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Abstract

The ALICE experiment at LHC will detect and identify prompt photons and light neutral mesons with the PHOS
and EMCal detectors. Charged particles will be detected and identified by the central tracking system. In this
paper, a method to identify prompt photons and to separate them from the background of hadrons and decay
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photons in PHOS with the help of isolation cuts is presented.
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1. Introduction

The experimental study of hadron jets at LHC
is expected to provide decisive data for under-
standing the properties of the quark gluon plasma
(QGP) formed in ultra-relativistic nucleus-nucleus
collisions [1]. Hadron jets are generated by the
hadronization of final-state partons with high
transverse momentum (pr) scattered in primary
collisions. Bjorken suggested more than 20 years
ago that partons propagating through a nuclear
medium are affected by an energy loss which is
strongly dependent on the color charge density
of the medium [2]. The phase transition of the

* Corresponding author
Email address: Gustavo.Conesa.Balbastre@cern.ch
(G. Conesa).

Preprint submitted to Elsevier Science

medium should manifest as a modification of the
energy spectrum of jet hadrons known as the jet
quenching effect. This effect has indeed been ob-
served in central Au-Au collisions at \/syy = 130
and 200 GeV in measurements of high pr charged
and neutral hadrons (pr ~ 2 — 15 GeV/c) by vari-
ous RHIC experiments [3—10] in which the yields
of inclusive charged hadrons and 7° mesons are
found to be suppressed by as much as a factor 5,
independently of their pr value, compared to the
properly scaled pp, d-Au and peripheral Au-Au
yields.

The ALICE experiment will extend such stud-
ies up to \/syn = 5.5 TeV. Due to high cross sec-
tions of hard processes at LHC energies, jets will
be abundantly produced in ALICE (10° jets with
pr > 100 GeV/c per year) enabling both inclu-
sive and exclusive jet measurements. In particular,
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jet topology (jet shape, jet heating, fragmentation
function, etc.) could be measured to obtain infor-
mation about the energy redistribution of the jet
after traversing the medium [11]. This kind of stud-
ies requires identification of jets and measurement,
as accurately as possible, of the parton or jet en-
ergy before and after quenching. A very attractive
method to perform this measurement is to tag jets
with prompt photons emitted opposite to the jet
direction. Photons emerge almost unaltered from
the dense medium and provide a measurement of
the original energy of the parton emitted in the
opposite direction. On one hand, this coincidence
technique will help to localize spatially the jet and
on the other hand it allows to build the parton
fragmentation function without the need of recon-
structing the jet energy from the detected hadrons.
Thus, medium effects could be characterized by a
change of the shape of the fragmentation function,
i. e., by a redistribution rather than a reduction of
the jet energy.

In ALICE, photons are detected by the photon
spectrometer PHOS [12-14] and the future electro-
magnetic calorimeter EMCal [15,16]. The identifi-
cation power of prompt photons at low pr is lim-
ited by the background created by decay photons
(mainly, 7 — ~7). At higher pr, where the /7
ratio increases, the reduction of the opening angle
between photons produces the merging of both de-
cay photons into a single shower mimicking a single
photon. These merged photons are a background
for prompt photons particularly difficult to sup-
press. In this paper, we will discuss the feasibility
of identifying prompt photons in pp and heavy-ion
collisions by shower topology analysis ! [13,14] and
isolation criteria.

In a forthcoming paper, we discuss the identifi-
cation of prompt-photon jet events and the recon-
struction of hadron-jet features [17].

L Particles interacting with the calorimeter will produce a
particle shower. The shower will make signal in different
cells of which the detector is subdivided. The shape of
the clusters of cells fired by the particle informs about its
identity.

Table 1

TPC and PHOS acceptances. The physical TPC 7 accep-
tance is larger (|n| < 0.9), but we take this lower value to
ensure a good track matching. We show here the EMCAL
¢ acceptance used in our analysis in Ref. [17] which is not
the final acceptance, now under discussion.

Detector |n|  ¢min  Pmax

PHOS 0.12 220° 320°
EMCAL 0.7 60° 180°
TPC 0.7 0° 360°

2. Event simulation and main features of
detected event reconstruction

In ALICE, photons will be detected by the pho-
ton spectrometer PHOS which enables to mea-
sure with high precision their 4-momenta, although
only with a reduced acceptance and also by the fu-
ture electromagnetic calorimeter EMCal which has
larger acceptance (Table 1) but lower resolution
than PHOS. Charged particles streaming from jets
are detected by the TPC, the main detector of the
ALICE central tracking system. Here, we focus on
PHOS to detect photons. The acceptances of all
the detectors relevant for this study are reported
in Table 1 and their location is pictured in Fig. 1.
A full description of the ALICE detector can be
found in Ref. [18].

Concerning event generation, we considered
prompt photon production in the leading order
of the Standard Model and next to leading order
fragmentation photons. The aim of our investiga-
tion is to develop an algorithm capable of identify-
ing prompt photons and of minimizing the wrong
identification of particles, mainly 7°, as prompt
photons. There are significant discrepancies be-
tween the event generators PYTHIA | HERWIG
and NLO calculations. In the present state of
knowledge, there is no strong argument in favor
of any of these generators. In such circumstances,
we assumed that PYTHIA is a reasonable option
to demonstrate the validity of our approach.

In this paper, those events containing a prompt
photon and a jet are referred to as 7y-jet events.
The dominant processes contributing at the parton
level are the Compton and annihilation processes:
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g+q—7+g
(1)

q+q—7+g

These processes were simulated by the event gen-
erator PYTHIA 6.203 [19,20] for pp collisions at
Vs = 5.5 TeV. The default parton distribution
function, GRV 94L [21], was used. Since the pro-
duction cross sections drop quickly with pr, events
were sampled in the following pr bins? (about
10,000 events per bin): [20,40], [40,60], [60,80],
and [80, 100] GeV/c. To obtain a continuous differ-
ential cross sections over the whole pr -range, these
four samples were weighted by their corresponding
cross sections calculated by PYTHIA. In order to
enrich the sample with events detected in PHOS,
we restricted the generated prompt photons to a
solid angle slightly larger than the PHOS accep-
tance to avoid possible boundary effects, defined
by the ranges |n| < 0.2 for the pseudorapidity in
the event center-of-mass system and 200° < ¢, <
340° for the azimuthal angle.

Events with two jets in the final state, called jet-
jet events, are a significant source of background
for y-jet events. They were simulated by hard QCD
2 — 2 processes in the leading pQCD order,

q+q —g+g,
q+qd — q+d,
q+q — qg+4q,
q+g — q+y,
g+g—g+y,
g+9 —q+dq.

These processes contribute to the ~-jet back-
ground through hard fragmentation photon and
7%-meson production as seen in Ref. [22].

To simulate a continuous pr-spectrum of 7°-
mesons from 20 to 100 GeV/c, we generated hard
QCD processes in eight bins of 10 GeV /¢ width in
the pir range from 30 to 100 GeV/ ¢ and in four more
bins of 50 GeV /¢ width in the pir range from 100
to 300 GeV /¢ (about 150,000 events per bin). The
whole pr spectrum was taken as the sum of these

2 Here pr refers to the transverse momentum of the hard
2 — 2 processes in their center-of-mass system.

Fig. 1. Layout of various ALICE detectors.

samples weighted by their corresponding cross sec-
tions. The generation of hard QCD processes was
restricted in the process center-of-mass system to
|Yparton| < 0.2 and in the event center-of-mass sys-
tem to |nje:| < 0.15, without any azimuthal an-
gle limitation. Due to the small PHOS acceptance,
we had to restrict the rapidity range of generated
jet-jet events more severely than that of the y-jet
events.

To simulate events corresponding to Pb-Pb col-
lisions, we assumed that a Pb-Pb collision is equiv-
alent to a pp collision containing our signal, plus
an underlying heavy-ion collision, constituting
the background. Thus, pp collisions generated by
PYTHIA, were merged with heavy-ion collisions
produced by the HIJING 1.36 [23] event generator
for Pb-Pb collisions at /syy = 5.5A4 TeV and
impact parameter b < 2 fm.

2.1. Eaxpected experimental rates

The pr distributions obtained from simulations
were normalized to the number of events expected
in a standard year of LHC running (see Table 2).
As we simulated different pr bins, each one with
a different number of events, we proceeded in the
following way:

— The raw distributions were normalized to the
number of simulated events in each pr bin and
to the cross sections calculated by PYTHIA. Fi-
nally, the different distributions were combined
to obtain the differential cross section as a func-
tion of pr.
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Table 2
Beam luminosity and running time for the ALICE experi-
ment during a standard year of running at LHC.

Collision £ (cm™2 s71) t (s)

pp 1030 107
Pb-Pb 0.510%7 106

Table 3

Values of the nuclear overlap function for Pb-Pb collisions
and for different collision centralities taken from Appendix
T of [24].

Centrality (%) fc (Taa)c (mb_l)

5 0.05 26.0
10 0.1 23.2
minimum bias 1 5.58

— The differential cross section was multiplied by
the integrated luminosity expected in one run-
ning period: the luminosity £ and running time
are listed in Table 2. The cross sections in Pb-Pb
collisions were obtained from those in pp colli-
sions by applying the “binary scaling” (Eq. (3))
described in details in Refs. [24,25]:

<d20'AA

— (T P 3
dedy>c (Tan)c-oaa-Jo dprdy 3)

where (T'ga). is the product of the nuclear

overlap function for the corresponding central-

ity class C, fc is the the centrality factor and

0%, = 7745 mb is the geometrical cross section

Ref. [24]. The corresponding values for differ-

ent centralities are listed in Table 3. The cross

section was averaged on centrality to obtain the
cross section for minimum bias collisions.

We obtained by the above procedure the spec-
tra of prompt photons (v-jet) and ~-like (jet-jet)
in pp and Pb-Pb collisions at 5.54 TeV expected
to be detected in the PHOS acceptance during a
standard year of LHC running, displayed in Fig. 2.

2.2. Background contributions

Background events are due mainly to decay
and bremsstrahlung photons and misidentified
hadrons. Decay photons from jet-jet events can
be detected in PHOS as either single photons or
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Fig. 2. Spectra of prompt photons (v-jet events, o) and
~-like (single and overlapped photons from jet-jet events,
o) detected in PHOS, for pp (up) and minimum bias Pb-Pb
(down) collisions at \/syn = 5.5A TeV. Differential cross
sections are given on the left y-axis of the plots and the
expected number of counts on the right y-axis. Both quan-
tities are determined for a standard LHC running year.

merged clusters (also called one-cluster 7°). Due
to the PHOS geometry, overlapped clusters hap-
pen essentially for 7° of energy beyond 30 GeV.
These photons constitute the main background
for prompt photon identification and contribute
significantly to the inclusive photon spectrum.
The spectra of the different photon-like events and
their relative contribution to the prompt-photon
spectrum for pp collisions are given in Fig. 3.
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Fig. 3. Upper frame: spectra of different photon-like par-
ticles detected in PHOS streaming from a jet-jet event in
pp collisions at /s = 5.5 TeV; (A) total hard 7°; (A) one-
cluster 79 detected in PHOS; ({J) photons from decay (not
overlapped); (e) one-cluster 7 plus photons from decay
and photons from bremsstrahlung; (H) total hadron spec-
trum; (%) photons from bremsstrahlung. Lower frame: Ra-
tio of generated photon-like particles in jet-jet events to
prompt photon in ~-jet events

3. Response of the detectors

In this section, we describe the response func-
tions of PHOS and the TPC. We used the simu-
lated PYTHIA (pp) and PYTHIA+ HIJING (Pb-
Pb) events described in Section 2, and we per-
formed a full-fledged Monte Carlo simulation of
the transport of particles in PHOS. The whole in-
formation of the charged particles collected by the
ALICE central tracking system was used, but the

fast reconstruction method described in Section 3.2
was applied.

3.1. PHOS

The response of a PHOS prototype was mea-
sured at CERN in test-beam experiments and it
was found that the energy resolution is given by,

AE  0.013 0.036
T - & 69@@00112 (4)
where the energy is given in GeV units?® [14, 26].
Simulation software, within the frame of AliRoot
[27], was tuned to reproduce this energy resolution.
The position resolution at different incidence an-
gles was studied by simulations. We obtained,

0.229
0y = —= ©0.096 5
VE ®)
where energies are given in GeV and positions in
cm. For more details see [13,14]. The PHOS energy
threshold is 0.5 GeV.

3.2. Charged particle detector

The fast reconstruction provides a parametrized
response of ITS [28] and TPC [29] for long-lived
charged particles. In this fast reconstruction [30],
charged particles are detected with an angular res-
olution of Aa =~ 1.1° and a constant momentum
resolution Ap/p = 2%. These resolutions are the
main parameters of the Gaussian smearing applied
to the generated 3-momenta. After smearing, par-
ticle energies were recalculated in order to con-
serve the particle masses. The detection and iden-
tification probability was taken as 80 % within the
pseudo-rapidity range |n| < 0.7 and for transverse
momenta pp > 150 MeV/c and was considered to
vanish outside of this range.

4. Particle identification with PHOS

In this and next sections, prompt photon iden-
tification and suppression of contamination due to

S amb=vaZ T8
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hard 70 are discussed. The identified prompt pho-
ton spectrum expected to be measured during one
running period is presented.

Two different procedures to select prompt pho-
tons were applied: the Shower Shape Analysis
(SSA), and the Isolation Cut Method (ICM). The
former identifies photons by analyzing the shape
of the shower in PHOS, and the latter tags and
identifies a photon as prompt if it appears isolated,
i. e., without charged particles in its vicinity. The
ICM method is described in Section 5.

4.1. Shower shape analysis

Photon spectra of v-jet and jet-jet events were
identified based mainly on the shape of the shower
developped in the calorimeter and using Princi-
pal Component Analysis method (Ref. [13,14]).
With this method photons are identified with 3
kind of purities, high, medium and low, depend-
ing on the rejection quality of the heavy-ion en-
vironment. As example, we show the results for
medium purity-photons: the prompt-photon iden-
tification efficiency was about 85 % for pp colli-
sions and about 75 % for Pb-Pb collisions. The
wrong identification probability, i. e., the probabil-
ity of identifying a background event as a prompt
photon, ranged from 0 to 40 % in the case of one-
cluster 7 and medium purity identification and
from 5 to 15 % in the case of hadrons. The remain-
ing 7° background from jet-jet events was still too
high (Fig. 4). Further improvement of background
suppression by increasing the photon purity is still
possible but at the cost of unacceptable low pho-
ton identification efficiency. Thus, additional iden-
tification procedures had to be developed to over-
come the limitations of the SSA method.

5. The Isolation Cut Method

The main idea behind the ICM is that prompt
photons and partons produced in parton collisions
are emitted in opposite directions. As there is no
hadron from the parton jet flying in the same di-
rection as the photon, the latter should appear iso-
lated. However, the underlying event, in particu-
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Fig. 4. Identified medium purity-photon spectra in jet-jet
(o) and ~-jet events (o) with shower shape analysis in pp
(up) and Pb-Pb (down) collisions at 5.5A TeV obtained for
the expected luminosity in a standard LHC running year
and with the corresponding statistical errors.

lar the one generated by the heavy-ion collision,
may perturb this ideal topology. To overcome this
difficulty, we developed two different isolation cut
methods. Both methods search for hadrons inside
a cone centered around the direction (19, ¢o) of
high-pr photon candidates (pr > 20 GeV/c¢) iden-
tified by the SSA method. The cone is defined by
the radius R in the (¢,n) space,

R=/(¢o— )% + (o — n)2. (6)

The multiplicity inside the cone depends on the
cone size and on the event type. For v-jet events in
pp collisions, there is almost no particle inside the
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cone, independently of the energy of the prompt
photon, but for jet-jet events there is a clear de-
pendence of the multiplicity with the jet energy.
Thus, applying pr cuts to the particles inside a
cone around a photon candidate helps us to dis-
tinguish between ~-jet and jet-jet events. The two
different ICM’s decide if a photon candidate is iso-
lated and should be tagged as a prompt photon as
follows:

(i) No hadron with pr above a given threshold
is found in the cone. We call this method
standard ICM.

(ii) The sum of the transverse momentum of all
hadrons inside the cone is smaller than a
given threshold. We call this method ICMS
(ICM with threshold on the Sum).

5.1. Isolation cut method with particle pr
threshold (ICM)

We studied the ICM efficiency for cone sizes in
the range 0.1 < R < 0.8 and particle thresholds
pi = 2, 4 and 6 GeV/c. We applied the ICM
method to reconstructed events filtered through
the TPC and PHOS acceptances and responses.
The ICM efficiency was defined as the ratio of the
number of isolated low purity-photons to the total
number of low purity-photons*. The dependence
of the ICM efficiency with the energy of the photon
candidate for jet-jet events is shown in Figs. 5 and
6 for R = 0.1 and 0.2, respectively, and ptTh = 2,
4 and 6 GeV/c. The ratios of the integrals of the
isolated low purity-photon spectrum and the to-
tal low purity-photon spectrum, for both ~-jet and
jet-jet events and for different values of the cone
size and pt?, are reported in Table 4.

The main features found are the following:

— ~-jet events: In the case of pp collisions, the ICM
efficiency is close to 100 % independently of the
cone size and of the pr threshold, but for Pb-
PDb collisions there is an important dependence
of the efficiency on R and p!?; the smaller the
cone size and the higher the pr threshold the
better the isolation efficiency. No dependence of

4 The low purity-photon identification efficiency is about
90 % for pp collisions and about 80 % for Pb-Pb collisions.

Table 4
ICM integrated efficiency for pp and Pb-Pb collisions.

R pit=2GeV/c pit =4 GeV/c pth =6 GeV/c

pp collisions

~y-jet events

0.1-0.8 100 % 100 % 100 %

jet-jet events

0.1 20 % 42 % 56 %
0.2 16 % 41 % 56 %
0.3 -0.8 16 % 41 % 56 %

Pb-Pb collisions

~y-jet events

0.1 80 % 98 % 99 %
0.2 50 % 95 % 99 %
0.3 -0.8 34-8% 93 - 84 % 98 - 97 %

jet-jet events

0.1 15 % 39 % 56 %
0.2 7% 37T % 54 %
0.3-0.8 4-1% 36 -31 % 54 - 53 %

the isolation efficiency with the photon energy

was observed.

— jet-jet events: The ICM gives a smaller probabil-
ity of misidentifying a one-cluster 7° as a pho-
ton in Pb-Pb than in pp collisions. The wrong
identification probability increases with the pr
threshold and is quasi independent of the cone
size for large pr thresholds. The dependence of
the wrong identification probability with the pp
threshold is strong, ranging from about 50-60 %
for pi# = 6 GeV/c to about 15-20 % for p =
2 GeV/c for pp collisions and from about 50-
60 % for pif = 6 GeV/c to about 1-15 % for
pi = 2 GeV/c for Pb-Pb collisions.

The ratio of the y-jet signal to the jet-jet back-
ground is reported in Table 5 and Figs. 7 and 8.
In the case of pp collisions, this ratio rises slightly
with R for pt? = 2 GeV/¢ but for Pb-Pb collisions,
this ratio shows a maximum at R = 0.3, although
at this value the ICM efficiency is almost the half
than at R=0.2 with only a moderate improvement
of the signal to background ratio. For the largest
pr thresholds (p¥ = 4 and 6 GeV/c), the signal
to background ratio is smaller than for the lower
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Fig. 5. Wrong Identification efficiency of ICM identified
prompt photons as function of the photon pp for R = 0.1
(up) and R = 0.2 (down) cone sizes and 2, 4 and 6 GeV/c
pr thresholds for pp collisions.

pr threshold (pf' = 2 GeéV/c) and its dependence
with R is negligible. The optimum values of the
ICM parameters, considering both signal to back-
ground ratio and efficiency, were found to be R =
0.2 and pi =2 GeV/c.
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pr thresholds Pb-Pb collisions.

5.2. Isolation cut method with threshold on the
total pr sum (ICMS)

The ICMS method sets a threshold ¥, to the
sum of the transverse momentum of all the parti-
cles found in a given cone around the photon can-
didate. We studied the efficiency of the method for
threshold values of 0.7, 1, 2 and 3 GeV/c for pp
collisions, and between 5 and 50 GeV /¢ for Pb-Pb
collisions. It emerged that for Pb-Pb collisions X,,..
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is not the appropriate parameter to compare re-
sults for different cone sizes due to its strong varia-
tion with R. Table 6 gives the mean and root mean
square values of the particle distributions inside
different, cone sizes. We found that a more appro-
priate parameter is a threshold 3/~ on the momen-
tum sum density defined as

r % T
EPT - R2 pr(R)’ (7)
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Fig. 8. Signal (identified prompt photons by SSA low pu-
rity and ICM from ~-jet events) to background (identified
prompt photons by SSA low purity and ICM from jet—
jet events) as a function of pp, for R = 0.1 (up) and 0.2
(down), and p¥" of 2, 4 and 6 GeV/c and Pb-Pb collisions.

where f(R) is a factor that takes into account the
response function and acceptance of the various
detectors involved. f(R) is equal to one when de-
tector response and acceptance are ignored. In our
case, we took f(R) = 0.95—1.5 x R, deduced from
fitting the mean values of the transverse momen-
tum sum for detected events reported in Table 6.

This method was applied to reconstructed events
to calculate the ICMS efficiency for the different
values of the cone size reported in Table 7.
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Table 5

Integrated signal (y-jet) to integrated background (jet-jet)
ratio obtained by the ICM method for pp and Pb-Pb colli-
sions. R and pt,lfb are the cone size and particle momentum
threshold.

R pif =2 GeV/c pif =4 GeV/c pth =6 GeV/c

pp collisions

0.1 3 1.4 1
0.2 3.5 1.4 1
0.3-0.8 3.6-3.7 1.4 1

Pb-Pb collisions

0.1 3 1.4 1

0.2 4.2 1.4 1
0.3-0.8 4.6 -3 1.5 1
Table 6

Mean value and Root Mean Square (RMS) of the HIJING
particle distributions of the transverse momentum sum as
a function of the cone size for all the generated particles
and only for detected particles.

R=01 R=02 R=03

Generated Mean (GeV/c) 10 40 91
RMS (GeéV/c) 3.8 9.8 18.9
Detected Mean (GeV/c) 9.2 27 43
RMS (GeéV/c) 6.9 9.2 12

The dependence of the ICMS wrong identifica-
tion probability with the energy of the fake photon
candidate for jet-jet events, for both R = 0.1 and
0.2, is shown in Figs. 9 and 10 for pp and Pb-Pb
collisions, respectively. The following features are
observed:

— ~-jet events: In the case of pp collisions the ICMS
efficiency is close to 100 % for any threshold,
independently of the cone size. On the other side,
for Pb-Pb collisions an important dependence
on both R and ¥/, is found: the larger the cone
size and ¥, = the better the isolation efficiency.
For example, for ¥/, = 1 TeV/c the efficiency
is about 50%, increasing slightly with the cone
size. No dependence of the ICMS efficiency with
the photon energy was observed.

— jet-jet events: In pp collisions, the ICMS prob-
ability of misidentifying one-cluster 7° as pho-
tons decreases slightly with the cone size, and in-
creases strongly with the ¥/,  threshold; for ex-

Table 7
Integrated ICMS efficiency for reconstructed pp and Pb-Pb
events in PHOS and TPC.

pp collisions

Spp(GeV/e) R=01 R=02  R=03

v-jet
any 100 % 100 % 100 %
jet-jet
0.7 6.1 % 32 % 2.1 %
1.0 79 % 45 % 3.8 %
2.0 15 % 10 % 8.6 %
3.0 22 % 16 % 15 %

Pb-Pb collisions

2, (Tev/c) R=0.1 R=02 R=03
~y-jet events
0.8 28 % 21 % 24 %
0.9 36 % 34 % 36 %
1.0 48 % 49 % 54 %
1.1 56 % 62 % 73 %

jet-jet events

0.8 72 % 9.1 % 14 %
0.9 8.5 % 15 % 20 %
1.0 12 % 20 % 28 %
1.1 15 % 25 % 37 %

ample, the probability is about 4-8 % for ¥, =
1 GeV/c and about 15-22 % for X, =3 GeV/c¢
in the 0.1 < R < 0.3 range. In the case of Pb-Pb
collisions, the ICMS wrong identification prob-
ability has an important dependence on both
parameters: in the 0.1 < R < 0.3 range, the
wrong identification probability ranges between
12-28 % for X7 = 1 TeV/c but ranges between
15-37 % for ¥, = 1.1 TeV/c. The n° misidid-
intification probability increases (i. e, the rejec-
tion decreases) with 33, . The ICMS probability
of misidentifying a one-cluster 7° as a photon is
found to be almost independent of the pr of the
photon candidate, as seen in Fig. 10.

The ratio of the v-jet signal to jet-jet background

is reported in Table 8 and Figs. 11 and 12. For
pp collisions, this ratio increases with R and de-



in2p3-00138058, version 1 - 24 Mar 2007

R=01

0.5 e e e e
0 Zp, <3GeVic

n Zpr <2GeVlc

0.4

o Zp <1GeVic
T
o Zp <0.7GeVic ‘

Isolated particles / all particles

031 ‘* _
;D: - : :7 —0—
0.2F B
;.7 - v —
01F —4—
O~
e |
0 Ee L0
20 40 60 80 100
pT(GeV/c)
R=02
» 0 T
k) F[ e % <3Gevic E
g ; o I <2GeVic ;
g0-4§ m I <1Gevic E
c:G f— O Zpy<0.7GeV/c —f
5035 =
3] C ]
s F E
go02p E
o Fo- E
s f 4
© E 3
5 0l =
2 E 3
OE‘OHQTOM\HH\HHmummmumu;
20 40 60 80 100
pT(GeV/c)

Fig. 9. Prompt photon wrong identification probability of
ICMS as a function of the candidate pp for R = 0.1 (up)
and R = 0.2 (down) and for different 3,,. thresholds for
pp collisions.

creases with ¥,,.. In the case of Pb-Pb collisions,
this ratio decreases with R and shows a quite small
dependence on ¥ . The optimum values of the
ICMS parameters were deduced from this pattern.
For pp collisions, the chosen parameters are R =
0.2 and ¥, = 0.7 GeV/¢; although the signal to
background ratio is somewhat better for R = 0.3,
we selected R = 0.2 to compare with the ICM
method. For Pb-Pb collisions, we obtained the best
signal to background ratio for R = 0.1 and X}, =

0.9 TeV/c.
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Fig. 10. Prompt photon wrong identification probability of
ICMS as a function of the candidate pp for R = 0.1 (up)
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Pb-Pb collisions.

5.3. Comparison of the ICM and ICMS methods

The following conclusions are obtained from the
comparison of the signal to background ratio given
by the ICM and ICMS methods:

— In the case of pp collisions, a threshold on X,
is more efficient than a simple threshold on pr.
A ~-jet identification probability of 100 % and
a jet-jet wrong identification probability of 3 %
is obtained by the ICMS method with R = 0.2
and ¥,, = 0.7 GeV/c to be compared with a
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Fig. 11. Signal to background ratio as a function of pr
for R = 0.1 (up) and 0.2 (down), and for different 3,
thresholds for pp collisions.

~-jet identification probability of 100 % and a
jet-jet wrong identification probability of 16 %
obtained by the ICM with R = 0.2 and p}* =
2 GeV/e

— In the case of Pb-Pb collisions, the ICM method
achieves a better identification than the ICMS
method. A ~-jet identification probability of
50 % and a jet-jet wrong identification probabil-
ity of 7 % is obtained by the ICM with R = 0.2
and p! = 2 GeV/c to be compared with a y-jet
identification probability of 36 % and a jet-jet
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Fig. 12. Signal to background ratio as a function of pp
for R = 0.1 (up) and 0.2 (down), and for different >},
thresholds for Pb-Pb collisions.

wrong identification probability of 8.5 % ob-

tained by the ICMS method with R = 0.1 and

¥, =09 TeV/c
The identified prompt photon spectra obtained
by the ICM and ICMS methods are presented in
Fig. 13. The comparison with the spectra obtained
by the SSA method in Fig. 4 clearly demonstrates
a dramatic improvement of background rejection
is achieved by ICMS for pp collisions and by ICM
for Pb-Pb collisions.

At RHIC hadron spectra were observed to be
quenched by a factor 5 at high pr [7-10]. If the un-
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Table 8

~-jet signal to jet-jet background ratio of the isolated pho-
ton integrated spectrum to the total photon integrated
spectrum for reconstructed pp and Pb-Pb collisions in
PHOS and TPC obtained by the ICMS method.

Ypr (GeV/e) R=0.1 R=0.2 R=0.3
pp collisions
0.7 9.5 18 27
1.0 7.4 13 15
2.0 4.0 5.8 6.8
3.0 2.6 3.6 4.0
¥, (TeV/c) R=0.1 R=02 R=03
Pb-Pb collisions
0.8 2.3 1.3 0.99
0.9 2.4 1.3 1.0
1.0 2.2 1.4 1.1
1.1 2.2 1.4 1.1

derlying quenching mechanism still holds at LHC
energies, the jet-jet contribution to the prompt-
photon background would be reduced by this fac-
tor, leading to a signal to background ratio of 20
instead of the 4.2 value given in Table 5. The Pb-
Pb spectra displayed in Fig. 13 (ICM with R = 0.2
and pi = 2 GeV/c) include this quenching factor.

6. Prompt photon spectra

The prompt photon spectra N;id expected to be
measured during one LHC running period, with
their statistical and systematic errors, were calcu-
lated by adding the identified prompt photon spec-
trum from ~v-jet events to the background spec-
trum from jet-jet events. From the identification
efficiencies obtained by the simulations described
above, we reconstructed the initial prompt-photon
spectrum in the following way: let IV, be the orig-
inal prompt photon spectrum, N . the original 7°
spectrum, Nj, the original hadron spectrum, 7'
the identification probability of the particle i as a
photon by SSA and i the identification proba-
bility of particle ¢ as prompt photon by ICM, where
i stands for photon, one-cluster 7% or any other
hadron. We can write
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which can be rewritten as,

id __ pid _icm w0 _pid_icm Np, pid _icm
NI = N, (b + —e ™)

T Y me Sme
N, N,

= (N,. 9)
Using the efficiencies obtained by our simula-
tions, we deduced the various factors (the ICM
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wrong identification probabilities for 7° and other
hadrons were assumed to be equal) and the factor ¢
for the different sets of identification criteria (PID
photon classes, cone sizes and pr thresholds). The
PID systematic error around the average value was
calculated as the dispersion of the initial spectra
obtained for each given set of identification crite-
ria. This systematic error was added quadratically
to the average background spectra in order to ob-
tain the total systematic error. The statistical error
was calculated from the photon statistics as /N,
The final spectra of identified photons are com-
pared to the original spectra for pp and Pb-Pb col-
lisions (without quenching) in Figs. 14 and 15, re-
spectively. In Fig. 16, the spectrum for Pb-Pb colli-
sions assuming a quenching factor of 5, as observed
at RHIC, is shown. The quenching main effect is a
reduction of the systematic error by a factor 5.

7. Conclusions

The isolation cut algorithms developed provide a
tool to identify prompt photons produced in pp and
Pb-Pb collisions in the ALICE experiment. These
algorithms, when used simultaneously with shower
shape analyses, allow to identify prompt photons in
PHOS efficiently with excellent hadron and back-
ground rejection. Isolation cut methods are partic-
ularly efficient to reject decay and bremsstrahlung
photons. The calculation through simulations of
the different efficiencies involved in the detection
process allows us to estimate the identified prompt
photon spectrum to be measured by ALICE during
a standard LHC running year with its statistical
and systematic errors. This spectrum is a crucial
observable to reveal the formation and properties
of the quark-gluon plasma.
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