Experimental investigation of
Smith-Purcell radiation
focusing by using the parabolic
periodical targets

G.A. Naumenko 2, A.P. Potylitsyn ?, L.G. Sukhikh P, Yu. Popov ?
“ Nuclear Physics Institute at Tomsk Polytechnic University
b Tomsk Polytechnic University

Microtron 12 MeV, NPI, Tomsk, Russia, 2008



Smith-Purcell radiation
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Far field zone

We may expect the similar
SPR characteristic
distortion




Estimations

The classical Kirhoff method was modified to take into account the fact that in

case of TR and SPR one have inhomogeneous Maxwell equations.
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Focusing by parabolic targets

The 1dea of a focusing was suggested also by A. Schagin (RREPS-2007, Prag), but in this
report were presented simple estimations using data from the far field zone theory.

Let’s consider two schemes of focusing:
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Beam parameters E Xp ¢ l“im ent

Electron energy 6.1 MeV

Macro-pulse duration 2~6 ms

Pulse repetition rate 1~8 Hz Detector parameters :
wavelength range: =3 ~ 16 mm, Horn

Micro-pulse length = 6 mm o
sensitivity = 0.3 V/mWatt

Electrons number per = 108
micro-pulse

Micro-pulses number = 104

A...=17 m
per macro-pulse
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Beam size at the 4x2 mm? cutoff Broad bend detector
output wave-guide
Fmittance: horizontal 3-102 mm xrad Coherency
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The detector efficiency is declared
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by the manufacturer in the 3 /
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wavelength region A=3~16 mm as /e
o Fig. 4 Dependence of the squared form-factor module on
a constant Wlth accuracy - 15% the radiation wavelength for the gaussian longitudinal

distribution of electrons in a bunch.




Horizontal focusing
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Azimuthal radiation density distribution
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3.5 times radiation density
amplification was observed



Vertical focusing

Scheme of experiment

One dimensional
parabolic mirror

£,=100 Mm

Target parameters
Size 106x168 mm
d=12 mm
n=14 e
=150 mm



Experimental setup

One dimensional Beyond-cutoff
parabolic mirror wave-osuide Detector
. i1
=100 mm Polarizer Target

Faraday cup




15
;104
3 -
4 -
© 54 u
- Bn g
=y 08
0
-30 -20 -10

Fla:\.’

targel, ~

Azimuthal radiation

density distribution

Parabolic
target

—

Directly from the
experiment




Summary
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Discrepancy between the predicted and
experimental relation is due to the finite
wavelength region in experiment A=9~17 mm

The horizontal focusing is preferable
and provides the enhancement
of the radiation density by factor ~3.5 over the one from a flat
target.







