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Fig. 1. Experimental setting. The laser pulse incident on the front surface of copper foil with 5°. The helium
gas nozzle is behind the copper foil. Thomson parabola spectrometer is laid along the normal of the copper

foil rear surface and the electron magnetic spectrometer is laid on the front surface.
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Fig. 2. (color online) Ions and electron energy spectrum by experimental instruments: (a) The proton and
helium ions signals getting by Thomson parabola spectrometer, and the recording media is image plate;
(b) helium ions energy spectrum obtained by Fig. (a); (c) hot electron energy spectrum on the copper foil

front surface, the hot electron temperature is 0.79 MeV.
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Fig. 3. (color online) PIC simulation setting. The CH
target with a density of 30ncc is located from X = 20
to 25 um, and the full ionization helium gas with a
density of 0.05n. is behind of the CH target. The
laser pulse enters the simulation box from left bound-

ary normally.
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Fig. 4. The energy spectrum of helium ion and electron by PIC simulation: (a) The He?*t energy spectrum

at the simulation time of 2.5 ps; (b) the hot electron energy spectrum at the simulation time of 1.6 ps, the

hot electron temperature is 0.85 MeV.

Fi 2 G RURL 7 RIS 5, X 5 Al A5 1 S R
FRADF. K7l FOR R T AN BN TG,
R4 ARG A8 B3R (RS0 X 3.

Kl 4 2 Fik PIC #4045 2 (1) He?+ Al L REE.
BEAUAS 21 1) #7052 09 0.85 MeV (Kl 4 (b)),
ez 45 R (0.79 MeV) — 3. BIERIMAE T
RETE (K4 (a)) BRTE2.5—3.0 MeV A & [X 5] 4
LRI LS, HERio A3 B He? BRI —8. BT
PIC B4 R 5 sib 45 RA R &, Rk ar DUAE Bh L
(ERCEVEEE S SAES G iR I LA UL /LS U )

P 5 AN 18] 9 1.6 ps N % FE L HL 5
FEE DL R B8 1 B 43 A {5 R, T X 2 A E n] DA
fife 68 A BRI 5 [ A - RSB A AR =R AR
BT R, Eok, B REOL S BRI AT
/R, I T x Bnd 161 L3R sk 7] S 3
PR AR A IR e R R T A A o A
RAERBEK. B5 () FRIETHES M (BE
Sek) o [ AR R A T K (1 R 0 R 4
PEEX = 2025 umAb). SR)E, [E/RHE AR
Ak SR E RS S TR S FIERR, IEEE T
Bl 5 (b) B & T HHE R RS T IE 75 2 A
B Bt: TNSA BB FIZE CSA BB

7E TNSA [ B, [ 4 ¥ b I Ak H R 16 28 7 %
HREE T, HEd A5 InEEE T
K5 (b) b T X > 35 pm X 8] 1R & 18 28
iz LR I, 7528 CSA B B, J# it TNSA
HUBESRAT 0000 T8 ) 2088 2 78 AR 1 23 ] X
R AR R, TR RS ARA TG Rl i 7 PR oo U8 110 5 .

B5(b) BRs S FEX = 32 um kbR A AT, 3k
PR R IR, RN RE RS bk BRI SRR, TR
5 (a) FHIFEIFIALE (X = 32 um Ab), 255 FH
TEE KRR, AR FERER SR . Bl 5 &
71N R I G ST Rl A8 v o e RRAIE S 2 M Tl e
FE o 7 U R RFAE AR ABA, R B — AN 23 Xl
B: Tl v o 7 2 B AR B AR B (B
BRIZIK) K AEFERL (SRR B2 B TR TP I 1)
TV B, T4 3T ik 4 i fL b e 2 F A2 R A
FEHL (5 B & ) TR R . X Ph 2Rl b s
W —RAE & INEES S TR AR KRE L%
i A4 Hy g (s =21,

bR PIC BEAULAE w1 %5 B CH ¥ AT 3R 1 5 A I
TR B T, X 2 B T g FD ROBE Tl ik o 5 B2 /N T
5 x 100 W/em?, X P FE oL Bk — M A 2
PR E T B TR, (H R S R IR
FEE (RO ok i 5 [ A B R I, 5 (B IO 0T B R
AR WIBOG 2 A B B TR, 7= A R 2 1) T
SR NEIE % B B T B AR, i
FE TR RBOLH B, AT 2 e
T TR A E MR ENEE T M
FATVRIH 4k PIC BLAUAT T AE — 58 THAE 55 11K 11
SR, AR AR R B O Th R % 1L
K&, £ 3 BB HE B, /£ CHEER]
RN INEERREA T pm (705 5k, H 11
SREO REE RO, B SR F RO D 3 8 B A
1 x 101 W/em? 22463 1 x 1020 W/cm?.

085201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 3 2 )  Acta Phys. Sin. Vol. 66, No. 8 (2017) 085201

)2 T R, T LA b RE R DN 25 MeV i
ME LB SR TR A, A TR A g R T DL

X101
10 2.0 0.10
b =
(a) (b) X =32 pm X =35 pm
1.5
0.08
5 1.0
0.06
0.5
Q
g g
= 0 0 E 0.04
—0.5
0.02
-5 —-1.0
—1.5 v
—10 —2.0 —0.02
10 20 30 40 50 710 20 30 40 50
X /um X /pm

K5 (MR M) BN (a2 1.6 ps M IE Y, BT HEULE TERENM () # 8 B, MR, Ghs bz
V/m, Fp RSy X U5 R BT B (TR Y U7 EEATF3Y), % BE{H (arb. unints) B ELG (b) &7 AHAS 50,
Ho 4Lt SR € 5 43 3R HY R He2

Fig. 5. (color online) Distribution of the electrostatic field, electron density and ion velocity at simulation time of
1.6 ps: (a) The spatial distribution of electrostatic field E, the unit of the colorbar is V/m, the black solid line is
the profile of electron density along the X direction (averaged in Y direction), and the electron density (arbitrary

units) is logarithmic; (b) the ions phase space profile, the red and blue point represent Ht and He?t, respectively.
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Fig. 6. Helium ion energy dependence on laser intensity: (a) The He?t energy spectrum at laser intensity of
5x 1012 W/cm?; (b) helium ion maximum energy dependence on laser intensity, the squares represent the maximum
helium ion energy and the solid line is the fitting line, the triangles represent the hot electron temperatures at

simulation time of 1.6 ps.
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Abstract

Laser-driven helium ion source with multi-MeV energy has an important application in the field of fusion reactor
material irradiation damage. At present, the generating of high energy helium ions by relativistic ultraintense laser
interacting with helium gas jet is the main scheme of laser-driven helium ion source. However, so far, this scheme has
been hard to generate the helium ion beam with the characteristics, i.e., it is forward and quasi-monoenergetic and has
multi-MeV in energy and high yield. These characteristics of helium ion beam are important for studying the material
irradiation damage. In this paper, we propose a new scheme in which an ultraintense laser interacting with foil-gas
complex target is used to generate helium ions. With this method, we perform an experiment on XingGuang IIT laser
facility which has three laser beams with different laser durations (nanosecond, picosecond and femtosecond). In our
experiment, we use a “picosecond” laser beam. The wavelength of this laser beam is 1054 nm and its duration is 0.8 ps.
We use an off-axis parabola mirror to focus the 100 J energy of this laser beam onto a focal spot of 25 um far away.
The laser intensity reaches 5 x 10'® W/cm?. The foil-gas target is composed of a copper foil with 7 um in thickness and
a helium gas nozzle which is behind the copper foil. The helium gas nozzle can generate a helium gas jet with a full
ionization electron density of 5 x 1019/cm3. We use the Thomson Parabola Spectrometer to record the helium ion signals
and the Electron Magnetic Spectrometer to diagnose the hot electron temperature. In the experiment, the laser pulse
interacts with the front surface of the copper foil and generates lots of hot electrons. These hot electrons result in the
expansion of the rear surface of the copper foil . The expanding plasma accelerates the helium ions behind the copper
foil. The experimental results show that the obtained helium ions are forward and quasi-monoenergetic (the peak energy
is 2.7 MeV), and the total energy of the helium ions whose energies are all higher than 0.5 MeV is about 1.1 J/sr, and
correspondingly the yield of helium ions is about 103 /st. The helium ion spectrum and hot electron temperature given
by particle in cell (PIC) simulation with using the experimental parameters are consistent with the experimental results.
In addition, the PIC simulations also show that helium ions are accelerated by target normal sheath acceleration and
collisionless shock acceleration-like mechanisms, and the maximum helium ion energy is proportional to the hot electron

temperature.
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