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PHYSICS OF TOP QUARKS

Decay
‣Branching ratios
‣CP asymmetries
‣Rare decays, FCNC
‣Non-SM decays

Properties
‣Top mass
‣Top charge
‣Top width
‣Spin correlation
‣Top polarisation
‣W helicity
‣Charge asymmetry
‣Yukawa coupling

Production Rate
‣Pair Production cross section
‣Single (EWK) production, |Vtb|
‣FCNC, anomalous couplings
‣Differential cross sections
‣Production mechanism (gg,qq)
‣Associated Production  

New Physics in production 
‣Resonant production
‣Heavy Quark production
‣...

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

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

Search for processes with 
similar signature (VLQ, 
Z’...) 

Natural mass (yt≃1), top 
quark mass is a 
fundamental parameter of 
the SM, and crucial for SM 
constraints via loop 
diagrams

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics
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Properties
‣Top mass
‣Top charge
‣Top width
‣Spin correlation
‣Top polarisation
‣W helicity
‣Charge asymmetry
‣Yukawa coupling

PART 1: PROPERTIES

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics

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

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

Search for processes with 
similar signature (VLQ, 
Z’...) 

Natural mass (yt≃1), top 
quark mass is a 
fundamental parameter of 
the SM, and crucial for SM 
constraints via loop 
diagrams
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13 TeV, 140 fb-1

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

TOP PAIR QUANTUM ENTANGLEMENT
Spin entanglement can be observed by increase in the strength of 
the top and anti-top spin correlations
Spin entanglement is inferred from the angle between the charged 
leptons in the parent top- antitop-quark rest frames
Measurement targets around the top-antitop production threshold

Signature: 1 Electron and 1 Muon of opposite electric charges, 2 jets (>=1 b-tagged)
 - Restricted phase space: 340 < mtt< 380 GeV  
and two control region beyond 380 GeV
 - Background level <10%

Method: Entanglement marker:

<latexit sha1_base64="q/hka7iKAkyhg6Hr+iYg4U1t4ag=">AAACAHicbVC7SgNBFJ31GeNr1cLCZjAINsZdI9HCSDAWlhHMAzZLmJ1MkiGzM8vMrBCWNP6KjYUitn6GnX/jJNlCEw9cOJxzL/feE0SMKu0439bC4tLyympmLbu+sbm1be/s1pWIJSY1LJiQzQApwignNU01I81IEhQGjDSCQWXsNx6JVFTwBz2MiB+iHqddipE2Utvevy1p6VX80wIswZPCFRaqFfXpddvOOXlnAjhP3JTkQIpq2/5qdQSOQ8I1Zkgpz3Ui7SdIaooZGWVbsSIRwgPUI56hHIVE+cnkgRE8MkoHdoU0xTWcqL8nEhQqNQwD0xki3Vez3lj8z/Ni3b30E8qjWBOOp4u6MYNawHEasEMlwZoNDUFYUnMrxH0kEdYms6wJwZ19eZ7Uz/JuMV+8P8+Vb9I4MuAAHIJj4IILUAZ3oApqAIMReAav4M16sl6sd+tj2rpgpTN74A+szx+7p5SZ</latexit>

D = tr[C]/3 = �3 < cos� >

C: spin correlation matrix
: angle between the charged-lepton 

directions, in the rest frames of the parent 
top-quarks:

ϕ

<latexit sha1_base64="pYjwgKjJ/BiViQd41LZnH8E0/yg=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhBsjHcq0cIiqIVlBPMByRH2NnvJmr3dY3dPCEf+g42FIrb+Hzv/jZvkCk18MPB4b4aZeUHMmTau++0sLC4tr6zm1vLrG5tb24Wd3bqWiSK0RiSXqhlgTTkTtGaY4bQZK4qjgNNGMLgZ+40nqjST4sEMY+pHuCdYyAg2VqrfXh17J2edQtEtuROgeeJlpAgZqp3CV7srSRJRYQjHWrc8NzZ+ipVhhNNRvp1oGmMywD3aslTgiGo/nVw7QodW6aJQKlvCoIn6eyLFkdbDKLCdETZ9PeuNxf+8VmLCSz9lIk4MFWS6KEw4MhKNX0ddpigxfGgJJorZWxHpY4WJsQHlbQje7MvzpH5a8sql8v15sXKdxZGDfTiAI/DgAipwB1WoAYFHeIZXeHOk8+K8Ox/T1gUnm9mDP3A+fwDU7Y4B</latexit>

D < �1/3 indicates entanglement

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

13 TeV, 140 fb-1

Calibration curve is derived to correct to particle-level D
Parton-level bound (−1/3) converted to particle-level one (−0.322, 
Powheg+Pythia)
SM prediction from Powheg+Pythia
Uncertainties grouped into tt modelling, backgrounds and detector-related

Particle-Level D results, in signal and validation regionsParticle-Level D calibration curve

TOP PAIR QUANTUM ENTANGLEMENT
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Source of uncertainties by group

Signal modelling uncertainties

More than 5 s.d. significance
First observation of entanglement in 
quark-antiquark pair

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

13 TeV, 140 fb-1

L.. CERRITO - FCNC and Properties in Top Physics

TOP PAIR QUANTUM ENTANGLEMENT
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PRD 110 (2024) 112016

13 TeV, 138 fb-1

POLARISATION & SPIN CORRELATION
Tops from QCD tt production are unpolarised at LO. Their 
spins are strongly correlated 
Spin correlations depend on production mechanism, m(tt) and 
scattering angle of top quark
Measurement targets Polarisation vectors and Spin Matrix 
coefficients based on the angular distributions of tt decay 
products

Signature: 1 Electron or 1 Muon, ≥4 jets 
(≥1b); a Neural Net reconstructs tt system 
events from e/μ+jets seed
Method: Entanglement markers for both low- 
and high-mass of the tt system, i.e. for spin-
singlet (D) and spin-triplet (D) states

SNN in the 2-b jets category

ShighSlowX

Differential cross-section

Complements analysis in dilepton 
channel, ROPP 87 (2024) 117801 36 fb-1

~

C: spin correlation matrix
P, P: polarisation vectors
Ω, Ω: direction of decay products
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PRD 110 (2024) 112016

13 TeV, 138 fb-1

POLARISATION & SPIN CORRELATION
Differential cross section fit for the polarisation and spin 
correlation, in bins of m(tt) vs. |cosθ| and pT(t) vs. |cosθ| 
Maximul likelihood fit of 4 selections (2b Shigh, 2b Slow, 1b Shigh, 
1b Shigh) and 4 data-taking periods Post-fit differential event-yeld, low mass

Post-fit differential event-yeld, high mass

Fit for polarisation and 
spin-correlation, or for 
entanglement markers
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PRD 110 (2024) 112016

13 TeV, 138 fb-1

POLARISATION & SPIN CORRELATION
Polarisations compatible with zero
Diagonal Cnn, Ckk and Crk differ from zero
Stronger entanglement in D seen for pT(t)<50 GeV (3.5 s.d.) 
and in D for mtt>800 GeV (6.7 s.d.)

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

D measurement in regions of mtt

L.. CERRITO - FCNC and Properties in Top Physics

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

POLARISATION & SPIN CORRELATION
PRD 110 (2024) 112016

13 TeV, 138 fb-1

First observation of 
entanglement at high tt mass, 
as predicted by the Standard 
Model

~
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INTERPRETATION of RESULTS
CMS-PAS-TOP-25-001The measurement of the top anti(quark) polarisation and their 

spin correlation coefficients can also be interpreted in terms of 
“magic of quantum states” (M2)
Property M2 of quantum states quantifying the potential 
computational advantage over classical states. High M2 indicates 
more advantage:

M2 in bins of m(tt) M2 in bins of pT (top)

13 TeV, 138 fb-1

Good agreement with the Standard Model
Highest M2 at the production threshold, while near constant with low top quark 
scattering angle in the tt rest frame, and variable with pT(top)

Pi: polarisation coefficients
Cij: Spin correlation coefficients

-



12

TOP QUARK MASS: DIRECT

13 TeV, 140 fb-1

Submitted to PLB 
arXiv:2502.18216 (2025)

NEW

Direct top mass measurement in events with high transverse 
momentum of the top quark
Uses hadronically decaying top quark to a large-radius jet (“top-jet”)

Signature: 1 lepton (e or μ) + large-R jet + ≥1 b-jet. Δ𝑅(𝑒, J) > 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,  mjj and mtj

Dependence of large-R jet mass on top quark mass Post-fit expectation for the mJ distribution

L.. CERRITO - FCNC and Properties in Top Physics
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TOP QUARK MASS: DIRECT

13 TeV, 140 fb-1

Submitted to PLB 
arXiv:2502.18216 (2025)

NEW

This measurement, compared to selected mt determinations

Grouped breakdown of the uncertainty sources 

Significant improvement over previous ATLAS measurements 
Good agreement with other measurements
Non-negligible statistical uncertainty

L.. CERRITO - FCNC and Properties in Top Physics
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Decay
‣Branching ratios
‣CP asymmetries
‣Rare decays, FCNC
‣Non-SM decays

Test of SM (production, 
decay, coupling....etc)

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

Search for processes with 
similar signature (VLQ, Z’...) 

Natural mass (yt≃1), top 
quark mass is a fundamental 
parameter of the SM, and 
crucial for SM constraints 
via loop diagrams

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics

PART 2: DECAY
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LFU IN W-BOSON TO e/μ FROM TOP DECAY

13 TeV, 140 fb-1

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

 Lepton Flavour Universality (LFU) is a key axiom of the S.M.
Measurement of the tt production cross section in ee, eμ, μμ final states 
allows LFU test, to address “anomalies” reported in b-hadron decays
Determines the ratio of BR’s: 
In PDG:

<latexit sha1_base64="O5vcGPYHTqRhK1daG27gXfn4VxA=">AAACH3icbZDLTgIxFIY7XhFvqEs3jcQENzBjDLoxIbhxiUYuCYOkUw7Q0OlM2o6GTHgTN76KGxcaY9zxNhaYhYB/0uTPd87J6fm9kDOlbXtsrayurW9sprbS2zu7e/uZg8OaCiJJoUoDHsiGRxRwJqCqmebQCCUQ3+NQ9wY3k3r9CaRigXjQwxBaPukJ1mWUaIPameJ9u/4Yu35UgNF1OVd3Jev1NZEyeDbQFdFZYZ5imMB2Jmvn7anwsnESk0WJKu3Mj9sJaOSD0JQTpZqOHepWTKRmlMMo7UYKQkIHpAdNYwXxQbXi6X0jfGpIB3cDaZ7QeEr/TsTEV2roe6bTJ7qvFmsT+F+tGenuVStmIow0CDpb1I041gGehIU7TALVfGgMoZKZv2LaJ5JQbSJNmxCcxZOXTe087xTzxbuLbKmcxJFCx+gE5ZCDLlEJ3aIKqiKKXtAb+kCf1qv1bn1Z37PWFSuZOUJzssa/uoeizQ==</latexit>

Rµ/e
W = B(W ! µ⌫)/B(W ! e⌫)

<latexit sha1_base64="yvilMX/Q9CTr4cP58l0bhhuEpJk=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqs4UqW6EohuXVewDOuOQSdM2NMkMSUYoQ3Hjr7hxoYhbv8Kdf2OmnYW2Hgj3cM693NwTxowq7Tjf1sLi0vLKamGtuL6xubVt7+w2VZRITBo4YpFsh0gRRgVpaKoZaceSIB4y0gqHV5nfeiBS0Ujc6VFMfI76gvYoRtpIgb1/G7TuU48nJ2R84ZYdp+LF3DG1GtilrGaA88TNSQnkqAf2l9eNcMKJ0JghpTquE2s/RVJTzMi46CWKxAgPUZ90DBWIE+WnkxPG8MgoXdiLpHlCw4n6eyJFXKkRD00nR3qgZr1M/M/rJLp37qdUxIkmAk8X9RIGdQSzPGCXSoI1GxmCsKTmrxAPkERYm9SKJgR39uR50qyU3Wq5enNaql3mcRTAATgEx8AFZ6AGrkEdNAAGj+AZvII368l6sd6tj2nrgpXP7IE/sD5/APiClTs=</latexit>

Rµ/e
W = 1.002± 0.006

Signature: Two electrons and muons of 
opposite electric charges: ee, μμ, eμ
 - 1 or 2 b-tagged jets from the tt production
Method: Simultaneous measurement of the 
ratio of BR’s for Z→μμ and Z→ee

L.. CERRITO - FCNC and Properties in Top Physics

Number of leptons in simulated selected tt events



16

Single maximum likelihood fit with Gaussian formulation to the 
observed event counts
10 free parameters: 4 parameters of interest, plus 3 b-tag jet efficiencies, 
2 Zj backgrounds and 1 Zj isolation efficiency propagated to tt 13 TeV, 140 fb-1

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

LFU IN W-BOSON TO e/μ FROM TOP DECAY

L.. CERRITO - FCNC and Properties in Top Physics

Fit to data, invariant mass distribution
Ratio of the number of events in the 𝜇𝜇 channel divided by 
that in the 𝑒𝑒 channel
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Measured value of           converted to             using   
<latexit sha1_base64="cw3/Qe+D/huk56FR4rlDEKJSgQg=">AAAB9XicbVC7TgMxENwLrxBeAUoaiwiJKtwhFCgjaCgDIg+RXCKf40us2L6T7QNFp/sPGgoQouVf6PgbnEcBgZFWGs3sancniDnTxnW/nNzS8srqWn69sLG5tb1T3N1r6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBmMriZ+84EqzSJ5Z8Yx9QUeSBYygo2VurfdtCOSE5r10uZ91iuW3LI7BfpLvDkpwRy1XvGz049IIqg0hGOt254bGz/FyjDCaVboJJrGmIzwgLYtlVhQ7afTqzN0ZJU+CiNlSxo0VX9OpFhoPRaB7RTYDPWiNxH/89qJCS/8lMk4MVSS2aIw4chEaBIB6jNFieFjSzBRzN6KyBArTIwNqmBD8BZf/ksap2WvUq7cnJWql/M48nAAh3AMHpxDFa6hBnUgoOAJXuDVeXSenTfnfdaac+Yz+/ALzsc3kLaSkw==</latexit>

Rµ/e
WZ

<latexit sha1_base64="Iw2whyv8VjME5uffGJn7ZssuRzs=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKe6KRI9BLx6jmAcka5id9CZDZmbXmdlAWPY7vHhQxKsf482/cfI4aGJBQ1HVTXdXEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiKNRpxCPVCogGziTUDTMcWrECIgIOzWB4M/GbI1CaRfLBjGPwBelLFjJKjJX8+8e0I5IzyLppM+sWS27ZnQIvE29OSmiOWrf41elFNBEgDeVE67bnxsZPiTKMcsgKnURDTOiQ9KFtqSQCtJ9Oj87wiVV6OIyULWnwVP09kRKh9VgEtlMQM9CL3kT8z2snJrzyUybjxICks0VhwrGJ8CQB3GMKqOFjSwhVzN6K6YAoQo3NqWBD8BZfXiaN87JXKVfuLkrV63kceXSEjtEp8tAlqqJbVEN1RNETekav6M0ZOS/Ou/Mxa80585lD9AfO5w/ePpIv</latexit>

Rµ/e
W

<latexit sha1_base64="WSPv0vLdkeN7sUVxqYpvL4yGm94=">AAACDnicbZDLTgIxFIY7eEO8oS7dTCQkbsQZYhAXJkQ3LtHIJTJIOuUADe3MpO0YyYQncOOruHGhMW5du/Nt7MAsFDxpky//f07a87sBo1JZ1reRWlhcWl5Jr2bW1jc2t7LbO3Xph4JAjfjMF00XS2DUg5qiikEzEIC5y6DhDi9iv3EPQlLfu1GjANoc9z3aowQrLXWy+eu7yOGhPkcA4050ewgPanxmFyzLOnUCbmkoljvZXAxxmfNgJ5BDSVU72S+n65OQg6cIw1K2bCtQ7QgLRQmDccYJJQSYDHEfWho9zEG2o8k6YzOvla7Z84W+njIn6u+JCHMpR9zVnRyrgZz1YvE/rxWqXrkdUS8IFXhk+lAvZKbyzTgbs0sFEMVGGjARVP/VJAMsMFE6wYwOwZ5deR7qxYJdKpSujnOV8ySONNpD++gA2egEVdAlqqIaIugRPaNX9GY8GS/Gu/ExbU0Zycwu+lPG5w8ioZo6</latexit>

Rµµ/ee
Z�ext = 1.0009± 0.0028

13 TeV, 140 fb-1

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

LFU IN W-BOSON TO e/μ FROM TOP DECAY

Measurement of RWµ/e from this analysis compared to previous results
Higher precision than the previous World Average
Limited by lepton ID, Z+jets modelling, and Parton Density Functions
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LFU IN W-BOSON TO e/τ FROM TOP DECAY

13 TeV, 140 fb-1

Submitted to JHEP  
arXiv:2412.11989 (2024)

Measurement of the tt production cross section, distinguishing 

Determines the ratio of BR’s: 
Combined LEP:

<latexit sha1_base64="WfOhcz6sLgxyKpcIm0OQ6LfKyxI=">AAACH3icbZBNS8NAEIY39bt+VT16CRahXmoiUr0IUi8eq9gPaErZbKft0s0m7E6UEvpPvPhXvHhQRLz137hpe7DWFxZenplhdl4/Elyj44ytzNLyyura+kZ2c2t7Zze3t1/TYawYVFkoQtXwqQbBJVSRo4BGpIAGvoC6P7hJ6/VHUJqH8gGHEbQC2pO8yxlFg9q50n078ZDGpzC6KhfqnuK9PlKlwqeUejI+OZ3HBUhhO5d3is5E9qJxZyZPZqq0c99eJ2RxABKZoFo3XSfCVkIVciZglPViDRFlA9qDprGSBqBbyeS+kX1sSMfuhso8ifaE/p5IaKD1MPBNZ0Cxr//WUvhfrRlj97KVcBnFCJJNF3VjYWNop2HZHa6AoRgaQ5ni5q8261NFGZpIsyYE9+/Ji6Z2VnRLxdLdef66PItjnRySI1IgLrkg1+SWVEiVMPJMXsk7+bBerDfr0/qatmas2cwBmZM1/gH0oqLw</latexit>

R⌧/e = B(W ! ⌧⌫)/B(W ! (e⌫)
<latexit sha1_base64="aRVL4FoT7X4qjlmT2eo77ia7vw4=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrmJSpXUjFN24rGIf0IQwmU7aoTOTMDMRSqgbf8WNC0Xc+hfu/BunbRbaeuByD+fcy8w9YUKJVI7zbRSWlldW14rrpY3Nre0dc3evJeNUINxEMY1FJ4QSU8JxUxFFcScRGLKQ4nY4vJ747QcsJIn5vRol2Gewz0lEEFRaCsyDuyDzFExP8fjStZ3qmZcwx3YqtcAs6z6FtUjcnJRBjkZgfnm9GKUMc4UolLLrOonyMygUQRSPS14qcQLREPZxV1MOGZZ+Nr1gbB1rpWdFsdDFlTVVf29kkEk5YqGeZFAN5Lw3Ef/zuqmKLvyM8CRVmKPZQ1FKLRVbkzisHhEYKTrSBCJB9F8tNIACIqVDK+kQ3PmTF0mrYrtVu3p7Xq5f5XEUwSE4AifABTVQBzegAZoAgUfwDF7Bm/FkvBjvxsdstGDkO/vgD4zPH2a/lO4=</latexit>

R⌧/e = 1.063± 0.027
Complements Rτ/μ  and Rμ/e

Signature: One tag electron or muon and one probe 
electron from W→e (prompt) or W→τ→e
 - Prompt case distinguished from τ with electron pT 

and displacement of track
 - ≥ 2 b-tag jets
Method: 
-Calibration of d0 in MC simulation from data Z→e+e- 
events
- Two-dimensional binned templated likelihood fit to 
the pT and |d0| distributions

|d0(e)| distribution after calibration 

L.. CERRITO - FCNC and Properties in Top Physics
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LFU IN W-BOSON TO e/τ FROM TOP DECAY

L.. CERRITO - FCNC and Properties in Top Physics

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

Number of events in the 𝜇𝑒 channel from different sources, as 
estimated by the fit to the data

13 TeV, 140 fb-1

Submitted to JHEP  
arXiv:2412.11989 (2024)

Number of events in simulation agrees with data across channels (𝜇𝑒 
and ee) and pT bins
Good agreement between data and simulation, both in total yield and 
shape
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LFU IN W-BOSON TO e/τ FROM TOP DECAY

Measured value:

Breakdown of statistical and systematic uncertainties

Summary of measurements of Rτ/e

13 TeV, 140 fb-1

Submitted to JHEP  
arXiv:2412.11989 (2024)

Measured values of Rτ/e in different pT bins



21

Decay
‣Branching ratios
‣CP asymmetries
‣Rare decays, FCNC
‣Non-SM decays

Production Rate
‣Pair Production cross section
‣Single (EWK) production, |Vtb|
‣FCNC, anomalous couplings
‣Differential cross sections
‣Production mechanism (gg,qq)
‣Associated Production  

New Physics in production 
‣Resonant production
‣Heavy Quark production
‣...

Test of SM (production, 
decay, coupling....etc)

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

Search for processes with 
similar signature (VLQ, Z’...) 

Natural mass (yt≃1), top 
quark mass is a fundamental 
parameter of the SM, and 
crucial for SM constraints 
via loop diagrams

RED: Discussed in this talk

L.. CERRITO - FCNC and Properties in Top Physics

PART 3: FCNC IN PRODUCTION AND DECAY
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FCNC OF TOP MEDIATED BY HIGGS BOSON

13 TeV, 140 fb-1

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

Updates an earlier analysis with 36.1 fb-1

Search for Flavour Changing Neutral Current in tHq and tt with t→Hq (q=u,c)
Considers Higgs to WW, ZZ or ττ
SM predictions for these FCNC are of order O(≤10-15) 

Signature: 2 leptons Same Sign or 3 leptons; ≥ 1jet (≥1 b-jet)
Method: Single discriminant using feed-forward neural network 
in signal region, then maximum-likelihood fit

Feynman diagrams of the tt̄(t→ Hq) decay signal 
process resulting in the 3ℓ final state

Feynman diagrams of the gq→ Ht production 
signal process resulting in the 3ℓ final state.
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13 TeV, 140 fb-1

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

Four signal regions (2 each for production and decay); 7 control regions 
for backgrounds
Combinatorics addressed with Recursive Jigsaw Recontruction and 
Neutrino estimator
NeuroBayes implementation for a discriminant DNN = [0,1]

Definition of signal regions

Distribution of the most important NN input 
variable, HT(jets) for the SR2ℓDec

FCNC OF TOP MEDIATED BY HIGGS BOSON
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The DNN distribution in the SR2ℓDec, obtained 
from the signal-plus-background fit to data in the 
tHc channel.

Best fit value of the tHu (tHc) signal:

CLS method limits derived. Systematics cause a 
20% degradation of the limits

95% C.L. combined limits to u and c, using complementary H decays 

FCNC OF TOP MEDIATED BY HIGGS BOSON
Fit for normalisation parameter of the signal

95% C.L. limits

13 TeV, 140 fb-1

EPJ C  84 757  (2024) 
arXiv:2404.02123 (2024)
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FCNC OF TOP MEDIATED BY HIGGS BOSON

13 TeV, 138 fb-1

Submitted to PRD 
arXiv:2407.15172 (2024)

Search for Flavour Changing Neutral Current in tHq and tt with t→Hq (q=u,c)
Considers Higgs to WW, ZZ or ττ
SM predictions for these FCNC are of order 10-15 to 10-17

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

Complements analyses with different 
final states or smaller datasets

Signature: ≥2 leptons (e/μ) Same Sign; ≥ 1jet (≥1 b-jet)
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. 

L.. CERRITO - FCNC and Properties in Top Physics
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FCNC OF TOP MEDIATED BY HIGGS BOSON

Measured limits on the coupling strength Measured limits on the branching fraction

13 TeV, 138 fb-1

Submitted to PRD 
arXiv:2407.15172 (2024)
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The largest uncertainties are statistical and from systematics of lepton 
charge-ID and non-prompt leptons
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Combination with 2 earlier analyses with Higgs decaying to bottom 
quarks or photons

FCNC OF TOP MEDIATED BY HIGGS BOSON

13 TeV, 138 fb-1

Submitted to PRD 
arXiv:2407.15172 (2024)

Observed and Expected limits, and Combination

No excess over the SM is observed

Summary of observed and expected results
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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, γ or H; q=u or c) 
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Summary of  Other FCNC Measurements
: new, shown today

ATL-PHYS-PUB-2024-005
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SUMMARY

I presented 8 new measurements from last year

All using full Run 2 datasets

Chance to study rare top processes

Spin correlation and polarisation tested in different 
kinematic regions of low- and high-mtt

New top mass measurement using boosted tops

LFU improved in W decay to 0.44% (μ/e) and 2.3% (τ/e)

FCNC Higgs-mediated improved to O(10-4)

Find out more at:

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

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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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP/index.html

