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The ATLAS detector

25m

LAr hadronic end-cap and
forward calorimeters

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet
Semiconductor tracker

Transition radiation tracker

Thibault Chevalérias (CEA Saclay) Search for 4 top quark production at the LHC PHENIICS Fest - May 28, 2018 4/21



Particle detection in ATLAS
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Why four tops?

Top quark: heaviest elementary particle currently known

Four top production: tttt, an extremely rare process

— Ottt = 9.2fb at 13 TeV

e

— Only ~ 700 tttt events occurred since 2015!
(compare that to the 40 million events per second)

|

m Goal: Measure the tttt cross-section
— Very sensitive to several Beyond Standard Model theories
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Some BSM models tested

Contact Interaction model

Universal extra-dimensions (2UED/RPP)

g t
N t
t
t _
t
g t
Cat

Lar = A2 (trY*tR)(tRVutR)
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Event selection

= 40 000 000 events/second
produced in ATLAS,
with ~ 33 collisions/event

m but a few ~ 100 tttt events
per year only!

—> Need to perform some
smart event selection
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The tttt final state

m Top decay: t — Wb (~ 100 %)
=— Final state 4t — 4W + 4b

vy (~ 30 %)

w W
m W decay —>{ aq (~ 70%)

—3% tracks b jet

______ b hadron \

—————— impact
parameter

2 secondary
/! vertex

/
K

- primary vertex

\

b

m quarks —» jets in the detector
(parton shower + hadronization)

m b-jets are special (displaced vertex)
— b-tagging techniques
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The tttt final state: you said 4W?

0,
Ihhh (42.2 %) hhhh (31.1 %)

2 interesting channels:

m single lepton channel
1 (0.4 %)
llh (4.9 %)

Ilhh SS (7.2 %)

m same-sign dilepton channel
(including trilepton)

IThh OS (14.3 %)

WWWW decays branching fractions

m Choose events with two leptons of the same electric charge (e or )
— Only ~ 10 % of signal events
— But very small background contamination!
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Background Modeling - SM backgrounds

m Physical processes producing same-charge leptons:
e Top quark pair + W boson: ttW
e Top quark pair 4+ Z boson: ttZ
e Other smaller processes

— estimated by Monte-Carlo simulations
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Background Modeling - instrumental backgrounds

m Wrong identification of leptons in the detector

m Electron charge mis-identification €
e Error on the charge of an electron
— e.g. eT instead of e~
e Photon conversion
e High pr electron

positron from
€ conversion

primary electron

m Fake/Non-prompt leptons
e Lepton from hadron decay

e Jet misidentified as lepton

reconstructed track
with wrong charge ID

Non-prompt lepton

b-qual

Fake Iepton - jet wrongly reconstructed as a lepton
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Background Modeling

m 2 types of backgrounds:

e Physical processes producing exactly the particles we're looking for
e Instrumental backgrounds: charge mis-identification, fake leptons

kag - Nphysical + Ncharge misID + Nfakes

Analysis: estimate Nz as best as possible

— then compare kag + N4tops(theory) to Nobserved same-sign events

— if kag + N4tops(theory) 7é Nobserved same-sign events = BSM PhySiCS?
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Charge mis-ID background estimation

m Effect: select events with leptons having opposite ) positon fram

€ conversion

charge instead of same charge % o

m Probability of mis-identification: charge flip rate e
— Estimated from data (Z — eTe™ decays) primary secion

m Probability to select opposite-sign event:
Pos_ss = 6,‘(1 — Ej) + Ej(l — E,')

m Apply weights on opposite-sign events in real
data to estimate charge mis-ID background:

high-pr electron
(low curvature)

N Eitei =2 i
SS(estimate) — 1 _ gi—¢j+ 2E;EJ' OS(observed)
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Fake/Non-prompt background estimation

Non-prompt lepton
m We select only isolated leptons to remove fakes ~

u PrObab'Iltles Ereal/afake that real/fa ke Ieptons are Fake /epton- jet wrongly reconstructed as a lepton

selected as isolated g‘

— estimated from real data using specific selection

m Example with 1 lepton (blue = measured, red = unknown)

N tot
N iso

Nrea/ + Nfake

Ereal Nreal + € fake Nfake

= Estimation of fakes background:

Efake tot iso
Nisolated fakes = €fake Nfake = (ErealN - N )
Ereal — Efake
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Results

m Results using 2015 data: 3.2fb~!
m No excess of data VS estimated background
— set 95 % Confidence Level limits for each model

m Limit on o3, < 95 fb (theory = 9.2 fb)
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o ] = E ATLAS Preliminary -O-Sbser\/:;illlmlt 3
B = F e 4aTa\ aofd  weses ted limit |
= E [ (s=13Tev,321b" & Pectedimit
] 7 1 2UED/RPP model 20 _
B = E i i - — Theory (LO) 3
ATLAS Preliminary = g SS dilepton / trilepton + b-jets ]
s=13TeV,3.21b" ] = L ]
SS dilepton / trilepton + b-jets ? 107 3
// Excuded ] g F ]
— Observed ] © 102 3 ~
__SSdilepton/ trilepton + bjets, Run 1 ---- Expected ] E 3
F JHEP 1510 (2015) 150 Wiio - E 7
N __I+jets, Run 2 4
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Figure: Expected and observed limits on 4 top Cl (left) and UED (right) models
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Conclusion

Study of 4 top quarks production at the LHC with the ATLAS detector
— using same-sign leptons + b-jets
m Several BSM models were tested, along with the SM production

m Instrumental backgrounds are the tricky point of this analysis

m Our limit on 4top SM (theory = 9.2 fb)
— O < 95 fb

m Best result to date from our competitors CMS, with 10x more data:

— Ot < 41.7 fb

m New ATLAS results coming soon!
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Signal Regions

Event topology

m Large total energy: HT =} jptons PT + 2 jets PT
m Large number of b-jets: N,

m Missing energy (neutrinos): ETss

— We actually make 8 different selections, and combine them statistically
(each one optimized for a given model)

Definition ‘ Name
efet + eFp* + it + eee + eep + eppu + ppps, Niers > 2
Np =1 SRO
400 < Hy < 700 GeV Np = 2 Emiss > 40 GeV SR1

Np >3 SR2
Ny — 1 40 < E$‘SS < 100 GeV SR3

ETiss > 100 GeV SR4

Ht > 700 GeV Ny — 2 40 < E$‘SS < 100 GeV SR5

Emiss > 100 GeV SR6

Ny >3 ETiss > 40 GeV SR7
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Fake/Non-prompt background - 2 leptons

m Example for 2 leptons with real (fake) efficiencies called r (f):

tt 1
N~ Ny rira rif2 firz fif2
tt 1l — e — e
N | M Nr{ M=| 2 nf2 fire fif2
Nt Ngr riry rifa firn fif
N Ng nry rif2 firz fifz
. . Loose lepton
what we what we transformation matrix
measure need
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Limit UED in 2 dimensions

10 U R B L L LI UL UL I
Eﬁ 2.4~ ATLAS Preliminary 7/, Excluded region
Jp o of 18=13TeV, 32 fo! Observed

" 2UED/RPP model - -- Expected

—SS dilepton / trilepton + b-jets g + 14

2

18 BRA™"= t5)=100% *20

___SSdilepton / trilepton + b-jets, Run 1
JHEP 1510 (2015) 150

___l+jets, Run 2
ATLAS-CONF-2016-020

III|JII|llI|[II|JII|lII|lII|I

12 13 14 15 1.6 1.7 18
My =1/R, [TeV]
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Systematics on bkg

Signal region
SRO SR1 SR2 SR3 SR4 SR5 SR6 SR7
Cross section 8 11 26 13 9 27 23 57

1 1 3 1 1 3 2 4
<1 2 2 2 <1 1 <1 3
1
1

Source

Jet energy scale

Jet energy resolution

b-tagging efficiency 2 5 3 1 2 2 7

1 1 1 1 1 1 1
17 7 15 13 26 13 17 17
3 7 5 3 6 5 8

Fake/non-prompt leptons

|
|
|
Luminosity ‘
\
|

Charge misID
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Systematics on signal (4top SM)

Source

Signal region

SRO SR1 SR2 SR3 SR4 SR5 SR6 SR7

Jet energy scale 2 12 2 6 4 3 3 3
Jet energy resolution ‘ 16 7 16 14 11 1 2
b-tagging efficiency ‘ 8 5 5 21 14 15 5 5
Lepton ID efficiency ‘ 1 1 1 4 2 2 2 1
Luminosity | 2 2 2 2 2 2 2 2
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Yields

4 top signals yields normalized to 100 fb~1

SRO SR1 SR2 SR3 SR4
Fake/Non-prompt 16.3+ 9.5 4.2 £33 1.0 £ 09 1.8 £ 1.4 7.1+4.5
Charge mis-ID 181+ 4.1 149435 1.2 £ 03 1.5 £ 0.4 2.1+0.5
W/ Z/W+W - 10.1+ 1.4 9.2 £1.3 1.0 £ 0.3 22 £+ 0.3 3.1+0.5
Dibosons 58 £ 1.0 0.5 +£0.2 0.03+£0.07 1.6 £ 0.4 1.840.4
Other bkg. 20 £ 10 1.7 409 03+ 02 03 +£ 0.2 0.54+0.3
Total bkg. 52 £ 11 31 £ 5 3610 74 +£15 15+ 5
titt (SM) 05+ 01 08 £0.1 09 £ 0.1 0.2+ 0.1 0.5+0.1
tttt (CI) 0.26£0.04 0.6 +£0.1 0.6 &+ 0.1 0.24+£0.05 0.940.1
UED 1.2 TeV <0.01 <0.01 <0.01 0.3 £ 0.1 3.840.8
TT 0.75 TeV 0.2 £ 0.1 0.31+£0.1 0.04+0.04 0.9 £ 0.2 3.7+0.4
Data 51 37 3 4 11
SR5 SR6 SR7
Fake/Non-prompt 1.44+0.9 2.6+1.8 0.0 £0.6
Charge mis-ID 14404 1.6+0.5 0.6 £0.2
W/ Z/W+Ww-= 2.3£0.6 3.0£0.7 0.8 £0.4
Dibosons 0.3+£0.1 0.2£0.1 0.0 £0.1
Other bkg. 0.4+0.2 0.7£0.4 0.5 £0.3
Total bkg. 5.8+1.2 8.1+2.0 1.9 £0.8
tttt (SM) 0.7£0.1 1.840.2 3.6 +£0.4
tHtE (CT) 0.640.1 22402 52 +04
UED 1.2 TeV 0.6+£0.1 6.6+£0.7 10.1£0.8
TT 0.75 TeV 1.3+£0.2 5.0+0.5 3.2 +0.4
Data 6 3 2
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Results - detailed

m Results using 2015 data: 3.2fb—!
m No excess of data VS estimated background
— set 95 % Confidence Level limits for each model

m Observed (expected) limit on o 7,7 < 95 fb (107 fb +§8 ‘;j°) (theory = 9.2 fb)

= IBEARE RN RERRN T o [ARARARARAN RRARE RARAN RRARE RARAR RRARE RARRS
o ] & ATLAS Preliminary —e— Observed limit 3
250 = E [ (s=13TeV,32f" ool
] T 1L 2UED/RPP model t20 -
] = E i i i — Theory (LO) =
200 ATLAS Preliminary =5 g SS dilepton / trilepton + b-jets eory E
Vs=13TeV,3.21b" ] = i ]
SS dilepton / trilepton + b-jets <'(T 107 3
7/, Excluded _: & F ]
—Observed ® 102k -
__SSdilepton/ trilepton + bjets, Run 1 ---- Expected ] E E
E JHEP 1510 (2015) 150 -&10 - : :
L __l+jets, Run 2 4
F " ATLAS-CONF-2016-020 +20 1 103 -
PEFETES ENSTETErS STSTETArS SSTErAr YATArErS SrATSrAr SrAAAr SRS S S I S T R R NS N R | PR
04 5 6 7 8 9 10 11 12 13 0.9‘ 1 11 12 13 14 15 16 17 18 1.9
AlTeV] " excluded My [TeV]

Figure: Expected and observed limits on 4 top Cl (left) and UED (right) models
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Conclusion - detailed

Study of 4 top quarks production at the LHC with the ATLAS detector
— using same-sign leptons + b-jets

m Several BSM models were tested, along with the SM production

m Instrumental backgrounds are the tricky point of this analysis

m Our limit on 4top SM (theory = 9.2 fb)
— o < 95 fb (107 fb 30 0%)
m Best result to date from our competitors CMS, with 10x more data:

— O < 41.7 fb (20.8 fb)

m New ATLAS results coming soon!
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