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Introduction

* Vector boson fusion (VBF) and scattering (VBS): important
test of electroweak (EW) sector of the standard model (SM)

How Higgs boson unitarizes scattering amplitude

Irreducible background for new physics searches

* Sensitive probe of anomalous triple and quartic gauge boson
coupling (aTGC and aQGC)

New physics would appear as enhancements in high p; regions

Tri-boson production is also sensitive to aQGC

* Distinctive signature of VBF/VBS

Presence of two energetic hadronic jets in the forward and backward directions wrt
the proton beamline.

No QCD colour exchanged in the processes = suppressed hadronic activity between
the two jets ("rapidity gap")

In this talk,
* probe TGC via Vector Boson Fusion process (see L.Chevalier’s talk for a probe with

diboson production)
* probe QGC via Vector Boson Scattering and tri-boson production




Z+2jets

Many processes give final state with a Z boson and two jets

» dominated by strong production - data can provide
important constraints on theoretical modeling

Much rarer but very interesting: pure electroweak Zjj (t-channel
exchange of a EW boson) in particular the vector boson fusion

» similarity with VBF Higgs

* sensitivity to anomalous WWZ triple gauge couplings

Signature of pure EWK process: harder my,

in rapidity gap, better p balance of the system Z+2jets

smaller jet activity
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Z+2jets

Many processes give final state with a Z boson and two jets

» dominated by strong production - data can provide
important constraints on theoretical modeling

Much rarer but very interesting: pure electroweak Zjj (t-channel
exchange of a EW boson) in particular the vector boson fusion

+ similarity with VBF Higgs

* sensitivity to anomalous WWZ triple gauge couplings

Signature of pure EWK process: harder my,

in rapidity gap, better p balance of the system Z+2jets

smaller jet activity
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Inclusive fiducial cross section

Nobs — kag
[ Ldt-C

C=correction factor for difference between
reconstruction and particle level (0.8-0.9
muons, 0.4-0.7 electrons)

O fid

Measured in five fiducial regions:

* Baseline : most inclusive one

* Control : supress EW contribution, >=1jet in rapidity gap
 Search : no jet in rapidity gap
* High-mass : mjj>1 TeV

* High pT : harder cut on jet pT

probe impact
of EW
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* Overall good description of data
* But indication of mismodelling at high mjj

* Good agreement found in the five regions
 Results compatible between the two channels




Differential m;; and AY distributions

Comparison with Powheo and Sherpa 1.4.3
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Powheg better describes m;; and AY dist. than Sherpa in QCD dominated region.
New NLO version of Sherpa (2.1.0) should improve agreement [1].




Ditferential <N, &> distribution
Comparison with Powheg and Sherpa 1.4.3
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None of the two generators can fully
reproduce data for all distributions in
all fiducial regions
-> data can be used to constrain
modelling of Zjj production
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Observation of EW Zj;

Extract number of electroweak Zjj events
by a fit to myjj distribution in search region

Data in control region used to constrain
generator modelling of the background m;
shape = minimize experimental and
theory uncertainties.

Dominant systematics: JES and lepton
identification

Fiducial cross section for EW component:

 electron and muon channels compatible
within 1.70

* 1n good agreement with Powheg prediction
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Background-only hypothesis rejected with >50 significance

opw = 54.7 + 4.6 (stat) 23,

(syst) £ 1.5 (lumi)fb

OEW, Powheg = 46.1 £ 0.2 (stat) = 0.8 (PDF) £ 0.5 (model)fb
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Limits on aTGC

Measured in search region + cut on myj;> 1TeV
(region least affected by background normalisation)

Effective Lagrangian for aTGC

@ WHZY — W,,,,Wf"z") + Kk WIW, ZH % guw,ez"ﬂ]

analysis sensitive to these parameters (=1 and =0 in SM)

Modify couplings by a dipole form factor, depending on unitarization scale A

aTGC A =6TeV (obs) A=6TeV (exp) A =00 (obs) A =oc (exp)
Agrz  [-0.65, 0.33] [—0.58, 0.27]  [~0.50, 0.26] [—0.45, 0.22]
N [~0.22, 0.19] [—0.19,0.16]  [~0.15,0.13] [—0.14, 0.11]

I Complementary to measurements made with di-boson WZ [2] (space-like vs time-like propag.)
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VBS WW+2j same sign

» First evidence for electroweak WWjj production

very interesting channel because strong production does not dominate

L B L L L L

ATLAS * Data 2012
20.3 b, s =8 TeV BXXI Syst. Uncertainty
: W=Wjj Electroweak

Two fiducial regions defined:
* Inclusive: 2 leptons with pT>25 GeV eta<2.5, 2jets 10°§

with pT>30 GeV, 1<4.5, m;>500 GeV

' W=W?*jj Strong
: Prompt

* VBS : add cut on AYjj > 2.4 10 Cometsions =
5 _%;j; B Other non-prompt

* Background = dominant uncertainty. Four | e N
different control regions built to test the T S

different background predictions = good
consistency found in all regions for all

channels. N —
c B : ¢ Data/Bkg
3 - % Bkg Uncertainty
« Three decay channels: uu, ee, ue g 5 (S'9+Bkg)’B"L;€J” e
e et '
Excess of events over background expectation T M
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Fiducial cross section and limit on aQGC

Combined significance over background ATLAS SM 6¥B8=0.95 + 0.06 [fb]

. -1 _ NLO, POWHEG-BOX, CT10
only hypothesis: 20.3 b, Vs=8 TeV
e*e*
* Inclusive region (EW+strong): 4.50 (exp: | 04=10=401f]
3.40 ) e*u*

1.3 0.6 £0.25 [fb]
* VBS region: 3.60 (exp: 2.80) e

1.7 £ 0.8 = 0.15 [fb]

Combination

1.3+ 0.4 0.2 [fb] VBS reg1on

15 2 25
VBS [fb]

20.3fb",Vs=8TeV
pp — W* W jj
K-matrix unitarization

Additional contribution to WWjj can be
expressed in model-independent way
using higher dim. operators =
anomalous quartic gauge couplings

(aQGC)

IZARD event

-2 confidence intervals
: Bl 68% CL
[ 95% CL

VBS region used to set limits

Deviation from SM parametrized in
term of (o,05) (both 0 in SM)

-O 4 O 3 -0.2 -0.1
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Phys.

Triboson Wyy

* First evidence for tri-boson production in Wyy final state

allow test of quartic gauge couplings (QGC)

« Measurement of inclusive and exclusive cross sections

exclusive: veto on event with >=1jet

> T T T T T

* Main background: %J :2: %Egiev, ostyt ]
“fakes” (jet reco. as y or lepton): Wjy, Wjj, yytjets Ej 35t muon fhaD”a::' (N 20)%

—> from data driven (DD) techniques ZZ: RIARAT A :
prompt leptons/y pok ' E

o Zy, Zyy, WZ, W(tv)yy (from Sherpa) 15 ) =

10}

* ttbar, single top, WW (from MC@NLO)

i,

t ZZ (from POWHEG) 20T T ‘6?10? 12 14
Definition of the fiducial region Er, [GeV]

Pt > 20GeV, ph > 25GeV, [n] < 2.5

mt > 40GeV c 9 g .
El >20GeV, |n7| < 2.37, iso. fraction € < 0.5 Mal,n u.nfer]:t)}l)nljleskon ﬁdgCllai ;1‘3(())/88
AR((,7) > 0.7, AR(v,7) > 0.4, AR(¢/7,jet) > 0.3 seeaiog 1) el (I2=2500)

2) JES (5-7%) 3) Luminosity (3%)

Exclusive: no anti-k; jets with pJTet > 30GeV, [Pt < 4.4




Cross section and Iimits on aQGC

Combined significance over background only 3
scenario: >30 3
Fiducial cross section: g
. L
O"de[fb] O_MCFM [fb]
Incl. | 6.1775(stat) & 1.2(syst) £ 0.2(lumi) | 2.90+ 0.16
Excl. | 2.975(stat) o (syst) £ 0.1(lumi) | 1.884 0.20
higher than theory by 1.90 in inclusive case
. ATLAS
Limits on aQGC — B%F;Y ww CMS vy — WW
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exclusive region + cut AQGC Limits 95% CL &
>300 GeV e \ | 2
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Conclusion

 Overall good agreement between data and simulation found in
VBEF, VBS and triboson cross section measurements and constrain

on aTGC and aQG¢C limits have been set.
* Many other ATLAS measurements to come soon:
VBF W, VBS WZ, tri-boson Zyy

Zjjewk
fiducial
WEW=jjewk
fiducial

Wyy

fiducial, njet=0

VBF
VBS
tlri-bqsonl

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
observed/theory
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WZ aTGC
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— ATLAS, Vs =7 TeV
4617, A=w
—— ATLAS, Vs =7 TeV
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Measurement of WZ production in proton-proton collisions at
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Z+2j, definition of fiducial regions

Table 1. Sumenary of the scdection criteria that defise the Bducial regions. ‘Interval jets’ refer to
the selection criteria o the jets that e in the kmterval boundod by the
Object baseline Aigh-rran ararch coutrol Aagh-py
| < 247, g% > 25 GeV

UVISMSWM
l o > 30 GeV

Wi<ad AR, 203
oy > 55 GeV

Py > 45 GeV

1 my > 1 TeV
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N =0 NErzl
P 2 048 | pred 2018




Differential distributions

Sensible distributions to:
+ kinematics of the two tagging jets: myjj, deltaYjj, ...

+ difference in colour flow between EW and strong production: N,,£%, p;*%, ...

Method: iterative Bayesian unfolding in same 5 regions as defined
previously

« 1t step, detector response matrix (=prior) from Sherpa
+ 2nd step prior = unfolded distribution from data

Dominant systematic uncertainties
 jet related uncertainties (energy scale, resolution, jet vertex fraction)
* theoretical modelling

Comparisons between Powheg (accurate to NLO in pQCD) and Sherpa
(accurate to LO) generators

Results:

* Smaller jet activity in EW process than in strong one as expected

* None of the two generators can fully reproduce data for all distributions in all
fiducial regions = unfolded data can be used to constrain modelling of Zjj
production in specific phase-space
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pbalance < 0.15 cut efficiency
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e Prediction taken from Powheg+CT10 PDF + Pythia for parton showering

* constructive interference between EW and strong process: +12% in inclusive

region, +7% in VBS one

e Three decay channels: uu, ee, ue

ATLAS * Data2012
20.3fb", s =8 TeV BXX Syst. Uncertainty

! W*Wjj Electroweak
my; > 500 GeV WW5jj Strong
: Prompt
I Conversions
: Other non-prompt
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Observed [TeV~*]  Expected [TeV ]

—0.9, 0.9 x 102 [-1.2, 1.2] x 10?
—0.8, 0.8] x 10*  [-1.1, 1.1] x 10*

—1.5,1.4] x 10*  [-1.9, 1.8] x 10*

no form factor
applied
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