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Introduction 

>  Upcoming high luminosity runs at the LHC face the challenge of very 
large pile-up conditions 
 

>  Current techniques allow for inclusive measurements and can correct 
transverse momenta by utilizing precise vertex and track reconstruction 
 

>  This works well within tracking detectors' acceptances. Outside these 
acceptances one has to rely more strongly on Monte Carlos.  
 

>  The purpose of our work is to explore techniques which can be used 
outside tracker acceptances and do not rely on Monte Carlos. 
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Pile-up effects: Drell-Yan + jet case study 
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>  With pile-up of e.g. 20 or 50 additional pp collisions 
 
 
 
 
 
 

>  Large effect on Drell-Yan + jets 

>  pT spectrum shifts to lower values  
(inclusive spectrum) 
 
è jet pT > 30 GeV requirement no longer sufficient 
è signal process drowns in pile-up 

>  Two main effects appear: 
è large bias in jet pT due to added pile-up particles in jet cone 
è probability that high pT jets come from independent pile-up event 
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Monte Carlo Comparison

◦◦ PYTHIA6 (Z2*)

◦◦ Inclusive DY production 

◦◦ PYTHIA6 (Z2*)

◦◦ O(α
S
) DY production 

◦◦ POWHEG+PYTHIA6 (Z2*)

◦◦ DY + 2 jets at NLO 

◦◦ HERAPDF

◦◦ MadGraph+PYTHIA6 (Z2)

◦◦ 4 partons in the matrix element calculation

DY is 
balanced by 
the hard 
parton 
emission 

Lowest Order 
in α

S
 

First Order 
in α

S
 

+

Z/H 
jet 
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Correcting the jet pT pedestal 

>  Can be done with several existing methods for central jets 
e.g. Charged Hadron Subtraction (CHS): H. Kirschenmann et al. CERN-CMS-CR-2013-325.  
       PUPPI: Bertolini D. et al. JHEP 1410 (2014) 59  
       SoftKiller: Cacciari, M. et al. Eur.Phys.J. C75 (2015) 2 

>  Apply SoftKiller method: (also works more forward)  

>  These methods correct transverse momenta of individual objects,  
but not any misidentifications 
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Principle: 
- remove particles below a pT cutoff 
- minimal value that ensures that the  
  event-wide estimate of pT flow density (ρ)  = 0 
- re-cluster jets (Anti-kT, R = 0.5) 
 
Can be used with calorimeter information only 
 

the experimental details: for example both ATLAS and CMS [3, 4] rely on the area–median
approach [5, 6], which makes a global estimate for the transverse momentum-flow density,
ρ, and then applies a correction to each jet in proportion to its area.

In this article, we introduce and study a new generic pileup-removal method. Instead
of correcting individual jets, it corrects for pileup at the level of particles. Such a method
should make a guess, for each particle in an event, as to whether it comes from pileup
or from the hard collision of interest. Particles deemed to be from pileup are simply dis-
carded, while the much smaller set of residual “hard-collision” particles are passed to the jet
clustering. Event-wide particle-level subtraction, if effective, would greatly simplify pileup
mitigation in advanced jet studies such as those that rely on jet substructure [7]. Even
more importantly, as we shall see, it has the potential to bring significant improvements
in jet resolution and computational speed. This latter characteristic makes our approach
particularly appealing also for trigger-level applications.

The basis of our pileup suppression method, which we dub “SoftKiller” (SK), is that
the simplest characteristic of a particle that affects whether it is likely to be from pileup
or not is its transverse momentum. In other words, we will discard particles that fall
below a certain transverse momentum threshold. The key feature of the method will be its
event-by-event determination of that threshold, chosen as the lowest pt value that causes
ρ, in the median–area method, to be evaluated as zero. In a sense, this can be seen as
the extreme limit of ATLAS’s approach of increasing the topoclustering noise threshold as
pileup increases [8].

This approach might at first sight seem excessively näıve in its simplicity. We have
also examined a range of other methods. For example, one approach involved an all-orders
matrix-element analysis of events, similar in spirit to shower deconstruction [9]; others
involved event-wide extensions of a recent intrajet particle-level subtraction method [10]
and subjet-level [11, 12] approaches (see also [13]); we have also been inspired by calorime-
ter [14] and particle-level [15] methods developed for heavy-ion collisions. Such methods
and their extensions have significant potential. However we repeatedly encountered addi-
tional complexity, for example in the form of multiple free parameters that needed fixing,
without a corresponding gain in performance. Perhaps with further work those drawbacks
can be alleviated, or performance can be improved. For now, we believe that it is useful
to document one method that we have found to be both simple and effective.

2 The SoftKiller method

The SoftKiller method involves eliminating particles below some pt cutoff, pcutt , chosen to
be the minimal value that ensures that ρ is zero. Here, ρ is the event-wide estimate of
transverse-momentum flow density in the area–median approach [5, 6]: the event is broken
into patches and ρ is taken as the median, across all patches, of the transverse-momentum
flow density per unit area in rapidity-azimuth:

ρ = median
i∈patches

{

pti
Ai

}

, (1)

2
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>  SoftKiller correction on boson + jet pT spectra: 
 
 
 
 
 
 
 
 
 
 
 
 

Apply SoftKiller to pT spectra of boson + jet topologies 
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Higgs and Drell-Yan production: pT spectra boson + jets 

>  Boson + 1 jet and boson + 2 jet events (highest pT jets) 
 
 
 
 
 
 
 
 
 
 

>  Even more sensitive: hard radiation accompanies boson 

>  Requiring additional hard jets shifts the spectra towards higher pT 

>  pT balance between boson + jets 
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•  At high pT values no need for 

corrections 
 

•  At low pT still significant 
contribution from misidentified 
pile-up jets 
 
 
è need to treat this  
     remaining contribution 
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>  Use event mixing technique 
 
 

>  Minimum bias sample of real data in high pile-up 
 
 

>  Mix this independent sample with signal events without pile-up 
  
 

>  Extract unbiased signal without the use of MC 

Data-driven pile-up treatment 
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>  Extract signal without relying on Monte Carlos 
 
 

>  From mixed sample can extract  
true signal perfectly 
 

>   Advantages:   
 
è use data recorded in high pile-up 
 
è no Monte Carlo needed 

Drell-Yan pT spectrum with pile-up construction 
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Higgs and Drell-Yan production: pT spectra boson + jets 

>  Boson + 1 jet and boson + 2 jet events (highest pT jets) 
 
 
 
 
 
 
 
 
 
 

>  Even more sensitive: hard radiation accompanies boson 

>  Requiring additional hard jets shifts the spectra towards higher pT 

>  pT balance between boson + jets 
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>  Control checks with pT resolution and ΔR = √(Δϕ2 + Δη2) 
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Higgs and Drell-Yan production: pT spectra boson + jets 

>  Boson + 1 jet and boson + 2 jet events (highest pT jets) 
 
 
 
 
 
 
 
 
 
 

>  Even more sensitive: hard radiation accompanies boson 

>  Requiring additional hard jets shifts the spectra towards higher pT 

>  pT balance between boson + jets 
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Higgs and Drell-Yan production: pT spectra boson + jets 

>  Boson + 1 jet and boson + 2 jet events (highest pT jets) 
 
 
 
 
 
 
 
 
 
 

>  Even more sensitive: hard radiation accompanies boson 

>  Requiring additional hard jets shifts the spectra towards higher pT 

>  pT balance between boson + jets 
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Conclusions 

>  Many interesting measurements in LHC high-luminosity runs are 
hampered by high pile up 

>  Especially topologies that exploit the correlation between final state 
products  

 è e.g. Drell-Yan or Higgs + jet production 

>  Two pile-up effects are present in such measurements: 
1. large bias in jet pT due to added pile-up particles in jet cone 

 è several methods exist to correct for this (e.g. CHS, PUPPI, SoftKiller) 
2. mis-tagging of high pT jets from independent pile-up events 

 è not properly treated yet 

>  Proposed new method of event mixing to treat pile-up: 
 è use data recorded at high pile-up  
 è no Monte Carlo dependence 

>  Good prospects for precision SM studies & BSM searches  
in high pile-up  
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Backup 
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Study QCD with Drell-Yan and Higgs production 

>  Ideal processes to study quark and gluon structure functions,  
parton showers, underlying event, ... 

>  Especially boson + jet topologies:  
map correlations between the two objects 
 

>  Δϕ decorrelations: 
study effect of multiple parton  
interactions (MPI) and 
initial an final state radiation (ISR/FSR)) 
 
 
 
 

>  Go beyond central tracker acceptances (e.g. jets in |η| < 4.5): 
increase sensitivity to quark vs gluon radiation effects 

[Phys. Rev. D 88, 097501 (2013)] 
[arXiv:1407.2815]   
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Higgs and Drell-Yan production: pT spectra boson + jets 

>  Boson + 1 jet and boson + 2 jet events (highest pT jets) 
 
 
 
 
 
 
 
 
 
 

>  Even more sensitive: hard radiation accompanies boson 

>  Requiring additional hard jets shifts the spectra towards higher pT 

>  pT balance between boson + jets 
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Study QCD with Drell-Yan and Higgs production 

>  Ideal processes to study quark and gluon structure functions,  
parton showers, underlying event, ... 

>  Especially boson + jet topologies:  
map correlations between the two objects 
 
 
 
 
 
 
 
 
 

>  Go beyond (e.g. jets in |η| < 4.5) central tracker acceptances: 
increase sensitivity to quark vs gluon radiation effects 

[Phys. Rev. D 88, 097501 (2013)] 
[arXiv:1407.2815]   

 [GeV]
T

boson p
0 50 100 150 200 250

T
/d

p
ev

)d
N

evm
ax

(1
/N

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Higgs PU = 0

Drell-Yan PU = 0

 = 13 TeVs PYTHIA8 4Cboson + 1 jet
| < 4.5jetη > 30 GeV, |jet

T
p

| < 2bosonη < 135 GeV, |boson115 < m

Boson transverse momentum: 
probe soft resummation behaviour 

30.04.2014 Samantha Dooling                    Deutsches Elektronen-Synchrotron (DESY) 11

Monte Carlo Comparison
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