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Beam-wave interaction analysis of a megawatt coaxial cavity
gyrotron for controlled thermonuclear fusion

ZHANG Shan'?, XUE Qian-Zhong'*, LIU Gao-Feng'?, WANG Xue-Wei'?, ZHAO Ding', ZHANG
Lian-Zheng'
(1. Key Library of Science and Technology on High Power Microwave Sources and Technologies , Institute of

Electronics, Chinese Academy of Sciences, Beijing 100140, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Relative to the single-cavity gyrotrons operating in high-order mode, the coaxial cavity gyro-
trons have the advantages of reducing mode competition, improving the stability of single mode opera-
tion and increasing the power capacity. Therefore, the coaxial cavity gyrotrons are more suitable for
electron cyclotron resonance heating and electron cyclotron current driving in controlled thermonuclear
fusion and attract much attention. The effects of structure parameters, electron beam parameters and
ohmic losses on the beam-wave interaction of a coaxial cavity gyrotron operating at 170 GHz,
TE,, ;;mode were investigated in detail. Firstly, the mode selection of 170-GHz MW-class gyrotrons
was analyzed and mode TE;, ;, was chosen as the operating mode. Secondly, based on the time-depen-
dent self-consistent nonlinear theory, a time-domain single-mode steady-state code was written to
study the beam-wave interaction. The influences of the beam current, the magnetic field and the ohmic
losses on the cavity walls were analyzed and the operating parameters were optimized. The simulation
results show that when the voltage, the beam current and the axial guiding magnetic field are designed
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to be 65 kV, 68 A and 6. 58 T, an output with 2. 18 MW power and 49. 23 % efficiency can be ob-
tained, the peak ohmic loss density on the outer wall of the cavity is 1. 94 kW/cm®, and the peak ohmic
loss density on the insert is less than 0. 15 W/cm®. The interaction efficiency decreases with the in-

crease of electron velocity spread, and the output frequency shifts downward. The thickness of elec-

tron beam has similar effects on the interaction.

Key words: physical electronics, gyrotron, self-consistent nonlinear theory, coaxial cavity, beam-

wave interaction
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Table 1 Geometric parameters of the coaxial cavity
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Fig. 3 The structure of the cavity and the normalized field
profile
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beam-wave interaction

4.3 BFIEEEXFE-KEERANZM

SRR L P P TR R — R R e
T RSN R A IR
%%#wF# 5] 4y A AE X [r, - Ar/2,r, +
Ar/2] 8. b r R TSR R AR T
B,

] 12 g H, T B o T AR A3 2 R0 AR JT 0%
M sZ e . 13 /] LU Y, Bl A R B 1 35
TAESIUR AN EAE ORI/ . 224 1 (S /N
F0. 44 mm i, TAESUR AT AR FHRCRAEN, 24
L 73 5 L O mm 384K 3] 0. 44 mm B, HAEFHRCER
TRET0.28 %, TAEMR/N T 1. 68 MHz.

170.005 50
170.000 149
N
O -
I 2
T =
® 169.995 lag
169.990 ‘ ‘ ‘ . - - - 47
0 01 02 03 04 05 06 07 08
Arc/mm

P13 HL TR 5 B X EAE I 52
Fig. 13 The influence of beam width on the beam-wave inter-

action

5 #5iE

XF 170 GHz JE BLEE Mg a8 1) TAEB A e B it 47
AT, A BB T AR AT LUAT R i B 5
fEmfoEtE . RGN T TAEM AN 170 GHz,

TE., ., A5 [ 5l s 1m0 A5 ) 45 4 S 80 L T IR S8



620 g hh 5 2 oKk I e 38 4

Jis T A RE X6 T I LA FH B S T . 3 AN AR I
Bl T AR HL I A K T AEAICR RS $E 5, BRI AR
SeHET R, PR, SR R TR TAER RS
AL B 5 51 S 37 58 5 X 3 Dk AR ORI 52
TR NI b NI g e M N R (B & S N [E
W23/, I HAS [ 3 0 AR FRICR Bt T A R 3
AR A 2 1 f AR 1) A2 4% 8, RIAE B /N TAE L
AbARA B3 KA FH AR 5 s BE SR 23 08/ N AR AL
SN T AR, P AT 2 T OB R 2 3 06 {1 i
FL 37 A4 48 KT 88 K 5 3 B WO KT 10 %I, 3B
T RO B AE IS MR /0N | 4 5 B 2 B0 0 3 i 5
10 %I, BAEFRCR TR T 1.2 %, TAESREILT
5.7 MHz ; 51 FEREE/NT 0. 44 mm B, TAESI
R HAEHSCRAR RN, S R SR L O mm 3
KFN0. 44 mm I, HAEFHACETRET 0.28 %, TAE
B/ T 1. 28 MHz. il id TAES S, 2
FHHH N 68 A, TAERL N 65 kV, 5] F-#E 378 &
7 6.58 THE, ATHRAE 2. 18 MW (9% 2, 49. 23 %
FRR%, A1 s BE L 1) KRR R 285 T W M 1. 94 KW/
em?, N IRFEAY/NT 0. 15 Wem? 2RI TAE ik
T T 32 1 A% 1 R 728 D 1 [) il s I B 4 T o 4 42
BT RGO R B

References

[1] Kumar Nitin, Singh Udaybir, Sinha T P, et al. A Review
on the Applications of High Power, High Frequency Micro-
wave Source: Gyrotron [J]. Journal of Fusion Energy,
2011, 30(4): 257-276.

[2] Dumbrajs O, Nusinovich G S. Coaxial gyrotrons: past,
present, and future (review) [J]. IEEE Transactions on

Plasma Science, 2004, 32(3): 934-946.

[3] Iatrou C T, Braz O, Dammertz G, et al. Design and experi-
mental operation of a 165-GHz, 1.5-MW, coaxial-cavity
gyrotron with axial RF output [J]. IEEE Transactions on
Plasma Science, 1997, 25(3): 470-479.

[4] Beringer, Matthias Hermann, S. Kern, et al. Mode Selec-
tion and Coaxial Cavity Design for a 4-MW 170-GHz Gyro-
tron, Including Thermal Aspects [J1. IEEE Transactions on
Plasma Science, 2013, 41(4): 853-861.

[5] Beringer M H, Kern S, Thumm M. Gyrotrons — High—Pow-
er Microwave and Millimeter Wave Technology [(M]. Ger-
many (Berlin) : Springer, 2004: 90-95.

[6] Yeddulla M, Nusinovich G S, Antonsen T M. Start currents
in an overmoded gyrotron [J]. Physics of Plasmas, 2003,
10(11): 4513-4520.

[7] FLIFLET A W, READ M E, CHU K R, et al. A self-con-
sistent field theory for gyrotron oscillators: application to a
low Q gyromonotron [J]. International Journal of Electron-
ics, 1982, 53(6): 505-521.

[8] Jackson John David. Classical electrodynamics [ M].3rd ed.
(S.1]: Physics Today, 1999, 363-366.

[9] Toannidis Z C, Dumbrajs O, Tigelis I G. Eigenvalues and
Ohmic Losses in Coaxial Gyrotron Cavity [J]. IEEE Trans-
actions on Plasma Science, 2006, 34(4): 1516-1522.

[10] Chu K. R, Lin A. T. Gain and bandwidth of the gyro-TWT
and CARM amplifiers [J]. IEEE Transactions on Plasma
Science, 1988, 16(2): 90-104.

[11] Thumm M. Effective Cavity Length of Gyrotrons [1]. Infra-
red Milli Terahz Waves, 2014, 35(12): 1011 - 1017.

[12] Xu Ao, Hu Linlin, Chen Hongbin, et al. S—parameter
characteristics in THz—folded waveguide slow wave struc-
ture [J1. High Power Laster and Particle Beams (59, W1
AR, BRI, 45 . KBk 2% 47 & e 1 451 S S8k
P SBEE SRIFR) , 2013, 25(4): 968-972.



