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• Yukawa coupling strength  mass of fermions 

• Heavy mass of top-quark => largest Yukawa coupling strength 

• Deviation from measured top-Yukawa coupling from SM 
prediction => new phenomenon beyond the SM  

∝

2

Direct methods: 
 production                               production tt̄H tH

Other methods: 
off-shell :  production          in loop:  production  H tt̄tt̄ H tt̄

EPJC Volume 83, 496, (2023) EPJC 85 (2025) 210 Phys. Rev. D 98, 052005

Motivation
Direct measurements: 
•  relies on Higgs coupling to other particles 
• Obtained results are very precise 
Indirect measurements: 
•  independent of Higgs coupling to other 

particles 
• Sensitive to BSM physics in the loops

Yt

Yt
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Phys. Rev. D 102 (2020) 092013

Our approach
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Impact of top-Yukawa coupling in  production thresholdtt̄

•  production influenced by electroweak (EW) loop corrections 
including virtual Higgs exchange 

• Particularly enhanced in  production threshold ( )  

• Sensitivity not competitive with direct measurements 
• However, sensitive to BSM loop contributions

tt̄

tt̄ mtt̄ ≈ 2mt

3

• Measurement in  in events with single lepton 
(electron or muon) 

• Perform  reconstruction 
• Extract  via template morphing profile-likelihood 

fit using reconstructed  distribution templates

tt̄

tt̄
Yt

mtt̄

Ratio: (EW correction) / (LO QCD) for  at parton levelmtt̄

Analysis strategy

First analysis in 
ATLAS extracting  
using this approach

Yt
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Evaluation and analysis of the 
electroweak corrections

Implement electroweak corrections in 
the  MC samplestt̄

Object and event selection 
Neutrino reconstruction,  reconstructiontt̄

Inclusion of systematic uncertainties, 
backgrounds, and fit to data

Parton level

Parton level, 
Detector level

Detector level

Detector level

Structure of the analysis

NOTE:  
The top-Yukawa coupling modifier, 

 is referred to as  in this paperκt =
gt

gSM
t

Yt

Measurement of the top-Yukawa coupling from  production in the 
lepton+jets final state using collisions at with the ATLAS 
detector: arXiv:2509.16039

tt̄
pp s = 13 TeV

https://arxiv.org/abs/2509.16039
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Electroweak corrections (I)
Calculation from HATHOR

5

• Using HATHOR (HAdronic Top & Heavy quarks crOss section 

calculatoR)- v2.1-b3 to evaluate electroweak corrections 

  https://www.physik.hu-berlin.de/de/pep/tools/hathor.html  

• Program for the calculation of inclusive cross-sections for the 

production of top quarks in hadron-hadron scattering 

• Sub-package inside HATHOR: calculates the LO electroweak 

corrections corresponding to the Born level (LO QCD) cross-section for 

different  values 

• Separate corrections for quark- and gluon-induced processes 

Yt

Ratio:  for  at parton level
δσEW

σQCD
=

σQCD+EW − σQCD

σQCD
mtt̄
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Electroweak corrections (II)
Reweighting of the POWHEG+PYTHIA8 samples
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• Functional form of  obtained by fitting a grid of 

points of  

• Dependence exactly quadratic in  

• Multiplicative approach used to incorporate electroweak 

corrections 

• Nominal POWHEG+PYTHIA8 sample reweighted to 

obtain templates for different  values

R (mtt̄, cos θ*, Yt)

R
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Yt
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θ* z

t
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Event selection and reconstruction (I)
• Event selection: 

• Number of jets :  GeV,  

• Number of -jets  (DL1r 70% WP) 

• Exactly one electron/ muon in the final state 

• Electron channel: 

•  GeV for 2015 (2016-2018) 

•  GeV,  GeV 

• Muon channel: 

•  GeV for 2015 (2016-2018) 

•  GeV 

where 

≥ 4 pT > 25 |η | < 2.5

b ≥ 2

pT > 25 (27)

Emiss
T > 30 MT

W > 30

pT > 25 (27)

Emiss
T + MT

W > 60

MT
W = (Emiss

T + ET,l)2 − ( ⃗pmiss
T + ⃗pT,l)2

• The  final state fully reconstructed 

• Neutrino  reconstruction:  

• Exploits constraints on  

• Quadratic equation obtained 

• 2 real solutions: select the one yielding  

closer to 172.5 GeV 

• No rea l so lut ion: sca le the  

magnitude and  to yield a real solution  

• Jet-to-parton association study in MC helps 
mitigate the events with incorrect jet 
assignments by introducing additional selection 
windows 

•  GeV  

•  GeV

tt̄

pz

mW

mt

Emiss
T

ϕ

mtop ∈ [100, 250]

mhadronic
W ∈ [40, 120]



|  Measurement of top-Yukawa coupling from  differential cross-section | LHC TOP WG meeting | Supriya Sinha | November, 2025 | tt̄

Event selection and reconstruction (II)
Reconstructed mtt̄

8

 resolution with versus without the additional selectionmtt̄ Reconstructed versus generated  correlationmtt̄
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Fit strategy
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• Fitting reconstructed  distribution 

• e+jets & +jets SRs 

•  dependence: quadratic in  

• Non-parabolic likelihood 

• Parameter of interest:  

• Exactly linear dependence 

• Extrapolate the templates to negative  values 
(unphysical, but helps with fit stability) 

• Profile Likelihood Fit using morphing method in TRExFitter 

• Template morphing:  

• each bin is parametrised as a function of    

• a continuous interpolation is obtained 

• Systematic and statistical uncertainties taken into account 
as Nuisance Parameters in the fit

mtt̄

μ
mtt̄ Yt

Y2
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Y2
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Backgrounds and systematic uncertainties
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• Backgrounds (yield: 6.5% of the prediction): 
• Monte Carlo driven: tW, W+jets, Z+jets, X, toponium 

• Data-driven: fake leptons (using matrix method)  
• Systematics: 

• Instrumental:  
Luminosity, pile-up, Jet Energy Scale (JES), Jet energy 
resolution (JER), Jet Vertex Tagger (JVT), b-tagging, MET 
soft term, lepton energy scale, lepton energy resolution, 
lepton trigger, identification, isolation efficiency  

• Background modelling:  

Single-top:  scales, var3c, FSR, tW DS vs DR 

Toponium, W+jets:  scales 

• Background normalisation: 
1.9 (3.8) % for t(s)-channel single-top, 3.6% for tW, 5% for 

W+jets, 100% for toponium, fake leptons, Z+jets, VV, X 

tt̄

μr, μf

μr, μf

tt̄

• Signal modelling: 

• : independently varying by x2 and x0.5  
• var3c variation 

• : varied by 3x  
• FSR:  scale of  varied by x2 and x0.5  

• ME:  varied from 0 (nominal)  to 1 

• PS+hadronisation: POWHEG+HERWIG 7.2.1 

• PDF variation: 30 EV from PDF4LHC15 

•  variation:  GeV 
• Line-shape: POWHEG+PYTHIA8 reweighted 

to POWHEG+MADSPIN+PYTHIA8 in ,  

• NNLO QCD reweighting 

• Additive versus multiplicative EW correction 

• Normalisation: 

μr, μf

hdamp mt

μr αFSR
S

phard
T

mt ±0.5

mt mt̄

+3.6
−4.5 %
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Pre-fit modelling
 distributionmtt̄
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Post-fit modelling
 distributionmtt̄
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Results (I)
Observed and expected   Y2

t
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• Observed , Expected  

• Upper limit on  is obtained considering only the physical region of  > 0 

• 95%  upper limit on 

Y2
t = 1.3 ± 1.7 Y2

t = 1.0 ± 1.6
Y2

t Y2
t

CLs Yt < 2.1

Region Expected 𝜴2
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!
95% CLs upper limit on 𝜴!
Expected Observed

! +jets 1.0+2.1
! 2.0 1.3+2.2

! 2.1 < 2.3 < 2.4

" +jets 1.0+1.8
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Results (II)
Impact of uncertainties
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https://link.springer.com/article/10.1140/epjc/s10052-023-11573-0
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Results (II)
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Summary
• First ATLAS analysis to obtain  exploiting this approach 

• Electroweak corrections to the Born-level QCD cross-section sensitive to  

•  templates obtained for different  values 

• Profile likelihood fit performed using full Run-2 data in bins of , taking the statistical and systematic 
uncertainties into account 

• Observed , 95% CL upper limit of  
• Impact on the obtained  dominated by  modelling uncertainties, as well as jet energy scale 

systematics 

• Measurement is complementary to other  measurement approaches used so far

Yt

Yt

mtt̄ Yt

mtt̄

Y2
t = 1.3 ± 1.7 Yt < 2.1

Y2
t tt̄
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Jet energy scale ±0.8

Background modelling ±0.6

Jet energy resolution ±0.4
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Statistical uncertainty ±0.4
Total systematic uncertainty ±1.7
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Bound-state effects
Used toponium sample information 
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• Simplified model by Fabio Maltoni et al: 
arXiv:2401.08751 

•  
• No electroweak corrections evaluated on toponium 

• Added as a background with 100% normalisation 
uncertainty 

• Modelling uncertainties include scale variations 

• Negligible impact on the  uncertainty

M = 2mt − 2 GeV, Γ = 2.8 GeV
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Additive versus multiplicative EW correction
Uncertainty evaluation and impact

19

• Multiplicative approach considered in the 
analysis; more accurate because 

• QCD corrections are dominantly collinear; 
radiation mostly originates from the initial state  

• EW corrections occur at a much higher scale; 
almost entirely affect the final state

• Difference between the additive and 
multiplicative approach included as a 
systematic uncertainty  

• Evaluated in a simplified way: by applying 
the EW corrections to the Born cross-section 
assuming that the Born cross-section differs 
from the full cross-section by a factor of 0.75 

• Dependent on the value of  

• Evaluated at  for the fit (uncertainty is 

< 1%) 

• Assuming the uncertainty due to additive 

correction at  in the fit, the limit on  

increases by 6% 

Yt

Yt = 1

Yt = 2 Yt

Plot 10(b): arXiv.1007.0075v3 (ratio is exactly 0.75)

https://arxiv.org/abs/1007.0075
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Electroweak corrections
Calculation from HATHOR
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Comparison with CMS results
PRD 100 (2019) 072007

21

• CMS analysis uses 2D  vs  

• 3 regions: =3j, =4j, ≥5j 

• Partial reconstruction in the 3j events gives 

additional events in the threshold region 

• Simultaneous PL fit, template morphing in  

• Our analysis gives better limits than =3j and 
≥5j regions in CMS analysis 

• =4j and combined CMS fit give better limits 

•  < 1.67 (CMS) vs 2.1 (ATLAS)
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Channel Best ÞtYt 95% CL upper limit

Expected Observed Expected Observed

3 jets 1.00+ 0.66
! 0.90 1.62+ 0.53

! 0.78 < 2.17 < 2.59

4 jets 1.00+ 0.50
! 0.72 0.87+ 0.51

! 0.77 < 1.88 < 1.77

" 5 jets 1.00+ 0.59
! 0.83 1.27+ 0.55

! 0.74 < 2.03 < 2.23

Combined 1.00+ 0.35
! 0.48 1.07+ 0.34

! 0.43 < 1.62 < 1.67

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-004/index.html
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Systematics in CMS vs ATLAS
Maximum impact on *yields* in distribution, not on  (!)Yt

22

Uncertainty t t Single t V+jets QCD multijet
Integrated luminosity 2.5% 2.5% 2.5% 2.5%
Pileup 0Ð1% 0Ð1% Ñ Ñ
Lepton identiÞcation/trigger 1.9% 1.9% 1.9% Ñ
JEC 0Ð5% 0Ð5% Ñ Ñ
JER 0Ð0.6% Ñ Ñ Ñ
b tag scale factor 3% 3% 2Ð3% Ñ
b mistag scale factor 0.5% 1% 3Ð6% Ñ
Background normalization Ñ 15% 30% 30%
QCD multijet CR deÞnition Ñ Ñ Ñ 0Ð60%
Factorization and renormalization scales 0Ð6% 2Ð5% 0Ð15% Ñ
PDF 0.5Ð1.5% 0.5Ð1.5% Ñ Ñ
! S(mZ) in PDFs 1% 1.5% Ñ Ñ
Top quark mass 1Ð5% Ñ Ñ Ñ
Top quark pT modeling 0Ð0.5% Ñ Ñ Ñ
Parton shower
-NLO shower matching 1.5Ð5% Ñ Ñ Ñ
-ISR 2Ð3% Ñ Ñ Ñ
-FSR 0Ð9% 0Ð12% Ñ Ñ
-Color reconnection 0Ð3% Ñ Ñ Ñ
-b jet fragmentation 0Ð3% 0Ð5% Ñ Ñ
-b hadron branching fraction 3% 2.5Ð3% Ñ Ñ
Weak correction "QCD"W 0Ð0.2% (Yt =2) Ñ Ñ Ñ

Normalization-only

Difference w.r.t. to ATLAS: 

• No  line-shape or  

• No PYTHIA vs HERWIG for PS+had 

• Top mass 1 GeV vs 0.5 GeV variation 

• Smaller  variation (2.4  vs 3 ) 

• No Toponium treatment

tt̄ phard
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hdamp mt mt


