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au h /l - ¢sc t ¢s = const . (7 ) 

which ca n be derived by approxima tin g the 
separa t rix by a n ell i pse and tak ing its 
angular sem i ax is 9 • 

We start our linac cons i dera ti ons in this 
paper with the gentle buncher sec ti on omit
ting the preceding shaper as well a s the 
transverse ma t c her . For a mo re det a iled dis
cussion of t he s e elemen t s we refer t o 4. 

Usually the in itial synchrono us ph ase ¢ o to
gether with the velocity Vo are given at the 
input of t he buncher . Furth er fi xed data are 
the fina l syn chronous phase ¢s a nd the final 
aperture rad iu s a both being Kep t co ns t a nt 
after gent l e bunching is finish ed. As a 
first step the vel ocity vs, which cor re
sponds to ¢s, i s calcu l ated using (7) . Now 
an arbitrary tun es hift ~ x, o not ye t depres 
sed however and Q = 0 are taken for a zero 
approach. A co r r espo nding SA accelera to r 
section for this vs- ¢s pair is de t erm i ned 
bringing about a pa rameter combi nat i on 
Al sCo,s. Then ( 1) gives an acce l erati on pa
rameter Al 0 fo r the first bu nc he r section 
with given'vo, ¢ 0 and the con diti on ~ x 0 
= const. corres p8rids to a cer t a i n Al oCo ' o 
combination. Now by switch i ng on a nd'in crea
sing space c har ge Q stab i lity li mit is 
reached either ax ia l l y or transversa ll y. 
Since stability bou nda ries corr e spo nd to de
pressed tuneshifts with cos ~ x = +1 o r c o s ~ u 
= +1 and Al appea r s in ( 5a) or (5 b) but with 
opposite sign i n ( 5c ) correspon di ng c urrent 
limits have a sco pe that fig. 2 exemplarily 
demonstrates . Then iterat i ng the undepressed 
~x 0 a max i mum c urrent Imax as well a s an 
optimum un dep ressed tuneshift with unique 
parameter com binations Al oC o 0 for the 
first buncher se ction and'A 1 ~Co s for the 
first acce l erato r s ection are obt a ined. 
Using this param eter set a " nom in a l" beam 
current of a bou t 0.5 Imax is define d . By 
keeping the op t im um undepressed tun esh ift 
~ x 0 constant t he buncher part i s s ucc es sive
ly'generated us ing conditions (6) a nd (7). 
Later on i n th a t accelerator part howe ver, 
where the degree of freedom i n t he sy nchro
nous phase is ex ha usted and t he inne r aper
ture is kept co ns tant only the out er radius 
b is left as a free parame te r. He r e matching 
proved satisfa ctory, whe n we adju s ted the 
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Fig. 2 Max imu m axial and transv ers al cur
rent s l eading to maxim um bea m cur
rent a nd corr espond i ng tuneshift 
(linac da ta s. fi g. 3) 

outer b such that still the undepressed tune
shift ~ x 0 was kept constant. The following 
ex amples'illustrate matters. 

Two linac designs we present as examples, a 
50 mA 133 CS1+ fusion injector and a 390 mA 
proton system . Fig. 3 sketches the electrode 
profile of a 13.5 MHz Cs sample with beam 
envelopes. In fig. 4 the proton injector is 
outlined. It should be noticed that the cor
rect fast oscillations of the beam envelo
pes in figs. 3 and 4 correspond to the struc
ture period, while the slow oscillations are 
either caused by a tiny mismatch frequently 
occuring with the sensitive K.V. model. This 
seem s negligible however, when more reali
stic space charge distributions are consi
dered and can be learned from 10, table 4, 
and 12 , table 4, where similar linac exam
ples are discussed. 

A preliminary description of our proton stu
dy model was given in 11 . Meanwhile we in
se r ted some modifications favouring a design 
principle, where not the transversal tune
shift is kept constant but the outer radius 
b. This makes manufacturing much easier, 
since any of the four rods now consists of 
an inner uniform copper pipe (outer diame
ter 6 mm) and a proper sequence of short 
copper cylinders (inner diameter 6 mm) being 
shoved and soldered on it. Along the buncher 
the outer diameter of these cylinders in
creases, while in the accelerator part the 
modulation remains constant. Fig. 5 sketches 
geometrical dimensions, beam envelopes and 
relevant parameters. Of course mismatch is 
favoured with such a design modality, as en
velopes drawn in fig. 5 show. For our study 
purposes this can be put up with however, 
causing a theoretical beam current limit of 
about 10 mAo Fig. 6 illustrates the present 
status of realization. Beam performance is 
scheduled within the next months. 

Computations have been carried out by the 
Hochschulrechenzentrum. 

References 

1 I.M. Kapchinsky, V.A . Treplyakov, Pribory 
i. Tekh. Eksp., No.2, 19 (1970) 

2 R.W. Hamm et al., Proc.!ntern. Conf. on 
Low Energy Ion Beams, Bath 1980, p. 54 

3 H. Klein et al., this conference 
4 K.R. Crandall, R.H. Stokes, ToP. Wangler, 

Brookhaven NL, BNL 51134 (1979) p. 205 
5 I.M. Kapchinsky, V.V. Vladimirsky. Proc. 

Intern. Conf. on Hi gh Energy Acc., CERN, 
Geneva 1959, p. 274 

6 M. Pro me, These, Univ. de Paris-Sud, 1971 
7 E.O. Courant, H.S . Snyder, Ann.Phys . ,3,(195 8) 
8 I.M. Kapchinsky, N.V. Lazarev, IEEE Trans. 

Nucl. Sci., Vol. NS-26, No.3 (1979) p. 3462 
9 P. Junior, Inst. f. 1\ngew. Physik, Univ. 

Frankfurt, Int. Rep. 80 - 10, 1980 
10 LP. Wangler, R.H. Stokes, IEEE Trans. Nucl. 

Sci., Vol. NS-28, No.2 (1981) p. 1494 
11 P. Junior et aT~, IEEE Trans. Nucl. Sci., 

Vol. NS-28, No . 2 (1981) p. 1504 
1 2 R.H. StoKes, T.P. Wangler, K.R. Crandall, 

IEEE Trans. Nucl. Sci., Vol. NS-28, No.3 
Part 1 (1981) p. 1999 -

Proceedings of the 1981 Linear Accelerator Conference, Santa Fe, New Mexico, USA

82



Proceedings of the 1981 Linear Accelerator Conference, Santa Fe, New Mexico, USA

83


