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ABSTRACT. D e t a i l e d a n a l y s i s of numerous observat ional data for Her 1-1 / 
HZ Her shows tha t Her X-l has a rare type of a c c r e t i o n r e g i ne: impulses 
of mass t rans fer every 0 .81 d. Semi-empirical a n a l y s i s show complicated 
3 D type of g a s f low near the outer d i sk rim of Her X- l : i n t e r a c t i o n of 
g a s stream with d i sk forms b lobs , which are d i s i n t e g r a t e d i n t o small 
drops of matter ("sprays") by an i n t e r a c t i o n with gaseous corona around 
the outer d i sk rim. Fa l l of the sprays on d i f f e r e n t p a r t s of the d i sk 
decreases time of a c c r e t i n g mass f low along d i sk rad ius . Evaporation of 
sprays i s a source of mass supporting the d isk corona. The corona and 
d i s i n t e g r a t e d b lobs (sprays) have numerous observat iona l mani fe s ta t ions 
in o p t i c a l and X-ray ranges. Evaporation of the corona from the Roche 
lobe could be an important source of o r b i t a l angular momentum l o s s and, 
consequent ly , a source of o r b i t a l period v a r i a t i o n . 

1. IITRODUCTIOM 

Her 1-1/HZ Her has been o b s e r v â t ! o n a l l y s tud ied i n many d e t a i l s and shows 
many f e a t u r e s of X-ray and o p t i c a l l i g h t curves: X-ray d i p s (Crosa & 
Boyηton, 1980), f l i c k e r i n g of f l u x i n the d i p s (Vrt i l ek à Halperη, 1985; 
Voges e t a l , , 1985), and s e v e r a l t y p e s of f i n e d e t a i l s of o p t i c a l l i g h t 
curves and p o l a r i z a t i o n (Karitskaya e t a l . , 1986 and r e f e r e n c e s within; 
Bochkarev & Karitskaya, 1989). Crosa * Boynton's (1980) "clock" mechanism 
of mass t rans fer i n Her X-l every Pa = (Pi + P a s " 1 ) " 1 ^ = 0.81 d 
(Pi . 7 and Pas stand, r e s p e c t i v e l y , f or o r b i t a l and preces s ion per iods) i s 
confirmed s p e c t o s c o p l c a l l y i n o p t i c s (Hutchings & Crempton, 1977), UV 
(Howard & VI1son, 1983 b ) , by a n a l y s i s the 1 . 2 4 - s p u l s a t i o n s 
(Middled!tch, 1983) (see d i s c u s s i o n i n papers by Karitskaya e t a l . , 1986, 
Bochkarev & Karitskaya, 1989), and by a n a l y s i s of f e a t u r e s of o p t i c a l 
l i g h t curve. 

2. MASS TRAMSFER 

Accretion d i sk of Her X-l i s i n c l i n e d t o the o r b i t a l plane and has a 
preces s ion type movement ( e . g . Howard & Vilson, 1983 a ) . The X-ray 
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pressure t o the X-ray heated s i d e of the s t a r in Her log Px * 3 . 6 , 
i s greater than the in terna l (gas and rad ia t ion ) pressure , l o g Ρ * 3 . 4 , 
i n the atmosphere (Bochkarev & Karitskaya, 1986, 1989). Therefore every 
Pd - 0 . 6 1 d i n en ter ing the d i sk shadow the externa l pressure i s c u t - o f f 
and r a r e f a c t i o n wave m y throw a gas away f r o * the s t a r . Four hours l a t e r 
the gas reaches outer d i sk rim (Fig. 1 ) . 

Thermal exp los ion r e s u l t i n g fron i n t e r a c t i o n of the gas stream with 
the a c c r e t i o n d isk s c a t t e r s a c c r e t i n g gas i n t o a l l d i r e c t i o n s forming a 
blab. Rayleigh-Taylor type I n s t a b i l i t y of the blob expanding i n t o corona 
around the outer d i sk rim d i s i n t e g r a t e s i t i n t o small drops (sprays) on a 
t imesca le of a few hours (Bochkarev & Karitskaya 1986, 1989) , F i g . 2 . 
Spray parameters fo l lowing from UV s p e c t r a l data (Howard à Vi lson, 1983 
b) and X~ray f l i c k e r i n g during X-ray d i p s are the fo l lowing: number 
d e n s i t y η ^ 4 1 0 1 3 c a r 3 , Τ - 30000 Κ, i n i t i a l s i z e - 1 0 1 0 cm. The s i z e i s 
decreased by Rayleigh-Taylor i n s t a b i l i t y on t imesca l e about a few hours 
(Bochkarev à Karitskaya 1986, 1989). The s m a l l e s t sprays are evaporated 
e f f e c t i v e l y . The large ones are protec ted aga ins t expansion by the 
pressure of the corona. Each blob e x i s t s about 20 h. 

Each spray moves along an ind iv idua l KepierIan o r b i t around the d i sk . 
Cloud of sprays (blob) obscures t ime- to - t ime the X-ray source i n the 
center of the d isk producing X-ray d i p s ( F i g . 2 ) . Absorption by indiv idual 
sprays with column d e n s i t y H * Ι Ο ^ 3 - 2 * c m - 2 makes a f l i c k e r i n g of X-ray 
f l u x during d i p s which has been observed by EIHSTE1I (Vrt l l ek & Halpern, 
1985) and EXOSAT (Voges e t a l . , 1985). 

After a ha l f of the f i r s t o r b i t a l period (about 5 h a f t e r formation) 
a part of sprays f a l l s onto the a c c r e t i o n disk surface ( F i g . 2 ) . Pecul iar 
v e l o c i t i e s of sprays are about 200 km/s (Bochkarev & Karitskaya, 1989), 
which i s c l o s e t o the o r b i t a l v e l o c i t y of the outer d i sk rim (* 250 
km/s), Therefore a part of sprays reaches d i sk surface far from the outer 
rim. I t i s an e f f e c t i v e mechanlzm of mass t rans fer along d i sk radius (for 
outer hal f of the d i s k ) . 

3 . GASEOUS COÄOJTA AJROUID OUTER PARTS OF ACCRETIOT DISK 

The blob sprays are protected aga ins t f a s t (τ = 1000 ε ) evaporat ion i n t o 
vacuum by the equi l ibr ium of pressures i n s i d e the sprays and i n surroun-
ding gas (Bochkarev & Karitskaya, 1986, 1989). I t corresponds to corona 
Parameters η * (5-7) 1 0 1 1 cm" 3 , Τ * ( 2 - 2 . 5 ) 1 0 e K ( F i g . 3 ) . The coronal 
gas i s approximately corotated t o the d isk . Deta i l ed c a l c u l a t i o n of heat 
and i o n i z a t i o n balance (Bochkarev 1989, 1991) has shown that such a 
corona reaches an equi l ibr ium in the f i e l d of the X-ray emiss ion of the 
neutron s t a r . Argon, calcium, and iron are ion ized up t o hydrogen- l ike 
and He- l ike i o n s and the l i g h t e r e lements - up t o the bare n u c l e i . The 
main source of mass of the corona can be evaporation of the s m a l l e s t 
sprays . 

C h a r a c t e r i s t i c s of the corona are the fo l lowing: column d e n s i t y i s Ν 
« 1.5 1 0 2 3 cm" 2 , Thompson o p t i c a l depth τ τ - o . i , volume emiss ion measure 
IV * 1 0 e 0 cm~ 3 , mass - 1 0 2 2 g. Bochkarev (1989) d i s c u s s e d in d e t a i l 
s evera l observat ional ev idences of the corona: s c a t t e r i n g of the neutron 
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1. A scheme of Impulsive 
tranfer i n Her X-l 

F ig . 2. A scheme explaning the 
developement of a blob. The a c c r e t i o n 
d i sk I s dep ic ted . The s t a r i s behind 
the d i sk . A port ion of t rans ferred 
matter h i t s the edge, d i s l n t e g t a t e s 
i n t o drops ( sprays ) , and, i n P c / 4 = 
3 . 7 5 h (Pc I s a period of blob 
c i r c u l a t i o n around the d i sk according 
Crosa à Boynton, 1980) forms a "swel l 
or antinode", i . e . , a c loud of drops 
spaced s t rong ly apart i n the d i r e c t i o n 
perpendicular t o the d i sk plane. This 
i s the most favorable moment for an X-
ray d ip t o occur. After a hal f of the 
period of r o t a t i o n around the d i sk the 
blob p a r t i c l e s converge mainly i n the 
d i sk plane. A f r a c t i o n of sprays f a l l s 
onto the d i sk sur face , whereas the 
remaining drops form a next swe l l i n 
another Pc/4 hours, e t c . 
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Fig. 3 . A scheme 
explaning the p o s i t i o n 
of hot corona around 
the outer r e g i o n s of 
the a c c r e t i o n d i sk and 
a sprayed blob 
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s t a r X-ray emiss ion by the corona produces a X-ray f l u x during 35-d 
phases "OFF" ( L x ^ = (0 .03*0 .05) L x ° " ) ; smoothed X-ray e c l i p s e I n g r e s s 
and e g r e s s during phases OFF; a part of F e - l i n e (6-7 keV) emiss ion i n the 
OFF phases; decreas ing of X-ray modulation with Ρχ = 1 .24 s during the 
OFF phases. Thermal emiss ion of the corona i s a source of e x c e s s of Her 
X- l s o f t X-ray emiss ion during e c l i p s e s i n the OFF phases . 

Thermal evaporat ion of the coronal gas from the η - s t a r Koche lobe can 
be an important source of mass l o s s by the corona and by Her X- l a s a 
whole. Bochkarev e t a l . (1989) d i s c u s s e d i n d e t a i l observat iona l 
ev idences of the gas evaporated from the corona. A part of t h i s gas 
c o l l e c t e d near back (cold) s i d e of the o p t i c a l component has temperature 
Τ * 6000 Κ. The g a s produces long-term 0 1 0 0 0 d) v a r i a t i o n s of HZ Her 
c o l o u r s i n the minima of o r b i t a l l i g h t curve (P - 1.7 d ) , which c o r r e l a t e 
with v a r i a t i o n s of the η - s t a r r o t a t i o n a l period Px = 1 .24 s , i . e . with 
i n t e n s i t y of a c c r e t i o n . If the evaporat ion from the conona makes a mass 
f l u x comparable with a c c r e t i o n mass f l u x onto η - s t a r (M ^ 1 0 ~ e Jto/yr), 
the evaporat ion can be an important mechamism of o r b i t a l momentum l o s s 
and g i v e an observable decrease of HZ Her o r b i t a l period Ρ/Ρ - 1 0 ~ θ . Such 
v a r i a t i o n s have been found by Boynton e t a l . (1991): Ρ /Ρ = ( -1 . 28 ± 0 .13) 
ίο-*. 
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