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1 . I n t r o duction

A  rapid cycle p r o t o n  s y n c h r o t r o n  w i t h  a m a x i m u m  

kinetic e nergy 800 MeV, m a x i m u m  in t e n s i t y  6 x 1 0 13 

ppp and r e p e t i t i o n  rate 50 Hz is u nder c o n s i d e r a t i o n  

as a BSF future p r o j e c t 1). The i n jector w i l l  be 80 

〜 100 M e V  H linac w i t h  pulse w i d t h  350 ys and in­

tensity 30 mA.

The s u c c e s sり of RFQ in LAN L  su g g e s t s  the a l ­

t ernative to a h u g e  C o c k c r o f t - W a l t o n  preinjector. 

E ven though the a t t a i n a b l e  m a x i m u m  e nergy t h rough 

RFQ requires a d e l i b e r a t e  s t u d y , 1 M e V  w i l l  c e r t a i n ­

ly be obtainable, w h i c h  enables the use of k l y s t r o n  

around 400 MH z  as RF pow e r  source. T h e r e f o r e  the 

a c c e l e r a t i n g  s t r u c t u r e  of this i n jector is dev i d e d  

into three s t a g e s : 50 〜 100 k e V  H一 

ion s o u r c e , 1 M e V  RFQ or A P F  and 

80 M e V  A l varez linac. This paper 

d escribes the d e s i g n  study, m a i n l y  

of A l varez s t r u c t u r e  part.

2. C o m p u t a t i o n  of P a r a m e t e r s  by

the Aid of S U P E R F I S H  

If an Al v a r e z  linac is ex­

cited at 400 M H z s the d i a m e t e r  of 

the cavity reduces n e a r l y  to the

3 V
half of the present p r o t o n  linac ノ 

at K E K  and the av e r a g e  a c c e l e r a ­

ting field can be m a d e  higher, say 

3.5 MV/m. For a flat faced drift 

tube w i t h  fixed b o r e  di a m e t e r  and 

corner radius (A = 1 . 0  c m， RHC =

0.5 cm and RH = 1  cm, F i g • 1 ) ， Fig.



an o p t i m i z a t i o n  w a s  m a d e  at r e l a t i v e l y  low energy to obt a i n  drift tube 

outer d i a m e t e r  SD = 9.0 cm and cavity diam e t e r  D = 48 cm. Next for 

these fixed dimensions, the half gap length (L/2) was computed that w i l l  

give the reson a n t  frequency of 400 MHz at different re p r e s e n t a t i v e  cell 

length. The val u e s  of transit time factor (T)， effective shunt impedance 

(ZT2)， p o w e r  loss (P)， etc. w e r e  tabulated as the function of L/2 and 

used for i n t e r p o l a t i o n  (Fig. 2).

3. Cell D i m e n s i o n  and L o n g i t u d i n a l

O s c i l l a t i o n

The g e o m e t r i c a l  and RF p a r a m e ­

ters for a cons t a n t  s y nchronous phase 

(c()s = -30°) are c o m puted for several 

aver a g e  a c c e l e r a t i n g  field. The cell 

number, total l e n g t h  and RF power 

loss at E 0 = 3,0 M V / m， 3.5 M V / m  and 

4.0 M V / m  are shown in Table I. T able 

II shows the e n e r g y s cavity length, 

nu m b e r  of cells c o n tained in a cavity 

and RF pow e r  for 5 parti t i o n s  at E 0 

= 3 . 5  MV/m. F r o m  the v i e w  point of 

cavity n u m b e r s， cell n u m b e r s， RF 

power and sparking limit (the surface 

el e c t r i c  field is less than one third 

of K i l p a t r i c k  c r i t e r i o n)， E 0 = 3.5 

M V / m  is chosen for the first c a n d i ­

date.

F i g u r e  3(a) is the accep t a n c e  in 

c()-E space, in w h i c h  WZ is the syn­

chronous injec t i o n  energy (1 M e V ) .

As is w e l l  k n o w n  a b e a m  w i t h  several 

percent h i g h e r  energy than WZ can be 

be t t e r  captured. Figure 3(b) is the 

emittance, showing that the energy 

spread of the b e a m  at the exit extends 

from -0.7 % to 4-0.6 % of the s y n c h r o -

(MV/m)
Cell Number

Total length RF Power Loss

3.0 2S2 43.86 3.76

3.5 216 37.59 4.39

4.0 189 32.89 5.01

Table I
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Table II

nous e nergy WF (80•1 MeV) and is Fig. 3(a)(top) and (b)(bottom)



bun c h e d  w i t h i n  ±30'

As this accep t a n c e  c o r ­

responds to the b e a m  of 

Fig. 3 ( a ) 5 the actual 

one can be expected to 

be mu c h  smaller. F i g u r e  

4 shows the pha s e  o s c i l ­

lation from 1 M e V  to 3 

M e V  and pa r t i c l e  d i s t r i ­

b u t i o n  in the p h a s e - 

energy space at the exit 

(upper r i g h t ) .
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Fig. 4
4. Foc u s s i n g  S y s t e m

As is the case of K E K  20 M e V  l i n a c 4)， the field g r a dient G(N) of 

the N - t h  q u a d r u p o l e  m a g n e t  is so de s i g n e d  as to m a k e  A  (= |K(S) j *I*e ff/L) 

c o n s t a n t • T h e r e f o r e，

G ㈤ … )魁 G(0)き ^ ^ •会

in FDFD scheme, w h e r e  L and L e ff m e a n s  the cell len g t h  and e f f e c t i v e  

q u a d r u p o l e  m a g n e t  length, respe ctively. 3 and 丫 are r e l a t i v i s t i c  factors. 

The d e f o c u s s i n g  effects due to RF and s p a c e - c h a r g e  are taken into c o n s i d e r ­

ation as impulse effects at the c enter of drift s p a c e • F i g u r e  5 shows 

the n o r m a l i z e d  a c c e p t a n c e  for the cell s t r u c t u r e  d e s c r i b e d  in S e c t i o n  3.

ハ The a b s c i s s a  d e s i g n a t e s  the v a l u e  of field g r adient of the first q u a d r u p o l e

ACcepfANcc ti

F ig . 5
I ) ( W b / m A )

F ig 。 6



magnet. Due to a relat i v e l y  high a c c e l e r a t i n g  field E 0 = 3.5 MV/m, the 

d e f o c u s s i n g  force bec o m e s  so large that f o c ussing field gradient G(l) is 

critical above 100 W b / m '  This wi l l  be over c o m e  by using rare e a r t h - c o b a l t  

p e r manent m a g n e t 5) • The ac c e p t a n c e  at G ( l ) = 1 3 0  W b / m 3 is shown in Fig.

6 ， w h e r e  the n u m b e r  indicates the cell w h e r e  the b e a m  is lost and the 

b e a m  w i t h  num b e r  M0" is accepted throughout the structure.

5. D i s c u s s i o n

If the face of a drift tube is 

transit time factor and effective 

shunt impe d a n c e  increases r e m a r k a ­

b l y  (Fig. 7)• The electric field 

on the surface is shown in Fig. 8. 

The s e  results suggest to use 

tapered drift tubes w i t h  15° for 

15 〜 50 MeV, 30° for 50 〜 80 M e V  

and 45° for 80 〜 100 M e V  as an 

illustration.

The b u i l d  up time of the 

c a vity for Q = 6.5 x  1 0“ is about

275 y s • If one adds 100 ys as a

m a r g i n  to the m i n i m u m  b e a m  d u r a ­

tion 350 ys, the duty factor b e ­

comes 3,6 %• 400 M H z  k l y s t r o n

w i t h  duty factor 5 7。and peak

power 2 .5 M W  is e x p ected to be

d e v e l o p e d  w i t h o u t  m u c h  difficulty. 

F i g u r e  9 shows the b l o c k  d i a g r a m  

of the first scheme d e s cribed in 

S e ction 3. U s i n g  tapered faced 

drift tubes, h o w e v e r， 100 M e V  may 

be obta i n e d  b y  the same n u m b e r  of 

k l y s t r o n s •

The e x p e r imental studies of 

post couplers and permanent

tapered (㊀癸 0 in F i g . 1 ) ， the

Fig. 7

0 / 2 -

S O / 2 -

F ig . 8

一 113 -



magnets are esse n t i a l  to realize the p resent proposals. The i n v e s t i g a ­

tions of low ener g y  structure, RFQ or APF, and H一 ion sources n e e d  to b e  

started later on. The intensity m o d u l a t i o n  of the b e a m  w i t h  the f r e q u e n c y  

of s y n c h r o t r o n  at an early stage is p r o p o s e d  to avoid the r a d i o a c t i v e  

c o n t a m i n a t i o n  of the synchrotron.

N O . l  C A V ITY N O .2 C A V ITY N O .3 C A V ITY N O .4 C A V ITY N O .5 C A V IT Y

OUTLINE OF 80MeV INJECTOR LINAC

Fig. 9
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