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1.

INTRODUCTLION

The motivation for this experiment is to make a sensitive search for
decays of particles whose existence is beyond the scope of the ""Standard
Model". Within the context of supersymmetry models the gluino, the
fermionic counterpart to the gluon, appears most amenable to experimental
investigation with existing fixed-target experiments. Because any evidence
for supersymmetry would profoundly influence the future direction of

physics it is important to thoroughly search for gluinos.

Existing experimental limits on the properties of the gluino indicate
that for masses less than 5 GeV, the lifetime range 10-° to 10°'°*
seconds is unexplored. As theoretical predictions on the gluino mass are
extremely loose, even a negative search in this lifetime range would give

the important result that masses lower than 5 GeV are excluded.

We propose using the NA3 spectrometer in its beam dump configuration
to search for gluines in this mass and lifetime range. The proposed
experiment is not restricted to hadronic decays only, and thus will be

sensitive to heavy long-lived and penetrating particles other than gluinos.

PHYSICS OBJEGCTIVE

Although we do not intent to restrict ourselves to a search for
gluinos, we will give here our motivation for this search into
supersymmetry. Large uncertainties remain in the predictions, but larger

are the uncertainties on other unforeseeable particles!

2.1 Introduction

The current paradigm of gauge theories and unification of forces 1is
satisfying in its simplicity and successful description of essentially all
physical measurements. However, there is an arbitrariness of the standard
model which suggests its incompletemess. It is natural to hope that
supersymmetry might reduce or even eliminate this arbitrariness. In any
such theory, every particle is related to a supersymmetric partner which

differs by 1/2 unit of spin and otherwise carries identical quantum numbers.



Among the known particles there are no satisfactory candidates for
pairs related by supersymmetry. If supersymmetry were exact, each particle
would be degenerate in mass with its superpartner. This is plainly not the
case. For theories in which supersymmetry is broken, the mass degeneracy
is 1lifted. The masses acquired by the superpartner are highly '
model-dependent. However, if supersymmetry is to contribute to a
resolution of the hierarchy problem, supersymmetry should itself be
unbroken above the electroweak scale. This suggests that the low-energy
artifacts of supersymmetry, including the superpartners, should occur on a

scale of ~ 1 TeV or below.

This proposal deals mainly with the gluino, g, which is the gauge
fermion of superpartner the gluon, g. It may be light enough to be
substantially produced and long encugh lived to travel observable distances
before decaying. It seems likely that these particles are best searched
for using the high luminosity of a beam dump rather than high energy, low

luminosity, of a colliding hadron facility.

2.2 Existing limits

The experimental limits on gluino masses have recently been reviewed

by Dawson, Eichten and Quigg [1] and may be summarized as follows

The gluino is generally supposed to be confined inte stable hadrons
[2,3], often termed "R-hadrons''. The color singlet bound states of gluinos
may be neutral (gg or gg or gqa) or charged (gqa). Existing experimental
results give the limits displayed on Fig. 2 and 3, which are obtained Irom
several assumptions on gluino production and lifetime, and on photino
interactions. For instance the limits from CHARM or Fermilab [5] beam dump

experiments use the following relation between the giuino lifetime and mass

[6]

where mq 1s the mass of the lightest supersymmetric partner to the quarks,

{squarks).



The important conclusion of this study is that for gluino lifetimes in
the range 10-® sec. and to 10-!'® sec. there is essentially no
restriction on gluino masses. In Fig. 4 we show explicitly (based on the
equation given above) the relationship between gluino mass, squark mass and

gluino lifetime within the range of interest.

DETECTOR AND DETECTION STRATEGY

3.1 The detector

We propose to use the NA3 spectrométer, slightly modified as indicated
in Fig. 5, to search for gluinos with mass less than ~ 3 GeV and lifetime
in the range 10.a sec » tg 7 l{)-lu sec. .This spectrometer would be used
in a configuration close to the one used in previous dimuon studies, which

has been described in details elsewhere [7]. TFor trigger purposes, this

set—-up would include two new hodoscopes

a) a small {60 % 60 cm) Tl hodoscope, divided into 8 horizontal strips,
each strip being divided horizontally in two parts; the hodoscope
consists of two layers of scintillation counters separated by 1 mm
iren to perform strip-to-strip coincidences and thus ignore counting
due to neutrons. This hodoscope would be put close to the end of the

absorber.

b) a T2 hodoscope, 1 x 1 m?*, situated at the entrance of the magnet,

consisting also of 2 layers of strips of scintillators.

All other existing facilities of the NA3 set=-up will be used without

changes.

3.2 Production and detection

If gluino production is considered, the most likely production
mechanism occurs via gluon fusion : gg + gg. Thus we propose to use
incoming pions of high energy {up to 350 GeV/c) to benefit from the harder

gluon distribution in the pion [ref. 8].



This beam will be absorbed in a dump which may be the one used in the
NA3 dimuon experiment, with a central conical tungsten plug in order to
dump efficiently the incoming beam. The length of this dump has to be at
least 1.8 to 2 m at 300 GeV/c to have a very low fractien of high energy

usual hadrons emerging from it.

Gluino production cross section should be rather substantial
compared to qq production, a color factor equal to 81/7 is expected at the
same Q? [4]. Then the production cross section of massive gluinos could
be of the order of several hundreds of microbarns for instance for gluinos
having the same mass as the D meson, since DD production is about 40 ub

from 360 GeV 1" mesons [92].

The absorber thickness is sufficient to absorb all high energy hadrons
(p, 7, K, Ava.) with nucleon absorption cross section in the range 15 =
40 mb. All hadrons (¢, J/ %, D, %:, B...) with low nucleon cross—
section (1 — 15 mb), have short lifetimes (% 10~!2 sec.) and decay at
an early stage in the absorber. Therefore, a very low yield of high energy

hadrons will emerge from the absorber.

it is assumed that massive gluinos will have rather low nuclear cross
section; this is connected to the observation that the charmed quark has a
nﬁclear cross section around I mb, the strange quark 4.5 mwb and the u quark
4 12 mb : phenomenologically, the c¢ross section decreases quickly as the
mass increases. Therefore massive gluinos would have a finite transmission

probability through the absorber.

The punch-through particles have then to decay in a free space,
upstream the analysing spectrometer. We consider here a fiducial decay
space of 2 meters, which gives about 20% decay probability for energetic
gluinos with lifetime =~ 10-°s. The charged decay products of the
gluino are then momentum analysed in the NA3 spectrometer, with a2 momentum
resolution ap/p ~ 107 3% (p in GeV/c) if we use half of the bending
power of the NA3 magnet (S Bdl = 2 Tesla . meters with a momentum cut-off
around 1.5 GeV/c). 1In addition, photons from neutral pions can be detected
in the electromagnetic calorimeter with a vertical acceptance from 20 to

150 milliradians in the laboratory frame.



The charged particle multiplicity from gluino decay is expected to be
like in the NA3 dimuon experiment and hence pattern recognitien and track
reconstruction should be easy and very fast (20 ms of CDC 7600 CP time for

a complete event in the dimuon experiment).

The vertex spatial resolution for recomstructed events is expected,
from present performances, to be better than 2 mm transverse and 1 cm
longitudinal for gluino masses 1 GeV < mg < 5 GeV. The signature of a
gluino should be a missing Pt (due to the uncbserved photino ;)
leading to a kind of "Jacobian peak' in the P_ spectrum of the observed

decay products.

3.3 Trigger

We propose a three—level trigger which uses both existing NA3
facilities, and the new hodoscopes Tl and T2 described above. All the

notations used below are given in Fig. 5.

i) Pretrigger : two kinds of pretrigger can be envisaged
- a "neutral' pretrigger given by the coincidence TO . TL . T2 . H,
where H ensures the absence of any hale particle by a veto
counter H mounted upstream of the beam absorber, and TO the
presence of a beam particle.

- a "charged" pretrigger TO . T2 . H. [TL =1] . [y3T3] > 1.

The condition Ti1 = 1 (emly 1 strip hit in the Tl hodoscope, out of the
16 counters) reduces background from low-energy showers emerging from the
dump. The condition [T3T§] > 1 uses the third part, y3, of the
electromagnetic calorimeter tuned to detect minimum ionising particles as a
40 strips hodoscope, and the corresponding strips of the T3 hodoscope which
performs a muon veto signature. This condition vetces triggers from beam
particle punch through (due to the hole in the beam direction), and events
with only muons from veector meson decays, and emsures the presence of at

least one charged hadron in the back of the spectrometer.

ii) Hardware trigger : it is performed using multiplicity conditions on

the events, which are achieved with two devices



- a fast on-line cluster counting, NCH3, in two planes of the CHI
chamber; this can be done with fast ECL electroniecs and would be
available about 160 nsec after the pretrigger.

- a veto, OVFL, on high multiplicity events which were clearly seen
in the dimuon experiment as coming from showers escaping from the

dump, or created in the magnet iron yokes.
Then for neutral particles we would have
Trigger = neutral pretrigger x [NCH3 > 2] x OVFL

and for charged particles

Trigger = charged pretrigger x [NCHA3 » 3] x OVFL

iii) Software trigger : two existing powerful on-line processors can be

used as a third level trigger before writing the events on tape

- The hardware processor '"MORPION" which reconstructs on-line all
horizontal or vertical straight line projections of particle trajectories
in chambers CH4 - CH5 - CH6, and works since 4 years.

- The emulator 168/E which is successfully working in the present
experiment and is able to fully reconstruct the space straight lines and
even the tracks in all the spectrometer for simple events before writing
on tape., As the average multiplicity is expected to be around 2 to 3
particles in the proposed experiment, this programmable processor should

be extremely powerful to reject fake events.

The proposed trigger allows to detect all long-lived and penetrating

particle giving at least two charged particles (which may be hadrons or

leptons).



4, RATES AND DATA TAKING

4.1 Event rate

It is of course very difficult to estimate a realistic rate of gluino
production and detectiom, in the absence of any quantitative model either
for gluino production or interaction with matter. Using reasonable
assumptions we can expect about 10°? gluinos per burst of 107 incoming
particles. The incoming flux will be limited by the acceptable trigger

rate which, for technical reasons, cannot exceed 200 per burst.
Several parameters may be adjusted to ensure a reasonable trigger rate :

- the beam flux

— the dump length

— the trigger constraints, which may be more selective and exclude for
instance some leptonic decay modes

-~ the magnetic field, which may sweep all charged particles of P < 3

GeV/c when used at its maximum value.

4.2 Background

AC the trigger level, expected backgrounds come from twe main sources :

i) interaction of punch-~through hadrons in the decay volume : this effect
can be reduced by increasing the length of the absorber, and using an
helium bag (oxr even, if necessary, a vacuum tank) in the decay veolume

ii) slow neutron background : we know from our dimuon experiment that it
| is very important but may be eliminated at the trigger level by narrow
coincidences {5 to 10 nancseconds) between corresponding strips in TIL,

and T2 hodoscopes.

After reconstruction of events, punch-through K; or K{ decaying in the
fiducial decay volume will be eliminated by their low invariant mass, or by
the K; peak signature; they will be however quite useful for the
monitoring of the signature procedure. The only remaining background after
vertex reconstruction comes from interactions of energetic punch-through
hadrons with matter in the decay volume : this may be another reason to put

a vacuum tank in this volume.



4.3 Data acquisition and off-line processing

All the existing on-line acquisition system and off-line analysis
programs may be immediately-applied to the proposed experiment. In order
to obtain the most powerful reconstruction of events, minor modifications
have to be done in the pattern recognition and momentum calculation of
tracks not coming from the beam region. The new trigger is very easy Lo

incorporate in the NA3 simulation program using the GEANT package.

SCHEDULE AND BEAM REQUESTS

As the spectrometer is already working, and the dump exists from
previous runs, the only necessary new devices are Tl, T2 and the cluster
counting electronics for CH3. All these new devices are cheap (about 30

k8F) and simple to build, and may be ready for June 1984,

Hence we propose running a L0 days test with a 1° beam at 300 GeV/c¢
in July 1984, 1f this test is successful, a 17 - days SPS period of data
taking at the end of 1984 fixed target period will provide a very
significant amcunt of data. The analysis of events will be quite fast and
simple. We expect to be able, at the end of 84, to conclude if there is
indication of some "“gluino—like" particle, and in this case beam time may
be requested for some tens of days at the very beginning of the 1985 SPS

fixed target period.
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FIGURE CAPTIONS

Fig. 1 Diagram for gluine decay into a quark pair plus a photino.

Fig. 2 Existing experimental limits in the Mg, ma- plane.

Fig. 3 Existing experimental limits in the mg, tg plaﬁe.

Fig. 4 Relationship between gluino mass squark mass and gluino lifetime.

Fig. 5 Proposed layout of the NA3 spectrometer. ' .
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