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©  2.76TeVINPb-Pb Results '@

Most are extracted from ALICE talks
presented at QM2011 (23-28 May 2011,
Annecy)

= Spectra & Particle Ratios

= Flow & Correlations & Fluctuations
= R,a Of Inclusive particles

= Heavy open Flavour

= J/¥



) PID in ALICE

Inner tracking system
*Low p; standalone tracker ~ ;u::, <%
*PID: dE/dx in the silicon (up to 4 samples)

rlft ( Pixel )

TPC
- Standalone and global (+ITS) tracks
*PID: dE/dx in the gas (up to 159 samples)

Time of Flight
*Matching of tracks extrapolated from TPC o

*PID: TOF, 6;4; ~ 85ps(PbPb) — 120ps(pp)

Dlpole

Topological ID + Invariant Mass
*Resonances, Cascades, VOs, Kinks
-PID indirect cuts to improve S/B
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* Inner Tracking System

« Time Projection Chamber
 TOF

pr Range:

0.1 — 3 GeV/c (n)

0.2 — 2 GeV/c (K)

0.3 -3 GeV/c (p)

Blast wave fits to individual particles
to extract yields

2

i

)

d’; [(GeV/c)
[=]

&

dy

- —— 20-30%
- —— 30-40%
| —— 40-50%
—+— 50-60%
g_ —-—I ED-?D‘H; I sFtisticall and sysitematicl unoertalirltles
0 0.2 04 06 O 1.2 14 16 18 2 2.
P, [GeVic]
. .Eﬁ :
ALICE
PRELIMINARY

Pb-Pb 5, = 2.76 TeV

Sl
S

Sl

shtistilcal and systernatic unnertalintles

_PLLI-PREL—Z’?M

3
P, [GeV/c]




positive negative

YIS 8 ALICE, Pb-Pb S, = 276 Tev S | ¥T 38 ALICE. Po-PbAS = 276 Tev
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At RHIC: STAR proton data generally not feed-down corrected.
Large feed down correction

=>» Consistent picture with feed-down corrected spectra
At LHC: ALICE spectra are feed-down corrected STAR, PRL97, 152301 (2006)
- Harder spectra, flatter p at low pt STAR, PRC 79, 034909 (2009)
» Strong push on the p due to radial flow? PHENIX, PRC69, 03409 (2004)
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—x—— STAR, 0-5%, AuAu,vs = 200 GeV
——+8—— PHENIX, 0-5%, AuAu,vs = 200 GeV
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Mean p; increases linearly with mass

Higher than at RHIC (harder spectra, more radial flow?)

mass (Ge\ch)

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

ALICE

ALICE Preliminary
Pb-Pb \/s,, = 2.76 TeV

1 {ALICE)
K (ALICE)

P (ALICE)

T (STAR Au-Au 200 GeV)
K (STAR Au-Au 200 GeV)
P (STAR Au-Au 200 GeV)

For the same dN/dn higher mean p; than at RHIC
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Blast wave fits

PRC48, 2462 (1993).
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Blast wave fits - radial flow ~ 10% higher than
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T depends on the pions and fit-range
(effect of resonances to be investigated)
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STAR, PRC 79 , 034909 (2009)



ALICE Pb-Pb \[s_ =276 TeV (feed-down corrected)
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ALICE, BRAHMS, PHENIX (feed-down corrected)

Predictions for the LHC

dN_/dn

p/m: lower than thermal
model predictions

102 10°
dN_/dn

STAR, PRC 79, 034909 (2009)
PHENIX, PRC69, 03409 (2004)
BRAHMS, PRC72, 014908 (2005)

0.0454+-0.0036

p/n' 0.0458+-0.0036
Kizt  0.156 +- 0.012
Kim  0.154 +- 0.012

(1) A. Andronic et al, Nucl. Phys. A772 167 (2006)

T =164 MeV, pug = 1 MeV

0.072
0.071
0.164
0.163

0.090
0.091+0.009-0.007
0.180+0.001-0.001
0.179+0.001-0.001

(2) J. Cleymans et al, PRC74, 034903 (2006)

T = (170+£5) MeV and pg =1+4 MeV



‘Baryon anomaly': A/K,
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Baryon/Meson ratio still strongly enhanced
x 3 compared to pp at 3 GeV
- Enhancement slightly larger than at RHIC 200 GeV
- Maximum shift very little in pr compared to RHIC 10

despite large change in underlying spectra!



é Summary — spectra/particle ratio . .

® ALICE has very good capabilities for the
measurement of identified particles
® PbPb Collision

= Spectral shapes show much stronger radial flow than at RHIC
= p_bar/p = 1.0 (the state of zero net baryon number)

= p/m = 0.05 (lower than thermal model predictions with T = 160-
170 MeV)

= Baryon/meson anomaly: enhancement slightly higher and
pushed to higher p;than at RHIC

11
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O Azimuthal Flow: What next ? 0

g -

2

® Elliptic flow (v,) and perfect fluid: s osrrrrmr—rrrrm—rerem

= large v, => strongly interacting "perfect" fluid °-°6;‘ ] 1 i @* =
= from hydro: large v, =>low n => large o °-°4E- . . 35 L
= n/s = 1/4n => conjectured AdS/CFT limit S R
= current RHIC limit: /s < (2-5) x 1/4n DE";‘X “““““““““““ » mosos |
= need precision measurement of n/s ::j: +;E;Es 3
shear viscosity: |7 = —— wosE 1 lrem ] 3
o 1 10 10? 10° 10*

\/syy (GeV)

® To get precision measurement of n/s (parameters in hydro) using
flow v, (experimental data):
= fix initial conditions (geometrical shape is model dependent, eg Glauber, CGC)
= quantify flow fluctuations o (influence measured v,, depending on method)
= measure non-flow correlations 8 (eg jets)
= improve theory precision (3D hydro, ‘hadronic afterburner’, ...)



S Experimental methods & .

 Event plane (EP) method:

>N _ 1 d°N % . .,
EE=EW(1+Z,,:12v”cos(n(gp—‘I’RP)) ‘ jl ¥,

Cd

¥

e Cumulants:

* 2- and 4-particle azimuthal correlations for an event:
(2)=(cos(n(p,—@;))),p,#@,
(4)=(cos(n(e+ @~ 0, —®)))), 0 * P, # P, # P,

« Averaging over all events, the 2" and 4" order cumulants are given:

c,{n}={((2))=v:+39,
c,{n}={(4))=2((2))’=-v,
v, :reference _ flow v {2} = /Cn {2 v {2} = Vﬁ ro24s| V21{2}and v,{4}

() average _ particles

=4/— 4y =v: —
(()) :average _events Vn{4}—m v,{4}=v, —o

2

n have different

G sensitivity to flow
n .
fluctuations (o,,)

and non-flow ()
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Plane of symmetry (Wpp) fluctuate event-by-event
around reaction plane (Wgp) => flow fluctuation (o,)

P
Non-Flow corrections
:;.N ALICE Preliminary, Pb-Pb events at \'s,, = 2.76 TeV
0.1 :K
0.05- 0 V{2, An> 0}
of m v,{2 An =1}
O V{2, An > 0} corrected
[ ] v,{2. An > 1} corrected
- \I| Vo{4}
ol Lo L o L e L L 1y
0 10 20 30 40 50 60 70

80

centrality percentile

(v {2 - v,{4F)/2)

Elliptic Flow v,

| ALICE Preliminary, Pb-Pb events at \[s,,, = 2.76 TeV

0.02

» V, NO eta gap between particles

-V, In|>1 to reduce non-flow such as jets

both v, corrected for remaining non-flow
b using Hijing or scaled pp
With this, we can remove most of non-flow ()

Vv, Fluctuations

[e JALICE
m STAR preliminary
[A] PHOBOS 6,
-
...co‘
ooo‘.....: A.
I.O'O....... A " y )
oet} A
|\\I\|\I\I‘I\I\|\I\\‘\I\\‘III\‘III\'\\I\'\I\I
5 10 15 20 25 30 35 40 45 50

centrality percentile


https://aliceinfo.cern.ch/Figure/sites/aliceinfo.cern.ch.Figure/files/Figures/snelling/2011-May-15-v2_all.gif
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g b=

Higher Order Flow v,,v,,.. *

0.1

0.05

arxXiv:1105.3865

vi{2, An>1}
vi{2, An>1}
V{2, An>1}

+ @ [0 % ®H ®»

/ o V{2 = <cos(3(b:0)>
[ s
- @K V,{4} 4 particle cumulant
| O Ol AR §~
V V3 relative to reaCtlon & pal"[ICIpan’[ planes
|||i||||||||'|||||'||||||||||||||||||||||||
0 10 20 30 40 50 B0 70 80

centrality percentile
V!

small dependence on centrality .
there should be no “intrinsic” triangular

Vai4} > 0 =>not non-flow flow, unlike the elliptic flow due to the
Va{4} <vi{2} =>flu ons ! almond shape of overlapping region
v{RP} =0



4 I
We observe significant v3 which

compared to v, has a different

centrality dependence

The centrality dependence and
magnitude are similar to
predictions for MC Glauber
with nN/s=0.08 but above MC-
KLN CGC with n/s=0.16

Alver, Gombeaud, Luzum & Ollitrault, Phys. Rev. C82 034813 (2010)
eV, Glauber n/s=0.08

..... v; CGC 1/s=0.16

ALICE
Vo{2, An > 1}
Va{2, An> 1}
V{2, An> 1}
V4{4}
VSM'HF.
10[} x V%ﬁp,,

< V3{2} = <cos(3(¢1-92))>

60 70 80
centrality percentile

ALICE Collaboration, arXiv: | 105.3865

v, relative to reaction & participant planes

initial eccentricity

(" The v3 with respect to the reaction plane determined in the ZDC and with the v2 N
participant plane is consistent with zero as expected if v3 is due to fluctuations of the

The v3{2} is about two times larger than v3{4} which is also consistent with expectations
| based on initial eccentricity fluctuations

V; measurements are consistent with initial eccentricity fluctuation

and similar to predictions for MC Glauber with n=0.08
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o Elliptic Flow v, - PID and p,

g -

/K/p v,
o 0.25 —
- - ALICE preliminary, Pb-Pb events at \ s, = 2.76 TeV
A (PHENIX data: Au-Au@200 GeV)
A ; ---RHIC hydro
0.2F (7K (PHENIX) s h}%m v,
- [p (PHENIX) %CGC initial conditions) z
O%\./ - v, ey (75=02) — =4
\ f ?\‘/~ 0-15 _— EKi’ “2{2’ |ﬂ‘-TI|-“-'1} < -.":";.’--"_.'_,l--r-"'
- @R, v,2 lan1) 4 %
0.1F A = RHIC
a . [ ]
0.05 - e o L
: ) Hydro predictions
ol centrality 20%-40% "N
|||f||||ﬂ._
0O 02 04 06 08 1 12 14 16 18 2
p, (GeV/c)
PID flow:

—n and p are 'pushed' further compared to RHIC
- V, shows mass splitting expected from hydro


https://aliceinfo.cern.ch/Figure/sites/aliceinfo.cern.ch.Figure/files/Figures/mkrzewic/2011-May-17-newfigure3PHENIX1mm.gif
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\ S Triangular Flow V,-PIDandp, '@

v, for n/K/p V3 V, Ve VErsus py
o i ALICE preliminary, Pb-Pb events at \ s, = 2.76 TeV > | Cent;algy 30-40% Model: Schenke et al, hydro,
0.2 centrality 10%-20% [ : vi?% - [An] > 02 Glauber init. conditions
om V{2 open: [An|>1.0
ROAVIE S 0.3 ¢ V;IQ]
. 4 IREELES V, (/s =0.0
0150 vz LI  mmv, %:0.0)3)
1 2 i [ v (5=00)
EI"-’a[ }P o ii I * 02 - = V: (/s :0'0?,0"6
- ALIC y
".“k'./ K 01 i ..:,
o ;
i 0 ¢
= L : | | | Y| | | | | | | III | | | I\lv/ | | | |
SE e caryer GRELER LI AL .
= | J (GeV/c) Hydro calculation forv, P (Gevie)

V53 shows mass splitting expected from hydro
energy momentum

tensor components (shows different sensitivity to n/s than v,)

! for 1 event with b=8fm

e e o s’ also possible to have initial eccentricity

Muller) fluctuations for square flow v, and
pentagonal flow vg



https://aliceinfo.cern.ch/Figure/sites/aliceinfo.cern.ch.Figure/files/Figures/mkrzewic/2011-May-17-triangularity_1020.gif

Summary — flow

 Stronger flow than at RHIC which is expected for almost
perfect fluid behavior

* First measurements of v3, v4 and v5, and have shown that
these flow coefficients behave as expected from fluctuations
of the initial spatial eccentricity

* New strong experimental constraints on n/s and initial
conditions

* Flow coefficients at lower p, showing mass splitting are in
agreement with expectations from viscous hydrodynamic
calculations



\ S Charged Particle

‘L 1DI IIIIII| 1 1 IIIIII| 1 1 T T TTrE
o L
> 1
8 . pp spectrum
P ICE
T 107
Z 10 \
%5 10 2
= 10° . .
o ALICE Preliminary ‘o=
N 10° K
< *%
< 107 A
z | s "0’.
= 10 e
10° ALICE, pp, INEL, [n|<0.8 + o
1010 = \s=7TeV .,
» o \s=276TeV e
10 ¢ vs=o09Tev 2.76 TeV =
107 — — — =
-'E” total syst. uncertainties
S 0.15 normalization uncertainties :
©
g 0.1
3
Qo =
= 0.05 |
E =
2
0
1 10 107
P, (GeV/c)

1N,,, 127 p) (@*N,,) / (dn dp ) (GeVic

c;__H1'U T TTTT] T 11T A
10° ALICE, Pb-Pb E
teo.  \Fw=276TeV,|n|<038 =

10°Fs 2 883 i
10°) © % o -
\ ALICE Preliminary_|

10 ..'\.{.’\“’ g=
N h

Raa Ingredients '@

» 0-5% (x256)
 5-10% (x128)

T T T T T T T T T T T I T e el ]

107
+ 10-20% (x64)
[ +20-30% (x32)
10° *» 30-40% (x16)
» 40-50% (x8)
10° 50-60% (x4)
60-70% (x2) ¢
oML * 70-80% (x1) pp rererence
— pp - reference
10-13 | | IIIIII| | IIIIII| | |
1 10 10°
P, (GeVic)

Measured reference, still needs extrapolation for p:> 30 GeV



charged particle Rya

3
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ALICE, charged particles, Pb-Pb
sy =2.76 TeV, [n| < 0.8

od

’ ® 20-40% ALIC
v 40-80% ALICE Preliminary
| | | | | | | | | | | | | | | | | | | —|—
20 40 60 80 100
P, (GeV/c)

d*N™/dp.dn
<Ncoll>d2N PP /dedU

< N, > <TAA> .o NEL

pp

R =

* pronounced centrality
dependence below

pr = 50 GeV/c
* minimum at
pr = 6-7 GeV/c

* strong rise in
6 < p; <50 GeV/c

* no significant centrality
and p; dependence
at p;r > 50 GeV/c
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fi’charged particle R, ,- centrality dependencé.

1U'_—

LU LA DL DL DL
ALICE Preliminary

ALICE

ALICE, Pb-Pb,\s = 2.76 TeV

o 15<p_<20 GeVic
o 4<p <7 GeVic

e p,>50GeVic
e 30<p <50CGeVic

~~ high p:

» weak suppression,
no significant centrality
dependence

low p+:
 approximate scaling

o PHENIX4<p <7 GeVic

e 20<p_<30GeVic

0 200 400 600 800 1000 1200 1400 1600 1800
N,/

with multiplicity density,
* matching also RHIC
results
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charged particle R,, - models
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ALICE, charged particles, Pb-Pb
s = 2.76 TeV, 0-5%, |n | < 0.8

ALICI+:'
ALICE Preliminary

# ALICE Data
— HT {X.N.W.) lower density
— HT {X.N.W.} higher density
— HT {A.M.)
—_ ASW (T.R.}
— YaJEM-D (T.R.}

elastic (T.R.) large P

— elastic (TR.) small P~

— WHDG (WH.) 2°

107"

50

I
100
P, (GeVic)

1 : T T | T T T T T T T T
F[ ® PHENIXO-5% ]
0.8 — AMY.b=24fm, o =033 _
[|— — HT.b=24Mm§ = 1.9GeVHm, ¢, =02 ]
b 0.6 | [-—- ASW,b=24fm, K=3.6
“ 04 I |
02 i % I I I —i— - -
0 ——t—+4—— 4+
F[ = PHENIX 20-30% .
0.8 —— AMY.b=75 fm, & =033 _
[|— = HT.b=7.5fm.§ =1.9GeVfm, ¢, =02 ]
Eo'é_ s = ASW,b=751fm,K=36 i
® 0.4 R
0.2
0 PR S SR R |I MR R R
6 8 10 12 14 16 18 20
p; (GeV/ic)

* pronounced p; dependence
of Ry, at LHC

—> sensitivity to details of the
energy loss distribution
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S charged pion R,, c

1 0-5% Pb-Pb VS_NN= 2.76 TeV 5-10% Pb-Pb VS_NN = 2.76 TeV 10-20% Pb-Pb VS_NN = 2.76 TeV -
F * N, *  Nen * N ]
E ® t+n ® nt+w i 1
[ ALICE Preliminary F ]
' +

i
5 b, 4 f & i++ | k. R

k* Q.‘* * \.*,, Q¢t¥+ R S
* “’ ..3.."
10.1‘_ 1 1 1 L L 1 1 1 1 1 -:-_ _-:
< pigogologagigsfiggyy fogegapifogrgogtfis 1 1 1 L i i idl vica b lanacl g tgeg ey -gigrl gy g hpicachigy 1 i
m< 1p 2 * i
sst e} ."i.

f\%n"'”“ i

20-40% Pb-Pby\s = 2.76 TeV 40-60% Pb-Pb\[s = 2.76 TeV - 60-80% Pb-Pb\/s = 2.76 TeV
*  Ney *  Nep * Nep
10'1 - @ nt+n ® nt+n -+ ® at4n -
0 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
P (GeV/c)

* agrees with charged particle Rax
- In peripheral events
- for p; > 6 GeV/c
* Is smaller than charged patrticle R, for p; <6 GeV/c
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[ ALICE\[s,, = 2.76TeV, |y|<0.75 . Kg
-  Kiek ]
v charged |
u ]
........................................................... =
Preliminary |
v t+i Y
o 2 4 6 8 10 12 14 16
P, (GeVic)

« KO, - Ry, Very similar to that of
charged particles:
strong suppression of K% at

high p;

* \ - R, significantly larger than
charged at intermediate py:
enhanced hyperon production
counteracting suppression

- for p; > 8 GeV/c, Aand K% - R,
similar to charged particle Ry,:

strong high-p; suppression also
of A
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S Summary — R,,

- Charged particle p; spectra in Pb-Pb at Vs, = 2.76 TeV measured
with ALICE at the LHC

* Pronounced p; dependence of R,, at LHC

« Comparison to RHIC data suggests that suppression scales with the
charged patrticle density for a given p; window

* At p; > 50 GeV/c, no strong centrality dependence of charged particle
production is observed

* Results on identified particles will allow to disentangle the interplay
between quark and gluon energy loss, and recombination mechanisms
at intermediate p;
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