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ALICE3 - skcnepuMeHT HOBOI'O IIOKOJIEHHSI Ha BosbimoM ajpoHHOM KoJLIaiigepe
IO U3YYEHUIO CTOTKHOBEHUS TSIXKEIBIX HOHOB, TpeeMHNK dKcmepumenta ALICE. On
OTKPBIBAET 00/IACTH UCCIACIOBAHUI CHILHOB3ANMOICHCTBYIONIEH MaTepuu BLICOKO#T
TOYHOCTH. Psanx wsmepennit ALICE3 tpebyer wumaeHTHUKAIMT 3SJEKTPOHOB
C BBICOKOI 3(POEKTUBHOCTHIO U UUCTOTONW, KOTOpas OyJIeT BBIMOJIHATHCI C
UCIIOJTb30BAHNEM HECKOJILKUX JIOMOJIHAIOMNAX JIPYT JIPyTra SKCIIEPUMEHTATbHBIX
METO/IOB. BosmoxkHOCTE  uIeHTUMUKAIINKA JIEKTPOHOB €  HUCIOJIb30BAHUEM
KJIACTEPOB  JIEKTPOMATHUTHBIX KAJOPUMETPOB, COIOCTABJIECHHBIX C TpPEKaMH,
BOCCTaHOBJICHHBIMU B HEHTPAJILHOM TpeKepe, Hn3y4daeTCd C IIOMOIIbIO CHUCTEMbI
mogeupoBanust n anagn3a ALICE3.  Kpurepun maentudukamm 3J€KTPOHOB
OITUMUBUPOBAHLL JJis 3MOIEKTUBHOCTA U TOJABJEHUA AJIpPOHHOrO OoHA U
IPUMEHSIIOTCS sl BOCCTaHOBJIeHHsT dapMoHusi (1P) B pp-CcToJIKHOBEHUsIX depe3
KaHaJ pacnaja Xes — J/¥ + . O6cyx)Iaercs BOZMOXKHOCTb BOCCTAHOBJICHUST
cocTosTHU YapMOHUs B pp-cTosakHoBennsx ua ALICES.

ALICES3 is a next-generation heavy-ion experiment at the LHC, a successor
of the ALICE experiment. It opens a high-precision domain to the strongly in-
teracting matter studies. A set of ALICE3 measurements requires electron iden-
tification with high efficiency and purity, which will be performed using several
complementing experimental techniques. Feasibility of electron identification us-
ing electromagnetic calorimeter clusters matched with tracks reconstructed in the
central tracker is studied withing the ALICE3 simulation and analysis framework.
Electron identification criteria are optimized against efficiency and hadron contam-
ination suppression and applied to charmonium (1P) reconstruction in pp collisions
via the x.; — J/© + « decay channel. Feasibility to reconstruct the charmonium
states in pp collisions at the ALICE3 is discussed.
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Introduction

ALICES is a next-generation heavy-ion detector [1| at the Large Hadron
Collider and is a successor to the present ALICE experiment [2]. During
the last decade of LHC operation with colliding heavy-ion beams at TeV-
energies, a big progress was achieved in understanding the key properties of
the hot quark-gluon matter, answering the questions of the nature of interac-
tions between quarks and gluons in the deconfined state, transport properties
and evolution of the quark-gluon plasma. However, the present detectors at
the LHC reached their limits, and a number of key measurements will re-
main missing after the next 10 years of their operation. The new experiment
ALICES aims to fill the gap in understanding the quark-gluon studies via new
precision measurements of charm and beauty hadrons to explore the trans-
port properties of heavy quarks in the hot QCD medium, measurements of
multiple heavy-flavored hadrons, production of exotic charmed states from
the quark-gluon plasma, multi-differential measurements of electromagnetic
radiation. One of the physics tasks of ALICE3 is to perform precision mea-
surements of quarkonia production in S- and P-states in pp and AA col-
lisions |3]. To achieve the goals of this physics programme, the ALICE3
experiment will be equipped by novel detectors with high readout rate, ex-
cellent tracking, and particle identification over a wide rapidity range. The
plan is to start the ALICE3 operation at the LHC Run 5 in 2035.

A set of measurements pursued by the ALICE3 experiment requires elec-
tron identification. The ALICE3 detectors will provide various complemen-
tary methods of electron track identification covering different momentum
ranges. The ALICE3 electromagnetic calorimeter (ECAL) is capable to con-
tribute to electron identification at high momenta, together with the time-
of-flight and Cherenkov ring detectors, extending the overall kinematic range
of electron measurements.

In this paper, the performance of the calorimeter in electron identification
is studied within the ALICE fast Monte Carlo framework DelphesO2 |4] that
describes the calorimeter response to different particle species and provides
reconstruction and particle identification. The performance of the electron
ideitification method is studied using the PYTHIAS event generator |5] with
pp collisions at /s = 14 TeV. For analysis, the ALICE O2 software suite [6]
is used.

Electron Identification and Track Matching

The key ALICE3 detectors for electron identification and charmonium
reconstruction are the outer tracker (OT) and the electromagnetic calorime-
ter (ECAL). The OT is used to reconstruct charged particle tracks in the
full azimuth and pseudorapidity range |n| < 4. The ECAL is used for elec-
tron identification and photon reconstruction and consists of the barrel di-
vided into two segments; the high-resolution segment covers pseudorapidities
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In| < 0.53, and the coarse segment is located at 0.53 < || < 1.6. Small
material budget of the detectors in front of ECAL is essential to minimize
bremsstrahlung of electrons.

For distinct particle species, the calorimeter response for photons (7), lep-
tons (e*, u*) and charged hadrons (7%, K*, p™) was implemented in Delph-
esO2. Electrons and photons deposit their full energy in the ECAL cells.
Muons deposit mininum ionization energy loss (MIP), a randomized ion-
ization loss energy with a Landau distribution. Charged hadrons feature
MIP in 50% cases and hadronic strong interaction otherwise. Eventually, all
deposited energies get smeared with a Gaussian function according to finite
photostatistics to reproduce the photon energy resolution parameters derived
from the ALICE3 Letter of Intent [1].

Electron identification is based on the equality of energy E deposited in
the ECAL and the momentum p measured in the OT. Under assumption of
negligible bremsstrahlung, simulations confirm F/p ~ 1 for electrons (Fig.
with the distribution width being dependent on the ECAL resolution and
mostly E/p < 1 for other tracks. The resulting Gaussian standard deviations
o define criteria for the selection of electron candidates |E/p — 1| < 20.
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Fig. 1. Example of fitting the E/p — 1 distribution for the electrons with the
Gaussian distribution function at E = [5.0,5.2] GeV for high-resolution segment
(left) and coarse (right)

Another prerequisite for electron identification is the track propagation
matching with the reconstructed point in the ECAL. Track propagation to
ECAL surface is smeared due to multiple scattering and tracking resolutions,
and ECAL reconstructed point is smeared according to shower development
in the ECAL medium. Track matching residuals AZ in the coordinates
along the beam axis are shown in Fig. [2| for low- and high-energy electrons.
Similar distributions can be seen for azimuth angle residuals Ap. These
distributions are fitted by the Gaussian function to obtain a +20 corridor of
tracks acceptance as matched with ECAL signals. An electron is identified
when |AZ| < 20z, |Ayp| < 20, and the E/p criterion is satisfied. The ECAL
signals without matched tracks are identified as neutral particles.

Charmonia reconstruction
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Fig. 2. Examples of fitting the for variable AZ with Gauss plus a constant at
E =[1.0,1.5] GeV (left) and E = [5.0,5.5] GeV (right)

To evaluate the efficiency and contamination of the electron identification
algorithm, the electron candidate energy spectrum is compared with the true
electron energy spectrum. The ratio of these spectra is obtained in simula-
tions of 10° pp collision events in PYTHIAS with the process of inelastic pp
interactions (SoftQCD:inelastic) (Fig|3). The deployed method of elec-
tron identification has a high purity in the high-resolution ECAL segment
at £/ > 2 GeV, though hadron contamination for electron candidates remain
high in the coarse ECAL segment in a wide E range.
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Charmonium reconstruction was studied in simulation of PYTHIAS pro-
cesses enhanced by quarkonium production Onia:all. The J/t is recon-
structed via the invariant-mass spectra of electron-positron candidate pairs.
Electrons and positrons can hit one of the two ECAL segments, or different
segments ("mixed"). The x.; (J =0, 1,2) is further reconstructed using the
invariant-mass spectra of the J/v¢ candidates and photon candidates using
the decay channel

Xe = J/Uy = efeTy (1)

Figure [ shows that the peaks of y. and x.o can only be seen when the
photon candidates are from the high-resolution segment. The . is heavily
suppressed by its branching ratio. Developed electron identification indicates
that x.1, e detection is feasible in pp collisions in ALICE3 provided the
photon is detected in the high-resolution ECAL segment.

Conclusion



97

98

929

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

200 250[-
180
160
140
120
100

8

S

60

t
of |

20

NV A TORN PPN RPN TP PP PP P TP
31 32 33 3.4 35 36 37 38 39 4 %551 82 53 34 55 36 37 38 39 5253 54 5 58 E 5e as
M (GeV/c?) M (GeV/c?) M (GeV/c?)

Fig. 4. ete™ 7 mass spectra in 3 different scenarios. Photons are detected in the

high-resolution calorimeter segment only. Electron pair detection from left to right:
high-resolution scenario, coarse scenario, mixed scenario (histograms in red show
reconstruction using Monte-Carlo data, blue histograms show reconstruction from
derived candidates for particles)

Electron identification algorithm in the ALICE3 ECAL and the tracker
was elaborated in pp inelastic events. Hadron contamination vanishes at
high momenta, though complementary electron identification methods are
necessary for moderately soft electrons. The algorithms developed demon-
strate satisfactory performance for y. reconstruction via radiative decay with
a photon detected in the high-resolutiuon ECAL segment and electrons re-
constructed in the tracker and identified in the whole ECAL acceptance.
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