DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY

o A,

DESY 87-058 73 N\ : -
Jure 1987 / Iﬁﬁf ;kb

TEST PROGRAM FOR THE ZEUS CALORIMETER

by

R. Ktanner

eutsches Edektnonen-Synchrotron DESY, Hambus -

ISSN 0418-9833

NOTKESTRASSE 85 - 2 HAMBURG 52



DESY behilt sich alle Rechte fiir den Fail der Schutzrechtserteilung und fiir die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen {nformationen vor,

DESY reserves all rights for commercial use of information included in this report, especially in
case of filing application for or grant of patents.

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 } :

DESY
Bibliothek
Notkestrasse 85
2 Hamburg 52
Germany




e

[T Y N PR PO T Y M T I P Ty A A T R P}

ok bl il ve

sl e dalalisdi e,

DESY 87-058 155N 0418-9833
June 1987

Test Program for the ZEUS Calorimeter

Robert Klanner
DESY

June 1, 1987

Presented at Lnternational Conference on Advances in Experimental Methods
in Colliging Beam Physics, Stanford Linear Accelerator (enter,
g - 13 March 1987

Test Program for the ZEUS Calorimeter

Robert Klanner
DESY

June 1, 1987

Abstract

This talk covers some of the experimental studies, which have lead to the design of the ZEUS uranium
scintillator calorimeter. It is shown how, by varying the scintiilator to uranium ratio, equal response
far electrons and hadrons and optimum hadronic energy resolution (eg/E ~ 35%/vE) over a wide
energy range can be achieved. A similar optimisation has been done for a lead scintillator calorimeter,
and almost equal response for hadrons and electrons together with a hadronic energy resolution of
~ 44%/vE up to ~ 75 GeV has been achieved. Various practical aspects of calorimetry using
scintillator as detector material will also be discussed. The work described in this talk has been done
by many rembers of the ZETGS collaboration.

1. Introduction

The electron collider HERA, presently under construction at DESY, Hamburg, will collide 30 GeV
electrons with 820 GeV protons in 1990, Two multipurpose detectors, H1 and ZEUS are in prepara-
tion to exploit the physics of HERA.

Figure 1 shows a schematic view of the ZEUS detector i1], The topic of this paper is the ZEUS
high resolution calorimeter CAL, which attempts to achieve the following performance:
{i) hermeticity for energy measurement over the entire solid angle, exciuding only a small region
around the beam pipe,
{ii) best achievable energy resolution for hadrons and hadron jets independent of the jet fragmentation,
(iii) absolute calibration of the energy scale as well as long term stability and uniformity of the energy
scale to better than 2%,
{iv) angular resolution for jets of ~ 10 mrad.
(v} energy resolution for electrons of about ~ 15%/,/EGel’| and good electron hadron separation.
{vi) signals shorter than the HERA bunch crossing time of 96 nsec,

The technical solution chosen by the ZEUS collaboration is a sampling calorimeter using plates of
depleted uranium as absorber and plastic scintillator, read out via plastic wave length shifter bars, as
detector. This talk describes the main features of the proposed calorimeter and the present status of
its design.

The sampling structure has been chosen after detailed experimental and theoretical studies
of the response of calorimeters with different urarium and scintillator thicknesses, to hadrons, electrons
and muons for energies between 3 and ~ 100 GeV, These measurements confirm the recent calculations
by H. Briickmann el al. [2] and R. Wigmans [3]. They show how the proper detection of the slow
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Figure 1: Layout of the ZEUS detector - cut along the beam
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neutron component of hadronic showers can be used to optimise the response of hadronic calorime-
ters. As an extension of this work, a lead scintillator calorimeter has been built, which confirms the
prediction, that equal average response for electrons and hadrons, and good hadron resolution can
also achieved for other ahsorbers than depleted wranium.

The second part of the talk discusses more practical aspects of calorimetry using scintillator as
readout’ material, in particular the guestion of non-uniformity of response at the boundary between
calorimeter modules due to wave tength shifters, and finally the sensitivity to radiation damage of
plastic scintillator and wave length shifter bars:

2. Layout and Design of the ZEUS Calorimeter

The layout of the ZEUS detector (figure 1) shows that the high resolution calorimeter “CAL” consists
of the forward {FCAL}, the barrel (BCAL) and the rear section (RCAL)}. Table 1 gives information
on the angular coverage, the depth of the different sections, and number of read out channels.

Table 1: Parameters of the ZEUS High Resolution Calorimeter

Name FCAL BCAL RCAL
range in poiar angle 2.3° — 36.4° | 36.4” — 130.4° | 130.4% - 172°
depth in int. length TA E3) 4A

# long. readout segments 3 3 2

# readout channels 4096 5440 3212
total absorber weight 200 ¢ 250 t | 115t
total scintillator weight 8¢ 16 ¢ | 431

The BCAL consists of 32 identical segments forming a barrel concentric around the HERA beams.
FCAL and RCAL consist of rectangular boxes, which build up two walls perpendicular to the beam
pipe. The sampling structures in all sections and along the entire depth of the calorimeter are identical:
3.3 mm thick plates of depleted uranium “DU” with ~ 1.7% Nb (density ~ 18.5g/cm ?), clad in stainless
steel 0.2 mm for the first 25 plates and 0.4 mm for the remainder) alternate with 2.6 mm thick sheets
of plastic seintillator “SCI” (SCSN-38 from Kyowa). The longitudinal and transverse segmentations
are achieved by wave length shifter bars “WLS". All scintillator tiles are read out from two sides for
good uniformity and additional spatial information through “light-division™.

The first 25 DU-plates constitute the electromagnetic sections. They are read out by scintillator
tiles of about 5 cm x 20 cm area. In the BCAL, whose electromagnetic section is projective in
both ¢ and », the dimensions of the scintillators increase with depth. FCAL and RCAL are non-
projective. The electromagnetic section is followed by the hadronic sections: one in the RCAL and
two in the BCAL and in the FCAL, with depths as given in table 1. The transverse segmentation is
20 ¢ x 20 em for FCAL and RCAL. These sections of the BCAL are projective in 4 but non-projective
in 8; the dimension of the scintillator tiles is 20 cm x 20 cm, when projected onto the front face of
the calorimeter. This segmentation results in a total of 7964 photomultipliers for the electromagnetic
sections and 4784 for the hadronic sections for all of the calorimeter sections.

Figure 2 shows a simplified drawing of one of the modules of the FCAL. The module has a sensitive
area of 20 cm x 460 cm {width x height). The mechanical elements are a C-frame, the DU plates,
an Al front plate and spacers separating the plates. The DI plates are connected via profiles to
the upper and the lower legs of the C-frame. Highly tensioned steel siraps connect the front plate
to the back heam thus clamping the DU-plates. They apply enough force through the spacers, so
that the module can resist accelerations during transport and installation, The figure alsc shows the
scintillator tiles as well as the wave length shifter plates and light guides, which transport the light to



Figure 2: Layout of a ZEUS FCAL medule

the photomulitpiiers located at the back of the modules. The gap between the edges of the uranium
plates of adjacent modules, which contains the wave shifters. mechanical structures and enclosure for
gas and light sealing, is 1 ¢m at the electromagnetic section. Ir increases to 2 ¢m at the end of the
calorimeter. The design of the BCAL modules are similar and we refer to !1j for details. The depth
of the high resolution calorimeter has been determined from the requirement, that for 90% of the
jets with the maximum jet energy expected in any particular region of the calorimeter, the energy
containment is 95%. In this way a high resolution sample of events can be selected in the physics
analysis with 90% efficiency using the backing calorimeter {BAC in figure 1) as off-line veto. This
optimisation was done using the measured longitudinal shower distributions of hadrons and electrons
in a wranium scintillator calorimeter {4] as input into the Lund Monte Carlo code for simulating jets

3. Energy Resolution and the e/h-Ratio

This section investigates the following questions for calorimeters using scintillator as detector and
depleted uranium or lead as absorher:
(i) how does the energy resolution depend on the thickness of the materials (dscr, daps)?

(ii} under which conditions can equal response for the hadronic and the electromagnetic component
be achieved ?

- For our study we have been guided by the present understanding of calorimetry [2,3], which we
sketch in a simplified way:

- the energy of the incident hadron is deposited in the calorimeter in form of:
(i) the electremagnetic component {7, &),
(1) ionising charged hadrons (r, p, etc.),
(iil} nuclear hinding energy,
(iv}) low energy ( 20 MeV) neutrons from nuclear evaporation and the low energy tail of the intranu-
clear cascade; neutrons coming from nuclear reactions introduced by secondary neutrons are of less
importance,
{v) low energy +’s from nuclear deexcitation.

- the hadronic emergy resolution o/ E, has coniributions from sampling fluctuations, which get
reduced if the sampling frequency is increased and which decrease with increasing energy as o/ Ej,
1/En.

- additionzl] contributions to o,/ Ey come from the fluctuations in the way the energy is deposited
and the corresponding detection efficiencies. This term decreases slower than 1/./E; with increasing
energy, and therefore frequently dominates the energy resolution at high energies, It is minimal if
electrons and hadrons give the same response abreviated as e/h = 1. In first approximation e/h
depends for a given choice of materials on daps/dsc; in the following way:

The response of the contributions (i) and (ii) just depends on the ratio dscr/d4ps. The term {iii)
is not detected at all. The total energy lost in nuclear binding energy however is strongly correlated
with the energy given to low energy neutrons (iv). The detection efficiency for the slow neutrons
is approximately independent of dsec;. Neutrons loose most of their energy by scattering elastieally
off the free protons of the scintillator, and hardly via scattering off the heavy wranium nuclei. Since
the interaction length of slow neutrons in a typical calorimeter is large eompared to the dimensions
of the layer structure, decreasing dgcr just results in an energy deposition further away from the
interaction point where the neutrons have been produced. The energy deposited in the scintillator
however is hardly reduced, if the calorimeter is of sufficient size. WWe thus expect that e/h decreases
with inereasing daps/dscr. As the neutrons take a finite time until they loose their energy in the



scintillator we expect e/h to decrease with increased integration time. This has actually been observed
experimentallyi4].

The contribution (v} is detected only with low efficiency. if scintillator is used as detector, and can
be neglected in the qualitative discussion.

Quantitative predictions for e/h and energy resolutions can be found in [2,3]. For a scintillator
thickness dgo;y = 2.5 mm e/h = 1 is predicted for dpy = 3.2 mm and dpp, = 10,9 mm. This
difference in d 455 is due to the reduced production {~ 2;/3) of slow primary neutrons in lead compared
to uranium.

Table 2 and 3 give an overview of the different hadron calorimeter configurations studied by
members of the ZEUS collaboration, as well as the references for a more detaited description.

Table 2: Uraniwm Scintillator Test Calorimeters

Name WA 78/HERA ‘T35 T60A Ta0B
d(DU) 10 mm 3 mumn 3.2 mm 3.2 mm
d(SCIy 5 mm Ne 110 | 2.5 mm SCSN-38 | 5 mm SCSN-38 | 3 mm SCSN-38
depth 5,34 + back 4.2 4.4 5.9 + back
area 60 x 60em’? 60 x 60cm? 60 x60cm? 60 x 60cm?
effective A 1%.1 em 8.2 em 333 cm 25.7 cm
irans. segmentation 60 x 60em’® 20 x 20em® 5 x §0cm?® 5 x 60cm’
long. segmentation 0.45M 4.2 1.1 154
energy range 5-210 GeV 3-9 GeV 39 GeV 19-100 GeV
reference {4] ] i |
Table 3: Lead Scintillator Test Calorimeters
Name TaaC T36
d(Pb) 5 mm i 10 mm
4(5CI) 5 mm SCSN-38 : 2.5 mm SCSN-38
depth 42 t 54 + back
area 60 x 60cm? | 68.4 x 66cm?
effective interaction length 37.1 cm ! 22.1 cm
transverse readout segmentation 5 x 60cm? T 22.8 x 22¢m?
| longitudinal readout segmentation 1A ! 1A+ 4
I :
energy range 3-9 GeV | 3-75 GeV E
reference {7} 3 i8] ;

For the relative calibration of the individual photomultipliers the photocurrent from the uranium
radioactivity has been used for the waniwm calorimeters. This calibration has been cross-checked
using electrons, muons and y-sources. The calibration of the lead calorimeters has been done with
electrons, muons and v-sources,

As an illustration of the performance of these calorimeters, figure 3 shows the pulse height distri-
bution for electrons, hadrons of different energies and muons of 10 GeV for the experiment T60B. The
distributions for hadrons and electrons are well described by gaussian functions for several standard
deviations around the most probable value. At higher energies deviations from gaussian distributions
are observed for lower pulse heights. They are ascribed to longitudinal energy leakage, and can be re-
moved by eliminating events which have energy deposited in backing calorimeters which follow some of
the test calorimeters. Mean values and standard deviations are obtained by fitting gaussian functions
in the region £ 3 standard deviations around the mean value.

Figure 4a shows the energy resolution o4/+/E), and figure 4b the ratio of electron to hadron
response e/h for the uranium scintillator calorimeters. Figure 5 shows a comparison of the measured
e/h ratio at 10 GeV with the prediction by H. Briickmann et al. [2]. We should notice that in
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Figure 4: Response of the uraninm scintitator test calorimeters as function energy. The data are
corrected for transverse leakagze and longitudinal readout uniformity.

a) Standard deviation of the hadronic energy distribution o v En,

b) Ratio of mean electron to hadron response.
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Figure 5: Compatison of the measured electron to hadron ratio at 10 GeV to the predictions of H.
Briickmann et al. [2].

particular the e/h ratios are very difficult to measure, as they critically depend on the uniformity of
response achieved for the readout. For the data shown, an attempt has been made to correct for these
effects to the best of the author’s knowledge. For the data of [8], the leakage correction as estimated
in the publication has been used.

We note that T35 has achieved an energy resolution of ~ 34%/+/E in the range of 3-9 GeV
and TB0B a similar resolution at low energies, worsening to about 33%/v'E at 100 GeV. These two
calorimeters have a ratio of dypgs/dscr = 1.2 and both have e/h compatible with L. The other two
tests T60A and WAT3/HERA have significan:tly different dyps/dscr ratios. Their e/h ratios are
significantly different from one and the energy resclutions are significantly worse. already at beam
energies below 10 GeV and even more at higher energies. The data confirm the prediction that the
best energy resolution, and the scaling of the resolution as 1/V/E is achieved only for e/h ~ 1.

Figure Ba and 6b show the energy resolutions o), /+/F; and e/h-ratios for the two lead tests. The
data are corrected for nonuniformities and leakage. The response of the T36 calorimeter to electrons
and hadrons of different energies, and to muons at 10 GeV is shown in Figure 7,

Like for the uranium calerimeters the response can be well described by Gaussian functions, except
for a low energy tail, which is ascribed to leakage, and which can be removed by cuts. For details we
refer to the original paper [7,8]. Qualitatively the results are like for the uranium calorimeters. The
energy resolution improves with e/h approaching one. For an absorber to detector ratio dps/dscy of
about four an &/h-ratio of 1.08 with an estimated uacertainty of 0.05, and an energy resolution of
cn/vEx ~ 44% is achieved, For the readout method chosen (plates of scintillator readous via wave
length shifter) the chosen 2.5 mm thickness of scintillator represents a practical lower limit. Thus
10 mm Pb plates had to be chosen, which resulted in the poor electromagnetic energy resolution of
a./vVE. ~ 24% and possibly in a significant contribution of sampling fluctuations to the hadronic
energy resolution.

On the basis of these measurements, detailed Monte Carlo studies and the possibility of using
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the natural radicactivity of uraniurn for calibration, the ZEUS collaboration has chosen a sampling
structure of 3.3 mm depleted uranium. clad with thin {0.2 to 0.4 mm) steel sheets, and 2.6 mm of
plastic scintiliator SCSN-38 for the high resolution calorimeter.

4. Influence of Readout Uniformity

The ZEUS collaboration has set as his goal for the performance of the calorimeter an eleciromagnetic
energy resolution of 15%/+E with a constant term of ahout 2%, and a hadronic energy resclution
of 35%/VE with a constant term below 2%. This can only be achieved via excellent uniformity of
response, low noise and precise cell to cell calibration,

Detailed experimental and Monte Carlo studies of the influence of nonuniformity of readout and
inhomogeneities of the calorimeter on e/h ratios and energy resolutions have heen performed. Here
we present measurements, which convince us that the effect of the wave length shifter gap between
adjacent modules does not result in an unacceptable calorimeter performance. First we note that
in the ZEUS calorimeter, there are no gaps which directly project to the interaction point. As a
result all particies will sconer or later traverse absorber material. By choosing the proper response
of the wave shifting material to charged particles, via doping with UV-absorbant, the ratio of light
yield to energy loss in the wave shifter matches approximately the corresponding ratio in the uranium
scintillator calorimeter. In this case the wave length shifter gaps do not worsen the energy resolution,
but only change the longitadinal shower distributions, This has been demonstrated by a setup of 3
electromagnetic calorimeters as shown in figure 8a [9]. The sampling structure of the calorimeters
were 6 mm of lead and 5 mm of SCSN-38 plastic scintillator. Figure 8b shows the mean response and
figure 8c the standard deviation of the energy response for 3 GeV electrons, when scanning the beam
over the gap between the calorimeters. The maximum change in response is % 2% in a small region
around the gap, and there is hardly any change in the energy resolution. In particular deviations from
the gaussian response function are absent. Using the data as input to estimate the energy resolution
for hadron jets, indicates negligible effects. These measurements will be repeated with a calorimeter
of the final geometry and sampling structure,

5. Radiation Stability of Plastic Scintillator and Wave Length
Shifter

Radiation damage of the optical components is one of the major worries if one uses scintillator to read
out a calorimneter at a high luminosity storage ring. There are many reports of performance degrading
with time. due to the radiation damage or scintillator aging. '

The systemnatic investigation of radiation damage is difficult due to the many parameters on which
it depends like:
- production technology of the material,
- purity of the base materials,
- type of ionising radiation,
- radiation dose and dose rate, .
- environmental conditions (gas, temperature, humidity ...).

Members of the ZEUS collaboration {10] have started systematic studies for the materials to be
used in the ZEUS calorimeter: SCSN-38 for plastic scintillator, plexiglass doped with K-27 or YT for
wave length shifting, and plexiglass doped with UV-ahsorhant as light guide. Irradiations have been
done with 25 MeV protons, 7’s from *®C'¢ and low energy electrons for different doses, dose rates,
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in air. nitrogen and argon. The investigations include light transmission measurements as function
of wave length using a spectral photometer for thin samples (typically few mm). For longer samples
light yield and light transmission over longer distances are measured by scanning the scintillator with
light from a pulsed UV lamp appropiately filtered, or electrons from radicactive sources. The pulﬂe
heights of individual events are measured and accuracies below ~ 1% are achieved.

Figare 9 shows a typical result. A SCSN-38 bar of dimensions 0.2 cm x 2 cm 'x 26 ¢m has been
irradiated with protons of 25 MeV to a total dose of 1 kGy, leaving 3 narrow regions at the beginning,
middle and end of the strip non-irradiated. The atmosphere was either air or nitrogen. For the
Measurement one edge of the scintillator was covered with black velvet, the other edge coupled via
a wave length shifter to a photomultiplier. The light was excited via a Xenon fashlamy filtered
to a wave length of ~ 340 nm. Figure 9 shows the ratios of light yields after irradiation to before
irradiation as function of the distance from the wave length shifter. The measurements were done 2
davs and 9 days after irradiation and storage in the indicated gases. A comparision of Light yield ratios
in the non-irradiated region in the center to the close-by irradiated regions measures the change in
light yield. The dependence of the decfease of the ratio on the distance from the wave length shifter
measures the atteriuation of the light. In both air and nitrogen, we find a small {few percent} decrease
of the produced light, whereas there is a significant increase in light attenuation in particular for the
exposure in nitrogen.

Figure 10 shows for irradiation with 1 kGy and 10 kGy the change in light yield, as defined above,
and the change in light attenuation, defined as:

Light{z = 18.8cm)/ Light{z = 2.3cm)lisradiated
Light(z = 18.8em)/Light(z = 2.8¢M)|non irradicted

as a function of the days between irradiation and measurement. It can be concluded that at 10 kGy
there is about a 5% reduction in light yield, possibly slowly recovering with a time constant of more
than 100 days, quite independent of the gas. The light transmission is strongly reduced, in particular
in nitrogen; it however recovers with time constants of the order of hundred days. These observations
have been confirmed by measurements with low energy electrons and the spectral photometer. We
should also note that in the region of highest radiation dose in the ZEUS experiment, the maxiruwm
scintillator dimensions are ~ 20 c¢m.

For a wave length shifter made from plexiglas with 120 mg/t K-27 doping, irradiated to 10 kGy via
25 MeV protons. the measurements are shown in figure 11, There is a strong radiation damage in air
and in nitrogen. Whereas the damage completely recovers in air after about 100 days, it is permanent
or even worsening in nitrogen. For the ZEUS calorimeter the maximum length of wave length shifters
is about 70 em.

The maximum radiation dose to which the optical components of the ZEUS calorimeter will be
exposed have been estimated to be:
- 6 Gy per year from uranium with 0.2 mum cladding
- 2.2 Gy per year from ufanium with 0.4 mm cladding
- 300 Gy per year from HERA, close to the beams
- 10 Gy per year from HERA, about 1.2 m away from the beam.

The studies of radiation damage are continuing, but presently we think that with the chosen
materials for scintillator, wave length shifters and light guides and special care in particular at the
early stages of HERA (e.g. move front and rear calorimeters 40 cm away from the beam during
injection) we shall be able to cope with the problems of radiation damage.

14

T S S S R S S S S S S E S S S S o - - -~

100 per s e
3’£°“ 1OkGy
o0 J
o
oA
80 [® o & %o .
fr— F-Ye]
e F < A 4
j r© o 8 % Sd cir 1
E o © o &
= F s © ) i
5 B p ed gir
3
o] 60 '_Do —
o
= L J
\' o
ﬁ B
o r o
[
I L _
=) ?
[a]
@ 40 F © .
2z o
>‘ F Oo -
= a @
20 ] ]
e a
= o )
a
= falie] o -
20 o o 5 0% 9d N2
. .
a -
o
8 g 2d NZ
- = ]
0 R T N T T AN P S

0 5 10 1S 20 25 30 35 4O
Distance from WLS [cm]
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lamp after and hefore irradiation. Data presented for irradiation with 10 KGy of 25 MeV protons for
material stored in air and nitrogen. Measurements have been done 2 days and 9 days after irradiation.
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or nitrogen and have heen performed 2, 9 and 111 days after the irradiation. For the exact definition
of the quantities measured see text.
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Figure 11: Radiation damage studies for 2 mm thick plexiglass doped with 120 mg/1 K-27. Shown
is the pattern of irradiation and the ratio of pulse height measured by excitation with light from
an SCSN-38 scintillator after and before irradiation. Data are shown for irradiation with 10 kGy of
25 MeV protons for materials stored in air and nitrogen. Measurements have been done 5, 26 and 111
days after trradiation.

17



6. Conclusions

This talk gives a short review of some of the research and developement work done by the ZEUS
collaboration towards a high resolution calorimeter for the HERA storage rings. The most important
results are:

- the technique of achieving equal response for electrons and hadrons and an energy resolution of
o/ E ~ 35%/vE for hadrons using uranium as absorber and plastic scintillator as pioneered by Fab-
jan and Willis [11} has been confirmed. The measurements quantitatively follow the recent predictions.
In particular they ¢onfirm the important role of the proper detection of the signal from low energy
neutrons,

- it has been shown for the first time that compensation can also be achieved using lead and scintil-
tator,

- various problems refated to nonuniformities in a calorimeter using scintitlator and wave length shifter
have been studied and partially solved,

- studies of radiation damage indicate that by proper choice of materials and gases this problem can
he overcome

During 1987 ZEUS will build prototype calorimeters with the final geometries to confirm the
optimisation which has lead fo the present design. The start of the construction of the final calorimeter
modules is planned for the first half of 1988.
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Table Captions
Tabie 1: Parameters of the ZEUS High ResolutionCalorimeter.
Tabile 2: Uranium Scintillator Test Calorimeters.

Table 3: Lead Scintillator Test Calorimeters.



Figure Captions
Fig. 1 : Layout of the ZEUS detector - cut along the beam
Fig. 2 : Layout of a ZEUS FCAL module

Fig. 3 : Response of the test setup T60B for:
a} Electrons,

b) Hadrons,

c) Muons.

Fig. 4 : Response of the uranium scintillator test calorimeters as function energy.
The data are corrected for transverse leakage and longitudinal readout uniformity.
a} Standard deviation of the hadronic energy distribution o //Ej,

b) Ratio of mean electron to hadron response. -

Fig. 5 : Comparison of the measured electren to hadron ratio at 10 GeV to the predictions of H,
Briickmann et al. [2].

Fig. 6 : Response of the lead scintillatdr test calorimeter as function of energy.
a) Standard deviation of the hadronic energy distribution a4 /+/Ex,
b} Ratio of mean electron to hadron response, corrected for transverse energy leakage.

Fig. 7 : Response of the lead scintillator calorimeter 36 for:
a) Electrons, ’

b} Hadrons,

¢} Muons.

Fig. 8 : Three calorimeter test to measure the influence of the wave length shifter gap on the response
of a lead scintillator calorimeter.

a) Experimental Setup,

b) Mean energy (E} as function of impact point of the beam for 3 GeV electrons,

¢) Standard deviation of the energy distribution as function of the impact point of the beam for 3 GeV
electrons. :

Fig. 9 : Radiation damage studies for 2.5 mm thick plastic scintillator SCSN-38. Shown is the pattern
of irradiation and the ratio of pulse height measured by excitiation with light from a Xenon lamp after
and before irradiation. Data presented for irradiation with 10 KGy of 25 MeV protons for material
stored in air and nitrogen. Measurements have been done 2 days and 9 days after irradiation.

Fig. 10 : Measurement of light yield and light attenuation for 2.5 mm thick scintillator SCSN-38 for
1 kGy and 10 kGy irradiation with 25 MeV protons. Measurements are done for material stored in air

or nitrogen and have been performed 2, 9 and 111 days after the irradiation. For the exact definition
of the guantities measured see text.

Fig. 11 : Radiation damage studies for 2 mun thick plexiglass doped with 120 mg/l K-27. Shown
is the pattern of irradiation and the ratio of pulse height measured by excitation with light from
an SCSN-38 scintillator after and before irradiation. Data are shown for irradiation with 10 kGy of

25 MeV protons for materials stored in air and nitrogen. Measurements have been done 5, 26 and 11}
days after irradiation.



