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Abstract

One of the important problems in present-day

astrophysics and gamma-astronomy is the construction of

detectors for high energy photons (more than 1GeV) with

high angle resolution.

In this energy range the dominating effect in interaction 

of photons with matter is e-e+ pair production. 

High angular resolution may be achieved using single 

crystals as an effective converter of photons into e-e+ pairs 

due to coherent pairs production in channeling regime. 



In the energy range ħω > 1 GeV the main effect in photon

interaction of with matter is the pairs production, colliding with

atomic nucleus.

e-e+ Pair Production in Photon Interaction  with Matter

The cross-section of the 

photon interaction with 

matter (carbon (Z = 6) and 

plumbum (Z = 82)). σph –

photoeffect, σcoh – Raleigh 

scattering, σC – Compton 

scattering, σGDR – nuclear 

photoabsorbtion, ep – pair 

production in collisions 

with electrons, σnp - pair 

production in collisions 

with nucleus
Review of Particle Physics. Journal of Physics G. Nuclear and 

Particle Physics. v.37. Number 7A, July 2010. Article 075021.



e-e+ Pairs Production by High Energy Photons –

Momentum and Energy Conservation Laws.
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e-e+ Pairs Production by High Energy Photons  –

Matrix Elements

.

The Feynman diagrams series for pair production by gamma-

photons. The first diagram in this series (without participating of

the 3-rd body) is forbidden by conservation laws in case when the

wave functions of leptons are plane waves.



Effective Planar Channeling Potential 

for Electrons and Positrons



e-e+ PairsProduction by High Energy Photons –

Matrix Element in Channeling Regime

.

The Feynman diagram for pair production, when positron is 

produced in channeling regime.

The single-vertex diagram is no longer forbidden by conservation 

laws, as the wave functions of the producing positron in the  

channeling regime are not  plane waves. 





e-e+ Pair Production by High Energy Photons –

Cross Section in Channeling Regime



e-e+ Pair Production  by High Energy Photons –

Cross Section in Channeling Regime



Entrance angle: θ < θL ~ (U/E)1/2 ~ 10-4 – 10-5

Angle ψ ~ (mc2/ ħω)< θL =>  ħω > (mc2)2/U ~ 5-10 GeV
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Pair Production in Channeling Regime –

Conditions and Threshold
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In case of coherent pair production it is necessary that photon should 

propagate along the row under the angles θ ≤  mec
2/ħωγ. 

In case when θ < θL ~ (2U/Ee)
1/2 – the dominating effect shall be producing 

pairs in channeling regime. In this case the collimation angle coincides with the 

crytical Lindhard angle. 

Quantitatively the expected dependence of collimation angle on the photon 

energy is shown below

Angular Resolution of a Single Crystal 

as a  Gamma–Particles Detector.



ψ

Pair Production in Channeling Regime –

Orientation Dependence of e-e+ - Pair Production
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