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Fig. 1. Spatial distribution of electron phase: (a) Model of cathode electron explosion emission; (b) Cathode electron anode ion emis-

sion model; (c) Cathode electron anode plasma model.
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search flow chart.
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Fig. 3. Schematic diagram of D-dot, B-dot position of Rod-pinch diode (a) and D-dot calibration results (b).

2 FRARYE T ARE I SEE SRS
Table 2.  Experimental and simulation results of rod-pinch diode current.
R /No. LHIEAG /KA ABEIBHILR /KA ARSI A 22/% BEEEIRG /KA BEAEIHR A 5022/ %
1—6 57.00 36.30 36.32 54.80 3.86
4—54 58.80 47.80 18.71 63.89 8.66
4—62 73.70 63.50 13.84 83.60 13.43
481 98.50 84.00 14.72 104.60 6.19
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Fig. 4. 4-54 Experiments in 50 ns each physical quantity spatial distribution diagram: (a) A model electronic spatial distribution;
(b) B model electronic spatial distribution; (c) A model By, spatial distribution; (d) B model By, spatial distribution; (E) A model
E, spatial distribution; (f) B model E, spatial distribution; (g) A model Ej, spatial distribution; (H) B model E, spatial distribution

(The white part in the Figure is the over range value).
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Fig. 5. Incident electron spectrum of 1-4 MV rod-pinch diode anode: (a) 1 MV; (b) 2 MV; (c) 3 MV; (d) 4 MV.
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Fig. 8. Angle distribution of incident electrons on the anode side of 1-4 MV rod pinch diode: (a) 1 MV; (b) 2 MV; (¢) 3 MV;

(d) 4 MV.
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3 FRA4E AR 1 m AL SCIG SR LS
Table 3. Experimental and simulation results of dose at 1 m of rod pinch diode.

KW /No.  FLENHFH /Rad  ABRIBGN I /Rad  ABTURIEH /322 /%  BEABGNH /Rad  BEAGHR A 4022/ %
1—6 1.23 0.86 29.83 1.25 1.63
4—>5H4 3.60 3.36 6.67 3.76 4.44
462 9.50 5.41 43.09 8.73 8.11
4—81 16.60 13.12 20.96 17.18 3.49

4 MV FIFB A, 22z BHAR AT 45 1 58 vT g 2%
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TR TS5 S I SRR TR, DI b — AP R A5
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BHUTHA, FERETH RS BN IE 10 B,

EF LG BT RN B

Fig. 10. Schematic diagram of focal spot calculation of pin-

A 10

hole imaging method.
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Fig. 11. Model focal spot images: (a) Plasma model focal

spot image; (b) Ion model focal spot image.

30
(@) e T
25
wn
B
S 20t
o)
2
S 15¢
7
.,”;_:.‘ 10 |
junag
=
5 L
o .
—10 0 10
X/cm
30
®) — BT
25
wn
=
£ 20t
o
-
E 15f
7
= 10 |
oo
=
5 L
0 .
—10 0 10
X/cm

Kl 12 (a) B FHERETE SIS ML, (b) B
TR B i A 10 2k
Fig. 12. (a) Gaussian fitting curve of plasma model; (b)

Gaussian fitting curve of ion model.

G BG4 1) 2F i A i OGRS, B
FWHMy; = FWHMg /M. (11)
FET 481 7 T HFRRIETHA, 1R 2B EIR
WA 11 FroR R R TG 15 30 i e it 2k
WK 12 iR,
HRAE s B AL 2, AT L B A9 ~F 15
ke 4 o).
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Table 4.  Focal spot calculation results.

k] FWHMM(£5 /mm FWHMGIE /mm
AR 4.66 + 0.38 2.33 4+ 0.20
B 2.40 + 0.16 1.20 + 0.08

g b, AR T URBOR R BT 4 R i S
DHEEEAR, Rl S AN 845 B M 1T
TIRATURA SEATAE X PP LA LESE PR B A 1] 53 Af S
J7, T AR AR AR A | SRR i /N R L AR T
PRAEA AR A £8 B O /)N Y 32 2 it PR e RUR A
TRl a s, PO EEE e T IRHRASR, (i
%+ FWHM {ELfii/); FRAE BB T7 Al 7R
KM TAR R BE— 2B

4 % i

AR SOl i JA I A B, A ST TR AU, A A AT
il 25 A BT A A W L L RN T
S A5, TR S AR IR OR T S 0 2 SR A O 08,
oy, 2 BHAR S5 2 T b e ) R BB AT R A
SRR 1 AR IR AT RE AU EE SR AN HEAY 22U
DRI, AR SCHR BRI S5 2 1 (AR, IR FTRLADUAN
SCYRARZE G T BE, AT AT A AL AT
248 R I BHAR (R BE L 37 0 A LT RERE L LT
NI BB AT 89128 SRS | 5l S R BRETH R AT 41
AR L T A B T AR DL R 1 A AR R A
AR R A L SR AR A R AR H, B
B T AR R AR AT A T 5 4 2R T i S 6
TSGR, R A B T AR 2 p A 3R T
TR ENE. 25 EITIE, AR TR R R TR
A2 REMA R A8 — A FL R LA SRR R o, i e k)
FEGi AR — A RS FR BN AR R WL T L, i
25 A ARSI OB B A5 B T A R B A S
it

225203-9


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)

225203

S 30k

(1]

2]

B3l
(4]

[7]

(8]

(9]

[10]

(1]

Liu J 2008 Ph. D. Dissertation (Beijing: China Academy of
Engineering Physics) (in Chinese) [Xl| 7% 2008 {4 2% i 3¢
(bt hE TR b))

Zhang S'Y 1985 Ezplos. Shock Waves 5 89 (in Chinese) [5K7
= 1985 BEKES kil 5 89)

Duff R E, Knight H T 1956 J. Chem. Phys. 25 1301

Geng L D, He Y, Yuan J Q, Wang M H, Cao L B, Xie W P
2018 High Power Laser Part. Beams 30 115003 (in Chinese)
O 2R, T, s i, e, el i TT 2018 0L
BF R 30 115003

Commisso R J, Cooperstein G, Hinshelwood D D, Mosher D,
Young F C 2002 IEEE Trans. Plasma Sci. 30 338

Chen L, Jiang W, Xie W P, Deng J J 2007 High Power Laser
Part. Beams 19 1747 (in Chinese) [MRbk, 2288, I 7, XEEZE
2007 SO SRF R 19 1747)

Gao Y, Qiu A C, Lii M, Yang H L, Zhang Z, Zhang P F 2010
Nucl. Tech. 33 5 (in Chinese) [z, W& 28, B4, MigsE, ik
R, BRME K 2010 R 33 5]

Hinshelwood D D, Cooperstein G, Mosher D, Ottinger P F,
Schumer J W, Stephanakis S J, Swanekamp S B, Weber B V,
Young F C 2002 Am. Inst. Phys. Conf. Proc. 650 203

Sun J F, Sun J, Qiu A C, Zhang P F, Yang HL, Li J Y, Yin
JH, Hu'Y, Jin L 2014 High Power Laser Part. Beams 26 276
(in Chinese) [FhEIEE, FMT, IRZZE, KM K, M52, 2R HHE,
FHHE, T34, 455 2014 SEIOE ST H 26 276)

Sun J, Sun J F, Yang H L, Zhang P F, Su Z F, Zhou J 2013
Mod. Appl. Phys. 1 18 (in Chinese) [#MT, INGIEE, #ifE5E, ik
s, TRIkEE, A 2013 PR AL 1 18)

Weber B V, Allen R, Comrmsso R J, Cooperstein G,
Hinshelwood D D, Mosher D, Murphy D P, Ottinger PF,
Phipps D G, Schumer J W 2007 IEEE 34th International
Conference on Plasma Science (ICOPS) Albuquerque, NM,
USA, June 17-22, 2007 p440

Sorokin S A 2010 Tech. Phys. Lett. 36 379

Weber B V, Cooperstein G, Hinshelwood D D, Mosher D,
Schumer J W, Stephanakis S J, Strasburg S B, Swanekamp S
B, Young F C 2002 AIP Conf. Proc. 650 191

Xu Q F 2012 Ph. D. Dissertation (Chang Sha: National
University of Defense Science and technology) (in Chinese)
[fRAAR 2012 P2 AE S0 (Kb BBREARARRE)]
Poukey J W 1975 Appl. Phys. Lett. 26 145

Geng L D, Xie W P, Yuan J Q, Wang M H, Cao L B, Fu J
B, Zhao X M, He Y 2018 High Power Laser Part. Beams 30
085003 (in Chinese) [BK S 7R, Wi TF, =k, THAE, WRE,
M, BN, ATt 2018 FRIEOES KT 30 085003]

(17]

(18]

(19]

20]

(21]

[22]

(23]

(24]

25]

(26]

225203-10

Miller C L, Welch D R, Rose D V, Oliver B V 2010 [EEE
Trans. Plasma Sci. 38 2507

Wang Y, Li H T, Wang W D, Deng J J, Liu J F, Ma C G
2015 High Power Laser Part. Beams 27 095005 (in Chinese)
[(EF, ARk, £303, XA, 0405, DRl 2015 mEOLS
FFH 27 095005]

Geng L D, Xie W P, Yuan J Q, Wang M H, Cao L B, Zhang
S Q, Zhao X M, He Y 2018 At. Energy Sci. Technol. 52 1512
(in Chinese) [BXJIZR, TP, s ding, EHAE, Bpl, TEH,
BN, ATt 2018 JELTRERIAHOR 52 1512]

Xie W, Xia M, Guo F, Geng L, Zhao Y, Xu L, Feng S, Zhou
L, Wei B, He A, Yuan J, Chen L, Li H, Han W, Jiang J, Li
F, Wang Z, Li Y, Kang J, Zhang Y, Wu W, Wang M, Zou W
2021 Phys. Rev. Accel. Beams 24 110401

Zhou J, Liu D, Chen L, Li Z 2009 IEEE Trans. Plasma Sci.
37 2002

Perl J, Shin J, Schiimann J, Faddegon B, Paganetti H 2012
Med. Phys. 39 6818

Allison J, Amako K, Apostolakis J, Araujo H, Dubois P A,
Asai M, Barrand G, Capra R, Chauvie S, Chytracek R 2006
IEEE Trans. Nucl. Sci. 53 270

Allison J, Amako K, Apostolakis J, Arce P, Asai M, Aso T,
Bagli E, Bagulya A, Banerjee S, Barrand G, Beck B R,
Bogdanov A G, Brandt D, Brown J M C, Burkhardt H,
Canal P, Cano-Ott D, Chauvie S, Cho K, Cirrone G A P,
Cooperman G, Cortés-Giraldo M A, Cosmo G, Cuttone G,
Depaola G, Desorgher L, Dong X, Dotti A, Elvira V D,
Folger G, Francis Z, Galoyan A, Garnier L, Gayer M, Genser
K L, Grichine V M, Guatelli S, Guéye P, Gumplinger P,
Howard A S, Hiivnacova I, Hwang S, Incerti S, Ivanchenko
A, Ivanchenko V N, Jones F W, Jun S Y, Kaitaniemi P,
Karakatsanis N, Karamitros M, Kelsey M, Kimura A, Koi T,
Kurashige H, Lechner A, Lee S B, Longo F, Maire M,
Mancusi D, Mantero A, Mendoza E, Morgan B, Murakami K,
Nikitina T, Pandola L, Paprocki P, Perl J, Petrovi¢ I, Pia M
G, Pokorski W, Quesada J M, Raine M, Reis M A, Ribon A,
Risti¢ Fira A, Romano F, Russo G, Santin G, Sasaki T,
Sawkey D, Shin J I, Strakovsky I I, Taborda A, Tanaka S,
Tomé B, Toshito T, Tran H N, Truscott P R, Urban L,
Uzhinsky V, Verbeke J M, Verderi M, Wendt B L, Wenzel H,
Wright D H, Wright D M, Yamashita T, Yarba J, Yoshida H
2016 Nucl. Instrum. Methods Phys. Res. , Sect. A 835 186
Agostinelli S, Allison J, Amako K, Apostolakis J, Zschiesche
D 2003 Nucl. Instrum. Methods Phys. Res. , Sect. A 506 250
Li C G 2015 Ph. D. Dissertation (Beijing: China Academy of
Engineering Physics) (in Chinese) [Z=HHI 2015 {42471t 3C
(Lt o TR )]


http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.11884/HPLPB201830.180181
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.1109/TPS.2002.1003878
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.11884/HPLPB201527.115009
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.3969/j.issn.2095-6223.2013.01.005
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1134/S1063785010040267
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.1530833
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.1063/1.88121
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.11884/HPLPB201830.170425
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.1109/TPS.2010.2057448
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.11884/HPLPB201527.095005
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.7538/yzk.2017.youxian.0747
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1103/PhysRevAccelBeams.24.110401
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1109/TPS.2009.2026477
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1118/1.4758060
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1109/TNS.2006.869826
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/j.nima.2016.06.125
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
http://doi.org/10.1016/S0168-9002(03)01368-8
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) 225203

Study on particle generation model of
anode in rod-pinch diode
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Abstract

Flash radiography technology is commonly used in detonation physics experiments and nondestructive
testing, in which an X-ray diode is an integral part of flash radiography equipment. Its function is to convert
the electric energy stored in the front power supply into X-rays through the bremsstrahlung effect. Rod-pinch
diode is one of the most commonly used X-ray diodes in 1-4 MV. It has the characteristics of a small focal spot
and high imaging resolution. The anode ions of the rod pinch diode come from the anode plasma, and the anode
plasma electrons are generated at the same time as the anode plasma ions. Before the establishment of the
bipolar current between the anode and cathode of the rod pinch diode, these electrons are mainly absorbed by
the anode; however, after the formation of the bipolar current, due to the zero electric field on the anode
surface, plasma electrons will accumulate near the anode surface and will not be absorbed. Given the theoretical
derivation of bipolar current in the gap between anode and cathode of rod pinch diode in the early stage, it is
necessary to study the electrons in anode plasma.

The simulation of the rod-pinch diode is an essential tool for improving the performance of the rod-pinch
diode. To improve simulation accuracy, it is necessary to study the emission mechanism of cathode and anode
particles and continuously optimize the simulation model. In this paper, PIC and Monte Carlo simulation are
used. An anode plasma model is proposed in this work based on the anode ion emission model of the rod-pinch
diode and the characteristics of space charge bipolar flow, that is, when the anode plasma environment is fully
established, the electric field on the anode surface is zero, and ions and electrons will accumulate on the anode
surface. The new model is analyzed in detail and compared with the anode ion emission model in rod-pinch
diode current, electromagnetic field distribution between cathode and anode, electron energy spectrum, motion
state of electron incident anode rod, dose, and spot size. The results show that the calculation results from the
new model are closer to the experimental results, which shows that the role of electrons accumulated near the
anode in the plasma cannot be ignored in the numerical calculation of the rod-pinch diode anode rod surface

plasma.
Keywords: rod-pinch diode, flash X-ray radiography, Monte Carlo Simulation, particle in cell simulation
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