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Theoretical aspects

Photons production in Pb-Pb collisions :
- hard QCD process (prompt+NLO bremsstrahlung)
- thermal : partons diffusion in medium
- hadronic decay

Direct (prompt+thermal) photons spectra :

- test of perturbative QCD at high energy (gluon PDF)
- study of QGP : p; =1-5 GeV/c -> QGP radiation
p; > 20 GeV/c -> prompt photon production

Neutral mesons spectra (n°,n) :
- reference for direct photons estimate (Vi ect = Vinclusive™Vdecay)
- medium suppression R,,

Correlations of direct photon-hadrons/jets :
- medium effects on parton fragmentation
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Experimental aspects

ALICE

A JOURNEY OF DISCOVERY

For all photon analysis :

For prompt photons analysis :

——=> photon reconstruction in high multiplicity environment
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* Isolation advantages

- Apply isolation cone around photon candidate
- It reduces both fragmentation and decay component

R. Ichou et al. arXiv:1005.4529[hep-ph]
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=2 Challenge in Pb-Pb collisions !
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Photons reconstruction with the ALICE detectors

n®, n spectra in pp collisions at 0.9, 2.76 and 7 TeV
n® suppression in Pb-Pb collisions

On-going y-hadrons analysis
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s, neutral mesons reconstruction

ALICE

ooooooooooooooooooo

EMCAL
Sandwich Pb-Scintillator

In| < 0.7, A® = 100° (107° in 2012)
pp-E.0 =5 GeV - 0,0 =10 MeV/c?

Photon conversion + tracking

V’s converted into e* pairs between
beam pipe and middle of TPC can be
detected

(conversion probability = 8.5%)

PHOS In| <0.9, Ad =360°
PbWO, crystals pp—E0=5GeV - 0,0 =4 MeV/c?

In| <0.12, AD = 60°
pp-E,0=5 GeV - 0,0 =7 MeV/c?
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e 2 opposite charged tracks reconstruction (conversion point)
e Cuts on energy loss (in TPC) and time of flight of tracks (separate e* from p,K,m, )
* Resolution of conversion point reconstruction: 1.5cminz, 3cmin Rand 2.5 mrad in ©
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- Materia

| budget

A JOURNEY OF DISCOVERY
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Distribution of photon conversion points

Distribution of photon conversion vs R
(Data/simulation)

* ALICE material budget (11.4% X, up to middle of TPC) agrees within +3.4%/-6%

with its implementation in GEANT

Nicolas Arbor — High pT at LHC Workshop —27/03/2012



ooooooooooooooooooo

- Calorimeters identification

* Decay photons PID is detector and p; dependent :

Invariant mass Shower shape
M, = 2EE.(1-cosf) Long/short axis of the cluster
y v :
EMCal : EMCal :
2 separated clusters 1< pT(Tto) <20 GeV/c 2 merged clusters 6 < pT(T[O) <40 GeV/c
PHOS : PHOS :
0.5 < p;(n°®) <40GeV/c | 30 < p;(n®) <100 GeV/c

Isolation

* Applyisolation cut on hadronic energy in a cone
* lIsolation parameters: R=./n*+¢* , threshold

* Direct gamma should be isolated, neutral mesons should not (jet)
~~—

<SS
R Nl
Annihilation )::: Compton X Bremsstrahlung ’ﬁc‘i
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Conversion
1.50 GeV/c < P, <2.00 GeV/c

construction performances in Pb-Pb
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ALICE

A JOURNEY OF DISCOVERY
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25000 c = 8.2+0.3 MeV/c?

L4

N events per 8 MeV/c?
S
(=]
(=]
o

15000
] PHOS performance
0000 PbPb @\[s,,=2.76 TeV
Centrality 0-10%
5000

18.05.2011
4+t -H

LI T B = - A ro
0. 0.25 0.3

M, (GeV/c?)

© o
OFETTTT
a1

—

°

—

a

o

N

* Conversion gives very precise
measurement 0.5 < p;< 30 GeV/c

* PHOS could measure ni® with
0.5 < p;<40 GeV/c (*)

* EMCAL could measure n® with
1< p;<20GeV/e(*)

(*) for higher p; shower shape selection
is needed due to clusters merging
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truction performances in pp

ALICE
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Good agreement between data and simulation
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(pb GeV2c?)
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edg
dp

tra in pp at 0.9,

2.76 and 7 TeV

ALICE

A JOURNEY OF DISCOVERY

m® @\Vs =7 TeV

n® @\s=2.76 TeV n° @\s =0.9 TeV
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Good agreement PHOS/Conversion

Use Tsallis fit function as parametrization

NLO NLO
fit fit

NLO
fit

T 117 ﬁo TTTTT
e

Nucl. Phys. B 327 105
Phys. Rev. D 67 054005

NLO pQCD
PDF : CTEQ6MS, FF : DSS, scales pu = 0.5py, pr, 2p;
AlsoFF : BKK (with INCNLO)

P @Vs=7TeV .-

\\\Hi

s=0.9TeV ~---- g f
P Sy S E»:CFE"T'H?"/
1 10

P, (GeV/c)

NLO pQCD (DSS) describes 0.9TeV data
But 2.76TeV and 7TeV are

overestimated ”
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npp at 0.9, 2.76 and 7 TeV

ALICE

A JOURNEY OF DISCOVERY
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e Same conclusions as for mt°

* Hypothesis : higher-twists corrections, gluon PDF uncertainties at LHC
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9, 2.76 and 7 TeV

ALICE
=[x 10 | | | | |
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uppression in medium (1)

ooooooooooooooooooo

* Parton energy loss in the QGP :
—>» measurement of the nuclear modification factor

Ruaor) (1/Na$) d*N32 Jdndpr
AA\PT) —
(Neon) (1/N22) d2NFF | dndpr
& . A'uée IL’b-IPbI\ISI:L2I.76| TeIV ('o -|5°/:,) L
. x STAR Au-Au ﬁ =200 GeV (0 - 5%)
* Why using ® ? I 1 B
E Phys. Lett. B 696 (2011) 30—I3_9I_t

—>» compare with R,, p; dependence from charged hadrons

—» Ry, dependence on baryon/meson ?
- comparison with charged hadrons
- comparison with charged pions

0.1

0 5
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n in medium (2)

5 _l | I | L I L I L I | L I L I L I L I | L I | |_
o L e | x°60-80% O ALICE Preliminary _
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» Strong dependence with respect to centrality
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ompared to r*
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* Good agreement (within uncertainties) for all centralities
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red to charged hadrons

ALICE

ooooooooooooooooooo
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* Centrality 0-20% : discrepancy below 5 GeV/c
e Could be explained by meson/baryon anomaly
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amma-hadrons correlations

ooooooooooooooooooo

* Single particle spectra are only indirectly sensitive to the energy loss of the parton
—> parton fragmentation should give us new information

 Gamma-hadrons correlations approximate fragmentation w.o jet reconstruction

xy ==L P P cog(Ag) = -2 cos(Ag)
P &

7 =P1i with p,. = p,parton

1 A

Pr

- Charged/neutral trigger: <Zt><1 = Xg#Z,

- Isolated trigger: (z)=1 = x,—>7z
- Direct photon trigger : <Zt> =1 = xg=2,
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X, distribution for h*-h*" correlations

Kinematic cuts

ALICE

A JOURNEY OF DISCOVERY

pp events at\/s = 7 TeV

103

102_

1GeV/c<pTa<pTt
+ ] 6<p, <7GeVic
0. 8<p, <10 GeVic(x30™")
o] 12<p, <15 GeV/c (x307)

"‘T‘ —background

A‘.ICE
AliICE Preliminary

10°
0

| 0.5 1

10

do/ dz., (ph)

10

10

* Ratio of Prygs, tO Prygigger CULS gives

usable range of xE distribution
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X; distribution for y-h*  correlations with DIPHOX simulation

Pr, > 20 GeV
p;, > 10 GeV

"pp
o PbPb @ =70 GeV

—T T T T T T T T

02 04 0.6 08

Zy

1

4

10—

Pr, > 50 GeV
Pr, > 10GeV 3

= FF

F. Arleo, arXiv:hep-ph/0701207

ZYK

e Kinematics cuts are important to reproduce
parton fragmentation
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amma-hadrons : outlook

ALICE
* On-going analysis in ALICE
* Medium effects (x;, azimuthal correlations) will depend on quenching behaviour
pp events at\/'s = 7 TeV
4 4<p, <5GeVic 5<p, <6GeVic z‘" C
3 * leading trigger h* E B o
I * wj/o isolation , ALICE §101 — _._'H"_ +—0—++
. 2f ..* w/isolation L *  ALICE Performance S f _._-.__ aAA—A—ATA- -
5 S R=04,¢=10% ', 2ot zZ [ o -
© K P = [ Ay -A1
~—" 4 S —A-
. ---
§ . e i 107 _A_“'_._
> 6<p, <7 GeVic 7<p,<8GeVic N o y->EMCAL, CY@5.5TeV
S af - § . 4 without Quenching
% A f S 7 e with Quenching
2r S 107+ L=0.5*10 cm2s"
N } E"’A" X M i T’=1g;se Vi
1F ! L P N - p!> eV/c
0\\\\\\\\\\\\\\ft\\\‘\\wf\w‘ 10—41|||||1|||||||||||||||||||
0 2 4 0 2 4 0 1 2 3 4 5
A (rad) In(1/xE)
Isolated trigger-hadrons correlations at EMCal PPR simulation
QM2011
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* Photon physics provides a wide range of analysis :
- Test of QCD predictions (direct photons, neutral mesons)
- High-p; hadrons suppression
- Study of parton fragmentation

* Neutral meson reconstruction in pp provides additional constraints for
PDFs and FFs used in NLO

* Direct photon reconstruction in Pb-Pb collisions is a (fascinating)
challenge !

Thanks for your attention !
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Back up

22
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MCal for pp 7 TeV
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tio for pp 7 TeV

ALICE

A JOURNEY OF DISCOVERY

:Iolf, 0'9: | | | | | | B
08 n®andn—yy —e'e e'e ALICE Preliminary
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0.7— ]
0.6 — —
0.5 —
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| I —_————e NLOu=0.5 P, ]
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version reconstruction

ooooooooooooooooooo

— —
—— - —_—

- -~ Fducial” "~ ~- * Reconstruct tracks in ALICE inner

zone trackers (TPC, ITS)
e Calculation of decay point (DCA)

e Electron identification using
TPC dE/dx and Time Of Flight

Reconstruction of VO decay vertex
using Kalman Filter
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X; scaling

ooooooooooooooooooo

* Invariant cross section for a given x; is proportional to Vs
* Deviations from pQCD for n(x;) observed before LHC — Higher Twist (HT)?

d’c n Conclusion : possible contribution from HT
E—=(s) F(x,), x,=2p, /s '
( ) 2 =P For hadrons nNC = 4.8 and n®** = 5.2

g(xr,\/;)]/ln[\/g] at x; = 0.01 and Vs = 0.9,2.76 and 7 TeV

n(xr) world data (so far)
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Arleo et al., PRL 105, 062002 (2010)
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