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Simulation study on w, ¢, p decays to eTe™ pairs in the ALICE detector for Pb—Pb collisions
at LHC energy was performed. The possibility of selecting resonance signals over the combinatorial
backgrounds is demonstrated using the realistic simulation tracking and particle identification algorithms
of the ALICE offline framework (AliRoot). Results for J/4 are presented also for comparison.
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INTRODUCTION

The production of light vector mesons is expected to provide detailed information on the
reaction dynamics of ultra-relativistic nucleus—nucleus collisions. Changes in resonances line-
shape are expected in heavy-ion collisions for two reasons: (i) a dense medium can induce
significant collision broadening [1-4]; (ii) shifts of both mass and width could be produced
as a result of partial chiral symmetry restoration which is expected to occur together with
deconfinement [5,6]. As a consequence, the width broadening is predicted up to 450, 100 and
80 MeV for p, w and ¢ mesons, respectively [4]. Thus, these predicted widths are ~ 3, ~ 12
and ~ 20 times larger than the corresponding experimental ones presented in the Particle Data
Group (PDG). The prediction of very strong mass decrease for p and of mass decrease up to
150 MeV for ¢ has been done also [6].

To study the early stage of the heavy-ion collisions the resonance decays to dileptons are
more preferable than to hadrons because leptons do not interact strongly and carry information
on the early state would be more appropriate. A significant excess of dilepton pairs (with
pair masses below 1 GeV/c?) above the yield expected from neutral mesons decay, has been
observed firstly by the NA45(CERES) experiment at the CERN SPS for 2004 GeV S-Au
collisions [7]. The same effect has been shown also for different heavy-ion interactions and
at different energies [8—13].
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The ¢ meson is of particular interest owing to its (ss) valence quark content, which
makes ¢ a signature of strangeness production mechanism from a possible early partonic
phase [14, 15]. An enhancement of ¢ production by a factor of 3—10 with respect to p—p
interactions (at the same energy) was proposed [16] as a quark—gluon plasma (QGP) signa-
ture, or alternatively as a result of the secondary collisions of partons and hadrons in the
dense nuclear matter. The ¢ decay will be observed in ALICE (A Large Ion Collider Ex-
periment) [17-19] both in leptonic and hadronic channels and the ratio of the decay widths
in these two decay channels might be very sensitive to changes in strange quark or kaon
masses [1,2]. Recent SPS Pb—Pb [20] and RHIC Au—Au [21-23] results show that no change
of the mass or width is observed at SPS and RHIC energies. But, at the same time, a rise of
the slope parameter by a factor of 1.7 in the transverse momentum spectra and an enhance-
ment of the ¢/7 ratio by a factor of 3 as compared to the minimum-bias p—p interactions
were found [20,24]. Comparison of ¢ decays to kaons and leptons did not give completely
clear answers, since the differences of the distributions on p; and rapidity observed firstly
for  — KTK~ in the NA49 experiment [20] and for ¢ —puTp~ in NAS5O one [25] at SPS
energy have not been confirmed by the results of the NA45 [26] and NA60 [27] experiments.

The simulation results of the expected experimental mass spectrum of (K ™) pairs and
¢ — K™K~ decay detection in ALICE were reported in [28] (see also Subsec. 11.4.3 in [17]
and Subsec. 6.2.5 in [19]). Also preliminary results for p° — 7+ 7~ signal reconstruction can
be found in [19] (in Subsec.6.2.4). Here we present the first simulation results for detection
capability of light vector meson decays to dielectron (e*e™) pairs in ALICE for Pb—Pb colli-
sions. The AliRoot framework (see Ch.4 in [18]) was used for detectors simulation, tracking
and particle identification (PID). Details on the detector efficiencies, track reconstruction al-
gorithms and PID efficiencies can be found in Ch.5 of [19]. The following outline will be
adopted: firstly the simulation method will be introduced in Sec. 1 for detailed and fast steps
of the simulation, then the results for effective mass spectra will be presented and discussed
in Sec. 2, finally the results will be summarized in Conclusions.

1. SIMULATION METHOD

The main experimental and simulation problem in selecting of p°, w and ¢ decays to
dileptons is very small branching ratios of these modes. In addition, a very high combinatorial
background is expected in heavy-ion collisions at the LHC energy from the different sources:
79, n, charmed and beauty particle decays, gamma conversions and misidentified electrons
and positrons. It is clear that, in such conditions, very good e* identification and the best
possible signal-to-background ratio (S/B) are required.

The general simulation method consisted of two steps:

e detailed simulations of the detectors using the GEANT3 package inside the AliRoot
framework, tracking and e PID to find the necessary tracking and PID efficiencies and
momentum (p) and angular resolutions for the reconstructed tracks;

e fast simulation of (e*e™) pairs detection and analysis using very fast generators and the
efficiencies and track resolutions obtained at the first step.

1.1. The First (Detailed) Step of the Simulation. A detailed simulation of the Inner
Tracking System (ITS, [29]), the Time Projection Chamber (TPC, [30]) and the Transition
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Radiation Detector (TRD, [31,32]) was used for the tracking and et identification. The
magnetic field of 0.5 T was taken for the simulation.

Figure 1,a shows the dependences of physical track-finding efficiency for electrons on
transverse momemtum (p;) in acceptance of the detectors under study: in the full azimuthal
angle () range and in the pseudo-rapidity region, —0.9 < 7 < 0.9. We mean by the
«physical track-finding efficiency» the ratio of the number of reconstructed electron tracks
to the generated ones. The dependences of these efficiencies for electrons on polar (6) and
azimuthal () angles are shown in Fig. 1, b, c. To obtain these results the «Box» generator in
the AliRoot with uniform p; and 7 distributions was used. Ten events with 4000 electrons
per event have been processed. One can see from Fig. 1 that the tracking efficiency is higher
than 0.7 in almost all p; regions and does not depend on # angle in the detector acceptance,
(—45 < 6 < 135°) and has the strong decreases in the ¢ dependence corresponding to the
dead regions between the next modules in the TPC and TRD.

To get momentum and angular resolutions for electron tracks reconstructed in the ITS and
TPC, the events containing 4000 of ¢ — eTe™ decays were processed using the AliGenParam
generator of the AliRoot. It can generate an arbitrary number of different type of particles
(with Poisson distribution) having the uniform pseudo-rapidity distribution in the acceptance
under study and exponential p, distribution obtained from the M; scaling functions. The
decays of the particles are performed using the PYTHIA generator [33]. Figure 2,a shows
the dependence of the relative p; resolution (6p;/p; in %) on p; at p; > 1 GeV/c for et,
i.e., in the range of effective eT selection in the TRD. The dp¢ has been obtained as the
difference between generated and reconstructed transverse momenta of e*. The asymmetric
tail is caused by the bremsstrahlung effect which has not been taken into account in the
track reconstruction algorithms. It should be noted that Gaussian sigma is near 0.7% in the
Gaussian part of the distribution. It was found also that average angular resolution is near
1 mrad for both # and ¢ angles in the p; range of e* under study.

Efficiency

Efficiency

0 E 1 1 L L
40 60 80 100 120 140

2 4 6 8 10

pr» GeVie

Efficiency
[}
N

0 20 40 60 80 100 120 140 160 180
p,°
Fig. 1. Dependences of tracking efficiency for electrons on p; (a), on polar angle (0) (b) and on

azimuthal angle (¢) (c¢) for the tracks reconstructed in the ITS, TPC and TRD
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Fig. 2. a) Transverse momentum relative resolution dp; for e tracks reconstructed in the ITS and TPC.
b) Distributions on impact parameter in transverse plane (see text) for et from gamma conversions and
from 7° decays

To study possible rejection of e* contribution from gamma conversions 5700 events
generated by HIJINGparam generator in the AliRoot were processed through the simulation
and reconstruction packages of the ITS, TPC and TRD. An event of the generator included
12 000 neutral and charged pions and kaons (in the acceptance under study) with their decays
and with realistic K /7 ratio (near 0.13). The rapidity and p; distributions of primary parti-
cles are the same as in the AliGenParam generator. The distributions on transverse impact
parameter (d), the nearest distance from track to primary vertex in the transverse plane, were
analyzed. Figure 2,b shows these distributions for e from gamma conversions and from 7°
decays. Only tracks with reconstructed points in all six layers of the ITS and at p; > 1 GeV/c
have been taken. One can see from Fig. 2, b that distribution is significantly wider for e* from
gamma conversions. It was found that 43% of e* from gamma conversions can be removed
at 18% loss of e* from 7° decays using the cut d < 0.1 mm.

The e* identification was done using the TPC and TRD combination for the PID. The
most important question was for a possible pion rejection factor depending on the particle
momentum for events with very high charged particle multiplicity. The values of this factor of
(25-500) were obtained in the TRD for single particle in the beam-test and simulation at dif-
ferent particle momenta by the different PID methods and at e™ efficiency 90% (Subsec. 5.4.3
in [19], Subsec. 3.3 in [34]). It was shown also by the simulation that the pion rejection in the
TRD decreases by factor of 1.5 and 2 at charged particle density 3000 and 6000, respectively,
for pion momentum of 2 GeV/c (Sec. 11.5 in [32]).

To study this problem special events were generated using the AliGenCocktail generator
(inside the AliRoot) which can create any combinations of the AliGenParam one. These
events included 12000 7%° (mean number from Poisson distribution) in the full momentum
region and, in addition, 20 particles of each species (e*, 7%, K* and p/p) at p; > 1 GeV/c
(in the PID region of the TRD). As a result, the charged particle density, dN.,/dy, of the
events was equal to ~ 5000.

To calculate the 7+ rejection factors at the fixed e efficiencies in the TRD, the Lgx like-
lihood method was used (see, for example, Subsec. 14.3.5 in [32] and Subsec.5.4.3 in [19]).
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The probabilities for e*, 7%, K* and p/p at fixed momentum and certain energy deposit
for each TRD layer were taken from the special class of the TRD simulation package in the
AliRoot. Figure 3, a shows, for example, distributions of the likelihood et probabilities (elec-
tron probability in the figure) calculated for e* and 7% detected in the TRD at momentum
6 GeVl/e.

The probabilities for the TPC were calculated using the energy loss (dF/dx) information
stored in the AliRoot output root file. Figure 4 shows the TPC signals obtained by the
truncated mean method (see Subsec. 7.4.4 in [30]) for e*, 7%, K+ and p/P in the momentum
interval ép = 0.1 GeV/c around momenta 2, 4, 6, 8 GeV/c.
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(Subsec.7.4.4 in [30]) for different particles at different momenta
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One can see from Fig.4 that selection possibility of e* is good enough in all shown
momentum region and becomes worse as the momentum increases.

The result for the likelihood probability but for combination of the TRD and TPC is
presented in Fig.3,b. It is seen that the separation possibility between e* and 7% is much
better for the combination of these two detectors as compared with the TRD only.

Figure 5 shows the PID efficiencies for e* (electron efficiency in the figure) and 7+
obtained for the TPC and TRD at different momenta. It is seen qualitatively from Fig.5 —
an enhancement of the pion efficiency with momentum increasing at fixed electron efficiency
for both detectors. Figure 5, f demonstrates also a strong decrease of the pion efficiency for
the TRD and TPC combination at momentum 6 GeV/c, taken as an example. It was found
that this combined efficiency is very near to simple multiplication of those obtained separately
for TRD and TPC.

The PID results are summarized in the Table where the pion rejection factor (the number
reverse to the pion efficiency) is presented separately for the TPC, TRD and for a combination
of these detectors. One can see from the Table that the pion rejection factor for the TPC and
TRD combination (the last row) may be very large at p < 4 GeV/c and strongly decreases
at higher momentum. It should be noted that at p ~ 1 GeV/c proton contamination is most
important because the proton rejection factor is only ~ 50 at this momentum. This factor
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Fig. 5. Pion efficiency as a function of electron (e®) efficiency at different momenta for the TRD and
TPC. The Fig. f shows the results for the TPC and the TPC 4+ TRD combination at momentum 6 GeV/c
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Pion rejection in the TPC and TRD at electron efficiency 90% for different momenta

p, GeV/c 1.5 20 | 40 | 60 | 80 | 10.0
Rejection in the TPC 2500 | 2000 | 400 | 50 | 25 12
Rejection in the TRD 40 30 25 10 8 5

Rejection in the TPC+TRD | 10° | 6-10* | 10* | 500 | 200 | 60

becomes comparable for protons and pions at p ~ 1.5 GeV/c and several times larger for
protons as compared with the pion one already at p = 2 GeV/c. We note also that more
traditional but not the best algorithm has been used for the PID in the TRD. The Neural
Network method, for example, is very promising since it allows one to increase the pion
rejection factor to 2-3 (Subsec.5.4.3 in [19], Sec.3.3 in [34,35]). However, the statistical
errors are high enough (~ 30%) for the pion rejection factors at p < 2 GeV/c presented
in the Table for both detectors and decrease to 10-15% at larger momenta. Besides, we
assume more problems in the realistic experimental situation (for example, procedure of the
corrections for the detector calibration and misalignment has not been taken into account). As
a consequence, more pessimistic maximum pion rejection (< 10%) has been taken to obtain
the 7 contamination at the next (second) step of the simulation.

1.2. The Second (Fast) Step of the Simulation. To carry out the fast simulation step all
necessary sources of e* were included to the AliGenCocktail generator (inside the AliRoot)
creating the corresponding combination of the AliGenParam one. A charged particle density,
dNen/dy = 2200 at y = 0, has been supposed for the events according to the prediction in
the ALICE PPR (Subsec. 1.3.1 in [18]). Mean numbers (from Poisson distributions) of the
et sources per event were taken as following:

— 1707° and 557 at p; > 1 GeV/c leading after decays to e* at p; > 1 GeV/c — from
the HIJING generator with charged particle density dNg,/dy = 2200 at y = 0 (for impact
parameter range 7-9 fm);

— 0.018p" and 0.023w dielectron decays — from the HIJING generator taking into
account the dielectron branching ratios;

— 0.012 ¢ — ete™ decays — from RHIC experimental data ¢/7~ = 0.021 [36,37] and
taking into account the dielectron branching ratio;

— 0.02 J/¢ — eTe™ decays — from the TDR of TRD (see Sec.12.2 in [32]);

— 2.0(0.7) and 0.1(0.04) semielectron decays of hadrons with charm and beauty, respec-
tively, — have been calculated using the data presented in Table 7 of [38] and in Table 6.55
of [19] (Subsec.6.6.3.5). The values in brackets take into account the factor (~ 3) of theo-
retical uncertainties for the charm and beauty total cross sections (see Table 3 in [38]);

— 0.017* in the p; range 1.0-2.5 GeV/c and 0.05p/p in the p; range 0.5-1.5 GeV/c —
from the PID study (see the previous section) and numbers of 7% and p/p in different p;
intervals (this contamination is negligible at p;> 2.5 GeV/c for pions and at p; > 1.5 GeV/c
for p/p);

— 0.4e* — from gamma conversions using the impact parameter cut d < 0.1 mm (see
Fig.2,b in the previous section).

Next, p; and angles of e were smeared according to the shapes obtained at the first
(detailed) step of the simulation considered in the previous section and then the new p,,
Py» P~ components have been applied to calculate the effective mass of (ete™) pairs. The
particles only at p, > 1 GeV/c were selected for this analysis. Figure 6 shows the effective
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Fig. 6. Effective mass distributions of (eTe) pairs from decays of ¢ (a), pO ®), w (o), J/9 (d)

mass distribution of (e*e™) pairs taken from the different resonance decays. The asymmetric
tails of the distributions are a consequence of the asymmetric p; distribution shown in Fig. 2, a.
This asymmetry is absent for p° decays because of the large width of this resonance.

2. RESULTS

Figure 7 shows the spectrum of (e*e™) effective mass obtained from 8 - 10° cocktail
generator events. Difference between Fig.a and Fig.b is conditioned by the different con-
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Fig. 7. Spectrum of (eTe™) effective mass for Pb—Pb events in the range of p, w and ¢ mesons. Mixed
events background is also shown. The S/B values are ~ 0.1 in plot a and ~ 0.15 in plot b for both
resonances. Difference between panels a and b is conditioned by the different contributions of hadrons
with charm and beauty in the generator (see Subsec. 1.2)
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Fig. 8. Signals of w and ¢ after background subtraction for Pb—Pb events. The curves are the fit results
for the Gaussian function (see the text). The condition of difference between panels a and b is the same
as in Fig.7

tributions of hadrons with charm and beauty in the generator (see Subsec.1.2) taking into
account the theoretical uncertainties for the charm and beauty total cross sections (see Table 3
in [38]). The signals (S) of w and ¢ are clearly seen over the combinatorial background (B)
obtained by mixed events method. The S/B values are ~ 0.1 in Fig.a and ~ 0.15 in Fig.b
for both resonances with statistical errors ~ 10% (in the mass region +12 MeV/c? around the
maximum). The significance (S/+/S + B) numbers are ~ 12 and ~ 15, respectively, in Figs. a
and b recalculated for 2-107 events, i.e., to statistics available within one month of ALICE op-
eration (10° s) with 40 central events taken per second (see Sec. 9.8 in [17] and Subsec. 3.18.4
in [18]) and also taking into account a running efficiency of 50%.
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Fig. 9. Spectrum of (ete™) effective mass for Pb—Pb events in the range of J/1 resonance. Mixed
events background is also shown. The S/B are ~ 0.4 in plot @ and ~ 0.6 in plot b. The condition of
difference between panels a and b is the same as in Fig.7
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Fig. 10. Signals of J/1 after background subtraction for Pb—Pb events. The curves are the fit results
for the Gaussian function (see the text). The condition of difference between panels a and b is the same
as in Fig.7

The resonance signals after the background subtraction are shown in Fig.8. The curves
are the Gaussian fit results with the parameters: M (w) = (770.0 £ 0.5) MeV/c?, M(¢) =
(1012.0 £ 0.5) MeV/c? and o = 13.0 MeV/c? for both resonances and in the both Fig.a and
Fig. b. It should be noted that p° signal is not visible because of the large width.

The same results but in the effective mass range of J/v¢ are demonstrated in Figs.9
and 10. One can see the much better situation for J/1 resonance as compared with the light
vector mesons. The S/B are ~ 0.4 in Fig.a and ~ 0.6 in Fig. b with statistical errors ~ 3%
(in the mass region 420 MeV/c? around the maximum). The significance values are ~ 40
and ~ 50 in plots a and b, respectively, for 2 - 107 events. The results for the Gaussian
fit are M (J/v) = (3072.4 & 0.4) MeV/c? and o = 23.0 MeV/c?. It should be noted that
this S/B result is near two times lower as compared with that presented in Subsubsec.6.7.5.3
of [19] since e* from gamma conversions have been taken into account in the presented
simulation.

It is seen from the results that Gaussian fits lead to resonance masses visibly lower than
those presented in the PDG. This difference is a consequence of the asymmetric shifts of the
effective mass distributions shown in Fig. 6.

CONCLUSIONS

Simulation study shows that w and ¢ decays in eTe™ pairs may be selected
in ALICE detector for Pb—Pb collisions with values of S/B=0.10-0.15 and significance
number of 12-15 for statistics 2 - 107 events. The same results but for .J/¢) resonance are
respectively 0.4-0.6 and 40-50. A mass shift by 0.7-1.5% as compared with experimental
data (presened in the PDG) was found because the bremsstrahlung effect has not been taken
into account during the tracking procedure.

It has been noted in Sec.2 that the statistics 2 - 107 events may be obtained within one
month of ALICE operation.
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