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NUMERICAL SIMULATION OF THE SURFACE FLOW OF A COMPANION 
STAR IN A SEMI-DETACHED BINARY SYSTEM AND ITS APPLICATION 

TO GALACTIC SUPERSOFT X-RAY SOURCES

K. Oka,^ T. Matsuda,^ I. Hachisu,^ and H. M. J. Boffin^

W e num erically  sim ulate th e  surface flow o f  
a gas-su p p ly in g  com panion  star in a sem i­
d etached  binary system  and con stru ct th e  
D oppler m ap. Our num erical resu lts ind i­
ca te  an ed d y  conflguration  com p osed  o f  a H- 
eddy, a L 1-eddy, and a L 2-eddy associa ted  
w ith  h ig h /lo w  pressures on th e  surface o f th e  
com panion  star. W e And th a t th e  form ation  
of th ese  edd ies can be exp la ined  in term s o f  
th e  astrostrop hic w ind. W e apply our calcu­
lations to  th e  G alactic  supersoft X -ray source  
R X  J 0 0 1 9 .84-2156. T his ob ject is very  a ttrac­
tiv e  for th e  present stu d y  since th e  observed  
D oppler m ap m ight reflect th e  surface flow on  
th e  com panion  star. W e have con stru cted  th e  
D oppler m ap o f R X  J 0 0 1 9 .84-2156 and com ­
pare it w ith  observations.

Although the knowledge on the surface flow of the 
companion star is important to understand the evo­
lution of a binary system, there have been no detailed 
studies on this topic except for the work of Lubow & 
Shu (1975). Their work is, however, semi-analytic, 
limiting the possibility to investigate the surface flow 
in detail. Numerical simulations are thus called for. 
Figures 1 show our numerical results for the case 
with an unit mass ratio. The remarkable feature is 
that three eddies, namely the H-eddy (around the 
pole), the Ll-eddy (around the LI point), and the 
L2-eddy (around the opposite side of the LI point) 
appear on the companion’s surface. The generation 
mechanism of these eddies is explained in terms of 
the astrostrophic wind and the dynamics of an eddy 
system (Oka et al. 2002). We think that the H- 
eddy corresponds to the astrostrophic wind found 
by Lubow & Shu.

We apply our calculations to RX J0019.84-2156, 
which is a very mysterious object, as: 1) although a 
low radial velocity component of the emission lines of 
He II A4686 is observed, the region from where this
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Fig. 1 . The equi-density surface on the companion and 
the streamlines seen from (a) the north pole, (b) the Ll- 
point, and (c) the opposite side of the Ll-point.

emission originates is still unknown, and 2) the com­
panion’s mass has still not been established. Here 
we try to attribute the He II A4686 lines to the ir­
radiated spot on the surface of the companion and 
estimate the companion’s mass via the Doppler map­
ping (Oka et al. 2003). The results show the mass 
of the companion to be ~  2 M q  assuming the mass 
of the white dwarf to be around O.QMq . The need 
for a massive companion is consistent with van den 
Heuvel (1992). Moreover, if our model is correct, the 
observed Doppler map (Deufel et al. 1999) reflects 
the surface flow on the companion.
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