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Gamma-ray binaries



Currently known high-mass gamma-
ray binaries

name binary components P
orb

(d) HE VHE refs (?) notes

(high-mass) gamma-ray binaries

PSR B1259-63 pulsar Be 1236.7 X X [12, 13] 47.7 ms
HESS J0632+057 ? Be 315 X [14, 15]
LS I +61�303 ? Be 26.5 X X [16, 17] magnetar ?
1FGL J1018.6-5856 ? O 16.6 X X [18, 19]
LS 5039 ? O 3.9 X X [20, 21]

(low-mass) gamma-ray binaries (†)

XSS J12270-4859 pulsar red dwarf 0.29 X [22, 23] 1.7 ms
PSR J1023+0038 pulsar red dwarf 0.20 X [24] 1.7 ms
2FGL J0523.3-2530 ? red dwarf 0.69 X [25, 26]
PSR B1957+20 pulsar brown dwarf 0.38 X [27] 1.6 ms
PSR J0610-2100 pulsar brown dwarf 0.29 X [28] 3.8 ms
PSR J1311-3430 pulsar brown dwarf 0.065 X [29, 30] 2.6 ms

microquasars (X-ray binaries)

Cyg X-3 black hole ? Wolf-Rayet 0.20 X [31, 32]
Cyg X-1 black hole O 5.60 X ? [33, 34]

novae

V407 Cyg white dwarf red giant 14000 ? X [35, 36] N Cyg 2010
V1324 Sco white dwarf red dwarf 0.07 ? X [37] N Sco 2012
V959 Mon white dwarf red dwarf 0.30 X [37] N Mon 2012
V339 Del white dwarf red dwarf 0.13 ? X [37] N Del 2013
V1369 Cen white dwarf red dwarf ? X [38] N Cen 2013

colliding wind binary

Eta Car LBV O/WR ? 2014 X [39, 40]
? I only give one or two recent references as entry points to the HE/VHE litterature.
† not including another > 50 Fermi-LAT pulsars in binaries.

Table 1
Binary systems identified with sources of variable HE or VHE gamma-ray emission.

sometimes visible to the naked eye.
Colliding wind binaries are composed of massive O or Wolf-Rayet stars. These stars have masses in excess of

20M� and large luminosities 104�105 L�. The radiation pressure drives strong winds from the stars with terminal
velocities ⇡ 1000 � 2000 km s�1 and mass loss rates of 10�8 � 10�3 M� yr�1. The collision between the stellar
winds in a binary forms a shock structure where the released kinetic energy heats the gas to ⇠ 107 K, which emits
principally X-rays [10, 11]. Some of the energy may be channeled into accelerating particles at the shock, as in
supernovae remnants, leading to gamma-ray emission.

The detection of gamma rays has brought new light, literally, to the mechanisms in operation in these systems.
The mechanisms behind gamma-ray emission in binaries are very diverse (see Figure 1 for illustrations of these).
In novae, as will be explained in section 4.2, the physics has close analogies to that of supernova remnants; the
gamma-ray emission from microquasars involves relativistic jets as active galactic nuclei and gamma-ray bursts
do; many binaries host pulsars whose rotating magnetic field ends up powering strong non-thermal emission.
Table 1 makes it clear that the binaries emitting gamma rays do not constitute a class of objects united by a
common astrophysical model, as for instance supernova remnants, but by a common phenomenon: orbital motion.
Orbital motion constraints the size and type of the binary components, and allows measurements to probe different
conditions or vantage points. The legitimacy of theories developed for gamma-ray sources in other astrophysical
contexts can thus be put to the test in the peculiar environment of binaries.

In the following, I have tried to emphasize how gamma-ray observations of binaries provide such tests. Thus,
section 2 sets gamma-ray binaries in the context of pulsars, section 3 relates microquasars to the physics of
relativistic jets, and section 4 examines the gamma-ray detections of novae and colliding winds binaries in the
context of particle accretion at non-relativistic shocks.
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PSR B1259-63/LS 2883 

comprising of a pulsar and 
an Oe star, at d~2.3 kpc 

orbital period: 3.4 years

Interaction between the 
stellar wind/disk and the 
pulsar wind => non-thermal 
radiation close to periastron Sushch & van Soelen (2017)
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Chernyakova et al. (2014)



Shock acceleration can  
explain the X/TeV well,  
e.g., Takata+(2012)

Takata +(2017)



2011 GeV flares repeat in 2014 in 
similar orbital phase

Tam et al.  
(2011, 2015)



2011 GeV flares repeat in 2014 in 
similar orbital phase

Tam et al.  
(2011, 2015)

Caliandro+ (2015)

~2 days delay



The orbital phase where GeV 
emission occurs

Disk

Dubus (2013)
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News from 2017 
periastron



GeV flares in 2017

2.8 spectrum does  
not change!



1-day bins

second disk 
passage

first disk 
passage

clearly occurs at different orbital phase



2010

20142017



2010

20142017

2017 flares are different: 

orbital phase different than 2011/14 

duration of flares ~3-12 hr, shorter 
than 2011/14 

previous works only show  
0.5-7 day bins for 2010 & 2014



Some flares may be even as short as a 
few minutes!

Johnson et al. (arXiv:1805.03537)



correlated X/γ activities  
in 2014 (Tam+ 2015)

No obvious correlated  
X/γ activities in 2017



correlated X/γ activities  
in 2014 (Tam+ 2015)

No obvious correlated  
X/γ activities in 2017

but bad data coverage..





correlated X/UV  
activities in 2017 ? 

What causes it?



origin of GeV flares

Models predicting IC/synchrotron at GeV cannot explain 
the GeV flares delayed compared to X-rays (e.g., Tam+ 
2015)

Models based on geometrical effects (Doppler boost, e.g., 
Kong+2012)

Models predicting smooth(1-5 day) GeV emission 

Accretion-disk model (Yi & Cheng 2017)
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origin of GeV flares

Models predicting IC/synchrotron at GeV cannot explain 
the GeV flares delayed compared to X-rays (e.g., Tam+ 2015)

Models based on geometrical effects (Doppler boost, e.g., 
Kong+2012)

Models predicting smooth(1-5 day) GeV emission 

Accretion-disk model (Yi & Cheng 2017), no evidence for 
pulsar timing change due to disk torque (Yi & Cheng 2018)



Summary

The GeV flares from PSR B1259-63 are a major unresolved 
phenomenon among binary studies

Every time Fermi/LAT sees GeV flares since launch, in 2011, 2014 & 
2017 

The flares are clearly delayed compared to other wavelengths

The 2017 flaring period consists of short-lived but powerful GeV 
flares on time scales of down to hours/minutes

What can we expect next?




