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Abstract

The Soudan II nucleon decay project is in the process of building 260 identical 5-ton
fine grained calorimeter modules for the study of nucleon decay and cosmic ray physics
in the Soudan Iron Mine in Minnesota. Several of these modules have been studied on a
cosmic ray test stand on the surface at Argonne National Lab. Several have been installed
on location in the mine, 700 m under the surface (2200mwe overburden). In addition,
many studies of trigger efficiency, pattern recognition and background rejection have been
done using monte carlo techniques.

1. Description of the Detector. The detector is an iron calorimeter with high density
(2¢/cm®) which emphasizes dE/dx measurement and excellent tracking. The detector has
been described earlier. /1/ In brief, it consists of 256 modules identical modules with a
total mass of i.1 kton. Each module consists of formed steel sheets which are stacked in a
honeycomb pattern. The array of holes is filled with resistive plastic (hytrel) tubes (ID=15
mm, OD=16 mm, length = 1 m) enclosed in mylar sheets lined with narrow copper sprips
running perpendicular to the tube axes (bandolier). A negative 10kV electric potential is
applied to the central of the 21 copper strips and successively lower voltages are applied
to the other strips, until the potential is zero at each tube end. This provides a uniform
axial drift field to transport ionization electrons from charged tracks along the full 50 cm
drift distance within the module. Full three dimensional readout is obtained from the wire
and strip locations and drift time digitization. In addition, the pulse height and shape of
each hit is measured with 6-bit flash ADC’s. A detailed description of the electronics is
given in Reference /2/.
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Figure 1: Cross section of a single driflt tube. The drift field in the tube is 200 V/cm and
the drift velocity .8 cm/ps.

A cutaway view of a single drift tube and wire is shown in Figure 1. Readout is
performed on both the anode wire and cathode pad, which are 1 cm apart. A recent
change in the design of the detector has been the addition of 0.5 mm of polystyrene sheets
between the mylar and the steel. It was found that large areas of mylar do not reliably
peform at its rated dielectric strength, but the addition of the polystyrene solved this
problem.

2. Data from the Cosmic Ray Test Stand. A number of the modules have been tested
in a cosmic ray test stand set up at Argonne National Laboratory and at the Rutherford
Appleton Laboratory. Three triggers are used. A pulser trigger is employed which puts
a known amount of charge onto each preamplifier. This has been used to check out the
uniformity of the amplifiers, the performance of the data acquisition system, and the

software used to unpack the data.

A second trigger is an internal one to detect the ionization from 26 Fe®® sources which
have been placed throughout the detector. This has been used to study pulse widths,
attenuation of the signal along the drift direction, uniformity across the anode and cathode
planes, and stability. The Fe®® sources have also been used to monitor the purity of the
gas in the gas system. Figure 2 shows the pulse height spectrum from one of the Fe®®
sources in one of the modules. The 10% resolution is well within the overall detector
design goal of 20%, althought the resolution will be degraded due to gain variations and
less predictable sources of ionization (e.g. charged tracks which cross the hytrel tubes).
Good pulse height resolution enables this detector te measure the ionization rise at the end
of a charged particle track which ranges out. This gives us the ability to determine track
direction, which is a powerful handle on rejecting many backgrounds to proton decay.

The third trigger is made by scintillation counters placed above the top and below the
bottorn of the module. There is 15 cm of iron absorber between the bottom counter and
the module to ensure a high enough energy muon spectrum that multiple scattering is
noi large. These muons illuminate the entire volume of the modules and allow detailed
uniformity and other performance studies.

Figure 3 shows the average anode pulse height for hits on a track as a function of
anode number. Data has been included from fully reconstructed tracks. This process
involves matching anode and cathode hits and requiring that there be only one track in
the detector. Anode and cathode hits arc matched using the leading time edge of the



3 HE-7.1-13P

1.0) P—*“*"‘““—rﬁv—v—-v——-‘—‘--—v—-' B
L] L
BRI -
40 e
Py
120 " ool |
1w &
=
80 5 o i
1 4 _
[§a)
. ¥ o *‘{* i ’H{i*{
- oM 0 +
<0 u O-AJ'Q‘Hl ﬁa'ﬂp“ht RAPRER _1
20 = i . .
o
’ ﬁ sa = ‘m lu ‘.50 ‘15 xa O O _—— A I L a l i PRt ‘I_J
. : o 20 40 6o
Pulse Height (arb. units) AUDE NUMBER
Figure 2: Fe® Spectrum FFigure 3: Average Anode Pulse Heights

pulses. Additional information is available from the pulse shapes thernselves. This results
in a fully reconstructed three dimensional track. Individual anode and cathode views for
a track which traversed the entire height of the detector are shown in FFigures 4a and 4b.

The most sensitive indication that ionization from charged particles is correctly being
handled by the drift chamber and the reconstruction program is the distribution of the
residual between the location of the fitted track and the individual position measurement.
The rms x-residual is shown in Figure 5a. The mean value of .47 ¢m maltches well the
expected mean value of .43 cm based on the anode spacing. The rms zresidual (in the
drift direction) is shown in Figure 5b. This shows, among other things, that the tube to
tube drift velocity variation is less than 1%.

3. Further Studies We are continuing to test modules in the cosmic ray test stand
as they are being produced. Tests are designed to ensure that the required uniformity
and stability in pulse height response is achieved. Further study of stopping muons and
bremsstrahiung events are planned in the cosmic ray test stand, which will further measure
modale performance. It is planned to place 2 number of modules in a neutrino test beam
in 1988 or 1989 in order to study the detailed characteristics of background events to
proton decay. And there will be a test beam run at Rutherford Appleton Lab using pions,
electrons and muons in the range of energies expected from nucleon decays.
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Figure 4: (a) Anode and (b) cathode views of a track which traversed the entire detector,
Plotted are the channel number versus the drift time down the tube. The blowup shows
the pulse structure that we measure from each tube.
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Figure 5: RMS residuals in the x direction (a) and the drift direction (b). Reconstructed
cosmic ray muons are used



