STR UCTURE AND TIME-DEPENDENT BEHA VIOR OF BE- ST AR DISKS IN BE/X-RA Y BINARIES A.T. OKAZAKI Col le ge of Gener al Educ ation, Hokkai-Gakuen University, T oyohir a-ku, Sapp or o 062, Jap an W e consider the structure and time dep enden t b eha vior of the out o w in disks of Be stars in Be/X-ra y binaries, based on the viscous decretion disk scenario (Lee et al. 1991). In this scenario, the matter ejected from the star with the Keplerian v elo cit y at the equatorial surface of the star drifts out w ard b ecause of the e�ects of viscosit y , and forms the disk. In the presen t study , w e adopt the Shakura-Sun y aev’s � -viscosit y pre- scription, and assume the disk to b e isothermal. The disk radius is �xed to b e 3 � 2 = 3 times the mean binary separation, b ecause in a Be/X-ra y bi- nary the disk of the Be star is lik ely truncated at the radius where the tidally-induced eccen tric instabilit y o ccurs. Figure 1(a) illustrates a t ypical structure of viscous decretion disks around Be stars in Be/X-ra y binaries: The out o w v elo cit y increases as r , the surface densit y decreases as r � 2 , and the angular v elo cit y of the disk decreases as r � 1 = 2 . In general, the viscous decretion discs are o v erstable for m = 1 p er- turbations. The gro wth rate is of the order � ( H =r ) 2 , where H is the scale-heigh t of the disk and is the angular frequency of disk rotation. Figure 1(b) sho ws the m = 1 o v erstable mo de in the decretion disk sho wn in panel (a). W e note that the p erturbation pattern is of the leading, one- armed spiral. W e also note also that the c haracteristics of the one-armed spiral mo des are in agreemen t with the p erio dicit y and the pro�le v ari- abilit y of the V/R v ariations of Balmer lines observ ed for some Be/X-ra y binaries. Finally , w e discuss the orbital mo dulations of X-ra y ligh tcurv es observ ed for Be/X-ra y binaries A0535+26 and 4U0115+63. T yp e I outbursts from A0535+26 o ccur close to the p eriastron passages of the neutron star, while those from 4U0115+63 are seen close to orbital phase of � 0 : 3 (Negueruella et al. 1997). The presen t mo del is consisten t with these features. F or small amplitude m = 1 p erturbations, the eccen tricit y of the disk is negligible.

2 A.T. OKAZAKI

Figur e 1. (a) Structure of an unp erturb ed, viscous decretion disk for a Be/X-ra y bi- nary A0535+26. Solid, dashed, and dash-dotted lines denote V r =c s , V � = ( GM =R ) 1 = 2 , and � = �( R ), resp ectiv ely , where M and R are the mass and radius of the Be star, resp ectiv ely , V r and V � are the radial and azim uthal comp onen ts of the v ertically a v eraged v elo cit y , resp ectiv ely , c s is the isothermal sound sp eed, and � is the surface densit y . W e adopt V r =c s ( R ) = 10 � 3 and � = 0 : 1. The radiativ e force in the form of � ( r =R ) � � GM =r 2 with ( � ; � ) = (0 : 2 ; 0 : 1) is included. (b) Linear, one-armed fundamen tal mo de in the disk sho wn in panel (a). The p erio d of this mo de is 1 : 9 yr and the gro wth time is 8.8 yr. The disk rotates coun terclo c kwise. A gra y-scale represen tation denotes the densit y p erturbation, while arro ws denote the p erturb ed v elo cit y v ectors. Then, the T yp e I outbursts will o ccur close to the p eriastron passages of the neutron star. Ho w ev er, when the amplitude of the m = 1 p erturbation is large enough to mak e the disk highly eccen tric, the phase of the T yp e I outburst will also dep end on the phase of the m = 1 mo de whic h do es not necessarily coincide with the p eriastron pasage of the neutron star. In conclusion, the viscous decretion disk mo del for Be stars in Be/X- ra y binaries agrees w ell with long-term V/R v ariations of Balmer lines and is consisten t with the orbital mo dulations observ ed for some Be/X-ra y binaries. References Lee, U., Saio, H., Osaki, Y., 1991, MNRAS 250, 432 Negueruela, I., Reig, P ., Co e, M.J., F abregat, J., 1997, submitted to A&A