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Abstract. The Temporal and Spectral variations of black hole candi-
dates during outbursts have been reported in several gitiblis. It is well
known that during an outburst, the source becomes soft ifirfiéew days,
and then returns to the hard state after a few weeks or mdnttige present
paper, we show the variation of Comptonizatiafiétency (CE), obtained
from the ratio of the black body photon number to the power{éaoton
number, as a function of time in several outbursts. Sinceptiveer-law
photons are generated through inverse-Comptonizatioheointercepted
soft photons, the CE is a measure of the geometry of the Congboaid.
Our investigation indicated that all the outbursts staiite & large CE and
becomes very small after a few days, when the Compton cloadrbes
very small to intercept any significant number of soft phstoGE returns
back to a larger value at the end of the outburst.
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1. Introduction

It is well known that the black hole accretion flows in a contg@nary system typ-
ically consist of a Keplerian disk which emits soft or low emephotons and a hot
Compton cloud which inverse Comptonizes the soft photottsiilgh energy pho-
tons. When the black hole spectral state changes from thikestate to the soft state
and vice versa (Chakrabarti & Titarchuk 1995) the Comptaudlimust change its
shape and temperature: In the soft state when the accratiimrthe Keplerian disk
is high, the Compton cloud is smaller and cooler, while inliaed state, when mass
accretion rate via Keplerian disk is very low, the Comptooud is larger and hot-
ter. There are various models of the Compton cloud in thealitee, ranging from
the hot Corona, to post-shock region of an accreting low Emguomentum flow.
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Outburst sources are ideal candidates to study the chamgfes size of the Compton
cloud. This is because, the object is known to be in the hat sit the beginning
of the outburst, but in a matter of few days to a few weeks, @ngfes its states to
other states, thereby giving us a unique opportunity toysthe size of the Compton
cloud very well. Fig. 1 shows the cartoon diagram of variatid CENBOL geom-
etry during outburst of XTE J1550-564 (Chakrabarti et aD20 From the spectral
analysis, it appears that the following sequence is tylyi¢allowed by most, if not
all, the outburst sources: hard hard-intermediate~ soft-intermediate-» soft —
soft-intermediate- hard-intermediate» hard) (Chakrabarti et al. 2008, 2009). Re-
cently, Pal et al. (2011, 2013) showed that the Compton clotlle variable source
GRS 1915105 changesiits size as it transits from one variabilitystasanother. We
computed a quantity called the Comptonizingé&ency (CE) which is the ratio of the
power-law photons to the blackbody photons in the spectiuangiven instant. We
show that CE is very small in softer classes and larger foh#rder classes. Within
some of the classes, there are evidences of rise and fak obtimt rates and the spec-
tral slopes in a matter of a few seconds. Since the numberdfgiretons depends on
the the optical depth of the Compton cloud, we clearly seetfamge in the optical
depth of the Compton cloud in that time scale.

In the present paper, we analyze RXTE data to study the ianriaf the size of
the Compton cloud during the outbursts of several black balelidates. We clearly
show that the outburst starts with a large Comptonizatiboiency, i.e., a large sized
Compton cloud with a poor soft photon source. In the risinggeh the cloud becomes
smaller and smaller on a daily basis till it became minimunemwthe object wentto a
soft state. In the declining phase of the outburst, the tienglversed. The black hole
candidates we analyzed are GRO J1655-40 and XTE J1550-564.

2. Theefficiency of comptonization

In order to obtain the correct number of soft photons, we fiostect for the energy
dependent absorption by the hydrogen column. We computptibeon numbers
emitted in the power-lawNp.) and the multi-color blackbody componentsgg).
The ratioNp/Ngg Will be the Comptonization ficiency (CE). This is similar to a
‘Hardness ratio’ but the ranges of the hard and the soft pisotme automatically
selected by the fitting process. The number of black bodygstsoare obtained fol-
lowing Makishima et al. (1986) within the energy rangé @eV to the best fitted
energy range obtained from spectral fitting. The best fitteztgy range is obtained
by fitting the spectrum with diskbb model and the higher raofjthe spectrum is
obtained from the consideration that the redugéaalue from the resultant fit must
be~ 1.0. This higher energy range of diskbb component varies téemdint data sets.
Comptonized photonllp. are calculated by using the power-law equation given by
P(E) = N(E)™*, where,a is the power-law index anll is the total photorfs’keV at

1 keV. The power-law is integrated from3T;, to 40 keV to calculate the number of
Comptonized photons (photgss The ratio of the calculated power-law photons and
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Figurel. Cartoon diagram of CENBOL geometry variation during ousitbof XTE J1550-564.

diskbb photons will give the parameter CE. This CE represttd geometrical size
of CENBOL/ hot electron cloud (Pal et al. 2011, 2013).

3. Results

GRO J1655-40: The RXTE data during 2005 outburst of GRO J1655-40 is ana-
lyzed here and shown in Fig. 2(a). The compact object is aedlfrom MJID 53435
(06/03/20 05) to MJD 53632 (1/892005). During this outburst CE was varying be-
tween 2% and 0.1%. The QPO variation is already reported mk(barti et al.
(2008).

XTE J1550-564: The RXTE data during 2000 outburst of the XTE J1550-564 is
analyzed from MJD 51644 (104/2000) to MJD 51690 (2652000). The result is
shown in Fig. 2(b). During this outburst, the CE is varyinigally between 10-1.5%

but after MJID 51660, the CE is reduced to less th&%4 This indicates that the
oscillating shock was still present. After a few days, thea@gin increased te 1.5%
before settling to a 1%. As the shock recedes from the black hole, the opticahdept
initially rises, but then goes down as the CENBOL densitypdroThis may be the
cause foICE to rise first and then to come down-atl% in the outburst.

4. Discussions and conclusions

In this paper, we can come to a conclusion that generallyképgaall the outbursts
start and end with a high Compton cloud size, though not macis the highest
optical depth. As the outburst progresses, the CE becomatesrat the peak of the
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Figure 2. Simultaneous variation of.@ — 40.0 keV counts in kcts (upper panel), QPO fre-
guency in Hz (second panel), spectral slope (third panel)tlae CE (lower panel) of (a) GRO
J1655-40 during its 2005 outburst and (b) XTE J1550-564ndyits 2000 outburst.

outburst CE has the minimum value, i.e., the size of the CENB®ery small. Since
CE is a concept where the hardness ratio is determined froonafethe dynamically
obtained black body and power-law photons, it is inseresiivthe mass of the black
hole. This is unlike the usual hardness ratio, where phatoaach energy band could
be a mixture of the black body and power-law photons. We filadl @E in outbursts
sources may vary from almost 0.0 to ~ 3. In contrast, the variable source GRS
1915+105 shows CE betweendD5 to 08 and has relatively high luminosity (even
after factoring out theféect of the mass of the black hole), suggesting that it is in the
soft-intermediate and hard-intermediate states just thftepeak of a possible outburst
(Pal et al. 2013). If so, in future, this source may slow dotgraictivities when the
viscosity in the system is reduced. From Pal & Chakraba@ilg), we see that the
range of CE is dterent for diferent objects. The duration of the outbursts, the QPO
frequency range etc. are also found to kfeglent. There is also a considerable scatter
in CE which may be triggered by outflows from the CENBOL. Alefle require a
more thorough analysis for a unifying understanding of thtéborsts. This will be
addressed in our future publications.
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