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Fig. 1. High frequency phase variation with time.
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Fig. 2. High frequency cavity voltage variation with time.
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Fig. 3. Resonant frequency variation with time.
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Fig. 4. Model of static magnetic field.

BEGEEEIRNERSE R SR i e LN
il P 5 SR 58 P R 2 LI 7. ki 7RI,

ATS5ABRIE, Y AT = [3 (I, — I,_1))/n=1 A
=0
B, AB = (> (Bi — Bi_y)]/n = 0.0025 T.

=0

K5 Ak B
Fig. 5. Post-processing model.

1.2122F
1.2092 + Bvs. R
£ 12062} —— PR
1.2032}
= 1.2002
]33 1.1972
W 11942}
1.1912}
1.1882

80 120 160 200 240 280 320 360 400
Ptz R/mm

& 6

Fig. 6. Average magnetic field curve at different radii.

AN TR A - Y 738 A 46

1.190

T
=
=
%
=)

—
—
o}
[

2 1.178

RRE B/

%

e« Bwvs. I 1
A ]

3

1174

1.170 . . * . :
192 193 194 195 196 197 198 199 200

JhREHRIR 1/ A

P 7 Dl PR U T T PR O R
Fig. 7. Relation between the excitation current and the

magnetic induction intensity.

ki R B R AR
_ N x 1T

= ®
11}
B = uH, (4)
FRUAH (3) F1 (4) XA
B:MH:NLiI’ (5)

Hoh, H ARG (A/m), B ARG R E (T),
o R A BT 2 1 5 (H/m), L, ARG

122901-3


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. 68, No. 12 (2019) 122901
J (m), N LRI, T MRERLTE (A). o
M (5) A nT15, Ll BB 2, A AU KK R 5 O
i, Z ol
X 40T
AI AB 2ol
T 55 (6) =0
e I AL AB oy sl
TERIE L AR N AR I N, — 5 —- R4k e
N I B 00 0.1 0.2 0.3 0.4 0.5
PR, i nl 53] R/ A

AB .002
I :k0005

Ar _ 1 _ AB_, 00025
I 199 ' B 1.1874°

TS k= 2.3867.

— TN ¢ (C). B A m (kg) AR F,
TEMH E W DA — R v (m/s) 165 WG AH T
BRI 2 8, 52 B0 AR 2571 R E i
B JE iz 3, 188 s g 2B 4220 v (m), R
AL SR A BT e 25 1) [ HER % f (Hz):

(7)

w qB

f= o 2mm’ (8)
Hi (8) A AR, K FHfE, TEMR/NVEALIT, T
Af AB
N o — (9)

W R He AL SR B R AR 19224k (°), T
JENGREE Bt ERREIR TRAKEL. T hifgs5]
B HIARE

A
Adp = N7f360", (10)
iI7 8
Af AB Al AT . Af
AP = == =L 11
B X 7 X = X s k:f (11)

AR5 il i P AL A+ 8 SR ) A RS i £ o 51 8 e
N, A BRI AR TN 9 Fis.

40
361
32t
28t

§ 24}

@ 20}

Z 16t
12}

sl

Al

) 0.1 0.2 0.3 0.4 0.5
BB/ A

B8 Tl F AR A T B AR

Fig. 8. Phase shift caused by change of magnet current.

M 8 AT LA, @G g 0.5 A,

BEBU T 37.8985°, B4 Sl L HL I AN 0.01 A,

Pl O TSR A5 3% il il 1 P 98 8 AL B 1 A8 Ak
Fig. 9. Relation between resonant frequency and magnet

current.

AHFE BEE3E K 0.7580°; i Ha i 98/ 0.01 A, AH
RO/ 0.7580°.

E 9 AT LA 1, I RE FL RN 0.5 A, PR
BRI AN T 76.429 kHz, BB 4 18 4R 45 2R 45 16 K
1.529 kHz, Jihfi I 23K 0.01 A; iBIRIR A
1/ 1.529 kHz, il Fo it ws 2508/ )N 0.01 A.

4 EBAER

FE = AT 3R R SR aa B B, 5 7S ER T
PR /N, 38 TSR G R, LA F
e KBRS 38t 30 AR Ay AT SEPE ST S8R
BRI a7 RV T ol N Tl 7 N [ < 70
XTI Sl F L, L3 T R LG I 4R, LRl
HRIETE 1.55 kHz B f A 77 g, sEHC A iy —4%
FHEEAR, 13RI R ML anE 10 Fos.

72.5480 |
s I
o I
g 72.5422]
o~
= 72.5364
.b_ﬁ: L
5 725306 1
% o fvs. I ‘ ]
= 72.5248] AL |

79.5190 : . . . . . . .
199.00 199.04 199.08 199.12 199.16

JlRERRIR I/ A

10 SR A3 TRl T P A ) X oSG R
Fig. 10. Corresponding relation between resonant frequency

and magnet current.

PERT, b T ARUESE R AR e vk, it Foh
PRSI, BATHLIE R, BRI G HL 3 Y
AL R 0.3 A, {EJE X AR A2 e K
), AR LT, AT A N HGR, E R
AT RE TG 7= A R VS8 il i P 90 190 A8 £ 3 PR

122901-4


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. 68, No. 12 (2019) 122901

0.02 A, HFLM AL 10%; 1 H AR A I8 15
RErh, 22 H PR IR R EA /N, S BOREA SR E .
ET U, O T PRUESRR A 2B AEE , BT T I
BERLR SRR C R, it TRGERLR P ET
g LU SV IR B S, BT T Pl L R
BRI IRIRAZ M RIRR IS, 7E1E2E 2 h 3 THISE
iods SN &I (I ESIN B WS PAN i UL bt i S

« Twvs. t
—— NI A 2R

‘ 4‘0 ‘ 6‘0 ‘ 8‘0 ‘ 1(.)0 ‘ 1‘20 ‘ 140
H$1E) ¢/min
11 3 I e T A 22 Ak

Fig. 11. Variation of target beam current with time.

MIEL 10 FT LA Y, 24 il i FRL O A2 AR AR /N
it 0 LI S M IR AR IR Ry =
0.1587z + 40.94, W& E R? = 0.9686. 7 Itk 5% 14
N, Bh #E R AR AE AL 0.01 A, 8 4R R AR (L
0.001587 MHz (1.587 kHz), SHISH 45 R4
FRARSS, B0E T 3T IE AR .

B 11 AT G TR, BERA — A R RE,
R T 5 2 G T, ARl F I RE A SR
PV PR AT 2 1) B R, (E 2 B me o P 158 . 7E56 1 IR
F35 AP R (AR, BRA /N i R R, X2
T PRy o s iR, 45 R Gl AE S AT
PR IRINAR, BRI AL RE S S I Sl R AN R
AIVLIE, [H TAERBUR A I A R A, I fx
Kl ZWARFE AR 7%. 29 7 min 5, BE M
A7 IR | R FUR L AT I DR R DR S
B ReE IOk, RS IR AT HOORAFAE 24.2 pA /2
f, REMHE/INT + 0.2 pA.

IR DI HLBA TR SE 0, 1R AR
K252 50 kHz, PIHIREHL R R Z75 19 0.33 A,
o U, TE DI 2% S PRt A v R A TG 0 T B
fetE M KRME 11 MeV 220 /N A 10.985 MeV, Ui
/NN 0.015 MeV, Z2E%H 0.1379%. WK, X &
AT DAL AZ 0, BEAGRAIE T i th RE R AR Pk, TR
TR AR E M, b e R Akt Zean 5] 12
ivay

11.016
11.014 ¢
11.012
> 11.010}
% 11.008
B 11.006|
11.004 o« Afvs. W
11.002 RERAR bR
11.000 X ) ) ) ) ) ) . . . .
0 5 10 15 20 25 30 35 40 45 50
Af/kHz
K12 i RE R AR AR TE B
Fig. 12. Change of output energy.
\
5 4 #

ARSI 5 R A ) R PR T AR 5 AR o Jrs A
WAL VEIC Y J7 %, SEBL T s B0 AR E 18 1T
AL T I AR RSS20 T B H IR fin s o
AR T A A D7 ELSUAS 2 T Al e i S
AIVE LG AR ; i S g 7 Be TR Al kU
B (ORI TS A R ik S BNt $rid = R E ¢
A, ARG L A 1 Sl DL C e A AR U T
VERR AT SE B T I AR 1 [ s AL [ 3h

AR G TR 2 07 5 HAh 2 53 1 R e
7 IR Y.

S ik

[1] Gambhir S S, Czernin J, Schwimmer J 2001 J. Nucl. Med. 42
1S

[2] Reske S N, Kotzerke J 2001 Eur. J. Nucl. Med. Mol. I. 28
1707

[3] Fan M W 2000 Engineering 2 9 (in Chinese) [$EBIi 2000 1
B TRRY: 2 9]

[4] Bertrand S, Vaneycken I, Lahoutte T, Covens P, Caveliers V,
Kral E, Geets J M, Nactergal B, Ghyoot M, Devillet F 2018
J. Nucl. Med. 59 2106

[6] Zhang J M, Tian J H 2006 Journal of Isotopes 19 241 (in
Chinese) [H53H], HFEAR 2006 [ 19 241]

6] Zhao J J, Yin Z S 2006 Particle Accelerator Technology
(Beijing: Higher Education Press) p236 (in Chinese) [#$ L,
FHIK T 2006 LT A g B R (bRt BEHE HRAL) B
23671

[7] Chen J E 1993 Basics of Accelerator Physics (Beijing: Atomic
Energy Press) pp20, 21 (in Chinese) [FRFEE 1993 hink s #L
Bt (Abnt: e L) 4520, 2177

[8] Zhao K, Mu Z X, Zhang J L 2014 Acta Phys. Sin. 63 185208
(in Chinese) [BX¥L, R5%F, KRR 2014 PH2:H 63 185208

9] Zhang T J, Li Z G, Chu C J 2010 Science Bulletin 35 3351
(in Chinese) [KE, Z9RE, il 2010 FH#ilR 35 3351]

122901-5


http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://jnm.snmjournals.org/content/42/5_suppl/1S.full.pdf+html
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.1007/s002590100626
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://dx.doi.org/10.3969/j.issn.1009-1742.2000.12.002
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://jnm.snmjournals.org/content/59/supplement_1/2106.short
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
http://dx.doi.org/10.7498/aps.63.185208
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. 68, No. 12 (2019)

122901

(10]

1]

[12]

(13]

[14]

Lei Yu 2012 M. S. Thesis (Chengdu: Chengdu University of
Technology) (in Chinese) [{F4E 2012 il +-2~ 0738 3C (BL#B: A&
HEL T R))

Da J X, Hong Y M, Dong T L 2006 2005 National
Microwave and  Millimeter  Wave Conference  Papers
Collection (Vol.3) Shenzhen, China, February 27-March 2,
2006 pp64—67 (in Chinese) [ &, U], # X IG 2006
20054 [E S 2 K P S W SR (B =) e I, 24 27
H—3H2H, 2006 pp64— 67]

Da J X 2006 M. S. Thesis (Wuhan: Huazhong University of
Science and Technology) (in Chinese) [ %1 2006 A 1-2% 1
WS (R AR

Liu Yi 2008 M. S. Thesis (Wuhan: Huazhong University of
Science and Technology) (in Chinese) [¥I%% 2008 i +-“# {1
3C (@D AR

Tian R X, Wang X W, Jin P 2014 High Power Laser and
Particle Beam 26 26105101 (in Chinese) [HEi#, LW R, 4

(15]

[16]
17]
18]
[19]

20]

122901-6

M 2014 FRFOE ST 26 26105101]

Hao H F 2014 Ph.D. Dissertation (Beijing: University of
Chinese Academy of Sciences) (in Chinese) [#ff#fi4 2014 i+
AL (Abat: P EREER )]

He X Z, Yang G J, Long J D 2014 Nuclear Technol. 37 10201
(in Chinese) [fi/N, B EFE, AR 2014 &ZHA 37 10201]
Bhandari S, Lee G H, Klales A, Watanabe K, Taniguchi T,
Heller E, Kim P, Westervelt R M 2016 Nano Lett. 16 1690
Xia W L, Wang Z, Lu Y R 2014 IEEE Trans. Nucl. Sci. 61
2345

Li P, Huang X, Wen YM 2012 Acta Phys. Sin. 61 137504 (in
Chinese) [45°F, #1H, SCEAMF 2012 PRI 61 137504

Li Y, Wang Q L 2016 Electromagnetic Field Calculation and
Multi-field Coupling Analysis of Opera 3D Project (Beijing:
Tsinghua University Press) p3 (in Chinese) [F%, TH# R
2016 Opera3D TR HBEIAHTTRE R Z G it (LaT: AR
2R S35


http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11884/HPLPB201426.105101
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.11889/j.0253-3219.2014.hjs.37.120201
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1021/acs.nanolett.5b04609
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.1109/TNS.2014.2329876
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
http://dx.doi.org/10.7498/aps.61.137504
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 % 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 122901

Tuning of cyclotron resonant frequency and magnetic field of
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Wu Yong-Cun' Yang Xing-Lin  Shi Jin-Shui
Zhao Liang-Chao  He Xiao-Zhong

(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)
( Received 22 January 2019; revised manuscript received 18 March 2019 )

Abstract

The high-frequency resonant cavity is affected by factors such as beam load, gravity and heat loss caused
by cavity deformation during the actual operation of the medical cyclotron. The resonant frequency will shift to
a certain extent, resulting in the high-frequency operation frequency varying with the resonant frequency of the
resonator cavity. In order to meet the requirements for isochronous acceleration, the magnetic field strength
should also be changed correspondingly when the high-frequency operation frequency changes, that is, the
magnitude of the magnet current needs changing accordingly, so that the particle cyclotron frequency matches
the high-frequency resonant frequency to overcome the sliding phase. Firstly, the static magnetic field model is
established by finite element simulation software to simulate the average magnetic field of cyclotron under
different magnet currents. Then the relationship between the magnetic field and the resonant frequency is
theoretically analyzed. Finally, the relationship between the magnet current and the resonant frequency is
obtained when the magnet current varies in a small interval. According to the optimal magnet current
corresponding to different resonance frequencies, the automatic frequency tracking of magnet current is
completed. In the case of ensuring the maximum carbon film beam, the optimal magnet current corresponding
to different resonance frequencies is obtained, which makes the theory validated. According to the relationship,
the magnet current is automatically adjusted, which overcomes the slip phase and ensures the stable output of
the Faraday beam. The method enables the magnet current to be quickly and accurately find and track the
cavity frequency, overcomes the slip phase caused by the frequency offset, and completes the stable output of
the beam.

Keywords: high frequency cavity, resonant frequency, frequency tracking, stable beam output
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