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Fig. 1. The configuration of the simulated model: (a) The cutaway drawing of the single-hole PHC and the tri-plated transmission

line (units: mm); (b) the vertical drawing of the single-hole PHC and the tri-plated transmission line (units: mm).
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Fig. 2. The forward voltage waveform used in simulation.
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Fig. 3. The upstream and the downstream currents of the

single-hole PHC while the cathode emitted only electrons.
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Fig. 4. The upstream and the downstream currents of the
single-hole PHC while the cathode emitted electrons and

ions.
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Fig. 5. Particles distribution near the convolute of the plasmas motion, the purple is electrons, the yellow is ions (unit of the Y/Z-
axis: m): (a) ¢ = 15.8535 ns; (b) ¢ = 23.7802 ns; (c) ¢ = 31.7069 ns; (d) ¢ = 55.4871 ns; (e) ¢ = 71.3401 ns; (f) ¢t = 103.0475 ns.
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Fig. 9. Particles distribution near the convolute of the plasmas motion (unit of the Y/Zaxis: m): (a) ¢t = 15.4005 ns; (b) ¢ = 21.7419
ns; (¢) t = 34.4247 ns; (d) t = 59.7902 ns; (e) t = 97.8381 ns; (f) ¢ = 108.6064 ns.

178401-6


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. 68, No. 17 (2019) 178401

R 78 ) M gl e B T BRI 45 8 1 MR sk
JEE, DA RE A 51 PR (6] Bt SR DA . AR B 7
SPRARISE PR 1 0RO AR R TR
JEBARAIRTSE T, MR BT W R ARG, A
SO EASE 5 3CHR [22] & TR TAERE 2 2 — )
B R A0 EF TR AE A — 2, A A
T LAGERA B RS (BB 1, S S i k.

--- Smoothed data
Simulated data

Distance r/mm

20 40 60 80 100
Time t/ns
P10 S % LTI Vi o (1) 2 2

Fig. 10. Motion curve of the front of the negative density.

3.4 MESRSIRERILERSH

[F B 7E “oi e —5 7 insids LIFR T— R 3
fL PHC HLRIEHSEIANE, 3815 1L PHC L/ F
e r FEOE LA S R FE .l X sl PHC |/ T
U7 FL B B AT, 3RA5 T 8L PHC [ PR 7] it
P A B85 (2) X A B B B R I Bt A
IORSSP7 R

W= @)

o 1R B AR (BT BRIE S s ¢, M) R oE 4 A A s 2,
FE SCR bR U R R R B I 2 ) ) B
ty A TE) BRI 4 A B 220, S oA oL I Tk U {1
10% BB 2. S rh, n] LR 2 BB FL AN PH B A
M EAE. B 11 RR TR (2) 24545 21 1Y 43
AL PHC Y [ FH B 18] B I & °F ¥ 3 R o
5.74—14.52 cm/ps.

Ze BT, R R S S B A A S Y B
B e TR0 B A 5 oK 3% 11 250 30 R 35 17 3.3 1 v B
e BB F ROV BB S A, (2T 3.2 47+
BF A 25 B T A TV T RV o (. 48 S A 2
B 17 88 1as st s D3R B A L PHC () H R
PER A=A o

ST PHC BT 5 525 7 1A (14 5 B 19190 JfF 5 o,

B A5 5 R B 4 0 B R AR FH R 29 3 em/ps
ML TR . B FXTFEBY 1 em /9 MITLs
(£ PHC), BTUYZ9R 100 ns BBk i e 3 ) E 0
REfE To 2 SAR D0 2k i A% 28 T 2k, LA R Bt
G0 Y BUAE FL S AT A3 SR SE e 4 A A
W EEARAR], HL AR G R BT o D
(B Z A 07, X8 05 A 55 A AL A5 B A 55
By R, BB ) B A B 2 B R
G HT A B AR R BB L A 2021, A R S S F
TN I TE S . ARSCUARCRK [22) B
HEER IEW T A TR B B R 2 R B3k
B, M F BO0 J B SR R . AR SO A5 R
AL ES A A, WoR TS A
I R T 2 Mg B AR 55 8 R HGEJE 3 em /s,
i — 2k B A0 S - A A B A% B b S 2T BH
W IAIBR A G

16
I u
¥
g B L} L] -
g 12 = " -
i r - L}
L}
a2, L}
o 8 [
g
z [}
o L
’64_
2 L
3
&} L
ob— v v v
0 4 8 12 16 20

Experimental number

P11 B PR AR B A i
Fig. 11. Experimental data of the gap closure speed.
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Electromagnetic particle-in-cell simulation of high-power
single-hole post-hole convolute”
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Abstract

The post-hole convolutes (PHCs) are used in pulsed high-power generators to add the output currents of
the magnetically insulated transmission lines (MITLs) and deliver the combined current to a single MITL. Then
the single MITL delivers the combined current to the load. Magnetic insulation of electron flow is lost near the
post-hole convolute (PHC) in the high-power generator. Although cathode plasma and anode ions are widely
considered as the factors of the magnetic insulation collapse, there are some other factors that are needed to
study. In this paper, the cathode negative ions are considered in the PIC simulation of a single-hole PHC. In
this work, we examine the evolution and dynamics of the negative ions in the PHC. The simulation results
demonstrate that there are no current losses while the cathode emits only electrons, little current losses (10 kA
out of a total current of 900 kA) while the cathode emits plasma including electrons and ions, and obvious
current losses (20 kA out of a total current of 900 kA) while the cathode emits plasma including the electrons,
ions and negative ions. The results also indicate that the velocity of the negative ions is about 10 cm/us, larger
than that of the cathode plasma including the electrons and the ions. All results suggest that the cathode
negative ions can play an important role in the magnetic insulation collapse, and should be considered carefully

in experiment.
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