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Top quark ID card

Name: Top quark

(UAL),
97)

Discovery: CERN
(Nature 310,

Mass: 40 GeVv
Charge: +2/3e
Generation: Third

Production: w2tb (~100%)
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NEWS AND VIEWS—

CERN comes out again on top

With the discaovery of the electroweak basons (W= and Z°) in the bag, CERN now announces the

discovery of the quark called top.

THE Matthew principle — “‘to him that
hath shall be given”” —is working in favour
of CERN, the European high-energy
physics laboratory at Geneva, and of the
UAI collaboration which, at the end of last
year, announced the discovery of the W=
and Z° particles which mediate the electro-
weak interaction. Last week, the same
80-strong collaboration, under the leader-
ship of Carlo Rubbia, announced the dis-
covery of the missing sixth quark, called
top, long-predicted but hitherto elusive. By
doing so, they have put yet another cap on
the electroweak theory while restoring a
seemly symmetry to the evolving picture of
quarks as the elementary constituents of
the material Universe.

‘The new development at CERN follows
almost exactly along the lines expected
(and described, for example, by Dr F.
Close in his comment on the electroweak
bosons, see Naiure 303, 656; 1983). The
source of the sixth guark is a charged
boson, W* or W-, first recognized at
CERN by their decay into an electron (with
electrical charge of the same sign), with
excess momentum carried away by a
neutrino. Events of this kind accumulated
at CERN in the past two years have amply
confirmed that themass of the W* particles
is that predicted by the electroweak theory,
the equivalent of 82 = 2 GeV. The neutral
member of the trio of heavy basons, the 2°,
is less frequently produced (by a factor of
about 10) in the proton-antiproton
collisions at CERN, has a greater mass (to
the tune of an extra 12 GeV) and is chiefly
recognizable by its decay into a pair of
electrons, positive and negative.

Although the chief decay path for the
W* bosons is that by which their existence
was first recognized, it has from the outset
been accepted that decay schemes leading
to the production of quarks should be
recognizable alternatives. Briefly, a W*
particle should be capable of yielding a fop
and the antimatter version of a bottom
quark. (W- would then yield anti-rop and
anti-bottom.) For the past two years, there
has been general agreement on the way in
which these particles could be recognized.
The bottom quark {or anti-quark) would
itself decay into a narrow jet of nuclear
matter — pi-mesons for example. And the
top quark, with a greater mass, would first
decay into bortom and then yield another
jet of particles, this time less tightly colli-
mated. Since the first evidence for W*
particles began to accumulate at CERN,
people have been wondering whether some

What will come next?

of the events recorded by UAI were signs of
decay of this kind. Six events have now
been unambiguously identified as the
decay of W* into fop and bottom; the mass
of top, estimated at 40 GeV, remains sub-
stantially uncertain.

For the time being, however, the proof
that rop exists is enough to be going on
with. In the simplest terms, the asymmetry
that has now been removed is that between
the set of known electron-like particles and
the set of quarks. For reasons which are
frankly not understood, the natural world
contains not just one material lepton, the
electron (and its anti-particle, the
positron), but two others, the muon and
the tauon (each with its oppositely charged
anti-particle). With each of these three lep-
tons is associated a distinctive neutrino,
recognizably different in the mechanisms
by which they interact with matter but, on
present form, not otherwise distinguish-
able — they have no electrical charge and
no mass. But neutrinos are, like electrons,
true leptons — they are involved symme-
trically with electrons, muons and tauons
in the working of the weak nuclear inter-
action (as in beta decay).
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Distribution of measured top quark mass.

The idea that quarks should also come in
pairs, and that there should be as many
pairs of quarks as there are pairs of leptons,
is more an act of faith than a consequence
of theoretical expectation. To be sure, if
the world is symmetrical in this way, it is
possible to build neater theories, more
symmetrical than would otherwise be the
case. But that is merely a sign that, in its
foundations, theoretical physics remains
Pythagorean.

Phenomenologically, the need for
symmetry has nevertheless been urgent
since the late 1940s. The recognition of the
difference between the pi-meson and the
muon first raised the puzzle of the
apparently superfluous lepton. The dis-
covery (in cosmic rays) at thesame time of a
new kind of hadronic (nuclear) matter,
called strange because that is what it was,
set the scene for Gillman's radical proposal

that mesons such as the pi-meson, but also
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the strange particles themselves, are pairs
of quarks — the pi-meson is a pair called up
and down for example. But nucleons, such
as protons and neutrons, and other
‘baryons, are combinations of three quarks
— the proton, for example, is two up
quarks and one down. The partner of
strange, discovered only in 1975, is charm.
Evidence for boftom, also known as
beauty, was found in 1977 in the proton-
proton collisions arranged at Fermilab,
where a meson whose mass exceeds the
equivalent of 9.4 GeV was surmised tobea
bound state of bostom and anti-bottom.

The quark called fop (and also, some-
times, truth) is thus the missing member of
the series. [ts appearance has been expected
for some time, but is no less welcome to the
closet-Pythagoreans on that account. What
will, in the short term, matter more is that
the steady refinement of the mass now on
the cards should make possible a degree of
certainty about the nature of some still
disputed hadronic particles and res-
onances. While the electroweak theory
itself has been further confirmed, CERN
and its UAI collaboration have provided a
more stringent test both of theories of
«quantum chromodynamics {theories of the
strong nuclear interaction) and of Grand
Unified Theories (which would roll that
together with the electroweak theory but
not — yet — with gravitation). Only time
will tell whether the outcome is any
confirmation of some version or another
surprise — yet another pair of leptons or
quarks, for example.

Inevitably, the question will arise in
Britain whether the discovery of the top
quark at the collaborative high-energy
physics laboratory will bear on the
decision, now delegated to a commiliee
under Sir John Kendrew, on whether
Britain should continue to collaborate. The
arguments run both ways. The discovery of
fop means that CERN’s list of unattained
achievements has been reduced by one, but
at the same time the laboratory’s repu-
tation for success has been enhanced. It is,
however, unlikely that the committee’s
recommendations will be determined by
scalp-counting of this kind, while high-
energy physicists will properly draw
attention to the need, now, for the careful

ing of the ionships b
the six quarks that will come only from
more careful measurements of the decay
schemes now recognized, and of the
alternatives still to be found.
JohnMaddox




Top quark ID card

TOP QUARK

Name: Top quark &y‘

Discovery: Tevatron, 1995
(CDF, PRL 74 p. 2626 and
DO, PRL 74 p. 2422)

240

Mass: 173.34 + 0.76 GeV

(Tevatron - LHC combination
arXiv:1403.4427)
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Why top quark physics?

0 Most massive known fundamental particle
0 Large Yukawa coupling: ¥; > 0.9

¢ Production time < Lifetime < Hadronization time < Spin decorrelation time:

1 1 1 m
— < = < < —
m¢ It Agcp Aocep

unique opportunity to study a “bare” quark

¢ Production and decay rates are strong tests for SM predictions
0 Background to Higgs and new physics (SUSY,...)
0 (In)Direct coupling to new physics in many scenarios

q t q t

q
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Top quark production at the LHC

aAB 2t (\f5,m) = z fdx dox; f (i, ) (o, 1F) 6970 (p, mé, a3, x5, @ (), 1)

B Y
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Top quark pair production and decays

] t gosooor——
Pair production mechanisms at LHC E%W ] :
g t goooos
¢ Gluon-gluon fusion (~85% @ 7 TeV) “ ;
¢ Quark-antiquark annihilation a> < ;
Decays Top pair final states
ot - Whb(~100%)
"alljets"” 44%
I", q
+ ~/!
t W \ V’ q t+ets 15%
b
W — lvl ~33% L + jets 15%
W — qc?’ ~66% "dileptons” ° """ uLepton + jets”
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Top pair signatures

"alljets" 44%

0 High pr (b)jets
0 Up to 2 high pr leptons

t+ets 15%

0 Missing transverse energy v 28,

p + jets 15%

e + jets 15%

"dileptons” “Lepton + jets”
Tipical backgrounds:
w
oW /Z + jets
0 Single top b
(’ t
0 QCD processes " .
0 Dibosons
\'\

Aperitivi scientifici - 25/09/2015 Marino Romano - Top Physics at LHC 7




Tracking Electromagnetic Hadron Muon
chamber _calarimeter _calorimeter _chamber

ATLAS & CMS =

Barrel Inner cal Tile -

i alorimeter L
Toroid  golencig  Detecter Liquid Argon
Calorimeter

CMS DETECTOR STEEL RETURN YOKE n

Magnetic field 2T solenoid + toroid (0.5 T barrel, 1 T endcap) 4 T solenoid + return yoke
Tracker Si pixel, strip + TRT Si pixels, strips
o o
— ~5-107*p; + 0.01 — ~ 1.5-107*p; + 0.005
pr pr
EM Calorimeter Pb+LAr PbWO4 crystals
7 1% 1 0.007 7 275% 0005
E~ VE E~ VE '
Hadronic Calorimeter Fe+scint./Cu+LAr/W+Lar (104) Cu+scintillator (5.81+catcher)/Fe+quartz fibres
o 50%+003 a~100%+005
E E ’ E VE |
Muon pi ~ 2% @ 50 GeV to 10% at 1 TeV (ID+MS) pi ~ 1% @ 50 GeV to 5% at 1 TeV (ID+MS)
T T
Trigger L1+Rol-based HLT (L2+EF) L1+HLT(L2+L3)
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Cross section measurements




How to measure cross section?

Definition: ny;, = n,,4 + L - 0 -detector/selection efficiency

n
. _ nsig —Ne:

¢ Cut and count (n,4,., = ng;,): maximum likelihood solution of
the poisson hypothesis

0 Using shapes: use variable(s) sensitive to cross section to
separate signal from bg

ngit

L-e

0 Fit number of signal events—>o¢ =

0 Fit cross section directly
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tt inclusive cross section:
summary

o(tt) @ /s = 7 TeV

ATLAS+CMS Preliminary ag summary, \s =7 TeV TOPLHCWG

scale uncertainty
scale @ PDF @ ag uncertainty

NNLO+NNLL (Top++ 2.0), PDF4LHC, mo= 172.5 GeV

Sep 2014

stat. uncertainty

=== == = {otal uncertainty
o =(stat) =(syst) =(lumi)

o(tt) @+/s = 8 TeV

ATLAS+CMS Preliminary G; summary, \s

______ NNLO+NNLL (Top++ 2.0), PDF4LHC
my, =172.5 GeV
scale uncertainty
scale ® PDF & ag uncertainty

ATLAS prel., e/p+jets ——
ATLAS-CONF-2012-149, L,,=5.8 b’
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CMS, e/j.L+Th
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s bint
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ATLAS, T+l e 186« 13+20=7 pb L=21fo
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CMS, 7, # o | 143+ 14=22+3pb L =221
CMS, 1, sHets P —'-| 162+ 12+ 32+ 3 pb L,=3.9 fo
CMS, all jets i 139+ 10+ 26+ 3pb L,=35f
(") Superseded by results shown below the line i’ﬁﬂ,;‘ula:g,:?::fzﬁgy uncertalrty: 3.3 p
Illllll\‘llll‘\II\‘\III‘I\II\III‘I\
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arXiv:1406.5375, L, —20.3 fo’
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JHEP 02 (2014) 024, L,,=5.3 fo'

LHC combined ey (Sep 2014) -
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-054,

241.5+:1.4+5.71 6.2 pb
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Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
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400

Good agreeement of
all measurements
with SM predictions

Experimental
uncertainties
already comparable
with theoretical
ones

Dilepton eu
measurement is the
most precise
measurement to
date
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tt inclusive cross section:
summary
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Top quark measurements

Phase space definitions

M

A 4

<

‘Fiducial’ phase space:

0 Phase space region that closely mimic
the actual detector coverage

0 Same reco cuts applied to “truth”

objects
0 Define “truth” objects, e.g. stable
particles entering the detector, as close
as possible to physics objects
reconstructed in the detector

v" Avoids model-dependent large
extrapolations

v Common fiducial regions can be
defined among different experiments

x Measurements cannot be compared
with higher order predictions

‘Full’ phase space

0 Measurements extrapolated to 4 and
in the total energy range

v Common fiducial regions can be
defined among different experiments

v" Could allow comparisons with higher
order predictions

x Model-dependet extrapolation outside
the detector acceptance
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tt inclusive cross section
ey channe] 778 =71

Vs =7TeV, [ Ldt = 4.6 b1
\/——8TeV,det=20.3fb 1

0 Simultaneous fit of the total and fiducial tt production cross section, b-jet
reconstruction and tagging efficiency in 1- and 2-btag samples

0 Significant reduction of major (btag) systematics Ni = Log €0 26(1 — Cyep) + Nlbkg
¢ Fiducial phase space: less MC generator dependent Ny = Loy €0,Chep® + N8
0 No extrapolation to the full phase space
= 300— ——
2 ATLAS i
cx v e, uy en, 0.7 fb . NNLO+NNLL predictions
eu N_/ET™*, 4.6 fb™ ]
250 o ot blag 46t . 7 TeV: att = 177.3 4 9146 pb
| eubitag, 203" ] 8 TeV: of{* = 252.9 + 11. 7+ o pb
200 ]

@tal cross section [pb]
7 TeV:0, = 182.9 1+ 3.9%]
8TeV: 0, = 242.4 + 4.3% 7

150 NNLOSNNLL _ Fiducial cross section
:BT: 1632-5 e rtainties following PDF4LHC ] 7 Tey: O'tf T 2 615 pb i 3 8%
Cg uncertainties roliowing -
100 —— b 8 TeV: 0, = 3.448 pb + 4.1%
Vs [TeV]
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tt inclusive cross section
el/l Channe CMS-PAS-TOP-15-003

=13 TeV, [ Ldt = 42pb~1

Number of events

Cut and count: Source Qj:'u.:
. Drell-Yan 6.4+ 1.2
0 Isolated OS eu pair, p; > 20 GeV Non-W/Z leptons 85 + 4.3
o> 2 jets, D > 30 GeV no btag Single top quark  10.6 £ 3.4
VV((V=WorZ) 26+09
0 my > 20 GeV Total background  28.1 £ 5.7
tt dilepton signal 207 + 16

42 pb” (13 TeV) Data 220
%130 CMS W -+ Data

®460l Preliminary Mt

w 140 I Non W/Z

§120 - :\//:rl Measured cross section

gmo B 2y — &' Total: 6, = 772 + 60(stat) + 62(syst) + 93 (lumi) pb
=z

Fiducial: 6, = 12.9 + 1. 0(stat) + 1. 1(syst) + 1. 5(lumi) pb

NNLO+NNLL predictions
o = 8321325 (scale) + 35(PDF + ay)

Data/MC
+

—

0 1 2 3 4 5 6 7
Number of jets
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Top quark pairs differential cross section
measurements

Total o, measurements show very good agreement with the SM

 New physics phenomena can still affect the shape of o,

Top reconstruction strategies

‘Resolved’ topology

0 Optimized for low-p; (< 300 GeV) top quarks

0 Top-quark decay products are well separated
and can be recostructed individually

0 Top-antitop kinematic evaluated from the
reconstructed decay products

‘Boosted’ topology

0 Optimized for high-p; (> 300 GeV) top quarks

0 Top quark decay products are not isolated

¢ Hadronically decaying top quark is
reconstructed in a single large radius jet
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Top quark pairs differential cross section
measurement: what do we meausure?

Definition of the object “top-quark”

e

<«

‘Parton-level’ top:

0 the top quark approximately after final
state radiation and before decay.

‘Particle level’ top ((;r pseudo-top):
0 Observable constructed from stable
particles directly related to the top

v “Defined” in the full phase space
x Parton top is a colored object >
definition dependent on the MC
generator
v Comparable with higher order Matrix
Element predictions (with some
caveat...)

Aperitivi scientifici - 25/09/2015

v'Defined in detectable phase space.

v'Based on well defined quantities

v'Easier comparison to future MCs

v'Should be formulable as Rivet routine to

act on MC generated final state

x Not directly comparable to ME
calculations.

x “true" top kinematics are smeared—>
could be less sensitive to new effects.
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Top quark pairs differential cross section
measurement: what do we meausure?

Definition of the object “top-quark”

4 7 >

<«

‘Parton-level’ top: ‘Particle level’ top (or pseudo-top):
0 the top quark approximately after final 2 Obsc?rvabl(? constructed from stable
state radiation and before decay. particles directly related to the top

Hadronic pseudo-top

_—
Leptonic pseudo-top Parton top

Parton top
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Top quark pairs differential cross section
measurement: what do we meausure?

Definition of the object “top-quark”

4 7 >

‘Parton-level’ top: f ‘Particle level’ top ((;r pseudo-top):
0 the top quark approximately after final 2 Obsc?rvabl(? constructed from stable
state radiation and before decay. particles directly related to the top

ATLAS: JHEP 06 (2015), 4.6 fb™1, 7TeV

> T T ‘ T ‘ 3 — L e s
'_|(GDJ 10% is=7TeV I:i Parton-level hadronic lnp-quarké %; 900: ATI‘.AS Si‘.'nulaticln ‘ I ;s:T‘TeV
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- ] - - . ]
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g POWHEGH+PYTHIA « 700f

. o
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x
107 400

102 = 300
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3 090gq00% .

§ wee® —— ] 100
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1 do

, ME & PS dependence

o dpT tt
Z T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
= 1 =
< - — Madgraph (LO, pp— tt), no PS m
- — Madgraph (LO, pp— tt) + PS (Pythia) -
- Alpgen (LO, pp— tt+Np) + PS (Herwig) |
B — McAtNIo (NLO, pp— tt) + PS (Herwig)
107 =

102

103

%W%WWWHMM

0 20 40 60 80 100 120 140 160 180 200 220
ptruth [GeV]

T it
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Particle level reconstruction

R 1) Reconstruct neutrino 4-momentum applying W mass constraint

\ :
\ 2) Reconstruct W from lepton and neutrino

lept
cpron 3) Select two highest p; b-jets

4) Reconstruct leptonic top from W and closest b-jet

* t 5) Reconstruct W from two hardest light jets

\ w light jet

b-jet light jet

6) Reconstruct hadronic top from W and the remaining b jet

The pseudo-tops reconstruction is identical at reco and particle level with the exclusion of the neutrino that at
particle level is taken from truth




Parton level tt via a kinematic
likelihood fit

0 The tt system reconstruction is performed trough a kinematic fit using a maximum
likelihood approach

L =|B (ﬁp.l . ﬁp‘ﬂ My l"u-) -B (}_i- E'L,|m W l"u-) . Breit-Wigner functions for top and W
decays (my,/; and Iy, from PDG)

B (E'p,] . ﬁp‘g__ ﬁp_qhn.«._ Fg) B (f'.g E., Ep_.1|1rm. l"f) .

w (Ef'ﬂﬁ:.p) -W (E:tmhay,v) -W (E-!r:p| E?r-'p) ' Energy transfer functions

1

N - AP a ark’
H W (Ejr:f-flﬂp-z) P (b tag | quark), Jet flavor probability
i=1

0 The likelihood assesses the compatibility of the event with a top-antitop pair production

0 The algorithm is fed with > 4 reconstructed highest-pt jets (and their b-tag info), the lepton
and the E7"*°

0 The output is the permutation of the four jets, lepton and EX**S that maximizes the likelihood
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From reco to ‘truth’ spectra

- Parton/particle
Reconstructed | | _ level cross
— ol -1 J ] _nJ
J section
> AR R R RN AR R AR RARAN SRR RRRRE RS
8 1800:ATLASPreIiminary Ii”?a‘a ] > ] R A R AR R AR R REAE RAR==
: 1600 i Single t — 6] E ATLAS Preliminary Fiducial phase-space 7
§ Fls=8TeV, 2030 — V\}rl]ge?s ®o < Fis=8TeV,20.3%" , paam ]
I 1400 . ﬁd\?}gzmz — U I d . - 107 — PWG+PY6 h,,_=m, E
B ] e E PWGHPYS h,..o=m, E
1200— B Fake lept. — nfo Ing o o MC@NLO+HW ALﬂETQ .
= 2. Stat.+8yst. unc. T = —— MadGraph+PY6 P2011C =
1000 - & E e PWGHHWE AUET2 3
C ] = C Stat. unc. ]
[ - . . 3= Stat.+Sysl. unc, _
500 1 Procedure applied everytime we 107
S00F 1 want to correct distributions from 'L N
400f 1 reconstruction and selection effects F -
200 = 10 .
5-(.5_). 1.2; ' 4 b + . ém 1.4;2 1 Lovanloiay] ! s
S5 =7 /WMAVW 7% ] gs 12
& 0.8 - 1 g g E
0 100 200 300 400 500 600 700 800 900 1000 o oss 200 200 560 800 1000
Pt [GeV] P} [GeV]
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From reco to ‘truth’ spectra

i
Xpart

1 J
- Seff ZMU acc( reco _kag)
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Differential cross section @ 8 TeV
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Differential cross section @ 8 TeV
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Differential cross section @ 8 TeV

CMS: CERN-PH-EP-2015-117 (arXiv:1505.04480)

Analysis performed in the single lepton and dilepton channels CMS, 19.7 o' at 15 = 8 TeV
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Differential cross section @ 8 TeV

CMS: CERN-PH-EP-2015-117 (arXiv:1505.04480)

Parton level results ( + comparison with ATLAS)
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Differential cross section @ 8 TeV

CMS: CERN-PH-EP-2015-117 (arXiv:1505.04480)

Particle level results

CMS, 19.7fb'at s =8 TeV CMS, 19.7fb'at is= 8 TeV
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Main sys. uncertainty: parton shower/hadronization (comparison between Pythia6 and Herwig).
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Can we do better?

Phys. Rev. D 90, 072004
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http://link.aps.org/doi/10.1103/PhysRevD.90.072004

Can we do better?

Phys. Rev. D 90, 072004
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http://link.aps.org/doi/10.1103/PhysRevD.90.072004

tt differential cross section: boosted tops

CMS-PAS-TOP-14-012 ATLAS-CONF-2014-057
1_do (CMS) for high-pr top quarks

0 Semi-leptonic (e/u) Channel: boosted hadronlc top defined as a single large-R jet
0 Fiducial (particle pseudo tops) and total (parton tops) phase space measurements
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Let's not forget about single top!

Single top-quark can be produced via electroweak interaction, involving a Wtb vertex

t-channel s-channel Wt-channel
q q q t b W b w
w+
w g t
q b
t
b t g g t
Vs o (t-channel)[pb] o (s-channel) [pb] o (Wt-channel) [pb] NLO+NNLL with
mt =172.5 GeV
8 TeV 87.8+ 34 5.6 £0.2 224+15

Phys. Rev. D 83,091503(R) (2011) | Phys. Rev.D 81, 054028 (2010) | Phys. Rev. D 82, 054018 (2010)

Measurement of the single top production provide a test of SM predictions:
* Production cross section and determination of |V |
—> test of unitarity of the CKM matrix
* Probe b-quark structure function
Probe for BSM physics
* Resonances (W,H+,...), vector like quarks, anomalous couplings
* Background for Higgs and several BSM processes
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s-channel cross section
q

Semileptonic signature:

* One isolated high-p lepton
* Two central b-jet

e Missing transverse energy

0 The most channeling single top process at the LHC
0 Low cross section
¢ Difficult to separate from the backgrounds

0 Main backgrounds: top pair and W+jets

0 Multiavariate analyses based on Boosted Decision Tree
(ATLAS/CMS) and Matrix Element method (ATLAS)
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ATLAS-CONF-2015-047

s-channel at 8 TeV (ME method

Event selection:
0 Single isolated lepton (p; > 30GeV, [n| < 2.5)
0 2 central, b-tagged jets (pr > 40(30)GeV for 1°(2°) jet
Analysis strategy:
0 Define a discriminant

X as;P(X|S;)
Y asP(X|S)+X; ap,P(X|B;)

P(S|X) = —> probability for a measured event (X) to be a signal event (S)

0 Per event probabilities computed using theoretical calculations
0 Discriminant evaluated in the signal region, tt and W+jets control regions

2] I I I I w I I I
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s-channel at 8 TeV (ME method

ATLAS-CONF-2015-047

<O\
0 s-channel cross section extracted via a binned maximum likelihood fit of the Q\Q& Q\,CD
ME discriminant in the signal region &QQ’L

150 T T I I

o0

'§ ATLAS Preliminary J‘ Lt = 203 16
L ¢ Data - background
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50— / i 1 1’

- S W v // Zdh

L A / +
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g, = 4.8 + 1.1(stat.) 135 (syst.) pb . First EVIDENCE
Significance 3.2¢0 (exp. 3.90) of the s-channel production at LHC
ol = 5.61+0.22 pb

Aperitivi scientifici - 25/09/2015 Marino Romano - Top Physics at LHC



Top Mass measurements
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Higgs potential stability
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Top quark mass measurements

¢ What do we measure?
0 Mtgenerally extracted directly from decay products

0 We compare to Monte Carlo expectations, so basically we really measure
“MC parameter” m;

0 How?

0 Variety of techniques: compare a predicted shape with measurement,
calculate likelihood of a sample as a function of top mass...

¢ Uncertainties:
¢ Dominated by systematics: mostly jet & theory related
0 The top is actually the most precised measured quark
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Top quark mass in Run I

Top mass summary
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TopLHCWGSummaryPlots

ATLAS+CMS Preliminary m,, summary, (s=7-8 TeV TOPLHCWG
B St 2074 — sasonsr
total uncertainty = = = total uncertainty
. My, = tot. (stat@JSFEbJSF = syst) s Ref.
ATLAS, l+jets (*) — e 172.31= 1.55 (0.75 = 1.35) 7 7ev [1]
Precision on m. measurement ATLAS, dilepton (*) —e — 173.09 = 1.63 (0.64 = 1.50) 77ev [2]
t CMS, l+jets —» - 173.49 + 1.06 (0.43+ 0.97) 77Tev [3]
at LHC is constantly improving CMS, dilepton — -—| 172.50 + 1.52 (0.43 = 1.46) 77ev [4]
CMS, all jets — o — 173.49 =+ 1.41 (0.69+ 1.23) 77Tev [5]
and getting closer to the LHC comb. (Sep 2013) e 173.29 + 0.95 (0.35 = 0.88) 77ov (5]
1. i World comb. (Mar 2014) e 173.34 + 0.76 (0.36 = 0.67) 1.96-7 Tev [7]
precision achieved at Tevatron ATLAS, I+jets —e—1H 172.33 = 1.27 (0.75 = 1.02) 77 [g]
ATLAS, dilepton —ie — 173.79 = 1.41 (0.54 = 1.30) 77ev [g]
ATLAS, all jets !- ° =1175.1+1.8(1.4+1.2) 7 TeV [9]
ATLAS, singletop  F——i—e --—| 1722+ 2.1 (0.7 + 2.0) 8 TeV [10]
ATLAS comb. (Mar2010) e 172.99 = 0.91 (0.48 = 0.78) 77ev [5]
CMS, l+jets e 172.04 + 0.75 (0.18 £ 0.74) 8 Tev [11]
CMS, dilepton I—o—-—| 17247 £+ 1.41 (0.17 £ 1.40) s8Tev [12]
CMS, all jets o i 172.08 + 0.89 (0.37 = 0.80) 8Tev [11]
CMS comb. (Sep 2014) e 172.38 + 0.65 (0.14 = 0.64) 748 Tov [11]
g [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
vay 2015 e e A
(*) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
. [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
shown below the line : [6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010
Colo o b e

165 170 175 180 185
my,, [GeV]
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Top quark mass at ATLAS

EPJC 75 (2015) 330

Most precise measurement in ATLAS
s=7TeV, [ Ldt =4.6fb~ !

0 3D template fit in the lepton+jets channel
0 my, global jet energy scale factor (JSF) and b]et energy scale factor (bJSF)
¢ 1D template fit in dilepton channel

0 Templates: My reco, Mip reco Mw reco ANd Ry °° (ratio of the sum of the pr of the

bjets from the top and light jets from the W) C ATLAS
0.03= Simulation, {s= 7 TeV

=1615GeV5

=172.5 GeV ]

177.5 GeV |

0 Templates built by varying the fit parameters
in Monte Carlo

= linear me JSF | bJSF
dependency for signal
and bg mt,reco v IZI IZ
M= linear
dependency but not
fitted reco v | 0_005

v =linear dependency
for signal only Mip reco v M | 0440 160 180 200 220

Mgy’ [GeV]
0 Probability density functions for each parameter evaluted by fitting each template
distribution for signal and background
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Top quark mass

arXiv:1503.05427, Submitted to EPJC

Vs =7TeV, [ Ldt = 4.6 b1
o tt kinematics reconstructed by a fit maximizing an event likelihood=> m; yeco, My reco
and Rj§“°

0 m; is not fixed in the fit

0 Signal and background PDFs are used in an unbinned likelihood fit to the data for all
events separately for 1 and 2+ btag samples:

L(mt,recor mW,reCO'R{IJeCO |mt']SF; b]SF: nbkg)» l+jets

L(mlb,reco |mtl nbkg); dilepton L@ 104 N 1o sltat. cont. 2‘2b
0 —=—— 1o stat. cont. 1b
0 Results in the 1 btag and 2 btag samples are in ool T ostat cont comb. it |
good agreement '
0 First time implementation of an m; measurement
. : - 1.00— —
with simultaneous constraint on m;, JES and b]SF
0 Single and di-lepton results are combined using ) oal. ATLAS |
BLUE Vs=7 TeV, 4.6 b |
| | |
comb _ 171 172 173 174 175
mg°™’ = 172.99 + 0.48(stat) + 0. 78(syst) T (Gev)
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Top and Higgs
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Top & Higgs associate
production

0 Since the Higgs discoveries the focus of experiment has been to measure its
properties including its coupling to SM particles.

0 Higgs observed decaying to H-yy, H5ZZ*—>4¢, HoWW*—fvfv, evidence for
H-tt.

0 The large mass of the top quark implies a top Yukawa coupling ~1.

0 There is already sensitivity in to the top-Higgs coupling from gg fusion Higgs
production and from the decay to photons via loop interactions

g
N
N N ..
ey ©
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Top & Higgs associate
production

Production mechanisms:

0 Higgs + top pair: direct measurement of the top-Higgs
coupling

0 Higgs + single top: sensitive to Wt interference—>relative
sign of the top-Higgs coupling
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ttH results from ATLAS and CMS

0 Measurements performed in the yy, bb and leptons (H — 7t and
H - WW - leptons) decay channels

0 The combined observed best-fit signal strengths (u = L) :

ATLAS: u = 1.81 + 0.8,

ATLAS Input measurements
Individual analysis +
y m, (GeV) - 16 on u
ttH bb';L:T,El: 125 . i e B
Multilepton: p = 2.1 :: 125 :
=137 05 ot
I I I R B
\s=7TeV, 45471 —2 0 2 4

\s =8 TeV, 20.3 fb”

Uy =1.81+0.80

Signal strength (u)

ATLAS
68% CL: el S=7TeV,45-470b"

95% CL: Vs=8Tev, 2030
T T T

' my=125.36GeV
I

L L I L
0.5 1 15 2 25

Signal strength (u)

hep-ph 1507.04548

CMS: u = 2.9015:38

osm

0-5.11b'; 8= 8 Tev, 19.3-18.7 fb!

YW ——
b [~ —a—
— L
a- ———
3= e =
Same-Sign 21 — ——
Combination — \_.—|

+1.08
“'"H = 290- 0.94

-2 0 2 4 & a 10
Best fit ofog,, at m, = 125.6 GeV
197 1" (8 TeV) + 5.1 1" (7 TeV)

CMS

i 58% CL
==g5% CL

6

Parameter value

HIG-14-009
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ttH prospects at 13 TeV

0 ttH is a top target for observation at 13 TeV

0 First stage of run2: factor ~5 improvement in stat
sensitivity:

0 5-6 more integrated lumi and 4.6 increase in signal
cross section

0 Bkg rises more slowly (factor 3.6 increase)

. . COttH
ATLAS Simulation & WH

zH
[ VBF
199
a7

/|w
@ diphoton
N ttbar

Full simulation (H = yy) @ 14 TeV

2 20%
B 0

f L dt = 3000 fo”

Events/GeV / 3 ab-1

ATLAS-PHYS-PUB-2013-007

130 140 150
diphoton mass [GeV]
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Self-referential parenthesis:
boosted ttH

Top and Higgs can be produced with a0
pr considerably larger than their 10 : : 1/G, do/dpy
masses —> potential for boosted K
: 5
topologies 107 ’ by,
x Lower rates: can be explored only .t .
in Run 2 and beyond 10k tH:pry
v" Much less combinatorial bkg (top s e Tl
and Higgs can be reconstructed as Al \Yu Ipl4 . I\IVIH Dra., |
single fat jets) 0 TI00 200 300 400 500 600 700
v Improvement for = o PGV
VB FIG. 1: Normalized top and Higgs transverse momentum

spectra in ttH production (solid). We also show pr .y in
W™H production (dashed) and the pr of the harder jet in
W™ 37 production with pr; > 20 GeV (dotted).

Plehn, Spannowsky, Salam
Phys.Rev.Lett. 104, 111801 (2010)
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tt resonances

Searches for BSM
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BSM searches using top quarks

< 4 continuum SM
u .
_ _ = production
0 Many theories of new physics BSM o / ecomnt
predict final states with top quarks % /production
¢ One of the most direct ways to find b
new physics at TeV scale is searching R
for resonances ~Mz  M[TeV]

0 Extra gauge bosons

0 Typical signatures:
0 (boosted) tops
0 (boosted) W
0 b-jets

‘tt’ resonance ‘Single top’ resonance
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tt resonances
7' s tt->W*TbW™b

0 Generally referred to as Z’

0 Sensitive to topcolor Z’, RS KK gluons, etc.
0 7' with widths (1-10%) of mass, g with 10-40%

0 Massive enough to produce highly boosted top quarks

fully merged
r%/e’
> 350 GeV >

lepton lepton

. . partially merged,
b-jet T AN pois -meped boosted W ;
\ / / 1/ briet X b,
/ N for AR~1.0 <200 GeV 200-350Gev ¥

>
>

pr
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tt resonances
7' stt->W*TbW™b

0 ATLAS: semileptonic channel only AT My
8 I s Setke
0 Both boosted and resolved g ol i
topologies 3w
% 1““’*—'@4«1@&7/////////////%

0 0.5 1 1.5 2 25 3 3.5
e [TeV]

0 CMS: semileptonic/dileptonic/full oy

> R R RN
hadronic channels S ol M - :
¢ Both boosted and resolved g 1oF
topologies ok
2 150 r '
P 1""""'P""";"'6'*'*}'+"+' + T
D 0'5(;‘”""'1'0'0b“‘+'"'éo'ob”""'écgoo
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tt resonances limits

ATLAS: JHEP 08 (2015) 148 CMS: arXiv:1506.03062, submitted to PRD
19.7 o™ (8 TeV)

E I T L] L] T I L] L] T T I T T L] L] I T L] L] T I L] L] T T E 103 E | T T T T | T T T T T T |E| T tl d 9|5°|/ éL
& 3 ATLAS Obs. 95% CL upper limit = - CMS xpected ( oo )
E‘ 10 Y’§=8 TeV, 20.3 fb1 ________ Exp. 95% CL upper limit 'E 5 __ —_— (Observed (95 Yo CL)
T [ Exp. 16 uncertainty . 10 E -=-- KK gluon
:'\_L 102 Exp. 2 6 uncertainty _a /rx B I 1o Expected
cc BN, mmaa- Leptophobic Z'(1.2%) (LOx 1.3) 3 v L +
? SN\ J — — Leptophobic Z'(2%) (LOx 1.3) 1 2 10 = 1 £20 Bxpected
L 10 TN ‘ — . = Leptophobic Z'(3%) (LO x 1.3) -5 o B
o 3 X 4L
- X E
o F
q o C
3 g 107"
é -
=10%¢
b =
sy~ , (4] c
L L '] L '] 'l L Il L Il 'l 'l L 'l 'l L 1 ~ - ' Q [
0.5 1 1.5 2 2.5 3 O 3] | | \ | L l
S oV 210705 2 25 3
mass [TeV] M, [TeV]

Model Observed (expected) limit [TeV]
(e 2210 | v o

Z’ narrow (1.2%) 1.8 (2.0) 2.4 (2.4)
7’ wide 29%:2.0 (2.3) 3%:2.3(2.5) 10%: 2.9 (2.8)
G Wide 15.3%: 2.2 (2.3) 20%: 2.8 (2.7)
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Conclusions (1)

0 Top analyses is in full swing thanks to the combined performance of
LHC & detectors: a very rich program is under way.

0 Thanks LHC top quark factory (~6M tt, ~3M single top events
produced in ATLAS only during 2011+2012) top strong and
electroweak inclusive production has been measured with
exceptional precision

0 2% 470 compared to ~4% prediction uncertainty (NNLO+NNLL)

Ott
505 . .
0 % ~12% to 15%: still space for improvement
t

0 More statistics @ 13 TeV, more refined analysis techniques...

0 Differential cross sections measurements test SM tt production
and complement new physics searches in completely new phase
space with 10% to 50% relative unc. Expect higher reach in Multi TeV
region with reduced syst uncertainties
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Conclusions (2)

0 The top mass is measured at 0.83% (ATLAS)/0.4%(World) level.

0 Direct determination of top quark coupling to the newly
found Higgs boson is still limited by number of events. Run2
expects observation with high luminosity.

0 New physics connected to top quark by
resonances/asymmetries and top rare decays is being searched
in previously unexplored regions of mass and cross sections

0 Measurement @ 13 TeV already on going:

0 Inclusive cross section (shown in this talk)
0 Differential cross section
0 Resonances
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Backup
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tt inclusive cross section eu channel

EPJC 74 (2014) 3109

Strong dependence of NNLO o on m; Constraints on stop pair production
0 Also a{***® shows (weak) dependence on m; 0 R-parity conserving SUSY extension of SM
. . : g ~0 — 0
0 Extraction of top pole mass via the with t; = t¥7 (BR =100%)
maximization of a Baysian likelihood function 0 Fit o, ¢, to the a{f'®® — of* difference
2 350;\\ ATLAS - ey 0 95% CL exclusion of stop with
% a0 e ] me <mg, <177 GeV
* [ 8Tev o \s=7rev,4.erb"4},,,m ]
g L @ \s=g8Tel,203fb !
o 250;;' # 4 : ; \m. I ] { =. L B T T T T T T
S| R SO SR c - ATLAS 1
ZOON & £ 4 ) E
L & \\'}\_‘W\% " n “NI\ Sq:) N \S = 7 Tev, 4.6 fb ]
r —_—. " 1 o C e 4 ]
C — — C N i
TR TR T T T e g g = Expected limit £1 650 =
m’™ [GeV] & [ Observed limit +1 Otheory ]
L B B B L B R c 25; N ~0 ~0 {
ATLAS Top quark pole mass from cross-section S C t1—> t x1 y m(%1 )=1 GeV ’_,"‘:,"' .
compared to direct measurement ‘- - R —
£ 2r =
DO approx NNLO: MSTW08, 1.96 TeV 2009 * 169.1_:'? : o 7
DO approx NNLO: MSTWOS, 1.96 TeV 2011 * 167577 O 1.5 —
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 e 7877° 0\0 r 7
(ATLAS NNLO-+NNLL: PDF4LHC, 7 TeV 2014 1714 + 2_; g 1 i— --------------------------------------------------------------------- —:
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 2.6 C ]
\ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 1729™7° 0 5 :— | | | : | —
ID\rlectIlectlmstlruc:fiunlLHIC+Tevalﬂmll1 2(?14| o vaf - 173;3 T Ul_a 1 70 1 80 1 90 200 21 0 220 230
A 140 150 160 170 180 190Marino Romano -[ljop Physi m- [GeV]
mf“"’ [GeV] T,




tt differential cross section

JHEP 06 (2015) 100
Vs =7TeV, L =46 b1

: : : : d
0 Top-antitop differential cross section (d—;‘() where X = m¢g, pree, [Veel, Pre and |ye|

0 Fiducial measurement: limited to the actual «visible» phase space

0 Pseudo top () observables built from stable final state objects

0 Cut-based analysis in the I(e/u)+jets channel

0 Main uncertainties: b-tag, JES and IFSR

— C T T T o B T T T T 1—— 10 L E T T =
> [ ATLAS 1s=7Tev.46f" | & - ATLAS 1s=7TeV, 46" = E ATLAS (5=7TeV, 460" 7
* Generaltrend 2§ | — o T g 188 . Ao
L] stat. ® syst. uncerl. —_ stat. & syst. uncert. L stat. @ sysl. uncert.
. —1 0'2 = = »‘l'f:":’EN\iPl‘l!THU!r| k) :.:f 10= AIL:’GiN‘:;VTHIA" —_ L - A‘L:’G‘ZN‘LF“VTHIA“
Of data belng B |4= = E=2 — — ALPGEN+PYTHIA {0, UP) 1 b “i m.. —— ALPGEN+PYTHIA (r, UP} ] 2 =:_-f B ¥ = ALPGEN+PYTHIA (iz, UP)
[} ‘é’ = e ALPGEN+PYTHIA (v, DOWN) | O 2 C —- reeenes ALPGEN+PYTHIA (o, DOWN) | O D_"'] 0 20 = == ALPGEN:PYTHIA (¢, DOWN)
r s ALPGEN+HERWIG r e =1 ALPGEN+HERWIG 1 © £ =umim ALPGEN+HERWIG ]
softer in s 0 1 '° I T - 1° g = ]
- r — b
above 200 10°%L . 15 = i ._ 1
pT,t E — E : = - . =
GeV L ] - - 10 ? é
1l B C ]
* Same 10 3 107 E C 1
- P I T TP E  T T I P I T Trr T IreT| oy W
: : E - B F B
behavior is . : . - , ‘ ‘ : 7
] 1.8 T T T T
observed by % 16 1 g l¥F | ‘ ] 8
the parton 3 12 S0 S =
o] ’ A
p _ e T3 12 3
level analysis g 03 1 8 I
L 0.6 | 1 1 | > 08;_ 3 &
’ 500 1000 1500 2000 250 w O_Eb ! ‘ ‘ ! L
0.5 1 1.5 2 2.t 800

m(t,) [GeV]
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tt + jets differential cross section

JHEP 01(2015)020
Vs =7TeV, [ Ldt = 4.6tb™1
0 Particle level measurement of 49 (with different cuts on pr j¢¢) and diatf
jets T.jet

¢ Limited by systematic uncertainties: background modelling (for n.;s < 4) and jet
energy scale (njgrs=4)

d — : :
_49tt_, cansitive to hard emissions in QCD 2%t . sensitive to the modelling of higher-order

Njets apr jet
bremsstrahlung processes. QCD effects in MC
b= = T T T — T T T
2 102; ATLAS 3 S 1 ATLAS E
— r —e— Data O] C —e— Data ]
P - ALPGEN+PYTHIA S C POWHEG+PYTHIA
= 10 — — ALPGEN+PYTHIA (o, Up) =N a4l —-_ . —— POWHEG( )-PYTHIA
o E ALPGEN+PYTHIA (¢, Down) 3 10 E mesgms T MC@NLO+HERWIG
_8 e - ALPGEN+HERWIG a F - ALPGEN+PYTHIA (@, Down) ]
- ———— o RO L g .o
- JLdt:4.sfb _ _8 ol ILdt:4.6fb B
= TEEEE E 107 = ;
- 1s=7TeV m Vs=7TeV 3
- [ . £ = ]
| antik R=0.4 s | | antik R=0.4 T
10 1 L t —— 1 073 L t —
E Inj<25 rep— E ml<25 3
C P> 25 GeV *— F :
- |+jetS = . I |+jEtS s ] —
1 0_2 E | | | I | [ 107 | 1S
S . Lo i i
[ay] 7 1] C
Q Q 150 E
ke o c
o} @ [ Beme
5 = 1 R s T T T ST I -
g S s
< 0.5F = = 0.5F -
= 05 ] :
: ‘ | ‘ I ‘ I : : . : L L 1 L L1 ‘ 1 1 1 1 Il 11 | I :
Marino Romano - Top producti 60
3 4 5 6 7 =8 107 10°

Niets leading jet P, [GeV]



Jet multiplicity in top-anti-
top final states

0 Useful to constrain models of initial and final state
radiation (ISR/FSR)

0 Provides a test of perturbative QCD

0 Single-lepton channel
0 Four jet pr thresholds: (25, 40, 60, and 80 GeV)

0 Results are corrected for all detector effects through
unfolding

0 Reconstructed level - particle level

0 Measurement is limited by systematic uncertainties,
0 background modelling (at lower jet multiplicities)
0 jet energy scale (at higher jet multiplicities)
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Single top t-channel cross section

ATLAS-CONF-2014-007

_ -1
¢ A multivariate Neural Network (NN) discriminant Vs = . (g TeV, L =20.3 b
trained with the 14 most-sensitive variables 0 00 s eratminey | Lot 208107 15c8 Tov ]
. . ) o - SR ¢ data
0 Contributions from signal and background = 300f =tchannel ;
= [ T, Wt,s-channel ]
evaluated via MC (data driven for Multijet bkgintheuy § [ o wejen ]
> [ [[] Z+jets, diboson ]
Channel) w200 I Mutijet
. %% t-ch.gen@-inter. ]
0 Lepton + 2 jets channel, 1 b-tag 100f Z
0 O¢_chan €Xtracted via a maximum-likelihood of
fit of the NN output in the data I T i
Sl 0.2 3
0 F1duc1a‘(amotal phase space measurements ° o 02 0408 Nt
fiducial | 1
Gt—chan (\/E =8 TeV) =3.4 £0.48 pb (i14%) 7 arLas Prellmlnary det 203fb"\s sTev
Main uncertainties: JES and signal modelling PR D H
glotal (Vs =8TeV) =82.6+ 12.1pb (£15%) | [omaciormnes q
(extrapolated via MG5_aMC@NLO) S B
Additional uncertainty: PDF AcerMC +Pythia pi=172.5 GeV —e—dt i
+3 +3.9% AcerMC+Pythia6 u=60 GeV |I—.|.——I|
0" cnan (V5 = 8 TeV) = 87.8733 pb (*3351) T Y
N. Kidonakis, Phys. Rev. D 83 (2011) 091503 o [pb]
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Slngle top/antitop t-chan ratio

Phys. Rev. D. 90, 112006 (2014)
O¢ Vs=7TeV, L =461

0 Very sensitive to the ratio of the PDF of the valence quark in the
high x regime
0 Smaller uncertainties because of error cancelations
0 Sensitive to new physics effects

0 Same analysis technique used in the ;. ,, measurement at 8 TeV

L] L] L] L I L] L] L] L I L] L] LI | l L] L] L L] I L] L] L] L] I L] L L] L] I L] L] L] L] I L L]
ATLAS [ Ldt=45910" \s=7 TeV
Measurement result —t + — J .
[stat. ® sys. [stat. ; The measurement is in

; reement with the prediction
ABMA1 (5 flav,) : agreeme t with the pred ctf) S
CT10 ., 5 from different PDF sets and is
CT10 (+ DOW asym.)  +—ed dominated by statistical and
GJR08 (VF) . B systematic (MC statistics and
HERAPDF 1.5 ——i il
MSTW2008 (68% CL) ot PDF) uncertainties
NNPDF 2.3 ——i :
RPEPEPE EPEPEFEP IPEPEPEPE BP0 (PP AP SR B

8 1.9
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Single top t-channel differential cross

S ection Phys. Rev. D. 90, 112006 (2014)
Vs=7TeV, [ Ldt = 4.6 b1
0 Events selected in a high purity (Oyy > 0.8) region
0 Allows the measurement of differential distributions
0 Differential cross section as a function of p(t/t) and |y(t/t)|
0 Reconstructed spectra corrected to parton level via unfolding procedures

0 General good agreement with NLO predictions

— rrrr e a L AL R L L I LR A
£ AL L IR I 2|3 = = T oys= . o ATLA Ldt=459f" ys=7 TeV ]
2l$ 10000F ATLAS (L di=450M" ko7 Tev) Q% 1 ATLAS | Ldt=4591" \s=7 Tev = ok s [Lot=45910" \s=7Tev ]
2-et-I* SR ¢ Data 1 [ ® Data b = ¢ Data ]
= f? _ -} stat @ sys unc. S| -} stat @ sys unc. ]
% 0 w*lﬂ:’ th ] - stat unc. - 30 - stat unc. 7
0 W*+bb,cglight jets ] —NLO (MSTW2008) 4 — NLO (MSTW2008) ]
[ Z+jets, dibpson E . . 4
E Multijet E %, PDF @ scale unc. 20F %7 PDF @ scale unc. .
w2z Uncertaint ] ]
] 10F ¥ 3
] | I B PR T I S
] F 3 o
i > 1.5t - i =
&;E 05-’- §oe e ““.“"!"6"'“0' *'r-; — 1:i",.§_,"i'l % : -
£~ E 3 o 3 E S
= 0 02 04 06 08 1 & 05 8
Onn 0 100 200 300 400 500
p(t) [GeV]
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Vi, extraction

A direct determination of V;; can be extracted

from the cross-sections measurements (t-

and Wt-channel)

Two general assumptions

1. W -t - b interaction is left-handed

2. top quark production and decay through
|Vts| and |Vtd| are negligible

|Vtb| is extracted by the ratio
exp
Vipf1? =

Ot
Where, for the SM, f =1

th
Ogt

EPS-HEP 2015

ATLAS+CMS Preliminary TOPLHCWG

V | = v@ from single top quark production
] Oipeo.

Opeo: NLO+NNLL MsTW2008nn10

PRDS83 (2011) 091503, PRD82 (2010) 054018
Aoy, scale ® PDF

Myp = 172.5 GeV
t-channel:

ATLAS 7 TeV'
PRD 90 (2014) 112006 (4.59 fb™")

—@—

ATLAS 8 TeV

—e—

ATLAS-CONF-2014-007 (20.3 ib™)

CMS 7 TeV —e—
JHEP 12 (2012) 035 (1.17-1.561b ")

CMS 8 TeV —e—
JHEP 08 (2014) 090 (19.7 fb™")

CMS combined 7+8 TeV e

JHEP 06 (2014) 090

May 2015

theoretical uncertainty
total uncertainty

|Vlb| * (meas.) * (theo.)
1.02+0.06 +0.02
0.97 £ 0.09 £0.02
1.020 + 0.046 £ 0.017
0.979 £ 0.045 £ 0.016

0.998 +0.038 +0.016

Wt production:
ATLAS 7 TeV — e——— 1.037012+0.03
PLB 716 (2012) 142-159 (2.050™") '
CMS 7 TeV — o ——  1.017015 7002
PRL 110 (2013) 022003 (4.9 fo™") : :
ATLAS 8 TeV ———eo+—— 1.10+0.12+0.03
ATLAS-CONF-2013-100 (20.3fb™)
CMS 8 TeV' —_— . — 1.03+0.12+£0.04
PRL 112 (2014) 231802 (12.2fb™)
LHC combined 8 TeV * — i 1.06 +0.11 £ 0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009 " including top-quark mass uncertainty
2 including beam energy uncertainty
1 | | 1 1 |
0.4 0.6 0.8 1 1.2 1.4 1.6
v, |
65
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Single top Wt-channel cross section

ATLAS-CONF-2013-100
0 Hard to separate from tf, interference at NLO J5=8TeV, L =203 fb~1

o Event selected requiring 1e, 1u, 1/2jet, 1b-tag, EX*sS
0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power
0 BDT trained using Wt as signal and tt as background
0 BDT discriminants built separately for 1 and 2 jet samples
0 Most discriminating variable: p;”° (lep1, lep2, ET¥SS, jet1)

0 Maximum likelihood fit to the BDT output to extract the signal cross section

M~ IR R I L I I I IR I IS = T =27.2 + 5. +210
S - ATLAS Preliminary ~- Data -background 7 O-Wt(\/g 8 eV) 7.2 £ 5.8 pb (£21%)
2 a00b , EBw E (observed 4. 20, expected 4.00)
% - \s =8TeV, |Ldt =20.31b 7, Background uncertainty .
2 Joof S et 1-4ag e 1 Main systematics: b-tagging, JES, generator
- 1 uncertainties
N Z /] _
100— A : -
N 1 (s =8TeV) =224+ 1.5 pb(£6.7%)
N2 s
- 7z . N. Kidonakis, Phys. Rev. D 82 (2010) 054018
-100(— 7 -
NN 7/ R R e
05 -04 -03 02 01 0 01 02 03 04 05
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Single top s-channel search

Phys. Lett. B740 (2015) 118

0 Low rate in pp collissions
PP Vs =8TeV, L =203

(was dominant at Tevatron)
EmlSS

0 Event selected requiring 11, 2b-tag,

0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power

0 Most discriminating variable: |A¢(t, b)|
¢ Maximum likelihood fit to the BDT output to extract the signal cross section

P Te7e ] ML LA N I B B I

S ATLAS —4— Data-background | pon(v/S = 8 TeV) = 5.0 + 4.3 pb (£86%)
% 300f \s-8Tev,203f7 L o9mal ] (1. 30, expected 1.40)
& it Upper limit: 14.6 pb @ 95%CL
o | Main uncertainties: EX**S and jet energy scale,
100; data & MC statistics
Of olh (/s =8TeV) =5.61+ 0.22 pb (+3.9%)
_1005_ N. Kidonakis, Phys. Rev. D 81 (2010) 054028

-1 080604020 02040608 1
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tt charge asymmetry in Run I

_ NQ@lyl >0) = N@AJy| <0)  Alyl = lyel = |yel

o=
N(Aly| >0)+ NAly| <0) Alyl = |y = |y~ ATLAS+CMS,\S =7 TeV primary 54 *emoes
;ﬁ?::;"]y ot 0.006 +0.0% 0+ 0.005
N(Ay > O) — N(Ay < 0) Ay =y, — y; CuS Iijts (e 0.004 £0.010 0.011
FB e mnd L'EIII;HANS;CMS l+jets [ 0.005 + 0.007 + 0.006
N(Ay > O) + N(Ay < O) Q;I'LIRSA;iﬂEiliﬁon = ° 4 0.021+0.025+0.017
[(J:Hr\éﬁsjlsﬁzér;” Poe 4 -0.010+ 0.017 + 0.008
Theory (NLO+EW) 0.0123 £ 0.0005
0 Arp measured at Tevatron ey
Iy 5 Q;I'LIESA;.::‘G&LI&EEDH o i 0.024 £ 0.015+ 0.009
0 Nota “good” observable at LHC oV dleson a4 0.009£0.010%0.006
;I;p;?lg‘gm_g;EW) 0.0070 + 0.0003
. | | |
0 A Extensively measured @ 7 TeV & " 01
o]
» 0 008 T L TFT T L B
0 All results obtained after unfolding to parton level - ATLAS s o

PRD 84 115013, |
arXiv:1107.0841 —

0.06f

0 Dilepton channel (submitted to JHEP) :
0 Simultaneous measurement of A, (tt) and A (ll) 0.04

0 Single lepton channel (JHEP02(2014)107) <ot
¢ Combination with CMS (ATLAS-CONF-2014-012)

0 Results in agreement with SM predictions

0 01 02 03 04 05
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tt charge asymmetry in [~ channel

arXiv:1501.07383, Submitted to JHEP
Vs =7TeV, [ Ldt = 4.6 b1

¢ Dilepton channel allows lepton-based asymmetry

0 No dependence on top reco algorithms

0 Unfolding procedures to correct reco A|y| spectra for detector response and acceptance

0.6

0.4

0.2

0.0—

1.2¢
1.0%
0.8F

Data/Exp.
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T ;aar;on'le ;I L B ‘6\'—0'1077 LI N B B B B L B L B A B B L
L v _ — [ i
. ATLAS POWHEG-hvq+PYTHIAG s o ATLAS
" ew, 15 =7TeV 4.6f! —® corrected data ] L ¢ \s=7TeV, 4610
- [ZZZZ) systematic unc. ] r
- i 5T g
C ] o ; -
1 |' ' | | L ‘n 1 ’_
. . ; — C L ATLAS data
C E L ATLAS o
F L y - ATLAS 26 -
+ s v Z 5 # SM, NLO QCD+EW, Bernreuther(2012)
F = L A SM, POWHEG-hvq+PYTHIA6 ]
n T P R R R [ T R [ R [ ]
BN 5 0 5 g0
Aly| c [%]

AY =0.024+0.015 + 0.009
A¥% =0.021+0.025+0.017
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Spin correlation measurements

NOD+ND) =N =N

A= ASM. = 0.38 + 0.04

N(TT) +N(J,l) +N(TJ,) +N(J,T) hellClty T ATLAS tt spin correlation measurements
f Ldt=4.6", \s=7TeV ; il iyl
M) e 119 5000 018
0 7 TeV analysis: Phys. Rev. D. 90, 112016 (2014) sl e 1122011202
0 Four observables used to extract the spin A M— i
correlation from a binned likelihood fit of fsy, oo oty R
maximal basis ) — ' ' 0.83 £0.14 = 0.18

where , :

2
Standard model fraction

— th
Ameasured — fSMASM
: FUCH C16000E . Bam =
0 A¢(ll) shows highest sensitivity % 14000 [ Jome ATLAS }

£ 120005 {7 (A<0)
100002— [ Background
0 8 TeV analysis: arXiv:1412.4742, submitted to PRL 8000 - _z_th e
6000 it e :
0 Spin correlation extracted via a template fit pot WS 3

on A¢(ll) distribution 20000
fem = 1.20 + 0.05(stat) £ 0.13(syst)

0 Most precise measurement to date 5 0;?‘4‘“‘“—*—_:_5.1#':1*__
0 Sge Paolo Dondero’s poster for stop exclusion from e s BN |
tt spin correlation A9 [rad] /
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ttV in Run I

S CCATLAS Préiminay N\ | x aracoestrn ]

= - \§ K TrileptonsSS Best Fit

" o G affra-z0sn N K gmemen

0 Precision test of SM predictions| s  Fis-stev \ o apEEme
. = N A e i

0 Final states e N :
L ) : 2 N -

o tt -, l+jets, all hadronic S TS A

_ GO B

oZ -1l v,qq N N\ P

e ]

0 W — lV ) qq E ‘ o Ih"§5<§a—n§:§n§e}('z-o]z-)?r;e;c'llc:s(zm1),Garze||i(zo11,2012) %

. . . ! L

0 Dilepton and trilepton analysis o/ o (W

(ATLAS-CONF-2014-38)
0 Same sign di-muon: tt(— u+jets) W(— uv)
0 Opposite sign dilepton: tt(— [T+jets)W (= ITv) and tt(—
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Color flow

Exotic 4

@

Analysis ongoing on 8 TeV ete

Single lepton channel

0 Goal: unfold pull angle between the two jets coming from a W
and compare it to different color flow models

0 Pull vector of a jet ] is defined as:

=
o

A¢=¢-¢5  Bp~0-> color-connected

l
() = pTI]nI -
€] P
Where i runs over the subcomponents of |
and r; is the i-] vector in the y — ¢ plane

0 Pull angle 6p(J1,/>):

angle between %(J;) and J,/,

10/02/2015

Legend
== Pull (vector)(J;)
6p Pull Angle
o Constituent of J; (size weighted by pr)
L

Ay =y -y,
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Top quark pair production and decays

] t gosooor——
Pair production mechanisms at LHC E%W ] :
g t goooos
¢ Gluon-gluon fusion (~85% @ 7 TeV) “ ;
¢ Quark-antiquark annihilation a> < ;
Decays Top pair final states
ot - Whb(~100%)
"alljets"” 44%
I", q
+ ~/!
t W \ V’ q t+ets 15%
b
W — lvl ~33% L + jets 15%
W — qc?’ ~66% "dileptons” ° """ uLepton + jets”
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Common object definitions

0 Details can vary among the different analyses
0 Jets:
0 Reconstructed from topological clusters using the anti-kt algorithm (R = 0.4)
0 pr> 25 GeV, |n| <2.5
0 B-tagging via a Neural network based algorithm (MV1) with average efficiency
of 70% and light jet rejection factor ~140
0 Electrons:
0 EM cluster with track matched
0 Isolation in tracker and calorimeter
0 Et>25GeV, [n|<1.37 or 1.52 < |n| <2.47
0 Muons:
0 Tracks in inner detector and muon spectrometer
0 Isolation in tracker and calorimeter
0 pt > 200GeV, |n| <2.5
0 Missing transverse energy

0 Vector sum of energy deposits in calorimeters, with corrections based on the
associated reconstructed object
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Top quark pairs differential cross section
measurements in ATLAS

Definition of the object “top-quark”

4 7 >

<«

‘Parton-level’ top: ‘Particle level’ top (or pseudo-top):
0 the top quark approximately after final 2 Obsc?rvabl(? constructed from stable
state radiation and before decay. particles directly related to the top

Hadronic pseudo-top

_
Leptonic pseudo-top Leptonic parton top

Hadronic parton top
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From the detector-level spectra
to the cross section measurement

The ‘detector-level’ spectra are linked to the ‘parton level'cross section
o; via
J

Ni = Z MUEJO'],BL + Bi
J

Where

0 N; is the number of observed data events in the bin j.
0 L is the luminosity

0 B; is the number of background events in the bin i.

0 B is the branching ratio

0 M;; is the ‘migration matrix’

0 €; is the efficiency of the selection
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tt normalized differential cross section

Phys. Rev. D 90, 072004
Vs =7TeV,L =461

Electron and muon channel
combination via the Asymmetric

Iterative BLUE (AIB) = 10 13 E-’- ]
S = ® ALPCENMHERWIG 7 8 - ® ALPGEN:HERWIG |
8| —%'_ [ -eme¥ B MC@NLO+HERWIG | 8|‘gf r B MC@NLO+HERWIG 7]
e 100 ® POWHEGHHERWIG  _| AT = b ® POWHEGHERWIG
. . . E ¥ POWHEG+PYTHIA 3 E ¥ POWHEG+PYTHIA 3
Main uncertainties: E _— ] F onyY g
- pre, Mg JES, generator b-tag; 1075 amias E joiL ATLAS |
E J-Ldl=4.ﬁfb'1 ] g J-Ldl=4.ﬁfb'1 3
- =: [FSR, generator, PS, JER T Ns=7Tev v ] C le=7Tev . v 1
T,tt 105 — ] [ ] — L u e -
T 1. 1I5?'HIHH}HH}:}‘.:I:H.:IHHIHH}1;11}111‘.}::1; 1I5;I1.‘:I}H:{:H.:I::::I:;::IHHIHH}':HL
|v¢z|: generator and PS S ANPHRE PP S S R— Y et e
"0 {00 200 300 400 500 600 700 800 900 1000 T BT T T = =T T
pf [GeV] Pl [GeV]
Comparison to MC generators:
Alpgen, Powheg and MC@NLO 3 [ pata 1% pata 1
| . . . S ® ALPGEN+HERWIG Tlo - ® ALPGEN+HERWIG
interfaced with Herng+]lmmy .8|§'z10 E d B MC@NLOSHERWIG B MC@NLO+HERWIG
. —lo C ® POWHEG+HERWIG 7 1 Feme ® POWHEG+HERWIG
and POWheg+Pythla B olg¥ ¥ POWHEG+PYTHIA ] E Y omevV ¥ POWHEG+PYTHIA E
* General trend of data being 10 E I ]
: - ATLAS . | ATLAS i
softer in p7; above 200 GeV ] \ ] | \ « m e Y
) | | Lat=46f6 i Ldt=46fb
5 \s=7TeV 10’1:7 \s=7TeV =
 All four MC generators 0% R TP A - ]
. 1o e ———————————— :.: —t l +——y—| E i} 1.12_: ————————————+—} . = — v _
descrllzle well the shape of Of et P et —
t t 0.8F P T TR B B L N R R B R
Mg and Preg 0 500 1000 1500 2000 2500 0 05 1 15 2 ‘2‘.5
) m, [GeV] Y,
* Alpgen gives the best ‘
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Results: comparison with NLO calculations

a 1.8 ey @ L8

S 170 ATLAS Data S 4 75 ATLAS Data
) = ® CT1ONLO 1 =2 W e CT10NLO ]
NLO predlctlon based on MCFM > 1-5?ILdt=4.6 fo! ® MSTW2008NLO 5 2 1-6%det=4.6 fo ® MSTW2008NLO
. L g £ Ao NNPDF2.3 1 8 E 4 NNPDF 2.3 ]
with different PDF sets £ 19 (s-7Tev ¢ HERAPDF1.5 - £ 1.5 o 21ay 4 HERAPDF 1.5

Uncertainty: scale (fixed) and PDF

|
—_
Tt et
—
—m
R —
Lol

* A small discrepancy between

-
L
I
>

| S

RS REE FEEEN ST
—y
I

o . =
(D_L_n.l\l)CD-th‘l
e
::.._—
|

I
< -~
o © :

data and all pFEdiCtiOl’lS IS By e Ll . S T S S —
observed in p7 ; at higher pr e bttt
. 0 50 100 150 200 250 35C 800 250 450 550 700 960 2700
* Overall better agreement with ol [GeV] m. [GeV]
HERAPDF1.5
_ | & 25F T T T T R I R ]
* Poor constraining power for pr z & | ATAs e CTIONLO 8 14 ATLAs St
> | _ -1 MSTW2008NLO | 2 4 of _ -1 MSTW2008NLO ]
(LO observable) 3 2[Ldt_4'6fb R NNPDF23 | § 1'3fILdt_4'6fb R NNPDF23 |
= [ \s=7 TeV ¢ HERAPDF 1.5 = C \s=7TeV ¢ HERAPDF 1.5

—y
o
T

—
T
|
—_
T
—
—

[ B

i H | +'| ] 0.9
0_5;. \|n|\|\\; 0.8:" N PRI SR AR SRR AN :
0 40 170 340 1000 0.0 0.5 1.0 25
Pl [GeV] ly.|
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Results: comparison with approximate NNLO
calculations

o ™ o E ] = T
T 102 Data - 3 S Data 3 L= Data
S E 3 S c4= 8
g e R —+— NLO+NNLL g o L == —+— NLO+NNLL _8|E~.=1 0% - —— NLO+NNLL =
~—|uU ol ATLAS B ,_,J’ A e ATLAS B e E ATLAS
E _[Ldt=4_6 ' ILdt=4.6 fls’ E B - JLdt=4.6 fio'!
C \s=7TeV 7 C —— \s=7TeV i ., \s=7TeV
104 —t — i i s E
B ] 104 —
10° : == ‘ 105 _
_ 51 wwwwwwwwwwwwwwwwwwwwwwwwwwwwwww T wwwwwwwwwwwwww i _ 1 5_| wwwwwwwwwwwwwwwwwwwwwwwwwww l\ } wwwwwwww |_ . 1 5; wwwwwwwwwwwwwwwwwwwwwwww ;
gs 5 3 = P _ \ 3 2s + =
28 1?‘——01—————————1——————: 28 = — i e —
Z 05; |H‘ﬁ.ﬁH\....lu..l..I‘\HH\.H‘\H.._ = 0_5:*. ............................... — = 05:*‘ ...................... —
0 1 00 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 0 500 1000 1500 2000 2500
p‘E [GeV] Pl [GeV] m, [GeV]

NLO+NNLL prediction for pr, (N. Kidonakis, Phys. Rev. D82 (2010) 114030), for m,z (V. Ahrens et
al.,, JHEP 1016 (2010) 097) and for pr ¢ (Hua Xing Zhu et al., Phys. Rev. Lett. 110 (2013) 082001)
with the MSTW2008NNLO PDF

Theory uncertainty from the fixed scale variations and, only for pr, from the alternate dynamic

scale u = /m? +p%,

* Asinthe NLO calculation, the p7, spectrum in data seems softer
* Opposite trend appears for pr (¢ spectrum
* The m;; spectrum is not well described by the NLO+NNLL prediction
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“Particle level” object definitions
and selection

0 Details can vary among the different analyses

0 Leptons and jets are defined using particles with a mean lifetime 7 > 3 x 10~ !1s

0 Promptleptons (e/mu/nu) not generated by the decay of a hadron as well as leptons
coming from the decay of a tau

0 The electron and muon four-momenta are calculated after the addition of any photon four-
momenta, not originating from hadron decay that are found AR < 0.1 with respect to the
lepton direction (“dressed” leptons)

0 Jets:

0 Reconstructed from all stable particles except for the selected electrons, muons and
neutrinos, using the anti-kt algorithm (R = 0.4)

0 ‘b-tagging’:
0 The presence of one or more b-hadrons with pT > 5 GeV associated to a jet defines it as
a b-jet.
0 Missing transverse energy
0 Vector sum the neutrinos four-momenta

0 Events are “selected” at particle level by applying, to the particle level objects, the
same requirements applied to the “reco level” objects
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tt differential cross section:

b d ATLAS-CONF-2014-057
OOSte tOpS Vs =8TeV, L =203fb?!
0 First measurement dza for high-p; (boosted) top quarks |

Tt

0 Semi-leptonic (e/u) channel with p;(t;,4) > 300 GeV
0 Boosted hadronic top defined as a single large-R jet

¢ Fiducial (particle pseudo tops) and total (parton tops) phase space measurements

10

% ;l! Data % 102 Data . o .
S P « APGEN+ HERWG S © ALPGEN  HERWIG Main uncertainties:
g f I\' B MC@NLO + HERWIG g 0 I o O MC@NLO + HERWIG .
T E T & PONHEG s HERWIG D S 5 PONHES + HERWIG large-R jet energy scale
T E *mav Y POWHEG + PYTHIA T - g ¥ POWHEG + PYTHIA .
= | z 1F L * Extrapolation to
B 107 b F —
o F i=] L
" ATLAS Preliminary . . 10"-ATLAS Preliminary i . parton level affected
L] 20317 1s=8Tev A E 20317 1s=8TeV = .
P @ et ' by an increased
@ F e o b4 @© o) v
N 1.5 v v N 1.5 o v v o ] .
L R, S 2 N L I signal modelling
= os5f = os5f :
e e systematlcs
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
Particle top-jet candidate P, [GeV] top quark P, [GeV]

0 Measured o in general lower than predictions
0 Discrepancy tends to increase at high pr

0 In agreement with the behavior observed in resolved analyses
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L 2% psg d
pr , ependaceice
O APT tt
Z T T T | T T T T T T T T T T T T T T T T T T T T T T T T T T T T
= 1 =
< = — Madgraph (LO, pp— tf), no PS -
- — Madgraph (LO, pp— tt) + PS (Pythia) —
- Alpgen (LO, pp— tt+Np) + PS (Herwig) —
B — McAtNIo (NLO, pp— tt) + PS (Herwig)
107 =

102

103

%W%WWWHMM

0 20 40 60 80 100 120 140 160 180 200 220
ptruth [GeV]

T it
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Single top t-channel cross section

ATLAS-CONF-2014-007

_ -1
¢ A multivariate Neural Network (NN) discriminant Vs = . (g TeV, L =20.3 b
trained with the 14 most-sensitive variables 0 00 s eratminey | Lot 208107 15c8 Tov ]
. . ) o - SR ¢ data
0 Contributions from signal and background = 300f =tchannel ;
= [ T, Wt,s-channel ]
evaluated via MC (data driven for Multijet bkgintheuy § [ o wejen ]
> [ [[] Z+jets, diboson ]
Channel) w200 I Mutijet
. %% t-ch.gen@-inter. ]
0 Lepton + 2 jets channel, 1 b-tag 100f Z
0 O¢_chan €Xtracted via a maximum-likelihood of
fit of the NN output in the data I T i
Sl 0.2 3
0 F1duc1a‘(amotal phase space measurements ° o 02 0408 Nt
fiducial | 1
Gt—chan (\/E =8 TeV) =3.4 £0.48 pb (i14%) 7 arLas Prellmlnary det 203fb"\s sTev
Main uncertainties: JES and signal modelling PR D H
glotal (Vs =8TeV) =82.6+ 12.1pb (£15%) | [omaciormnes q
(extrapolated via MG5_aMC@NLO) S B
Additional uncertainty: PDF AcerMC +Pythia pi=172.5 GeV —e—dt i
+3 +3.9% AcerMC+Pythia6 u=60 GeV |I—.|.——I|
0" cnan (V5 = 8 TeV) = 87.8733 pb (*3351) T Y
N. Kidonakis, Phys. Rev. D 83 (2011) 091503 o [pb]
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Slngle top/antitop t-chan ratio

Phys. Rev. D. 90, 112006 (2014)
O¢ Vs=7TeV, L =461

0 Very sensitive to the ratio of the PDF of the valence quark in the
high x regime
0 Smaller uncertainties because of error cancelations
0 Sensitive to new physics effects

0 Same analysis technique used in the ;. ,, measurement at 8 TeV

L] L] L] L I L] L] L] L I L] L] LI | l L] L] L L] I L] L] L] L] I L] L L] L] I L] L] L] L] I L L]
ATLAS [ Ldt=45910" \s=7 TeV
Measurement result —t + — J .
[stat. ® sys. [stat. ; The measurement is in

; reement with the prediction
ABMA1 (5 flav,) : agreeme t with the pred ctf) S
CT10 ., 5 from different PDF sets and is
CT10 (+ DOW asym.)  +—ed dominated by statistical and
GJR08 (VF) . B systematic (MC statistics and
HERAPDF 1.5 ——i il
MSTW2008 (68% CL) ot PDF) uncertainties
NNPDF 2.3 ——i :
RPEPEPE EPEPEFEP IPEPEPEPE BP0 (PP AP SR B

8 1.9
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Single top Wt-channel cross section

ATLAS-CONF-2013-100
0 Hard to separate from tf, interference at NLO J5=8TeV, L =203 fb~1

o Event selected requiring 1e, 1u, 1/2jet, 1b-tag, EX*sS
0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power
0 BDT trained using Wt as signal and tt as background
0 BDT discriminants built separately for 1 and 2 jet samples
0 Most discriminating variable: p;”° (lep1, lep2, ET¥SS, jet1)

0 Maximum likelihood fit to the BDT output to extract the signal cross section
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Single top s-channel search

Phys. Lett. B740 (2015) 118

0 Low rate in pp collissions
PP Vs =8TeV, L =203

(was dominant at Tevatron)
EmlSS

0 Event selected requiring 11, 2b-tag,

0 Multivariate analysis based on Boosted Decision Tree (BDT) employed to increase
the discrimitation power

0 Most discriminating variable: |A¢(t, b)|
¢ Maximum likelihood fit to the BDT output to extract the signal cross section

P Te7e ] ML LA N I B B I

S ATLAS —4— Data-background | pon(v/S = 8 TeV) = 5.0 + 4.3 pb (£86%)
% 300f \s-8Tev,203f7 L o9mal ] (1. 30, expected 1.40)
& it Upper limit: 14.6 pb @ 95%CL
o | Main uncertainties: EX**S and jet energy scale,
100; data & MC statistics
Of olh (/s =8TeV) =5.61+ 0.22 pb (+3.9%)
_1005_ N. Kidonakis, Phys. Rev. D 81 (2010) 054028
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tt charge asymmetry in Run I

_ NQ@lyl >0) = N@AJy| <0)  Alyl = lyel = |yel

o=
N(Aly| >0)+ NAly| <0) Alyl = |y = |y~ ATLAS+CMS,\S =7 TeV primary 54 *emoes
;ﬁ?::;"]y ot 0.006 +0.0% 0+ 0.005
N(Ay > O) — N(Ay < 0) Ay =y, — y; CuS Iijts (e 0.004 £0.010 0.011
FB e mnd L'EIII;HANS;CMS l+jets [ 0.005 + 0.007 + 0.006
N(Ay > O) + N(Ay < O) Q;I'LIRSA;iﬂEiliﬁon = ° 4 0.021+0.025+0.017
[(J:Hr\éﬁsjlsﬁzér;” Poe 4 -0.010+ 0.017 + 0.008
Theory (NLO+EW) 0.0123 £ 0.0005
0 Arp measured at Tevatron ey
Iy 5 Q;I'LIESA;.::‘G&LI&EEDH o i 0.024 £ 0.015+ 0.009
0 Nota “good” observable at LHC oV dleson a4 0.009£0.010%0.006
;I;p;?lg‘gm_g;EW) 0.0070 + 0.0003
. | | |
0 A Extensively measured @ 7 TeV & " 01
o]
» 0 008 T L TFT T L B
0 All results obtained after unfolding to parton level - ATLAS s o

PRD 84 115013, |
arXiv:1107.0841 —

0.06f

0 Dilepton channel (submitted to JHEP) :
0 Simultaneous measurement of A, (tt) and A (ll) 0.04

0 Single lepton channel (JHEP02(2014)107) <ot
¢ Combination with CMS (ATLAS-CONF-2014-012)

0 Results in agreement with SM predictions
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tt charge asymmetry in [~ channel

arXiv:1501.07383, Submitted to JHEP
Vs =7TeV, [ Ldt = 4.6 b1

¢ Dilepton channel allows lepton-based asymmetry

0 No dependence on top reco algorithms

0 Unfolding procedures to correct reco A|y| spectra for detector response and acceptance
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" ew, 15 =7TeV 4.6f! —® corrected data ] L ¢ \s=7TeV, 4610
- [ZZZZ) systematic unc. ] r
- i 5T g
C ] o ; -
1 |' ' | | L ‘n 1 ’_
. . ; — C L ATLAS data
C E L ATLAS o
F L y - ATLAS 26 -
+ s v Z 5 # SM, NLO QCD+EW, Bernreuther(2012)
F = L A SM, POWHEG-hvq+PYTHIA6 ]
n T P R R R [ T R [ R [ ]
BN 5 0 5 g0
Aly| c [%]

AY =0.024+0.015 + 0.009
A¥% =0.021+0.025+0.017
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Spin correlation measurements

NOD+ND) =N =N

A= ASM. = 0.38 + 0.04

N(TT) +N(J,l) +N(TJ,) +N(J,T) hellClty T ATLAS tt spin correlation measurements
f Ldt=4.6", \s=7TeV ; il iyl
M) e 119 5000 018
0 7 TeV analysis: Phys. Rev. D. 90, 112016 (2014) sl e 1122011202
0 Four observables used to extract the spin A M— i
correlation from a binned likelihood fit of fsy, oo oty R
maximal basis ) — ' ' 0.83 £0.14 = 0.18

where , :

2
Standard model fraction

— th
Ameasured — fSMASM
: FUCH C16000E . Bam =
0 A¢(ll) shows highest sensitivity % 14000 [ Jome ATLAS }

£ 120005 {7 (A<0)
100002— [ Background
0 8 TeV analysis: arXiv:1412.4742, submitted to PRL 8000 - _z_th e
6000 it e :
0 Spin correlation extracted via a template fit pot WS 3

on A¢(ll) distribution 20000
fem = 1.20 + 0.05(stat) £ 0.13(syst)

0 Most precise measurement to date 5 0;?‘4‘“‘“—*—_:_5.1#':1*__
0 Sge Paolo Dondero’s poster for stop exclusion from e s BN |
tt spin correlation A9 [rad] /
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