
MNRAS 546, 1–8 (2026) ht tps://doi.org/10.1093/mnr as/stag189 
A dvance A ccess publication 2026 J anuary 27 

[HP99] 159 – Properties of the first supersoft X-ray source with a 

helium star donor 

Hélène Szegedi , 1 ‹ Philip A. Charles, 1 , 2 , 3 David A. H. Buckley , 1 , 4 , 5 Pieter J. Meintjes, 1 
Przemek Mróz 

6 and Andrzej Udalski 6 
1 Department of Physics, University of the Free State, 205 Nelson Mandela Drive, Bloemfontein, 9300, RSA 

2 Department of Physics and Astronomy, University of Southampton, Southampton, Hampshire, SO17 1BJ, UK 

3 Astrophysics, Department of Physics, University of Oxford, Keble Road, Oxford OX1 3RH, UK 

4 South African Astronomical Observatory, PO Box 9, Observatory Road, Observatory 7935, South Africa 
5 Department of Astronomy, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa 
6 Astr onomic al Observatory, University of Warsaw, Al. Ujazdowskie 4, 00-478 Warszawa, Poland 

Accepted 2026 January 23. Received 2025 December 24; in original form 2025 October 17 

A B S T R A C T 

[HP99] 159 is remarkable as the first supersoft X-ray source (SSS) identified with an ev olv ed helium star donor. With a 

likely orbital period of 1.164 d or 2.327 d, the origin of the SSS component is controversial, with the two current models 
being either steady He-burning on the white dwarf surface, or that it is a helium nova in the decaying phase. To help resolve 
this issue we pr esent e xtensive new long-term spectroscopy (with SALT) and photometry (at SAAO and with OGLE) of 
[HP99] 159 which (a) supports 2.327 d as the orbital period, and (b) finds only a small He ii radial velocity modulation. The 
latter is surprising as it implies a very low inclination system, whereas our light curve modelling suggests i ∼50 

◦, and hence 
that the He ii must be produced in outflowing material further above, or beyond, the disc. We find that the decaying nova 

model cannot fit our OGLE light-curve and the observed SSS flux level. [HP99] 159 has been essentially constant as an SSS 

ov er sev eral decades, implying a sustained high level of mass-transfer from its He star donor, making it the only confirmed 

single-degenerate scenario SN Ia progenitor . W e have updated the known SSS binary parameters and find a clear ∼1.5 mag 

difference in their M V 

when compared to the M V 

–� properties of LMXBs, likely due to the larger irradiated areas and more 
luminous donors. 

Key words: binaries: close – white dwarfs – supernovae: general – X-rays: individual([HP99]159). 
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 INTRODUCTION  

n spite of being detected in X-ray surveys over the last ∼30 yr,
HP99] 159 was only r ecently r ecognized as a new LMC X-ray
ource by J. Greiner et al. ( 2023 ). Based on its very soft X-ray spec-
rum (blackbody k T ∼40–45 eV, with a radius of ∼3700 km) and
elatively high luminosity ( L X ∼ 7 × 10 36 erg s −1 ), they suggested
hat it was a new member of the SSS (‘supersoft’ X-ray sources)
lass (P. Kahabka & E. P. J. van den Heuvel 2006 ), where the
mission arises from ‘steady’ thermonuclear burning of material 
n the surface of a white dwarf (WD). What made [HP99] 159 re-
arkable, though, was that its optical counterpart showed no h y -

rogen lines in its spectrum, only helium, leading J. Greiner et al.
 2023 ) (hereafter, G23 ) to identify it as the first SSS to be driven by
ccr etion fr om a helium star. Such a syst em is pot entially of great
nterest in the study of supernova type Ia progenitors, as one of 
he evolutionary routes is the SD (single-degenerate) channel in 

hich a WD is accreting at very high rates (see A. J. Ruiter 2020 ,
nd r efer ences ther ein) fr om a highly ev olv ed donor. Further-
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or e, G23 ’s analysis of ar chival data on [HP99] 159 fr om ROS AT
hrough to XMM-Newton and eROSITA indicated that its X-ray 
mission and spectrum appeared remarkably stable throughout. 

From their inferred WD radius, G23 calculated its mass to 
e M 1 = 1 . 20 +0 . 18 

−0 . 40 M � and that it was accreting material via an
ccretion disc fed by a helium star. Their long-term photometry 
evealed modulations at 1.1635 d, and its weak harmonic at 2.327
, which were identified as possible orbital periods, and high res-
lution spectra appear to indicate a low inclination angle binary. 

The source of the supersoft X-ray component, how ev er, has
een challenged by M. Kato, I. Hachisu & H. Saio ( 2023 ), who
oint out that steady He burning on the WD surface r equir es an
˙ 
 acc ∼ 10 −6 M � yr −1 , which is much higher (by almost a factor 

f 10) than that inferred by G23 ’s observed L X . While G23 argue
hat stable burning at lower accretion rates is possible for rapidly
otating WDs (S. C. Yoon & N. Langer 2004 ; T. L. S. Wong & J.
chwab 2019 ), M. Kato et al. ( 2023 ) offer a very different expla-
ation. They suggest that [HP99] 159 is a helium nova similar

o V445 Pup (e.g. M. Kato & I. Hachisu 2003 ; P. A. Woudt & D.
teeghs 2005 ) that erupted ∼ 28 yr ago, and is currently being
bserved during the decay phase. 
 This is an Open Access article distributed under the terms of the 
/by/4.0/ ), which permits unrestricted reuse, distribution, and 
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Table 1. SALT/HRS spectroscopic observing log of [HP99] 159. 

Date HJD (Start) Resolution n data × t exp 
(2450000 + ) Mode (s) 

2022-12-26, 27, 30, 31 9940–9945 Low 1 × 2400 
2023-01-01 9946 Low 1 × 2400 
2023-01-12, 13, 14 9957–9959 Low 1 × 2400 
2023-01-30, 31 9975–9976 Low 1 × 2400 
2023-02-09 9985 Low 1 × 2400 
2023-02-12, 13 9988–9989 Low 1 × 2400 
2023-03-02 10 006 Low 1 × 2400 
2023-03-12 10 016 Low 1 × 2400 
2023-03-17 10 021 Low 1 × 2400 
2023-11-17 10 266 Medium 2 × 1800 
2024-01-31 10 341 Low 1 × 2500 
2024-02-05, 08, 09 10346–10350 Low 1 × 2500 

Note. The number of data frames is n data and the e xposur e time per frame 
is t exp . 
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Table 2. SAAO 1.0-m/SHOC photometric observing log of [HP99] 159. 

Date HJD t exp × n data 
(2460000 + ) (s) 

2024-01-03 313 20 ×426 
2024-01-04 314 15 ×987 
2024-01-05 315 15 ×818 
2024-01-06 316 15 ×726 
2024-01-08 318 15 ×200 
2024-01-17 327 15 ×726 
2024-01-18 328 15 ×522 
2024-01-19 329 15 ×726 
2024-01-20 330 15 ×420 
2024-01-21 331 15 ×576 
2024-01-22 332 15 ×242 
2024-01-23 333 15 ×484 
2024-01-24 334 15 ×726 
2024-01-29 339 30 ×81 

N ote. The e xposur e time per frame is t exp , and n data is the number of data 
frames. 
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We ther efor e undert ook an observational campaign t o look for
vidence of [HP99] 159 being a possible decaying helium nova, to
onfirm the absence of hydrogen in the system, and to constrain
 orb thr ough e xt ensiv e phase-resolv ed spectroscopy, as w ell as
urther photometry. 

 O B S E RVAT I O N S  AND  DATA  REDUCTIONS  

ptical spectroscopic and photometric observations of [HP99]
59 w ere conduct ed betw een 2022 December and 2024 October
t the Sutherland station of the South African Astronomical Ob-
ervatory (SAAO). The photometric data was supplemented with
GLE-IV data. 

.1 Spectroscopy 

.1.1 SALT/HRS 

igh r esolution spectr oscopy was performed with the 11-m
outhern African Large Telescope (S ALT ; D. A. H. Buckley, G.
. Swart & J. G. Meiring 2006 ) equipped with a dual-beam fiber-
ed echelle high resolution spectrograph (HRS; D. G. Bramall
t al. 2010 , 2012 ; L. A. Crause et al. 2014 ). The observations were
onducted under program 2021-2-LSP-001 (PI: David Buckley)
n 21 epochs between 2022 December and 2024 February 2024.
he HRS covers the spectr al r ange of 3740–8780 Å (blue camera
= 3740–5560 Å, red camera λ = 5450–8780 Å). It has three

esolution modes, namely low (R = 14000–15000), medium (R
 40000–43000) and high (R = 67000–74000). Our observations
ere carried out in low and medium resolution modes, with Table
 providing more details. 

The primary HRS data reduction was performed with the SALT
ipeline PySALT (S. M. Crawford et al. 2010 ), which included
ias subtraction, cross-talk correction, plus gain and overscan
orrection. The MIDAS HRS automatic pipeline 1 (A. Y. Kniazev,
 . V . Gv ar amadze & L. N. Berdnikov 2016 , 2017 ) w as used to per-

orm the spectroscopic reductions which included flat-field cor-
 ections, or der e xtr action, w avelength calibr ation with arc spectr a
f ThAr + Ar lamps, sky subtraction, and 2D to 1D spectral
xtraction. 
NRAS 546, 1–8 (2026) 
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.1.2 1.9-m telescope and SpUpNIC 

HP99] 159 was observed on 3 October 2024 with the SAAO 1.9-m
elescope equipped with the SpUpNIC Cassegrain spectrograph
L. A. Crause et al. 2016 ) using grating 4, giving a resolution
f 1.8 Å with the 1.5 arcsec slit width. A CuAr lamp provided
 avelength calibr ation. Three science fr ames were obtained with

n e xposur e time of 1200 sec for each. 
Standar d IRAF r outines (P. Massey 1997 ) wer e used to perform

ias and flat field correction, and the spectra were wavelength-
alibrated using the CuAr arc frames. Flux calibration was per-
ormed with respect to the spectrophotometric standard star, LTT
987, observed on the same night. The spectra were co-added to
btain one average spectrum. 

.2 Photometry 

he SAAO 1.0-m telescope equipped with SHOC, the Sutherland
igh-speed Optical Camera 2 (R. Coppejans et al. 2013 ) was
tilized for photometry of [HP99] 159. The observations were
erformed in conventional mode i.e. utilizing a 1 MHz 16-bit
onventional amplifier, with a pr e-amp g ain of 2.5 and 2 × 2
inning . N o filters were used, meaning that [HP99] 159 was
bserved in ‘white light’. The details of these observations are
ummarized in Table 2 . 

TEA-PHOT 

3 , a python -based pipeline developed by D. M.
owman & D. L. Holdsworth ( 2019 ) specifically for SHOC data
ubes, was exploited to perform our data reductions. Although
apable of producing differential light curves from CCD reduc-
ions and adaptive elliptical aperture photometry, we only used
t to slice the data cubes, obtaining the correct time stamps per
rame (including the Barycentric Julian Date in the Dynamical
ime standard at mid-exposure), and to perform bias subtraction
nd flat-field correction. 

[HP99] 159 is located in the LMC, a crowded stellar field, and
o we used the d a ophot package in iraf to perform PSF (Point-
pread Function) phot ometry. A w eight ed differential phot om-
 Further details on SHOC can be obtained from 

ttps://www.saao.ac.za/science/facilities/instruments/shoc/. 
 https://bitbucket.org/DominicBowman/tea-phot/ 

https://astronomers.salt.ac.za/software/hrs-pipeline/
https://bitbucket.org/DominicBowman/tea-phot/
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Figure 1. OGLE-IV I-band light-curve of [HP99] 159 obtained Mar 
2010–Jan 2024, with a linear fit (dashed line) giving a mean of I = 16, 
and demonstrating no detectable decline over the last 14 yr. The blue and 
purple lines r epr esent the 28 and 80 yr decaying nova models, respectively, 
of M. Kato et al. ( 2023 ). The red region indicates the time interval of the 
XMM–Newton and eROSITA observations. 
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Figure 2. PDM periodogram of the OGLE-IV light-curve (Fig. 1 ) in the 
frequency range of 0 . 1 < f < 2 cycles d −1 . The two strongest signals are 
marked, and are the same as those seen in our and G23 ’s Lomb - Scargle 
periodograms. 
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try pr ocedur e was applied, following the same method as dis-
ussed by M. E. Everett & S. B. Howell ( 2001 ) and A. Y. Burdanov,
 . V . Krushinsky & A. A. Popov ( 2014 ). Two comparison stars of 

imilar brightness to the target, and which had the lowest mean 

ariance were utilized. 

.3 OGLE-IV photometric data 

he Optical Gravitational Lensing Experiment (OGLE) is a long- 
 erm, large-scale phot ometric surv ey focused on sky variability, 
ncluding detecting microlensing events, and has been opera- 
ional from the early 1990s (A. Udalski et al. 1992 ). It regularly

onitors hundreds of millions of stars in the Galactic Bulge, 
alactic Disc, and Magellanic Cloud regions and, hence, moni- 

ored [HP99] 159 during the fourth phase of the project (OGLE-
V). See A. Udalski, M. K. Szyma ́nski & G. Szyma ́nski ( 2015 )
or a detailed description of the observing setup and data cal- 
bration. Here, we analyse OGLE-IV observations collected be- 
ween 2010 and 2024. The data for [HP99] 159 were obtained 

n the I-band filter with typical e xposur e times of 150 s. The
hotometry was performed using the difference image analysis 
echnique (C. Alard & R. H. Lupton 1998 ) as implemented by
. R. Wozniak ( 2000 ). The DIA pipeline implemented by OGLE
 eturns under estimat ed phot ometric errors, so w e applied the
ormula σnew 

= 

√ 

(γ × σold ) 2 + ε2 (where γ = 1 . 058 , ε = 0 . 0051
or the OGLE field containing [HP99] 159) specified by P. Mróz
t al. ( 2024 ) to correct the OGLE-IV magnitude errors. Note that
his r epr esents a statistical err or and does not fully capture the
ntrinsic uncertainty associated with the scatter. 

 R E S U LT S  

.1 Photometric variability 

he 14-yr OGLE-IV I-band light curve (Fig. 1 ) shows that
HP99] 159 remained within ±0.1 mag of I ∼ 16 throughout this
nterval. A linear model fitt ed t o the data indicated a slope of 

0 . 0007 ± 0 . 0006 mag yr −1 (brightness increase) and a horizon-
al shift of 15 . 9897 ± 0 . 0027 mag. A t-t est indicat ed that the null
ypothesis slope of zero at a 3 σ confidence level (99.73 per cent)
annot be rejected. This provides evidence that the system has not
eclined over time. 
We also compared the OGLE-IV light-curve with the decaying 

ova model (and a slow X-ray decay of τS S S = 120 yr) proposed by
. Kato et al. ( 2023 ). The X-ray light-curve of the decaying nova
odel was conv ert ed t o M V using the correlation M V = 0 . 83 −
 . 46 log �, where � = ( L X /L Edd ) 1 / 2 ( P/ 1 hr ) 2 / 3 , derived by A. van
eeseling et al. ( 1997 ) for SSS. Since the X-ray light curve only
ccounts for the SSS contribution, a He star flux was added so
hat the total system brightness scaled to fit through the OGLE-IV
ata at the time of the XMM-Newton and eROSITA observations. 
he total contribution M V was converted to V -mag and a V − I =
 . 06 offset (obtained from G23 Extended Data Fig. 3 ) was added.
he model is plotted in Fig. 1 using two age options for the nova
utburst: 28 yr ago (blue line) and 80 yr ago (purple line). 

In the OGLE interval, the 28 yr decay model has an almost lin-
ar slope of +0 . 00351 ± 0 . 00001 mag yr −1 (brightness decrease)
nd a t-test rejects a null hypothesis slope of zero at a 3 σ confi-
ence level (99.73 per cent). The 80 yr decay model has a much
hallower linear slope of +0 . 000974 ± 0 . 000001 mag yr −1 (bright-
ess decrease) and a t-test indicates a null hypothesis slope of zero
3 σ confidence level; 99.73 per cent) cannot be rejected. While the 
0 yr decay model is consistent with the OGLE data, we reject it
ince the model fits very poorly to the observed SSS fluxes, as also
oted by M. Kato et al. ( 2023 ). These results, together with the

act that the blackbody temperature has also been stable for the
ast 30 yr, does not support the decaying helium nova scenario,
s even the most shallow decline consistent with the observa- 
ions in their Fig. 3 w ould hav e been det ectable in the OGLE
ata. 
As in G23 , we performed a Lomb - Scargle (LS) analysis of 

he OGLE-IV light curve, and also strongly det ect ed modu-
ations at P = 1 . 1635 ± 0 . 0001 d and a weaker signal at P =
 . 3269 ± 0 . 0003 d (our periodogram is essentially identical to
23 ’s Fig. 4 a). Since G23 favoured the 2.3 d signal as a possible
rbital period (due to its lower variance), we decided to perform
 phase dispersion minimization (PDM) period analysis, as it 
s insensitive to the light curve shape, and is able to determine
eriods with high accuracy. We used the pdm task in the Star-

ink PERIOD package (Version 5.0–2), selecting 20 bins (each of 
idth 0.11 d) and a frequency range of 0 . 1 < f < 2 . 5 cycles d 

−1 .
he resulting PDM is shown in Fig. 2 and clearly det ect ed
oth modulations, with them now being of essentially equal 
trength. 

The light curve of [HP99] 159 obtained with the SAAO 1.0-
/SHOC (3—29 Jan 2024) was phase-folded on the suggested 

 orb of 2.327 d (Fig. 3 ), using BJD2455255.443 as T 0 . It displays
he same double-humped light curves typically seen in accreting 
lose binary systems, and is in agreement with that of G23 . We
her efor e also support a P orb of 2.327 d. 
MNRAS 546, 1–8 (2026) 
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Figure 3. The phase-folded light-curve on the proposed 2.33 d orbital pe- 
riod obtained with the SAAO 1.0-m/SHOC (3—29 Jan 2024). Two cycles 
are shown for clarity. 

Figure 4. SAAO 1.9-m/SpUpNIC spectrum of [HP99] 159 on 3 Oct 2024. 
All the emission lines are attribut ed t o He i and He ii , confirming the 
absence of hydrogen. 

Figure 5. He ii and He i line profiles in SALT/HRS spectra, obtained 
between 2022 December and 2024 February. The plots are offset vertically 
by an arbitrary constant. 
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.2 Spectroscopic variability 

he 1.9-m/SpUpNIC spectrum (Fig. 4 ), covering the wavelength
ange λ ∼ 3820–5050 Å, is very similar to that of G23 Fig. 2 . In
articular, this purely emission-line spectrum shows no hydrogen
Balmer) lines, only those attributable to He i and He ii . 

The high resolution spectra obtained with SALT/HRS also sup-
ort the results of G23 , as seen in the detailed He ii and He i

ine pr ofiles of Fig . 5 . They are all double-peaked He emission
ines, evidence of an established accretion disc, together with
hanges in the asymmetry of the profiles that is typical, and
NRAS 546, 1–8 (2026) 
ft en attribut ed t o the hot spot (created by the mass-transfer
tream impacting the disc) rotating with the orbital period. A
eak separation of ∼100 km s −1 implies an outer disc velocity of 
50 km s −1 and the wings of the emission lines indicate an inner

isc velocity of ∼150 km s −1 . These values are low for accretion
iscs in close interacting binaries, indicating that the system is

ikely being viewed from a very low inclination angle if the lines
rise only from the disk modulated by the Keplerian and orbital
otions. 

.3 Radial velocity curves 

ith our ext ensiv e SALT spectroscopy of [HP99] 159 (Table 1 )
e could study the radial velocity (RV) curves of these emission

ines. To measure K, we applied the method of A. W. Shafter
 1983 ). The wings of the two strongest emission lines, He ii λ4686
nd He i λ7065, w ere fitt ed with Gaussian functions to determine
heir centr al w av elengths. The resulting bary centric-correct ed RV
urves of He ii and He i are plotted in the middle and bottom
anels of Fig . 6 , r espectively, along with the OGLE-IV light-curve
top panel), all phase-folded on P orb = 2.327 d. A sine function
 as fit t ed t o the He ii RV curv e (red dashed line), giving a sys-

 emic v elocity of γ = 273 ± 1 km s −1 and a semi-amplitude of 
he accretion disc of K disc = 9 ± 1 km s −1 . The He i RV data points
learly show no significant modulation, but interestingly do show
 mean RV offset of ∼ + 10 km s −1 with respect to He ii . The
ack of RV modulation for He i indicates that the He ii emission
s originating from a region close to the WD, while the He i likely
omes from further out in the accretion disc, where the velocities
re lower. 

Assuming a circular orbit and the whit e dwarf locat ed at the
entre of an axisymmetric accretion disc, then the K 1 value for
he WD (assumed = K disc ) together with P orb = 2.327 d gives us
he donor’s mass function 

M 2 
3 

( M 1 + M 2 ) 2 
sin 

3 i = 

P orb 

2 πG 

K 

3 
1 (1) 
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Table 3. Estimated binary parameters of [HP99] 159 for three donor 
masses. 

Parameter M 2 = 0 . 8 M � M 2 ≥ 1 . 2 M � M 2 = 2 M �

M 1 ( M �) 1.2 1.2 1.2 
q (= M 2 /M 1 ) 0.67 ≥ 1 1.7 
R 1 ( R �) 3.9 < 3.8 3.7 
R 2 ( R �) 3.2 > 3.8 4.6 
i (degrees) 6.4 < 4.8 3.5 
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i.e. f (M 2 ) = 1 . 75 × 10 −4 M � and is clearly indicative of a low-
nclination system ( i < 5 ◦ for M 2 ≥1 M �). Furthermor e, fr om P orb 
e know from Kepler’s 3rd Law that the size of the binary must
e a = 7 . 4(M 1 + M 2 ) 1 / 3 R �. 

 DISCUSSION  

.1 Binary parameters 

hile the WD mass w as constr ained by G23 to be M 1 =
 . 20 +0 . 18 

−0 . 40 M � based on the measured X-ray blackbody radius, the
bsence of hydrogen in the disc led them to assume that it must
e accreting from a He star, which must be filling its Roche-lobe

n order to drive the necessarily large mass transfer rates. This
mplies a He star donor with mass in the range M 2 ∼ 0 . 8 –2 . 0 M �
see also M. Kato et al. 2023 who derive similar masses). For un-
table mass transfer proceeding on a thermal timescale, thereby 
riving a high accretion rate (P. Kahabka & E. P. J. van den Heuvel
006 ) means that the mass ratio q (= M 2 /M 1 ) � 1 for the inferred
assive WD. However, to r epr oduce the low RV semi-amplitude,

uch masses also imply a very low orbital inclination, namely 
 ∼ 3 . 5 –4 . 8 deg. 

Given that the He star must be filling its Roche-lobe, we can
se the P. P. Eggleton ( 1983 ) approximation to: 

R 2 

a 

= 

0 . 49 q 2 / 3 

0 . 6 q 2 / 3 + ln ( 1 + q 1 / 3 ) 
, for 0 < q < ∞ , (2) 

 o estimat e the He star radius (and by replacing q with q −1 , we
an also calculate the WD’s Roche lobe radius, R 1 ). This yields
he binary parameters given in Table 3 . 

Helium stars with these properties have been modelled by Y. 
ötberg et al. ( 2018 ), with their Fig. 2 (see also M. Kato et al.
023 , Fig. 4 ) indicating that a ∼ 4 M � star will enter the mass
ransfer phase when it has expanded to sizes comparable to that
alculated in Table 3 . We also chose such relatively low mass
e stars based on the optical model spectra presented in their
ig . 5 . Mor e massive stars ( > 7 M �) can be e x cluded, as they
ould exhibit much more powerful, broader He ii emission lines 

hat are typical of Wolf-Rayet stars. The much narrow er, w eaker
mission features seen in our spectra are almost certainly driven 

y the SSS component, and not the donor. Indeed, the model He
tar spectra of Y. Götberg et al. ( 2018 ) in the lower mass range
how only weak Balmer absorption features, and even they would 

e undetectable as a result of the mass-transfer stripping of the
y drogen env elope, leaving the bare He star to build up a helium-
ominated accretion disc that feeds the WD. 

.2 Can we believe the low inclination? 

her e ar e a number of reasons why we should treat such a low
nferred i value from the radial velocity curve with caution, al- 
hough there are important caveats. 
(i) on statistical grounds, pole-on binaries are rare. It is well- 
nown (based on solid angles on the sky) that a random distri-
ution of orbital axis orientations has a chance of i values that is
roportional to sin i ; 
(ii) how ev er, there may also be observational selection effects 

t work. One of these is the ease with which the very low energy
SS X-rays can be absorbed by int erv ening matt er, and this is
articularly true at higher binary inclinations where the mass 
ransfer stream and disc material itself can block the SSS compo-
ent. This means they are more readily detectable when observed 

t lower inclinations; 
(iii) such a low i is not consistent with our observed photomet-

ic modulation (Fig. 6 top panel). [HP99] 159 could be considered
s a contact binary, and the simulated light-curves of S. M. Rucin-
ki ( 2001 ) imply that i ∼ 40 ◦ is needed to produce an ∼0.1 mag
mplitude modulation; 

(iv) the prototypical SSS RX J0513.9 −6951 has a similar He ii
mission line RV curve (K. A. Southwell et al. 1996 ) with a low K 1 
f 14.5 km s −1 that would infer i < 7 ◦, yet it also displays weaker
at ellit e emission lines displaced by ±3900 km s −1 from the main
eatur e. These ar e interpr eted as jets emitted perpendicular to the
lane of the disc, travelling with at least the WD escape velocity,
gain arguing against a low inclination, as also indicated by its
hotometric light curve; 
(v) our double-peaked He i line profile in Fig. 5 is a classic

eatur e of accr etion discs in CVs and LMXBs, and is taken as
rising from advancing and receding material towards the outer 
isc. Again, this would not be expected in a very low-inclination
ystem. 

.3 Light-curve modelling 

ince the simulated light-curves of S. M. Rucinski ( 2001 ) suggest
hat we should be considering higher inclination values, we de- 
ided to investigate this in more detail by using phoebe (Version
.4.21; A. Prša et al. 2016 ) to model the OGLE-IV light curve of 
HP99] 159. phoebe is a software package that is used for eclips-
ng binaries, but does not include accretion physics. How ev er,
iven that the ‘steady’ SSS r equir es ongoing high levels of mass
ransfer into the accretion disc around the WD (as depicted in I.
achisu & M. Kato 2003 , Fig. 3 ) we have appr o ximated this as an
0 star orbiting the He star, and used phoebe to build synthetic

ight curves at different i . We note a similar approach was used
n J. I. Smak, K. Belczynski & S. Zola ( 2001 ) in modelling the
ouble-humped light-curve of V Sge, a high mass transfer cata- 
lysmic variable. The accretion discs in such systems are bloated 

nd cannot be modelled as standar d accr etion discs (see e.g. I.
achisu & M. Kato 2003 ). 
The simulat ed syst em was treat ed as a contact binary with

he stars in circular orbit. The binary parameters P orb = 2.327 d,
 = 10 . 9 R � and q = 1 . 67 wer e fix ed and we assumed an A0 star
 M 1 = 1 . 2 M �, T eff = 10 000 K) to r epr esent the WD + hot disc.
n effective temperature of T eff = 15850 K was set for a M 2 =
 M � He star. The stellar radii were set to the respective Roche
obe radii ( R 1 = 3 . 66 R � and R 2 = 4 . 6 R �). 

The OGLE-IV light-curve was conv ert ed t o flux (using the Vega
ux zeropoint 4 ; S. Czesla et al. 2019 ) and normalized, and plotted
ith the synthetic light-curves at different i in Fig. 7 . A χ2 anal-

sis indicates that the synthetic light curve with i = 50 ◦ fits the
MNRAS 546, 1–8 (2026) 
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M

Figure 7. The phase folded OGLE-IV light-curve with the synthetic light 
curves produced with phoebe at different inclination angles. Insert : Re- 
duced χ2 values for the OGLE-IV light-curv e fitt ed with the synthetic 
light-curves at different inclination angles. 

Table 4. SSS Key properties. 

Source V log L X P orb Notes 
(range) (erg s −1 ) (d) 

Magellanic clouds 
CAL83 16.2–17.1 37.3 1.04 450 d on-off cycle 
CAL87 19–21 36.7 0.44 eclipsing 
RX J0513.9 −6951 17.4 37.8 0.76 170 d on-off cycle 
1E 0035.4 −7230 20.3 37.3 0.17 short P orb 
ASASSN-16oh 16.5–20.5 37.0 5.6 ∼1 yr outburst 
[HP99] 159 16 36.8 2.33 this paper 
Galactic 
QR And 11.5–12.6 37.1 0.66 E(B-V) = 0.10 
V Sge 10.5–14 36.7 0.51 E(B-V) = 0.33 
MR Vel 17.9 38.0 4.03 E(B-V) = 2.1 
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relation for LMXBs ( M V = 1 . 57 –2 . 27 log �) derived by vPM94 assuming 
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GLE-IV data the best with a reduced χ2 = 6 . 4 (Fig. 7 insert).
s phoebe does not model accretion discs and hot spots, it can-
ot model the e x cess emission above the synthetic light curve at
hase 0.25 contributed by the hot spot in [HP99] 159. 
This does leave us with conflicting indications for i , but based

n the unlikelihood of pole-on systems we believe the higher i
mplied by the light-curves to be more likely. We then assume
hat the He ii must be produced in outflowing material further
bove, or lost from, the disc and hence will display a diluted RV
odulation. This is supported by the γ velocity of the He ii RV

urve being blue-shifted with respect to He i . 

.4 [HP99] 159 as an SSS 

t has already been noted that the observed, and steady, L X can be
xplained by a mass accretion rate of ˙ M ∼ 1 . 5 × 10 −7 M � yr −1 ,
ut the SSS paradigm r equir es steady He-burning on the WD
urface and that needs a mass-tr ansfer r ate significantly ( ∼5–
0 ×) higher. So, is [HP99] 159 really comparable to other SSS in
he Magellanic Clouds and the Milky Way? First, we compare
heir observed properties in Table 4 , where it is clear that while
HP99] 159 is at the faint end of the list, it is actually slightly
NRAS 546, 1–8 (2026) 
righter than CAL87 (as expected given its lower i ). So this issue
s not unique to [HP99] 159. 

This comparison can be taken further by recognising that in
he canonical SSS the dominant light source is the accretion
isc, and that will be heated by the close-to-Eddington limited
SS emission from the WD. This makes them analogous to their
MXB (low -mass X-r ay binary) cousins, where J. v an Par adijs &
. E. McClintock ( 1994 ) (hereafter vPM94 ) had shown that there
as a correlation between their M V and a combination of their
 X and P orb (the latter of course links to the size of the ac-
retion disc). That correlation was M V = 1 . 57 –2 . 27 log �, where
= ( L X /L Edd ) 1 / 2 ( P/ 1 hr ) 2 / 3 , and it was used by A. van Teesel-

ng et al. ( 1997 ) to show that a very similar curve fits the SSS
s well. 

We take the opportunity here to update this relationship by in-
luding [HP99] 159 and exploiting the now more accurate galactic
istances available from Gaia DR3. The new M V –� plot for the
SS in Table 4 is shown in Fig. 8 , together with a simple straight-
ine fit (the red line), as well as the original vPM94 black line that
ts the steady LMXBs. As they noted (and also M. G. Revnivtsev,
. Y. Zolotukhin & A. V. Meshcheryakov 2012 ), since � is a flux,
hen the slope of this line should be –2.5, and accordingly we
how (blue line) the fit with the slope so fixed. This demonstrates
n important point. The SSS as a gr oup ar e clearly displaced above
he LMXBs, and so have, for a given value of �, an M V that is 1.5

ags brighter . W e believe that this is due to the much larger discs
nd donors of SSS relativ e t o the LMXBs, essentially doubling
he irradiated areas, as is clearly demonstrated by the schematic
iagram (Fig. 3 ) in I. Hachisu & M. Kato ( 2003 ). 
How ev er, [HP99] 159 is different from all other SSS in that

t has a He star donor, which should be optically luminous in
ts own right, contributing significantly to the M V of –2.8 for
HP99] 159. From Y. Götberg et al. ( 2018 ) and M. Kato et al. ( 2023 )
 e estimat e that a 0.8 M � He star will have M V = –2.03, and this

eads to M V = –2.06 for the SSS component alone, which is the
alue w e hav e used in Fig. 8 (see also M. Kato et al. 2023 ). The gray
tar above [HP99] 159 indicates the SSS component M V = –1.83
f the He star has a M V = –2.23 (determined from the 28 yr decay

odel) and the gray star below [HP99] 159 indicates the SSS com-
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onent M V = –1.64 if the He star has a M V = –2.34 (determined
rom the 80 yr decay model). This makes it quite consistent with
he other known SSS. We also note that the I. Hachisu & M. Kato
 2003 ) int erpretation indicat es likely considerable mass outflows
rom the system. Outflows out of the plane of the orbit will show
 much lower radial velocity modulation against orbital phase, 
hich could explain our spectroscopic observations. 

.5 Comparison with other He star binaries 

e inv estigat ed whether [HP99] 159 is comparable t o other
nown systems. In fact, there are a few WD-He star binaries that
r e of inter est as SN Ia candidates, namely KPD 1930 + 2752
S. Geier et al. 2007 ), V445 Pup (M. Kato & I. Hachisu 2003 ),
D 49798 (J. Brooks, T. Kupfer & L. Bildsten 2017 ), CD- 30 ◦11223

S. Vennes et al. 2012 ) and PTF1 J2238 + 7430 (T. Kupfer et al.
022 ). Of particular interest from this group is V445 Pup, which
nderwent a nova ouburst in 2000, and remarkably also showed 

o hydrogen lines in its spectrum, making it the first He nova
M. Kato & I. Hachisu 2003 ), and hence potentially analogous
 o [HP99] 159. Int er estingly, B . E. Schaefer ( 2025 ) shows that the

D of V445 Pup appears to be losing mass after each eruption,
aking it less likely to undergo a SNIa explosion. 
How ev er, there w ere tw o forms of He star companion con-

idered (see e.g. P. A. Woudt et al. 2009 and r efer ences ther ein)
or V445 Pup, one a non-degenerat e, ev olv ed He star, the other a
ully degenerate He WD (also known as AM CVn systems). These
at ter, double-degener ate binaries, have very short orbital periods 
usually ≤60 mins). This is significant, as very r ecently, B . E.
chaefer ( 2025 ) has proposed an orbital period for V445 Pup of 
.87 d, based on long-term archival (pre-nova) optical photome- 
ry. But his resulting folded light-curve is very similar in shape
nd amplitude to that of [HP99] 159 when folded on half the
rbital period, and so we suspect that the true period of V445 Pup
s actually 3.75 d. More importantly, such a long period automati-
ally rules out the AM CVn scenario, and so V445 Pup is definitely
orth comparing more closely with [HP99] 159. 

.6 Binary evolution 

r om the pr operties of the e xpanding nebula surr ounding
445 Pup, P. A. Woudt et al. ( 2009 ) have derived a precise distance
f 8.2 ± 0.5 kpc, and estimate an E ( B −V) of 0.62 (and hence an
 V ∼2.5). Furthermor e, ther e ar e str ong arguments for a massive
D ( ∼ 1 . 35 M �) and M. Kato et al. ( 2008 ) indicate that M 2 >

 . 8 M � , which, combined with P orb = 3.75 d, gives R 2 = 4 . 7 R �.
hese are very similar parameters to those we have derived for

HP99] 159 in Table 3 , and are consistent with what is expected
or He star evolution as described in Y. Götberg et al. ( 2018 ) and

. Kato et al. ( 2023 ). 
Reg ar ding the actual binary syst em ev olution, w e not e that

. Podsiadlowski ( 2010 ) has modelled binary evolution in the
supersoft’ channel of potential SNIa systems. In particular, his 
ig. 2 produces, after ∼ 2 × 10 6 yr, a ∼ 1 M � WD accreting at
10 6 −7 ˙ M � yr −1 from a donor of M 2 , R 2 = 2 . 1 M �, 4 . 6 R �. This

as based on the observed properties of the r ecurr ent nova U Sco,
hich also bear comparison with [HP99] 159, especially since 

t was found (H. M. Johnston & S. R. Kulkarni 1992 ) to be ‘H-
eficient’. Also targeting U Sco, I. Hachisu et al. ( 1999 ) produce
 system with a ∼ 1 M � WD accreting from a ∼ 2 –3 . 6 M � com-
anion with a ∼ 0 . 5 − 5 d orbital period (see their fig. 1F). Of 
elevance to [HP99] 159 is that the donor has a ‘He-rich envelope’
cquir ed fr om the pr e-WD in an earlier phase of its evolution. 

 CONCLUSIONS  

ur ext ensiv e spectroscopic and phot ometric study of [HP99] 159
as shown that: 

(i) it has remained within ±0.1 mag of its mean I ∼ 16 level
ver the last 14 yr, with no indication of decay in the light-curve;

(ii) together with the constant blackbody t emperature det er- 
ined by G23 , this pr ovides str ong evidence that [HP99] 159 is

ot in the decaying phase of a helium nova event as was suggested
y M. Kato et al. ( 2023 ), and that it should be considered as a
omparable member of the group of Magellanic Cloud SSS; 

(iii) a PDM period analysis of the OGLE-IV light-curve and the 
hase-r esolved spectr oscopic r esults confirm that P orb = 2.327 d; 
(iv) we see only helium emission lines in the spectrum, indi- 

ating that the donor was likely an (originally) ∼ 4 M � He star; 
(v) our He ii RV curve yields γ = 273 ± 1 km s −1 and K 1 = 9 ±

 km s −1 in conflict with our double-peaked orbital light curve 
 eg ar ding the binary i , which we believe to be closer to i ∼ 50 ◦; 

(vi) we propose that substantial mass outflow from the system 

ccounts for the low RV modulation amplitude; 
(vii) we propose a donor mass range of M 2 ∼ 1 . 2 –2 . 0 M �, very

imilar to the He nova V445 Pup; 
(viii) this confirms that [HP99] 159 is indeed the first SSS with

n ev olv ed helium donor and ther efor e a single -degenerate sce -
ario SNIa progenitor; 
(ix) w e hav e demonstrat ed a clear ∼1.5 mag difference in M V of 

SS systems when compared to the M V –� properties of LMXBs. 
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