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Introduction

Standard Model Production Cross Section Measurements Status: July 2019
> Vector boson scattering is amongst g ., ]
g 107 Fe [ E
the rarest processes currently & 0
accessible at the LHC w e ]
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» ATLAS has performed studies of 10 WG p 52 19TeV E
vector boson scattering in: 10! L
> WEWH%jj final states 1 g % > ]
(arXiv:1906.03203) 0t CRl LTINS ]
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> W*Z jjfinal states
(Phys. Lett. B 793 (2019) 469) 8"
> semi-leptonic V Vjj final states ”*2%‘
(arXiv:1905.07714) woms 1 Wz @t W M WVVrawazan @ 7 Viww Wy i
> (Zyjj at 8 TeV, not shown today) b |

> First measurement of ZZjj final states in ATLAS (ATLAS-CONF-2019-033) NEW!

Bomn

> Most studies still based on 36.1 fb™* of pp data recorded at /s = 13 TeV
in the years 2015 and 2016

> First results with full run-2 dataset of 139 fb™* available
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-23/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-033/

Vector Boson Scattering

> Electroweak symmetry breaking required for a renormalisable electroweak theory
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» VBS diagrams involve s- and/or
t-channel exchange of Higgs boson
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» At the LHC the V V jj final state can be
produced by:
> purely electroweak interactions at
Born level
> processes involving both strong and
electroweak interactions
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> Interference between electroweak and strong production assigned as uncertainty
on our measured signal cross sections (evaluated at LO with Madgraph)

> Not included in the theoretical prediction

3/13



Run: 302956 o
Event: 1297610851

2016-06-29 09:25:24 CEST

m;; = 3.8 TeV o

An electroweak W*W*jj candidate event. The jets have pr=118 GeV and pr=104 GeV, with m;=3.8 TeV and Ay;=7.1.



Observation of Electroweak W*W=jj Production arXiv:1906.03203
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> The analysis explores different background § PR s oo E
oy . . . . . £ l2 —— MG5_aMC_NLO+ o
compositions in a likelihood fit to five bins in mj; S 0k e
(by fitting eTet, e"e™, etut, e, utut, upu~ separately) § osf 3
> Separate bin to constrain WZjj yield 3 E
0.867 007 (stat.) Jod (exp. syst) 051 (mod. syst) ok E
o ]
- : T .
» Background-only hypothesis rejected with 6.50

ATL-PHYS-PUB-2019-004 ™)
(Where 4.40- and 6.50- expected from Sherpa and PowhegBox+Pythia8, respectively)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-004/

W=W=jj — Results

T T
Total experimental uncertainties _|

ATLAS
Vs=13TeV, 36.1fb" & Experimental stat. uncertainties |
Total theoretical uncertainties |

O-lidv [fb]

Z=== Theoretical scale uncertainties _|

Z
Interference with strong production and NLO EW
corrections are not included in theoretical predictions
1 1
Sherpav2.2.2 Powheg+Pythia8 Data

> The fiducial cross section is measured to:

o™ = 2.8970 (stat) 52 (exp. syst) 'S s (mod. syst)'Oo (lumi.) fb
compared to 2.017953 fb (Sherpa2.2.2) and 3.0870:% fb (PowhegBox+Pythia8)

> The multi-leg configuration of Sherpa mitigates effects of the non-optimal colour-flow
setting on differential distributions
» Using a PowhegBox+Pythia8 signal template yields consistent results within the

modelling uncertainty
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Observation of Electroweak WZjj Production Phys. Lett. B 793 (2019) 469

. . o T T T ] o 45 T T
> Slgnal e.XtraCted by ﬁtFIng < 120 !‘ézl;:sv‘asw‘ é%gﬂc‘/n —: 2 40 é:’:s‘}fv.asun' l&l:‘ﬁgg\go
a BDT discriminant built 2 WZj-QCDCR  mm s 1 25 —5
h S 100 =P I, = . tpons
from 15 variables & =iew ] @ a0 =
> jet kinematics % 1 %
- Kine ) E
(mjjy P’T s P/T s Aﬂjj; A¢jjx ,Vlly njets) 80 ] 2
> diboson kinematics 40 9 :Z
¥, ", vz = vew| m¥) 20 3 22
> combined jet-diboson o : } , E
(AR(j1, 2), R, Liep) 2 + 32°
. . s f ] =
> Background constrained in = 1ppas :*‘T e
three control regions 5 B 0 5 g E B o 5 1
BDT Score BDT Score
. . .o . SR WZjj—QCD CR b-CR ZZ-CR
» Overestimation of strong WZjj production —+; o — o >
. Total predicted 200 +41 200 + 61 160 +14 452 £ 75
in Sherpa2.2.2, Mwz-oD = 0.56+0.16 WZjj—EW (signal) 249 + 14 | 845+ 037 136+ 010 021+ 012
. . .. W‘ZIJ‘]—QCD- 144 +41 231+ 60 ?44 + 1.7 1.43+ 0.22
> Difference in electroweak WZjj between i Lo RS i
Sherpa2.2.2 and MG5_aMC@NLO v EnIom oma a0 64 si0s o8 ko0l
. . . ZZjj—EW 1.80 = 0.4.} 0.53 = 0. lfl 0.1? + 0.09 41 + 14
> Background only hypOtheSlS reJ ected Wlth vvv 0.59 + 0.15 0.93 + 023 0.13 + 0.03 1.05+ 0.30
5.30 (expected 3.207) Event yields, pre-fit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-23/

WZjj — Results

> The fiducial cross section is measured to be:

d. _ +0.14 +0.05 0.05 +0.01 H
0-€Vij—EW = 0.57715 (stat.) ;s (exp. syst.) g4 (Mod. syst.) o7 (lumi.) fb
+0.028
compared to 0.32177 ") fb from Sherpa2.2.2
% [ ATLAS V5=-13TeV,36.1f' 7 E g [ ATLAS Vs-13TeV,36.1 fb"
g [ °Data 1% & [ eom
= — Sherpa (scaled) § < - — Sherpa (scaled)
Yo e WZEWx 177 3 3 WZHEW x 177
E === WZ|-QCD x 0.56 ] = W2ji-QCD x 0.56
: 1%
> Additional results in a combined ~ e

strong + electroweak fiducial

region: 3 B

e 2F 3

. _ f0 -+

Thysi-acosew = 1.68 +0.25 fb i SRS :

. . . t'c.i n_s?if' """""""""""" Joo- ,;‘:.i
» Including differential I ;
. . . Y2 Ge [rad]
distributions T (Gev) gl

EFT motivated QCD motivated

> Variables motivated by EFT interpretations (m(WZ2), ¥ p%, A¢(W.2))
> Variables motivated by QCD studies (njets, mj, Agj, Ayj)
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arXiv:1905.07714

» Search for electroweak V'V jj production, where

one V decays leptonically and one hadronically

ATLAS - Data
. (s=13TeV, 35.5fb* -‘zNJéff
> 0 lepton: Z—vv or W—{y with Vhag - Top Quaks
> . i ;

1 lepton: W—tv wlth Vhad 2 1 ce
> 2 lepton: Z— € with Vi a¢ 7 Uncertainty

> Further categorisation into:
> Large-R jet category (anti-k; 1.0)
— with a low- and a high-purity region
> Two small-R jet category (anti-k; 0.4)

Events

= Nine signal regions

;%‘ o ‘,\rn,:;j\‘;.m.am %100’:\\\\\\\\\\\\\\\\\\\\wﬁ
S b Svaropimsed Tmmedami, R = 10jets % p . 4 P W
H Tk \r/ \ 20
> Main backgrounds 5 o - g EXTY Cid )
H N g [SDIUD]GEV Wtaggmg 00.9‘,':\\\\\\\\\\\\\\\\\\I\I\\\:‘
+ g
are V+jets production, ¢ | P e
H £ = A
i.e. the reco. Vhag ] I
1
consists of QCD jets! B I e
i Resolved| L Mo N GEEEEE GPPEEEEEE BFPEES
— Control regions o | ey cEf%ss fddggezgy TLENRN
— 1 B e N R 4T TN T S
03 04 05 06 07 08 09 1 SSS T a - .aaq T3 NI T
for W, Z and tt e 99917 Tddggsdiy Ta9°%g
ignal efficiency () g2 e )

Eur. Phys.J. C79 (2019) 375
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-03/
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V jj — Results
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The background-only hypothesis is
rejected with 2.70 (where 2.5¢ are expected from MG5_aMC@NLO)

The fiducial cross section is measured to be:

o4 =451 + 8.6 (stat.)

+15.9
-14.6

(syst.) fb

in the combined fiducial phase space, compared to 43.0 + 2.4 predicted by MG5_aMC@NLO
Fiducial cross sections are also reported for each signal category separately
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Measurement of ZZjj Production ATLAS-CONF-2019-033

» Measurement of ZZjj production in a phase space Process 0itj; Tovj;

enriched in electroweak events <§<‘JNDZZszj gg.gizzg }ggig?
jj 4425, 2+35
> mj; > 300 GeV (4¢) and mj; > 400 GeV (2(2v) QCD ¢9ZZjj 131+ 44  35+1.1
> vl Y2 <0 Ayi > 2 Non-resonant-£{ - 21.4+48
ey i wz - 22.8+1.1
> Separate analyses in 4¢jj and 2£2vjj final states Others 324 21 12409
A . . Total 114.3£25.6 78.4+6.2
» First SM publication with full run-2 dataset Data 127 82
> Measured cross sections: R
8 voaa  mzew ] & i j bata | mZZEW) |
g mzziach) Mooz ! -Omevs B7z000)
0-4[” = 1.27 + 0.12(stat.) + 0.08(syst.) fb : Worers 7 Urctanty Buve DUk

ATLAS Preliminary ] ATLAS Preliminary
Vs=13TeV, 139 fb"! Vs =13TeV, 139 b

Ever

G'zfzv,, = 1.22 + 0.30(stat.) + 0.18(syst.) fb

wij
Signal Region

)
Signal Region
> in agreement with the predictions

from MG5_aMC@NLO of 1.14 + 0.20 fb
and 1.07 + 0.12 fb, respectively
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-033/

Observation of Electroweak ZZjj Production
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> The electroweak signal is
extracted using a BDT with 12
(4¢) or 13 (2£2v) variables

» A fit of the BDT discriminant is
performed simultaneously in
4¢jj and 2£2vjj (with a 4¢ QCD CR
defined by events failing Ay;; or my;)
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BDT Output

> Electroweak ZZjj production is observed for the first time with the background-only
hypothesis rejected with 5.50 (expected 4.30- from MG5_aMC@NLO)

> The fiducial cross section is measured to be:
0% ew =0.82+0.21fb

in agreement with the MG5_aMC@NLO prediction of 0.61 + 0.03 fb
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Conclusions

> Electroweak W*W=jj and WZjj production observed by ATLAS in 36.1 fb™! of data

> fiducial cross section of electroweak W*W=jj measured
> fiducial cross section of electroweak W*Zjj measured
> differential cross section of W*Zjj measured in a phase space enriched in VBS events

> These are amongst the most elusive processes measured at the LHC so far

v

Search of semi-leptonic V V jj production with a significance of 2.7¢0 (expected 2.5¢0)

v

The full run-2 dataset offers the possibility for detailed studies of VBS final states

v

First observation of electroweak ZZjj production in the full run-2 dataset of 139 fb™*
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