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ÅExperimental observations have found collective-like behaviour in pp 
& p-Pb collisions. 
ÅCorrelations, Baryon/Meson Anomaly, Strangeness Enhancement.

ÅIn A-A systems, the same observations are interpreted as signatures 
of the formation of a strongly interacting medium (Quark-Gluon 
Plasma).
ÅHowever, it has historically been thought that the system produced 

in pp collisions could not form a strongly interacting medium.
ÅThe medium would be too short-lived/the volume too small.
ÅCan enough temperature/baryon density be achieved?
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Explicit details of hadronization.

How are strange quarks 
produced in the collision?
Canonical suppression?

Are ”collective effects” a 
signature of the QGP? Can 
effects be reproduced by string-
like models?
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ÅHow do we pinpoint the underlying mechanisms of collective behaviour 
and strangeness enhancement?
ÅCan we isolate the different physics regimes (soft vs hard)?
ÅCan we test pp (strings) vs A-A (hydro) ideas?

ÅDuring this talk I will present 3 new differential measurements from ALICE 
that can give insight into light-flavour particle production.

Å“Ⱦ+ȾÐȾ‰Ⱦɧproduction as a function of Transverse Spherocity Ὓ .
Å“Ⱦ+ȾÐȾ‰Ⱦɧproduction as a function of Ὑ .
Å“Ⱦ+–ɧangular correlations.
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ÅThis measurement aims to study how the production of light-flavour 
hadrons changes depending on the event topology.

ÅI’m taking two underlying assumptions into account:

ÅEvents where a large fraction of hadrons originate from hard 
scatterings:
ÅThey form azimuthal back-to-back cone-like structures.

ÅHadrons produced from several soft collisions:
ÅAzimuthal isotropic distribution of particles.
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ÅTransverse Spherocity3 is used to 
separate different event topologies

Å3ᴼπ: Describes events with jet-
like topologies
ᴼDominated by hard physics

Å3ᴼρ: Describes events with 
isotropic topologies
ᴼDominated by soft physics
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ÅA previous study of ⱫȾ╚Ⱦ▬as a 
function of 3 released in 2017. 

ÅHowever, selecting events based 
on 3 affectsneutral and 
charged hadrons differently.
Å3 defined by . .

ÅIn order to accomodate other
particles (╚▼Ⱦꜚ ȾȾ), the 
3 estimator had to be
modified (details in backup).
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╢╞
▬╣ : Unweighted Transverse Spheroctiy.

Only the angular component is taken into account! 
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ÅThe ALICE detector at the LHC used to study 
pp, p-A and AA collisions at different centre-of-
mass energies.

ÅThe main detector systems used for this 
analysis are:
ÅThe Time Projection Chamber (TPC)
ÅThe Time-of-Flight (TOF)
ÅThe Inner Tracking System (ITS)

ÅWe are interested in high-multiplicity events, so we mainly consider the 0-10% multiplicity percentile.
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ÅThe ALICE detector at the LHC used to study 
pp, p-A and AA collisions at different centre-of-
mass energies.

ÅThe main detector systems used for this 
analysis are:
ÅThe Time Projection Chamber (TPC)
ÅThe Time-of-Flight (TOF)
ÅThe Inner Tracking System (ITS)

ÅWe are interested in high-multiplicity events, so we mainly consider the 0-10% multiplicity percentile.
ÅV0A/V0C (V0M) are scintillators that measure the charged particle multiplicity at forward rapidity 

(ςȢψ – υȢρ,   σȢχ – ρȢχ)
ÅCL1 measures the number of short tracks segments in the ITS,  ὔ , at mid-rapidity (– πȢψ)

ÅHigh-multiplicity particle production can be characterized by different physics in the two rapidity regions
ÅMid-rapidity particle production will be more sensitive to local fluctuations (auto-correlations, jets).
ÅSlicing multiplicity at far-rapidity, but measuring at mid-rapidity is more robust against fluctuations.

2008, JINST 3 S08002
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V0M 0 – 10%
Distinct difference between Jetty and 
Isotropic events!

“ȾὑȾὖhas distinct crossing point.
‰Ⱦɧappears to be more flat around unity.
(notice ὴ range)

ςȢψ – υȢρ

σȢχ – ρȢχ
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CL1 0 – 10%

ȿ–ȿ πȢψ

Difference between Isotropic and Jetty are 
now less distinct at low ὴ.

“ȾὑȾὖshow stronger ὴ dependence .
ɧconverge to unity.

‰shows little or no 3 dependence
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V0M triggered events have a flat difference 
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CL1 selected events have a non-flat shape, and 
converges to unity.

V0M triggered 3 events have a large multiplicity difference, but exhibits similar 

ὴ . 
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V0M Vs CL1 Let’s take ɧas an example to delve deeper into 
the V0M vs CL1 difference.

V0M triggered events have a flat difference 
between Isotropic and Jetty events.

CL1 selected events have a non-flat shape, and 
converges to unity.

V0M triggered 3 events have a large multiplicity difference, but exhibits similar 

ὴ . 

CL1 triggered 3 events have a small multiplicity difference, and is able to accurately 

disentangle events based on hardness.

V0M
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Ratio to Pions –ɧȾ“

The CL1 results suggest that 
one can enhance or suppress 
the strangeness enhancement 

by selecting on 3

The generators do not 
describe the ὴ evolution

V0M results show a crossing 

between the two 3 event 

classes, whereas one can 
observe a clear separation 
when using CL1 

Both generators describe the 
double-ratio better

ɧ/“ɧ/“

J

Spherocity Integrated
Jetty
Isotropic
PYTHIA/EPOS
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Ratio to Pions -+Ⱦ“and ÐȾ“

V0M

CL1

+Ⱦ“

ÐȾ“

Spherocity Integrated
Jetty
Isotropic
PYTHIA/EPOS

The +Ⱦ“and ÐȾ“ratios exhibit 
different features when 
triggering on CL1 or V0M.

The ratios to 3 -integrated 

highlights a “radial flow”-like 
behavior in the V0M triggered 
events.

+Ⱦ“

ÐȾ“
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Ratio to Pions -+Ⱦ“and ÐȾ“

CL1

V0M

The +Ⱦ“and ÐȾ“ratios exhibit 
different features when 
triggering on CL1 or V0M.

The ratios to 3 -integrated 

highlights a “radial flow”-like 
behavior in the V0M triggered 
events.

Spherocity Integrated
Jetty
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Ratio to Pions -+Ⱦ“and ÐȾ“
The +Ⱦ“and ÐȾ“ratios exhibit 
different features when 
triggering on CL1 or V0M.

The ratios to 3 -integrated 

highlights a “radial flow”-like 
behavior in the V0M triggered 
events.

The CL1 ratios suggests a general 
softening or hardening.

The jetty CL1 events show 
behaviour similar to the 
jet ὴ evolution
ᴼfragmentation “pushes” kaons 
and protons to higher ὴ.

V0M

CL1

Spherocity Integrated
Jetty
Isotropic
PYTHIA/EPOS

+Ⱦ“

ÐȾ“
+Ⱦ“

ÐȾ“
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Ratio to Pions -‰Ⱦ“
Unlike the +ȾÐȾɧ, the ‰
does not give a clear 
picture.

There seems to be no 
significant difference of ‰
production in Jetty or 
Isotropic events.

There is also no difference 
between V0M and CL1 
triggered events.

‰Ⱦ“‰Ⱦ“
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Å╡╣aims to measure the hadron production by varying the amount of 
underlying event.

Å5 GeV trigger particle is required to ensure hard scattering.
ÅEvent is sliced into different sectors, relative to

leading trigger particle.
Å”Toward” region contains hard scattering + UE.

ÅThe UE is then controlled by varying ╡╣in each region.

Å╡╣
╝╣

╝╣
Charged particles in ”Transverse”

Average charged particles in ”Transverse”E
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The idea is that with ╡╣, you can now gauge the UE, which in models like 
PYTHIA is related to the number of Multiple-Parton Interactions (MPIs).
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Å The proton-to-pion ratio indicates a 
radial flow-like behaviour between the 
two╡╣cases.
Å This effect is stronger in the 

Transverse region. 
Å Both models are able to somewhat 

reproduce the low-╡╣trend.
Å These events are most likely 

dominated by (hard) ee physics.
Å However, both models fail to describe 

the high-╡╣trend.
Å EPOS performs a bit better 

qualitative job than PYTHIA. 

Å The ɧ-to-pion ratio also show similar 
behaviour, but more enhanced.
Å high-╡╣for Xi-to-pion in Toward 

approaches the Transverse values.
Å EPOS accurately describes the 

high-╡╣Toward region.
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Å Kaon-to-pion ratio contain similar 
effects seen in proton-to-pion ratio.
Å Both generators are able to 

somewhat predict the double-
ratio.

Å Also exhibits a radial flow-like 
effect.

Å The Phi-to-pion ratio exhibit a large 
boost in both high-╡╣ratios.
Å Toward region has significant 

enhancement that is neither 
generator can accurately describe.

Å EPOS seems to be able to capture 
the overall trend.
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ÅHadron flavour calculated using 
a grandcanonical ensemble.
ÅConserves strangeness 

globally.
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Å –h correlations can shed light on the microscopic picture of light-
flavour hadron production.

MICRO
(PYTHIA)

MACRO
(EPOS)

ό όί Ӷί

The production of a single ♀will have a lot of 
associated strangeness in near rapidity.

QGP

ὑ
There is no strict constraint on associated strangeness 
production when a multi-strange particle is produced.

ÅHadron flavour conserved 
locally.
ÅIn effect, flavour is 

calculated canonically.
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ÅTwo-particle correlation function 
between opposite and like-sign ♀ -╚ Ȣ
ÅFlat behaviour, small away-side ridge.
ÅAll of the strange quarks have the 

same strangeness quantum number.

ÅOpposite-sign channel (OS) instead 
has a very clear peak in near ɝ‰ȟɝώ
space.
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ὁPROJECTION NEAR-SPACE ꜚ FAR-SPACE ꜚ

ÅEPOS quantitatively overestimates correlation, 
but manages to describe OS-SS imbalance better than PYTHIA.

ÅCorrelation around 
near ɝ‰mostly due to 
minijet correlations & 
jet fragmentation.

ÅPYTHIA is good at 
describing the 
correlation, but 
underestimates
OS-SS imbalance.



ɧ–+Correlations

Adrian Fereydon Nassirpour 5702/03/2020

NEAR-SPACE ꜚ FAR-SPACE ꜚὁPROJECTION 



ɧ–+Correlations

Adrian Fereydon Nassirpour 5802/03/2020

NEAR-SPACE ꜚ FAR-SPACE ꜚὁPROJECTION 

ÅStrong OS correlation 
near ὁȟꜚ .

ÅAssociated strangeness 
production in PYTHIA  
qualitatively describes 
data. 



ÅStrong OS correlation 
near ὁȟꜚ .

ÅAssociated strangeness 
production in PYTHIA  
qualitatively describes 
data.

ÅOverestimates 
(de)correlation in 
near(far) ꜚspace.

ɧ–+Correlations

Adrian Fereydon Nassirpour 5902/03/2020

NEAR-SPACE ꜚ FAR-SPACE ꜚὁPROJECTION 



ÅStrong OS correlation 
near ὁȟꜚ .

ÅAssociated strangeness 
production in PYTHIA  
qualitatively describes 
data.

ÅOverestimates 
(de)correlation in 
near(far) ꜚspace.
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NEAR-SPACE ꜚ FAR-SPACE ꜚὁPROJECTION 

ÅAlmost complete decorrelation of strangeness production in EPOS.

Åɧ–+correlations has the potential to constrain the strangeness 
production mechanism.
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Å“Ⱦ+–ɧangular correlations.
ÅModels are currently not able to accurately describe the associated strangeness production of a ɧtrigger.
ÅPromising method to directly constrain strangeness production mechanism.

ÅThese analyses are currently being improved to encompass a larger set of particle species 
and measurements. 
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Thank you for your time!
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3 MC Studies - 3 vs 3
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Identified Vs Unidentified Hadrons
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ÅThere is a non-trivial difference in the 3 measurement for 
Identified and Unidentified hadrons

3
ʌ

τ
ÍÉÎ
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ɫÐ

ὔ

ÅPrimary Unidentified hadrons enter 
both the yield extraction and 3

arXiv:1905.07208

Events require at 
least 10 (3) 
charged primary 
tracks.



Identified Vs Unidentified Hadrons

Adrian Fereydon Nassirpour 7102/03/2020

ÅThere is a non-trivial difference in the 3 measurement for 
Identified and Unidentified hadrons

3
ʌ

τ
ÍÉÎ

ɫÐØÎ

ɫÐ

“ȾὑȾÐȾὔ

ÅPrimary Unidentified hadrons enter 
both the yield extraction and 3

ÅThis also applies to “ȾὑȾὖ



Identified Vs Unidentified Hadrons

Adrian Fereydon Nassirpour 7202/03/2020

ÅThere is a non-trivial difference in the 3 measurement for 
Identified and Unidentified hadrons

3
ʌ

τ
ÍÉÎ

ɫÐØÎ

ɫÐ

“ȾὑȾÐȾὔ

ÅPrimary Unidentified hadrons enter 
both the yield extraction and 3

ÅThis also applies to “ȾὑȾὖ
ÅBut this does NOT apply to !

ɧ



Identified Vs Unidentified Hadrons

Adrian Fereydon Nassirpour 7302/03/2020

ÅThere is a non-trivial difference in the 3 measurement for 
Identified and Unidentified hadrons
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ÅPrimary Unidentified hadrons enter 
both the yield extraction and 3

ÅThis also applies to “ȾὑȾὖ
ÅBut this does NOT apply to !
Å‰enters twice! (ὑ ὑ )

ɧ‰
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3 MC Studies - 3 vs 3
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3 MC Studies – Charged Vs Neutral
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