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Physical modeling and particle simulation technology of multi-pulse
MILO cathode outgassing ionization

Yang Yulin, Dong Zhiwei,  Sun Huifang, = Yang Wenyuan, Zhang Fang
(Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)

Abstract: The commutation phenomena produced by cathode outgassing ionization is a possible factor to limit
work performance of magnetically insulated transmission line oscillator (MILO), and also is the main obstacle to limit
its repeat frequency. In this paper, physical modeling technology of MILO cathode outgassing ionization phenomena
and three-dimensional particle simulation are presented. The relation between remaining gas of previous outgassing
and pulse duration is analyzed. When the number of positive ions is greater than that of electrons the plasma caused by
the ionization will rapidly reduce microwave output power.
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Fig. 1 Model of L-MILO with outgassing layer (green)
B SRR (B E) B L-MILO 4544 #) 1i 4]
FAT M B A AT i vz 3l 3 20 SE I AR, 3
BEep, B — Aok R, AR R AR A — A2 S A Y
SR T2 T A SR RO MILO H 45 R I AT
TR, BATHE B B ORI T A E SO W
PRI N2 5 N3 R (R TR X ), R i 4 2
JE AR — R T (N,), 5 7 Rl 43 v B ™ A S 1
5 TR T, A BRI
HLE
2.1 BHFESEI MILO BT E M :
Toe 1 BH M B R 12 S A 5R B #R A % MILO 1B 1T P2 A 52 Fig. 2 Model of L-MILO filled with gas(blue)

W FA 1A TFIE TR B U R MILO B, Ak i 2 AT b)) LML 49

MR 2k v 4 5 . B3 45 T MILO AN [ 8% B8 /SR O 2.51%10% m™, 5.02x10% m™, 2.51x10%* m™,
5.02x10" m™ B 4yt D) S Bl s 0] A Ak . NI 3 v il DU Y, B A A% BRSO R A 3G, ok o 4 e () Ok
A

T VA T ORI BR AR BE IS R Bk sh 4 g i 1) o T L, Bl A A MR 43 14 B A 348 i, Tk v 4 S 1)
I ), ok T, M AR A SR A T R T 2,51 102 m B3 (CH Y T8 IR 0.5 Pa) ik i 9 2 1L 53 47

&) 4 25 11 5% BB AR B8 3 1.004%10% m™, r=6 ns Fl t=20 ns I}, 1F 5T 5 M T 19 25 {6 4346 1, Hih a6 1E 5
T, AT B 4 AT LIE ), #E 6 ns B AL T IR BEIE 5 BF SR, B (FE B RWE i, B3R TR Fr#eR, w45
SR EAE FH I AR R 28 0k, AT B80T bk v v B 4 0

BELRBE MILO Z ik tfis A7, 2 /0 B0 5% B AR BE 5 R Ik b 40 6 F 0] 725 1 4 Tk o o B2, 5 DU gl 25 3 8022 ik
BT AR E

ik i i TR 2R AR 22, i A SRR A PR — iR B A AR B LB R W B, L 5 AR 1 PR B, T

093004-2



PRS2 ko i 208 2 22 A1k 4 2 ) AR <R 8 007 BLATT

6L

Z 4 ‘| ‘| ‘ !'

S i T

53

1 n'm' rmﬂl
27 ||| I I.[ F‘.II.".
1L | || J ' 1 "W
0 f2.5 5..0 75 16.0 12..5 15..0

time/ns

(a) gas density is 2.51x10*' m™

power/10° W

0 20 40 60 80 100
time/ns
(c) gas density is 2.51x10* m™

0 50 100 150 200 250
time/ns
(d) gas density is 5.02x10'8 m~

Fig. 3 Output power vs time for different gas density
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Table 1 Different remaining gas density vs pulse shorten time

gas density/m™ pulse shorten time/ns
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Fig. 4 Distribution of positive ions (red) and electrons (blue)
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Fig. 5 Number of electrons and positive ions produced by N, ionization vs time
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Fig. 6 Charge neutralization factor f;, and unitary power vs time

B 6 Al T LA UE — i 0 £ 2 3 B e ) 22 A 12

ATT BT DI, T8 A B 5 80— PR R O B AR 2, IR T 2 ks 4T R AR R
Loy 79 Bl # o AIEL 7 o nT LU S AR R R ORI I I T 2 S5 R DRI Bl 94, T 380 740 154 8 38 7 /s

23 S FRiERS

TCIE T 5% B A A S BFIRR R 5™ 2R B9 U BRI S S 4%y L 3 G ) BRI i 3 38 8 L2 -5 v 90 e, 3 W) A
Mk 2 5K 7 R A A REE SR BAE ], S EOEE T AR GOR T . O TR IR, AT
FUTIE R T A5 AL 7 LUK Al 3 A ™ A 19— U fE 1 ey AR AU 9 5K TR Al iR o T 8 i T AR R UR
10 B, 1=60 ns I B2 R DLRBGE Y 2000 7 B ™ AL B IE B M KB 9 =S () o A . BAIET 8 T LA
i, 7E =60 ns AR 7 LS IE B 12 FEI TR AR AR A 18, T R O R AN, RS AR B R )
A FI— U T 2R, A —E R . B U TR, R0 T B IR B T O Tk 2

K9 7l 45t T LT AE =60 ns Fl t=410 ns AL T A9 25 [0 70 A 18 . NIRRT LU HY, A3 F 5 RE S AR 4 it
%, Wi t=410 ns W5, BT T IES 75 UG T B2, AN REARAF HTE 3R, DTS BOR B BAFE I AR A &k

093004-4



PRS2 ko i 208 2 22 A1k 4 2 ) AR <R 8 007 BLATT

(=]

ARG | ["- L A | ﬂ

| ‘ ! .
1 | ' . 1 |
P ‘ II ‘ |I ‘ ! —40
| I |

voltage/x10° V
Wb
current/kA
&
S

|
A
T

0 100 200 300 400 500 0 100 200 300 400 500 500
time/ns time/ns

(a) voltage (b) current

~
"
w
y

N

. . W . S

f
i

w

G

w2

—_—
[\
T

macro-particles number of Ny molecules/10°
[\S)
macro-particles number of N, molecules/10*

—_
T

(=]

100 200 300 400 500
time/ns
(c) macro-particles number of N; molecules

100 200 300 400 500
time/ns
(d) macro-particles number of N, molecules

S

Fig. 7 The classical waveform of input voltage, current in the L-MILO and the waveform of number of macro-particles both of

electrons and N, molecules, N3 molecules when relative outgassing rate is 10
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Fig. 8 Distribution of positive ions and secondary electrons produced by N, ionization when relative outgassing rate is 10
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