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PAE o Feone
- BT 10~80MeV
(FEDA0%)
” He 4~140MeV
" AL s 4y 1~35MeViES
*l;l.; IRIVF— J-F'JI: LEfilE - FIFARLE
¥ E=66MeV ~ 6.0puA BRI L RS AR
66<E=90MeV 30puA . HESAETLEES
B3R5 E = 57 MeV 6.0puA gy
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He-4 140 MeV 6.0 puA BUERNIDE
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25 :100~400MeV
He :120~400MeV
817>:30~100 MeV/#ZF
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ITRILF—I8: 0.01%LLTF
(DS YRNY T I0R)
HiZOZEME: 0.001%LLF
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= IRIVF— EFaE—LSEHE
e 440 MeV 1.1pKA
SiEF  220MeV 1.0 puA
He-4 440 MeV 1.1pKA
E17> 110MeV./n 1.1 puA
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,/113 POL - D Total : 4659 hours
/ T 29 (Experiments, beam tuning, beam
0 developments)

X5 2 (& ~5500hours
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coq 3-He pot-=
12-c_ >”* 2%
1%
> 6-Li
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\\\

"p, d, 3He, *He : 3477 h
Heavy ions (= ©Li) : 1182 h



“Anntal Operation Time from 1977 ta 2012

~5500 hours/year in average
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CBIUMBIREEIL A 210At 1 SPECTHMMA *He?*  50MeV
XE—LBFild u AZ—5 —TIEDIAL

Tb-149 4.2h 40 VAt o RRRBEEA ‘Het?* 28~30MeV
XE B u ARDKEE*Hell — L& NDIE

Bi-212 61 min 8.8

1400 | | @ |
Bi-2]3 46 min 8-4 1200 I 209]'5,'(_{1?%)210,&1 ‘“\
At-211 7.2h 59,75 000 | - P!l
Ra-223 11.4 d 5.8 . 800 -~ ) ,, \ .
Ra-224 3.66d 58 % | | |

400 "
400~500 x AD28MeV 4He+ 20 25 30 35 4lu 45 SIU
E— ATEH+GBad211 Ate{tfs Enerey of alpha-particle, MeV

) N
] (=]
(E%] 008 RY 1&&[0%73&) o o oo Lo aecross section data taken from the literaturs for the > Bife, 20 LAt and *™Bifc, 3n)* At reactions®’
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<—ZIJ/\9|\1|S
—ESRBLE{t

-S| B¥1F 50 cm
- RIS : 3.2(T
K& : 120 MeV
MR/N—=FEZOX : 2,4
- D0R B EN : 30~60 MHz
Energy B, (T) B, (T)
-l
‘Het 3.053 3.030 46.537
tHe?t 28 1.526 1.515 46.540
tHe2t 50 2.043 2.016 30.960
H- 18 1.232 1.209 36.856
H- 30 1.596 1.546 47.140
H* 50 2.071 1.966

29.969

211At a-therapy

211At o-therapy
210At y-SPECT
PET-CT

BNCT, °°*Mo-""Tc

99MO 99mTC
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HTS ‘6lpole magnetwﬁiﬁﬂﬁ

[Parameters]

-Max. magnetic field : 3T
-Orbit radius . 400 mm
-Deflection angle : 60
-Pole gap : 30 mm

-Laminated pole and yoke for AC operation

Three double pancékes and coollng plates are
stacked and fixed with epoxy resin in vacuum.
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K. Hatanaka, M. Fukuda, K. Kamakura, S. Takemura, H. Ueda, Y. Yasuda, K. Yokoyama, T. Yorita,
“Developments of HTS magnets at RCNP", Proceedings of Cyclotrons2013, Vancouver, BC, Canada
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HTS Wire:

RCNP cyclotron fac:lllty

Type : SEl, DI-BSCCO TYPE Hti-CA50
Size :W4.6 mm X t0.41 mm
Ilc : =180 A@ 77 K, self field

Double Pan Cake (DPC):

Turn # :64 X 2=128

Size : L 920 mm X W 750 mm
Wire length : 855 m

Total DPC# :4=2 x 2

Operating temperature : <20 K
Operating current : <200 A
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fEEDFFEAR
D357 DA

o2 —aA4)LD
#+1210,000A/cm?
BELEEDA
S A AR DS D
1 D15l

|
P~

kLA
M2-1~6

Lo [ T ——— Bz (G) for M2-6=5000A/cm2

i

..

Bz (G) for M1=5000A/cm2

Bz (G) for M2-1=5000A/cm2
Bz (G) for M2-2=5000A/cm2 [
——— Bz (G) for M2—-3=5000A/cm?2
Bz (G) for M2-4=5000A/cm2

i i i
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[#R44 5 >c]
____[Super Power]
Thickness [pm] 150
Width [mm] 4
Length [m] 24.6

[a4ILEE5T]

e Lengthwise [m] 0.815 0.18
' Lateral [m] 1.50 0.359

Minimum curvature radius [m]§0.053 0.025|=p %

_, ' - . | |Length Height of 1 coil [m] 0.13 0.004
Bis| U ;, : wise Maximum experience field [T] 8.99 -
B Turn 650 23

j(%é #4901, H/PHEBEFE29DIOFETILAAILERE

l
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Current
density
(Alcm?)

T2 5000 . $ﬁﬁ%iﬁt4@ ﬂﬂﬁ%iﬁgﬁr - 75“}9_ F2

A2|muthal ly averaged Bz (R)
T3 5500 3.0 F s
- | 0.15 |- i
T4 6500 &
o 20| 1o
S S 010
T 7 : g on |
° 500 §| 1.5 = 4th harmonic amplitude Bz 4th(R) ._._3_
N
o
1.0 - i
T6 10000 0.050 - .
0.50 |- ]
SC 10000
00 | | | | | |
00 | | | | | |
0 100 200 00 200 200 _ 00 700 0 100 200 300 400 500 600 700

Radius (mm) A Radius (mm)
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AINLSI- 120U O05—TdD
E—L#E
A A VIRINREE: 80kV
-IOVER: 2.02 T for h=2
3.03 T for h=4

S 9HE5 Bz(r) (T)

0 I I \ \ \ 8
_ 2 Center coil position
loq = 730,000 Aem X = 140 to 190 mm i | |
Y =100 to 150 mm
4 + . f
-20,000 A/cm> 4 - i
s L | 2 ¢ |
-10,000 A/cm? —_
e
) 0 i
> {Re = 8cm
2T i -2 - ,
without center coils Rm = 57cm(h = 2)’ 54cm(h = 4)
A h = 2 for| 50 MeV 4He2+
T ] h = 4 for| 28 MeV 4He+
_6 L _
0 | | | | | | -8 ‘ ‘ ‘ ‘ ‘ \
0 5 10 15 20 25 30 35 4 6 -4 -2 0 2 4 6 8

1% (cm) A
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101.2 498

STEE T

‘%' Microwave
] \1 ‘ L[J | e -

- ]

OviB484E (C) > O0igEmE (A
T J0igiziR (B)

+ LARBIDX A B ZRE.

- TRk ABaDUEEY
BRZ ~90mmICZE
EREIE A SCRidged Trar
Gap: 2.8, 13.8, 22.5 mm
y 77279‘1# {— —ADET:
151 mm — 101.2mm
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Geometric Trajectory Model

The geometric trajectory model was used in order to obtain bending angles of particles between the 1st and 2nd acceleration
gaps. We assumed that the particle a and the reference particle in the median plane and uniform field were instantaneously
accelerated perpendicular to the center line of the 1st acceleration gap and to the line between the radial position at the 1st
acceleration gap and the cyclotron center, respectively. The RF phase differences of particles is the product of the bending

angle d|fference and h 2nd Acceleration Gap
* Orbit radius and Initial phase for the reference particle

/ 2m0 ¢P — _hﬁeP _ 0;% J

\ P - 7(Vlon _VDee Sin¢P)
* Orbit radius for particle a at phase A¢, from ¢,

1st Acceleration Gap v

300B \ Q

/ JZm c . ;
300B \/ I:Vlon _VDee sin (¢P + A¢a ):I . YA
\ *v. Dee Entrance Gap i 2nd
Dee Electrode . e
« Orbit center position of the particle a on the 1st acceleration gap*. Center Line Acceleration -

f p P S Gap Center -

X, =I,C0sé, —r, sm[e ;ee],ya =r,sing, +r, cos[ep—%j e, Line —.*
\ Puller y . 7

» Distance d, Angle difference 6 (to obtain 6,) Electrode/ e Reference Particle
/ o 740 +_at the RF Phase ¢p 4

b RN
=y —tan (72 Dee ] Xa Op =0 —Op +—7% Particle a at thef & r;\ O Orbit Center

\ RF Phase g,

. Srlne theoremd » * Bending angle ¢, O ... . o

a TTTEEEE R
- N A :
ginOoee  SIN{0,—(6:+6,)] 6, =.9E+9P+sm‘1[P5|n9P—S|n(¢9E+0P)—I '\ Py b X
2 f - ! Cyclotron >
H . g scelerati 3 | > ‘velotro
* Phase difference A¢g from the reference particle st Acceleration Gap 7 B Center
Center Line y=tané,.-x+b L 22 N

=sin(6; +6, )

at the 2"d acceleration gap

JlfVR sing,

| J1-Vesin(g, +Ag,)

Phase bunching key parameter

» * Jc have little influence on phase bunching.

Application to the Skeleton Cyclotron

Ag. =A¢, +h-0. £h-sin™* siné,

* There is no phase bunching for 6,=180.
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- IEEBEX v vertically =£5 mm, horizontally 3 degrees in azimuth
-FEEAZE;FZE: Inner tube = 50 mm, Outer tube = 110 mm
- EEHZERBAPTAIE : z = 500 mm

EinHH@52.6MHz SnBEDH@52.6MHz
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E Field[¥_per_m

%%%%%%%%%%
BBBBBBBB
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222222222
2222222222
77777777777

BBBBBBBBBB

200 (mm)




UUUUUUUUUUUUUUU

4.F LD

1. RERAE —LASTYZ2ERRAVFY1I0OND>R
KI-R@sEmE

2. BEE/NE

P IVIFEA

At-2115

-S| ¥E50cm. RAFE
YRS RBIGERMZ,
° ] OmAf&af@1
- H o000y DIDBIFICHIT B

IFEDERLZ

ERL D BT
- ZDEHICIEEE u ATRDT ) |/77K — L

.L\TL:M’ JVBEh OISRk
E4He+1 74 ViR DT

18L-

U%‘,EL{EE'U"{?D \D\/a)uin'l'*ﬁoj

H+GBaikd

£/ (K120)

ETHRODZREER IR ZHE

- 10kWHRD/\1/\D—
FEEEDH

+ RIE

AB/I\YFVIICKD.

REPY—T YNEFED W
R ZR (20145

= hY)




