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Questions
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‣ How accurately can we measure the 
top mass?
‣ Concentrate here on uncertainties stemming 

from bottom quark fragmentation
‣ See e.g. G. Corcella, talk at TOPLHCWG Nov. 2013, https://indico.cern.ch/getFile.py/

access?contribId=14&sessionId=5&resId=0&materialId=slides&confId=280522

‣ In fact, what are we measuring?
‣ Relevant question because “precision” use of 

top mass requires precise definition
‣ See e.g.  A. Hoang, talk at Top2014, 

or S. Weinzierl, talk at Moriond EW 2015 and 1505.00630

https://indico.cern.ch/getFile.py/access?contribId=14&sessionId=5&resId=0&materialId=slides&confId=280522
https://indico.cern.ch/getFile.py/access?contribId=14&sessionId=5&resId=0&materialId=slides&confId=280522
https://indico.cern.ch/getFile.py/access?contribId=14&sessionId=5&resId=0&materialId=slides&confId=280522
https://indico.cern.ch/getFile.py/access?contribId=14&sessionId=5&resId=0&materialId=slides&confId=280522
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top mass
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Tens of methods for measuring the top mass. 
What are they measuring?

If they use a Monte Carlo, they are most likely 
measuring a “MC mass”

Such an MC mass (which is not the “pole mass”, 
which has itself an ambiguity O(ΛQCD)) depends 

on details of MC, including soft physics



Matteo Cacciari - CERN/LPTHE LHC Top France - Lyon - May 18, 2015

MC top mass or “masses”?
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Slide from G. Corcella’s talk

Biswas, Melnikov, 
Shulze, 1006.0910
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A. Hoang @ TOP2014
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Can one do better?
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Likely yes, but it takes some care

One has to define observables in terms of a “short 
distance mass”, unaffected by soft physics by 

construction

The connection between perturbative calculations 
and the measured observable quantity will most likely 
include “soft” contributions that have to be factored 

out and determined elsewhere
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S. Weinzierl @ Moriond ‘15
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Fleming, Hoang, Mantry, Stewart, ’07
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From MC to field-theoretic mass
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One may try to convert all different MC masses to a 
single field-theoretic definition. Needs proper 

understanding of what each MC does. There will be 
additional theoretical uncertainties
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From MC to field-theoretic mass
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One may try to convert all different MC masses to a 
single field-theoretic definition. Needs proper 

understanding of what each MC does. There will be 
additional theoretical uncertainties

Alternatively (or complementarily) one may develop a 
brand new MC based on effective theories (SCET?) 

where all factorisations and resummations are 
properly accounted for from the start
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In the meantime....
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While we wait for the ‘ideal’ MC (or simply  
for exploitable conversion tables) we can try 

to measure the MC top mass as well as 
possible in any given MC that we already have
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In the meantime....
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While we wait for the ‘ideal’ MC (or simply  
for exploitable conversion tables) we can try 

to measure the MC top mass as well as 
possible in any given MC that we already have

Note that, if different MCs give different masses, at some 
point experimental uncertainty may perhaps be small 

enough to tell, e.g., mMCHERWIG from mMCPYTHIA

What I’d certainly not do (at least not forever), is 
averaging blindlessly top masses measured with different 
MCs from different observables by different experiments
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Bottom fragmentation is one of the biggest 
systematics in many top mass analyses

b fragmentation in MCs
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Significant discrepancies 
between default tunes of 

MCs and with data

Plot from G. Corcella’s talk
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NLO Monte Carlos
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Are modern MCs, based on matching of 
NLO and PS, doing better?
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b frag in aMC@NLO

12

 0

 0.01

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0  0.2  0.4  0.6  0.8  1

1/
σ

 d
σ

 /d
x B

w
ea

k

xB
weak

EW-decaying B hadrons at LEP, √s= 91GeV 
PRELIMINARY

HW6
PY6 def. LB

PY6 fit LB
PY6 fit L

PY8
FONLL

DELPHI

aMC@NLO

MC, M. Zaro, preliminary

aMC@NLO+



Matteo Cacciari - CERN/LPTHE LHC Top France - Lyon - May 18, 2015

b frag in NLO+PS Monte Carlos
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Even modern tools (C++ MCs, NLO+PS Monte 
Carlos) seem to do a bad job at describing bottom 

fragmentation using their default settings

It is somewhat surprising (to me, at least) that better 
public “default” tunes have not appeared yet. Some 
work has been done, e.g. 1404.5630 for Pythia 8.

I do not see any obvious obstacle to generalise this. 
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b frag in NLO+PS Monte Carlos
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Even modern tools (C++ MCs, NLO+PS Monte 
Carlos) seem to do a bad job at describing bottom 

fragmentation using their default settings

It is somewhat surprising (to me, at least) that better 
public “default” tunes have not appeared yet. Some 
work has been done, e.g. 1404.5630 for Pythia 8.

I do not see any obvious obstacle to generalise this. 

NB. Even after tuning, a possible residual top mass 
difference between two MCs will not necessarily give 

the full uncertainty on a “MC mass”
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Thoughts
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‣ There seem to be two distinct jobs awaiting:
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‣ There seem to be two distinct jobs awaiting:

‣ One, measure as accurately as possible the 
MC top mass in a given MC/model (or, in fact, 
in many different cases)
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‣ There seem to be two distinct jobs awaiting:

‣ One, measure as accurately as possible the 
MC top mass in a given MC/model (or, in fact, 
in many different cases)

‣ Two, relate these top masses to a well defined 
theoretical mass, with appropriate 
uncertainties
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Thoughts
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‣ There seem to be two distinct jobs awaiting:

‣ One, measure as accurately as possible the 
MC top mass in a given MC/model (or, in fact, 
in many different cases)

‣ Two, relate these top masses to a well defined 
theoretical mass, with appropriate 
uncertainties

‣ Estimate of  relative size of uncertainties can tell if 
progress in either of these two steps is useless


