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of absorption lines are found to be strongly dependent on the precession phase, but no significant
dependence of them on the orbital phase is shown to exist. The structure of gas outflow from the
accretion disk is found. In the disk plane the dense gas outflows at a low velocity, 0—100 km/s,
which is likely to occur mainly through the libration point Ly. When approaching the disk axis,
the gas density decreases, while the observed wind velocity rises to 600— 1200 km/s, depending
on the line optical thickness. The gas optical thickness sufficient for a strong absorption line to be
appeared is gained at a distance from the system of 4.5-10!3 ¢m. This effect causes the observed
delay of about 20 days in the appearance of the absorption lines in the spectrum with respect to
the “edge-on” disk position and the same delay of emission line radial velocity precession curves.
A number of new periods in the emission line radial velocity variations have been found, many of
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L. Introduction spectral line radial velocities. The behaviour of the

) . SS5433 spectral line radial velocities has been stud-
The unique binary system SS433 (= V1343 Aql) has ied by Crampton et al. (1980), Crampton and Hutch.
been studied by many authors for the last 18 years.

: : ings (1981). They were the first to derive the depen-
The spectrum of 55 433 s quite complex. Apart from dences of the radial velocities of the stationary emis-
the stationary emission lines of hydrogen, Hel and

: ) sion lines HB and Hel and the absorption lines Hel
H'e I the narrow absorption lines HI, Hel and Fell and Fell A5169 on the orbital phase. They have also
With the P Cyg type profiles are present In it. As a revealed the intensities of these lines to vary with pre-
rgle, the parameters of these emussion lines 'Change cession period phase and suspected precession modu-
With a phase of the 13-day orb}tal period. Besides, in lation of the radial velocities of the hydrogen emission
the. s;.)ectrAum are present moving hydroger} gnfi Hel lines and Hel. The absorption line radial velocities
emission lines which are formed in the relativistic jets have been suspected to be determined by the inten-
of $5433. The location of these lines in the spectrum

g sity and the behaviour of the emission lines. The auy-
deper'lds on the p.has?e of the 162-day period, the half- thors suppose that since the FelI line has no emission
amplitude of their displacement amounts to 1000 A.

X ) component, it may be free of such a variability.
To answer the questions concerning the evolu- ‘

tionary status of the object, the processes develop- The variability of spectral lines of SS 433 with or-
Ing in the system, it is very important to study the  bital period has been studied by Kopylov et al. (1989).
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They presented detailed radial velocity curves of the
main spectral lines and also of the high temperature
emission line He IT and the blend CIII, N III Aefr 4644.
The authors pointed out that there is a relation be-
tween the radial velocities of the stationary emis-
sion lines HB, Hy and Hell and the precession pe-
riod phase. They attempted to allow for the effect of
precession with the aid of systematic radial veloci-
ty shifts obtained in different months of observations.
However, this correction for the emission lines did not
give significant results. Nevertheless, for the absorp-
tion lines of P Cyg type the correction allowed the
authors to derive orbital radial velocity curves of the
lines Hy, Ha, Hel A 4471, Hel A 5876, Fell A5169.
The radial velocity curves of the hydrogen and
Hel lines show that these lines are formed in the
gaseous streams (Fabrika et al., 1997 a) and therefore
can not be used for direct measurements of the masses
of the components in the system SS433. Hell A 4686
is the oaly line in the SS 433 spectrum which is formed
mainly in the accretion disk or in the wind outflowing
from the disk. The centre of gravity of this line re-
flects the relativistic companion motion. Earlier Fab-
rika and Bychkova (1990), when studying the He I
line radial velocities, revealed the radial velocity curve
to have two states, depending on the precession phase.
For the phases 0.9 < ¥ < 0.1, when the disk faces the
observer to a maximum, the disk emission is dominant
in the line profile. The second state, for the adjacent
precession phases, is characterized by predominance
of radiation of the gaseous stream directed to the ac-
cretion disk (see also Fabrika et al. (1997a, b).
Proceeding from the above data, at least two such
states, as in the He Il line, seem likely to be present in
other spectral lines of SS433 too. This assumption is
also confirmed by a high scatter of the data in the or-
bital radial velocity curves, which is much higher than
the measurement errors. All these suggest a consid-
erable precession modulation of spectral lines of the
system. That is why it is important to examine the
precession radial velocity curves corrected for the or-
bital variability. The solution of this problem and the
study of the behaviour of the orbital curves in differ-
ent intervals of the precession period seem possible
since we possess a considerable body of spectral data
on SS 433 obtained at the Special Astrophysical Ob-
servatory. In this paper we use new data along with
the data already published by Kopylov et al. (1989).

2. Observational data and analysis pro-
cedures

Spectroscopic observations of SS 433 were performed
with the 1000-channel TV-scanner (IPCS) of the 6 m
telescope of SAO. The procedure of observations with
this device, the sequence and stages of digital process-

ing of spectral data, the positional and photomet-
ric accuracy are described by Kopylov et al. (1985,
1986 a).

We used for the analysis the data for 11 nights of
observations in 1980 (51 spectrum) and for 35 nights
in 1981 (258 spectra) which have been already de-
scribed by Kopylov et al. (1989). We have also used
the data of 12 nights obtained in 1982 (38 spectra),
13 nights in 1986 (46 spectra), 11 nights in 1987 (17
spectra), 3 nights in 1988 (8 spectra), 14 nights in
1989 (38 spectra) and 4 nights in 1990 (19 spectra).
All the spectra were taken using the same devices and
the same grating. The spectral resolution was, on the
average, about 4 A. The spectral range of a single
spectrum was about 1800 A. From 1980 to 1982 the
spectra were obtained, as a rule, from the blue to the
red range (Kopylov et al., 1985; 1986 b; 1987; 1989).
Since 1986 we have done spectroscopy of the object
basically only in the blue region of the spectrum. At
this time SS 433 has been observed mainly within the
co—operative programmes in the orbital phases close
to the primary minimum with the aim of defining the
structure of the accretion disk. More detailed infor-
mation about the spectra obtained in the frames o
the co—operative programmes can be found in Fabrika
et al. (1997 b).

We have studied the stationary emission lines Hf,
He II X 4686, Hel A 5876, Hel A 6678, He I A 7065 and
the P Cyg type absorption line components — H,
Hel X4922, Hel A5015 of (the latter two are blend:
ed by the weak lines of Fell) and Fell A5169. The
HeT lines located in the red part of the spectrum have
very weak absorption components which are not al-
ways conspicuous. On the other hand, since the object
is bright in the red region the emission line profiles of
these lines could be measured with a good accuracy.
The lines that were blended by the moving emission
lines of the jets as well as weak or noisy lines were
not measured. The HP line in the spectrum of 55433
is very intensive, that is why we have measured the
radial velocities of this line both from the peak (p)
and from the centre of gravity (c. g.). For the other
lines we used the radial velocity measurements from
the profile centre of gravity alone. The He II line radi-
al velocities had to be given a specially careful study
since it is the only line that reflects the orbital motion
of the relativistic star and can be used for measuring
the masses of the components. For analysis of this
line, only relatively symmetric profiles unblended by
the moving lines and undistorted by the strong blend
CIIT, NTII Ao 4644 were used. The He II line rad-
al velocity measurements were made from the cen-
tre of gravity not from the whole line, but only from
the central regular and structureless part of it. On-
ly the wings of the line were cut off since the noises
and the complexity of the profile in the wings may
introduce a considerable error in measurements us
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ing this method. In the processing we used the pro-  in our measurements. The scatter on the presented
grammes of reduction of spectra described by Kopy-  curves is considerably larger, which is due to the or-

lov et al. (1986 b) and also the programme SPE cre-  bital variability and also to the sporadic activity of
ated by S.S. Sergeev at the Crimean Astrophysical  the object itself. Viewing Figs. la—-6a, several con-
Observatory. clusions can be drawn:

The moment of the primary minimum MinI was
adopted as a zero phase of the orbital period, when
the optical star eclipses the accretion disk. The orbital
phases are calculated as (Fabrika et al., 1990)):

e there are considerable, sinusoidal in a first ap-
proximation, variations of emission line radial veloc-
ities with precession period phase,

e the half-amplitude of these variations is 100 -

MinI = JD 2445942.204 4 13.0815 - E. 140 km/s,
e the phase of the radial velocity maximum is
The moment T3, when the disk faces the observer about 0.7 with the exception of the line He Il (about
to a maximum (the maximal spread of the moving 0.4), for which our data cover insufficiantly the pre-
lines over the spectrum), is taken as a zero precession  cession period,
phase (Margon and Anderson, 1989): * the scatter of points for the curves is consider-

able, especially near phases 0.1 and 0.7.
T3 = JD 2443506.78 + 162.50 - E. . ) i . ) )
Since the scatter is mainly associated with the orbital

Our data cover well the orbital phases. They cover variability, it was decided to analyse the orbital curves
the precession phases between 0.6 and 0.2inthe same  in the narrow intervals of the precession phases to
way, however, we have almost no observations at the  separate the precession and orbital variabilities.

rest of the precession phases. e g
| e \/r 4oor 0.9-0.1 |

i (km/s)

Figure 1: a. The He IT 14686 emission line radial ve- 200

locities versus precession phase: top — the original -200

data, bottom — the data corrected for the orbital vari-

abality. 200
Figs. 1a—6a present the relationships between —200

the radial velocities of the emission lines He IT A 4686,
H3(p), HA (c. g.), He I A 9876, He 1 A 6678, He I A 7065
and the precession phase. When studying the radi-

al velocities of the HpS line peak it appeared possi- . _ y : .
ble to add the radial velocities taken from Cramp- Figure 1: b.The He 1 \686 emission fine radial ve-

fon et al. (1980); in Fig. 2a the data added together (ocities versus or‘bital phase in the precession ph_ase
are presented. In the cases when we had more than Miervnls (;hown m the figure) used for the COT‘T‘?CtlU’Il.
one spectrum a night the average line radial veloci- Lhe vurve o the interyal Ofl/{ 0. Q—Q.J, from whick the
ties were used. The radial velocity measurement error mass function has been obtained, is also shown.
depends on the spectrum quality and on the line in-

tensity and makes on the average (rms) 25-30 km/s
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Figure 2: a. The Hf (p) emission line radial velocities 0.5 0.0 0.5 0.0 0.5
(the same as in Fig. 1a). Y

Figure 3: a. The HP (c. g.) emission line radial veloc-
ities (the same as in Fig. 1a).

T I R I T B LI T LI B N (R N B A L SR |
Ve, 400 + R 5 0.9-0.17 ( Vr/ ) 700 | o O0.5—0.74
I 8 o 8 O 1 km/s o o
200 t+ o 400 1
(km/s) | Oro %0 Qg0 N ] o o o) ) o
0r o N 1 100 g ° o -
r o [e] 1 i ° ©
H—— bt 200 % | — :
200 | 0.1-0,2] I 0.76-0.83 |
~ 08 oL B ] 400} ° 2
200 AQ/Of/ o ] %o %0
0 }es,°° 100 | ]
F 4 ol SRR P M e T IS (O TP, TS S | ST TR WU/ [T TS St © !
- ———+ —+—+ 7 SR R P R
L G0y | 0.83-0.9
400
300 + o o 1
200 oL o o |
bt } +—t—t—+ } —t+——+ { +—t+—t+—+ 1- 600 _= e } — % — { — lJ];
600 0.68—0.777 0.9-0.1
L 1 | o o 4
400 | 00 o 0© o | 300 m
L o o
200 | © 05° ° © 05° 4 0 %o [ ° .
f——+ D e e +———1 —+————————————————+——+—
r 0.77-0.91 F =
400 y 300 oo : gg Dol -Oad |
-M- I o o028
200: C)ao = Ooo 5] 0o, 80 Neo, 50 o
i 1 M| Ll I o] o
1 i 1 Luia 1 1
0.5 0.5 Q.5
0.0 88 0.5 00 05 0.0 05
Z @

Figure 2: b.The HB (p) emission line radial velocities ~ Figure 3: b.The HE (s. g.) emission line radial veloc-
(the same as in Fig. 1b). ities (the same as in Fig. 1b).
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Figure 4: a.The Hel A5876 emission line radial ve-
locities (the same as in Fig. 1a).
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Figure 4: b. The He IN5876 emission line radial veloc-

B ihe sume as in Fig. 11). Figure 5: b.The HeI A6678 emission line radial ve-

locities (the same as in Fig. 1b).
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Vy ' o ' ' R ' ' sion lines the radial velocities of the absorptions are
(km/s) 400 %o ° °o ° - strongly variable with precession phase. The intensi-
W ty of these lines is also strongly variable. These lines
200 r Oo P b 00 o C o ] are known to appear in the spectrum of SS433 only

@® @®
ol o ° & ¥ s & 3 4 at precession phases 0.3-0.9 (Crampton and Hutch-
f— } it } + ings, 1981; Kopylov et al., 1989). For this reason and
because of the not complete covering the precession
el | 9 0% o, 0® | phases in our data, the radial velocities are in a rather
200 _\GMM, narrow precession phase interval, 0.65-0.95. From
8 ®og oo 8§ ®Pog o the data presented in Figs. Ta—10a it is difficult to
0 [ . . . N draw a conclusion about the precession radial veloc-
B 5.8 0.5 0. e ity curve. The obtainec! relations are recognized as
sy fragments of large amplitude curves.

Figure 6: a.The Hel AT065 emission line radial ve-
locities (the same as in Fig. 1a).

Figs. 1b—6b present the orbital curves which
were used to allow for the orbital variability in the
precession radial velocity curve. The orbital curves
were fitted with sine function with the three free pa-
rameters: the y—velocity Vg (the mean velocity of the
curve), amplitude K and the zero phase ¢g. The or-
bital curves we obtained for different phase intervals
of the precession period Aw. The boundaries of these
intervals were varied until the following conditions
were fulfilled: sufficient number of points to construct
the orbital curve in a narrow interval A, sufficiently
good covering of the orbital phases, minimum scat-
ter of points for the curve. These conditions were not
always possible to fulfil. It was especially difficult to
find a regular orbital curve in the precession phase
interval 0.7-0.9, which is likely to be due to real pro-
cesses in the system SS 433 that lead to the variabili-
ty of the observed radial velocities. In uncertain cases
and in cases when the number of points in the interval
At was insufficient for the curve to be constructed,
the approximation was not performed, and for further
analysis the mean velocity in this precession interval
was used.

In each selected precession phase interval the best
orbital curve in the form Vg + K- cos(¢ — ¢g) was
found. Then in each the interval the variable part
K - cos(¢ — ¢pg) was subtracted from the data. The
cleaned from the orbital variability radial velocities
obtained in this way are presented as a function of
precession phases in Figs. la—6a at the bottom. As
is seen from the figures, after the correction for the
orbital variability the scatter of points on the preces-
sion curves became considerably smaller.

Figs. 7-10 show radial velocities of the absorp-
tion P Cyg type line components
for H3, Hel + FelIl A 4922.9, Hel+ Fell A 5017.0 and
FelIl XA 5169. The presentation is the same as for emis-
sion lines in previous fugures. In contrast to the emis-

The narrow phase interval in which we observe
the absorption lines as well as the strong precession
variability of their radial velocities does not allow the
technique described above to be used for the emission
lines. For the absorption lines the orbital variability
was found in the following manner. In the original
radial velocities (Figs. Ta—10a, top) the best formal
curve as a sine function was found and subtracted.
Thus we got rid of large amplitude precession varia-
tions and had an opportunity to analyse the weak or-

‘bital ones. After that, in a manner similar to that with

the emission lines the orbital radial velocity curves
(Figs. 7b—10b) in the selected precession phase in-
tervals were analysed and subtracted from the origi-
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Figure 6: b.The Hel A7065 emission line radial ve-
locities (the same as in Fig. 1b).
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Figure 7: a.The HP absorption line component radial
velocities (its formal approzimation is shown) versus
precession phase: top — the original data, bottom —
the data corrected for possible orbital variability.
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Figure 7: b. The HB absorption line component radial
velocities versus orbital phase in the precession phase
ntervals (shown in the figure) used for the correction.
The redial velocities zero is formal coming from the
precession curve fitting in Fig. 7a.

Figure 8: a. The absorption line component radial ve-
locities of the blend Hel + Fe Il \4922.9 (the same
as in Fig. 7a).
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Figure 8: b.The absorption line component radial ve-
locities of the blend Hel + FeII A\4922.9 (the same
as in Fig. 7b).
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Figure 9: a. The absorption line component radial ve-
locities of the blend Hel + Fe Il A5017.0 (the same

as in Fig. 7a).
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Figure 9: b. The absorption line component radial ve-
locities of the blend Hel + Fell A5017.0 (the same
as in Fig. 7b).

v T
.
(km/s)
—200
—400
—600
t t
0r J
—200
—400 f ° b
—-600 OQS’
1 1
I 4 + (o) o 1
o o
3 o ) <]
2 F © 000000 oo o
o o
1 F ®o oo 000m
000 000
1 oa Q
0.4 0.7 0.0

Figure 10: a.The absorption line component radial ve-
locities of the He IT A5169 (the same as in Fig. 7a). In
the bottom absorption line intensities of He I and Fe Il
are shown from the data of Crampion and Hutchings
(1981). The vertical bars mark the “edge on” positions
of the accretion disk.
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Figure 10: b. The absorption line component radial ve-
locities of the Fe Il A5169 (the same as in Fig. 7).
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nal data. The orbital radial velocities zero point is a
formal coming from the formal precession curve fit-
ting. The final precession radial velocity curve cleaned
from the orbital modulation is displayed in the lower
part of Figs. Ta—10a.

3. Results

3.1. The precession modulation of the radial
velocities

InTable 1 are listed the parameters of the precession
curves of the emission line radial velocities before and
after allowance for the orbital modulation (values in
brackets). In the first column are indicated the lines
under study; the second is the y—velocity Vo; the third
is the half-amplitude K; the forth column gives the
phase ¥y, of the radial velocity maximum; the fifth
column represents the scatter of data — the rms of
one point; the number of points N used for deriving
 the curves is given in the last column.
~ Prom the data of Table 1 and Figs. la-6a it is
 seen that consideration of the orbital modulation sig-
nificantly reduces the scatter of data in precession
| curves. It can be said that in the cases when the pre-
eession modulation was pronounced from the original
data and had a large amplitude K (lines Hg3, Hell,
Hel 15876) the correction for the orbital variability
actually did not affect the precession curve shape, but
decrease considerably the scatter of points. The pre-
eession curves in two red Hel lines suffered a stronger
change, their signal-to—noise ratio also increased. Of
all these lines the He II is more pronounced, its prece-
sion curve leads the rest of the lines, on the average,
by a phase interval of 0.3. This line is distinguished
from the rest of the lines by a number of properties.
We will discuss this below.

Except for the H3 (p) line, the data for the other
lines do not cover completely the precession period in
phases. For this reason we believe that the parame-
ters of the precession curve have been found reliably
only for this line. The reduction of the data scatter
around the precession curves is not by itself a conclu-
sive reason for reality of the radial velocity precession
curves. In Fig. 11 are shown the y—velocity Vi and the
phase 1, of the curves maximum versus their half-
amplitude K for the lines from Table 1. The circles
indicate the values of the parameters before the or-
bital variability was allowed for, the triangles indicate
the values after the subtraction of this variability (Ta-
ble 1, the values in brackets). If the parameters of the
curves derived from the original data in no correlate
with one another, after taking into account the or-
bital modulation these parameters are distinctly seen
to depend on each other. The appearance of these
relations after the orbital variability subtraction is a
direct indication of reality of the emission line radi-

_
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al velocity precession curves. The Hell line shows a
niinimal y-velocity and accordingly a maximal half-
amplitude. The phase of the precession curve maxi-
mum of this line does not fall in any way within the
generality. In this figure are exhibited the best ap-
proximations of the data obtained from the curves
corrected for the orbital modulation (the second re-
lation is derived without HeII):

Vo=136+3.6-K—0.035- K2,

Ym = 0.38 +0.0014 - K + 0.00002 - K2,

The relationship found — decrease in half-
amplitude of the precession curves with increasing
y-velocity — can be understood. The emission lines
undergo absorption in the blue wing of their profiles.
The more the line profile is distorted by absorption
the larger the shift of the emission line centre of grav-
ity towards the red wavelengths and the smaller the
amplitude of radial velocity variations. This is possi-
ble in the case if the regions of emission and absorp-
tion are isolated. The resulting displacement of an
emission line is determined by a relative contribution
of absorption to the total profile and by the absorp-
tion line position in the blue part of the profile. We
see that all emission lines in the spectrum of SS433
are distorted by absorption. Even the He II line is sub-
ject, but in the least degree, to this effect. The true
radial velocity of SS433 is close to zero (Crampton
and Hutchings, 1981; Fabrika and Bychkova, 1990),
only the He IT A 4686 line centre of gravity has such a
velocity at precession phases 9 = 0.

The line Hell falls out sharply of the relation
m — K. This is probably due to the fact that, in
contrast to other lines, an important role in the for-
mation of Hell is played by the region in accretion
disk around the jets bases. As it has been found (Fab-
rika and Bychkova, 1990; Goranskij et al., 1997; Fab-
rika et al., 1997 a), this line consists of two principal
components that are formed: 1) in the central parts
of the accretion disk (the broad component, eclipsed
at the orbital phase ¢ = 0) and 2) in the gas stream
directed to the disk (the bright narrow component,
eclipsed at é = 0.1). In the region of the precession
phase 1 = 0, when the accretion disk is exposed to the
observer, the relative contribution of the second com-
ponent markedly decreases, and the radial velocity of
the total HelIl profile approaches zero. At the adja-
cent phases (when the line of sight is closer to the disk
plane) the contribution of the streams grows, the vy-
velocity rises to 100 km/s. In Fig. 1b one can see the
changes in the radial velocities of the orbital curves
of this line in different precession phases. Goranskij
et al. (1997) and Fabrika et al. (1997 a) have shown
that, as distinct from Hell, the HS line is formed
completely in the stream (or the stream component
is dominant at all precession phases). From all this it
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Table 1: Parameters of the emission line precession radial velocity curves

Line Vo K
km/s km/s

Ym rms N
km/s

Hell A4686 80

HB (p) 204
HSE (c. g.) 176
Hel A5876 128
Hel A6678 120
Hel A7065 207

(81) 103
(204) 93
(169) 121
(113) 135

(229) 53

(114)
(81)

(

(
(90) 61  (117)

(

0.38
0.63
0.68

( 120 (76) 52
(
(
072 (0.72
(
(

97 (74) 110
123 (93) 75
130 (104) 55
140 (111) 62
111 (79) 45

0.78
0.60
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0.7
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Figure 11: Relations between the parameters of the
emission lines precession radial velocity curves (from
Table 1). The circles indicale the parameters before
the orbital variability was allowed for, the triangles
indicate the values after the subtraction of this vari-
ability.

can be concluded that the causes of precession vari-
ability may be different in the HS and Hell lines. In
particular, in the HelI line in the vicinity of 1 = 0,
the region around the approaching jet is best seen,
the opposite region is obscured by the disk. In the
vicinity of 9 = 0.5 the reverse is true. In this case a
precession variability in the He I may be expected of
approximately the same type seen in Fig. 1a.

The relations presented in Fig. 11 suggest that
the effects of absorption play a vital role in forming
the line profiles. The intensification of the absorp-
tion lines displaces the emission line centre of gravity
redward. From this follows a natural interpretation
of the radial velocity precession curves themselves.

In the vicinity of precession phases 0.3-0.7, when
the disk is basically viewed edge—on, the absorption
in the blue wing is enhanced, and the line centre of
gravity is displaced redward. At precession phases
near zero the absorption weakens, the distortion of
the lines becomes less, their centres of gravity shift
blueward, closer to their normal position. The ab-
sorption lines originate in the wind outflowing from
the system. The density and velocity of gas in the
wind depend on the orientation of the accretion disk,
therefore the disk is the wind source. We will see be-
low that the behaviour of the absorption lines con-
firms this idea. In this interpretation the maximum
on the radial velocity curves must be located at pre-
cession phase 0.5. In fact, we observe a delay of the
curves by At (em) ~ 0.12 + 0.07 on the average over
all lines of Table 1. The HB (p) line, for which the
most reliable precession curve is available, yields the
delay Ayp(HB) = 0.13 or 21 days. Different lines, nev-
ertheless, show different delays of the radial velocity
maximum with respect to precession phase 0.5, and
this manifests itself in the relation between vy, and
the half-amplitude K.

3.2. Analysis of new periods

In first approximation the precession curves are actu-
ally sinusoidal. However, they show well the effects
which manifested themselves just after the orbital
variability was taken into account. These are mod-
ulations of the radial velocitues with a total ampli-
tude between 100 and 500 km/s. These new types of
variability themselves are also nearly sinusoidal and
different at different precession phases (Figs. 1 a— 63,
bottom). They are also different for different lines.
The precession period modulations are best seen in
the radial velocities measured from the Hg (p) line
(Fig. 2a). Here we have the largest body of data, the
line is the strongest in the blue region of the SS433
spectrum and its measurement accuracy is higher
than in other lines. From Fig. 2 a the modulation can
be concluded to be complex and consisting of, at least,
two different periods. The periodicity of about 40 - §(
days (or 6% = 0.2—0.4) is pronounced at 3) = 0.3—0.§
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and also becomes noticeable at ¥ = 0.9 — 0.2. The
period of about 20 days (or 6¢ = 0.15) shows up at
phase 0.7, where its amplitude is very large, and is
traced down to 0.0. It is seen well that the character
of these periodicities differs dramatically at different
precession phases, i. e. it depends on the angle at
which the accretion disk is observed.

To analyse the radial velocity modulations, we
have chosen the line HB(p) and divided the whole
collection of data into three intervals in precession
phases 9: 1) 0.25-0.6, 2) 0.6—1.0 and 3) 0.9-1.25.
Examining Fig. 2a, it may be assumed that differ-
ent types of variability are peculiar to each of these
intervals. In the first interval a period of 50 days is
well seen, the half-amplitude of the velocity varia-
tion with such a period is about 100 km/s. This prin-
apal modulation is distorted by a shorter period or
afew periods. It is important that all radial veloci-
fies of this interval are taken from Crampton et al.
(1980) obtained from a continuous series of observa-
tions during a single precession cycle. This means that
the accuracy of the search for periods in this inter-
val can not be high because of the short observing
row. In the second interval a very strong modulation
with a period of about 20 days is apparent. The half-
amplitude of the radial velocity variations with this
period ranges from 200 km/s at phase 0.7 to about
100 km/s at 1.0. The third interval is more complex,
nevertheless, the radial velocity curve is readily seen
fo be stratified into several harmonics with approxi-
mately equal amplitudes. It may well be that the large
period (& 40 — 60 days) observed in the first interval
appears here again.

In order to analyse the periodicities, the preces-
sion modulation shown in Fig. 2 by the solid line
was subtracted from the data. Thus, the radial ve-
locities, from which both the orbital and the preces-
sion variabilities had been subtracted, were analysed.
The time interval in which the data are distributed is
about 11 years. The search for periods in the radial
velocities, as dependent on Julian Date, was made by
means the data approximation by the sinusoid using
the least-squares method. It is of vital importance to
note tkat since some periodicities are directly seen
on the precession phase diagram (the lower plot in
Fig. 2a), they are, firstly, real and, secondly, multi-
ple of the precession period, Ppr = 162.5 days. This
point has to be taken into account first of all when
interpreting the new periodicities of the SS 433 radial
velocities.

In Table 2 we present the precession phase inter-
vals, the number of radial velocity measurements n
of the H3 (p) line in each interval, the periods found
and the mean root-mean-square deviations from the
best-curve < rms >=rms/\/n. The table gives only
the most prominent periods of the most power. The
periods multiple of the precession one are indicated

in the notes. Since the data were taken in the pre-
cession phase intervals, occurrence of beatings with
the period Py, as well as typical for such cases an-
nual harmonics (labeled by + y in Table 2) should
be expected. If the periods multiple of Py are avail-
able and real in the data, their beatings with Py will
cause the appearance of new harmonics which will al-
so be multiple of Ppr. The latter harmonics must not
appear when analysing all the data without selection
in phase intervals. Nevertheless, from the right part
of Table 2 it follows that in this case multiple periods
1/3,1/4,1/6,1/7,1/9 are revealed. It is not improba-
ble that some of them are still the result of beatings,
1. e. our approximation of the precession variability
(by the sine function) may be not fair enough. In
consequence of this, in the corrected radial velocities
there may remain a variability with the period Py,
which means that additional multiple harmonics may
appear.

The presence in a main period (or several periods)
of precession or annual harmonics suggests that the
period is real, i. e. it is related to a certain physical
process. A more detailed study, including the analy-
sis of low—power harmonics (from the data not only
in the HA line but also in other lines) will be pub-
lished elsewere. Here we pay an attention only to the
periods that are “seen by eye” in Fig. 2a and, there-
fore, certainly real. This is a 60-days period in the
precession phase interval 9 = 0.3 — 0.6 and the pe-
riod of 23.228 days at ¥ = 0.6 — 1.0. Regarding the
first period, we can only register the fact of its pres-
ence and can not measure it precisely, because all
the observations in the interval No. 1 were performed
within a single precession cycle, whereas in the in-
terval No.2 we can measure the second period with
a fair accuracy (see also Fig. 13 below). It is esti-
mated as 23.228 &+ 0.005 days where the error is 1
standard deviation. Under the assumption that this
period is a 1/7 of the precession period, we derive a
value of 162.60 + 0.04 days for the precession period.
The accuracy of precession period determination by
this procedure is no worse than in estimating it direct-
ly from the relativistic lines of the jets. The obtained
value is in good agreement with the precession period
(Margon and Anderson, 1989) estimated in a simple
5-parameter model (162.50 £ 0.03), in a 6-parameter
model with a variable period (162.71+0.11) and in a
simple sinusoidal model (162.54 4 0.03).

As to reality of the rest of the multiple periods
from Table 2, we are not certain. It is not improba-
ble that the period of 20.31 days (1/8) in the interval
No. 2 is a harmonic of the period 1/7, while in the in-
terval No. 3 the periods of 23.28 days (1/7) and 17.91
days (1/9) are harmonics of the periods 1/6 and 1/10,
respectively. In this case it turns out that the radial
velocities of the second precession interval are mod-
ulated only by the odd multiple periods (1/3, 1/7),

—


we
Text Box


-86

%—

FABRIKA, BYCHKOVA, PANFEROV

Table 2: The periods of the HB (p) line radial velocities variability

) Period <rms> Notes ) Period <rms> Notes
(n) (days) (km/s) n (days) (km/s)
N1 ~ 62 3.9 56.948 6.2
0.25-06 =22 6.6 ~1/7 0.0-1.0 54.408 6.0 ~1/3
(36) (110) 52.139 6.3
41.002 6.0 ~1/4
N2 62.189 9.4 38.501 6.2
0.6-1.0 54423 10.0 ~1/3 33.918 6.5
(40) 45.016 10.6 26.985 6.4 1/6
29.199  10.2 1/6 (-y) 24.107 6.6
23.228 9.6 1/7 23.225 6.4 1/7
20.313 10.4 1/8 19.693 6.5
16.765 10.9 18.815 6.5 1/9(-y)
17.912 6.2 1/9
N3 41.044 9.4 ~1/4 17.401 6.5
0.9-1.25 30.434 9.1 17.188 6.4 1/9 (+y)
(45) 29.038 9.4 1/6 (-y) 15.455 6.6
26.942 9.8 1/6
23.701 9.5
23.279 9.6 1/7
18.825 9.5 1/9(~y)
18.258 9.3
17.912 9.3 1/9
17.066 8.7 1/9(+y), 1/10(-y)
16.411 8.3 1/10

while in the third interval they are modulated only by
the even periods (1/4, 1/6, 1/10). At the given level
of the analysis we can only state the fact of presence
in the variability of the HS line radial velocities of
periods multiple of the precession one. The preces-
sion period of SS433 itself is not stable (Margon and
Anderson, 1989). For this reason the accuracy of the
new periods fit with the multiple periods (mainly in-
side £0.1 + 0.2 day) is quite good. The probability
of random coincidence of the periods found with the
periods multiple of 162.5 days is very low.

3.3. The precession modulation of the orbital
variability. The mass function of SS 433

The radial velocity orbital curves derived at the nar-
row precession phases are presented in Figs. 1b—
6 b. The precession modulation of the orbital curves
was first suspected by Crampton and Hutchings
(1981), Kopylov et al. (1989) and found in the line
Hell X4686 by Fabrika and Bychkova (1990). Here
we present the data that show this modulation. The
variability of the radial velocity orbital curves with
precession phase of the accretion disk bears informa-
tion on the structure of the disk itself and the gas
streams in the system SS433.

Our observations do not cover all precession phas-

es for different lines so as to find reliably the orbital
curves. Nevertheless, the basic regularities of the pre-
cession modulation can be readily seen in the figures.
Table 3 presents for all the studied lines: the inter-
val of precession phases, the y—velocity of the orbital
curve, its half-amplitude, the phase of intersection of
the line radial velocity curve with its y-velocity from
the positive to the negative region (¢4_), the rms of
the best orbital curve and the number of points in
the given interval of precession phases. In the cases
when it was impossible to derive the orbital curve in
the interval 1, the table gives only the mean radial
velocity Vg. The physical sense of the quantity ¢, _,
1. e. the superior conjunction phase is a position of
the centre of gravity of the emission line formation

| region and its azimuthal angle in the orbital plane

of the system. The principal effect found is displace-
ment of the phases of the orbital curves depending
on the precession phase. The most “correct” orbital
curves, 1. e. the ones that represent the orbital mo-
tion of the components (or, in other words, the ones
having the centre of gravity in the accretion disk or
close to it), are obtained in the region of precession
phase 0, when the disk exposes to the observer to a
maximum. Here the orbital curve y—velocity decreas-
es (approaches the real radial velocity of SS 433), the
half-amplitude grows. At other precession phases one
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may observe considerable variations of ¢4+—. The in-
terpretation of this phenomenon is relatively simple
and similar to that of the behaviour of the radial ve-
locity precession curves. When the line of sight ap-
proaches the disk plane (precession phases different
from 0) the contribution of the streams to the line
profile grows and the self-absorption in the blue wing
enhances, which leads to a decrease in half-amplitude

and rise in gamma velocity. The He Il line is mainly |

formed in the accretion disk region ¢4_ = 0), but |
the H@ line — in the stream (¢4—- =~ 0.25), the Hel|

lines take an intermediate position between He II and
hydrogen. This follows from the orbital curves in the
vicinity of ¥ ~ 0, when the relative contribution of
the stream is minimal. Since the stream contribution
to formation of the He II line is the smallest of the rest
of the lines, the phase of its orbital curve is the most
stable (Fig. 2b) and does not change dramatically at
different precession phases.

The gas stream located close to the accretion
disk may basically represent two active regions: the
stream directed to the accretion disk and gas out-
flowing through the L, point on the opposite side
from the disk. The location of the first region is di-
rectly seen (Figs. 1b—6b, Table 3). These are phases
$=0.1-0.25, the values of ¢+ observed on the Hel
and HA curves. This is apparent even from the Hell
line at precession phases near 0.2 and 0.8. The stream
in the vicinity of Ly is not pronounced. To define the
location of the emitting gas in this region may become
possible through a modelling of the streams structure
in 55433 and comparing with the observational data
obtained. In Fig. 12 we present, the parameters of the
Hp (p) line orbital curve versus the precession phase.
The effects described above are well seen in the figure.
In particular, when the disk approaches to be viewed
face-on (1) &~ 0), the y-velocity drops and the half-
amplitude of the radial velocity curves grows. Strong
absorption line appears in the H3 profile at ¢ ~ (0.7
(see below). At this moment the mean velocity rises
sharply. Further up to phase 0 the absorption line in-
tensity gradually decreases and the absorption itself
is shifted blueward. The distortion of the emission
line profile is diminished too, and the line is corre-
spondingly shifted blueward. At this phase, 0.7, ¢, _
suddenly drops and then increases. This may be re-
lated to both the distortion of the total H@ profile by
the absorption line and the manifestation of gas ra-
diation at the point L. At this precession phase the
disk is observed “edge-on”. It is possible that it is at
this phase that the contribution of the stream at the
point Ly grows since the emission line centre of gravi-
ty is displaced in the opposite direction (¢4- = 0.96)
with respect to the accretion disk.

Analysis of the precession modulation of the Hell
line radial velocity curves will allow the problem of
the 5S433 mass function to be solved. The profile
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Figure 12: The orbital curve parameters of the HE (p)
line: mean radial velocity (top), half-amplitude (mid-
dle) and the superior conjunction phase (bottom) ver-
sus precession phase.

of this line in the vicinity of ¥ = 0 is the most
free from the effects of the streams and the line ab-
sorption in the wind. At the same time the orbital
curve phases demonstrate in addition that the most,
He IT emission is formed in the accretion disk. At the
same precession phases the orbital curve of He Il has
the least scatter, its half-amplitude is maximal and
amounts to K ~ 175 km/s. This value coresponds to
a mass function f(M) = My3/(M, + Mo)’ 2 7.7 Mg
at the known orbital inclination angle 1 = 79°. The
inequality means that, even being considered in a
narrow interval of precession phases at Y =~ 0, the
Hell line profile may contain a portion of emission
which is formed in the stream. The mass function
obtained proves the system SS433 to be a mas-
sive binary. Assuming that the relativistic star has
a mass typical of neutron stars M, = 1.4 Mg, the
optical star mass appears then to be Mo = 10 M.
The mass ratio of the stars in SS 433, which has been
obtained from the solution of the light curves (An-
tokhina and Cherepashchuk, 1987), q > 0.25, and the
most likely value of this is q a~ 0.4. Using the mass
function found, one can obtain that M, > 3Mg or
My 2 6 M, as the most likely mass. This indicates
that the relativistic component in the system SS 433
may be a black hole.

C amae =
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Table 3: Parameters of orbital curves

Line Y Vo K ¢4— rms N
km/s km/s km/s

| Hell A4686 0.90 - 0.10 78 176 0.06 ) 61 21
0.95 - 0.05 -4 180 0.06 66 11
0.056-0.11 17 161  0.01 36 8
0.11-0.20 119 102 0.32 100 12
0.60 - 0.80 17 97 0.96 67 9

0.80-0.95 -23 231 0.11 63 12

" HB (p) 0.90 - 0.10 106 169 0.16 ) 64 25
0.10 - 0.20 156 147 0.29 69 18
0.20 - 0.40 209 83 0.24 31 16
0.20 - 0.67 216 67 0.2 36 41
0.40 - 0.50 238 75 0.23 20 8
0.50 - 0.67 214 49 0.27 38 17
0.68 - 0.77 359 37 0.96 57 15
0.77 - 0.90 209 33 0.38 61 11

HpB (¢ g) 0.50 - 0.74 191 212 0.10 83 12
0.74 - 0.76 324 10
0.76 - 0.83 283 80 0.79 o1 7
0.83-0.90 206 159 0.20 62 8
0.90 - 0.10 117 108 0.17) 67 20
0.10 - 0.30 89 172 0.31 82 18

| Hel A5876  0.85-0.15 109 92 0.11) 51 24
0.15-0.30 -62 154 0.18 143 9
0.50 - 0.70 216 226 0.96 84 5
0.70 - 0.76 317 144 0.40 112 7
0.76 - 0.85 122 106  0.36 46 8

Hel A6678  0.90 - 0.10 118 86 0.07) 47 14
0.10 - 0.20 93 101 0.19 63 9
0.20 - 0.50 19 160 0.71 101 6
0.50 - 0.72 81 257 0.10 61 13
0.72 - 0.76 142 7
0.76 - 0.90 251 161  0.04 713

Hel A7065 0.86 - 0.14 146 100 023 ) 59 15
0.14 - 0.50 311 79  0.95 50 6
0.60 - 0.70 193 149 0.10 26 8
0.70 - 0.86 257 128 0.14 63 16

3.4. The analysis of the absorption lines blue wing of the emission lines. Absorption distorts
all emission line profiles. However, in the Hell line
the absorption in the blue wing can be revealed only
from the behaviour of the emission line radial veloci-
ty, it is not directly seen in the spectra. The rest of the
studied emission lines show narrow absorption lines.
The FeIl A 5169 absorption is conspicuous, which, as
a rule, is a purely absorption line in the spectrum of
SS 433, without noticeable emission. This line is es-

In Figs. 7- 10 the precession and orbital radial veloc-
ity curves of the absorption lines are shown. The zero
point of the orbital curves is formal, the correct radial
velocities are shown on the precession curves. Exami-
nation of the absorption line behaviour becomes quite
important in interpretation of variability of emission
lines and their relationship with the intensity and ra-
dial velocity of the absorptions that appear in the



we
Text Box


F ﬁ———

PRECESSION OF ORBITAL VARIABILITY IN 55433 89

pecially important for analysis as an example of the
nondistorted absorption line. In the rest of the lines
the orbital motion of emission must in turn change
the absorption line radial velocity. When comparing
the orbital behaviour of the Fe[J line (Fig. 10b) with
that of the HA line (Fig. 7b), it can be concluded
that the orbital modulation of the lines is, appar-
ently, not observed. The radial velocity of the Hp
absorption is actually variable with an amplitude of
about 300 km/s, but even if the radial velocity of
Fell is variable, its variability amplitude is no higher
than 100 km/s. On the other hand, when compar-
ing the orbital variability of HpA3 absorption with the
behaviour of its associated emission at the same pre-
cession phases, 0.69—(0.77 (Fig. 7b and 2b), one can
see the phases of these curves to coincide completely.
The emission line shows rather a noisy orbital curve
of small amplitude in this precession phase interval.
The HB emission line intensity is high and in this in-

terval of v the absorption line is close to the emission

peak, so a minor displacement of the emission line
can appreciably distort the absorption line. From the
data presented it can be concluded that the orbital
variability of the absorption line radial velocities is
due to the emission line variability.

In Fig. 10a (bottom) we present the dependence
of FeIl and Hel absorption lines intensity on the pre-
cession phase from the data of Crampton and Hutch-
ings (1981). It is seen from the figure that the ab-
sorption lines appear in the spectrum of SS433 only
at precession phases between 0.3 and 0.9. The verti-
cal bars indicate the moments with an edge-on ori-
entation of the accretion disk. The absorption line
intensities show two symmetric maxima that delay
behind the “disk edge-on” phases by a phase inter-
valof 0.16 and 0.14 for the first and second maxima,
respectively. For the value of delay derived from the
absorption line intensities we can take the mean value
A9 (Laps) = 0.15.

Our observations do not cover all precession phas-
es In which the absorption lines occur, in particu-
lar, we can study the behaviour of these lines only at
the time of the second maximum at precession phases
0.7-0.9. Because of the large amplitude of the radia]
velocity variation and the minor (or lacking) orbital
variability, the precession curves before and after the
correction for the orbital modulation are actually in-
distinguishable (Figs. Ta-10a). At the moment the
absorption lines appear in the spectrum (¥ ~ 0.7,
‘disk edge-on”, the disk polar angle o ~ 90°) they
have an approximately zero velocity and a high in-
tensity. This suggests that the gas outflowing from
the disk is very dense in the disk plan and move at
a low velocity. When the disk turns in the course of
precession (¥ > 0.7, the line of sight is above the disk
plan), the wind becomes less dense and accelerates.
The absorption lines weaken and displace to velocities

_;

—600+—1200 km/s. The final radial velocity to which
the line is displaced is different for different lines. It
depends on the precession phase to which the absorp-
tion line is visible in the spectrum, i. e. on the line
intensity or on the optical depth of the absorbent.

The line intensity is also dependent on the gas
temperature in which the absorption is formed. In
Fig. 10a it is seen that the behaviour of the FelJ
line (low ionization potential) is unusual. The limit-
ing velocity of the absorption line is about 600 km/s.
At ¥ &~ 0.95, which is close to the maximal expo-
sure of the accretion disk (maximal temperature of
the source), the velocity of gas outflow in which this
line is formed even decreases. The highest velocity ab-
sorptions are the most optically thick lines, they are
HB and Hel A5015 lines. The absorptions in these
lines are also the most Intensive. For these two lines
we have only one observation at v = (.65. The ra-
dial velocity of the lines at this phase is as high as
at ¥ & 0.9. Taking into account the above derived
delay value (A (Iabs) = 0.15), find that the phase of
observation of the absorption lines, 0.65, is consistent
with the moment of absorbing gas outflow, ¥ = (.50.
At this moment the disk is exposed to a maximum,
but from the its “rear” side (o = 81°). It may well be
supposed that the two surfaces of the accretion disk
are symmetrical and the same (however, an azimuthal
asymmetry is possible). That is why at ¥ = 0.65 on
the line of sight the gas is located outflowing from the
other disk surface. All these data are in good agree-
ment with the model we are discussing that the ab-
sorption lines are formed in matter outflowing from
the accretion disk.

4. Interpretation and discussion of re-
sults

The absorption lines are formed in matter outflow-
ing from the accretion disk. This follows from the
behaviour of intensities and radial velocities of the
absorption lines. The wind from the disk precesses as
well as the disk itself. This type of precession is called
slaved, it has first been proposed by Shakura (1972).
For an absorption line to appear a sufficient optical
depth in the outflowing matter must be accumulated
on the line of sight. The appearance and intensifica-
tion of the absorption lines twice OVer a precession
cycle and their delay (with respect to the true “disk
edge-on” phases) by Ay (Labs) ~ 0.15 is connected
with the time needed for optical depth accumulation
in the wind gas. From Figs. Ta-10a it is seen that
the absorption line radia] velocity curves delay too.
By measuring this delay as the difference between the
“disk edge-on” phase (¥ = 0.67) and a radial velocity
curve maximum, which corresponds to the moment
of appearance of the absorption lines in the matter
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blown out in the accretion disk plane, one can find
for the lines HF and HeI A 5015 Ay (Hf) = 0.10 and
A (A5015) & 0.12. The radial velocity curves of the
other Hel line and the line Fell have no apparent
maximum.

Using the known kinematic model of the SS433
jets precession (Margon and Anderson, 1989), the
obtained values of the radial velocity curve delays
and also the curves themselves (Figs. 7a and 9a),
we can find the wind velocity dependence Vw on the
disk polar angle . This relationship is displayed in
Fig. 13, where the data on the H3 and Hel absorp-
tion lines are indicated by the open and filled cir-
cles, respectively. Based on the absorption lines, one
can study the velocity (and a structure) of the wind
from the supercritical accretion disk only at large po-
lar angles since, according to the kinematic model,
the acceetion disk of SS433 never gives a full face-on
view, a > 59°. In the figure is also shown the gas
outflow velocity in the hot cocoons of Hell around
the relativistic jet bases (Fabrika et al., 1997 a). The
interval of polar angles of the Hell cocoons is not
determined, it is supposed to be 10° < o < 30°.
As the polar angle decreases, the gas outflow veloc-
ity rises sharply from 100-150 km/s at « = 90° to
Vw = 1300 km/s at @ = 60°. In this range of « the
wind velocity is well approximated by the relation
Vw = (8000 £ 100 km/s) - cos?a + 150 & 10 km//s.
We can not study the wind at angles 20° < a < 60°,
but in all likelihood the gas velocity in this interval
of angles approaches 1500 km/s. Thus analysis of the
absorption lines in the spectrum of SS 433 allows the
wind structure and its velocity profile to be investi-
gated.

The wind data are in excellent agreement with the
model of supercritical accretion disks described first
by Shakura and Syunyaev (1973). From our data it al-
so follows that the outer parts of the disk of SS 433 are
involved in precession motion. This implies that the
angular momentum of a matter lost by the donor star
precesses too. This suggest, in turn, that the model
of a slaved accretion disk (Shakura, 1972) is valid for
SS433. According to this model the rotation axis of
the optical star is not parallel to the orbital one, the
star precesses under the action of force moment of
the second component. The gas lost by the optical
star forms an accretion disk whose precession motion
traces that of the star. Both the wind and the jets
formed in the disk are involved in the precession.

In the disk plane the most intensive gas loss may
occur through the libration point Lj, this is due to
the angular momentum loss when the disk is formed.
An additional cause of angular momentum loss ap-
pears above the disk plane — the supercritical wind.
The gas lost by the system through L, escapes from
the system as a spiral out pattern (Fabrika, 1993). If
we examine the wind density distribution along the

line of sight, we will see that at small distances from
the system, r < 5 - 10'® em (which corresponds to a
motion at a velocity of 100-150 km/s during several
orbital cycles), the distribution of outflowing gas is
inhomogeneous. The regions of enhanced density are
modulated by the orbital period, they are separated
by (1-+1.5)-10'3 cm. At greater distances from the sys-
tem, the separation between the condensations and
the amplitude of density variations must diminish,
since the high-velocity gas ejected from the accretion
disk later overtakes slower gas. At greater distances
from the system the wind density along the line of
sight is modulated with the precession period. The
wind velocity at large distances from SS433 may be
supposed to be Vo = 300 = 400 km/s, the separation
between the gas condensations in this region is ac-
cordingly ~ 5-10** cm. This conclusion proceeds from
the interpretation of the behaviour of the FeII A 5169
absorption line radial velocities (Fig. 10a). It is seen
from the figure the velocity of the iron absorption line,
as well as of hydrogen, rises as the disk opens up, but
only up to —600 km/s. Such a wind velocity is reached
at the polar angle @ &~ 75°. Higher above the disk
plane the gas temperature rises so that the FelIl ion
ceases to exist. However, the wind velocity measured
from the Fell line further decreases and at t = 0.95
(47 days after the “disk edge-on” phase, i. e. at larg-
er distances) it is as low as Vw = 300 + 400 km/s.
We suppose that this is a terminal wind velocity re-
sulting from interaction of fast and slow gas moving
along the line of sight. The high-speed wind drags
the slow wind issued in the accretion disk plane when
overtaking the latter. At this place at a distance of
~ 1.5-10'* cm from the source conditions are likely to
be created for the absorption FelII line to be formed.

We have seen that the appearance of the absorp-
tion lines in the SS433 spectrum is delayed with
respect of the “disk edge-on” phase, which is due
to the wind gas accumulation on the line of sight
needed for line formation. The delay estimated from
the behaviour of the Fell and Hel line intensities
equals A (Iaps) = 0.15. That derived from radial ve-
locities of the HF and Hel A 5015 absorption lines is
Ay (HB) =~ 0.10 and Ay (A5015) 2 0.12. Absorptions
distort the emission line profiles. Because of that,
the maximum of the emission line radial velocities
falls not on the phase ¥ = 0.5, as should be expect-
ed within the frame of a simple model the emission
lines distortion due to absorptions, but is delayed by
At (em) = 0.12+ 0.07 over all the lines studied or
by Ay (HF) = 0.13 for the line HB (p). All the de-
lay estimates presented are very close to one another
and independent in the sense that they have been
measured from different lines and from different line
parameters.

The distortion of the emission lines by the ab-
sorption lines must have an effect on the behaviour
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Figure 13: The aceretion disk wind velocity Vi versus the disk polar angle . The data on the HpB and
Hel ) 5015 absorption lines are ndicated by ihe open and filled circles, respectively. The data on He 11 ) 4686
were taken from Fabrika et al. (1997 a).

of the emission line intensities, which must decrease with the compilative data, In particular, the maxi-
at the moment of maximum absorption in the line mum of intensities over a] three sets of data are in
profile. In Fig 14 we present the emission line inten- the vicinity of ¢ = (.1 - 0.2. Thus, the behaviour
sities in 10~ '%erg cm=2s~1 corrected for interstellar  of Ha and HP line intensities is consistent with that
absorption and averaged within the precession phase  of radial velocities of both the absorption and the
mtervals for He (top), HB (middle) from the compi-  emission lines and confirms the model of the SS 433
lation of Asadullaev and Cherepashchuk (1986) and  supercritical disk wind being discussed.

our individual measurements of H3 (bottom). The
systematic difference in Hp line intensities from our
and the published data is caused by the differences
In the approximation of the SS433 spectrum, which
1 strongly distorted by interstellar absorption (Fab-

If the precession variability of the emission line ra-
dial velocities is basically (or completely) caused by
the variability of the absorption components of the
lines, then the modulation of the precession radial ve-
: . e locity curves could be also related with the absorption
e <t é]" 199?1))' In o dat.a the triangles indi- Iines.) The modulations found are most pronouncid In
cate the intensities obtained during SS 433 flares. The the Hj (p) line (Fig. 2b). In Fig. 15 we present the
variation in the He intensity approximately follows a 3 (p) emission line radia] velocities versus the phase
sine function, the intensity minimuz-n delays behind of the strongest of the found cycles, 23.998 days, in
d.j = 0.5 by Ay (IH.a) =0.19. The similar va,lu.e Qe— the precession phases interval (.62 - 1.0. This curve is
wed from the published data using the HF emission of high significance. jts half-amplitude K = 115 km/s
Iine.is AY (Ing) = 0.13, the data do not cover all pre- (rms =60 km /s, n ’:40). Below in the figure we ex.
" phases, that is why the approximation may be hibit the radial velocities of the corresponding ab-
Iaccurate. Qur data cover a still more narrow 1.nter— sorption line convoluted with the same period. The
telof precession Phases, but they are not at vallance absorption line does not, show the periodicity with a
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Figure 14: Emission line intensities in 107 %erg cm

—25—1

corrected for interstellar absorption for Ha (op),

HB3 (middle) from the compilation of Asadullaev and Cherepashchuk (1986) and our individual measurements

of HB (bottom).

cycle of 23.2 days. This proves the variability of the
radial velocities of emission lines with a period of 1/7
the precession period is not due to the variability of
accompanying absorption lines.

The multiple period amplitudes change with pre-
cession phase. In particular, in Fig. 2b the radial ve-
locity maximum at i = 0.74, which corresponds to

the maximum in the variability with 23.2—-days peri-
od, 1s especially pronounced. Compare the emission
line behaviour with the behaviour of the absorption
component of H3 (Fig. 7b). The maximum of the ab-
sorption line radial velocity falls on the same phase
(¢ = 0.76), therefore the behaviour of the emission
and absorption line 1s consistent here. However, if the
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Figure 15: The HB (p) emission (top) and absorption
(bottom) line radial velocities versus the phase of the
strongest cycle 23.228 days in the precession phase
interval 0.62 - 1.0.

absorption line radial velocity keeps falling down to
¥~ 0.95, that of the emission line begins to rise (see
Fig. 2b), and at phases 0.85-0.90 it shows already
a second peak In full accordance with the 23-days
period. Thus, the variability of the emission line ra-
dial velocity with this period is not caused by the
variability of the absorption line (which supports the
conclusion made from Fig. 15). We may consider the
coincidence of the two curves maxima at ¥ =~ 0.75
(Figs. 2b and 7b) as an occasional.

We have seen the appearance of the cycle 1/7 of
the precession period is not connected with the ab-
sorption lines which are formed in the wind (outside
the binary system). That is why we believe the line
variability with this period and, possibly, with other
multiple periods originates in the accretion disk it-
self, 1. e. 1t bears information on the structure of the
disk. This variability may be caused by spiral density
waves. Spiral shocks in accretion disks have repeated-
ly been considered in computer simulations (e.g. see
Sawade. et al., 1986). They arise when the gravitation
potential differs from the axially symmetric one. The
agent that disturbs potential in the accretion disks
of binary systems is the second star (optical compo-
nent). The number of spiral waves (multiplicity) is
determined by the relation between the rotation ve-
locity of matter and the sound velocity. Spiral shock
waves 1n accretion disks are very effective in removal
of angular momentum. Viscosity in an accretion disk
determines the passing time of matter across the disk.
Theoretical estimates of this time in accretion disks
yield it to be of tens-hundred of days. In SS433,
apart of precession, a 6-days nutation of the jets is

servable, one has to assume that the passing time is
no more than 2—-3 days or no more than a few revolu-
tions of the disk. It is probable this “SS 433 problem”
— the short passing time — is advantageously solved
by shocks in the disk, which we observe in the emis-
sion line radial velocity variations.

Proceeding from the presented analysis we can not
choose which of the multiple periods is fundamental.
The spiral shock in SS433 is likely to be 7—armed,
which follows from the multiplicity of the strongest
period found, 23.228 days. Depending on the preces-
sion phase, we observe the disk at different angles.
The conditions for visibility of spiral shocks, i. e. the
amplitude of the variations of the gas radial veloci-
ties, and, possibly, the recorded period of their prop-
agation (multiplicity) must change with precession
phase. The emission line radial velocity variability is
best observable at the precession phases, when the
disk is maximal exposed (¥ = 0.8 +1.2). At ¢ ~ 0.5,
when the disk is observed edge-on and even the re-
verse of the disk shows up, we see a 60—days period.
The amplitude of the radial velocity variations with
this period is markedly lower. It is probable that at
this moment we observe a few 23—days cycle tandems
at a phase shift because the reverse of the disk is ob-
served.

5. Conclusions

Based on the spectral data obtained at the 6 m tele-
scope and with involvement of data of other authors,
we have revealed a precession modulation of the ra-
dial velocities of the strongest emission lines in the
spectrum of SS433. A variability of the orbital ra-
dial velocity curves of these lines has been detect-
ed and studied. The parameters of the orbital curves
are essentially variable with precession phase. Phases
have been isolated, when the contribution of the gas
streams and absorption in the accretion disk wind
distorts the line profiles the least. On this basis a cor-
rect mass function of SS433 has been found, which
indicates the system to be massive and its relativis-
tic component may be a black hole. Absorption in
the wind originating in the accretion disk is shown to
be-the main effect of the emission line variation with
precession phase. Even the He Il A 4686 line with no
absorption component observed in its profile is sub-
ject to this effect.

The radial velocities of the absorption lines are
found to depend strongly on the precession phase and
no dependence on the orbital phase is shown to ex-
ist. The structure of the gas outflow from the accre-
tion disk has been found: in the disk plane the gas
flows out at a low velocity, 100-150 km/s, probably
through the libration point L. When approaching
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the disk axis the gas density becomes lower and the
wind velocity rises to 6001200 km/s. The termi-
nal velocity depends on the optical thickness of the
line and on the lonization potential of the element.
The optical depth sufficient for an absorption line
_ to originate is accumulated at a distance of about
2-10'3 ¢m from the system. This causes the observed
20—days delay in appearance of absorption lines in
the SS433 spectrum and the same delay of the pre-
cession curves of the emission line radial velocities.
The wind density distribution along the line of sight
must be inhomogeneous. At small distances from the
system, r < 5-10%3 cm the regions of enhanced density
are modulated by the orbital cycle, they are separat-
ed by (1 +1.5)-10'® cm. At larger distances from
the system the wind density is modulated with the
precession period. It is assumed that at larger dis-
tances from SS433 the wind flows out at a velocity
Vo = 300 + 400 km/s.

A number of new periods in the emission line radi-
al velocity variations have been found, many of which
are multiple of the precession one. The accuracy of
strong multiple periods is comparable of that of the
precession period determination. These periodicities
can not be due to the variability of the absorption
line components. These periods may be caused by
spiral shocks in the accretion disk of SS433. One can
hope that a more detailed analysis of the emission
line radial velocity variability will make it possible to
reveal the cause of multiple periods and find the basic
harmonics. The SS 433 precession provides a unique
opportunity to study spiral shocks in accretion disks.
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