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EPS2017	

Outline	

1.  Diboson physics at ATLAS 
–  Importance of NNLO predictions 

2.  Electroweak Diboson processes with fully leptonic final states 
–  WW, WZ, ZZ at 13 TeV 

3.  Diboson processes with semileptonic final states 
–  WW/WZ at 8 TeV 

4.  Limits on Anomalous Triple Gauge Couplings 
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1.  Diboson physics at ATLAS 
–  Importance of NNLO predictions 

2.  Electroweak Diboson processes with fully leptonic final states 
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3.  Diboson processes with semileptonic final states 
–  WW/WZ at 8 TeV 
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EPS2017	

Standard	Model	Measurements	at	ATLAS	
•  Diboson production is a significant irreducible background to many searches 
•  Diboson production cross-sections are sensitive to higher order QCD effects 
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EPS2017	

Electroweak	Diboson	ProducIon	@	LO	(α4)	
•  LO process (u-channel not shown)… 

•  + Triple Gauge Couplings – WW and WZ production only! 

Will	Bu.nger	

There	are	no	Neutral	Triple	Gauge	
verIces	(ZZZ,	ZZγ,…)	in	SM	
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EPS2017	

Electroweak	Diboson	ProducIon	@	NLO	QCD	(α4αs)	
•  Interference with LO process … 

•  + new processes .. e.g. … 

Will	Bu.nger	

Important	contribuIon	due	to	
gluon	component	of	PDF	

Important	if	we	exclusively	require	1	jet	
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EPS2017	

Electroweak	Diboson	ProducIon	@	NNLO	QCD	(α4αs
2)	

•  NNLO versions of LO process ……. And interferences to NLO process… 

•  + new processes .. e.g. … 

Will	Bu.nger	

Important	if	we	exclusively	require	
2	jets	

Important	contribuIon	due	to	
gluon	component	of	PDF	

(5-10	%	of	total	cross-secIon)	
7	of	30	



EPS2017	

Electroweak	Diboson	ProducIon	@	NNLO	QCD	(α4αs
2)	

•  NNLO versions of LO process ……. And interferences to NLO process… 

•  + new processes .. e.g. … 

Will	Bu.nger	

Important	if	we	exclusively	require	
2	jets	

Important	contribuIon	due	to	
gluon	component	of	PDF	

(5-10	%	of	total	cross-secIon)	

NNLO	QCD	is	major	background	when	we	want	to	
probe	rare	EW	processes	

	
	
	
	
	
	
	
	
	

Quar8c	Coupling	 Vector	Boson	ScaOering	(α6)	

See	the	next	talk,	by	Bing	Li	
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EPS2017	

∫
L dt

[fb−1] Reference

– ZZ∗→4ℓ σ = 29.8 + 3.8 − 3.5 + 2.1 − 1.9 fb (data)
PowhegBox & gg2ZZ (theory) 4.6 JHEP 03, 128 (2013)

σ = 73 ± 4 ± 5 fb (data)
PowhegBox norm. to NNLO & gg2ZZ (theory) 20.3 PLB 753, 552-572 (2016)

– ZZ→ℓℓνν σ = 12.7 + 3.1 − 2.9 ± 1.8 fb (data)
PowhegBox & gg2ZZ (theory) 4.6 JHEP 03, 128 (2013)

σ = 9.7 + 1.5 − 1.4 + 1 − 0.8 fb (data)
PowhegBox & gg2ZZ (theory) 20.3 JHEP 01, 099 (2017)

– ZZ→4ℓ
σ = 25.4 + 3.3 − 3 + 1.6 − 1.4 fb (data)

PowhegBox & gg2ZZ (theory) 4.6 JHEP 03, 128 (2013)

σ = 23.2 + 2.4 − 2.3 + 1.4 − 1.2 fb (data)
PowhegBox & gg2ZZ (theory) 20.3 JHEP 01, 099 (2017)

σ = 46.4 ± 1.5 + 1.8 − 1.7 fb (data)
Matrix (NNLO) & Sherpa (NLO) (theory) 36.1 ATLAS-CONF-2017-031

ZZ
σ = 6.7 ± 0.7 + 0.5 − 0.4 pb (data)

NNLO (theory) 4.6 JHEP 03, 128 (2013)
PLB 735 (2014) 311

σ = 7.3 ± 0.4 + 0.4 − 0.3 pb (data)
NNLO (theory) 20.3 JHEP 01, 099 (2017)

σ = 17.2 ± 0.6 ± 0.7 pb (data)
Matrix (NNLO) & Sherpa (NLO) (theory) 36.1 ATLAS-CONF-2017-031

PLB 735 (2014) 311

– WZ→ℓνℓℓ σ = 140.4 ± 3.8 ± 4.6 fb (data)
MCFM NLO (theory) 20.3 PRD 93, 092004 (2016)

σ = 252.8 ± 13.2 ± 12 fb (data)
MATRIX (NNLO) (theory) 3.2 PLB 762 (2016) 1

WZ
σ = 19 + 1.4 − 1.3 ± 1 pb (data)

MATRIX (NNLO) (theory) 4.6 EPJC 72, 2173 (2012)
PLB 761 (2016) 179

σ = 24.3 ± 0.6 ± 0.9 pb (data)
MATRIX (NNLO) (theory) 20.3 PRD 93, 092004 (2016)

PLB 761 (2016) 179

σ = 50.6 ± 2.6 ± 2.5 pb (data)
MATRIX (NNLO) (theory) 3.2 PLB 762 (2016) 1

PLB 761 (2016) 179

– WW→eµ, [njet = 1] σ = 136 ± 6 ± 14.3 fb (data)
NLO (theory) 20.3 PLB 763, 114 (2016)

– WW→eµ, [njet ≥ 0] σ = 563 ± 28 + 79 − 85 fb (data)
MCFM (theory) 4.6 PRD 91, 052005 (2015)

– WW→eµ, [njet = 0]
σ = 262.3 ± 12.3 ± 23.1 fb (data)

MCFM (theory) 4.6 PRD 87, 112001 (2013)

σ = 374 ± 7 + 26 − 24 fb (data)
approx. NNLO (theory) 20.3 JHEP 09 (2016) 029

σ = 529 ± 20 ± 52 fb (data)
NNLO (theory) 3.2 arXiv: 1702.04519 [hep-ex]

WW
σ = 51.9 ± 2 ± 4.4 pb (data)

NNLO (theory) 4.6 PRD 87, 112001 (2013)
PRL 113, 212001 (2014)

σ = 68.2 ± 1.2 ± 4.6 pb (data)
NNLO (theory) 20.3 PLB 763, 114 (2016)

σ = 142 ± 5 ± 13 pb (data)
NNLO (theory) 3.2 arXiv: 1702.04519 [hep-ex]

– WV→ℓνJ σ = 30 ± 11 ± 22 fb (data)
MC@NLO (theory) 20.2 arXiv: 1706.01702 [hep-ex]

WV→ℓνjj σ = 1.37 ± 0.14 ± 0.37 pb (data)
MC@NLO (theory) 4.6 JHEP 01, 049 (2015)

σ = 209 ± 28 ± 45 fb (data)
MC@NLO (theory) 20.2 arXiv: 1706.01702 [hep-ex]

– Zγ→ννγ σ = 0.133 ± 0.013 ± 0.021 pb (data)
MCFM NLO (theory) 4.6 PRD 87, 112003 (2013)

σ = 68 ± 4 + 33 − 32 fb (data)
NNLO (theory) 20.3 PRD 93, 112002 (2016)

– [njet = 0] σ = 1.05 ± 0.02 ± 0.11 pb (data)
NNLO (theory) 4.6 PRD 87, 112003 (2013)

σ = 1.189 ± 0.009 + 0.073 − 0.067 pb (data)
NNLO (theory) 20.3 PRD 93, 112002 (2016)

Zγ→ℓℓγ σ = 1.31 ± 0.02 ± 0.12 pb (data)
NNLO (theory) 4.6 PRD 87, 112003 (2013)

arXiv:1407.1618 [hep-ph]

σ = 1.507 ± 0.01 + 0.083 − 0.078 pb (data)
NNLO (theory) 20.3 PRD 93, 112002 (2016)

arXiv:1407.1618 [hep-ph]

– [njet = 0] σ = 1.76 ± 0.03 ± 0.22 pb (data)
NNLO (theory) 4.6 PRD 87, 112003 (2013)

Wγ→ℓνγ σ = 2.77 ± 0.03 ± 0.36 pb (data)
NNLO (theory) 4.6 PRD 87, 112003 (2013)

arXiv:1407.1618 [hep-ph]

γγ
σ = 44 + 3.2 − 4.2 pb (data)

2γNNLO (theory) 4.9 JHEP 01, 086 (2013)

σ = 16.82 ± 0.07 + 0.75 − 0.78 pb (data)
2γNNLO + CT10 (theory) 20.2 PRD 95 (2017) 112005

ratio to best theory
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Diboson Cross Section Measurements Status: July 2017

ATLAS Preliminary

Run 1,2
√
s = 7,8,13 TeV

Diboson	cross-secIon	measurements	at	ATLAS	
•  NNLO predictions only really became available over past couple of years  
•  NNLO predictions have been essential to improve agreement with data 

–  New NNLO calculation for WZ (arxiv:1604.08576) 

Will	Bu.nger	
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/  
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Diboson	cross-secIon	measurements	at	ATLAS	
•  NNLO predictions only really became available over past couple of years  
•  NNLO predictions have been essential to improve agreement with data 

–  New NNLO calculation for WZ (arxiv:1604.08576) 

Will	Bu.nger	
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/  

ATLAS-CONF-2014-033	

2015	Flashback	
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Measured �

fid
WW (fb) Predicted �

fid
WW (fb) Measured �WW (pb) Predicted �WW (pb)

ee 56.4± 6.8± 9.8± 2.2 54.6± 3.7 46.9± 5.7± 8.2± 1.8 44.7+2.1
�1.9

µµ 73.9± 5.9± 6.9± 2.9 58.9± 4.0 56.7± 4.5± 5.5± 2.2 44.7+2.1
�1.9

eµ 262.3± 12.3± 20.7± 10.2 231.4± 15.7 51.1± 2.4± 4.2± 2.0 44.7+2.1
�1.9

Combined · · · · · · 51.9± 2.0± 3.9± 2.0 44.7+2.1
�1.9

TABLE VI: The measured fiducial and total cross sections for the three channels separately and also the total cross section
for the combined channels, compared with theoretical predictions. The fiducial cross sections include the branching ratio for
both W bosons decaying into e⌫ or µ⌫ (including decays through ⌧ leptons with additional neutrinos). For the measured
cross sections, the first uncertainty is statistical, the second is systematic without luminosity uncertainty and the third is the
luminosity uncertainty.
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FIG. 7: The normalized di↵erential WW fiducial cross section as a function of the leading lepton pT compared to the SM
prediction.

independent parameters is only two for the Equal Cou-
plings scenario and the HISZ scenario, and three for the
LEP scenario. Limits are also set assuming no relation-
ships among these five parameters.

A reweighting method is applied to SM WW events
generated with mc@nlo and processed through the full
detector simulation to obtain the leading lepton p

T

dis-
tribution with anomalous couplings. The reweighting
method uses an event weight to predict the rate with
which a given event would be generated if anomalous
couplings were present. The event weight is the ratio of
the squared matrix elements with and without anomalous
couplings i.e., |M|2/|M|2

SM

, where |M|2 is the matrix
element squared in the presence of anomalous couplings
and |M|2

SM

is the matrix element squared in the SM.
The event generator bho [47] is used for the calculation
of the two matrix elements. Generator-level comparisons
of WW production between mc@nlo and bho with all
anomalous couplings set to zero are performed and con-
sistent results are obtained. Samples with di↵erent sets
of anomalous couplings are generated and the ratio of

the leading lepton p
T

distribution to the SM prediction
is parameterized as a function of the input anomalous
coupling parameters. This function is then used to inter-
polate the leading lepton p

T

distribution for any given
anomalous couplings. To verify the reweighting method,
the event weights for a given set of anomalous couplings
are calculated and applied to events generated with bho

assuming no anomalous couplings. The reweighted dis-
tributions are compared to those predicted by the bho

generator, and good agreement is observed for the inclu-
sive cross section and for the kinematic distributions as
shown in Fig. 8(a).

Figure 8(b) compares the reconstructed leading lep-
ton p

T

spectrum in data with that from the sum of ex-
pected signal and background contributions. The pre-
dicted leading lepton p

T

distributions for three di↵erent
anomalous TGC values are also shown. Events at high
values of the leading lepton p

T

distribution are sensitive
to anomalous TGCs. Limits on anomalous TGCs are ob-
tained by forming a likelihood test incorporating the ob-
served number of candidate events, the expected signal as
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EPS2017	

Outline	

1.  Diboson physics at ATLAS 
–  Importance of NNLO predictions 

2.  Electroweak Diboson processes with fully leptonic final states 
–  WW, WZ, ZZ at 13 TeV 

3.  Diboson processes with semileptonic final states 
–  WW/WZ at 8 TeV 

4.  Limits on Anomalous Triple Gauge Couplings 
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults 



EPS2017	

Diboson	leptonic	final	states		[lepton	=	e,μ]	
•  ATLAS has measurements of WW, WZ, and ZZ cross-sections at 7, 8, and 

13 TeV 

Will	Bu.nger	

WW WZ ZZ 
Final	State	/	Signature:	
	

2	leptons	(+2ν)	 3	leptons	(+1ν)	 4	leptons	

Main	Backgrounds:	 (leptonic)	m,	
Drell-Yan	

Drell-Yan		
+	1	fake	lepton	

ZZ	(1	missed	lepton)	
WW,	m	+	1	fake	lepton		

WZ	+	1	fake	
WW,	m,	Drell-Yan	

	+	2	fake	

Signal	region	purity:	 ~70%	 ~75%	 ~98%	

Cleanliness	(background	rejecIon)	

StaIsIcs	(Higher	cross-secIons)	

13	TeV	
8	TeV	

7	TeV	
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EPS2017	

ZZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2017-031]	
•  An eeµµ candidate ZZ event 

Will	Bu.nger	 13	of	30	



EPS2017	

ZZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2017-031]	
•  36.1 fb-1 (2015+2016) √s = 13 TeV data 
•  Select events with at least 4 leptons 
•  Only on-shell: 66 < mll < 116 GeV 
•  Fully leptonic final state is very clean 

signature 
–  Main backgrounds from fake leptons (e.g. 

in Z + jet events)  
–  SM processes w/ > 4 leptons treated as 

background (e.g. ZZZ -> 6l)  

Will	Bu.nger	

Sherpa	predicIon	is	nnNLO	(missing	e.g.	NNLO	
versions	of	LO	process)	…	up	to	3	jets	in	ME		

	 	 	 	 	(0/1	are	NLO,	2/3	are	LO)	
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theoryσ/dataσ
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Measurement

Tot. uncertainty

Stat. uncertainty

NNLO + corrections

σ 1±

σ 2±Combined

4 µ

2 µe2

4 e

 PreliminaryATLAS

-1 = 13 TeV, 36.1 fbs

Fiducial
 4l→ ZZ →pp 

NNLO	predicIon	from	MATRIX,	with	nLO	EWK	
correcIons,	NLO	correcIon	to	gg-iniIated	

diagrams,	and	α6	4l2j	from	sherpa	

ZZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2017-031]	

Will	Bu.nger	

Sherpa	predicIon	is	nnNLO	(missing	e.g.	NNLO	
versions	of	LO	process)	…	up	to	3	jets	in	ME	

•  Measure cross-section per channel in a 
fiducial volume (mirrors analysis selections): 

–  Statistics-limited 
–  Dominant systematic is lepton reconstruction/

identification efficiencies 
•  Total cross-section for pp->ZZ measured by 

extrapolation: 

         Predicted: 16.9 ± 0.2 pb 

15	of	30	See	L.	CarminaI	talk	(yesterday,	Higgs	stream)	
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ZZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2017-031]	
•  Measure cross-section per channel in a 

fiducial volume (mirrors analysis selections): 
–  Statistics-limited. Dominant systematic is lepton 

reconstruction/identification efficiencies 
–  Tension in the 4e channel (excess at m4l ~ 250 GeV) 

•  Total cross-section for pp->ZZ measured by 
extrapolation: 

         Predicted: 16.9 ± 0.2 pb 
•  Differential cross-sections provided in 20 

variables: many for the first time 

Will	Bu.nger	

theoryσ/dataσ
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Measurement

Tot. uncertainty

Stat. uncertainty

NNLO + corrections

σ 1±

σ 2±Combined

4 µ

2 µe2

4 e

 PreliminaryATLAS

-1 = 13 TeV, 36.1 fbs

Fiducial
 4l→ ZZ →pp 

NNLO	predicIon	from	MATRIX,	with	nLO	EWK	
correcIons,	NLO	correcIon	to	gg-iniIated	

diagrams,	and	α6	4l2j	from	sherpa	

Important	at	
large	δy	

nnNLO	Sherpa	
vs.	NLO	POWHEG	
	
(Parton	emission	
at	Matrix-Element	
level	is	necessary	
to	correctly	model	
jet	mulIplicity)	
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WZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2016-043]	
•  An eνµµ candidate WZ event 
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WZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2016-043]	

Will	Bu.nger	

•  13.3 fb-1 at √s = 13 TeV data 
–  An update on first measurement with 3.2 fb-1 

[Phys. Lett. B 762 (2016) 1] 

•  Includes 3e, 3µ, µ2e, and e2µ final states 
•  Dominant uncertainties from fake lepton 

backgrounds (~3%) and lepton identification 
(~1%) 

•  Differential distributions in pT
Z, mT

WZ, Njets  
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WZ	ProducIon	at	ATLAS	@	13	TeV	 						 	 	 	 						[ATLAS-CONF-2016-043]	

Will	Bu.nger	

•  NNLO prediction from MATRIX agrees 
with total cross-section measurement 

   Predicted: 48.2 ± 1.1 pb 
•  Powheg’s NLO prediction shows 

difference to data in fiducial volume, 
particularly at high jet multiplicities 

–  nnNLO sherpa shows better agreement 

•  13.3 fb-1 at √s = 13 TeV data 
–  An update on first measurement with 3.2 fb-1 

[Phys. Lett. B 762 (2016) 1] 

•  Includes 3e, 3µ, µ2e, and e2µ final states 
•  Dominant uncertainties from fake lepton 

backgrounds (~3%) and lepton identification 
(~1%) 

•  Differential distributions in pT
Z, mT

WZ, Njets  

Approx.	value	of	NNLO	fiducial	cross-secIon	
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WW	ProducIon	at	ATLAS	@	13	TeV	 						 										[STDM-2015-20	–	submimed	to	PLB]	
•  An example WW event from run 1 

Will	Bu.nger	 20	of	30	
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WW	ProducIon	at	ATLAS	@	13	TeV	 						 										[STDM-2015-20	–	submimed	to	PLB]	
•  3.16 fb-1 √s = 13 TeV data 
•  Only e µ channel, to suppress Drell-Yan 
•  Apply a jet veto to suppress Top 

background. Require MET > 20 GeV to 
further suppress Drell-Yan 
–  Jet calibration is dominant uncertainty 

•  Top and Drell-Yan background shapes from 
MC, normalization from simultaneous fit in 
control regions: 
–  Post-fit scale factors are 0.875 ± 0.035 

for Top and 1.03 ± 0.03 for DY 

Will	Bu.nger	

PredicIon	includes	~	8%	
contribuIon	from	Higgs	

Predicted:	128.4+3.5-3.8	pb	

Post-fit		

arXiv:1702.04519	
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Outline	

1.  Diboson physics at ATLAS 
–  Importance of NNLO predictions 

2.  Electroweak Diboson processes with fully leptonic final states 
–  WW, WZ, ZZ at 13 TeV 

3.  Diboson processes with semileptonic final states 
–  WW/WZ at 8 TeV 

4.  Limits on Anomalous Triple Gauge Couplings 

Will	Bu.nger	 22	of	30	



EPS2017	

WW/WZ	Semi-leptonic	final	states		 	 	 					[STDM-2015-23	submimed	to	EPJC]	
•  20.2 fb-1 of 8 TeV data 
•  ~ Six times higher branching ratio than fully leptonic 

–  Greater sensitivity to anomalous TGCs 
•  Select events with (among other cuts): 

–  exactly 1 lepton (pT >15 GeV),  
–  MET > 40 GeV,  
–  and either: 

Will	Bu.nger	

l	

v	

q	

q	

W	

W/Z	

Two	AnIKt	R=0.4	jets	(resolved)	 One	AnIKt	R=1.0	jet	(boosted)	

Dominant	backgrounds	(V+Jet	and	Top)	normalized	in	
Control	Regions	

Higher	stats	and	smaller	systs	 More	sensiIve	to	BSM	physics	

10	 10	90	

Signal	overlap	
(number	of	events)	

Dominant	backgrounds	(V+Jet)	MC	reweighted	with	CR	
distribuIons,	and	then	normalizaIon	floats	in	fit	

J	jj	

arXiv:1706.01702	

Selects the leptonically !
decaying W boson!
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WW/WZ	Semi-leptonic	final	states		 	 	 					[STDM-2015-23	submimed	to	EPJC]	
•  20.2 fb-1 of 8 TeV data 
•  ~ Six times higher branching ratio than fully leptonic 

–  Greater sensitivity to anomalous TGCs 
•  Select events with (among other cuts): 

–  exactly 1 lepton (pT >15 GeV),  
–  MET > 40 GeV,  
–  and either: 

Will	Bu.nger	

l	

v	

q	

q	

W	

W/Z	

Two	AnIKt	R=0.4	jets	(resolved)	 One	AnIKt	R=1.0	jet	(boosted)	

Dominant	backgrounds	(V+Jet	and	Top)	normalized	in	
Control	Regions	

Higher	stats	and	smaller	systs	 More	sensiIve	to	BSM	physics	

Signal	overlap	
(number	of	events)	

Dominant	backgrounds	(V+Jet)	MC	reweighted	with	CR	
distribuIons,	and	then	normalizaIon	floats	in	fit	

J	jj	

arXiv:1706.01702	

10	 10	90	

Selects the leptonically !
decaying W boson!
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Outline	

1.  Diboson physics at ATLAS 
–  Importance of NNLO predictions 

2.  Electroweak Diboson processes with fully leptonic final states 
–  WW, WZ, ZZ at 13 TeV 

3.  Diboson processes with semileptonic final states 
–  WW/WZ at 8 TeV 

4.  Limits on Anomalous Triple Gauge Couplings 
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Anomalous	Triple	Gauge	Couplings	
•  LO process (u-channel not shown)… 

•  + Triple Gauge Couplings – WW and WZ production only! 

Will	Bu.nger	

There	are	no	Neutral	Triple	Gauge	
Couplings	(ZZZ,	ZZγ,…)	in	the	SM	

Z/γ*	 Z/γ*	

Z/γ*	

Z/γ*	 W+	

W-	

W	 Z/γ*	

W	
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Anomalous	Triple	Gauge	Couplings	
•  Anomalous TGCs will lead to excesses in tails of sensitive observables 

•  + Triple Gauge Couplings – WW and WZ production only! 

Will	Bu.nger	

There	are	no	Neutral	Triple	Gauge	
Couplings	(ZZZ,	ZZγ,…)	in	the	SM	

Z/γ*	 Z/γ*	

Z/γ*	

Z/γ*	 W+	

W-	

W	 Z/γ*	

W	

Semileptonic	WW	
WZ	

ZZ	
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Anomalous	Triple	Gauge	Couplings	
•  Anomalous TGCs will lead to excesses in tails of sensitive observables 

Define	Δx	=	x	-	1	

Will	Bu.nger	

Semileptonic	WW	
WZ	

ZZ	
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Anomalous	Triple	Gauge	Couplings	

Will	Bu.nger	

•  Anomalous TGCs will lead to excesses in tails of sensitive observables 
•  Limits are now tighter than at LEP 

–  Limits also comparable between ATLAS and CMS, for similar datasets 
•  These aTGC limits constrain a variety of BSM models at higher energies 
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Summary	

•  ATLAS has a full programme of diboson cross-section measurements 
–  SM diboson production is often a background to BSM physics searches  

•  Today I showcased electroweak diboson production (WW,WZ,ZZ) 
–  Fully-leptonic final states are the first measurements we do of these processes 
–  Also now gaining sensitivity to these processes in the semi-leptonic final states 

•  These measurements have challenged theorists to compute predictions to 
NNLO and beyond 
–  So far, theorists (and the Standard Model) have risen to that challenge! 

•  No evidence yet of enhancement of these processes from BSM physics 
–  Targeting high momentum transfer phase space we have continued to set limits 

on anomalous Triple Gauge boson Couplings 
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