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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
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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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After the Higgs Discovery
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Correction, depending
on the scale with which
we “look” at it
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After the Higgs Discovery
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Asym ~ 100 TeV Hierarchy between the bare mass
(10%) and physical mass (10%)

2
(M%) ~ 10000010 000 Ge V>
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After the Higgs Discovery
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Asym ~ 100 TeV Hierarchy between the bare mass
(10%) and physical mass (10%)

2
(M%) ~ 10000010 000 Ge V>

Small change in model parameter — Dramatic change in physics prediction (EW scale !)
This is what people call un-naturalness
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After the Higgs Discovery

(Mloibs)z = (MJOLI)Z + dsm + IBsm

| ]
4 2 3y2

Asym ~ 100 TeV Hierarchy between the bare mass
(10%) and physical mass (10%)
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Small change in model parameter — Dramatic change in physics prediction (EW scale !)
This is what people call un-naturalness
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Search for New Phenomena in the Top Quark Sector with ATLAS

s
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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s
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

Supersymmetry

Coleman-Mandula Theorem : additional space-
time symmetry must change the spin

b) = ) SR

But simplest SUSY extension(s) of SM are quite
strongly constrained by current observations
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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

Supersymmetry Little Higgs
Coleman-Mandula Theorem : additional space- . Larger symmetry
time symmetry must change the spin e 1 2\ g (approximate), broken
fermion mass \ Y @ high energy
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Eiiut simplest SUSY extension(s) of SM are quite] U(l) EWSB via Higgs

strongly constrained by current observations mechanism, with a
ad Y light Higgs boson
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s
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

Supersymmetry Little Higgs
Coleman-Mandula Theorem : additional space- =, Larger symmetry
time symmetry must change the spin P ) (approximate), broken

@ high energy

- Q

ermion mass \ 2\
b) = QIf) =i N\ e /
’ K Remaining invariance:

" _Q_ W oM i‘(‘\ )'i u SU(Z)L X U(l) (pseudo) goldstone

bosons, massless (light)
. !

Y
Eiiut simplest SUSY extension(s) of SM are quite] U(l) EWSB via Higgs
em

strongly constrained by current observations mechanism, with a
ad Y light Higgs boson

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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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.

2. Compositeness

-— SM2 3]/% A2
dyy ~ A;olmp H {2 comp
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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.

2. Compositeness

t Top quark (partially) composite
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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.

2. Compositeness

t Top quark (partially) composite
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2 The Higgs-top couplings
(SM%J ~ —3yt A2 will change for A> A
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Strong dynamics models predict heavy fermions that couple to the top
(Vector-Like Quarks).
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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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Overview

@ Top Quark Reconstruction
Q Overview of ATLAS Searches
© ATLAS Searches

@ Resonant Searches

@ Non-resonant Searches

@ Searches for Vector-Like Quarks

© Summary and Outlooks
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The Top Quark as Seen by the Detector

Top Pair Branching Fractions
d=ycTop ~ 05fm
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The Top Quark as Seen by the Detector
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Search for New Phenomena in the Top Quark Sector with ATLAS
Top Quark Reconstructi

b-jet Identification

e Impact parameter based algorithm

o Inclusive secondary vertex reconstruction algorithm
e Decay chain multi-vertex reconstruction algorithm

Displaced
C|

Secondary
Vertex

¥
Ly /" f
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Primary
Vertex
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b-jet Identification

e Impact parameter based algorithm <«—
e Inclusive secondary vertex reconstruction algorithm
e Decay chain multi-vertex reconstruction algorithm
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b-jet Identification

e Impact parameter based algorithm
o Inclusive secondary vertex reconstruction algorithm <—
e Decay chain multi-vertex reconstruction algorithm
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Exploit full properties of the secondary vertex
(mass, energy fraction, number of tracks, etc ...)
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Top Quark Reconstruction

b-jet Identification

e Impact parameter based algorithm
e Inclusive secondary vertex reconstruction algorithm
e Decay chain multi-vertex reconstruction algorithm <«—
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Top Quark Reconstructi

b-jet Identification

e Impact parameter based algorithm
e Inclusive secondary vertex reconstruction algorithm
e Decay chain multi-vertex reconstruction algorithm <«—
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b-jet Identification

e Impact parameter based algorithm
e Inclusive secondary vertex reconstruction algorithm
e Decay chain multi-vertex reconstruction algorithm

Combination of 24 input variables
from the 3 algorithms in a MVA (BDT)
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Top Quark Reconstructi

b-jet Identification
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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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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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Jet substructure and top quark tagging is an entire field with many on-going
developments. Just presenting few key ideas here, like N-subjettiness.

ATLAS Preliminary
Simulation
500 GoV < p, <1000 GeV.

Arbitrary Units
o

multijot

1 .
™ = = > pre X min(SRik, 6Rok ., ORNK)
do 4

2 00 50 100 150 200 250 300

ma® [GeV]

3
™ =—<1
(%]

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



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

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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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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Wide spectrum of performances (see slide 44)

Romain Madar (LPC Clermor nd) LIO Conference — 05/09/16 8/ 46



Search for New Phenomena in the Top Quark Sector with ATLAS
ew of ATLAS Searc!

Overview

Q Overview of ATLAS Searches
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Overview of ATLAS Searches

Overview of Searches

Final state Targeted process Class of models
1 Il hadroni v
Jets (all hadronic) X — tt Extra-dimensions
£+ jets (single lepton) X = tb Additional symmetry
N X — tq)inv
¢~ ¢F (diepton - 0s) o Vector-like Quarks
tttt
0EpE /30 (diepton - S3) tt Compositeness
Q—Vyq

_ Alternative EWSB
QQ—=VgqV'qVv

t—Hqg t—Zq 99—t FCNe
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Overview of Searches
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Overview of Searches

Final state Targeted process

Class of models

jets (all hadronic)

/+ jets (single lepton)

(E0F

(dilepton - OS)

\\
l QQ—>VqV’q'V
t — Hg

(E0£ /30 (dilepton - ss)

Romain Madar (LPC Clermont-Ferrand)
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Extra-dimensions

Additional symmetry

Vector-like Quarks

Compositeness

R N
Alternative EWSB

FCNC
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Overview of Searches
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iew of ATLAS Searches

Overview of Searches

New results are in blue - since Moriond 2016.

l Final state [ 8 TeV 13 TeV [ Signal type
{+jets boosted JHEP 08 (2015) 148 ATLAS-CONF-2016-014 X =it
{+jets resolved JHEP 08 (2015) 148 - X —tf
{+jets resolved ATLAS-CONF-2016-073 - H/A — tt, interferences
(+jets PLB 743 (2015) 235-255 - X —th
full had EPJC (2015) 75:165 - X — th
full had @ -+jets JHEP 03 (2016) 127 - Ht > th
CHets EPJC (2015) 75:79 - X = tiny
(+jets JHEP 08 (2015) 105 - t#H,QQ — VqV'q
{+jets boosted - ATLAS-CONF-2016-013 t#HE,QQ — VqV'q
{+jets resolved - ATLAS-CONF-2016-020 tHE
(+jets JHEP 08 (2015) 105 - QQ > Wb+X
(+jets arXiv:1602.05606 ATLAS-CONF-2016-072 Q— Wb
e JHEP 11 (2014) 104 - QQ—=2zZqV'yq
(E0x JHEP 10 (2015) 150 ATLAS-CONF-2016-032 tt, tit, QQ, X5/3X5/3, X5/3
(+jets JHEP 12 (2015) 061 - t— Hg
3¢ EP]JC 76 (2016) 12 - t—Zq
(+jets EPJC 76 (2016) 55 - gq—t

Romain Madar (LPC Clermont-Ferrand)

LIO Conference — 05/09/16

11/ 46


http://link.springer.com/article/10.1007%2FJHEP08%282015%29148
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-014/
http://link.springer.com/article/10.1007%2FJHEP08%282015%29148
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-073/
http://www.sciencedirect.com/science/article/pii/S0370269315001422
http://link.springer.com/article/10.1140/epjc/s10052-015-3372-2
http://link.springer.com/article/10.1007%2FJHEP03%282016%29127
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-014-3233-4
http://link.springer.com/article/10.1007/JHEP08(2015)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-020/
http://link.springer.com/article/10.1007/JHEP08(2015)105
http://arxiv.org/abs/1602.05606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-072/
http://link.springer.com/article/10.1007/JHEP11(2014)104
http://link.springer.com/article/10.1007%2FJHEP10%282015%29150
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-032/
http://link.springer.com/article/10.1007/JHEP12(2015)061
http://link.springer.com/article/10.1140/epjc/s10052-015-3851-5
http://link.springer.com/article/10.1140/epjc/s10052-016-3876-4

Search for New Phenomena in the Top Quark Sector with ATLAS
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@ Top Quark Reconstruction
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© ATLAS Searches
@ Resonant Searches

© Summary and Outlooks
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Resonant Searches

X — tt: Strategy & Challenges

SM production

'

BSM signals
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VN
9 BVO00 ’
Z ¢
/ PDF, FSR & width effects
will modify the line shape
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ATLAS Searches
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

X — tt: Strategy & Challenges

SM production

BSM signals

X Gkk 8KK
VAVAV A
7' (P

/ PDF, FSR & width effects
will modify the line shape

] 0000

9 DOV

Mg

Basic event selection

At leat one lepton (e/mu)

At least one b-tagged jet

MET> 20 GeV

\_ V4 _J/ P,of neutrino extracted assuming a W
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Resonant Searches

X — tt @ 8 TeV

Resolved topology

W~ kinematic fit to infer compatibility
of the jet system with a top quark
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Resonant Searches

X — tt @ 8 TeV

Resolved topology Boosted topology
(L, jet) v
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- kinematic fit to infer compatibility
of the jet system with a top quark
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS
Resonant Searches

X — tt @ 8 TeV

arches

= T T T = T T T T T
s ATLAS R =
= 10 Obs. 95% CL upper limit = ” ATLAS Obs. 95% CL upper limit
T (5=8 TeV, 203 " : Exp-95% CL upperimit E CF (5=8TeV, 203" ooueee Exp. 95% CL upper imit
xp. 15 uncertainty
N g o iiiied T B 5. 10 uncriainy
B, aeee- Leptophobic Z'(1.2%) (LO x 1.3) 2 10 . Exp. 2 o uncertainty
a . Leptophobic Z'(2%) (LO x 1.3) % R Kaluza-Klein gluon (LO)
X 10 N Leptophobic Z'(3%) (LO x 1.3) %
¢ . .
of
©
1
10"
2 -
10 1 ol _ 10-2 1 1 1 1 1
05 1 15 2 25 3 05 1 15 2 25 3
Z' mass [TeV] g, mass [TeV]

Typical excluded mass scale ~ 2 TeV

main Madar (LPC Clerm errand. LIO Conference — 05/09/16 15/ 46



Search for New Phenomena in the Top Quark Sector with ATLAS

Resonant Searches

X — tt @13 TeV

g 800%— ATLAS Prellmlnavy '
o 0oL 's=18TeV.321" Op
Update with 13 TeV pp colllisions S eoof " W =
2 E mulie
S 500 oo
R 3 2 fbrl 5 400; [ Bkg. uncertainty
; i H 300F
- only boosted regime has public results (for now) 200E
- only one signal benchmark (for now) 100E
g; 15 F H
[ ey H
% %0 100 150 200 250 300
e Large-R jet mass [GeV]
> T AR wanass = [BASRLARAMA ARSI Rasasnasas sesas anas nanns
) E ATLAS Prenmmary —e— Data Q, .3 o
g 100 i’qe«;a Tev, 32" Wi s .%1 0 EATLAS Preliminary  __ ocerved os% cLimt
8 E PostFit [ ‘,F £ Vs=13TeV,32f0" «eee- Expected 95% CL limit
P E = :"”e' . N 10? E I Exp. 10 uncertainty
2 E 9 uncertainty ¥ f Exp. 2 0 uncertainty
E L cg 10 Z'c,(TM=1.2%) (LO x 1.3)
E ~ Z'55(TIm=3%) (LO x 1.3)
E ©
2 3 107
[ . 0 £
P LA = L
=
o

2 1 L
05 500 1000 1500 2000 2500 3000 3500 4000 4500 1070051 15 2 25 3 35 4 45
mEe [GeV] Z' mass [TeV]

Romain Madar (LPC Clermont-Ferrand LIO Conference — 05/09/16 16 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS Searches
Resonant Searches

H/A — tf - interfering with gg —

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

ATLAS Searches
Resonant Searches

H/A — tf - interfering with gg —

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.

S+l contribution

Ag — f(my, tan )
can induce significant

shape distortion,

‘Atot|2 = ’Ab‘z+[’As|2+2|Ab|‘As|COS(A§0)] depending on

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

Resonant Searches

H/A — tf - interfering with gg —

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

ATLAS Searches

H/A — tf - interfering with gg —

How to properly set a limit? Few (related) issues:

© meaning of signal strength y (= o4/ Usriegf) - since Us(irgef) is not defined?
@ interference pattern changes with u

© asimple y scale doesn’t work for I e /7 (unlike S o< y1)
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ATLAS Searches

H/A — tf - interfering with gg —

How to properly set a limit? Few (related) issues:

© meaning of signal strength y (= o4/ Usriegf) - since Us(irgef) is not defined?
@ interference pattern changes with u

© asimple y scale doesn’t work for I e /7 (unlike S o< y1)
Re-parametrization of N(#) = uS + B: ,/Ji is the new parameter of interest
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Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS Searches

H/A — tf - interfering with gg —

How to properly set a limit? Few (related) issues:

@ meaning of signal strength p (= Usig/ Usrief) - since (T(ref) is not defined?

8 sig
@ interference pattern changes with u

© asimple y scale doesn’t work for I e /7 (unlike S o< y1)

Re-parametrization of N(#) = uS + B: ,/Ji is the new parameter of interest
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Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS Searches

Non-resonant Searches

Overview

@ Top Quark Reconstruction
© Overview of ATLAS Searches

© ATLAS Searches

@ Non-resonant Searches

© Summary and Outlooks
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Non-resonant Searches

tttt Strategy & Challenges

Standard Model Effective theory 2UED signature BSM Higgs Scalar gluon

4 top quarks final state
- 4 W bosons
- 4 b-jets
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Non-resonant Searches

tttt Strategy & Challenges

Standard Model Effective theory

BSM Higgs Scalar gluon

WWWW decays branching fractions I I+jets

~

Large statistics, but large
background

hhhl (40.04%)

Exploit (b-)jet multiplicity
to extract the signal

others Main background: tt + bb

Key signature: large
detector activity (H,)

hill (9.20%) \

11 (1.10%)

/

hhhh (20.88%)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Non-resonant Searches

tttt Strategy & Challenges

Standard Model Effective theory

BSM Higgs Scalar gluon

WWWW decays branching fractions I Same-sign dilepton

Low statistics, but low
background

Challenging: instrumental
backgrounds

ity Main background: tt + V

Key signature: large
detector activity (H,)

hill (9.20%) \

11 (1.10%)

J

hhhh (20.88%)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS

Non-resonant Searches

tttt @ 8 TeV

ches

Standard Model Effective theory 2UED signature

BSM Higgs

1

Scalar gluon
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Non-resonant Searches

tttt @ 8 TeV

Standard Model Effective theory BSM Higgs Scalar gluon
~N
WWWW decays branching fractions 2 Famae T Vom0
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Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS
Non-resonant Searches

tttt @ 8 TeV

arches

Standard Model

Effective theory

WWWW decays branching fractions I

hhll (24.59%)

hhhh (20.88%) hlll (9.20%)

11 (1.10%)
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BSM Higgs

Significance
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Non-resonant Searches

tttt @ 8 TeV

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

tttt @ 13 TeV - £+-jets

4 top quarks in I+jets resolved final state
- 6light jets B3W,,)
- 4 b-jets
- 1lepton (1 Wlsp)
- MET (neutrino from W)

I+jets resolved
=

4 top quarks in I+jets boosted final state
- 1, 2 or 3 top-tagged jets
— 4, 2 or 0 light jets
- 3,2o0r1b-jets
- llepton (1W,)
- MET (neutrino from W,_)

I+jets boosted
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Search for New Phenomena in the Top Quark Sector with ATLAS
h

tttt @ 13 TeV - £+-jets

o signal normalised to total background
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Search for New Phenomena in the Top Quark Sector with ATLAS

Non-resonant Searches

tttt @ 13 TeV - £+-jets

signal normalised to total background
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Search for New Phenomena in the Top Quark Sector with ATLAS

Non-resonant Searches

tttt @ 13 TeV - £+-jets
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Search for New Phenomena in the Top Quark Sector with ATLAS

Non-resonant Searches

tttt @ 13 TeV - same-sign leptons
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Search for New Phenomena in the Top Quark Sector with ATLAS

Non-resonant Searches

tttt @ 13 TeV - same-sign leptons

a 10 E T T i T i T T T T Iv e o T T T T T T T ]
= E ATLAS Preliminary — g:s:::::\::i? E| E« 2.4~ ATLAS Preliminary 7/, Excluded region |
E [ Vs=13Tev, 321" e 4 15 L, Vs=13TeV, 321" — Observed E
T 1L 2UED/RPP model _ 20 3 "L 2UED/RPP model -~ Expected ]
= E S8 dilepton / trilepton + b-jets  —— Theory (LO) E 2[-SS dilepton / trilepton + b-jets g+ 16 3
5;( 10_,; é 18 BRA™") 10)=100% t20 é
T E 3 ]
[=% c ] =
=N 4
T 10%e 3 14 SRR g e
E | __l+jets, Run 2 |
|- - 1 2 [ ATLAS-CONF-2016-020 —
10°E E X % Bl

= 1 Il 1 Il 1 Il 1 Il 1 =) 4 ) =1 Il Il 1 Il

09 1 11 12 13 1.4 1.5 16 1.7 1.8 1.9 d9 1 11 12 13 14 15 16 17 18

My [TeV] m=1/R, [TeV]

main Madar (LPC Clermor rrand) LIO Conference — 05/09/16 25/ 46



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

Non-resonant Searches

tttt @ 13 TeV - same-sign leptons

c,|

ATLAS Preliminary
Vs=13TeV, 3.2 fb"
SS dilepton / trilepton + b-jets

0y, (ttt) < 95 (107) fb (10xsM)

O (tttt) < 67 (79) b

|C4 |/A2 <35 TCV_2 7/ Excluded -
t -
— Observed ]
___SSdilepton / trilepton + b-jets, Run 1 ---+ Expected ]
JHEP 1510 (2015) 150 J
u __l+jets, Run 2 M:ic ]
= ATLAS-CONF-2016-020 t2¢ .
I IR EFIIFIPIN IFUIPP BT I I BT B
o4 5 6 7 8 9 10 11 12 13
A[TeV]

Romain Madar (LPC Clermont-Ferrand) LIO Conference — 05/09/16 26 /46



ector with ATLAS

ATLAS Searches
Non-resonant Searches

tttt @ 13 TeV - same-sign leptons

EXPERIMENT

Romain Madar (LPC Clermont-Ferrand) LIO Conference — 05/09/16



Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS S
Non-resonant Searches

tt @ 8 TeV — same-sign leptons

arches

Generic approaches for FCNC

u Ly
oL ! Connection with tt asymmetry

Signal showing up only

t /'/n\_\ in same-sign lepton
u e Kaw

Modest N, and H, than 4
top quarks signal
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BR(t - uH) < 0.01

ATLAS

\s=8TeV, 203 ft'
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Non-resonant Searches

Rare Top Quark Decay @ 8 TeV
gq —t

Single top final state,
Neural network to
extract the signal
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Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS Searches

Non-resonant Searches

Rare Top Quark Decay @ 8 TeV
gq —t

Single top final state,
Neural network to
extract the signal
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS S
Non-resonant Searches

arches

Rare Top Quark Decay @ 8 TeV
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Single top final state,
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Overview

@ Top Quark Reconstruction
© Overview of ATLAS Searches

© ATLAS Searches

@ Searches for Vector-Like Quarks

© Summary and Outlooks
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
SU(3). x SU(2) x U(1)y

Limass = MQ (IPHPR + ll_)RlpL)

Gauge-invariant mass term
(impossible to have for SM fields)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.

2. Why? Fermions predicted in many theories addressing naturalness
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.

2. Why? Fermions predicted in many theories addressing naturalness

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

X,Y : exotic charges
no mixing with SM fields

(singlets) —> TB,Ra B%,R
(doublets) — (X T, (T°B%pr, (B°Y)Lr
(triplets) — (X 7° BO)L,R , (TO B° Y)ir
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)

u oo u i 0
tor \ cosbf p sin 07 pe'® tir
- : U —iy u 0
Tir sin 0} pe™* cos b} p T,
Propagating states Mixing matrix SU(2) states
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)

@ Compatible with existing observations

o 1% generation: mixing constrained by parity violation in atomic physics (neutral current u,d + ¢ )
o 2™ generation: mixing constrained by Rc (LEP)
o 3" generation: mixing allowed but constrained by R, (LEP) and (S, T) “oblique” parameters

— Much less constrained, and most relevant for hierarchy problem.
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)
@ Compatible with existing observations
@ Heavy fermions compatible with ¢(¢g¢ — H) production

q=tT Flat loop function for
m, >> m,
the two components t and
T give the same amplitude:
arotation doesn’t change
the total amplitude

M%
Fy=> Yidip (W)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)
@ Compatible with existing observations
@ Heavy fermions compatible with ¢(¢g¢ — H) production

A{?z(TQ)
q=tT Flat loop function for 25 B
m, >> m,
T the two components t and 2
T give the same amplitude:

a rotation doesn’t change 1.5
the total amplitude

'

M :

YA 1 3
Z 1/2 ( 712> n“
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)
@ Compatible with existing observations

@ Heavy fermions compatible with ¢(¢g¢ — H) production

3. How? Rich and reachable signatures at the LHC
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches

Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)
@ Compatible with existing observations

@ Heavy fermions compatible with ¢(¢g¢ — H) production

3. How? Rich and reachable signatures at the LHC

T
L
T
9

Pair production (model |ndependent — driven by QCD)

Single production / decay (model
dependent — driven by EW)
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.
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 (3" generation)
@ Compatible with existing observations
@ Heavy fermions compatible with ¢(¢g¢ — H) production

3. How? Rich and reachable signatures at the LHC
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Search for New Phenomena in the Top Quark Sector with ATLAS
ATLAS Searches
Searches for Vector-Like Quarks

Vector-Like Quarks Overview

1. What? Spin-1/2 fermions having ¢, and i in the same SU(2) representation.

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
@ Compatible with existing observations
@ Heavy fermions compatible with ¢(¢g¢ — H) production

3. How? Rich and reachable signatures at the LHC

(31 generation)
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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

9

Final state 8 TeV 13 TeV VLQ Signal type
(+Hets JHEP 08 (2015) 105 - TT — Wb+ X/Ht + X, BB — Hb + X
(+jets JHEP 08 (2015) 105 TOP2016 TT — Wb+ X
{+jets boosted - ATLAS-CONF-2016-013 TT — Ht+ X
(+ets arXiv:1602.05606 ~ ATLAS-CONF-2016-072 Y 43> Wb T— Wb
Al JHEP 11 (2014) 104 TOP2016 TT(BB) — Zt(b) + X
IS5 JHEP 10 (2015) 150 ATLAS-CONE-2016-032 TT, BB, X5/3X5/3, X5/3
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http://link.springer.com/article/10.1007/JHEP08(2015)105
http://link.springer.com/article/10.1007/JHEP08(2015)105
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
http://arxiv.org/abs/1602.05606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-072/
http://link.springer.com/article/10.1007/JHEP11(2014)104
http://link.springer.com/article/10.1007%2FJHEP10%282015%29150
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-032/

Search for New Phenomena in the Top Quark Sector with ATLAS

ATLAS Searches

Searches for Vector-Like Quarks

Many ATLAS VLQ searches

9

Final state 8 TeV 13 TeV VLQ Signal type
(+Hets JHEP 08 (2015) 105 - TT — Wb+ X/Ht + X, BB — Hb + X
(+jets JHEP 08 (2015) 105 TOP2016 TT — Wb+ X
{+jets boosted - ATLAS-CONF-2016-013 TT — Ht+ X
(+ets arXiv:1602.05606 ~ ATLAS-CONF-2016-072 Y 43> Wb T— Wb
Al JHEP 11 (2014) 104 TOP2016 TT(BB) — Zt(b) + X
IS5 JHEP 10 (2015) 150 ATLAS-CONE-2016-032 TT, BB, X5/3X5/3, X5/3

In the next slides:

@ Summary of 8 TeV results

@ Results split for pair and single production

@ Update with 13 TeV collisions
Romain Madar (LPC Clermont-Ferrand)
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http://arxiv.org/abs/1602.05606
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-072/
http://link.springer.com/article/10.1007/JHEP11(2014)104
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-032/

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

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 B Vector-like T

5 1= 950 = = =
2 g ATLAS g I ATLAS g
T (5=8TeV, 203" Summary results: [l 900 = T (s=8TeV,20.3fb" Summary results: =
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T E a0 1504.04605 = £ k150404605 £
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O ]
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Search for New Phenomena in the Top Quark Sector with ATLAS

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 B Vector-like T

2 ATLAS I ATLAS
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Search for New Phenomena in the Top Quark Sector with ATLAS

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 B Vector-like T
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Search for New Phenomena in the Top Quark Sector with ATLAS
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

Exotic charge VLQ: BR(X5,3 — WTt) = BR(Y_4/3 — W™b) = 100%
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Search for New Phenomena in the Top Quark Sector with ATLAS
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

Exotic charge VLQ: BR(Xs5,3 — W't) = BR(Y_4/3 — W~ b) = 100%

Vector-like X5 /3

HAE AR R R AN AR R
—e— 95% CL observed limit
+eeee+ 95% CL expected limit
[ + 10 95% CL expected limit
[ +20 95% CL expected limit
444 Theory

Pair+Single Production, % = 1
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g
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Search for New Phenomena in the Top Quark Sector with ATLAS

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

Exotic charge VLQ: BR(Xs5,3 — W't) = BR(Y_4/3 — W~ b) = 100%

Vector-like X5 /3 Vector-like Y_4 /3
R EEE R R R RARARREA R A T T T
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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

Searches for Vector-Like Quarks
VLQ @ 13 TeV: Single Production

Why?
- higher sensitivity than pair production, at high mass
Signature:

- 1lepton + mET (Wlep), with mET>120 GeV
- high pT b-jet (>300 GeV)

- forward jets (t-channel)

- lepton back-to-back with b-jet

sin@, ,, or ¢}

LR

Lepton

mET
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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

Why?
- higher sensitivity than pair production, at high mass

o Signature:

sing or " A—p— - 1lepton + mET (Wlep), with mET>120 GeV
- high pT b-jet (>300 GeV)

- forward jets (t-channel)

- lepton back-to-back with b-jet

LR

Mo = (po+po+pp)°
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Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Single Production

Main backgrounds P
- W+iets (high pT region) 8
- top quark pair/single production o
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- constrained using a simultaneous
fit over SR and CRs

> T T T T T_
& 201 ATLAS Preliminary 4 Data Wi
° Vs=13Tev,3.2 ' MSingletop  EWsijets
S 18- , Wb, Q= T or Y [[]Other SM bkg.”” Total unc.
> 16 SR
2 Post-Fit
S 14
>
i}
12
10F
Bi2s
a
-
S 0(.)7:
8™ 1000 1200 1400 1600
My q [GeV]

main Madar (LPC Clermor rrand) LIO Conference — 05/09/16 36 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Single Production

Main backgrounds @
N . . € ATLAS Preli at i
- WHjets (high pT region) I e Ry A
- top quark pair/single production g QoMo Q=TorY s Toune

- constrained using a simultaneous
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Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Single Production
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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
ATLAS Searches
Searches for Vector-Like Quarks

VLQ @ 13 TeV: Pair Production — same-sign

TT, BB T,,T.,, (doublet)
B—Wt,Zb, Hb
T — Wb, Zt, Ht

Wty

FWb

9 Z—rr
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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: Pair Production — same-sign

TT,BB
B —Wt, Zb, Hb
T — Wb, Zt, Ht

v .
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T, ,31_"5 ., (doublet)

Romain Madar (LPC Clermor nd)
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8 signal regions based on N, H, and mET
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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: Pair Production — same-sign

8 S|gnal reglons based on N, H; and mET
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Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Pair Production — same-sign

8 signal regions based on N, H, and mET
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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: Pair Production — £-+jets

I+jets boosted topology TT — HtHt, HtZt and HtWb
TT — ZtZt and ZtWb, with Z — bb
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Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Pair Production — £4-jets

I+jets boosted topology TT — HtHt, HtZt and HtWb
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Search for New Phenomena in the Top Quark Sector with ATLAS

Searches for Vector-Like Quarks

VLQ @ 13 TeV: Pair Production — £4-jets

I+jets boosted topology TT — HtHt, HtZt and HtWb
TT — ZtZt and ZtWb, with Z — bb
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Search for New Phenomena in the Top Quark Sector with ATLAS

Summary and Outlooks

Overview

@ Top Quark Reconstruction
© Overview of ATLAS Searches

© ATLAS Searches

© Summary and Outlooks
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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 —3TeV, BR < 1073
@ 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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Search for New Phenomena in the Top Quark Sector with ATLAS
1tlooks

Summary and

ATLAS Exotlcs Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 201 JLdt=(32-203)fb" Vs =8,13TeV
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or phenomena is shown. Lower bounds are specified only when explicitly not excluded,

Romain Madar (LPC Clermont-Ferrand) LIO Conference — 05/09/16 42 / 46



Search for New Phenomena in the Top Quark Sector with ATLAS

Additional material

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

Comparison top tagger - 8 TeV

substructure tagger I: Vi > 40 GeV (labeled * Vi tagger I' in Figure 15)

substructure tagger II: trimmed anti-k, R = 1.0 mass mit > 100 GeV (labeled ‘m* tagger II')

substructure tagger I1I: m#*' > 100 GeV, Vdi2 > 40 GeV (labeled ‘m'™ & Vd tagger I1I')

substructure tagger IV: mit > 100 GeV, Vi, > 40 GeV, Vda; > 10 GeV
(labeled ‘m#' & Vdi> & di> tagger IV') ATLAS-CONF-2013-084
o substructure tagger V: mi€t > 100 GeV, Vdi; > 40 GeV, Valzs > 20 GeV

(labeled *m’* & Vdi2 & Vi tagger V')

o substructure tagger VI: Vi, > 40 GeV, 0.4 < 13, < 0.9, 73 < 0.65
(labeled * Vi & N-subjettiness tagger VI')

HTT (tight)

" ATLAS Simulation Prellmlnary HIT (default)
s=8TeV

HTT (loose)

Yd,, & N-subjettiness tagger VI

m*' &\d, &|d,, tight tagger V'

m* &\d,, &|d,, tagger IV
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Search for New Phenomena in the Top Quark Sector with ATLAS

X — th @8 TeV

t v
w’ Leg = ﬁfz P (&l}PR "l‘g,'LjPL) W;,f] + h.c.

- Predicted in many BSM extensions
_ - Cover W' that doen't couple to leptons
b - For g, interference with SM W boson
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Search for New Phenomena in the Top Quark Sector with ATLAS

X — th @8 TeV

t v
w’ Leg = ﬁfz P (&l}PR "l‘g,'LjPL) W;,f] + h.c.

- Predicted in many BSM extensions
_ - Cover W' that doen't couple to leptons
b - For g, interference with SM W boson

Lepton

mET

Jet b,
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Search for New Phenomena in the Top Quark Sector with ATLAS

Additional material

X — th @8 TeV

t Vl(.
iz
w Legt = ﬁfl o (g',[}PR +g,-L]»PL) W;,f] + h.c.
- Predicted in many BSM extensions

- Cover W' that doen’t couple to leptons
b - For g, interference with SM W boson

BDT analysis
8 ATLAS rrr————
TN 1. (=] 6
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pr(top) % o peeezee G,
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Sphericity
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BDT Output
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Search for New Phenomena in the Top Quark Sector with ATLAS

X — th @8 TeV

t v
w’ Leg = ﬁfz P (S{}PR "l‘g,'LjPL) W;,f] + h.c.

- Predicted in many BSM extensions
_ - Cover W' that doen't couple to leptons
b - For g, interference with SM W boson
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Search for New Phenomena in the Top Quark Sector with ATLAS

X — th @8 TeV

i v
w’ Leg = ﬁfz P (gf}PR +g,-L]~PL> W;,f] + hec.

- Predicted in many BSM extensions
_ - Cover W' that doen't couple to leptons
4 b - For g, interference with SM W boson
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. @

o

s W’ width effect
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Search for New Phenomena in the Top Quark Sector with ATLAS
Additional material

X — t@iny @ 8 TeV

- Signal motivated by several models

- Use an effective Lagrangien approch

- Interesting interepretations in term of DM

- Unusual final state — good to search for NP !

mET

Lepton

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

X — t@iny @ 8 TeV

- Signal motivated by several models

- Use an effective Lagrangien approch

- Interesting interepretations in term of DM

- Unusual final state — good to search for NP !

Dominant top background, reduced with these two kinematic variables
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Search for New Phenomena in the Top Quark Sector with ATLAS
Additional material

X — t@iny @ 8 TeV

- Signal motivated by several models

- Use an effective Lagrangien approch

- Interesting interepretations in term of DM

- Unusual final state — good to search for NP !
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Search for New Phenomena in the Top Quark Sector with ATLAS

Additional material

X — t@iny @ 8 TeV

- Signal motivated by several models

- Use an effective Lagrangien approch

- Interesting interepretations in term of DM

- Unusual final state — good to search for NP !
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Search for New Phenomena p Quark Sector with ATLAS
Additional material

X — t@iny @ 8 TeV

CATLAS
J EXPERIMENT
http://atlas.ch
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