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Vector Boson Scattering (VBS)

e Study of vector boson scattering processes — essential to probe nature of electroweak symmetry breaking
* Differential measurements performed and constraints on various effective field theory operators evaluated
* Several kinematic observables sensitive to the effect of new physics

Pure electro-weak interactions of order O‘?«jw . Pure electro-weak interactions of order O‘gw . Pure electro-weak interactions of order agW

CP structure of couplings probed
with variables A¢; and A¢,,

where both pairs of objects are
ordered by rapidity
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VBS Wy at 13 TeV
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VBS Wy at 13 TeV
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e Particle level fiducial and differential cross sections obtained after

de-convolving EW WYyjj yield from detector effects
 Sherpa (2.2.12) and Madgraph5+Pythia8 used for comparison
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VBS Wy at 13 TeV

Lepr = Lsu+ 2_68

Differential cross sectlon:
p) p)
| A" = | M gy,

Pure SM

Interference between

SM and BSM Pure BSM

Pure D-8 terms affects differential cross
section measurements significantly
more than the interference term

Cofficients [TeV %]
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fr3/A*
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fre/A*
fr7/A*
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S /A
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/A

Observable
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ATLAS
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Expected [TeV ]
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[-4.9, 5.3]
[-3.4, 3.6]
[-3.1, 3.1]
[-1.8, 1.8]
[-1.5, 1.5]
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VBS WZ at 13 TeV

https://arxiv.org/abs/2403.15296
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VBS WZ at 1 3 TeV https://arxiv.org/abs/2403.15296

ATLAS ® Data ATLAS ® Data

\s=13TeV, 140 fb™ [ W%-S%’D T Vs=13TeV, 140 fb" . wfg-gvgo T
T L~ + T L~ +
WZjjSR,N =2 77 = WZjjSR,N_ >3 77
Post-fit J I Misid. leptons o) Post-fit J I Misid. leptons
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B tZj and VVV B tZj and VVV

e Simultaneous extraction of EW
WZjj and QCD WZj;

 Sensitivity enhanced to EW W/Zjj
by using a BDT discriminant
constructed with 15 variables as
inputs (jet, vector boson and
lepton kinematics)

Events /0.2

O
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 Signal regions defined by NJ
2 and N, 2 3 and in three
bins of M;; (500 < M.;:< 1300,
1300 < ]W]j< 2000, Mlﬁi > 2000 )

cts

 Adversarial neural network used
to separate EW WZjj and QCD

WZjj without biasing M;;

. LO diagrams for EW WZjj
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wsmnesmszisszze - \IBS W/ at 13 TeV

» Measured oy,z;;_py = 0.368 £ 0.037 (stat.) £ 0.059 (syst.) = 0.003 (lumi.) fb
» Measured oy,7;:_ocp = 1.093 £ 0.066 (stat.) = 0.131 (syst.) £ 0.009 (Jumi.) b
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VBS W/ at 13 TeV
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VBS Same Sign W W with hadronic

http://cds.cern.ch/record/28679897%In=en

Experiment apthe
recorded: 20
EvHent/ LS: 3
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VBS Same Sign W W with hadronic

* Final state where one of the two same-signed W-bosons decays to a hadronic 7

e Signature: 7,0 LV (€ = e, u)
» Significance of SM process at 2.7 o, signal strength:1 44J_r8 22
 Public since August 2023

C,.C
N o |A]? = \ASM|2+Z 2Re(AsarApy ) + Z L(ASL AT+

Dim6 including Iinear, BSM and mixed contributions

Z &-QRQ(ASMAS%T) 4 Z (8) (S)T)

k - -

Dim8 including linear and BSM contributions

 First simultaneous extraction of dim-6 and dim-8 constraints

 Transverse mass (M) used as the variable of interest for 2D
constraints 12
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VBS Same Sign W W with hadronic 7

 Deep Neural Network (DNNSs) trained with used to gain sensitivity to BSM signals

68% CL interval(s) 95% CL interval
Expected Observed Expected Observed

e\ 120 —803/w[—205101 [—1160D045] [-146358 @ [-13521i]

et (—0.501, 0.576] (—0.341,0.416]  [—0.742,0.818] [—0.605, 0.681]
(—0.681, 0.669] (—0.513,0.481] [—0.987,0.974] [—0.842,0.818]

Wilson coefficient

—7.00, 6.0
—41.7,69.6]
—16.6. 18.1
—24.6,34.7)
—28.8,29.9
(—1.43,2.23] U [5.88, 9.54]
—4.53,4.42]
—2.89,1.37

—1.02,1.08]

(—0.426, 0.480)
=1.15.1.37)
—9.89,9.74
—19.5, 13,3
903,192
116 12.0]
—37.4, 38.8]
—B87.4. 388

(—5.48, 4.31]
30.7,89.2]
—19.0,14.0
—15.3,31.5
—38.2,39.5
(—0.045, 8.58]
(—3.27, 3.44]

—1.88,0.705]

[—0.774, 0.842)]
(—0.319, 0.381]
(—0.851,1.12]
(—8.07, 7.70]
—9.54,11.15]
—17.6,15.3
—9.60,9.82]
—40.9,41.3
—40.9,41.3)

—9.99,9.05
—66.6,96.4
—24.7.96.3
—38.2,48.8]
—49.4,49.7
—2.64,10.8
—6.56, 6.44
—3.24,2.16

1,52, 1.58
(—0.640, 0.695)
—1.75,1.98]
—14.6, 14.5]
18.7,19.6
299 988
174 17.0
—57.2,58.6]
—57.2,58.6]

(—8.68, 7.60)
[—49.7,110]
—20.9.20.7
—31.4,45.5

—69.3, 68.3
—1.59,9.94]
—5.55, 5.60!
9.8 1.6

—1.59,1.38]

(—0.552, 0.613]

<1.51.1.76
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—15.9,16.1
—60.9,61.8
—60.9,61.8
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VBS Same Sign W W with hadronic

Moy = (Pre+ i+ P70 + | pre +

e Simultaneous extraction of dim-6 and dim-8 constraints

CMS Preliminary L=138fb" (13 TeV)

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%) + SM

CMS Preliminary

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%)

L=138fb" (13 TeV)

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%) + SM

CMS Preliminary

Sensitive to
correlation
between Higgs-
fermion
operators

L=138fb" (13 TeV)

CMS Preliminary

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%)

CMS Preliminary L=138fb" (13 TeV)

o - Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%) + SM

CMS Preliminary L=138fb" (13 TeV)

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%) + SM

CMS Preliminary

- Expected (68%) === Expected (95%) === Observed (68%) === Observed (95%)

Fits between boson operators of
dim-6 and dim-8
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Polarization — energy dependence
and the Radiation Amplitude Zero effect

https://arxiv.org/abs/2402.16365

ATLAS

EXPERIMENT
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Polarization measurement in WZ process

* Study of different polarization states in diboson processes — sensitive probe of electroweak symmetry breaking
 Boosted decision tree trained to measure polarization fractions (7 variables):

* foo (J77) both bosons longitudinally (transversely) polarized
* for (Ur0): W(Z) boson is longitudinally polarized, Z(W) is transversely polarized

« New: measurement of fractions in high p% regime and low p}VZ

» Leads to an improvement of 20-30% in

ATLAS « Data mW,Z,

(s=13TeV, 140 fo"  WolrtWrZ,  EEWrZy
S Prompt Non-prompt
SR 100<p? <200 GeV <4 Tot. Uncert.

Post-Fit '

Events/0.1

Measurement Prediction
100 < p7 <200 GeV pZ > 200 GeV 100 < pZ <200 GeV  pZ > 200 GeV

foo 0.19 £0-07 (stat) +9-05 (syst)  0.13 902 (stat) £0-05 (syst) || foo 0.152 + 0.006 0.234 + 0.007

for+1o 0.18 +5-07 (stat) =002 (syst)  0.23 +9-11 (stat) 0% (syst) || for 0.120 + 0.002 0.062 + 0.002

frr 0.63 +002 (stat) +9-07 (syst)  0.64 +9-17 (stat) +0-00 (syst) || fro 0.109 + 0.001 0.058 + 0.001

foo obs (exp) sig. 52(4.3) 0 1.6 (2.5) o frr 0.619 = 0.007 0.646 = 0.008

Fraction of events where both bosons are longitudinally polarized measured with an
observed significance of

(1.6 o) in the phase space: (p% > 200 GeV)

go)
o)
-
ol
N~
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e
©
(M)

-08 -06 -04 02 O 02 04 06 0.8 1

0\, : scattering angle of the W boson in the WZ
rest frame with respect to the z-axis 16
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Radiation Amplitude Zero effect in WZ at 13 TeV

 Dominant helicity amplitude with two transversely-polarized bosons exactly zero
e when SCattering angle of the W boson in the WZ rest frame (w.r.t the incoming antiquark direction)

approaches 90" — Radiation Amplitude Zero (RAZ)
e arises from the gauge structure in the SM

e RAZ= drOp at 0 in the AY(WZ) (rapidity difference between Wandeosons) and AY(ZWZ) (rapidity

difference between lepton from W decay and Z boson) distributions

 First observation of RAZ effect in WZ production, seen in Wy previously

(SMP-20-005), longitudinally polarized W’s make observation challenging

* Next-to-leading order (NLO) QCD correction dilute the effect, hadronic activity

reduced by placing stringent requirement on p}y z

17
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Radiation Amplitude Zero effect in WZ at 13 TeV

Unfolded distributions

ATLAS -o- Data @ Stat. Uncert.
Vs =13 TeV, 140 fb™ Tot. Uncert. -~ MG+Pythia

RAZ Region p¥VZ< 70 GeV

—_
N

u |
- ATLAS e Data —+ MG+Pythia g% Tot. Uncert.

— Vs=13TeV, 140 fb"
~ TT polarization state

Depth IAY(W2)I

O
o

/
%

O
»

|

0.4

Data/Pred.

Data/Pred.
TN
I \ERIEY

Effect expected for only transversely polarized Depth of the RAZ dip defined as

bosons, all other polarization components are D=1 -2 NOAY(WZ)| <0.5) + D  di
subtracted NO.S < |AY(ZwZ)| < 1.5)

18
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Anomalous neutral gauge couplings
IN the mono photon channel




Anomalous neutral gauge couplings In the
mono photon channel

* (Generalized theory of forbidden neutral gauge couplings
» Parametrized with 8 parameters (i, to A,)

« / + y cross section deviation at high p

» Backgrounds range from W + v, V + jets, y + jets and dibosons estimated using
data-driven methods and simulations

CMS Preliminary 138 fb™' (13 TeV)

| CMS Preliminary 138 fb' (13 TeV) CMS Preliminary 138 b (13 TeV)
—4- Observed — Predicted (SM)

Background SM Z+y
— h=2.2x10"  — h{=4.2x10"
— h;=3.5x10™ h;=6.8x10"

>
Q
©)
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2
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>
L

Pred/Obs

400 600 800 1000 1200 1400 90 45 10 5 0 5 10
p! (GeV) h (10




Multibosons (WTW7™) at \/E = |13.6 TeV

http://cds.cern.ch/record/28926587In=en
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WTW™ cross section measurement at 13.6 TeV

First measurement of at 13.6 TeV

Used data collected in 2022 — 34.8 fb™!
Event category: 1 muon and 1 electron of opposite charge

LUM-22-001

The inclusive cross section is 125.7 + 5.6 pb, In agreement with predictions

N 0/1/2/ >3

Same

> 85 GeV

N — Quantity WW SR | One/twob-tagsCRs Z — Tt CR Same-sign CR
% S g Number of tight leptons | Strictly 2

0 § il Additional loose leptons 0

SR Lepton charges Opposite

= ¥ > 25GeV

g 12 > 20 GeV

S N £ > 85GeV < 85GeV

T T D — < 30 GeV

I c¢@ 1/2 0
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WTW™ cross section measurement at 13.6 TeV
LUM-22-001

First measurement of at 13.6 TeV

Used data collected in 2022 — 34.8 fb~!

Event category: 1 muon and 1 electron of opposite charge
The inclusive cross section is 125.7 + 5.6 pb, In agreement with predictions

QS 037 Data 43898
T WW 16220 + 650
T 8 ° Top quark 19760 + 480
N %E Z 17 2124 + 72
~ < 7 WZ 487 + 21
= 1 © 77 3714+ 1.7
SN @ Nonprompt 4860 + 320
2 N § VVV 75.9 + 3.7
O T D tVx 10.7 + 1.5
I c¢@ Voy 225 + 18
Higgs 90 = 14

Total 43890 + 410 H
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WTW™ cross section measurement at 13.6 TeV
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* Pre-fit agreement within 10% across all regions
* Including top CR in simultaneous fit with signal leads to better control of b-tagging

and jet energy scale uncertainty


http://cds.cern.ch/record/2892658?ln=en

http://cds.cern.ch/record/2892658?In=en

WTW™ cross section measurement at 13.6 TeV

Observable Re quirement CMS  Preliminary 34.8 fo' (13.6 TeV)
Lepton origin Direct decay of a W boson | ' . Data '
Lepton definition =~ Dressed-leptons (e*u ™) S MATRIX TV THIA
Leading lepton py pimX > 25 GeV - MINREOPVTHIA
Trailing lepton pt pimin > 20 GeV

77| of leptons | < 2.5
Dilepton mass myy, > 85 GeV

1/0 do/dNJ

Jet pr pr > 30GeV
77| of jets 7| <25
Jet-lepton removal AR(j,¢) > 0.4

O\ Theory uncertainty
e Theory prediction / measurement

\x\\\\w\x\«\w\x\\\x\«\\\\\\\\\\\\\\\\\\!\\\\\\\\\\\\\&\\\\\\\\}\\\\\\\\%

POWHEG
Data

* First comparison of normalized fiducial

cross section for the WTW™ process
using MiNNLOps

* EXxcellent agreement between data and
prediction in all jet bins

III|III|I III|III£III

MATRIX
Data

MINNLO
Data

Number of jets


http://cds.cern.ch/record/2892658?ln=en

Many analyses performed and more to come...

CMS Supplementary

op NLO (MATRIX)
== pp NLO (MATRIX)

c)'pp/p|5 - WW (pb)
2

| pp NNLO QCD x NLO EWK (MATRIX)
- == pp NNLO QCD x NLO EWK (MATRIX)

WW Meas./Pred.

| LHC Data 2022 Ys=13.6 TeV
| @ ATLAS ZZ~ llll (m 66-116 GeV) 29 fb”

— LHC Data Vs = 13 TeV

— @ ATLAS ZZ— lill (m 66-116 GeV) 36.1 fo
~ LHC Data Vs =8 TeV

LHC Data Ys =7 TeV

o ATLAS ZZ— li(ll/vv) (m 66-116 GeV) 4.6 fb”

- Tevatron Data Vs = 1.96 TeV
_ w CDF ZZ— IlI(ll/vv) (on-shell) 9.7 fb”

~

o ATLAS ZZ— li(ll/vv) (m 66-116 GeV) 20.3 fb”

MATRIX CT14 NNLO

— ZZ (pp)
— ZZ (pp)
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Both ATLAS and CMS have a comprehensive multiboson program, spanning several processes, across
orders of magnitude in cross section, allowing us to probe exotic couplings in the Standard Model




Additional Material



VBS W/Z at 13 TeV

used to model W*Zj j events. The NNPDF3.0nLo [19] parton distribution function (PDF) set was used
for the hard-scattering process, while the NNPDF2.3L0 [19] PDF set was used for the PS. The dipole
recoil scheme [20] is used for the PS. The default dynamic renormalisation and factorisation scales set by
MADGRAPHS_AMC@NLO [21] were used. A first MC event sample, referred to as WZj j—EW, includes
processes of order six (zero) in agw (@;). In this sample, which includes VBS diagrams, two additional jets
originating from electroweak vertices from matrix-element partons are included in the final state. Diagrams
with a b-quark in either the initial or final state, i.e. b-quarks in the matrix-element calculation, are not
considered. This sample provides a LO prediction for the WZjj—EW signal process. A second MC event
sample, referred to as WZj j—QCD, includes processes of order four in agw in the matrix-element. Matrix
elements containing three leptons, one neutrino and up to two jets in the final state were calculated at NLO
QCD and merged with the PS from PyTHiA 8.210 using the FxFx scheme [22]. This WZj j—QCD sample
includes matrix-element b-quarks. Interferences between the WZ;jj—EW and WZj j—QCD processes,
labelled WZj j—INT, include only contributions to the squared matrix-element of order one in . Their
contribution is simulated at LO in a third MC sample using MADGRAPHS_AMC@NLO 2.6.5 [16] and the
same parameters as used for WZj j—EW events. The contribution of interferences is found to be positive
and approximately 6% of the WZjj—EW cross-section in the fiducial phase space at particle level and
maximaly 12% of the WZj j—EW cross-section for events with three or more jets of pt > 25 GeV.




VBS W/Z at 13 TeV

Dividing the SR in events with Njes = 2 and Njes = 3 the owzjj—Ew and owz;j—strong production
cross-sections of these two categories of events are measured. The measurements are compared in Figure 5
to the prediction from MADGRAPH+PYTHIA8 and SHERPA 2.2.12. For Njes > 3, the predicted ow z j-Ew
cross-sections are in good agreement with the measured value while the predicted ow z j j —strong Cross-section
lie within about 20~ of the measurement. However, for Njes = 2 the measured 0w z j j—strong Cross-section is

lower by a factor of two than the value predicted by both MADGRrRAPH+PYTHIAS and SHERPA. The predicted
values of ow z j j—gw are found to be in agreement within 1o~ of the measured value. The ratio 23 of the
number of events with Njes = 2 to the number of events with Njes > 3 is also extracted from data by the

simultaneous fit of the two categories to be Rgg =1.70+0.71 and Rg/(;D =0.21 +£0.06 for WZj j—EW and
WZjj—QCD events, respectively. In comparison, the values predicted by MADGRAPH+PYTHIAS (SHERPA )

are Rg/‘g’ = 1.43“:%:83 (1.67 +0.13) and R%%D = 0.36’18'_831 (0.38 + 0.03), respectively.

The ow z;j-ew and ow zj j—strong production cross-sections are measured differentially in three bins of
m;;. The measurements are compared in Figure 6 to the prediction from MADGRAPH+PYTHIAS and
SHERPA 2.2.12. For 500 < m;; < 1300 GeV, the MC predictions are found to overestimate the measured
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Radiation Amplitude Zero effect in WZ at 13 TeV

At leading-order (LO) in quantum chromodynamics (QCD), WZ production occurs through quark-antiquark
interactions in the s-, -, and u-channels. The dominant helicity amplitude with two transversely-polarized
bosons exhibits an exact zero when the scattering angle of the W boson in the W Z rest frame with respect
to the incoming antiquark direction approaches 90° [3, 4]. This 1s a direct consequence of the gauge
structure in the SM. This RAZ effect leads to a dip around O in the AY (WZ) and AY ({w Z) distributions,
with AY (WZ) defined as the rapidity difference between the W and Z bosons, and AY ({wZ) defined as
the rapidity difference between the lepton from the W decay and the Z boson. The RAZ effect has been
observed for Wy [5-7] for which it is found that the sensitivity for Wy resonances is enhanced in this
radiation valley [8]. However, the RAZ effect has not yet been observed for WZ due to the W boson
polarizations in WZ production [9]. In addition, the next-to-leading order (NLO) QCD corrections dilute
the RAZ effect and make it hard to observe experimentally [10, 11]. To reduce jet activity and to increase

the significance of the dips, a selection criterion on the transverse momentum of the WZ system ( p‘TV “) s
applied.

The diboson polarization fractions foo, frr, for and fro as defined in Ref. [12] are interpreted as
probabilities of correlated polarization states of the W and Z bosons. Here, 00 (77) indicates that
both bosons are longitudinally (transversely) polarized, and OT (TO) indicates that the W (Z) boson
1s longitudinally polarized and the Z (W) boson is transversely polarized. The ATLAS Collaboration
has measured both single and diboson polarization fractions using inclusive WZ events [12], which are
dominated by 77T events with low momentum W and Z bosons [1, 2, 13]. This analysis focuses on WZ
events with Z bosons required to have high transverse momenta ( p%). The combination of high p% and low
pTW Z significantly reduces the TT contribution and increases fyo. As a result, fyo increases from 5 — 7% in
the inclusive region to 20 — 30% in the region with high pZ and low p;¥4 [14].
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Random Additional Material



Definition of m}}VZ




https://atlas.web.cern.ch/Atlas/
GROUPS/PHYSICS/PAPERS/

VBS Wy at 13 TeV

* Study of vector boson scattering processes — essential to probe nature of electroweak symmetry breaking

 Electroweak production of Wyjj: agw

* Differential measurements performed and constraints on various effective field theory operators evaluated
* Observables sensitive to the effect of new physics

« Invariant mass of dijet system (MU) transverse momenta of two jets (p-”) transverse momentum of

lepton (p;) and invariant mass of the lepton and photon (mfy)

4
 CP structure of couplings W f{<

. . (7
probed with variables NN W
and , where
both pairs of objects are
ordered by rapidity Bremsstrahlung EW Wyjj

non-VBS production

33 Previous result: Phys. Rev. D 108 (2023) 032017



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032017
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-31
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-31
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-31

Vector Boson Scattering

neriment at the LHC, CERN
orded: 2018-Oct-03 04:13:04.188416 GMT
v%nt/ LS: 323940 / 905326797 / 513

* Final state consists of two high
transverse momenta (py) jets

* Rapidity gap between jets — no color
flow

. High mass of the two jets (M)

* Decay product of the gauge bosons:
central with respect to jets

e Pure electro-weak
intgractions of order

(azw)



Vector Boson Scattering

* Study of vector boson scattering processes — essential to probe nature of electroweak symmetry breaking

e Pure electro-weak interactions of order (xgw

* Differential measurements performed and constraints on various effective field theory operators evaluated
* QObservables sensitive to the effect of new physics

« Invariant mass of dijet system (ij), transverse momenta of two jets (p%, transverse momentum of

lepton (p?) and invariant mass of the lepton and photon (mfy)

CP structure of couplings probed
with variables A¢; and A¢,,

where both pairs of objects are
ordered by rapidity




http://cds.cern.ch/record/2867989?In=en

VBS Same Sign W W with hadronic

* Final state where one of the two same-sighed W-bosons decays to a hadronic

» Signature: T, LV (€ = e, 1)

+0.63

 Evidence of SM process at 2.7 o, signal s’creng’ch:1.44_0.56

* Public since August 2023
p‘TIliSS > 50 eV

Sitognal Reglon m;; > 500 Gev
veto on b-tagged jets

Several Control Lte st Top control
RegLons ' reglon




VBS Same Sign W W with hadronic

N o |A]? = [Asm|* + Z Re(AsmAgh ) Z (AGLAGE) + 3 | 45 2Re(Asar Ay
k -
Dim6 including linear, BSM and mixed Dim8 including linear
f_k (8)A(8ﬁ contributions contributions
+ (A ) _1
138 b (13 TeV)
CMS ¢ Data Nonprompt leptons
Preliminary g fhigpt-)kgs_ gg : g/vv V+Vjets>
Dim8 BSM contribution e —Eweves = foTev”

 Several dim-6 (11) and dim-8 (9) operators
explored

 Transverse mass (M) used as the variable of
interest

e Most sensitive variable
My, = (pr.+p,+ D7

o) 50 100 150 200 250 300 350 400 450 500
ISS
)"+ |pr.+ PT o7 Moy [GeV]

—>miss |2




WTW™ cross section measurement at 13.6 TeV

First measurement of at 13.6 TeV

Used data collected in 2022 — 34.8 fb~!

Event category: 1 muon and 1 electron of opposite charge
The inclusive cross section is 125.7 + 5.6 pb, In agreement with predictions

Same-signCR Z — 7T CR Oneb-tag CR Two b-tag CR

N e Data 3456 56551 68656 57617

N £ WW 817 +9.5  2662+94 2220+ 180 248 + 54
t 986 Top quark 873+84  1126+34 63340 +750 55610 + 620
N S Z 1T 570 £9.3 45630590 227 +£27 19.6 + 7.9
N WZ 512 4 24 97.6+49 969 +6.3 11.8 +£ 1.7
= 10 77 336+17  66.0+39 6.9 + 0.5 1.0 + 0.1
SN © Nonprompt 2390 +130 6550 +£440 2630 270 1640 + 220
= N 5 VVV 25.8 + 1.3 47 +£04  337+21 8.7 + 0.8
S 2D 8.7 +2.7 0.7 £+ 0.1 44.1 4 3.2 52.1 4 3.3
< © = 232 4 19 692+76 ~ 432+95 3.1+ 0.9

27.5 = 5.2 344 1 52 293 £ 4.8 20.7 = 3.2
346U = 130 56550 =420 68670 =560 57610 = 490




https://arxiv.org/abs/2403.02809

VBS Wy at13 TeV

TLAS Post-fit VE =13 TeV 140 fig! EW W(e/v)y ji
¢® Data EW Wyjj Strong Wyjj
Non-prompt [l Top Bkg. Zy]]

SRfid (N.gap _ o) CRId (Ngap
jets jets
520 + 141 120 + 49
1550 + 830 1970 + 950
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CRc: N3*P = 0,

]e N J€ S jets
only used in the
é <0.35 0.35 < ng <1 0.35 < élﬂ}’ <1 differential measurement

Slgnal region (SR) and control region (CR) defined by counting Njiff

CRa: Ngap > 0, CRE: Ngap > 0,

The ABCD method is

(rapidity interval between the two leading jets)

+ SRim;>1TeV, ¢, -

oy, + )
y)

< 0.35

Ve = My, = y)

Neural Network trained with 13 angular and kinematic variables

used to enhance sensitivity to EW Wyjj (inclusive measurement)

Data / Pred.

Top quark processes
EW + strong Zvyjj

109 + 18
128 £ 34

183 + 37
163 + 77

Total

3000 + 830

140 + 960

Data

3341

3143

Highest ranked variables

ATLAS ¢ Data

/s =13 TeV, 140 fb EW Wyjj

EW W(—Iv)yjj

SRfid

Post-Fit I Top Bkg.
Zyjj
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Strong Wyjj _|
Non-prompt -

72 Uncertainty |

— Vs =13 TeV, 140 fb”
L EW W(—hv)yj

- SRfid

— Post-Fit

Strong Wyjj 4
Non-prompt _

I Top Bkg.
Zyjj
7 Uncertainty
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Data / Pred.
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https://arxiv.org/abs/2403.02809

