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Abstract. We present in this work the experimental investigation of the interaction of
relativistic electron field with wire metamaterial. The measurements of the spectral-angular
characteristics of coherent radiation were done in millimeter wavelength region in far-field
zone at the relativistic electron beam with energy of 6 MeV. Used target represent the right
triangular prism that consist of periodic placed copper wires. We showed that bunched electron
beam passing near wire metamaterial prism generates coherent Cherenkov radiation. Spectral-
angular characteristics of radiation from the wire target were compared with the characteristics
of Cherenkov radiation generated in similar experimental conditions in a dielectric target
(Teflon prism) that has the same form and sizes.

1. Introduction

The different types of metamaterials have been intensively studied in recent years [1-4].
Metamaterials represent composite periodic structures that consist of scattering elements whose
dimensions are much smaller than wavelength of the electromagnetic field. The examples of such
media can be left-handed materials (LHM), wire metamaterials and other various artificial structures
whose electromagnetic properties are not observed in natural materials.

The processes of radiation generation in metamaterials are of large interest to researchers because
the radiation generated in such media has very unusual properties. For example, Cherenkov radiation
that is generated in the result of interaction of a relativistic charged particle with LHM is propagated in
backward semi-sphere. It is so-called backward Cherenkov radiation [5—8]. In the case when a charged
particle interacts with a wire medium, radiation is also generated. The properties of radiation generated
in wire metamaterials were theoretical studied in paper [9-11]. One of the motivations for this study is
that in work [11] have been shown the possibility to boost the Cherenkov emission by several orders
of magnitude in such composite structures in comparison to natural media.

In this paper, we present the results of experimental investigation of relativistic electron field with
wire metamaterial and dielectric target in similar experimental conditions.

2. Experimental setup and technique
The experiments were carried out at the extracted electron beam of microtron of Tomsk Polytechnic
University, with the following beam parameters: electron energy was 6 MeV (y =12), bunch period —

380 ps, macropulse duration varied from 3 to 5 ps, bunch population N, =6-10°, bunch length
op ~#1.9+2.4 mm, dimensions of the extracted electron beam 4x2 mm? angular divergence of the

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



RREPS2015 IOP Publishing
Journal of Physics: Conference Series 732 (2016) 012007 doi:10.1088/1742-6596/732/1/012007

extracted beam o =0.08 rad. For such bunch length and bunch population the radiation with
wavelength 4 >8 mm is coherent and radiation intensity increases by 8 orders. This fact allows using
a room-temperature detector. Used for the measurements detector was produced at Tomsk Scientific
Research Institute of Semiconductor Devices on the basis of broadband antenna with high frequency
diode built into the center of antenna. This detector makes it possible to register electromagnetic
radiation in the wavelength range from 3 to 30 mm.

The design of the studied targets is presented in figure 1. Both of them represent the right triangular
prisms that have the same form. Wire target consist of 4 layers placed at the distance 10 mm. The
diameter of copper wire is 0.5 mm, the wire period is 1 mm. The length of the both cathetuses
is 170 mm. Material of the second target is a Teflon with refraction index n=1.41. The height of
Teflon prism is 74 mm. The length of cathetuses is 175 mm.

b)
Figure 1. Design of the targets: a) Wire target; b) Teflon target.

The scheme of the measurements is shown in figure 2. The studied targets were placed close to the
electron beam trajectory at the distance 10 mm (impact parameter /). The distance from the target to
the extraction window was 300 mm. To exclude the effect of pre-wave zone [12] we used the detector
located in focus of the parabolic mirror. Both of them are placed on the rod that rotates around the
axis, which passes through the center of the emitting surface. In this case, the measured angular
characteristics of radiation coincide with the characteristics measured in far-field zone [13].

Detector

Parabolic

mirror Figure 2. Scheme for the measuring of

angular characteristics of radiation.

To show that the observed effect is caused by availability of periodic wire structure (but not target
frame) was made a target that represents just a frame of wire target (see figure 3). The measurement of
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angular distribution of radiation from this target was carried out in the same geometry of experiment
(see figure 2).

Figure 3. Design of the wire target frame.

3. Measurements
In experiment was measured the horizontal polarization of radiation. Measured angular distributions of
radiation from studied targets are given in figure 4.

1.2 1.2 -
—s— Radiation from the wire target —+— Radiation from Teflon target
— —o— Radiation from the target frame
@ 107 @ 1.0 |
5 5
£ 0.8 1 O 0.8
S ©
= i >
= 0.6 = 0.6 -
o c
5 o)
£ 04 - E 0.4
0.2 ' w T w : 0.2 ‘ . . . ‘
30 40 50 60 70 80 30 40 50 60 70 80
6 (degree) 8 (degree)
a) b)

Figure 4. Angular distribution of coherent radiation from: a) Wire target (black points) and
target frame (open circles); b) Teflon prism.

As can be seen from obtained dependences (see figure 4(a)) radiation from the wire target is

observed at the angle @ =48". This radiation is the result of interaction of relativistic electron field
with wire structure of the target. The frame of wire target does not contribute to observed effect in the

considered angle range. Radiation from Teflon prism is observed at the angle =45 (see figure
4(b)). Observation angle of radiation corresponds to the condition for Cherenkov radiation:

cosf = iﬂ (where B is a velocity of charge in terms of the light velocity, n is a refraction index).
n .

As one can see the intensity of Cherenkov radiation from the Teflon prism is more by three times than
radiation intensity from wire target. It is caused by that the studied wire target consists of only four
layers. However, the increasing of the layers number by an order or more can provide the radiation
intensity much more than intensity of radiation from Teflon target of the same dimensions.

In figure 5 are shown the spectra of radiation measured using interferometer with wave front
division on the basis of two mirrors, one of which is movable [14].
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As can be seen from the obtained dependences, the spectra of radiation from wire and Teflon
targets have the similar spectral distributions. The radiation intensity from the wire target is smaller
than intensity from the Teflon target because we used only four layers of wires.

4. Conclusion

We have shown that bunched electron beam passing near a wire metamaterial prism generates the
coherent radiation. Spectral-angular characteristics of radiation from the wire prism were compared
with the characteristics of Cherenkov radiation generated in the same experimental conditions in
Teflon target that has the same form and similar dimensions. For the future we plan the experimental
investigation of the spectral-angular characteristics of radiation in wire metamaterial that has the same
period of the wire in the horizontal and vertical planes.
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