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Analysis strategy
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and scale factor

Mass scale and resolution

Backgrounds estimation

Systematic uncertainty

Results

Summary



There are several beyond standard models predict the existence of 
heavy neutral resonances such as GUT (arXiv:hep-ph/9805494), extra 
dimensions (arXiv:hep-th/9906064), RPV SUSY (arXiv:hep-ph/0406039), QBH (arXiv:0708.3017), 
…

Signal searching in 𝑒𝑒 final state 

Signal searching in 𝑒𝜇 final state 

RPV SUSY 𝑒𝜇 RPV 𝑒𝜇 QBH

𝑍′/𝐺 → 𝑒𝑒 𝑒𝑒
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 Object selection

 Electron

𝐸𝑇 > 35 GeV, |𝜂|<2.5

Passing High Energy Electron Pairs (HEEP) ID selection

 Muon

𝑃𝑇 > 53 GeV, |𝜂|<2.4

Passing High-Pt muon ID

Passing Track-based relative isolation

 Event selection

 For 𝑒𝑒 analysis

Dataset: 12.4𝑓𝑏−1 in 2016

 Trigger: Double electron trigger

 The two highest 𝐸𝑇 of electrons are selected

 Events categories: Barrel-Barrel (BB) and Barrel-Endcap (BE) channels

 For 𝑒𝜇 analysis

Dataset: 2.7𝑓𝑏−1 in 2015

 Trigger: Single muon trigger

Passing MET filters 

Veto the electron which are close to a muon ( ∆𝜂2 + Δ𝜙2 < 0.1)

Choose the 𝑒𝜇 pair with highest invariant mass

https://twiki.cern.ch/twiki/bin/view/CMS/HEEPElectronIdentificationRun2
https://twiki.cern.ch/twiki/bin/viewauth/CMS/SWGuideMuonIdRun2#HighPtMuon
https://twiki.cern.ch/twiki/bin/viewauth/CMS/SWGuideMuonIdRun2#Muon_Isolation


 The tag and probe counting method is used.

Below plots shows the HEEP efficiency for data and MC simulations versus 𝐸𝑇 of 
probe.

Run2(25ns) 2016 results (12.4 𝒇𝒃−𝟏) 2015 results(2.5 𝒇𝒃−𝟏)

Region Eff. (barrel) Eff. (endcap) Eff. (barrel) Eff. (endcap)

Data 86.11% ± 0.02%(stat.) 83.26% ± 0.04%(stat.) 89.38% ± 0.03%(stat.) 88.12% ± 0.08%(stat.)

DY + Non-DY 89.58% ± 0.05%(stat.) 86.27% ± 0.13%(stat.) 89.98% ± 0.05%(stat.) 88.90% ± 0.11%(stat.)

Scale factor 0.961  ± 0.001(stat.) ±
0.005(syst.)

0.965  ± 0.002(stat.) ±
0.007(syst.)

0.993  ± 0.001(stat.) 
±0.005(syst.)

0.991  ± 0.002(stat.) 
±0.008(syst.)

SF: 4% off(2016), 1% off(2015).

SF is flat across wide range of ET.

EndcapBarrel

SFSF



The tag and probe fitting method is used.

Below plots shows the Muon ID (left) and Isolation (right) efficiency for 

data and MC simulations versus 𝑃𝑇 of probe.

SF is close to 1.

SF is flat across wide range of PT .

Muon ID Muon Isolation 



We estimate it in two steps: 

 1- using data and MC at Z peak 

 2- using MC only for  high masses

step1- 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.

 The values in the table are 
expressed in percentage [%] of 
the Z peak mass value(𝑀𝑍 PDG 
91.1876GeV)

 Computing the resolution 
discrepancy between data 
and MC,  σ2

extra
= σ2

data 
- σ2

MC 

Category 𝜟𝑴/𝑴 [%] 𝝈𝒅𝒂𝒕𝒂 [%] 𝝈𝑴𝑪 [%] 𝝈𝒆𝒙𝒕𝒓𝒂 [%]

BB 0.79± 0.01 1.34±
0.01

1.14±
0.01

0.71±
0.03

BE 0.70± 0.01 2.49±
0.01

2.15±
0.01

1.26±
0.03

 Energy scale in barrel is 0.991 (to data)

 Energy scale in endcap is 0.993 (to data)

 Energy smearing in barrel is 1.1275% (to MC)

 Energy smearing in endcap is 2.205% (to MC)

 More details in back up

Data: Barrel-Barrel

MC: Barrel-Barrel

Data: Barrel-Endcap

MC: Barrel-Endcap



 step2- At high masses, use MC only

 For each bin of Mee : resolution = (Mreco – Mgen)/Mgen

 Distributions are fitted with a Crystal Ball (CB) function (Gaussian core + 
power-law tail)

 The 𝜎𝑒𝑥𝑡𝑟𝑎 is added in quadrature to the sigma of the CB to get the mass 

resolution of data in high mass region (𝜎= 𝜎𝑓𝑖𝑡
2 + 𝜎𝑒𝑥𝑡𝑟𝑎

2 ) . 

The signal pdf is Breit-Wigner(𝑚, Γ) ⨂ Gaussian (0, 𝜎)

Barrel-Barrel Barrel-Endcap



For RPV signal

 Relative mass resolution : 𝑀𝑟𝑒𝑠 =
𝑀𝑟𝑒𝑐𝑜−𝑀𝑔𝑒𝑛

𝑀𝑔𝑒𝑛

 Fitting the core of 𝑀𝑟𝑒𝑠 distribution using Gaussian.

 The width of Gaussian is taken as a measure of the mass resolution.

 Signal pdf = Gaussian(𝑚, 𝜎)

 The difference between two muon alignment scenarios (asymptotic(default) and 

startup ) covered by assigned systematic uncertainties.

For QBH signal: the shape is taken from MC simulation

RPV, 𝜎 fit



 It is predicted using MC simulation. 

For 𝑒𝑒 analysis it is main background and a cross 

check is performed by measuring the cross 

section of Z peak (60-120 GeV).

 Results: Consistent with theoretical prediction 

(1928 pb (NNLO)) within the uncertainty both 

for barrel-barrel and barrel-endcap channels.

Barrel-Barrel

Barrel-Endcap



Flavour symmetric backgrounds (𝑡  𝑡, 𝑡𝑊,𝑊𝑊,𝑊𝑍, 𝑍𝑍, 𝑍 → 𝜏𝜏 ) are 

predicted by MC.

For 𝑒𝑒 analysis these backgrounds are cross checked using the 𝑒 − 𝜇
invariant mass spectrum.

Here the QCD contribution is estimated from same-sign region.

Good agreement between data and MC.

Opposite-signSame-sign



When the jets are 
misidentified as electrons. 

Estimated using fake-rate 
method.
 Fully data driven.

Quoting a 50% uncertainty.

Validated in 𝑒𝑒 endcap-
endcap channel which is 
mostly jets.
Very good agreement. 
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EXO-16-001

EXO-16-031

𝑒𝑒 𝑒𝜇

For 𝑒𝑒 analysis: The MC in the Z peak is normalized to data.

No evidence for a significant deviation from the SM expectations is 

observed. 

Systematic uncertainies are explained in next slide.



 For 𝑒𝑒 analysis:

 Electron ID at high energy (assign 4%(Barrel) -6%(Endcap) per lepton).

 DY PDF uncertainties (mass dependent) range from 5% at 400 GeV to 19% at 3 TeV.

 Energy scale uncertainties (values @ RUN1 are 1-2%).

 The jet background uncertainty (50%) and the non DY BG (7%).

 Normalization at the Z peak (2%).

 Here the luminosity uncertainty do not come in because we are calculating limit on 𝑅𝜎 . 

 For 𝑒𝜇 analysis:

 Luminosity (2.7%).

 Pile-up (5%).

 𝑡  𝑡 shape uncertainty.

 PDF uncertainty : Officical PDF4LHC recommendations for run 2.

 Muon Pt scale (10% per TeV), Pt resolution (4%).

 Muon trigger SF (0.5%), ID and isolation SF (1%).

 Electron energy scale (0.4% for barrel, 0.8% for endcap).

 Electron ID at high energy (assign 4%(Barrel) -6%(Endcap) per lepton).

 Normalization of background cross section : 5% for 𝑡  𝑡, single top, DY, WZ, ZZ. 4% for WW. 50% 
for W𝛾 and jet background.



𝑒𝑒, spin 1

𝑒𝑒, spin 1

Barrel-Barrel

Barrel-Endcap

𝑒𝜇, RPV

𝑒𝜇, QBH



For 𝑒𝑒 analysis

 Background shape comes from the fit of the MC + data-driven background.        

𝑓 = 𝑒𝑎𝑚+𝑏𝑚2+𝑐𝑚3
∗ 𝑚𝑑

Barrel-Barrel Barrel-Endcap

For 𝑒𝜇 analysis

 Using histograms from MC + data-driven background and normalized to luminosity.



Obs.(Exp.) limit on threshold

mass in TeV

𝑍′(Ψ) 3.1(3.1)

𝑍′(𝑆𝑆𝑀) 3.6(3.6)

EXO-16-031



Coupling Obs.(Exp.) limit on mass 

of 𝝉-sneutrino in TeV

𝜆311
′ = 𝜆132 = 0.01 1.0(1.0)

𝜆311
′ = 𝜆132 = 0.1 2.6(2.5)

𝜆311
′ = 𝜆132 = 0.2 3.1(3.1)

EXO-16-001 EXO-16-001

RPV QBH

𝑵𝒅𝒊𝒎 Obs.(Exp.) limit on 

threshold mass in TeV

N=1 (RS) 2.5(2.5)

N=4 (ADD) 4.2(4.2)

N=5 (ADD) 4.3(4.3)

N=6 (ADD) 4.5(4.5)



Searching heavy resonances decay to 𝑒𝑒 (𝑒𝜇) final state 

have been preformed using 12.4 (2.7) 𝑓𝑏−1 CMS 13 TeV

data. 

Final mass spectra looking healthy and shows no 

relevant excess over the background.

Upper limits are set on cross section ratio of 𝑍′ model for 

𝑒𝑒 analysis and the cross section of 𝝉-sneutrino and QBH 

for 𝑒𝜇 analysis.

The analysis with full 2016 data is on-going, hope to see it 

soon.











 The main uncertainties on the Drell-Yan background come from PDF and NNLO effects.

 Left figure shows the ratio of FEWZ3 cross-sections to that predicted by our POWHEG samples 
generated with NNPDF3.0. It is noted that the POWHEG NNPDF3.0 prediction is increasingly 
higher than the FEWZ prediction when the mass increases. (see the mass spectrum after 
applying the reweighting on slides 25)( Note: QCD(NNLO) and EWK(NLO) corrections are 
include in FEWZ and this is without detector simulation and particle reconstruction in both 

cases)

 Right figure shows the ratio of the POWHEG cross-section predictions when using CT10 and 
CT14 over the prediction using NNPDF3.0. The ratio decrease when the mass increase. It should 
be noted that ATLAS in their 2015 result used CT10.

24

 More details in AN-16-053

 The PDF uncertainties relative to Z peak region for FEWZ 3.1 at NNLO with the PDF4LHC15nnlo 
PDF set :



 Likelihood (Note that background amplitude information from sidebands is in this 
likelihood.) 

 Using (pseudo) Bayesian method with known good frequentist
properties and multipling this likelihood by priors:
uniform in cross section (known good frequentist for upper limits),
lognormal representing uncertainties for systematics in quantities such as scale 
etc. and vague prior for background amplitude, so that sidebands in likelihood 
determine background amplitude, not the prior. 

 likelihood times priors = posterior. Inference is from posterior: we integrate out 
nuisances, etc. The integration is doing via the Metropolise-Hasting algorithm .

 Results are presented as a ratio of cross sections at high mass to those at the Z. 

 Many uncertainties cancel out, especially those independent of mass (both 
known and unknown)  and the CMS luminosity measurement cancels out in 
the ratio.
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