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Status
• precision is systematics limited (JES, …, hadronization)

measurement at ≲0.5%! ⇒ precision QCD

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”



Ideal situation
Have many inherently different methods

• kinematics of the event (going beyond tt→̅ bWbW) 

• MC choices (NLO, scales range & functional form …  

… width treatment, color neutralization, radiation in decays, hadronization) 

possibly based on different experimental objects/quantities 

• deal with reconstructed jets  

• only-leptons 

• only-tracks

Each methods based on different assumptions/beliefs 
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Figure 1: Projection of the top-quark-mass precision obtained with different measurement
methods, for various integrated luminosities.

The conventional methods, based on the invariant mass of the decay products, are limited by
the understanding of b-jet energy scale, but their superior statistical sensitivity allows to fit JES
and b-JES scale factors in-situ, study the top-quark-mass observable as a function of relevant
kinematic event variables, and restrict the measurement to regions of phase space where the
modeling is expected to be understood best. The estimated potential ultimate precision for this
method is 0.2 GeV, the same order of magnitude as LQCD.

Methods like the Lxy, J/y and endpoint techniques are all promising and useful alternative
approaches but in the end they will all be limited by the understanding of the b-jet energy scale
or other aspects of b-jet fragmentation modeling. While it is hard to predict quantitatively, we
estimate the potential sensitivity to lie in the range 0.4-0.6 GeV for the various methods.

A combination of results in different channels, from different data taking periods, experiments
and using different methods with partly correlated systematics can further improve the pre-
cision. This will however require a good understanding of the correlations, far beyond our
current knowledge. A summary for the expected contribution from the main systematic uncer-
tainties to each method is shown in Fig. 2.

To fully profit from a measurement of this precision, important advances in theoretical inter-
pretation of the results are also imperative.

The extraction of the top-quark mass from the measured cross-section is a useful complemen-
tary cross-check but it is not expected to yield a result better than 1-2 GeV, limited by the un-
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Energy Peaks



Lorentz variant quantities

Given suitable conditions, Lorentz 
variant quantities can tell us a lot about 

the invariants



How special is this invariance?
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The sensitivity to the boost distribution is the key

Shape changes, peak doesn’t! Shape changes, peak does too
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• properties similar to Lorentz invariants 

• without the need to form combinations

Useful in practice?
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Proof of the concept: 5/fb LHC 7 TeV

b-jet energy

2-parameters fit: peak position, width of the distribution

message: LO effects are well under control 

100 pseudo-experiments from MadGraph5+Pythia6.4+Delphes (ATLAS-2012-097)

Detector-level

→ CMS at work!

(LO+PS)

mtop=173.1 ± 2.5 GeV (stat)



very encouraging LO 
result with b-jet energy

extension to NLO in progress
your inputs are very welcome

after having explored a number of new physics applications of this idea
• 1212.5230 - Agashe, RF, Kim, Wardlow 
• 1309.4776 - Agashe, RF, Kim 
• 1403.3399 - Chen, Davoudiasl, Kim 
• Agashe, RF, Kim, Wardlow -  WIP 
• Agashe, RF, Kim, Hong - WIP



NLO: production & decay 
(MCFM) Agashe, Franceschini, Kim, Schulze - in preparation



NLO virtues
• Invariance holds for pp→tt @ NLO

• Not sensitive to Initial State Radiation 

• Not sensitive to Parton Distribution Functions 

• Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t→bWg

Agashe, Franceschini, Kim, Schulze - in preparation



Insensitive to production at NLO














































































































































































































The energy peak position is unchanged

Production NLO only affects the boost distribution of top

Agashe, Franceschini, Kim, Schulze - in preparation



NLO virtues
• Invariance holds for pp→tt @ NLO 

• Not sensitive to Initial State Radiation

• Not sensitive to Parton Distribution Functions 

• Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t→bWg



Effect of initial state radiation

0 50 100 150 200 250
0.00

0.01

0.02

0.03

0.04

0.05

0.06

pT ,b @GeVD

1ês
◊d
s
êdp

T
,b

Inclusive
pT ,jet>20 GeV

pT ,jet>100 GeV

pT ,jet>300 GeV

pT ,jet>700 GeV

0 50 100 150 200 250
0.00

0.01

0.02

0.03

0.04

Eb @GeVD

1ês
◊d
s
êdE

b

Inclusive
pT ,jet>20 GeV

pT ,jet>100 GeV

pT ,jet>300 GeV

pT ,jet>700 GeV

peak stability

Transverse Momentum Energy

ISR only affects the boost distribution of top
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NLO virtues
• Invariance holds for pp→tt @ NLO 

• Not sensitive to Initial State Radiation 

• Not sensitive to Parton Distribution Functions 

• Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t→bWg



Decay at NLO
Agashe, Franceschini, Kim, Schulze - in preparation



Peak shift at NLO



Peak shift at NLO

ΔTH=BR(t→bWg)/BR(t→bW)≃0.05






















































































































hard glue Br

pT>30 GeV 
dR>0.2 0.061

pT>30 GeV 
dR>0.4 0.043

pT>20 GeV 
dR>0.2 0.10

pT>20 GeV 
dR>0.4 0.074

BR(t→bWg)  
MadGraph5@LO













































































































































































































































NLO: production & decay 
(MCFM)

Energy of b
decay at NLOdecay at LO






















































































































preliminary preliminary



Best:  
• narrow band between μhigh and μlow

• steep E vs. mtop






















































































































m=173  μ=86

m=173  μ=346

m=171  μ=171

1. energy distribution  dσ/dEb

2. peak of the distribution Ê

3. Ê(mtop)

μ∈[μlow , μhigh]

mtop(MC)

Ê

δÊ

δmtop



NLO: production 
(MCFM)

very little sensitive to the scale choice (less than 400 MeV on mtop)

preliminary preliminary

mtop=173 GeV



��� ��� ��� ��� ��� ��� ���

��

��

��

��

� �� ����-��

��
[�
��

]

NLO: production 
(MCFM)

preliminary

shift ~ Rᵖ  (p~2 jet area) 
shift ~ 1/μ (real radiation)

preliminary



NLO: production 
(MCFM)

preliminary

shift ~ Rᵖ  (p~2 jet area) 
shift ~ 1/μ (real radiation)

preliminary

Ê=E₀+α(μ)⋅P(μ)⋅R²
























































































































decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=0.5

R=0.5

R=0.5



decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=1.0

R=1.0

R=1.0



decay NLO sensitive to the scale choice: ±0.5 GeV on mtop

NLO: production & decay 
(MCFM)

preliminary

preliminary

R=0.7

R=0.7

R=0.7



NLO: production & decay 
(MCFM) Agashe, Franceschini, Kim, Schulze - in preparation



decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay

Ê= E₀ + α(μ)⋅[ P(μ)⋅R² + D(μ)⋅logR ] +…

preliminary preliminary



Mild corrections from NLO

ONLO = OLO ·

2

641 + �int + �PDFs + ...| {z }
�
prod

3

75
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Agashe, Franceschini, Kim, Schulze - in preparation



Conclusions
• “invariance” holds when only NLO production 

corrections are considered 

• full NLO gives δmtop≃±1 GeV  scale sensitivity for 
any jet size parameter R 

• work in progress to exploit the R dependence to 
improve results 

• chances that a NNLO decay description would be 
enough to make a solid prediction at δmtop≃500 MeV



To Do (in progress)

• explore minimal sensitivity to scale 
choice at R~0.82 

• check effects of cuts 

• compare to moments of dσ/dEb 

• B-hadron energy



To Do (2)

• tt vs. bWbW 

• shower effects 

• non-perturbative effects

explore:



Back-up



NLO: production 
(MCFM)

very little sensitive to the scale choice (less than 400 MeV on mtop)

preliminary

preliminary

R=0.7







A simple, yet subtle, invariance 
of the two body decay
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Event-by-event we cannot tell anything





































































Massless b-quark (for now)




























































































































unpolarized top sample          cosθ is flat

Fixed top boost decay























































































































































































































































































































































































































































































Summing over the top boosts









































































































































































































































 
















for any top boost distribution                  the peak:










































































































































































































































Lab-frame energy distribution

• is the same as in the rest frame

• encodes invariant















There is no difference when the b-mass is taken 
into account provided 

γtop < 2

(

E∗

daughter

mdaughter

)2

− 1 ⇒

{

γtop < 500 for b

γtop < 2.4 for W

1
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also Stecker 1971

back



μF  ≠ μR



MSTW08



CT10



R=0.5

CT10



R=0.5

MSTW08



R=1.0

MSTW08



Fit Variations p&d-NLO

R=0.5

MSTW08



Fit Variations p&d-NLO

CT10
R=0.5



LO MCFM fixed μ=mtop  (E=67.9 GeV)
Moyal(x) Moyal(1/x+x)

1par Exp(x+1/x) 2pars Exp(x+1/x)

E=E*+2.4 E=E*+2.4

E=E*+0.3E=E*+0.2



pNLO MCFM fixed μ=mtop  (E=67.9 GeV)
1par Exp(x+1/x)

E=E*+0.8 E=E*+4.3

R=0.5 R=1.0


