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Small systems: in which sense?
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¢ƘŜ ŀǘǘǊƛōǳǘŜ άǎƳŀƭƭέ ƴƻǊƳŀƭƭȅ ǊŜŦŜǊǎ ǘƻ ǘǿƻ 
different things:

Å Size of colliding objects

Á Common way of thinking

Á (ee<) pp < p-A < A-A

Å Size of created medium

Á The correspondence to the previous 
is ~true only on average

Á Npart , Ncoll

Á Multiplicity
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Multiplicity is a very simple concept:

Å Number of particles produced in a 
defined kinematic region

Å HEP experiments have very good 
performance in reconstructing tracks

But:

ÅWe are mostly interested in primary 
particles! Need to remove secondaries

Å Important concept of MULTIPLICITY 
ESTIMATOR



Multiplicity
5
½

37

LivioBianchi

QM 2018 

Students day

Multiplicity is a very simple concept:

Å Number of particles produced in a 
defined kinematic region

Å HEP experiments have very good 
performance in reconstructing tracks

But:

ÅWe are mostly interested in primary 
particles! Need to remove secondaries

Å Important concept of MULTIPLICITY 
ESTIMATOR

Multiplicity estimator:

Å Tool to categorize each event according to its multiplicity

Åhgap: important trick to avoid bias in the multiplicity estimation!* 

Å Comparison among different colliding systems should always be 
done using unbiased multiplicity estimators

* if you are interested in this technical but KEYdetail, just ask J
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Multiplicity is a very simple concept:

Å Number of particles produced in a 
defined kinematic region

Å HEP experiments have very good 
performance in reconstructing tracks

But:

ÅWe are mostly interested in primary 
particles! Need to remove secondaries

Å Important concept of MULTIPLICITY 
ESTIMATOR

Multiplicity estimator:

Å Tool to categorize each event according to its multiplicity

Åhgap: important trick to avoid bias in the multiplicity estimation!* 

Å Comparison among different colliding systems should always be 
done using unbiased multiplicity estimators

* if you are interested in this technical but KEYdetail, just ask J

Multiplicity is serious 
business

TAKE HOME



The Standard Model of Heavy-Ion collisions (HISM)
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Collectivity:

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

Å In contrast to random 
thermal motion

Å Radial and anisotropic flow

Å Model: hydro
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Å Model: hydro

Hadrochemistry:

Å Significantly modified when 
comparing to elementary collisions

Å Relative yields of particles studied

Å Model: Statistical (thermal)
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Partonicenergy loss:

Å Opaque fluid: absorbs
energy of partons
travelling through it

Å Jet quenching

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

Collectivity:

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

Å In contrast to random 
thermal motion

Å Radial and anisotropic flow

Å Model: hydro

Quarkoniumsuppression:

Å Debye screening of colourbrakes-
up qq states

Å Sequential suppression of 
progressively tighter-bound states

ÅaŜŀǎǳǊŜǎ ƳŜŘƛǳƳΩǎ ǘŜƳǇŜǊŀǘǳǊŜ

Hadrochemistry:

Å Significantly modified when 
comparing to elementary collisions

Å Relative yields of particles studied

Å Model: Statistical (thermal)
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Collectivity:

Å flow: correlation between space and momentum (particles close in 
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Å In contrast to random 
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Quarkoniumsuppression:

Å Debye screening of colourbrakes-
up qq states

Å Sequential suppression of 
progressively tighter-bound states

ÅaŜŀǎǳǊŜǎ ƳŜŘƛǳƳΩǎ ǘŜƳǇŜǊŀǘǳǊŜ

Smoking guns do not survive long.

Compelling evidence of QGP formation 
in HI comes from several coherent 

observations

TAKE HOME

Hadrochemistry:

Å Significantly modified when 
comparing to elementary collisions

Å Relative yields of particles studied

Å Model: Statistical (thermal)
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QGP

Initial state 
effects (e.g. 
shadowing)

reference

pp e p-! ǘǊŀŘƛǘƛƻƴŀƭƭȅ ǎǘǳŘƛŜŘ ŀǎ άŎƻƴǘǊƻƭ 
ŜȄǇŜǊƛƳŜƴǘǎέ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ 

of QGP in A-A collisions
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QGP

Initial state 
effects (e.g. 
shadowing)

reference

Change of perspective:

QGP production in small systems? 

We are searching for:

Å Collectivity
(flow, common freeze-out)

Å Chemical properties
(hadronic abundancies compatible with a 
QGP phase before hadronization)

Å Physicalproperties
(jet quenching, high-pT particles - or 
quarkonia- suppression, ecc..)

pp e p-! ǘǊŀŘƛǘƛƻƴŀƭƭȅ ǎǘǳŘƛŜŘ ŀǎ άŎƻƴǘǊƻƭ 
ŜȄǇŜǊƛƳŜƴǘǎέ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ŦƻǊƳŀǘƛƻƴ 

of QGP in A-A collisions
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Collectivity in a nutshell (I)
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According to the hydro picture, the strongly interacting 
medium is expected to develop:

Å Radial flow (important in central collisions):

Å Common expansion velocity of partons

Å Translates into spectral shape modification

Å Baryon/meson anomaly


