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Search for New Phenomena in the Top Quark Sector with ATLAS

Preamble

Why New Physics at the TeV scale?
from the point of view of a naive experimentalist ...
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Search for New Phenomena in the Top Quark Sector with ATLAS

Before the Higgs Discovery

New physics had to appear at the TeV scale to restore predictive power of the
theory, whatever its nature (Higgs field of course, but not only)
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Extend the SM: How?

The Higgs boson is the only elementary scalar in the theory, suffering from
this mass instability essentially coming from the top quark’s peculiar mass.

Three main ideas allow to workaround this unwanted feature.
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Extend the SM: How?

The Higgs boson is the only elementary scalar in the theory, suffering from
this mass instability essentially coming from the top quark’s peculiar mass.

Three main ideas allow to workaround this unwanted feature.

1. Additional symmetry 2. Compositeness 3. Extra-dimensions

Supersymmetry Little Higgs

Little Higgs models predict heavy fermions that couple to the top
(Vector-Like Quarks). SUSY searches will not be discussed in this review.
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The Higgs boson is the only elementary scalar in the theory, suffering from
this mass instability essentially coming from the top quark’s peculiar mass.

Three main ideas allow to workaround this unwanted feature.

1. Additional symmetry 2. Compositeness 3. Extra-dimensions
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Search for New Phenomena in the Top Quark Sector with ATLAS

Extend the SM: How?

The Higgs boson is the only elementary scalar in the theory, suffering from
this mass instability essentially coming from the top quark’s peculiar mass.

Three main ideas allow to workaround this unwanted feature.

1. Additional symmetry 2. Compositeness 3. Extra-dimensions

Models based on extra-dimensions also predict extra heavy fermions coupled to the
top (Vector-Like Quarks), as well as Kaluza-Klein excitations (when compactified).
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Search for New Phenomena in the Top Quark Sector with ATLAS

Overview

1 Top Quark Reconstruction

2 Overview of ATLAS Searches

3 ATLAS Searches
Resonant Searches
Non-resonant Searches
Searches for Vector-Like Quarks

4 Summary and Outlooks
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Search for New Phenomena in the Top Quark Sector with ATLAS
Top Quark Reconstruction

Top-jet Identification
Jet substructure and top quark tagging is an entire field with many on-going

developments. Just presenting few key ideas here, like N-subjettiness.
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Search for New Phenomena in the Top Quark Sector with ATLAS
Top Quark Reconstruction

Top-jet Identification
Jet substructure and top quark tagging is an entire field with many on-going

developments. Just presenting few key ideas here, like N-subjettiness.

Wide spectrum of performances (see slide 44)

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 8 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview

1 Top Quark Reconstruction

2 Overview of ATLAS Searches

3 ATLAS Searches
Resonant Searches
Non-resonant Searches
Searches for Vector-Like Quarks

4 Summary and Outlooks

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 9 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview of Searches

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 10 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview of Searches

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 10 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview of Searches

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 10 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview of Searches

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 10 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
Overview of ATLAS Searches

Overview of Searches
New results are in blue - since Moriond 2016.

Final state 8 TeV 13 TeV Signal type

ℓ+jets boosted JHEP 08 (2015) 148 ATLAS-CONF-2016-014 X → tt̄

ℓ+jets resolved JHEP 08 (2015) 148 - X → tt̄

ℓ+jets resolved ATLAS-CONF-2016-073 - H/A → tt̄, interferences

ℓ+jets PLB 743 (2015) 235-255 - X → tb̄

full had EPJC (2015) 75:165 - X → tb̄

full had ⊕ ℓ+jets JHEP 03 (2016) 127 - H+ → tb̄

ℓ+jets EPJC (2015) 75:79 - X → tφinv

ℓ+jets JHEP 08 (2015) 105 - tt̄tt̄, QQ̄ → V q V′ q′

ℓ+jets boosted - ATLAS-CONF-2016-013 tt̄tt̄, QQ̄ → V q V′ q′

ℓ+jets resolved - ATLAS-CONF-2016-020 tt̄tt̄

ℓ+jets JHEP 08 (2015) 105 - QQ̄ → W b + X

ℓ+jets arXiv:1602.05606 ATLAS-CONF-2016-072 Q → W b

ℓ+ℓ− JHEP 11 (2014) 104 - QQ̄ → Z q V′ q′

ℓ±ℓ± JHEP 10 (2015) 150 ATLAS-CONF-2016-032 tt, tt̄tt̄, QQ̄, X5/3X̄5/3 , X5/3

ℓ+jets JHEP 12 (2015) 061 - t → Hq

3ℓ EPJC 76 (2016) 12 - t → Zq

ℓ+jets EPJC 76 (2016) 55 - gq → t

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 11 / 46
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ATLAS Searches

Resonant Searches

X → tt̄ @ 8 TeV

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 14 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Resonant Searches

X → tt̄ @ 8 TeV

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 14 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Resonant Searches

X → tt̄ @ 8 TeV

Typical excluded mass scale ∼ 2 TeV
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ATLAS Searches

Resonant Searches

X → tt̄ @ 13 TeV
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Resonant Searches

H/A → tt̄ - interfering with gg → tt̄

Until now, interferences with SM non-resonant process were neglected, but it
can dramatically change the expected signature for signal at medium mass.

First investigation of this effect in 2HDM model - aligned type-II
(arXiv:1505.00291) with 8 TeV data, resolved topology only.

Romain Madar (LPC Clermont-Ferrand) LIO Conference – 05/09/16 17 / 46
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Resonant Searches

H/A → tt̄ - interfering with gg → tt̄
How to properly set a limit? Few (related) issues:

1 meaning of signal strength µ (≡ σsig/σref
sig) - since σ

(ref)
sig is not defined?

2 interference pattern changes with µ

3 a simple µ scale doesn’t work for I ∝
√

µ (unlike S ∝ µ)

Re-parametrization of N(µ) = µS + B:
√

µ is the new parameter of interest

N = µS +
√

µI + B =
√

µ(S + I) + (
√

µ2 −√
µ)S + B
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Non-resonant Searches

Overview
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2. Why? Fermions predicted in many theories addressing naturalness

Based on general assumptions, mostly 7 possible SU(2) representations heavily
constraining the dynamics

Modify observable physics via a mixing with SM quarks (3rd generation)

Compatible with existing observations
• 1st generation: mixing constrained by parity violation in atomic physics (neutral current u, d ↔ e−)
• 2nd generation: mixing constrained by Rc (LEP)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

Many ATLAS VLQ searches

Final state 8 TeV 13 TeV VLQ Signal type

ℓ+jets JHEP 08 (2015) 105 - TT̄ → Wb + X/Ht + X, BB̄ → Hb + X

ℓ+jets JHEP 08 (2015) 105 TOP2016 TT̄ → W b + X

ℓ+jets boosted - ATLAS-CONF-2016-013 TT̄ → Ht + X

ℓ+jets arXiv:1602.05606 ATLAS-CONF-2016-072 Y−4/3 → W−b, T → W− b̄

ℓ+ℓ− JHEP 11 (2014) 104 TOP2016 TT̄(BB̄) → Z t(b) + X

ℓ±ℓ± JHEP 10 (2015) 150 ATLAS-CONF-2016-032 TT̄, BB̄, X5/3X̄5/3 , X5/3

In the next slides:
Summary of 8 TeV results

Results split for pair and single production

Update with 13 TeV collisions
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ATLAS Searches

Searches for Vector-Like Quarks

Summary of 8 TeV Results
How to cover the largest parameter space?

→ Determine excluded Q mass for all possible BR scenarios

BR(T → Ht) + BR(T → Zt) + BR(T → Wb) = 1

BR(B → Hb) + BR(B → Zb) + BR(B → Wt) = 1

Vector-like X5/3 Vector-like Y−4/3
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

VLQs: From 8 to 13 TeV ...
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Single Production

Direct LHC searches reach constraints similar to LEP & WE precision indirect
constraints !
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Search for New Phenomena in the Top Quark Sector with ATLAS
Summary and Outlooks

Summary and outlooks

The top quark represents a very promising sector to discover new
phenomena. A wide spectrum of ATLAS searches is performed and many

updates are to come.

Summary:

Large number of final states and models scrutinized

Typical constraints: M > 1 − 3 TeV, BR ≲ 10−3

Updates of results using 13 TeV collisions

Investigation of interferences: new type of signatures

Outlooks:

Many analyses are being done using the unique 2016 dataset.

Stay tuned and start to bet on what the Nature has to say: new boson,
new fermion, extra-dimension ...?
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Additional material

Backup
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Search for New Phenomena in the Top Quark Sector with ATLAS
Additional material

Comparison top tagger - 8 TeV
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