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ABSTRACT. We report the discovery new super-
lithium rich beat Cepheid OGLE GD-CEP-0516
which has a lithium abundance of logA(Li)a3.6 dex.
It is the sixth known Cepheid of such type in the
Galaxy. OGLE GD-CEP-0516 can be considered as
the Cepheid which is presently crossing the instability
strip for the first time.
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AHOTANIA. V it crarti Mu NOBIIOMJISIEMO TTPO
BiIKpUTTs HOBOI GiMomaIBHOT Tiedeinu, 6araTol iTieMm,
OGLE GD-CEP-0516. BimonaJbhi 1edeinm — 1e Kia-
cuvHi 3MiHHI 30pi-1iedeinn, siki OJHOYACHO IIYJIbCYIOTh
y aBoX (200 TPHOX) PAIAIBHUX MOJIAX.

Heranbue ¢poromerpuune mgocaimkeras OGLE GD-
CEP-0516 mpoTsroM KiTbKOX POKIB IOKA3aJj0, IO Iie
raJlakTudHa 6iMomasbHa 1edeina 3 HAMKOPOTIINM Bi-
mommm epiogom (P1=0.3949599 d, P2=0.3163039 d,
P2/P1=0.801). Bona mysuncye 3 amiutiryaoio 0.30 mag
B I-miamasomi. Ii BiJIcTaHb, $Ka 3HaljeHa 3a JI0I0-
MOT'OI0 €eMIIIPUYHOTO CITiBBiIHOIIIEHHSI TI€PiOJI-CBITHICTH
(PL) noka3sye, mo BOHA 3HAXOAUTHCH Yy TAJIAKTHIHO-
My TOHKOMY Jucky, Ha 0.07 kuk Ha mromunoio ['ama-
kTukn. Jis 1miel medeinn Mu mpoaHasidyBajn CIIEKTD
UVES 3 posainbaoio 3marHicTio R = 42 300, akwii
OXOILTIOE IHTEPBAJI JOBYKIUH XBIIb 4726-6835 A, BizTHO-
urerns curnad/mym S/N=141. 1106 BusnaunTu ede-
KTHBHY T€MIIEPATypPy, MA BUKOPUCTAJIN METOIUKY, SKa
OCHOBaHAa Ha BijHOIIeHHSX rudwH jgiHil. MikpoTypOy-
JICHTHA, MBUJKICTD 1 TPUCKOPEHHS CUJIU TS2KiHHS OyJIn
3HalJIeH] 3a JIOMMOMOTOI0 CTAHJAPTHOTO AHAJI3Y.

Hosa cymepiirieBa nedeina OGLE GD-CEP-0516
JIEMOHCTPY€E HAsBHICTH CUJIBHOI pe3oHaHCHOI Jiinil Lil
6707.766 A i mae Bmicr mirio log A(Li) ~ 3.6 dex.
Bwmicr Byrsemo Ta Harpio, BuzHadenuit misi OGLE
GD-CEP-0516, 6/m3bKnii 10 COHAYHMX 3HAYEHD, I1€
BKa3ye Ha Te, IO s Iedeina me He IPOXOuia Je-
pe3 mepmuii KOHBeKTUBHUI BuHOC. lle mocta Bimoma
kiacnuHa nedeina takoro tuiy B lajnakruii. OGLE

GD-CEP-0516 mokHa BBaxkaTn 1edelion, sKa 3apas3
BIIEPIIIE TIEPETUHAE CMYTY HECTaOLIHLHOCTI.
SayBaxkuMo, IO JITiii Oyjo 3HalIeHO B pPIi3HUX
nedeinax: 1) mosronepiommuna uedeina y Benwmkiii
MaremnanoBiit Xmapi, sKa MyJabcye y QGyHIaAMEH-
TajdbHOMY Iepiomi; 2) warTh GiMomaabHuX Iedelir
Yymanpkoro Ilasxy, mo myabcyioTh abo B pPEeXKUMU
P0O/P1 a6o P1/P2; 3) rtimeku V1033 Cyg € 3BU-
JaifHuil mysibcarop ocHoBHOI Momu 3 P =~ 4.9 d. Ile
MOXKe O3HaJaTw, IO JiTiii B armocdepax 1edein
Mir BUPOOJIATHCA dYepe3 Pi3HI KaHAIM, HAIPUKJIIAJ,
qepe3 IOIVIMHAHHS IIJIAHETH, aKPeIiio Cyb30psaHux
KOMIIAHBHOHIB, 3abpymaHeHHs BiJ 30pi-CynyTHHUKA,
abo BHyTpinmmHBOro BUpOOHHUIITBA Li mmim wac cramil

RGB/RC.

Kuarouosi
KJTacu4Hi 1edeinu.

cjioBa: 30pi: XiMiyHWII CKJaj — 30pi:

1. Introduction

Pulsating stars such as classical Cepheids are not
only crucial primary distance indicators, but they are
also at the crossroad of many fundamental astrophysi-
cal problems.

Classical Cepheids are intermediate-mass and mas-
sive stars crossing the Instability Strip during the core
He-burning stage. Classical Cepheids cover a broad
range in stellar mass, namely from ~2.2 to ~14 Mg.
In an evolved intermediate-mass star one expects the
lithium abundance to be severely diluted due to the
combined effects of the mass-loss on the Main Sequence
and the subsequent first dredge-up. The sensitivity to
mass-loss stems from the fact that in B stars (the pro-
genitors of Cepheids) Li remains in only the outer 2%
of the star at the end of the Main Sequence. The stan-
dard stellar evolution predicts a dilution about a fac-
tor of ~50-60 relative to the initial value. Assuming
an initial lithium content of logA(Li) = 3.3 dex, this
means that Cepheids should have lithium abundances
logA(Li)<1.5 dex. In contrast, Li-rich Cepheids has



Odessa Astronomical Publications, vol. 36 (2023)

65

Table 1: Parameters of the lithium-rich Cepheids

Star Mode  Pobs <V> Rea d 1 b  Remarks

days mag  kpc pc deg deg
Galaxy :
OGLE GD-CEP-0516 P2/P1 0.394959  12.666 7.87 2720 285.50 —1.45 This paper
ASAS 075842-2536.1 P2/P1 0.41013 12.260 9.03 2100 243.55 2.35 Kovtyukh et al. (2019)
V363 Cas P2/P1 0.546597  10.550 8.76 1155 118.46 -2.22 Catanzaro et al. (2020)
ASAS 131714-6605.0 P2/P1 0.913165 11.820 6.85 2200 305.86 -3.64 Kovtyukh et al. (2019)
V371 Per P1/P0 1.738 10.930 10.61 3200 146.02 -14.65 Kovtyukh et al. (2016)
V1033 Cyg PO 4.9375119 13.027 7.52 3429  69.94 0.49 Luck & Lambert (2011)
LMC :
HV 5497 PO 99.156076 11.930 - - 27724 -36.17 Luck & Lambert (1992)

Remarks: Rg— Galactocentric distance, d — heliocentric distance.

a strong lithium line with the deduced LTE lithium
abundance of logA(Li) = 3.3 dex (see Luck & Lam-
bert, 1992, 2011; Kovtyukh et al., 2019; Catanzaro et
al., 2020).

Six super-lithium rich Cepheids have already been
reported in the literature. Some useful parameters for
the Li-rich Cepheids in the Galaxy and Large Magel-
lanic Cloud (LMC) are gathered in Table 1.

The study of lithium content as a function of effective
temperature, rotation, and deepening of the convective
zone is a key problem for our understanding of stellar
convective mixing and evolution.

In this paper we report the discovery of new Li-rich
beat Cepheid OGLE GD-CEP-0516. Beat Cepheids
are classical Cepheid variable stars that simultaneously
pulsate in two (or three) radial modes. Most beat
Cepheid pulsates either in the first overtone and the
fundamental modes (P1/P0), or in the second and the
first overtone modes (P2/P1). Previous studies clearly
established that the period ratio (higher to lower
mode) of the P1/P0 pulsators is around 0.72, while
that of P2/P0 is closer to 0.80. The period ratios
P1/P0 can be measured very accurately and have
been found to correlate with the Cepheid masses (or
periods), and the abundances of the heavy elements
(Kovtyukh et al., 2016; Lemasle et al., 2018).

2. Beat Cepheid OGLE GD-CEP-0516

Extensive photometry of OGLE GD-CEP-0516 over
a number of years has clearly shown it to be a Galactic
beat Cepheid, with the shortest period known so far
(P1=0.3949599 d, P2 = 0.3163039 d, P2/P1 = 0.801,
see Udalski et al. 2018). It pulsates with an amplitude
of 0.30 mag in the I band. Its distance, which is
derived from the empirical period-luminosity (PL)
relation, places it in the Galactic thin disk, 0.07 kpc
above the Galactic plane (Skowron et al., 2019).

B B s e e e e e e LI B e
10 OGLE GD-CEP-0516

08 |- ASAS 075842-2536.1 7

0,6
V363 Cas

0,4 WMWW
0,2 - .
< ASAS 131714-6605.0
X i
L 0,0 -
g I V371 Per T
<
o)
o

V1033 Cyg

HV 5497

12k Li 1 6707,8 i

6702 6704 6706 6708 6710 6712 6714 6716 6718
Lambda

Figure 1: The spectral region around the Li1 6707.8 A
line in the spectra of lithium-rich Cepheids. For the
sake of clarity the continuum level was shifted to arbi-
trary levels.
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3. Spectroscopic analysis

For this star we analysed UVES spectrum at R =
42 300 that have been taken using the red arm (#CD3)
and cover the wavelength interval 4726-6835 A, the
signal-to-noise ratio S/N=141 (Dekker et al., 2000).

Fig. 1 displays the spectral domain around the Lit
6707.8A feature for the all Li-rich Cepheids discovered
so far in the Milky Way and LMC.

4. Parameters and Abundance

To determine the effective temperature (Tog) for
OGLE GD-CEP-0516, we employed the method of
Kovtyukh (2007), based on Teg—line depth relations
(we used 59 relations in total, and derived Teg= 6526
+ 20, 0 = 139 K). The microturbulent velocity V; and
gravity log g were found using the standard analysis
(see, for example, Kovtyukh et al., 2016). The atmo-
spheric parameters Tog, log g and V; are listed in Table
2.

The abundances of different elements were derived
in the LTE approximation using atmosphere model in-
terpolated for the atmosphere parameter within the
grid of ATLAS9 models by Castelli & Kurucz (2004).
We discarded strong lines (with EWs>150 mA) due to
noticeable damping effects. The oscillator strengths,
log gf, were adopted from the Vienna Atomic Line
Database (VALD, Ryabchikova et al., 2015, version
2023). The reference solar abundances were taken from
Asplund et al. (2009).

The results are given in Table 2.

5. Discussion and Conclusions

We have discovered new lithium Cepheid in the
Milky Way, which brings the number of such rare ob-
jects to a grand total of seven stars (six in the Galaxy,
one in the LMC). This Cepheid (OGLE GD-CEP-0516)
shows the presence of strong resonance Lil 6707.766 A
line. The abundances of carbon and sodium deter-
mined for OGLE GD-CEP-0516, being close to the so-
lar values, indicate that this Cepheid has never been
through the first dredge-up (Adamczak & Lambert,
2014; Takeda et al., 2013, and references therein). Oth-
erwise, we should expect the abundances of these ele-
ments to have been significantly altered by the dredge-
up.

Note that lithium has been measured in a variety
of Cepheids: one very long-period LMC Cepheid pul-
sating in the fundamental mode, and five double-mode
Milky Way Cepheids pulsating either in the PO/P1 or
P1/P2 modes; only V1033 Cyg is a common P=24.9 d
fundamental mode pulsator (Table 1). This might in-

Table 2: LTE abundance in OGLE GD-CEP-0516.
Model 6526/2.4/1.4 (Teg, log g, V)

Ion  Code [El/H] o NL (ElI/H)
Lit 3.00 2.44 - 1 3.60
C1 6.00 -0.12 0.07 7 8.44
Or1 8.00 -0.00 0.07 3 8.81
Nar 11.00 -0.12 0.09 2 6.20
Mgr 12.00 -0.18 - 1 7.42
Al1 13.00 -0.20 - 1 6.10
Sit 14.00 0.02 0.14 12 7.53
Sit 14.01 0.14 - 1 7.65
S1 16.00 0.28 0.27 3 7.49
Car  20.00 0.16 0.15 7 6.54
Scim 21.01 -0.13 0.25 5 3.12
Ti1 22.00 0.14 0.16 13 5.09
Tiim  22.01 0.03 0.22 5 4.98
Vi 23.00 0.01 0.16 3 4.12
Vi 23.01 0.05 0.15 2 4.16
Cri 24.00 0.11 0.16 9 5.87
Crir 24.01 0.11 0.12 6 5.87
Mn1i 25.00 -0.21 0.12 6 5.33
Fe1 26.00 0.01 0.12 149 7.51
Ferr  26.01 0.02 0.10 19 7.52
Cor  27.00 0.08 0.30 2 5.07
Nir 28.00 -0.03 0.12 28 6.27
Yir 39.01 0.11 0.08 5 2.30
Zrii 40.01 0.02 0.34 2 2.90
Lair  57.01 -0.04 0.09 4 1.29
Celr  58.01 0.05 0.16 5 1.76
Prir 59.01 0.04 0.19 3 0.85
Ndmr 60.01 -0.28 0.10 4 1.24
Funr  63.01 0.02 0.18 2 0.98

Remark: (El/H) is absolute abundance value on the
scale where hydrogen abundance is 12.00.

dicate that Li observed in the atmosphere of Cepheids
could be produced via different channels, for instance
via accretion of sub-stellar companions, pollution from
a companion star, planet ingestion, or internal produc-
tion of Li during the RGB/RC stage (for details, see
Liu et al. 2014, Kirby et al 2016, Kovtyukh et al. 2019,
and references therein).
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