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System

Analyzed data samples

Energy Trigger Analyzed  JLdt
(TeV) events

MB trigger:
based on
VZERO (A
and C) and
SPD

VOC
-1.7>n>-3.7

MUON trigger: forward
muon in coincidence
with MB trigger
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Global features: centrality, system
size, charged multiplicity
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Centrality estimate

m Centrality observables: charged particle multiplicity
(VZERO scintillator array), forward energy (zero-
degree calorimeters)

B Glauber model fits to cross-section

m Define centrality classes corresponding to fractions of
the inelastic Pb-Pb cross section
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Charged multiplicity
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e \Very similar centrality
dependence at LHC & RHIC, after
scaling RHIC results (x 2.1) to
the multiplicity of central
collisions at the LHC
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Energy density

dE./dn:
* Same centrality dependence

as at RHIC

* accounting for undetected
fraction, LHC ~2.5 RHIC

1 dEp
e5;(T) = T R? W

ALICE Preliminary Bjorkeﬁ energy density:

PbPb @\'s=2.76 TeV

200 300 400 * Unknown (but likely < 1 fm/

Npart c) formation time
e e1: LHC ~2.5 RHIC
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System size

Spatial extent of the particle emitting source
extracted from HBT interferometry of identical
bosons (pions in this case)

® Two-particle momentum correlations in 3 orthogonal

directions = HBT radii (R, R,.)
® Volume: twice w.r.t. RHIC

. . . = — ] 2_|_ 2
® Lifetime: 40% higher w.r.t. RHIC My =Nk,
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Space-time source evolution
| (k) =0.4 GeV/c

* Decoupling (freezeout)
time 1y ¢ Ry,

e 1,=10-11 fm/c at LHC

* A-A and pp scale
differently

* R, at LHC cleary below
the A-A trend:

 qualitative agreement
with hydrodynamic
calculations

R, /R4 In A-A (from
2 top plots) decreases
with increasing V's
(higher initial

temperature at LHC)
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® STAR AuAu @ 200 AGeV
< STAR CuCu @ 200 AGeV

v STAR AuAu @ 62 AGeV

o STAR CuCu @ 62 AGeV
CERES PbAu @ 17.2 AGeV
ALICE PbPb @ 2760 AGeV

ALICE pp @ 2760 GeV
J ALICE pp @ 900 GeV
» STAR pp @ 200 GeV
-- fits to ALICE pp
-- fits to AA @< 200 AGeV

*
A
® ALICE pp @ 7000 GeV
*
O



Collective expansion and anisotropic

Pb + Pb,b =7 fm
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1 4
Temperature from p spectra

Thermal source emits “Blackbody” radiation
— pt1 spectra reveal temperature of QGP

p T 4 light

< T,ﬁ-—h :
"4 | W
heavy explosive : heavy

, source
(p~ +m*)*= = g M

T

purely thermal
source

I/'m; dN/dm,

Different spectral shapes for
particles of differing mass
— strong collective radial flow

1T light so not/hardly affected
by flow
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Identified hadron spectra in Pb-Pb
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(p,) (GeV/c)
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Radial expansion
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® Significant change in mean
pr between Vsy,=200 GeV
and 2.76 TeV > harder
spectra

For the same dN/dn higher
mean p; than at RHIC
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Common blast-wave fit to
n, Kand p

Strong radial flow: p= 0.66
for most central collisions,
10% higher than at RHIC
Freeze-out temperature
below 100 MeV
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Compare to RHIC, hydrodynamics

ALICE, Pb-Pb\fs,, = 2.76 TeV

' - +p

PHENIX, Au-Au.\'S,,; = 200 GeV [ ¢$ ALIOE, Pb-Fb,\S\y = 2.76 ToV

STAR. AU-AuNE = 200 GeV Curves: Hydro + UrQMD (VISHNU)
, VST L

o
w2

<

(dp_dy) (GeV/c)'

d°N/
)

- ALICE Preliminary - ALICE Preliminary
- 0-5% most central - 0-5% most central
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Negatives (+K?) P, GeVic Positives (+K°,) p, (GeV/c)

m Spectra much harder, yields ™ Hydro calculations with intial
higher than at RHIC temperature ~420 MeV

» Radial flow higher at LHC m Proton yield overestimated
by hydro
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Azimuthal Anisotropy — Elliptic Flow

Final momentum anisotropy
Reaction plane (RP) defined
by “soft” (low p;) particles

Ap = ¢ —¥Yrp

L. Ramello for the ALICE Collaboration LaThuile, Feb. 26 - Mar. 3, 2012




Elliptic flow
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radial expansion (higher <p;>)
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Flow of identified particles (I)

ALICE preliminary, Pb-Pb events at\ S, = 2.76 TeV - ALICE preliminary, Pb-Pb events at\ s, =2.76 TeV
centrality 10%-20% - centrality 40%-50%

(CGC initial conditions)
@7, V,{SP, |An]>1} (/s=0.2) [ @™, V,{SP, |An|>1}
mK*, v_{SP, jAn[>1}  -hydro LHC | @K, v,{SP, jAn|>1}
Wp, v fSP JAn|>1} --hydro+UrQMD LHC - [P, v fSF’ An|>1}

* (CGC initial conditions)
(/s=0.2)
-hydro LHC
hydro+UrQMD LHC

TR Y

Elliptic flow shows strong mass dependence, due to large radial flow

Magnitude and mass splitting of v,(py) generally well predicted by
hydrodynamics

Hydro in disagreement for antiprotons in the more central bin, hydro
+UrQMD does a better job

L. Ramello for the ALICE Collaboration LaThuile, Feb. 26 - Mar. 3, 2012




Flow of identified particles (11)

Pb-Pb events at | s, =2.76 TeV
Centrality 20-40%

VISH2+1

(MCKLN, 1/s=0.20) ‘ £ ]

5 6

m More recent hydrodynamic calculations reproduce flow of
multi-strange baryons as well
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Strangeness and chemical
composition
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Strangeness in Pb-Pb
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m  Strange baryons are more abundant
than mesons at higher p

Baryon/Meson ratio increases with

centrality, consistent with the quark
recombination scenario
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The B/M ratio is higher at LHC
than at RHIC

The pr where the maximum occurs
1s higher at LHC: due to higher
radial flow?
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Multi-strange baryons in Pb-Pb (I)

Pb-Pb at\s,, = 2.76 TeV

Preliminary
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m Production of multi-strange baryons in Pb-Pb collisions at
\s=2.76 TeV enhanced with respect to pp
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Multi-strange baryons in Pb-Pb (1I)

Pb-Pb at \'Syn = 2.76 TeV

Preliminary
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m  The enhancement increases with the number of strange quarks and with

centrality, confirming the SPS/RHIC trend
m The enhancement decreases with increasing V's
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Abundances of hadrons can be described by statistical distributions (T, Wp)

Chemical composition
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Parton energy loss in the medium

Schematic view of jjet production

hadrons Ifll.-"l

jet production in quark matter

. leading hadrons

v/ varticle .
" pz leading

I/~ particle

Ieadinq
particle
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Charged hadron R, ,
ol ()~ )dNAA; ZZ > parton energy loss (BDMPS) [
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ALICE, charged particles, Pb-Pb . i
(= 276 ToV, | 1 | < 0.8 ALICE, charged particles, Pb-Pb
\ Sy =276 TeV, |n|<0.8

ALICE Preliminary |

® ALICE Pb-Pb\/s=2.76 TeV (0-5%)
® PHENIX Au-Au\s=200 GeV (0-10%) |
e STAR Au-Au\/s=200 GeV (0-5%)

©20-40%
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©40-80%
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= [Larger suppression wrt RHIC, m R, , increases for pp > 10 GeV/c,
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(largest at pT ~ 6-7 GeV/¢) S of Battoniggliers - /C
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Rep of identified hadrons
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m Mesons vs. baryons, different R, 4 at intermediate p;: related to
baryon enhancement, observed e.g. in A/K ratio

m At high p (>8-10 GeV/c) R, universality for light hadrons

<% Por hadrons containing heavy quarks, smaller suppression
expected: dead cone effect, gluon rad. suppressed for U<m_/E,
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« pp reference: measured DY, D* & D" do/dp @ 7 TeV = 2.76 TeV (FONLL)

N

LU LR L B L B L B L L T T T LI B B L B

1 rrTr ] rTrrflrrr1 1T ] rTrrrr1

-
o

Pb-Pb \'s,,=2.76 TeV Ao D°R,, 0-20% CC
0 = D'R,, 0-20% CC
. D* R,, 0-20% CC

ALICE Preliminary " Rus 0-20% CC

Pb-Pb \s,,=2.76 TeV A D°R,, 0-20% CC
@ = D'R,, 0-20% CC
- e D'R,, 0-20% CC

ALICE Preliminary NLO(MNR) with EPS09 shad.

[ S N §
N RO

e
©

o IIIIIIIIIIIIIII'II

o
=)

o
=)
e
o

IIIII[IIllIlIIllIIIlIlIIIIllIIll

o
kY

Ill|l|||lIlIIlIIIIIIIIIlIIIllllllllllll
-
T IIIIIIIIIIIIIIIIIII

1N
FS

1l

o
[S)
o
)

S e e bt e ot

i

i1

ll [ 1 1 1 l 1 1 1 l L 1 L l 1 1 1 l
6 8 10 12

PRI S NSNS |
2 4

°°

P, [GeV/c]
m Suppression of prompt D mesons in central (0-20%) Pb-Pb
collisions by a factor 4-5 for p>5 GeV/c
= Little shadowing at high p = suppression comes from hot matter
m Similar suppression for D mesons and pions, hint of R, ,P > R, ™ at low
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Electrons from heavy flavours
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" Impact parameter method (pp only by now) to select electrons from beauty
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R, of cocktail-subtracted electrons
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] Factor 1.5 - 4 suppression for p>3.5 GeV/c in the
o most central (0-10%) events

AL PO \ou=278ToV « m  Suppression increasing with centrality

[ —e—e* |y|<0.8 4.5GeV/c < P < 6 GeV/c

o ] m EBlectrons R, , coherent with charmed hadrons’

- ALICE Preliminary fInormalization uncertainty- R
[ | | L | I ] AA
60-80% 50-60% 40-50% 20-40% 10-20% 0-10%
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Heavy-flavor decay muons

©
(o] -

&
o

lllllllllllllll[

inclusive muon R

S
>

e Single muons at forward

| inclusive muon ch in Pb-Pb\fsN~=2.76 TeV, 6 GeVIc<p‘<10 GeVic, -4<n<-2.5

peripheral=60-80%
Not decay background subtracted

B

ALICE Preliminary

L, =2.48 ub™
[ ] systematic error of normalization

40-60% 20-40% 10-20% 0-10%

I’apldlty ('4<n<'2.5) ALI-PREL-2937

e Background from primary =/

K decay not subtracted e R, for inclusive muons in
6<p;<10 GeV/c

®* estimated with HIJING to
be 9% in the most
central class (0-10%) for
p>6 GeV/c

® suppression increases with
increasing centrality




Quarkonia
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J/¢ suppression in Pb-Pb

ALICE performance centrality bin : 40-80%
Pb+Pb,\ s, = 2.76 TeV NJ’W= 216+ 24
19/05/2011

ALICE performance centrality bin : 0-10%
Pb+Pb,\ s\, = 2.76 TeV Ndhv - 876+ 95

A LML S/, = 0-10 £ 0.01 ce ntral

(£30) ~
=87+18

\S+B(i35)

o x3/nDoF = 0.86 ')
| ; /\ ;

i I Y A I o (n A

P WP A i A1y
35 5 2 2.5 3 3.5 4 45 5
Dimuon invariant mass (GeV/c?) Dimuon invariant mass (GeV/c?)

S/Bq0 = 0.66+0.10

peripheral

=90+£29
\S+By,5,

x%nDoF = 1.39

Events / ( 50 MeV/c
Events / ( 50 MeV/c?)

-t
o
w

m ALICE (PB-PD & 0= 276 TeV), 2.5<)=4 global gys =+ 12.5% H ALICE inclusive R AA
# PHENIX [AL-AU {5, = 200 GeV), 1.2<f|<2.2 global 5y5=-+ 9.2% . .

o PHENIX [A-AU JEpy = 200 GeV), j<0.35  giobal sys=+ 12% (S maﬂ COﬁtflbuthﬂ from
B feed-down not

subtracted)

pp reference: see backup slides

m |/’ s are suppressed wit
pp collisions

® Suppression i1s almost
100 150 200 250 300 independent of centrahty

ALICE Pb-Pb: arXiv:1202.1383
L. Ramello for the ALICE Collaboration LaThuile, Feb. 26 - Mar. 3, 2012 33




J/¢: comparison with RHIC

[ w ALICE (PL-Pb JE = 2.76 TeV), 2.5=y=d global syE.= = 12.5%
o~ & PHENIX (Au-AujE,, - 200 GaV), 1.2<){<22 giobal sys.-+ 5.2%
C 0 PHEMNIX (AU-AU S, = 200 GaV), [f|<0.35  gobal 5y5.= = 12%

=

E E- <— ALICE, LHC, forward rapidity
0 Zﬂ: «<— PHENIX, RHIC, mid-rapidity
<«— PHENIX, RHIC, forward rapidity

IIIIIIIIIIIIIIIIIIIIIIIIIIIII
200 400 600 800 1000 1200 1400

dNe/dnl, _

|:|'='

m ALICE: less suppression than RHIC at forward rapidity

m Similar supptession (not for central collisions) as RHIC
at midrapidity

Cold nuclear matter effects could be different: need p-Pb data
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J/¢ in Pb-Pb: comparison to models

ALICE Pb-Pb:
arXiv:1202.1383

200 250 300 3}5\{0 400
(N

A.Andronic et al., arXiv:1106.6321 Y.-P. Liu et al., PLB 678 (2009) 72
P.Braun-Munzinger et al., PLB 490 (2000) 196 R.Rapp & X.Zhao, NPA 859 (2011) 114

Statistical hadronization model - Partqn tra'ns.port models
Screening by QGP of all | /4 = J/y dlSSOClatl(.)n in QGP '
= ]/ regeneration by c-quark pair

Charmonium production at phase et

boundary by statistical combination of

m  Feed-down from B-decays
uncorrelated c-quarks

m  Shadowing
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Prospects, 2011 Pb-Pb data

®2011 Pb-Pb data quite successful

® Smooth running, much higher luminosity - ~10 times more
statistics (centrality and rare triggers) compared to 2010

®* New, exciting results expected soon!

A couple of performance plots
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Total 2011 statistics > 40000 J/y Triggering on EMCAL




Conclusions

m ALICE focused in 2011 on analysis of first Pb-Pb run
and on the vast amount of pp data (2.76 TeV & 7 TeV)
collected in 2010 + early 2011

m Main results obtained:
= Medmum with 3 times higher energy density wrt RHIC
= Abundant hard probes

= Smooth evolution of global events observables, now looking
more differentially (e.g. v2, v3, v4, ... with identified hadrons)

= Strong suppression of high p hadrons
m [ight and heavy quarks R, , similar
m |/ less suppressed than at RHIC

m Second Pb-Pb run (2011) very successtul, now focusing
on analysis of new data and on the upgrade programme
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The ALICE Collaboration

35 countries, 120 institutes, 1300 members

Thank youl

ALICE
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ALICE Pb-Pb papers

m Published: m In preparation:

PRL 105, 252301 (2010) m Measurement of the Cross Section for
PRL 105, 252302 (2010) Electromagnetic Dissociation with
PRL 106, 032301 (2011) Neutron Emission in Pb-Pb Collisions
PLB 696, 30 (2011) at Vs = 2.76 TeV

PLB 696, 328 (2011) Suppression of high transverse
PRL 107, 052301 (2011) momentum prompt D mesons in

m Submitted: central Pb-Pb collisions at Vsyy = 2.76
m arXiv:1109.2501 (angular TeV
correlations)

m arXiv:1201.2423 (background

fluctuations for charged
particle jets) Transverse Momentum in Pb-Pb

s arXiv:1202.1383 (/1 Collisions at Vsy = 2.76 TeV
production)

Centrality Dependence of Charged
Particle Production at Large
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Complete since 2008:

Partial installation (2010):

“upgrade to the original setup

L. Ramello for the AL




ALICE Pb-Pb data samples (2010, 2011)

eavy lon Luminosity

201011206 2136 5 2011 Luminosity Proeduction

LHC 2010 HI RUN (3.5 Z TeV/beam) ~1!J -
160 - [0 amas a7t
[ e zsion”

120 Elow nsest |

PRELIMINARY { 107 acale)

S« anas ¢
100 Lusc Land Colisione
L ANExporiments: L = 3000 '

Mr?r ‘“ ZO | O: 80—
: ~ |0 ub' |

20F

Ielegrated Luninosity (mb )

delivernd idegraled mnasity (b7

rexn o |
30 S 3N 3I® 0 I I 1m

day ol year 2010

|0 times more data delivered (and taken)!
improvement on “rare” triggers (EMCAL, DIMUON, PHOS,...)
* crucial in p+p running

data compression (3x) by TPC clustering in HLT

* from =~ |2 GB/s readout reduced to max. 4GB/s to storage




dN_, /dnin pp

= L rrrrrre T T rrrr AL
% [ ® UAT(pp)NSD .
:?_ I~ o] UA5 (pp) NSD /l ]
© 6 a STAR (pp)NSD ’ —
L| o CDF (pp) NSD ) .
L | « CMS (pp) NSD l
L O ALICE (pp) NSD ’,’ ] T T T T T T T T T T T T
4 j * — ALICE INEL=0 Inl<1
- . - 09 TeV—236TeV
i ] = 09TeV—=70TeV
B a ISR (pp) INEL .y ;
2 e UA5 (pp) INEL —  PHOJET ! ]
L v PHOBOS (pp) INEL | l
n = ALICE (pp) INEL . PYTHIA :
- * ALICE (pp) INEL>0 || oo giag : =
0 1 1 11 1 IlI[ 1 1 L1 1 1.1 Il 1 1 L1 1 11 II 1 1 1 :
107 10° 10* PYTHIA i
Energy\s (GeV) .1 ascsc oo L
|
PYTHIA . .
- - - INELastic >0 (at least 1 part. in |1 |<1) beT| |
————— Non Single Diffractive 0 20 40 |ncr§§55_ (%)

....... INElLastic

Charged multiplicity at 7 TeV: Eur. Phys. Journal € 68 (2010), 345

Charged multiplicity (900 GeV & 2.36 TeV): Eur. Phys. Journal € 68 (2010), 89
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ALICE momentum resolution

ALICE, Pb-Pb, \ s, = 2.76 TeV, |n|<0.8
e TPC-ITS P, resolution
—_— fit (pT>1 GeV/c)

| syst. errors

combined TPC-ITS
momentum resolution:

o(pr)/pr=20% at p; =100 GeV/c

ALICE Performance
22/05/2011
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TPC signal (arb. units)
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S

ALICE P.ID. Performance (Pb-Pb

ALICE Peffériace
i\ Syy = 2.76 TeV imin. bias

dE/dx (keV/300m)
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ALICE Performance
2/6/2011
ITS stand-alone tracks
PbPb @\'s = 2.76 TeV (2010 data)
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ALICE Performance
15/05/2011

TOF PID - Pb-Pb,\[s,,=2.76 TeV, min. bias
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ALICE P.ID. Performance (Pb-Pb)

PbPb @\[Syy, = 2.76 TeV

»

performance

dE/dx signal in TPC (a.u.)

2

a
o
o

Pb-Pb events at\ s, = 2.76 TeV

600 MeV/c < p_ < 800 MeV/c ra\

o

‘l.?-l 1

N
o
o
‘.

Mass: 1.672 GeV
o 0.003 GeV

Performance
25/07/2011

Counts per 1.25 MeV/c

Lambda mass peak without PID
Lambda mass peak with PID
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ALICE Performance
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Charged particles: Pr spectra in pp
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ALICE, pp, INEL, |n| < 0.8
= \s=7TeV

® \s=276TeV

¢ \s=09TeV
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—— total syst uncertainties
normalization uncertainties

® pp\s=276TeV

—— mod. Hagedorn fit (p, > 5 GeV/c)

1 llIIIlI
Tttt

1.0 0
Lm

® data /fit
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o by b b by

relative uncertainty

ALICE charged particle pt spectra in pp at
900 GeV: Phys. Lett. B 693 (2010) 53-68
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p spectra in pp (1)
ALICE oroliminary 7 TeV: ALICE Preliminary

heplrictb 900 GeV: Charged — EPJ C 71 (2011) 1655
Strange particles = EPJ C 71 (2011) 1594

Ditferent techniques used
Minimum p = 0.1 / 0.2 / 0.3 GeV/c
for w/K/p
(small extrapolation for yields and <p,>
calculation)
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m, K, p spectra in pp (1I)

—F3— ALICE, pp,\s = 7TeV ALICE preliminary
ppat\s=7TeV
—@— ALICE, pp,\'s = 900 GeV error =\ sys?sstat?

T

—T—T T
ALICE preliminary
ppat\s=7TeV
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(p,) (GeVic)
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e STAR/PHENIX, pp,\ § = 200 GeV
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Modest increase of <p> with Vs
=> harder spectra
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Blast-wave fits
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d
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N [ v, K, ’”’”‘T“T"Shp |2 STth Phys. Rev. C48, 2462
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RN = lrce parameters: Tg, 3, o
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Multi-strange hadrons in pp (I)
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Multi-strange hadrons in pp (II)

oo eallisions

L]
1

L BLICE Inal
, CMS NSD
C5TAR MNSD

. PYTHIA Perugia-0
. ALICE Inel
, STAR NSD
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I ALICEIF’reIirI1||n;;;r§,'I o

ALICE Preliminary: normalized to INEL
CMS (norm. to NSD): arXiv:1102.4282
STAR (norm. to NSD): PRC 75, 064901 (2007)
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<p> and yield from ALICE agree with CMS (INEL vs. NSD);
PYTHIA underpredicts yields (particularly for €2)
(new PYTHIA tunes like Z2 show only slight improvement)
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J/¢ production (pp 7 TeV)

Inclusive | /¢ (direct + feed-down) production cross sections at 7 TeV:

ALICE unique features: wide y coverage, down to p;=0 for y=0

—
o

SRR AR RARAN RRLLE RAREE LR RN RRRAE LN RERR
- ® ALICE, e'e pp \s=7 TeV 1
— 4 ALICE,u'n -
- = CMS
LHCb

* ALICE e, |y|<0.9

s+ ALICE u'y, 2.5<y<4.0

° CMS, ly|<1.2

o ATLAS, |y|<0.75
LHCb, 2.5<|y|<4.0
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ALICE J /4 pp results: Phys. Lett. B 704, 442 (2011) [arXiv:1105.0380]
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J/¢ production (pp 2.76 & 7 TeV)

Preliminary results for pp at 2.76 TeV (needed for Pb-Pb):

ALICE preliminary

inclusive J/y production
] e'e’, ppVs=7 TeV, L=3.9 nb™" (arXiv:1105.0380)
4 W', ppys=7 TeV, L=13.3 nb™ (arXiv:1105.0380)
. e*e’, pp\s=2.76 TeV, L=1.1 nb™
] W, ppys=2.76 TeV, L=20.2 nb™
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ALICE preliminary
pp; 2.5<y<4

® \Js=7 TeV, L=13.3 nb! (arXiv:1105.0380)
| ® \[s=2.76 TeV, L=20.2 nb™

\E=7Tev,cs+CONLO IIII|IIII|[III|IIII|I[II|IIII|II[I|IIII|III[|IIII
- (M. Butenschoen et al., arXiv:1105.0820) 5 4 -3 -2 -1 0 1 2 3 4 5
\$=2.76 TeV, CS+CO NLO y

(M. Butenschoen et al., priv. comm.)
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dnd
St - | /) polarization: see arXiv:1111.1630
« prospect: separate B—J /¢ (mid-rapidity)
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BE cotrrelations of identical pions

Study space-time characteristics of particle production
(homogeneity region) by measuring HBT radu (long, side, out):
® vs. pair transverse momentum k.
= vs. event multiplicity N, (high multiplicity pp = peripheral Pb-Pb)

m vs. center-of-mass energy Vs

 Ipp@7TeV
il pp @ 2.76 TeV

[ pp @0.9 TeV @
RN ALICE

- performance
9/05/2011

Iy, /
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7 TeV: Phys. Rev. D 84 (2011) 112004, arXiv:1101.3665
2.76 TeV: Preliminary  [900 GeV: Phys. Rev. D 82, 052001 (2010)]
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Radii obtained with identical pions

arXiv:1101.3665

a) ALICEpp@ 7 TeV

oN, 1-11

Ne, 12-16

mN, 30-36 =N, 58149
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Radii at different Vs scale with dN, /dn; Repe &
R; one grow with AN /dn at all k.’ s, Ry is flat

decreasing at high k; at high mult., radi fall with kf}
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