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X-ray binaries V.S. γ-ray binaries

Zhang & Lu 2015

Cygnus X-3
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An & Romani 2017

1FGL J1018-5856



3Figure: Dubus 2013, Astron Astrophys Rev

X-ray binaries V.S. γ-ray binaries



Basic properties of TeV gamma-ray binaries

• a compact star + a massive star:
a) Compact star: NS or BH
b) Massive star: O or Be star

• multi-wavelength emissions:
a) from radio to γ-rays (above TeV)
b) LC: orbital variations
c) SED: peak above 1 MeV

Movie: NASA/Goddard Space Flight Centre
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https://svs.gsfc.nasa.gov/10802


All detected HMGBs:

Figure: Mirabel 2006

PSR + Be star:
PSR B1259-63/LS 2883
PSR J2032+4127/MT91 213
HESS J0632+057 ?
LS I+61°303 ? ! by Weng+2021 via FAST

PSR? + O star:
LS 5039
1FGL J1018.6-5856
LMC P3
4FGL J1405.1-6119
HESS J1832-093
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Q1: Why only 2 HMGBs with 
radio pulsations being detected ?

• The radio beam is not pointing to us

Chen et al. 2021a

• Severe absorption and scattering 
by intense stellar outflows 
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LS 5039



Figure: Aharonian et al. 2010

Q2: Compared to 200+HMXBs, why only <10 HMGBs 
being detected so far ?

Figure: Wiki_Massive stars



• Pulsar wind shock radius vs. Gravitational capture radius

accretion

HMGB HMXB

HMGB HMXB

Q2: Compared to 200+HMXBs, why only <10 HMGBs 
being detected so far ?



Pulsar Star

Pulsar: Initial magnetic field and spin period; 
Star: Stellar mass and mass-loss rate;
Orbit: orbital period and eccentricity.

Orbit

Q2: Compared to 200+HMXBs, why only <10 HMGBs 
being detected so far ?

The duration timescale



Q3: Where & how the VHE γ-ray being produced ? 

Pulsar magnetosphere  (curvature radiation)
Pulsar wind  (anisotropic IC scattering)
Termination shock  (SYN & IC)

Figure: Dubus 2007 10Chen et al. 2021b





PSR B1259-63/LS 2883

• Pulsar:

• Star:

• Orbit:

Figure: NASA/Goddard Space Flight Center
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The companion star possesses an equatorial disc that is inclined to the orbital plane !



Chernyakova et al. 2021 Dubus 2013 13

Xing et al. 2019



Chen et al. 2019, 2021 14



PSR J2032+4127/MT91 213

• Pulsar:

• Be star:

• Orbit:

Ho et al. 2017

The recent periastron passage occurred in 2017 November, 
and next periastron phase would be around 2067. 15



VERITAS & MAGIC Collaboration 2018 16



17Chen et al. 2021, submitted



HESS J0632+057
• Compact object: 
NS or BH ?

• Massive star: 
MWC 148: B0Vpe

• Binary orbit:

Adams et al. 2021



19Chen et al. 2021, submitted



LS I+61°303  

Sierpowska-Bartosik & Torres 2009
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Grundstrom+2007; Casares+2005;

Chen et al. 2021, submitted



Ackermann+2013
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Ackermann+2013
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Q4: Can HMGBs produce PeV γ-rays? 
LHAASO 2021a, Science



Cao et al. 2021, Nature
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(1) Leptonic processes: electrons
With the magnetic field: 
• Curvature radiation 

• Synchrotron radiation

With the photon field: 
• IC scattering

Figure: Bucciantini+2005; Dubus+2007

Particle acceleration & emission
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Radiation mechanism for PeV γ-rays ?



Radiation mechanism for PeV γ-rays ?

(2) Hadronic processes: protons 
With photon field: proton IC, Bethe-Heitler or Photomeson processes

With stellar outflows: proton-proton interaction

Figure: wiki 26



Summary 
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• HMGBs are kind of like enhanced versions of PWN with much 
more complicated environments !

• LHAASO are likely to detect the PeV photons from binaries in 
the future (or already have, e.g., LHAASO J2032+4107 ?)

Figure: NASA / CXC / SAO / Seward, Tucker, Fesen Figure: techexplorist

http://www.nasa.gov/
http://chandra.harvard.edu/
http://www.cfa.harvard.edu/sao/index.html
http://arxiv.org/abs/astro-ph/0608485
https://www.techexplorist.com/


• Particle acceleration: 
Magnetic reconnection
Fermi 1th acceleration

• Pulsar wind physics:
σ-problem
B-field structure

• Evolution of binary system:
Pulsar spin-down
O/B star and its outflows

• VHE γ-rays:
Production: Leptonic or Hadronic
Annihilation: Pair Creation

What can we learn from HMGBs ?
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Figure: Aharonian et al. 2010 Figure: Wikipedia



Backup slides
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Terminal shock

Chen et al. 2021b 30



Energy distribution

Chen et al. 2021b
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Pair production

Figure: Dubus 2006
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