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A B S T R A C T 

We present stellar variability towards the young open cluster NGC 6823. Time series V - and I -band CCD photometry led to 

identification and characterization of 88 variable stars, of which only 14 have been previously recognized. We ascertain the 
membership of each variable with optical UBVI and infrared photometry, and with Gaia EDR3 parallax and proper motion data. 
Se venty two v ariable stars are found to be cluster members, of which 25 are main sequence stars and 48 are pre-main-sequence 
stars. The probable cluster members collectively suggest an isochrone age of the cluster to be about 2 Myrs based on the GAIA 

photometry. With the colour and magnitude, as well as the shape of the light curve, we have classified the main sequence variables 
into β Cep, δ Scuti, slowly pulsating B type, and ne w class v ariables. Among the pre-main-sequence v ariables, eight are classical 
T Tauri variables, and four are Herbig Ae/Be objects, whereas the remaining belong to the weak-lined T Tauri population. 
The variable nature of 32 stars is validated with TESS light curves. Our work provides refined classification of variability of 
pre-main-sequence and main-sequence cluster members of the active star-forming complex, Sharpless 86. Despite no strong 

evidence of the disc-locking mechanism in the present sample of TTSs, one TTS with larger � ( I − K ) is found to be a slow rotator. 

Key words: open clusters and associations: individual NGC 6823 – Hertzsprung-Russell and colour-magnitude diagram – stars: 
pre-main-sequence – stars: variables: T Tauri – Herbig Ae/Be. 
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 I N T RO D U C T I O N  

oung open clusters serve as useful tools for the study of the
tar formation mechanism and early stellar evolution. For example,
oung star clusters are used to trace the Galactic spiral structure. In
articular, variability of young stellar members provides diagnostics
n the sporadic (accretion or occultation) or periodical (rotation)
roperties of the stars, and of their relation to the circumstellar
nvironments (Morales-Calderon et al. 2011 ). 

Pre-main-sequence (PMS) objects are categorized on the basis
f the spectral energy distribution in the infrared wavelengths:
lass 0, Class I, Class II, and Class III (Lada 1987 ; Andre, Ward-
hompson & Barsony 1993 ) with the classification sequence roughly
orresponding to the evolutionary status. Namely, a Class 0 object
ignifies a clump of dust and gas heavily enshrouded in the molecular
nvelope, and is detected only in far-infrared wavelengths or longer.
 Class I object is more e volved, no w emerging from the cloud to
ecome visible in near-infrared (NIR) and mid-infrared (MIR). A
lass I object is in the protostellar stage and derives the luminosity

rom mass accretion. 
A Class II object, corresponding to a classical T Tauri star (TTS),

as dispersed much of the envelope of gas and dust but retains a
 E-mail: sneh@aries.res.in (SL); wchen@astro.ncu.edu.tw (WPC) 
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ircumstellar disc within which planets may condense or are being
ormed. Inside the optically thick but geometrically thin disc, the dust
rains absorb the starlight and re-emit in the infrared, manifest as
nfrared excess seen typically in a classical TTS. Accretion from the
isc onto the star, while matter is partly lost as bipolar jets/outflows,
eads to strong emission lines in the spectrum. As the inner disc
s dissipated (or going into planet formation), the PMS object then
volves to Class III, now with negligible infrared excess and with
eak emission lines, if any, due to surface chromospheric activity.
 Class III object hence is called a weak-lined TTS (Joy 1945 ;
ppenzeller & Mundt 1989 ). Variability of PMS objects hence serves

s an important diagnosis to understand the earliest PMS stellar
volution, e.g. the accretion (Johnstone et al. 2018 ), rotation (Herbst
t al. 1994 ), or dust properties (Huang et al. 2019 ). 

Here we report the variability study of the Galactic young open
luster NGC 6823. At a distance of about 2 kpc, the cluster is asso-
iated with the prominent H II region, Sharpless 86. This cluster has
een investigated by several authors (Turner 1979 ; Sagar and Joshi
981 ; Stone 1988 ; Guetter 1992 ; Massey et al. 1995 ; Pigulski, Ko-
aczkowski & Kopacki 2000 ; Hojaev, Chen & Lee 2003 ; Bica, Bon-
tto & Dutra 2008 ; Zahajkiewicz 2012 ). Using optical and JHK pho-
ometric observations, Riaz et al. ( 2012 ) found a large population of
oung stellar sources in the region, including two δ Scuti variables of
MS nature, and 13 other variables such as eclipsing binaries, slowly
ulsating B type (SPB) candidates, and UX Ori type variables. In the
© 2023 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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Figure 1. The observed region of open cluster NGC 6823. Each variable star 
identified in this work is encircled. 
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Table 1. Log of the observations of NGC 6823. N and Exp. 
represent number of frames obtained and exposure time in 
seconds, respectively. 

S. No. Date of I V 

Observations ( N ×Exp.) ( N ×Exp.) 

1 2012 Oct 13 6 × 30 6 × 50 
2 2012 Oct 15 3 × 30 3 × 50 
3 2012 Oct 16 6 × 30 5 × 50 
4 2012 Oct 16 6 × 30 6 × 50 
5 2012 Oct 19 3 × 30 5 × 50 
6 2012 Oct 20 6 × 30 6 × 50 
7 2012 Oct 21 6 × 30 4 × 50 
8 2012 Oct 22 6 × 30 6 × 50 
9 2012 Oct 23 3 × 30 2 × 50 
10 2012 Oct 24 6 × 30 6 × 50 
11 2012 Oct 25 6 × 30 5 × 50 
12 2012 Oct 26 5 × 30 5 × 50 
13 2012 Oct 27 6 × 30 6 × 50 
14 2012 Oct 28 6 × 30 6 × 50 
15 2012 Oct 29 6 × 30 6 × 50 
16 2012 Oct 30 6 × 30 6 × 50 
17 2012 Oct 31 6 × 30 6 × 50 
18 2012 Nov 01 6 × 30 4 × 50 
19 2012 Nov 02 – 2 × 50 
20 2012 Nov 03 6 × 30 5 × 50 
21 2012 Nov 04 6 × 30 5 × 50 
22 2012 Nov 05 5 × 30 5 × 50 
23 2012 Nov 06 6 × 30 6 × 50 
24 2012 Nov 08 6 × 30 6 × 50 
25 2012 Nov 11 5 × 30 5 × 50 
26 2012 Nov 12 2 × 30 3 × 50 
27 2012 Nov 14 6 × 30 6 × 50 
28 2012 Nov 17 3 × 30 3 × 50 
29 2012 Nov 19 3 × 30 3 × 50 
30 2012 Nov 20 6 × 30 6 × 50 
31 2012 Nov 22 6 × 30 6 × 50 
32 2012 Nov 25 6 × 30 6 × 50 
33 2012 Nov 27 6 × 30 6 × 50 
34 2012 Nov 28 6 × 30 6 × 50 
35 2012 Nov 29 5 × 30 3 × 50 
36 2012 Nov 30 6 × 30 6 × 50 
37 2012 Dec 01 3 × 30 3 × 50 
38 2012 Dec 02 3 × 30 3 × 50 
39 2012 Dec 03 3 × 30 3 × 50 
40 2012 Dec 04 3 × 30 3 × 50 
41 2012 Dec 05 3 × 30 3 × 50 
42 2012 Dec 06 3 × 30 3 × 50 
43 2012 Dec 07 3 × 30 3 × 50 
44 2012 Dec 08 3 × 30 3 × 50 
45 2012 Dec 09 3 × 30 3 × 50 
46 2012 Dec 10 3 × 30 1 × 50 
47 2012 Dec 11 2 × 30 2 × 50 
48 2012 Dec 12 3 × 30 3 × 50 
49 2012 Dec 13 3 × 30 3 × 50 
50 2012 Dec 17 3 × 30 3 × 50 
51 2012 Dec 18 3 × 30 3 × 50 
52 2012 Dec 20 3 × 30 3 × 50 
53 2012 Dec 21 3 × 30 3 × 50 
54 2012 Dec 26 6 × 30 –
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ine of sight to the cluster the reddening has been found to be from 0.7
o 1.1 mag following a normal reddening law (Rangwal et al. 2017 ).
he aim of the present work is to identify variables in a relatively

arge field of ∼14 
′ × 14 

′ 
of the member versus nonmember variable 

tellar populations in the re gion. P articularly, photometric rotation 
eriods of PMS members are derived to add to the data inventory for
he study of the angular momentum evolution of low-mass stars. 

We describe in Section 2 observations, data reduction procedure, 
etection of variables, and period determinations. In Section 3 , 
embership of the identified variable candidates is discussed using 
aia proper motion data, photometric two-color diagrams (TCDs) 

nd color-magnitude diagrams (CMDs). Section 4 then presents the 
ature of known and newly identified variable stars, while Section 5 
eals with Transiting Exoplanet Surv e y Satellite (TESS) light curves. 
e discuss correlation between amplitude and rotation periods of 

TSs along with their colour excess in Section 6 . The results are
ummarized in Section 7 . 

 OBSERVATIONS  A N D  DATA  R E D U C T I O N  

e have observed NGC 6823 with the 0.81-m f/7 Ritchey–Chretien 
enagra automated telescope in southern Arizona, equipped with a 
024 × 1024 pixel SITe camera. Each pixel corresponds to 0.87 
rcsec, which yields a field of view of ∼14.8 arcmin × 14.8 arcmin.
he observations were carried out from 2012 early October to 
012 December. In total, data were acquired on 54 nights in two
assbands, with 232 frames in V band and 243 frames in I band,
ith typical seeing of 2–3 arcsec Bias and twilight flats were taken

very observing night. The observed region of the cluster in I band
s shown in Fig. 1 . The log of the observations is given in Table 1 . 

The observed images were processed using standard Image Reduc- 
ion and Analysis Facility (IRAF) tasks: zerocombine, flatcombine, 
nd CCDPROC. We have performed aperture as well as point spread 
unction (PSF) photometry to derive the magnitude of stars. The 
SF photometry was obtained using program ALLSTAR (Stetson 
987 ). To match the stars between different photometric files we 
sed the daomatch routine of D AOPHO T (Stetson 1992 ), whereas
aomaster was used to match the point sources, and to obtain a
MNRAS 520, 1092–1110 (2023) 
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Figure 2. Photometric errors as a function of instrumental magnitude in I 
band. Open circles represent the variable stars identified in the present work. 
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Figure 3. The V and I band sample light curves of a fe w v ariables identified 
in the present work where � m represents the differential magnitude. 
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le having corrected magnitude of stars from all the files. The
aomaster program also remo v es the flux variation of stars in
ifferent frames due to exposure time and airmass. This program
akes the magnitudes of stars in each photometry file equal to that

f reference file by applying a constant value. 
We have used the V and I observations of Massey et al. ( 1995 ) for

onversion of the present instrumental magnitudes to the standard
nes. For this, the mean instrumental magnitudes in V and I bands
iven by DAOMASTER (Stetson 1992 ) have been converted into
tandard ones with the following transformation equations. 

V = v + ( −0 . 042 ± 0 . 001) × ( V − I ) + 0 . 818 ± 0 . 014 

 − I = (0 . 982 ± 0 . 004) × ( v − i) + 1 . 185 ± 0 . 002 , 

here v and i are the instrumental magnitudes, and V and I refer
o the standard magnitudes of stars in V and I filters. The estimated
hotometric error as a function of the mean instrumental magnitude
s shown in Fig. 2 . 

.1 Variables identification 

o identify variable stars, we first produced the light curves of
ll the stars cross-matched in different CCD frames. The light
urves were obtained by plotting the differential magnitudes ( � m )
f stars (variable minus the comparison star) against the given Julian
ate (JD). We used the Lomb–Scargle periodogram (Lomb 1976 ;
cargle 1982 ) to derive the periods and produced phased light curves
ccordingly to ascertain their most probable periods. A few variables
eem to show periodic variability but their periodic nature was not
bvious in their observed light curves. The phased light curves of all
tars were inspected, and we adopted the period value which produces
he most consistent phased light curve. The light curves of a few
 ariables are sho wn in Fig. 3 as examples. The phased light curves
f variables identified in both V and I bands are presented in Figs 4
nd 5 , whereas Fig. 6 shows variables identified in the I band only. 

By eye inspection and periodogram analysis, we have detected 88
ariables. We have listed optical and NIR data of the variable stars in
able 2 , including an identification number, coordinates, and optical
s well as NIR photometric data. These are the star ID numbers
NRAS 520, 1092–1110 (2023) 
abelled in Fig. 1 . These 88 variable stars include 14 known variables,
ith periods varying from ∼0.03 days to more than 60 days. We have
lotted in Fig. 7 the root mean square (RMS) scatter of each star to
onfirm their variability. The observed RMS scatter includes both
he intrinsic variability and the mean photometric error. The larger
ircles in Fig. 7 show the variables identified in the present work,
ndicating large RMS values for variables. Some stars have large
MS values but do not show noticeable brightness variation. Some
f these objects are found to be close to the edge of the detector,
hereas a few stars contain spurious data points. The derived periods
f stars are given in Table 2 . 

 CLUSTER  MEMBERSHI P  O F  VA R I A B L E  

TARS  

or each variable star, its UBVI plus 2MASS photometry along with
aia EDR3 proper motion and parallax (Gaia Collaboration 2016 ,
021 ) have been used to assess the likelihood of cluster membership.
he UBV , JHK , and MIR data at wavelengths 3.6, 4.5, 5.8, and 8
icron are taken from Massey et al. ( 1995 ), Cutri et al. ( 2003 ), and
LIMPSE surv e y, respectiv ely. 

.1 Gaia Characterization of the Variable Stars 

he 88 variable stars reported in this work have been characterized
ith the Gaia EDR3 parallax and proper motion measurements. Fig. 8
lots the sky positions of all the Gaia sources (in gray) within 30
rcmin towards NGC 6823. This co v ers the field of the Tenagra
mages (variable stars marked in black crosses) and is much wider
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Figure 4. The I and V band phased light curves of variable stars identified in the region of NGC 6823. 
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han the cluster’s angular size of ∼3 . ′ 6 (red circle) (Morales et al.
013 ). The stellar density is clearly enhanced towards the centre. 
Each variable star was matched with Gaia counterparts within a 

adius of 2.5 arcsec as the compromise of the seeing of the Tenagra
mages, leading to 91 Gaia sources. Fig. 9 presents the proper motion
ector plot of all the stars (gray) and those within 4 arcmin nominal
luster region (black small circles, 1294 stars) for which the members 
hould be concentrated, serving as the sample of cluster members. 
his 4 arcmin (positional) sample has a mean of μα ≈ −1.7 mas yr −1 

nd μδ ≈ −5.3 mas yr −1 , which agrees well with the literature values
Cantat-Gaudin & Anders 2020 ). Shown in the bottom panel are the
roper motions for variable stars (in black with error bars). One sees
hat the majority of our variable stars share the same proper motion
anges. 

Gaia measures repeatedly the astrometry of a source from which 
he parallax and proper motion are solved simultaneously. Parallax, 
o we ver, does not serve as a constraint for membership as stringently
s the proper motion, because given the uncertainties, ne gativ e
verage values may result, rendering the reciprocal to estimate the 
istance possible only if a statistical inference is e x ercised (Bailer-
ones et al. 2021 ). For our work, the parallax value was used directly.
he parallax of the 4 acrmin sample exhibits a peak around 0.45 mas,

ndeed consistent with the literature value (Cantat-Gaudin & Anders 
020 ), and so does the variable star sample, as demonstrated in
MNRAS 520, 1092–1110 (2023) 
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Figure 5. The I and V band phased light curves of variable stars identified in the region of NGC 6823. 
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ig. 10 . If the 4 acrmin sample is further divided by proper motion
anges, one finds no star within 1–2 mas yr −1 from the cluster’s
ean having parallax between 0.4 mas and 0.6 mas. This signifies

he sufficiency as membership criteria of (1) a radius of 1 mas yr −1 in
he proper motion from the cluster average proper motion, and (2) a
arallax value of 0.35–0.55 mas. A variable satisfying both (1) and
2) is therefore considered a ‘highly probable’ member, whereas one
hat fulfils only (1) or (2) is classified as a ‘possible’ member. Table 3
ists information about the proper motions, parallax, and magnitudes
or the 88 variables identified in the present work. 

Fig. 11 shows the Gaia G versus BP − RP CMD for the
ighly probable members (in red) and possible members (in blue).
NRAS 520, 1092–1110 (2023) 
verlapped in the diagram is the PARSEC isochrones of 1, 2, and
 Myr, respectively, each shifted by a distance modulus of 11.753
parallax of 0.446 mas) and reddening of E ( B − V ) = 0.8 (Sagar &
oshi 1981 ) adopting the reddening law of A V = 3 . 1 E( B − V ),
 G 

= 0 . 83627 A V , A BP = 1 . 08337 A V , and A RP = 0 . 63439 A V .
he highly probable members indicate an age of roughly 2 Myr. 
Three variables have ambiguous Gaia counterparts within the
atching radius. Star No. 478 has two possible matches, equally faint

hereby with relatively large uncertainties in Gaia data, but either one
s consistent with being a member. The star was not detected in our V
and image and appears progressively brighter from I = 14.47 mag,
o 2MASS J = 13.42 mag, H = 13.42 mag, and Ks = 13.00 mag. 
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Figure 6. The I band phased light curves of probable variable candidates around the cluster. 
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Star No. 1063 is the second brightest star in our variable list,
ith the brightest one (No. 1526) being clearly not a member. The

tar also has two Gaia matches, with contrasting brightness ( G =
.72 mag versus 12.87 mag). Given its V = 9.70 mag, the fainter
ne, having an outlying parallax of 0.282 mas, is eliminated. The 
ther counterpart, ho we v er, has a ne gativ e parallax value with a
arge uncertainty. This compromises its membership determination. 
ts optical and NIR colours both suggest an early-type star and its
osition in the CMD suggests a main-sequence member. 
Star No. 1262 has V = 17.173 mag, 2MASS J = 13.351 mag, H =

2.474 mag, and Ks = 11.998 mag. The brighter Gaia match has
 = 16.379 mag but has a ne gativ e parallax value and inconsistent
roper motion. The other Gaia star is faint, with G = 19.291, and
o measurement in the other two Gaia bands has parallax and proper
otion values well consistent with being a member. 

.2 Colours and Magnitudes 

.2.1 U − B vs B − V TCD 

o identify probable main-sequence (MS) variables, we have plotted 
n Fig. 12 the U − B versus B − V for variable stars identified in the
luster region with the photometric data of 22 stars found in Massey
t al. ( 1995 ). Reddening in terms of colour excess E ( B − V ) ranges
rom 0.7 to 1.1 mag (Erickson 1971 ; Guetter 1992 ; Massey et al.
995 ; Pigulski et al. 2000 ). Pigulski et al. ( 2000 ) recognized the
ighest extinction in the eastern part of the cluster where a trapezium
ystem, i.e. of O, B spectral types, is located. The eastern part of their
bserved field is the direction to the reflection nebula NGC 6820, and
heir study suggested more than half of the total absorption to arise
rom nearby interstellar matter towards NGC 6823. It is inferred 
hat there is a significant differential reddening within the cluster, 

anifest that the cluster is located behind at least A V = ∼3 mag (Riaz
t al. 2012 ). Rangwal et al. ( 2017 ) studied the interstellar extinction of
pen clusters and found that NGC 6823 follows a normal extinction 
aw in optical as well as in the NIR wavelengths. The U − B versus
 − V TCD shows that the stars exhibiting within E ( B − V ) = 0.7–
.1 mag could be MS members of the cluster, indicating a nonuniform
eddening across the cluster. The reddened theoretical zero-age main 
equence (ZAMS) of Girardi et al. ( 2002 ) is fitted to the TCD. The
alue of colour excess E ( V − I ) was taken as 0.88 mag, which
as been calculated using the minimum reddening value of E ( B −
 ) = 0.70 mag. 

.2.2 J − H vs H − K TCD 

ig. 13 shows the J − H versus H − K TCD for NGC 6823. Only
6 stars were cross-matched between the present sample of variable 
tars and the 2MASS catalog, with the JHK counterparts of two
tars No. 201 and No. 377 not found during the match. In the
MASS TCD, the ‘F’ and ‘T’ regions are locations of probable
lass III/field stars and Class II sources, respectively. The filled 

quares plotted in blue and green colours represent, respectively, 
robable PMS and MS members. Circles in the diagram represents 
eld stars. Riaz et al. ( 2012 ) from their NIR CCD found early-type
S dwarfs concentrating close to ( H − Ks ) ∼ 0.7 mag, and ( J
H ) ∼ 1.5 mag, having extinction A V ≥ 10. These authors have

oticed another population near the classical TTS locus close to 
 H − Ks ) ∼ 0.6 mag and ( J − H ) ∼ 1.0 mag, presumably being
oung disc-bearing members. In the 2MASS TCD, about half the 
etected variables are in the ‘T’ or ‘F’ regions, hence could be
 Tauri v ariables. A fe w PMS stars located below the TTS locus
re probably Herbig Ae/Be stars. We note that star No. 679 occupies
he position where Herbig Ae/Be stars are placed, while in U − B
ersus B − V TCD, it lies close to the MS locus; it could thus be
ither a reddened MS star or a Herbig Ae/Be member. 

Following Gutermuth et al. ( 2008 ) to classify young stellar
ources, Riaz et al. ( 2012 ) used MIR IRAC data and found 2 Class I,
4 Class II, and 394 Class III or field stars in the region. The fig. 4(a)
f Riaz et al. ( 2012 ) is plotted with the ( H − Ks ) and [4.5] − [8]
CD for the 490 sources. This shows both YSOs and the discless
MNRAS 520, 1092–1110 (2023) 
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Table 2. The VI and JHK 2mass data, amplitude, and period of variables identified towards NGC 6823. The 2MASS data were obtained from the 2mass 
catalogue (Cutri et al. 2003 ). The first column with an asterisk symbol represents a known variable. 

ID RA Dec V V − I J H K 

(mag) (mag) (mag) (mag) (mag) 

103 295.668444 23.412417 18.115 ± 0.101 2.190 ± 0.048 14.231 ± 0.041 13.140 ± 0.036 12.508 ± 0.034 
135 295.730111 23.406833 18.454 ± 0.124 2.428 ± 0.054 14.324 ± 0.056 12.758 ± 0.081 11.586 ± 0.044 
142 295.921528 23.403194 – – 9.997 ± 0.022 8.072 ± 0.034 7.137 ± 0.020 
147 295.717833 23.404972 18.251 ± 0.102 2.442 ± 0.043 13.925 ± 0.029 12.915 ± 0.037 12.452 ± 0.031 
154 295.729444 23.404194 15.305 ± 0.021 2.514 ± 0.015 10.509 ± 0.021 9.561 ± 0.030 8.621 ± 0.024 
177 295.798972 23.398806 – – 14.623 ± 0.040 13.622 ± 0.040 13.154 ± 0.036 
201 295.806361 23.392806 18.651 ± 0.129 1.686 ± – – – –
213 295.678611 23.391889 18.583 ± 0.133 1.531 ± 0.099 15.949 ± 0.093 15.302 ± 0.128 14.913 ± 0.129 
238 295.856583 23.385806 – – 9.096 ± 0.022 7.248 ± 0.033 6.386 ± 0.027 
239 295.793083 23.386500 17.564 ± 0.063 2.161 ± 0.036 13.328 ± – 12.411 ± 0.044 11.853 ± 0.034 
240 295.913278 23.384861 16.320 ± 0.033 1.113 ± 0.034 14.480 ± 0.035 14.178 ± 0.051 14.074 ± 0.052 
264 295.759250 23.382944 – – 14.953 ± 0.040 14.097 ± 0.043 13.771 ± 0.045 
298 295.707806 23.376667 17.367 ± 0.056 1.772 ± 0.040 14.216 ± 0.034 13.319 ± 0.040 12.605 ± 0.030 
369 295.889056 23.363222 – – 13.520 ± 0.026 12.672 ± 0.033 12.243 ± 0.031 
377 295.880000 23.361417 18.610 ± 0.127 2.027 ± – – – –
385 295.847556 23.360861 16.904 ± 0.040 1.763 ± 0.029 13.554 ± 0.028 12.719 ± 0.033 12.086 ± 0.027 
402 295.716611 23.358944 – – 15.213 ± 0.058 14.159 ± 0.063 13.558 ± 0.056 
449 295.874806 23.347806 14.985 ± 0.017 1.571 ± 0.017 12.262 ± 0.023 11.665 ± 0.028 11.521 ± 0.024 
452 295.918972 23.345917 – – 14.529 ± 0.056 13.475 ± 0.055 13.008 ± 0.043 
478 295.847167 23.343222 – – 14.474 ± 0.042 13.418 ± 0.046 13.002 ± 0.043 
502 295.883889 23.339000 18.593 ± 0.122 2.086 ± 0.067 15.050 ± 0.051 14.019 ± 0.053 13.695 ± 0.055 
510 295.795694 23.339139 14.154 ± 0.014 1.061 ± 0.020 12.211 ± 0.021 11.957 ± 0.031 11.770 ± 0.027 
527 295.868056 23.335778 17.461 ± 0.055 2.126 ± 0.032 13.688 ± 0.037 12.840 ± 0.040 12.605 ± 0.038 
529 295.910194 23.335083 – – 14.243 ± 0.039 12.844 ± 0.040 11.984 ± 0.033 
531 295.850028 23.335583 17.400 ± 0.055 2.102 ± 0.031 13.562 ± 0.032 12.740 ± 0.036 12.460 ± 0.031 
546 295.746583 23.334750 17.928 ± 0.082 1.702 ± 0.060 14.461 ± – 13.676 ± – 14.144 ± 0.102 
561 295.718194 23.332694 18.193 ± 0.100 2.100 ± 0.051 14.652 ± – 13.775 ± – 13.376 ± 0.041 
576 295.862722 23.329111 – – 14.668 ± 0.042 13.423 ± 0.039 12.865 ± 0.034 
614 295.687444 23.325333 15.851 ± 0.023 1.277 ± 0.023 13.709 ± 0.028 13.328 ± 0.041 13.109 ± 0.036 
619 295.856806 23.323000 15.920 ± 0.022 1.721 ± 0.018 12.883 ± 0.024 12.309 ± 0.031 12.076 ± 0.026 
623 ∗ 295.834472 23.322306 13.173 ± 0.009 1.202 ± 0.012 11.141 ± 0.019 10.662 ± 0.030 10.519 ± 0.024 
655 ∗ 295.837528 23.317306 17.282 ± 0.052 2.287 ± 0.028 12.735 ± 0.025 11.397 ± 0.031 10.313 ± 0.023 
679 295.768611 23.313583 13.725 ± 0.014 0.967 ± 0.018 11.556 ± 0.021 10.530 ± 0.030 9.546 ± 0.024 
706 295.752944 23.310389 17.376 ± 0.056 1.963 ± 0.036 13.936 ± 0.037 13.149 ± 0.046 12.880 ± 0.041 
731 295.789306 23.307667 18.493 ± 0.128 2.239 ± 0.060 14.424 ± 0.043 13.458 ± 0.051 13.086 ± 0.044 
733 ∗ 295.798444 23.307361 15.211 ± 0.018 1.224 ± 0.023 12.935 ± 0.029 12.515 ± 0.045 12.256 ± 0.044 
752 295.737667 23.306472 16.172 ± 0.028 1.398 ± 0.028 13.743 ± 0.028 13.207 ± 0.040 12.978 ± 0.037 
753 ∗ 295.798472 23.305694 – – 14.578 ± 0.048 13.491 ± 0.062 12.736 ± 0.058 
757 ∗ 295.803833 23.305278 16.899 ± 0.042 2.077 ± 0.029 13.186 ± 0.028 12.420 ± 0.035 12.138 ± 0.031 
765 295.785417 23.304806 17.592 ± 0.124 1.533 ± 0.075 14.421 ± – 14.039 ± 0.103 13.848 ± 0.076 
822 ∗ 295.787917 23.297000 14.529 ± 0.015 1.225 ± 0.020 12.396 ± 0.026 12.024 ± 0.030 11.823 ± 0.032 
826 295.825139 23.295944 – – 14.661 ± 0.044 13.740 ± 0.051 13.406 ± 0.045 
831 ∗ 295.746556 23.296667 – – 11.266 ± 0.033 8.761 ± 0.030 7.326 ± 0.020 
860 295.798389 23.292583 17.563 ± 0.121 1.880 ± 0.072 14.754 ± 0.055 13.748 ± 0.045 13.055 ± 0.041 
886 ∗ 295.794056 23.290250 14.448 ± 0.015 1.065 ± 0.018 12.637 ± 0.022 12.379 ± 0.031 12.207 ± 0.029 
903 ∗ 295.801167 23.288028 14.382 ± 0.014 1.036 ± 0.017 12.568 ± – 12.141 ± – 11.928 ± 0.033 
924 ∗ 295.787583 23.285444 18.146 ± 0.097 2.210 ± 0.048 14.154 ± – 13.363 ± – 13.035 ± 0.046 
945 295.855139 23.282167 14.524 ± 0.014 1.206 ± 0.015 12.395 ± 0.033 12.051 ± 0.040 11.913 ± 0.033 
950 295.707250 23.283611 – – 12.424 ± 0.022 11.060 ± 0.026 10.310 ± 0.021 
951 295.797167 23.282278 17.150 ± 0.051 2.019 ± 0.032 13.664 ± 0.030 12.913 ± 0.043 12.626 ± 0.038 
965 295.891500 23.279944 14.600 ± 0.017 1.125 ± 0.018 12.661 ± 0.023 12.150 ± 0.031 12.050 ± 0.030 
979 ∗ 295.775389 23.280333 – – 15.201 ± 0.083 14.179 ± 0.079 13.432 ± 0.057 
1000 295.814639 23.277861 13.574 ± 0.011 0.579 ± 0.014 12.544 ± 0.021 12.472 ± 0.033 12.342 ± 0.032 
1007 ∗ 295.778417 23.277111 14.624 ± 0.016 1.181 ± 0.020 12.508 ± 0.026 12.220 ± 0.039 12.003 ± 0.033 
1025 295.690889 23.276194 – – 15.839 ± 0.088 14.503 ± 0.058 13.751 ± 0.052 
1061 ∗ 295.788972 23.270083 – – 14.267 ± 0.033 12.456 ± – 12.081 ± –
1063 295.778528 23.270139 9.702 ± 0.018 0.631 ± 0.018 8.785 ± 0.019 8.712 ± 0.029 8.652 ± 0.024 
1064 295.758861 23.270389 14.451 ± 0.014 1.047 ± 0.018 12.514 ± 0.022 12.088 ± 0.035 11.874 ± 0.029 
1066 295.843528 23.269278 16.715 ± 0.037 3.602 ± 0.014 10.303 ± 0.022 9.170 ± 0.028 8.693 ± 0.025 
1072 295.820667 23.269139 14.714 ± 0.014 1.098 ± 0.017 12.751 ± 0.022 12.523 ± 0.033 12.317 ± 0.030 
1087 ∗ 295.798806 23.266806 – – 9.945 ± 0.019 7.952 ± 0.042 7.059 ± 0.040 
1094 295.817722 23.265111 16.634 ± 0.034 1.949 ± 0.023 13.251 ± 0.022 12.572 ± 0.031 12.283 ± 0.029 
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Variable stars in NGC 6823 1099 

Table 2 – continued 

ID RA Dec V V − I J H K 

(mag) (mag) (mag) (mag) (mag) 

1122 295.709611 23.261028 13.788 ± 0.011 0.824 ± 0.014 12.308 ± 0.022 12.085 ± 0.032 11.956 ± 0.028 
1151 295.806028 23.255889 – – 15.007 ± 0.059 13.956 ± 0.041 13.596 ± 0.046 
1155 295.768556 23.255472 18.407 ± 0.117 2.004 ± 0.062 14.928 ± 0.039 14.169 ± 0.049 13.918 ± 0.055 
1168 295.883528 23.252556 – – 15.273 ± 0.057 14.244 ± 0.061 13.974 ± 0.059 
1191 295.875000 23.248667 – – 15.444 ± 0.065 13.630 ± – 12.955 ± –
1228 295.851056 23.243861 – – 15.146 ± 0.055 13.810 ± 0.063 13.109 ± 0.038 
1230 295.756194 23.244750 14.580 ± 0.014 0.897 ± 0.017 12.948 ± 0.026 12.700 ± 0.036 12.604 ± 0.033 
1235 295.672972 23.244722 12.983 ± 0.012 0.937 ± 0.012 11.555 ± – 11.322 ± – 11.205 ± 0.037 
1262 295.775250 23.238000 17.173 ± 0.050 2.100 ± 0.030 13.351 ± 0.034 12.474 ± 0.041 11.998 ± 0.032 
1266 295.802833 23.236806 18.656 ± 0.134 2.123 ± 0.069 14.808 ± 0.038 14.078 ± 0.049 13.694 ± 0.045 
1268 295.699250 23.237972 – – 9.148 ± 0.019 7.211 ± 0.034 6.303 ± 0.026 
1295 295.812361 23.232472 – – 14.982 ± 0.043 13.783 ± 0.040 12.963 ± 0.032 
1298 295.671972 23.234000 18.572 ± 0.133 2.430 ± 0.059 14.280 ± 0.049 13.287 ± 0.055 12.611 ± 0.042 
1317 295.899889 23.227722 – – 15.778 ± 0.081 14.299 ± 0.063 13.344 ± 0.038 
1352 295.816861 23.222944 12.586 ± 0.011 0.693 ± 0.012 11.411 ± 0.022 11.168 ± 0.030 11.106 ± 0.026 
1389 295.718444 23.218000 16.432 ± 0.031 1.683 ± 0.025 13.25 ± 0.027 12.387 ± 0.034 11.659 ± 0.027 
1405 295.778889 23.214194 18.752 ± 0.142 1.817 ± 0.090 15.644 ± 0.069 14.713 ± 0.071 14.516 ± 0.090 
1406 295.844722 23.213083 17.981 ± 0.088 1.589 ± 0.063 15.113 ± 0.122 14.442 ± 0.237 13.856 ± 0.283 
1459 295.758944 23.204833 – – 15.208 ± 0.056 14.355 ± 0.055 13.932 ± 0.060 
1500 295.892056 23.195889 15.993 ± 0.033 1.365 ± 0.031 13.631 ± 0.038 13.176 ± 0.051 13.053 ± 0.042 
1506 295.738167 23.197333 15.499 ± 0.024 1.237 ± 0.021 13.540 ± – 13.123 ± 0.036 13.088 ± –
1508 295.846250 23.195111 – – 14.502 ± 0.043 13.425 ± 0.050 12.769 ± 0.036 
1511 295.813722 23.194889 16.513 ± 0.034 1.795 ± 0.026 13.734 ± 0.028 13.124 ± 0.037 12.874 ± 0.033 
1525 295.817722 23.191972 13.517 ± 0.015 1.170 ± 0.015 11.520 ± 0.023 11.221 ± 0.028 11.071 ± 0.026 
1526 295.740750 23.192917 8.846 ± 0.024 0.721 ± 0.019 7.610 ± 0.029 7.327 ± 0.036 7.256 ± 0.024 
1548 295.840667 23.186917 18.460 ± 0.141 6.181 ± 0.018 8.177 ± 0.023 6.609 ± 0.017 5.875 ± 0.020 

Figure 7. Magnitude as a function of rms value of each star detected in I 
band. Open circles represent variable stars identified in this work. 
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Figure 8. The sky positions of all the Gaia sources (in gray) within 30 arcmin 
towards NGC 6823. 
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ources to have similar NIR colours, but from their IRAC TCD the
hotospheric and the disc population at IRAC colour [4.5] − [8] 

0.4 mag are readily distinguishable. They have noted that a few 

lass III/field stars are mixed with Class II sources. Their IRAC TCD
n Fig. 4 (b) shows different locales of Class I and Class II sources.
he protostars (Class I) are located in the top-right corner and exhibit

he reddest in the [3.6] − [5.8] colour, whereas the Class II sources
re placed at [4.5] − [8] ≥ 0.5 mag, [3.6] − [5.8] ≥ 0.4 mag, and
he Class III/field stars are found to be near [4.5] − [8] and [3.6] −
5.8] ∼ 0.2 to 0.3 mag. 

.2.3 NIR and MIR TCDs 

o see the distribution of young variable sources, we have plotted
hem in the NIR and MIR TCD (left panel) and MIR TCD (right
anel) in Fig. 14 . To obtain these plots, we have cross-matched
MNRAS 520, 1092–1110 (2023) 
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M

Figure 9. The upper panel represents proper motion of all the stars (gray) 
and those within 4 arcmin cluster region (black small circles, 1294 stars). 
The lower panel shows proper motions for variable stars (in black with error 
bars). 
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Figure 10. Histogram of parallaxes for stars within 4 arcmin, where 
histogram shaded with black is for variable samples identified in the present 
work. 

Figure 11. The G vs BP − RP CMD for the present sample of variable stars. 
The filled and open squares denote probable and possible cluster members, 
and dotted points are considered nonmembers. 
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he coordinates of variable stars with those from the Spitzer Galac-
ic Le gac y Infrared Mid-Plane Surv e y Extraordinaire (GLIMPSE),
ielding MIR counterparts of all 88 variable stars. A few stars, namely
os. 154, 238, 313, 1405, and 1406 do not have magnitudes at [4.5]

nd other wavelengths. The H − K versus [4.5] − [8] TCD shows
ost young stellar sources to have H − K � 0.3 mag, whereas the

4.5] − [8] and [3.6] − [5.8] TCD shows a few young stellar objects
o be positioned as field stars or other populations. 

.2.4 IPHAS data 

o identify the young stellar sources with H α emission, i.e. the
ndicator of accretion discs, we have compared the present data with
able 4 for INT Photometric H α Surv e y (IPHAS) photometry of
iaz et al. ( 2012 ). We got 29 common stars after the match that
ave IPHAS photometry, with stars No. 502, 576, 655, 679, and 979
NRAS 520, 1092–1110 (2023) 
aving H α emission with equi v alent width greater than 10 Å, judged
y the ( r 

′ − i 
′ 
) versus ( r 

′ − H alpha ) TCD for NGC 6823 (Riaz et al.
012 ). The location of these five stars is shown with the red square
n the present ( J − H ) versus ( H − K ) TCD. The H α emission is
ound to be variable in nature; therefore, it is necessary to check
he location of the objects in spectral type/colour versus magnitude
iagram to know their membership and nature (Mart ́ın et al. 2000 ).
wo stars, Nos. 655 and 979, could be considered as PMS objects

hat may possess circumstellar accreting disc. Barrado y Navascu ́es
t al. ( 2001 ) showed that H α emission depends on the spectral type or
olour in the sense that H α emission is found to be larger for cooler
bjects in a plot between the H α emission and ( I − J ) colour. The
 I − J ) and ( I − K ) colours for star no. 655 is about 2.26 mag and
.682 mag, respectively. In the case of star no. 979, we have taken I
agnitude from Pigulski et al. ( 2000 ) to determine its ( I − J ) and ( I
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Figure 12. ( U − B )/( B − V ) TCD for variable stars identified in the present 
study. All the UBV data are taken from Massey et al. ( 1995 ). The continuous 
and dotted line represent the ZAMS (Girardi et al. 2002 ) which are shifted 
along the reddening vector for reddening E ( B − V ) = 0.32 mag and 0.45 
mag. Triangles are those stars that are identified as MS variables. 

Figure 13. ( J − H )/( H − K ) TCD for variable stars detected in the field 
of NGC 6823. The JHK data have been taken from the 2MASS catalog 
(Cutri et al. 2003 ). The continuous and long dashed lines show sequences 
for dwarfs and giants (Bessell & Brett 1988 ), respectively. The TTS locus 
(Me yer, Calv et & Hillenbrand 1997 ) is shown by a dotted line. The small 
dashed lines are reddening vectors (Cohen et al. 1981 ) and an increment of 
visual extinction of A V = 5 mag is denoted by crosses on the reddening 
vectors. Filled squares with blue colours represents PMS. The MS population 
are shown by green squares, whereas open circles may be either MS members 
of the cluster or field stars. Triangles (black) represent two MS members BL 

50 and HP 57. 

Figure 14. ( H − K ) vs [4.5] − [8.0] and [3.6] − [5.8] vs [4.5] − [8.0] TCDs 
for variable stars detected in the field of NGC 6823. Blue circles are PMS 
young stellar sources while black circles are MS/field stars. 
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K ) colours due to lack of ( V − I ) colour in present observations,
ielding ( I − J ) and ( I − K ) colours as 2.020 mag and 3.789 mag,
espectively. Star Nos. 655 and 979, in particular, satisfy both colours
nd H α emission being greater than 10 Å; hence, these are young
tars with accretion discs. 

.2.5 V vs V − I CMD 

ixty one variable stars were detected in both V and I bands.
heir V magnitudes and V − I colour are given in Table 2 , and
ig. 15 shows their V versus ( V − I ) CMD. The PMS isochrones
nd evolutionary tracks for different masses are taken from Siess, 
ufour & Forestini ( 2000 ). The solid curve represents ZAMS by
irardi et al. ( 2002 ). We determined the distance modulus of the

luster to be ( V − M V ) = 14.31 mag by comparing the ZAMS of
irardi et al. ( 2002 ) for solar metallicity to the V versus V − I
MD, which corresponds to a distance of 2.59 kpc. The present
stimate of distance matches well with those derived in earlier works
f NGC 6823. The isochrone of age 4 Myr also fits the data well. The
MD is known to be contaminated by the foreground field stars (e.g.
uetter 1992 ; Pigulski et al. 2000 ; Bica et al. 2008 ). After analysis
f CMD, Pigulski et al. ( 2000 ) and Riaz et al. ( 2012 ) noted two
ifferent populations in the cluster, one consisting of older, massive 
tars that are located near or on the ZAMS, while the other one being
ounger objects with ages less than 10 Myr and are of lower masses
 ∼0.1–0.4 M �), that is, of PMS stars. Pigulski et al. ( 2000 ) also
oncluded that stars lying in B region of their Fig. 11 (a) are cluster
tars of PMS nature, evolving towards the MS. The present CMD
ontaining variable stars also shows MS of the cluster to go up to
round V = 16 mag; location of variables in the CMD suggests the
ajority of these stars to be probable members. Most of the fainter

nd redder stars lying between ( V − I ) = ∼2 mag and ∼3 mag could
e PMS objects. In this CMD, to maintain clarity we have not plotted
tar No. 1548 despite it being detected in the I band, because it has V

I colour of more than 6 mag. Star No. 449 may be a possible PMS
MNRAS 520, 1092–1110 (2023) 
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Table 3. The proper motion, parallax, and photometry by Gaia. The last column refers to likely or possible membership for each variable star. 

ID RA DEC μra μDec plx gmag bpmag rpmag mem 

(degree) (degree) (mas/yr) (mas/yr) (mas) (mag) mag 

103 295.667936 23.412217 −1.392 ± 0.046 −5.264 ± 0.077 0.500 ± 0.074 17.288 ± 0.003 18.560 ± 0.015 16.172 ± 0.006 2 
135 295.729818 23.406842 −1.335 ± 0.050 −5.330 ± 0.079 0.605 ± 0.085 17.340 ± 0.007 18.463 ± 0.025 16.006 ± 0.017 1 
142 295.921757 23.403326 −4.224 ± 0.059 −6.330 ± 0.096 −0.125 ± 0.102 16.699 ± 0.003 21.455 ± 0.111 14.950 ± 0.005 0 
147 295.717480 23.404825 −1.601 ± 0.043 −5.533 ± 0.068 0.154 ± 0.071 17.151 ± 0.003 18.555 ± 0.013 15.988 ± 0.005 1 
154 295.729082 23.404078 −1.583 ± 0.012 −5.173 ± 0.018 0.411 ± 0.019 13.680 ± 0.003 15.006 ± 0.006 12.486 ± 0.006 2 
177 295.798833 23.398720 −1.430 ± 0.059 −5.249 ± 0.097 0.382 ± 0.099 17.841 ± 0.003 19.238 ± 0.024 16.679 ± 0.007 2 
201 295.806239 23.392781 −1.829 ± 0.065 −4.434 ± 0.111 0.764 ± 0.121 18.017 ± 0.003 18.879 ± 0.021 17.098 ± 0.009 1 
213 295.678068 23.391730 −2.955 ± 0.072 −2.616 ± 0.122 0.692 ± 0.126 18.086 ± 0.003 18.923 ± 0.017 17.191 ± 0.008 0 
238 295.856620 23.385850 −1.810 ± 0.048 −5.933 ± 0.080 −0.041 ± 0.079 15.379 ± 0.005 21.173 ± 0.091 13.658 ± 0.008 1 
239 295.792933 23.386486 −1.545 ± 0.133 −5.335 ± 0.205 0.314 ± 0.186 19.537 ± 0.012 20.487 ± 0.072 18.373 ± 0.046 1 
240 295.913449 23.384987 −2.683 ± 0.022 −9.082 ± 0.035 0.809 ± 0.037 16.070 ± 0.003 16.629 ± 0.004 15.346 ± 0.004 0 
264 295.758973 23.382855 −1.839 ± 0.081 −4.993 ± 0.141 0.316 ± 0.146 18.200 ± 0.003 19.690 ± 0.028 17.004 ± 0.007 1 
298 295.707379 23.376514 −1.757 ± 0.036 −4.931 ± 0.055 0.518 ± 0.058 16.844 ± 0.005 17.817 ± 0.017 15.833 ± 0.012 2 
369 295.889138 23.363276 −2.759 ± 0.058 −5.104 ± 0.097 0.180 ± 0.097 17.647 ± 0.003 19.962 ± 0.039 16.257 ± 0.008 0 
377 295.880082 23.361511 −1.767 ± 0.066 −5.422 ± 0.102 0.503 ± 0.107 18.157 ± 0.007 19.323 ± 0.030 17.036 ± 0.021 2 
385 295.847545 23.360887 −1.713 ± 0.025 −4.949 ± 0.039 0.454 ± 0.041 16.211 ± 0.006 17.138 ± 0.021 15.246 ± 0.015 2 
402 295.716202 23.358795 1.039 ± 0.544 −9.595 ± 0.908 −1.529 ± 1.016 19.114 ± 0.006 20.359 ± 0.063 17.606 ± 0.020 0 
449 295.874874 23.347861 −1.534 ± 0.011 −5.289 ± 0.018 0.421 ± 0.019 14.456 ± 0.003 15.283 ± 0.003 13.559 ± 0.004 2 
452 295.919127 23.346023 −1.632 ± 0.091 −5.204 ± 0.163 0.187 ± 0.154 18.342 ± 0.003 19.687 ± 0.034 16.889 ± 0.010 1 
478 295.846924 23.343243 −2.242 ± 0.123 −5.663 ± 0.287 0.414 ± 0.207 18.715 ± 0.003 20.513 ± 0.146 17.239 ± 0.011 2 
478 295.847334 23.343217 −1.835 ± 0.094 −5.443 ± 0.160 0.513 ± 0.166 18.445 ± 0.005 19.556 ± 0.035 16.804 ± 0.017 2 
502 295.883889 23.339095 −1.539 ± 0.061 −5.143 ± 0.098 0.633 ± 0.100 17.859 ± 0.005 19.066 ± 0.032 16.755 ± 0.015 1 
510 295.795529 23.339088 −1.736 ± 0.010 −5.177 ± 0.015 0.483 ± 0.016 13.870 ± 0.003 14.370 ± 0.003 13.188 ± 0.004 2 
527 295.868122 23.335831 −1.350 ± 0.032 −5.299 ± 0.052 0.467 ± 0.055 16.580 ± 0.003 17.741 ± 0.006 15.496 ± 0.005 2 
529 295.910436 23.335234 −1.692 ± 0.169 −5.130 ± 0.251 0.688 ± 0.245 19.127 ± 0.007 20.413 ± 0.056 17.532 ± 0.019 1 
531 295.850017 23.335616 −1.798 ± 0.030 −5.427 ± 0.046 0.477 ± 0.050 16.447 ± 0.004 17.610 ± 0.013 15.360 ± 0.009 2 
546 295.746235 23.334619 1.642 ± 0.054 −0.744 ± 0.078 0.666 ± 0.079 17.331 ± 0.003 18.235 ± 0.008 16.373 ± 0.004 0 
561 295.717802 23.332530 −1.806 ± 0.058 −5.112 ± 0.077 0.449 ± 0.084 17.330 ± 0.003 18.517 ± 0.015 16.256 ± 0.006 2 
576 295.862641 23.329178 −1.923 ± 0.092 −5.421 ± 0.138 0.003 ± 0.150 18.117 ± 0.004 19.508 ± 0.028 16.934 ± 0.008 1 
614 295.686941 23.325122 0.064 ± 0.021 −2.606 ± 0.028 0.631 ± 0.030 15.454 ± 0.003 16.096 ± 0.004 14.665 ± 0.004 0 
619 295.856809 23.323021 −1.705 ± 0.018 −5.254 ± 0.028 0.468 ± 0.030 15.271 ± 0.003 16.180 ± 0.004 14.321 ± 0.004 2 
623 295.834392 23.322264 −5.268 ± 0.009 −19.204 ± 0.013 1.568 ± 0.014 12.832 ± 0.003 13.444 ± 0.003 12.086 ± 0.004 0 
655 295.837455 23.317270 −1.973 ± 0.042 −5.777 ± 0.068 1.110 ± 0.079 16.811 ± 0.008 18.136 ± 0.032 15.636 ± 0.023 1 
679 295.768320 23.313487 −1.905 ± 0.009 −5.483 ± 0.013 0.465 ± 0.015 13.468 ± 0.003 13.893 ± 0.003 12.833 ± 0.004 2 
706 295.752612 23.310267 −1.994 ± 0.035 −5.380 ± 0.051 0.518 ± 0.052 16.539 ± 0.003 17.599 ± 0.007 15.508 ± 0.005 2 
731 295.789104 23.307583 −1.690 ± 0.068 −5.348 ± 0.086 0.444 ± 0.094 17.553 ± 0.003 18.975 ± 0.020 16.406 ± 0.007 2 
733 295.798253 23.307303 −1.671 ± 0.016 −5.453 ± 0.021 0.447 ± 0.022 14.822 ± 0.003 15.418 ± 0.003 14.057 ± 0.004 2 
752 295.737297 23.306309 −4.190 ± 0.024 −9.756 ± 0.033 0.807 ± 0.036 15.715 ± 0.004 16.429 ± 0.010 14.875 ± 0.009 0 
753 295.798228 23.305611 −1.439 ± 0.091 −5.723 ± 0.130 0.527 ± 0.132 18.213 ± 0.010 19.645 ± 0.052 16.983 ± 0.037 2 
757 295.803663 23.305216 −1.823 ± 0.027 −5.343 ± 0.036 0.420 ± 0.038 16.075 ± 0.003 17.227 ± 0.006 15.000 ± 0.006 2 
765 295.785197 23.304768 −1.971 ± 0.055 −5.559 ± 0.075 0.582 ± 0.084 17.403 ± 0.003 18.407 ± 0.020 16.391 ± 0.007 1 
822 295.787697 23.296925 −1.931 ± 0.012 −5.372 ± 0.017 0.440 ± 0.020 14.172 ± 0.003 14.769 ± 0.004 13.413 ± 0.004 2 
826 295.825083 23.296002 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 18.717 ± 0.006 19.528 ± 0.088 16.822 ± 0.010 0 
831 295.746221 23.296549 −3.198 ± 0.140 −6.012 ± 0.190 0.051 ± 0.164 18.030 ± 0.034 20.951 ± 0.092 16.343 ± 0.113 0 
860 295.798251 23.292496 −1.763 ± 0.053 −5.198 ± 0.075 0.296 ± 0.086 17.181 ± 0.003 18.444 ± 0.012 16.091 ± 0.007 1 
886 295.793856 23.290165 −1.700 ± 0.016 −5.457 ± 0.017 0.501 ± 0.019 14.140 ± 0.003 14.596 ± 0.003 13.490 ± 0.004 2 
903 295.800965 23.287961 −1.443 ± 0.018 −5.239 ± 0.025 0.444 ± 0.025 14.092 ± 0.003 14.566 ± 0.003 13.425 ± 0.004 2 
924 295.787347 23.285362 −1.173 ± 0.096 −7.786 ± 0.132 −0.663 ± 0.160 17.259 ± 0.004 18.378 ± 0.013 16.050 ± 0.006 0 
945 295.855106 23.282160 −1.481 ± 0.027 −5.241 ± 0.040 0.579 ± 0.039 14.176 ± 0.003 14.745 ± 0.003 13.423 ± 0.004 1 
950 295.706797 23.283426 −3.581 ± 0.166 −4.734 ± 0.244 1.034 ± 0.261 18.148 ± 0.004 21.250 ± 0.095 16.437 ± 0.008 0 
951 295.796964 23.282188 −1.581 ± 0.030 −5.247 ± 0.043 0.424 ± 0.049 16.307 ± 0.003 17.417 ± 0.006 15.267 ± 0.005 2 
965 295.891582 23.279985 0.251 ± 0.066 −2.097 ± 0.096 1.647 ± 0.102 14.281 ± 0.003 14.802 ± 0.004 13.562 ± 0.005 0 
979 295.775108 23.280240 −1.692 ± 0.116 −5.685 ± 0.169 0.939 ± 0.173 18.478 ± 0.004 19.642 ± 0.032 17.336 ± 0.011 1 
1000 295.814485 23.277802 −1.142 ± 0.009 −3.501 ± 0.013 0.635 ± 0.014 13.457 ± 0.003 13.714 ± 0.003 13.041 ± 0.004 0 
1007 295.778155 23.276998 −1.989 ± 0.014 −5.533 ± 0.017 0.462 ± 0.020 14.277 ± 0.003 14.835 ± 0.004 13.530 ± 0.004 2 
1025 295.690388 23.275981 −1.408 ± 0.245 −4.138 ± 0.340 0.725 ± 0.434 19.836 ± 0.011 20.939 ± 0.089 18.552 ± 0.043 0 
1061 295.788730 23.269975 −1.671 ± 0.053 −5.426 ± 0.070 0.567 ± 0.076 17.298 ± 0.003 18.639 ± 0.013 16.154 ± 0.005 1 
1063 295.778243 23.269561 −2.431 ± 0.095 −5.395 ± 0.081 0.282 ± 0.090 12.869 ± 0.003 00.000 ± 0.000 00.000 ± 0.000 1 
1063 295.778279 23.270083 −1.210 ± 0.090 −5.981 ± 0.149 −0.091 ± 0.141 09.720 ± 0.003 09.906 ± 0.003 09.274 ± 0.004 1 
1064 295.758524 23.270269 −2.317 ± 0.038 −4.554 ± 0.053 0.521 ± 0.058 14.183 ± 0.003 14.645 ± 0.003 13.493 ± 0.004 2 
1066 295.843490 23.269270 −3.124 ± 0.021 −4.962 ± 0.028 0.291 ± 0.030 14.584 ± 0.003 16.863 ± 0.004 13.214 ± 0.004 0 
1072 295.820520 23.269079 −1.645 ± 0.013 −5.282 ± 0.018 0.468 ± 0.019 14.395 ± 0.003 14.918 ± 0.003 13.690 ± 0.004 2 
1087 295.798607 23.266730 −3.210 ± 0.068 −5.424 ± 0.095 −0.081 ± 0.102 16.758 ± 0.005 22.007 ± 0.122 14.938 ± 0.008 0 
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Table 3 – continued 

ID RA DEC μra μDec plx gmag bpmag rpmag mem 

(degree) (degree) (mas/yr) (mas/yr) (mas) (mag) mag 

1094 295.817575 23.265043 −1.438 ± 0.023 −5.392 ± 0.032 0.428 ± 0.033 15.783 ± 0.003 16.830 ± 0.005 14.765 ± 0.005 2 
1122 295.709131 23.260843 −1.586 ± 0.010 −5.419 ± 0.015 0.523 ± 0.017 13.588 ± 0.003 13.956 ± 0.003 13.029 ± 0.004 2 
1151 295.805720 23.255733 −1.697 ± 0.114 −5.153 ± 0.163 0.173 ± 0.158 18.349 ± 0.007 19.909 ± 0.042 17.113 ± 0.021 1 
1155 295.768235 23.255355 −1.672 ± 0.060 −5.173 ± 0.080 0.266 ± 0.087 17.543 ± 0.003 18.600 ± 0.015 16.523 ± 0.007 1 
1168 295.883351 23.252588 −1.697 ± 0.098 −5.681 ± 0.144 0.519 ± 0.147 18.327 ± 0.004 19.726 ± 0.041 17.177 ± 0.010 2 
1191 295.875000 23.248688 −1.715 ± 0.119 −5.193 ± 0.172 0.321 ± 0.183 18.703 ± 0.006 20.107 ± 0.041 17.449 ± 0.014 1 
1228 295.850980 23.243847 −1.660 ± 0.116 −5.465 ± 0.169 0.200 ± 0.170 18.582 ± 0.005 20.077 ± 0.048 17.393 ± 0.013 1 
1230 295.755855 23.244602 −1.353 ± 0.018 −5.260 ± 0.023 0.524 ± 0.025 14.356 ± 0.003 14.761 ± 0.003 13.759 ± 0.004 2 
1235 295.672376 23.244490 4.176 ± 0.009 −1.613 ± 0.012 0.757 ± 0.013 12.759 ± 0.003 13.223 ± 0.003 12.126 ± 0.004 0 
1262 295.774562 23.237761 −1.522 ± 0.228 −5.636 ± 0.521 0.437 ± 0.441 19.291 ± 0.006 00.000 ± 0.000 00.000 ± 0.000 2 
1262 295.774980 23.237889 −0.719 ± 0.097 −4.431 ± 0.131 −1.092 ± 0.153 16.379 ± 0.003 17.455 ± 0.006 15.228 ± 0.007 0 
1266 295.802542 23.236774 −1.624 ± 0.068 −5.081 ± 0.086 0.554 ± 0.093 17.741 ± 0.003 18.960 ± 0.022 16.686 ± 0.006 1 
1268 295.698738 23.237776 −2.864 ± 0.083 −5.120 ± 0.113 0.230 ± 0.119 15.750 ± 0.004 21.208 ± 0.109 13.997 ± 0.007 0 
1295 295.812280 23.232347 −1.564 ± 0.182 −4.156 ± 0.212 0.354 ± 0.225 18.726 ± 0.015 20.052 ± 0.046 17.061 ± 0.037 1 
1298 295.671363 23.233613 −1.763 ± 0.227 −10.821 ± 0.301 −1.850 ± 0.289 18.089 ± 0.021 18.880 ± 0.071 16.384 ± 0.040 0 
1317 295.899959 23.227779 −1.562 ± 0.101 −5.431 ± 0.123 0.589 ± 0.137 18.039 ± 0.010 19.288 ± 0.036 16.868 ± 0.028 1 
1352 295.816693 23.222874 −0.419 ± 0.008 −4.078 ± 0.011 1.831 ± 0.012 12.449 ± 0.003 12.760 ± 0.003 11.975 ± 0.004 0 
1389 295.717974 23.217819 −2.076 ± 0.024 −5.544 ± 0.032 0.434 ± 0.035 15.834 ± 0.004 16.701 ± 0.010 14.881 ± 0.008 2 
1405 295.778615 23.214104 −0.016 ± 0.083 −4.330 ± 0.113 0.999 ± 0.120 18.085 ± 0.003 19.069 ± 0.014 17.103 ± 0.007 0 
1406 295.844691 23.213100 −3.267 ± 0.064 1.679 ± 0.081 0.991 ± 0.089 17.530 ± 0.003 18.310 ± 0.023 16.559 ± 0.011 0 
1459 295.758607 23.204733 −1.710 ± 0.090 −5.469 ± 0.124 0.343 ± 0.133 18.147 ± 0.003 19.354 ± 0.022 17.032 ± 0.008 1 
1500 295.892106 23.195945 3.974 ± 0.049 −3.001 ± 0.071 0.924 ± 0.071 15.646 ± 0.003 16.328 ± 0.003 14.820 ± 0.004 0 
1506 295.737755 23.197158 −1.684 ± 0.022 −4.291 ± 0.026 0.674 ± 0.028 15.219 ± 0.003 15.857 ± 0.004 14.435 ± 0.004 0 
1508 295.846040 23.195095 −2.071 ± 0.089 −4.858 ± 0.124 0.392 ± 0.142 18.061 ± 0.005 19.437 ± 0.035 16.831 ± 0.013 2 
1511 295.813526 23.194842 4.169 ± 0.025 20.500 ± 0.032 3.135 ± 0.035 15.890 ± 0.003 16.829 ± 0.004 14.933 ± 0.004 0 
1525 295.817542 23.191915 −0.781 ± 0.009 −7.011 ± 0.012 0.655 ± 0.013 13.206 ± 0.003 13.785 ± 0.003 12.468 ± 0.004 0 
1526 295.740382 23.192673 59.603 ± 0.010 −58.093 ± 0.014 9.066 ± 0.015 08.663 ± 0.003 08.977 ± 0.003 08.173 ± 0.004 0 
1548 295.840568 23.186899 −1.083 ± 0.043 −3.305 ± 0.056 0.248 ± 0.060 13.737 ± 0.003 18.375 ± 0.013 12.116 ± 0.006 0 
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tar, but its placement in the U − B / B − V and J − H / H − K TCDs
uggests a field star, even though it has proper motions in the range
f probable cluster members. 

.2.6 NIR CMDs 

he J versus ( J − K ) and J versus J − H CMDs for the present
ample of variable stars are shown in Fig. 16 . it is seen that the MS
s almost vertical and clearly separated from the PMS objects/field 
tars as in the case of the V versus ( V − I ) CMD. Bica et al. ( 2008 )
escribed the same and from statistical cleaned CMD, they found that 
wo populations are distributed separately where majority of PMS 

bjects are faint and redder. They found the age of the cluster in the
ange from 2 to 7 Myr, a colour excess of E ( B − V ) = ∼0.86 mag,
nd A V = 2.7 ± 0.2. In their work after fitting theoretical models,
he absolute distance modulus of the cluster was found to be ( m −
 ) O = 11.5 mag. 
Although stars numbered Nos. 142, 402 826, 950, 924, 1025, 

066, 1087, 1298, and 1548 are nonmembers from the analysis of
he Gaia data, we have considered them as possible PMS objects 
ased on their positions in different CMD and TCDs. We note that
here are 10 stars, namely, Nos. 240, 614, 623, 752, 965, 1235,
352, 1500, 1525, and 1526, that are designated as nonmembers 
rom proper motion and parallax and, these could be MS stars based
n location in TCDs and CMDs. Star 1506 is located well away
rom the MS in U − B / B − V TCD, while it is lying on the MS
n V / V − I , J / H − K, and J / J − H . The analysis of Gaia data also
ound it to be nonmember. This is a doubtful case for being an MS
ember. From Gaia data analysis, we found stars Nos. 201, 239, 449,

19, 765, 861, 1151, 1168, 1191 and 1508 as possible or probable
embers, but their locations in various TCDs and CMDs do not seem
o be consistent with membership. Thus, these are considered field 
tars. 

We looked for the matches of our eight previously identified 
MS stars based on their 2MASS colors and their spectra taken
t the 2.16 m telescope of Beijing Observatory (Hojaev et al. 2003 ).
he spectra showed the strong H-alpha in emission, the SED in
ontinuum, and other features typical either for TTS or Herbig 
e/Be stars. The cross-match yields three common stars, namely 
54, 655, and 679; for two of them, we have already determined
heir features (their location on the diagrams, their proper motions, 
nd parallaxes). In the present work, we have classified 655 as
lassical TTS and 679 as MS. There was doubt to consider 679
s PMS because in U − B versus B − V TCD it is lying on MS,
ut in J − H versus H − K diagram it is placed in the location
f classical TTS. Now, we determined the membership of star No
54. It might be a probable member of the cluster as Herbig Ae/Be
ype star, while earlier (Hojaev et al. 2003 ) it has been classified as
lassical TTS; though it has very different position in V versus V −
 CMD to be PMS star, GAIA suggests it to be a highly probable
ember, and in J − H versus H − K it is located where Herbig
e/Be stars are found. Therefore, it could be considered as Herbig
e/Be star. 
We have considered members those stars that fulfil criteria like 

ocation in TCDs, CMDs, and have consistent kinematics. Therefore, 
sing proper motion data together with location in various TCDs and
MDs obtained from present and available photometric UBVI , NIR ,
nd MIR data, we classify 25, 48, and 15, respectively, as MS, PMS
embers of the cluster, and field stars. The classification of variables

s given in Table 4 . 
MNRAS 520, 1092–1110 (2023) 
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Table 4. Period and amplitude of variable stars. Last column represents 
membership classification of stars along with their classification based on 
variability characteristics. The stars with asterisk are previously known 
variables. The cTTS, wTTS, and HAe/Be are classical, weak-lined TTS, 
and Herbig Ae/Be star, respectively. 

ID Period Period (TESS) Amp. class. 
(days) (days) (mag) 

103 1.919 1.913 0.087 PMS, wTTS 
135 0.041, 0.010 – 0.336 PMS, cTTS 
142 0.504 – 0.156 PMS, wTTS 
147 0.940, 0.071 – 0.080 PMS, wTTS 
154 1.008 – 0.580 PMS, HAe/Be 
177 0.784 – 0.129 PMS, wTTS 
201 0.850, 0.845 – 0.115 Field 
213 0.253, 0.509 – 0.167 Field 
238 0.497 – 0.166 Field 
239 0.506, 0.969 0.889, 2.429 1.028 PMS, wTTS 
240 1.109, 0.067 2.253 0.032 MS 
264 0.546 – 0.202 PMS, wTTS 
298 0.357, 0.082 – 0.107 PMS, HAe/Be 
369 5.699 2.400, 0.600, 7.041 0.288 PMS 
377 0.0332 – 0.103 Field 
385 30.100, 0.958 5.243, 3.960, 0.939 0.425 PMS, HAe/Be 
402 0.804 – 0.394 PMS, wTTS 
449 3.852, 0.789 5.297, 0.713, 4.084 0.037 Field 
452 3.572 – 0.203 PMS, wTTS 
478 9.199, 0.898 3.066, 2.622, 0.902 0.366 PMS, wTTS 
502 1.138, 0.887 – 0.238 PMS, wTTS 
510 0.143, 0.030 – 0.025 MS, New 

527 0.671, 2.057 2.045, 2.879 0.168 PMS, wTTS 
529 0.047 – 0.290 PMS, wTTS 
531 0.755, 3.064 3.084, 6.232, 9.713 0.219 PMS, wTTS 
546 0.806, 0.057 – 0.044 Field 
561 10.300, 0.909 3.24 0.149 PMS, wTTS 
576 0.882 0.850, 3.715 0.237 PMS, wTTS 
614 0.707 0.705, 1.775 0.051 MS 
619 0.852 3.825, 0.850 0.030 Field 
623 ∗ 0.044, 0.053 0.153, 1.595 0.022 MS 
655 ∗ 17.716, 0.030 – 0.236 PMS, cTTS 
679 1.1242, 0.059, 

0.564 
0.565, 3.376 0.046 MS 

706 4.336, 0.561 – 0.049 PMS, wTTS 
731 0.359, 0.099 – 0.065 PMS, wTTS 
733 ∗ 0.512, 0.143 – 0.029 MS 
752 0.153 0.153, 10.770 0.257 MS 
753 ∗ 0.036 – 0.225 PMS, cTTS 
757 ∗ 0.553 – 0.125 PMS, wTTS 
765 0.112, 0.124 – 0.133 Field 
822 ∗ 0.143, 0.084 – 0.034 MS, New 

826 0.072 – 0.139 PMS, wTTS 
831 ∗ 1.009 1.147, 1.545, 1.095 1.463 Field 
860 8.517, 0.523 – 0.197 PMS, cTTS 
886 ∗ 0.446, 0.618 – 0.032 MS 
903 ∗ 0.848 – 0.033 MS 
924 ∗ 3.206, 0.59, 

0.759 
– 0.123 PMS, wTTS 

945 0.662, 0.663, 
1.965 

1.966, 6.000 0.026 MS 

950 0.504 3.179, 2.442 0.265 PMS, wTTS 
951 1.392, 0.775 – 0.064 PMS, wTTS 
965 2.661, 0.726 2.65, 4.805 0.053 MS, New 

979 ∗ 0.036 0.064, 5.002 0.185 PMS, cTTS 
1000 0.042, 0.486 – 0.016 MS, New 

1007 ∗ 0.064 0.527, 0.064, 4.818 0.037 MS 
1025 0.059 – 0.600 PMS, wTTS 

Table 4 – continued 

ID Period Period (TESS) Amp. class. 
(days) (days) (mag) 

1061 ∗ 0.438 1.581, 6.269 0.099 Field 
1063 1.049, 0.028 – 0.131 MS, β Cep 
1064 0.653, 0.059, 

0.395 
0.804, 5.291 0.025 MS 

1066 0.0518, 0.082 2.166, 1.203 0.013 PMS, wTTS 
1072 0.484, 0.032 0.819, 11.649 0.025 MS New 

1087 ∗ 0.125 – 0.103 PMS, wTTS 
1094 0.815 – 0.081 PMS, wTTS 
1122 2.402, 0.705 0.705, 11.649 0.039 MS, SPB 

1151 0.769 0.153, 4.834 0.359 Field 
1155 10.955, 0.100 – 0.092 PMS, wTTS 
1168 0.526 – 0.240 Field 
1191 0.924 – 0.481 Field 
1228 0.902 – 0.448 PMS, wTTS 
1230 0.386, 0.629 0.385, 1.755 0.019 MS, New 

1235 1.622, 3.267 3.243 0.211 MS, New 

1262 1.215, 0.446 – 0.058 PMS, wTTS 
1266 3.382 – 0.148 PMS, wTTS 
1268 63.269 5.240, 0.996 0.276 PMS, wTTS 
1295 0.028 – 0.495 PMS, cTTS 
1298 0.983, 0.496 – 0.438 PMS, cTTS 
1317 0.485 – 0.671 PMS, cTTS 
1352 0.027, 0.336 – 0.014 MS, SBP 
1389 0.111, 0.166 – 0.086 PMS, HAe/Be 
1405 0.077, 0.064 – 0.128 Field 
1406 0.140, 0.082 – 0.123 Field 
1459 0.865 – 0.172 PMS, wTTS 
1500 0.072 – 0.046 MS 
1506 0.259, 0.491 – 0.031 MS 
1508 0.027 – 0.264 Field 
1511 0.059, 0.110 – 0.032 Field 
1525 1.132, 0.063 – 0.034 MS, New 

1526 0.058 – 0.075 MS 
1548 0.986, 0.329 – 0.174 PMS, wTTS 

4

T  

(  

f  

l  

a  

r  

s  

t  

t  

b  

c  

c  

a  

i  

d  

s  

c  

s
 

c  

3  

w  

r  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/520/1/1092/6973220 by Aryabhatta R
esearch Institute of O

bservational Sciences user on 06 February 2023
 CHARAC TERI STI CS  O F  VA RI ABLE  STARS  

he log ( L / L �) vs log T eff diagram ( H − R diagram) for 21 members
MS variables) is shown as in Fig. 17 . We are not able to locate
our MS star Nos. 240, 752, 1107, and 1500 in this plot due to
ack of their U and B band data. Here, the ef fecti ve temperature
nd bolometric correction (BC) have been determined from Torres
elation ( 2010 ) using the intrinsic ( B − V ) colour. The M bol values of
tars are obtained from the relation M bol = M V + BC , where M V is
he absolute V -band magnitude. The luminosity was obtained from
he relation log ( L/L �) = −0 . 4( M bol − M bol � ), where M bol � is the
olometric magnitude for the Sun. The MS variable stars have been
lassified according to their periods of variability, the shape of light
urves, and their positions in the H-R diagram. We detected one star
s β Cep-type. Four star Nos. 679, 886, 1122. and 1352 are located
n the instability strip of SPB stars. The positions in the cluster H-R
iagram as well as the observed variability characteristics of nine
tars allow us to conclude that these variables belong to the new
lass variables. One star based on its location in the H − R diagram
hould be δ Scuti-type variable. 

In the present study, we have detected 48 PMS stars as most likely
luster members in the PMS stage of evolution. Of these, 4, 8, and
6 stars are classified as Herbig Ae/Be stars, classical TTSs, and
eak-lined TTSs, respectively. The amplitudes of weak-lined TTSs

ange from ∼0.05 to ∼0.2 mag, and most weak-lined TTSs vary with
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Figure 15. V /( V − I ) CMD for variable stars in the region of the cluster NGC 

6823. The open circles (blue) are MS variables, and probable PMS variable 
stars are shown by filled circles (magenta). The open circles in black colour 
are considered field stars. The continuous curve is ZAMS by Girardi et al. 
( 2002 ) while dashed lines are PMS isochrones taken for 0.1, 1, 2, 5, and 10 
Myrs (Siess et al. 2000 ). The PMS evolutionary tracks for different masses 
ranging from 0.7 to 5.0 M � from Siess et al. ( 2000 ) are plotted with dotted 
curves. BL 50 and HP 57 are shown by red triangles. 

Figure 16. J /( H − K ) and J /( J − H ) CMD for variable stars detected in the 
field of NGC 6823. The JHK data have been taken from the 2MASS catalogue 
(Cutri et al. 2003 ). Circles (blue) and circles (green) represent MS and PMS, 
respectively. The Open circles in black colour demonstrate the field stars. The 
locations of star Nos. 822 (BL 50) and 1007 (HP 57) are shown with an open 
circle in red colour. 

Figure 17. log ( L / L �)/log T eff diagram for the probable MS variable stars 
identified in the present study. The continuous curve represents the instability 
strip of SPB stars, whereas dotted curve shows the instability region of δ Scuti 
stars. The dashed curve shows the location of β Cep stars (cf. Balona et al. 
2011 ). 
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horter periods of less than 1.0 days. The periods and amplitudes of
lassical TTSs are found to range from ∼0.05 to ∼30 days and ∼0.2
o ∼0.7 mag, respectively. The above results suggest that stars with
iscs, i.e. classical TTSs, e xhibit relativ ely larger amplitudes than
he weak-lined TTSs do, with the stellar variability in classical TTSs
rising from the presence of the spots, hot and cold, on the stellar
urfaces as found in the previous studies (e.g. Bouvier et al. 1993 ;
 ande y et al. 2019 ). 

.1 Kno wn v ariables 

n the CCD search for variable stars in NGC 6823, Pigulski et al.
 2000 ) demonstrated that all stars with spectral types later than A0
re PMS objects. They detected two variable stars of δ Scuti type
nd these stars could be at the PMS stage of evolution and suggested
hat these objects can further be used to test the evolutionary changes
n this class of variable stars. The CMD was used to compare and
iscuss the position of the two disco v ered δ Scuti stars with reference
o the theoretical instability strip for PMS stars of this type. They
lso have 13 other variables, including one bright cluster eclipsing 
inary and an SPB candidate. 
Of the 15 variables identified by Pigulski et al. ( 2000 ), 14 were

ound to be variable in the present work. We could not detect
ariability in the star H8 (E88 or BL 4) (B0 V:pe by Turner 1979 ),
1.5 V by Massey et al. 1995 ), and B1 V by Shi & Hu ( 1999 ).
igulski et al. ( 2000 ) noted this star as the brightest variable member

n the observed cluster field and found it to be a binary star where
nly one eclipse was detected in the I band. 
Now we will describe the nature of all the known 14 variable stars

ndividually. 
Stars BL 50 (822) and HP 57 (1007) with periods of 0.0718530 and

.10114 days for BL 50, and 0.0785819 and 0.0644149 days for HP
7 were found to be most likely cluster PMS members by Pigulski
t al. ( 2000 ). With their positions in the cluster CMD as well as the
bserved periods, Pigulski et al. ( 2000 ) concluded that both objects
MNRAS 520, 1092–1110 (2023) 
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ould be δ Scuti variables. The present membership analysis, i.e.
rom kinematics and positions in various CMDs and TCDs, suggests
oth stars to be MS members. In the H-R diagram, star No. 822 is
ositioned where new class variables are found (between the red edge
f SPB and the blue edge of δ Scuti instability strip). Star No. 1007
ould not be placed in the H-R diagram due to unavailability of
BV data. The present period of stars 822 is derived as 0.143 days

nd 0.084 days, whereas the periodogram analysis gives period of
.064 days for star 1007. The period derived for star 1007 is in good
greement with that derived by Pigulski et al. ( 2000 ). The location of
hese two stars were shown with red and black triangles in V versus
 V − I ) CMD and J − H versus H − K TCD, respectively. 

Star No. 903, a probable cluster MS member was disco v ered as the
hird pulsator (G 51) by Pigulski et al. ( 2000 ). Its brightness varies
ith a period of 0.848 days with an amplitude about 0.03 mag.
he star was classified by Pigulski et al. ( 2000 ) as an SPB variable
ccording to their variability characteristics. 

The brightness of star No. 886 (G52) found to be binary by Pigulski
t al. ( 2000 ) varies with period of 0.61 days with an amplitude
.03 mag. It is diagnosed as a member of the cluster from proper
otion and its location in various photometric diagrams. The present

stimates for period and amplitude are consistent with those reported
n Pigulski et al. ( 2000 ). 

Star No. 733 has proper motion values of μα = −1.671 mas/yr and
δ = −5.453 mas/yr; hence, it is a probable member of the cluster.
ur analysis suggests possibly more than one period, with 0.143 and
.512 days. In Pigulski et al. ( 2000 ) it is H30, and they found its
eriod of more than 3 days. 
The brightness of star No. 757 was found to be changing with one

ingle period of 0.553 days. The present work classified this star to be
 probable PMS cluster member. Pigulski et al. ( 2000 ) named it V2
nd derived its period of about 1.24 days, commenting that the true
eriod for this star corresponds to an alias frequenc y, and the y found
his star to be of PMS-type source. The present observations confirm
ts variability and PMS nature. The light curves and periodogram
nalysis manifest that it could be an eclipsing binary with primary
nd secondary depths being nearly equal. Morales-Calderon et al.
 2012 ) found six new candidate sources as PMS-eclipsing binaries
ith multi-epoch data of about 2400 stars associated with the Orion
ebula Cluster, and it is stated that the PMS-eclipsing binaries are
aluable as they are in the stage of PMS evolution which is highly
ynamic; therefore, their detection is rare at this stage. 
Star No. 924 may be a PMS variable with a light curve varying with
ore than one period. The proper motion suggests a nonmember of

he cluster, but its position in TCDs and CMDs indicates a possible
eak-lined TTSs. It is designated as V4 by Pigulski et al. ( 2000 ). 
Star V5 of Pigulski et al. ( 2000 ) is numbered as No. 1061 in this

ork. We considered it a field star based on its location in CMDs
nd TCDs. Its brightness in V and I bands varies with a period of
.438 days. The variability of this star is confirmed in the present
ork. 
Star V8 (979) which could be a classical TTS based on its location

n the J − H versus H − K diagram. It has a period of about 0.038 days.
he kinematic data indicate it to be a possible member of the cluster
f PMS nature. Pigulski et al. ( 2000 ) also found it to be suspected
MS variable. 
Star No. 753 was designated as V7 by Pigulski et al. ( 2000 ). The

eriod of V7 could not be found by Pigulski et al. ( 2000 ) due to
ither irregular brightness or long-period variations. In our analysis,
his star is considered a probable member of the cluster according to
he proper motion study. Its position in the CMD and TCDs suggests
 PMS Class II object. This star shows periodic brightness variation
NRAS 520, 1092–1110 (2023) 
ith its period and amplitude being 0.036 days and 0.225 mag,
espectively. 

Star No. 655 (V3 in Pigulski et al. 2000 ) is a periodic variable
ith two possible periods, of about 17 days and of 0.059 days. The

ocation of this star in the J − H versus H − K TCD suggests a Class II
ource, while proper motion data also suggest cluster membership. 

Star No. 1087 is found to be nonmember based on its proper motion
alues. Its location in TCDs suggests a PMS source. Its brightness
hanges periodically with a period of ∼0.125 days. In Pigulski et al.
 2000 ) this star (V1) was the reddest object among their variable
ample. 

Star No. 831 is referred to as V6 by Pigulski et al. ( 2000 ) and they
ound this star too red as a member of the cluster. We confirm this
tar, with a period of about 1 day, to be a field star. 

Star No. 623, E 100, is a PMS object, though it was considered
s a nonmember of the cluster in Pigulski et al. ( 2000 ) because its
roper motion values were different from those of cluster members
Erickson 1971 ). They mentioned that this star might belong to the
oreground population and it is of a late-type object. The present
stimation of its membership using Gaia data also finds it to be a
onmember. 

.2 Newly detected variables 

ow we present newly identified variables in this work. Star No. 1235
s classified, on the basis of the shape of its light curve, to be an
clipsing binary, bearing similarity to that of an EA (Algol) type. In
A-type eclipsing binaries, both stars are nearly spherical in shape,
ith an extremely wide range of periods from 0.2 to 10 000 days,

nd with a wide range of amplitude of variability. Star No. 1235 has
 period of 1.622 days and a variation amplitude of 0.211 mag. In the
 − R diagram, this star is found to be located in the region of new

lass variables. More observations of this star are required to confirm
ts nature. This star is a member of the cluster based on locations
n TCDs. Ho we ver, Gaia data suggest it to be a nonmember of the
luster. 

The light curves of star No. 449 in both V and I bands reveal it to
e a short-period variable. Its periodogram in both V and I exhibits
eaks around 3.2 and 0.789 days. Gaia data suggest it to be a probable
ember. 
The variability of the star No. 527 suggest that it is a periodic

ariable whose light varies with a period of 0.671 days. It is found
o be a probable member of the cluster from its proper motion
easurements. Its location in CMDs and TCDs indicates it to be
 PMS object. 

The brightness of star No. 531, a probable PMS member of the
luster, is found to vary with a period of 0.755 or 3.065 days, with
he variability characteristics consistent with TTSs. 

The proper motion values are not in fa v our of star No. 752 to be
 cluster member, though in the V versus V − I CMD, it is located
long the MS. The period is derived as 0.153 days and the amplitude
s about 0.2 mag. The variability characteristics of this star is similar
o a pulsating type star or eclipsing binary. After doubling its period,
ts light curves show two minima that have almost equal depth. It
ould be an EW-type eclipsing (W Ursae Majoris eclipsing system).
he EW-type variables have periods of less than 1 day, with almost
qual depths of primary and secondary minima. 

Star No. 1508 has a period of ∼0.027 day with an amplitude of
bout 0.2 mag. This variable resembles that of the SX Phe type
Cohen & Sarajedini 2012 ), which are similar to δ Scuti stars but
ulsate with amplitudes up to 0.7 mag according to the variability
ypes listed in the General Catalogue of Variable Stars (GCVS). 
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Figure 18. The phased light curves of variable stars using TESS data. 
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 TESS  L I G H T  C U RV E S  

 fe w v ariables like No. 1235 and No. 752 have times series data from
he TESS (Ricker et al. 2015 ). The high-quality light curves from
he TESS can be used to understand stellar and planetary evolution 
nd these data provide us opportunity to study the rotation of stars
Canto Martins, Gomes & Messias 2020 ). Here, we present folded 
ight curv es, e xhibited as Fig. 18 for 32 stars that do not hav e flux
ontribution from nearby brighter sources to account for the low 

patial resolution of TESS. TESS observes the sky in sectors with 
ach sector observed for about 27 days. The eleanor pipeline to 
xtract times series data of objects from TESS images has been 
sed, which is an open-source tool (Feinstein, Montet & Foreman- 
ackey 2019 , ht tps://archive.st sci.edu/hlsp/eleanor). We can use the 

leanor package to create light curves for fainter objects for a more
etailed or optimized analysis of individual objects (Feinstein et al. 
019 ). The eleanor uses TESS Full Frame Images (FFIs) to extract
ystematics-corrected flux for any given star observed by TESS. It 
akes TIC ID, coordinates (RA and DEC) of a star. First, the raw
ux is calculated by aperture photometry as RAW FLUX that is
ackground subtracted. This raw flux is then corrected for possible 
ystematic effects, which creates a flux called CORR FLUX. For 
solated stars, to obtain the corrected flux we have taken default 
pertures. The eleanor software also provides the option to define 
ne’s own aperture. We have extracted light curves of all the detected
n the present photometry. 

Out of 32 variables, there are 7 stars that are diagnosed as PMS and
4 as MS. The periods of all the 32 stars have been determined using
he method described in the Section 2.1 . The periods for 14 stars
103, 527, 531, 576, 614, 619, 679, 752, 945, 965, 1007, 1122, 1230
nd 1235) are found to be in good agreement with that obtained from
he present ground-based optical data. The nature of star No. 752 
nd No. 1235 as mentioned earlier is confirmed from their TESS
ight curves; that is, star No. 752 shows unequal maxima, likely due
o the O’Connell effect (O’Connell 1951 ), for which the maxima 
etween eclipses in some eclipsing binaries are not found equal 
n brightness (Knote et al. 2022 ). The phased light curves of star
os. 369, 561, and 619 show brightness variations similar to Algol-

ype eclipsing binaries. The light curves of stars 527, 531, 576, 965,
064, 1072, and 1122 were folded by doubling the value of their
erived period. Three stars 527, 531, and 576 of them are probable
MS stars, while the remaining four stars are cluster members of MS

ype. The folded light curves and periods of 1064, 1072, and 1122
re similar to the variability characteristic of EW-type variables. 
he light curve of star 576 seems to have properties of EA-type
ariable. The stars 527 and 965 could be weak-lined TTSs based
n their variability characteristics, as these sources are of PMS 

ature and show periodic variability. The period of star 531 was
erived as 3.084 days using TESS data, while its period comes out
o be 0.755 days from V and I band light curves. The variability
haracteristics for those stars whose periods determined from present 
 and I data do not match with that derived from TESS observations
ould be revisited in the future observations of the cluster NGC
823. The conflicts between periods for some cases may arise due
o the contribution of flux from nearby stars in TESS data despite
eing selected isolated stars. The present work identified five MS, 
our PMS stars, and one field variable of eclipsing nature, two of
hich are confirmed eclipsing binaries and remaining are suspected 
nes. Their derived parameters are listed in Table 5 . The masses and
ges of two suspected PMS binaries could not be obtained due to
navailability of their V − I colour. Since UBV data of MS star no.
52 are not available, the temperature for this star has been obtained
sing theoretical models of Girardi et al. ( 2002 ) and present V
agnitude. 

 C O R R E L AT I O N  BETWEEN  

I RCUMSTELLAR  DI SCS  A N D  VARI ABILITY  

ccretion onto the stellar surface creates hotspots that brighten the 
ight curve up to 3 mag, whereas the magnetic field is responsible for
ool and therefore dark spots. Herbst et al. ( 1994 ) studied photometric
MNRAS 520, 1092–1110 (2023) 
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M

Table 5. The derived parameters of the confirmed/suspected eclipsing binaries. The last column 
refers to binary classification. 

ID Age Mass M bol log ( L / L �) log T eff class. Binary 
Myrs M � mag class. 

369 – – – – – PMS EA? 
561 1.3 1.28 – – – PMS EA? 
576 – – – – – PMS EA? 
619 – – – – – Field EA? 
752 4.0 1.95 – 3 .915 MS EW 

757 0.4 1.50 – – – PMS EW? 
1064 4.0 3.40 − 0 .794 2 .211 4 .148 MS EW? 
1072 4.0 3.20 0 .1394 1 .837 4 .047 MS EW? 
1122 4.0 4.59 − 1 .286 2 .407 4 .141 MS EW? 
1235 4.0 6.75 − 1 .272 2 .402 3 .979 MS EA 
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ariability of PMS stars in the Orion Nebula Cluster and showed that
lower rotators have larger IR excess than fast rotators, indicating
isc-locking, for which the angular momentum is transported through
agnetic field lines from the central star to the circumstellar disc.
his supported the results by Edwards et al. ( 1993 ) for which low-
ass young stars with accretion discs have periods more than 4 days,
hereas stars without have periods ranging from 1.5 to 16 days.
otation seems to be regulated after the disc is dissipated, as the star

pins up while contracting towards the MS (Bouvier et al. 2007 ).
hese results support the magnetic-disc model, which controls PMS
inds and angular momentum of young stellar objects during the
MS evolution. 
Models for a disc–star interaction (Ghosh & Lamb 1979 ; Shu

t al. 1994 ; Ostriker & Shu 1995 ) are supported by the rotation
eriods of PMS objects in young open star clusters (Attridge &
erbst 1992 , Herbst, Bailer-Jones & Mundt 2001 ; Herbst et al.
002 , 2004 ). Kearns & Herbst ( 1998 ) and Nordhagen et al. ( 2006 )
etermined the rotation periods in two clusters. James et al. ( 2010 )
eriv ed light-curv e periods of sun-like sources in the young cluster
GC 1039. Lamm et al. ( 2004 ) presented the rotation period of PMS
bjects, which supports the disc-locking mechanism in young stars.
roeg et al. ( 2006 ) measured rotational periods of young objects

o understand the star-formation scenario that the off-cloud young
ources should rotate faster if these objects were ejected from the
loud. They did not find significant period distribution off-cloud
eak-lined TTS south of Taurus-Auriga with respect to weak-

ined TTS inside the Taurus-Auriga molecular cloud. Godoy-Rivera,
insonneault & Rebull ( 2021 ) studied stellar rotation and found that

he distribution of period with mass in the case of open clusters
ives important constraints to study angular momentum evolution
nd it is evident that spin down process depends on the mass. The
otation periods of the members of cluster have been presented,
hich are found to be in range from 0.5 to 11.5 days (Meibom,
athieu Robert & Stassun 2009 , Meibom et al. 2011 ). Gondoin

 2018 ) concluded that the stellar rotation evolution in open star
lusters could be from loss of angular momentum, which occurs
ue to strong winds during the early evolution of young solar-type
tars. 

A disc-bearing YSO spins down due to magnetic braking (Koenigl
991 ; Ostriker & Shu 1995 ). The increasing disc fraction with
otation period in open clusters was reported by Cieza & Baliber
 2007 ). As discussed abo v e, to e xplore a correlation between the
ariability of classical TTSs with colour excess, mass, and age, we
ave plotted amplitude of variability with � ( I − K ) excess in Fig. 19
left panel), while the right panel of Fig. 19 shows the rotation period
ith � ( I − K ) excess. Here the � ( I − K ) excess of PMS sources is
NRAS 520, 1092–1110 (2023) 
etermined using the following relation, 

 ( I − K) = ( I − K) obs − ( A I − A K 

) − ( I − K) 0 , 

here ( I − K ) obs and ( I − K ) 0 are the observed and intrinsic colours
f stars, whereas A I and A K denote the interstellar extinction in the I
nd K bands, respectively. To estimate the value of ( I − K ) 0 of YSOs,
t was necessary to estimate their masses and ages. These values are
vailable for only 22 PMS objects from the V versus V − I CMD
fter comparing with the theoretical models of Siess et al. ( 2000 ).
f the 22 sources, there are 4 classical TTSs for which we could

stimate the age and mass. The A I and A K are estimated using the
elations given by Cohen et al. ( 1981 ) by adopting A V = 2.24 mag.
he ( I − K ) 0 value is obtained from the PMS evolutionary models
f Siess et al. ( 2000 ) of a given mass and age. Fig. 19 (left panel)
hows that a larger � ( I − K ) value for classical TTSs corresponds
o a relatively larger amplitude of variability, consistent with those
ound in the literature, though we find no clear correlation between
 ( I − K ) and rotation period. Ho we ver, one classical TTS No. 655
ith larger � ( I − K ) excess is found to be rotating with a longer
eriod. 

 SUMMARY  

his work presents 88 variable stars in the young star cluster
GC 6823. The association of detected variables to the cluster has
een discussed with the Gaia kinematic data, and the optical and NIR
CDs and CMDs. The membership of previously known variables
as also been discussed. We have detected 48 stars as PMS stars, of
hich 8 are classified as classical TTSs, while 36 and 4 as weak-lined
TSs and Herbig Ae/Be stars, respectively. Three known variables
30, V2, and V8 are found to be PMS variables as suggested by
igulski et al. ( 2000 ) while two stars BL 50 and HP 57 previously
etected as PMS δ Scuti pulsators are turned out to be MS members
f the cluster from their proper motion, parallax values, and positions
n the TCDs and CMDs. TTSs have periods ranging from 0.01 days
o 30 days, and amplitudes of brightness variation from 0.05 mag
o 0.7 mag, with the classical TTSs varying generally with larger
mplitudes than weak-lined TTSs do. It is noted that three of the four
lassical TTSs with larger values of the disc indicator ( � ( I − K ))
re found to have relatively larger amplitude variation. The present
esults do not support the disc-locking mechanism; ho we ver, one
lassical TTS having large � ( I − K ) is found to be rotating slowly.
n addition, we have identified 25 stars to be MS variables (SPB stars,
Scuti, β Cephei, and new class variable stars). Their variability has
een characterized based on the period, amplitude, shape of the light
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Figure 19. Amplitude of variability and rotation period of TTSs with � ( I − K ) is shown. 
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urves, and location on the H − R diagram. Fifteen variable stars
ay belong to the field star population. 
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