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1. WWijj opposite-sign (OS) leptons
2. WWjj with same-sign (SS)
3.W/Z+y

* Newest results reported, full Run 2 statistics and leptonic channels (cleanest ones)
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W*W-jj in two leptons, OS

CMS

PLB 841 (2023) 137495

Obs.+Xxsec

* Both ee/uu, eu, observation5.6 o

(5.0 o expected)
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cross-section in
fiducial region
(13% stat, 14% syst.)

ATLAS-CONF-2023-039
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ATLAS
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Only eu, split SRin 2, 3 jets
Observation 7.1 o (6.2 o expected)
Top well constrained in the fit from a CR

ATLAS Preliminary Vs =13 TeV, 140 fb
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tagging jet (4)
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tagging jet (3)

* Sensitive channel, both
experiment
observation, in
agreement with SM

e Top main backgrounds,
especially challenging in
eu, constrained in both
by CR with b-jets

I

+ 100 %% u(top) . AT.LAS spll'Ft!ng 2,3 jets.

| gains sensitivity of 1 o

| 018 | ->but still better with only

—— 0.84 ', u(Strong W'Wjj)

| eu channel

| . * Uncertainties

: 1210z | HEWKWW) dominated by statistical
0.5 1 1.5 2 25 and theoretical

EWK WWijj 12% stat out of 18% total
uncertainty, similar to CMS, but slightly better
with just one channel. Slightly better
experimental uncertainties?

* Question: Can we find a
common fiducial region
to compare CMS-
ATLAS?



https://www.sciencedirect.com/science/article/pii/S0370269322006293?via%3Dihub
https://cds.cern.ch/record/2865482

CMS-PAS-SMP-22-008
SS leptons, one as hadronic tau:

2.7 0

* Largest background jets faking 7y, ,
estimated from data

e EW 2.7 0 (1.9 o expected), but first
measurement of this kind

e Still statistics limited
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Theory/Data

ATLAS-CONF-2023-023

ATLAS

EXPERIMENT

* Largest EWK to QCD ratio, 52% purity

e Already observed in 2016 data, now
moving to fiducial/differential cross
sections

* Predictions generally OK, a bit lower
especially for NLO, m; not well
reproduced
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Also observed by CMS (W, W, ) PLB 812 (2021)
136018

e or u: Obs.+ xsec+ BSM

fur/N* [1/TeV4]

Golden channel SS e or u

provides the best
sensitivity

Moving to differential
cross sections and BSM
limits (aQGC, dim-8 EFTs)

T, still statistically

limited, large jet-fake

background, but
interesting to try it

EFT interpretation
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https://cds.cern.ch/record/2859330
https://cds.cern.ch/record/2867989?ln=en
https://inspirehep.net/literature/1818160

WorZ+vyjj

. * Improved sensitivity
CMS, PRD 108 (2023) 032017 s
I | W Vjj Obs. + diff xsec + EFT-dim8 FRPERIMENT  Zyjj Obs. + xsec + diff adding the neutrino
Ny _ channel
* EWKW yjj process 6.0c * Zyjj in dilepton + neutrino channel, e Both allow
observed (6.80 expected) observed process, differential cross differential cross
* QCD W yjj is the dominant section in | sections and aQGC
background * Sensitive to neutral quartic coupling interpretations
* Photon background challenge _ _ : e Also dim-8 EFT
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of trigger strategies


https://arxiv.org/abs/2305.19142
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032017




W*W-jj in two leptons, OS

Table 1: Summary of the event categorization on top of signal candidates preselection. In each region, same-flavor final states share the same

kinematic requirements.

Region Final state Requirements Subregion
my > 60 GeV Zy<1
ek/ue my, > 50GeV Zy> 1
no b jet with pr > 20GeV
SR Zy< 1
e my, > 120GeV Zy> 1
PT > 60 GeV
no b jet with pr > 20GeV Zy<1
He Zy> 1
e /e my > SQGeV
at least one b jet with pp > 20 GeV
U+WCeR mee > 120GeV
P > 60 GeV
np at least one b jet with pr > 20 GeV
my < 60 GeV
ep/pe 50GeV < my, < 80GeV
no b jet with pr > 20GeV
DY CR ce |An;l < 5
Imy, — my| < 15GeV |Anl > 5
P > 60 GeV
no b jet with pr > 20 GeV |An;l < 5
pp ian) > 5

q
q —>—
S w-
=
S
o
S
S w+
qg—»—=C
q/
Uncertainty source Value
QCD-induced W*W™ normalization 5.3%
tt scale variation 51%
'VBS signal scale variation 5.0%
tt normalization 4.9%
b tagging 3.5%
Trigger corrections 3.3%
DY normalization 2.9%
Jet energy scale + resolution 2.6%
Unclustered pis 24%
QCD-induced W*W-~ scale variation 2.1%
Integrated luminosity 2.0%
Muon efficiency 2.0%
Pileup 1.8%
Electron efficiency 1.5%
Underlying event 13%
Parton shower 1.0%
Other <1%
Total systematic uncertainty 13.1%
Total statistical uncertainty 14.9%

Events

Data/SM

*  Two OS leptons (electrons or muons), with dilepton mass my > 50 GeV and
transverse momentum pﬁ_f > 30 GeV, are selected with the tight selections
described in Refs. [50], [51]. The thresholds for the highest and second-highest pr
leptons are 25 and 13 GeV, respectively. Events with an additional lepton with

pr > 10 GeV are rejected,;

© pPsS >GeV;
20

*  Atleast two jets with pr > 30 GeV, my; > 300 GeV, and |Any;| > 2.5.

0.5

Process SRenZy<1 SRepZy>1 SRee-puuZy<1 SRee-pupZyp>1

DATA 2441 2192 1606 1667

Signal + background 2396.8+98.5 2239.6+106.0 1590.4+49.4 1660.5 +43.6

Signal 169.1 £20.2 69.9+84 98.0+6.5 383+25

Background 2227.7+96.4  2169.7+105.6  1492.4+48.9 1622.1+£435
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W*W-jj in two leptons, OS

Category Requirements

Leptons

b-jets
Jets

pt > 27 GeV
[7] < 2.47 excluding 1.37 < |n| < 1.52 (electrons)
[7] < 2.5 (muons)

Identification: TightLH (electrons), Tight (muons)
Isolation: Gradient (electrons), Tight_FixedRad (muons)

|dy/o4,| < 5 (electrons), |dy/oy,| < 3 (muons)
|zo sin @] < 0.5 mm

pr > 20GeV and |p| < 2.5 (DL1r b-tagging with 85% efficiency)
pr > 25GeV and || < 4.5

Event yields

Vo (o

Events

One electron and one muon with opposite electric charges

No additional lepton with pr > 10 GeV, Loose isolation,
TightLH/MediumLH (electrons) and Loose (muons) identification
>05

Mgy > 80 GeV

EPS > 15GeV

Two or three jets

No b-jet

Table 1: Selection cuts on physics objects and events that define the signal region.

Process Rjets = 2 Rjets = 3
EWK W*W~jj 158 +27 54+ 13
Top quark 2885 +£214 1851 + 131
Strong W*W~jj 1214 +£256 514+ 121
W+jets 37197 19 + 48
Z +jets 216 £62 65 + 25
Multiboson 101 £5 42+3
SM prediction 4610+ 77 2546 + 48
Data 4610 2533

Sources
)7

Monte Carlo statistical uncertainty 1.7
Top quark theoretical uncertainties 6.3
Signal theoretical uncertainties 5.8
Jet experimental uncertainties 49
Strong W*W~jj theoretical uncertainties 1.3
Luminosity 0.8
Mis-identified lepton uncertainty 0.5
b-tagging 0.4
Lepton experimental uncertainties 0.1
Others 0.3
Data statistical uncertainty 12.3
Top quark normalisation uncertainty 49
Strong W*W~j j normalisation uncertainty 2.2
Total uncertainty 18.5

Data / Pred.

ATLAS Preliminary -e-Daia wws [CJEWK W'Wj
{5=13Tev, 140 1" ~— EWKWWj [Top
[Istrong W*Wjj [l Z+jets
[ Multibosons  [Il] W+iets
Top CR 7/ Uncenainty
E_Post-Fit

01 02 03 04 05 06 07 08 09 1
NN output



WW jj in two leptons, SS with one tau

Table 1: Definition of the SR and four CRs. All regions are disjoint. The SR and three CRs Table 2: The impact of each systematic uncertainty on the signal strength y as extracted from
(Nonprompt, tt, OS) are selected from an inclusive lepton trigger; the QCD enriched CR (last the fit to measure the SM ssWW VBS signal with the DNN output distributions. Upper and
row) is selected from a jet-based trigger. o . ¢
_ lower uncertainties are given for the various sources.
Region = 14,1 ;’6,8::, additional ;l((j)ose' El
, 55 iti 1 t 0
= samem‘g/n Tw) PT - addi ;\?[;a;:o%ucl:\l/nen S Uncertamty Source T A}l — A}l
{\t_lcg{)rompt CR v X btagged fet (“medium’) Theory (PDE QCD-scale, ISR, and FSR) +0.157 —0.099
X agge medium - .
OSCR « v Magiged jft veto (“loose”) Non-prompt estimation +0.136 —0.125
QCD-enriched CR | 1 “loose” e, , or T;, no add. leptons, ps <50 GeV, My (¢, pP=) <50 GeV tt normalization +0.051 —-0.023
Prefiring +0.105 —0.059
Luminosity +0.079 —0.092
b-tagging and mistagging +0.007 —0.004
P —— BT u:p:;) § v — e (1:::£ ]e.t energy scale and resolution, Pile-up jet ID +0.079 —0.097
I% 10° Preliminary [ i diep. OS + (27 + jets) 'é lg 10: Preliminary [ i diep. OS + (2 + jets) } Plleup +0. 152 —O. 162
wEe gl A %;‘f;’:‘”‘"’sz mET e s ‘"’S: LO-to-NLO VBS corrections +0.043 —0.025
WE e TR e L Unclustered energy +0.003 —0.010
o e 1 o ~--.‘.,..,...,..~W,,ﬂ.,,,,,,,,1,,,_ W”:' Hadronic tau energy scale and DEEPTAU +0.154 —-0.152
. o . Charge misidentification +0.005 —0.010
wt -t - Lepton reconstruction, identification, and isolation +0.005 —0.024

215 N 215 MC statistical +0.324 —-0.322
Eog " O ﬂ SO_;_ v "3 ﬂ Total systematic uncertainty +0.344 —0.302
- M (Gev] S 0 %0 1000 1500 2000 W 1GeV] Data statistical uncertainty +0.522 —0.477
Total uncertainty +0.625 —0.564

Figure 2: Distributions in the invariant mass of the di-jet system for the data and the pre-fit
background prediction for the (left) e + 7}, and (right) 1 + 7,, nonprompt CRs. The overflow
count is included in the last bin. The solid red line shows the expectation for the EW ssWW
signal.




WW jj in two leptons, SS

The signal region (SR) event selection is summarised in Table 2. The expected purity of the EW (QCD,
Int) W=W#; j process in the SR is 52% (5.4%, 1.7%).

Table 2: Signal region event selection.

Exactly two signal leptons with pt > 27 GeV and the same electric charge
with |n| < 2.5 for muons and

with || < 2.47 excluding 1.37 < |n| < 1.52 for electrons

with |p| < 1.37 in the ee channel

mgep > 20 GeV
3rd lepton veto
|mee — mz| > 15 GeV in the ee-channel

Emss > 30 GeV

At least two jets

Leading and subleading jets satisfying pt > 65 GeV and pt > 35 GeV, respectively
b-jet veto for jets with pt > 20 GeV and |p| < 2.5

mjj > 500 GeV

|Ayi| > 2

b

2
! 1 2 — i
mT = \/ {.E-f-[ + ET'S)" — Ipfl".c + ET"S

T
ATLAS Preliminary
Vs=13TeV, 139 fb”!

Events

— T
. WWHi EW
-W*W*H Int

W*W*j QCD
I Wz

Non-prompt
mm Conversions

Other prompt
@ Data

w4 Tot. Uncert.

Data/Expected

I PR SN 1 A
800 1000 1200 1400

m, [GeV]

Source Impact [%]
Experimental
Electron calibration 0.4
Muon calibration 0.5
Jet energy scale and resolution 1.8
E™ scale and resolution 0.2
b-tagging inefficiency 0.7
Background, misid. leptons 3.1
Background, charge misrec. 0.8
Pileup modelling 0.2
Luminosity 1.9
Modelling
EW W=W#jj, shower, scale, PDF & a; 0.8
EW W=W#;j, QCD corrections 35
EW W=W=#;j, EW corrections 0.8
Int W*W=j j, shower, scale, PDF & o 0.1
QCD W*W*j j, shower, scale, PDF & a 2.3
QCD wW#=W=;j, QCD corrections 0.9
Background, WZ scale, PDF & a 0.2
Background, WZ reweighting 1.7
Background, other 1.0
Model statistical 1.8
Experimental and modelling 6.7
Data statistical 74

Total

10.0




CMS 138 fb' (13 TeV) MS 138 b (13 TeV)
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FIG. 3. 2D distributions used in the fit for the total EW Wy cross section measurement. The hatched bands represent the combined
statistical and systematic uncertainties in the predicted yields. The vertical bars on the data points represent the statistical uncertainties of
data. The expectation is shown after the fit to the data. EW Wy inside (outside) fiducial region stands for the events of EW Wy falling
inside (outside) the fiducial region defined in Sec. IX.

TABLE II. Exclusion limits at the 95% CL for each aQGC
coefficient, derived from the my, distribution, assuming all other
coefficients are set to zero. Unitarity bounds comresponding to
each operator are also listed. All coupling parameter limits are in
TeV~4, while Upomg values are in TeV.

old, =23.5+2.8(stat) "] (theo) 37 (syst)fb = 23.573 fb.

L4

Expected limit Observed limit Ubound
=5.1 < fyo/A*<5.1 =56 < fyo/A* <55 1.7
-7 < fy/A* <74 ~78 < fu1/A* <8.1 2.1
—1.8 < fya/A* < 1.8 —19< fys/A* <19 2.0
—25< fus/A* <25 =27 < fus/A* <27 2.7
—33< fya/A* <33 37 < fyua/A*<3.6 23
—34 < fys/A*<3.6 -39 < fys/A* <39 2.7
—13<fy7/A* <13 —14 < fon/A* < 14 22
—043 < fro/A* <051  —047 < fr,/A* <0.51 1.9
—027 < fr/A* <031  —0.31< fr/A* <0.34 25
—0.72 < fra/A* <092 —0.85 < fra/A* <10 23
-029 < frs/A* <031  —0.31< fr5/A* <0.33 2.6
—023 < fre/A* <025  —0.25 < fre/A* <0.27 29
—0.60 < fr7/A* <068  —0.67 < fr7/A* <0.73 3.1




Zy]JJ and ZZ]

Table 2: Summary of selection criteria applied at particle level.
& 14[ATLAS -e-Jst -+ Background ' & 14[ATLAS I-O-Jot  Background
Lepton p.‘; > 20, 30(leading) GeV, [n¢] < 2.5 > [ fe=13TeV. 140" ~+Other -&-Lepton ] > [(e=13TeV. 140 8" ~+Other -+ Lepton ]
Ne>2 % 12'_\’35'5"'“"09" region - Theory + Unfolding . % 12-_"55'5"""‘“4 region - Theory + Unfolding 7
t F . t C ]
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Jet pr>50GeV, |yl <44 6~ 3 6F- 3
|Ay| > 1.0 C M : X ]
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Remove jets if AR(y, j) < 0.4 orif AR((,j) < 0.3 of . . a of- B
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jets
Figure 3: Systematic uncertainties in the differential cross section for 4£jj production in the VBS-enhanced region as
a function of my; (left) and m jj(right),
pew = 1.02 + 0.09 (stat) + 0.09 (syst)
— 1 02+0 13
Ue-0.120

Table 3: The breakdown of the systematic uncertainties in the EW-Zyjj and Zyjj cross-sections. The EW
modelling component includes interference, parton shower, underlying event, PDF and QCD scale uncertainties in
the EW-Zyj j process. The QCD modelling component includes merging scale, resummation scale, PDF and QCD
scale uncertainties in the QCD-Zyj j process.

Data stat. MC stat. Background Reco EW mod. QCD mod. Total

Aoewlogw [9%] +9 +1 +1 +4 +2 +13

+8
Aozylozy (%] +3 +1 +2 s ’;i +9 Y




PROCESS

RESULTS

REFERENCE

Ssc\)/l;\;\llzed W, W, measurement P—[ZIE)BZC?1123601 o
ZZ@j)  |400+dim8EFT limits  |Gou rasesr
osWW : PLB 841
212vij) Observation + XS 2023137495
sWW to CMS-PAS-
Th 2.]o SMP-22-008
Wy Observation, differential :"3'5393:4_(2@’
XS + dim-8 EFT aV2212.12592
VBS Zy Observation SQDJM
*W semi- |[WVjj evidence with full [PLB834
. (2022)
leptonic |Run2 data 137438
pr Dlm‘6/8 QGCS JHEP 07
(4jpp) (100/fo CMS+TOTEM) (202329

* :ﬂfl e

From talk at EPS 2023 M. Presilla

Recent results

©
SATLA

PROCESS RESULTS REFERENCE
Zy (2vyjj) |Observation + dim-8 EFT é:zEPos 203
Zy (2lyj)) Observation + XS + y .73051914*
differential XS =
i - - ATLAS
Z7Z (4lj)) Diff. XS+ dim-8 EFT A o
:)ZSI\Q(/\;jV) Observation + XS M*
ssWW + | Combined EFT ATLPHYS.
Wz interpretation (36/fb) PUB-2023-002
Diff. XS + BSM +EFT ATLAS.
WW ATLAS- *
= interpretation CONF-2023-023
i Naturs Phys.
53..(;””' Observation 19 (2023) 237
1)

~f thie +all,

EXPERIMENT

*

S




