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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

HEAVY ION COLLISIONS
• Heavy ion collisions provide a glimpse of the early universe

• hot, dense matter known as the quark-gluon plasma (QGP)
• strongly interacting, deconfined medium of free quarks/gluons

• QGP exhibits interesting phenomena
• jet quenching - medium-induced jet energy loss

• Study and extract properties of GQP
• initial state effects: proton - lead (pPb)
• medium effects: lead - lead (PbPb)
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

• Quarks behave differently inside bound nucleons vs. free nucleons
• described by nuclear PDFs 

• Measurements of electroweak boson cross sections provide input for nPDF calculations
• probe nPDFs at high Q2, 10-3 < x < 10-1

• past measurements have helped to constrain nPDF sets
• CMS dijet/Z,W measurements included in EPPS16

INITIAL STATE EFFECTS
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

• W boson yield increased by factor of ~10 compared to 2013 data
• dominant production mode: ud → W+, du → W-

• interactions between valence and sea quarks
• probe quark nPDFs

• Signature: decay muon + missing momentum
• muon isolation suppresses multi-jet background
• veto Z → μμ events
• remaining dominant backgrounds

• muons from QCD jet
• Z → μμ with 1 missing muon

• Signal extraction
• fit missing pT distribution in bins of ηCM
• signal, electroweak background:

• templates from simulations
• pPb NLO POWHEG v2, with  

CT14 + EPPS16 nPDF
• QCD multi-jet background:

• data-driven functional form
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

W BOSON PRODUCTION CROSS SECTIONS
• ηCM < 0 (large xPb): results agree with both PDF and nPDF calculations
• ηCM > 0 (small xPb): results favour nPDF calculations

• 𝝌2 probabilities: <0.01% (CT14) / 96% (CT14+EPPS16) / 79% (CT14+nCTEQ15)
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

W BOSON FORWARD/BACKWARD ASYMMETRY
• Cancel uncertainties fully correlated in ηCM

• experimental uncertainties smaller than nPDF uncertainties
• excludes free PDFs at 7σ

• 𝝌2 probabilities: <0.01% (CT14) / 95% (CT14+EPPS16) / 83% (CT14+nCTEQ15)
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

ELECTROWEAK BOSONS IN PBPB COLLISIONS
• Electroweak bosons are good probes of the medium

• colourless - not subject to medium-induced energy loss through the strong interaction
• good proxy of the initial energy of the partons produced in the hard scattering
• production processes constrain quark/gluon fraction of recoil parton
• statistics: photons > Z bosons; background: photons > Z bosons

• Photons (isolated photons)
• background mostly from boosted neutral meson decays
• subtracted using a template fit method

• signal template is extracted from simulated events
• background is modelled using sideband region of data
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• Z bosons
• reconstructed through dilepton channels
• 2015: ~400 μb-1; 2018: 1.5 nb-1



20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

MOMENTUM IMBALANCE IN PBPB COLLISIONS
• Isolated-photon/Z-boson + jet correlations in PbPb @ 5.02 TeV

• clear evidence for in-medium jet energy loss

• Models with different descriptions of the energy loss mechanisms are able to predict the 
results within the experimental uncertainties

• Results give a crude picture of jet quenching
• more detailed measurements required for a complete description
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

JET SUBSTRUCTURE IN PBPB COLLISIONS (INCLUSIVE JETS)
• Differentiate between different mechanisms by measurements of jet substructure

• previous measurements with inclusive jets show some modification

• Jet fragmentation function
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

JET SUBSTRUCTURE IN PBPB COLLISIONS (INCLUSIVE JETS)
• Differentiate between different mechanisms by measurements of jet substructure

• previous measurements with inclusive jets show some modification

• Jet shape

• Modifications to jet shape are interesting
• may be because of kinematics and/or quark/gluon fractions
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

PHOTON-TAGGED JET FRAGMENTATION FUNCTION
• Enhancement of low-pT particles, depletion of high-pT particles
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PHOTON-TAGGED JET FRAGMENTATION FUNCTION
• Enhancement of low-pT particles, depletion of high-pT particles
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

PHOTON-TAGGED JET FRAGMENTATION FUNCTION
• Enhancement of low-pT particles, depletion of high-pT particles
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

• Stronger modification for      than for 
• jet energy quenched

• Models describe data to different extents
• both SCETG and CoLBT-hydro models 

describe trend of both observables
• hybrid model does not do well, but the addition 

of back reaction improves agreement with data
• enhancement at large ξ (low-pT particles) 

underestimated by all models

MODEL PREDICTIONS (FRAGMENTATION FUNCTION)
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

PHOTON-TAGGED JET SHAPE
• Distribution of jet energy in transverse direction with respect to jet axis

• complementary information to jet fragmentation function
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20 March 2019 LHCP 2019: Electroweak boson measurements in pPb and PbPb collisions with CMS

• Comparison to inclusive jet shapes
• no depletion at intermediate r

• increased quark/gluon ratio
• lower jet pT threshold - jets lose more energy

PHOTON-TAGGED JET SHAPE
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• Comparison to inclusive jet shapes
• no depletion at intermediate r

• increased quark/gluon ratio
• lower jet pT threshold - jets lose more energy

• Comparison to models
• both SCETG/LBT both describe trend
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SUMMARY
• Electroweak bosons probe initial state effects and medium interactions

• W boson production measurements in pPb collisions help to constrain nuclear PDFs
• boson-tagged jet measurements constrain recoil parton momentum and quark/gluon fractions

• Nuclear modification of quark PDFs observed with high significance
• experimental uncertainties are smaller than PDF uncertainties
• good agreement between data and EPPS16 nPDF sets

• In-medium jet energy loss and modification of jet fragmentation functions and jet shape
• relatively unmodified jet core
• suppression of intermediate pT particles
• enhancement of low pT particles away from the jet axis
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W BOSON CHARGE ASYMMETRY
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W BOSON CHI2 VALUES
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W BOSON CHI2 VALUES
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W BOSON MEASUREMENT UNCERTAINTIES
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QUARK/GLUON FRACTIONS
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BACKGROUND-JET SUBTRACTION IN PBPB COLLISIONS
• Large underlying event in PbPb collisions

• also large fluctuations in the underlying event 
• upward fluctuations create ‘fake’ jets

• Mixed-event background subtraction technique 
used for boson-jet correlation measurements
• assume jets from the underlying event are 

uncorrelated with the signal
• “embed” electroweak boson into minimum bias 

(MB) events with similar characteristics
• subtract correlations of the embedded boson with 

jets from the MB events
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Z-JET MOMENTUM IMBALANCE & Z/PHOTON-JET COMPARISON
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HADRON PT AND XI
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PHOTON-TAGGED JET FRAGMENTATION FUNCTIONS
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ATLAS PHOTON-TAGGED JET FRAGMENTATION FUNCTIONS
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