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Abstract .- A project for a superconducting coil compact cyclotron which allows to accele rate ions to 
energies up to 80 MeV/A from a 16 IW MP Tandem is presented. Some specific points are emphasized: the 
injection, the magnetic field configuration, the bunching and the beam transfer from the Tandem . 

The Strasbourg project 1 ,2) cons ists of a super
conducting coi l, K = 560, compact cyclotron . Ions from 
the 16 MV MP Tandem of the Centre de Recherches Nucle
aires in Strasbourg will be str ipped inside the cyclo
tron before being accelerated . Conclusions of prospec-

tive s tudies
1

) have shown that energies of 10 to 
80 HeViA fo r light ions and 5 to 16 MeVIA for the hea
viest are needed. A careful examination leads to the 
conclusion that a 3 sectors K = 560 compact cyc l otron 
with superconducting coils corresponds the best to 
this choi ce . The following table and Fig. 1 give t he 
main characteris ti cs of the project. A working group 
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has been consti tuted which made de tailed studies on 
the following points : calculation of the magnet con
figuration leading to isochronism, injection and 
stripping, mechanical structure of the magnet and 
mounting of the machine, superconducting coils, cryo
stat and cryogenics, bunching and beam transfer from 
the MP . The s tudy of the RF system and computer con
trol have also been started~ 

* Internal r eports have been writt e n on all this 
subjects and are available on request. 
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In the follow i ng we give ~ore details about the 
superconducting coil, the inj ection , the magnetic 
field configuration and the beam transfer. 

Super conducting coil 

Coil 
r:~ner dim(l~t(>l' 2060 
Outer dii-lmeter 24 16 
Di.~ tallC:€' ~etw(>en coils 120 
Overall coil beight 512 
Inlier coil hRight 307 
Outer coi 1 hpight 206 
Doubl/i' pAn'; ,lk~s pe r coil 15 
Turns ;., e r rioublc pancake 80 
Turns pe r coi I 1200 
Insulation betwe('n 

turns 0.35 mrn 
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Injection parameters 
Injection geometry has been chosen to enhance 

high energies-h igh intensities for light ions from 

12C, leading to the following figures : 
- Common steering point 2.5 m from the center 
- Stripping in a hill and injection "with the spiral " 

allowing to have most of the injection path near 
along the median line of a valley where the field 
is low and nearly does not vary 

- l1inimum entry angle into the field as small as pos-
sible. 

From that the main parameters are 
- Steering distance 2.5 m 
- Steering angle ± 1° 
- Stripping position 15.5 to 20 . 3 cm 

/',6 37 .5 ° 
e 

- Entry angle 10 to 25° 
- Charge state ratio 2.85 to 3.95 
- Energy gain 17 to 32.5 

Detailed calculations from an analytical des
cription of the actual (calculated) field given by 
the magnet configuration described below give the in
jection limitations as shown on Fig. 2. These limita-
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Fig. 2 Worki ng ar ea in the (Eo ' QIAJ p lane showing 

the position of repre sent ative ions . 

tions are somewhat restrictive for high energy inter
mediate and heavy ions and mainly for low energy light 
and intermediate ions keeping the best for light-high 
energy ions. 

Magnetic field configuration 
Several possible configurations have been stu

died, ending with the final design described below 
(Fig. 3). The criteria are dictated essentially by 
the need to obtain good isochronous fields together 
with adequate focalization for the whole ion range 
with optimized excitation for main and trim coils. 
Spacing and mechani~al requirements, particularly 
severe in such a compact cryogenic cyclotron in which 
the housing space for injection, extraction and acce-

leration components is so small, are to be carefully 
examined as well. 
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For each configuration the resulting magnetic 
fie ld has been determined as already done e lsewhe -

3,4) b h b" " f " re y t e com ~nat~on 0 two separate contr~bu-
tions, the one from the components with cylindrical 
symmetry, the other from the iron pole tips. For seve
ral values of the intensities Ia and Ib in each pair 

of superconducting coils the relaxation method (code 
POISSON) has been used to calculate two different 
field maps. The first one corresponds to the field 
produced by the coi ls t ogether with the main part of 
the iron which is cylindrically symmetric : the yoke, 
the two end rings and the cylindrical poles generated 
by the valley profile. The second calculation is also 
for cylindrical symmetry and for the same iron part 
with addition of pole pieces with the same axial pro
file as the pole tip in a hill stretched out over to 
2~ . The actual average field value is between those 
two results and is obtained by a combination of the 
two field maps with a weighting factor depending on 
the hill width . The azimuthally variable field compo
nent given by the spiral pole tip has been calculated 
with a specially written code, using the uniform ma
gnetization approxima tion. 

Isochronism and betatron oscillations frequen
cies have been studied for twelve different ion~ from 
12C 238 d f f" 1" . up to U an or ~na energ~es near the max~-
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Fig . 4 Upper par t : Calculated fi eld compar ed wi th 
theoretical isochronous f i e ld. 
Lower par t : Re sidual field de f ect with t rim 
coil correcti ons. 

mum and minimum working values (Fig. 2). In every 
case, for a given magnet configuration, optimum in
tensities Ia and Ib in the main coils for which the 

average field is the nearest to isochronism have to 
be determined. Such a calculation is done from the 
following grid : The average field value has been 
computed with POISSON code for a set of equally spa
ced current densities covering the overall range : 

I a = 1100, 1800, 2500 and 3200 A/cm
2 

for the coil 

nearest to the median plan (inner coil) ; Ib -1000, 

-300, 400, 1100, 1800, 2500 and 3200 A/cm
2 

for the 
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farthest one (outer coil) . From this grid the average 
field value for a given ion has been derived by inter
polation using a least squares fit method to minimize 
isochronism defects. From that result corrections have 
been made setting trim coil currents to compensate 
these defects. As an example the average field for 

58Ni is shown on Fig. 4 while Fig. 5 shows Vr and V
z 

for 12c at two different energies. 

Such a method has been used optimizing main coil 
dimensions and iron geometry : pole tip azimuthal pro
file (angular width and spiral constant), valley axial 
profile near the extraction radius and central region 
configuration. The trim coil array has been chosen 
taking into account the residual field differences 
from the isochronous field. 

Resulting main characteristics for the coils 
and the iron geometr~ are listed in the following 
table. 

Inner coil section 
Outer coil cro ss sec tion 
Median plane di s t ance 
Vall ey gap 

(p!"ogressively shrinked 

532 cro2 

358 cm2 
6 em 

70 em 
to 24 em for R > 80 em) 

Hills 
Iro n gap 
Center angular apertu re 
Angul a r ape r t ure at extrac tion radius 
Average spiral c onstant 

8 em 
45.6' 
5~ , 

2 rad/m 

Trim coils 
Number 
Maximum total powe r 
Return path gap 

RF holes 
Diameter 

Radial position 

17 
30 kW 

z - 20 to 22 em 

22.6 em up to z - 56 em 
41 em further 

49 em 

Beam matching and injection system 
Using most of the present experimental facili

ties has been our aim but we could not avoid the 
usual apparent complexity of the transfer line and of 
the bunching system shown in Fig. 6. 

04 0' 010 CIt! Q'~ 

Further 
developments 

D' 

~ Layout of t he facil ity (MP on t he le f t and 
exper imental areas above are out of scope). 

The time structure is obtained by a double 

d . 5,6) . . 
r~ft buncher pos~t~oned on the low energy plat-

form p laced ups tream of the 1-1P Tandem and operating 
on the RF frequency. The efficiency of such a buncher 
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is about 65 %. The dimensions of this system have 7 
been determined according to Hinderer's formulation) 
(Fig. 7). A high energy buncher placed roughly in the 

.. , 
I'" 

10 15 20 25 30 

~ Determination of the 1st klystron dimens i on 
according to Hinderer' s formula . 

1,5 

middle of the transfer line provides an upright emit
tance ellipse at the cyclotron injection stripper and 
a pulse width of ± 3°. 

The platform voltage is varied so as to compen
sate partially the variations of the effective lengths 
between the terminal of the tiP and the cyclotron. 
Fig. 8 shows how the mean position of the H.E. bun
cher was dete rmined. 

Var iation of t he ratio of the pulse wi dth 
(<p ~/<p c) at the MP terminal and at the cyclo-

tron str ipper as a function of the mas s num
ber for differ ent inj ector voltages (Eo) and 

differ ent eff ecti ve lengths of the transfer 
line (£2/£ 3) ' 

The transfer line is achromatic to first order 
so as to decouple the phase spaces. In the three di
mensions, the beam is focused at the two strippers 
to minimize the effects of angular and energy strag
gling. 

Classically it is divided into three parts, the 
two first being connected to the L.E. buncher and the 
M.P . corona system to regulate the fast and slow fluc
tuations of the injected ion energy . 

The third section is similar to the ChalkRiver8) 
line and is destined to the emittance and dispersion 
matching . Another but more exp ensive solution has been 
proposed based on the use of variable lengths as sug-

gested by F . Hinterberger9). 
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