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A-A collisions

Big Bang

A Large lon Callider/Experiment

Inviestigaiing ¢ colleativity

An heavy ion collisionthe p; distributions of identified hadrons carry @
information about the collective expansion of the system ~

prompt photons
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Why study identified particle p,-spectra in
pp and A -A collisions?

V Comparison between collision systems:
T Hints ofcollectivity in pp?
V Comparison to hydro models
T Kineticfreeze-out temperature?
T Transverse velocity distribution?
V Particle correlation in longitudinal and
azimuthal £, %9 direction
T Anisotropic flow
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A Large lon Callider/Experiment .

Collectivitity & Two-particieangyldacamelaiionsns
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Pb-Pb collisions p-Pb collisions pp collisions (high mult .)

A Bulkdominated regime, where A Excess structure the correlation A Ridgelike structurevisible at3%. 0
hydrodynamic modellinggives a formstwo ridges A At higherp,9 (5-6 GeVt) the ridge almost
good description of the data A Consistent withColour Glass disappears.

Condensatébased predictions and A Qualitativelysimilar to what is observed in
hydro model calculations central Pb-Pbcollisions at LHC energies.

A Unexpectedin minimum bias pp collisions
andpp MC models
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Qutline ALICE

5 ALICE experimental apparatus

Y Transversemomentum spectra

y Low-p; pion production

Y Particle ratios

y Blastwave analysis A

Vi d

Y Comparison to models
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Transvense: momentumspectrara ALICE
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A Spectra irPb-Phx the spectra become hardess the multiplicity increases and the change is most
pronounced for heavier particle® Effect ofradial flow

7 International Conference on New Frontiers in Physics 6
04-12.07.2018 | lvan Ravasenga



A Large llon Collider/Experiment

“Transverse momentumspectrara ALICE
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A Spectra in P¥Ph the spectra become hardess the multiplicity increases and the change is most
pronounced for heavier particle® Effect ofradial flow
A Spectra inXe-Xe lowerp, reach but, at lowp,, similar behaviour as in F?b
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“Transverse momentumspectrara ALICE
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A Spectra in P¥Ph the spectra become hardess the multiplicity increases and the change is most
pronounced for heavier particle® Effect ofradial flow
A Spectra in ppsofter compared to PPb. A shape dependence across multiplicities is observed.
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A Spectra in PPk the spectra become hardeas the multiplicity increases and the change is most

pronounced for heavier particles Effect ofradial flow

A Spectra in ppsofter compared to RPb. A shape dependence across multiplicities is observed.
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“Low p- plenss imppandipp-Pb collisions s ALICE
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ALoprpi_on production shows an enhancement in pp collisions at high
multiplicity

not observed for kaons and protons
not observed in pPbat similar chargegbarticle multiplicities

HIGH MULTIPLICITY
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i I 1 & ALICE
Low p pienss imppandip-Pb collisions
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i k 1 &4 ALICE
Low p-. pienss imppandip-Pb collisions
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“Low p- plonss im Xe-Xe collisionss ALICE
ALICE I;’reliminz-;ry, Xe-Xe \Sun _5.44TeV
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A Hints of an increasing trend of the Krfatio A Strangeness enhancement?

A Hints of a decreasing trend of the pratio at high multiplicityd Baryonrantibaryon
annihilation?

A No significant evolution with the collision energy

' The chemical compositioniisdependent of collision system at sam@gb sk R
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‘“Blast-wave fitttocspectraa ALICE
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‘“Blast-wave fitttocspectraa ALICE
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% angle’ Z: boost angle
e T TN A Simultaneous Boltzman@ibbs fit to™ < andp using PEPb
2:; é_ . . *;vowjvul Evlomx . p+p 276Ter|t ranges
0.5 1 1.5 2 2:5

3
o (GeV/c)

A Good description of data in the fit range
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“Blast-wave fitrto:speetradr ppyp p-A, A-A ALICE
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= o 1 A Largerf ) for centralPb-Pbcollisions
= 016 (g \ 4 A Comparablel,, and({ )in PbPb andXe-Xe
0.14F % R - collisions at a similaRo sk R
E oo Y1 m, -
0(1215 0,07 e m% .
"'E Global Blast-Wave fit to ”CrQQSG M E
0.08 =(0.5-1GeV/c), K (0.2-1.5GeV/c), p (0.3-3.0 GeV/c) —
0 06:— ALICE Preliminary _Z
B B Pb-Pb,\s, =276 TeV v Xe-Xe, |S\y =544 TeV .
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0.02— —
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A Large lon Callider/Experiment

“Blast-wave fitttocspectiadn ppyp p-A, A-A ALICE

0.2 : T I 1 I ] I T I T I I T I T I T I T I | I I I I I I T I I I T I T :
I,
0.141 % AN =
0.12 My, %{% —

- M% .

0.1 __ . I"C,- ]

~  Global Blast-Wave fit range: Case g& ]
0.08 =(0.5-1.0 GeV/c), K (0.2-1.5 GeV/c), p (0.3-3.0 GeV/c) —
Z_ ALICE Preliminary _Z
0.06F" & Popb, s, -276TeV v XeXe, \Sy=544TeV
0.04F ¢ p-Pb,\s,,=502TeV A Pb-Pb,\s,=502TeV  —
- + pp,\s=7TeV ]
0'02:_ ® pp,\s=13TeV _:
[ 1 1 1 1 l | 1 | L I 1 1 1 1 I 1 1 1 1 I 1 L 1 1 I 1 1 1 1 I 1 1 | 1 ]

% 01 02 03 04 05 06 O
e B,

Large systems

A Larger( ) for centralPb-Pbcollisions
A Comparablél,, and{ )in PbPb andXeXe
collisions at a similaRo sk R

Small systems

A p-Pb & pp vs A
p-Pb and P¥’b show a similar trend consistent
with the presence ofadial flow in pPb
collisions.
At similar{Ro sk R,

o comparableT,; for p-Pb and PHb,
whereas( ) is significantly higher in p
Pb(colorreconnection effectainder study)

o pp and pPb shows a similar trerahd
values are comparable
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[Pb-Pb 0-5 %) ‘Sipx&atra compaied! ttomogélss ALTCE

S e, T T (><104) ALICE Preliminary
= 10 ey Pb-Pb |'s,,, = 5.02 TeV
& 10° . 0-5%

~

©

Q

=

=2

(8]

©

3

<

-1
10 —iEBE + VISHNU + TRENTo
1072 —IiEBE + VISHNU + AMPT

10—3 — McGill —EPOS-LHC

1.4
1.2

—_

0.8
0.6

1.4
1.2

0.8
0.6

Data/Model

1.4F
1.2E

—_

0.8E
0.6F

~ ALICE Prellmlnary —IEBE + VISHNU + TRENTo

[ Pb—Pb, \S =5.02 TeV (0-5%) 1 ~EBE + VISHNU + AMPT
(K* + K) / (n* + )

— McGill ~—EPOS-LHC ]

osf T P+P)/ @+ )]

Particle Ratio

Data / Model

IEDEVISHNUarxiv:1703.10792vPhys.RevC92, 014903 (2015) @ 1901(R) (2015)

A Viscous hxdrodynamlcs %GP expanstadadron cascade moddl(QMD to
simulate the evolution of the hadron resonance gas

A Trentoinitial conditions: effectivemodel where entropy is deposited
proportional to the generalized mean of nuclear overlap density

A AMPTinitial conditions: initial state includes fluctuations at the nucleonic and
subnucleonidevels and considers prequilibrium dynamics of partonic matter.

A Good agreement at lovp;
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[Pb-Pb 0-5 %] Spectra compaied! tomodels's ALTCE

< P Tc + T ( x10*) ALICE Preliminary ° 1' ALICE Prellmlnary T —iEBE + VISHNU + TRENTo ]
% 10 . Pb-Pb VS = —502 TeV ﬁ Pb-Pb, \S,, = 5.02 TeV (0-5%) 1 ~iEBE + VISHNU + AMPT
A 10° S 0-5% I:CICJ K'+K)/ (et +7m) L S — McGill —EPOS-LHC |
o g 05 — Pp+P)/(m+ 7))
e S 1 ]
=T, o_

£ o g
1 g 8
107 —IiEBE + VISHNU + TRENTo
1072 —iEBE + VISHNU + AMPT
1070 MGl mEPOSILHC EPOS_HGphys.Rewc 92, 034906 (2015)
iz A Non uniform fireball divideéhto the core (high density) andorona
08 (lower density).
ERY A Describes better particle ratiom centralPb-Pbcollisions
2 og -
& os: McGill hys. Rev. C 95, 064913 (2017)
" A IP-Glasmanitial condition matched to hydrodynamic variables and
- evolved using viscous hydrodynamic model (MUSIC).

3 35 4
P, GVl A Good agreement at lovp;
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Conclusiom ALICE

AParticle transversenomentum goectra and angular correlations have been
measured by ALICE in ppPp, PBPb andXeXeat different collision energies

Hardening of particle spectfa Radial flow in gPbfrom ~\_  Ridgelike structure observed

\with increasing event Blastwave model in 2-particle angular
< multiplicity correlation in pp collisions

-)

Similar kinetic freezeut temperature
in Pb-Pband pPbat similar(Ro sk 'R,
but larger{ ) in small systems

-)

BoseEinstein condensatio
effects are under study

-)
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A Large llon Collider/Experiment %
Backup slidéss ALICE
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Event centradityt & anultiplicifydit ALIQCE.ICE ALICE

pp, p-Pb, Pb-Pb
A Centrality/multiplicity defined as thpercentileof the hadronic cross section Pb
corresponding to a particle multiplicity above a given threshold. Q Transverse plane
A Event multiplicity classes defined from the amplitude of the signal in the ’ view
VZER@etectors.
Pb-Pb Pb

A The centrality of the collision is directly related to ih@act parameter(b).

-'b.'p'ba't;;;w e avagy PbPL | P
S, 3 Data ] PP
g10" F —— NBD-Glauber fit i ]
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