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Multiplicity is a very simple concepit:

A Number of particles produced in a
defined kinematic region

A HEP experiments have very good
performance in reconstructing tracks
But:

A We are mostly interested in primary
particles! Need to removeecondaries

A Important concept of MULTIPLICITY
ESTIMATOR
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A Toolto categorizerach event according tits multiplicity

A h gap: important trick to avoid bias in the multiplicity estimatibn

A Comparison among different colliding systems should always be
done using unbiased multiplicity estimators
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Multiplicity is a very simple concepit:

A Number of particles produced in a
defined kinematic region

A HEP experiments have very good
performance in reconstructing tracks

But:

A We are mostly interested in primary
particles! Need to removeecondaries

A Important concept of MULTIPLICITY
ESTIMATOR

Multiplicity is serious
business

Multiplicity estimator:
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A Toolto categorizerach event according tits multiplicity

A h gap: important trick to avoid bias in the multiplicity estimatibn

A Comparison among different colliding systems should always be
done using unbiased multiplicity estimators
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*1 fm/c ~ 3 x 10~2* seconds



The Standard Model of Healyn collisions (HISM)

Collectivity:
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flow: correlation between space and momentum (particles close in
space- similar velocity in magnitude and direction)
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Collectivity:
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A Significantly modified when
comparing to elementary collisions

*1 fm/c ~ 3 x 10~2* seconds

A Relative yields of particlestudied

A Model: Statistical (thermal)
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Collectivity: Partonicenergy loss:
A flow: correlation between space and momentum (particles close in A Opaque fluid: absorbs
space- similar velocity in magnitude and direction) energy ofpartons
travelling through it
A In contrast to random ® 0 2% Gt e foed 20 400 o °
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A Radial and anisotropic flow w\ —»\Q
e ~ measure physical

A Model: hydro 2<rome NG z' properties (e.g. density

Hadrochemistry Quarkoniumsuppression:

A Significantly modified when 1me=s.0sconss A Debye screening afolour brakes
comparing to elementary collisions up gq states

A Relative yields of particlegudied A Sequential suppression of

A Model: Statistical (thermal) progressively tightebound states
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Collectivity:

A flow: correlation between space and momentum (particles close in
space- similar velocity in magnitude and direction)

A In contrast to random
thermal motion

A Radial and anisotropic flow

A Model: hydro

Hadrochemistry

A Significantly modified when
comparing to elementary collisions

A Relative yields of particlestudied

A Model: Statistical (thermal)
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Hot Hadron Gas
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Equilibrium QGP
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*1 fm/c ~ 3 x 10~** seconds

TAKE HOME

Smoking guns do not survive long.

Compelling evidence of QGP formatio
in HI comes from several coherent
observations
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Partonicenergy loss:

A Opaque fluid: absorbs 4‘5
energy ofpartons
travelling through it

A Jet quenching

A Can be exploited to
measure physical
properties (e.g. density

Quarkoniumsuppression:

A Debye screening afolourbrakes
up qg states

A Sequential suppression of
progressively tightebound states
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QGP production in small systems

We are searching for

A Collectivity
(flow, common freezeout)

A Chemical properties
(hadronic abundancies compatible with a
QGP phase beforeadronizatior)

A Physicalproperties
(jet quenching, higtp; particles- or
guarkonia- suppressionecc.)
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According to the hydro picture, the strongly interacting
medium is expected to develop:

A Radial flow(important in central collisions):
A Common expansion velocity pértons .
A Translates into spectral shape modification
A Baryon/meson anomaly

o 22 E
X b ¥|<0.5 ALICE: Pb-Pb at | 5,,=2.76 TeV
2 cr ; o AIKE 0-5%
18 : - A/KS 60-80%
1.6 — ; systematic uncertainty
1.4 - : Theory 0-5%
1.2F a0 B\ Hydro VISH2+1
1E : ____ Recombination
o r A (Fries et al.)
0.8F . » EPOS
0.6 e, .
0.4F . !
0.2 ;j —
0 1 I 1 | I | | | |




