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Abstract 

In this paper the influence of tile response nonuniformity on the con-
stant term from the energy resolution of an electromagnetic sandwich tile 
calorimeter is investigated. 

Our treatment is based on the well known parametrization of the mean 
longitudinal profile of the electromagnetic shower by a Gamma distribution. 
This permitted us to obtain an estimate of the contribution of tile nonunifor-
mity to the constant term from energy resolution in the form of an explicit 
dependence on the degree of nonuniformity and the material constants of the 
calorimeter. 

Then, it is shown how a calibration made individualy on each calorimeter 
tower might improve the situation to meet the requirements imposed by the 
physics programe at the future accelerators such as the Superconducting 
Super Collider (SSC) or the Large Hadron Collider (LHC). 



Introduction 

The calorimeters are the essential components of all major detectors de-
signed to operate at energies in the Te V range at future accelerators: sse 
and LHO. The physics programe at these accelerators imposes very strong 
requirements on the performance characteristics of such detectors. For ex-
empIe, to search for Higgs production through decay channels into electro-
magnetic particles, the resolution of the electromagnetic calorimeter must be 
at least: 

(7/ E = 15%/v'E E9 1% (1) 

In order to meet such a requirement we need to understand how some fac-
tors appearing in real life as: nonuniformity of response from different compo-
nents, radiation damage, light attenuation etc. will affect the E. M. calorime-
ter energy resolution. 

In this paper the influence of tile-to-tile response nonuniformity on the 
constant term of the energy resolution of a sandwich tile electromagnetic 
calorimeter is studied. The best strategy would be to switch off all other 
effects which contribute to the energy resolution and to obtain the pure 
effect of tile nonuniformity. Our method to realise this relies on the use 
of the well known parametrization of the mean longitudinal profile of the 
electromagnetic shower by a Gamma distribution. In this way, the stochastic 
fluctuations, which have an inportant contribution to the E. M. calorimeter 
resolution, are removed. In all numerical computations we considered that 
the calorimeter is composed from an array of identical towers. Each tower 
consisted of N tile = 32 alternative layers of lead and scintillator tiles of 4mm. 
thickness. These data were chosen according to SDO technical project [1]. 

Before presenting the results, we will discuss shortly the nature of the 
different terms which contribute to the energy resolution. As a rule, the 
resolution of an E. M. calorimeter, when the electronics noise is not taken 
into account, is expressed as [3]: 

(2) 

where: 

• a - the scaling factor - corresponds to the sampling fluctuations and 
the fluctuations connected to photoelectron conversion; 
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• b - the constant term - corresponds to energy leakage, light attenuation, 
non uniformity of tile response etc. 

The formula ( 2) for the energy resolution deserves a more detailed discus-
sion. Both coefficients a and b have a structure, reHecting the contribution 
of different factors. Lets begin the discussion considering that the formula 
for the energy resolution in the form as it appears in ( 2) describes the ideal 
situation, where the tile response is uniform and in this case b describes the 
effects of energy leakage. In a recent paper (41 we tried gradually to approach 
the real life situation, including first the tile response nonuniformity. Then 
the values of a and b have to be modified and we express this in the form of 
quadratically addition of new terms: 

(3) 

Therefore the nonuniformity will amplify the sampling fluctuations and will 
increase the value of the constant term. 

Until now we considered that we are in the situation of an absolute cali-
bration, i. e. we calibrated each tower at each energy. Now, to approach even 
more to a realistic situation the calibration is introduced, which is usually 
made at one energy. We found this introduces a further increase to b term, 
which can be expressed by an additional term b2 : 

(4) 

Of course the value of b2 will depend strongly on type of calibration: global 
or on each tower individualy. By this treatment we obtained individual 
contribution of above mentioned terms or combinations of them. The data 
are yet preliminary, but work is on progress. 

In this paper, we present recent results on the efect of nonuniformity and 
calibration on the b term, obtained analyticaly. This treatment has not the 
Hexibility of choices as in the Monte Carlo treatment of [4], but presents 
additional advantage of obtaining explicit analytical dependence on degree 
of nonuniformity or material constants. 

The tile nonuniformity was considered as gaussian distributed, the degree 
of nonuniformity being characterised by the value of the standard deviation 
(Tnon. of this distribution. Such an approach has a justification in the case 
when the individual tile characteristics are not measured and the calorimeter 
towers are assembled without any selection of tiles. 
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For clarity of further explanation we need to define some basic concepts. 
Tile signal. The tile signal is defined as follows: 

(5) 

where 

• Eta is the energy released in ith tile; 

• C, is the response coefficient of ith tile characterizing the tile efficiency 
for conversion of deposited energy into light signal. 

In our case coefficients Ci are defined as: 

(6) 

where 

• i( = 1.. N tile ) is the tile sequence number; 

• r, is a set of random numbers distributed acording to a Gaussian dis-
tribution of mean value zero and the standard deviation equal to one; 

• (j non - the response standard deviation characterizing the size of nonuni-
formity or the quality of the tile set. 

Such a definition of Ci corresponds to the normalization of the full calorime-
ter signal to the full energy deposition in active medium (tiles). 
Calorimeter signal. The calorimeter signal is defined as follows: 

Ntile 

S full = L E;a C, (7) 
,=1 

Sampling fraction. The sampling fraction ( f.aFnp ) is defined in an usual way: 

N'ile 

/.aTnp = L Eti / Einc (8) 
;'=1 

where Ef'ile E:a is full energy deposition in active medium and Einc is the 
energy of incident particle. 
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Influence of tile nonuniformity: Global calibration 

At the begining we study what is the contribution of the tile response 
nonuniformity in the case of a global calibration. By this we mean that a 
correspondence is established between the averaged calorimeter signal over 
all towers and the incident energy. 

This section was firstly presented in [4], but we repeate it here because in 
the following section are used the same computing tricks and approximations 
and there the mathematical formulas are more longer than here and also for 
completness, because the obtained results are then compared. 

In equ. (7) is given the expression for the calorimetric signal in the 
presence of tile-to-tile nonuniformities for a given tower. Its averaged value 
over the full surface of the calorimeter is: 

N';le 
S full = L E:ei (9) 

;'=1 

because Co = l. 
The corresponding reconstructed energy E will be given by the relation: 

E = KSfull (10) 

where the calibration coefficient K is defined as: 

K = _1_ (11) 
/.o.mp 

The coefficient K, will be the a unique average calibration coefficient, the 
same for all individual towers. 

The variance of the Sfull is: 
N';le 

var(Sfull ) = O'"!on L (E:ei)2 (12) 
.=1 

One can notice that as the incident energy will increase, more tiles will con-
tribute to the signal and the variance is expected to have a slow increase. 

The contribution of tiles nonuniformity to the energy resolution (i. e. to 
the b term) will be: 

var(Sfull))1/2 
Sfull 

O:::~ile (Eiei )2)1/2 
=O'"non (13) 
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One can notice the linear dependence of bon (Tnon, a general result, inde-
pendent of any shower parametrisation. 

The above equation may be used to obtain an analytical expression for 
tile nonuniformity contribution to the E. M. calorimeter response, if we make 
use of the existing knowledge about Er;ep in r.h.s. of equ. (13). 

It consists from the use of the well known parametrisation by a gamma-
distribution [2] for the average longitudinal shower profile: 

dE (3 {(3 a-I -f3t dt = Einer{a) t) e (14) 

with 
r~a) j{(3tt-le-f3tdt = 1 (15) 

The parameters a, (3 contain energy dependence of shower profile. For in-
stance, for electron induced showers, one takes: 

a-I Ein.: 
--=In--0.5 

(3 Ee 
(3 ~ 0.5; (16) 

where Ee is critical energy for the averaged material of the calorimeter. The 
depth inside shower is considered relative to the front edge of the calorimeter, 
and is expressed in radiation lengths Xo of the averaged material. The use 
of averaged medium is legitimate for a sufficiently high sampling frequency, 
of course. 

For further calculations a few more assumptions will be made: 

• the shower is totally contained in a single tower (i.e. longitudinal and 
transverse dimensions of tower are sufficient in the considered energy 
range) 

• the tower has a full depth of T rad. lengths, being a stack of Ntile 

identical sections, each consisting of a tile and an absorber plate. 

Under these assumptions, in the equ. (15) we can replace the integral by 
its rectangle-method quadrature approximation over N tile intervals. Multi-
plying afterwards with Eine we get: 

Ntil. 
Ein.: = L Er;ep (17) 

i=1 
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(18) 

where E~ is total energy deposited in the i-th section of tower, tlt=T / Nti1e 
and to = (i - 0.5)tlt . The energy deposited in the active part of section 
is E;Ci = f.a.mpEtefJ

, with f.a.mp as defined in (8). The signal produced in this 
section is Si = CiE:ci , where Ci was defined earlier. 

So the reconstructed energy is, according to (10) 

E = _1_ 3:e 

E;ciCi 
f.a.mp i=l 

(19) 

In other words, the reconstructed energy is a weighted sum of Ntile inde-
pendent random quantities C i distributed by the same law. This treatment 
implies that all tiles are manufactured by using the same technology, so C i 
obey to a unique distribution law. 

Assuming the distribution (6) for Gi , a straightforward calculation gives 
E {3tlt Ntile 

O"~ = [~--]20"!'n L: ({3ti)2(a-1)e-213ti (20) 
f.a.mp f( a) ;'=1 

Making use of relation (15) and after some algebra we get: 

(~)2= (3tlt f(a+0.5)0"2 
E y'7r(2a - 1) f(a) non 

(21) 

A further simplification can be made, by using the explicit form for a and 
f3 (see (16)) and the Stirling asymptotics for f(z) , valid at energies higher 
than say, 10 GeV. Finally we get 

O"E 
- = 0.45 
E 

tlt 
(22) 

that reveals a very slow decrease with energy of O"EI E, which is proportional 
with O"non however. The results for five values of the nonuniformity O"non: 

5%,10%,15%, 20%and30% are presented in fig. 1. 

Influence of tile nonuniformity: Local calibration 
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As can be seen from fig.I, tile response nonuniformity induces inaccept-
able high values for the constant term b. It is expected that calibrating each 
tower individually the situation might be improved. 

Assuming that we calibrate the tower at one energy, the existence of a 
nonuniformity in the tile response, will made this calibration not to remain 
exact at another one. Due to the dependence on energy of the mean shower 
profile, it is obvious that a different number of tiles will contribute to the 
response of the tower at different energies and also the fractional weight to 
the tower response of an individual tile will change with energy. 

In order to evaluate this effect, let us suppose that the calibration of the 
tower was made at the energy Eo of incident electron beam. To simplify the 
discussion we will consider that there is no energy leakage. Then, because we 
use a mean profile for the shower, the calibration condition can be obtained 
in a very simple form: 

N'ile 

K L EtiCi = Eo (23) 
i=l 

At another energy, say E~, the signal of the tower will be L:i"::i,e E~·eiC, and 
the reconstructed energy E' will be: 

Ntile 

E' = K L E~·eiCi (24) 
,=1 

where the value of the calibration factor K is determined from the calibra-
tion condition (23). Taking into account the definition of the coefficients C, 
from(6), we obtain: 

(25) 

which, after some algebraic manipulations can be transformed into: 

We will introduce a new variable e, defined by: 

E' 
e = E~ (27) 
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This is a random variable which gives a measure of the deviation of the re-
constructed energy around the true value E~ of the incident energy. It can 
be easily verified that e has the mean value one and the standard deviation 
(1'e = (1'E' / E~. Since the mean value of E' is E~, (1'e will represent the contri-
bution of the nonuniformity to the energy resolution, i. e. the value of the 
b term in the case of individual tower calibration. Using ( 26) we obtain the 
following expression: 

(28) 

One can notice that the linear dependence on (1'nan remained also after tower 
calibration. This expression can be evaluated using the parametrisation of 
the mean shower profile [2] and the same computational tricks as in the 
previous section. Finally we obtain: 

A r(20: - 1 r(20:' - 1 2 r(o: + 0:' - 1) 1/2 
(1'~ - (1' ,But·{ + - } 
,,- nan I 22a-1r2(0:) 22a'-lr2(o:') 2a+a'-lr(0:)r(o:') (29) 

where 0: and 0:' are the values ofthe parameter 0: defined in ( 16), calculated 
at calibration energy Eo and respectively E~. The values of the b term for 
different nonuniformities at different energies in the range from 5 to 200 GeV 
when towers were calibrated at Eo = 50GeV, are plotted in fig 2. One can 
notice a near linear dependence of the b term on the logarithm of energy. 

For a comparison between the global and individual calibration of the 
towers the the values of the b term for (1'nan = 10% are plotte"d on the same 
picture on the fig. 3. One can observe that its magnitude is reduced sub-
stantially in the case of individual tower calibration. 
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Conclusions 
In this paper, the influence of the tile response nonuniformity on constant 

term from the energy resolution of an E. M. sandwich tile calorimeter was 
investigated. The main results are the following: 

• the linear dependence of the constant term vs. CTnon ; 

• significant deterioration of the energy resolution (as compared to ideal 
case) due to tile response nonuniformity in the case of global calibration. 
This appears especially as a result of strong increase of b term with CTnon ; 

• reasonable small values for b in the case of individual tower calibration 
even for large nonuniformities in the tile response. 
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Figure Captions 
Fig.l The influence of tile nonuniformity on the constant term from energy 

resolution in the case of global tower calibration; 

Fig.2 The influence of tile nonuniformity on the constant term from energy 
resolution in the case of individual tower calibration; 

Fig.3 Comparison between the values of the constant term in the global 
and individual tower calibration for 10% nonuniformity. 
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