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Introduction

Standard Model as an effective theory
The Standard Model does not provide answers to the following questions

» Where does the baryon asymmetry come from?
What is Dark Matter?
» How to solve the hierarchy problem?

v

Supersymmetry is not the only possible solution. . .

Extra-dimensions [1], composite Higgs [2] models
with new heavy quarks predicted [3]

» Not chiral®: chiral 4th generation would
change the Higgs SM cross section and B.R. | Singlet Igg(é%}é Doublets ggﬁ%}é
» Vector-like: left and right components
transform the same under SU(2) x U(1) T(+2/3) Wb, Ht, 2t ( g ) Wirb, Ht, zt
P> Weak-isospin singlets, doublets or triplets B(—1/3) W—t, Hb, 7b WL b, 2
T Ht, Zt
naturally solve the hierarchy problem, | X(+5/3) wti ( X ) wt
like a stop squark in SUSY Y(—4/3) W—b ( B ) Hb, Zb
Y Wb
(@) still, some models allow for a chiral fourth generation, see e.g. [4]
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General Strategy

Heavy quark decay modes
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General Strategy

Model Independent Strategy ...since Oct 2012 [8]!

® Build a 2-dim plane
to scan model mixing

A\ 4
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General Strategy

® Build a 2-dim plane
to scan model mixing

® Sum of BRs is 1(@

BR(T — Ht)

e Different analyses are
sensitive to different areas

® Set exclusion using
CLs technique [6, 7]

® Using 14.3 fb~! of 2012 data

BR(T — Wh) (WBR(T/B — Zt/b) = 1 - BR(T/B — Ht/b)
- BR(T/B — Wh/1)
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General Strategy

AL
g o ATLAS
T E \s=7TeV, J.Ldt=4,7fb"
(T o.
& i - ::;::: ® Build a 2-dim plane
% to scan model mixing

® Sum of BRs is 1(@

e Different analyses are
sensitive to different areas

® Set exclusion using
CLs technique [6, 7]

® Using 14.3 fb~! of 2012 data

® Updating 7 TeV results
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BR(t'—» Wb)
BR(T — Wh) 7 (WBR(T/B — Zt/b) = 1 - BR(T/B — Ht/b)
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TT — Ht+ X

TT — Ht+ X ATLAS-CONF-2013-018 [9]
Channel with high jet and b-tagged jet multiplicity (H — bb, t — Wb)

g
Three channels:

=2, =3, > 4 b-tagged jets

% 100FATLAS Prellmlnavy e+ 26 jets, 2 4 b-tags
[©]
° f'—d"l“ fo* —e— Data (5 =8 TeV)
g =] L tT (600)
3 L
g L
Discriminant variable: o t
N miss =
Hr =3, pr(j) + pr(D) + Ef r
- [ B Tot big unc.
P At least 6 jets with 5 F ATLAS Preliminary (Simulation) ~
pr > 25 GeV 50-255 V5=8Tev [ diviight-flavour jets - L
g2 T [ tisheavy-flavourjets [
P Exactly one well 02l Y774 1T (m, = 600 GeV), doublet —
reconstructed, isolated r L
lepton (e or p) r L
0.5 4
> miss L Q
ET >20 GeV s 2
i 0.1 = =
| 2 Eglss + b g
mp (W) >60 GeV L
005 V
[ / V/A ]
oL ok ,/ G )
200 400 600 800 1000 600 1800 2000 NLag = 27 3 help constrain

FriGev] background systematics
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BR(T — Ht) 3

exclusion plane [10] I

1

ATLAS Preliminary
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Same-sign dileptons

Same-sign dileptons

> Exactly 2 leptons

(e or p) with same
electric charge

» Z veto in ee and

pp channels

> > 2 jets with
pr > 25 GeV

> > 1 b-tagged jet

ATLAS'CONF'ZO 13'05 1 [1 1] update of [12]
Channel with very small contamination from SM backgrounds: sensitive to many possible
new physics signals like vector-like B and T, tttt, g

> EPSS > 40 GeV

> HY > 650 GeV

Backgrounds Channel

Samples ee ep I
Charge misidentification 0.6 0.1 £0.2 0.9+£0.1+0.3 —
Fakes 8+ 0.4+ 0.3 0.2+ 0.44+0.1 < 1.1

Diboson
o WZ/ZZ+jets
o WEWT 42 jets

0.3+ 0.2+0.1
0.17 4 0.09 £ 0.05

+0.4
0.3+ 01705
03+0.2+0.1

0.4 +0.2£0.1
0.2 4+0.1+0.1

TFW/Z

o (EW(+el(s) 0.6+0.2+03 19402406 13+£02+04

o (1Z(+jet(s)) 0.18 £ 0.03 + 0.06 0.66 + 0.05 + 0.22 0.31 4+ 0.04 £ 0.10
b +0.010 10.028 10,022

o Wt W 0.024 +0.00873-010 | 0.072 + 0.00573-928 | 0.055 £ 0.00473-022

Total expected background 2.7+£05+0.4 44405707 23+£12+05

Observed

3

10

2

(1) Hr = 3;pr() + pr(ly) + prlp)
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dileptons

exclusion plane [10] II

1

ATLAS Preliminary
Status: Lepton-Photon 2013
f5=8TeV, I Ldt=143%"
- UCLexpeel  —— 85% CLobs.excl

] v [ATLAS-CONF-2013-018]
[___] same-Sign [ATLAS-CONF-2013-051]
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BB(TT) — Zb(t) + X

Fraction of entries / 50 GeV

A Succurro, I

BB(TT) — Zb(t) + X

ATLAS'CONF'20 1 8'056 [ 1 3] update of [14]

Exploit ability to reconstruct Z bosons from OS dileptons (e and )

Exactly two same
flavor, opposite
charge leptons

Dilepton mass in a
15 GeV mass window
around m(Z)

At least two b—tagged
jets

£ ATLAS Simulation  77777)] gackgrouna
Preliminary  {5=8Tev i
£ ot 68 Eo0Gey) 3
---------- T (600 Gev)

SR I o S
800 1000 1200 1400

m(zb) [GeV]

Barcelona

>

Fraction of entries

i ATLAS  Simulaion  [77777] sackgrouns —
Preliminary  5=8Tev
eorun 85 (600 Ge)
---------- Teocey |

signal
region

S
b-tagged jet multiplicity

1> HY > 600 GeV

pr(Z) > 150 GeV

Hr(rl) = Zjets PT()

> T T T T T T ™

@ C —— data2012 1

g 12— ATLAS Imn:u.s!b‘ —_— o

3 r Preliminary E=8Tev B zeoom

—

> 10— et omerkg ]

g E sz oce

= = e T 60060

I - s oncenaimy |
F >2bags ~

°

2

2

E

g

o
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m(zb) [GeV]
m(Zb) is the final test variable:
invariant mass of the Z candidate
paired with the highest pr b-tagged jet
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exclusion plane [10] III
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TT - Wh+ X

TT — Wb+ X ATLAS-CONF-2013-060 [15] update of 5]

Exploit T’s boosted kinematics to reconstruct W bosons

S FATLAS Prelminay - oma(G-8Tev) . Top ) Hsavy TSP
S S 3 = i &
% 140:7]“1(7143“) E‘?(somcmral N Lt - . w tt W E -¢-Data (Vs = 8 TeV) ATLAS Preliminary
& 1200 Tnon QMV o BT (600) Chiral Jra=143m?
E P7ATore! 86 uncert /g \ v 2 T (600) Singlet
1001 ay 1 < &
: 5
3 P AR(l,v) < 1.2 o 7 Total BG uncert.
e tight
P min(AR(L, by 3)) > 1.4
P min(AR(Whgq, by 2)) > 1.4
© 0|
8 15 3 F ATLAS Preliminary — —4— Data ({5 = 8 Tev)
s 2 [ty
E 0.5 =
05 1 15 2 25 g
2
&

" min AR(,b)

typel
> Whya‘; . single merged jet
(pr > 250 GeV,
mj € [60, 120] GeV)

Data/BG

0 100 200 300 400 500 600 700 800 900 1000
Moo [GEV]

The reconstructed W boson is
matched to the b-tagged jets that
gives the lowest mass difference
between the leptonical and

60 160 hadronical leg

ell
> ‘/VAZZL . two close-by jets
(AR(j,J) < 0.8, pyr > 200 GeV,
mjj € [60, 120] GeV)

Data/BG

W' candidate mass [GeV]
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TT — Wb+ X

exclusion plane [10] IV

1 1 ATLAS Preliminary
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Conclusions

Conclusions

Using 14 fb~! of /s = 8 TeV 2012 LHC data, ATLAS performed four preliminary
model independent and complementary searches for heavy quarks

At 95% CL we exclude:

o L= o e R o = e e
» Singlet T with mass 2 EATLAS Preliminary [T o @eor wnopreseion=10] 2 EATLAS [T theory (approx. NNLO prediction 10)
up to E T P —— ] = [ preliminary s 95% CL expected it ]
670 GeV [9. 15 e ] owctomcntion o _| 1 10E [ 5% ctexpectea misio -
eV [9, 15] s f [ weciomamiman g [ oswcLowenainiuzs E
i r p—— ] F 95% CL observed lmit ]

» Doublet T with ® [ ] °©
mass up to = TT — Wb+X, TT — Ht+X Combination _| 1e E
790 GeV [9] E E F ]
> Chiral ol ] e E
fouth-generation E £ 3
top quarks with [ ] 0oL i
mass up to ik s=8Tev ] £ f5=8Tev
740 GeV [15] EJLdt =14317  sU() singlet i :J’Ldt =143 SU() doublet ]

T T A I I el s
300 400 500 600 700 800 900 10; 0 400 500 600 700 800 900

m; [GeV] m, [GeV]

Stay tuned for the 20 fb~! updates!
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Backup

Event preselection

ATLAS working groups defined standard object definitions
analyses use in general these definitions, as well as common selections

Object definitions Event pre-selection
» Jets: Topological clusters reconstructed with ~ » > 5 tracks from the Primary Vertex (Cosmics
the AntikT4 algorithm (pr >25 GeV, and Pileup rejection)
IVF (@)
Inl <2.5, > 0.51%) » If more vertices, choose the one with largest

P Electrons: Well isolated calo object matched sum of p2

to track (Er >25 GeV, || in [0,2.47] » Single lepton triggers: isolated electron with

; b
removing [1.37.1.52]. zp < 2 mm )] pr > 24 GeV OR electron with pr > 60 GeV
» Muons: Segment in the tracker and muon OR isolated muon with pr > 24 GeV OR
detector, isolated track (pr > 25 GeV, muon with pr > 36 GeV

|n| <2.5, zy < 2 mm®)

If the analysis requires one or more leptons, at

least one of them must match the single lepton
trigger

If jets within AR < 0.2 of an electron, the closest
jet is discarded; Leptons within AR < 0.4 of a jet
are removed

(a) the jet vertex fraction is defined as the fraction of summed pp (> 0.5 GeV) of tracks associated to the jet that come from the primary vertex
(b) z( is the longitudinal impact parameter of the track wrt the primary vertex
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TT — Ht + X [9]

Three channels:
=2, =3, > 4 b-tagged jets

g 4500-ATLAS Preliminary ~ €+H 26 jets, 2 b-tags E E ATLAS Preliminary ~ e+l 6 jets, 3 b-tags E 100["ATLAS Preliminary €+l 26 jets, > 4 b-tags
= E_[Ld‘:14-3fb" —.— Da(a(r 8Tev) = EUOTJ'Ldl:“-”b'] —e— Data ({5=8TeV) =y [[rd=143 o —e— Data (5=8TeV)
S 4000F . (7 (600) = E [ (' (600) S L [ (600)
- E A I:I n+ ht jets - - -~ L
E Fﬁ: 5 700F 80
£ 3500 2 E 2 [
o E 9 = [ L
& 3000F = Wﬂels o 5% g [
E =3 Z+ets E 60—
2500F - S00E r
E . Multijet E W Multijet F . Multijet
ZUUOi 23 Tot bkg unc. 400 EZZ3 Tot bkg unc. EZZ3 Tot bkg unc.
E E 401~
1500 300E
1000 Blinded above 700 GeV 201 ;7 P
s00F- ‘ 1005
E m— E o
g g g 15
E F £ od
8 8 g o5
200 400 600 800 100012001400 1600 18002000 200 400 600 800 1000120014001600 18002000

H; [GeV] H; [GeV]

30/21



Backup

TT—>Htf¢X [9]

BR(t — Ht
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Same-sign dileptons [11]
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BR(B — Hb
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Same—sign dileptons

[11]

Backup

BR(T - Ht
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BB(TT) — Zb(t) + X [13]
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BB(TT)

.Zb(t) + X [.13]

ATLAS Preliminary
Vs=8TeV, I Ldt=1431"
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BB(TT) — Zb(t) + X [13
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TT — Wb + X [15]

» one lepton (e or mu), E}‘“SS >20 GeV,
EMSS 4+ mp(W) >60 GeV

3 [ ATLAS Preliminary ~ —¢— Data ({5 = 8 TeV) 3 160[-ATLAS Preliminary - Data (5 = 8 Tev)
> . typel S B La=143 n o Oa % D;J’L dt=143M" I T (600) Chiral
g t p on § 1oF @
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FRC N T— T (600) Chiral x 50 2, @70t BG uncer.
OR : F B
> >4 jets and one W;%**" and no W¥> =t ok
> > 1 btagged jet (consider also the 2nd 1000F- sof-
highest b-tag weight jet) F pa
500 P L
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e 3
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(DHp = pry) + prla) + pris) + pria) + prQ) + EPISS
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TT — Wb+ X [15]
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combmlng TT — Ht+X [9] and TT — Wb+ X [15]
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Results on chiral quarks: b’ — Wt (100%) [11]
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7o ul (il o o e e L Ay e
e E T T [ T T 3
=3 E ATLAS Preliminary Theory (approx. NNLO preiton +10) J
|’|: PN 95% CL expected limit ]
- L i
t 10 95% CL expected limit +1o _
% E l:l 95% CL expected limit +20 i
N—r |- -
b L 95% CL observed limit i
1 TT - Wb+X -
1M E
Ll Vs=8Tev ]
10 E’ ‘g
E _ 1 ) E
:ILdt =143fb Chiral ]

T b b b e b by

300 400 500 600 700 800 900

m; [GeV]

44/21



Backup

The ATLAS Detector

A general purpose experiment

» vertex detector and
central tracker

superconducting solenoid

> electromagnetic and

hadronic calorimeters =

L

> muon spectrometer

&
) /\) (55 \ = Tile calorimeters

» superconducting toroids \ // ﬁ y u : /\\ UAr hadronic end-cap and
\ v / \ \ \\ forward calorimeters
» high hermeticity (full ¢ \ ¥ ! / | |peeldetedor N\
|/ Toroid magnets  /

\
\ | LAr electromagnetic calorimeters
and || < B) w || e
‘Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker
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The ATLAS Detector

In 2012 21.7 fb—! collected at /s = 8 TeV!

A general purpose experiment

- F T T T 1
30~ ATLAS Online Luminosity Vs=8TeV -
» vertex detector and "% © [ e Deivered ]
central tracker '8 25[- ] ATLAS Recorded .
£ E
superconducting solenoid £ o Total Delivered: 23.3 " |
) ; r Total Recorded: 21.7 fb”! ]
> electromagnetic and T 150 E
hadronic calorimeters 8 E ]
£ F .
= 10F -
> muon spectrometer s F 3
ke F ]
superconducting toroids 5 E
. Py 07 L L 1 a
> high hermeticity (full ¢ 26/03 31105 06/08 11110 17112
and [n| < 5) Day in 2012

V

Imeters

-cap and
ters

See ATLAS public page

Will present results obtained with 14.3 fb~! of 2012 data
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