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Cygnus X-3 isawell know microguasar which shows state changes, strong radio emission, hard
X-ray/X-ray/radio correlations, and relativistic jets. The exact nature of the compact object as-
sociated with this system is still uncertain. In this presentation are shown new results which will
further illustrate the complexity and uniqueness of this system.

In 2003, using Chandra observations, extended X-ray emission was discovered associated with
Cygnus X-3 [[]. The most promising interpretation of this feature was that it is a jet impact
region. In 2006 alonger Chandra observation during which Cygnus X-3 was in a brighter X-ray
state has revealed a much better look at this emission. Even though this feature is 16" away from
Cygnus X-3 it demonstrates remarkabl e time correl ated activity associated with Cygnus X-3. The
behavior of this emission and the possible nature of this feature will be discussed.
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1. Introduction

Cygnus X-3 is an unusual X-ray binary containing a compact object and a Wolf-Rayet com-
panion, making it a high mass system. Buit its orbital period (4.8 hrs) is typical for alow mass
system. It is astrong radio source routinely producing radio aresof overaJyandupto 20Jy
on occasion. Even during radio quiescence it can be relatively bright in the radio (60 100 mJy).
It has been shown to produce radio jets and also demonstrates correlations of the radio with both
the X-ray and hard X-ray [fi, f] .

Using Chandra observations, taken in 2000, extended X-ray emission was discovered associ-
ated with Cygnus X-3 [[] . Their analysis pointed to this feature as being a jet impact region. In
2006 a longer Chandra observation during which Cygnus X-3 was in a brighter X-ray state has
revealed a much better look at this emission. We present the initial results of an analysis of this
unique feature.

2. Observations

In early 2006 Cygnus X-3 entered into a radio/hard X-ray quenched state (X-ray: high/soft
state) after nearly four yearsin aradio quiescent state. During this quenched state a 50 ksec Chan-
dra observations (OBSID: 6601) was performed as part of an international observing campaign to
study major aring activity in Cygnus X-3. The Chandra observations wer e grating observations
designed to study the strong stellar winds that are associated with Cygnus X-3.

An image of the observation (zero order of the grading observation) is shown in Fig. 1. The
feature lies about 45 from the orientation of the radio jets that have been observed in Cygnus X-
3. The direction of the radio jets corresponds roughly to the direction of the instrumental readout
streak. Thefeatureis 16 ¥ from Cygnus X-3. It isextended with aradial size (from Cygnus X-3)
of 3"andatangential sizeof 5. If the feature and Cygnus X-3 are at the same distance then
their separation is 2:7 D1g light-years (Do : distance in units of 10 kpc). The feature is a factor of
10 4 times fainter than Cygnus X-3. As can be seen in Fig. 2 this feature has existed throughout
the Chandra mission (1999 to present).

3. Lack of Counterpartsat Other Wavelengths

Observations at other wavelengths have yet to reveal a counterpart. A recently reported ra-
dio feature near Cygnus X-3 [f] is on the opposite side of Cygnus X-3. An examination of a
HST/NICMOS observations taken at 1.76 microns (see Fig. 3) shows no obvious counterpart.

In December 2007 Spitzer observed the region containing Cygnus X-3 with MIPS at 24 and
70 microns with nominal exposures times of a couple of minutes. There was no detection at 70 mi-
crons. But Cygnus X-3 is clearly detected at 24 microns. Fig. 3 shows the Cygnus X-3 region and
a closeup of Cygnus X-3 at 24 microns. There is some evidence of extended emission associated
with Cygnus X-3 and possibly with the feature. But thisisa complex area and further analysis will
be necessary.
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Figurel: A zero or-
der Chandra grating im-
age of Cygnus X-3. In
addition to the feature
note two instrumental
effects: (a) bright read-
out streak caused by the
ACIS CCD readout; and
(b) the “cratering" of
the central source due to
pileup.

Figure 2: Chandra observations spanning 1999-2006. Five ACIS (HETG) and one HRC (lower right)
observations of Cygnus X-3. Note the different spacecraft rolls (orientation of the readout streak) of the
ACIS observations. Observations also cover different states of Cygnus X-3's activity.
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Figure 3: Left: A HST/NICMOS observation of the Cygnus X-3 region taken at 1.76 microns. Cygnus X-3
and the location of the feature are labeled. No obvious counterpart is seen. Center: Cygnus X-3 region at 24
microns (Spitzer/MIPS) with Cygnus X-3 labeled. Right: An enlargement of the region around Cygnus X-3.
This shows indications that there might be extended IR emission associated with Cygnus X-3 and possibly
the feature.

4. Propertiesof the Feature

4.1 Temporal Variability of the Feature

We rst seek to examine the feature's temporal variability. The feature is loc ated on a large
scattering halo that is due in part to the telescope optics and in part due to dust along the path
to Cygnus X-3. This scattering halo demonstrates the same 4.8 hr orbital variation which is aso
observed in Cygnus X-3. Hence careful background subtraction isimportant in determining if the
feature is undergoing any temporal variation.

In Fig. 4 are three light curves. The rst is the feature without backgro und subtraction. The
second is the light curve from a background region selected to be the same angular distance from
Cygnus X-3. Note that it shows the same orbital modulation seen in Cygnus X-3. Finally the third
shows the background subtracted light curve for the feature. This nal light curve appears to show
asimilar orbital modulation as seen in Cygnus X-3, but with aphase shift of 0.5 relative to Cygnus
X-3.

4.2 Phase Relationship with Cygnus X-3

To examine this possible phase relationship between the feature and Cygnus X-3 the arrival
time for each event was used to calculate a "Cygnus X-3" phase value. Then photons falling
into certain phase ranges were broken in separate "phase”’ images. These images were assigned
a certain color and combined to form a color coded phase image (see Fig. 5). The bands were;
(red) 0.3-0.63,(green) 0.63-0.96,and (bl ue) 0.96-0. 3. Note the blue color
of the feature. This indicates that bulk of the photons are arriving in the 0.96-0.3 phase range. It
is aso important to note that no background subtraction was done and hence there is no issue with
the background subtraction creating a false time/phase variation of the feature.

One rami cation of this is that one can create phase selected images in which the feature
appears and vanishes as a function of phase (see Fig. 6). One can also see this more dramatically
in the movie which accompanies this paper.

Finaly in Fig. 7 is the phase folded light curves of the background and the feature. It can
clearly be seen that the feature exhibits the same slow rise and rapid drop that one sees in Cygnus
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Figure 4. Top: Light curve of feature without background subtraction. Middle: Light curve of the back-
ground area showing the orbital modulation of Cygnus X-3. Bottom: The light curve of the background
subtracted region of the feature.

Figure5: A color coded phaseim-
age of Cygnus X-3 area. Note the
blue color of the feature which in-
dicates that the bulk of the photons
are arriving in the 0.96-0.3 phase
range.

X-3 but with aphase lag. It is aso noted that this would not be what one would see if this was due
to abackground subtraction issue. From centroid tsto the peaks of acro ss correlation between the
background and the feature a phase lag of 0:551 0:003 isfound. It should be noted that all of the
Chandra data sets show an anticorrelation between the light curve of the feature and background.

4.3 Flux Behavior

To examine how the phase averaged ux of the feature changed between observations a photon
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Figure 6: Phase selected images. left: Phase range 0.96-0.3 image. Now you seeit. right: Phase range
0.5-0.8 image. Now you don't.
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Figure 7: Folded light curves. Top: Phase folded light curve of the background region. Bottom: Phase
folded light curve of the background feature. Note the similar of the light curves and the 0.5 phase shift.

ux of thefeature was calcul ated for each of the Chandra/ ACIS observ ations. Thisentailed creating

an exposure map for each observation (using an energy of 3.5 keV which is generally near the
peak of the spectrum of the feature) and then dividing the image by the exposure map. Then by
comparing the feature's region to that of the background a photon ux ca n be estimated for each
data set. These valueswere in turn compared with RXTE/ASM count rate for Cygnus X-3 for each
observation. A plot of thisisgivenin Fig. 8. There appears to be a direct correlation between the
ux of the feature and that of Cygnus X-3.
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Figure 9: Hardnessratio asafunction
of orbital phase. Top: Hardness ratio
of Cygnus X-3 (halo). Bottom: Hard-
ness ratio of the feature. Note the lack
of any orbital modulation.
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4.4 Hardness Ratio

To better understand the nature of this feature we created a hardnessratio for both Cygnus X-3
(halo) and the feature. We used an energy range of 1-8 keV and divided the data into two bands.
We chose a dividing energy of 4.33 keV which gives an equal number of counts in both of the
bands for Cygnus X-3. We aso calculated the hardness ratio in a manner such that 1.0 means all
of the counts are in the hard band and -1.0 means al of the counts are in the soft band. We nd:
(a) Cygnus X-3: 0:000 0:006; and (b) Feature: 0:223 0:041. The feature is "softer" than
Cygnus X-3. Also Cygnus X-3 shows orbital spectral variation and the feature does not (see Fig.
9).

4.5 Spectrum

InFig. 10 are plots of Cygnus X-3's spectrum and the spectrum of the feature.
Cygnus X-3's X-ray spectrum shows a photoionized spectrum with: (a) linesof H and He-
like heavy elements; (b) P Cygni prolesin most of thelines; and (c) strong Radiative Recom-
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Figure 10: left: Chandra HETG grating spectrum of Cygnus X-3. Note the ricbt@ibnized spectrum.
right: CCD background subtracted spectrum of the feature. Notérteg (absorption and emission) and
the reduced hard emission.

bination Continuum indicating plasma temperatures of between 30-50 eV.

The feature's spectrum is more problematic in part because of the ishaekdground sub-
traction. The background in this case contributes a much larger share phtitons than does
the feature. So background subtraction is critical. An initial attempt to backgk subtract the
spectrum are shown in Fig. 10. Fitting results sh@): Simple continuum ts (power law, black
body, etc.) give poor ts(b) all ts need heavy absorption 6 1:3 10?°cm 2); (c) there
is little ux below 2.0 keV (6 A); (d) line features (absorption and emission) appear present; and
(e) thereis missing hard ux when compared with Cygnus X-3.

5. Possible Candidates

What is Cygnus X-3's "little” friend? Any explanation most address the fadlig: (a) the
phase averaged ux of the feature is10 4 of Cygnus X-3's ux and appears to be correlated with
Cygnus X-3;(b) it has phase variations that appear anti-correlated with those of Cygiys X
(c) the time variation is 4.8 hrs but the separation between the feature and C¢gnis2:7 D1g
light-years if they are at the same distance; éd)d while the feature appears heavily absorbed it
is also missing hard X-ray ux.

5.1 Instrumental Effect or Unrelated Source

After careful examination of the data and discussion with the Chandra egticswe can nd
no optical/instrumental effect that would result in this feature. Due to the timeépbariations we
rule out this being an unrelated source.

5.2 Jet Impact Region

It has been suggested that this might be a jet impact area [3].
Pro: With the strong wind from the Wolf-Rayet companion one might naturally exg@sbell
around the system with which the jets might impact and interact.
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