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Motivations

* Make a tomography of strongly interacting QCD matter produced in Pb-Pb collisions

* Achieve same level of understanding as QED « Bethe-Bloch » curve
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Medium features :

* mean free path A

* gluon density dN&/dy

* temperature T°C

* transverse size (L) .

=> transport coefficient <gq> (a AE) 2




Parton energy loss

1. QCD factorization (tPa"on << TQGP)
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—» Final state : parton energy loss (modified fragmentation function)
—» Initial state : cold nuclear effect (nPDF, shadowing)

2. Models
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3. Reference : parton fragmentation in vacuum (pp, p-Pb collisions)




TPC dE/dx (a.u.)

* Low-p; hadron measurements (— = 100 MeV/c)
e PID and tracking capabilities in high multiplicity environment
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Single hadron
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» Naive picture: O,z =A-B-do ™ < dN —<Ncoll>°dez

* Nuclear suppression factor : |R,, (p;,y;D) =<

d’°N ,, /dydp,
T,, (b)> x d 2O'pp /dydp.
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— Clear suppression with p; dependence
— Collective medium effects at low-p; (< 8 GeV/c)

Energy loss dependences :

- initial parton energy — R,A(P;)

- path length (L) — in plane / out of plane
- color factor — baryon / meson

- mass dependence — heavy / light quark

——> Particle identification
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« RyaF< Ry chereed < R, P for p; < 6-8 GeV/cg—collective effects (coalescence)

© Ry "= Ry, charged = R P for p; >8 GeV/c €—>fragmentation+hadronization

in vacuum (?)




Hadron correlations

» High-p; hadron (trigger particle) correlated with associated hadrons
* Study (An,Ad) in the near-side and away-side
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Jets shape

* Jet reconstruction gives detailed informations about energy loss :

—> shape : radiated gluons angle (R, as a function of R
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— R, = 0.3 = leading hadron suppression

— Energy loss not found in R = 0.2 (larger angle, R > 0.5 ?)
— p;"2dron cut is a fundamental parameter




Jet fragmentation

* Medium effects included in modified fragmentation function (theoretical models)

hadron Jjet

* Observables : |X = p; pXl, 1E= log(pft/p?adm") =log(1/x)

* « Hump Back plateau » structure in pp <> modified in AA collisions (N high-p;, & low-p;)

E‘E}l@,ﬂ Theoretical predictions

dg (hep-ph/0506218)
= OPAL, V5=192-209 GeV

LS — vacuum, Ej;=100 GeV

121 Eil’lil‘ial —AE
parton
10| * TASSO, Vs=14 GeV
| -—- in vacuum, Ei:=7 GeV initial
8 [ —-—in medium, E;, =7 GeV parton >
6 L
4!
51 "
1
. =In[— >
1 2 3 4 5 ¢ (x) time

Need to carrefully define what we call « fragmentation function » :

—— FF = EM" /(Emmal —AE) <& bias FF with respect to E,_. (AF)

parton

hadron initial . Q. QncC
—_ FF2 = F /Epamm < theoretical FF definition 9




* Access parton energy via photon energy measurement
* Study parton fragmentation for p; < 30 GeV/c (complementary to jet analysis)
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X; isolated photons (pp)

* Select direct photon with p; > 8 GeV/c (EMCal)

* Select charged hadrons with p; > 0.2 GeV/c (TPC+ITS)
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Summary / Outlook

« LHC provides a wide list of parton energy loss observables :

——> ALICE has excellent capabilities for PID and low-p; measurements
—> key word is « complementarity »

« We can start to discriminate some energy loss mechanisms :
——> current picture : radiative + collisionnal energy loss, fragmentation (vacuum)

—> challenge : disentangle soft / hard components

« On-going work to study more observables :

——> gamma-hadron correlations, gamma-jets
——> heavy-quark (see QGP session on Friday)

12



Back up



* Measure pp collisions spectra — NLO predictions

* Measure p-Pb collisions spectra — cold nuclear effects (nPDF, shadowing)
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« Use ALICE PID capabilities to measure
identified hadrons R,

 Hadrons production p; regimes :
1. Low (p; < 2 GeV/c)
— radial flow (mass dependence)
— energy loss (radiated gluons)

2. Intermediate (2 GeV/c < p; < 8 GeV/c)
— radial flow (mass dependence)

— jet-medium coalescence

— energy loss (radiated gluons)

3. High (p; 2 8 GeV/c)
— high-p; parton fragmentation
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2< [ ! p-Pb \'s,, = 5-02 TeV
1< P as (0-20%) - (60-100%)

Physics Letters B 719 (2013)

Different explanations :

- longitudinal flow

- large angle emissions

- Cerenkov-like radiation
- shock wave phenomena



v—hadron : analysis strategy

+

Photon identification

EMCal clusters : | Isolation
-jet -jet

ri’-jet hadron-jet underlying event

Inclusive isolat..lsters -

Purity : p = S/(S+B) (Background (B) dominated by mn°)
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Photon ID : isolation

Select direct photons :

* most of direct photons are isolated, most of decay photons are not (jet)
* isolation parameters : cone radius A= \/An2 +A¢2, pthreshold
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Shower shape : purity estimate

* |solated clusters sample = isolated photons + background
* Binned likelihood fit of the shower shape distribution :
=== combined signal (MC) and background (data) shower shape to fit data
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Compare slopes from isolated n® with fragmentation function
Isolated rt° slopes sample <z>= 0.8
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Quark Matter 2012 : PHENIX
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|5 (ratio AA/pp) from y-hadrons correlations shows :
*  Suppression of high p; particles ( > 0.4xE,,,)
* Increase of low p; particles ( < 0.4xEjet)



Quark Matter 2012 (2)
Jet fragmentation

had
pr>2GeV z= Pr cosAR RD(z) = D(Z)cent ID(Z)GO 80%

jet
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. Enhancement at low z, suppression at z=0.1
. No modification at high z
. Similar results found for R=0.2 and 0.3 jets
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