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Abstract

We present a timing analysis of the blackhole binary, Cygnus X–1, using 4 years MAXI observation
data. We study a long-term variability of Cygnus X–1 in the high/soft state. We analyzed the long-term
light curve of MAXI/GSC in the 2–4 keV, 4–10 keV and 10–20 keV bands covering the entire period from
August 2009 to November 2013. We examined the time variability in each state, between 8×10−8 Hz
and 9×10−5 Hz, with a NPSD (Normalized power spectrum density), which is a PSD normalized by the
square of the average intensity. In the low/hard state, the NPSD in the 2–4 keV band is larger than those
in the higher energy bands. Whereas in the high/soft state, the NPSD in the 10–20 keV band is larger
than those in the lower energy bands. This is considered to represent that the hard component due to
the Comptonized emission by hot-plasma electrons is more variable than the soft component originated
by thermal emission from optically-thick accretion disk in the high/soft state.
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1. Introduction

The galactic blackhole binary Cygnus X–1 is the highly
variable X-ray source and it alternates between the
low/hard state and the high/soft state. Its short-term
variability in the low/hard state has been well studied.
But in the high/soft state, the variability was poorly
understood. Especially the long term variability of the
high/soft state has not yet investigated so far. Cygnus
X–1 had been in the low/hard state until June 2010, and
then repeated the state transition every a few months.
The Monitor of All-sky X-ray Image (MAXI) obtained
a unprecedented long term light curve of Cyg X–1 in its
high/soft state from 29 June 2012. We report, at the
first time in the world, the characteristics of time vari-
ations of Cygnus X-1 in the high/soft state with power
spectrum, cross-correlation and the energy spectrum.

2. Observation

MAXI was launched in 2009 July and the attached to
the International Space Station (ISS). The ISS with
MAXI orbits the earth in 92 minutes, and MAXI scans
the objects in the all sky once in the period. MAXI
has already reported more than one hundred transients
(http://maxi.riken.jp/top/doc/maxi atel.html). The
observed results are immediately released through the

Internet, promoting rapid follow-up observations with
telescopes around the world. The energy band of
MAXI/GSC is 2–30 keV. We use the MAXI observed
data in four energy bands : 2–20 keV, 2−4 keV, 4–10
keV and 10–20 keV taken from the MAXI homepage
(http://maxi.riken.jp/).
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Fig. 1. The light curves and hardness ratios of Cyg X–1 with
MAXI/GSC. The dark gray area shows the span in the low/hard
state, and the light gray area shows that in the high/soft state.
The white area shows the span during state transition.

- 222 -



3. Analysis and Results

3.1. PSD analysis

Fig.1 is the light curves in 2–4 keV, 4–10 keV and 10–20
keV and the hardness ratios of Cygnus X–1 in 1-day bin
with MAXI/GSC from 2009/8/15 to 2013/11/11. We
extracted light curves in the high/soft state from Fig.1,
and calculated PSD with them. Obtained PSD is nor-
malized by the square of the average intensity (Normal-
ized PSD; NPSD). Our results show that the power of
10–20 keV energy band is the largest (Fig.2).
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Fig. 2. NPSD of Cyg X–1 in the high/soft state with MAXI/GSC.
The circles, squares, and crosses represent those calculated from
the light curves in 2-4 keV, 4-10 keV, and 10-20 keV band, re-
spectively.

3.2. Energy spectrum analysis

We extracted two energy spectrum of Cyg X–1 in the soft
state from MAXI/GSC and SSC, which are divided into
the bright state and the dim state by 15 days moving
average intensity (Fig.3). We fitted the spectrum with
the disk blackbody model and powerlaw model. These
show that the spectra in the hard energy band is more
variable than that in the soft energy band, and the disk
blackbody component does not change, within the error,
between in the bright state and in the dim state, but the
normalizations of the powerlaw component significantly
changes.

3.3. Cross-correlation analysis

We calculated the Discrete Cross-correlation Function
(DCF) between -20 days to +20 days in the three energy
bands; 2–4 keV, 4–10 keV and 10–20 keV band (Fig.4).
Among the three DCF peaks, DCF [2–4 keV band vs 10–
20 keV band] is smaller than the other two. Moreover,
the DCF is asymmetric around lag = 0, showing soft
lags.

4. Conclusion

We calculated the long-term NPSD of Cyg X–1 in the
high/soft state for the first time. From NPSD and en-
ergy spectrum, we show that the variation in the harder

energy band is larger than lower band. From spectrum
analysis, we show that the powerlaw component in the
hard band is more variable than the disk component in
the soft energy band. We consider that the hard vari-
able component is due to the Comptonized emission by
hot-plasma electron around accretion disk.
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Fig. 3. The energy spectrum of Cyg X–1 in the bright state and in
the dim state. The black is the spectra in the bright state, and
the gray is that in the dim state.

Table 1. The best fit model parameter.
Model = constant ∗ phabs ∗ (powerlaw + diskbb+ gaus)

Compornent Parameter bright state dim state

powerlaw Index 2.72± 0.02 2.84± 0.02
Norm 17.93+0.57

−0.56 13.09+0.57
−0.56

diskbb Tin (keV) 0.46± 0.01 0.46± 0.01
Norm (× 104) 3.87+0.38

−0.34 4.60+0.34
−0.31

χ2
ν(ν) 3.53 (99) 2.15 (99)
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Fig. 4. The cross-correlation in each three energy bands. The positive
”Time lag” means that the variation in the hard energy band lags
behind that of the soft band, and we call it ”hard lag”. We call
the negative ”Time lag” as ”soft lag”. The DCFs are peaked at
lag = 0, but soft lag components can be seen as shown in the
arrows.
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