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ARSTRACT

We rerort the resulte ottzined with & hadron

test module mede of Flastic Strezwmer Tubesy with

and  Seziune

celorimeter

externsl rads

to readout induced charge. We heve messured enprgy resronse

and resolution between 20 and 100 GeV.
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Here we rresent results obitzxined with 2 Flastic Streasmer
Tube (P.S,Tube) hadron caelorimeter test module where strecmer
charde was readout with red electrodes outside Lhe resictive

cathode.

Making use of the results of the rrevicus tests mede with
@M F.S.Tube calorimeters £1+2] one could infer thats, due to
the reduced track density in hadron showersy Lhe linear enerdy
resronse rande of an hadron caloriweters for the same dranular-
ity and oreration conditionss would ke lardely extended, In
this resrect we hsve built the test module using F,8,Tubes of

the same Zeometry 25 in the M. Elanc sroton decasy delector

£33,

The test has been rerformed wilhin the work to rprerare

Frorosals for LEF (41,

THE TEST MODULE

The test module consiste of 26 iron rlates 120445 cm%xk2s 4
cm thicks 1.7 cm ararts interleaved with F.S.Tubess for a total
depth of “6 L, The averade distrituled interzction lendgth is
~23 cm; The single sandwich element is shown schematically in

fig, 1 3 each rlane contzains 64 streamer tubes» each one with
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3 %9 mm¥X2 zctive celly 2 cerarstion well of 1 ww and 100 um

EeCu wire. Induced rulses are ricked ur bg external rads which
are 60x60 cmx¥2 fprinted circuit bosrds with correr on both
faces as sidnal and dround electrodes. Fad sidnals 3re sumwmed
4 by 4 and 211 todether be mezne of linear fan in-fan outl and
sents throudh stteruastorss to individoual ADC cihennels to rea-—
dout induced streamer charde. The wires zvre notl readéut and
are connected to dround, A nedative hidh voltade is arrlied to
the resistive cathode (cee fig, 2). The tubes asre creraled in
the stresmer moder with en  ArdontlIsobutame (143) mixture.The
working wvoltade (4.5 KV) is Jduwst above the knee of the effici-
ency rlateau (fidg, 3) for streamer production by minimum ion-

izing rarticles.

Sindle streamer pPulses zs dectected on one rad are shaown
in fid, 4, Fulse siare is determined by red caracitance (8
nF) discharging through S0 O0hm terminstion with 400 ns time

constant.

Streamer charde distributions for sindle trackss &L dif-
ferent angles with resrect to tube axissy are shown in fid, 3
as mezsured on 2 sindle wire, While for orthosgonzl incidence
mostly single streaners are rroduceds Por increasing andle the
aversde number of stresmers 2lso incresses. Charde reah

differs of about a3 fTactor of two between 0 and 45 dedrees.
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The test module wacs exrosed to muon and rion  besms &t
CERN-SFS 2t six different enerdies ! 2052594055080 and 100

GeV.,

In fig. 6 the totasl charde disirvitwtltion collected on rads
for 25 GeV rions 1is showns together wilh Lhe muon srectrum.

The number of streezmers corresronding to the rion wreak is Y280

In fid, 7 is rlotted the total cherde readoul s a8 func-
tion of rion enersgsd, The exrerimentzl rointe have teen cor-
rected for longitudinal shower lezkade. The respanse of the
calorimeter 1is linear wur to Y50 GeV while 2t hisher energies

ron linearity starts to becowe effective ( 9% non linearity at

100 GeV).

In fid. 7 is also rlotted the energy resolution as a
function of enerdgw, The exrerimental roints are coumratibler
within the ranse of linear resronses with = 78%/V E law. In

computing enerds resolutions a8t the hidhest enerdy rointsy non

linearity has been taken intou account.
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The measured resolution ie within 10%Z 'Lthat of elastic
scintillator <calorimeters with the same sxwrling [51y and the

rande of linearity is adequate tu match LEF enerdies.

Furthermores as stressed elsewhere £152]1» thie result does
not aprear as a2 limits diven the rpossibilite of masking swaller

tubes and acting on the streamer oreration conditions.

The F,S.Tube calorimeter can be ewuirred with a8 rrodective
digital readout (for istsnce strir electrodes on the tube side
orrposite to the rad) allowing muon tracking through irons which

can simplife the muon identification sustem.

REFERENCES
1) G.Ekattistoni et 2l.» LNF 82/16 (1982)srresented at tLhe
"Inter. Conf. on Instrumentation for Coulliding Ream
Fhusics"sStanfords February 17-23, 1982,
2) G.Rattistoni et 81,9 'FPla.S.Tube e.m. calorimeter’y these
rroceedings.,
3) frorosal for 2 Nucleon Stabilite Exreriment:

Frascati~Milano-Torinos srercint (1979).



111
4) ALEFH collaboration letter of intenly wunrublicshed, o)

S, Iwatar rerort DPNU-3-79 (1979).
&) G.Rattistoni et 2l.yNuclear Inetr, snd Meih .

176,297(1980) .,

FIGURE CAFTIONS

Fid, 1, Geometry of one lazer of the test module.

Fig, 2. H.Y, and readout scheme.

Fig, 3. Sindle tube lawver efficiency zs & funclion of H.V.
for orthogonal tracks.

Fig, 4, Single strezmer rulses 3s delected on & wad (50 Ohm
load).

Fig, 5. Stremer chardge distributions for single trackes sl 0

30y 2and 45 degrees with resrect to wire axiss 949 mm¥%2 tube

sizes 100 um wirer» A + Isobutane 143 dgas mixturer H.V. = 3.5
[ LN
Fig, -3 Total collected chardge dietribulicen for rions and

muons at 25 GeV,

Fig, 7. Total ceollected charde and enerde resolutiornn (multi-
rlied be V E) 3s a8 function of rion enerdy, The roints are ex-
rerimental data while the s0lid line comes from Eorrections due

to londitudinal leakade.
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