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The ALICE experiment at LHC was designed and built to studypprties of a hot quark matter
produced in heavy ion collisions 3ts,, = 5.5 TeV. This paper describes capability of the AL-
ICE to study photon physics with PHOS, EMCAL and PMD detextdrhe ALICE potential is
illustrated by predictions for direct photon and neutrakores spectra to be measured in the first
LHC run with proton-proton collisions in the PHOS detector.
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I ntroduction

ALICE [1], a dedicated heavy-ion experiment at LHC, is equipped Bt afgphoton detectors
which will detect photons in a wide kinematic range.
— The most precise detector, the photon spectrometer (PHOS)

[
EMCV%’;’F:\.—_\x\ [2] is designed to measure inclusive direct photon and neu-
// o \\ tral meson spectra at transverse momenta from 0.5 to 100
'/7 ‘ \\ GeV/lc in an azimuth angle rangdp = 100° and rapidity
\

\ rangely| < 0.12. The PHOS has a fine granularifyp x

\5 Ay =4.8-103 x 4.3-10 2 which allows to separate show-

!,f ers at a high-multiplicity environment. A large-aperture

’ . i electromagnetic calorimeter (EMCAL) [3] will covémp =

P “\,\ £ \ ./ 110 and|y| < 0.7 and will be used to measure a neutral jet

! \ J // component by detecting photons up e < 250 GeV/c.

The EMCAL granularityAg x Ay = 15-1073 x 15-1073

is optimized for jet identification. The photon multiplicity

Figure 1. ALICE setup with photon de- detector (PMD) [4] is a preshower detector of’%, thick-

tectors PHOS, EMCAL and PMD ness. It will measure the multiplicity and spatial distribu-
tion of photons on an event-by-event basis in order to study

event shapes and fluctuations in the forward regi@x2y < 3.5. By the LHC start, the ALICE

will have 3/5 of PHOS, 1/10 of EMCAL and 2/3 of PMD modules.
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1. Physicsabjectives

The main source of photons in proton-proton and heavy ion collisionseaagy¢gphotons from
neutral mesons, like®® — yy, n — yy, w — 1y, etc. Measurement of inclusive spectra for
these mesons in electromagnetic calorimeters is much easier than those fmdchadrons re-
constructed in a tracking system. For example,thepectrum can be measured with the detector
PHOS in a wide range of transverse momentg, fir < 50 GeV/c using an invariant-mass analy-
sis, and up tgr < 80 GeV/c using a shower shape analysis [5]. Spectra of neutral migspps
collision is an appropriate tool for validating pQCD predictions, while thesetsp inpA andAA
collisions are a good probe for the parton energy loss in cold and higtarunatter, via the nuclear
modification factoiRaa, see [6].

Direct photons can be produced in several processes [pjp BndAA collisions, the photons
are produced in hard QCD processes with two initial-state partons of theigliiclei. The
next-to-leading order QCD processes can produce photons in gldayuank fragmentation, these
photons are referred to as fragmentation photonsAArcollisions the photons are emitted off
rescattering of thermilized quarks and gluons in a hot QGP, or off hadroa cooled hadronic
gas. Such photons are referred to as thermal photons.

Jet detection irpp and AA collisions is also considered as an important hard probe of QGP
properties. The neutral component of jets, constituted mainly of neutramags a significant
contribution to the total jet energy, and the detector EMCAL of the ALICEeeixpent, together
with the ALICE central tracking system, is designed for a good jet identificatio
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As it has been proven by the heavy-ion experiments at RHIC, correlaiations are rather
sensitive for various nuclear effects, and allow to study propertiesqoiagk matter more exten-
sively. Photon-hadron and photon-jet correlations measured in th€RAMith the PHOS and
EMCAL detectors will reveal the properties of a parton energy loss imholear matter.

2. Photon observablesin PHOS in pp collisions

The ALICE experiment will take data from the first LHC run with proton4procollisions.
From the point of view of ultra-relativistic nuclear physics, thegedata are needed as a refer-
ence point for heavy-ion collisions, because nuclear modificationtefieid be compared with
cold nuclear matter produced pp collisions, scaled by a number of binary collisions. However,
photon observables measuredipcollisions are interesting irrespectively to heavy ion collisions.
Inclusive spectra of direct photons and neutral mesons detected iplioédm decay channels are
served as probes of perturbative QCD.

Here we give predictions for cross sections of direct photafisy andw(782) mesons ipp
collisions at LHC energies and estimate their detection rates in the PHOS déteb®first LHC
run. Although the first LHC collision energy is anticipated to be equal to M) foe completeness
the cross sections were calculated for different possible LHC enerfiescross section of direct
photons and® mesons were calculated in next-to-leading order pQCD using the proj@nlo
v.1.5 [8] with a PDF set CTEQ5M and fragmentation functions KKP 7fi8rand BGF set Il for
direct photons. These cross sections are shown in Fig.2. Cross sagftiprand w(782) mesons
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Figure 2: Production cross sections of direct photons (left) aRdright) in pp collisions at 0.9, 5.5, 10 and
14 TeV.

were obtained in leading order pQCD by the event generator Pythia v.RRkée Fig.3.
Having obtained cross sectiods /dpr, the number of detected evenlis /dpT can be esti-
mated for the first LHC run:
diN:di.g.T.A.& (2.2)
dpr dpr
where.Z is a luminosity,T is a duration of data takind\ is the acceptance, amdncludes various
corrections to a detected spectrum due to reconstruction and triggeereffic off-vertex back-

ground and photon conversion in the ALICE medium.
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Figure3: Production cross sections gf(left) andw(782) (right) in pp collisions at 0.9, 5.5, 10 and 14 TeV.
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Figure 4. Acceptance of® — yy, n — yy and

w — 1y — 3yin 3 PHOS modules.

We assume several scenarios of the first LHC
run with proton beams. The collision energy of
proton-proton beams was taken as 10 TeV. Accu-
mulated statistics can be expressed via the integral
luminosity [ .#dT equal to 10 nb!, 100 nbt or
300 nb !, which can be achieved at the luminosity
£ =5.10? cm2s~! and a run time of 3 days,
30 days or 3 months, respectively. Geometrical
acceptanceA for direct photons is solely defined
by the aperture of the PHOS detector, and inde-
pendent orpr. Acceptances for® andn mesons
were calculated in their 2-photon decay channel,
and forw in the ™y decay channel with a conse-
quent decay oft® — 2y. Acceptances for 3 PHOS
modules are shown in Fig.4. Other correction fac-
torse for ¥, n andw were estimated as a product

of single-photon reconstruction efficiencigs= 0.85 (see [5]). The number of detected direct pho-
tons and neutral mesons in photon decay channels are shown in Fig.Eefow#ttues of integrated

luminosities.

3. Conclusion

Photon observables constitute an important contribution to the physicsapragithe ALICE
experiment. The first LHC run witlpp collisions at\/s = 10 TeV will produce enough data to
measure inclusive spectra of neutral mesons and direct photonsndidegen LHC run scenarios,
these spectra can be measuredridat pr < 25— 50 GeV/c,n at pr < 20— 40 GeV/c,w(782)
at pr < 15— 30 GeV/c, and direct photons gt < 10— 20 GeV/c. These spectra will allow to
validate pQCD calculations ipp collisions and provide reference data Ak collisions.

The work was partially supported by the INTAS grant 05-103-7484.
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Figure 5: Number of detected direct photons and neutral mesons in 33Padules inpp collisions at
V/S=10 TeV for [ .£dT = 10,100, 300 nb 2.
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