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Signal Models

e  Search for BSM production of top quark + Missing Transverse Energy (MET)
e [Effective model:

° J. Andrea, B. Fuks, F. Maltoni (Phys. Rev. D85 (2011) 074025

e (. Cacciapaglia, A. Deandrea, B. Fuks (arXiv:1407.7529)

e Two benchmark models:
e S1: scalar resonance decaying into one top quark and a neutral fermion (baryon number violating)
e  54: associated production of a top quark with a neutral spin-1 particle (FCNC)

e Right-handed couplings only; required to respect electroweak gauge structure

o fnet (S1) and vmet (S4) can be considered dark matter candidates

S1Rr S4Rr

resonant production non-resonant production
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Analysis Strategy

e [Leptonic top decay topology:
e 1lepton, 1 b-jet, and Missing Transverse Energy (MET)
e  Multijet rejection:
e pr(l)>30GeV, MET > 35GeV, MET+Mr(I,MET) > 60 GeV

e Control / Signal regions:

®  optimization done with Ag(l,b) and M+(I,MET)
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Analysis Strategy

multijet/W+jets CR

e [Leptonic top decay topology:
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e  Multijet rejection:
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Analysis Strategy

kinematically similar to signal region
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Analysis Strategy
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Analysis Strategy
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Control Region Plots
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Observed and Expected Limits (Resonant)
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BDT Input Variables - Separation Power
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Ranking BDT Variables

5 ATLAS Simulation Work in Progress 5 127
5 i |s =8 TeV, 20.3 fb =
(&) ’ wjd L
: 1t 1 btag, &% 5 | Area = 0.424942
L0.25 Non-res,v__ 700 GeV D 1
c
o oc
e _ —— All Backgrounds -
—— Signal =
0.2 Oos
(@)
>
- (&)
©
0.15 m 0.6
0.1 0.4
— ATLAS Simulation Work in Progress
— /s =8 TeV, 20.3 fb™
— 1 jet 1 b-tag, e*/u*
0.05 0.2—Non-res, Vo 700 GeV
| E$iss
0 ||II|IIII|IIII|III| O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 0 01 02 03 04 05 06 07 08 09 1

E™* [GeV]

MET > 35 GeV

Signal Efficiency

Chegwidden, MSU



Ranking BDT Variables

5 ATLAS Simulation Work in Progress 5 127
= /s =8 TeV, 20.3 fb™ prer
(&) ’ wjd L
: 1t 1 btag, &% 5 | Area = 0.424942
L0.25 Non-res,v__ 700 GeV D 1
c
o oc
e —— All Backgrounds -
—— Signal =
0.2 Oos
o)
>
o
©
0.15 0,6
0.1 0.4
— ATLAS Simulation Work in Progress
— /s =8 TeV, 20.3 fb™
— 1 jet 1 b-tag, e*/u*
0.05 0.2—Non-res, Vo 700 GeV
| E$iss
0 | ] | ||||||||||IIII|III| O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII
0 100 150 200 250 300 350 0 01 02 03 04 05 06 07 08 09 1

E™* [GeV]

MET > 70 GeV

Signal Efficiency

Chegwidden, MSU



Ranking BDT Variables

5 ATLAS Simulation Work in Progress 5 127
= /s =8TeV, 20.3 fb™ prer
(&) ’ wjd L
: 1t 1 btag, &% 5 | Area = 0.424942
L0.25 Non-res,v__ 700 GeV D 1
c
) oc
& —— All Backgrounds -
—— Signal =
0.2 Oos
o)
2
o
®©
0.15 0,6
0.1 0.4
— ATLAS Simulation Wprk in Progress
— (s =8 TeV, 20.3 fb"
— 1 jet 1 b-tag, e*/u*
0.05 0.2|Non-res,v__ 700 GeV
| E¢iss
0 |||||||II|IIII|III| O_IIII|IIII|IIII|IIlII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 0 01 02 03 04 05 06 07 08 0.9 1

E™* [GeV]

MET > 140 GeV

Signal Efficiency

Chegwidden, MSU



o -
(o] — N

Background Rejection

o
o

0.4

0.2

Background Rejection vs Signal Efficiency

i Area = 0.247915

~ ATLAS Simulation Work in Progress
- (s =8 TeV, 20.3 fb"
- 1 jet 1 b-tag, e*/u*
| Non-res,v__ 700 GeV
met
- p,(b)

0 01 02 03 04 05 06 07 08 09
Signal Efficiency

1

-
N

i Area = 0.250783

—

Background Rejection
:

o
o
|

~ ATLAS Simulation Work in Progress
- (s =8 TeV, 20.3 fb™

- 1 jet 1 b-tag, e*/u*

0.2|Non-res,v__ 700 GeV

- P

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

0 o1 02 03 04 05 06 07 08 09 1
Signal Efficiency

-
N

-t

Background Rejection
o
o

o
o

0.4

- (s =8 TeV, 20.3 fb™

-1 jet 1 b-tag, e/u*

0.2-Non-res,v__ 700 GeV
- met

i my(1,ET"*")

i Area = 0.400134

~ ATLAS Simulation Work in Progress

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

-
N

Background Rejection

o
o

-
N

i Area = 0.354514

-

o
()

0.4

~ ATLAS Simulation Work in Progress
- [s =8 TeV, 20.3 fb"

- 1 jet 1 b-tag, e*/u*

0.2(Non-res,v__ 700 GeV

™ Ap(l,b)

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 01 02 03 04 05 06 07 08 09 1
Signal Efficiency

—h

Background Rejection
o
®

o
o

0.4

- /s =8 TeV, 20.3 fb™'
- 1 jet 1 b-tag, e*/u*
0.2(Non-res,v__ 700 GeV
- met
| Emiss
T

0 01 02 03

Chegwidden, MSU

0.4

05 06 0.7

[ Area = 0.424942

~ ATLAS Simulation Work in Progress

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

used in
cut based
analysis

08 09 1 0 01 02 03
Signal Efficiency

05 06 07 08 0.9 1

Signal Efficiency




BDT Response
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Limits - Statistical Only
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13 TeV Extrapolation
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Conclusions

® Able to improve the limits with an MVA
¢ Might be statistically limited at 8TeV

® | ooking forward to extending the
analysis at 13 TeV

® Possible hadronic analysis to improve
limits
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\‘é EXPERIMENT

uuuuuuuuu : 205112, Event Number: 37740915




BACKUP SLIDES

Chegwidden, MSU



Event Yields - Cut Based

SRI SRII
Resonant signal, m(5) = 500 GeV, m(fmet) = 0 GeV 253 + 5 4 34 —
Resonant signal, m(5) = 500 GeV, m(fmet) = 100 GeV | 186 £ 4 + 24 -~
Non-resonant signal, m(vmet) = 0 GeV — 2430 + 130 + 210
Non-resonant signal, m(vmet) = 1000 GeV = 8.4 + 0.1 £0.8
tt 190 &£ 7 £+ 40 94+ 5 £ 19
Single-top s-channel < 0.05 < 0.05
Single-top t-channel < 0.10 < 0.10
Single-top Wt 19+ 4414 10+ 3 +£11
W +light-quarks 2+ 244 3+ 3+4
W+bb 10+ 34£5 9+4 3+£7
W +cc 5+ 3+3 2+ T7X2
W+c 12+ 5 £8 44+ 244
Diboson 1.3 £0.6 £0.7 1.0 £ 0.5 £ 0.5
Z+jets <4 <4
Multijet < 0.6 <1.3
Total background 240 &= 10 %= 50 124 £ 11 + 27
Data 238 133

Eur. Phys. Jour. C 75 (2015) 79 (DOI: 10.1140/epjc/s10052-014-3233-4)
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http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3233-4

Resonant Model - DM Candidate Decay Length vs Mass
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http://arxiv.org/abs/1109.5963

Backgrounds

e Multijets are estimated with a data-driven matrix method

e Remaining backgrounds are normalized to theoretical
cross-sections and modeled with MC simulation

Background Generator Xsec Order

ttbar Powheg NNLO+NNLL
single top_ | st | NNLO
W + jets Alpgen+Pythia NLO
Z + jets Alpgen+Pythia NLO
Diboson Herwig NLO
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Systematics

SRI SRII
Resonant signal Background | Non-resonant signal Background
m(fmet) = 100 GeV m(vmet) = 700 GeV
Electron
Trigger, reconstruction, identification 1.3 1.1 1.3 1.3
Energy scale and resolution 1.1 2.3 0.9 3.1
Muon
Trigger, reconstruction, identification 1.0 1.1 1.1 1.2
Energy scale and resolution 0.4 1.8 0.3 4.1
Jet
—» Energy scale 1.6 9.6 4.5 10.0
Energy resolution 1.9 2.1 3.0 0.9
Reconstruction 0.5 0.3 0.2 2.6
Vertex fraction 2.7 4.7 3.1 6.1
b-tagging and mis-tagging 3.5 4.7 4.3 4.8
Emiss soft terms 0.4 1.5 | 0.4 4.6
Acceptance
— PDF 11.2 5.6 4.0 6.2
——p {1 generator - 11.4 - 5.6
Wt generator - 3.3 - 5.3
Wt diagram removal scheme - 4.1 - 6.4
tt ISR/FSR = 5.3 - 8.5
Cross-sections
tt - 4.5 - 4.3
Wit - 0.5 - 0.5
Diboson - 0.1 - 0.2
W+light - 0.2 - 0.7
W+hf - 3.4 - 4.2
Luminosity | 2.8 2.8 | 2.8 2.8
Total systematics | 12.7 19.7 | 9.2 21.0
Statistics ‘ 2.0 1.8 ‘ 1.8 9.2
Total | 12.9 20.3 | 9.49 22.9
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Same Sign Top

e V—tu
@ V—dark matter

@ = SS Top (with other

@ = Monotop diagrams)

e BR[V—XX] =1 for monotop and < 1 for same-sign top analysis

courtesy of Théo Megy, LPC Clermont-Ferrand
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