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Abstract

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

The scenario consists of an ECR source,
and an Alvarez Linac.

a RFQ
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 1nterest
for acceleration of heavier ions is growing among the
community of physicists$). 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* 3 1/7, which means that one expects from the ion
source Pb30t jons.

accelerates now 08* ions
(q/A* 0.37%) for the CERN accelerator complex and
protons (or H™) for the LEAR machine. We propase 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
exclusively LEAR from another location. The new Linac
(Linac 3} could be housed in the old building of Linac
1, extending the possible range of q/A* from .375 to
.144. The boundary conditions for Linac 3 are:

a) overall length < 35 m

The CERN Linac 1

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

Pb linear accelerator complex, we proceed as follows:

1) establish a “reference" layout by choos-
ing some realistic main parameters;
2) analyze the reference design by applying

approximate analytic
linear motion) to see
of various parameters.
until a reasonable set

formulae (smooth,
the interdependence

Change parameters
of values 1is found;
3) Correct the reference
set of values.

layout for the new

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

The ECR jon source will be of a similar type
like the one used for 06% 2), however, the magnetic
field will be increased as well as the RF frequency (up
to about 30 GHz). The source will then be capable to
deliver currents of 30 to 40 pA of Pb 35% 3). 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 Ey = 1n mm mrad is assumed.

Ion Source RFQ Alvarez |———1
t t t
Beamn
Energy [keV/u] 15 300 8000
Overall Length (m) < 35

Fig. 1: Reference layout of the Pb Linac complex

The two accelerators which follow 1n our re-

ference scheme are the RFQ and the Alvarez Linac. We
analyze these accelerators with linear optimization
programs, which contain essentially analytic formulae

as shown in Table 1. With a low q/A' ratio, 1t is not
trivial to find acceptable acceleration and focusing

parameters by keeping Eg and By in reasonable
To facilitate the choice of parameters for the limits (see formulae (15) and (16)).
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..sync. phase advance/period

anT -
08%...betatron phase advance/period
V..... intervane voltage in RFQ

A..... acceleration factor in RFQ

Xeoono focusing factor

B..... focusing parameter

a..... minimum aperture radius
EN....normalized beam emittance
I5....zero order modified Bessel function
Ao, quad. filling factor

Analysis of the RFQ

We start analyzing the RFQ: low phase advances

AW = G e ET L cos (wsb (k)]
L

E, = —=F . EF (15)
aq

B =G (a+ 1 mm (16)

N..... number of 8A/period

E..... mean acc. field

T..... transit time factor

By....magn. flux density at pole type (< 1.3 T)

L..... accelerator length

L.....cell length

g..... gap length

Eg....maximum surface field (< 25 MV/m)

SF....safety factor (1.25)

EF....enhancement factor (1.5)

with ET
result for various
presented in Table 3.

2.5 MV/m one gets ogp 30°; the
oor and types of focusing are

To facilitate the comparison of

per period, og and ogr, are chosen because of the results, one has always kept the filling factor A = %
low q/A*. However, we +try not to descend below and the ratio g/BA = %.
oo, = oor= 10°. The breakdown criterion which is
applied is a semiempirical one (formula (14)), derived Table 3
from %),
Alvarez parameters for £ = 200 MHz
The results of computations are presented in (Win, = 300 keV/u, Woy¢ = 8 MeV/u, ET = 2.5 MV/m,
Table 2. Several frequencies have been considered, but L = 25m).
it is the 200 MHz which interests us mostly. In fact,
with oo and ogy, below 15°, solutions can be
found. It is interesting to see which portion of the SoT a Gin | Bm Eg Tin
intervane voltage V is needed for acceleration (AV) and -1 -1
X R d T T MV
which for focusing (xV): it is the latter which pre- (deg) (mm) | (Tm™) 1 (D) ( =
dominates; compare formulae (1), (4), (10). 30 3.4 616 2.7 18.9 .79
Table 2 + - 25 3.7 552 2.6 19.2 .78
RFQ Parameters (Wi, = 15 keV/u; Wgyut = 300 keV/u). 20 41 482 2.5 19.7 .16
5 Oq* 30° |15 4.7 432 2.4 20.5 .13
fr{A] B a XV [AVIg| V V/a L
MEz) (mm) (V)| vy | V) [0 2 e ) (m) 10 5.6 392 2.6 22.1 .67
200 |.39{2.8] 3.2{.09 |.06 |.15 6.8 2.9 50 4.3 352 1.9 20.0 .74
c..=1
oT 150 |.46]2.8] 3.71.06 |.06 |.12 4.2 4.1 P 40 4.6 315 1-8 20.5 .13
00L=15
120 |.52]2.8] 4.2{.05 |.06 1 3.0 4.9 30 5.2 282 1.7 21.4 .69
.200].2411.9( 3.8/.09 |.03 1" 3.2 6.3 O™ gno {20 6.2 256 1.8 23.2 .63
g..=10
ot 150 |.29{1.9] 4.4}1.06 |[.03 |.09 1.8 8.6 10 8.5 2.38 2.3 29.0 .51
00L=10
120 {.34]1.9] 5.01.05 |.03 |.08 1.2 10.3 60 5.3 217 1,37 21.5 .69
FISTra— 50 5.6 202 1.33 22.1 .67
Analysis of the Alvarez 40 6.2 188 1.35 23.1 .65
The situation is more complicated with the 5. = 900 |30 7.0 177 1.41 24.9 .60
Alvarez. In order to fit into the available space, the oL
Alvarez length should Qg Ly ¢ 25 m. This gives for 20 8.4 168 1.59 28.7 .52
the accelerating field ET * 2.5 MV/m (¢g is taken as
-30°).
From Table 3 we see that with Wi, = 300

The length of the period of betatron motion
depends on the type of focusing: it is NBA, with N = 2
(+-), 4(++--) or 6(+++---). The last type of focusing
is unusual, but it has also been tried out.

The period of the synchrotron motion is BA;
however, the phase advances og;, quoted in following
tables refer to the same length as agy.

296

keV/u none of the solutions is satisfactory, although
we came close with +++--- focusing. The situation
would improve going to higher injection energies, but
then the RFQ gets too long and complicated.

The same calculations are repeated for a lower
frequency (150 MHz) and the results presented in

Table 4.
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Table 4

Table 5

Alvarez parameters for f = 150 MHz Parameters of the hybrid structure (Wyy¢ = 8 MeV(u))
(Win = 300 keV/u; Woug = 8 MeV/u ET = 2.5 MV/m;
L = 25 m)
28X BA
001 a Gin | B Eg Tin
(deg)| (m) [(Tm-') (D) |MWw ) Eg o | Lo ffoed]| W L Ly
_1
10 4.0 3570 1.8 18.3] .81 OV o= )| (kev) [(m) (keV) | (m) (m)
+ - a =6 mm SF = 1.25
20 4.8 293 1.7 18.9 .79
ooL = 36° 25 140 6.3 [+~ 350 i7 23.3
10 6.6 248 1.9 | 20.6 .72 140 3.2 [++-- 550 19 22.2
50 5.0 | 211 1.27] 19.1 .18 20 110 8.5 |+- 850 21.6 30.1
PO 110 4.3 14+-- 480 24 28.3
40 5.5 192 1.24] 19.4 .17
a=17.5 SF = 1.5
30 6.2 175 1.26] 20.1 .74
25 150 13.2(+- 1500 15.7 28.9
20 7.4 162 1.36] 21.5 .69 150 5. 4| ++-- 700 18.5 .4
OOL = 720
i0 10.3 153 1.73] 26.1 .57 20 i20 5.8+~ 1300 20.2 36.
120 6.4 |++-~ 600 23.5 29.9
60 6.3 133 .97 20.3 .74
4t
40 7.35( 118 .99 21.5 .69 Linac could be built in the frame of conditions im-
o = 108° posed. This analysis 1is in a certain respect
oL 20 10.0) 108 [1.20 26. .57 complementary to ref. 5 where the effective shunt im-
pendances 2T2 for BA and 2 BA structures were consider-
10 13.9] 106 {1.59 34.8 .43 ed. Due to ocur space limitations we have to find an

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

A solution where the 200 MHz frequency could he
kept is to start with an Alvarez operating in the 2 8A

mode and returning to the BA mode at a somewhat higher

shev1Ad ghrivadiisa no
uqu.J.u structure has

cucugy": .

follows:

Cryeh
SuCit a

a) find lowest Wi, for the BA structure with
+- and ++-- focusing; Eg 20 and 25 MV/m,
respectively. The bore hole radius a 6 mm

(a SF x beam radius, SF 1.25); g/BA %;

b) find lowest Wi, for 2 8A structure with +-
focusing and

other conditions as above;

i = 7

=7

c
=)

PO o r

(=) ailn Wi Ll
(It is a che

choice of a and SF is.)

o [ = -
a mm anG or

ck how critical the

Wy
Oy

(]

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
2 BA Br
t t t
Enexgy
[kev/u] 150 1000 8000
Length (m) 2 7 18 < 30
Fig. 2 : A Possible Pb Linac Layout
Discussion
The analysis which was carried out was only a
feasibility study, from which it follows that a Pb30+t

optimum compromise between ZT2 (RF power) and ET (effi-
ciency of acceleration); this has not yet been done.
However, ZT2, also in the worst case (2BA structure at
injection), was kept > 10 MQ/m.

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

It should also be
study showed that q/A" s0 critic-
that one could go even lower. 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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