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Introduction

Search for Supersymmetry in Final states with four leptons

w/z/h ! W7+

R-parity violating (RPV) SUSY General Gauge Mediated (GGM) SUSY

Final states distinguished by hadronic 7 multiplicity and the presence or
absence of a Z boson
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Background

Two types of background: q =

= Irreducible background:
-- Processes with four or more leptons in the final 7
state
-- e.g.ZZ, tHZ, WZ (V. =2Z,W)
-- Estimated from Monte Carlo simulation

o+

= Reducible background:
-- Processes with at least one fake lepton
-- Estimated with data-driven fake-factor method
-- e.g. tt, Z+jets
-- dominating background in regions with 7s
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The Fake factor method

Why not using Monte Carlo simulation for the fake lepton background?

= |ow statistics
= bad modeling of fake leptons
To increase statistic:

Use control regions with one or two loose leptons (lepton failing a signal
selection criteria).

M ,reducibl M irreducibl M ,irreducibl
NgR,re ucible _ ( cﬁi _ N\zRi/rre uci e)l___ ( cant% _ Ng'qélrre uci e)F1F2

N .
= Fakefactor: F ~ —Nj’g"a’
loose

= CR1: Region with 1 loose lepton (most likely a fake lepton)

= CR2: Region with 2 loose leptons

Fake factor F depends on process (ff, Z+jets) and fake type
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The Fake factor method %

e_( ata ),_—_( data

— Wer1 CR2

The final Fake factor is the weighted average over all fake types and
processes

Ff = > (P x sf x F)

F = —'I\\’;i”;‘:’ : Fake factor

= estimated from MC

= independent from the region (no need for four leptons)

sf = %: Scale factor
MC

= Correct data to MC

= measured in a region enriched with a certain fake type

fI: Process fraction

= Fraction of each contributing fake type and process
= estimated from MC

= dependent on the contro Iregion

03/28/2019 - 5/19



Fake leptons are distinguished by the fake origin
= light flavor (LF) jets
-- hadrons misidentified as leptons

= heavy flavor (HF) jets

-- leptons originating from leptonic decays of heavy hadrons
-- real leptons but not originating from the primary process

= Conversion

-- electrons only
-- originating from photons decaying into eTe™ (one is not reconstructed)

= Gluon jets

-- T only
-- Gluon jet reconstructed as 7

Concentrating on 7s for this talk
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Fake factor

Fake 7 from light flavor jets.

1-prong 7
Process: Z+jets Process: tt
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= similar behavior for fake 7 from tf and Z+jets
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Fake factor

Fake 7 from light flavor jets.

3-prong T
Process: Z+jets Process: tt
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= |ower fake factor for 3-prong 7
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Fake factor

Fake 7 from heavy flavor jets.

1-prong 7
Process: Z+jets Process: tt
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Fake factor

Fake 7 from heavy flavor jets.

3-prong T
Process: Z+jets Process: tt
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Fake factor

Fake 7 from gluon jets.

1-prong 7
Process: Z+jets Process: t
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Fake factor

Fake 7 from gluon jets.

3-prong T
Process: Z+jets Process: tt
5 AR R e na s s B S ABARARAREREY 5 A B B e e B AR RmaR s e
g 0.14F ATLAS work in progress B ‘g 01; ATLAS work in progress B
s F i 8 ]
§ 0.12[~ — S N ]
w E 1 & 0.08- -
0.1— — L ]
0.08F- E 0.061 -
0.06[~ E 0.04
0.04 - r
L il 0.02—
0.02 - C
E TR NI L R B D P FUTOR T B
C0 10 20 30 40 50 60 70 80 90 100 C'0 10 20 30 40 50 60 70 80 90 100
P, [GeV] p, [GeV]
F_Nsignal
Nicose

= |ower fake factor for 3-prong 7
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Scale factor

Fake factors are corrected to data to account for mismodeling
FE= 30 (F x sf x Fl)

— Fdata
sf = Foc
x10°
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= high purity in Z+jets events

= bad modeling of fake 7 pt
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Scale factor

1-prong 7
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Scale factor
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= high purity in tt events

= bad modeling of fake 7 pt

03/28/2019 - 15/19



Scale factor

Fake factor calculated for Data and MC in the tt region

1-prong 7
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Process fraction

The fake factor for the different fake types have to be weighted with the
fraction of each fake type in the Control regions:
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Process fraction

The fake factor for the different fake types have to be weighted with the
fraction of each fake type in the Control regions:
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Process: tt
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Summary

fake leptons are an important background contribution for the search for
SUSY in four lepton final states

Due to low statistics and bad modeling the analysis can not rely on Monte
Carlo

Data-driven fake factor method used to estimate fake lepton background

different fake types and processes has to be considered
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