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Abstract—Emission-line profiles for spectra of the nova U Gem obtained during a quiescent state in January
and December 1994 are modeled. The observed variations of parameters for the accretion-disk model with
orbital phase cannot be explained in terms of Keplerian motion of the disk material. The variations could be
associated with spiral shocks in the accretion disk. The sizes of the regions of formation of various spectral lines
decrease with the ionization potential of the line, and are different for the two observing sessions. The increase
of the surface brightness of the disk toward the center also becomes stronger with increasing ionization potential. The bright spot on the accretion disk, which is the source of the non-stationary emission-line component,
is optically thin. A substantial fraction of the radiation of this component forms in material reflected from the
accretion disk after it interacts with the inflowing stream near the disk. The radial velocity of the material emitting in various lines decreases from Hp to Hs.

1. INTRODUCTION
U Gem is one of the best studied cataclysmic variables, and is the prototype of the subclass of dwarf
novae. Krzeminsky's [1] photometric observations
showed this close binary to be an eclipsing variable
with an orbital period of 4 h 15 mm. Subsequent photometric studies [2, 3] resulted in a model whose main
features can be applied to many cataclysmic variables.
According to this model, U Gem is a close binary system containing a degenerate star (white dwarf) surrounded by an accretion disk. The normal secondary
star feeds material to the disk through the inner
Lagrangian point. The inflowing material collides with
the outer edge of the disk, producing a region of high
temperature and luminosity that is manifest as a bright
spot. The accretion disk and bright spot dominate the
emission of the system, while the entire range of
observed nonstationary phenomena is determined by
accretion processes.
The optical spectrum of U Gem is dominated by
broad double-peaked H, He, and Ca II emission lines
that arise in the accretion disk. The emission of the
bright spot produces an additional narrow nonstationary component in the line profiles that moves from one
line hump to the other during the course of the orbital
period as a result of the sinusoidal variation of the
spot's radial velocity. Due to this behavior, this phenomenon is referred to as the S wave. The most extensive available spectroscopic observations of U Gem [4]
made it possible to construct a radial-velocity curve and
determine the physical parameters of the system. His
analysis of the variations of the emission-line profiles
of U Gem as a function of orbital phase led Smak [4] to

conclude that the S-wave component arises in the
immediate vicinity of the accretion disk, in the gas
stream flowing from the secondary. However, in their
Doppler tomography investigations of the structure of
the accretion disk of U Gem, Marsch et a!. [5] found
that the line emission of the additional component is
located in the shock-wave region that forms when the
gas from the stream interacts with the accretion disk.
We investigate the spot structure of the accretion
disk of the cataclysmic variable U Gem using phase
modeling of emission-line profiles. Earlier [6], we
described a technique for the computation of emissionline profiles that arise in a nonuniform accretion disk.
Tests showed that modeling of the spectra obtained at
different orbital phases enables estimation of the principal parameters of the spot (geometric size and luminosity) and investigation of the structure of the accretion disk. Section 2 describes the observations of
U Gem made at the 6-m Special Astrophysical Observatory telescope. Section 3 compares the observed and
computed emission-line profiles for U Gem. In Section 4,
we discuss the results of our modeling. Finally, we
present our main results in Section 5.
2. OBSERVATIONS OF U GEM
We performed spectroscopic observations of
U Gem on January 21 and December 5-6, 1994 using
a 1000-channel television scanner mounted on a SP-124
spectrograph at the Nasmyth-1 focus of the 6-m telescope of the Special Astrophysical Observatory. During
the January session, we obtained a total of 25 spectra in
the wavelength range ?i 3600-5600 A with a dispersion
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Table 1. Log of observations of U Gem
Date

Number of spectra

Exposure time, s

Seeing

Spectral range, A

Dispersion, A channel '

Jan. 21, 1994
Dec. 5-6. 1994
Dec. 6-7, 1994

25
4
19

-300
-300
-300

-3.5"
~2.5"-3"

XX 3600-5600
XX 4400-5300
U 4400-5300

1.9
1.1
1.1

of 1.9 A channel"1. The weather conditions were not very
favorable, with a seeing of 3"-4". Individual exposure
times were 300 s, and the interval between exposures
was 30 s.
During the December session, we obtained a total oof
23 spectra in the wavelength range XX4400-5300 A
with a dispersion of 1.1 A channel"1: four spectra on
December 5 (seeing -3.5") and 19 on December 6 (seeing
2.5"-3"). The exposure times were about 300 s. Table 1
presents a log of the observations. Note that we
observed U Gem in its quiescent state.
We reduced all observations using the method
described in [7]. We averaged the data over time intervals covering the entire period in steps of 0.04 in phase,
adopting the ephemeris from [5]:
HJD = 2437 638.82325 + 0.1769061911£.
Here, zero phase corresponds to inferior conjunction of
the secondary.
After binning the observations into phase intervals,
we obtained 12 and 15 spectra for the January and
December sessions, respectively. Both sets of spectra
cover approximately the same phase interval from 0.7
to 0.3. Our data include spectra obtained near zero
phase, when the accretion disk was eclipsed by the red
dwarf. The geometry of U Gem is such that the secondary component eclipses only the outer edge of the
accretion disk, without screening the white dwarf. The
eclipse conditions change due to variations in the size of
the accretion disk. Strictly speaking, spectra distorted by
eclipses should not be used to analyze the structure of the
accretion disk. Nevertheless, we decided to do this, and
present a special discussion of the results obtained.
3. MODELING
To accurately compute the emission-line profiles
arising in the accretion disk, we must know the velocity
field, temperature, and density of the emitting gas. First
and foremost, we must solve systems of equations for
the radiative transfer in spectral lines and for the
steady-state. Unfortunately, this difficult problem
remains unsolved, and we are not yet able to obtain a
completely satisfactory agreement between the computation results and observations. However, even simplified models can be used to infer a number of important
accretion-disk model parameters.
Here, we consider a two-component model consisting of a flat, geometrically thin accretion disk and a
bright spot (see Fig. 1). The location of the bright spot
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is not important: it can be at the place of a shock interaction between the gas stream flowing from Ll and the
outer edge of the accretion disk; in a shock region along
the edge of the stream [28], or in some other place. Our
main requirement is that the location of the spot remain
constant with respect to the binary components.
We begin the modeling of the spectral lines by computing the double-peaked symmetric component that
arises in the homogeneous axisymmetric disk. We then
add the distorting component that forms in the bright
spot. We use the method described in [8, 27] in the lineprofile computations, which makes it possible to take
into account the anisotropy of the observed surface
brightness distribution in the disk, which depends on
the Doppler-shift gradient and the limited thickness of
the disk. A detailed description of this method and its
testing can be found in [6]. Briefly, the model parameters are as follows:
(1) a ~ 1.0-2.5, the power-law index for the radial
dependence of the surface brightness of the axisymmetric disk,/(r) =< ra;
(2) R = Rm/R0ut>the rat;io °f the outer and inner radii
of the disk:
(3) V, the velocity of the outer edge of the accretion
disk (in km s~');
(4) •&, the phase angle of the spot;
(5) \|/, the azimuthal extent of the spot;

Secondary component
Observer

Fig. 1. Schematic representation of the nonunirbrm accretion-disk model with a bright spot on the disk surface.
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Fig. 2. Orbital-phase variations of the profiles of the main emission lines in the spectrum of U Gem.

(6) /?s, the radial position of the spot center in units
of the outer disk radius;
(7) L, the relative dimensionless luminosity of the
spot, denned as
R , + A/?c/2

L =

J

SBf(r)dr

/? s -AR s /2

where ARS is the radial extent of the spot, S the spot
area, and B the spot contrast (spot-to-disk brightness
ratio at the same distance from the accreting component).
If the spot has a Keplerian velocity, the phase angle
i3- can be defined as the angle between the lines connecting the accreting component with the secondary
and the spot center. In this case, the phase angle is
related to the spot azimuth A by the expression A - ft +
2719, where cp is the orbital phase (the azimuth is the
angle between the directions from the accreting component to the observer and to the spot center).1
Testing [6] showed that correct determination of the
model parameters requires that they be computed in a
certain sequence. This is associated with the strong azimuth dependence of the emission-line profile with variation of various spot parameters. When modeling the
emission lines of U Gem, we determined the parameters in the following order.
1

In the general case, to find •&, we must plot the degree of asymmetry of the line profile as a function of orbital phase and determine
cp0, the phase at which this curve crosses unity as the degree of
asymmetry decreases. The phase angle of the spot will then be
•& = I - 27i(p0.

•—The orbital-phase modulation of the degree of
asymmetry of the profile is used to find the phase angle
$ and the optical depth of the spot.
—Spectroscopic data are then sorted according to
the "maximally effective" phases for various spot
parameters: the azimuthal extent of the spot can best be
determined at azimuths -30°-30° and 150°-210°, and
the radial extent of the spot at azimuths 50°-130°
and-50°...-130°.
—The azimuthal extent of the spot is determined,
fixed, and then used in the estimation of the radial position of the spot in the accretion disk.
—The remaining profiles are modeled with values
of the already determined geometrical spot parameters
fixed, in order to derive the relative luminosity of the
spot at various orbital phases.
Since the shape of the profile is virtually independent of variations in the radial extent of the spot, a
default value for this parameter can be used in the profile computations (e.g., a typical radial extent for the
bright spot). Photometric observations of cataclysmic
variables indicate that the radial extent of the spots vary
from -0.02 to -0.15 [9]. We adopted the value Afls =
0.05.
In our profile modeling, we used the Hp, Hp and H§
emission lines for the January session and the Hp line
for the December session. Figure 2 shows how these
lines vary with orbital phase. We began our analysis of
the spectroscopic data by constructing the orbital-phase
dependence of the line-profile asymmetry (Fig. 3). It is
evident from Fig. 3 that the resulting curves for the January and December sessions differ substantially. The
December data yielded a nearly sinusoidal curve with
no doubling of either the maximum or minimum, indicative of an optically thin spot [6]. The phase angle for
the bright spot derived from the phase dependence of
the degree of asymmetry is -4°. We then identified the
orbital phases for which the spot azimuth was in the interval from -30° to 30° and 150°-210° (q> = 0.892-0.047).
ASTRONOMY REPORTS
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Modeling of the lines obtained at these phases enabled
determination of the orbital extent of the spot: \j/ = 51° ±
7°. We used spectra obtained at orbital phases 0.1330.332 and 0.721-0.843 to estimate the radial extent of the
spot (the spot azimuth at these times was in the range 50°130° and -50°...-130°). The computations demonstrated that the spot is located at the edge of the disk:
/? s = 1.00 ±0.05.
In contrast to the December curve, the January
curves for the orbital-phase dependence of the line-profile asymmetry are strongly distorted (Fig. 3). There is
substantial deviation from a sinusoid at phases 0.9700.128 for the HR and HT lines and phases 0.035-0.265
for the H§ line. We used only the undistorted sections of
the curves marked by crosses in Fig. 3 to estimate the
spot phase angle. Possible origins of these deviations
will be discussed below. The phase angle turned out to
be •& = -13° for Hp, tf = 4° for H.,, and d = 22° for H6.
Our computations for the January session yielded the
following parameters for the bright spot: \|/ ~ 36° + 2°
and Rs = 0.89 ±0.10 for H p ; \j/ = 37° ± 5° and Rs =
0.92 ± 0.07 for H^ and \\r = 54° ± 19° and Rs = 0.95 ±
0.07 for Hp.
In this way, we were able to infer all the principal
parameters of the accretion disk and the bright spot.
Their average values are listed in Table 2.
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4. DISCUSSION OF MODELING RESULTS
4.1. The Accretion Disk
Figure 4 shows the dependence of the resulting
accretion-disk parameters on the orbital phase. If the
material in the disk moves in circular Keplerian orbits, the
distance between the emission-line peaks—the main
parameter affecting the inferred value of V—should
remain constant throughout the orbital period. However, it
is clear that the variation of the parameters, including V,
follows a double sinusoid pattern over the orbital
period (the hypothesis that the parameters remain constant can be rejected at more than a 99% confidence
level). Moreover, there is an evident correlation
between the variations of V, R, and a. The multiple-correlation coefficient between V and the parameters R and
a exceeds 0.72 for all lines, at confidence levels greater
than 96%. Similar parameter variations are present for
both observing sessions, with nearly the same phases.

»

1

i

0.6 0.8
Phase
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Fig. 3. Degree of asymmetry of the emission-line profiles as
a function of orbital phase.

It is important that the parameter variations cannot be
associated with the bright S-wave component moving
from one hump of the line to the other. It is evident
(Fig. 2) that the position of a line hump can vary even
when the S-wave component is on the other hump.
We approximated the model-parameter variations
by the function
X =

(1)

where X denotes a parameter, X0 and AX are its mean
value and the half-amplitude for its variations, 9 is the
orbital phase, and 9r is the initial phase, which depends
on the parameter. Table 3 lists the average parameter

Table 2. Average parameters of the accretion disk and bright spot
Emission line

a

Hp, January
H.r January
Hg, January
H R , December

1.69 ±0.79
1.76 ±0.61
1.74 + 0.57
1.38 ±0.39

V

R
0.07
0.04
0.07
0.07

± 0.07
± 0.04
± 0.05
± 0.02

519 ±123 -13° ±14°
539 ±101
4° ±7°
22° ± 15°
679 ± 96
40 + 30
583 ±91

Adopted by default.
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RS

A*s

0.89 ±0.10
0.92 ± 0.07
0.95 ± 0.07
1.00 ±0.05

0.05
0.05
0.05
0.05

V
36° ± 2°
37° ± 5°
54° ±19°
51°±7°

L
14.4 ±4.8
19.6 ± 16.0
21.8+ 17.0
26.9 ±13.5
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Fig. 4. Orbital-phase variations o f t h e accretion-disk model parameters from our modeling of the (a)Hp. (h) H,,. and (c) H^ lines for
the January session and (d) the H^ line for the December session.

values, the half-amplitudes for their variations, and the
initial phases.
Of greatest interest is the behavior of V, since its
double-wave phase dependence on the orbital period
suggests that the velocity field ofthe disk deviates from
circular Keplerian rotation. A similar effect was noted
in [5]. This variation could arise if the outer edge of the
accretion disk has a noncircular shape. Studies of the
dynamics and stability of elliptical Keplerian accretion
disks [10-12] have shown that such disks should be stable. However, modeling indicates that the distance
between the peaks in the emission lines forming in an
elliptical Keplerian accretion disk should remain constant throughout the orbital period. Consequently, if we
retain the hypothesis that the disk motions have Keplerian velocities, the orbital-phase variations of the distance between peaks can be explained only if the shape
of the emission-line generation region deviates from
circular (for a circular disk) or elliptical (for an elliptical disk).
In his studies of the structure and dynamics of an
accretion disk in the framework ofthe restricted threebody problem, Paczynski [13] found that the shape of
the disk should be noncircular. The distance between

the peaks in emission lines that form in such a disk varies as
Vd = V 0 -AVcos2Tt((j)-<p v ,),

(2)

where (p is the orbital phase and (pv = 0. However, the
parameter dependence we have obtained (Table 3) does
not agree with equation (2), due to the phase shift
(pv ~ 45°, so that our parameter variations cannot be
explained using Paczynski's model.
The variations ofthe distance between the spectralline peaks could be associated with spiral shocks in the
accretion disk, for which evidence has been found in
many numerical hydrodynamic simulations [14-16].
Investigation of the affect of spiral shocks in the accretion disk on emission lines [17] has shown that, under
certain conditions, the distance between line peaks
should vary with orbital phase. Unfortunately, studies of
the observational manifestations ofthe spiral structure of
accretion disks are only beginning. Therefore, definitive conclusions about the nature of the phase dependence ofthe distance between emission-line peaks can
be drawn only after more detailed studies.
Since we call into question the hypothesis that the
velocities in the disk are Keplerian, we cannot accurately
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determine the sizes of the regions where the emission
lines are formed. However, we can obtain at least a first
approximation to the sizes of these regions by, nevertheless, assuming Keplerian motion. Table 4 lists the
sizes of the emission-line formation regions inferred
from our own data and from the data of Smak [4] and
Stover [18]. In our computations, we adopted the
parameters for the U Gem binary determined by Marsh
et al. [5]. It is evident from this table that the sizes of
the emission-line formation regions decrease with the
line ionization potential and are different for different
observing sessions. Marsh et al. [5] showed that the
increase of the accretion disk brightness (the index a)

in U Gem increases with the line ionization potential.
The results of our modeling of the Hp, Hy, and Hg emission lines corroborate this conclusion.
4.5. The Bright Spot
It is clear from Table 2 that the relative luminosities
of the spot for the two observing sessions are significantly different: the spot was a factor of 1.9 brighter in
December than in January, and the maximum luminosities differed by a factor of three. Since the spot luminosity is measured relative to the accretion-disk luminosity, these differences could reflect variations in the

Table 3. Mean accretion-disk parameters and half-amplitudes of their variations

a

V

VQ

AV

«o

<Pv

Aa

R
<Pa

*o

A/?

<P«

Hp, January

566 ± 5

136 ±6 0.60 ± 0.00 1.34 + 0.04 0.76 ± 0.05 0.34 + 0.01 0.06 + 0.01 0.04 ±0.01 0.61 ±0.02

Hy, January

581 ±6

108 ±7 0.64 + 0.01 1.50 + 0.04 0.71 ±0.05 0.36 ±0.01 0.05 ±0.01 0.05 + 0.01 0.56 ± 0.02

H§, January

682 ± 5

60 ±7 0.61 ±0.01 1.5310.04 0.53 ±0.06 0.30 ±0.01 0.07 ±0.01 0.02 ±0.01 0.34 + 0.05

Hp, December

580 ± 4

119 + 7 0.70 + 0.00 1.42 ±0.03 0.39 ±0.05 0.02 ±0.01 0.07 ±0.0 1 0.02 ±0.01 0.65 + 0.03
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Table 4. Velocities of the outer edge of the accretion disk
and sizes of emission-line formation regions in U Gem

EmisV,
R,
sion line km s~' 1010cm K/RLl
H«
HP
HP
Hp
Hp
Hy
Hy
H§
H8

Call

508 ± 15
566 ±5
580 ±4
534 ± 11

5.87
4.73
4.50
5.31
500
6.06
581±6 4.49
541+8 5.18
682 ±5 3.25
544 ± 10 5.12
484± 18 6.47

0.87
0.70
0.67
0.79
0.90
0.67
0.77
0.48
0.76
0.96

Comment

[4]

This paper, January 1994
This paper, December 1994
[4]

[18]
This paper, January 1994
[4]

This paper, January 1994
[4]
[4]

brightness of either the spot itself or of the disk. The
second possibility can be verified by comparing the
equivalent widths of the emission lines measured for
the two sessions. If we assume that the orbital-phase
modulation of the equivalent width is primarily due to
the bright spot [18], the contribution of the spot to the
emission line should be proportional to its visible area.
Consequently, the effect of the bright spot on the equivalent-width measurements can be decreased by using
measurements when the spot luminosity is minimum
(Figs. 5, 6). The accretion disk luminosity with the spot
contribution subtracted proved to be approximately
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constant. It follows that the variations of the relative
spot luminosity are due to variations of the brightness
of the spot itself.
The variations of the spot brightness are apparently
associated with an increase of the accretion rate in
December. If we assume that the stream's angular
momentum with respect to the dwarf is conserved and
its radial-velocity component dissipates as a result of
interaction with the disk [19], the luminosity of the
bright spot should be of the order of

0.6 0.8
Phase

1.0

1.2 1.4

Fig. 5. Orbital-phase dependence of the relative spot luminosity.

where Rs is the distance from the spot to the primary;
M is the mass-loss rate of the secondary, and MWD is
the mass of the white dwarf. Compared to the January
session, the accretion-disk radius in December
decreased by a factor of -1.2, and the spot luminosity
increased by a factor of ~3, implying an increase in the
accretion rate by a factor of -3.6.
U Gem is known to possess a "hump" in its light
curve, which is visible over half the period and has a
maximum at phase -0.85 [1]. It is believed that this
hump is associated with a bright spot that emerges from
behind the opaque region of the outer accretion disk
during the orbital motion and gradually becomes visible. Knowing the geometric and dynamical parameters
of the binary, it is possible to calculate the trajectory of
the stream flowing from the red dwarf and the place
where this stream collides with the disk [19, 20]. The
observed displacement of the phase of maximum
brightness corresponds to the computed spot position
on the disk, taking into account its azimuthal extent.
We will now analyze the variations of the relative
spot luminosity during the two observing sessions (Fig. 5).
The December data for the Hp line have two luminosity
maxima, at phases -0.8 and -0.12. In reality, this is a
single "hump," with a spot eclipse superimposed near
zero phase. Although, in the Hp observations, the spot
maintained a virtually constant brightness in January.
the spot-brightness variation curves in the other lines
(Hy and H5) also have a maximum near phase 0.8. These
"spectroscopic humps" probably have the same nature
as the "photometric humps."
We will now present concrete values for theoretical
phase angles. If the spot moved with a Keplerian velocity (as in the disk) and had the azimuthal extent inferred
from our modeling results (Table 2), its phase angle
should have been -24° in January and -37° in December (Fig. 7a). If the additional nonstationary line component giving rise to the emission-line profile asymmetry arises in the stream in the immediate vicinity of the
accretion disk,2 [4] then the phase angle should have
2

The recent numerical hydrodynamical computations of Bisikalo
et al. [28] showed that there should not be any shock interaction
between the stream and the accretion disk in semi-detached binaries. At the same time, an extended shock should form along the
boundary of the stream, which is manifest observationally as
a bright spot.
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reflected from the outer edge of the disk (Fig. 7c), and
the radial-velocity component in the spot decreases
from Hp to H5. This conclusion is supported by
numerical hydrodynamical simulations. It was
shown in [21, 22] that, during the interaction of the
stream with the disk, some material is reflected from
the outer edge of the disk. Moreover, under more
realistic conditions (mass density in the disk higher
than in the stream and comparable velocities for the
disk and stream), the stream should be nearly completely reflected from the disk [9].
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Fig. 6. Equivalent widths of the Hp emission line obtained
for December 1994 (filled circles) and January 1994 (open
circles).

been -86° in January and -98° in December (Fig. 7b).
Marsh et al. [5] used Doppler tomography to show that
this component in U Gem arises in the shock region
produced by the interaction of the stream and the disk
[21]. This should have led to intermediate phase angle
values (24°-86° in January and 37°-98° in December).
A comparison of these predicted phase angles with
those derived from our modeling (Table 2) clearly
shows that our values lie below the lower limits of the
predicted ranges.
To reconcile the observed and theoretical phase
angles, we must add a radial vector to the Keplerian
disk velocity. It turns out that a substantial fraction of
the nonstationary line component forms in material

In their spectroscopic atlas, Honeycutt et al. [23]
pointed out the nonsinusoidal shape of the S wave in
U Gem. The orbital phase dependence of the degree of
asymmetry of all the Balmer-line profiles derived using
our January data also differs from a sinusoid (Fig. 3).
Similar effects have been observed in other cataclysmic
variables (e.g., TU Men [24], DQ Her [25]). This is
usually explained by invoking the presence of a secondary emitting region in the accretion disk [24]. Other
researchers have also suggested that there may be two
spots on the accretion disk (see the review by Livio
[26]). The results of our modeling are consistent with
this hypothesis. In fact, the orbital-phase dependence
of the degree of asymmetry of the emission-line profiles for the December data has a sinusoidal shape. On
the other hand, the S wave constructed for our January
data is strongly distorted (Fig. 3). Our simulations
indicate that the mean spot brightness in Hp in January
was almost half that in December. It is possible that
the second spot was not apparent in December due to
the high contrast between the spots, but was visible in
January.
(b)

(a)

183

Observer

(c)

Observer

*'

Observer
Fig. 7. Definition of the phase angle of the formation region of the additional nonstationary component in double-peaked emissionline profiles: (a) $s, the theoretical phase angle for a spot moving with Keplerian velocity; (b)$ R , the theoretical phase angle of the
emission region in the outflowing gas stream; (c) i3, the phase angle of the spot inferred from modeling. An additional radial vector
V/f must be added to the Keplerian velocity V K of the disk to reconcile the observed and theoretical phase angles.
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5. CONCLUSION
Our modeling of emission-line profiles in spectra of
the dwarf nova U Gem obtained in January and December 1994 leads us to the following conclusions.
(1) The observed orbital-phase variations of the
accretion-disk model parameters cannot be explained
in terms of Keplerian motion of the material in the disk.
One possibility is that the deviations from Keplerian
behavior are associated with the presence of spiral
shocks in the disk.
(2) The sizes of the regions of formation for different emission lines decrease with the ionization potential of the line, and are different for our two observing
sessions.
(3) The increase of the surface brightness toward the
center of the disk becomes stronger with increase in the
line ionization potential.
(4) The bright spot on the accretion disk that produces the nonstationary component in the emission
lines is optically thin.
(5) A substantial fraction of the emission of this
component arises in material reflected from the accretion disk after its interaction with the inflowing stream.
The radial-velocity components for the material emitting in the different lines decrease from Hp to H8.
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