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Fig. 1. Lasers and solid planar target in the simulation box
(black wireframe serves as the simulation box): (a) Single

laser; (b) two lasers.
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Fig. 2. Sheath electric field F, curves over time at (a) the front target and (b) the rear target.
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Fig. 3. (a) Electric potential distribution averaged over certain time at the target back obtained from the data of single laser (blue

line) and two lasers (orange line) respectively; (b) the illustration of magnetic reconnection process.
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(a) 4.5 MeV ion distribution behind the target from simulation of single laser; (b) 6 MeV ion distribution behind the target from

simulation of two lasers. Particle number density figure plots on X-Y plane. Laser incident point is marked by red arrows.

R 3 AN, B TR A IR A FRAY, BT LA
B N R [E1 DS Y = s o (T o W5 v O = 2 =
Tor S AE & 25

T N E L RIE b A 25 1E, X
SRR B P B AT T T X TR ) A
JG 3 um Ab[EE R B R AS [ TS, &
IERREIMGTTE R E 4 Fs. TR Fiz3)
BRfS—EFEES (10 pm 3 Ham) FER LRI E
I EAR I 2, BT DX AT /& 1800 fs N &S
T BB TEN. 2R T YRt A e 7, B
HRRICEME R Z B R T, B RS
R G T3 S A AR SR ) B . 8 X R
MBS TRL G153 T th &, SR
J6 ¥ #E 4% (smoothing spline) 14 AYHH & Ry
H0.65. G BERA S A REIE S, 1 G
T AR S B AT X S B A3 A A AE S S

B 4(a) R BOCTE N T ST R, 4.5 MeV
BT B O PN DI, A5 I A
P XL ZE AR AR, (ELAS — Y A ot B v 1 - D0
AAEAESEARN R 23 (] 3 A R AIE. 1] 4(b) J2& M OO
B R IGEH45 5, 6 MeV B E 8401 16 i
R HH Y X 38R, XA 45 SR A T O 2516
FUREDN, [RIAEXT T fig i AR A B - AN AELEAR LY
23 [A]AARREAE. XA GE T2 SR B 5 R T
BT B A5 1 AR VA

FH, 37 9 e 3 42 B P S RN E B Ao AR 1 B
B PR AT R e R X B A I AT R
3R CE TN, PR AR A
G, AR B I R 2 e g S AR R
U TP AR e N s o < o o B S e
BN LS IR B, T E, (95310, et
B B 18 A543 5310 R 420 A1 500 fs. AL 5(a) AT AR

065201-4


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 Z 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 065201

2.5
2.0t
T
g 15¢f
>
£
g 1.0}
o
0.5 — &% (WK)
— Wi (RE)
O 1 1 1
—40 —20 0 20 40
Y/pm

E,/(10! V.m~1)

Y/pm

—40 —20 0 20 40

1.0t (b) a
A
0.8}

0.6

E./(10'2 V.m~1)

— {5 (FiK)
0.2y — VIS (k)
W

—40 —20 0 20 40
Y/pm

E,/(1019 V.m~1)

> B THERRNLE
—40 —20 0 20 40

Y/pm

K5 U5 1 pm 3y YRR E, Al E, IFE4M5)4 (a) 370, (b) 460, (c) 370 il (d) 500 fs
Fig. 5. Electric field £, and E, over Y-axis at 1 um behind the target for (a) 370, (b) 460, (c) 370, and (d) 500 fs.

370 fs B, FRSRIEOEE NG AR5 L AR
HH SRR 2, O E A R AT —
HAS G FHERIGZ. 450 fs Z )5, MK 5(b) d AT
DL IR, WA AR08 2 L A R
eGSR R, AR T T
Pl £k i = EZ5 . & 5(c) MR 5(d) KBy 2
HUSHREL B, TR, ¢ = 370 fs BN
SR OGRS B I A y = 0 —
ASFIRANSE A5, XN T 45 A RSO C BRI & ¢ =
500 fs B AT LA 2, B BOCHPI R BOCI S B
E, M2 B3B8 T PN FI=AF T 3 L4k 1
VB, XX I T T R A AR R X
BT HE S E A I 2 A T R AR IS T Y
(BMBOGCES S s Ta]), (RIS B O e 5 A 34
3T A S ZE AE AT BT 5 91, T 1) B 1
T, AFEB B i S B 50 A0 2 AR R, B
SRR 5 3 PR RO O B 3 TR, R
(A7 AL AL - ok P 175 AR AN [T 1), B
JEHOE I TRl — B — AR 1IN .

h T A U ARG T A, T T
WGBS R Y B, Fr T RIS ARt AR
LR R RGP Fh s A AR AR 6
S, WREYS B, bk B o] LU H RE TG & 4R
() — e FRERAE . 370410 fs 22 [A), ¥R A0 E
AAEAE TS 10 R B RS AR AN R, 3 T 2 R IG
KA RIWIRZE A RRAE . BE A B )3 fL 2] 460 fs B,
T B X IR AR B T K B, XX R T
B R R B W B, S b MOGVE R B BLR
JE WYy B, LAFAE R AL . X B A 2L
e, &6 Al — ki B, BGH &80 BDE
FSF B B R, HX R RS EsE. AT
TREBE X AP, T T R IX Y 8 25
MRS 8. RE R E &AE XIR SR R Y F

8= BT e et 2.5 47, BFAIIS B,
B2 /20 B2
EWR A E TR BB — :

HoTleMMeC

TR ARUEAE 0.1 2247, B L0 b A s o B
ANJE T 58 R RS PEREE K.

065201-5


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. 6 (2021) 065201

Y/pm

800

400

o
B.)T

—400

—800

21
X/nm X/nm

6 21 6 21

X/nm X/nm X /nm X/nm

400, (e) t = 410 Fll (f) t = 460 fs Iy [EI 1%

Kl 6 R B, 7E (a) t = 370, (b) t =
390, (d) ¢t = 400, (e) t = 410 and (f) ¢t = 460 fs.

Fig. 6. Figure of magnetic field B, at (a) ¢

1014
(a) — PR (b) — PR
— Wi — PR
1014 E
1013 |
W W
T s Z
z 108¢ 2
o o
1012 -
1012
10-3 10-2 10-1 100 10-2 10—t 100
e/MeV e/MeV
1014
(d)
1014 L
1013 |
W W
E 13 E
= 10 =
=l el
1012 b
1012 L
10-3 102 101 100 102 101 100
e/MeV e/MeV
1014
3 ()
1014
3 1013 |
W W
E 13 E
= 10 =
o - o
1012 ¢
1012
1073 102 10— 100 102 10—t 100
e/MeV e/MeV

B 7 ST R TR BE RS, SR Tk BAY R A B[R] 43 R (a) HLF 300 fs. (b) BT 300 fs. (c) HLF 400 fs, (d) BT 400 fs,

() HL T 500 fs il (f) 5T 500 fs
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Abstract

Recently, the short-pulse intense laser has become a common tool for studying the relativistic plasma with
tremendous physical parameters. And the laser-driven magnetic reconnection is one of the hot topics and has
received much attention. The laser-driven magnetic reconnection experiments are usually conducted by closely
focusing two laser beams on a planar coil target. However, it is always hard to distinguish the physical property
of magnetic reconnection from the complex background of laser-produced plasma. In this paper, we present the
particle-in-cell simulation results of magnetic reconnection driven by two short-pulse lasers as well as a single
laser pulse irradiating the solid planar target, and discuss the correlation between the potential distribution
behind the target and the magnetic reconnection. When a single laser is used, the potential behind the target
shows a double-peak distribution, which is in agreement with recent experimental results. When two lasers
irradiate the target, the potential behind the target shows a three-peak distribution. The accumulated spatial
distribution of plasma ions with fixed energy (4.5 and 6 MeV) at 3 pm behind the target shows several peaks,
which is in agreement with the potential distribution when either a single laser or two lasers are used. In
addition, after the laser pulse terminates, in the two-laser case there is extremely strong effect on the topological
structure of the electric field compared with in the singlelaser case. When the magnetic reconnection happens
(which can be identified through the reconnection electric field and the electron energy spectrum), the
amplitude of the z component of the electric field has different evolution characteristics from the single laser
case. The line outs of the y component of the electric field in two cases also have completely different shapes. In
summary, the simulation results reveal that the potential distribution behind the target can directly affect the
spatial distribution of the accelerated ions. This could be possibly used to identify the short pulse laser-driven

magnetic reconnection in experiment.
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