Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

PASJ2019 THPIO11

BREFL—F—THRETIEYRLT M X RAETR

DEVELOPMENT OF A HIGH-REPETITION-RATE ATTOSECOND X-RAY SOURCE
BASED ON A FREE-ELECTRON LASER

Pl RSN KFIRIEY, JIVEZEE Y, KEEHY, 255D,
FJNZESE 9, \RE O, AN O, BHENY, 555"
Ryoichi Hajima * %, Ryoji Nagai”, Keigo Kawase”, Hideaki Ohgaki®, Heishun Zen"”,
Yasushi Hayakawa®, Takeshi Sakai®, Yoske Sumitomo®, Miho Shimada”, Tsukasa Miyajima”
~ National Institutes for Quantum and Radiological Science and Technology

5 Kyoto University, © Nihon University, » High Energy Accelerator Research Organization

Abstract

A research project has been launched towards a high-repetition-rate attosecond X-ray pulse source, which is based on
high-harmonic-generation (HHG) driven by infrared free-electron lasers (FEL). In the project, we will establish basic
technologies relevant to the FEL-driven HHG. Two infrared FELs at Kyoto University and Nihon University are utilized
as test beds for the R&D. Wavelength tunability of FEL enables one to explore HHG for cutoff energies above 1 keV.

Plans and status of the project are also presented.

1. [XL®HIZ

R L — P — B A T AR LT RIS IR L2 &
WIRED BiE T IREL L) O @i 23884 35814
I E. IR E R 4 (High Harmonic Generation; HHG)
ELTHIBN TS, HHG % 21X, BRIV D7 = AN
L —H—ZH\T VUV 7S X BROW K fEI T 7 M<
NWAEAERTEDHIENG, EWNA TR I HFGE 3 2
EhTnhs (1, 2]

HH &L —%—(FEL) & HHG OfA 5 b Tlk,
WEIZ, HHG By —R¥eLizv 7 /v XA FEL 8k
PITONTZHNHD, EFE—LDayh/AAXN5
L — W —% PR %1T9 SASE (self-amplified spontaneous
emission) TlE. FIEAXT LN ay N LIZ—E TR
e — L U AR AREETHLE WV ST=EBIT N H 5,
HHG %3 —RXE3 58T, BIRO PS4 2 il #3
HZEMNTE, SASE DT AR TE5, KR TIL,
vav T EDOAXINVEBIEICHEN RO,
V—RWEB AN T OV H TR E 7 RS R
Tz 131,

FEOFEBRLIT I, FEL TRALZRA LR
ZHANZESEL HHG 21752 G RBEMICFTRETH D
3, ZAIVETICEBR BT/, FEL ZBREhRE 75 HHG
% FEL-HHG LIESZEI295, BRL —%— (7= AN
L —W—) ZBRENR &9 A6k HHG LLbig LT, FEL-
HHG OFFIFREL 255,

— HIZ, FEL [3@E#IELNE S THHZETHD,
CRVE O#iEE, TE R HEA Of - & 751 o %
To7e HERE TR (41 2iE, B FREEINOR T v v %
BKRSIEHL, S%OEREET L/ E2 BT
CLTC, HiieEE RO FLEOLNTWD, ZOH T,
THRAL S VAL —H — L7 NVRL 2 | OWFSEEREE D — D &
LT, EREH CELDOERERT — 22 BF T 572D

# hajima.ryoichi@gst.go.jp

EHIEAL AT HNTEY, n—R~y 7 ORI
HAZLL T 1 MHz OFDIRUNERESI TN,

[E AL —H —CTEREN9%5 HHG 1T, L — — A
W REHZFORAMORENDHDLDITKL T, B2
ZHUALL . BB OWE DL — —Z B4R T5 FEL
TlE, AR ORIEN RN @0 R AZH R TH D,
V=T w7 TR TELEFE —LD#0 KL CEEERR)
WZIRRNRHY ., £, ©—LF 7 O HR e & B
FOBLEE, EHMZ HHG OM0IELIC EIRITHD
M, TR —[EINF) =T 7DD IZBRE L= E
B [5]. B NE 2SR [6] ZAlAah DL T, E
F T XLF—50MeV. 1 mA, 10 MHz &V o7-#ERkIT
FIRBIICFREE S 2 D,

FEL-HHG ® —-> H OF|SIL, FEEDOP K THHG %
1T2%6ZLThH%D, HHG OJFHIL, L —Y—ELHIZLD
FiH AR A DR FNAF AL, BIEHNTEIHL —
P —BIHICLDE T OMEEBR T ~OFFEALELT
BIHTCED (1, 2], L=Vl RENEDE B0
HEFE N <Y, HHG TRAETIHR K =L
F— (M7= X =) RELAD, F2, HHG D
FAENRERELTHEOIIT, AP EHT 5L —
W— L@ R R OO E OFEA S AT LTz
2 CAAHEAEA A B LD M EN DD, MATEEA %
72L& Clik, HHG DOH v b4 7 =R L ¥ — 5 A§t
L—W =R 1.7 TIZHAHIL TRELARDIEDN, i
FHELERTHRBINTNA[T, 8], ZIVETIZ, E
3.9 um OL—H—%H\\T 1 keV 225 HHG D¥A
FER[S]1AMTHOIVTWNDN, R H O IERIERE b D
HIBRZRE D=6, ZNIWEWVWEE T HHG FEBRITHR
EEN TR,

BRI @ Y F173 AT REZR FEL CHIZRAA D
L—HP—FIRAE1TV, ZNE HHG (R HIE, JFEE
B, 1 keV BLEDT M X #jA MHz D03 L CH Rk
ARECTHY ., HERDE KL — —HHG CTEIEAR A fE7R

742 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

NG A= HEE A 58 TED, bivbiud, CEEE
DI BRI T T 7Ly T F 175 5 (Q-LEAP) DF
$E%50F, FEL-HHG O JEfE S Bl o BRI IF 984 2018
11 A A% —RUT, AFETlE, FEL-HHG Ofifi /e
A ZAT o212 ARIFFE O, Zh ETOERR I
ERET D,

2. FEL-HHG O#=

HARZFT FEL Tid, B UL RITBVERE N
WO BEAERZITHT2D o IV ADE =553 53 EITHY
REND, DFED, W/ IV ADOREEENEZE R DY LD
BN Tp D, KO EENEZ IR CTRVIRLITH 7291
1L, ZO/NSIRBERE ORE N MLETHY | FEL RS
FEZ2VUESERELRTERB20, Zhva IR
E@:f%; =27,

BANUT MM FEL DAV TR (HRET YV al —H
I OR) LW S HRBRET T a—=7
DRESIZE-T, FEL ORIEIL, & F Ik HE (single
supermode) , U NFAT IV A ALZE L, 2SIV AR
DL ENEERI, FEBRIVITHED O HILTND[9],

HIRWMEDOT Fa—=0rNEn, +Hhib, ke
OFERRME T, MOBIRNIBZ5ZEM, FHF FEL ©
BHEH, 20%, ERFMERREIZ, @FE OFBIELY
EWERh R AR L, 2525(47‘/1’711/03@%1\/1/275)&
RSNDHZE7RED | FERREBET 2L —ar b
Mo 72[10, 1],

52, bivbiud, sweERFERIEICB VT, SN
7b>%ﬁ'rﬂ7)7:n/~m—7u$ﬁ (CEP) & FEAL L2155
T — R —W—%ufiE A 9528 T, FEL 7VLAD
CEP 2 Z LT FEEIRELZ[12], 2O I LT
BID, CEP L EALLTEY A7V DRI VAT
VUV 75 X ﬁ@%miﬂﬂzwmﬁ:éﬁfﬁé HHG O

BRENJR 72095, Figure 1 (2, HIVHOIUAEZLR T 5 FEL-
HHG DA Z77~7,
S e Mot

Undulator
T 1 -
AIEIectron wopﬁml ~> JWA

beam resonator Gas target

Electron
accelerator

Figure 1: Concept of the attosecond X-ray source (FEL-
HHG)
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Figure 2: Laser pulse trains for driving the RF-gun at KU-
FEL (a) before the laser reinforcement and (b) after the
reinforcement.
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Figure 3: Setup of a 4-mirror optical resonator for stacking
FEL pulses at LEBRA-FEL.
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Figure 4: Configuration of a mode-locked fiber laser
oscillator developed at QST.
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