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Introduction
● Leptoquarks (LQs) arise in many theories beyond the standard model such 

as Pati-Salam, GUTs, technicolor etc.
● They appear as spin-0 or spin-1 bosons carrying both baryon and lepton 

numbers as well as fractional electric charge

● We are looking for pair production of 1st generation scalar LQs, produced 
mainly via gluon-gluon fusion at the LHC

2



Analysis Overview
● Signal final state comprises at least two high-pT electrons and two high-pT jets for the eejj channel and  

an electron, MET and two high-pT jets for the eνjj channel
● Define a selection dominated by background (“preselection”) used for data-MC background comparison
● Optimise final selections as a function of LQ mass

● Final selection variables:
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ST = pT
e1 + MET+pT

jet1 + pT
jet2

Mej
 : LQ candidates are reconstructed using                

the l-j pairing with minimum |MTLQ1−MTLQ2|

mT(e,ν) : electron - neutrino transverse mass

MET: Missing transverse energy

ST = pT
e1 + pT

e2 +pT
jet1 + pT

jet2

Mmin
ej : LQ candidates are reconstructed using                

the e-j pairing with minimum |MLQ1−MLQ2|

Mee: Invariant mass of the di-electron system

eejj channel: eνjj channel



Backgrounds
● Z+jets      dominant background in eejj channel but small contribution in eνjj 

channel
● ttbar       significant contribution in both the channels
● QCD multijet      minor contribution in eejj channel but significant contribution 

in eνjj channel
● W+jets      major background in eνjj channel but minor contribution in eejj 

channel
● Other minor backgrounds in both the channels include:
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● Diboson
● Single top
● Gamma + jets



Preselection
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Variable Cut

At least two electrons passing 
HEEP ID

pT > 50 GeV, |η| < 2.5

>= 2 jets pT > 50 GeV, |η| < 2.4

Mee > 50 GeV

pT(ee) > 70 GeV

ST  > 300 GeV

Variable Cut

Exactly one electron passing 
HEEP ID

pT > 50 GeV, |η| < 2.2

>= 2 jets pT > 50 GeV, |η| < 2.4

mT(e,ν) > 50 GeV

pT(e,MET) > 70 GeV

ST  > 300 GeV

MET  > 100 GeV

|ᵂɸ(MET,e)|  > 0.5

|ᵂɸ(MET,j1)|  > 0.5

                   Preselection eejj                    Preselection eνjj 

● No muons with pT > 35 GeV, |η| < 2.4 and passing high pT muon 
ID 

● Jets: ak4PFCHS, loose ID
● MET: PFMET Type1XY
● Trigger: HLT_Ele27_WPTight_Gsf_v OR 

HLT_Ele115_CaloIdVT_GsfTrkIdT_v OR HLT_Photon175_v

Common selections



Trigger Efficiency
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● Trigger efficiency is measured using the ‘tag and probe’ method exploiting the 
Z(→e+e-) decay

● Select events with two electrons having 60 < Mee< 120 GeV
● Require one electron to be the tag and the other be the probe
● Measure efficiency by calculating how many times the probe passes the trigger
● No trigger requirement is applied to the MC samples; rather the efficiency curve is 

applied 

● Results reviewed and 
approved by Egamma 
POG



Backgrounds for eejj
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DY+jets background:
● Shape from MC, normalise at preselection  

requiring 80 < Mee < 100 GeV
● Subtract other backgrounds using MC and 

QCD (data driven)
● Scale factor = 0.97 +/- 0.01(stat.)

                  Variation of scale factor vs. ST is flat



Backgrounds for eejj
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ttbar background:
● Data driven prediction using eᶞjj 

events
● Formula used:

● Apply trigger efficiency only to 
the lead electron

● Rtrigger  =  2-ε
● Ree,eᶞ  is obtained from ttbar MC
● Ree,eᶞ   = 0.479 +/- 0.003

San
ity
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eejj



QCD Background
Use the fake rate method to estimate the QCD background
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● Similar to as done in Z’ analysis
● Measure:

● To get the fake-rate an event is required to satisfy the following conditions:

● Measure the fake-rate in bins of η (barrel/2 endcap bins) and ET for different jet multiplicities
● Used template method to get the fake-rate

         

● Exactly one loose electron
● Pass the single photon trigger, matching the loose electron* to the trigger object

*



QCD Background 
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● Use track isolation as a template variable
● Define the signal region and sideband in the template variable 

● Use the ratio of the jet events in the SR compared to the SB 
to calculate the fake contribution in the SR

Event yield:

● Signal region (SR): track isolation < 5 GeV (HEEP threshold)
● Sideband (SB): 10 < track isolation< 20 GeV

SR SB
SR SB

endcap1



Closure Test

● Prediction: Events with both electrons failing HEEP:

● Actual: Require exactly 1 electron passing HEEP in                    
data; subtract non-QCD processes using MC

● In both cases MET < 100 GeV, ST > 200 GeV, Mee > 110 
GeV
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In region with tighter ST  (340 GeV)
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Kinematics of electrons and 
jets look well-modeled

Preselection Distributions eejj



Preselection Distributions eejj
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● Selection variables also look good



Backgrounds for eνjj 

W+jets and ttbar background:
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● Shape from MC, normalised to data
● Define two control regions, one which enriches the sample with W+jets, and one which 

increases the ttbar contribution 

● Define a system of equations that can be solved to                                                                     
get the scale factors for W+jets and ttbar

● eνjj preselection
● 50 < mT(e,ν) < 110 GeV
● Zero b-tagged jets

W+jets control region

● eνjj preselection
● 50 < mT(e,ν) < 110 GeV
● At least 1 b-tagged jet

ttbar control region

         W+jet control region        TTbar control region



Preselection Distributions eνjj
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Kinematics of leptons and 
jets look well-modeled



Preselection Distributions eνjj
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Selection variables 
also look good



Systematics
Objects:

● JER/JES: nominal collections are shifted
● EER/EES:10%, 2% as recommended by EGamma POG
● Electron reconstruction efficiency: 5%
● Electron ID: 4% (6%) in barrel (endcap)
● MET: shift the JER, JES, electron energy and                                                                            

Backgrounds:

● tt-bar, Z+jets and W+jets shape: vary renormalization/factorization scales
● tt-bar, Z+jets and W+jets normalisation: the stat. uncertainty on the scale factor is taken as the 

uncertainty on the normalisation
● QCD: 50%(eejj), 25%(eνjj)
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Detector:

● Luminosity: 2.5%

Simulation:

● Pileup (5%)
● PDF: shift nominal PDFs

Unclustered energy



Expected Limits
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● 95% CL on ᷟ⨯ᶔ2 (eejj) and ᷟ⨯2ᶔ(1-ᶔ)(eνjj)
● Expected mass limit:1490 GeV(eejj) and 

1215 GeV (eνjj)
● Limits on the LQ mass in eνjj channel 

obtained for the first time at 13 TeV
● Calculated with asymptotic CLs method
● 2015 data expected limit: 1130 GeV for 

eejj
● 8 TeV expected limit for eνjj was 890 GeV



Conclusion
● A search for first generation pair produced scalar leptoquarks in the eejj and 

eνjj final state is conducted with the 13-TeV data recorded during 2016
● Set limits on σxβ2 (eejj)  and ᷟ⨯2ᶔ(1-ᶔ) (eνjj) as a function of the leptoquark 

mass; this results in a leptoquark mass limit of 1490 GeV (eejj) and 1215 GeV 
(eνjj)

● Expect to extend the eejj limits from 2015 by ~400 GeV, and set limits for eνjj 
for the first time at 13 TeV

● The analysis (EXO-17-009) is already pre-approved and now under active 
internal refereeing

● Expect it to be approved in next couple of weeks
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Back up
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Data and MC
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signal
Signal and 
QCD

JSON: /afs/cern.ch/cms/CAF/CMSCOMM/COMM DQM/certification/Collisions16/13TeV/ReReco/Final/Cert 271036-284044 13TeV 23Sep2016ReReco Collisions16 JSON.txt 

RunIISummer16MiniAODv2_PUMoriond17_
asymptotic, PU reweighting applied

DY, W+jets, Diboson          MadGraph5_AMC@NLO
Photon+jets          MadGraph
SingleTop            Powheg
TT+jets          Powheg

● For data, we pick events from single electron 
dataset only if the event passes the single 
electron trigger but fails the single photon 
trigger, and pick events from the single 
photon dataset if the event fires the single 
photon trigger

● Trigger : HLT_Ele27_WPTight_Gsf_v OR HLT_Ele115_CaloIdVT_GsfTrkIdT_v OR HLT_Photon175_v

MC Samples



Trigger efficiency with different combinations



Optimisation (eνjj)
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Optimisation (eejj)
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● Optimise the Mee, ST, Mmin
ej  by 

scanning the 3-D parameter space 
and maximising the Punzi criterion 
for each LQ mass hypothesis with 
a = 5



LQ signal samples
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● LQ signal samples produced with 
Pythia8

● Mass range: 200-2000 GeV

● Pileup reweighting applied



MC Samples
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Negative weight event
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QCD fake rate
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● Fake-rate for Njet >=2



Fakerate for Njet >=2, eta > 2.0



Comparison of fakerate with Z’ results
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Z’ results



Negative fakerate

31



Systematics (LQ1000)
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Event Yield (eejj)
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Event Yield (eνjj)
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Event filters applied
● HBHE noise filter: available in MiniAOD

● HBHE isolated noise filter: available in MiniAOD

● CSC beam halo filter: The “globalTightHalo2016” version of the filter is used; available in MiniAOD

● Good primary vertex filter: The event must have a well-defined good quality primary vertex; available in MiniAOD

● Bad EE supercrystal filter: Events with unusually high energies in four ECAL endcap supercrystals are removed; 
available in MiniAOD

● Bad resolution track filter: Rejects events containing a high-p T charged hadron with unusually high p T resolution; 
re-run on top of MiniAOD

● Bad muon track filter: Rejects events containing high-p T muons with either (1) unusually high pT resolution; (2) high 
χ 2 /ndf without muon system hits; or (3) no muon subtrack having good p T resolution; re-run on top of MiniAOD
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Loose Jet ID
● Neutral hadron energy fraction less than 0.99
● Neutral electromagnetic energy fraction less than 0.99
● At least two constituents
● Charged hadron energy fraction greater than 0
● Charged multiplicity greater than 0
● Charged electromagnetic energy fraction less than 0.99
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8TeV Limits
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