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Abstract

A new project of a terahertz (THz)-wave light source is in progress at the parametric X-ray (PXR) beamline of the
Laboratory for Electron Beam Research and Application (LEBRA) at Nihon University. The THz-wave source is based
on coherent transition radiation (CTR) emitted from a metal-foil target or coherent edge radiation (CER) generated at
the downstream section of the PXR generator. The results of preliminary experiments for CTR production suggested
that sufficiently intense THz-CTR can be obtained using the LEBRA linac. In order to realize a THz-wave source for
practical application studies, we have a plan to add the extraction device for THz waves to the PXR beamline. The device
is designed as a retractive mirror system and its manufacturing has been completed. The device allows users to utilize
THz-wave in the experiment hall where radiation safety is guaranteed. Preliminary experiments for the performance test

is in progress.

1. ELC®HIC

H AR K288 7-# R FAIF 25 3% (LEBRA: Laboratory for
Electron Beam Research and Application) i% 125 MeV &
%U_7/7%ﬁwtﬁﬁm KTH Y, DN L U

TER4EHHEE T L —¥ (FEL: free electron laser) D[
FEIZHL D #A, 2001 FICHE 1SATD T 7 —A ML —
VU T EZER LT [1]. RIZ, MR GRN 72 R 1 & A
B O BRI X2 X’f%ﬂl%ﬁﬁf&b%l\ FANYY
7 X Kfikt (PXR: parametric X-ray radiation) % JF{# &
U7z X#REZBFEL 72 [2, 3], & B ICFNLRMHEE %
HFUMZRIHERIZEE — L2/ L TE D, B4 2245
BEPESNTWS [4,5], Z5IZiNA, THz fEI%D
JAPBE 2 R D SEIR DRI E T U7z, Jusk, LEBRA @
BTV =T v ZIZFEL fH& UCRF SN, fWIEa
Y oY a v TOMRNYF U ZICED, 1ps REDRS
BTNV FEREMUBETH D, 0.1~ 8 THz DL T
aJe—L Y MR ORIRIZ & B EEEE DRI T
5720, IR UTHHATLEZ LIT L7 [6],

THz G ER13 0 K LEBRA & PERAHT (AIST) D3t
FfZE e LTiibhTwad, B#ICETF LDl FEL
E—L74 VORAE#ATHEET 2oLV Y by
v n ha VSt (CSR: coherent synchrotron radiation)
DRSS & £ OFRERNZR RIS TH %, FEL ik
FADHE =L T A > %o THEBAERE D S FREL

ATREREBREADOE Y HEL L5, A A=YV
IR EDIGHAPThNT WS [7], LHAULZEH S, FEL
kT A VTS NI RN A ER D & 24 E

UTESNT WA 728, THz I U TSR E

* yahayak @lebra.nohon-u.ac.jp

W, FEERZIZELD ¥ 5 THz IO IX OV A0E 20 ps
DX 7NV AYZD 1000 BETHE2D, 1 A—
VT EBREIZEN U ET2RTAFY LT
EMiTE2HEND > 7= [8],
—f,PXRY—L T4 VIdXMELERTE-0DX—
f/%%ﬁxﬁé®%%htb1w5 THz % £k
5# IZHEBER =7y FEBIILTH, E—=LT71 0D
IR DX E I, 25072255, PXR
%i%@?ﬁt%ﬁé%fvtfu774w%:am
DEEHFEARREZ ML, SEER L — 7y b )5 F
B3B3k —L v MNEBBKE (CTR: coherent transition
radiation) & THz JGIE & U CRIH T % S COGIEBEFR
ZEF LU, PXRE—AT 1 vOIGE, XRETH B v
VaviEgma =7y NOEGEN S OIZv a0
g5 ps THEALTWED, TORMETF R VHICE
FVY—LZ2HH L THE S5 THz fHI% D CTR DR
W, IESARECORETY 7V ALZ B X F
Ilm] THo7z, INEFRESFERILS AD WRERHE
Bzt ez, 1 Y ay b A=Y ¥ FEL
74 > ® CSR WIH TIXFEHED N EE T - 726 AN AT HE
&b, PXRENET A VT B LEDE Z A THERE
100 mm £ TIAH 2 XY —AZEXTEL LD 128>
TWAZ LS, XY —L54 VIZ THZ i — L %
HETIDRVWEFHEATHEXATE S E 2 5N5,
ZDEIRHEBIZED,PXR ¥—AIZ THz i — 4
ZEESLUTHIXT 57-0DHEEZ PXRY—AL T 1 iZ
LDH@“% o729, BREZMZCEHT 5720
2, MFDOL HINEZER ORI EFE I 7 — i AKE %
mbﬁiékfﬁﬁ%ﬁbto_@ 7 —EFEIR D%
&t - BEIX 2015 FEEEFRIZ5E T U, 2016 4EE A& THz 3%

- 1044 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 TUP068

500mm

2130mm
PXR generator

permanent
Q-magnet

target crys

polyimide
window

CTR

. 4
in vacuum 4
pd

PXR___

Multi-purpose chamber
|

!

— e e
| reflector crystal

1130mm |

[ 2000mm 1
shield wall

1610mm

780mm

| 1580mm

7300mm

Figure 1: Schematic top view of the LEBRA-PXR beamline. The source points of THz-CTR and THz-CER in the PXR

beamline are indicated by arrows.
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Table 1: Typical Parameters of the Linac and the PXR
Source of LEBRA

electron energy 100 MeV (typ.)
2856 MHz (S-band)

70 — 135 mA (typ.)

accelerating frequency

macropulse beam current

macropulse duration 4 -5 us (typ.)
macropulse repetition rate 5 pps

average beam current 1-3.5uA
electron bunch length 1 — 3 ps (rms)
electron bunch charge 25 -47pC

electron beam size 0.5 - 2 mm in dia. (FWHM)

PXR energy range
Si(111) target: 4.0 -20.5 keV
Si(220) target: 6.5 -34 keV

100 mm in diameter
~ 107 /s @17.5 keV

irradiation field @X-ray exit
total X-ray photon rate
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Figure 2: Three-dimensional drawings of the mirror sys-
tem superposing the THz-wave beam onto the PXR beam;
(a) without THz-wave transport; (b) forward CER mode;
(c) backward CTR mode.
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Figure 3: Schematic explanation of the transport of the
backward CTR beam which is temporarily extracted to the
atmosphere and reenters the vacuum via the chamber roof.

4. ABRBHER & BEER

SHEBEL Thz I 5 —R2FEEICPXRE—4 5
1 > D% HPNEZEE I AR A, THz BOGIE & U TERER
T2 EER%E 2016 F£ED SBIBL 72,

93, S E OHEA PXR OF|HEBROEE & 725
m\#mﬁw%ﬁo#ﬁx Bt — N CIRIZ X e —
LDRIFTB Vo REITR S g7z, IRIZ, THz
2& X e — L\Egﬁ@w) VLI T—%EALRY

DER PR D 1-12, PXR FESB O 2 f5 % A
f@x%««/babw}%ﬁf@xﬁ%‘ﬁ@%@ PXR 58 %

BB CHIE L, RE—RFTOEO Y F I H—
TR LD Fig. 4 TH 5, X HEHT 2~
) ADEREIZE S CTR E— FOBEDARDUE
,014mmBETH D, TNITE D XBHORTHIE X
DT RV F—D320keV DIFET 0.6 %, 7 keV DIGE
T4 %EETH D, PXRZRILF—H20keV @im],
BEEE — R (B4 12 U THTS CER E— K (F) 12
ciﬁ%ﬁmﬁwiﬁemmw 7=, #} CTR £— K Gk
) Dga, Nv 275y ROKKIZE Sh=h, Th
h’:%b%lb\txﬁwk e EL\ IRDSNLh o=,
Ny 27Ty ORI, 37— 50 X —PEREIHHE
DALBEDMB 2 Ny 7 T 5 v F‘?ﬁ%ﬁfﬁ&@“éﬁ% 3k
Mo EEZSND, TkeV DHEIFHETF D X SO
WERSNZHDDMEME LT il_ﬂf%f% D, X ROk
FEREFHFIICLIDZTFHEFFELRNVEDTH -7/, F
72, WINOBEH PXRDOY —ATa 7 71 I)VIZRIE
RN D o7, AEX D, #i7-123%& U 7= THz Jii
J£IZ PXR B — L DM % i E 4 5 & d <, THz i
& X KROFRBEHHADOEZEIZAR S0 Z LR TE 7=,

PASJ2016 TUP068

__0.03
S
S,
5. 0.02
.*U;)‘
s
< 0.01
o
X
o
1 1 1 1 1 L
—8.04 -0.02 0 0.02
2nd crystal angle [deg. ]
T T T T T T
_ (b)
3
©
Sootf TV
2
i)
g
£
o
X
o
L 1 L 1 1 L
—8.04 -0.02 0 0.02

2nd crystal angle [deg. ]

Figure 4: The PXR intensities extracted from the exit win-
dow as functions of the 2nd crystal angle of the PXR gener-
ator, where the PXR energies are (a) 20 keV and (b) 7 keV,
respectively. The black lines show the cases without THz-
wave beam. The blue and red lines show the cases of the
forward CER mode and the backward CTR mode, respec-
tively.

Figure 5: A typical single-shot image of the backward
CTR beam profile observed at the experimental hall.
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