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Inclusive 4l Production - 8 TeV 
Alex Long – LLWI 2016 3 Feb 2016 

PLB 753 (2016) 552-572 
 
 

Total cross-section 
measured in range 
0.08 < m(4l) < 1 TeV 
 
Includes Higgs 
production and 
interference with 
non-resonant gluon 
fusion processes at 
high mass. 

LO NNLO QCD + 
   NLO EW 

NNLO QCD + NLO EW, but NLO at low mass 
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Inclusive 4l Production - 8 TeV 
Continued 

Alex Long – LLWI 2016 4 Feb 2016 

PLB 753 (2016) 552-572 
 
 

Differential 
measurements of m(4l) 
and pT(4l) are performed 
after unfolding to particle 
level. 

The gluon-gluon signal strength, µgg, is measured 
with respect to the LO prediction using the 
reconstructed m(4l) distribution from m(4l) > 180 
GeV. It is measured to be: 
 µgg = 2.4± 1.0 (Stat.)± 0.5 (Syst.)± 0.8(Theory)
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Z/γ* pT
ll and ϕη* - 8 TeV 

Born-level differential distributions for Drell-Yan processes compared to a variety of generators 
ϕη* is a useful proxy to pT

ll with a better precision, in particular at low values. 
ResBos comparisons corrected to QCD NNLO 

Alex Long – LLWI 2016 5 Feb 2016 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Continued 

Alex Long – LLWI 2016 6 Feb 2016 

Submitted to EPJC 
arXiv:1512.02192  

 

Normalized pT
ll distributions compared to 

Sherpa and Powheg+Pythia 
 
Absolute pT

ll distributions compared to 
DYNNLO at QCD NNLO and QCD NNLO + 
NLO EWK. Normalization differences might 
be fixed by O(αs

3) corrections. 

Many more di-lepton mass and rapidity 
bins have been compared.  
 
Also have performed measurements of 
integrated cross-sections in bins of m(ll) 



Boston University Slideshow Title Goes Here 

W/Z Cross-sections  
and Ratios – 13 TeV 

Alex Long – LLWI 2016 7 Feb 2016 

Note public on 8/2015  
ATLAS-CONF-2015-039 

 

•  W and Z cross-sections 
measured at 13 TeV 
using first Run 2 data. 

•  Measured cross-sections 
are consistent with  
NNLO QCD + NLO EW 
predictions 

•  Ratios of cross-sections 
allows for good 
comparison of PDFs 
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Z+Jets – 13 TeV 
Alex Long – LLWI 2016 8 Feb 2016 

Note public on 8/2015  
ATLAS-CONF-2015-041 

 
•  Same inclusive selection as in W/Z study 
•  Fiducial cross-sections measured in bins of inclusive Njets 
•  Cross-section ratios with neighboring bin improve precision 
•  Results consistent with SM predictions normalized to QCD NNLO 
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ZZà4l - 13 TeV 
Alex Long – LLWI 2016 9 Feb 2016 

Submitted to PRL 12/2015 
arXiv:1512.05314 

 
 •  First 13 TeV di-boson measurement from ATLAS! 

•  Z candidates required to be on-shell. 
•  63 events observed in data. 
•  Measured cross-section consistent with SM 
 �(ZZ Total Obs.) = 16.7 +2.2

�2.0 (Stat.) +0.9
�0.7 (Syst.) +1.0

�0.7 (Lumi.) pb

�(ZZ NNLO Total Exp.) = 15.6± 0.4 pb
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WZ - 8 TeV 
Alex Long – LLWI 2016 10 Feb 2016 

Hot off the press! 
To be submitted to PRD  

STDM-2014-02  
 

•  Brand new result for WZ production at 8 TeV in leptonic final state 
•  Many important new measurements/limits presented. 
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WZ - 8 TeV 
Alex Long – LLWI 2016 11 Feb 2016 

Hot off the press! 
To be submitted to PRD  

STDM-2014-02  
 

•  Fiducial and total 
cross-sections 
observed to be above 
QCD NLO SM 
prediction. (Full NNLO 
calculation unavailable) 

•  Unfolded differential 
cross-section 
measurements of 
pT(W), pT(Z), mT(WZ), 
pT(nu), |yl,W-yZ|, jet 
multiplicity, m(jj) 

•  Differences mainly at 
low pT 

•  Study of EW VBS also 
performed.  
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WZ - 8 TeV 
Continued 

Alex Long – LLWI 2016 12 Feb 2016 

New limits set on aTGC 
parameters strongly improve on 
previous limits 

Hot off the press! 
To be submitted to PRD  

STDM-2014-02  
 

aQGC limits also set on 
α4 and α5 parameters 
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Conclusions 

•  A summary of recent studies of electroweak processes 
in ATLAS were presented with new results at 8 TeV 
and the first results at 13 TeV. 

•  A wide survey of results show we are consistent with 
the SM.  Any differences could likely be resolved by 
higher order corrections. 

•  There is more to come from the 8 TeV and latest 13 
TeV runs. And we have an exciting year ahead with 
much more 13 TeV data coming from the LHC! 

Alex Long – LLWI 2016 13 Feb 2016 
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BACKUP 
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4l Production - 8 TeV 
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4l Production - 8 TeV 
Selection 

Alex Long – LLWI 2016 16 Feb 2016 

Fiducial  Extended 

4 leptons each with pT > 5 GeV 
and |η|<2.8 

(no flavor dependence) 
80 < m(4l) < 1000 GeV 

M(l+l-) > 4 GeV 
pT(Z1),pT(Z2) > 2 GeV 
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4l Production - 8 TeV 
Signal 

Alex Long – LLWI 2016 17 Feb 2016 



Boston University Slideshow Title Goes Here 

4l Production - 8 TeV 
Unfolded distributions in extended phase space 

Alex Long – LLWI 2016 18 Feb 2016 



Boston University Slideshow Title Goes Here 

4l Production - 8 TeV 
Measured cross-sections 
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Z/γ* pT
ll and ϕη* - 8 TeV 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Selection 

Alex Long – LLWI 2016 21 Feb 2016 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Integrated cross-sections 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Evolutions 

Alex Long – LLWI 2016 23 Feb 2016 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Data  to background comparisons 

Alex Long – LLWI 2016 24 Feb 2016 
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Z/γ* pT
ll and ϕη* - 8 TeV 

Electron and Muon channel combinations 

Alex Long – LLWI 2016 25 Feb 2016 
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WZ -  8 TeV 

Alex Long – LLWI 2016 26 Feb 2016 
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WZ -  8 TeV 
Selection 

Alex Long – LLWI 2016 27 Feb 2016 
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WZ – 8 TeV 
W+Z/W-Z cross-section ratio 
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WZ -  8 TeV 
Differential  
Cross-sections 
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WZ -  8 TeV 
Differential  
Cross-sections 
Ratios 
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WZ -  8 TeV 
aTGC 

Alex Long – LLWI 2016 31 Feb 2016 
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WZ -  8 TeV 
aQGC 
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W/Z Cross-sections and Ratios – 13 TeV 
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W/Z Cross-sections and Ratios – 13 TeV 
Selection 

Alex Long – LLWI 2016 34 Feb 2016 

W+/W- Z 

Exactly one lepton  Exactly two leptons with same-
flavor and opposite-sign 

pT(l) > 25 GeV 

|η(l)| < 2.5 

pT(ν) > 25 GeV 

mT > 50 GeV 66 < m(ll) < 116 GeV 
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ZZà4l - 13 TeV 
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ZZà4l - 13 TeV 
Selection 

Alex Long – LLWI 2016 36 Feb 2016 

Exactly 4 leptons with pT > 20 GeV 
and |η|<2.7 

Leptons must form two separate 
same-flavor opposite-sign pairs. 

When ambiguous, choose 
combination that minimizs |m(ll)a-

m(Z)|+|m(ll)b-m(Z)| 
66< M(ll) < 116 GeV for both pairs 
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Anomalous Couplings 

Alex Long – LLWI 2016 37 Feb 2016 
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Anomalous Couplings 
Alex Long – LLWI 2016 38 Feb 2016 

L = LSM +
X

i

ci
⇤2

Oi +
X

j

fj
⇤4

Oj + ...

In addition to measuring cross-sections, we attempt to find new physics 
using an Effective Field Theory approach 
 
 
New physics suppressed by some cutoff scale, Λ 

aTGC Operators 

aQGC Operators 

arXiv:1310.6708 
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Dimension-6 EFT Operators arXiv:1310.6708 

Conserve CP: 

Violate CP: 
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Dimension-8 EFT Operators arXiv:1310.6708 
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WV Semi-leptonic - 7 TeV 
 

Alex Long – LLWI 2016 41 Feb 2016 
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WV Semi-leptonic - 7 TeV 
WW+WZ àlν jj cross-section measured with observed (expected) significance of 3.4σ (3.2σ) 
  σ(Total NLO Exp.) = 61.1 ± 2.2 pb  

  σ(Total Obs.) = 68 ± 7 (Stat.) ± 19 (Syst.) pb 
Shape of dijet mass used to extract cross-section  
 
 

Alex Long – LLWI 2016 42 Feb 2016 

JHEP 01 (2015) 049 
arXiv:1410.7238v2  

 

Limits set on three 
aTGC parameters 
using LEP scenario 
 
Fit performed on pT(jj) 
spectrum with 75 < 
m(jj) < 95 GeV 
 
No unitarization form 
factors are applied 
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WV Semi-leptonic - 7 TeV 
Selection 

Exactly 1 lepton with pT > 25 GeV and exactly 2 jets with leading 
(subleading) pT > 30 (25) GeV  

MET > 30GeV 
MT > 40GeV 

|Δφ(MET,Leading jet)| > 0.8 
|Δη(j,j)| < 1.5 

ΔR(j,j) > 0.7 if pT(jj) < 250 GeV 
pT(jj) > 250 GeV 

25 < m(jj) < 250 GeV 

Alex Long – LLWI 2016 43 Feb 2016 
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Z Forward-Backward Asymmetry - 7 TeV 
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Z Forward-Backward  
Asymmetry - 7 TeV 

•  Extract sin2(θlept
eff) from template fit of AFB at the Z-pole 

•  Collins-Soper frame used to minimize ambiguity of incoming 
quark 

•  Combined measurement is found to be within 0.6 σ of global 
PDG fit: 
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JHEP 09 (2015) 049 
arXiv:1503.03709  
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Z Forward-Backward Asymmetry - 7 TeV 
Selection 

Electron Central Electron Forward Muon 

Electron |η| < 2.47 
except 1.37 < |η| < 1.52  

Electron 2.5 < |η| < 4.9 
except 3.16 < |η| < 3.35 

|η| < 2.4 

ET  > 25 GeV ET  > 25 GeV pT > 20 GeV 

Alex Long – LLWI 2016 46 Feb 2016 

Electron Central-Central Electron Central-Forward Muon 

Two opposite-sign medium 
quality central electron 

candidates 

One tight quality central and 
one medium quality forward 

electron candidate. 
(No charge requirement) 

Two combined muons 

ET  > 25 GeV ET  > 25 GeV pT > 20 GeV 

M(ll) < 1 TeV  M(ll) < 250 GeV M(ll) < 1 TeV  

Object Selection 

Event Selection 
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Same-Sign WW -  8 TeV 

Alex Long – LLWI 2016 47 Feb 2016 
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Same-Sign WW -  8 TeV 
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PRL. 113, (2014) 141803 
arXiv:1405.6241v2  

First evidence for W±W±jj VBS process at 4.5σ inclusive 
(3.6σ for EW only).  

•   σ(Fid. NLO EW) = 1.52 ± 0.11 fb 
   σ(Obs. EW) = 2.1 ± 0.5 (Stat.) ± 0.3 (Syst.) fb 
•   σ(Fid. NLO EW+QCD) = 0.95 ± 0.06 fb 
   σ(Obs. EW+QCD) = 1.3 ± 0.4 (Stat.) ± 0.2 (Syst.) fb 

•  Limits are set on aQGCS for 
dimension-8 operators α4 vs α5  

•  First limits on these parameters. 
•  aQGC predictions unitarized 

using k-matrix  
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Same-Sign WW -  8 TeV 
Selection 

Alex Long – LLWI 2016 49 Feb 2016 

Inclusive Region (QCD + 
EW) 

VBS Region (EW) 

Exactly two leptons with same charge, pT > 25 GeV, |η| <2.5 

At least two jets with pT > 30 GeV 

MET > 40 GeV 

M(ll) > 20 GeV 

ΔR(ll) > 0.3 

M(jj) > 500 GeV 

|Δy(jj)| > 2.4 
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Wγγ -  8 TeV 

Alex Long – LLWI 2016 50 Feb 2016 
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Wγγ - 8 TeV 
Alex Long – LLWI 2016 51 Feb 2016 

PRL 115, 031802 (2015) 
arXiv:1503.03243v2  

 
 

•  First ever measurement of a 
tri-boson process 

•  Process comes from ISR/FSR 
and TGC/QGC with W boson. 

•  Considering only leptonic 
decays. 

•  Significance of inclusive cross-
section measurement is > 3 σ 
compared to NLO prediction 

•  Limits set on 
dimension-8 
couplings:  

     fT0, fM2, and fM3 
•  Best sensitivity for 

fT0 
•  fM2 and fM3 can be 

compared to 
dimension-6 
operators studied at 
LEP, D0 and CMS  
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Wγγ - 8 TeV 
Selection 
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CMS 
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CMS – WWZ aTGC limits 
Alex Long – LLWI 2016 54 Feb 2016 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 
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CMS – ssWW aQGC limits 
Alex Long – LLWI 2016 55 Feb 2016 

arXiv:1410.6315v2 


