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Development of an intense terahertz-wave source based on coherent Cherenkov
radiation matched to circular plane wave
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By passing a relativistic electron beam though a hollow conical tube made

of a high-resistance silicon, an intense terahertz beam based on coherent Cherenkov radiation
matched to a circular plane wave has been developed at Laboratory for Electron Beam Research and
Application of Nihon University. The generated terahertz beam was transported to a laboratory by a
terahertz beamline using a toroidal mirror and analyzed in a dry air environment. The terahertz beam
separated from the coherent edge radiation by the Michelson interferometer was confirmed to be the
coherent Cherenkov radiation matched to a circular plane wave. We plan to increase the intensity of
the terahertz beam and elucidate the characteristics of the longitudinally polarized electric field
by improving the hollow conical tube.



B X C—19, F—19—1, Z2—19 (@)
1. WFERRBYADER

T TV HXER LD R O BRI ICALE U, iR A e m R e R AT
LEES, 77~ Y Xy v S LT TV, IBF, 7 = b ML —— LIBT3 & &
L7z IMW ZH 2 5EREH 7T T~V EEPBAE SN TWAER, 7= b MhL—H%—
ZRIEEIR E T 57 T~ LY ROV K LIdEk kHz Th 0 | SELH 135 mW FREE &R, L
L. FERIE DO ZEME T F L X — R KB AR OB HE A 72T 7~ VY HTH
B S D X 912720 REAHIITE LOSEEH ) O @O IR ESER OB A ARk ST,

—JF CE IS5 (E ] U REH8 72 7 5~ L PR Tl O 0 3R U e 5o vl e 70 il
BRI ER 2 L C, REH B LOEHH ) &bl b —F—ZFROT 7~ i %
EEBZHEONEHEINTND 1, L UBEEREIMEGRIIHEAENKE <, RBICHETEDH
RO/ PNNLHEFIERR Tl IERIE DRI T D DICFK RN 12155 Z L IIREETH
ST, FFEREFILTH AR F L LE LT, FIRERIEINESR O ISR T 7~y i e L CTidh
AT (5 mW) ook — U2 MEBHGTIRZ BT L7223 2, JREAH 1E 100 kW B2 TH
0 IR F G 2 BB 5120 1 HRERARR LT, g o/ etk C b R
NG T B EREN IR ELN., oL —F—RBIEOT T~ LY HE LY &
DENWT T~V N EwEDHT2DIZIE, BEFEONFRICIE R WEH 2B FIENRLETH - T,

2. MFEDEH

AN RIS 2, T e — L NEB A X D IR T T~V RO BN T
b5, T THIEAFREZ, K 1 2R T LD MR EHW . FEREae—L > b L
VAT OREAEBR LT3, PENEICTHRAETSa—v > M= Ly a7 % R
TRYHTZLOTELEmE b —L v Mo Ly a7 idhd, BEFEO RS IR L v
1 HiPL ECHEH 1B K OCEH D O @ W IR T 7~V 62155 Z E BN ATRRIC e B, BFSE
RFEFVIRBRFEAR T IR R oW 125 T, R TID CREEae—1r > =
Ly a7 OBBENCEEIL, 2t —L Y MBS LD bEmMREIC/R D Z L EFRELT- 4, T2
FLEEE e =Ly bbb a7 B ic Tl @mEDT 7~ LY A2 AT HITIE, A
CFEDHWEWERETE—ANNETH o, AFTED BEYIE, HARZOE R RS
iz LEBRA I[CCEmEE ot —Ly M= Ly a 74 ER L. HEEimsEesf H e LT
BREAH 13 KON I e b WA T 7~ LY kR EBE TS Z L TH D,

at—L 2 kFzLazist FmEEaE—L b FLaviist

50

o
> .2
e beam i e beam 3

- e/2 2] &,
1Jw"@@ - T E
A— =
25
M#ELCHEREDTSA LYK ED \\:BKZZIZ
THH... @
© WFE—LAYRRTS v -lecrizonulal [a uz]b v
- AEOELSYFERLTS A#EEERICTRMAOBSZRYEED -

M1 FHEEae—Ly o bra 7Bt oRe

3. WEDOFHIE

EEa bt —L b x L aZBEOBEIE., B AVTFERTESIEL X TFHTED
DEMENPRKEVENERETE—LBRARTH D, ZOTDARMIEIL, FiE ORI E
ERER LIZIREERT 7~ R E U QR b Io@m v a e — L MEBEGTC e —
Ly MR B LR A2 AT 5 BARRKFOE T ERINEE MR 2R H LM L7z >,
MEfFOMES e — L MR ZEE ST D Z E R EmiE ot — L oL a vk
Fr okt % 3 FEROMZEBRINICIIAT 5720, LTI 5 3 SDOIEOER N % 5+
L7z,

(1) FaEEkat—Ly M Fx by a7 BEROBS

HA KB AR e LEBRA O/8F A R w7 X BERIHICCrREEae—1r > b
F L a7 R ERRET D, ZOBEHRICIZ, BRET 7~ VY e RAET HHERTEN
HE L, TOFHEMRPEMHEE 2B — LFUENIC CTHIFET 2 W28 [ #EE (R FFEE SR AR
Thbd, BEERPZEMHEEITITT 7~V IS TRINE TR TE | BITREMMITEAERNE
B’Hiv ) av 2ERT 5, PZ4EMHEERRFIEE T B — AIEFH O 72 0 OB R A L E b
R TCHET D, FEHEaE—L Y b= b a7 o 27 hUVIZFHERTS 22 $#EE O



MZEEZIEATFT D70, REMEICBIT 2E =LA Z2FH L, B REN R RIZR S
£ Zt%ﬁ%%@ﬁ%%ﬂ%iﬁ?é

(2) FHEiEat—L»y N Fx by a7 oSN

NIANY 7 X BEHRBICCTRAE L FEE 2t — Ly b= L a 7L, FERS
ZEMEE O FIICCRET D ab—Lr b2y UHBH ELIZANT A N v 7 X BE—LT A
%@%LT\m%ﬁ@%%%xfﬁw%%imﬁﬁéné R A e Icss 3 5 & 38k
LTCLEIZD, NTAR) w7 XBE—LTA U ~RRTHEICERT S oA XL Er1E
K5, EREAEE L FHE e —L Y oLy a v EFiconT, 2k e 7 7 AL
RO IREE . B AT ML ORI A ERi 5,

(3)  FZUTIMEHE—LDFHET 2 JE WSSOI

THEgEa—Ly hF b ravidghiiae — Ly MNEBE LRI T T VR TH S,
FOT MR E— LTI RN B END ARy h A4 XKV /NS R BREENTH
EDRFHAILTND 6 Sl EORFR ST A EEICBII CX 2B ELEEAREL, VTV
e B — LD FREME I HR T 5,

4. WIERE

HAKZE AR LEBRA O/XF A R w7 X BREREIC, Wik O%EE s LT
HHTERDLFEEaE— Ly Mo b a7 E#RE L, @SB a3 4E L
TmEE e —L > bz L a7 R ABII L, OB REZIE L, Shiake—1
Vo Ul ERIRIATE ST T E— A?4/%&EL HANEHE OISR
FIFHTE 2R A28 Lo, S EREIICxHT 28R %2 LLFIZEE T,

(1) F@EEzae—L v bzl a7 REROBRE

HBRREDORWERERK 2t — L M= Ly a 7R E 72 5 K O ICFFER R 22 M #EE ot
FRERD D720 BB B AEEBICB T 2E T E—L YA X2 E LT, X7 A M) v 7 X

EAREO FRRaEAICCRETLIZ2a —L oy by UHHOBHBIEN R R E R D EFE—
DAESEMIZB N T, B —AEZIL 2mm LU F TH o 72, #RIEINEEER O MU EARE R A ORI % i
BIHILETELICE—LEHZEZ/NILTHILEFMETH LN, FENRFZEAHEEIZKITD
B E— A EREMEICEMATE 25 X9 I FFEERPEMHE O P2 EAIL 10mm (27 T‘ELKO
AL FmHE=a “—I// = Uy a 7N TR A DB EREICTE END Z &
7o {HECE D L DT, PEMEEE O B IL AR 1.58m ORI R AR Lz, 25 LTH

2 IZRT LD, mé‘rﬁ’] 20mm, EEOELR 42mm ORIy U o Rz R 2 ERL L 7=,

IHIT, BEISUTHEMHEE S LITEBRBIHHOT VIEEY ) a v EREETE—
LEENICELE U, P2 8% O£ FEREE D3 rTRE 70 P $E8 R RS E 2 /BB U BEAF O Hick 5%
REEECEBR LT, ZOEBEIIPENMEEOEEME L 10um LT ORE CEIgHIETE, &
PEA KON % 0.1mrad LA OREE CEREHIECX 5, 10m BN 7-FHEBR=EIZBWTH, Mgz
T EEEat— L N L a TR ERBHITAZ ENFRETH B,

. . m_
Toroidal mirror Rotation accuracy: < 0.1 mrad

Position accuracy: < 10 pm

R, =2.179m
R,=2.032m
Shield’” Beam CER o/

source

et

— THz, PXR line 2 T
e 2% y -

THz Transport
mirror system

CER&CCR

X2 LEBRA O/%7 A N v 7 XBEBEIZBIT DT T~V HREORE—LT A



(2)  TI~WYHIEHMEITTEH CEZ 2T 7~ VY E—LAT A4 DR

PHEE e — Ly Mo by a7 BEHRO PSR E SN mAEAIE ImW Lo e —
LYy by U EREL, NTA RN v 7 X BME—LTA LV EFEH L TERE~LT T~ L
Y EEE L TV, K2R UL D1C, Wk — L Mk R %Ebfmémf
ZOEENL— N ELZET S 2 LT, iﬁ&:t—V/b%IV/:7m%%m%ﬁ@%@
T2 WEBREICTHRIT 2 Z LR TE B O NFRITT T~V B — A%A7%FJ/7X
BE—LT A U ~RIAT D OICMESE L2 LW 26, KI5 & T S5 O F S A —
B3, A TOBLRENMEBE L T, 22 CHIESEZ 150 EREHO oA ZAe5icE
FLE MEOTa 77 A NIEET S Z LIk LT,

EBIC, ERBICTONEBEZ T 7 U AMTRED S B L CHSHEEE 1%L T O K5
BEFICCHATESI L FRAT—va v 2R L, 6D T T~V E—LAT A OHNE
WZE-» T, FHEze—L Y Mol ra 7o — 22 BEICETE X917k
7220 TR, iae—Lvr MNEREFER LIZT T~V 5N GH0A A — 0 ZHRIED A 6E
WZlpo7= 7,

Fio. T TNV E—LTA DI E > T, LEDORENDIpnae—L o b=y Uk
HOE—LEERBH LN, BREF L —RIEREF A TEEEZEO WD L
BT 2 Z LR THD TR LY,

(3) FHEEabt—L» hF =Ly a7 o RN

EHT Y o R 22 R O RIS E AT R L —100MeV DA B — A A @i L, S
ab—LYy b raVRRAEREREER LT, AR LT I~VYE—AT A A
LT .WELTEET I~ =D& ~A VY T Tﬁﬂbto¥ﬁ&nt Ly b Fx
Ly a7 s TR I CRET D — 1L > b v U & 22T EEC X a0
N, T¥iHOA =T xu 7T Aot —Lr MEFEOTHRAEND, ?@ﬁ@%ﬁ$b
L 0K 52mm BEIIZALIE AL OWHR L 7o TR B S du, & OB 22 T $EE A2 iR
HFEHE =L o L a oS RhEE B L T EnS, FEEaE—L
VR Fo L ravioRAEEER L (K3),
L#Lmﬁﬁgm:twvyb:yymﬁwum@ﬁbﬂ%%f%f%%f\%m%ﬁw%
WL ETOMICHEF =R AXF—DEH L TWD EEX NS, MEIREE KT D201
B ST A S U, RO NH O 7 DICHME A A AT T 5 2 L2 RET LTV 5D, 1@
ﬁ:twvyh%ivy:7m%@7m774wiﬂu%f%é LIIHEER T E T,

1.2 L L L 12

1.0 FA 1.0

0.8- L Lo.8
061 e [ 7] WWVMMMMM WWMW 0.6
0.41 - L 0.4

0.2 T T T 0.2
-55 -50 -10 -5 0 5 10

Length [mm]

X3 ~A7nvy TR CBllENZA v F—T7 =2l T L

(4)  TFUTRNEE— NGRS 5 E IS O

Bl S FmEae—L o hTF o L a7 RPN EE XY SRENMES, BIR 22 T 2R
BN LIS oo, FEEat—Ly N F oLy a v R AR LT YT
JURIE B — b DN D FEEBRIT FE i TE 2o T,

L LZens, FEEat—Lb oy Mo b a7l e RIS U7 MRt E—LATh S 2
E— L NEBBRN AR LTZERT — 22T LIz 2A, BRENL TPTHRIND AR Y b
A XU T THDZ ERHLNI -T2, iz, K4 I1ZRT X912, HHFE e — AR
HREYalb—Yarzfdo7n7 7 A b8l T,

W T = b a7 B A LTS E OB AT OV TE Saint Petersburg R (8
WIE 7 NV — T DG DHNTEFT LTl . ARy MBEEIZERK MR CES N BET 5 2 &#%
DN TSI, o — L NERBRN XY b X0 KRR ESORAEN TR ik = & —
Vo M F by aZ B a W TEIEERZITO 2 enfmkEn T s,



Vertical [mm]

0.6 0.8
Horizontal [mm]

K4 B Lo —Lr FEBBBEEDO 2R TTa 7 7 AL

UETHD, 20 MOBLH 0 TR ZRER MRS 5 2 EPRETH 722, B— A
YA ZO/NSVRFRVE FE— L2 A L CFRrE a2t — L M= L3 7 O#HNS
RRED UTe, R MR LI < W B O JEHE 2 A 2 i dh A oo th 22 [ EEE (2O TRRET L
THY ., @IRET 7~V JeORASCHEHR RS OB & WV - TeHED R Rz S BB T 5,

ELABEL, BHETF V- —DBEF A TFEEOELEZ MR THOTHER LI LR &
SREET T~V JeDIS IR T2 e iR 2 #0 < 72 & BRIV Z2 P ZERCRIC bR MO W e, BHbT
THOREL LTERDOHDOMIETH T LivtET 2,

<G H3CHR>

B. Green et al., Sci. Rep. 6, (2016) 22256.

N. Sei et al., JJAP 56 (2017) 032401.

N. Sei et al., Phys. Lett. A 379, (2015) 2399.

N. Sei and T. Takahashi, Sci. Rep. 7, (2017) 17440.

N. Sei et al., J. Phys. D: Appl. Phys. 46 (2013) 045104.

R. Dorn et al., Phys. Rev. Lett. 91 (2003) 233901.

N. Sei et al., Proc. 12th Int. Particle Accel. Conf., Campinas, Brazil (2021) pp. 2751.

T. Sakai et al., Proc. 18th Annual Meet. Particle Accel. Soc. Japan, Takasaki, Japan (2021) pp. 568.
N. Sei et al., Sci. Rep. 11 (2021) 3433.

S. N. Galyamin et al., Phys. Rev. Accel. Beams 23 (2020) 113001.

BOEXOO®®OO



11 8 1 9

Sei Norihiro Zen Heishun Ohgaki Hideaki 12
Peak Shift of Coherent Edge Radiation Spectrum Depending on Radio Frequency Field Phase of 2022
Accelerator
Applied Sciences 626 626
DOl
10.3390/app12020626
31(2)
2022
76-83
DOl
N. Sei, H. Ogawa, K. Hayakawa, Y. Hayakawa, K. Nogami, T. Sakai, Y. Sumitomo, Y. Takahashi, T. 1
Tanaka, T. Takahashi
Design and Construction of an Intense Terahertz-Wave Source based on Coherent Cherenkov 2021
Radiation Matched to Circle Plane Wave
Proceedings of the 12th International Particle Accelerator Conference 2751-2754
DOl
18
2021
72 80
DOl
10.50868/pasj .18.2_72




Sei Norihiro Takahashi Toshiharu 10

First demonstration of coherent resonant backward diffraction radiation for a quasi- 2020

monochromatic terahertz-light source

Scientific Reports 7526 1-11
DOl

10.1038/s41598-020-64426-1

Sakal Takeshi Hayakawa Ken Tanaka Toshinari Hayakawa Yasushi Nogami Kyoko Sei Norihiro 5

Evaluation of Bunch Length by Measuring Coherent Synchrotron Radiation with a Narrow-Band 2020

Detector at LEBRA

Condensed Matter 34 1-10
DOl

10.3390/condmat5020034

Sei Norihiro Sakai Takeshi Hayakawa Yasushi Sumitomo Yoske Nogami Kyoko Tanaka Toshinari 11

Hayakawa Ken

Observation of terahertz coherent edge radiation amplified by infrared free-electron laser 2021

oscillations

Scientific Reports 3433 1-11
DOl

10.1038/s41598-021-82898-7

Sei N Ogawa H Tanaka T Hayakawa Y Sakai T Sumitomo Y Takahashi Y Hayakawa K Nogami K 1350

Zen H Ohgaki H

Research of coherent edge radiation generated by electron beams oscillating free-electron 2019

lasers

Journal of Physics: Conference Series

012039 012039

DOl
10.1088/1742-6596/1350/1/012039




Sei Norihiro Ogawa Hiroshi Jia QiKa 10

Multiple-Collision Free-Electron Laser Compton Backscattering for a High-Yield Gamma-Ray Source 2020

Applied Sciences 1418 1418

DOl
10.3390/app10041418

29(2)
2020
49 56
DOI
T. Sakai, Y. Hayakawa, Y. Sumitomo, T. Tanaka, K. Hayakawa, K. Nogami, N. Sei, H. Ogawa 1
Development of Coherent Terahertz Wave Sources and Transport Systems at LEBRA Linac 2019
Proc. 10th Int. Particle Accelerator Conf. 1775 1777
DOI

24 5 8

N. Sei, H. Ogawa, K. Hayakawa, Y. Hayakawa, K. Nogami, T. Sakai, Y. Sumitomo, Y. Takahashi, T. Tanaka, T. Takahashi

Design and Construction of an Intense Terahertz-Wave Source based on Coherent Cherenkov Radiation Matched to Circle Plane
Wave

The 12th International Particle Accelerator Conference

2021




Y. Sumitomo, T. Sakai, K. Hayakawa, Y. Hayakawa, K. Nogami, T. Tanaka, N. Sei

Toward THz Coherent Undulator Radiation Experiment With a Combination of Velocity Bunchings

The 12th International Particle Accelerator Conference

2021

Y. Sumitomo, T. Asai, S. Kisaka, Y. Hayakawa, S. Inagaki, N. Kawanaka, D. Kobayashi, H. Koguchi, S. Kumagai, T. Sakai, N.
Sei, T. Seki

An Experimental Challenge with Accelerator and Plasma to Astrophysical Fast Radio Bursts

Optics & Photonics International Congress 2021 / High Energy Density Sciences 2021

2021

THz

2021

2021

30

2021




35

2022

PXR

18

2021

2021

2021

29

2020




N. Sei, H. Zen, H. Ohgaki

Observation of temporal evolution of coherent edge radiation during free-electron laser oscillations

The 11th International Symposium of Advanced Energy Science

2020

34

2021

27 FEL High-Power Radiation

2021

LEBRA

17

2020




125MeV

17

2020

THz

17

2020

N. Sei, H. Ogawa, T. Tanaka, Y. Hayakawa, T. Sakai, Y. Sumitomo, Y. Takahashi, K. Hayakawa, K. Nogami, H. Zen, H. Ohgaki

Research of coherent edge radiation generated by electron beams oscillating free-electron lasers

10th International Particle Accelerator Conference

2019

T. Sakai, Y. Hayakawa, Y. Sumitomo, T. Tanaka, K. Hayakawa, K. Nogami, N. Sei, H. Ogawa

Development of Coherent Terahertz Wave Sources and Transport Systems at LEBRA Linac

10th International Particle Accelerator Conference

2019




N. Sei, H. Zen, H. Ohgaki

Study of electron bunch shape for high-power FEL oscillations using coherent edge radiation

The 10th International Symposium of Advanced Energy Science

2019

Yusuke Kawashima, Norihiro Sei, Hiroshi Ogawa, Yasushi Hayakawa, Takashi Sakai, Kyoko Nogami, Toshinari Tanaka, Ken
Hayakawa, Masaaki Suemitsu, Kayo Kuyama, Satoshi Tokunaga, Yoshinobu Hara, Hiroko Indo, Hideyuki J Majima, Takashi Kaneda

Intense Terahertz pulse images of the malignant tumor; a preliminary study using liver cancer

The 22nd International Congress of Dentomaxillo-facial Radiology

2019

26 FEL High-Power Radiation

2019

33

2020




LEBRA FEL

16

2019

125MeV

16

2019

28

2019

https://unit.aist.go.jp/rima/ja/teams/rad-imag.html
http://www. lebra.nihon-u.ac.jp/

https://unit.aist.go.jp/rima/rad-imag/group.html




(Sakai Takeshi)

(20409147) (32665)
(Tanaka Toshinari)

(30155147) (32665)
(Ogawa Hiroshi)

(60356699) (82626)
(Sumitomo Yoske)

(70729243) (32665)




