
Yen-Jie Lee

Yen-Jie Lee
Massachusetts Institute of Technology

Definition of Jets in a Large Background

25-27 June 2018, BNL, USA

Basic requirements of background 

subtraction for jet physics in HI collisions
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Why do we do background subtraction?
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ÅIn principle, experimentalist could publish jet data without 

background subtraction (and probably the right choice too.)

ÅThe issue is the poor understanding of the non-

perturbative physics:

ÅImportant for a large part of the accessible kinematics 

phase space in HI collisions

ÅPhenomenological models for soft physics are still not 

accurate enough

ÅNaively, one try to make the maxima use of the data-driven 

method to remove ñsoft physicsò component, but also 

introduce dependence on the underlying assumption

ÅHope to reveal the underlying physics message



Yen-Jie Lee

Physics Goal in Heavy Ion Collisions with Jets
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ÅNuclear PDFs

ÅRole of pre-hydrodynamization phase, 

starting and ending point of QGP

ÅQGP properties

ÅMechanism of parton-medium interaction

ÅExtract the scattering power 

ÅColor screening length 

ÅSound waves / wakes

Åé

ÅHadronization of QGP

Åé

QGP
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(Nuclear) PDF
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ÅWould like to study the jets from hard scattering as a proxy 

of the partons

ÅIdeally, we donôt want to include the underlying events from 

multi-parton interaction

ÅIn reality, they can not be separated in a well defined way

ÅJets used in pp collisions does include the UE

pp x1
x2



Yen-Jie Lee

Jet Spectra in pp(bar) collisions
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Jet spectra with large R parameter from proton-(anti-)proton 

collisions are well understood. Consistent with NLO calculations.

ppbar 1.96 TeV pp 13TeV
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From pp to pA
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ÅInclusive hadron pseudorapidity density in pPb collisions at 

LHC energies is like ~ 4-5x larger than pp collisions at similar 

collision energy. 

ÅUE effect of 100 GeV jet in pp with R=0.7 is roughly the same 

as UE effect of 70 GeV jet in pPb MB with R=0.3 

(100 GeV x 4 x 0.32 / 0.72 ~ 70 GeV)

pp NSD pp Inelastic pPb NSD
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Dijet pseudorapidity in the LAB Frame
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Pbp

Idea: Angular distributions of high pT dijets

Pbp xp xPbxp xPb

Pbp xp xPb

xp< xPb

xp~ xPb

xp> xPb

–

Sensitive to EMC effect

Sensitive to anti-shadowing

Sensitive to shadowing

EPJC 74 (2014) 2951

ᶿπȢυÌÏÇ –
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Observation of gluon EMC effect
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Å EPS09: hint of anti-shadowing and EMC effect of gluon nPDF

Å DSSZ: modification of parton-to-pion fragmentation function in heavy ion collisions

and no gluon anti-shadowing

ÅUE effect small / negligible in inclusive MB events for normalized distributions
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Experimental Issues in pPb collisions
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ÅCMS use PYTHIA6 + HIJING and PYTHIA6 to validate most of the 

pPb collision analysis. 

ÅPYTHIA6: Jets in NN collisions + NN UE

ÅHIJING: pPb UE

ÅPYTHIA6+HIJING: assuming no correlation between UE and 

hard process (which is not true)

ÅExperimental procedure in short: 

ÅMake sure the jet spectra extracted from PYTHIA6 + HIJING 

are consistent with PYTHIA6 after corrections

ÅThe corrected result INCLUDES UE from NN

ÅNLO calculation: without UE

ÅMake sure the hadronization effects are small by comparing  

parton level and hadron level in PYTHIA and HERWIG

ÅTo be safe: only rely on data at high jet pT for nPDF fit
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Physics Goal in Heavy Ion Collisions with Jets
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ÅNuclear PDFs

ÅRole of pre-hydrodynamization phase, 

starting and ending point of QGP

ÅQGP properties

ÅMechanism of parton-medium interaction

ÅExtract the scattering power 

ÅColor screening length 

ÅSound waves / wakes

Åé

ÅHadronization of QGP

Åé

QGP
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Signal Definition
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ÅSignal jet probably should include the jet from hard scattered 

parton and ñcorrelated backgroundò (medium recoil)

From Korinna Zapp (CERN) 
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CMS Iterative Background Subtraction
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1. Background energy per tower calculated 

in strips of ɖ. Pedestal subtraction

ɖ

ű

2. Run anti kT algorithm on background 

subtracted towers

ɖ

ű

3. Exclude reconstructed jets > pT
cut

Recalculate the background energy

ɖ

ű

4. Run anti kT algorithm on background 

subtracted towers to get final jets

Background level


