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Motivation: the QGP
* ALICE layout
* p-Pb results:

* two particle correlations
. 1, K, p, A K’spectra

* heavy flavours

. Pb Pb results:

T, K, p spectra
* particle ratios
* baryon/meson ratio
* strangeness
» light flavour R

* resonances
* heavy flavours

* (anti-) matter and hyper-matter

* Summary
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Temperature T [MeV]

TC~ 173 MeV
EC ~ 0.7 GeV/fm?

27 August 2013

8

8

Quark-Gluon plasma:

Predicted by lattice QCD
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* Deconfined quarks and gluons

Partonic number of degrees of freedom
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QGP sigk‘aa’rur'es

"'n PK g
1k " Y/ Kinetic: no elastic collisions
" freeze—out
A Chemical: no inelastic collisions
” hadronization First bound states
QGP Thermalized medium
hard scattering Heavy quarks + jets +

direct photons
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* Low material budget

* Excellent PID performance ALICE has several barrel
* Low magnetic field S detectors (|n|<0.9)
R — T dedicated to PID

* covering complementary

] PT ranges
)
{ ——— * using different PID
— i , — techniques
= « ITS: dE/dx
; = | * TPC: dE/dx

* TRD: Transition Radiation
* TOF: Time-of-Flight
O EMI?I[?: Cherenkov
adiation
* EMCal, PHOS: EM
calorimeters

ALICE has a forward muon

spectrometer

| | (-4.0<n<-2.5) for muon ID
27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 5
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* pp collisions @ /s=09-2.76-7.0 TeV:
- test QCD inspired models and fune MC models
- provide reference for Pb-Pb data
- complement other LHC experiment results

« Pb-Pb collisions @ /s =276 TeV:

» study the QGP

* p-Pb collisions @ /s =5.02 TeV:

- discriminate between initial (cold nuclear matter) and final (QGP) state

effects

> provide reference for Pb-Pb data
- study properties of QCD at low parton fractional
momentum x and high gluon densities

27 August 2013

In this talk
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to study the underlying mechanism and dynamics of

Q2 TeV
60-100%

p-Pb

02 TeV 2<p . <4GeVic
1< P accoc < 2 GeV/c

2< Py < 4 GeV/c
1< P csoc < 2 GeV/c

particle production

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

2< pmrig <4 GeV/c
<2 GeV/c
0C

E 1.4
%gji 1.2 —_— gg;

. 51.0— -|F :

R, 2
o G(/O' ‘

S/QOOGOV@'O/ 75 ° Ao g\?\%\ Sepa"a“o _ PHERR e , -

4 ppM Physics Letters B 719 (2013) Physics Letters B 719/(2013)
long range structure on jet contribution reduced by Double ridge in high
subtracting low multiplicity events multiplicity p-Pb like in Pb-Pb

both near and away side

Double ridge:

Does it flow or not? Particle
identification could help

Pb-Pb -> collective effects: hydrodynamics

p-Pb -> - Initial state effect (CGC) ?
- Final state effect (hydrodynamics) ?

16th Lomonosov Conference - Moscow - Barbara Guerzoni
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ALICE
p-Pb \sy, = 5.02 TeV
(0-20%)-(60-100%)

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

27 August 2013
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[rrrrJrrrrj
ALICE

E o-Pb (5= 5.02 TeV E 0'25_ ‘%SP’ el gég}ﬁgﬁfg}m Pb-Pb \s,, = 2.76 TeV 10-20%
[ (0-20%) - (60-100%) ] 0.2 =0 e ++ i T
- mh AT i - *:t i
:_ *K op —: 0.15— -.-=:=*= ++ o
- - '.- .ﬁ‘ af
B @ ] i I-:.. * &
- - 0.1 g . )
B — - ] i .-.. -t
- I ! ! l l l ! ! ; -.*“'.- ALICE,
--0.5----1----1.5----2'---2'5----3----3.5----4 % ‘ll I 2I 3I | tll | £|'> I (IS
arXivi1307.3237 p, (GeV/c) p; (GeVic)
Similar features in p-Pb and Pb-Pb: mass ordering at low-p_ - in
Pb-Pb ascribed to hydrodynamics
CGC description and model based on hydrodynamic flow give a
satisfactory description of p-Pb correlation data -> the question
"Does it flow or not?" is still open...
input from identified spectra?
16th Lomonosov Conference - Moscow - Barbara Guerzoni 10
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DPMJET, QCD inspired generator: can not reproduce p_
distributions and <p_> of charged particles.

Krakow (Bozek, PRC85, 014911 (2012)), viscous hydro model:
reproduces m and K for p_< 1 GeV/c where hydro effects

dominate. At higher p_ the observed deviations for pions

and kaons are possibly due to non-thermal component.
Good description of p.

EPOS LHC (Pierog et al., arXiv:1306.0121 [hep-ph]), initial hard
scattering creates “flux tubes” which either escape the
medium and hadronize as jets, or contribute to the bulk
matter, described in terms of hydrodynamics: it can
reproduce m and p within 20% over the full measured
range; larger deviations for kaons and lambdas.

16th Lomonosov Conference - Moscow - Barbara Guerzoni 11



(K" + K) / (n* + 1)

(p+p)/(n" + )
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ALICE, p-Pb, | sy = 5.02 TeV
e 0-5%
= 60-80%

ALICE

PRELIMINARY

ALICE, Pb-Pb, | s, = 2.76 TeV
e 0-5%
= 80-90%
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f ALICE, p-Pb, | sy = 5.02 TeV ALICE, Pb-Pb, | s, = 2.76 TeV
< Fedo-5% Fed 0-5%

= 60-80% F=- 80-90%

cooo === NN
MNP aNMDdOONNDD

o IIIIIII|IIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIII

0.4
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0'1: C Wy
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% 1 2 3 0 1 2 3 0 > . &0 S . i
p. (GeVic) p. (GeV/c)
1 ALIGE. P 10— 502 76V T ALIGE, PP 15, - 276 Tov * Spectra become harder as the multiplicity increases
[ e o5% 1 Eos% ] . .
0.8 F=e0g0% T = s090% b * Mass dependence of spectral shape evolution with
- T . multiplicity
%OF aice E3 E
04l T E Same behaviour as in Pb-Pb where it is explained in
- 1 ] terms of collective radial expansion -> final state
02r T B effects seem to be needed to describe the p-Pb
_l 11 1 I 11 1 1 I 11 1 1 I 1 I_- 11 1 1 I 11 1 1 I 1 l_ 77
% 1 2 30 1 2 3 data ?:
P, (GeV/c)
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T, (GeV)

Smaller fit range in p-Pb -> assumptions underlying the blast-
wave model expected to be valid up to lower p_values in p-Pb

How to compare spectral shapes and evolution in different collision systems?
-> spectra fitted with Blast wave function (Schnedermann et al., PRC 48, 2462 (1993))

0.2 |— —=— PYTHIA8 pp 15 = 7 TeV (with CR)
[~ —=— PYTHIA8 pp 1s =7 TeV (no CR)

IIIIIIIIIIIII|I|IIIIIIIIIIIIIIIIIIIIIIIIIIIII_

Boltzmann-Gibbs blast-wave fit __|
7t: 0.5-1.0 GeV/c
K*: 0.3-1.5 GeV/c

0.18

p(p): 0.5-2.0 GeV/c

0.16

0.14

0.12

- h
—=— pp \s=7TeV .
—=— p-Pb \s,,, =5.02 TeV

—e— Pb-Pb \sy, = 2.76 TeV

ALICE

PRELIMINARY

O

] global fit error
- total error

I|III|III|III|III|II]|I

0.2 0.25 0.3 0.35 04 045 0.5 055 0.6 065 0.7
B

as compared to Pb-Pb due to the smaller system size

27 August 2013

1-Similar trend for p-Pb and Pb-Pb ->
consistent with radial flow in p-Pb

At similar dN_ /dn:
- T, comparable for the two systems

« <p_> higher in p-Pb collisions

— stronger collective flow for smaller
system size? Shuryak, arXiv:1301.4470 [hep-
ph]

2-PYTHIA (no hydro-like collectivity
implemented) shows similar features
-> color reconnection (CR) produces
flow-like patterns in pp

3-pp data have similar features

-> Blast-Wave spectral-shape
analysis not yet conclusive

16th Lomonosov Conference - Moscow - Barbara Guerzoni 13




Fundamental to study collective and thermal properties of QGP -> signals produced
in the QGP phase have to be folded with space-time evolution of the whole system

* p. spectra: described by hydrodynamic models reflect conditions at “kinetic

freeze-out” (no more elastic interactions) -> give information about:
- collective transverse expansion (radial flow) -> average transverse velocity <p_>

- Kinetic freeze-out temperature T,

* particle abundances: described by thermal models (in thermal and chemical
equilibrium) -> give information about:

- chemical freeze-out temperature T,

- baryochemical potential py, (net baryon content)

* baryon/meson ratio and strange particles production: provide info on bulk
particles production mechanism

27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 14



ALICE PRL 109, 252301 (2012)

s 10T
§ b e ven 4 Hydro models:
5 - S, —5— PHENIX, Au-Au, | s, = 200 GeV
g - e i * VISHZ2+1: viscous hydrodynamics, no description
NE 10 |- ) SR maTion ] of hadronic phase
g b i a0y (Shen et al., PRC 84, 044903 (2011))
= 10" —Blast Wave Fit T peBx1)T * HKM: hydro+UrQMD, hadronic phase builds
§m i i-\H/ESZH o B additional radial flow, mostly due to elastic
WP, CKekow  0-5% Cental collsions interactions, and affects particle ratios due to
g ° inelastic interactions
=S (Karpenko et al., arXiv:1204.5351)
g 2 * Krakow: introduces non equilibrium corrections
1 due to viscosity at the transition from the
g hydrodynamic description to particles which
Do e change the effective Tch
o, o ] (Bozek, PRC 85, 034901 (2012))
0 1 2 3 4 5

STAR, PRC 79, 034909 (2009)
PHENIX, PRC 69, 034909 (2004)
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B I | I I | I I | ]
1 _—{ﬁ% {»# ¢ x5 x 10 -  Comparison with 2 thermal model
i ¢ 4 1 predictions (both models fit RHIC data):
08| . + % = %EEF -
i éf}ﬂ % ¢ %[}] ——= ¢ K/min line with predictions
0.6 ]
- : : +¢ 41 * p/m lower than expected by factor 1.5
[ [ e ALICE, Pb-Pb, 1s = 2.76 TeV, 0-5% ‘{){;}J ¢ ¢ -
0.4| * STARAu-Au, \s=200GeV,0-5% — o .
(| o PHENIXAu-Au, 1s = 200 GeV, 0-5% 1 Deviation from thermal ratio:
B O BRAHMS Au-Au, \s =200 GeV, 0-10% m ° d d 5 d !
02 . leymans et als T = 170 MeV. 1. = 1 MeVhps. Rev. € 74, 034903 — final state interactions in hadronic
- | — — Andronic etal., T_ = 164 MeV, u_= 1 MeVPhys. Lett. B 673, 142 - phase (arXiv:1203.5302) (HKM model
N ' | | L | L iv:1204.5351
0 - < ; " © KK B 5 (arXiv 5351) )
Tt K* p T T (tt+m) T T (T4 e .
PRL:109, 252301 (2012) * non equilibrium SHM (Eur. Phys. J. A 35)
T obtained from fit to RHIC data * existence of flavor and mass dependent
(o

pre-hadronic bound states in the QGP
phase (Phys. Rev. D 85, 014004 and
arXiv:1205.3625)

W, extrapolated from lower energies

27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 16



> 10°f @ @ A . . _
S SR S . 3  Thermal model predictions:
= PoPb Y276 ToV - i
L 7 s T=164 MeV from lower energies
100 | | T 5 .
S R — 3 extrapolation
SO + |+ T=156 MeV from the fit
- ALICE = E
~  PRELIMINARY | L e B L .
IR T A T R A A N O B I T =156 MeV fit better than the expected
= : +——— 1 T=164 MeV
= Data:ALICE, 0-10% . ]
10" Thermal model fit, )CZ/Ndf 30 9/12 : : : "_E
- ------ T=156 MeV, V=5380 fm® (i = 1 MeV fixed) 1 Tension between species: unique chemical
] ‘T 184 MoV~ 1 MoV, V- -daoo o (norm. ©%) 1 freeze-out temperature does not describe

102

;, '_ _:+ : p’/\,_:_,ﬂ

@
ol
©
©
Q

 © KK K K°p p A

K* not used in the fit, resonances can interact
with hadronic medium in final state

A. Andronic et al., Phys. Lett. B697 (2011) 203
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o8 = \s=7 TeV
Recombination (?)
0.4 — . .
o el inmedium  Fragmentation in
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R T
i|||||||||||||||I||||||||||||||||||||
o] 2 4 6 8 10 12 14 16 18
P, (GeV/c
ow 22 E
X ,E ly|<0.5 ALICE: Pb-Pb at | 5,,=2.76 TeV
< ’ 85_ - AKS 0-5%
" N3 A - A/KS 60-80%
. E s ‘ \‘ . .
E ”9‘, systematic uncertainty
14 : 4 ‘0‘0. Theory 0-5%
1.2 . — Hydro VISH2+1
o S ---- Recombination
1E ---- EPOS
0.8F 'S
3 L
0.6F Ny, N
04F ¢ ¢
3 A ..
0.2} +
| | | | |

0

0

27 August

Hydro: Phys. Lett. B658, 279 (2008), Recombination: Phys. Rev. €83, 054912 (2011), EPOS: Phys. Rev. Lett. 109, 102301 (2012)

2 4 8
ALICE arXiv:nucl-ex/1307.5530 Py (GeV/c)

2013

10

12

2 GeV/c<p <7 6eV/c

* enhancement respect to pp increases with centrality
* qualitatively consistent with hadron formation from
medium constituents (coalescence)

p,>10 GeV/c

* ratio similar to pp value -> parton fragmentation (jet
chemistry) not modified by the medium

« N/K° of integrated yields constant with centrality
-> baryons / mesons redistributed in p_rather than
enhanced / suppressed

« Hydro model works at p_<2 GeV/c then additional

processes are needed: a quantitative description is
challenging

* Recombination calculation gets correct shape

* EPOS successfully describe transition

16th Lomonosov Conference - Moscow - Barbara Guerzoni 18



E- >A+7n —p+n +7n (BR.63.9%)
E S A+at >p+at+at (BR.63.9%)
Q- > A+K- —p+n +K (BR.43.3%)
Q" S A+Kt —>D+at+K* (BR.433%)

0 o)
’2 Pb-Pb at \ Sy, = 2.76 TeV Cg Il
g 8 LAl
o 0 c - =t . 11
2 | 2040 ALICE 2 | 404D R
Qiof mZ e | 040l mE | ‘@ ]
© oA 1 ®© oA %
g 1 ©
~ i {;; ~ 3 é%@
aQ o L
= S S
5 I e 3 i %
2 w ¢ 2 é
> g i ’ < ;¢ ¢
1 il = == === sies s aim s siiaad e m me e . 1 I _
%O /\ NAS7 Pb-Pb, p-Pb at 17.2 GeV
QO[O STAR Au-Au at 200 GeV
| 1 IIIIII| 1 | IIIIII| | | | | IIIIII| | | IIIIII| | L1
1 10 10° 1 10 10°
(N o (N_)

STAR: Phys. Rev. € 77, 044908 (2008)

27 August 2013

NABZ::J::Phys. 6 32, 427 (2806), 7. Phys. 6 37, 045105 (2016

No net strangeness content in the colliding

system -> s quarks light enough for thermal

production in the QGP

* comparison with thermal models

* test strangeness enhanced production in
Pb-Pb vs pp

* test particle production mechanism

Strangeness enhancement:
* Ratio increases with strangeness content
* decreasing trend with energy

* Multi-strange baryons (==ssd,{)=sss)
enhanced up to x7 wrt pp -> formed by
recombination in a system with abundant
s quarks?

16th Lomonosov Conference - Moscow - Barbara Guerzoni 19



* Resonances provide information about the medium (mainly in hadronic phase):

- investigation of rescattering of the decay products and resonance regeneration in the time
between chemical and thermal freeze-out (hadronic medium) comparing resonant/non resonant
particle ratio (most important for pT<2 GeV/c)

> role of resonances production by quark coalescence in partonic phase wrt production by hadron
coalescence in hadronic phase

®/K independent on centrality -> production by kaon coalescence in hadronic phase disfavoured

while K*/K slightly decrease with increase in centrality -> interaction in hadronic medium

(rescattering of m ?)

* Resonances may decay when chiral symmetry was restored: mass shift and width broadening
no effect seen up to now for the studied & and K* -> consistent with vacuum values)

27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 20



Quarkonium states and hadrons with open heavy flavors provide a
means to study the QGP since:
* heavy quarks produced in the primary partonic scatterings ->
\ " / exposed to the medium evolution

Bf »~ * no extraproduction at the hadronization

> We expect medium-induced gluon radiation depending on parton

mass and color-charge
Pre-Equilibrium AE9> Aeu,d>AEc>AEb -> RAA(B) > RAA(D) > RAA(T[)

Phase (< 1)

b quark

- If in-medium quark re-combination is the dominant mechanism of

// \\ z charm hadron formation at low p.— strange charm hadrons (Ds)
A B

expected to be largely enhanced

- Elliptic flow carries informations on medium transport properties
(viscosity, energy loss)

27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 21



Pre-Equilibrium
Phase (< 13)

J/V¥ suppression:

* in-medium dissociation probability of quarkonium states
provides an estimate of the initial T of the system (color-
screening model).

* Increasing temperature -> maximum size up to which
quarkonium states are bound decreases. Melting of the
quarkonium states should follow a sequence defined by their
size

27 August 2013

* models have to take into account: direct J/¥ production +
dissociation due to Cold Nuclear Matter effects (CNM) + J/¥
dissociation + regeneration from deconfined charm quarks in
the medium

16th Lomonosov Conference - Moscow - Barbara Guerzoni 22



< 2_| LI | L | T TT | LI | LI LI T 1T LI I_ <1.4_| T 1T LI | LI ‘ T TT ‘ \.I \.\ | T T T ‘ T 1T | 1T \_
m< 1 8:_ Pb-Pb, \ s, =2.76 TeV E G:g 2T T %- ™ I< - = 2|<_‘|)CT"LE1I;r(ealler{'lll/rflglgorgesons ]
C . ] - o) 1.2 [ Correlated systemati tainti ]
{ L #Average D°, D', D 07.5%, yi<0.5 AR 1.8 Po-Po sy =276 TeV A B 3 Uncorrelated systematic uncertaintios
"~ #wHeavy flavor decay e* 0-10%, [n|<0.6 . 16 vt = r .
1,41 AHoavy flavor docay i 0-10% 2.5<y<4.0 | j4  cAverageD'D'D"|yI<05, 0-7.5% 4 TS S Prefiminary Non-prompt Jiy |
C ] . with pp pT-extrapolated reference E = 6.5<p_<30 GeV/c, |y|<1.2 B
1.2 Filled markers : pp rescaled reference ] 10 ) Charged particles, m|<0.8, 0-10% 0 8; [ Systematic uncertainties ]
1}...____________,____‘?f’_e_”__”_“f“_r_k_e,'_s‘f_‘_’f’_‘_’_T_'_e_x_'ff‘f’_"_'ﬁ“f?f’_f’.’f??‘ffff_e_'i”_‘f?_: ' « Charged pions, |<0.8, 0-10% 1 T H CMS-PASHIN-12014 1
0.8 3 E 0.6~ IH E] -
- E ] - @ ]
TE - 4 oar Iil Iil Iil ¥ -
0.4 —ﬁ— N & i i
- —B— . ] 0.2~ [] m] -
2 E —H— — ] - .
0 C ] ] - Pb-Pb, \s\ =2.76 TeV —
0_I L1 | 11 L ] . _I 111 ‘ | | | I | ‘ | | ‘ LD 1} | | ‘ | | | 111 \_
0 5 15 20 25 30 35 4( %510 15 20 25 30 35 40 % 50 100 150 200 250 300 350 400
p. (GeV/c) p, (GeVic) (N ___ weighted with N )
T part coll
. R, of D° D", D* in agreement » D mesons R, similar to light hadrons in central
. collisions -> maybe hints of the hierarchy

Enhancement of D's due to strangeness
content? data not conclusive yet R,.(D)> R, . (more statistic heeded)

« Strong suppression in a wide p_range ot 5 R (T/¥ < B (but slight!
« R,, (HF — leptons) similar in the most ’ Ir\ 'CGT'O"S.fO'" A,:%(D) < .AA(J <- B) (but slightly
different kinematical regions)

central collisions despite different
rapidities

2l
)

* More suppression in central wrt peripheral collisions




Inclusive J/¥ -> py+u- At forward rapidity
Inclusive J/¥ -> e+e- At mid rapidity

< 1.4
lfc i %}% Pb-Pb | 5,,=2.76 TeV, L~ 70 ub™ X. Zhao et al, NPA 859(2011) 114
. . total 0-20%
1.2+ ALICE e Inclusive J/y, 2.5<y<4, 0-20%  _ \ogeneration 0-20%
[ ereiivveny o Inclusive JAy, 2.5<y<4, 40-90%  totald0-0%

—— regeneration 40-90%

P (GeV/c)

<14
& Pb-Pb\s,,, = 2.76 TeV, inclusive Y(1S), p_>0 GeV/c
1.2 A ALICE:L_ =69 ub", 2.5<y<4
C m ALICE -
B preciminary W CMS: Lim =150 ub’, |y|<2.4
1 SRS —
08
0.6
0.4 i H ¥ i
02
- [ Uncorrelated syst. [ | Correlated syst.
_I 111 I 111 | 11 1 | I 111 | 11 1 | I | I | 1 1 1 | I | T | 1 1
00 50 100 150 200 250 300 350 %)0

part

R, , decrease with p_mainly for central
collisions

J/y are suppressed in QGP BUT are
regenerated in the low p_region from the

large number of freely roaming charm quarks
in the QGP

Y(1S) suppression, similar in magnitude to the one
observed by CMS at midrapidity

Hints of larger suppression in central collisions

Weak or no rapidity dependence: R, , seems to

remain quite constant over a large range.
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1.4 — - 1.4
:‘E - ALIGE Preliminary, Pb-Pb Sy = 2.76 TeV, L =~ 70 b’ :‘E - ALICE Preliminary, Pb-Pb | s, = 2.76 TeV, L,_ =70 ub’’
[ m Inclusive J/y, 2.5<y<4, O<p,<8 GeV/c global sys.=+ 14% i . i e ~ro
m 1 2 % PHENIX (PRC 84 (2011) 054912),Au—Auﬁ= 02 TeV m 1 2 L B Inclusive J/y, centrality 0%-90%, 0<pT<8 GeV/c  global sys.=+6%
H ALICE O Inclusive Jy, 1.2<y<2.2, pT>0 GeV/c global sys.=+9.2% T Pg';}ﬁnﬁv ALICE Preliminary, Pb-Pb \ s, =2.76 TeV, L, = 2.1 ub
- pHELIMINARY - ® Inclusive J/y, centrality 0%-80%, |y|<0.9
1 ] 1 e
I -
0.8} 0.8
B - [
0.6 L_Jq " 0.6 @ % H B
i L w L
- e : ¥ i
0.2 m [l'] Iﬂ 0.2 [ open: reflected
L : ALICE common glob. sys. =+ 4 %
0IIII||III|IIIIIIIII|IIII|IIII|IIII|IIII O|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
0 50 100 150 200 250 300 350 400 -4 -3 -2 -1 0 1 2 3 4
< p.’:ll’t> y

Pb-Pb: No centrality dependence for N >70

1.

R,, decreases with rapidity -> density of charm quark

grows from forward to mid rapidity -> J/¥ production
from charm quarks in QCD phase
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T

negative particles

anti -a!p\}/‘la

b-Pb, 2011 run, \] Sy = 2.76

)

He ALICE
PERFORMANCE
July 4™, 2012

_—

5 53 35 4
M (GeV?/c*)

]/IIIIIIIIIIIIII|IIII|IIII|IIII|IIII

P
Z (GeV/c)

10 anti-alphas identified
in the full 2011 statistic

T[T
ol
N
o1
w

—

N

W

N

()]

0.01

ratio

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

Deuteron/proton
= —e— ALICEd/p|sy=276TeV
= —=— PHENIX d/p| sy, =200 GeV
= —e— PHENIXd/p\s,, = 200 GeV
3 : ALICE
E = ﬁ PRELIMINARY
T8 _ " :
I :
— I2(.1)0I I I4C|)OI I I6(|)0I I I8(|)0I I "IO|0CI) I ‘|12|0(I) I ‘||4|0(I)

dN,, /dn

no dependence on centrality

no change between RHIC and LHC energies

in contrast to LHC energies the baryochemical
potential is not negligible at RHIC energies

16th Lomonosov Conference - Moscow - Barbara Guerzoni

26



Hyperons: baryons which have at least one s-quark as one of their 3 valence quarks (A, Z, €2, ...)
Hyper-nuclei: nuclei with at least one hyperon bounded in addition to the normal nucleons
Hyperons are unstable even if bounded in a nucleus

(anti)hypertriton Searches for exotica:
3y 3H - 3He + '
3 = .
— 500 \H — “He+m - A hypothetical bound state of wuddss. H-
RE) [ Pb-Pb\sp, =2.76 TeV —o— Data .
> 4ol o Dol An — d+n
= - An bound states AA — A+p+m
=2 300}
= No signal visible in ALICE data -> upper limit
o [— .
o 200 on production rate
100} , significantly below thermal model
4 expectations
0 Lty ﬂq&m e P
r ﬁ*?#ﬁ T*’r ﬁ* i

296 298 3 302 304306 308
Invariant Mass(®He, ©t*) (GeV/c?)
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The main target of ALICE is the study of the QGP produced in ultra-relativistic heavy ion
collisions

Some of the most recent Pb-Pb results have been shown:

« hadron spectra, yields and baryon/meson ratio -><p.>, T,., T_, y and bulk particles

kin’
production mechanisms

* strange particles production -> test strangeness enhancement

* heavy flavours -> medium interaction of the particles produced in the primary partonic

scatterings, J/¥ suppression

p-Pb collisions provide a way to decouple initial and final state effect. Two particles
correlations and spectra of identified particles seem to have similar properties as in Pb-Pb ->
are final state effects needed to describe the p-Pb data? Further studies are needed!

ALICE analyzes also pp data since they are a reference for Pb-Pb ones and give the possibility
to tune QCD inspired models
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C T T ||||||| T T T T T 17171 T T T 11T B T | T T T | T T T | T I_
- pp(pP) NSD  Central AA o 82,;15/ ] 25—_ p_Pb, VSNN =50 T?_\—/ _______ B
5L 2 ALICE e ALICE /o N s et .
S CMS ® ATLAS /1 Primary particles: [ T T PO SECIElge S
- % CDF + CMS . . - =
Tc4l o ouns = NA50 /++’/ | prompt particles — - ]
S [ x UA1 4 BRAHMS / 1 including deca - i
\Z/ - x STAR * PHENIX // . 9 Y = _
= 3| pp(PP)INEL O STAR Y, ot o] products, except % e =
i - 4 ISR v PHOBOS o > Sw_~" | those from weak = F :
& [ e uss 5 4 - HIJING: -
% 2+ PHOBOS / _wa - deca.ys of strange T 10 . ALICE NSD  ----2 1 no shad. -
S [ wauce T e =S 1 particles " cat Models. | — 2-18;=0.28 ]
DRI (s =ty ] oA e - BB2.0noshad. -
- #— " g e PpPbALICE | 5 IP-Sat = ,
L paat ¥ dAu PHOBOS | - --- KLN BB2.0 with shad. -
- = pAu NA35 . Pb [ e rclBK | DPMJET | P
1 1 [ || 1 1 [ || 1 1 [ | I 1 1 | 1 L 1 1
0 102 10° 4& -2 0 o <
PRL, 110, 032301 (2013) \/Sppn (GEV PRL 110, 032301 (2013) L]

(chh/dncms) = 16.81 + 0.71 (syst.)

(chh/dncms)/ (Npart) = 2.14 + 0.17 (syst.)

* 16% lower than pp NSD
* consistent with inelastic pp collisions
interpolated to /s =5.02 TeV

« 84% higher than d-Auat /s = 0.2 TeV

27 August 2013 T6tir Comonosov Co

 forward-backward asymmetry between
proton and lead hemispheres: less particles
in the proton direction

* most of the models that include shadowing
or saturation predict the measured
multiplicity values within 20%
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Does the initial state of the colliding nuclei play a role in the observed
suppression of hadron production at high-p_in Pb-Pb collisions?

Nuclear modification factor R

rrrrrrryrr 1y rrryrrryrrryrT Ty T T T T T TrT T T T
| I | | | | l

1.8  ALICE, charged particles Ph
o e d2NP " /dndpr
" e p-Pb \s, =5.02TeV, NSD,|n_ |<0.3 R PI:I-{FT) — ch .
1.6 Po-Pb |5, = 2.76 TeV, 0-5% central, | | < 0.8 P (Topoyd?a’f /dndpr
1 44 Pb-Pb \s,, =2.76 TeV, 70-80% central, | n| < 0.8 . o .
: R, = 1 for binary collision scaling

» R, consistent with 1 for p.>2 GeV/c ->

strong suppression of hadron production at
high p_in Pb-Pb collisions is not due to initial-

state effect but fingerprint of jet quenching
in hot QCD matter

PbPb
)
e =
|||||||||||]||||||i||||||||||||||||||

]

III|III|IIIIII||IIIIIIIllIlIIIIIIIIlIII_

0 2 4 6 8 10 12 14 16 18 20 ° Ry <latlowp ->effect of gluon

saturation/shadowing in the initial nuclear
state + particle prod. dominated by soft

processes (do not scale with Ncoll)
27 August 2013 16th Lomonosov Conference - Moscow - Barbara Guerzoni 31

PRL110,082302 (2013) P (GeV/c)



S r ™ T ]
S 161 pPo sy =502Tev ]
(0] C ’
g 1.4 H -
S rer H H ﬁ AlLce
1t =
0.85 f i H | b =
O B+ T
c K+ K ]
0.6 B K3 7
C H B g B d EHp+p
041 A+ A
0.2l x |

10 102
dN/dn
'/l': 0.2F T T T ]
+ 0.18F —
& C n ]
C C il HHH:
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. %I% == ALICE p-Pb\s,, = 5.02TeV ]
0.08 == STRAcAn S a0 cer
- ALICE === PHENIXAU-AU|S,, =200 GeV 7
0.06 PRELIMINARY BRAHMS Au-Au | s = 200 GeV |
C il sl 1 ol .

—_
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10

10?

18 s LEELELLEE] | T e S RS

s E
> 16F P+P 4
@ - .
S  14f | E
T 12k | HII H i
~ - n i ]
1 EI @ ﬁ ﬁ' =
» 1] .
0.8F o E B ' =
0.6 F—— ALICE pp \s =7 TeV -
0.4 =5 % E=— ALICE p-Pb |5 =5.02TeV 3
AL F=— ALICE Pb-Pb |5y =2.76 TeV
5 - ALICE F—— STARAU-AU |5y =200 GeV
0. - PRELIMINARY F==— PHENIX Au-Au \sy, =200 GeV
0' L AT ET | L ol L Ll '

1 10 10° 10°
dN,/dn

Mass ordering of <p_> increasing: stronger increase for
heavier particles like in pp and Pb-Pb

p-Pb values higher for similar Pb-Pb multiplicity — harder
spectra

p/m: no evolution from peripheral to central events

K/m and A/mt: small increase observed like in Pb-Pb, Au-Au
and d-Au collisions -> reduced canonical suppression of
strangeness production in larger freeze-out volumes or

10° =
dN,,/dn enhanced strangeness production in QGP
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ALICE 075 <p, <080 GeV/c (1x)
PRELIMINARY 0.75 < p < 0.80 GeV/c (1x)
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dNey/dn

0
S

A/K

Ex] LI
- —&— pp\s=7TeV
- —o— p-Pbysy,=5.02TeV
| —=— Pb-Pb\s, =276TeV
------ y=Ax®

ALICE

| PRELIMINARY

Coal L0l
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260 <p <280 GeV/c (2x)
260<p <280 GeV/c (2x)

2.00 < p_<2.30 GeV/c (1x)
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2.00<p <2.20 GeV/c (1x)

0.80 < p;< 1.00 GeV/c (1x)
0.90 <p <1.00 GeV/e (1x)

10 10?

multiplicity dependence of p/m and A/K®

(at given pT) independent of the colliding system
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- LN LR LR T B LR LS LR LS LR o 07 g~ ' ' ' E
= 0.2 l BoltzmanneGibhs blast-wave lit | SN 3
5 FEg o e os 3
= sl N i ppreszose ) ()-5% "E E
B : F'LICE . : Did5 E_ PQLI;EIERERV _i
0.16 - PRELIMINARY . ! o / 0.4 ;_ _;
L bl ] 0.35 - —— p-Pb\s,,=5.02TeV
014 M ] 03 - Pb-Pb |, = 2.76 TeV 3
CTE 1. "y, 0.25 F- —— Pb-Pb\s,=2.76le 3
- e : i ] 0o E L L ) 3
012 2040% ﬁ-‘ : — 10 10° 10°
C PR g ] dN,/d
[ —=— p-Pbys,, = 5.02 Te¥ wio: ¢ @ 2 - .
0.1F Pb-Pb (5, = .76 TeV T e ] % —
- global fit error 'a“l"“ﬁ,:,.% ! K ) E % 02 ' ! lobal fit ' =
- {otal error N>R 8 = global fit error 3
D'DB'....l...u.T.E..?l....|....|....|....|..W...|....' o 0-18 = (] total error =
02 025 05 030 0.4 045 05 055 06 0.60 0.7 0.16 ;— —;
{IST:'J 0.14 E_ _E
012 =
For the same multiplicity: OE Closhsceve E
0.08 :_ p(p): 0.5-2.0 GeV/c _:
. Tfo similar in Pb-Pb and p-Pb " - mchh/dn
« <p_> larger in p-Pb
-> stronger collective flow for smaller system size?
Shuryak, arXiv:1301.4470 [hep-ph]
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ALICE PRL 109, 252301 (2012)

[aV]
’\G 10 T .
% . —o— ALICE, Pb-Pb \s, = 2 76 TeV
10° = =
S i —#— STAR, Au-Au, | s, = 200 GeV 7|
> - S8s.  —=— PHENIX, Au-Au, | 5 = 200 GeV -
o 100 S —
o o
= o i e 1+ (x 100) T
O 10 [~ ===w -]
-
g L ek 0y
& C K + K (x10)
10" —Blast Wave Fit ” (x 1)
ZCD | 7///?VISH2+1 >Sn —
— - — HKM O 7
10° = SKrakd - -
-~ Krakow 0-5% Central coII|S|ons —
| | | I T R | |
g 2~ /f% E’ + ]
S | e AT
E | —]
© 0 = —
(] 2 [ ]
1 [ —
0= . .
2 _I I 1 I LI | '_ I_
- pP+p
1 R:\x—ﬁm.-ﬁbm' DRI st T =
0 1 1 1 L1 1 I
0 1 2 3 4 5
STAR, PRC 79, 034909 (2009)
P (GeV/c)

PHENIX, PRC 69, 034909 (2004)
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Harder spectra compare to RHIC -> stronger
radial flow (in hydrodynamic models is a
consequence of increasing particle density)
Combined blast wave fit* :

<p.> = 0.65 £ 0.02 -> 10% higher than RHIC

>

consistent with observation of increasing of

mean p_at LHC compared to RHIC for m, K, p,

¢, K*

T,..= 95 + 10MeV -> comparable with RHIC

(sensitive to pion fit range due to contribution

from resonance decays)
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= Pb-Pb at \ s, = 2.76 TeV Gentrality: Models:
% —¥— 0-10% x 3.0 1 . .
5] o 1020%x1s * VIsH2+1[1l: viscous hydrodynamic model
= sorso * HKMI21: ideal hydro model, with hadron cascade
= (UrQMD)
g e tnee * Krakéwl3]: non-equilibrium corrections due to
Z 0% VISH2+1 R U . TR " :
= < EPOS T, L T bulk viscosity in transition from hydrodynamics
e T s T G R to particles
s 3F
[1] E et . .
O e 0-i0% * EPOS[4l:  incorporates hydrodynamics and
T o i i models the interaction between high pT hadrons
= T ST and expanding fluid, also use UrQMD as hadronic
2E e e cascade model
3 E v b b e by T TS
2E 40-60%
1=
3E ~ Krakéw model provides a good description for
2§ 60-80% .
| S s P both yields and shapes (pT < 3 GeV/c)
P, (GeV/c) . o
[1] Phys. Rev. C 84, 044903 (2011) » EPOS gives the most successful description of

[2] 7. Phys. G 38, 124059 (2011), 1204 5351 [nucl-th] (2012) SPectra shape in a wider pT range
[3] Phys. Rev. C 85, 034901 (2012), Acta Phys. Pol. B 43, 4, 689 (2012)

[4] Phys. Rev. C 85, 064907 (2012), 1204.1394 [nucl-th], (2012) 1205.3379 [nucl-th] (2012)
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1.5

Pb-Pb |y = 2.76 TeV 0-5%
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B K'+K

A _p+p
1 sys. uncert.
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PRELIMINARY

—

vl b by I
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. R B
10 12 14 16 18 20
P, (GeV/e)

Mass ordering at mid-p_

RAA

- m 7 0-5% [|y|<0.5 pT<2 GeV/c, 0.8 pT>2 GeV/c]
| a K* 0-5% [ly|<0.5 p_ <3 GeV/c, 0.8 p,>3 GeV/c]
* pP+P 0-5% [|y|<0.5 pT<3 GeV/c, 0.8 pT>3 GeV/c]
T © ¢0-10% [ly|<0.5]
L ¢ Z+= 0-10% [ly|<0.5]

® Q+3G" 0-10% [|y|<0.5]

Pb-Pb/pp | s, = 2.76 TeV
uncertainties: stat. (bars)
uncertainties: sys. (empty boxes)
uncertainties: norm. (filled boxes)
extrapolated pp ref. (shaded boxes)

ALICE

PRELIMINARY

0] 1 2 3 4

At high p_R,, does not depend on particle’'s mass ->

energy loss models should not show differential
suppression for light species around 7 GeV/c

Effect of strangeness enhancement on (2 (and =)
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Lifetime [fm/c]

A(1232)77 p+mt 1.6
Z(1385)% A+nE 5.7
A(1520)° p+ K- 13
=(1530)° =+t 20

1) K.Aamodt et al., EPJ, C71 (2011) 1594
2) B.Abelev et al., EPJ, C72 (2012) 2183

3) B Abelev et al., PLB 710 (2012) 557-568

pp@Vs=900GeV

published’

pp@Vs=7Tev PbPb@Vs=2.76TeV
published®% paper in preparation”
published* paper in preparation®
preliminary

paper in preparation”

paper in preparation®

4) Production of -9(1385)+ and X(1530)0 in proton-proton collisions at /s = 7 TeV with ALICE at the LHC, to be submitted

5) K(892)0 and £(1020) resonances in PbPb collisions at / NN = 2.76 TeV at ALICE, to be submitted

27 August 2013
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0.8

0.6

Particle Ratio

0.4

0

* &/K independent on centrality -> production by kaon coalescence in hadronic

Pb-Pb at\ sy, =2.76 TeV

NN

+|

0.2

m §(1020)/K x 4

o K*(892)/K

iy | uncertaintic?s: stat (bar), syst (box)
0 100 200 300 400
(N__)

part

0.2

0.1

$(1020) — K*+ K-

K*(892)° — mt+K*®

phase disfavoured -> & not affected by medium due to long lifetime
« K*/K slightly decrease with increase in centrality and (K*/K), <(K*/ K)pp—>

interaction in hadronic medium

- re-scattering of m (invariant mass info lost) ?
> Thermal model (Torrieri and Rafelski, Phys.Lett.B509,239(2001)) with T=164 MeV +

re-scattering predicts K*/K data for lifetime hadronic phase > 4.5 fm/c
27 August 2013
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Radial flow
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colliding nuclei in non central collisions is converted, via

intferactions, into anisotropy in momentum space *
Magnitude of anisotropy depends on centrality -> impact yZ. &
x,b

Initial spatial azimuthal anisotropy of overlap region of '
\‘b&

]
o
>
parameter determines eccentricity <

Anisotropy from fourier expansion of particle yield

% oc 14+ 2vpcos(2(¢p — Wgp)) + higher harmonics (vs, vy, ...)

v, = (cos[n(¢ — ¥)])

Initial shape fluctuations
* vl =directed flow dependent by n/s (viscosity)
* v2 = elliptic flow (strength of collectivity)
* v3 = triangular flow

Reaction;
plane 1}

Hydrodynamic models seem to
favour a low value of n/s at
both RHIC and LHC energies
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Pb- Y = 2. -20Y — Pb-Pb y = 2.76 V 40-50%
> o V,{SP, Janl>1} v,{SP} b-Pb \s,, 2.76 Te+V 10-20 A: > 0.3 V,{SP, |Anl>1) v,(SP} b-Pb \s, N\ 0-50%
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L ]
0.15— \E\ p B E\ P n +
. B« 0.2— Fxe *
L Fla n [e]a
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- A A —TC (- /4 — T
/ — 0.1 —_K
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0.05— — A ) —_— A
iy — 0.05— 1 y p— )
~ 4 AIP Conf. Proc. 1441, 766 AIP Conf. Proc. 1441, 766
PRC84 044903 PRQLI;EICNFIERY B PRC84 044903 PR?LI;EJERERV
: = L 1 1 1 L | | | 1 L 1 | 1 1 L 1 | | 1
00 0.5 1 1.5 2 2.5 3 3.5 00 0.5 1 1.5 2 2.5 3 3.5
P, (GeV/c) P, (GeV/c)

Mass ordering

Centrality dependence

Mass splitting at LHC larger than at RHIC consistent with larger radial flow

Comparison with viscous-hydro predictions

- good agreement with VISH2+1 * (n/s=0.2) at low p_in peripheral collisions but problem
for heavier particles especially in central collisions

> adding hadronic rescattering (UrQMD) after the hydro stage reproduces better v2
*Shen et al., PRC 84, 044903 (2011)
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Transverse energy

Mesons and baryons seem to scale differently with NCQ

v2 scales better with transverse energy
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BAMPS: Uphoff et al. arXiv:1112.1559., O. Fochler, J. Uphoff, Z. Xu and C. Greiner, J. Phys. 638 (2011) 124152,
Aichelin et al. Phys. rev. C 79 (2009) 044906,
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No centrality dependence
ALICE R, ,~3 times bigger than RHIC one at

Nmrf > 180
R, %" =0.545 £ 0.032(stat) + 0.083 (syst)

Inclusive J/¥Y ~ 10% B feed down
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* ALICE data vs models that include J/¥
regeneration component from deconfined charm
quarks in the medium

* Stat. hadronization and transport models (full
(partial) J/¥ production from charm quarks in
the QGP phase) can describe the data

* More precision in the CNM effects and in open
charm cross section needed
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Pb-Pb: No centrality dependence for N o > 70

1.

R,, decreases with rapidity -> density of charm quark

grows from forward to mid rapidity -> J/¥ production
from charm quarks in QCD phase

p-Pb: J/y production decreases with respect to pp
collisions from backward to forward rapidity.

p-Pb: Data are in agreement with EPSO9 NLO
predictions (shadowing) and energy loss models, but
not with CGC model
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arXiv:1208.2711 p, (GeV/c)

Large suppression in charged-particles up to 50

GeV/c

Maximum factor: 7 at ~8 GeV/c

Qualitatively described by models with parton
energy loss by medium-induced gluon radiation
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Jet quenching
b 1.5 ] Pb-Pb {fs,,, = 2.76 TeV
o ] 0-10% Centrality

Charged+Neutral Jets
Anti-k; R = 0.2 |<0.5

1+ Leading charged track p, > 5 GeV/c
Preone > 0-15 GeV/c
Biased pp reference
ALICE

PRELIMINARY
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T,jet
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Ll
70 8

Jet yield suppressed by factor 3-5 ->
consistent with single particle suppression,
taking into account fragmentation

Suggests that “lost"” energy is radiated at large
angles, outside the jet (otherwise jets would be
less suppressed than single particles)
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J/y photoproduction in Ultra-Peripheral Collisions: Pb+y -> Pb+J/y

probes nuclear gluon density, poorly known at low Bjorken-x (down to ~10)

o ot Pb+Pb — Pb+Pb+J/y |, = 2.76 TeV

o
£ 7F - AB-MSTWOB ® ALICE Preliminary
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Best agreement with models that include
huclear gluon shadowing; consistent with the
recent EPSO9 parameterization
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