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Abstract

Femtosecond pulse radiolysis has been developed at ISIR, Osaka University. Pulse radiolysis, which is transient
absorption spectroscopy using electron beam as a pump source, is a powerful tool for observation of ultrafast
phenomena. Pulse radiolysis of tehahertz (THz) wave region would expand the variety of observed transient species. In
the present study, pulse radiolysis using THz probe light was realized by a double-decker electron beam based on a
photocathode RF gun driven by two UV laser pulses. The double-decker pulse radiolysis of THz wave region was
applied on the observation of quasi-free electron in semiconductor of silicon.
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Figure 1: (a) Schematic diagram of generation of
femtosecond double-decker electron beam. BS: a beam
splitter; OD: an optical delay line; S: a shutter. (b) Picture
of laser injection system for the photocathode RF gun
linac.
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Figure 2: (a) Double-decker pulse radiolysis using
double-decker electron beams for THz probe pulses.
Beams of “L” and “B” were utilized for the generation of
THz probe pulses and irradiation of a sample, respectively.
OAP: an off-axis parabolic mirror, M: a plane mirror; BS:
a beam splitter. (b) Picture of the sample irradiated by the
pump beam (B, solid line) and beam for the generation of
probe pulse (L, dashed line). (c) Picture of pulse
radiolysis system in a low-vacuum chamber. Lines denote
paths of electron beams and probes.

3. EERERLEE
NIVAZOFH T AT, BRIV av
(380 um &) IZBITHE T B — AR X 5iE¥ER
TR T T~V R ORI R 2 B U, JIEIE,

KIZE DT T~V EORWEEZ < T-HICIKREZEF
TiT-o7, 3T T~ E Wz LR
FZIUF IV AOREMKETRT, K @iz, An
A= IO HTEIEEIERER] (0D2) K727,
777U, ot ABEEE (0D3) Tk ¥ —/R—R k
DI KIEEDFDIVDNLEN D 4 ps BTN E (2
ELlZ, =D, L & Bli. ThEh. HFres

EHOBEBTE—LERABEHETE—200 T
WEFAE L T-REORMERH 1% "d, LB 1L, 2 DD

BT E— AZRFFCBRAE LZRORHBH I TH S,

DED 2 OB FE—LEFEL., HIEULA
NEAEFE—A X0 HEBSRBHIAR Lz & &
(2. WER IR T T~ LY BB R OB N LB CTEL
s (=20 ps) . iz, K 3T, SHTEHNETF:

BIEA 50 ps (Z[EE LIZREDE > & —/3— R MM
BT, v F—7 20l 7 AOHEREERT,

AH—=T7xal T AT, AuA—=2HIO5H

BEigs (OD3) BEhhEHkiFtEThy | I nbd
T T~V WO FEEEITIE U TRB T 280355

Nb, Flo. A —7x20lT7L50DH—I"—
A MEEIZHB T A2EOBSIE, AT Mro A
(REI8) EEWwiERT, ZoMEIX, § B
7 — U RBUIER O @R E TORIEFFHOZ &

- 980 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

IZHET D, EBIA v EZ—Txal T DT —
i%@@ﬁ%ﬁﬂ%d%\Lv&LB%Lﬁmﬁ

= KB Mgt T5E, T~
V@meabw@ﬁﬁﬁ%i TROkHIcES
"o,

I=¢[LB-B], (1)
I, =F[L]. @)

T I Lk LT, ERER, BEAETE— LN
ﬁéﬁ&ﬁwﬁ®%?«wy§ﬁx~ybw%ﬁ¢0

FITRMERICB AL v ¥ —T a5 LD T —
)1W@%%T X 3(c)z, S E— a0
D LEENEDOT T~V AT MV (I L) &R
I, FHETIE. M3k ESNTA v E—T =
0y I LDT7— Y EBREITo T, FORR, i
HEFE—LDH AL EONRICT T~ LY B A
N7 MVZENBRIS ., BEAETE—LA0E5
RFIZEIE AT NVIRE DR/ B B E IR oTz,
RV—FE7 VT, ARETEELZHNT, 7
T A= BEREC B E I BT A BATR O & i
%’)’ ENTE D, ZTNETIT, EBEFEHE (29 %)
IZBWTIE, Y X 2@ EN RS BE T BE
AL T T~V S LD EwR ST aliel) K
MDA, vV ary ERICHERBREFNET
v —AMBE kDA A AR ;Diﬁéh(fix
< JEPEL BN . T T~V EEENIC BT BRI
DREHR (:*éﬁ?aé%) DI XV T T~y FHiR
DORD PR ENT=, Fiz, ALY, 2 2D
B E— A ZHWTZREE SR (5 fFRE - 2L ps) - JH
Wi (#iDH : 0.5~2 THz) DT T~/ 43 ﬁ%%
AWV AT O ADHEIERRENTZ, &
%, 7T~V W%%%thwX7/ﬁ)/X

DRPER DB « HREIC LD, BT E— 45 t
Kié*%%¢%i@&ﬁm Téﬁﬁm%

B XA F I 7 2RO EIT > T,

4. FEH

HTNT =SV AZIF ) RAEIRL, T
TV R E W VAT A ) v A DRFSE
%ﬁot077~wv SHSE L 20z ib\%ﬁﬁ
R a BT HETE—LBEIC X D EIER
7~wy@ﬂ4ﬁ&#ﬁﬂéhtoit\$ﬁn
W2k, KRR (FERE - B ps) - A EU iR
(% l 0.5~2 THz) DT T~V SNt % iz %
NWAT A Y A GREWIE) OFZERR
SN, 5%, L= koot L2 E W
NV ATGIFY A EMBEDLELZLITED .,
E— ARG K D A A AR AR T 2R 7R E
%homf Hiz7e 8y ansd BT v— ARG
OB Z4T 9,

AWML BHAFE (21226022, 23109507 |
25870404, 26249146) . Rt (PEFRMT) | KEA%
B2 e Bk (FEAME) ok ZEEZIT £ Lz,

PASJ2014-SUP017

=
- LB
=
2
-
= 1
o
B
0
0 50 100
Time [ps]
6 8
(b) 0OD2: 50 ps (C)_ % OD2: 50 ps
! T 6 A T
& s \ ‘_.1)
% /g 4 \
g 2 / S \x A
E % L \7 et BE ™\
Lecsosense ™ ssconsnnd JARNARAY
0 rd .o B . > - '\:‘:\M:‘:\(
2 a1 0 1 2 0 i 2 3

Time delay [ps] Frequency [THz|

Figure 3: (a) Bolometer output as a function of the optical
delay (OD2). Sample of high-resistivity silicon with a
thickness of 380 um was investigated. Electron beam
conditions for LB, L, and B were controlled by the
shutters. Decrease in output of LB was observed at a time
of ~20 ps. (b) Interferograms in the case of the optical
delay (OD2) set to 50 ps, which is a condition of transient
decrease in LB. Interferograms were obtained by
adjusting the optical delay (OD3) for the THz
spectroscopy. (¢) Frequency spectra of I and /o in the case
of OD2 set to 50 ps according to Eq. (1) and Eq. (2).
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