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The aim of this experiment is to study 3~ and % induced reactiomns at 250-
350 GeV/c as well as pN annihilations in the 100-250 GeV/c momentum range. The
experimental set up includes a streamer chamber coupled to a spot focusing
Cerenkov counter (S.C.S.F.) for the identification of fast outgoing particles.
With the 400 GeV/c extracted proton beam it is possible to design and build a
high intensity hyperon beam with a wide momentum range. Coupled to the S.C.S.F.
this will become a new and unique CERN facility for the North Area.

The momenta of high energy tracks will be measured with an accuracy of at
least 3% by means of a downstream spectrometer made of multiwire proportional
chambers and bending magnets. This instrument presents the important feature of
being self triggered on the interaction taking place in the target. The signature
is one leading particle (Y~ or p) identified in mass, momentum and emission angle.
Other counters and hodoscopes can add more conditions to the trigger. The beam
particle for the interaction is identified by a multiplexed DISC.

Since there are yet no data on hyperon collisions at very high energy, the
proposed experiment will provide new information in many physical topics. As
a first step we plan to study multiplicity distributions and semi-inclusive react-
ions such as YN -~ £*X, AX, E~X, 09X (Y stands for I and £ ). Diffraction
dissociation properties of the hyperon will be investigated and a systematic
search for new baryonic resonances will be carried out.

The p beam will allow us to test and to set up the apparatus. In addition
we intend to study multiplicity distributions and PN annihilations. The produced
719's will be detected by lead oxide plates put in the streamer chamber.

The proposed experimental set up will also allow to study the dependence of
the production processes and the multiplicity distributions as a function of the
atomic weight of the target.
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1. INTRODUCTION

1.1. General motivations

During these last years an impressive effort has been devoted to the
study of hadron -hadron interactions in the few hundred GeV/c incident momentum
region. In this region there is very little information about reactions with
incident p (1) and practically no information about hyperon induced interactions
although there is now an increasing interest in this field (2,3). We are there-
fore proposing to study reactions using a negatively charged beam of baryonic
number IB] =1 at the SPS energies. We intend thus to study p, ¥ and 5 colli-

sions with nucleons and also with different kind of nuclei.

One has to emphasize that the proposed experiment is complementary to
the EHS project. Indeed we want to investigate processes which cannot be
studied with a bubble chamber as the number of wanted particles (i.e. the hyperons)
represents only a small fraction of the beam (of the order of 17). Therefore we
intend to use a spectrometer containing a streamer chamber which can be triggered on a
given beam particle and on an interaction in the target, both of them obtained

with high performances Cerenkov counters (multiplexed Disc and Spot focusing).

Because of the lack of high energy data on hyperon interactions the
exact incident momenta that should be used for this experiment are not really
crucial. Nevertheless we are proposing to use hyperon incident momenta of 250
to 350 GeV/c. In the following we will only discuss the first step of our

hyperon study, i.e. the point at 250 GeV/c.

As a first approach into the new field of hyperon physics we would
like to collect as much general information as possible. By this we mean that we
want to obtain first of all information about multiplicity distributions and
also about the semi-inclusive reactions YN-*Zinc, Anc, E-nc, Q_nc. Here Y
denotes a I or £ particle and n_ is the associated number of charged par-
ticles. The knowledge of the YN multiplicity distribution and their associa-
ted statistical moments will allow us to make a comparison with other type of

hadron-hadron collisions. In particular we will stress out the influence of the



strangeness in the quantities just mentioned as we will have initial states
having S = -1 and -2. This study will be completed by investigating the
multiplicity distributions of systems recoiling against the leading particle

or against any charged particle emitted with the Feynman variable x~0.9. We
will thus be able to select recoiling system with given quantum number and still

to see their influence on the multiplicity distribution (see sect.2).

Additional motivations of the present proposal consists in the
possibilities to study the single and double diffraction dissociation processes

and to search for new strange baryonic resonances. As there is a strange

baryon in the initial ’state, we expect to observe copious strange resonance .
production (i.e. Y*, E* and Q*). A study of the production of these re-

sonances is envisaged. In particular we intend to see how the resonance
production is correlated with the number of charged outgoing particles.

There is no reliable estimate of the  flux, however the Disc in the

beam will continuously tag these particle and Q triggers will always be operative.

The second aspect of our experiment consists to study p annihilations.
Apart of the physical motivations which will be explained below, the fact that
we will have to our disposal a 5 beam will allow us to test and to set up our
apparatus. Then we will be able to achieve our main goal which is the study

of hyperon induced reactions.

For the p part of our experiment we would like to study primarily the ‘
annihilation reactions as function of the incident momentum in the range of
100 — 250 GeV/c. In particular we intend to obtain information about multipli-
city distributions and statistical moments for the annihilation reactions as
well as for the non - annihilation ones. We also plan to investigate the corre-
lation between the average number of produced 7° with the associated number of

charged outgoing particles.

1.2 - Choice of apparatus

The general features of our physics program presented briefly above
define almost completely the instrument to be used for the proposed expe-
riment. Ve need a device allowing the detection of charged particles with

a minimum of biases. Furthermore, the momentum of the fast tracks have to
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be measured with a sufficient accuracy to search for Y , & and § reson-
ances. Our instrument must also be able to identify particles or at least

the hyperons which are emitted in the forward direction.

These considerations and the necessity to work with an unseparated beam

lead us to use a streamer chamber coupled to a spot focusing Cerenkov counter

(5.C.S.F.) and a downstream spectrometer. The streamer chamber which will in
fact beused as avertex detector is envisaged to operate in a magnetic field. We
will thus beable to measure the small momentum tracks and toobserve anon negligible
fraction of the A hyperons decays. The conjunction of the streamer chamber and the
downstream spectrometer as shown schematically in fig.l.l, will permit the mea-
surement of fast outgoing tracks. For identifying the particles emitted in the
forward direction, we intend to use the spot focusing device now developed at
CERN. As described below (sect.6), this apparatus will be able to identify and

measure the emission angle of all the charged particles entering simultaneously init.

The instrument we want to build is complex but very powerful and flexible.
As will be seen below, we will be able to study the annihilation reactions and to
obtain representative samples of semi-inclusive reactions containing identified
Zi, A, Z or particles in the final state. Most of these particles are expected
to present a strong leading particle effect and will then be detected with a great
efficiency by our detector (sse sect. 3). Our instrument combines the advantage
related to an optical vertex detector with those obtained in usual counter experiments.
In otHer words we will have at our disposal an almost 47m vertex detector in which
pattern recognition problems are minimized and which will allow us to explore

phenomena with a cross section as low as a few tens of ub.

In sect. 2, we will discuss in some more detail our physics program.
Then we will present the general features of our equipment (sect. 3) and
subsequently a more detailed descriptidn of its various components (sect. 4
through 6). Sect. 7 will be devoted to the discussion of the various

triggers needed to accomplish our physics program.
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2. PHYSICS PROGRAM

Ags already stated above the aim of this experiment is twofold in the
sensc we want to study hyperons and 5 induced reactioms. In both casas we wou
like to have an access t6 different initial isospin state. Therefore we will
use an hydrogen and a deuterium target. In a further stage we will also study

the multiplicity distributions and their associated statistical moments as a

function of the atcumic weight ol the target. .

For the study of the collision on proton or neutron we plan to use

thin high HBressure 2a5e0U! is will 2llow ug to ahserve in the ctreamer
chamber most of the tracks having low momenta. For example with a 100 atmosphe
H2 target of 2mm diameter one will see about 115 MeV/coutgoing particles. Thus, ‘
in the case of a deuteron target we will be able to observe an important fraction

Tn the foilowing we will describe in morec detail some

~ £ -
VA r
typical aspects of our experimental program.

2.1. Hyperons interactions

2.2.1 - Semi -inclusive reactions

As practically nothing is known on hyperon interactions at v 250 GeV/c,

we will first investigate the semi-inclusive reactions

i. —
YN+ Xn,An,Zn, O .
: c c c c

The cross sections, the rapidity structure of the charged emitted particles

as well as the single particle distributions of the (identified) '
particle will be measufed and compared with other type of hadron-hadron
interactions. Factorization properties will be investigated, in particular

as a function of different kinematical variables.

By selecting one or even a given number of identified forward particles,
we will have reactions having definite quantum numbers exchanged in
the t-channel. The influence of these quantum numbers on the single particle
distribution will be investiéatéﬁ. The fact that we will have an hyperon
beam (S = -1, -2) offers us the possibility to exéhange a great variety of

quantum numbers.

Furthermore, the study of the reactions YN + ¥Yn will allow us to
<
check the SU(3) nature of the Pomeron. Indeed by taking event where Y is

the only charged particle emitted in the x v 1 region, one expects that
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Pomeron exchange will dominate the production process. Then, the single
particle distribution associated to the leading particle should be identi-
cal to those observed in the same condition in pp interactions if the Pomeron
is a pure SU(3) singlet. 1In any case detailed comparisons between pp and

Yp spectra will be made and this for different charged multiplicities.

2.1.2 - Topological cross_section and multiplicities

Various works made in the past have shown that the study of charged
multiplicities and their associated statistical moments provide some
kﬁowledge about the multiparticle production process. The results which
will be obtained at 250 GeV/c will allow us to see the influence of the
s—-channel quantum numbers (and particularly the strangeness) on the multi-
plicity distributions. Based on the present available high-energy daka it
appears that multiplicity distributions donot depend strongly from the
type of the colliding particles, apart from the exception of PP reactions (4)

Nevertheless, differences exist as for instance in the KNO distrib-=
utions and the behaviour of statistical moments. Even s-channel isospin
appears to have an influence on the statistical moments as shown at least
by the comparison of pp and pn data below 100 GeV/c (7) (fig.2.1,2.2). As yet all
the comparisons have only be made between colliding particles having a
total baryonic number B =0, 1, 2 and strangeness S =0, +1. Therefore, the
comparison of our experiment with .FNAL results at 150 GeV/c will show

the importance of strangeness on the multiplicity distributions

and may bring some new insight about multiparticle production processes.

As a complement to. the above study, we intend also to investigate
the multiplicity distributions associated to the system recoiling against
the leading particle or against Eny particle_emitted near x v 1. This
will allow us to isolate systems of definite quantum numbers and to see

still their influence on the multiplicity distributions.

Similar studies made with pp (102, 205 and 405 GeV/c) and T7p (205 GeV/c)

[5] have shown that the baryonic number associated to the recoiling system

does not appear tohave a great influence on the quantities just mentioned,



In any case, by using hyperon beams one will . obtain recoiling systems
in a great variety of quantum numberS(fig.Z.B)allowiﬁg us to carry outva
systematic study of their influence on the multiplicity distributions.

In other words, by selecting forward emitted particles, we will study the
cluster of particles associated to the nucleon vertex as a function of the
cluster quantum numbers and as a function of its mass M (the range of M

extends from~2 to~ 10 GeV/cz).

2.1.3. - Diffraction_dissociation

We also are interested to study the single and double diffraction .
dissociation of the incoming particles. Similarly, to the diffraction

* . .
dissociation of p * N seen in hadron-proton interactions we expect to

K] <

. - *= R .
observe copious I =Y and £ +E processes. In fact, the diffraction dissociation

mechanism will certainly be important because the inital YN system is exotic

(in the sense that B=2). Then, the contribution of the leading exchange dege-

nerate Regge trajectories are expected to cancel, the interactions being then

dominated by Pomeron exchange.

-

We intend in particular to study the following processes:

- *— - xo -
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In fact, it has been predicted by Lipkin [9] that there should be Y

resonances not discovered yet and which are primarily produced in diffrac-

tion dissociation processes. A systematic search for these resonances

will be made.

Furthermore, polarization measurement of the A whenever they are
present among the decay products will help us to determine the spin and
parity of these resonances. These new resonances are predicted to be narrow (6)
(narrower than the N*) and will in any case be detected by our apparatus (see

Section 3).



In the case that the incident hyperon dissociates into one resonance,
we will be able to check whether or not the Gribov-Morrison rule can .
be applied to strange baryons. To do this, one has to be sure that no
other neutral particle will be emitted at the hyperon vertex. Fitting of
events will thus be very helpful. At the present stage it is not clear that the
beam momentum will be known with a sufficient accuracy to allow four constraints
fits. 1In any case if fits will be possible one will have another way to
test the SU(3) nature of the Pomeron. Indeed the diffraction dissociation of
the I for instance into a Y* belonging to a SU(3) decuplet is not allowed if

the Pomeron is a SU(3) singlet. Thus, the identification of the dissociated

* =% . . .. . .
Y or Z" state will bring some additional information about the nature of the

Pomeron.

o e

By studying the azimuthal distributions of the outgoing particles [ 7 ]
one will be able to see whether or not the diffraction interaction data
are compatible with helicity conservation in the s or t channel. The
measurement of the A polarization, whqne&er they are present in the final
state may allow to give some more definite answer. In any case A polar-

ization measurements will give further information about d1ffract10n

dissociation mechanlsms in IN as well as in =N and N interactions.
Finally, we will also study the double diffraction dissociation process

for which one expect a cross section of about 0.3 mb (8 ).

2.1.4. Resonance production

In addition to the investigation concerning the production of reson-
ances in diffraction dissociation we will carry out a sy#tematic search
for strange baryonic resonances. - These resonances (Y*. E ), will
certainly be produced abundantly as in many case their productions do not

require strangeness exchange.

The proposed experiment is also particularly suitable for searching
exotic resonances as £ T and Ap for which some evidences have been reported
some years ago [ 9 ]. Finally, we will also study the production of non

strange resonances and their correlation with the strange ones.



One of the striking results obtained in the recent experiment ndade
at FRAL with the 30" hybrid system consists in the rapid rise of the
strange particle production. It is not clear yet if these strange par-

ticles are produced centrallv or are a conseauence of the diceariarinn f

the colliding particles. Our apparatus will yield new information about

this matter as we may identify the hyperons through their decay in the

......................... .
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pairs of particles are produced in YN collisions as copiously as in pp ones
~(fig. 2.4) we will have numerous reactions having three or more strange parti- ‘
cles in the final state. We will thus be able to study the strangeness repar-

tition in the c.m. system (local or non local strangeness conservation),

A comparison with the charge fluctuations may lead to a better understanding

of multiparticle production.

2.1.6. - Miscellaneous

—— e e e s T e e S o

Our set-up will also allow us to study some additional feature on

hyperon interactions. They can be summarized as follows:

(a) Study of the two and multiparticle correlation between the
produced particles and in particular between strange and non ‘

strange particles.

(b) Study of the Id- P E_n1>and T d - P E-pn— reactions in

order to investigate .the virtual # £ and w. = scattering.

2.2. Antiproton reactions

Apart of some rather low statistic experiments (1) not much information
exists yet on pp interactions in the 100— 250 GeV/c. One of the most interesting
question arising in pp interactions concerns the presence of annihilation
reactions at high energy. Based on the extrapolation of low energy data (10) and
also on Regge exchange arguments one expects that the annihilation cross sections
behaves as Oa(nb) =61.8[Plab(9eV/c]-0'6(At 100 and 250 GeV/: for instance one would

have a cross section of 3.9 and 2.3 mb, respectively). We propose to measure



the annihilation cross section as & function c¢f the charged mu
momentum range of 100—250 GeV/c and also to investigate the production mechanisms
(for instance to see if annihilation reactions are produced through central col-

lisions as for low c.m. energies).

To this end we have to reject the non annihilation channel, i.e. :

PN -+ ppX :
- EnX
s ﬁpX
+ nnX

(where X means anything).

By means of the spot focusing we will be able to reject the events in
which a leading E is emitted while the n or n will be detected by a neutron

counter put downstream of the forward spectrometer (see Section 7).

For the annihilations and non annihilation reactions we also intend to
study the statistical moments associated to the charged multiplicity distribu-
tions and to investigate their S dependence (for instance, KNO scaling).

In particular, we would be able to see if the annihilation multiplicity distri-
bution is narrower than for other type of hadron -hadron 1ﬁteractions (11D).

We also want to study the correlation between the average number of 7% with the
number of charged particleswhich will allow us to test various production

models(12). Finally the study of resonance production is also envisaged.
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3. GENERAL DESCRIPTION OF THE SET-UP

3.1. The set —up

The schematic representation of the experimental set —up is shown
in Fig.l.1. The apparatus consists of a vertex detector coupled to a spot

focusing Cerenkov counter followed by a downstream magnetic spectrometer.

The streamer chamber has a total gap of 40 cm and a sensitive volume
of 120 x 80 x40 cm3. Lead oxide plates are put inside the streamer chamber in
order to detect outgoing 7°'s.To obtain the magnetic field in the S.C. we would
like to use the CERN lm3 heavy liquid bubble chamber magnet which has to be
transformed in order to have a gap of 60cm with a field of at least 12 kG. We

used for our various estimates the spectrometer configuration shown in Fig.l.l.

The gaseous targets (~100 atmospheres) will have a length of 30 ecm and
adiameter of ~5mm. The centre of this target will be placed at a distance of
25 cm from the beginning of the sensitive volume. In this way, we will see in
the streamer chamber pictures 10 cm of the incoming beam track. This will be

of great help for reconstructing in space the vertex of the interaction.

The downstream spectrometer consists of the following elements :

a). The spot focusing Cerenkov counter permits the identification of all the
charged particles entering simultaneously in it, its geometrical accep-—
tance being * 10 mrad.

b). Superconducting coils of Im diameter (20cm gap, 70cm aperture) already
built, and two standard (or similar) P.S. magnets (200 %20 x 30 cm3)

c). A set of six planes of hodoscopes H, to H6 used for the fast on line
trigger. These hodoscopes are in the same planes as six sets of MPWC,
PC] to PC6 of high spatial resolution, but slower and therefore used
only for the off line analysis. This system can detect A and also can
follow the Y up to its point of decay.

d). A total absorption neutron counter used to reject n in the 5 part of the

experiment, and which can detect X decays.

3.2. Performances

The present arrangement leads to a momentum resolution for the charged
tracks shown in Fig.3.1. One sees from this figure that one has a momentum

resolution which is always smaller than ~37%. The errors calculated in the



streamer chamber with or without taking into account the fringe field and the
lever arm were obtained from tracks with zero dip. For real tracks the errors
will be slightly increased whenever the streamer chamber information will be

used for measuring the momenta. When the momenta are determined by the additional
magnets the errors are dominated by multiple scattering effects.

In this case however the overall errors can be decreased.by using the redundant

information on the track direction given by the spot focusing.

In order to calculate the acceptances of the various parts of our
equipment as well as some other characteristics of our apparatus, we will
consider the L p - Ip n'n 1° reaction. At 250 GeV/c this reaction was
simulated by generating Monte-Carlo events according to the following
matrix element squared:

bt, bt 3
2
Moe|® e Ye P . (1).

-

Here ty (tp) is the four momentum transfer between the incident and

outgoing Y(p) whereas r. represents the transverse momentum modulus of the i-th
outgoing pion. The above formula restores the leading particle effect as well as
the limited transverse momentum behaviour of the outgoing particles.

The values of the slopes b and a were adjusted to agree with the single particle
distributions obtained for pp interactions at 200 GeV/c (13). As furthermore,

the generated pions lead to distributions which are very similar to real 200 GeV/c
pn data (14) (Fig.3.2), the chosen lMiflz is considered to give a rather realistic
description of the Z—p-+2-pﬂ+ﬂ_ﬂo reaction. This reaction will also serve us for
the E-p-+5-pﬂ+n—ﬂ° channel as practically no difference appears with the
Z-p-+Z-pn+ﬂ_ﬂ° when they are generated with the same IMiflz. We obtain thus the
momentum and angular distributions of the outgoing particles (Fig.3.3) as well

as the x/r plot (Fig.3.4) expected for the outgoing 7°. These distribution will

be used in order to calculate the various acceptances of our equipment.

Because of the geometry of the lead oxide plates in the streamer chamber
(see Section 5) we will only be able to detect s which are emitted in the
laboratory with an angle 6 >9°., Fig.3.4 shows that we will practically cover

all of the backward hemisphere. In Fig. 3.5 we represent the acceptances of



the various parts of our equipment as function of the laboratory momentum of the
outgoing tracks. One sees from this figure that the high momentum tracks will
be accepted with a great efficiency by our downstream spectrometer. The good
momentum resolution of these tracks (fig.3.1) is very promising for searching
strange baryonic'reéonances. For instance>£or the Z*-+Zin+ resonances which will
have a momentum of 200 GeV/c, we will obtain a mass resolution less than 13 and

23 MeV/c2 for resonances having masses of 2 and 3 GeV/cz,respectively.

3.3. The softwaré

The software needed for analysing the events will be somewhat complex as
one has to merge the information obtained from the streamer chamber and the
downstream/upstream system. The upstream part will essentially be used for
identifying and defining the incoming beam particles, whiie the downstream
system will serve to identify and to measure the momenta of the outgoing parti-

cles. Both parts will of course be used in our triggering logic.

For handling the data we will take the approach developed now at CERN and
which has proved its power for analysing the 30" hybrid system data (15).
In the first stage of the treatment the streamer.chamber'information is used to
determine the vertex position. Then one proceeds to the reconstruction of the
tracks in the downstream system, constraining the tracks to pass throughvthe
previously determined verteﬁ._ At this stage the streamer chamber and downstream
information are combined in order to link the tracks and to reject the spurious
ones. An overall fit is then made in order to obtain the final geometrical
reconstruction of the fast outgoing tracks. Finally the small momentum tracks
which do not enter in the downstream spectrometer are reconstructed by using

the chamber information only.

This technique has been applied successfully for handling the 100—200 GeV/c
data taken with the 30" hybrid system. As an example we present in Fig.3.7
the momentum precision obtained from pd data at 200 GeV/c using this technique
and conventional measuring machines in which the setting errors have been decreas-
ed. Note that for the present experiment we will obtain a better precision

because of our additional downstream magnet.

In order to handle our data we intend to use essentially the new CERN soft-

ware package (GEOHYB). Some transformation will of course be needed as we will



use a streamer chamber in which the vertex is not seen. Based on our experience
in pn interactions at 200 GeV/c one can estimate the computer time needed for
the full geometrical reconstruction of the events. For a six prong pn event
(which corresponds roughly to the average charged multiplicity at 200 GeV/c)

one needs a time which is about 2s of 6600 CP. We expect that this time will
not be significantly increased by using our system in which the vertex is not

seen on the picture.
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4. THE HYPERON BEAM

A 250 to ~ 350 GeV/c hyperon beam must be built in the North Area with

the following main specifications :

The beam design should follow the same basic principle (short length,
high field dipoles, superconducting qhadrupoles of very small aperture, beam
particle identification with a special DISC in a 'parallel" section) as the hyperon

beam successfully built at CERN in 1970 (16,17,18).

In this section only the basic and minimal specifications are quoted,
as the detailed beam design which represents a very sizeable effort is yet to be
done. However in principle no new developments are needed in the design of the
beam elements (dipoles and quadrupoles), as the ones designed and used for the
pioneer beam at CERN - PS have proved their suitability and reliability from
1970 (19). The beam design is essentially a problem of computation for the opti-
misation of flux, momentum definition, background of muons, etc... We want to
stress that the quality of the hyperon beam depends in a crucial way on the
extracted proton beam emittance and halo, and has strong consequences on the beam
design. Therefore experimental data on the SPS proton beam are essential to
start the final beam design and we expect that in the near future they will be

available.

1). The beam must be as short as possible. This requirement implies
the use of superconducting beam elements of very small physical aperture (15 to
30mm in diameter). The solid angle accepted in this beam must be at least
0.6 uSR which is not much less than the solid angle accepted by the beam lines

under construction in the North Area.

2). The beam elements must image the production target on our H2
target inside the streamer chamber. The 'parallel" region where the DISC is
inserted will be nearly achromatic. In the CERN -PS hyperon beam the angular
dispersion at the DISC position was small but not zero. This was achieved by
the proper sequence of polarity of the quadrupoles and dipoles. We don't require
an exact achromatic beam because the DISC acceptance can be used effectively
also as a mean to restrict electronically the total momentum bite of the beam.
The cut in momentum obtained by the DISC can nicely complements the cuts intro-
duced by the collimators installed in the beam channel and we want to keep this

feature of the beam.



We expect that the monochromatic hyperon image can be not more than
0.5mm in diameter (spot size at FWHM) and that the momentum dispersion be from

~ 0 up to 1.4 spot diameter per % in Ap/p.

3). The simultaneous identification of 5, Z—, 5 and Q is made with

one multiplexed DISC counter placed in the parallel region of the beam channel.

ﬁ). The momentum definition of a beam particle is expected to be
defined to about 17 with counter hodoscopes near the DISC and if necessary in
front of the streamer chamber. It is important to notice that this 1% figure
depends mostly on target size, determined by proton beam emittance, imperfections

in beam element, and second orders effects.

5). The intensity of the 250 GeV/c % beam entering the streamer
chamber target must be at least ~ 10000 I /burst. From the particle production
spectra (20) it can be estimated that this flux should be reached with ~1011
interacting protons at 400 GeV/c (see fig.4.1). This calculation has been made
taking a Ap/p of * 1%, a solid angle of 0.6 SR and a total beam length of
32.5m. Moreover a 1.5 attenuation production factor has been included for the
target efficiency compared to a H2 proton target. The m contamination has also
been estimated (I /m ~ 1%Z) and the number of 7 in the hyperon beam will be

<~ ]06 which is one of the requirements for the experiment.

It is worth noticing that the hyperon beam has even better performance
between 250 and 350 GeV/c as shown on Fig.4.1. However event reconstruction
and particle identification is more difficult the higher the momentum and this

high energy part of the experiment is consequently left a priori for future runs.

On the contrary the p beam is useful only below 250 GeV/c. We intend
to begin the experiment at ~ 130 GeV/c where the p flux and the p/T ratio are
similar to the values estimated for I and L /7 at 250 GeV/c, but with the
advantage of requiring a 400 GeV/c proton beam reduced in intensity (~3 times
less) and of making easier the identification of particles for testing the appa-

ratus and starting the p experiment.

For the £ , the choice of 250 GeV/c momentum also looks a good compro-
mise : the = flux on the H, target is maximum around 250 GeV/c for a 400 GeV/c
primary beam. This estimate is based on the Grote —Hagedorn - Ranft calculations
for the shape of the curve but normalized by scaling from 24 GeV/c CERN Data 21)
and 25.8 and 23.4 GeV/c BNL Data.



_16_

The flux of background muons tolerable in the streamer chamber
(~ 0.5 m2 in cross section) is estimated to be ~ | per psec.

Our proposed hyperon beam being refocused to a spot is only slightly
longer 32.5m than the hyperon beam proposed at FNAL 29.5m (elastic scattering
of the hyperons, addendum to E97. Proposal #497, May 13, 1976 by C. Ankenbrandt
et al.) '

We contemplate to use higher gradient quadrupoles of smaller aperture,
and shorter DISC which accounts for the small difference in total beam length.
Our beam configuration can be expected to give higher beam purity and better

background conditions.

It is supposed that this beam can be installed in EHN 1, derived from
an attenuated primary proton beam transported to the production target by one
of the existing beams for example H, or H4' The total length of the hyperon

beam + experiment should be 60 to 70 m.
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5. THE STREAMER CHAMBER AND VERTEX MAGNET

The vertex detector will be a detecting He—Ne streamer chamber with
a H2 highlpressure gas target installed as shown in fig. 5.1. The size
of the chamber fits in an existing magnet (the NPA magnet built for
the CERN heavy liquid bubble chamber). A modification of this magnet
will however be necessary in order to increase the gap from 20 to 60 cm

and to provide a rectangular hole at the top (60 x 180 cmz).
The visible volume of the streamer chamber will be 120 x 120 x 40 cm3.

This chamber is complementary to the spot focusing and consequently
must fulfill special requirements. This is the reason why a particular
arrangement has been chosen for this square streamer chamber. It is fed
with the high voltage pulse from the top of the magnet and matched to its
characteristic impedance at the bottom. This position will allow to
minimize the amount of material put into the beam line and will provide
a large forward angular acceptance (vertical 50° & 4°, horizontal
19° £ 1.5°) with a very small amount of matter (v 5 x 10--3 radiation
length ircluding the gas itself). Moreover the access to the target side
will be easier and counters and MWPC can be installed close to the chamber

on both sides.

We have chosen for the chamber the twin geometry proposed by Rohrbeck

et al., (22).

This arrangement is particularly convenient when a target must be
installed in the chamber because it provides an ideal position for the
target which can then be installed exactly in the central section of the
chamber where no matter is present (no high voltage plane). Background
interactions and flares are consequently reduced in comparison to what can

be observed with the conventional double gap strip line geometry.

The target itself will be made of a thin tube (about 5 mm in diameter),

30 cm in length, filled and flushed with H, at very high pressure (typical

2
100 bar). With the expected beam intensity about 60 interactions (Ip) will

be obtained in the hydrogen target for ~ 106 T created at the target
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production ~ 32.5 m upstream. We will also get ~4000 pion interactions
per burst. The percentage of interactions outside the target in the various
windows will be about 30%Z. The incoming hyperon will be visible over 10 cm

in the streamer chamber before entering the H target. This will provide

2
an off-line information for positioning the vertex of the interaction and
could also be used to confirm that the incident hyperon is within the
momentum bite. It also gives a signature that no interaction has occured
between the DISC and the H2 target. Due to its large width and small

gap the wave impedance of the streamer chamber cell is low (ZO =n 12 Q

per channel). This value is about half the average impedance of usual
streamer chambers. Particular care will then be taken in order to maintain
the rise time of the high voltage impulse at a low value (< v 4 nsec). We
have already achieved a 1.3 nsec rise time in a 25 © chamber (23). We
consequently are quite confident that a 3 to 4 msec rise time can be achieved

in the new proposed chamber following a similar design but with a strip line

geometry.

The quality of the darts is better the smaller the pulse length T
(23), but the peak field E at the onset of the streamers increases with T

—1/3). A good compromise between quality and technological

decreasing (E « T
difficulties is to choose about 7 nsec FWHM pulse for a He-Ne mixture.

With this kind of pulse duration positive and negative " 210 kV pulses must
feed the chamber. To generate these positive and negative pulses a twin
Marx generator will be built using the existing CERN-COGECO 100 kV, 10 nF

condensors which will guarantee a high reliability at a minimum cost.

The optical system will consist of 3 cameras and image intensifiers
(I.I.). The film will be 50 mm of the non perforated ‘type. Taking into account
the resolution of the optical system (limited mainly by the I.I.at v 30 £p/mm)
and a demagnification of "V x 40 the radius of the reprojected darts in
space will be "V 650 um giving a two-tracks resolution of ™ 1.5 mm. The

expected setting error is £ A 250 pum in space.
Like for all streamer chambers a number of interesting characteristics

can be pointed out for this streamer chamber (for more complete discussion

see ref. (24)).
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5.1 Precision of measurements

In spite of its modest length (typical: 1 m tracks) and a large setting
error (v 250 um) the precision on the momentum is below 2% for all momenta
(for 1 m track and 12 kG) up to 5 GeV/c and then increases slowly with p

( fp) . 0.40 p

p/% GeV/c
precision is still good (< ~ 2%) because of the low mass of the vertex

for no dip). At very low p values (100 MeV/c) the

detector (long range and low multiple scattering). For the same reasons

the errors on angles are also small (<1lmrad for p > v 1 GeV/c).

5.2 Jonization measurement and identification

With a track length of 80 cm it is possible to measure the specific
primary ionization of a particle in a large range of y values (Y = %ﬁ

from v 1.3 to « with a precision of v 87 ( 25 ) in a He-Ne mixture

(70 - 30%) set at lusec memory using traces of SF6 (23).

Slow particles can be identified using the strong 8_2 dependence of

the ionization in this range (fig. 5.2).

Above minimum (¢ > 4) the relativistic rise of the ionization up to
50Z (aty ~ 200) allows some identification between T and K,p which are
separated by more than 87 ionization difference (237 p/7 and 147 for K/w
but only ~ 8% for P/K). -

Using a HPD system it has been showed (25) that ~ 4 pictures/min can
be digitized and fully analyzed, the ionization measurement (streamer counts)

is automatically included in this analysis.

It 1is also possible to detect Y's in a large fraction of the solid
. . o .
angle around the target and then to get some information on T production
by inserting a cylinder made of lead-oxide (one radiation length A~ 2 cm)

into the visible volume of the chamber as shown in fig. 5.1.

5.3 Range and target cuts

The range for protons is given in fig. 5.3 in H2, He and He-Ne 30-707%
(by volume) mixture. The range is v 230 times longer in this He-Ne mixture

than in a liquid H bubble chamber.
2
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With the 5 mm diameter target filled with 100 bar H, gas the momentum
cut for recoiling protons is n 115 MeV/c (v 70 MeV/c for 7). At 200 MeV/c
a proton looses only A 10 MeV/c in the target before becoming visible in

the streamer chamber. A 200 MeV/c 7 looses less than 17 in momentum in

the same target.

It is also intended to use other kinds of targets: solid, liquid or
even the gas of the streamer chamber itself if very low t values must be
studied (t ~ 0.001 (GeV/c)2 for p) or if a visible vertex is required.

The interaction raﬁes will still be high enough in that case to get one inter-

action picture per pulse.

5.4 Background sensitivity, time resolution, triggering sensitivity and

data acquisition rates

At very high energy it is clear that background problems must be
studied carefully. For a hyperon beam the problem is even more serious
because the primary proton target is not far from the vertex detector

in order to minimize the hyperon loss through decays.

In this respect, due to its short and adjustable time resolution
(fronlO.Suéec up) and its low mass, the streamer chamber is a good
instrument. Up to 106 - 107 u/mzsec flux can easily be accepted with no loss
in event reconstruction. In the beam acceptance itself it is also possible
to accept a few 106 charged particles per seéond‘without loosing detectién

efficiency.
In the Table 5.1 we give an estimation of the necessary triggering
. e 4 - . ;
characteristic for the expected 10 I /burst beam as a function of the kind
of target put in the chamber. The triggering sensitivity is defined as
the fraction in percent of the total cross section I~ + N on which we have to

trigger the chamber in order to get one picture per pulse.
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5.5 The vertex magnet

The 100 tons NPA magnet (26) after its modification in 1964 for
fitting the 1182% HLBC had a usefull gap of 20 cm and was working up to

a horizontal magnetic field of 27 kG with a power dissipation of 4.5 MW.

We propose a modification of this magnet in order to increase this
- 8ap from 20 to 60 cm. As we wish to introduce the chamber from the top
of the magnet we also require a clearance hole of 60 x 180 cm2 in the top

plate.

The magnetic field must be at least 12 kG in the whole volume of the

chamber with good homogeneity.

We wish to photograph from one side in a plane perpendicular to the

central magnetic field and then require a free hole of 130 cm in diameter.

We have estimated work, cost and time duration implied by these

modifications:

(a) Machining of old pieces and v 26.5 tons of iron and M 5.6 tons of
stainless steel to add, disassembly and re—assembly of the magnet,

vater connections, power supnly to re-start, measurement of the field.
(b) ~ 650 kSF in " 28 months.

(¢) ~ 2.5 MW at 12 kG.
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6. SPOT FOCUSING DETECTOR

One essential aspect of this proposal, is the presence of a SPOT FOCUSING

DETECTOR used as a trigger and for the particle identification in the forward cone.

Although such an instrument is only in its development stage at CERN
it is basically a natural extension of the DISC counters which have been created
in this laboratory. Presently a prototype is being built to solve some of the
problems connected with the use of multichannel plate phototubes and small PM
sensitive to the single photoelectron which were not yet available and have delayed
so far this detector.

" 11 1

yes" or "no" detectors which accept

The DISC counters are essentially
a particle when it is in a very well defined narrow range of velocity and angle
with a certain direction, and ignore all other particles. Their use is in the
tagging of our particle at a time in a secondary beam or in a spectrometer. They
are very fast and can handle very intense beam, <10’/sec, and they have very high
rejection, ~ 10° against unwanted particle. This can be achieved with a fast

electronic and a small number of high quality phototubes (typically 8).

On the other hand, the SPOT FOCUSING DETECTOR (SF) is a Cerenkov detector
optically corrected like a DISC, and can collect simultaneously the information on

the velocity (or gamma), and on the angle of many particles emitted simultaneously

from an interaction vertex. It is clear that much more information is extracted
per event than from a DISC and therefore the SF requires a much larger number of
photodetectors, this explaims the need for the new Multianode Channel Plate Multi-

plier developed by Philips, or the very small PM, made by Hamamatsu.

Sample of both types of detectors have been obtained and are being tested
at CERN and we are confident that suitable photo detectors for a S.F. will be

available in the near future.

In the prototype SF most of the parts have been delivered, except for

the special optical elements which will be delivered soon.

We are already in the position to design the S.F. to which we refer in
this proposal provided that the tests of the prototype are successful and to bring
it in operation with the predicted performances with the same confidence we have

had in the design of DISC counter, i.e. within a definite time scale and budget.
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6.1. Properties of the Spot Focusing(27)

The S.F. detector consists in a vessel containing a gas in which the
downstream charged particles produce Cerenkov Radiation in the near U.V. In our
case the vessel is 6m long, the entrance window is at 2m downstream from the
interaction vertex, and it contains a Nitrogen +Helium mixture at atmosphere

pressure.

The windows will be of minimal thickness, and there is no particular

safety problem.

The particles are emitted from the interaction vertex in a volume of
about 2mm in diameter and 300mm in length and at an angle < *10mrad. They will
radiate a Cerenkov light cone wich is sharply focused onto a spot for a given
value Yo of Y and onto a circle for ¥y #:YO . As an example Yo can be set to ®
and the range of detection extends from Ymin==80 (cf. see below) and Yo =< of
course any value of Yo can be set according to the setting value chosen for the
pressure, The position of the spot, on the centre of the circle corresponds to
the emission angle of the particle. The radius ¢ of the circle is related to Yy

according to

- EFL (equivalent focal length)
2
2y 60

P

the equivalent focal length of the system EFL is adjustable between 20 and 60 m,

60 is the Cerenkov angle for which there is spot focusing.

By focusing all the Cerenkov light on a point (about 20 photoelectrons),
i.e. on our single photodetector element, the pattern recognition problem is reduced
to a trivial one. A spot is a unique signature of a charged particle of a definite
Yo (as it gives a pulse of high amplitude on one or at most four adjacent photo-
detectors), and a Pr given by the distance of the photoelement from the center of
the matrix. Therefore the S.F. can be used as a trigger on a selected forward par-
ticle of a given mass, and Pr This is valid even if many other charged particles
are emitted simultaneously in the forward cone. The particles having a Yy distinct
from the Yo corresponding to the pressure of the counter, will produce circles on
the photodetector matrix, most of them with an amplitude corresponding to a single
photoelectron and will be easily rejected by the trigger electronic. An off line

treatment of the pattern of light recorded on the photodetector matrix and will
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provide with the gamma, the emission angles, and the multiplicity of the parti-
cles of each event. Even a coarse momentum analysis will be sufficient with

the S.F. data to identify the mass of each particle. As there is no dead regions

in a S.F., and as the light intensity is far above the threshold of detection

of the photodetector matrix, the detection efficiency is essentially 1007 for

all the particle in the Yy range of the S.F. set by the condition that a sufficient
fraction of the ring image fall on the photodetector matrix even at the maximum
divergence angle. Of course particles below the Cerenkov threshold (YI‘=57 for
Y0==w) produce no light at all, and are absolutely ignored by the S.F. This can

be an aid in particle identification with the S.F.

We expect, exactly as observed in DISC counters, and for the same
reasons, that delta rays produce blurred Cerenkov ring, and are not accepted by

the pattern recognition process.

6.2. Description of the SPOT FOCUSING DETECTOR

We propose to build a S.F. detector which will rely heavily on the
design of the elements of the prototype S.T.

The optical correction will be based on the same principles as in the
prototype. The axiconic corrector doublet can be manufactured with flat external
optical surface, and a full correction of the chromatism (apochromatic correction)
for a particular combination of indices of refraction for the corrector element
(fused silice and HZO), and for the gas radiator, (Nitrogen with Helium admixture)).
The gas pressure can be set to one atmosphere when using the proper gas mixture,

alleviating the need for a thick window and a costly gas vessel.

The 6 meter long vessel contains the gas radiator at atmospheric pressure.
At the downstream end the main spherical mirror has a radius of curvature
RM==8000nm1 and a diameter ¢M==3751mn, is positionned with its centre of curvature
at the vertex position. A free space of about 2 meters is available between the
vertex and the entrance window of the S.F. detector. The main mirror can be
thinned out a circular central region of ¢:=16O to a residual thickness of
about 5 mm of glass. Therefore the particles in the forward cone a <10 mrad will
see 6 meters of NyHe at atmosphere pressure + about 1 gr/cm® of glass and window

material.

Particles at 10 <T <25 mrad, will see the full thickness of the mirror,

i.e. about 10 gr/cm?.
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Particles at 25 <T <N 50 mrad, pass only through the gas and the thin
windows until they reach the limits of the steel vessel, set at 50 mrad for a

¢ =800 mm vessel.

The light reflected from the main spherical mirror goes back at the
upstream end of the detector where it is reflected by a plane mirror wich has a
central hole, on the axiconic corrector and focusing lens which are fixed on an
extension of the vessel at 30° to the beam axis.

Light is focussed by this optics on the matrix of photodetector placed
(in the case we have to use small phototubes which are six times larger than the
elements of the Philips tube, requiring therefore a larger optical magnification)
at 24 to 69 meter from the S,F. detector. The matrix of small PM is about one

meter in diameter.

6.3. Matrix of photodetectors

The photoelectrons yields N for particle is given by

¥ = AL6® = 0.184A

We can expect with the near U.V. transmission of the optics to reach
A =100 for small phototubes or for the channel plate multianode phototube of
Philips. A spot on a single photoelement of about 18 photoelectrons is an
excellent signal. But for particles having Y %:YO’ the same number of photo-
electrons is distributed on many photoelements, and therefore in order not to
loose information, it is required that each photodetector be sensitive to a single
photoelectron. This is achieved in an excellent way by the multianode of Philips.
A prototype of this tube has been manufactured for an evaluation, it has 25
elements, and the tests were very successful, to the exception of its 1ifetime_—

which is shortened by the degradation of the photocathode to an unacceptable

level (about a day of run).

The specialists of the LEP laboratory, the Philips development lab,
are well aware of this problem and we have to wait for their progress. Meanwhile
a larger version of this tube is being studied by LEP, with a much larger number

of anodes (some hundreds of them).

The size of a photoelement is nearly immaterial for a S.F. detector.
The light pattern is magnified by a transfer lens to match the pixel size, and

matched simultaneously to the Yy resolution and the angular field of view.
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If LEP cannot produce early enough an acceptable multianode detector,
the S.F. detector can be fitted with more conventional miniature phototubes.
Hamamatsu has provided us, with a 14 mm diameter tube which is being tested and

exhibits the performances we need for this application.

The electronics is the same inboth cases. ' In the future the cost of the
Philips tubes is still unknown, it may be competitive with the cost of the small

phototubes (365 SF for the Hamamatsu tube).

The matrix of photodetectors is the main cost of the S.F. detector, and

its performances are directly related to the number and to the cost of the photo-

elements. ‘

Therefore it is possible to trade performances against cost.

The ultimate optical resolution of the S.F. for a photoelement size
¢PM divided by the equivalent length FMG is equal to the angular spread of the
focussed Cerenkov light A8 = 100mu/4m = 25.]0—-6 radian corresponding to avelocity

resolution

-6 7

A ) _
—[—SB—.=eAe= 17.5 1072 x 25 10

= 4.4 10

This resolution is similar to the CERN NAL DISC and corresponds to a

g}-= 4.4 10”3 at 100 GeV/c
The actual resolution we will obtain in an experimental situation is ‘

worse for two reasons :

(a) . The photodetector matrix will be coarser for cost reasons,

(b) . The transverse dimension of the vertex (target diameter 2a) produces
ablurred-spot (Nuclear Instruments and Methods III (1973) 397-412,
"A spot focusing Cerenkov counter for the detection of multiparticle

events at High energy" , M. Benot, J.M. Howie, J. Litt, R. Meunier

Ay

An approximate formula for 17—is

Fy is the main mirror focal length. G is the optical magnification.
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The field of view is given for a circular matrix of photodetector as

¢PM

FM'G

-~

[}

I+
kl

The following table indicates é}-for two matrices of different cost.

Y 80 100 200 290
° d>PM Ay
N° 1 e =2.24 mm 17—= 7,62 11.9 47.6 1007%
(1000 photoelements)
¢
PM _
N°® 2 ¢ - !m
(5000 photoelements) 4.2 6.5 26.2 55

The N° | corresponds to a matrix of 36 photoelements on a diameter
(about 500 mm in diameter with 1000 Hamamatsu phototubes). The N° 2 corresponds

to 80 photoelements on 1.12 meter diameter, and 5000 elements.
In both case * 10 mrad are covered.

The minimum Yminf=80 quoted corrésponds to a Y for which when the S.F.
is set to focus a spot for y=, the circle on the matrix is of a diameter equal
to the radius of the matrix. The Cerenkov angle is 12.5 mrad be for Ypin® the
photoelectric light yield is halved, and for a particle emitted at 10 mrad, only
half the ring image will fall on the matrix. This value of Y can be considered

as the minimum gamma for about 1007 detection efficiency.

The maximum Y , =290 is the highest value for which the spot

Ymax
focused can be recognised as being larger than our pixel, for a matrix of 36

elements on a diameter. This is still adequate to recognise a proton from a pion.
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6.4. Particle mass identification

The mass of the particle is known from its momentum p and its ¥.

_ P
M= ey

We have approximately

M _ Ap _ Ay
M P Y

Ay has to be better than 107 only in the difficult case where one wants to sepa-

MM _ 559,

rate £ from 2 (%% = 10%) and better than 257 for the pI separation C?f

For all the other cases, to the exception of a separate identification

of m, U, e, é}-can be as high as 507%.

6.5, Electronics

The specific property of the Cerenkov light is its isochronism on the
photocathode when focused, even when the path in the radiator is many meters
in length. The light is a practical delta function without any afterglow.
Therefore the Cerenkov light signal is ideal, it shows no dead time, no memory,
and no pile —up. The electronics is straightforward. The pulses given by each
photoelement are treated in parallel in fast electronics and after a passive delay
reach a gate which is an equal plane in time, that can be set in coincidence with
the other counters in the beam. The light pattern on the matrix will be stored
on magnetic tape for off-line analysis. The dot pattern gives the charged multi-
plicity for the particle above YMIN® their y and their emission angle in the
solid angle acceptance of the S.F., where tracks cannot be well separated in the

S.C. pictures.

The angular accuracy 1is :

I+

0.34 mrad, case N° 1

F
_ 1 a M| _
AT‘ZFM [2+T]"
0.18 mrad, case N° 2

]
+

and is obtained off-line, at the same time that a fit is performed on the ring

size, and position.
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It is not irrelevant to mention a unique property of the S.F. detector.
In the special case of the particles (not necessarily of the same mass) coming
from a cluster, they all have nearly the same y. The S.F. can be tuned to focus
all of them to a spot making the search for correlated particles particularly
simple, and this process can take place on line as it requires only fast electro-

nics (no off line fitting).

Most of this electronics is a straightforward adaptation to the large
array of phototubes of the wire chamber read out electronics, which has been

built for many SPS experiments on a similar scale.
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7. TRIGGERING AND NUMBER OF EVENTS

In order to carry out our physics program we will use different trigger
arrangements. In all these arrangements we will use the Disc in the beam line
facility to identify the incident particles and a set of scintillator counters
in order to define a beam profile with a small cross section. This requirement
of an incoming beam focused on a target of very small radial dimension is a

feature of the experiment. The essential characteristics are :

1). The interaction vertex is already physically constrained in space

(within * 1 mm in radial position).

2). The wall of the high pressure target is minimised allowing low
momentum particles to recoil and to be analysed in the streamer chamber (momentum

for proton ~ 115 MeV/c).

3). In a hyperon beam there is no possibility to install a conventional momentum
slit as this would require a considerable extension of the beam length. The next
best thing which we can do is to let the momentum dispersed beam interact
with a small target in order to restrict the accepted momentum band down to 2

to 37%.

4). A small target is an essential requirement of the spot focusing

detector.
The basic principles of the trigger are as follows :

1). In order to run efficiently the trigger rate must : .
- match the data taking rate of the streamer chamber (1 to ~ 10 per sec.)
- be highly selective for events corresponding to the interaction of a Y or and
5 in the target and very insensitive to background
- be loose enough and not requiring necessarily a particular configuration of
the event. This condition insures the experiment of an unbiased acquisition

of data, and makes the "S.C.S.F." (streamer chamber - spot focusing)

combination similar in this respect to a bubble chamber experiment.

2). Nevertheless the interaction trigger can also be restricted to
more specific signature of the event with the different counters we have at our
disposal. For example a matrix of scintillators covering the downstream end of

the S.C., can indicate the presence of charged particles associated with an
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interaction in the target. A neutron counter detects the . decays. This counter

can also be included in the trigger.

3). The trigger pulse for the S.C. is obtained from the following
signals :

-
)

1.- The Disc in the beam, specific signature of a P £, E (Q)
2.- The beam defining scintillator counters (position and momentum determination)
3.- The S.F. analysing the forward particles coming out from the interaction
vertex. One large pulse in a photodetector (or few adjacent) is a signa-
ture of a particle of a certain Yo (adjustable with the gas index) emitted
at a certain angle. Even if the particle is the same as the incoming
beam particle, the requirement on the angle indicates that there has been

an interaction in the target and not only a straight through beam particle.

4). Six planes of hodoscopes along the downstream spectrometer.
As the interaction vertex is physically constrained to the target, any particle
emitted from it with a momentum high enough to be accepted in the downstream
spectrometer must cross the different hodoscopes at coordinates entirely specifi-
ed by particle momentum and emission angle and accurately known through the
charged particle transfer matrices of our magnetic channel. For a particle

tagged by the S.F. its mass is also known.

We intend to bring the pulse of every counter to a fast multiple
coincidence system which will compare the hit pattern with a stored pattern of
acceptable events. This system can be made fast and easily adaptable to the
various experimental cases. This interaction trigger can have high efficiency
because all the detectors involved for triggering are scintillation counters

with essentially 1007 efficiency, and Cerenkov counters (90 to 957 efficiency).

However a high rate of ambiguous events is generated by the decays
in flight of the hyperons, not only from the £ and £ but also from the A.
The MPWC associated with the hodoscopes planes have an order of magnitude
better resolution and can therefore resolve off - line many ambiguities. We
adopt as a reasonable estimate that not more than 50 % of our triggers can lead

to fully analysed events.
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a). Hyperon physics

To study the semi-inclusive reactions YN +IX, EX, QX one has to identify
the outgoing hyperon. If one does not require an accurate measurement of the
hyperon momenta, the Y has to survive only until the end of the spot focusing.
Using the interaction trigger and requiring that one charged particle at least
will pass through the spot focusing we will obtain the event rates given in Table
7.1 for a Imb cross section. We also give in Table 7.2 estimates of some typical
cross sections with the corresponding number of events/day which we will obtain.
By requiring that the hyperon will survive until the end of last magnet one
remains with a reduced number (although still appreciable of events/day). The
trigger condition is now a coincidence between the interaction trigger the spot .

focusing and the hodoscopes H] to H6 (Fig.1.1). Most of the events which have

decayed between the hodoscope MWPC, can be recovered.

The decay pions has a large momentum difference with respect to
outgoing Y, hence the decay of the hyperon will be detected by our system.
The Fig.7.1 shows the momentum spectra of the m coming from the decay of
£, % or Q.

b). ﬁfannihilation physics

In order to study the pp and pn annihilation reactions, one has to
reject the events having a nucleon/antinucleon in the final state. This rejection ‘
will be made by means of the spot focusing an a neutron counter put downstream
of our spectrometer. In fact the neutron counter will be calibrated during the
run using the fact that the pp-*an and pp» an cross section have to be equal.
The pp-+an reaction will be identified with the spot focusing and separated
from the pp-+pr by observing the streamer chamber pictures. Indeed for NpX
final states the outgoing p will have a momentum smaller than 1.5 GeV/c (the
momentum of the outgoing proton in the EN-*ﬁbX reaction is not expected to be
different from that obtained in the Z-p'+z_pﬂ+ﬂ—ﬂo reaction, see Fig.3.3) and

could hence will be easily recognized by ionisation (see curves in Fig.5.2).

By the same method the EpX final state will be separated from the nnX ones.
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¢). Multiplicity distributions as function of the atomic

weight of the target

This study will be made with incident p, L , E particles using essen-—

tially gaseous target (see Table 7.3) and an interaction trigger.

For the E beam the multiplicity study will be made as a function of
the incident momentum in the range of 100 to 250 GeV/c. Beam flux, annihilation

cross section and maximum number of events per day are shown on Table 7.4.



8. CONCLUSIONS

We present here a new instrument very powerful and flexible for study-
ing multiparticle production at the SPS energy at minimum cost. In fact the pro-
posed instrument is an outcome of many developments made at CERN in particle detec—
tors during in the last decade. In addition one has to emphasize that our ins-
trument will be able to bring an original and significant contribution to the

hyperon multiparticle production and 5 physics.
We can make same considerations about this facility :

1). Each separate part of the system can be operational for physics and

the facility can be brought up by steps.

For illustration the starting up of the beam alone with its identifica-
tion, and the accurate measurements of particles production would already be
an experiment by itself. We do not mention it, as we think that by the time the
beam is ready, FNAL results will be available. An hyperon elastic experiment
similar to E 497 could also be effectively performed at CERN with only the beam
and the S.C.S.F.

2). As far as efficiency of the facility is concerned we may state that the
data acquisition rate is from | to 10 pictures + electronic data on particles

momenta and on identification, per accelerator spill.

3). Provided that the incoming beam can be focused in a small target, this
facility can study, with a specific trigger, interactions induced by particles

that we cannot produce in separated beams.

8.1. Cost and requirements from CERN

In order to carry out our experiment we would like to use the EF
streamer chamber with its associated equipment. However a new streamer chamber
body has to be constructed for the present experiment and an additional high
voltage power supply has to be provided. In addition the CERN lrn3 heavy
liquid bubble chamber magnet has to be transformed in order to have a field of
at least 12 kG with a gap of 60cm. As these equipments could also be used
as a CERN new facility for other experiments we would like to ask from CERN to
finance the cost of these modifications as well as the construction of the spot
focusing system (see Table 8.1a) and of the hyperon beam in the North Area.

We ask CERN to design and build the proposed beam and to study the shielding
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and safety problems. The collaboration intends to finance all of the equipment
which is specific to our experiment. Table 8.1b indicates the cost foreseen

for the equipment provided by our collaboration.

8.2. Manpower, data analysis and running time

For the time being 25 physicists will participate in the proposed
experiment. The participation groups have already counter and hybrid bubble
chamber experience in the study of interactions in the 100—300 GeV/c incident
momentum region. The groups of Bari and Strasbourg are participating in several

experiments at Fermilab.

For the construction of the equipment we will dispose of our workshops
and in particular those available at Bari and Strasbourg. The software needed

to treat the data will be developed by Strasbourg.

All the groups have scanning power, and about 30 scanners (half-time)
will participate in this experiment. To measure the events we will use an HPD
(Strasbourg), the CRT from INPP3 located in Paris VI and conventional measuring
machines in which the setting errors have been decreased by means of a television

camera.

The data reduction will be done with the computer available in Bari
(IBM 370-175) and in Strasbourg (UNIVAC 1110). We propose to divide our
physics programme in 4 successive phases starting with the % physics.
In Table 8.2 this programme is shown together with the number of required

events and the computer time is estimated for the analysis of the data.

A period of about 3 years is envisaged for design and construction of

the beam and of the apparatus.
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TABLE 5.1 Trigger sensitivity for different type of targets, using ]04 I /burst

30 cm liquid 30 cm 100atm 1l m, latm
1 Hy, 15°C Hp, 15°C

Interaction length

L 150 GeV/c

V6.3 m v 52 m N 5.2 km

Number of I + Nint.
per pulse per 1042_ N 479 "~ 58 N2

inside the target

number of corres-

ponding T lnte61’— 3.2 x 104 N 3.8 x 103 ~ 130
actions (~ 10" m)

inside the target

percentage of
interactions

outside the fidu- ~ 307 ~ 307 ~ 707
cial target [16 in

various windows

Trigger sensitivy-—
ity for 4 v 0.167 ~v 1.37 " 37%

1 evt/picture

Detector sensitiv—
ity for I +pphysics " 128 " 15 N~ 0.5

in evts/pbarn day

for 10 000
bursts/day (v 20h,

7sec cycle)

4




TABLE 7.1 - Estimation of the number of events/day induced by hyperon induced
reaction with hydrogen for a Imb reaction cross section. Here
YSF ps denotes the outgoing hyperon, the indices SF and DS denot-
ing “that Y survives until the end of the spot focusing or the
downstream spectrometer, respectively (X means anything)
The Z beam intensity is taken as 500 per 10 11 interacting protons

Reactions L p-*YSFX z p~+YDSX :~p-+YSFX 2 p-+YDSX
Number of
events/day 2600 640 140 30
for a 1 mb
cross section

TABLE 7.2 - Estimates of some typical cross sections and number of events
expected per day

Estimated
Reaction cross section Number of event/day
(mb)
- *
- *
Lp Yy (2) 0.3 190
- *
. 2
Ip > Y X (3) 0.9 340
- *
Ip-~ YDSX (4) 0.9 580
L'p > Yg RAX (5) 1.5 7
(with the 2A decaying
in the chamber)
27p + Yo RAX (6) 1.5 170
(with one A decaying in
the streamer chamber)

The cross section were estlmated in the following way. For reaction (1) and (2)
we assumed that o(I p Y p)-—d(pp-*N (1680)p) where Y is assumed to be the SU(3)
partner ot the N (1680). The cross section for (3) and (4) were obtained from
factorization arguments. In (4) and (5) we assumed that A production is as
numerous as_in pp interaction at 150 GeV/c (~ 3mb). We assumed then that

o(Z p)~+Z AAX)‘“B/an

"



TABLE 7.3 - Gaseous targets which may be used for the study of multiplicity

distributions as a function of the atomic weight A of the target.

The cross sections O(pp) are taken from the Review of Particle Proper-
ties, April 1976 Edition.

as for instance carbon (A =12.01),

We also plane to use some solid targets

Gas A 6;2;?) ;L
HZ 1.01 0.09 39
D2 2.01 0.18 74
e 4.00 0.178 134
2 14.01 1.25 390
Ne 20.18 0.90 520
A 39.95 1.78 890
Kr 83.80 3.71 ~ 1600
Xe 131.30 5.85 ~ 2200
TABLE 7.4 - Number of expected p/burst entering in the streamer chamber and

E/N— ratios.

In all these

cases we used 10° particles/burst as

the total number of particles entering in the streamer chamber

Incident momentum

(Gev/c) 100 150 200 250
p/burst 1.5 10% 8 10> 3.6 103 2 103
p/m 1.5 10~ 0.8 10~ 0.4 10 0.2 1072
Annihilation cross
section (mb) 3.9 3.1 2.6 2.3
Nu?ber of events per 4 4 4 4
107 BURST (~ per day) 9.5 10 4 10 1.5 10 0.7 10




TABLE 8.1la - Cost of the financial effort we are asking from CERN
(The cost of the beam is not included)

ELEMENT COST (KSF)
Streamer chamber body + high voltage 300
Transformation of lm3 HLBC magnet 650
Spot focusing + Data acquisition ROO
Total 1750 KSF

TABLE 8.1b - Cost estimate of the equipment provided by the collaboration

ELEMENT COST (KSF)
Neutron detector 150
Hodoscopes - 100
Multiwire proportional chambers 300
Cryostat for the coils 150
Associated electronics 200
Trigger logic 200
Camera support 50
Image intensifiers : 300
Cameras 100
Total 1550 KSF




TABLE 8.2 - The different phases of the proposed experiment.

Computer time
Phases of Physics to be Number' of for CDC 6600
the experiment studied -~ required events - needed for the
: ~ analysis
- (hours)
A I N reactions : 2 x 105 : 1340
B =N reactions 2 x 10° 340
C p annihilation 1,24 10° 200
D Multiplicity as
a function of A v o ‘ :
P (100 to 250 GeV/c) 8 x '104 o small
£” (250 GeV/c) 2 x 10%
57 (250 GeV/c) 2% 104
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(a) Comparison between the averége multiplicity for pp and pn interactions

(b) Same distributions as in (a) but obtained from multiplicity distri-

butions when the number of charged particles is n 23.
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a) The dispersion D of the charged multiplicity versus its average <n> for
PP and pn interactions. The full line represents a linear fit to the data
in the 3.5<<n><5.5 region. By including the 100 GeV/c point one obtains
D=[0.44 +0.02]<n>+[0.27 £+0.05].

b) The same distributions as above but obtained from multiplicities with n2>3.
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Fig.2.3 Examples of recoiling systems produced with definite quantum numbers. By

using a neutron target all the charges will be decreased by one unit. Other
possibilities can also be considered as for instance two particles emitted
forward. One can also search for processes with baryon or exotic exchanges

in the t-channel.
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