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CMS measurement : 523  16 MeV±

First precise measurement of invisible Z decays at a hadron collider
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the Z ! `` amplitude.227

The main systematic uncertainties affecting the measurement of the Z invisible width are de-228

scribed in the following. Systematic uncertainties from the muon and electron identification229

efficiencies, obtained from Ref. [34], are among the dominant uncertainties, contributing 2.1230

and 1.6%, respectively. The uncertainty in the jet energy scale is the second-largest uncertainty,231

at 1.9%. The statistical uncertainty in the electron identification efficiency and the uncertainty232

from pileup both contribute at the 1% level, whereas the uncertainty from the th veto efficiency233

is 0.7%. Experimental uncertainties from the pmiss
T and electron trigger efficiencies are at the234

0.7% level, whereas other experimental uncertainties from the jet energy resolution, QCD mul-235

tijet background, and the b-tagged jet veto efficiency are negligible. Theoretical uncertainties236

from higher-order QCD and EW corrections applied to the Z+jets and W+jets processes are237

estimated using the prescription of Ref. [21] and implemented as five parameters. The final238

impact on the result is 0.5%. Uncertainties in PDFs mostly cancel, with a residual contribution239

of 0.2%. The combined statistical and systematic uncertainty in the measurement is 3.2%, with240

the statistical uncertainty contributing 0.6%. The main sources of systematic uncertainty and241

their relative contribution (in %) are shown in Table 1.242

Table 1: Relative uncertainties (in %) on the final measurement from different sources.

Source of systematic uncertainty Uncertainty (%)
Muon identification efficiency (syst.) 2.1
Jet energy scale 1.8–1.9
Electron identification efficiency (syst.) 1.6
Electron identification efficiency (stat.) 1.0
Pileup 0.9–1.0
Electron trigger efficiency 0.7
th veto efficiency 0.6–0.7
pmiss

T trigger efficiency (jets plus pmiss
T region) 0.7

pmiss
T trigger efficiency (Z/g* ! µµ region) 0.6

Boson pT dependence of QCD corrections 0.5
Jet energy resolution 0.3–0.5
pmiss

T trigger efficiency (µ+jets region) 0.4
Muon identification efficiency (stat.) 0.3
Electron reconstruction efficiency (syst.) 0.3
Boson pT dependence of EW corrections 0.3
PDFs 0.2
Renormalization/factorization scale 0.2
Electron reconstruction efficiency (stat.) 0.2
Overall 3.2

The invisible width of the Z boson is extracted from a simultaneous likelihood fit to the U dis-243

tributions in the pmiss
T +jets, Z/g*(µµ)+jets, Z/g*(ee)+jets, µ+jets, and e+jets regions. The244

U distribution is divided into 20 bins to exploit the signal-to-background ratios and the depen-245

dence of systematic uncertainties on U . The bin widths are chosen to be roughly equivalent246

to the U resolution and with a maximum statistical uncertainty of 30% for the Z/g*(µµ)+jets247

and Z/g*(ee)+jets regions. The transfer factor estimating the W+jets background is imple-248

mented as a global unconstrained parameter scaling the W+jets process in the pmiss
T +jets and249

`+jets regions. Systematic uncertainties are treated as nuisance parameters, modeled with250

Gaussian constraints. The post-fit distributions from the simultaneous fit are shown in Fig. 3.251
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Large Electron Positron collider: Highest energy electron-positron 
collider ever built (1989 - 2000)

• LEP legacy: properties of the Z boson 
measured to unprecedented precision  

• Direct and indirect measurement of Z boson 
invisible decays, indirect measurement used 
to deduce three species of light neutrinos
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Large Electron Positron collider: Highest energy electron-positron 
collider ever built (1989 - 2000)

LEP combined direct measurement : 503  16 MeV±
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CMS result : Single most precise direct measurement in the world
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