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1. INTRODUCTION

The SPS is a separated—-function synchrotron capable of accelerating protons
up to 400 GeV. It will be located about 40 m underground in a tunnel forming
a circle of average diameter about 2.2 km. The protons will be guided in their
circular path by about 750 dipole magnets each over 6 m long and contained in the
small vacuum chamber by a system of about 220 quadrupoles regularly spaced around

the ring.

The protons, after acceleration, will be ejected by one of two independent
ejection systems and will pass to one of the experimental areas, called WEST and

NORTH areas, respectively.

v Figure 1 shows a schematic layout of the accelerator and its experimental
areas., The principal use of the high-energy protons is to create secondary
beams, i.e. beams of particles of variaus types produced by the interaction of

the protons with external targets. The secondary beams are then used for experi-

ments.

As can be seen in Fig. 1, a total of eight different external targets are
planned for the SPS. Targets 1, 3, 5, 7 and 9 produce beams in the West Area,

and targets 2, 4 and 6 produce beams in the North Area.

Figure 2 shows a schematic drawing of the complex including the CERN Proton

Synchrotron (PS) which is used as injector to the SPS.

2. THE WEST EXPERIMENTAL AREA

The West Area already exists and contains both the 3.5 m liquid hydrogen
bubble chamber (BEBC) and the large magnetic spectrometer called Omega, which
have been used with beams produced by the 24 GeV protons of the PS. Both of

these instruments will be used at the higher energies available from the SPS.

Because of the limited length available, the West Area will be used for
secondary beams of momentum £ 150 GeV/c produced from the interaction of 200
GeV protons, except for the neutrino beams which will be explained later. On
the other hand, secondary beams up to the maximum energy of 400 GeV are envisaged
for the North Area, which has been designed to accept protons of up to 400 GeV

on the targets.

One of the important uses of a big hydrogen bubble chamber such as BEBC is
to study neutrino interactions. Hence it was decided to provide a neutrino beam
facility in the West Area. There are four principle items necessary for the

re alization of a neutrino facility..- These are:
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Fig. 1 : Schematic layout of the SPS and its experimental areas
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a) A high-intensity, high-energy proton beam incident on a suitable target.

b) A focussing device to focus the hadrons produced in the target into a
parallel beam.

¢) A long decay tunnel in which T and K mesons can decay and produce neutrinos.

d) A massive shield which absorbs the muons produced in the decay region.

These items are.shown schematically below

.
deca - o = ol 4 Y
ugloyn — T& —— — — e —/
beam - focussing K detector
device shield
{a) {b) (c) (d)

In order to be able to exploit the full energy of the SPS for a neutrino
beam it was necessary to locate the target of the neutrino beam underground, as
clése to the accelerator as possible so that the maximum length is available for
the decay region and shield of the neutrino beam. An effective beam at 400 GeV
needs about 400 m of decay region and about 400 m of shield, in the case of the
SPS this being a combination of steel and earth, in order to stop the muons pro-
duCed along with the neutrinos by the decay of pions and kaons produced in the

target.

Figure 3 shows schematically on a distorted scale how the protons needed to
éroduce the neutrino beam will be directed towards BEBC so that the neutrino
ﬁeam, which in the wide-band version contains no magnetic deflection of the parent
ﬁadrons, will arrive at BEBC. Also shown in Fig. 3 is the RF separated beam
for BEBC which'has its target>in the transfer tunnel so that a 500 m drift space
is allowed for the operation of the 6000 MHz RF separator cavities. This beam
can produce a pure separated beam of K up to v 75 GeV/c and separated p up to
about 120;Gev/c. Both the RF separated beam and the slow EPB lines are trans-—

ported by dipoles and quadrupoles up to the surface and into the West Hall.

\% Figure.ﬁ shows a true scale drawing of the West Area Neutrino Facility. A
deéay region of v 430 m length is followed by about 180 m of steel shielding.
The beam then passes through earth and the foundations of the West Hall before
emerging from the ground about 50 m upstream of BEBC. The beam line has a 4%

slope.

In addition to the wide-band neutrino beam, in which the focussing elements
are a magnetic horn and reflector to give focussing over a wide momentum band,

the West Area Neutrino Facility will be equipped with a dichromatic beam. In
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such a beam the parent hadrons are first momentum analysed and then focussed into

a parallel beam using quadrupoles. Since the major decay mode producing neutrinos
is the two-body decay into Y + v, the knowledge of the parent hadron momentum
gives information on the energy of the neutrino when the angle of the neutrino is

known.

If a neutrino event from a pencil beam of momentum analysed hadrons is de-
tected at a radial distance r from the beam axis, then the neutrino energy from

the two-body decays is known to lie between the limits.

o
]

ko/(1 + v26?) where’ §]

r/(S + D) (1)

and

=~
i

= ko/(l + v202) where 62 r/S (2)

The parameters ko and y depend on the energy E, and mass m of the decaying hadron

-through the relations:

k, = E (1 - muz/mz) 3 Y = Eo/m (3)

Figure 5 shows an idealised spectrum of neutrinos obtained from the decay of
275 GeV/c pions and kaons where integration over all events within a radius 0.56 m
has been carried out. The two-peak structure of the spectrum occurs because of
the two different hadron masses involved (mK and mﬂ) and leads to the name di-
chromatic for such-a beam, The effect of shortening the decay length from 300 m
to 150 m is shown by the shaded area which represents the neutrinos lost from the

spectrum if this is done.

The ejected proton beam will be transported to the surface at the beginning
of the West Area and will be used to produce a number of secondary beams for
counter physics., Most efficient use of the prétons is achieved by splitting
the beam into three branches, thus enabling three targets to be illuminated
simultaneously. From these three targets, up to five beams are planned as shown
in Fig. 6., Nl is the latter half of the neutrino beam already discussed and 83
is the final stage of the RF separated beam to BEBC. -From target T5, the beam
H3 will be derived which is a hadron beam producing copiéus fluxes of pions and
kaons up to 150 GeV/c. From target T3 the beam E1/H1 is planned which can pro-
duce either hadrons or electrons up to v 100 GeV/ﬁ. This beam can be sent to
the Omega spectrometer if needed,. S1 is a special 40 GeV/c beam for the Omega
spectrometer which incorporates superconducting RF cavities to allow experiments

+ -
with very high fluxes of the rarer particles (K, p). The unused protons which
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Fig. 5 : a) Idealised decay geometry for a dichromatic neutrino beam

b) Idealised dichromatic spectrum showing the two peaks of
neutrinos from T— and K-decay, respectively
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pass through the target Tl without interacting will be collected and, after
suitable attenuation, will be transported as a proton beam Pl into the main ex-
perimental hall to be used to produce special short beams such as hyperon beam Y1.

The attenuator will also be the target for a further hadron beam H5 which can

operate up to 80 GeV/c. The shaded areas on Fig. 6 give some indication of the
space available for experiments. Note that the scale is distorted by a factor
of two to illustrate better the beam complex. All the beams in the West Hall

itself can operate simultaneously using 200 GeV protons.

3.  EXPERIMENTS IN THE WEST AREA

So far, some ten experiments have been approved for tﬁe West Area. They
are briefly described in the appendix. Each approved experiment receives a code
number preceded by WA if it is an experiment operating in the West Area, and by
NA if it is a North Area experiment. In addition,to further facilitate the
identification and location of beams, West Area beams and targets are numbered
with odd numbers whilst in the North Area only even numbers are used. The beam

for each of the experiments is indicated in the appendix.

All the experiments approved so far are electronic experiments. In addition
to these, there will be a full programme of physics utilizing the two bubble
chambers BEBC and Gargamelle. Whilst a primary aim of these chambers will be
the study of neutrino interactions, BEBC will also be used for hadronic physics

experiments using the RF separated beam S3.

BEBC is a liquid hydrogen bubble chamber which can also operate with deute-
rium or eventually a neon filling. The possibility of a neon filling has led
to proﬁosals to insert a transparent box in the middle of the chamber, which
would contain pure hydrogen, surrounded by a mixture of hydrogen and neon in the
rest of the chamber. This arrangement is commonly called a "track-sensitive
target'" or TST. Such a device enables the identification of ©° and y-rays pro-
duced in the hydrogen because of the relatively short radiation length of neon,
in whicﬁ the y-rays are converted to electron-positron pairs after emerging from

the hydrogen target.

Gargamelle is a heavy—-liquid bubble chamber which utilises freon or propane
(or mixtures of the two) as a dense material most suitable for neutrino physics.
Pioneering work including the discovery of neutral currents has been domne with
this chamber at the CERN proton synchrotron and it is now being moved to a loca-
tion behind BEBC in the neutrino beam line. Because neutrinos interact only
weakly, both the bubble chambers and counter experiments can take data simultan-—

eously in the neutrino beam,
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4. THE NORTH EXPERIMENTAL AREA

The North Area Zone 1 will contain hadronic or electromagnetic counter ex-
periments. The beams planned for this area will go up to 400 GeV/c and include
the usual hadron beams with an option for an electron or tagged photon beam. A
large experimental hall, EHN1, which is 50 m wide and 290 m long, has been
designed to house the experiments. The beams will be produced in a special
target area which is about 10 metres below ground and the deflecting magnets used
for momentum analysis will also transport the beams up to surface level (or slighly
below). In this way the muon background, the most difficult to avoid in the West
Area, will largely be eliminated since muons produced in the target area will be

absorbed in the earth downstream.

A total of three independent targets T2, T4, T6 are planned each irradiated
simultaneously by a split branch of the EPB. Two of the targets will be used
to produce four genmeral purpose hadron beams going up through two tunnels to EHNI.

A schematic diagram of the North Area is shown in Fig. 7.

The four hadron beams will include two which will go up to the full energy
of 400 GeV, and two which will operate up to about 270 GeV. Thus the hadron

physics in the North Area will be the very-high energy processes.

The third target in the target area will be used to produce a high-intensity
beam of 7 and K mesons which will then travel down a 600 m long decay region
equipped with focussing quadrupoles to produce a high-intensity muon beam. The
fact that one has not combined the muon and neutrino beams, as has been done at
FNAL,allows the use of the quadrupoles which gives a higher efficiency for cap-
turing the decay muons. Figure 8 shows a schematic layout of this beam which
is called M2. Notice that the momentum analysis of the muons is performed by -
bending in the vertical plane after the hadrons have been absorbed by a beryllium
absorber., Great care has been taken in the beam design to minimise the "halo"
of muons. Figure 9 shows a Monte Carlo generated distribution of muons as a
function of radial distance from the beam axis at the position of the experimen-
tal apparatus. This example is for u+ at 200 GeV/c. As can be seen, about 10e
muons are contained within a radius of 5 em (the beam) and between a radius of

20 cm and 200 cm, only about 2% of the beam flux is found (the halo).

I will conclude the description of the North Area by referring again to
Fig. 7 to point out the line reserved for further developments. This line,
branching off the end of the muon decay tunnel, will be a possible area for
experiments using the full intensity proton beam, or as the starting point for

development of new beams as yet unthought of.



_12_

ea1y Teluswriadxy YiioN 9yl Jo Burmelap OTIEPWRYDS : £ °*BIJ

wooz 0oL 0
75929 : L
¢ NH3
¢iN —Hsz
ANOZ dX3
405
w

weaq uojord 10§ aun HCQEmO_®>®Q /

LsN 3INOZ dX3



..13_

W weaq uonm ay3 Jo Inoke] OTIIBWLYOS : g °3T14

Tzuz_mw&u\‘ NOLLS 31351 ¥395058Y

woor | 01 H)IVW SIESELESNM 0L Holvw ¥ .. 0004

,_ | GNERERL L i FINNVHD  AVO30
wgl
i

e
PO WO 7T *=Ag
(-
<
[ )
wn
INIWNIUNSYIN . —
WNLN3WOW M 404
39v1S

—  4313IW0HLI3dS

| |
pPoIWgE-=Ag _o 7¢ “=A8|

| _

e
o
—

AWD  AWD AWD

NOLJ313S- 1t
ONT INOE3
PDIWYE*=Ag
«_ 8d3

INVId TVIIL1H3A

_ SHOLVWITIOD DILINOVIA 91
- 10
TNHI CNOLY90T gicoy  Y3BHOSBY NOHOVH 1398v1
e e ——
HWD HIRD HIWD
PDIWg L-=HE o.m_-nk:m a3
. RN N L B | O O N O A O O
T 11T 1T T Tt rrT P17
0 4 a0 40 3 Qa @ 4 0 3 6 40 40 40 30 40 4
dWNQ Wy3ag
NOL0¥d
INVId WINOZIGOH



- 14(f

A

4" FLUX IN ANNULAR AREA A(r,r.Ar) BETWEEN RADIUS r AND reAr, (Ar=5cm)
~PER 10'2PROTONS INTERACTING IN H,(H.—R MODEL)
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n F1G.3 EXAMPLE OF RADIAL DISTRIBUTION
— OF u FLUX (BEAM . HALO)
7 AT POSITION OF EXPERIMENT
7 FOR pg(Tt K) = 220 GeVic, pg ()= 200 GeVic
_ (calculated using program HALO)
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Fig. 9 : Monte Carlo generated distribution of muons at the position of the

eperiment in Zone 2. The muon flux in an annulus 5 cm wide at
radius r cm is plotted against r
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5. EXPERIMENTS IN THE NORTH AREA

Up to now, five experiments have been approved for the North Area. They
are described in the appendix. These are all experiments using electronic
techniques. Two experiments are for the Experimental Zone 2 using the high in-
tensity muon beam M2, The other three are hadron experiments which will be

located in Experimental Zone 1 but final beam assignments have not yet been made.

During the coming year, it is anticipated that other experiments will be
approved for the North Area. Several proposals under detailed evaluation and
refinement at the present time involve the construction of a rapid-cycling
bubble chamber (RCBC) which could operate in high energy hadfon beams in the
North Area Zone 1. This, if approved, would complement the physics to be domne

with BEBC using the RF separated beam in the West Area,

6. APPENDIX

Summaries of Approved SPS Experiments

The summaries are composed of a single page description of the physics aims
and the proposed technique of each experiment together with a single page diagram
of the experimental apparatus. The names of the participating physicists and
the institutions involved are given under a brief title to identify the experiment.
In addition, in the upper right hand corner the code number of the experiment and
the beam are given together with the date of approval and status of the experiment.
Further details on any experiment can be obtained by consulting the documents

given underneath as References.



Expt. . WAL
Beam : N1

APPENDIX Approved : 17.04.74'
Status ! preparation

High Energy Neutrino Interactions

CERN-DOrtmund-Heidelberg-Saclay Collaboration

P. Block, B. Devaux, A. Diamant-Berger, F. Dydak, F. Eisele,
C. Geweniger, V., Hepp, M. Holder, K. Kleinknecht, E. Kluge,
G. Marel, F. Navarria, P. Palazzi, D. Pollman, A. Savoy-Navarro,
G. Spahn, J. Steinberger, H. Suter, K. Tittel, R. Turlay,
M. Vyso&ansky, H. Wahl, E.G.H., Williams

This experiment will study neutrino interactions at the highest
available energies using principally the dichromatic neutrino beam N1,
The basis of the detector is a massive target-calorimeter in which the
energy deposited by a neutrino (or anti-neutrino) is measured by electronic
techniques and the momentum of outgoing muons is determined by magnetic

deflection.

The detector is constructed in the form of a 20 m long iron-cored
toroidal magnet, composed of modules each 90 cm long and 3.75 m in diameter.
Drift chambers placed in between each module will measure the trajectory of
the muons from the neutrino interactions. The individual modules are of
two types. The first six modules are constructed of 5 cm iron plates with
1 cm gaps for the insertion of 15 scintillator planes per unit. The final
twelve modules are constructed from 15 cm plates with 2 cm gaps for scintillator
insertion. The energy deposited in the scintillator is measured by pulse

height analysis. The total mass of the detector is " 1400 tons.

The physics aims of this‘experiment are:
a) inclusive neutrino reactions in Fe
b) search for rare processes, in particular:
(1) three lepton production
(ii) inverse muon decay
(iii) heavy lepton production

(iv) intermediate boson production

(Summary edited by J.V. Allaby)
References

SPSC/P73-1, SPSC/P73-1/Add, SPSC/74-6/P1/Add.2, SPSC/74-38/M25
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Expt. : WA2

Beam Y1
Approved : 12.06.74
Status ! preparation

Leptonic Decays of Hyperons

Bristol-Heide1berg-Geneva—Qrsay—Rutherford-Strasbourg Collaboration

M. Bourquin, R.M. Brown, Y. Chatelus, J-C. Chollet, M. Croissiaux,
J-M. Gaillard, C.N.P. Gee, W.M. Gibson, R.S. Gilmore, J. Gresser,
- P. Igo-Kemenes, P. Lennert, J. Malos, B, Merkel, R. Morand, R.J. Ott,
J=P. Repellin, G. Sauvage, B. Schiby, P. Schubelin, H.W. Siebert,
V.J. Smith, K.P, Streit, R.J. Tapper, J.J. Thresher

The aim of this experiment is to make accurate measurements on the rare

decay modes of hypérons. Amongst fhe decays to be studied are:

a) = -+ Aev B.R. = 6 x 10 * expect v 160/day

b) T > 2% v B.R. = 1x 10 *  expect v 25/day
l._, AO.Y

c) I+ A%V B.R. = 0.6 x 10 * expect v 800/day

The expected event rates are based on a beam of 100 GeV/c containing ~ 10 000 T

per burst.

Furthermore, if the background of protons in the positive hyperon beam
. . . + .
is sufficiently reduced, the decay of Z will also be measured. The hyperons

will be identified by a special DISC Cerenkov counter.

The experimental equipment includes a set of four drift chambers in front
of an analysing magnet and four after the magnet. -Identification of electrons
is assured by a gas Cerenkov counter and‘by a lead-glass array. Additional
rejection of pions will be given by the inclusion of a transition radiation
detector installed directly in front of the magnet. Discrimination between
reactions a) and b) will be provided by detection of the y-rays from the

£°% decay using lead-scintillator sandwich counters, and the lead-glass array.

(Summary edited by J.V. Allaby)
References

SPSC/P.73-2, SPSC/74~32/P2/Add.1, SPSC/74-48/M28.
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Expt. P WA3

Beam ¢ H1
Approved : 12.06.74
Status : preparation

Exclusive Tp and Kp Interactions

Amsterdam~-CERN-Cracow-Munich-Oxford-Rutherford
Collaboration

B. Alper, H. Becker, W. Blum, M. Bowler, R. Cashmore, C. Damerell
C. Daum, P. van Deurzen, H. Dietl, A. Dwurazny, L. Hertzberger,
B. Hyams, W. Hoogland, J. Loken, E. Lorenz, G. Lutjens, G. Lutz,
W. Manner, S. Peters, G. Polok, R. Richter, K. Rybicki, U. Stierlin,
G. Thompson, M. Turala, P. Weilhammer

This experiment is a study of the quasi two body hadron reactions
+ + 3t - - - -+ x Ie0
Tp*r7mTn, Tp>KKn, ppn, Kp>Kmn, mTp~+K Ksp and
Kp-~> Kgﬂ_p'over a wide kinematic range and at several energies up to 100
GeV. The main aims of this experiment are to investigate the four momentum
" transfer and energy dependence of the production mechanism in these reactions
and in particular to study 77 and Km interactions through phase-shift analysis

up to high masses. It is also intended to search for high-mass resonances

in two body and many body final states.

The proposed apparatus consists of a beam telescope of proportional wire
chambers, a liquid-hydrogen target surrounded by a 47 solid angle anti-
.coincidence counter arrangement (except for a small beam entrance window
and an exit window for fast forward going particles), and a forward spec-
:trometer equipﬁed with two magnets giving a total bending power of 3Tm,

.wire spark chambers with a resolution better than 0.3 mm, two large aperture
 Cerenkov hodoscopes, a trigger system and anticoincidence counters for the
 detection of charged particles and neutral pions. The two magnet configura-
tion permits. the measurement of slow particles with a relatively weak and
short magneéﬁdipectly after the target, while the momentum of fast secondaries
is measured with-a mégnet of higher bending power but reduced acceptance. The
trigger system consists essentially of proportional wire planes directly after
the target éna two counter hodoscopes for the selection of the multiplicity.
Particle ideﬁtification'will be possible up to about 80 GeV. 1In a later phase

the wire spafk Cbambers'will gradually be replaced by drift chambers.

The apparatus will be ready for data taking in November 1976 in the H1
beam in the West Hall. The initial time request is for 85 days of setting up
and running time (assuming 3 x 105n— / pulse, spilltime 1 sec. and 10 000
pulses/day). '

(Summary edited by J.V. Allaby)
References

SPSC/74-14/P 7
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Expt. ¢ WA4

Beam ¢ El
Approved : 12.06.74
Status : preparation

Photoproduction of Hadrons

Bonn=-CERN-Daresbury-DESY-Ec.Poly.-Glasgow-Lancaster—Manchester-
. Orsay-Sheffield Collaboration

T. Armstrong,'D Aston, J.K. Bienlien, B. Bouquet, G. Brookes,
P. Bussey, A.B. Clegg, B. D'Almagne, B. Drevillon, T.P. Duerdoth,
P.J. Duke, R. J. Elllson, P, Feller, A. Ferrer, P, Fleury, W. Galbraith,
B. Grossetete K. Heinloth, M. Ibbotson, M.A.R. Kemp, J. Litt,
R. Marshall, K. Muller, D. Newton, P. Petroff, E. Paul, F. Richard,
G. de Rosny, A. Rougé, J. Rutherglen, I. Skillicorn, K. Smith,
D. Tre111e, H Videau, I, Videau, J. P Wuthrick

Thelintetest‘of this experiment is to use tagged photons of energies up
to 60 GeVlin ﬁhotoproduetion measurements utilising the Omega spectrometer as
detector. The eﬁergyvof the photons is tagged by measuring the difference
in energy of,the electfen beam before and after traversing a thin radiator.
If the radlator is a suitable crystal, the photon beam is polarized. The
reactions which will be studied include:

' etc. or new

a) Vec;pr meson photeproduction Yp > Vp where V = p, ¢, o
states of higher mass
b) Compton scattering yp =+ Yp _ . L
c) Energy dependence of pseudoscaler mesonyprodﬁcffOﬁ'up to v 30 GeV
yp > T4

+
T AY

+
LA
d) - Photoprodction‘in nuclei, shadowing effects, A dependence of the cross-

section.

The equlpment used in addition to the ba51c Omega apparatus w1ll 1nclude
a forward photon detector composed of 1ead glass blocks to enable the detection
of fast m° produced 1n the interaction. Lead eelntlllatpr sandwich counters
on the median plane w111 be used to veto,eleetremagnetic:background ef e+ef

pairs.

(Summary edited by J.V. Allaby)
References'w PR RPN T e

SPSC/74-29/P 10
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Expt. : WAS

Beam ¢ H3
Approved : 17.07.74
Status ! preparation

Backward Two-Body Reactions

Indiana—-Saclay Collaboration

R. Barate, P. Bareyre, P. Bonamy, P. Borgeaud, B. Brabson,
J.C. Brisson, M. Corcoran, R. Crittenden, M. David, J. Ernwein,
R. Heinz, A. Krider, G. Laurens, H. Neal, A. Roussarie,
H. Roussarie, G. Villet

This experiment is a study of the s- and u-dependence of backward scat-
tering of hadrons in the energy range 25-120 GeV/c. The range of u which
will be covered is limited by statistics but will be approximately |u| < 1.3
GeV? up to 50 GeV/c and somewhat less at higher energies, depending on the
steepness of the s~dependence of the cross—sections. Measurements will be

+ % -
made with incident m , K and p .

The detection equipment is based on the use of a large aperture magnet,
GOLIATH, inside which will be the 1 m long liquid hydrogen target surrounded
by a set of multiwire proportional chambers to detect the recoiling meson.
This is complemented by a forward spectrometer to detect the fast proton.

The forward spectrometer is composed of one or two standard PS bending magnets
(depending on the momentum) and further MWPC planes with 0.5 mm spacing. In
addition threshold Cerenkov counters in the spectrometer will be used in the
trigger to reject the background from fast forward mesons. The distance
between GOLIATH and the forward spectrometer magnets will be scaled with

the incident momentum to maintain good resolution at high energies.

(Summary edited by J.V. Allaby)
References

SPSC/74~10/P 5, SPSC/74-41/P 5/Add.1
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Expt. ¢ WA6

Beam ¢ H3
Approved : 04.09.74
Status ! preparation

Polarization in pp and 7mp Elastic Scattering

CERN-Trieste-Vienna Collaboration

W. Bartl, R. Birsa, F. Bradamante, G. Fidecaro, M. Fidecaro,
M. Giorgi, G. Leder, W. Majerotto, G. Neuhofer, A. Penzo,
M. Pernicka, L. Piemontese, P. Schiavon,
M. Steuer, A, Vascotto, A, Villari

The aim of the experiment is to arrive at a better understanding of the

role played by spin in high energy hadron—hadfon_interactions.

Measurements will be made, in the 50-150 GeV/c range, on two-body

(and quasi-two-body) reactions induced by protons and pions on polarized
protons, for which either the target baryon or the beam'particle (or the
resonance) are left with a laboratory momentum between 0.5 and 2 GeV/c (for
elastic scattering 0.3 < t,u < 3 GeV?),. The dip observed in the cross-
section for elastic proton-proton scattering at the ISR energies is located
in this region. Although the design of the experiment is based on measure-
ments of forward elastic scatterlng, the equlpment can measure backward

scattering and reactions such as ﬂ p~>K Z

The experimental apparatus consisting of MWPC and scintillation counter
 hodoscopes is built around a 1 m diameter magnet (0.95 T'm), at the centre
of which the polarized target is located. A backward telescope allows the
measurement of the 1ow—energy particle over a large polar angle. The total
solid angle is v 3 sr. The momentum is obtained by correlating the tracks
inside and outside the magnetic field. The time-of-flight is also measured,
to allow a mass determination. The apparatus is completed by a forward arm
:which makes use of twd 2 m bending magnets (3.6 T:m each and an acceptance
:overmatched to the backwérd arm) and a Cerenkov counter. The apparatus is

V designed to measure cross-sections down tb 10 nb/GeV?, by sending an un-

separated beam of 10° ppp.on a 13 g-cm™? propanediol target.

(Summary edited by J.V. Allaby)
References a |

SPSC/74-17/P 8, SPSC/74-54/P 8/Add.1
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" Expt. "t WA7
Beam ¢ H1
 Approved : 04.09.74
Status : preparation

Two-Body Reactions at Large PT

CERN-Genova-Orsay—Oslo;UniVersity College London Cellaboration

V. Bakken, M. Bozzo, T. Buran, A. Buzzo,-M. Castoldi, C. Caverzasio,
J. Dines Hansen, B.G. Duff, A. Eide, S. Ferroni, V. Gracco, K. Guettler,
J-P. Guillaud, J. Haldorsen, A.J. Herz, F.F. Heymann, D.C. Imrie,
T. Jacobsen, R. Kiesler, K. Kirsebom, V. Lepeltier, A. Lundby, F.J. Lush,
M. Macri, M.N. Minard, R. Mgllerud, B. Mouéllic, J. Myrheim, M. Poulet,
L. Rossi, A. Santroni, B. Schistad, G. Sette, S.J. Sharrock,
S.0. Sdrensen, H. Watson, T. Willits, M. Yvert

. . \ o , . ,
The experiment is aimed at doing 90 c.m. exclusive physics, and in
. . . - ey s . . + -
particular to study elastic scattering and pp annihilation into m m and
+ - . . . . .
KK. The same kinematics applies, however, also to lighter particles

which move slowly in the c.m. system and suffer two-body decay.

Although the emphasis is on 90° c.m., the equipment covers a large
angular range, and will be placed so as to cone; forward angles compatible
with trigger rates. At incident intensitiesief 10® particles/sec, the
minimum angle will correspond to -t=5 (GeV/c)z; while for lower intensities
‘the equipment will be displaced so as to cover lower t-values. The experi-

ment will run with incident beams at 20, 40,_60 and 80 GeV/c.

The experiment uses a 1 m liquid H target partly‘inside an AEG”magnet.
Correlatlons between the secondary particles are first established by us1ng
t.pulses from arrays of scintillation counters ;o make decisions by means of
- fast coincidence matnices. The pulses from MWPC are stored on delay lines
\;nd reé&tinto hardware nrocessors, which then decide if the information
should be read via a NORD 10 onto magnetic tape. identifications of the
secondary particles are made with threshold Cerenkov counters and iron

calorimeters.

The experiment will also use a CEDAR differential counter on the beam-
line downstream of the target to enable positive identification of the inter-

acting particle when operating at the highest intensities.

(Summary edited by J.V. Allaby)
References ’

SPSC/74-28/P 9, SPSC/74-49/P 9/Add.1, SPSC/74-61/P 9/Add.2
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Expt. : WA8

Beam ¢ S1
Approved : 22.01.75
Status : preparation

. N N :t . .
Production of Rare Meson States in K p Collisions

University of Birmingham

D.C. Colley, J.D. Dowell, J. Garvey, R.J. Homer, M. Jobes,
G.T. Jones, I.R. Kenyon, T. McMahon, P. Watkins and J. Wilson

This experiment will exploit the R.F. separated beam and the Omega
spectrometer in order to study the mass spectra and production mechanigms
of rare meson states produced in Kip interactions. The motivation is baséd o
on the fact that mesons composed mainly of strange quarks (e.g. the ¢ meson)
are produced more copiously by incident K-mesons than by other hadréns.
The spécific reactions which will be studied include:
Kip - K;KiKtp
> K P
~ App or lpp
and K p - KKA
_ Thé ttigger will be based on the detection of a kaon or baryon of
opposite cﬁarge to the beam particle. The downstream Y-detector to be
used in experiment WA4 will also be used to obtain data on reactions similar

to those above, but containing an additional fast 7°,

- The experiment will run at two incident momenta, 18 and 32 GeV/c.
The'SecondrCetenkov hodoscope of the Omega spectrometer will be shortened
for the 18 GeV/c runs and will be displaced off-axis to maximise the

acceptance.

(Summary edited by J.V. Allaby)
References “

SPSC/74-84/P 21
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FExpt. ¢ WAY

Beam © H3
Approved : 22.01.75
Status i preparation

High Precision Study of Elastic Scattering in the
Coulomb Interference Region

Clermont Ferrand-Leningrad—Lyon-Uppsala Collaboration

J. Berthot, J.P. Burq, M. Chemarin, M. Chevallier, T. Ekeldf, J. Gardés,
P. Grafstrom, E. Hagberg, B, Ille, A.P. Kash¢jik, G.A. Korolev,
P.C. Kul1kov, S. Kullander, M. Lambert, J.P. Martin, L. Meritet,
M. Querrou, V.A. Shchegelsk13, F. Vazeille :and A.A. Vorobiev

The aim of this experimentflg the_determination of the ratio p of the
?real to the imaginary parts of the forward elastic hadronic amplitudes,
?from measurements of elastic hadron-proton scatterlng cross sections in
:the Coulomb interference region. Measurements will be made at several
:energles from 50 to 150 GeV/c, and for both particles and antlpartlcles.
;A high accuracy must be achieved 1n these measurements. . The expectat1on is
‘to achieve an error on p of about .01 for nfp amplltudes, and ahout .03 for

K-p and p—p amplitudes.
The experiment will be carried out using:

(i) A rec01l spectrometer con51st1ng of a hydrogen 1onlzat10n chamber
in which the gas serves both as target and ionizing medlum The
pulse height glves the klnetlc energy T of the rec011, with an
error of a few per cent in the range 1 < T < 10 MeV. The rise

time of the pulse gives the reco1l polar angle with a prec151on

of about one - degree.

(i1) A forward spectrometer conSLstlng of two CERN standard "2 m bending
magnets, and a set of 24 MWPCs dlstrlbuted along the beam line
over three telescopes whlch measure the direction of the particle

upstream and downstream of the target, and after magnetic deflection.
The experlment will take place‘insthe H3 beam, at a maximum intensity of
108 particles per second’. fE
(Summaryiedited by J.V. Allaby)
References U St

SPSC/74-94/P 26, SPSC/74-56/1 62, SPSC/74-55/M 31
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Expt. : WAIO

Beam : HS

Approved : 12.03.75
Status : preparation

* + . s e
Study of K'p ~ K:ﬂ p and reactions of similar topology

with high statistics

Geneva-Lausanne Collaboration

R. Baldi, T. Bohringer, A. Delfosse, P.A. Dorsaz, P. Extermann,
M.N. Focacci-Kienzle, O. Guisan, V. Hungerbuhler, M, Martin,
A. Mermod, P, Muhlemann, C. Nef, P. Rosselet, P. Siegrist,

' A. Vriens, R. Weill

The aim of this experiment is to measure with very good statistics
production and decay properties of S = 0 and 1 bosons and S = O baryons
produced in quasi two-body reactions. A particular topology of event is
chosen in which the final state contains a slow recoil proton, a fast
forward meson and a V (from K® or A° decay). In this topology a 2C fit
~ is obtained without the need for a magnet when the recoil proton energy is
~ determined by time—of-flight and all the angles are measured. Thus the event
f:reconstruction and fitting can be achieved very rapidly and handled by the

. on-line computers.

Specific channels to be studied, at incident momenta of 20, 40 and

80 GeV/c are:

+ it 0 ,
Kp-+K p-~ Ksﬂ P , [for masses of the resonances up to
5 GeV at 80 GeV/c incident momentum and

+ + +
Tp > X p > KK
v P P s P for the momentum transfer range

: *+ + .05 < < 1. 2
[E}P + ¥ o [AK-] o 0.05 ¢ |t] <1 q GeV
) ; T
A total of 600 events/burst will be recorded and analysed, using

microprocessor buffers.

, (Summary prepared by J.V. Allaby)
 References

 S§PSC/74-31/P 11, SPSC/75-6/M43
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Expt. ¢ NAL
| | . . Beam ¢ Not decided
SPU———— & o i} i Approved : 12.03,75

5 P = §o Status : preparation

Comparative Study of Hadron-Fragmentation

Frascati-Milan-Pisa-Rome Collabotration (FRAMM)

S.R. Amendolla, G. Bellini, E. Bertolucc1, G. Bologna, C. Bradaschla,
: A. Cantore, A. Del. Guerra, B. D'Ettorre Piazzoli, M. De Vincenziy
f M. Di Corato, F. Fabbrl, M. Fiori, L. Foa, P. Frabetti, A. Giazotto,
; M. Glorgl, P.F. Manfredi, A. Mannocchi, A. Menzione, E. Meroni, oo
- % S. Mlchelettl, L. Moroni, F. Orsitto, F. Palombo, .P. Picchi, M. Quaglla,
'% = P.G. RanCOlta, L. Ristori, G. Rivellini, § a )atta, A. Scribano,
& M.lSeverl, P. Spillantini, A. Stefanini, G Vegnl, L >V1nce111, K. Zallo

& The a1m of the experiment is to study the fragmentatlon of various inci-
+
dent partlcles (ﬂ s K', p, p) in their interaction with nucleons and nuclei,

iromha sem1-1nc1u51ve point of view. Specific items of ‘this research are:

(1) the comparative study of the diffractive excitation of
» 1diffractive hadrons, ’

Qgi) the investigation of the event structure when the prOJectlle is

exc1ted into a particular final state, :

(iii) the study of the development of hadronlc showers 1n31de nuclear

mﬁ.matter

The apparatus consists of a forward spectrometer for charged particles
and photons and of a large angle detector which provides the topology of
1nd1v1dual events over almost 4r. The spectrometer subtends a solld angle

of n 40 msr and consists of five bendlng ‘magnets (for an 1ntegrated bending

power of ~ 10 Tm), interspaced by sets of drlft chambers, counter hodoscopes

and photon : detectors. The momentum. resolu' 'd partlcles is

O 37 almost independent of the partlcle momentum."i Photon detedtors are

constltuted by lead-scintillation counter hodoscope sandw1ches or lead-glass

arrays, dependrng on their dlmen31ons The large angle detector, c0n51st1ng

of proportlonal chambers, drift chambers a“ ﬂntlllatlon counters, measures

the productlon angle of all charged partlcles and‘photons and 1dent1fies the

rec011 proton by a dE/dx measu’ ment,

(Sﬂmmary'editedwbwafV:fAliahy)
_Réferences,ﬁ 4 BRI L :

SPSC/74-15/P.6, SPSC/74-23/P.6/Add.1, SPSC/74-83/P.6/Add.2, SPSC/75-20/M 47.
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Expt. :  NA2

Beam ¢ M2
Approved : 12.03.75
Status : preparation

Electromagnetic Interactions of Muons

The European Muon Collaboration

0.C. Allkofer, J.J. Aubert, G. Bassompierre, K.H. Becks,

H.J. Behrend, M. Borghini, D. Botterill, X. de Bouard, F.W. Brasse,
C. Broll, R. Clifft, G. Coignet, F. Combley, G.R. Court, P. Dalpiaz,
P.F. Dalpiaz, W. Dau, J. Drees, F. Farley, J. Favier, M.I. Ferrero,
J.H. Field, W. Flauger, C. Franzinetti, E. Gabathuler, R. Gamet,
J. Gayler, J.P. Grillet, U. Hahn, P. Hayman, J.R. Holt, H. Jokisch,
H. de Kerrett, A. Ladage, L. Massonet, H. Mohr, H. Montgomery,

K. Moser, P.R. Norton, U. Opara, P. Payre, H. Pessard, K. Rith,

M. Rousseau, E. Schlosser, M, Schneegans, T. Sloan, P. Soding,
H.E. Stler, J.P. Thenard, J.J. Thompson, F. Vannucci, M. Vivargent,
H. Wahlen, W.S. Williams

This experiment will be the first in a programme of physics experiments
with high energy muons using a large spectrometer facility. The aim of this
first experiment will be a study of the inelastic scattering of muons from
hydrogen to try to understand better the physics of virtual photon interactions

over a wide range of four-momentum transfer (q?).

Thé first stage of the spectrometer facility will include a forward spec-
trometer comprising a large aperture dipole magnet (2 m x 1 m) of bending power
nv 5 Tm ahd a magnetised iron filter to distinguish the scattered muons from
hadrons: Drift chambers and MWPC will be used before and after the magﬁet to
detect éharged products of the interaction and to allow a momentum determination
of the écattéred muon to an accuracy of N~ 1% at 100 GeV/c, and an angular defi-
nition éf 0.1 mrad. The triggering on scattered muons will rely on three
planes of scintillation counter hodoscopes before and after the magnetised iron,
whose magnetic field serves to eliminate triggers from low momentum muons

which will be produced copiously by pion decay.

At‘? later state it will be possible to replace the liquid hydrogen target
by a poiérised target to gain information on spin effects. Also a gamma-ray
detector and/or Cerenkov hodoscopes can be added. - Later experiments using
this facility envisage the addition of a vertex magnet surrounding the target to
maximise the acceptance for momentum-analysed produced hadrons. It is thought
that at this stage a streamer chamber could be installed in the vertex magnet
to provide the vertex information.

(Summary prepared by J.V. Allaby)

References
SPSC/74-78/P.18
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Expt. :  NA3

Beam : Not decided
Approved : 12.03.75
Status : preparation

High PT Leptons and Hadrons

CERN-Colleg; de France-Ec.Poly.-Orsay-Saclay Collaboration

J Badler, G. Burgun, P. Charpent1er M. Crozon, D. Decamp,
P. Delplerre, P. Le DG, W. Kienzle, J. Lefran901s, Y. Lemoigne,
T. Leray, G. Matthlae, A. Michelini, H. Nguyen, O. Runolfsson,

R. Vanderlagen, S. Weiz

Thiévéxpetiment aims to study production of large transverse momentum
leptons and hadrons iﬁ hadron-ﬁucleon collisioné/up to the highest energies
available at the SPS. The apparatus. is planned>specifica11y to study:

a) u+u—j§airs o ) "u-trigger"

+ - . .. .

b) e e pairs in association with hadrons }

" . "
. . . . e-trigger
c) ey pairs in association with hadrons } Es

The same épparétus can be used to study hadron reactions such as:

d) large PT hadron-hadron correlations }
e): 'large P hadron resonances L % "hadron trigger"
f){?iéearchvfor new high-mass particles } ‘

Thé apparatus includes a large aperture superconducting dipole magnet
3.5 m léng and with 1.6 m diameter cylindfical aperture, having a total bending

power of 4.6 Tm.

A comblnatlon of drift chambers and MWPC located before, after and
inside the magnet provide for track locatlon. Threshold Cerenkov counters
are 1nc1uded for particle identification.. A hadron-electron calorimeter
split iﬁtoitwojsub—units is used to trigger on thé vertical component of Pi.
In addiﬁioﬁ a coincidence matrix requirement is ﬁut on the events to define
a m1n1mum in the vertical component of PT The,equipmént is completed by a

u—fllter behlnd the calorimeter.

(Summary edited by J.V. Allaby)
References

SPSC/74-90/P 24
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o , Expt. s NA4

Beam : M2
Approved : 07.05.75
Status ¢ preparation

‘Inclusive Deep Inelastic Muon Scattering

CERN¥Dubna—Munichfkbme—Sac1ay Collaboration

F. Ceradini, M. Convefsi, J. Feltess, M. Ferrer,

I. Golutvin, ‘Hy Hilscher, V. Kukhtin, R. Leiste, A. Levéque,
U. Meyer- Berkhout F. Muller, B Naroska, E. Pauli, J. Renardy,
C. Rubbia, S. Santonlco, I. Sav1n, D. Schinzel, G. Smadja,

M. Splro, A.‘Staude, G. Tarnopolsky, G. Vestergomb1, S. Vitale,
J. Zsembery, c. Zupanclc

This experiment aims to investigate deep inelastic inclusive muon scat-
tering to the highest energy and q? made available by the high intensity muon
beam M2. The target has a length of " 50 m of either liquid hydrogen or
liquid deuterium and is surrounded by a magnetized torus. The properties of
the magnetized torus, which will be operated in a saturated mode, are to
produce oscillations of scattered muons about the beam axis, where the ampli-
tude of the cScillation is proportional to qZ2. This property causes trapping
of muons inside the torus leading to a high efficiency for their detection.

In addition the triggering can be set on a minimum q? for the reaction by

demanding that a muon reach a certain minimum distance from the axis.

In. the proposed device, the magnetized torus has a diameter of 2.7 m

and is &ivided into 10 separate super modules, each with its own 5 m long
target.'} Each super module is divided into 4 modules where each module contains
E ﬂil m of:steei, a set of MWPC, and trigger counters. Each super module has

W o azseparefe coil to magnetize the steel. With this device, muons scattered

X E w1th qz'; 0.7 q ax w111 be trapped in the torus (where q ax = 2 MpE ).

?;Events escaplng the torus are not lost but the accuracy in the determination

T:of the muon momentum is reduced

gIhe;experiment, with the exception of small beam defining counters, has

i " no detector in the direct beam and can operate in incident beam fluxes up to
10? particles/pulse.
(Summary edited by J.V. Allaby)
?kRefetencés

SPSC/74-79/P19, SPSC/74-103/P19/Add. 1, SPSC/74-108/P19/Add.2,
SPSC/74-120/P19/Add.3, SPSC/75—32/R22.
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Inelastic Hadron Reactions Usingia Streamer Chamber .
Triggered by a Single-Arm Spectrometer

Max-Planck Institute, Munich

G. Buschorn, I. Derado,‘V Eckardt, J. Fent, H-J. Gebauer 'U. Kruse,
A. Manz, A. Odian, K.P. Pretzl, N. Schmitz, R. Settles, P. Seyboth,
J. Seyerlin, G. Wolf

The experiment will study inelastic hadron reactions induced by various
incident hadrons (7,:K, p) in a liquid,hydrdgen target. The aim of the
experiment is to analyse as completely as possible all charged particles in
the finalistate. Thefbasis of theﬂtrigger is to select a particle of
particular:type and momentum by means of a single arm spectrometer which can
be set at!a chosen angle (for example : 90o c.m.). In the proposal the group
discuss the use of the tr1gger1ng system to select hadrons produced in the
transverse momentum range 1.0 < pT < 3 0 GeV/c but have p01nted out the
p0551b111ty of adapting their trigger to new phys1cs questions should the
high Pr trlgger not be the most 1nterest1ng at the time the experiment is

performed..

The apparatus comprises a vertex magnet (1 m 8ap, 2 m diameter) with a
30 em long hydrogen target 1ns1de a large streamer chamber, a second streamer
chamber downstream of the magnet to give 1mproved momentum resolution and
pattern recoghltlon for forward tracks, and the trlggerlng spectrometer
which uses;three standard P.S. magnets, wire chambers and three threshold
{erenkov dpunters to'define the momentum and mass. of the triggering particle.
Four MWPC will be used downstream of the vertex magnet to separate beam tracks

and to reconstruct the trlggerlng partlcle traJectory on-line.

The second streamer chamber will be used to 1dent1fy produced particles
by means of the relat1V1st1c rlse of 1onlzat10n. The streamer chambers will

each be viewed by 3 cameras equ1pped with 31ng1e stage 1mage 1nten31f1ers.
(Shmmary prepared by J.V. Allaby)
References TERL ; :

SPSC/75-1/P37, SPSC/75-38/P37/Add.1.
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