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Three Main Areas:

§ Normalisation for signal process pp → ttH/tH   ➾  Ongoing common project within the LHCHWG

§ Modelling of the fiducial phase-space regions for signal process pp → ttH/tH

§ Modelling of SM background processes
• pp → ttbb & pp → ttjj & pp → ttcc   ➾  No observation yet in the pp → ttH → ttbb  channel
• pp → tt𝛾𝛾
• pp → ttW & pp → ttZ

Activities of the Group 
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Not a Summary Talk of the State of the Art in This Field 
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Normalisation 

§ @ HL-LHC uncertainties are expected to reach 2% level

§ Exact 2-loop amplitudes for ttH production are still out of reach

§ This calculation relies on an approximation @ 13 TeV:  KNLO = 1.25 & KNNLO = 1.04
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Normalisation 

  Resummation of soft-gluon emission corrections done 
based on SCET and direct QCD framework

<latexit sha1_base64="u94xTKkSWZ3aF/CWvb6FOepsrMU="></latexit>

KNNLL =
NLO+NNLL

NLO
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Normalisation 

§ Common Project  ➾  ttH: resummed predictions and residual uncertainties

LHCHWG, ttH meeting, 30.04.24

NNLO+NNLL
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Normalisation 
§ Two calculations use technically very different frameworks

• Perturbative “full” theory (QCD)
• Effective theory (SCET)

§ Both approaches rely on solving RG evolution equations, but differ in detail, organising various terms differently

§ The two implemented resummation formulas agree at NNLL accuracy

§ Beyond NNLL, different subsets of subleading terms which are included in the two calculations, lead to small numerical 
differences

§ dQCD & SCET predictions for the central values agree within a few permille

§ NNLL resummation results in a reduction of the theoretical error due to scale variation as well as in improved stability 
w.r.t. the central scale choice, compared to NNLO

§ Ongoing project within the LHCHWG 
• Understanding the differences between uncertainty estimation in the two approaches
• Providing state-of-the-art theoretical predictions for ttH @ NNLO + NNLL
• Plus predictions for tH production in all channels @ NLO in QCD  

LHCHWG, ttH meeting, 30.04.24
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Normalisation 

LHCHWG, ttH meeting, 30.04.24

§ Central value of combined result taken as average of dQCD & SCET results for 
µF = µR

§ Combined uncertainties determined from envelope over dQCD & SCET scale 
variation error bands

§ Effort on both sides to have similar treatment of the scale variations

Comparison

Combination



§ Higher order corrections for on-shell top quarks are important 

§ Give general idea about size of higher order effects & uncertainties 

§ Can not provide reliable description of top-quark decay products and radiation pattern

§ Can not provide predictions in fiducial phase-space regions 

§ For more realistic studies we need top-quark decays & higher orders effects in top-quark decays
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Normalisation  ➾  Fiducial Phase--Space Regions 



Differential Distributions in Fiducial Regions 
§ Standard for TTH

• NLO QCD matched to parton shower programs via POWHEG or aMC@NLO method with LO spin correlations

§ Also Available 

10



11

Why Off-Shell Predictions 
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Yukawa Coupling  

<latexit sha1_base64="4eJHQsfCir/aSyHY5XI/bg4scaQ="></latexit>

↵CP �! ⇡ � ↵CP Yt �! �Yt
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Yukawa Coupling  
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Off-Shell versus On-Shell Predictions 

§ Standard for TTH: NLO QCD matched to parton shower programs via POWHEG or aMC@NLO method with LO 
spin correlations

§ Comparisons with NWA & full off-shell results
• Assess extent to which parton shower effects can reproduce all contributions required at NLO QCD
• Identify regions of phase space & observables sensitive to parton shower effects 
• Identify regions of phase space & observables sensitive to full off-shell effects 

§ Study effects of matrix element corrections for ttH

§ Study interference effects for ttH  ➠                                                                    versus

§ Matching of ttH with off-shell effects to parton shower programs using resonant aware matching 

§ Phenomenological studies for ttH with EW Sudakov logarithms & comparisons with exact NLO EW accuracy predictions

§ Study impact of full off-shell effects & higher order corrections in top-quark decays on Yt  in ttH/tH
• Also at the differential cross-section level 

<latexit sha1_base64="84Sk8cGmI5Bmjrk9Mik7IvFxGdE="></latexit>

|M2tH +M1tH +M1t̄H +M0tH |2
<latexit sha1_base64="cUHAUyYlcoMaAGdVx0tF5fVjDRQ="></latexit>

|M2tH |2 + |M1tH |2 + |M1t̄H |2

DR or DS
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Background Processes  

§ Many new results in the literature for pp → ttbb & pp → ttjj & 
pp → tt𝛾𝛾 & pp → ttW & pp → ttZ 

§ Possible topics:

• Modelling studies on pp → ttbb  ➠  Five-flavour (FxFx 
merging scheme for pp → tt + jets production with up to 2 
jets at NLO accuracy with the increased efficiency in 
selecting events with b-jets) versus four-flavour 
predictions  

• Modelling studies on pp → ttW  ➠  Sherpa versus FxFx, 
studying matrix element corrections 

• Inclusion of off-shell effects, especially singly-resonant 
contribution that are still largely ignored in analyses

• Studies on pp → ttcc
• Study on disentangling bottom jets from top-quark decays 

from other b-jets in pp → ttH → ttbb & pp → ttbb
• …

§ No concrete plans for common projects within the LHCHWG 
yet  ➠  Please contact us !



Backup

18



TWB

§ Squared matrix element for producing 𝑡𝑊!𝑏

§ DR1 (without interference): 

§ DR2 (with interference): 

§ DR schemes based on removing contributions all over 
the phase space

§ They are not gauge invariant

Demartin, Maier, Maltoni, Mawatari, Zaro ‘17

§ DS (diagram subtraction):

§ Local subtraction term 𝐶"# by definition must cancel 
exactly the resonant matrix element |𝒜"#|" when the 
kinematics is exactly on top of the resonant pole

§ Gauge invariant

§ Decrease quickly away from the resonant region 
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