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Introduction,

When the CERN 25 GeV proton synchrotron was finished late in
1959 two methods of external beam production were envisaged. One.of these
was the use of internal targets, the other an cjection scheme [ﬁ. Kuiper and
G. Plass (1); F, Krienen (22} o The latter is under development. Internal
targets have now been in use for 18 months and a certain amcunt of progress
has been achicved., This poper discusses some of the aspects of target tech—

nique in relation to an alternating gradient proton synchrotron.

Tt nay be useful to repeat first a few general characteristics
of the CPS., This strong focusing machine, which accelerates prctons up to
28 GeV maxiimm, has a vacuum chomber with an internal clearance of 146 mm
horizontally and 70 ma in height. It cccelerates abou’ 2-lOllprotons per
cycle and keeps these at full energy during a "flat top’. A few standard

machine cycles ore given in the following table :

TOP EFERGY (GeV) REPETITION RATE (s) FLAT TOP ISLGTH (ms)
28 5 20
3 50
3 300
20 , 50
17 2 %00
10 1 50
of o
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The becam dicmeter ot the erl of acceleration is about 8 mm,
and its radial positicn can be chosen within a range of aboutb
70 mi. The reprcducibility of the bean pozition from cycle to cycle is of
the order of 0,2 mm, During acccleration, the beam consists of 20 bunches,
each having a length of about 10 ns, and the distance between cenires of
bunches is 105 ng. 7The rovolution time is 2 us. Further details of the
machine are given by B, Regenstreif (3) and sonme caspeets. of its utilisation as

a Nuclear Physics tool are discussed by i.G.N. Hine (4).

The targets rcoouired for this machine are rather small. Their
total weight lies. in the range of 1 to 100 g, from 5 1 foils up to 15 mn
blocks being used, A 5 p aluninium foil has given a burst length of 200 ms
which corresponds to lO5 traversals or o total path through material of
500 mm., This valuc is obcut  twice  the muclear mean frec path length,
which ic knowm  to be 270 mm for this otorinl, - Two cxtreme cases can
be cited : The production ¢f long bursts, for counter experiments, requires
a very small amount of moteriel in the beam, in order to get a burst length
of say 50 ns., For bubble chamber cxperiiwents, on the other hand, one needs
a secondary beam pulse of Ims cnd luss, wiich requires a larger mass to be
brought into the beam. Besides this, one must have a suitable monitor system

to determine the burst shapes of thc secondary beams produced.

A general view of the target units which have been developed for
the CPS is shown in fig. 1. Bach unit hos two independent flip tergets and
con be fitted into any of the 100 punp menifolds around the machine. The
nechanism consists of o sncll nmognet, which pulls the target head into the
working position via a band inside the tube. Springs are used to decelerate
and return the head into its,.rest position. Small contacts are employed to
indicate the target positicn, The supvorting rods can be moved radially
with a motor-drive, and a potenticicter iandicates position. 1In fige 1 the
lower rod has a foil target for lowg buresss, and the upper onc a fast. target

which cuts through the beam rapidly to produce short secondary bursts.

e
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The monitor system consists of single Cerenkov counters,
which "look" at the targets in usc. It was found possible, to obtain the
sane. burst shape as secn with a counter ftelescope system placed in a selected
beam. By choosing appropriate integration time constants, one can display

cither the truc burst shape or an integrated signal.

Long burst production.

Three standord target types are now in gencral use (fig.Z) H
a) foil targets of Be or Al with normal thickness of 50 p
. . , . . 2 s
b)  vertical wire targets of Al with 0.5 x 0.5 mm  cross section

c) point source targets of about 3 mm diamcter, made of Be or Al wire

pointing in the dircction of the sccondary beam,

The requirement for the last type began with the use of scparators in se-

condary beoms, ecding a very stiell source.

AlL those long burst targets are operated during the flat top
of the mognet cycle. They cre flipped into a position close to the outer
radius of the beam just at the beginning of the flat top, At the same time
the beam is debunched by stopping acceleration, This is done by applying a
Jump to the acceleration frequency. so that it is no longer in synclronism
with the protons. Yhe slope of the "flat® top is made slightly negative, so
that the beam spirals on to the target. The burst shopes resulting from this
procedure ave shewn in fig. 2. Up to a cerfain point, the burst length can be
adjusted by altering the slope of the magnetic field fleot top. A further
increase by a factor of 1.5 to 2 was obtained by applying the radial bunch

roadening technique, which has becn explained by H. Fischer (5). In addition
this procedure imprcves the burst shape’ which becomes ncarly rectangular,
The modulation on all these burst shapes is due to the 600 cycle magnet
current ripple, which will be suppressed in the near future by using a filter

during the flat top.

e

PS/2570



IIT.

In order to compare diffcrent target heads, c.g. different
naterials, or. diffcrcent shapes, a six~hecad target has been developed
(shown in fig. 3). With this mechonisn, the heads con be interchanged be-
tween mochine cycles according to o presclected sequence. This is done by a
small motor via a special gear, &1l the targets interrupt the bean at the

same azimuthal and radiazl position,

Short burst production,

here are three different possibilitices: The most clegant
method is to place a rather thick torget closc to the beam and push the
beant on to the target by cexciting betatron oscillcotions. This can be done with
the "radio frequency knock out", [P}Goigor (61] , o deflection ficld (magnetic
or clectric) of high frequency, which has a certain relation to the acceleration-
frequency, Short bursts, with folrly complcte beoam consumption within 100

to 300 s, hove been successfully cbtained,

For beam sharing, using part of the beam for a long counter
burgt later in the cycle, o target finger cutting through. the beom has been
found easier to hondle and therefors nore frequently used. Such a target
has been shown already in fig. 1. Some nore informotion about this operation
is given in fig. 4. The intensity of the sccondary beam can be adjusted
very easily by changing the rodial position cf the target, so that the finger
then cuts only part of the. bearne  Its volocity wiilst passing through
the becn is 20 to 30 mm/ms. The burst icngth is 300 to 800 ps for a consumption
of between 1 and 35 ©/o of the princry beari.  The time jitter, which is very
important, was less than 200 ps. As uentioned above the remaining part of

the beam can then be used for a long counter burst later in the cycle.

A very interesting phenoicna of this “cut through" procedure
ig the fact that the bean "junps" touwards the nmachine centre more than 2 mm
during the time of the fast burst. This is duc to the energy loss of the
protons, which requircs several nilliseccnds to be restored by. radio
frequency acceleration, This behaviour, which is shown in fig. 4, can be

used for a third method of producing short bursts and is especially valuable

Je
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if a point source terget is wanted for o rcfined optical system, The point
source target (thick wire pointing in direction of sccondary beam) is
placed very close to the inside radius of the beanr and. a fast torget is
flipped thrcugh the beam sciewhere clse in the machine, Simultaneously

one can stecr the beam on to the point source target with the RF control.
With very careful adjustument of the timing, the burst length for the point

source target is less than 1 ms for 90 O/o of total burst intensity. *

Programued target opcration.

The target control systenm is capable of operating several
targets according to a preselected prograrme., This is of special interest
for counter expceriments involving comparison of target materials, or for
cloud chambers, which do not require morc than one out of every 200 machine
pulses. Connected with this is the distribution of "warning" pulses and the
control of other functions and apparatus (e.gw beam position, external bending

megnets, primory and sccondary beam shutters).

Source size and cfficiency.

Teking the finger of the fast target cs driving mechanism, we
succeeded in flipping 1 rge thin foils into the becam at a rather high
velocity. The total weight of those foils including their frame has been
in the order of 1 g. With aluminiun foils of 5 cr 10 p thickness the
vocuurn chomber aperture is almost completely covered within a fraction of
the total burst time. The acceleration frequency is left on in order to
compensate for energy losses. in the target. Hence the protons are lost only
by absorption and scattering. It moy be of interest to show the activity
distribution of an aluminium cnd o gold foil, which have becn used. in this
way and measured later on from a radicautograph as shown in fig. 5. With
this methed, we cre able to deternmince the size of the source for secondary

beans from foil tergets. In aluminium, multiple scattering is sucll cnough

e

® This was used to produce 2 to 3 stopped antiprotons in a bubble chamber
for a circulating becam of 1.5 1011 protons and 100 0/0 bemn consumption,
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to pernit the deternmination of the total cross—scction, for absorption plus
diffraction scattering, from the initial decrecasing slope of the burst shape
and to deduce the quantity of multiply=scattercd protons from its continuation,
thus giving the target eflicicncy [J.A. Goibel (7)], The first results have
shown an efficicncy (number of absorbed and single scattered protons versus
number of prctons in princry bean) of obout 60 ©/o for those big foil targets,

which should be the mest cfficicnt ones.

Beam Dumping.

In many experinents it is desirable to avoid protens hitting
the vacuun chanber well in the vieinity of the targets., This can be done by
using durp torgets in diffcrent azinuthoal positions in the ring., An effec-
tive dump target should hove o considerable length (cuge holf o metre of stecl),
in crder to be surc thot the particles scottered cut from the dump target do
no herm, Therefore, the best sclution secmed to be to use the vacuum chamber
wall itself =os a dump torget. There arc ten pairs of kicker magnets,

(aipole mognets producing horizontal perturbations)availeble in the CPS;

for further deteils secc E. Regenstreif (3). Encrgizing some of these in an
appropriate way, one con chonge the closed orbit, as shown in fig. 6. On the
gside of the ring opposite to the target crca the distonce ¢f the closed

orbit from the vacuum chonber waell is then so sinall that most of the scattered
particles are killed in the wall before they have a chance to hit the target

agoin.

The result of this dumping technique is shown in Fig. 7 for a
fast burst of full beom intonsity. By using the dumps the long burst tail,
vhich is produced by the scattered porticles under normal conditions, dise
appears nearly completcely,ond the burst tine becomes less than holf of the
nermal value, This figure olso shows two rodiocoutogrophs of a pair of 7. B
gold feoils which have been glucd to an aluniniunm frame of 1 mm thickness. It
can clearly be scen that by using the kickers the amount of irradiction of

the frame is much less thon under nori:al conditions,

/e
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Fig.1 Target unit

above: mounted in pump manifold ; target heads are seen through
the clearance of the vacuum chamber,; pul!/g}q magnels on the
10

right; motor-clrive for change of radial posifion on the left.

below: the actual targets enlarged ; long burst foil target on the
bottom rod ; short burst “fast target on the top rod.
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Dumping parts
of the vacuum

chamber wall
45

35N

33
31
29
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Fig.6  Closed orbit
deformation to clump
scattered protons

Closecl orbit on 16461
at B, = 700
pos. 1065 ot 20 GeV

kickers ot 45 A
Scale 1: 4000 (Ar: 4:5) ol R
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