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Abstract

We present preliminary results from a Lead/TMP calorimeter prototype constructed by the Walic
collaboration. We show the response to positron beams between 2.5 and 150 GeV/c with a 6.5mm of
Lead /2.5 mm of TMP module. We present results for several hadronic configurations of our module
(26 to 39 mm Lead/2.5 mm TMP) which have been studied with positron and pion beams between 5
and 50 GeV/c. We give results on e/rc as a function of energy for these configurations.
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1. Introduction

The Walic collaboration1 intends to study the feasibility of a non-uranium compensating
calorimeter with warm liquid as active medium which could be used at the future high
energy/luminosity hadron colliders (SSC/LHC). For this purpose, a large number of studies have
been done or are still in progress: radiation damage2, measurement of Birks' constant in TMS and
TMP3, speed of the readout4, high voltage tests, material compatibilities5. Also design studies for
swimming pool-like calorimeters have been performed and test prototypes are under construction6.

One of the main challenge of this technology is to prove that non-uranium calorimeters can be
compensating, as predicted7. Therefore the purpose of the E-795 test experiment af FNAL was to
build a non-uranium/warm-liquid prototype calorimeter and to test its response both to electron and
pion beams.

2. The E-795 experiment

2.1 motivations

The main motivation in the design of the prototype was to have the ability to vary several
parameters related to the e/n response. The parameters selected to be tested are:

- the sampling fraction
- the amount of hydrogen seen by the showers
- the kind of absorbers
- the role of Birks1 constant (through extensive Monte Carlo simulation)

We have also chosen to be able to rotate the module in all directions in order to study shower
leakages and eventually the angular dependence of the signals.

2.2 basic choices

For obvious safety reasons, we have chosen to use TMP as active medium rather than faster
but more dangerous liquids (TMS). In order to change easily the sampling fraction of the calorimeter,
we have put the liquid in individual containers (called 'boxes') and we have adopted a type of boxes
very similar to the one developed by UAl8 . A schematic drawing of one box is shown on figure 1.
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Figure 1 : Schematic view of a TMP box



Each box is made of 4 electrodes. Each electrode is = 12x24 cm2 for a 2.5mm TMP gap
thickness. Each box is an individual container and two boxes can be mounted 'head to foot' together
to form a plane of 8 electrodes without much dead spaces.

A key feature of the module is the fact that all the parts (Absorber, TMP boxes,...) are
suspended allowing a fast and easy change in the configuration of the calorimeter. Given the small
size (150 p.m) of the skin covering a box, we had to ensure that each box was reasonably flat after
being suspended in the module. We have solved this problem by using nitrogen inflated 'bladders'
which were put in some gaps. The quality of the flattening was checked by measuring the capacitance
of each electrode after any change of configuration and found to be perfectly stable.

2.3 mechanical configurations

The configurations adopted for the measurements presented here are shown on figure 2 :
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Figure 2 : Schematic drawing of the various calorimeter configurations

The first configuration ('E.M.') was installed in order to measure the response to e.m.
showers only. This configuration is made of 26 sampling of lead plates, 6.5 mm thick followed by a
single TMP box (4 electrodes, 2.5 mm of liquid). In this configuration the module is 30 radiation
length long.

The 4 others configurations have been installed in order to measure the response to both
positron and pion beams. For these configurations, one detector plane is made of two adjacent boxes
with 8 electrodes and a plane size of about 60x60 cm2. In the first hadronic configuration ('Had. 1'),
we equiped with a detector plane only 1 every 4 lead plates but we inserted a 'dummy' box in
between the 3 remaining lead plates; these 'dummy' boxes reproduce exactly the amount of material
of a real TMP plane. Particularly, the hydrogen content of TMP (C9H20) was simulated with a foil of
CH2. In the second hadronic configuration ('Had. 2'), we replaced the CH2 foil with an Aluminium
foil with such a thickness that we reproduced the amount of material of the CH2 foil. For these 2
configurations, we had an homogeneous sampling fraction (1 detector plane every 4 lead plates) and a
total amount of material of 6.5 interaction lengths.

In the last 2 hadronic configurations, we installed a nonhomogeneous sampling fraction with
a higher fraction of detector planes in the front part of the calorimeter: the third hadronic configuration
('Had. 3') has 1 TMP plane every 4 lead plates for the first 6 planes and 1 TMP plane every 6 lead
plates for the 28 remaining boxes and no other material. The last hadronic configuration ('Had. 4'), is
very similar to the third one but we simply added a CH2 foil between each lead plate where there was



not a TMP plane. For these last 2 configurations, the amount of material was about 7.8 interaction
lengths.

2.4 electronics and signal

The signal of each electrode was sent through short cables to home-made low noise
preamplifiers. The expected electronic noise was calculated to be = 2300 e" for an electrode
capacitance of = 1200 pF. On line we measured the noise to be ~ 2400 e' per electrode. This good
agreement was mainly due to the fact that the detector and the preamps were put inside a Faraday
cage.

After amplification, the signals were sent to home-made shapers. The shaping was bipolar
with lp.sec shaping time in order to match the drift time ( most of the data were taken with an electric
field of 6.5 kV/cm on each electrode giving a 600 nsec drift time). The shapers also provided a
selectable output gain in order to match the dynamic range: according to the beam energy, we could
decide to divide the signals entering the (12 bits) ADC's by a factor of 10.

25 beam and data taking

For the e.m. configuration, we measured the response of the module to positron between 2.5
and 175 GeV/c. For the hadronic configurations, we took data with pion and positron at 5, 10, 25
and 50 GeV/c. In both cases, we constantly monitored the response of the electronics ( ADC's
pedestals and test-pulses sent to the preamps input ) and we monitored our absolute calibration with
high energy muons.

The beam line layout included beam-defining scintillation trigger counters, a Cherenkov
counter to tag electrons and single wire drift chambers to measure the position of the beam before and
after the analysis magnet. These data were recorded event per event together with the calorimeter
signals. The results shown below come from runs taken during the summer of 1990 in the MT beam
line at Fermilab.

3. Results

3.1 data analysis and muon signal

The results presented here come from a preliminary analysis of the data: electronics
corrections have been applied (pedestal subtraction, gain correction), particle identification (e/rc) has
been done using the information of the Cherenkov counter, the overall stability of the absolute
calibration has been checked with muon runs. We have not yet included in the analysis the event per
event reconstruction of the beam momentum; also we have not yet equalized the plane to plane
response. Finally no leakage corrections have been applied.

We have deduced from our studies on Birks1 constant in TMP a calibration factor to convert a
detected charge to a deposited energy ( 1 MeV = 0.93 fC). This calibration assumes that each TMP
plane is 2.5 mm thick and is of crucial importance in order to make comparisons to Monte Carlo
calculations. All the results below are given in units of deposited energy in the liquid. We have first
measured the response of the prototype in the e.m. configuration to high energy (175 GeV/c) muons.
Figure 3 shows this response for a tower (the sum of the signals of 26 electrodes along the beam) :
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Figure 3: Muon signal and noise in a tower

This measurement shows a Signal/Noise ratio close to 4 where 'Signal' is defined to be the
peak of the Landau distribution and 'Noise' is the sigma in absence of signal. One should note that
when going to higher field for faster signals, the Signal/Noise ratio will also increase substantially.

3.2 EM. results

The linearity and the resolution of the prototype in E.M. configuration have been measured
with positron between 2.5 and 150 GeV/c and the results are shown on figure 4 below :
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Figure 4: Signal and resolution in E.M. configuration as a function of the beam energy
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As mentioned previously, these data are not corrected for beam momentum spread which
explains the sizeable value of the constant term in the fitted resolution. These data have been
compared to MonteCarlo data (Geant 3.14 which predicts a resolution of 18%/VE) and the agreement
on the shape of the shower profiles is excellent. The comparison of the absolute deposited energy
(already within 15 %) is still in progress.

3.3 hadronic results

The hadronic configurations have been studied with positron and pion beams. In both cases,
the beams were not pure pion or positron and we had to perform an off-line selection of the wanted
particles using the data of the Cherenkov counter. The analysis is still under way but figure 5 below
summarizes the results obtained so far :
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Figure 5: e/ic as a function of the incident energy for the 4 hadronic configurations

The definition of each configuration is from figure 2. For simplicity we have not plotted the
error bars for the systematics: = 5% on each data point (higher at low energy) mainly due beam
momentum variations between positron and pion beam and inefficiencies of the Cherenkov counter
for the e/n separation.



4. Conclusion

The TMP test calorimeter constructed by the Walic collaboration for the E-795 test experiment
at Fermilab has been exposed to high energy beams. The design of this prototype has permitted to
study the response of a Lead/Warm liquid calorimeter for several sampling fractions and amounts of
hydrogen along the showers.

At low electric field (6.5 kV/cm), we have measured a Signal/Noise ratio of 4 for high energy
muons with 6.5 cm of active TMP. For the same sampling fraction (6.5 mm Lead/2.5 mm TMP), we
have obtained a good linearity of the response to positron beams and a resolution close to the
expected value (18%/VE) between 2.5 and 150 GeV/c.

Four different hadronic configurations have been studied and we have obtained the e/rc ratio
for each of these configurations in function of the beam energy.

The next fixed target run period at Fermilab will allow us to complete this study by putting
more boxes in the beam and by testing other absorbers.
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