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RCNP Cyclotrons
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RCNP lon Source Complex

18GHz SC-ECR for heavy ions
NEOMAFIOS for p, d, He, Li ~ Mg, Ar
2.45GHz HIPECR for intense p

HIPIS for polarized p, d
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Current Transmission(%)
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Emittance monitor

Profile Monitor
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RCNP K=400 Ring Cyclotron

Magnet
«Sector magnets

*Pole gap :6cm
*Maximum magnetic field
*Trim coils

eInjection radius
Extraction radius
*\Weight

Acceleration system
Single gap type
*Frequency

*Max. acceleration voltage
*RF power

: 2200 tons

: 3 sets
: 30~ 52 MHz

: 500 kV

: 250 kW/cavity

Flat-top cavity

Single gap type
*Frequency

1 set
: 90 ~ 156 MHz

— Key element for high quality beam

World first FT system operating at
variable frequencies




RCNP K140 AVF Cyclotron

Magnet

*Pole diameter :3.3m

*Pole gap :20.6 cm ~34.7 cm
*Averaged field 16T

*Trim coils . 16 sets

*\alley coils : 3~ 5 sets

*\Weight : 400 tons
Acceleration system

*Dee . Single 180 degrees
*Resonator : Moving short
*Frequency 16~ 18 MHz

*Max. acceleration voltage : 80 kV
sExtraction system : Electrostatic deflector
oFT system (k=5,7,9)

lon Sources

sExternal ion source . Atomic beam type polarized
ion source, ECR ion source
18 GHz SCECR ion source
2.45GHz ECR proton source
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PARMTEQ &&=/
sk QOUTPUT SUBROUTINE #7 sskoksdomionsoson s QUTPUT SUBROUTINE #7 sk smbonkssnsn
RUN 1 NPOINT = 1000 RUN 1 NPOINT = 1000
QR)* QR:e
XP VS, X YP VS, Y XP Vs, X TPVE: Y
0.025 0.025 0.025 0.025
NCELL = 172 NGOOD + 546 NCELL 5 151 INGOOD + 896
VS (MEV)/CHARG 8011 PHIS = -30.0 S (MEV[/CHARGHE) = 1.4421 PHIS =
0.0125 0.0125 0.0125 0.0125
0 0 0 0
-0.0125 T -0.0125 —~0.0125 -0.0125
-0.025 -0.025 -0.025 -0.025
05 0 0.5 1 1 0.5 0 0.5 1 =1 -0.5 0 0.5 1 -1 -0.5 o] 0.5 1
Y VS X E-ES VS. PHI-PHIS Y VS, X E—ES VS. PHI-PHIS
1 0.05 1 0.05
/
05 0.025 ,/ 0.5 0.025 i
2 -
o / R
0 0 - 0 % 0 i i 3
L | s
~\\‘ ’! )
-0.5 -0.025 ‘\ -0.5 -0.025 “-d"';
==l o -0.05 \ 4 =1 —0.05
-1 -0.5 0 0.5 1 -60 -30 0 30 60 = -0.5 0 0.5 1 —60 -30 0 30

NORMALIZED 90% EMITTANCE AND ELLIPSE PARAMETERS

UNIT IS PIxCM*MRAD FOR X & Y AND PI*MEV+«MRAD FOR DP

EMIT ERMS XC YC
X —XP 0.124 0.016 0.00 -0.02
Y-YP 0137 0018 0.00 001
DP — DW 6.480 0.665 0.03 -2.56

ALPHA BETA GAMMA

—1.4410 665.66 0.003119

1.9896 871.07 0.004544
0.2691 16.63 0.004353

A 4> (150MHz)

(BGS = 0.058444)

NORMALIZED 90% EMITTANCE AND ELLIPSE PARAMETERS

UNIT IS PI#CM+MRAD FOR X & Y AND Pl*MEV#MRAD FOR DP

EMIT
X — XP 0.043
Y —YP 0042
DP — DW 8.067

ERMS XC YC ALPHA BETA
0.008 0.00 -0.01 1.5364 526.21

0.009 0.00 -0.02 -1.0478 276.04
1.554 -0.03 -0.86 0.0239 10.58

(BGS = 0.039354)

GAMMA

0.004486
0.003978
0.000054

A4 (100MHz)

60
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D by | Vi (MV) | Br;;, (KG-cm) Br,,.(kG-cm)
p 65MeV 0.35409 | 0.05902 1.64 185 1185
30MeV/u 0.24785 | 0.04131 1.60 258 1589
22.3MeV/u | 0.21476 | 0.03580 1.44 268 1640
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Cu-oxide HTS materials

» 1986: discovery of (La,_Ba,),Cu0, History of transition temperature
J.G. Bednorz and K.A. Miiller 160 ———s
.
« Significant effort went into the development 140} Hg1223
of new and improved conductor materials. 120 L TI-2223
* It became possible to manufacture long HTS Bi-2223
wires over km. T V12s
X oiling point of liquid nitrogen
15t generation HTS wires (T = 110 K) O H i
2nd generation HTS wires (T¢ = 95 K) a0 el B
YBa2CU3O7 (YBCO /Y‘123) 20 |

 Although many prototype devices using HTS
wires have been developed, so far there have
been limited applications to accelerators and
beam line facilities.

0 M L M L M 1 " L " 1
1900 1920 1940 1960 1980 2000

Year



» Wire consists of a a flexible a flexible
composite of filaments in a silver alloy

» Wire is in thin tape-form approximately

Ic/le(77K Self Field)

First-generation HTS wire

matrix with a thin stainless steel lamination

that provides mechanical stability and
transient thermal conductivity.

4 mm wide and 0.3mm thick.

351

3

25

B(T) normal to tape surface

- 4K
+20K

| |»30k

X 40K
® 50K
4 66K
= 77K
¢ 90K

le/lc(77K Self Field)

40

Type H

= | Type HT

- Na—— )

(Sumitomo Electric Industries, Ltd.)

35

30 x

- 4K

25 g5

+ 20K
4| ® 30K

20 .

x 40K
® 50K

A G6K
® 77K

I‘O'.l

* 90K

05 &5

4

A

00

2 5

B(T) parallel to tape surface

6

8

Critical current depends on the operating temperature and the strength and direction of

magnetic field on the tape surface. It is scaled by Ic at 77K and self field.



Specification of the prototype dipole magnet

@ Orbit radius:400 mm
@ Deflection angle: 60 deg.
@ Pole gap:30 mm

@ Cold pole

@ Laminated pole and yoke for
pulsed operation

690
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Double pancake (DP) was wound with applying Each DP was fixed with epoxy
tensile stress. resin in vacuum.

—

Three DP and cooling plates are stacked and 9mm and 4.5mm thick iron plates were put on
fixed with epoxy resin in vacuum. outside and inside of a coil, respectively.



« Colls are fixed to poles to bear

the electromagnetic expansion
force of 112,000 N/m.

e Poles are formed by stacking
2.3mm thick carbon steel plates.

e Colils and poles weigh 56 and

90kg, respectively. Total weight
of the coild mass is 250kg.

Assembled dipole magnet

Cold mass



Excitation by pulsed current
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FIG. 8. Zero-momentum-transfer cross sections (c.m.) ob-
tained from Gaussian fits to the experimental cross-section dis-
tributions. The solid circles correspond to normalization based
upon a constant value for I, [Eq. (5)]. The open squares corre-
spond to normalization based upon the parametrization of Eq. T.N. Taddeucci et al.,
(1). The dotted line corresponds to a constant c.m. cross section
00=27.0£0.8 mb/sr. The dashed lines represent the one stan- Phys. Rev. C 41 (1990) 2548-2555
dard deviation limits.
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Fig. 11. Neutron energy spectrum for the 'Li(p, n)'Be reaction at
295 MeV and 0°. See text for detail.

H. Sakai et al.,
Nucl. Instr. Meth. A 369 (1996) 120-134

“Li target: 1 cm (0.535 g/cm?)
Proton current: 1 uA

Distance from the target: 8 m

v

1.1X10%n/cm?/s
peak : tails=1:1
AE ~ 2—5 MeV
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@ Study of radiation effects of terrestrial neutrons on LSIs

There are large demands from Industries and
Researchers of Information Science and Technology

(Osaka Univ., Kyoto Univ., Kyoto Inst. Tech., etc.)

@ Production of radioisotopes for nuclear medicine
PMTe (from #*Mo)



Cosmic rays In the terrestrial environment
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High energy neutron is the
main source of the soft
errors on LSIs on the earth.

J. F. Ziegler et al., IBM J. Res. Dev. 40 (1996) 19



Radiation effects on integrated circuits

Average SER (Soft Error Rate) in SRAM ~ 1,000 FIT"/Mb
~ 1Gb/system

SRAMSs in a system (server, etc)

!

108 FIT/system ~ 1023 error/hour/system
~ 10 errors/year/system
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RCNP is one of best white neutron beams
in the world [C. Slayman IRPS 2010]
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