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Introduction NI
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Lattice QCD

Explore the properties of the Quark Gluon Plasma

: O What happens when you heat and compress matter
Steor esgT! to very high temperatures and densities?
14077 O The macroscopic quantities of the QGP will give us
12.0F better understanding of the underlying microscopic
10.0 f 3p/1 theory (QCD) in the non-perturbative regime
8.0 O Different accelerators have contributed to the
6.0 | mapping of the “experimental phase diagram”
40 1
F. Karsch, E. Laermann and A.
20 Peikert, PLB 478 (2000) 447
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O At the critical temperature a strong increase Gluon Plasma

in the degrees of freedom -
o gluons, quarks = deconfinement

Q Transition expected to occur around 0.5 B
GeV/fm3 ;

Borsanyi et al. JHEP 11 (2010) 077
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Outline: Experimental tools covered in this talk NIBMEF
LA

e o o ALICE, Pb-Pb,\[s, = 2.76 TeV
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d?N/(dp_dy) (GeVi/c)?

ALICE Preliminary
0-5% most central
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1 15 Zp (%3% V/c)3 o / centrality percentile
X .

Bulk: Radial flow

Initial state fluctuations

£=0.4 Tmic

Centrality 0-1%, |h| < 0.8
o [Dh|>1
Va2, [Dh] > 1}

High p, probes
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The ALICE detector NIB@EF

Absorber Not shown: ZDC

~116m from I.P.
Tracking
j Dipole
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% Multiplicity measurement
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dN_/dn = 1584 * 4 (stat.) £ 76 (syst.)

@ PbPb(0-5 %) ALICE A pp NSD ALICE
W PbPb(0-5 %) NA50 O pp NSD CMS

A AuAu(0-5%) BRAHMS ¥ pp NSD CDF

* AuAu(0-5 %) PHENIX 0 pp NSD UA5

O AuAu(0-5 %) STAR % pp NSD UA1

¥ AuAu(0-6 %) PHOBOS x pp NSD STAR
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O Increase of (dN/dn) larger than InVs as
initially suggested by the RHIC
measurements

0 Increase of (dNg/dn)/<N,,>/2) with s
faster in AA than in p-p
o ~s% for pp
o ~s%15 for Pb-Pb

O Larger value than most models
predicted

o
@ o
5 ved © or %
»

M2) /sy =276Tev

part

® O Pb-Pb 2.76 TeVALICE ©Au-Au 0.2TeV

* pp NSD 2.76 TeV
« pp Inel 2.76 TeV

(dN,/dh)/(( N

U Centrality dependence at the LHC
similar to the one reported at RHIC
energies

o RHIC points scaled by ~2.1

o  Similarity due to centrality dependent
shadowing of the nuclear PDF?

Phys. Rev. Lett. 105, 252301 (2010)

Phys. Rev. Lett. 106, 032301 (2011)

(dN_/dh)/(( N part)/2) \[Syy = 0.2 TeV

12.06.2012 Panos.Christakoglou@nikhef.nl - International Conference on New Frontiers in Physics



- Identified particle spectra NI
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Reconstruction and PID in ALICE:

O Particle spectra in pp used to Jouri Belikov, Tuesday@19:00, Parallel |
o constrain phenomenological models (many input parameters)
o reference for Pb-Pb (to be discussed later)

O Particle spectra/ratios in A-A described by statistical models with only a handful of
parameters (€.9. Tyin, Tehem:Mas Ys)

ALICE uses all available PID techniques to provide identification on a track-by-track basis
(low momentum) and with statistical approaches (e.g. dE/dx in the relativistic rise)

combined TPC
and TOF TOF (o ~ 80 ps)

information
:I' TOF PID

ALICE

PERFORMANCE
2012-01-27

M Gaviic!)
o

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

ALICE Petforman
pp\s = 7:TeV

0 05115 2 25 3 35 4 45 21052010 |
Rigidity £ (GeVrc) oA 23

4 5
p/z (GeVic)
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ALICE, Pb-Pb,\[s, = 2.76 TeV ALICE, Pb-Pb,\[s,, = 2.76 TeV
PHENIX, Au-Au, \/s,,, = 200 GeV
STAR, Au-Au,\[s, = 200 GeV

Curves: Hydro (arXiv:1105.3226)

ALICE Preliminary ALICE Preliminary
0-5% most central 0-5% most central

2.5 ' . 2 25 3
P, (GeV/c) P, (GeV/c)

O Strongly interacting medium + pressure gradient: 1 Spectra compared to hydro calculations

isotropic radial flow o Inclusion of the rescattering phase (via UrQMD)

Stronger boost for heavier particles essential to describe the spectra for the most
central collisions

Harder spectra at the LHC compared to RHIC

Blast wave fit = average radial velocity and
kinetic freeze-out temperature

o Central Pb-Pb collisions at the LHC <>~0.66¢ Particle spectra: Martha Spyropoulou
o ~10% larger <B> at the LHC compared to RHIC Stassinaki, Monday@20:15, Parallel Il

O0Do
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o Elliptic flow NI
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Flow from RHIC to LHC:

O Pressure gradient transforms the initial spatial Raimond Snellings, Monday@11:20,
momentum-space anisotropy Plenary Il

Superposition of independent N Evolution as a bulk system:
pp collisions: N Pressure gradients (larger in-
momenta pointed at random =) € plane) push bulk “out” - “flow”
relative to reaction plane AN

(T-Tp)/Tyo

d°N_1 d°N & _3 ,
3 = ——91"' 2a Va COS@ (f - Y n) : Connection to n/s = RHIC values close to the
dp 2ppdpdve lower bound of 1/4tr (hbar=c=1)

Vi (p ) ) = <COS@7 (f - Y n)@ S. Voloshin and Y. Zhang, Z. Phys. C70, 665 (1996)

E
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> Elliptic flow:

results NIEEF

Phys. Rev. Lett. 105, 252302 (2010)

v,{2}

v,{2} (same charge)
v, {4}

v,{4} (same charge)
v,{q-dist}

v,{EP} STAR
v,{LYZ} STAR

50 60 70 80
centrality percentile

O Similar centrality dependence but ~30%
higher integrated v, value wrt RHIC

O Predicted by hydro for a liquid with small
value of shear viscosity

o ‘“perfect liquid” picture applies also at the
LHC

Particle mass dependence well
reproduced by hydro calculations
o Stronger push for heavier particles by radial flow

Inclusion of a hadronic afterburner essential to
match the differential v, of protons

Pure hydro gives reasonable for = and Q
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Initial state NI
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O Initial geometry not described by the ideal almond shape

o Fluctuations of initial energy/pressure distributions lead to “irregular’ shapes that
fluctuate event-by-event

o Higher (odd) harmonics each having its one symmetry plane
O Higher harmonics more sensitive to the value of shear viscosity

1=0.4 fm/c 1=6.0 fm/c, n/s=0.16

O But...initial conditions not known precisely enough (model dependent)
o Data can be described by different combinations of initial conditions + n/s
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Triangular flow: results

Phys. Rev. Lett. 107, 032301 (2011)

Cemra"ty 30-40% Model: Schenke et al, hydro, o - ALICE preliminary, Pb-Pb events at \s,, = 2.76 TeV

V,{2} . "
3{2} full:|An| > 0.2 Glauber inil. conditions e centrality 10%-20%

Vg P open: |An|>1.0
V{2

Z —\r; (nfsio'oa)
l_v (/s = 008)

2 3 4 5 05 1 15 2 25 3 35 4 45
p, (GeVic) p, (GeVic)

O Models can not describe successfully the elliptic and triangular flow with the same
values of n/s

O Similar mass splitting expected by hydro
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o High pt probes NI
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O LHC offers the possibility to study hard processes
o larger cross sections for high-p, and larger mass patrticles

O Two ways of studying the medium effects
o Compare yields of high-p, particles in A-A to pp collisions
o Jet reconstruction

leading particle leading particle

parton parton parton

Modifications induced by the in-

medium interactions
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Nuclear modification factor NIBmEF
LN

(1/ N

events

(N ) (LI N2

events

)d*N* | dp,dh
)d*N"" I dp dh

RAA (_pz‘) =

O Atlow p;: Rys <1 and rising
due to thermal production

Q Athigh p;: Rya =1 in case
there are no modifications
from the medium

O Clear deviation of R,, from
unity, even for peripheral
events

Larger suppression for
central collisions

Consistent with the picture of
radiative energy loss due to
increasing path length of
partons in the medium
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Nuclear modification factor (PID)
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L Select pions/protons using the dE/dx in the relativistic rise

: ALICE Petfdrinance
-+ Pb-Pbj\ s,
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Nuclear modification factor (11): results

0-5% Pb- Pb\s = 2.76 TeV 5-10% Pb- Pb\s = 2.76 TeV - 10-20% Pb- Pb\s = 2.76 TeV
* N L T * N,
® nt+T T + T T T+ + T

ALICE Preliminary

-

'¥¢i¥ + +

107

1

e ¢ + :t;.u;"‘-'$++++ +'#
f\a‘“.‘900¢¥ 1

<
<L
oc

SRS

20-40% Pb-Pby\ s, = 2.76 TeV 40-60% Pb-Pbys,, = 2.76 TeV 60-80% Pb-Pbys,, = 2.76 TeV
* N * N,
10" ® mam ® mram + . -

PP PR BRI TS EPEErS BT SR R il

PEFEEEE EPEEET EPETErS e 1 | P L L "
0 2 4 6 8 10 12 14 16 18 2476 8 1012 14 16 18
pT(GeV/c)

d Smaller Ry, than the non-identified particles for p, < 6GeV/c
d Compatible with the R,, of non-identified patrticles for p, > 6GeV/c
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Nuclear modification factor (K+p): results

0-5% Pb-Pb ys = 2.76 TeV
# Charged

5-10% Pb-Pb ys,, = 2.76 TeV
# Charged

10-20% Pb-Pb s = 2.76 TeV
#  Charged
p+P+K +K

20-40% Pb-Pb |5, = 2.76 TeV
# Charged

40-60% Pb-Pb |s, = 2.T6 TeV
# Charged
® p+p+K +K

n

r“"ﬁn!#”;?:*é

60-80% Pb-Pb
#  Charged
p+p+K +K

P

Sy = 2.76 TeV

A I I R B A AP B I
6 8 10 12 14 16 18

P; [GeVic]

.
A I I B T
8 10 12 14 16 18

O Larger R,, than the non-identified particles for p, < 6GeV/c
d Compatible with the R,, of non-identified patrticles for p, > 6GeV/c
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o Nuclear modification factor: Summary NI4glEF
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ALICE, Pb-PbNs=276TeV, 0-5%

oK' |y|<075

Ay | =075

& unidentified charged particles, || < 0.8

Yo+u,|y|<08

O Larger R,, than the non-identified particles for p, < 6GeV/c for K% and A
o Manifestation of radial flow?

Q R, for KO and A compatible with the one for non-identified particles for p, > 6GeV/c
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o Heavy flavors NI
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O Theory predicts a hierarchy in the energy loss for gluons, light and heavy quarks
o AEg>AE(u,d,s) > AE(c,b) =2 RAA(TT) < Raa(D) < Raa(B) (dead cone effect)

O Atthe LHC, we can profit from the higher production cross-section for ¢ and b quarks
to test this prediction

2<pt<3 GeVic 12<pl<16 GeV/c

D° —» K p*

and charge conj.

Entries / 12 MeV/c?
Entries / 15 MeV/c?
Entries / 24 MeV/c?

Pb-Pb,|s =276 TeV
Centrality: 0-20%

m= 1.863 + 0.003 GeV/c? m= 1.868 + 0.002 GeV/c? m= 1.862 + 0.005 GeV/c?
s = 0.017 + 0.003 GeV/c? s = 0.017 + 0.003 GeV/c2 s = 0.023 + 0.005 GeV/c2
S (3s) =538+ 84 S(3s) =342+ 48 S(3s)=67 +15

1.85 1.9 . 2 . 1.8 1.85 1.9 1.95 2 1.75 1.8 1.85 1.9 1.95 2

Invariant Mass (Kp) (GeV/c?) Invariant Mass (Kp) (GeV/c?) Invariant Mass (Kp) (GeV/c?)

Open heavy-flavor measurements: Sarah

Louise Lapointe, Thursday@19:00, Parallel IV
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% Nuclear modification factor; D-mesons NI
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arXiv:1203.2160 [nucl-ex]

N

_ o ALICE
-200 .
Centrality 0-20% 0-20% centrality

Pb-Pb,\s, = 2.76 TeV

Raa Prompt D

Average D°, D*, D™, lyl<0.5
Charged hadrons, Inl<0.8

CMS non-prompt JAp, lyl<2.4
ntt, ml<0.8 (Preliminary)

DY, D*, D* Ry, compatible within statistical uncertainties

For 0-20% a suppression of ~3-4 for p, > 5GeV/c

For 40-80% a suppression of ~1-3 for p, > 5GeV/c

Similar R,, with non-identified charges but systematically higher

0000
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€ Heavy flavor elliptic flow NI
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Pb-Pb  {s\,=2.76 Te
Centrality 30-50%

Charged hadrons, EP, Dh|>2.0
D°, EP 2 Df bins
D', EP 2 Df bins

Empty box: syst. from data
Filled box: syst. from B feed-down

8 10 12 14 16 18
P, (GeVlc)

Elliptic flow measured with the event plane method at two centralities
First indication of a non-vanishing v, for D°

Elliptic flow values compatible with the charged hadrons within the large
uncertainties.

D00
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ALICE topics @ ICFP not covered in this talk
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Femtoscopic results: Dhevan Gangadharan,
Friday@18:45, Parallel |

24 Directed flow: Gyulnara Eyyubova,
50 Friday@19:35, Parallel |
) X Baryon/meson “anomaly”: Christian Kuhn,
Friday@16:20, Parallel I-1
— 1.8 - - )
G.E [, op. . N J/¥Y measurements: Christoph Blume,
o ' X 250 g Pb-Pbal Thursdav@19:25. Parallel IV
1.4 . 7 < 2: et < 1'4; D E/M dissociation: Pietro Cortese,
1.2 + L [ Preliminary x 12:_ IHLICF . Fr|da.y@1620, Parallel IV-1
1| - B : N P e O | Pb-Pb single EMD
151 e o — p
0.8 7 i ihga 'H S 0k
i atvrry, 08 —H D
v i W
0.6F +H %
s O 10
l *'5
04 (]
: o
- RELDIS
o) IS i e LHC|5,=276Te
0 50 1 i O SPS |Sgy=76GeV
10—1 II 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 11 IIIIII| 1 IIIIIIII 1111
1 10 102 10°® 10* 10° 10° 107

arXiv:1203.2436 eff
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Instead of a summary...

Centrality
® 0-10%

= 10-30%

a2 30-50%

¥ 50-80%

, (fit)

Pb-Pb \\% =2.76 TeV

pp Vs =276 TeV ALICE

PRELIMINARY

(GeV/c)™

PRELIMINARY

ALICE

PRELIMINRRY

=
=
H_ )

Charged Jets
Anti-k, R = 0.3
p:'“" > 0.15 GeV/c

o, (fit) (rad.) , o,

o
=
—
=
N
©
=
[
=
—~
—
Q
O
=
—
~—

o
C
©

] correlated error
[ shape uncertainty

1071
10 20 30 40 50 60 70 80 90 100 110

P, (GeV/c)

O Chiral magnetic effect studies
O Charged hadron correlations with the balance functions
O Fluctuations: electric charge, transverse momentum, multiplicity

p-Pb running in 2012

_2<p“<3-1<pn<2 GeVic

0 _4<pn<8-2<p“<3 GeVic

pp
Centrality
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Transverse energy

(GeV)

N\
e
©
~~
zZ
©

\V
~

N\
e
©
~

ALICE (from E": f

T
STAR
PHENIX

=0.55)

total

ALICE Preliminary
PbPb @ \/s=2.76 TeV

300
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% Thermal model NIE
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1 MeV

K/
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|dentified particle spectra (cont.)

Pb-Pb at \[s, = 2.76 TeV —=— 0-20%
—=— 20-40%

Bachelor : T —=— 40-60%
\ 60-90%
DCA Bachelor |
to Prim. Vix

|

Xi \‘-..-" tx

A\
Y DCA betweek Xi
— daughters

Preliminary B 2
error = \|stat” + sys
1111 l 1111 l ) l ) l )
5 6 7 8 9
- P, (GeV/c)

\‘-’-—; Prim. Vtx

Om

ALICE preliminary gp* — VISH2+1
PbPb, 2.76 TeV K* o vISHH-:.-.I

*p
= Hydro normalized o
:5_ data for p_< 3 Gellic

Spectra compared to hydro calculations
o VISH2+1: pure hydro
o VISHNU: hydro coupled to the hadronic
afterburner

Reasonable description from pure hydro

-k

=k

T

3]
S
-
O
=
=
©
=
=
=
©

IIIII|,|,|,| IIIIII|_|,| 1 IIIII|_|,| 1 IIIIIII|
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Nuclear modification factor

e 0-5% Pb-Pb \/s,, = 2.76 TeV
—— scaled pp reference o 70 - 80%

° 0-5%

o 70-80%
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P, (GeVlc)
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HLICE
Near-side 8 GeV/c <p[trig <15 GeVlc Away-side ALICE
20 \“TNN =2.76 Tev pl,assoc <pl,trig |h| <1.0
0-5% Pb-Pb/pp  60-90% Pb-Pb/pp
O Flat bkg W Flat bkg
o v, bkg ¢ v, bkg
8 10 2 8 10
V V.
pt,assoc (Ge /C) pt,assoc (Ge /C)
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Elliptic flow at high pt

arXiv:1205.5761 [nucl-ex]

vzﬁ; Ph>20}  F ALICE Pb-Pbys,=2.76 TeV 5-10% | 10-20%

V. B B D

V.{EP, |Dh|>2.0}

v, {EP, [Dh|>2.0}
v, '{EP, |Dh|>2.0}

4,

- 20-30% === p’v, WHDG LHC
[ Extrapolation

200
p (GeVic) p (GeVic) p (GeVic)

O Sensitive to path length dependence of jet quenching
d Finite v, and v; even for p, > 8GeV/c
d Quadrangular flow (v,) ~ O for p, > 8GeV/c
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Elliptic flow at high pt NIB@EF
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O Mass dependence visible even at high

pt ALICE h*+h" (10-50%)
Pb-Pb\/s\ =2.76 TeV p*+p” (10-50%)
p+p (10-50%)
p° PHENIX (10-50%)
p° WHDG LHC
Extrapolation (20-50%)

14 16
P, (GeVic)
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