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Fig. 1. Sketch structure of the multiple electron beams diode: (a) The y-z section; (b) the 2~y section of drift tubes.
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Fig. 2. Rotation distance Aly vs. B, at different U,. Al rep-

resents the rotation distance of the multi-beams around the

center of the system when they reach the anode end face.
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Fig. 3. Rotation angular velocity robs vs. B, at different
U. rof2 represents the rotation angular velocity of multi-

beams in drift tube.
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HITEL 6 PTRIE Y, 2R TR R ME
B A PRI AR SE R GE PO B BERS 12 Bl A
— T IRGE A SRz sl 7E A TR IX
SAEZ TR E T, 21 TR R G LR e
Feiz gy AR P 7 S0 s e A SR B Sk A

0.04 0.04

ST 1, 40 mm F1 600 mm &b 22 1 L T AR BERY
WEIZE R

TE z=1mmAih, BFHREREN 3 mm, KT
TR TEH B RS, 78 2 = 40 mm 4L, LT3R
WU AR RS, K4 3.23 mm, FEil
#4 3 mm, & TEH TR AUOBE RS 1.25 mm,
T 42 B8 2 i B 4 e 20 0T 53045 21 19 0 72 1R 25
A 1.23 mm, MEEAMTTE. £ 2 = 640 mm 4L,
HLFHOBAS IR, KB A28 3.56 mm, fEiEAg
9 3.05 mm, % 7 HL A G AR R I S i £%
0.61 mm. ki HITFAR R M F iz 3k 5
IS TR B 0 S AT A

4 BRI ZIEE TR AE I LR

R KD R & BT R E B 5
TETE AT I UESZER . Bk D 2R B I8 3 Y B
KHEIIFRL N 8 GW. LI A —TEIAN AR n, =
3mm, HFRPOLEHRERE T OEE r =
35 mm, FHPEAS r = 95.2 mm, HL PR S n =
16 7, BAFAME IHE RS 1, = 35 mm, B — R
AR g = 5 mm, ZEEREKEN 600 mm. —
WA IR | FHAR L) B 2R R A8 A T G A IR e 4 4
2 P MU £ BB 7 A 4l ) 5 R SR e
h 1T, BT 5 AR Ry AR AL 2
THAEMZEERE NN ESEL R 5 x 107 Pa.
S FH HL BH 4 H il st Jpk wp D) 28R Y F s, 7R 22—
e A5 AT 8 B — 2 X I i S 2 P U fok b D R
YE = B R E 2T A A AR iR FH— AN hr
SF FRTIN 23 B AR i ) L T AR B L IR SR AT R =
e X bk 3 TR b 0 6 o 2 K R 2 P RN vk b 5

0.04

) 9 @ @ 0 o @ @ © @Y g
0.02 + . . 0.02 ® 0.02 | - ‘
@ L @ o » ¥
£ e o I o o £ e L
K. ® K] e & -
—0.02 —0.02 | —0.02 |
. z=1mm . . z =40 mm . ,‘ z =640 mm ‘.
® ® @ & [ 3 -
—0.04 1 . L —0.04 L ‘. L —0.04 L e L
—0.04 —0.02 0 0.02 0.04 —0.04 —0.02 0 0.02 0.04 —0.04 —0.02 0 0.02 0.04
z/m z/m z/m

P 7 2o E T SROTE o A Sk o T A [ B 2 A ) R

(a) FEES 1 mm; (b) FEE 40 mm; (c) BEE 640 mm

Fig. 7. Transections of the multiple electron beams with different distance between the cathode head: (a) The distance of 1 mm;

(b) the distance of 40 mm; (c) the distance of 640 mm.
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Fig. 8. Sketch structure of the experimental system for multi-beams measurement.
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Abstract

The relativistic klystron amplifier (RKA) is one of the most efficient sources to amplify a high-power
microwave signal due to its intrinsic merit of high-power conversion efficiency, high gain and stable operating
frequency. However, the transverse dimensions of the RKA dramatically decrease when the operating frequency
increases to X band, and the power capacity of the RKA is limited by the transverse dimensions. An X-band
multiple-beam relativistic klystron amplifier is proposed to overcome the radiation power limitation. Each
electron beam propagates in separate drift tubes and shares the same coaxial interaction cavities in the
multiple-beam relativistic klystron amplifier, and the transverse dimensions of the multiple-beam relativistic
klystron amplifier are free from the operating frequency restriction and a microwave power of over 1 GW is
generated in the experiment. For a high-power electron device, the transmission of electron beam is critical, and
the power conversion efficiency of the device is affected. In this paper, we conduct an investigation into the
transmission process of the intense relativistic multiple electron beams, and the number of the multiple electron
beams is set to be 16. It is found that when the multiple electron beam is transmitted in the device, the electron
beam rotates around the center of the whole device, causing the electron beam to deviate from the drift tube
channel. At the same time, each electron beam rotates around itself, and the cross section of the electron beam
is deformed and expanded. In the improper design of electron beam and drift tube parameters, two kinds of
rotating motions cause beam to lose. A multiple-electron-beam diode structure is optimized by the particle-in-
cell simulation to reduce beam loss, with the effects of the related factors taken into account. Each pole of the
cathodes is made up of graphite and stainless steel. The cathode head is made up of graphite, for the graphite
has a lower emission threshold. The cathode base and cathode pole are made up of stainless steel, for the
stainless steel has a higher emission threshold. Also the shape and structure of cathode pole, cathode head and
anode are optimized to reduce the electric field intensity on the cathode pole and enhance the electric field
intensity on the end face of cathode head. At the same time, the electric field distribution of the cathode head is
uniform to improve the electron beam emission uniformity. The simulation results demonstrate that the
transmission efficiency of multiple electron beams can reach 99%. In the experiment, the transmission efficiency
of multiple electron beams is 92% with a beam voltage and beam current of 801 kV and 9.3 kA, respectively.

Keywords: intense multiple electron beams, electron beams transmission, space charge effect, electron beams

rotation

PACS: 84.40.Fe, 41.20.—q, 41.20.jb, 52.59.Ye DOI: 10.7498 /aps.70.20201336
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