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Things that aren’t controversial

• Cygnus X-3 is one of the brightest x-ray 
sources.  It has been known since 1967.  It 
has a period of 4.79 hours, so it must be a 
binary.

• It’s a radio source.  It flares by ×1000 once 
or twice a year for a few days.  There are 
jets, so it is classified as a microquasar.

• There is an EGRET source, 3EG J2033+4118, 
whose position is consistent with Cyg X-3.
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Why it get complicated (1): dust

Infrared observations in 2000 finally verified 
that the 4.8 hour period is a binary orbit.  If 
the compact object is a neutron star, then the 
companion has mass 5-11 solar masses.  If it’s a 
black hole, then its mass is less than 10 solar 
masses.

There is no sign of hydrogen, only helium and 
nitrogen.  That means the star is a peculiar one, 
perhaps a Wolf-Rayet.

The distance estimate is about 9 kpc, based on 
radio and X-ray absorption and scattering.

It’s hard to see.  Cyg X-3 has a galactic latitude of 0.7°, and it’s located in the 
Cygnus spiral arm.  There is so much dust obscuration that it can’t be seen in 
optical wavelengths.
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Why it gets complicated (2)

• The X-ray brightness varies greatly from one 4.8 hour period to 
the next.  There is some phase scatter.  The radio emission isn’t 
periodic at all.

• In this part of the sky we are looking lengthwise along a spiral
arm.  It’s crowded with lots of young stellar objects of all sorts.  
There are at least 4 EGRET point sources in close proximity.

• The 4.8 hour period is about 1/5 of a day.  This can cause 
aliasing for ground-based observatories.  A similar thing happens 
to satellites because 4.8 hours is about 3 rotations in low-earth 
orbit.
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Radio morphology
Jets have been seen on scales of milli-arcseconds, arcseconds, 
and arcminutes.
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TeV and above

• Reports of detections from 0.1 
TeV up to 20 PeV began in 1972.  
Cyg X-3 was one of the few 
sources confirmed by more than 
one observing group.  It almost 
single-handedly caused the field 
of UHE gamma astronomy to 
continue.

• Brazier et al. (1990) saw 12.59 
ms periodic emission during 
several bursts of a few minutes 
duration at X-ray maximum.

• Modern UHE measurements 
show that Cyg X-3 might not be 
there at all.
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100 MeV pre-EGRET
• SAS II: strong 4.8-hour 

pulsation
• COS-B: not detected at 

all
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EGRET

Mori et al. (1997) found no sign of
4.8-hour pulsation at a level much 
lower than SAS II.

There was also no sign of periodic 
variation at 12.59 ms in 10-minute 
windows at X-ray maximum.

EGRET resolves 4 point sources in the Cygnus region, one of which is 
consistent with the position of Cyg X-3.  Take that with a grain of salt.
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Wolf-Rayet stars
A W-R star is “A hot (25,000 to 50,000 K), massive (more than 25 solar masses),
luminous star in an advanced stage of evolution, which is losing mass in the form a 
powerful stellar wind. Wolf-Rayets are believed to be O stars that have lost their 
hydrogen envelopes, leaving their helium cores exposed, often in a binary system, 
and that are doomed, within a few million years, to explode as Type Ib or Ic
supernovae. There are two spectral subclasses of Wolf-Rayets: type WN, which have 
prominent emission lines of helium and nitrogen, and type WC in which carbon, 
oxygen and helium lines dominate. They are named after the French astronomers 
Charles Wolf (1827-1918) and Georges Rayet (1839-1906) who studied the first 
example in 1867. “

HST image of WR124 in Hα

W-R stars lose 10-6 to 10-5 solar mass per 
year at up to 5000 km/s.  The wind is driven 
by radiation pressure.  This enormous wind is 
a possible gamma source if it shocks on a 
dense interstellar medium.  If Cyg X-3 has a 
W-R star, it’s the only known W-R/compact 
binary.
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The GLAST connection

• We need GLAST’s angular resolution to sort out the 
mess in the Cygnus region.  Is there really a point 
source at the right spot?

• If Cyg X-3 has rare gamma outbursts, we need long-
term quasi-continuous monitoring.
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