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Abstract. We present a study of the correlations between spectral, timing properties and mass accretion rate observed in
X-rays from the eight Galactic Black Hole (BH) binaries during the transition between hard and soft states. We analyze all
transition episodes from X-ray sources observed with Rossi X-ray Timing Explorer (RXTE). We show that broad-band energy
spectra of Galactic sources during all these spectral states can be adequately presented by Bulk Motion Comptonization (BMC)
model. We also present observable correlations between the index and the normalization of the disk “seed” component. The
use of “seed” disk normalization, which is presumably proportional to mass accretion rate in the disk, is crucial to establish
the index saturation effect during the transition to the soft state. We discovered the photon index saturation of the hard spectral
components at values of 2.1-3. We present a physical model which explains the index-seed photon normalization correlations.
We argue that the index saturation effect of the hard component (BMCI1) is due to the soft photon Comptonization in the
converging inflow close to BH. We apply our scaling technique to determine BH masses and distances for Cygnus X-1, GX
339-4, 4U 1543-47, XTE J1550-564, XTE J1650-500, H 1743-322 and XTE J1859-226. Good agreement of our results for
sources with known values of BH masses and distance provides an independent verification for our scaling technique.
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INTRODUCTION

The study of the characteristic changes in spectral and
variability properties of X-ray binaries is proved to be a
valuable source of information on the physics governing
the accretion processes and on the fundamental parame-
ters of black holes (BHs).

The simultaneous study of the spectral and timing evo-
lution of a BH source during a state transition has been a
subject of many investigations [see references in a review
by [37]]. [10], hereafter FB04, introduced a classifica-
tion of the spectral states in GRS 1915 +105 and studied
the spectral state evolution. Using X-ray colors (hard-
ness ratio) they introduced three spectral states. State
A: in which the strong blackbody-like (BB) component
of color temperature 2 1 keV dominates in the overall
spectrum and little time variability is detected. State B:

similar to state A but substantial red-noise variability on
scales > 1 s occurs in this state. State C: the spectra are
harder than those in states A and B. Photon indices of the
power-law components vary from 1.8 to 2.5. White-red
noise (WRN) variability on scales > 1 s takes place in
this state.

Furthermore FB04 discussed the connection between
states A, B, C observed in GRS 1915 with the three
“canonical” states in black hole candidates (BHCs) also
identified by their timing and spectral properties.

At a low luminosity state the energy spectrum is dom-
inated by a hard Comptonization component combined
(convolved) with a weak thermal component. The spec-
trum of this low (luminosity) hard state (LHS) is pre-
sumably a result of Comptonization (upscattering) of soft
photons, originated in a relatively weak accretion disk,
off electrons of the hot ambient plasma [see e.g. [45]].



Variability in LHS is high (fractional root-mean-square
variability is up to 40%) and presented by a flat-top bro-
ken power law (white-red noise) shape, accompanied by
quasi-periodic oscillations (QPOs) in the range of 0.01-
30 Hz, observed as narrow peaks in the power density
spectrum (PDS). In high soft state (HSS) a photon spec-
trum is characterized by a prominent thermal component
which is probably a signature of a strong emission com-
ing from a geometrically thin accretion disk. A weak
power-law component is also present at the level of not
more than 20% of the total source flux. In the HSS the
flat-top variability ceases, QPOs disappear and PDS ac-
quires a pure power-law shape. The total variability in
HSS is usually about 5% fractional rms. The interme-
diate state (IS) is a transitional state between LHS and
HSS. Note in addition to LHS, IS and HSS sometimes
very soft state (VSS) is observed in which the BB com-
ponent is dominant and the power-law component is ei-
ther very weak or absent at all. The bolometric luminos-
ity in VSS is a factor of 2-3 lower than that in HSS.

In particular, FBO4 concluded that probably all three
states A, B, C of GRS 1915+105 are instances of some-
thing similar to the HSS/IS observed in other BHC sys-
tems, associated to the high accretion rate value for this
source, although during the hardest intervals LHS might
be sometimes reached. We come to the similar con-
clusions analyzing spectral and timing data from GRS
1915+105 obtained by RXTE (see below).

Close correlations of nearly periodic variability
[quasi-periodic oscillations (QPO)] observed during
low-hard and intermediate states with the photon index
of the Comptonization spectral component have been
reported in multiple state transitions observed from
accreting BHs [see [60], [44], [43], [42], hereafter
V03, ST06, STO7 STO9 respectively]. The ubiquitous
nature of these correlations suggests that the underlying
physical processes which lead to the observed variability
properties are closely tied to the corona; furthermore,
they vary in a well defined manner as the source makes
a transition between spectral states. The fact that the
same correlations are seen in many sources, which vary
widely in both luminosity (presumably with mass accre-
tion rate) and state, suggests that the physical conditions
controlling the index and the low frequency QPOs are
characteristics of these sources. Moreover, they may be
an universal property of all accreting compact systems,
including neutron sources too [see [48], hereafter TF04,
and [54]].

When a BH is in LHS, radio emission is also detected
and a jet is either seen or inferred [11]. Several models
are successful in reproducing the energy spectrum from
the radio domain to the hard X-rays [see e.g. [23], [59],
[71, [24] and [8]]. The multiplicity of models that can fit
well the time average spectrum of galactic BHs indicates
that this alone is not enough to distinguish the most

realistic one among them. X-ray timing features can be
the key features to finally finding the common physical
connection between the corona, the accretion disk and
the jet radio emission in BHs.

There is a big debate in the literature on the origin
of quasiperiodic oscillation (QPO) frequencies [see e.g.
[37]] and its connection with the radio emission. [30] re-
ported on correlation between radio luminosity and X-
ray timing features in X-ray binaries containing a number
of low magnetic field neutron stars and one black hole
GX 339-4. They showed that in the low-hard state (LHS)
radio luminosity is correlated with the low frequency
QPO (LFQPO). Note ST09 demonstrate that in LHS of
Galactic BHs LFQPO changes by order of magnitude,
from 0.2 to 2 Hz whereas the photon index has almost the
same value of 1.5. Below we show that in GRS 1915+105
the photon index monotonically increases with LFQPO
and disk mass accretion rate, although the radio lumi-
nosity does not correlate with LFQPO and X-ray lumi-
nosity in the whole range of spectral states, from low-
hard to high-soft through intermediate states. Recently
[14] suggested a model which explains how the QPO
phenomenon is related to an appearance of radio flares
(jets). In Titarchuk & Seifina (2009), hereafter TS09, we
present details of our observational study of the QPO
connection with the X-ray and radio flaring activity in
GRS 1915+105.

In LHS and IS which we consider in our study, only
a small part of the disk emission component is seen di-
rectly. The energy spectrum is dominated by a Comp-
tonization component presented by a power law. To cal-
culate the total normalization of the “seed” disk black-
body component we model the spectrum with a Generic
Comptonization model [BMC XSPEC model, see details
in [51]] which consistently convolves a disk blackbody
with a Green function of the Compton Corona to produce
the Comptonization component. We argue that the disk
emission normalization calculated using this approach
produces a more accurate correlation with respect to the
correlation with the direct disk component which was
obtained using the additive model, multicolor disk plus
power law [see e.g. [26]].

This review is a continuation of the study of index-
QPO and index-seed photon normalization correlations
in BH sources started in STO7 and it continues in ST09
and TS09.

We present a study of the index-seed photon normal-
ization (disk flux) correlation observed from a number
of X-ray sources when they evolve from LHS to HSS.
We analyze more than 20 transition episodes from 9
BH sources observed with Rossi X-ray Timing Explorer
(RXTE). Our scaling technique for BH mass determina-
tion uses a correlation between spectral index and quasi-
periodic oscillation (QPO) frequency. In addition, we use
a correlation between index and the normalization of



the disk “seed” component to cross-check the BH mass
determination and estimate the distance to the source.
While the index-QPO correlations for two given sources
contain information on the ratio of the BH masses in
those sources, the index-normalization correlations de-
pend on the ratio of the BH masses and the distance
square ratio. In fact, the index-normalization correlation
also discloses the index-mass accretion rate saturation ef-
fect given that the normalization of disk “seed” photon
supply is proportional to the disk mass accretion rate.

We present arguments that this observationally estab-
lished index saturation effect is a signature of the bulk
motion (converging) flow onto black hole which was
early predicted by the dynamical Comptonization the-
ory. We use GRO J1655-40 as a primary reference source
for which the BH mass, distance and inclination angle
are evaluated by dynamical measurements with unprece-
dented precision among other Galactic BH sources. We
apply our scaling technique to determine BH masses
and distances for Cygnus X-1, GX 339-4, 4U 1543-47,
XTE J1550-564, XTE J1650-500, H 1743-322 and XTE
J1859-226. Good agreement of our results for sources
with known values of BH masses and distance provides
an independent verification for our scaling technique.
Also we have analyzed a broader sample of state tran-
sitions from GRS 1915+105 and we found a diverse phe-
nomenology for index evolution through a transition. We
also discuss and interpret the results of our observational
study. Specifically we consider the effect of the bulk mo-
tion Comptonization in the inner part of the accretion
flow on the index evolution during a state transition. Also
we show that the index saturation effect is a direct conse-
quence of the existence of this inner bulk motion region
and, therefore, can be considered as an observational sig-
nature of the converging flow (black hole).

SPECTRAL ANALYSIS

The broad-band source spectra were modeled in XSPEC
with an additive model consisting of two BMC: a BMC
with high energy cut-off (BMCI component) and BMC2
component: wabs* (bmc+bmc x highecut). We also use a
multiplicative wabs model to take into account of an ab-
sorption by neutral material. The wabs model parameter
is an equivalent hydrogen column Ng. Systematic error
of 1% has been applied to the analyzed X-ray spectra.
The BMC model describes the outgoing spectrum as a
convolution of the input “seed” blackbody-like spectrum,
whose normalization is Ny, and color temperature is
kT, with the Comptonization Green’s function. Similarly
to the ordinary bbody XSPEC model, the normalization
Npme 1s a ratio of the source (disk) luminosity to the

square of the distance

L 10kpc ) *
me — . 1
No <1039erg/s)< d ) M

The resulting spectrum is characterized by the param-
eter log(A) related to the Comptonized fraction f as
f=A/(1+A) and a spectral index oo =T"— 1. There
are several advantages of using the BMC model with
respect to other common approaches used in studies
of X-ray spectra of accreting compact objects, i.e. sum
of blackbody/multi-color-disk and power-law/thermal
Comptonization. First, the BMC, by the nature of the
model, is applicable to the general case where there is
an energy gain through not only thermal Comptonization
but also via dynamic (bulk) motion Comptonization [see
44, for details]. Second, with respect to the phenomeno-
logical powerlaw model, the BMC spectral shape has an
appropriate low energy curvature, which is essential for
a correct representation of the lower energy part of spec-
trum. Our experience with powerlaw components shows
that the model fit with this component is often incon-
sistent with the Ny column values and produces an un-
physical component “conspiracy” with the highecut part.
Specifically, when a multiplicative component highecut
is combined with BMC, the cutoff energies E.,; are in
the expected range of 20~30 keV, while in a combination
with powerlaw, E.,; often goes below 10 keV, resulting
in unreasonably low values for photon index. As a result,
the implementation of the phenomenological powerlaw
model makes much harder, or even impossible to cor-
rectly identify the spectral state of the source, which is
an imminent task for our study. Third, and even a more
important property of the BMC model, it calculates con-
sistently the normalization of the original “seed” com-
ponent, which is expected to be a correct mass accretion
rate indicator. Note the Comptonized fraction is properly
evaluated by the BMC model.

We consider a scenario related to our spectral model
(see Fig. 1) where the Compton cloud along with con-
verging flow are located in the innermost part of the
source and the Keplerian disk is extended from the
Compton cloud (CC) to the optical companion (see e.g.
TFO04). An iron Ky-line (laor) component [16] was in-
cluded in our model spectrum. To summarize the spectral
model parameters are the equivalent hydrogen absorption
column density Ny; spectral indices @, ¢ (photon in-
dex I' = a + 1); color temperatures of the blackbody-like
photon spectra kTj, kT; log(A;), log(A;) related to the
Comptonized fractions fi, f> [f = A/(1 +A)]; normal-
izations of the blackbody-like components Npc1, Npme2
for the BMCI and BMC2 components of the resulting
spectrum, respectively.

When the parameter log(A) > 1 we fix log(A) = 2
because the Comptonized fraction f =A/(1+A) —1 and
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Figure 1. Schematic view of the proposed geometry for ther-
mal and bulk Comptonization regions in the source hosting
a BH with PL-like emission at high energies. The thermal
plus bulk Comptonization spectrum (thermal plus bulk BMCI)
arises in the innermost part of the transition layer (TL), where
the disk BB-like seed photons are (thermally and dynamically)
Comptonized by the in-falling material. Whereas the thermal
Comptonization spectrum (thermal BMC2) originates in the
outer part of the TL region.

variation of A does not improve the fit quality any more.

During LHS the BMC2 component is often very low
or barely detectable or undetectable at all. This obser-
vational fact is in agreement with scenario of BH spec-
tral state transition (TF04). During LHS the spectrum
is characterized by a strong hard power-law component.
In other words the energy spectrum is dominated by a
Comptonized component seen as a power-law hard emis-
sion in energy range from ~ 10 to ~ 70 keV while the
disk emission remains weak (LHS, IS), because only a
small fraction of the disk emission component (1 — f) is
directly seen

OBSERVATIONAL RESULTS

Evolution of spectral properties during
state transitions

Observations of Galactic BH X-ray binaries reveal di-
verse spectral and dynamic phenomenologies. The evo-
lution of a BH binary is usually described in terms of
spectral states. There are several flavors of BH state defi-
nitions in literature, which slightly differ in BH state def-
initions and terminology [see, for example 37, 2, 3, 12].
To distinguish different states, the properties observed in
the energy spectrum and Fourier power density spectrum
(PDS) are utilized. As we have already emphasized in
the introduction section we use, in our study, the gen-
eral state classification for four major BH states: low-
hard (LHS), intermediate (I1S), high-soft (HSS) and very

EXF(E), keV (keV/cm:?s keV)

Energy, keV

Figure 2. Four representative EFr spectral diagrams during
LHS, IS, HSS and VSS spectral states of GRS 1915+105.
Data are taken from RXTE observations 20402-01-11-00 (blue,
LHS), 91701-01-33-00 (red, 1IS), 91701-01-11-00 (green, HSS)
and 91701-01-19-00 (purple, VSS).

soft state (VSS).

The general picture of LHS-IS-HSS transition is il-
lustrated in Figure 2, for the case of GRS 1915+105,
where we bring together spectra of LHS, IS, HSS and
VSS to demonstrate the source spectral evolution from
low-hard to soft states. We should emphasize different
shapes of the spectra for the different spectral states.
In the LHS spectrum the Comptonization component is
dominant and the blackbody (BB) component is barely
seen in 3-150 keV energy range. The IS and HSS spectra
are characterized by a strong soft BB component and a
power law extended up to 150 keV. In VSS the soft BB
component is dominant and the power-law component is
relatively weak with respect of this in IS and HSS.

As seen from Fig. 3 the start of this rise transition coin-
cides with active phase of X-rays, and of radio emissions
which exceed 10 ASM counts/s and 50 mly levels re-
spectively in the 1997 rise transition. Around MJD 50580
day the source reaches the HSS (when I'{ ~ 3). Then a
long HSS period from MJD 50580 to 50700, when I'y
stays almost the same, is followed by the state transition
to IS during which I'; decreases to 2.5.

We also find that the photon index of X-ray spectrum
is tightly correlated with the quasi-periodic oscillations
(QPO) frequency (see e.g. Fig. 5 and more examples of
index-QPO correlations in ST09) which can be consid-
ered as a strong argument that QPOs and X-ray Comp-
tonization spectrum emerge from the same geometrical
configuration (Compton cloud). However the flux den-
sity S156m, and QPO frequency are not correlated with
each other when the source changes its spectral states
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Figure 3. From Top to Bottom: Evolutions of the flux density S;sgy, at 15 GHz (Ryle Telescope), RXTE/ASM count rate, BMC
normalization and photon index I" in the beginning of the 1997 rise transition of GRS 1915+105 (MJD 50460-50700). Red/black
points (for two last panels) correspond to hard/soft components with I'y and I, respectively. Bottom: Spectral index I' plotted versus
BMC normalization (left) and Comptonized fraction (right) for this transition. Here the red triangles/black circles correspond to
hard/soft components with I'; and I';, correspondingly. Note that in most cases the normalization of the hard BMC component
(BMC1) is higher than that of the soft component (BMC2) (see red points vs black points in BMC normalization-time panel).



(see the case of GRS 1915+105 in TS09).

INTERPRETATION AND DISCUSSION
OF OBSERVATIONAL RESULTS

Before to proceed with the interpretation of the obser-
vations let us to briefly summarize them as follows: i.
The spectral data of BH sources are well fit by two (soft
and hard) BMC components for most of analyzed IS and
HSS spectra while LHS spectra essentially require only
one BMC component, the soft BMC component is very
weak (see panel S1 in Fig. 4). ii. The Green’s function in-
dices of each of these components rise and saturate with
an increase of the BMC normalization (disk flux). iii. We
also find a tight positive correlation of QPO frequencies
with the index and consequently that with the disk flux
(see Figs. 4-5). iv. We also do not find any correlation
between X-ray and radio fluxes and X-ray power-law in-
dex (see TS09).

Index-QPO and index-7i: correlations. Index
saturation

We confirm the index-QPO correlation in GRS
1915+105 previously found by V03 and STO7. This
correlation was indeed predicted by [49], hereafter
TLM98, who argued that the transition layer [Compton
cloud (CC)] formed between the Keplerian disk and
the central object (NS or BH), contracts and becomes
cooler when the disk mass accretion rate 7 increases.
The observational effect of the CC contraction were
later demonstrated by ST06, TSA07, TSO8 and [32] in
Cyg X-1 and XTE J1650-500 respectively. As a result
of the transition layer (TL) contraction the QPO low
frequency vz, which is presumably the TL’s normal
mode oscillation frequency, increases with m given
that vz is inversely proportional to the TL size. On the
other hand the index monotonically increases when
the TL (CC) cools down. TF04 provided the details of
the index-QPO correlation model where they pointed
out that this correlation is a natural consequence of the
spectral state transition.

In this Paper we have demonstrated the index correla-
tion with vy, along with the index saturation vs the BMC
normalization Ny, (Eq. 1) for the Comptonized compo-
nents of the X-ray spectra of BH binaries (see Figs. 4-5
). Below we show that Ny, is actually proportional to
mass accretion rate in the disk. Namely the disk flux L
(as a source of soft photons for Comptonization, see e.g.
Fig. 1 for the geometry of soft photon illumination of

Comptonized region) can be represented as

_ GMyM
=%

L

= N (r«)mgLgqg. (2)

Here R, = r.Rs is an effective radius where the main
energy release takes place in the disk, Rs = 2GM/c? is
the Schwarzschild radius, 1 = 1/(2r,), titg = My/M_yis
is dimensionless mass accretion rate in units of the crit-
ical mass accretion rate M.,y = Lggq / ¢ and Lgq is the
Eddington luminosity.

On the other hand
4rGMm,c
Fd= ——— 3
or
i.e. Lgg o< M and thus using Eqgs. (2-3) we obtain that
L o< n(ry)mgm. “4)

In HSS when the inner disk radius R, reaches its
lowest value R, Z 3Rs, the efficiency of the gravitational
energy release 7 (r,) reaches its highest value and thus
the disk flux increases only when the disk mass accretion
rate increases (see Eq. 4). Given that BMC normalization
Npme 1s proportional to m,; in HSS the observational
effect of the index saturation with Np,,. is translated to
the index saturation with r,.

First we interpret the index saturation related to the
hard Comptonization component (BMCI). We suggest
that this BMC1 component of the emergent spectrum
is presumably originated in the converging flow onto a
compact object, in our case to the BH (see Fig. 1). In
fact, in HSS the plasma temperature of the accretion
flow is comparable with the color temperature of the
disk photons (see TF04). Thus, in order to explain the
high energy tail observed in HSS of BH sources, one
should assume either an unknown source of high energy
non-thermal electrons [see e.g. [6]] or consider effects of
energy transfer from the converging flow electrons to the
photons emitted from the innermost part of the accretion
flow.

Optical depth of the converging flow 7 is proportional
to riry if one assumes that disk accretion flow continu-
ously goes to the converging flow and there are no other
components in the accretion flow [see e.g. a model of two
component accretion flow by [5], hereafter CT95]. This
effect of the index saturation vs optical depth of the bulk
flow (BM) 7 was first predicted by [56] and then it was
subsequently reproduced in Monte-Carlo simulations by
[17], hereafter LT99.

It is worth noting that the index saturation effect is an
intrinsic property of the bulk motion onto a BH given
that the spectral index o = I'— 1 is a reciprocal of the
Comptonization parameter Y [see this proof in ST09
and [4]] which saturates when the BM optical depth,
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Figure 4. Evolution of spectum shape of GRS 1915+105 during LHS, IS, HSS and VSS spectral states. Data are taken from RXTE
observations 20402-01-11-00 (S7, I'; = 1.8, LHS), 91701-01-33-00 (S2, I’y = 2.9, I, = 3.7, IS), 91701-01-11-00 (S3, '} = 2.7,
I’ =4.1, HSS) and 91701-01-19-00 (84, I'; = 4.2, VSS). Here data are denoted by red points, the spectral model presented with
components are shown by blue, black and dashed purple lines for BMC1, BMC2 and laor components respectively.



or M, increases. In fact, the Y-parameter is a product
of the average photon energy exchange per scattering
n and the mean number of photon scattering Ny, i.e.
Y = nN;.. For the thermal Comptonization case, ¥ ~
(4KT /m,c*)7? given that in this case 1) = 4kT /m,.c? and
Ny ~ 72 for T>> 1 [see e.g. 40] and, thus, the thermal
Comptonization spectral index is

o ~ [(4kT Jmec?) Tt (5)

In the case of converging flow, the preferable direction
for upscattered photons is the direction of bulk motion
onto the BH, i.e along the radius. Note that the fractional
photon energy change is

AE/E = (1— Vi /) /(1 - paVe/c).

where 11 and U, are the cosines of the angles between
the direction of the electron velocity n = Vg/Vg and
direction of incoming and outcoming (scattered) photons
respectively.

The number of scatterings of the up-Comptonized
photons N, can be estimated as a ratio of the radial char-
acteristic size of the converging flow L and the free path
[ in the direction of motion, namely Ny, o< L/l = T given
that AE /E has a maximum at i, = 1 for given y; and V.
On the other hand the efficiency per scattering for bulk
motion flow 1 o< 1 /7 when 7 >> 1 [[19], hereafter LT07]
hence for bulk motion Comptonization, the Y-parameter
does not depend on 7 for high values of 7 or dimension-
less mass accretion rate 2. Thus one can conclude that
the Comptonization parameter Y = NNy and hence the
energy index o = Y ! saturate to a constant value when
optical depth (or mass accretion rate) of the BM flow in-
creases.

However the index saturation value is determined by
the plasma temperature during a transition [see LT99].
The plasma temperature strongly depends on the mass
accretion rate in the bulk motion region Mj,, and its illu-
mination by the disk photons L (see TLM98 and TF04).
For higher M}, and L the plasma temperature is lower.
The level of the index saturation decreases when the
plasma temperature in the bulk motion increases (TF04).
Thus the index saturation levels can be different from
source to source depending on the strength of the disk.
Looking at Figure 4 one can also notice that the index I';
starts its saturation at different values of BMC normal-
ization (o< 1izy) for different types of active episodes. In
fact, the index should saturate with mass accretion rate
in the converging flow i, which is a sum of the disk
mass accretion rate rizg and that in sub-Keplerian flow
(CT95). Hence one can argue that this lower value of ri,;
at which the index saturates can be a sign of the presence
of extra (sub-Keplerian) component in the accretion flow
onto BH, for example in the case of GRS 1915+105.

[18], hereafter LT09, study the index-mz correlation
and also a modification of the disk blackbody spectrum
due to Comptonization in the optically thick CC, which
is formed due to accumulation of accretion matter in the
TL. They indeed explain the saturations of the indices of
the soft and hard components of the resulting spectrum.
Specifically LT09 show that gravitational energy of the
accretion flow is released in the optically thick and rela-
tively cold TL when mass accretion rate i1, is higher than
1. The level of the index saturation depends on the radial
velocity in the transition layer (TL). LT09 also show that
the observable saturation index of the soft BMC compo-
nent I, ~ 4.2 can be reproduced in their Monte Carlo
simulations for values of the TL radial velocity = 0.05 c.

CONCLUSIONS

We concentrate our efforts on the study of the correlation
between the spectral index and the accretion disk lumi-
nosity. We argue that the shape of the correlation pattern
can contain the direct BH signature. Namely, we show
both observationally and theoretically that the index sat-
urates with mass accretion rate which is a signature of
a converging flow. This index saturation effect can exist
only in BH sources. Also this correlation pattern carries
the most direct information on the BH mass and the dis-
tance to the source (see ST09).

We compiled the state transition data from 8 BH can-
didate sources. collected with the RXTE mission. We ex-
amined the correlation between the photon index of the
Comptonized spectral component, its normalization and
the QPO frequency.

The spectral data of these BH sources are well fitted by
two BMC components for most of analyzed IS and HSS
spectra (see e.g. Figs. 2-5) while LHS spectra essentially
require only one BMC component.

A remarkable result of our study is that the index -
normalization (mass accretion rate) correlation seen in
these BH candidate sources is predicted by the theory of
the converging flow. We demonstrate that a strong index
saturation vs disk flux seen in the index-disk flux corre-
lation (see e.g. Fig. 4-5) is an observational signature of
the presence of the converging flow, which should only
exist the BH sources. In other words, this index satura-
tion effect provides a robust observational evidence for
the presence of black hole in these sources.

We also find a tight positive correlation of QPO fre-
quencies with the index and consequently that with the
disk flux.

Also our comprehensive analysis of X-ray and ra-
dio emissions in GRS 1915+105 shows that QPOs are
seen independently of radio activity of the source during
the spectral transition from low-hard to high-soft state.
Specifically these QPO features have been detected at



any level of the radio flux and even when the radio emis-
sion is at the noise level. We also do not find any corre-
lation between X-ray and radio fluxes and X-ray power-
law index. (see TS09). However, we establish a strong
correlation between equivalent width of iron line and ra-
dio flux in binary GRS 1915+105 (see TS09).
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