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Abstract

Bityukov S.I. et al. On the Energy Resolution of the Projective Prototype of the "Shashlik"
Electromagnetic Calorimeter: IHEP Preprint 94-107. - Protvino, 1994. - p. 7, figs. 12, refs.: 6.

The dependences of the energy resolution of a lead/scintillator electromagnetic calorimeter
"Shashlik" type on the attenuation length of fibers and on the dead material between cells
have been investigated for gammas with energy 20, 50 and 100 GeV. The simulation includes a
projective geometry for the electromagnetic calorimeter and uses the maps of the light collection
efficiency.

Аннотация

Блтюков СИ. и др. К вопросу об энергетическом разрешении проективного прототипа
электромагнитного калориметра типа "Шашлык": Препринт ИФВЭ 94-107. - Протвино,
1994. - 7 с , 12 рис., библиогр.: 6.

Получены зависимости энергетического разрешения электромагнитного калориметра
типа "Шашлык" от длины поглощения оптических волокон и наличия пассивного вещества
между модулями методом моделирования электромагнитных ливней с энергиями 20, 50 и
100 ГэВ. В расчетах учитывалась проективная геометрия прототипа и использовались
карты эффективности светосбора в пластинах сцинтиллятора.
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1. Introduction

The purpose of this study was to estimate the influence of some parameters of projec-
tive prototype [1] (see Fig.l) of the CMS [2] electromagnetic calorimeter on the energy
resolution. The GEANT version 3.15 [3] was used with the energy cutoffs of 100 keV.
The showers of gammas with energies 20, 50 and 100 GeV were generated. The energy
saturation in the scintiliator was taken into account. The energy deposited by the showers
in the volumes of the active elements of each tower was stored for further analysis. Details
of the geometrical description of the prototype and results of optical calculations for the
light collection in tiles are given in Section 2. In Section 3 we present the dependence of
the calculated energy resolution on the attenuation length of the fibers. In section 4 the
influence of the inactive material between towers on the resolution is described.

Fig. 1. The prototype of the calori-
meter SHASHLIK.

2. Geometry of the Prototype,
Monte-Carlo Study of the Light Collection

The projective towers of the prototype have a truncated piramidal shape. The front
face size of the tower is 52 x 52 mm2 and the rear face size is 64 x 64 mm2. There are
73 layers (2 mm of the lead + 4 mm of the scintillator) resulting in a total radiation
length thickness of about 26Xo. The WLS fibers are parallel to each other in a 6 x 6
matrix as in the nonprojective prototype. Each tower has 18 fibers with loop so that each
WLS fiber is viewed by the photodetector (PHD) from both ends a time. The model used
for the light collection in the tile is close to that described in [4]. We used mylar with
reflection coefficient of 0.8 as a reflecting surface around a tile. The dependence of the
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light collection on light source position was tabulated in "response maps". The example
of reconstruction of the light collection efficiency for the tile 64 x 64 mm2 is given in Fig.2.
Fig.3 shows the distribution of deviations from average response (.4) for this tile. The
RMS of this distribution characterizes the uniformity of the response of the tile. Fig.4
presents the behaviour of the average response vs. the size of the tile (a) and the behaviour
of the response uniformity of the tile vs. the size of the tile (b). The first dependence
is very important for the understanding of the constant term origin for the projective
prototype, the second one shows that the contribution of the lateral nonuniformity to the
resolution is small (for example, for 50 GeV we have n ~ 400 charge particles in the
shower maximum, i.g. alal ~ RMS/AlW%/y/n ~ .7/24.100%/20. ~ .15%).

tile 64 x 64 mm

x position of the source (cm)

Fig. 2. Light response.
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3. Energy Resolution of the Calorimeter
vs. Attenuation Length of the Fibers

Eacli fiber loop has a length of 2 x 44 cm in the tower and 2 x 10 cm between the
tower and the PHD as described above. Each fiber "sees" two images of the longitudinal
distribution of the shower with different distances to the PHD. The sum of the amplitudes
from each tile for the first (second) image of the shower is signed as A\ (A2). The
resolution behaviour of the response (A = Ai + A2) on the attenuation length of the fibers
for gammas with initial energy 20, 50 and 100 GeV is shown in Fig.5. The behaviour of
constant term b is also shown in Fig.5. The usual parametrization for the energy resolution
<7/r / E = a I у/Ё ф b was used. Fig.6 shows the dependence of the stochastic term
on the fiber attenuation length. Fig.7 presents the ratio of the response of the prototype
for gammas with energy 100 GeV and the response for gammas with energy 20 GeV. The
behaviour of the resolution for the nonprojective prototype is shewn in Fig.8.

4. Energy Resolution of the Calorimeter vs.
Inactive Material between Towers

To estimate the influence of the inactive material between towers on the energy res-
olution we have calculated the dependence of the resolution on the width of the dead
zone between towers and on the distance between the inactive zone center and the pho-
ton impact point. In these simulations we suppose that inactive material has the same
structure as the tower (lead + scintillator) but the deposited energy in the dead zone is
"lost". We also suppose that the attenuation length of the fibers is 70 cm. Fig.9 shows the
dependence of the prototype resolution of the prototype on the width of inactive zone for
gammas with energy 20 and 100 GeV directed to the center of the zone. The behaviour of
the stochastic term is shown in Fig. 10. It is seen that the passive material between towers
gives the contribution to stochastic term rather than to the constant term (increasing the
amount of passive material for Pb/scintillator ratio). These dependences vs. a distance
from the center of inactive zone to incident gamma are shown in Fig.ll and Fig.12. The
inactive zone size was set to be 1 mm.



Resolution of the prototype vs. attenuation length
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Fig. 5. Resolution vs. attenuation length. Fig. 6. a-term vs: attenuation length.
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5. Conclusions

The conclusions from the results presented are :

• For the projective prototype the constant term b is determined by the "play" of the
attenuation length A and change in the tile light response with the size of the tile. For
A ~ 60 - 70 cm we get b ~ .4 - .6% in agreement with the latest data for projective
prototype [6]. It is interesting to note that A ~ 50 cm gives a minimal value of the
constant term. In reality one should take into account a possible degradation of
fibers, because of aging and/or radiation damage, and choose the optimal A value.

• The main contribution to the constant term in the nonprojective prototype is given
by the finite fiber attenuation length. For A ~ 60 - 70 cm we get b ~ .8% in
relative agreement with data [5], reflecting the fact that b term is smaller for the
projective prototype, than for the nonprojective one. It should be noted, of course,
that besides this "physical" effect there may be other contributions to the constant
term, such as imperfect calibration, lateral nonuniformity, etc.

• The width of the dead zone between towers has some influence on the stochastic
term and, practically, has no influence on the constant term.

We would like to thank L. Dobrzynski, C. Chariot, V. Genchcv, J. Varela, T. Virdcc
and A. Zaitsev for helpful discussions, R. Leitner for the help in creating the program for
Monte-Carlo simulation of the light yield.
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