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@ Introduction

e Why study the top quark?
@ The ATLAS detector

@ Reconstruction of the objects needed for top analyses
@ Top quark properties (using tt events)

e Precision measurements
e New physics in top production or decay?

@ Searches for top-like BSM signatures

All results available in:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults



The top quark

@ Top quark completes the 3 family
structure of the SM
e top is the weak-isospin
partner of the b-quark
e spin=1/2
e charge = +2/3 |e|

Leptons Quarks

D
CES
Force Carriers

Three Generations of Matter

@ Top quark is the heaviest known quark
(m; =173.2 £ 0.9 GeV, CDF+ DO, arXiv:1207.1069)

@ Top decays (almost exclusively) through t — bW
BR(t — sW) <0.18%, BR(t — dW) <0.02%

o MM =1.42 Gev
(including my, my, as, EW corrections)
o Agsp=(100 MeV)~'=10-23s (hadronization time)
0 1 K 10723 S
= top decays before hadronization



The top quark properties

Why the Top quark @ LHC ?

== It has a rich phenomenology W beliciy |
- . Wb coupling, |Vis|
@ it production [ oo e
Top mass, width, spin, chargel £
o O’ﬁ
e Mass
e Charge asymmetry v,
e Top Charge
e Rare top decays
- . Resonan
e ftyproduction  |[pedwtencf] e b
e tt resonances ———
e W polarization
e Wib vertex structure
- . . polarization
e tt Spin correlations
@ Single top production ;s
@ cross section
o FCNC

@ polarization



The top quark as a probe for beyond SM physics

@ Large mass of the t-quark:
o \r=+v2m;/v ~1 1= special role in EWSB?

e top and W masses constrain the Higgs mass

N

W W

Amy < m? Amy o Inmy
@ BSM physics often has consequences in the top sector:
e ttand single top production can be affected by BSM models
e Wib vertex: can have a BSM structure
e rare top decays: BSM models can increase the BR of
t-quark decays via FCNC
e Non-SM Higgs: large coupling to the top
e Incorporate Gravity using Extra Dimensions: many models
predict new states with strong coupling to the top
e 4th gen. / vector-like quarks: often decay to t-quarks or
look like a heavy t



The ATLAS detector

Muon Spectrometer (|n|<2.7) :air-core toroids
with gas-based muon chambers; Muon trigger
and measurement with momentum resolution
< 10% up to Ey ~ | TeV

Length :~ 46 m
Diameter : ~ 24 m
Wei§ht :~ 7000 tons
~10° electronic channels
3000 km of cables

{ =

em

- HAD, calorimetry (|n|<5):
Sedes ;0 \',segmentation, hermeticity

y ‘*ﬂ “ ~Fe/scintillator Tiles
70 (central), Cu/W-LAr (fwd)

3-level trigger L o
~Trigger and measurement

reducing the

rate from ' of jets and missing Er
40 MHz to* E-resolution:
200-300 Hz O/E ~ 50%/+/E ® 0.03

Inner Detector (|n|<2.5, B=2T): Si Pixels,

EM calorimeter (||<3.2): Si strips, Transition Radiation detector
Pb-LAr Accordion; efy trigger, (straws); Precise tracking and vertexing,
Tdenfifeatisntang et e/TT separation Momentum resolution:

E-resolution: O/E ~ 10%/+/E olpr ~ 3.8x10 pr (GeV) ® 0.015
i.e. /pt <2% for pt < 35 GeV



The A S detector

[ subaetector | Number of Channels | Approximate Operational Fraction

Pixels 80 M 95.9%
SCT silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 97.5%
LAr EM Calorimeter 170k 99.9%
Tile calorimeter 9800 99.5%
Hadronic endcap LAr calorimeter 5600 99.6%
Forward LAr calorimeter 3500 99.8%
LVL1 Calo trigger 7160 100%
LVL1 Muon RPC trigger 370k 99.5%
LVL1 Muon TGC trigger 320 k 100%
MDT Muon Drift Tubes 350 k 99.7%
CSC Cathode Strip Chambers 31k 97.7%
RPC Barrel Muon Chambers 370k 97 1%
TGC Endcap Muon Chambers 320k 99.7%

ATLAS p-p run: March-October 2011

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid  Toroid

99.8 996 99.2 96.9 99.2 994 988 994 99.1 99.8 993

All good for physics: 89.9%
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Delivered Luminosity [fb™]
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Run Number: 189280, Event Number: 1705325

Date: 2011

Pileup




Data/Fit
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Triggers for top analyses

@ Single lepton (e, i) triggers

e pr thresholds: 20 (22) GeV for e and 18 GeV for i
e Eff. measured with tag-and-probe method (in Z events)
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@ 1 R R R g =
3 [ Sog® ] o
j=2) = El
o I =] 1 w E|
= 038 o * B W
L @ . ATLAS Preliminary 4 - ATLAS Preliminary E
0.6 ’ Data 2011 ILdI:ZOG pb’t . ° ﬁal‘i 201 s=7Tev
- v ©20_medium trigger 1 mu18 medium outside-in
0.4 o L1(E >14GeV) — O Data
i ' ] o [ v
I o L2(E >19 GeV) 1
o i i I
0.2~ s EF(E>20GeV) 1 2
3 i 4
ok ) Q@o'o' —o—
L JF\ .l L L L L ! ! ! 1 +
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electron E; (GeV) P, [GeV]

10/59



Electron reconstruction

@ Reco. eff. for offline electrons ~ 95% (tight reco)
@ Stable w.r.t. pileup (~ 1%)
@ Measured with data-driven method (tag-and-probe)
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Electron reconstruction

Electron identification efficiency [%]
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@ Reco. eff. for offline electrons ~ 95% (tight reco)

@ Stable w.r.t. pileup (~ 1%)

@ Measured with data-driven method (tag-and-probe)
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Muon reconstruction

@ Reco. eff. for offline electrons ~ 95% (combined muons)
@ Stable w.r.t. pileup (< 1%)
@ Measured with data-driven method (tag-and-probe)
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Muon reconstruction

Efficiency

@ Reco. eff. for offline electrons ~ 95% (combined muons)
@ Stable w.r.t. pileup (< 1%)
@ Measured with data-driven method (tag-and-probe)
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Jets reconstruction

@ Di-jet events used to evaluate jet reconstruction efficiency
@ Jet “cleaning” allowing to remove:

@ Noise in the calorimeters (average jet quality, fem)
@ Cosmic rays or beam-induced background (fem, maximum energy
fraction in any single calorimeter layer, time w.r.t. beam collision)

5 & e
S oon E
o 0%8E .
S 0.96E0- E
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Jet Energy Scale (JES)

@ |Initial calibration of jet energy performed using MC simulation

@ in-situ pr balance in di-jet events I ~ 2.5% uncertainty in central
calorimeter region for jets w/ 60 < pr < 800 GeV (2010 data)

@ larger dataset (2011) Bz additional in-situ techniques
@ Z(— ee)+jet events: Z and jet balance in the transverse plane

@ data/MC comparison

O r
® '_1.05 [— ATLAS Preliminary
o E
-~ 1 ;
o
o =
CJ 095
09
0.85—
F E:7TeV,ILdt:4.7fb'1
0.8
L anti-k, R=0.4, EM+JES
075k —e— Data 2011
= —8— Z(- e'e) (PYTHIA)
0.7F
£ . | .
20 30 40 50 60 100 200
P [GeV]
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Jet Energy Scale (JES)

@ |Initial calibration of jet energy performed using MC simulation

@ in-situ pr balance in di-jet events I ~ 2.5% uncertainty in central
calorimeter region for jets w/ 60 < pr < 800 GeV (2010 data)

@ larger dataset (2011) Bz additional in-situ techniques
@ Z(— ee)+jet events: Z and jet balance in the transverse plane

@ data/MC comparison

ATLAS Preliminary

T PYTHIA

%

/ Dp‘:‘/p idln|
-

0.98 [ e e e i e
© 0.96
S e
= 5
T 0.941 [s=7Tev, [Ldt=47"
2 o002f anti-k, R=0.2, EM+JES
5 =
g ool e Data 2011
= E Total uncertainty
0.88
0.86 |
L L L L L - L
20 30 40 50 60 100 200
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Jet Energy Scale (JES)

@ |Initial calibration of jet energy performed using MC simulation

@ in-situ pr balance in di-jet events I ~ 2.5% uncertainty in central
calorimeter region for jets w/ 60 < pr < 800 GeV (2010 data)

@ larger dataset (2011) Bz additional in-situ techniques
@ Z(— ee)+jet events: Z and jet balance in the transverse plane

@ data/MC comparison

ATLAS Preliminary {s=7TeV, [Ldt=47f"

anti-k, R=0.4, EM+JES
Total

— Stat.

Extrapolations

Pile-up jet rejection

-- MC generators

---6--- Radiation suppression

---¥--- Width

Out-of-cone
---»--- Electron energy scale

pe [GeV]
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Missing transverse energy reconstruction

Events / 4 GeV

Data / MC

T T
\J/:I_dt:4.2fb'1 ATLAS Preliminary

10° &
s=7TevV o Data 2011
CIMCZ - pu
10 [ MC ttbar
3 MC WZ
l MC WW

No pile-up suppression:

16F E
14F E
1.2F 3
1 Sl e =
0.8F E
0.6E 3
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Emiss G
T [GeV]
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Missing transverse energy reconstruction
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b-tagging

Algorithm Types at ATLAS

Impact Parameter Type

=& Secondary Vertex Impact
d Parameter
Reconstruction Type o)

Combined L

High Mass: mz~5 GeV
Long Lifetime:
ct~470um (B*, B, By)
~390um (Ap)
For 50 GeV Bottom
Ly, ~5mm, dy~500um

[slide from G. Watts’ talk at DPF 2011]




b-tagging
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b-tagging efficiency measurement with ¢t events

1= Jets’ flavour composition in tt events allow the
measurement of b-tagging efficiency
(tag & count, kin. selection and kin. fit methods studied)

VLI N e e
> 1 8:7ATLAS Preliminary -o- Data KinFit (stat) 1
§ Sk [ syst.+stat. unc.
S 1.6}J.|_ dt=4.7fb™ -~ Simulation .
£ E ]
Lu | -
o 14F(s=7Tev E
g 12- E
'_ |- -
s v E
0.6 0g ’ e
0.4 ——
L MV170% p+e combined J
oo b b b v b b b b b
02 40 60 80 100 120 140 160 180 200

Jetp, [GeV]
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b-tagging efficiency measurement with ¢t events

1= Jets’ flavour composition in tt events allow the
measurement of b-tagging efficiency
(tag & count, kin. selection and kin. fit methods studied)

. 2T
o C P

Y B;ATLAS Preliminary —e— Data KinFit (stat;
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E ) . B
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n O .
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tt production at the LHC

g 900; CrTTrrTTTET ‘ E Top Pair Branching Fractions
o 890F —— NLO#NNLL 3
% 700? NLO+NNLL scale uncertainty f/ E 46%
T 600 / E
500? E THets 15%
400E E
300F
2005 e 12/°/,
100? | i n\:f\;«%)/a 15%
R R R S T TV R VA e 15%
s [Tev] dileptons p
7 — +17 b b
@ o(tt) @7 TeV = 16775 pb ¥ g
(arxiv:1007.1327) &@‘5 ------ ¥
. -t
(] Iepton+Jets topology: j i
BR(ft — bq@'blv; { = e+, ™ %) ~ 44% roy p
@ dileptonic topology: v b b
BR(tt — bbtvty; (= et u* %) ~ 10% %yﬁ
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Standard tt selection

(+jets channel dilepton channel
[Phys.Lett. B711 (2012), ATLAS-CONF-2011-121] [JHEP 1205 (2012) 059]
@ isolated lepton (e or u) @ 2 isolated leptons (ee, uu
@ missing transverse energy or eu)
(Emiss) @ ee, uu: My, outside my
@ 4 or more jets (anti-kr, window
AR =0.4) @ eu: large scalar sum of pr
’ event (Hr)
‘b 4 Y E}Fniss

b
wa%g V§M£:M£ @ 2 or more jets



tt candidates recorded by ATLAS

7,

SATLAS

1A EXPERIMENT

7\




@ single lepton events

@ 1D analysis: Rz =

S S9lé top m_=1725 GeV

Events /0.1

o S o

M
15 2 25 3 35 4 45

=)

B8 N W T E N R

5 55 6

32

Normalized Events / 0.1

Pl
8



@ single lepton events
@ 1D analysis: Rz =

1

ATLAS Simulation

W single top m_=1725 GeV’

Events / 0.

Normalized Events / 0.1

=]

S

=3

op

m,,, =160 GeV.

m,,, =170 GeV
[ My, = 180 GeV
3 M., = 190 GeV

e+ jets

-
e
&

@ 2D analysis: fit simultaneously m; and jet energy

] P SN AN NN PRI WO

T T T T
ATLAS

JSF=0.986+ 0,006
Mop = 175,02 0.9,41,55, GeV

i \ PN

L L L L L
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Measurement of the top quark mass

ATLAS (Date: February 23, 2012)
e+jets (1d) _ = 1729+ 15+ 25
p+jets (1d) —+—eo—— 1755+ 1.1+ 2.6
e+jets (2d) ———t— 1743+ 0.8+ 2.3
p+ets (2d) —_—— 175.0+ 0.7+ 2.6
l+jets —0— 1745+ 0.6+ 2.3
Most precise (CDF I+jets) - 173.0+ 0.7+ 1.1
Tevatron September 2011 [ 173.2+ 0.6+ 0.8

(stat)  (syst)
| | | | |
160 165 170 175 180 185 190
mtop [GeV]
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LHC m

top

combination - June 2012, L =35 pb™-4.9 fo

ATLAS + CMS PreliminaryNs = 7 TeV

ATLAS 2010, l+jets

[Las e e —_———— 169.3+4.0+ 4.9
ALTLAS‘ 2011, Ijets —e—i 1745+ 0.6 + 2.3
L e+  1749%21:39
cusEe o “*f{“’” ———@——+—1 1755+ 4.6 +456
CLM? fol? ‘j{fﬁ —— it 173.1+ 2.1+ 2.7
s 2o depion e 1733412427
CLMs‘Zfll @?}s —o— 172.6+0.4+ 1.5
LHC June 2012 - 173.3+ 05+ 1.3
Tevatron July 2011 O 173.2+ 0.6 £ 0.8

| | | ! + (stalt.) + (syst)

150 160 170 180

My, [GeV]

Measurement of the top quark mass
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Measurement of o(tt): single lepton topology

@ event selection:
1 lepton (e or ); at least 3 jets;
Ems > 30 GeV (e); m¥ > 25 GeV (e); EM + m¥ > 60 GeV (n)

@ main backgrounds (W+jets and fake leptons) evaluated w/
data-driven methods

@ Relevant kinematic variables (¢, pi', aplanarity, H") used to
build a likelihood

T F T T 2 T T « 2400 T T T T Sy
ATLAS Prefiminary | | 5 ATLAS Prefiminary | | £ E-sjeis ATLAS Preliminay -+ Data2011,\5 =7 TeV
i i > 2000 £, fLdt=0.70 o' Wt B QCD Multijet
ftd‘:ﬂ70b ij orom’ c = O W+Jets B Other EW
e+ Jets o0

e+ Jets

p + Jets

1200 i i 1 " '
| 4Jets | 5Jets | 4dets | =5Jets.
800 E | | i | i

400

15E

1ok s e e s o
OF P Pt et nm\mwrg

05E =
0 20 40 60 80 100
Likelihood Discriminant

Ratio Data/Fit
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Data-driven evaluation of W+jets normalization

@ Shape from Monte Carlo simulation

@ Normalization obtained using W charge asymmetry
e more u than d valence quarks in proton beams
e more W than W~ produced

ATLAS

0, X Br(W - 1v) [nb]

10
\Is [TeV]

o Nw: + Ny- = 2t (D+ — D)
(assuming other back. have charge symmetry)
e ryc = 1.56 + 0.06 (electrons), ryc = 1.65 + 0.08 (muons)
e Compare W + 1 jet and W + 2 jet events w/ and wo/ b-tag
=" heavy flavour fraction determination

solving a system of equations
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Data-driven evaluation of multijet events w/ fake leptons

@ Matrix method used
@ Joose and tight lepton selection

e In single lepton events:
NRs\ (110 (Nige
New'/ L 1) AN
with r (f) the probability of a real (fake) loose to be tight

e invert matrix to determine the true sample composition

e same principle for dilepton events

@ Measure r and f in data (control samples)

e Z — ({T¢~ events for r

e multijet events (reversed EMss, my(W) cuts) for f
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Measurement of o(tt): dilepton topology

@ event selection: 2 OS leptons (e, u, TL); at least 2 jets;
my, — mz > 10 GeV (SF, TL); Hr > 130 GeV (eu);
Hr > 150 GeV (TL)

@ main backgrounds: fake leptons from W+jets, Z+jets

@ cross-section measurement for each channel measured with a
profile likelihood technique

2 >
§ [ATLAS non-b-tag All channels ] §ID4 ATLAS btag  All channels 3 ATLAS +mevees Theory (approx. NNLO)
w « Data = Data .
. 1 - r 1 L " b
1200_J.'-‘“'°7°“’ [l 2 j'-d'-f'm“’ i JLdt=U?UI’o m = 1725 GeV
Ziytejets S10° Ziyt+jets | +31 +0
Fakeloptans] 2 Fake leptons ee s 186x17 T3 77
1000 W otherEw ] M Other EW pu el 16712750 18
ok B Uneertainy | i EUncertiny | s e 7R 0
eTL SR, [
s00F uTL e . 168+24 T3 2
I | ee w/ b-tagging e 18415 7% 73
400F up w/ b-tagging L - 1758t
ep wf b-tagging s es 192+ 7%} +8
2001 ] 1 Combination i 176+ 5+ +38
o PPN SN ISR Y PSRN I Wi i e
0 1 2 3 0 40 80 120 160 =190 50 100 150 200 250
Number of jets EF=[GeV] o.lpb]
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Measurement of o(tt)

H H 15 May 2012

ATLAS Preliminary Theory (3ppr0n NNLO)
for m, = 172.5 GeV
Data 2011 —— stat. uncertainty
—— total uncertainty

Channel & Lumi. a; #(stat) =(syst) =(lumi)
Single lepton  0.70 fb™' —— 179+ 4+ 9= 7pb
Dilepton 070" | e 173+ 6 111 " 5pb
All hadronic 167+18+78=+ 6pb
1.02 b
Combination - 177+ 3 " 3= 7pb

New measurements

Thaq + jtS 167"  ————e—— 200+ 19+ 42+ 7pb
Thaa + lepton 2,05 fb' ———s 1861320 7pb
All hadronic —_———— 168x12 'X: 6pb
hid | | ! |
50 100 150 200 250 300 350
o, [pb]

= Dominant systematics: signal modelling, lepton ID, JES
5 Good agreement with SM prediction observed
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Measurement of top pair differential cross-sections

@ Single lepton events considered
@ ttreco. using a likelihood fit of the measured objects

4000¢ T T ’ - = = T T T ’ - =
g E  ATLAS Preliminary tagged e+jets 3 g 6000: ATLAS Preliminary tagged ptjets
o 3500 p @ Data — ] r i ® Data 9
> = ILdt=2.05rb‘\E=7Tev O e 3 > 5000 ILdt:Z.OS NS =7Tev O
& 3000 zws 5 W E s ]
= . Diboson 3 E 2 Diboson o
2500 @ e 4000 s ]
2000? EZUncertainty i 3000; 3 Uncertainty {
1500 E 20005 3
1000 3 : ]
500; é 1000; E
ok o - of
g 1.5F 7 ] £§> 1.5F ]
E 7 D P r .
5 . / e a w1
& L W/W/%// ’ g T W /
0.5t | .5 }
40 45 50 55 60 65 70 40 45 50 55 60 65 70
-In(likelihood) -In(likelihood)

@ final selection: -In(likelihood) > 52
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Measurement of top pair differential cross-sections

e Distributions of m, py  and y -

T T T T T T T T T T r BN aa A A
ATLAS Preliminary H+ jets ATLAS Preliminary e+jets ATLAS Preliminary H+jets
o Data @ ata @ 0ata

ILm:zoﬁvb‘\E:ﬂev ILm:zosm‘dE:ﬂeV S5 JLm:zosm‘dE:Wev

Events /0.4

Events / 200 GeV
Events / 30 GeV

Data/MC
Data/MC
Data/MC

.5 4 . |
0 100 200 300 400 500 BOO 7\9]0 -25-2-15-1-050 05 1 15 2 y2.5
Ge'

t
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Measurement of top pair differential cross-sections

@ Unfolding:

@ background subtraction;

@ response matrix mapping the parton level — reco.
migration (obtained from tt MC)

T T 1000 T T T Ty . MU
§ ATLAS Preliminary = | + jets E [ ATLAS Preliminary = g + jets ] .? TLAS Preliminary | + jets 3
L 002 003 006 018 @7 =, 004 034 CE % 0.00 000 0.00 0.04 021 075
£ oF i} E
b= c
D 2 [} E
® = o 000 000 003 020 065 012
) L 4 5 0 3
£1000 2 0.00 002 017 065 014 0.01
o 005 006 0.18 061 009 8 E
100F o©2 071 004 001 014 066 017 002 000
011 020 055 013 001 F ] -0 E|
013 065 019 0.03 0.00 000
020 053 016 0.02 000 E
1 1 E
076 018 004 001 0.00 [ o6s 035 0.01 0.75 021 0.03 0.00 0.00 0.00
. P | . P | | 2 I T I T TRt PATTUSTL T,
300 400 1000 2000 20 30 100 200 1000 25-2-15-1-050 05 1 15 2 25
Reconstructed m; [GeV] Reconstructed pT( [GeV] Reconstructed y
g [
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Measurement of top pair differential cross-sections

@ Unfolding:

@ background subtraction;
@ response matrix mapping the parton level — reco.
migration (obtained from tt MC)

© Inverted matrix used to unfold the reconstructed differential
distributions

S T 1 U T . 3 = . . . . .
> ERS ERES [ ]
g . ATLAS Preliminary yo (| gt = 2.05 fb",; g . ATLAS Preliminary oo [ gt = 2.05 fb",; g, [ ATLAS Prefiminary oo 1 gt = 2.05 b
= [ NLOMCFM) 3 =2 1 NLO TMCFM) 1 8 [ NLO{MCFM)
£ 1 e ALPGEN 4 4 e ALPGEN & e ALPGEN
S F e MC@NLO E =T ST MC@NLO S 1 e MC@NLO E
8 1 s f ]
& ERE
3 E = k. .
E 1

o 1 E 101 i

L | 103
8 £ 1.5 £ F leemeeees

N 5 E

8 Y t 8 1 ¥ + + gt |
g s ! S T U B e
S I S 0.5 <]
& 1000 2000 2 710 20 100 200 1000 £ -3 2 1 0 1 2
= m.[Gev] p._[Gev] F y

T 3

@ Main systematics: signal modelling, back. evaluation, JES
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Search for tt resonances

(+jets channel dilepton channel

i - miss i
search for bumps in my; use Hr + Ef"* variable
3 102 T T T 3 3 T T T T 3
o ATLAS J'Lm:z 05 fb” \5=7Tev o ILd|:2.05 o' \5=7Tev i] da: 3
2 10 — data_J 2 ATLAS = Ziets
g = ] = 3
[ = Wejets J [ 3 3
w @ Other Backgrounds - m ]
1 . = Uncertainties — -
..... Z' (800 GeV) 3 3
9, (1300 GeV) 3 E
10t 3 E
3 _
RN
500 1000 1500 2000 2500 3000 600 800 1000 1200
1t mass [GeV] H+ET™ [GeV]
4 v

= Data in agreement with the SM expectation in both channels

= 2 benchmark scenarios considered: narrow Z’ (I'/m ~ 1%)
and broader gxx (I'/m ~ 15%)

31/59



T T T
Dilepton

1

Obs. 95% CL upper limit
-------- Exp. 95% CL upper limit
Exp. 1o uncertainty
Exp. 20 uncertainty
Kaluza-Klein gluon

Vs=7TeV
F ILm:z.osW

T ATLAS
10'1 1 1 1 1 1 1 -+
600 800 1000 1200 1400 1600 1800
g, mass [GeV]
£ T T T T T s E T T T T L=
F §=7TeV Lepton + jets 1 F E=7TeV Lepton + jets

o x BR(g,, - 1) [pb]

Obs. 95% CL upper limit
====eee EXp. 95% CL upper limit
Exp. 10 uncertainty
Exp. 2 o uncertainty
Kaluza-Klein gluon

0 x BR(Z'- tt) [pb]

Obs. 95% CL upper limit
======e EXp. 95% CL upper limit
Exp. 10 uncertainty
Exp. 2 o uncertainty
Leptophobic Z'

ILm:zosm”

10°
o E  ATLAS

10?

10

10

(i
[

10

@
S
<]

1 | | | | | -+ | | | | | | E=

600 800 1000 1200 1400 1600 1800 800 1000 1200 1400 1600 1800 2000
g, mass [GeV] Z' mass [GeV]
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Search for ft resonances: boosted jets

@ For higher regions of p!- or my; the top decay products are
highly boosted and can be reconstructed as only one jet

@ Understanding jet substructure in fat jets gives access to
higher values of m;;

r 4

Iept%p candidate \ . - mg = 25 TeV
. . 5 : <
5 idate

Top Monojet
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Search for ft resonances: boosted jets

@ Single lepton channel
o fat jet (R = 1.0) required to have pr > 250 GeV and

m > 100 GeV

> A I s > B B B B B RS R T
8 ATLAS - oata & ATLAS - oaa |

< 10 N O i 3 = ) O it
0 ILdt:Z.OE b Vs=7Tev &3 Wejets 3 %) 10 ILdt:Z 05fb* Vs=7Tev (3 Weets 3
€ O singleTop ] e O singeTop 3
g = Multiiets 0>-> = Mulijets
[} [ ] ZHets ] [ [ ] Z+ets |

1 - Diboson  _| - Diboson
B2 uncertainty 3 £  uncerainy —
10* P E E
) 3 3
) | B E
| ]

10
300 400 500 600 700 800 900 1000 1100

fatjet p_[GeV] fat jet mass [GeV]
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Search for ft resonances: boosted jets

@ Single lepton channel
o fat jet (R = 1.0) required to have pr > 250 GeV and

m > 100 GeV

> e e g
& E . ATLAS baa ]
P [ . Ldt=2.05 b Vs=7Tev vavlgiTe;t; b
& 1? H Mgm]etz E
5 r Pl Z+jets 1
r o ey ]
r . - ¢ g (13TeV) ]

10 - % -
107 E

10° ]
0 500 1000 1500 2000 2500 3000 3500

tt mass [GeV]
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Search for ft resonances: boosted jets

@ Single lepton channel

@ fat jet (R = 1.0) required to have pr > 250 GeV and
m > 100 GeV

= T T T T T 3 = T T T T T 3
2 F Vs=7Tev Syst.+stat. errors r =3 V5=7TeV Syst.+stat. errors B
= [ pra=20sm? Obs. 95% CL upper Ilmvn =) L[ Lat=205 0 Obs. 95% CL upper \vlm.lt ]

T W0 e Exp. 95% CL upper limit 3 T ET e Exp. 95% CL upper limit 3
c; E Exp. 10 uncertainty E N Exp. 10 uncertainty 3
E/ [ Exp. 2 o uncertainty 1 g Exp. 2 o uncertainty 4
3] === Kaluza-Klein gluon X 10 E Leptophobic Z -

X = - R K 3
5 F ATLAS 3 & ATLAS E
[, 1 1 E
1 NG b = 3
L i 10 E
10 1 1 1 1 1 1 1 1 1 1 1 1 3
800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000
g,, Mass [GeV] Z' mass [GeV]
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Search for ft resonances: boosted jets

@ Fully hadronic channel
@ atleast 2 fat jets (R = 1.5) required to have pr > 200 GeV

(HEPTopTagger algorithm)

> T
@ - T

o J-Ldl=4v7 " ATLAS Preliminary 3
o E|
S -+ Data 2011 ]
- 4
E fz atev)o=08 pb_|
2 ) E|
g i

w

Qco (data driven) ]

500 1000 1500 2000 2500 3000
Di-Top Invariant Mass [GeV]

0 x BR(Z'- tt) [pb]

102k

10F

1
{s=7TeV

L o st uppertit |
- Exp. 95% CL upper limit
Exp. 10 uncertainty
Exp. 20 uncertainty
B Leptophobic 7/ 3
ATLAS Preliminary

107

L 1
1000 1500 2000 2500 3000

Z' mass [GeV]

6

| ! ! !
00 800 1000 1200 1400 1600 1800 2000

KK gluon mass [GeV]



Measurement of inclusive o(tt)

@ o(tty) 1= direct measurement of the top quark electromagnetic
couplings (and, in particular, its electric charge)

@ event selection similar to the one used in the single lepton
channel, requiring an additional v with Ey > 15 GeV

@ photon isolation used to discriminate prompt photons from fakes

70

c c
5 . 5
=~ 50 ILdt: 1.04 5 etjets = ILd[: 1.04 5 utets
i —e— data & 60 —e—data
ATLAS Preliminary iy ATLAS Preliminary iy
40 & non-tf bkg [ non-tt bkg
R bkg ty 50 R bkg ty
] electron fakes ] electron fakes
30 I hadron fakes 40 I hadron fakes

%2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
- -
pi [Gov] e Gov]

@ measurement for tt events with leptons:
|o(thy) = 2.04 0.5 (stat.) = 0.7 (syst.)  0.08 (lumi.) pb]
SM expectation: 2.1 + 0.4 pb

@ systematics: ISR/FSR (16%), pile-up (14%), JES (12%)
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Top quark charge

@ single lepton channel

@ distinguish t(+2/3) — p(=1/3) W1 —, p(=1/3) p(+1) 4,
H=4/3) _ p(=1/3) W1 s p(=1/3) ¢(=1) 5,

@ associate ¢/ b-jet (myp, / kin. fit)

@ measure the charge of the b-jet
(charge weighting / semileptonic B decays)

I = i e e e TP T T T T =
H L g . ® Daa201l 7 +jets
2k I Ldt=070" | eviets Comm 1 Sis Ao KU g
@ 30F B Singletop | reliminary =y
c E [ 2+jets ] 160 [Lgi=070f"  MSingletop
2 F [ W+jets (0D) . Wets (DD
o 25F P2 uncertainty 140F E
F 7 exotic 1 Diboson
£ 7 1 120F mWQCD (0D) §
200~ 1% ATLAS Pauncertainty |
F Preliminary ] 100 E
15 = 80F 3
L i ] 7
10 - E 60 E
3 ‘ ; 1 40F E
5; E I $ E 20 B
£ i ! } ] ) ‘
05 o 05 1 2 o 1 2
it
Qeomb Qeom
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Top quark charge

@ single lepton channel

@ distinguish t(+2/3) — p(=1/3) W1 —, p(=1/3) p(+1) 4,
H=4/3) _ p(=1/3) W1 s p(=1/3) ¢(=1) 5,

@ associate ¢/ b-jet (myp, / kin. fit)

@ measure the charge of the b-jet
(charge weighting / semileptonic B decays)

£ o0 - £ 10T T
TE PE E ATLAS
5 E ATLAS IL d=0701"3 5 [ preiminary Ldt=070f
= [ Preliminary > 107
b E SM top quark ] Exotic quark § § ;SM top quark E Exotic quark
g 10 E s 107 g
o E 2 O E =
= @ g
107 3 107 2
E 3 E 8
10°F 2 0% =
10°F = 10°¢
E | R—— E| (SN, S S S SN N I
-0.3 -0.2 0.1 0 0.1 0.2 0.3 1 -0.8 -06 -04 -02 0 02 04 06 08
Qo™ <Qlanw

@ t(—4/3) scenario excluded at more than 50
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Charge asymmetry in tt production

@ At LO {t production is symmetric under charge conjugation
in the SM (small asymmetry expected at NLO)

@ Several BSM processes can alter this asymmetry, either
with abnormal vector or axial vector couplings or via
interference with the SM

1400 T T A RAREE R
° ATLAS e+24jets (2 1btag) ]
1200—J'Ldt:1.o4 [ —data B

Events /

_ N(A]Y| > 0) — N(A]Y| < 0)
" N(AJY| > 0) + N(A]Y]| < 0) soor
where A|Y| = |Yi| — | ¥4

B Single top
B Multiets ]
% Uncertainty

C

400

200

Distributions are unfolded to parton level

Ac = —0.047 + 0.045 (stat) + 0.028 (syst) (e+jets) single lepton
Ac = —0.002 £ 0.036 (stat) = 0.024 (syst) (u+jets)

Ac = —0.019 + 0.028 (stat) £ 0.024 (syst) (comb)

SM expectation (MC@NLO): Ac = 0.006 + 0.002 .



Charge asymmetry in tt production

dilepton events: Ac = 0.057 + 0.024 (stat) £ 0.025 (syst)

combination (single lepton+ dilepton):
Ac =0.029 £+ 0.018 (stat) == 0.014 (syst)

I contraints on new physics:

0. A
[ ATLAS

0.15 [T e

[ L

L o)
O sm ATLAS 2 i

ATLAS F
0.0Sj i | 0.051 I
L OGRS L L1 Gl L e POV (L
0 0.1 0.2 0.3 0.4 0.5 0 0.1 02 03 04 05 06 07
FB AFB
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tt spin correlations

@ While t-quark pairs produced at hadron colliders are
unpolarized, their spins are correlated

@ Different BSM scenarios predict different production and
decay dynamics of the top quark, which could be detected
by measuring the tt spin correlations

@ In the dilepton channel A¢,, can distinguish the SM
expectation from a no-correlation scenario

[Phys. Rev D81 (2010) 074024]

AR RS SRS e
r ATLAS Simulation §
5L —tt(SM) 3

[ -~ tf (uncorrelated) . Nlike - Nunlike

(1/0) dald(ag)
o

o4 e Niike + Nuniike

] where Njke (Nynike) are the number of
events where t and t spins are
aligned (anti-aligned)
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tt spin correlations

. e 1 o F
£ 250 ) ‘ ee channel] £ 4o00F ) ‘t pichanneld € f ) ‘t el channel']
5 [ odaa ATLAS | 5 . f %@ ATLAS ] pl2o0F* Cata ATLAS
Y O sm 1 W 350t (sM) 4 YT O sw ]
2001 tt (uncorrelated = | L_itt (uncorrelated Ldt=2.10"] [Litt (uncorrelated) | Ldt=2.1fo™]
Fg (unce Ldt=2.1 fb™] t 5 t000LtE (unce
[ Wisingle top ] F Wsingle top 9
[ W Z/y*+jets (DD) 1 ,sof MZ/y*+jets (OD) gool &/ y*+iets (DD) 1
150 diboson T diboson diboson peoee
Wfake leptons } 200Mfake leptons 600 M fake leptons ranens

100

400

PRI RN R N |

soE——FF
3 200F
r — E
s s s o0 !
o 12l j; 4 ] 212 3 12—
g 1 ! g 1 ++ g 1 +
[a] . 04 0O . 4 o
0.8 —= 0.8 - osl ]
05 1 15 2 25 3 05 1 15 2 25 3 05 1 15 2 25 3
) Ag op

o fit done with 2 templates: SM spin correlation (M) and
uncorrelated hypothesis (fY°)

o M fUC — 1

41/59



tt spin correlations

@ Different spin basis can be defined; in the SM:
[Phys. Lett. B609 (2005) 271]

o helicity basis: A5l = 0.32

i st ASM
e maximal basis: A; 7., = 0.44

@ Considering ASM in a particular basis, the measured spin
correlation coefficient can be obtained:

’Ameasured — ASM . fSM‘

e e L R B e
J'Ldt:z.lfb’l ATLAS ILdt: 211" ATLAS ILdl:Z.l ' ATLAS
ee ——e———— 1.47+0.40 07 ee ——e——— 0.460.1270% ee —t—e——— 0.65+0.17 9%

‘a3 w013 ‘019

MU —— 0.84£0.32 5 HU —— 0.26£0.10 73, HH —— 0.37+0.14 ;7

ep e 1.400.17 03 ep — 0.43+0.05 0% ep e 0.62+0.07 018

combination @t 1.30+0.14 0% combination @t 0.40+0.04 5% combination @t 0.57 0.06 015

SM SM SM
TEETE N FENTE FETEE FTETN SRR SUNTS PR N A ol e bew b b P bw | e b e b b 1wy
1050 05 1 15 2 25 3 35 4 02 0 02 04 06 08 1 12 0 0.5 1 15

fSM Ahe\ A

jcity maximal
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W polarisation in t — bW decays

. -1 +1 ‘
ﬂ}o 1W+ TW+
1 Tt

t t [
+2 T b B Tb +112 lb t —— b
[PRD81 (2010) 111503] Y12 2 2 P
longitudinal W left-handed W right-handed W
SM (NNLO): F,=0.687 F=0311 Fz=10.0017 ,
1 dN 3 sin 6%\ 2 1 — cos 0% \? 1+ cos 6%\ 2
Ndcose*_z[ﬁ)(\/é) +FL< 2 > +FR< 2 )
15 fit of the cos 6* using templates =,
1= evaluation of angular asymmetries ] e |
= Lorentz structure of the Wibvertex  _.8,/ / [I[1 \ /4
can be probed with these observables A
VARV
[] H
TSR s o T
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@ templates fit

single and dilepton channels

0 T T g T g
EZOOO;’ ATLAS single lepton channels ‘g ATLAS dilepton channels ]
GO0 [Lasaoen LT - s I RS com ]

1600F oo best it 500F Bkg best it
1400} [Aunc. best fit A Unc. best fit Bl
1200F .
1000F 3
8005 ]
600 B
4005 E E
200F & 4
£ L L 1 i ! L |

o7 05 05 1 01 05 0 05 1
cos 6% cos 6*

@ angular asymmetries
R e o ~ e
Z 0_5} ATLAS single lepton channels_| 2 0.5 ATLAS dilepton channels ,:
o r IL dt=1.041" ® Unfolded data o J'L dt=1.041" ® Unfolded data ]
% F %/ SM expectation % %% SM expectation -
Soa " 1 So4f B
s f ) ]
S T = ]

0.3F 0.3F B
et ; i
0.2F 02k * B
0.1+ 0.1 B
t L L 0! L Il L ]
1 05 0.5 1 1 05 0 0.5 1
cos &* cos 6*

W polarisation in W deca
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W polarisation in t — bW decays

I T I I 0 I

-1
ATLAS I Ldt=1.04fb Fr F. Fo
BN NNLO QCD

Combination
-e#x Data (FR/FL/FO)

Template (single leptons) e ek
Template (dileptons) | kit
Asymmetries (single leptons) -e- - ke
Asymmetries (dileptons) e - — ki
Overall combination - T- ko
I | I I
0 0.5 1

W boson helicity fractions
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W polarisation in t — bW decays

Effective Wib vertex from dim. 6 operators:

L= by (VP + VaPr) t W, —-LB7 % (g, P, 4 gaPa)t W
V2 mov2T My .

g’x F — —— —— N

T I ATLAS 68% CL

® osf 95% CL

O.Gi J' Ldt=1.04 fb-l allowed regions ]

0.4 —

0.2~ =

oF .

-0.2F -

[ TopFit V,=1,V_=0

0.4, ‘p [ R R

-04 -0.2 0 0.2 0.4
Re(g,)
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Search for FCNC

U, C u,c u,c
t Z yq, v t t
a0 v g

Theoretical predictions for the BR of FCNC top quark decays

Process SM Qs 2HDM FC 2HDM MSSM % SUSY TC2 RS

t—uy 37x10°  75x107° — — 2x107% 1x10°® - ~ 10— M
t— uzZ 8x 10~ 11 x107*¢ — — 2x107% 3x10°° - ~107°
t—ug 37x107" 15x 1077 — — 8x107° 2x10°* — ~ 101
t—cy 46x107% 75x107% ~107® ~107° 2x107% 1x107® ~107® ~10°°
t— ¢z 1x107"%  11x107*% ~1077 ~10710 2x107% 3x1075 ~10°% ~107°

t—cg 46x10"" 15x10"7 ~10* ~10°8 8x10~% 2x10* ~10% ~107°

@ In the SM flavour changing neutral currents (FCNC) are
forbidden at tree level and much smaller than the dominant
decay mode (f — bW) at one loop level

@ BSM models predict higher BR for top FCNC decays
15" powerful probe for new physics
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Search for FCNC t — gZ decays

@ tt — bWqZ — blvgtl topology

e
ATLAS . daa
o --=-tT— WhbZq signal ]
I Ldt=21f"  Ellawz

[Ciem

31D Wl single top (sM)

T
18CATLAS o dam 3

-==- (T~ WbZq signal|

IL W=211" e
| I3

Events / 10 GeV
e
>

<4
/e
) (o)
n\§ A
C
Events / 10 GeV

dibosons b

s uncenainy

40 80 120 160 200
ET™* [GeV] ET™* [GeV]

=" No evidence for signal found
155" 95% CL limits on BR(t — qZ2):

observed (—10) expected (+10)
3ID + (TL+2ID) 0.73% 0.61% 0.93% 1.4%
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Search for same-sign tt production

@ Production of same-sign top pairs at LHC:

M>v M>v
et ikt

e s-channel: new colour-triplet (Q3) or sextet (V3) [Q = 4/3€]
e t-channel: new colour singlet (Z’) or octet (9’) [Q = 0]

e For resonance masses > EWSB scale:
I gauge-invariant effective four-fermion interaction

CuL Crr
LaF = %7/\ Oy t) (Uyute) + 35 A2 7 (Ury"tr)(UAYutR)
/

Cir 1Cla,+ _
%T(UL’Y t)(Uryutr) — /\2 B (U tuo) (URbyutra) + h.C.

49/59



Search for same-sign tt production

Events / 30 GeV

@ same-sign dilepton (¢ /) topology

10°=

b 4
\
" U
iy I*
T T T T T
E [Ldt=104t0"\Ns5=7Tev —e— data
L ATLAS real
charge flip
fakes
uncertainty

100

120 140
EM* [GeV]

logé\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\E
[ ATLAS ]
S [my=1Tev ]
2, >
30
- 0 GeV ]
~ I
®1 CMS 95% CL i
2 _ATUASInclusve 9596 __]
CT)_ ATLAS 95% CL g
1 -
) o E
© \ 2 1
r SM | — Prediction from ' B
1IN I I i 7 e P
10
0 01 02 03 04 05 06 0.7 08

Acg (M > 450 GeV)

Chirality Median expected

68% range

Observed Observed

config. limit, o limit, o limit, o limit, C'

LL o< 1.8pb 1.1-3.2 pb o < 1.7 pb Cr/A? <0.35 TeV—2

LR o < 1.7pb 1.0-3.0 pb 0 < 1.7pb  Cprr/A% C| /A% < 0.98 TeV 2
RR o < 1.7pb 1.0-3.0 pb o < 1.7 pb ('m,x//\2 < 0.35 TeV 2
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@ Top quark physics entered the precision
measurements era

@ Many analysis dominated by systematics

@ LHC combinations are needed in the top sector

@ The top quark looks quite SM-like (so far)

@ LIP team at ATLAS very active in top quark physics

@ This is a very active field: stay tuned for news!
(2012 dataset is being analysed)
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Pileup suppression

JVF[jet2,PV1]= 0
JVF[jet2,PV2]=1

« Reject fake jets from pile-up

P fluctuations using jet-vertex
) Sy association

» Similar technique used to
suppress pile-up on missing ET
Jet Vertex Fraction (JVF)

@ A 08 T T T T T T T T 3
2 3 . 7;AfLAé Preliminary  Anti-k, R=0.4 EM+JES
<] - - =
5 ATLAS Simulation % EVs=7Tev. [ Ldat=21" ;yT o8 GV, <29 E
g PYTHIA QCD dijets 06 =
© anti-k, R=0.4 3
T —4— Data 2011 =

2x10“cmzs‘ 25ns pile-up 0.5
P, 220 GeV, i< 2.0 §

Z ALPGEN MC10
—4— Data 2011 (UVFI>0.75)

t

[ Hard-scatter jets 0.4 E— Z ALPGEN MC10 (UVFI > 0.75) - _f

I Jets from pile-up 3 F —.— 3

e -

0.2 =

01 3

0 ey b1+ 111 3
0 02 04 06 08 1 1 2 3 4 5 6 7 8 9 10>10

Jet vertex fraction (JVF)

Number of primary vertices

(slide from Ariel Schwartzman’s talk at ICHEP’12)
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Constraining g/g radiation: central jet veto

e measurement in dilepton channel of the fraction of events without an additional jet
with transverse momentum above a threshold in a central rapidity interval

e comparison to 4 MC generators (MC@NLO, Powheg, Alpgen and Sherpa)

Gap fraction
Gap fraction

£ 1.05]

Theory  Da

I T T ) O R R 26768686700 125 45 e 8 00 O T I T
9 1Gev] Ql6ev] 0,162 Q1601

e |y| < 2.1: reasonable description of the data

e 1.5<|y| < 2.1: too much jet activity predicted

e |y| < 0.8: MC@NLO produces too little activity

e results constrain ISR uncertainties in other ATLAS measurements

e alternate measurement: veto on events where scalar sum of pr of additional jets is
above threshold in central region (gives similar conclusions)
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ces: boosted objects

J2] T T T T il 8 ‘ 1 Gl E

8 1 ATLAS Preliminary = Nopartonmerged] o ATLAS Preliminary

K il Simulation, parton level 4 2 partons merged 2 q Simulation =

g 0_3j + ' v 3 partons mergedi S anti-kT, R=0.8 é

g I ++1—'+ 1 4 e 3

8 &+ S +,L+ ] i — alljets E

T 0.6 i . : 3

- C = T++ ++ L 1 aEl L A1 diogoee resolved 3

[ - :2::2: 4 B iR 1LY o] partial (bq) 3

0.4 1 T g o E

[ I ) N

[ - S S+ ] — partial (qq’) 3

[ - i T ] - -

02f -, - 3-.-- monojet E

[ - . ] 3

o it-a PSSy _ S M e el 0 E iz s . Y. E|
500 1000 1500 2000 2500 50 100 150 200 250 300

Mtt [GeV] Jet Mass [GeV]

56/59



Probing the Wib vertex: spin asymmetries

@ polarised top decays ' 0
b
1 dr 1+ ax COS Oy 0, JF
r - / N0
I dcosfy 2 7 LY
I ax depends on the K
anomalous couplings P
X = top decay product => px = momentum in 7 rest frame

p; = jet momentum in ¢ rest frame

. Ay N(Q>0) -N(Q <0)
0 =cos(px,p;)) =>» N(Q > 0)+N(Q <0)

_ %Pux [P =095 (1) P=—0.93 (7)]

[PLB 476 (2000) 323]
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Probing the Wib vertex:

single top production cross-section
q 7 q g 8 ¢ q ¢
b 4 b b woog b

o =osm (VE+ K" VE+K"YEV VR + k% g2 + k97 g3 + k99 g1 g + ... )

@ the « factors determine the dependence on anomalous
couplings

@ the « factors are, in general, different for t and t production

@ the measurement of the single top production
cross-section allows to obtain a measurement of V| (= Vy,)
and bounds on anomalous couplings
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W polarisation beyond helicity fractions

@ New idea to study top decays: [NPB840 (2010) 349]
=z consider transverse and normal directions

g => W mom in ¢ rest frame
5, => top spin
N=5x§
T=g§xN

meaningful for polarised ¢ decays

(e.g. in single top production)

0y => angle between ¢, §

rmine F, Fo, F_ 1 dr 3 5 . 3 5 3 .
dete B Lo F*{[Ciysoi(:g(lJrcost)‘F‘\;+§(17c056f)‘F\+Zsm2(i‘f’(1-}\,

o = angle between ¢, T
determine FT, F{, FT

Ay =3[FY -] Al ~064PImg|

0) = angle between ¢, N
determine FYY, FY, FN
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