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Theoretical Motivation
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Minimal seesaw model (type II), e.g., 
explains light m(ν) 

includes scalar triplet: Φ++, Φ+, Φ0

Φ Yukawa coupling ∝ to ν mass matrix
assumed degeneracy: m(Φ+/-) = m(Φ++/- -)

pair-production 4 leptons

assoc. production 3 leptons + MET
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Rate Expected at √s = 7 TeV

~few fb @ 
m(Φ)=300 GeV



normal hierarchy, m1 = 0

inverted hierarchy

degenerate; m1 = 0.2 eV

equal BR
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Model Points 
Model independence:  Search for all 
possible flavor combinations of SS 
lepton pairs coming from Φ++ → li+ lj+

no assumptions on BR(ij)
Consider 3, 4 leptons cases: ≤ 1 or 2 tau 

Seesaw Benchmark Points (BP)
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BP
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Analysis
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The Search
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0.98 fb-1 of 2011 pp data @ √s = 7 TeV
Double lepton Trigger Data
3 and 4 lepton channels
Signature requires resonant SS leptons

Dramatic background reduction
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CMS Detector
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Electrons
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GSF algorithm tracks geometrically 
matched with Supercluster in ECAL

pT > 15 GeV; |η| < 2.5
Requirements on

Shower shape, impact parameter, isolation
 photon conversion rejection
Charge determination cross-check with two 
different curvature-fitting algorithms (and 
sign-flip probability well-modeled)
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Muons
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Matching between muon-system μ and 
tracker tracks

Reconstruction eff. > 97% for pT > 5 GeV
(most η)

Reject decays-in-flight with:
≥10 hits in tracker with ≥1 hit in pixels
global track fit
transverse impact parameter < 2 mm
combined rel. Iso in ∆R=0.3 < 0.15
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Hadronic Tau ID
2/3 of tau leptons decay hadronically

Constitutes important challenge
τ → n π- + m π0 + ν

CMS: two advanced ANN-based tau ID
This analysis: Hadrons plus Strips (HPS)
1 or 3 charged hadrons
Photons from π0s grouped into “strips”
all candidate particles within ∆R = 2.8 / pT(τ)
pT>15 GeV; |η|<2.1; loose iso; reject e, μ
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SM Backgrounds
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Backgrounds quite small after selection
Φ++ Φ- - → 4 leptons: 2 SS pairs!
Φ++ Φ- → 3 leptons: 1 SS pair

Residual SM contributions
Jets mis-identified as leptons
Lepton charge mis-identification
Leptons in jets

Diboson, Z+jets, tt+jets
(W+jets, QCD)
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Three Lepton Final State 

Relative Isolation: ΣpT(tracks) / pT(lepton) 
removes QCD multijet, ttbar

Mass window: 
ee,eμ,μμ: mlower = m(Φ) - 20 GeV
tau channels: mlower = m(Φ) / 2 13

Step Requirement

Preselection ++ -  or - - +
Rel. ISO ΣIso < 0.1
Sum pT ΣpT > m(Φ) + 80 GeV

Mass window m(l±l±) ∈ [mlower, m(Φ)+10 GeV]
Z veto min |m(l+l-)| -m(Z)| > 6 GeV

Opening angle φ(l±l±) < 1.8 rad
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Three Lepton: BP4
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After preselection 
and ΣpT cut After full selection
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Control Regions
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QCD enriched (reverse ISO) 
+ ΣpT

Z+jets enriched
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Four Lepton Final State 
Selection Requirements:
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Step Requirement

Preselection ++ - - or - - ++ (+optional extra leptons)

Rel. Iso. ΣIso < 0.125

Sum pT ΣpT > m(Φ) + 80 GeV

Mass window m(l±l±) ∈ [mlower, m(Φ)+10 GeV]
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Four Lepton Final State: BP4
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Preselection: expect 24.5 signal 
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Four Lepton - Full Selection
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Expect 20.7 signal 



Results
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Observations
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Three Lepton Final State
8 events obs., with 40 < M(ll) < 100 GeV
2 events obs., M(ll) > 170 GeV

Four Lepton Final State
1 event obs., compatible with signal mass       
m(Φ++) = 130 GeV

e+μ+e-μ-

m(Φ++) = 134 GeV
m(Φ--) = 102 GeV
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Comparison with SM
m(l± l±) sidebands (1D or 2D) predict SM 
contributions

low sideband: [12 GeV, mlower]
high sideband: [m(Φ) + 10 GeV, 500 GeV]
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4 lepton

... 
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4 Lepton Channel -- BP
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3 Lepton Channel
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No excess ➠ Limits at 95% CL using CLs Method
incorporating Systematic Uncertainties

... 
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Exclusion Limits
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Exclusion Limits

no mass limit yet 
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Exclusion Limits BP
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Comparisons
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World’s most stringent limits for all but         
BR(Φ) →ττ = 100%

(New CDF limits for ee,µµ,eµ not shown here)



Conclusions
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Conclusions
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An inclusive search for Φ++ has been 
performed with 0.98 fb-1 of LHC data
No excess is observed.  Thus, limits:

For 100% BR to μμ, eμ or ee, m(Φ) > 313 
GeV in all of the cases. 
The limit is 266 GeV for the μτ channel and 
254 GeV for the eτ channel. 
The limits range between 269 GeV and 297 
GeV in four chosen benchmark points of the 
type-II see-saw model



Additional Slides
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Sideband BG method
Sideband CR is 1D or 
2D region in m(l± l±) 
outside search mass 
window after tight Iso. 
only

α=NSR /NCR from MC
NBG = α (NCR

Data +1)

ΔNBG = 1/√(NCR
Data +1)
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Trigger
Double lepton triggers used 

ee, eµ, µµ
For majority of data taking to date in 2011

pT(l1) > 17 GeV; pT(l2) > 8 GeV

High Level Trigger efficiency > 99.5%
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Systematic Uncertainties
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