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Interests in the Top quark physics

 Top quark?
— Most massive known elementary particle so far discovered
 With a mass ~ 173 GeV
« Strong coupling to Higgs boson
 Many BSM particles strongly couple with top quark

« Studying top quark
— Precision test of pQCD, EWK

— Many BSM searches from top production, properties and
decay

— Important background for a lot of LHC searches

« LHC is a Top-Factory
— >100,000,000 tt pairs in LHC-Run?2
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Outline

 Focus on newer results
— Spin correlations between t and t quarks

« 1903.07570 Accepted by EPJC

Charge asymmetry
« ATLAS-CONF-2019-026

Its decay width
« ATLAS-CONF-2019-038

Lepton universality in leptonic W decay
« ATLAS-CONF-2020-014

« All public results can be found [Link]
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https://arxiv.org/abs/1903.07570
https://cds.cern.ch/record/2682109
https://cds.cern.ch/record/2684952
http://cdsweb.cern.ch/record/2719520
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

1903.07570

tt spin correlations in the eu channel

* top-quark pairs should be produced without polarization
- while spin of t and t are correlated

The lifetime of the top quark
— Shorter than the timescale for hadronization (1 0723s)
— Shorter than the spin decorrelation time (1072's)
= the t and t quarks spin information is transferred directly to

its decay products

- Charged leptons carry full spin information (a,~1)
Simple eu final state is used to this measurement

— Angle between the leptons is sensitive to spin correlations

Results are unfolded to both the parton-level and also the
particle-level
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1903.07570

Analysis overview: tt spin correlations

* inclusive selection
— exactly one electron and one muon of opposite charge
— at least two jets and at least one of jets must be b-tagged

e reconstructed selections
— at least two b-tagged jets with tighter b-tag requirement

Process Inclusive selection | Reconstructed selection
> 1 b-tag > 2 b-tags

tt 165 000 5000 | 75 000
tW 8900 1400 1550
1tV and others 670 60 233
Diboson 580 60 15.1
Z/vt— 1ttt 420 70 26
Fake Lepton 1800 630

Expected 177 000 78 000
Observed 177 113 75 885

To improve reconstruction
(Neutrino Weighting)

4000
170
22
2.8
17
250
2000 Purity 93%, 96%

H H H H KK
H oW OH O H

I+
I+
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1903.07570
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Results: tt spin correlations

 The observed spin correlation is slightly higher
than the generator predictions
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1903.07570

V.S. theories: tt spin correlations

[ T T T T
6:— Inclusive ATLAS

s=13TeV,36.1f" ]

8

s
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Compare with various SM predictions

 Higher order calculations appear to reduce
the tension

Ratio to Powheg+Pythia

— but still do not agree fully N ek

[ —— NNLO (1, =H/4)

NLO in the strong and weak gauge 054F " AL s ptdonn

[ Powheg+MadSpin+P! hiaq ]
T AT S FEE Lovaadanaaloiny

couplings agrees better with the data P60 03704 05 0607 0808

Parton level Ao(I",)/r [rad/n]

— but large scale uncertainties

NLO expansion with up = up = m; leads to - _:
comparable results z (s=13TeV, 36110

o
24 05V s |
s

— again with significant scale
uncertainties

i : . ey
NNLO prediction using the same expansion S st
g 2 :llisosceil:anded (=M

does not agree o ose

0-9"0.102 03 04 05 06 0.7 0.8 0.9 1

Parton level Ao(I*,I)/x [rad/
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1903.07570

SUSY interpretation: tt spin correlations

A search is performed for stop pair decaying info SM top
quarks and light neutralinos

« Top squarks with masses between |70 and 230 GeV are
excluded for most kinematically allowed neutralino mass
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ATLAS-CONF-2019-026

tt charge asymmetry

« Interference between tt production processes causes
asymmetry in t and t direction in the hadron colliders

Tevatron top
anti-top

> >
n n

This measurement is essential to test QCD higher order effect
BSM physics can lead to enhancements in CA

This asymmetry expected to be tiny in the LHC
- this makes the measurement challenging

N0 M@ <O
N(Aly| > 0) + NAly| <0) A= =108

C
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ATLAS-CONF-2019-026

Analysis overview: tt charge asymmetry

« The measurement is made with a single
lepton final state

— both the resolved and boosted
topologies
Combined A are measured inclusively,
and differentially as a function of the m

and B
A Bayesian unfolding procedure is
applied
— Systematic uncertainties are profiled
as nuisance parameters

L(DIT) = fL(DlT,H) -N(8) de,
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Post-marginal. 0g + AD
Post-marginal. 0y — AD
[ Pre-marginal. 0 + A8
[ Pre-marginal. 85 — A@
<+ NP pull

tf ISR (resolved)

W+jets correlated pg + e scale |
Wjets norm. (2b-incl.)

E7's resolution para. 1

JES pile-up p topology 1

W+jets norm. (1b-excl.) 4

tf PS+hadronization (resolved) 1
JES mixed NP3

Fake lept. norm. (resolved 2b-incl.) 1
Single-top ME matching

JER NP3

Large-R jet pr resolution -

tf ISR (boosted)

JES modelling NP3 -

Fake lept. norm. (boosted 1b-excl.) -
Large-R jet 7%/? scale modelling
Jlfé flavour response +

Single-top diagram substr. vs. removal
Muon 1D+

JES flavour composition 1

ATLAS Preliminary
VvVs=13TeV, 139 fb!
Inclusive
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ATLAS-CONF-2019-026

Results: tt charge asymmetry

js] 003, T T T Q 007
< <

0.06F E

B Fovheg+pythias Vs =13 TeV, 139 fb™! 0.05 [ Powheg+Pythiag Vs =13 TeV, 139 fb”' 3

;_ ¢  Data(stat /total) 0.04F ¢ Data (statfotal)
0.015F 0.03E

- ] E 1 T . T =
<°0_014;- NNLO QCD +NLOEW ATLAS Preliminary] - B8 nnLoacD+NLOEW  ATLAS Preliminary]
0.012F [ Povheg+Pyhizs {s=13TeV, 139 fb" ]

F ¢ Data(stat/total)

0.025;

0.02
0.01

0.008F -

B ] 0.01- E 0.02F
0.006* ooost- ; oot
g : : E 0F

0.004 = oF

F ] E 3 -0.01E
0.002[ = ~0.005F ; ~0.02F

C ] E | | | = E I | ! I
0 Inchisive ~0.0—53 [03.06] [0.6,0.8] [0.8,1] ~0.03——555 [500750]  [750,1000] [1000.1500] > 1500

B . m; [GeV]

it

* Measured inclusive A-: 0.60% = 0.15%
— in agreement with the NNLO QCD + NLO EW predictions
— 4 o0 from zero
= First evidence for charge asymmetry in pp collisions

* Also measured as a function of my and B
— consistent with the Standard Model predictions
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ATLAS-CONF-2019-026

EFT interpretation: tt charge asymmetry

e The inclusive and m; measurements R R B R R RS

are interpreted in the EFT framework - ATLAS Preliminary  /s=13Tev, 139" |

_ differential A vs. NNLO QCD + NLO EW
- mg interval —A? AT+ A" 68% CL. limits

Derived limits on the linear
combination of Wilson coefficients for [ ___
dimension-six operators -

+ 1000 - 1500 GeV = =5

— 2 2 2 I 750 - 1000 GeV
C™ /A =—dgi/m7y. B

r 500 - 750 GeV

« The measured data provide - 0-500Gev

considerably tighter bounds than the - incusive
combination of previous ATLAS and - -

— LHC8 combination
CMS meosuremenTS L pp, 8 TeV, JHEP 1804 (2018) 033

+ Tevatron combination
L pp, 1.96 TeV, PRL 120 (2018) 042001
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ATLAS-CONF-2019-038

top-quark decay width

 Top quark decay width is one of the fundamental properties

 Due to its large mass the decay width is expected to be very
large

— most precise theoretical predictions NNLO
I, = 1.322 GeV @ m, = 172.5 GeV

« Possible deviations from SM due to
— top quarks decaying into charged Higgs bosons
— via Flavor Changing Neutral Current (FCNC) processes
— models modifying CKM matrix elements like |V ]
« Direct approach to measure I;
O less precise than the indirect measurements

v less model-dependent
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Analysis overview: Decay width

« The analysis focuses on tt events

ATLAS-CONF-2019-038

in the dilepton decay channel

ee M ep

— 2 leptons + 2 jet e

Single top
Z+VV+irX

— only for SF events Z and DY veto Falke leptons

34000+1700  49100+£2500  176000+9000
1150+ 60 1570+ 80 5300+ 260
230+ 120 390+ 200 380+ 190
800+ 400 41+ 20 2100+1100

Total prediction

37000+1800  51100£2500  184000+9000
37926 52166 186951

— EMSS > 60 GeV (to eliminate Z-jets) — b=

Reconstruct m;, €< sensitive to I}

5 GeV

Profile-likelihood template fit
technique

— Templates with different
underlying top-quark decay widths

— Simultaneous fit in the three

Events /6

n
o
o
[=3
(=]

L s o s e e B e e
E ATLAS Simulation Preliminary
F (E=13TeV, 139 1b"

- e

T
—132GeV —0.20GeV
~—1.00GeV —1.80GeV
—3.00GeV —4.00GeV ]

channels
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Result: Decay width

[} =19+ 0.5 GeV for m; = 172.5 GeV

ATLAS  Preliminary Source Impact on I[; [GeV]

Dilepton channel .
{glipénTZ\? n::g ! Jet reconstruction +0.24

Signal and bkg. modelling +0.19
MC statistics +0.14
Flavour tagging +0.13
E™ reconstruction +0.09
Pile-up and luminosity +0.09
Electron reconstruction +0.07
PDF +0.04
tf normalisation +0.03
Muon reconstruction +0.02
0.5 1.5 2.5 3 3.5 Fake-lepton modelling +0.01

I, [GeV]

in agreement with the Standard Model
prediction
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Ml Lep. fakes ~ Uncertainty

0
1.1

T

Bl ind

i

20

120
reco my, [GeV]



https://cds.cern.ch/record/2684952

ATLAS-CONF-2020-014

W- T /u ratio from tt events

 The universality of the lepton couplings to the EW gauge boson
ge(£ = e, u,7) is a fundamental axiom of the SM

Previously R(t/u) = BR(W - 7v;)/BR(W - uv,) has been
measured at LEP

— R(t/u) = 1.070 + 0.026
— deviates from the SM by 2.7 ¢
- motivating precise measurement at the LHC

This analysis measures the branching fraction ratio using
dilepton tt events

— gives an excellent sample of W boson

- W - tv; - nv, v, v, process is used to measure BR(W - tv;)
< use well know BR(7 = uv,v;) = 17.39 £ 0.04%
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ATLAS-CONF-2020-014

Analysis detail: W> T /u ratio ;

T T T
w — e = -1
500001~ {5 =13 TeV, 139 fo 0z > un

> - Z Normalisation Selection [ Top
L pp [l Di-Boson processes

- A tag and probe analysis is performed e
probing whether a muon comes from a g ' |
prompt decay or via an intfermediate tau :

— softer p; spectrum ]
— displacement of the decay vertex N aw

~> [dO| s g
Back d S0 ’ o
OC groun S 094 80
e Z2> uutjets
— a fit of di-muon invariant mass
distributions is used to normalize this o[ SonwolRogon - WTopwy proceeces |
Post-Fit [ Other SM procssses 7

b O C k g ro u n d s 7 Uncertainty
 Hadron decay fake muon

— A same-sign charge selection is used to
normalize this background

100 120 140 160
m,, [GeV]

T T
ATLAS Preliminary ¢ Data B
Vs =13 TeV, 139 fb” [Ju (hadron decay) ]

Control Region [ Top+V processes

Events / 0.05 mm

W///%/V///////%//f%%

: 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05
[db] mm]

Data / Pred

Top Properties ATLAS 29 July 2020



http://cdsweb.cern.ch/record/2719520

Results: W-> T / u ratio

ATLAS Preliminary & Data

¥s=13TeV, 139 "

[C]Prompt u (top)

ATLAS-CONF-2020-014

-
ATLAS Preliminary  # Data

1s=13TeV, 139"

[C]Prompt u {top)

A profile likelihood fit is performed to

W - utop)

Top Properties ATLAS

extract R(t/u) in “3 X8 pr and d,
bins” for each eu and uu channels

R(t/u) =0.992 + 0.013 [+£0.007 (stat) = 0.011 (syst)].

The measurement is in good
agreement with the SM and more
precise than the LEP measurement

ATLAS Preliminary
Vs =13TeV, 139 '}

—m— LEP (Phys.Rept. 532 119)
ATLAS - this result

[ Statistical Error

[ Systematic Error

== Total Error

E—

i
1

Ll Ll Ll N
1.02 1.04 1.06 1.08 1.1
R(t/ n)=BR(W—1v )/BR(W—pv)
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Summary

ATLAS performed various top properties
measurements

Spin Correlations;

— We are observing some significant tensions
between data and theoretical predictions

— this suggests our limited understanding of top
quark production and decay

TCA;

— We are now also able to see subtle higher-
order effects in top properties

Top decay width & W-> 7 / u ratio;
— SM still describe the data very well

More results are in the pipeline
- Stay tuned !!
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