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Abstract. The microquasar Cygnus X-3 is known for massive outbursts that emit radiation
from radio to v-rays associated with jet ejection events. Using Principal Component Analysis to
probe fast (~1 min) X-ray spectral evolution followed by subsequent spectral fits to the time-
averaged spectra (~3 ks), we find that the overall X-ray variability during major outbursts can
be attributed to two components. The spectral evolution of these components are best fitted with
hybrid Comptonization and thermal bremsstrahlung components. Most of the X-ray variability
is attributed to the hybrid Comptonization component. However, the spectral evolution of the
thermal component is linked to a change in the X-ray spectral state. Phase-folding the fit results
shows that the thermal component is restricted to two orbital phase regions opposite to each
other, possibly indicating a flattened stellar wind from the Wolf-Rayet companion.
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1. Observations and Analysis

We applied principal component analysis (PCA) to sets of X-ray spectra from a 2006
May-June multiwavelength campaign (see Fig. 1) following the procedure presented in
Malzac et al. 2006. PCA is used here as a variability analysis tool which allows one
to combine temporal and spectral information to identify various components of the
spectrum based on their variability. The main use of PCA is to find the least amount of
components that are enough to explain the data losing the least amount of information
in the process. By finding the principal components of the data set which explain most
of the observed variability the dimensionality of the dataset is reduced. Fig. 2 shows
an example variance spectrum using RXTFE data. The variance spectra from Swift and
INTEGRAL produced similar results. Based on PCA we find that

e The variability of the X-ray spectra of Cyg X-3 during major flare ejections are
produced mainly by two components.

e The first and second principal components (aq, ag) show a linear relationship be-
tween the two components.

e A change between intermediate spectral states from harder to softer states occurs
with increasing values of «s.

e The variability occurs in bimodal fashion in orbital phase for both components.
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Figure 1. RXTE, Suwift
and INTEGRAL observa-
tions taken during the 2006
May-June major radio flare
episode (one outburst shown
here).  Supporting radio
data are from observatories
Ryle/AMI and RATAN-600.
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Figure 2. RXTE variance
spectrum. Most of the vari-
ance (97%) is caused by
the first principal component
(a1). The second component
(a) contributes 2.6%, third
(as) 0.3% and the rest to-
gether 0.1% labeled as noise.
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Figure 3. An example of
the energy spectrum during
the major radio flare episode
from simultaneous RXTEF,
Swift and INTEGRAL ob-
servations (see Fig. 1) with
best-fit model (components
labeled).

2. Spectral Modeling

PCA sets a second requirement for the X-ray spectral fits: they have to satisfy also the
spectral evolution inferred from the PCA, reducing the number of suitable models. The
X-ray spectra of Cyg X-3 are well fitted by hybrid Comptonization (Koljonen et al. 2010)
and we assume that a; is coupled to this component. However, we find that most of the
spectra studied are not well fitted using just Comptonization. Also, based on PCA, a5 is
needed in order to explain all the X-ray variability. Out of multiple different models the
only model that causes the necessary variability of the principal components is hybrid
Comptonization (BELM, Belmont et al. 2008) with thermal bremsstrahlung (see Fig. 3).

3. Origin of the thermal component

The most plausible origin of the thermal component is a plasma cloud that forms as a
result of the compact object colliding with the WR stellar wind (Zdziarski et al. 2010).
Thermal bremsstrahlung emission becomes a substantial source for photons which get
upscattered by Comptonization in the cloud. The orbital changes in the bremsstrahlung
normalization (~ n;n,), which correlates with oy, could arise if the wind is asymmetric.

Thermal, hot components have also been found in GRS 19154105 (Titarchuk & Seifina
2009, Mineo et al. 2012), SS 433 (Seifina & Titarchuk 2012) and several XRBs (Zycki
et al. 2001), thus raising questions if this is something intrinsic to microquasars/XRBs,
if the emission mechanism is the same and if this scenario could be extended to disk
winds?
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