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Figure 3: Definitions of underlying-event regions (top left) and measurements of the number density in
the transverse region using a leading track, leading jet and leading Z boson (bottom left) [33] as well as for
leading jets compare between three center-of-mass energies (right) [38].

underlying event distributions to current models (propagated through the detector simulation) [40]
show that PYTHIA 8 with tune Monash describes the distributions well over most of the pT-range
while EPOS LHC deviates by about 15%.

4. Minijets and Multiple Parton Interactions

Jet production at high pT is a standard QCD measurement. Measuring the particle stemming
from parton–parton scatterings of a few GeV/c needs a different strategy, because the so-called
minijet cannot be reconstructed with typical jet-reconstruction techniques due to the small number
of particles. At the same time the minijet production is very abundant and proportional to the
number of multiple parton interactions (MPI) occurring in the collision. In turn, the number of
MPI in models has significant impact on the soft QCD probes discussed in the previous sections.

A possibility to measure the minijet contribution is to employ two-particle correlations and
study the jet yields statistically. These allow to measure the so-called uncorrelated seeds [41]:

hNuncorrelated seedsi=
hNtrigi

h1+Nassociated,nearside +Nassociated,awaysidei
(4.1)

where Ntrig is the number of trigger particles and Nassociated,nearside (Nassociated,awayside) are the number
of particles in the near-side (away-side) peak. The uncorrelated seeds are proportional to the num-
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Study the number of MPI
Definition of uncorrelated seeds
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1 Introduction
Events in which two hard parton-parton interactions occur within a single proton-proton (pp)
collision—referred to as double-parton scattering (DPS) processes—have been discussed the-
oretically since the introduction of the parton model [1–8]. Experimentally, such processes
have been studied at hadron colliders at different center-of-mass energies using multiple final
states [9–22].

The cross section for a single hard scattering (SHS) can be factorized into a term containing the
parton distribution functions (PDFs) and the partonic cross section of the process at hand, but
this approach becomes nontrivial for DPS processes. Although the factorized partonic cross
sections remain unchanged, the PDF term in the DPS case contains elements from two distinct
partons in each proton. This term includes a distance parameter between the partons in the
plane transverse to the direction of motion of each proton. Precise calculations of the involved
dynamics have been carried out for such a case [7]. Assuming that both the partonic cross
sections and the transverse and longitudinal parts of the PDF terms factorize, the DPS cross
section can be written in a simplified model as

sDPS
AB =

n

2
sAsB
seff

, (1)

where “A” and “B” denote the SHS processes, and sA and sB are their respective production
cross sections. The factor n is equal to unity if processes A and B are the same, and is equal
to two otherwise. The parameter seff, the effective cross section of DPS processes, is related
to the extent of the parton distribution in the plane orthogonal to the direction of motion of
the protons. It was measured at different hadron colliders and center-of-mass energies in a
variety of final-state processes with comparatively large uncertainties (⇡30%). Its value ranges
between 15 and 26 mb for processes involving a vector boson [13–18, 21, 23]. Significantly lower
values, down to 2.2 mb, are measured for processes involving heavy-flavor production [22].

One of the most promising processes to study DPS is the case in which both hard scatterings
lead to the production of a W boson, and, in particular, the final state with two same-charge
W bosons [24]. The SHS W±W± production includes two additional partons and its cross sec-
tion is therefore suppressed at the matrix-element level. Figure 1 illustrates the production
of W±W± via the DPS process (left) and via SHS processes (middle and right) at leading or-
der (LO) in perturbative quantum chromodynamics (QCD). The absence of jets in the W±W±

production via DPS at LO in perturbation theory provides an additional handle to reduce the
contributions from the SHS backgrounds by introducing an upper limit on the number of jets.
Moreover, when both W bosons decay leptonically, this event exhibits a clean final state in
the detector, and the excellent reconstruction and resolution of leptons in the CMS detector
provides an accurate measurement of the WW DPS cross section.

However, DPS WW production has not been observed experimentally. An observation of this
process would permit the validation of the factorization approach, which is prevalent in current
Monte Carlo (MC) event generators. In addition, it is proposed that angular observables in the
DPS W±W± process are sensitive to nontrivial longitudinal momentum correlations among the
partons [25–27]. The DPS W±W± process also constitutes a background in searches for new
physics at the CERN LHC, e.g., in searches for the electroweak production of supersymmet-
ric particles [28]. A measurement of the DPS WW production cross section (sDPS WW) would
improve the reach of such searches.

A search for the production of W±W± via DPS was reported in the past by the CMS Collabo-
ration using pp collisions at

p
s = 8 TeV, and an upper limit of 0.32 pb was set on its production

CMS
Eur.Phys.J.C 80 (2020) 1, 41 Valentina Zaccolo – Soft QCD 6
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Valentina Zaccolo – Soft QCD 6

Predictions have large uncertainties à important measurement!
• Factorisation approach: from σeff
• PYTHIA: UE description

CMS
Eur.Phys.J.C 80 (2020) 1, 41
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• very forward energy from beam remnants: neutron energy (ZN)
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pp and p-Pb in agreement
at high multiplicity

Small forward energy:
à high midrapidity activity

and low impact parameter
à larger than average MPI
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QCD properties in pp
Very forward energy vs. pT
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QCD properties in pp
Very forward energy vs. pT

leading

ALICE
e-Print: 2107.10757 [nucl-ex] 23

Forward energy saturates for pTleading > 5 GeV/c

Strong anti-correlation between pTleading and ZN 
at low pTleading built in the initial stages
of the collisions: 
the two observables are causally disconnected
in the evolution stages
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Transverse region
underlying event
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• flattens -> MPI saturation
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• good MPI description
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à depletion at low pTleading in pp/p-Pb

• collective flow effect?
• EPOS LHC reproduces the depletion, 

but overestimates the effect
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Figure 1: (a) Illustration of away, transverse, and towards regions in the transverse plane defined relative to the
direction of the Z boson. (b) Illustration of an isotropic and a balanced event topology in the transverse plane with
their corresponding values of thrust T?. In these figures, the beams are travelling perpendicular to the plane of the
page.

sum is labelled trans-max and the other trans-min [5, 6]. The trans-min region is highly sensitive to the UE
activity because it is less likely that activity from recoiling jets leaks into this region.

Four distributions are studied to understand the UE activity. The first is the charged-particle transverse
momentum dNch/dpch

T distribution inclusive over all selected particles. The final spectrum for this variable
is accumulated over all events and then normalized. The next three are evaluated on an event-by-event
basis: the charged-particle multiplicity dNev/d(Nch/�⌘��), the scalar sum of the transverse momentum of
those particles dNev/d(⌃pT/�⌘��), and the mean transverse momentum dNev/d(mean pT), where mean pT
is the quotient of ⌃pT and Nch (provided Nch > 0 in the corresponding region). The distributions of these
variables are produced separately for charged particles lying in each of the regions described above. The
charged-particle multiplicity and the scalar sum of transverse momenta are normalized relative to the area
of the corresponding region in the ⌘–� space. This simplifies the comparison of the activity in di�erent
regions. The distributions are distinguished in di�erent ranges of the Z boson transverse momentum pZ

T
and for two regions of transverse thrust T? [7]. Transverse thrust characterizes the topology of the tracks in
the event and is

T? =
Õ

i | ÆpT,i · n̂|Õ
i | ÆpT,i |

. (1)

The thrust axis n̂ is the unit vector which maximizes T?. Here the summation is done on an event-by-event
basis over the transverse momenta pT of all charged particles except the two muons. Transverse thrust has a
maximum value of 1 for a pencil-like dijet topology and a minimum value of 2/⇡ for a circularly symmetric
distribution of particles in the transverse plane, as illustrated in Figure 1. As proposed in Ref. [8], events
with lower values of T? are more sensitive to the MPI component of the UE. The two regions of thrust
examined in this paper are T?  0.75 and T? > 0.75, which are optimized to distinguish extra jet activity
from the actual UE activity. A measurement of transverse thrust in combination with the UE activity was
done at

p
s = 7 TeV [9], but it did not distinguish the transverse regions.

In this paper, all measurements are also performed inclusively in T?. In total, the spectra of the four
observables are measured in 96 regions of phase space, i.e. in eight bins of pZ

T ; in the away, toward,
trans-max, and trans-min regions; and for low, high, and inclusive T?. The bin boundaries in pZ

T are
(0, 10, 20, 40, 60, 80, 120, 200, 500) GeV. In addition to distributions of the four observables, the arithmetic
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Using Z boson 
à very clean UE definition 
(no FSR)
Measurement done vs 
Thrust
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Figure 1: (a) Illustration of away, transverse, and towards regions in the transverse plane defined relative to the
direction of the Z boson. (b) Illustration of an isotropic and a balanced event topology in the transverse plane with
their corresponding values of thrust T?. In these figures, the beams are travelling perpendicular to the plane of the
page.

sum is labelled trans-max and the other trans-min [5, 6]. The trans-min region is highly sensitive to the UE
activity because it is less likely that activity from recoiling jets leaks into this region.

Four distributions are studied to understand the UE activity. The first is the charged-particle transverse
momentum dNch/dpch

T distribution inclusive over all selected particles. The final spectrum for this variable
is accumulated over all events and then normalized. The next three are evaluated on an event-by-event
basis: the charged-particle multiplicity dNev/d(Nch/�⌘��), the scalar sum of the transverse momentum of
those particles dNev/d(⌃pT/�⌘��), and the mean transverse momentum dNev/d(mean pT), where mean pT
is the quotient of ⌃pT and Nch (provided Nch > 0 in the corresponding region). The distributions of these
variables are produced separately for charged particles lying in each of the regions described above. The
charged-particle multiplicity and the scalar sum of transverse momenta are normalized relative to the area
of the corresponding region in the ⌘–� space. This simplifies the comparison of the activity in di�erent
regions. The distributions are distinguished in di�erent ranges of the Z boson transverse momentum pZ

T
and for two regions of transverse thrust T? [7]. Transverse thrust characterizes the topology of the tracks in
the event and is

T? =
Õ

i | ÆpT,i · n̂|Õ
i | ÆpT,i |

. (1)

The thrust axis n̂ is the unit vector which maximizes T?. Here the summation is done on an event-by-event
basis over the transverse momenta pT of all charged particles except the two muons. Transverse thrust has a
maximum value of 1 for a pencil-like dijet topology and a minimum value of 2/⇡ for a circularly symmetric
distribution of particles in the transverse plane, as illustrated in Figure 1. As proposed in Ref. [8], events
with lower values of T? are more sensitive to the MPI component of the UE. The two regions of thrust
examined in this paper are T?  0.75 and T? > 0.75, which are optimized to distinguish extra jet activity
from the actual UE activity. A measurement of transverse thrust in combination with the UE activity was
done at

p
s = 7 TeV [9], but it did not distinguish the transverse regions.

In this paper, all measurements are also performed inclusively in T?. In total, the spectra of the four
observables are measured in 96 regions of phase space, i.e. in eight bins of pZ

T ; in the away, toward,
trans-max, and trans-min regions; and for low, high, and inclusive T?. The bin boundaries in pZ

T are
(0, 10, 20, 40, 60, 80, 120, 200, 500) GeV. In addition to distributions of the four observables, the arithmetic
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Using Z boson 
à very clean UE definition 
(no FSR)
Measurement done vs 
Thrust

• isotropic event 
dominated by MPI
o PowhegPythia8

works better
• jetty event 

dominated by ISR
o all generators 

underestimate 
data

ATLAS
Eur.Phys.J.C 79 (2019) 8, 666
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Modelling baryons is difficult due to their colour topology 
Ø are not included in leading-colour approximations à interesting probes!

• p/𝞹0 (|S|=0) 
o models are flatter than data

• 𝞚/K0
S (|S|=1)

o EPOS LHC off
o PYTHIA overestimates data

by factor 3

• 𝝣/𝞍 (|S|=2) and 𝝮/𝞍 (|S|=3, all s)
o EPOS LHC good
o PYTHIA off

Baryon hadronisation
Baryon-to-meson ratios…

Valentina Zaccolo – Soft QCD 15
ALICE
Eur.Phys.J.C 81 (2021) 3, 256



Modelling baryons is difficult due to their colour topology 
Ø are not included in leading-colour approximations à interesting probes!

Same trend for 𝞚C/D0 (|C|=1)

o is mid-pT enhancement
a baryon/meson feature?

o PYTHIA Mode2 (QCD-CR) works
for 𝞚C/D0…
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Modelling baryons is difficult due to their colour topology 
Ø are not included in leading-colour approximations à interesting probes!

Same trend for 𝞚C/D0 (|C|=1)

o is mid-pT enhancement
a baryon/meson feature?

o PYTHIA Mode2 (QCD-CR) works
for 𝞚C/D0…

o …but not for 𝚵C/D0!

Baryon hadronisation
Baryon-to-meson ratios…

Valentina Zaccolo – Soft QCD 16
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Yields as a function of multiplicity
Why is multiplicity so important?
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Fig. 65: Extrapolated multiplicity distributions in pp collisions within |⌘| < 1.5 (left panel) and |⌘| < 2.5
(centre panel). The indicated regions are (from left to right) 5–7, 7–10, 10–12, 12–14, 14–16 times the
average multiplicity. In the left panel the multiplicity distribution of Pb–Pb and p–Pb collisions is
also plotted. The right panel compares these two distributions scaled by the average multiplicity. The
extrapolation for |⌘| < 2.5 turns out to be a bit wider at large multiplicities; therefore the one based on
|⌘| < 1.5 is used as baseline.
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Fig. 66: Energy density as a function of dNch/dy calculated by IP-Glasma (solid lines) and with MC
Glauber and the Bjorken formula (dashed lines); for details see text. Compared are pp (

p
s = 7 TeV),

p–Pb (psNN = 5.02 TeV) and Pb–Pb (psNN = 5.02 TeV) collisions at ⌧ = 0.2 fm/c. The horizontal
line indicates the energy density reached in central Pb–Pb collisions (dNch/dy ⇡ 2000).

9.4.2 Energy density
While the multiplicity is a convenient and well-defined observable to compare different collision systems,
the underlying dynamics may be driven by other properties. In large collision systems, the energy density
✏ is often used to characterize the system and the expected effects. Figure 66 shows an estimate of the
energy density for pp, p–Pb and Pb–Pb collisions based on IP-Glasma [766] as well as on the Bjorken
estimate:

✏ =
1

A⌧
hEi

3

2

dNch

dy
. (30)
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Fig. 65: Extrapolated multiplicity distributions in pp collisions within |⌘| < 1.5 (left panel) and |⌘| < 2.5
(centre panel). The indicated regions are (from left to right) 5–7, 7–10, 10–12, 12–14, 14–16 times the
average multiplicity. In the left panel the multiplicity distribution of Pb–Pb and p–Pb collisions is
also plotted. The right panel compares these two distributions scaled by the average multiplicity. The
extrapolation for |⌘| < 2.5 turns out to be a bit wider at large multiplicities; therefore the one based on
|⌘| < 1.5 is used as baseline.
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Fig. 66: Energy density as a function of dNch/dy calculated by IP-Glasma (solid lines) and with MC
Glauber and the Bjorken formula (dashed lines); for details see text. Compared are pp (

p
s = 7 TeV),

p–Pb (psNN = 5.02 TeV) and Pb–Pb (psNN = 5.02 TeV) collisions at ⌧ = 0.2 fm/c. The horizontal
line indicates the energy density reached in central Pb–Pb collisions (dNch/dy ⇡ 2000).

9.4.2 Energy density
While the multiplicity is a convenient and well-defined observable to compare different collision systems,
the underlying dynamics may be driven by other properties. In large collision systems, the energy density
✏ is often used to characterize the system and the expected effects. Figure 66 shows an estimate of the
energy density for pp, p–Pb and Pb–Pb collisions based on IP-Glasma [766] as well as on the Bjorken
estimate:
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. (30)
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• In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass
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Yields as a function of multiplicity
Strangeness enhancement

Valentina Zaccolo – Soft QCD 19

• In pp, the production of strange hadrons is
suppressed relative to hadrons containing only
light quarks due to quark s mass

• In AA, particle ratios are described by a grand-
canonical approach within the statistical
hadronsation model

Ø What is the microscopic mechanism that
explains strangeness enhancement? 
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Yields as a function of multiplicity
Heavy-flavour and high-pT particle production

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

ALICE
Phys.Lett. B712 (2012) 165-175 
JHEP 1509 (2015) 148
Eur.Phys.J.C 79 (2019) 10, 857 20Valentina Zaccolo – Soft QCD
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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?

Eur.Phys.J. C79 (2019) no.1, 36
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A jet–free multiplicity estimator
What is RT?

Valentina Zaccolo – Soft QCD

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

21



jet pedestal region

A jet–free multiplicity estimator
What is RT?

!"

8Valentina Zaccolo – Soft QCD

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"#$%&'"()
𝑁"#$%&'"()

21
ALICE
JHEP 04 (2020) 192



A jet–free multiplicity estimator
RT distribution

Valentina Zaccolo – Soft QCD

Selection done in:

• transverse multiplicity

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

22
ALICE
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A jet–free multiplicity estimator
RT distribution

Valentina Zaccolo – Soft QCD

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
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gh
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E

22
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Valentina Zaccolo – Soft QCD

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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Transverse pT distributions

Valentina Zaccolo – Soft QCD

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

23
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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 distributions

!"
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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 distributions
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RT dependence 
for transverse and toward
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Ø yield in transverse vs RT
same behavior observed using the 
midrapidity–based multiplicity estimator

ALICE
Eur.Phys.J.C 79 (2019) 10, 857

RT dependence 
for transverse and toward
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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!

RT dependence 
for transverse and toward
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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 25
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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

25



Yields as a function of the UE activity
Strangeness enhancement

Valentina Zaccolo – Soft QCD 26

Particle production vs RT

• transverse
o no enhancement

• toward
o enhancement
o for high RT values

à same ratio yields
as transverse

𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*



Yields as a function of the UE activity
Strangeness enhancement
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Particle production vs RT

• transverse
o no enhancement

• toward
o enhancement
o for high RT values

à same ratio yields
as transverse

𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

Ø Strangeness enhacement
observed in 

• jet+UE
• high UE activity



Yields as a function of the UE activity
Deuteron production

Valentina Zaccolo – Soft QCD

Particle production vs RT

𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

d/p:
• no dependence on RT

27



Yields as a function of the UE activity
Deuteron production

Valentina Zaccolo – Soft QCD

Particle production vs RT

𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

Coalescence parameter from 
• flat vs pT/ for all azimuthal regions
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Yields as a function of the UE activity
Deuteron production

Valentina Zaccolo – Soft QCD

Particle production vs RT

𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

Coalescence parameter from 
• flat vs pT/ for all azimuthal regions
• Pythia 8.3 with d production via coalescence and reactions

underestimates it

28
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Why looking for UE characterisation?
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ALICE
e-Print: 2105.04890 [nucl-ex]

Production of strange baryons (Λ) and 
mesons (K0s) is reported inside jets and 
in the event portion perpendicular to a jet 
(low energy processes)



Why looking for UE characterisation?
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ALICE
e-Print: 2105.04890 [nucl-ex]

Production of strange baryons (Λ) and 
mesons (K0s) is reported inside jets and 
in the event portion perpendicular to a jet 
(low energy processes)

à the particles away from jets show a 
large baryon-over-meson increase. 

à modelling the baryon-over-meson has 
important constraint: the absence of 
the jet!



Why looking for UE characterisation?

Valentina Zaccolo – Soft QCD 31

Enhancement of strange baryon Ξ
happens outside the energetic jet



Why looking for UE characterisation?

Valentina Zaccolo – Soft QCD 31

Enhancement of strange baryon Ξ
happens outside the energetic jet

à strange particles away from jets 
show large strangeness 
enhacement

à the absence of the jet is the 
important part to study!



Relative transverse activity classifier: 
what next?
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𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

The relative transverse activity classifier probes the softer region of the event:
the transverse one with respect to the leading track in the UE plateau
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𝑅! =
𝑁"#$%&'()*%(*

𝑁"#$%&'()*%(*

The relative transverse activity classifier probes the softer region of the event:
the transverse one with respect to the leading track in the UE plateau

However, the RT classifier still contains I/FSR and MPI
à normally described in general purpose MC using pQCD extrapolated to low 
momentum transfer

Relative transverse activity classifier: 
what next?



A closer look at topologies

Valentina Zaccolo – Soft QCD 33

3-jet topology
with ISR 



A closer look at topologies
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3-jet topology
with ISR 

4-jet topology
with MPIs 



Soft classifiers?
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Jets and mini-jets can be removed to create a soft transverse activity classifier

A possible technique is to select track clusters formed by 
• one track with pT > 0.7 GeV/c 
• at least one associated track with pT > 0.4 GeV/c in a cone radius Δη* + Δφ* = 0.7
• in the transverse region with respect to pTleading

used by CDF to tag mini-jets Phys.Rev.D 65 (2002) 072005

These cones can be removed à RTSoft classifier



Other “clean” classifiers
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1. Use Z boson as leading track à cleaner environment, no FSR

2. Resume uncorrelated seeds correlated to NMPI

à Many ways to move to precision era for soft-QCD hadronisation studies!

PoS(LeptonPhoton2015)020

Soft QCD Measurements at LHC – Status and Outlook Jan Fiete Grosse-Oetringhaus
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Figure 3: Definitions of underlying-event regions (top left) and measurements of the number density in
the transverse region using a leading track, leading jet and leading Z boson (bottom left) [33] as well as for
leading jets compare between three center-of-mass energies (right) [38].

underlying event distributions to current models (propagated through the detector simulation) [40]
show that PYTHIA 8 with tune Monash describes the distributions well over most of the pT-range
while EPOS LHC deviates by about 15%.

4. Minijets and Multiple Parton Interactions

Jet production at high pT is a standard QCD measurement. Measuring the particle stemming
from parton–parton scatterings of a few GeV/c needs a different strategy, because the so-called
minijet cannot be reconstructed with typical jet-reconstruction techniques due to the small number
of particles. At the same time the minijet production is very abundant and proportional to the
number of multiple parton interactions (MPI) occurring in the collision. In turn, the number of
MPI in models has significant impact on the soft QCD probes discussed in the previous sections.

A possibility to measure the minijet contribution is to employ two-particle correlations and
study the jet yields statistically. These allow to measure the so-called uncorrelated seeds [41]:

hNuncorrelated seedsi=
hNtrigi

h1+Nassociated,nearside +Nassociated,awaysidei
(4.1)

where Ntrig is the number of trigger particles and Nassociated,nearside (Nassociated,awayside) are the number
of particles in the near-side (away-side) peak. The uncorrelated seeds are proportional to the num-

5



What happens after the experiment?

Valentina Zaccolo – Soft QCD 36

Experimental soft-QCD precision era craves soft-QCD precision modelling!

Between which partons confining potentials should be allowed to arise? 
In the context of MPI, colour reconnections (CR) describe models that allow such 
potentials to form between partons produced in different MPI systems
(this affects dramatically the multiplicity, spectra, hadrons formed…)
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Experimental soft-QCD precision era craves soft-QCD precision modelling!

Between which partons confining potentials should be allowed to arise? 
In the context of MPI, colour reconnections (CR) describe models that allow such 
potentials to form between partons produced in different MPI systems
(this affects dramatically the multiplicity, spectra, hadrons formed…)

The default CR modeling in PYTHIA 8.3 is based 
on a simple measure of string-length minimisation
P. Skands, S. Carrazza, J. Rojo, Eur.Phys.J. C74 (2014) no.8, 3024

à this model does not allow for changes to 
baryon/meson or strangeness ratios

Disclaimer: this is a PYTHIA perspective!
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Experimental soft-QCD precision era craves soft-QCD precision modelling!
In the QCD-CR development 
R. Christensen, P.Z. Skands, JHEP 1508 (2015) 003
CR are governed by a set of simplified QCD colour-
algebra rules: 
• uncorrelated colour-anticolour pairs have a chance 

to be in a colour singlet and to form 
a confining potential

à The model then selects minimising the resulting 
string length 

Disclaimer: this is a PYTHIA perspective!
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Experimental soft-QCD precision era craves soft-QCD precision modelling!
In the QCD-CR development 
R. Christensen, P.Z. Skands, JHEP 1508 (2015) 003
CR are governed by a set of simplified QCD colour-
algebra rules: 
• uncorrelated colour-anticolour pairs have a chance 

to be in a colour singlet and to form 
a confining potential

à The model then selects minimising the resulting 
string length 

à The  QCD algebra also allows for three uncorrelated 
(anti-)triplets to form a singlet 
- new source of (anti-)baryon production 
- with the total baryon number still being conserved!

Disclaimer: this is a PYTHIA perspective!
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For microscopic (string) models like PYTHIA:
ALICE strange-particle yields are compared to different 
versions. 

For pp collisions:
• default PYTHIA 8.3 model 
• recent QCD-CR tune

à For Λ/π the strangeness enhancement is impressively 
better described with the QCD-based model. 

à QCD-CR cannot reproduce the multi-strange ratio Ξ/π

Disclaimer: this is a PYTHIA perspective!
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For microscopic (string) models like PYTHIA:
ALICE strange-particle yields are compared to different 
versions. 

For pp collisions:
• default PYTHIA 8.3 model 
• recent QCD-CR tune

à For Λ/π the strangeness enhancement is impressively 
better described with the QCD-based model. 

à QCD-CR overestimates the number of protons 

Disclaimer: this is a PYTHIA perspective!



What happens after the experiment?
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For microscopic (string) models like PYTHIA:
ALICE strange-particle yields are compared to different 
versions. 

For AA collisions:
• Angantyr

à strangeness enhancement is not described with the 
current implementation of Angantyr

39Disclaimer: this is a PYTHIA perspective!



Conclusions and outlook
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Broad range of soft-QCD measurements exist 
à we are now entering the precision era!

Huge data statistics will be needed for some of the precision 
measurements proposed:
• strangeness enhancement: unknow microscopic origin 
• especially for heavy-flavour: hadronisation still under study

Run3 (and beyond) data 
will provide many new perspectives!


