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ABSTRACT. New time series photometry of WISE J152614.95-111326.4, an e
lipsing binary 
an-

didate, has been obtained. Full 
y
les of variation were 
overed in �ve �lters, ranging from B to z.
Ar
hival time series photometry is also available from several sour
es. The phased light 
urve shape


hanges from a double wave form in the red, to a single wave at shorter wavelengths. Analysis of the

spe
tral energy distribution and SALT spe
tra shows the presen
e of a 
ool (∼ 7250−7900 K) white
dwarf and an M6 star. The light 
urves 
an be explained by a hot spot on the opposing hemisphere

of the white dwarf. The star may be in a pre-
ata
lysmi
 variable phase with a very low rate of mass

�ow from the red dwarf to the white dwarf, su
h that no �i
kering is evident. Eviden
e in favour of

this hypothesis is that the period of the system (2.25 h) is in the 
ata
lysmi
 variable period gap. It

is spe
ulated that a weak magneti
 �eld asso
iated with the white dwarf funnels a

reted material

onto a magneti
 pole. Amplitudes of the W1 and W2 WISE light 
urves are anomalously large.

The possibility is dis
ussed that variability in this spe
tral region is primarily driven by ele
tron


y
lotron radiation.
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1 INTRODUCTION

WISE J152614.95-111326.4 (hereafter WISE 1526-1113) is listed as an e
lipsing binary in the Petrosky et al.

(2021) 
atalogue of WISE (�Wide-�eld Infrared Survey Explorer", Wright et al. 2010) variable stars. It was

sele
ted for follow-up photometry as part of a program designed to expand the knowledge base on ultrashort

period (P < 0.2 d) main sequen
e (M+M spe
tral type) binaries (see e.g. Koen 2019, 2022a, 2022
).

It has often been stated in the astronomy literature that there is a lower limit of about 0.2 d to the periods of

all 
onta
t binaries (e.g. Pa
zy«ski et al. 2006). A possible 
ause is that evolution through angular momentum

loss in low mass binaries is so slow that their 
omponents 
annot �ll their Ro
he lobes within the Hubble time

(e.g. St�pie« 2006). A 
ontrary view is that angular momentum loss in su
h binaries is in fa
t e�
ient, and


onta
t systems do form, but only if the primary star is massive enough: Jian et al. (2012) found that systems

with small primary masses su�er unstable mass transfer whi
h probably leads to over
onta
t 
on�gurations with

very short lifetimes. A third s
enario invokes the role of distant third 
omponents in hierar
hi
al triple systems


ontaining short period binaries. In parti
ular, the period of the inner binary system 
an be de
reased through

the ampli�
ation of tidal fri
tion by the presen
e of the distant 
omponent (Fabry
ky & Tremaine 2007).

More re
ently Zhang & Qian (2020) and Koen (2022b) used the observed distribution of 
onta
t binary

periods to derive lower period limits for su
h systems of 0.148 d and 0.08-0.15 d respe
tively, i.e. somewhat

lower than previously assumed.

Study of these issues has been hampered by a dearth of known main sequen
e binary stars with very short

periods. Given the shortness of the periods under 
onsideration, both 
omponents of the su
h binaries are of

spe
tral type M. Being intrinsi
ally faint, and rare, relatively few su
h systems are known. Koen (2022b) has

furthermore pointed out that the rarity of main sequen
e double stars with P < 0.2 d extends to non-
onta
t

systems.

WISE 1526-1113 seemed an ex
ellent 
andidate M+M system, given its extreme period of 0.093796 d and

its very red 
olour (e.g. Gaia Bp−Rp = 2.303). Nonetheless, follow-up photometry is essential, as many similar
systems 
onsist of a red dwarf (RD) and a white dwarf (WD), red 
olours despite � see e.g. Koen (2022
).

Furthermore, in the absen
e of e
lipses, the light 
urves of the ellipsoidal variations in 
lose binaries 
an be

di�
ult to dis
riminate from those of spotted rotators. Lastly, periods determined by large s
ale surveys are

not always reliable (Petrosky et al. 2021, Koen 2022
).

This paper is devoted to a detailed study of WISE 1526-1113, whi
h despite not being a main sequen
e binary,

is unusual enough to be of interest. In parti
ular, it will be demonstrated below that the star is 
omprised of a

white dwarf and a red dwarf, with eviden
e of a low level of mass transfer between the two.

It is noted for later use that the parallax of the star is 8.2795±0.1266mas (Gaia Collaboration 2023) implying
a distan
e of 120.8± 1.8 p
. The Gala
ti
 
oordinates of WISE 1526-1113 are (ℓ = 352.5167, b = 36.3344).

2 SAAO PHOTOMETRY

Photometri
 observations were made with CCD 
ameras mounted on the 1-m and 1.9m teles
opes of the

South Afri
an Astronomi
al Observatory (SAAO) situated at Sutherland in South Afri
a. Both 
ameras have

1024× 1024 pixel imaging areas, and are operated in frame-transfer mode. Fields of view on the two teles
opes

are similar � 2.85 × 2.85 ar
min

2
and 2.79× 2.79 ar
min

2
� thanks to a fo
al redu
er being used on the 1.9m

teles
ope.

Sky 
onditions varied during the observing runs, with some observations obtained through thin 
louds, but

during dark or grey moonlight phases. Seeing was generally in the range 1-2 ar
se
onds. Exposure times ranged

from 40 s to 150 s, depending on the �lter, teles
ope and atmospheri
 
onditions. Measurements were obtained

through standard BV RCIC �lters, as well as the Sloan z �lter. An observing log is given in Table 1.
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Redu
tions were performed using an automated version of DOPHOT (S
he
hter, Mateo & Saha 1993).

Magnitudes derived from point spread fun
tion �tting showed 
onsiderably less s
atter than those from aperture

photometry, and were therefore preferred. Magnitudes were di�erentially 
orre
ted, using a suite of stars in the

�eld of view with 
onstant, low noise light 
urves.

For 
onvenien
e the subs
ripts on the RC and IC �lternames are dropped in the rest of the paper.

The light 
urves are plotted in Fig. 1. Several interesting features are evident. First, the shape of the light


urve depends strongly on the �lter, 
hanging from double waves at z and I to single waves at V and B, with
R being intermediate. Se
ond, the z and I light 
urves are very similar. Third, light 
urves in V and B appear

to have �at maxima. Fourth, amplitudes are wavelength dependent. This will be dis
ussed further in the next

se
tion of the paper.

3 OTHER TIME SERIES OBSERVATIONS

Time series observations of WISE 1526-1113 were obtained as part of the following surveys: WISE

1

, ZTF

(�Zwi
ky Transit Fa
ility" � Bellm et al. 2019)

2

, CSS (�Catalina Sky Surveys" � Drake et al. 2014)

3

and

ATLAS (�Asteroid Terrestrial-impa
t Last Alert System" � Tonry et al. 2018, Heinze et al. 2018)

4

. Use of

these data is gratefully a
knowledged.

Summary statisti
s of the datasets are in Table 2, and light 
urves are plotted in Figs. 2-4. The weighted

average of the frequen
ies extra
ted from the separate sets of measurements is f = 10.661333± 2.3× 10−6
d

−1
.

In the 
ases of the ATLAS o and CSS data, half the value of the dominant periods were used in the 
al
ulation.

The more detailed model

Yλ(t) = µλ +A1λ cos(2πft+ φ1λ) + A2λ cos(4πft+ φ2λ) + eλ(t) (1)

was next �tted to ea
h of the light 
urves. In (1), A1λ and A2λ are the amplitudes of the fundamental frequen
y

f and �rst harmoni
 2f of variations, with 
orresponding phases φ1λ and φ2λ. The zeropoint is denoted by

µ, and noise by e(t). Results are in Table 3, where e�e
tive wavelengths of the �lters were retrieved from the

relevant Spanish Virtual Observatory webpage

5

. Neither A1 nor A2 is a monotoni
 fun
tion of wavelength.

Perhaps the most striking result is that A1 is largest for the two infrared wavebands.

4 SPECTRAL ENERGY DISTRIBUTION (SED)

Standardised photometry of WISE 1526-113was 
olle
ted from the VizieR servi
e of the Strasbourg astronomi
al

Data Center.

6

Original sour
es of the data are Gaia (Gaia 
ollaboration 2023), Pan-STARRS (�The Panorami


Survey Teles
ope and Rapid Response System", Chambers et al. 2016), GALEX ("Galaxy Evolution Explorer";

Bian
hi, Shiao & Thiker 2017), SkyMapper Southern Sky Survey (Onken et al. 2024), VHS (�VISTA Hemisphere

Survey", M
Mahon et al. 2013), 2MASS (�Two Mi
ron All-Sky Survey", Skrutskie et al. 2006), WISE and the

VLT ATLAS survey (Shanks et al. 2015). The e�orts of these surveys are gratefully a
knowledged.

The �eld of view of the SAAO 1.9m teles
ope in
luded two fairly bright stars for whi
h APASS (�AAVSO

Photometri
 All-Sky Survey", Henden et al. 2015) measurements of B and V are available. These were used

to set nightly zeropoints and derive B = 19.27 mag and V = 18.55 mag. This brings the available number of

standardised photometri
 datapoints to 30.

1

https://irsa.ipa
.
alte
h.edu/
gi-bin/Gator/nph-s
an?submit=Sele
t&projshort=WISE

2

https://irsa.ipa
.
alte
h.edu/
gi-bin/Gator/nph-s
an?submit=Sele
t&projshort=ZTF

3

http://nesssi.
a
r.
alte
h.edu/DataRelease/

4

https://fallingstar-data.
om/for
edphot/

5

http://svo2.
ab.inta-
si
.es/svo/theory/fps3/

6

https://vizier.
ds.unistra.fr/viz-bin/VizieR
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Spe
tros
opi
ally it is 
lear that WISE 1526-1113 has at least two 
omponent with widely di�erent 
olours.

One of these appears to be an M dwarf, but the nature of the blue 
omponent is not evident from spe
tra.

Clearly, if it is stellar, it must be a 
ool white dwarf, otherwise its radiation would have been obvious at opti
al

wavelengths. Some insight 
an be gained by 
onsidering 
olour indi
es dominated by either 
omponent. The

IR indi
es J − H = 0.88 and W1 − W2 = 0.32, re�e
ting primarily the SED of the RD, 
an be mat
hed to

those in the tables of Pe
aut, Mamajek & Bubar(2012) and Pe
aut & Mamajek (2013)

7

; these suggest spe
tral

types of L2 and L5 respe
tively. The index NUV − B = 1.77, on the other hand, is 
ompatible with a DA

white dwarf with Teff ∼ 7000− 8000 K � see Holberg & Bergeron (2006) and Bédard et al. (2020).

8

It should

be borne in mind though that both measurement errors and intrinsi
 variability 
ontribute to un
ertainties

in the photometry. For example, by 
ontrast with the 2MASS J − H index above, the VHS measurement is

J −H = 0.63, whi
h implies a spe
tral type ∼ M7.
Starting from

Lλ = L010
−0.4Mλ

where Lλ and Mλ are the mono
hromati
 luminosity and absolute magnitude,

Lλ1 + Lλ2 = L0

[

10−0.4Mλ1 + 10−0.4Mλ2

]

(2)

where subs
ripts 1 and 2 refer to the two stars respe
tively. It follows that the apparent magnitude is

mλ = Mλ + 5(log d− 1)

= −2.5 log[(Lλ1 + Lλ2)/L0] + 5(log d− 1)

= −2.5 log
[

10−0.4(Mbol1−BCλ1) + 10−0.4(Mbol2−BCλ2)
]

+ 5(log d− 1) (3)

where d is the distan
e (in p
) to the stars, and BCλj is the bolometri
 
orre
tion for star j at wavelength λ.
If reddening is in
luded, then the term

Aλ = fλRV E(B − V ) ≈ 3.1fλE(B − V ) (4)

for the absorption at e�e
tive wavelength λ is added to the right hand side of (3). In (4), fλ = Aλ/AV is


onveniently taken from table 3 in Wang & Chen (2019), supplemented by Casagrande et al. (2019) for the

SkyMapper �lters and Wall et al. (2019) for the GALEX NUV band. The ratio of total to sele
tive absorption

RV is assumed to be 3.1 (e.g. S
hla�y & Finkbeiner 2011).

A number of interstellar reddening maps have been published re
ently � see e.g. Capitanio et al. (2017),

Green et al.(2018), Chen et al. (2019), Hottier, Babusiaux & Arenou (2020); Guo et al. (2021), Lallement et

al. (2022); Vergely, Lallement & Cox (2022), and referen
es therein. Some of the maps are restri
ted to the

Gala
ti
 plane, or have poor resolution (hundreds of parse
s), and are therefore not dire
tly useful. For the

distan
e and dire
tion of WISE 1526-1113 the maps of Capitanio et al. (2017)

9

give E(B − V ) = 0.041± 0.019
mag, or AV = 0.13 mag. The 10 p
 resolution G-Tomo reddening maps10 of Lallement et al. (2022) and Vergely
et al. (2022) give a rather smaller value of AV = 0.050± 0.001 mag. These results are 
onsistent with limits on

the extin
tion in the dire
tion of WISE 1526-1113 from Guo et al. (2021) of E(B−V ) ≤ 0.11 mag (for d ≤ 200
p
) and from Green et al.(2018) of E(g − r) ≤ 0.15 mag (for d ≤ 300 p
).

The temperatures and gravities of the two stars are needed to 
al
ulate the bolometri
 
orre
tions. Adding

the two bolometri
 magnitudes, this makes six unknown parameters to be determined when �tting the theo-

reti
al SED (3) to the observed photometry. Results are in Table 4, for three assumed values of reddening.

7

http://www.pas.ro
hester.edu/~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt

8

https://www.astro.umontreal.
a/~bergeron/CoolingModels/

9

https://stilism.obspm.fr/

10

https://explore-platform.eu/sdas/about/gtomo
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Parameter standard errors were 
al
ulated by bootstrapping; the un
ertainty in the parallax was a

ommodated

by simulating a Gaussian distribution with mean and standard deviation respe
tively set to the Gaia parallax

and its error.

In view of the dis
ussion above an assumed reddening of E(B − V ) = 0.1 mag is probably unrealisti
ally

large, but it does lead to a slight redu
tion in the residual standard deviation. The estimated parameter values

for the RD di�er very little for di�erent values of the reddening, while the estimated WD temperatures and

luminosities in
rease slightly as E(B − V ) is in
reased. A graphi
al 
omparison of observed and theoreti
al

magnitudes is presented in Fig. 5; note that all magnitudes have been transformed to the Vega system. It is

possible that there is an IR ex
ess at the WISE wavelengths � this 
ould be due to the emission pro
ess dis
ussed

in se
tion 8 below. Given the small values of dust absorption predi
ted by the more a

urate reddening maps,

and the relatively small improvement in the quality of the model �t when reddening is in
luded, we pro
eed

under the assumption that dust absorption 
an be ignored.

5 SOUTHERN AFRICAN LARGE TELESCOPE (SALT) SPECTRA

We obtained two spe
tra of WISE 1526−1113 on 2024 May 18 on SALT (Bu
kley, Swart & Meiring 2006;

O'Donoghue et al. 2006). The observations were 
arried out with the Robert Stobie Spe
trograph (RSS; Burgh

et al. 2003; Kobulni
ky et al. 2003) in the long-slit mode. Both RSS spe
tra were taken with a slit width of

1.5 ar
se
 and with the PG700 grating, whi
h 
overs the spe
tral range of 3650−7450 Å. This 
hoi
e of the slit

width and grating provides a �nal re
ipro
al dispersion of 1.22 Å pixel

−1
and spe
tral resolution FWHM of

7.1�7.6 Å (R ≈ 740). Exposure times were 900 s and 1200 s. An Ar lamp ar
 spe
trum was taken immediately

after ea
h s
ien
e frame and was used for wavelength 
alibration. The relative �ux 
alibration was performed

using observations of spe
trophotometri
 standard stars. Absolute �ux 
alibration is not feasible with SALT

be
ause the un�lled entran
e pupil of the teles
ope moves during the observation.

The primary redu
tion of RSS spe
tra was performed using the SALT s
ien
e pipeline (Crawford et al.

2010). For further redu
tion of the long-slit data we used the RSS pipeline des
ribed in detail by Kniazev

(2022).

The times of mid-exposure of the two spe
tra were HJD 2460449.34436 and HJD 2460449.53771, i.e. 4.6404

h apart. This means that the two spe
tra were obtained at very similar phases (only 6% of a 
y
le di�eren
e).

A radial velo
ity of Vr = 224.9± 3.3 km s

−1
was measured from the Hα emission line.

The 
o-added spe
trum S was modelled by the sum of two spe
tra, Sw and Sr representing a WD and RD

respe
tively:

S(λ) = αSw(λ) + βSr(λ) . (5)

The best-�tting 
ombination was determined by performing a grid sear
h over libraries of spe
tra. Gaussian


onvolution was used to redu
e the resolution of the library spe
tra to that of the RSS spe
trograph (7.3 Å). For

ea
h 
andidate 
ombination two possibilities were entertained � either keeping Vr �xed at the value determined

from the strong Hα line, or sear
hing for an optimal value. (Note that this emission line was ex
luded from the

�tting pro
ess).

For the WD spe
tra, a single library sour
e was used

11

� see Tremblay & Bergeron (2009) and Koester

(2010) for details. Two sour
es were used for RD spe
tral templates � theoreti
al NextGen solar 
omposition

models

12

(Allard et al. 1997; Haus
hildt, Allard & Baron 1999) and empiri
al templates 
onstru
ted from SDSS

spe
tra

13

(Kesseli et al. 2017).

The spe
tral modelling results 
an be found in Table 5. In order to be able to atta
h some meaning to the

weights α and β in (5), all three spe
tra were normalised by their respe
tive �uxes at λ = 5550 Å. The last

11

http://svo2.
ab.inta-
si
.es/theory/newov2/index.php?models=koester2

12

http://svo2.
ab.inta-
si
.es/theory/newov2/index.php?models=NextGen

13

http://svo2.
ab.inta-
si
.es/theory/newov2/index.php?models=tpl_kesseli
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olumn of the Table 
ontains

RMS =

[

1

Nλ

∑

λ

(S − αSw − βSr)
2

]1/2

;

it is 
lear that by this token the empiri
al template spe
tra �t the observed spe
trum better than the theoreti
al

spe
tra. A

ording to the Pe
aut, Mamajek & Bubar(2012) and Pe
aut & Mamajek (2013)

14

tables, for an

M6 dwarf, Teff = 2800 K, whi
h is in reasonable agreement with the 3000 K temperature from the NextGen

models. The WD spe
tral properties are very similar a
ross all four models �tted. The agreement between

the temperatures derived from SED �tting (�rst line of Table 4) and those from the spe
tral �tting using the

empiri
al template is gratifying.

It is also reassuring that the optimal model in the �rst line of Table 5 re
overs the radial velo
ity measured

from the Hα line. The impli
ation is that the emission is asso
iated with the RD, sin
e Vr derived from �tting

(5) is determined by the RD spe
trum. The �t of the model in the �rst and third lines of Table 5 is illustrated

in Fig. 6.

As a �nal word, in Fig. 7 the redmost part of the 
o-added SALT spe
tra are plotted with the empiri
al

templates for spe
tral types M4.5 and M6. Allowan
e has been made for di�eren
es in the overall slopes of the

spe
tra. Note that in this 
ase the individual features of the spe
tra are 
ompared, as is done when spe
tral

type is determined. The M6 template is 
learly a far superior mat
h. This provides a fairly a

urate reddening-

independent estimate of the RD temperature whi
h is in ex
ellent agreement with the SED-derived temperatures

in Table 4.

6 BINARY STAR MODELLING

6.1 Preliminaries

We pro
eed to model the SAAO photometry by a binary star 
omprised of a WD with T1 = 7400 K and a RD

with T2 = 2740 K (Table 4). In order to gain a preliminary insight into the system, use is made of fundamental

relations between physi
al quantities. First, the radii of the two star follow from

Lj/L⊙ = 100.4(4.74−Mbol,j) =
R2

jT
4
j

T 4
⊙

where the subs
ript j = 1 for the WD, j = 2 for the RD, and the stellar radii are in solar units. The solar

bolometri
 magnitude has been taken as 4.74 mag (Casagrande, Portinari & Flynn 2006). Therefore,

R1 = 0.0203(T⊙/T1)
2

R2 = 0.0643(T⊙/T2)
2

(6)

where the bolometri
 magnitudes from the �rst line of Table 4 have been used. Adopting a solar e�e
tive

temperature of T⊙ = 5780 K, R1 = 0.0124R⊙ and R2 = 0.286R⊙. Note that adopting the temperatures

and bolometri
 magnitudes in the se
ond line of Table 4 
hanges these estimates to R1 = 0.0121R⊙ and

R2 = 0.280R⊙, i.e. minimally di�erent.

The tables of Pe
aut, Mamajek & Bubar (2012) and Pe
aut & Mamajek (2013)

15

list 0.13 R⊙ as a typi
al

radius for an M6 star, i.e. R2 is about twi
e the average radius of a single M6 dwarf. In fa
t, the derived radius

of the RD is similar to that of an M4 star, and its bolometri
 magnitude to that of an M4.5 star. This point

will be dis
ussed further in se
tion 10.

14

http://www.pas.ro
hester.edu/~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt

15

http://www.pas.ro
hester.edu/~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt
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The value of R1 
an be used to estimate the mass of the WD, via e.g. the mass-radius relations in �g. 9

of Parsons et al. (2017), as approximately 0.6 M⊙. This is 
lose to the mean WD mass of 0.57 M⊙ in the

post-
ommon envelope binary (PCEB) 
atalogue of Kru
kow et al. (2021). The typi
al mass of an M6 star is

0.1 M⊙.
16

The expe
ted mass ratio of WISE 1526-1113 is therefore q ∼ 0.17.
Kepler's third law 
an be written in the 
onvenient form

A = [74.65(M1 +M2)P
2]1/3 = 0.868(M1 +M2)

1/3
(7)

where A is the distan
e between the two stars (in R⊙); M1, M2 are the stellar masses (in M⊙) and P is the

period in d. It follows that A ∼ 0.772R⊙, and that r1 = R1/A = 0.016 and r2 = 0.371. This latter value 
an
be 
ompared to the volumetri
 radius R0 of the RD's Ro
he lobe

R0/A =
0.49q2/3

0.6q2/3 + ln(1 + q1/3)
(8)

(Eggleton 1983). For q = 0.17, R0/A = 0.24, i.e. the estimated RD radius is about 150% the size of its Ro
he

lobe, an unphysi
al result.

It is therefore apparently not possible to re
on
ile the RD radius derived from its bolometri
 magnitude

and temperature, with the limit imposed by binary star dimensions (as imposed by Kepler's law and plausible

mass ratios). There is little room for manoeuvring � the errors on the estimated temperature and bolometri


magnitude are quite small, whereas even for q = 0.4, R0/A is only 0.30.

We therefore 
hoose to pro
eed with two di�erent models, whi
h are in
onsistent with di�erent aspe
ts of

the observations. In both 
ases we a

ept that R2 ≈ R0, sin
e this eventually leads to binary models whi
h

agree reasonably well with the SAAO photometry. It is not 
lear whether an additional radial velo
ity study of

WISE 1526-1113 will be able to resolve the problem, unless it extends into the ultraviolet, so that velo
ities of

the white dwarf 
an also measured, and masses of the two 
omponents be determined.

The �rst set of models (�
ool models") retains all parameter values determined above, ex
ept for R2. As will

be seen below, detailed modelling then suggests R2 ∼ R0, whi
h is, of 
ourse, at odds with Mbol,2 in Table 4.

For the se
ond set of models (�hot models") we adopt T2 = 3100 K, whi
h is a typi
al values for a M4.5 star.

17

Note that this is 
lose to the RD temperature estimated from the SALT spe
tra using the NextGen model

spe
tra. From (6), R2 = 0.224R⊙ then follows, whi
h is also very similar to the average radius of 0.217R⊙

asso
iated with M4.5 stars.

18

As far as the WD is 
on
erned, we adopt T1 = 7750 K, again from the NextGen

solutions in Table 5. From (6), R1 = 0.011 is then obtained. The 
orresponding WD mass is M1 ∼ 0.73, and
the resultant mass ratio q = 0.25. Eqn. (8) gives R0/A = 0.268, and with A = 0.84 from (7), R0 = 0.226. Note
that in this 
ase the model gives the 
orre
t bolometri
 magnitude, and R2 ≈ R0, at the expense of assuming

a value of T2 at odds with the observations.

It is noted that the absen
e of e
lipses of the WD 
omponent implies that the system in
lination angle is

smaller than about 80

◦
.

6.2 Models

Some preliminary modelling of the individual light 
urves was performed with the BINARY MAKER 3 pro-

gram.

19

One of the useful features of this software is that it allows models spe
i�ed in terms of Ro
he lobe

�lling fa
tors. Experimentation showed that all viable models had se
ondary star �lling fa
tors 
lose to zero,

meaning the RD is 
lose to �lling (or slightly over�lling) its Ro
he lobe.

16

http://www.pas.ro
hester.edu~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt

17

http://www.pas.ro
hester.edu~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt

18

http://www.pas.ro
hester.edu~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt

19

http://binarymaker.
om
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It is 
lear from examination of the light 
urves (with the ex
eption of W1 and W2) that the se
ondary

minimum at phase 0.5 is progressively �lled in by emission as the e�e
tive wavelength of the �lter de
reases.

The simplest explanation is the presen
e of a bright spot (or spots) on the surfa
e of one (or both) of the stars.

Experimentation revealed two possibilities: a spot on the side of the RD fa
ing the WD, or a spot on the WD

on the surfa
e opposite the RD. Although models with good �ts to individual light 
urves 
ould be obtained

with the former alternative, this required di�erent spot temperatures for the di�erent �lters. This appears

physi
ally possible, if the radiation is non-thermal, but is not supported by the binary software pa
kages used.

We therefore 
on
entrate on models with a spot on the away-fa
ing hemisphere of the WD, situated at latitude

90

◦
.

Sin
e BINARY MAKER only deals with one light 
urve at a time the �nal modelling was done with

PyWD2015 (Güzel & Özdar
an 2020), whi
h is an interfa
e for the well known Fortran pa
kage originally

developed by Wilson & Devinney (1971) (see also Wilson & Van Hamme 2014, and referen
es therein). Model

�tting was performed in mode 5, i.e. the binary system was assumed to be semi-deta
hed. The ne
essary linear

limb darkening 
oe�
ients were taken from Claret, Haus
hildt & Witte (2012) and Claret et al. (2020), for the

RD and WD respe
tively.

Details of �ve illustrative models are given in Table 6. Flux light 
urves were used, normalised to unity

at maximum, hen
e the residual standard deviations (
al
ulated from the 
ombined residuals in all �lters) are

dimensionless. We emphasize that the intention is to demonstrate the feasibility of the models, rather than

attempt to determine de�nitive parameter values � the available observations simply 
annot 
onstrain all the

physi
al properties of the system, as is 
lear from the diversity of the models whi
h all �t the data quite well.

The �t of the �rst model is illustrated in Fig. 8. On the s
ale of the �gure, light 
urves for the other four

models are virtually indistinguishable from those plotted. Clearly the system parameters 
annot be de�nitively

determined from the photometry: in parti
ular, there is no guarantee that any model is globally optimal.

The �rst three models were 
al
ulated with T1 and T2 �xed at the values determined from the SED �tting,

but di�er primarily in the properties of the spot models. The last two models were 
al
ulated with larger values

of T1 and T2. As expe
ted, Mbol2 for the higher temperature models is 
loser to the values in Table 4, but still

signi�
antly too large.

Also in Table 6 are the predi
ted velo
ity semi-amplitudes

K1 =
2πAq

(1 + q)P
sin i

K2 =
2πA

(1 + q)P
sin i .

Provided the in
lination angle 
an be determined with reasonable 
ertainty, it may be possible to use measure-

ment of K2 to dis
riminate between hot and 
old models.

7 EVOLUTIONARY STATE

Given that the WD 
omponent has evolved beyond its main sequen
e life, and given the very short period of

the system, WISE 1526-1113 is evidently a PCEB. A 
ommon 
lass of PCEBs 
omprising a WD�RD pair is the


ata
lysmi
 variables (CVs). In CVs, the RD �lls its Ro
he lobe and transfers mass to its 
ompa
t 
ompanion.

In the 
ase of WISE 1526-1113 the absen
e of short-times
ale sto
hasti
 variability (��i
kering") in the SAAO

photometry, and the absen
e of emission aside from Hα, imply that the star does not show overt signs of mass

transfer. It is therefore of interest to 
onsider how it �ts into the general s
heme of PCEB and CV evolution.

The dis
ussion below draws on des
riptions in the papers by Ritter (2012), Liu et al. (2023), S
hreiber, Belloni

& S
hwope (2024), and referen
es therein.

7
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Evolution of PCEBs pro
eeds by angular momentum loss. In the initial 
on�guration the 
ool star (donor)

�lls its Ro
he lobe. A magneti
 �eld asso
iated with this donor exerts a torque on the binary system, redu
ing

the period from several hours to ∼ 3 h. At this point, the donor be
omes fully 
onve
tive, and shrinks, so that

the system be
omes deta
hed. The e�
ien
y of magneti
 braking is redu
ed, and angular momentum loss is

driven by gravitational radiation. This situation persists until the binary orbit has shrunk su�
iently (period

∼ 2 h) for the donor to on
e again �ll its Ro
he lobe, enabling mass transfer to resume. The range 2-3 h is

often referred to as the �period gap": observationally, there is a dearth of CVs with periods in this range.

It is noteworthy that the period of WISE 1526-1113 (2.25 h) lies in the period gap. We spe
ulate that the star

is 
urrently 
lose to being in a semi-deta
hed 
on�guration, with an orbit whi
h will shrink until mass transfer

resumes when the period has de
reased to about 2 h More spe
i�
ally, we posit that WISE 1526-1113 is in a state

similar to the well known RD+WD system QS Vir, in whi
h a low level of mass transfer (∼ 10−16 − 10−13M⊙

yr

−1
) is thought to be taking pla
e, despite its apparently deta
hed 
on�guration (e.g. Matranga et al. 2012,

Drake et al. 2014). Other pre-CVs with low a

retion rates are des
ribed by S
hmidt et al. (2007), Tappert et

al. (2011) and Longsta� et al. (2019).

A possible explanation for the presen
e of a hot spot on the surfa
e of the WD is funnelling of a

reted

material onto a magneti
 pole, as happens in polars (e.g. Cropper 1990). At �rst glan
e this appears to be

ba
ked up by the dete
tion of X-ray emission from the system (by the eROSITA survey � Merloni et al. 2024).

The X-ray �ux measurements made by the mission are dis
ussed in more detail in Freund et al. (2024) and

S
hwope et al. (2024). WISE 1526-113 has an entry in the Freund et al. (2024) 
atalogue of 
oronal X-ray

sour
es, but is �agged as having �properties untypi
al for 
oronal X-ray emitters". This designation is used for

sour
es whi
h either have anomalously strong X-ray emission, or lie more than 1.5 mag below theMG−(Bp−Rp)
main sequen
e. In the 
ase of WISE 1526-113, the latter 
ondition applies � this appears to be due primarily

to its anomalously blue Bp − Rp index, whi
h suggests a spe
tral type ∼M2, for whi
h MG ∼ 9.3, 
ompared
with MG ∼ 12.0 for an M4.5 star

20

(and MG = 12.1 for WISE 1526-1113). In other words, the RD 
omponent

is probably not an untypi
al 
oronal X-ray sour
e � its pe
uliar position in the 
olour�magnitude diagram is

simply due to its 
omposite nature. Furthermore, the 
hara
teristi
 temperatures seen in even low a

retion

rate polars are far in ex
ess of those derived for WISE 1526-1113 (e.g. S
hwope et al. 2002).

It has been noted in the literature that RDs in pre-CVs may be overluminous, due to in�ated radii. This has

been as
ribed to the stars being out of thermal equilibrium, following the stage of 
ommon-envelope evolution

(e.g. S
hreiber & Gänsi
ke 2003). The phenomenon has been seen in a number of relatively young pre-CVs

(Sing et al. 2004), and 
ould 
ontribute to the large value of R2 derived in se
tion 6.1.

8 THE WISE LIGHT CURVES

Given that the a

reted mass in the WISE 1526-1113 system appears to arrive in a limited area on the WD

surfa
e, whi
h is furthermore on the side opposite the RD, it seems likely that there is at least a modest magneti


�eld asso
iated with the WD. It is therefore reasonable to 
onsider a non-thermal sour
e for the large amplitude

variability seen in the WISE W1 and W2 bands, whi
h 
annot be explained by the models in se
tion 6. We

hypothesize that the light 
urves in Fig. 4 are the result of ele
tron 
y
lotron radiation near or at a magneti


pole of the WD, similar to what is seen in polars (e.g. Harrison & Campbell 2015, Liu et al. 2023). One pie
e of

eviden
e in favour of this notion is that the maxima in the W1 and W2 light 
urves o

ur at the same phase as
the maximum in B, i.e. presumably when the a

retion spot is most visible. We also note that the peak-to-peak

amplitudes are ∼ 1 mag in both �lters, very similar to what is seen in the low mass polar CSS 1603+19 (Liu et

al. 2023).

20

http://www.pas.ro
hester.edu/~emamajek/EEM_dwarf_UBVIJHK_
olors_Teff.txt
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The ele
tron 
y
lotron spe
trum is des
ribed by

λn =
2πmec

2

nBq

=
1.0711× 108

nB
(9)

(e.g. Liu et al. 2023), where the magneti
 �eld strength B is in Gauss, and the wavelength λn of radiation in

mi
ron. In (9), me and q are the ele
tron mass and 
harge, and c is the speed of light (all in CGS units); n is the

harmoni
 number. This implies that λ2 and λ3 are 
omfortably in the W2 and W1 bandpasses if B = 11− 12
MG. For B = 6 MG, λ4 and λ5 are in the ranges of the two �lters. For B = 3 MG, the n = 8 and n = 10
harmoni
s lie in the W2 and W1 bandpasses.

We 
lose this se
tion with a few additional remarks:

(i) The a

retion rate in WISE 1526-1113 is probably quite low. This would imply that low harmoni
s of


y
lotron radiation are opti
ally thin, and hen
e observable in prin
iple (Harrison & Campbell 2015).

(ii) If 
y
lotron radiation is the 
orre
t explanation for the anomalously large amplitudes in Fig. 4, then JHK
light 
urves 
ould help to 
onstrain the magneti
 �eld strength.

(iii) Close inspe
tion of Fig. 4 reveals that there may be additional stru
ture in the IR light 
urves � note the

dips near phases 0.27 and 0.72. A possible explanation is obs
uration by an a

retion stream.

(iv) The large amplitudes of variations in W1 and W2 obviously a�e
t the a

ura
y of the WISE photometry

plotted in Fig. 5. It is therefore not 
lear if the apparent ex
esses at 3.4 µm and 4.6 µm are real; if they

are, then 
y
lotron radiation is a promising 
andidate for their origin.

9 STARS WITH SIMILAR OPTICAL LIGHT CURVES

Koen (2022
) found three binary stars in whi
h the light 
urve morphologies 
hange with wavelength simi-

larly to what is seen in WISE 1526-1113 � see �gs. 4 (TIC 36077464), 6 (ATO J041.1519-14.9620) and 14

(ATO J218.9548-17.7890) in that paper. The periods of the stars are short � 4.1, 2.3 and 4.4 hr respe
tively.

Koen (2022
) assumed that these are RD+RD systems, but noted that one of the stars � TIC 36077464 �

showed an ex
ess of �ux at short opti
al wavelengths. Here we explore the possibility that these are a
tually

WD+RD pairs, by �tting SEDs to the available standardised photometry, in the manner of se
tion 4.

Photometry from the sour
es mentioned in se
tion 4 are used, ex
ept that we do not in
lude VISTA mea-

surements. For reasons whi
h are not obvious the photometry from the latter sour
e is highly dis
repant with

the rest. As an example, for TIC 36077464, VISTA KS = 10.43 
ompared to 2MASS KS = 9.44, the latter

being perfe
tly 
ompatible with the remainder of the measurements for that star. The estimated reddening for

the stars lies in the range 0.001 ≤ E(B−V ) ≤ 0.009 mag (Capitanio et al. 2017) and will therefore be ignored.

The results 
an be seen in Table 7. With the ex
eption of ATO J218.9548-17.7890, the temperatures of

the WD 
omponents are very un
ertain. The last line of the Table provides an explanation of the su

ess of

the ATO J218.9548-17.7890 model � the availability of a NUV measurement. Evidently this is very useful in


onstraining the temperature of the WD 
omponent due to the steep slope of the SED in this wavelength range.

Unfortunately there are no GALEX measurements of the other two stars.

All three stars are in
luded in the Freund et al. (2024) 
atalogue of 
oronal X-ray sour
es dete
ted

by eROSITA. TIC 36077464 and ATO J041.1519-14.9620 are 
lassi�ed as typi
al 
oronal emitters, while

ATO J218.9548-17.7890 is �agged as an �untypi
al" sour
e. As for WISE 1526-1113, this is not due to the

9
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star being X-ray luminous, but be
ause it lies below the main sequen
e in an HR diagram (as expe
ted for a

RD with a blue ex
ess due to a WD 
ompanion).

It is noted in passing that TIC 36077464 and ATO J041.1519-14.9620 were also dete
ted by ROSAT (Boller

et al. 2016, Freund et al. 2022), and TIC 36077464 by the XMM-Newton survey (Freund et al. 2018).

In 
on
lusion, it is possible that all three systems dis
ussed in this se
tion are also low a

retion rate pre-

CVs. This is espe
ially likely in the 
ase of ATO J218.9548-17.7890, whi
h has properties quite similar to those

of WISE 1526-1113, and a period of 2.3 whi
h also pla
es it in the CV period gap.

10 DISCUSSION

The 
ontents of se
tion 6 demonstrate that a range of binary models give reasonable �ts to the photometri


observations. However, the models fail to a

ount for the large luminosity derived from the Gaia parallax of

the star. The eviden
e presented above suggests that the RD �lls its Ro
he lobe and that there is likely to be

some transfer of mass to the WD 
omponent. This 
ould explain the anomalously large value of R2 we derive

� as mentioned by e.g. Nelson et al. (2018), donor 
omponents may not be in thermal equilibrium, leading to

bloating. Put di�erently, given the PCEB nature of the star, it is not surprising that the radius, luminosity,

mass and temperature are not all in agreement with any one main sequen
e spe
tarl type.

Two other points may be worth mentioning. The �rst is that a se
ond RD 
omponent, with SED 
lose to

an M6 spe
tra, were to be part of the in WISE 1526-1113 system, it would go some way towards explaining

the apparent luminosity ex
ess of the system. Se
ond, if the mass of the RD were 
onsiderably larger than

suggested by its spe
tral type, then R2/R0 would be de
reased, i.e. the dis
repan
y between the size of the RD

and its Ro
he lobe would diminish. To see this, note that by 
ombining (7) and (8), and assuming M1 = 0.6M⊙

and R2 = 0.286R⊙,

R0/R2 =
0.36q2/3(1 + q)1/3

0.6q2/3 + ln(1 + q1/3)

Fig. 9 shows this dependen
e of this ratio on the mass ratio q. As an example, R2 = R0 for q = 0.6 (i.e.

M2 = 0.36M⊙, the mass of an M3V star).

21

A number of additional observations of WISE 1526-1113 would be useful. Further spe
tra of the star,


overing shorter wavelengths, 
ould help to further 
onstrain the nature of the WD 
omponent. Of 
ourse,

given the B �lter magnitude of 19.3, this would probably require observing time on a 10m 
lass teles
ope, or

from spa
e in the UV. A more dire
t route to establishing stellar masses, or at least the mass ratio, would

be through a radial velo
ity study. Time series photometry in the Y JHK bands would help to establish the

wavelengths at whi
h the variability amplitude is large 
ompared to that in the opti
al, whi
h again would

help 
onstrain the sour
e of the variable IR radiation, and possibly the magneti
 �eld strength. Time series

polarisation observations 
ould provide information about the strength and 
on�guration of magneti
 �elds in

the star system.

DATA AVAILABILITY

SAAO photometry is available from the �rst author, and the SALT spe
tra from the se
ond author. Other data


an be obtained from sour
es given in the text.
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Table 1. The photometri
 observing log. Observing during the �rst night 
y
led through the R and I
�lters. The SAAO 1.0m teles
ope was used for the �rst four runs, and the 1.9m teles
ope for the last two.

Starting time Filters Run length N
(HJD 2461000+) (h)

434.3823 R,I 2.6 40, 43

435.4088 R 5.2 118

436.3570 z 2.3 77

436.4562 I 1.9 155

440.4423 V 2.9 69

443.3818 B 2.8 66

Table 2. Statisti
s of survey time series observations of WISE 1526-1113. The number of observations is

denoted by N . The last 
olumn shows the dominant frequen
y extra
ted from ea
h dataset, together with its

standard error.

Survey Filter Start date Duration N Frequen
y (un
ertainty)

(JD 2450000) (d) (d

−1
)

WISE W1 6700.97 3448 263 10.661332 (4.1E-6)

WISE W2 6700.97 3448 263 10.661328 (6.2E-6)

ATLAS o 7241.76 3192 2387 21.322677 (7.4E-6)

ATLAS c 7241.75 3148 771 10.66133 (1.0E-5)

ZTF g 8203.86 1971 199 10.66133 (1.7E-5)

ZTF r 8198.88 1964 254 10.66131 (2.3E-5)

ZTF i 8246.77 1512 62 21.32263 (2.2E-5)

CSS � 3525.80 2926 375 21.32267 (2.0E-5)
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Table 3. Amplitudes A1 and A2 of the fundamental frequen
y of variation (10.66133 d

−1
) and its �rst

harmoni
 [see Equation (1)℄. Standard errors of estimates are given in bra
kets.

Filter E�e
tive wavelength A1 A2

(Å) (mmag) (mmag)

W2 46028 369 (9) 122 (9)

W1 33526 362 (6) 67 (6)

z 8923 191 (1) 110 (1)

i 7915 45 (4) 114 (4)

I 7829 258 (1) 110 (1)

o 6630 117 (5) 9 (5)

r 6370 141 (6) 14 (6)

R 6357 70 (2) 65 (2)

CSS 5627 46 (4) 65 (4)

V 5445 126 (2) 7 (2)

c 5182 51 (2) 76 (2)

g 4753 64 (3) 47 (3)

B 4413 206 (3) 45 (3)

Table 4. Optimal SED models �tted to standardised photometry of WISE 1526-1113, for three assumed

values of the reddening E(B−V ). Standard errors of estimates are given in bra
kets. The last 
olumn 
ontains

the residual standard deviation.

White dwarf properties Red dwarf properties

Teff log g Mbol Teff log g Mbol E(B − V ) σ
(K) (mag) (K) (mag) (mag) (mag)

7405(316) 8.5(1.27) 13.2(0.08) 2740(33) 5.0(0.46) 10.7(0.06) 0 0.138

7850(250) 9.5(1.02) 13.0(0.07) 2770(32) 5.0(0.40) 10.7(0.06) 0.05 0.132

7970(230) 9.5(0.93) 12.8(0.06) 2785(33) 5.0(0.75) 10.7(0.06) 0.1 0.126
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Table 5. A summary of models �tted to the 
o-added spe
tra of WISE 1526-1113. The a
ronyms �ET" and

�NGS" represent the �empiri
al template" and �NextGen solar" spe
tra Sr respe
tively. Spe
tra in the former

library are given for various spe
tral types, rather than temperature and gravity. For the solutions in the last

two lines the radial velo
ity was kept �xed at the Hα value. The last 
olumn shows the root mean square of

the residuals.

White dwarf properties Red dwarf properties

Red spe
trum α β Vr T log g T log g RMS
(km s

−1
) (K) (K)

ET 0.68 0.21 225 7250 9.5 M6 0.114

NGS 0.56 0.50 196 7750 9.5 3000 4.0 0.163

ET 0.68 0.21 225 7250 9.5 M6 0.114

NGS 0.56 0.50 225 7750 9.5 3000 4.0 0.163

Table 6. Parameters of �ve models �tted to the SAAO photometry of WISE 1526-1113. The symbols Ts,

Rs and σ respe
tively denote the temperature and radius of the hot spot, and the standard deviation of the

model �t residuals. In all 
ases the spot is lo
ated at longitude 180

◦
.

Cool models Hot models

T1 (K) 7400 7400 7400 7750 7643

T2 (K) 2740 2740 2740 3100 3100

R1 (R⊙) 0.0119 0.0119 0.0118 0.018 0.018

R2 (R⊙) 0.170 0.165 0.144 0.189 0.184

R0 (R⊙) 0.223 0.215 0.189 0.227 0.221

M1 (M⊙) 0.617 0.624 0.6488 0.794 0.803

M2 (M⊙) 0.080 0.072 0.047 0.110 0.101

q 0.129 0.115 0.073 0.139 0.126

Mbol1 (mag) 13.31 13.31 13.31 12.20 12.26

Mbol2 (mag) 11.83 11.91 12.2 11.07 11.13

b (deg) 90 90 57.8 90 90

Ts (K) 9420 11410 9175 10040 9850

Rs (deg) 32.2 20.7 32.2 32.2 32.2

i (deg) 65.3 65.9 67.8 70.0 70

A (R⊙) 0.77 0.77 0.77 0.84 0.84

K1 (km s

−1
) 43 39 26 52 48

K2 (km s

−1
) 334 343 358 374 378

σ 0.018 0.013 0.021 0.019 0.018
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Table 7. Optimal SED models �tted to standardised photometry of three stars with light 
urves resem-

bling those of WISE 1526-1113. Standard errors of estimates are given in bra
kets. The penultimate 
olumn

gives the number of photometri
 measurements taken into a

ount, and the last 
olumn 
ontains the residual

standard deviation. The last line of the Table illustrates the e�e
t of ex
luding the GALEX NUV measurement

of ATO J218.9548-17.7890.

Star White dwarf properties Red dwarf properties

Teff log g Mbol Teff log g Mbol n σ
(K) (mag) (K) (mag) (mag)

TIC 36077464 25000(5290) 8.5(0.7) 9.6(0.5) 3395(35) 4.7(0.6) 8.66(0.02) 19 0.045

ATO J041.1519-14.9620 13995(9833) 9.5(1.4) 13.02(0.6) 3305(28) 4.7(0.4) 8.93(0.02) 21 0.043

ATO J218.9548-17.7890 6850(241) 9.5(0.7) 14.1(0.1) 3070(39) 4.0(0.4) 10.93(0.03) 19 0.047

8475(2264) 9.5(1.0) 14.1(0.3) 3055(36) 5.0(0.5) 10.93(0.03) 18 0.039
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Figure 1: Phase-folded light 
urves of WISE 1526-113 obtained at SAAO. From top to bottom z, I,R,V and B.
Zeropoints are arbitrary.
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Figure 2: Phased light 
urves of WISE 1526-1113. From top to bottom ATLAS o, ATLAS c and CSS. Zeropoints
are arbitrary.
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Figure 3: Phased ZTF light 
urves of WISE 1526-1113. From top to bottom g, r and i. Zeropoints are arbitrary.
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Figure 4: Phased WISE W1 (top) and W2 (bottom) light 
urves of WISE 1526-1113. Zeropoints are arbitrary.
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Figure 5: Standardised photometri
 measurements (dots) 
ompared with predi
ted magnitudes (open 
ir
les)

using the Table 4 parameters. The top panel results assume zero reddening, while the bottom panel is based

on E(B − V ) = 0.1 mag.

20

https://doi.org/10.1017/pasa.2024.100 Published online by Cambridge University Press

https://doi.org/10.1017/pasa.2024.100


Wavelength  (Angstrom)

3500 4000 4500 5000 5500 6000 6500 7000 7500

R
e

la
ti
v
e

  
fl
u

x

0.5

1

1.5

2

2.5

Figure 6: Observed spe
trum (blue) and the weighted sum of the best-�tting RD and WD spe
tra (red).

R
e
la

ti
v
e
  
in

te
n
s
it
y

0.2

0.4

0.6

0.8

Wavelength  (Angstrom)

6600 6700 6800 6900 7000 7100 7200 7300 7400

0.2

0.4

0.6

0.8

Figure 7: A 
omparison of the redmost se
tion of the spe
trum of WISE 1526-1113 (bla
k) with empiri
al

templatespe
tra (red), M4.5 in the top panel and M6 in the bottom panel.
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Figure 8: Theoreti
al (lines) and observed (dots) light 
urves of WISE 1526-1113. Parameters of the model are

in the �rst 
olumn of Table 6. From top to bottom, B, V ,R, I and z. The zeropoints of the normalised �uxes

have been shifted for ease of plotting.
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Figure 9: The ratio of the radius R2 of the RD to the radius R0 of its Ro
he lobe, as a fun
tion of the mass

ratio M2/M1.
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