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The hadronic iron-scintillator tile calorimeter [1] of the ATLAS de-
tector will contain 5120 cells which will be read-out by 10240 PMT’s. For
each cell the calibration constants, which define the relationship between
the calorimeter signals expressed in picoCoulombs and the energy of the
absorbed particles, must be determined with an accuracy of 1% [2]. It
is important to have the events with known initial particles. But the
test beams at the SPS CERN are the mixture of muons, electrons, and
hadrons. Therefore, the identification of these particles on the basis of
the calorimetric information is necessary.

The important characteristic of a hadronic calorimeter is the e/h ratio
which determines the degree of non-compensation. In order to obtain this
value with the systematic error smaller than 0.3% the electron — pion
separation must be smaller than 0.2%.

We have used the data obtained at the SPS in the energy range of 10
— 300 GeV.

For the electron and pion selection we have used the C;, E; and o
cuts. The C; cut

Ci= Z EZEikl/Ebeam, (1)

selected ¢ k=1 I=1

is the relative shower energy deposition in the first two calorimeter depths,
where E;i is the energy deposition in ikl cell, 1 is the raw number, k is
the depth number, [ = 1, 2 is the PMT number. The basis for this
electron-hadron separation is the different longitudinal energy deposi-
tions for electrons and hadrons. For example, if a 100 GeV particle
crosses 45 cm of the Tile calorimeter from the front face it corresponds
to 18 radiation lengths or 2.2 nuclear interaction lengths. The amount
of the deposited energy is equal to 95% for the electromagnetic shower
and 50% for the hadronic shower [3]. The E.,; cut

E..= \/Ec(Eg - Ec Eg/Ncell)2
cut — R
2. Ee

where 1 < ¢ < N, Neey is the used cells number, is related with the
lateral shower spread. This spread is connected with the containment
radius of shower which considerably differs for the electrofnagnetic and
hadronic showers. For example, for the 100 GeV hadronic shower the
99% containment radius is equal to 430 mm, but for the electromagnetic

(2)
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shower the one is equal to 70 mm [3]. The power parameter a = 0.6 has
been tuned to achieve maximum separation efficiency.

The C; cut is connected with the Cherenkov counter amplitude and
used for E <20 GeV.
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Figure 1: The C; distribution for E = 180 GeV.

Figs. 1 and 2 show the typical C; and Ecy distributions. The left
peak corresponds to pion events, the right peak — the electron events.
Figs. 3 and 4 show the typical scatter plots of E; vs C; and C; vs C,.
The top right regions are the electron events, the bottom left regions are
the pion events. These Figures allow to determine the values of the cuts
and to estimate the contaminations.

At energies < 20 GeV there is a bad separation with the C; and E..:
(contaminations about 10%). This situation is greatly improved by using
the Cherenkov counter signal cut (Fig. 4).

We have estimated by extrapolation of the fitted pion peak curve to
the region of the electron peak (Figs. 1, 2) that the contamination of the
pion events in the electron events does not exceed the 0.2% level. The
developed method has allowed to decide the task of obtaining of the clean
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Figure 2: The E., distribution for E = 180 GeV.
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Figure 4: The plot of C; vs G, for E = 20 GeV.

samples of the electron and pion events for the calibration of modules of
the tile calorimeter, for the determination of the electron and pion energy
resolutions and the e/h ratio values [1]-[5].
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Kynpuunxwuii 10. A., Bunorpanos B. B. E1-2003-4
CraTHCTHYECKOE MHOTOpa3MEpHOe pasjieieHHe

BJIEKTPOHHBIX M IHOHHBIX COOBITHIA

B XEJIE30CHUHTHWUISLMOHHOM aJpOHHOM Ka/lOpPHMETpE

Pa3paGoraH HOBBIH CTaTHCTHYECKHIT MHOTOPa3MEPHBIH alrOPHTM IUIS BhIAE/IE-
HUS IEKTPOHHBIX M MHOHHBIX COOBITHI B aIpPOHHOM KaIOpUMETpE. AJITOPHTM
OCHOBaH Ha pavIMYHOM IPOCTPAHCTBEHHOM pa3BHTHH 9JIEKTPOMarHUTHOTO
4 apoHHOro JuBHed. MeTox 6bU1 anpoGHpOBaH NP aHATTH3E SKCIIEPHMEHTAIBHBIX
JaHHBIX, TIOJIyYEHHBIX B MYYKaX 3apSAXCHHBIX 3MEKTPOHOB H IIHOHOB C 3HEPTHIMH
10-300 I'sB Ha yckoputene SPS (HEPH) c rioMol1bio Xes1e30CHMHTHUILIHOHHOTO
agpoHHOro Kanopumerpa skcnepuMenTa ATLAS. PesynpTaThl NPOBEXEHHOTO HC-
CITeOBaHUA TOKa3aIM BBICOKYIO (Ha ypoBHe 99,8 %) 3dhdeKTHBHOCTh pacrio3HaBa-
HMs COOBITHI.

IpennoxeHHbIH anrOpUTM MOXeET OBITH HCIIONB3OBAH JUI aHATH3a NaHHBIX,
MOJYYEHHBIX HAa COBPEMEHHBIX K&IOPUMETPHYECKHX KOMIUIEKCAX, NPUMEHIEMBIX
B TaKMX dKcnepuMeHTax, Kak ATLAS, CMS Ha LHC u CDF, DO na TEVATRON.

Pa6ora Bemonuena B Jlaboparopun spepHeix npobnem uM. B. IT. Ixenenosa
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Kulchitsky Y. A., Vinogradov V. B. E1-2003-4
Statistical Multidimensional Separation of the Electron
and Pion Events in the Iron-Scintillator Hadronic Calorimeter

We have developed and studied the statistical multidimensional combined al-
gorithm for the selecting of the electron and pion events. The algorithm is based
on the different spatial electromagnetic and hadronic shower developments.
The method has been tested on the basis of the experimental data of the ATLAS
tile iron-scintillator hadronic calorimeter exposed to the electron and pion beams
of energies from 10 to 300 GeV of the CERN SPS. The results of the investigation
have shown the high efficiency (at the level of 99.8 %) of the event separation.

This algorithm can be used for the data analysis from the modern combined
calorimeters like the ATLAS, CMS detectors at the LHC and the CDF, DO
at the TEVATRON.

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