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Overview

* Introduction to the vector boson scattering:

v' Motivations
v' General aspects of the analysis
v" Timeline
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One of the lowest cross section
processes studied with the LHC

* Observation of the electroweak diboson production with the CMS and the ATLAS detectors

* Future plans



Vector Boson Scattering o

a, order: 0

Diboson production via vector boson scattering

* Very precisely described process with the Standard Model

* Deviation from prediction could be a sign of new physics

EW sym. breaking sector: unitarity

310‘0; ———r —
£ 10° [ =
© L _
107 |- g . . .
_ T * Can be used to constraint non SM Higgs Models with
10° - E enhanced couplings to vector bosons
103:— - _
10; : * Could be used as an indirect probe of Higgs properties,
- = through longitudinally-polarized boson scattering (need
e higher integrated luminosity)

C. Bittrich, CERN-THESIS-2015-039 Ecm in GeV



Vector Boson Scattering

dgy Order: 6
a, order: 0

Diboson production via vector boson scattering

* Very precisely described process with the Standard Model

* Deviation from prediction could be a sign of new physics

access to Quartic Gauge Couplings

35.91b" (13 TeV)
—

._% :‘CMS‘ | | | | —e— Data _
> Bl f H o o o o
g .0 B s b * Quartic gauge couplings could be modified by new physics (aQGC)
> i W . . . . . . .
! = ] * Effect on high energy tails of kinematical distribution such as M;
20— B Ew-wzj —
I o P Tr0 P STl * ATLAS and CMS choice for interpretation: Effective Field Theory
i  satosy. E A flor - o] VBS very sensitive to
- el P ‘g:gSM*_Z /;2 356)"'2 F:ZEB) dim.8 parameters
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Vector Boson Scattering o

a, order: 0

Diboson production via vector boson scattering

* Very precisely described process with the Standard Model

* Deviation from prediction could be a sign of new physics

EW diboson production

q q q _
f
\/ q t Q—>—0/\Nv<f
ikkg g Y 7
* can’t be dissociated from VBS process £ ; / qAHwéf
| | g ; ;;
e observation and cross section measurements concern a q
both groups of diagrams
srotp 5 agy order: 6

a, order: 0
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Vector Boson Scattering o

a, order: 0

Diboson production via vector boson scattering

* Very precisely described process with the Standard Model

* Deviation from prediction could be a sign of new physics

* Create an VBS enhanced phase space

Very characteristic kinematical profil:

tagging jet (4)

* Two high P; forward jets (high An, high mj)

* Diboson products in the central region



A typical VBS event (W*Wtjj)

p*utjj Candidate Event

m;i=2800 GeV

|Ayii|=6.3
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Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC




QCD diboson production e order: 4
a, order: 2
QCD diboson production in association with two jets ‘ ‘ ;
. ! l ! l CIA—M‘(W/‘(Z
* Very high background for most channels ¢ ¢ Y ;
q by ! qﬂﬂy\éé
_ _ 12
q q )
EW diboson production: very characteristic kinematic signature
w0 T T T AL AL AL M o (Ia) I Ipp__lzjjj)l(_
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arXiv:hep-ph/9605444
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typically m;>500
GeV in VBS analyses

1/ do/d|An|
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dijet invariant mass

centrality

Same final state as EW: |MINC|2 = |MQCD + MEle = |MQCD|2 + |MEW|2 + ZXRQ(MQCD*XMEw)

Interference term: Taken into account as shape uncertainty in most analyses



https://arxiv.org/abs/hep-ph/9605444

| Run 3 ’ Run4-5
LSt EYETS LS2 14 Tev 14 Tev
13 TeV energy
splice consolidation INJECTOR UPGRADE 233151;
olimit =
7Tev |8 TeV button collimators TDIS absorber interaction . s LH? luminosity
| R2E project 11T dipole & collimator regions installation I
Civil Eng. P1-P5 ﬂ
2013 | 2014 l 2015 | 2016 ’ 2017 2018 2019 | 2020 ‘ 2021 | 2022 ‘ 2023 ’ 2024 ‘ 2025 ‘ 2026 |”||H|| 2038
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
75% nominal luminosity — ALICE - LHCb = !
pominal upgrade

uminosity !

Run

integrated
luminosity

150 b 1300

1 anlysis: 8 TeV

WWss and Vy limits on aQGC limits on aQGC
WZ limits on aQGC

semi-leptonic WV+jj limits on aQGC



HL-LHC
| Run 3 ’ Run4-5
LS E (ETS LS2 14 Tev 14 TeV
13 TeV 5107 energy
0/ X
splice consolidation INJECTOR UPGRADE cryolimit HL-LHC nominal
7 TeV 8 TeV button collimators TDIS absorber interaction luminosity
eV & —— R2E project 11T dipole & collimator regions installation }
Civil Eng. P1-P5 _\

2011 ‘ 2012 ‘ 2013 | 2014 | 2015 | 2016 | 2017 | 2018

ATLAS - CMS
experiment upgrade phase 1
. beam pipes 2 x nom. luminosity
% i inosi — = ALICE - LHCb }
B nominal luminosity 1 upgrade L

luminosity ]

First Run 2 anlysis: 13 TeV

2019 | 2020 ’ 2021 | 2022

2.5 x nominal luminosity

| 2023 ’ 2024 ‘ 2025 ‘ 2026 ||||H||| 2038

radiation
damage ATLAS - CMS
upgrade phase 2

3000 fb' e

ATLAS (36.1 fb!) CMS (35.9 fb)

WWss observation
W2z observation

(limits on charged Higgs™)
/7 -

*Phys. Lett. B 787 (2018) 68, from resonances searches

observation, limits on aQGC
and charged Higgs

limits on aQGC and charged
Higgs
limits on QGC

also see talk from K. Kordas
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W=W %jj channel

Best EW/QCD and S/B ratio channel

Selection:
* Exactly two same sign leptons

* At least two high P; forward jets W h
 Missing energy > SERY CIERE e oty
Suffering from high fake background First EW diboson production observation

* Non prompt leptons by CMS

* Electron charge misID
2 Observation both by ATLAS and CMS:

* Important background from WZ QCD ATLAS-CONE-2018-030
CMS: PRL 120 (2018) 081801



CMS analysis strategy and results

e Selection:

2 same sign leptons:

P/1>25 GeV, P;?>20 GeV, m;>20 GeV, [m_.-M,[>15 GeV
2 jets: Pr>30 GeV, [n[<5.0, m;>500 GeV, [An;[>2.5
Centrality: [n-(n;; +n;;)/21/] Bn; | <0.75

P.miss >40 GeV

 Signal modelling and background estimation:

MadGraph5 aMC@NLO2.3.3: LO EWK, LO QCD

v

Reducible background: extracted from data

Data 201

Signal + total background 205 + 13
Signal 669 +24
Total background 138 £ 13
Nonprompf 88 + 13

251+ 1.1 —~

QCD Ww 4.8 £0.4
Wy 83+1.6
Triboson 5.84+0.8
Mrong sign 524+1.1

— | normalized in dedicated CR (invert 3l veto)

simulation corrected with data

v
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CMS analysis strategy and results

. . CcMSs 35.9 b (13 TeV) CMS 35.9 b (13 TeV)
 Signal extraction: o —em || T o ]
ith 3 2D | fi . d 150 | .SVV;’WW 190 .SVV;’WW ]
Wlt a temp ate It USIng m” an m” Nonprompt Nonprompt
£ Others £ L Others |
simultaneously with WZ CR 2 "N\ R S
oo — I NS
50 SYENN ] 50 ]
i _\\\\\\\\;\\\\\\\\\\\\\\\\\W: I -\\\\i\\\\\\ 1
5. 5 g Observati on ( 57 eXp e Cte d) 0: e _‘ S— 1 0: ‘—;\\\\\\\\\\‘\\\\\i‘\\\\\‘\\\\\‘\\\\:
500 1000 1500 2000 200 400 600
m; (GeV) m, (GeV)
* Fiducial cross section measurement: (MadGraph: 4.25 4+ 0.27 fb)
+ s VBF H™ — W*'W* 35.9 fb (13 TeV)
o o ) R N A A A N A
ora(W=W=jj) = 3.83 £0.66 (stat) & 0.35 (syst) tb £ e CMS ]
B o ‘ H B oo oot
= 95% expected
ﬂT 200
Q
* Limits on O'VBF(I‘FEjE)B(I'IjEjE - WiWi) %
£ 100
in a Georgi-Machacek model of Higgs triplets
predicting doubly charged Higgs bosons 200 900 400 500 600 700 800 900 1000
M., (GeV) 13



ATLAS analysis strategy and results

* Selection: | 2 same sign leptons:

P>27 GeV, m;>20 GeV, [m,.-M,[>15 GeV

2 jets: Pr>65/35 GeV, [n[<4.5, m;>500 GeV, [An;[>2
Centrality: no cut

E,mss >30 GeV

 Signal modelling and background estimation:

combined
ﬁwz w9 @ . normalized in dedicated CR (invert 3| veto)
| Non-prompt 23 +12
e/y conversions 134 + 3.5 \
Oth t 24 = 05 i . .
Wierffomp * Reducible background: extracted from data and further constrained in CR
jj strong 73 £ 2.5
Expected background 78 15
W=WHjj electroweak = 409 + 2.9 Sherpa2.2.2, LO EWK, 2,3j@LO QCD

[Data | 122 EW corrections applied as shape uncertainty




ATLAS analysis strategy and results

7] i T T '_ I. T Iaal T T ]
e Signal extraction: E . ersrev s ny  Wwew
— Non-prompt_ ]
with a 1D template fit using m;; in 6 categories I — |
er promp
. . 4444« Total uncertainty
simultaneously with WZ and non-prompt CR 40%% i
i |
1
20 = + —
6.9 o observation (4.25 expected) -

500 1000 1500 2000 2500 3000
. . . m;; (GeV)
* Fiducial cross section measurement:

. g 41— ATLAS Prelim%nary Ex erilmental uncertainties
O-hd — 2 . 9 1 ig.?l% (Stat.) i 0 . 27 (Sys .) fb }:’O : Vs =13 TeV, 36.1 b T ThZoreticaI uncertainties
i Powheg
3 e
e Comparison of Sherpa222 and Powheg+Pythia8 generators  Sherpa222
. . =
predicted cross section y
I~ Interference with strong production and NLO EW
- corrections are not included in theoretical predictions

Sherpa v2.2.2 Powheg+Pythia8 Data



WZjj channel

Low fake background

Selection:

e Exactly 3 leptons
* At least two high P; forward jets

Low EW/QCD ratio channel

* Need to discriminate the signal using MV technics

q q
W= W+
7 Y/
q q
Wz EW wzqcp: 22 < 0.5
QCD

in a typical VBS SR

Observation by ATLAS
arXiv:1812.09740, submitter to Phys. Lett. B

aGCS limits by CMS
arXiv:1901.04060, submitter to Phys. Lett. B



CMS analysis strategy and results

e Selection: 3 leptons: m3;>100 GeV

Z: P;2>25 GeV, P,2>15 GeV, |[M M, ppc[<15 GeV

wW: P>20

2 jets: Pr>50 GeV, [n[<4.7, m;»500 GeV, [An;[>2.5, no b-jet with >30 GeV
Centrality: [ns-(nj; +n;;)/21/] Bn; [<2.5

P;"s>30 GeV

* Signal modelling and background estimation:

Process Total yield

QCD WZ 34.1 + 1.1 » QCD: MadGraph5 aMC@NLO2.4.2: LO with up to 3 partons at Born level
t+V/VVV 1294+ 0.5 :

INon]grom]_gt 99+ 23 » | Reducible background: extracted from data

VvV 35+0.2

Zy 2.1+0.8

Pred. background 624 + 2.8

EW WZ signal 15.1 + 1.6 MadGraph5 aMC@NLO2.4.2, LO EWK, LO QCD

Data 75




CMS analysis strategy and results

 Signal extraction:
with a 2D template fit using |An;| and m;
simultaneously with QCD CR

2.2 0 (2.5 expected)

* Limits on aQGC using m;"* distribution:

35.91b" (13 TeV)
—_—

cMs

£ C ]
o] | —e— Data i
; : EZY a
c 30— Nonprompt ;
gl = 1| £so = |[(Du®) DL2] x (D) D0
B l:locowzu ]
i3 mos 3 | Lsa = (D) DP0) x [(D,9)' D*0]
B |:|F:;_ 3;F o Tev- ]
of U —— =
: Lo = Tr [Wu W] x [(Ds0)! D70
R T Lyg = Tr [Wu W] x |(Ds®)' D40
% ; NN ++$+ \\\\\%\\\\\\\\ \*\ NN .

0 500 1000 1500 2000

m-(WZ) [GeV]

Events / 250 GeV

Data / Pred.

35 9fb (13 TeV)

35.9 fb (13 TeV)

T T T T T T Vo) T T 7 T T T T T T T T A
CMS - Data 1 o F CMS - Data ]
30 CIEwwzj ] o 5 TTEWWZ
Wz 4 e L Wz ]
[ Nonprompt | 0>J 20— [ Nonprompt |
mvv 4w mw ]
20 SR TN WtvvwW o Bl Wtvvw ]
[acbowzj | 1512 [Jjaco-wzj
C Stat.unc. | Stat. unc. ]
L - 10 -
1015 B B .
G B T T J —T
£ -
S . \i\ \}\\\\$\\ S ket =
T
ok 8 ok . . . . R
500 1000 1500 2000 2500 3 4 6 7
35.9 b (13 TeV) 35.9 fb (13 TeV)
< L — — Expected68%CL | ¥ 3 [ J— Expected 68% CL
L [CMS Expected 95% CL | => _ _ f CmS Expected 95% CL
(] 20 — — Expected99%cL__| @ 100 s LU IUEXpécted 99% CL
= <Y —— Observed95%CL | i // —— Observed 95% CL |
< [ =T T ~ 1< r 7
L ~ i L ~N 4
S,_1oi o N 1S s0 ‘\ [
NER ———~ VW L A ]
l // i - N\ | AN N \\ ]
Lo/ Y \ | Foo\ N \ B
r/ / ] /] 0
0~ / / r N\ \ N
i / /1 i N\ \ ]
- \ J /A i AN ) \ ]
Fl \ e / 7 -50 \
r \ ~ i - / B L - \ B
-10 F ] 1
LNL e ] r - /]
i T —— - 1 -100 S
-10 0 10 -50 50

fu,of/ \* [TeV4]

fs o/ \* [TeV4]
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CMS analysis strategy and results

 Signal extraction:

with a 2D template fit using [An;| and m;
simultaneously with QCD CR

2.2 0 (2.5 expected)

 Limitson o(H*)B(H" — WZ)

35.9 fb” (13 TeV)

CMS | —e— Data

B 2

30—

Bl v

Events / bin

20

.......

B t+vivvv
[] acp-wzj
B Ew-wzjj
T my=900GeV, sy =05
my: = 400GeV, sy =0.3
Stat.®Syst.

[ Nonprompt

-

Data / Pred.

2

1 %ﬁw&«%&\#\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\%\\\\\\\%
0

0

500 1000

1500

2000

m-(W2) [GeV]

Events / 250 GeV

Data / Pred.

35.9 b (13 TeV)

10

——
-+ Data

L IEW-WZjj
Wz i
[ Nonprompt |
mvv 4
Wtvvw -
[]QCD-wzjj
Stat. unc.

Lo

combined fit of EW+QCD in the SR

and QCD in the QCD CR

In a Georgi-Machacek model

where coupling with bosons are

enhanced

A 4

1000 1500 2000 2500

m;; (GeV)

CMS

Events /0.5

Data / Pred.

35.9fb" (13 TeV)

————
—»-Data
L IEW-wzjj
Wz

[ Nonprompt
mv

B VvV
[7]QCD-Wzjj

Stat. unc.

10°

10?

Oyge(H?) x B(H— W=2) [fb]

500 1000

SR
°= 3 4 6 7 B
| An i |
35.9 fb™ (13 TeV)
—
—— Observed _|
----- Expected I
=10 ]
[ ]+20 i
L | L L
1500 2000
m(H) [GeV] 19



ATLAS analysis strategy and results

e Selection:

3 leptons

wW: P>20

m;">30 GeV

Z: P12515 GeV, [M,-M, ppe|<10 GeV

2 jets: Pr>40 GeV, [n[<4.5, m;»500 GeV, n;;+n;,<0, no b-jet
Centrality: no cut

* Signal modelling and background estimation:

SR
Data 161
Total predicted 167 11
WZjj—EW (signal) 44 +11
WZjj—QCD 91 10
Misid. leptons 7.8 + 3.2
|LL]J—QCD 11.1 + 2.8
tZj 6.2 =+ 1.1
tt+V 47 £ 1.0
Z7Zjj—-EW 1.80 £ 0.45
4"4% 0.59 + 0.15

Sherpa2.2.2, LO EWK, 2,3j@LO

? QCD: Sherpa2.2.2, up to 1j@ NLO + 2,3j@LO0

Reducible background: extracted from data

Normalized in dedicated CR

20



ATLAS analysis strategy and results

* CR construction: release b-jet veto and loosen m;; cut to 150 GeV

b control region (~45% purity)

Used to normalize the second
irreducible background (Npjets)

b-CR (it + V)

Np-jet > 0

QCD-CR (WZjj-QCD)

SR (WZjj-EW)

Signal region:
MVA (BDT score) using

QCD control region (¥80% purity) m;; < 500 GeV my; > 500 GeV kinematical variables
Np-jet = 0 Np-jet = 0
Used to normalize the main
irreducible background (mj)
[Ay(tw.Z) | mj nw
centrality < { AR(j1,2) i
R jara An(j1, j2) ph
+ZZ CR (70% purity) (mj) ( p) / Njets p;y m,‘;”z
with the inversion of the 4t lepton veto R?:rdz—l'"—l A001. /2) 1)1 pf.
Zz i Pr most important variables




BDT score

45

. S ®F amas’ T o Das ;
ATLAS analysis strategy and results .= " i -
E 35F Wzj SR —i7 leptons .
G a0 i
=t %%L @ 3
* Signal extraction: sE %% E
. . . 10F e
with a 1D template fit using BDT score 22 e
: o _
simultaneously with QCD CR, b-CR and ZZ-CR S 2 ‘
§ 1 D ay s
g s s e B e Sl
5.3 o observation (3.2 expected) - TN -
BDT Score
. . . fid., Sh 0.027
* Fiducial cross section measurement: ( oy ;i gw = 0-321 = 0.002 (stat.) = 0.005 (PDF) g 5 (scale) fb )
fid. _ +0.14 +0.05 +0.05 +0.01 .
Wi iEW 0.57 713 (stat.) "5 o7 (exp. syst.) T -0 (mod. syst.) * -1 (lumi.) fb gy AOW2)
% - ATLAS Vs=13TeV,36.1fo" g g - ATLAS (s =13TeV, 36.1 fo"
% | (a) —. E:te?pa (scaled) | Eg g | (b) —. gstee:pa (scaled)
fid. =107 —¥— ----- WZ@@-EWx1.77€1 N WZj-EW x 1.77
O-Wiij = 168 + 025 fb g ___________ L WZj-QCD x 0.56 % Lo WZj-QCD x 0.56
: = = A = . . =f: ____________
* Differential cross section measurement (QCD and EW) SR N R
FWZjj = £2'v e2 i SN S
Sensible to aQGCs: m,V, Sp., Ad(W,2) g of 4, b |
.. .. - e ! o S
Jets modelling in MC : Njets, M;, Ad(j1,)), BY(j1j2), Niers®P T e i 1 R S

z p'T [GeV]

3
A ¢(W,Z) [rad]



Main sources of systematic uncertainty

ATLAS WZjj analysis

Source Uncertainty [%]
Jets 6.7
Pileup 2.2
Electrons 1.6
Muons 0.7
b-tagging 0.3
MC statistics 2.1
Misid. lepton background 1.0
Other backgrounds 0.1
Theory (WZjj-EW) 5.0
Theory (WZ]'/'—QCD) 2.3
WZjj-EW and WZ;j-QCD interference 1.9
Luminosity 2.1

QCD modelling uncertainty:

compare nominal Sherpa 2.2.2 to
MadGraph5 _aMC@NLO 2.3 at LO

Main unc: jet reconstruction and calibration

Interferences: shape uncertainty, computed using
MadGraph5 aMC@NLO 2.3 at LO

QCD scale:

20-30% for QCD, 5% for signal (but flat)

PDF uncertainties: both ~1-2%

QCD and PDF considered shape uncertainties

Signal modelling uncertainty:

compare nominal Sherpa 2.2.2 to
MadGraph5_aMC@NLO 2.3 at LO



Main sources of systematic uncertainty

ATLAS WZjj analysis

Source Uncertainty [%]
Jets 6.7
Pileup 2.2
Electrons 1.6
Muons 0.7
b-tagging 0.3
MC statistics 2.1
Misid. lepton background 1.0
Other backgrounds 0.1
Theory (WZjj-EW) 5.0
Theory (WZ]'/'—QCD) 2.3
WZjj-EW and WZ;j-QCD interference 1.9
Luminosity 2.1

CMS: similar effect

QCD modelling uncertainty:

compare nominal Sherpa 2.2.2 to

MadGraph5 aMC@NLO 2.3 at LO

CMS: main uncertainty!

Main unc: jet reconstruction and calibration

CMS: second main uncertainty: non-prompt background

Interferences: shape uncertainty, computed using

MadGraph5 aMC@NLO 2.3 at LO

CMS: similar effect

CMS: similar effect

QCD scale:

20-30% for QCD, 5% for signal (but flat)

PDF uncertainties: both ~1-2%

QCD and PDF considered shape uncertainties

Signal modelling uncertainty:

compare nominal Sherpa 2.2.2 to
MadGraph5_aMC@NLO 2.3 at LO

CMS: not taken into
account, deviations
within theory
uncertainties




Theoretical uncertainties ATL-PHYS-PUB-2018-004

= X1'O'_3w"'w""w"'w""w"'w'"w"'w"'w""
5 1.4} %T:?g?g\r)ulation Preliminary {
= 1P i Sherpa E
2 E PowhegP8 -

Important dependence on generator Poeo MadGraph e
§§

* High theoretical uncertainties on the measurement

Ratio

Important QCD and EW corrections

* Negative EW corrections (~ 15-20%)

» Shape effect (signal extraction)

Constantly improving precision from theory side A — =

arXiv:1904.00882



HL-LHC
| Run 3 ’ Run4-5...
LS1 EYETS
1370y BED YN,
0/ X
splice consolidation INJECTOR UPGRADE cryolimit HL-LHC nominal
7 TeV 8 TeV button collimators TDIS absorber interaction . - luminosity
—— R2E project j11T dipole & collimator regions installation }
Civil Eng. P1-P5 _\

| 2023 ’ 2024 ‘ 2025 ‘ 2026 ||||H||| 2038

2011 ‘ 2012 ‘ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 2019 | 2020 ’ 2021 | 2022

ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
75% nominal luminosity — ALICE - LHCb — ’
nominal upgrade

luminosity ]
EXd 150 " EE ]

Full Run 2 anlysis: 13 TeV

Full Run 2 analysis will allow interpretation studies on various channel

 Combine results:
v'In different channels
v Between ATLAS and CMS results
v/ Go towards a large scale combination of Higgs / top / EW constraints -



LS1

splice consolidation
button collimators

7 TeV 8 TeV

R2E project

201 ‘ 2012 ‘ 2013 | 2014 l 2015 | 2016 ’ 2017 2018
experiment
beam pipes 2 x nom. luminosity

75%

) nominal luminosity —
nominal

luminosity I

Full Run 2 anlysis: 13 TeV

Experimental challenges due to high pile up:

v’ Pile-up rejection development (forward region)

v’ Quark/gluon separation (ongoing)

| Run 3 ’ Run4-5
14 TeV
energy
INJECTOR UPGRADE 2 c}% ;;I
olimit .
TDIS absorber icr:tyeraction . HL LH? luminosity
11T dipole & collimator regions installation [
Civil Eng. P1-P5 T\
2019 | 2020 ‘ 2021 | 2022 ‘ 2023 ’ 2024 ‘ 2025 ‘ 2026 HHH ||| 2038
ATLAS - CMS radiation
upgrade phase 1 damage ATLAS - CMS
2.5 x nominal luminosity upgrade phase 2
ALICE - LHCb —— 1
upgrade
:1600:_—LIII|IIII|IIII|IIII|IIII|IIII|IIII|III4t
=2 - ATLAS Online, 13 TeV det=1 46.9 b -
a 500 — 2015: <p> =134
g r [ 2016:<u>=251
2 400 = 20175 <u>=37.8 —
< C ] 2018:<u>=36.1
S r [ Total: <u>=337 T
= 300 —
° - _
[} ~ _
'E — ]
o 200 _
o r ]
2 C 4
100 — -&
ot ]
0 10 20 30 40 50 60 70 80

Mean Number of Interactions per Crossing



HL-LHC
i} i
Run 3 ’ Run4-5
LSt EYETS Ls2 14 TeV 14 TeV
13 TeV energy
splice consolidation INJECTOR UPGRADE 23?1151;
olimit =
7Tev B8 TeV button collimators TDIS absorber interaction . . LH? luminosity
— R2E project 11T dipole & collimator regions installation I
Civil Eng. P1-P5 N\
2011 ‘ 2012 ‘ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 2019 2020 2021 | 2022 | 2023 ’ 2024 ‘ 2025 ‘ 2026 ||||H||| 2038
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2

75%
nominal

luminosity ]

S ALICE - LHCb
upgrade

nominal luminosity

i_i

3000 fb™" [HER

HL-LHC: 14 TeV

Up to 3000 fb* will allow us to reach very detailed VBS features, such as polarized states scattering

(suchasV\V))

This could need the development of ML techniques
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Conclusions

Vector Boson scattering became accessible with Run 2 LHC data

Electroweak diboson production was observed in the W*W %jj and WZjj final states

More channels to come (ZZjj, semileptonic channels)

* will alllow to study different quartic boson couplings
* could lead to combination studies

Full Run 2 and, in the longer term, HL-LHC statistics will allow further interpretation studies

* aQGCs
e charged Higgs sector
e polarized VBS

Close collaboration between the AUTH and the LAPP ATLAS groups

To be continued for interpretation analysis



