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Fig. 1. Initial simulated setup for generating jet using a
laser-driven CH flat-target.
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Fig. 2. Snapshots of the electron density distribution at different times. Different columns correspond to different times, 2.5, 5 and

7.5 ns respectively. Different rows correspond to different magnetic fields: (a)-(c) Non-magnetic fields; (d)—(f) a = 30° with 20 T;

(8)—(i) a = 45°with 20 T.

097501-3


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. 72, No. 9 (2023) 097501

SRR, 457" BT TR, AHCH 2(c),
1 2(6) FIFE 2(0) 7T LI B, EAMMRESAHBL T, 48
HPSF TR LA BRVE F 1A, 2451 A5
REIIE, ST PR O] B SR 0 22
o, BAERLIE S o FRSIEHDE, SR TR
BT BUSMIIRESA 5 WP AT, S A5 RE 3 T
LSS BRI T

£ LR, Tl BRI M4 LI 5L
B BT R0 5 0y, LRI KT,
UL PS4 BT R RS TG, ZETOLIR
7 S TR, SR B R IR
Bt 27 AT (B =~ L% Jofre
AL THLR). ST A D VR RS D B
mann A4 Wi (aﬁ—? = ekTBVne x VT.), HnJ&

% E, T e FEE P27 Biermann H A
Y8 HERR S, EEE TS &R0
JEFEHE RS |, HE FLASH #HPl ] LIgE 31
M5, AN RFIE AT AN ITHE. £ 2 vy P
1, Biermann [ 42853777 o] 4 2 H T4CH 1 B
Sy By, B 34T 2.5, 5 F1 7.5 ns i 21y Bier-
mann [ A2 @437 58 50 A5, B — 510 W — > 2
BE—A TR A RSG5 . e S —A TR TG
ANIMREIE L, 5 AT XN AMINEE S Sy O e
o R 30°IE I, WG AN R B 20 T. &l 3

7R Biermann F A4 #4332 00 A0 70 45 5 R IR
HFAL, Bz — Y H, BRI, 7E 7.5 ns
Bk 21, WA B45) 1Y) Biermann B A= 437 1) B Ko
FEHE 10 T 4. RETEROLE At &, Bier-
mann FHE#EY— HAAFE, BARR TR AT
DX, AL oA 52 e L T 5 25— I e G AR e £
J7 1]

GG HTIE Y AT, SMINRE e RO A B A
T AL LA R BGE RE  AR B T SR
H. B 4 firzR At = 5 ns I 20 REZ I8 43 A7, Hop
E 4(a)—(c) A3t R TEAMNINRESE L, o R130° H.
WIEANIN 20 T #E3%HLIK o F 45° HATEGRAMIN 20 T
WL, B 4 th R BONE T2k, BEORIER,
Y A O, 76t = 5 nsif ZI4b T4 45 5 1
R H KB B LUK 4(a) 1800 R 5, BEEHRE
TV Ry = Lo/n ~ 1000, B Ry, > 1, 3% B 0—
30 ns ][] W3 9 A 1) e KA BE L (L = 10 mm) A
HRGRE, o X RSB IR EE, n i k.
IR, SR8 = P./Ps = 8nncksT/B* = 2.
XA 0—5 ns W] A (5 3255, 45 B AR Y
IR TG, TR REI SR e b
ShKE. FESEL MR ML B, RGP S TR AR
5 S o N RN (1 I e e Z N B
AN R E 1 . PR A B AR R A

2.0
(a) (b)
1.5 ]

1.0 4

Y/mm

0.5 A

(c)

0- T I~.\I, T
2.0

N

N

(d) (e)
1.5 4 E

1.0 4

Y/mm

0.5 A

()

04

T \l/ T

NZ

\ /

—-0.5 0

05 1.0 15 20 25 —-05 O

X/mm

05 1.0 1.5 2.

X/mm

0 25 —-05 0

05 1.0 15 20 25
X/mm

m |
WiHWE/T —10 =5 0 5 10

{3 Biermann H A7 TE 0L, A FATRIEA RSN AE R, AFEFREAFNZ) (2.5, 5, 7.5 0s)  (a)—(c) T

W, (d)—(f) a = 30°, WIERAMIN 20 T #E1E I

Fig. 3. Snapshots of the distribution of of Biermann self-generated magnetic field. Different rows represent different applied magnet-

ic field conditions, and different columns represent different times (2.5, 5, 7.5 ns): (a)—(c) Absence of an applied magnetic field;

(d)—(f) o = 30° and an initial magnetic field of 20 T applied.
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Fig. 4. Distribution of applied magnetic field strength at ¢ = 5 ns. (a), (b) and (c) respectively correspond to o = 0°, a = 30° and

a = 45° case.
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Fig. 6. Distribution of applied magnetic field at different times under the condition of o = 0° and initial applied 20 T magnetic

field: (a)—(d) corresponds to 10, 15, 20 and 25 ns respectively.
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Abstract

Astrophysical jets are highly collimated supersonic plasma beams distributed across various astrophysical
backgrounds. The triggering mechanism, collimation transmission, and stability of jets have always been a
research hotspot of astrophysics. In recent years, observations and laboratory research have found that the
magnetic field plays a crucial role in jet collimation, transmission, and acceleration. In this work, the two-
dimensional numerical simulation of the jet in front of the CH plane target driven by an intense laser is carried
out by using the open-source MHD FLASH simulation program. We systematically investigate the dynamic
behaviors of jet evolution caused by the Biermann self-generated magnetic field, the external magnetic field with
different directions and initial strengths and compare them with each other. Simulation results show that the
Biermann self-generated magnetic field does not affect the jet interface dynamics. The external magnetic field
has a redirecting effect on the plasma outflow. The external magnetic field, which is parallel to the direction of
the plasma outflow center in front of the target, is conducive to the generation and collimation of the jet. The
evolution of the jet goes through three stages: antimagnetic ellipsoid cavity, conical nozzle, and collimated jet.
Its formation process and evolution process result from competition among plasma thermal, magnetic, and ram
pressure. In terms of force, plasma thermal pressure gradient and magnetic pressure forces play a decisive role in
the jet evolution process. The presence of magnetic pressure significantly limits the radial expansion of the jet
to achieve axial collimation transmission. The length-diameter ratio of the jet is positively correlated with the
initial axial applied magnetic field intensity. In addition, we observe in the simulation that there are many
node-like structures in the jet evolution zone, similar to the jet node in YSO. The results provide a reference for
future experimental research related to jets and contribute to a more in-depth understanding of the evolution of
celestial jets.

Keywords: strong laser, magnetic field, jet

PACS: 75.40.Mg, 52.30.Cv, 47.60.Kz, 97.21.+a DOI: 10.7498 /aps.72.20230197

* Projected supported by the National Natural Science Foundation of China (Grant Nos. 12205382, U2267204, 12005305), the
Strategic Priority Research Program of the Chinese Academy of Sciences (Grant No. XDA25030700), and the Funding
Project of Director, China Institute of Atomic Energy.

1 Corresponding author. E-mail: lvchong@ciae.ac.cn

1 Corresponding author. E-mail: jyzhong@bnu.edu.cn

097501-10


http://doi.org/10.7498/aps.72.20230197
mailto:lvchong@ciae.ac.cn
mailto:lvchong@ciae.ac.cn
mailto:jyzhong@bnu.edu.cn
mailto:jyzhong@bnu.edu.cn

	1 引　言
	2 理论模拟模型和实验方案
	3 模拟结果分析
	4 结　论
	参考文献

