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Abstract of Thesis

Laser wakefield acceleration (LWFA) is capable of accelerating electrons to high energy in a short distance due
to the strong electric field inside plasma wave. This characteristic makes it feasible to develop compact free
electron laser (FEL). Preparing high quality and reproducible electron beams for the undulator of FEL via
LWFA remains a challenge. Quasi-monoenergetic electron beam can be produced by the shock injection
method since the electron injection is well localized. However, the electron beam quality is sensitive to shock
front properties.

This work focuses on the development of plasma targets to deliver high quality electron beam suitable for
extreme ultraviolet FEL. The experimental and numerical studies show that shock fluctuation has a strong
relation to the stability of the upstream gas flow provided by the supersonic nozzle. By employing a stilling
chamber and meshes into the gas flow, the effect of turbulence and vortex structures in the gas flow are
significantly suppressed in both simulations and experimental measurement. The corresponding fluctuation of
shock front can be reduced from 20 pm to 1.5um. Reproducible electron beams with charge of 20pC, peak
energy of 370 MeV and energy spread less than 2% are achieved on the LAPLACIAN platform in RIKEN
SPring-8 Center, Japan. The pointing fluctuation of the electron beams are 0.5 mrad. Such electron beams meet
the requirements of future extreme ultraviolet FEL experiments.
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7w U B : Study of Gas Target Instability Effects on Laser Wakefield Acceleration
(L —F— WG INE I I D AR A L2 E M DRI BT 2 HF90)

AT L —F — iR NE  (Laser Wakefield Acceleration:LWFA) 2 X A EF E— L ZERE) v —
AL LI RE s (XUV) fEi o B - % T L —W%— (Free Electron Laser:FEL) D ¥4E % H (248
Fle7ue =7 MIEOT, 2O FEL BIRICE RSN @B OWEHEAE v —AE2ERT 57
WDOHAY =y NI T AR EREL, TOH AT =y 87T A< L LWFA &1 B — A D
g ZEMEOMEE LML TWD,

LWFA X, BEREL —V—C 77 X<vDMHEEHTHEESND 7 7 A EDOBNELZIZLD
B EEEHTET RV —FTIET L2 EMNAETH 52 FEL BIEICERI N2 @i E 2 E T
INFXF—BFE—LERZEIAERT DICE, BT 7 XORBEREER S, REMR I TN
BEN S D, HIEEIIAMRICEWN T, BESMOHIEMED RS WEN T 7 X~ AR T 5 72128
ERAET I 2 —va 2N TENNOBERIROMITZEmL, ZhETEEINLTWRNS
T2V ZBREY D A EANCER T ABE RS AT = MENOBEN 2R LEMEN T T X~ ER O
R HOMIMICHEZDHELHOL NI L, £ LT, ZOMEEZMRT 2008 LWER ) X
WV E PR REME, ERICZOFLWVER ) ALEEA, ZhIZXk o> T LWFA 17— LD NE
EREM AR R B S, REIICIE LWFA EBI23 T, XUV f8 D FEL 2R % M7 5 12
ol

FEEHE 1L, LWFA OB ORWEfEZ X — 2|2, MAD T FAVENEER L, EOT7AT AT
ERMFHEICL > CHEE, TOMAZHANTINETIZARWH LT 7 X< EREE % JE L &R
JE L — W — KB & R, RAKIICAFE BEE TdH H LWFA X — 2 D XUVV-FEL DR IE % iR T HICE
ol LW I XAIBPEFICL - THELNTZETFE— 23 HAD LWFA 320 CTH hy 77
TADMBE L REMDOBETFE—LE LTSNS, HEEHEORI LIENENL, 4%, RO
LWFA WFZEICIRS R LRES BT 22 ERMHFESN D, 25 ORCRIT =8 O B S B &b
FrRFE-FH L L THR (XUV #EIK T FEL BIROERIZOWVWTITHES) ST DH, Zib DK
RITK & e fF i ICfET 5,
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