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Research Center for Nuclear Physics

1971  Foundation of RCNP

1973 Completion of the AVF cyclotron facility (42 years old)
1976 Experiments started.

* 1991 Completion of the Ring cyclotron facility
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Muon beam characteristics

#Positive muon:DC- 4 SR
i beam size: @ 10mm
* angle: < 50mrad
— intensity:2~4 x 104/sec
‘Negative muon:nuclear phys. chemi. «-X
beam size:  10mm™~ $50mm
angle: < 200mrad
intensity :2x104 ~2x10%/sec
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Spin rotator

gap 15cm
HV: +- 400kV
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*lon source complex
for production of a wide variety of ions

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
1 %FC, 2T im e FC3 IN}
o
m;%l)]gt l 'I:f\‘ll \AI‘ - 'I'l *
= ﬁ_ o7 9% L_@f "'_i_i == iall A
| v Axial Injection to
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AVF cyclotron

Typical transmission through
AVF cyclotron is 5 - 7 %.

90 % emittance:
g, = 61T mm-mrad.
gy = 10T mm-mrad




*RCNP K140 AVF Cyclotran

Y L R )

1973 Completed Proton “ 10~80Mev =
1991 Mainly used as an |n]ector of the r|n a/% "’\

(Specuflcatlonsl
-Energy of ions with M/IQ=5

proton = 80 MeV

D+, 4He2* = 35 MeV/n

SHe2* = 180 MeV

Heavy lon = 140X (Q/A)2 &=
‘RF 6~19 MHz

-Acc. harmonics 1, 3
- Average field =P e



*RCNP K400 Ring Cyclotran

1991 Completed P'roton“ 100~420MeV |
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[Specifications]
-Energy Designed for light ions
with M/IQ=3

proton = 420 MeV

D*, 4He2* = 100 MeV/n

SHe2* = 170 MeV/n

Heavy lon = 400 % (Q/A)2
‘RF 30~52 MHz
-Acc. harmonics 6, 10, 12, 18 |
-Average field 8 kG(max.17.5)



* Annual Operation Time from 1977 to 2014

5000~ 6000 hours/year

6000h

4800h ‘ | |
3600h I i | | I
2400h | |

Beam Time (hours)

1200h
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K140 AVF cyclotron K400 Ring cyclotron Cyclotron upgrade



*Cyclotron Operation Data in JFY2014

24Mg Pol.-P Pol.-D
277h 63h 69h Total : 5239 hours

22N (Experiments, beam tuning,
231}? beam developments)

*p, d, *He, “He . 3408 h

294h *Heavy ions(=12C) : 1830 h



“ Update program of Cyclotron Facility in JFY2013

Ring cyclotron Control system
-Modification of a fine tuning system -Upgrade of OS and
of the flattop cavity interlock system

-Renewal of electrostatic and
magnetic channels for injection and
extraction: EIC, EEC, MIC, MEC

- New high-temperature
superconducting switching magnet

LEBT system
-New buncher
| - Additional glazer lens

4 Music
/(/ -Muon beam line

Grand-RAIDEN AVF cyclotron resonator
-New forward beam line -Replacement of the connection
part between a Dee electrode
and a cavity




High Temp. Superconducting Switching magnet SW1

For parallel experiments by time-sharing
for UCN and MuSIC

Pulse mode operation:
Lumping speed < * 20 A/s
Typical sequence:

OA -(10s) > 200 A- (100s) > 200 A-(10s) > 0 A ~>(300s)

SC Wire: Sumitomo Electric Industry, DI-BSCCO TYPE Hti-CA50
4.6X0.3mmW x 0.41+0.04t, Ic @ 77 K, self field=180 A




Performance test of High Temp. Superconducting Switching magnet

Test at Niihama
Plant of SHI

Initial cool down

Excitation curve
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Lateral and Angular dispersion matching
between WS-beam line and Grand RAIDEN

Large Acceptance Spectrograph

i/
¢ D
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Slit System
for Dispersive Beam

Particle Stopper

BH5 ( /

Slit System WS Beam Line

for Achromatic Beam

BM4

Slit System
for Achromatic Beam
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Double Arm Spectrometer

Grand Raiden Spectrometer Large Acceptance Spectrometer
Resolution: 37,000 - Resolution: 6,000

Momentum Byte: 1.05 +. Momentum Byte: 1.35
Acceptance: 5.6 msr Acceptance: 20 msr

Polarized Protons
| Dispersive Beam

Focal Plane Detector

2 VDC Systems _
/ 2 Trigger Scintillators @
! -5,

| T =




Spectrometers in the 0-deg. experiment setup

Large Acceptance
Spectrometer (LAS)

As a beam spot monitor
o in the vertical direction
29.6

1-F.C. — ¢

0
Focal Plane Detectors ° 7

: (GR=2.5,4.5° ) 14
—Focal Plane Polarimeter

Scattering
Chamber

Dump-Q Focal Plane Detectors

Grand Raiden (GR)

Transport : Dispersive mode
Intensity : 3 ~ 8 nA

0 deg. Beam Dump

(GR = 0 deg.) Polarized Proton Beam

0 1 2 3m at 295 MeV




Grand-Raiden spectrometer at RCNP

lon-optical properties of Grand-Raiden

— Horizontal magnification:Mx=(x|x) -0.417
— Vertical magnification: My=(yly) 5.98

— Momentum dispersion: D=(x|p) 15,451 mm
— Momentum resolution: D/Mx 37,076 mm
— Momentum acceptance +2.5%
— Solid angle ~6 msr

Momentum/energy resolution of
Grand-Raiden

Focal Plane

A M ~ ] me arget :
AP _ Vi X, =2.70x10"° if X, =1mm (£0.5 mm) e

p 0
%:1.70%:4.5%10—5 if E =400 MeV

— AE=18 keV if momentum spread of the beam is negligible



Comparison of (p, n) and (*He,t) 0° spectra

Study of GT excitations (caused by ot operator) !
*SNi(p, n)*Cu

EIO =160 MeV
J. Rapaport et al.

58Ni(3He, t)58CU NPA (‘83)
E =140 MeV/u
Y. Fujita et al.,
EPJA 13 (°02)411.

H. Fujita et al.,
PRC 75 (°07) 034310

8 10 12 14
Excitation Energy (MeV)




B OAH A AR IS X 208ph D HEF R ¥ VTN E
A EGEL at RCNP

J Zenihiro et al., PRC 82, 044611 (2010)

Polarized proton elastic scattering at 295 MeV (RCNP, Osaka University)
Analysis with relativistic impulse approximation (RIA), medium mndificatiorn é_ij{ed with 8N1 data

ds/dW, Ay
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OOF R AR A A

10’ it O L R TR E R Y

10 RIA(medium ctiect 3y

|
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Z10?
2 .
Elo°
% 10? Elstandard
£ 10 error-envelope
Ederror-envelope

| w/ model uncertainty
0" “p,(r): DH

» 2 - -pp(r} : unfolded p
10 ettt _

10 20 30 40 £ 10
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P2ES RCNPICHIFBIERABIIEDSH (| )

RCNP Workshop
[1.1GeV BT, 300MeVin BE 1 F 12 & 2%iE
19994212 H 13 H ~14 H

CONTENTS

1. Acceleration of GeV particles and TARN2
K. Hatanaka
2. RONP TOA ¥ 700 v OEEELICET TORBHE
- K. Sato _
3. Relativistic Nuclear Physics with GeV Protons
-Spin Observables-
H. Toki
4. Nuclear Medium Effects Studied
T. Noro
5. Probing Short Range Correlations
 H. Sakaguchi .
6. Non-Nucleonic Degrees of Freedom and, In-Medium Effects in
Nucler Detected by the Precise Beta Ray Angular Distributions and
Solid State Physics and Nuclear moments buy use of the Polarized
Unstable Nuclear Probes
K. Matsuta
7. Meson Production in GeV Region
K. Taraura
8. Cluster Beam (C60 fullerene) Storage and
Heavy ion Beam Injection by Linac in TARN-II
T. Hattori
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® Structure and Reaction of Unstable Nucleus
high resolution
wide range of excited states
Not isospin frontier
cf. Most of the Rl beam facility
— isospin frontier,
but mostly only low-lying states.

with
Grand RAIDEN + Unstable Target and
High quality separator + Ge tracking array
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“PSI Ring Cyclotron for ADS

Extrapolation at higher currents and energies

10 mA at 1 Gel/ = 10 MWatt
Efficiency of conversion from AC to beam = 50 %
Injection energy 120 MeV

Potential of Cyclotron based Accelerators
for Energy Production and Transmutation

Th Stammbach, 5. Adam, [LR. Fitze, W. Joho and U. Schryber
Accelerator Division, Paul Scherrer Instifute
CO-523{ Villigen-PSI, Switzerland

Abstract. PSI operztes 2 590 MeV-cyclotron facility for high intensity proton beams
for the production of intense beams of pions 2nd muons. The fadlity, commissioned in
1974, has been partially upgraded and is now operated routinely at a beam current of
1 mA, which corresponds to a beam power of 0.6 MW. At this current, the beam losses in
the cyclotron are about 0.02%. By the end of 1995 we expect to have 1.5 mA of protons.
Extensive theoretical investigations on beam current limitations in isochronous cyclotrons
were undertaken. They show that the longitndinal space charge effects dominate.

Based on our experience we present a preliminary design of a cyclotron scheme that could
produce a 10 MW beam as a driver for an “energy amplifier” as proposed by C.Rubbia
and his collaborators. The expected efficcency for the conversion of AC into beam power
would be about 50% (for the RF-systems only). The beam losses in the cyclotron are
expected to be 2 few A, leading to a tolerable activation level

A PSI study I

Isochronous Cyclotron
for 10 mA at 1 GeV
Main Characteri-tics
Injection Energy 120 MeV

12 Sectormagpets
Max Field 21 T
Extraction
“Radius (av) 567 m

Cyclotron
Frequency 736 MHz
C: 8 Accelerating
Cavities 4417 MHz
Peak Voltage IMV
Harmonic Numb. 6

F: 2 Flat-Tep
Cavities 1325 MHz
Turn Separation
at Extraction 9 mm
Number of
Revolutions approx. 140

1 2 3 4 Sm
i i L A, .

Fiz.4. Layout of the propesed high power cyclotron.

Maximum fission driving power: 2.4 6Wth for k,..= 0.99

[ —
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-BEF ~1000MeV

-8B 7.|‘J ~300MeV/n

20 P

[IB7EDHEEE] %
‘B4 7> (MIQ=3) IhRH FE{K g
proton = 420 MeV .
D+, 4He2* = 100 MeV/n G
SHe2* = 170 MeV/n =
Heavy lon = 400x (Q/A)2
- RFE)RREN 30~52 MHz
-IR/N\—FZ=HUX 6,10,12,18 e J

-BAFEEHE 8 kG(max.17.5) T max. ~20kG

E/A (MeV/n) )




1GeV ')J‘ 'U"f 9EI HJJO)I IA—A

-5 HF#F - 500 cm < K={---THa/NIRC
- KIS . 11.3(kG) —~23(TeeEEB=EEER
K{E - 1 GeV
NERN—FEZI R . 6
'ﬂﬂ:@ﬂ;&';ﬂ 50 (MHz)
E—L&RE . ~100u A(==-TENI[FE~1mA)
= B., (kG) fre
4.3 3.64 32.4
400 6.39 4.67 40.9 6
600 8.15 5.23 45.4 6
proton
800 9.76 5.60 48.2 6
1000 11.3 5.85 50.1 6

1300 13.6 6.10 52 6
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