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1. Introduction and Summary

We propose arn experiment to study inelastic hadror reactions

(1)

lar we are interested in probing the protor with different ireci-

in the range of 1.0 < p. < 2.0 GeV/c at SPS energies.” 'In particu-
dent rarticles like protons, rions and kaors. The reactiors we are

going to study are of the following type:
(ny Ky p) #p =+ (n, K, Py 6) + MM

The aim of the exreriment is to analyse the chargea varticles
in the final state as completely as possible. We propose to con-
centrate our investigations on reactions, in which at least one
charged particle has a Cq > 1.C GeV/e. There are strong indica-
tions from ISR and FNAL results that for such events, phenomena may
be discovered which reveal new insight into the internal structure

of the colliding hadrons. The exveriment investigates:

— Correlations tetween the nigh P particle (90Y CM and
45 CM) and alil the other charged particles in the final
state.

~ Factorisation by comparing wx'p collisions with pp collis-
ions.

— Production of neutral strange particles (K%,A%)

— Search for unknown particles

The proposed apparatus consists of the following parts:

— A vertex Zetector magnet (1im gap, 2m diameter, 15kG),
with a 30 ecm .ong H2 target inside a large streamer
chamber

— A downstream iever arr with a second streamer chamber

and a telescore of small proportional chambers

— A trigger spectrometer with 3 standard PS bending mag-
nets, a scintillation counter coincidence matrix, mag-



counters

The apparatus is 35 m lons anc 10 m wide, It has the following

properties:

— dm accertance foer 31l cnharged particles

— easy ratterr. recegnision for high mulitiplicity evenus,
we believe with rresert aay techriques this car best Le

done with a streamer chamber
-- reasonatle moment. m resolution ailowing the detection of
resonant states
. , o . e - £
— nhigh bteam intensit.es [they are (lmited to £ x 17 s/pulse

with a 30 cm He-target, tecause of the interaction rate)
— efficient trireer seieciivity
. e L . . £ et -
The sensitivity with tre triegrer descrived below with 10" particies

Py ™ 3GeV/c. HMuch

higher rates are, of course, octained at lower values of p.. The

rer rulse is ~ 100 evenus/day ur events with

shaded area in the FPeyrcu riot of Fir, 1 represents the acceptance

of the trigger spectirometer,

o R )

The experiment requires a te

§u3

of positive and negative had-
rons with moderate momentum >»eccoluticr (~1%7, 3 small beam spot
(~ Umm) and intensity up to 2 ° 10Q particles/pulse at 300 GeV/cz,
Ir a running time of about ¢ months, we irterd to take aprroxi-
rmately 157F pictures, wnich we hope to analyse within a year's
time at ocur institute irn Muniehr,

The proposed apraratus is Tlexible encurh t¢ be adapted £
rew, interesting physics questicns in the future. After the com-
rletion of the proposed experiment, the specific trigger suggested
here, can be modified to aliov continued use of the basic vertex

detector.

We feel our experiment shculd ve able t¢c use the highest
energy available at the SPS and shoulc therefore be done in the

North area. Because of the physics interest, we would like to



except for the magrnet, car ue tullt and firanced by our irszicute,

We think that at the present time z streamer chamber vertey ile-
tectcr is best sulted for the study of multiparticle firal states.
Being an optical detector, it combines high precision anc resclu-
tion with maximum pattern recognition capability in many varticie
events, It can tclerate 2 hiph team intensity and it can te trig-
gered on small cross sections. Wails and gas of the chamber repre-
sent little material. Thus, secongary interactions are minimized
and downstream detectors can be used without problems. A streamer
cnamter 1s cheap to tuild and operate and for the analysis of the

pictures, tne existineg butble chamber analysis systems can be used.



2. Physics Motivation

Hadronic reactions at high enercies are characterized bty the
production of many particles. Most of these are emitted with small
transverse momenta, characteristic of collisions with large irpact
(2) and at FNAL(B) have

shown that in the pionization region the exponential decrease of

parameters. Recent experiments at the ISR

the ircliusive particle production cross sectiorn (o e_GDT) does not
contirue at large p,. Instead for v 2 1 GeV/c the fall off is
slower,like p;n {(n ;8},the cross(ﬁicéion inereases with energy and
the particle composition changes . These results suggest that

a new dynamical mechanism may dominate small impact parameter col-
lisions. Therefore there is great interest in studying such events
as completely as possivle and in particular to extend our knowliedge
of the other particles produced,.

-

. (5,6)
Up to now only two experiments

, both at the ISR exist
which study the final state varticles in reactions with a high

Drp v® reson at high enerrcies. While these experiments measured
only the production angles of the produced particles in pp colli-
sions, the importance and great interest of the study of the final

state particles is illustrated by the following results:

— The average particle multiplicity in events with a
by 2 1 GeV/c particle is higher than for low py events.
It increases lirearly witn D in the region around 90°
in the c.m.s. while it decreases ir the fragmentation
regions,

-~ The multiplicity increase is mainly in the direction

opposite to the large p, particle.

— Studies of two-particle correlations give qualitative

indications of avundant low-mass resonance producticn.

Although high P reactions will be studied intensively at the ISR,
these experiments suffer from a number of limitations: only pp
collisions can be investigated, the beam pipes l1imit the observation
of the fragmentation regions, momentum measurements in nhigh-multi-

plicity events and particle identification over a large solid angle



ies at conventional accelerato-s.

The proposed experiment wlll have the following characteristics:

— use of different veam particles {(n, p, possibly K»

-~ trigger on differert secondary particles (m, ¥, r, ’

With Dp up 10 3 GeVi/z

— measurement of ancies and momenta of all charged particles
-
and of K%, A°

— identificatiorn o7 a .arge fractior of the chargead particles

With this rather detailed experiment we could help to answer for ex-

ample <the following interesting guestions:

~ how is the transverse nomentum of the large P particle
compensated: localiy or noniocally, by one or a few par-
ticles of larger r. ‘jets) or by many particles of small
Pr

— how are quantum numbers, like baryon number, strangeness
or charge conpensated

— does the increase in multiplicity result from the produc-
tion of high mass resonances or clusters, or from some

elementary interactions of constituents

— can multi=particle correlations be explained bty well known

resonances or czrs tney caused by nen resonant clustering

— tne Lr acceptance, aiso or strange rarticles, could helr

us to observe new, unexpected particles

— it may be pecssible =0 aralyze some exclusive chanrels
{4e=Ffits) with one parricle rnaving 2 large transverse

momentum,

Although some cf these questicons may te answered by the time the
proposed experiment car. rur, we feel that a multiparticle detector
covering the full solid angle, triggerable or small cross sections
ani taking beam intensities ur to ~ 10b particles/pulse can well

adaprt to a shift in empnasis in the physics gquestions of interest.



3, Trigger

we trigger our system by seiecting a single, charged particle
of the desired transverse momentum with a magnetic spectrometer
system. For the two spectrometer settings, corresponding to QOO
and HEO in the center of mass, we can select particles ¢f trans-
verse momentum larger than 1 GeV/c from the large number of charged

particles with smaller transverse momenta.

The spectrometer is shown irn Fig. 2 and vasically consists of
3 standard P3S bending magnets N,, M,,M, whizh btend charged particles __
horizontally, directly followed by twec scintillation counter hodosc. ,.es
H2 and H3 with vertical counter strips to select the desired momenta
(see Table I). In addition, a fast coincidence between the horizontal
strips of a second set of scintillation counter hodoscopes Vl,VQ,Vz
requires the trigger particle to travel along a straight line in ’
the vertical plane coming from the hydrogen target. This basic trie-
ger-system is supplemented with additional detectors tc allow a
precise determination of the mass and the momentum of the trigrer
particle. These additional detectors are 3 threshold 5erenkov
counters 61, 52 and 53, L magnetostrictive wire spark chambers
MWC1*MWCQ’MWC33MWC4 and proportional wire chambers PWC1 and chu.
T™he dimensions of the various components, like the magnets, nodo-

scopes and wire chambers are given in Tables I & II. o

As shown in Fig. 2, the Cerenkov counters are able to separ-
ate n's, K's and protons in the momentum range of 10-80 GeV/c.
This momentum range corresponds to the acceptance of the trigper-
spectrometer. The parameters of the éerenkov counters are summar- -
ized in Table III.

To gselect the nth desired transverse momentum interva., trne ho-

'

doscopeﬁ H2 and Hj are diviced intec 1C and 14 elements ‘H. " """"7 ar:
I c . . - : :
F, ) fﬁr the 90" setting and irnto 20 and 2k elemernts (H.~ ' "<

- 1...2 0 ) . ¢
and Fs ) for the 4%7 setting, A fast matrix coincidence syster.

(with 10-2C nsec resolving time)} ther correiates the elererts ir

- aa -

and HB (see Fig. 4 for explanation). Thus, for 900 TN oani Trne .arges:t



P setting corresponding to P n 3 (GeV/c, we require the coincidence

10 10

1 1 2 2 3 3 .
(H2 and H3) or (H2 and HB) or (H2 and HZI) .....(H2 and hB )

3

with n = 1. Similarly

1 2 2 3 10 R
with n = 2 selects the next band of Py near 2.4 GeV/c. The select -
ity of the matrix combinations is shown in Fig. £ and t for the two

-

spectrometer settings.

This selectivity of the correlation matrix allows us to chonse
the trigger rate corresponding to various values of r to favour

events with large transverse momentum,

The yield of the system can now be calculated for & miven Yo

interval as defined by the correlation matrix. We calculate cthe
yield per day using

3 '
Y/day = Ny _ . Np g (F j ) pp dpg ) %R | dy
dp

6 . h
10" particles . 10 pulses

In the calculation we assume N, =
inc
pulse day

= lolo/day, NT = 1.2¢ . 102h cm-g as the number of scatterers per cm2

in the target. The spectrometer acceptance in p, pT and Y was cal-
culated by tracking particles through the magnet and hodoscope sys-

. . . 3 .
tem. For the invariant cross section E d°0  we use a parametri-

dp3
. (7)
sation proposed by D. Carey et. al,
3
d- g
E —y = f{Xo) . 2({pm)
Py
where Xp = ———— 15 a new scaling variable. For yiela calcu-
¥S

lations, we normalize to the measurements of the Chicagc-Frinceton



(3)
group at FNAL giving
3 _n - 4 = ; 2
E 9_% = 1075 (p, 7 4+ c.8e)THe0 S
dp : ' GeV

The rates are calculated assuming that pp collisions at 300 GeV/c are.
similar to the p-W (Wolfram) collisions observed at FNAL. Relative
yields per P interval are shown for the various matrix combinations

in Pig. 5 and 6 and the integrated yields (events per day) are shown
in Table IV. The requirement of recording only events with a single
charged particle giving counts in hodoscopes H2 and H3 rejects 2%

of good events at the 45° CM setting and a negligible fraction at

the 900 CM setting.

We are currently considering the possibility of adding a trigger
for high p, gammas.

Background

In this section we discuss possible sources of backgrounds

and their suppression by our trigger system.

a) Background coming from chargea particles with low f{ransverse
momentun,

The basic idea of the tripger spectrometer is to sweep 1low
momeritum particles with low transverse momentum away before they
can form a coincidence in the correlation matrix. Particles with
momenta smaller than 20 GeV/c and pyp £ 1.0 GeV/c are outside the
acceptance of the 900 CM trigrer-snectrometer, In the HSO CM
spectrometer setting, some particles with low Pp £0 through the
spectrometer. The particles however will be rejected by the matrix
requ.rement described above.

LOW pPm particles, which undergo multiple scattering on their
passage through the trigger-spectrometer cannot fake a high p.
event since the multiple scattering angle '<t2.2 mrad) is smail
compared to the angular resclution (t 5 mrad (9OOCM) and ! 3 mrad



False triggers coming from beam or halo interactions with mat-
erial outside the H2 - target are suppressed by the anticoirciger ¢
counters Al and A2 in front of the vertex detector. The streamer
chamber is constructed such that only a negligible amount of mater-

ial is seen by the incident beam and the trigger-particle.

The coincidence requirement formed by the horizonta. elements
in hodoscope VI,V2 and V3 suppresses possible background due tc v
rays as described below. It a.so prevents rossible false trieggers
coming from secondaries of particles, which irteract with the coci-

limator walls or polefaces cf *he spectrometer magnets.

b) BRackground coming from y decay of neutra. particles.

In the case of the 900 CM spectrometer setting a collimator °
(shown in Fig. 2) prevents y's comirg directly from the H.-target
from being seen by the hodoscope H3' Only high energy y'é, which
convert before enterinpg the trigper-spectrometer, could give a
false trigger.

For the HSO CM setting fcshowr in Fig., 2) direct y's will be
seen by part of the hodoscore Hg and the first three elements of the
hodoscope H,. The setting of “he ccllimator © is such that it doces
not cut the solid anple acceptance of the spectrometer for particiles

with Dy > 1 GeV/c., The backrround we expect in this case is due to.

- high energy y's which convert before entering the trigger
spectrometer

— two v's originating either from the same neutral particlie cr
from two different neutral particles witn one y converting in
the hodoscope V1 and the octher vy in Hz. This background is
suppressed, since we require that the trigger particle trave.
along a straight line in the vertical plane

— a coincidence c¢f a low mumertum charged particle which is
counted in hodoscope H., btut misses Hi, and a v which zorverts
or. its way from HE to Fg |

The results ¢ trhese packaround calculations are summarizeq



- 10 -~

at Pp = 3,0 GeV/c in Table V. We find that the background triggers
are well below the signal at Pp = 3.0 GeV/c. The small fraction of
false triggers will be identified in the off-line analysis.

4, Streamer Chamber Vertex Detector

The arrangement of the streamer chamber detector system in a

magnet of 1 m gap and 2 m useful field diameter is shown in Fig. 7.

Streamer Chamber

We intend to build a three-gap streamer chamber (2 x 15 cm
and 1 x 30 ¢cm gaps and 100 x 200 x 60 cm3 sensitive volume). The
two high-voltage electrodes are pulsed with voltages of opposite
sign. Such a configuration has the advantage that a center electrode
is not required. Thus, the region of high particle density is free
of material. The electrodes inside the sensitive volume are wire
grids with B80% transparency for light. The electrode at the camera
side is outside the sensitive volume and is made of single wires
with more than 90% transparency for light.

The walls are Rohacell plates (perspex foam) sandwiched with
mylar film to reduce gas diffusion. This construction gives enough
stability and the wall thickness corresponds to less than 0.5% of
a radiation length. The termination resistors are outside the re-
gion of high particle flux and ocutside the acceptance region of the

trigger spectrometer.

The liquid Hy target of 0.3 m length is situated in the center
between the high-voltage electrodes. For a pencil beam and 20 mm
cell diameter the outer diameter is < 25 mm. Therefore, tracks can
be measured c¢lose to the vertex which allows a high accuracy of
vertex reconstruction, double event recognition, and an elimina-

tion of background tracks.

Ml . v vrmmrrie s ooty = o v mbimy v mem T T er o owren 1 o~ b T L TR UL R T Ny
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High-Voltage System

A three gap chambter requires a srecial HV-pulse syster. -—o-
cause the electric field ir tre inrer far is the sum of Two corosit-
pulses, the time jitter betweer ther has tc be iess tharn 1 rese2,
Both rulses wili therefore e produced in a single systerm witrn org
one spark qap(g). The prircirle of the double Rlumlelir is shown In
Fig. B, It is cnarged by a doutle Marx gererator producirg a ToCr-
itive and negative voltage of %67 KV, The first stage lg common 0
toth the positive ani rega-ive pclarities., A repetitlcrn rate ur =r

10 pulses/sec is pecssible,

Optics, Resolution, Accuracy

The optical systen is raset ¢ standard techniques ana will use
cameras and image intersifiers, The rumber of events we wil_ take

in the experiment is rct 1ivited by the recording system, but by

the trigger rate and/or tne uralysis speed for highn multiplicity

events.

The streamer chamter wi.. be viewed by 2 cameras equipped with
single-stage electrostatic Iimame intercsifiers. with a demagnifica-
tion of 40, a two-trac< resc.atior cf about ¢ mm can te achieved
{e.g. image intensifier RCA 7 33080, F0O mmY. A streamer length
of 5-10 mm is requirea for surficlient orightriess. Starting with a
measuring accuracy of 4y orn <ne iim, wnich has been achieved with
an HPD measuring machire crp sireamer cramter £ilm, we get a settins
error of 200y or better in ntre strearer chamber. Systematic errors
from the survey of the [iiucial sysver ani “rom distortions can re

corrected o this accuracy.

A possible alternative is a filmless recording system using vi-
dicons. While resolution and accuracy would be comparable to the con-
ventional system described above, the sensitivity is higher. Tubes
witn a one stage image Inrersifier in front of a silicon tarret
(e.g. AEG-Telelunrxern super “elecon) A1l0W one to operate the siream-
er cnamber in the compliete.y lsotropic avalanche mode witn grrearer

- o

T o e s e T e



Beam Intensity Considerations

dhern an event has occurred, & time of T.% = 1 usec

[

S TeCul

—

e

-

i

until the KV pulse arrives at the streamer chamber., Therefore, the

v

chamber has to be operated with a time constant for electron attacn=-
ment of ~ 0.75 usec. The streamer lensity will ther be reaucen to

1 streamer/cm after 2.% usec, corresponiing o the disappearance of

a track. Tne maximum toleratile team intensity 1is then limited ¢ ..

— occurrence of ancther evers juring the sersitive time

— % ray oproducticon v Loe Tarpet anid the chamber fac

i

— beam spot size, =irce z Lent ~f beam tracks in the ~ham=-

ber may otscure sore ¢f tre forward ovroduced particles
. . £ . .
For a beam intensity of 10 ¢rr dp O.Y cen, we estimate:

189 of the victures arrow m.re thar one beam interaction.
Most of these rarn bhe recognized electronically, the re-

maining car. 'e eli=inated tv the c¢bservation of ? vertices

— about ¢ 6 rays escare from tre target and 2 & rays are
produced 1n trhe cas for event and beam tracks

— ¢n the averare F (es~ =racds, tnerefore a penci. team

e~

Fal
i

o

+ 2 mm widitr 1s desirarle

Except for ftne niphent v, interval we wWil., mur at .ower rtesr _r-

tensities.



5. Lever Arm

3

A second streamer chamber of 200 x 200 x 60 em” sensitive vol~

ume will be placed after the magnet 4 m downstream from the target

(see Fig. 2)y. It is of similar design as the first one in the ver-

tex magnet. The purpose of the second streamer chamber 1is

to improve the momentum measuring accuracy for high momentum
particles

to improve recognition of fast tracks near the beam

to identify particles by means of the relativistic rise of the
ionization along the tracks.

In addition, 4 small multiwire proportional chamber modules

chl, chz, PWCB, PWC, are placed in the region of the through-

going beam and the acceptance of the trigger spectrometer (see Fig.

2).

These chambers are required

to separate additional team tracks from events in time and
thus to recover tracks that get lost in the band of beam
tracks in the streamer chambers

to reconstruct the high p, trigger particle without measuring
pictures. Thus a gquick féedback on the functioning of the
trigger system is possitle.

The parameters of the chamber modules are summarized in Table IT.

Module PWC1 will be buiit with a large frame, such that the frame

will be outside the acceptance region of the trigger spectrometer

and the second streamer chamber.
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6. Particle Identification

The triggering particle will be identified by threshold
Eerenkov counters in the trigger spectrometer {see Sec. 3). Other
charged particles will be identified where possible in the streamer
chambers.

The operation of the streamer chamber in the avalanche mode
(streamer length less than 1 cm) allows a good measurement of the
primary ionization of charged particles. An accuracy of + 14% has

been achieved in a mixture of 50% neon, 50% helium for tracks per-
(9) -

pendicular to the electric field and 25 cm long . The measure-
_ments were made automatically using a cathode ray tube with a 47 u
spot(10)

For small momenta, the ionization is proportional to 5'2. This
effect has been used for many years to identify visually slow particles
in the streamer chamber. Based on the measuring accuracy of ref. 9,
we estimate that in the low momentum region a separation »/K up to
1 GeV/c and =»/p or K/p up to 2 GeV is possible with 95% confidence

level.

2 5) there is a relativistic rise of the

ionization in gases. The size of the effect was measured by a —

For high momenta (y

Russian group(il) to be about 50%,in agreement with theoretical

predictions(lz).

The particle separation which can be achieved
in the relativistic rise region is shown in Fig. 11 (taken from

ref. 9} for various track lengths.

, Encouraged by the quoted results, We are presently investi-
gating how accurately such ijonization measurements can be done in
a large scale experiment.



3

7. Performance

Momentum and Mass Resciutinn

Thne momentum reasuring accuracy of the apparatus is shown in

Fig. 2. The foliowing assumptions were made for the calculation:

— setting error of 20Cy ir the streamer chambers

— accuracy of 200p transverse to the peam for the vertex
reconstructior

— systematic errors of lecs than 250u from alignment, distor-
tions, etc,

The resulting resciution in *the invariant mass of typical two-
particle systems 1is p.otie. ~gainst the momentum of the system in

Fig. 10.

Thie momentum accuracy achieved with the described detector

is adequate for the proposeu experiment.

“rack Recognition

Tn order to investigate tne tracyk recognition problems of the
detector, we used evenrts from 225 GeV.c pp and 7 p ccllisions in

vne 30" NAL bubb.ie cnamper,

i1, uvracks of ar. event were trackea through the vertex detec-
vor and tne lever arm. ae sssumec that & track is measuratle in
vne streamer chambers, if or st Least %0 cm of 1ts length there
s

ro other track (team r ever: track) in a neighbourhood of

+ 2 mm ‘vertex detector) I - . mr [ lever arm). We further assume
2 team of width + Z mm. “rne p1 results are shown in Table VI.

regults for the v-p ccilisions are similar. It appears that the main
problem is the possible confusion of a secondary track with addi-
tional beam tracks. This provlem will be negligiﬁle for beam inten-
sities below 2 » 105 particles/sec. Event tracks can be resolved

in time from confusing beam tracks by the proportional wire chambers
in the lever arm.



We conclude that the comrined streamer chamber and proportional
wire chamber detector car solve the track recoenition problem in
multiparticle events. Jince we will investigate large p, events,
it is likely that the pattern recognition proolem will bé easier
than for the events used ir the described investigation. Experi-
ments at the ISR have shown that laree p, events contain fewer

high momentum particles in the very forward direction.

8. Beam

In order to be able to perform the experiment at the highest
energies available, we envisicn the apparatus to be set up ir a
high energy hadron beam in the North Area of the SFPS.

The product of the memory time of the streamer chamber and
the number of interactions per second in the hydrogen target 1i-
mits our maximum usable beam intensity to a few times 106 particles
per second (we assumed a > 90% duty cycle during a spill length of
1 sec). We would like to have a pencil beam with a2 * 2 mm spot
size and less than * 0.5 mrad divergence. The momentum resolution
of the beam is not crucial for the experiment and can be of the
order of 1-2%. We propose to rur with positive and negative in-
cident particles up to 350 GeV/c. Particle identification in the

beam would be desirable.

0, Data Acquisition

The experimert regquires a small on-line computer <o write
data on magnetic tape. In addition, the computer performs
standard checks or the functioning of the experiment. For a
sample of events, the large P particle should be reconstructed
~r-line from the wire c¢namber information. A computer of the

size 0f = PDP-11/45 1g needed.



10, Data Analysis

In the proposed experiment two types of data will be collected,
i.e. digital information from the wire chambers and photographs
of the streamer chambers.

The wire chamber data will be used to identify the high Prp
particle which triggered the apparatus. A preselection of events
can be made at this stage if necessary.

We intend to measure the streamer chamber pictures on our
HPD system. In a first pass the pictures are digitized on the
HPD and the bulk of the tracks will be reconstructed automatically.
In a second pass the results are checked by operators on a com-
puter display, where errors can be corrected and tracks not recog-
nized by the automatic program can be recovered. We estimate
that this system can handle about 150 X events per year. Standard
geometry programs will be used to reconstruct the momenta of the
tracks.

11. Cost, Manpower, Timetable

Cost estimates for equipment, excluding the Vertex magnet,
are given in Table VII. This equipment will be financed by our
Institute.

Ten physicists and two engineers are at present participating
in this project. At a later stage, we expect at least 2-3 nmore
physicists from our Institute to join this effort.

For the construction of the equipment, we have available
the large capacity and extensive experience of our workshop in
designing and building Cerenkov counters, wire chambers, streamer

chambers, scintillation counters and electronics.

— ey o mn a b e mbmrd wAbERTr WA O UOSABYO
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12. Requirements from CERN

We expect CERN to provide a vertex magnet with > 15 KG field
1 m gap and 2 m useful field diameter. In addition, we need 3
standard PS bending magnets for the trigger-spectrometer, each of
2.7 m length, 3.63 Tm and various gap sizes (14 cm, 17 cm, and
20 cm respectively).

The experiment should be set up in a high energy positive
and negative hadron beam of the North Area of the SPS, Particle
identification in the beam would be desirable.

About 3 months are required for the installation. During

this time, some tests with beams are needed. For data taking, we
ask about 6 months of running time,
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Appendix: Vertex Magnet

In the following are listed some relevant criteria put by the
experiment on the parameters of the vertex magnet.

Geometry

Experience has shown that a dipole field is excellent for op-
tical pattern recognition and momentum resolution. A vertical
field provides convenient possibilities for the trigger.

Pattern Recogniticn

The separation of neighbouring tracks in the magnet and the
momentum resolution are proportional to B - 12, where 2 is the
track length and B the field in the magnet. For comparison, event
recognition is possible in the NAL 30" bubble chamber (B = 30 KG,
<2> =z 0.5 m, bubble size ; 200u) with some difficulty. Since the
streamer diameter is > 1 mm, an equivalent track separation would
require B o L2 2 4o KG m2, which we consider a lower limit. Apart
from confusion with additional beam tracks, which will be resolved
by downstream proportional wire chambers, we find with Monte Carlo
8 prong events that 90% can be analyzed completely in a magnet of
BL2 = 60 KG m2. This number improves to 94% in a magnet of B£2 £
120 K@ m2. Also a factor two would be gained in momentum resolution
which would help the analysis of resonance states among the out-

going particles.

Size

To facilitate the pattern recognition, the whole vertex
streamer chamber should be visible in a single view. With the
proposed optical system, one could go to a chamber size of 3m
while still retaining the intrinsic two track resolution of the
streamer chamber.



The height «f the working space in the magnet must be such
as to accomodate the streamer chamber (6C cm) plus mounting rig
and counters, which could be installed later to detect, e.g.,
photons. 'Thus, the gap height should be at least 1 m. This would
be sufficient for the propoesed physics, since the particles emitted
in the forward c.m.s. hemisphere are contained within a cone of
typically 80 mrad half angle in the laboratory system.

Field

A field of about 15 KG can be obtained with a conventional
magnet. With a superconducting coil, the technology allows field
strengths of up to about 35 KG for a large magnet of 2 m diameter

and 1 m gap height.

Accessibility:

A large opening in the top is required to allow photography
of the streamer chamber., For flexibility in the choice of the
trigger system, a construction with removable return yokes of the
type used in the Omega magnet and discussed in the White Book(13)

would be desirable,

Shape of Coils

It seems that flat circular coils in a Helmholz-type geometry
are easiest and cheapest to build for a superconducting magnet.
Moreover, considerable experience exists with such coils for large
magnets.,

In conclusion, we list a summary of the desired parameters
for the vertex-magnet:

- Vertical dipole field

1

Helmholz geometry with coptical access at the top
— Co0il inside diameter = 2 m
— Gap height = 1 m

— Central field strength = 15 KG minimum

—
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PS Standard bending magnets (CPS USER'S HANDBOOK
Ref: 02 page 1)

magnet M, M2 3
total length m 2.7 2.7 2.7
pole width m 0.52 0.52
(straight poles)
gap height m C.14 .17 0.20
bending power Tm 3.63 2.99 2.54
Hodoscopes

90°cM setting 45°cM setting

size Elements size Elements

v,  0.26x0.14 m° 10 0.26x%0.14 m® 10
Hy,  0.50x0.22 m? 10 0.50%0.22 m2 20
V,  0.50%0.22 m’ 10 0.50x%0.22 m? 10
H, 1.88x%0.45 m° 14 1.54x%0.45 m° 24
v, 1.88x%0.45 m° 10 1.54%0.45 m? 10
Solid angle 6.5-10"% sterad 5.5.10" % sterad

Magnetostrictive chambers

sensitive area wire orientation
MWC , 2.0 x 0.5 m° o”, +7°
MWC., 2.0 x 0.5 m? o®, -7°
MWC 2.0 x 0.5 m® 0%, +7°
MWC 2.0 x 0.5 m° o°, -1°



Table II

Proportional wire chambers

sensitive area wire spacing wire orientation
PWC, 0.7 x 0.3 m? 2 mm 0®, +30°, -30°, o°®
PWC2
PWC, 0.3 x 0.3 m° 2 mm 0°, +30°, -30°, o°ta
PWC4

(a) second 0° plane shifted horizontally by one 1 mm relative

to first Ooplane
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Table III

hd
Parameters of Cerenkov Counters

L/Lcoll

¥ v v
Ci c2 C3
90°CcM 45°¢cM
radiator gas Isobutane C02+N2 He + N2 He
refractive index 1.00133 1.00031 1.000076 1.000034
radiator length (m) 0.8 1.8 8.5
threshold (GeV/c)
m 2.7 5.5 11 17.0
K 19.5 39.8 61.0
2 18.1 37.0 75.5 116.0
99% efficiency
i 3.0 7.1 13 27.0
K 10.7 25.0 49.7 87.0
p 20.5 47.5 82.0 160.0
34 (B=1) mrad 51 24 12 8
_number of light
guanta (B=1,220-550nm) 327 176 188 72.3
number of photo-
electrons (RCA 31000 M) 22 12 13 8
counter length (m) 1.0 2.0 9.0
mirrors 3 3
multipliers 3 3 3
-2 -3 -3
L2 710 6+10
L/Lrad 1.2+10 3
1.0.10°%  6-107° 6-10"° 810"
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Table IV

Trigger Rates (positive particles)

(a) (b)

matr%x ) yield/day transverse momentum
comblnation
1 100 3,0 £ 0.3
2 460 2.5 t 0.3
90° CcM 3 1800 2.1 ¢ 0.3
Y 5500 1.7 + 0.25
5 15000 1.4 ¢ 0.2
i 160 .1 £ 0.3%
2 700 2.5 ¢+ 0,3
45°¢cM 3 3300 2.1 t 0,22
h 10000 1.7 £ 0.2
5 30000 1.4 ¢ 0,2

a) beam intensity 106/pulse, 10u pulses/day

b) Central value : half width at half maximum
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205 GeV/c pp collisions
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Table VI

a) Streamer chamber in vertex magnet

prong events confusion confusion
. with beam among secondaries
4 1148 273 28
8 674 83 23
12 272 33 13
16 b8 11 3
b} Streamer chamber in lever arm
prong events confusion confusion
with beam among secondaries
iy 1148 37 2
8 674 3 b
12 272 0 1
16 48 C 0



Table VII

Cost estimate {excluding magnets)

Streamer chambers
+ HV systems

Film recording system
or

Vidicon recording system

Proportional wire chambers
(3400 wires)

Cerenkov counters

(mirror cells, multipliers, bhoxes
Magnetostrictive wire chambers

Counter hodoscopes

(scintillators, multipliers)
Fast electronics

On-line computer
+ peripherals

300

450

900

340

e

150

120

250

800

500

up to 3360 KSPr —
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Figure Captions

Fig. 1:

Fig. 2:

Fig. 3:

Fig., 4:

Figs.5
and 6:

Fig.  T:

Fig. 8:
Fig. 9:

Fig. 10:

Acceptance of the trigger spectrometer: the shaded areas
are the acceptance regions for trigger particles at the
90% CM and 45° CM settings of the tripgger spectrometer.

Layout of the detector: plan view for the 15° CM (bottom)
and 90° CM (center) setting of the trigger spectrometer;
cut in the vertical plane (top).

Cerenkov counters in the trigger spectrometer: momentum
regions for particle separation.

Trigger Matrix for the 90° cM setting of the trigger
spectrometer: x denotes the horizontal distance of the
particle at hodoscopes H2 and H3 from the undeflected
beam line. Alsoc indicated are the counter numbers of the
hodoscopes H2, HS' Particles with fixed values of P
fall on straight lines as shown. By requiring a coinci-
dence between counters Hg of hodoscope H2 and H3k+(n-1)
of hodoscope H3 a specific value of Pry is selected.

Transverse momentum bands selected by the different
coincidence requirements n of the trigger matrix.

Fig. 5, 6 are for the 90°% CM and 45° CM setting of the
trigger spectrometer respectively.

Schematic view of the streamer chamber in the vertex
magnet: (a) horizontal cut, (b) vertical cut.

Schematic of the Blumlein pulse feeding system.
Momentum resolution of the detector
Mass Resolution (RMS) of the detector for various two

particle combinations. The abscissa p is the momentum
of the two particle system.



Fig. 11:

Confidence level for particle separation in the streamer
chamber by ionization measurement in the relativistic
rise region. Curves for various track lengths are shown

(from ref. g9).
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Mass Separation by Cerenkov Counters
30°CM
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Hy,H3 TRIGGER MATRIX
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(90°CM)
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