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Abstract 

A possible machine layout for accel.eration of 
lead ions is presented, based on the experience gained 
with the successful - but pai.nful - acceleration of 
oxygen ions in the CERN Linac 11). 

The scenario consists of an ECR source, a RFQ 
and an Alvarez Linac. One has tried to optimize the 
parameters within the restrictions of the space 
available, keeping in mind the requirements and 
desiderata of the subsequent machines. 

Introduction 

After the successful acceleration of oxygen 
ions in the complex of CERN accelerators, an interest 
for acceleration of heavier ions is growing among the 
community of physicistss). As a reasonable step 
forward, one envisages the acceleration of lead ions, 
which are to be extracted from an Electron Cyclotron 
Resonance (ECR) ion source in a rather highly ionized 
state. The linear accelerators, which follow the ECR 
ion source must be designed for a charge to mass ratio 
q/A* > 111, which means that one expects from the ion 
source Pbro+ ions. 

The CERN Linac 1 accelerates now Os+ ions 
(q/A* = 0.375) for the CERN accelerator complex and 
protons (or H-1 for the LEAR machine. We propose to 
separate these two operations: For the acceleration of 
lead ions a special Linac should be built, whereas 
Linac 1 (or rather its first tank only) would serve 
exclusive1.y LEAR from another location. The new Linac 
(Linac 3) could .be housed in the o1.d building of Linac 
1, extendi.ng the possible range of q/A from ,375 to 
,144. The boundary conditions for Linac 3 are: 
a) overall length 6 35 m 
b) final energy/nucleon : 8 MeV/u (minimum energy for 

injection into the Booster) 
c) operating frequency = 200 MHz. 

These conditions are imposed by the existing 
space and by cost effectiveness obtained by using 
available 200 MHz RF equipmment. 

General Considerations 

To facilitate the choice of parameters for the 

Pb linear accelerator complex, we proceed as follows: 
I) establish a “reference” layout by choos- 

ing some realistic main parameters; 

21 analyze the reference design by applying 
approximate analytic formulae (smooth, 
linear motion) to see the Interdependence 
of various parameters. Change parameters 
until a reasonable set of values is found; 

3) Correct the reference layout for the new 
set of values. 

The reference layout we start with is schema- 
tically represented in Fig. 1. 

The ECR ion source will be of a similar type 
like the one used for Oz+ 2), however, the magnetic 
fie1.d will be jncreased as wel.1 as the RF frequency (up 
to about 30 GHzl The source will then be capab1.e to 
deliver currents of 30 to 40 PA of Pb as+ 31. The ex- 
traction voltage will be pushed to about 100 kV to pro- 
vide beams of 15 keV/u. In what follows, a normalized 
emittance EN = In mm mrad is assumed. 
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Fiq. 1: Reference layout of the Pb Linac complex 

The two accelerators which follow in our re- 
ference scheme are the RFQ and the Alvarez Linac. We 
analyze these accel.erators with linear optimization 
programs, which contain essentially analytic formulae 
as shown in Table 1. With a low q/A* ratio, it is not 
trivial to find acceptable acceleration and focusing 
parameters by keeping Es and B, in reasonable 
limits (see formulae (15) and (16)). 
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OOL...sync. phase advance/period 
nOT...betatron phase advance/period 
v..... intervane voltage in RFQ 
A.....accelerati.on factor in RFQ 
x.....focusing factor 
B.....focusing parameter 
a.....minimum aperture radius 
EN....normalized beam emittance 
I,....zero order modified Bessel function 
A.....quad. filling factor 

Analvsis of the RF0 

We start analyzing the RFQ: low phase advances 
per period, OOL and OOTz are chosen because of the 
low q/A*. However, we try not to descend below 
OOL = OOT’ loo. The breakdown criterion which is 
applied is a semiempirical one (formu1.a (14)), derived 
from 4). 

The results of computations are presented in 
Table 2. Several frequencies have been considered, but 
It is the 200 MHz which interests us mostly. In fact, 
with =OT and OOL below 15’, solutions can be 
found It is interesting to see which portion of the 
lntervane vol.tage V is needed for acceleration (AV) and 
which for focusinq (XV): it is the latter which ore- 
dominates; compare-fo&ulae Cl), (41, (10). dominates; compare-fo&ulae Cl), (41, (10). 

Table 2 Table 2 

RFQ Parameters (Win = 15 keV/u; W,,t = 300 keV/u). RFQ Parameters (Win = 15 keV/u; W,,t = 300 keV/u). 

uo,r 100 uo,r 100 
150 150 .29 .29 1.9 1.9 4.4 .06 4.4 .06 .03 .03 .09 .09 1.8 1.8 8.6 8.6 

CToL=loo- CToL=loo- 
120 120 .34 .34 1.9 1.9 5.0 .os 5.0 .os .03 .03 .oa .oa 1.2 1.2 10.: 10.: 

Analysis of the Alvarez 

The situation is more complicated with the 
Alvarez. In order to fit into the available space, the 
Alvarez length should be LA 6 25 m. This gives for 
the accelerating field FT 2 2.5 MV/m (cp, is taken as 
-3OO). 
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2.1 18.9 .79 

2.6 19.2 .7a 

2.5 19.7 .76 

2.4 20.5 .13 

2.6 22.1 .67 
-- 

1.9 20.0 .74 

i-a 20.5 .73 

1.7 21.4 .69 

1.8 23.2 .63 

2.3 29.0 .51 

1,37 21.5 .69 

1.33 22.1 .67 

1.35 23.1 .65 

1.41 24.9 .60 

1.59 28.1 .52 
-- 

From Table 3 we see that with Win = 300 
The length of the period of betatron motion 

depends on the type of focusing: it is N$h, with N = 2 
keV/u none of the sol.utions is satisfactory, although 
we came close with ftt--- focusing. The situation 

(f-j, 4(++--) or 6(ttt---1. The last type of focusing 
is unusual, but it has also been tried out. 

would improve going to higher injection energies, but 
then the RFQ gets too long and complicated. 

The period of the synchrotron motion is @A; 
however, the phase advances 

The same calculations are repeated for a lower 
oOL quoted in following 

tables refer to the same length as “OT, 
frequency (150 MHz) and the results presented in 
Table 4. 
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H.. . .number of @h/period 
E... .mean act. field 
T... .transit time factor 
B,.. .magn. flux density at pole type (< 1.3 T) 
L . .accelerator length 
L . . cel.1 length 
g?:. .gap length 
Es.. .maximum surface field (C 25 MV/m) 
SF.. .safety factor (1.25) 
EF.. .enhancement factor (1.5) 

With ET = 2.5 MV/m one gets CIOL = 30”; the 
result for various OOT and types of focusing are 
presented in Table 3. To facilitate the comparison of 
results, one has always kept the filling factor A = b 
and the ratio g/@h = &. 

3 Table 

Alvarez parameters for f = 200 MHz 
( Win = 300 keV/u, W,,t = 8 MeV/u, ET = 2.5 MV/m, 

L = 25m). 
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Table 

Alvarez parameters for f = 150 MHz 
(Win = 300 keV/u; Wout = 8 MeVfu; ET = 2.5 MV/m; 

+ - 

uoL = 36' 

++-- 

u = 72“ 
OL 

+++--- 

“OL = 109 

L = 25 m) 
_-- 

‘OT a Gin B Es Tin 

[deg) (mm) (Tm-‘)’ (T) @lVm-i) 
--- --. _--_ 
30 4.0 357 1.8 18.3 .81 

---- 
20 4.8 293 1.7 18.9 .79 

_- 
10 6.6 248 1.9 20.6 .72 

50 5.0 211 1.27 19.1 .78 

40 5.5 192 1.24 19.4 .77 

30 6.2 175 1.26 20.1 .74 

20 1.4 162 1.36 21.5 .69 

10 10.3 153 1.73 26.1 .57 

60 6.3 133 .97 20.3 .74 
- 

40 7.35 118 .99 21.5 .69 

20 10.0 108 1.20 26. .57 

10 13.9 106 1.59 34.8 .43 
- 

As expected, with the ttt--- focusing one is 
now comfortably within the limits imposed on B,. The 
frequency could be raised somewhat, staying beetween 
150-200 MHz. 

A solution where the 200 MHz frequency could be 
kept is to start with an Alvarez operating in the 2 Bh 
mode and returning to the BA mode at a somewhat higher 
energy5 1. Such a hybrid structure has been analyzed as 
follows : 

a) find lowest Win for the @A structure with 
t- and t+-- focusing; Es = 20 and 25 MVfm, 
respectively. The bore hole radius a = 6 mm 
(a = SF x beam radius, SF = 1.25); g/PA = 4; 

b) find lowest Win for 2 $A structure with t- 
focusing and other conditions as above; 

c) repeat a) and b) with a = 7.5 mm and SF = 
1.50. (It is a check how critical the 
choice of a and SF is.) 

The results are grouped in Table 5 which shows 
several possible solutions for Linac 3, one of which is 
shown in Fig. 2. 

RFQ Alvarez 

Energy 
[!-V/u1 150 1000 8000 

Length (m) 2 7 18 

Fig. 2 : A Possible Pb Linac Layout 

Discussion 

c 30 

The analysis which was carried out was only a 
feasibility study, from which it follows that a Pbzs+ 

5 Table 

Parameters of the hybrid structure (W,,t = 8 MeV(u)) 

l 24x I 

YiV m-r) / (>) /(i) / foe’ / (ZiG) I,f / (2 

a = 6 mm SF = 1.25 

2o 1 1:: I::: IL--/ E / ::-“I :i:: 
a = 7.5 SF = 1.5 

Linac could be built in the frame of conditions lm- 
posed. This analysis is in a certain respect 
complementary to ref. 5 where the effective shunt im- 
pendances ZT2 for 8A and 2 @A structures were consider- 
ed. Due to our space limitations we have to find an 
optimum compromise between ZT 2 (RF power) and ET (effi- 
ciency of acceleration); this has not yet been done. 
However, ZTz, also in the worst case (2@A structure at 
injection), was kept > 10 MQfm. 

To accelerate Pb ions in the CERN accelerator 
compl.ex, only some minor improvements are necessary for 
the vacuum of the machines following the Linac 3, as 
PSB and PS. 

It should also be mentioned that the feasi- 
bility study showed that q/A* = 117 is not so critic- 
al and that one could go even lower. This is partic- 
ularly interesting if one requires higher beam inten- 
sities which could eventually be supplied by other 
sources having a lower charge to mass ratio. 
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