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Introduction

 Vector boson scattering (VBS)
— No-lose theorem for the LHC: Higgs or New Physics

— Crucial to understand the Electroweak Symmetry Breaking

I

— Sensitive to New Physics
WSWS — WSW with modified Higgs couplings
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https://arxiv.org/abs/1412.8367

Experimental challenges

- Typical VBS topology
— Two tagging jets
- Large rapidity gap: AY(jj)

» Invariant mass M; significantly harder than for non-VBS
contributions

— Centrality == : e
-+ Little hadronic activity is expected in the gap between the  FIFSIFEN I B B R\ 4D £\ T2
two jets, due to color singlet exchange : Evact {naéiasen

2017-11-09 04:06:14 CEST

Allows to effectively distinguish between EW VVjj and QCD VVjj,
and also VBS and non-VBS EW VVijj contributions

A candidate ZZ(4l)jj VBS event

- Measuring VBS is experimentally challenging
— Overall low statistics, and complicated backgrounds
— Forward jet tagging (e.g. subject to pileup effects)
— Can not extract VBS due to gauge invariance = only EW VVjj is measurable
— Also non-negligible QCD VVjj contamination, and the interference effects
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Theoretical challenges
+ Precise theory predictions challenging for both EW and QCD Vjj/VVjj productions

« For the EW production
— Includes both VBS/VBF diagrams and non-VBS/VBF diagrams
— Also diboson (VV) for EW Vijj, and triboson (VVV) for EW VVjj
— High-order corrections:
 Including QCD, EW and mixed corrections
« NLO corrections available: with VBF approximation
— Parton shower effects also matter

ZZ(41)jj VBS

Vjj (aew?)
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See also the theory talk by Barbara Jager ooz | “
« For the QCD production o oms
— Needs NLO predictions for VV+2jets
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Normalised average rapidity of the third jet (NLO+PS)

—— NLO (fixed order)
—— MG5.aMC+H7-Default
—— MG5.aMC+Py8

- —— MG5.aMC+Py8, Qg /2
—— Powheg+Py8

— — — Powheg-no shower
—— VBENLO 3+H7-Default
~— VBFNLO 3+Hy-Dipole

M. Pellen et al EPJC 78, 671 (2018)
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https://indico.cern.ch/event/1109611/contributions/4789871/
https://doi.org/10.1007/JHEP11%282020%29110
https://link.springer.com/article/10.1140/epjc/s10052-018-6136-y
https://indico.cern.ch/event/1109611/contributions/4789865/

Overview of ATLAS results
T R T T S R

v i EPJC77(2017)474 (7,8 TeV)
VBF i i EPJC81(2021)163 (35 o) 139 fb-
wrw* ESESY PRL123(2019)161801 6.5 & 36 fb!
wiw* 1217 jj
Wz Il jj PLB793(2019)469 5.3 & 36 fb"
WV lvij jj
- . PRD100(2019)032007 36 fb"
jj ji 57 o
VBS ZN Wjj Jj
1l jj arXiv:2004.10612 139 fb"
ZZ . 5.5 ¢ (combined)
llvv jj
Wy v jj
Iljj Wk ATLAS-CONF-2021-038 10 ¢ 139 fb"
2y VU jj * EPJC 82 (2022) 105 5.1 ¢ 139 fb-1
yy>W=WF  evpw + X Jf PLB 816 (2021) 13619084 139 fb
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https://link.springer.com/article/10.1140/epjc/s10052-017-5007-2
https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.161801
https://www.sciencedirect.com/science/article/pii/S0370269319303211
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007
https://arxiv.org/abs/2004.10612
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-17/
https://www.sciencedirect.com/science/article/pii/S0370269321001301

Observation of EW Z(=>1l)yjj production

Probes the neutral quartic gauge couplings " q ATLAS-CONF-2021-038
Using 139 fb-! data with Z>ee/uu final states '
Dominant background is QCD Zyjj reey) = |2 ), + ¥,)/2
! ] Yit = Vi
Lepton pr > 20, 30(leading) GeV, |n,| < 2.47
_51000:--|--|---|---|"'|"'|"'|"'|"'|"'|"'
Ny > 2 S g00E g ?_TLAS Preliminary é][E)\?\t/?z )
Photon Et > 25 GeV, || < 2.37 g 0054 et =955t§]¥jj
EY* < 0.07EY " 700E- | SR:CR -
AR(l,~v) > 04 223_ “ A\ Total unc.
Jet 28> 50 GeV, |y e < 4.4 Zgg
[ |Ay| > 1.0 ] 200
m;; > 150 GeV 100

remove jets if AR(~,7) <0.4orif AR({,7) < 0.3 0 — T
S 14 1 1t
[0 ] = - _]
Evel’lt m 74 > 42 ?;;[G V g% 121 E*\_\%\.\.\\\\.g\\\-\-\\\g\-\\\\-\-\’\-\c\\\k\’-\\\-\c\\\\tc\\\\\-\\*\\c\\\\\*\\\e\\\\‘%\\\\\%\\i\\é\\\\\%\\\g
My T Mgy © 0800204 06 08 1 12 14 16 18 2 22
C(égg’z% <04 Z(ly)
N jets =0
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-038/

Observation of EW Z(=>1l)yjj production

- Control regions (CRs) are used to constrain the normalization of the QCD Zyjj
— Two normalization parameters are introduced separately in the SR and CR

- EW signal strength extracted using simultaneous fit to m; distributions in the SR and
CR using template MC distributions

g p 5 e T T T T " bata
Neo) - . - . .
% 700F ATLAS Preliminary ] EW-Zyj = P AFTLAS Preliminary  —— gyy.zy; =
g E Vs=13 TeV, 139 fb @ QCD-Zyjj E g s=13TeV, 139 fb B QCD-Zyjj =
o 600 SR [ Z+jets = & CR Z+jets =
E e B ity - Ei N ity 3
500: Post-Fit W7 = Post-Fit W7 3
400: Total unc. 3 =y Total unc.
3008
200
100
TGJJ' 0 3 1. - -
Lo \ < a 1.1 \ X
E SN\ \A N\ PR \
-— A\ -
8 0.1 : S 09 i
o 08_" i X ) ) ) _ 08_ . . X ) ) -
: 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
m; [GeV] m; [GeV]
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Observation of EW Z(=>1l)yjj production

- EW Zyjj observed at 100
- Largest uncertainties from theoretical modelling of the two processes

g 0-2_' LA L AL L L R L L L EL A DL L L L L g 0.4 L L Y I L Y L B B B B B |JE|T T (|j Fll T Tl T ] T T T T
= C . = JET and Flavour Tagging . O C .. — an avour Tagging
B 0150 ATLAS Prellmlnar1y Electron, muon, photon = _*g 03E ATLAS Prel|m|na_r1y Electron, muon, photon E
A % S = | Vs=13 TeV, 139 fb’ Pileup ] S - Vs=13 TeV, 139 fb Pileup ]
o o 0 0.1 PDF and Scale - » 0.2 PDF and Scale —
EW/ EW [ ] g E — |Interference - % E Merging and resummation scale
© w ing Event - o F -
EW mod, QCD mod, Total GF:J 0.05:_1 Parton Shower and Underlying E ent__ ECE 0.1:_ _:
_— = | =
+6 +5 j:]_3 0____ — O§§=:
-5 —4 ~0.05— = -0.1F -
0.1 = 0.2F =
~0.15F- EW-Zyjj, SR 03 QCD-Zyjj, SR =
_0 2 :I o o e e by b . _0 4_ PRI I R ST S S| P R PR PRI R B S| .
’ 500 1000 1500 2000 2500 3000 ) 500 1000 1500 2000 2500 3000
m; [GeV] m, [GeV]

- Fiducial cross-sections measured for both EW Zyjj and EW+QCD Zyjj

o@)  Wemued

EW 4.49 +0.40 (stat.) £ 0.42 (syst.) fb  4.73 £ 0.01 (stat.) £ 0.15 (PDF)*%-23_, ,, (scale) fb Consistent with LO,

EW+QCD 20.6 + 0.6 (stat.)*'2_; 5 (syst.) fb 20.4 + 0.1 (stat.) + 0.2 (PDF)*26_,, (scale) fb MadGraph5_aMC@NLO
predictions
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Observation of EW Z(=>vv)yjj production

 Analysis originally designed to search for VBF H(=>invisible)y

« Dominant backgrounds: QCD Z(=2>vv)y+jets and W(=> lv)y+jets
— Wy +jets: using CRs with one selected lepton

EPJC 82 (2022) 105

] . . Observable Requirements

— Z(~>vv)y:reversing the C, requirement Ny with pr > 25 GeV >>
250 n(1,2)] <45

‘% 3005_ A1I'LAS I ; Ipost_ﬁlt I-.- DataI &YIUnceﬂainlty pT(Jl) [GCV] > 60

g U Szl arew zovy A pr(j2) [GeV] > 50

250F T AR(j. £) > 0.4

X 200F : jet—>y > 3.0

150 7CR I SR aandi <0.7

100;_ I\\\\\\\\\\\‘\\\\*\\\\ - 05
50 T > 150

e e ——— A¢(truth-§¥““, Ji) > 1.0

X o % [ E pr(y) [GeV] >15,< 110

§ 1W “\:“ ‘;’ el “W |77(7)| <237
OSF wowmo  Nuwowny | —peposth E Ef"/EY <0.07

0 o1 02 03 04 05 06 07 08 09 1 AR(v. iet-or-£) > 04

Photon Centrality C, > 0.4

2 Ag¢(truth-ET"™,y) > 1.8

Cyzexp[—L(qy—m“’Z) ] Ny with pr > 4 GeV and |n| < 2.47 0
(m —n2)? 2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-17/

Observation of EW Z(=>vv)yjj production

* Events are categorized into 4 m; bins

- Signal extracted from S|multaneous fit of SRs and CRs

- EW Z(>vv)yjj observed at 5.10

H ZyEwW | ﬁ ZYstrong | ﬁ Wy
1.03+0.25 | 1.02+0.41 | 1.01 £0.20

c 8———7F——7—— 77 T 7 T T 7T T T T T T T
m - ATLAS Post-fit ]
o OF (5=13Tev, 139 b o (Bata _ Source 1o Uncertainty on iz,
E: rop EW 2=vmy) N E b Exezﬁmy Jet scale and resolution 0.076
w1 _ S _ _ ~J I Strong Z+y Vy +jets theory 0.067
100 : : %*% W Wy ile-u 0.040
- ; : 1 MM Strong W+y p p .
801 : : 1M Ty/Vyy Photon 0.035
601 3 =Z:')e; e — v, jet— e,y Bkg. 0.035
40 1 [ jet—y Lepton 0.027
20 [ W et—e E,?"SS 0.023
[
. T Signal theory shape 0.020
2 121 S S N Y NPRURRY | T e m Signal theory acceptance 0.12
T : : o Data stats. 0.16
ozsrsDitiPisgfg/olzs\o\s Ur:c: r Tr;tys/o'zf: 5Pre1/(;D OS1t5m5/0'25 05 10 155025 05 10 15 5 ji [TeV] W iet / 7V +1i t N 0 0‘73
7 M vy +jets/Zy + jets Norm. :
Fake-e CR W], CR CR Zpevcen CR SR -my MC stats. 0.063
Total 0.25
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Observation of EW Z(=>vv)yjj production

- Measured fiducial cross-section: 1.31 + 0.20(stat) + 0.20(syst) fb
* Predictions:

— 1.27 £0.01(stat) £ 0.17(scale) = 0.03(pdf) fb

— LO from MadGraph and 0.3% NLO QCD K-factor correction from VBFNLO

- The observation of EW production of Z(— vv)yjj lays the groundwork for BSM searches
— Invisible nggs and H%yyd

jooL ATLAS Postfit ~ *Dus  Nuworny ]

% R % E ATL A S Posi-fit -@- Data N\ Uncerta inty
O] T Ys=13TeV, 139 fb" EW Z+y [ Strong Z+y (O} L Vs=13TeV, 139 b EW Z+y I strong Z+y
o [ SRinB, EW W4y I strong W+y o 108 - SRin B(H—>W ) EW W- [ strong w.
- 8ok \§ W Avyy et . 0 TR NS N g
™~ L J ey jet—y ] — je
"2 60 \\\\ == H(B,, =0.37) ] 0
g 5
L \\kV + ] kT
AN &
NNN QNN
o o
5 T feeranti 4 \
o o C ]
05:_'.'Dt/Bkg N Uncertainty — Pre-/Post-fit == 1+Signal/Bkg + ]
107720 30 40 5080 70 80 90 100 110 "0 B0 100 150 200 250 300 350 400 450 500
Photon E; [GeV] m; [GeV]
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Observation of EW ZZjj production

arXiv:2004.10612

« Two final states 4l and 212v used and combined

— Very low rates, but clean final states in 4l - Prisise Significance Obs. (Exp)

. - T 00elyj 1.5 0.4 0.95+0.22 5.5 (3.9) o

Using BDT to separate EW and QCD Zzjj -~ Ik s T2 (15 o

: T Combined | 1.35+0.34 | 0.96+0.22 5.5 (4.3

+ CRs used to constrain the QCD ZZjj ombine (43) 0
° 22— T T T < IATLASHI |"|"'{"'|'Z'Z
S 20 ;ggngD) =§§§EZW). ?; 35f Vs=13TeV, 139fb‘50t£‘er5 Eﬁ%&%%é 1 . -
i mOres " lreetany | § | 00z S UReatany | Fiducial cross-sections measured for the
G 1ef ggﬁgs,TeV,139fb'1 - 2 inclusive EW+QCD ZZjj production

14p SignajIjRegion ] _ |

: | Ew=aco -

8 g 1.27 £0.14 fb 1.14 + 0.04(stat) + 0.20(theo)
) llvwjj ~ 1.22+035fb  1.07 +0.01(stat) + 0.12(theo)
) 5
L 18 Y fe— . EW: LO MadGraph
®1.25 B0 . ; ;
%07;%“))%/(%{/%/)%( 5;33” o i) QCD: Sherpa 0,1j@NLO+2,3j@LO
8 085 65060402 0 02 04 06 08 1 & i)'5—1 0.8 06 0402 0 02 04 06 %.8 1
MD MD
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https://arxiv.org/abs/2004.10612

Observation of yy=>W=*W+ production

PLB 816 (2021) 136190
« At LO, only involves diagrams with TGCs and QGCs ; Wy W

- Signal includes both elastic and dissociative contributions

« Only WW-evuv used to suppress the background
— CRs used to constrain gqq—>WW and Drell-Yan i w-
- ee and pu events used to constrain yy — lI/WW [3.59 + 0.15]
- Measured fiducial cross-section:
— o(yy—WW) = 3.13 = 0.31(stat) = 0.28(sys) fb (8.4 0)

60

on YYy—>1T
Ny =0, P, > 30 GeV B qg-WwW

I Non-prompt
I Other qq initiated

50 —
B Drell-Yan —

Events / 20 GeV

40

#444< Total uncertainty
— Consistent with SM predictions %
A 20
ep
Pr 10
>30 GeV SR CR 5
qq2>WW £
CR CR S
<30 GeV DY 50 100 150 200 250 300 350 400
» Nyr M, [GeV]
0 1-3
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https://www.sciencedirect.com/science/article/pii/S0370269321001301
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VBF, VBS, and Triboson Cross Section Measurements status: February 2022

LI B S B B B B B B N B B B N B L N B L B B B B B B LI B B B B B B B B N B B N B B |
o =72.6+6.5+9.2fb (data) h

YvY
Zyy—-tlyy
— [Njer = 0]
Wyy—-tyyy
— [Njer = 0
WWy—-evuvy

WWW, (tot.)

— WWW - £vevij

— WWW s évevey
WWZ, (tot.)

Hjj VBF
— H(»WW)jj VBF
—H(->yy)ii VBF

Wjj EWK M(jj) > 1 Tev)
— M(jj) > 500 GeVv

Zjj EWK
Zyijj EWK

yy - WW
(WV+2V)jj EWK
W=W+#jj EWK

W2zZjj EWK
ZZjj EWK

NNLO (theory)

o =5.07+40.73 - 0.68 + 0.42 — 0.39 fb (data)
MCFM NLO (theory)

o =3.48+40.61-0.56 1+ 0.3 — 0.26 fb (data)
MCFM NLO (theory)

o =61+1.1-1212fb (data)
MCFM NLO (theory)

0=29+0.8-0.7+1-0.9fb (data)
MCFM NLO (theory)

0c=15+09+0.5 b{\‘
VBFNLO+CT14 LO ) (theory)

o =0.82+0.01 + 0.08 pb (data)
NLO QCD (theory)

o =230+ 200 4 150 — 160 fb (data
Madgraph5 + aMCNLO (theory.

o =0.24+0.39-0.33 + 0.19 fb (data)
Madgraph5 + aMCNLO (theory)

o =0.3140.35-0.33 4 0.32 - 0.35 fb (data)
Madgraph5 + aMCNLO (theory)

o =0.55+0.14 + 0.15 - 0.13 pb (data)
Sherpa 2.2.2 (theory)

o =4+0.3+0.3-0.4pb (data)
LHG-HXSWG (theory)

o =243+ 0.5—0.49 + 0.33 — 0.26 pb (data)
LHC-HXSWG YR4 (theory)

0-—079+011 0.1 +0.16 —0.12 pb (data)
NNLO QCD and NLO EW (theory)

o =0.51+0.17-0.15 4 0.13 - 0.08 pb (data)
LHC-HXSWG (theory)

o =65.2+4.5 +5.6 b (data)
LHC-HXSWG (theory)

o =425+98+3.1-3fb (data)
LHC-HXSWG (theory)

o =49 + 17 + 6 fb (data)
LHC-HXSWG (theory)

o =435+6+9 fb (data)
Powheg+Pythia8 NLO (theory)

o =159 + 10 + 26 fb (data
Powheg+Pythia8 NLO (theory)

o =144 +23+26 fb ( dat(g
Powheg+Pythia8 NLO (theory)

o =37.4+3.5+5.5 fb (data)
Herwig7+VBFNLO (theory)

o =10.7+0.9 + 1.9 fb (data)
PowhegBox (NLO) (theory)

o =4.49 + 0.4 +0.42 fb (data)
Madgraph5 + aMCNLO (theory)

o =1.1+0.5+0.4fb (data)
VBFNLO (theory)

o =3.13+0.31+0.28 fb (data

)
MG5_aMCNLO+Pythia8 x Surv. Fact (0.82) (theory)

=6.9+2.2+1.4 fb(data)

HERWIG++ (theory)

o =451+86+159-14.61fb (da
Madgraph5 + aMCNLO + Py1h|a (theory)

o =2.89+0.51-0.48 4+ 0.29 — 0.28 fb (data)
PowhegBox (theory)

o =15+0.5+0.2 fb (data)
PowhegBox (theory)

o =0.57+0.14 - 0.13 4 0.07 — 0.05 fb (data)
Sherpa 2.2.2 (theory)
=0.29+0.14-0.12 4+ 0.09 - 0.1 fb (data)
VBFNLO (theory)

o =0.82+0.18 +0.11 fb (data)
Sherpa 2.2.2 (theory)

ATLAS Preliminary
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Theory
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009

Summary

- VBS/VBF processes are essential probes to unveil the nature of the Higgs
mechanism

— Also sensitive to new physics that modifies TGCs, QGCs and HVV couplings
- Sensitivity grows with V3
- Comprehensive program within ATLAS to measure EW Vjj and VVjj
productions

— Entering from the discovery phase to the precision measurement phase
— Large theory uncertainties in many channels

— Background modelling is also key to precisely measure these processes

See also:
EFT interpretations by Evgeny, May 16
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https://indico.cern.ch/event/1109611/contributions/4789866/
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Differential measurements of EW Zjj production

EPJC81(2021)163

- Probe VBF production and triple gauge couplings
- QCD Zjj background constrained in each bin of observable using control regions
- Poor modelling of m; by MC event generators - corrected using data

Differential cross-sections measured in m;
— Using bin-by-bin EW Zjj signal strengths

i 1Ay;l, prll and Ag;

— T T T T T T T | T T T T T T
w - < 10FATLAS Vs=13TeV, 139 fb™! 3
€ | s[ATLAS Postfit Vs =13 TeV, 139 fo™, Zj—llj ] O [zl Nyt =0, &, < 0.5 (EW SR) |
g’ -¢- Data Bl EW Zjj (Pownec+Py8) ] Strong Zjj (MG5_NLO+PY8) EE o) 1k —pe— ’ Data. stat. unc.
w -, ZV(V—jj) Il tt, single top [ Other VV == Uncertainty — Fnes— oo t ER TS
10 : ' = = C Total unc. ]
3 E 107"k E
-O E =
10° ~ | . 3
-2 L a
 he
3L -
10 10 ) 3
E E [o] Strong Zjj (SHERPA) + X
- _, [ [&] Strong Zj (MG5_NLO+Pv8) + X 1
1 107 F . X = EW Zj (HerwiG74+VBrNL0) + ZV(V—sjj) (SHERPA) s
S © —— : — : : . -
2t ©
CIE.)_ 15k Lo} 1.5 5 . o .
= 1 o 1ﬁ:gﬁ—_lmo—v—mzrﬁ_!_% -*
g o5t -%.0.5. e . L
o 92375 1234512345 123 45 o 3x10° 10° 7x10°
m; bin m; [GeV]
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https://link.springer.com/article/10.1140/epjc/s10052-020-08734-w

Electroweak W*W4%jj production

- Highest signal to background ratio among all VBS measurements
- Same-sign dilepton final states

- Data-driven estimation for non-prompt and charge-flip background
 Control regions for WZ and QCD W=*W4jj

T I T I I I T
ATLAS —+— Data

g ]
Q —
P s=13TeV, 361 fb" WWjj electroweak 1 3 - ATIAS 00 —e—Da 1 & - ' ' 1
= 250 \CS - | e oo \lilvctr\:vp_)]rjosr:gtng B & o5 ATLgST V. 361 b W-Wj electroweak __ = | ATLAS Total experimental uncertainties _|
o - ] - \s=13TeV,36.1 b W i 2 : -
2 ontrol regions m /Y conversions E 1?_) - ! mx\_/pll}osr:stng . o - \s=13TeV, 36.1 0" $ELL Experimental stat. uncertainties |
200 _% E . WZ . = 20k I e/y conversions A 4— Total theoretical uncertainties ™|
L Other prompt . i) T WA _ = . n
* 50 3 5555 Total uncertainty = 5 Other prompt s R £=== Theoretical scale uncertainties _|
+— F ] S ~ f -
150 qc) 40 3 1 ‘ 3 T 15 - 44444 Total uncertainty R L
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Electroweak WZ(-> [vll)jj production

- BDT used to discriminate between EW signal and QCD background
« QCD W?Zjj constrained using a CR
- Differential cross-sections measured for the inclusive EW+QCD WZ(-> [vll)jj

production = 1
© : ATLAS \s=13TeV, 36.1 fb’

N 45T T T T T T T T T T g | eData

S = ATLAS . &ﬁiEw 3 . . . —_ — Sherpa (scaled)

R 405_ ’S=13Tev’ﬁ6'1 fo WZ-QCD E Observed S|gn|flcance. 53¢ j] g e WZEW x 1.77 1

5 o WZzjj SR -tffsvad.|eptons . (expected: 3.2 o) 3 C .- WZ{-QCD x 0.56 —I—'
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25E % E i
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EW VVjj Production in semileptonic final states

- Analysis performed in three lepton channels

PRD100(2019)032007

— 0O-lepton (vvqq), 1-lepton (lvgq) and 2-lepton (llgq)
* Do not distinguish between W->qq’ and Z->qq

— allow for both boosted (one large-radius jet) and resolved (two small-radius jets) topologies
- 6 separate BDTs are trained for 0/1/2 lepton and boosted and resolved regions

2-lepton

1-lepton

0-lepton

Combination

1 1T T
. ATLAS s=13 TeV, 35.5 fb™!, Observed |
— Tot. Tot. ( Stat. Syst.)

— Stat.

| +0.83 +0.65\ |
- —- 1.977 0.77 (t050 * 0.59 )

+0.53 +0.47y _|
- - 0.33" )25 (2025 7 )

- ——e—i— 247+13% (1080 * 33)

- [ S| +0.42 +0.37\ _|
1.05_0_40 (£0.20 T 52y)

Best fit u=o/c -

Observed significance: 2.7 ¢
Expected significance: 2.5
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007

Observation of yy=>W=*W+ production
PLB 816 (2021) 136190

> L I R T 3
s ATLAS ]
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Number of reconstructed tracks, Mo

The distribution of my, in the region where the signal modelling correction is
extracted as the ratio of the yield of yy—{ and yy—WW processes passing
the exclusivity requirement of n;,=0 to the yield of the simulated elastic
process only.
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