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ABSTRACT

The SDC barrel electromagnetice calorimeter test module was exposed to beams
of high energy pions and electrons in the MP9 test beam at Fermilab in the fall of
1991. Data were collected on resolution, light yield , signal timing and hermitic-
ity. These data demonstrated that the design met the specifications for the barrel
electromagnetic calorimeter of the Solenoidal Detector Collaboration (SDC).

1. Introduction

The SDC ! chose to build a sampling calorimeter using scintillator plate
with wavelength-shifting fiber readout as the sampling medium, and lead and iron
plates for the absorber media in the electromagnetic and hadronic calorimeters
respectively. The overall structure is formed by assembling submodules, each of
which covers a fraction of the azimuthal solid angle (wedges). The electromagnetic
calorimeter wedges are fabricated by casting lead sheets within a low mass stainless
steel frame. Aluminum spacer plates inserted in the casting provide for the slots
into which scintillator tiles may be inserted. To evaluate the expected performance
of this design, two such wedges which were 1/6 of the length of the full scale device
in the z direction but covered the full azimuthal angle were cast and instrumented.
The z segmentation for this test module comprised 5 towers along its length and 2
in azimuth each of approximately 10 x 10 cm in area. These wedges were mounted
on a remotely moveable table and exposed to high energy beams in the Fermilab
MP9 area. 3 The gap between the two wedges was arranged to be comparable to
that which would be realised in the full calorimeter. A schematic of the layout is
shown in Fig. 1. The key items under study were the energy resolution of the device
and its hermiticity. However, several other aspects of the design were investigated
and are reported below.

2. Test Beam Instrumentation

The MP9 area at Fermilab was well known to several members of the group
embarking on these test module measurements as it was used previously for a po-
larised beam experiment in which they were participants. * The beam line instru-
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SDC TILE/FIBER CALORIMETER
Truncated EMC Module for Testbeam
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Figure 1: The barrel electromagnetic calorimeter test module (schematic).

mentation comprised multiwire proportional chambers, scintillator hodoscopes and
a dipole magnet for momentum ta ing. Below 40 GeV, the momentum resolution
of the beamfi.ﬁe is primarily limitedggy multiple scattering off material in the beam-
line and is shown in Fig. 2. Particle identification was available using two threshold
Cerenkov counters. The electron contamination in the pion beam was typically a
few percent. The calorimeter towers were read out using R580-17 photomultiplier
tubes coupled to a LRS2249W charge integrating ADC. The data were readout via
CAMAC using an online system based on VaxOnline. Realtime monitoring was
available via PAW,

3. Electromagnetic Calorimeter Performance.

3.1. Resolution

The resolution of the electromagnetic calorimeter has been a topic of rather
heated debate within the SDC. There is necessarily a desire within the collaboration
to build the best possible device. However, this desire had to be tempered with the
fiscal contraint of building an economically feasible detector. This lead to the spec-
ification that the stochastic term in the energy resolution be less than 15% and the
constant term less than 1%. These specifications then imply that the lead sampling
be 4 mm, that the lead plate thickness uniformity be better than of order 2% (from
EGS studies) and the light yield be better than 2 photo-electrons/MIP /scintillator
layer. The plate thickness and light yield for the components used in the first of
the two test modules is shown in Fig. 3. It should be noted that when built the
SDC specifications had not been defined and therefore 5 mm lead plate sampling
was used. However, in all other aspects, this device met the eventual specifications
for the components and there was no obvious limitation arising from the modest
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Figure 2: A Monte Carlo calculation of the multiple scattering limit on the momentum determina-
tion from material in the beam tagging system.

difference in plate thickness.

The resolution was one of the first performance characteristics studied in the
test beam using high energy electrons. Figure 4 shows the measured resolution as
a function of energy for electrons impinging on the center of the second tower in
z in the module (chosen to ensure good containment). In addition, to verify the
photo-statistics, data were taken with a 2.6 times attentuating neutral density filter
placed between the fibers reading the phototube and the photocathode. This gave
an answer of 2 pe’s per layer.

Following this result, further studies were made using the bench setup to
study the discrepancy between the expected photo-electron yield of about 3 pe’smip
and that measured in the beam of approximately 2 pe’smip. This was traced to
the fact that the quantum efficiency of the tubes being used was dependent on the
operating voltage. By an unfortunate turn of events we had chosen to operate in
the test beam at lower voltage in order to maximise the dynamic range in beam
energy when restricted to the 11 bit readout of the ADC. This resulted in an loss
of approximately 30% in photo-cathode quantum efficiency (Fig. 5.)

3.2. Hermeticity and Uniformity

The tower stucture of this calorimeter is formed by the boundaries between
tiles, which allow no scintillation light to pass. Several classes of such boundaries
exist in the SDC design. The full calorimeter is assembled by connecting together



25 r T T T L — 100 T T y T T
* 90 b W= 5020
20 ¢ . 80 o= 0.049 -
70 r n
g 15} . _% 60 | 4
F & 50 1
s 10} - © 40 | -

] o

= = 30 B
5F . 20 h
10 1 .

1 | S e s o A1 1 1 v . L

120 160 200 240 48 4.8 5 52 5.4

Tile Light Yield: 60 counts/pe/mip Abgorber Thickness (mm)

Figure 3: Uniformity of component elements of the first test module constructed: a) scintillator
tile light yield measured using 3 MeV electrons from a Ruthinuium source; b) lead plate thickness
measured for three points per plate.
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Figure 4: Calorimeter energy resolution for electrons with energies between 10 and 50 Ge\'. The
solid line is an EGS prediction in which the effects of photo-statistics, sampling fluctuations and
momentum tagging resolution have been included.
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Figure 5: R580 photo-electron yield as a function of operating voltage

wedges, each of which cover 0.2 radians in azimuth. The crack between these wedges
is used to route the readout fiber to the photon detectors. This fiber routing gap
is 4.5 mm total and contains two sheets of fibers, thin stainless steel skins and a
physical gap to prevent azimuthal load transfers within the stucture. As the wedge
subassembly is 44 cm in azimuth this gap contribute of order 1% loss of acceptance
(though it contributes a somewhat larger loss of good fiducial volume). A second
azimuthal boundary is the result of the tower structure of the calorimeter. Each
wedge has 4 towers in azimuth (covering a 6¢ of 0.05 radians) formed by individual
tiles separated by spaces of approximately 0.3 mm. EGS studies of the effect of such
gaps in the sampling medium show that they will contribute less then 0.1% to the
constant term in the resolution. Finally, the casting technology used to fabricate
the absorber structure requires 0.5 mm stainless steel bulkheads at intervals of
0.1 5 to support the lead plates (except in the slot containing the shower maximum
detector where this spacing is increased to 0.2 ;). In addition, to the loss of sampling
medium, these bulkheads also absorb part of the shower energy and were the subject
of considerable study. GEANT studies indicated that all of the apparent loss of
resolution could be recovered by simply correcting the observed signal as a function
of position. This conclusion was confirmed in testbeam measurements of a prototype
electromagnetic calorimeter test module. Figure 5 shows the uncorrected signal as a
function of impact position in z along the face of the calorimeter. The resolution as
a function of position, for the response corrected by the parameterisation, is shown
in Fig. 6, where there the bulkheads are no longer visible. The fraction of energy
lost in the cracks between tiles in a single wedge was studied in order to determine
a specification for their placement. These data are shown in Fig. 7, where they
are compared to a GEANT calculation and a numerical estimate based on the CDF
electromagnetic shower parameteristion. The agreement is good, and the conclusion
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Figure 6: Cast lead electromagnetic calorimeter prototype : the uncorrected response to 35 GeV
electrons as a function of impact point. The curve is a fit to the data. The arrows indicate the
position of bulkheads.

made was that the placement of tiles should provide for a meximum gap between
scintillators of less than 0.4 mm.

3.3. Linearity

For part of the running time it was possible to use very high energy beams of
electrons. The rate at the highest energy was low due to a flux limitation and there-
fore it was only possible to establish the linearity of the device (some non-linearity
is expected due to back leakage). The response of the calorimeter to electrons from
35 to 150 GeV is shown in Fig. 8. The observed linearity is qualitatively good.
A more quantitative statement proved impossible to due magnetic field saturation
in the momentum analysing magnet (which was also part of the beam transport),
which limited the precision with which the absolute momentum scale was known at
high energy.

3.4. Readout Speed

It has long been recognised that scintillating calorimetry offers low noise sig-
nals with fast readout speed. This was one of the main advantages of this technology
which lead the SDC to adopt it over its main contendor, a liquid argon calorimeter.
There was however concern within the collaboration that this high speed readout
could not be realised in practice, given the reflecting cavity formed by the wrapping



Corr. 3 Tower Sum Pulse Height Resolution va. X

o-10 = 4mm Sices tn X 7
E oo06 [ -
§ 000 _ *W J{fhﬁﬁﬂw@hﬁm JﬁHmﬂw%'l A{#‘Wﬁﬁ; j
I
N S NFIRLTLLE L S ]

Beam X Position (cm)

Figure 7: Cast lead electromagnetic calorimeter prototype: The energy resolution for 35 GeV
electrons, using pulseheight corrected for loss of signal response in the bulkhead regions.
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Figure 8: Loss of signal resulting from gaps between scintillator tiles within a single wedge.
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Figure 9: Calorimeter response to electrons as a function of energy

on the scintillator tiles. Following completion of the the basic energy measurements,
a study of the energy response and resolution as a function of integration gate was
carried out. This is shown in Fig. 9, which shows that a gate length of about 40
nsec is required to allow maximimum response and resolution.

4. Performance Summary

The SDC have chosen a conceptually rather simple technology for the cen-
tral calorimeter. This uses the concept of embedded wavelength shifting fibers to
couple scintillation light from tiles in a sampling calorimeter to a photon detector,
with a minimum of uninstrumented detector. In practice however, this approach
has opened some significant technological issues: mechanical support of a large
structure with tight tolerances and small gaps; optical uniformity in a large number
of scintillator tiles and many kilometers of wavelength shifting and plastic optical
fiber. We have constructed and tested in high energy beams two test modules fol-
lowing this design concept. These have performed as expected and met the general
perfromance specifications of the SDC.
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Figure 10: Energy resolution and response to 35 GeV electrons as a function of signal integration
gate.
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