S,-”-r-r-uw-r- fe] !

Top quark physics in ATLAS

Carolina Gabaldon
On Behalf of the ATLAS Collaboration

LPSC, Université Grenoble-Alpes, CNRS/IN2P3

“XXX-th International Workshop on High Energy Physics Particle and Astroparticle Physics,
Gravitation and Cosmology: Predictions, Observations and New Project”
IHEP, Protvino, 23-27/06/2014

1P
Greneb.e

Laboratoire de Physique
Subatomique et de Cosmologie

Carolina Gabaldon (LPSC) Top quark physics in ATLAS June 23, 2014

1/32



Outline

) Introduction:
» Why is the top interesting?
» Top production at LHC.

» Top Production Measurements:
» Top quark pair.

b Inclusive cross-section measurements.
) Differential measurements.

» Single Top.
) Cross-section measurements.
b | V| determination.

) Top properties:

» Top quark mass measurements.
» Charge, polarization & spin correlation.

) Searches for new physics:
» FCNC, Heavy Top-Like quarks, W’, tt resonances.
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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:
v Direct probe of the Standard Model:

D Measurements of the top-pair production cross-section provide:

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

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

~Production cross-section and direct determination of the quark mixing matrix element | V4|

— Test of unitarity of the CKM matrix
~ Probe of the b-quark structure function

) Top-quark mass measurements:

~ Largest mass in SM — Largest coupling to SM Higgs.
~Allows for Self-Consistency checks of SM Higgs.

v 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

v Top events are significant background in searches to Higgs and several
expected beyond the SM (BSM) processes
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Top quark production at LHC

Top-pair production via strong interaction

15% q — q annihilation

Main mode (85%): gluon fusion

q: :t 92 :t
q t g t

NNLO + NNLL accuracy with m; = 172.5 GeV J

g t
9 “TVO00" t
Vs o (ff)
7TeV | 177.370% pb
8TeV | 252.97'5% pb

Single top production via electroweak interaction

t-channel Wt channel s-channel
q’ q b w
q
w b w
b t
g B g t q b
Vs o (t-channel) o (W) o (s-channel)
7TeV | 646 F24pb | 15.7+1.1pb | 4.6 £0.2pb
Approx. NNLO  J 8TeV | 87.8 £3.4pb | 224 E15pb | 5.6 £0.2pb
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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 o
) Classified according to W boson decay b
Top-pair Branching Ratios
(h
di-leptonic 9 b © -
b ]
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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Inclusive top-pair cross-section summary

Top-pair cross-section measurements compared to the corresponding theoretical expectation. )

ATLAS+CMS Preliminary o, summary, %6 - 7 TeV_TOPLHOWG

oFac, <1725 ATLAS Preliminary 12Sep 2013
Data 20125 =8 TeV PR o 725 GV
Channel & Lumi P e ainty
o Hstat) *(syst) (umi) £(E,,_ )
e comnes B
LAC comblned (Sep 2072) i Single lepton 5.8 fb" ———e——  241:2+31:9pb
[ En— .
v Dilepton (ew) 20.3 b — 238+2+7+7+4pb
ol
—_] ‘ ‘ ‘ ‘ ‘ ‘
S | ! | 100 150 200 250 300 350 400
50 100 150 200 250 300 350 [pb]
G, Ipb] Gy
7 TeV 8 TeV
» Broad range of measurements from ATLAS & CMS » First measurements in Single lepton &

Dilepton channels
» Results consistent with standard model at 7 TeV P

b LHC combination: o7 = 173 £ 8 (stat.) £ 6 (syst.) pb

Following slides cover
NEWEST measurements J

For more results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Semilepton channel @ 8 TeV

) Lepton (e, u) + jets selection:
) Oneisolated e or p with pr > 40 GeV, |n| < 2.5
D > 3jets with pr > 25 GeV, || < 2.5 with > 1 b-tagged
P e+ets: ESS > 30 GeV, mr(W) > 30 GeV
D pets: EFSS > 20 GeV, mr(W) + EF'SS > 60 GeV
) Main backgrounds:

D vector boson production (Z/yx+jets, W+jets), single top and
diboson (ZZ,WzZ,WW) — MC

D multijet is estimated — data-driven Matrix Method.
) Analysis:

D Number of tf events (Ny) is extracted using a likelihood
discriminant template fit.

D Discriminant variables using in the fit: e, and aplanarity (A")
— Designed to be not so sensitive to jet energy scale.

» Results: {f production cross section
N L: integrated luminosity, BR: branching ratio,
tt
O3 =
™ £ x BR x Esig

€sig product of signal acceptance and efficiency

o7 = 241 £ 2 (stat.) & 31 (syst.) & 9 (lumi.) pb J

» Main systematic sources:
D Signal modelling (11%) and jet uncertainties (5 — 6%)
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) Selection — very pure signal selection:

D 1 ey pair with opposite sign each isolated, 1 or 2 b-tagged jets
P For all objects: pr > 25 GeV, |n| < 2.5

) Main backgrounds all modelled with MC:
D Two real leptons:
single top Wt ; Z — rr+jets & diboson (ZZ,WZ,WW)
D One real lepton and one fake lepton:
Z+jets & single top t-channel

) Analysis:
D tfeventsin 1 b-tag (Ny) & 2 b-tag (Nz) signal region
— with maximum likelihood fit.
D Simultaneous estimation of o5 & b-tag jets identification and
reconstruction efficiency (ep)
— reduces jets and modelling uncertainties
Ni = £ o eep2ep(1 — Cpep) + N9

egy: efficiency to pass ep. preselection

o ) 2 bkg
No = L o €6 Cpep + N2 Cp: correlations between 2 b-tagged jets

) Main systematic sources:

D Luminosity (3.1%), beam energy (1.7%), signal modelling
(1.5%) and electron ID (1.4%)

Top quark physics in ATLAS

Data/MC

Events / 10 GeV

Data/MC
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Differential top quark pair cross section @ 7 TeV

) Lepton + jets selection

) Method:
P doy/dX measurement in bins of pf, mg, y;z and pff
D tfkinematics reconstructed using a maximum likelihood fitter
to the reconstructed objects — lepton, jets & EF'**
) Likelihood function includes Breit-Wigner functions
taking advantage of:
— W boson and top quark masses
— transfer functions relating the measured lepton and
jet energies to the corresponding parton level energies
) 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 X;M;'[Di-B]

X~ BaX BR-L-¢

M. migration matrix derived from simulation, e: efficiency

) Differential cross-sections are normalised
D systematics not related to the shape cancel in the ratio

) Main systematics:

D Jet energy scale (~ 3%), signal modelling (~ 2%), b-tagging
efficiency (~ 2%)
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) The unfolded distributions are compared to various MC generators, theoretical
predictions & PDF sets.

Data is softer than prediction HERAPDF gives the best data description
Best data description by POWHEG+HERWIG deviation at high my
< E j ! T ! ! 3 © 1.8 ey
3 BT oaa E 8 | /L ATLAS Preliminary - pata E
oo L -, ©  ALPGEN+HERWIG ] E 1 GE J‘ Ldt— 46 qu © CT10nlo E
S o =4. MSTW: /o
v—\: 10° LN = MC@NLO+HERWIG 4 § 1 5; 2 NSPDIfZ.o:f" 05
E 4+ POWHEG+HERWIG 7 F TE\s=7TeV © HERAPDF 1.57
C S®a. ATLAS Preliminary ] 1 -45’ 3
B Ldt=461" ] 1.3 E
10t Vs=7TeV E 1.2F E
5 ] 1 , e 3
H ° L] . = 12 [ox)i'e} - Q. ¢
1 g, E oA T E
B ST ST PE—— =] 0.9 E
58 1 b bl 100
0.5E, | 1 | 1 | I | =] L
0 100 200 300 400 500 600 700 800 250 450 550 700 960 2700
P, [GeV] m; [GeV]
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Single top quark production summary

Single top-quark cross-section measurements compared to the corresponding
theoretical expectation

— T T 5
FATLAS Preliminary 12 Sep 20137
[ single top-quark production t-channel

102 Wi

E ,,//’///N/I:C;&;LL tm = 172.5GeV . . )

F i//i/ = MsTWz008 NNLOPDF ) Results in all channels in the single
10— I stat. uncertainty — top quark sector at 7 and 8 TeV

E~ s-channel 3

/ $t-channel 1.04 fb™" pL8 717 (2012) 330 ] Present here the LATEST results at 8 TeV J

Bt-channel 5.8 fb™ ATLAS-CONF-2012-132
FWt2.05 fb ! LB 716 (2012) 142

single top-quark cross-section ¢ [pb]

1 ? TWt20.3 fb™! ATLAS-CONF-2013-100 é
F ¥ s-channel 95% C.L. Ii‘mit 0.7‘fb" ATLAS CONE o118 ]
P ST | T R L L P L
5 6 7 8 9 10 11 12 13 14

\s [TeV]

For more results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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f-channel @ 8 TeV: analysis strategy

) Selection:
D Require exactly one isolated lepton (e/p) with pr > 25 GeV
> ?jets with || < 4.5 and pr > 30 GeV & exactly 1 b-tagged
jet
P EFSS > 30 GeV, mr(W) > 50 GeV
) Main backgrounds:
D Wijets, top pairs derived using theoretical cross—sectiqns.
P multijet determined from data with a template fit to £77°°.

) Analysis:
D For signal/background discrimination combine several
kinematic variables into one discriminant by using
a Neural Network (NN) technique.
D Three kinematic regions are defined:
) Signal region (SR) with 1 b-tag jet.
) W-boson control region (W CR) with 1 b-tag jet with a
less stringent btagging requirement.
) tt control region (tt CR) with 2 b-tag jets.
D 14 highest-ranking variables are chosen in the signal &
control regions.
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t-channel @ 8 TeV: results

) The fiducial t-channel cross-section within detector acceptance is measured from the

maximum likelihood fit to the NN output distributions:

oig = 3.37 £ 0.05 (stat.) & 0.47 (syst.) £ 0.09 (lumi) pb (17% syst.)
) The t-channel cross-section is determined by extrapolation to the entire phase space using

several generator assumptions :

o= 617 - ofig, With €74 is the selection efficiency of the particle-level selection.
1

O't—channel = 82.6 + 1.2 (stat.) &= 11.4 (syst.) &= 3.1 (PDF) % 2.3 (lumi.) pb J

Precision of ~ 22%

T T
T ATLAS Preliminary

T T T T
ATLAS Preliminary f Ldt=203f0" 1s=8 TeV
Data corrected with

T T T T
[ Ldt=203 " Vs=8 Tev

ATLAS result e acceptance correction from:

[stat. ® sys. [Jstat NLO+NNLL (MSTW2008)
Predicted fiducial cross-section: aMC @NLO(2—3)+Herwig ———
AMC@NLO(2-3)+Herwig i Powheg(2—3)+Pythiaé _—t
Powheg(2—3)+Pythia6 i Powheq(2—3)+Pythiad
Powheg(2—3)+Pythia8 ] owheg(2-3)+Pythia
Powheg(2—2)+Pythia6 3 Powheg(2—2)+Pythiaé —_—
AcerMC+Pythias =172.5 GeV —i—i AcerMC+Pythiab u=172.5 GeV T
AcerMC+Pythia6 u=60 GeV — AcerMC+Pythiaé 1=60 GV ———p—

1 1 1 Il 1 L 1 1 1 1 1 1 1

1.5 2 2.5 3 3.5 4 40 50 60 70 80 90 100

fid
ot [pb] G, [pb]

b Main systematics: Jet energy scale (7.9%) and t-channel generator (7.9%).
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Wt channel @ 8 TeV: analysis strategy

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

) The main background is the top pair production

) Selection:

) Analysis:

D To separate the Wt signal from the large f background a multivariate method (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)

> T T r T T T T . . : : . .
81232 ATLAS Preliminary -e- Data ATLAS Preliminary
© Vs = 8TeV, |Ldt =20.3 o™ Wit \s = 8TeV, |Ldt =20.3 fb"
=1400 e 1ot 1-tag i et 1t
£1200 7 [ Diboson ep et 11ag
P A
24000 7 O Z(x) + jets

Data/MC

@ Fake lepton
Uncertainty

T e e A i

-+ Data
Wt

I

I Diboson
20 + jets
[ Fake lepton
Uncertainty
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Wt channel @ 8 TeV: cross-section

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

ATLAS Preliminary +Data
@wt

ATLAS Preliminary +Data
@Ewt

\S =8TeV, [Ldt = 20.3 1" \S=8TeV, |Ldt=203 1"

Wi
et 1-jet 1-tag OIDiboson
7 DZ(t7) + jets
% B Fake lepton
2 Uncertainty

Wi

ot 2-jet 21-tag ODiboson
7, DZ(r) + jets
W Fake lepton
Z4Uncertainty

Data/MC

0.4 0. .
BDT Response BDT Response

) The Wt cross-section is measured from a maximum likelihood fit to BDT classifier.
D The 2-jets control region constrains the {f background uncertainties
D The impact of systematic uncertainties is evaluated using ensembles of pseudo-experiments

b A few systematics are profiled in the fit to data: b-tag, JES, E* scale

owt = 27.2 £ 2.8 (stat.) £ 5.4 (syst.) pb Consistent with SM expectation at 8 TeV:
Precision of ~ 30% o =222+06+14pb
Significance: 4.20 (4.00 exp.)

) Main Systematics: generator & PS modelling (~ 8%), b-tagging (~ 9%) and JES
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) Direct determination of the quark mixing matrix element | Vy|:

D Opportunity to test the unitarity of the CKM matrix.
D Deviations from the SM are potentially sensitive to new physics.

) Measure of | V| assuming left-handed SM-like Wtb q channel Weechannel b

coupling and |Vip| >> |Vis], | Vigl: tvm
l+

bs.
2_ 0° wt
Vi - fI7 = o theory v
with f = 1in SM -
) Independent of Nyyak generations or CKM unitarity

v

) Summary of the | V| measurements in the t-channel and Wt:
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Top properties measurements

v' Covered in this talk First world mass combination: LHC and Tevatron
(ATLAS-CONF-2013-102)

) Mass
D Lepton+jets with 4.7 fb~? ’ A"“ﬂs‘_c‘n_j_‘;g'ﬂszwmm’?w
— 3D Template Method —_— 2
(ATLAS-CONF-2013-046) i
) Top/Anti-top quark mass difference ~ —_—
(Phys. Lett. B, Vol 728, p.363-379) - |
) Dileptonic with 4.7 fb~! -
— Template method - e
(ATLAS-CONF-2013-077) S [ 173342076 05710342087
Tevat 201 e 17320+ )
165 170 175 719()' m )[*;e
Charge asymmetry combination: ATLAS & ”
CMS (ATLAS-CONF-2014-012) Word combination 2014: 173.34 + 0.76 GeV )
ATLAS+CMS Preliminary \s = 7 TeV
) Electric charge (JHEP11 (2013) 031)
) Polarization (Phys.Rev.Lett 111, 232002 (2013))
0.008:£0.010: 0005 ) Spin correlation (ATLAS-CONF-2013-101)
ooompoar 000 ) Charge asymmetry (JHEP02 (2014) 107)
Theory (NLO+EW) 0.0115 + 0.0006
-0.05 0 Ac 0.05
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) Lepton (e/pu) + jets selection:
D > 4jets and at least one b-tagged jets

) Strategy:
D 3 observables reconstruct from selected events:

normalized events / GeV

m;ggo (— likelihood fit), mjg*° (— jet permutation) & Ri*°
pbhad +pblep
W, W, if > 2 b-tagged;
jety jetp
+p
greco _ Py -
b Drag
p

—— if 1 b-tag.
W, W, !
et et,
(07" +p;772) /2

D Templates for m:[165.5,177.5] in 3D:
Migp ® JSF @ b — JSF
» Designed to minimise the effect of b-JSF

» Results: Maximum likelihood fit to final distributions:

Events / 0.03

» Main systematic sources:
D b-tagging efficiency (0.8%), b-JSF (0.7%) & JSF (0.5%)

JSF — Jet energy scale

0.04]
0.035
0.03]
0.025;
0.02]
0.015)
0.01
0.005;

T T
ATLAS Preliminary
Simulation, \s=7 TeV.

0
i [GeV]

T T T T T
ATLAS Preliminary ¢ \s=7TeVdata

I Ldt=4.7 ;b"

4 — BestFit -

My = 172314075 . . cr G
JSF 101420003, -
bUSF = 1.006:£ 0,008,
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Mass difference between t & t @ 7 TeV

» Lepton (e/u) + jets selection:
P > 4jets and at least two b-tagged jets

) Strategy:

D Kinematic fit to measure m(/vb) — m(jjb)

on per-event basis

D 15 simulated templates with Am = [—15, 15] GeV
» Results: An unbinned extended maximum likelihood fit

to A to extract Am

fit _
Apm = qr < (M, — Mp;

q;: e/ i charge from leptonic top quark decay

) Main systematic sources:

P Chose of b fragmentation model
— b & b decay uncertainties (0.34%)
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) Dileptonic selection
) Strategy:

D Study observables sensitive to sources of new physics:

1 A¢: Azimuthal angular separation between the two
leptons in lab frame

2 S — ratio: Ratio of matrix elements
(correlated vs. uncorrelated spin)

_ (IMZr + IMIFL)cor
(IM %5 + [MIZ)) uncorr
3-4 cos(6+): Cosine of 6 of the charged lepton & top spin

quantization axis in the helicity and maximal basis

» Results:
D Extraction of spin correlation strength (fsy) by a binned
maximum likelihood fit for the 4 observables
fsm = Na=sm/Na=sm + Na=o

P Extraction of ATeasured — fg,, ASM

TBasis | Ap Satio  cos(0) c0s(0o)hety ©05:) COSO)muima
ARl 03750035005 02720032004  023+0.060.10 —

AT | 0,57 50.04:£0.07 038005006 — 0.36 % 0.06 = 0.09

» Main systematic: Signal modeling and Jet energy scale

NS EEE  op cusk phyeice I ATLAS

Events

2000= A1LpS Preliminary — fit result
1800 4 -t (A=SM)
Ldt=46fo 1s=7TeV ~tt(A=0)
+-data

(B background

& o . 53
Ao [rad]
ATLAS Preliminary i spin correlation measurements
qu =46 1s=7TeV fo 6t £ (oys)
2 ittt 119 £0,09 £0.15
Seratio ——— 087 0.1 £0.12
cos(9,) cos(8) H
iy basis ¥ 0.75 £0.19 £0.25
cos(9,) cos(8) :
narimal basis ——— 083 +0.14 £0.17
0 05 i 15 2

Standard model fraction
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» Semileptonic selection
D > 4 high pr jets & > b-tagged
) Strategy:

D Top pair production has a small asymmetry (NLO process)

under charge conjugation in SM

i _ N(Aly| > 0) — N(Aly| <0)

€~ N(Aly| > 0) + N(Aly[ < 0)

D Differential measurements in pr, mass & rapidity of ¢f pairs

» Results:

| Ac Data

Theory

Unfolded 0.006+0.010

Unfolded with m > 600 GeV | 0.018+0.022

Unfolded with 4, ;; > 0.6 0.01140.018

0.0123+0.0005
0.0175=3:5%0%

0.020555%

P Ac & forward-backward asymmetry (Agg) set constraints on

several BSM predictions

NS EEE  op curk phyeie i ATLAS

$OBTT Aaasanesss
ol t Du ATLAS
' - \s=7TeV
— a
015 piglonmesoogey ) H=47 3
04F- —— Axigluon m=7000 GeV.

T L
- \ ik

my [GeV]

Models from:
PRD 84 115013,
arXiv:1107.0841

I
0.4 0.5
A
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Searches for new physics in ATLAS

V' Covered in this talk

tt resonances @ 8 TeV: ATLAS-CONF-2013-052

Upper cross-section limits — Z’ bosons/Gyc/gxk

T T T
=8 TeV ——— Obs. 95% CL upper limit
' <reseeee Exp. 95% CL upper limit
Lar=143t"
Jra B Exp. 1 o uncertainty
- Exp. 2 o uncertainty

..... Leptophobic Z' (LO x 1.3)
ATLAS Preliminary

, x BRZ t) [pb]

N
05 T 5 B 25 3

Z mass [TeV]

Heavy t-like quarks @ 8 TeV: ATLAS-CONF-2013-060 Heavy boson (W’) @ 8 TeV:ATLAS-CONF-2013-050

Upper cross-section limits — vector-like TT quark

3,

= E T T T T T
S | ATLAS Preliminary ([
(S
T 1op
a
s f
&
L TT 2> WO4X, TT » HteX Combination |
10" |
.| 1s=8Tev
107 E
del =1431m"  SUE@) singlet
| 1 | .
300 400 500 600 700 800 800
m; [GeV]
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FCNC @ 8 TeV: ATLAS-CONF-

Upper limits in BR (t — cg, t — ug)
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) Strategy:
D Similar to t-channel cross-section analysis @ 8 TeV
— exploits differences in kinematics
D NN classifier employed to separate S/B
D Binned likelihood fit to the NN output distribution to extract

FCNC contribution
» Results:

Motivations:

- FCNC highly suppressed by SM

— enhanced in many BSM scenarios
- gg — t — Ilvb single top production

has a good sensitivity

D No FCNC signal is observed — Limits:

B NS EEE  op cusk phyaie i ATLAS

Events /6 GeV/
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=
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) Motivations:
D Predicted by many BSM theories

P W' — tb— allows models with § 19 amas Preimnay \a<oTev
i 4 = s _ 4 We (1.5 Te)
leptophobic W g [ J-Ldt 143
10° 2 jets 2 b-tags = M;)m':lwson:
» Selection: Semileptonic — very clean signature 10t ““‘.‘“’E‘Z'l""“"
) Strategy: :Z
D Signal discrimination with two BDTs for 2- and 3-jet events L
b Most discriminating variables: m, p'%"°%°, AR(I, bs) 10,1'
P W, massfrom 0.5 — 3.0 TeV considered £ '.51’;éﬂmWM'mmmWwwwgm Mmm =
) Simultaneous fit of 2-jet BDT output distribution for I S P o

each mass value

2 2

= a3

o o

§ §

E E
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zm: ATLAS Preliminary :Bi ATLAS Preliminary
Im=14.3m‘ \s=8Tev Imn=m.sm" Vs=8TeV
== Expoctad xcision - Expoctod axcusion
.gs-/.um .mm..mm
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Conclusions

» The LHC has opened a new era for high precision measurements of top
quarks.

» In2012, ~ 2 top pairs & ~ 1 single top per second!
» Many precision Top Quark Measurements on ATLAS

» i production cross-section with a precision better than 5%

» Top measurements now precise enough to constrain MC model parameters
(scale, PDF, non-perturbative models, ...)

» Top quark mass with a precision better than 1%

» Searches for new physics involved top quarks have started!
» Several more 8 TeV analyses in the pipeline!

» Many more ATLAS top results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

» Next LHC phases will push the energy frontier upward & higher
luminosity will enlarge the statistics

» Top physics might be the first place to find new physics
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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

Carolina Gabaldon (LPSC)

Aln(likelihood)|

2 W
|
0
!

60 170 180 190
lu[l Mass (GeV/c)

l nbaﬁhac round | -

Ruul\\luu ted Mass (G eV/c? 2
— 19 selected events
— exp. background 6.9 events
— 4.8 s.d. significance

—> Myop = 176 & §(stat.) == 10(syst.) GeV /c?

__ sgt3.6
— oG =6.8755 pb

Top quark physics in ATLAS

DO, PRL 74 2632 (1995)
25

Cross Section (pb)
—_ —_ )
=) o S

| i, |

w
1

Top Mass (GeV/cz)

— 17 selected events

— exp. background 3.8 events

— 4.6 s.d. significance

— mygp = 199113 (stat.) & 22(syst.) GeV /2
— og :6.4j:2 2pb
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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 *
CDF ANN lsjets

CDF SVX I+jets

i

]

e

CDFalljots  rfrtfm
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e

—e—i

1

L]
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Top pair cross section
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. —.—
CDF-IIl MET+Jets 173.9541.85 (1354 1.26)

Tevatron combination * 173.2020.87

2P/dof = 8 5/11 (67%)
| | | | | |
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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

0 02
Ranked Combination Output

0.4

06 0.8

Expected 223 single top events from
4519 b-tagged selected events
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c r Data ¢
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= (|
= r Multijets 1
% [
& 200

0
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v

Sensitivity to some models of BSM physics that
will change the s— or t— channel cross section

s @ DO 9.7 b
F 1 sD
r 2 sSD
T e 3 sD
30 o
F o
F e A @ Measurement
2- H sm
- ¢ Four generations
L O Top-flavor
1T A Top pion
r [0 FCNC
Lo i1 1 L 1 -
R R R

4 5
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) 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

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

Top pair production:

> = T T

3 E . ATLAS _Preliminary

8 {528 Tov L1203 51

S 5000 -
< Lo,

2 o ® Data2012

H E ) 1i Powheg+PY

& -w

4000~ = Zejets E
1 Diboson
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3000}
E -.1. Powheg+PY
2000 MC@NLO+HW

Alpgen+HW
E .

o ey,

DataMC
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Electron p, [GeV]

21559 events observed,
2640 expected to be
background (S/B ~ 7)

V.

» LHC top physic program complementary to Tevatron:

D Same production mechanism but at different rates
D Higher centre-of-mass energy

Single top production:

ATLAS Preliminary - Data

15 = 8TeV, |Lot= 203 16 |w
Wi

otie Dbisoson

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

B 2() +jets
[ Fake lepton
773 Uncertainty

NI A T A i

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
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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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