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Abstract

Black hole binaries take the “very high state” (VHS) at high mass accretion rates, in which the X-ray
spectra are subject to strong Comptonization. The structure of the innermost accretion disk in the VHS
is poorly understood, however. Here we report the results from a Suzaku observation of the Galactic black
hole binary 4U 1630–47 in the VHS during the 2012 outburst. From detailed spectral modelling by taking
into account the energy coupling between the disk and corona, we find marginal evidence that the standard
disk is truncated at a slightly larger radius than the innermost stable circular orbit. Our spectra show
no Doppler-shifted emission lines from the baryonic jets detected with XMM-Newton four days before our
observation.
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1. Observation

We performed a ToO (Target of Opportunity) observa-
tion of 4U 1630–47 with Suzaku from 2012 October 2
00:24:59 (UT) to 20:38:24. The long-term light curve is
shown in Figure 1. The epoch of the Suzaku observation
is indicated with the down arrow (left) in Figure 1.

The time-averaged spectra of the XIS and the HXD are
plotted in the upper panel of Figure 2. The absorbed 1.2–
200 keV flux is estimated to be 1.7×10−8 ergs cm−2 s−1,
which corresponds to an absorbed luminosity of 2.0 ×

1038 ergs s−1 assuming the distance of 10 kpc. We also
plot the hardness-intensity diagram during the outburst
in Figure 3.

2. Spectral Model

Because 4U 1630–47 suffer from heavy absorption (NH ∼

8 × 1022 cm−2) by the interstellar medium, we have to
consider the effects by dust scattering, which become
more significant at lower energies. We utilize the Dscat

model, a local model on XSPEC developed by Ueda et
al. (2010), in addition to the wabs model, which only
takes into account the photo-electric absorption.

Previous studies of black hole binaries in the VHS sug-
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Fig. 1. Long term light curves of 4U 1630–47 in the 2–20 keV
and 15–50 keV bands obtained with MAXI/GSC (top panel) and
Swift/BAT (bottom panel), respectively. The photon fluxes are
converted from the count rates by assuming a power-law photon
index of 2.1. The attached error bars correspond to the statistical
errors (1σ) only. Systematic errors of ∼10% could be present in
the MAXI/GSC light curve. The observation epoch by Suzaku

(this work) and that by XMM-Newton (D́ıaz Trigo et al. 2013)
are indicated by the red (right) and blue (left) down-arrows, re-
spectively.
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Fig. 2. The unfolded spectra of XIS0, PIN, and GSO in units of
EF (E) (E is the energy and F (E) is the energy flux). The
best-fit total (black), direct disk component (red), non-thermal
Compton component (blue), and thermal Compton component
(green) are plotted with the solid curves. The reflected non-ther-
mal (blue) and thermal (green) Compton components are shown
with the dashed curves. Lower panel shows the residuals between
the data and model in units of χ.

gest that the Comptonizing corona has a mix of both
thermal and non-thermal electrons (Gierliński & Done
2003). Hence, we assume the three types of emission
component: disk blackbody, thermal Comptonization,
and non-thermal Comptonization. We further consider
the reflection of the Comptonized component from the
accretion disk by using the rfxconvmodel (Kolehmainen
et al. 2011).

The thermal corona probably surrounds only an inner
part of the disk and only photons emitted from there
are Compton-scattered. To reflect these assumptions, we
utilize the model dkbbfth developed by Done & Kubota
(2006). The dkbbfth model assumes that the energy
released by gravity is dissipated locally, which is emitted
purely from the standard disk at r > rtran but is split into
the disk and corona at rin < r < rtran. Thus, the inner
part of the disk covered by the corona is less luminous
than it would have been if the corona did not exist.

3. Result and Discussion

The physically self-consistent model employing dkbbfth

gives a fairly good description of the spectra (Figure 2).
Assuming the photon number conservation in Comp-
tonization, we estimate the innermost radius of the stan-
dard disk to be rin = (41±2) km for a distance of 10 kpc
and an inclination of 70 deg. This is slightly larger than
that in the high/soft state, rin = (35 ± 1) km, which is
found to be constant during this state and hence most
probably corresponds to the innermost stable circular
orbit (ISCO) (Kubota et al. 2007). Thus, the standard
disk is likely truncated in the VHS before reaching the
ISCO.
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Fig. 3. Hardness-intensity diagram during the outburst shown in Fig-
ure 1. Starting from the lower circle on MJD=56120, the position
first moved in clockwise direction. This is the opposite to the nor-
mal evolutional track of BHBs in outbursts (Fender et al. 2004).
After reaching the upper circle corresponding to the Suzaku ob-
servation (MJD=56202), it came back to the middle circle on
MJD=56280.

3.1. Life Time of Baryonic Jets

Relativistic baryonic jets of 4U 1630–47 were detected
with XMM-Newton on 2012 September 28 (Dı́az Trigo
et al. 2013), just 4 days before the Suzaku observation.
The blue down-arrow in Figure 1 represents the observa-
tion epoch by XMM-Newton. The XMM-Newton spec-
trum shows Doppler-shifted Fe XXVI lines at 7.3 keV
and 4 keV. The jet parameters are quite similar to those
of SS 433, the unique Galactic microquasar exhibiting
steady relativistic jets with a velocity of 0.26c.

In contrast, our Suzaku spectra do not show such
emission-line features. This means that the relativistic
jets detected by Dı́az Trigo et al. (2013) were a transient
event. In the case of SS 433, the length of the X-ray
emitting region of the jets is estimated to be ∼ 1013 cm,
corresponding to a traveling time of only ∼ 103 s (Kotani
et al. 1996). Thus, if we assume the similar conditions as
SS 433, the jets of 4U 1630–47 would vanish in an hour
after the jet ejection stops.
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