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HIGH HARMONICS OSCILLATOR RADIATION IN A PERIODIC STRUC-

We discuss spectral and angular characteristics of radiation by a harmonic oscillator placed in a field of a crystal lat-
tice. The main attention is paid to high harmonics which can not be described in a dipole approximation. Certain possi-
bilities of X-rays generation using this effect are discussed as well.

PACS: 41.60.Cr

Intense monochromatic radiation of high frequency can
find a lot of scientific and technical applications. In the ma-
jority, installations for generation of high quality short-
wave radiation are rather costly, e.g. free electron laser, un-
dulator devices and so on. The point of this paper is a dis-
cussion of the method in this field, suggested in [1].

The method implies electrons moving under influence
of a harmonics electric filed in a field of a periodic struc-
ture where high harmonics of the diving field can be gen-
erated, especially under the strong Doppler effect.

The electron motion can be driven by a laser or by a
HF oscillator. Inhomogeneity of the environment can be
natural as in the case of a crystal or produced with the
help of various grids and lattices.

The basic opportunity of high frequency generation
will be estimated here using an elementary model, follow-
ing that of the paper [1].

The electron motion will be considered in the field of
the wave periodical in time £(¢) = EcosQ ¢ . In a peri-

odic structure created, for example, by a crystal lattice, the
motion can be one-dimensional, as it is supposed to be be-
low. In principle, the presence of a large magnetic field
could provide that. We suppose that the wave comes along
the normal of a crystalline plane. As it concerns the peri-
odic structure we shall suppose that its potential varies

along the particle motion as U(X)= U,* p coskx.

The general layout is presented in Fig.1.
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Fig.1. The general layout

We do not consider here the transverse electron mo-
tion although a transverse acceleration generally provides
larger radiation power than a longitudinal one.

Quantitative characteristics of radiation power can be
obtained, of course, with detail of the method realization
only. In particular, spatial distribution of radiators is of
importance, including influence of skin effect, the possi-
bility of induced effects and so on. For these reasons we
shall restrict ourselves by spectral-angular distribution of
single particle radiation only.
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In its essence the described picture is a modification of
undulator radiation or of Smith-Purcell effect. The latter
means that a high-power electron beam has to propagate
along a short-period system. The main problem then is the
damage of the structure by the beam.

Similar effect can be obtained with electrons oscillat-
ing under action of an external wave. In this case the elec-
tron velocity is a function of time. Note that only those
parts of the trajectory where the velocity is almost equal to
that of light (relativistic case) can provide the spatial co-
herency from various parts of the lattice. This is essential
for getting a monochromatic radiation.
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Fig.2. An oscillating velocity in case of a strong electric
field of a wave

The relative power of various harmonics can be direct-
ly obtained from the harmonics of the vector potential.
The latter can be presented as an integral along the parti-
cle trajectory
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It is convenient in the one-dimension case to present
the particle motion in a rather unusual way — i.e. as a de-
pendence of time upon the particle coordinate. Then, the
equation of motion of an electron in the periodic electric
field and in the field of the periodic structure
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Solving this equation with substitution into the integral
(1) yields spectral-angular characteristics of radiation
within the frames of the accepted model.

We solve Eq.(1) by perturbation methods supposing
the field of the periodic structure is smaller than the driv-

ing field Kp << eE . Then the electron passes many peri-

ods of the lattice during one period of the external wave.

This approach still gives a rather complicated con-
struction of the vector potential. However, for very high
harmonic numbers the stationary phase method can be
used for evaluations. The physical basis of the method is
the fact that an extensive wave-particle energy exchange
takes place at the moments when the phase slippage ve-
locity is minimal. Then the argument of the exponent can
be expanded in the vicinity of these points. The result can
be writhed as
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strength parameter being a measure of the particle maxi-

mal energy.
The zeroes of the denominator determine the resonant
harmonics
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For integral numbers satisfying the inequality (2) one can
find an angle 0 at which the radiation intensity is maximal
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The dependence of the radiated power upon the angle
0 is presented in the Fig.3.

The inequality (2) means that the maximal harmonic
number is equal to
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The relative radiation power versus the harmonic num-
ber at the angle optimal for the 500-th harmonic is pre-
sented in Fig.4 for the same parameters as in Fig.3. One

n=

can see that for a fixed angle only one harmonic is effec-
tively radiated.

Fig.3. Dependencies of harmonics power on angle 6
for the electric field strength of E=10°V/cm, the pumping
wave length A =107cm, the structure period 2n/x =10 u
(the wave strength parameter =2)
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Fig. 4. The relative radiation power versus the harmonic

number at the angle optimal for the 500-th harmonic
The main results can be formulated as follows:
®  The radiation spectrum consists of sharp lines.

®* A spectral coherency is possible for large field
strengths. So, the spatial coherency of bunched elec-
trons is available in principle.

®* The maximal harmonic number increases with the
field strength increase.

®  The absolute value of intensity requires more detailed
model of the phenomenon.
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CHEKTPAJIBHO-YT'JIOBBIE XAPAKTEPUCTUKHA U3JTYUYEHUSA OCHUIJISITOPA B ITOJIE KPUCTAJIJIMYE-
CKOM PEIIETKH
M.A. I'opoynos, A.H. Jlebeoes

PaccMOTpeHBI CHEKTPAbHO-YTIIOBBIE XaPaKTEPUCTUKH M3TyUeHUS] TAPMOHHYIECKOTO OCHMILIATOPA, HAXOJSIIErocs B MOJE KPH-
cTajuyeckoit peméTk. OCHOBHOE BHUMAHUE yIeNAeTCsS BBICOKOYACTOTHBIM FAPMOHHMKAM, HE YIOBJIETBOPSIOLINM YCIOBHUIO TUMOJIb-
HocTH. OOCyXIaeTcsi BO3MOXKHOCTB UCIIOIB30BAaHUS ATOTO A deKTa A1t TeHepaliii PeHTTEHOBCKOTO N3y YeHUsL.

CIHHEKTPAJIBHO-KYTOBI XAPAKTEPUCTUKU BUITPOMIHIOBAHHS OCHUJISITOPA
B I1IOJII KPUCTAJIMYHOI IPATKH
M.A. I'opoynos, A.M. JIebeocs

Po3rnsHyTO CrIeKTpaIbHO-KYTOBI XapaKTEpPUCTUKY BHUIIPOMIHIOBaHHS TAPMOHIMHOTO OCIIIIATOPA, IO epedyBae B Mol
KpucTaniyHoi rpatki. OCHOBHA yBara MpHIISETHCS BUCOKOYACTOTHIM rapMOHIKaM, 1110 HE 33JJ0BOJIGHSIOTH YMOBI TUITOIBHOCTI.
OO6roBOPIOETHCS MOKIIMBICTH BUKOPUCTAHHS I[bOTO e(heKTy JUIs reHepanil peHTTeHIBCbKOTO BUITPOMIHIOBAaHHSI.
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