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Introduction

  The Analysis of Underlying Event Activity

A measurement of the underlying activity in scattering processes with a hard scale in the several GeV region is performed in proton-proton collisions at √s = 0.9 
and 7 TeV, using data collected by the CMS experiment at the LHC. The production of charged particles is studied in the azimuthal region transverse to that of 
the leading set of charged particles forming a track-jet. A significant growth of the average multiplicity and scalar-p

T
 sum of the particles in the transverse region 

is observed with increasing pT of the leading track-jet, followed by a much slower rise above a few GeV/c. For track-jet pT larger than a few GeV/c, the activity 
in the transverse region is approximately doubled with a centre-of-mass energy from 0.9 to 7 TeV. Predictions of several QCD-inspired models implemented in 
PYTHIA are compared to the collected data.

The average number of collisions per beam bunch 
depends on:

● Luminosity as < N
int

 > = L
inst

 * σ / f
● Pile-up particles

The UE observable have been measured in a data 
set of 1 nb-1 at 7 TeV.

Monte Carlo Description

The ratios of three MC predictions (Pythia6 D6T, Pythia6 
Z1 and Pythia8 4C) to the fully corrected data are shown 
below:

Multiplicity, Scalar ΣpT and Particle p
T
 Spectra

Introduction

Analysis Strategy
UE phenomenology has been studied with CDF data 
using “track jet” from iterative cone algorithm on 
massless and reconstructed tracks. The leading track-
jet  provides an energy scale and defines a direction in 
the plane. With various energy scale in pT of the 
charged jet, multiplicity and pT density has been 
studied in the transverse region. 

 

Results

Hard-scale Dependence

The “Underlying Events” (UE) is everything in a 
single proton-proton interaction except for the hard 
scattering component. It's not a minimum-bias event 
on top of the hard process. What happens to the 
beam remnants after the hard scattering is an 
important issue. The UE has the same production 
vertex so it's tied to the process of interest. Its 
activity also grows with the process energy scale as 
a “pedestal effect”. 

Growth of the UE activity with increasing hard scale is 
observed both through multiplicity increase and single-
particle p

T
 spectra hardening, consistent with the increase 

of particle average p
T
 shown before.

Centre-of-mass Energy Dependence

The average multiplicity and average scale Σp
T 
as a function 

of the leading track-jet p
T
, for √s = 0.9 and 7 TeV. A factor 

two increase of the underlying events is observed at 7 TeV 
with respect to 900 GeV.

The multiplicity, scalar Σp
T 

and charged particle pT spectra 
at √s = 7TeV and at √s = 0.9TeV. The prediction from tune 
Z1 are compared to the fully corrected data. These plots 
shows the strong growth of UE activity with √s.
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➔  production of the partonic hard scattering
➔  initial and final state radiation
➔  beam-beam remnants (BBR) resulting 

   from the hadronization of the partonic 
   constituents that did not participate in 
   other scatters 

➔  hadrons produced in additional multiple 
    parton interaction (MPI).

  

MPI  and BBR  form the “Underlying Event”,  which 
can't  be uniquely separated from initial and final state 
radiation.

The goal is to understand the UE kinematics and 
dynamics (the energy dependence evolution). A good 
description of UE properties is needed for a proper final 
state modelling and hence for any precision SM 
measurement and new physics search. We investigate 
the UE activity through studying the topologies of 
charged particles (tracks) with CMS detector.

The CMS Full Silicon Tracker

The Compact Muon Solenoid  is a general  purpose 
detector  designed to study proton proton and ion-ion 
collisions  at the LHC.  
The Silicon Tracker, inside the 4 Tesla superconducting 
solenoid, is designed for the best reconstruction of 
charged particles (momentum, position and decay 
vertices).

Tune notes/other features

Pythia6 D6T  Reference MC tune ( good 
for UA5 and CDF )

Pythia6 Z1
 New MPI model and p

T
 

ordering of parton shower

Pythia8 4C New MPI model, soft and 
hard diffraction

The UE dynamics are studied through the comparison 
with data of models implemented in Monte Carlo (MC) 
simulations adopting MPI. 

We present 0.9 and 7 TeV data in comparison with 
different MC predictions after full detector simulation 
(different PYTHIA 6 tunes and PYTHIA 8)
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The azimuthal distance between track and leading track-
jet direction define 3 regions (same size):

   
UE contribution is maximized in the transverse region.

the average multiplicity and the average scalar momentum 
sum in the transverse region, as a function of the leading 
track-jet p

T
. For these distributions, full unfolding was 

performed in both the track-jet p
T
 and the studied variable, 

for leading track-jet p
T

 up to 20 GeV/c. Bin-by-bin 
corrections were used at higher values of the leading track-
jet p

T
 where the pT dependence of the studied variables is 

small.

 Toward                     |∆φ| < 600

 Away                        |∆φ| > 1200

 Transverse      600< |∆φ| <1200

Conclusion 
A fast rise for p

T
 < 8 GeV/c at   7 TeV  and for p

T
 < 4 GeV/c at 

0.9 TeV, attributed mainly to the increase of MPI activity,  
followed by a plateau-like region with nearly constant average  
number of selected particles  and slow increase of p

T
.  

The strong growth of UE activity with √s  is also striking in the 
comparison of the normalized distribution of charge particle 
multiplicity and of scalar p

T
 as well as in p

T
 spectra.

A good description of most distributions at √s = 7 TeV and of the 
 √s dependence from 0.9 to 7 TeV is provided by the Pythia6 Z1 
tune. The prediction of the Pythia8 4C tune is also in 
reasonable  agreement with data.
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