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/- 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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ﬂ] 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

* |nvestigation 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
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Problem setting and notations

/Photon energy () - \

Photon momentum k

Initial energy of electron El
Initial momentum of electron 1_51
Final energy of electron E 5
Final momentum of electron P,
Hypersound wave vector k g

Displacements of atoms due to
the hypersound

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 6
below)
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Visual description 2
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Cross-section

» Coherent part of the cross-section ﬁ numberofatOQ
0

N number of cells

A unit cell volume

g, =& —mk,

m=0,x1%2....

= /

Summation goes under the constraint gm” =0

—

&  reciprocal lattice vector, o=1/1 o

gn and g, are the parallel and perpendicular components of g with

respect to the initial electron momentum



Cross-section

1 ix —im —
F (x)= Efndt e (=imt S(g) structure factor of the crystal

For U, = 0 one has Fm = 5,?1 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, f(z) =sin(z + ¢, ), one has

Fm (Z) = eim% Jm (Z) IBesseI function}

4————

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 g — g, and additional

summation over m with weights ‘Fm (g, u, )‘2 @



Numerical calculations

Numerical calculations are carried out for diamond and quartz
crystals for the electron energies 70 Mev
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/Qualitatively different cases \

a) Angles® and/2-a are
not small

c)Angle & is small and 0 ~ 2768/ a,
\e) Angle & is small and0 ~ 2716’05/&

0 =1/, Minimum transferred
momentum @
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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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Coherent part of the cross-section (quartz crystal)
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Parameters for the left peaks

CROSS SE]CTION

(GHz) | |(Kev) | /e 0
L D) | 0.99 | 0.118 210
c) | 094 | 0235 5.6

. D) 2 0.2 1.3

c)| 7.2 0.15 4.6

s (D) | 28 0.25 82

c) | 222 | 0.105 8.5

b) 0 ~2m0/a, c) 0 ~2mOa/a,



Conclusions

ﬂormula Is derived for the coherent part h
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

* |n dependence of the parameters, the

hypersonic waves can either enhance or
\reduce the cross-section f




Coherent pair production in crystals Iin

presence of acoustic waves
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