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Abstract

Research of a high performance electron linac for the generation of FEL and PXR has been continued at the LEBRA
of Nihon University as a joint research with the KEK. In addition, a development of THz light source has been underway
at Laboratory for Electron Beam Research and Application (LEBRA) at Nihon University in collaboration with National
Institute of Advanced Industrial Science and Technology (AIST) since 2011. Basic research on coherent transition
radiation (CTR) in the THz region has been carried out using the Parametric X-ray Radiation (PXR)-beam line of LEBRA.
Since fiscal year 2016, the new THz transport line has been constructed on the same axis as the PXR beam-line. Basic
measurement and intensity upgrading tests has been carried out for the THz-CTR and THz-CER lights generated on the
PXR-generating electron beam line. In 2016, the new superposition transport system of the THz lights to the PXR beam-
line was installed in a multi-purpose vacuum chamber. The fundamental experiment of THz lights was performed at the
experiment bench of the PXR output port. The average intensity of the THz-CTR lights obtained at the output port in the
accelerator room has been 5 mW. However, the average intensity of the THz-CTR transported to the experimental bench
of the PXR output port was less than one-tenth. On the other hand, the average intensity of THz-CER was reached to 1
mW at the PXR output-port. From the results obtained in these measurements, it was estimated that there was a problem
with the mirror used in the CER-THz transport system. Construction of the new THz transport beam-line and the property
of the THz lights is discussed in the report.
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Figure 1: Top view and side view of the LEBRA-PXR beam-line and the THz transport optical system. (a): PXR
transport mode. (b): CER-THz, CSR and Forward CTR transport mode. (c): Backward CTR transport mode.

BT v — 4m DS NURIEE 3 A)BRERRS
NTEH, B —2ER 200 mA, #VIKLE K 12.5 Hz,
B — LV 5~20 ps CHEIRSALTW D, IR L7ZHE
FE—AIX FEL BE— L4512 LT ST AN w7 X #
ikt (PXR) B AEHE — LT A2k ND, K IIRDE
FEELUTIL, FEL 1 XIERIERE dax W e mafi O R A4
FREEALTEY, 0.4~6 um O £ EI CFH E5R
(WS TWD[1-3], £7-. PXR 1 Si(111). Si(220).
A BRI E WD ZET 4~60 keV FTOREI
B HN—=LTWB[3,4], F7- 2011 2 51% FEL AT
@ THz JEIR OB A ERME SO LR FE Tl T T
%[5], FEL 74> CoO THz HIRILFEM 48 O Fefkige 1
A=V T REM R DA A= T ITHNBN TS
[6,7], £7-. FEL 71> T® THz RO IR E/RE %
BEZ T, 2016 DI PXR T4 % V-1 & i e
72 THz JEURBRFE 26 CX 7=, Table 1 |2 H A K
LEBRA N ER D4R M Y, BNIFE AT A—ZE w1,

3. THzYtE

3.1 PXRbE—ATA THz JEIREA%

FEL 71> C® THz RO BEEERERE 2R E X |
PXR T4 FICTEIRE THZEIR O BR%E % 2016 £
AREENTBRIALTZ, 20D THZYEIRE L TiE I, Wik
PE~E TR —E =LY CTORAEIE &R
J THz-CTR J&IE K& N, PXR FA R EmRA TRAEL
72 THz-CER JIRDBHIEEIT > TV b, THz-CTR i
IZ1%,. PXR E— AT A Lo —bT7 a7 7 )L E=H—

FHZRE SV B TEENEAEDY BPM 8 A% A
STV ol iz O FFIHIL, JEE 50 um, ~TE 80
mmx60 mm DOF X AEZEEL., FIHIT ARDT=d D%
AEPRELT, THz-CTR JEJiZ—7 v M, EE B — Al
WZXFLC 45 DA ECEEL WD, ¥—7 v METTIZ
LT THz-CTR YITEZEEZ N LT, KREUANZEDY
HENDHELR> TS, IR LEZERITIE, ¢ 100
mm, [EX 5.5 mm OFE AR (BT AT v 7St
B8] A HWTIsh, CTR W HLIKFD K T 237
WEHZLTWS, CTR D= —RIEITIL, 7T~
SRR R TREIES LTV A /8D — & B — (Ophir
3A-P-THz[9]) 24 1L CHE L 7=, THz-CTR D -
3, PRSI T 0.1~2.0 THz O J& A& P 12 F 0
T 1 mI(BEFE—LT /¥ —:100 MeV, ~7X
JVANE 4.5 us, M0 5 pps, BT E:23 pC) NFHIL
TVWA[10,11],
3.2 PXR bE—AF AL THz ik AT L

3.1 Hi Tl _72EH1Z, B8R DOFR THz Wz 302 &M
TEEN, A RITINESRAEE[ THDHIT, +—
P — KBRS TR HLI-WGA ., P RO E
E TR A F XN T T RS0 VB TFRNEL
IR FEBR OB L7 > Tz, 22T, ZOHEIESRE
RATESNT, WRLH AV FRIRE, 77EA R 7255
o~ THz WAEWRET D07 —RA e, 3%
&%{T-7-, Figure 1 {Z LEBRA-PXR b — L7 A 3L
BUWELTZ THz Bk tsis A7 A0 KON, £
KB —RIFOEX A /RT, PXR 1ZV=T>2715 2 D

- 822 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

D 45 ERAERAZN LTSS E v —2% Si
B — 7 MRS T2 Lo ko TERES L, #—
T MR ERICH MM OE 2 fifma VT, EREA~
BEEIB[3,4], THz ORIEEFFRIT, PXR B —AFA
YO TFHMOEHHEZEF v N—CRE L, T
B THD PXR B — AL 272D/ W FITN A,
PXR B —ATAY FHERE — 24 2 7 i O A B A
THEAL7- THz-CER X THz-CSR Y. #—47 T
FAESHTZHI ) THz-CTR, %7 THz-CTR ##ik7 5
72912, ZOWET AT AT HIIGLTHUID B 2528
NTE, FHENDT—RNSOYINEERZ 1T T HE
ThbH, FrrX— EERD# S THz-CTR B A O
o —AR— M, FEATRA T LRI A e 8%
WTWD, T2, R REIITIE, ZOEXERIZHAVTND
PXR B —ATA Y EIZ0DE HFIT7— TNy
23T — HILLKIETAIEE SN~ AT — R EEH WD
Z&C, THz ek X B[Rk A iE72 FF A 8 — A
TA L DIEEEZ HIFL TWA,

3.3 1% THz-CTR & THz-CER #ik

FXiE L7 THz JEOlgit Rk %%\, THz-CER
el 5 — R CH RN DAY A RE 2 EBR B~ Dk T
ANEAT STz, BFE— LG T, IEHE 72—
TRLFE—: 100 MeV, B — A 75 mA, v 71/ 3L
AME: 5 us, ML : 5 pps TITo7z, 23U —HEIIE
Ophir 3A-P-THz Z{E L, JlTEDRER, k) U—LL
T1mW BTz, FB0 LA — MRS TG 24
L, B EGHIE 21T 72, Figure 2 |2 AT M VIRTE
ot BIEICHWE TG &2 oM, B
EnSHE, EROWNGR EEmSLRITL TS
B, KEHF OKEKERES K EIT > TN,
KOWNUZ XD BN ZTWD, F=RREDX
BIC LD RO BB E TR ONEN, T=4—
FBELRBHEL TS, HHREIMZ 6N
TWb, ZNHOREEZITTUINDH, BHIS
7 E#PH & LT, 0.1~2.0 THz 99 CTH -7z, Hl
TERE NS . T —N | mW, RS 2 THz
T ETELNTWS Z G, RBRIIC 22— —
RIS ZBBLTND, TE TIZEAAKRO, 4
Ky TNV TOREEIT>TEY, 5% BT
VW TFETHDE, - ETRAEZ L5112, BIEDH
ER T, |RA, KRPKEKEOREZMZ
HVERHY . EBRER CERINZEE— A%
HETETHD,

#75 THz-CTR @it 2 DT A MZBE LTI, Ti
S —7y N EEREICES I X2 CTEET S
FREBRHAL T2, BERHIY —7 v MZE
HBWECLTLEY, FEE—LBRZ/HY T L
WEBHIZEADBPREL 2> TLEST, TDZD,
THz YA RIZEBT DI HE S ELIL, 8RBT
L. BB CoREEA 1 BILL NS 5 BEM £
Uiz £ZC., CTRHADTI{EX —4 v F) 5, PXR
=77y MESEICHAWD Si fEEER (¢ 76 mm, t0.2
mm) (2 Al % 10 um ANy ZREE L2 —7 y b
WAL To, Fio. REBIR. X7y NHEFEE
L. 794X NRESHITIRoT0, REREEZD
X —27 N OfET-% Figure 3 (TR 7, ¥—7 v MZ

PASJ2017 WEP014

BFERVE D ITHEVR CERAGARR S I 2, TREIC
B EBWIRIET, ¥ —7 v b EEFE R TEEL
WEZDHFRA~EL L, ¥—7 >y bRk, HE
# 5 THz-CTR fains ik B 217 o 7203, ZQ#af% & s =
DRERWEITIAONRN>T-, BEIT—ROM
B, AT MAHIEZ ERITWHER LT & 2 A, B
ETA P OBEZERNICHRE SN TWAEXEM
FT—THEL TCWEIENRBINTZT2O, KO,
AHIEEZTEL TS,

10?2

2

Intensity [a.u.]

10

10°5 . . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Frequency [THz]

Figure 2: The spectrum of THz-CER. The output power
of 1 mW (Beam energy: 100 MeV, Macropulse beam
current: 75 mA, macropulse duration: 5 us, repetition
rate: 5 pps) and a spectrum at a peak of 0.5 THz up to
around 2.0 THz.
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Figure 3: The new target of a silicon wafer (¢76 mm, t0.2
mm) has been formed by sputter deposition with a
thickness of 10 um aluminium.
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