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Abstract

We have been conducting studies on non-invasive beam monitor using Smith—Purcell radiation (SPR) and on the
application of Cherenkov diffraction radiation (ChDR) when relativistic electrons pass in the vicinity of the dielectric
medium at the test accelerator as a coherent terahertz source (t-ACTS) of the Research Center for Accelerator and
Radioisotope Science (RARiS), Tohoku University. Although the ChDR spectrum is generally broadband, using a
radiator with a periodic structure likely induces monochromatization via interference effects, similar to SPR. While
narrowband Cherenkov diffraction radiation (NBChDR) has been achieved in the GHz region using a periodic radiator,
our study aimed for the first observation of NBChDR in the THz region. We report the successful narrowing of the ChDR
bandwidth in the terahertz region through a proof-of-principle experiment at t-ACTS.
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Figure 1: Schematic view of SPR (left) and NBChDR
(right) both representing radiation from periodic structures.
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Figure 2: Schematic of ChDR from periodic structures.
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Figure 3: ChDR and NBChDR spectra.
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Table 1: t-ACTS Beam Parameters

Parameter Value
Beam energy 22 MeV
Macropulse duration ~2us
Normalized horizontal emittance ~ 3 mm.mrad
Normalized vertical emittance ~ 30 mm.mrad
Micro-bunch charge 7 pC
Bunch length ~ 80 fs
Beam size Oy, Oy: = 100 um
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Table 2: Measured Values of Radiators

Designed Period Measured  Period Angle (Or)
Length [mm] length (d) [mm)] [°]

0.8 0.817 (0.021) 48.02 (0.54)
1.6 1.601 (0.047) 51.53 (0.96)
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Figure 4: Schematic of detection apparatus for NBChDR.
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Figure 5: Measured angular intensity distributions of
ChDR and NBChDR. Dashed black vertical lines denote
the Cherenkov angle.
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Figure 6: Comparison between estimated and observed 1%
order frequency vs. radiation angle.
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