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ALICE
I 0
» The LHC experiment devoted to the study of heavy ion collisions
 Designed to track and identify the thousands of particles down to the lowest p;
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Quark Gluon Plasma
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Main goal:

Identify and study the properties of
a new state of deconfined nuclear
matter, the Quark Gluon Plasma
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Heavy ion collisions

Studies of the created medium

» Bulk properties » Probing the medium
* How does the medium * How does a probe react to the
behave medium
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The LHC and its features

— A QGP that will be

* hotter,
* bigger,
* longer lived,

« earlier thermalized.
— Large hard probe production

cross-sections
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%\ Outline
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Physics motivations
ALICE @ LHC

First Pb-Pb run
Properties of the medium
Probing the medium
Conclusions
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3 First heavy ion run @ LHC - 2010
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Collision centrality

* Pb-Pb collisions are classified in centrality classes,

corresponding to percentiles of the inelastic cross section

« Glauber-model fits to several estimators (hit/track

multiplicities + zero degree calorimeter signals) central
— Glauber fit: Ng, ~ fxN__ + (1-f)xN_, @ collision

son — peripheral
collision

Epc (ADC channel)

- PRL 106, 032301 (2011)]
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Charged Particle Multiplicity

 Central Pb-Pb (from pixels): dN/dn = 1584176 (syst)

— growth with Vs faster in A-A than in p-p

* Energy density = 3xRHIC (at same time 1)
— lower limit, likely T,(LHC) < 1,(RHIC)
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Centrality dependence of dN_,/dn

»

* dN/dn as function of centrality
— normalized to ‘overlap volume’ ~ N, icinants

» Sensitive to degree of gluon saturation in the initial state

« Same trend as at RHIC

« Comparison to models:
— DPMJET MC
* fails to describe the data

— HIJING MC

« strong centrality dependent
gluon shadowing

— Saturation models [12-14].
 some tend to saturate too much
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»

Centrality dependence of dN_,/dn — models

* dN/dn as function of centrality

— normalized to ‘overlap volume’ ~ N

 Sensitive to degree of gluon
« Same trend as at RHIC

participants

saturation in the initial state

-

O

§t’ 93— ® O Pb-Pb 2.76 TeV ALICE
ng:—
« Comparison to models: £ |
— DPMJET MC 2 e
- fails to describe the data %o 6F,” ,:;{"’{ \\\\\\\\\\\\\ -.ee DPMJET Il [10]
— HIJING MC T g  HIUING 20 (sco.20y 11
- strong centrality dependent 4 T Kharon ot 113]
gluon shadowing 4:_| ., . ===-- Albaceteetal.[14]
— Saturation models [12-14]: ° 190 200 Ny

some tend to saturate too much

Models incorporating a moderation™
of the multiplicity with centrality are
favored by the data (as at RHIC)
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Space-time evolution — freeze-out volume
_ _ _ sideN
« Measure the Bose-Einstein enhancement for pairs A ,
of pions (identical bosons) at low momentum
difference q;,,=|p1-p2|, vs. multiplicity
— Assess the space-time extension of the system that
emits particles in Pb-Pb collisions (homogeneity volume) f
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Space-time evolution — decoupling time
_ _ _ sideN
« Measure the Bose-Einstein enhancement for pairs A ,
of pions (identical bosons) at low momentum
difference q;,,=|p1-p2|, vs. multiplicity
— Assess the space-time extension of the system that
emits particles in Pb-Pb collisions (homogeneity volume) f

(from collision to
Decoupling time hadron freeze-out)
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Space-time evolution — multiplicity dependence
sideN
« Measure the Bose-Einstein enhancement for pairs A ,
of pions (identical bosons) at low momentum
difference q,,,=|p1-p2|, vs. multiplicity
— Assess the space-time extension of the system that

emits particles in Pb-Pb collisions (homogeneity volume) £
| (k)=04GeVlc | ALICE preliminary ’

\
g

/1011g
« HBT radii scale with multiplicity’3 in
pp and PbPb, but different slope!
*HBT radii in PbPb vs. trend from

(dN_/dn y113

® STAR AuAu @ 200 AGeV
< STAR CuCu @ 200 AGeV

v STAR AuAu @ 62 AGeV

lower energy AA:
—Rong: Perfectly agree

g 5 A o STAR CuCu @ 62 AGeV _Rside: reasonably agree
> e,&'- * CERES PbAu @ 17.2AGeV - | he t d
o2 | f? o A ALICE PbPb @ 2760 AGeV —R,,t: clearly below the tren
| " ALIGE 1 @ 2700 Gov -Behaviour of all 3 radii in qualitative
e e @ S0 e agreement with hydro expectations
0 5 10 -+ fits to ALICE pp —R, /R4, decreases with Vs due to
(N, /)" o feeAR@s oA higher initial temperature

E Irfu Javier Castillo

LPNHE - Paris — 24/11/2011 16



107

Identified particle spectra

E Irfu Javier Castillo
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Particle yields and statistical models

Particle composition defined from a

Grand Canonical ensemble with:
A chemical freeze-out
temperature T,

« Abaryo-chemical potential y,
« A strangeness saturation factor y,

particle ratio

Pb-Pb \syy=276 TeV

O
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Transverse radial flow

3

% [Wi<0s 5 Elyl<05 "
Ty Q | @ | BlastWauve fits:
2 AN IR | e = | Particles emitted from a source:
S0 == Sl b
E = ) * In local thermal equilibrium
10 os% ' 'é:::i‘».. g
Jautert = _ * Thermal freeze-out temperature T,
e SRR v * In expansion
wE o oy | [ am e | ¢ Transverse flow velocity p
0 0.5 1 15 2 25 - [GeVslc] 10( 0.5 1 15 2 25 = [%ieVlc] OO
random
; 02 | | ]
%’ — Au-Au, pp, 0.2 TeV, 1, K, p
e 015k —— Pb-Pb, 2.76 TeV,n, K, p — o 2: —e— = (ALICE)
H it @ e
S Y Ce > F - —&— « (STAR Au-Au 200 GeV)
o lea/. F 1.6~ ————— K (STAR Au-Au 200 GeV)
@ = < % % € E  AUCE Preliminary 8 PETAR A/ 300 Ow)
01 . — 1.4-Pb-Pb \ 5,,, = 2.76 TeV
Preliminary = ¢ o E & % *1*+
0.05 |- ~ osf TR RAL
pp @ STAR/200 GeV Common blast wave 0.6/ - ¢
. L . o ¢ ¢ ¢ ¢ 0
fit to m ,K and p 0.4 5 o & oo o ooo
] | ] -
% 0.2 0.4 0.6 02t A
C n L R T TSl T 1T W | il
<B> 0
B> (c) 107 1040y
Elrfu Javier Castillo LPNHE - Paris — 24/11/2011 19



Collective behaviour — elliptic flow

........ * Non-central collisions

fcf; Y — Anisotropic overlapping region
" HE — Stronger pressure gradients in
Rleactiong W '?-p'af)'(% plane than out of plane
Pane — Anisotropic particle emission

— Described by hydrodynamic
models (viscosity)

* Measured from the particle azimuthal distribution

dN 1 dN |
= 1+ » 2vcos(i(p— D ))]
pdpdydy 27 ptdptdy[ 21 i

* v, coefficient is called elliptic flow

EERRERERCACIC L

An atomic analogue: Liquid Helium explodes in vacuum
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ALICE
performance
pT>O.15 GeV/c
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Elliptic flow (as well as other non-flow structures) are clearly visible
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(%T@ Elliptic flow (v,) of charged particles

* Vv, extracted using 2 and 4 particle correlations
— methods well established based on RHIC experience

— non-flow effects estimated from the difference between 2 and 4
particle correlation methods
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@T@ Elliptic flow (v,) of charged particles

* Integrated v, increases by ~30% from RHIC to LHC
—in all centrality classes
— due to increase of <p>

— consistent with viscous hydrodynamics
* very low viscosity (n/s)
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> - PRL105, 252302 (20100 = 1 s : é AR AL AL AL
- O. O. ' * - - X PY L J o ; -
011~ or o0 ‘—_ 011 A% R, I—_
: f.]i*‘ : : ....................... iﬂﬁ ) :
0.08|- }J— 0.08 > " ki {.@ F_
[ ] N . s i
X i - v -
0.06 |- _ 0.06 - P
[ ] C P e .
. . ] I v -
0.04 - o <.> ::iﬁ (same charge) - 0.04 — ’. . :i{q-dist} -
e O V,{4} (same charge) - - o “‘3’% s v{LYZ} _
P +  V,iq-dist} - [ o4 e Luzum 1/s=0.08 (Glauber) ]
0.02 %’H Lo R 7 0.2 |- Luzum 1ys=0.16 (fKLN) )
zi LYZ ;L} STAR . T Heinz 1/s=0.20 (fKLN) -
- Y - NPT AT T N T T N

0 =="36"""20""30 20 50 60 70 30 05~ 20 30 40 50 60 70 80
centrality percentile centrality percentile

LPNHE - Paris — 24/11/2011 23



Transverse momentum dependence

* pr dependence at LHC is similar to the one at RHIC (in
centrality classes)

 Consistent with expectations from hydro models

) 03 T T ]
= ® - -
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0.2 | * ~
: i :
015 } i# .
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_ ‘i' [ T
" “.’Q” ]
0.05 1 %) .
- PRL 105, 252302 (2010):
Y Y P PP e Lol Laaaa oo laaa, _
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Identified particle v,

N - 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%
0.3} (CGC initial conditions) 03|

@nt, v,{SP, An|>1} (7/s=0.2) | @7, V,{SP, |An|>1} =
mK*, v_{SP, |An|>1}  -hydro LHC L @K, v {SP, |An>1} :
CL v,fSP. An>1}  --hydro+UrQMD LHC - @R, vszF’, An|>1} ’ H { o
0.2 ¥ 0.2} -
0.1 " (CGC initial conditions)

(n/s=0.2)
~hydro LHC (5% ]
--hydro+UrQMD LHC g
| PRI B R R

0 05 1 15 2 25 3 35

« Stronger radial flow - more pronounced mass dependence
of elliptic flow

— Hydrodynamics predictions describe well the measured vg(pT) for m
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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* Fluctuations in the initial nucleon distribution
— Event-by-event fluctuation of the symmetry plane W, w.r.t. Wgp

« Odd harmonics are not null
* In particular, v, (“triangular”) harmonic appears
 Similar p; dependence for all harmonics

Higher harmonics

LPNHE - Paris — 24/11/2011



Higher harmonics

o [ ALICE preliminary, Pb-Pb events at \ s, = 2.76 TeV > Centrallztv 30-40% Model: Schenke et al, hydro,
0.2 N centrality 10%-20% i : xiﬁ full: [An] > 0.2 Glauber init. conditions
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* V4 shows mass splitting expected from hydro flow !

» Has the magnitude (and p; dependence) expected from
geometry fluctuations

 Has larger sensitivity to n/s than v,
— stronger constraints to models
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Global properties of QCD matter at the LHC

* Energy density x3 RHIC = > 15 GeV/fm3 Hotter

- Freeze-out volume ~ 300 fm3 = x2 RHIC Larger

- Decoupling time ~11 fm/c = x1.4 RHIC Longer-lived
* Elliptic flow as expected for close-to-perfect liquid

* Initial state gluon saturation less strong than expected

E Irfu Javier Castillo LPNHE - Paris — 24/11/2011 28
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Hard probes of QCD matter

Heavy-ion collisions produce

‘quasi-thermal’ QCD matter

Dominated by soft partons
p~T~100-300 MeV

\o@%—

Hard-scatterings produce ‘quasi-free’ partons
= |nitial-state production known from pQCD
= Probe medium through energy loss

Use the strength of pQCD to explore QCD matter
Sensitive to medium density, transport properties

E Irfu Javier Castillo LPNHE - Paris — 24/11/2011
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Probing the medium — parton energy loss

 Nuclear modification factor _ Yield in Pb+Pb
o 109_ T T T T T T T T T T T T T AA_ N N
&) e ALICE, Pb-Pb E N coll XYield in p + p
S 107E° ®*eeae.... B
&) e —
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:}_ 10 :_. G o . 0‘.‘< ALICE, charged particles, Pb-Pb
_8_ 10° 7 - :: \S\n=2.76TeV, |n|<0.8
=z L A .. .
% 103 .. \.:‘
Z}_1 0 | ALICE Preliminary -'r;\"' )
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8 (g7f 0% (10 @ \2’
"g 109 :: ® 20-40% (x10°) .__.:I
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P, (GeVlc) 0.1 ©40-80%
- . 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L T
* Peripheral | 0 10 20 30 40 50
— Small suppression P, (GeV/c)

 Central
— minimum ~0.14
— steep rise for pr>8 GeV/c, relative energy loss decreases
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Comparing to theory

-
1_ o PHNXO S —— U 1o HT: X-N Wang et al, arXiv:1102.5614 (PRC)
0.8H — AMY.b=24fm, o =033 48 HT: Majumder, Shen, arXiv:1103.0809
| = — HT.b=24fm.§ =19Gevim,c. =02 T 13 TR: T. Renk et al, arXiv:1103.5308 (PRC)
< 0.6, _ . Asw.bo24m k=26 o y :. WHDG: Horowitz and Gyulassy, arXiv:1104.4958
o~ n A~ < L e e e e e L e e s |
04r T E = ALICE, charged particles, Pb-Pb
02 X T i L B 1= \[$yy = 2.76 TeV, 0-5%, | n | < 0.8
0 p———+———————1— 1% 1k i
o[ L TERE I 13 )
0.6 [|— = HT.b=75fm.§, =19 GeV™/fm, €, =02 _ @ ;
SV =+ Asw,b=75Mm K=36 |
0.4 s —
0.2 -
0- N 1 " 1 L 1 " lI M 1 " 1 1
6 8 10 12 14 16 18 20
) Pr (GeV/c)
Ingredients: ® ALICE Data _
. — HT (X.N.W.) lower density
- pQCD production — HT (X.N.W.) higher density
. . . - — HT (A.M.
- Medium density profile tuned to 107 |  ASW (TR ]
RHIC data, scaled ! "~ dlastc (TR atge P_
_ — elastic (T.R.) small Pesc
Energy loss model A
P TR WY SR SN VY TN TR WO (NS ST NN SN TR (SN TR SHNY SN TR NN S SR S S
. . . 0 10 20 30 40 50
All calculations show increase with p; p_ (GeVic)
Well-known radiative formalisms
ASW, WHDG predict
too much suppression Need time to sort out
(HT better?) theory uncertainties:More to come!
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ALICE—i

Identified hadron R, , (strangeness)

< 1_6 _l T T T T | T T | T T T T | T T T T
o B ALICE, Pb-Pb.Ns =276 TeV,0-5% _
1.4F ® K |y|<0.75 ]
A: Ry,~1 at p~3 GeV/c - " A% lyl<0.75 -
S I . 1.2 - e unidentified charged particles, [n|<08 7
maller suppression, —bep "n ¥ |y]<0.0 -
A/K enhanced at low p; i ' I»—
AR L R i
0.8~ Bl @ B
0.6 -
- .. - ALICE Preliminary .
0.4 -
Kaon, pion Ry, ___—02F —!*T-*J_—
similar . -
0 —l L 1 1 l :1 1 l Il 1 1 1 l L 1 1 1
5 I 10 15 20
: p, (GeVic)
pr= ~8 GeV/c:
All hadrons similar
partonic energy loss + pp-like fragmentation?
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< High-p; v,
LIC i
In-plane, out-of plan Ry, High-p; v,
C ! C lity 20-30% > C lity 20-30% ® V.|{EPTPC}
3 i entrality 20-30% @ e In planc i entrality 20-50% @ 3 v:{EP TPC. Wni>0.4}
o £ & O valSP}
o Out-of-pl - 2
B ALICE Preliminary di-ol-plane 0.4 ALICE Preliminary & v,{SP. Ani>04}
i Pb-Pb at \5,4,=2.76 TeV i Pb-Pbat\[5,,=276 TeV ¥ va{d]
¢ v.{ZDC]
s or.. - *  vo{EPVO}
[ ] ° s Av,(from pp)
0.8 : ° in-plane ¢ i e Av,(From pp. [AN>0.4)
e 0.2
@ L L4 ¢
o .o cee°*’ o s 8%& 0.0 Q
® o 0 ® ¢ L 0 Q i
O o O o o & [ ]
OO fo) o = ﬁ + # L] ﬁ:
%0000 0 © © ﬁ " '
o -
o 1 | 1 1 1 l 1 1 | l 1 | 1 l 1 1 1 l I 1 1 I 1 I 1 l 2 1 1 I 1 I I ' 1 l L I ' l 1 ' 1 l L 1 ' l 1 ' 1 I L 1 ' l 1 L 1 l L 1 ' I 1 L l I

Ll ' B 1 L 1
(] 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c) P, (GeV/c)

Larger suppression out-of-plane had ~ V,is non-zero at high py
multi-particle methods suppress non-flow

Clear path length dependence of energy loss
Theory calculations ongoing
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Heavy flavours

* In Pb-Pb collisions: probe the properties of the medium
— created in the hard initial collisions
« experience the whole collision history
— possible comparison heavy quarks/light partons

* energy loss:
9y dead cone effect (mass)

AE, >AE , >AE >AE, -
g d, Casimir factor (colour charge)

1 dN?, /dp,
<T,, > dUZ)/dpr

Ry (p)= medium density and size = R, <R’ <R?,

Dokshitzer, Kharzeev, PLB 519 (2001) 199.

Armesto, Salgado, Wiedemann, PRD 69 (2004) 114003.
Djordjevic, Gyulassy, Horowitz, Wicks, NPA 783 (2007) 493.

* In p-p collisions:
— baseline for Pb-Pb
— measure charm and beauty cross section
— compare to pQCD predictions
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Charm nuclear modification

L3
92:,1.Trr11r.1.7rf1T T T3 g2:'"I"‘l"'T"‘l"'I"’l"'l:
‘g. 1.8F-  Pb-Pb \5,=2.76 TeV s D°R,, 020%CC — 18  Pb-Pb \5=2.76 TeV A D°R,, 020%CC —
- . D . C = D'R,, 0-20%CC .
g 1.6:— o . EZA:A(:JZ;CZCC E 1'6:_ @ e D°R,, 0-20% CC _E
m: 14:_ ALICE Prelim nary NLO(MNR) with EPS09 shad.—: 1'4;_ ALICE Preliminary w* Ry 0-20% CC —:
120 = 12F =
e E 1l 3
0.8F = 08— —
o.s; = 0.63— -
04 M 3 0.4 m -
02f- h: 3 02f- L L @ e
Py S [P N I I [P B N T N I S T S R T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
p, [GeVic] p, [GeVic]
« Light hadrons R,, systematically
« For p;>5 GeV/c, significant and AA
Pr > SIY lower than charm hadrons
genuine hot medium effect.
: * Need R,, of b quarks
* For p; <5 GeV/c, gluon shadowing
(EPS09) can play a role
— will need to be measured at
LHC via p-A collisions H
AED) 0.2
% bottom
0.1 — o
— Mge =0.35GeV
Expect: heavy quarks lose 0L, = s o Astm
less energy due to dead-cone effect ElGeV]
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Open Heavy Flavour R, , & R - centrality

-
1.2 i
= T | . B  Clear centrality dependence for all the probes
g L ALICE Preliminary i
§ eyt e Electron (0] < 0.8) Ryaand muon (-4.0 < n < -2.5)
Q. - i
< - m Ry, and statistical unc. | H 1
ol e Rcp show a similar trend
- (B Corelated systematic unc * Prompt D mesons R,, seems smaller than lepton
o i g Rua (... but uncertainties are large and p+, y
0.4 + . domains differ )
0.2 H @ @
- Pb-F’b,\/STN=2-7¢‘s Tev,6<p, D’ < 12 Gevie ‘ . &1 -2 nciusive muon Rep in Pb-Pb\[s,=2.76 TeV, 6 GeV/c<p <10 GeV/c, -4<ii<-2.5
0 60-80% 40-60% 20-40% 10-20% 0-10% m - peripheral=60-80%
Centrallty P R S Not decay background subtracted
) O S .
- : 2 I
% 1-2? ....... { ! ! t E 0.8_
: ol ] e t
is B E Goe- )
oc i 1 E B -
e _ Q B $
0'8— E .E o 4__ ALICE Preliminary $
- ’ N _ 1
0.6: wwwwww 0.2 Li.«=2.48 ub
0.4l Pb-Pb, Vo= 276 Tev E - [ | systematic error of normalization
| —e—e" |y|<0.8 4.5GeV/c <p_ <6 GeVic ] 0 - | | | |
0ok B 40-60% 20-40% 10-20% 0-10%
EALICE Preliminary " normalization uncertaint\E * Inclusive muon spectra dominated by HF
0 60-80% I 50-60% I 40-50% I 20-40% I 10-20% I 0-10% decays for pT above 4 (>85%) - 6 (>900/°) GeV/C
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is crucial to determine the
degree of thermalization of
the QGP medium

* First measurement of D%—Kir elliptic

DO elliptic flow

« A measurement of charm flow

~
=]
S

@
o
S

Entries/0.008 GeV/c?
w B (%]
o o o
o o o

N
=}
S

Performance
8/09/2011

gnf(3c) = 7.5+0.9

=)
S

; 2<pt<5 GeV/c “

)

079 T8 185 19

flow using yields in plane vs out of plane

» Results cross-checked with other event 06—
plane (EP) methods and Q{2} method

o
'S

> ! .
c D'—» Knr* ﬁ =
2 Pb-Pb,\[S,, = 2.76TeV ]
oE 0.3 3x10° evts in 30-50% centr cl
[=) Performance
14/09/2Q11
0.2
0.1
2<p,(D)<5 GeVic
|
OEP,mass  EP,side EP, fit ace
fits in 2A¢ band tov2 vs.
bins subtraction mass

L.
1.95

L.
2 2.05

©w
a
o

ntries/0.008 GeV/c?

Entrie:
NN W
e a o
S S o

-
a
o

-
=)
=3

o &

Pb-Pb\/S, = 2.76TeV

E3x10° evts in 30-50% centr cl

'5gnf(30) = 6.9+0.9

3

OUT-OF-PLANE

Invariant mass (GeV/c?)

1.7 1.75 1.8 1.85 1.9 1.95 2
Invariant mass (GeV/c?)

L]
2.05

[ T T T | T T T | T T T | T T T T T T | T T T | T T T ]
— V,-30-50% centr cl 7]
0.5~ —s%— charged particle, SP —
- —e— D, EP mass fits in 2 A¢ bins o -
0.4 [ Systunc Preliminary —
0.3 f_ PbPb @ 2.76 TeV _f
- Pl ]
0.2 e -
N ﬁ* |__| _
s - R— N ]
0 il A= ¥
o ] (R Do Km i
- Pb-Pb,\/s, = 2.76TeV .
0.1 - 3x10° evts in 30-50% centr ¢l —
: 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 :

0 2 4 6 8 10 12 14 16
P, (GeV/c)

» Looking forward for 2011 Pb-Pb data to reduce stat. and syst. uncertainties
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Quarkonia, heavy ions and the QGP?

* A long story...

— 1986, Matsui and Satz: J/y suppression

as a QGP signature

— NA38, NA50, NAGO at SPS
— PHENIX, STAR at RHIC

e ... and many open questions
— similar suppression at RHIC and at SPS
— larger suppression at larger rapidities 021
— cold nuclear matter effect (still) weakly :

constrained

— statistical hadronization, recombination?

e s
HE

*

tone,

\

SPS

M,

v Jhp anomalous suppression

at SPS and RHIC

25 ‘
¥ d

i
T

5rS

® Au-Ag RIC, |y

—RIEIC>.:.+ ‘

Raa
[X)
I

0.8_’ } {>
0.6: @ B 1
0.4~ E } [ 3 3
b-l L1l I 11 1l l 1 111 l L1 11 l LA 1l l P . l L1l 11 I 11 11
% 50 100 150 200 250 300 350 400

< NASO, Pb+Pb, 0<y<1,+ 11% syst.
O PHENIX, Au+Au, |y|=[1.2,2.2], £ 7% syst.
PHENIX, Au+Au, |y|<0.35, + 12% syst

arXiv:0806.0046v2 [hep-ph]

Npan

... and then??

The LHC might enlighten us ...

enhanced
regeneration

LHC?

enhanced
suppression

llllllllllllllllllllll l l l .

medium eneray density (GeV/m®) 3
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J/y cross section

* Inclusive J/yp cross sections at 7 TeV
— oy, (ly|<0.9)=10.7 + 1.00 (stat)  1.70 (syst) + 1.60 (Ay=+1) -2.30 (A\yg=-1) pb
— Oy, (2.5<y<4)=6.3110.25 (stat) + 0.76 (syst) + 0.95 (Acg=+1) -1.96 (Acs=-1) Wb
* Inclusive J/yp cross sections at 2.76 TeV
— 0y, (ly|<0.9) =6.44 + 1.42 (stat) + 0.88 (syst) + 0.52 (lumi) + 0.64 (Ayg=+1) -1.42 (Ayg=-1) ub
— 0y, (2.5<y<4)=3.46 +0.13 (stat) + 0.32 (syst) + 0.28 (lumi) + 0.55 (Acg=+1) -1.11 (Acg=-1) Wb

Q) ArXiv:1105.0380 s F —_ArXiv:1105.0380
% = - inclusive J/y production
(\5 > 9 E ° e*e’, pp\s=7 TeV, L=3.9 nb'
Q 'Q} - A u*, ppNs=7 TeV, L=13.3 nb’
=2 5 8r (] e*e’, pp\s=2.76 TeV, L=1.1 nb' (preliminary)
Q_" _8 E u p*, ppNs=2.76 TeV, L=20.2 nb' (preliminary)
= C
bﬁ 6 __ l
"o - [
107 5 -
- PP, 2.5<y<4 -
- ® \s=7TeV,L=13.3 nb' 4 :_
| ® \s=2.76 TeV, L=20.2 nk' (preliminary) -
[[7]\s=7 TeV, CS+CO NLO 3 __
- (M. Butenschoen et al., arXiv:1105.0820) C
[ ]\s=2.76 TeV, CS+CO NLO C
(M. Butenschoen et al., priv. comm.) i 2 - @@é&aﬁ HEEEB@
10-2 o b b b b b b e BN -
0 1 2 3 4 5 6 7 8 C
p, (GeV/c) 1= open: reflected
NRQCD calculation describes the p; dependence | SEEE R FUR FEUT FUNN SR SRR SRR SR
measured at both 7 TeV and 2.76 TeV 5 4 3 2 1 0 1 2 3 4 5

Large rapidity coverage y
p-p @ 2.76 TeV reference for Pb-Pb
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“ JIp Rya
« Jly—-pty
«25<y<4.0
Vertical bars: statistical uncertainties
. >
Pr 0 GeVic Empty boxes: systematic uncertainties

x ‘l inclusive J/y in Pb-Pb \[s = 2.76 TeV, 2.5<y<4, p,>0 Full boxes: scallng uncertainty
1
I | PbPb @ 2.76 TeV -
0.8: I< 14 :: m ALICE (Pb-Pb\s, = 2.76 TeV), 2.5<y<4, p,>0 (preliminary)
i o PHENIX (Au-Auy/s, = 0.2 TeV), 1.2<|y|<2.2, p,>0 (arXiv:1103.6269)
0.6} H m 1.2
| R
0.4j u
- % 0.81
0.2? 2 0.6 ]
.~ ALICE preliminary O @
ot ' ‘ - @@ H
40-80% 20-40%  10-20% 0-10% 0.4 @ s
] centrality C & &
* Inclusive J/y 0.2F B 5 @
o Ryp089% =0.49 + 0.03 (stat.) £ 0.11 (sys.) [ (VALICE <N >isweighted by N, | | |
« Little to no dependence on centrality % 50 100 150 200 250 300 350 400
« Contribution from B feed-down: <N >
» ~ 10% from p-p measurement [LHCb  Less suppression observed at LHC than at
gx"”:11°3-t‘_’423t]_ N RHIC (forward rapidity),
ough eslimation assuming simple Ny « but cold nuclear matter effects could be quite

i * o~ i 0-80%
scaling: ~ 11% reduction of Ry, different (more shadowing at LHC, but less to

no nuclear absorption)
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e Cold Nuclear Matter effetcs

J.P. Lansberg — Quark Matter 2011

PbPb Medeiep1 p_> 0.0 GeV,\'s = 2.76 TeV PbPb wodeipp 2 P, > 0.0 GeV,\'s = 2.76 TeV
P lyl<[2.5,4.0] EKS98 e |yl < [2.5, 4.0] EKS98
<20 T Y€ [25,40] nDSG T Myl e (25,401 nDSG
o inclusive J/y in Pb-Pb \[s,, = 2.76 TeV, 2.5<y<4, pT>0 inclusive J/y in Pb-Pb \[s, = 2.76 TeV, 2.5<y<4, pT>0
L —— e e oo e e i —— Ay e raia. Aot Mot 1 oo e, ety
0.8 » R e W
0.6 e 06- | + +
0.4 t | 0.4~ t
i sigma_abs set to zero ! N sigma abs set to zero !
0.2—_ e. 0-2__ e. gma_ab tt
- ALICE preliminary PbPb @ 2.76 TeV F A LICE prellmlnary Pbe @ 2 76 TeV
_llllllllllllllllllllllIlllIIlllIllll llllllllllllllllllllllllllllllll
0=""50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Nparl part
» Two production models tested, with (left) and without (right) k; smearing
» Two npdf parametrizations: EKS98 (blue), nDSG (red).
* No absorption cross-section added

Large uncertainties on the calculation

 Stronger centrality dependence for CNM than for the data
* Difference between CNM and data is smaller for more central collisions
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-
* Hot Nuclear Matter
P. Braun-Miinzinger & J. Stachel, PLB490 (2000) 196

A. An1d50nic @ QM2011, A. Andronic et al., PLB571 (2003) 36
;. ° LI LB I UL ‘ L | LU I I LI | i LI I
_\’(Ié ® Data, \/s,=0.2 TeV (PHENIX) 1

- m Data, \/s,=2.76 TeV (ALICE)
€% —— Model, \s,,=0.2 TeV (do_, /dy=0.030 mb)—|
% ceeen Model, \'s,=2.76 TeV

OBILHIML \ ™. e

.......................... do_, /dy=0.25 mb
0.6
0.4

0.2|- &] @ .
| forwardy PbPb@ 2.76 TeV 1

lllllllllllllLlll‘ ll 111 - L. '
OO 50 100 150 200 250 300 350 400

N

Statistical hadronization: part

« Screening by QGP of all direct J/@’s

« CNM (shadowing) on open charm

« Charmonium production at phase
boundary by statistical combination of
uncorrelated charm quarks

J/y Ry, - models

X. Zhao, R. Rapp, NPA859 (2011) 114-125
R. Rapp, private communication

o3 61 PbPb,\/5,=2.76 TeV
inclusive J/y, 2.5<y<4, pT>0

#  ALICE (preliminary)
------ Primordial J/v no shadowing

----------- Regeneration J/y no shadowing

1 _4 Total no shadowing
----- Primordial J/v with shadowing
1 2 Regeneration J/v with shadowing

Total with shadowing
R. Rapp, X. Zhao, NPA 859 (2011)

0.8~

f ool

0.2 f_ S j“?:fffff'.fffiffjjjj_-jj
0:4.#»,"';".1“;“.'..|....|....|....|....1....1....1
0 50 100 150 200 250 300 350 400

part

Ingredients to Rapp et al

» Shadowing effect

» prompt J/y dissociation in QGP

 J/y regeneration by charm quark pair
recombination

» Feed-down contributions from B

E Irfu Javier Castillo
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JIY Rep

* Inclusive J/y Rqp can also be measured in ALICE at mid-rapidity in the di-electron channel

R 1.2
& B
@ B
S m ________________ Jr _______________ R S T ________
S i
-— - L
o+ I WL
N 0.8 J[ ] _l_
© _
. | 1 |
Q 0.6_— I
S [ PbPb@2.76 TeV _@_
“ 0.4
"L Pb-Pb \[s\, =2.76 TeV
B m ALICE, 2.5<y<4, pT>O (preliminary)
0.2~ o ALICE, |y<0.8, p,>0 (preliminary)
- o ATLAS, |y|<2.5, pT>6.5 GeV/c (arXiv:1012.5419)
| | |
0 40-80% 20-40% 10-20% 0-10%
centrality

Statistical and systematic uncertainties
have not been propagated for ATLAS

J/p Rep larger for ALICE than for ATLAS in the most central collisions...

... But different rapidity and p; coverage

ALICE-u:
«2.5<y<4
‘pr>0

ALICE-e:
*ly[<0.8
*pr>0

ATLAS:

*ly|<2.5

*80% of J/y with
pr > 6.5 GeV/c
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J/y elliptic flow

Y. Liu, N. Xu, P. Zhuang, Nucl.Phys.A834 (2010) 317¢
i ' [ i [ ‘ [ i [ i [ ]
* J/y v, could help to discriminate the 10 ]
. . i LH i
production mechanism T | ¢ ]
- At LHC, if regeneration dominates the J/y K 8- LHC(0-2x Regen.) |
production = 6l . __
* Larger J/y v, = | 1
« Non trivial p; dependence %_ ar .
PbPb @ 2.76 TeV W 2r BT ]
< 10°F G 10° - /" _RHIC ]
§ 3 centrality bin : 0-80% § centrality bin : 0-80% 0 - SPS -
2 [ S/B,,,, =014 0.01 2 | S/B,,, =0.1420.02 - | | | | | | | e
@ 3 i Uﬁw: 89:29 @ 3 i Uﬁ(g; 84:27 0 2 4 6 8 10
E, 10 E_ " ¥2nDoF =1.00 5 10 E_ %2nDoF =0.71 pt (GeV/C)
o | o |
L | L |
O F « Several methods being explored
[ [ * Shown here
I I « J/y—p*u- using event plane
105_ ALICE performance 105_ ALICE performance from TPC
: Po+PLN Sy =276 TeV : PesPoNsn =276 TV | Ready for larger data sample of
B 08/09/2011 B 08/09/2011
I | | in plane I I | out of plane 201 1
12 2.5 3 3.5 4 4.5 5 12 2.5 3 3.5 4 4.5 5

Dimuon invariant mass (GeV/c?)

Dimuon invariant mass (GeV/c?)
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(%@ Conclusions

»

« LHC and ALICE performed well in the first Pb-Pb run
 Global properties of QCD matter at LHC

— Highest charged particle density ever reached
— Its centrality dependence saturates

— Large volume and long decoupling time of particle emitting
source

— Hadrons flow consistent with hydro description of the medium
 High p; partons lose energy in the medium

— Light hadrons show same RAA for p; > 8 GeV

— Smaller Ry, for charm quarks?

« J/y Ry, measured at forward rapidity.
—Itis ~0.5 and
— shows little to no dependence on centrality

« Expect many exciting results from current Pb-Pb run
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ALICE I
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Elliptic flow and viscosity

« Spatial eccentricity e = (y?-x?)/(y?+x2) source
* Anisotropic particle distributions due to pressure gradients:

» Describe by Fourier analysis of the angular distribution
dN/de =1 + 2 v,cos(29)+......

* Measure coefficients using (two or more) particle ( ' e
correlations ‘,w* ‘

 The second (elliptic flow) coefficient v, depends on the
eccentricity and the equation of state.

* Viscosity reduces the elliptic flow

4 ‘ : 5

40| Pressure Ap, > Ap,|

-10 -5 0 5

10
x (fm)

RHIC v, results indicate that the viscosity of the QGP is
| very small (less than 4 times the Ads/CFT limit)

n/s

[AS/ICET Bound............... QGP? n/s > 1/4x = 0.08 suggested by AdS/CFT

0 :
1.0 0.5 0.0 0.5 1.0
(T-To)To

E Irfu [C77 50" Physs 2t gaged on R. Lacey et al., Phys.Rev.Lett.98:092301,2007 47



G Elliptic Flow and the Perfect-Liquid QGP

>N 0-08: f LB AL | T oo L LR A | T T7T -
0.06 [~ " ¢ =
: B ]
0.04 |- 1 G % =
- ¥ L 'm N
op gt I o
O ~rp - ¢ PHOROS | — printegrated v, in semi-central increases
-0.02 = NA49 3 by 30% wrt RHIC
C CERES N
-0.04 | o .
006 - 20-30% |+ o |
-0.08 — ' e EETI S
1 10 102 10° 10

PRL 105, 252302 (2010) \/sy (GeV)

Large elliptic flow reaches hydro-dynamical limit
—strong pressure gradient, system close to full thermalization

*Increase with energy larger than predicted for perfect
liquid (zero viscosity)
—need viscous corrections (more important at RHIC than LHC)
—closer to perfect liquid at LHC than at RHIC?
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Di-hadron correlations

Triggered correlations: a particle belonging to a p; region (= trigger particle) is
associated to particles belonging to another p; region (= associated particles)

— 2D histos in AnA¢ are then built in bins of pryigger @NA Prassoc. (PTassoc<Prtrigger)
p! 34, p? 2-2.5,0-10%

Low p; region: NAB  aNAB angan
> Soft process € (Ao, An) = 5 a5 A,
» Collective phenomena: now
» Near side ridge

v' Observed at RHIC

v' Observedinp-p @ 7 TeV by

CMS

—»-Away-side broad structuwre

High p; region:

» Hard processes

» Dominated by jets

» Suppression of the away side jet:

o

C(a9, An)

parton interactions in the medium

O

C(A9, An)

zoomed to--"
o 0< CAg) < 5




o

»

Fourier analysis

<~ Extract 1D Ag correlations by integrating the C(An,Ap) in a

given An range and do a Fourier decomposition
fAnmaxC
AN min

ATLAS Preliminary |
2<lAni<5 7

2<p?, p°<3 GeV 1

C(Ag) =

(AnA@) x 1+2) v, cos(nAg) 1
n=1

Vo = <cos(nA(p)> =

_ [ c(Agp)cos(nap)d(Agp)

10

A
<5 components describe completely the
correlations at large An and low p-

<
c
>
10™

10"

| 1072
i -3

50

[ capyd(ag)

'C) """ ATLAS P'reli'mi'nar'y I

i ® det:Sub'1
| 2<IAn|<5 _
"o ° 2<p?, p2<3 GeV E
e e E
I
I | il M

—Strong near-side ridge + double-peaked

.50 :_

structure on away side ‘

10 15

n

Wal |rfu 5556 -

50



o

; Correlations & collective flow
L I L L B L L LA L LA B L L
, 1.02(— V=16 —
«|f the observed di-hadron - o :
corr.elatlon. comes fro_m the single - o= v, (full FCal EP n=26) +v?" ]
particle azimuthal anisotropy due to 1.01- Vo, (FCal, EPn=26)+v"
the collective flow, the v, , extracted T 0 -
from C(Ag) should be related with S L. Pt  Fhy  F %
tha flaw ~rnaffiriante v - x‘ ]
v, =(cos(nAg)) = <COS[n(fpm-g —%sm)]> -
0.99 3 W 0-1% 2<|AY||<5 __
= <COS|:n((ptrig - IIIn )] ><Cos[n((passoc - IIIn ):I> = : 14TLAS F:reliminar;i 2|0 < p:-:ﬁ’: <3.0 IGeV :
=v,(p) v, (p™) 1.02-FCal,, EP v, (EPn=26)+v®
' - = = Even harmonics (EP n=2,4,6) -
—The two-particle correlation is due to -
the correlation with a common plane of 1.01 ]
symmetry § i
<~ Good description of C(Ag) for o 4
central collisions at low p; with the A .
single particle v, [ & .
: 0.99 R i 0-1% 2<lAni<5
—Does not hold at high p; where away- l o o /o E<An i
side jet dominates -, ATLAS Preliminary ~~ 20<PoP;<3.0GeV
-1 0 1 2 3 4
Ad

Wal |rfu 5556 - o



o

L3

R, LHC vs.

» Similar structures for p; <5 GeV/c
— RHIC: Different p/tr ratio in central Au+Au

* Intermediate p+

— LHC: ~20% stronger suppression 1
* RHIC: high p; hadrons hadronize from quarks
» LHC: from gluons (larger color charge)

* High p;

RHIC

2
o

I I I I | I T I T l I T I I l I I I I

¢ ALICE Pb-Pb \[s = 2.76 TeV (0 - 5%)

x  STARAU-Au\[S, =200 GeV (0 - 5%)
PHENIX Au-Au \[S, = 200 GeV (0 - 10%)

c.. g ) I
— No direct comparison data ? . L . i B
— Highest p; only 1% (PHENIX PRL 101 H ’ EE l B 1
(2008) 232301) 1.*
PLB 696, 30 (2011)
01 —I | | | I | | | | I | | | | I | | | I_
0 5 10 15 20
P, (GeV/c)
LPNHE - Paris — 24/11/2011 52
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o

L3

R, LHC vs. RHIC

» Similar structures for p; <5 GeV/c
— RHIC: Different p/tr ratio in central Au+Au

< 1 1 I I l | I I 1 I I I 1 I I I 1 1 I I
< * h* ALICE Pb+Pb\[s, = 2.76 TeV (0-5%)
e |Intermediate Pt oc - = h* PHENIX Au+Au\[s,, =200 GeV (0-10%)-

_ n° PHENIX Au+Au\[s, = 200 GeV (0-10%)
— LHC: ~20% stronger suppression

 RHIC: high p; hadrons hadronize from quarksy [l dl—
« LHC: from gluons (larger color charge) i ]

* High p; Y&\ o
— No direct comparison data - - b + + ; g
— Highest p; only m® (PHENIX PRL 101 T L *
(2008) 232301) fee, ®
L[ L T B B i
0 5 10 15 20
P (GeV/c)

E Irfu Javier Castillo LPNHE - Paris — 24/11/2011 53
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L3

Full jet reconstruction

e
25
E

-
-~

= 102 GeV |

| | ‘
E 0-10% centra#? 10-20% peripheraM |
40 _QH\// | \‘T\\\

~bin size: 0.1x0.1

* di-jet imbalance observed by ATLAS and CMS
« ALICE: Jet reconstruction with charged tracks from TPC (|n|<1)

— we see qualitatively a similar effect
— goal: study effect down to low pt, study onset of di-jet imbalance

* ALICE EMCal coverage was limited in 2010, extended for 2011

E Irfu Javier Castillo LPNHE - Paris — 24/11/2011 54




O
 Colour charge and mass
dependence of energy loss

— Charm
 via D mesons,

— Beauty
*via leptons (e, p):

LN L N L Y I T T

2

Outlook:

heavy quarks

* Quarkonia: suppression or
regeneration?

— At both mid- and forward-
rapidity

J/y->uy at forward rapidity,

F ] ing from p~
§ 3000  pb-Pby\5,,=2.76 TeV, 2.1x 10° events, 5 < p,< 8GeVie ] N Sta rt g 0 pT O
(-] - _ -
= L + D> Kn* - S ALICE Performance
©2500F"% as 1 2800 -
5 F + N O PbPb \/s=2.76 TeV
L d (7o) -
'g 2000 ALICE Performance ] S700 2/12/2010
w3 F 25/02/2011 % C
1500F = 2. F
I significance (3 0) 5.8 + 1.4 . DO - K'IT, D*=>Kmmr g 600 C
1000 S(30)1038:252 -, Viasecondary “s00
[ B(30)31382£ 149 Mean = 1.866 £ 0.005 | & . C
E 4% vertex reconstruction .
500 . _ 19
o Sigma=0022+0.006 | & 400
o:u PR TS T ST T T N T [N T S AT ST N Y N v: E E
1.75 18 185 19 1.95 2 2.05 300
Invariant Mass (Kr) [GeV/c?] i, 250 T -
§ - Pb-Pb\[ﬁ=2.76 TeV, 1.2 x 10" min. bias events, P, > 8 GeVic - -
o ] 200
3200 D' K ntnt C
-~ r ALICE Performance 100~
g + 25/02/2011 C
E150j - et | TN L
w .6

EXpeCt cove I’age 1ooi Mean = 1.865 + 0.005
[ Sigma = 0.025 + 0.005
5<p<15 GeV/c :

50— Significance (30) 5.2+ 1.1
L S (30) 296 + 63
| B (‘30) 289‘3 +44 ‘

1 I 1 | 1 I
36 3.8
M,, (GeVic?)

~28 3 32 34

N

A
SR

——

\W\I‘\I\

PWG3-D2H-037

Expect few 1000 J/y
from full 2010 statistics

17 175 18 185 19 195 2 2.05

Invariant Mass (Knr) [GeV/c?]

E Irfu Javier Castillo
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