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The RF system for the RCNP six-separated spiral 
sector cyclotron is studied . The RF system consists of 
three acceleration cavities and one flat-topping 
cavi~y. An acceleration cavity and a flat-topping 
cavity are investigated on models. 

Introduction 

The cyclotron cascade project of RCNP was ap
proved in 1986. The construction of the facility will 
start in 1987. General features of the project is 
described elsewhere. 1 Main facility of the project is 
K=400 six-separated spiral sector cyclotron (SSC). 
Maximum energy of the SSC is 400 MeV for protons and 
alpha particles. The plan view of the cyclotron is 
shown in Fig. 1. Three acceleration cavities and one 
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Fig . l. Plan view of the separated sector cyclotron. 

flat-toppig cavity are installed between sector mag
nets. Dee in-valley 112 A type cavities or single gap 
cavities will be used as the acceleration cavities. 
The present AVF cyclotron with 180°-single dee is to 
be used as the injector for the SSC. Frequency range 
and harmonic numbers of the acceleration in the SSC are 
chosen to fit the present AVF cyclotron. 

Outline of RF system 

The frequency range of the acceleration system 
for the SSC is 30 - 50 MHz. Acceleration harmonic num
bers are 6 and 10. In the present AVF cyclotron , 
frequency range is 5.5 - 19.5 MHz and fundamental ac
celeration mode is used for protons and alpha par
ticles. As the injection radius of the SSC is twice 

the extraction radius of the present AVF cyclotron, or
bit frequency of the injector cyclotron is twice as 
much that of the SSC. Orbit frequencies, accel era
tion frequencies and harmonic numbers of acceleration 
in the two cyclotrons for various ions and energies are 
shown in Fig. 2. In the initial phase of the project , 
different acceleration frequenCies will be used for the 
two cyclotrons. 
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Fig .2. Orbit frequencies ( FO) , acceleration 
frequencies (Frf) and harmonic nu mber of 
acceleration (Nh) in the present AVF cyclotron 
and separated sector cyclotron. 

It is desirable to use sa me acceleration 
frequency for th e injector cyclotron and the SSC. Con
verting the frequen cy range of the 180'-s ingle dee RF 
system of the injector cycl otron to 30 - 50 MHz in fu
ture , the same acceleration frequencies can be used. 
There is another choice of frequency range (22.2 - 33.3 
MHz) and acceleration harmonic number s for th e sse (4 
and 6). To accelerate protons by 4th harmonic mode in 
the sse, the injector cyclotron shou ld accelerate by 
2nd harmonic mode with two dee acceleration system. 
For this scheme a co mplet e ly reconstruction on the in
jector cyclotron including exchange of an extra c tion 
system is necessary. Then the acceleration frequency 
range 22.2 - 33.3 MH z was not chosen . 

Characteristics of t he acceleration system and 
the flat-topp ing system are summarized in Tables 1 and 
2, respectively. In phase and three phase RF operation 
of these three acceleration caviti es need for harmonic 
number of 6 and 10, respectively . The phase errors be-

Proceedings of the Eleventh International Conference on Cyclotrons and their Applications, Tokyo, Japan

341



tyeen t~ ese thr ee acceleration cavities and one flat
to ppir;g c,1Vi ty in the sse s hould be l ess than 0.1° to 
get en ~rgy resolution better than 10- 4 for accelerated 
hea m. ? Energy gain I .S MeV per turn need for 400 MeV 
proto n a cc eleration to get turn separation of 5mm at 
the extract i on radius. Radially flat d i s tr ibut i on of 
th e ac cel eration volt age is de si rabl e for this sse. The 
energy spread of the extracted beam from the injector 
depends cr: that of injected beam and prcportional to 
the ratio af the accelera tion voltage at extra c tion 
radius t o injection radiu s . 2 

Tabl e 1 
Characteristics of the acceleration system. 

RF frequency 
HarmoniC Number 
Number of cavities 
Energy gain / turn /c harge 
RF vo l tage stability 
RF phase excursion 
FR poyer 
Hear. in jection radius 
Hedn extraction radius 
Beam aperture 

Table 2 

3 0 ~ 50 MH z 
6.10 
3 
1.5 MeV 
10 
± O. 1 0 

~ 250kW/cavi ty 
2000mm 
4040mm 
30mm 

Characteristi cs of the flat-topping system . 

RF frequency 
Number of cavities 
RF peak vol ta ge 
RF voltage stability 
RF phas e exrur~ion 

FR poyer 
Rp su nator 
Seam aperture 

90 

ISOkV 
10 
± O. 1 0 

150 MHz 

~ 2SkW 
s ingle gap 
30mm 

The energy width of the injection beam will be 
lim ited by a beam energy analyzer between the injector 
cycl otron and the SSC . A conventional flat-topping 
method is used for the SSC. The flat-topping voltage 
is ab out 10 % of the total acceleration voltage. The 
flat-topping frequency is 3rd harmoniC of the accelera
ti on f r equency. With this flat - toppin g increa sed 
phase acc eptance and precise energy resolution and 
clear turn separation can be realized . The blo ck 
diagram of th e RF syste m is show n in Fig .3 Two 
frequency synthe s izers which ar e phase locked to a com
mon frequency standard are used as master OSCillators 
for the inje cto r cy cl otron and the SSC. The accelera
tion vo ltage of eac h cavity will be adjusted inde pen
dently to su pp ress radial oscillation of the beam . 2 

As the gaps of th e magnets are 6 cm, a dee in
valley s tructur e or single gap type cavity s hould be 
use d . The radial length of the acceleration gap is 
longer ~ han 2 m co rrespo nding to the difference of ex
traction rad ius from injection radius. The height of 
magnet s ar e abou t 5m . The cav ity should be easily ex 
tracted radially for mai~te"ance. Then allowed 
Jzim uti.al spaces are .;1 most 18°. The height of the 
cav i tie s i ~c l 0dj ng driv i ng sys tem s of tuning mechanisms 
s hou ld 110! be much higher than th ose of the se cto r mag
net s f o r m ~i ntai~ability and cost reduction. To 
,.ati 'i fy these co ndi tions 112 A. typ e cavi ties and s ingle 
ga p ca vity w ~ re investigate d by mod e l s . 

A 1/2 A. type cavi ty has two vertical s tems with 
s1:(\ing s horts and 17° delta s haped dee. Two t ypes of 
stem ~ wefe te s ted on 1/ 5 scale model s. One ha s a 
delta-shapEd cr oss section and the other has a coa xial 
on~. 

PRESENT AVF CYLOTRON 

TO RF CO:\TROLLER 0;==='------- ----' 
ACCELERATION SYSTEM 

FLAT-TOPPING SYTEM 
~ SI-ll-ILAR- Tei ABovE' _. - -----_. _. _. _. _. - --
: EXCEPT FOR FREQ. RANGE AND \lAX . POWER 

TO sse CO;';TROL SYSTEM 

(~OT SHOW~) 

Fig.3. Blo ck diagram of the RF system. 
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Fig.4. 1/5 scale model cavity with delta shaped stems. 

A photograph of 1/5 scale model cavity with delta 
shaped stems is shown in Fig.4. The radial voltage dis
tribl;ti on along the dee gap i.s convex-shape. The 
radial dependence of the voltage distribution is not 
~trong. The height of the cavity which resonates 30 
MHz i s Sm. The paller los s of the cavity is estimated 
to he 30 0 k\i at 2~, O kVpeak (50 MHz ) excitation. These 
demeri t s , the cavi ty height and the larg e paller loss , 
co me from low stem impedance. The impedance of the 
delta-shaped stem is limited at most 2012 by the spa
t ial restriction between sector magnets. However these 
chara cteris t ie:; of this cavi ty is acceptable for the 
accele rati on system of the SSG. 

f~ 
Fig.S. 1/ 5 scale model cavity with coaxial stems. 

Coaxial stem cavity 

A 112A type cavity with coaxia l stems are 
s t udied. Fig.5 shows the photograph of th e 1/5 model 
cavity. The diameters of i nn er and outer conductors are 
140 mm and 24 0 mm, respe ctively. These diameters were 
decided considering spatial restriction and s tem i m
pedan ce. Th e dia meter of the outer conductor i s 
limited by the spa ce of the valley section. To reduce 
power los s and height of the.cavity, the s t em impedance 
i s der.ided to be about 30Q . According to high stem 
impedance, the height of !he Citvity is less than 3m , 
and maximum power loss is estimated to be about 200kW. 
Although this cavity has following disadvan tage s. 
Since the length of the dee electrode is nearly equal 
to a half-wav~ leng t h of the maximum RF frequency (50 

MHz ) and th~ wave travel s also radially , it IS dif 
f ic ul t to mak~ a cavity to resonate up to 50 MHz . An 
f ff ect of the traveling wa ve alo ng radial di rection the 
cavi ty voltage has st r on g radial dependence. This 
radial voltage distr ib ut ion also sho ws s trong frequency 
dependellce. Therefo:-s, thi s type 0: cavi ty see ms to be 
impractical for this sse . 

A slngle gap type cavity is also sb d!ed to 
reduce RF powe r loss and cavity size. A fairly well 
vol tage di s tribution can be obtained with proper chei ce 
of radial length of the ca vit y and shape of acceler a
tion electrodes in the given geometrical cond iti on 
Singl, gap cavi ty has high decele ration efficiency for 
any ha rmo ~jC mode accelerati on . The transit time ef-
fe ct is not sev ere on 10th harmonic ae celer atior" even 
i f wide dc c~ leratlon gap was needed to withstan d a 
voltage twi ce as high as that of 1/2), type ca'li ty. 
Various studies are now in progress on 1/10 sc ale model 
for th is cavity . 

Fl~ing cavity 

single gap cavity is used for the f la t-to~ping 

cavity. A 1/ 5 scale model of th e single gap flat
topping cavity was made to i nve s tigate RF chara cter i s
t ic s. Fig. 6 shows t he model cavity. The cavi ty has a 
pair of lip ~ at acce leration gap. The ac celerat ion gap 
i~ 50 mm. RF power is fed to the cavi t y thro ugh an i n
~u ~ tive po wer feeder. Re sonance frequency is varied by 
a pair of s liding tuner pla te s as sholln in Fig.~. The 
rad i a: length of the bE·a m aperture is about 2m. ThE· 
cu toff f requency of the 2m " perture is 75 MHz for lli

'
-

oO'ln mode (; s c i llation . Up-down s ymmetry is i mpor tdnt 
;~ r" du re nnwanted l eakage of RF power through the beam 
apprt lirE. The radiation fr~m t he aperture may pe rt urb 
hAd m ph ase ~rDhes. 
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Fig.5. 1/5 scale model of flat-toppig cavity. 
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ReCG1anCe frequencies of the cavity was measured 
up H 1.4 CHI. v'S. positi1n of the tuner plates. Fig. 
" ;.r.01' " :he reslIl L Various modes of resonance '.ere 
cbs2rv"~. HInl mode resonance is used for fIat
t p~r:g. The l1Jeasured voltage distribution is shown in 
F . B VDlt~ge distribution along the acceleration 

(Irode 'hows a little frequency dependence. 
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Fig.7. Resonance frequencies of the model cavity. 
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Radial voltage distribution of the 
flat-topping cavity at 752 MHz. 
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