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Fig. 1. Schematic drawing of the PRNA in the 7z cross
section, here 1 is the metal waveguide, 2 is the relativistic
electron beam, 3 is the plasma beam and 4 is the particle

collector.
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Fig. 2. Dispersion relations between the P-TM;; modes at
different plasma density and the slow space charge wave in

the beam-wave interaction region.
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Fig. 3. Dispersion relations between the P-TM,, modes at

different plasma radial thickness and the slow space charge

wave.
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Fig. 4. Dispersion relations between the P-TM, mode and

slow space charge waves with different voltage and current.

HIPE] 4 7T LA 2, o R o B il ey, s
HL T SR BTG, AR SR ke, T 7 P 18 225 T H £
P IR, HA S HCR BRI E AT, P-TM,,
152518 25 1) B, I8 1) 52 e 00 L P LB A5 % B 4 1
IR A R A e A TR, BEE F T R A DR A
I P . X n, B Ar, —E I, BT
SR T FL G 1 72 T | ) R AR 3 1) A2 W
FAXTEN.

i BIRHTFEAE R G T HORAIR T RS
AR A 14 2 06 e PR IR s A 7 2 R BN Y
M, PRI SRR 0 AT AR 75 SR IG5 )
HEBH

2.3 ERMEIERE

R ER KR — e SR
Gr = 2Im(k.), (1)

058401-3


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. 72, No. 5 (2023) 058401

RIEAA KB/ IME S 25, G B T i K IX
BORTAE PSR EE . BUER % T SCHR [4) 25 6
WO, 1927 Gy WS B PR A T R S50
ZALIEOL. T B UL, T EEor b T
Z WA R ERE, H AT TR AR B8 1A T P ) FL
YA, Bl AT R AN\ 11 8 &, BO3E N, Gy
FH R 2 AR, K 58 8 R R EYH S
BRI 1 F5 A0 T 2 AR AR L, BR T R BRI
(1) H SN, SRS (EAZE. I 5—
Kl 8 il LA F], PRNA EA AT DL AL 5 47 S i
H R

= n, =1.0x10"Y m~3 — n, =3.8x10"Y m~3
— np=14X10Y m—3 — n, =4.8x10"Y m~3
-—-mn,=18x10"Y m~3
0.5

TE

°o 04r

[an]

<

T 03t

g

5

-

t 02}

15

-

50 i

% 01f g

] /

g

=
0

0 .5 1‘0 .' 15 2‘0 2‘5 3‘0 35
f/GHz

[R5 I 5GP 28 R BB 17

aiiiE=

Fig. 5. Variations of the linear growth rate with frequency

for different plasma beam density.
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Fig. 7. Variations of the linear growth rate with frequency

for different electron beam voltage and current.
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Fig. 9. Real space plot of the plasma electrons (red) and
ions (blue), and beam electrons (orange) at different times:
(a) t=1.689 ns; (b) ¢ = 2.295 ns.
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ions (blue), and beam electrons (orange) at different times:
(a) t = 1.689 ns; (b) t = 2.295 ns.
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Fig. 11. Contour plot of the electric field E, in the interac-
tion region at different times: (a) ¢ = 1.689 ns; (b) t =
1.916 ns.
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Fig. 13. Contour plot of the electric field E, in the output
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Physical analysis and numerical simulations of ultra wideband
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Abstract

The physical mechanism and output properties of the plasma relativistic microwave noise amplifier
(PRNA) are studied numerically by using the all electromagnetic particle-in-cell (PIC) code. Firstly, the
dispersion relation between the operating mode and the slow space charge wave of relativistic electron beam
without coupling is simulated and analyzed. Simulation results show that both the plasma density n, and radial
thickness Ar, affect the dispersion characteristics markedly and their increasing can lead the frequency at the
beam-wave resonant point to be enhanced. The beam voltage and current also affect the resonant frequency,
but the effect is relatively slight. Secondly, variation of the linear growth rate and the bandwidth are then
evaluated by using the linear theory. Calculations show that the PRNA has the virtue of wideband output. Its
bandwidth can reach a GHz level. By adjusting the plasma parameters n, and Ar,, the relativistic electron
beam voltage and current, the operating frequency can be tuned over a wide frequency range. Therefore the
PRNA also has virtue of fine frequency tunability. Based on the above calculation results, the whole PIC
simulations of the PRNA are then carried out to verify the virtues of wideband microwave output and
frequency tunability. The basic features of the field distributions of the operating in the evolution process and
out coupling process are given. The bunching process and the energy release process of relativistic electron beam
are also plotted. Simulations show that with a plasma density of 1.4x10Y /m3, beam voltage and current of
500 kV and 2 kA and applied magnetic field of 2.0 T, 200 MW output microwave with efficiency about 20% can
be obtained. The frequency ranges from about 7.0 to 9.0 GHz, the band width reaches 2 GHz. And the output
mode is the TEM mode of the coaxial waveguide. Both n, and Ar, affect the dispersion relations markedly and
the output frequency increases clearly with n, and Ar, increasing. The influence of beam voltage and current on
the output frequency are both relatively small and the gap distance between the plasma and electron beam has
little effect on the output frequency. The research results will provide useful reference for further designing the
PRNA.

Keywords: relativistic microwave noise amplifier, plasma, dispersion relation, numerical simulation
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