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Why looking at EW processes? 

ǐMeasure EW cross section and compare it to (higher order) SM predictions 

üPossible to give constraints and input for theory predictions 

ǐImportant/irreducible background to many analyses (e.g. Higgs and searches for 

physics beyond SM) 

ǐProbe new physics beyond SM via anomalous triple and quartic gauge couplings 
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Multi-boson production at LHC 
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Z/ 

Z/ 

QGC 

ǐNon abelian structure of SU(2),x U(1)9  allows boson self-coupling 

SM 

aQGC BSM 
aTGC 

ÁPossible to introduce additional parameter in effective theories that 
parametrize SM forbidden couplings 

 

 

Forbidden at tree level in SM 



Measurements sensitive 
to 

(anomalous) triple gauge 
couplings 

WZ (13 TeV ATLAS-CONF-2016-043)  

WW (13 TeV arXiv:1702.04519) 

W V semi lep. (STDM-2015-23) 

ZZ (ATLAS-CONF-2017-031) 

EW Wjj (arXiv:1703.04362) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://arxiv.org/abs/1702.04519
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://arxiv.org/abs/1703.04362


WZĄlllv cross section at 13 TeV 
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ATLAS-CONF-2016-043 

ǐSelection: 

ǐThree high Ð4, isolated leptons 

ǐὉ  >30 GeV 

ǐȿὓ ὓ ȿ< 10 GeV 

 ǐMain Backgrounds: 

ǐMisid. Leptons: ~10 % (data-driven) 

ǐZZ: ~5 % (simulation) 

ǐttӶ+V: ~2.5 % (simulation) 

ǐComparison done 
with NLO theory 

üNNLO correction: 
~11% higher 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/


WWĄlvlv cross section 
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ǐSelection: 

ǐ2 high Ð4, isolated leptons (opp. 
Charge and different flavor) 

ǐὉ  >20 GeV 

ǐMain Backgrounds: 

ǐTop: ~13% (data-driven) 

ǐW+jets: ~6% (data-driven) 

ǐDrell-Yan: ~5% (data-driven) 

arXiv:1702.04519 
subm. to PLB 

https://arxiv.org/abs/1702.04519


WW/WZ semi-leptonic at 8 TeV 
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Á Background much larger compared to fully-leptonic channel L 

Á Branching fraction six times higher compared to fully-leptonic channel J 

Á Possible to probe higher pt(V) Ą more sensitive to aTGC J 

ᴂ 
V 

ᴂ 

Á Isolated high Ð4 lepton 

Á Large Ὁ  

 

Á Either 2 resolved jets (ЎὙ=0.4) or one large-radius (ЎὙ=1.0) jet 

within W/Z mass window (for aTGC region)  

Why measuring semi-leptonic when we have full leptonic ? 

resolved boosted 

Á Main uncertainty from  

background modeling 

STDM-2015-23 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/


ZZĄ4l cross section at 13 TeV 
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ǐSelection: 

ǐ4 charged leptons building 2 same 
flavor, opposite charge pairs 

ǐOn-shell Zôs: 66 GeV <ά <116 GeV 

ǐBackground very small (~2%) 

 

ATLAS-CONF-2017-031 



Differential cross section ZZĄ4l at 13 TeV 

Á Differential cross section measured in many (20) observables, most for the first time 

e.g. Jet kinematics (highest Ð4 jet), single lepton kinematics, dilepton kinematics 
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Á qq with NLO EW  

k-factor 

Á gg with NLO QCD  

k-factor 

 

Á Some sensitivity to EWK ZZjj 

ATLAS-CONF-2017-031 



EW Wjj production at 7+8 TeV 
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VBF 

W brems. 

EW 

strong 

ǐ1 high Ð4 isolated lepton 

ǐLarge Ὁ  

ǐ2 high Ð4  jets with ɝώ  > 2.0 

ǐ-ÊÊ > 500 GeV  

 

Inclusive 

Signal region 

 

Á ὔ =1; ὔ =0 

arXiv:1703.04362 
subm. to EPJC 

https://arxiv.org/abs/1703.04362


EW Wjj production at 7+8 TeV 
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Á Cross section extracted using a combined fit of -ÊÊ  in signal and control regions  

Á Largest experimental uncertainties from Jet energy scale 

Á Largest theory uncertainty from PDF uncertainties 

Á Theory prediction from Powheg +Pythia (NLO QCD) 

 

 

 

 

 

Á Measurement done in many fiducial regions 

Á All in good agreement with SM prediction 

arXiv:1703.04362 
subm. to EPJC 

https://arxiv.org/abs/1703.04362


Anomalous couplings 
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ǐCommonly three ñdifferentò parameterizations of aGC 

ǐEffective Lagrangian approach : 

 

Ref.: http://arxiv.org/abs/1305.3773  

Á Vertex function approach: 

 

 

 

Á aGC would violate unitarity at high energy 

Ąintroduction of form factors with cut-off scale ɤ 

Á Effective field theory (EFT): 

Scale of new physics > ί  



Limits on aTGCs 
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Charged aTGC 

EW Wjj 8 TeV 
WV semi lep. 8 TeV 

Limits at 13 TeV better than 8 TeV 

Neutral aTGC 

ZZ at 13 TeV 

Limits on ‗ better compared to 

fully lep. @ 8 TeV    

ATLAS-CONF-2016-043 

arXiv:1703.04362 
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ATLAS-CONF-2017-031 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://arxiv.org/abs/1703.04362
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/


Measurements sensitive 
to (anomalous) quartic 

gauge couplings 
VBS Z ɾ (arXiv:1705.01966) 

WWW (Eur. Phys. J. C 77 (2017) 141) 
 
 

 
 

 

https://arxiv.org/abs/1705.01966
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1


EW Zɾ jj production at 8 TeV 
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inc.VBS 

non VBS 

EW 

strong 

ǐ2 high Ð4 isolated leptons 
or large Ὁ  

ǐ2 high Ð4  jets  

  

ÁDifferent cuts on -ÊÊ  with  

different sensitivity to EW 

ǐTwo channels: ZĄὰὰ and ZĄʉʉ Only for aQGCs 

Á Benefits of Zɾ jj compared to  

other VV jj: 

Á Larger BR  

Á Clean detector signature 

arXiv:1705.01966 
subm. to JHEP 

 

https://arxiv.org/abs/1705.01966


EW Zɾ jj production at 8 TeV 
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Á EW only cross section extracted by fitting signal 

strength ɛ using centrality including 

control region Ą constrains on QCD part 

Á Statistically limited but also large JES uncertainties 

ü Observed EWK signal significance:~2„ 

Ą not enough to claim observation L 

Á Measurement done in different fiducial regions 

Á Good agreement with SM prediction  

(at NLO with VBFNLO generator) 

Á Sensitive to EFT dim. 8 parameters 

ü Limits set at 95 % C.L 

Á Limits much better compared to 

charged only 

arXiv:1705.01966 
subm. to JHEP 

 

https://arxiv.org/abs/1705.01966


WWW at 8 TeV 

09/05/2017 Pheno 2017 Maurice Becker 17 

Á Selection: 

Á Semileptonic (lvlvjj): 

Á Two same sign leptons  

Á Two jets with small ɝώ  

Á Leptonic (lvlvlv): 

Á Split in regions with 0,1,2, same flavor  

opposite sign 

Eur. Phys. J. C 77 (2017) 141 

https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1


WWW at 8 TeV cross section limit 
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Á Not enough statistics to measure statistical 

significant cross-section 

ü Set upper limit on cross section for SM 

WWW: 

ü 730 fb observed (560 fb expected) 

 

 

Eur. Phys. J. C 77 (2017) 141 

Á Due to QGC contributions also sensitive 

to anomalous couplings 

ü Limits set on coupling parameters for 

different parameterizations 

Phys.Rev. D95 (2017) Limits from WVjj @ 8 TeV 

Á Limits more stringent compared to 

WWW 

https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1
http://dx.doi.org/10.1103/PhysRevD.95.032001
http://dx.doi.org/10.1103/PhysRevD.95.032001


Conclusion/Outlook 

ǐMany diboson processes and cross section measured at 8 and 13 TeV 

ǐMeasured EW W+jj @ 8 TeV 

ǐUpper limits on EW Z ɾ (including VBS) and WWW production provided 

ǐMeasurements give input for more precise theory predictions 

ǐNo deviations between theory and experiment Ą Limits set on aTGC and 
aQGC 

ǐStill some 8 TeV analyses in the pipeline 

ǐMore 13 TeV results coming soon 
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Thank you for your 
attention! 



Backup 



ZZĄllll/llvv cross section 
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ǐSelection: 

ǐ2 Channel: 

ǐ4 charged leptons building 2 SFOS 
pairs 

ǐ2 charged leptons + MET 

ǐ66 GeV <ά <116 GeV 

 

JHEP 01 (2017) 099 

https://link.springer.com/article/10.1007/JHEP01(2017)099
https://link.springer.com/article/10.1007/JHEP01(2017)099


ZZĄllll/llvv at 8 TeV 
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JHEP 01 (2017) 099 

Á Comparison with Powheg (NLO) 

shows good agreement 

Á Sensitivity to aTGC at high  Ð4 of  

the Z boson 

https://link.springer.com/article/10.1007/JHEP01(2017)099
https://link.springer.com/article/10.1007/JHEP01(2017)099


Limits on aTGCs 
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Charged aTGC 

EW Wjj 8 TeV 
WV semi lep. 8 TeV 

Limits at 13 TeV better than 8 TeV 

Neutral aTGC 

ZZ at 8 TeV 

Limits on ‗ better compared to 

fully lep. @ 8 TeV    

ATLAS-CONF-2016-043 

arXiv:1703.04362 
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JHEP 01 (2017) 099 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://arxiv.org/abs/1703.04362
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-23/
https://link.springer.com/article/10.1007/JHEP01(2017)099
https://link.springer.com/article/10.1007/JHEP01(2017)099


Cross section estimation 

ǐUse decays to leptons to get a better 
background suppression 

ǐSelecting high Ð leptons/jets 

ǐRequire high missing %  if ’ involved 

ǐApply selection based on process 
topology 
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Ɑ◄▫◄
█░▀ ╝▀╪◄╪╝╫╪╬▓▌Ȣ

═ ║z╡z ╒z ╛᷿▀◄
 

ǐIrreducible backgrounds 
(estimated using simulation) 

ǐBackgrounds including non 
prompt leptons using data-driven 
methods (ÔÔӶ, V+ jets) 

ǐExtrapolation to full phase space via 
an acceptance factor (A) (and the 
branching ratio) 

ǐCorrection for detector inefficiencies 

ǐEstimate systematic 
uncertainties from: 

ǐExperimental: energy-
resolution/scale, reconstruction, 
ID, luminosity, é 

ǐ Theoretical: PDFs, parton 
shower, renorm./fact. scale, é 



Diboson production at LHC 

ǐOnly WWɾ or WWZ triple gauge coupling (TGC) vertex allowed in SM 

ǐPossible to set limits on anomalous TGCs 

09/05/2017 Pheno 2017 Maurice Becker 26 



WZĄlllv cross section at 13 TeV 
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Meas. cross section [fb] 66.2±1.8(stat.) ± 3.6 (sys.) ±2.1 (lumi) 

ATLAS-CONF-2016-043 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-043/


WWĄlvlv cross section 
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ǐSelection: 

ǐ2 high Ð4, isolated leptons (opp. 
Charge) 

ǐὉ  >45 (25)  GeV for elec.(muon) 
channel 

 ǐMain Backgrounds: 

ǐTop: ~15% (data-driven) 

ǐW+jets: ~5% (data-driven) 

ǐDrell-Yan: ~5% (simulation) 

ǐNNLO description underestimates 
prediction 

ǐ Njets = 0 bad described by NLO 

üApprox. NNLO increases cross-section  

üpT resummation leads to better 
agreement 

üNNLO+NNLL even better description 

JHEP09(2016)029 

http://link.springer.com/article/10.1007/JHEP09(2016)029
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WWĄ lvlv aTGC limits 

ÁUnitarity violation at high energy 

ü Introducing of a cutoff scale (ɤ) 

ÁLimits also provided as function of this scale 

ÁAlso limits on EFT parameter provided 

JHEP09(2016)029 

http://link.springer.com/article/10.1007/JHEP09(2016)029


WWĄlvlv+1jet cross section 
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ǐSelection: 

ǐ2 high Ð4, isolated leptons (opp. 
Charge) 

ǐὉ  >45 (25)  GeV for elec.(muon) 
channel 

 

Phys. Lett. B 763 (2016) 114 

http://www.sciencedirect.com/science/article/pii/S0370269316305858


WWĄlvlv+1jet cross section 
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Phys. Lett. B 763 (2016) 114 

http://www.sciencedirect.com/science/article/pii/S0370269316305858


Z ɾ, Z ɾɾ cross section at 8 TeV 
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ǐSelection: 

ǐSpitted in two channel and Njets 0 and Njets= 0 

ǐὰὰ ɾ (ɾ): SFOC lepton pair and high Ð4 photon(s) 

ǐ’’Ӷ ɾ (ɾ ): Ὁ  >130 GeV and high Ð4 photon(s) 

 

 

Phys. Rev. D 93, 112002 

(2016) 

Njets 0 

Njets 0 

Some disagreement due to missing higher order (MCFM @NLO QCD) 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002


Z ɾ, Z ɾɾ diff. cross section at 8 TeV 
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Phys. Rev. D 93, 112002 

(2016) 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002


Z ɾ, Z ɾɾ aTGC and aQGC at 8 TeV 
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Forbidden in SM at tree level 

Á High Ὁ  region sensitive to anomalous 

couplings  

Á aTGC limits: 4 CP conserving parameters 

Á aQGC limits: 3 parameters from EFT 

Phys. Rev. D 93, 112002 

(2016) 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.112002


EW Wjj production at 7+8 TeV 
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Á Differential cross section provided in combination of QCD+EW and EW only in 

different fiducial volumes 

 

 

 

 

 

arXiv:1703.04362 

https://arxiv.org/abs/1703.04362


�:  �:  jj VBS at 8 TeV 

ǐ2 isolated same sign lepton Ð4
ςυ GeV; ʂ ςȢτχ ςȢυ (muons) 

ǐ 2 jets  Ð4> 30 GeV; ʂ τȢυ;  

ǐὉ τπ GeV 

ǐɝώ ςȢτ 
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Inclusive 

VBS region 

VBS 

EW 

strong 

Á Key process to probe EW symmetry 

breaking 

Á VBS amplitude increases with ί Ą 

without Higgs this would violate 

unitarity at  ~ 1 TeV 

PhysRevLett.113.141803 


