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Fig. 1. PIC/MCC simulation flow chart for RBWO collect-
ing extremely outgassing.

UNIPIC # A rh % I 58 ¢ R 2 il 48 (Monte
Carlo collision, MCC)!'7:18] 5 HU Ab 35S A il 8 1+F
. — My MCC &% il f i I BEAIL Y 5k, 1
KRV RS AR R A I ] 2D
[ 1. PIAE PIC Jrikrh, SRHT T E— N fE] 2
K N BEIL DR 1 [ A5 4 2B Rl 4R 1Y) 5 ok S B0
MCC. Hiij, UNIPIC iy MCC B RERN
G ARRES L Rl i 91 e ST 8 ¥ 2 W O T
P 5 A 4R 45 A i () A B A . AR B B 1A
AR TR EEN S, I H R T RN
Tamahth, XA S Sy B2 PIA SCHFSY
HR TR I R AR H, TR E 25 8 T R T
5 Hy 731 WO PR | B0 A B wif A, BT
AR R PR B R 5T BEZH SR A e 1)
BRI Z AN, FESEPRad RE b, A7 (i 456 FL A AS 4 55 H:

185203-2


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. 18 (2019) 185203

AR 28 (LS DR Ay R R e/, M2
- 120.21],

TR HL SR (182228 Sy T W IR L Al
TN FE BRI S TR, i TE
BRI, A AT RERR | ] RETTARTE
BB, A TR AR IR R, HFFESRTH
AT AR SR B LA T 25 . A SCR g
TR T RSP RS T R RO

rsln 22 (1)

e A Bed 1.166 £y
0 Eycosf " < J
T by - eflEocostlO‘L|/(E'1/37104), (3)
98.5
9.767 + > (eV), Z > 13,
J= ( Z0-19 (4)
11.5Z (eV), Z <12,

Hoh, By ASHER (eV); e M —A R T
Jr TR EEEFE I RE, X TR — MR R A e B
{E; p MR (g/cm?®); Z 2T IFEG A &M
B JRAEH R R ERE (eV), BEM
B R LTI IR R B, by S = OB
TFARIMER, J, by, B, e HMEIREHOE; by, N B, =
10* eV BHYE BT RN REL, By HEFHUNH
T S B BRAR R by /e BT I 49 A S R - RE
{H; 0 WA

3 RBWO # & & ok F 4 )
3.1 RBWO #ZEI/148

FKH 3.4 T 51 F#E ) RBWO 151 # 25 ) 2]
WK 2 s, Eh T O EE & S I8, 72 bk b2 22
VRBRSN T & S st A XS BT A 10, 100, TV ke
BREE R X 38, Forp 11 A2 4% 2.8 cm, FEJE 1 cm Y
PRI ST, L A8 454, SR AR SR 45
P LAPRIERE & 1 TARRCR; IV 2F 48 3.2 em, %8
FE 0.7 e A4 EUE . FEAILS B B TAER RN
700 kV, B R 10 kA, HFHR TN INER S 58
1.9 cm 1 2.0 cm; 51 Wi 3.4 T; FEWER I R
HRIXH, (25 cm < 2z < 30 cm, r= 2.2 cm) WEEH
FHIF AR R 5 B E] A 40 ns.

3.2 MFEUERSHH
ETBSIEMN T, RBWO f i o=l 3

r/cm

0 10 20 30
z/cm

K2 34T5 %% RBWO R EE
Fig. 2. 3.4 T-guide magnetic field RBWO schematic.

6} —— Average power

0 10 20 30 40
t/ns

3 EREAR 3.4 T RBWO 4 th 21 %
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Fig. 5. Simulation results without outgassing: (a) Electronic real-time spatial distribution; (b) electronic 2 V, phase spatial distribution.
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Particle-in-cell simulation on effect of collector outgassing on
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Wang Hong-Guang V2T Liu Peng-Fei?  Zhang Jian-Wei 1?2
Li Yong-Dong"?  Cao Yi-Bing?®  Sun Jun?®

1) (Key Laboratory for Physical Electronics and Devices of Ministry of Education, Xi’an Jiaotong University, Xi’an 710049, China)
2) (School of Electronic Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

3) (Northwest Institute of Nuclear Technology, Xi'an 710024, China)
( Received 16 April 2019; revised manuscript received 23 June 2019 )

Abstract

The relativistic backward-wave oscillator has been considered to be one of the most promising high-power
microwave devices. As the output microwave power is further increased, the breakdown phenomenon inside the
relativistic backward-wave oscillator, including the collector pole, becomes more and more serious, which
eventually leads to the pulse shortening, becoming a biggest obstacle to the development of the device with high
power and high energy. Such a problem has also been one of the important issues which constrain its
development. Based on the 2.5D particle-in-cell simulation software, i.e. UNIPIC-2D developed by our research
group, in this paper the dynamic gassing model is used to study the effects of the relativistic backward-wave
oscillator collector breakdown process and the guiding magnetic field under different outgassing coefficients. The
result of particle simulation demonstrates that as the electrons continue to bombard the collector, the surface
pressure of the collector is increased, and gas ionization occurs. The generated plasma enters into the slow-wave
structure along the guiding magnetic field, thus affecting the beam-wave interaction process and causing the
output power to drop. With the increase of the gas release coefficient, the pulse shortening phenomenon
becomes more and more obvious. In the case of low guiding magnetic field, the breakdown and pulse shortening
are alleviated.

Keywords: relativistic backward-wave oscillator, collector, pulse shortening, breakdown
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