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What do we know?

Standard Model Production Cross Section Measurements Status: July 2019
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Dibosons in ATLAS

* Inclusive diboson production and vector boson scattering (VBS)

 Listing the most recent measurements in each channel at 13 TeV

Precision fronteer Cross section fronteer

WW 13 TeV, 36.1 fbl WWijj 13 TeV, 36.1 fbt

WZ 13 TeV, 36.1 fbl WZjj 13 TeV, 36.1 fb?

ZZ (41) 13 TeV, 36.1 fbt ZZjj (41/212v) 13 TeV, 139 fb-!

(212v) 13 TeV, 36.1 fb!

VVijj13 TeV, 36.1 fb?

Zy (lly) 13 TeV, 139 fb-1 Zvii 13 TeV, 36.1 fb!
(vvy) 13 TeV, 36.1fb-1

DESY

More details on

EWK diboson production with
aQGC by A. Levin on Tuesday
Semileptonic decay modes of
diboson production by R.
Aggleton on Tuesday

Diboson production involving
photons by N. Lorenzo Martinez
on Wednesday
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https://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1906.03203
https://link.springer.com/article/10.1140/epjc/s10052-019-7027-6
https://www.sciencedirect.com/science/article/pii/S0370269319303211
https://link.springer.com/article/10.1007/JHEP04(2019)048
https://arxiv.org/abs/1905.07163
https://cds.cern.ch/record/2682845
https://arxiv.org/abs/1905.07714
https://cds.cern.ch/record/2682846
https://link.springer.com/article/10.1007/JHEP12(2018)010
https://cds.cern.ch/record/2686248

Dibosons in ATLAS

* Inclusive diboson production and vector boson scattering (VBS)

 Listing the most recent measurements in each channel at 13 TeV

WW 13 TeV, 36.1 fb! WWijj 13 TeV, 36.1 fb? More details on

« EWK diboson production with

aQGC by A. Levin on Tuesday
ZZ ZZjj (41/212v) 13 TeV, 139 fb'? « Semileptonic decay modes of
(212v) 13 TeV, 36.1 fb?! diboson production by R.

Aggleton on Tuesday

« Diboson production involving
photons by N. Lorenzo Martinez
on Wednesday

— Focus on new WW and ZZ measurements, both inclusive and VBS
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Inclusive diboson production



Measurement of WW production

WW production includes WWZ/y* coupling

q W

Z/r
q W

* Measure in the WIW — evuv decay channel
» Opposite sign leptons!

» Fiducial definition excludes presence of jets

Fiducial selection requirements

pt > 27GeV
Infl < 2.5
Mey > 55 GeV
P> 30 Gev
EMS > 20 GeV
Nojets with pr > 35 GeV, |n| < 4.5

DESY.

arxXiv:1905.04242
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Measurement of WW production

WW production includes WWZ/y* coupling

q W

q %4

* Measure in the WIW — evuv decay channel
» Opposite sign leptons!

» Fiducial definition excludes presence of jets

Fiducial selection requirements

pt > 27GeV
Infl < 2.5
Mey > 55 GeV
p?” > 30 GeV
EX™ > 20 GeV
No jets with pr > 35 GeV, || < 4.5

DESY

arxXiv:1905.04242

« Jet veto needed for background suppression

» Top-quark production includes real W bosons

— in general, more jets than direct WW production

_I T 1T 7 LI 1T T T T T ‘ 17T | T T | 1T 1T | T T I_

§1400_— Al'n_Asl | | ¢ Data [ Drell-Yan .

- F [ ]signal (ww) [l Di- and triboson -

W opoh. V8=13TeV, 36.1 1 JTop B8] Pred. stat, E

a - L] [ Wjets [ Pred. stat. ® syst. 1

c - ]

g1000_— +M+ -

L C : ]
800~
600F
400F
200F

2 14F -
a 1.2t

E R SIS SR Wit 1 vt s

£ 08

Soedl . . .t T

40 60 80 100 120 140 160 180 200
pr 7 [GeV]

» After jet-veto and b-jet veto: top-quark production still

largest contribution: ~26% — Partially data-driven

estimate for reduced uncertainties
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Fiducial and differential cross sections

WW in action

* Integrated cross section vs. NNLO prediction

* Most precise WW measurement at the LHC so far

ATLAS
pp — evutv

Data 2015+2016
379+ 5 (stat.)+ 27 (syst.) fb

357+ 4 (PDF)+ 20 (scale) fb

368 + 4 (PDF)+ 20 (scale) fb

347+ 4 (PDF)+ 19 (scale) fb

T T

MATRIX NNLO (incl LO gg— WW)

MATRIX NNLO + NLO gg— WW

(MATRIX NNLO + NLO gg)® NLO EW

Vs =13 TeV, 36.1 fb"

1 | 1
200 250

* In agreement, but at lower uncertainty boundary

DESY.

| | 1
300

|
350

7.1%
r—‘—\

400
Integrated fiducial cross-section [fb]

Six kinematic distributions measured

— 3 — T T
S 10°E
3  ATLAS + Data2015+2016
S el fs=13Tev,36.1 10" LI [SNtiT-Li (SVS)'E- r:llacoe(rtai)TgNLO(EW) N
= E pp— etvuty aq)+NLUI00 e
3 = PP K Powheg-Box+Pythia8, k=1.13* 7
L= L Powheg-Box+Herwig++, k=1.13* _|
o 10k ’ =
i 2 AT . Sherpa 2.2.2, k=1.0 * E
z [ F A - * comb. w. Sherpa+OL gg—WW, k=1.7
(o} 1= i -
ks ] E s 3
i 3
w
107 *tgt =
e
102 =
10°° E
1.4
1.2
% 1E
QO 08F
3 06E,
S 1.4f
2 42t
= =
0.8 x
0.6E

arxiv:1905.04242

30 40 5060
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102

23102 3x10?
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* No strong deviation from SM observed

» Leading lepton p; used to set limits on anomalous triple
gauge couplings (aTGC)
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arxXiv:1905.07163

Measurement of ZZ production

« ZZ production through TGC forbidden at tree level

« Through correction with fermion loop: O(104)
q A

alTGC

q Z

e Measure in ZZ - llvv channel

* Need better signal-to-background suppression than
ZZ - llll — Move to high p, boosted configuration

« Selected requirements on the ZZ system

Boosted Z boson back-to-back with E{™iss

miss >
Ey 20 e V;: magnitude of ~Of selected

V,/S; > 0.65 vector sum | leptons

S;: scalarsum | andjets
DESY Page 9
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Measurement of ZZ production

DESY.

ZZ production through TGC forbidden at tree level

« Through correction with fermion loop: O(104)

q VA
alTGC
q Z

Measure in ZZ — llvv channel

* Need better signal-to-background suppression than
ZZ - llll — Move to high p, boosted configuration

« Selected requirements on the ZZ system

Boosted Z boson back-to-back with E{™iss

E,Miss > 90 GeV
V;/S; > 0.65

arxXiv:1905.07163

Extract total & fiducial cross sections

Binned maximum likelihood fit of E{™ss distribution

—————
10° ATLAS e Data Z(— ) + jets

- 13 TeV 1y 77 vy mm ZZ — 4l
/s = 13 TeV, 36.1fb -l \WZ Other bgds.
ee+up Non-resonant-ll = Uncertainty

Pre-fit

Events / 30 GeV

2m »‘//A/////////*///////*////%f-"--'- i --------------;4///////////////%

|
500 250 300 350 400 450 500

E™* [GeV]

06:_I | |

Data / Pred.

* Infit, ee and yp channel treated separately
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Total, fiducial and differential cross sections

* Integrated cross sections

» Uncertainty in the combined fiducial cross section

Total
7.0%

Data stat. Total syst.
5.5% 4.3%

* Measurement precision: 7.0%!

« Big contribution from data statistics
— Gain with full run 2!

« Compared to NNLO QCD+NLO EW predictions

arxXiv:1905.07163

Measured Predicted

ee 12.2 + 1.0 (stat) £ 0.5 (syst) = 0.3 (lumi) 11.2 4 0.6

R AT ) m 13.3 + 1.0 (stat) + 0.5 (syst) + 0.3 (lumi) 11.2 + 0.6
ee +pupu 254 & 1.4 (stat) &= 0.9 (syst) £ 0.5 (lumi) 22.4 + 1.3

o5y [pb] Total ~ 17.8 4+ 1.0 (stat) &+ 0.7 (syst) + 0.4 (lumi) 15.7 + 0.7

* In agreement, but again prediction slightly lower

DESY.

Page 11


https://arxiv.org/abs/1905.07163

Total, fiducial and differential cross sections

* Integrated cross sections

» Uncertainty in the combined fiducial cross section

Total
7.0%

Data stat.

5.5%

Total syst.

4.3%

* Measurement precision: 7.0%!

« Big contribution from data statistics
— Gain with full run 2!

« Compared to NNLO QCD+NLO EW predictions

Measured Predicted

ee 12.2 + 1.0 (stat) = 0.5 (syst 11.2 4 0.6

R AT ) m 13.3 & 1.0 (stat) + 0.5 (syst 11.2 + 0.6
ee+ pp 254 + 1.4 (stat) = 0.9 (syst 224 4+ 1.3

o5y [pb] Total ~ 17.8 + 1.0 (stat) & 0.7 (syst 15.7 + 0.7

* In agreement, but again prediction slightly lower

DESY

arxXiv:1905.07163

Eight differential cross sections measured

Obtained from iterative Bayesian unfolding procedure
— Similar to what is used in WW

Ac/Apﬁ [fo/ 10 GeV ]

Pred. / Data

ATLAS
Vs =13 TeV, 36.1 fb”

102

—_
o

"y

o =)
N —_
T T T 7T

® Data
.~~~ Total uncertainty
= === POWHEG + GG2VV (K-factor)
= SHERPA (gg+gg)

— For aTGCs

=
=
E

-
3]

—_
..

iy /// /:

50 100 150 200 250

300 350

1000

P [GeV]

No strong deviation from SM observed

Dilepton system p;! used to set limits on aTCGs
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Limits on aTGCs H

«  WW — Limits on Wilson coefficients of operators « ZZ — Limits on coupling parameters

® CB/AZ, waw/Az, Cw/Az (CP'even) ® f4_y, f4Z (CP-VIO|atIng)
* cwww/N, c/A* (CP-0dd) - fF fZ (CP-conserving)

DESY Page 13



Limits on aTGCs

«  WW — Limits on Wilson coefficients of operators

b CB/AZ, waw/AZ, Cw/AZ (CP'even)
* cwww/N, c/A* (CP-0dd)

CMS
May 2019 E?Tﬁ | ATLAS
i aﬁ_le Do -
LEP Channel S - | Lot ET
WW. -2.1e+01, 2.6e+ 20.3 fb 8
c. JAZ ,:|' W 21401, 1.80401 367 b 13 TeV
B e — WW -2.9e+01, 2.4e+01 19.4 " 8TeV
I { WV (I -6.4e+01, 6.9e+01 4.6 M 7TeVv
I | wv '"ﬁ -3.6e+01, 4.3e+01 20.2 b’ 8 TeV
—_— WV (v, -1.9e+01, 2.0e+01 202 fp" 8TeV
— WV (IvJ; -1.4e+01, 1.7e+01 19 1fb’ 8TeV
— WV (v -8.8e+00, 8.56+00) 3591 13 Tev
I | EW qqW,qqZ -ﬁgagl ) j-gwg} 35 9i bfb" ;3‘ Tsv
— -1.6e+01, 1.5e+ 461" e
c IA? — Wy 122401, 8.06+00 500" 7TeV
WwWw - WW -1.5e+01, 1.4e+01 4.6 b’ 7 TeV
— WW -4.6e+00, 4.6e+00 20.3 fo! 8 TeV
— wWw -3.4e+00, 3.3e+00] 36.1 " 13 TeV
| p— WW -1.2e+01, 1.2e+01 491 7TeV
e WW -5.7e+00, 5.9e+00] 19.4 iy 8TeV
— Wz -1.1e+01, 1.1e+01 46 7TeV
— WZ -3.3e+00, 3.2e+00) 33610’ 8,13 TeV
— Wz -4.6e+00, 4.2e+00| 19.6 b 8 TeV
H wzZ -2.0e+00, 2.1e+00] 359 fiy' 13 TeV
— WV (v -9.5e+00, 9.6e+00) 4.6 b 7 TeV
— wv Wﬁ -5.3e+00, 5.3e+00 20.2 o’ 8 TeV
H WV (vJ -3.1e+00, 3.1e+00] 202 fiy” 8TeV
— WV (v -9.2e+00, 7.3e+00| 50fb 7 TeV
H WY (I, -2.7e+00, 2.7e+00] 191" 8 TeV
H WV (v -1.6e+00, 1.6e+00] 3591b" 13 TeV
| ——— EW qq. -3.6e+01, 3.2e+01 20.3 b’ 8 TeV
— qwW -1.3e+01, 9.0e+00 20.2 fo! 8 TeV
H EW qqW.qqZ -2.3e+00, 2.5e+00 35.9 fq" 13 TeV
—e— DO Comb. -8.76+00, 1.1e+01 86 1.96 TeV
= LEP Comb. -1.4e+01, 4.1e+00] 0.7 b’ 0.20 TeV
2 — WW -9.4e+00, 1.3e+01 46" 7TeV
c.. /A — WW -5.9e+00, 1.1e+01 20.3 fb’! 8 TeV
W — Ww -7.4e+00, 4.1e- 36.1 fly’ 13 TeV
A WW -2.3e+01, 2.3e+01 4.9 10" 7 TeV
—— WwW -1.1e+01, 5.4e+00 19.4 fq“ 8 TeV
A WZ -1.4e+01, 2.2e+01 4.6 fb” 7TeV
WZ -3.6e+00, 7.3e+00] 33610’ 8,13 TeV
WZ -4.2e+00, 8.0e+00] 19.6 b 8 TeV
— % i e SR
-1.3e+01, 1.8e+ 1 e’
— wv rug -6.4e+00, 1.1e+01 20.2 16" 8TeV
WV (I, -5.1e+00, 5.8e+00] 202 b’ 8TeV
WV (IvJ -2.0e+00, 5.7e+00] 191t 8 TeV
WV (vJ -2.0e+00, 2.7e+00] 3591 13 TeV
EW qq -3.3e+01, 3.0e+01 20.2fb7 8 TeV
||_—.|_| EW qqW,qqZ -8.8e+00, 1.6e+01 35.9 fq“ 13 TeV
DO Comb., -8.2e+00, 2.0e+01 86 1.96 TeV
| L | L —eH | | | LEPQomb. |,  [-13e+01, §.1e+00] | 07" | 0.20TeV

—-100 0 100 200
aC summary plots at: http://cern.ch/go/8ghC aTGC leltS @950/0 C.L. [TeV'E]

DESY.

aTGC
q Z
ZZ — Limits on coupling parameters
Y 7 . I .
* [, fi (CP-violating)
Y fZ ;
* fo, f& (CP-conserving)
May 2019 ATas —
ATLAS+CMS — Channel Limits I Lat Vs
[ | ZZ (41,212v) [-1.5e-02, 1.5e-02] 461" 7 TeV
fr — 77 (41,212v) [-3.8¢-03, 3.8e-03] 203 b 8TeV
4 — ZZ (41) [1.8e-03, 1.8e-03] 36.1 b 13 TeV
— ZZ (212v) [-1.26-03, 1.26-03] 36.11b" 13 TeV
| ZZ (4)) [-5.0e-03, 5.0e-03] 19.6 f” 8 TeV
A ZZ (212v) [-3.6e-03, 3.2e-03] 247 fb" 7.8TeV
- ZZ (41,212v) [-3.0e-03, 2.6e-03] 247 1b" 7.8 TeV
— ZZ (4) [-1.2-03, 1.3e-03] 359 " 13 TeV
I | ZZ (41,212v) [-1.0e-02, 1.0e-02] 9.6 1" 7 TeV
[ ] ZZ (41,212v) [-1.3e-02, 1.3e-02] 461" 7 TeV
[Z — ZZ (41,212v) [-3.3e-03, 3.2¢-03] 203 10" 8 TeV
4 — 77 (41) [-1.5e-03, 1.56-03] 36.11b" 13 TeV
H ZZ (212v) [1.0e-03, 1.0e-03] 36.11b" 13 TeV
I ZZ (41) [4.0e-03, 4.0e-03] 196 fb" 8TeV
— ZZ (212v) [-2.7e-03, 3.2e-03] 247 b’ 7.8 TeV
— ZZ (41,212v) [-2.1e-03, 2.6e-03] 24.7 10" 7.8 TeV
— ZZ (41) [1.2e-03, 1.0e-03] 359 fb" 13 TeV
I | ZZ (41,212v) [-8.7e-03, 9.1e-03] 961’ 7 TeV
[ ] ZZ (41,212v) [-1.6e-02, 1.5¢-02] 461" 7 TeV
fY — ZZ (41,212v) [-3.8e-03, 3.8¢-03] 20.31b" 8TeV
5 — ZZ (41) [-1.8e-03, 1.8e-03] 36.1 b 13 TeV
— 7Z (212v) [-1.2e-03, 1.2¢-03] 36.1 b 13 TeV
| ZZ (4)) [-5.0e-03, 5.0e-03] 19.6 b 8 TeV
— ZZ(212v) [-3.3e-03, 3.6e-03] 24.7 o 7.8 TeV
— ZZ(41,212v) [-2.6e-03, 2.7e-03] 24.7 " 7.8 TeV
— ZZ (41 [-1.2e-03, 1.3¢-03] 35.91b" 13 TeV
I | ZZ (41,212v) [-1.1e-02, 1.1e-02] 9.6 1" 7 TeV
[ ] ZZ (41,212v) [-1.3e-02, 1.3e-02] 4617 7 TeV
fZ — ZZ (41,212v) [-3.3e-03, 3.3¢-03] 20.31b" 8TeV
5 — ZZ (41) [-1.5e-083, 1.5¢-03] 36.1 10" 13 TeV
— ZZ (212v) [-1.0e-03, 1.0e-03] 36.11b" 13 TeV
ZZ (41) [-4.0e-03, 4.0e-03] 19.6 fb” 8TeV
— ZZ (212v) [-2.9e-03, 3.0e-03] 24710’ 7.8 TeV
— ZZ (41,212v) [-2.2e-03, 2.3e-03] 24,7 o' 7.8 TeV
— ZZ (4)) [-1.0e-03, 1.3e-03] 35.91b" 13 TeV
| ‘ | | I | I | 2 (1.212v)  [9-1e-03, 8.9e-0p] . a6f’ 7TV
-0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.
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Limits on aTGCs

«  WW — Limits on Wilson coefficients of operators ZZ — Limits on coupling parameters
® CB/AZ, waw/Az, Cw/AZ (CP'even) ® f4_y, f4Z (CP-VIO|atIng)
* cwww/N, c/A* (CP-0dd) - fF fZ (CP-conserving)

May 2019 s —

ATLAS —
ATLAS+CMS — Channel Limits [ Lat Vs
I | ZZ (41,212v) [-1.5e-02, 1.5e-02] 4617 7 TeV
I T WW fr — 22 (41,212v) [-3.8¢-03, 3.8-03) 203 16" 8TeV
2 1 4 — 7z (4) [-1.8e-03, 1.8¢-03] 36.1 1" 13 TeV
C / A ww — 2Z (212v) [1.2e-03, 1.2e-03) 36.11b" 13 TeV
B I S | WwW — ZZ (41) [-5.0e-03, 5.0e-03] 196 10" 8TeV
1 ’ y | WV (Ivii — 72 (212v) [-3.6e-03, 3.2¢-03)] 24.71b" 7.8TeV
I . - 1 ] [E— 77 (41,212v) [-3.0e-03, 2.6e-03] 247 o’ 7.8 TeV
I 1 WV h’j — ZZ (41) [1.2e-03, 1.3e-03] 35910" 13 TeV
|—| WV (v, ) | | ZZ (41,212v) [-1.0e-02, 1.0e-02] 9.6 fb” 7 TeV
WV (ivJ [ i 77 (41.212v) [1.36-02, 1.3e-02] 461" 7 TeV
f— fZ — 77 (41212v) [-3.3e-03, 3.2¢-03] 203 1" 8TeV
l—{ WV (WJ 4 — ZZ (4)) [-1.5e-03, 1.5e-03] 36.11b" 13 Tev
L ] — 7z (212v) [-1.0e-03, 1.0e-03] 36.1 b 13 TeV
| 1 EW qq ’qqz S ZZ (41) [-4.0e-03, 4.0e-03] 19.6 fb" 8 TeV
[E— 77 (212v) [-2.7e-03, 3.26-03] 247 1" 7.8 TeV
. . — 77 (412124) [-2.1e-03, 2.6e-03] 247 1" 7.8TeV
* Most stringent compared to earlier WW and — za (12605 1,003
b y 77 (41.212) [-8.7-03, 9.1e-03) 961" 7TeV
. . . [ i 77 (412124) [-1.6-02, 1.56-02] 461" 7TeV
EW Wijj and Zjj production, but weaker than f — Zze) (360033500
5 — 72 (41) [-1.8e-03, 1.8e-03] 36.1 10" 13 Tev
— 77 (212v) [-1.2¢-03, 1.2-03] 36.1 fb” 13 TeV
WV (IVJ) at 8 an d 13 TeV [ 22 (4l) [-5.0e-03, 5.0e-03] 19.6 fo" 8TeV
[ z2(212v) [-3.3e-03, 3.6e-03] 24.7 1" 7.8TeV
- . - — Z7(41,212v) [-2.66-03, 2.7e-03] 247 fb" 7,8 TeV
« Interesting how different final states probe — za (1200313009
} i 77 (41.2124) [-1.1e-02, 1.1e-02] 961" 7TeV
I i 77 (d12124) [-1.3e-02, 1.36-02) 461" 7TeV
the same Ope rators £ [ 7z (41212v) [-3.30-03, 3.3¢-03] 203 1" 8Tev
5 — 72 (41) [-1.50-03, 1.5¢-03] 36.1 o 13 TeV
— 7z (212v) [-1.0e-03, 1.0e-03] 36.1 fb" 13 TeV
[ | ZZ (4l) [4.0e-03, 4.0e-03] 19.6 fb” 8TeV
— 72 (212v) [-2.9¢-03, 3.0e-03) 247 10" 7.8TeV
— ZZ (41,212v) [-2.2e-03, 2.3e-03] 247 fo! 7.8 TeV
— 72 (4)) [-1.06-03, 1.3e-03] 359 b 13 TeV
‘ ‘ N . i — | FZ22)  [9.1e-03,8.9¢-07) [ A
~0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.
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Limits on aTGCs

«  WW — Limits on Wilson coefficients of operators « ZZ — Limits on coupling parameters

b CB/AZ, waw/Az, Cw/Az (CP'even) ® f4_y, f4Z (CP-VIO|atIng)
* cwww/N, c/A* (CP-0dd) - fF fZ (CP-conserving)
Cy /A2 —— i z = — T
B ; o { WW 5 — 7z (4) [1.56-03, 1.56-03)
| | WV (vjj — ZZ (212v) [-1.0e-03, 1.0e-03]
—— i l — Se . ERm
 —— WV (ivd — ZZ (41,212v) [-2.2€-03, 2.3e-03]
: - - = .\évy\\; qh('_',lJ !qqz | | l L | }[_i | { | | EZZ::I,)ZIZIV) I};?Zg; ;g::g;}
* Most stringent compared to earlier WW and —0.02 0 0.02 0.04
EW Wijj and Zjj production, but weaker than » Higher cross section helps
WV (lvJ) at 8 and 13 TeV « ZZ (212v) actually more sensitive than
» Interesting how different final states probe ZZ (4l) due to boosted topology, inspite

the same operators of larger backgrounds
« SM expectation at O(104) — Current
limits at O(10-3) — Getting closer

DESY Page 16



Vector boson scattering



Measurement of WWjj production

« VBS with quartic gauge coupling (QGC)

» Electroweak production O(ayep°) about 5 times larger
than strong production O(agep* 0s?)! — Best ratio
Q1 g3 T a3

fi fi

f2
I3

f2
f3

fa fa
qz q4 q2 44

« Measure in 6 decay channels ete*, efut, ptu

» Selected requirements for the fiducial region

2-jet system
pr > 65 (35) GeV for leading (subleading) jet
m; > 500 GeV
|Ay;| > 2

DESY

arxXiv:1906.03203
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Measurement of WWjj production arXiv:1906.03203

« Measure in 6 decay channels ete*, efut, ptu

« VBS with quartic gauge coupling (QGC) » Determine signal strength Pew seww
» Electroweak production O(ayep°) about 5 times larger * Fitto m; distribution — 6 signal region (SR) channels +
than strong production O(agep* 0s?)! — Best ratio 1 low mj control region (CR) per channel + 1 WZ CR
qi1 qs3 il qs3

f f1 2 - IAIT!I.AISI N

1 . - N -

) g 25 - Vs=13TeV,36.1 b’ mﬁw‘”ﬂ gf;‘]gweak E

JF2 f2 E C Nf::n—prcmptl .

f f3 E 20 = inj"fzccmwerslcns -

3 ?Cg o 1C_}ﬂtlelr prcmt;:;tl Y 7

fa fa W 15 —

q2 q4 qz 44 Post-fit E

10 -

« Selected requirements for the fiducial region

Hy-

2-jet system 500 1000 1500 2000 2500 3000

pr > 65 (35) GeV for leading (subleading) jet m; [GeV]

Main background: WZ — Normalization simultaneously
m; > 500 GeV
. constrained in the fit
|Ay;| > 2

Mew ssww = 144i8%3 (stat.) +8§§ (syst.) w.r.t. Sherpa

DESY Page 19
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arxXiv:1906.03203

Observation of WWjj production

« Eventyields in the signal region . Fiducial cross section ¢/ = gy ccpw - G,fr‘?a

» Forthe 6 channels combined * Includes the interference with WWjj strong production

6\&(\ Combined orfid — 2.89i8:3é (stat.) fg:%‘; (exp. syst.) fg:}é (mod. syst.) fg:gg (lumi.) fb
) = 1 |
? WZ 30 :I: 4 é : ATLAS Total experimental uncertainties :
Non_prompt 15 :I: 5 gb 4 L {s=13 TeV, 36.1 fb_1 % Experimental stat. uncertainties —
. B Total theoretical uncertainties |
B/")f CONVEIS1OoIsS 139 :l: 29 : £=—= Theoretical scale uncertainties :
Other prompt 24 £ 0.5 i 2 »
her promp _ _— L 20%
W=W=jy strong 72 + 2.3 31
Expected background 69 £ 7 > .
ot - 2Z = 7
W W JJ eleCt roweak@ :I: 1 1 I Interference with st‘;c:ng production and NLO EW -
I corrections are not included in theoretical predictions -
Data 122 ' '

Sherpa v2.2.2 Powheg+Pythiag Data

» Data agrees well with Powheg+Pythia8 (NLO QCD),
less well with Sherpa (LO-multileg QCD)?

* Interference not included in predictions

1) An issue in the Sherpa 2.2.2 color flow handling reduced the cross section artificially.
DESY This is fixed in Sherpa 3.0.0, leading to an increase of ~20% in the cross section. [1] Page 20

« EWK WW production observed with 6.50 significance!
— Expected 4.40/6.50 for Sherpa/Powheg-Box


https://arxiv.org/abs/1906.03203
https://indico.cern.ch/event/700961/contributions/3069895/attachments/1706021/2749483/annarbor_18-08.pdf

ATLAS-CONF-2019-033

Measurement of ZZjj production

 VBS with other outcome: ZZ

* Very rare! — O(0.1) fb with full leptonic final state

! / !

q R q q

q

« Measurement in final states with ZZ—41/212v

« Defining characteristics

Leptons pairs and the 2-jet system

Opposite sign, same flavor (OSSF) lepton pairs
consistent with Z boson(s)

2 most energetic jets in opposite rapidity regions
m; > 300 (400) GeV for lllljj (llvvjj) & |Ay;| > 2

DESY Page 21
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Measurement of ZZjj production

DESY

VBS with other outcome: ZZ

* Very rare! — O(0.1) fb with full leptonic final state

! / !

q R q q

q

Measurement in final states with ZZ—41/212v

« Defining characteristics

Leptons pairs and the 2-jet system

Opposite sign, same flavor (OSSF) lepton pairs
consistent with Z boson(s)

2 most energetic jets in opposite rapidity regions
m; > 300 (400) GeV for lllljj (llvvjj) & |Ay;| > 2

ATLAS-CONF-2019-033

Selected events in data ~97%

purity

Process bt g Clvvgg
EW ZZj; 206+ 2.5 123%0.7
QCD ZZj4 7T7.4+£25.0 17.2+3.5
QCD gg9ZZjj 13.1+ 44 35+1.1
Non-resonant-£¢ - 21.4+4.8
Wz - 22.8+1.1
Others 3.2+ 2.1 1.2+0.9
Total 114.3£25.6 78.4+6.2

Data 127 82

Fiducial cross section for inclusive ZZjj production

* Very small fiducial cross section!

| Measured fiducial o [fb]
000y | 1.27 +0.12(stat) £ 0.02(theo) + 0.07(exp) = 0.01(bkg) = 0.03(lumi)
Uvvjj | 1.22 4 0.30(stat) + 0.04(theo) + 0.06(exp) + 0.16(bkg) + 0.03(lumi)

* Now extract EW ZZjj only from that
— Expect ~19 % (~37%) contribution for Illljj (Ilvvjj)
— Use BDT!
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Observing EW Zij pI’OdUCtiOn ATLAS-CONF-2019-033
Trained BDT does the job

One multivariate discriminant per channel

« 12 input variables for lllljj — jet-related information

« 13 input variables for llvvjj — jet- & dilepton-related
information important

22_\I\|III|\l\l\l\l\ll‘l\l‘\\\llllllllllll_
C ¢ Data B ZZ(EW)

I ZZ(QCD) [ggZZ
B Others 77 Uncertainty

201 7

Events / 0.125

18] ATLAS Prelminary 1 — Fit multivariate
E s=13TeV, 139 fb’ ] . .
14f cteej discriminant

Signal Region distributions

Post-fit HEW
000t | 1.54 % 0.42
(tvvij | 0.73 £ 0.65

Combined | 1.35+ 0.34

-1 -08-06-04-02 0 02 04 06 08 1

BDT Qutput
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Observing EW ZZjj production

« One multivariate discriminant per channel

« 12 input variables for lllljj — jet-related information

« 13 input variables for llvvjj — jet- & dilepton-related
information important
* It's an observation

« Test statistics using the profile likelihood ratio method
+ Likelihood includes all fitted bins in the BDT output

distribution — Fit multivariate
discriminant
distributions
Post-fit HEW
0eesj 1.54 + 0.42
« EW ZZjj cross section — from the combined pgy, (lvji 0.73 + 0.65
IR Combined | 1.35+ 0.34

DESY

 |t's an observation

ATLAS-CONF-2019-033

Test statistics using the profile likelihood ratio method
Likelihood includes all fitted bins in the BDT output

distribution
Significance Obs. (Exp.)— Madgraph5
o000y 5.48 (3.90) o (LO QCD)
llvvijg 1.15 (1.80) o
Combined (5.52){4.30) o

EW ZZjj cross section — from the combined pg,

e ol —082+021fb

ObEw zZjj

— Among the smallest measured cross
sections in ATLAS

— Already ~26% measurement precision
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Summary

Measurement of diboson production in ATLAS

* Inclusive diboson production and via vector boson scattering at 13 TeV well on their way

« Window to electroweak symmetry breaking in the SM and search for anomalous triple and quartic couplings

« Aim for highest precision and tiniest cross sections in the SM

Precision fronteer Cross section fronteer

WW 13 TeV, 36.1 fb-? WWijj 13 TeV, 36.1 bt

WZ 13 TeV, 36.1 fb? WZjj13 TeV, 36.1 fb?!

Z7Z (41) 13 TeV, 36.1 fbt ZZjj (41/212v) 13 TeV, 139 fb-!

(212v) 13 TeV, 36.1 fb!

VVij13 TeV, 36.1 fb!

Zy (lly) 13 TeV, 139 fb-1 Zvii 13 TeV, 36.1 fbl
(vvy) 13 TeV, 36.1fb-1

— 2 results already with the full run 2 dataset of 139 fbt — More to come. Stay tuned!
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https://arxiv.org/abs/1905.04242
https://arxiv.org/abs/1906.03203
https://link.springer.com/article/10.1140/epjc/s10052-019-7027-6
https://www.sciencedirect.com/science/article/pii/S0370269319303211
https://link.springer.com/article/10.1007/JHEP04(2019)048
https://arxiv.org/abs/1905.07163
https://cds.cern.ch/record/2682845
https://arxiv.org/abs/1905.07714
https://cds.cern.ch/record/2682846
https://link.springer.com/article/10.1007/JHEP12(2018)010
https://cds.cern.ch/record/2686248

Summary

. Run: 303266
WWjj in Event: 713753974
| 2016-07-04 01:19:27 CEST
ATLAS mi; = 3.0 TeV

DESY Page 26
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Extra information.



WW measurement

Selection at detector level

Selection requirement Selection value

L > 27 GeV
n’ [7¢] < 2.47 (excluding 1.37 < [p°| < 1.52),
In#] < 2.5

Lepton identification TightLH (electron), Medium (muon)

Lepton isolation Gradient working point

Number of additional leptons (pr > 10 GeV) 0
Number of jets (pp >335 GeV, || <4.5) 0
Number of b-tagged jets ( pr > 20 GeV, || <2.5) 0
gk > 20 GeV
P > 30 GeV
Mey > 55 GeV

Definition of |cosO*|

Ang,
| cos #*| = |tanh “len

arxXiv:1905.04242

Partially data-driven

Events at detector level Otherwise MC

Number of events  Statistical uncertainty ~ Systematic uncertainty

Top-quark 3120 +50 +370
Drell-Yan 431 +13 + 44
W+ijets 310 + 60 + 280
Wz 290 + 11 + 33
Z7 16 + 1 + 2
Vy 66 +11 + 10
Triboson 8 + 1 + 3
Total background 4240 +80 +470
Signal (WW) 7690 +30 +220
Total signal+background 11930 +90 +520
Data 12659 - -

Uncertainties in fiducial cross section

Uncertainty | %]

Uncertainty source

Electron 0.7
Muon 0.9
Jets 3.0
b-tagging 34
E}[}n\.\,tnmk 04
Pile-up 1.6
W +jets background modelling 3.1
Top-quark background modelling 2.6
Other background modelling 1.3
Unfolding, incl. signal MC stat. uncertainty 1.4
PDF+scale 0.1
Systematic uncertainty 6.7
Statistical uncertainty 1.3
Luminosity uncertainty 2.1
Total uncertainty 7.1
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WW measurement

e (Cross

0

—_

/00

lD-ﬁducia

600

500

o
©

Theory / Data

DESY

section as function of jet-veto p+ threshold

__ATLAS ¢ Data 2015+2016

- Vs =13 TeV, 36.1 for' [] Stat. @ syst. uncertainty g
- pp = ety ] MATRIX NNLO

Jet-veto P, threshold [GeV]

arxXiv:1905.04242

« Limits on additional dimension-6 operators

« Can generate aTGCs

Parameter  Observed 95% CL [TeV 2] Expected 95% CL [TeV~?]
cwww /A [-3.4.33] [-3.0.3.0]
cw [ A [-7.4.4.1] [ -6.4,5.1]
cp/ A’ [-21,18] [—18.17]
Cirww /A [-1.6.1.6] [-1.5.15]
cyir |\ [-76.76] [-91.91]
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//Z measurement

« Selection at the detector level
Step Selection criteria
Two leptons Two opposite-sign leptons, leading (subleading) pt > 30 (20) GeV
Jets pr > 20 GeV, || < 4.5, and AR > 0.4 relative to the leptons
Third-lepton veto No additional lepton with pt > 7 GeV
Higg 76 < mype < 106 GeV
Hard jets pr > 25 GeV for || < 2.4, pr > 40 GeV for 2.4 < || < 4.5
E;“l““ and Vp /St E;“l"“ > 110 GeV and V¢ /St > 0.65
AR{{ AR{{ < 1.9
Ap(PL. E%“‘““) Ag(PL. EF““-“) > 2.2 radians
b-jet veto N(b-jets) = 0 with b-jet pt > 20 GeV and || < 2.5
* Full fiducial phase space
Born-level leptons (ee or pu)
Total phase space _
66 < mge,m,,, < 116 GeV
Dressed leptons (e or u): pr > 7 GeV, || <2.5
Jets: pr > 20 GeV, || <4.5
Fiducial phase space Reject leptons if overlapping with a jet within AR < 0.4
Two leptons with leading (subleading) pr > 30 (20) GeV
76 < mygpe < 106 GeV
E%"'-“-“' > 90 GeV and Vi /St > 0.65
AG(pLE, Efis) > 2.2 radians and ARge < 1.9
DESY

arxXiv:1905.07163

Extracting the cross section from likelihood fit
L. 0) = | || | PoisN INGy(r. 0) x | | Gaus(@r),
) K y
© With N = xLxchij’-’Z+Nt’,{<g
« (i = ee, yu channels, j = bin in fitted E{™ss distribution)
‘e,'\‘\\ ee jut;

Data 371 416
Signal
qqZ7Z 194+ 3+ 12 202+ 3 12
gg’Z”7Z 251+ 03+ 7.7 | 264+ 03zx 8.1
Backgrounds
Wz 929+ 30+ 48| 1007+ 32+ 52
Non-resonant-£¢ 255+ 34+ 1.8 | 315+ 42+ 22
Z + jets 47+ 02+ 23 59+ 03+ 28
Z7 — AL 38+ 02+ 03 42+ 02+ 03
Others 0.87+0.03+£0.17 | 0.87 £0.03+£0.17
Background expected | 128+ 5+ 6 143+ 5+ 6
Total expected 47+ 5+ 15 372+ 6+ 16
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/7 m easurement arXiv:1905.07163

* Uncertainties in the measured combined fiducial * One-dimensional 95% confidence intervals (CIs)
Cross section
_-}, Z }/ .Z
Lumi. Electron Muon Jet f4 f4 f‘ f"
Total | Data stat. Total syst. | 2.29 1.29 1.1% 2.19 3
‘ e : : ‘ : Expected [x1073] | [-1.3,1.3] | [-1.1, 1.1] | [-1.3, 1.3] | [-1.1, 1.1]
7.0% 5.5% 4.3% WZ  Non-resonant-{f Z +jets Sim. staf.
1.6% 1.6% 04% 0.7% Observed [x1073] | [-1.2,1.2] | [-1.0, 1.0] | [-1.2, 1.2] | [~1.0. 1.0]
 Two-dimensional Cls
. ; -3

[ Dlﬁerentla”y_)p_l_” '\J,,_‘-T SKFafLﬁglllllllIllllllltl:}t;lllldllllll_

C _— Serve ]

T — = 3 3 = = 5 TR 350.35 35 4:— _ 4 T Expected —

,3} |;1ng3 |c.T\:b|) J(L)J—%] 0 1 (1.((}1_ 0 1__1(15130 liolum 1}?}0:4;0 hgtg_an H?(IL_ 50 _8(2_1()()() _ 35 Vs = 13TeV, 36.1 fb Expected £ 16

Measured o o 0.0 2.0 Fin A e - . Y — Expected +2 o

Total unc. 177% 136% 152% 186% 186% 17.6% 249%  40.5% Conversion to 2; 1 SMPred. .

Stat. unc. 147% 11.1% 140% 177% 160% 169% 234% 394 i i - =

Syst. unc. 70% 45%  50%  43%  39%  46%  46% 559 effective field 15_ E

Bkg. unc. 69% 64%  32% 37% 86% 21% 71% 76% th eory - ]

Sim. stat. 2% 07% 07% 08% 00%  090% I11%  20% 0c E

Electron 07% 08%  09% 17%  13% 16% 21%  32% _ - ]

Muon 1.0% 1.3 % 1.0 % 1.1 % 1.2 % 14%  2.0% 1.7 % e CP-evendim-8 -1 -

Jet 549% 29%  38%  30%  23%  21%  27%  25% - -
Soft 36% 22% 20% 08%  13% 27%  03%  17% operator -2 = 3

Llll'lliIlO.\'i[}" 2] {‘-':C 2] r-'r( 2] ft"‘C 2] {‘-':C 21 ft"‘c EI {‘-"'f 21 p:r( ‘2] {t"‘c :I vl b v b v Lo by g g |l ||:><1 0

* Observed: P g S B R R R R

Caw /A* [-4.0,4.0] TeV™ fz
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arxiv:1906.03203

WW]] measurement

Fit and event yields

« Fitinput « Event yields after the fit
c \ | | \ | | = — — - -
0O ATLAS —_—— \5)\?% . ete e e etut e et Mo Combined
~ =Y Vet _
= - i electroweak ] Wz 148+ 032 109+ 027 116 + 1.9 79 = 14 50 + 07 34 £ 06 30 + 4
U) ‘ - 1 + i B L P s - L - . = = B B L ! . XL . e L . - L
c 250 — \s=13TeV.36.11 W W strong = Non-prompt 22 + 11 12 £ 06 59 +25 47 =16 056+ 005 068+ 013 15 =5
o Control regions Non-prompt ] ¢/ conversions 16 + 04 16+ 04 63+ 1.6 43 + 11 — — 139 + 2.9
T, BN e/y conversions — Other prompt 0.6+ 0.04 014+ 004 090+ 020 063+ 0.14 039+ 009 022+ 005 24 + 05
200 _% I \gﬁ t ] W*W*j strong 035+ 0.3 015+ 005 29 + 1.0 12 + 04 18 + 06 076+ 025 72 + 23
er prom _
‘B 50 Total upncenginty —: Expected background 58 + 1.4 4.1 = 1.1 28 + 4 188 + 2.6 77 £ 09 50 £ 06 69 =+ 7
-+~ — TWEii 22 2
150 = 40 E WEW*jjelectroweak 5.6 + 1.0 22 + 04 24 + § 94 + 18 134 + 25 51 = 1.0 60 =11
z E Data 10 4 44 28 25 11 122
100 30 { > T T T T | T T T | T T ‘ T T T T | T T | T ]
1 ) Dat
J O 20— ATLAS —+¢— Data —
20 = - o= y WWj electroweak .
= 0 - {s=13TeV,36.11b WWH strong i
50 a -.N_ I~ 2 Non-prompt N
10 2] B I ©/vy conversions .
£ 15 it ]
g B Z Other prompt N
0 _ L B ; <s4<2. Total uncertainty ]
FET ee  ee eu  eu pu utur B i
WZ CR low m; CRs 10— 7
« Together with mjj distribution (see main part of talk) @ ‘ ]
5 ]
6-6-6-6+-6-6-§-§| , i
| |
0 100 200 300 400 500 600

m, [GeV]
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WW]] measurement

 Uncertainties in the measured fiducial cross section

DESY

Estimated by repeating the fit with corresponding
uncertainty nuissance parameter fixed to 1o

Source Impact [%]
Experimental
Electrons 0.6
Muons 1.3
Jets and Ef™ 3.2
b-tagging 2.1
Pileup 1.6
Background, statistical 3.2
Background, misid. leptons 33
Background, charge misrec. 0.3
Background, other 1.8
Theory modeling
W=W=j electroweak-strong interference 1.0
WEWH#jj electroweak, EW corrections 1.4
W=W=j; electroweak, shower, scale, PDF & 2.8
WEW=jj strong 2.9
wZ 3.3
Luminosity 24

arxXiv:1906.03203

Data vs. prediction

:g-} 104 _rrprrrprrrprer s ertp ettt p ey e e e e 2
o

o 10° ATLAS

g \s=13TeV, 36.1 fb"

S W W7jj EW

L 102 —+— Data - Background

e WAWHj EW in the SM

L~ 0

| NI EFENAEAE A A A AT AN LI ....I....F....*...J....I....
0 100 200 300 400 500 600 700 800 900 1000
m, [GeV]
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ATLAS-CONF-2019-033

ZZ]] measurement

Selection
« Selection at the detector level » Distributions in the signal region
. . > |‘||\|‘\|\\|\||\||\||‘| >40‘, L B L s S s B
Select both EW and QCD ZZjj production together 8 eDaa  EEZZEW) g o Dala  mmZZ(EW)
o 60 - mm Others EWZZ(QCD)
8 M ZZ(QCD) [g9ZZ g a5l CIWZ  EINonRes
:‘E [l Others 77 Uncertainty ~ mmogZZ - Uncertainty
Ceelyj vy i = £
1 . i s 50 ATLAS Preliminary S a0f ¢ ATLAS Preliminary
Electrons pr>7GeV, |f1|“< 247 Vs=13TeV, 139 b % Vs =13 TeV, 139 fb!
|do/erayl < 5 and |z X sin 6] < 0.5 mm ceeti cewvjj
25
) pr >7GeV, |n| <27 pr>T7GeV, |p <25 . . . .
Muons ' do/ | < 3 and |zo X sin ] < 0.5 mm ! Signal Region Signal Region
Jets pr > 30 (40) GeV for || < 2.4 (2.4 < |n| < 4.5) pr > 60 (40) GeV for the leading (sub-leading) jet 20

Z 7 selection

pr > 20, 20, 10 GeV for the leading, sub-leading and third leptons
Two OSSF lepton pairs with smallest [nig+g- — mz| + |mpy.p- —mz|
me+¢g- > 10 GeV for lepton pairs
AR(£. ") > 0.2
066 < myg+p- < 116 GeV

pr > 30(20) GeV for the leading (sub-leading) lepton
One OSSF lepton pair and no third leptons
80 < myp+p- < 100 GeV
No b-tagged jets
EMss significance > 12

Dijet selection

Two most energetic jets with y;, x v;, <0
my; > 300 GeV and Ay(jj) > 2 mj; > 400 GeV and Ay(jj) > 2

DESY.

15

500 1000 1500 2000 2500

500 1000 1500 2000 2500

m, [GeV] m; [GeV]

EW and QCD contributions scaled according to fit
normalizations from combined fit
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Events / Bin

ATLAS-CONF-2019-033

ZZ]] measurement

Selection and distributions in the signal region

* Further BDT distributions « Fitted signal significance
_I T ‘ TTT | TTT | TTT | TTT | 1T | TTT | TTT | TTT ‘ T I_ e — N ;
35— ATLASPreliminary galga -%%(g\gl)j - HEW ,uggg / Significance Obs. (Exp.)
- (- 13Tev, 1a0 o EEMEs BAZEQTY Cecjj 1 1.54+0421095+0.22 548 (3.90) ¢
gl 2o E99ZZ 77 Uncertainty ttvvij | 0.73+0.65 - 1.15 (1.80) o
L Signal Region i
C % 1 g OTITTI T O T T T T I T T T[T T ] Combined | 1.35+0.34 | 0.96 +0.22 5.52(4.30) o
o5 - g i ¢ Data  EZZEW) 1
r Post-fit - ¢ B B ZZ(QCD) Wlg9ZZ ]
B 7 I% 601~ [ Others 2~ Uncertainty |
20— — = _
. ] - ATLAS Preliminary ]
] S0 /s =13 TeV, 139 fb™ 7
15 B - CECE] -
2 a0l QCD Control Region 7
10 C ]
% Post-fit :
30 ]
20 -
-1 -08-06-04-02 0 02 04 06 08 1 ]
BDT Output 10 -

-1 -08-06 -04-02 0 02 04 06 08 1

BDT OQutput
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Additional analyses.



Measurement of Zy production

* |nitial and final state radiation

-
A _
q ——— q
F 3 €+
(a) § ——NANAANANANANN T (b) 4

« Selecting the final state Ily

Photons Electrons Muons
Kinematics: Et > 30GeV pr > 30,25 GeV pr > 30,25 GeV

] < 2.37 7] <2.47 7] < 2.5

excl. 1.37 < || < 1.52  excl. 1.37 < |p| < 1.52
Identification: Tight [53] Medium [54] Medium [52]
[solation: FixedCutLoose |53] FCLoose |54 FCLoose_FixedRad [52]
AR((,v) > 04 AR(p,e) > 0.2

Event selection: m(tl) > 40GeV, m(l) +m({ly) > 182 GeV

m(up) [GeV]

« Suppress final state radiation

DESY.

Events at the detector level

140
130
120
110
100
20
80
70
60
50

ATLAS-CONF-2019-034

etey My

Nobs 41343 54413

NZ +jets 4130 = 440 5470 + 580
Npu 870 + 870 1140 + 1140
N, 1650 + 250 1980 + 300
Nyz 254+ 76 199+ 60
Nzz 64+ 19 102+ 31
Nwwy 02+ 28 112+ 34
Nry 46+ 15 9+ 12
Nobs = Noke 34240 = 1000 45370 + 1300

L L B R ™ L

HI\II‘I\II|IIII|I\II‘I\I\..FI\H‘HH‘H\

ATLAS Preliminary
Vs=13TeV, 139 fb™

m(uuy) [GeV]

Events
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ATLAS-CONF-2019-034

Extracting Zy

El [GeV]

* Fiducial definition « 4 differential distributions
Photons Electrons/Muons . . i . . .
27 > 30 GeV Pl > 30,25 GeV * Iterative Bayesian unfolding with 2 iterations
T - T = Ve
7| <2.37 In'] < 2.47 = 402 | S B S
ESone02 /EY 20,07 dressed leptons - ATLAS Preliminary 3
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Measurement of VVjj production

 EW production via VBS and non-VBS processes « Training BDTs to separate EW- and QCD-induced
VVJj production

/1 "

q q q q
» One BDT per lepton channel and for merged &
Wz Wz resolved regimes separately
« Use various 0 T T T e
. . . e L ATLAS = EWVVj (1 = 1.05)
W/Z W)z kinematic properties, 2 [ s-1s7ev,ass’ — e
such as “centrality & 'p e Merged highpuriy S e Top ke E
- [Z7] Uncertaint B
q 7" ¢ g of boson 80F T
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« Measurement in semileptonic final states a0f E
* One boson: Z = vv (O-lepton), W — lv (1-lepton), Z - 20; ‘
Il (2-leptons) . =
« Other boson: Z - qq, W — qq’ (2 small-radius jets or 1 g é . f+¥44#77ﬁv+;.://///,.z'f//7;
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T T R R e
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andmjj>4OOGeV R e S S S
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Extracting the signal

« Binned profile likelihood fit to extract EW VVjj

» Fit BDT outputs in 9 SRs (split merged in low / high
purity) + m;t@9 or number of events in 12 CRs
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« Extracted signal strength

| ATLAS ~ {5=13TeV, 355", Observed _
— Tot. Tot. ( Stat. Syst.)
—— Stat.
2-lepton |— —e— ) 1.977 8-813 (050 tggg) N
— Excluded
1-lepton |—4=-e-=d 0.337033 (+025 *04T) background-only
hypothesis with 2.70
0-lepton |— e i 2.47f1:gg (+0.80 fé:gg) — (2_50-) signiﬁcance
observed (expected)
Combination [~ HeH 1.057 092 Y1020 *037)
| I R R | T D R IR |
0 2 4 6 8 10
Best fit u:c/cSM

* Fiducial cross section ogyyy,; = Hewyy;; - O

fid,obs fid, SM

EWVVjj

obs

Fiducial phase space

fid,SM

Predicted TEW V'V [fb] fid,obs

Measured o'y, (D]

Merged 11.4 4 0.7 (theo.) 12.7 + 3.8 (stat.) 775 (syst.)
Resolved 31.6 - 1.8 (theo.) 26.5 + 8.2 (stat.) T17T (syst.)
Inclusive 43.04 2.4 (theo.) 45.1 +8.6 (stat.) 1158 (syst.)
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