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ABSTRACT

A fine grain hodoscope to measure the position of showers in the outer ( |x]| >
52cm ) region of the E-705 electromagnetic calorimeter is described. The hodoscope is
constructed with two layers of vertical conducting plastic tubes for the X position
measurement of showers. Y position measurement of showers was accomplished by
cathode induced horizontal strips. A 50/50 argon, ethane bubbled though isopropyl
alcohol at 09C gas mixture was circulated through the tubes in parallel. The tubes were
operated at +1.925 kv on the wire (below the region of saturated avalanche) in the limited
proportionality mode. The hodoscope is described and results are presented for the
position resolution, shower width, and charge detected as a function of calibration
electron energy.
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Fermilab experiment E-705! will study the hadronic production of charmonium and

direct photon production. The experiment uses a 300 GeV/c n+/p or a rc'/p_bcam

transported to a TLi target. The beam is capable of delivering an electron beam tunable
between 2 and 100 GeV to calibrate the electromagnetic calorimeter. The spectrometer
(Figure 1) includes a beam tagging system, charged particle tracking (upstream and
downstream of a momentum analysis magnet), muon identification, and an
electromagnetic calorimeter.

The electromagnetic calorimeter is 10m downstream of the target which detects

photons from x-—->J/§l ¥ decay and direct photons. The main array is also part of the
direct photon trigger.« The calorimeter (Figure 2) is divided into two parts, the converter
and main array. The main array is 20.5 radiation lengths in depth and contains most of
the shower energy for measurement. It is composed of an inner core of SCG1-C
scintillating glass blocks® and SF5 Pb glass blocks on the outer regions. Upstream of

the main array is the photon converter. The inner |X| < 52 ¢m horizontal portion of the
converter has a Pb radiator/gas calorimeter which also determines the photon position.

The outer |X| > 52 cm region has an active converter made of columns of SCG1-C
scintillating glass blocks 3.5 radiation lengths thick. The subject of this paper is a finely
segmented shower position detector located downstream of the active converter and
upstream of the main array blocks. The shower position detector consist of two panels
156 cm in X and 197 cm in Y with a 84 cm gap in the middle. Each panel has a 10 cm
overlap with the central Pb/gas converter.

The shower posmon detector is constructed of vertical 10 mm by 7 mm (ID)
conducting plastic tubes > (Figure 3a) with a wire centered in the tube (at positive high
voltage). The anode wires are read out with LeCroy 2280 ADCs which provides the
shower's X position. The wire was held on either end by a crimped copper capillary tube
held in an end cap which sealed the end of the tube. A special compressed air powered
crimper was used to crimp the wire in place. Two planes of tubes were epoxied between
three planes of double sided copper clad G-10. The center board served as the ground
plane for the tubes and the structural member in which the detector is suspended. A
conducting epoxy made of powdered graphite mixed with amber Scotch 2216 structural
adhesive was used to attach (electrically and structurally} the tubes to the ground plane.
The outer G-10 boards had 8 mm strips cut on the copper surface adjacent to the tubes
which are capacitively coupled to the anode and serve as the Y readout (Figure 3b). The
Y strips were also readout by the LeCroy 2280 ADC. The detector used a gas mixture of
50/50 argon ethane bubbled through isopropyl alcohol at 00 C. The gas was distributed
through holes drilled from the outside surface at the top end the the tubes (for gas feed)
and at the bottom (for gas exhaust) A manifold covered the lines of holes on the top and
bottom, upstream and downstream planes of tubes (Figure 3c).

The hodoscope constructed for the 1987 run was designed to be operated at a lower
voltage than the previous model.6 The operating voltage was low enough to require the
signals to be amplified. The amplifiers used for the anode is shown in Figure 4a, and

increased the charge collected by the ADC by a factor of 20 (the amplifiers drove a 50
load). Figure 4b shows the cathode amplifier which inverts the cathode signal and
amplified it by a factor of 75. A prototype of th86detcctor (single layer of tubes with
cathode strips) and amplifiers was tested with a 106Ru source before the large detector
was constructed. A small cylindrical section of the outer G-10 wall was removed to

allow Ps from the source to pass though the prototype and trigger two scintillator
counters on the other side. The scintillators were in coincidence and triggered an ADC
which digitized the charge collected for anode and cathode. The ADC was read out by an
IBM personal computer that also histogramed digitized charge of each event. The mean
charge as a function of high voltage (reduced by the amplification) is shown in Figure 5.
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Figure 6 shows the charge gollcctcd as a function of voltage for minimum ionizing
muons in an earlier proto used in the 1985 data collection run of E-705. This
detector used 50/50 argon-ethane bubbled though ethanol at 0°C but had identical wire
size and tube dimensions. Two bands are present from the saturated avalanche and the
limited streamer mode. The large detector was illuminated with a muon beam during the
1987 run to obtain the charge deposited per minimum ionizing particle. A value of 0.45
10.03 pc per minimum ionizing particle at 2100 volts was obtained and is superimposed
onto Figure 6. No value was obtained for the cathode strips as the minimum ionizing
signal for the anode was just above threshold.

The detector was exposed to the electron calibration beam to study its response as a
function of energy. The electron beam was tagged and calibration events were recorded
if there was only one electron indicated by the beam definition. These calibration events
were studied in the hodoscope. For each calibration event, the peak block in the array
was found and the hodoscope upstream of that block was investigated. The peak channel
and the surrounding * 4 channels in the hodoscope upstream of the peak block were
used to study the shower. ADC distributions for these tubes were obtained for
approximately 1000 showers, and the means and rms were obtained. These means and
rms vs tube number in the shower were plotted in Figure 7 to show the profiles of the
anode (X) and cathode induced (Y) projections for 6, 30, and 60 GeV electrons. Total
ADC counts for an electron shower at a given energy were obtained by summing the
ADC counts for the peak channels and + 4 channels. The means and rms of distributions
for the total ADC counts for 1000 showers at various energies were obtained and are
plotted in Figure 8 for both the anode (X) and cathode induced (Y) projections.

Each individual shower in the interval of nine channels was also fitted to an
exponential form:

e-Ix-pl/c

where | is the mean position of the shower, & corresponds to the shower width. The
distribution of shower widths (resulting from the fit) was obtained for 1000 electron
showers of a given energy. The mean and rms from this distribution were obtained and
plotted in Figure 9 as a function of energy for both the anode (X) and cathode induced
(Y) readout. Both the anode and cathode projections of the shower width appear to be
flat as a function of shower energy with a mean value of <> = 1.42 £ 0.24 cm for the
anode and a value of <> = 2.41 + 0.24 c¢m for the cathode.

The position resolution for the hodoscope was obtained from the residuals of the
shower position refative to the beam position. The table supporting the calorimeter was
moved so that a given block was exposed to the electron beam tuned to a given energy.
The beam position as measured by the beam tracking chambers was projected to the
hodoscope. The peak tube in the cluster of tubes nearest the beam was used to select the
center channel and the t 4 channels for the fit to the exponental form. The fit to the

shower was done to obtain the shower position (1) and the residual to the beam (p-beam)
was calculated for the shower. An overall offset for the table was subtracted from the
residual to center it at zero. A distribution of the residuals for approximately 1000
clectron showers was obtained. The rms of the residual distribution is the position
resotution which includes the beam position error (due to multiple scattering and beam
chamber resolution). The rms of the residual distribution was corrected for the beam
position error by subtracting in quadrature the beam position error at each energy as
estimated by monte carlo calculation. The resulting beam error corrected residual is the
position resolution and it was obtained for all electron calibration energy and is shown in
Figure 10 for the anode and cathode.
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Figure Captions

Figure 1. The E-705 spectrometer. The shower position detector is located in the
electromagnetic calorimeter between the scintillation glass active converter and the main
array 10 m downstream of the target.

Figure 2 a) The main array as viewed along the beam. The dotted line indicates the SF5,
SCGI-C glass interface. The large blocks are 15 cm by 15 cm. There are 7.5 cm by 7.5
cm SCG1-C glass blocks close to the beam hole. b) A side view of the calorimeter with
the active converter upstream and the main array downstream. The shower position
hodoscope is between the active converter and the main array.

Figure 3 a) A cross sectional view of the top of the shower position detector. b) The
cathode induced strips that were cut on the outer G-10 boards of the shower position
detector and were adjacent to the plastic tubes. The strips compressed to 0.1 inch
centered teeth suitable for a connector. ¢) Side view of the shower position detector that
shows the gas port and the capillary tube used to hold the wire. No wires were lost due
to slippage.

Figure 4 a) The anode amplifier used to multiply charge collected on the anode wire by
20. b) The cathode amplifier which inverts and amplifies by 75 the cathode induced
signal.

Figure 5. Charge collected s a function of high voltage from P emitted from a 106Ry
source for a small 20 cm by 30 cm test chamber. The charge collected is corrected for
amplification.

Figure 6. Charge collected per minimum ionizing muons for a simular chamber (same
tube dimensions and wire diameter) from a prototype of the 1985 E-705 shower position
detector. The saturated avalanche mode and limited streamer mode are clearly visible and
overlap. The charge collected from the anode of minimum ionizing muons for the present
1987 run chamber, corrected for amplification is superimposed.

Figure 7. Shower profiles of the anode and cathode readouts for various electron
energies. a) 6 GeV, b) 30 GeV, ¢) 60 GeV.
30 Gev electron showers.

Figure 8. The total ADC counts for electron showers for a given energy was obtained
from the mean of the distribution of total ADC counts for 1000 showers. The rms of the
distributions are used as the error bars. The means are plotted as a function of energy.
a) anode, b) cathode.

Figure 9. The width of individual showers was obtained from a fit to an exponential
form. The mean from the distribution of the widths from 1000 showers, with the rms for
error bars are plotted as a function of energy. The widths are reasonably flat with

average values of <o> = 1.42+ 0.24 c¢m for the anode and a value of <a> =2.41+0.24
cm for the cathode. a) Anode, b) cathode.

Figure 10. The residuals of the shower position (as determined from a fit of individual
showers to an exponential form) minus the electron beam position were fitted to a
Gaussian distribution. The sigma from the Gaussian fit with the error in the beam
position due to multiple scattering subtracted in quadrature is plotted vs the reciprocal
square root of the electron beam energy.
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