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Theoretical Motivation

Minimal seesaw model (type Il), e.g.,
explains light m(")

» includes scalar triplet: ! *+, 1 + 10

» | Yukawa coupling « to " mass matrix

» assumed degeneracy: i’ *-) = m(! **--)

pair-production 4 leptons

assoc. production 3 leptons + MET
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Model Points

> Model independence: Search for all
possible flavor combinations of SS

lepton pairs coming from ! **# [+ [+

® No assumptions on BR(i))
e Consider 3, 4 leptons cases: ! 1 or 2 tau

> Seesaw Benchmark Points (BP)

normal hierarchy, m1 =0
inverted hierarchy
degenerate; m1 = 0.2 eV

equal BR
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Analysis



The Search

©0.98 fb! of 2011 pp data @ Vs = 7 TeV
¢ Double lepton Trigger Data
©3 and 4 lepton channels

o Signature requires resonant SS leptons
e Dramatic background reduction
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Electrons

© GSF algorithm tracks geometrically
matched with Supercluster in ECAL

opr> 15 GeV; |$] < 2.5

© Requirements on

® Shower shape, impact parameter, isolation
® photon conversion rejection

e Charge determination cross-check with two
different curvature-ptting algorithms (and
sign-(3ip probability well-modeled)
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Muons

©Matching between muon-system %and
tracker tracks

® Reconstruction eff. > 97% forpt>5 GeV
(most #)

o Reject decays-in-flight with:
® "10 hits In tracker with "1 hit in pixels
® global track bt

® 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

e Constitutes important challenge
eF% NF+FrMP+"

> CMS: two advanced ANN-based tau ID

e This analysis: Hadrons plus Strips (HPS)

e 1 or 3 charged hadrons

® Photons from $°s grouped into OstripsO

¢ all candidate particles within #R = 2.8 / p 1($)
o pr>15 GeV,; | #|<2.1, loose iso; reject e, &
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SM Backgrounds

> Backgrounds quite small after selection
o! 71 -0 4 leptons: 2 SS pairs!
o! 71 -05 3 leptons: 1 SS pair

> Residual SM contributions

e Jets mis-identibed as leptons
® Lepton charge mis-identiPcation
® Leptons In jets

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

Step Requirement
Preselection ++ - Or--+
Rel. ISO 21s0 <0.1
Sum pr 2pt > m(®P) + 80 GeV
Mass window M**) € [Miower, M(P)+10 GeV]
Z veto min [m@r)| -m(Z2)| > 6 GeV
Opening angle p(=*) < 1.8 rad

» Relative Isolation: ' pr(tracks) / pr(lepton)
removes QCD multijet, ttbar

Mass window:

ee,&,&& mlower — m(l ) - 20 GEV
» tau channels: Mower = M(! )/ 2 M. Chertok - 04/++ at CMS 13



Three Lepton: BP4

CMS Preliminary
\s=7TeV L=0.98 fb™
BP4, m(®)=150 GeV |* bata

CMS Preliminary
\s=7TeV L=0.98 fb”
BP4, m(®*)=150 GeV
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Control Regions
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Four Lepton Final State

Selection Requirements:

Step Requirement
Preselection ++ - - Or - - ++ (+optional extra leptons)
Rel. Iso. 21s0 < 0.125
Sum pr 2pt > m(P) + 80 GeV

Mass window m@*l*) € [Miower, M(P)+10 GeV]
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Four Lepton Final State: BP4

CMS Preliminary
\s=7TeV L=0.98 fb”

m(I'T") [GeV]

Preselection: expect 24.5 signal

M. Chertok - ®+/®++ at CMS 17



Four Lepton - Full Selection

CMS Preliminary t1

\s =7 TeV L=0.98 fb" Di-Boson
. Z/W+jets
— Signal
* Data

50 100 150 200 250 300 350 400 450 500
m(I'T") [GeV]

Expect 20.7 signal
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Results



Observations

o Three Lepton Final State

® 8 events obs., with 40 < M(ll) < 100 GeV
e 2 events obs., M(ll) > 170 GeV

o Four Lepton Final State

¢ 1 event obs., compatible with signal mass
m(! **) = 130 GeV
® et&te &
e m( **) =134 GeV
e m( 7)) =102 GeV
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Comparison with SM

m(l ) sidebands (1D or 2D) predict SM
contributions

e low sideband: [12 GeV, Miower]
» high sideband: [m( ) + 10 GeV, 500 GeV]
e |0 ep @ et

1.33 +£0.29 328.45 | 432.39 38.97 567.18 53.91
0.75 £ 0.28 173.68 | 218.86 25.98 287.44 37.62
0.63 + 0.28 103.44 | 132.26 17.21 158.61 23.14

0.48 + 0.28 61.52 73.37 11.98 90.38 15.14

0.38 £+ 0.26 38.83 44.62 7.89 55.27 9.15

| 35 | 0034015 | 0 | 123 [129 034 | 119 | 040 | 002 |
4 lepton
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Background

4 Lepton Channel -- BP
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3 Lepton Channel

Mass

@ et

NO excess!

4.03 :t 0.50
2.59 +0.39
1.97 £ 0.33
0.93 +0.22
0.36 +0.14
0.21 +£0.10
0.10 £ 0.09
0.00 £ 0.09
0.00 £ 0.09
0.00 £+ 0.09

Z + jets
8.51+1.10
4.99 1 0.82
2.31 £ 0.54
1.22 +0.39
0.85 % 0.32
0.73 £ 0.30
0.36 £+ 0.21
0.24 £+ 0.21
0.24 £+ 0.21
0.00 £+ 0.21

D — puu

WW/WZ/ZZ

1.72 +0.19
1.20+0.18
0.93 +0.17
0.67 +0.17
0.50 £ 0.16
0.29 +£0.15
0.18 = 0.15
0.14 +0.15
0.09 £ 0.15
0.08 = 0.15

Total

1427 +1.23

8.77 £ 0.92
5.21 £+ 0.66
2.82 +0.48
1.72 +0.39
1.23 +0.35
0.65 £+ 0.28
0.38 = 0.28
0.34 4+ 0.27
0.08 £+ 0.27

16

S = b i U1 00

-

=

150 | 1.67
1.04 ‘ 1.15
0.72 | 0.81
0.50 | 0.57
035 | 041

Limits at 95% CL using CLs Method

Incorporating Systematic Uncertainties
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Exclusion Limits

-~ CMS Preliminary
\Ns=7TeV L=0.98 fb"
BR(®™ - e'e”) = 100%

Combined observed limit

Combined expected limit

Pair production observed limit

Pair production expected limit
Associated production observed limit
Associated production expected limit
1o band

2 band

LEP exclusion

oo Tevatron exclusion

200 250 300
Mass of ®*" [GeV
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clusion Limits
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Exclusion Limits BP

95% CL upper limit onc/c, .

95% CL upper limit onc/c_ ..,
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CMS Preliminary
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Comparisons

World’s most stringent limits for all but

- Excluded by Tevatron or LEP

CMS Preliminary ¢ CMS\s=7 Ter L=0.98 fb"
BR(®"'— e'¢")=100%
BR(®"'— e*1*)=100%
BR(®""— u'u*)=100%
BR(®""— e"1t")=100%

BR(®""— u*t*)=100%

BR(®""— t"1")=100%

BP1: normal hierarchy
BP2: inverse hierachy
BP3: degenerate masses

BP4: equal branchings

150 200 250 300 350
Lower limit on mass of &' [GeV]

(New CDF limits for ee,up,eu not shown here)
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Conclusions



Conclusions

©~An inclusive search for ! +* has been
performed with 0.98 tb-! of LHC data

> No excess is observed. Thus, limits:

® For 100% BR to &&, e& or ee, m(! ) > 313
GeV In all of the cases.

® The limit is 266 GeV for the &$ channel and
254 GeV for the e$ channel.

® The limits range between 269 GeV and 297
GeV In four chosen benchmark points of the
type-1l see-saw model
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Additional Slides



Sideband BG method

o Sideband CR is 1D or
2D region in m(l* )
outside search mass
WindOW after tlght |sO. Control Region (CR)
only +

& ( =Nsg /Ncr from MC
oNpc = ( (NcrPa@ +1)
¢) Ngg = 1/A(NcrPat@ +1)

0 20 40 60 80 100 120 140 160 180 200 220 240
m(IT) in GeV
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Trigger
> Double lepton triggers used

® ee, el, YU
e For majority of data taking to date in 2011

¢ pr(l) > 17 GeV; p1(l2) > 8 GeV
o High Level Trigger efficiency > 99.5%
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Systematic Uncertainties

Lepton (e or #) ID and isolation
T-jet ID and isolation
Trigger and primary vertex finding
Signal cross section

Luminosity (for signal only)
Ratio used in background estimation
Statistical uncertainty of observed data events in sideband | 10-100%

Statistical uncertainty of signal samples
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