
1

Search for a Heavy Neutrino 
and Right-Handed W of The 
Left-Right Symmetric Model 

in pp Collisions at 7 TeV

A. Dermenev, S. Gninenko, M. Kirsanov, A. Korneev, 
N. Krasnikov,  A. Toropin, D. Tlisov,

B. Dahmes, P.Dudero, J.Mans, J. Pastika and A. Gude

22.04.2011



2

Analisys Status

A. Dermenev, S. Gninenko, M. Kirsanov, A. Korneev, N. Krasnikov,  A. Toropin, D. Tlisov,
B. Dahmes, P.Dudero, J.Mans, J. Pastika, A. Gude 22.04.2011

CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

Last update 
at the

CMS LQ 
meeting 
Apr. 22

AN-2010-438 PAS EXO-11-002



3

Team
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

     INR (Moscow)

Alexander Dermenev
Sergei Gninenko
Mikhail Kirsanov
Anton Korneev
Nikolai Krasnikov
Alexandre Toropin
Danila Tlisov

  UMN (Minneapolis)

Jeremiah Mans
Bryan Dahmes
Phil Dudero
J. Pastika 
A. Gude

A. Dermenev, S. Gninenko, M. Kirsanov, A. Korneev, N. Krasnikov,  A. Toropin, D. Tlisov,
B. Dahmes, P.Dudero, J.Mans, J. Pastika, A. Gude 22.04.2011



4

Outline
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

  Introduction
 1 Left-right symmetric models
 2 Heavy neutrino production and decay
 3 Data and Monte Carlo Samples
 4 Reconstruction of physical objects
 5 Event Selection
 6 Background Estimation
 7 Cut Optimization
 8 Systematic Errors
 9 Results
 Conclusion
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LR Symmetry: What and Why
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

Standard Model Left-Right-Symmetric Extension
Gauge 
group

SU(2)L X U(1)Y SU(2)L X SU(2)R X U(1)B-L

Fermions LH doublets: QL = (ui,d i)L  ; LL =  (l i,ν i)L  
RH singlets: QR = ui

R , d i
R  ; LR = l i

R 

LH doublets: QL = (ui,d i)L , LL =  (l i,ν i)L  

RH doublets: QR= (ui,d i)R , LR =  (l i,N i)R 

Neutrino
s

ν i
R do not exist

ν i
L are massless & pure chiral

Ν i
R  are heavy partners to the ν i

L

Ν i
R Majorana in the Minimal LRSM

Gauge 
bosons

W±
L, Z0, γ W±

L,W±
R Z0, Z´, γ

 Parity Violation, SM imposes by fiat
 LRSM explains by symmetry breaking at an 

intermediate mass scale

 Neutrino Oscillations ⇒ Mass, SM forbids
 LRSM deploys a “see-saw mechanism”
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Signature and Channels
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 Looks like SM W-boson production with an additional decay
 No L-R mixing means N  off-shell WR+ l
 Cross sections depend on M(WR) and M(N), LO values above
 Final signature is 2 leptons + 2 jets, l = e (INR) or μ (UMN)
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Data Samples
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No
Prescale
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BG MC Samples
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MC Signal Samples
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 ~100 mass points studied 
(up to M(WR)=1.6TeV)

 10k events per point
 Only one neutrino flavor 

assumed reachable
 PYTHIA LO s's plotted

 M(WR) – dependent        k-
factor ~1.30 used

    (slow dependence)
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Electron Reco/Selection
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

 PAT Framework used;
 “HEEP v3.0” electrons;
 Isolation cuts at the preliminary selection 

3 times looser than standard HEEP;
 pt > 20 GeV;
 Default “Swiss cross” S4/S1 spike 

rejection applied.
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Muon Reco/Selection
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 PAT muons with VBTF loose;
 Tracker isolation < 10 GeV;
 ΔR(μ, selected jets) > 0.3;
 pt > 20 GeV;
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Jet Reco/Selection
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1Looser jet thresholds used only for QCD background / efficiency studies
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Event Selection
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Preliminary Selection:
 At least 1 lepton and 1 jet

Primary Selection:
 At least 2 leptons
 At least 2 jets pt > 40 GeV (two hardest used)
 Vertex of 2 leptons and 2 jets within 0.03 cm

Final Selection:
 One muon with VBTF Tight, trigger matched in |η| < 2.1
 One electron in the barrel 
 One lepton pt > 60 GeV
 “LOOSE PURE 09” Jet ID applied
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Primary Selection Efficiency 
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Defines the shape of 
the lower part of the 
sensitivity region 

Triangles – muons
Squares - electrons
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Backgrounds
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Expected from the SM processes with 2 or more 
leptons

Some contribution from the QCD processes with fake 
leptons

Most important backgrounds: tt production, Z+jets  
Renormalized from data, only shape from MC partly 
used (due to small statistics in data)

QCD – from data

Other, small (sum < 10%) backgrounds: W+jets, ZZ, 
ZW, WW, tW from MC
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TTbar BG
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Checks of the tt BG with e-μ signature:
 Require: 

1 HEEP electron, 1 isolated muon, both with pt > 20 GeV
At least 2 jets with pt > 20 GeV, 
Vertex

 “jetProbabilityBJetTag” middle threshold 0.459
 Electron dataset, no additional events from muon dataset
 Good agreement for this process, which is our most 

important BG, so no need to renormalize
 We use the statistical error of possible normalization

Compare with S.Choi, J.Goh, M.S.Kim et al., AN-2010-380:
 Good agreement in spite of different ID
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

TTbar BG, e-μ channel
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

TTbar BG, e-μ channel

GOOD
Agreement
No Rescale,

k = 1
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TTbar BG
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

 Sufficient MC statistics to fit exponential slope.
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Z+jets BG and Data

Normalize MC Alpgen binned samples to data:

 Apply 4-object selection, subsequently 
assume leptons in narrow window around 
the Z-peak are pure;

 Weight MC sample via  χ2    minimization 
to peak in data

 Use the new MC normalization to estimate 
Z+Jets BG
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

Z+jets BG, Electron Channel
Requirements:

 2 HEEP electrons, pt > 20 GeV;
 2 PAT jets, pt > 40 GeV, |η| < 2.5 ;
 At least one electron in barrel. 
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Z+jets BG, Muon Channel
Requirements:

 2 muons, at least 1 tight muons, pt > 20 GeV;
 2 PAT jets, pt > 40 GeV, |η| < 2.5 .
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Z+jets BG
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

Z+jets BG

Exponential fit
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Isolation cut check 
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2 Electrons from the Z peak
Electrons with a jet within 0.5 < R < 0.8
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QCD BG, Electron Channel
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1st Step:
 Fake rates determined using events with isolated cluster – 
     jet back-to-back (                 ), pt

miss < 20 GeV, any number of jets;
 pt ~ 20 – 40 GeV: linear interpolation from 0.004 and 0.012;
 pt  > 40 GeV compatible with flat: 0.0075 barrel, 0.033 endcap 1 

and 0.04 in endcap 2.

Fake rate barrel Fake rate endcap 1
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QCD BG, Electron Channel

2nd Step: 
 Produce QCD BG sample
 Take events with at least 2 isolated superclusters
 Calculate probability as a product of the two fake rates, 

use it as a weight
 Use this sample in the analysis, adding it to other 

samples
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QCD BG, Electron Channel
3rd Step:
 Closure test 
 Using fake rate and ccj events predict number of ecj;
 Require < 2 electrons and  pt

miss < 20 GeV;
 Take 2*σ as uncertainty of the method: 18%
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QCD BG, Electron Channel

     Comparison with data:
 BG, selection ee same sign 

(reduces other SM 
background)

 pt  > 20 GeV,
 Requirement of one in the 

barrel removed;
 Mll > 120 GeV
 MC: dominated by QCD, other 

SM < 0.5. Within uncertainty

Data
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Cuts Optimization
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 Optimization of significance function:

 At least one electron in barrel for electron channel to 
suppress QCD;

 Mll > 200 GeV common for all mass points 
significantly reduce Z+jets;

 Mw cut selected individually for each WR mass, but 
common for neutrino masses reduce all BG.

BS
S
+

11.02.2011

CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search



31

Cuts Optimization
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Cuts Optimization
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Cuts Optimization
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Optimization of MW cut
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Signal Efficiency for Electron 
Channel
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Signal Efficiency for Muon 
Channel
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Events Flow for Electron 
Channel
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Events Flow for Muon 
Channel
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Events Flow for Final Cuts
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Electron channel
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Events Flow for Final Cuts
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Muon channel
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Distributions for Electron 
Channel after MW=520 GeV
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Systematic uncertainties for 
Electron Channel
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Systematic uncertainties for 
Muon Channel
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Limits setting

 Bayesian approach

 Signal efficiency and luminosity 
uncertainties are nuisance 
parameters with Lognormal 
distribution

 Number of BG events uncertainties 
are nuisance parameters with 
Lognormal distribution
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Upper Limits for Electron 
Channel
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Upper Limits for Muon 
Channel
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95% Exclusion mass region

    Electron channel         Muon channel
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Summary

 36.1/pb of data analysed;
 BGs have been investigated;
 Selection cuts have been optimized;
 Systematic has been estimated;
 No candidates after all selections 

have been observed;
 Upper limits have been obtained;
 New mass region has been excluded.
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Backup
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QCD BG, Muon Channel
1st Step: Extract a di-jet sample from data...

 With a back-to-back jet / muon pair in each event; 
 Muon must pass either VBTF loose or tight;
 Jet must pass LOOSE PURE09 ID,  pt > 10 GeV;
 To purify the sample, reject events if any of these apply:

 (Calo) MET > 20 GeV;
 Less than 10 GeV in ECAL in the muon's vicinity;
 Any jet with pt > 20 GeV outside µ−jet axis;
 2nd loose quality muon found that:

Has relative isolation < 0.15;
Forms dimuon invariant mass within Z-peak or
Is found inside the selected jet with at least 75% of jet  pt . 
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QCD BG, Muon Channel

2nd Step: determine a 
fake rate
determine rate at 

which these muons 
pass the  absolute 
track isolation 
criterion as a function 
of muon quality (loose 
or tight) 
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

QCD BG, Muon Channel

3rd Step: determine a background rate

 Duplicate the μμjj object 
selection, except require 
both μ's to be inside a jet;

 Weight the muon according to 
rate determined previously;

 Generate Mμμjj distribution;

 Mll > 200 GeV removes 99% of 
QCD background;

 Plot shows events 
before mass cut.
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CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

QCD BG, Muon Channel
Loose muon

Tight muon

Closure Test using three jet sample:
 Require MET < 20 GeV to reduce contribution from 

W+jets
 Find muon (in jet) of tight or loose quality
 Apply usual requirements on other two jets, compute 

NR mass
 Scale distribution by muon weight

 Compare expectations to isolated muon + 2 jet sample
 Loose muon: 1266 expected from 3 jet sample, 964 seen

 Tight muon: 4412 expected, 6442 seen

 Assume 100% uncertainty on QCD estimate
 Roughly double the discrepancy seen for tight muon
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Cuts Optimization via Exp. Limit
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Mll Cut Optimization
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MW Cut Optimization
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PDF uncertainties
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Bayesian Approach
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Muon Trigger Efficiency
CMS Heavy Right Handed  W-boson and Neutrino SearchCMS Heavy Right Handed  W-boson and Neutrino Search

 Trigger efficiency studied within Z-peak window in data
 Tag-and-probe to determine rate of trigger matching for the 

probe muon as a function of pt, “trigineff(pt)”
 trigineff(pt) simulated for all MC samples
 Trigger efficiency uncertainty systematic determined by 

varying the probability of failing trigger match up and down 
by 1-sigma.
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Template
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