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Outline

• Introduction: direct top mass determinations and 
status of the interpretation of mtMC

• Top mass calibration 

• Calibration of the Pythia Monte Carlo top mass parameter: 
e+e-→ t t  (2-jettiness)

• Updates:   ▶ more observables, 
▶ more soft function renormalon subtractions
▶ (mt/Q)2 power corrections

• Summary, future plans

Butenschön, Dehnadi, Mateu, Preisser, Stewart,AH 1608.01318

All results shown are preliminary !



⊕ High top mass 
sensitivity
⊖ Precision of MC ?
⊖ Meaning of mt

MC ? 
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Main Top Mass Measurements Methods
LHC+Tevatron: Direct Reconstruction 

kinematic mass 
determination

Δ mt ~ 200 MeV (projection)

Determination of 
the best-fit value of 

the Monte-Carlo 
top quark mass 

parameter
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mMC
t = 171.77± 0.37 GeV

CMS collaboration. arXiv: 2302.01967
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Status of mt
MC Interpretation

• “Scheme” of mt
MC in principle determined by the precision of parton shower (PS)

• Hadronization model influences mt
MC indirectly as it corrects for PS imperfections

• Coherent branching + massive eventshapes (e+e-):  

• mt
pole has O(ΛQCD) renormalon   →  more precision with MSR mass  mt

MSR(R) 

Issue is not yet resolved, but a number of important insights have been gained.

• For perfect NLL PS, we could control mt
MC at NLO  

• Problem: PS have different precision depending on the observable (tested for inclusive observables)
• Shower cut Q0 represents IR resolution parameter: mt

MC = mt
MC(Q0) , linear dependence  

• Realistic observables have have many other sources of linear IR cutoff dependence

• LHC Initial state effects (MPI, UE) not at all understood systematically from QCD: big problem for LHC 
direct top mass measurement interpretation, not clear path how to address this without models 

• Consistency with systematic QCD methods (e.g. OPE) largely untested

First principles insights: 

• mt
pole ambiguity:  110 MeV – 250 MeV, but unrelated to mt

MC interpretation

• .  
<latexit sha1_base64="pDDuJZXwnm3eSia/NtP2kTgP4Ks="></latexit>

mCB
t (Q0) = mMSR

t (Q0)� 0.24↵s(Q0)Q0

AHH, Plätzer, Samitz 2018

Beneke etal 2016;     AHH etal 2017
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Status of mt
MC Interpretation

Numerical insights: 

• Combined LHC direct + total cross section analysis:

• Top mass calibration: N2LL+NLO e+e- 2-jettiness fitted to Pythia 8.205 pseudo data 

<latexit sha1_base64="Tmho3OW1xuMcCOxbfjiNR1l09WM="></latexit>���mMC
t �mpole

t

��� < 2 GeV

1) Strongly mass-sensitive hadron level (as closely as 
possible related to direct measurement observables) 

1) Accurate hadron level QCD predictions at ≧ NLL/NLO with full control over 
the quark mass scheme dependence. 

2) QCD masses as function of mt
MC from fits of theory to MC samples.

3) Cross check observable independence 

Butenschön etal 1608.01318

Kieseler etal 1511.00841

→ ATL-PHYS-PUB-2021-034

NLL groomed jet mass:
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Shape Observables

Shape observables: e+e- for  Q = 2pT ≫ mt      (boosted tops)

Excellent mass sensitivity:

(tree level)

Scale hierarchy and sequence of EFTs:
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Q � mt � �t � ⇤QCD
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QCD ! SCET ! bHQET
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⌧2 =
1

Q
min
~nt

X

i

(Ei � | ~nt · ~pi|)
<latexit sha1_base64="PsjZjuUjcsgEe7VcgTrEjiCfMiE="></latexit>

⌧s = ⇢a + ⇢b, ⇢a,b =
1

Q2
(
X

i2a,b

pi)
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⌧m = ⌧s +
1
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⌧2s
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Q2
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⌧s,min = 2m̂2
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⌧m,min = 2m̂2 + 2m̂4

(2-jettiness)

(sum of jet masses, sJM)

(modified jet masses, mJM)

All observables agree at leading power!
Differ by          power corrections
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Shape Observables
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• Substantial differences between the shape observables
• Substantial differences between MCs
• Substantial      power corrections
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N2LL + NLO matched distributions
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non-perturbative 
soft function

<latexit sha1_base64="nkuGAHjqsbV7cQiNOe3vrxCHdPk=">AAACInicbVDLSgMxFM34rPVVdekmWIS6sMwUnzvRjcsWrBU6dcikGRuaZMbkjlCG+RY3/oobF4q6EvwY08fC14HLPZxzL8k9YSK4Adf9cKamZ2bn5gsLxcWl5ZXV0tr6pYlTTVmTxiLWVyExTHDFmsBBsKtEMyJDwVph/2zot+6YNjxWFzBIWEeSG8UjTglYKSgd+z0C2AQ+kBT77Dbld9iPNKFZ47pWGam7eNiCzNcSS67ynTyTAeRBqexW3RHwX+JNSBlNUA9Kb343pqlkCqggxrQ9N4FORjRwKlhe9FPDEkL75Ia1LVVEMtPJRifmeNsqXRzF2pYCPFK/b2REGjOQoZ2UBHrmtzcU//PaKURHnYyrJAWm6PihKBUYYjzMC3e5ZhTEwBJCNbd/xbRHbEBgUy3aELzfJ/8ll7Wqd1Ddb+yVT04ncRTQJtpCFeShQ3SCzlEdNRFF9+gRPaMX58F5cl6d9/HolDPZ2UA/4Hx+AeaDo+8=</latexit>

ŝ⌧ ⌘ Q2(⌧ � ⌧min)

mt

exact tree-level 
expression!

QCD singular coefficients cannot 
be determined from EFT due to 

power corrections 
<latexit sha1_base64="Zhu7b0gFT7ehdBPpN2jKs/l0hRE=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSU5VUvMYKFsYi0YfUhMpxnNaq7US2g1Siil9hYQAhVv6Djb/BTTNAy5GudHTOvb6+J0gYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVWcSkxaOGax7AZIEUYFaWmqGekmkiAeMNIJRtdTv/NApKKxuNPjhPgcDQSNKEbaSH37wMvfyCQJJ9AbIg35fb1vV52akwMuErcgVVCg2be/vDDGKSdCY4aU6rlOov0MSU0xI5OKlyqSIDxCA9IzVCBOlJ/lmyfw2CghjGJpSmiYq78nMsSVGvPAdHKkh2rem4r/eb1UR5d+RkWSaiLwbFGUMqhjOI0ChlQSrNnYEIQlNX+FeIgkwtoEVjEhuPMnL5J2veae185uT6uNqyKOMjgER+AEuOACNMANaIIWwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wcbPpUB</latexit>

m̂2

Fleming, AH, Mantry, Stewart 2007
Dehnadi PhD-Thesis (201

Plus distribution 
coefficient Bplus

universal!
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N2LL + NLO matched distributions
MSR mass 

• Renormalon subtraction through change of mass scheme
• We use mt

MSR(1 GeV) as the reference input mass
• R set equal to the μB (jet function renormalization scale)
• 2-loop RGE (R-Evolver library) 
• Can be related to any other short-distance

mass with O(10 MeV) precision 

Jain, Mateu, Preisser, AHH 2017

<latexit sha1_base64="eyZqHaTt4rNgQdHVZf8aHYBnJWA="></latexit>

mpole
t �mMSR

t (R) = R
CF↵

(5)
s (R)

⇡
+ . . .

Lepenik, Mateu, AHH 2022

Shape function

• We need N=3 to have sufficient flexibility to fit the shape function
• The first moment Ω1 is the most relevant nonperturbative parameter

→  Peak position modified by 
nonperturbative corrections  

• Need data from several different Q values to lift mt-Q degeneracy

Ligeti, Stewart, Tackmann 2008

Gap parameter 

Fit parameters: c0 , c1 , c2

<latexit sha1_base64="3klAYpIWDVWOuRN8U4xVCpINIrY="></latexit>

�MJ =
Q

mt
⌦1 ⇠ 2 GeV for ⌦1 ⇠ 0.5 GeV
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N2LL + NLO matched distributions
Gap subtraction

• Renormalon subtraction through redefinition of the 
gap parameter 

Stewart, AHH 2007

• Classes of pap subtraction schemes can be defined 
from the configuration space soft function

with soft function anomalous dimension

w/o soft function anomalous dimension

Bachu, Mateu, Pathak, Stewart, AHH 2021

<latexit sha1_base64="VGWiWieiernsiZkQyfTpTXEtIQ8="></latexit>

d(1)1 (Rs, µS) = �19.0 ln
⇣µS

Rs

⌘

<latexit sha1_base64="xidPXLvGf3fVAjOrN5SJzM3cxR4=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahBS1JfS+EohuX9dEHtDFMJpN26OTBzEQooeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HiRgV0jC+tczM7Nz8QnYxt7S8srqmr2/URRhzTGo4ZCFvOkgQRgNSk1Qy0ow4Qb7DSMPpXQ79xgPhgobBnexHxPJRJ6AexUgqyda3XNu8Twrl4qAAb2yx1/Zj+7Z4vn9QOrP1vFEyRoDTxExJHqSo2vpX2w1x7JNAYoaEaJlGJK0EcUkxI4NcOxYkQriHOqSlaIB8Iqxk9MMA7irFhV7IVQUSjtTfEwnyhej7jur0keyKSW8o/ue1YumdWgkNoliSAI8XeTGDMoTDQKBLOcGS9RVBmFN1K8RdxBGWKracCsGcfHma1Msl87h0dH2Yr1ykcWTBNtgBBWCCE1ABV6AKagCDR/AMXsGb9qS9aO/ax7g1o6Uzm+APtM8fDe2VOw==</latexit>

d(2)1 (Rs, µS) = �3.9
<latexit sha1_base64="TC8ahTQ/MtHfzdB21XJ/1e/LBCw=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCC1oSrdqNUHTjsj76gDaGyWTSDp1MwsxEKKG48VfcuFDErV/hzr9x2mahrQcuHM65l3vvcSNKhDTNby0zN7+wuJRdzq2srq1v6JtbDRHGHOE6CmnIWy4UmBKG65JIilsRxzBwKW66/cuR33zAXJCQ3clBhO0AdhnxCYJSSY6+4znWfVI4Lg4LN4446ASxc1s8P6yUyo6eN0vmGMYssVKSBylqjv7V8UIUB5hJRKEQbcuMpJ1ALgmieJjrxAJHEPVhF7cVZTDAwk7GLwyNfaV4hh9yVUwaY/X3RAIDIQaBqzoDKHti2huJ/3ntWPoVOyEsiiVmaLLIj6khQ2OUh+ERjpGkA0Ug4kTdaqAe5BBJlVpOhWBNvzxLGkcl67R0cl3OVy/SOLJgF+yBArDAGaiCK1ADdYDAI3gGr+BNe9JetHftY9Ka0dKZbfAH2ucPtPaVEg==</latexit>

d(3)1 (Rs, µS) = �8.4

• 3 gap schemes with completely different character
• We use 2-loop RGEs and                          

as reference input

Gap scheme of original 2016 
calibration analysis and for 

strong coupling event shape fits

<latexit sha1_base64="/rUfur/wsOoU966cxbriePh1zu4=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSJWkJIUX8uiC91ZwT6gCWEyvW2HziRhZiKWUP/Ajb/ixoUibl2682+cPha1euDCmXPuZe49QcyoVLb9bWTm5hcWl7LLuZXVtfUNc3OrJqNEEKiSiEWiEWAJjIZQVVQxaMQCMA8Y1IPexdCv34GQNApvVT8Gj+NOSNuUYKUl39x3Ayzcaw4d7DuF0oPLg+g+vYTa4HD6ceCbebtoj2D9Jc6E5NEEFd/8clsRSTiEijAsZdOxY+WlWChKGAxybiIhxqSHO9DUNMQcpJeODhpYe1ppWe1I6AqVNVKnJ1LMpezzQHdyrLpy1huK/3nNRLXPvJSGcaIgJOOP2gmzVGQN07FaVABRrK8JJoLqXS3SxQITpTPM6RCc2ZP/klqp6JwUj2+O8uXzSRxZtIN2UQE56BSV0RWqoCoi6BE9o1f0ZjwZL8a78TFuzRiTmW30C8bnDwDVnJY=</latexit>

⌦̄1(2 GeV, 2 GeV)
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Fit Procedure Details

• Code

• MC samples at Q= 600, 700, 800, … , 1400 GeV 

• Fitting procedure

fit parameters                                        renormalization scales

▶ Grids in fit and renormalization scale profile function parameters (very fine bins)

▶ update: Pythia 8.205 → Pythia 8.305 (Monash Tune 7), Herwig 7.2.2, Sherpa 2.2.11 
▶ masses: mt

MC = 170, 171, 172, 173, 175, 175 GeV
▶ width Γt = 1.4 GeV, Δ =0.05 GeV
▶ Statistics: 107 events for each parameter set
▶ update: HepMC, Rivet, Yoda classes 

▶ Take αS(MZ) as input from world average.  (Sensitivity to strong coupling very weak.)
▶ χ2 analysis standard [only relative values for χ2

min matter ]
▶ 500 sets of profile functions (τ-dependent renormalization scales)
▶ different Q sets: 6 sets of energies between 600 – 1400 GeV
▶ different fit ranges: 3 choices of fit ranges in peak region

18 fit setups: 
compatibility uncertainty

We exactly reproduced the calibration results from 2016 for Pythia 

<latexit sha1_base64="Z8HK7Xjq5TK1l9g3ZfWduEoR61Y="></latexit>

d�

d⌧
= f(mMSR

t
,↵s(MZ),�t, c0, c1, c2, µH , µm, µB , µS , R,Rs, gap)

perturbative uncertainty
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Revisiting the 2016 Analysis

▶ Agreement within 30 MeV
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Gap Scheme Independence

Gap term Δ in shape function needs to be fitted as well

Gap scheme independence if there is sufficient flexibility in shape function 
parametrization  (gap scheme 2 for final results)



MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Observable Independence

→ Observable independence not achieved with strict power counting approach
and the exact expression for           in the bHQET factorization formula <latexit sha1_base64="DLJQgiHGEk8qRXgHDDzZB+AnAwU=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURX8uiG5cV7AOaECaTaTt0ZhJmJkIJwY2/4saFIm79Cnf+jdM0C209cOFwzr1z554wYVRpx/m2KkvLK6tr1fXaxubW9o69u9dRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfTP3uA5GKxuJeTxLiczQUdEAx0kYK7AOveCOTJMo9jdIg8ySHnIo8sOtOwykAF4lbkjoo0QrsLy+KccqJ0Jghpfquk2g/Q1JTzEhe81JFEoTHaEj6hgrEifKzYn0Oj40SwUEsTQkNC/X3RIa4UhMemk6O9EjNe1PxP6+f6sGVn1GRpJoIPFs0SBnUMZzmASMqCdZsYgjCkpq/QjxCEmFtUquZENz5kxdJ57ThXjTO787qzesyjio4BEfgBLjgEjTBLWiBNsDgETyDV/BmPVkv1rv1MWutWOXMPvgD6/MHOgeX+Q==</latexit>⌧min

Soft (mt/Q)2 power corrections in the measurement function
can lead to ~  250 MeV effects in the top mass:    

<latexit sha1_base64="/uxpPpOOtajBIwjsuUWv9MVpfFg=">AAACJ3icbZDJSgNBEIZ7XGPcoh69NAZBQcOMuJ0k6MWjglEhMww1nYpp7FnorhHCkLfx4qt4EVREj76JneXg9kPD139V0V1/lClpyHU/nLHxicmp6dJMeXZufmGxsrR8adJcC2yIVKX6OgKDSibYIEkKrzONEEcKr6Lbk3796g61kWlyQd0MgxhuEtmWAshaYeXIb6EiaPodIG5CnyDn23x4s6DDom9tmd7GwIs3uX8HWndS7qNSQVipujV3IP4XvBFU2UhnYeXZb6UijzEhocCYpudmFBSgSQqFvbKfG8xA3MINNi0mEKMJisGePb5unRZvp9qehPjA/T5RQGxMN45sZwzUMb9rffO/WjOn9mFQyCTLCRMxfKidK04p74fGW1KjINW1AEJL+1cuOqBBkI22bEPwfq/8Fy53at5+be98t1o/HsVRYqtsjW0wjx2wOjtlZ6zBBLtnj+yFvToPzpPz5rwPW8ec0cwK+yHn8wvpfKTC</latexit>

�[ŝ⌧ � ŝ� r⌧,s(m̂)%`]

<latexit sha1_base64="Js+UliFYWZN1MPUEIdqbtC+h37w="></latexit>

�MJ ⇠ 2
mt

Q
⌦1 ⇠ 250 MeV

<latexit sha1_base64="QjeXiArffCpv7uORsEQhTipDz2I=">AAACE3icbVDLSgNBEJyN7/ha9ehlMAjxQdgNol4E0Ys3FUwMZNfQO5kkQ2YfzPQKYck/ePFXvHhQxKsXb/6NkxhBjQUNRVU33V1BIoVGx/mwchOTU9Mzs3P5+YXFpWV7ZbWq41QxXmGxjFUtAM2liHgFBUpeSxSHMJD8OuieDvzrW660iKMr7CXcD6EdiZZggEZq2NuqkXkI6a7uF70OIA236BF1d2jmMZD0/Fu9KW817IJTcoag48QdkQIZ4aJhv3vNmKUhj5BJ0LruOgn6GSgUTPJ+3ks1T4B1oc3rhkYQcu1nw5/6dNMoTdqKlakI6VD9OZFBqHUvDExnCNjRf72B+J9XT7F16GciSlLkEfta1EolxZgOAqJNoThD2TMEmBLmVso6oIChiTFvQnD/vjxOquWSu1/au9wrHJ+M4pgl62SDFIlLDsgxOSMXpEIYuSMP5Ik8W/fWo/VivX615qzRzBr5BevtEyuKm9A=</latexit>

r⌧,s(m̂) = 1 +O(m̂2)

→



MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Observable Independence

Consider soft momenta in the two 
hemispheres addition to tree-level 
top quark momenta 

2-jettiness: 

<latexit sha1_base64="iFZQktjcAROoXBlCN8EqupV9mfI=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAIQrHMlHrZCEU3LluwF+i0QybNtKFJZkgyQhnmRdz4Km5cKOLCjfg2ppeFtv4Q+PjPOZyc348YVdq2v63Myura+kZ2M7e1vbO7l98/aKowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj24n9dYDkYqG4l6PI9LlaCBoQDHSxvLyFVej2CvDaziFxJUccirSohtIhJORp3rF4sj4PpJQpb2zNKmnXr5gl+yp4DI4cyiAuWpe/tPthzjmRGjMkFIdx450N0FSU8xImnNjRSKER2hAOgYF4kR1k+l1KTwxTh8GoTRPaDh1f08kiCs15r7p5EgP1WJtYv5X68Q6uOomVESxJgLPFgUxgzqEk6hgn0qCNRsbQFhS81eIh8jEok2gOROCs3jyMjTLJeeidF6vFKo38ziy4Agcg1PggEtQBXegBhoAg0fwDF7Bm/VkvVjv1sesNWPNZw7BH1lfP97qodM=</latexit>

⌧2 = ⌧min +
k+s + k�s̄

Q

<latexit sha1_base64="EDlZgCADOfKc3B/2IU6uriOk3Ag=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKS4msjFN24rGAf0IQwmU7aoZMHMzdCCcWNv+LGhSJu/Qp3/o3TNgutHrhwOOde7r3HTwRXYFlfRmFhcWl5pbhaWlvf2Nwyt3daKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nfvmdS8Ti6g1HC3JD0Ix5wSkBLnrknvcwBknq1YzWuOAMCODzCl9jGnlm2qtYU+C+xc1JGORqe+en0YpqGLAIqiFJd20rAzYgETgUbl5xUsYTQIemzrqYRCZlys+kLY3yolR4OYqkrAjxVf05kJFRqFPq6MyQwUPPeRPzP66YQXLgZj5IUWERni4JUYIjxJA/c45JRECNNCJVc34rpgEhCQadW0iHY8y//Ja1a1T6rnt6elOtXeRxFtI8OUAXZ6BzV0Q1qoCai6AE9oRf0ajwaz8ab8T5rLRj5zC76BePjG4fWlZM=</latexit>

r⌧2,s(m̂) = 1

sum of jet mass: 
<latexit sha1_base64="LO1XJ89d383hXqRSG3IYwb3H0VU="></latexit>

⌧s =
1

Q2
(p+n p

�
n + p�n̄ p

+
n̄ )

(soft momentum ks contains soft top recoil) 

Energy conservation for 
the two hemispheres:   ΔE ~ ks cancels between hemispheres

<latexit sha1_base64="e2Oj4hQUcdpUBtdrMttc+IKfu6w="></latexit>

⌧s = ⌧2,min +

p
1� 4m̂2

Q
(k+s + k�s̄ ) +O(ks,s̄)

2

<latexit sha1_base64="gRSpIB9psyZNwlT1o+kUMP4FHNQ="></latexit>

r⌧s,s(m̂) =
p
1� 4m̂2 = 1� 2m̂2 +O(m̂4)

→

→

Modified jet mass: 
<latexit sha1_base64="mzohmzW6bNTjXqfsBu3fNniJScc=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRBKEkxdtGKLpxWcFeoIlhMp20QyeTMDMRSsgbuPFV3LhQxK1bd76N0zQLbf1h4OM/53Dm/H7MqFSW9W2UFhaXllfKq5W19Y3NLXN7py2jRGDSwhGLRNdHkjDKSUtRxUg3FgSFPiMdf3Q9qXceiJA04ndqHBM3RANOA4qR0pZnHjoKJV4IL2EOEh5DJxAIp3aW1rPCvK97ZtWqWbngPNgFVEGhpmd+Of0IJyHhCjMkZc+2YuWmSCiKGckqTiJJjPAIDUhPI0chkW6a35PBA+30YRAJ/biCuft7IkWhlOPQ150hUkM5W5uY/9V6iQou3JTyOFGE4+miIGFQRXASDuxTQbBiYw0IC6r/CvEQ6TiUjrCiQ7BnT56Hdr1mn9VOb0+qjasijjLYA/vgCNjgHDTADWiCFsDgETyDV/BmPBkvxrvxMW0tGcXMLvgj4/MHGWebdg==</latexit>

⌧m = ⌧s +
1

2
⌧2s

<latexit sha1_base64="1UpoWsiy5rXqvPO64F+r7CQbQBo=">AAACFnicbVBNS8NAEN34WetX1aOXxSIoakmkqBeh6MWbClYLTQ2T7dYu3U3C7kQoob/Ci3/FiwdFvIo3/43bWkGrDwYe780wMy9MpDDouh/O2PjE5NR0biY/Oze/sFhYWr40caoZr7JYxroWguFSRLyKAiWvJZqDCiW/CjvHff/qlmsj4ugCuwlvKLiJREswQCsFhR0dZD5CGqht09vw24BUbdJD6tEtmvkMJD39lq/Lm0Gh6JbcAehf4g1JkQxxFhTe/WbMUsUjZBKMqXtugo0MNAomeS/vp4YnwDpww+uWRqC4aWSDt3p03SpN2oq1rQjpQP05kYEypqtC26kA22bU64v/efUUWweNTERJijxiX4taqaQY035GtCk0Zyi7lgDTwt5KWRs0MLRJ5m0I3ujLf8nlbsnbK5XPy8XK0TCOHFkla2SDeGSfVMgJOSNVwsgdeSBP5Nm5dx6dF+f1q3XMGc6skF9w3j4BMQ2c3A==</latexit>

r⌧m,s(m̂) = 1 +O(m̂4)

Cross check: soft power correction 
absent in modified jet mass! 



MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Observable Independence
→ Improved version of the bHQET factorization formula

▶ soft power correction in measurement delta function
▶ global tree-level phase space factor
▶ absorb and vary the remaining distributional terms of the full QCD result 

Estimates the uncertainty in the 
treatment of soft power corrections



MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Observable Independence

0.0 0.5 1.0 1.5 2.0

0.0 0.5 1.0 1.5 2.0

Ω1 [GeV]

value ± theo. ± incomp. (χ2/dof)

0.45 ± 0.10 ± 0.04 (21.0±7.5)

0.61 ± 0.19 ± 0.04 (23.4±13.3)

0.31 ± 0.04 ± 0.03 (9.8±4.6)

0.27 ± 0.07 ± 0.04 (27.0±13.8)

0.63 ± 0.11 ± 0.04 (22.7±7.9)

0.75 ± 0.20 ± 0.03 (27.1±15.7)

0.45 ± 0.04 ± 0.03 (8.2±3.1)

0.37 ± 0.08 ± 0.04 (31.0±16.4)

0.49 ± 0.10 ± 0.03 (18.5±6.8)

0.65 ± 0.19 ± 0.03 (21.6±12.6)

0.33 ± 0.04 ± 0.03 (8.4±3.9)

0.30 ± 0.08 ± 0.04 (24.9±13.1)

0.40 ± 0.10 ± 0.03 (15.5±6.3)

0.66 ± 0.16 ± 0.02 (15.9±10.1)

0.27 ± 0.03 ± 0.05 (22.8±8.7)

0.29 ± 0.07 ± 0.03 (17.6±11.0)

0.51 ± 0.12 ± 0.03 (14.8±5.8)

0.79 ± 0.18 ± 0.02 (16.4±11.1)

0.37 ± 0.03 ± 0.03 (23.9±9.1)

0.38 ± 0.07 ± 0.03 (18.0±12.1)

0.43 ± 0.10 ± 0.03 (13.2±5.4)

0.69 ± 0.17 ± 0.02 (14.2±9.2)

0.30 ± 0.03 ± 0.04 (19.8±7.7)

0.31 ± 0.07 ± 0.03 (15.6±10.0)

0.35 ± 0.15 ± 0.04 (17.1±6.9)

0.58 ± 0.16 ± 0.03 (15.4±9.7)

0.21 ± 0.11 ± 0.06 (19.8±12.9)

0.21 ± 0.07 ± 0.03 (17.1±10.6)

0.38 ± 0.14 ± 0.03 (16.9±6.8)

0.62 ± 0.18 ± 0.03 (15.1±10.7)

0.24 ± 0.09 ± 0.04 (20.1±14.8)

0.23 ± 0.09 ± 0.03 (16.5±10.8)

0.35 ± 0.16 ± 0.03 (15.0±6.4)

0.59 ± 0.16 ± 0.03 (13.4±8.9)

0.20 ± 0.13 ± 0.06 (16.7±11.1)

0.21 ± 0.07 ± 0.04 (15.0±9.6)

→ Observable independent results obtained for top mass and Ω1



MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Final Results (Pythia) 

0.0 0.5 1.0 1.5 2.0

0.0 0.5 1.0 1.5 2.0

Ω1 [GeV]

value ± theo. ± incomp. (χ2/dof)

0.32 ± 0.16 ± 0.04 (16.4±7.0)

0.56 ± 0.16 ± 0.04 (14.1±8.9)

0.19 ± 0.12 ± 0.06 (21.2±11.5)

0.16 ± 0.06 ± 0.04 (12.9±7.9)

0.70 ± 0.18 ± 0.37 (15.4±6.9)

0.61 ± 0.18 ± 0.02 (13.2±10.2)

0.23 ± 0.08 ± 0.05 (20.9±13.8)

0.23 ± 0.07 ± 0.03 (12.1±8.5)

0.33 ± 0.16 ± 0.04 (14.2±6.3)

0.57 ± 0.16 ± 0.03 (12.2±8.1)

0.18 ± 0.14 ± 0.07 (17.9±10.0)

0.17 ± 0.06 ± 0.04 (11.1±7.1)

0.35 ± 0.15 ± 0.04 (17.1±6.9)

0.58 ± 0.16 ± 0.03 (15.4±9.7)

0.21 ± 0.11 ± 0.06 (19.8±12.9)

0.21 ± 0.07 ± 0.03 (17.1±10.6)

0.38 ± 0.14 ± 0.03 (16.9±6.8)

0.62 ± 0.18 ± 0.03 (15.1±10.7)

0.24 ± 0.09 ± 0.04 (20.1±14.8)

0.23 ± 0.09 ± 0.03 (16.5±10.8)

0.35 ± 0.16 ± 0.03 (15.0±6.4)

0.59 ± 0.16 ± 0.03 (13.4±8.9)

0.20 ± 0.13 ± 0.06 (16.7±11.1)

0.21 ± 0.07 ± 0.04 (15.0±9.6)

0.33 ± 0.15 ± 0.07 (22.2±11.7)

0.23 ± 0.18 ± 0.04 (15.9±9.4)

0.00 ± 0.20 ± 0.11 (5.6±3.8)

-0.08 ± 0.19 ± 0.02 (26.6±26.1)

0.37 ± 0.13 ± 0.06 (22.0±12.2)

0.26 ± 0.21 ± 0.02 (15.5±9.7)

-0.06 ± 0.28 ± 0.05 (4.3±3.4)

-0.12 ± 0.21 ± 0.05 (23.3±19.5)

0.34 ± 0.16 ± 0.07 (19.5±10.4)

0.24 ± 0.19 ± 0.03 (13.9±8.5)

-0.03 ± 0.23 ± 0.09 (4.4±3.0)

-0.13 ± 0.20 ± 0.06 (23.2±22.2)
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Final Results (Herwig) 

0.0 0.5 1.0 1.5 2.0

0.0 0.5 1.0 1.5 2.0

Ω1 [GeV]

value ± theo. ± incomp. (χ2/dof)

0.63 ± 0.22 ± 0.08 (17.8±18.1)

0.82 ± 0.20 ± 0.07 (16.7±16.7)

0.42 ± 0.17 ± 0.09 (7.7±4.8)

0.42 ± 0.21 ± 0.11 (10.4±8.4)

0.63 ± 0.19 ± 0.09 (11.8±10.5)

0.84 ± 0.20 ± 0.06 (10.6±10.6)

0.43 ± 0.13 ± 0.07 (6.4±4.0)

0.44 ± 0.18 ± 0.10 (7.8±6.2)

0.62 ± 0.24 ± 0.09 (17.0±16.2)

0.82 ± 0.20 ± 0.07 (15.7±15.2)

0.41 ± 0.17 ± 0.08 (7.6±4.2)

0.41 ± 0.20 ± 0.12 (10.3±7.9)

0.58 ± 0.16 ± 0.11 (11.2±9.2)

0.76 ± 0.13 ± 0.11 (10.4±8.8)

0.44 ± 0.18 ± 0.07 (6.1±4.0)

0.36 ± 0.19 ± 0.09 (4.0±2.7)

0.59 ± 0.12 ± 0.10 (8.2±5.6)

0.79 ± 0.15 ± 0.08 (7.2±6.0)

0.43 ± 0.14 ± 0.08 (5.3±3.3)

0.31 ± 0.20 ± 0.08 (4.2±2.9)

0.57 ± 0.18 ± 0.12 (11.1±8.5)

0.77 ± 0.14 ± 0.10 (10.1±8.2)

0.42 ± 0.18 ± 0.07 (6.2±3.7)

0.35 ± 0.19 ± 0.09 (4.2±2.7)

0.51 ± 0.16 ± 0.11 (9.4±6.7)

0.33 ± 0.14 ± 0.13 (7.1±4.6)

0.37 ± 0.25 ± 0.12 (9.4±9.8)

0.11 ± 0.28 ± 0.05 (7.8±12.9)

0.54 ± 0.13 ± 0.09 (6.8±4.4)

0.36 ± 0.16 ± 0.10 (5.5±3.3)

0.23 ± 0.30 ± 0.07 (9.7±10.1)

0.02 ± 0.36 ± 0.04 (8.1±9.8)

0.51 ± 0.17 ± 0.11 (9.2±6.0)

0.32 ± 0.14 ± 0.14 (7.2±4.3)

0.39 ± 0.19 ± 0.07 (9.7±9.8)

0.03 ± 0.27 ± 0.04 (7.2±10.5)
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Final Results (Sherpa) 

0.0 0.5 1.0 1.5 2.0

0.0 0.5 1.0 1.5 2.0

Ω1 [GeV]

value ± theo. ± incomp. (χ2/dof)

0.62 ± 0.18 ± 0.06 (8.3±8.3)

0.81 ± 0.17 ± 0.05 (7.9±7.9)

0.45 ± 0.17 ± 0.03 (5.3±2.6)

0.42 ± 0.20 ± 0.07 (4.9±4.0)

0.64 ± 0.17 ± 0.04 (4.9±4.1)

0.84 ± 0.18 ± 0.04 (4.4±4.4)

0.46 ± 0.12 ± 0.04 (4.3±1.8)

0.44 ± 0.20 ± 0.06 (3.2±2.5)

0.62 ± 0.20 ± 0.05 (7.5±7.1)

0.82 ± 0.17 ± 0.05 (7.1±6.9)

0.45 ± 0.17 ± 0.04 (5.0±2.3)

0.42 ± 0.20 ± 0.07 (4.5±3.6)

0.61 ± 0.15 ± 0.04 (5.9±4.1)

0.78 ± 0.12 ± 0.06 (5.3±3.9)

0.46 ± 0.16 ± 0.03 (4.4±2.4)

0.44 ± 0.13 ± 0.03 (3.5±1.8)

0.61 ± 0.12 ± 0.04 (4.1±2.1)

0.80 ± 0.12 ± 0.04 (3.6±2.4)

0.47 ± 0.12 ± 0.04 (3.9±1.8)

0.41 ± 0.15 ± 0.05 (3.5±1.9)

0.61 ± 0.17 ± 0.04 (5.4±3.6)

0.78 ± 0.12 ± 0.06 (4.9±3.4)

0.46 ± 0.16 ± 0.03 (4.1±2.3)

0.42 ± 0.13 ± 0.04 (3.4±1.7)

0.56 ± 0.15 ± 0.05 (5.5±3.1)

0.39 ± 0.13 ± 0.05 (4.4±2.1)

0.39 ± 0.19 ± 0.10 (6.7±7.2)

0.09 ± 0.22 ± 0.07 (9.0±12.5)

0.57 ± 0.12 ± 0.03 (4.0±1.7)

0.36 ± 0.15 ± 0.05 (3.5±1.4)

0.23 ± 0.34 ± 0.07 (6.4±7.2)

0.00 ± 0.24 ± 0.08 (8.4±9.5)

0.56 ± 0.16 ± 0.05 (5.0±2.7)

0.39 ± 0.13 ± 0.05 (4.1±1.9)

0.36 ± 0.16 ± 0.09 (6.3±6.7)

0.05 ± 0.24 ± 0.09 (7.9±10.8)
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Final Results (all) 
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▶ Final results: 2-jettiness, gap 2 
▶ mt

MC for all MCs consistent
▶ calibration to pole mass has larger uncertainties 
▶ soft nonperturbative effects: 
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• Dynamical hadronization model in Herwig 

• Analytic shower cut dependence of top decay differential distributions 
for boosted top production   

• LHC: MPI and UE still need to be better understood from the QCD
perspective

MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

Outlook on upcoming results 

• Shower cutoff Q0 as an IR factorization scale (invariance under Q0 variations)
• Control over mt

MC through tuning 
• Calibration as diagnostic tool for consistency

• Generalization of calibration for inclusive shape observables to top decay differential 
observables 
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Backup Slides
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Final Results (all) 

0.130 0.131 0.132 0.133 0.134 0.135
ø2

140

160

180

200

220

240

1
æ

dæ
ø2

Q = 700GeV

Herwig (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.099 0.100 0.101 0.102
ø2

175

200

225

250

275

1
æ

dæ
ø2

Q = 800GeV

Herwig (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.0625 0.0630 0.0635 0.0640 0.0645 0.0650
ø2

200

250

300

350

1
æ

dæ
ø2

Q = 1000GeV

Herwig (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.131 0.132 0.133
ø2

200

250

300

350

1
æ

dæ
ø2

Q = 700GeV

Pythia (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.099 0.100 0.101
ø2

250

300

350

400

450

1
æ

dæ
ø2

Q = 800GeV

Pythia (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.0625 0.0630 0.0635 0.0640
ø2

400

500

600

1
æ

dæ
ø2

Q = 1000GeV

Pythia (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.131 0.132 0.133 0.134
ø2

150

175

200

225

250

275

1
æ

dæ
ø2

Q = 700GeV

Sherpa (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.099 0.100 0.101 0.102
ø2

175

200

225

250

275

300

325

1
æ

dæ
ø2

Q = 800GeV

Sherpa (incompatibility uncert.)

Theory (NNLL perturbative uncert.)

0.0625 0.0630 0.0635 0.0640 0.0645 0.0650
ø2

250

300

350

400

1
æ

dæ
ø2

Q = 1000GeV

Sherpa (incompatibility uncert.)

Theory (NNLL perturbative uncert.)



d�

d⌧2
= f(mMSR

t (R),↵s(MZ),⌦1,⌦2, . . . , µh, µj , µs, µm, R,�t)

MIPT Pushing the Limits of Theoretical Physics, May 8-12 2023

2-Jettiness for Top Production (QCD)

MSR mass MSR mass

• Good convergence
• Reduction of scale 

uncertainty (NLL to NNLL)
• Control over whole 

distribution

• Higher mass sensitivity for 
lower Q (pT)

• Finite lifetime effects 
included

• Dependence on non-
perturbative parameters

• Convergence: Ω1,2,…

Non-perturbative renorm. scales finite lifetime

Q=700 GeV (pT= 350 GeV) Q=1400 GeV (pT = 700 GeV)

Q=700 GeV Q=1400 GeV

any scheme possible
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Masses Loop-Theorists Like to use
Total cross section (LHC/Tev):

Threshold cross section (ILC):

Inv. mass reconstruction (ILC/LHC):

mMSR
t (R = mt) = mt(mt)

mMSR
t (R ⇠ �t) , mjet

t (R)

mMSR
t (R ⇠ 20 GeV) , m1S

t , mPS
t (R)

Langenfeld, Moch, Uwer

Fleming, AH, Mantry, Stewart 

Beneke, AH, Melnikov, Nagano, 
Penin, Pivovarov, Teubner, Signer, 
Smirnov, Sumino, Yakovlev, 
Yeklkovski  

• more inclusive
• sensitive to top production 

mechanism (pdf, hard scale)
• indirect top mass sensitivity
• large scale radiative corrections

• more exclusive
• sensitive to top final state 

interactions (low scale)
• direct top mass sensitivity
• small scale radiative corrections

Mt = M (O)
t

+ Mt(0)↵s + . . .

Mt = M (O)
t

+ hpBohri↵s + . . .

Mt = M (O)
t

+ �t↵s + . . .

hpBohri = 20 GeV

�t = 1.3 GeV

Mass schemes 
related to different 

computational 
methods 

Relations 
computable in 
perturbation 

theory


