Overview of ALICE results

Biased selection: new & most interesting

% Mateusz Ptoskon ”/:”} A

]|
ALICE Collaboration S— ‘
ALICE




% Hot QCD in laboratory ’
atice  => Heavy-ion collisions at the LHC

QCD (lattice) predicts a

phase transition from QCD phase diagram
hadronic matter to a S
deconfined phase at high lattice results
De-confined Quark-Gluon Plasma
tempe ratu Fres 1st order transition ends
& E |
~ . . ~170 S

QGP at uw~0 similar to early 2| .

o o = Crossover
Universe (~few first us) ;& |

. . o Hadrons h ) '

FlrSt S|gna|5 Of QGP from 'S - Y Color Superconductor
SPS and RHIC R -\'““‘lf\"’;;ml_ 1
LHC: detailed studies of Baryon Density
QGP exploiting wealth and
abundance of [hard] probes
(heavy-quarks, jets, quarkonia...) LHC —a new era of high-precision measurements
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A Large lon Collider Experiment
ALICE oo ca TO/VZERO L3 Magnet | T\ corDE
y, 10, jets i Trigger = Cosmic trigger

PMD

Y multlpI|C|ty
TEE

—

Tracking,
PID (dE/dx)

Low p; tracking
PID + Vertexing

multiplicity Not shown: ZDC (at ~114m)
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Outline

ALICE
Properties & Tools
Systems: * Global event / system properties:
* Proton-proton — Inclusive spectra; Identified particles; mean p;
Ph “Blast-wave” fits (T, collective velocity)
([ ] -
P * Collective effects
* Pb-Pb

— Correlations, flow coefficients, v,, v,
(propagation / energy dissipation)

e Qutline of this talk: Heavy-flavour — energy loss and thermalization

— Selected subjects from
soft and hard probes

— Production vs. multiplicity; suppression and v,
Quarkonia — QGP vs. Cold Nuclear Matter

— Focus on p-Pb and — Production vs. multiplicity; suppression in Pb-Pb;
signatures of collective V,; suppression/enhancement in pA
effects e Jets

— Summary — Rjs—inclusive production in pp and AA; jet

structure; test of N scaling in min. bias pPb

binary
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ALICE

GLOBAL EVENT PROPERTIES



Global event properties:
mean p- vs. multiplicity

arXiv:1307.1094

I
ALICE, charged particles |
I7l<0.3, 0.15<p_<10.0 GeV/c | Proton-proton and pPb follow the

same trend up to Nch~15; however:
this is 90% of pp x-section and 50%
of pPb x-section (different biases)

pp and pPb — much stronger

0.65 increase than in PbPb

L | Al
e n
L i
0.6 i
- L n
L "
v

0.55 &

0.5 [P = p-Pb s, =5.02TeV
E A Pb-Pb\s,, =276 TeV |

[ | | | | | | | | | | | | | | | | | [
0'450 20 40 60 80 100
Nch
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Global event properties: /
ALICE mean p; vs. multiplicity

S ] e n-proton: PYTHIA - strong incr with
= 17 pp IS=7TeV 4 ALIGE, charged particles Proton-proto strong increase wit
S o[ ®Data o I91<03, 0.15<p <10.0 GeVic ] Nch attributed to Color Reconnections
2 : ] between hadronizing strings - a collective final
PYTHIAS, tune 4C ]
¢ without CR :
< with CR E
S 085F p-Pb |5, =502TeV 1 ° pPb:
8 O8Fmpata g — £ * Glauber MC (incoherent p-N’s) using
SO0E ; measured <pT> in pp does not work
065F E e Coherent effects via strings from
X O DPMJET E .
005;2 T 0 HUING ; different p-N?
05 el E « EPOS includes collective effects.
0.45 & . — Glauber MC =
S o7f ]
> r
8 065:
= * Pb-Pb: DPMJet gets trend right. EPOS has
Q i . . . .
R different shape for very peripheral collisions.
0.55 | g il
05 Pb-Pb (5, =276TeV 1
A Data ]
0.45 & . ! .
0 20 40 60
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ALICE

IDENTIFIED PARTICLE PRODUCTION



ALICE: Particle identification
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ALICE

PP

7 TeV

10
TKK' KpdpAZEQd3He3H

K'+K p+p 2A E+E5 QY d °He AH+{F o K*+K*
T+ T+ KZ T+ T+ p+P d T+ K'+K K'+K
ALICE Preliminary °pp\s=0.9TeV
0.4 | °*pp \s =276 TeV i
*ppis=7TeV J
5 z 5 to
¢ °
0.2 | .
v
A § A
fae : R
: — o ° :
s . = :
o Lx . x3 © x05 i x30 : x250 : x50 i x100 : x410°: x2 i x1

pp: no significant energy dependence
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ALICE
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TKK' KpdpAZEQd3He3H

K'+K p+p 2A E+E0 Q4O d °He AH+H o K*+K*
T T+ KO T+ T+ = d T+ K*+K K'+K
S pP+p
L ¢ BR =25% ¢ qp
i ALICE Preliminary * pp\s=7TeV
¢ Extrapolated (Pb-Pb 0-10%) * p-Pb \s,=5.02TeV
04 T . .
¥ Extrapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% m
i ' ' * Pb-Pb \s,, =2.76 TeV, 0-10% .
L . ol 4
p-Pb - INEIE R A T B R N |
L -ty - + i"
Pb-Pb o2 N O T BRI R B B B 4
o i &% | STl I A - —
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Poster on hadronic resonances
by Enrico Fragiacomo

Strangeness enhancement
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% Thermal fits in Pb-Pb
ALICE

* Equilibrium models yields T =156-157 MeV
— But with %?/ndf of about 2

- - - 3., Sy
min KK o KK p+p TLE Q40 AP+ H
2 2 K T3 ¢ 7 A > 7 He
(model —data) / o .., _® 0
\b% T F : : - - : :
§ 2 SRR EPEPEPEPEPEPE REPEPEPEPIPLY I ,"-"| ............. , ............. , ............. e e ; Il-“__
-8 0 B SRR S AW XX L SOTORR . LL..IL L FOPPUPPI MFOVUTOTS AT SOTPROROS S ) -.,",_
ol C vy : , : T N N
g _2 - rrr— PP PRI e e e — T PP PPPPRE PP PR 3
= 4 EThermus 2.3 G5l SHARE3 i i I S S S S :

THERMUS: CPC 180 (2009) 84 | GSI: PLB 673 (2009) 142 | SHARE: arXiv:1310.5108

e Fits without the proton (and K*) Physics origin?

— similar T, V but x2/ndf drops from e Non equilibrium thermal model
about 2 to about 1 e Baryon annihilation
e Freeze-out temperature hierarchy

—> proton anomaly?
P y * Incomplete hadron spectrum

Poster on hadronic resonances
by Enrico Fragiacomo
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ALICE

Pion/Kaon/Proton p. spectra
in pp and Pb-Pb

Radial flow ( mesons - protons — mass dependence)

13

10
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E

¢ 0-5% Pb-Pb

HLICE
PRELIMINARY
* 60-80% Pb-Pb \
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Baryon/meson anomaly
- Radial flow / recombination?

of jet fragmentation?

Jet quenching / modifications
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Baryon/meson “anomaly”
ALICE
o 22 [
¥ 3 ly|<0.5 STAR: Au-Au at |s,=0.2 TeV
|< 2¢ = AK205% - AKC 0-5%
OK » 1.8 ;_ -8 MK 60-80%  -o- A/Kg 60-80%
= 16F ‘%’ + ALICE: Pb-Pb at 5,,=2.76 TeV
1.4F I% ﬁ‘. —— Ak 05%
1.2 f— H; ¢ q] —4— MK 60-80%
s K
1 ‘>.\ systematic uncertaint
- l# ¢ Theory)(l'J-S% '
0.8 3 “ . T — Hydro VISH2+1
0.6F %i % i 0 7 Becomonatr
ol
0.2F ﬁ;%;—‘{;— ...... : ........... ‘.
o 11 e
0 2 4 6 8 10 12

P, (GeV/c)

* Integrated ratio independent of centrality (L/K° ~ 0.25)
* Intermediate p;: A/K° ratio enhanced in central Pb-Pb
e consistent with radial flow

* High-p;: ratio consistent with vacuum-like fragmentation.
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. NA/K? in jets and underlying event

ALICE

Qy 2AprTrTTTTITTTT T IR B IR
f 22—ALICE p-Pb, \s,, =5.02 TeV —:—ALICE PD-PD, | S, = 2.76 TeV 3
. . . < 2— ﬁOS/ —;— hosv =
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with vacuum 1E i ;ffﬂ‘ﬁ% ;
. 1E F  j ol =
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. . SE . EN
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% Collective Flow of QCD Matter

ALICE

N
Reaction plane Py @ = arctan Py

px
, _\ 15 CCl— px
Sy INTERATIONS

( hydrodynamics? ) <p2> 3 <p2>
X y

X v, =
()=() el
E = <y2> N <x2> Final momentum anisotropy

Reaction plane defined by
“soft” (low p;) particles

Ap=p—1

Initial spatial anisotropy

Reaction Plane

dN

Elliptic flow dAgp x 1 -+ 2@COS(2AS@)
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v, of identified particles
ALICE arXiv: 1405.4632

e Mass ordering for multi-strange baryons ALICE 40-50% Pb-Pb s, = 2.76 TeV
* Described by hydrodynamical model(s) epﬁ " 40-50%
ALICE 10'2070 Pb'Pb m = 276 TeV & 0 1_*A+X ol Wosessss’ el %
> | e -
0.4opt KE < e 8 %
0 = g '
Ks  ®p+p o 0.5 ']' %
) =]
— 0.3 = o
2 ok
o ol o
/\ O 2 | | |
— . 0 1 2
ﬂ: pT/ ng (GeV/c)
N
@ 0.1
N ALICE 40-50% Pb-Pb \'s,, = 2.76 TeV
LB em ok =pp40-50%
0 15 g o0 *A4ATE +E
p- (GeV/c) <
* V,/n,scaling at the LHC less obvious (within ~20%) =
Not shown: v, and v,(p;) — mass ordering reproduced by
hydrodynamic calculations with very small viscosity to o5l

entropy ratio: n/s ~ 0.2

pT/ ng (GeV/c)
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Flow and particle mass... 18

ALICE Focus on the d meson . 140463
* Pb-Pb: Hydrodynamics + hadronic
scattering model struggles with v, A e 550
"p+p 0
* v, at low p; follows mass ordering & osf=aa »=
* v, at high p; close to pin central and 2
close to  in mid-central =
= 1.41 v,/hydro vs p;
o 1.2F 1 - =
S | o= A
< ]
> &
N Lo
=




ALICE

Flow and particle mass...

19

Focus on the d meson ar:140s.045

* Pb-Pb: Hydrodynamics + hadronic

rescattering model struggles with v,

* v, at low p; follows mass ordering

* v, at high p; close to p in central and

close to t in mid-central

* In central collisions p and ¢ p;
spectra: similar shape up to ~4 GeV/c

* As expected fro
e Similar in p-Pb?

e Mass (and not number of
constituent quarks) is main

m radial flow

Ratios ton

-1
. 10

driver of v, and spectra

in central Pb-Pb collisions |

M. Pl

1tk

=
80-90% s

0-10%
(b) -
- .-
w
& &
* Centrality 0-10% S
® L p/n
' » p/m (rebinned)
f e (/m x4.8

Pb-Pb: p/¢ ratio vs p; |

TUTU76 ]
+ 20-40% ]
= 60-80%
v 80-90% ]

Pb-Pb \j SN = 2.76 TeV ]
PR R BTSSR S N S S SR B S S |

| p-Pb: p/¢ ratio vs p; [

L ©®0-5% ]
+ 60-80% b

PToTS\\ - J0E TeV - UUsy<U

VOA Multiplicity Event Classes (Pb-Side)

60-80%

111




ALICE

20
“Hard probes” of the medium

J
q: fast colour triplet

G~ {ar)/X = (a1)/(po)

Induced )
gluon R
radiation > <(> Transport coeff.
= ng
—— ntttal gluon
Q: slow colour i Energy dy olews?t
triplet = \Q& ' loss ? ./ J
_ Critical
QQ: slow colour » Tc
singlet/octet <Dissociation tencperature
g e ¢ and energy
v*: colourless — density
v-: colourless e Controls
QCD medium

M. Ploskon, ALICE Overview, Meson 2014
Figure: d'Enterria arXiv:0902.2011
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Quantifying nuclear effects: R,;

ALICE

R “QCD medium”

“QCD vacuum”

Yields measured in AA (or pA)
per binary N-N collision

Yields measured in pp collisions

R > 1 —enhanced particle production
R =1 —no nuclear effects
,,,,,,,,, » R<1-suppression

Sometimes useful to take the “vacuum” reference
""""" > asyields in peripheral events — defined as R,

& (quenched) jet

M. Ploskon, ALICE Overview, Meson 2014
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Jet quenching: Jet R, ,
ALICE arXiv: 1311.0633

- Complete jet Ry, (R=0.2) Rcp Of charged particle jets (R=0.2)
>3 Pb-Pb ys = 2.76 TeV - with respect to 50-80% centrality class
o 0-10% Centrality n 2
I Charged+Neutral Jets O - Ch. particles Jets 3
Anti-k, R = 0.2 [n|<0.5 185 =
Leading charged track p, > 5 GeV/c m - ALICE ALICE Ch. Jets R=0.3 A
1 P 0.15fGeV/c 1.6E1 * | (0-10%)/(50-80%) | ® | (0-10%)/(50-80%) =
- . iased pp reference m .
road 1 LN D04PAS s of 7 (0-5%)/(50-90%) | | (0-10%)/(60-80%) E
Sys. Unc. not included "TE
| T poepb (s ToV |
0.8 4
{ 0.6 naTYh e
% 0 4:_ —Q—’_E];’Q T | N
R I'ﬂ‘”_ -
[ ALICE 0.2
PRELIMINARY C | ) | | | | L1
O 1 l 11 1 1 | L1 1 1 | 11 1 | | 1 1 1 | 111 O 2
50 100 150 Zth 250 30 10 track ot 10
) ch+em rac
Pb-Pb: Pl et (GeVic) pT ; pj-l- (GGV/C)

* R,,: Strong suppression in most central collisions R~0.4
R.p(50-80%): Similar suppression for jet radii R=0.2 (shown) and R=0.3
* Moderate p; dependence (plateau at R,,=0.4? similar to hadron R,,)
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QGP properties... 23
attce Charm suppression < Jet quenching

Studies for colour charge and mass dependence of parton energy loss

* D-mesons measured at mid-rapidity V|a 5
hadronic decays m<

1.8
1.6

ALICE

PRELIMINARY

* R,,-suppression pattern (ratio of yield Average D°,D*,D", |y|<0.5, 0-7.5%

in Pb-Pb to yield in proton-proton) 1.4 o with pp p_-extrapolated reference
shows a strong deficit (jet quenching) {2 o Charged particles, n|<0.8, 0-10%
1 = Charged pions, n|<0.8, 0-10%
* Quenching: charm at high-pT similar to 08
light flavor
0.6
e Possible hint of colour charge effects at 0.4
low-p; (below 10 GeV/c) 0.2
— =>need better precision (outlook for 0
next years and upgraded detector) 0 5 10 15 20 25 30 35 40

o (GeV/c)

M. Ploskon, ALICE Overview, Meson 2014



ALICE

Jet quenching and non-zero v, are closely
related — signature of the physical

properties of QGP:

 QGP is opaque to colored probes

* In-medium energy-loss depends on the

path length
r:r::E 151 Pb-+Pb_\/sT,N = 2.76 TeV 0-5%

® T4
A p+p

[ sys. uncert. ALICE

PRELIMINARY

1
% i
1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
14 16 18

20

0.3

0.2

0.1

0.15

0.1

0.05

p XGeV/c) _
M. Ploskon, ALICE Overview, Meson 2014
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v, at high-p;andR,,

Physics Letters B 719 (2013) 18-28

- ALICE WOW h*+h (10-50%)
—Pb-Pb\[s =2.76 TeV m wr+n (10-50%)
A  p+p (10-50%)

B Ata, v 7 PHENIX (10-50%)
. %, = 7° WHDG LHC
- @0 4 Extrapolation (20-50%)
i CY
AN
e

L Yg) B ii)f A +
- ®
s v
_ _________ . Q.v ;

O s o
_ '
IS
_. M| P | | L | | | |
N A
- Rk i A
L u':% +
B g? L
) »

v o by b by by by by
0 2 4 6 8 10 12 14 16

P, (GeV/c)



ALICE

Challenge for theory — consistent description%5
of charm production and its v,

Q 2:I T TT I T TT I T 1T I LI | T TT | T T | 1T | T TT I: 8 [ I I T 1T 1 I 1 1 T 1 1 l T 1 1 | T T 1 I T T I 1T 71 I T T 7T I_
‘g_ 1.8 Average D°,D",D* Pb-Pb,\ S=2.76 TeV %% 34 = 0.4:— %I% Pb-Pb  |s)=2.76 TeV
e - |Y|<05 0-7.5% Centra“ty PR?&}IC“E“ . E - PR‘ELI;EI(E“ERY Cen'[l’all'[y 30-50% 7]
o 1.6 ] o 0.3 ]
:E 1 4:_ Filled markers: pp rescaled reference _: & - ]
oc ' i Open markers: pp pT-extrapoIated reference E >‘\l 0. 2:_ _:
1.2 — N ]

| ] 0.1F & I -
--------------------------------------------------------------- — - & ;5*.'---’—1 * —

1} WHDG rad-+coll . - : S p o ]

0 8_—\' —  POWLANG (Beraudo et al.) ] 02“_/\ B
b BAMPS ] - 0 _ .

O 6 B - .-Rapp et al. ] - @ D', EP 2 Ad bins # n

~r " . o IR | Aichelin et al, Coll+LPM rad i

0.4F Hﬂ m B " == Beraudo et al, Langevin HTL .

r . C WHDG rad+coll 1 ]

C _ﬁ_ . -0.2F~- - - Rappetal. —

0.2_ ﬂ "‘H_ H - 0 - Empty box: syst. from data |

- &_E: N e BAMPS Filled box: syst. from B feed-down_]
_1|1|||1|1|1|1||1|1|1|||l|||1|1|||l|1|1_ _Ill|lllllll|lllllll|lll|lIl|ll||l|||‘

O0 5 10 15 20 25 30 35 40 0 2 4 6 8 10 12 14 16 18

p, (GeV/c) p, (GeVrc)

* The simultaneous description of D meson R,, and v, is a challenge
to theoretical models
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Challenge for theory — consistent *°
ALICE description of HFE and its v,

2 LI LI LI L LI L LI LI LI A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
< [T | I | | | | | n T | | I | T ]
< I Pb-Pb, \Sny = 2.76 TeV, 0-10%, i|<0.6 1 2 03F e ALCE: Pb-Pb, | s, = 2.76 TeV, 20-40%, |n|<0.7
oC 18k NN E c - NN :
g Pt e pp ref (scaled cross section at 7 TeV) . o - == BAMPS ]
o L % pp ref (FONLL calculation at 2.76 TeV) ] O 0.25F -
5 1.6 ...BAVPS 1 @ - Rapp et al. % |
Q@ [ = - Rappetal 1 @ [ m POWLANG .
O 14F e POWLANG 1 & °%9F ALICE
8 1 2 ; _-: 8 : PRELIMINARY :
S L ALICE 1 D oasp 3
© . 1 5 - .
5 Y i o " ]
o E\“ 1] & O ~
(>3 08 — 9 - - e B 7
= [ ,5 i > N ]
= 06F % = 1 S70.05F =
5 F N\ 1 3 &
S oaf - ~ 1 T ok =
L 7 “H‘E- ] N .
I 'mm L -I-l-‘l“~ ‘lh-_. N i
02F * 1 -00sF =
O [ L1 1 I L1 1 I L1 1 I 11 I 11 I L1 1l I L1 1 I L1 1l I L1 1 u 1 L 1 I 1 1 1 I 1 1 1 I L 1 1 I L L L I 1 L L I 1 1 1 7]

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14

P, (GeV/c) P, (GeV/c)

* The simultaneous description of heavy flavor decay electrons R,, and v, is a
challenge to theoretical models

* Not shown: J/y: v, >0 at LHC; R,, LHC > R,, RHIC for most central events
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% D vs. B mesons R,, vs. centrality
ALICE

D’s 5-8 GeV/c— NP J/ 3-6.5 GeV/c D’s 8-16 GeV/c — NP J/{ 6.5-30 GeV/c
§1.47\ 1T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ 1T \7 §1.47\ 1T ‘ T T ‘ 1T \‘AI\_I\C\E\F" \I.\ \.\ ‘ T \D\ T ‘ T T ‘ T \7
i i ] i " reliminary D mesons ]
= - - é:;;(:ESPGreel{/n/]cl;nT;?;oDén esons | = B 8<pT<16 GeV/c, |y|<0.5 |
1.2 A Correlated systematic uncertainties — 1.2~ Correlated systematic uncertainties  —
i % (] Uncorrelated systematic uncertainties | i [ Uncorrelated systematic uncertainties
1; ****** | e T 1; ****************************
L | ® CMS Preliminary Non-prompt J/y - ® CMS Preliminary Non-prompt J/y 1
- 3<pT<6.5 GeV/c, 1.6<|y|<2.4 g - 6.5<pT<30 GeV/c, ly|<1.2 3
0.8 B [] Systematic uncertainties H 0.8 B [ Systematic uncertainties ]
L + Il CMS-PAS-HIN-12-014 | L H CMS-PAS-HIN-12-014 -~
0.6 $ IH Iﬂ -+ osl- E| EI .
0.4 EI $ - o4 4 |
0.2 (¥ m | o2 [] E -
- Pb-Pb, \s\ =2.76 TeV i - Pb-Pb, |5 = 2.76 TeV i
i 1111 ‘ 1111 ‘ 1111 ‘ | ‘ 1111 ‘ 1111 ‘ 1111 ‘ 111 | i L1 11 ‘ 1111 ‘ | ‘ 1111 ‘ L1 11 ‘ 1111 ‘ | ‘ 1111 |
0O 50 100 150 200 2_50 300 . 350 400 O0 50 100 150 200 2.50 300 _ 350 400
(N _ weighted with N ) (N __ weighted with N )
part coll part coll

* p;ranges: similar kinematics for D and B mesons (measured via non-prompt J/{)
* simulations of decay kinematics used, i.e. in 8-16 GeV/c, in J/U p; range 6.5-30 GeV/c

Indication for larger suppression of charm than beauty
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% No nuclear effects at high-p; in pA

ALICE

R pPb

Rppp at high p; consistent with unity:
— for charged particles above 10 GeV/c
for charged jets up to 100 GeV/c

for DY, D*, D™ mesons (mid rapidity)

for b 2 e decays (mid

— forW—>u
N T 1 17T I T 1 17T l LI B | I T 1 17 I L I T i
- ALICE p-Pb, {5,=5.02 TeV
1.6 o Average D°, D", D" E
0.96<y__<0.04
14— —
1.2 ~ —
o G| e §
0.8t~ | .
0.6 - ]
0.4 —
--- CGC (Fujii-Watanabe)
0.2 ——= pQCD NLO (MNR) with CTEQ6M+EPS09 PDF _
=== Vitev: power corr. + k_broad + CNM Eloss
C 11 1 1 I 1 1 11 I 1 11 1 I 1 1 | 1 I 1 11 1 I 1 1
% 5 10 15 20 25

P (GeV/c)

for c, b 2 p decays (forward)

2_! T L

pPb

© qgf

1.6f

rapidity)

minimum-bias p-Pb
-~ =+ charged jets ALICE Preliminary
anti-k; R=0.4, |r7|ab|<0.5

1.4 E charged hadrons, NSD, |5 [<0.3

I normalization I

1 Il

[ I I

T T T l T T T
/Sy = 5.02 TeV

uncertainty reference +
Glauber (charged jets)

1 | 1 L 1 | 1 L L | L 1

1 1 1 l
0% 20

LI LA S B B S B B B B B N B B N B B L B

osf p-Pb | s, = 5.02 TeV, p*« c,b decay

- ALICE Preliminary

n

lllll lIlIIlllIIlllIlll

0.5 —— NLO (MNR) with EPS09 shadowing .

C systematic uncertainty on normalization ]
O'...l...1...1...1...1...1...1...1‘

0 2 4 6 8 10 12 14 16

M. Ploskon, ALICE Overview, Meson 2014 Py (GeV/c)

P

40 60 80 100
r V

p; 0 pT,jet (GeVie)

=> Binary scaling is
preserved, no evidence of
initial state effects

Jet quenching in Pb-Pb
collisions is a final state
effect (parton energy loss)



ALICE

QUARKONIA

M. Ploskon, ALICE Overview, Meson
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QGP Properties with 20
ALICE J/1p measurements

J/y measured with forward muon arm

Ihp—>pw
* Inclusive J/ yield lost in central < 14f
L. m m ALICE (Pb-Pb s, =2.76 TeV), 2.5<y<4 global sys.=+ 12%
Pb-Pb collisions as Compared to 1.0lé| @ PHENIX (Au-Au s = 200 GeV), 1.2<lyl<2.2  global sys.= = 9.2%
equivalent number Of pp CO”iSiOnS O PHENIX (Au-AU\/sTW=200 GeV), lyl<0.35 global sys.=+ 12%
_ Quarkonla ”meltS”.WIthln QGP 1 .................................... J/w SupprESSion ...................................
* LHC: Less suppression than at RHIC 4
and flat centrality dependence -
e =>jn-medium ccbar 0'6; H 4
recombination? 0.4
0.2 @ b @
* |Important: better knowledge of - hys Rev Lett 109 072301
initial state effects crucial — cold 0y 50 100 150 200 25(') 360 35'0 400
nuclear matter / shadowing / Event centrality part

QC'® O
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QGP Properties with -

ALICE J/1 measurements . 1100

* Inclusive J/1 yield lost in central < T4r

Pb-Pb collisions as compared to &
equivalent number of pp collisions

— Quarkonia “melts” within QGP

e LHC: Less suppression than at RHIC 0_8:

and flat centrality dependence

e =>in-medium ccbar
recombination?

* |Important: better knowledge of
initial state effects crucial — cold
nuclear matter / shadowing /
saturation

1.2

1

0.4

0.2

oL

0.6

J/y measured with forward muon arm
Jp—>prw

L ALICE Pb-Pb \/Tw =276 TeV
I @ Jy —e'e,lyl<0.8, pT>O GeV/c global syst.= = 13%
E| B Jy — u'u, 2.5<y<4, 0<p_<B8 GeV/c global syst.= = 15%
: g J/y suppression

N

hlgh statlstlcs 2011 data
1 1 | 1 1 | 1 |

O 50 100 150 200 250 300 350 400

Event centrality part

ODC@@
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p-A: Charmonia 0, vs event class

ﬂ LIC E 28 | 4 f wcusive v, vies) - ww ALICE Preliminary
G [ p-Pb |s,,=5.02TeV, 2.03 <Y < 3.53 (p-going direction)
1.2F .
* Q,is an experimental proxy for R , S L P-80INg |
. . . [ |
e J/p 2 yu: Multiplicity dependent osf B Y
suppression in p-going direction 06:_ -
— Independent of p; 04F 11)(25) N
— Shadowing region; <x>~ 10 02 '
o _ . _ ' Iow N = high N,
* No suppression in Pb-going direction o
— Anti-shadowing region; <x>~ 1072 _ 2N Eneray Event Class (%)
EE 1 4 [ Inclusive Jy, w(28) - (= ALICE Preliminary
] o C [ p-Pb\sy,=5.02TeV, - Pb g0|ng g direction)
e P(2S) =2 pu: Multiplicity dependent 1.2

suppression in both directions

* J/y consistent with shadowing

« 1(2S) additional effects at play

- Final state interactions? 02k _
F low Ny, = high N,

80-100 60-80 40-60 20-40 5-20
ZN Energy Event Class (%)
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p-A: Charmonia
ALICE

. QpA is an experimental proxy for Rpa J R R VS
e J/p 2 yu: Multiplicity dependent /w AA/ bA . pT

suppression in p-going direction A -
m& 1.4 | @ Ry (203<y, _<3.53) X R, (-4.46<y_ <-2.96), |S,,= 5.02 TeV
— Independent of p . (pretiminary)
T % 192 [ A Bpey (25<y_ <8, | 5,,= 2.76 TeV, 0-90%)
— Shadowing region; <x>~ 10 8 £ (an:1311.0214)
1 e e s ss s s s s ss s S RS EEEEE....-.. ’——H—-"THT-- -------------------
x

* No suppression in Pb-going direction
— Anti-shadowing region; <x> ~ 102

0.6 n
R, .pp X Rpp o2 proxy for cold nuclear : -
i . - 04f ———— |

matter effects in Pb-Pb ! " —

Caveat: sqrt(sy), kinematics ook RAA

: : [ o n PP 2.1 inamats s d procction.
Pb-Pb: stronger suppression at high pT N A A N P DU T

- not an initial state effect o 1 2 8 4 s 6 Gevio)

2

Increase of Ry, p, at low p; suggests
contribution from (re)combination

M. Ploskon, ALICE Overview, Meson 2014




ALICE

PROTON-LEAD COLLISIONS:
COLLECTIVE EFFECTS IN SMALL SYSTEMS?

M. Ploskon, ALICE Overview, Meson 2014
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% Identified particle R,

ALICE m“%

e "Cronin peak" around 3-4 GeV/c

 Shows dependence on particle type (mass)

— No peak for m, K
Rather pronounced for p, =

35

EERRNERRRERRRRE RERRERERE

Weak for ¢ B SN _
"0 5 10 15 20 25 30 35 40 45 50
P; (GeV/c)
g °f : -
= ’ 8:— ALICE preliminary |- ALICE preliminary [ ALICE preliminary
“F Pl : =
1.6 | - -
1.4 - - K —
12:_ II ‘ - I :_
- I —  I— - 1 1 I -
1ﬂ- g [. -E - --- iy -= -¢ T o5 it s s el e i B . SR * ------------------------------------
C BY, =T o
0.8 # ~ - —
o .. NSD, p-Pb | 5 = 5.02 TeV —L__[ -
0.6 ¥ [ = ] x4x,05<y,, <0 forp <20GeVic| NSD, p-Pb | s, = 5.02 TeV a NSD, p-Pb | s, = 5.02 TeV
0.4k 03<y,, <03for p >20GeV/c|— ' K'+K',-05<y_ <0 forp <28GeVic |- [ | Z4+F, -05< Y, s<0
1 . ™ M
0 2:_ [ = | p+p-05<y,, <0 forp <30GeVic L 03<y,, <03forp >28GeVic t_ all charged, Incmsl <03
: 03< yCMS<03forp >3.0GeV/c | all charged, "'cms|<°3 -
PN NN WO T N TN TN TN AT ST SO SO NN SO SN NN L PRI SR NS SR T NN ST S A N Lo b v T v b b o b v b o by oy o

P, (GeV/a), Ploskon, ALICE Overview, Mesoﬁ?f@@wc)
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~ pp R RE e e e e R R e p‘PB
) Nz
% Radial Flow 207 =& rjur| €
£ 0.16 D A ALICE
ALICE o1 AEEN
0.12 Q 2
= Q
. 0.1 . LI
* Blast-wave fits - a proxy for . %w—soa};ﬁvdl ®
: ultiplicity Classes (Pb-side
hydrodynamic modeling 008F L st e T
0.04 . PYTHIAS::::7T:V mh Po-P 'tg?ti)on)

— Coherent fit for m, K, p, K°, A,

0'0%.2 0.25 0.3 0.35 04 045 0.5 0.55 0.6 0.65 0.7

=, Q B
1?V m Idata/BWﬁt VS Pq |

) : ' 0.2-15 GeVic 3

* Atsame N, <p;>largerin  _ e’ . :
001SGeV/c 3

p-Pb than in Pb-Pb S S——

— Larger density gradient % ’ o.efg,,ZG;V,C:;

© YR Ge:V/c_é

.. 0838 GeVic ‘

* However <f;> similarly large TS
. 7 8 9 10

in pp and p-Pb (at same N, o728 o1y 25 P (@EV/O)
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Two-particle correlations in p-Pb

ALICE
The method: from the high-multiplicity yield subtract

the jet yield in low-multiplicity events (no ridge)

2<p;,,,<4GeVic p-Pb \'s,, = 5.02 TeV

1<p (0-20%) - (60-100%)
2<p,, <4GeVic p-Pb |5, = 5.02 TeV 2<p, <4GeVic p-Pb |[Sy = 5.02 TeV
1<p <2GeV/c 60-100%

0-20% Tassoc

g o 2
5 £
t§=1
2|S 04 o o
%3 al<=a
‘_|.g g'g .
=02 S5
,0.75
2 ~|_=

High multiplicity event class Low multiplicity event class
<dN_/dn>~ 35 <dN_/dn>~7

-2
Remaining correlation:
two twin long range structures

Analysis in multiplicity classes defined by the total charge in VZERO detector

(away from the central region)
M. Ploskon, ALICE Overview, Meson 2014
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Twin ridge structure in p-Pb
ALICE

2< Poig < 4 GeV/c
1<p, <2 GeV/c

ssssss

Remaining correlation described by finite

p-Pb \s,, =5.02 TeV . .
e amplitudes of Fourier terms

(0-20%) - (60-100%)

o
©
=)

B 0.88[—p-Pb sy = 5.02 TeV - Data
= - (0-20%) - (60-100%) ——— @, +a, Cos(2A9) + a, cos(3A0)
— S 086 2<p_<4GeV/c oo a, +a, cos(2A¢)
E 2 - 1<p e <2 GeV/c Baseline for yield extraction
e S o084 Tassoc o HIJING shifted
213 ® - +
z\5 s
Bls 082 e
~ﬂ§&w > B
=2 o B
4 -
2T

©
~
(o]

_¢¢¢¢¢$¢¢¢¢¢m¢¢$$m
0-76_| 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3| 1 1 1 1 4| 1 1 1

0 1 2
Azimuthal separation Ao (rad)

Further investigations reveal:
* the full modulation is (1) di-jets and (2) the ~ Similar observations in Pb-Pb are

double-ridge structure — nothing more ascribed to collective effects!
* Same yield near and away side for all classes of

pr and multiplicity suggest a common Number of explanations put forward raging

underlying process from hydrodynamic flow to CGC formalisms
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Twin ridge structure in p-Pb
ALICE with identified particles

Shown here: had ron-proton correlation (high-low mult. percentile subtracted)

h- :
g ALICE h-p
15< P < 2.0 GeV/c p-Pb V?NN = 5.02 TeV
(0-20%)-(60-100%) s
- Data — a,+ ) 2a,cos nAg fit
n=1

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

15< p.< 2.0 GeV/c

Py ==n=1 =+ n=2 _---n=3
o
g 0.0341" |An| > 0.8 (Near side only) Scale unc. = 5%
3l S
43 0.0331" ..
= X
%13 0.0324"
~— Zt

Jet peak excluded: An < 0.8

M. Ploskon, ALICE Overview, Meson 2014
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v, coefficient in p-Pb
ALICE PLB719 (2013) 29

PLB726 (2013) 164

o) 0.25 - LN S L IR LN BLNLELELEN BLELELELE N
= B ALICE |An| > 0.8 (Near side only) _
3 "~ p-Pb |5, =5.02 TeV .
T 021 (0-20%) - (60-100%) ]
S -~ mh AT ‘ % ]
0.15 _+_ —

- *K op i

n - - .

0.1 *—4‘_ [ ]

- 4= v 5

0.05 — —m— : = o | T ]

- —*—':t_; - -

O B L L L I L L L L l L L L L l L L L L l L L L L l L L L L l L L L L l L L L L 7]

0.5 1 15 2 2.5 3 3.5 4

P, (GeV/c)

Mesons (pions and kaons) following the same trend (<2.5 GeV/c)
Intersection with protons ~2 GeV/c
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% Comparison of v, in Pb-Pb and p-Pb

ALICE

High-multiplicity p-Pb collisions

50-60% Pb-Pb

—  0.25 frrrrrrr T e _
< N ALICE |An| > 0.8 (Near side only) ] ALICE 50-60% Pb-Pb |5y = 2.76 TeV
L")’. "~ p-Pb |5, =5.02 TeV § 0.4 . 4
a 027 (0-20%) - (60-100%) = ek
= N ¢ 1 __ 03 il w .
N L 1 i il ITLE N §
- xK P l 12 o2 Aiiﬁ
_ 4 = o LAY T :
ok 4% | A
- == ' | 19, o1 oiF '
= $ 1 > oA N
0.05 [ —— _+_ _ Q.F
T F m+ . °C
- - | | | |
- ] 0 2 4 6
O _I L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I L L L L I_ p (Gev/c)
0.5 1 1.5 2 2.5 3 3.5 4 T
p_ (GeV/c)

Similar features in p-Pb and Pb-Pb: mass ordering at low-p;
in Pb-Pb ascribed to hydrodynamics

- Not shown: more signatures for collectivity from cumulant analysis
M. Ploskon, ALICE Overview, Meson 2014



More from ALICE!

ALICE Ultra-Peripheral Collisions

* Coherent J/1 photo-production
(PLB718 (2013) 1273, EPJC 73 (2013) 2617)

- Countsvs M

- Countsvs M,

% "
> > 8 [tz
* FIrSt measurement Of EXCIUS“IE po gm o n ALICE Preliminary g U3 o ALICE Preliminary
‘5 200t Ny =579 £29 § ° Coherent enric hed
. © N my,, =3.092 £ 0.001 © 5_ | sample p, < 0.15 GeV/c
* First measurement of (2S) oy =0.024 +0001 1 | Qv
I o Like sign
. . F Nyog) = 184+ 9.3 :‘ Signal
photoproduction in a nuclear My = 3664 £0013 af | E
g Oy 2s, = 0.022 £ 0.009 ; Nyagy = 17:£4.1
target ooy b } )i :
e 1 I
- - T 7 et X g
- W(28) 2 I Ozf—’é:?az%““&% AL
9 |+| + M. (GeV/e2) My x» (GeVic?)
- 2S T+ T - ]
wi23) £ 18 Pb+Pb — Pbf dO(IP(ZS)/dv VSY  EPreliminary
: 1.6 | -l O¥2 o JRELIY Models with:
. ;g 14 :_ uncert” = star” + syst , ” . -In\m‘nlar- Approximation
* Strong model constraints L : v @
1.2 | == 1 STARLIGHT No Nucl. Eff R4 \, =2‘-ﬂd"ﬂ;-*mwna
H H [ e« STARLIGHT ’ — ) trong Shadowing
— Strong shadowing disfavored 1E  coounosnadonng ¢ .7 NN
. 08 == LM - ,"1 / ' \\."
— No nuclear effects disfavored 06 E o Soom g snat, 7 - N
F mimim ANEPSOS ‘ {r" N
0.4 E™ e GDGM Strong Shiad (/’_,- , N
0.2 S

Talk by Christoph Mayer I e e e
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ALICE

Run Il and Upgrade

Runllin 2015 -2017
— Updated detectors, readout, trigger

— LHC energy up to 13 TeV for pp
(~5.1 TeV for Pb-Pb)

— Factor 2-3 to 10 increase in pp, p-Pb and
Pb-Pb depending on channel

ALICE underway for physics in the 2020s
— New ITS and new TPC readout

_ Upgrade of the
— Increase data-taking rate by factor 100! Inner Tracking System

(= 50kHz Pb-Pb continuous)

— Heavy flavor, quarkonia, low-mass
dileptons, jets ...

M. Ploskon, ALICE Overview, Meson 2014
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ALICE

Summary

QGP is opaque to colored probes R,, < 1; signatures of
different energy loss for charm and bottom quarks

Collective flow measured for identified particles in Pb-Pb
collisions; features consistent with hydrodynamical nature
of QGP (RHIC: even at lowest Vs, )

Measurements of v, and R,, — complementary observables
— discriminating input to theory

Minimum bias collisions of p-Pb confirm jet quenching in
Pb-Pb is a final state effect

However, finite v, and other signatures of collective effects
are found in most violent p-Pb collisions resembling
findings from Pb-Pb collisions (!)

Intriguing suppression patterns for (2S) in p-Pb collisions
— signature of final state interactions?

Wealth of results — interesting learning curve ahead!

M. Ploskon, ALICE Overview, Meson 2014
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ALICE

EXTRA SLIDES

M. Ploskon, ALICE Overview, Meson
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% Broad view outline

ALICE

* Heavy-ion collisions at LHC energies

— Extract physical properties of the hot de-confined
QCD matter: T>>T_ at p, =0

— Must have: sensitivity of observables to QGP effects
* pA collisions: cold nuclear matter

— Understanding of initial state of AA collisions
— Must test: sensitivity of observables to QGP effects

e proton-proton collisions:
— Vacuum reference; p-QCD jet cross-section
— Single NN # single parton-parton interaction
— |s this the best reference for all observables?

M. Ploskon, ALICE Overview, Meson 2014
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Forward rapidity
VZERO-A amplitude (a.u.)

ALICE

Intermezzo:

800

(o2}
o
o

S
o
o

2001

1 1 1 1 I 1 1 1 1 I 1 1 1 1 lI 1 1 1 1 I
| ALICE p-Pb at \'s,,, = 5.02 TeV

Lo L | Ll

100 200 300

a0
Central rapidity N hits SPD

47

p-Pb multiplicity

P T T T I T T T I T T T I T
5 ALICE Pb-Pb at {s, =2.76 TeV -:". . .
©8000 E 10
() T 3
yol . i
= i
‘95000 41 410°
£ i
©
<
O
(T 4000 - 4107
L i
N
N i

2000 10

0 i 1 1 1 I 1 1 I 1 1 | 1 1
0 2000 4000 6000

Central rapidity N. hits SPD

Much broader correlation between different multiplictiy (event class) estimators
= expect different sensitivity (bias) to event geometry (Glauber! — Ncoll scaling)

M. Ploskon, ALICE Overview, Meson 2014
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Identified particles in p-Pb

ALICE
* Yields of pions, charged ¢

) LELELE BLELELELE BLELELEL BLELELELE BLELELEL B BLELELEL LI LA L
kaons, protons (TPC+TOF) 2 ¢k (e sopTey e 05% (20 B
and KOS, Lambda’s (|nv. 8 \ VOA multiplicity 5-10% (16x)
mass) 10-20% (8x) 3
* Binned in percentiles of e, aveonon
muliplicity of VZERO-A Lt
etector T e e individual it
* Fitted with blast-wave e :
* Not shown: studied <pT> T o
(mass ordering present) e
ol ey s by s by s s by sy by o by g by g by gy g 1y

* and ratios of particles 3 35 4 45
(dependence on dN/dh p_ (GeV/c)

similar in pp, pPb and PbPb)

M. Ploskon, ALICE Overview, Meson 2014
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Identified particles in p-Pb
ALICE

Lambda/Kaon ratio vs. charged particle multiplicity density 2 — A(chh/dn)B

ow AR LR | T T T T T T m 0.5 L L B L BN R BN BN BRI
f - —o— p-Pb\sy,=5.02TeV 260 <p_ <280 GeV/c (2x) ] 0.4F A/KZ=A (AN, /dn)® =
= - = Pb-Pb\sy, =276 TeV 2.60 < p] < 2.80 GeV/c (2x) ] = ¢ 3
. y=AXB —* ________ B T 035_ —E

i B_ ........ g ------ T 02;_ - _;

NCZ A v 0.1E =

"E nag® g A E 0F =
DR e ressae ; 04F 3

- @___@ Pb'Pb - 0.2 = =

B *0p9 p-Pb l _0_35_ —e— p-Pb|sy, =5.02 TeV _§

I 0.90<p_ <100 GeV/c (1x) | 0. 45_ p.ﬂlliE,?qu —=— Pb-Pb s = 2.76 TeV _i
10—1_ngl£Ezcn:nﬁv _ 05: A IR B BN B BT B
R U E U B 0 1 2 3 4 5 6 7

10 102 10° 10* p, (GeV/c)

dN,/dn
e Baryon to meson ratio:
* similar trend of p/pion ratio in p-Pb as in Pb-Pb per dN_,/dn
» follows a power-law with a same exponent B(p;) in two systems (although
in p-Pb much smaller than in Pb-Pb case) - similar case for proton/pion ratio

M. Ploskon, ALICE Overview, Meson 2014



50

Identified particles in p-Pb
ALICE

Lambda/Kaon ratio vs. charged particle multiplicity density 2 — A(chh/dn)B

OKUJ AR LR | Ty T T T T m 0.5 L L B L BN R BN BN BRI
[ ppis=7TeV 2.60 <p, <290 GeV/c (2x) ] 3 0 B 3

= - —o— PPb sy =502TeV 280 <P <580 Gevie (5 A 0.4F A/Kg=A(dNg/dn) e
< | —=— Pb-Pb s, =276 TeV T _ 03E =
------ . i §

i B_ ________ g--- 7] 02 :_ o _:

- BHE = E

1 | e PR R = i E
T hopsamenen) 3 oE E

C & @Eﬁﬁ 2:00:&:2:20 GeV/c (1x) -0.1F =

; Pb-Pb : : :
t._leﬁ.ﬁ '02 :_ —:

- - ~Aﬂ><ﬂ>§> p-Pb . 3 —o— pPbysy=5.02TeV 3

- 080 <p, <1.00 gewcﬂxg - '0-35 ALICE ™ Pb-Pb |5 =276 TeV 3

90<p <1 eV/c (1x = _ 3

ALICE pp 045 preimingry —4&— pp Is=7TeV -

-1 |_ PRELIMINARY _— - ' IR A T N N N T N T N T A NN N NN N NN N NN AT A A R

107 E R ——— Ll ] O'50 1 2 3 4 5 6 7

10 102 10° 10* p. (GeV/c)

dN,/dn
e Baryon to meson ratio:
* similar trend of p/pion ratio in p-Pb as in Pb-Pb per dN_,/dn
» follows a power-law with a same exponent B(p;) in two systems (although
in p-Pb much smaller than in Pb-Pb case) - similar case for proton/pion ratio

 Same trend in proton-proton collisions
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% Results from p-Pb

ALICE

p-A: Address cold nuclear effects and calibrate
findings related to hot QGP

A p-Pb collision at ALICE side-view

Valuable reference measurements for high-
p; physics
New unexpected effects...

Vs, =5.02 TeV

M. Ploskon, ALICE Overview, Meson 2014



% “Calibration” measurement — dN_, /dn)

ALICE
Pb R « P
c.m. frame shifted by Ay =-0.465
I | I T 'I<_ T I
o5 p_E’b \/ S 5 02 TeV
T T ;j/_'.’.-" ""“m\
20,_ / ............... S
a [
® [
5 154
} :
(& L e
S 0 HIJING:
- * ALICENSD ---- 51 no %hgg.
- —2.1s_=0.
- Sat. Models: 3
5-—— |P-Sat B§2.0 no shad.
" eee- KLN — BB2.0 with shad.
: ....... chK ........ DPMJET
| | | | | | | | | |
0 -2 0 2
T]Iab
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ALICE: arXiv: 1210.3615

Basic measurement allows to
discriminate between models

Data favors models that
incorporate shadowing

Saturation models predict

much steeper n-dependence
not seen in the data

M. Ploskon, ALICE Overview, Meson 2014



% Cold nuclear matter effects vs. e
ALICE jet quenching in Pb-Pb...

Ratio = particle yield in p-Pb per single N-N collision / particle yield in proton-proton

ALICE: arXiv: 1210.4520 . . .
(T T T [T T T[T T[T T[T T [T T T[T T T[T T T[T T [rTT ComanbIeWIthunlty

1.8  ALICE, charged particles
" e p-Pb |5, =5.02TeV, NSD, |n_ <03

1.6 pp-po \Syy = 2.76 TeV, 0-5% central, | n| < 0.8
A Pb-Pb \s,, =2.76 TeV, 70-80% central, | n| < 0.8

above 2-3 GeV/c

=> Binary scaling is
preserved, no evidence of
initial state effects

Jet quenching in Pb-Pb
collisions is a final state
effect (parton energy loss)

II|III|IIIIIII|III|III|III|III|III|II

_IIIllII|lII|llllllllllllllllllllllllIIl_

0 2 4 6 8 10 12 14 16 18 20
pT(GeV/C)

eson 2014
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News from R, , of identified particles

s | Pb-Pb/pp |/s,,, = 2.76 TeV
. m . ® o 0-5% ) q) 0-10% uncertainties: stat. (bars)
Same RAA for J'l:, K, p at hlgh'p-l- . R uncertainties: sys. (empty boxes)
A K* 0-5% ¢ E4Z 0-10% uncertainties: norm. (filled boxes)

within uncertainties AND D-mesons

] * p+5 0-5% ° Q_+§+ 0-10% extrapolated points (shaded boxes)
¢$ in 0-10%: 2
 Similar to proton below 2 GeV/c | ALICE
* Between pion and proton above | PREIMINARY

2 GeV/c

= Ry, compatible with protons

Q —large R,, consistent with
enhancement in Hl collisions;
however, largely due to the
suppression in pp

l '
s
=
|

0 1 2 3 4 5 6 7 8
M. Ploskon, ALICE Overview, Meson 2014 ’DT (GeV/C)
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Flow of heavy-flavor muons

ALICE
NEW,
[aY] . |
= — - T~y -
= o2sf- % Pb-Pb collisions, {s,,=2.76 TeV
0oF 2.5<y<4
~ 21
g _ ALICE
@ 0.15F preLIMINARY
o - .
o [ :-_-
3 005E —--'"’::___.E__‘__ . S
T T e
> E
S -0.05
L 0.1 f_ E ALICE, centrality 20-40%
- BAMPS, centrality 30-50%, Phys. Latt. B717 {2012) 430
015 , ,
I~ === = = Rapp et al., centrality 20-40%, arXiv:1208.0256
_02:|||||||II||III|IIII|IIII|I|II|I|II|IIII|IIII|IIII
"0 1 2 3 4 5 6 7 8 9 10

P (GeV/c)
20-40%: v, of HFM similar as for HF-electrons in central rapidity
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Heavy-flavor electrons
ALICE

* Pb-Pb: Heavy-flavor electrons at |n|<0.7 and heavy-flavor muons at 2.4<|n|<5
e Similar suppression pattern (centrality dependence) for muons and electrons

} 2 | 1T | T T | T T | T | T T | T T | T T | T T T T i E 2 | T T | T T | T T | 1T | T T | T T | 1T | LI B N B | ]
T, g [ Pb-Pb centrality: 0-10% 1 Tyl NEW 1
1 6 :_ Pb‘Pb, \ SN = 276 TeV PELI;P}ICN:RERY _: 1 6 :_ Pb-Pb, \ SN = 276 TeV PELI;EIEFEY _-
T A Heavy flavour decay u* 0-10% central, 2.5<y<4.0 i T A Heavy flavour decay p* 40-80% central, 2.5<y<4.0

1.4 L Heavy flavour decay e* 0-10% central, |y|<0.6 _ 1.4 L Heavy flavour decay e* 40-50% central, |y|<0.6 _
" [ e with pp ref. from scaled cross section at Vs = 7 TeV ] "I e with pp ref. scaled cross section at s = 7 TeV ]
{ o * withppref. from FONLL calculation at (s=276TeV - 1ok % with pp ref. FONLL calculation at Vs = 2.76 TeV B
e HF Electrons - midrapidity A L }
0.8} 0.8} i ]
0.6} 0.6} - .
0.4f 0.4 Pb-Pb centrality: |
- - 40-50% electrons ;
0.2} ] 02r 40-80 muons
0 i 1 11 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 11 | 1 11 ] O i 1 1 1 | 1 1 1 | 1 1 1 | 1 1| | 1 1 1 | 1 1 1 | 1 11 | 1 11 | 1 11 ]

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
pT(GeV/c) pT(GeV/c)
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ALICE
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Identified R, — phi meson

* "Cronin peak" around 3-4 GeV/c

 Shows dependence on particle type
— No peak for o, K
— Rather pronounced for p, E
— Weak for ¢

Rpr

N
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1.4

1.2

0.8

0.6

0.4

0.2

—

III[III||II|III|III|III|I

- ALICE Prellmlnary
- p-Pbat \s,, =5.02TeV

"'ll]l]‘l'l'l']' T
6o ->K'K,-05< y<0
q) ,-05< y<0
p, -0.5<y<0

-
.- |

.l...l..ll...l..

B—tlllllllllllllllllllllllllllllllllllllllllf‘

P, (GeV/c)
M. Ploskon, ALICE Overview, Meson 2014

charged particles, |ncms| <0.3
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v, and VISHNU

0.4~ ALICE VISHNU 10-20% [ 40-50%

ALICE

V,{SP,jAn| > 0.9}

v,/ v,(hydro fit)

v,{SP,An| > 0.9}

v,/ v,(hydro fit)

1 1
Py (GeV/c) Py (GeV/c)
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% Strangeness in p-Pb and Pb-Pb

ALICE

g x10° .
k£ | E/mratiovs N,
+ F
e Multi-strange baryons B o HH H H H
— p-Pb bridges pp and Pb-Pb smoothly TE 5——>HHH1 """"""""""" H
p— . \ - U
— Z/m reach thermal model in p-Pb w $H H ! AP
(SO does the A/J-c) 3;_ * SOA r\\durlqtN évt Classes (Pb-side)
o GSI model v  PPYS=900CeV
— Q/mt below thermal model i Ton= 150 eV . ppis=7TeV
B o-eeeeee T e My o Pb-PD |5, = 276 TeV
* K* suppression = rescattering? ROV
10 10? 10°
<chh/d 77|ab>|r7ml< 0.5
8 04 K*O/K VS NCh 7 TeV = —_ X1OA3 .
Bos = Pb-Pb 276 TeV ] & [ weees] Qfmratio vs Ny,
o .— Thermal Mode! § 2 + 1 gt
© 03k o, ———] X r [
) K"/K H 1< N THERMUS 23model  _____ S| N A I
%0.25 H -: E EO'S_ ’ ] H n)
Q52 19 + H il
0.15 ' & " g S o8 H H H j ALICE
. * - E E—E o - . - Snn = 9 e
0.1 b8 o/K 3 g 0.4~ H * ?/:: by EviOCZIaTss\;s(Pb-side)
0.05 _é 02:_ H H A pplis=7TeV
00...5...‘11...61;...&...110...113 T »  PbPby|s,, =276 TeV
1/3 [ e L L
(dN/dn) ° @ -

10
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QGP Properties with o0
ALICE J/1 measurements . 1100

J/y measured with forward muon arm

Jp—>prw
. . . :‘E 1.4 - ALICE Preliminary, Pb-Pb | s, = 2.76 TeV, L = 70 b
* Inclusive J/y yield lost in central o % B ALIGE,25<y<4.p >0
. . i —— Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
Pb-Pb collisions as compared to 1.2 ALICE //// Transport Model (X. Zhao & al., NPA 859 (2011) 114)
. L. | PRELIMINARY .\ Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
eqU|Va|ent number Of PP CO”|S|OnS ’ Shadowing+comovers-+recombination (E. Ferreiro, priv.comm.)
— Quarkonia “melts” within QGP H// .

7
) J/y suppression oz

e LHC: Less suppression than at RHIC 0.8 ]
and flat centrality dependence o

* =>in-medium ccbar o _

recombination? 0.4F
L do , /dy=0.15 mb
0.2r-
* Important: better knowledge of - high statistics 2011 data
initial state effects crucial — cold 05~ "50""100 150 200 250 300 350 400
nuclear matter / shadowing / Event centrality ot

'@ O
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