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Introduction

» Neutrino masses are extremly small, but non-zero

_'.

» Seesaw Type-lll mechansim’ explains that by postulating a massive SU(2)

) ) } +
fermionic triplet: 508 5% leptons e oo

CMS Physics Analysis Summary

» CMS-EXO-17-006 analysis:

Contact: ems-pag-conveners-exotica@cern.ch 2017/03/22

search for evidence of these heavy leptons

Search for evidence of Type-1lI seesaw mechanism in
multilepton final states in pp collisions at /s = 13 TeV

in events with final states with

The CMS Collaboration

at least 3 light leptons (u & e)

» Using35.9 fb~* data of proton-proton

collision collected by CMS
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https://cds.cern.ch/record/2256657?ln=de
https://arxiv.org/abs/1107.3463
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Phenomenology

» Pair production of heavy fermions: 3 59,3759 & 5% 5~

» Decays of heavy fermions:
- st owty, st zet g st et

- 50 w50 L, 7v8 50 S Hy

» Leptonic decays of intermediate bosons

lead to multilepton final states

» Branching ratios of different decays are
mass and lepton flavor dependent:

this analysis is based on flavor democratic scenario
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Event Selection

We don't cut, but bin in certain event kinematics:

Niepions OSSF  Kinematic Variable CR-veto
on-Z M ET"™® > 100 GeV
3 above-Z Lt + E%‘“"’ -
below-Z Lt + EF™® ET™® > 50 GeV
none Lt + E3™* -
>4 1 pair Lt + EF™ ' -
- 2 pairs Lt + EF"® EF"* > 50 GeV if on-Z

» OSSF/MOSSF: opposite sign same flavor pair/mass (onZ: 91 + 10 GeV)
» L1+ E_|I1_1iss: sum of lepton momenta pt and missing energy

(7 bins from o0-1050 GeV & overflow bin)

» Mr:transverse mass* (7 bins from 0-800 GeV & overflow bin)

> pgtresholds: 25/15/10 GeV (lead., sublead. & sub-sublead. lepton)
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https://arxiv.org/abs/hep-ph/9608332

Backgrounds: WZ/[ZZ

» Control region: 3 leptons, OSSF » Control region: 4 leptons, 2 OSSF

pair OnZ, 5o < MET < 100 GeV pairs OnZ, MET < 5o GeV

» Normalization: 1.15+ 0.08
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» Normalization: 1.25+0.06
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Backgrounds: Misidentified

» We use 3D version of Matrix Method: Advanced tight-loose data-driven technique

Nrr pip2 —PiP2 —PiP2  PiP2
Ngp B 1 —p1-f2 Pi‘fz p1-fa —A1'f2
2D: Npr Pr=f)P2=0) | _ppy Ay Fim -Fi
Nep frfs —frfe -frfr hho

N. ll” {Ifu" Bkg

F f1 f2 Ngg + f1 p2 Nep +p1 f2 Npp

N,
( = Calculated
¢\.Ll
) Measured
.\ l[_
Observed

» Prompt leptons come from bosons, fake leptons from hadronic activity

» Prompt rates are measured in 2 leptons onZ region

» Fake rates are measured in 3 leptons with 1 OSSF pair onZ & MET < 5o GeV

» Parametrization of rates as functions of lepton pr, lepton n & particle multiplicity

around the lepton
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Backgrounds: Conversion

» Data-driven proxy method to estimate asymmetric photon to lepton

conversions

» Photon proxy: loose photon objects are treated as leptons with randomly

assigned flavor & charge

» Conversion rate is ratio of 28+y events to 32 events in designated

measurement region: M(22) is belowZ, M(22+y [ 32) onZ & MET < 50 GeV

N3l — Np'rompt — NMisid

f —l —
! NQZ—I—'}/
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Results: 3 lepton regions

L3AboveZ L3BelowZ
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Results: 3 lepton regions

L30nZ
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Results: 4 lepton regions

L4OSSF1 L4OSSF2
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Interpretation

» No evidence of Seesaw Type-Ill signal has been observed
CMS Preliminary 35.9 fb” (13 TeV)

» We compute 95 % CLg exclusion

- —— o(pp—=Xi)t o 8

theo. unc.
95% CL upper limits
- +-- Observed
........... Expected
I 1 std deviation
2 std deviation

limits on the signal production

Cross section

llllllll

» Exclude heavy fermions =~ 7

in the flavor democratic scenario

—
<
n
I II\IIIl
1 Illllll

with masses less than

850/790 GeV (observed/expected) 10 s s s 5 1900

Y Mass (GeV)
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BACKUP SLIDES
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Py

Silicon -
Tracker

Calorimeter

Hadren
Calorimeter Superconducting
Solenoid Iron return yoke interspersed
with muen chambers
Muon Electron

Charged hadron (e.g. pion)
- = =- Neutral hadron (e.g. neutron)

-===-Photon
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Datasets & Trigger

Datasets:
» DoubleMuon Run2017B-H (version: 03Feb2017)
» MuonEG Run2017B-H (version: 03Feb2017)

» DoubleEG Run2017B-H (version: 03Feb2017)

Trigger p tresholds:
» DoubleMuon: 17 GeV, 8 GeV
» MuonEG: 23 GeV, 8 GeV

» DoubleEG: 23 GeV, 12 GeV
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Object Selection & ID's

Standard object ID's:
» Electrons: cut based medium ID (p1 > 10 GeV, |n| < 2.5)

» Muon: medium ID with DBcorr. PF isolation (pt > 10 GeV, |n| < 2.5)
> Jets: Loose ID AK4 PF Jets (pt>30 GeV, |n| < 3.0)
» MET: Type 1 corrected PF MET

Prompt lepton requirements:
» dy<o.1cm

> dyy <0.05cm

Min. invariant mass of OSSF pair: 12 GeV (veto low mass resonances)
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Rare MC background

» Higgs: ttH, VBF — H — ZZ — 42, gg — H — ZZ — 48, ZH (H— ZZ
— 42), WH (H— ZZ — 42)

» Triboson: WWW, WWZ, WZZ, 777
» ttbar + X: ttW, ttZ, tttt
» Not normalized in any control region

» Systematic uncertainty based on ttZ/ttW measurements by CMS
TOP group
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More Matrix Method

» We measure fake rates in DY dominated data, as well asin DY and

ttbar MC

» We also use a pile-up dependent correction factor, measured in

data

py [wic+ fiic
fDa,ta, — Data: DY 'k(NPU)

MC
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Systematic Uncertainties

» Signal regions are dominated by statistics, not systematics
» Systematic uncertainties play a minorrole

» Anti-/Correlations are taken into account

Source of uncertainty Vagzgz?l(%) Type Processes

MisID lepton backgrounds (matrix method) 30 per event Misidentified

Photon conversion backgrounds (photon proxy method) 30 per event Conversion

Rare MC backgrounds normalization 50 per event Rare

Electron charge misidentification 50 per event WZ/ZZ/Rare (with charge flip)
WZ normalization 7 per event WZ

ZZ normalization 5 per event 77

Dilepton trigger 2 per event WZ/ZZ/Rare/Signal
Electron ID & isolation 2 per electron WZ/ZZ/Rare/Signal
Muon ID & isolation 2 per muon WZ/ZZ/Rare/Signal
Electron energy scale and resolution 1-5 per event WZ/ZZ/Rare/Signal
Muon momentum scale and resolution 2-10 per event WZ/ZZ/Rare/Signal
Jet energy scale 2-8 per event WZ/ZZ/Rare/Signal
Jet energy resolution 1-8 per event WZ/ZZ/Rare/Signal
Unclustered energy scale 2-5 per event WZ/ZZ7/Rare/Signal
Integrated luminosity 2.6 per event Rare/Signal

Pileup 4 per event WZ/ZZ/Rare/Signal
PDF (on signal acceptance) 3 per event Signal
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Comparison: 2016 Result

2.3fb™ (13 TeV)

N S UL UL UL L IR R RN R
Q_ - -

= CMS Seesaw Type llI
» CMS-EXO-16-002 PAS © 10F prafiminary o IE D) 3
E —— Observed E
. - - Expected +1 G, |
1: Xp- E
» Same analysis approach ; —— NOWLLHop,
. . . -1 —
with pure LT+MET binning W
........ |IIIIIIIlIll||llll||||||lllll|lll\Il_

. . . . - 1072
» Different Misidentified background 200 550 300 350 400 450 500 550 600 (SZOV)
Z

technique: ttbar MC + isolated track proxy method

» Limits: 440 GeV (observed), 430 GeV (expected)
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