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At LHC high collision energies -> significant contributions from hard processes
• pQCD precise calculations

Nevertheless particle production dominated
by soft-QCD processes pT ~ few GeV
• non perturbative phenomenology
• modelling
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1.3. Soft Diffraction

Figure 1.2: Schematic view of a high–energy proton–proton collision (Adapted from [5]).

Final–State Radiation Branchings of the outgoing partons. These processes become
more relevant going to higher energies

Fragmentation Also called hadronization, it is the fragmentation process from out-
going quarks and gluons into colorless hadrons due to QCD confinement (see
Section 2.1 and Figure 2.2 for details on confinement). This process is described
phenomenologically, since it is not completely understood, and, if the energy is
high enough, mesons and baryons are formed.

Decay If the hadrons produced during fragmentation are unstable, they can decay.

1.3 Soft Diffraction

As mentioned in the previous section, the hadronic processes can either be soft of hard.
The latter are well described by perturbative QCD (pQCD). The soft sector instead,
which dominates, cannot be described by pQCD, since the higher terms of the strong
coupling constant (↵s) are large enough than the theory is not perturbative anymore,
when the transverse momentum is small.

If the total cross section behaves asymptotically like a power of ln s, then the parti-
cle and antiparticle cross sections become asymptotically equal, this concept was intro-
duced by Pomeranchuk1. While Gribov predicted that, in order to ensure this behavior,
the exchange of a Regge trajectory has to happen. The particles which lie on this tra-
jectory are virtual and have the same internal numbers of the vacuum. The effective
sum of all these particles is known as the Pomeron IP (firstly introduced in 1961 [7]). In

1For several systems, the total cross section falls at low energies and rises slowly at high energies, but
it is constant over a large range of s [6].
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Underlying Event
• Multiple parton interactions (MPI):

more than one hard scattering
• semi-hard + soft interactions 

(ISR/FSR and beam remnants)

Introduction
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Midrapidity multiplicity selection à
particle production above 0.8 GeV/c 
increases with increasing multiplicity
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The effect is reduced using a forward
multiplicity estimator à but still visible
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Midrapidity multiplicity selection à
particle production above 0.8 GeV/c 
increases with increasing multiplicity

The effect is reduced using a forward
multiplicity estimator à but still visible

Ø Is it due to the presence of jets which
bias the selection? 

Ø Could a jet free multiplicity
estimator help to understand the 
correlation between low and high pT
particle production?
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ALICE
Phys.Lett. B712 (2012) 165-175 
JHEP 1509 (2015) 148
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Non-linear heavy-flavour and high-pT particle production increase with multiplicity
• effect of multiplicity saturation? 
• interplay between multiplicity fluctuations of individual

parton interactions and decrease of MPI? 
Eur.Phys.J. C79 (2019) no.1, 36
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Non-linear heavy-flavour and high-pT particle production increase with multiplicity
• effect of multiplicity saturation? 
• interplay between multiplicity fluctuations of individual

parton interactions and decrease of MPI? 

Ø Could a jet free 
multiplicity
estimator help
to understand soft 
QCD dynamics?
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A Large Ion Collider Experiment

V0 A

V0 C

SPD

Trigger and
event characterisation
detectors

AD C

AD A
solenoidal
magnet: 0.5 T

• 18 different detector systems
• high-momentum resolution
• excellent PID

ZDC

ZDC
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A Large Ion Collider Experiment

Data-taking
detectors

Tracking

ITS

TPC
solenoidal
magnet: 0.5 T

• 18 different detector systems
• high-momentum resolution
• excellent PID
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A Large Ion Collider Experiment
ITS

TPC

Data-taking
detectors

Tracking

Vertexing

solenoidal
magnet: 0.5 T

• 18 different detector systems
• high-momentum resolution
• excellent PID
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A Large Ion Collider Experiment
ITS

TPCTPC

TOF

EMCal

TRD

Muon
spectrometer

Data-taking
detectors

Tracking

Vertexing

PID

solenoidal
magnet: 0.5 T

• 18 different detector systems
• high-momentum resolution
• excellent PID
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<pT> vs 
multiplicity   
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Unfolding of pT spectra
The correlation between Nch and pT is
experimentally unknow (biased by 
acceptance and secondaries)
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Unfolding of pT spectra
The correlation between Nch and pT is
experimentally unknow (biased by 
acceptance and secondaries)

Ø high resolution response matrix
available from MC

Ø benefit from unfolding application
from Bayes’ theorem
Nucl.Instrum.Meth. A362 (1995) 487-498



Valentina Zaccolo – SQM2019 7

Energy and system–size dependence
Energy dependence of <pT> versus 
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multiplicity for higher energy
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Energy and system–size dependence
Energy dependence of <pT> versus 
multiplicity in pp collisions
• <pT> increases with increasing

multiplicity for higher energy

System-size dependence of <pT> versus 
multiplicity results
• possibility to reach higher Nch to study

the full shape thanks to unfolding

New Results



pT spectra vs 
UE activity



A jet–free multiplicity estimator
What is RT?

218Valentina Zaccolo – SQM2019

We look for a variable that
1. is not influenced by the initial hard parton scattering
2. can discriminate among soft and hard events



jet pedestal region

A jet–free multiplicity estimator
What is RT?

!"

228Valentina Zaccolo – SQM2019

We look for a variable that
1. is not influenced by the initial hard parton scattering
2. can discriminate among soft and hard events

Ø define the relative
transverse activity classifier RT in the 
plateau region (jet pedestal)
Eur.Phys.J. C76 (2016) no.5, 299

𝑅" =
𝑁%&'()*%+,
𝑁%&'()*%+,



A jet–free multiplicity estimator
RT distribution
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Selection done in:

• transverse multiplicity

• plateau region 5 < pT leading < 40 GeV/c

New Results



A jet–free multiplicity estimator
RT distribution
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Selection done in:

• transverse multiplicity

• plateau region 5 < pT leading < 40 GeV/c

• several RT bins to allow to distinguish
among low and high UE activity

lo
w

U
E

hi
gh

 U
E
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Comparison to inclusive transverse spectra

Ø clear pT hardening at high multiplicity in 
the transverse region à same trend 
observed for the midrapidity-based
multiplicity estimator

Transverse pT distributions
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New Results

N.B.: The figure has been updated after the
conference to account for a change in the
normalisation factor of the RT-integrated
pT spectrum for the transverse region



Transverse pT distributions
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Comparison to inclusive transverse spectra

Ø clear pT hardening at high multiplicity in 
the transverse region à same trend 
observed for the midrapidity-based
multiplicity estimator

Ø measurement (pT) and selection
(multiplicity) are done in the same
pseudorapidity region

New Results
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Comparison to inclusive toward spectra

Ø If the multiplicity is determined in the 
transverse region, the spectra in the 
toward (jet) region clearly show the 
opposite trend

Toward pT spectra distributions

!"

New Results
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Comparison to inclusive toward spectra

Ø If the multiplicity is determined in the 
transverse region, the spectra in the 
toward (jet) region clearly show the 
opposite trend

Ø we observe convergence to the jet:
• complete separation among soft 

(UE) and hard (jet) part of the event
at high pT

• correlation effects are significantly
reduced

Toward pT spectra distributions
New Results
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RT dependence 
for transverse and toward

New Results

N.B.: The figure has been updated after the
conference to account for a change in the
normalisation factor of the RT-integrated
pT spectrum for the transverse region
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Ø yield in transverse vs RT
same behavior observed using the 
midrapidity–based multiplicity estimator

ALICE
arXiv:1905.07208

RT dependence 
for transverse and toward

New Results
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Ø yield in toward vs RT
• does not converge to 0 

à at RT = 0 we can have a jet
à possibility to study hard object
with almost no UE activity!

ALICE
arXiv:1905.07208

RT dependence 
for transverse and toward

New Results
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Ø yield in toward vs RT
• does not converge to 0 

à at RT = 0 we can have a jet
à possibility to study hard object
with almost no UE activity! 

• it is linear 
à not the same as heavy flavours!

RT dependence 
for transverse and toward

ALICE
Phys.Lett. B712 (2012) 165-175 
JHEP 1509 (2015) 148

New Results
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Ø yield in toward vs RT
• does not converge to 0 

à at RT = 0 we can have a jet
à possibility to study hard object
with almost no UE activity! 

• it is linear 
à not the same as heavy flavours!

• PYTHIA 8.2 reproduces well
the observed trends

RT dependence 
for transverse and toward

New Results



Summary and outlook
Ø <pT> vs multiplicity:

• high resolution energy and system-size study capabilities due to unfolding

Ø Transverse pT spectra: 
• hardening at high multiplicity à confirms the trend observed using the midrapidity

multiplicity estimator

Ø Toward pT spectra:
• separation among soft (UE) and hard (jet) part of the event, at high pT
• no RT saturation à no autocorrelation effects at play!
• still possible to have a jet at ~ 0 UE activity

à unique opportunity to relate to elementary systems like e+e-
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Summary and outlook
Ø <pT> vs multiplicity:

• high resolution energy and system-size study capabilities due to unfolding

Ø Transverse pT spectra: 
• hardening at high multiplicity à confirms the trend observed using the midrapidity

multiplicity estimator

Ø Toward pT spectra:
• separation among soft (UE) and hard (jet) part of the event, at high pT
• no RT saturation à no autocorrelation effects at play!
• still possible to have a jet at ~ 0 UE activity

à unique opportunity to relate to elementary systems like e+e-

RT is an effective instrument 
to disentangle jet and UE components of the spectra

à Promising for identified particle yields study, both for light and heavy flavours
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