Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 FRP2S

BHEFL—Y—TERE#HTHERYRL7MNATFEDIZ: 2023

RESEARCH TOWARDS ATTOSECOND X-RAY PULSE GENERATION
USING FREE-ELECTRON LASER OSCILLATORS: 2023

P R—HA IS S, it ®, KEEP D, BJIF%% O, HiKE O
Ryoichi Hajima % #), Keigo Kawase®, Heishun Zen®, Hideaki Ohgaki®, Yasushi Hayakawa®, Takeshi Sakai®
A Kansai Institute for Photon Science, National Institutes for Quantum Science and Technology (QST)

B Institute of Advanced Energy, Kyoto University

© Institute of Quantum Science, Nihon University

Abstract

We have launched a research program on attosecond X-ray sources utilizing high-harmonic generation (HHG) driven
by an infrared free-electron laser (FEL) oscillator. As the results of the first five years of the program, we have improved
the FEL performance at KU-FEL and LEBRA-FEL to achieve FEL intensity high enough for HHG. We observed HHG
from a solid target and tunnel-ionizing electrons in gas, both of which indicate high-field photon reactions. In the present
paper, we report on the recent status and future perspectives of the program.
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Figure 1: Concept of the FEL-HHG, attosecond photon
source based on high-harmonic generation driven by an
FEL oscillator.
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Figure 2: Extraction efficiency of the superradiant FEL
oscillator. We plot simulation results with varying the
number of undulator periods, Nu, the bunch length and
slippage distance, L»/Ls, and the normalized cavity loss a.
Experimental results for JAERI-FEL and KU-FEL, and
parameter area available with the new gun are also
indicated (adopted from [8]).

LEBRA-FEL Tli%, EAOEHRIC LA MR M5
NRDOT=DOT Va2 —FEGEOEHNAT  FEL 5RE
DAL FZBNTCN, £2TL 2019 FFEICT Va2l —
AN D EF AT, FEL REDRIEZ X ~7-, BfE
FZE-TFEL MENKEUEL, R 3.6 yum 12T
I VAN TZ) DV AT FOVF =N 40 Wl AT
(WA HANE 7 w)) . SHIT, FEL 7 ULAR ORERE S
75 FEL 235 B FEI CENEL CONDIED/RIBS LT
[AYeN

3. ENFIHREER

Bk FEL 3R CrlREE 72~ 7= i\ VEE Y50 &I
LT, WO 5 EREI T,

KU-FEL TiZ FEL 7L 2% KK TENL-RSIC,
KBS Z RN BINESND, ZOF6IL, AR HE
#ir (FRVIKL 2856 MHz) DA THL, 271,30V A4 720
DITFNF —INEBITRKEV LR MGE S (29.75 MHZ)'C
RO, TAM, WAEEZEZ-ER, BXO, &
BlE D BB FRAT OFE RS | BARE fE s CTELI émé%
it HA—REHCLDHEICH KT 20 b
7o BN B EMGEER D A THNDDIT, 78
JV AR IR L DFFENTEL TE 5, K IR L O Y i

BN R R IR A EBILT[9, 10], Figure 2 1%,

JEIR T, 7SV AL H— NV TOE %#ﬁ%ﬂzrjxﬁa
H A —RERED R LU WD ENBUEAT O OHERR T
&7, BT & TR AE R A LT D2 LT AURDE
B, O, RN, B ILRE W o T SRR DTN
T&%, HHG FEBRO N AKX —/7 O H A7 A
DELND,

KU-FEL Oy¢atiuEliz i, AR TORNITR 22
W, HEE IS IS K AMIE Tk, KUIBD R0 8l
RSz, R 8.6 um @ FEL /)L A% N, i CH#E L7
[@r 1% N 2 F D (5 377 nm) 733707 LA L

WZHLN/Z, FEL 7L AT RV — LG BE DAR R
NI RVEHICHRTHZENRBINTND
[12],

FEL 7V ADOESCTRE DOFEAMIL, ho LV EREE
DTRNF— 3 DE A RE TH D, ZO EBROFEMIX
[1B3JICTHIEL TV,

-
N
=

—_
o
T
I
o

o
)
T

.
~
T

Norm. Intensity [Arb. Units]
=} =)
N (=2}

= O XN WN =
Relative Phase [r rad]

e
Lo
LA vy
(& N T T T ]

5 1.0 -05 0.0 0.5 1.0
Time [ps]

Figure 3: Temporal profile of an FEL pulse at KU-FEL.
Intensity and relative phase retrieved from autocorrelation
measurement are plotted [11].
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Figure 4: VUV monochromator developed for the FEL-
HHG experiments.
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