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I will present detailed class cation of the X-ray states of Cyg X-3 based on the spectral shape
and a new classi cation of the radio states based on the long- term correlated behaviour of the
radio and soft X-ray light curves. Except for the e ect of strong absorption and the energy of
the high-energy break in the hard state, the X-ray spectral states of Cyg X-3 closely correspond
to the canonical X-ray states of black-hole binaries. Also, the radio X-ray correlation closely
corresponds to that found in black-hole binaries, but it signi cantly di  ers from that in neutron-
star binaries. Overall, our results strongly support the presence of a black holein Cyg X-3.
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1. Introduction

Cyg X-3isthe brightest radio source among X-ray binaries [1]. It is a high-mass system with
a Wolf-Rayet companion, but with an unusually short orbital period, P = 4:8 h. It islocated at a
distance of d ” 9 kpc in the Galactic plane [2]. In spite of itsdiscovery in 1966, the system remains
poorly understood. In particular, due to the lack of a reliable mass function, it remains uncertain
whether its compact object is ablack hole or a neutron star.

Asan X-ray source, Cyg X-3is persistent and observed in two main spectral states, hard and
soft. Recently, the hard state has been studied in detail by [3], and both the hard and soft states,
by [4]. However, there has yet been no comprehensive studies of the range of the states including
the transitionary ones. Interestingly, the spectra of Cyg X-3 in spite of being generally similar
to the canonical states of black hole binaries show some signi cant di  erences [5]. Their physical
interpretation also remains rather uncertain [3, 4]. A mgjor issue isthe strong and complex intrinsic
absorption, most likely caused by the wind from the companion star, which greatly complicates the
determination of the intrinsic spectral shapes and luminosities. However, even detailed treatment
of thewind absorption did not allow for an unambiguous determination of details of the underlying
radiative processes in the two main spectral states [4]. Thus, it is highly desirable to further study
the X-ray states of this system.

Intheradio, Cyg X-3isapersistent source in the sense that is aways detected, though its ux
varies by four orders of magnitude, as well as the relative contributions of the core and jets vary
strongly (e.g., [6]). Onthebasisof 1988 1992 radio observ ations by the Green Bank Interferometer
(GBI),[7 9] identi ed four of itsradio states. They includ e the so-called quiescent radio emission,
witha 50200 mJy ux variable on atimescale of months, episodes of frequent minor aring,

0:3 Jy, very weak, or quenched, emission, 30 mJy, and mgjor ares, 120 Jy, which follow
the quenched state. (Notethat theterm’ quiescent’ used hereis not related to the so-called quiescent
state of low-mass X-ray binaries, which corresponds to much weaker states than the above one of
Cyg X-3.) Interestingly all major radio areswerepreceded by very low radio ux levels. However,
apart from that sequence, those authors did not study either the temporal patterns of the radio states
or their connection to the X-ray states.

The existence of areationship between the two energy bands was rst pointed out by [10].
They showed that strong radio ares occur only when the sourc e is in its soft state. Then, [1]
found an anticorrelation in the quiescent state (corresponding to the hard state in X-rays) between
the radio emission and the hard X-ray, 20 100 keV. The two ban ds were positively correlated
during major radio ares and in the quenched state. No correl ation was observed during minor
ares. [3, 11] have presented the correlation between the 1. 512 keV X-ray ux and the 15 GHz
measurements by the Ryle telescope. They found a clear positive correlation in the hard X-ray
state, and its break down above certain X-ray ux. The sign of the correlation of the 1.5 12 keV

ux is opposite to that of the 20 100 keV ux, whichisconsist ent with the anticorrelation between
those two X-ray bands [3, 12]. However, details of the radio/X-ray behaviour in the soft state were
not clear from these works.

Here we present a detailed classi cation of the X-ray spectr a states based on the X-ray data
from the RXTE Proportional Counter Array (PCA) and the High Energy X-Ray Transient Experi-
ment (HEXTE). We re-classify the radio states based the long-term temporal behaviour of the GBI
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(radio) and RXTE ASM (soft X-ray) light curves, and relate these states to the X-ray spectral states.
Also, we analyze correlations of hard X-rays with the other bands using data from the BATSE. Fi-
naly, we summarize and discuss our results, as well as compare them to the corresponding results
for black-hole and neutron-star X-ray binaries.

2. Thedata

In our analysis, we use the 35 keV soft X-ray band of the RXTE ASM dwell data and the
20 100 keV hard X-ray data from the BAT SE which have been obtained using an Earth occultation
analysis technique [13]; see[1] for analysis of an earlier part of the BATSE data. Each point repre-
sents a 3-day average of the energy ux. Theradio data have be en collected during the monitoring
program of the GBI [7 9].

We then rebin the ASM and GBI light curves in such way that the signi cance of asingle bin
is 3 . Therebinned data are also plotted in the radio/soft X-ray correlation diagrams requiring
each pair of points to be taken on the same day. Given the relatively low statistical quality of the
BATSE data, we rebin itslight curveto 8 signi cance (but requiring the distance between the
midpoints of the datain a given binto be 10 days). In showing correlations of the hard X-ray
data with the radio and soft X-rays, we dlightly modify this criterion in order to achieve the best
clarity of the graphical representations. Also, since the measured uxes from the BATSE are often
null, we use alinear scale for it (while we use logarithmic scales for all other data).

We aso use sdlected RXTE PCA and HEXTE pointed observations. We have selected 42
pointed observations from 1996 2000 for which the PCA dataf rom the Proportional Counter Units
0 2 were available. We have extracted the PCA spectrain the 3 25 keV range using the top layer
of the detectors. We then obtained the corresponding HEXTE spectra, using both HEXTE clusters,
in the 15 110 keV energy band. In our spectral ts, we allow af ree relative normalization of the
HEXTE spectra with respect to that from the PCA.

3. The X-ray spectral states

We t each of the 42 PCA /HEXTE spectra with the model as applied to INTEGRAL/RXTE
spectra from Cyg X-3 by [14]. Similar models were also used by [3, 4]. The model includes
Comptonization by hybrid (i.e., both thermal and nonthermal) electrons [15, 16], Compton re ec-
tion from an ionized medium [17], absorption by fully and partially covering neutral media, and a
Gaussian Fe K uorescent line. Asdiscussed in [14], this mod € treats the low-energy part of the
spectrum only phenomenologically. Still, it provides good ts to the PCA /HEXTE spectra and a
physical description of the hard X-rays.

The obtained (absorbed) model spectra are shown in Fig. 1(a). We have divided them into ve
groups based on their spectral shape and ordered by the decreasing ux at 20 keV. The increasing
group number also roughly corresponds to the decreasing spectral hardnessinthe 10 20 keV range.
The groups 12, 34, and 5 may be classi ed as belonging to the hard, intermediate/soft and
ultrasoft state, respectively. Some of the ux variability within each group is caused by the orbital
modul ation.
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