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It is well-known that Smith—Purcell radiation from
an electron beam moving above a diffraction grating at
right angle to grating grooves is concentrated near the
plane perpendicular to the grating surface plane. Coni-
cal effect in Smith—Purcell radiation consists in the spa-
tial redistribution of the radiation over a conical surface
when it is generated by the beam moving at arbitrary
angle v to the grating grooves. In other words, rotating
the grating in its plane one observes the shifts of max-
ima of radiation both for polar and azimuthal angles.

The Smith—Purcell dispersion relation in this case
has the form:

d 1
A Bcosy

where d is the period of the grating, A is the wavelength
of radiation, n is the unit vector in the direction of ob-

I1-mn8)=m m=1,2..., (1)

servation, 3 = v/c is the relative speed of the particle,
c is the speed of light, m is the diffraction order.

The detailed analytical theory of Smith—Purcell ra-
diation from electrons passing near the grating at v # 0
both for X-ray and optical frequency ranges has been
published in [1]. It was shown in [1] that the conical
surface has the opening angle § ~ 7/2 —1) and the posi-
tions of Smith—Purcell radiation peaks were defined as

O, = arccos[3~ — mAd~! cos ],

©m = — arcsinjmAd~!siny/sinb,,], m=1,2...,

(2)
where 6, is the angle between the direction of observa-
tion and the grating grooves, ¢,, is counted out from
the perpendicular to the grating surface.

The experiment was performed at the electron beam
of the microtron of the Tomsk Polytechnic University
with the electron energy 6.1 MeV (Lorentz factor was
~ = 12). The beam represents the train of N, bunches
of the length o, ~ 2.3 mm and the population N./N;, =

= 6- 108 each. The transversal size of the beam near the
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target was o, = 2.5 mm. The interval between bunches
was 380 ps, and the train duration was 7 ~ 4 us. The
aluminium lamellar grating with the period d = 12 mm
was used as the target, with the grooves width a =
= 6 mm, and the period number N = 12.

The expression for the angular distribution of coher-
ent Smith—Purcell radiation is obtained in form:

dW _ Ne(Ne—1)
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w1 < ws < wa,

: (3)

wW=wsg

where N, is the total population of the train of bunches,
oy and o, are the transversal beam sizes, A\g is the
period of bunches, 7, = —ngsiny + n,cosy, n, and
n, are the unit wave-vector components in the direc-
tion of the grating periodicity and the grating grooves,
correspondingly; d?W,/dQ2dw is the spectral-angular
distribution of radiation from a single electron and
a single element of the grating for w = ws, which
can be found in [1] for millimeter wavelengths; & =
= %%, =,/ + (72 - 1w?/?, ¢ =w/e(l -
— Bcos®)Bt cos™t1p. The values w; are the solution of
the equation \o& = 27s, w2 are restricted by the exper-
imental parameters and was taken as w; = 1.01-10'' s~*
(A1 = 18mm) and wy = 1.8 - 10 571 (Ay = 10.1 mm).

We used a parabolic mirror with the detector placed
in its focus in order to avoid the prewave zone ef-
fect [2,3]. The mirror and the detector can be rotated
around the grating centre with fixed radius in range
0 = 80°+130° and around the electron beam with
impact-parameter h = 15mm in order to change the
observation azimuthal angle .



532 G. A. Naumenko, A. P. Potylitsyn, D. Yu. Sergeeva et al.

130
125}
120
115
110
105

100 =
130F

125}

120 |
115}
110}
105}

0 (deg)

10 15-15-10 -5 0 5
¢ (deg)

Fig. 1. (Colour online) The angular distribution depending
on the polar and azimuthal angles (a) and (b) for ¢ = —3°,
(c) and (d) for ¢ = 5°, (a) and (c) — experimental data, (b)
and (d) — theoretical data. All theoretical curves below are
plotted according to Eq. (3) with the given designations
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Detector DP20M based on the broadband antenna
supplied by a high-frequency diode with parameters de-
scribed in [4] was used. The detector efficiency in the
wavelength region A = 3+18 mm is constant with +15 %
accuracy. The detector sensitivity is 0.3 V/mW. To sup-
press a long wavelength background from RF system of
accelerator the beyond cut-off wave-guide with diam-
eter d,g = 15mm was used which provides cut-off of
radiation at A > 25 mm.

Experimental dependence of the Smith—Purcell ra-
diation intensity on the polar angle # contains maxima
around the angles 6 = 110°, 126° which is explained by
the high orders multibunched resonances. A macropulse
of the microtron consists of N = 10* bunches with the
spacing A\p = 114 mm (RF frequency is around 2.7 GHz).
Hence, an enhancement of radiation intensity should be
observed at the wavelengths As = Ag/s, s > 1 [5]. In
our case the maxima observed are caused by resonances
with s = 6,7. The same behavior was observed for the
first time in the papers [6,7], authors of which called
this effect “frequency-locked Smith—Purcell radiation”.

Comparison between the calculated and measured
2D dependences on both the polar # and azimuthal an-

gles ¢ in the ranges § = 80°+130° and ¢ = —15°++15°
for different values of angle ¢ (¢ = —3°,5°) are pre-
sented in Fig. 1.

These plots show strong shift of the radiation max-
imum in azimuthal angle ¢ and weaker shift in polar
angle 6. The bigger value of the angle v is, the more
the radiation maximum shifts in polar angles (conical
effect). The azimuthal angle ¢ corresponding to the
Smith-Purcell radiation maximal intensity proves to de-
pend linearly on the inclination angle ).

Thus, in this paper we report on the first observation
of the conical effect in Smith—Purcell radiation. The re-
sults are in a good agreement with the theory developed
in [1]. This effect depends neither on characteristics of
the material the grating is made of, nor on the profile of
the grating or, say, the effects of interaction between its
constituent elements: it is caused only by the orientation
of the beam relative to the grating.
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