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Introduction

Description relies on phenomenological models 

Important for tuning the models

Improve the understanding of non-perturbative processes

Soft QCD processes: 
Hard scattering: perturbative QCD

Includes:

Underlying Event (UE)


Multiparton interactions (MPI)

Initial- and final-state radiation

Beam remnants


Hadronisation products

Collective effects

low transverse momenta 

→ non-perturbative QCD

Proton Proton

Hard scattering

Final state radiation

Initial state radiation

Hadronisation/

Fragmentation

MPI

Beam remnants
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A Large Ion Collider Experiment
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A Large Ion Collider Experiment

Inner Tracking System (ITS)

Tracking, vertex and PID

Time Projection Chamber (TPC)

Tracking and PID (dE/dx)

Time of Flight (TOF) detector

PID via time-of-flight method

V0

Trigger, multiplicity/
centrality estimator

Zero Degree Calorimeter (ZDC)

112.5 m from IP2, energy percentiles based on 

energy deposition, measurement of beam remnants
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The Underlying Event

Underlying event (UE): collection of particles which do not originate from the primary hard parton-parton scattering 
or the related fragmentation (Includes MPI, ISR/FSR, beam remnants)

Conventional UE analyses 

Particle production in three topological 
regions w.r.t. leading particle

Main UE observables: particle density, 
summed-pT density

ALICE, JHEP04 (2020) 192
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The Underlying Event

Underlying event (UE): collection of particles which do not originate from the primary hard parton-parton scattering 
or the related fragmentation (Includes MPI, ISR/FSR, beam remnants)
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Conventional UE analyses 

Particle production in three topological 
regions w.r.t. leading particle

Main UE observables: particle density, 
summed-pT density

Steep rise in the event activity at low pTleading for all topological regions

After pTleading > 5 GeV/c charged particle density in Transverse region 
is insensitive to hard component

In Toward/Near and Away regions, charged particle density scales with 
hardness

ALICE, JHEP04 (2020) 192



907.06.2021 Sushanta Tripathy - LHCP2021

Charged particle density
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pp p−Pb

Larger UE magnitude in p−Pb collisions

Both PYTHIA8 (Angantyr) and EPOS-LHC fail to describe the UE activity for p−Pb

Transverse Transverse

First results on UE activity for 
p−Pb collisions at the LHC
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Charged particle density in jet-like regions
First results on UE activity for 

p−Pb collisions at the LHC 

Toward - Transverse Away - Transverse

pTleading > 8 GeV/c: jet-like components are similar for both pp and p−Pb collisions

No jet-like component modification in the away side for p−Pb collisions
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Charged particle density in jet-like regions
First results on UE activity for 

p−Pb collisions at the LHC

Toward - Transverse Away - Transverse

Low pTleading : effects from flow? 

EPOS-LHC describes the qualitative trend but overestimates the data at low pTleading
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Relative transverse activity classifier, RT 

Relative transverse activity classifier, RT = NchTransverse /<NchTransverse>!
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

ALICE, JHEP04 (2020) 192
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Relative transverse activity classifier, RT 

Relative transverse activity classifier, RT = NchTransverse /<NchTransverse>!
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

Using RT, one can vary the magnitude of the 
underlying event (UE) and study the particle 
production 
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Relative transverse activity classifier, RT 

Relative transverse activity classifier, RT = NchTransverse /<NchTransverse>!
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

Using RT, one can vary the magnitude of the 
underlying event (UE) and study the particle 
production !

RT→0 : Events with less UE (dominated by jets)!

Higher RT → Higher UE contribution
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Relative transverse activity classifier, RT 

Relative transverse activity classifier, RT = NchTransverse /<NchTransverse>!
(Introduced in P. Skands et. al., Eur. Phys. J. C 76, 299 (2016))

Using RT, one can vary the magnitude of the 
underlying event (UE) and study the particle 
production !

RT→0 : Events with less UE (dominated by jets)!

Higher RT → Higher UE contribution!

A pT cut for the leading particle is required to 
ensure a hard process:  pTleading > 5 GeV/c, where 
the charged particle density in transverse region 
remains nearly constant
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Charged particle production vs. RT 

Relative Transverse activity classifier, RT = NchTransverse /<NchTransverse>
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Charged particle production vs. RT 

The contribution from the jets dominate at low RT and the values are similar for all systems, as one 

would naively expect for RT→0

Relative Transverse activity classifier, RT = NchTransverse /<NchTransverse>
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Charged particle production vs. RT 

For large RT, the <pT> approaches similar values in all three topological regions for a given system: 
dominant UE contribution

Relative Transverse activity classifier, RT = NchTransverse /<NchTransverse>
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Identified particle production vs. RT 

p/𝜋  ratio: !

Radial flow-like features!
Model predictions mostly fail to describe the 
particle ratios quantitatively

ALI-PREL-333058

Transverse    

p/𝛑
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Identified particle production vs. RT 

ALI-PREL-333058 ALI-PREL-333043

p/ 𝜋  ratio: !

Radial flow-like features in both the regions.!
Model predictions mostly fail to describe the 
particle ratios quantitatively!

! /𝜋  ratio: !

show a similar trend to the p/ 𝜋  ratio.!

high-RT toward region approaches the results 
in Transverse region.

The results indicate the interplay between UE and 
jet-like components

ALI-PREL-333128 ALI-PREL-333114

p/𝛑

! /𝛑

Transverse Toward
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Deuteron production vs. RT 
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New!

First measurements of (anti)deuteron production 
as function of RT in diff erent topological regions!

(anti)deuteron to proton ratios found to be 
independent of RT within uncertainties

Relative Transverse activity classifier, RT = NchTransverse /<NchTransverse>

More details on (hyper)nuclei

L. Barioglio, 7th June at 18:00 

https://indico.cern.ch/event/905399/contributions/4291635/
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Forward energy vs. UE activity

The forward energy measured by ALICE ZDC gives 

a complementary measurement to conventional UE 

analyses

ALI-PREL-366808
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Forward energy vs. UE activity

ALI-PREL-366808

The forward energy measured by ALICE ZDC gives 

a complementary measurement to conventional UE 

analyses


Both observables saturate for pTleading > 5 GeV/c


Forward energy is anticorrelated to midrapidity UE 

activity


Small forward energy detection selects high 

multiplicity and high pTleading particle at midrapidity

ALI-PREL-366808
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Strangeness vs. effective energy

ALI-PREL-321075

ALICE has measured ratio of strange to non-

strange hadrons across different multiplicity 

classes, collision systems and energies


Strangeness enhancement increases with 

strangeness content of the particle


Does the strangeness enhancement in pp 

collisions depend on available initial energy?

ALICE, Nature Phys 13, 535 (2017)

ALICE, Eur. Phys. J. C80, 167 (2020)
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New!Strangeness vs. effective energy

Effective energy: difference between collision 

energy and forward energy measured in ZDC
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New!Strangeness vs. effective energy

Effective energy: difference between collision 

energy and forward energy measured in ZDC


Simulation shows effective energy and multiplicity 

are correlated
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New!Strangeness vs. effective energy

Effective energy: difference between collision 

energy and forward energy measured in ZDC


Simulation shows effective energy and multiplicity 

are correlated


Combined event classes to discriminate between 

initial and final state
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Effective energy: difference between collision 

energy and forward energy measured in ZDC


Simulation shows effective energy and multiplicity 

are correlated 


Combined event classes to discriminate between 

initial and final state


No !  enhancement vs. effective energy for a 

chosen multiplicity indicating no strong role of 

effective energy 

New!Strangeness vs. effective energy

Ratio of !  yields to average charged particle 
multiplicity (self normalised to INEL>0)
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New!Strangeness vs. effective energy
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Effective energy: difference between collision 

energy and forward energy measured in ZDC


Simulation shows effective energy and multiplicity 

are correlated


Combined event classes to discriminate between 

initial and final state 


No !  enhancement vs. effective energy for a 

chosen multiplicity indicating no strong role of 

effective energy 


Indicates final state multiplicity is the driving factor 

for strangeness enhancement 
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Summary

First UE results for p−Pb collisions at the LHC: models fail to describe the UE activity


No jet-like component modification observed for p-Pb collisions with respect to pp collisions

First measurements of (anti)deuteron production as a function of RT in diff erent topological regions!

Forward energy is found to be anticorrelated with midrapidity UE activity and complements 

conventional UE analyses


Multi-differential analysis of strangeness production with effective energy indicates final state 

multiplicity as the driving factor of strangeness enhancement

Modelling of soft QCD results is important to understand the hadronisation mechanisms 
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Summary

Modelling of soft QCD results is important to understand the hadronisation mechanisms 

First UE results for p−Pb collisions at the LHC: models fail to describe the UE activity


No jet-like component modification observed for p-Pb collisions with respect to pp collisions

First measurements of (anti)deuteron production as a function of RT in diff erent topological regions!

Forward energy is found to be anticorrelated with midrapidity UE activity and complements 

conventional UE analyses


Multi-differential analysis of strangeness production with effective energy indicates final state 

multiplicity as the driving factor of strangeness enhancement

Thank you for your attention!
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Back-up
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Charged particle density

pp p−PbToward Toward

Increase of particle density with leading pT, faster in pp compared to p−Pb collisions

First results on UE activity for 
p−Pb collisions from ALICE 
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Forward energy vs. UE activity

ALI-PREL-366842ALI-PREL-366842

First results on forward energy vs the event activity at midrapidity in pp and in p-Pb collisions


ZN, ZP energies normalized to MB values decrease rapidly with increasing multiplicity at midrapidity
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Deuteron production vs. RT New!

ALI-PREL-486536 ALI-PREL-486552

BA is the coalescence parameter

B2 parameter is found to be flat vs pT/A !
Similar values of B2 for transverse and toward regions

Relative Transverse activity classifier, RT = NchTransverse /<NchTransverse>
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New!Strangeness vs. effective energy
Effective energy: difference between collision 

energy and forward energy measured in ZDC


Simulation shows effective energy and multiplicity 

are correlated


Stand-alone analyses are unable to disentangle 

initial and final state
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Resonances production
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