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Setting the scene: Top in the Standard Model

The SM top quark:
) Spin 1/2 fermion, charge +2/3. [
) Weak-isospin partner of the bottom quark
» Most massive constituent of matter
my = 173.29 = 0.23(stat.) & 0.92(syst.) Gev /2 (CONF-2013-102)
D~ 40 times heavier than bottom quark
b Short lifetime: 7 ~ 4 x 1072 s

P Decays faster than hadronisation
D Spin information passed to decay products

) Large Yukawa coupling in SM: Y; > 0.9.

Force
Carriers

A ‘w‘ww.eIseviencomlloca(elphyslé(b
Wy bt

The Higgs boson:

) The last piece for the Standard
Model puzzle was discovered at the
LHC (CERN) on July 2012.

b Mhiggs ~ 126 GeV
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Top discovery

The top quark was discovered in 1995 by the CDF and DO collaborations at the Tevatron

proton-antiproton collider at Fermilab.

TEVATRON

— =wwww  CDF, PRL 74 2626 (1995)

Main In]ector.
(new)

i

Centre of mass energy: 1.96 TeV
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The top physics legacy of the Tevatron (1)

» Top quark is mainly produced in top-antitop (¢f) pairs

Tevatron Run Il Preliminary

CDF dileptons *  I-4—e—i—
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) With thousands of {f collected by DO and CDF, many
properties of the top have been studied (spin
correlation, charge asymmetry, charge, width, W
helicity in top decay).

P Almost all measurements consistent with Standard
Model expectations within uncertainties

D The measurement of forward-backward asymmetry
show more than 3¢ deviation from the SM
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The top physics legacy of the Tevatron (2)

) Single top quarks can be produced by electroweak interaction via three channels:
t-channel, s-channel and Wit-channel.

D0 and CDF made first observation in 2009 | Sensitivity to some models of BSM physics that
will change the s— or t— channel cross section
3 DG 2.3 fb”
e § iy _1
@ 600 2 @ DG 9.7 fb
c I Data + c 1 s
g th+tgb W S |
w Wijets = S 40 2 sSD
= ti 8 - 3 sD
k= r Multijets = ,3 F
2 500t S 3 °
& 200- 8 3r s
=) F [ S A @ Measurement
oL U 2 o sm
0 02 04 06 08 1 F O Four generations
) | n O Top-flavor
Ranked Combination Output 1 A Top pion
r 0 FCNC
Lo i1y 1 | | P
Expected 223 single top events from % 1 2 ® 3 4cti . 5 o
4519 b-tagged selected events cross section [pb]

v

) Since they are looking for a small signal in a very large background (S/B ~ 0.05), these
analyses introduced the use of Multivariate Techniques: Neural Network (NN), Boosted

Decision Trees (BDT).
) The first evidence of the s-channel single top production at DO was published in 2013
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Top quark physics at the LHC

Top pair production:

Events /10 GeV.

DataMC

T aTLAs Pvellmlnzry !

E \5=8 TeV L=20.3 fb'
6000/ -
Lo,
o0 ® Data2012
E ] 1f Powheg+PY

. Fake lepton
3000}

F '1. PowhegsPY
— MC@NLO+HW
2000}~ Alpgen+HW
-,
3 .

-w
4000~ = Zejets E
1 Diboson
o

o ey,

21559 events observed,
2640 expected to be
background (S/B ~ 7)
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Electron p, [GeV]

V.

) LHC have opened a new era for high precision measurements top quarks.

Single top production:

ATLAS Preliminary - Data

\s = 8TeV, |Ldt = 20.3 |w
[
1-jet 1+
e e 3 Diboson
D20 +jets
B Fake lepton
77 Uncertainty

NI A T A i

i

p,“uepi wepz E'“ \etI][GeV'I

13159 events observed,
1140 expected to be Wt
(S/B~0.1)

» LHC top physic program complementary to Tevatron:
D Same production mechanism but at different rates

D Higher centre-of-mass energy

D Large top quark samples available at 7 (2011) and 8 TeV (2012):
» More than 10x top quarks produced than at Tevatron with ~ 5 fb—1 (2011)
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Results presented based on:
4.7 fb1(2011) to 20.3 fb~1(2012)

F ATLAS
25— Preliminary

F [WlLHe etivered
20~ | |ATLAS Recorded
[l Good for Physics

2012, \s = 8 Tev

2011,Ns =7 TeV.

Total Integrated Luminosity [ft]

oct gt peft 3\ oct
Month in Year

ot

v SEXN
= xy Gk 283 N N
A 7 f E
&l e e
\ WO
4 { g W
\ 1 B ! LAr hadronic end-cap and
b ] forward calorimeters
Pixel defector
Toroid magnefs LAr elechromagnelic calorimeters

‘Muon chambers Solenoid magnet | Transition radiafion fracker
Semiconductor fracker

) High detector operation and data quality efficiency: f ATLAS Online Luminosty T ;
D Detectors, trigger & DAQ systems working very well. j; B \E= 7TV, fLat= 521" 4= 0.1 |

D Average fraction of operational channels close to £ E
100% for all subsystems. g E

) Pileup challenge: i E
D Reach higher values of pile-up without degrading E
performance. 10 15 20 25 30 35 40 4

D Twice more pileup in 2012 than in 2011. Mean Number of Interactions per Crossing
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Top quark production at LHC

15% g — g annihilation Main mode (85%): gluon fusion
K : g t et
—
;Nfu< W
— _ _ S
. t g P
Calculations available up to NNLO + NNLL accuracy ||- (7 TeV) = 177.315; pb
with m; = 172.5 GeV J (8 TeV) = 252'94:1134%2 pb
t-channel
q q Wt channel s-channel

—>7—>— b t q t
W t w W
+
b y _
xll&!ll/—é— 9 w q L

Approx NNLO  mmb (7 TeV) = 64.6 £2.4pb | o(7TeV) =157+ 1.1pb | o(7 TeV) = 4.6 +0.2 pb
m=1725GeV |  o(8TeV)=87.8+3.4pb | o(8TeV) =224+15pb | o(8TeV) =5.6+0.2pb
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Why is the top quark so interesting?

Top physics is one of the main pillars of the physics program at the LHC:
» Direct probe of the Standard Model:
» Measurements of the top-pair production cross-section provide:

b Test of perturbative Quantum Chromodynamics (QCD) calculations
) Test of the SM description of the top quark decay

» Measurements of the single top production provide a test of SM predictions:

) Production cross-section and direct determination of the quark mixing matrix
element | V| — Test of unitarity of the CKM matrix
) Probe of the b-quark structure function

» Any observed deviation from the SM predictions would give hints to
different models of new physics
» Several scenarios with direct/indirect coupling to new physics
) Excited quarks, charged Higgs, charged W-like bosons, composite models
» Top is an important background in searches to Higgs and several
expected beyond the SM (BSM) processes
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Top quark decay in SM

In the SM, top quarks decay nearly 100% into a

L g
W and a b quark w+
v,
» W decays either to quarks or leptons t
) Classified according to W boson decay b
Top-pair Branching Ratios
’h
di-leptonic 9 b © -
v O
L] L]
4 1 8% % Proton Proton
° ° X LS en o -
Proton Proton "'s.‘ff-,‘z ana @ 0 b
o B ¥

° all-hadronic 45.7 %
¢ e+jets 14.8%
p+jets 14.8%

semi-leptonic &
b

T+jets 13.5%

L]
Proton

o@ b

(%

L]
Proton
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Ingredients for top quark physics

Top physics analysis involve a broad range of signatures: leptons (e, x, 7),
jets, E"ss,

@

@ -

°
Proton

b-jet
= Recognize b-jets with high efficiency and
rejection against light jets
= Displaced tracks or secondary leptons
* Used various taggers algorithms
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Leptons

) Electrons reconstructed combined the information of

tracker and calorimeter.

D Electron reco. efficiency closed to 98% in 2012
D Good description of data by MC

) Muons reconstructed combined the information from
silicon tracking and muon systems
D Muon ID reco. efficiency ~ 99% in 2012

) Taus identified through the reconstruction of their

hadronic decay products.

D Challenge: Used multivariate techniques like BDT to
remove jets and electron faking tau candidates

) Most of the lepton systematic uncertainties related to:

D Reco., ID and trigger efficiencies.
D Momemtum, energy scale and lepton resolution.

) Lepton uncertainties affect cross-section

measurements up to 6%.
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Jets, b-jets & Missing Transverse Energy

o

) Jets reconstructed with the anti-k; algorithm from -§ 0 a;ﬂ:é;;n‘::mw%om situconection  ATLAS P‘renminaryg
topological clusters of energy depositions with a g gt ] s e es
o U =i Relalive i silu Jf E|
distance parameter of 0.4 uz‘: 0. E}:‘: ?:;"pg:iﬁri‘s‘ﬂzv:f‘s E
D Several corrections applied to account for pile-up, 2 ﬁ‘mz e, uerage 2012 condtions 3
vertex position, n & pr effects (based on simulation). £ 003 E!
D Residual corrections for in-situ techniques. .02
) Jet Energy Scale uncertainties at the level of 1 — 2%  *“L... —
= b . . — " 20 3040 107 A0 100 240
8 aab oyt o' 1Ge
£, 22 BemmEel » Missing transverse energy calculated as the
¥ 2F o + negative of the vectorial sum of all objects in the
18F Voo 8Te )
160 ILd«:{ 7" *z:*_* event ) ) ) ) )
1af Otspp20Gey ot EJISS = E'SS(e) + ET"5(v) + E'®5(jets) + EJ'SS(SoftTerm) + E'S9 (1)
121 - i
o ) Jet and soft terms are the most affected by pileup
8’ I TS D Pileup suppression improves EmT,Ss resolution, but
%24 e 0 12 e e s worsen the scale by over-correcting the soft terms
Npv o T
=}
. . . . . o g - 7]
b To recognise b-jets with high efficiency: I | ATLAS Proiminary J““’Z“"" 1s=8TeV ]
D several algorithms based on his characteristics. e.g. R
long lifetime and large mass to identify the secondary 4 i
decay vertex. E i
= 1
) b-tag efficiency systematics up to 8% and the O8] [ o metros ota eron b
mistagging of jets also considered as systematics + POF melhodsat. ero | MheeTR
20 30 40 50 607080 10° 210" 310
joip, [GeV]
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Backgrounds estimate

) Backgrounds are events that pass the same requirements as signal because of:
) same final state & kinematics
) detection imperfection

) There are several methods to estimate the background sources:

» By Monte-Carlo (MC) simulation (see next slide)
) By data-driven methods;
W +jets and multijet backgrounds are difficult to model in simulation

b Multijet; Matrix method:
Using real/fake efficiencies in loose/tight selections
b W + jets; Charge Asymmetry Method
The number of W+jets events (Ny.jers) is estimated by measuring the difference between

the number of events selected with an antilepton (N*") and with a lepton (N ):
. _
Nwjets = R( W)X(Nt[:az - Ntléi )

with N, and N, measured in data. The factor R is the inverse of the W charge
asymmetry and it is also extracted from data
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Montecarlo & predictions

b Monte Carlo simulation consist of several steps:

P Matrix element included:

) Leading-Order (LO) or Next-to-Leading-Order
(NLO) calculations

) Top quark decays

Parton Density Functions (PDF)

) Other effects: Spin correlation, V-A structure,
Top and b masses

v

D Non-perturbative part of the event generation:
) Showering including Initial and Final State
Radiation (IFSR)
) Hadronization and Factorization
) Color reconnections, underlying event, pileup

) For single top and (t signal modelling several MC are used:

Matrix element Shower & Hadronization PDF Tune
MC@NLO Herwig + Jimmy cteq66 or CT10 AUET1/2
POWHEG Pythia 6 cteq66 or CT10 Perugia 2011 C
ALPGEN Herwig + Jimmy ctegsll AUET2

) Alternative MC samples are produced to estimate the generator, parton
shower/fragmentation modelling and IFSR uncertainties

) Calculations of the theoretical cross-section for tf and single top are available at NNLO,
including the resummation of next-to-next-to-leading logarithmic (NNLL) soft gluon terms
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Physics analysis steps

» Start with the output of reconstruction and apply an event selection:
» Select sample(s) enriched in top quark events with requirement on the
reconstructed kinematic objects quantities
» Event selection designed to improve the signal (S) over background (B) in
your event sample
» Extract measured distributions by technique that involves:

» subtracting/accounting for the effect of the background
» correcting for detector effects (unfolding the measured distribution)
» accounting for efficiency/acceptance corrections

) Assess statistic and systematic uncertainties on the measured quantity
» Comparing data to theory

Carolina Gabaldon (LPSC) Top quark production in ATLAS January 31, 2014 17/48



Run Number: 182424, Event Number: 2582762
Date: 2011-05-21 20:51:17 CEST

m EXPERIMENT

tt—=71+p
Hdilepton candidate
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Inclusive top-pair cross-section summary

Summary of measurements of the top-pair cross-section compared to the
corresponding theoretical expectation

ATLASICMS Preliminary o, summary, 5 - 7 TeV. TOPLHOWG

ATLAS, diepton
ATLAS, alljots ()
ATLAS combined

oS, aljes ()

CMS combined

LHC combined (Sep 2012) —— 173 24 816pb
ATLAS, lfets, boXav —t—t

16522217300
ATLAS, 51
ATLAS, 5 clts
ATLAS, al jots
oMS, ujts
oM, diepton

13941042643 pb

ATLAS Preliminary

Data 2012,J5 = 8 TeV

Channel & Lumi

Single lepton 5.8 fb”" ———s——s

Dilepton (e) 203fb" e

12 Sep 2013

NNLO+NNLL (top++ 2.0)
PDFALHC m,,, = 1725 GeV
scale uncertainty
scale+PDF uncertainty

stat, uncertainty

total uncertainty

o5 (stal) £(sysl) £(lumi) (€, )

241x2+31£9pb

238+2+7+7+4pb

150 200 250 300 350

o, [ob]

» LHC o results at 7 TeV:

D Broad range of measurements from ATLAS and
CMS experiments for nearly all of the expected
final states

Results consistent with standard model at 7 TeV
LHC combination:

og =173 £ 8 (stat.) £ 6 (syst.) pb
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» ATLAS o results at 8 TeV:

D First measurements in Single lepton
and Dilepton channels

) Following slides shows these
NEWEST measurements
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Single lepton channel @ 8 TeV: analysis strategy

) Analysed data corresponding to 5.8 fb—1
(ATLAS-CONF-2012-149)

) Selection:

>
»

4
4

One isolated e or i with pr > 40 GeV, |n| < 2.5
At least 3 jets with pr > 25 GeV, |n| < 2.5

with at least 1 b-tagged

e+jets: ET™° > 30 GeV, mr(W) > 30 GeV

p+ets: EFSS > 20 GeV, mr(W) 4+ EFSS > 60 GeV

» Main backgrounds:

>
4

vector boson production (Z/~x*+jets, W+jets), single
top and diboson (Z2Z,WZ,WW) are simulated with MC
multijet is estimated using the data-driven Matrix
Method.

) Analysis:

>
4

Carolina Gabaldon (LPSC)

Number of {f events (Ny) is extracted using a
likelihood discriminant template fit.
Discriminant variables using in the fit: ne,,, and
aplanarity (A’)

Top quark production in ATLAS
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]
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[
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B Single Top
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0 a MDD O a4 N WA OO N

°
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1
n+=3 jets f Ldt - 5.8 16
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g

1,

-‘A.
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Single lepton channel @ 8 TeV: results

S16000[- ATLAS Preliminary

o
Sy Jra-sem

- \s =8 TeVv
[ Wadets . Multijet
12000[ g Z+Jets Ml Single Top Dibosons

O 0.10.20.30405060.70809 1
Likelihood

» The {f production cross section:
_ Nit
L x BR x egjg

L: integrated luminosity, BR: branching ratio,

Ot

<sig product of signal acceptance and efficiency

) Main systematic sources:

Ewooo ATLAS Preliminary J‘ Lat — 5.8 o
5 f - pata n+=3 jets \s =8 TeVv
EISC0OL [ Wadots . Muttijet
14000[ Wl Z+Jets MM Single Top Dibosons.
12000 Vw/
10000 Z /47/
Z
8000 _ ZZ
so00) f <
4000/ =
2000 (/W/J
o
'-3 1.4]
2 1.2
e =
o.8|

0 0.1 0.20.30.4050.60.7 0.8 09
Likelihood

o = 241 £ 2 (stat.) £ 31 (syst.) £ 9 (lumi.) pb

» Signal modelling (11%) and jet uncertainties (5 — 6%)
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Dilepton channel @ 8 TeV: event selection

) Analysed data corresponding to 20.3 fb—! (ATLAS-CONF-2013-097)

) Selection:

» Require exactly one e pair with opposite sign each isolated
» One or two b-tagged jets (very pure signal selection)
» For all objects: pr > 25 GeV, || < 2.5

) Main backgrounds all modelled with MC:

» With two real leptons: single top Wt production and Z — r7+jets and
diboson (ZZ,WZ,WW)
» With one real lepton and one fake lepton: Z+jets and single top t-channel

T T

. Fake

— MC@!
Alpge

T
ATLAS Preliminary
\s=8 TeV L=20.3 fb"
® Data 2012

1 t Powheg+PY

- Wt

 Z+jets

1 Diboson

Powheg+PY

Jets /0.05

lepton

P FET A

NLO+HW
n+HW |

vl

|

Data/MC

|
!
gl

z
f

Data/MC

(o]

N
©
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' ATLAS Preliminary
\s=8 TeV L=20.3 fb'
® Data 2012

] tt Powheg+PY

- Wt

~ Powheg+PY
— MC@NLO+HW
Alpgen+HW

B Z+jets
[ Diboson
mm Fake lepton

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9
b-tag weight
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Dilepton channel @ 8 TeV: results

) Analysis:
» Number of {t events in the 1 b-tag (N;) and 2 b-tag (N») signal region is

extracted using a maximum likelihood fit.
» Simultaneous estimation of o; and the efficiency to reconstruct b-tag jets

(eb)

b reduces jets and modelling uncertainties

Ny =L o eeﬂng(‘l — Cbeb) + N1bkg ) ey efficiency to pass eu preselection
lations between two b-tagged jets
B 2 bkg ) C, corre gged j
No =L (o eeltcbeb + N2

og = 237.7 = 1.7 (stat.) = 7.4 (syst.) £ 7.4 (lumi.) £ 4.0 (beam energy) pb)

b Main systematic sources:

» Luminosity (3.1%), beam energy (1.7%), signal modelling (1.5%) and
electron ID (1.4%)
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Differential top quark pair cross section ]
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dogz/dX @ 7 TeV: event selection

» Analysed data corresponding to 4.6 fb—!
(ATLAS-CONF-2013-099)

) Lepton + jets selection:
D Exactly one isolated lepton e or u with
pr > 25GeVand |n| < 2.5
D Atleast 4 jets with pr > 25 GeV and || < 2.5
and at least one b-tagged jet
P EMSS > 30GeV & mY > 35GeV

) Method:
D dog/dX spectra measurement in bins of pt,
Mg, ¥ and Pt
) (tkinematics spectra reconstructed using a
maximum likelihood fitter to the reconstructed
objects (m¥, ETss, 15! ptag pr).
) Likelihood function includes Breit-Wigner
functions taking advantage of the known
W boson and top quark masses, as well
as transfer functions relating the
measured lepton and jet energies to the
corresponding parton level energies
b logl > —50

Carolina Gabaldon (LPSC) Top quark production in ATLAS
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doy/dX @ 7 TeV: reconstructed variables

) Differential cross-section determination:

D Reconstructed variables are unfolded used
regularised unfolding (SVD) after background
subtraction

) To correct for detector effects and
acceptance

do _ 1 ¥ M;'[Di- D]
dX; — AX; BR-L-¢

M migration matrix derived from simulation, e: efficiency

p Differential cross-sections are normalised

D systematics not related to the shape cancelled
in the ratio

) Main systematics:
D Jet energy scale (~ 3%), signal modelling
(~ 2%), b-tagging efficiency (~ 2%)

) The unfolded distributions are compared to
different MC generators and theoretical
predictions
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doy/dX @ 7 TeV: MC generators

) Comparison to several generators ALPGEN, MC@NLO and POWHEG:

Data is softer than prediction Overestimation by MC@NLO and POWHEG for y < —1
Best data description by POWHEG+HERWIG Best data description by ALPGEN+HERWIG
y
= E T T 3 b‘ E T T T T T T T
E E ™ o Data E S8 amaspreliminary Data 1
[omt 7 L 4
b“_& § o, ©  ALPGEN+HERWIG 7 J. Ldt=461b" ¢ ALPGEN+HERWIG
8 L ]
v—‘: 10_3 | -, = MC@NLO+HERWIG | 1= \s=7TeV = MC@NLO+HERWIG —
E 4 POWHEG+HERWIG g E 4 POWHEG+HERWIG E
C “Ra. ATLAS Preliminary ] [ - ]
r JLdl:A.GIb" 1 r o o 1
4L — . 4
10 E \s=7TeV E
C . ] 0, w . o noa
Il Il Il Il Il Il Il L Il L Il Il Il Il Il Il L N
1 S FrHy B
o] . @ oA
i e o — g8 -t e e
05E .. 1 | | | | | L O8C, ]
0 100 200 300 400 500 600 700 800 25 2 45 -1 05 0 05 1 15 2 25
p‘T [GeV] Yq
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doy/dX @ 7 TeV: predictions

) Comparison to several predictions:
D NLO QCD predictions with CT10 PDF

D NLO + NNLL calculations using the MSTW2008NNLO PDF
) Some trend visible but they agree within uncertainties
) Worst agreement is observed for NLO + NNLL predictions

Comparison with NLO Comparison with NLO+NNLL
= E T T 5 = F T T
E g Data E E [ == Data
P f## NLO QcD ] 5&“0'3 L - [ NLOSNNLL
,t_’“.f’ 100 — ATLAS Preliminary |: E ATLAS Preliminary 3
0% — A C ]
E J Ldt=4.6 b’ E r S J Ldt=461b" 1
L \s=7TeV ] Vs=7TeV
L i 104 =
10 - [ ]
| | , i | | i E
158 T T T T T T T E= 4 15EF
E Z|
9g {p— 23
Zla E 3e
F |
0.5, | | L | | | L Z L L L L L
0 100 200 300 400 500 600 700 800 500 1000 1500 2000 2500
pl[GeV] m, [GeV]
T 4
v v
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dO’tt/dX @ 7 TeV: PDF sets

) Predictions of various PDF sets are compared: CT10, MSTW2008, NNPDF and HERAPDF
using NLO theory calculation

Disagreement at high pr for all predictions HERAPDEF gives the best data description
need more data to gain significance deviation at high m;; for others
g 1.8 B e e
8 1.7E ATLAS Preliminary Data E 8 175 ATLAS Preliminary - pata 3
-~ E y o CT10nlo E N 4 O CT10nlo ]
g‘ 1.6F | Ldt=4.61b 0 MSTW2008nic] g 1.6 | Ldt=4.61fb 0 MSTW2008nio]
2 45F A NNPDF23 7 2 45k A NNPDF23 1
F F\s=7TeV o HERAPDF 1.5 | F FEs=7TeV HERAPDF 1.5 7
1.4F E 145 3
130 L3 130 |3
1.20 , ﬁ E 1.2F P
3 t W a by I
: R iy S TS .l
4k S Q B 4k (Ol 9 9 §
R ) E Fan 13
3 E 0.9 3
.8: sl b b b b b3 0.8:“““““““““‘ Lo bbb b d
0 50 100 150 200 250 350 800 25 450 550 700 960 2700
Pl [GeV] m, [GeV]

) Data has the sensitivity to test the predictions, indicates that including these measurements
could improve future PDF fits.
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Run Number: 179739, Event Number: 10617167

Date: 2011-04-16 01:19:41 CEST
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Single top quark production summary

Summary of measurements of the single top-quark cross-section compared to the
corresponding theoretical expectation

— T T T T T T T T T T3
FATLAS Preliminary 12 Sep 20137
[ single top-quark production t-channel

2
1

102

§//l///r\u_o»,NNLL atm, = 1725 GeV

TTTTTT]

™ MSTW2008 NNLO PDF ) Results in all channels in the single
I stat. uncertainty top quark sector at 7 and 8 TeV

10 s-channel 3
1 ) Present here the LATEST results at

$t-channel 1.04 b pL 717 (2012) 330
Zt-channel 5.8 fb' ATLAS-CONF-2012-132
1 FWt2.05 fb ! LB 716 (2012) 142
TW120.3 fb™! ATLAS-CONF-2013-100

v s»chamlel 950/rT C.L. Ii‘mit 0.7 fb™" ATLAS-CONF-2011-118
P N1 L L L

T I IR S
6 7 8 9 10 11 12 13 14
\s [TeV]

8 TeV

~

single top-quark cross-section ¢ [pb]

QT
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t-channel @ 8 TeV: analysis strategy

) Analysed data corresponding to 5.8 fb—1
(ATLAS-CONF-2012-132)

) Selection:

4
4

»

Require exactly one isolated lepton (e/ )
with pr > 25 GeV

Two or three jets with |n| < 4.5 and

pr > 30 GeV and exactly one b-tagged jet
ET$ > 30 GeV, mr(W) > 50 GeV

) Main backgrounds: W+jets, top pairs and
multijet

) Analysis:

»

Carolina Gabaldon (LPSC)

For signal/background discrimination
combine several kinematic variables into
one discriminant by using a Neural
Network (NN) technique

11 highest-ranking variables are chosen in
the two-jet (signal region) and three-jets
(control region) samples

Event fraction

Event fraction

Top quark production in ATLAS
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t-channel @ 8 TeV: results

) The t-channel cross-section is measured from the maximum likelihood fit to the NN output
distributions

Ot—channel = 95 £ 2 (stat.) £ 18 (syst.) pb J

= T — T
. . , : 8 [atLAs Preliminary R
8 6000} ATLAS Preliminary ILdt=5_8 o Vs=8 TeV © t-channel single top top+antitop,
=) 2jets SR ® data -
~ zZ [ t-channel
0 B {7, Wt,s-channel
z [0 W+heavy flavour
[0 [0 W+light jets -1
> [ Z+jets, diboson 102
[WH] [ QCD multijet C
% QCD + MC stat unc. L -
L antitop
=Theory (approx. NNLO) ]
11.04 tb” arXiv:1205.3130 |
" - §4.7 o' ATLAS-CONF-2012-056
s Ok R 75.8 0! ATLAS-CONF-2012-132 ]
T 02 E P T T A
0 02 04 06 08 1 5 6 7 8 9 10 11 12 13 14
NN output CM energy [TeV]

) Main systematics: IFSR (9.1%), b-tagging efficiency (8.5%) and jet energy scale (7.7%)
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Wt channel @ 8 TeV: analysis strategy

T T T T T
ATLAS Preliminary —e- Data

\s = 8TeV, | Ldt = 20.3 fo”' Wt

W i

[ Diboson

3 Z(t7) + jets
. Fake lept

) Analysed data corresponding to 20.3 fb—1 O e

(ATLAS-CONF-2012-100)

) Selection:
D Require two opposite sign leptons (only
ep) with pr > 25 GeV
D One or two central jets with pr > 30 GeV
and at least one b-tagged jet

) The main background is the top pair

ep 1-jet 1-tag
P

80 100 120 140
p*(lept, lep2, ET™, jet1) [GeV]

production ATLAS Preliminary -+ Data
R \s = 8TeV, Ldt =203 fb" =\{vt
12 Analy5|s: ep 1-jet 1-tag Dgibosan
D To separate the Wi signal from the large tt / i e,
background a multivariate method called 22 Uncertainty

BDT is used.

D 19 highest-ranking variables are chosen in
the signal region (exactly 1 b-tag) and 20
for the control region (at least 1 b-tag)

I EEE N FEL EETE A FAa

Z 4
0753040 60 80 100 120 140 160 180 200
TS [GeV]
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Wit channel @ 8 TeV: cross-section measurement

1-jet signal region; S/B ~ 0.16; 80% top-pair 2-jet control region; S/B ~ 0.05; 90% top-pair

T T T T T T T T

ATLAS Preliminary +Data
\S=8TeV, |Ldt =203 b"

Wi
ep 1-jet 1-tag ODiboson
Y, BZ(17) + jets
% WBFake lepton
2 Uncertainty

DZ(w) + jets
[ Fake lepton

ZUncertainty =

1.

| e Pl

) The Wt cross-section is measured from a maximum likelihood fit to the full BDT clasifier
distributions ~
D The 2-jets control region constrain the {7 background uncertainties
D The impact of systematic uncertainties is evaluated using ensembles of pseudo-experiments
4 Fevy systematics are profiled in the fit to data: b-tag, JES detector modelling component,
ET" scale contributions
Consistent with SM expectation at 8 TeV:

owt = 27.2 £ 2.8 (stat.) & 5.4 (syst.) pb _
Significance: 4.20 (4.00 exp.) J ow =22.2+0.6+14pb

) Main Systematics: generator & PS modelling (~ 8%), b-tagging (~ 9%) and JES
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Wit-channel @ 8 TeV: background-subtracted BDT

) Subtracted the background prediction from the data to check the robustness of our analysis
) Data points follow the Wt signal prediction (blue distribution)
D Wi signal is clearly visible

) The systematic uncertainties affect the lower part of the 1-jet bin distribution

1-jet signal region 2-jet control region

B [ T T T T T T T T | g [ T T T T ]
S [ ATLAS Preliminary -o-Data-background - S 500 ATLAS Preliminary -o-Data-background
2 a0k 4 Ew E e F 4 Ew ]
g r \s=8TeV, |Ldt=20.3fb" ,// Background uncertainty 1 % 400~ \s=8TeV, [Ldt=203tb" 7/ Background uncertainty —|
] E : ! o £ : ]
> [ epl-jet1-tag ] > r eyl 2-jet >1-tag 1
& 200 - & 3001 e
100F- E 2 g E
E . 100F- E
% :
100 -100 E E
S I 777/ [ T E SN, B

05 -04 -03 02 -01 0 01 02 03 04 05 -0.4 -0. . 04 0.6
BDT Response BDT Response
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Direct | V| measurement (t and Wt channel)

) Measure of | V| assuming left-handed SM-like W-t-b q techamnel Wechannel
coupling and | V| >> | Vis|, | Vigl: vy

oobs

2 _
Vi - fI° = otheory

with f =1in SM
» Independent of Ny« generations or CKM unitarity

t-channel: |V; - f| = 1.0474 % > 0.80 (95% CL) J

Wt: | Vi - f| = 1.10 £ 0.12 > 0.72 (95% CL) J
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Summary

) Top pair production cross section is measured in

ATLAS for all of the expected final states

) Differential cross section measurements

important to constraint SM modelling differences

P Current measurements start to be
discriminanting

E T T T T T T T
Pt fonaremont-99% ATLAS+CMS Preliminary
o TOPLHCWG

OMS lptonviets L = 280

Inclusive tf cross section [pb]

200

S NNLOSNNLL (pp) 5

S NNLO+NNLL (98) 7 ]
Czakon, Fiedier, Milov, PRL 110 (2013) 252004
| Tip =, 1726 GeY. POFP g5 uncertajnties acoorajng tg PDFAHC

2 3 4 5 6 7 8

\'s[TeV]

Summary of LHC and Tevatron measurements of o;
compared to the NNLO + NNLL resummation

) ATLAS has performed a complete set of single
top analysis:

P Measure production cross-sections
D Direct extraction of | V;b|

T T T T T T T 3
F ATLAS Preliminary 12 Sep 2013

[ single top-quark production t-channel ]

Wt

|

NLO+NNLL at m, = 172.5 GeV
MSTW2008 NNLO PDF
T stat. uncertainty

s-channel 3

Ft-channel 1.04 fb™" pLe 717 (2012) 330
Zt-channel 5.8 fb™! AtLAs.conF-2012-132
EW1t2.05 b pLe 716 (2012) 142

DWWt 20.3 fb™! ATLAS.CONF-2013-100

el 95% C.L. Iin"nit 0.7 fb™" ATLAS.CONF-2011-118
L 1 Il L L

1
6 7 8 9 10 11 12 13 14
\s [TeV]

Lo

single top-quark cross-section  [pb]
Q=TT T

|

¥ s-chan|
1

Summary of measurements of the o (single top)
compared to the NNLO + NNLL resummation

Measurements are in good agreement with theoretical predictions J
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Prospects

) We have learned a lot about the top quark recently:

D LHC experiments measure the mass, properties and cross-section with good precision
P CMS and ATLAS started to combine their results understanding the different analysis
strategies and systematic determination approaches

) Challenges for future top analyses at LHC:

D Increase the precision by constraints of main systematics uncertainties: generator
modelling, jet energy scale and b-tagging efficiency (in situ)
) Effort on boosted top topologies

) Even more interesting at higher pp energy:

p The rapidly increasing dataset and detector understanding is quickly opening
unprecedented phase space for exploit sensitivity to new physics linked to top
production

Carolina Gabaldon (LPSC) Top quark production in ATLAS January 31, 2014 39/48



BACKUP




Single lepton channel @ 8 TeV

Number of observed/expected events from signal and backgrounds.

e+23 jets H+23 jets

tr

3100073700 44000+4000

W+jets 5700+£2400  9000+4000
Multijet 1900+ 900 1100+ 500
Z+jets 1400+ 600 1200+ 500
Single top 3260+ 160 4610+ 230
Dibosons 115+ 6 158+ 8

Total Expected | 43000+4000 61000+£6000
Data 40794 58872

Systematic uncertainties (%) on the inclusive tf cross section

Source e+ >3 jets  p+ = 3jets combined
Jet/MET reconstruction, calibration 6.7,-6.3 5.4,-4.6 59,-52
Lepton trigger, identification and reconstruction | 2.4, -2.7 4.7,-4.2 2.7,-2.8
Background normalization and composition 1.9,-2.2 1.6,-1.5 1.8,-1.9
b-tagging efliciency 1.7,-1.3 1.9,-1.1 1.8,-1.2
MC modelling of the signal +12 +11 +11

Total +14 +13 +13
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Number of observed/expected events from signal and backgrounds.

Event counts Ny Ny
Data 21559 11682
Wt single top 2070 £220 360 + 120
Dibosons 120+ 90 3+
Z(— 1T — ep)+jets 210+ 10 8+1
Misidentified leptons | 240 +70 110 £ 60
Total background 2640 £250 480 £ 140



Dilepton channel @ 8 TeV (2)

Systematic uncertainties (%) on the inclusive tf cross section

Uncertainty Aeq/€&p  ACH/Ch | Aovifon Ao | Ae/e
(%) (%) (%) (pb) | (%)
Data statistics - - 0.72 17 | 057
1 modelling 0.91 -0.61 1.52 36 | 0.61
Initial/final state radiation 0.76 0.26 1.23 29 0.37
Parton density functions 1.08 - 1.09 2.6 0.06
QCD scale choices 0.30 - 0.30 0.7 0.00
Single-top modelling - - 0.38 09 | 056
Single-top/i interference - - 0.15 04 | 025
Single-top Wt cross-section - - 0.70 1.7 0.24
Diboson modelling - - 0.42 10 | 019
Diboson cross-sections - - 0.03 0.1 0.01

Z+jets extrapolation - - 0.05 0.1 0.02
Electron energy scale/resolution 0.43 0.01 0.48 11| 003

Electron identification/isolation 1.28 0.00 1.42 34 0.05
Muon momentum scale/resolution 0.01 0.01 0.05 0.1 0.02
Muon identification/isolation 0.50 0.00 0.52 12 0.01
Lepton trigger 0.15 0.00 0.16 04 | 001
Jet energy scale 0.46 0.07 0.49 12 | 011
Jet energy resolution -0.44 0.04 0.59 14 | 008

Jet reconstruction/vertex fraction 0.02 0.01 0.04 0.1 0.01

b-tagging - 0.13 0.42 1.0 | 0.09
Pileup modelling -0.30 0.05 0.28 07 | 005
Misidentified leptons - - 0.38 09 | 012
Total systematic 229 0.69 3.12 74 1.02
Integrated luminosity - - 3.11 74 | 011
LHC beam energy - - 1.70 40 | 000
Total uncertainty 229 0.69 477 113 1.17
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dO’tt/dX @ 7 TeV (1)

Number of observed/expected events from signal and backgrounds.

etjets ptjets
it ({+jets) 11200 + 1500 13100 + 1600
i (dilepton) 850+ 140 930 + 140

Single top 560 + 120 660 + 150
Wjets 920 + 360 1300 + 400
Multijet 400 + 200 200 + 40
Other 180 + 80 113 +£30
Prediction 14100 + 1600 16300 + 1700
Data 13167 15752
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dO’tt/dX @ 7 TeV (2)

Unfolded normalised diferential cross-sections for the different variables

Carolina Gabaldon (LPSC)

P [GeV] T (107 stan T%1 syst [%]
Oto 50 34:01 =2 =4
50t 100 67001 +1 =1
10to 150 5.2+0.1 +2 +2
150t0 200 2.66+0.08 =2 £3
W0to 250 L14+004 +2 =3
250t0 350  0.33:002 +3 =5
350to 800 0.018+0.002 +6 =10
mi[GeV] I TI07]  star [%] syst [%]
250w 450  250:008 =1 =3
450t0 550 273+007 +1 =2
550t 700 L0O2+0.04 =2 =4
700t 950  0.23+001 +3 =4
950102700 0.0076:0.0005 =4 £5
PL1GeV] ”? | 10—-] stat. [%]  syst [%]
Oto 40 14£2 =3 =10
40w 170 3.1+0.4 +2 =10
170t0 340 0.25:0.06 =4 =20
34010 1000 0.008+0.002 =8 20
e }%\m—ﬂ stat. [%]  syst [%]
25w -10 B1+3 +2 +3
-1.0w -05 32119 +1 +3
03w 0.0 43619 +1 =2
00w 035 42347 +1 =1
05w 1.0 321+5 +1 =1
100 235 8745 +3 +4
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f-channel @ 8 TeV (1)

Number of observed/expected events from signal and backgrounds.

Control region

Signal region

2 jets 3 jets 2 jets 3 jets
r-channel 2500 + 100 951 +38 5210 + 210 1959 £ 78
s-channel 1235 38+2 343+ 14 100+ 4
Wi 1000 + 70 840 + 60 1570 + 110 1363 £ 95
tr 5710 + 570 7790 + 780 11700 £ 1200 15300 + 1500
W-light flavour 21300 + 6400 6700 + 2000 5500+ 1700 1160 + 350
Wheavy flavour 41000 +20000 12500 + 6200 | 12000 + 6000 3900 + 2000
Z+jets, diboson 3800 + 2300 1640 + 990 1200 + 720 410 + 240
QCD multijet 5400 + 2700 3200 + 1600 3000 + 1500 1650 + 830
Total Expectation 81000 £ 22000 33600 + 6900 | 41600 + 6600 25800 + 2700
Data 73668 29177 40663 23687
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t-channel @ 8 TeV (2)

Breakdown of the uncertainty on the t-channel cross-section.

Source Ao [%]
Data statistics =24
MC statistics +29
Background normalisation =15
‘QCD multijet normalisation +3.1
Jet energy scale =717
Jet energy resolution =3.0
Jet reconstruction =0.5
Jet vertex fraction =16
Mistag modeling =03
c-tagging efficiency =04
b-tagging efficiency =85
s £23
Lepton efficiencies +4.1
Lepton energy resolution +22
Lepton energy scale =21
PDF =28
W Hets shape variation =03
W +jets extrapolation =0.6
t-channel generator =71
if generator =33
ISR /FSR 9.1
Parton shower =08
Luminosi 3.6
Total systematic +18.8
Total +19.0
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Wt channel @ 8 TeV

Breakdown of the uncertainty on the Wt

cross-section.

Source Ac/o [%]
observed expected
Data statistics 7.1 8.6
Number of observed/expected events from MC statistics 28 35
signal and backgrounds. Experimental uncertainties
Lepton modeling 24 24
Jet identification 0.2 0.6
Process 1-jet 2-jet Jet energy scale 10 12
b-jet energy scale 5.0 6.3
Wit 1140 = 190 710+ 100 )

- Jet energy resolution 0.7 0.2
1t 5700 = 800 12700 + 1400 E¥iss scale 4.1 5.0
Diboson 120 + 30 79 +28 E¥iss resolution 4.5 53
Z(r7) + jets 110+ 40 90 + 40 Flavor tagging 8.4 9.4
Fake lepton 27+ 14 22+ 11 Theory uncertainties
Total Expected 7100+ 1100 13600 + 1600 ;‘gfg overlap modeling l;‘ ;f
Data Observed 6906 13159 Background normalization 3.6 4.4

ISR/FSR 5.9 6.0
Wt generator and PS 11 11
tf generator and PS 15 9.2
Luminosity 3.7 3.9
Total (syst) 20 23
Total (syst+stat) 21 24
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