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VBS signature at LHC

Event topology

* TwWo energetic
jets with large di-
Jet mass (m;)
and high rapidity
separation

* Diboson system,
centrally
produced with
respect to the
two forward jets
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Z(—2l)yjj: Selection and Background
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Jet P> 50GeV, |yjel < 4.4
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Background Estimation |

* Main source of background
is the QCD-originated Zyjj

» Shape estimated from MC
and normalization factor
]getermined from the final

it

 Cuts on the centrality ((lly)
of the Ily system defines the
Signal and QCD Control
Region

« SR:7<0.4 QCD CR: (>0.4

» /+jets: Data driven method

e ttbary: MC estimate
applying scale factor:
derived from comparing the
MC prediction with the data
using euy events
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http://cdsweb.cern.ch/record/2779171/files/ATLAS-CONF-2021-038.pdf

Z(>1l)yjj: Results

ATLAS Preliminary
Vs=13 TeV, 139 fb"
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e Strategy: fit of the mjj in the
Signal and QCD regions

Results

* Measured signal strength with observed
significance 100
* MEWK=0.95+-0.08(stat.)+-0.11(syst.)

* EWK cross section predicted from
Madgraph5+PYTHIA

* Ogy(pred) =4.73 + 0.01 (stat.) +
0.15(PDF)+0.23-0.22(scale) fb

* Fiducial cross-section in the signal phase
space measured with 13% overall
uncertainty

. ‘OEW(obs.) = 4.49 + 0.40 (stat.) + 0.42(syst.) fb



http://cdsweb.cern.ch/record/2779171/files/ATLAS-CONF-2021-038.pdf

Electroweak Z(—2vv)yjj production

e 1st Observation of EW Zyjj process in neutrino
channels at ATLAS with 5.20 significance

e Selection of events:
 all events containing leptons are vetoed

* Main background:

* QCD Z(— vv)y + jetsand W (— fv)y + jets events
in which the lepton from the W decay is lost mostly
because it falls outside of the pT or n acceptance



https://arxiv.org/abs/2109.00925

Z(=2>v)yijj: Results

 Fit strategy: 4-bin mjj distributions
in SR and CRs. Backgrounds are
constrained in the flt In the signal
region and the respective control
regions

/'lZ')’EW | BZ')’strong l BWY
1.03+0.25 | 1.02+0.41 | 1.01 £0.20

Measured signal strength with observed
significance 5.20

Mew = 1.03 £ 0.25
Theoretical fid. cross section: ogy(pred) =
1.27 + 0.01 (stat.) £ 0.17(QCD MadGraph
scale) +0.03(PDF) fb

Measured fiducial cross-section: ogy= 1.31 *
0.2 (stat) + 0.2 (syst) fb
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https://arxiv.org/abs/2109.00925

/ \

Diboson /



W+W- + 2 1 Jets Inclusive Measurement

 Measurement of WW pair production with a jet
Inclusive phase space.

* First time at LHC, differential measurements
performed in jet-inclusive phase space

e Serves as portal to BSM interpretations since it
IS sensitive to TGCs



https://link.springer.com/content/pdf/10.1007/JHEP06(2021)003.pdf

W+W- + 2 1 Jets: Selection and Background

Selection
* el channel only
* b-jet veto to reduced large top background

* Mg, > 85 MeV to suppress Drell-Yan
background as well as H—-WW resonance

Background Estimation

* Main source of background is the top contribution

* ttbar is estimated with data-driven method, considering two
control regions with exactly 1 b-tag and exactly 2 b-tags

* Drell-Yan contribution is estimated using the MC
* Fake leptons: data-driven method
* Single top and diboson background estimated using MC

07q=258 % 4 (stat.) £ 25 (syst.) fb with overall uncertainty 10%
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https://link.springer.com/content/pdf/10.1007/JHEP06(2021)003.pdf

EFT Dim-6 operator in W+W- + 2 1 Jets

 EFT:SM expansion to higher order
terms

C; Cj
L:[/SM-FZEOi—FZA—‘ZOj—FOk

? J
* Experimental Approach to EFTs—>
associate the operators to couplings
between bosons and fermions

* Triple gauge couplings can be
parametrized in terms of Dim-6
operators

* Fina| state sensitive to Dim-6 operator
Qw—> constraint on Cw

* Mg, used as a discriminant in an
enhanced phase space with

pTIead.jet > 200 GeV
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—— 68% CL

95% CL

—— Linear

—— Linear + Quadratic

p=' > 30 GeV |
df‘ > 200 GeV o
l 1 | | 1 1 | 1
—4 -2 0 2
Cw/ A® [TeV'Q]

Jet pr Linear only 68% CIobs. 95% CIobs. 68% Clexp. 95% CI exp.
> 30GeV yes [-1.64,2.86] [-3.85,497] [-2.30,2.27] [-4.53,4.41]
> 30GeV no [-0.20,0.20] [-0.33,0.33] [-0.28,0.27] [-0.39,0.38]
> 200 GeV yes [-0.29, 1.84] [-1.37,2.81] [-1.12,1.09] [-2.24,2.10]
> 200 GeV no [-0.43,0.46] [-0.60,0.58] [-0.38,0.33] [-0.53,0.48]
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https://link.springer.com/content/pdf/10.1007/JHEP06(2021)003.pdf

EFT Dim-6 combination: WW, WZ, 41, and Zj)

- ATLAS Preliminary Vs =13 TeV, 36-139 o ~*~ Lin, individual

 Combined EFT interpretation of Fasiey i
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/

Summary

* LHC Run2 provides a large amount of pp collision data at a higher
center-of-mass energy, giving rise to the observation sensitivity of
the gauge boson self-couplings

* New ATLAS measurements of VBS and diboson using the Full Run2
data set with integrated luminosity 139 fb-1 are presented:
* Z(ly VBS, Z(vv)y VBS observations with 100 and 5.20 respectively
« WW+>=1jet differential cross sections and
 EFT interpretations
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W+W- + 2 1 Jets: Differential Cross-section

e Differential
Cross sections
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https://link.springer.com/content/pdf/10.1007/JHEP06(2021)003.pdf

