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The matrix elements: Xif = je_lkxﬁ (kj , X)@; (kj , X)dX
Spectral distribution of CR:

Introduction

The channeling radiation (CR) from moderately relativistic particles in diatomic crystals has been studied

first by in [1]. Recently, the LiF crystal was applied as a promising radiator for generation of parametric di dWif dl if w ) 2
X-Radiation [2]. — —hw =ZZ—=athZ%if 1-2—+2| —| |P,
In the theory of channeling radiation, the crystals like LiF are interesting from the point of view of non- dw dw i i dw i i (00N WD

trivial planar and axial potentials, which form the specific energy level structure of transverse motion
responsible for CR spectrum. In turn, the transverse energy levels scheme depends on the incident
particle energy.

We investigated the quantum versus classical description of CR in LiF (and similar crystals) using a
guantum approach as in [3] and classical approach as in [4], and analyzed the CR spectra which may
combine simultaneously both quantum and classical features.

ais fine-structure constant, P; - initial populations of the i band, @y, = A /(1—,3”)

The matrix elements were determined numerically
without of use of dipole approximation. CR
spectrums calculated with and without of dipole
approximation are shown in Fig. 3.
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Continuous planar potential for (111) channeling in LiF
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Fig. 3. CR spectra: a- dipole
approximation, b - without of dipole ‘
approximation 0
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For calculation of planar channeling is used one-dimensional continuum potential V(Z) averaged along
the longitudinal directions (X,Yy) 1
V()= = IV(r)dxdy,
S S

where V(I) - potential due to a single atom of the plane and the integration is over all planes, S - area fall
on the single atom. The summation is carried out over all planes which are perpendicular to Z direction.
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Intensity, (arbitrary units)
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CR spectrain (111) LiF: comparison of quantum and
classical calculations

LiF (111), y=500

For calculation of potential of an atom the electron scattering form factor was used [5] which is Fourier

transform of potential V(r): LiF (111), y=107

o0 LiF (111), =1000
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where M, is electron mass, S=SING/A, 6. - scattering angle of an electron with wavelength A. The 10 -10 ~10
analytic approximation of fewas obtained by fittigg to six Gaussians. -125 ~12.5 ~12.5
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Equation of motion of a relativistic electron in the potential (Fig. 1), for transverse direction = 1r 17 r "
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Trajectories and velocities of particles are obtained by numerical integration of equation of motion, Z 04| 10.4}
without taking into account of dechanneling. The Fourier components of velocity are necessary for CR £ 0ol l0.2
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=1 T/2 Fig. 4. Transverse energy levels and CR spectra calculated using classical (red), and
n = Tw > 27| X J‘)'(ei“jtdt guantum approach (dark blue) for different relativistic factors and incident angles
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27y °l T 2 Conclusions

Positions of main spectral maxima of CR well coincide in quantum and classical consideration,
especially at incident angles greater than zero

With increase of relativistic factor from 107 to 1000 the number of transverse energy levels increases
from 5 and 4 up to 14 and 10 in small and deep potential wells correspondingly. Although relativistic
factor becomes large enough, the problem of CR in LiF still remains quantum

With increase of relativistic factor the CR spectra calculated in quantum approach became more

@[l—m] is the theta-function; T is oscillation period of electron in the planar channel

Quantum description of planar CR

Wave function @ was obtained from Schrodinger equation with relativistic mass m*=ym, and Bloch

boundary conditions. Probability of spontaneous transition from a state 1 into a state f, according of
guantum electrodynamics formula [6]

_? ey ~0)
27th K

It is possible to derive a simple expression for CR photon energy, if energy of transverse motion of
electron is much smaller than total electron energy: i 2
cosé - f

2
nQi = Ej(kj)—Eq (kj),o =Q; +ckcosd, P = i 1- 3, cos @

@ is angle between wave vector and Z axes, f polar angle of wave vector in XY plane
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complicated because of increase of transverse energy levels number.
Calculated features of CR spectrain LiF crystal allow to use this crystal as perspective target for
generating of hard X-rays (above 50 keV) and gamma-radiation (with photon energy up to 2 MeV).
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