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Heavy lon Physics

ALICE

The main goal of Heavy lon Collisions is to study the
behavior of matter under exireme condition, o
explore and test QCD phase diagram and to
address the fundamental question of hadron
confinement and chiral symmetry breaking, which

are related to the existence and properties of the
Quark-Gluon Plasma (QGP).

SILAFAE 2012, SGo Paulo, Brazil
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QCD phase diagram

>

.. quarks and gluons
Normal condifions = hined in Hadrons,

€=0.15 GeV/fm3

Temperature

e Hadrons
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ALICE
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Temperature

&

QCD phase diagram

N quarks and gluons
confined in Hadrons.

€=0.15 GeV/fm3

Normal conditions
e

S
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High T and low density, QCD predicts a
phase fransition to a deconfined state of
Quarks and Gluons.
Te= 170 GeV s [
Ec= 1.0 (:563\/)/frT13 14 |

12 ¢
10 ¢

RHIC

1

4_ 4
egp/T

3 flavor

2 flavor
“2+1 flavor”
0 flavor

SPS

*

o N B O o

F. Karsch, Prog.Theor.Phys.Suppl. 153 (2004) 106
1 1 1 1

300 400 500 600
> T (MeV)

100 200

SILAFAE 2012, SGo Paulo, Brazil

Density
02



ALICE

>

Temperature

QCD phase diagram
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At high density and low temperature,

system can be considered a

degenerate interacting quark gas.

Approximate model calculations

suggest that transition would be of the
15t order.

o Wu@@
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e Hadrons . Q000
e” 0%&@\} o Wagy
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QCD phase diagram

ALICE
A

of Yyp A state of deconfined and thermalized
2| @ e quarks and gluons over a large volume
C &7 § ¢ predicted by QCD at high energy and
ole = é densfry also known as:
| e® - ‘@@ e .
= Y, =

o/ . U S

______ h, ¢ & W Quark Gluon PIasma
\\. . é N\ o,
\ O

et T
ee Hadrons \\ 200000 o

Density
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QCD phase diagram

ALICE
CUA Yy In high T and low density, fransition
Sl o e & might be a rapid cross over, instead of
(© 2\\@ y § e q It order transition.
o & & S
E| o0 = O critical |
|q_J Lugy | Point .w 'Q—,{,,‘j.
__ e
- W Quark Gluon PIasma

0\@% g » @y
( 1t/2d0rder ®

Hadrons
e Hadrons Q00 PS
ev é@o W e
>
Density
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QCD phase diagram

ALICE

A At high density and low T, it is predicted
Q @ that remnant attractive interaction
4(30 e between quarks causes g-g paring and
N @@ Y § ® the formation of a color

e
g— ° superconductor phase.
Crmcal .gggm

IG—J .ﬂw{/ Point O o

W Quark Gluon Plasma

=
/2dOMer

Crossover

&

Color Super-Conductor

>

Density
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ALICE

>

Temperature

Heavy lon Collisions

il Quark Gluon Plasma

Hadrons

Color Super-Conductor
>

Density
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& Heavy lon Collisions
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% Heavy lon Collisions

ALICE

SILAFAE 2012, SGo Paulo, Brazil
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Heavy lon Collisions

ALICE

Initial Conditions:

« Lorentz Contracted colliding
nuclei

Color Glass Condensate
Pre-equilibrium

Hard Scattering

Fluctuations

SILAFAE 2012, S&o Paulo, Brazil 04
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ALICE

SILAFAE 2012, SGo Paulo, Brazil

Hot Nuclear Matter

Soft Thermal QCD matter.

Extremely Dense

Strongly interacting

Shows collective behavior

Expansion dynamics well described by
hydrodynamic models with viscosity very
close to theoretical limit.

Partonic degrees of freedom.

04



% Hot Nuclear Matter

ALICE

%, Hard Scatterings produce hard probes.

» High p; particles

« Parficle Jefts

« Heavy flavored particles.

« Can be used to probe the medium
through interactions: Jet modification
and suppression, nuclear
modification factors of light and
heavy flavored particles.

SILAFAE 2012, S&o Paulo, Brazil 04






The ALICE experiment

ALICE

ABSORBER

TRACKING
CHAMBERS.

MUON
FILTER
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The ALICE experiment

ALICE

Strip Drift Pixel

o
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The ALICE experiment

ALICE
Dedicated LHC experiment for Heavy lon Physics

Central Barrel:

2 1t Tracking and PID
| n <1

p; > 100 MeV/c
Excellent vertexing

JHEPO (2012) 112 ALICE Coliab.

/E\ 200_ LA L | L R | ]
=2 180F Pb-Pb,\/syy = 2.76 TeV, min. bias 3
c - —
2 160F 4
= - .
g 140F .
o 120F ebata = - E
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Y .
© 1005 (only id. pions for p, < 2 GeV/c) e
80:— = [ ] _:
C Oe 7
60F " &, E
- N 3
F L :
C 1 1 L 1 I L 1 1 L 1 L L L I 7
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The ALICE experiment

ALICE
Dedicated LHC experiment for Heavy lon Physics

JHEPO9 (201

— 20000

2) 112 ALICE Collab.
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1) 442, ALICE Collab.
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% The ALICE Collaboration

ALICE

-

: More than 1000 members

More than 100 institutions
More than 30 countries

SILAFAE 2012, SGo Paulo, Brazil



The ALICE Collaboration

ALICE

SILAFAE 2012, SGo Paulo, Brazil
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LHC Heavy-lon Run

ALICE

2010 - Pb-Pb at 2.76 TeV, integrated lum. ~10 ¢ b
Approx. 20 Million events,

2011 - Pb-Pb at 2.76 TeV, integrated lum. ~0.1 nb"!
Approx. 140 Million events,
enriched with rare trigger events.

2012 — p-Pb at 5.02 short test run,
Approx. 2 Million events.

2013 - (Jan.-Fev.) p-Pb expected 1o run.
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. Charged particle multiplicity

arXiv: 1210.3615 ALICE Collab.
B T T T TTTT | T T T TTTT | T T T TTT I_
- PP (pp) NSD  Central AA o 80_15 ]
5L A ALICE ALICE NN -
- o CMS ATLAS ]
. [ *CDF CMS b i
E 4~ © UAs NA50 | -
ZO- T x UAT BRAHMS i
~ [ *STAR PHENIX i
—~ 3 pp (pP) INEL STAR —
— L o g0-11 Qo

O L A |SR PHOBOS NN
X [ e UAs @(//.—“"Z
= 2 v PHOBOS | e 1+ -
O [ =auce I a%%*f = S0 ]
- i x T i
L Sl e pPbALICE _
- = s i
[k ¥V dAu PHOBOS |
- m pAu NA35 1
O | | I | | | | I | | | | I I |

102 10°
\; syn (GeV)

SILAFAE 2012, Sdo Paulo, Brazil

Particle production

Increase of x2.2 with
respect to RHIC.

Energy dependence
Is stfeeper for heavy-
lon collisions than p-p.

New p-Pb data,
important for inifial
state effects.
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Comparison to models

Pb-Pb
PRL 105, 2523A?I]C’:L'CE Collab. Empirical extrapolation from
T ki ] RHIC data under predicts
N A HIJING 2.0 [5]
/ 6 DPMJET Il [6] data.
UrQMD [7]
"""""" ,_._,/Alrbacete[a] HIJING tuned to 7 TeV p-p
—— Lovin sl 5 o data yields prediction
darzeev et al. . .
o Kharzeev et al. [10] consistent with data.
° Kharzeev et al. [11] .
e Armesto et al. [12] Saturation models vary level
Eskola et al. [13]
R I T o7 s of agreement.
Sarkisyan et al. [15] .
e O Humaneqs Hydro models with
1000 1500 2000 multiplicity scaled from p-p

dNy/dn

SILAFAE 2012, SGo Paulo, Brazil

also under predicts or over
predicts the data.
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arXiv: 1210.3615 Collab.

- 1 - T T T T T 1 T 1
ol p-Pb, |s,, = 5.02 TeV
20"
o |
©
S 1505
L
= HIJING:
-+ ALICENSD 31 noghgéiéG]
- Sat. Models: S %0 ] ]
5" —- IP-Sat [5] BB2.0 no shad. [4] ]
KN 3] BB2.0 with shad. [4]
- reBK 7] e DPMJET [32]
| | | | I | ! ! ! | L L
0—2 0 2
nIab

SILAFAE 2012, SGo Paulo, Brazil

Comparison to models

p-Pb

Important to
discriminate initial and
final state effects.

Probe small x and the
initial state.

Set constrains to models.

Models that include
shadowing or saturation
are consistent with data
within 20%.
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AP
Transverse momentum spectro

ALICE
?Cf 10°
3 10°
-
pe]
_\%H 10°
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0

arXiv: 1208.1974 ALICE Collab.

T 1 1 1 rrrr+rrrr T T T rr 1]
—&— ALICE, Pb-Pb 5y = 2.76 TeV

—— STAR, AU-AU, [F,, = 200 GeV ]
s, —8— PHENIX, Au-Au, |5, = 200 GeV -

SILAFAE 2012, SGo Paulo, Brazil

- o 1+ 1 (< 100) T
10 [— . e '%’r Tl =]
— B K +K~ (x10)
- O = DR _
- VISHZ2+1 DDD ®@D@©p+§(x1]-
— — HKM o =
=~ Kkraks O _
rakow 0-5% Central collisions -
I I l L L l L L L l L L L L l
--------------------------
+ ]
- o < + —
77—+ 77—+ —
» + |
Yy T D i St L T e e S
o } i f -
B +D i
S pP*p ]
e el T i
[ ] L1 ] 1]
0 1 2 3 4 5
P, (GeV/c)

LHC spectra shows harder
distribution than RHIC.

Consistent with stronger
radial flow component.

Hydro models with late
stfage implementation
describe well the data.

e VISH2+1: Viscous hydro model
« HKM: Hydro+UrQMD
« Krakow: Viscous hydro, with

effective T,
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Hadron Chemistry

arXiv: 1208.1974 ALICE Collab.
| | | | | |
I x5 x 10

a4 SR _

ALICE, Pb-Pb, Vs = 2.76 TeV, 0-5% +;;] ¢ o
1

ALICE

Hadron Chemistry is 1
used for staftistical
thermal models fits. 0.8

D—O—‘
e
’_D_‘._;q,_.

. 0.6
Very successful in

o . °
descrlblﬂg RHIC dOTO' 0.4 * STAR Au-Au, Vs =200 GeV, 0-5%
O PHENIXAu-Au, Vs =200 GeV, 0-5%
O BRAHMS Au-Au, Vs =200 GeV, 0-10%
0.2 Cleymans et al., Tch =170 MeV, =1 MeV
== == Andronic et al., TCh =164 MeV, My = 1 MeV
0 | | i | | ] | |
» K P K K KK p p (o)
T K* P T Tt (T +m) T T (T4
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Hadron Chemistry

arXiv: 1208.1974 ALICE Collab.
| | | | | |
I x5 x 10

d R

ALICE, Pb-Pb, Vs = 2.76 TeV, 0-5%

STAR Au-Au, Vs = 200 GeV, 0-5%

PHENIX Au-Au, Vs =200 GeV, 0-5%

BRAHMS Au-Au, Vs = 200 GeV, 0-10%

Cleymans et al., Tch =170 MeV, =1 MeV

== == Andronic et al., TCh =164 MeV, My = 1 MeV

0 | | i | | ] | |
K K k K+K) b p (D)

T K+ T T (TC++7T,_) T =

ALICE

Hadron Chemistry is 1
used for staftistical
thermal models fits. 0.8

—O—
e
=

Very successful in
describing RHIC datfa. ,

oo x e

o
(0))
IIIIIIIIIIIIIIIIIIIII

olTl

At LHC, p/ris considerably lower than RHIC, and it is over predicted
by thermal models. Perhaps final state hadronic interactions play
more important role at LHC than at RHIC.

Strange particles are needed to further constrain thermal models.

SILAFAE 2012, S&o Paulo, Brazil 15



Strangeness Enhancement

pa

arXiv: 1211.7298
o ©
%_ PD-Pb at |,y = 2.76 TeV %_
Q Q
L - L -
e | 4040 ALICE 2 | AQ+D
E 10 ™ E nnnnnnnnnnn 1 E 10 ol E ' -
o oA { ] o ® }

Yield / (N
-
‘O
‘O P
. =
Yield / (N
part
a_rolar_ 5ull0
,#Q..:“:}‘_"_‘ >
0Ol iy
O
o ¥

¢
1 1 ] 1 1”} Lower Energy: Antiparticles (X, = )
NAS57 Pb-Pb @ 17.2 GeV
‘ | O[] A STARAu-Au @ 200 GeV
llllll 1 1 lllllll 1 L1l 1 1 lllllll 1 L lllllll 1 11
1 10 10° 1 10 10°
<Npan> (N,

Strangeness enhancement - Proposed signature of QGP.

Relative enhancement of Stfrange and Multi-strange
baryons is also observed at LHC.

SILAFAE 2012, S&o Paulo, Brazil 16



Direct photon spectrum

ALICE

arXiv: 1210.5958

o 1 3 T T T T T T T T T T T T I T T T T T T T T
3 0 E | | | | ! E
> 2 ]
@ 10 EE 0-40% Pb-Pb, s\ =2.76 TeV EE
|5 0= ALICE %
[ feX - . PRELIMINARY _
"?} 1~ —¢— Direct photons —
5 - —— Direct photon NLO for p = 0.5,1.0,2.0 p_(scaled pp)
—|Z 107" —— Exponential fit: Ax exp(-p/T), T =304 £ 51 MeV "=
8§ F ) =
10% e =
= ¢ =
10'325 =
10 =
109k .
10‘6_E —
10.7_€l 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 -I;
0 2 4 6 8 10 12 14
P, (GeVle)

Inverse slope of an exp. fit fo the low p; spectrum: T =304 £ 51 MeV

PHENIX/RHIC T=221£19 £ 19 MeV

SILAFAE 2012, SGo Paulo, Brazil
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Elliptic Flow

>

Out-of-plane

In-plane
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ALICE

Elliptic Flow

-of-plane
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ALICE

Elliptic Flow

In-plane
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ALICE

Elliptic Flow

In-plane
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ALICE

Elliptic Flow

c—glone
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ALICE

Elliptic Flow

»ione
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ALICE

SILAFAE 2012, SGo Paulo, Brazil

Elliptic Flow
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Flliptic Flow

ALICE

ane

—4m » s

Spatial anisotropy > Momentum anisotropy = d?N/dp;d¢

AN 1 d3N

FE —
d’p 2mpdpdy

1+ 2 2v,cos[n(d— lIf,,)])

n=1

v, (pT,n) = <COS[n(¢ — ‘Pn )]> ) Probe the system evolution.

SILAFAE 2012, S&o Paulo, Brazil 18



Elliptic Flow

PRL 105, 252302 ALICE Collab.

0_08 B f T T ITIT T | T | _
0.06 - L
0.04 : o %k qh[? E
-y : %y .
0.02 — ;- ® ALICE =
- % STAR ]
>N 0 — —v— —; ————————————————— a7 PHOBOS ]
- [ PHENIX .
-0.02 - B NA49 -
- O CERES ]
-0.04 |- + E877 —
- ¥ EOS .
-0.06 - * A E895 -
- ¥ FOPI .
-0.08 — | T B | m
1 10 10° 10° 10°
\/Syy (GeV)

v, measured af LHC is about 30% higher than at RHIC.

SILAFAE 2012, SGo Paulo, Brazil



® Flliptic Flow

ALICE

arXiv:1205.5701 ALICE Collab.

> I 30-40%
I 3 e V,{EP AN>2.0}
' ;’ % o V,{4}
02 # ¢ ' v, WHDG LHC
- ‘I’é? ’ Extrapolation

S %
i it
" AR

SILAFAE 2012, SGo Paulo, Brazil
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Elliptic Flow

ALICE

arXiv:1205.5701 ALICE Collab.

30-40%
o V,(EP 1AN>2.0)
o V,{4}
........ n’ v, WHDG LHC
Extrapolation
_ "
Hydrodynamical B e i ------ * ...........
evolution i %i
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| | - | |
0 5 10 15 20

SILAFAE 2012, SGo Paulo, Brazil
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Elliptic Flow

ALICE

arXiv:1205.5701 ALICE Collab.

> I 30-40%
e V,{EP 1ANnI>2.0}
. o v,{4}
02 Rxexs I 00000 s n’ v, WHDG LHC
- Extr-apolation

0.1

0 e Fragmentation
L Ll rocessEes,
0 5 10 15 Quenching
pT (GeVvry)
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ALICE

Elliptic Flow

arXiv:1205.5701 ALICE Collab.

Difference due to &

flow fluctuations

0.1

30-40%
v,{EP, 1ANI>2.0}
v,(4)
n’ v, WHDG LHC
Extr-apolation

SILAFAE 2012, SGo Paulo, Brazil
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Higher order anisofropic flow: v,

ALICE
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% Higher order anisofropic flow: v,

ALICE

v, (pr.m)=(cos|n(¢p-¥,)

SILAFAE 2012, S&o Paulo, Brazil 21




Higher order anisotropic flow

ALICE

arXiv:1205.5701 ALICE Collab.

> 0-5% ‘e Vz{ EF lAni>2.0} X ALICE Pb-Pb\ s\ =276 TeV 5-10% [ 10-20%
- on v, - -
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1

her | { " &
: ﬂ‘f**ﬁ“ﬂ* v | | A R T J

g== n’v, WHDG LHC
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0.2

0.1F
§ -&J%!_?___g L et S S0 S N ¥ 7 /7l aat et A N %
[ ' = i
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« Large elliptic and friangular flow observed at LHC.
« Vv, af low-p; consistent with low viscous hydro evolution.

« v, at high-p; increase with cenftrality and well described by model.

SILAFAE 2012, S&o Paulo, Brazil 22



Hydrodynamic flow

PRL 107, 252301 ALICE Collab.

L Centrality 30%-40% (a)
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i v

( gt 5
(n/s =0.0) =" é
( 04 ‘_—‘—

> 02 v s 0.08)’

01
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Low viscous hydro models describe well the data in
the low p; region.
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ALICE

—h

Elliptic flow fluctuations

arXiv:1205.5701 ALICE Collab.
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 Flow fluctuations are associated with fluctuations of the initial

collisions geometry.

« Flow fluctuations measured extends up to p;=8 GeV/c, and
does not change significantly, suggesting a common origin.

SILAFAE 2012, SGo Paulo, Brazil
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Particle identified elliptic flow

ALICE

arXiv:1210.3392

= - Pb-Pb = 2.76 TeV 10-20%
S oaaf VS
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0.08/—
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© ©
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|dentfified particle v, is an important probe for NCQ
scaling, used as argument for partonic degree of
freedom.

SILAFAE 2012, S&o Paulo, Brazil 25



Particle identified elliptic flow

arXiv:1210.3392
Al : L I T T LI 17T | L I L | 1T I L | LI | :
0.4 Pb-Pb  {S\=2.76 TeV7
- ALICE Centrality 30-50% 1
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Heavy-flavor quarks should feel less the collective
expansion, but data shows non-zero v, for D and J/V.

SILAFAE 2012, S&o Paulo, Brazil 26



% Comparing the spectra

o PLB 696 (2011) 30, ALICE Collab.
T T T°7 I T T T I T T 1 I T T 1
10%k Pb-Pb \'sy, =276 TeV
10%L — scaled pp reference
\ * 0-5%
10%8 o 70-80%

/N, 1/(2m p.) (PNg) / (dn dp, ) (GeV/c)?

8 111 IIIllLu[IIIlIIl |||l|lu|1||||l

1 0-! I , 1 | | I | | | | | | 1 | | I | | 1 |

5 10 15

K2}

p, (GeV/

SILAFAE 2012, SGo Paulo, Brazil

Pb-Pb spectra are compared to
p-p data, normalized by the
number of binary collisions <Ng;>.

Spectra from Peripheral and
Central collisions are compared
and have different agreement to
reference datq.
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ALICE

Nuclear Modification Factor

0.1

SILAFAE

PLB 696 (2011) 30, ALICE Collab.

©0-5%  Pb-Pb\sy=276TeV

o 70-80%
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_I | | 1 | | 1 | | I 1 | 1 1 | | | 1 I_
0 5 10 15 20
pT(GeV/c)

2012, Sao Paulo, Brazil

Detailed comparison between
Pb-Pb spectra and p-p spectra is
done by ratio known as the

Nuclear Modification Factor:

1 dN,,/dp,
<Ncoll> dep /dpt

RAA(pt) =

Photon R, 4. presented by the
CMS Collaboration (arXiv:
1210.3093) shows no
suppression, as expected since
photons should not be affected
by QCD matter.



Nuclear Modification Factor

ALICE

PLB 696 [2011) 30, AUCE Collab,  Detailed comparison between

LI I

é 1T T T

T | ¢ AUCEPbPD\S,,=276TeV (0-5%) Pb-Pb spectra and p-p spectra is
+  STARAU-AU \/s,, = 200 GeV (0 - 5%) .
= PHENIXAu-Au \'s,, = 200 GeV (0 - 10%) done by ratio known as the
0 OOV “_ Nuclear Modification Factor:
-~ ] 1 dn,, /d
A | Ralp)=rg dNAA/dpt
I *:?\. = | < coll> pp P t
:! '-,.'.* : f_
; Ly * = B LHC data extends .’rhe Raa
K . E i R | measurement to higher p; and
LR - shows a slightly larger suppression
than observed at RHIC,
o1l | | | | suggesting higher energy loss
o 5 10 15 '(c;\'//z)o due to denser medium.
p, (GeVic
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Nuclear Modification Factor

ALICE

arXiv:1210.4520 ALICE Collab.
rrr e i-Ply data tests the effects
ALICE, charged particles e ey
due to initial state, no

" @ p-Pb \s,, =5.02TeV, NSD, [n_ [<0.3 : .
suppression is observed.

—
o)
T I T

—A
(*))
'

n
-
o
L
o

\Sny = 2.76 TeV, 0-5%central, | n|<0.8
A Pb-Pb \s,, =276 TeV, 70-80% central, | n| < 0.8

Suppression observed in
cenftral Pb-Pb collisions is
not due to initial state

l]llllll

i effects, hence, related to
! the Jet interactions with
: the hot dense matter

lllllllllllllllllllllllllllllllllllll

created in these heavy-ion
o e by by 1y | T A | |

0 2 4 6 8 10 12 14 16 18 20 collisions.
pT(GeV/c)
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arXiv:1209.0447

ALICE, Pb-Pb, s, = 2.76 TeV

norm. uncertainty

charged particles, n| < 0.8

W~ e — HT (AM)
S AR ASW (T.R.)

o == YaJEM-D (TR))
= = = elastic (T.R.) large P

. esC
@ ALICE (0-5%) - = = elastic (T.R.) smallP__

oy weees WHDG (W.H.) n° limit
L | | m CMS (0-?/0) ..... lWHDG (W.H.) ;0 %;w:rr"m i
0 10 20 30 40 o0
P, (GeVic)

SILAFAE 2012, SGo Paulo, Brazil

Constrains To models

Result consistent with CMS.

Many models can
reproduce suppression at
high-p;, but uncertainties
are still large.
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ALICE

0 "2 T4 e T8 i0 Hz 14 16 18 20

Constrains To models

arXiv:1210.4520 ALICE Collab.

E p-Pb | s, = 5.02 TeV E
— @ ALICE, NSD, charged particles, n_ | < 0.3 =

Saturation (CGC), rcBK-MC
Saturation (CGC), rcBK
‘_JSaturationA(CGC), IP-Sat

Shadowing, EPS09s ()
LO pQCD + cold nuclear matter

——5,=0.28

---- DHC, s,=0.28

-.-- DHC, no shad.

—— DHC, no shad., indep. frag.

HIJING 2.1

i

P (GeV/c)

SILAFAE 2012, SGo Paulo, Brazil

pP-Pb results can help with the
understanding of cold
nuclear matter.

Results are compared 1o
different theoretfical models:

HIJING

Color Glass Condensate.
PQCD + cold nuclear matter
effects and Shadowing
calculations.
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% eavy-flavor suppression at high p;

JHEPO9 (2012) 112 ALICE Collab.

= Charged pions, m|<0.8, 0-10%

g 2_IIIIllllI|IIIIIIIIIIIIIIlIIIIlIIIIlIIII_
T gL Pb-Pb, sy =276 TeV e
- ALICE
1 .6__ RRRRRRRRRRR
’ 4:_ e Average D°,D*,D™, |y|<0.5, 0-7.5%
' O with pp p_-extrapolated reference
1.2 o Charged hadrons, |<0.8, 0-10%
'R

0 5 101520253035
p(GeV/

NN
o

Strong in-medium energy loss for charm quarks with
suppression almost as large as observed for charged
particles.
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eavy-flavor suppression at high p;
ALICE

JHEPO9 (2012) 112 ALICE Collab.
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o (V3 Average D°, D*, D", ly|<0.5 | Charged particles, |<0.8 |
-4 i )

| —— PR — :
.- ALICE i — = Vitev rad (1) )

. 3 ) ' . Vitev rad + dissoc (1) :

sk |} 0-20% centralty . WHDG rad + coll (1l) -

Pb-Pb,\ s, = 2.76 TeV

AdS/CFT Drag (lll)
w1 Langevin HTL2 (IV)
«i»:» Coll + LPM rad (V)
BAMPS (V1)
m - CUJET1.0 (VII)
. 4._ > - T [ BDMPS-ASW rad (VIII)

i
02+ AT e ot T8 o g 8.2 S-——m
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- -
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« At high p; there is little shadowing effects (initial state) and
suppression can be explained by parton energy loss models.

« New studies on R, , relative to event plane test variation due
to energy loss path length.
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% Jet Modification by the medium

ALICE

Vacuum Static medium: Flowing medium:

weeree  meacenns amosenee— J@F INfEraction with the

: —— I, —7 medium can result in:
3&0 « Quenching.
* Modification of shape due
to interplay of flow with Jefs.

arXiv:1210.6162

2GeVic<p, . <3 GeVic 2GeVic<p, <3 GeVic 2GeVic<p_ <3 GeVic
; A Tirig
. 1GeVic<p. .. <2 GeVic —— 1GeVic < Pr assoc <2 GeVic % — 1GeVic<p <2 GeVic

2.76 TeV . 0% ]
—_ PR@LI;}ICNRERY " ’ —_ pR@Ll;r:EgnERY FE-PD2.76 Tol 60-70% ALICE Pb-Pb 2.76 TeV 0-10%
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= S 15 z
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% Jet Modification by the medium

ALICE
arXiv:1207.7187

Vacuum Static medium: Flowing medium: Cre  Oaq
4 : i 0.8 1
(reference) Broadening Anisotropic shape : * < <3-1< <
Pb-Pbﬁ=2.76 TeV ¢ —2 pm 3-1 pT‘a 2 GeVic

E pp S = 2.76 TeV ALICE

o _4<pn<8-2<pta<3 GeV/c

0.7 ml<0.9 PRELIMINARY

\¢

g (fit) (rad.) , c An (fit)

J/

- N
- =§—=——_“
0.2 0 20 40 60 80 PP
Centrality

Increase of near-side correlation width in eta direction with
cenftrality, while in the azimuthal direction, width is independent

of centrality.
Oy, > Oy
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Conclusions

ALICE

Higher energy collisions at the LHC take us info regions not

accessible before at lower energy experiments.

« High statistics and higher density allows for detailed and
precision measurements of bulk properties and improve
constrain to theoretical models.

« High p; probes and heavy-flavor observables can now be
used to test the medium.

ALICE complete set of detectors and analysis methods allows for
detailed studies of the hot and dense nuclear matter formed at
LHC heavy-ion collisions. Ongoing analysis and upgrade
program will bring much more new results.
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