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Y. Yamazak i , S . Anami , H . Baba , S . Fukumoto , T･Kageyama , T. Ka to

S.  Arai and N･Tokuda

縁 -

source,  a 432】Ⅷz RFQ linac (３ MeV), a 43２ MHz DTL (150 MeV) and a 1296
MHz high-βlinac (1 GeV).  Problems expected in each part are discussed
and possible remedies are also presented．

１。Ｉｎｔｒｏｄｕｃｔｉｏｎ

meters of the beams to be delivered by the l inac are l isted in TableI．

be carefully taken into account in designing the linac．Also,   it   is
required that the l inac can be operated in extreme stabil ity．

碑、

ﾍ，5００ m

l im i t ed l e ng t h immed i a t e l y r equ i r e s v e r y h i g h r f p owe r．Nece s s a r y   r f

t h e b e am l o s s b e c om e s a s e r i o u s p r o b l em i n a l o n g t e r m o p e r a t i o n・
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the rf power･

easy maintenance and cost performance･Development of the high power

mainly devoted to development of the high power modulator･

Fig.   １．The linac will be composed of an ion source, an RFQ linac, a
drift-tube   linac    (DTL)    and   a   high-Blinac・Negative hydrogen beams

mult i -turn inject ion of proton beams．

、

Ｂろ、

応而̅きる西元三 到一
（４ろ2 MHz

Ｉ ト
）
ト Ｉ

linacs w i l l be s t rong ly dependent upon the f requency・Ｉn genera l both

nant   frequency・However, as the frequency increases, sizes of acce１-

parts becomes diff icu l t and beam acceptances of the cavit ies decrease、

MHz for those of the RF quadrupole and drift-tube l inac．

、

２．工on Source

parameters are l isted in TableＩ工．
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A t t em p t w a s m a d e t o o p t i m i z e p a r am e t e r s o f a m a g n e t i c f i l t e r ，

謡孟c脇評警y鑑c謡毛electi患蕊菖三葛懸誓9蝋是吾溌,茎
and a p o s i t i o n o f t h e m a g n e t i c f i l t e r・T h e o b t a i n e d f i e l d d e p e n d e n c e
o f t h e b e am c u r r e n t i s s h ow n i n Ta b l e I I I ･ F u r t h e r o p t i m i z a t i o n o f t h e
parameters is in progress．

鯉、

(Gauss。cm)
６５０
４５５
２４５

０．３
０．６
１．５

■ 凸 一 ＝

o f t he H  i on beam and l ow e l ec t ron beam l oad i ng．Our   p re l im ina ry

than  50爾誼/謡f患舞驚篭y童For麗淫息霊c謡:重野品:鷺
case of the Tab leエエ１．It was found tha t the e l ec t ron beam load ing was

f i l t e r ･

i n v e s t i g a t e i t s d e p e n d e n c e o n t h e v o l ume o f t h e i o n s o u r c e． I t   i s

鯉

3．RFQ Lmac

The H  beam from the ion source will be injected to a 432班Iz

accelerated to 3 MeV・Design parameters of the RFQ linac are listed in

- ３ -



Table  IV･Phase-space projections at the first cell are
2 together with those at the last cell･Matching  of   the
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It is assumed that the qua l辻y factor is  60 percent
of the ca lcu la ted va lue．

ａ

侭、
一

1.5   tt mm･mrad for the beam current of 20 mA with the maximum elec-of   1.5   tt mm･mrad for the beam current of 20 mA with the maximum elec-

minｍum bore遡溌is becomes 0.236 cm with the vane length of 269 cm.
The total wall loss amounts to about 1 MW･

cool the vanes with this dimension for the wall loss of 1 MW．To   test

l inac is going to be fabricated･

discussed in the next section．
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v / c・ I t i s n o t e d t h a t t h e d r i f t - t u b e l i n a c c o n s i s t s o f f o u r t y p e s o f
t anks．Three pa ramete rs o f an i nne r d i amete r o f t anks , an ou te r d i a -
meter and a corner rad ius of dr迂t- tubes were approx imate ly opt im ized
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Ｃ、

ｄ･Ｉnc ludes space fo r quadrupo le magnets , s tee r i ng magnets and beam

ｅ、1.3 t imes of the ca lcu la ted va lueｏ

ｆ．１．2 t imes of the ca lcu lated va lue .

ｇ･For the beam current of 20 mA．

ｈ･Poss ib l e power l osses a t wave gu ides and c i rcu l a to rs a re no t

紳

一 一

、
トトＮ

鯉

0 0.1 0.2        ０.ろ0.４       ０.5        ０.6

of t h e d r i f t - t u b e l i n a c a s a f u n c t i o n o f B、
as ca lcu la ted w i th the SUPERF ISH are p lo t ted．

Fig．3  Shunt impedances
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Fig．4  Phase-space projections at the edges of the first
and last quadrupole magnets of the DTL．
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are   shown  in  Fig、4 and Table V, together with the emittances of the
accepted  beams   at   150  MeV･Here, an FD lattice is used with constant

the f i rst quadrupole magnet of the DTL・Otherwise, adjustable e lectro-

f rom the RFQ・Therefore , i t i s wor thwh i le to invest igate the poss ib i l -

power source is required in this case･

magnet ic f i e ld , be ing ra ther s tab le aga ins t e f fec ts due to rad ia t ion･
However, i t i s d i f f i cu l t to sea l the dr正t tubes conta in ing the SmCo ,

conventional use of the electron-beam welding (EBW)．At   present   at-

sat isfactory･It wi l l be another method to expose the SmCo to vacuum.
and outgassing measurement of the SmCo in vacuum is in progress、

of  the  RFQ,   lengths  of  dr迂t tubes for 2 MeV to 3 MeV become too short
to contain the permanent SmCo w辻h necessary focusing strengths.  Then,

Probably, this is more difficult choice for the 432班Iz   DTL   than   the

癖

癖
５.     High-ＢLinac

typical ly)．The 7r/2 mode operation of a multi-cel l cavity is necessary

effects due to heavy beam loading and manufacturing imperfect ions･

ｉing-cel l quadrupole mode.   Although a possible remedy was proposed.
extensive study wi l l be necessary to solve the problem･Ｉn   the   disc-
and-washer structure a TM1 passband crosses the acce lerat ing frequency，

decreases a shunt impedance ser ious ly．

- ９ -



tively limited compared with the side-coupling structure・Therefore,   a

ing mode of the APS is lower than tha亡。f   the   SCS   resul上mg   in  more

s lo t s h a s t h e f o l l ow i ng ad van t age s ･The f i e l d o f t h e TMO mode o f t h e

the TR ISTAN r i ngs ･The re fo re , we dec i ded t o deve l op bo th o f t he s i de -

the  t ime be ing･エn the fo l l ow ing paragraphs , however, resu l t s o f com-
putation with the SCS are presented as an example･

SUPERF ISH a re shown in F ig . 5 as a func t ion o f８・A ra ther l a rge bore

shunt impedance．

殉

』」Ｎ
綴、

ろ０

Fig．5  Shunt impedances of the side-coupled linac as a function of B.
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consta野。f    5    percent    with    a    three    d加ensional computer program
MAFIA.    With this coupling constant the qual辻y  factor  of  the  accel-

impe r f e c t i o n s , we e s t ima t ed nece s sa r y RF powe r a s s hown i n Tab l e V、
The high-B l inac wi l l be dr iven by ３６ klystrons with 3 MW、

is   shown   in   Fig、６．The drift space between two tanks have space

b e am  mo n i t o r・Sho r t e r t a n k s w i l l b e u s e d i n t h e l o w e n e r g y s i d e t o
i n c r e a s e t r a n s v e r s e a c c e p t a n c e s．Tr a n s v e r s e a n d l o n g i t u d i n a l a c c e p t -
ances thus obtained are shown in Table V and Fig、7   together   with

解

や"Ⅵty Tank (24 cells)工 一 戸 二
５○７．

Ｆ一一世Ｉ

／Ｎ
砕

■■ﾛ■■■■■■ ﾛ ■ ■ 一

エヒis  seen thaｔｔhe normalized transverse acceptances of the high-

acceptances on the phase of the injected beam is shown in Fig、８．Ｉｔ
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t h e s e p a r a t r i x ･ T h u s , m o r e d e t a i l e d s t u d y w i l l b e n e c e s s a r y , i n c l u d i n g
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癖 Fig．８
of the in jected beam・The va lues re lat ive to that for

T h e p h a s e a c c e p t a n c e o f t h e h i g h -Ｂ l i n a c i s o n l y s l i g h t l y l a r g e r

lem, s ince debunch ing in a dr i f t space between the DTL and h igh-Ｂl inac
w i l l b e sma l l、

Comparing the shunt impedances of the high-Ｂlinac  with   those  of

h igh-８l inac shou ld be lowered to save the RF power.  Th is mod i f i ca t ion

mo r e e x p e n s i v e t h a n t h e h i g h -８ l i n a c、

shun t impedances o f t he SCS and APS began to d rop d ras t i c a l l y ･The re -

s i m u l t a n e o u s l y・T h i s m o d i f i c a t i o n w i l l i n c r e a s e t h e s h u n t i m p e d a n c e s
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the beam acceptance･

long pulse (600 ¥xs)   and a high duty factor (3 %)．Also,   it   should  be

f o r e x amp l e , a h a r d - t u b e modu l a t o r f o r t h e f o l l o w i n g r e a s o n s ･ F i r s t ,
we have some exper ience for l ine- type modulators．Second,   l ine- type

b e h a v i o r s c a n b e e a s i l y u n d e r s t o o d ･ T h i r d , e f f i c i e n c i e s o f l i n e - t y p e
modu l a t o r s a r e b e t t e r t h a n h a r d - t u b e p u l s e r s。F i n a l l y , r u n n i n g c o s t s

s ive , whi le the ir l i fe t ime cannot be expected to be long・

(PFN) and a discharging unit as shown in Fig．９．Ｉts   output   pulse

than the 3 MW klystron for the following reason･工n   order   to   obtain

MW.      Development   of   the   6   MW  klyst二rons requires a modulator with an

stable  modulators   for   3１Ⅷklystrons  at   the   same  time･Parameters   of
the modu la tor des igned for the 6１Ⅷklys t rons a re l i s ted in Tab le VＩ．
エヒis noted that a cabinet for the PFN and d ischarg ing c i rcu i t becomes
very big:     9 m wide,   1．7 m deep  and  2．7 m high, because of a very long

designed each part of the modulator as follows･Since   averaged  power

t o p r e v en t i t f r om s a t u r a t i o n e v en f o r t h e c a s e o f a s ho r t ed l o ad、

‘、

、
-
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switching thyratron cannot stand the high averaged current･Thus,   four

the i r anodes w i th var iab le inductors .  D i迂erences among the averaged
currents of the thyratrons wi l l be made un正orm by adjust ing the hydro-
gen gas pressure in the thyratron tubes･

through the thyrat rons bu i lds up to a cons iderab le va lue・Th is phenom-

ing  tube･

i n t h e pu l s e t r a n s f o rme r r ema i n s．Thus , a s hun t c i r c u i t c omposed o f

〆珂

the pulse transformer．
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