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COHERENT BREMSSTRAHLUNG IN 
PERIODICALLY DEFORMED CRYSTALS 

WITH  COMPLEX BASE 

A.R. Mkrtchyan, A.A. Saharian, V.V. Parazian 
Institute of Applied Problems of Physics  

Based on:   
     1. A.R. Mkrtchyan, A.A. Saharian, L.Sh.Grigoryan, B.V. 

Khachatryan, Mod. Phys. Lett. A19, 99 (2002); 
     2. A.R. Mkrtchyan, A.A. Saharian, V.V. Parazian, A.H. Mkrtchyan, 

H.A. Vardapetyan, A.M. Sirunyan, G.G. Hakobyan, J.V. 
Manukyan, J. Contemp. Phys., 41, 29 (2006). 

     3. A.R. Mkrtchyan, V.V. Parazian, A.A. Saharian, Coherent 
bremsstrahlung in periodically deformed crystals with a complex 
base, arXiv:0810.0615 . 
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Outline 

•  Analysis of conditions  under which the influence of 
hypersound is essential 

•  Cross-section of the bremsstrahlung in crystals in 
presence of hypersonic vibrations 

•  Numerical results and discussion 
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Motivation 

•  In crystals the cross-sections of the high-energy electromagnetic 
processes can change essentially compared with the corresponding 
quantities for a single atom 

•  From the point of view of controlling the parameters of the high-
energy electromagnetic processes in a medium it is of interest to 
investigate the influence of external fields (acoustic waves, 
temperature gradient) on the corresponding characteristics 

•  Investigation of bremsstrahlung by high-energy electrons is of 
interest from the viewpoint of the underlying physics and from the 
viewpoint of practical applications for generation of intense photon 
beams 
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Problem setting and notations 
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Photon energy  

Photon momentum  

Initial energy of electron 

Initial momentum of electron 

Final energy of electron 

Final momentum of electron 

Hypersound wave vector  

Displacements of atoms due to 
the hypersound  

Crystal 

Hypersound 



Visual description 1 

 Coherence effects are essential if the electron enters into the crystal 
at small angle with respect to the crystallographic axis (angle       
below) 

y 

z 

x 
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formation length 



Visual description 2 

Momentum conservation 
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Condition under which the influence 
of the hypersound is essential 

Interatomic 
distance 

Hypersound 
wavelength 



Cross-section 
•  Coherent part of the cross-section 
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      number of atoms           

      number of cells          

      unit cell volume 

Summation goes under the constraint 

         reciprocal lattice vector,                   ,                                     

          and          are the parallel and perpendicular components of            with  

respect to the initial electron momentum  



Cross-section 

structure factor of the crystal 

For               one has                        and from the general formula given  

above the cross-section for the pair creation in an undeformed crystal 
is obtained 

For the sinusoidal deformation field,                                    , one has 

Bessel function 

In the case of the presence of the hypersound the corresponding 
formula for the cross-section differs from the formula for an 
undeformed crystal by the replacement                       , and additional  

summation over m with weights                          . 
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Numerical calculations 
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Qualitatively different cases 

a)  Angles      and                    are           
 not small  

c)  Angle     is small and 

e)  Angle     is small and   
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Numerical calculations are carried out for diamond and quartz 
crystals for the electron energies 70 Mev 

Minimum transferred 
momentum 



Coherent part of the cross-section (quartz crystal)  
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Coherent part of the cross-section (quartz crystal)  
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Coherent part of the cross-section (quartz crystal)  
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Parameters for the left peaks 

b)  c)  16 

(GHz) (KeV) 
CROSS SECTION 

2.5 
b) 0.99 0.118 210 
c) 0.94 0.235 5.6 

5 
b) 2 0.2 1.3 
c) 7.2 0.15 4.6 

15 
b) 2.8 0.25 82 
c) 2.22 0.105 8.5 



Conclusions 

•  Formula is derived for the coherent part of 
the differential cross-section for  the 
bremsstrahlung by high-energy electrons in 
crystals in the presence of hyperacoustic 
vibrations 

•   Conditions are specified under which the 
influence of the hypersound is essential 

•   In dependence of the parameters, the 
hypersonic waves can either enhance or 
reduce the cross-section 
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