ALICE @ LHC

Probing the most pertect perfect-liquid in AA ... and pp,
PA collisions
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Thermodynamics of strongly interaction matter

QGP:
Color deconfined

temperature

Chiral symmetric

quarkyonic ?:
Color deconfined
Chiralksymmetry broken

color stmesaconductor ?:
Color Cogper pairs

hadron gas:
Color confined
Chiral symmetry broken
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How do collective
phenomena and properties of
matter emerge from the

fundamental QCD
Lagrangian 7



Standard strategy

 |arge and dense: heavy-ion physics

> AA =» Npdf + pQCD + FF + collectivity

 Small and dilute: comparison measurement

> pp =¥ pdf + pQCD + FF

» PA =» Npdf + pQCD + FF



High multiplicity pPb and pp !
same as PbPb 7

ISy = 5-02 TeV
D%) - (60-100%)
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Toward a new paradigm

» Collectivity everywhere |

* A coherent experimental and theoretical
approach to statistical QCD from e*te-to AA
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ALICE en 2016
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Total size of the files
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o very stable operation

o high efficiency > 92%
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ALICE Performance 2016, pp Vs = 13 TeV
2016-10-03 05:04:48

Seen: 10.688 pb™'/ 12 pb™

Dimuon: 8.709 pb™'/ 10 pb

MSL: 0.505 pb™/ 0.6 pb™

VO HM: 3.724 pb'/ 4.6 pb™
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CALO low: 0.388 pb™'/ 0.5 pb”
PHOS: 2.591 pb™'/ 3.8 pb™

Integrated luminosity, pb

INT7:0.011 pb™'/0.014 gb;

01 Jul

Well on the way for 2016 targets according to previously
approved strategy
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FInal state



Final state: strangeness
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e Smooth trend with centrality
(charge particles density)
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Ratio of yields to (m+x*

e |dentical for pp, pA and AA

* Increase of strangeness
production with charged -
particle density

| O p-Pb, {sy, =5.02 TeV
* From pp to AA same | [ Po-Pb, sy =276 TeV
production mechanism at — PYTHIAS

work ? ;S
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Final state: spectra

* Radial flow is
- Increasing with centrality

- |dent|Ca| fOI’ pp, pA Global Blast-Wave fit to
. 7t (0.5-1 GeV/c), K(0.2-1.5 GeV/c) , p (0.3-3.0 GeV/c)

e ALICE Preliminary, pp, \s =7 TeV
_ |arger |n pp and pA at ' m ALICE, p-Pb, \s =5.02 TeV

. . + ALICE, Pb-Pb, \s =2.76 TeV
same multiplicity

Flow dynamics everywhere !
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Final state: baryon/meson

* Increasing ratio with centrality (radial flow)

* Coalescence: a new hadronization mechanism ? deconfined quarks “?

op @7 TeV  p-Pb @ 5.02 TeV Pb-Pb @ 2.76 TeV

ALICE Preliminary pp Vs =7 TeV ALICE p-Pb \s,, = 5.02 TeV ALICE Pb-Pb \s,, = 2.76 TeV

F——] VOM Class |, (dN_ /dn) =21.3 —e—] 0-5%, <chh/dn> =45.1 —e—] 0-5%, (chh/dn> =1601.0

—=— VOM Class X, (dN_ /dn) = 2.3 —=— 60-80%, <chh/dn> =9.8 —=—| 60-80%, <chh/dn> =55.5
(VOM Multiplicity Classes) (VOA Mult. Classes - Pb side)
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Final state hadrons: Ty = 155 MeV

SE Q4T
5 5
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Pb-Pb s, = 2.76 TeV, 0-10%
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¢ Extrapolated : : :
Model T (MeV)  x%/NDF]:

— THERMUS 2.3 155+2 2459 |
GSl-Heidelberg 156 £ 2 18.4/9 | : ; : : : :

- . .SHARE 3 W W
: : : : : : : : : 1 BR - 25%;

[
!
_|_|_|_|,|,||| 1||1|,|,|| ||nuﬂ ||||uﬂ ||1|uﬂ 1||||,|,|,|| ||||u|] |1|||,u|| 11

d
d
3
3
:
:
3
3

lIIIIIIIlIlIIlI

(mod.-data)/c ., (mod.-data)/mod.




QGP

Characterization
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Dissipation in the perfect liquid is minimal:

he QGP is transparent to fluctuations in the Initial State

non dissipative
hydro

Centrality 0-1%, |n| < 0.8
e |An|>1
——— Vu345{2, [An| > 1}
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1. Initial conditions
- non equilibrated
- oversaturate f(x, p) ~ 1/a
- anisotropic pt < p.
2. Pre-equilibrium stage = rapid hydro dynamisation
- determined by effective kinetic theory (if dynamics is perturbative)

- qualitatively understood in models of gauge-gravity duality (if dynamics
IS non-perturbative)

3. Hydrodynamics expansion

- determined by very few thermal equilibrium properties calculable from
first principle in QCD)
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QGP: flow harmonics
Po-Pb @ 2.76 TeV

p. (GeV/c) arxXiv:1606.0605
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baryon/meson grouping — coalescence

vo = geometry of the collision
Vo mass dependence — velocity of radial tlow

Vns2 — Initial state geometrical fluctuations

21
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QGP: flow harmonics
0-Pb @ 5.02 TeV high multiplicity

ALICE
p-Pb Sy, = 5.02 TeV
(0-20%) - (60-100%)

0.5 1
Phys. Lett. B 726 (2013) 164-177

pA: hydro flow, as well | the embarrassing success of hydro
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QGP

DoF at high resolution scale
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QGP: nuclear modification, hadron

d*N* | dndp, Pb-Pb @ 2.76 TeV (same at 5.02 TeV)
<TxA>dzaflf / dndp,

RxA (pT) =

ALICE
0-10% Pb-Pb, | 5, = 2.76 TeV

Average D°, D*, D**, |y|<0.5

with pp pT-extrapoIated reference
Charged particles, m|<0.8
Charged pions, m|<0.8

e parton energy loss in QGP

* light flavor and charm
equally suppressed at
higher pr

i
5 10 15 20 25 30 35 40
p_ (GeV/c)

| 10.1088/1742-6596/668/1/012054
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QGP: nuclear modification, jet

* light flavor and charm equally suppressed at higher pr

e parton energy loss in QGP

ALICE Pb-Pb |s,=2.76 TeV Antiky R=0.2 [n | <0.5 P 5 GeVie| |

* Data O - 10% [ ]Correlated uncertainty Data 10 - 30% [ |Correlated uncertainty
& Shape uncertainty . Shape uncertainty
- JEWEL === JEWEL

Pb-Pb @ 2.76 TeV
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QGP: nuclear modification, jet

Lost energy not recovered

* more differential measurements on gomg energy flow,
PID, |-h correlations ——

ALICE ® Pb-Pb 0-10%

Pb-Pb | 5=2.76 TeV + Pb-Pb 50-80%
Anti-k

plrack >TO.15 GeV/c ¢ PYTHIA
T
Leading track p. >3 GeV/c

Pb-Pb @ 2.76 TeV o 0 1

[ ] correlated uncertainty
shape uncertainty
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QGP: nuclear modification

p-Pb @ 5.02 TeV

T+

- +
mE+E -05<y <0 05<y,, <0 forp <2.0GeVic

L0 - -03<y_ <0.3forp_>2.0GeV/c
e Q +Q 05 < yCMS < O K++K_ CMS T

-05< Y ous < 0 for p, < 2.8 GeV/c
-0.3< Y ous < 0.3 for p,> 2.8 GeV/c

* high pr, flavor-ingependent e, <0 forp <30Govc
suppres#i®n in pA/pp

-0.3< Y ous < 0.3 for p,> 3.0GeV/c

* No parton energy loss ?

ALICE Preliminary
NSD, p-Pb |\ s, =5.02 TeV

Uncertainties: stat. (bars), sys. (boxes)
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QGP: nuclear modification, jet

p-Pb @ 5.02 TeV

ALICE p-Pb |s,, =5.02 TeV Centrality classes (ZNA)
FastJet anti-k; jets, I;]Iabl <0.5 B 0-20%

. _ BB 20-40%
Reference: scaled pp jets 7 TeV == 40-60%

£+ 60-80%
—+— 80-100%

Resolution parameter R = 0.4

ALICE p-Pb |/s,, =5.02 TeV Centrality classes (ZNA)

‘ . astJet anti-k jets, In_1<0. B 0-20%
* Nno parton energy loss 7 | Fastletantik s n, | <05 - 020

Reference: scaled pp jets 7 TeV == 40-60%

= 60-80%
—+— 80-100%

R=0.2

Resolution parameter R =0.2

020 40
arXiv:1606.07424
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QGP

Transport properties & deconfinement
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QGP: quarkonia, J/V

e Competition between recombination (low prt) and dissociation (high pr)

* /s dependence (0.2 TeV — 2.76 TeV)

Pb-Pb @ 2.76 TeV

Inclusive J/yv — u*u’, Pb-Pb \ Snn = 2.76 TeV Inclusive J/y — p*u’, Pb-Pb \s,, =2.76 TeV and Au-Au \ s, = 0.2 TeV

m ALICE, 2.5<y<4, pT<8 GeV/c global syst.= + 15% B ALICE, 2.5<y<4, 0-20% global syst.= + 8%

PHENIX, 1.2<|y|<2.2, 0-20% global syst. =+ 10%
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QGP: quarkonia, J/V

* Competition between recombination (low pr) and dissociation (high pr)
/s dependence (0.2 TeV — 2.76 TeV)

e Hint for less suppression at 5.02 TeV

ALICE, inclusive J/y — p*u
Transport | s, = 5.02 TeV (TM1, Du and Rapp)
® Pb-Pb | s, =5.02 TeV, 0-20%

W Pb-Pb |s,, = 2.76 TeV, 0-20%

Pb-Pb 2.76 TeV /5.02 TeV

o
N

 55.02TeV, 52.76 TeV
Ran~  /Raa
— — A

o o

[ 3K e SN I NG )

12

‘ p. (GeV/c)
S i
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Pb-Pb, | sy = 2.76 TeV

A T (ALICE) 8<p <16 GeV/c, y|<0.8

B D mesons (ALICE) 8<p_<16 GeV/c, |y|<0.5
Non-prompt J/w (CMS Preliminary)

¢ HF transport 6.5<pT<30 GeV/ce, |y|<1.2 cms-PAS-HIN-12-014

(empty) filled boxes: (un)correlated syst. uncert.
(*) 50-100% for non-prompt J/y

 Mass dependance: ? | IH

f
40-50% BZI Eﬂ

50-80%" |#|

30-40% 20-30%

n* shifted by +10 in (Npart>
50

10-20%
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[» ] ALICE, e « HF
BAMPS el. | <0.7
BAMPS el. + rad.
MC@sHQ+EPOS, Coll+Rad(LPM)

- POWLANG with fragmentation

* HF transport:

v{EP, |An| > 0.9}

* Mass dependance: ?

e Thermalization: ?

20-40% PDb-Pb, \s\\ =2.76 TeV

| 10 12 14
| arXiv:1606.00321 p_ (GeV/c)
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p-Pb, |5 =5.02 TeV

° HF tranSpOrt: Prompt D mesons, -0.96<y__ <0.04

—s— Average D°, D%, D™

* Mass dependance ?
* Thermalization: '

* pA: No
- - -+ CGC (Fujii-Watanabe)
—— pQCD NLO (MNR) with CTEQ6M+EPS09 PDF
Vitev et al.: power corr. + kT broad + CNM Eloss

Kang et al.: incoherent multiple scattering

| 5 20 25
| arXiv:1605.07569 P (GeV/c)
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ALICE at LHC

so far...
- Towards a full understanding of HI dynamics

- Bulk and microscopic of QGP properties being
fine tuned

- Small systems: a new paradigm 7
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sSo far...

ALICE at LHC

Towards a full unc o2 L

Bulk and microsc(
fine tuned
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Small systems: a 506070

Centrality percentile
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Open questions

* [nterpretation of observables still complicated,
e.g.:

- Jet quenching: little sensitivity of Raa to color
density; energy loss of heavy quarks

- Azimuthal anisotropy: elliptic flow, higher
harmonics, heavy quarks, viscosity

* New challenge: perform precision measurements
of bulk properties with heavy quarks
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More challenges

e EXplore electroweak probes

- thermal photon/dileptons

- hard EW probes (y/Z-jet)

e |nitial state: gluon saturation 7



|_ooking forward...

« RUN 2: higher precision, more differential,

correlations, Fni x 10

« RUN 3-4: upgraded ALICE, rare probes (c, b),
ﬂnt X 100

 ALICE is unigue in low pi/mass measurements
and particle identification

39 Y. Schutz @ Etretat 201



| OOKINng backwara...

" " 4 30 Years of Heavy ions :
B T AR | il

9 November 2016 [ -Search
CERN

Europe/Zurich timezone

There is a live webcast for this event.

https://indico.cern.ch/event/457044/overview

Overview

Scientific Programme Starts 9 Nov 2016 14:00 CERN

Timetable Ends 9 Nov 2016 20:30 500-1-001 - Main Auditorium

Registration
Participant List

Videoconference ROOMS HeavylonCelebration_PosterFinal-print



https://indico.cern.ch/event/457044/overview

QGP: nuclear modification, hadron

a’zNg‘;:1 / dndp.

RxA (pT) =

(T)d’07; | dndp, Pb-Pb @ 2.76 TeV (same at 5.02 TeV)

ALICE \s,,=2.76 TeV cent. 0-5%, | y | < 0.5
#h™ | n]<08 [¢¢ (prel)
Hn’+n+ BK#K+ @p+5
* light flavor and charm equally e = + = (prel.) cent. 0-10%
suppressed at higher pr i Yo + T (prel.) cent. 0-10%

e parton energy loss in QGP

6 8 10 12 14 16 18 20 22 24
pT(GeV/c)
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Final state: hadrons & nuclel

3., 313

= +2 Q+0° d AH+ H He
2 2 2

o

. ALICE Preliminary
Pb-Pb 1s,, =2.76 TeV, 0-10%

Dl

gp Not in fit
¢ Extrapolated

Model
— THERMUS 2.3
GSI-Heidelberg
=+ SHARE 3

ALICE Preliminary
Pb-Pb | s, = 2.76 TeV 30-40%

> Similar production
mechanism for h and d ?

3 4 5
P, (GeV/c)




Final state: ratio/strnnss

e Smooth trend with centrality
(charge particles density)

N
c
9o
Q.
O
ajend
O
g
©
oc

e |dentical for pp, pA and AA

* Increase of strangeness
production with charged -

particle density
ALICE Preliminary

pp \s=7TeV
* From pp to AA same p-Pb Sy = 5.02 TeV

production mechanism at Pb-Pb Sy = 2.76 TeV
WOrk “?
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