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Fig. 1. Density and temperature distributions of conical plasma jets at different times during the collision.

PRk LR BV R S RSP E T R NIEE S
. RRPEXTFRAE AT, 15 DX R A X i X
B 174, BRI 1 SR KA A B A X 2EAR R
150 BT 1 (R AR X340 0 21 400 pm, PSR/
200 x 200. 4x4ERIT OHGE M 100°, 44ER
FHEEH 19.2 g/cm?, IREEH 0.001 eV, JEEEH 28 um,
T HE T BERE R 60 pm. SHEN DT 4585 1k
WM A ZE R = 100 pm 3] R = 200 pm Z[6], %
FER 15 g/em?, WEER 30 eV, HEE A 300 km/s.
SHEN M HA X E N CH 5558 Tk, %EN
0.01 g/cm?®, IR 1000 eV, B NE. GHEAMYH
RIXIR DT 15 55 BRI, %0 0.01 g/cm?,
BN 1 eV, HE AT, A XA AL AT il
TR I B4, FeAthidn R B T A A5
P AR A AL B B, IR EE R 30 eV B A B
RAEERZN 50 km /s, HEBTHREE KT 200 km/s
HH IS B B R B0 2338 K 1. T AR 2 45 B A g
Ui TR A R ) F Al (Ma =V /Cy), D% F
7 IE H 45 B PR R Sh RE R BERY LU (M a® ~
pV?2/ (pC2) ~ Ex/Ew), SFEGE KT 1, B0
)55 B RIS i AT R 5 A T R 45 k.

FH T 1 AT, 4 B IR i 2 EEAEBRROR SR
AR R AR T R BN, 7R R T

aln EAPS By T A R NG [ K ol S A2 P 2 9
TEERANAE 0.25 ns B ABIER Y 15 g/cm? £ 5 2
T 40 g/em?® DL BRIBAC FR AN A K 1 25 B $2 7t
A A2 Bk 5 4 HE BE AR AR P ARAS R o) it
UL HEA TR A3 f R AN SR 35 B TR R 1032 3
PR ETE LA AR b A AR [ RE AN I SRR A
T T2 45 g - (AR M A A A R v AR
] R T S HERE LR, I Y SR X R, K
ANKRAE, D7 e Ag ] Yl A B A Ok B I
b VEE T DS S N S e Z N
B EAERROGC RS B R W T

M1t = 0.45 ns BHZIAGIRE AR 0l LG
3| 1) S ML 10 2 5 5 T, 39 A Y e Ui
e R 0 T 8 B 7 s A B IR B G 2 A 1. f
T 5 55 B AR I 2 R R 5 3 W O 4 S T
AR %5 BE R i, i IORHEE P Az 1 i TR e S
B b B AR R R T AW AT B AT Y
TG, I HAED T B BAT B . A
R I Fp e A A A ) kR Y A B AR, BT
X FE 7 A B e AR T SR B ML R R R
ORI ¢

B2 25 1 T BRIB LR AT 55 B R mE
iz ) 5 0 o A v DR A A TR - A TR

225202-3


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 225202

LR, JF v R R B 22 ) R RO B LR U
R B P A L AR . I 2 AN IR 1 AT,
BRIV 2R 5 8 T I AE X J ) R W AT A R 2
TP I, B TR TR L TG PR IR
PR EI R 8 FLZ LT 58 2 AT, FEXHE ™A 1Y)
RS AR, B TR B AR 1Y) S e e 4
SHNRE, X S AR RIR RS SR BT, 0.25 ns B,
X O BT 1) A8 B AR I B TT AR S 1 ke V
0.45 ns B, ZFESFIARMIEIERE R AT LIRS 300 g/cm?,
FEHAE|X| < 15 pm H|Y| < 25 pm B9 IX 3 (K 1
e F B ) B A SR A SR, et
[ E5 S TARIBEIR L2l 468 eV. MYE Tabak 45 !
MIRFFELE R, 300 g/em?® Y 55 2550 A 55 B TR T 22
(PR B K B2 B0 Y B 2 5 82 430 2400 18 kJ Al
6.8 x 10"W /em? | A7 F| T B AR R 5 K T 8 % e 75
WO AR K.

3L
10 Shock heating
> Ty = 14.05p%/3
© Expansion
=
102 Collision start time
Adiabatic compression
10 100 600

p/(g-em=?)

P2 HETR I i o i ol R i A B T AR A T R -
AH T 1 132 Z B, i Sk 7R I TR A 3G R T 1), B 8 1 2k
FIRA [ B B2 X N7 14 1 A it

Fig. 2. The trajectory of the plasma jet on the temperature-
density phase diagram during the collision, the arrow in the
Fig. indicates the increasing direction of time, and the orange

line indicates the Fermi temperature at different densities.
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Fig. 4. Variations of colliding plasma parameters with the initial conditions of plasma jets: (a) V; = 300 km/s, T, = 30 keV; (b) py =

15 g/cm?, Ty = 30 keV; (c) py = 15 g/cm?, Vi = 300 km/s.
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Fig. 5. Colliding plasma states obtained at different initial
temperatures and velocities when the initial jet density is
15 g/cm?, the orange line in the figure represents the vari-
ation curve of Fermi temperature with density, and the ar-
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Fig. 6. (a) The calibration relationship of plasma density, the orange line represents the reference line when the fitting data is com-

pletely consistent with the simulation data; (b) the normalized probability distribution of relevant parameters inferred by Bayes,

the gray line represents the average position corresponding to the normalized probability distribution of each parameter.
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Table 1. Scaling laws between colliding plasma paramet-
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temperature phase diagram.
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Abstract

Head-on collisions of plasma jets are common hydrodynamic phenomena in astrophysical and laser-plasma
interaction processes. Deriving scaling relationships between colliding plasmas and initial conditions of plasma
jets is of great significance in optimizing the design and the data analysis of the relevant experiments. Double-
cone ignition (DCI) scheme is an excellent platform for studying plasma jets’ collision, since the collision
between high-speed, high-density plasma jets can be easily generated and characterized in both simulations and
experiments.

In this work, we employ the upgraded two-dimensional arbitrary Eulerian-Lagrange (ALE) program MULTI-
2D to simulate the collision process of plasma jets with high speed (=100 km/s) and high density (=10 g/cm?).
Using the database obtained from the simulations, hydrodynamic scaling laws describing the collision process of
plasma jets are derived by the Bayesian inference method in machine learning. The Bayesian inference method
not only has the parameter estimation function of traditional least square method, but also possesses other
potential advantages such as giving the probability distribution of estimated parameters. Numerical results
show that the collision of plasma jets with open boundaries is easy to form an isochoric plasma distribution with
high-density. Increasing the initial density and velocity of the plasma jet is helpful in enhancing the density and
temperature of the colliding plasma. Increasing the initial temperature of plasma jet is beneficial to achieving
colliding plasmas with a higher temperature, while leading plasma density and pressure to decrease after head-
on collision. When the initial density, temperature and velocity of the plasma jets are set to be 15 g/cm?, 30 eV
and 300 km/s, respectively, the colliding plasma density can reach more than 300 g/cm?. This is very favorable
for the following fast electron heating process in the double-cone ignition (DCI) scheme.

The issue about quantum degeneracy after collision is discussed in this work. Under the typical initial
conditions of plasma jets in DCI scheme (100 km/s < Vo < 500 km/s, 10 eV < To < 100 eV, 10 g/em® < po < 50 g/cm?),
both quantum degenerate plasma and classical non-degenerate plasma can be obtained in a temperature range
between 0.37r (Fermi temperature) and 37%. By comparing the plasma temperature with the Fermi
temperature of the collision, the criterion for achieving quantum degenerate plasma or non-degenerate plasma
under given initial conditions is obtained with the help of the derived hydrodynamic scaling laws. The criterion
shows that higher initial velocity, higher temperature and lower density of plasma jets are required if we want
to obtain non-degenerate plasma after collision.

Keywords: plasma jets, machine learning, scaling laws, double-cone ignition
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