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Overview @ tea

q q
1 q
q 1 q 1
vector boson fusion vector boson scattering
O(QEW) =3 O(CZEw) =4

NB: we cannot directly measure VBF or VBS - significant interference
with other diagrams of the same order in agy means extracting the
VBF/VBS component is not a gauge invariant operation

> Measure electroweak production of Vijj or VVjj

https://indico.cern.ch/event/856696/contributions/3722393/



https://indico.cern.ch/event/856696/contributions/3722393/

Overview - QCD background %

Electroweak Vijj production Strong Vijj production

O(QEW) =3 O(CZEw) = ], 0(0!3) =2

q
qQ q

Strong production has the same final state and usually has a higher cross-section:
understanding and reducing this background is crucial to an effective
electroweak Vijj (or VVijj!) production measurement
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Electroweak
Zjj production

Z boson decaying
leptonically (2e/2u)

Two jets

 Large rapidity
separation

* Large invariant
mass

No jets in the gap




Electroweak Zjj production @
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Strong Zjj is the largest background across the spectrum

Monte Carlo modelling of both strong electroweak Zjj shows discrepancies
between generators

Modelling of strong Zjj is especially poor, particularly in the high-m; signal-
enriched region



Data-driven background modelling @

gap A
jets Strong Zjj Strong Zjj +
enhanced enhanced }}.
> 1 CRa CRb Je’t\
| —>

EW Zjj Strong Zjj
enhanced enhanced ° .t
Je
=0 SR CRc

"

0.5 1.0 éez

Analysis is split into four regions with two uncorrelated variables:
number of jets between the leading and subleading jets

centrality of the reconstructed Z boson:
$z= |yee = 0.5(yj1 +yj2)|/|Ayj]

=> three background-enhanced regions and one signal region
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Extrachng the EW Z
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POSTFIT m; bin

Data / pred.

Binned maximum likelihood fit is performed to reduce
dependence on MC mismodelling, with 3 * Ny, + 2

free parameters:

(1) bin-by-bin weights for strong Zjj, separate for low and high centrality but

linked between N52P >

jets = jets

> 1 and N8 =0

(2) linear f(x) applied to strong Zjj to correct for residual N5 dependence

jets

(3) bin-by-bin electroweak Zjj signal strengths (same in all regions)



Extracting the EW

Zjj signal
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= Perform fit again with alternative

generators for strong Zjj component




Results

ki

Extract the electroweak Zjj signal once for each of
three strong Zjj generators:

result is the midpoint of the envelope

Signal and control regions are unfolded for both

electroweak and inclusive Zjj yields:

ELECTROWEAK = -+

[ [A] SHERPA 2.2.1
104 L [B] HerwiG7+VBFNLO
t [0] PowHEG+PY8

> [ATLAS Preliminary (s=13TeV, 139 fb" ]
O] 10-1LEW Zj — 1 Nige =0, &, <0.5 (EW SR) |
é - ¢ Data, stat. unc. ]
= A o Total unc.

% 102k [ N .
2 E 1&1

o)

©

@ 2 ’

g 1.5 o o o ° 9

o 1 et® | %y 1% [ ¢ | =y

o 05f = “ “ A

T 10° 2x10° 3x10°  4x10° 7x10°
m; [GeV]

do / dm; [fb/GeV]

Ratio to data

10

107"
1072
10°°

1074

1.5

0.5

FewaH C

:\3;1\1\""*‘9
\75- o

= result!

7
® ..

ooy

- ATLAS Preliminary’ Vs=13TeV, 139 fb™ 3
F Zjj — lj Nge =0, &,<0.5 (EW SR) |
E T =
: A ¢ Data, stat. unc. E
A Total unc. ]
L e +
E —Ae 3
INCLUSIVE . -
[©] Strong Zjj (SHERPA) + X
I [&] Strong Zjj (MG5_NLO+PYS8) + X a0 ]
E == X =EW Zj (HErwiG7+VBFNLO) + ZV(V—jj) (SHERPA) L ¢ =
' ' ' ' ' M| ' ' ' ' ' 1
o
o o ° *
L L | L L L
3x10° 10° 7x10°



Effective field theory interpretation @
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Effective field theory interpretation @

o= . = .
x| 3 ATLAS Preliminary Eaws  —0.10 n SM —SM + | Mge|* + 2Re(MguMae)
~ < g — E e— * )
Qm 81 Fitto ljj EW A@(ja, j2) spectrum N2 TeV? -og 2.25[ «= SM + 2Re(MeyMas) * Measurements
o = SM + | Mgs 2 $ Pulled measurements
N o ] T 2.00f
6 1.75|
> 1.50}
95 % CL 1 ¢
4] 5%
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1.25¢ *
° 1.00+—] | s l :
. ) I
! | '
24
0.75
68 % CL
1. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0.50
@ K~ O I N g K 0 O N~ O =
EHWB -2 o o R} i Q@ o o. i N. N. Q{ m..
o [Tev Y46 €p 5908k § L8
3 4 4 - =TS = & o4

A@(j1, j2)

LHCP - 29 May 2020 1 1

Heather Russell, McGill University



N ) Electroweak
M- s ZZjj production

Two Z bosons decaying

O= leptonically (4e/ 2e2u/4u)

OR
-]
Je-t One Z boson decaying
leptonically (2e/2u) and the
; other invisibly (2v)
< e Two jets
- Different sides of the

detector

Large rapidity
separation

Large invariant mass
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https://arxiv.org/abs/2004.10612

Electroweak ZZjj production P

q q q q q g

Analysis in two channels with slightly different selection:

Slgnal region defined by Z-mass and “electroweak” selection:
yii"yi2 < 0, m; > 400 GeV (#//£)/300 GeV (Z4v), and Ay(jj) > 2

Process ety g Uvvjg Ext tinclusi r tion in
EW Z7;; 206+ 25 123+0.7 Xiract inclusive cross-section |
QCD ZZjj 77 195 179435 the signal region, then use BDTs
QCD g9ZZjj 131+ 44 35+1.1 to separate the electroweak and
Non-resonant-¢/ — 21.4+4.8 QCD components

Wz - 22.8+1.1

Others 32+ 21 | 1.240.9 ] ,

Total 114 + 26 N 78.4+ 6.2 Fit BDT shape FOI" maximum

Data 127 82 sensitivity

High non-ZZjj background


https://arxiv.org/abs/2004.10612

Electroweak ZZ; , production
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Observation of electroweak ZZjj
production!

072 =082 +0.211b

= One of the smallest measured cross-
sections by ATLAS!
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Electroweak

Zyjj production

Je't\ —
One Z boson decaying

ﬁ leptonically (2e/2u)

ot One photon not from final
Je' state radiation
Central {££y} system
et Two jets
e * Large rapidity
separation

Large invariant mass

No b-jets
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https://www.sciencedirect.com/science/article/pii/S0370269320301453%3Fvia=ihub

Electroweak Zyjj production P

Search in leptonic Z-> #7 events, partial Run 2 dataset (36/fb)
sensitive to only WWZy quartic coupling

: : : yeey = (Vi + ¥jp)/2
Signal region defined by |An;;| > 1 && {(¢ty) = ———| < 5,
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and zero b-jets
Control region with >= 1 b-jet to constrain tt+y background
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https://www.sciencedirect.com/science/article/pii/S0370269320301453%3Fvia=ihub

Additional results §
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.161801
https://www.sciencedirect.com/science/article/pii/S0370269319303211

Summary @
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= Other recent ATLAS VBS results using 36/fb of the13 TeV
dataset: many results with the full Run 2 dataset are still to come!

post-session zoom chat: Meeting ID: 963 3146 1387 Password: 373372
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Standard Model Production Cross Section Measurements

Status: November 2019
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-024/

Electroweak ZZjj production P

Events / 30 GeV

Data / Pred.

Q)

9 very large QCD background in the signal region

z QCD modelling (shape) uncertainties are estimated by
, comparing Sherpa 2.2.2 and MadGraph5_aMC@NLO 2.6.1
q
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Electroweak
Wijj production

One leptonic (e/u/v) W/Z
One hadronic (qq) W/Z,

boosted or resolved

Two additional jets

Different sides of the
detector

Large invariant mass
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.032007

Electroweak VVijj production P

Search for electroweak VV production in a semileptonic final state

Do not distinguish between W qq’ and Z-qq; allow for both boosted
(one large-radius jet) and resolved (two small-radius jets) topologies

Analysis performed in three channels, each with three signal regions:
SR: resolved V- jj (two jets), 64 < m; < 106 GeV
High-purity SR: boosted V- |j jet passes 50% signal efficiency working point
Low-purity SR: boosted V- jj jet fail 50% WP but passes 80% WP

Postfit/Prefit  Data/Postfit Events
o . o 3 & @ 3 9 3 3
B Lo, SR 1 L
O-lepton: vvqq + jj woeesrls | AL Ak
. . LO, VjiCR : - ]
missing energy > 200 GeV Lo HPvicR~ [ [ A
LO, LPVjjCR L Cé 3
’ P TR - g
1-|ept0n 'Bqu +_U |_1’, LPSR i g" E
L1, TopCR ‘ ]
exactly 1 lepton > 27 GeV L1, HPTopCR i‘ i *-' E
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Electroweak VVjj production P

6 separate BDTs are trained for 0/1/2 lepton and boosted and
resolved regions

Binned profile likelihood fit in 21 channels shown on previous slide:

BDT output in signal regions

m;'*9in Z, W, and Vjj control regions

event yield in top control regions

A S 1anifi .
. ATLAS s=13 TeV, 35.5 b, Observed | Observezd 5|gn|f'|ccmce.
— Tot Tot. ( Stat. Syst. ) 7 o
— st e Expected significance:
2-lepton {— =——— 1.97_0:77 (£050 " 2g) — 254
1-lepton [=-e-4 0.33fg:gg (025 F9:97) —
Fiducial cross-section (combination):
0-lepton — - - 247f}gg (+o0.80 fg:gg) -
fiducial,obs. __  obDs. . fid, SM
o 042 0,37 Opwkvvjj = HEwkvvjj OEwkvvjj
Combination = K&+ 10575750 (020 To30) =0 = 45.1 + 8.6 (stat.) +15.9 —14.6 (syst.) fb
0 2 4 6 8 10

Best fit u=c/c
SM
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Electroweak
production

Two leptonic, same charge

(e/u) W bosons

Two additional jets

* Large rapidity
separation

* Large invariant mass

Phys. Rev. Lett. 123 (2019) 161801


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.161801

Electroweak W*W=jj production @

electroweak-induced processes

example QCD process

v

44444 Total uncertainty
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— e}
o - {s=13 TeV, 36.1 o Wiwiﬁ strong “o L Vs=13TeV, 36.1 fb" L85 Experimental stat. uncertainties
1C—> N Non-prompt 4 __ Total theoretical uncertainties
B 20 2 I e/y conversions L £=== Theoretical scale uncertainties
= . Wz -
% Other prompt L
>
L

15

10 2 7= Z B

I Interference with strong production and NLO EW B
I corrections are not included in theoretical predictions i
| |

Sherpav2.2.2 Powheg+Pythia8 Data

: Process observed with the
500 1000 1500 2000 2500 3000

m [GeV] 2015-2016 36/fb dataset
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Electroweak
N T WZjj
I production

One leptonic (e/u) W

One leptonic (e/u) Z
Je‘t
Two additional jets
e+ * Large invariant mass
e
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Electroweak WZjj production @
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