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Motivation

In many BSM models the top quark plays a special role with
enhanced coupling of BSM particles to the top = possible
resonances in the tt mass spectrum.
Typical benchmarks for tt resonances (different width and spin):
» Leptophobic topcolour Z’
» Spin 1, colour singlet, narrow resonance (I'/myz = 1.2%)
[Harris, Hill, Parker; 1999]
» Benchmark model at Tevatron
» Kaluza-Klein gluon (gxx) from Randall-Sundrum models
[Agashe, Belyaev, Krupovnickas, Perez, Virzi; 2008],
[Lillie, Randall, Wang; 2007]

» Spin 1, colour octet, wide resonance (I'/mg,, = 15%)

(experimental mass resolution at the LHC: £(10%))


http://arxiv.org/abs/hep-ph/9911288
http://arxiv.org/abs/hep-ph/0612015
http://arxiv.org/abs/hep-ph/0701166
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» High mass tt —
resonances can Candats
lead to strongly
boosted top
decays

feptonic top
" candidate

» Example: tt
candidate event
with i !

My = 2.5TeV EXPERIMENT

ATLAS, arXiv:1207.2409

» Top decay products start to merge

» Many new techniques have been developed to reconstruct and
identify boosted tops

» Jet substructure
» “Less-isolated” leptons


http://arxiv.org/abs/1207.2409

74 \
tt resonance
searches

Sebastian
Fleischmann

Outline

Introduction

Jet
substructure

Jet grooming

Subjet
observables

Top tagging
t resonances

Summary

Erd

o

Jet substructure

» Use jets with large radii (e.g. anti-k;, R =1.0) to collect all
products of hadronic top decays (t — bW — bqq)
» Rule of thumb: AR~ 2%
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ATLAS-CONF-2012-065
» and investigate their
substructure


https://cdsweb.cern.ch/record/1459530
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searches » Jets with larger radii suffer more from contamination by
Sebastian underlying event and pile-up

Fleischmann

» Soft radiation dilutes substructure from decays of heavy particles

Outline

» "“Grooming” allows to remove soft radiation

Introduction

o » Different grooming techniques on the market

T eaming » Filtering [Butterworth, Davison, Rubin, Salam; 2008]

Sublct bles » Pruning [Ellis, Vermilion, Walsh; 2009]

W tagging » Trimming [Krohn, Thaler, Wang; 2010]

:u:::nccs » CMS applies jet pruning in searches for tt resonances

Backup » Performance of filtering, pruning and trimming compared by
ATLAS

» Filtering-like approach used e.g. in HEPTopTagger


http://arxiv.org/abs/0802.2470
http://arxiv.org/abs/0903.5081
http://arxiv.org/abs/0912.1342
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Jet grooming

Trimming and pruning

Jet trimming procedure

‘-----"

Initial jet . pT/;ﬂ < feut Trimmed jet
Jet pruning
- : \\
‘\
) ,'I

Initial jet /pjlﬂ“l > Zeut or AR;,j, < Reut Pruned jet

discards soft particles and wide-angle particles
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Subjet variables
anti-k; R=1.0

» first k) -splitting scale: v/di2 = min(pr4, p12)AR12 Where 1,2
are the last two proto-jets in the recombination of the k|

algorithm,

expect v/dip &~ my /2 for t — bW
» Trimming significantly improves mass resolution for heavy
particles and pushes mass for QCD jets lower
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https://cdsweb.cern.ch/record/1459530

Top tagging

Introduction

e\
Yerhes | Top tagging algorithms try to reconstruct and identify hadronic top
Sebastian decayS

Fleischmann

» HEPTopTagger [Plehn, Spannowsky, Takeuchi, Zerwas; 2010]

» Applies mass-drop filtering to remove contamination
» Tries to reconstruct “tree level” decay products (t — bqq) and

Outline
Introduction

Jet

O uses mass criteria for identification

By i » CMS top tagger

f’,.if:‘;:l:fg » Based on Johns Hopkins tagger

¢T resonances [Kaplan, Rehermann, Schwartz, Tweedie; 2008]

Summary > Tries to split jet in two stages applying grooming techniques
Backup (resembles t — bW and W — qq)

» CMS W tagger
> Applies jet pruning
» Requires mass drop mi /m'@8e et < (.4 of the last two subjets
(components of heavy particle decay)
» Top Template Tagging [Almeida, Lee, Perez, Sterman, Sung; 2010]

» Compare templates of top decays (3 particle 4-momenta) to
calorimeter clusters

o


http://arxiv.org/abs/1006.2833
http://prl.aps.org/abstract/PRL/v101/i14/e142001
http://arxiv.org/abs/1006.2035
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HEPTopTagger

Grooming procedure

a;




HEPTopTagger

Grooming procedure
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¢F resonances 1 Decompose until m;, < 30GeV with mass drop requirement
Summary mj, < LMiarge jet
Bl
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Grooming procedure
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Top tagging . . .
¢F resonances 1 Decompose until m;, < 30GeV with mass drop requirement
Summary mj, < LMiarge jet

Backup 2 Investigate 3 subjets and their constituents
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HEP TopTagger

Grooming procedure

1 Decompose until m;, < 30GeV with mass drop requirement
mj, < LMiarge jet
2 Investigate 3 subjets and their constituents

3 Re-cluster using C/A with parameter
R = min(0.3,min; AR(ji,jj)/2)
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HEP TopTagger

Grooming procedure

1 Decompose until m;, < 30GeV with mass drop requirement
mj, < LMiarge jet

2 Investigate 3 subjets and their constituents

3 Re-cluster using C/A with parameter
R = min(0.3,min; AR(ji,jj)/2)

4 Use only 5 hardest subjets of last step
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HEP TopTagger

Grooming procedure

1 Decompose until m;, < 30GeV with mass drop requirement
mj, < LMiarge jet

2 Investigate 3 subjets and their constituents

3 Re-cluster using C/A with parameter
R = min(0.3,min; AR(ji,jj)/2)

4 Use only 5 hardest subjets of last step

5 Built exactly 3 subjets from the selected constituents



HEP TopTagger =

Performance tests in lepton+jets events (tt — (1 vb)(qqb))

tt resonance

Gl » Leptonjets selection: single muon trigger, > 4 anti-k, (R =0.4)
et jets (P > 25GeV), plt- > 20GeV, Er > 20GeV, Er+m'y > 20GeV

» Well modelled in Monte Carlo simulation

Outline

Introduction

Jet Mass distribution for C/A jets with
substructure .
g R = 1.5 before running the
Subjet .
SERIE e HEPTopTagger: after the HEPTopTagger
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https://cdsweb.cern.ch/record/1459530
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C) CMS top tagger
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scarches » Variables used after double splitting & ,.f —© 1

H H . 2 [ | pmmm ia 6 Tune 22, Stat Error ]

Sebastian into 3 or 4 su bJetS. H [ | s voneoer S e 1

Fleischmann 3 s o1 Pythia & Tune 1, Stat Error b

Jet mass ) ° 008 ToP Tagging Algorithm |

Outline » number of subjets T orentaELrTer 1

Introduction > minimum pairwise mass of 3 008 3

Jet hardest subjets ooal i

substructure ) r 1

Jet grooming Mmin = min(m12, m13m>3) oo ]

Subjet . . . . T 7 ]

observables » Mistag rate determined in data using A
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https://cdsweb.cern.ch/record/1333700
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All-jets

CMS, 5fb~1,
arXiv:1204.2488
ATLAS, 4.7fb71,
ATLAS-CONF-2012-102

Di-leptonic CMS, 5fb1,

(ee, up, ept)  CMS-PAS-TOP-11-010
ATLAS 2fb~1,
EPJC72 2083

Lepton+jets  CMS, 4.7fb1,

(e+j, u+j)  CMS-PAS-TOP-11-009
ATLAS, 2.1fb7 1,
EPJC72 2083

CMS, 4.7fb7 1,
CMS-PAS-EXO-11-093
ATLAS, 2.1fb7 T,
arXiv:1207.2409

ATLAS, 4.7fb~1, ATLAS-CONF-2012-136
CMS, 4.7fb1, submitted to JHEP



http://arxiv.org/abs/1204.2488
https://cdsweb.cern.ch/record/1463916
http://cdsweb.cern.ch/record/1438739
http://www.springerlink.com/content/g627v4310q35r773/
http://www.springerlink.com/content/g627v4310q35r773/
http://arxiv.org/abs/1207.2409
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-136/
http://arxiv.org/abs/
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searches > tt
Sebastian » Irreducible background, search for deviations in invariant mass
Fleischmann spectrum
Outline » Single top
Introduction > Only little contamination
Jet » W bosons
sfb“"’“m » Relevant in lepton+jets channel
e » Normalisation and heavy flavour composition mostly estimated
Backgrounds from data (e.g. charge asymmetry), because of large
iyli;::ams uncertainties
Dl » Z/v bosons/Drell-Yan
Summary » Important in di-leptonic channel
Erdhom » Data driven methods
» Diboson
» Only relevant in di-leptonic channel
» QCD multijet

14 » Important in all-jets channel

» Estimated with data (e.g. template fit of £1 distribution, MC
event weighting from matrix method)



Systematic uncertainties

tt resonance

i Most important systematic uncertainties (shape and yield variations)
Sebastian taken into account for the searches

Fleischmann

» Jet energy scale / resolution

» In some analyses more complicated, when different jet algorithms
are combined

Outline
Introduction

Jet
substructure

v

Reconstruction and identification efficiencies
tt resonances

ver » esp. b-tagging uncertainties often large for high-pt jets
Backgrounds

Systematics » Initial and final state radiation
All-jets L.

Bhlefia » PDF uncertainties

Lepton+jets ) )

Summary » Uncertainties of background models

Eackns » QCD multijet model
» W + jets, esp. heavy flavour composition

v

Renormalisation and factorisation scale uncertainties on SM tt
background

18
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All-jets channel &

Event selection

/\
ey ATLAS CMS
sl trigger high-p7 jet/multijet high-pr jet
Sl lepton p?,- >25 GeV,p’fr > 20 GeV
| ) veto mini-isolation
ntroduction
T jets >2 C/A (R=1.5) jets, C/A (R=0.8) jets, In] < 2.5
Py > 200GeV, | <25
g::l::reov::nds top HEPTopTagger, CMS top tagger,
i tagging p5- > 200GeV, p5 > 350GeV,
Ei-'epton_ic 140GeV < my < 210GeV 140GeV < my < 250 GeV
Su::::ets “Type 1+1": > 2 top tagged
Backup “Type 142": =1 top tagged

+ W-tagged (p1 > 200GeV)
+ jet (p7 > 30GeV)

b-tagging > 2 anti-k; (R =0.4) jets, —

e P >25GeV, &, ~ 70%,
AR(b,C/A) <14 Type 1 Type 2




All-jets channel

HEPTopTagger b
_ %30007 T T A
tt resonance > 1 1 o o E s
o ey tt normalls.atlon performed by fit in oot woman
~ emplate
Sebastian COntrOl reglon g == - MC ti template
Fleischmann 52000 Fited sum |

» QCD multijet template derived from
Outline another control region 1500

ATLAS Preliminary a —

Introducti ILdt:nfb‘ M.
ntroduction . . E
» Good stability of m; estimate wrt. 1000 =N
Jet . Lo
substructure pile-up so- , ]
e » Data well described by Monte Carlo TR
verview
Backgrounds . Top Quark Candidate Mass [GeV]
YT > NO excess in Mg Observed > o
All-jets R 1 L _
Di-leptonic %‘ 180 ATLAS Prelimidary ' ' ] g 10 ILdl:47fb ATLAS Preliminary 3
Lepton+jets o, 178 Lo a7t e Data 2011 E =] +Data 2011 ]
Summary 8 176 - E 2107 [z atevo=ospm ]
3 = 174 b g Us ]
Eadiem é 17 é w 10 BQcD (data driven) 7;
§ 170 -
g1 3
F 16 E
17 16: E i
162 E
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sl b b b Lo I
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Average interactions per bunch crossing Di-Top Invariant Mass [GeV]
ATLAS-CONF-2012-102 ATLAS-CONF-2012-102


https://cdsweb.cern.ch/record/1463916
https://cdsweb.cern.ch/record/1463916
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(ocbastian » Multijet QCD background determined by estimating mistag
probability in control region
Quline » In addition to limits for benchmark scenarios: Counting

Introduction

experiment for mg > 1TeV limits enhanced production to be
sobstructure < 2.6x SM expectation (approx. NNLO)

t€ resonances double merged merged+partially resolved
Overview CMS, L=5fb* Vs =7 TeV. Type 1+1 CMS, L=51fb* is=7TeV Type 1+2
Backgrounds N = T T T T T T T T 5 > e T T T T T T R
s . S r e Observed ] 8 * Observed E
LA L) s L Non-top multijet ] o Non-top multijet B
All-jets @ 107 f simulation ] S T simulation ]
Dalentenis 8 Z(TeVic)o=10pb 1§ Z Z(1TeVic)o=10pb |
L . ° Z'(1.5 TeV/c?) 6 =0.18 pb ju) Z/(1.5TeV/c’)c=0.18 pb 3
epton-+jets a Z/(2TeVic)) 6= 0.06 pb S Z'(2TeVic)a=0.06pb 3
S Z'(3TeVic)c=0.03pb o |
Summary g N E
w 3 10 —
Backup 3 3
7 } } =
< £l 3l 4 £l
5[z ] e . | :
5 El g oL +.4. R S—
18 s[2 ERE I 5 00 AAS A o \ E
e 3 e 2 3
| : : : : ; : rid gl : : : : : ; : rrred
e 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 Qe 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
tt mass (GeV/c?) tt mass (GeV/c?)

arXiv:1204.2488


http://arxiv.org/abs/1204.2488

All-jets channel

Limits
!
7# N\
tt resonance
H !
searches Narrow width Z’' (I'/myz = 1.2%) resonance
Sebastian
Fleischmann
S Exclusion range ©95% CL Exclusion range @95% CL
Introduction 0.7TeV < mzy < 1.3TeV 1.3TeV < mzy < 1.5TeV
e = T T T T T 102 CMS.L=51b"at \g =7 TeV 1% Width Assumption
substructure S ek —e— Obs. 95% CL upper limit =) E T T Observed (95% CL) 3
O (TR ) weeeee+ EXP. 9% CL upper limit o r — Expected (95% CL) 1
Overview T I Exp. 16 uncertainty < 1 + 1 s.d. Expected ?
Backgrounds g’ Exp. 2 uncertainty bN I + 2 s.d. Expected 3
Systematics o 0 I Leptophobic ' E £ R s 2, 1.2% width, Harris et al |
All-jets é ATLAS Preliminary 5 IR, e Z', 3.0% width, Harris et al
Di-leptonic 5 3
Lepton+jets 1E m o ]
> =
Summary
Backup L 1 i § [ . L .
0 o7Tev 1 0%y 15 2 25 3
[ Lar=470 o tt Invariant Mass (TeV/c?)
[N e I arXiv:1204.2488

| 1
500 1000 1500 2000 2500 3000

Z' mass [GeV]
19 ATLAS-CONF-2012-102


https://cdsweb.cern.ch/record/1463916
http://arxiv.org/abs/1204.2488
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Event selection

Di-leptonic channel @ L0

ATLAS CMS
int. lumi. 2.05fb~ 1 5.0fb~1
lepton pfr > 25GeV, p/-’,- > 20GeV,
(relative isolation) (relative isolation)
Z/y veto |mz —my;| < 10GeV, 76 GeV < mz < 106 GeV,
(ee, nu) myp > 10GeV myp > 12 GeV
jets > 2 anti-k; (R=0.4) jets, > 2 anti-k; (R =0.5) jets,
Py > 25GeV P >30GeV, > 1 b-tag
Fr(ee, pu) Er>40GeV Er > 30GeV
el Hr =Ypy +Xp >130Gev
MC MCG@NLO (tt), Alpgen MadGraph
(W/Z + jets)
Drell-Yan normalisation from sideband
multijet matrix method extrapolated from (isolation)

(includes also W + jets) sideband




7 R\
tt resonance
searches

Sebastian
Fleischmann

Outline
Introduction

Jet
substructure

tt resonances
Overview
Backgrounds
Systematics
All-jets
Di-leptonic
Lepton+jets

Summary

Backup

21

Di-leptonic channel

Mass estimation

)

» my; not fully reconstructable due to two neutrinos

= use Hy + £+ as proxy for

% 3000: T T T T S
8 E ATLAS Simulation - <
3 2500F . R
woF - 107
*+ 2000 e
T £ - '.E Sl
1500~ E - =
i E ot = -
1000~ . =y
500:, i ;-Ir e : -
= ] 'i"":-::.'\.
E SRR e 10°
| . . . .
G() 500 1000 1500 2000 2500 3000

True tt mass [GeV]
» Validation of of background
estimate in control region
(inverted Z boson veto)

mg (Hr =Xpr+Xph)

3 ‘ RPN " g
o ILd!:Z,OS BNE=TTeV [ i
2 ATLAS = 2ies |
g . B oversackgrounds
1 Unceranies |
—_ g, a0 ]
1000 1200
HA+ET* [GeV]
> T ————
& ATLAS [CJZ+ets
i [l Diboson
Q Data Normalized
© _ [OFakes
2 §=7TeV Ot
g i - Channel [ Single top
i -»-Data 2011

Control Region
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EPJC72 2083 »-qTﬂ:_'r“'SS (GeV)


http://www.springerlink.com/content/g627v4310q35r773/

Di-leptonic channel CMS

Neural network analysis

tt resonance
searches

v

In m(2j202v) estimate py of neutrinos set to 0

o Use Bayesian neural network for multiv?riate selection to obtain
[ further discrimination power between tt and signal in addition to
bump hunting in mg spectrum

\4

Outline ) .
: » 17 variables used in NN:
Introduction
o » pr, N of leptons, Ad(lq,45), ET, Ad(Lq, ET)
substructure » pr, N, A@(Lq,)) for two highest-pt jets and highest-pt b-jet
tt resonances » number of b-tagged jets
Overview
Backgrounds 2150 . — — T 00.5— R T e
Systematics £ oo pretfnary e ous E cuspatmnay | epoma | ]
All-jets s 1 50fb"at\Vs =7 Tev = gw—m | § F 50fb"atVs =7 TeV SM background 1
Di-leptonic s ) —w 1 504 (ee) _i :gg ]
Lepton+jets Woly E - ]
[ Single-Top 2 [ ——Z 1000 ]
Summary 1000 [ Mlfjets [ —Zz1250 ]
F —2Z 500GeV (x2) - 0.3 =
Backup L 7' 750 GeV (x10) | r ]
— 21000 GeV (x20) | [ ]
1 02 4
1 01 ]
22 1 [ ]
0 o= -

1000

o

1500 0.2 0.4 0.6 0.8 1
M(2j212v) [GeV] BNN output

CMS-PAS-TOP-11-010


http://cdsweb.cern.ch/record/1438739
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Results
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searches
R » Limits for different models provided by ATLAS and CMS
Outline
ettt » ATLAS limit @95% CL for » CMS limit @95% CL for
s Kaluza-Klein gluon: narrow width (I'/myz = 1.2%)

Mg, > 1130GeV Z': my>11TeV

tt resonances

Overview

= F10°E
Backgrounds g FT T T D\Iept:m T T b g o E cMs Preliminary
Sysfe"‘a‘ics = , I Obs. 95% CL upper limit | & [ 50m'ans=7Tev = ggegggc\mlhm“
All-jets E O =~ Exp. 95% CL upper limit 3 Tor - tgc expgclwd‘llm\t
Di-leptonic 5 3 B Exp. 10 uncertainty 3 3 r e RS m bic )
Lepton-jets 2 ¥ Exp. 20 uncertainty 3 10l
5 s Kaluza-Klein gluon s F
Summary x £l
Backup N 3 g
E
L . 1+
1 E {s=7Tev E 3 E
FfLo=20st* 3 5 f
[ ATLAS d N
10*1 1 1 1 1 1 1 [ .
600 800 1000 1200 1400 1600 1800 104t 't !
500 1000 1500 2000 2500
23 g, mass [GeV] M, [GeV]

EPJC72 2083 CMS-PAS-TOP-11-010


http://www.springerlink.com/content/g627v4310q35r773/
http://cdsweb.cern.ch/record/1438739
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Lepton+jets channel <
Event selection
€€ resonance » AKT4: Anti-k, (R =0.4) jets: pr >25GeV, |n| <2.5
eebastion » AKT10: Anti-k; (R=1.0) jets: |n| <2.0, pr > 350GeV,
Fleischmann m > 100GeV, v/dip > 40GeV (expect v/dip = my /2 for t — bW)
Outline
'J"Zmdmb" resolved boosted
:b::::; trigger single lepton trigger fat jet (AKT10) trigger
R leptons 1 lepton (e* or u¥), pr > 25GeV
R additional lepton (e* or u*) veto, pr > 20GeV
o lepton trigger match —
SUEEESEY ET et ET > 30GeV, ,LLi: ET > 20GeV
B
m\;-v et: Mt (W) >30GeV, u*: My (W) + Er > 60GeV
jets > 4(3) jets “leptonic jet”: AKT4 jet
2 (if one jet mjer > 60 GeV) “hadronic jet”: AKT10 jet

b-tag > 1 b-tag using AKT4 jets (&, =70%)




Lepton+jets channel 0

“Mini-isolation” for leptons and specialised trigger

J s » Standard ATLAS lepton isolation (relative isolation with fixed
searches . . .
A cone size) has bad efficiency when the top gets boosted
Sebastian
3 R e e . C . . 14

AT » “Mini-isolation” with shrinking cone size AR(¢,track) < k; /p+
Outline gives strong improvement in efficiency for leptons from boosted t
itwedlatr » Fat jet trigger (240GeV anti-k;, R = 1.0 jet)
et » At high mass: Better efficiency than single-lepton trigger
S (nearly 100% efficient)
e » Plateau of trigger reached at pt 2 350 GeV
Sactkgm:_"ds > FATLAS Preliminary " Zpam |~ Ol 73 FATLAS Preliminary "L Daa | Ol
A{:::a ' Ly 10 J'L aefs’ s=7Tev  ESingle top OW-ets 3 104§J'L 466" Vs=7Tev [ESingle top W+jets
Di |Je tonic a W Multi-jets [@Z+jets o) E . W Multi-jets  [@Z+jets
L;}:topn-lzlets § 10 [Ipiboson e + jets § 103? [ODiboson i +jets
Sy @ 10 w102k
Backup 10;

1 1%—

o 2 g 27
g 1 g 1%"%/
3 BT B V1B R T B 1S 1 - R R TR R
m; [TeV] m_ [TeV]
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Lepton+jets channel

tt reconstruction

AN

» Longitudinal component p, of neutrino momentum computed by
W+ mass constraint on lepton + £ system

Resolved

Use jet combination with minimal
x? including W (mj;)

and t (mjjp, mjy,) mass constraints

Boosted

Use sum of neutrino solution

(£7), lepton, AKT4 jet, AKT10 jet

Reconstructed tt mass [TeV]

ATLAS-CONF-2012-136

y

a F T T T T T 3 T R R
£ [ T ] @2 n ]
g 0.25(~ ATLAS Preliminary é 025i ATLAS Preliminary j
g [ Simulation\5=7TevV | o Vet Simulation,N§=7Tev ]
c o2 PP e m,=0.5 Tev 3 o = —— my =13TeV ]
=l [ —— my =1.3Tev ] S 02 s M, =13 TeV =
8 r o My=1.3TeV ] 8 r m,=2.0 TeV ]
L 0.15( e ME2.0TeV | Y0150 3
01 E o E
0.05]- . 0.05- E

[ i i ) ] L T
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Reconstructed tt mass [TeV]
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Lepton+jets channel

Limits
WSy Combined limit of boosted and resolved selection:
e » Use the boosted reconstruction, if a single event is selected by
Fleischmann the resolved and the boosted selection
Outline » Resolved selection mainly relevant at low mg, boosted relevant
Irednaitr at high Mg
S » Still some events in resolved selection at high mass, which are

not selected by boosted

tt resonances

Overview = FTT T T T T T = ETT T T T T T E
Backgrounds = FVs=7Tev Obs. 95% CL upper limit ] = Fys=7Tev ——— Obs. 95% CL upper limit ]
Systematics g 10 Erj Ldimassmt T Exp. 95% CL upper limit 3 10 =rI T Exp. 95% CL upper limit -
Allicta 1 E Exp. 10 uncertainty E t E Exp. 10 uncertainty E
-~ IJ e O Exp. 2 0 uncertainty 1 F E Exp. 2 6 uncertainty E
v et 4 F === [eptophobic Z' (LOX1.3) 3 &3 1020 === Kaluza-Klein gluon (LO) ¥
epton+jets E o E E E
pton-tj x ATLAS Preliminary 1 @ E ATLAS Preliminary E
Summary S = 3 3 10 -
E ] ° E
Backup A ] F ]
1 . E
10 - P e 1
E E o' E
102 1 1 1 1 1 1 1 E 1 1 1 1 1 1 3

06 08 1 12 14 16 18 0.8 1 12 14 16 18
27 ATLAS-CONF-2012-136 2 mass [TeV] g, mass [TeV]

Z' (T/my =1.2%) ©@95% CL: gkk ©95% CL:
0.5TeV < mz <1.7TeV 0.7TeV < mg,, <1.9TeV
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Event selection

Lepton+jets channel

CMS

tt resonance

resolved

boosted

single lepton

relative isolation
plr > 20GeV, pT > 30GeV
looser iso., p for veto

>3 anti-k; (R=0.5) jets,
pr > 50GeV, plt > 70Gev

pr-Fl isolation:

AR(¢,j)> 0.5 or

pE(£,)) > 25GeV

p’;- > 42GeV, p; > 70GeV
> 2 anti-k; (R =0.5) jets,
P >50GeV,

p’-,l- > 150 GeV(250 GeV) for e
(1)

Fr>20GeV

et Fr >50GeV + Ad(e, £7),
Ad(j1, ET) cuts

Hr! = pl + Er > 150GeV

4 categories by number of
jets and b-tags

tagged/non-tagged

searches
Sebastian t rgger
Fleischmann
leptons
Outline
Introduction
Jet
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Overview
Backgrounds
Systematics
All-jets
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Lepton+jets
Summary E T
Backup
event
28 H
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Lepton+jets channel

Resolved selection

CMS, 5.0fb™ Vs=7TeV
; T

CMS

5

CMS, 5.0 fb™, Vs =7 TeV
T T

F T 3 T T
3 >1 e Daa 7 3 2900EcIN san =0 —+ Dan
- e = 2200 et 'b-tag
wn + i - n ‘4
S E B ] S 2000 Lk
o £ Single top 1 S 1800 Single top
o) L I Wiz + jets 1 2 1600 B Wiz + jets
c F - c
o r Multijet = < 1400 Multijet
w L Z'075Tev(20pb) 1 W 1200 2'0.75 TeV (20 pb)
E .Z1Tev(0pb) ] 1000 7'1TeV (20 pb)
] 800
— Z'1.25TeV (20 pb) 7 — 7'1.25TeV (20 pb)
F eV (20 pb) ] 600 eV (20 pb)
S T 15 2 5
M; [TeV] M; [TeV]
CMS, 5.0 fb™, s = 7 TeV CMS, 5.0 fb™, Vs = 7 TeV.
> T T T T BE| > T T T
g e+, N‘e‘ 24, Nn-mg =0 —e— Data E g e+, NJel 24, NMi =0 —— Data
8 I 8 [ I
= Single top S Single top
jo) I Wiz + jets a I Wiz + jets
c [=
o Multijet o Multijet
m m

+Z'0.75 TeV (20 pb)
- 1TeV (20 pb)

N
P
Y
b
3
<
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S
o
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CMS, submitted to JHEP

7'0.75 TeV (20 pb)
Z'1TeV (20 pb)
—— 7'1.25TeV (20 pb)
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Lepton+jets channel

Boosted selection

Events /0.1 TeV

%2 includes constraints for
the leptonic and hadronic top

Only events with y2. <8 are
regarded

Background yields from
maximum likelihood fit

CMS, 4.4-5.0 fb™, (s =7 Tev
T T T T

120 T T
fe N, =0 —e— Data ]
1001 M« E
L [ other backgrounds
80~ Z'1TeV (1 pb) B
o M. 00 e Z2Tev(iphy) ]
r —7Z3Tev(iph) o
401 3
2 E
ok ]

05 1 15 2 25 35 4
M; [TeV]
CMS, submitted to JHEP

Events /0.1 TeV

event yield

CMS Preliminary (s =7 TeV

CMS

L =4.41b", e+jets

500
Bocoti
Wsingle-Top
400 Bzy -1
~ v (+b)
- (o)
300 BW- v (slight)
Puncertainty
200 *CMS Data 2011

0 10
CMS-PAS-EXO-11-093

20

CMS, 4.4-5.0 fb™, s =7 Tev
T T T T

140F T T 3
[ e+, N‘Hag 21 —e— Data ]
120F W =
100~ [ other backgrounds 3
[ " 1 TeV (1 pb) ]
80— -
@S L Z'2TeV (1 pb) |
60— —Zzatevapy
401 -
20 -
L | |

.5
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Lepton+jets channel

Limits

CMS

Combined limit of boosted and resolved selection:

Upper Limit o, x B [pb]

\4

» Use resolved result at low m and boosted limit at high my

» Border decided on based on expected limits

Narrow width Z' (I'/mz = 1.2%)

CMS, 4.4-5.0 fb™, s = 7 TeV

10%g
E —— Expected (95% CL)
c. e Observed (95% CL)
10 \\ | — - 2 1.2% width
£ \ I [ Expected £ 1 5.0
[ 3 \\ | [ Expected £ 2 s.d
1=
101
£ Il
0.
CMS, submitted to JHEP
/ _ 0
Z' (T/my =1.2%) excl.

©95% CL: my < 1.49TeV

Medium width Z' (I'/mz = 10%)

Upper Limit a,. x B [pb]

v

CMS, 4.4-5.0 fb™, Vs = 7 TeV

107
E N —— Expected (95% CL)
E N Observed (95% CL)
1o \K — - 7/10.0% width
E ‘ [] Expected + 1 5.4.
C N [ Expected = 2 5.4
1=
[ |
10t ‘ <
E ‘ >
| I | 1 L L
o5 T 15 25 3
Mg [TeVv]
/
Z' (T/my =10%) excl.

@95% CL: my < 2.04TeV
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Summary

v

v

v

\4

Searches for tt resonances were performed by ATLAS and CMS
using the 2011 datasets in all possible tt decay modes

No significant excess was found in the m; spectra

Benchmark scenarios were excluded at the 95% CL in the
following mass ranges
» Leptophobic top-colour Z’
> [/my =1.2%: 0.5TeV < mz <1.7TeV (ATLAS lepton+jets)
> [/mz =10%: mz <2.0TeV (CMS lepton+jets)
» Kaluza-Klein gluon gy (I'/mg,, = 15%) in Randall-Sandum
models: 0.5TeV < mg,, <1.9TeV (ATLAS lepton-jets)

Many new techniques to reconstruct and identify boosted top
decays were developed in recent years
» ATLAS and CMS could show their feasibility at the LHC
» Boosted techniques gain importance with higher /s and more
integrated luminosity
» Grooming techniques can also help to reduce pile-up dependence
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Jet algorithms

tt resonance

searches
Sebastian
Fleischmann . (A R)2
_ P = m'“(PT?";PTJ?n)Tzu
Outline
Introduction PiB = pT%n
Jet
substructure
S » If pig < pjj for all j: Define proto-jet i as jet
B » If pig > pjj: Combine proto-jets i and j
1 Cambridge/Aachen (C/A) (n=0): only angular distance
considered
2 anti-k; (n=—1): cone-like jets

3 k; (n=+41): hardest sub-components merged last

34



Jet grooming
Mass drop filtering

e 1 Re-cluster large jet with Cambridge/Aachen into 2 subjets
searches . .
ba 2 Require mit/m'€e it to be low (mass drop for components of
ebastian . N .
Fleischmann heavy particle decay) and splitting to be symmetric
Outline 72 _
Introduction o
c/A P R
Jet 1 O ‘\
e — {0 \po !
tt resonances . “? [e) O \\"o--’l
J1 N ot
Summary \(\) o~}
w2
Backup . - ~—
Initial jet m/ M < pge and Y > Yeut

3 Rerun C/A algorithm with parameter R = min(0.3, AR(j1,/2)/2)
4 Discard everything outside three hardest jets

oo s ; AR;, ) : )
Initial jet Rsir = min[0.3. —222] Filtered jet



Jet grooming

Reduction of pile-up sensitivity

tt resonance

searches » Trimming reduces the pile-up sensitivity of jet variables
Sebastian significantly
Fleischmann
= e g MO
Outline © 160 ATLAS Preliminary 019 £ ATLAS Prel|m|nary ]
. g F Data2011, [ Ldt=1 i 1 O, 100F Data 2011, [ Ldt=11fb" E
Introduction o~ 1401 anti-k, LCW jets with R=1.0 I F anti-k LCWJetswnh R=1.0 q
1 & r 200<p ' <300 GeV, In|< 0.8 115 90F eoo<p ! <800 GeV E!
etb £ [ =e= NOjet grooming --a- f 1= [ == Nbjetgrooming --a-- f,,=0.01,R_ =03 |
substructure 120[ ... f,,~0.03,R_ =03 . e j u _ =0.3 ... fM:O.OS,R .3
. Foeom f,=0.01, R =0.2 i fm_o 03, R, ) =02 e =003, R '=0.2 ]
tt resonances 1001 -~ fuy=0.05, R 70_2 ;
Sy r :
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60/ E
40 b E
[ ] 30 E
B e I TN T T T
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Reconstructed vertex multiplicity (NPV) Reconstructed vertex multiplicity (NPV)
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Events / 10 Gev

Jet substructure

Validation in lepton+jets events

300

200

ATLAS-CONF-2012-065

T T T T
ATLAS Preliminary
antik, LOW jets with R=1.0
Nojet grooming applied

Pt 2350 GeV.
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Jet substructure

Validation in di-jet events

tt resonance

P PR |
100 150 200 250 300 350

\d,, [GeV] \d,, [GeV]

ey il
50 100 150 200 250 300 350

e

B S m e e o e e mm e T R [ o e e B S REm
searches b2} L = N E
o ATLAS Preliminary KA ATLAS Preliminary
Sebastian 5 10F anti-k, LCW jets with R=1.0 s 10 anti-k, LCW jets with R=1.0
Fleischmann — No jet grooming applied — Trimmed (f_=0.05, R_,=0.3)
O 10°%F 600 < p” < 800 GeV @ 10° 600< p” <800 GeV |
-g === Data 2011, Ldt=4.7 fb"! -g ==e== Data 2011,| Ldt=4.7 10" E
) L oo <--me-+ Dijets (Pyihia) - Dijets (Pythia) 4
Outline 2 10 - . A Dijets (POWHEG+Pythia) é av Dijets (POWHEG+Pythia)  J
Introduction 0%k 4
- F
- 10°F 10°F e
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2l 2L
tt resonances 10 P 10%
Summary 10
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Jet substructure

Validation in di-jet events using track jets

tt resonance

h x10° x10°

searches @ o8 T T T g 0A46FT T L B o 1 I
) o £ ATLAS Preliminary o ATLAS Preliminary 1
Sebastian %5 0.16f~ anti-k, LCW jets with R=1.0 1% 0141 anii-k, LCW jets with R=1.0 -
Fleischmann e [ No jet grooming applied e Timmed (f_-0.05,R_ -0.3) 1
[ 0-14:’ 500 < g™ < 600 GeV, y < 0.8 1 o 012 500 <p™ < 600 GeV, | < 0.8 -
Q - === Data 2011, ]‘Ldt:ﬁ.?ib‘ Qa —— DataZOiL] Ldt=4.71" B
Outline g 0-12:’ - Dijets (Pythia) B g 01F «e-@een Dijets (Pythia) N
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Introduction F 0.08 g 1
Jet 008 aosk : ]
substructure 0.06F . q
tt resonances 0_04; 0.04 ™ -8 E
E s ]
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HEP TopTagger

Identification

tt resonance
Craicy > If m7 = 0: miys = miy+ m33 +mis
= sphere with radius m? = m3,,

Sebastian
Fleischmann

> Require 0.857% < 723 < 115"

» 140GeV < myo3 < 200 GeV

Outline

Introduction

Jet

substructure o 1 ~ o

@ e £ £ ¢ =eQCD multiies,
£ 0.8] £ 0.8 £ 0. e

Summary . L= .

Backup

1 E
arctan m,y/m,,

L5
arctan m,y/m

[Plehn, Spannowsky, Takeuchi, Zerwas; 2010]
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HEP TopTagger

Top mass reconstruction

Mass distribution for C/A jets
with R = 1.5 before running the
HEPTopTagger

2 F T 1
@ 1000F - 7
z [ I Ldt=4715" ATLAS Preliminary b
T F ]
©  gool- O 7
L] F Ow-=1v ]
r @zy - ]

600~ [ single Top -
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. ~e- Data 2011 A

400 7
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Large-R Jet m [GeV]
ATLAS-CONF-2012-065

fr =~50%

» Improved top purity
» Background flat in m;

after the HEPTopTagger, R = 1.5,
default settings
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Lepton+jets channel

Limits h
£ . e .
b7 (2T Resolved (mainly relevant at low mass) Combined limit using the boosted
. T F®s7mev T L Oos. 95%CLuppertimit g reconstruction, if a single event is
ISe.hahstlan = 103rJ’Ld1-A66 B Exp. 95% CL upper limit ]
Fleischmann LE Exp. Lo uncertainty selected by the resolved and the
¥ E Exp. 2 6 uncertainty
Outl £ F =S Kaluza e glon (L0) boosted selection:
une @ E ATLAS Preliminary i
Introduction & 10F g Fo-7rey | " Obs. 95% CL upper imit
© E = ol e i imit ]
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1 E . E
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Lepton+jets channel 2

Combination of resolved and boosted selection

tt resonance

[ Resolved (mainly relevant at low mass): Combined limit using the boosted

2 fwored T ommwciwenmi 1 reconstruction, if a single event is
Sebastian o 10k e Exp. 95% CL upper limit o !
leischmann = E[La=466i? Exp. 1 tai E
= O eolowerany 3 selected by the resolved and the
= 10 - N § b B
T 0K —— L .
Outline & F Lepopratic 2 (0x13) 3 hoosted selection:
x ATLAS Preliminary 9
. IS 10 —_
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