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Simulation study of external system generated electromagnetic
pulse in low pressure air or plasma

Sun Huifang,  Zhang Lingyu,  Dong Zhiwei,  Zhou Haijing
(Institute of Applied Physics and Computational Mathematics, P. O Box 8009, Beijing 100094, China)

Abstract: For examining effects of atmosphere on system generated electromagnetic pulse (SGEMP), the
external SGEMP are simulated by the 3D PIC code in pre-ionized plasma and by the PIC-MCC code in low pressure
air respectively in the X-ray energy deposition region (50 km to 100 km). For three fluences of X-ray (4x107° J/em?,
4x1072 J/em?, 0.4 J/cm?®), the simulations are done in pre-ionized plasma corresponding to two different altitudes
(70 km and 80—90 km) and low pressure air corresponding to 56 km altitude each other, and the results are compared
with those in vacuum. The variation laws of external SGEMP in pre-ionized plasma and low pressure air are received :
the effects have relation to fluence of X-ray, when the fluence of X-ray is low, the magnetic field increases and the
electric field decreases in the plasma environment, while the variations of external SGEMP are not obvious in low
pressure air; with the fluence of X-ray increasing, the space charge nonlinear effects become more and more obvious,
the electric field and magnetic field are enhanced together in both pre-ionized plasma and low pressure air, and the
enhancement effects are more significant in low pressure air.
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Fig. 1 Model sketch of external SGEMP of cylinder
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(a) 4.0x107 J/em? (b) 4.0x1072 J/em? (c) 0.4 J/em?

Fig. 2 Distribution of electrons in different fluence of X-ray at 24 ns
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Fig.3 Waveform of emitting current and absorbing current by cylinder in fluence of 0.4 J/cm?
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Fig. 4 Distribution of electric field on central line of emitting surface (y=0, x=10.2 cm) in different fluence of X-ray (=24 ns)
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Fig. 5 Distribution of magnetic field on boundary line of emitting surface (x=0, y=70.2 cm) in different fluence of X-ray (=24 ns)
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Fig. 6 Physical model of external SGEMP in background plasma
6 458U BT 4 SGEMP 4 3 A

32 EMGERESH

B 7 25 X 5P i ol 4107 Jem?® 25 B TR %5 B 43 R 1x10% em™, 5%10° em®, 15 3 19 & 5 1 P £k (=0,
x=10.2 cm) b= 1 4 B8, 375 50 A3 F1 2 ST 71 26 (3=0, x=10.2 cm) ERREIA 0 A6 . R SS R T f5 H, REA 0 7E 24 ns 2
A S e KAE, AT UL TR lE T AE AR R, OB A TR, KN TR AR Y A B AR % B (1x10% em ™),
ZWEA B SRR IE(E, 2R 0.8 MV/m, L FL25 H 1 HL 3% (0.9 MV/m) B A BEAR, #3420 17107 T, M2 Al
FERE 35 (0.9x 107 T) 38 K5 b b7 452 155 A9 25 B R 5% B (5x10° em ), 20 531 3 Y AR IR, B 372400 0.5 MV/m, LB
25375 (0.9 MV/m) RAE/N T 1465, RG240 5.0x107* T, A E 28 dhAl FE G35 (0.9x107 T) 2y 386 K JFUR (1)
6 1if o

FRYE 38 3 FlORTR] X SR 7R i (4x107° J/m?, 4x1072 J/m?, 0.4 J/em?) , ZEfIR % FE (1x10° em™) K #5 % FE (5x10° cm ™)
GRS T R BLAE IR, 1 8 4y i s | IR B R R R AR S IR A T AU ) Dy 24 ns A TR L |
(y=0, x=10.2 cm) F Y F, 375 W (1 11 % 5 7 10 4% (=0, y=10.2 em) |- A 537 W A8 Bt v e i 28 Ak fln TR AT D0, 24 X5k i
S RARET, H G A T A RONE ) A 2 M 250 20 A A DX, TR R R A TS A R AR X N ) 5 e AR — 3,
AR RGBT, AW/, X5 SCHER [2] 0B — B BORFE Db AR SR, i EAE IR R ST, E LR B
T IEHL A, Bl AN T 1) A6 & T, A A A T RO AR SR L b, ) L s g A BERHVE F F R PR R &

053005-4



IRTFE MM ST RIS A ST K B (R A

12 160
1.0 140
= 120 +
0.8
E E=100
206 2 80
Y _q
04l 60
40+
2
0 20+
5 10 15 20 25 10 20 30 40
z/em z/em
(a) electric field on central line of emitting (b) magnetic field on boundary line of emitting
surface in plasma density of 1x10% cm™ surface in plasma density of 1x10% cm™
0.8
0.7
06
£0.5 =
> =
0.4 =
= =
= 0.3
0.2
0.1
5 10 15 20 25 10 20 30 40
z/cm z/em
(c) electric field on central line of emitting (d) magnetic field on boundary line of emitting
surface in plasma density of 5x10° cm™ surface in plasma density of 5x10° cm™

Fig. 7 Distribution of electric field on central line of emitting surface (y=0, x=10.2 cm) and magnetic field on boundary line of emitting surface
(x=0, y=10.2 cm) with fluence of 4x107? J/cm? respectively in different density plasma (1x10% cm~, 5x10° cm™) at 24 ns
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Fig. 8 Peak electromagnetic field versus X-ray fluence respectively in vacuum, background plasma
of low density (1x10® cm™) or dense density (1x10% cm™)
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Fig. 9 Waveform of emitting current and absorbing current by cylinder in plasma density of 5x10° cm™ with fluence of 0.4 J/cm?
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Fig. 10 Physical model of external SGEMP in low pressure air
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Fig. 11 Distribution of electric field on central line of emitting surface (y=0, x=10.2 cm) and magnetic field on boundary line of emitting surface (x=0,
1=10.2 ¢cm) with fluence of 4x1072 J/cm? excitated by both photocurrent emitting from surface and secondary electrons at 50 ns
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Fig. 12 Energy spectra and angular distribution of photoelectrons produced in air
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