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Abstract
Akopdjanov G.A. et al. The Plastic Tube Hadron Calorimeter. The Study of

Operation Properties and Particle Separation: IHEP Preprint 88-211. -

Serpukhov, 1988. - p. 11, figs. 9, table 1, refs.: 5.

The DELPHI hadron calorimeter prototype plastic tubes were tested

to show a long-term stability of the prototype operating with the gas

mixture dioxide carbon-isobutan.

The operating properties of the prototype are investigated and pre-

sented as well as the results on particles separation.

Аннотация

Лкопджанов Г.А. и др. Адронный калориметр на пластиковых трубках. (ИоследоЕа-
ние рабочих характеристик и разделение частиц): Препринт ИФВЭ 88-211. -
Серпухов, 1988. - 11 с , 9 рис., 1 табл., библиогр.: 5.

Проведенные тесты с прототипом адронного калориметра ДЕЛФИ на пластико-
вых трубках показали долговременную стабильность функционирования прототипа
при использовании газовой смеси двуокись углррода - изобутан.

Приведены рабочие характеристики прототипа и результаты по разделению
частиц.

Институт физики высоких энергий, 1988.



INTRODUCTION

The hadron calorimeter (H.C.) prototype tests are be-

ing continued at IHEP within the framework of DELPHI col-

laboration. 20 planes of plastic tubes are used as active

elements which can operate in a self-quenching streamer

(SQS) mode/-
1
/. The tubes are 1 ra long and the anode wire

diameter is 100 ц . A detailed description of the prototype

is given in/2/.

The tests were performed with a proton beam (IHEP, beam

line 18) mostly to measure the long-term stability of the

plastic tubes operating with the gas mixture: dioxide car-

bon- isobutan CX>2/iC
4
H-j

0
=9/l/

3
/. With such content of the

quencher (10% of isobutan) the gas amplification has no

transition from the saturation proportionality to the stre-

amer mode. A more reliable operation of plastic tubes in

SQS mode can be achieved by increasing isobutan content.

But this was not done on purpose in order to fully develop

and investigate the non-stability effects.

Preliminary results were obtained on separation of mu-

ons and hadrons using the H.C. prototype which is also a

matter of interest. Really the operation quality of rauon

and hadron triggers, generating the DELPHI H.C. first le-

vel trigger, depends on the degree of this separation.

BEAM AND ELECTRONICS

The central part of the H.C. prototype was exposed to

a proton beam S
b e a m

~ 5 cm
2
 with some fraction of muons,

the intensity being 3-5-10^ particles/cycle. For 5 GeV/c

and 10 GeV/c protons the muon contamination was ~ 20% and

~5%, respectively. The muon content of the proton beam

was appropriate to control the stability of operation of

the H.C. prototype central tubes by analysing the muon

response Q.of the supertower (STi) (the total charge of

five planes) in different runs.



The data-taking was performed by means of the 64-chan-

nel analogue electronics, designed for such tests'
1
*/.

A characteristic feature of analogue electronics (which

is adapted to LEP beams) is its low loading capacity due

to the absence of fast gates. This is clearly exhibited

by the change of the pedestal distributions when the elect-

ronics is triggered by the generator. The dynamic range

of the lO~bit analogue-digital converter (ADC) was chosen

to be 240 pC, which allowed:

a) to fix the increase of the dark current for each

plastic tube;

b) to identify muons with high accuracy;

c) to detect hadron events in a wide range of gas amp-

lification (from the proportional mode to the beginning of

SQS-mode).

Fig. 1 shows the dependence of the H.C. prototype total

charge Qu с
 o n

 H.V. for 5 and 10 GeV/c protons and muons.

For protons the deviations from linear are mostly due to

the saturation effect of some ADC. Reliable results were

obtained for 5 GeV/c protons with the H.V. up to 4.4 kV

and for 10 GeV/c protons up to H.V.=4.2 kV. Note, that for

hadron-to-muon ratio this data yield but approximate re-

sults. Really in case of the hadron shower all the H.C.

prototype tubes operate, while for muons only the plastic

tubes along the beam do. As it will be shown below the dif-

ference in response of some tubes is significant. In Fig.3

one can see that the SQS-mode starts at H.V.=4.4 kV^
3
/ for

minima1-ionization particle.

HADRON TRIGGER

The quality of hadron trigger depends on separation of

charge distributions of hadrons and muon. In a general case

this is a function of both, the hadron energy and the gas

amplification mode (in which the plastic tubes operate)/^/.

Fig. 2 shows the total charge distribution 0„
 c
 for 10GeV/c

particles at the H.V.=4.2 kV and one can see'a clear sepa-

ration of hadrons and muons. A similar separation is ob-

served in the whole H.V. range up to the proportional amp-

lification mode. Fig. 3 shows charge distributions for

5 GeV/c particles for two gas amplification modes: for the

proportional (H.V.=3.84 kV) and for the beginning of the

SQS-mode (H.V.=4.4 kV). In the proportional amplification

mode there is a fusion of muon and hadron charge distribu-

tions, while at H V.=4.4 kV one can observe a definite se-



paration of peaks. Nevertheless, the energy resolution of
the H.C. prototype for 5 GeV/c hadrons is not enough for
a clear hadron trigger and hence for the first level
trigger.

Fig. 4 shows the H.V. dependence of energy resolution
for hadrons AQ/Q (the ratio of F.W.H.M. to the mean char-
ge). One can see the resolution to improve with the pro-
portional to streamer mode transition. In this figure only
those data are shown where the ADC saturation is not sig-
nificant. One can assume that the plateau for the energy
resolution appears at the H.V.=4.5-4 6 kV. Also shown are
the data for 9.1 GeV hadrons in a pure SQS-mode (the run
of 1985, argon-isobutan gas mixture Ar/iC.H10=l/3).

MUON TRIGGER

To understand the muon trigger production in fig.5 are
shown the charge distributions of supertowers ST1-ST4 for
5 GeV/c particles at H.V.=4.4 kV (the empty triggering -
pedestals - are dashed). The muon peaks are distinguished
in hadron shower distributions and by means of comparators
logical /^-signals can be obtained from each supertower.
The ^-trigger is produced when four fi-signals coincide,
the hadron trigger being absent. The quality of ^-trigger
depends mostly on the identity of Q/i response of each su-
pertower. Fig.6 shows the Q^Ldependence of supertowers on
H.V., the difference in response being 40%. This makes the
production of ̂ -signals more complicated if one level of
comparison is used. The Q» spread can be related to the
spread of the resistive graphite surface of some plastic
tube cathodes, that is due to different charge penetration
through the cathodes to pick-up electrodes. During the H.C.
prototype tests, after each new packing of tubes (random
packing), new combinations of Q^ responses were obtained.
As an example, Table presents the results of the run of
1985 (gas mixture Ar/iC4Hlo=l/3, H.V.=4.6 kV).

Table

Q» (arb. uni t s )

ST1

12.9

ST2

13.8

ST3

15.7

ST4

13.2



The spread of gas amplification of some tubes gives a
smaller contribution to the spread of /^-responses. The
same can be said about the spread of the analogue electro-
nics sensitivity.(Fig.7 shows the contribution of calibra-
tion of 64 channels of electronics,using one charge source).

Note that in the gas amplification region, where the
saturated-proportional and SQS modes exist at one and the
same time, the dependence of the gas amplification on vol-
tage can be reflected in the spread of probabilities of
transition from the proportional to streamer mode. In our
case, when we use the gas mixture with the continuous de-
pendence q=q(H.V.)/3/, the spread of transition probabili-
ties is apparently not important. The situation is diffe-
rent when the gas mixture with the step-like dependence
q=q(H.V.) is used. Fig.8 shows the muon charge distributi-
ons in the supertowers when the isobutan content of the
gas mixture dioxide carbon-isobutan was reduced to 3%
(H.V.=4.1 kV). With such gas mixture the Q^-response of
the supertowers is connected with different probabilities
of transitions to SQS mode, which influences the produc-
tion of ^-signals from the supertowers. The widening of
^-distributions in SQS mode is due to the appearance of
secondary afterpulses (a nonstable operation of the
prototype). So one can see the advantage of using
the gas mixture, which ensures a smooth transition from
the proportional to SQS mode.

CONCLUSION

The main results of the H.C. prototype tests with the
plastic tubes having anode wire of 300 M diameter is the
attainment of the long-term stability, using the gas mix-
ture: dioxide carbon-isobutan. The data show the energy re-
solution to improve with the increase of voltage H.V. (as
it approaches the SQS mode). There exists a possibility to
define more exactly the energy resolution in SQS mode. The
uncertainties, presented below, influence the H.C. energy
resolution.

1. The leakage of some part of the hadron shower from
the detector of a sensitive area.

2. The spread of charge response of some plastic tubes
(e.g., when detecting the minimal-ionization particles).

3. The H.V. drop in some tubes during the beam spill,
which depends on the beam intensity and on the value of
the tube charge signal. For 5 GeV/c hadrons with the in-



tensity of 5-10^ particles/cycle and H.C. prototype vol-
tage H.V.=4.4 kV, the voltage drop in some tubes was abo-
ut 40 V. The buffer capacity ~1 nF in each tube was not
enough. This can distort the energy resolution if one con-
siders the type of the Q=Q (H.V.) dependence (e.g., see
fig.l).

Note that when using the H.C. plastic tubes with the
80pi anode wire and gas mixture Ct^/iC^H-jQ, a more flat
Q=Q (H.V.) dependence is obtained. This will surely lead
to a smaller distortion of energy resolution.

4. The electronics errors due to low loading capacity.
This is clearly seen in Fig. 9, where the pedestal distri-
butions for the H.C. prototype and for the first superto-
wer ST1 are presented for two H.V. values. The loading ef-
fect for other supertowers is negligible. The measurements
were taken when the detector was exposed to a 5 GeV/c be-
am at the intensity of 5-10 particles/cycle.

5. The saturation of the dynamic range for some ADC.
It is evident that the elimination of all these errors

would improve the quality of hadron and muon triggers in
SQS-mode.

The authors are grateful to P.V.Chliapnikov, V.M.Kut-
jin, V.I.Kochetkov for the support of this work and also
to G.Markina and V.I.Trenba for their help in mounting the
test equipment.
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Fig. ]. The voltage H.V. dependence of the H.C. prototype total charge for

protons and muon.
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Fig. 2. The prototype charge distributions for ]0 GeV/c particles at

H.V.=1.2 kV.
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Л. The prototype charge distributions for 5 GeV/c particles at two

voltages: H.V.=3.84 kV and H.V.=-1.4 kV.
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Fig. 4. The voltage H.V. dependence of the H.C. prototype resolution for

5 GeV and 10 GeV hadrons (this experiment) and for 9.1 hadrons

(1985, gas mixture Ar/iC
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Fig. 5. The supertower charge distributions for 5 GeV/c particles (hadron

shower and muon) at H.V.=4.4. kV.
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Pig. 6. The dependence of the supertower muon response Q^ on H.V.
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Fig. 7. The calibration of 64 electronics channels by one charge source.
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Fig. 8. The supertower charge distributions for rauons at H.V.=4.1 kV. Iso-
butan content of the gas mixture C0?/iC4H10 is 3%.
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Fig. 9. The pedestal distributions of supertower ST1 and of H.C. prototype

for two voltage H.V.=4.0 kV and H.V.=4.4. kV, the intensity of

5 Ge^/c beam being 5
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