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Why Do We Measure EW Boson Yields?

• p+p
– High precision test of pQCD
– Baseline for p+Pb & Pb+Pb

• pPb
– Study nuclear modification of PDF

• PbPb
– ‘Standard candle’ to gauge QGP effects
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Why Do We Measure EW Boson Yields?

• p+p: Z @ 5.02 TeV
– High precision test of pQCD
– Baseline for p+Pb & Pb+Pb

• pPb: Photons @ 8.16 TeV (and Z @ 5.02 TeV)
– Study nuclear modification of PDF

• PbPb: W&Z @ 5.02 TeV
– ‘Standard candle’ to gauge QGP effects
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This Talk!
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• ATLAS has:
• Charged particle tracking à electrons and muons (photon veto)
• Calorimeteryàelectrons, muons, and photons
• Muon Spectrometer

ATLAS at the LHC

ATLAS

LHCb
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Z Bosons in p+p @ 5.02 TeV
(ATLAS-CONF-2016-107)
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Event Selection
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Zàμμ
• 24.7 ±1.3 pb-1 of data
• 14 GeV muon trigger 
• Opposite charge muons
• pT>20 GeV, |η|<2.4
• High quality muons

Good ID and MS signals

• Isolated muons
No close by energy in calorimeter

• 66<mμμ<116 GeV
• 7293 counts 
• Background ≈ 0.3%

subtracted
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Cross Section
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• Correct to fiducial volume:
• 66<mZ<116 GeV
• |yZ|<2.5
• (all muon kinematics)

• Correct for detector/trigger 
efficiency

• Dominant uncertainty from 
luminosity – 5.4%

• Other uncertainties ≈ 2%  [TeV]  s
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Cross Section
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• Correct to fiducial volume:
• 66<mZ<116 GeV
• |yZ|<2.5
• (all muon kinematics)

• Correct for detector/trigger 
efficiency

• Dominant uncertainty from 
luminosity – 5.4%

• Other uncertainties ≈ 2%  [TeV]  s
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Rapidity Differential Cross Section
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Photons in p+Pb @ 8.16 TeV
(ATLAS-CONF-2017-072)
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Event Selection
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• 162 nb-1 of p+Pb data recorded (56 nb-1/106 nb-1 p+Pb/Pb+p)

• √#$$ =8.16 TeV; Pb accelerated with 6.5TeV × Z/A per 
nucleon à y*=ylab+0.465

• Trigger on photon events selected in calorimeter, & < 2.37
• Offline select:

– ET
,>25 GeV

– Isolation selection tuned for this dataset: ET
-#.<4.8GeV +4.2 ×10-3 ET

,

• Correct for background with ‘double sideband’ method
– Purity: 60% @ 25 GeVà80%@100 GeV à 99%@300 GeV

• Correct for efficiencies based on MC simulation  
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Photon Cross-Section

13

210
 [GeV]g

TE

1-10

1

10

210

310

410

510

610

 [p
b/

G
eV

]
g T

E
/dsd

* < 1.91h1.10 < 

Data

JETPHOX + CT14 + EPPS16

Data

JETPHOX + CT14 + EPPS16

 PreliminaryATLAS
-1+Pb, 162 nbp = 8.16 TeV s

210
 [GeV]g

TE

1-10

1

10

210

310

410

510

610

 [p
b/

G
eV

]
g T

E
/dsd

* < 0.91h-1.83 < 

210
 [GeV]g

TE

1-10

1

10

210

310

410

510

610

 [p
b/

G
eV

]
g T

E
/dsd

* < -2.02h-2.83 < 

30 40 50 210 210´2  [GeV]g
TE

0.6
0.8

1
1.2
1.4

Th
eo

ry
 / 

D
at

a

30 40 50 210 210´2  [GeV]g
TE

0.6
0.8

1
1.2
1.4

Th
eo

ry
 / 

D
at

a

30 40 50 210 210´2  [GeV]g
TE

0.6
0.8

1
1.2
1.4

Th
eo

ry
 / 

D
at

a

Photon spectra + pQCD calculation
Uncertainties include:

Isolation& selection: 10% at lowest ET and decreasing
Energy scale 5-10% (higher at low ET forward !)
(Luminosity 6.2%)
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Nuclear Modification Factor
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(Some context from Z bosons @ 5.02 TeV)
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(Some context from Z bosons @ 5.02 TeV)
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(Some context from Z bosons @ 5.02 TeV)
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(Some context from Z bosons @ 5.02 TeV)
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W&Z Bosons in Pb+Pb @ 5.02 TeV
(ATLAS-CONF-2017-067 & ATLAS-CONF-2017-010)
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W Boson Event Selection
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Wàμ+!
• ≈0.49 nb-1 of data

• 8 GeV single muon trigger 

• Exactly one muon

• pT>25 GeV, 0.1<|η|<2.4

• High quality isolated muons 

• 25245 (23123) W+(-) candidates 

• Backgrounds subtracted:

• 6-12% from multi-jet

• ~3% from Zàμμ

• <1% from Zà"" and tops
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Z Boson Event Selection
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Zàμμ
• ≈0.49 nb-1 of data

• 8 GeV single muon trigger 

• Opposite charge muons

• pT>20 GeV, |η|<2.5

• High quality muons

• 66<mμμ<116 GeV

• 5326 counts 

• Background ≈ 0.5%

• subtracted
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Rapidity Differential Yield
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Integrated Yield in Centrality
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• (Peripheral is ~1.5 sigma higher …)

• High precision results: uncertainties are better on measuring 
EW bosons than on TAA and luminosity 

• Combined EW as a baseline for other hard probes?
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Summary

• EW bosons in pp, pPb, and PbPb at 5.02,8.16  TeV

• pp serves as high precision baseline

• pPb displays evidence for nPDF modification in Z 

measurement, room to think some more about photons …

• PbPb consistent with expectations (even w/out nPDF), high 

precisionà new centrality paradigm?

24
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Backup Information
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• ATLAS has:
• Charged particle tracking à electrons and muons (photon veto)
• Calorimeteryàelectrons, muons, and photons
• Muon Spectrometer

ATLAS at the LHC

ATLAS

LHCb

26
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Reference Spectra for photon RpA
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Rapidity Differential Yield
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Yield per Minimum Bias Event
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• Correct for detector/trigger efficiency
• Divide by number of sampled minimum bias events in 

lieu of luminosity
• Divide by <TAA>
• Uncertainty on <TAA> : 1-9%
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Rapidity Differential Yield in Centrality
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Photon-Model Comparisons
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