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ROLE OF TRACKING IR FUTURE RELATIVISTIC HEAVY lOR EXPERlMEHTS 

C.R. GRUHY* 

Lawrence Berkeley Laboratory 
Univeristy of California 
Berkeley, California 94720 

1. IHTRODUCTION 

Predicting the role of tracking in future relativistic heavy ion (RHI) 

experiments is as dangerous as making a weather forecast. As with the weather 

you can be sure it will happen. Issent~ally all electronic high energy 

experiments have used some form of tracking. All of the planned experiments 

for the CERa SPS RHI program use tracking. In this talk I will make a brief 

physics justification for tracking, emphasizing the need for correlations. I 

shall examine some of the boundary conditions imposed upon tracking for the 

SPS/RHIC experiments. The CER» experiment RA36 will be used as an example. 

Lastly I will examine some future alternatives which might facilitate tracking 

in RHI experiments. 

2. PHYSICS JUSTIFICATIOR OF TRACKIRG IR RHI EXPERIKEHTS 

The BRL proposal RHIC and QUARK MATTER (ref.l) summarizes the physics 

justification of RHI in a table describing experimental probes for new states 

of matter. In table 1. I have reconstituted this table along with an 

accessment on the usefulness of tracking. The table describes the 

experimental probes for global event parameters, indicators of a phase 

transition and penetrating probes carrying direct information from the plasma. 
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Table I 
Relativistic heavy ion physics and the role of tracking. 

Signal Tracking 
Yes(Y),useful (U),oo(N) 

Components 

Inclusive particle 
spectra 

u 

Puncle Y 
interferrometry 

MuJtiparticle 
correlations in 
rapidity, energy, 
flow 

Local charge 
correlations 

Strange particle 
production, 
particle flavour 
ratios 

Stable multi quark 
states 

Direct pboton 
production 

Lepton pair 
production 

High PT jets 

N 

Y 

Y 

Y 

N 

Y 

N 

Indicators of temperature, Global event 
size and density parameters 

Long range correlations and 
macroscopic fluctuations 

Color screening effects iI;t 
plasma different from 
normal pair production by 
vacuum polarization 

Chemical equilibrium in hot 
plasmas gives enhanced 
strangeness production 

6--quark and higher 
configw-ations readily 
assembled in the plasma. 

Coberent emission from 
local cbarge fluctuations, 
badronic decays; direct 
emission from plasma 

Structure function of 
quark and gluoos 

Propagation of quarks and. 
gluoDs througb nuclear 
matter 

2 

Indicator of 
a phase 
transition 

Penetrating 
probes, 
direct 
information 
from plasma 
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... 
\ 
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In each of these cases it is difficult to imagine experiments without 

tracking. The particle interferrometry requires close spacial (momentum) 

correlations and therefore tracking. Strange particle production requires 

recognition of the decay pattern and/or a velocity and momenta measurement for 

particle identification. Both of these find needs for tracking. Lepton pair 

production usually involves momenta measurements to allow invariant mass 

reconstruction and also finds a use for tracking. 

We can expect tracking to be involved in future RHI experiments and is 

justified by the physics of this new endeavor. 

on the experimental side tracking in RHI experiments has a further 

justification. Tracking has been shown to be extremely useful in 

discrimination against background processes in the CERN underground 

experiments. Two examples of this are secondary interactions and double 

events. 

3. CORRELATIONS NEEDED 

It is to be anticipated that some form of correlation of the signals 

(table 1.) will be useful in minimizing ambiguities in interpretation of 

results. All of the planned CERY SPS RHI experiments incorporate 

correlations. See figure 1. 

Each of these experiments correlate signals of strangeness or dilepton pair 

production or single photons with the global event parameters such as 

transverse energy flow and transverse energy flow fluctuations. 

Standardization of the targets between experiments will keep the 

correlations complementary. In addition the correlations between lower energy 

(60 AGeV/c) (nuclear stopping) and a higher energy (200 AGeV/c) (nuclear 

transparency) will give insight in production mechanisms. 

4. SPS/RHIC EXPERIMENTS 

In this section I present some of the global features of events anticipated 

for the SPS/RHIC experiments [ref.1]. In figure 2 I show the HI JET 

calculated rapidity distributions for Au+Au collisions at three different 

energies having mean charged particle multiplicities between 400 and 2000. 

Central collisions are expected to have higher mean multiplicities by a factor 

of about three. THE MULTIPLICITIES ARE HIGH. 

Figure 3 shows a possible experimental configuration for both fixed target 

and collider modes. Superimposed upon the experimental layout we show 

rapidity. mean momenta. and mean multiplicity per mm square at 100 mm. For 

example for a 100 AGeV/c (Au+Au) fixed target experiment we expect a mean 

momenta of 5 GeV/c at central rapidity Y:O and mean multiplicity of 
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.26/mm2 at 100 mm in the laboratory. Bote the approximate equivalence 

(from the view of tracking) in momenta and multiplicity between the fixed 

target mode "target"" rapidity region and the coUider mode "central" rapidity 

region. The "central" rapidity and "projectile fragment .. rapidity regions of 

the fixed target mode have higher mean momenta and particle densities than the 

equivalent energy collider mode. 

THUS THE TRACKISG TECHHIQUES AHD EXPERIKHCB FROM THE SPS RHI EXPBRlMENTS 

CAB BE USED AS A GUIDE IS PLABHISG RHIC BJPBRIMEHTS. Similarly the LBP 

experience where tracking detectors experience peak particle densities in jets 

of 10· particles/steradian (but total multiplicities of 10-20) is expected 

to be useful. 

The following are major constraints on tracking for RHI experiments 

1. High multiplicity densities (between 10· and 10· 

particles/steradian). 

2. High total multiplicities (approaching 10· particles for 

contral collisions). 

3. Large range in Z2 (ionization density){6.00:1). 

•. High delta ray probability (Z2 and high multiplicity). 

Because of these constraints unambiguous space point (TPC) tracking is 

essential for the RHI experiments (vectored tracking would be better). 

Constraints 1 and. demand a very large number of pixels in the tracking 

detector volume. On the frontal view (seen by the particle) 10· 

pixels/particle is probably desirable because of correlations and background 

processes. Along the track 100 hits (pixels) is not unreasonable (10 is too 
• few). Thus we see that we must create 10 tracks. With this it is clear 

that some form of BCOHIMIZATIOS IS REQUIRED relative to the use of present 

readout techniques. 

Constraint 3 poses potential space charge effects which can perturb the 

tracking measurement within an event. This effect can be minimized by having 

a uniform and high magnetic field. 

The BA36 SPS fixed target experiment uses a TPC having an effective solid 

angle of about 0.1 steradians which illustrates one approach to the tracking 

problems of RBI experiments. 

5.&A36 TRACKIHG TPC 

The BA36 experiment proposes [ref.2] to measure the net strangeness 

produced in RHI collisions at the CERY SPS as a possible signal of the quark 

,luon plasma. The characteristic features of the experiment are : 

* A TPC for three dimensional unambiguous space point tracking; 
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* A magnetic field to sweep most of the produced particles from the 

TPC and tracking chambers; 

* A highly parallel data acquisition system mounted on the TPC, 

* Field free tracking chambers; 

* Fine grained calorimetry in the forward hemisphere to measure 

transverse energy and projectile fragment energy. 

The TPC is used to detect the strange baryon decays in the rapidity range 

of 1-4 in the laboratory frame. See figure 4 for the experimental 

arrangement of 1lA36. 

In figure 5 I show the filtering effect of the strong magnetic field 

(3 Tesla) used with the VAl6 TPC. The solid tracks deflected by the magnet 

are negative pions having rapidities 1, 2, 3, 4, 5. Omega minus particles 

having similar momenta follow the same trajectories but have corresponding 

rapidities of 0.1, 0.3, 0.76, 1.6 and 2.5. Vote the placement of the TPC is 

such that rapidities greater than 3 for pions (0.76 for omegas) are accepted. 

The magnet filters out the low mass and low momenta particles while passing 

tbe heavier (strange baryons) particles. In this way the number of tracks in 
• 16 1., 

the TPC 1S reduced to about 30 for an average event ( 0+ Au 200 AGeV/c). 

Since the VAl6 TPC is the first TPC to be designed for KHI experiments I 

list some of its characteristics in table 2. It will operaLe in the unusually 

high magnetic field of 3 Tesla (the highest for any TPC constructed to date). 

The number of readout elements (1.2x 10·) has the highest density (x7) 

over other TPC disigns. 

The design optimizes the two track resolution (12mm2) (7 x less than 

anticipated for the LEP !PC designs). The TPC is digital and does not measure 

dE/dX, thus simplifying the design. 

The electronics chain (BIlL design) is implimented on the end cap with a 

high degree of parallelism. The time digitization of the tracks is completed 

in a pipeline mode with zero suppression all on the end cap. The digitized 

signals and addresses are multiplexed into only 400 cables which are decoded 

at a fastbus crate. The data acquisition system is in fastbus and is being 

designed to take 1000 events/spill (ref.3l. 

A discussion of the tracking in the 1lA36 TPC is presented by K. Heiden and 

alao S. Lindenbaum to this conference. 

6. FUTURE ALTERBATIVES 

The future alternatives for tracking in RHI experiments can be expected to 

evolve on two fronts, data acquisition systems and detector design. I shall 

discuss both briefly here. 
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FIGURE 5 

Filtering effect of a 2.7 T magnetic field on pions and omegas 
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B 
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E/P 
E 
P 

Omega - Tau 
Drift velocity 

Drift distance 
End cap area 
Volume 
Readout elements 
readout density 

dE/dx 

Spatial resolution 
single track 

j two track 

Table 2 
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Advances in the design of data acquisition systems for tracking are 

expected to reflect an "up stream" movement. That is to say, more of the 

processing is expected to occur closer to the detector. Such is the case with 

the RA36 data acquisition system described above. 

D.M. Sendall reviews this trend in describing REAL-TIM! SYSTEM 

ARCHITECTURES at the Computing in High Energy Physics Conference in Amsterdam 

(1985). He emphasizes the trend to a highly.parallel architecture with a 

modular system design in the data acquisition system. 

G. Darbo et al. working on a trigger processor for the LIP DELPHI 

experiment show how one might ultimately process the tracks using custom IC 

gate arrays. This work intitled "A High Parallelism Structure for Real-Time 

Pattern Recognition Applied to Colliding Beam Experiments" is described in a 

three day in-depth review on the IMPACT OF SPECIALIZED PROCESSORS IR 

ELEMENTARY PARTICLE PHYSICS Padoua (1983). They describe a contiguity mask 

processor which sorts out TPC hit patterns according to tracks in 300ns. Then 

each set of track data is routed to a cluster of parallel processors which 

yield the track parameters in 2ps. 

One can expect future developments to continue in this area with the 

advances being realized such as field programmable logic devices (FPLD) and 

electronicly erasible field programmable devices (FPLD) having array sizes now 
4 larger than 10 . 

Aside from the advanced design of the RA36 TPC we can expect new 

developments incorporating additional processing at the TPC. Some features 

that are likely to be included in new designs are: 

* Vectored tracking by virtue of electrode geometries or clusters; 

* Better two track resolution with finer grained sense electrodes. 

* Minimal space charge effects resulting from use of lower gas gain 

and more efficient electron gating and ion trapping; 

* Parallel processing of tracks on the end cap resulting from new 

electronics developments. 

The new· designs are likely to evolve from recent concepts such as KSC 

multistep chamber [ref .• ) or new concepts as speculative as amplification at a 

semiconductor surface in a gas using a modified thin film field emmision 

cathode design [ref.5]. 

7. SUMMARY 

Tracking will playa role in future RHI experiments. Tracking, in fact, is 

necessary to expose a significant portion of the physics in RHI experiments. 

All planned RHI experiments at the SPS use tracking in someway! Tracking will 

facilitate the type of correlations required in RHI experiments. 

12 



) 

I 

\ 

j 

The track numbers and densities along with present technology limit our 

ability to plan RHI experiments involving 4. tracking. Rew developments are 

needed. 

The "up stream move" with intelligence (processing) moving to t.he detector 

with a high degree of parallelism is expected t.o minimize track processing 

limitations. 

RHI experiments at the SPS are good preparat.ion for RHIC experiments. 
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