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Topics covered

ATLAS and CMS published impressive amount of SM cross section measurements at 7, 8 & 13 TeV CME.

I will focus on:

• First Diboson cross section

measurements at
√
s = 13 TeV

• Latest differential Diboson

measurements at
√
s = 8 TeV &

limits on anomalous triple

gauge couplings

• Triboson production at
√
s = 8 TeV & limits on

anomalous quartic gauge

couplings

→ First time that we are

sensitive to triboson final states
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All results at: http://cern.ch/go/pNj7
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Cross section measurement in a nutshell

Observed events in 
fiducial region
(from cut&count / fit)

Number of bkg events
MC simulation / data-driven

Acceptance on
generator level:

Efficiency on
detector level:
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Run2 diboson cross section measurements
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ZZ → 4l @ 13 TeV
CMS-PAS-SMP-16-001 (Updated result)

Measurement of the ZZ production cross section and Z → 4l branching fraction

• Using full 2015 dataset (L = 2.6fb−1)

• fully leptonic channels (4e, 4µ, 2e2µ)

→ very clean signature, low statistical precision

• Selecting 2 pairs of OS leptons with 60 GeV < mll < 120 GeV

• Data-driven estimate of background with misidentified leptons

(Z+ jets / WZ )

64 observed events with bkg of 1.4 events

fiducial cross section obtained from combined fit to all 3 final states

Total cross section:

σ(pp → ZZ) = 14.6+1.9
−1.8(stat)

+0.5
−0.3(syst)± 0.2(th.)± 0.4(lum) pb

in agreement with NNLO (qq → ZZ ) / NLO (gg → ZZ ) prediction:

σth = 16.5+0.7
−0.5 pb (MATRIX) / 15.0+0.8

−0.6 pb (MCFM)
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ZZ → 4l @ 13 TeV
CMS-PAS-SMP-16-001 (Updated result)

Measurement of the ZZ production cross section and Z → 4l branching fraction

• Using full 2015 dataset (L = 2.6fb−1)

• fully leptonic channels (4e, 4µ, 2e2µ)

→ very clean signature, low statistical precision

• Selecting 2 pairs of OS leptons with 60 GeV < mll < 120 GeV

• Data-driven estimate of background with misidentified leptons

(Z+ jets / WZ )

64 observed events with bkg of 1.4 events

fiducial cross section obtained from combined fit to all 3 final states

Total cross section:

σ(pp → ZZ) = 14.6+1.9
−1.8(stat)

+0.5
−0.3(syst)± 0.2(th.)± 0.4(lum) pb

in agreement with NNLO (qq → ZZ ) / NLO (gg → ZZ ) prediction:

σth = 16.5+0.7
−0.5 pb (MATRIX) / 15.0+0.8

−0.6 pb (MCFM)
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ZZ → 4l @ 13 TeV
Phys. Rev. Lett. 116, 101801 (2016)

• Larger dataset used L = 3.2fb−1

• Selecting 2 pairs of OS leptons with 66 GeV < mll < 116 GeV

fiducial cross section obtained from combined fit to all 3 final states

theoryσ/dataσ
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−0.7(lumi) pb

in agreement with NNLO prediction:

σth = 15.6+0.4
−0.4 pb

 [GeV]4lm Mass of four-lepton system 
200 300 400 500 600 700

E
ve

nt
s 

/ 2
0 

G
eV

0

2

4

6

8

10

12

14

16

18

Data

 4l→ZZ→qq
 4l→ZZ→gg

Prediction uncertainty

ATLAS
-1 = 13 TeV, 3.2 fbs

-0.11

+1.08Expected background: 0.62

 [TeV]  s
0 2 4 6 8 10 12 14

 [p
b]

 
to

t
Z

Z
σ

0
2
4
6
8

10
12
14
16
18
20
22
24

)pZZ (p

ZZ (pp)=13 TeV)sLHC Data 2015 (

=8 TeV)sLHC Data 2012 (

=7 TeV)sLHC Data 2011 (

=1.96 TeV)sTevatron Data (

-1 66-116 GeV) 3.2 fb
ll

 llll (m→ATLAS ZZ

-1 66-116 GeV) 19.6 fb
ll

 llll (m→CMS ZZ

-1 66-116 GeV) 4.6 fb
ll

) (mνν ll(ll/→ATLAS ZZ
-1 60-120 GeV) 5.0 fb

ll
 llll (m→CMS ZZ

-1) (on-shell) 9.7 fbνν ll(ll/→CDF ZZ
-1 60-120 GeV) 8.6 fb

ll
) (mνν ll(ll/→D0 ZZ

 ATLAS MCFM, CT14 NLO

Felix Bührer, SM@LHC 2016, Pittsburgh 3-6 May 2016 Multiboson measurements at the LHC 6/25

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.101801


WZ → lνl′l′ @ 13 TeV
CMS PAS SMP-16-002 (Updated result)

Measurement of the WZ production cross section

• Using an integrated luminosity of L = 2.3fb−1

• fully leptonic channels (eνee, µνee, eνµµ, µνµµ)

• Dominant backgrounds from processes with misidentified leptons

(Z+ jets / tt̄) → improved data-driven estimates

fiducial cross section obtained from combined fit to all decay channels

Total cross section:

σ(pp → WZ) = 40.9± 3.4(stat)+3.1
−3.3(syst)± 0.4(theo)± 1.3(lum) pb

to be compared with recently published MATRIX NNLO prediction:

σth = 49.98+2.2%
−2.0%pb, (42.6

+1.6
−0.8 pb from MCFM@NLO)
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Run1 diboson measurements & aTGC limits
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WZ → lνl′l′ @ 8 TeV
arXiv:1603.02151 (acc. by PRD)
Measurement of the WZ production cross section (integrated& differential) +

limits on anomalous TGCs

• Using an integrated luminosity of L = 20.3fb−1
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Total cross section:

σ(pp → W±Z) = 24.3± 0.6(stat)± 0.6(sys)± 0.4(th.)± 0.5(lumi) pb

higher than NLO prediction (Powheg+Pythia): σth = 21.0± 1.6 pb

But: Significantly better agreement when comparing to NNLO (MATRIX) calcu-

lation:

σth = 23.92+1.7%
−1.8% pb

  
[f
b
/G

e
V

]
ν T

 p
∆/

fi
d

.
σ

∆

1−10

1

Data 2012

Powheg

MC@NLO

Sherpa

ATLAS

1 = 8 TeV, 20.3 fbs

ν    →Z ±W ℓ′ ℓℓ

 [
fb

]
fi
d

.
σ

∆

10

 [GeV]ν

T
p

0 20 40 60 80 100 120

R
a
ti
o
 t
o
 P

o
w

h
e
g

0.2

0.65

1.1

1.55

2

∞

• Generator predictions agree

• Measured xs higher at low pν
T
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WZ → lνl′l′ @ 8 TeV
arXiv:1603.02151 (acc. by PRD)

Measurement of the WZ production cross section (integrated& differential) +

limits on anomalous TGCs

• Using an integrated luminosity of L = 20.3fb−1

Unfolded distributions:

• Transverse momenta pW
T
, pZ

T

• Transverse mass of the WZ system mWZ
T

• Transverse neutrino momentum pν
T

• Absolute difference between Z and charged lepton from W , |yZ − yl,W |
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• Largest deviation at low jet multiplicities

• Data is best described by Sherpa

prediction

• MC@NLO & Powheg predict less jets

than Sherpa and w.r.t. measurement
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WZ → lνl′l′ @ 8 TeV (2)
arXiv:1603.02151 (acc. by PRD)

Measurement of theWZ production cross section (integrated& differential)

+ limits on anomalous TGCs

Analysis is sensitive to BSM gauge couplings

• Manifest as rise in cross section over the SM expectation at high pT

• No deviation observed → set limits on aTGC parameters
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W+W− → lνlν @ 8 TeV
arXiv:1507.03268 (submitted to EPJC)

Cross section measured separately in 4 final states and combined (profile like-

lihood fit)

• same- and different-flavour leptons

• Exclusively 0 or 1 reconstructed jet

Total cross section:

σ(pp → W+W−) = 60.1± 0.9(stat)± 3.2(exp)± 3.1(th.)± 1.6(lumi) pb

in agreement with NNLO prediction:

σth = 59.8+1.3
−1.1 pb
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W+W− → lνlν @ 8 TeV
arXiv:1507.03268 (submitted to EPJC)

Cross section measured separately in 4 final states and combined (profile like-

lihood fit)

Unfolded distributions:

• Transverse momentum of leading lepton pl
T,max

• Transverse momentum and mass of dilepton system pll
T
, mll

• Angular separation in transverse plane between leptons ∆φll
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W+W− → lνlν @ 8 TeV
arXiv:1603.01702 (submitted to JHEP)

Cross section measured with jet veto only (separately same- and

different-flavour lepton channels)
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W+W− → lνlν @ 8 TeV
arXiv:1603.01702 (submitted to JHEP)

Unfolded distributions:

• Transverse momentum of leading lepton pl
T,max

• Transverse momentum, rapidity and mass of dilepton system pll
T
,

yll,mll

• Angular separation in transverse plane between leptons ∆φll

• | cos(θ∗)| = | tanh
(

∆ηll

2

)
|
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W+W− → lνlν @ 8 TeV
arXiv:1603.01702 (submitted to JHEP)
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Discrepancy between prediction and measurement in earlier

publication significantly reduced by including resummation effects

up to NNLL!
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W+W− → lνlν @ 8 TeV - aTGC limits
Comparing observed limits in EFT parametrization

ATLAS:

• Only using different-flavour channel

• pT of the leading lepton found to be most sensitive to

aTGCs
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Differential pp → 4l@8 TeV
Physics Letters B 753 (2016) 552-572

Differential pp → 4l cross section consists of 3 contributions:
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Zγ → νν̄γ@8 TeV
arXiv:1602.07152 (Submitted to Phys. Lett. B)

Earlier CMS publication on Zγ → l+l−γ: J. High Energy Phys. 04 (2015) 164

Events are selected by requiring:

• 1 high-pT isolated photon

• Emiss
T

> 140 GeV

• Emiss
T

> 140 GeV

• <= 1 separated jet
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Extract limits on anomalous neutral TGCs:

The measured cross section

σfid(pp → Zγ)× BR(Z → νν̄) = 52.7± 2.1(stat)± 6.4(sys)± 1.4(lumi) fb

is in good agreement with the NNLO prediction:

σth = 50.0+2.4
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Zγ → νν̄γ@8 TeV
arXiv:1602.07152 (Submitted to Phys. Lett. B)

Earlier CMS publication on Zγ → l+l−γ: J. High Energy Phys. 04 (2015) 164

Events are selected by requiring:
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Extract limits on anomalous neutral TGCs:

The measured cross section

σfid(pp → Zγ)× BR(Z → νν̄) = 52.7± 2.1(stat)± 6.4(sys)± 1.4(lumi) fb

is in good agreement with the NNLO prediction:
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Zγ → llγ and Zγγ → llγγ@8 TeV
arXiv:1604.05232 (Submitted to PRD)

Similar selection to CMS analysis, but:

• also eeγ, µµγ channels

• Separate exclusive (jet-veto) and inclusive selections

theoryσ/dataσ
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Measurement

Tot. uncertainty
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Integrated results in agreement with SM prediction

Channel Measurement [fb] NNLO prediction [fb]

Njets >= 0

l+ l−γ 1507 ± 10(stat)
+78
−74

(syst)
+29
−28

(lum.) 1483
+19
−37

νν̄γ 68 ± 4(stat)
+33
−32

(syst) ± 1(lum.) 81.4
+2.4
−2.2

Njets = 0

l+ l−γ 1189 ± 9(stat)
+69
−63

(syst)
+23
−22

(lum.) 1230
+10
−18

νν̄γ 43 ± 2(stat) ± 10(syst) ± 1(lum.) 49.21
+0.61
−0.52
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Zγ → llγ and Zγγ → llγγ@8 TeV
arXiv:1604.05232 (Submitted to PRD)

Unfolded distributions:

l+l−γ-channel:

• E
γ
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• E
γ
T

Njets >= 0

) 
[fb

/b
in

]
je

ts
+

N
γ- l

+ l
→

(p
p

σ

1

10

210

310

-1 = 8 TeV, 20.3 fbs

0≥jetsN  channelγ-l+l

 ATLAS

Data

Sherpa (CT10)

MCFM (CT10)

jetsN

   
D

at
a

T
he

or
y

0.6

0.8
1

1.2

1.4

0 1 2 >=3

 [f
b/

G
eV

]
γ- l

+ l
dm

)γ- l
+ l

→
(p

p
σd

-410

-310

-210

-110

1

10

210

-1 = 8 TeV, 20.3 fbs

0≥jetsN  channelγ-l+l

 ATLAS

Data

Sherpa (CT10)

MCFM (CT10)

NNLO (MMHT2014)

 [GeV]γ-l+lm

   
D

at
a

T
he

or
y

0.6

0.8
1

1.2

1.4

50 86 96 110 135 170 210 270 350 470 640 2000

 [f
b/

G
eV

]
Tγ

dE

)γν ν
→

(p
p

σd

-410

-310

-210

-110

1

10

Data
Sherpa (CT10)
MCFM (CT10)
NNLO (MMHT2014)

-1 = 8 TeV, 20.3 fbs

 0≥ jetsN  channelγνν

ATLAS

 [GeV]
γ
TE

    

D
at

a
T

he
or

y

0.5

1

1.5

130 150 200 350 1000

 [f
b/

G
eV

]
γ T

dE

)γ- l
+ l

→
(p

p
σd

-310

-210

-110

1

10

210

-1 = 8 TeV, 20.3 fbs

0≥jetsN  channelγ-l+l

 ATLAS

Data

Sherpa (CT10)

MCFM (CT10)

NNLO (MMHT2014)

 [GeV]
γ
TE

   
D

at
a

T
he

or
y

0.6

0.8
1

1.2

1.4

15 20 30 40 50 60 80 100 150 200 1000

Felix Bührer, SM@LHC 2016, Pittsburgh 3-6 May 2016 Multiboson measurements at the LHC 17/25

http://arxiv.org/abs/1604.05232


Zγ → llγ and Zγγ → llγγ@8 TeV
arXiv:1604.05232 (Submitted to PRD)

Unfolded distributions:

l+l−γ-channel:

• E
γ
T

• ml+ l−γ

• Njets

νν̄γ-channel:

• E
γ
T
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Comparison of aTGC limits

Charged aTGC couplings

WWZ aTGC couplings

aTGC Limits @95% C.L.
-0.5 0 0.5 1

Mar 2016

Zκ∆ WW [-4.3e-02, 4.3e-02] -14.6 fb 7 TeV
WW [-2.5e-02, 2.0e-02] -120.3 fb 8 TeV
WW [-6.0e-02, 4.6e-02] -119.4 fb 8 TeV
WZ [-1.9e-01, 3.0e-01] -120.3 fb 8 TeV
WV [-9.0e-02, 1.0e-01] -14.6 fb 7 TeV
WV [-4.3e-02, 3.3e-02] -15.0 fb 7 TeV
LEP Comb. [-7.4e-02, 5.1e-02] -10.7 fb 0.20 TeV

Zλ WW [-6.2e-02, 5.9e-02] -14.6 fb 7 TeV
WW [-1.9e-02, 1.9e-02] -120.3 fb 8 TeV
WW [-4.8e-02, 4.8e-02] -14.9 fb 7 TeV
WW [-2.4e-02, 2.4e-02] -119.4 fb 8 TeV
WZ [-4.6e-02, 4.7e-02] -14.6 fb 7 TeV
WZ [-1.6e-02, 1.6e-02] -120.3 fb 8 TeV
WV [-3.9e-02, 4.0e-02] -14.6 fb 7 TeV
WV [-3.8e-02, 3.0e-02] -15.0 fb 7 TeV
D0 Comb. [-3.6e-02, 4.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.9e-02, 1.7e-02] -10.7 fb 0.20 TeV

1

Zg∆ WW [-3.9e-02, 5.2e-02] -14.6 fb 7 TeV
WW [-1.6e-02, 2.7e-02] -120.3 fb 8 TeV
WW [-9.5e-02, 9.5e-02] -14.9 fb 7 TeV
WW [-4.7e-02, 2.2e-02] -119.4 fb 8 TeV
WZ [-5.7e-02, 9.3e-02] -14.6 fb 7 TeV
WZ [-1.9e-02, 2.9e-02] -120.3 fb 8 TeV
WV [-5.5e-02, 7.1e-02] -14.6 fb 7 TeV
D0 Comb. [-3.4e-02, 8.4e-02] -18.6 fb 1.96 TeV
LEP Comb. [-5.4e-02, 2.1e-02] -10.7 fb 0.20 TeV

Channel Limits ∫ dtL s
Central
Fit Value

CMS
ATLAS
D0
LEP

WWZ aTGC couplings

aTGC Limits @95% C.L.
-0.5 0 0.5 1 1.5

Mar 2016

γκ∆ γW [-4.1e-01, 4.6e-01] -14.6 fb 7 TeV

γW [-3.8e-01, 2.9e-01] -15.0 fb 7 TeV

WW [-1.2e-01, 1.7e-01] -120.3 fb 8 TeV

WW [-2.1e-01, 2.2e-01] -14.9 fb 7 TeV

WW [-1.3e-01, 9.5e-02] -119.4 fb 8 TeV

WV [-2.1e-01, 2.2e-01] -14.6 fb 7 TeV

WV [-1.1e-01, 1.4e-01] -15.0 fb 7 TeV

D0 Comb. [-1.6e-01, 2.5e-01] -18.6 fb 1.96 TeV

LEP Comb. [-9.9e-02, 6.6e-02] -10.7 fb 0.20 TeV

γλ γW [-6.5e-02, 6.1e-02] -14.6 fb 7 TeV

γW [-5.0e-02, 3.7e-02] -15.0 fb 7 TeV

WW [-1.9e-02, 1.9e-02] -120.3 fb 8 TeV

WW [-4.8e-02, 4.8e-02] -14.9 fb 7 TeV

WW [-2.4e-02, 2.4e-02] -119.4 fb 8 TeV

WV [-3.9e-02, 4.0e-02] -14.6 fb 7 TeV

WV [-3.8e-02, 3.0e-02] -15.0 fb 7 TeV

D0 Comb. [-3.6e-02, 4.4e-02] -18.6 fb 1.96 TeV

LEP Comb. [-5.9e-02, 1.7e-02] -10.7 fb 0.20 TeV

Channel Limits ∫ dtL s
Central
Fit Value

CMS
ATLAS
D0
LEP

No form factors used for setting limits (only D0 comb.)
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Comparison of aTGC limits

Neutral aTGC couplings

ZZγ&ZZZ aTGC couplings

aTGC Limits @95% C.L.
-0.02 0 0.02 0.04 0.06

Mar 2016

4
γ
f ZZ [-1.5e-02, 1.5e-02] -14.6 fb 7 TeV

ZZ [-5.0e-03, 5.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-3.6e-03, 3.2e-03] -124.7 fb 7,8 TeV

ZZ (comb) [-3.0e-03, 2.6e-03] -124.7 fb 7,8 TeV

4
Zf ZZ [-1.3e-02, 1.3e-02] -14.6 fb 7 TeV

ZZ [-4.0e-03, 4.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-2.7e-03, 3.2e-03] -124.7 fb 7,8 TeV

ZZ (comb) [-2.1e-03, 2.6e-03] -124.7 fb 7,8 TeV

5
γ
f ZZ [-1.6e-02, 1.5e-02] -14.6 fb 7 TeV

ZZ [-5.0e-03, 5.0e-03] -119.6 fb 8 TeV

)νZZ(2l2 [-3.3e-03, 3.6e-03] -124.7 fb 7,8 TeV

ZZ(comb) [-2.6e-03, 2.7e-03] -124.7 fb 7,8 TeV

5
Zf ZZ [-1.3e-02, 1.3e-02] -14.6 fb 7 TeV

ZZ [-4.0e-03, 4.0e-03] -119.6 fb 8 TeV

)νZZ (2l2 [-2.9e-03, 3.0e-03] -124.7 fb 7,8 TeV

ZZ (comb) [-2.2e-03, 2.3e-03] -124.7 fb 7,8 TeV

Channel Limits ∫ dtL s

CMS
ATLAS

Zγγ&ZZγ aTGC couplings

aTGC Limits @95% C.L.          
-0.2 0 0.2 0.4 0.6 0.8

April 2016

),
3

(h-1x10
)

4
(h-3x10

3
γ

h )γνν,γ(llγZ [-1.5e-02, 1.6e-02] -14.6 fb 7 TeV
)γνν,γ(llγZ [-9.5e-04, 9.9e-04] -120.3 fb 8 TeV
)γνν,γ(llγZ [-2.9e-03, 2.9e-03] -15.0 fb 7 TeV

)γ(llγZ [-4.6e-03, 4.6e-03] -119.5 fb 8 TeV
)γνν(γZ [-1.1e-03, 9.0e-04] -119.6 fb 8 TeV

)γνν,γ(llγZ [-2.2e-02, 2.0e-02] -15.1 fb 1.96 TeV

3
Zh )γνν,γ(llγZ [-1.3e-02, 1.4e-02] -14.6 fb 7 TeV

)γνν,γ(llγZ [-7.8e-04, 8.6e-04] -120.3 fb 8 TeV
)γνν,γ(llγZ [-2.7e-03, 2.7e-03] -15.0 fb 7 TeV

)γ(llγZ [-3.8e-03, 3.7e-03] -119.5 fb 8 TeV
)γνν(γZ [-1.5e-03, 1.6e-03] -119.6 fb 8 TeV

)γνν,γ(llγZ [-2.0e-02, 2.1e-02] -15.1 fb 1.96 TeV

4
γ

h )γνν,γ(llγZ [-9.4e-05, 9.2e-05] -14.6 fb 7 TeV
)γνν,γ(llγZ [-3.2e-06, 3.2e-06] -120.3 fb 8 TeV
)γνν,γ(llγZ [-1.5e-05, 1.5e-05] -15.0 fb 7 TeV

)γ(llγZ [-3.6e-05, 3.5e-05] -119.5 fb 8 TeV
)γνν(γZ [-3.8e-06, 4.3e-06] -119.6 fb 8 TeV

4
Zh )γνν,γ(llγZ [-8.7e-05, 8.7e-05] -14.6 fb 7 TeV

)γνν,γ(llγZ [-3.0e-06, 2.9e-06] -120.3 fb 8 TeV
)γνν,γ(llγZ [-1.3e-05, 1.3e-05] -15.0 fb 7 TeV

)γ(llγZ [-3.1e-05, 3.0e-05] -119.5 fb 8 TeV
)γνν(γZ [-3.9e-06, 4.5e-06] -119.6 fb 8 TeV

Channel Limits ∫ dtL s

CMS
ATLAS
CDF
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Run1 triboson measurements, aQGC limits & other rare
processes
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Zγ → llγ and Zγγ → llγγ@8 TeV
arXiv:1604.05232 (Submitted to PRD)

Similar selection to CMS analysis, but:

• Similar selection as in Zγ-analysis

• Both eγγ and µγγ-channel

• Separate exclusive (jet-veto) and inclusive selections

theoryσ/dataσ
-1 0 1 2 3 4 5 6

Measurement

Tot. uncertainty

Stat. uncertainty

MCFM (NLO)

σ 1±
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Zγγ observed with > 5σ

Integrated results in agreement with SM prediction

Channel Measurement [fb] MCFM prediction [fb]

Njets >= 0

l+ l−γγ 5.07
+0.73
−0.68

(stat)
+0.41
−0.38

(syst) ± 0.10(lum.) 3.70
+0.21
−0.11

νν̄γγ 2.5
+1.0
−0.9

(stat) ± 1.1(syst) ± 0.11(lum.) 0.737
+0.039
−0.032

Njets = 0

l+ l−γγ 3.48
+0.61
−0.56

(stat)
+0.29
−0.25

(syst) ± 0.07(lum.) 2.91
+0.23
−0.12

νν̄γγ 1.18
+0.52
−0.44

(stat)
+0.48
−0.49

(syst) ± 0.02(lum.) 0.395
+0.049
−0.037
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Zγ → llγ and Zγγ → llγγ @ 8 TeV - aGC results
arXiv:1604.05232 (Submitted to PRD)

Zγ:

• Obtain limits on neutral TGCs by fit to E
γ
T
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Zγγ:

• Limits on anomalous quartic GC by fit to mγγ
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pp → Wγγ and pp → Zγγ @ 8 TeV
CMS PAS SMP-15-008

Wγγ

• Muon channel only

• Observed with significance of 2.4σ
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Extract limits on aQGCs:

σ
fid

W±γγ
× BR = 6.0 ± 1.8(stat) ± 2.3(sys) ± 0.2(lumi) fb

In agreement with prediction: σth = 4.76 ± 0.53 fb
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Zγγ

× BR = 12.7 ± 1.4(stat) ± 1.8(sys) ± 0.3(lumi) fb

In agreement with prediction: σth = 12.95 ± 1.47 fb

Zγγ

• e and µ channel

• Observed with significance of 5.9σ
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Evidence for Wγγ production @ 8 TeV
Phys. Rev. Lett. 115, 031802 (2015)

• Using both W → eν and W → µν decay channels

• Combined significance > 3σ

fiducial cross section obtained from fit to the combined eν and µν

channel and separate:

σfid [fb] σMCFM [fb]
Inclusive (Njet ≥ 0)

µνγγ 7.1 +1.3
−1.2 (stat.) ±1.5 (syst.) ±0.2 (lumi.)

2.90± 0.16eνγγ 4.3 +1.8
−1.6 (stat.) +1.9

−1.8 (syst.) ±0.2 (lumi.)
`νγγ 6.1 +1.1

−1.0 (stat.) ±1.2 (syst.) ±0.2 (lumi.)
Exclusive (Njet = 0)

µνγγ 3.5± 0.9 (stat.) +1.1
−1.0 (syst.) ±0.1 (lumi.)

1.88± 0.20eνγγ 1.9 +1.4
−1.1 (stat.) +1.1

−1.2 (syst.) ±0.1 (lumi.)
`νγγ 2.9 +0.8

−0.7 (stat.) +1.0
−0.9 (syst.) ±0.1 (lumi.)

Measured cross section ~1.9σ higher w.r.t. NLO prediction. Better

agreement when adding jet veto

Same behavior has been seen inmeasurement ofWγ before NNLO

calculations were available.
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Evidence for Wγγ production @ 8 TeV
Phys. Rev. Lett. 115, 031802 (2015)

• Using both W → eν and W → µν decay channels

• Combined significance > 3σ

fiducial cross section obtained from fit to the combined eν and µν

channel and separate:

σfid [fb] σMCFM [fb]
Inclusive (Njet ≥ 0)

µνγγ 7.1 +1.3
−1.2 (stat.) ±1.5 (syst.) ±0.2 (lumi.)

2.90± 0.16eνγγ 4.3 +1.8
−1.6 (stat.) +1.9

−1.8 (syst.) ±0.2 (lumi.)
`νγγ 6.1 +1.1

−1.0 (stat.) ±1.2 (syst.) ±0.2 (lumi.)
Exclusive (Njet = 0)

µνγγ 3.5± 0.9 (stat.) +1.1
−1.0 (syst.) ±0.1 (lumi.)

1.88± 0.20eνγγ 1.9 +1.4
−1.1 (stat.) +1.1

−1.2 (syst.) ±0.1 (lumi.)
`νγγ 2.9 +0.8

−0.7 (stat.) +1.0
−0.9 (syst.) ±0.1 (lumi.)

Measured cross section ~1.9σ higher w.r.t. NLO prediction. Better

agreement when adding jet veto

Same behavior has been seen inmeasurement ofWγ before NNLO

calculations were available.
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Evidence for exclusive γγ → W+W− production @ 7&8 TeV
arXiv:1604.04464 (Submitted to J. High Energy Phys.)

• Search for exclusive γγ → WW in the µ±e± final state

• Combination of 7TeV and 8TeV results

• Combined significance 3.4σ over background-only

hypothesis (2.1σ expected)
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Interpreted as cross section:

σ(pp → p∗W+W−p(∗) → p∗µ±e±p(∗)) = 11.9+5.6
−4.5 fb

σth = 6.9± 0.6 fb
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Summary
∫
L dt

[fb−1]
Reference

Wγγ fid. njet=0 20.3 PRL 115, 031802 (2015)

W±W±jjEWK fid. 20.3 PRL 113, 141803 (2014)

ZjjEWK fid. 20.3 JHEP 04, 031 (2014)

Zγ fid. 4.6 PRD 87, 112003 (2013)
arXiv:1407.1618 [hep-ph]

Wγ fid. 4.6 PRD 87, 112003 (2013)
arXiv:1407.1618 [hep-ph]

γγ fid. 4.9 JHEP 01, 086 (2013)

ZZ tot.

3.2 arXiv:1512.05314 [hep-ex]

20.3 ATLAS-CONF-2013-020

4.6 JHEP 03, 128 (2013)

WZ tot.
20.3 arXiv:1603.02151 [hep-ex]

4.6 EPJC 72, 2173 (2012)

WW tot.
20.3 arXiv:1603.01702 [hep-ex]

4.6 PRD 87, 112001 (2013)

Z tot.
0.085 ATLAS-CONF-2015-039

0.035 PRD 85, 072004 (2012)

W tot.
0.085 ATLAS-CONF-2015-039

0.035 PRD 85, 072004 (2012)

HVBF tot. 20.3 EPJC 76, 6 (2016)

H ggF tot. 20.3 EPJC 76, 6 (2016)

Wt tot.
20.3 JHEP 01, 064 (2016)

2.0 PLB 716, 142-159 (2012)

ts−chan tot. 20.3 arXiv:1511.05980 [hep-ex]

tt−chan tot.

3.2 ATLAS-CONF-2015-079

20.3 ATLAS-CONF-2014-007

4.6 PRD 90, 112006 (2014)

t̄tγ fid. 4.6 PRD 91, 072007 (2015)

t̄tZ tot.
3.2 ATLAS-CONF-2016-003

20.3 JHEP 11, 172 (2015)

t̄tW tot.
3.2 ATLAS-CONF-2016-003

20.3 JHEP 11, 172 (2015)

t̄t tot.

3.2 ATLAS-CONF-2016-005

20.3 Eur. Phys. J. C 74: 3109 (2014)

4.6 Eur. Phys. J. C 74: 3109 (2014)

data/theory
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Theory

LHC pp
√
s = 7 TeV

Data
stat
stat ⊕ syst

LHC pp
√
s = 8 TeV

Data
stat
stat ⊕ syst

LHC pp
√
s = 13 TeV

Data
stat
stat ⊕ syst

Standard Model Production Cross Section Measurements Status: March 2016

ATLAS Preliminary

Run 1,2
√
s = 7, 8, 13 TeV

theoσ / expσProduction Cross Section Ratio:   
0.5 1 1.5 2

CMS PreliminaryApril 2016

All results at:
http://cern.ch/go/pNj7

(NNLO th.), γγ  0.12± 0.01 ±1.06 -15.0 fb
γW  0.13± 0.03 ±1.16 -15.0 fb

γZ  0.05± 0.01 ±0.98 -15.0 fb
γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.15± 0.13 ±1.05 -14.9 fb
WW  0.10± 0.04 ±1.11 -14.9 fb

(NNLO th.)WW,  0.08± 0.02 ±1.01 -119.4 fb
WZ  0.07± 0.07 ±1.17 -14.9 fb
WZ  0.07± 0.03 ±1.12 -119.6 fb
WZ  0.08± 0.08 ±0.96 -12.3 fb
WZ  0.08± 0.08 ±0.97 -12.3 fb
ZZ  0.07± 0.14 ±0.99 -14.9 fb
ZZ  0.08± 0.06 ±1.00 -119.6 fb
ZZ  0.06± 0.16 ±1.00 -11.34 fb

7 TeV CMS measurement (stat,stat+sys) 

8 TeV CMS measurement (stat,stat+sys) 

13 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NNLO)vs. NLO 

• First Di-boson cross sections measured with Run2 data

- consistent with SM expectations

• Latest Run1 results reach accuracy of few percent -

mostly in good agreement with latest NNLO

calculations

• Many differential measurements published

• aTGC analyses show no deviations from the SM -

stringent limits placed

• First evidence of triboson production and sensitivity to

aQGCs from Run1

→ looking forward to results from Run2
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