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Abstract

Cyg X-3 has been monitored with MAXI since August 2009, The intensity-intensity diagram of the
source based on MAXI (2−20 keV) and Swift/BAT(15−50 keV) is classified into five spectral states. In
most of the time Cyg X-3 stayed in the ordinary soft state or hard state, whereas in ∼20 days (∼1.4%
occurrence in 1413 days), it showed a hyper-soft X-ray state. X-ray spectra in ordinary soft and hard
states have a black-body and power law components with strong Fe-lines, while in the hyper-soft state it
exhibited only a black body spectrum. In summary we obtained three interesting results; (1) The spectral
behavior of Cyg X-3 is quite similar to that of Cyg X-1, i.e., Cyg X-3 could be a black hole! (2) We
obtained a black body temperature (kTin ∼ 1.6 keV) and an inner radius of a disk (Rin ∼ 12.5 km); i.e.,
a mass of Cyg X-3 black hole is estimated to be 1.5−1.8 M⊙ (Schwartzshild) or 9−11 M⊙ (Kerr). (3)
A mm-wave-length radio flare occurs 2−3 days after an X-ray state transition from State 3 to 4; i.e., a
delayed mm-radio flare occurred at the region of ∼ 1015 cm from the black hole without 4.8h periodicity.
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1. Introduction

Cyg X-3 has a long history of X-ray and radio obser-
vations, in which it has been studied comprehensiveely
with optical and radio wavelengths as well as X-ray band
(e.g. Corbel et al 2012). Based on radio and ganna-ray
observations in addition to X-ray spectral observations,
several authors suggest that the compact object of Cyg
X-3 is a black hole (Koljonen et al 2010; Zdziarski et
al 2013). They have categorized into five groups in X-
ray spectral states. MAXI (Matsuoka et al 2009) has
observed Cyg X-3 since August 2009 and obtained the
data of all X-ray states of it. In this paper we report
some new results observed with MAXI.

2. Light curves of MAXI/GSC and Swift/BAT

In Fig.1 we show X-ray light curves of Cyg X-3 in one
day bin from August 15, 2009 to December 31, 2013.
The colors represent tive spectral states defined in Fig.2;
i.e., blue:1 (the hardest state), light blue: 2, magenta:
3, green: 4, and red: 5 (hyper-soft state). Occurence
population of each state in MAXI observation is obtained
as that state 1, 2, 3, 4, and 5 occupied 36%, 32.2%,

Fig. 1. X-ray light curves of MAXI/GSC and Swift/BAT

23.1%, 7.2% and 1.4%, respectively for total observation
time of 1413 days.

3. Scattered plots based on MAXI and BAT data

Intensity-Intensity diagrams of Cyg X-3 and Cyg X-1
are shown in Fig.2. Two figures are quite similar to each
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Fig. 2. Intensity - Intensity diagrams of Cyg X-3 and Cyg X-1 based
on MAXI/GSC and Swift/BAT.

Fig. 3. Cyg X-3 X-ray spectra in five states

other, where an elongated S-like shape is seen in both
diagrams. Note that the S-like shape is not always seen
in black hole X-ray binaries and NS-LMXBs (e.g., Asai
et al 2012). The spectral behavior of Cyg X-3 is clas-
sified into five states, according to Szostek et al (2008).
There is a gap between state 4 and 5 in Cyg X-3, that is
different from a behavior of Cyg X-1.

4. X-ray spectra in five states of Cyg X-3

Five state spectra from the hardest state (1) to the
hyper-soft state (5) are shown in Fig.3. Iron line emis-
sions are seen in spectra in states 1-4, whereas its fea-
ture is not seen in state 5. The spectrum in state 5
is well fitted to a single blackbody model of tempera-
ture kTBB = 1.57(+0.05,−0.03) keV, where we obtain
Rin = 12.5 km for distance of 8 kpc for multi-color disk
mode. Therefore, if Cyg X-3 is a black hole, we can esti-
mate a mass of the black hole from Rin using a standard
accretion model (Kato, Fukue & Mineshige 1998), which
is 1.5–1.8 M⊙ (Schwartzshild) or 9–11 M⊙ (Kerr).

We can also estimate a mass of a black hole from kTin

of inner disk temperature. The result is consistent with
that from Rin. The result of a low mass black hole
for Cyg X-3 is self-consistent with that from a different
method by Zdziarski et al (2013).

Fig. 4. Simultaneous observation of X-ray and mm-wavelength radio
bands

5. Simultaneous observation of X-ray and mm-wave radio
bands

We performed simultaneous observation of X-ray and
mm-radio wavelength band for Cyg X-3. In Fig.4. we
show intensity light curves of MAXI/GSC, Swift/BAT,
and radio fluxes of 43, 86 & 98 GHz observed by
Nobeyama Radio Observatory. We can see mm-wavel
outburst (probably jets) around MJD 55586.5 to 55589.5.
On the other hand, in X-ray band a transition from state
3 to 4 occured between MJD 55565 and 55567. The radio
emission could be accounted by gas blobs ejected at the
moment of the X-ray transition. The jet blobs traveled
for 2–3 days without radio emission, then, experience a
shock and become bright in the mm-wavelength radio.
The radio emission site might be located at ∼ 1015 cm
from the black hole.

6. Summary and Conclusion

It is concluded that a compact star of Cyg X-3 might be
a black hole, considerably low mass, from MAXI/GSC
and Swift/BAT. Simultaneous observations of X-ray and
mm-wavelength radio bands suggest that a plasma jet
would be produced according to a transition and then,
radio flares would be produced after some delay.
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