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Abstract

Main features of gas-icnization sarpling calori-
reters are owvtlined and corpared with acrylic scintil-
lator wave~lemgth shifter calorimeters. Caloriretry
by trasx comting using Geiger and limited strearer
mdes is discussed.

Introduction

Cas iondzation sarpling calerimeters have bzcoore
pooular in the lazst few years — MAC detector 3?; SIAC,l
CLED at Comn=11.% and the neutrino experirent” at CERY
have built detectsrs using proportional tubes for sam-
pling energy produced by electromagnetic and hadronic
cascades, At Fermilsh, a shower detector using propor—
tional wire chespers was built and tested towvard de—
veloping a large system for the pp experirent at 2 TeV
center of mass energy”.

why Gas Sampling Calorimetry

Tre popose of this parer is to simmarize the re-
cent data to find an answer to this question. The
usage of Gprog::rm:nal counters in calorimetry is an
old idsa®. Proportional chambers or arrays of propor-
Hional tubes are sangwviched together generally with
lead plates or iron plates to sample a small fraction
of the total energy through electromagnetic cascadas
for electrons, positrons and gamas, and hadronic and
electroraqnetic cascaldss for the hedrans,

Same of the reascons that makes mroportional drift
tubes or chaiers attractive for calorimetry are sum-
rerized in the following:

a. They are relatively insensitive to magnetic
field as corpared to photarmultiplier tubes in
tetecting Cherenkov or scintillation lisght.

There is no Charenkov light problem as ocours

with wave-iength snifter bars collecting light
froo scintillatars,

It is easier to bring signals out using wires
and cables than quiding Iight by light quides.

Projected detector gearetry (projecting to
target) can be conveniently provided by using
cathode pads detecting induced signals. This
is like a tower structire following the energy
flow out of the target.

e. Transverse positicn of the electrrmagnetic
cascades (showers) can be determined to a Oppg
of 1 m easilyq. A Gy = 7 m was measured
for hadmons of 28 Gev {7ef. 7).

A natiral consequence of using wires, cathode
strips, and pads is_exsellent unarbiguous mul-
tishower resolution® of 2-5 cm obtained de-
pending on separation efficiency.

Gas ionization sampling calorimeters provide
reascnably good energy resolution., Same ex~
perizental nubers from electromagnetic cal-
orizcters and the rofercnoes are given in
Table I. In the table the gas sampling and
the acrylic scintillator and wave-length
shifter devices are carpared. Qther types
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are beyond the scope of this paper. It is
also a fact that acrylic scintillator is the
most widely used material for calorimetry
these days. The table shows that the erergy
resolution gets sarrewhat worse as the scin-
tillator size is larger. This may be due to
nonuni form light collection or low photoslec~
tron statistics if the wnifommity is achieved
at the expense of photons by using some
shorter wave-length filtering techniques,

The cdifferences in energy resolution of scin-
tillator and gas sampling devices may becore

winportant at high encrgies. The future use
of these devices is going to be in this direc—
tion. Fig. } shows the energy resoluticn mil-~

tiplied by (E/t)Y? against the samling thick-
ness from several studies.

Far gas sampling hadronic calorimetry, there
is very little data at this time. R. L.
Anderson et al. reported™ an energy resolu-—
tion of Omg = .75/ °/E for pions of 1-15 Gev
using 2.7 on thick iron plates as converters.

Pulse height and gain calibration has been cne
of the difficulties of scintillation calori-
meters. Pulse height calibration was conve—
niently achieved to 1-2% by the Fermilab ex-
periment? using the 22 KeV line of a fow cat®?
sources positianed on certain chambers. Those
few wires monitored the gain variations due

to changes in atmospheric pressure, environ-
ments temperature, and the gas oompositions.
This worked out very well since these quanti-
ties change very slowly in time. The gain
uniformdty of #23% across the chambers and 4%
betvween the chambers was found to he quite
possible,

Cost of gas sampling calorijeter systems is
reasonable since the extruded aluminum or
plastic drift~tube detectors are inexpensively
constructed, and wires are comnected together
in depth resulting in a manageable mumber of
readout channels,

Unconventional Metheds

Gas sampling calorimetry in the Ceiger mode“ and
limited streamer mode may become two new techniques
that lock promising in improving energy resolution and
further easing thf 4pulse height calibration. W,
Carithers et al.,"” LBL, has recently studied the
Geiger mode of (_o_peration and found an enengy resolution
of 0 & 0.12/ Y E for electron energies up to 5 GoV.
Pbove this energy, the detector showed saturation ef-
fects which may be due to the fact that in the Geiger
charber there were nylon wires orthogonal to the signal
wires with a spacing of 1 <n, thus limiting the Geiger
spread to 1 on along the wire., Within this limit, the
pulse height would be the same for multiple tracks as
for a single track.

Recently invostigating pulses frem a drift tube,
the author noticed that large pulses of uniform height
may occur when the avalanche size excceds 8 x 10° elec-
tron-ion pairs in a gas mixturce of 49.5% A — 49.5% Gt |
1% OCH.O0H.  The pulses may be called limited streamer
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Table 1

Reference Sampling Thickness Fnergy Resolution /"t gize Energy Pange
rms (em) GeVv

1 0.5 JANE .24/ E 30 x 30 0.3 - 15
2 0.32 A7/VE .30/ E 162 x 366 0.5 ~ 3.2
4 0.68 .24/E .29/ E 30 x 30 10 - 46
9 0.32 1IN E 3/ E 18 x 18 0.5 - 12
10 0.3 .16//E .29/ E 21 x 50 2 - 10
11 0.37 092/, E 15/ /E 10 x 10 0.5~ 2
12 0.35 133/ VE .22/°/E 20 x 50 5 - 10

13 0.62 13/ .165/ ,E 20 x 20 80

in

Secnd streamers ocourring sametime later than the fipst
9 do not give rise twice the pulse height for the reascn
) '2 indicated in Fig. 4. The double streamers did result
30 . in twice the pulse height as the single streamer in
10 ot charge sensing mode, as will be shown further in the
text. High woltage dependence of the pulse height in
the proporticnal and the limited streamer regicns is
| shown in Fig. 5. It increases very slowly in the lim-
ited streamer region as the high voltage is increased.
12 There is a sharp transition from the proportional re-
gion to ln.mite\g streamer region above the avalanche
size of 8 x 10° electrons.

]
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Cosmic rays were used to investigate the minimum
12° space requirement for producing double streamers along
a wire. A pair of small scintillator telescopes were
used for limiting the cosmic ray angles which provided
a trigger for a Le Croy QvT. Fig. 6 shows that three
or nore streamers may occur within the projected length
of 6 mm along the anode wire within a 300 nsec time in-
terval. To cbtain this, high wltage was kept high,
3300 v. The result indicates that two streamers can
occur within 2 mm along the wire, and same of the elec-
tron clusters are large enough to reach the critical
avalanche size, The pulse height resclution for mul-~
tiple streamers is expected to get better if multiple
tracks are detected simultanecusly.
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Fig. 1. Enerqgy resolution results from several
studies. Acrylic scintillator results are indicated
by small circles {©} and gas sampling results are in-
dicated by large dots (e). The stidies are referenced
by the nunbers shown.

pulsesz. The cross section of the drift tube was 1.2 x
1.2 am”, and the anode wire was 100 um thick. Fig. 2
shows the pulses directly cbtained from the wire into
50 {i (oscilloscope picture of Tektronik 485 with no am~
plifier). The pulse he:.ggg distribution of the pulses
from 5.9 keV x-rays of Fe > and the cosmic ray pulses
are shown in Figs 3a and 3b, respectively. In this
case, pulses are not proportianal to_ the energy unlike Fig. 2. The limited streamer pulses cbserved cn an
what is seen by G. D. Alexeev et al.l® The Landau dis- osciloscope screen directly across 50 Q. Horizontal
tribution expected fram cosmic rays becames Gaussian- scale is 50 nsec/div and vertical scale is 10 mV/div.
like. Double streamers may be occurring for those cos- N

mic rays which go through the tube at some angle,
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Fig. 3a. The pulge height distribution of the 5.9 keV ]

x~rays from an Fe > source. :
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Fig. 5. High voltage dependence of the mean pulse
height of the 5.9 keV line in the proporticnal and the
limited streamer regions.

Fig. 3b. The pulse height distributicns of the cosmic
rays. The pulse height analyzer (Le Croy VT 2001) was
used in peak sensing mode for the pictures.
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B<2A in v sensi Fig. 6. A picture of multiple streamers within & mm
peck  sensing along the anode wire. Single, double, and triple
Q double = 2 (q single ) streamers are resclved.

Fig. 4. A sample display of a single and double
streamer pulse across a 50 N impedance.
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Fig. 7. PRate versus the high voltage using a 1 mm

oollimation slit and a 5.9 keV x-ray source.
cates that rate limitation is not reached with this
source strength.

An attempt was made for studying rate capability
of the drift tube in the limited streamer mode. S% 1 mm

wide collimated source of 5.2 keV x-rays from Fe
was uced for the test.
the arplied high woltage.

ahility is becter than 2 x 107/sec cm per wire. Due

to the lack of a high energy beam and higher intensity
source, the uprper limit is not known at this time. It

is clear that this is a different phenamena thi.g the
ghenarena reported earlier by §. Brehin et al.

than this case,
Conclusions

a. Track counting in the limited streamer mode
is expected to improve energy resolution in
gas calorimetry owing to the fact that the
Landay tail is elimina 4
lution in the Geiger mode
this belief.

b. Drift tube size of 3-4 nm would be better for
calorimetry by providing even higher rate ca-

pability with more streamer tracks per unit
area.

c. At this time the author does not knew at what
energy of electrons or pions a saturation ef-

fact on the energy resolution may becamne a

limiting factor for the limited streamer sam-

pling calorimetry. This will ke studied,

d. Using this technique, very inexpensive multi-
J. K. Walker's
group at Formilab is plaaning to u:selghis tech-

plicity telescopes can be made.
nigue for their neutrino experiment.
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