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Why measure WW production?

 Electroweak interactions in the SM

W and Z bosons couple to weak isospin
* W bosons carry weak isospin
— Non-abelian

— Self-coupling in SM allowed in certain combinations,
e.g. WWZ, (WWy,) WWzZzZ, WWWW

— Triple (TGC) or Quartic Gauge Couplings (QGC)

« What about physics beyond the SM (BSM)?

* Could increase TGC contributions — anomalous TGCs (aTGCs) — Enhance cross section
Ci . .
« New contributions to SM Lagrangian £ = Lsm + Z pof — Effective field theory (EFT) framework

* Provide indirect bounds to BSM contributions — Requires high precision measurement

— Measuring WW production = probe gauge structure of EW sector & check for BSM contributions
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Why measure WW production?

Constraining models for new physics scenarios

« WW precision measurements can also be interpreted to search for specific new physics scenarios

« EW doublet or triplet scalars, degenerate or non-degenerate supersymmetric stops, compressed EW SUSY with low
stop masses

« Example: Light stop production with decays as: pp—t b, b fFRY JE =W /E -0, BR=100%
- ~ 0 . T T T J T T T -
th— X{ €, if m; > me + mso. 160} | / &
- ~0 . o
— - > - 140+
th—> Xy Wb, it mg, = mw +mp +mgo., K. Rolbiecki, J. Tattersall,
~ ~0 ’ . : 120 Physics Letters B 750
. . . Q [
with 100% branching ratios Q 10or
1]
« CMS 8TeV WW measurement provides é PN~ 4 WW 0-Jet
. . -=- WW 1-Jet
constraints yvhere stop productlgn looks o= 60 — WW combination
very much like SM WW production ATLAS monojet
) 40 ATLAS 1-lepton
« W bosons almost on shell, b-jets too soft , ——  ATLAS 2-lepton
to be vetoed " == CMS 1-lepton
=== ATLAS spin correlation
0
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https://www.sciencedirect.com/science/article/pii/S0370269315007030?via%3Dihub

What to expect?

q w

« High precision measurements require higher order predictions

zZ/y
« Leading order in perturbative quantum chromodynamics (QCD) for qq initiated production: O(as®)
l.e. not jet emission q w
« Why do we need higher orders: NLO = O(agt), NNLO = O(ag?) ?
o) r~+r1 1 "~ 1 1 1 ]
= - ATLAS 4
gg 50— WZsivll e
Hb : ® ATLAS Ys=13 TeV, 36.1 fb™ T
— & ATLAS Vs=8TeV, 20.3 fb" ] i i
O ias Vot Tov, 48" . Which measurement precision do we target?
C O CMS {s=13TeV, 35.9 fb" ]
30~ 4 cMs Vs=8 Tev, 19.6 fb" — o
O CMS {57 TeV, 49 15" ] Measurement Precision on oy
20— Vv Do Vs=1.96 TeV, 8.6 fb" ]
E & CDF Ys=1.96 TeV, 7.1 fb" - ATLAS 8TeV (”VV) 7.3 %
10— . — MATRIXNNLO ppoW2z - - JHEP 09 (2016) 029
- It e =— MCFM NLO, pp—~WZ 3 _ _
R = * MCFM NLO, pp—WZ m CMS 8TeV (total, different flavour, O jets) 8.7 %
O ' S E ‘ _ Eur. Phys. J. C (2016) 76:401
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2 14E j
e 2E {f ik b—
o TE==-1~=""""" =
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https://link.springer.com/article/10.1007/JHEP09(2016)029
https://link.springer.com/article/10.1140/epjc/s10052-016-4219-1

New measurement of WW production at 13 TeV by ATLAS

Based on 36.1fb! data from 2015+2016

* Measurement of the WW — ev, uv, final state
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DESY.

Contributing signal processes

q 1%

Via qq initiated
— Contains TGC vertex
— Largest part of cross section
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New measurement of WW production at 13 TeV by ATLAS

Based on 36.1fb! data from 2015+2016

- Measurement of the WW - ev, uv, final state « Contributing signal processes
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p Via gg initiated

b (J W — ~ 5% of the
v, / measured
¢ Vh Cross section

— Interfere!
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New measurement of WW production at 13 TeV by ATLAS

Based on 36.1fb! data from 2015+2016

- Measurement of the WW - ev, uv, final state « Contributing signal processes
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Measurement of the fiducial cross section

DESY.

Restriction of phase space through selection

* Reduce extrapolation into phase space areas where
we don‘t have a detector

e’ 7'l
| 4 Ve
W+
—>/—0
P W-
v, / .
¢ No overlap
with H—-WW
« Fiducial selection (highlights) analysis
Phys. Lett. B 789
* Mg, >55GeV (2019) 508-529)

* No jets with p; > 35GeV, |n| < 4.5
(optimized for smallest total uncertainty)
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https://www.sciencedirect.com/science/article/pii/S0370269318309936

Measurement of the fiducial cross section

« Restriction of phase space through selection

* Reduce extrapolation into phase space areas where

we don‘t have a detector

e’ -~
v,f/ Ve
W+
—>/—0
P W-
v,/
¢ M

* Fiducial selection (highlights)
* mg, >55GeV

* No jets with p; > 35GeV, |n| < 4.5
(optimized for smallest total uncertainty)

DESY

In data — Signal region selection (highlight)

+ No b-tagged jets with p; > 20GeV, |n| < 2.5
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Background from top production

« Partly data-driven method — Use data to correct predictions from top production MC simulation

SR _ pytop
Ntop - NCR /GHT " €jet—veto

. ) ) Data (Njets)
Allow jeﬁs \ Estimate from simulation, . o MC €single—jet—veto
. -+ Cjet—veto = €jet—veto * MC

and b-jets but correct with data €single—jet—veto
S amas + Dat Woter - § T ' tratic
G =5 Data Other = g B p'23¢¢ _dependentratio ]
e 3000: s=13TeV, 36.1 fb" [ Jww B Pred. stat. 3 ,‘all - ﬂTLAS L R plea”—dependentstal.uncert. - - Close tol
2500 Top CR Wl Pred st osyst. G ML 9TIIEN I g ~dependontstal. & syst. uncort. — Allows good
L|>J = [ Single-top = z0 L Single value stat. @ syst. uncert. N S StematiCS

2000 a — “ 16— — .
- N\ N - T I . cancellation,
1500 X ﬁ? E Z 4l ] in particular
1000 4y \ = =¥ t | top modelling
500— blL e systematics
— [ A = B
g 15 | ] : .
T s s eesaneasiey, NN - 1 | Important improvement
g 0.5 _ . E o8 . | L _ | w.rt. 2015 analysis
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How does the physics look without detector?

« Transform number of events in data to a cross
section value

* One bin — Fiducial cross section

fid _ Nobs o kag
O-WW—M".H - C x _!:

» (C-factor contains detector inefficiencies
— relates reconstructed (SR) to true events (FR)

C = N5
=

— Use WW simulation to obtain this value

¢ =0.613 +0.019

DESY.
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How does the physics look without detector? A
600" *,
g IS
« Transform number of events in data to a cross Pl
SeCtiOI’l Value 0 20 40 60 80 100 120 140 1&3@1?26\21?0

« Several bins — Differential cross section

 One bin — Fiducial cross section _ _ _ _
« C-factor per bin — Bin-by-Bin unfolding

id Nobs = Nikg « Consider migrations — Split into:
( Seu = ) ) ) :
WW ey CxL  Fiducial correction, fi,
_ o - Unfolding matrix, Mi Use
» C-factor contains detector inefficiencies _ i j Bayes
— relates reconstructed (SR) to true events (FR) * Reconstruction efficiency, &g, theorem
NSV
C = NI _ l Moings . _ _ , . .
i i i i Ndnf - gJ_ Z [chlnt'd o Nt:kg] ’ fitid ) P(leeco|Nt{*ue)P(Nt{'ue)/Ci
— Use WW simulation to obtain this value “reco =1
C =0.613 £0.019 — Iterate on the prior

— |terative Bayesian unfolding
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Systematic uncertainties in the WW measurement

 Fiducial cross section uncertainties  Differential cross section uncertainties

 Can look at absolute or normalized cross sections

Uncertainty source Uncertainty [%] & - ! , 12 S R
-~ 30 — Total --- Data statistics ATLAS = ; 30 - — Total s Data statistics ATLAS =
Electron 0.7 = E e B —ets Vs=13TeV, 361" ] € F SR E T —Jes Vs=13TeV, 36.1 b 3
g - — b-tagging Pileup - g - b-tagging F-’|Ieup .
Muon 0.9 @ 251 — wajets — Wt - @ 25 —Wtets —twt —
Jets 3.0 5 C Other bkgs Unfoldng | . e - Other bkgs Unfolding .
b-f’dggiﬂﬂ 3.4 20f  PDF+scale — Luminosity — - 20 PDFtscale o .
miss,track E ] C ]
Ey 04 1 e D A E
Pile-up 1.6 R L . - .
W+jets background modelling 3.1 10 - 10 3
Top-quark background modelling 2.6 F | ] - 3
Other background modelling 1.3 S — — S — -
Unfolding. incl. signal MC stat. uncertainty 1.4 Orl — - . B 0
PDF+scale 0.1 10?
Systematic uncertainty 6.7 prad? [GeV] pEad’ [GeV]
Statistical uncertainty 1.3
Luminosity uncertainty 2.1 . . . . . .
o .
Total uncertainty 7 Normalized: Partial uncertainty cancellation, in particular

luminosity uncertainty

_» Most precise measurement so far! « Statistically dominated at high leading lepton p+
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Systematic uncertainties in the WW measurement

* Considered systematic variations

I A
» Matrix element generator — Madgraph5 aMC@NLO+Pythia8 (Powheg+Pythia8 nominal)
« Parton shower generator — Powheg+Herwig7 (Powheg+Pythia8 nominal)

» Cross section uncertainty 6%
 Wt:

« Variation of amount of radiation — variation of tune (Perugia2012), variation of y; and
 Different diagram removal scheme for the overlap between Wt and tt
* Cross section uncertainty 10%
« JVSP method uncertainties
« Variation of the exponent by £1

 Variation of H; cut by +20%
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ReS u ItS Note: Different fiducial phase
space in 2015 analysis

Integrated fiducial cross section

« Fiducial cross section in WW — evuv channel For comparison: 2015 data only
I | I I ‘ ‘ | | | | | | | | T T I I | | | _I1
ATLAS ATLAS Vs=13TeV, 3.16 b
pp — evuy {s=13 TeV, 36.1 fb™
NNNLO+H calculation
Data 2015+2016 B (fixed-order acceptance)
379 + 5 (stat.)+ 27 (syst.) tb WW — ev v
. Fiducial .
MATRIX NNLO (incl LO gg—s WW) ® (1IC aceaniancarton ‘ducial cross section
357 + 4 (PDF)+ 20 (scale) fb
MATRIX NNLO + NLO gg— WW
368+ 4 (PDF)+ 20 (scale) fb Data
——529+20+50+11 b
(MATRIX NNLO + NLO gg)® NLO EW f..... stat.
347 + 4 (PDF)+ 19 (scale) fb [ stat.+syst.+lumi.
| | | | | | ‘ | | | | ‘ | | | | | | | | | | | | | | | | | | | |
200 250 300 350 400 300 400 500 600 700
Integrated fiducial cross-section [fb] ofd, o [fb]

» Prediction at lower boundary of uncertainty band, but agrees within uncertainties
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Results

« Measurement of jet kinematics in the absensce of jets — Cross section as function of jet-veto p; threshold

« Within measured range, jet-veto logarithms are small — NNLO is valid description

E7OD;A*TE?§T V, 361" Iigf;f GQJOSthzl?r:fertainty ] 350 (pT"< pﬁ?) LA ittt 13Te\{ Slightly different
k- ;Z I ei\,;\,’ | ) phase space
600 _ (ATLAS 2015
] measurement), so
: values not directly
500 —

comparable

1~
180
400 1 &
""""" ] <
L0
o
13
300 I
T X
% 1 ©
a 1 _c
3 10
()] )
= ] ]
O 1 | 1 1 1 Il | Il 1 Il 1 ‘ Il Il 1 Il | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 - 0.7 'I,If.ll I - . Illli IIIIIIII I
3035 40 45 B0 5580 0 10 20 30 40 50 60 70 80 90 100
Jet-veto p_threshold [GeV] P, [GeV]
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https://arxiv.org/abs/1805.09857

Results

° i i ictri i . lead | ey *
Measured 6 differential distributions: p+'°2%', mg,, P, |Ye |, Adg,,, [cOSO*|
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Results

 Measured 6 differential distributions: p'®2d!, m,, p*¥, |Ye,|, Ade,,, |cOSE|

CMS 194 (8 TeV)
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ep
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What do we learn from the data?

« Fit unfolded data with EFT model (EWdim6 w/ HISZ basis)

« SM-interference & pure-EFT effects templates
— scale linearly or quadratically with Wilson
coefficients c;

__interf 2 NP
o =0gm t+ E CiOsm,; T+ E C; T
) ]

* Obtain limits in 3 CP-even and 2 CP-odd
operators

* Use leading lepton p; distribution

Parameter  Observed 95% CL [TeV~?] Expected 95% CL [TeV~2]

cwww [ A2 [-3.4.,33] [-3.0,3.0]
cw /A2 [-7.4.4.1] [-6.4,5.1]
cp /N> [-21.18] [-18,17]
Ciww /A2 [-1.6.16] [-1.5,1.5]
cy /A [-76.,76] [ 91,91 ]
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https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6

What do we learn from the data?

CMS
May 2019 P?er‘?' ATLAS —
. . It Value -
LEP —o—] h | imi |
« Fitunfolded data with EFT model e 21e5071-Bhsi01 T T
2 ,:|| WwW , 20.31b 8Te
C. /A WW -2.1e+01, 1.8e+01 36.1 b 13 TeV
B . I - i , w i -g.gmg}. §.3e+8} 19,4fgq-1 3;&3
) I , . i i -6.4e+01, 6.9e+ 46f" 7Te
« SM-interference & pure-EFT effects R —— Wy (k) 786101 200101 02 8oV
I I I d t ” l ] wg Ej -é.ge+ga. é,§e+ga 19 fb” . BTgI_VV
— -8.8e+00, 8.5e+ 35.9 b 13 Te
— ScCale linearly or quadratically wi | | %qu a0z _12%81'1‘2%8} 329 i 13_|_T$V
.. — y -1.6e+01, 1.5e+ 461f" 7Te
coefficients ¢ Cunw/A° — e el 1
-1, L . e
[ WW -4.6e+00, 4.6e+00 20.3 fb’! 8 TeV
H WW -3.4e+00, 3.3e+00 36.1 fq-‘ 13 TeV
X —- ww -1.2e+01, 1.2e+01 491 7 TeV
+ intert + e w.zn.f -?.$e+gr1i. ?‘?ug? 19.4 fy* 8;&3
— - . ] — -1.1e401, 1.1e+ 461 7Te
o I sm S O_SM, i ¢ H WZ -i.ge+gg, §,§e+gg 33610 8,13 TeV
- WZ -4.6e+00, 4.2¢+ 19.6 fb 8 TeV
f , L W R S R
-d.0e+U0, d.be+ 4.6 f 7Te
= woi  fsdeioo sdeico 22k gLV
. . . - J -3.1e+00, 3.1e+ 2 e
* Obtain limits in 3 CP-even and 2 CF — wv (i 926400, 7 36+00 25 7oV
'ﬁ' w leJ -2.ge+gg, 2‘?*88 191" 8 TeV
-1.6e+00, 1.6+ 35.9 fb 13 TeV
(0] pe ratO rs | | EW qq -3.6e+01, 3.2e+01 20.3 fb! 8 TeV
— EW qqwW -1.3e+01, 9.0e+00 20.2 ib"! 8 TeV
I—H0—| EW qqW.qqZ -ggmgg. %Se+go 35.9 fq-‘ 13 TeV
1 1 1 1 DO Comb. -8.7e+00, 1.1e+01 13 1.96 TeV
* Use leading lepton p; distribution | o PP Qomb. 146401, 4 16400 e 020 Tev
c. A2 — W 290100, 110101 o g1y
-5.9e+00, 1.1e+ 31 e
W — WW -g.ge+80. gge+go 36.1 fy" 13 TeV
P WwW -2.3e+01, 2.3e+01 4.9 7 TeV
> e Wz 1101 520100 S 2
y - — -1.4e+01, 2.2e+ 3o} e
Parameter  Observed 95% CL [TeV™"] Expected Fi wz 360400 736400 ?‘SEEE: g,_}SVTeV
-4.2e+00, 8.0e+ . =}
5 Wz -4.1e+00, 1.1e+00 35.9 f" 13 TeV
c A- -34 .33 — — -1.3e+01, 1.8e+01 46 fb 7 TeV
] b [ — Wy fedens e szl Ty
n -0.1e+00, 5.8e+ 20.2 fpr e
cw /A [=7.4.4.1] [ - P W (i 2.00+00, 576400 19fb‘P1 8Tev
-2.0e+ Te+ 3591b e
. 2 _ i } 1 EW qq -3.3e+01, 3.0e+01 20.2 fb’ 8 TeV
ca/A [-21.18] [ ' ||__.|_| ' EW qqW.qqZ _8.86+00, 1.6e+01 35.9 " 13 TeV
5 . . DO Comb. _8.2e+00, 2.0e+01 8.6 fb 1.96 TeV
Cvww [ A [-1.6,1.6] [ - | | | e i | | LEPGomb. ,  [-13e+01, §.1e+00], | o' | 020TeV |
ey /N2 [-76,76 ] (4 —-100 0 100 200
) . o o -2
aC summary plots at: http://cern.ch/go/8ghC aTGC lelts @95 /O CL [Tev ]
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Summary

DESY

WW production measured at 13TeV by ATLAS - arXiv:1905.04242

Fiducial cross section in jet-veto phase space — jet-veto p; optimized for smallest total uncertainty

Largest background tt + Wt — Estimated with partly data-driven method for small top modelling uncertainty
Most precise WW measurement at LHC so far — Uncertainty of 7.1%

» Good agreement of NNLO predictions with data, though at lower uncertainty boundary

First differential measurement at 13TeV

« Good agreement of NNLO predictions with data within uncertainties

 Differential distributions statistically limited at large energy scales

Limits on contributions from EFT operators improved by factor > 2 in expected results compared to 8TeV

— Looking forward to full run 2 analysis with about four times the amount of data
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Thanks for your attention



Previous WW measurements

DESY

Measurement precision

Measurement

CDF 1.96TeV (llvv)
Phys. Rev. Lett. 104, 201801

D0 1.96TeV (lvqq, total)
Phys. Rev. Lett. 108, 18180

ATLAS 7TeV (eu channel only)
Phys. Rev. D 87, 112001 (2013)

ATLAS 8TeV (llvv)
JHEP 09 (2016) 029

ATLAS 13TeV 2015 (e channel only)
Phys. Lett. B 773 (2017) 354-374

CMS 7TeV (total)
Eur. Phys. J. C (2013) 73:2610

CMS 8TeV (total, different flavour, O jets)
Eur. Phys. J. C (2016) 76:401

CMS 13TeV 2015 (total, O+1jet)
CMS PAS SMP-16-006

Precision on

10.0 %

7.3 %

11.0 %

9.7 %

8.7 %

9.5%
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.104.201801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.181803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112001
https://link.springer.com/article/10.1007/JHEP09(2016)029
https://www.sciencedirect.com/science/article/pii/S037026931730669X?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-013-2610-8
https://link.springer.com/article/10.1140/epjc/s10052-016-4219-1
https://cds.cern.ch/record/2160868

Theoretical predictions for ATLAS WW measurements

 0O-jet case

Analysis Data set Highest order Data Prediction Difference Reference
[fb-1] prediction in Oy,
WW@7TeV 4.6 NLO 51.9 +2.0 (stat) £3.9 (syst) £2.0 (lumi) pb 44.7 21, , pb 2.1 Phys. Rev. D 87,
[MC@NLO [total cross section] 112001 (2013)
(gg)+ GG2wWWwW
(99)
WW@8TeV 20.3 NNLO 71.1 £1.1 (stat) *>7 ¢, (syst) £1.4 (lumi) 63.2*16, , (scale) 1.4 JHEPQ9 (2016)
pb +1.2 (PDF) pb 029
[total cross section]
WW@13TeV  3.16 NNNLO+H 529 £20 (stat.) £50 (syst.) £11 (lumi.))fb 478 £17 fb 0.9 Phys. Lett. B 773
[NNLO (qq) + [fiducial] (2017) 354
NLO (gg) +
NLO (gg—->H)
WW@13TeV  36.1 [NNLO (qq) + 379 %5 (stat) £27 (syst,incl lumi) fb 347 +4 (PDF) £19 1.2 STDM-2017-24
NLO(gg)]xNL  [fiducial] (scale) fb
O EW
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112001
https://link.springer.com/article/10.1007/JHEP09(2016)029
https://www.sciencedirect.com/science/article/pii/S037026931730669X

Selections in 2015+2016 analysis

* Fiducial region

Signal region

Selection requirement

Selection value

Fiducial selection requirements

¢
P{)T
7"
rr
miss
Er
No jets with pr

vV V.V V AV

27 GeV

2.5

55 GeV

30 GeV

20 GeV

35 GeV, |n| <4.5

p% > 27 GeV
n’ |7¢| < 2.47 (excluding 1.37 < |n¢| < 1.52),
In*| < 2.5

Lepton identification

TightLH (electron), Medium (muon)

Lepton isolation

Gradient working point

DESY

Number of additional leptons (pT > 10 GeV) 0
Number of jets (pt >35 GeV, || <4.5) 0
Number of b-tagged jets ( pr > 20 GeV, |n| <2.5) 0
Episirck > 20 GeV
p%’“ > 30 GeV
Meyy > 55 GeV
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Selections in 2015 analysis

Fiducial vs. Signal region

« Fiducial region

Signal region

Selection requirement

Selection value

Fiducial selection requirement Cut value
pt > 25 GeV
el <25
Mey, = 10 GeV
Number of jets with pr > 25(30) GeV, |n| < 2.5(4.5) 0

Eiss, > 15 GeV
pAmiss > 20 GeV

DESY.

Pr
nt

Lepton identification

Lepton isolation

Number of additional leptons (p = 10 GeV)

me“

Number of jets with pt > 25(30) GeV, |n] < 2.5(4.5)
Number of b-tagged jets (pt > 20 GeV, 85% op. point)
E'rfr.lisRSel

p?iss

> 25 GeV
[n€| < 2.47 (excluding 1.37 < |n¢| < 1.52), [n*| < 2.4

Tight (electron), Medium (muon)
Gradient working point

0

> 10 GeV

0

0
=15 GeV

> 20 GeV
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Selections in 2012 analysis

ATLAS

* Fiducial reaion

efl

ee/pp

pfr (leading/sub-leading)

> 25 /20 GeV

7| [#] < 2.4 and |y°| < 2.47,
excluding 1.37 < || < 1.52

Mg > 10 GeV > 15 GeV

[mz — myg| > 15 GeV

Number of jets with

pr > 25 GV, [ < 4.5 0 0

|Zp%| if Ade > /2 > 15 GeV > 45 GeV

|Ept| x sin (Agy) if Agy < 7/2

(Ef%)

Transverse magnitude of the vectorial sum of all neutrinos, |Zp| | > 20 GeV > 45 GeV

(™)

CMS

* (no table for fiducial region in paper)

Signal region

Signal region

e ee/up

P (leading /sub-leading)

> 25 /20 GeV

]

|7*| < 2.4 and |n°| < 2.47,
excluding 1.37 < |nf| < 1.52

Number of additional leptons with

pr > 7 GeV 0 0

Mg > 10 GeV > 15 GeV
[y — 1l — > 15 GeV
El‘?‘isﬁel > 15 GeV > 45 GeV
pruiss > 20 GeV > 45 GeV
Ag(ERss pmiss) < 0.6 < 0.3
Number of jets with

pr > 25 GeV, |n] < 4.5 0 0

Variable

Different-flavor

Same-flavor

Opposite-sign
charge
requirement

P [GeV]

min(proj. E{Pi“.
proj. track
ET™)[GeV]

DY MVA

[mee — mz]
[GeV]

pi 1GeV]
mpp [GeV]
Additional
leptons
(P > 10GeV)
Top-quark veto
Number of
reconstructed
jels

Applied

=20

=20

=30
=12
Veto

Applied

<2

Applied

>0.88 in zero-jet
(=0.84 in one-jet)

=15

=45
=12

Veto

Applied

<2
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Results

DESY

Selected events in data and estimated contributions

Number of events

Statistical uncertainty ~ Systematic uncertainty

Top-quark 3120 + 50 + 370
Drell-Yan 431 + 13 + 44
W+jets 310 + 60 + 280
WZ 290 + 11 + 33
Y4 16 + 1 + 2
Vy 66 + 11 + 10
Triboson 8 + 1 + 3
Total background 4240 + 80 +470
Signal (WW) 7690 + 30 + 220
Total signal+background [1930 + 90 + 520
Data 12659 - -

(Partially)
Data-driven
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W+jets background in WW production

« Background with at least one fake lepton — Estimate data-driven — Matrix method

* How often do fake (real) leptons pass the tight SR identification, if they passed a looser ID before?
— Measure €., & &4 IN bins of n and p,, separately for triggered and non-triggered leptons

* Four equations

NLL
LT
In data |V
NTL
NT'T

DESY.

_ aLL LL LL LL
- Nfake,fal;e + Nreal,fake + Nmke.real + Nreal,real

_ LL LL LL arLL
= (€fake ‘Nt‘ake,fake 1 €fake N real,fake ¥ €real Nfake, real E!'eal"vreal,real

- s LL LL LL LL
- Ef’a!:eNt‘aI-;e,fake * €real N, real, fake T EthkeNfa!;e,!EﬁI + ElealNreaLreal

[z LL LL LL 2 LL
- EfakeN fake,fake T\ Efake Ereal.N real fake T EIE‘dlef‘dkEN fake,real T ErealNreaLreal

Solve for

NLL
real,fake/fake,real
LL
and N fake,fake

_ LL LL
N‘Wjets = €real €fake Nreal, fake T 'Efal-;eerealeake,real
2 LL
N multijet — €fake N fake, fake

— Only 2.6% contribution in SR,
but large uncertainty
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Comparing ATLAS and CMS limits

 Limits obtained from WW measurement

« From differential cross section as function of p;'ead!

Parameter  Observed 95% CL [TeV~2] Expected 95% CL [TeV~2]
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] [-1.5,1.5]
ey [N [-76.,76] [-91.91]

* Limits from 8 TeV ATLAS measurement

» From reconstructed event counts

e Search for BSM contributions in WW and WZ
events by CMS (CMS PAS SMP-18-008)

» From reconstructed event counts

Scenario  Parameter Expected [TeV™2] Observed [TeV 2]
Cwww /A2 [—7.62, 7.38] [—4.61, 4.60]
EFT Cgr/A? [—35.8, 38.4] [—20.9, 26.3]
Cw /A2 [—12.58, 14.32] [—5.87, 10.54]

DESY

Parametrization aTGC Expected limit ~ Observed limit Run I limit
cwww /A% (TeV=7) [-1.44,1.47] [-1.58,1.59] [-2.7,2.7]
EFT cw /A% (TeV2) [-2.45,2.08] [-2.00, 2.65] [-2.0,5.7]
g/ A% (TeV2) [-8.38, 8.06] [-8.78, 8.54] [-14,17]
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