) 32 2 3R Acta Phys. Sin. Vol. 71, No. 21 (2022)

212901

18 MeV B3| H [EHEMNE T X ERA

KEY HEEY HAFY

HEY FaekD FAZY

1) (WP E TR B A BRI BT, 4iFH 621000)
2) (EIR DA BREREARE AT G0, 4 621000)

(2022 4E 5 A 10 HY#; 2022 4£ 7 A 10 H B MEHHR)

Bt 75 18 MeV B [ 51 H 3R MRE A A, X T A 71 RE A — M A7 it . X T Bk,
I AR AR BRI R S EOR A, 5SSO EREBRA BT X A 1 RS, Gl A A AR R
ARG A AR 23 [, R A A TE R AR 5 | SO B 32 B X T AR R UG SR AL,
P SRR AR I A 0 e 2 B S, A AN [ 3 Dk B TR R A BT, A R RO A S B0, B TR SR
U 4 4 2 1] 4 B4 32 B LAY . O 1 L AT B SROIAL A A% 1) A 1) IS D I [] 6] 51 4 B3 A9 RO, B4 doublet 45
A B4 R T 405 1 R0 TSR, BRI A RS R 30.5 mm x 12.9 mm, RERE S | H AR 5 AN sk T 82.62%.

KR : A EIEmEE A, Rkt BBl
PACS: 29.20.—, 29.27.—a, 29.27.Ac, 29.20.dg

1 5 =

H A7 P AN 8 5 T s, — R
MR H B, 51 R —M o 50—100 pA.
AR B 2 X PET-CT (R H0 75 R AR T4 &, X
T 1 T P ] 2 ) 7 SR AR AN BT, Rk
FE AN E T-0F6 T PET-CT(IEHL T & S8
BE-X & AN Z A A RS0 1 F-18 259 Hil1ER
o UL R I FH (R ik, (RIS P BB SR JAE [ e n i 2
AT AR R B8 B SONE ) A s D,

FEFE P, XTI [0 S0 S 25 A& 8 AH 5 SR,
FEAEP P EBER R TREMFEBE, H CYCIAE-
14 IR FHANE RS H B TR, 51 H 7 SR AR
FIESH, 51 H AR LA 400 pAPOL

[l 2 51| i) CYCIAE-100 [F]#E 5% FH AP 6 i H-
BT IRUL BRI 5 TRk eI XOR
EREBRIIE T, A7 B T4 S0 i ) A ) 2R
17, S AER 2 100 MeV, SRy 200

T HEEEH. B-mail: yanggj@caep.cn
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20220934

500 wA AJ i 78,

B T R AMIE SR g 5 5 | A g s X —HE AR
LA, FE AN IBA A FF 1995 4F - bk A& DL HY
B IRONEE S  A 5B R, T 2000 44
B2 1 SCTE O I ) AR ZE R AT T TR Y 1
A, A5 R INEE A R R FHRE R R ARk
AU, 13X — B AR 238 3o 7E W A Sty
20| e S 0101,

51 s a8 4 A~ R T e
X, EHET Al B IE RS . — U2 P LU 5|
BB . AR T AR SR B S U A e e O
Mgl =, ASIH SR At 2/ 80%
P51 HRCE, 51HARE —B N 100 pA F] 1 mA
DL b, HRESERE W p 42 i SR i 2 i 67 2, DA AT
REXTINHE 2% P BB A TG AL A T4 5 ] (1.

TEFR A4 72 T PET 2 W7 0780 e 467 2 [+
JRE TN A T L2 2 EEI SE 11, St we i e 1) [ e
I, R AR B S — R SR H B IR A Ak
SPIE G e R T PR ER R m AR S | 1218,

http://wulixb.iphy.ac.cn

212901-1


http://doi.org/10.7498/aps.71.20220934
mailto:yanggj@caep.cn
mailto:yanggj@caep.cn
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
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. 71, No. 21 (2022) 212901

H AT, HE AR BE S AR BRAT ST T IE AR
il — & AR N 18 MeV RUBRJE F 51 H3 [ HE i 2%
LB-18. A SCHE A 4% 2 25 2 AT A4 s 1T
B AR SHL, SRR Opera3D,
B I12E T NER AT C++-90 5 19 Geant4
*%J? [14—16].

2 kYT
2.1  INEEFEMAER

T AR R S BE AR BEE ST T 2019
AESLI 18 MeV [ [ 51 H IS, %3 AR GEE
AR HRT, AT E R IH ILA PTR
{14 [ i e, HE SR 5 B RE IS AR E AE 100 pA—
1mA Ll L.

F 51 R I R AT 2 E R, AL
Rl 31 B (R R B AR AL, (RO & AR s, AT
SR, A AR A N A 1 R,

£ S 1B &

Fig. 1. Accelerator model.
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Fig. 2. Main magnet design process.
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Table 1.  Initial information of ion source.
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Fig. 3. Magnetic field change of magnetic gap and magnetic
pole angle bisector: (a) Change of length magnetic pole mag-

netic gap; (b) field behavior of angular bisector in peak area.
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Fig. 4. Closed orbit error and oscillation frequency of 18 MeV
cyclotron: (a) Closed orbit relative error; (b) transverse and

axial oscillation frequency of particles.
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Fig. 5. Variations of |C,| and |C| with radius.
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Fig. 6. Schematic diagram of particle extraction.
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Key technologies of 18 MeV self-extraction cyclotron
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Abstract

In this work, an 18 MeV self extraction high current cyclotron is designed, which provides a feasible design
scheme for the self extraction system. For the main magnet, it is designed by restricting the parameter change
of the main magnetic field through “three judgments”. For the self extraction system, the phase space suitable
for particle extraction is scanned by injecting the phase space, and the gradient correction magnet is used to
increase the acceptance of the extracted beam. For the harmonic coil, through the second harmonic change of
the magnetic field, the beam characteristics are analyzed and the position of the harmonic coil is determined.
Under the condition of scanning different harmonic coil surface currents, the extraction of the beam is obtained,
and then the phase space of the beam is pushed to the acceptance. In order to match the radial dimension and
the axial dimension of the target beam and obtain a stronger beam, the magnetic channel of the double
structure is selected and the related design idea is given. The final beam size is 30.5 mm x 12.9 mm, the

particles that can be extracted account for 82.62% of the successfully accelerated particles.
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