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e First observed in 1995 by CDF and D@ (Tevatron)

[F Abe et al,PRL,74:2626-2631,1995; S. Abachi et al,PRL,74:2632-2637,1995]

e Mass = 173.34 + 0.76 GeV [arXiv:1403.4427]
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» Decays before hadronization: T ~ 1072° s

(spin information passes to the decay products)

» Dominant decay to t = Whb: ¢ Wa—ve

(Vio| > 0.999 = BR(t = Wb) ~ 1) b
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uction at the LHC
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Top mass
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lop pole mass

e TJop-quark mass derived from the kinematical reconstruction does not correspond to a well-defined
renormalisation scheme leading to a theoretical uncertainty in its interpretation
» Alternative methods extract top quark mass in a well-defined scheme

From precision measurements of o in ep From tt +1jet events in single lepton channel @ 7 TeV
channel @ 7+8 TeV [Eur.Phys.J. C74 (2014) 10, 3109] [ATLAS-CONF-2014-053]
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lop mass comparison

ATLAS Preliminary m,,, summary - Mar. 2015, Lint =4.6f"'-20.3 b’

m. + fot. (stal.t JSF+ bJSF 1 syst)

all jois *0xiNe00R ——— —————t 1751 £+ 1.8 (14 +12)
L =46n" 1
'
|
* CONF.2014.055 P— e—— +
single top L .Ns‘b : 1722 * 21 (o‘ + 20 )
» l+jets ""‘":ﬁm’ - 172.33 £ 1.27 (0.23+ 025+ 067 1.02)
- 1
l 3
— d"e on .ux:v150305t24 - 173.79 + 1.41 (0,54 +1.30) . £ Template based
pt w47’ ' s
l ”
1
i I sl B — z s o . z a - = v' e —= e Lac L & o DN = _— =
Eur. Phys. J. C74 (2014) 3109 #‘ 25
: o(th) dnleplon ‘6"’203& ; 1729 * 55, 1 5% Pole mass
i '
|
|
1
'
1
A S Comb. Mar. 2015 iarxiv-1503 054
g ”v A ;;:L.w : T ;»a:’L ! 0.5% "'.'-‘: ------ World Comb.+ 10
Workd Comb,. Mar. 201 o . e slal. uncertainty
Vorld Comb. Mar. 2014 sz 0.4% —— — stat. ® JSF ® bJSF uncertainty
- ~— total uncertainty
Ievatron Comb. Jui. 2014 —e—i *Preliminary, —Input to ATLAS comb.

'
|
1
174 72 N oA |
174.34 + 0.64 '
1
| | : | |
1

165 170 175 180 185
Mep [GEV




tt charge asymmetry

At the LHC the dominant mechanism for the tt production is the gluon fusion (~85 %)
which is charge symmetric

The tt production via qq or qg (~15 %) is charge asymmetric and small in most of the
phase space

L /
l/ / ¢
Valence quarks on average have large — ™ A

momentum than anti-quarks — rapidity o : g 9 N9
distribution of top quark is wider than anti-top [

In the lab frame, top quarks preferentially cms rest frame LAB frame at the LHC

emitted in the forward/backward directions while [ | { \\
anti-top quarks are produced more centrally \ \
: :

top

LHC

anti-top Observable:
/\ Ag _ N(Aly|>0)—N(A|y|<0)
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ATLAS charge asymmetry (1)

Single lepton channel @ 7 TeV

[JHEP02(2014)107]

* A kinematic fit based on a likelihood approach is
used to reconstruct tt system

é) 0.25 I T T T T Y T T ™ T T T T T Y | T T T |
« Inclusive result: A% = 0.006 + 0.010 0.2 ¢ Data ATLAS
' - 1s=7 TeV
SM: 0.0123 + 0.0005 (NLO+EW) I e
0.15 Ldt=4.7fb
[PRD 86, 034026 (2012)] Axigluon m=300 GeV
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| _ _ _ _ Axigl =7000 GeV
« Differential measurements: m(tt), pr(tt), y(tt) o xgtonm °
. e . , 0.05
» Differential distributions can point to new physics
-0.05/—
Main systematics: E . o .
0% 0.2 0.4 0.6 0.8 1
Jet energy scale and resolution |ytl

Lepton energy scale and resolution




ATLAS charge asymmetry (2)
Dilepton channel @ 7 TeV

[arXiv:1501.07383] '8 E 0.8— T ¥ Y Y T —

I Particle level A
'8 - ATLAS POWHEG-tQ+PYTHIAS
06'— ep, 1s=7TeV 461" E’mﬂ”“me:’::; ]
* Can measure lepton and top quark based asymmetry [

* The neutrino weighting technique is used to
reconstruct the kinematics

* |nclusive result;

A% = 0.024 & 0.015(stat.) £ 0.009(syst.) K\ HeNser{ =N elsloxNiNEe) f s 5 5
[Phys.Rev. D86 (2012) 034026 ] Al
A% = 0.006 £ 0.025(stat.) 4= 0.017(syst.) [ EeKRPEEER N0 R \NeFTaNY) T
[PRD 86, 034026 (2012)] LS 08* ATLAS Tizlnem PYTHIAG
. s=7TeV 461" +°°"'°""""'
Main systematics: 0.6'_ o [ mystematcune.
0.4
Ac(Il): lepton reconstruction ; tt asymmetry
0.2
Ac(tt): lepton reconstruction, jet reconstruction and do.O:;: e e
Etmiss w 1.2F x
! g 1.0¢ } >y ¢
0.8~ E
T4 2 0 2 4
alyl |9




Spin Correlation

e TJop quark pairs produced by the strong interaction are unpolarised (LO), but have
correlated spins

* Since top quark decays before hadronisation — spins are unaffected by strong
Interactions

* Assuming SM decay of top quarks we can measure the spin correlation in tt = Probing
new physics at the production.

e Spin information influences angular distributions of decay products

« Can use this to determine the degree of correlation of the tt spins

o Niike — Nunlike B Ny + Ny — Nyp — Ny

Helicity basis: Vector defined along

; — —
: . . n N16+Nunie N. +N +N ‘|‘N
direction of top quark in tt rest frame / e o [
helicity basis

, : -l Ameasured = Asm X fsm,  Asm = 0.31
Degree of spin correlation can be then p p
defined, where T and | denote spins / fsm = 0 -> no correlation
measured with respect to the basis t

fsm = 1 -> correlation -> SM prediction
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ATLAS spin correlation (1

Dilepton and single lepton @ 7 TeV (4.6 fb-1)

[Phys. Rev. D. 90, 112016 (2014)]

1 do
o dcos(0,)dcos(0_)

1
Several observables sensitive to different sources of = 1(1 + Aaa_cos(0,) cos(0-))
new physics in tt production are used to extract the

spin correlation strength:

ATLAS tt spin correlation measurements
 A® between the two leptons - lepton and jets (lab I - T \s=
¢ P p jets ( Ldt=461", \s=7 TeV oy £ (stal) £ (syst)
frame) O o SN
Ao (dilepton) ft—@—t—t 1.19 +0.09 +0.18 [16.9%
o c0s(B,)cos(6.) in the helicity and maximal bases |
A0 (I+jets) ’ ~ o—+— 112 +0.11 £0.22 |220%
e “Sratio” ----------------------------------------
2 2 S-ratio —_ = 0.87 +0.11 +0.14 |205%
s= (IMIRR+|MILL)COU COS(B)COS(G)E """""""""""""""""""""
(IMlzg + M3 L) uncorr oty s | 0.75 + 0.19 + 0.23 [30.8%
_mi{(- ) £0) + ) E40) —mIE )} baasiecosia) T
(t'2+)(t'£‘)(tﬂ maximal basis —_ " ' 0.83 £0.14 £0.18 | 27.5%
0 0.5 1 15 2

Standard model fraction

* Main systematics: JES, JER, Renormalization/
factorization scale
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ATLAS spin correlation (2

Dilepton @ 8 TeV (20.3 fb-1)

[Phys. Rev. Lett. 114, 142001 (2015)]

e Extract the spin correlation strength from A¢

between the two leptons:

e fsm=1.20+ 0.05 (stat) £ 0.13 (syst)

» Since stops are scalars, if produced in pairs they

would have no spin correlation (fsy=0).

* |f the top squarks decay to tops + very light

neutralinos the A¢ distribution would look similar

to uncorrelated tt

« Assuming 100% BR(#; — tx!) and the production
of predominantly right-handed top quarks, top
squark masses between myp and 191 GeV can

be excluded.

* Main systematics: Parton shower and
fragmentation, ISR/FSR
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FCNC top decays

Flavour-changing neutral current (FCNC) transition is an interaction process where a fermion
undergoes the change of flavour without changing its electric charge;

FCNC amplitudes at tree level are forbidden by the Glashow-lliopoulos-Maiani (GIM)

mechanism in the SM;

However, GIM-highly suppressed FCNC transitions are possible in the SM in the higher

orders via penguin and box diagrams;

Some extensions of the SM could introduce FCNC decays at tree level including new
particles making flavour violation a good flag of new physics.

s, d b u, c u, ¢ u, ¢ u,c
t q. ! t t q. - t t —b—‘/ Y. b, W
w b4 H {
g, v Y q.r g

v. b, W

SM QS 2HDM FC 2HDM MSSM R SUSY RS
t—>qy ~100% ~107° ~1007 ~107? ~107% ~107? ~107°9
t+qZ ~1071% ~107% ~100% ~1071 ~1077 ~107% ~10°°
t—sqg ~10712 ~1077 ~100% ~107% ~1077 ~107% ~ 10710

t-qH ~107%° ~107° ~107% ~107° ~107° ~107° —

[Acta Phys. Polon. B35 (2004) 2695-2710; arXiv:1311.2028 ]
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ATLAS top FCNC decay
measurements

t—qH (hadronic and leptonic W qg—t t—qZ (trilepton, 3ID with 2ID+TL

ombination 4
decay, H—yy) pA 4 c ) b
@ 748 TeV @ 8 TeV @7 TeV
(14.2 fo-1) (2.1 fb1)
(full datasets)
3 % | | | I
VY[ Y YT — 020510, G | ATLAS . dta ]
Djn 1 E T T T T T ATLkS T : S 0.2 r e . y - r o 12 e
E } - ? 0-207ILm- 142" \s=8TeV ATLAS Preliminary > ILdl =211t vz
[ ILdl=20.3fb Vs =8 TeV = 0180 E g ‘0: =yl
1 IL dt= 471", Vs=7TeV 0.16§ ot (Yl @ 3D I Zejors .
107 E 0.14 —-Expected - 8 077 bko. oncertainty 1
E : 0.12 - ~ :
0.10F 3 8- ]
. - 0.08k Excluded region - .
»| =—e— Observed | 3 E 4- ]
10%E o Expected E 095 :
g ER R ] 0.04 E ol & UL 7R
. [J+t2¢ [ 0.021- v b e sl
N .. o.oodA M (PP P P _Ix10° Om L \ o LT,
0 0.002 0.004 0.006 0.008 0.01 0.012 %014 S 10 15 20 25 30 140 160 180 200 220
- qH
t—=q B(t—ug) m,, [GeV]
BR(t—cH) = 0.79% (0.51% expected) BR(t = ug) < 3.1 x 10-5 BR(t = gZ) < 0.73%
BR(t = cg) < 1.6 x 104
Main systematics:
Main systematics: photon ID, JES, b-tag Main systematics: b-tag, * 3ID: ZZ and WZ simulation modelling
met, background modeling e 2|D+TL: fake-TL estimation
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Conclusions

Since the beginning of LHC era many precision measurements of top quark properties have
been done, most of them allowing to constrain possible new physics contributions;

Top quark studies with the ATLAS detector well under way = now addressing Precision Top

Quark Measurements!
Top quark mass known with precision < 1 GeV!
A variety of top quark properties in tt production and decay have been measured and presented

All results in good agreement with SM = no new physics seen in top quark physics:

* Many measurements are dominated by systematic uncertainties
A few 8 TeV analysis in the pipeline
Study of the systematics (e.g. JES, tt modelling) will be crucial for Run-2

Also, more statistic will allow more differential measurements.

for more detailed information check ATLAS top quark physics results
website: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

15



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Backup Slides



ATLAS detector
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Top Quark Charge

20
Q = 0.64 = 0.02 (stat) = 0.08 (syst) 0
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ATLAS measurement of Top
quark polarization in tt

1 d*c 1
o dcos(f;)dcos(6;) 4

Psy = 0.003 £ 0.007 prL 111 (2013) 232002

l+jets (w/ b-tagging) and dilepton (wo/ b-tagging) @ 4.6 fb
of 7 TeV

Template fit to reconstruct cos(6)
Two hypotheses tested:
- CP conserving (CPC): top and anti-top have the same P

a;Popc = —0.035 £ 0.014(stat.) + 0.037(syst.)

- CP violating (CPV): top and anti-top have opposite P
oy Popy = 0.020 & 0.016(stat.) 5012 (syst.)

No deviation from the SM prediction of negligible
polarization is observed for either the CP conserving or
maximally CP violating scenario!

Main systematics: Jet Reconstruction, tt modeling

Events / 0.1

Events /0.1

[Pai cos(6;) + P, cos(#,) + Aa,a; cos(b;) cos(@ )}

S I ——
2500} ATLAS [7dt=471b" |} =Data “-aP=0
single lepton - 1 - Fit aP =403
vs=7TeV it PBkgd. -aP=-03 -

O‘ 08060402 0 02040608 1-1

/

08-06-04-02 0 0204 06 08 1

cos 8(£") cosG(/ )
N S ————
2500} ATLAS [.'/dl-‘- 4.7 1b ! -4 - D_a'a aP = -
single lepton - 1 - Fit aP =403
2000k Vs=7TeV it YBkgd aP=-03 ]

9

Wk

1-08-06-04-02 0 02040608 1-1 08-06-04-02 0 02 04 06 08 1

cos 8(")

/

cosé(¢”)

19




FCNC t = gH

« > 2 photons (p(y1) > 40 GeV, p(y2) > 30 GeV)

» two topologies searched for:
e hadronic
o =0 leptons
o =4 jets (1 b-tagged)
e 156 GeV < m(top FCNC) < 191 GeV
¢ 130 GeV < m(top SM) < 210 GeV
* leptonic (=1 lepton)
« m{(W) > 30 GeV
e > 2 jets (1 b-tagged)
o 156 GeV < m(top FCNC) < 191 GeV
¢ 135 GeV < m(top SM) < 205 GeV

« maximum likelihood fit is performed

Entries/10 GeV

Events/4 GeV

@ 7+8 TeV (full datasets)

20¢
18F ATLAS * Data
" . . ti & W(y), normaised to luminosity
16158 T"V'I Lat=2031" ™) SHERPA 1y — I, norm. to data- (iT & W(y)) -
14F Leptonic Selection []Sonat. B 5%
12— No b-tag
10 (a)
8-
61
4F
2
O:A“ | . - ______ -_
0 0 100 150 200 250 300 350 400 450 500
m,, (GeV]
E e T Teommriam
— ATLAS ® + n
C Hadronic Selection — Sig.+SM Higgs+continuum bkg. fit]
14 - (m_ =1255 GeV) b
o " Slf Higgs+continuum bkg. y
o ««« Continuum bkg. o
12 -
- JLm-m.stb".\s-eTev .
10~ 3
3 J-Lm-d.ﬂb'. Vs=7TeV -
8 -
6F-
=l [ I ST, AT
2 ;TJ ,
?’_-_A_A_L_A_L_A_L_A_;l_gb_A_A_l_L_A_-L_h—L _.-4
00 110 120 130 140 150 160
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tt production with t = qg decay dificult to distinguish from multijet production

FCNC gg — t

search for single top production via FCNC (strong sector)

= 1 lepton (>25 GeV), Emiss >30 GeV

1 jet (=1 b-tagged), m(W) > 50 GeV

MVA method (neural-network with 13 variables) used to improve analysis

Events /0.13

Data/Expected
oo

LA LA 'V']'V']'l"v"[l" LRI T T
25000 ' P

ILG « 1421 \s=8Tev ATLAS Preliminary

signal region . data

w— FONC (0=20 pb)
. g e
V/

0
2
Vi
8

3 E

NN output

@ 8 TeV (14.2 fb1)

-3

30.22?('1—9-" P r—————
ff 0.20F | Ldt=1421" \s=8TevV ~ATLAS Preliminary
o 0.18f : : - - f—
0.1 6: — Observed
0'143\ —-Expected
0.12;— ; —
0.10F - —
0.085- Excluded region
0.06)- -
0.04F -
0.02}- =

" 1 e " M L N N N

0000590 15 20 25 30
B(t—ug)
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FCNCt = g/

* two orthogonal analyses:

 3ID: 3 fully identified leptons (e, y); main background from ZZ and

WZ production

* p(l,) < 25 GeV, pT(l, ) < 20 GeV,

e 2ID+TL: 2 fully identified leptons (e, y) and the third one is allowed

to be a high quality inner detector track (TL); main background

from jets faking TL
* p(ID) <20 GeV, p(TL) < 25 GeV,
p,(1) < 150 GeV
leptons from same vertex

2 leptons with same flavour and opposite charges (|m
GeV)

PDG

> 2 jets; p; > 25 GeV, |r]j1,j2| < 2.5 (1 b-tagged in 2ID+TL)
E miss > 20 GeV
Im(top FCNC,top SM) — 172.5 GeV| < 40 GeV

Im(W) — 80.4 GeV| < 30 GeV

m,| < 15

Events/ 10 GeV

@7 TeV (2.1 fo-)

3D 2AD+TL
ZZ and WZ 95 + 44 10 = §2
ttW and ttZ 051 + 014 025 + 005
tt, WW 007 = 002
Z+jets 1.7 = 07
Single top 001 + 001 "z 22
2+ 3 fake leptons 00 = 33
E xpected background 118 =+ 44 89 + 23
Data 8 8
Signal effidency (0205 *= 0029)% | (0045 = 0.007)%
| | | | - t | |
‘2: ATLAS . dote & % arLas . an ‘
I <<=~ 1+ WbZq signal g ! e e
ILdl:Z.I ' lawz » 7; ILd-? 1’ -,....MW'
10. 11 (SM) c 6 ‘
L 31D B zojots 5 C oD - TL M iwz
8 Vm'dlbooons 5! dsosons :
: {777, bkg. uncertainty ¢ Dhg Lscer Tty 1
4 !
3
2: * .2 ¢
1 ;
channd observed (—1lo) expeted (+10)
3D 081% 063% 0.95% 1.4%
2D+TL 3.2% 215% 3.31% 4.9%
Combination 0.73% 061% 0.93% 1.4%
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