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Abstract

Gyrotrons have been developed as microwave generators. The mechanism of a gyrotron is that an electron beam is
accelerated by the voltage between the cathode and anode. In contrast, the beam is focused by a solenoid field and self-
excited in a cavity resonator. The development process involves optimizing the required voltage, beam current, cavity
dimensions, and solenoid field strength. In the past, optimization conditions were calculated using theoretical equations
and simple 2-D codes, but nowadays many 3-D simulators are used, including commercial codes such as CST and
dedicated codes. Furthermore, performance optimization is being conducted based on fabricated oscillation tests of the
gyrotron. In this study, transient analysis calculations up to oscillation are performed using CST based on the design of a
gyrotron for our helical fusion reactor designed at the University of Tsukuba as part of an industry-academia joint research
project. This was not feasible with traditional computation methods due to the long computation times required. Therefore,
the simulations were accelerated using GPU in AWS, a recent high-speed computing cloud. We have established a
development system based on the simulation of 3D geometry, which has been difficult to study due to the long calculation
time and will proceed with the fabrication of the actual machine based on the simulation results. As for industrial
applications of gyrotrons, they are being considered for use in nuclear fusion reactors and rocket propulsion, and we
recognize that this is a field that needs to be developed in the future.
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Figure 1: External view of the first fusion power generator.
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Figure 2: External view of the final experimental device.
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Figure 3: Simulation result for an electron gun. (Top)
magnitude of the electric field. (Middle) beam tracking
simulation result. (Bottom) the pitch factor by changing
anode voltage. The different color curves are different
anode geometries.
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Table 1: Machine Benchmark Test Results
Machine spec Solver time Cost
CPU4core 8 hr 12 min ¥200k
CPUl6core 2 hr 25 min ¥450k
CPU16core+RTX6000Ada(WDDM) 1 hr S0 min ~ ¥2.2M
CPU16core+RTX6000Ada(TCC) 56 min  ¥2.2M
CPU18core+A100 33 min ¥8M
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Figure 4: (Top) Output signal (voltage change) from the
cavity. (Bottom) Output power from the cavity. Power
conversion from electron to wave (negative power) wave
grows and stabilizes at about 60 ns.

5. MEIFENDIaL— 3>

W%%(%FF‘BE@%&)
A IRZS TtHT<§>F¥/’<%—F‘(TE226)%fﬁﬁ%&@ﬁb’t
% ]\&q:ﬂzé’@‘f) LTHRPMEO B W T RS

DOF%FHZIL Surf3d 2 H VM 72[9],

PASJ2024 FROA04

%, 22 HIRAR D TS TEype E—RITHL T,
& S q“ﬁfﬂﬂﬁ/ik%ﬁm“:&c:otof Table 2 DE—K
R (AU = R) THRE—NBTH T 5[10],
Table 2 ZEAIZHDEIRE—RELW DT — L TEH
T DETHWNEIY, HINIAT T AR D b E R
LTWo, FHICED I AGARITKIE LT~ A7k 5y
fi% Fig. 5 1R $, 2D Surf3d OFE D CST £F /L
FERLT, S SEH Lo Ialb—ar sk
1ToTCD,

Table 2: Mode Composition for the Launcher of TEx¢
Mode

Mode Power
TE168 2.0%
TE178 1.0%
TE1s7 3.9%
TE19,7 20.7%
TE20,7 8.4%
TE21,6 9.1%
TE21,7 1.0%
TE22,6 26.7%
TE236 8.6%
TE245 3.8%
TE2s,5 8.4%
TE26,5 3.0%
TE2s4 0.9%
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Figure 5: Radiated field patterns at r=50 m from the
launcher axis. Each contour line is 3 dB.

6. F&H

CNETOFERRIL, CST ZHN TV ¥y Aahar o
REFMNA[EETH DI LA RLTUNVD, CST TEFHMND
BIBICEAFTOFHEEI Iab—Sar B E LT, D
YEREL :Ebb\fﬁ%fj/l/ii’uxﬁ“.ﬁ I LLIATrZ LT,

- 149 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata
PASJ2024 FROAO04

EFEEOBE Wy Moy B BYETXALE X TS,
BEL=V v A b B\ T, IR CIRIFREE R
DOBERE RDESNDZENEELND, HIERE R LY
Lalb—2al RO RGN E ThHhD, EDT7 14—
R 72 EREIZITHOZE T R LY v/ ahar ok
ENAREL72 D, F7-, HF #TIZEL DYy Aaba %
MBELLTRY, EEAICHTT-RETbEED TS,

HEF

PESABHESL[EAFZEIC LY 200 GHz Yy Ambhor dE
RRRF 2T COET2 W T2 HUIR K22 00 Bk (2 VR < R
L B ET, SHREREOKREZ2 M EICT W v
W2 AWS, BEOY CST B AIZT W1V =722 AET
DERRICHEHN L ET, RIS, REBRBROFAUZU Y
Aabha B LV KRB EE TV WAt
Helical Fusion O ERICIRSEHT DL LB, A A
TOREBEFRERDETHITHATWTAZILEZFE-TE
nET,

SE Xk

[1] M. Kartikeyan et al., “Gyrotrons — High Power Microwave
and Millimeter Wave Technology” Springer—Verlag,
Berlin—Heidelberg, Germany, 2004, ISBN 3-540-40200—4.

[2] Gyrotron specification sheet from CANON ELECTRON
TUBES & DEVICES,
https://etd.canon/ja/product/category/microwave/gyrotr
on.html

[3] J. Miyazawa, T. Goto, “Development of Steady-State
Fusion Reactor by Helical Fusion”, Phys. Plasmas 30,
050601 (2023).

[4] CST, https://www.cst.com

[5] A. Akash et al., “Design and simulation investigations of
high-power millimeter-wave gyrotron”, JOURNAL OF
ELECTROMAGNETIC WAVES AND APPLICATIONS,
2020, VOL. 34, NO. 6, 744-758.

[6] T. Shimozuma and K. Nagasaki, “~U A /VIEE 21T 5
ECH-ECCD ®i#£J#”, J. Plasma Fusion Res. Vol.85, No.6
(2009) 368-377.

[7] E. Choi, “Experimental study of a high efficiency gyrotron
oscillator”, Ph.D Thesis, Department of Physics, MIT, 2007.

[8] AWS, https://docs.aws.amazon.com/

[9] J. Neilson and R. Bunger, Electric field integral equation
analysis of quasioptical launchers using the multi level fast
multipole algorithm, Proc. of 28" IRMMW, Th5-6, 377
(2003).

[10] R.Minami et al., “THE DESIGNS OF HIGH EFFICIENCY
LAUNCHER OF QUASI-OPTICAL MODE
CONVERTER FOR HIGH POWER GYROTRONS”,

International Journal of Infrared and Millimeter Waves, Vol.
27, No. 1, January 2006.

- 150 -



	1. はじめに
	2. 筑波大学との共同研究
	3. 電子銃のシミュレーション
	4. 空洞共振器のシミュレーション
	5. 放射器のシミュレーション
	6. まとめ

