Five targets were available in the
proton synchrotron for the first long
experimental run, starting on 21
March. They produced secondary
beams of a duration as short as a
few hundred microsecond for bub-
ble chamber work or as long as al-
most 50 millisecond for experiments
using counters. What has this stage
of target development involved and
what are the plans for the future?

How to use the beam

For the nuclear experiments the
accelerated protons may be used in
a number of ways. Some experi-
ments can be made directly with the
circulating beam, others with a beam
of secondary particles created by
this beam; finally one can also
eject the protons from the machine
and let them fall on a target placed
at a convenient distance ; this target
may be a bubble chamber, for ins-
tance.

In the first two cases the protons
are made to hit a target brought in-
to the ring vacuum chamber in such
a way that the acceleration is not
disturbed earlier on in the cycle. The
present targets are of this type.

Depending on the kind of experi-
ment, the target has to yield a short
or long burst of secondary particles
or of scattered protons, containing
just a few or many particles.

To reach this aim one must select
the correct target dimensions, taking
into account the nature of the phy-
sical processes occuring in the target
when the accelerated protons im-
pinge on it. .

The three precesses of main in-
terest for target operation occur when
a proton hits a target
nucleus, misses it very
closely or passes by
somewhat further away.

In the first case the
energy of the hitting
proton is partly used to
create particles like me-
sons, antinucleons, hy-
perons and antihype-
rons (7).

In the second case the
proton experiences an
“glastic scattering” due
to the nuclear forces
which keep the nucleus
together. The mean an-
gle of the resulting de-
viation of the proton
orbit is of the order of

(*) See "CERN COURIER”
No 4, November 1959 -
and, in this issue, the
article on PS Measure-
ments.

10, independently of the target ma-
terial.

In the third case, the electric
charge of the proton is acted upon
by the electric field of the target
nucleus. The resulting deviation cf
the proton orbit depends on the
strength of the electric field, which
increases with the atomic number
as well as with the closeness of ap-
proach. Thus the “ Coulomb scatter-
ing” is much stronger in a gold tar-
get than in a hydrogen one, even if
both targets are made to contain the
same number of nuclei.

Though not directly interesting for
beam production, a further process
has sometimes to be taken into ac-
count : the ionisation of the target
atoms by the circulating protons,
which causes a loss of their kinetic
energy.

What is the effect of these pro-
cesses in normal target operation ?
As the accelerated protons move
with a high speed, most of the new-
ly created particles come out of the
machine in the forward direction,
the most energetic ones in a cone
of a few degrees half angle and the
ones with lower energies in a cone
of about 60° half angle.

A large fraction of the elastically
scattered protons will also leave the
ring vacuum chamber, through still
smaller angles.

It depends on the target material
whether many protons are scattered
out of the chamber by multiple Cou-

P. Collet is one of those responsible for the
mounting of fargets in the PS vacuum chamber.
Here, he is adjusting the drive for the radial
positioning of the apparatus. In the left fore-
ground is a lead wall, at an 180 angle from
the vacuum chamber, iniended to collimate a
secondary beam of patrticles from the target.
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lomb scattering or whether they keep
being trapped inside the chamber
by the magnetic focusing field. Ac-
cording to calculations by M.G.N.
Hine and J. Geibel, the former be-
haviour is expected for heavy tar-
gets, made from stainless steel or
copper, the latter for lighter ones
like aluminium or beryllium targets.
The energy loss in the target
causes a shift of the proton orbits
towards the ring centre, due to
the strong focusing properties of
the CERN proton synchrotron. This
shift is so small however, that the
protons will normally stay inside the
vacuum chamber until the beam
has been lost due to the pro-
cesses listed above. In contrast
to what happens in weak focusing
machines like the Cosmotron, the
Bevatron (USA), or Saturne (France),
the protons therefore go on travers-
ing the PS targets again and again
until they have either been scattered
out or made a nuclear interaction.
As the interaction in the target is
a statistical process, a given proton
may interact immediately after tar-
get and beam have come together
or only after most of the beam has
been lost already. There is a good
chance that most protons have inter-
acted i. e., hit a target nucleus after
the beam has traversed about 100
gram of target material per cm?® sur-
face, at right angles to the beam.

The choice of
targets

The following recipes
for the choice of the
target heads will now
become understandable.

For an intense secon-
dary beam of short du-
ration one takes a thick
head of a material with
a low atomic number,
like aluminium. A large
head of 1 gm/cm?® (4 mm
thick) will give a burst
of about 200 microse-
cond duration.

For obtaining particles
at small angles to the
circulating beam — a
requirement which is
important for steering
the beam into some
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(Continued from page 5)

and flying in a backward direction
(figure 2 on plan). The number of
gamma rays and their energy distri-
bution will give infermation about
the production of neutral pi mesons
by the 25 GeV protons hitting the
nuclei of the target.
EE
The so-called Mount Citron is the
earth mound looming between the
PS south experimental hall and the
French border. Its thickness at the
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base is about 52 metre in the general
direction followed by the beams
from the machine. Arne Lundby and
his group - L. Gilly, B. Leontic, R.
Meunier and J.P. Stroot—will, in
collaboration with Prof. Peters of
Copenhagen, conduct there one of
the two experiments they intend to
make around the PS (fig 6 on the
plan). Twenty holes are being drilled
vertically into Mount Citron down
1o the level of the beams coming out
of the accelerator. Counters lowered
into the holes will measure the num-
ber of muons (mu mesons) entering

the hill and how far they go at en-
ergies from 10 to 23 GeV.

It has been calculated that all par-
ticles from the neutral beam but the
muons from the decay of neutral K
mesons (K°%), will have been filtered
out. The counters sunk in the hill
beyond that region, will thus act as
detectors of K9 entirely unaffected
by other particles. It will thus be-
come possible t¢ measure accurately
the properties of high-energy neu-
tral K mesons, about which little is
known. Charged K mesons will al-
s0 be studied through this device.
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types of ejection apparatus or when
making certain emulsion plate ex-
posures—one selects the target on
the basis of its scattering properties.

If in need of a long burst of parti-
cles, one uses a very thin target. A lar-
ge aluminium foil of 10 milligram per
cm? (about 0.04 mm thick) will give
a burst of roughly 20 millisecond du-
ration, while a foil of 1 mgr/cm?
(about 0.004 mm thick) will produce
a burst of about 200 millisecond.

For various reasons targets have
often to be smaller than the cross-
section of the vacuum chamber and
then the rules of thumb given above
no longer fully apply, since the pro-
tons will miss the target every so
often. Again, the influence of the
target operation on the radio fre-
quency acceleration system has not
been considered so far, though it
may be of great importance.

Work on the present targets start-
ed late last summer under the direc-
tion of G.L. Munday. The target me-
chanisms were designed by H. Ho-
risberger’s drawing office and ma-
nufactured at the Main Workshop.
Each mechanism contains two heads,
which can be flipped into the beam
by means of an electro-magnet. The
transistorised controls allow one to
chose the moment of flipping up and
to vary the stay up time between 10
and 300 millisecond : the actual flip-
ping takes only about 20 millisecond.
Furthermore the final radial position
of the target (or the vertical position
if it is built in vertically) can be
controlled from the main control
room where the position of the head
is also indicated.

From a great number of conceiv-
able methods, two are mainly used
now for bringing beam and flipped
up target together: kicking the
beam onto the target by means of
the magnetic radio frequency deflec-
tor designed by M. Geiger, or letting

the beam spiral onto the target un-
der the action of the main magnetic
field.

The first method is used for bursts
of short duration, as it is easier to
create and to control a rapidly in-
creasing magnetic field than to crea-
te and control a correspondingly fast
motion of a target weighing, say,
100 gram, the speed of which may
reach several hundred km per hour.

The spiralling method is used for
counter work, where it is important
to remove the radio frequency from
the beam. To this effect one takes
away the action of the radio fre-
quency system at the end of the
accelerating cycle and then lets the
debunched beam spiral onto a suit-
ably placed target of aluminium
about 0.01 mm thick. Incidentally,
the best heads have been made so
far of a foil previously used for
wrapping up cigarette packages.

Another method designed to pro-
vide a burst of constant counting
rate, is at present under study. It
consists in bringing the beam onto the
target by means of a servo-system
acting on the control of the radial
beam position which is steered from
a counter telescope. Ch. Schmelzer
and W. Schnell have already obtain-
ed interesting results from these and
other beam gymnastics.

Besides the construction of faster
and heavier targets the target pro-
gramme foresees a detailed study of
the effects of target dimensions and
materials on the properties of the
secondary beams, the elaboration of
more refined methods for beam
sharing, and production of bursts
of constant intensity by means of
radio frequency adjustments.

A set of target
heads showing,
from left to
right : a 0.5 mm
stainless  steel
wire and a 0.04
mm  aluminium
foil ; the other
targets are ma-
de 2 mm cop-
pet, 3 mm alu-
minium and 1
mm stainless
steel.

Future developments

Another line of development is the
programming of the target controls.
It is hoped to produce in the future
not only several still shorter or still
longer bursts from one pulse, but
also to obtain them almost automa-
tically in a prearranged order.

Looking further ahead one sees
the ejection schemes come into oper-
ation. They are at present being
worked on in C.A. Ramm’s group by
F. Krienen, B. Kuiper and G. Plass.
In the not too distant future the
Machine Group is expecting to see
the main magnet power supply mo-
dified. It will then allow production
of particle bursts of constant ener-
gy of several hundred millisecond
duration. This will be of great in-
terest to counter people.

Finally it must be said that the tar-
get work has already greatly bene-
fitted from the active co-operation of
the physicists and with further joint
efforts the CERN proton synchro-
tron will certainly be exploited more
and more effectively.
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Transmission measurements of ne-
gative mesons and antiprotons with
energy above 15 GeV through hy-
drogen and deuterium targets is also
prepared by the same group, inde-
pendently from the Mount Citron
affair., A target will be placed be-
tween magnets 1 and 2 (see plan)
Measurements performed in the
south experimental hall will be done
mainly with a gas Cerenkov counter
similar to the one used by the von
Dardel group.

N I 3
Simultaneously with some of the

preceeding experiments G. Rudstam,
E. Bruninx, P. Estrup and K. Goebel
have made irradiation experiments,
getting copper and aluminium tar-
gets irradiated and determining the
yield of the different isotopes form-
ed in them.
R

The large 150 cm cloud chamber
now being built, will later be used
by another group of SC experi-
menters : Prof. Preiswerk, P. Ast-
bury, R. Fortune, A. de Marco, L.
Solinas, and C. Verkerk. Similarly
C.A. Ramm and his group (J.J. Blee-

ker, P. Innocenti, G. Muratori, B. de
Raad, L. Resegotti, R. Salmeron and
R. G. Voss), will use the 1 m propane
bubble chamber now being assembl-
ed near the PS workshop.

Except for the last two, all the
groups mentioned have already done
some work with the machine either
on duly allocated nuclear physics
time of the machine, or “parasit-
ing” each other or on machine run-
ning-in time, i.e. making use of the
beam produced while the Machine
operation Group conducts further
tests of its accelerator @
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SOCIETE D'APPLICATIONS INDUSTRIELLES DE LA PHYSIQUE

MALAKOFF/Seine - 38, rue Gabriel Crié - Téléphone ALE 87-20 s. A. I. P.

60 - Channel pulse height analyzer
with magnetic core memory - SA 60 M

® Number of channels: 60
® channel width : 1 Volt to 0,1 Volt
® channel width accuracy : 1 % except channel 1
® Variable threshold :  permits analysis of 160 channels
® Resolution : 500 us
® Channel capaciry : 65 535 pulses per channel
® External gating signals : coincidence : negative : 5V. 1 s
® Spectrum display :

— CRT oscilloscope

— pen recorder

— output provisions for typewriter recording
cost for the analyzer 39 700.— NFF/FOB PARIS
extra cost for the recorder 4 340.— NFF/FOB PARIS
extra cost for the scaler and
for the typewriting machine 8762.— NFF/FOB PARIS

Fast neutron detector - DRNR

Interchangeable scintillation probes
High sensitivity fo fast neutrons
Fast response

Fully transistorized

Supply : rechargeable dry accumulators
cost of the detector : 3 670.— NFF/FOB PARIS

Other activities

Scintillation spectrometers
Transistorized scalers
Proportional counters

Ratemeters

[ ]
°
[ ]
® Single and multichannel pulse height analyzers
[ ]
® Amplifiers

°

2 @ and 4 © flow counters




PHILIPS
equipment for Nuclear Physics and Atomic Energy

This panel permits the continuous programmed measure-
ment and recording of the fast neutron and Gamma radiation
. levels at 8 different points in the building of the 150 MeV
Synchro-cyclotrons synchro-cyclotron of the ""Laboratoire de Physique Nucléaire”
for various final : in Orsay, France. It provides for “warning” or “alarm”
. signals, the latter with provision to switch oft the cyclotron
energies. at a preset level of intensity.
Similar systems designed to your specific requirements
Cockcroft-Walton can be supplied.

accelerators.

Generators for :
very high d.c. voltages.

Linear electron
accelerators.

Reactor control
instrumentation

Radiation. measuring
and
detection equipment.

Civil defence
instruments.

Area monitoring
instrumentation,..

Geiger counter tubes.
Photomultipliers.
Radio-active isotnpes.
Air & gas lit.que_fiers.

Vacuum measuring
equipment.

PHILIPS

PHILIPS

Nuclear Equipment

For further information please apply to
the Philips organisation in your country or to:

N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holland



OMNI RAY OMNI RAY OMNI RAY OMNI RAY OMNI RAY

DONNER
Analog Computer

Model 3400

Model 3750
® 10 chopper-stabilized plug-in DC am- Function Generator
lifi tout + 100 Volis at 13 modifies any input variable with
pliiers oulpul range -~ ofls a a 24-line segment approximation
mA of desired function
® plug-in computing components, preci-
sion 0,1 % and 1%

® 0.1 % null voltage measuring system

® removable problem board with all con-

nections easily accessible h
Model 3731

® non linear equipment : electronic func- Dual Electronic Multiplier
; Al ; t two separate channels for four
tion, multiplier, function generator, independent inputs u, v, x, y and
transport delay generator outputs -0.01 uv and -0.01 xy

B EaNN) ‘ Omni Ray 25

Dufourstrasse 56 ZURICH
Tel. 051/34 4430

Kodak Retina Reflex S

Pour votre famille, votre travail ou vos loisirs, qu'il s'agisse
de voyages, de renconfres, d'études ou de vacances,
le Retina Reflex S vous ouvre tous les domaines de la
photographie.

MSA Detecters
Colorimetric

instruments which detec’
atmospheric concentrations
of toxic gases, such as

Chlorine
Carbon monoxide

Nitrogen dioxide

Aromatic Hydrocarbon

Kodak Retina Reflex S

Caractéristiques fechniques :

% Objectif Xenar 1:2,8/50 mm. % Contirole automatique
de I'exposition ¥* Objectifs interchangeables de 28 mm.
a 135 mm. ¥ Obturateur Synchro-Compur & couplage
obturateur-diaphragme ¥* Viseur-télémetre a coincidence
¥ Indicateur automatique de la profondeur de champ
% Prise synchro-flash % Armement rapide % Déclencheur
a retardement %

MAVEG I_TD BlENNE Kodak Retina Reflex §

Prix : Fr. 630.—
gl. (032) 215 51

Hydrogen Sulphide etc.

and all safety equip-
ments

En vente chez tous les bons marchands-phofographes
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