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Abstract

A new type of accelerator called Harmonytron has been proposed. The Harmonytron is based on a scheme of vertical Fixed-
Field Alternating gradient (VFFA) focusing with harmonic number jump beam acceleration. At Kyushu University, a vertical
FFA PoP model is under construction. The objective of this study is to design the magnet for the vertical FFA accelerator
proof-of-principle model. In this article, the current status of the development of the vertical FFA PoP model and the results of

magnetic field measurements are discussed.
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Table 1: Ring Parameters of the vFFA Electron Model

Lattice FD singlet
Magnet type Sector

Number of cell 16

Ring radius 1.0m

Energy 20.0 to 40.0 keV
m value -4.0 I/m
Excursion 0.1 m

Bo(F) 60.8 Gauss
Bo(D) 22.2 Gauss
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Figure 1: Schematic diagram of a multi-coil type magnet
(9coils).
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Figure 2: The closed orbit displacement and the effective m,
(a) and (b) are the effective m, (c) and (d) are the closed orbit
displacements before and after adjustment.

2.4 <IF A INVEIBEBRAOBE

PRE U 723l 542 T db 2 TN m 1 % O TR %
G417\, A FFA ISR EHSEEE 7TV OEMA %
BIEL 7z, Figure 4 [IZHWEL 72~V F 34 WVIIERAG D
ANV E RT, BODOERIZE 7 XA —RE ko
TW5, K#liE20mm /&, ERIZ40mm ETH D,

-731-



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 THP19

0.16
40.0
375

— 20.0 [keV] atil
— 22.0[keV] -
—— 24.0 [keV] :
—— 26.0 [keV] _‘OA12< 325
28.0 [kev] £ 3003
>
30.0 [keVl g1 275
32.0 [keV]
—— 34.0 [keV] 2.0
—— 36.0 [keV] 0.08/ 225
— 38.0 [keV] 20.0
—— 40.0 [keV] 0.06 o= o
Q
@ 4
IR

rm]
Figure 3: Closed orbits of the vFFA electron model at various
energies.
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Figure 4: Photograph of the multi-coil type magnet. (a) Wind-
ing coil. (b) Magnet pole. (c) Assembled view.

3. 3RichEHAIE
3.1 HIEERSR

T35 51 ARG B & BT U 7 i G D 2 Y M D MG &
HiY & U T, 3 oeiillE = i U 7z, Figure 5 12, &
ELZZ~VF o VBERA L., F—NVETE2HVWE
3RTCIHGI RS G 2 &8 Uk 2R 7, EE FFA
Hnk Be B EEHEE T VT 16¢cell TH A, BIGHIE I
3cell T DL AR T-BBETEML ., 3cell DD HHR
D cell lIZDWTHTFH, JET S cell DMHNIZ 1cell T
BT DI T, l6cell TRTHEFHE L /- KOS
IEWA 2 ERSET WS, 2B0&EH T 7 F 21—
REVZTATAREZANT, 7—LARVERD KR IL
X— (F—NVETZETT 57V IBOEM) % 3 KT
HEcBEHx g5, BEANIZEZLVALHRZ X2
U, BEAGWZ YEIE U, 2B80BFH 7 7FaT—X

DERE B O T — X OEFIZ 1% LabVIEW Z i L,
(dX, dZ) = 5x5 mm O T L2 BEIEE L TS %
WET2HEL Uiz, YHIAGROY =T AT 1 XIEF
FCHEEL. HIERME dY 13 10 mm & U7z, BESHIE
BEZ, 7T — L0 HFEA X fil E, Z fil EIZ 325 A7
B-AELRBREIITIARAY L. T — A RO
DRIV E—IFYTHEEEFHWTHD ) 5,

Measurement area

Hall element |

Arm

Linear slider (y axis)
e

Actuator (x axis)
SR\

. Actuator (z axis)
O

Figure 5: Six magnets(3-cell) and field measurement device.
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Figure 6: Two types of hole element holders.
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Table 2: Current Value of each Coil

Focusing magnet | Defocusing magnet
Steps  Current A | Steps  Current A
1 5.09 1 3.42
2 4.63 2 2.99
3 438 3 2.74
4 3.70 4 2.14
5 3.38 5 1.55
6 2.96 6 1.26
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Figure 7: Comparison of magnetic field calculated by

OPERA-3D with that obtained by field measurement.
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Table 3: Current Value of each Coil after Correction

Focusing magnet Defocusing magnet
Steps Current A Steps  Current A
1 5.10 (+0.01) 1 3.34 (-0.08)
2 4.61 (-0.02) 2 2.98 (-0.01)
3 4.51 (+0.13) 3 2.69 (-0.05)
4 3.82 (+0.12) 4 2.20 (-0.06)
5 3.46 (+0.08) 5 1.59 (+0.04)
6 3.20 (+0.24) 6 1.29 (+0.03)
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Figure 8: Comparison of magnetic field culculated by
OPERA-3D with that obtained by field measurement after ad-
justment.
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Figure 9: Comparison of magnetic field culculated by
OPERA-3D with that obtained by field measurement after ad-
justment.
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