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In connection with the development of cross-beam 
experiments, oalorimetry has reoently found ever increasing 
application in experimental setups. For this reason investigations 
of processes in oalorimeters are gaining in special importance. In 
particular, for the deteotors, in which eleotromagnetio and hadron 
calorimeters (EMC and HO) are used simultaneously, the problem 
arises to reconstruct the energy of hadrons from EMC and HC 
responses. In this paper an attempt is made to solve this problem 
for the DELPHI detector. 

The amount of material in front of the HC in the DELPHI 
detector is equal to 1.2 proton absorption lengths (0.6 due to the 

/1 / EMC and 0.6 due to the coil and cryostat) , therefore about 70% 

of hadrons have the first interaction which leads to the 
development of a nuolear-eleotromagnetio shower before the HC. The 
real situation has been simulated by plaoing a sointillating Csl 
orystal in front of the oalorimeter aoross the beam path. The 
diameter of the crystal was 200 mm and its thickness along the 
beam 300 mm (0.8 nuolear lengths). An additional Pe plate 5 cm 
thiok (0.3 nuolear lengthe) was inserted to ensure the real amount 
of matter in front of the HC. 

The two-dimensional distribution of the signal from the Csl 
orystal as a function of the HC response for incident 6 GeV/o 

/p/ protons is shown in fig.1(a). Pig.1(b) shows the data simulated 
/3/ by the GHEISHA program (version 7) - The sum of ionization 

losses in the crystal is adopted as the EMC response and the 
number of hits, i.e.,the number of crossing points of charged 
oasoade tracks with sense element planes, as the HC response. 
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Fig.1 Signal from the Gsl crystal as a funotion of the HC 
prototype for incident 6 GeV/o protons; a) experimental results; 
b) real events in whioh the reconstructed energy differs from the 
mean value by more than 2 standard deviations; o),d) data 
simulated by the GHEISHA program. 

Using this kind of Csl response dependence on the HC 
response, one oan propose the simplest prooedure of energy 
reconstruction 1]ют the HI0 and HO responses: 

4 HO + к И1С if the shower began in the 310, (1) 
HC if the hadron passed through the И1С without interaction, 

where к is the scale factor determined by minimizing resolution at 
a given energy. In the simulated situation the events, in whioh 
the proton passed through the Csl crystal without interaction, 
correspond to the "ionization peak" region in the speotrum of 
signals from Csl (fig.2(a) ). In the real configuration, 
noninteraoting hadrone oan be identified more reliably due to a 
fine segmentation of the EHC. The energy spectrum for incident 
6 GeV/o protons reconstructed from responses of the HC prototype 
is ehown in fig.2(b). 
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Pig.г Energy spectra of incident 6 GeV/o 
protons: a) reconstructed from responses 
of the Csl crystal, b) from the HO. 
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By analogy with fig.1(a,c), the distribution for events, in 
which the reoonetruoted energy differs from the mean value by more 
than two standard deviations, is shown in fig.1(b,d). One can see 
3 regions of events of which only the region A, "anomalously" 
large signals from the HC, is of our interest. It is diffioult to 
investigate the regions Б and С because of laok of detailed data 
on shower development in Osl. The investigation of the simulated 
shower composition in the HO shows that in the events from the 
region A the fraction of the electromagnetic component (7, e*,e~) 
is larger than 80Я5 whereas for the events with energy deposition, 
which differs from the mean value by less than 1 standard 
deviation, the fraction of 7, e*,e" is about 60Ж (only the 
particles which make a contribution to the response signal, i.e., 
those passing through the sensitive planes, are analysed). So, the 
events with large energy deposition in the HC are characterized by 
a large fraction of the eleotromagnetio shower component. Thie 
situation is inherent in all non-oompensated calorimeters euoh as 
the DELPHI HO, where the ratio of a signal from electrons to that 
from hadrons of the same energy (e/h) ie larger than 1. Therefore, 
the question arises to compensate fluctuations of the e/m 
component. 

To compensate these fluctuations, the following procedure has 
been suggested' /4/. 

E •= 2 E (1- E ) . (2) 



where E001" is the corrected energy, E=£j Ev the unoorreoted 

energy, Et a signal from a single sense element of the HC, and a 
the correcting factor. This procedure works effectively if the 
calorimeter has a sufficiently fine segmentation. In the DELPHI HC 
the radiator consists of Pe slabs 5 cm thick (2.8 radiation 
lengths). However, because of a large nuclear length in Pe 
(16.8 cm), one can try to use the correcting procedure also in 
this case. 

The possibility of compensating the e/m shower component 
fluctuations can be tested for the detector without some 
additional material in front of the HC. The energy range of 
primary protons has been chosen on condition that the .Tiean 
momentum of charged particles in e*e~ interactions at LEP energy 
is 2.7 GeV/o, and only 5% of charged particles have a momentum of 
more than 10 GeV/c . The results in fig.3(a) show the resolution 
of the HC as a function of energy. The resolution is determined as 
a standard deviation of the distribution divided by its mean 
value. The quantity E in (2) is a signal from a sensitive plane 
of the HC prototype. As seen from fig.3(a), the compensation 
procedure leads to improving the resolution. This effect increases 
with increasing energy as mentioned in . 

Using the correction procedure leads to the following 
algorithm of hadron energy reconstruction from the EMC and HC 
responses; 

{НС + к EMC if the shower began in the EMC ,.,, 
kt HC c o' if the shower began in the HC 

where k, HC and EMC are the same as in (1), к is the soale 
factor which soales reconstructed energy for events with a 
different position of the cascade origin, HC c o r is the HC response 
corrected by formula (2). The results are shown in fig.3(b). 
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Pig.3 Energy resolution of the НС prototype and the HO and 
И1С system as a funotion of hadron energy. Triangles 
experimental data, oiroles - simulated data. White figures -
without oorreotion, blaok figures - with plane (a,b) and tower 
(o,d) oorreotion. Dashed line - the result of fitting with the 
funotion A/VE. For d) A=89J6. 

In the real DELPHI HO, information is read out not from planes 
but from towers. One tower sums up signals from 5 plane regions in 
depth suooession. Their size is about 20x20 omz (25^25 om2 in the 
simulated configuration). Nevertheless, in this oase information 
about the transverse size of the nuolear-eleotromagnetio oasoade 
becomes accessible and oan also allow one to apply the fluctuation 
compensation procedure. The obtained results are shown in fig.3(o) 
(Et is a signal from the tower). 

The oonstant a differs from its value in the oase of plane 
readout. Prom figures 3(a) and 3(c) one oan see that the effect of 
using this procedure is praotioally the same for a variety of 
readout methods. Therefore, the algorithm of hadron energy 
reoonstruotion (3) oan be also applicable to the real 
configuration of the DELPHI detector. The results are presented 
in fig.3(d) and in the table. Using the algorithm, the energy 
resolution improves by 5-7$. Plg.4 shows that the linearity of 
reconstructed energy remains oonstant over the hadron energy range 
to be investigated. 
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Pig.4 Mean response of the HC prototype and the HC and EMC system 
as a funotion of incident hadron energy with plane (a,b) and tower 
(c,d) corrections. 

Table. Energy dependence of the oorreoting coefficients 

Correcting 
coeff. 

Hadron energy, GeV 
Correcting 

coeff. 
2 

(simulated) 
6 10 

(simulated) 
Correcting 

coeff. 
2 

(simulated) (real) ** (simulated) 
10 

(simulated) 

к 0.012 * 0.015 0.018 * о.огг * 
К 1.24 * 1.39 1.40 * 1.45 " 

a 0.1 0.08 0.1 0.1 

* The differenoe of ooeffioients к and ka for 
various energies shows an inaccuracy in selecting 
events, where the hadron passes through the EMC 
without interaction, from the ionization peak. 
** In the real configuration there was no 
additional Fe - plate in front of the HC 
prototype. 

Thus, the proposed algorithm of hadron energy reconstruction 
from the EMC and HC responses allows the energy resolution to be 
somewhat improved in oomparison with the simplest algorithm. It 
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Bhould be noted that more detailed information concerning shower 
development in the BMC can provide a more effective use of thie 
procedure. 
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Готра Ю.Н. и др. Д1-89-67.* 
Алгоритм восстановления энергии адронов 
для комбинированных калориметров установки ДЕЛФИ 

Описывается алгоритм восстановления энергии адронов по 
откликам электромагнитного и адронного калориметров. Иссле
дования проводились на полномасштабном прототипе модуля ад
ронного калориметра, по конструкции аналогичного модулям 
цилиндрической части адронного калориметра установки ДЕЛФИ. 
Исследованы возможность компенсации флуктуации электромаг
нитной компоненты адронного ливня, их влияние на энергети
ческое разрешение калориметров. Предложенный алгоритм поз
воляет улучшить энергетическое разрешение на 5-7%, при сох
ранении линейности восстановленной энергии адронов. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

Препринт Объединенного института ядерных исследований. Дубна 1989 

Cotra Yu.N. et al. Д1-89-673 
Algorithm of Hadron Energy Reconstruction 
for Combined Calorimeters in the DELPHI Detector 

The algorithm of hadron energy reconstruction from res
ponses of electromagnetic and hadron calorimeters is desc
ribed. The investigations have been carried out using the 
full-scale prototype of the hadron calorimeter module 
which is identical to the DELPHI hadron calorimeter barrel 
modules. We have studied the possibility of compensating 
electromagnetic fluctuations of a hadron shower and their 
influence on the energy resolution of calorimeters. The 
supposed algorithm allows one to improve energy resolution 
by 5-7% with conserving the linearity of reconstructed had
ron energy. 

The investigation has been performed at the Laboratory ' 
of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1989 
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