLRs from the Galactic
Archeology with HERMES Data Release 3, with their [Fe/H] ranging from —1.35 to —2.38 with lithium
abundance of A(Li) > 3.4 dex. The asteroseismic analysis reveals that none are on the red giant branch. The
average period spacing (AP ) values indicate giants are in the core He-burning phase. All of them are low-mass
giants (M < 1.5 M,). Their location in the Hertzsprung—Russell diagram suggests one of them is in the red clump
(RC) phase, and interestingly, the other four are much brighter and coincide with the early asymptotic giant branch
phase. The analysis of the abundance reveals that C, O, Na, Ba, and Eu are normal in giants of respective
metallicities and evolutionary phases. Further, we did not find any strong evidence of the presence of dust in the
form of infrared excess or binarity from the available radial velocity data. We discuss a few scenarios for the
existence of SLRs at higher luminosity, including past merger events. Our findings will help in understanding the
production and evolution of Li among giants, in particular, during the RC phase and the post-RC phase.

Unified Astronomy Thesaurus concepts: Chemically peculiar stars (226); Giant stars (655); Lithium stars (927)

1. Introduction

Lithium is expected to deplete as stars evolve off the
main sequence and climb up toward the tip of the red giant
branch (RGB). Models predict Li abundance (A(Li) =log N (Li)/
logN(H) + 12), post first dredge-up, not more than A
(Li) = 1.5-1.8 dex, depending on the mass (Iben 1967; Gratton
et al. 2000; Lind et al. 2009b). A few of them have A(Li)
exceeding the initial abundance of the interstellar medium
(ISM), A(Li) =3.2 dex (Knauth et al. 2003), with which stars
have formed. The high A(Li) in red giants has been a puzzle for
more than four decades since its discovery in 1982 (Luck 1982;
Wallerstein & Sneden 1982).

In recent years, significant advances have been made in
understanding the origin of high A(Li) in giants. This is
mainly due to large data sets from spectroscopic surveys like
the Large Sky Area Multi-Object Fiber Spectroscopic
Telescope and Galactic Archeology with HERMES
(GALAH) and time-resolved photometry from space mis-
sions like Kepler. A large number of spectra have helped
increase Li-rich samples by many folds, and the asteroseismic
data from the Kepler mission have helped resolve the stars’
evolutionary phase in the Hertzsprung—Russell (H-R) dia-
gram. These studies suggest that all the Li-rich giants are in
the core He-burning phase of the red clump (RC) region
(Deepak 2019; Singh et al. 2019). Kumar et al. (2020)
demonstrated that giants ascending the RGB only deplete Li
and reach A(Li) as low as —0.9 dex toward the tip of the
RGB. Many studies have shown that high Li occurs during
the He-flash episode, which terminates the further evolution
of the RGB phase. These studies argued that the He flash is
the only main stellar episode between the end of the RGB
phase and the beginning of the RC phase. Hence, the He flash
holds the key to the origin of high Li in RCs. In a novel
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study, Singh et al. (2021) showed that the A(Li) in RC giants
and the gravity-mode period spacing (IIp) are correlated. In
that, the giants with high A(Li), relatively younger RCs, have
low IIp values compared to giants with normal A(Li),
relatively older RCs. They concluded that A(Li) enrichment
probably occurred within 2 Myr since the ignition of He
began at the RGB tip. The study also demonstrated that Li-
richness is a transient phenomenon. Further evidence was put
forward by Mallick et al. (2023) in which they studied Li
abundance in samples of low- (<2M.) and high-mass
(>2 M) giants. Interestingly, they found no Li-rich giants
among high-mass stars, suggesting that He flash is the most
likely cause of Li enrichment as high-mass giants are not
expected to undergo He flash, but low-mass giants do. It is
reasonable to believe that Li enrichment occurred during the
He flash. However, it is not very clear how the Li produced in
the interiors was brought to the surface, though a few
mechanisms have been proposed (Cameron & Fowler 1971;
Fekel & Balachandran 1993; Sackmann & Boothroyd 1999;
Charbonnel & Balachandran 2000; Denissenkov & Vanden-
Berg 2003; Kumar et al. 2011; Lattanzio et al. 2015). Most of
the Li-rich giants in the recent literature are in the metal-rich
regime, i.e., [Fe/H] > —1.0 dex.

Not many Li-rich giants have been found among metal-poor
giants. Only a handful of stars have been detected in the metal-
poor regime (Ruchti et al. 2011; Li et al. 2018; Casey et al.
2019), whose evolutionary phase was not explicitly con-
strained. The question is whether the mechanism that drives the
Li enhancement in metal-rich giants is the same for the metal-
poor giants. Increasing the Li-rich metal-poor giants and
resolving their evolutionary phase may provide further
constraints on Li production, the dredge-up process, and its
evolution.

Here, we report the results on five super Li-rich (SLR) giants
found while searching a sample of metal-poor giants in the
GALAH Data Release 3 (DR3) survey for which asteroseismic
data is available.
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Table 1
Basic Data of the Five SLR Giants from GALAH DR3

ObjCCt Name R.A. Decl. Vmag A(Ll) log(L/L@) RVGALAH RVGgiaDR_‘;

(hh:mm:ss) (dex) (kms~ ") (kms™ )
UCAC4 253-045343 10"25™28.584 —39°26/01.”09 12.6 3.74 3.01 171.3 £ 0.13 170.8 £ 0.24
UCAC4 099-098976 23"07™M10.510 —70°18/55."61 12.8 4.08 1.70 183.0 + 0.31 182.3 £ 1.51
UCAC4 212-183136 20"29™16.13 —47°41'51."51 13.8 4.23 2.71 59+0.23 6.2 +1.53
UCAC4 308-077592 14"31M09.566 —28°2945."42 13.3 4.80 3.23 —115.7 £0.13 —115.0 £ 1.06
TYC 7262-250-1 13"09™32.526 —37°09'17."79 11.5 4.54 3.00 30.7 £ 0.10 30.3 £0.34

2. Sample Selection

We utilized the recently released GALAH DR3 survey
(Buder et al. 2021) to study the Li abundance in metal-poor
giants. The GALAH survey employs the High Efficiency and
Resolution Multi-Element Spectrograph (HERMES; Sheinis
et al. 2015) mounted on the 3.9 m Anglo Australian Telescope
(AAT). HERMES provides high-resolution (R ~28,000) opti-
cal spectra_in four wavelength windows (4713-4903 A,
5648-5873 A, 6478-6737 A, and 7585-7887 A) covering the
spectral features of up to 30 elements, including Li. We used
specific selection criteria provided in the GALAH catalog as bit
flags to ensure the quality of the data and accuracy in stellar
parameter estimation. These criteria include flag_sp = O,
flag_fe_h = 0, and flag_Li_fe = 0. Bit flag = “0”
indicates that abundances are reliable and no problems were
detected in determining the stellar parameters, and iron and Li
abundances. Further, since we only focus on metal-poor giants,
we applied the criteria 1og g < 3.0 and [Fe/H] < —1.0,
which resulted in a sample of 1038 metal-poor giant stars from
the GALAH DR3 survey. Among the selected sample stars, we
found five SLR giants with very high Li abundances, higher
than the present ISM value (A(Li) ~3.2). We did not impose
any other selection criteria to restrict the samples, such as mass
or signal-to-noise ratio (S/N). The spectra of five giants were
downloaded from the GALAH survey website for the analysis
of the spectra and to search for additional peculiarities that
might be present. The details of the five giants are provided in
Table 1 and their location in the H-R diagram is shown in
Figure 1. Note that Martell et al. (2021) listed all five giants as
Li-rich giants in their catalog.

3. Stellar Parameters and Elemental Abundances

We found minor differences between the values by
comparing the temperatures derived from photometric colors
and those listed in the GALAH catalog. Since the Li abundance
is derived from the resonant line at 6707A which is very
temperature sensitive, any variation in the temperature can lead
to potential uncertainties in the values of Li abundance. To
address this issue and ensure the reliability of the values
adopted from the catalog data, we rederived the stellar
parameters and elemental abundances by analyzing the spectra.
We used version 12 of the spectral synthesis code TURBOS-
PECTRUM developed by Plez (2012) to derive abundances
and stellar parameters. We used the stellar atmospheric models
by Mészéros et al. (2012), in which the ATLAS9 and MARCS
codes were modified with an updated H,O line list and with a
wide range of C and a-enhancements. We have used only
carbon normal models as none of our stars exhibit enhancement
in carbon. One-dimensional local thermodynamic equilibrium
(LTE) is assumed for all the species. We applied the non-LTE
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Figure 1. H-R diagram showing the five metal-poor SLRs along with stars in
the background from the GALAH DR3 catalog (yellow points). Note the well-
defined RGB, luminosity bump, and RC. One of the five SLRs is at the RC and
the remaining four are at or close to the early AGB.

corrections wherever they were available in the literature (see
Table 3).

We adopted the solar abundances from Asplund et al.
(2009). The line lists for atomic lines were assembled from the
Vienna Atomic Line Database (Kupka et al. 1999). A hyperfine
structure has been accounted for the transitions of elements Li,
Ba, and Eu. For the molecular line lists, we used C2 data from
the Kurucz database and CN data from Plez & Cohen (2005).

3.1. Stellar Parameters

We measured the equivalent width (EW) of unblended
neutral and singly ionized Fe lines to derive the stellar
parameters. EWs were measured by fitting Gaussian profiles to
the features using the splot task in PyRAF.' ‘We considered
only those lines whose EW is less than 100 mA since they are
on the linear part of the curve-of-growth and are relatively
insensitive to the choice of microturbulence (Mucciarelli 2011).
The uncertainties in the measurements were determined using
the revised Cayrel formula (Cayrel 1988; Battaglia et al. 2008).
We interpolated the models from the grid of atmospheric
models provided by Mészéros et al. (2012) to obtain models of
specific stellar parameters. The T.¢ was derived by forcing the
abundances of FelI lines giving the same abundance irrespec-
tive of the line’s lower excitation potential (LEP). We

! PYRAFisa product of the Space Telescope Science Institute, operated by

AURA for NASA.
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Table 2
Atmospheric Parameters of the Five SLR Giants Taken from the GALAH Catalog and Derived in This Study
GALAH DR3 T T This Study
Object Name Tegr log g [Fe/H] & (V-K) Gaia Tesr log g [Fe/H] & v sin i
(K) (dex) (dex) (kms™") K) (K) (K)  (dex) (dex) (kms™")
UCACH4 253-045343 4308 £ 90 1.06 £ 0.31 —1.26 £0.07 1.6 4025 4327 4100 1.00 —-143 £0.14 1.4 6.0
UCAC4 099-098976 5263 £+ 101 249 +0.22 —1.46 £0.12 1.1 5205 5375 5260 2.49 —1.46 £0.13 2.1 19.1
UCAC4 212-183136 4505+153 1.49 £0.36 —-1.40£0.13 1.4 4091 4318 4080 0.10 —-2.38 £0.15 2.7 13.8
UCAC4 308-077592 4210 + 89 0.60 + 0.45 —1.67 +0.07 1.6 3923 4206 4100 0.60 —1.86 +0.13 1.7 6.2
TYC 7262-250-1 4218 £ 73 0.82 £ 0.34 —1.31 £0.05 1.6 4193 4121 4217 0.82 —-1.36 £0.12 1.7 4.3

Note. Also given is the T derived from the photometry and listed in the Gaia database. The uncertainties associated with the estimation of stellar parameters in this

study are +150 K for T.g, +0.25 dex for log g, and +0.15 kms ~" for &,.

Table 3
Elemental Abundances of the SLR Stars in This Study
Object Name ALt AL)NLTE [C/Fe] [O/Fe] [Na/Fe] [Ba/Fe] [Eu/Fe]
+0.20 +0.20 +0.20 +0.20 +0.20 +0.20 + 0.30
UCAC4 253-045343 3.65 3.60 —0.14 1.03 —0.27 0.56 0.75
UCAC4 099-098976 4.90 421 < —0.15 0.96 —0.24 —0.02 < 0.20
UCAC4 212-183136 3.50 3.45 0.08 0.58 —0.38 0.86
UCAC4 308-077592 4.45 442 —0.03 1.16 —0.24 —0.13 0.45
TYC 7262-250-1 4.38 4.31 —0.19 0.55 —0.05 —0.09 0.59

estimated an error of 150 K on the spectroscopic temperature
by ensuring that any alteration in the slope of iron abundances
derived from neutral lines with excitation potential remained
within 1 s.d. of the Fe I line abundances. The usual technique to
derive the surface gravity (log g) assumes ionization equili-
brium between Fel and Fell lines. Since we have only one
clean Fe II line detected in the GALAH spectra, we adopted the
log g value when the Fell abundance was within 1o of the
average Fe I abundances. We assumed an error of 0.25 dex for
the estimation of log g. Microturbulent velocity (&) was
calculated by establishing the abundance of Fel to be
independent of reduced EW (log(EW/))). An error in the
estimation of & is obtained when the Fel abundance did not
change by more than 1o and the error is 0.15 km ~'. The
method was iterated until we found a set of T, log g, and &,
values for which we found no significant slope between the
abundances of FeI lines and their LEP values, measured EWs,
and the abundances of neutral and ionized lines are equal. The
final value of Fe abundance obtained for the converged
atmospheric parameters is taken as the metallicity of a star. The
derived stellar parameters, the estimated errors in this study,
and the values given in the GALAH catalog are listed in
Table 2, along with values of T. derived from the color
(V-K) and values given in the Gaia catalog. Values of T
derived here agree very well with the values from Gaia and
(V-K), but one could notice a significant difference of about
500K with the GALAH value for the giant UCAC4 212-
183136. For the same star, we also found a large difference in
log g. However, the log g derived from the Gaia parallax agrees
well with our value (see Table 5). The differences between the
values derived here and the values given in the GALAH DR3
catalog may be attributed to the choice of model atmospheres,
and to some extent, the method of analysis, i.e., pipeline versus
manual analysis of star by star. Since the T and log g derived
here are in good agreement with the values derived from Gaia

parallax, we adopt stellar parameters obtained in this study for
the abundance analysis.

3.2. Abundances

Due to discrepancies between the stellar parameters from the
GALAH data and our values, we reevaluated the abundance of
Li and the elements of interest for this study, which include C,
O, Na, Ba, and Eu. We used the resonance line at 6707.8 A to
derive the Li abundance and assumed that all the Li present was
from the 'Li isotope. The other LiT line, 6103 A, is not in the
spectral range covered by the GALAH survey. We obtained the
NLTE corrections for the Li abundances derived by Lind et al.
(2009a), and the corrected values are given in Table 3. We also
used the 3D NLTE correction code BREIDABLIK (Wang et al.
2021) to obtain the 3D NLTE Li abundance. However, the
code issued a warning saying that the stellar parameters and
LTE Li abundances of all stars in this study are outside the grid
utilized in BREIDABLIK and the corrections may not be
reliable. Nonetheless, according to the grid from Lind et al.
(2009a), only the Li abundance in UCAC4 099-098976 falls
outside the grid where we performed a linear extrapolation of
the grid to obtain the NLTE correction for the star. One can see
that the NLTE corrections from Lind et al. (2009a) are very
small (~—0.05) for the cool stars in our sample, whereas for
UCAC4 099-098976, which is relatively hotter, the NLTE
correction is ~—0.7 (1D NLTE(A(Li)-1D LTE A(Li))). Such
larger corrections have also been reported previously by Li
et al. (2018) and Sanna et al. (2020). A higher correction may
be needed as the star is relatively hotter and metal-poor in
which large overionization takes place. Plots of the best fit with
their final abundance values are shown in Figure 2.

The GALAH spectra also cover the spectral features of the
OT triplet near 7774A Ball at 5853.7 A and 6496.9 A, and
Eull at 6645.1 A. Using the spectral synthesis method, we
derived the abundances of these elements, and the values are
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Figure 2. Li line profiles at 6707 A of the five SLR stars compared with the best-fit synthetic spectra (dashed line).

given in Table 3. To determine the abundance og C, we
examined the C, molecular bandhead feature at 4737 A, which
was quite weak or absent. Constraining the '*C/'*C isotopic
ratio was particularly challenging, as all our stars are deficient
in carbon. Also, the 3 C, feature at 4744 A is too faint to derive
the abundar!ce. Additionally, the wusual BCN  features
(7990-8040 A) used for deriving the 13C abundance are not
covered by the GALAH spectrograph.

All the stars in our sample display depleted C abundance and
elevated O abundance. The O abundance was estimated using
triplets, but it should be noted that these values have
contributions from NLTE effects, and corrections for such
effects are not available for cool stars similar to those studied
here. Given this limitation, we can only confidently state that
oxygen is enhanced. However, providing a quantitative
measure of the enhancement after applying the NLTE
correction is beyond the scope of this study.

3.2.1. Abundance Errors

The abundances of all the elements except Fe are derived
using the spectral synthesis method. So, the uncertainties in the
abundance values were estimated through the goodness of the
least squares fit, and the values are given in Table 3. For
deriving the Fe abundance, we used the method described in
Section 3.1. The error due to contributions from uncertainties in
EWs and atomic parameters are listed as the 1o line-to-line
scatter, Ojyg, in Table 2.

4. Other Observed Properties
4.1. H, Profile and Mass Loss

The profile of the H,, spectral line is an indicator of possible
mass loss/stellar activity present in the star and can be detected
through asymmetries in the H, line profile (Mészaros et al.
2009). All five giants show a distorted H,, profile, and three of
them also show emission in the H, wings, as shown in
Figure 3. The emissions are also asymmetric. We also
examined Ca-triplet features not covered in the GALAH
spectra, using Gaia DR3 data (Gaia Collaboration et al. 2023),
and the feature seems normal. We looked for possible mass loss
using the Two Micron All Sky Survey (2MASS) and Wide-
field Infrared Survey Explorer (WISE) all-sky survey of
infrared photometry.

The W4-band magnitudes in the WISE catalog have quality
flags other than “A.” Two of the samples have “U” as the
quality flag, which is expected for such fainter sources, as the
W4 band has been proven to have very low sensitivity for
reliable detection of fainter sources. So we did not calculate the
WI1-W4 value for those stars, but for the other three stars
(UCAC4 253-045343, UCAC4 308-077592, TYC 7262-250-
1), we obtained the values for W1—W4 as 0.49, 0.64, and 0.25,
respectively. The values are very low, suggesting no active
mass loss. None of the giants shows any excess in the infrared
colors (J, H, K, and W1, W2, and W3 or W4), suggesting, at
least, no hot dust component. We do not have far-IR colors for
the sample to check if the stars have cold dust in case the mass
loss occurred some time ago.
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Figure 3. H,, profile of five SLRs. Note that all of them show asymmetry in
their profiles.

According to the asymmetric H,, profiles, the emission wings of
the H,, line found in metal-poor stars can arise naturally from an
extended, static chromosphere (Dupree et al. 1984; Dupree 1986)
and may not solely be the signature of mass loss. So, the line
asymmetries exhibited by these stars can be attributed to some
disturbances in the stellar atmosphere, which would result in local
mass flows rather than steady-state mass loss.

4.2. Rotational Velocity

Charbonnel & Lagarde (2010) suggest that the excess Li in
some low-mass giants may be due to rotation-induced extra
mixing. We derived the giants’ projected rotational velocity to see
if a correlation exists between Li abundance and the projected
rotation velocity, vsini. GALAH DR3 provided the overall line
broadening parameter in the form of vbroad, which includes v sin i,
and thermal broadening macroturbulence (vimacro). We disen-
tangled the vbroad into v sin i and vmacro by adopting the relations
between vmacro and T for different luminosity classes according
to the recipe given in Hekker & Meléndez (2007). We adopted the
method described in Ruchti et al. (2011) to distinguish the
luminosity class of each star. Since all the stars except UCAC4
099-098976 lie close to the RGB tip, we classified them as
luminosity class II. For UCAC4 (099-098976, we used the
designation luminosity class III as its location in the H-R diagram
is closer to the RGB bump. The derived v sin i is given in Table 3.
According to Carney et al. (2008), the luminous giants with M,, <
—1.5 exhibit net rotation, and the projected rotation velocity can be
larger than 3 km s, a typical value for the upper RGB giants.

All the giants in this study show larger vsini values than
expected, particularly the two giants, UCAC4 099-098976 and
UCAC4 212-183136. Fekel & Balachandran (1993) argued that
during the convective mixing, redistribution of angular momen-
tum from the dredged-up material could induce increased rotation
in stars, creating a dynamo resulting in chromospheric activity.
Also, it could be the case where giants show higher rotation due to
a sudden decrease in the size, i.e., radius due to He flash and the
subsequent transition to the RC phase.

4.3 Radial Velocity

The sample stars’ multi-epoch radial velocity (RV) values
are important to understanding any RV variation observed.
This can be used to distinguish whether any of our giants are a

Susmitha, Mallick, & Reddy

Table 4
U, V, W Space Velocities of the SLR Stars
Object Name U 14 w Viotal
(kms™h) (kms™") (km s’l) (kms™ ")
UCAC4 253-045343 —129.2 —173.5 54.2 239.8
UCAC4 099-098976 —186.4 —328.6 —158.1 429.6
UCAC4 212-183136 —46.8 —259.0 —24.4 282.0
UCAC4 308-077592 —74.0 —69.7 —189.2 230.4
TYC 7262-250-1 —45.1 —14.2 104.0 115.7

Note. The last column corresponds to the total space velocity.

member of a binary system. We examined the RV data from
GALAH DR3 and Gaia DR3 (Katz et al. 2023; see Table 1).
The RV from Gaia DR3 is obtained by median combining the
individual epoch (transit) RVs. The individual epoch radial
velocities are not available from Gaia DR3. The RV data from
the two catalogs match very well, within 1 km s~ ', though they
are in two different epochs, indicating no RV variations. We
also looked at the renormalized unit weight error (RUWE) of
the samples in the Gaia database. The RUWE corresponds to
the reduced chi-squared of the best-fitting five-parameter
single-body astrometric solution. This error coefficient can be
used to identify possible non-single stars, whose RUWE
is >1.4 (Lindegren et al. 2018, 2021). All the five giants have
an RUWE of <1.4, indicating a lack of binarity. However, for
binary systems whose orbital period is larger than about ~1000
days, the RUWE loses most of its efficiency in detecting binary
systems, and RUWE parameters may not provide correct
information about their binarity (Jorissen 2019). Hence, even
though the RUWE for the samples is < 1.4, the RV variation
from a long-period binary companion cannot be ruled out. The
kinematic (U, V, W) data provided in the GALAH DR3 catalog
suggest that the four giants, including the RC star, belong to the
Galactic halo component, whereas TYC 7262-250-1 belongs to
the Galactic thick disk (see Table 4).

5. Evolutionary Phase

It is important to determine the evolutionary phase of Li-rich
giants to constrain the origin of Li enhancement. The
evolutionary phase could be determined either using the star’s
location in the H-R diagram combined with the evolutionary
tracks or by using asteroseismic data. The latter turned out to be
more reliable and is considered the gold standard for separating
RC giants of core He burning from those of RGB giants with
an inert-He core. Recent studies concluded that SLR giants are
most likely to be RC stars rather than RGB stars (Deepak 2019;
Singh et al. 2019; Kumar et al. 2020).

5.1. Evolutionary Tracks

GALAH DR3 provides a value-added catalog (VAC) with
luminosities calculated using the Bayesian Stellar Parameter
Estimation (BSTEP) code from Sharma et al. (2018). BSTEP
provides a Bayesian estimate of intrinsic stellar parameters
from observed parameters by using the stellar isochrones.
Although the luminosities of these stars are readily available
from the VAC, due to the change in effective temperature from
this study and from the GALAH DR3 catalog (see Table 2), we
calculated the luminosity and logg of these stars using
parallaxes obtained from the Gaia DR3 and V-band magnitude
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Table 5
Luminosity and Log g Derived Using Gaia Parallaxes and V-band Magnitudes'
of the SLR Stars in This Study

L
Object Name A, T log (L_) log g
(mag) (mas) (dex)
UCAC4 253-045343 0.28 0.13 3.17 £0.16 0.75 £0.25
UCAC4 099-098976 0.08 0.37 1.73 £0.12 2.56 £ 0.16
UCAC4 212-183136 0.09 0.05 3.50 +£0.22 0.10 £0.24
UCAC4 308-077592 0.24 0.05 3.66 +0.18 0.33 £0.21
TYC 7262-250-1 0.16 0.18 3.18 £ 0.20 0.57 £0.23
! See Section 5.1.
using the relation
L
—2.5log— = My + BCy(Tr) — My, 1)
Lo
and
M 1. L
logg = logg, + log + 4log eff log —, 2)
M offs Lo

where the absolute magnitude in the V band is calculated by
My =V +5 — 5Slog,r — Ay 3)

and the temperature-dependent bolometric correction is calcu-
lated by

BCy(Terr) = a + blog T + c(log Togr)* + d(log Togr)® ...
“4)

Here, a, b, ¢, and d are the polynomial coefficients of the model
function. Values of these coefficients are taken from Torres
(2010). The values of My, =4.74, logg.=4.44, and
Tet;,=5772 K are adapted for the Sun. r is the distance to the
star (in parsec), and Ay is the interstellar extinction in the V
band. We obtained the Ay values from Schlafly & Finkbeiner
(2011). We used the T, derived in this study as the input Tegr
in the above equation, whereas the mass of the star is obtained
from the asteroseismic analysis (refer to Section 5.2). The final
values are given in Table 5. Within the estimated uncertainties,
the log g values derived from Gaia parallaxes agree well with
those from GALAH DR3, except for the giant UCAC4 212-
183136. For this star, the log g from GALAH DR3 is more than
1 dex compared to the value derived in this study from the
spectra and the Gaia parallax (see Section 3.1).

The luminosity values derived here agree well with the
values given in the GALAH DR3 VAC within the estimated
uncertainties except for one star, UCAC4 099-098976. The
H-R diagram of the data set from GALAH DR3 (See Figure 1)
shows a well-defined main sequence, sub-giant, and RGB.
Also, one can notice two groups of stars on an RGB; one is
identified as the luminosity bump, and the other as an RC or
horizontal branch. Of the five giants in our sample, one
overlaps with the RC region, and the four seem to be much
brighter and closer to the early asymptotic giant branch (AGB).

5.2. Asteroseismic Analysis

Asteroseismology has emerged as a valuable tool in
distinguishing core He-burning stars from hydrogen-shell-
burning RGBs. The turbulent outer layers of RGBs display
stochastically excited oscillations, which could be detected
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from high-precision time series data of long duration, typically
facilitated by space missions such as Kepler (Borucki et al.
2010), CoROT (Michel et al. 2008), and the Transiting
Exoplanet Survey Satellite (TESS; Ricker et al. 2015). Two
distinct types of oscillations are seen in stars: pressure (p-mode)
or acoustic mode, typically observed in the outer envelope of
the star, and gravity mode (g-mode), predominantly found in
the stellar core. Using the analysis of the oscillations associated
with the p- and g-modes in red giants, one can derive two
characteristic parameters to distinguish giants with an inert-He
core, RGB giants, from those of core He-burning RC giants.
The two parameters are a large frequency separation (Av of P-
modes and the average period spacing (AP) of mixed modes
arising from coupling between the interior g-mode and the
envelope p-mode oscillations.

For our analysis, we made use of data from NASA’s TESS
from the Mikulski Archive for Space Telescopes (MAST)
archive.” We systematically removed points from the light
curves with a quality flag greater than 0 or NaN flux values to
ensure good data quality. Although this resulted in removing
some data points, which can impact seismic analysis—the
number of such excluded points remained minimal compared to
the overall data size. To rectify these sudden jumps in
measured flux, we applied corrections using the TESS
Asteroseismic Science Operations Center (TASOC) pipeline
(Handberg et al. 2021). This pipeline employed a piece-wise
cubic Hermite polynomial to interpolate the gaps, ensuring a
more continuous and consistent light curve. Finally, all
corrected light curves for a single object were stitched together
using the lightkurve package (Lightkurve Collaboration et al.
2018). The resultant light curves were converted to period-
ograms for seismic analysis using the Lomb-Scargle period-
ogram technique. The power density spectrum (PSD) was
subjected to background removal using a log-median filter. The
PSD is divided by the estimated background noise to create an
S/N spectrum.

We selected a small window in the background-corrected
PSD showing clear power excess, and the autocorrelation
function (ACF) is computed and integrated over this frequency
range. The resulting collapsed ACF exhibits a distinct peak.
The frequency value corresponding to the highest value of the
collapsed ACF gives vjax. The ACF convolves data with a
lagged version of itself, and when oscillation modes overlap
each other, spikes are seen in the ACF (see Figure 7 in the
Appendix for det