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Diffracted Channeling Radiation (DCR) is a new kind of x-ray
radiation [1,2]. DCR arises due to spontaneous transitions between
the transverse energy levels of channeled electrons with photon
emission under the Bragg diffraction conditions.

As a rule one use first-order diffraction reflection i.e., the Bragg
frequency

nzC

= - : n:l
d,sindg

Wnp

In this case the dipole approximation satisfactory describes the DCR angular distribution
[1,2]. But for high-order diffraction reflection we have @5 > @ and condition of
dipole approximation is broken.

Therefore we have derived the exact (without dipole approximation) formulas for angular
distribution of DCR for planar channeling. The goal of our repot is compare the results
obtained by exact formula of DCR angular distribution and ones in dipole approximation.
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Scheme of the DCR formation at planar channeling

The DCR appears when an electron passes through a crystal in the
channeling regime. The channeling means that the electron is in a
bound state with the crystal plane (axis).
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Probability of DCR

The DCR appears when an electron passes through a crystal in the channeling regime. The
channeling means that the electron is in a bound state with the crystal plane (axis).
Therefore the DCR cannot be described by ordinary perturbation theory of QED. The
modied Feynman rules for quantum electrodynamics in a crystal were discussed in Refs.
[1]. The radiation from channeled particle according to Ref. [1] is described by first order
perturbation theory.
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DCR matrix element

The transverse motion of the channeled electron can be described by
the Schrodinger like equation with relativistic mass

Y,
He, (F) = (2%/ +U (FL)]¢I (F)=Ei ¢i(F), 7 =Ey/mc? )

P inps =my;[r,, H]

DCR matrix element

Z (M.Ec_g)f _ e AOTI: §£Aﬁif||’z JX\
i -9

mey J@+w?)
e = (b1 (FL)F exp(—ic_g )¢ (F)) L (Egq P Fit + M4t &g 1T it ).

iF = — (g7 (F)exp(—ik_g T\ ) (T,

- AR -
a
|

V QB

Qi =(EjL —E¢ )/ 7.



Exact formula (without dipole approximation)
for angular distribution of the DCR at planar channeling

Angular distribution DCR
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Angular distribution of the DCR
(electron beam with energy 15 MeV at (220) Si channeling)
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DCR from planar channeled electrons

The maxima of the peak heights of the DCR
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DCR from planar channeled electrons
(relative difference g)

¢ is the relative difference between the heights of DCR peaks calculated along the plane 4, =0
by exact formulae and by one in the dipole approximation
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Angular distribution of the DCR

for higher-order diffraction reflection
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Conclusions

We have derived the exact (without dipole approximation) formulas for
angular distribution of DCR as for planar so for axial channeling.

The dipole approximation satisfactory describes the first DCR diffraction
reflection at planar channeling.

For the higher-order diffraction reflections the relative difference &

significantly increases - the applicability of the dipole approximation is
broken.
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Thank you for attention
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