(- ?% EXPERIMENT GV
Top physics results
with ATLAS

Lorenzo Massa
INFN & University of Bologna

QFTHEP 2015
University of Samara, Russia, 26 june 2015



Outline

Indroduction

Cross section

- tt: inclusive and differential
- Single top

- tt + y associate production
Properties

- 'Top mass

- tt charge asymmetry

- tt spin correlation
Summary and conclusions

QFTHEP 2015 Lorenzo Massa - Top Physics Results with ATLAS



/ |

The Top quark
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Bosons (Forces)

Large mass: myy, = (173.34 + 0.27 £ 0.71)GeV
(ATLAS, CDF, CMS, Do Collaborations,
arXiv:1403.4427)
It decays before hadronization
— unique possibility to study a bare quark
Masses of Top, W and Higgs are bounded:
— important consistency test on SM
Large Yukawa coupling
— Special role in electroweak symmetry
breaking and in BSM physics scenarios
Privileged window to search for new physics
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® tt pairs produced mainly by {g t g f
gg fusions(87% @7TeV) and
by qq annihilations (13%).

 Almost every top quark decays ¢ tgouooy 1 g t
t > Wb
1% q
w* g’ Top pair final states
t Nt ’ “alljets" 44%

——

W —lv ~33% b
W - qq ~66%

t+jets 15%

* Hadronic channel, single
lepton channel and di-lepton

channel

pn + jets 15%

S . e + jets 15% " . ”
dileptons Lepton + jets
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- tt inclusive cross section: summary

o(tt) @+/s =7 TeV

R

a(tt) @ s = 8 TeV
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All measurements are
in good agreeement
with the Standard
Model

The experimental
uncertainties (~4%)
are better than
theoretical ones
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ttinclusive cross section

eu channel, the most sensitive one:

/ |

— /

EPJC 74 (2014) 3109

Vs =7TeV, [ Ldt = 4.6 fb~1
Vs =8TeV, [ Ldt = 20.3 fb~!

Extract both total and fiducial tt production cross section, b-jet reconstruction and
tagging efficiency in 1 btag and 2 btag samples, with significant reduction of major (btag)
systematics

Inclusive tT cross section [pb]
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NNLO+NNLL calculations
7 TeV: att = 1773+9+ pb
8 TeV: g = 252.9 + 11. 7+ 5 pb

Measured total cross section
2TeV: a,; = 182.9 + 7.1 pb (3.9%)
8 TeV: 04 = 242.4 + 10.3 pb (4.3%)
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tt differential cross section measurements

The high statistics at the LHC allows to perform precision differential o,z
measurements , which could unveil unexpected features (BSM).

Different strategies are used, depending on the involved energy.

Resolved topology Boosted topology

Top-quark decay products are well

For high-pt top quarks the decay products
separated and can be recostructed SRatoPd Y P

tend to become more and more collimated.

individu'ally. . _ Standard reconstruction becomes less
Top-antitop kinematic evaluated from efficient searching three distant objects.
the reconstructed decay products. Hadronically decaying top quark is

reconstructed in a single large radius jet.
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s section:
resolved to pology [ syt

Top-antitop differential cross section (dX) where X = mu;, D¢, |Veil, Pre and | ytl

Cut-based analysis in the [+jets channel
Top quark reconstruction based on particle level objects

The unfolded data distribution for pr, is softer than the NLO prediction. Quité large
dlscrepancy observed for pr, larger than 200 GeV
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section:

ATLAS-CONF-2014-057
Vs =8TeV, [ Ldt = 20.3fb~?!

oosted topology

High-pr top cross section measured for the first time
[+jets channel with pr(tyqq) > 300 GeV
Boosted hadronic top defined as a single large-R jet

Fiducial (boosted top jet) and total (parton tops) phase space measurements
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Particle top-jet candidate P, [GeV] top quark P, [GeV]
General tendency of the MC predictions to overestimate the data, especially at high
pr, confirming what seen in resolved topology.
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tt+ y inclusive cross section

Phys. Rev. D 91, 072007 (2015)
Vs=7TeV, [Ldt = 4.6fb~ 1
Measurement in the lepton-+jet channel: 1 lepton (e/u), > 4jets(= 1btag), EF¥SS, 1y

A binned template likelihood fit is used to extract the fiducial cross section

Template: p&° (Npirack with AR (track,y) < 0.2)

S RN R RS RN RS RN R Templates built for
E 10° % A"I"LAS | | Electron channel § p
3 Bllis7Tev, JL dt-a50m’  Coeney . prompt photons (signal & background)
= - 37 background ]
N S e tomi._ DAtk eronnd non DIOHRE photons
B N i
- - < i
B B3 N O'tty(\/_ =17 TeV) X BR =
e ~ \ . 63 + 8(stat.)*]3 (syst) + 1(lumi.) fb
: N \\\ 50 s1gn1ﬁcance
10-1On| lél \ O-tt’}/(\/—_ 7TeV) == 4‘8+ 10fb

14 18 20
5% [GeV] (Prediction from MadGraph and WHIZARD)
T
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b t

t-chan s-chan

- TeV measurements:

* ¢ in t- and Wt-channel, Wt
measured for the first time

(> 50 level)
» Upper limit for the s-channel
e Differential 0 measurements.

» Top/antitop t-channel ratio (R;)

Oub—td
Rt =

O0ab—td
8 TeV measurements:
* ¢ in t- and Wt-channel

* Upper limit for the s-channel

cross section

> 3 I

Total inclusive cross-section [pb]

- ATLAS +CMS Preliminary TOPLHCWG " é\%&s(ztn?mqggés ATLAS.CONF-2014-007 |

__Slngle top—quark pl'OdUCtiOﬂ Jan 2015 - JCHhégm?zhmz)Das JHEPOB(2014)090 ]

ATLAS Wt production

PLB716(2012) 142, ATLAS-CONF-2013-100 —

CMS Wt production

PAL110(2013) 022003, PRL112(2014)231802  —

LHC combination, Wt production

80— ATLAS-CONF-2014-052, CMS-PAS-TOP-14-008 —
ATLAS s-channel, 95% =
ATLAS-CONF-2011-118, arXiv:1410 0647

— t-channel CL.
r,
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60 — === NNLO arXiv:1404.7116 —
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4 4 % e e

scale uncertainty
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0 1 I 1 1 1 1 I 1 1 1 1 I 4I 1 1 : 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS
/CombinedSummaryPlots/TOP/
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-channel.cross seM

ATLAS;CONF—2014—007
e Vs =8TeV, [ Ldt = 20.3 b1

Lepton + 2 jets channel, 1-btag
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——Topquark'mass

Measured through a template fit:

e Lepton+jets: 3D template fit

depending on m; and jet energy
scales (JSF, bJSF)

e Dilepton: 1D template fit
depending on m;
Templates built by varying the fit

parameters in MC simulation:

reco
Mt recor Mib,recor Mw reco and qu

(ratio of the sum of the p; of the bjets
from the top and light jets from the W)

> [
o - ATLAS ]
% 0.03™ simulation, Ys= 7 Tev [ m, = 1675 GeV3
£ C =172.5 GeV
& 0.025- Mop e
3 B [ |my,=177.5Gev"
3  0.02— =
0 F 7
© C 7
g 0.015 —
5 C 1
Z ]
0.017 A —
0.005 3
0 | | | : | o

140 160 180 200 220
e [GeV]
QFTHEP 2015

/ .

..——'/

arXiv:1503.05427, Submitted to EPJC
Vs =7TeV, [Ldt = 4.6t

- -1 -1
ATLAS Preliminary m,,, summary - Mar. 2015, L =35pb"-20.3 fb
in
m,, * tot. (stal+JSFz* bJSF+syst)
|+jetg* CoNF-2011-033 5 4 169.3 + 6.3 (40 49 )
Ly = 35 pb [
I+jets E“V“:F"ﬁﬁcm (2012) 2045 I—E-H:—l—l 1745 + 2.4 (06 + 04 +23 )
all jets* ConF-2012.050 E 1749 £+ 43 (a1 +38)
L, =205t ]
all jets arxiv1402.0832 - 1751 £ 1.8 (14 +12 )
L, =451 i
single top™ Efl”:z;;“ls“’“ l—l-‘.}-l-?—l 1722 £ 21 (o7 +20 )
> l+jets :”‘“4'5_03'”_”.5‘27 - Ko 172.33+1.27 {023+ 0.25+067+1.02)
— dilepton E"“:';:’f;?“” L it | 17379+ 1.41 (o054 +1.30)
G(ﬂ} I+jets CONF-2011:054, L, =35 pb | o [ 166.4 =+ ;2
otf) dileptonf:’:";;'af;' (2014) 3109 I—ﬂ-i—l 1729 5%
a(tt+1et)* pone 01 ose |—¢—| 1737 =23
omb. Mar. 2015 (asi:1503.054 0 - ====- World Comb.+ 16
.91 —__— stat. uncertainty
._6_. stat. @ JSF @ bJSF uncertainty
' total uncertainty
I | =t *Preliminary, —Input to ATLAS comb.
I \ | L | |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSum
maryPlots/TOP/
B3
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~—Top-quark'mass

/V

/ |

arXiv:1503.05427, Submitted to EPJC
Vs =7TeV, [Ldt = 4.6t

A maximum likelihood approach is used to reconstruct tt kinematics

Signal and background PDFs are used in an unbinned likelihood fit separately for 1 btag

and =2 btag samples:

 Leptontjets: L(M reco, Mw,recoRbg 1Mt JSF, bJSF, Npig)

e Dilepton: L(Myp reco |M¢) Nprg) u 1.04

Simultaneous constraint on mg, JES and bJSF,

for the first time 1.02

Good agreement between results obtained
with 1 btag and =2 btag samples

Combination of lepton+jets and dilepton

results using the Best Linear Unbiased
Estimator (BLUE)

m§’™P = 172.9940.48(stat)+0. 78(syst) GeV

1.00

0.98

| ATLAS

—— 1o stat. cont. > 2b

1o stat. cont. 1b

1o stat. cont. comb. fit
N

Vs=7 TeV, 4.6 fb™
| |

171
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arge asym

* Tevatron measured a slight discrepancy in forward-backward asymmetry of tt with respect to SM:

FB = N(Ay > 0) + N(Ay < 0)

ey O wey 0y

* Because of the different colliding beams and top production mechanism at LHC, Ay is not possible

to measure. Instead, different asymmetries can be considered and have been measured at 7 TeV.

0.08

0.06F

0.04f

_ Nyl >0) - N(Aly| <0) Alyl = lyel = lyel

¢ N(Aly]l > 0) + N(Aly| < 0)

Alyl = lyi+| = lyi-|

i \AlleA‘Sl T .I.’\ T T |Mr d\ I| 1\ T T ATLAS+CMS,\S - 7 Tev Preliminery TOPLHCT,::pleml::r:m“
odels from: i Sl : :
L PRD 84 115013’ i it asymmetry I (stat) {sy;:;y . Dllepton| AC (tt) and AC (ll)
arXiv:1107.0841 7 Eﬁ%’ﬁ{;&jﬁﬁm [ B 0.006+ 0.010+ 0.005
OIS et HeH 0.004:£0.010:+0.011 (JHEP o5 (2015) 061)
ATLAS+CMS l+jets red 0.005 + 0.007 + 0.006
Preliminary
ATLAS dilepton = ° 4 0.021£0.025+£0.017 .
[ATLAS Preliminary] o ]
CMS dilepton b -0.010+0.017 + 0.008 Slngle lepton'
[JHEP 1404 (2014} 191]
Theory (NLO+EW) 0.0123 £ 0.0005
[PRD 86, 034026 (2012} (]HEP02(2014)107)
lepton asymmetry
f:\ILIXsA;S ‘;ii]epgon o | 0.024+0.015 £ 0.009
reliminary . . . .
CS dilspton - 0.009 + 0.010+ 0.006 * Combination with CMS:
Il;bneory (NE_OTEW) 0.0070 + 0.0003
L 1 1 1 1 1 Il 1 1 L 1 L 1 1 1 L L L 1 1 | | I (ATLAS_CONF_2014-012)
0 0.1 0.2 0.3 0.4 0.5 -0.1 0 0.1
Arg Ac
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tt charge asymmetryin "= channel

JHEP o5 (2015) 061

Vs =7TeV, [ Ldt = 4.6 fb~1
Dilepton channel allows lepton-based asymmetry, to remove any dependence on the
algorythm used for top reconstruction.

Reconstructed A|y| spectra are corrected for detector response and acceptance by
unfolding procedures.

e e — ] R
1_? 2L ATLAS POWHEG-hvq+PYTHIAG | =0
" ey, 15 =7TeV 4.6fb! —®— comecteddata ] L sf,\s=7TeV, 461"
0.6 [ZZ7] systematic unc. | C
- ’ 5 g
0.4— - ]
0.2 - -
i ] 0 -
& g r
T e e ATLASdas
PN E L ATLAS T
Q1.2 . ] g ATLAS 26 :
£ 1.0 + s > T Z 5l + SM, NLO QCD+EW, Bernreuther(2012)
0 08:— e - A SM, POWHEG-hvg+PYTHIAB ]
e 3 IR T T B [ T T R [ B R [ ]
BN 5 0 5 10
Aly| Ac [%]

A% = 0.024 + 0.015(stat) + 0. 009(sist)
A =0.021 + 0.025(stat) + 0. 017 (sist)
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_ NOMD+NA)-N(T)-NUTD
T NOD+NADENAD+NAD

correlation mea

AsM. iy = 0318 £ 0.005

7 TeV analysis: Phys. Rev. D. 90, 112016 (2014)

e The spin correlation is extracted through four
observables in a binned likelihood fit of fg,

where

Ameasured = fSMA.g‘}I%/I
e A¢(ll) shows highest sensitivity

8 TeV analysis: Phys. Rev. Lett. 114, 142001 (2015)

e The spin correlation is extracted through a
template fit on A¢(ll) distribution

fom = 1.20 £ 0.05(stat) + 0.13(syst)
Ahelicity = 0.38 = 0.04

e It is the most precise measurement by now.

e Limits on stop production can be set exploiting
the sensitivity of tt spm correlation to SUSY

processes tt — tt)( )(

QFTHEP 2015

ents

ATLAS

tt spin correlation measurements

f Ldt=4.61", Vs=7 TeV
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Summary and conclusions

During Run [ ATLAS has provided several top quark measurements to make stringent tests on SM.

Top pair and single top cross section
Top-quark mass measurement
Top-antitop charge asymmetry

[ ]
([ ]
[ ]
e Top-antitop spin correlation

Even if most of the measurements are limited by systematic uncertainties, almost all results agree
with the Standard Model.

In the tt differential cross section the data distribution for pr; is slightly softer then the theoretical
prediction, especially at high pr.
Prospects for Runll

» The expected higher statistics will allow to refine all these results.

e New analyses will start, especially regarding the boosted topologies.

Additional information can be found at the ATLAS Top public results page:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

QFTHEP 2015 Lorenzo Massa - Top Physics Results with ATLAS 18



QFTHEP 2015



P

& \
W
\ \n: "m
A ¢ N N

R

25m

Tile calorimeters
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forward calorimeters
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Transition radiation fracker
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Common object definitions

Details can vary among the different analyses

Jets:
e Reconstructed from topological clusters using the anti-kt algorithm (R = 0.4)
* pr>25GeV, |n| <2.5

B-tagging via a Neural network based algorithm (MV1) with average efficiency of
70% and light jet rejection factor ~140

Electrons:
e EM cluster with track matched
e [solation in tracker and calorimeter
e Er>25GeV, |n|<1.370r1.52 < |n| <2.47
Muons:
e Tracks in inner detector and muon spectrometer
e [solation in tracker and calorimeter
e pt > 20GeV, |n| <25
Missing transverse energy

e Vector sum of energy deposits in calorimeters, with corrections based on the
associated reconstructed object
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EPJC 74 (2014) 3109

eu channel

Strong dependence of g;; on top mass Constraints on stop pair production
e Extraction of top mass via the 0 R-parity conserving SUSY extension of SM
maximization of a Baysian likelihood with £; - t7) (BR = 100%)
function 0 Fit 0 z, to the g/#¢% — gl difference
2 350N ATLAS T T 2008 N0 uncartaint | Lo : 5
§ N, = e iy ] 0 95% CL exclusion of stop with
§ 300 % T APDR23 NNLO unceriainy —]
g [ o bmmEnye ] my <mg, <177 GeV
O 250 T ]

s,
o= e, -~ =. L B e e B e e Y B B
|- ‘q*' | - -
200 ?.ﬁ\"w\“‘“‘“m s < - ATLAS .
: TR 2 4 5=7Tev, 46" E
r S, ] c E Vs = e . .
150 \ o - ’ ) ]
T T ! ‘\\\T‘“‘f::: ﬁ 3.5 Vs=8TeV,203 fo! 7
164 166 168 170 172 174 176 178 180 182 — - - ]
mpo\e [GeV] g 3;E| EXDECted I|m|t i1 Gexp 7
t (@] [—— Lo SUSY b
e ———————— » E ObservedIlmltir1cs““,__\ory ;
Top quark pole mass from cross-section [ 25 L o~ 0 -0 _,»"',," —
ATLAS compared to direct measurement (@] E t1% t x1, m(x1 ):1 GeV ) :_’-",.: ;
) 459 é 2__ l__.'_:-,_x E
DO approx NNLO- MSTWO08, 1 96 TeV 2009 ~ ————F———— 169.1° = C 1
DO approx NNLO: MSTWO08, 1.96 TeV 2011  ——F——— 167.5_‘:? — L h
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 e 17677° O 1.5 i
-28 { [ -
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 = 26 ?D 1: d
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 26 2 C N
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9?:2 0 5:_ _:
Direct reconstruction LHC+Tevatron 2014 = 1733+ 0.8 oo v b b b by
A RN R R 1770 180 190 200 210 220 230
140 150 160 170 180 190
m™ [GeV] m [GeV]

QF‘TI—IF‘P ‘7{\15 I aren—zo “/[JCC) T{\P W RDCII]"Q ‘Al‘if]‘\ ATI AQ 2




Events / GeV

Data/Prediction

90, 072004

\/_—7TerLdt—406fb 1

Total o, measurements show very good agreement with the SM

* New physics phenomena can still affect the shape of o;;

: e : : 1d
Top-antitop relative differential cross section (; d—;) where X = m;, pr¢i, |Ye| and pr¢

e Relative measurement more precise than the absolute - cancellation of correlated systematics

Cut-based analysis in the [+jets channel

tt system reconstructed via a kinematic likelihood fit.

Final parton level measurement extracted via unfolding methods

Reco spectrum

Resolution & efficiency corrections

QFTHEP 2015

Lorenzo Massa - Top Physics Results with ATLAS

10%E T T T T T -

i: ATLAS pHjets 3 E
10°E (57 Tev j Ldt=46" éﬁ_ﬁ&:em) E — s ATLAS Simulation  18=7 TeV e+jets B e e ;LQ:
102 & diepon) o 3 s | o | @i | o | osE| e - S, [ ATLAS Simuaicn  ALPGEN.HERWIG oo

Bl Sngetop 3 oL 9% & (s=7TeV e orets ] 10°
10H [ Wirjets o 03% 04% 0.7% 21% 189% - .29 B 6 —— pajels 4
3 o B 250 il ]
1 H [ Mutiiet . 3 08% 10% 25% 12.5%- 84%  21% 5 ]
E [ Other E = 200 A — B

107 E 5 31%  46% 135% - 185% 45% 12% 4 e S k| ——»

£ g [ - —_—

&) 150 11.6% 19.9% -184“/ 75% 47% 2.5% = E 1074
10k 100 2 3

3 34 4%, - 221% 899% b53% 29% 22% i

107k 50 s E
498% 151% T7a% 3.5% 20% 14% 1.0% o . . . . |
1.
s © o 20 100 150 200 250 350 800 0 100 200 300 400 500 60O 7‘0?(33\8.’;)0 i 5
: coralation: 0.85 Parton-leve! p! [GeV] Pr %E 1
)| L% //4//////////////////////
0.5
0.5
0 100 200 300 400 500 600 700 800
Hadronic topp [GeV]

Parton level

______Imeasurement
; -- Data
C - ® ALPGEN+HERWIG
[~ B MC@NLO+HERWIG
E - ® POWHEG:+HERWIG —
F ¥ POWHEG+PYTHIA E
B R TS
| ATLAS |
F J-Ldl=4.sfb" ]
F vs=7Tev
[ s 7Te ° . . v
e o B A g i
E . vy
M#*'L'****L*L**f
00 B00 500406 500 696 700 800
p. [GeV]
T
23



Results: comparison with generators —

Phys. Rev. D 9o, 072004
B i s O e

Electron and muon channel
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Reconstruction of the tt system
via kinematic likelihood fit

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

£ (Ep'] Pz m“"r”') b (E"' E,lmy, l"n') : 5 we
. B (ﬁp_j By, Eyalmy, F,) ‘B (ﬁ By, By alme, rr) _ \ -
. W ( Fimiss| 5, uj - W (ﬁ:r:'.u_m H_P) W ( B, ﬁ.-r.p) . MC S _\t
-
H W ( et “_' ) P (b tag | quark), I q_l"‘ b

The likelihood assesses the compatibility of the event with a
typical ttbar pair

The algorithm is fed with the 4 or 5 reconstructed highest-pt jets
(and their b-tag info), the lepton and the EMsS

The output is the permutation of the four jets, lepton and
that maximizes the likelihood

EmlSS
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From t ector-level spectr ‘

| the Cross section measurement

The ‘detector-level’ spectra are linked to the ‘parton level’cross section
0j via
J

Ni = Z MUE]O'],BL o Bi
J

Where
N; is the number of observed data events in the bin j.
L is the luminosity
B; is the number of background events in the bin i.
f is the branching ratio
M;; is the ‘migration matrix’
€; is the efficiency of the selection
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jets differentia

Cut-based analysis in the [+jets channel

Particle level measurement

jet energy scale (nj,rs=4)

do s AR ¥
—LL: sensitive to hard emissions in QCD

d A i
29t . sensitive to the modellin

section

JHEP o01(2015)020

Vs =7 TV [ Ldt = 46fh 1

Limited by systematic uncertainties, background modelling (for n;..s < 4) and

g of higher-order

dNjets dpg,jet
bremsstrahlung processes. QCD effects in MC
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Jet IpHCITV In top—anti-

~ final states

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

* Provides a test of perturbative QCD
* Single-lepton channel
e Four jet p; thresholds: (25, 40, 60, and 8o GeV)

* Results are corrected for all detector effects through
unfolding

e Reconstructed level = particle level

* Measurement is limited by systematic uncertainties,
e background modelling (at lower jet multiplicities)
* jet energy scale (at higher jet multiplicities)
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~ final states
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Slml'mp t-chanr |o

_ Oubotd Phys. Rev. D. 90, 112006 (2014)

ST s v e
Very sensitive to the ratio of the PDF of the valence

quark in the high x regime

e Smaller uncertainties because of error cancelations
Sensitive to new physics effects

Same analysis technique used in the o;.54n
measurement.

T T T T[T rrr[rrrr ot < .
ATLAS [Lat=4591" 1s=7Tev | 1heMeasurement isin
Measurement result —t + — agreement with the pI‘edICtIOHS
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uark mass

arXiv:1503.05427, Submitted to EPJC

Most precise measurement in ATLAS
s =77V [ldt—4 6

* 3D template fit in the lepton+jets channel
e my, global jet energy scale factor (JSF) and bjet energy scale factor (bJSF)

* 1D template fit in dilepton channel

e Templates: M yeco, Mip reco, Mw reco and Ry, “°(ratio of the sum of the py of the

bjets from the top and light jets from the W) C i :
0.03= Simulation, {5=7 TeV =167.5 GeV ]

0.025-

=172.5 GeV

= 177.5 GeV

e Templates built by varying the fit parameters
V= linear

in Monte Carlo
s
dependency for signal

and bg Mt reco v M M
M= linear
dependency but not
fitted reco v v 0.005C

: 1b
v'=linear . -
dependency for signal  EZFFAREs v M M 140 160 180 200 220
only 220 [GeV]

* Probability density functions for each parameter evaluted by fitting each template
distribution for signal and background

<
<

SN

2o

2 N
i

e

[

Ry

s
25
e

ptt

S

s
‘}&

5
o'
=t

o
Lo

0.02—

Sty
)
250

o 5
e

o
-
i
s
gt

S

P
&,

e

N
Seopeataet
S,

5
N
<

N
b,
b
it
bt
S
e
25
Setetetetatelel
S
=
2L

$rores
srosest
OHHHIH

5
ey
M
Seretetatl
Satatitites
S
STt tatytites
SRt tatatetity
SRyt
L
SRS

bt
o

0.015~

(X
-
§
L

o
v

=
o

b

K%
S
oy
K

.
oatetel
ile!

20N
%
‘ﬁ

%

S
<5

o

N
3
",

satels
Sl
s
255

2
%
sleteteltereses

%
25
KR G

-
2

biet

£

Normalised events / GeV

S
ey
S

S

2%

s

<500
ot
it
5%
25
0
25
2%
bt
453

2%
o
5

e
B
ot
b0t
2%

3
e
3
5
K

e
2505
5

25
oo
&
ooqgo
5055 g
e
it
55

S
S
sratatet
BOttS
QL
<%
bt
SRR
L
0

‘:

S5
!
H
153!
H
5!
X
5
2%

2

5
5t
0

L0

G
3
Clocs

bys
b8

5
Y
<

%
%
ot

s
Q’Q
Sotatatet
S
Qﬁp‘
e
2%

s
s
8

3

e
2

2
2

5
bt
SeSKeeretes

My reco | 0.0

2
L
5
I
o
%1%
Satatele!
25
i
Gatets

%

o
Teteres

o

I

K

.
(N
K
2
Qp
L A
et
o

3
3

25
Steiete
25
<
e
0
b
ok
&
SO
s
S
et
5
i
iite!
s
S

STetiey
S
et
<
bttt
rn!
fates
S
b
s
s

I,
%%

-
¥
<

S0
5% L
{00

5%
255
Syt
e
ket
335558
bress
olots
olots
4%
LA

%58
s

SRR
s

v

5
"
Sate!
50
<%
o
Sotle
S
STt teTtete ety
Lol
<55
oo9e
2
30

5
G
Rt
Tatatetetetetetetotatil
! slotets

5
%
3
ittet
350
o
2%
Ko
525
30
%
Ko
<

&
ok

o5
2
25
o5

2

e
2

2
e

i

e
e
<

o
4 e
(GO

eitatetetateletet
528

%
S

195

195

o
25
P
555
I
%
it
baet
s
EASatatity
5
ittt
Ststetatetet
L
SSatatetsl

o
58
‘9
L
fote
SRS
ety
S

K

o

St
Qﬁ!

St
Satisieieee
%
bitisytss
st
Eatarss

K
o
2

{5
biess

I
S
s
X

2505

<
ol

<X 5090505¢
ety

<5
o

K
o
it

458

2

5

~¢

I

55
50052

5

505

35

R
2
g
e
e
o
oL

L
4505
il
ofalale!
55
0
I A
S
oeletes
55
SRR,
5
ke
25
S,
5

e
tatalele!

b8
b8

bttt
e

%
S
Srerererenins
s
Rt RRRas

S

i

%
&

bote?
boe!

5
5

b e
S ";.; =
X PRI I IR K BT X A
B ta e e eyS

g
b
e
e
X225
0

ol

2
S

2505
%
o
e
2
o
e
o
b
<5
%
fate!
s
ot
ot
o2
5
ot
o
<5
Eotet

2

3

o

i

550
2535
&8

55t
5
X
Sotel
2
Ll
o

[
b
3%
b
st
[
I
b
b
%
b

8
35t
L
asse
s
3548
ped
|
b
%
3
%
5%
b
pe

31
QFTHEP 2015 Lorenzo Massa - Top Physics Results with ATLAS



t charge asymmetry in Run Il

Interest shown for boosted analyses
e Combinations with resolved analyses could improve the precision
A at high m,, particularly sensitive to new physics

Run II ideal environment for boosted analyses
e Expected 7x more boosted tops (m;;>1TeV)

with 5/fb
Interest shown also for Ao (tl) witha highpy < 07 R M
hadronically decaying top (arXiv:1401.2443) osE * out rﬂev . E
0-4; Axigluon m=300 GeV ramaTh _i
0_3; Axigluon m=7000 GeV =
0.2F 3
a _ N(alyl* > 0) — N@aly|* < 0) | \ :
¢ N(@lyl" > 0) + N(Aly|* < 0) oF ' : + ‘
No ambiguity due to the z-component of the neutrino 010_ ST U TUVTIRIN IVRTTNTTIV T ;

m, [GeV]
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/4
Spin correlation observables

Angular distributions of daughter pairs

Lo oAl
o 40 1—Aa,a,cosB,cosf
dcosB,dcos0, 172 1 2 ) N
S

e Elicity basis: top rest frame

e Maximal basis: event-by-event axis that maximize
correlation for gg fusion

S-ratio

 Ratio of matrix elements of like-helicity gluon fusion with

spin correlation to without correlation
b (lMlg{R + |M|12,L)Corr
(lMlﬁR + |M|12,L)uncorr
meleE e DR ) me(h

(I L o)
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correlation: sto

* tt spin correlation is sensitive to SUSY processes &t — t£7°°

* Limits on stop production can be set by measuring tt spin
correlation

= I I A S A A AR = T, production, T, ¢z} /T Wbl /T t7] Status: Feb 2015

o - ATLAS_ S‘600|||||||||||\||||\|||\||||\||||||
- i Observed — 1 3 L ATLAS Preliminary  L,=20%" 5=8TeV L, =47 " {57 TeV
(-_I) 100_ \JIS = 8 TeV, 203 fb ] = B —.E_ﬂi: 0L [1408.1122] 0L [1208.1447] 7

- - Tl =ity 1L [1407.0583] 1L [1208.2520]
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ATLAS SUSY summary plot on atlas.web.cern.ch
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8B

T NA|y|>O) Nrgg)) asy =

lyel

A ATLAS"-CMS,\S = 7 TeV Preliminary TOPLHCWG, September 2014
C N(Alyl > O) + N(Alyl < 0) tt asymmetry ——:'T';'u“:::'":"
ﬁ;\ilﬂil;jﬁ}?m e 0.006 £ 0.01 O + 0.005
N (A >0)— N(A <0 e e % [EMSI{ets T 0.004 +0.010 £ 0.011
lcé e ( |y| ) ( |y| ) Alyl |yl+| Iyl | EKTLA(SL(;Mé l+jets (= 0.005 + 0.007 + 0.006
N(Aly' > O) + N(Alyl < 0) é’ltz:éﬁ:.lﬁ?tun 2 ° 4 0.021+0.025+0.017
ﬂ”ﬁﬁf'iﬁﬁ"{; boe A -0.010+ 0.017 £ 0.008
ibﬁgz};j&!!l{izgiEW) 0.0123 + 0.0005
P lepton asymmetr
° Extensnjely measured @7 TeV ﬁﬂ}?gne;m " e 4 0.024%0.015%0.009
CMS dllepton ¥ 1 0.009 £ 0.010£ 0.006
. p ;b&gg‘ﬂh&tEW) 0.0070 + 0.0003
¢ All results obtained after unfolding to parton level T I n
. . A
e Dilepton channel (submitted to JHEP) &
. 008 I LN L T T T T
« Simultaneous measurement of A, (tt) and A.(ll) | ATLAS oo om
 Single lepton channel (JHEP02(2014)107) 0.06| 1070041 -
e Combination with CMS (ATLAS-CONF-2014-012) ooal
: 4 SAAG ot
* Results in agreement with SM predictions < 02l

e To understand the discrepancies in Arp @ Tevatron  ©

0 01 02 03 04 05
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