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Dibosons at the LHC

-> Processes that have typically high
cross-sections, leading to sizable statistics
(~thousands of events for the Run Il of the
LHC).

- Multileptonic final states lead to high purities
which  translates into small systematic
uncertainties.
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See the interesting results in Pedro’s talk!

http://cern.ch/go/pNj7

This talk!

September 2020 CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) o
vs. NNLO (nLo) theofy 8 TeV CMS measurement (stat,stat+sys) e 4
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- Fully differential theoretical predictions cover effects up to NNLO QCD + NLO EWK
(arxiv:1912.00068) leading to high precision predictions.

- All together this is an excellent setup to look for deviations pointing to new physics!
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https://arxiv.org/abs/1912.00068

Why measure WZ? - 3

-> Dominant SM process in 3l final states: any analysis looking
at multileptons needs to take WZ into account.

q
-> A door to several (relevant) points of high energy physics: Z
ql
- qq dominated initial state, leading to sensitivity to
variations of the u/d quark PDFs. a A
- Sensitive to anomalies in the electroweak sector in q Z

general, specifically the triple gauge coupling WWZ.
Experimental leads to BSM physics:

- “Blind” searches (EFTs) => Some today!

- “Targeted” searches: SUSY, new resonances (i.e.

exotic higgs), compositeness, etc.



WZ Inclusive cross-section | 10.10070HEPO01O122 | ¢

- Cross-section measured in the 3 lepton final state, both flavor-inclusive and flavor-exclusive.
-> A signal-enriched region is designed to fit the WZ signal contribution

- Per lepton non-prompt discriminant. ~lm,,, |zz'mzpdg| <15 GeV; on-shell Z boson
-> b-tag veto to reduce tt/ttZ presence. ~m, > 100 GeV; against photon conversions
- p;™* > 30 GeV to reject ZZ/DY.
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP04%25282019%2529122&v=eaca9e78

WZ Inclusive cross-section

- Signal yields are obtained from a fit to the lepton flavor distribution in the signal region:
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- And then extrapolated to the “total” phase space, defined
as 60 <m, <120 GeV. All W/Z decays included:

Category Trot (pp — WZ) [pb ]

eee 47.11"2 2; (total) = 47.11358 (stat)fgji? (theo)fgfg (syst) £ 1.41 (lumi)
eey 47.16"3 2{ (total) = 47. 16+§ gé (stat)+8:§g (theo)f%:gg (syst) = 1.33 (lumi)
epu 47.707338 (total) = 47.70123 (stat) T033 (theo) T2%¢ (syst) + 1.42 (lumi)
o 49.0073:13 (total) = 49.001 125 (stat) TO3} (theo) T333 (syst) + 1.39 (lumi)

- Biggest uncertainties arise from lepton and b-tag
efficiencies (~2-3%).
-> Measurement is closer to the MATRIX o

pb than the POWHEG o,

NNLo = 49.912.5
o= 42.5%1.7 pb prediction.



Charge asymmetry measurements

-> We split all flavor channels based on final state charge

and perform the same strategy to obtain charge split

cross-sections. Then compute the asymmetry ratio:

: et
Awz =

Trot(pp = WTZ)

Utot(pp — W"Z)

=148 +

0.06 (stat)

=+ 0.02 (syst) £ 0.01 (theo)

-> Most uncertainties “cancel out”, so result is driven by

statistical uncertainties. Thus, the uncertainty scales

directly with ~the square root of the luminosity.

ppp 1.07 £0.08

Combined 1.04 + 0.05

I | I 1 I

CMS 35.9 b (13 TeV)
T T | I T | T T
eee 1.05+0.14
eeun 1.05 £0.11
+

_ sz

- +
upe 0.98 +0.09 Ayz(NLO)

[ POWHEG (NLO)
- Statistical
- Systematic

- Measurements already close to the level of theoretical uncertainties so we are already

close to be able to provide feedback to the PDF community in this channel.




WZ in the EFT approach

- A reinterpretation of the measurements in terms of new physics
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https://arxiv.org/abs/1205.4231

Anomalous Couplings searches (ll) 8
- Results have been obtained for 1D and 2D scans. Small deviations appear (~10 over SM).
- Also tested the “limitations” of the EFT approach:
- Considering SM+BSM interference contributions only (as pure BSM is A suppresed).
- Applying mass cut-offs to the signal (no contribution beyond given values) we represent
possible “breaks” of the EFT assumption at different energy SCAlS- = e e - - - -
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Differential cross-section(s) measurements

— Differential cross-sections are computed for several relevant observables: p_(leading jet),
p(W), p(£), M(WZ).
-> A comparison with both POWHEG and aMC@NLO predictions shows consistent results.
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-Binning strategy designed to

obtain near-diagonal response
matrix (i.e. perfect detector
response)

mnfolding using TUnfold andx

- Yields area constrain.

-Bias scale (towards
measured total x-sec).

-No additional (i.e. Tikhonov)

{egularization terms. /
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Events/bin

Data/pred.

Differential cross-section(s) measurements

10

— Differential cross-sections are computed for several relevant observables: p_(leading jet),

pL(W), py(2), M(W2Z).

-> A comparison with both POWHEG and aMC@NLO predictions shows consistent results.
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-Binning strategy designed to
obtain near-diagonal response
matrix (i.e. perfect detector
response)

mnfolding using TUnfold and:\

- Yields area constrain.

-Bias scale (towards
measured total x-sec).
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A look to the future

-> We have successfully studied WZ production with a subset of
current LHC data, but many things can be improved with the Run Il:

- |ncreased statistics affect measurements both directly (data)
and indirectly (systematic estimation). We might be able to
reach sub-5% precision.

- Plenty of new territories to explore:

- Can we increase our knowledge of the PDFs”?

- High enough precision to study polarized
cross-sections. What can we say about longitudinally

polarized bosons?

- So far we have assumed that possible BSM is CP
even. What can we say about CP odd EFTs?

11

,7 Helicity ¢7?

Figure from arXiv:1810.11034

LHC 13 TeV, NLO, a,(M,)=0.118 - Ratio to NNPDF3.0

Figure from arXiv:1410.8849



https://arxiv.org/abs/1810.11034
https://arxiv.org/abs/1410.8849
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Background control regions

13

- Several control regions are designed to validate the MC background predictions and estimate

normalization uncertainties:
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Background control regions
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- Several control regions are designed to validate the MC background predictions and estimate

normalization uncertainties:
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Background control regions
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- Several control regions are designed to validate the MC background predictions and estimate

normalization uncertainties:
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Inclusive measurement uncertainties and yields
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Source Combined eee eey eup uuu
Electron efficiency 19 BI 500 1.9 —_
Electron energy scale 0.3 0.9 02 06 —
Muon efficiency 19 — 08 s 26
Muon momentum scale 0.5 i (20,6009
Trigger efficiency 1.9 i b B B S B
Jet energy scale 0.9 Lo e ile w08
b-tagging (id.) 2.6 2 126 26 24
b-tagging (mis-id.) 0.9 140 9w T S (7
Pileup 0.8 0.9 =8 =13 14
L 0.6 0.7 04 = 0.8 0.5
Nonprompt norm. 12 7B BV o s SR L
Nonprompt (EWK subtr.) 1.0 1.5 1.0 13 0.8
VVV norm. 0.5 06 06 = 0.6 0.5
V H norm. 0.2 02 05 02 02
tt V norm. 05 s w05 U5 {5
tZq norm. 0.1 0.1 0.1 0.1 65
X+ norm. 0.3 Q8 (il e i ]
Total systematic 4.7 78 -~ b8~ 54 7 46
Integrated luminosity 28 29 28 2290008
Statistical 2.1 6.0 48 = 4] 51
Total experimental 6.0 108 =80~ ~7Z5 v 6.3
Theoretical 0.9 QRS9 090D

Process eee eey euu UUU Total
Nonprompt BOI0E==HD D S51(==H()A A4S == ) 7 518 =9I 51 == 68
77 A aeall  AulASe Bl TN SE92 I SEEE AR ae 22
Xy IeH=eB2 202207 2692268  7HE20 53 £16
ttv 85+£28 M@ ==4il G258 2 a2 63 +21
\AA% 62E=045 sioaedal dhlfaedly G966 Ay
VH BBEE018 64+1.6 A=l A= S0)  ZG=72
tZq &9 ae 11310 & 22 1LY 84+28 12.6 4.3 31+10
Total background 112 +15 104 £ 15 il 7208 233+29 666+ 45
Wz 398 +18 577 2 21 856 £29  1333+47 3166+ 62
Data BlE) 5= 23] 678 =68 (055 =20 08 5 37 ()0 SSil 1162

-> Yields are presented after the signal
extraction fit is performed (to the lepton flavor
distribution).

- The contribution of each uncertainty is
by the
nuisances, recomputing the best fit and its

computed freezing associated

uncertainties, and subtracting quadratically.



