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Fig. 1 (Color online) Time structure of the pulsed ISIR THz-FEL.

The pulse structure is ~4 us in the macro—pulse and ~20 ps
in the micro—pulse, respectively.
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in the 108 MHz mode; (b) Spectrum at each gap of 32-37 mm in the 27 MHz mode.
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Fig. 3 (Color online) (a) Beam fluctuation monitoring system and (b) stability of sample-reference ratio.

(a)

Ko+ Kims

planar undulator: K =K/ 2%

0.04 0.05
Undulator gap (m)

00.03 0.06

Fig. 4
wavelength with respect to undulator gap.

LATY 9 Z—%gBEL, DL/ FELOZNZENDH
Ea/)VAT LIZEZ A —T 5, FTHREROBITFHR LS
OFEE D L < \FREEHRE % RFH4 2 5ET = % —fE
THEEL, Thna b - T “BEk” HFIC L 25H e 3
%o Tixbb, FRBHRVIEEOFER TIEZOLERMES)
B—E T\ T2, JEREISEHEE T L RIS,

AR HOF RS U RSB E & B 9 % & RIRFHIT
6570V AT LOMEREZ 2 —L Tk, AJI/ULA
FEREITIN L T — X W\ELAIT 5 C LI & - TIEREIE
OB MEL, ETOZEE ZIERICTHNS 2 L RTRE L
T he WIT, WRFRTUHE L 755 YHECB L Tl

TR AR E = X —IC K ABEBKAL & OF Tl L 720
REORBINEFE L /25, Halbach X 4 7OT7 VYV 2 —X
PO SN RKOWRIET VY 2 L — X DFETh A%
B ERICHL TR 2, 3, 4 TREINSHERBPASGNT
Wb,

(b)
[x10) M :
) ®  observed #1
1.0 A\ calculation #1 |
*  observed #2
E 09 calculation #2 |
£
g 0.8t |
: N
© reference Ny
2 0.7  gap-wavelength \
0.6 ~
0.03 0.035 0.04
gap (m)

(Color online) (a) Change in K value due to undulator gap and (b) measured and calculated results in

Y
= 2
Ko e
Krms - ﬁy KO - ZﬂmCBOAu (3)
By=2B, ) exp ﬂ/lu 1—exp 27%%
4)

A3 TREINE KHEFIINAEINT A—=21F, 4 TR
INDLEDITT VY a V=2 W TH~ T v FOFE
(B W, g ¥~ v 7R, A WERYER, h#EaOE
) KT ARG A= R E G By &L TRISIh,
FIREEGRIC A BIANBE S 2T VY ab—2F v v TOFH
N L > THFICEE W EETH 5, ISIR THz-FEL i
BIAXT Ry FROET VY ab—2F % v TOEEED/N
S A =Rl AW CEIEL 72 K {EDZ A% Fig. 4(a) 12/~
T BHINDLTITIVYEOWRRIT, I TiEINL

1RETH May 2021 Vol.34 No.3 - 165



KAE729 T, b FFRHEICHIC R - TS
Hua—LV VY RF yICERL TEHT 5, Fig.4(b)iE7 v
Val—2F % v TOEFICE b7 D FEICEBI SNzl
HF S5OV EROEL Y, FUE»HRDI-O—L Y
HAFz AW GHRES N AR ENDON TH 5, WHILIEH
IR =L, WoltAT VY alb—4Fx v/ EHHFH
RO NARES EF v v TEHOATHNOWERICH
ECTEDLTEDRDDP5D, B ON/ FEL Ym 5 0ilE i A
WA 72DITIE S BICEITHE TR s a9 C & TN
Y FIEZ 3% B01XBEICKHALERD D, HIIOWK
RICHLTT VYV b —FF % v T EEIFTHKF 5 HE) L T
aAVV o — 2RI 5 LT, BTSSR E RS
KBEZR- 1o EEWRFFIVTHE L 0%, Fig. 51X 2D
WeRA5 | F % BV CHIE L 7o K&FR KRR D AR RN 45
HAXZ Fv e, FUKHE & « @ To HITRAN &~
Ral—va VORBRETH 529, HITRAN (3R K5 e
TORBREZRL THAHD, TNELNTH LD GHEDE
WEBRERABONTWSE, TOANY FIVOBTHI B¢
LHIRERIE#915% C, THz-FEL BHEBROEL, 5%
—FICY0 B2 5 & TRHIIE TOWEDOELE ZD
GB35 L RWREIC A B, FEL #ad s RICBAL T
%, JEH D L#% (coupling hole) 72 B T D IEEA
Ma&Zolit 8 MOENNFRERBEL, =LA77
7 ANVORFBILEAT > 72 LTk D, Bty 2B Ok
A% 8> THz-FEL X% B 5 Z L ICPI L7, ok
A A=V T « ES TR ALFROEE, B2
linch® DX A YBAML TH LN A H T A5 40 DOFAT:
R THz-FEL {3 F = 1.97 (%0 &=1inch, &
Bif=50mm) OVILE AL VA TEXSH, Fig. 6(a)D
BRI A TBB L UBET 0T » AV &ieh, SH6IT
FLWELEHTOY—AT BT > 4 Vi, Fig. 6(b) T
FTHRHRICTA 7L oV AF v Ve xiis LUz hm O
Whim) TAVWHERLC, TO/KBER, VA U—Ki335
mmEE L BEL 6N, BERAROELD 7mm BE £ T
TR Bl A A=V BRI 5 I TES, ThITK
DEEM IR A A=V v T DBOZER 5 e i L L 7z,
iz, BEHERTHVAIBEYROBE, F=1 (F
O &=1inch, E&LFEHEf = 1inch) O#hA L iymE
BrHWA L EAMETHELIETEE L Z£200um O T
UTICENHRS Z ELHERL TR, BESEEEICKE
T LIEFIUNVEER COTRBMNAEENTTRE CTH 5, fBIC
LIEEHIE LT > TWwb, ISIR THZ-FEL (37 V¥ =
V=2 AW TREL TW5 T EBI9I7% DKFET A
ICEBIRE ¢ AEMREE & 7> T 5, OB E A
WCFig. 7(a) T KD ICEAS § A AHDO0E (1/4) ¢
NIEMAREDOERIC LD IREAFRTE %, HEKS
N/-FEL#HUOTAY—27 Uy FRETFEZRBIE,
DEIERIC & % E@EE OFAL % A% &, Fig. 7(b) THR$
DI HBEENMHELLTHL D L0 L < F180F

60 70 80 90 100 110 120
10| HITRAN

bl
[

o
(=}

(=}
T

Transmittance

5}

60 70 80 90 100 110 120

Wavelength (um)
F

g. 5 (Color online ) Water vapor absorption spectra by
HITRAN simulation and THz-FEL spectroscopy.
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Fig. 6 (Color online) The beam spatial profiles of the ISIR FEL (a) taken with a THz camera for the parallel beam
(left) and at the focal point (right), and (b) the spatial resolution measured with the knife—edge scan around the

focal point.
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Fig. 7 (Color online) (a) Generation of circularly polarized light by re—synthesis of linearly polarized light and (b)
confirmation of polarization degree of recombined THz wave by wire grid rotation.
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Fig. 9 (Color online) Comparison of transmittance spectra of Cu,O and CuO, and 2D images of Cu,O and CuO pellets
collected in transmission at several THz wavelengths.
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Fig. 10  (Color online) 2D images of Cu,O sample collected in reflection alignment at several THz wavelengths.
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Fig. 11 (Color online) Reflectivities of Cu,O at several points by in-situ micro-spectroscopy.
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Fig. 12 (Color online) 2D images of a fresh leaf collected in transmission at different THz wavelengths.
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Fig. 13 (Color online) 2D images of a dried leaf collected in transmission at different THz wavelengths and different
FEL powers.
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User experiments using THz-FEL in ISIR Osaka
University
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Mihogaoka, Ibaraki, Osaka 567-0047, Japan

Abstract A free electron laser (FEL) is based on synchrotron radiation emitted from an insertion light source
with an electron linear accelerator, and has characteristics such as wavelength tunability,
monochromaticity, high intensity, pulse property, polarization property and the like. A FEL in the
far infrared (FIR) / terahertz (THz) region is expected to bring new discoveries to the interaction
between materials and electromagnetic waves as a light source covering the missing region so—
called ““terahertz gap’’. In this paper, after introducing the current experimental environments of
the end station at ISIR THz-FEL, several recent research results are given.
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