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Structure of pp events

!2

courtesy of M. Seymour

In the context of event simulations, the Underlying Event (UE) refers to everything that does 
not originate from the hard scatter outgoing partons. Model dependent contributions include:

Multiple Parton Interactions (MPI)
Initial- and final-state radiation
Beam remnants

PYTHIA is a general purpose QCD-inspired Monte Carlo generator. This is a two component 
model which combines pQCD calculations and phenomenological models for particle 
production at low transverse momenta 

    [T. Sjöstrand et al., Comput. Phys. Commun. 191 (2015) 159-177]
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Color reconnection
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Color reconnection allows the interaction of partons (from MPI), just 
before the hadronization. CR has proven to produce radial flow-like 
patterns in events with large number of MPI. 
We want to go beyond the traditional UE analysis because it seems 
that for pp collisions “more physics mechanisms are at play than 
traditionally assumed” [Sjöstrand, JHEP 01 (2017) 140]

With CR Without CR

courtesy of P. Skands
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CR effects on UE 
observables
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L. Valencia and A. Ortiz, Phys. Rev. D96 (2017) 114019 / arXiv:1809.01744

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.114019
https://arxiv.org/abs/1809.01744
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Traditional analysis
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Definition of 3 distinct regions 
based on the leading particle 
transverse momentum

Transverse (sensitive to UE)
Toward and Away (sensitive to 
jet fragmentation)
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MPI vs pTleading
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Sum-pT density (UE)
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Pythia 8.235

Pythia 8 Monash 2013 (rr=1.8 is the tuned 
value) describes rather well the features of 
data
No saturation of sum-pT density is observed 
for leading jet pT greater than 10 GeV/c. 
For such interval the average number of 
MPI is nearly constant
No CR effects are observed when we 
consider the pT-integrated case (pT>0.5 
GeV/c). Though, we know CR modifies 
multiplicity and pT spectral shapes

Data was taken from: The CMS 
Collaboration, JHEP 9 (2011) 109

https://link.springer.com/article/10.1007/JHEP09(2011)109
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Sum-pT density (UE)
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Pythia 8.235

Low-pT interval Intermediate-pT intervalpT-integrated

SATURATION

Small CR effect

Hardening of the particle 
production sensitive to UE

Not flat!
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Number density (UE)
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Low-pT interval Intermediate-pT intervalpT-integrated

SATURATION

Hardening of the particle 
production sensitive to 

UE

Not flat!

Particle production at intermediate pT increases with increasing pTjet. CR contributes to the overall increase 
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Flow-like effects in UE?
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Motivation: ALICE has shown that medium 
(sQGP) effects on p/pi are only observed in 
the bulk region of HI events:

M. Veldhoen, for the ALICE Collaboration, 
Nucl. Phys. A910-911 (2013) 306-309 

Given the similarities of pp  with heavy-ion 
collisions, we decided to check whether 
flow-like effects were also present in UE (in 
analogy to the bulk). In Pythia, color 
reconnection causes flow-like behavior:

A. Ortiz, P. Christansen, G. Paić, et al., 
Phys. Rev. Lett. 111 (2013) no.4, 042001

JET

BULK

Peak (height ~0.26) 

caused by CR

https://www.sciencedirect.com/science/article/pii/S0375947412004265?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.042001
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p/𝞹 in UE (Pythia)
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p/𝞹 in JET (Pythia)
Little or no “bump” structure. Little or no CR effects 

No UE subtraction. UE 
causes this small effect

No data are available 
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p/𝞹 in JET (Pythia)
Little or no “bump” structure. Little or no CR effects 

No UE subtraction. UE 
causes this small effect

No data are available 
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Summary
We found that CR modifies the pT spectra of unidentified charged 
particles, producing a variation in the number and summed pT 
densities. In short, CR enhances the particle production at intermediate 
transverse momenta (2<pT<10 GeV/c) in regions far from the jet peaks. 
The modification is mass dependent, e.g. the proton to pion ratio as a 
function of pT in the underlying event region exhibits a flow-like 
response with the variation of the color reconnection strength. This 
behaviour is very similar to what is observed in the bulk (everything 
outside the jet peak) region measured in heavy-ion collisions.  
The results presented here show the wealth of physics encoded in the 
underlying event of the pp collisions. The study of its properties at the 
LHC energies would add key information on the origin of the heavy ion -
like effects observed in pp collisions. 
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Backup
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UE vs √s
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KNO scaling
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“Non-linear rise”

Different particle species show a non-linear rise with event 
multiplicity (effect attributed to auto-correlations)


Effect also observed in high-pT unidentified charged particles

!19
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Spherocity (S0) to 
study UE properties
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S0
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Saturation: high pT
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Saturation: high pT
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Interplay soft-hard

!24

0 1 2 3 4 5 6 7
c>0 GeV/

T
p
|

INEL>0
〉 η/d

ch
N d〈/

mult
〉 η/d

ch
N d〈

0

10

20

30

40

50
c

<1
0 

G
eV

/
Tp

6<⏐|
IN

EL
>0

〉 η
/d

ch
N

 d〈/
m

ul
t

〉 η
/d

ch
N

 d〈
 = 13 TeVs ppPythia 8, 

-integrated)0S0-100% (
0-10% (Jet-like events)
90-100% (Isotropic events)

|<0.8η, |-+h+h



Antonio Ortiz (3/12/2018)
Zimányi School 

 (Budapest, November 2018) !25

0 1 2 3 4 5 6 7
c>0 GeV/

T
p
|

INEL>0
〉 η/d

ch
N d〈/

mult
〉 η/d

ch
N d〈

0

10

20

30

40

50
c

<1
0 

G
eV

/
Tp

6<⏐|
IN

EL
>0

〉 η
/d

ch
N

 d〈/
m

ul
t

〉 η
/d

ch
N

 d〈
 = 13 TeVs ppPythia 8, 

-integrated)0S0-100% (
0-10% (Jet-like events)
90-100% (Isotropic events)

|<0.8, CR offη, |-+h+h

Interplay soft-hard

No CR: more linear behavior


