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Abstract

We present the results of a preliminary
test on an e.m. calorimeter test module using
Plastic Streamer Tubes with external pad read-
. out. We have measured energy response and re-
solution between 2 and 10 GeV, and N/e discri-
mination at 10 GeV.

1. Introduction

Plastic Streamer Tube devices (PLA.S.Tu-
bes in the following) are based on the use of
resistive cathodel and are operated in the 1li-
mited streamer modeZ. PLA.S.Tubes have a high
resistivity cathode (f.i. graphite coated
plastics) which is transparent to transients
and external electrodes (strips, pads, delav
lines) are used to pick-up induced pulses.This
device has been or is being used in several
experiments(see f.i. ref.3'4’5)as the sensiti-
ve device of tracking calorimeters with simple
digital (yes/no) readout of individual projec-
tive elements. The digital readout allows to
record the detailed spatial pattern and is
convenient in those experiments, such asproton

FIG. 1. Plastic Streamer
Tube module.

decay4 and neutrino detectorss, where trackihg
is of relevance. Good shower energy measure-
ment is limited to relatively low energies6,
due to track pile-up on the same readout ele-
ment, the limit depending on the granularity
and density of the calorimeter.

Here we present the results of a prelimi-
nary test performed with a PLA.S.Tube calori-
meter with streamer charge readout by pick-up
pads, which shows its possible use as e.m.
shower calorimeter in the energy range of
interest for high energy colliders. The idea
of measuring shower energy by measuring the
total charge collected in a saturated mode
device has been already used in the Limited
Geiger e.m. calorimeter of PEP-4 . Total
charge measures the total number of elementary
discharges, which is equivalent to count tracks
and so to measure energy. The response is linear
and resolution varies as 1/JE, up to energies-
(several GeV) for which track pile-up occurs
in the elementary Geiger cell. Limited streamer
mode allows to operate in an analogous way.
Now the elementary cell area is given by the



tube width times the streamer obscuration
length, the length of the dead wire region
due to a single streamer. With respect to the
Limited Geiger device,the mechanics of streamer
tubes looks simpler, since they do not need a
mechanical device to localize the discharge,
and smaller elementary cells appear feasible,
by acting on the gas mixture. The use of PLA.S.
Tubes makes possible simple construction of
both oriented tower and strip structures.

We have built the test module using tu-
be modules of the Mont Blanc proton decay ex-
periment. We will briefly describe their techno-
logy in par.2, before'discussing the e.m.
lorimeter test module and the experimental re-
sults.
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2. Plastic Streamer Tubes

The Mont Blanc proton decay experiment
(Frascati, Milano, Torino, CERN) makes use of
about 50.000 PLA.S.Tubes equipped with about
100.000 x and y strips, for a total pick-up
area of 3400 m2. Details of the device structu-
re are shown in fig.1l and 2. The constructive
unit® is an 8-cell open profile, coated with
graphite ®5x10%/square). The 100 um Be-Cu
wires are kept in central position by PVC
spacers every half a meter. A top cover, also
coated with graphite (2103 /square), completes
the tube structure. The tube element is
0.9x0.9 x 350 cm3. Two 8-tube units are insert-
ed into a PVC bitube container.

Detection planes are made by simple
juxtaposition of PLA.S.Tube modules and two-
dimensional readout is performed by 16-strip
units8,9 facing the tube elements as shown in
fig.2.

Modularity,
city of the streamer mode,

thick sense wires, uncriti-
splitting of pick-
up and active element function, use of thermo-
plastics and their technology, make this detec-
tor cheap and simple to build and operate.

3. Test Module Description

The test module (34 x 50 cm? x 50 cm depth)

consists of 16 lead sheets 5 mm thick (0.9r.1.)

interleaved with the PLA.S.Tube modules descri-
bed before. The total depth is 14.5 r.l. and
the average distributed r.1. is 3.3 cm. The

single element of the sandwich is shown in
fig.3. The 100}1m thick wires are not
read out being simply connected to the H.V.
(fig.4).
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FIG. 2. Plastic Streamer Tube module with x
and y pick-up strips.
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FIG. 4. H.V. and readout scheme.
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FIG. 5. Single tube layer
efficiency as a function of
H.V. for orthogonal tracks.

FIG. 6. A typical single streamer
pulse as detected on the wire (5001
load).

Streamer induced pulses are picked-up
by external pads which are 34 x50 cm® printed
circuit boards, with copper on both faces as
signal and ground electrodes. On the tube side
opposite to the readout pad, there is a ground-
ed aluminium sheet. The 16 pads are connected
through linear mixers and attenuators, to one
or more ADC circuits (fig.4), to read out in-
duced streamer charge.

The tubes are operated in the streamer
mode with an Argon + Isobutane (1+3) mixture.
The working voltage (4.6 KV) is about 100 V
above the knee of the efficiency plateau for
streamer production by minimum ionizing parti-
cles (fig.5). A typical single streamer pulse
as detected on wires (50 Ohm termination) is
shown in fig.6: the shape is triangular, with
~1 mA peak current and 40 ns duration. Typi-
cal single and double streamer pulses as de-
tected on a pad are shown in fig.7: the pulses
are integrated by the large pad capacitance
(~ 4000 pF), which discharges through the 50
Ohm termination with a 200 ns time constant.

The induced charge distribution on the
pad facing one tube layer for tracks at nor-
mal incidence, is shown in fig.8. The distri-
bution is substantially due to single stream--
ers. It peaks at 14 pC, with a 50% FWHM.

4. Experimental Results

The test module was exposed to electron
and pion beams at CERN-PS, at four different
energies: 2,4,7,10 GeV. In fig.9 the total
charge distribution collected on the pads is
shown for 10 GeV electrons: the narrow peak
near the origin is due to residual pions in
the electron beam trigger.

FIG. 7. Signals on a pad due to
single and double streamers
(501 load).
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FIG. 8. Collected charge distri-
bution on a single pad for FIG. 10. Signal and energy reso-
single orthogonal tracks. lution as a function of electron

energy. The signal is in units
of orthogonal track signal (non
interacting pions).

The total collected charge at the elec-
tron peak corresponds to~650 streamers: a 28
db attenuation was necessary to match the ADC
operation range. Making use of transition
80t curves for electron showerslq from the total
number of streamers we have estimated an ave-
rage numebr of ~ 100 streamers on the plane at
60} the depth of the shower maximum.

Total charge readout as a function of
electron shower energy is plotted in fig.10.
The solid line comes from the experimental
e, 10 GeV points, corrected for shower losses on the
back of the calorimeter. The linear behaviour
i» below 2 GeV has been somewhat arbitrarily as-
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sumed. However it appears a reasonable assump-
o e tion from the I/JE'behaviour of energy resolu-
o 200 400 600 800 tion. This is reported also in fig.10. The ex-

(Chmge/Pad) {pC) perimental points have been corrected for show-
er loss fluctuations (the maximum correction
was at 10 GeV, from 10% to 9%). The solid line
corresponds to 28%/\JE. Due to tight beam sche-
dule we have not explored operation conditions
(gas and H.V.) different from those quoted abo-
ve, which are the standard ones for the digi-
tal readout of the Mont Blanc detector. How-
ever in one electron run at 10 GeV we have
operated the tubes at 4.5 KV, measuring a
spread corresponding to 26%/A/E. The measured
energy resolution is equivalent to that obtain-
ed with the Limited Geiger calorimeter quoted
above, when scaled with \Jt.

FIG. 9. 10 GeV electron spectrum
together with residual pions, in
units of the average charge induced
on the 16 pads.
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FIG. 11. Scatter plot of the

charge collected on the first
three pads vs. total charge,

for 10 GeV pions.

By comparison of non linearity at 10
GeV, between our calorimeter and the Limited
Geiger one, and correcting for different den-
sities ( Xe =3.3 and 5 cm respectively), we
have estimated a streamer obscuration length
of ~1.5 mm. We have assumed a negligible ef-
fect on linearity due to the high resistivi-
ty cathode.

The test module was exposed to a 10 GeV
pion beam, to measure TM/e discrimination, In
both the electron and pion tests in addition
to the total charge, the charge collected on
the first three pads was measured. The scat-
ter plot in fig.11 shows the front-radiator
vs. total charge distribution for a sample of
300 pions. Only one event gives an amplitude
in the 90% acceptance region (shown dashed in
the figure) for 10 GeV electrons.

5. Future Development

The results obtained concerning the e-
nergy response do not appear as a limit. They
can be improved by reducing the tube width
(PLA.S.Tubes down to 4 x 4 mm2 have been ope-
ratedll, and the streamer obscuration length
(by increasing the quenching fraction in the
gas mixture, to reduce streamer charge).

Due to reduced track density in hadron
showers with respect to e.m. showers, from
the results with the e.m. calorimeter one can
inferl2 a comparatively larger linear range
for PLA.S.Tube hadron calorimeters.

The PLA.S.Tube device allows simple ar-
rangement of oriented towers and strip geome-
tries for optimal spatial information (shower

vertices and profilesybtrackingthroughironla.

The use of a saturated mode simplifies
controls and stability problems.

Within the work to prepare proposals
for LEP, tests will be performed with both
e.m. and hadron calorimeter PLA.S.Tube test
modules, with fine sampling, tower and strip.
arrangement.
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