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Fig. 1. Target normal sheath acceleration regime.
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Fig. 2. First experiment of ion acceleration in the TNSA regimel?”: (a) Distribution of proton emission from the rear target; (b) ex-

ponential energy spectra of accelerated protons.
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Fig. 3. Energy spectra of protons and carbon ions accelerated
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Fig. 4. Experimental results of laser-driven high-power protons in RPA regime: (a) Maximum proton energy as a function of on-tar-

get intensity of the femtosecond laser pulses™; (b) energy spectrum of protons employing picosecond laser pulses!'®l.
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Fig. 5. Experiment of CES acceleration®: (a) Experimental setup of collisionless electrostatic shock acceleration after tailoring the

density profile of the plasma; (b) quasimonoenergetic protons and carbon ions in the spectra.
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Fig. 6. Experiment laser-driven acceleration using a double-layer target 7 (a) Schematic drawing of the cascaded acceleration pro-
cess; (b) protons and carbon ions spectrum for: with CNF (black lines) and without (red lines).
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Fig. 7. Magnetic vortex acceleration regimel!%,
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Fig. 8. Schematic of the electrostatic capacitance-type acceleration regimel''?: (a) Principle of ions acceleration; (b) three dimensional

PIC simulation results for three different pulse durations.

084102-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 8 (2021) 084102

XPEOGHIX R RPA HLHIAEE &, OGS
BT RIRE R H LA A .

% LR E AR FE R B AN IE

PAZ B I A2 R T RO L FEA, —
B ARAGHE L 100 MeV Y = BE A — &
ME. SRR R UGH i 2 AN B0 AR R I
KR T I B — AP | A LS. 2010 4R,
Pfotenhauer %5 M4 47 7 —Fp g hn s 77 %, 0
Kl 9(a) B, 38 48 SO P R § T #0559 2 91
TNSA hni. 5558 — KoL S % — 2 A AR
M, i TNSA L= A4 MeV BT, 451
[ A 2 20 2R, 55 oL 58 2 A
HAEH, 7ERE A 82 3, XTI A
HFFES G I . 251 BA S B R, HfA
BT T2 A2 B, B B sk —2P A 2
B TR AT Y BT 2 o S A Ak, AT LU fE
TR —RRE RE R B oA, A 9(b) Fs. i i i
T SR ) JESR B R] R DO S BE T 2R A T4
P, AR, B2 s, M FREmIA
BR 0 1) R T L

(a) JETI laser
: 0.8 J, 80 fs

- V BS (60/40)

3.5

Delay y
stage g

B (TIIIITT}

MCP  Thomson
spectrometer

b
( ) r  Compound proton spectrum
Spectrum without

.
T2-background
3000 —— T1 spectrum
~— %ﬁp
)
=

> 1000 F

Number of protons/
(0.01 MeV-psr—1)-1
SJ’
an
an" &=
- LY g
r-d

300 ) ) ) ™
0.6 0.8 1.0 1.2 1.4 1.6
Energy/MeV

B9 Zg TNSA Jins 5
R A

Fig. 9. Multi-stage TNSA acceleration/''¥: (a) Schematics of

experimental setup; (b) energy spectra of the proton beams.

(a) SRR I (b) R

Ji T AR AN 2k S A 5 K Pl G B n &
2018 4% T SCHIG A5 (19) A5 S v, ) FH 7 S5 B Oy
7.7 x 10" W /em? (306 S8 5 LA 12°, 4098 A ST TE
4 pm JE )48 FH K 200 nm JBF BB 2 A
JREE, SZER T S TNSA hnss. SLie s g oR, i
FHIEREE 7.0 MeV B 5] 14.4 MeV. flif]
F R UL 5 SR e W, AR ORI — B SR a0 = 251

ZAF T, R X Fh O 3k AT DL AT B R Lk RE
1%h@V%ﬁ%ﬁ

FUEBUS TR R, 26RO s A
VFZ RO R 8. B, 2 F i b i ]
A RO GRS A RS B s, X T BRI T
TR b, HOR, B TR 2 g0ma fE
ARG A AT . B AN R T RE I AN
F . KX TR 22 7 FH R U T BE R EL g S Y B
e, BRIEOGESSASEOCRRER R IEH, £
ﬁ‘ﬁ%ﬁﬂ%ﬁnLﬂ%ﬁﬁ%ﬁ“Eﬁﬁaiuz/\:“cﬁii mA

REPRAFAR R B RE I 25, WA R, ATREEA
PULES 3 IS K= ULL%IHJ R P, I8 T
LI TRARR.

KB R BX 03
2006 4, Toncian 55 116 | KA 28 T —
P BT AR A T R AR R R B BUPNH Tr &R.
AT o B BRSO K AR FAE R A 3 mm A
S B L, RN R AE R IR NN, 7R
AR T AR A S [ LT, A 10 R, 2
K AT 55— Ao s 0 T G A B,

(a) CPA,

Divergent

CPA ion beam
PAy

3.6

RCF
Hollow stack

cylinder

Focused

Proton production foil fon beam

Debye sheath of
hot electrons

-0 ©

Initial stage Expansion stage

F10 fIOKAE IR i el
I B G T I

Fig. 10. Cascade acceleration with microtubes!''%: (a) Sche-

(a) BOKEREIE; (b) AT

matic diagram of the scheme; (b) space-charge field irradi-
ated by the CPA laser pulse.

084102-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 084102

PR FRE e, BT Re A AL
AIRAHRAERTT. 2017 4F, _IEASEA: Wang 4517
FEREA R R, R OB EFTE 1.6 pm A9
HAJREIMEE, R TR EISN, BT LA TV /m
MR R, AR R R H 10 MeV
AN 17 MeV, RERH 10% FEARF] 4.9%, I+ H A&
PR RBORAE KB, 7 iU E RE A 15
B

2019 4F, He 45 V18] $2 W T —Ff Fi) i 6 Jo 8 33
ek pIR 5, SEEL A PIE TN TR, &
T By B AR B 7. anlE 11(a) B, 5 —Fr B
it PW. JRNEOE S 5 — BURCKR AR, R4 B
TR T AR A, AT DL A i PARE R U
TR 55 BB, BIBR TW ., “EMROB/E 7
B AVERG I, WY REIK S R LR,
A HL R Bk on) T A T BN & 11(b) A5
SRR, WP BT EBE R 123 MeV, —
R I RE R A F] 151 MeV, RSG5

—
ni/ne
N
—
o
|

0 . fs laser Cascaded E;, field
0 ) 100
@/nm P T
‘. s e
ps laser s Ion beam

Magnetically-induced
acceleration

WUL Surface current

Primary ions
[N ]

&
@ &

@ ¥

Shock acceleration

fs laser
MAntennaCascaded acceleration

B Aol Eg T g s 52 1

F] 181 MeV, % — K fig & 1 25 KAMEAE 30 MeVZE
i, BRRE R ALRCRE N 2.1%. X PG
%, TR A RIS R O AR /N B R RO
Al R B T A2 1 ADOE, BBS AR =l R BT
W, TR AME T BN A R AN AT 3k A (AR T4
&, ARITF T ARE 2 WP, XA L0+
BT X HBO R RE R KK, HATrHA %
PR ARMESE .

3.7 BT /FE

Kar 4§ 19122 £ Bardon 45 1231 $2 H —FF FH
TR A 1Y 5 N Ty 58, N T B2 RO R AT
[Fi] B 552 95— SR A e B e 1 L 9 R .
Bl 12(a) A 12(b) Fios, WO SHEAMAHEETAENE,
HL - I R 10 O, TR R )2 a3, AR TR
SR T AR S R . Rl B TR
FL 0T, T AR SR 1 R far S i T 4
A VTR A A R 1 HL UL Dk e, TR %) e R

® =
§ 2nd cascade
200 <100 -/
%
<
st & :
> )
=
>~ 150 |
]
<
E
& 125
100
— Single-stage
75 L —— Cascaded
2 3 4

t/ps

(a) BORAE X 07 #EAT G (b) Bt 7 #Uk B A i 7

Fig. 11. All-optical cascaded ion acceleration schemel''®: (a) Post-acceleration of protons in microtubes irradiated by femtosecond

laser; (b) time evolution of the maximum ion energy.
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wire; (b) schematic representation of laser-excited electric field inside the coils.
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double-stage post acceleration.
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SPECIAL TOPIC—Ultra short ultra intense laser plasma physics

Experimental progress of laser-driven high-energy proton
acceleration and new acceleration schemes”
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Abstract

The acceleration of high-energy ions by the interaction of plasma with ultra-intense laser pulses is a frontier
in the fields of laser plasma physics and accelerator physics. Laser-driven ion acceleration has achieved great
success and triggered plenty of new applications after nearly twenty years’ development. This paper reviews the
important experimental progress of laser-driven high-energy proton acceleration, discusses some critical issues
that influence the acceleration. It also gives an introduction to new acceleration schemes developed in recent

years, which promise to generate over 200 MeV protons.

Keywords: laser-drive ion acceleration, laser-driven acceleration experimental results, laser-driven

acceleration schemes, laser plasma accelerator
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