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ALICE physics program @

. ALICE is a dedicated heavy-ion detector to exploit the unique physics
potential of nucleus-nucleus interactions at LHC energies.

. ALICE aim is to study the physics of strongly interacting matter at
extreme energy densities, where the formation of a new phase of
matter, the quark-gluon plasma, Is expected.

. ALICE is carrying out a comprehensive study of the hadrons,
electrons, muons and photons produced in the collision of heavy
nuclel.

. ALICE is also studying proton-proton collisions both as a comparison
with lead-lead collisions and in physics areas where ALICE Is
competitive with other LHC experiments.
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Detector status

Complete since 2008:
ITS, TPC, TOF, HMPID,
FMD, TO, VO, ZDC,
Muon arm, Acorde
PMD, DAQ

Partial installation (2010): -~
4/10 EMCAL?* (approved 2009)
7/18 TRD* (approved 2002) |
3/5 PHOS (funding)

~ 600/ 0 HLT (High Level Trigger)

2011
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O Physics with pp in 2011 [@

. 500 M events with pp at Vs=7 TeV to reach the original goal of 10° events (double
2010 min bias statistics)

. > 10 pb! (2011+2012) rare triggers with pp at Vs=7 TeV (jets, muons, photons) for
comparison with PbPb

. Data with with pp at \Vs=2.76 TeV for direct comparison with PbPb at Vsy,=2.76

TeV
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DR Rare event triggers at a glance @
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|dentified hadron spectra in pp @ 7 TeV

Levy fit to spectra of positive particles

K/pi dNdy r

atio as function of the energy
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MC models do not describe particle spectra at low p-.
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Q spectrum inpp @ 0.9, 2.76, 7 TeV
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Resonance spectrainpp @ 7 TeV
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ALIC

Global event features

Alé

17.11.2011

Pb+Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a
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* = 2.1 x central AuAu at Vs,=0.2 TeV
e =1 .9 x pp (NSD) at Vvs=2.36 TeV

» Stronger rise with Vs in AA W.r.t. pp

» Stronger rise with Vs in AA w.r.t. log
extrapolation from lower energies
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Very similar centrality dependence at
LHC & RHIC (RHIC results are scaled
x2.1 to the multiplicity of central
collisions at the LHC)
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O System size U)

» Spatial extent of the particle emitting source extracted from interferometry of
identical bosons
e Two-particle momentum correlations in 3 orthogonal directions -> HBT radii
(Rlong' Rside' Rout)
* Size: twice w.r.t. RHIC
e Lifetime: 40% higher w.r.t. RHIC

Phys. Lett. B 696 (2011) 328

Phys. Lett. B 696 (2011) 328
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Collective expansion
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: Elliptic flow
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At LHC, p;-integrated v, increases by 30% w.r.t RHIC data at Vsy,=200 GeV
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PRL 105, 252302 (2010)

* V, Vs. p; does not change within uncertainties between Vs =200 GeV and 2.76 TeV

* 30% increase of p; integrated flow explained by higher mean p; due to stronger radial
flow at higher energies
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@, Elliptic flow of identified hadrons
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» Stronger radial flow -> more pronounced mass dependence of elliptic flow
* Hydrodynamics predictions describe well the measured v,(p;) for = and K for semi-
peripheral (40%-50%) and semi-central (10%-20%) collisions
* Mismatch for anti-protons in the more central bin

Larger radial flow in the data than in the Hydro model
Rescatterings in the hadronic phase play an important role (arXiv:1108.5323)
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O] Di-hadron correlations [@

3<p. <4 GeVic Pb-Pb 2.76 TeV 8 <p. <15 GeVic Pb-Pb 2.76 TeV
! 0-10% : 0-20%
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NoR L
Ao 1 arXiv:1109.2501 a
Lower p; Higher p;
* Near-side ridge * Near-side jet dominates
* First observed at RHIC * Quenching/suppression and broadening of the
* Observed also by CMS in high away side jet

multiplicity pp collisions at Vs=7 TeV
* Broad away-side
* Dominated by hydrodynamics and flow
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* The data also suggest that at low p; (below approximately 3 GeV/c), any

* In contrast, for associated p; greater than 4—6 GeV/c, the long-range correlation
appears dominated by a large peak from the recoil jet.
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contribution from the away-side jet is constrained to be relatively small.

arXiv:1109.2501
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Strangeness production
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e Baryons are more abundant at
intermediate p;

* Baryon/meson ratio increases with
centrality
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Enhancement is stronger at LHC than at
RHIC

Maximum of A/K is reached at higher p;
at LHC than at RHIC
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Multi-strange baryons

S 10F PoPbatys,=276TeV —e— 0-20% ‘S 105 PoPoatys,=276TeV —=— 0-20%
% 1 B *ooe, . —e— 20-40% % 1 L et —m— 20-40%
3 Mt - p— E -y Wa —+
g - oo, ’0,:0‘ = —— 40-60% g c “""":.'. E —=— 40-60%
0 1 0_1 _ -, .,...-0- ., [Te] 1 0-1 L .'..._ ‘.‘-.-._.‘-I-
oy g To, *e ., 60-90% 9 E ) - T 60-90%
> - ‘*,_"o-'-o > g ™ '.':.-I-
—10% ¢ v. tele — 102 ¢ Tee "al
= E L3 o—o— = E 'I- =
Q. c >, o = -
E al ¢._._+I o sl '..'—-——.—
= 107 ¢ -~ T, > 10° ¢ .= =
- F —— . 5 F @ -
— B =
210% F T T 210 ¢ 3 R S
[O] E [ F _*_
z —— 2 .
- 10° k - - 10° ¢ i
- 3 Preliminary . A 2 Preliminary o
- Stat uncertainties only E Stat uncertainties only
10_6E_|l..\,L,L{|L|,||,|J||J|,||,|,|,,|,||J||||||| 10-6?1IIII\IIJI\II\IIII\|l||llllJllIIJIIJI\IIJI\I
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 6 7 8 9
p, (GeV/c) p, (GeVic)
g 1 = Pb-Pbat\s,,=276TeV —e— 0-20% ) 1 = Pb-Pbat \'sy, =276 TeV —e— 0-20%
© Lol -~ —e— 20-40% > o s - —e— 20-40%
E —_—_ - T E —t
O ; el Q —e— 40-60% S ™F D —e— 40-60%
[¢] - T e —— e 0 r —0—_'_ +++
9102 -~ ., 60-90% S102 L e 60-90%
_E‘ ; - e _:>' 8 _._—o— ———e—
— - — —.— — 5 —— —e—
o 103 —— o 10° —— T
g710 - g 107 L
) —— — r ———
S 10¢ e Z . ——
. S L ———
o e R @ -
£ . - —t— N : .
< 10 _ £ 10°F
- Preliminary . - - Preliminary .
" Stat uncertainties only ol Stat uncertainties only
10 | I | | J | - I Ll L | ] I | I I 1l Ll | Ll . L 10 ?| L I L I Ll I I J I I Il J L L I U
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
p. (GeV/c) p, (GeVrc)

17.11.2011

Recent results from ALICE



Multi-strange baryons: enhancement

Pb-Pb aty’s,,, = 2.76 TeV @
s

Preliminary

.+> relative to pp/Be
2
> relative to pp/Be
2
* H >

MAST (17.2 GeV): MNAST (17.2 GeV):
STAR (200GeV): O O STAR (200 GeV): OO AT
IIII] 1 1 IIIIII| 1 1 L 1 L 1 IIIIII L L 1 IIIII|

1 10 10° 1 10 10°

r.:Npan:: -:Npart::

Yield / <N,
N B

I—
Yield / <N,

* Production of multi-strange baryons in PbPb collisions at Vs=2.76 TeV are
enhanced with respect to pp.

* Enhancement scaled with N .

* The enhancement of strange baryons decreases with Vs
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Charged particle sp
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A@ Charged particle suppression

g:[;'i ALICE, éharged par:ic:les, Pb-F’l; | |
- 1 oN L Jdp. \ Sy =2.76TeV,|n|<0.8
MO (T, )do Tdp, 1:I||
* Suppression increases with
increasing centrality
* Minimum for p;~ 6-7 GeV/c in
all centrality classes
* R,,increases in the region
p:>10 GeV/c }
e Hint of flattening above 30 ®0-5% (5% )
H.LICE
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ALICE Preliminary
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O R Of light Identified mesons

HAA

7t, K%, p, anti-p are identified in TPC
by ionization loss dE/dx
70 are identified by y conversions
and by calorimeters.
Same suppression for n° and ©t*
7t are stronger suppressed than
charged particles:

* Possible baryon enhancement

in AA
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HAA
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R, Of strange hadrons
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» KL is suppressed similarly to charged particles

* Suppression of A:
At high p; similar to charged particles

At low p; is less suppressed due to baryon enhancement
Different at RHIC and LHC

17.11.2011

Recent results from ALICE

29



Heavy flavors
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: Open charm: D mesons U)
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* |nvariant mass analysis of fully reconstructed decay topologies
displaced from the primary vertex

* Reconstructed D-meson spectra are corrected for B decays
(10-15%, FONLL).

R. Averbeck, 16.11.2011
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D mesons in PbPb
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Suppression of prompt D mesons in central
(0-20%) PbPb collisions by a factor 4-5 for

p>5 GeV/c

Little shadowing at high p; = suppression

is a hot matter effect

Similar suppression for D mesons and

pions
Maybe a hint of R,,° > R,,™ at low p;
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First direct measurement of D flow in
heavy-ion collisions

Yield extracted from invariant mass

spectra of K candidates in 2 bins of

azimuthal angle relative to the event

plane
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Charmon
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Less suppression at LHC than at RHIC at

forward rapidity:
Rua(ALICE) > RyA(PHENIX, 1.2<y<2.2)

F. Bossu, 18.11.2011
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© Summary @

. ALICE is exploring hadron production in pp collisions at Vs=0.9, 2.76, 7 TeV:
Tests of various models, constraints on the model parameters

. ALICE is exploring quark matter with PbPb at Vs, =2.76 TeV
Medium with 3 times higher energy density than at RHIC
Abundance of hard probes

. Smooth evolution of global (bulk) event characteristics from RHIC to LHC energies
Precision measurements in 2011 with x10 times more statistics
— Better constraints for existing models
. Hard probes: novelties, surprises, challenges for theory

High p; hadrons
— Strong suppression (factor 7 at p;~7 GeV/c)
— Heavy quark R, similar to that of pions at high p;

Quarkonia:
— Jhy less suppressed than at RHIC at forward rapidity
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