DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY

DESY 78/73
November 1978

\iﬂm 7 '

ELECTRON ENERGY AND POSITION MEASUREMENT USING LEAD-SCINTILLATOR CALORIMETERS

WITH A NEW LIGHT COLLECTION SYSTEM
by

W. Hofmann, J. Spengler, D. Wegener'
Institut fiir Phystk, Universitdt Dortmmd .

A. Krolzig, W. Schmidt-Parzefall
Deutsches Elektronen—-Synchrotron DESY, Hamburg

K. R. Schubert _
Institut fir Hochenergiephysik, Un‘ive_rsitdt Heidelberg

© NOTKESTRASSE 85 - 2 HAMBURG 52




To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX ,
send them to the following address { if possible by air mail } :

. P

e e WP YU S
TTER TR T v

DESY - . L E Eee
Bibliothek - - “§ 77 %
| Notkestrasse 85
2 Hamburg 52
Germany




ELECTRON ENERGY AND POSITION MEASUREMENT
USING LEAD-SCINTILLATOR CALCRIMETERS WITH
A NEW LIGHT COLLECTION SYSTEM

W. Hofmann, J. Spengler, D. Wegener

Institut flir Physik, Universitdt Dortmund

A. Krolzig, W. Schmidt-Parzefall
DE5Y, Hamburg

K.R. Schubert

Institut flir Hochenergiephysik, Universitit

Heidelberg

Dortmund, 27.7.1978



Abstract

A lead - scintillator shower counter using a fluorescent
radiation converter for collecting scintillation light is
described. For primary electrons of 1 GeV an energy resolu—

tion of 5to 7.5 % rms was obtained. With a 3x3 matrix of

such calorimeter modules, the uniformity of energy response

and the spatial resoluticn have been measured. From the

energy sharing between the 9 cells, the electron impact position

was reconstructed with an accuracy of 10 to 15 mm rms.



1) Introduction

The use of sampling scintillation counters tc measure the
energy of electrons and photons is well established. In

erder to cbtain a good energy and impact positiocn resolution
in a lead scintillator array it is important to incorporate
bBoth fine sampling and extensive segmentation. Normally, these
conditions imply extreme complications with respect to the
light guide system.

One possibility to circumvent these problems 1s based on the
use of flucréscent radiation converters for the collection

13-4

of scintilliation light This technique was first applied

) 6)

to calorimetry by Atwood et al5 and by Eckardt et al

The method is 1llustrated in fig. 1. One side of the calorimeter
consisting of a stack of alternating lead and scintillator
plates, is covered with a lucite light guide doped.

with the fluoc:escent material BB{. The scintillator emits

light in the uv range., After a few mm, this light is absorbed

by a further scintillating material (POPOP), and reemitted at i ~ 42C nm.
This initial wave-lenght shift is necessary to obtain a large
attenuation length in the scintillator. The blue light leaves
the scintillator sheet at its lower edge, crosses a small air

gap and enters the BBQ/lucite light guide. It is then absorbed
by the BBQ and reemitted isotropically as green light of

A % U480 nm. Roughly one half of this emitted light lies within
the total reflection angle of the light guide and is trans-
ported to a phototube. turther details of the methed are

discussed in refs. 3)-6).

In this paper, we report on tests of such a shower counter optimized

for energy and position measurement of electrons and photons



2) The electron calorimeter

The test setup consisted of nine identical calorimeter modules.
Lach of these modules contained a stack made of alternating
layers of 0.5 x 10 x 10 cm3 plastic scintillator and 0.1 x 10 x
10 cm3 lead plates, 130 layers In all. The overall length of

zre module was 40 cm corresponding teo 12.5 radiation lengths.
This ceonfiguration was choosen for two reasons. First, the fine
sampling of 1 mm lead guarantees a high energy resolution; second
the counter has a rather low density <p> = 2.9 g/cm2 and therefore
a comparably large mean radiation length <Rrad> =3.1 cm. As the
rms rateral spread of electromagnetic cascades is cof the order

of 1 radiatien length, at least 10 to 15 % of the shower energy
ieaks out of the sides of one moduie into the neighbouring ones.
Using the energy sharing between the calorimeter modules, the

shower center can be determined with an error which is small

T

cempared to the width of one module (10 cm).

The lead-scintillatcor stacks were placed on sheets of wavelength
shifting plastic with dimensions 0.5 x 10 x 40 cma. The wavelength
shifters were attached to (Valvo, XP 2008) phototubes using
standard adiabatic light guides. A nylon thread of 0.3 mm diameter
served to separate the lead absorber and scintillater sheets from
the wavelength shifter bar. In this way total reflection was
maintained, Each of the scintillator slabs was wrapped in
aluminium foil on both faces: the wavelength shifter was also

backed with an aluminium foil.

A 1 mm steel housing ensured mechanical stability. A schematic
view of parts of one module is shown in fig. 2. The modules were
arranged in a 3 % 3 matrix and tested in an external electron beam
of the DLSY synchrotron. The energy range covered by this test

was 0.5 to 1.5 GeVY. The lateral width of the beam was. roughly

0.2 ¢m rms, its energy spread was negligible compared to the

measured reseclution of the shower counters.



3) Test results

The rms energy resolution of a typical calorimeter modnles is
shown in Fig. 3 for energies of 0.5, 1.0 and 1.5 GeV (full dots).

The resclution is described by

P

(E in GeV).

™
i { o

The resclution obtained with the best module under cptimal con-

ditions, op = & % at 1 GeV, is also shown in Fig. 3.

For comparison, typical resclution curves of lead glass Cerenkov

7),8)
9)

calorimeters”™ ", Op = 7 % / VE, are included.

counters as well as the best values reported for liquid argon

The rescluticn of the test counters is about the same as that

of a2 similar liguid argon/lead stack, indicating that the
resoluticn is not limited by photoelectron statistics. This is
confirmed by studies with minimum ionizing cosmic particles, the
line width of which is given by a convolution of photocelectron
statistics and known Landau fluctuations. From the cosmic ray
test, the photo electron yield was estimated to bhe the order of

1 photoelectron per MeV incident energy.

To determine the uniformity of the response and the spatial
resolution, each counter was calibrated separately with 1 GeV
electrons, and the electron beam was scanned horizontally

over the counter matrix shown in Fig. 4. The step width was 1 c¢cm,
the electron energy was fixed at 1 GeV. In the first run, the
electron impact directicn was chosen crthogonal to the counter

front face.

The energy distribution between neighbouring modules is displayed
in Fig. 5. The quantity plotted is the fraction of energy

deposited in module 3 for an electron beam hitting module 2



(s. Fig. 4) at a distance % from the edge of module 3. The

-x/1.86 cm

curve can be parametrized by an e dependence, imn

. [ -x/Arad
good agreement with the rough expection e / .

By inverting
the characteristic shewn in Fig. 5, the horizental coordinate

cf the electron impact positinn can be calculated. The result

is shown in Fig. 5 averaged over many showers per point. In Tigs.

~

6 and 7, x is redefined, «x = & now means the centre of cell 2,

The performance of the calorimeter is displayed in Fig. 7, wWhere

the visible enerzy summed over all counters, the energy resclution
and the spatial resoluticon are given for different beam positions x,
In the central 8 cm of a module, the visible energy is constant and
the energy resolution is close to its cptimum value for central impact
At the edges of the module however, a lass of 20 % cf the energy

and a corresponding decrease in resolution is ocbserved, which can

be traced to a desad space of roughly 5 mm between the sensitive
regions of two neighbouring modules. The present design was not
optimized in this respecty with a suitable design the gap could

be reduced to 1 mm and its influence should then be negligible.
Similar effects were observed when the beam crossed the gap

caused by the wavelength shifters at the top resp. bottom of the

counters.

The electron position resolution is about 15 mm rms at the

center of a module and improves toc 10 mm rms at the edge. The same
tests were repeated in a second run with an electron impact angle
of 20° with respect to the normal to the counter front side, as

indicated on top of fig. 8,

The electron beam entered module 1, whose centre is now at x = 0,

the induced shower traversed module 2 and ended in 3. The results for
visible energy, energy and positicn resolution are given in Fig. 8.
For 20° impact, no deviations from uniformity are observed; the
effects of the intermsodule gap are smeared out resulting in a
slightly worsened energy resoluticn. As the shower energy is now
distributed over 3 modules,the shower center can be reconstructed

with an improved accuracy of roughly 10 mm rms.



4) Conclusion

The new technique of scintillation light ceollection via Fluorescent
radiation converters allows the construction of segmented
lead-scintillator shower counters with high energy and position’
resolution. As the dead space from the support and read out can

be reduced to ~ § % of the total, this type of calorimeter is well
suited for application in 4w detectors at storage rings; it offers

a performance . similar to liquid argon calorimeters at a‘greatly

reduced cost:
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Collecticn of scintillation light with a wavelength

shifter bar;

PBD : primary fluor emitting UV light
POPOP anelength'shiftep uv - blue

BBG : wavelength shifter blue - green

Design of test counters

Energy resolution of test counters compared with lead-

7.8) 5)

glass and liquid argon calorimeters

Configuration of test counters to measure unifermity

and position resolution

Fraction of energy deposited in module 3 for a particle
beam hitting module 2 (see Fig. 4). x is the distance

between the impact position and the edge of module 3.

Measured versus real impact position averaged over many

cascades. ¥ = 0 is the centre of module 2.

Visibleenergy, energy resolution and spatial resolution
as a function of the impact position %, x = 0 corresponds

to the centre of module 2.

As Fig. 5, beam inclined by 20°. The electromagnetic
cascade starts in module 1 and ends in module 3;

®x = 0 is the center of module 1.
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