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What is the underlying event?

[plot from R.Field]

◮ UE definition is always to some extent arbitrary

◮ one attitude: all the activity except the high-pt jets from hard scattering

◮ another attitude: all the activity except the high-pt jets from hard scattering,
initial state radiation and (some) particles from multiple parton interactions

◮ underlying event 6= minimum bias: UE has higher pt since in events with
hard scattering the collision is more likely to be central hence the higher
probability of additional parton interactions and higher average pt



Why information about underlying event may be useful?

◮ UE modifies up to ∼ 50 % of the
inclusive jet spectrum
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Measuring UE is necessary for tuning MC generators that in turn is required for
data analysis. Moreover it is important to further constrain the implemented
models of UE.



The relevant characteristics of UE

◮ level of transverse momentum per unit area (we denote it by ρ)

◮ rapidity dependence of ρ

◮ point-to-point fluctuations within a single event (denoted by σ)

◮ fluctuations from event to event

◮ point-to-point correlations
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Topological separation:

◮ uses charged particles

◮ UE defined as particles which enter certain region of (y , φ) space

◮ widely used at Tevatron and (recently) at RHIC

Area/median approach

Dynamical separation:

◮ uses jets

◮ UE defined as part of the event below certain scale of
(jet’s transverse momentum)/(jet’s area)
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Traditional approach

[Marchesini & Webber (1988), Field et al.]

◮ charged particles with pT > 0.5 GeV and |y | < 1
◮ cone jet algorithm with R = 0.7 used to find the leading jet

◮ UE properties determined in MIN, MAX, AV transverse regions

TransAV: O(αs )

TransMAX: O(αs )

TransMIN: O(α2s )
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Area/median based approach

[Cacciari, Salam, Phys. Lett. B 659 (2008); Cacciari, Salam, Soyez, JHEP 04(2008)]

FastJet http://fastjet.fr

For each event

1. cluster particles with an infrared safe jet finding algorithm
(all particles are clustered so we have set of jets ranging from hard to soft)

2. from the list of all jets (no cuts required!) determine

ρ = median
[{pt,j

Aj

}]

and its uncertainty σ
◮ median gives a typical value of pt/A for a given event
◮ using median is a way to dynamically separate hard and soft parts of the event

◮ ρ may be used e.g. to correct hard jet transverse momentum

p
(sub)
t,j = pt,j − ρAj ± σ

√

Aj

since jet area measures the jet susceptibility to the soft radiation
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Measurement of UE is difficult

Two main problems

◮ at the level of definition: no clear bound between UE and hard event

◮ at the level of methods: possible systematic errors and biases

Try to understand the methods

◮ consider a toy model with two components – soft and hard – and see what
the two approaches discussed previously really measure



Understanding systematics

– a toy model study
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Pure soft event

◮ single-particle pt distribution
given by dP1

dpt
= 1
µe
−pt/µ

◮ number of particles given by
Poisson distribution

◮ A – area of the region in (y , φ)
plane where UE is measured

Traditional approach

ρext,av = ρ

ρext,min = ρ− σ/
√
πA

ρext,max = ρ+ σ/
√
πA

for A = 2 and σ ≃ 0.5− 0.7ρ

σ/
√
πA ≃ 20− 30%

Area/median based approach

ρext ≃ ρ
c R2 − ln 2
c R2 − ln 2+ 1

2

Θ(c R2 − ln 2)

c = 0.58ν , ν = particle density
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Pure perturbative event

◮ number soft and collinear partons from primary emissions:

dn

dptdydφ
≃ Ci
π2
αs(pt)

pt

Traditional approach

ρext,av = 3.6GeV

ρext,min = 0.5GeV
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Two component model

Traditional approach

◮ in the events with at least one perturbative emission the bias of ρext,soft is
removed and the bias of ρext,hard dominates (smallest for ρmax)

Area/median approach

ρext ≃ ρext,soft +
σR√
2cN

np

A

np – number of perturbative particles, cN = 0.58, σ – measure of fluctuations

◮ the two terms bias ρext in opposite directions

◮ for R ≃ 0.5− 0.6 the biases largely cancel
◮ the above R values used in previous and present MC analysis

◮ in short: it seems we know what we are doing



Approaching real life

– Monte Carlo study



R dependence – typical single event
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R dependence – typical single event

◮ tails of distribution of pt/A produce
growth of ρ with R

ρext ≃ ρext,soft +
σR√
2cN

np

A
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Average ρ as a function of y

◮ dijets at the LHC,
√
s = 14 TeV, pt,min = 50 GeV
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Fluctuations within an event

◮ from event to event
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Fluctuations within an event

◮ from event to event
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Correlations

The correlation coefficient

corr(y1, y2) =

〈

ρ(y1)ρ(y2)
〉

−
〈

ρ(y1)
〉

〈ρ(y2)
〉

√

〈

ρ(y1)2
〉

−
〈

ρ(y1)
〉2
√

〈

ρ(y2)2
〉

−
〈

ρ(y2)
〉2

◮ y1, y2 – rapidity bins of width ∆y = 1

◮

〈

. . .
〉

– average over many events
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Summary

Measurement of UE is difficult both in principle and in practice

◮ therefore we have considered a simple toy model to better understand
systematics and get some confidence that we know what we are doing

For the area/median approach, we observe that

◮ MC simulations reproduce the features seen in the toy model (turn-on point
for ρ at small R, linear growth of ρ with R for larger R

◮ it is important to go differential since UE
◮ depends on rapidity
◮ fluctuates within an event – significant differences between Herwig+Jimmy
and Pythia

◮ fluctuates from event to event – significant for all generators/tunes
◮ is correlated – large differences between Herwig+Jimmy and Pythia

◮ more differential analysis a potential to further constrain the models UE



BACKUP SLIDES
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Area/median based approach

We are interested in UE itself and ρ is a basic quantity to characterize it

The new elements

with respect to Field et al.

◮ separation of UE and hard part of the event: dynamical instead of topological

with respect to Cacciari, Salam, Soyez

◮ go differential: ρ determined for jets from a given range of rapidity, y , and
azimuthal angle, φ

An important issue: tension between

◮ statistics (median from too few jets will be biased by hard jets )

&

◮ requirement of being differential (ranges of y and φ should be small enough)



Fluctuations within an event

[Cacciari, Salam, Phys. Lett. B 659 (2008)]

◮ σ measures fluctuations within the rapidity strip ∆y = 1
◮ defined such that in case of Gaussian distribution 68.27% of jets satisfy

ρ− σ
√

Aj
<
pt,j

Aj
< ρ+

σ
√

Aj

◮ determined from the sorted list of {pt,j/Aj} and given by the value for which
15.86% of jets have smaller pt,j/Aj

1/
n 

dn
/d

(p
T
/A

)

pT/A

ρρ - σ/√A

15.86% σ/√A



R dependence – typical single event

◮ two component model gives

ρ = Θ(R − R0)(ρ0 + σnhR)

nh – number of hard jets
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Possible relations with multiple parton interactions
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Average ρ as a function of y

◮ dijets at the LHC,
√
s = 14 TeV, pt,min = 50 GeV
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◮ dijets at the LHC,
√
s = 14 TeV, pt,min = 50 GeV
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◮ dijets at the LHC,
√
s = 14 TeV, pt,min = 50 GeV
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Average ρ as a function of y

◮ dijets at the LHC,
√
s = 14 TeV, pt,min = 50 GeV
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Mass peak reconstruction

◮ dijets from decay of Z ′ with
mass 500 GeV

◮ main clustering: anti-kt
algorithm, R = 0.6

◮ UE from kt algorithm,R = 0.5,
two hardest jets removed
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Quality measure - width (in GeV) of the smallest window containing 12% of events

no correction global UE local UE
y bin size=2

Herwig+Jimmy 15.20 13.17 13.14
Pythia DWT 16.29 15.12 15.74


