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The ALICE Experiment
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The ALICE Experiment
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The QGP at the LHC
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Focus on hard probes:

Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
Comparison of pQCD calculations with p-p measurements
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2) Control experiment:
Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via p-Pb collisions (compare to p-p)
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Nuclear Modification (Raa) in p-Pb Collisions
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Strong suppression in central Pb-Pb collisions
Rorn (Mminbias) consistent with unity in p-Pb collisions
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% Charged Jet Raa in p-Pb Collisions

ALICE
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Jet Rprn (Minbias) consistent with
unity in p-Pb collisions
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Heavy-flavor Raa in p-Pb Collisions
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Heavy-flavor Rprn (Mminbias) at mid-rapdidity
consistent with unity in p-Pb collisions

(within uncertainties)



® J/p and Y Raa in p-Pb Collisions
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Before we can utilize hard probes/jets (and their
modifications/tomography) to probe the medium in
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
Comparison of pQCD calculations with p-p measurements
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2) Control experiment:
Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via p-Pb collisions (compare to p-p)
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Nuclear Modification in Pb-Pb Collisions
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No suppression of hadron yields in p-Pb
No suppression of direct photons, W, Z°

Strong suppression of hadron yields and
in Jet Raa in central Pb-Pb collisions

=> Energy loss of colored probes in the QGP
at the LHC is a final-state effect!
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% Jet Structure in Pb-Pb Collisions
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Ratio of jet x-section R=0.2/R=0.3 is sensitive
to broadening in the jet structure:

Pb-Pb jet structure consistent with vacuum jets;
no jet broadening (within R=0.3) observed!
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Hadron PID in Pb-Pb Collisions
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Similar Raa for pions, kaons and protons at high-pr
Proton/pion ratio at high-pr consistent with vacuum
=» Particle composition unmodified in Pb-Pb collisions!
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ALICE

“Jet PID” in Pb-Pb Collisions

Pb-Pb, \/sTN = 2.76TeV
0-10% central
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A closer look via two particle AnxA® correlations;
Isolate jet-like and bulk-like region:

p/rin bulk region consistent with inclusive ratio
p/min jet consistent with vacuum
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D and B Raa vs. centrality
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First clear indication of mass dependent
partonic energy loss in heavy-ion collisions!

Bottom less suppressed than charm and light flavor!
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Hard Probes Summary:

The energy loss of colored probes in
the QGP at the LHC is unambiguously a
final-state effect!

The hard core of the jet, after energy loss,
seems to fragment vacuum like:

No broadening or change in PID is
observed!

For the first time:

Mass dependent partonic energy loss is
observed (bottom loses less energy than
charm and light quarks)

Observations are (qualitatively) consistent
with a pQCD-type energy loss picture in
which a significant amount of energy loss
happens at early times with the “lost”
energy thermalized in the medium and the
leading parton fragmenting vacuum like!

dE/dx [GeV/fm]

120 GeV gluon jet
L = 5.8 fm, hydrodynamical medium, YaJEM-DE

— AQ =80 GeV’, AE~7.6GeV|]

T. Renk, arXiv:1306.2739


http://arxiv.org/abs/arXiv:1306.2739
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The Control experiment:
Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via p-Pb collisions (compare to p-p)

p+Pb Concerning
<+ "= hard probes!




The Control experiment:

Measure initial state/Cold Nuclear Matter (CNM) effects;
Probe the “cold medium” via p-Pb collisions (compare to p-p)

i

t
p+Pb Concerning
<« "= hard probes!

BUT: Surprise concerning the AN
“bulk” properties in high -
multiplicity p-Pb collisions: e
The twin ridge structure! S

Just a quick look ...



Fourier Decomposition of the twin Ridges

p-Pb: 0-20%-60-100%

p-Pb\s, =5.02 TeV
(0-20%) - (60-100%)
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A(I):(I)Trigger'(l)Assoc.
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v2>V3 in central p-Pb collision
Vn increasing with pr
centrality dependence visible
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PID v2 in p-Pb and Pb-Pb Collisions
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Similar features of v2(pr) in p-Pb and
PbPb collisions observed:

Mass ordering at low-pr
(in Pb-Pb attributed to hydro behavior)

Proton vz > pion vz for pr>2 GeV
(constituent quark scaling in p-Pb!?)
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PID in p-Pb Collisions
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Similar trend in p-Pb and p-p collisions compared
to Pb-Pb collisions as function of dNc¢w/dn
(although smaller in p-Pb)
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ALICE

® The “bulk” in p-Pb Collisions ...

2< pT,trig <4GeVic p-Pb \Snn = 5.02 TeV
0-20%

The control experiment p-Pb
revealed surprising results in

high-multiplicity p-Pb collision:

Mass ordering of vz at low-pr
Is observed, as well as similar
trends in particle ratios as
function of dN¢n/dn!

Are we seeing hydrodynamical
behavior in p-Pb collision or is
it the CGC!?

Very Interesting observations and more to come ...
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