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At LHC:

        (parton-parton) >     (inelastic pp)  
❏ MPI belong to Underlying Event	

❏ activity accompanying the 
leading-pT scattering

❏ Hard (high-pT scale) and semi-hard (low-pT scale) MPI
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Multiple Parton Interactions
❏ Hard MPI	

❏ characteristic topology of the event, e.g. 4 jets with pair-balanced pT

[http://arxiv.org/abs/1410.6664]
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Multiple Parton Interactions
❏ Semi-hard MPI	

❏ Low-pT scale <=> non-perturbative region
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Multiple Parton Interactions
❏ Semi-hard MPI	

❏ Low-pT scale <=> non-perturbative region

models 	
w/o MPI

Number of charged particles

[J.Phys.G, G37 p. 083001, 2010.]
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Multiple Parton Interactions
❏ Semi-hard MPI	

❏ Low-pT scale <=> non-perturbative region

models 	
w/o MPI

Number of charged particles

models 	
with MPI

[J.Phys.G, G37 p. 083001, 2010.]
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❏ Evidence from charged-particle multiplicity distribution



Measuring semi-hard MPI	
experimentally:	

minijets in p-Pb collisions in ALICE
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Measuring semi-hard MPI	
experimentally:	

minijets in p-Pb collisions in ALICE
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❏ Minijets overlap in high multiplicity collisions	
❏ not reconstructable with standard jet-reco algorithms 

=> two-particle correlation method	
❏ even more important in p-Pb collisions!

❏ Semi-hard MPI produce minijets (jets at low pT)



The ALICE detector
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The ALICE detector

❏ ITS	
❏ |η| < 0.9	

❏ TPC	
❏ |η| < 0.9	
❏ PID (dE/dx)
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The ALICE detector

❏ ITS	
❏ |η| < 0.9	

❏ TPC	
❏ |η| < 0.9	
❏ PID (dE/dx)

❏ VZERO-A	
❏ direction of Pb 

remnants	
❏ 2.8 < η < 5.1	
❏ trigger	
❏ multiplicity 

determination

C.#Oppedisano# Hard#Probes#2013,#Cape#Town,#South#Africa,#November#4H8#2013# 7/16#

<Ncoll> 

similar#<Ncoll>#values#from#different#es1mators#
#
!  varia1on#between#different#es1mators#is#of#

same#magnitude#as#systema1c#from#
Glauber#and#from#MC#closure#test##

*#Glauber#systema1c#error#es1mated#varying#
parameters#
*#MC#closure#test#using#HIJING#

<Ncoll>#
V0A#

Ncoll#

Slice#the#measured#distribu1on#!#corresponding#class#in#MC#distribu1on#!#<Ncoll>##

0H5%#
5H10%#
10H20%#
20H40%#
40H60%#
60H80%#
80H100%#

Ncoll#

5 Hard Probes 2013Emilia Leogrande (Utrecht University)

C.#Oppedisano# Hard#Probes#2013,#Cape#Town,#South#Africa,#November#4H8#2013# 4/16#

Centrality estimators 

MIDRAPIDITY#

FORWARD##
RAPIDITY#

ZERO#DEGREE#

MULTIPLICITY# VERY#FORWARD#ENERGY#

V0#scin1llator#hodoscopes##
V0A##z#=#3.4#m###2.0<η<5.1###
V0C#z#=#H0.9#m#H3.7<η<H1.7#

2#innermost#ITS#layers#(pixel)#
|η|<#2,#|η|<1.4#

Zero#Degree#Calorimeters#(ZDC)#±112.6#m##
neutron#ZDC#(ZN)#|η|>8.7#
proton#ZDC#(ZP)#

Centrality#es1mators:#
##CL1###!#clusters#in#2nd#pixel#layer#
##V0M#!#total#(V0A+V0C)#mul1plicity#
##V0A##!#V0#mul1plicity#(PbHremnant#side)#

V0A# SPD# V0C#

Par1cle#produc1on#is#modeled#by#
Nega1ve#Binomial#Distribu1on#(NBD)#

Need#a#model#to#describe#nucleus#
fragmenta1on#and#the#following##

nucleon#emission#
“Slow”#Nucleon#Model#(SNM)#

#ZNA#!#ZN#energy#(PbHremnant#side)#
#ZPA##!#ZP#energy#(PbHremnant#side)#

...a bit more on 
multiplicity

V0A (in the direction of Pb beam fragments) 
multiplicity sliced in percentiles of cross 
section

see C.Oppedisano’s talk
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“Centrality” classes for p-Pb collisions
[Phys. Rev. C 91 (2015) 064905]

V0A multiplicity sliced in percentiles of cross section
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Two-particle correlations

❏ For each event:	
❏ trigger particles: i.e. those with pT,trig > pT,trig min ( = 0.7 GeV/c)
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Two-particle correlations

❏ For each event:	
❏ trigger particles: i.e. those with pT,trig > pT,trig min ( = 0.7 GeV/c)
❏ associated particles: i.e.  pT,assoc min ( = 0.7 GeV/c) < pT,assoc < pT,trig

❏ count associated particles per trigger particle	
❏  as function of azimuthal and pseudorapidity difference of the pair

❏ Average over all events

Associated particles in near- and away-side: minijet fragmentation 
=> from semi-hard process
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Two-particle correlations
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[Phys.Lett. B719 (2013) 29-41]

0-5%

❏ Near side (-π/2 < Δφ < π/2)	
❏ short range (|Δη| < 1.2): jet peak + ridge	
❏ long range (1.2 < |Δη| < 1.8): ridge
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❏ Away side (π/2 < Δφ < 3π/2)	
❏ short + long range (|Δη| < 1.8): recoil jet + ridge



Minijet correlations above the ridge 
[Phys. Lett. B 741 (2015) 38-50]

NIKHEF Jamboree - 14/12/2015Emilia Leogrande (UU) 10 of 16



Minijet correlations above the ridge 
[Phys. Lett. B 741 (2015) 38-50]

1.2<|Δη|<1.8

NIKHEF Jamboree - 14/12/2015Emilia Leogrande (UU) 10 of 16



Minijet correlations above the ridge 
[Phys. Lett. B 741 (2015) 38-50]

1.2<|Δη|<1.8

symmetrized 1.2<|Δη|<1.8
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Minijet correlations above the ridge 
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Minijet correlations above the ridge 
[Phys. Lett. B 741 (2015) 38-50]
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Per-trigger minijet yields vs multiplicity

From intermediate to high multiplicity	
associated and trigger particles scale 
with the same factor with multiplicity

[Phys. Lett. B 741 (2015) 38-50]
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Per-trigger minijet yields vs multiplicity
[Phys. Lett. B 741 (2015) 38-50]

high multiplicity p-Pb jet-like events are not build up by more populated jets, 
but rather by a  higher number of jets (i.e. parton-parton scatterings)
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Per-trigger minijet yields vs multiplicity

Scaling observed only if ridge is 
subtracted	

collective-like and jet-like yields arise 
from different physical phenomena 
and are additive

[Phys. Lett. B 741 (2015) 38-50]

high multiplicity p-Pb jet-like events are not build up by more populated jets, 
but rather by a  higher number of jets (i.e. parton-parton scatterings)
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6 Hard Probes 2013

High multiplicity events

Emilia Leogrande (Utrecht University)

overlapping minijets

TWO-PARTICLE 
CORRELATIONS (2PC)

...with 2-particle 
correlation (2PC)

standard event-by event 
jet reconstruction 

✗ ✔
- for each event: trigger particle with pT > pT,trig

- pairs of trigger and associated pT,assoc < pT < pT,trig 

- distance in azimuth and pseudorapidity
- count number of associated per trigger 
- repeat for all triggers in the event

Courtesy of Eva Sicking

Courtesy of Eva Sicking

Uncorrelated parton-parton scatterings
[Phys. Lett. B 741 (2015) 38-50]
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correlation (2PC)
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jet reconstruction 
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- for each event: trigger particle with pT > pT,trig
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Uncorrelated parton-parton scatterings
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When pT-range for trigger and associated particles is the same, each trigger 
comes with Nassoc,NS+AS => correlated triggers = trigger + assoc,NS + assoc,AS

= hN
uncorrelated seeds

i

hN
triggers

i
hN

correlated triggers

i =
hN

triggers

i
1 + hN

assoc,near�side

i+ hN
assoc,away�side

i

Proportional to 
MPI in PYTHIA

[doi:10.1007/JHEP09(2013)049]



Uncorrelated seeds vs multiplicity
[Phys. Lett. B 741 (2015) 38-50]
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Uncorrelated seeds vs multiplicity
[Phys. Lett. B 741 (2015) 38-50]
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high multiplicity: MPI increase linearly with multiplicity	
dominate the particle production mechanism at high multiplicity	

low multiplicity: change in dynamics
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!
❏ Two-particle correlations allow to measure the number of MPI 

in the low-pT region by studying the minijet fragmentation



❏ minijet fragmentation independent of multiplicity	
❏ jet- and collective-like correlations have different physical origin	
❏ uncorrelated sources of particle production	

❏ first estimate of semi-hard MPI in high multiplicity environments	
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!
❏ Two-particle correlations allow to measure the number of MPI 

in the low-pT region by studying the minijet fragmentation

Thank you for your attention



Back up
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18

• Minimum-bias and underlying event distribution 
sensitive to MPI contribution

• Is there a more direct way to access MPI?

14

Multiple Parton Interactions

Soft QCD Overview - Jan Fiete Grosse-Oetringhaus
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Minijet correlations above the ridge 
[Phys. Lett. B 741 (2015) 38-50]
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0-5% 95-100%

The historical signature of the QGP

The strangeness enhancement
The theoretical prediction: the number of particles 
containing strange quarks is higher than the number 
of particles without strange quarks, when particles are 
produced in an excited (T>160 MeV) plasma 

B. Muller, J. Rafelski, Phys. Rev. Lett. 48, 1066 (1982)

The experimental result: 

✔ proved strangeness 
enhancement
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(2014)
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❏ Subtraction of long-range correlation
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Plateau in the near-side (and away-side) per-trigger yields from 
intermediate to high multiplicity	

range increases with higher pT cuts for trigger and associated 
particles

[Phys. Lett. B 741 (2015) 38-50]
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Per-trigger minijet yields vs multiplicity
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Jet-like correlations above the ridge 

21

❏ Mean impact parameter from Glauber 	
❏ decreasing of the average number of MPIs for most peripheral events

[Phys. Lett. B 741 (2015) 38-50]

Particle production and centrality in p–Pb ALICE Collaboration
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Fig. 11: Average nucleon-nucleon impact parameter as a function of the number of participants for p–Pb
at√sNN= 5.02 TeV from a Glauber MC calculation as implemented in HIJING (no shadowing, no elastic
scattering). The result depends on the modelling of the spatial parton density in the nucleon. In HIJING
it is approximated by the Fourier transform of a dipole form factor.

out bias, the total number of hard scatterings deviates from simple Ncoll-scaling due to energy
conservation at high Ncoll. Instead, with the objective to study a baseline corresponding to an
incoherent and unconstrained superposition of nucleon-nucleon collisions, the PYTHIA [53]
event generator has been coupled to the p–Pb MC Glauber calculation. For each MC Glauber
event PYTHIA is used to generate Ncoll independent pp collisions. In the following we refer
to this model as G-PYTHIA. In this model, the number of hard scatterings per pN collision
shows a strong deviation from Ncoll scaling which is illustrated in Fig. 9 and resembles the bias
observed in Fig. 8.

5.2 Jet-veto bias

Additional kinematic biases exist for events containing high-pT particles. These particles arise
from the fragmentation of partons produced in parton-parton scattering with large momentum
transfer. Their contribution to the overall multiplicity rises with parton energy and, thus, can
introduce a trivial correlation between the centrality estimator and the presence of a high-pT par-
ticle in the event. In particular, for very peripheral collisions, the multiplicity range that governs
the centrality for the bulk of soft collisions can represent an effective veto on hard processes,
leading to a RpPb < 1. This bias is illustrated in Fig. 10. It shows a multiplicity distribution
which is used as centrality estimators in p–Pb collisions, compared to the same distribution in
pp collisions at

√
s = 7 TeV. The dashed lines mark the 80% and the 60% percentile of the p–Pb

cross-section. The fraction of the pp cross-section selected with the 80-100% (60-100%) p–Pb
multiplicity cut is 0.8 (0.97). The 80% cut in p–Pb is smaller than the multiplicity range covered
in pp, therefore resulting in an effective veto on the large multiplicity events produced by hard
processes.

19
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Per-trigger minijet yields
[Phys. Lett. B 741 (2015) 38-50]
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“Centrality” classes for p-Pb collisions
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[Phys. Rev. C 91 (2015) 064905]
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C.#Oppedisano# Hard#Probes#2013,#Cape#Town,#South#Africa,#November#4H8#2013# 7/16#

<Ncoll> 

similar#<Ncoll>#values#from#different#es1mators#
#
!  varia1on#between#different#es1mators#is#of#

same#magnitude#as#systema1c#from#
Glauber#and#from#MC#closure#test##

*#Glauber#systema1c#error#es1mated#varying#
parameters#
*#MC#closure#test#using#HIJING#

<Ncoll>#
V0A#

Ncoll#

Slice#the#measured#distribu1on#!#corresponding#class#in#MC#distribu1on#!#<Ncoll>##

0H5%#
5H10%#
10H20%#
20H40%#
40H60%#
60H80%#
80H100%#

Ncoll#

5 Hard Probes 2013Emilia Leogrande (Utrecht University)

C.#Oppedisano# Hard#Probes#2013,#Cape#Town,#South#Africa,#November#4H8#2013# 4/16#

Centrality estimators 

MIDRAPIDITY#

FORWARD##
RAPIDITY#

ZERO#DEGREE#

MULTIPLICITY# VERY#FORWARD#ENERGY#

V0#scin1llator#hodoscopes##
V0A##z#=#3.4#m###2.0<η<5.1###
V0C#z#=#H0.9#m#H3.7<η<H1.7#

2#innermost#ITS#layers#(pixel)#
|η|<#2,#|η|<1.4#

Zero#Degree#Calorimeters#(ZDC)#±112.6#m##
neutron#ZDC#(ZN)#|η|>8.7#
proton#ZDC#(ZP)#

Centrality#es1mators:#
##CL1###!#clusters#in#2nd#pixel#layer#
##V0M#!#total#(V0A+V0C)#mul1plicity#
##V0A##!#V0#mul1plicity#(PbHremnant#side)#

V0A# SPD# V0C#

Par1cle#produc1on#is#modeled#by#
Nega1ve#Binomial#Distribu1on#(NBD)#

Need#a#model#to#describe#nucleus#
fragmenta1on#and#the#following##

nucleon#emission#
“Slow”#Nucleon#Model#(SNM)#

#ZNA#!#ZN#energy#(PbHremnant#side)#
#ZPA##!#ZP#energy#(PbHremnant#side)#

...a bit more on 
multiplicity

V0A (in the direction of Pb beam fragments) 
multiplicity sliced in percentiles of cross 
section

see C.Oppedisano’s talk
❏ multiplicity estimator	

❏ V0A (2.8 < η < 5.1)	
❏ V0C (-3.1 < η < -1.7)

V0A multiplicity sliced in 
percentiles of cross section

❏ Alternative classification of events:	
❏ <Nch> within each V0A percentile class	

❏ pT > 0.2 GeV/c && | η | < 0.9

NIKHEF Jamboree - 14/12/2015Emilia Leogrande (UU)



The concept of centrality	
in p-Pb collisions

24

[Phys. Rev. C 91 (2015) 064905]

Pb-Pb

p-Pb

❏ Glauber MC 	
❏ from impact parameter to Npart (Ncoll)	
❏ experimental observable: multiplicity	
❏ fit of the multiplicity distribution with a 

Negative Binomial Distribution	
❏ slice in cross section percentiles 	
❏ extract mean values per centrality 

class
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Comparison pp and p-Pb
[Phys. Lett. B 741 (2015) 38-50]
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