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ATLAS Detector and Data
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Summary of EWK Measurements at ATLAS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


Inclusive m4l Measurement
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• New result with full 139 fb-1 dataset
• Inclusive measurement of 4l production from 20 GeV < m4l < 2 TeV
• Optimized for inclusivity and model independence

• More details can be seen in the post session
https://indico.cern.ch/event/868940/contributions/3816387/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-042/

https://indico.cern.ch/event/868940/contributions/3816387/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-042/


Inclusive m4l Measurement
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Suppresses J/ψ
and photon 
conversions

• Select isolated, high quality, muons pT > 5 GeV and electrons pT > 7 GeV
• Select events with at least 2 e+e- and/or μ+μ- pairs.  

• If more than 2, select the two with mass closest to the Z mass



Inclusive m4l Signal Region
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Non-Prompt Lepton Bkg Estimation

• Estimate using Z+jet events where the hadronic jet is mis-identified as a lepton

• 𝐹𝑎𝑘𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐸𝑣𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑑 𝐿𝑒𝑝𝑡𝑜𝑛

𝐸𝑣𝑒𝑛𝑡𝑠 𝑜𝑓 𝑁𝑜𝑛−𝐼𝑠𝑜𝑙𝑎𝑡𝑒𝑑 𝐿𝑒𝑝𝑡𝑜𝑛

• Apply the factor to signal-like region but with non-isolated leptons to estimate 

background rate in the signal region

• Validated in signal-like regions but with lepton-pairs that have the same charge
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Differential Cross-Section in m4l

• Fiducial cross-section is defined as the 
cross-section within the fiducial phase 
space under the area with detector 
coverage.

• Where ℒ is the integrated luminosity and C 
is the correction factor that accounts for 
resolution and reconstruction efficiency
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Differential 
Cross Sections
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• Differential cross sections are also 
measured with respect to

1. 𝑚12, 𝑚34 lepton pair mass
2. Δφ𝑝𝑎𝑖𝑟𝑠 , Δypairs

3. 𝑃𝑇, 12,
𝑃𝑇, 34 lepton pair pT

4. Δφ𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑙𝑒𝑝𝑡𝑜𝑛𝑠

5. cos 𝜃12
∗ , | cos 𝜃34

∗ | decay angles 
for each lepton pairs

• Different differential cross section 
distributions is sensitive to different 
BSM physics



B – L Symmetry Interpretation
• Baryon Number – Lepton Number is a conserved 

quantity in SM

• Introduce additional UB-L(1) gauge symmetry 

that is broken with another Higgs

• Z’Z’ production contribute to the 4l cross-section.

𝑚ℎ
2

~ mass of the second Higgs particle

sin 𝛼 ~ mixing angle between the SM and B-L 

Higgs fields
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Zγ Production Cross-Section Measurement
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• Differential cross section measurement with 139 fb-1 of data

• Published March 2020 at JHEP 03 (2020) 054

Reject events where photon is a part of the Z decay

https://link.springer.com/article/10.1007/JHEP03(2020)054


Zγ Signal Region Rejects FSR photons
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Reject Z bosons 
that also emits a 
final state radiation 
photon

Accept Zγ events 
where the photon is 
part of the initial 
state radiation

𝑚 𝑙𝑙 + 𝑚 𝑙𝑙𝛾 > 182 GeV Cut



Zγ Signal Region Distribution
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• Major background also include Z+jets where jets are mis-reconstructed as photons



• Fiducial cross-section is defined as the cross-section 
within the fiducial phase space under the area with 
detector coverage.

• Where ℒ is the integrated luminosity and C is the 
correction factor that accounts for detector resolution 
and reconstruction efficiency

• C is estimated using Zγ MC

• Measurements agrees Matrix NNLO and Sherpa NLO 
predicted cross-sections to within errors

Measurement of Fiducial Cross-Section
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Zγ Differential Cross Section
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• Differential cross sections with respect 

to 𝐸𝑇
𝛾

, 𝜂𝛾 , 𝑚 𝑙𝑙𝛾 , 𝑝𝑇
𝑙𝑙𝛾

, 𝑝𝑇
𝑙𝑙𝛾

/𝑚(𝑙𝑙𝛾) and 

Δφ(ll, γ) are all measured

• Both NLO EW and NNLO QCD 
correction for Zγ cross-section has 
been computed.

• However no complete computation of 
how to combine the two corrections

• The 𝐸𝑇
𝛾

distribution agrees better with 

the combining the two additively 
instead of multiplicatively



WW Differential Cross Section Measurement
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Suppress top 
background

Major background 
𝑡 ҧ𝑡/𝑡𝑊

• Measured using 36 fb-1 of data
• Published October 2019 at Eur. Phys. J. C 79 (2019) 884

https://link.springer.com/article/10.1140/epjc/s10052-019-7371-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191102


WW Results
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• Measured integrated fiducial cross section agrees well with NNLO predictions



WW Differential Cross-Sections
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• MC under predicts cross-section at low lead lepton pT and Δφeμ

• Global 𝜒2/𝐷𝑜𝐹 difference is still small.  Max 18.5/14 for Sherpa+OpenLoop in 𝑝𝑇
𝑙𝑒𝑎𝑑 ℓ



WW Measurement: Limit on aTGC
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• 5 dimension six operators can be added 
to the SM lagrangian to parameterize the 
effects of BSM physics in an model 
independent way

• Limits can be placed on the 
dimensionless coefficients 𝑐𝑖

Where



Conclusion

• Lots of results and measurements coming from ATLAS

• Many I could not cover here today:
ZZ production in the llνν final state 
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-03/
WZ production cross section and gauge boson polarization 
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-03/

• Stay tuned for more updates in the coming months
Please check the ATLAS SM public results twiki
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-03/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


Backup Slides
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M4l Analysis: Electrons and Muons
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• Looser quality “Baseline” 
leptons are used in 
background estimation

• Tighter quality “signal” 
leptons with additional 
requirements on top of 
baseline requirements  are 
used in for signal region 
measurement



Zγ Analysis: Z+jet Estimation
• Analogous to the non-prompt 

electron/muon estimation in the 
m4l analysis except now it’s 
photons

• Measure the number of photons 
which fail quality/isolation

• The number of estimated Z+jets
background events in the A is 
predicted by

7/17/2020 Siyuan Sun, ICHEP 2020 23

https://arxiv.org/pdf/1810.05087.pdf

A) Signal Region
requirements

C) Same as SR but 
photons fail quality

D) Fail both quality 
+ isolation

B) Same as SR but photons fail 
isolation

#𝑏𝑘𝑔 𝑖𝑛 𝐴 = #𝑏𝑘𝑔 𝑖𝑛 𝐵 ∗
#𝑏𝑘𝑔 𝑖𝑛 𝐶

#𝑏𝑘𝑔 𝑖𝑛 𝐷
∗ 𝑅

https://arxiv.org/pdf/1810.05087.pdf


Zγ Analysis: TTγ estimation
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• Simulated using MC.
• Cross-checked in a region kinematically similar to the signal region but with e+mu flavors 

instead of same flavor ee or mumu leptons.



Pile-Up Photon Estimation
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• On average 33 pp collisions occur in the same bunch 
crossing

• Photons that originate far from the pp interaction that 
produced the Z mainly come from other “pile up” pp 
collisions

• Select photons which convert to a pair of electrons on 
the inner most layer of the silicon tracker.

• Reconstruct the original direction of the photon based 
on the converted electrons

• Find the difference in the longitudinal coordinate (   ) of 
the photon and the Z boson production vertex

Δz > 50 mm Dominated by pileup 
photons



Zγ Analysis: Z+jet Estimation
• Analogous to the non-prompt 

electron/muon estimation in 
the m4l analysis except now 
it’s photons

• Find

𝐸𝑇
𝑖𝑠𝑜 > 0.065 ∗ 𝐸𝑇

𝛾
+ 2 𝐺𝑒𝑉 Instead of  

𝐸𝑇
𝑖𝑠𝑜

𝐸𝑇
𝛾 < 0.065
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https://arxiv.org/pdf/1810.05087.pdf

https://arxiv.org/pdf/1810.05087.pdf


Zγ Analysis: Z+jet Estimation

• The number of estimated Z+jet background events in 

the A is predicted by

#𝑏𝑘𝑔 𝑖𝑛 𝐴 = #𝑏𝑘𝑔 𝑖𝑛 𝐵 ∗
#𝑏𝑘𝑔 𝑖𝑛 𝐶

#𝑏𝑘𝑔 𝑖𝑛 𝐷
∗ 𝑅

• Where 𝑅 is the correlation between isolation and 

photon quality estimated using MC

• Also have to subtract expected Zγ signal events from 

each region B,C and D when estimating background. 

A) Signal Region
requirements

C) Same as SR but 
photons fail 

quality

D) Fail both 
quality + 
isolation

B) Same as SR but photons 
fail isolation
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Zγ NLO EWK + QCD Combination
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https://link.springer.com/content/pdf/10.1007/JHEP02(2016)057.pdf

https://link.springer.com/content/pdf/10.1007/JHEP02(2016)057.pdf


WW top Background Estimation
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• Largest background is ttbar and tW

• Top background is selected for by removing b 
jet and jet veto requirements

• An 𝐻𝑇 > 200 GeV requirement is added to 
limit the amount of WW

• The estimated amount of top in the signal 
region is the number of tops observed in the 
control region scaled by the efficiency of the 
jet veto and 𝐻𝑇 cuts 

• Efficiencies are mainly derived from MC but 
with a correction factor using data
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Zγ Pile-Up Photon Estimation
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• Fiducial cross-section is defined as the cross-section within the fiducial phase space under the area with 
detector coverage.

• Where ℒ is the integrated luminosity and C is the correction factor that accounts for detector acceptance and 
reconstruction efficiency

• C is estimated using Zγ MC

Zγ Measurement of Fiducial Cross-Section
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WW analysis ttbar Control Region
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