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Introduction

• Generally, all new particles that can decay to dilepton called Z’ 

• Many BSM theories predict new heavy resonances decay to dilepton 

• extension of SM in Grand Unification predict spin-1 resonance (e.g Z’ψ)  

• some SUSY models predict new spin-0 resonance 

• sequential SM predict Z’SSM (same coupling structure as Z in SM) 

• New physics manifest itself in a change of the dilepton mass spectrum 

• Dilepton search channel — a promising channel for heavy resonance search: 

• low background at high mass region 

• high accuracy of lepton reconstruction 

• good mass peak above background
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Signal	and	backgrounds
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Object	and	Event	selection

•Trigger: di-electron trigger with  ET > 33 GeV 

•Offline Electron selection:  

•pT > 35 GeV 

• |η| < 2.5,  crack region removal:  1.444 < |η| < 1.566  

• electron ID based on shower shape variables 

• track isolation and calo-isolation 

•At least one electron in the barrel region:  |η| < 1.444 

• Select two opposite charged electrons.  If more than one di-electron 
candidate found,  only the pair with the two largest ET is retained. 

•Events are classified into two categories based on electrons η position: 
BB, BE 
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Mass	Scale	and	Resolution

• Step 1)  data vs MC at the Z peak 
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De:ined	in	two	steps:

At the Z peak [80, 100] GeV, distributions are fitted 
with Breit-Wigner convoluted with Double-sided 
Crystal Ball (dCB) 

♦    Mean and sigma of gaussian part in dCB are quoted. 

♦    Compute the resolution discrepancy between data 
and MC,   σ2extra = σ2data - σ2MC 

♦    The values in the table are expressed in percentage 
[%] w.r.t MZ (PDG value: 91.1876 GeV) 



Mass	Scale	and	Resolution

• Step 1)  data vs MC at the Z peak 

• Step 2)  MC for high mass signal sample,   gen vs reco
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De:ined	in	two	steps:

♦    For each mass points of high mass Z’,  get the 
distribution of (Mreco -  Mgen) /  Mgen 

♦    Distributions are fitted with a Crystal Ball 
(CB) function 

♦    σextra (obtained in Step 1)  added in 
quadrature to the sigma of CB to get the mass 
resolution of high mass region for data     

♦    σ2high mass = σ2CB + σ2extra



Main	background:		Drell-Yan	process
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• Mass spectrum of DY background from MC simulated events 

• Measure the cross section at the Z peak [60, 120] GeV 

• Compare with theoretical prediction 

• theoretical prediction:    1928 pb (NNLO) 

• Obtain a global Normalisation Factor for DY 

Measured DY cross section is ~5% lower than 
theoretical prediction.



Flavour	symmetric	backgrounds
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Same-SignOpposite-Sign

• Flavour symmetric backgrounds (ttbar, tW, WW, WZ, ZZ, ττ ) are from MC 
prediction 

• Validation study is performed for the MC prediction for those backgrounds 

• use different flavour control region:  e+μ-  or  e-μ+ (opposite sign)

• jet(s) background (W+jets and dijets) estimated from same-sign CR 

• Good agreement between data/MC in the opposite sign CR



Jet(s)	background
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• Jet(s) background estimated with Fake Rate Method from data 

• Firstly measure the Fake Rate (FR) with real data 

• use data events triggered by single photon trigger 

• events with more than one electron (ET > 10) is vetoed to suppress DY 

• use track isolation template to calculate FR 

• Select di-jet CR (2Fail) and W+jets CR (1Pass + 1Fail) from data 

• apply FR once to W+jet CR to obtain 1F estimate 

• apply FR twice to di-jet CR to obtain 2F estimate 

• Final jet(s) background =  1F estimate - 2F estimate 

FR = N4 /  N3



Mee	Distribution	in	data	(Barrel-Barrel)
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Integral distribution:  in each bin, fill events 
number with Mee >  bin lower edge. 

Deficit in the high mass region!

Highest mass:   1769 GeV 



Mee	Distribution	in	data	(Barrel-Endcap)
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Integral distribution:  in each bin, fill events 
number with Mee >  bin lower edge. 

Deficit in the high mass region!



Mee	Distribution	in	data	(BB,	BE	Combined)
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Limit	setting
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• Build likelihood (summing up signal and background) based on Mee 

• Systematic uncertainties also included with lognormal function 

• Fit on Mee, background amplitude information from sidebands automatically 
included in the Likelihood. 

• Results are presented as a ratio of high mass to those at Z peak.  

• Many uncertainties cancel out in the ratio, especially those independent of mass 
and luminosity uncertainty. 



Signal	shape	parameterisation
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Barrel-Barrel Barrel-Endcap

•Mass resolution parameterisation already shown on page 6 and 7 

• acceptance✖ efficiency parameterisation as a function of mass 



Background	:it	and	Main	systematics
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• Background shape (from estimation) is used to perform the background fit 

• The absolute background yields is obtained through fit on data 

• Main systematic uncertainties: 

• Electron ID at high energy: 4% for barrel and 6% for endcap per lepton

• PDF uncertainty (mass dependent) ranging from 5% at 400 GeV to 19% at 3TeV 

•Energy scale uncertainty: 1-2% 

• jet(s) background uncertainty 50%,  Flavour symmetric bkg ~7% 

•Normalisation at the Z peak: 2%

background	:it



Results
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2016  ee channel 2015  ee channel

obs(exp) limit 2016 data (ee) 2015 data (ee)

Z’SSM 3.65TeV (3.65TeV) 2.75TeV (2.95TeV)

Z’ψ 3.10TeV (3.10TeV) 2.40TeV (2.45TeV)

2016 data (ee+μμ)
4.0TeV (4.0TeV)

3.50TeV (3.50TeV)



Conclusion

• Z’ search with di-lepton final states was updated with 12.4 fb-1 of 2016 
data. Results presented at ICHEP 2016. 

• No excess found!  More stringent limits set on the Z’ mass. (3.5TeV for 
Z’ψ and 4.0TeV for Z’SSM) 

• Beihang University (joined CMS last Sept.) made significant 
contribution to this analysis. 

• Editor for analysis note 

• Approval talk on behalf of the analysis group 

• A paper (combine 8TeV and 13TeV data) is prepared,  being reviewed 
in CMS Collaboration. 

• Continue the search with more Run II data. Stay tuned!
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• backup
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