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1 Introduction

The calorimeters have been used extensively in high energy physics experiments in
the last decade and they will play a significant role at the new detectors designed
10 operate at energies in the TeV range at future supercolliders. At these energies
the electromagnetic sector of the calorimeter might play an important role in the
scarch of the new physics, for examplein the identification of Higgs boson production
signals from /{ -— 4~ decays.

The observation of such signals requires very good energy resolution and, in
order to obtain it. all factors which might influence the value of resolution must be
taken into account. Going to higher energies, the behaviour of the energy resolution
changes; it is no more dominated by sampling effects, but by the systematic effects
such as response nonuniformity of sensitive elements, finite containment, intercell
calibration. energy leakage (11 So that. a more detailed study of the influence of
these effects becomes now necessary.

Usually, if the electronics noise is not taken into account, the energy resolution
is parametrized by a quadratic addition of a Poisson-like term due to effects such as
sampling and photostatistics and of a constant term due to systematic effects:

o a
T \/fq#b ’ (1)

According to our present understanding, all the above-mentioned systematic ef-
fects, expected to dominate the behaviour of energy resolution at very high energies,
will contribute to b-term from cqu (1). Hawever the concrete form of the b-term de-
pendence on each of these effects remains still to be studied.

In the present paper we have investigated how the tile to tile nonuniformity in-
fluences the energy resolution of a sampling tile electromagnetic calorimeter, in our
case a sampling calorimeter using scintillator plate with wavelength-shifting fiber
readout as a sampling medium and lead as an absorber. This type of calorime-
ter was considered as one of the possible options for calorimetry (electromagnetic
or hadronic) at future supercolliders. To he able to isolate the nonuniformity ef-
fects, some parameters of the calorimeter which was simulated in this paper were
deliberately exaggerated in order to switch-off the contribution of other systematic
effects. For example. to remove the effect of the energy leakage, the dimensions of
the calorimetric tower were chosen much larger than they are in real calorimeters.

In the first section the notations used in the paper are introduced and explained.
Some details are given on the Monte-Carlo simulation of what will be called the ideal
case and on the way the tile to tile response nonuniformity is taken into account. A
qualitative description of the tiles nonuniformity influence on the energy resolution
is given. It results that in b. the systematic term, there are two components: an
intrinsic one and a component which depends on the calibration.



In the next section some previously obtained analytical results concerning the b
term calibration component are reviewed. Different calibration procedures are then
applied to the simulated data, that are calibrated either globally. or tower by tower
in order to test the qualitative description given in the first section. It is shown that
the contribution of the tile to tile nonuniformity to the b-term increases lincarly
with 0,5, the standard deviation of nonuniformity. The observed deterioration of
the energy resolution, due to nonuniformity, can be restricted inside resonable limiis
if the tower by tower calibration is used. A good agreement between the simulation
and analytical computations is found.

Finally, in the third section the conclusions are presented.

2 Monte Carlo simulation

2.1 Ideal case

Firstly, it was simulated what will be called in the following the ideal case, i.e.
a sandwich-tile calorimeter tower, whose dimensions are chosen large enough to
avoid any energy leakage (longitudinal, transversal) and where the tiles are identical
regarding their response.

The calorimeter tower considered in the simulation program consisted of a stack
of alternative layers of absorber (lead) and plastic scintillator. The lead and scin-
tillator plates were chosen to have identical 0.4 ¢m thickness and 30 x 30 cm?
transversal dimensions. The tower is composed from N, = 64 of such pairs of
absorber/scintillator plates, which corresponds to a total tower length of 51.2 cm,
or 46.2 radiation lengths.

The GEANT program [2] version 3.15 was used to simulate the electromagnetic
showers produced in this tower by an electron beam at nine values of the incident
energy: 10. 20, 50, 100, 150, 200, 300, 400 and 500 GeV. The incident beam
direction is perpendicular to the tiles surface and the incidence point is just in the
tile center. The energy cuts for both electrons and gammas were traced down to
10 KeV. the limit permitted by the actual version of the GEANT program. The
simulations were performed on a SUN workstation and the mean computing time
was 1.8 sec/event/GeV.

In what follows, by E; it is denoted the deposited energy in the i tile. As a
result of our GEANT simulation, for one incident electron, the output consisted of

the set {F;.7 = 1. Ny} of deposited energies in all scintillator layers of the tower.
Their sum:

Nie

S=3F (2)
=1



will be called a calorimetric signal, and it characterises the calorimeter response to
an individual electron. which in the ideal case is strictly related to the amount of
deposited energy in the tiles. The distribution of the signals simulated at a definite
value of the incident energy is Gaussian. The tower energy resolution is given as the
ratio of the standard deviation to the mean value of this distribution.

A summary of the number of simulated electromagnetic showers and of the energy
resolution obtained at each of the nine above-mentioned energies can be found in

Table 1.

Table T The energy resolution in the ideal case

Energy [GeV] [ No. of simulated events [ Resolution [%)]

- 1000 | 3.95£0.09
- 1000 | 277£0.06
a0 1000 | 1725004 |
) 600 1.24 £ 0.04
_o L oW 0.99 +0.03
L200 325 ] 080+0.03
R 300 0.73 £0.03
T I 0.60 + 0.02
500 L 300 0.56 & 0.02

For the ideal calorimeter, taking into account that in this case there is only the
sampling phenomenon which contributes to the energy resolution, one should expect
for it to behave like a/v/E. Therefore, by fitting the ‘Table [ values with the general
formula given by equ. (1), we ought to obtain for b a value consistent with zero, and
this is obtained indeed. In fig. | the energy dependence of the energy resdlution,
with l/ﬁ on the abscissa, 1s represented. With squares are represented data points
and with continuous line is drawn the energy dependence as predicted by equ.(1),
with fitted values of the parameters ¢ and b: a = 12.2340.12% and b = 0.00£0.12%
for x2/ndf = 0.92.

2.9 TInclusion of the tile to tile nonuniform response

The tile response nonuniformity is introduced "by hand” over the simulated in the
ideal case deposited energies for each event. In GEANT simulation all scintillator
layers were considered identical, which is not very far from the quality provided
by the manufacturers. The imperfections from the machining of the groves in the
scintillator plates or damages of the wavelength shifting fibers during the operation
of their insertion inside these groves may affect the reproducibility of the light output
among the tiles.
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ideal case.
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The GEANT simulation results in the ideal case were stored in separate files
for each energv. The /' tile response nonuniformity is introduced in a form of a
coefficient (; which weights the energy deposition in that tile. The calorimeter
signal in this case. which in the following will be called “the real signal”, now reads:

Ntile
S= N Gk (3)
=1

The coeflicient (7, characterises the conversion efficiency of the deposited energy
in the ¢* tile irto a light signal. The set {00 = 1.V} characterises an individual
calorimeter tower and equ.(3) is used to compute its real signal to each simulated
event at all energies.

In this paper. the tile nonmuniformity is considered to be Gaussian distributed
with standard deviation o,,,,. The standard deviation is imterpreted as a measure of
the nonuniformity. Such an approach is justified in the case when the tiles individual
characteristics are not measured separately and the calorimeter towers are assembled
without any selection of the tiles. With this considerations, the (7 coefficients can
be defined as:

=14+ oponr, . (1)

where:

e r; is a random number generated according to the standard Gaussian distri-
bution:

® Ongn i8 the tile response standard deviation. characterising the degree of nouni-
formity, or the quality of the tile party.

About the use of a global coefficient (; to characterise the tile response, some
comments are tn order. The response variations of a tile at different points on its
surface are observed fror measurements made using collimated radioactive sources
[3] and the effect is important in the case of electromagnetic showers. In practice
there are already invented some ways to reduce this unpleasant phenomenon, for
example by the use of a suitable response flattening mask. In this way, the response
variation across the tile surface may be reduced at the level of about 3% or less {3].
Therefore, our simplification. of using a single coefficient ; and not a function of
the coordinates (., y) on the tile surface to describe the characteristics of its light
output, goes not very far from the real situation.

In order to investigate the effect of the nonuniformity, we assume to have several
calorimeter towers, each of them characterised by its own set of the tower response
coefficients {("..7 = 1, Ny, }. We can reconstruct, using equ.(3), the response of
any tower at any incident energy (the real signal) using the bank of the simulated
ideal case events at this energy and the set of its response coefficients ;. From the



real signal distribution for all generated events at a given energy one can obtain the
tower resolution at this energy. In the ideal case all the towers are identical and the
tower energy resolution coincides with the value of the calorimeter resolution. In
the real case the nonuniformities are statistically distributed and different values of
energy resolution are obtained for different towers.

Therefore. in the real case the calorimeter resolution cannot be identified with
the resolution of a tower. It has to be defined as a global characteristic of whole
calorimeter. Our choice was to define the calorimeter energy resolution from its
averaged response obtained over all towers that compose it. In other words we
considered the calorimeter response for different incident points distributed on the
whole calorimeter surface in the center of its towers. In order to calculate the energy
resolution we need to compute the real responscof a large number of different towers
and then to treat them in the frame of a certain calibration procedure (see bellow).
In this paper we have computed the responses of 1000 different towers using. for cach
tower, a different set of response coefficients {7 = 1, Ny, }. generated according
to formula {4), and the banks of simulated ideal case events for all incident energies.

In order to study the dependence of the energy resolntion on the tile response
nonuniformity o,... for cach tower were generated five independent sets of response
coefficients, cach set being characterised by a different value of a,,,: 5. 10, 15, 20
and 30%.

The nonuniforinity affects the real signal distribution in two ways: by a shift of
the mean value and by an increase of its width, while the distribution itself remains
Gaussian. For illustrative purposes, the distribution of the ideal signal and that of
a particular tower real signal for o,.,, = 30% at the incident energy K. = 100 GeV
are shown in fig. 2. The mean value I and the standard deviation SD of these two
distributions arc. 7= 8.056 + 0.004 GeV and SO = 0.102+0.004 GeV for the idcal
case and F = 924 + 0.003 GeV oand SD = 0.141 £ 0.005 GeV for the real case.
In the real case the maguitude of the effect differs from tower to tower and depends

also on the nouniformity o, ... In fig. 3 the distributions of the I values (fig. 3a)
and of S (fig. 3b) for all the 1000 towers are plotted at two values of g,.,: 10%
and 30%.

Therefore. we expect these two effects to influence cach in its own way the energy
resolution b term and to contribute to it with two independent terms. The shift of
the mean vaiue could be corrected by different calibration procedures, so we called
its contribution calibration term and denoted it by b.. The other contribution, due
to the broadening of the calorimetricsignal distribution, cannot be influenced by
calibration, so we called it intrinsic ferm and denoted by by,.

The effect of the calibration is considered in detail in the next section.
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3 Calibration

By calibration we mean a correspondence. established between the calorimeter signal
and the incident electron energy. Iu our case this correspondence takes a very simple
form:

E=HKRS . (3)
where K is the calibration coefficient, S the calorimeter signal and £ the recon-
structed energy.

Assuming a calorimeter linear response, the calibration coefficient A is given by
the ratioc of the calibration energy Fy to the average signal 5
11‘«)

N = —:' . (())

We discuss two situations: a global calibration when a unique calibration coeffi-
cient K is used to calibrate all towers, and a tower by tower calibration , when for
each tower is used its own calibration coefficient. In addition we also use the term
of absolute calibration, to designate a special procedure which will be defined later
and that was introduced in order to help us in our analysis.

In our previous paper [4] some analytical expressions were obtained for the
calibration term b. in global and in tower by tower calibration. The universal
parametrisation of the electromagnetic shower mean longitudinal profile by a gamma
distribution [5]:

(U‘,‘ g ’
=z Il'm N 7’_(/3, ao—1 ’*Ajt N
dl Tla) )" e .

was used there to compute the calorimeter signal. The parameters a and 8 contain
the shower profile encrgy dependence. For instance, for electron induced showers:

-1
305 2 = Iny + . . (8)
where C, = —0.5 [5]. or (', = —1.0 [6], but choosing one or another of the
values will little affect our results. As in [4] we used here (7, = —1.0.

The shower parametrisation is expressed in the scaled variables y and ¢ [5]:

L. Xy
with y, the incident energy. measured in units of the calorimeter averaged material
critical energy E. and (. the coordinate along the shower axis.considered relative
to the front edge of the calorimeter, and expressed in radiation lengths X, of the
calorimeter averaged material.

y = (9)



After global or 1ower by tower calibration of the calorimeter signal one obtains
[4] that b term is not a constant. but it has a slow dependence on energy. For global
calibration the following dependence was predicted [1]:

J 1/1

W=, (A . (10)

irlny
where Af is the thickness of an averaged medium laver composed from one laver of
lead plus one layer of scintillator. measured in units of the average radiation length
.\r[).

Assuming that we calibrated tower by tower at the energy £y, the following
expression was found in [4] for the energy dependence of the b«

-

: , 4 3/4 I
b= o (27 AN In (—)’ . (11)

' 1 In y, o

where yo represents the calibration energy expressed in the scaled variable y.

The b, term energy dependence. is illustrated in the fig. 1 for the case of calorime-
ter simulated in previous section. namely for global calibration in fig. 4a and for
tower by tower calibration i fig. -th. The numerical values of different parameters
entering in the expressions for # and for b given above are: K. = 10.48 Ml
Al = 0.72 and calibration energy £y, = 100 Gel.

In this section, our goal was that for the b term, obtained from the simulated
data sample. to separate the intrinsic by and calibration b, components. to study
their dependence on the nonuniformity ¢,,, and to compare the found values with
the values predicted in [4].

In the following. equ. (11) is written in the form:

11([’)’ . (12)

and 1n the comparison with simulated data the logarithmic dependence on energy

H = ¢

and the ¢ coeflicient linear dependence on a,,, is checked.

As it can be seen from fig. b, bf_“' is zero at the calibration energy Fy. This
result looks very plausible, because the tower average signal shift in respect with
the mean signal in the ideal case could be completely compensated only at that
energy where the tower is for these shifts at the level of the whole calorimeter may
happen only when cach of the tawers is calibrated individually. At another energy.
a total correction cannot be achieved because the mean shower profile depends on
energy and in consequence the different tiles relative contribution to the calorimetric
signal changes also with energy. The shower profile energy dependence is slow. of
logarithmic type. therefore it was also expected for the 57 value to depend on energy
in the same manner. As regards the infrinsic term we made the assumption that it
doesn’t depend on energy.



The equ.{11) prediction that b
the calibration contribution from the intrinsic one. We proceeded calibrating tower

0 at £ = Fyis used to separate in the b term

by tower simultaneously at all the energies. At cach energy where the tower was

calibrated. only intrinsic effects will contribute to the b term. In the following we

will refer to this procedure as to au absolute calibration. In Table T the values of

the calorimeter energy resolution after the absolute calibration are given,

Table IT Absolute calibration. the energy resolution for differeut nonuniformities

Energy Nonuniformity \

[GeV] T 1% 15% 209 1 30%.
10 3.96 + 013 | 1.00 £0.13 | .09 £0.13 | 4.2240.14 0 1.52£0.11
20 [ 2784009283 +£0.09 ) 2914009 | 3.02+£0.10 329011
30 17310061 178 £0.06 | 1.86 £0.06 | .95+ 0.06 | 2.26 = 0 07
100 1.26 +0.06 | 1.324£0.06 | 1.41 £0.06 | 1.52£0.07 | 1.31 = 0. 0.08 |
150 1004005 0 1.07+£0.05 | 1.17 £0.052 | 1.30 + 0.06 | 1.62 f 0.07 u
200 0.83 +0.05 | 0.894+0.05 ] 1.00£0.06 | 1.1340.07 { 1.46 £ 0. ox |
300 0.76+0.0: 1 0.814+0.05| 096 +£0.06 | 1.09+0.06 | 1.45:£0.03 A
400 0.62%0.01 | 0.69+0.01 | 0.80+£0.05 | 0.91 £0.05 | 1.20 £ 0. 06 |
500 0.55 + i).UIS‘J 0.65 +0.04 1 0.76 + 0.04 | 0.87+£0.05|1.17 £ 0.08

From a comparison of lable /1 data with the corresponding values of the ideal
case energy resohition given in Table [, one can notice the deterioration in the energy
resolution, produced by intrinsic effects of nonuniformity, that increases with oo,
as expected. In order to express this quantitatively, for each d,., the corresponding
set of energy resolution valies was fitted with a formula as that given by equ.(1i.

where by. the it rinsic component. stands here for b.

/TN a f1
i) = VBT Y
The results of the fit are given in Table 111
Table III Absolute calibration. the results of the fit with a/\/E @ by
[ o Nonuniformity
5% 10% 15% 20% 30%
a 1235 £0.16 ] 12.55 £ 0.17 | 12.81 £0.18 | 13.24 £0.19 | 14.06 £ 0.23
bo 0.14 £ 0.03 | 0.32+0.04 | 0.51 £0.03 | 0.67+0.03 | 1.06 £0.03
x?/ndf 0.72 0.60 0.58 0.71 1.23

10



3.1 Calibration tower by tower

In this case ‘he calibration coefficients were determined from equ.(6) for Ey =
100 GeV and they were used for energy reconstruction at all energies. The calorime-
ter energy resolution was determined from the calibrated signals following the pro-
cedure described previously and the results are given in Table V.

Table IV Tower by wower calibration, the energy resolution for different
nonuniformities

Energy | ) Nonuniformity
[Gevi U Ts% T 0% 15% 20% 30%
10 3.9940.09 | 4.12£0.09 { 4.31 £0.10 | .64 £0.10 | 5.30 £ 0.12
20 280 + 0. O() 290 £0.07 | 3.05£0.07 | 3.30 £0.07 | 3.79 £ 0.09
50 1.71 £ 0.0 1804+ 0.04 [ 1.89 £0.04 | 2.04 £0.05 | 2.36 £0.05
100 1 Z)tUU() 1.324+0.06 | .41 £0.06 | 1.524£0.07 | 1.81 £0.08
150 1 1.01£0.0311.084£00311.204£004]1.35+0.04  1.71 £0.05
200 | 0.81+£0.03 1 0.934£0.04 {1.07+£0.04 | 1.25+£0.05 | 1.65 £ 0.07
300 0.79 £0.03 1093 4+£0.04 | 1.13+£0.05 | 1.37 £ 0.06 ; 1.88 £ 0.08
400 1 0.67£0.03 10854004 1.08£0.04 | 1.35+0.06 | 1.88 4 0.08
500 0.61+0.03 ‘ 0.84+£0.03 [ 1.10£0.05 | 1.40 £ 0.06 | 1.98 +0.08

A comparison of Table 717 results with those from Table /1 indicates the pres-
ence of an additional source of fluctuations which contribute to the energy resolution
deterioration. As can be seen, the cnergy resolution is worse in the case of tower by
tower calibration than in absolute calibration and this effect is more pronounced as
the energy is further away from the calibration energy Fyp. According to our treat-
ment, this ncw energy dependent effect can be taken into account by introducing an
additional terin (the calibration term b} in the encrgy resolution parametrisation
formula (13) used for the absolute kdhbmtion case.

Taking into account the predicted energy dependence of the calibration term
given by equ.(12). the Table IV energy resolution values corresponding to a given
Oon Were fitzed with:

T I ,
(%) - ;% G by i eln (I’ ) . {14)
cal. Vi -0 7

In fig. 5 the energy dependence of energy resolution predicted by equ. (14) for
Table IV data is plotted at three values of @non: 10%, 20% and 30%. The fig. 5
curves are drawn with fitted parameters given below in Table V. On the same
picture the curve that fits Table I simulation data for the ideal case (represented by
open circles} is also drawn. As a reference value for the real life situation could be

11
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Calorimeter energy resolution after tower by tower calibration, for difl
ent nonuniformities o,

taken o,,, = 10%. Recent determinations [7], made by a I'lorida State Unive
group, have given o,,, = 7% for the tiles light yield standard deviation.
The fitted parameters for all nonuniformity values are presented in Table ¥

Table V Tower by tower calibration, the results of the fit with
a/VE A by b el (EfEy)
Nonuniformity
3% 10% 15% 20% 30%
a 12.30 £0.14 | 12,63 £ 0.19 | 12.89 £ 0.20 | 13.45£0.23 | 14.44 £ 0.
bo 0.1440.08 | 0.29+£0.10 | 0534+0.06 | 0.71 £0.06 | 1.11 £0.
¢ 0.18£0.03 | 0.36 £0.04 | 0.504£0.04 | 0.68+0.04 | 0.99 £0.
v!/ndf 0.67 0.60 0.39 0.58 0.81

12



The results from the tables 117 and 1V indicate that within the errors the obtained
values of parameters @ and by from the fit of absolute calibration and tower by tower
calibration data coincide. This might be interpreted as an indication in favour of
the hypothiesis of two independent components which appear in the b term due to
tile to tile nonuniformity and which are added quadratically:

h=byb. . (15)

Table V' data permit an investigation of fitted parameters dependence on nonuni-
formity. Equ.(12) indicates that ¢ depeuds linearly on o,,,. This is ilustrated in
fig. 6 where Table Ve values were well fitted with ¢ = 0.0340,,,, while the theo-
retical prediction of equ.(11) is ¢ = 0.0360,,,. In fig. 6 the dependence on o,,, of

the other two parameters ¢ and by, was also fitted using very simple assumptions.

q
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Fig. 6. Dependence on o, of the parameters «a, by and ¢ from equ.(14) used to
fit the calorimeter resolution in the case of tower by tower calibration;

13



For example. for by we supposed also a linear dependence which was fitted with
bo = 0.0360,,0,. As regards a coctlicient. the best fit was obtained supposing that:

a = g (16)

and that a; depends linearly on o, .. The fitted oy value is ap = 1231 2 0.12. which
is consistent within the crrors with the value of « that was found in the ideal case.
The fitted coeflicient of linear dependence of @y on @, ., 15 0.26 = 0.02.

Somne comments are necessary for the unexpected dependence. as It appears at
first sight. of the coefhicient ¢ on the 7,0, To understand it let us remind how
the resolution of the whole calorimeter in the presence of the tile to tile nonuniforn
response was defined. The calorimeter signal distribution was obtained by colleeting
the signals from all towers. Because i this case we used the real signals which
already incorporate the effect of the tile response nonaniformity, which is normal
distributed. this fact manifosts itself as il the sampling fraction varies from a tower to
another. For the parameter a. which characterises the sampling properties of whole
calorimeter. this offect appears as an apparent amplification of sampling fluctuations.

Looking at the deprndence of the a and b coeflicients on @, one can notice that
they permit a con~itrney check of onr results: switching off the nonuniformity, the
values from the ideal o= are reohtained,

The fitted coctticients of the by and ¢ linear dependence on . introduced o the
equ.(13) can be n=edl now to evaluate. for the calorimeter considered in this paper.
the total contribition of the nonuniformity to the b term for a given cnergy value.
In fig. Ta the b tern energy dependence in the 10— 3500 GeV range, for different o,
values is plotted. A niore precise measure of this vartation cait be expressed by a
quantity £(£) detined below. which has the property that it is independent of o, -

AERT k) —bba) (171
‘ b k)
It describes the relative variation of b, with respect to its minimum valiue reached
at the calibration enerey the. kg = 100GeV). In fig. 7h the quantity £(F) versis
energy I it the 10--300 Gel range is plotted. A variation of about 80% is observed
between 108 and 500 Gel'.

Using the knowledae of the energy resolution dependence on @, gained so far.
one can extract the v of B at every energy. A comparison between the obtained
and the predicted voro might be an additional test of our analytical results.

Taking into acce i 231 and (1) one can estimate the value of o1 from:
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Fig. 7. (a) total contribution (i.c. by - 64 of tile nonuniformity to the & term
for different 7., cvalnated [rom results of the fit;
(b) a measure of b variation over the whole energy interval, taking b(Fp) as a
reference value.

In the fig. 8 the 4™ values obtained by this method are plotted. The curves
represent the predictions based on cqu.(11). One must notice that any free parameter
doesn’t enter in equ.(11) and the curves are described only in terms of general
characteristics of our calorimetertowers: their dimensions, their material physical
constants and the tile response nonuniforinity. The good description of the simulated
data by these curves proves the validity of equ. {11) predictions for calibration term V
in the case of tower by tower caiibration.

3.2 Global Calibration

To complete the calibration dependence investigation we also treated the case when
a single coefficient K was used to calibrate the response of all towers. The main
reason was to obtain an estimation of the level of energy resolution degradation
introduced by nonuniformity. After the energy reconstruction, using equ.(5), the
energy resolution values were obtained. They are presented in Table V1.
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Table VI Global calibration. the energy resolution for different nonuniformities

Energy Nonuniformity

[GeV] 5% 10% 15% 20% 30%
10 419+£0.09 | 459 +0.10 | 545+ 0.12 | 6.19 £ 0.14 | 8.51 £ 0.19
20 3.01 £0.07 | 3.57+£0.08 | 4.56 £ 0.10 | 5.35 £ 0.12 | 7.84 £ 0.18
50 2.06 £0.05 | 2.76 + 0.06 | 3.87 £ 0.09 | 4.73 £ 0.11 | 7.34 £ 0.16
100 1 1.68+0.05 | 2484+ 0.07 | 3.62+0.10 | .51 £0.13 | 7.17 £ 0.21
150 |1 1.484+0.05 | 2.34 £ 0.07 | 347 £ 0.11 | 4.41 £0.14 | 7.05 £ 0.22
200 | 1.36+£0.05|2264+0.09|339+£0.13|4.36+0.17 | 6.98 +0.27
300 | 1.31 £0.05 | 2.24 £0.09 | 3.36 £ 0.14 | 4.35 & 0.18 | 6.95 &£ 0.28
400 11.23£0.05|2.19+£0.09 | 3.30 £ 0.13 | 4.31 £ 0.18 | 6.90 & 0.28
500 | 1.21£0.05|2.18+0.09 | 3.28 £0.13 [ 4.31 £0.18 | 6.89 = 0.28

One can clearly see the resolution deterioration in comparison with ideal case
and also with the resolution after tower by tower calibration. This effect is more
pronounced for high energies where the systematic effects dominate the energy res-
olution behaviour and it also increases with nonuniformity. This is due to the b2,

3.5
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calibration term [Z)]
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Fig. 8. b vs. incident energy for different o,,,: continuous lines represent ana-
lytical formula (11) and the points are obtained using equ.(18) from simulated

data.
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which - as was predicted [} (see also tig. 1} - is significantly larger than b, A
fit with a formula analogous to (11} where the calibration term is now given by
equ.(10) was not able to separate the two contributions of nonuniformity by and bs!
as in tower by tower case due to the very slow energy dependence of 9.

What can be done instead, is to use the same procedure as in the case of tower by
tower calibration to extract the value of # at every energy, using a relation similar
to equ.(18). which in this case reads:

‘ )

2 2
B <”> _ <i> . (19)
\i [’/ gl.oal. l’- abs.cal.

In fig. 9 the &' depeudence on ncident energy for some values of 0,,, is present-
ed. The points were obtained from eqin.(19) and the curves represent the equ.(10)
predictions. One can notice also the good agreement between the simulated data
and the theoretical predictions.
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Fig. 9 (rj!l ve. incident energy for different o,,,,,: continuous lines represent ana-
tvtical formula (10) and the points are obtained using equ.(19) from simulated
data.



4 Conclusions

The influence of the tile to tile nonuniformity on the energy resolution of a sandwich
tile electromagnetic calorimeter was investigated in detail. Our treatment was based
on the simulation in idealised conditions of a tile calorimeter signal (only sampling
has contributed to the energy resolution and all tiles had identical response). After-
wards, on this ideal case results the tile response nonuniformity was superimposed
in the form of some weighting factors generated for each tile with a Gaussian dis-
tribution with the mean equal to one and with the standard deviation Tnen- Lhe
standard deviation o,,, which measures the degree of the tile response nonunifor-
mity was chosen as a variable to express the variation of calorimeter resolution with
nonuniformity. In respect with ideal case a deterioration of calorimeter CNCTEY Tes-
olution was observed. Both terms of the resolution parametrisation formula were
affected. but mostly the svstematic term b. It was shown that the nonuniformity
contributes to b term in two independent ways:

e by broadening the calorimeter signals distribution. This is due to the term b,
that we called intrinsic term. which depends only on o,,, and this dependence
1s linear;

e by shifting the mean value of the calorimetric signal distribution. This effect
gives another contribution to the systematic term, that we denoted in this
paper by b which depends also linearly on 7,,,. but depends as well on
incident energyv. The tvpe of b, encrgy dependence is different for global and
tower by tower calibration.

It was shown that these two terms are added quadratically. i.e. b = by 5 b, and
the main contribution comes from b.. The b term increases linearly with o,,, and
depends on incident energy. For a fixed a,,,, value. bis significantly smaller in tower
by tower calibratiou than in global calibration.

A method was proposed 10 separate these two contributions. ‘The obtained b
values in global aud tower by tower calibration were compared with our theoretical
predictions (i and a good agreenient was found.

It was also observed a slow increase of the sampling factor « in comparison witl
the ag value obtained in the ideal case. The contribution of tile to tile nonuniformity
can be represented as an additional term which depends also linearly on ., and is
added quadratically to ay.

The present results have a general character and might be valid for a large variety
of sampling calorimeters. They have a practical importance for the design of large
calorimeters with a good energy resolution.
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Bynaros 0. u ap. E1-94-436
Bingune HEOZHOPOIHOCTEH HA JHEPreTHYECCKOE
paspeleHue 3IEKTPOMAarHUTHHX COMILTUHT-KaJI0PHMETPOB

TIpoMoeNpOBaH OTKJIMK 3JIEKTPOMArHATHOTO KaIOPUMETPA HA 3EKTPO-
ubl ¢ 9Heprusimu 10—300 I'3B. [IeTansHO uccie0BaHO BAASHAE HEOQHOPORHOTO
OTKJIMKA TUTACTMH KaJopuMeTpa Ha Koadpuumentn a U b B dopMye napa-
METPH3ALHH JHEPrETHUYECKOrO Pa3peileHus KajJlopuMeTpa. Y XyAWeHue SHep-
FETHYECKOr® pa3pelieHds, CBI33aHHOE C HEOAHOPOXHOCTSIMH, MOXHO
YMEHBIIMTH C TOMOMBIO KA THOPOBKM KaXxA0# 6amHn Kasopumerpa. [loayuena
IBHAS 3aBUCUMOCTh K03(hDHUIHEHTOB @ U b OT C.K.0. HEONHOPOAHOCTH OTKJIMKA
maacTuHbl. Hamu npeabigyiide pe3yapTaThl IO 3TOH 3aBUCHMOCTH, TIOTYYEH-
HBIE C IOMOIIBIO AHATUTHUECKHUX METOOB IIPH MCNO/Ib30BAHIUH YHUBEPCANBHOM
napaMeTpu3auMy npoduis SIEKTPOMArHUTHOTO JIMBHS, HAXOAATCS B XOpomeM
COIVIACHH C PE3YABTATAMM MOJETHPOBAHUSL.

Pabora sunosHeHa B JJabopatopuu saepHuix mpobsem ONAN.

[TpenpuuT O6beMHEHHOTO MHCTHTYTA SAEPHBIX MCCaea0BaHMiA. [y6Ha, 1994

Budagov J. et al. E1-94-436
Effect of Nonuniformity on the Energy Resolution

of E.M. Sampling Calorimeters

The response of a sampling tile electromagnetic calorimeter was simulated
for incident electrons in 10—500 GeV energy range. The influence of tile to tile
nonuniformity on the a and b coefficients of the calorimeter energy resolution
parametrisation formula was investigated in detail. An energy resolution
deterioration due to nonuniformity was observed, but it was shown that the
tower by tower calibration can reduce this undesirable effect to reasonable
limits. An explicit a and b coefficients dependence on o,,,,, the tile response
nonuniformity standard deviation, was found. Our previous results on this
dependence obtained by analytical methods using the electromagnetic shower
mean profile universal parametrisation and the present results obtained by
Monte Carlo simulation are compared and found in good agreement.

The investigation has been performed at the Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1994




Peaaktop J.B.MBamkesuu. Maxer P.J1.Domunoin

[Monmnucano B neuats 24.11.94
Gopmar 60%x90/16. Odcernas neuyatsb. Yu.-uza.aucros 1,09
Tupax 325. 3akaz 47744. Lleuna 196 p.

Usnaressckuit oraes O6beaMHEHHOIC HHCTUTYTA SAEPHBIX HCCIEIOBAHKI
Ily6ra MockoBckoi 001acTH




