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Introduction to Cygnus X-3

Artist conception
(nasa.gov) ~ 4’

High Mass X-ray Binary with Wolf-Rayet star companion

8-10 kpc
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Milky Way spiral structure as probed by star forming complexesD. Russeil: Star-forming complexes and the spiral structure of our Galaxy 143

Fig. 5. The adopted four-arm model. The symbol size is proportional to the excitation parameter. The Sun position is given by the large star
symbol. All the complexes are plotted. 1: Sagittarius-Carina arm, 2: Scutum-Crux arm, 10: Norma-Cygnus arm and 20: Perseus arm. We have
also sketched the local arm feature (long dashed line), the bar orientation and length (dashed-dot-dot line) from Englmaier & Gerhard (1999),
the expected departure from a logarithmic spiral arm observed for the Sagittarius-Carina arm (short dashed line) and finally a feature certainly
linked to the three-kpc arm (solid line)

As we already noticed we have fitted regular logarithmic
arms, but it is commonly seen on external galaxies that arms do
not have a regular design. This fact is illustrated here because a
precise study of the nearest parts of the Sagittarius-Carina arm
places it at ⇠2 kpc from the Sun while the fitted spiral passes at
⇠1 kpc: the axis of the arm must be moved slightly inward in
regions just inside the Sun (Fig. 5, dashed line).

The four arm model is consistent with the recent work of
Amaral & Lépine (1997) from a dynamical approach. They
show that the spiral structure of our Galaxy can be represented
by the superposition of two- and four-arm components with
a pitch angle of about 14�; such a solution looks like a pure
four-arm structure when the components are in phase. This
is another argument in favor of the four-arm model (Fig. 5).
Comparing the adopted model to the model of Georgelin &
Georgelin (1976) one can see that the general design is pre-
served but now the arms are more clearly defined and more
extended. The Norma segment appears now to be connected to

the Cygnus segment, forming a single extended arm symmetri-
cal to the Sagittarius-Carina arm. The Scutum-Crux arm, which
is the shortest, is symmetric with respect to the Perseus arm.
The Carina arm appears to be a major arm; sometimes such a
major arm is observed in grand design external galaxies. This
suggests a grand design structure coexisting with smaller-scale
structures, rather than a purely floculent one.

One of these smaller-scale structures is the local arm.
Figure 5 (long dashed line) shows a hint of the presence of
the local arm: we note a collection of aligned complexes paral-
lel to the Sagittarius arm and including the Sun. Unfortunately,
from our data it is impossible to define its characteristics. Jacq
et al. (1988) have already showed the existence of a collection
of molecular clouds aligned with a pitch angle of 22� and link-
ing up the local material to the Sagittarius arm.

Three arms out of four start close to the end of the Galactic
bar major axis. In barred galaxies, arms are generally con-
nected to the bar (Sellwood & Sparke 1988). Moreover, for our

Perseus

Sagittarius

Norma-Cygnus

Cyg X-3

l  = 79.8
b = +00.7

[Russeil 2003]
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CO map of the Cygnus X-3 region

~ 4’

[Dame et al. 2001]

~ 2 kpc
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Cyg X-3 as imaged by Chandra

~ 4’
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Cyg X-3 (Chandra ObsID 6601)
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Cyg X-3 as imaged by Chandra
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Cyg X-3 as imaged by Chandra

~ 4’

HEG

MEG

CCD Spectroscopy

e�

e� e�

e�

e�

e�

e�

X-ray

E ± 100 eV

Grating Spectroscopy

x, y, ECCD

E ± 1� 2 eV

Cyg X-3 (Chandra ObsID 6601)



High Energy Studies of Interstellar Dust

Corrales & Paerels (in prep) - July 30,2013

Observed Halo Surface Brightness



High Energy Studies of Interstellar Dust

Corrales & Paerels (in prep) - July 30,2013

Observed Halo Surface Brightness
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Where is the Cyg OB 2 dust?

NH ⇡ 1.4⇥ 1022 cm�2
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Cyg X-3 as imaged by Chandra

~ 4’

HEG

MEG

Cyg X-3 (Chandra ObsID 6601)

 From the radio, 
[LAB survey]

 CO survey indicates
in the form of molecular clouds [Dame et al. 2001]

 From X-ray absorption,
depending on spectral model [Predehl & Schmitt 1995] 

NH ⇠ 1.4⇥ 1022 cm�2

NHI � 1022 cm�2

NH ⇠ 3� 4⇥ 1022 cm�2

What’s the hydrogen column?
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Cyg X-3 as imaged by Chandra

~ 4’

HEG

MEG

Cyg X-3 (Chandra ObsID 6601)

 From the radio, 
[LAB survey]

 CO survey indicates
in the form of molecular clouds [Dame et al. 2001]

 From X-ray absorption,
depending on spectral model [Predehl & Schmitt 1995] 

NH ⇠ 1.4⇥ 1022 cm�2

NHI � 1022 cm�2

NH ⇠ 3� 4⇥ 1022 cm�2

What’s the hydrogen column?

ROSAT: 0.3-2.4 keV

Chandra: 0.3-10 keV
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X-ray Spectral Fitting yields a Gas-to-Dust Mass Ratio
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Scattering from
Bok Globule!
McCollough + 2013

Cyg X-3 as imaged by Chandra
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Scattering Opacity and Absorption Edge Structure

This is a model (NOT DATA)
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Conclusions

Motivations

X-ray scattering probes the abundance and spatial distribution of
    large (‘grey’) dust

Spectroscopy can directly measure dust elemental constituents

Cyg X-3

The bright scattering halo and interesting line-of-sight is good for
    studying dust grain size and spatial distribution in the diffuse ISM

Uniformly distributed dust fits the halo profile well

Future : Extract a high resolution spectra of scattered light

X-ray spectrum can be fit with ISM absorption + dust scattering
    to get an independent measure of dust-to-gas mass ratio
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Ratio of scattered light to point source
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Ratio of scattered light to point source

f ⌘ ÷

Apparent flux

f =
Fa(1� e�⌧sca)

Fae�⌧sca
= e⌧sca � 1
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Fit to Halo Surface Brightness

Md = 4.0⇥ 10�4 g cm�2
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