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ABSTRACT

M71 is a nearby, metal-rich globular cluster at low Galactic latitude, where field contamination and spatially variable
extinction complicate colour-magnitude diagrams (CMDs) and the identification of cluster member variable stars. Our
aims are (i) to construct a homogeneous census of variable stars in M71 by refining their periods and classifications and
identifying new candidates, and (ii) to derive a decontaminated, differentially dereddened CMD to constrain its physical
properties. We obtained Johnson-Kron-Cousins V1 time-series CCD photometry and reduced it using difference image
analysis. Cluster membership was established from Gaia DR3 proper motions, and a differential-reddening correction
was applied across the field of view. The resulting CMD, cleaned of field stars, was compared with tailored isochrones
to estimate age (12.9703 Gyr), metallicity ([Fe/H] = —0.88%013), mean reddening (E(B — V') = 0.21 + 0.02), and distance
modulus ((m — M), = 13.01 & 0.06). Variable stars were identified using two complementary approaches: a periodogram-
free string-length scan refined with phase dispersion minimization, and a robust inter-site screening based on median
statistics combined with a generalised Lomb-Scargle significance criterion. We identified 21 variable stars not previously
reported in the Catalog of Variable Stars in Globular Clusters and provided their periods, amplitudes, classifications,
membership status, and light curves. This combined strategy yields a consistent picture of M71, expanding its known

variable-star population and confirming parameters typical of metal-rich Galactic disc globular clusters.
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1 INTRODUCTION

Globular clusters (GCs) are fundamental laboratories for investi-
gating the formation history and chemical evolution of the Milky
Way. Among them, M71 (NGC 6838) is a low-density and sparse
GC, and it stands out due to its relatively high metallicity, proxim-
ity, and low Galactic latitude, located at | = 56°.75, b = —4°.56.
With a mean metallicity of [Fe/H] = —0.82 &+ 0.02 dex (E. Car-
retta et al. 2009), M71 is classified as a metal-rich GC and is fre-
quently used as a benchmark for studying chemical enrichment
processes in the Galactic disc (A. Alves-Brito et al. 2008; A. Di
Cecco et al. 2015). Also, it is believed to have been formed in situ,
belonging to the Galactic disc (T. M. Callingham et al. 2022).

Its heliocentric distance (~4 kpc; F. Grundahl, P. B. Stetson
& M. I. Andersen 2002; H. Baumgardt & E. Vasiliev 2021) and
moderate reddening (E(B — V') ~ 0.25; W. E. Harris 1996) make
it accessible for detailed photometric and spectroscopic studies.

*E-mail: caddy.cortes@ucentral.cl (CCC); armando@astro.unam.mx
(AAF)
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This GC is relatively young, with an estimated age between 9 and
11 Gyr, although A. Di Cecco et al. (2015) report an absolute age
of 12 £+ 1 Gyr using deep optical photometry.

It is likely that this GC is following a disc-type orbit (M. Geffert
& G. Maintz 2000) which suggests that it has lost a substantial
fraction of its initial mass due to gravitational interactions with
the Galactic field, as well as dynamical collisions caused by en-
counters with molecular clouds and/or spiral arms (M. Cadelano
et al. 2017). Currently, its total mass is estimated to be 2 x 10* Mg
(B. Kimmig et al. 2015).

The Catalogue of Variable Stars in Globular Clusters (CVSGC;
C. M. Clement et al. 2001)! lists 29 variables, composed primarily
of binaries, SX Phoenicis (SX Phe) stars, and semiregular (SR)
variables, and a 5 ms pulsar whose membership status is un-
known. At the relatively high metallicity of M71, the absence of
confirmed member RR Lyrae stars is not unusual among GCs
with predominantly red horizontal branch (HB) morphologies.
In this sense, M71 is consistent with other relatively metal-rich

Lhttps://www.astro.utoronto.ca/cclement/cat/C1951p186.
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Table 1. Log of the observation of M71 (NGC 6838)“.

Date Site Ny ty (s) N; t1(s) Avg.

sec sec seeing ()
2017-10-29 SPM - - 18 10 2.20
2017-10-31 SPM 1 120 1 50 1.85
2017-11-02 SPM - - 2 80 1.75
2017-11-03 SPM 5 120 8 80 2.16
2017-11-05 SPM - - 1 80 2.25
2017-11-06 SPM 4 120 10 80 1.96
2018-10-14 HANLE 33 15 31 5 2.14
2018-10-15 HANLE 74 15 76 5 2.30
2019-10-24 HANLE 24 10 22 2.5 1.52
2019-10-25 HANLE 32 10 28 2.5 1.75
Total: 173 197

Note.* Columns Ny and Ny correspond to the number of images obtained. ¢ and ¢; indicate the typical exposure times. The average

nightly seeing is given in the last column.
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Figure 1. Transformation equations from instrumental to standard VI magnitudes using 208 and 143 local standards from P. B. Stetson (2000) for Hanle
and SPM, respectively. Left panel: Hanle; Right panel: SPM. The panels list the fitted coefficients (with 1o uncertainties) and the rms of the residuals. To
further illustrate the reliability of the fits, we include shaded regions representing the +2¢ (dark blue) and +3o (light blue) confidence intervals around

the best-fitting relations.

clusters, whose colour-magnitude diagrams (CMDs) are typically
characterized by a poorly populated instability strip and a well-
developed red clump.

H. Sawyer Hogg (1973) reported V4 as a potential RRc star in
the field of the cluster but it was later dismissed as a field star (K.
M. Cudworth 1985; Z. Prudil & A. Arellano Ferro 2024). One of
the aims of this paper is to update the census of variable stars in
M?71 in the light of recent investigations and our present data.

The paper is organized as follows. Section 2 describes the
observations, difference image analysis (DIA) processing, and
photometric calibration; Section 3 details the membership se-
lection from Gaia DR3 and the construction of the decon-
taminated CMD; Section 4 presents the differential-reddening
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correction to the CMD; Section 5 discusses the CMD and
the isochrone-based inference of age, metallicity, distance,
and reddening; Section 6 presents the two-pronged variabil-
ity search, the cross-match with the Clement catalogue, and
the refined periods; Section 7 summarizes our findings and
perspectives.

2 DATA AND REDUCTION

2.1 Observations

We obtained Johnson-Kron-Cousins VI imaging at two sites.
The first data set was acquired at the San Pedro Martir Observa-
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Figure 2. ThermsV magnitude deviations as a function of mean V' mag-
nitude. Variables listed in the CVSGC measured by our photometry are
labelled colour-coded as: red-SR, green-RRc, cyan-eclipsing binaries, and
magenta-SX Phe. See Section 6 for comments on the variability detection
and type assignation.

tory in Baja California, Mexico, using the 0.84 m telescope, from
2017 October 30 to November 6. The telescope was equipped with
a Spectral Instruments 2048 x 2048 CCD at 0.444 arcsec px 1,
yielding an effective field of view of approximately 7.4 arcmin x
7.4 arcmin per frame for our monitoring set-up.

The second data set was acquired at the Indian Astronomical
Observatory (IAO; Hanle, India) on 2018 October 14-15 and 2019
October 24-25, using the 2m telescope equipped with an E2V
CCD44-82-0-E93 detector (2048 x 4096 px; 0.296 arcsec px ).
Time-series photometry used a 310 x 310 px sub-array, while the
stacked reference image employed for the finding chart was built
from full-frame exposures, delivering a field of view of approxi-
mately 10.1 arcmin x 10.1 arcmin. Table 1 presents the observing
log, including the number of images, typical exposure times, and
the average seeing conditions.

2.2 Difference image analysis

The images were calibrated using standard bias subtraction and
flat-fielding. To obtain high-precision time-series photometry in
the crowded field of M71, we adopted DIA.

Data reduction was performed with the DANDIA? pipeline (D.
M. Bramich et al. 2013), which implements a discrete pixel array
to model the convolution kernel used to match the point-spread
function (PSF) between images of the same field (D. M. Bramich
2008).It has been done so. It is correct A comprehensive descrip-
tion of the method is provided by D. M. Bramich et al. (2011).

Briefly, a high signal-to-noise reference image is constructed
by stacking several best-seeing exposures. Each science image is
then convolved with a spatially varying kernel to match the PSF
and subtracted from the reference. The differential flux of each
star is measured on the resulting differential image, and the total
flux at epoch t is recovered as

Saiee (£)
p) ’

where fi is the reference flux (ADUs™1), fys(t) is the differ-
ential flux measured on the subtracted image at epoch ¢, and

ftot([) = fref +

@

2DANDIA is built from the DanIDL library of IDL routines: http://www.
danidl.co.uk.
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p(t) is the photometric scale factor (i.e. the integral of the kernel
solution over the PSF).
The instrumental magnitude at each epoch is then

Mins(t) = 25.0 — 2.5 logo[ fioe(1)]. (2)

where the additive constant sets the instrumental zero point. This
DIA workflow minimizes systematics due to PSF variations and
blending, enabling millimagnitude-level precision in crowded
fields.

2.3 Transformation to the standard system

Local standard stars in the field of M71 from the online collection
of P. B. Stetson (2000)® were used to transform our instrumental
vi magnitudes on to the Johnson-Kron-Cousins VI system. A
total of 208 and 143 local standards were employed to define the
transformation relations for Hanle and SPM, respectively.

We adopted linear colour equations derived by least-squares
fitting, including colour terms only when statistically signif-
icant. Using lower-case letters for instrumental magnitudes
and upper-case for standard magnitudes, the relations take the
form:

V=v+ay+ By (v—1i), 3
I=i+o+ B —1i), 4)

where ay; are zero points and By ; are colour coefficients. We
performed an iterative 20 and 3o clipping procedure based on
the residuals of the linear fits to ensure that the transformation
equations are not affected by outliers. In this process, stars deviat-
ing by more than 3¢ are removed, and the fit is recomputed until
convergence is achieved. The coefficients (with 1o uncertainties)
and the rms of the residuals are reported in the panels of Fig. 1.
These transformations were then applied to all instrumental light
curves. In Fig. 2, we show the photometric quality of our ob-
servations. At bright magnitudes (V < 14-15), the rms scatter
reaches a well-defined floor of < 0.01-0.02 mag, indicative of
high signal-to-noise measurements. Towards fainter magnitudes,
the rms increases gradually, following the expected behaviour
driven by photon noise. By V' & 18-20, the scatter rises to 2 0.05-
0.1 mag, marking the transition to the noise-limited regime at low
flux levels.

3 STELLAR MEMBERSHIP ANALYSIS

Because M71 lies close to the Galactic bulge, its CMD is signifi-
cantly affected by field interlopers (see Fig. 3). To mitigate this, we
performed a decontamination based on Gaia DR3 proper motions
(Gaia Collaboration 2023), following the two-stage procedure of
I. H. Bustos Fierro & J. H. Calder6n (2019).

In the first stage, we applied the BIRCH algorithm (T. Zhang,
R. Ramakrishnan & M. Livny 1996) in a four-dimensional space
defined by the gnomonic projection of the sky coordinates and
the two proper-motion components. This step clusters stars in
the four-dimensional parameter space. In the second stage, we
examined the projected spatial distribution of stars as a function
of proper motion, which allows us to flag likely cluster members
- including stars in the outskirts and those with relatively large
proper-motion dispersion.

3http://www3.cadc-ccda.hia-iha.nre-cnre.ge.ca/community/STETSON/
standards
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Figure 3. CMD of M71 from the Hanle data set used in this work. Left: V versus (V' — I). Right: I versus (V' — I). Both panels use the same photometric

sample after transformation to the standard system.
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Figure 4. Red and grey symbols mark likely cluster members and field stars, respectively, as determined in Section 3 from a cross-match between the
Gaia DR3 catalogue and our photometry. Left panel: Vector-point diagram (VPD) of the likely members in proper-motion space, referred to the cluster
motion p, cos§ = —3.412 +0.011 and s = —2.662 £ 0.011 (H. Baumgardt & E. Vasiliev 2021). Right panel: Decontaminated CMD of M71. Within our
FoV we find 6733 Gaia sources with measured proper motions, of which 3743 are likely cluster members.

Candidate members were then validated by requiring consis-
tency across three diagnostics: (i) their sky positions, (ii) their
locus in the vector-point diagram (VPD) of proper motions, and
(iii) their placement in the CMD, all compatible with a globular
cluster sequence. Finally, we cross-matched the validated mem-
bers with our photometric catalogue to assign the corresponding
Gaia DR3 proper motions (see Fig. 4).

After decontamination, the main CMD features become clearly
discernible. The main sequence spans 19.9 <V < 17.8 with a

MNRAS 549, 1-16 (2026)

turn-off at V' = 17.6. The CMD also shows a horizontal branch
at V = 14.5, predominantly on the red side (red clump), a well-
defined sub-giant and red-giant branches, and the characteristic
red bump atV = 14.9.

The membership analysis presented here is based on Gaia DR3
proper motions and therefore inherits the known limitations of
Gaia in the most crowded central regions of globular clusters.
In particular, source detection and astrometric quality may be
reduced towards the cluster centre, implying that some stars iden-
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Figure 5. Comparison between the original CMD from the Hanle observations used in this work (left) and the CMD after differential-reddening

correction (right).

Table 2. Best-fitting values of age, metallicity, colour excess, and absolute distance modulus obtained

from isochrone fitting.

Model Age [Fe/H] E(B-V) (m — M),
(Gyn) dex (mag) (mag)

+0.9 +0.13 +0.02 +0.06

DSED 12.9709 —0.887013 0.21+0:92 13.01.75:9

+0.7 +0.14 +0.01 40.05

BaSTI 13.9+07 —0.89+0:14 0.20799! 12.9670:05

tified through our DIA photometry may lack reliable Gaia coun-
terparts or may not be included in the Gaia-based membership
selection. Consequently, the membership analysis should not be
interpreted as a completeness assessment of the variable-star
census in the central region, but rather as the best membership
characterisation currently available for the sub-set of stars with
usable Gaia astrometry.

4 DIFFERENTIAL REDDENING CORRECTION

A major challenge in the study of this GC is the accurate determi-
nation of its interstellar reddening. Its reported value is E(B — V')
= 0.25 (W. E. Harris 1996), a consequence of its lower Galactic
latitude and proximity to the Galactic bulge. The evolutionary
sequences in the CMDs shown in Fig. 3 appear noticeably dis-
torted or broadened, suggesting that differential reddening may
be present. Quantifying this effect is essential as it can introduce
significant variations in the shape and positions of key charac-
teristics of the CMD, potentially leading to incorrect estimates of
distance, metal abundance, and age. Starting from the selection
of likely member stars derived in the previous section, and at a
fixed magnitude range (12.0 <V < 20.0) we divided the CMD
into magnitude bins of 0.5 mag, except at the level of the MS-
TO and SGB (16.5 < V < 19.0), where we used 0.15 mag bins to

obtain a finer sampling. For each magnitude bin, we computed
the 3o -clipped median values of the (V — I) colour and the V'
magnitude. These medians were interpolated to create a mean
ridge line (MRL), which is used as a reference for estimating the
geometric distance AX of each likely cluster member, projected
along the direction of the reddening vector. By assuming the
standard extinction coefficient Ry, = 3.1, this vector is defined by
the extinction coefficients Ry = 3.103 and R; = 1.857, obtained
from J. A. Cardelli, G. C. Clayton & J. S. Mathis (1989). For
each likely cluster member, we identified the n nearest reference
stars and computed the 3o -clipped median of their geometric
distances to the MRL, along the reddening vector. This median
value corresponds to the star’s assigned displacement AX, which
is transformed into the relative differential reddening sE(B — V')
by using

AX

VR + Ry —R?

To increase the spatial resolution we iteratively performed this
computation three times using the n = 60, 40, and 20 closest stars
to each likely cluster member. The differential variations of the
colour excess within the sampled field of view are significant,
ranging between —0.07 < E(B — V') < 0.09.

SE(B—V)= 5

MNRAS 549, 1-16 (2026)
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Table 3. Comparison of periods for variable stars in M71 reported in the CVSGC (P¢) and updated in this work (B,). The numbers in parenthesis

C. C. Cortés et al.

represent the uncertainty in the last decimal places.

IDc RA Dec. Vv I Epoch min. P 2% Ay Ap
(J2000) (J2000) mag mag 2450000.+ day day mag mag
V2 19:53:49.41 +18:44:26.79 11.87 9.53 8781.1682 200.
V3 19:53:49.34 +18:45:43.23 15.18 14.55 8782.0959 3.7908 0.707128 0.124 0.109
V5 19:53:54.00 +18:47:03.37 12.70 09.51 8782.2161 161.
P2 19:53:57.10 +18:45:46.98 17.70 16.64 8781.1682 0.367188 - 0.416 0.378
P3 19:53:50.84 +18:47:51.55 18.99 17.63 8406.2069 0.37386 0.370362 0.156 0.071
P4 19:53:48.98 +18:47:49.87 17.69 16.85 8407.1857 0.556154 0.555352 0.485 0.484
P5 19:53:34.28 +18:44:05.00 17.72 16.77 8407.1975 0.404380 0.405700 0.162 0.189
P6 19:53:47.97 +18:47:55.84 16.31 15.69 8406.2079 0.0500 0.053767 0.053 0.047
P7 19:53:48.37 +18:47:47.20 19.06 18.36 8782.1583 0.0582 0.079270
P9 19:53:48.61 +18:45:45.15 17.49 16.74 8782.1170 0.072603
P10 19:54:01.73 +18:47:18.32 15.35 14.59 8781.1247 0.76842 0.633149 0.366 0.363
P15 19:53:53.14 +18:52:23.65 18.28 17.20 8781.1734 0.358396 0.206 0.186
P16 19:53:58.96 +18:49:28.52 16.63 15.90 8781.1541 0.3970 0.371536 0.030 0.039
P17 19:54:00.25 +18:52:35.25 19.39 18.34 0.2745
P21 19:53:25.55 +18:51:17.39 16.14 15.07 8406.1894 0.353 0.359764 0.392 0.403
P22 19:53:48.67 +18:45:57.93 15.91 15.20 8407.1101 0.0500 0.115286

To determine whether the broadening of the observed CMD
is primarily caused by differential reddening, we quantified the
contribution from photometric uncertainties. We first selected a
sample of stars with rms values within 3o (< 0.17 mag) to mini-
mize the impact of poorly measured sources. Using this sample,
we constructed the CMD and divided it into bins of 0.5 magin V.
For each bin, we computed the 3o -clipped median colour and
magnitude to define representative centroids, which were then
interpolated to create the ridge line of the CMD. We focused
on the Main Sequence Turn-Off (MSTO) region (17.0 <V <
18.0), where the effects of differential reddening are expected to
be most pronounced. In this magnitude range, we measured a
colour dispersion relative to the ridge line of o ~ 0.11 mag,
while the typical photometric uncertainty is ophot &~ 0.05 mag
(10), corresponding to ~0.33 mag and ~0.15 mag at the 3o level,
respectively. After subtracting the photometric contribution, the
intrinsic dispersion remains oy ~ 0.11 mag. This indicates that
photometric uncertainties account for ~ 19 per cent of the total
variance, implying that the observed CMD broadening is dom-
inated by differential reddening. The impact of the differential
reddening correction on the CMD is illustrated in Fig. 5.

5 THE COLOR-MAGNITUDE DIAGRAM

5.1 Isochrone fitting

The decontamination of the CMD of M71 using stellar PMs de-
rived by Gaia DR3, along with the differential reddening correc-
tion described in the previous sections, allowed us to construct a
clean catalogue of likely cluster members. This refined sample is
ideally suited to carry out a tightly constrained photometric esti-
mation of the fundamental parameters of the cluster, including
absolute age, metallicity, distance modulus, and reddening. To
this end, we have used a Bayesian approach akin to that used by
M. Cadelano et al. (2020a, see also M. Cadelano et al. 2019, 2020b;
S. Saracino et al. 2019; D. Deras et al. 2023, 2024) which is based
on performing an isochrone fitting of the CMD derived from the
cleaned star catalogue. We performed the fit only on stars in the
magnitude range 15.5 <V < 19.0 covering the TO and the sub
giant branch (SGB), and just below the red giant branch (RGB)-
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bump, given that this region is the most sensitive to metallicity
and stellar age variations. The isochrones were acquired from
two data bases, namely the Dartmouth Stellar Evolution Database
(DSED) (A. Dotter et al. 2008),* and the Bag of Stellar Tracks
and Isochrones (BaSTI) (A. Pietrinferni et al. 2021).> For each
isochrone, we assumed a standard He content Y = 0.25, and
[oe/Fe] = 4+0.4, a typical value for bulge GCs. For each isochrone
data set, we created a grid spanning ages from 9.0 to 15.0 Gyr,
metallicities from [Fe/H] = —1.30 to [Fe/H] = —0.40, distance
moduli between 12.5 and 13.5, and reddening values between
0.1 and 0.5. For these parameters, we assumed a Gaussian priors
within their respective range of values. To find the best possible
fit, we compared our CMD to the isochrone grid using a Markov
chain Monte Carlo (MCMC) sampling technique, as detailed in
M. Cadelano et al. (2020a, see their section 4.2). To sample the
posterior probability distribution in the n-dimensional parameter
space, we used the EMCEE code (D. Foreman-Mackey et al. 2013,
2019). Temperature-dependent extinction coefficients from L.
Casagrande & D. A. VandenBerg (2014) were used when convert-
ing absolute magnitudes to the observed frame. For the redden-
ing, metallicity, and distance modulus, we adopted prior Gaus-
sian distributions centred at E(B — V') = 0.25 4 0.03 (W. E. Harris
1996), [Fe/H| = —0.82 £ 0.05 (E. Carretta et al. 2009), and DM =
13.01 £ 0.01 (F. Grundahl et al. 2002; H. Baumgardt & E. Vasiliev
2021), respectively. The left panels in Fig. 6 show the observed
CMD and the best-fitting isochrones with their 1o uncertainties
for each of the two adopted sets of theoretical models. At this
point, we emphasize that different stellar evolution models can
yield systematically different age estimates for globular clusters,
with discrepancies of up to ~1-2 Gyr depending on the adopted
input physics and chemical assumptions (e.g. G. A. Gontcharov,
M. Y. Khovritchev & A. V. Mosenkov 2020). Despite the 1 Gyr
offset in the absolute age, the best-fitting isochrones properly re-
produce the evolutionary sequences of our observed CMD, which
are consistent within their respective uncertainties. The one- and
two-dimensional posterior probabilities for all of the parameter
combinations are presented on the right panels as corner plots.

“http://stellar.dartmouth.edu/models/isolf_new.html
Shttp://basti-iac.oa-abruzzo.inaf.it/index.html
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Figure 6. Isochrone fitting of the M71 CMD corrected for differential reddening. Left: Best-fitting DSED (top) and BaSTI (bottom) isochrones (red) with
1o envelopes (orange). Right: Corner plots showing the one- and two-dimensional posterior projections for all fitted parameters (contours at 1o, 20, 30).

The best-fitting values and their uncertainties (based on the 16th,
50th, and 84th percentiles) are also summarized in Table 2.

6 CENSUS OF VARIABLE STARS IN M71

There is a large number of variable stars in the wider field of M71.
However, it can be argued on the basis of recent membership

approaches that many of them do not pertain to the cluster. The
census of variable stars in M71 has been notoriously confusing,
mainly due to the different nomenclatures used for the same
variables in the reports of new discoveries of variables in the field
(e.g. H. C. Arp & F. D. A. Hartwick 1971; P. J. C. Hodder et al.
1992; L. Yan & M. Mateo 1994; N.-K. Park & J. M. Nemec 2000;
S. M. Rucinski 2000; J. McCormac et al. 2014). The several lists
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Figure 7. Light curves of the previously reported variables listed in Table 3. For V2 and V5, the available data are shown as a function of epoch, since no
reliable period could be derived from our photometry. For the remaining stars, the light curves are phased with the adopted periods Py listed in column
8 of Table 3. In each panel, the upper and lower sub-panels correspond to the V- and I-band data, respectively. Hanle measurements are shown in dark
teal, while SPM measurements are plotted in black. For V3, the orbital solution from Y.-B. Jeon et al. (2006) is overplotted as a red line.

of variables and naming conventions have been clearly sorted
out in the notes for M71 of CVSGC, March 2012 edition (C. M.
Clementet al. 2001). In the end, C. M. Clement et al. (2001) list the
variables V1-V6 and P1-P23 as unequivocal in the N.-K. Park &
J. M. Nemec (2000) numbering system. In this paper, we will use
this list of variables as the starting point towards the updating of
the cluster member variables; we shall make an effort to measure
their light curves and argue on the possible cluster membership
status of each variable.

Due to the resolution of our images and the sky conditions dur-
ing the observations, we were unable to resolve the light curves of
some variables in the central regions of the cluster or in very tight
star groups. In Table 3, we list the stars that we could measure and
their light curve properties. Their light curves are displayed in
Fig. 7. Given their time baseline, cadence, and/or signal-to-noise,
the periods and amplitudes of three variable stars in the CVSGC
(V2, V5, and P17) could not be estimated and/or refined with the

MNRAS 549, 1-16 (2026)

data used in this work. No evident variation is seen in the light
curve of P9, and a very mild suggestion of variability is detected
in V for P7 and P22. These stars are faint and are located in the
very central region of the cluster. In the Sy, string-length statistic
diagram of Fig. 8 (see Section 6.2), these three stars have large Sq
indices, i.e. a long string-length value, meaning a very unlikely
variability. We conclude that with our present photometry we are
unable to confirm the variability of P9. We recover low-amplitude
variation in P7 at a level comparable to that reported by P. J. C.
Hodder et al. (1992). We refer the reader to the individual notes
on these three stars contained in Appendix A. Nevertheless, not
all these variables are cluster members. For each star, we have
indicated the membership status assigned following two inde-
pendent approaches: (a) from the method of I. H. Bustos Fierro &
J. H. Calderén (2019) described in Section 3 and (b) from the
membership code listed in the CVSGC from the analysis of Z.
Prudil & A. Arellano Ferro (2024). For those cluster member stars
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Figure 8. Minimum string-length statistic Sp for stars with V-band
time series. The dashed line marks the empirical detection threshold at
S = 0.4. Trial periods were scanned within Py, = 0.01 , Ppax = 0.80,
and AP = 107 d. All point sources measured in this work are shown as
grey open circles; previously known variables from the CVSGC are plotted
in turquoise, new detections from the string-length method in coral, and
those identified through the median-based screening in yellow.

presently listed with the prefix ‘P’, we suggest numbering them
using a prefix V', following the numbering system used in the
CVSGC.

In the images from Hanle Observatory, we were able to mea-
sure 7327 point sources in the field of view (FoV).done Then, we
performed a systematic search for variability to discover new vari-
ables or compare them with previous detections in the literature.
We proceeded as described below.

We cross-matched our sample with the CVSGC (Section 6.1),
and refined the periods where warranted. In addition, we con-
ducted a two-pronged search for variability on all stellar sources
detected within our field of view: (i) a periodogram-free phase-
ordering approach based on the string-length statistic S, (Section
6.2), and (ii) a robust intersite consistency screen, comparing
Hanle and SPM time series (Section 6.3).

6.1 Cross-match with previously reported variables

We cross-matched our sample with the CVSGC. For M71, the
catalogue lists 29 entries spanning SX Phe, eclipsing systems,
and long-period variables. Using our time-series photometry,
we refined the periods for 10 of these previously known vari-
ables and redefined their classifications. The adopted values
are reported in Table 3, and the corresponding phase-folded VI
light curves are shown in Fig. 7, where dark teal points rep-
resent the Hanle data and black points correspond to the SPM
observations.

Final periods were refined using the Phase Dispersion Mini-
mization (PDM; R. F. Stellingwerf 1978) algorithm, implemented
through the PYASTRONOMY package.® This method identifies the
true period as the minimum of the phase-dispersion statistic
within the explored frequency range. Each light curve was then
phased with the adopted period to verify the coherence of the
modulation in both filters. Period uncertainties were estimated

Shttps://github.com/sczesla/PyAstronomy
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using the generalised Lomb-Scargle (GLS; M. Zechmeister &
M. Kiirster 2009a) periodogram, also computed via PYASTRON-
OMY, by scanning a narrow window around the PDM solution
and adopting the period error provided by the GLS when both
methods converged to the same value. This approach follows the
procedure described by C. C. Cortés et al. (2023).

6.2 String-length method

We identified 15 candidate variable stars using the string-length
method (J. Burke, W. W. Rolland & W. R. Boy 1970; M. M. Dworet-
sky 1983), applied independently to the V- and I-band time series.
For each source, the light curve was phase-folded over a dense
grid of trial periods defined within Py, = 0.01 and Py, = 0.80
d, with a step size of AP =1 x 107° d. At each trial period, we
computed the string-length statistic S, by ordering the measure-
ments by phase and summing the normalized lengths of the con-
secutive segments joining adjacent points, including the closure
across phase 1. The true period corresponds to the minimum
So value, reflecting the highest phase coherence in the folded
light curve. This approach is particularly effective for detecting
non-sinusoidal variations, such as those exhibited by SX Phe, §
Sct, and EW/EA systems, where Fourier-based periodograms can
be less sensitive. We adopted an empirical detection threshold
of So = 0.4, below which candidates were visually inspected to
confirm phase coherence and consistency across both filters. The
distribution of minimum S, values and the adopted threshold are
illustrated in Fig. 8, where all sources detected in this work are
shown as gray open circles. Detected previously known variables
from the CVSGC are marked in turquoise, the 15 variables iden-
tified with the string-length method are shown in coral, and 6
stars detected through the median-based screening method (see
Section 6.3) are displayed in yellow.

The general information of the 15 detected candidate variable
stars, named C1-C15, is summarised in Table 4 and their light
curves are displayed in Fig. 9. The columns are as follows: (1)
internal identification number; (2-3) right ascension and declina-
tion (J2000.0) from Gaia DR3; (4-5) mean standard magnitudes
V and I; (6) ‘Epoch min’. denotes the epoch of minimum light
adopted for the phase-folded light curves; (7) refined period; and
(8-9) peak-to-peak amplitudes in the V' and I bands, respectively.
Phase-folded light curves for the 15 string-length detections are
shown in Fig. 9.

6.3 Median-based inter-site variability screen method

To complement the string-length search, we performed a median-
based site-to-site consistency test designed to expose low-
amplitude variables by comparing robust location estimates be-
tween the Hanle and SPM campaigns. Because the Hanle data
comprise two well-separated runs, each Hanle light curve was
split into two temporal groups (G1, G2) using a one-dimensional
k-means clustering on the observation times. For each group, and
for SPM, we computed the median magnitude 1 in V and I after
iterative clipping based on the median absolute deviation (MAD),
using the standard scaling MAD x 1.4826 to approximate Gaus-
sian o (e.g. P. J. Rousseeuw & C. Croux 1993).

From these medians we formed (i) the absolute inter-site off-
sets per group, |AVei| = [Vsem — Vitante.c1ls |AVa2l, 1A, and
|Alg,|; (ii) the internal Hanle consistency metrics |AViyanie| =
[Viante.c2 — Vitante.c1] and | Aliane|; and (iii) the effective sample
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Table 4. Variables detected in the field of M71 (see Sections 6.2 and 6.3).

D RA Dec. Vv 1 Epoch min. 2% Ay Ap
(J2000) (J2000) (mag) (mag) 2450000. + (day) (mag) (mag)
C1 19:53:46.92 +18:44:35.36 18.03 17.26 8406.1351 0.163327 0.229 0.155
C2 19:53:49.08 +18:44:33.69 18.56 17.41 8406.1623 0.190200 0.141 0.242
C3 19:53:50.26 +18:48:54.27 16.02 15.09 8406.0623 0.201756 0.042 0.060
C4 19:53:50.31 +18:48:41.64 16.68 15.39 8406.1963 0.231669 0.038 0.038
C5 19:53:50.67 +18:48:47.73 15.21 13.99 8406.1593 0.199206 0.034 0.032
Cé6 19:53:51.20 +18:48:30.96 14.30 12.95 8406.1640 0.346422 0.032 0.036
C7 19:53:51.48 +18:46:00.57 17.85 16.87 8405.9450 0.285495 0.315 0.332
C8 19:53:52.15 +18:45:47.92 14.96 13.70 8406.1496 0.164935 0.020 0.015
C9 19:53:53.15 +18:47:10.38 17.42 16.57 8406.1620 0.240929 0.0579 0.153
C10 19:53:53.63 +18:44:10.10 14.62 13.31 8406.3557 0.911779 0.036 0.066
Cl11 19:53:53.83 +18:46:14.28 16.27 15.08 8406.2264 0.367880 0.042 0.049
C12 19:53:55.35 +18:47:24.74 14.87 13.60 8405.9796 0.381886 0.024 0.026
C13 19:53:56.53 +18:47:11.70 14.34 12.98 8406.0905 0.263071 0.018 0.031
C14 19:53:56.91 +18:47:20.76 15.23 14.28 8405.9105 0.406560 0.022 0.035
C15 19:54:03.81 +18:49:53.79 18.31 17.57 8406.1405 0.199353 0.557 0.328
C16 19:53:35.42 +18:45:00.70 18.40 16.81 8406.2552 0.566049 0.106 0.075
C17 19:53:42.70 +18:45:58.15 18.36 17.31 8406.1796 0.19056 0.242 0.196
C18 19:53:45.44 +18:45:28.57 17.21 16.43 8406.2290 0.326517 0.059 0.088
C19 19:53:46.84 +18:46:59.97 17.07 16.48 8406.1798 0.321780 0.057 0.090
C20 19:53:49.37 +18:48:00.38 18.04 17.16 8405.9377 0.374476 0.105 0.104
C21 19:54:01.45 +18:43:17.38 17.76 16.85 8406.1096 0.324253 0.111 0.099

sizes after clipping. A source was provisionally flagged as a robust-
screen candidate when at least one SPM-Hanle median difference
exceeded an empirical threshold of 0.05 mag, and - optionally —
when the internal Hanle median difference exceeded an indepen-
dent control threshold.

To ensure the reliability of the detected periodic signals, we
followed the combined GLS + PDM procedure described by C.
C. Cortés et al. (2023). The period of each candidate was first
determined using the PDM and subsequently validated with the
GLS. Both techniques yielded consistent results within their for-
mal uncertainties. Period and amplitude errors were estimated
from the GLS fits, following the same procedure adopted for the
CVSGC variables in Section 6.1. As an additional statistical filter,
only candidates displaying a significant GLS peak above the 0.1
per cent false-alarm probability (FAP) level in bothV and I bands
were retained. The FAP quantifies the probability that a detected
periodicity arises purely from random noise rather than from a
genuine signal; thus, the adopted 0.1 per cent threshold corre-
sponds to a confidence level greater than 99.9 per cent, ensuring
that all accepted detections are statistically robust (M. Zechmeis-
ter & M. Kiirster 2009).

The final stage of verification consisted of a visual inspection
of the phase-folded light curves. Each candidate was examined to
confirm that its morphology was consistent with genuine stellar
variability, such as coherent periodic modulation, smooth am-
plitude changes, and reproducibility across both filters. Through
this multistage filtering process, we identified six candidate vari-
able stars that meet all criteria. We have named these stars C16-
C21. Their general properties - coordinates, photometry, periods,
amplitudes, and membership flags — are listed in Table 4, while
their phase-folded V' and I light curves are shown in Fig. 10,
where the dark teal points correspond to the Hanle data and the
black points to the SPM observations.

We note that the median-based inter-site screening method did
recover several variable stars previously reported in the CVSGC,
as well as some objects already identified through the string-
length analysis. However, since these variables were indepen-
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dently detected by other approaches within this work and to
avoid duplication in the variable-star census, we report here
only those sources that constitute independent detections of the
median-based method. In addition, we retain exclusively the can-
didates that satisfy the adopted statistical significance require-
ment, namely a GLS FAP below the imposed threshold. Con-
sequently, the six stars presented in this section represent new
variables not previously reported by the preceding methods and
define the specific contribution of this procedure to the overall
census of variable stars in the field of M71.

6.4 Variable types

For each variable listed in Tables 3 and 4, its position in the CMD,
period, and light curve morphology may, in most cases, suggest
its variable type. In Table 5, we summarize the membership sta-
tus and, when possible, the likely variable type of all variables
detected in the field of M71. On the left side of the table, we list
the known variables and their types as given in the CVSGC. On
the right side, we include the newly identified variables (C1-C21)
and five Mc stars that were announced as variables by J. McCor-
mac et al. (2014) and that, apparently, are cluster members. A
cross-check with Gaia DR3 shows that none of the 21 variable
candidates identified in this work is flagged as a variable source
there.

C7 and C17 correspond to the variables V0467 Sge and V0456
Sge previously reported by C. L. Watson, A. A. Henden & A. Price
(2006), and to Mc27 and Mc29 in J. McCormac et al. (2014), re-
spectively. These stars are therefore considered previously known
variables. Their phased light curves, together with the periods
reported by J. McCormac et al. (2014) and C. L. Watson et al.
(2006), are presented in Figs 11 and 12, respectively. In both cases,
our adopted periods provide a more consistent phased represen-
tation of the variability in our data, and are therefore preferred
as refined period estimates. However, we did not detect clear
variability for stars Mc26 and Mc30 in our photometry.
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Figure 9. Phase-folded V (top) and I (bottom) light curves for the variables identified with the string-length method. Adopted periods and amplitudes

are those reported in Table 4. The colour code is as in Fig. 7.

Some of the stars marked with *?” in Table 5 show periods, am-
plitudes, and light-curve morphologies that do not allow a secure
classification into any classical variability type. Similar cases have
been reported in recent GC studies (C. C. Cortés et al. 2023, 2026).
We therefore regard these objects as stars whose variability type
remains unresolved.

The variable types assigned in Table 5 for these stars are dis-
cussed in this section. Although the position of a star in the CMD,
its period, and its light-curve morphology may in most cases sug-
gest its variable type, special attention is given to the RRc and
SX candidates through the log P-amplitude and log P-Wesenheit
relations, respectively, as described below.

Due to their period and light-curve morphology, seven stars are
considered possible RRc stars (P16, C4, C6, C18, C19, C20, and
C21). Their position in the log P-Amplitude diagrams, both in the
V and I bands, follows the expected distribution of RRc stars of
the Oo I type (figure not shown). None of these stars are cluster
members but are instead background stars, as can also be noted
from their position in the CMD, well below the HB region.

For the SX Phe candidates, i.e. stars with P < 0.2 d, we ap-
proached the discussion of their nature from their positions in
the log P versus Wesenheit index plane. The reddening-free We-
senheit index is defined as

W' =r—Ru(r —i)

with R,; = 4.051 (B. F. Madore & W. L. Freedman 1991). In the VI
bands, the index takes the form

W=V —Ryi(V -1)

with Ry; = 2.217 (C.-C. Ngeow et al. 2022; see their table 4.)

We therefore used the gri photometry of SX Phe stars in GCs
from table 1 of C.-C. Ngeow et al. (2023) and converted it into V'
and I magnitudes employing the transformation equations from
J. L. Tonry et al. (2012) (see their table 6), for 34 stars with i-
band photometry available, and calculated their W"!. Then, the
absolute magnitude of this Wesenheit index was obtained via
My = WVT — 5logD + 5. The distances of the host cluster were
taken from H. Baumgardt & E. Vasiliev (2021).
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Table 5. Census of Variable stars in the field of M71.

ID New memb memb Type ID New memb memb Type
name B&C P&AF name B&C P&AF
V2 m m SR | C1 f - SX?
V3 m m EB | C2 V12 m - Bin:
V5 m m SR | c3¢ V13 f/m - SX Phe
P2 v7 f m EwW | C4 f/m - RRc?
P3 V8 f m EW | C5 V14 m - SX Phe
P4 V9 m m EA | Cé6 V15 m - RRc?
P5 f f EW | C7 (Mc27Y) V16 m - EB
P6 V10 m m SX Phe | C8 V17 m - SX Phe
P7 f u SX? | C9 V18 m - ?
P9 Vi1 m m SX? | C10 f - EA
P10 f f EW | C11 f - ?
P15 f f EB? | C12 V19 m - EwW
P16“ f f RRc? | C13 f - ?
P17 f f EB | C14 f - EwW?
P21 f f EW | C15 f - SX?
p22¢ f f SX Phe | C16 f - ?
- - - - - | C17 (Mc29 ) f - SX?
- - - - - | C18 f - RRc?
- - - - - | C19 f - RRc?
- - - - - | C20 f - RRc?
- - - - - | c21 f - RRc?
- - - - - | Mc25 b m -
- - - - - | Mc26° m - var?
- - - - - | Mc30° m - var?
- - - - - | Mc37° m -
- - - - - | Mc39° m -

Notes.  New possible classification. C3 and P22 are likely cluster members according to the PW analysis shown in Fig. 13. Likewise, C5 and C8 are
probably not cluster members after their position in the PW diagram.

b Variable stars according to J. McCormac et al. (2014), where these objects are listed as v25, v26, v27, v29, v30, v37, and v39. In particular, C7 and C17
correspond to Mc27 and Mc29, respectively. We did not confirm the variability of v26 (Mc26) and V30 (Mc30). See Appendix A for further comments.
: Uncertain variable type classification.
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Figure 11. Phased light curves folded with the periods reported by J.
McCormac et al. (2014). The variables shown in this figure include stars
identified by those authors as likely cluster members, together with C17,
which is classified here as a non-member according to the membership
analysis described in Section 3. Mc27 and Mc29 from J. McCormac et al.
(2014) correspond to our sources C7 and C17, respectively.

In the same way, we calculated the My reddening-free abso-
lute magnitude for the candidate SX Phe stars by adopting the
distance modulus 13.01 for M71 (H. Baumgardt & E. Vasiliev
2021). In Fig. 13, the small cyan points represent the SX Phe
sample from C.-C. Ngeow et al. (2023). The periods of all SX Phe
pulsating in the first or second overtone were fundamentalized
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Figure 13. Extinction-free PW relation for SX Phe stars in the VI bands.
Small magenta points represent a sample of 34 SX Phe from table 1 of C.-
C. Ngeow et al. (2023). Circled point is V33 in NGC 6341, not included in
the fit and noted as an outlier by C.-C. Ngeow et al. (2023). The black line
fit and extrapolation to log P = —0.8 (P = 2d), is represented by M}, =
—2.815(£0.226)log P — 1.334(40.294); rms = 0.159. Blue lines are the 30
boundaries of the dispersion. This suggests P6, P22 and probably P9 as SX
Phe stars. P7 is not an SX Phe. See Section 6.4 for a discussion.

using the ratios 10/Pr = 0.783 and 20/Pr = 0.571 (A. Arellano
Ferro et al. 2011). The linear fit M}/ = —2.815 (£0.226) logP —
1.334(£0.294); rms = 0.159 mag represents a new extinction-free
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Figure 12. Phased light curves of C7 (V0467 Sge) and C17 (V0456 Sge) folded with the periods reported by C. L. Watson et al. (2006). In that work,
V0467 Sge was classified as a  Dor star with a period of 0.779270 d, whereas V0456 Sge was classified as an SX Phe star with a period of 0.190207 d.
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PW relation for the VI-bands for SX Phe stars, not included in the
work of C.-C. Ngeow et al. (2023).

This exercise confirms P6 as a true SX Phe star, consistent with
the classification by N.-K. Park & J. M. Nemec (2000) and also
identifies the new variables C5 and C8 as cluster member SX Phe
stars.

At this point, we would like to recall that J. McCormac et al.
(2014) reported 17 new variables, which they numbered v24-
40. These stars were not included in the CVSGC because they
were considered probably field stars. However, in the member-
ship analysis of Section 3 stars v25, v26, v27, v30, v37, and v39
were found to be likely cluster members. To avoid confusion
with the naming system employed in the CVSGC, we retained
these stars as Mc25, Mc26, Mc27, Mc30, Mc37, and Mc39 in
Table 5. In Fig. 11, we show the phase-folded light curves of
these variables using the periods derived by J. McCormac et al.
(2014). We did not confirm the variability of v26 and v30 in our
photometry.

As before, for those stars that are likely members, we sug-
gest numbering them according to the CVSGC convention, i.e.
with a prefix V. These suggested names are given in columns
2 and 7 of Table 5. In conclusion, Table 5 contains those vari-
able stars in the field of M71, and flags those that very likely
pertain to the cluster, and therefore represent the census of the
variable stars in M71. In Fig. 14, we display all variables on the
cluster CMD, and their sky positions on the finding chart in
Fig. 15.

7 CONCLUSIONS

In this work, we present a photometric study of the GC M71
(NGC 6838) based on time-series observations in the V and I
bands, obtained during two independent observing campaigns
carried out at the San Pedro Martir Observatory and the Indian
Astronomical Observatory. Cluster membership was established
using Gaia DR3 proper motions, by identifying the population
associated with M71 in proper-motion space and validating the
selection through its spatial distribution and its consistency with
the evolutionary sequences in the CMD. In addition, a differential
reddening correction was applied to improve the definition of the
cluster’s evolutionary sequences. This combination of criteria al-
lowed us to construct a cleaned CMD, suitable for estimating the
fundamental cluster parameters through theoretical isochrone
fitting

Based on the cleaned CMD, the fundamental parameters of
M71 were estimated through theoretical isochrone fitting using a
Bayesian approach. The derived age, metallicity, mean reddening,
and distance modulus are consistent, within their uncertainties,
with previous determinations based on photometric and spec-
troscopic studies. These results confirm that M71 is a relatively
young and metal-rich GC and further support its association with
the Galactic disc population.

In the analysis of stellar variability, an updated census of vari-
able stars in the field of M71 was constructed using a com-
plementary methodological strategy. The search combined a
periodogram-free approach based on the string-length statistic,
refined through phase-dispersion minimization, with an inde-
pendent screening grounded on the inter-site consistency of ro-
bust medians and subject to a strict statistical significance crite-
rion. As a result, periods and classifications of previously reported
variables were refined, and 21 new variable stars were identified,
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Figure 14. Dereddened CMD of M71 showing the positions of previ-
ously known and newly identified variable stars. Filled circles represent
stars classified as cluster members, while open circles denote likely field
stars. Red circles mark the variables listed in the Clement catalogue, and
green circles indicate those discovered by J. McCormac et al. (2014) that
we identified as cluster members and have labelled with the prefix ‘Mc’.
Blue circles show the new candidate variables identified in this study.
Note that our sources C7 and C17 correspond to Mc27 and Mc29 from J.
McCormac et al. (2014), respectively. Also note that, given the scale of the
plot and the marker sizes, some stars may appear to overlap. For clarity
in the visualization, the positions of stars V2 and V5 have been artificially
shifted towards the blue. Their original dereddened colours are indicated
in the labels. See Section 6 for details.

representing independent detections of the applied methods and
significantly expanding the census of variables in the cluster field.

The classification of the variable stars was based on the mor-
phology of their light curves, the derived periods, and their
location in the CMD, which allowed us to identify predomi-
nantly eclipsing binary systems and short-period pulsating stars.
In the case of the SX Phoenicis candidates, their position in
the period-Wesenheit relation was analysed using the adopted
cluster distance modulus and reddening. This analysis enabled
us to discriminate between cluster members and field stars,
to confirm the nature of some previously reported variables,
and to establish new SX Phoenicis stars as bona fide members
of M71.
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Figure 15. Identification chart of the variable stars in the field of M71. The left panel is approximately 10.0 arcsec x 10.0 arcsec. The panel to the right
is an expansion of the central region of the cluster and it is about 5.0 arcsec x 5.0 arcsec. Stars labelled in black are known variables listed in the CVSGC.
Those labelled in white are candidate variables reported in this work (C1-C21) and six variables from J. McCormac et al. (2014) that we found to be likely
cluster members and have been identified with the prefix ‘Mc’. See Section 6 for a discussion.
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APPENDIX A: DISCUSSION ON INDIVIDUAL
STARS

V3 (QU Sge). This EB star was reported with a period of 3.7907
d by H. Sawyer Hogg (1973). The star was further studied by Y.-B.
Jeon et al. (2006) who found that one of the components is an SX
Phe variable. Our observations cover only a small portion of the
light curve as shown in Fig. 7 where we have sketched the orbital
solution from Y.-B. Jeon et al. (2006).

P2 and P3. These two eclipsing binaries of the EW type were
found to be cluster members by the analyses of E. Vasiliev &
H. Baumgardt (2021) and Z. Prudil & A. Arellano Ferro (2024)

but were labelled as field stars by our analysis described in
Section 3.

P7. The variability of this faint star was announced by P. J.
C. Hodder et al. (1992) based on a 6-h time span light curve,
well phased with a period of 0.0582 d. It was considered a field
dwarf Cepheid. However, its location in the Blue Straggler region
led N.-K. Park & J. M. Nemec (2000) to suggest that it is an SX
Phe star. These authors were unable to provide new photome-
try. Our more numerous data set and considerably larger time
span data suggest P = 0.07927 d resulting into an equivalent
variation to the one found by P. J. C. Hodder et al. (1992) in
spite of having more scatter. We found the star to be likely a
field star. The star could not be identified by J. McCormac et al.
(2014).

P9. It was reported as variable, probably of the SX Phe type,
due to its position in the Blue Straggler region, by N.-K. Park & J.
M. Nemec (2000). Its period could not be determined. Only small
fractions of a noisy light curve were attained. In our photometry,
we were also unable to confirm the variability and hence the
nature of this faint star, that according to our analysis is, however,
a cluster member. No light curve was measured by J. McCormac
et al. (2014).

P22. Although the star was retained as variable in the CVSGC,
due to its variability on a time span of 7 h on a single night (N.-
K. Park & J. M. Nemec 2000), its variability was doubted by N.-
K. Park & J. M. Nemec (2000). It is often referred to as a low
amplitude SX Phe star. We detected a mild variation with a period
of 0.115286 d. Its position on the extinction-free PW relation for
SX Phe (see Fig. 13) suggests the star to be an SX Phe member of
the cluster.

Mc25,Mc26,Mc27,Mc30,Mc37,and Mc39. These stars were
reported by J. McCormac et al. (2014) as variable stars with the
names v25, v26, v27, v30, v37, and v39. They were found to be
likely cluster members in our analysis of Section 3, however we
could not confirm the variability of v26 and v30. Our stars C7 and
C17 correspond to Mc27 and Mc29, respectively. J. McCormac et
al. (2014) reported periods of 3.5582 d and 0.190207 d, respec-
tively, and classified these stars as y Dor and SX Phe, respectively.
Both stars were measured in our data set from Hanle where our
4 nights data are not sufficient to explore a period of ~ 3 d in the
case of C7. We found, however, that 0.285495 d represents well
the variation in our data. Further photometry would be necessary
to settle the period and variable type of C7. For the case of C17 we
confirm the period 0.190207 d and consider this star as a field SX
Phe star.
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