
Final Report 

October 2004 

Sxilhsonian Institution 
,&truphysical Obsenatory 

Cambridge. hlassachusetts 02 I 3 8 



Study of the Elongated Superbubble 
Around Cyg OB1 

Joy Nichols, PI, FUSE Cycle 3 

1 Introduction 

OB association superbubbles and supernova remnants are believed to be the 
primary sources of the hot component of the interstellar medium. Super- 
bubbles are also thought to "blow out" of the galactic plane and are thus 
the potential source of galactic coronal gas. Quantifying the energetics and 
accurately modeling the evolution of superbubbles is thus an important task 
in the understanding of the evolution of our Galaxy. 

The superbubble surrounding the Cyg OB1 association (Figure 1) is an 
excellent example for study of the early stages of superbubble evolution. 
This superbubble, discovered in IRAS data (Saken et al. 1992, Nichols- 
Bohlin & Fesen 1993), is an elongated structure 2x5 degrees (26x65 pc at  
distance=1.5 kpc), with at least 2 known supernova remnants believed to 
be associated with the superbubble. The elongated shape is more extended 
than can be explained by differential galactic rotation. A major problem in 
understanding the evolution of the Cyg OB1 superbubble is the discrepancy 
between the age of the superbubble and the derived age of the parent star 
association. The superbubble is believed to be no more than 1 Myr old, 
while the association is about 4-5 Myr old (Saken et al. 1992). 

2 Observations and Analysis 

Four spectra of hot stars in the line of sight to the IR-detected Cyg OB1 
superbubble were obtained with FUSE using the LWRS aperture and TTAG 
mode. Table 1 lists the star name, spectral type, total counts, and total 
exposure time for each observation. 
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Table 1. FUSE Observations of Cyg OB1 Stars 

star Sp. Type Total Counts Total Exposure Time 

HD 192639 07.5 IIIf 603525 3117 
HD 192641 WC7 353624 4517 
HD 193077 WN6+abs 1828858 21650 
HD 192303 B1 I11 178558 3635 

( s 4  

Figure 1 shows a SO/lOO mp IRAS image of the Cyg OB1 superbubble, 
with the positions of our program stars indicated. Two of the stars are near 
the center of the superbubble, while 2 are near the northern and southern 
edge, respectively. 

The spectra were first reprocessed using CalFUSE 3.0.2 to take advan- 
tage of the improvements in this version of the pipeline processing, partic- 
ularly the intermediate data products. The data were then analyzed using 
IDL tools distributed by the FUSE Science Center. 

We examined the interstellar absorption lines for evidence of high veloc- 
ity features which could be attributed to the superbubble expansion. We 
found multiple high velocity features in the 0 VI lines, Fe 11, C1 11, N 11, P 
V, and S 111. 

3 Results 

In the attached proceedings publication, we present the preliminary results 
for analysis of the 0 VI high velocity features of the four stars observed. 

In a paper about to be submitted to ApJ, we report the velocity and 
column density measurements of all the interstellar high velocity features 
we were able to identify. We have used these FUSE data, as well as IUE 
data for C IV and N V, to constrain shock models of the superbubble using 
2D MHD code. 

The conclusions of this work are that the Cyg OB1 superbubble was 
created by non-coeval supernovae and massive star wind generation within 
a multicluster region, including Cyg OB1, OB3, and OB9. These clusters 
must share a peculiar space velocity of approximately +60 km/s for the 
energy budget and the shock speed to be consistent with the FUSE data. We 
find that the superbubble is still being formed from star formation regions 
along its rim, and that the multiple superbubbles have merged and swept 
out the interior dust, which results in the low IR emission seen in Figure 1. 
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Figure 1: Cyg OB1 superbubble as seen in SO/lOO mp IRAS ratio image. 
Background stars observed with FUSE are indicated on the figure. 
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Abstract. FUSE observations of four stars in the line of sight to the Cyg 
OB 1 IR-detected superbubble have been analyzed for high-velocity features in 
the 0 VI interstellar lines, which might be attributed to the shock structure of 
the superbubble. Multiple components were detected in the spectra of all four 
stars, with a velocity range of -85 km/s to +29 km/s. As many as four separate 
velocity components were identified in each spectrum, implying multiple shock 
structures in the superbubble. Derived column densities of the 0 VI components 
indicate shock velocities of 160-190 km/s according to steady state shock theory. 

1. Background 

The Cyg OB1 superbubble is an elongated structure that overlaps the boundaries 
of the associations Cyg OB1, OB3, and OB9 (Saken et al. 1992). The size is 2 
x 4.5 degrees; a t  an estimated distance of 1.5 kpc the physical size is 52 x 118 
pc. This superbubble is not the same as the well-known Cygnus superbubble 
which is much larger and includes the association Cyg OB2, but it may be an 
extension or “blister” of this larger superbubble. 

The Cyg OB1 superbubble is best identified in the infrared (Saken et al. 
1992; Nichols-Bohlin & Fesen 1993), although evidence of portions of this super- 
bubble have been detected in the optical (Lozinskaya & Repin 1990). Several 
theories have been proposed to explain the elongated shape of this superbubble. 
It could be due to non-coeval evolution of the Cyg OB1 association (Saken et 
al. 1992), or possibly multiple superbubbles that have merged. 

The Cyg OB1 superbubble is believed to be in the early stages of evolution 
(Saken et al. 1992). Nichols-Bohlin and Fesen (1993) estimated the total energy 
output of Cyg OB1 and, assuming the superbubble is a result of the winds of the 
member stars and the estimated 4 supernovae that would have occurred during 
the 2 million year lifetime of Cyg OBI, calculated that the superbubble is about 
2 x lo6 yr old and has an expansion velocity of about 80 km/sec. 

Of the 22 stars in the direction to the Cyg OB1 superbubble having IUE 
high dispersion observations available, 18 show high-velocity components in both 
low and high ionization interstellar lines (Nichols-Bohlin & Fesen 1993). The 
velocity of the components detected in the IUE spectra span the range +/- 90 
km/sec, although negative velocities predominate the detections. The multiple 
components to the interstellar lines, coupled with the lack of geometric velocity 
gradient across the superbubble, imply that there are several overlapping super- 
bubbles in this line of sight, including a probable multi-association superbubble. 
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2. Observations . 
I 
~ 

i 

Four stars in the line of sight to the Cyg OB1 superbubble have been observed 
with FUSE. The observations were made using the LWRS in TTAG mode. The 
data were reprocessed with CalFUSE 3.0.2 and smoothed with a &point median 
filter. Only the LiFlA spectra were included in this analysis in order to obtain 
the best spectral resolution. Gaussian profiles were fit to the components of 
the 0 VI absorption line at 1031 A. The four stars observed are all members 
of the Cyg OB1 association, at an estimated distance of 1.5 kpc. Two of the 
stars (HD 192639 and HD 193077) are near the center of the superbubble, and 
the other two are near the northern and southern edges of the superbubble, as 
mapped in the infrared data. Figure 1 shows the smoothed FUSE spectra in the 
0 VI region, with the high-velocity features marked. 

HD 192639 
i I  - 1 

1031.0 1031.5 1032.0 1092.5 1033.0 
A 

HD 193077 
L .  
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A 

1031.0 1031.5 1032.0 1032.5 1033.0 
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Figure 1. FUSE spectra of four stars observed in the line of sight to Cygnus 
OB1 superbubble, with indications of the high-velocity components in the 
0 VI interstellar lines 

3. Comparison to Shock Models 

The 0 VI column density is very sensitive to shock speed in the steady state 
shock models in the range of 140-190 km/sec. By comparison of the 0 VI 
column density to the steady state shock model predictions, we can evaluate 
the consistency of each component, both low- and high-velocity, to the expected 
column density. Table 1 lists each component detected in the 0 VI line for each 
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star Sp. Type Velocity of Equivalent Width N(O VI) 
Component 

(km/sec) (mA) 
HD 192639 07 .5  IIIf -83 103 8 . 2 3 ~  1013 

-48 43 3 . 4 3 ~ 1 0 ' ~  
-16 211 1 . 6 8 ~  1014 

+27 57 4 . 6 0 ~ 1 0 ' ~  
HD 192641 WC7 -69 98 7 . 8 3 ~  1013 

-40 22 1.76 x 10 l3 

-14 189 1.51 x 1014 
HD 193077 WN6+abs -74 88 7 . 0 3 ~  loL3 

-28 123 9 . 8 2 ~  1013 
HD 192303 B1 I11 -85 62 4 . 9 5 ~ 1 0 ' ~  

-19 253 2 . 0 2 ~  1014 

star, spectral type, radial velocity, and equivalent width of the components, the 
derived column density, and the model prediction of the shock speed. 

Model 
Shock Speed 

(km/sec) 
169 
159 
185 
162 
169 
154 
184 
169 
171 
188 
166 

4. Results 

0 High-velocity components in the 0 VI lines have been found in all four 
stars observed toward the Cygnus OB1 superbubble 

0 As in the IUE data, no clear geometric effects are apparent in the data be- 
tween stars projected near the edge of the superbubble and stars projected 
near the center. Further analysis may reveal such a gradient. 

0 Steady state shock theory predicts shock speeds of 160-190 km/sec for the 
0 VI column densities we have measured. These shock speeds are plausible 
if the Cyg OB1 association as a large differential galactic velocity, as has 
been proposed. 

0 Multiple components to the 0 VI lines imply multiple shocks along the 
line of sight to Cyg OB1. 

Acknowledgments. We acknowledge the support of NASA Grant NAG5- 
12612. 

References 

Esipov, V. F., Lozinskaya, T. A., Mel'nekov, V. V., Pravdikova, V. V., Sitnik, T. G., 
and Nichols-Bohlin, J.  1996, AstL, 22, 571 
Lozinskaya, T. A. and Repin, S. V. 1990, AZh, 67, 1152L 
Nichols-Bohlin, J.  and Fesen, R. A. 1993, AJ, 672, 302 
Saken, J.  M., Shull, J.  M., Garmany, C. D., Nichols-Bohlin, J. ,  and Fesen, R. A. 1992, 
ApJ, 397, 537 




