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> Vector Boson Scattering © .
O Very rare process (~ fbs), precision test of SM Ler = Lsm + Z An—"_4(9n
O Crucial to understand the Electroweak Symmetry Breaking n=>5
O To probe anomalous couplings between vector bosons, model independent search of BSM and
set limits on EFT dimension-8 operators

» VBS cross section measurement in ATLAS
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O VBS Wy hasn’t been observed at ATLAS.

> CMS EW Wyjj
O 1t observation, 35.9fb%, cut based, 5.36 (combining 13TeV and 8TeV) PLB 811 (2020) 135988

O  Differential cross section measurement, 138fb-, 6.03c CMS-PAS-SMP-21-011
Jing Peng’s talk



https://www.sciencedirect.com/science/article/pii/S0370269320307917?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011/index.html
https://indico.ihep.ac.cn/event/16608/contributions/121326/

> Physics goal

@)

Observe EW Wyjj

O Measure a fiducial and differential cross section of EW production of Wyjj

O

O

> Datasets J j %‘ﬁ:
Full Run-2 datasets (139fb1) i

Probe anomalous quartic gauge boson couplings in EFT
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> Analysis strategy
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Neural network is used to discriminate signal and background and fit the output.

A control region is defined by reverse ¢y, to constrain the QCD background.

Data driven methods are used to estimate all non-prompt, fake, pileup backgrounds.
AYj;cut-based fit is performed to check with NN results.

The extracted yields are unfolded to produce differential cross sections.



> Basic selection
O Single lepton triggers, event cleaning, GRLs

> Object selection

» Typical VBS topdlogy

¥ Two tagging jets

v Large rapidity gap AY;

At least 1 tight & isolated y 1 tight & isolated lepton At least 2 jets / L | "
T, > 22GeV T)oy > 30GeV T:y > 50GeV / arge nvaRigRLmaEs mjj
Py P ey P i Centrality - Little hadronic
Iy < 237 Imiep| < 2.5 PTjz > 50GeV activity between the two jets
> Event selection
MY > 30GeV AR(y,lep) > 0.4 | Ap(j1(2), MET) > 0.4
MET > 30GeV AR(j1,j2) > 0.4 m;; > 500GeV

|Mz — My 11p| > 10 AR(y,j1(2)) > 0.4

Standard object OR

> Additional selection
O NN fit: AYj>2
O Ay fit: my > 700GeV
O Differential extraction: AYj; > 2, m;> 1TeV




Jet faking photons — template fit method
O A prompt photon template shape f;
A real photon leakage shape fy
O DSCB function is used as the pdf function.

O The template parameters are floated but constrained
by multivariate gaussians defined by the mean and sigma

of the best fit values of the template fits.
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Jet faking leptons(e/p) — fake factor method
O Dijet events are used to estimate the fake factor
O Tight leptons: pass signal selection

Anti-Tight leptons: fail isolation or [ identification(e)
d, requirement(p)
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> Electron faking photons — fake factor method
O Tag and probe method — Z (->ee) + jets events

s00) CReg ® Data CRee e Data
pr: 122, 30) - Signal + background pt: [22, 30] = Signal + background
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Vs=13TeV ] Ys=13 ToV

EwN l§ <035

O Z (ee) events: fitting with DSCB function + Exponential function g'.,

o = 0.5, <0.35
O reco mka-V vn, <30GeV 1<30GeV, m' '<30GeV
Fake factor e Nzees,
e=y = reco reco
€e 2Neragerag Nerageprobe

O Validated in the Z veto region with reversing MET and W cuts

> Pileup background — Estimated with only converted photons VBS Zy anaIVS|s

O For hard scatter photons, the Az(PV, y) distribution should be sharply peaked at 0.
For pileup photons, Az(PV, y) is the difference of two uncorrelated gaussians with width of 35 mm (a gaussmn of 35mm>< 2 50mm)

O Using the Gaussian properties of the pile-up Az distribution, 32% of pile-up events are " buta e o
wlelestmn _ yistoson . C is @ normalization factor derived by I B ]
P N 0.3 comparing the QCD Wy and EW Wy to data. **ﬂf 1 oy e . *ﬂﬁ
S ; S fou = 1.24 + 81% ot o
is is only applied after data is unblinded!

(work-in-progress) - e P A



https://cds.cern.ch/record/2644987/files/ATL-COM-PHYS-2018-1493.pdf

> Simultaneously fit the NN output in signal region and control region. Expected
significance is extracted on Asimov data.
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> Signal strength and QCD normalization after fit to Asimov data

NN_score

NN_score

> Expected significance: 12.3 o (work-in-progress)
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> The relative impact of each nuisance parameter is evaluated by performing the fit for
each nuisance parameter with that nuisance parameter fixed and comparing the

result to the nominal fit.

> Dominated by theory uncertainties

» The fiducial cross section is calculated as

Nsig
- L

ofid

N2 is the number of fitted events in data, £ is the integrated luminosity of the dataset

C is a correction factor to account for the imperfect reconstruction efficiency of the detector.

Reco

NrBC"O

- NJfid

Truth

TST MET
Object overlap removal
Iso~ <2.45+0.022pT,

MET from non interacting truth particles
Reduced Object overlap removal
IS0~ <6.43+0.022pT-,

Post-fit impact on p:
o =0+A0 po=0820

—e— Nuis. Param. Pull

QCD sherpa - mg syst CR
JET_Flavor_Composition

JET_Flavor_Resp:

aRnaaaseaananay
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ZT_Etalntercalibration_Modelling

JET_JER_DataVsMC_MC16
JET_Pileup_OffsetMu

PH_EFF_ISO_L
JET_JER_EffectiveNP_3
PH_EFF_ID_L

JET_JER_EffectiveNP_2
QCD_Sh2211_muR
JET_Pileup_OffsetNPV
JET_JER_EffectiveNP_1
ET_JER_EffectiveNP_7restTerm
FT_EFF_Eigen_Light 0
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Vs =13 TeV, 139 fi”! Uncertainty Source +Apu —Ap
Signal scae - Theory 0.150  -0.150
[ == ] Jets 0.059 -0.059
gl I - S stat. 0.038  -0.038
o P Luminosity 0012 -0.012
Luminosity - Pileup Reweighting 0.017 -0.017
e = NormFactors 0.014 -0.014
aCOWySF | — Photons 0.013 -0.013
Flavor Tagging 0.008  -0.008
Muon 0.007  -0.007
Jfakemu 0.004  -0.004
Missing Er 0.004  -0.004
Jet fake photon 0.004  -0.004
Electron 0.004  -0.004
Egamma 0.003  -0.003
Jet fake elctron 0.035  -0.003
lllllllllllll A Electron fake photon 0.001  -0.001

-2 -15 -1 -05 0 05 1 15 2 Total 016 0_16
(6-6,)/A8

aﬁﬁ =9.603 + 1.796(+0.894(stat) + 0.714(sys.) = 1.343(rh.) + 0.336( fakes)) fb (work-in-progress)




21 CRa CRb

> Differential cross sections are measured as a function of my;, py; and A(bﬁg”ed.-
> A binned maximum likelihood fit in SR + 1CR or 3CRs.

=0 SR CRc

035 &,

> The likelihood function is defined as (with indices 7, 7running over regions and bins

reSpeCtIVe IV) ) ) v,; is the total MC estimate given by N,-‘Z?f: Number of jets in
(1 (1 = gy EWMC strong non-Wy MC SV
L= 1_[ PDiS(N:i:‘“alyrivyi(a))PﬂiS (( VI;;( ) ) nyf ( V:; ( ) ) ) Vi Hi Vrf + Vri + vri H rapldlty gap Ay
r.i r rt a = (y1,..., Unsbr 1, ..., b b1, b, f(xi))

> Extraction of differential event yields and Iterative Bayesian unfolding method
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The current progress of EW production of Wryjj with full run2 data are
presented.

The MC samples, phase-space, event selection and backgrouhd are
studied in detail.

The expected significance of EW production of Wyjj can be obtained by
fitting NN output. A cross check with AYj; fit is also performed.

The fiducial and differential cross sections are measured. |
AQGC study with EFT dimension-8 operators is performed in parallel.
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> Single lepton triggers

Electron

HLT _e24 |hmedium_L1EM20VH
HLT_e60_lhmedium

HLT e120_lhloose
HLT_e26_lhtight_nodO_ivarloose
HLT_e60_lhmedium_nod0
HLT_e140_lhloose_nod0

* Muon

- HLT_mu20 iloose_L1MU15
- HLT_mu26_ivarmedium
- HLT_mu50




> release 21.2, STDM4

signal
nominal QCD

sample
generator choice

systematic

jets faking photon

jets faking lepton

Process Gencerator ME Accuracy PDF Shower & Hadronization  Paramcter Tune
[EW Wyii]  Madgraphs 1O NNPDF3.1 LO Pythia8+EviGen Al4
QCD Wyij herpa 2.2.11 NLO NNPDF3.0 NLO Sherpa default

Madgraphs NLO NNPDF3.0 NLO Pythia8+EvtGen Al4

EW Zyjj Madgraph5 LO NNPDF3.1 LO Pythia8+EvtGen Al4
RCD Zyjj|  Sherpa2.2.11 NLO NNPDF3.0 NLO Sherpa default

ty Madgraph5 LO NNPDF2.3 LO Pythia8+EvtGen Al4

Wy Madgraph5 LO NNPDF3.0 NLO Pythia8+EvtGen Al4
1qy Madgraph5 LO NNPDF3.0 NLO Herwig7+EvtGen Default

Single Top Powheg NLO NNPDF3.0 NLO Pythia8+EvtGen Al4
[ W+jets | Sherpa2.2.11 NLO NNFDE3.0 NNLO Sherpa Default
Z+jcls Sherpa 2.2.11 NLO NNPDFE3.0 NNLO Sherpa Default
Diboson Sherpa 2.2.2 NLO NNPDF 3.0 NNLO Sherpa Delault

Dijet Pythia8 1.O NNPDF23 LO Pythia8+EviGen Al4
[EWWii| Sherpa2.21 NLO NNPDF3.0 NNLO Sherpa default
TEWZj Sherpa 2.2.1 NLO NNPDFE3.0 NNLO Sherpa default

" Powheg NLO NNPDF3.0 NLO Pythia8+EviGen Al4

tW Powheg NLO NNPDF3.0 NLO Pythia8+EviGen Al4




> Input variables used in NN training(ordered by

ATLAS work-in-progress ¢
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Training Variable

Ngapjels
PLi1L

MTw

&

Ew
ARWY. jJ)
gl_\'

AY(j. J)
pT

pTy
AR(W,y)
My,
An(jl, j2)
pTw

Ewy

AR(y. j)
pTwy
Ap(Wy, jj)
nj



> Fit AY;; simultaneously in signal and control regions. ATLAS workinprogress + s

—&— e-channel

Luminosity
PDF sot (EWK)

* dyn_scale (EWK) SR
,_! x dyn_scale (EWK) CRa
QCD model, Shape
#,/ 4, (QCD), SR
p"/ QD). CRa
PBF sht (@CD)
a, (QCD)
PDF alt. set (QCD)
PDFsel[(l‘r]
pu 1) SR
u iﬂ {tfy) CRa

es

> Sideband CRs are used to constrain QCD background
O Require &y < 0.5

> Fit performed in electron and muon channels separately.

EG_Scale

Jel_BJES
Je_EffectiveNP_1
Jet_EffectiveNP_2
Jet_EffectiveNP_3
Jet_EffectiveNP_4
Jet_EffectiveNP 5
Jel_EffectiveNP_6&
Jel_EffectiveNP_7
Jet_EtaintCalib_Modelling
Jet_EtalnCallb_NenClosure_2018data

> All theory and experimental systematics included
as described above. i

gap
Jet_EtaintCalib_NonClosure_negEta
Jet_EtalntCalib_NonClosure_posEta
Jet_EtalntCalib_TotalStat
Jet_Flavar_Compesition
Jat_Flavor_Response

Jel_JER DataVsMC
Jel_JER_EffectivelP_t

Jet JER_EffectiveNP 2
Jat_JER_EffectiveNP_3
Jel_JER_EffectivelP_4
Jet_JER_EffectiveNP_5
Jet_JER_EffectiveNP_6
Jet_JER_EffectivelNP_TrestTerm
Jel_Pileup_OffsetMu
Jet_Piloup_OtfsetNPY
Jat_Pileup_PtTerm

Jel_Pileup._| HheTopology

ATLAS work-in-progress CRa_, CRa,

p-channel e-channel ;
Expected (Asimov) 7.00 6.00 1

SR, SR,

0.7 1 m; [TeV]

MET_SofiTrk_ResoPar.
MET_SoftTrk, lePﬂrp
MET_SoftTrk_Scale
Muon_ID

Muon_MS
Muon_Sagitia_Resbias
Muon_Scale

PRW _datast




