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STATUS REPORT ON THE RIKEN RING CYCLOTRON 

S. MotonaRa 

RIKEN, Wako-shi, Saitama, 351-01, Japan 

Summary 

The RIKEN ring cyclotron (separated sector 

CYClOtrOn), combined with two in,jectors, can accelerate 

all elements from proton to uranium up to energies 

bctveen a fee tens of McV/u and a hundred HeV/u. 

Construction of this cyclotron is veil under way 

according to schedule. Ail of the sector magnets wore 

installed in the cyclotron vault in June of 1984. The 

remaining components are being under fabrication at the 

factory. Orbit analysis is also under way to find out 

how to operate this machine easily. ‘The ring cyclotron 

vi11 be completed in the beginning of 1986 and the 

first beam is scheduled for the fall. Present status 

of the RlKEN ring cvclotron is reported. 

Brief Description 

We described the R[KEN ring cyclotron project 

previously (1). The ring cyclotron is a maj.n 

accelerator of the RIKEN heavy-ion accelerator COSP lex 

having tun injectors, one of vhi.ch is 1: he variable 

frequencv heavy-ion Iinac (RILAC) and the other an AVF 

cvclotron with K-vnlur of 65 MeV. RlI,AC is principally 

used for the acceleration of heavy ions vith mass-to- 

charnc ratio A/q)1 while the AVF cyclotron for I ight, 

ions with A/q(S. 

Table 1 I ists the characteristics of the beam from 

the rinn cvclotron oxpartcd: calculation of the beam 

dvnnmirs VOS reported (2). Energy resolution, 

0 m i t. t. 4 n c P and tint, rr~soLut.i<~n *jr'! entimai.c~d by taking 

the actua I qllali tv of thP beam from the RILAC into 

(13) MGNETK CWVI‘FEL 
(16) PHhSE PRORE 

FiR. 1. A plan view of the R!KEN ring cyclotron. 

‘Table 1. Characterist,irs of the beam from the rinK 

cyclotron. 

Maximum energy per nucleon 

P 
IYOtO” 210 MeV 
He 185 MeVlu 

deuteron, alpha 135 Helrfu 
Heavy ion 

Energy resolution 
540 (q/A)’ MeV/u 
0.05 Y. 

Emiiztance 1.25n mm*mrad 
Time resolution 200 ps 

account. A plan view of the ring cyrlntron is shoun in 

Fig. 1 and its principal parameters are listed in Table 

Construction of the ring cyclotron started in 
1981; its schedule is shown in Fig. 2. 

cyclotron 

The ring 

will be completed in the beginning of 1986 

and the first beam is scheduled for the fall. 

Construction of the AVF cyclotron vi11 be initiated 

from 1987. 

Fig. 2. Construction schedule of RIKL’N accelerator 

facility. 

Table 2. Principal parameters of the ring cyclotron. 

Number of sector magnets 
Sector angle 
Gap width 
Maximum field 
Haxlmum power 
Number of trim coils 
ToCal weight 

Number of dees 
Dee angle 
RF frequency range 
Frequency tuning 
Maxlm-dm RF voltage 
Haxfmum power 

Hain evacuation sysCem 

PreSSIre 

concro1 system 

4 
50’ 
acm 
16.7 kC 
700 kW 
29 x 4 pairs 
2100 ton 

2 CA/Z type) 
23.5* 
20 - 45 Ml2 
Hovable box and Trimmer 
250 kV 
600 kU 

lob r/s cryopump x 10 
5 * 10’ e/s cryopane1 x 4 
< 1 m lo-’ Torr 

Computer network and 
a number of micro- 
computers 

Dimension of the SSC 
Diameter 
Height 

Mean Injection radius 
Mean extraction radius 
Orbit frequency 
Harmonic number 

RILAC - Injected 
AVF - injected 

12.6 m 
6m 
0.893 q 

3.56 m 
1.8 - 7.37 MHZ 
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Sector nannets 

Main rhorncteristir:s of the sector magnet. are also 

given in 'Table 1. Preliminary results of meastlreaents 

of the mannetir: ch:lrai:tcristics and field distribution 

verf? aIreddY reported (3). Assembling of the sector 

maRnets vpre finished in .1unr, 1984. F i g,, rc 3 shows a 

photograph of the sector maRnets vhich were installed 

in the cyclotron vault. 

TWO power supplies are used for main coils and 

nine power supplies having seventy-two output terminals 

are Iused for trim coils. Pleasured stabilities during 

eight hours were 2 x 1O-6 and 5 x 10d5 for main coil 

and trim coil power supplies, respectively. 

'The field measurement was started in Fobrunry, 

1985. Optimum procedures were investigated to ensure a 

fast settinp: dnd a good reproducibility of the mannctic 

field. [t usually takes more than one hour to 

ma8nctize the large ion amass compl~tnly. HeI:~tive field 

distributions of the four sector magnets are nearly the 

same hut their absolute field lrvr~ls are diffc:rr?nt 

vithin 1.5 x 10w3 at 15.5 kfi. This vniue is caused by 

differences i n st:ee 1 properties and mechanical 

deformation of Fhri pole Rap due to moRnetic force. In 

order to occompljsh the procedt~rcs l'nr setting desired 

isochronolls fields, the measurement of the trim coil 

field distrihutinn is in proeross. 

Fin. 3. A phot 

inst.;1 

vault 

'S h (1 HI; 

ngraph of the sector maEnets which were 

led at. the due position in the cyclotron 

If Ii S v s 1: e RI 

syst cm is rcqtj i rc~d Lo ss-llistv I h f’ 

cnnditinns as the frequencv range is 'LO to 45 MHz and 

Pl,,!l'FY y,f i n per ttlrn per unit r~harKrt is I Ml>V. 'The 

resonator was designed based on l,he calculation and the 

imodr I t, t? s t, ( 4 ) . I"iy:ure 4 shows a hird's-eye view of 

the KF resonator. I'ntal height of the resonator is 2.1 

01 . 'The outside enclosure and inner stem are made of 

copper-cladded strlinless steel which has many coolinn 

(: h d n n c 1 s r:nRrnvrtd on the surf.3c.e of stainless steel 

beneath the copper overlay. A relation between HF 

"0 I tnge and frequency for the resonator is shovn in 

Fig. 5. The solid curves correspond to the HP' voltages 

rl t, the extraction and i.n.iection radii. The broken 

lines show the HF voltage needed to realize 8 mm turn 

srper,ltl on at the extraction radius for several ions. 

Master oscillator and power amplifier system is to 

ho emplovrd for an RF oscillator system. Ilinh 

stability of KF voltana as well as its phase is dlS0 

I'C~III i i-cd. 'The RSZO4%SK tube js used in grounded grid 

confi4urotion. The olatr cirrltit is a qllarter Wave- 

length CYPR st~th end tuned by r.h,~n~ing the length of 

the stub. The cnthndn tuning. circuit is also a 

411<3rlPr have- Icn~th tvpe stub and tltned by a variable 

capaci.tor. Structure of the final amplifier and its 

tuning (I h 4 r ac t e r i s t ic s Yere investigated on a full- 

sized model with the RS2042SK tube. 

0 (1) Dee (2) Movable Ilox 
(3) Stem (4) Cryqmel 
(5) Coupler (6) Trirnmrr 
(7) Vacuum ?ump 

Fiv.. 4 

1'iv;. 5. 

A bird's-eye viev of the RF resonator. 

400 

Frequency (MHZ) 

[)gtt! volt,r~tt cyst im~ltcd by t.hp model l.cst for t.he 

i n P u t POW+-r 0 f 2 50 k '# . VCX and V i n a rf- 

"0 I t ill?CS J t t. hr r>ntraction ia n d in icct,io11 

radii, respectively. 

Vacuum System 

The " il c II II I. chamber is divided into eight 

sections, t hot is. four maKnrt r,h;tmhnrs, two RF 

resonator chambers and two valley chambers. 

A prossure inside t;hn chambers mltst be kept. as IOU 

3 s possible in order to reduce bP,lrn loss dlle t.0 ion 

scattc:rinK by rrlsidllill 

pumping: 

speed of ,:! x ,04~i;;sr~olti~:~iIr:s~ The tytal 

thy 

--;q T(lqtllrPd to achlevc 

pressure IOWPI. than 1 x 10 Torr. To ~llar,~ntc?n 

th'is p~tntpinn speed, ten crvop~~mps with speed of 1 f),OOO 

I /sec. and four ~.ryop.~n~Is with 5,iHIO I /set will ha 

equipped to the chnmhrr (5). f;llrthermnrn, in order to 

rcdul:r: the (I,~s load, rli:ct,ron-cyr. lot run-res*ndnco (ECU) 



discharge-cleaninn techniqlle is to be applied to the 
maRnet chambers. 

The vacuum system will be controllpd automatically 
through a sequencer and monitored on the graphic 
display at the control desk. All elements of the vacuum 
system are in fabrication. 

Injection and Extraction Systems 

Specifications of the beam injection transport 
system from RILAC to the ring cyclotron have been 
fixed. The system includes a beam buncher and a beam 
chopper as well as bending and focusing magnets and 
various diagnostic devices. 

A beam sharing device will be installed .just after 
the exit of RILAC to deliver the beam simultaneously to 
both a RILAC's experimental room and the ring 
cyclotron. Tn order to obtain a hinh quality beam, some 
in.iertion conditions must be satisfied. 'The present 
system is so dcsinncd that this matching can ho done. 
[n designing the extraction system, realization of 

sinnlr: turn oxtraction was taken into account (6). 

Beam Handling System and Experimental Rooms 

This rinn cyclotron facility will be devoted to 
research works in various fields. Layout of the beam 
transport lines and the experimental rooms is shovn in 
Fin. 6 and the main characteristics of the beam 
transport lines are listed in Table 3. 

Sometimes it is beneficial for two experimental 
groups to share the beam. For that purpose, every 90' 
bending magnet is divided into two pieces, one of 

which deflects the beam by an angle of 25" and the 

other 65O. The dipole maKnr?t which deflects the beam 
by an nn<le of 2!i" will be opttrntrd in a pulse mode and 
two users can share the beam. 

Radio-zct ive hcaarn produced by nuclear reactions 

vi 11 be transported to the target station in Lab. 7 
through a secondary-beam Ijnr. (7). 

1 

in: Target Position :: Slit 
B: Bending Magnet Q: Quadrupole Magnet 

FiK. 6. Baam handling system and experimental rooms. 

Table 3. Characteristics of beam on targets 

Dispersive transport 
Energy resolution 

Achromatic transport 
Energy resolution 

Isochronous transport 
Time resolution 

0.01 x 

0.02 x 

300 ps 

Control and Beam Diagnostic Systems 

A computer aided control system will be introduced 
for the ring cyclotron (8). The system is composed of 
a netuork of three computers and CAHAC system. The 
computer is HELCOM350-60/500 and its word length is 32 
bits. One of them is used for control of the rinK 
cyclotron, the second for control of the RILAC and the 
last vi11 bc used for program development and data 
base. These three computers are equivalent to each 
other and can be supported by each other throunh the 
network. 

All the devices vi11 be controlled through the 
CAMAC by the computer, To decrease necessary number of 
CAHAC crates, modules and signal cables. two types of 
interface modules named CTH (Communication Interface 
Module) and DIM (Device Interface Module) are developed 
usinn micro processors and memories. These intellinent 
interface modules can control the devices locally and 
ensure high speed sequential control and measuresent 
without any aid of the control computer. The CIH can 
be linked oith twelve DIH's. Informations betveen CTM 
ahd DIM are transmitted through Receiver/Transmitter 
integrated in the CIH and DIM and optical fiber. 

We intend to optimize the operation of the rinn 
cyclotron using; the computer. In order to realize this 
successfully, it is necessary to equip enough number of 
beam diagnostic devices of various types measuring the 
current distribution, beam enittance and its phase 
relative to the RF voltage. 
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