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The invariance of energy
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Shape changes, peak doesn’t! Shape changes, peak does too

















































































NLO: production & decay 
(MCFM)













































































decay at NLOdecay at LO

Energy of b-jet
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Δ(th)=±0.6 GeV



• b-jet energy peaks “invariance” holds when only 
NLO production corrections are considered 

• full NLO gives δmtop≃±0.6 GeV scale sensitivity 
mostly arising from description of decay 

• NNLO decay description of jets would probably be 
enough to make a solid prediction at δmtop≃ΛQCD
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leading uncertainty from theory can be reduced

pT(top) reweighting smaller than other methods (Lxy, pTℓ …)



beyond jets
… and their intrinsic uncertainties



B hadron (peak) observables
The strength of the future LHC top mass measurement will build on the diversity of methods 

⇒ not very useful to talk about “single best measurement”

B hadron is a well defined, in principle fully 
reconstructible, subset of the b-jet

1603.06536

CMS-PAS-TOP-15-014
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pp → tt ̅⊗ NLO fragmentation function
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insisting on hadrons
For each observables used in top quark mass measurement with b-jets a derived observable 

can be defined using the B-hadron instead of the b-jet (and JES ↔ Hadronization)

E(b-jet) ⇒  E(B-hadron) 

pT(b-jet) ⇒  pT(B-hadron) 

E(b-jet)+ E(b-jet) ⇒  E(B-hadron)+ E(B-hadron) 

m(b-jet,lepton) ⇒  m(B-hadron,lepton)

What is the current uncertainty from hadronization modeling?

How precisely we need to tune the models on (top quark specific) data?
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intrinsically a multi-body decay

B hadron energy peak

less protected by the “invariance”



Pythia 8.2
hadron sensitivity to Lund-Bowler rb

pp@√s=13 TeV
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Pythia 8.2
hadron sensitivity to Lund-Bowler rb

pp@√s=13 TeV
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Pythia 8.2
hadron sensitivity to Lund-Bowler rb

pp@√s=13 TeV
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FYI: Pythia 8.1 → 8.2: rb  0.67 → 0.855



Pythia 8.2
hadron sensitivity to Lund-Bowler rb
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Pythia 8.2
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Herwig 7.0.1

will do



back to jets
… and their intrinsic uncertainties



Pythia 8.2
jet sensitivity to hadronization

pp@√s=13 TeV
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Pythia 8.2
jet sensitivity to hadronization

pp@√s=13 TeV
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Pythia 8.2
jet sensitivity to hadronization
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Pythia 8.2
jet sensitivity to hadronization
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Pythia 8.2
jet (in)sensitivity to Lund-Bowler rb
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• b-jet energy peaks “invariance” holds when only 
NLO production corrections are considered 

• full NLO gives δmtop≃±0.6 GeV scale sensitivity 
mostly arising from description of decay 

• NNLO decay description of jets would probably be 
enough to make a solid prediction at δmtop≃ΛQCD

Summary
b-jets



• Transform jet observables into B-hadron 
observables (JES ↔ Hadronization) 

• B-hadron fragmentation scale sensitivity 
dominates Energy spectrum prediction from 
fragmentation function 

• Fragmentation models in MCs need tuning in top 
quark specific data for other observables

Summary
B-hadrons



Thank you!



Width effect
log(1+x)≃ x
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top width 
δm ~ 0.2 Γ
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Figure 7: Normalized distribution of the sum of energies of two b-jets Ebjet = Ebj1 +Ebj2 at next-to-leading order,
calculated for mt = 171 GeV and mt = 179 GeV. We set renormalization and factorization scales to mt and use
CTEQ parton distribution functions.
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4. Conclusion

Determination of the top quark mass with high precision is an important part of the top
quark physics program at the LHC. It is expected, that a variety of methods will be employed by
ATLAS and CMS collaborations to measure the top quark mass. Some of those methods involve
studies of the correlations between the value of the top quark mass and the kinematics of the
top quark decay products. As the results of those studies, it is often claimed that the top quark
mass can be determined with O(1%) uncertainty at the LHC, but it is not clear whether or not
these uncertainty estimates can be trusted. Indeed, all such studies employ PYTHIA or HERWIG
parton shower event generators to describe top quark pair production and decay; however, no
parton shower is designed to handle this level of precision. An interesting question therefore is
to estimate, in a parton-shower-independent way, the uncertainty on mt that can be achieved in
forthcoming LHC experiments.

The goal of this paper is to address this question by computing correlations between the top
quark mass and the values of some kinematic observables through NLO QCD. Among other things,
we consider NLO QCD corrections to the invariant mass of a B-meson and a lepton from top quark
decays which is considered to be one of the most accurate ways to determine the top quark mass.
Such computation is rather unusual in the context of NLO QCD calculations since it refers to the
final state with an identified hadron.

In general, we find that parton shower event generators do a good job in estimating both the

16

Δ(th)=±1 GeV
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