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Cherenkov Diffraction Radiation (ChDR), which occurs when a fast charged particle
moves parallel to and near a dielectric interface, has become the focus of intense research.
As a form of polarization radiation, ChDR arises due to the dynamic polarization of the
medium. Its properties are highly sensitive to various beam parameters, including the
beam size, position, direction, energy, and bunch length.

Coherent ChDR is produced when the radiation wavelength is longer than or comparable
to the longitudinal size of the bunch. In this regime, all electrons radiate nearly in phase,
mutually enhancing each other’s emission. As a result, the radiation intensity becomes
proportional to the square of the bunch charge, leading to a significant increase in photon
yield.

When coherent ChDR is generated by a periodic train of bunches, the radiation fields
from each bunch interfere constructively. This leads to further amplification at discrete
frequencies determined by the accelerating RF frequency. This regime is known as super-
radiant emission [1], and it enables the production of ultra-monochromatic radiation lines
[2], with intensity governed by the single-bunch length.

In this report, we present the fundamental properties of super-radiant ChDR in the
millimeter-wavelength range, as experimentally observed at the MT-25 microtron in
Dubna. We will discuss the spatial distribution of the radiation in the pre-wave zone,
and present an investigation into the polarization characteristics of super-radiant spectral
lines at various frequencies.
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This study presents experimental findings on the spectral characteristics of coherent
Cherenkov radiation generated by two electron bunches at the AREAL Accelerator. A
cylindrical Teflon resonator employed as the radiation target. The study investigates the
dependence of coherent radiation on the delay between the electron bunches (from 2
to 11 picoseconds). Detection was carried out using a QOD (Quasi-Optical Detector
equipped with a Schottky Barrier Diode), capable of measuring frequencies in the 30-
1000 GHz range and two narrowband Schottky barrier diode detectors equipped with
waveguide pyramidal horn antennae designed for frequncy regions of 33-50 GHz and
90-140 GHz. A measurement scheme based on the Martin-Puplett interferometer was
employed to analyze the spectral characteristics of the detected radiation. The results
were analysed in comparison with earlier experimental data and theoretical predictions.
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