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Abstract

Subdwarf (sdB) stars include core helium-burning stars with a very thin hydrogen envelope that lies at the blue end
of the horizontal branch (or extreme horizontal branch). Among them, short-period sdB binaries especially with
cool companions are significant to test and constrain binary evolution. We discuss one such sdB+dM type binary,
TYC 3315-1807-1 (V1), which was first reported by Kawka. Results of the photometric analysis on Transiting
Exoplanet Survey Satellite data are being reported. Light variation in the light curve suggests that the system
displays a large reflection effect with no eclipses. Spectroscopic observations of the object were also carried out to
probe into the nature of secondary companion as well as to understand the post-common-envelope evolution of
such objects. The variability in Balmer, He, and Na line profiles as a function of phase, probably caused by
observed reflection effect was identified and studied. Period variation study of the object was done using times of
minima obtained from the hterature and the O — C plot was produced which points to a decrease in the period
(dp/dt = —1.36315 x 10”7 day yr~ 1, and the possible scenario of evolution is discussed. From the evolutionary
models, we constrain the possible mass of the sdB to be 0.274 M, and that of the secondary is 0.113 M, and we
conclude that V1 may evolve directly as a helium-core white dwarf.

Unified Astronomy Thesaurus concepts: Binary stars (154)

1. Introduction

Subdwarf B (sdB) stars include core helium-burning stars
with a very thin hydrogen envelope (My < 0.02 M., Saffer
et al. 1994; Heber 2016) that lie at the blue end of the
horizontal branch (or Extreme Horizontal Branch EHB) and
some have evolved beyond that stage. Models (Dorman et al.
1993; Han et al. 2003; Heber 2009) predict that mass is most
likely to be close to 0.47M; but binary evolution could
produce masses as low as 0.38 or as high as 0.8M.. A
significant fraction of these systems are observed in close
binary systems (e.g., Maxted et al. 2001; Morales-Rueda et al.
2003; Vuckovié et al. 2007), which provide ideal conditions for
their formation. In close binaries, the onset of the common
envelope (CE) phase and subsequent Roche lobe overflow
(RLOF) contribute to the ejection of the hydrogen envelope
and drive the star toward EHB. The CE phase plays a crucial
role in binary evolution, particularly in the formation of short-
period systems containing evolved objects, which are known as
post-common-envelope binaries (PCEBs). Among PCEBs
systems which do not have enough mass to ignite He in their
core are known as post-red-giant-branch (RGB) stars. These
post-RGBs are known to show low masses with a range of
0.2-0.45 M., (Nie et al. 2012).

Han et al. (2002, 2003) proposed three different formation
mechanisms for EHB stars through binary interaction: (a)
involving CE evolution; (b) episodes of RLOF; or (c) the
merger of two helium white dwarfs. All these mechanisms are
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important as about more than 50% of the close binary
population are short-period PCEBs (Maxted et al. 2001;
Napiwotzki et al. 2004). Among PCEBs, HW Virginis (HW
Vir) is a class of binaries with a hot subdwarf primary and an
M-dwarf companion. These are at a crucial phase of stellar
evolution and thus act as laboratories to study the nature and
formation mechanism of sdBs, which are poorly understood.
Many observational studies have been carried out on short-
period sdB binaries along with long period sdB binaries.
However, there is a gap in the current understanding between
theory and observations due to the lack of sufficient
observational data for HW Vir type systems leading to accurate
determination of their absolute parameters like mass, radius,
Tets, and physical parameters like period variations, presence of
third bodies, phase-dependent spectral line variations, etc. This
raises the necessity to carry out further detailed observations of
a wide range of sdB binaries to understand their contribution to
the formation models/theories.

In this paper, we present inputs on the binary nature of an
sdB binary based on low-resolution spectroscopy and the
Transiting Exoplanet Survey Satellite (TESS) photometric light
curve solutions. The object TYC 3315-1807-1 (R.A.:
03"21™ 393629, decl.: +47°27'18"797) was shortlisted from
the MUCHFUSS catalog (Geier et al. 2011a) of hot subdwarfs
and was selected due to its short period and its observability
with available facilities. Other common names in literature for
this binary are Cl Melotte 20 488, GALEX J032139.8+4727,
2MASS J03213962+4-4727187, etc. Preliminary results were
presented by Kawka et al. (2010) who have reported that TYC
3315-1807-1 (hereafter referred to as V1) is an sdB+dM binary
and have determined its period to be 0.26584 4+ 0.00004 day.
The above-mentioned sdB+4-dM class of systems are generally
referred to as PCEBs of HW Vir class, among which a large
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fraction of binaries are noneclipsing and show their binarity
only through the reflection effect or radial velocity variations.
Variable V1 falls into this category of noneclipsing HW Vir
systems. A detailed study of the same is discussed further.

2. Data Collection and Reduction
2.1. Photometry

The data used to carry out photometric analysis was taken
from the TESS database and the period of observations lie
between 2019 November 3 and 27. The observations from
TESS fall in the bandpass 6000—-10000 A, following traditional
Cousins 7 band centered at 7865 A. Known for its photometric
precision, the mean error of the TESS photometric data,
obtained from the average of errors on individual measurement
of observations was about ~(0.003. The data was downloaded
from Mikulski Archive for Space Telescopes portal and Simple
Aperture Photometry Flux (SAP) was selected over Pre-search
Data Conditioning SAP flux in order to avoid trend corrections.
A total of 14,846 data points were used for the analysis.
Wilson—Devinney (WD) code 2015 (Wilson & Devinney 1971;
Wilson & Van Hamme 2013) was used to model the light
curves and to derive the basic parameters of V1. The fitting of
the light curve was done using mode 2 of the WD code since
neither of the stars is in contact with its Roche lobe. The
photometric parameters were set as either fixed or adjustable as
per convention generally followed while using WD code (Priya
et al. 2011; Schaffenroth et al. 2013). The effective temperature
(T) of the primary component (sdB star) was adopted from
Kawka et al. (2010) and fixed at 27,990 K. The gravity-
darkening coefficients g;, g, were fixed to 1 (Von Zeipel 1924)
and 0.32 (Lucy 1967), respectively. The bolometric albedo A;
was set to 1 (Rucinski 1969) and the bolometric limb-
darkening coefficients (X;, X,, Y;, Y,) were fixed after
interpolating them using the Van Hamme (1993)’s table with
a logarithmic law. The same method was used to derive
monochromatic limb-darkening coefficients (x;, X2, y1, ¥2),
which were taken as adjustable parameters throughout the
analysis. Other parameters like inclination (i), mean temper-
ature of secondary star (75), the bolometric albedo of secondary
(A»), monochromatic luminosity L; of star 1, and dimensionless
potentials €2, , of both the components were taken as adjustable
parameters.

The mass ratio (¢) was constrained using the g-search
method to obtain an accurate photometric g. Following the WD
routine, the best-fit light curve with minimum residual
(32 =0.00041) was obtained for a set of iterations, carried out
with different values of i to check for significant changes in g.
There was no large variation in g for most of the i values;
however, it was impossible to obtain the best fit at values other
than i = 63°, ¢ = 0.41. The light-curve parameters obtained are
listed in Table 1 and the best-fit light curve (R* =99.84%) with
a corresponding geometric structure of the system at various
phases is as shown in Figure 1. The large reflection effect
observed in the light curve suggests that the secondary is a
cooler component with a temperature of ~3039 K (spectral
type M5V) determined from the iterations. The reflection effect
is prominently observed at phase 0.5 of the light curve and the
same is also evident with the high value of albedo (A, = 1.9) of
the secondary derived from WD code. Along with the peak-to-
peak amplitude of reflection effect (AI=0.12 mag), we
approximated the effective temperature of the heated surface
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Table 1

Best-fit Photometric Parameters for V1 Derived using WD Method
Element Solution
Fixed parameters
P (days) 0.2658
a 1.2049
81 1.00
82 0.32
“T1(K) 27990
“logg 5.34
A 1.00
X 0.752
Xz 0.656
Y 0.244
Y, 0.103
Adjustable parameters
i° 63.120.62
T»(K) 3039 4 29.50
A, 1.95 +0.05
Q 8.8603 £+ 0.22
Q, 5.0558 + 0.04
q 0.4126 £ 0.003
L 10.9284 +0.012
L, 0.0307
X1 0.279
X5 0.670
Vi 0.181
Y2 0.399
Roche radii
R NE 0.1183 4 0.002, 0.1095 + 0.001
T,y POINt 0.1184 £ 0.002, 0.1101 £ 0.001
T(ne) Side 0.1183 £ 0.002, 0.1095 =+ 0.001
ey back 0.1184 4 0.002, 0.1099 £ 0.001

Notes. (&, ¢) - (hotter, cooler) components.
?T1 and log g adopted from Kawka et al. (2012).

(Ty) of the secondary using Tj, = T;(R;//(2)a)'/? (Maxted
et al. 2002) to be ~7365.6 K, which shows the strong
irradiation effect.

2.2. Spectroscopy

Nine low-resolution spectra were obtained from the 2.3 m
Vainu Bappu Telescope (VBT) at the Vainu Bappu Observa-
tory* Kavalur, Tamil Nadu, during three nights in 2019
January. The observations were performed using Opto-
Mechanics Spectrograph, which uses a Tek 1k x 1k CCD
(1024 x 1024 pixels). The spectra were taken in the field
centered around 5000 A with a 600 line mm ™' dispersion
resulting in a resolution of 2.6 A pixel ', such that the Hf line
along with other higher-order Balmer, He, and Na lines can be
studied. The above selection was made since Balmer lines are
observed to be least affected by reprocessed light from the
secondary (Heber & Edelmann 2004). The exposure time for
both V1 and the spectrophotometric standard (Feigell) was
~2400s. The ONEDSPEC package of IRAF® was used to
reduce the observed spectral data. The FeNe arc lamp was used

4 The details of instruments used for spectroscopic observations can be

obtained from https://www.iiap.res.in/vbo.htm.
5 Image Reduction and Analysis Facility.
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Figure 1. The best-fit light curve of V1 along with star shapes showing reflection effect (dark patches) at various phases.
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Figure 2. Normalized spectra of V1 overplotted on standard star Fiegell.

for wavelength calibration. The acquired spectra were normal-
ized and equivalent widths (EWs) for the selected lines were
measured.

After spectral fitting of the chosen spectral lines with the
standard star (Figure 2), the EWs were calculated and tabulated
for phases listed in Table 2 (Figure 3). From the phase-
dependent spectral line variation (Figure 4), the EWs were
observed to be moderately uniform throughout the orbital
cycle, except near the upper conjunction, i.e., phase 0.5. It is
observed that the Balmer lines appear to be relatively shallower
near the upper conjunction. This can be attributed to the excess
emission from the heated surface of the cooler component,
filling in the absorption line of the sdB. This scenario is similar

to that observed for HS 233343927 as studied by Shimanskii
et al. (2012). We find it likely that the EWs of He and Na lines
show variability; however, our observations lack sufficient
precision to be certain. As such, this would need higher
resolution spectra to determine if the He and Na lines are
variable with phase. As the secondary component is M dwarf,
which is mostly known to show stellar flares in literature
(Chabrier et al. 2007; Yang et al. 2017; Chang et al. 2018), we
cannot neglect the effect of flares in them, producing emission
and fill-in absorption lines. However, simultaneous high-
resolution optical spectra and optical/UV photometry are
needed to determine if flares are effecting the line widths. Our
present study is an attempt to identify the spectral lines and
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Figure 3. EWs of various Balmer line profiles at various phases.
Table 2
Equivalent Widths of Balmer Lines
Phase HB Hy Hé He H9
(4861.2 A) (4340.5 A) (4101.7 A) (3970.1 A) (38354 A)
0.21 5.16 +0.09 5.37+0.26 4.55 £ 0.04 6.02 + 0.04 3.32+0.48
0.31 4.77 £0.10 4.96 £0.11 4.80 £0.38 3.89 £ 0.09 2.63 £ 1.17
0.33 4.00 £ 0.10 524 +£0.12 4.98 + 0.04 474 +0.23 4.06 + 0.50
043 4.60 £ 0.07 5.69 +0.07 5.10 £ 0.08 5.04 £ 041 2.53 £0.90
0.46 4.01 £0.10 477 +£0.15 3.81 +£0.26 523 +£1.02 1.51 £0.12
0.77 5.21 £0.04 5.42 +0.13 4.87 £0.04 5.21 £ 0.60 441 +£0.29
0.80 4.77 £0.50 4.64 £ 0.06 5.36 £0.61 432+£0.28 3.95 4+ 0.61
0.91 4.82 +£0.07 4.33 £ 0.04 4.75 £0.37 378 £ 0.42 5.99 +£0.53
0.93 4.90 £0.05 5.13+0.19 7.15+£0.26 6.40 + 0.61 3.87 £0.54

study presence or absence of variability in their line strengths.
Further spectroscopic observations will help us to understand
the correlation between the absolute parameters of the DM star
and of its radiating surface.

2.3. Period Analysis

As discussed earlier, components in PCEBs mostly tend to
be well separated, so period variations that are observed in
them cannot be due to mass transfers. However, according to
the evolutionary theory, secular period decrease in PCEBs are
mostly attributed to angular momentum loss either driven by
gravitational radiation (GR), magnetic braking, or due to
presence of an unseen substellar or underluminous tertiary
companion. The presence of a third body can cause perturba-
tions, in the system causing it to exhibit period variation. To
check if V1 shows any variations in the period, we have carried
out the O— C (Observed — Calculated times of minima)
studies following a series of optimization techniques to
determine the best fit. The times of minima (ToM) were
collected from the available NSVS, Super WASP, and TESS
time-series data. A python code was used to sift through the
data to find out local minima in the light curve and a “scipy”
curve fitting routine was done to extract them (HJDgy). To do

this, we first searched for contiguous blocks of data near the
minima and then fitted the data with a Gaussian, if there were
atleast >7 points around the minima. Following this, we have
obtained 34 ToM (HJDgy) from all the available photometric
data. The O — C values are calculated by using the linear
ephemeris:

Minl = 2458800.4157788(d) + 0.265816E. 1)

The O — C diagram (Figure 5) shows a decreasing parabolic
trend in the period with a dp/dt of —1.36315(30 .186) x 1077
day yr . To know the reason for the period decrease in V1, we
checked for the presence of any third light in the system. For
this, the light-travel time effect via the presence of a third body
was verified by incorporating the /53 parameter in WD Code but
was observed to show a negligible amount of contribution. The
period variation plot does not significantly show any sinusoidal
signature with the current available data hence, the probability
of the presence of a third body in V1 cannot be affirmed.
However, the O — C could be a part of a larger sinusoidal
variation, which can be confirmed with additional data.
Assuming the presence of a third body we tested the O — C
with a sinusoidal fit (Figure 5) and the estimated parameters of
the third body are listed in Table 3. We also studied period
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Figure 4. Balmer line profiles showing EW variations.
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Figure 5. Period variation (O — C) for V1 determined from ephemeris and the best fit obtained. The solid line and the dotted line represent the quadratic fit and

sinusoidal fit, respectively.

Table 3
Probable Third Body Parameters of V1
Parameter Value Unit
Ps 30.85 £0.748 yr
As 0.0059 =+ 0.0007 days
ajp sini 1.018 £ 0.157 au
Jon 0.0011 £ 0.00013 M.,
M, 0.079 £ 0.011 M,

variation in the perspective of gravitational radiation effect
along with magnetic braking either of which is generally
observed to be dominant in these systems. Based on the
relations given by Kraft et al. (1962) and Faulkner (1971), we
calculated period change due to GR to be —7.5614 x 10~'2
day yr~' and due to magnetic wind braking to be —4.4 x 10~
day yr—'. Both the values are substantially lower than the
observed period variation. Since mass transfer is also ruled out
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Table 4
Period Variations in HW Vir Systems
S.No Object P(days) dp/di(day yr’]) M5(M.,) P5(yr) References
1 HS 070546700 0.0956 0.037 7.15 Qian et al. (2009)
0.0956 0.029 8.40 Beuermann et al. (2012)
0.0956 0.032 Qian et al. (2013)
0.0956 0.023 11.70 Bogensberger & Clarke (2017)
0.0956 420 % 10°° 0.031 8.73 Pulley et al. (2018)
2 SDSS J08205+0008 0.0962 —1.17 x 107? Schaffenroth et al. (2021)
3 NY Vir 0.1010 1.03 x 107 0.003 8.64 Song et al. (2019)
0.005* 24.09 Song et al. (2019)
0.1010 9.64 x 1071° Er et al. (2021)
4 NSVS 14256825 0.1103 383 x 1078 Kilkenny & Koen (2012)
0.1103 0.011 20.00 Beuermann et al. (2012)
0.1103 0.002 3.49 Wittenmyer et al. (2013)
0.1103 0.007* 6.86 Wittenmyer et al. (2013)
0.1103 0.014 10.00 Nasiroglu et al. (2017)
0.1103 0.013 8.80 Zhu et al. (2019)
5 HS 223142441 0.1105 427 x 107 0.013 4.76 Pulley et al. (2018)
6 HW Vir 0.1167 —8.82 x 1077 0.018 15.80 Lee et al. (2009)
0.008* 9.10 Lee et al. (2009)
0.1167 332x 1078 Lohr et al. (2014)
7 EC 10246-2707 0.1185 123 x 107° Pulley et al. (2018)
8 2M 1938+4603 0.1257 —4.49 x 1078 Barlow et al. (2012)
0.1257 0.002 1.13 Baran et al. (2015)
9 ASAS J102322-3737.0 0.1392 8.45 x 107% Lohr et al. (2014)
10 OGLE-GD-ECL-11388 0.1478 —1.1x 1078 0.012 8.91 Hong et al. (2016)
11 AA Dor 0.2615 —6.42 x 107! Kilkenny (2011)
12 V1 0.2658 —1.36 x 1077 0.079 30.85 present work

Note.
% —M, (Fourth body).

for the system (as it is a detached binary), we suspect that
the period variation can be attributed to more than one of
the above reasons including the presence of a substellar tertiary
component.

3. Discussion and Conclusion

Short-period sdB binaries with low-mass main-sequence
companions are important sources in understanding the

evolution of sdB stars. The distribution of sdB’s with various
masses is shown in Figure 6. These binaries can be easily
classified by the shape of their light curves, which are dominant
with a strong reflection effect due to the large temperature
difference between the components. Based on the configuration
of the variable in the study, it is suggested that V1 belongs to
HW Vir type systems and is a PCEB. In the current study, we
present photometric and spectroscopic analysis that show V1 to



THE ASTRONOMICAL JOURNAL, 164:11 (10pp), 2022 July

-10.5 \

log(dP/dt)
g0
)]

=
)]
T

Devarapalli et al.

V1
x

0.08 0.1

0.12 0.14 0.16 0.18 0.2
Period

022 024 026 0.28

Figure 7. Correlation between period and period variation of HW Vir type systems listed in Table 4.

4.8
«
‘v
€56
S
2
858
6 N
AN ~< N ——-HeMS
6ol o o . HeMS ™~~~ __ "\~ ZAEHB
o N >~ TAEHB
° ~_ L AN
6.4 Tl ® He-enriched |
. | ‘ ‘ T~ ‘ ‘ B He-deficient.
50 45 40 35 30 25 20
Teff/1 000k

Figure 8. The position of V1 in (T, log g) diagram is adapted from Heber et al. (2004) compared to other sdB+dM binaries listed in Table 5 and Figure 9 of Heber
(2009). The evolutionary tracks for post-EHB evolution is as given by Dorman et al. (1993), and for post-RGB evolution are as given by Driebe et al. (1998).

be a noneclipsing binary with a prominent reflection effect.
From spectroscopic analysis, phase-dependent variation in
Balmer line profiles are studied and the results are correlated to
the reflection effect. The Balmer line profiles measured from
low-resolution spectra were matched with synthetic spectra and
their equivalent widths were determined. Weak lines of Hel
5875 A, Na 5896 A, and Mgl 4481 A could be detected
besides strong Balmer lines. Time-resolved high-resolution
spectroscopy with a good phase coverage will help us to
resolve the contribution to total light by the irradiated surface
of cool companion in V1 and also measure T, logg of
subdwarf with high accuracy. The O — C diagram shows a
downward parabolic trend, indicating a period decrease at a rate

of —1.36315x 107 dayyr '. Since the period decrease
cannot be attributed to the mass transfer between the
components due to V1’s detached configuration, the cause is
assumed to be a combined effect of magnetic braking/
gravitational radiation or/and the presence of tertiary comp-
onent. This can be confirmed by longer observational baselines
that may support one of the above hypotheses.

To check the nature of period variations in HW Vir systems,
data of all HW Vir systems reported with period variation were
collected and is as listed in Table 4. Figure 7 shows the
correlation between the period and dp/dr of HW Vir systems in
literature. It is observed that there is a plausible evidence of
period variation observed in most of the HW Vir systems and



Table 5

List of Well-studied HW Vir Type sdB Binaries and V1

SNo Object P (days) M,(M.) Mo(M.,) Ri(R.) Ry(R.) References

sdB Binaries With Calculated Primary Masses

1 V2008-1753 0.0658 0.47 £0.03 0.069 £ 0.005 0.13 £ 0.006 0.08 £ 0.004 Schaffenroth et al. (2015)

2 SDSS J162256.66+473051.1 0.0697 0.39-0.63 0.06-0.07 0.168 £ 0.007 0.085 £ 0.004 Schaffenroth et al. (2014)

3 HS 070546700 0.0956 0.48 0.13 0.23 0.186 Drechsel et al. (2001)

4 SDSS J08205+0008 0.0962 0.25-0.47 (0.045-0.068) = 0.003 Geier et al. (2011b)
0.0962 0.39-0.50 0.06-0.07 0.19 £ 0.008 0.09 £ 0.005 Schaffenroth et al. (2021)

5 PG 1336-018 0.1010 0.5" 0.15 0.19 £ 0.01 0.205 £ 0.01 Kilkenny et al. (1998)
0.1010 (0.38-0.46) £ 0.005 (0.11-0.12) £ 0.001 (0.14-0.15) £ 0.01 (0.15-0.16) £ 0.01 Vuckovié et al. (2007)
0.1010 0.45 £+ 0.005 0.15 £+ 0.001 Charpinet et al. (2008)

6 NSVS 14256825 0.1103 0.42 +0.07 0.11 +£0.023 0.188 4+ 0.010 0.162 £ 0.008 Almeida et al. (2012)

7 HS 223142441 0.1105 0.26 £ 0.010 0.05 0.164 £ 0.005 0.08 Dstensen et al. (2008)
0.1104 0.19 £0.15 0.03 £0.3 0.143 0.073 Almeida et al. (2014)
0.1105 (0.19-0.288) + 0.005 (0.04-0.005) + 0.0004 (0.144-0.165) + 0.005 (0.074-0.086) + 0.004 Almeida et al. (2017)

8 HW VIR 0.1167 0.48 + 0.09 0.14 £ 0.02 0.176 +£ 0.012 0.186 + 0.011 Wood & Saffer (1999)
0.1167 0.49 £+ 0.013 0.14 + 0.004 0.183 4 0.026 0.175 £+ 0.026 Lee et al. (2009)

9 EC 10246-2707 0.1185 0.45 +£0.17 0.12 £ 0.05 0.17 +£0.02 0.146 £+ 0.018 Barlow et al. (2013)

10 2M 193844603 0.1257 0.48 £0.03 0.12 £ 0.01 Dstensen et al. (2010)
0.1257 0.37 £ 0.024 0.10 & 0.006 Barlow et al. (2012)
0.1257 0.26 0.08 Blokesz et al. (2015)

11 ASAS 102322-3737.0 0.1392 0.46 £ 0.051 0.16 £ 0.017 0.179 £ 0.011 0.256 £ 0.015 Schaffenroth et al. (2013)

12 Epic 216747137 0.1610 0.62 £ 0.023 0.11 £ 0.004 0.212 £ 0.005 0.137 £ 0.003 Silvotti et al. (2021)

13 2M 153343759 0.1617 0.37 £0.055 0.11 £0.017 0.166 £ 0.007 0.152 £ 0.005 For et al. (2010)
0.1617 0.44 £0.012 0.12 £ 0.005 0.172 £ 0.002 0.157 £ 0.002 Lee et al. (2017)

14 HS2333+3927 0.1718 0.46 £0.08 0.26 = 0.03 0.16 0.25 £ 0.01 Shimanskii et al. (2012)

15 AA Dor 0.2615 0.33 £ 0.006 0.06 £ 0.002 0.236 £ 0.031 Rauch (2000)
0.2615 0.33-0.47 0.064-0.082 0.179-0.200 0.097-0.108 Hilditch et al. (2003)

0.46 £+ 0.01 0.079 £ 0.002 Vuckovié et al. (2016)

0.2615 0.46 + 0.05 0.079 £ 0.009 0.21 £ 0.005 Baran et al. (2021)

16 EQ Psc 0.8008 0.28 £0.10 0.14 £0.02 0.25 £0.02 Baran et al. (2019)

17 \%! 0.2658 0.274 £+ 0.038 0.113 £ 0.016 0.150 4 0.038 0.139 £+ 0.074 Current work

Assumed Canonical Mass

18 PTF 1 J011339.09+4225739.1 0.0933 0.47 0.11 £ 0.003 0.178 £ 0.006 0.16 +£ 0.015 Wolz et al. (2018)

19 PTF J072455.75+125300.3 0.0998 0.47 0.15 £ 0.020 0.148 £ 0.007 0.165 £ 0.008 Schindewolf et al. (2015)

20 OGLE-GD-ECL-11388 0.1478 0.47 +£0.03 0.14 + 0.02 0.21 +£0.02 0.19 £+ 0.02 Hong et al. (2016)

21 PG 2259+134 0.1634 0.47 0.09 £ 0.008 0.14 £0.018 0.09 £ 0.013 Wolz (2018)

22 J1920594-372220 0.1689 0.47 0.12 £ 0.007 Schaffenroth et al. (2018)

25 PN 2311-18 0.2119 0.47 0.17 £ 0.007 0.17 £ 0.008 0.19 £ 0.009 Wolz (2018)

24 OGLE 416194 0.2666 0.47 0.3 +£0.04 0.20 £ 0.024 0.28 +0.033 Wolz (2018)

25 OGLE 361688 0.2723 0.47 0.15 £0.03 0.19 £ 0.04 0.24 £ 0.06 Wolz (2018)

26 OGLE 173411 0.3435 0.47 0.12 + 0.009 0.22 +£0.019 0.16 £ 0.015 Wolz (2018)

27 EC 20323-4648 0.4630 0.47 0.17 £0.016 0.26 £ 0.028 0.18 £ 0.019 Wolz (2018)

Note.

a
Assumed mass.
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Table 6
Absolute Parameters of V1 in Solar Units

Parameter Mg ~ 0.274 £ 0.038
Mass of companion (M..) 0.113 + 0.016
Separation (a) 1.268 + 0.225
Mean radius of sdB (R},) 0.150 4+ 0.038
Mean radius of companion (R,) 0.139 + 0.074
Luminosity of sdB (L) 12.40 + 0.760
Luminosity of companion (L) 0.002 + 1.049

the variation is mostly attributed to existence of substellar
tertiary objects. Thus, presence of tertiary components in sdB
binaries especially in HW Vir systems is not rare and long-term
studies on this may lead in understanding their role in
formation of such systems.

The evolutionary models in the literature suggest that the
mass range of sdB binaries lies between ~(0.37-0.48)M ., (Han
et al. 2003) with a sharp peak at 0.47M_,. Inspite of consistency
in literature with defined models in favor of assuming the
canonical mass (0.47M,), it may not be swift to adopt the same
due to systematic errors in its determination which in turn
depends on model atmosphere. Partial understanding of sdB
progenitor evolutionary models, angular momentum coupling
within the envelope (Kilkenny et al. 2019), and the need for
correction on calculations of opacities direct us toward the need
for an improved value of canonical mass. Thus using q, and i
obtained from the best-fit WD code and adopting the published
amplitude of the radial-velocity curve for the primary star,
K, =60.80£4.5km s ! (Kupfer et al. 2015), we estimated the
component masses and radii for V1, using the following mass
function relation,

M x (gsini)> KPP
(1 + ¢)? 9651904

2

which resulted in sdB mass to be 0.2739 £ 0.038M,,. This
mass is too low for a core helium-burning star, indicating that it
may be in a critical transition stage of the post-RGB phase of
evolution with a thick envelope. Post-RGB phase in sdB’s
indicates that the star left the RGB early and did not ignite
helium in its core. The position of V1 in Figure 8, supports the
low mass derived and further it is observed to be lying in the
He-deficient region in correlation to the sdBs overplotted for
the selected sample substantiating its post-RGB state. Based on
the photometric solution obtained and the plausible evolu-
tionary scenario, we suggest that the mass of sdB is 0.27M,
and that of secondary is 0.11M,, (later M-spectral type dwarf).
Existence of sdB binaries with low masses as listed in Table 5
indicates that the percentage of such systems in the EHB
population is observed to be increasing than before. The
absolute parameters derived for V1 for the derived sdB mass
are as listed in Table 6.

The obtained low mass of sdB and its unevolved low-mass
companion indicates that it has lost its H-envelope on the
Hertzsprung gap or has reached RGB early with respect to the
mass which is <0.3M, (Brown et al. 2010). Such objects (post-
RGBs) having masses that are too low to sustain helium burning
in their cores are believed to form by an extreme mass loss on
RGB before they can ignite helium and they tend to directly
evolve as white dwarfs with helium core (Driebe et al. 1998).

Devarapalli et al.

Further, we conclude that the results obtained are only
suggestive at this stage, but will be an added inducement to
existing understanding on significant empirical mass distribution
for sdB stars. Since the theoretical predictions on standard
evolutionary scenarios of hot subdwarf populations are chal-
lenged by the recent and rather unexpected observational results,
studies on such sdB binaries may bridge the gap between the
theoretical predictions and observational results. Thus, further
work on such sdB binaries should lead in understanding the
evolutionary nature of sdBs.
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