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SUMMARY: Photometric observations in g′ and i′ bands of the newly-discovered W UMa stars
WISEJ004327.7+722407 and WISEJ234557.8+510456 are presented. The two targets are with
shallow-contact configurations and their components are of G–K spectral type. We found that
WISEJ004327.7+722407 is of A subtype while WISEJ234557.8+510456 is of W subtype. The dif-
ferent light levels at the quadratures were reproduced by cool spots on the bigger components. The
procedure for calculation of the global parameters of eclipsing binaries by light curve solutions and
GAIA distances was refined for stars with deep eclipses. The obtained global parameters reveal that
at least one of the components of WISEJ004327.7+722407 and WISEJ234557.8+510456 is oversized,
overluminous and too hot compared with an MS star with the same mass.
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1. INTRODUCTION

The Wide-field Infrared Survey Explorer (WISE,
Wright et al. 2010), a NASA 40 cm space telescope,
performed an all-sky astronomical survey over ten
months followed by a four-month mission extension
NEOWISE (Mainzer et al. 2011).

The AllWISE program combined data from all
WISE and NEOWISE survey and created a Source
Catalog containing 4-band fluxes and apparent mo-
tion measurements for over 747 million objects (Cutri
et al. 2013). As a result, variability of numerous stars
was established. Many of them are of W UMa type
because these (over)contact binaries have short peri-
ods and are widespread (around 95 % of eclipsing bi-
nary variables in the solar neighborhood are W UMa
stars, according to Berdyugina 2005). Thus AllWISE
increased considerably the number of the known W
UMa stars. The precise follow-up photometry and
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modeling together with the GAIA distances (Bailer-
Jones et al. 2018) provides a possibility for determi-
nation of their global parameters (Kjurkchieva et al.
2019b).

This paper presents such follow-up photom-
etry and modeling of the newly-discovered W
UMa stars WISEJ004327.7+722407 (further
WISE 0043+72) and WISEJ234557.8+510456
(further WISE 2345+51).

2. OBSERVATIONS AND DATA
REDUCTION

Table 1 presents equatorial (RA and Dec) and
galactic (b and l) coordinates of the targets as well as
the available information about their light variability
from the AAVSO database VSX (period, magnitudes
and light amplitudes).

Our observations were carried out with the 40 cm
telescope of the Shumen Astronomical Observatory
(Kjurkchieva et al. 2020) equipped with CCD camera
FLI PL09000 (3056 × 3056 pixels, 12 × 12 µm/pixel).
Table 2 presents log of the target observations in
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Table 1: Equatorial and galactic coordinates of the targets and information about their light variability.

Target RA Dec b l Period Mag Ampl Reference
[d]

WISE 0043+72 00 43 27.79 +72 24 08.0 9.5 122 0.3141305 12.387(W1) 0.675 Chen et al. 2018
WISE 2345+51 23 45 57.86 +51 04 56.5 -10.5 112 0.3017877 13.116(W1) 0.542 Chen et al. 2018

Table 2: Log of photometric observations.

Target UT Date Exposures (g′, i′) Number (g′, i′) Mean error (g′, i′)
[s] [mag]

WISE 0043+72 2019 Sept 22 120, 60 132, 132 0.005, 0.008
WISE 2345+51 2019 Sept 21 180, 120 90, 90 0.005, 0.006

Table 3: Coordinates and magnitudes of comparison stars.

Label RA Dec 2MASS ID i′ g′

WISE 0043+72
St1 00 42 51.0 +72 23 02.9 00425102+7223029 14.600 16.405
St2 00 43 21.2 +72 21 45.5 00432124+7221455 14.725 16.554
St3 00 42 47.3 +72 25 55.6 00424730+7225556 14.179 16.044
St4 00 43 16.8 +72 19 32.2 00431676+7219322 14.911 17.036
St5 00 44 11.3 +72 24 45.4 00441130+7224453 13.633 14.876
St6 00 44 14.5 +72 21 34.7 00441451+7221347 14.267 16.813
St7 00 43 59.0 +72 20 07.3 00435903+7220073 14.468 17.227
St8 00 43 50.9 +72 27 00.0 00435091+7226599 13.190 14.571
St9 00 43 13.7 +72 28 23.1 00431368+7228231 13.659 15.039

WISE 2345+51
St1 23 45 59.6 +51 05 48.1 23455960+5105480 14.664 15.369
St2 23 45 53.1 +51 06 07.1 23455312+5106070 13.698 14.436
St3 23 45 46.0 +51 04 03.5 23454601+5104034 14.011 14.899
St4 23 45 33.9 +51 07 13.7 23453390+5107136 13.174 14.529
St5 23 45 33.0 +51 05 43.3 23453300+5105432 13.226 14.563
St6 23 46 13.2 +51 03 21.5 23461323+5103214 12.933 13.555
St7 23 46 11.1 +51 06 15.4 23461111+5106153 12.395 13.173
St8 23 46 07.8 +51 02 29.4 23460779+5102293 15.035 15.814
St9 23 45 22.0 +51 04 06.4 23452196+5104064 14.845 15.427

Table 4: Target temperatures.

Target Tg′−i′ Tder
g′−i′ TG Tder

J−K Tm

WISE 0043+72 3800 4450 3810 4700 4600
WISE 2345+51 5040 5660 4950 5140 5400

Sloan g′ and i′ filters. The standard procedure was
used for calibration of the images (de-biasing and
flat-fielding) by the software MaxImDL. The ensem-
ble photometry was performed with comparison stars
(Table 3) whose magnitudes were taken from the cat-
alogue APASS DR9 (Henden et al. 2016). The ob-
tained data, phased using the periods from Table 1,
are shown in Fig. 1 (the initial epoch was determined
by light curve fitting).

3. MODELING

The photometric data were analyzed using the
PHOEBE code (Prša and Zwitter 2005) by the pro-
cedure described in Kjurkchieva et al. (2017).

Before the fitting procedure, we had to determine
the binary temperature. Due to lack of LAMOST
data for any of the targets, we used, photometric
method for temperature estimation that is based on

measurement of the de-reddened magnitudes through
two filters and on empirical relations ”temperature –
color index”. The interstellar reddening of our tar-
gets with small galactic latitudes was estimated by
the procedure described in Kjurkchieva et al. (2019a).

Table 4 shows the temperature values obtained by
different ways: Tg′−i′ is determined using our index
(g′ − i′) at quadratures and relation of Covey et al.
(2007); T der

g′−i′ is the calculated value after deredden-

ing of the measured index (g′ − i′); TG is the GAIA
DR2 temperature (Gaia Collaboration, Brown et al.
2018). It is not surprising that TG ' Tg−i because the
GAIA data do not take into account the reddening;
T der
J−K is determined using the 2MASS index (J −K)

after dereddening and relation of Cox (2000). The
last column exhibits the adopted target temperature
Tm that is approximately equal to the average value
of T der

g−i and T der
J−K .

During the fitting procedure we fixed the primary
temperature to T1 = Tm. The fitted parameters were:
the initial epoch T0, secondary temperature T2, or-
bital inclination i, mass ratio q and potential Ω. We
adopted the linear limb-darkening law whose coeffi-
cients were updated for each temperature and color
according to the tables of van Hamme (1993). The
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Table 5: Values of the fitted parameters.

Target T0-2450000 Ω q i T1 T2 β λ α κ
[HJD] [◦] [K] [K] [◦] [◦] [◦]

WISE 0043+72 6925.471370(55) 3.409(1) 0.830(1) 98.1(1) 4660 4521(11) 70(1) 270(1) 10.0(1) 0.88(1)
WISE 2345+51 6925.302192(61) 4.862(6) 1.777(5) 76.6(1) 5510 5327(13) 70(1) 270(1) 15.0(1) 0.88(1)

light curve distortions were reproduced by cool spots
whose parameters, the latitude β, longitude λ, angu-
lar size α, and temperature factor κ = Tsp/Tst (Tsp

and Tst are the temperatures of the spot and corre-
sponding star), were also adjusted.

In the absence of spectroscopic elements, we used
the q-search method to constrain the mass ratio and
to limit the ambiguity of the light curve solutions
(Rucinski 2001, Terrell and Wilson 2005). For this
aim, we searched for the best light curve solution for
fixed q values in the range [0.1, 10.0] while simultane-
ously varying Ω (in the corresponding range [Ω(L2),
Ω(L1)]), T2 (freely) and i (freely). Fig. 2 exhibits the
results of this q-search procedure. The q-value that
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Fig. 1: Top of each panel: folded light curves of the

targets and their fits; Bottom: corresponding residuals,

shifted vertically to save space.
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Fig. 2: The values of χ2 for the best-fitting solutions
obtained for fixed q values and simultaneously varying Ω,
T2 and i.

produced the best-fitting model served as the input
one for the final procedure of varying of all parame-
ters.

The component temperatures of the best-fitting
solution were adjusted around the value Tm to obtain
the final values T1,2 using the formulae of Kjurkchieva
and Vasileva (2015).

Table 5 shows the values of the fitted parameters
corresponding to the best fits. Their synthetic light
curves are shown in Fig. 1 as continuous lines. Fig.
3 exhibits the 3D configurations of the targets.

Table 6 reveals the calculated parameters: the
volume-averaged component radii ri (in units of sep-
aration) and the fillout factor f (calculated from the
potentials Ω, Ω(L1) and Ω(L2)).

Table 6: Calculated parameters.

Target r1 r2 f

WISE 0043+72 0.408(2) 0.375(1) 0.127
WISE 2345+51 0.340(1) 0.440(2) 0.120
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Table 7: Global parameters.

Target d L1 L2 R1 R2 a M1 M2

[pc] [L�] [L�] [R�] [R�] [R�] [M�] [M�]

WISE 0043+72 710.8(5.0) 0.268(2) 0.201(2) 0.796(12) 0.732(31) 1.952(29) 0.552(25) 0.458(21)
WISE 2345+51 933.5(29.2) 0.425(4) 0.623(6) 0.717(10) 0.929(35) 2.112(30) 0.499(20) 0.886(36)

WISE 0043+72 WISE 2345+51

Fig. 3: 3D configurations of the targets at quadratures

showing the modeled cool spot on the larger, more mas-

sive, component (made using Binary Maker 3 by Brad-

street and Steelman (2002).

The main results from the modeling of the light
curves of WISE 0043+72 and WISE 2345+51 are as
follows:

(a) The temperatures of the target components
are in the range 4540–5600 K, i.e. they are stars of
G–K spectral type. The temperature differences of
the target components are below 200 K (Table 5);

(b) WISE 0043+72 is of A subtype while WISE
2345+51 is of W subtype according to the classifica-
tion of Binnendijk (1970);

(c) The two targets have shallow-contact configu-
rations with almost equal fillout factor of 0.12 (Table
6, Fig. 3).

4. GLOBAL PARAMETERS

Based on our solutions and GAIA distances d (Ta-
ble 7), we could calculate the target global param-
eters (masses, radii, luminosities) by the procedure
described in Kjurkchieva et al. (2019b). For this aim,
we needed the V magnitudes measured at quadra-
tures. The last requirement was especially impor-
tant for targets with deep eclipses as those of WISE
0043+72 and WISE 2345+51. The stellar catalogs
provide magnitudes in different bands but do not give
information about the times of their measurement
which would allow calculation of the corresponding
phases. Then, if the published magnitudes are mea-
sured for instance at eclipses whose depths are a few
tenths of the magnitude, they would lead to quite
unrealistic global parameters.

To overcome this problem, we used our g′ mag-
nitudes measured at quadratures. Their values were
transformed to V magnitudes according to the for-
mula of Fukugita et al. (1996) by using the (B–V)
indices corresponding to the target temperatures. Fi-
nally, we calculated the dereddened V magnitudes
taking into account the absorptions AV from the 3D
model of Arenou et al. (1992). The corrected V mag-
nitudes were used for calculation of the absolute mag-
nitude MV by the formula of distance modulus. The
next steps of calculation of the target bolometric ab-
solute magnitude Mb as well as the luminosities Li,

radii Ri and masses Mi of the stellar components, are
as in Kjurkchieva et al. (2019b).

5. CONCLUSIONS

The obtained results (Table 7) lead to the follow-
ing conclusions:

(1) The primaries of the two targets are oversized
by around 18 % compared with the Main Sequence
stars;

(2) The secondary of WISE 0043+72 is oversized
for its mass by around 22 % while that of WISE
2345+51 almost obeys the mass-radius relation of the
Main Sequence stars;

(3) The target components are hotter (up to 20
%) than the MS stars with the same masses. The
biggest difference (of 48 %) belongs to the primary
component of WISE 2345+51. It is expected for a
W-subtype binary;

(4) The luminosities of the target components are
considerably bigger (by up to 500 %) than those of
MS stars with the same masses. The only exception
is the secondary component of WISE 2345+51 which
is even slightly subluminous (that may be attributed
also to the W-subtype of this binary).

Hence, the relations between the global parame-
ters of the two W UMa stars differ from those of MS
stars. This result is a consequence of the episodes of
mass exchange and internal conversion of the compo-
nents during the common evolution.

Acknowledgements – The research was supported
partly by project DN08/20 of Scientific Foundation
of the Bulgarian Ministry of Education and Science,
project D01-157/28.08.2018 of the Bulgarian Min-
istry of Education and Science and projects RD 08-
92/2019 and RD 08-37/2019 of Shumen University.
The authors are grateful to anonymous referee for the
valuable notes and recommendations. This work has
made use of data from the European Space Agency
(ESA) mission Gaia, processed by the Gaia Data Pro-
cessing and Analysis Consortium (DPAC). Funding
for the DPAC has been provided by national insti-
tutions, in particular the institutions participating
in the Gaia Multilateral Agreement. This publica-
tion makes use of data products from the Two Mi-
cron All Sky Survey, which is a joint project of the
University of Massachusetts and the Infrared Pro-
cessing and Analysis Center/California Institute of
Technology, funded by the National Aeronautics and
Space Administration and the National Science Foun-
dation. This research has also made use of the SIM-
BAD database, operated at CDS, Strasbourg, France,
NASA Astrophysics Data System Abstract Service.

22



GLOBAL PARAMETERS OF WISEJ004327.7+722407 AND WISEJ234557.8+510456

REFERENCES

Arenou, F., Grenon, M., and Gomez, A. 1992, A&A, 258,
104

Bailer-Jones, C. A. L., Rybizki, J., Fouesneau, M., Man-
telet, G., and Andrae, R. 2018, AJ, 156, 58

Berdyugina, S. V. 2005, LRSP, 2, 8
Binnendijk, L. 1970, VA, 12, 217
Bradstreet, D. H. and Steelman, D. P. 2002, BAAS, 34,

1224
Brown, A. G. A., Vallenari, A., et al. 2018, A&A, 616, A1
Chen, X., Wang, S., Deng, L., de Grijs, R., and Yang, M.

2018, ApJS, 237, 28
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Predstavǉamo fotometrijska posmatra-
ǌa novootkrivenih W UMa dvojnih zvezda
WISEJ004327.7+722407 i WISEJ234557.8+510456
u g′ i i′ filteru. Oba posmatrana sistema
su u slabom kontaktu a ǌihove komponente su
spektralnog tipa G–K. WISEJ004327.7+722407
je podtipa A, dok je WISEJ234557.8+510456
podtipa W. Razliqti intenziteti sjaja po
kvadraturama reprodukovani su hladnim po-

ǉima na ve�oj komponenti. Izraqunavaǌe
globalnih parametra eklipsno dvojnih zvezda
iz rexeǌa krive sjaja i daǉina iz GAIA
pretrage unapre�eno je za zvezde sa dubokim
pomraqeǌima. Dobijeni globalni parametri
ukazuju da je bar jedna od komponenata sistema
WISEJ004327.7+722407 i WISEJ234557.8+510456
prevelika, previxe sjajna i isuvixe vrela u
pore�eǌu sa zvezdom Glavnog niza iste mase.
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