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 Motivation

* Analysis of conditions for the influence of
hypersound on the cross-section of
bremsstrahlung

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

« Numerical results and discussion



* 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



Problem setting and notations

Photon energy (W

—_

Photon momentum k

_ > Initial energy of electron El
_/\ Initial momentum of electron r)l
e e~

Final energy of electron E2
k Final momentum of electron P,
N ﬂ "
IR R S A Hypersound wave vector kS

Displacements of atoms due
to the hypersound { U= Uo f (kSF) J




Geometry of the problem

Coherence effects are essential if the electron enters
Into the crystal at small angle with respect to the
crystallographic axis

L |, = 2E,E, / om, = formation length

< o=1/l, = minimum longitudinal
: 1 momentum transfer




Condition for the influence

» Momentum conservation
51 — I_jz —I—k—|—§—mks

1 Dominant contribution comes from

5 < \./q<--interatomic  \ 9 /].
2 I N/\S/“ distance * e

2 Influence of the deformation field may
be considerable if [mkyg|| 2 0

=1 Condition for the influence of the hypersound to be essential
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Cross-section

4 Cross-section do = \0((]0” + ([(T() Ny number of atoms
~1Coherent part of the cross-section
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= Summation goes under the constraint gm” >0



Cross-section

L™ i B}
En(z) = o el (t)=imt gy S(g) structure factor of the crystal
| e

0
2l For U, =0one has F =0, andfrom the general formula the
bremsstrahlung cross-section in an undeformed crystal is obtained

! Sinusoidal deformation field f (z) =sin(z+ ¢,)

|:m (Z) — eim% ‘J m (Z) _[Bessel function]

-~ — — —

~1 In the case of the presence of the hypersound the formula for
the cross-section differs from the corresponding formula for an
undeformed crystal by the replacement § — gm : and
additional summation over m with weights |F, (g0 o)|



Qualitatively different cases

-1 Orthogonal crystal lattice with the reciprocal lattice vector
components

g =2mn;/a;, n; =0,£1,£2, ..., i=1,23

71 Coherent effects appear when the electron enters into the
crystal at small angles f

" _1 Main contribution to the cross-section
give the terms with J- = ()

B Qualitatively different cases

a) Angles a and 7/2—a are
not small

y b) Angle @ is small and 6§ ~ 2409/ a,

c) Angle ais small and 6 ~ 27 / a,



Qualitatively different cases

1 Angles a and 7/2 —a are not small
ng_gy — (ala-ﬁ/ilﬂ_z)fdﬂxﬂy

2 Angle o is small and 0 ~ 276 /a3
Gm| ~ —mM k.:a|| + ng > O Z al/z”)fdg;r:

@Formula for the cross-section is further simplied in the case
when the amplitude of the deformation field is perpendicular to
the crystallographic x-axis

e c ..'2;'?\"? J-f"g 0 0
e ~ Z — Z 1+ 2 1 -
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Effective structure
factor

/fi’ffrfu S(gm, g)|’



Qualitatively different cases

3 Angle «v is small and § ~ 276 /a;

Dominant contribution comes from the terms ¢, = (
Gm| ~ —m k 2| T ";‘?-"'J 9z, "f.f":l" = C}"H:



Numerical calculation

2l Numerical calculations have been performed for 510
single crystal at low temperatures

=l For the Fourier transforms of the atomic potentials the
Moliere parametrization iIs used
S 47020
“(j) _ Z + —LJI.Z;;{' ﬂl .
! ¢ + (‘(i/RﬂQ\

1=1

a; = {0.1,0.55,0.35}, i = {6.0,1.2,0.3},

Screening radius of the j-th atom

-1 Sinusoidal transversal acoustic wave of the S-type

The vector determining the direction of the hypersound
propagation lies in the yz-plane and forms the angle 0.295 rad
with the z-axis

~! Numerical calculations show that, in dependence of the
values for the parameters the external excitation can either
enhance or reduce the bremsstrahlung cross-section



Coherent part of the cross-section: Numerical examples

E, =70 MeV, v, = 2.5GHz

27U, a, =0.55, 6 =0.00012

27U, /a; =0.28, v = a6 = 0.00006




Numerical examples
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Numerical examples

E, = 70 MeV, v, =15 GHz
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Numerical examples

E, =20 MeV, v, =5GHz
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Experimental scheme for 20 MeV electrons
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Number of photons
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Conclusions

-1 Formula is derived for the coherent part of the differential cross-
section for the bremsstrahlung in crystals in the presence of
hyperacoustic vibrations

_ | Conditions are specified under which the influence of the
hypersound is essential

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

_| Presence of an ultrasonic wave leads to the appearance of new
peaks. This s related to the point that in the presence of the
ultrasonic waves the number of possibilities which satisfy the
condition g, = 0 Iincreases

_1 New peaks are relatively strong in the range of the ratio w /Eq
from zero up to the first peak of the cross-section in the case
when the ultrasonic wave is absent



