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HRNESIES ORGP @EARISES

O Tests of the Standard
Model (production, decay,
coupling... etc)

O Top quark does not
hadronize: momentum and
spin transferred to decay
products

O Search for processes with

similar signature (VLQ,
Z::)

O Natural mass (y:=1), top

quark mass is a
fundamental parameter of
the SM, and crucial for SM
constraints via loop
diagrams

Production Rate
»Pair Production cross section

»Single (EWK) production, 1Vibl
»FCNC, anomalous couplings

»Differential cross sections
>Production mechanism (gg,qq)
»Associated Production

New Physics in production
»*Resonant production
»Heavy Quark production

4

Decay
>Branching ratios

>CP asymmetries
>Rare decays, FCNC|'
>Non-SM decays

Propetrties

>Top mass

>Top charge

>Top width

>»Spin correlation
>Top polarisation
*W helicity

>Charge asymmetry
>Yukawa coupling

RED: Discussed in this talk
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FARIE [ BRCOIRERTIES

\V)Viag

jet

Proton —» -« Proton
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>Top polarisation
*W helicity

»Charge asymmetry
»Yukawa coupling

jet I

Properties

>Top mass

>Top charge

’TOp width jet
>»Spin correlation N

RED: Discussed in this talk
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TOP PAIR QUANTUM ENTANGLEMENT )
ATLAS

O Spin entanglement can be observed by increase in the strength of EXPERIMENT

the top and anti-top spin correlations Nature, 633, 542-547 (2024)
arXiv:2311.07288 (2024)

O Spin entanglement is inferred from the angle between the charged
13 TeV, 140 fb-

leptons in the parent top- antitop-quark rest frames
O Measurement targets around the top-antitop production threshold

Signature: | Electron and | Muon of opposite electric charges, 2 jets (>=1 b-tagged)
- Restricted phase space: 340 < mg< 380 GeV Detector-Level D

D =tr|C]/3 = -3 < cos¢p > 30000

b ‘Q LT T | i | LI [ [ | LI | [ | [ [ | | LI _01 9
and two control region beyond 380 GeV 5 CATLAS 4 Data 11 I
Ll 60000 — — ' o
- Background level <10% {5 =13Tev, 140" & POWPY (hva) 170128
B - Pow+H7 (hvqg) - £
50000 -_340 < m& < 380 GeV - POW+Py (bb4|) ] [ _._0.14 Q

. I Background : '

Method: Entanglement marker: - Total uncertainty 1| @ _

40000 — 17016
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C: spin correlation matrix 20000

@: angle between the charged-lepton
directions, in the rest frames of the parent
top-quarks:
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TOP PAIR QUANTUM ENTANGLEMENT )

O Calibration curve is derived to correct to particle-level D ﬁl%ﬁé
OParton-level bound (—1/3) converted to particle-level one (—0.322, Nature, 633, 542-547 (2024)
Powh eg+ Pythia) arXiv:2311.07288 (2024)

OSM prediction from Powheg+Pythia 13 TeV, 140 fb

OUncertainties grouped into tt modelling, backgrounds and detector-related

Particle-Level D calibration curve Particle-Level D results, in signal and validation regions
9 _I T T 1 | T 1 | 1T 1 T 1 T 1 | T 1 | T 1 | T 1 I T I_ - ATLAS § .
% 0.4 ATLAS Total Uncertainty ] —0.1 i ®
s i ) Statistical Uncertainty] | /s=13TeV, 140 fb’
S Vs=13TeV, 140 fb e Data _
< I _ m Reweighting points ]| i
C(L“ 0.2 i 340 < mg< 380 GeV e Powheg + Pythia8 ool
----- Entanglement limit I
i . L]
0 - - e _ §.
L T>J -
9 _0.3 B
- ! S T
|
02 3 -
I ; £ |
\: -------------------------------------------------------------------------- | n_ _0-4_ |
04 - < | ! B —.— Limit (Powheg + Herwig7) |
i ° ] : ---- Limit (Powheg + Pythia8) :
° _ [ ® B Theory Uncertainty
06 - 0.5} @ Data :
i | | | | | | | | ] j § @ Powheg + Pythia8 (hvq) |
11 1 111 1 1 1 1 1 1 1 L1 1 111 11 1 11 1 .
0.2 -0.18 -0.16 —0.14 —0.12 -0.1 —0.08 —0.06 —0.04 : B Powheg +Herwig7 (hva) |
Detector-level D 06 340 < myg < 380 380 < Mg < 500 mg > 500

Particle-level Invariant Mass Range [GeV]

D=-0.537 £0.002 (stat.)
+0.019 (syst.) (-0.470+0.002 (stat.)+0.017 (syst.)),




TOP PAIR QUANTUM ENTANGLEMENT

Source of uncertainties by group

Source of uncertainty AD gpserved (D = —0.537)  AD [%0]

AD expeciea(D = —0.470)  AD [%]

Signal modeling | 3.2 0.015 3.2
Electrons ©0.002 0.4 0.002 0.4
Muons 0.001 0.2 0.001 0.1
Jets 0.004 0.7 0.004 0.8
b-tagging 0.002 0.4 0.002 0.4
Pile-up < 0.001 < 0.1 < 0.001 < 0.1
E%‘i“ 0.002 0.4 0.002 0.4
Backgrounds 0.005 0.9 0.005 1.1
Total statistical uncertainty 0.002 0.3 0.002 0.4
Total systematic uncertainty 0.019 3.5 0.017 3.6
Total uncertainty 0.019 3.5 0.017 3.6

D=-0.537 £0.002 (stat.)
+0.019 (syst.) (-0.470+£0.002 (stat.)+£0.017 (syst.)),

£

ATLAS

EXPERIMENT

Nature, 633, 542-547 (2024)
arXiv:2311.07288 (2024)

13 TeV, 140 fb-?

" Signal modelling uncertainties

Systematic uncertainty source

Relative size (for SM D value)

OMore than 5 s.d. significance

OFirst observation of entanglement in
quark-antiquark pair

L.. CERRITO - FCNC and Properties in Top Physics

Top-quark decay

Parton distribution function
Recoil scheme

Final-state radiation

Scale uncertainties

NNLO QCD + NLO EW reweighting

pThard setting
Top-quark mass
Initial-state radiation

Parton shower and hadronization

hdamp setting

1.6%
1.2%
1.1%
1.1%
1.1%
1.1%
0.8%
0.7%
0.2%
0.2%
0.1%




FRIFARISATION & SPIN CORRELATION

O Tops from QCD tt production are unpolarised at LO. Their PRD 110 (2024) 112016
spins are strongly correlated 13 TeV, 138 fb-"

O Spin correlations depend on production mechanism, m(tt) and Complements analysistniclIor
scattering angle of top quark channel, ROPP 87 (2024) 117801 36 fb-!

O Measurement targets Polarisation vectors and Spin Matrix
coefficients based on the angular distributions of tt decay

products
Snn in the 2-b jets category

138 b (13 TeV)

£ ; &\ 8 § Data B tt correct
Signature: | Electron or | Muon, >4 jets g 10 Ecms 2b fHincorrect  f tf nonreco.
- o 7 tt non e/u+jets’ Single t
(=1b); a Neural Net reconstructs tt system > 10 B DY/W-500n _ mm Mutjet
o — 6 u taint
events from e/L+jets seed s 10 Rt
>
L

Method: Entanglement markers for both low-
and high-mass of the tt system, i.e. for spin-
singlet (D) and spin-triplet (D) states

Differential cross-section

. o )= dio
w0t (Pp(p) Op(p)) = d¢, d cos(6,) d¢y d cos(6;) ©
(1+«P-Q+&P-Q—xkQ- (CQ)), g

anorm

C: spin correlation matrix

£, P: polarisation vectors "0 0102 03 04 05 06 0.7 08 09 1
Q, Q: direction of decay products Xt Sow 1 Shan Sw



POLARISATION & SPIN CORRELATION
PRD 110 (2024) 112016

o Differential cross section fit for the polarisation and spin AT 3
correlation, in bins of m(tt) vs. |cosB| and pr(t) vs. |cosB| =

© Maximul likelihood fit of 4 selections (2b Shigh, 2b Siow, |b Shigh,
Post-fit differential event-yeld, low mass

| b Shigh) and 4 data-taking periods
) 138 fb™' (13 TeV)
0O . . . = 105 | CMS 2b Shi o 1 Data it gen: all other bins
Fit for polarisation and E o o 050000 o 000,

10" F
Uncertainty

spin-correlation, or for
entanglement markers

Post-fit differential event-yeld, high mass e300
138 fb' (13 TeV)
% CMS 2 Syigh L b 400 < m(tf) < 600 GeV ﬁgen:a”(t%theeragé)nsé Y,
. . <m < ev, . m > ev,
o 10t | post-fit B fgen: 7 = Cos6)] < 0.7 BN fgen: 5 ose)] < 0.7
Single t Multijet+EW
Uncertainty
10°
b-..... *, ’l'. . 00..‘.
L s o 0 "o
o g 1.2t
© t # iy s b t
T 5 0.8 H*} } { : b o *
"""""""""""""""""""" o ®cos@)®0 ®cos@®)
lcos(8)] O 0.4 LA " 07 1;(.)%0 3

m(tf) [GeV]800



POLARISATION & SPIN CORRELATION

O Polarisations compatible with zero PRD 110 (2024) 112016
13 TeV, 138 fb-1

© Diagonal Cin, Cik and Cy differ from zero

O Stronger entanglement in D seen for p7(t)<50 GeV (3.5 s.d.)
and in D for mg>800 GeV (6.7 s.d.)

Full matrix measurement for low-my showing D < -1/3

CMS 138 b (13 TeV)
| 300 < m(if) < 400 GeV 1y Data i
D . . f | AE =1.24 +0.11 stat, total unc. B
measurement in regions of m L == Powheg+P8 1
g it c-1 [ -0.027+0.060 —— 'l\jﬂcgghelggH? i —
) P, 0.004+0.034 +
CMS 138 fo' (13 TeV) b 0000 o - MINNLO+PS | g
) - Data P. [ 0.001£0.022 HH | By
01 X stat, total unc. P. [ -0.063+0.033 — { | —
- =—— Powheg+P8 B, [ -0.012+0.029 s i :
O ..ee.. Powheg+H7 *f“‘ P, | 0.003+0.022 i i HH
= MG5+P8 C, [_ 0.269+0.070 — B —
- : " C 0.540+0.042 2 [t : [——
01 - - MINNLO+P oL -
01 - INNLO+P8 1 Cu [ 0.427+0.074 —_n [
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0.2 — =t ~ | 0.04z0.15 E e - i Eo» 4
= " [ 0.07+0.12 —_ i —_— .
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FOILARUSTA

|[ON & SPIN CORRELA

|ION

PRD 110 (2024) 112016
13 TeV, 138 fb-

Entanglement results for the D measurement in the threshold region (upper left ), D measurement in the
high-m (tf) region (upper right), and the full matrix measurement in different m (tf) regions (lower).

-0.35

~0.4

-0.45

(C + C,+C,)/3

-0.5

D=-—

—-0.55

CMS 138 b (13 TeV) CMS 138 b (13 TeV)
L T Separable states T Q 1AE ! Data
o 3.5(4.4)o 1.6(2.8)c < 1F stat, total unc.
B @) - Powheg+P8
P S 09 Powheg+H7
[ Ot 0.8 MG5+P8
- 1 > CE -+ MINNLO-Pg
}_ ___________________________________ i Data Og 06 E“.'T:T:T:T:T:T:T:T:l:T:T:T:T:T:T:T:T:T
T T T stat, total unc. ~ =
- Powheg+P8 A 0.5F
- — - Powheg+P8+ ¢ 4E
R Powheg:+H7 M4 6.1(55)0 4.0(3.6)0
- MG5+P8 0.3F | Separable states |
C T MINNLO+P8 m(tf) > 800 GeV m(tf) > 1000 GeV
pT(t) <50 GeV m(tt) < 400 GeV lcos(0)| < 0.4 |cos(0)| < 0.4
4
_ oo CMS 138 b (13 TeV)
~ N Data
O ol stat, total unc. I
T f Powheg+P8 y :
O 18F — Powheg+P8+  iioesicseneedl O First observation of
— - Powheg+H7 ~  ~ oo . 2
*1ef - MG5+P8 entanglement at high tt mass,
S as predicted by the Standard
e P y the Standar
< -l Model
£ 2.2(2.4)c 6.7(5.6)0
- l Separable states l

m(tf) < 400 GeV

m(tt) > 800 GeV
|cos(0)| < 0.4



IRERERERETATION of RESULTS

O The measurement of the top anti(quark) polarisation and their
spin correlation coefficients can also be interpreted in terms of
“magic of quantum states” (M2)

CMS-PAS-TOP-25-001
13 TeV, 138 fb-1

O Property M; of quantum states quantifying the potential
computational advantage over classical states. High M; indicates
more advantage:

. | 1+ Yiengr [ (P + P + Lijenir C Pi: polarisation coefficients
= —10 — : . -
2 82\ 15 Ticns, [(PE+ P2)] + YijenkrC5 ) Cij Spin correlation coefficients
Mz in bins of m(tt) M2 in bins of pr (top)
138 fb' (13 TeV) 138 fb™ (13 TeV)
(QV L
z§N1-4;_ CMS i Data 1> 1'4; CMS i Data
1 2‘_ Preliminary stat, total unc. 12‘_ Preliminary stat, total unc.
E Powheg+P8 . ——— Powheg+P8
= e Powheg+H7 = e Powheg+H7
0_8'_ MG5+P8 08'_ MG5+P8
- crererens MINNLO+P8 : e, MiNNLO+P8
0.6 0.6
0.4 0.4 b T ey
. — - .
02__ 02_— .1.-1'1.1;4.'-;.-".-.1 e
N | | et | e O: | | I
300-400 400-600 600-800 > 800 0-100 100-200 200-300 > 300
m(tf) [GeV] p_ (1) [GeV]

0 Good agreement with the Standard Model

O Highest M; at the production threshold, while near constant with low top quark
scattering angle in the tt rest frame, and variable with pt(top)



O ARK MASS: DIRECT @O)

‘ EXPERIMENT

ODirect top mass measurement in events with high transverse

momentum of the top quark
O Uses hadronically decaying top quark to a large-radius jet (“top-jet”)

Submitted to PLB
arXiv:2502.18216 (2025)

13 TeV, 140 fb-

Signature: | lepton (e or L) + large-R jet + = b-jet. AR(e,]) > 1.0

Method: Fit to mean value of invariant mass of the large-R (top) jet. Profile
likelihood to 2 other variables to limit systematic uncertainties, mj and my;

Dependence of large-R jet mass on top quark mass

i, [GeV]

Ratio to fit

Post-fit expectation for the m, distribution

173.4

173.2

173

172.8

172.6

172.4

172.2

172

171.8

1.0004
1.0002

1
0.9998
0.9996

s
ATLAS

Vs = 13 TeV, 140 fb
3

Pseudo-data points

m,=172.45 + 0.46(mt -172.5)

Linear fit

|||||'|||_III|III|III|III|III|III|

1
I

I

1
I

—

I

171

1715

172

1725

173

: > :"I""I""I""""I""I"
- 87000_— ATLAS ¢ Data
- 0 | (s=13TeV, 140 fb" Egackgmund;
E 00'60005_ Post-Fit ~Z Uncertainty _
— £ 5000F
_ C I
i e
. L1 4000f
= 30005—
] 20005—
. 1000;
3 81072- 2
a ol F . 7
[ 3 L e e NI e //%/
e 0.925¢ %%
— . . . . . . 7z
[ o T 085755 160 170 180 190 200
1735 174 m, [GeV]

m, [GeV]
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ISR @ T ARK MASS:

DIRECTE

OSignificant improvement over previous ATLAS measurements

O Good agreement with other measurements

ONon-negligible statistical uncertainty
Grouped breakdown of the uncertainty sources

Source

JES

Radiation (ISR and FSR)

Colour reconnection (CR1 and CR2)
JES heavy flavour

Parton shower and hadronisation model
JER

MC statistics

Underlying event

Recoil

Fit closure

Background modelling

Matrix element matching (pr
b-tagging
Higher-order corrections
Emiss
T
Pileup
JVT
PDF
Leptons
Luminosity

hard _ =1 )

Uncertainty [GeV]

o i

Submitted to PLB
arXiv:2502.18216 (2025)

13 TeV, 140 fb-

This measurement, compared to selected mtdeterminations

ATLAS

Direct top quark mass measurements

Tevatron comb., 1.8+1.96 TeV, <9.7 fb'!
LHC comb., 7+8 TeV, <20 fb™

ATLAS, leptonic inv. mass, 13 TeV, 36.1 b
CMS, I+jets, 13 TeV, 35.9 fb™ e
CMS, I+jets boosted, 13 TeV, 138 b

ATLAS, |+jets boosted (this result), 13 TeV, 140 fb”

|+jets boosted
Total uncertainty

m, * total (stat. = syst.) [GeV]
e 174.30 + 0.65 (0.35 + 0.54)

172.52 £ 0.33 (0.14 = 0.30)
——e—— 174.41+ 0.81 (0.39 = 0.71)

171.77 £ 0.37

173.06 + 0.84 (0.24 + 0.80)

172.95 + 0.53 (0.27 £ 0.46)

160 165 170

Total statistical
Total systematic

Total

L.. CERRITO - FCNC and Properties in Top Physics

175 180
m, [GeV]



FARIE 2 DIECAY

Decay
>Branching ratios

>CP asymmetries
>Rare decays, FCNC
*Non-SM decays

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics




ERSEINSCBOSON 1O e/ FROM TOP DECAY A@TLAaS

EXPERIMENT

O Lepton Flavour Universality (LFU) is a key axiom of the S.M.

EPJ C 84 (2024) 993

O Measurement of the tt production cross section in ee, el, U final states arXiv:2403.02133 (2024)

allows LFU test, to address “anomalies” reported in b-hadron decays
O Determines the ratio of BR’s: R%e = B(W — uv)/B(W — ev)

oln PDG: RM/¢ = 1.002 4 0.006

13 TeV, 140 fb-1

Signature:Two electrons and muons of Number of leptons in simulated selected tt events

opposite electric charges: ee, Uy, e = SERRRRRRES RN R R R ARSI AR
- | or 2 b-tagged jets from the tt production g 14000 ATLAS Simulation, .. ... Vs=13TeV, 1401b =
Method: Simultaneous measurement of the £ 120001~ =
ratio of BR’s for Z— uu and Z—ee S 10000 -
e 8000 -

pule _ _RBw  BW —py)  [B(Z > ee) - .
wz \/W BW —ev) \B(Z— up) P000F - E
Z - ® {t > ee =

4000 : —

:: ot =

20001 — tt - pu (weighted) ]

Lol gl Lo v v v v o Lo dgl v oag [ 1111
—%.5 -2 -15 -1 05 0 05 1 15 2 25

L.. CERRITO - FCNC and Properties in Top Physics |5



LFU IN'W-BOSON TO e/u FROM TOP

OSingle maximum likelihood fit with Gaussian formulation to the
observed event counts

O 10 free parameters: 4 parameters of interest, plus 3 b-tag jet efficiencies,

2 Zj backgrounds and | Zj isolation efficiency propagated to tt

Events / GeV

Data / Fit

Fit to data, invariant mass distribution

10°

10

10°

10

1.05

0.95

D E@ENE

£

TLAS

EXPERIMENT

EPJ C 84 (2024) 993
arXiv:2403.02133 (2024)

Ratio of the number of events in the uu channel divided by

that in the ee channel

S L L L L L L 3 [ T | N L L L L B |
- ATLAS ¢ Data i Z 115 ATLAS ® Data .
L (s=13TeV, 140 fo = Wi — - ~ (s=13 TeV, 140 fb" — ;'t;;er:;:fznc I
= ee, 2b mm Z+jets 3 1 1‘_ 2b y B
- 1 Diboson - -1 _
B B Mis-ID lepton 7] - -
= Systematic unc. = - ]
= o ® - @ = 1.05_— -
B N - ¢ *
E E = + + ]
0.95 ]

[ | 1 | l | | | 1

S E iT 1.02F | | | | E
“ """ o ® s @ oo o e 5\3 e + """"" + """""" + + """"""""" # """" =
= | | | | | | | E S 0.98F | | | | | | | | -
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
Mee [GEV] m, [GeV]
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BREBINSAEOSON TO e/ FROM TOP DECAT A@TLA%S

EXPERIMENT

OMeasured value of R%; converted to R%e using R4/, = 1.0009 = 0.0028

EP] C 84 (2024) 993

REJe = R JR##Ie¢ = 0.9995 + 0.0022 (stat) = 0.0036 (syst) + 0.0014 (ext) arxiv-2e03
13 TeV, 140 fo-

OLimited by lepton ID, Z+jets modelling, and Parton Density Functions

OHigher precision than the previous World Average
Measurement of Ryt from this analysis compared to previous results

L L B L B AL BN B
ATLAS

LEP2
e*e >WW, Vs=183-207 GeV

ATLAS
pp—W, Vs=7 TeV, 4.6 fb”

LHCb 1 I ‘
pp—W, Vs=8 TeV, 2 fb’ :
CMS i
pp—tt, Vs=13 TeV, 36 fb’ :

PDG average '—r*—'

ATLAS (this result) ot
pp—tt, Vs=13 TeV, 140 fb”

| | | i | I |
096  0.98 1 1.02
B(W—uv)/B(W—ev)

| | | | |
0.92 0.94



BRESINSYV-BOSON 10O e/T FROM TOP

O Measurement of the tt production cross section, distinguishing

W — v, (witht — ev.v;) and W — ev,

ODetermines the ratio of BR’s:
OCombined LEP: R/, = 1.063 =

Signature: One tag electron or muon and one probe

- 0.027

electron from W—e (prompt) or W—=T—e

- Prompt case distinguished from T with electron pr

and displacement of track
- = 2 b-tag jets
Method:

-Calibration of dp in MC simulation from data Z—e*e-

events

- Two-dimensional binned templated likelihood fit to

the pr and |do| distributions

R.je=B(W — 1v)/B(W — (ev)

DEGE S

£

ATLAS

EXPERIMENT

Submitted to |HEP
arXiv:2412.11989 (2024)

13 TeV, 140 fb-

Complements Ry and Rye

|do(e)| distribution after calibration

Events/ 0.01 mm

107}

Data / Pred.

ATLAS
Is =13 TeV, 140 fb”
After d,, calibration

Pre-Fit

ue, 20<p (€)<250 GeV [Fake e

¢ Data
[ JPrompt e (tt or Wt)
Bl e (tt or Wt)

[C]Prompt e (not from ¢t or Wt)
[Jefrom Z - tt7-
77 Uncertainty

1%%//// s

0.8

4/%//

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
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BREERINSV-BOSON 1O e/T FROM TOPR

ONumber of events in simulation agrees with data across channels (ue

and ee) and pr bins

O Good agreement between data and simulation, both in total yield and

shape

Number of events in the ue channel from different sources, as

estimated by the fit to the data

DIEC A

£

ATLAS

EXPERIMENT

Submitted to |HEP
arXiv:2412.11989 (2024)

13 TeV, 140 fb-1

Distribution of |d0| in data and simulation after fit, ye

—
o
\I

Events/ 0.01 mm

ue e e
7<pr<10GeV 10< p1r<20GeV 20 < pr <250 GeV
Prompt e(t7) 1278 +28 13370 +150 178000 =+ 1000
e from 7 (t7) 1092 +32 4490 +100 11670 + 290
Prompt e(Wt) 34 + 6 340 + 60 5300 + 900
e from v (Wt) 280+ 2.5 119 + 16 380 + 110
Prompt e (not from #7 or Wt) 52+ 1.5 23 £ 7 180 + 50
efromZ — 471~ 199+ 0.4 854+ 14 1329+ 2.2
Fake e 317 +£22 380 + 33 840 =+ 60
Total predicted 2770 +40 18880 +120 196500 =+ 400
Data 2768 18783 196552

ATLAS

Vs =13 TeV, 140 fb™
Nominal sample

ue, 20<pT(e)<250 GeV
Post-Fit

¢ Data
[JPrompt e (tt or Wt)
M- e (tt or W)

[ ]Fake e )
[C]Prompt e (not from tf or Wt) ]
e fromZ — 7t '
72 Uncertainty

_L
T

Data / Pred.

000g - //’/‘A////;///W/////

G /{// s

005 01 015 02
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BREERINSV-BOSON 1O e/T FROM TOP DECAY A@TLA@S

EXPERIMENT

Submitted to |HEP
Breakdown of statistical and systematic uncertainties arXiv:2412.11989 (2024)
Uncertainty group (R /e) 13 TeV, 140 fb-!
- — Summary of measurements of Rre
Modelling of ¢ and Wt '
dy calibration
Background estimation 0.005 ATLAS CMS
Electron reconstruction, identification, and isolation  0.005 Vs = 13 TeV, 140 fb’! :’i“ﬁ;g"’m"zz) 072008
Electron energy scale 0.003 Phys. Rept. 532 (2013) 119
Electron energy resolution 0.002 . ?S;REP 5o, (2024) 630001
Jet energy resolution 0.004
Jet energy scale 0.003
Jet D-tagging 0.002 ATLAS - this result :
Muon reconstruction, identification, and i1solation 0.001 Statistical Uncert. "
Other sources 0.002 [ ] Systematic Uncert. :
o ) —e— Total Uncertainty ———
Variation of kg, and k(u/e) 0.003 :
Finite size of simulated samples 0.003 S B T i
B(W — 1tv; > ev,v,:vy) 0.002 B(W= tv)/ B(W=s ev)
Total systematical uncertainty 0.020 Measured value:

Data statistical uncertainty

R:/e =0.975 + 0.012 (stat.) = 0.020 (syst.).

Total uncertainty 0.024

Measured values of Ryein different pt bins

PT bin RT/e

7 < pt < 10 GeV 1.13 £ 0.11 (stat) = 0.07 (syst)
10 < pTr <20GeV  0.93 £0.04 (stat) £ 0.02 (syst)
20 < pr <250 GeV  0.98 + 0.04 (stat) = 0.02 (syst) 20
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Production Rate

»Pair Production cross section
»Single (EWK) production, 1Vibl
»FCNC, anomalous couplings
»Differential cross sections
>Production mechanism (gg,qq)
»Associated Production

New Physics in production
»*Resonant production
»Heavy Quark production

4

Decay
>Branching ratios

>CP asymmetries
>Rare decays, FCNC|'
>Non-SM decays

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics
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EENEOFIOR MEDIATED BY HIGGS BOSOIN A@TLA%S

EXPERIMENT

OSearch for Flavour Changing Neutral Current in tHq and tt with t—=Hgq (g=u,c)

O Considers Higgs to WW, ZZ or TT EP| C 84757 (2024)

L arXiv:2404.02123 (2024)
OSM predictions for these FCNC are of order &(<10-1>) T
eV, -

Signhature: 2 leptons Same Sign or 3 leptons; = ljet (=] b-jet) Updates an earlier analysis with 36.1 b

Method: Single discriminant using feed-forward neural network
in signal region, then maximume-likelihood fit

Feynman diagrams of the tf(t— Hq) decay signal Feynman diagrams of the gg— Ht production
process resulting in the 31 final state signal process resulting in the 31 final state.

2%
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£

ATLAS

EXPERIMENT

OFour signal regions (2 each for production and decay); 7 control regions

for backgrounds

O Combinatorics addressed with Recursive Jigsaw Recontruction and

Neutrino estimator

EPj C 84 757 (2024)
arXiv:2404.02123 (2024)

ONeuroBayes implementation for a discriminant Dny = [0, 1]

Definition of signal regions

SR2¢Dec SR2{(Prod SR3{Dec SR3{(Prod
Nijets > 4 <3 > 3 <2
Np-tags =1 =1 =1 =1
pr (1) >12GeV  >16GeV  >20GeV > 20GeV
pr(&) - - >16GeV > 16GeV
Im(e,e) —mz| >10GeV > 10GeV - —

Distribution of the most important NN input
variable, Hr(jets) for the SR2{Dec

Events

Data / Bkg.

350

300

250

200

150

100

50

1

0.65E

0300 300 400 500 600 700 800 900 1000

0_
1.35F

_IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII_

— ATLAS ¢ Data mttH

- {s=13TeV, 140 fo'! EIIW Otz
EVV3L+blc [JtWZ

[tZq [CJHF-dec. e
SR2{ D_ec @HF-dec. u @ Q-misID
Post-Fit []Others 72 Unc.

— Pre-Fit Bkg.

IIIIII|IIII|IIII|IIII|II

sz’/ﬁﬁvﬂm@%@%//zf//ﬁ}/&

H.(jets) [GeV]
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TLAS

EXPERIMENT

D BY HIGGS @S @IN

OFit for normalisation parameter of the signal

The Dnn distribution in the SR2{Dec, obtained
from the signal-plus-background fit to data in the
tHc channel.

*: normalised to total Bkg.

ﬂ :I L I [ | LI | LI | LI I | | [ | L | LI | [ I:
g 1600 ATLAS ¢ Data -~ tHc FCNC *
L - Vs=13TeV, 140 fb" [ ttH I ttw ]
1400F [tz VV3L+blc

-~ SR2/Dec [JtWZ []tZq ]

1200 Post-Fit [ JHF-dec. e @JHF-dec. p -

- []Q-misID [ ]Others ]

800 -

G — -

400 _:

200 -

3) OE!!!!I!!!!IH!!I!!!!I!!!!'!!!!I!!!!I!H!I!!”I!!!!
m  1.2F E
P 1?—/f_//n;;//MW////////////T/MW;%
8 08 E

0B

O 01 02 03 04 05 06 07 08 09 1
Dy(tHC)

H - yy H=Yy
H- Tt ‘ H- Tt
3 B(t—-Hc)=0 i = Bt—->Hu)=0 -
}H V.V —— Observed }H RV Ve —— Observed
=== Expected x10 | i F=== Expected £10 |
---- Expected 20 ---- Expected 20
Combination Combination
||||||| 1IO | | | L 1I5 1 | | | 20 0 | | 1IO | | | | 1I5 | | | | 20

EPj C 84 757 (2024)
arXiv:2404.02123 (2024)

Best fit value of the tHu (tHc) signal:
firg = —0.03 = 0.15(=0.08 £ 0.19).

CLs method limits derived. Systematics cause a
20% degradation of the limits  95% c.L. limits

Observed (expected) 95% CL upper limits

Signal B(1 — Hg) |th [ql
tHu 2.8(3.0)x 1074 0.71 (0.73)
tHe 3.3(3.8)x107* 0.76 (0.82)

95% C.L. combined limits to u and ¢, using complementary H decays
ATLAS ATLAS Vs =13 TeV, 140 fo!

B

Vs =13 TeV, 140 fb!

H-bb H-bb

95% CL limit on B(t — Hu) x 10* 95% CL limit on B(t — Hc) x 10*



g FIORP MEDIATED BY HIGGS BOSOIN

OSearch for Flavour Changing Neutral Current in tHq and tt with t—=Hq (q=u,c)

O Considers Higgs to WW, ZZ or TT bt T

OSM predictions for these FCNC are of order 10-!1>to |0-17 arXiv:2407.15172 (2024)
13 TeV, 138 fb-

Signature: =2 leptons (e/[) Same Sign; = ljet (=] b-jet) Complements analyses with different

e : . : final states or smaller datasets
Method: Boosted Decision Tree event classification for signal and

background, with 33 input features and output in BDT discriminator
value.Then a binned likelihood fit.

Representative Feynman diagrams for the production modes considered: FCNC decay and
FCNC-associated production

L.. CERRITO - FCNC and Properties in Top Physics 25
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Submitted to PRD
arXiv:2407.15172 (2024)

Measured limits on the branching fraction

O The largest uncertainties are statistical and from systematics of lepton
charge-ID and non-prompt leptons

Measured limits on the coupling strength

- 1
460150MS T T T T T T T |138| fbl (1|3T|eV) /\O\O1SCMS T T T T T T T |138| fbl (1|3T|eV)
I
T 95% CL Upper Limits ~ T 95% CL Upper Limits
: — Observed ok — Observed
i - Median Expected | T N - Median Expected |
0. Nttt 7 = 0.1F D ERN n
¥ ] o) |
+ 20 o 20
| ] & i
] = |
1 g |
4 5005 -
-
- E .
_ m ]
1 ! | 1 1 1 1 0 | 1 1 1 1
0.1 0.15 0 0.05 0.1 0.15
Kt Branching fraction (t — Hu) (%)
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O Combination with 2 earlier analyses with Higgs decaying to bottom

quarks or photons

Observed and Expected limits, and Combination

Analysis B(t — Hu) B(t — Hc)
observed (expected) observed (expected)
H — bb [24] 0.079 (0.11)% 0.094 (0.086)%
H — v [25] 0.019 (0.031)% 0.073 (0.051)%
Leptonic (this analysis) 0.072 (0.059)% 0.043 (0.062)%
Combination 0.019 (0.027)% 0.037 (0.035)%

ONo excess over the SM is observed

Submitted to PRD
arXiv:2407.15172 (2024)

13 TeV, 138 fb-1

Summary of observed and expected results

CMS 138 b (13 TeV)

II|||||II|I|II|||I||II

— H—bb

t - Hu
= H—>yy

= SS multilepton

I combined

. H—bb
t - He
H—yy

L SS multilepton

: combined

------------- 95% CL Expected Limit =10 Exp. Limit

— 95% CL Observed Limit +20 Exp. Limit

N I I (N N N A O O A
0 0.1 0.2 0.3 0.4

Branching fraction (%) Y/




Summary of Other FCNC Measurements

Summary of the current 95% confidence level observed limits on the branching
ratios of the top quark decays via flavour changing neutral currents (FCNC) to a

quark and a neutral boson t — Xq (X =g, Z, y or H; g=u or ¢) ATL-PHYS-PUB-2024-005

t—Hc
t—Hu
t—yc
t—=yu
t—qgc
t—gu
t—Zc

t—>Zu

L

ATLAS+CMS Preliminary 95%CL upper limits €<—@ ATLAS <—@ CMS
HC topWG

e

S

— =

Each limit assumes that

.| April 2024

all other processes are zero
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SUIMIMIARS

Decay
“Branching ratios O | presented 8 new measurements from last year

>Pair Production cross section R :
»Single (EWK) production, 1Vibl F(R:P asdy mmetng(s:NC
»FCNC, anomalous couplings are cecays, (o) A” i f ” R 2 d

’ »Non-SM decays using 1u un atasets

»Differential cross sections

»Produgtion mechan!sm (99.99) | s,@/ o
»Associated Production . v O Chance to stu d)l rare tOp processes

New Physics in production
»Resonant production
»Heavy Quark production

Production Rate

O Spin correlation and polarisation tested in different

Promerios kinematic regions of low- and high-my

»Top mass

»Top charge
»Top width

»Spin correlation
»Top polarisation

O New top mass measurement using boosted tops
W helicity

O LFU improved in W decay to 0.44% (u/e) and 2.3% (1/e)
»Charge asymmetry

»Yukawa couplin . 5 .
= RED: Discussed in this talk O FCNC nggs'medlated |mproved to O( I 0_4)

Find out more at:

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

EXPERIMENT

EWS | http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html
) http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/ TOP/index.html
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