
Iurii Sushch 

Brian van Soelen 

Martin Pohl 

Probing orbital parameters of 
gamma-ray binaries 
with TeV light curves 



29 July 2019 Iurii Sushch | ICRC 2019, Madison, WI, USA 2 

Here was supposed to be the slide 
introducing gamma-ray binaries 
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Here was supposed to be the slide 
introducing gamma-ray binaries 



TeV light curves 

Stolen from bǳƪǊƛΩǎ talk (GAI4a) on Friday 

See also Poster PS3-71 

PSR B1259-63/LS 2883 

o Variability related to the orbital period 

o Often double-peak structure 

Stolen from bǳƪǊƛΩǎ talk (GAI4a) on Friday 

Previous talk by Gernot (GAI6c) 

HESS J0632+057 
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What causes the dip? 

PSR B1259-63/LS 2883 

o Naively one would expect highest flux at 

periastron due to the highest energy density of 

stellar photons 

o .ǳǘ ǘƘŀǘΩǎ ǿƘŜǊŜ ǿŜ ǎŜŜ ǘƘŜ ŘƛǇ 
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Gamma-gamma absorption 

Dubus, 2006 

LS 5039 

Sushch & van Soelen, 2017  

LS 5039: Both location and depth of the minimum can 

be roughly explained by absorption  

PSR B1259-63: Location of the 

minimum can be explained by 

absorption but not the depth 

PSR B1259-63/LS 2883 
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Gamma-gamma absorption 

† Ὠὰ ρ ‘Ὠɱ ὲ ‭ȟɱ„ ‭ȟ‭ȟ‘Ὠ‭Ƞ    ‘ ÃÏÓ— 
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Gamma-gamma absorption 

† Ὠὰ ρ ‘Ὠɱ ὲ ‭ȟɱ„ ‭ȟ‭ȟ‘Ὠ‭Ƞ    ‘ ÃÏÓ— 

depends on the 
distance to the star 

ὩȟὭȟ•‫ȟ  

Ὡ  ς eccentricity 
Ὥ   ς inclination angle 
ς longitude of periastron ‫ 
• ς orbital phase 
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Geometry 

o Inclination ς the angle between the normal to 
the orbital plane and direction towards the 
observer 

o Longitude of periastron ς the angle between 
the ascending node and periastron 
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Method 

o Main assumption: the minimum in the TeV light curve is defined by the highest gamma-
gamma absorption 

o For a fixed eccentricity we vary inclination (0o, 90o) and longitude of periastron (0o, 360o) 
and for each combination of (i, ̟ ) we calculate the orbital phase at which absorption for a 
1 TeV photon would be the highest  

o Gamma-gamma absorption is calculated taking into account only stellar photons (without 
circumstellar disk) and assuming that gamma-ray emission is produced at the pulsar 
position 



29 July 2019 Iurii Sushch | ICRC 2019, Madison, WI, USA 11 

PSR B1259-63 

Orbit: 
Å Porb = 3.4 years 
Å Eccentricity = 0.87 
Å Inclination = 22.2 deg 
Å Longitude of periastron  = 138.7 deg 
Pulsar: 
Å P = 48 ms 
Å LSD = 8 × 1035 erg/s 
Å tc = 3.3 × 105 years 
Star: 
Å Be star 
Å Lstar = 2.3×1038 erg/s 
Å T = 27500 ς 30000 K 
Å M = 31 Msun 

Å R = 8.1 ς 9.7 Rsun 

Å D = 2.3 kpc 
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PSR B1259-63 

Orbit: 
Å Porb = 3.4 years 
Å Eccentricity = 0.87 
Å Inclination = 22.2 deg 
Å Longitude of periastron  = 138.7 deg 
Pulsar: 
Å P = 48 ms 
Å LSD = 8 × 1035 erg/s 
Å tc = 3.3 × 105 years 
Star: 
Å Be star 
Å Lstar = 2.3×1038 erg/s 
Å T = 27500 ς 30000 K 
Å M = 31 Msun 

Å R = 8.1 ς 9.7 Rsun 

Å D = 2.3 kpc 

Orbital phase: 154 deg 
Time: 2 days before periastron 
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PSR J2032+4127/ MT91 213 

o New member of the class 
o Detected in 2017 
o Coincident with TeV J2032+413 
o Orbital period of 45-50 years 
o X-ray dip is not coincident with the 

gamma-ray dip 
o TeV light curve has its minimum 

about 10-20 days after periastron 

VERITAS & MAGIC, 2018 

 

GAI6e: Tyler Williamson 
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Orbital solutions 

Ho et al., 2017 


