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1. INTRCDUCTION
I present hera an encapsulation of the discuaaions whicgh teok plaga in tha

topical sessicn on Detectors for High Znergy Nuclear Collisions, It is not a
proper summary, but a perspective view of the main Issues raised in the
presentaticns of Gorden, Gruhn, DiGlacomo, Albrow and Lindeanbaum and th
responses we have heard from the audience and the session chalrman, Chris
Fabjan.

First, it is clear from the theoretical discussion at this conference and
its predecasscrs that we do not yet know of a precisely defined means for
identifying and measuring a quark-gluon plasma. Many <ifferant signals have
been discussed as characteristic of the radiaticn from a stata in which the
nuclaonic degrees of freedcm have given way to a systam of locally unbtound
quarks and gluons in a csndition Which approximates thermal eguilibrium.
Background radiation freom the hadronic matter which acconmpanies the ereation
and space-tize avolution of such a state shouvld be raadily uncderstood in terna
of a long experience with soft hadronic processes in high erergy collisions of
elexzentary particles. What is not well-understood Is the ralative strengths
of these signals and backgrounds.

An experimental preogran will invelve a systematic study of many reaction
products, and detectors sensitive to different forms of radiation which may be
used to probe the nature of matter created In the collisicn. Assuming that
interesting events are ralatively rare, the xeasuresment stratezy will be to
employ selective triggers to choose events indjcative of a favorable
thermodynamic envirenment. This thermodynamic characterization must be dons
event-by-event with measures such as particle multiplicity, energy and
momentum flow, and inclusive particle spectra sampled in various kinematic
reglons. Having selected such a sample one can then bring to bear specific
measurements of signatures and probes, such as lepton pair spectra, particle

flavor ratios, etc.
This approach impliss a measurement capability similar to that which exists o

in spectrometers for high energy elementary particle experiments, but there J’!!ﬂi.
‘:1,"
Brookhaven National Laboratory, Upton, NY 11973, 'iai'

This research supported in part by the U.S. Departmant of Energy under
Contract DE~ACO2-THCHO0D15.

DISTRIBUTION OF THIS DOCUMENT ISUNLIMITED 3

Y



are important d!fferences. The most strixing ls the extracrdinary lesvel of
parsicle Dultiplicities which experizents sust deal with in high energzy
nucleus-nucleus_collisions:_ _Estizates for RHIT reach up 2o ~10,0C0 pariiclss
per event. In addition, mcst of the essentlal zpasursxzents involve soft
particles, with transverse momenta and palr masses characteristic of tha
kinetic energies in a thermalized plasma. This i3 in contrast with the
elezentary particle case whera the focus 13 largely on rare procasaes produced
in the high Py tails of momentum distributicns. For nuclear bean experiments
the siznals of intersst nust generally be extracted from the high multiplicity
component of soft particles.

Howard Gordon has shown some detector configurations designed to carry out
sugh a program. These include experiments which are very close to realizatiocn
for the first high energy beams of relatively light icns {oxygen, sulfur)
which are ccming on this year at CERN and BNL, and conceptual designs for the
most extreze case of heavy beaxs colliding at the highest energies in RHIC,
Each of these experiments aizs for a2 rather global zeasuremsnt of each svent,
And each gregran (AGS, SPS, RHIC) has come out looking like an ensenbls of
quite dillerent experiments, whers ayery experiment i3 optimized for a
particular class of measurements. This seens to reflsct the general balilss
that very large, all-purpose detector Systams would raquire too many
compromises and would be too expensive. This trend toward lsaner experiments
deaigned to optimize the measurement of specilic signals and probes has the
advantage of bringing many differesnt detector technologias into the hunt for
many different types of evidence for new phenomena. One would not want to
over-optimize the design of experiments on the dbasis of current theoretical
predictions, as thesa may be off the mark in important respects, and we do not
want to be insensitive to those truly unaxpected results whizh may well lead
to the most lmportant discoveries, .

There are now eight large experiments in preparation for the 2oming ion
beams at the AGS and SPS. These lock very much like medium-to-large scale
high energy physics experiments, and it does not appear that in these
experiments there are any crucial measurements which are precluded by a
short-fall of detector technology. The main detactor issues seem 'to be with
the more extreme experimental environments of the next round, when oxygen and
sulfur beams go to gold or uranium, and the AGS/SPS fixed targe:
configurations give way to the high energy collider environment of RHIC. 1
1ist below acme of these issues as they were discussaed in this session.

Lepton Pairs: Measurements of pair spectra, for either muons or electrons,
are expected to play the crucial role of revealing directly the radiation of




virtuai photsns rrc: a hot plas a. The problﬂ: Is that the main Intsrest lias
witﬁﬂsuall transverse zasses {(few Gev dcwn to f2w hundred MaV), and th
background fred decays of low Py pions is encrzous. As we 23w in Howard
Gordon's talk, several of the CIRY experizents will ceasurs zuon pairs in the
classical way, taking advantage of the fixed tarzet kinexmatics at SPS anergias
to employ thick hadron atsorbers and short lengths for pion decay, At a
collider, in the central region, the kinematics are not 3o lavoradle, 2 study
at last jyear's RHIC workshop® snowed what apsear to Pundazental linitations on
the measurezent of low-zass xuon pairs iz thias situation.

For effective measuroment of low-zass electresn pairs thes instrugentation
must be capable of electron/hadron discriminaticn at a level - 105. Nick
DiGiacomo has presented here the latest technology for achisving such
sensitivity with a high degree of spatial segrentation., These technical
capabllities notwithstanding, the presence of hundreds of ¥° decays per event
means thera will be many apuricus elsctrons and, ultimately, a background
level of pair combinations telow which a signal cannct ba detected even with
"perfact” instrumentaticn. Such limits have btean studied for scme
configurations2, and nesd zors attenticn.

Tracking: The gquestion of amultitrack resoluticn is a persnnial topic of
discuasion, with some answers scon fortheoming as ssvaril different tracking
arrays get set for the ion beams at CZ3N and 2NL. Thes2 include a strezner
chamber and a TPC covering large solid anzles, and two approaches to small
aberture speetrozetry: The HELIOS experiment at CEZ3RN 2mploys a slit in the
calorimeter wall ¢overing a large angls for singla-particle and palr
measurements, but very small solid angle so that the tracking {drift chamters
with charge divisien) requires no spezial technology for high numbers of
tracks. Experiment £B02 at Brookhaven has a spectrometer arm, with roushly
equal coveraga in 8 and %, designed to handle up to 20 tracks in a solid angle
of about 20 msr. This detectcr uses many planes of WP in traditional XYUY
configuration, relying on precise reconstruction of hits in each plane and
powerful pattern recognition algorithms to sort out the track reconstructicn.

It is generally conceded that, with the possible exception of the TPC
device, none of the tracking systems now being implemented for oxygen and
sulfur beams would be satisfactory for high energy gold or uranium beams. Sam
Lindenbaum showed some Monte Carlo results for the EB1D TPC design which lopk
very promising. Chuck Gruhn, however, is already looking ahead to ways of
reinforeing the capability of these davices for the really high track
densities and total multiplicities of future experiments.



Fluctuaticns: Rate Cacability: Most of the fixed-targs: exgerizents are

designed for relatively ccodest event rates. The insiruzentation i3 not
qg;isped to push the 1i2its of rate capability. This is not feor lagk of tean
1n£ensi:'. It reflects the fact that the focus is more on the complexity of
events, assuming that the (nteresting phenceena will not have vanishingly
szall cross sections., Similarly, the event rates at RAIC, given tne design
luminosity will be of order ﬂD”-105: far less than the axirema pappresantasd by
the planned SSC, Still, thess ratas are not small and they could be zuch
larger Lif the physics prosras reguires it; l.e., if it beepgzes desiradle to
exanine certain striking but very rare processes, In tha RHIT proposal, for
example, possidle upgraces are discussad which could increase the luminosity

by an order of magnitude.

Workinz Close to the Bean: EBackgrounds and other problems.
Both Gruhn and DiGiacomo have stressed the desirabllity of clean tracking
in an envirenment where there is 3 high density of particles., Near the highly

charged beams nhoWever, electircmagnetic backgrounds can be exzecied to be
severe, Workers at the Sevalac have ziven us many graphic examplea of chamber
volumes ccmpletaly cobscursd by swarzms of xillap delta rays. This is of
partisular coneern for the active targets forasesn for fixed targast
experiments at the AGS and SPS, and for the operaticn of cloze=in Mvertey

datectors" at the collider.

Calorimetry: Mike Albrow has shown hew the power and flexibility of
calorimeter technigues which have beesn desveloped over the past decadz in hizh
energy physics will play in central rola for sensitive experiments with hizh
energy nuclear beams. The optimization of calorimeter systams for the fieavy
ion experiments will be different in the heavy ion case howaver, generally
leading to simpler and cheaper detectors. Thus, for RHIZ, a 47 calorimetar
need not be as deap as for a hadron or elsctron collider of similar energy.
Tnis 1s because the energy is carried by a large number of soft particles, and
fluetuations in energy loss due to {small) leakage will not bz great. 4lso,
because of the enormous energiea and multiplicities, erergy resolution will
doubtless be dominated by systematic, rather than statistical errors, and so
expensive solutions such as uranium absorber may not be necessary. In the
same vein, the "4x" calorimeter for RHIC need not be hermetic in the sense
required for most current-generation high energy physics collider detectors;
small areas where the device is insensitive are probably acceptable, and this
should allow for simpler and cheaper constructicn.



:TlheuFmon thread of discussion in all of the atove topies has Sean how 2
tap high energy physics expertise in the desizn and izplezentasion of largs
qffffffigifosztszlf?i??f{,gfffa' For the first-round ex;e}i:ents as the
CEAN SPS and, to a lesser extent, the Brookhaven AGS, the collasorasizny
include a oix of high energy and nuclear physicists with datectzr systans
based on apparatus originally built for particle physics experizments, For
future experizents, continued collaborations of this sor: may call for scme
biurring of the boundaries which exist In the funding agenciss betwesn high
energy and nuclear physics. The advent of largea-scals detector systems éi a
major accelerator facility operated by nuclear physics should be accempaniad
by the development of a well-organized R&D {nfrastructure such as has been
carefully and successfully nurtured by high energy physics for many years.

REFZRENCES I

‘) S. Arons [ G ISD' B. P pe, A. 8§ G. ¥ * Pr i} ) P
o on . ope hor » . oung oe. REIZ Worksho;
’Exper‘ ments 'or a Relativistic H’Ea";’ ien Co er '. P 71 » 3 5 92

2) P. Glaesssl and H. Specht, RHIC wecrkshop [ses Raf, 1) p. 149,

DISCLAIMER

This report was prepared as an account of work sponsored by an apency of the United States
Government. Neither the United States Governmenl nor any agency thereof, mor any of their
employees, makes 2ny warranty, Sxpress of implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, of
process disclosed, o Tepresents that its uss would not infringe privately owned rights. Refer-
ence herein to any specific commetcial product, process, or service by trade name, 1rademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsemen!, Tecom-
mendation, or favoring by the United States Government of any agency thereof. The views
and opinions of authors expressed hercin do not necessarily state or reflect those of the

United States Government or any agency therool.



