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What makes top quark interesting?

/Heaviest fundamental particle in the SM\ / Short lifetime (~1072°s) \
Larger mass => Larger coupling to SM Higgs + m,,, is a Decays before hadronization — Unique among the
fundamental parameter in SM quarks!
BOOOO Nt 0 ' + F d
g L HOO”O ¢ W v, G’
gl ; —
Allows for Self-Consistency Checks of SM Post b

. ) Access to Polarization and Spin Correlations
\ Higgs Discovery / \ /

Processes including tops are \ /
backgrounds for new physics

eg. H—Dbb M
H—WW

+ Exotics and SUSY

\GOOd Understanding = Improvements in Searches/ \ Exotic Particles Could Decay Preferentially to Top /
Quarks
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Hints of new/BSM physics \
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Top production and decay

* In pp collisions top production is dominated by QCD production in top and anti-top pairs.

* EW production provides direct access to Wtb vertex
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* In the SM, top decays to Wb

Top Pair Branching Fractions
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Topics covered in this talk

Polarisation
Mass Helicity
Spin ,Q
Polarisation
W

Witb vertex structure

‘ v CP asymmetry
t Z

/

ttZ, ttW, tty production

-
& X
D
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Topics covered in this talk

arXiv:1702.07546

Top mass Phys.Lett. B 761 (2016) 350
Top spin JHEP 03 (2017) 113
Wtb vertex structure JHEP 04 (2017)124
W polarisation Eur.Phys.]. C (2017)77:264
CP asymmetries JHEP 02 (2017) 071
{EX production Eur.Phys.]. C (2017)77:40

arXiv:1706.03046
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http://download.springer.com/static/pdf/109/art%253A10.1140%252Fepjc%252Fs10052-016-4574-y.pdf?originUrl=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1140%2Fepjc%2Fs10052-016-4574-y&token2=exp=1496842105~acl=%2Fstatic%2Fpdf%2F109%2Fart%25253A10.1140%25252Fepjc%25252Fs10052-016-4574-y.pdf%3ForiginUrl%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1140%252Fepjc%252Fs10052-016-4574-y*~hmac=8187dadd12e1057c8095721a61b9996ef1fbd8b4ef3a114ae3f221bd3ef1a5cf
https://arxiv.org/pdf/1706.03046.pdf

Top quark mass

EW precision calculations depend on m

* Motivations

EW vacuum stability involve m
m; is large = connection with high energy theories

Unique opportunity to study a (almost) bare quark

* Methods: Confinement — quark masses are not observables = what is m;?

. . . . 1
Top decay products invariant mass m s theory parameter in the lagrangian m,”

Direct measurements (in pole mass scheme)
Cross section measurements

Choose detector-level observables (O;)

which depend on the top quark mass - Take at least a NLO calculation (fix scheme)
pole

Obtain (differential also) Ztt+X (my)

Generate MC with varied thC values

%)

. exrp .
From MC, parameterise Oi(th Compare measured 0,; % with theory

~ Take value of m," = which best describes data - Choose the value of m** which best match o SELX
- mtpole well-defined theoretically
* Topologies Newest ATLAS result
@aﬂ—hadro@ tt semileptonic tt dileptonic single-t (t leptonic)
e 6 jets (2 b-jets) o 4 jets (2 b-jets) e 2 b-jets e 2 jets (1 b-jet)
e no leptons e 1 lepton e 2 leptons e 1 lepton
e no EJss o ETsS > 30 GeV o EMiss > 60 GeV o EMss > 30 GeV
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arXiv:1702.07546

Top quark mass in the all-hadronic channel

q
b q g T I 1T I TTT I 1T T 1T T 1T I 1T l T 1T | LI ‘ T T | T_]
w* o | ATLAS —4—Data (s=8TeV |
=~ 1000 J- Ldt=20.2 b —— Signal Fit _|
8 B —— Background Fit —
7 &< ¢ = —— Total Fit .
wZ 0 800 .
q b i i
q’ 6001~ xéIndf=72.3/48=151 |

400
* Largest branching ratio (46%) among the possible top

quark decay channels 200

| [T A l l NI |

* Challenging because of the large multijet background OE L b Lo b b el b T
16 18 2 22 24 26 28 3 32 34

* Myep extracted from a template fit to the distribution Ry = my/m

of the ratio of three-jet to dijet masses, Rz,=m;jj/m;;

(reduced dependence on the jet energy scale % o620 AI\T|L;|ASI R
T i

uncertaint : ) — 22 1o Stat. Contour
Y) 0.61 .[ tdt=202f° %2 2-c Stat. Contour _:

* The dominant source of systematic uncertainty come 06l T E
from the jet energy scale, hadronisation modelling f ) ) .
and the b-jet energy scale. 0.59F -

* with a relative precision of 0.7%, it is about 40% more 058" E
precise than the previous measurement performed by 0.57 h
ATLAS in the all-hadronic channel at 7 TeV. E T e ]
0.56 E

myp = 173.72 £ 0.55 (stat.) £ 1.01 (syst.) GeV 0.5 '1;3' s 1'7|3_5 — '1;4' — 1'7L_5' s

My, [GeV]
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Phys.Lett. B 761 (2016) 350

Top quark mass in the dilepton channel

l+

b v
w > e Data  [Jf,m_=1725GeV
( 600 28 Uncertainty C__J Correct match
o (] Wrong / no match I Single top
= ~ 500 I NP/fake leptons Z+jets
_ f ¢ @ WWWzizz

w S 400 ATLAS

o Vs=8 TeV, 20.2 fb’’

e

I- b 300

200

Vv
* The analysis uses a template fit to myp 100

III|IIII|IIII|IIII|IIII|IIIIIII]

IIII|IIII|IIII|IIII|IIIII|III|II]

* An unbinned maximum likelihood fit gives the

O
=
myep value that best describes de data L e AN T
e 40 60 80 100 120 140 160
b [GeV]

* Biggest uncertainties come from the jet energy
scale and the relative b-to-light-jet energy scale

(b) m3;° in data and simulation

2 I

* The result is the most precise single result in this fI7 |\ ATLas
c \s=8 TeV, 20.2 b
(§]

decay channel to date (40% more precise than
the one obtained with 7 TeV data)

Miop = 172.99 £ 0.41(stat) £+ 0.74(syst)GeV

* The result is combined with ATLAS myop
measurements in the lepton+jets channel and
the dilepton channel @ 7 TeV with a relative

| ) 1 , |
precision of 0.4% 1725 173 1735
Mo [GeV]

Mitop = 172.84 + 0.34(stat) + 0.61(syst)GeV (d) Logarithm of the likelihood
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Top quark mass summary

ATLAS public results

ATLAS+CMS Preliminary LHCIOpWG m, summary, ¥s = 7-8 TeV May 2017
. y p y
ATLAS public results | ... World Gomb, Mar 2014, [7]
. . 1 1 stat
ATLAS Pre||m|nary mtop summary - May 201 7, Lint =35 pb -20.3fb total uncertainty total stat
m,, = 173.34 + 0.76 (0.36 * 0.67) GeV
mg, * tot. (stat.+JSF+bJSF +syst) P : op tfotal (stat £ syst) is Ref.
- |+jets* CONF-2011-033 o 4 169.3 + 6.3 (40 +49 ) ATLAS, I+jets M 172.31+ 1.55(0.75 * 1.35) 7TeV [1]
- Ly =35 H - ' s | .
- Lejets B P 072 otay 0 .' 1745 + 24 (o6 : o4 28 ) ATLAS, dilepton (%) 173.09 + 1.63 (0.64 + 1.50) 7TeV [2]
- o 1 CMS, l+jets 173.49 £ 1.06 (0.43 £ 0.97) 7TeV [3]
- all jets* CONF-2012:030 1749 + 43 (21 +38 ) ;
u ELml;:y-“J'bm ot 158 1 CMS, dilepton 172.50 + 1.52 (0.43 + 1.46) 7 TeV [4]
. ur. Phys. s . + 1. K + 1. :
thC . alljets | "o "", —_— 1761 £ 18 (14 ) CMS, all jets 173.49 + 1.41 (0.69 £ 1.23)  77Tev [5]
| | H * x -
. single top™ PO e B 1722 + 21 (o7 £20) LHC comb. (Sep 2013) 173.29 +0.95 (0.35 + 0.88)  7TeV [6]
u H ur. s. J.
m | o ljets B Pe S Co@oI 30 -fur-i- 1723 + 1.3 (02 £02:07 +10) World comb. (Mar 2014) 173.34 £ 0.76 (0.36 + 0.67) 1967 TeV [7]
. u
= |- dilepton Fur P, 079 (20191 320 et 1738 + 1.4 (o5 +13 ) ATLAS, l+jets 172.33 £ 1.27 (0.75 + 1.02) 7TeV [8]
u | dilepton e Len 8761 (016 30 [ 173.0 + 0.8 (04 +07 ) ATLAS, dilepton 173.79 £ 1.41 (0.54 + 1.30) 7TeV [8]
; all jets ar;:vj170.2,o7546 I-ﬂ:ﬂhl-l 1737 + 1.2 (os +10) ATLAS, all jetS 175.1+1.8 (1 4+ 1.2) 7 TeV [9]
020 ! ATLAS, single top 172.2 £ 2.1 (0.7 £ 2.0) 8TeV [10]
o i 18 ATLAS, dilepton 172.99 + 0.85 (0.41£ 0.74) 8TeV [11]
o(tt) l+jets CONF-2011-054, L =35 pb'" : 166.4 + 75 H
o e Phy'SAJ_’C‘;:‘*(ZO‘*:m : 1 L 25 ATLAS, all jets 173.72 £ 1.15 (0.55 + 1.01) 8TeV [12]
oftt) dilepton ** 7T N 729 35 ATLAS comb. (june 2016 172.84 +0.70 (0.34 + 0.61)  7:8Tev [11]
g B 23 3 . f
ofti+1-jet) T = b et 1787 £33 CMS, I+jets HoH 172.35 + 0.51 (0.16 £ 0.48) s Tev [13]
E ______ World Comb. + 16 — CMS, dilepton 172.82 £1.23 (0.19+ 1.22)  s7Tev [13]
ATLAS Somb, sJune 2016 frs et o761 ore o ——— stat. uncertainty CMS, all jets 172.32 + 0.64 (0.25 + 059)  8TeV [13]
Werld Comb. Mar. 2014 aciauer | f‘f‘i ® JSFt ® thSF uncertainty CMS, single top 172.95 +1.22 (0.77 £ 0.95)  8TeV [14]
. 0. ——(O1Al UNCErILAIN
Tevatron Comb. Jul. 2014 (arxiv:1407.262) i ——t *Preliminary _y>|nput to ATLAS comb CMS comb. (Sep 2015) 172.44 £ 0.48 (0.13 £ 0.47)  7+8TeV [13]
1 3 B
17434+ 0-64| I | : | I I [1] ATLAS-CONF-2013-046 [6] ATLAS-CONF-2013-102 [11] Phys Leti B761 (2016) 350
1 60 1 65 1 70 1 75 1 80 1 85 1 90 (*) Superseded by results {2 j\gtﬁs";)gg‘rjo‘zﬁs'W? {g 2:%»1‘:31?:4725712015) 330 ::3 ;rr:?: ;‘:(32[)09‘;(4260‘6’ 072004
m.__ [GeV] shown below the line ez e e
(o] S- -2014-055
P ol i | T R R R NN T N N N R
165 170 175 180 185

My [GEV]

* Main gain in precision of top mass measurements lays in the combination of the results
* Uncertainties are dominated by systematics (JES, b-JES and modelling)

* mMC and m¢P°!® are obtained with different techniques and therefore the results are not directly comparable,
specially the uncertainties

Persnectives of simnle angular analvses 13/12/2016


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/mtopSummary_All/mtopSummary_All.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/mtopSummary_TopLHC/mtopSummary_TopLHC.png

JHEP 03 (2017) 113

Top quark spin observables in tt production

* In the SM, top quarks produced in pairs are unpolarised

* The spins of the top and the antitop are correlated and the information is transferred to their decay products,
thus affecting their angular distributions.

* Use tt dilepton events (ee, uy, ep)

* The spin density matrix can be expressed in terms of 15 spin observables using 3 orthogonal spin quantisation
axes:

3 polarisation coefficients for the top quark
3 polarisation coefficients for the antitop quark
9 spin correlation coefficients

* Results are provided at parton level in the full phase-space and at stable-particle level in a fiducial phase-space.

Three axes:

- k: helicity axis

* 1: transvers axis

- r: orthogonal tok & n

0: angle between the momentum of a
decay particle and a quantisation axis
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Top quark spin observables in tt production

;},20000_"I"'I"'I"'I"'I"'I"'I"'I'"I"_ ARANRRRN ALY LRLELALE LRRS LALERLLY RARY RARS 2
818000F arras Tt . : L o
S : 1 1t e Data ] o d cos#%d cos 6°
g 16000F Vs = 8 TeV, 20.2 fb’ 1F Jsignal ]
~ 14000 1F WM Singetop :
~2 - it [ Drell-Yan ]
o 12000 - qF Others B
*'10000F JF [ Uncert. ]
8000F 1 F .
6000F e b R
40007 1F ]
2000 1F 1t
0
1.2 : : : : : : :
1.1 :
Zg L e ¢ ® ¢ 1t . : L . .
S T 1 F ¥ . ¥ i
0.9¢ - ] T E
087—=%5 0 05 11 05 0 05 11 -05 0 05 1
cos6X coset cose’
ATLAS /s =8TeV-20.2 fb" ATLAS /s =8TeV-20.2 fb™"
Polarisations ¢ JHEP 12 (2015) 026 result + (stat+det) + (mod) Spin correlations ¢JHEP 12 (2015) 026 result + (stat+det) = (mod)
BX —— -0.044 + (0.027) + (0.026)
C(k,k, ———— 0.296 + (0.072) + (0.057
BX —— ¢ -0.064 + (0.030) + (0.023) (kk) * (0072) = (0.067)
B ——t -0.018 + (0.023) + (0.024)
C(n,n) —_— — 0.304 + (0.038) + (0.047)
B’ —4—o——  0.023 + (0.024) + (0.034)
B, 4—e——  0.039 + (0.030) + (0.029)
C(r,r) e 0.086 + (0.075) + (0.122)
B’ —¢—e——— 0.033 £ (0.029) + (0.045)
1 0|3l 1 1 1 ()|2I 1 1 I_ol 1I 1 1 1 é 1 1 1 10|1 1 1 1 I0|2I 1 1 1 I 1 ) l | | | l . \ . I ) ) | I | | . l . ) . I |
: : : : “° Polarisation -0.2 0 0.2 0.4 0.6 0.8

Highlights of ton auark nronerties measurements at ATLAS

= i(l +cos <. +os 0° — Cla,b)cosf? cosd®)

B: (anti)top polarisation
: spin correlations

(-)+:(anti)top

k: helicity axis

n: transvers axis

r: orthogonal tok & n

. * The dominant source of systematic uncertainties
' comes from the modelling of the signal, which can
represent up to 85% of the total uncertainty.

Spin correlation

* Results at parton level
11

ATLAS /s =8 TeV-20.2 fb™"

Cross correlations ¢JHEP 12 (2015) 026 result = (stat+det) + (mod)

C(n,k)+C(k,n) e -0.012 + (0.089) * (0.087)
C(n,k)-C(k,n) —t— -0.040 + (0.065) * (0.058)
C(n,r)+C(r,n) 4—eo—— 0.117 = (0.082) + (0.102)
C(n,r)-C(r,n) —_—— -0.006 + (0.082) + (0.070)

C(r,k)+C(k,r) ——e4¢—— -0.261 + (0.112) + (0.135)

C(r,k)-C(k,r) ——p—o———— 0.073 = (0.122) + (0.148)

1 I | l | I | | | | | I | L1 1 I | I I 11 1 I 11

-08 -06 -04 -02 0 0.2 0.4 0.6 0.8
Cross correlation
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Wtb vertex

g _ _ g 7/0- q]/ —
L = ——by* (W, P, + VRPR)tW P, +grPr)tW, + h.c.
Wt \/§’Y<LL rRPR)IW), \/— (QLL grPRr) W),
Vi ~1 Re(VRr), Re(gL),Re(gr)
In the SM: b Limits set to:
Vre=gL=¢gr=0

* W boson polarisation: top pairs production, lepton+jets
* W boson spin observables:
* Top quark polarisation: t-channel single top production, lepton channel

* Triple-differential angular decay rates:

Highlights of top auark pronerties measurements at ATLAS 1 2 29/06/2017
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W polarisation in tt semileptonic events

* W boson helicity fractions can be accessed via angular distribution of polarisation analysers:

Leptonic decay: charged lepton

Hadronic decay: down-type quark

Predictions at NNLO in QCD
Fr, =0.311 £0.005

Fr =0.0017 + 0.0001

Fy =0.687 £ 0.005

* The down-type quark is identified using a kinematic likelihood fitter (KLFitter), using the weight of the b-jet tagging

algorithm

* Template fit of the distribution cos6* (angle between the analyser and the reversed direction of flight of the b-quark
from the top quark decay in the W boson rest frame) for the full phase-space

1 do 3
o dcos6* 4
1@ 16000 _'_II T I TrT | TrT I TT 12|2I Ita}b;’l I(él+l ;lb I.*l é I4I-ll.eltlsl l_|: ‘CY_) 16000 __Il T I TrT | TrT I T I2|2l Italbé’l I(Iel+l ;lb I.Fl é I4I-ll.elt|sl II__
S F ¢ Dat ] S - ¢ Dat
E 14000~ ATLAS ata . E 14000 ATLAS ata 7
S C j Ldt=202fb" [ e ] S - j Ldt=202fb" [ e
L - (s=8TeV . Backgrounds . L L (s=8TeV . Backgrounds
10000 :_ Uncertainty —: 10000 - Uncertainty
80001 . 8000F
6000— 6000 .
4000:— 4000
2000 s 2000
g C e
@ 14p——T——T1 © 14
o 12 o 12
8 1 o) 1
< 0.8 . . | < 0.8 |
06 05 0 05 1 0.6

|
-t

Reconstructed Leptonic cos 6*
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N B
-0.5

P S R S T R
0 0.5

Reconstructed Hadronic cos 6*

13

= (1 — cos? 9*) Fy +§ (1 — COS 0*)2 1+ % (1 + cos 9*)2 r

Hadronic analyser (1 b-tag + >2 b-tags)

Fp = 0.659 + 0.010 (stat.+bkg. norm.) 70932 (syst.)

Fi, = 0.281 £ 0.021 (stat.+bkg. norm.) 70093 (syst.)

Fr = 0.061 & 0.022 (stat.+bkg. norm.) T9-108 (syst.)

Leptonic analyser (>2 b-tags)

Fo=0.709 £ 0.012 (stat.+bkg. norm.) fg:gﬁ (syst.)

F =0.299 =+ 0.008 (stat.+bkg. norm.) 70013 (syst.)

Fr = —0.008 = 0.006 (stat.+bkg. norm.) £0.012 (syst.)
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W polarisation in tt semileptonic events

-
o

=
D  [ATLAS M 99.7% CL
- - 95.5% CL
0.8 __/ L dt =20.2 bec=> W 68.3% CL
[ Osm
0.6 /s =8TeV
C EFTfitter
02F Vi =0
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04 -0.4 -0.2 0.0 0.2 0.4
Re(g.)
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>

0.4

0.2

0.0

-0.2

-0.4

- ATLAS I 99.7% CL
: 95.5% CL
N / L dt = 20.2 fb ' <==> W 68.3% CL

C Osm

— Vs =8TeV

EFTfitter
V=1
g.=0

llllll]llllllllll
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* Limits on the anomalous couplings are set assuming these to be real, corresponding to the CP-conserving case.

V1 is fixed to the SM prediction of one.

Only one anomalous coupling is allowed to vary at a time, while the rest of them are fixed to their SM

predictions
Coupling 95% CL interval
VR [—0.24, 0.31]
8L [—0.14, 0.11]
gR [—0.02, 0.06], [0.74, 0.78]
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* Main uncertainty sources:

Leptonic analyser: jet energy scale and
resolution and MC template statistics

Hadronic analyser: b-tagging uncertainty, jet
energy resolution and ttbar modelling
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Wtb vertex at production and decay in t-channel

events

* Wtb vertex at production: the information about the top polarisation can be measured from asymmetries in the

angular distributions of the decay products reconstructed in the top quark rest frame.

* Wtb vertex at decay: the spin density matrix elements for the W boson helicity components 0, 1 resulting from the
decay of polarised top-quarks can be parameterised in terms of expected values of six independent W spin observables
which are sensitive to anomalous Wtb couplings. These can be extracted from asymmetries in the angular distributions
of the charged lepton reconstructed in the W boson rest frame.

Asymmetry Angular observable Polarisation observable SM prediction
AI‘;B cos G, %cng 0.45 Sroduction
ALY cos Oy cos 6} SP(FR+ F.) —-0.10
Arp cos 6} > <83> -0.23
Agc cos 0, %\/g <To> -0.20
AN cos 6 —2 <85> 0 7]
Al cos 61 2 <S> 0.34
Ag;‘p cos 0, cos ¢, % <Ap;> 0
ALY cos 6 cos ¢ -2 <Ar> -0.14
Perspectives of simple aneular analvses 15
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Wtb vertex at production and decay in t-channel

events

* W boson spin observables and top polarisation related observables obtained via the measurement
of asymmetries assuming SM couplings in the unfolding procedure: consistency check of the SM.

n HEAILE L B B B N L B B B
€ 15000 e patazo12 ATLAS
o T [t 0
0 1 Vs=8TeV,20.2fb" |
B 7 Signal region
I W+jets 1
10000 [ vV Z+jets _
I Multijet i
Stat.+Multijet unc.
<P
5000 9
*

e

§E S s
1 08 -06 04 -02 0 02 04 06 08 1
cos8,

T | T
ATLAS Preliminary
Vs =8 TeV, 20.2 fb™

T T | T T T

o Arg
A AN
o4 Arg
He+e Agc
Hod Afs
—4-o-— A
o ¢ SM predictio? AE,’;’
— Stat. uncertainty
o — — Total uncertainty Ars
-O.4I | I-O|.2l | (l) - |0.|2| | |0.|4| | |0.|6|

Angular asymmetry

I|III|III|III|II
ATLAS Preliminary

s =8 TeV, 20.2 fb™

—0— <Sa>
——o—— <T0>
o+ <§,>

—p-o+— <S>

o4 <A>

¢ SM prediction
— Stat. uncertainty
— Total uncertainty

—t @—— <A b

II|III|III|III|II[|IIIIIII|II[|]

-06 -04 02 0 02 04 06 0.8
W boson spin observable

* Two of the asymmetries, Apg" (which has the highest sensitivity to Im gr) and Ars!, have been used
to extract limits on this coupling. For this computation, the rest of the couplings were assumed to

have SM values.

Im gR € [-0.18, 0.06] at the 95% CL

* The dominant sources of systematic uncertainties are the modelling of the t-channel and tt
processes, and the jet reconstructions and energy scale.

Persnectives of simnle angular analvses
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Wtb vertex: three angle analysis

* Complete description of the full space of anomalous couplings governing the Wtb vertex plus de
top-quark polarisation by using the normalised triple-differential (0,0*,®*) decay rate of top
quarks.

d®*N

1
0.0 ¢*: P) = —
0(6,6.¢"; P) N d(cos 0)dQ*

_ 1 E'A |2(1+Pcos(9)(1+C089*)2
T 8 417t

3 2 %\ 2
- Z|A_1’"%| (1 —Pcos®) (1—-cosb)

3 2 2

+ _(|Aol‘ (1—Pcos0)+|A0_4 (1+Pcost9))sin20*
2 2 )
342

- TP sin @ sin 6" (1 + cos6*) Re ei"’*A1 %AS 1]
I 2 0,3
2 2 l
3vV2 Y
— T‘/_P sin @ sin 6* (1 — cos 8*) Re |e™*? A_l,_%AS’_%] } = D), ak,l,mMle(H,H*,(b*)
i k=0 1=0 m=-1

* Only nine of the coefficients Ay, are nonzero and can be parameterised by three amplitude fractions and and two
phases:

3 observable amplitude fractions: f;,f;.,fo-
1 observable phase: §-
1 likely unobservable phase: 6+
1 observable nuisance parameter: P
* Detector effects are deconvolved from data by measuring differential rates using Fourier techniques

* All amplitudes and phases (and couplings) + P are determined simultaneously and include all correlations
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Wtb vertex: three angle analysis

* Global fit: Likelihood function with all correlations (covariance matrix)

Distributions are obtained from numerical calculations of the likelihood function

_I LI | LI | LI | LI | LI | LI | L | LI | LI | LI I_
4— ATLAS Preliminary X Best Fit —
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* Interpretation in terms of anomalous couplings by propagating the statistical and systematic uncertainties

Limits are placed simultaneously on the possible complex values of the ratio of the anomalous couplings

No assumptions on values of the other anomalous couplings
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CP asymmetry in tt dileptonic events

* CP asymmetries in heavy-flavour mixing and decay from b-hadrons from top quark decays.

* Measurement of same- and opposite-sign charge asymmetries from the probabilities for an initial
(anti)b-quark to decay via either a positively or negatively charged muon.

* Measurement of CP asymmetries which relate to Bq—ﬁq mixing and direct CP-violating b- and c-decays

* Asymmetries unfolded to a well-defined fiducial region

o, _T=20205X) —T (b= b— LX)
"X D (bb—tX)+T (b b— £ X)
e T(b—»b—eX)—T(b—b—cX)
mix — Fr(b—>b—eX)+T(b—>b—cX)’
A0t L'(b—£¢X)—T(b—£TX)
- o T'(b—X)+T (b £tX)’
Ace F(E_)K_XL)_F(C_)£+XL)
SS—P(b_>6+)—P(5—>£“) dir F(E—)E_XL)+P(C_>£+XL))
PO L)+ P (b L) e _ D(b—cX1) —T (b eXy)
(o eXp)+T (b—cXy)’

w PO—E)—P(b—L")
P )+ P (bt
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CP asymmetry in tt dileptonic events

Same-top like
Charge asymmetry input

|

ATLAS

Ys=8 TeV, 20.3 fb
e+jets channel

¢+ Data
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B Single Top

W+dets

Other Bkg.
Uncertainty

N~ N7

N~

7p) E 3 (7)) E
D 7000 ATLAS — QO 6000
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L 500 t Data E - 400
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— . Uncertainty - =
1000__ — 1000—
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g G g
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S N N- N- N a8 N7
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A% | 04 £05 —0.03 +0.13 - <1072
Ab. | —25 £28 02 £0.7 <0.1 <1073
A% | 05 £05 —0.03 £0.14 <12 <1075
A% | 1.0 £1.0 —0.06 +0.25 < 6.0 <1079
A |-1.0 £1.1  0.07 £0.29 - <1077

* The main contribution to systematic

uncertainties come from the modelling
of additional radiation and PDF

uncertainties, the jet energy scale and
the lepton energy resolution.
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ttV production in multilepton final states

* Large datasets give access to rate tt+W and tt+Z processes
ttZ: information about neutral-current coupling to the top quark.

Sensitive to the presence of BSM physics (vector-like quarks,

strongly coupled Higgs boson, technicolor)

* oxw and oy are fitted simultaneously in nine signal regions and two

control regions

Definition based on the number, charge and flavour of leptons

and on the number of jets and b-jets.
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tty production in multilepton final states

g

\mc"l

'Q-QI 2

g b

* Probe the ty electroweak coupling

* Fiducial cross section of top-quark pair events in
association with a photon

* Differential cross sections wrt. photon pr and n
are measured.

* Measurement based on the minimisation of a
profile likelihood ratio, using the photon track
isolation as the discriminating variable.

* The dominant source of systematic uncertainty
come from the hadron-fake template and the
template describing electrons misidentified as
photons

ofid — 139 + 7(stat) & 17(syst)fb
o (NLO prediction) = 151 £+ 24 fb
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Conclusion

* The top quark provides a potential window to new physics.

* Its properties are studied with great precision at ATLAS experiment

* Most of the precision measurements with Runl data @ 8TeV are finished
* All top quark properties are consistent with SM with current precision

* Main sources of uncertainties come from jet and b-jet energy scale and the modelling of the
ttbar processes

* Starting to look at Run2 data @ 13TeV with larger statistics
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