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Fig. 1. The layout of 200-T'W laser system.
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Fig. 2. Schematic of experimental arrangement for laser electron acceleration.
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Fig. 3. (color online) The spot profile of the laser beam.

3 EREREGHM

PN b i L W T 7 s ]
(B TEa ok 208 BAs e ) 298 1.2 ms, SR
ok ¥t 5 38 AR EL A P IR T) R e S S 2 A % 4 o
ORg BE = TR, SEE6 A ZERF SR A 1.5 ms, BPOE
FES MR JG 1.5 ms NS &R X IR, IE T
=i dlr R G b, R AT DURS 4% SR S
Sk B A X AL R B A T e, AR N
0.3 mm, 5KMAHN5°, KE 33 mm, Al 24K AR
5 mm B X IR B RO T ) B R E)

FEES N 20 mm. SLES IS I He B4 T
1% [ Ny, T £ ~30 bar (1 bar = 10° Pa), fEif
BB R 7 2.4 mm Ab 28 O LB TR R LN
Ne = 4.7 x 10¥® ecm ™3 455 TR X . W&,
WAL 5 WO M ZE 5 E N 20 ps. 1E R,
Bl 425 7 15N 30 bar I, BEESIBTHE T 77 2.4 mm
Qb O B A T Xk % B PR R L 3
LA
SIS ROWOL T F (B R WO B R
BEEFEE)NI TW, £FE An, = 4.7 x
10" emPMEE FATEOLK B REREN
Peit|GW] ~ 17(wy/wp)? = 6.3 TW (KA w, =
(eQne)/(Eome) wr, ABOCIER), FmmEosE L
Al Dl B R ARG B R . iR 4l LWFA
g P X AR E Leten ~ (0} /wd)er =
2.78 mm. ‘F_E;’%%Iﬁ‘ﬁjﬂ
1018 2/3
np cm— )

AE[GeV] N”( 100 )1/3(
<)\me> — 0.283 GeV,

55 S o N R B A N3 FE T RE B R A — L

—0.2 0 0.2 0.4 0.6 0.8 1.0
Y/mm

Intensity /108

X/mm

0.2 0.4 0.6 0.8
Y/mm

4 (MFIRA) 55N 30 bar, BB T J7 2.4 mm
b, (a) % T BRI (b) SR 3 2 FE -
Fig. 4. (color online) (a) Raw image of interferogram;

(b) density of plasma inverted from (a).
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Fig. 5. (color online) The original electron spectra of (a)—(c) different shot number with the same experiment
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Abstract

Electrons can be accelerated to a GeV level in centimeters by plasma wakefield driven by laser. With the develop-
ment of chirped pulse amplification technique, the accelerating field can reach 100 GV/m. The laser driven wakefield
acceleration experiments with ionization injection are carried out using 68 TW (1.7 J, 25 fs) laser and a mixture gas of
99% He and 1% Na. In experiment, the output electron beam has broadband spectrum with a maximum cut-off energy of
about 290 MeV and a maximum output energy is quite stable in a certain range of laser focal positions. Two-dimensional
particle-in-cell simulation is carried out. It is found that the longitudinal phase space is occupied by the continuously
injected electrons and the phase space distribution is quite stable after the laser has propagated several millimeters inside
plasma. This acceleration process can lead to quite stable maximum output energy of electron beam. These experiments
reveal the physical nature of continuous ionization injection, which is very important for improving the performance of

ionization injection.
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