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Motivation
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« Top quark is leading contributor to Higgs quadratic divergence mass quadratic divergence

> New physics in the top sector can play an important role in regulating the Higgs mass

 Many proposed BSM models predict new physics to be found in the top sector

« Topcolor, Little Higgs, Composite Higgs, Randall-Sundrum (with warped extra
dimensions),...



Overview

» Several searches will be presented featuring similar
phenomenological characteristics

« Top quark pairs (same or opposite signs)
« Heavy quark pairs decaying into 3™ generation quark + boson
* Four top final states

« All results shown for 14.3 fb™! of data at 8 TeV taken by the Atlas
Experiment between April and October 2012



Semileptonic tt Resonance Search

» Search for heavy particles decaying into top quark pairs
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« Resolved channel: hadronic top decaying into 2-3 Anti-k. R=0.4
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jets
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« Boosted Channel: hadronic top decaying into a single large 3 oa | /
radius jet ( Anti-k, R=1.0) 8 100 120 140 160 180 200 220 240 260 280
mt ha d[GeV]
 High p,top decay products can not be resolved separately Reconstructed hadronic top

ted h |
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« Jet trimming reduces the impact of pileup by removing soft E 1gf-  ATLAS Preliminary Simulation =

. o \s=8 TeV 7

components of a jet € 165 i+ jets, combined E

o 14F | + jets, boosted =

= T —— e + jets, combined ]

. . .. w12 e + jets, boosted E

« Leptonic top reconstructed from lepton+jet+Missing E.. 10F- E
8F —

* Require large separation between hadronic and leptonic top 3 E
constituents in boosted channel = ]
_ _ _ _ . . . 3.5

« Only events which fail boosted selection are considered for the m, [TeV]

resolved channel Event Selection Efficiency

Boosted (Dashed)
* Split12 = k. splitting scale between final 2 subjets after reclustering with k_ jet algorithm Combined (SO“d)
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Semileptonic tt Resonance Search: Event Display
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m,® = 2.5 TeV tt candidate in boosted channel.
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Semileptonic tt: Event Reconstruction

« Resolved channel: x2 algorithm used to pick combination of jets most consistent with tt
decay

- Boosted channel: highest p_ jets satisfying selection are chosen

- Bayesian limit setting proceeds using reconstructed m, as a discriminant
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tt Resonance Search

« 2 Benchmark models for resonances decaying to tt:
« Narrow width leptophobic Z' (I'/m = 1.2%)

« Topcolor
* Wide width Kaluza-Klein gluon (I'/'m = 15.3%)
« Randall-Sundrum model

e 95% CL Limits:
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Vector-Like Quarks

« Left and right handed components have
identical electroweak gauge transformations

« Top partner may play an important role in
regulating the Higgs mass

« Charged and neutral current decay modes : L (lT!B)Or o
pOSSi ble: g i SU(2) Singlet (X,T) Doublet |
« T—Wb, T—Zt T Ht Soor
« B—->Wt B—Zb, (B— Hb) 0.6:—
0.4:— ‘-__‘
» Pair production (via QCD) dominates at i
masses less than 1 TeV 2
o__ .................................................................. -
» Decays to third generation dominant in most TR T T T N

: 300 400 500 600 700 800 900 1000
scenarios m; [GeV]
Branching ratio's at varying m..
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TT—-Wb+X

» Sensitive to either a Chiral or Vector-Like heavy quark

« Event Selection:

« 4 jets, at least 1 b-tagged

- Consider 2 jets with highest b-tag weight as b-candidates

* 1 Reconstructed leptonic W

S [ ATLAS Preliminary  —¢— Data (15 = 8 TeV)
- Lepton + Missing E._ % taof[ Lot =143 1" B 17 00 e
« 1 Reconstructed hadronic W . 120;_ y =0
- Type 1: Single merged jet, (60< m <120 GeV, p, > 250 oF
GeV) sor-
- Type 2: Two jets with dR < 0.8 S0~
« Large separation between W,__ /lepton and closest b-candidate 402_
(dR>1.4) 20l
« H,_ >800GeV . 12_ —
* Reject events with 26 jets and 23 b-tagged jets g 0;_ """
0

- Overlap with TT->Ht+X analysis
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TT—-Wb+X

« m_reconstructed from hadronic and leptonic W's
and b-candidates

i I iNiMmi i § -¢-Data (\s =8 TeV) ATLAS Preliminary
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/////
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Efficiency | 2.45% 0.64%  0.47%  0.10% | 0.18% | 0.16% : 100200300400%/{%7008009001000
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Data / BG

Efficiency shown for m_=600 GeV. Although search is
optimized for WbWb, other channels contribute as well.
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TT—Wb+X: Results
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« Expected and observed 95% CL limits on the TT cross section times branching
fraction for a chiral (left) and vector-like singlet (right) T quark.

« Observed limits: m_> 740 (505) GeV for chiral (vector-like singlet) T quark
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TT—Ht+X

e Assume

125 GeV Higgs consistent with observations at Atlas and CMS

e H->bb, and at least one W—lv

« Signal characteristics

- Exactly one lepton, Missing E,

 Atleast6 jets, and 4 b-tags

100 ATLAS Preliminary e+t 26 jets, > 4 b-tags
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« 2 and 3 b-tag events also considered as control regions to constrain
systematics
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« H. chosen as final discriminant for sensitivity to multiple decay
modes

o  TT—(HtHt), (HtZt), (HtWb)

« Peaks at about 2 m_ for signal events

Data/MC

H. = z pj + pl + EmiSS 0200400 600 800 0007200 74007600 78002000
r - T T r H; [GeV]
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: Results
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« Expected and observed 95% CL limits on the TT cross section times branching
fraction for a vector like doublet (left) and singlet (right) T quark.

« Observed limits: m_> 640 (790) GeV for singlet (doublet) vector-like T quark
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TT—Zt+X, BB—Zb+X

« Sensitive to both T and B vector-like heavy quarks pairs
 Event Selection:
- High p, leptonically decaying Z boson (p,>150 GeV)
- Atleast 2 b-tagged jets
- H.(jets) > 600 GeV
« m(Zb) used as discriminant for CL_ limit setting
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TT—Zt+X, BB—Zb+X: Results

Observed Limits:

SU(2) Singlet (T)

SU(2) doublet (T,B)
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Same-Sign Dileptons + b-Jets

» Tiny production cross section in the Standard Model

L - . o _FATLASPeimnay| Jua-1sn’ | enthannéiNs=8 Tev]
» Possible signature for several varieties of new physics ° 7F — b>Wt 800GeV ]
. . % 62— -+ e bW 650GeV—
« Chiral or Vector-Like heavy quarks 2k A .
o B B o :_ —&- Data —:
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« Enhancement of four top production 3_ [ rates _
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« Positively charged top quark pair production 2§ --------- . 0 vz §
- uu — tt mediated by new heavy particle i3 i B
%0200 400 600 800 100012001400 1600 180020002200
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« Baseline event selection !
* Exactly 2 same sign leptons 3 | AT ABrramiy o o oo T
. . ~E — b’->Wt 800GeV
- Z mass window veto in same flavor case e .
> 3:— - --= b>Wt 650GeV ]
 Atleast 2 Jets, 1 b-tagged 5 2.52_ . _
. EMs=>40 GeV, H,> 550 GeV, Yoo Mowsa 3
= I:IFakes e
E_ EltT+Z/W(W) _é
« Additional selection for each signal models s [ w2z -
« Heavy Quark: H_ > 650 GeV i ] 1-__,___*_“|:|WW+ __
400 500 600 700 800
« tt: positive leptons only Er™ [GeV]
. titt: H. > 650 GeV, 2 b-tagged jets eMd channel, heavy quark selection
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o x BR(b'= tW) [pb]
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Same-Sign Dileptons: Heavy Quark Results

B quark
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IS Heavy Quark Pair Production
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Vector-Like T quark
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Limit setting on the final event yields proceeds via a frequentist approach (CL )

Limits:
Chiral B: m> 720 GeV
Vector-Like B(singlet): m>590 GeV
Vector-Like T(singlet): m>540 GeV
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Same-Sign Dileptons: tt and tttt results

Sgluon pair—tttt Kaluza-Klein Gluon Pair — tttt
(2UED/RPP model)
Té)_ :I I e i g E T T rrrrT T T e T T
I; 10k ------- Expected limit at 95 % CL - E - ATLAS  Preliminary
= = [ Expected limit + 1o m 1 3 )
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o) 1 E o 3 101 L |
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- E o
1 0-1 3 3 10-2 £ Expect I 3
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e o(tttt) < 59 fb (four top contact interaction)

« Same-Sign tt Cross Section:
« 19,20,21 fb for left-left, left-right, or right-right chiralities
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Vector-Like B Summary
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Conclusions

« Several searches for physics beyond the standard model have been presented

* Results are consistent with expectations based on the Standard Model

« Competitive limits set on numerous final states displaying similar phenomenology:

* Vector-like heavy quarks (singlets and doublets)
« Chiral heavy quarks
« ttresonances

- Z', Kaluza-Klein gluon, sgluon
» Four top contact interactions

« We look forward to continuing to improve our sensitivity in the future!

ATLAS-CONF-2013-051 21
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Jet Trimming

Initial jet . p;,_fp"m < feut Trimmed jet

 Use a k algorithm with radius R_, to re-cluster jet constituents

- Remove any subjets with small p_fraction

pT/p]et< cut

. Semileptonic tt resonance search uses Anti-k, R=1.0 jets,
trimmed with f =0.05, R_,=0.3

ATLAS-CONF-2013-052 23




k, Splitting Scale

» Distance between last two remaining subjets after reclustering
a jet with a k algorithm

Split12 = min(p,,, p;,) XAR,,

 Under the k algorithm, the hardest subjets tend to be merged
last

« For a jet with substructure, we expect Split12~mjet/2

 Many backgrounds expected to produce a steeply falling
spectrum

ATLAS-CONF-2013-052 24




Semileptonic tt Resonance Search
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Vector-Like Quarks — Branching Ratios
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Branching Ratio's for VLQ at varying m_.

VLQ Introduction
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