Searches for BSM Physics in Events
with Top Quarks in ATLAS

Jiahang Zhong (University of Oxford)

Jiahang.Zhong @cern.ch
(On behalf of ATLAS collaboration)

SUSY2014, Manchester, Jul. 25, 2014

@AMA@

XPERIMENT




Top quarks in BSM searches

» Heaviest fundamental particle

Tau Meulring

Strong coupling in many i | ]
BSM scenarios o 0

Backnon Muon Tau
S 1o5.7 1377

Favorable in final states of QUARKS

BSM productions

Chanm

» Short life time ~5x 1025 s
Decay before hadronization

Unique decay modes
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Top quarks in BSM searches
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» Efficient hadronic top tagging

Large-radius jet as top candidate
=> less combinatorics backgrounds

Jet substructure can be exploited

for powerful discriminants %50 100 150 200 250 300"350 400
Mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2012-02/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-084/

Searches with top quarks in ATLAS

» Heavy boson searches
tt resonance

tb resonance

» Vector-Like Quark (VLQ) searches
Zt+X
Ht+X, Same-sign di-lepton, etc

» Gluino, 3™ generation squark searches
(See Monday’s talk by Maria Fiascaris)
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Heavy bosons -- tt resonance

> Single-lepton (e/p) final state

> Resolved + boosted selections el

Resolved:
Reconstruct tt with |+v+4 small radius jets;
Choose kinematically best combinatorics

Boosted: O
Leptonic top = | + v + nearby = 1o (e e Smsten f
small radius jet S 14 bt ete, boosted -
R . . = E — jets, bined 3
Hadronic top = large radius jet T 125 7 ¢ jets, boosted E

with high mass, hard substructure

Boosted selection attempted first;
exclusive combination
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Heavy bosons -- tt resonance
ATLAS-CONF-2013-052

» Search across wide mass range E’ i AITLL,:S Z;,L"W E'I;,;t;' ” ":"Eliiéi‘(fc?‘iib)f
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Heavy bosons --tb resonance

» Single-lepton (e/p) final state

» Missing E;, 2 2 b-tagged jets (small-R)

» BDT (Boosted decision tree) as
discriminant: including m(tb), p(t), etc
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Heavy bosons --tb resonance

(preliminary)

o o >
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Vector-Like Quarks searches

» Pair production

Model-independent: xsec only rely on mass

» single production
Depend on EW charges/coupling

Higher xsec for high mass VLQ
» Decay mostly to 37 gen quarks

Diverse final states

9 T | LU [ TT 17T U o T
5 i 5
%, 11— (T.B) or - g 11—
% SU(2) Singlet (X,T) Doublet £ | SU@) Singlet (B,Y) Doublet (T,B) Doublet
Q
g [ & [ —B-oWt - B — Wt e B — Wi
o 0.8 o 0.8 —
06 § 0.6\
0.4 % 0.4; .
0.2— 0.2; _|
. L PROTOS
0_ .................................................................. --q 0_ .................................................................. -
—IH|HH|\IH|IIII‘\I\I‘I“lllll““"l_‘ —I\Il\\\\l\l\\|IIII‘\I\I‘I\\Illll\‘\\l\l_\
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
m; [GeV] mg [GeV]

8 jiahang.zhong@cern.ch 25 July 2014



Vector-Like Quarks: Zt/b+X

» High p; (>150GeV) leptonic Z boson
» 22 central jets

» Various selections on leptons, b-jets
and forward jets; targeting for

Di-lepton [ tri-lepton; Pair / smgle production
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Vector-Like Quarks: Zt/b+X

ATLAS-CONF-2014-036

» VLQ mass limits
BB singlet/doublet excluded to 685/755 GeV
TT singlet/doublet excluded to 655/735 GeV

> First LHC xsec limit on single VLQ production
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Vector-Like Quarks

» Other VLQ searches
Same-sign dilepton + b-jets
Ht+X (H->bb) 1-lepton
Wb+X 1-lepton
> Best mass limit from all VLQ searches, scan over all BRs
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Summary

Extensive BSM searches with top quarks in ATLAS

Selected recent non-SUSY ATLAS results using 8TeV data

Results consistent with SM, so far...
More results to be published in the following months. Stay tuned!

Exclusion limits mostly reaching TeV-scale
Boosted top tagging become powerful discriminant
New analysis strategies can considerably enhance sensitivity
Will become mainstream in LHC Run-2 program
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Backup: Top Tagging
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Backup: tt resonance

15

hadronic-top-eandidate:

Run Mumber: 209995, Event Number: 51048560

Date: 2012-09-09 23:10:22 CEST
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Backup: tt resonance
ATLAS-CONF-2013-052

Mini-isolation

Variable cone size: AR= k./p;'¢P" | k.=10 GeV

Lnini = 2. Pr of tracks within

(excluding the track of the lepton)
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Backup:tb resonance

(preliminary)
22
—_— W | effici
20~ ATLAS Preliminary W1 btag categery
18 Simulation — eeeee W', 2 b-tag category
16 \s =8 TeV _ W'R, total efficiency

— — W', 1 b-tag category
,,,,, W'., 2 b-tag category

High pt b-tagging
very challenging

14

Acceptance times efficiency [%]

ATLAS Preliminary

Systematic Uncertainties [%] w/ W},

One b-tag Two b-tag One b-tag Two b-tag
b-tagging +13,-20 +45, -37 +15, -21 +40, -34
W’ Top-tagging +13 + 10 + 11 +9
Jet Energy Scale +1.3 +1.9 +0.8 +1.9
Jet Energy Resolution <0.1 £02 +0.1 £05
Theoretical +10 +8, -10
Luminosity +2.8
Background Modelling +44 events +28events E£45events +£24 events
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Backup: Vector-Like Quarks: Zt/b+X

Event sel

ection

Z boson candidate preselection
= 2 central jets
priZ) = 150 GeV

Dilepton channel

Trilepton channel

— 2 leptons

T,

== 3 leptons

> 2 b-tagged jets

= | b-tagged jet

*air production

Single production

Pair production || Single production

Hr(jets) = 600 GeV

= 1 fwd. jet

= 1 fwd. jet

Final discr

iminant

m(Zb)

Hr(jets+leptons)

19

jiahang.zhong@cern.ch

25 July 2014



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-036/

