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Abstract :
The expected response of the cluster detector/scintillator wall of

the SIS/ESR 4x facility has been investigated with the use of the

GEANT detector program and the FREESCO event generator

code. Results are presented and discussed. It is shown in

particular that the efficiency of the track reconstruction method

should be acceptable.
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i . INTRODUCTION

For angles between 7° and 30° the SIS/ESR 4?r detector facility will initially be
composed of a gas ionization chamber/organic scintillator sub-system whose principle
identification method will be based on differential energy loss as a function of particle
velocity [1,2]. The ionization chamber will contain 128 anode plane sensor strips, and
there will be 512 scintillator strips oriented more or less transversely to the anodes. An
event reconstruction software is being developed to match the hits in the ionization
chamber (primarily low multiplicity Z > 3 ions) with those in the scintillator wall
(primarily high multiplicity Z = 1,2 ions) in order that a correct association be
made between energy loss and velocity. This task is complicated because of the large
multiplicity difference, because many events in the scintillator wall will be below the
detection threshold of the ionization chamber, and conversely, because a number of
slow moving heavy ions detected in the ionization chamber will stop in the air gap (80
cm average) in front of the scintillator wall.

In order to simulate the response of the detector combination and the efficacy of
the track reconstruction method we have made use of the detector program GEANT
[3] which incorporates as realistically as possible the actual configuration of the
experimental apparatus. Specific effects such as energy loss straggling and thresholds,
multiple scattering, finite resolution, and multiple hits in the same detector element
are explicitly included. For an event set we have used 3000 FREESCO [4] collisions
of 200 MeV/amu 197 Au -f197 Au; in particular this event set has on average 1.7 Z >
3 ions, and 38 Z =1,2 ions in the angular range of interest resulting in a 5% multiple
hit rate in the scintillator wall. This report will describe the results of the simulations
first for the scintillator wall considered by itself, and then for the combined scintillator
wall-ionization chamber sub-system.

II. SCINTILLATOR WALL PERFORMANCE

The geometry description of the 512 scintillator strips was written by N. Herrmann
of GSI for the GEANT program. We have modified that software to incorporate in a
model dependent manner the response of both the single and the multiple hits for each
strip. The simulation of the expected performance of the scintillator wall by itself is
shown in a bi-dimensional histogram (Fig. 1) of energy loss vs. velocity. In this figure
there is pictured about 100,000 particle hits with an average multiplicity of about
40 hits/event. The energy loss parameter is that which would be calculated in a real
analysis which would combine the light outputs from both ends of the strip according to
a known gain matching procedure. For statistical noise purposes we have assumed 100
photoelectrons per MeV of energy loss which corresponds to 2% statistical resolution
at 25 MeV. The velocity parameter is also calculated in the same manner as in a
real analysis. By comparing the constant fraction timing signals from both ends of
the scintillator strip, one can compute the time-of-flight and the transverse distance
along the strip (always taken as the "y" coordinate). From the strip location itself, one
will have the "z" coordinate (beam direction) and the "x" coordinate which is always
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taken as the middle of the strip's narrow dimension. With the (x,y,z) hit coordinates
one can calculate the distance from the target, and that divided by the time-of-flight
gives the so-called "apparent velocity". We use the term "apparent velocity" since the
true velocity at the target is reduced because of energy losses in the air on the way to
the detectors.

According to the GEANT simulation there will be about a 5% multiple hit rate
(two particles hitting the same strip). This number is somewhat smaller than that
given in the September, 1987 Technical Proposal [1] which envisaged twice the number
of scintillators in a different geometrical layout. The effect, of the multiple hits was
incorporated in the simulation program in the following manner. For the velocity
computation, the first arriving pair of discriminator time signals were used. In general,
this will cause an error since for particles of the same time-of-flight time signals from
two different particles will be used. In this case both the computed time-of-flight and
the transverse distance will be erroneous. For the energy loss computation it was
decided to add the contributions from both ends and then calculate the energy loss
from the gain matching procedure. Effectively this decision assumes that the QADC
integration time of the light will be relatively long (30 to 50 ns) such that one will
see all the light from both particles. This is a model dependent decision which may
overestimate the amount of energy loss seen in a double hit in certain cases.

One can clearly see in Fig. 1 the Z = 1,2 lines, and with some difficulty one can also
make out the higher Z lines as well. There are two velocity branches on all the Z lines.
The high velocity branch corresponds to non-stopped particles, while the low velocity
branch corresponds to stopped particles. For non-stopped particles one is sensitive to
the Z, while the limit for stopped particles corresponds to A (the mass). One can
see in this figure the two low velocity branches (proton and deuteron) of the Z = I
line. This figure may also be compared to the sketch (4.3) in the Technical proposal.
Some qualitative differences are quite evident, apart from the noise effects and the
finite resolution. The velocity parameters are shifted lower which is the "apparent"
effect. More importantly the high Z contributions at low velocity mask heavily the low
velocity branches of the Z =1,2 lines, and it is very difficult to pick out the high Z lines
from the background.

There are two backgrounds present in Fig. 1. The more important is from the
pile-up effect of the double hits. This is proven in the comparison shown in Fig. 2
showing the same particles in Fig. 1 but now divided into single and double hit plots
according to the GEANT track analysis. Once the double hits are removed, the higher
Z lines stand out very well. The other background which can still be seen in Fig. 2a
comes from particles which failed to deposit the correct energy loss in the scintillator.
These hits are possibly due to edge effects where a particle does not pass completely
through a scintillator strip because of non-normal entry. According to the GEANT
track analysis about 3% of the hits correspond to one particle passing through two
separate scintillator strips. Furthermore, the energy losses are very different in the
two strips, with one loss usually being quite low. In principle it should be possible
to salvage these particles. One will find there are two nearly identical tracks with the
same velocity but with different energy losses coming from two different strips. For



now we just leave these events as they are since they present no great confusion.
The multiple hit background is not an especially serious one for the Z = I and 2

io-' = . but it is obviously more serious for the heavier ions. The GEANT track analysis
of the single/multiple hit ratios is shown in Fig. 3a. On the (top) right half of the
L'gure are shown all the single hit particles according to their GEANT identification
numbers. On the left side one has an approximate mirror image for the the double hit
^articles. (Because of the way the events are stored, the double hit counts should be
irmitipHed by two in this figure.) For the Z = I and 2 ions, the double hit level is only
on the order of several per cent, but for the heavy ions the double hit ratio is closer to
15%.This difference can be attributed to the predicted narrower angular distribution
for the heavier ions. In other words, these particles do not sample the full set of 512
strips as uniformly as do the lighter ions. Since also the pile-up of the energy loss
parameter will be in the direction of the heavier ions the net result will be that these
ions will be more adversely affected by the multiple hits than the lighter ions.

It may be possible to reduce drastically the background level shown in Figs. 2b
and 3a. This approach is based on the fact that it should be possible to compute the
transverse distance from either the pair of time signals or the pair of energy signals.
The transverse distance depends linearly on the time signals' difference but it depends
logarithmically on the ratio of energy signals. Thus one can compute the transverse
distance in two ways and then check for consistency. This computation is shown in
Fig. 4 which plots the so-called transverse distance discrepancy factor: (y(time) -
y (energy ))/y (time). The top third of the figure shows the calculation for all the
events, just as one would do in a real analysis. In this figure one can see the peak
of the consistent transverse distances separated from the inconsistent distances. The
bottom two panels show the same particles divided into the single hit and the multiple
hit fractions according to the GEANT track analysis. It is a simple matter to put a
gate on the this discrepancy factor to pick out the region of consistency (single hits).
The results of such a gate on the particle ID spectrum is shown in Fig. Sb, and for
the analog parameters in Fig. 5. The multiple hit background is reduced by an order
of magnitude by this method, and now the heavy ions are much more visible.

At the present time this method must be regarded as speculative. It presumes
having a good knowledge of the energy loss distance dependence as well as knowing
how the multiple hits pile-up in energy. Nonetheless it is a very simple procedure to
try, and it should at some level reduce the background. In any event one will need to
know the energy loss distance dependence even for the single hits since it is by that
means that one is able to do gain matching of the light signals from both ends of the
strips.

The simulation of the performance of the scintillator wall by itself concludes with
two plots showing how well one can expect to calculate the velocity and the energy
loss parameters. In Fig. 6a is shown the spectrum of the velocity error ratio, that
is the difference between the true velocity (known from GEANT) and the calculated
velocity obtained from the time-of-flight and trajectory computations based on the
discriminator time signals. One sees, near zero, the single hit result which has a finite
width due to intrinsic noise effects. One also sees the effect of the multiple hits since one



wiil always have a smaller computed time-of-flight which leads to a larger computed
velocity. Similarly ont- can see in Fig. 6b the same type of plot for the true vs. the
calculated energy Josses. The single hit peak again has a finite width because of the
intrinsic noise and statistical fluctuations, and the multiple hits invariably lead to
higher than expected energy losses.

III. IONIZATION CHAMBER/SCINTILLATOR WALL COMBINATION

The ionization chamber will measure an energy loss in 12 cm of gas and the
signal will be registered (for the most part) on a single anode strip. If the anode plane
were oriented perpendicular to the beam direction, then each anode strip would cover a
precise range of azimuthal angle 360/64 degrees in width. However, since it makes more
sense to orient each ionization chamber at a different angle with respect to the target,
then such an azimuthal correspondence cannot be made. (Such a correspondence will
exist for the ROSACE.) Instead one must make a coordinate transformation to find a
correct anode strip given a trajectory determined from the (x,y,z) measurement made
by a scintillator strip. Such logic has been introduced by us into the GEANT simulation
and it has been fully tested.

As discussed above, there will exist a large multiplicity differential between the
number of possible trajectories through the anode planes, and the actual number of
heavy ion hits in the ionization chamber. One will also have to contend with the
multiple hits in the plastic scintillator strip as also described above. In order to focus
more clearly on the intrinsic performance of the ionization chamber, we have divided
the event simulation into two passes. The first had the detectors see only the Z > 3
clusters which negates the difficulties associated with the large multiplicity differential.
In the second event set pass, all the particles were considered together. The results
of pass 1 are depicted in Fig. 7a which shows that the Z > 3 ions can be cleanly
resolved from one another using realistic assumptions about the intrinsic performance
and limitatives of the sense elements. The track analysis indicates that more than
90% of the • -«-stopped Z > 3 ions can be traced back to the anode plane by simple
geometry. The remainder are projected to have a slight mis-alignment with the true
track position, and these may be recovered by a more sophisticated tracking algorithm.

The track analysis is shown in the bit pattern presented in Fig. 7b. In this bit
spectrum, the value 10 corresponds to a correctly identified (single hit) particle track.
Here the number of correct tracks amounts to about 1770. Bit values 20 through 24
correspond to "lost" particles. These are signals in the ionization chamber whose anode
cannot be matched to any anode projected by the scintillator track reconstruction. In
particular, bit value 21 correponds to particles which stop in the air gap after the
ionization chamber or the ionization chamber itself. Here there are about 350 such
particles. Bit values 30 through 34 correspond to ambiguously identified particles,
here about 30 events. Finally, bit values 40 through 44 correspond to mis-identified
particles. For these particles the reconstruction algorithm has assigned an incorrect
track. In particular bit value 41 means that the original ionization chamber particle
stopped before reaching the scintiliator wall, but another ion was passing through
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'.hat same anode strip. Here there are only two such particles. There were some 2250
ionization chamber hits in this sample, so one can say that out of 1900 non-stopped
part Mes there was a 92% immediate success ratio and a negligible mis-identification
T6.1C.

In the second event set pass, which should be much closer to the actual experience,
one can see the effects the multiplicity disparity in Figs. 8a,b. Fig. 8a shows all the
signals in a given anode strip which can be uniquely identified with a signal in a
scintillator strip. It should be noted that "unique" in this case includes both the
correctly identified, single hit particles as well as the unambiguous but misidentified
particles. There is clearly a background present in Fig. 8a which, by comparision with
Fig. 7a, comes from tracks whose velocity parameter is uncharacteristically too fast.
This is confirmed by the GEANT track analysis which indicates that these events are
primarily caused by heavy particles stopping in the air gap between the detectors but
whose ionization chamber hit has been incorrectly matched to a light particle traversing
the same anode strip. These mis-identifica- tions amount to about 12% of the so called
"uniquely" identified ionization chamber hits. This effect is qualitatively seen in Fig.
8b which plots exactly the same particles as in Fig. 8a but uses instead the energy
los<! parameter calculated from the scintillator strip light signals. In particular one can
see the two high velocity branches of the Z = 1,2 ions which could not have given a
signal in the ionization chamber. In fact, with a 2 MeV energy threshold it will be
impossible for the ionization chamber to record any Z = I ions, and only very slow ( 8
cm/nsec) Z = 2 ions. Thus it should be relatively easy to remove this background from
the ionization chamber tracking by using the scintillator wall energy loss parameter.

The numerical GEANT track analysis is presented in the bit spectrum shown in
Fig. 9 which should be compared with Fig. 7b. The number of correctly tracked single
hits now drops to about 1200. The number of stopped particles stays constant because
the same event set is being used. However, the number of ambiguous particles increases
sharply to over 400 because now the large light/heavy ion multiplicity disparity is
causing confusion. For the same reason, the mis-identification rate increases because
there are now more false tracks to be assigned to the stopped particles. Overall the
immediate success rate drops now to about 58%, and there is about a 7% total mis-
identification rate. However, as indicated above, it should be possible to reduce the
mis-identifications and to resolve the ambiguities by using the scintillator wall energy
loss signals. This can be demonstrated from Figs. 10a,b which plot separately the mis-
identified and the ambiguous events as they would appear in the scintillator wall by
itself. It can be said, then, that there is every reason to hope that most of the signals
recorded in the ionization chamber will be properly identified.

IV. CONCLUSIONS

The expected performance of the initial phase of the SIS/ESR 4?r detector has
been simulated in a realistic fashion with the use of the GEANT and FREESCO
programs working together. The results indicate that the scintillator wall should have
no difficulty identifying high velocity Z = I and 2 ions, but for other particles one may



o.pect to see certain background effects obscuring the resolution. The multiple hit
problem is predicted to have a serious impact on the identification of the Z ^ 3 ions,
Out it may be possible to invoke a transverse distance consistency check to remove this
background. In any event, one will need to have a good understanding of the intrinsic
response of the scintillators and the distance dependencies of their signals even for
single hit particles in order to assure adequate performance.

For the ionization chamber it would seem, despite the large multiplicity disparity
between the clusters and the light ions, that one should be able to assign successfully
the vast majority of non-stopped particles to correct hits in the scintillator wall. This
task presumes, of course, that the scintillator wall will provide good resolution in the
(x,y,z) strip hit coordinates in order that a valid track trajectory be constructed. Other
than that provision, it should not be necessary to invoke extreme measures to obtain
a satisfactory intrinsic performance of the ionization chamber configuration.

Finally, it has to be realized that all of the quantative results quoted here are model
dependent. To the extent that the actual experiments see more or less multiplicity than
forecast by FREESCO, and to the extent that there is a much different cluster/light
ion multiplicity ratio, then there will inevitably be numerical variations. The multiple
hit scenario in the scintillator strips, especially the energy loss pile-up, is frankly very
much model dependent. Also some effects such as anode strip crosstalk have not been
included. But, as experience is gained from the experiments, one should be able to
correct these deficiencies and improve the understanding of the detector's physics
results.
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Figure Captions

I- !£::.-«• ^ : Scatter plot of energy loss vs. velocity for particles detected in the scintillator wall
between 7 and 30 degrees. The events were generated by the program FREESCO
and tracked by the program GEANT for the system 200 MeV Au + Au taking
impact parameters between O and 6.0 fm.

Figure 2 : Same as Fig. 1 except that the particles are divided into a) those for which there
was only a single hit in a given scintillator strip, and b) those for which there was
a multiple hit in the scintillator strip.

Figure 3 : The particle identification (ID) spectrum of the events described in Fig. 1. Particles
with positive ID numbers corresponds LO single hits, and those with negative
ID numbers correspond to multiple hits. Part a) shows the ID spectrum for all
particles while part b) shows the ID spectrum gated on the transverse distance
discrepancy factor (see text). An order of magnitude reduction in the multiple hit
background results from such a gate.

Figure 4 : The transverse distance discrepancy factor (see text) for a) all particles b) the
single hit particles only, and c) the multiple hit particles only.

Figure 5 : The same particles as in Fig. 1 except now gated on the transverse distance
discrepancy factor which shows the effect of reducing the multiple hit background.

Figure 6 : a) Comparison of the true velocity and the velocity computed from the signals
provided by the plastic scintillator strips; b) comparison of the true energy loss
and the energy loss computed from the signals provided by the plastic scintillator
strips. In each case the prominent peak near 0.0 is associated with the single hit
particles, and the exponential tail is caused by the multiple hit particles.

Figure 7 : a) Scatter plot of the energy loss measured in the ionization chamber and the
velocity computed from the plastic scintillators for the same reaction described in
Fig. 1. For purposes of showing the intrinsic response of the ionization chamber
the GEANT program tracked only the cluster particles (Z > 3) in this simulation,
b) The same events as in part a) described now as a reconstruction bit pattern.
A reconstruction parameter equal to 10 is assigned to ionization chamber anode
hits correctly associated with a scintillator wall hit, a parameter value between 20
and 24 is assigned to anode hits which cannot be associated with any scintillator
wall hit, a parameter value between 30 and 34 assigned to anode hits which can
be associated with more than one scintillator hit, and a parameter value between
40 and 44 is assigned to anode hits which have been associated with a wrong
scintillator hit or with a multiple scintillator hit.

Figure 8 : a) The same events as in Fig. 7a except that now the high multiplicit y Z = 1
and 2 particles are also tracked: b) the same events as in part b) but the energy
loss parameter is now that obtained with from the plastic scintillator strips. In



particular, the high velocity branches of the Z = I and 2 lines in part b) must
come from mis-identified anode hits.

Figure 9 : The same reconstruction bit pattern as in Fig. 7 except that now the effect of the
Z = I and 2 particle hits in the scinitillator is also included. These hits are seen to
give rise to a substantial increase in the number of ambiguous and mis-identified
anode hits, and a corresponding decrease in the number of correctly identified
anode hits.

Figure 10 : a) The events from Fig. 8a gated on the reconstruction parameter to select only
the mis-identified particles and plotted as a function of scintillator energy loss vs.
velocity; b) scatter plot of scintillator energy loss vs. velocity for those anode hits
with more than one possible scintillator hits (ambiguous reconstruction parameter
value).
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GEANT/FREESCO SIMULATION OF THE PLASTIC WALL
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GEANT/FREESCO SIMULATION OF THE PLASTIC WALL
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Energy Loss (lonization Chamber) vs. Velocity (Scintillator Wall)
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