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Top Quark Mass Measurements
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ÇPrecision ά measurement: extremely important in both SM and BSM ɉÓÅÅ .ÁÔÈÁÎÉÅÌȭÓ ÔÁÌËɊ

ÇFrom standard/conventional approaches to alternative ones

× Template method [ATLAS, Eur. Phys. J. Cχς(ςπρς)]

× Ideogram method [CMS PAS TOP ρτ-ππρ]

× Matrix element method [DØ, arXiv:ρυπρȢπχωρς] 

× Cross sections [ATLAS, Eur. Phys. K. Cχτ(ςπρτ), CONF ςπρτ-πυσ]

× Endpoint method [CMS PAS TOP ρρ-πςχ; CMS TOP ρυ-ππψ]

× ὦ-jet energy-peak method [CMS PAS TOPρυ-ππς]

× Solvability method [DK, Matchev and Shyamsundar, to appear soon]

× ὐȾmethod [CMS PAS TOP ρυ-πρτ]

× ὄ-hadron ςD-decay length [CMS PAS TOP ρς-πσπ]

× Leptonic final state [CMS PAS TOP ρφ-ππς] 

× ║-hadron observables [Corcella, Franceschiniand DK , to appear soon]

× -ÁÎÙ ÍÏÒÅ ×ÈÉÃÈ ) ÃÁÎȭÔ ÅØÈÁÕÓÔ 

SM top 
assumed

Kinematics-
based

Jets in the 
final state 
Ÿ JES

No jetty objects in
the final state Ÿ no 
JES, Th. uncertainty 
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║-hadron Observables
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Çὄ-hadron observables: crucial to understand the transformation ὦŸὄ, but challenging because it is 

governed by non-perturbative QCD (similar conclusions hold for ὄ-hadron decay length method [Hill, 

Incandela, Lamb (ςππυ); CMS-PAS-TOP-ρς-πσπ])
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Filling the Gap: Theoretical
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Çὄ-hadron observables: crucial to understand the transformation ὦŸὄ, but challenging because it is 

governed by non-perturbative QCD (similar conclusions hold for ὄ-hadron decay length method [Hill, 

Incandela, Lamb (ςππυ); CMS-PAS-TOP-ρς-πσπ])
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Ç Computing fragmentation function, Ὀᴼ ᾀ

Ç Precision data available at LEP [arXiv: ρρπςȢτχτψȟhep-

ex/πρρςπςψς] and SLC [hep-ex/πςπςπσρ]

Ç For ὦquark, the extraction of the fragmentation function 

at NNLO in  available [Fickinger, Fleming, Kim, Merechetti

(ςπρφ)]

Ç Higher order corrections necessary (including 

resummation sometimes)

Ç Relying on factorization of the cross section to a very 

high accuracy 

Ç Not clear to apply lepton collider data to hardon colliders
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Filling the Gap: Phenomenological
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Çὄ-hadron observables: crucial to understand the transformation ὦŸὄ, but challenging because it is 

governed by non-perturbative QCD (similar conclusions hold for ὄ-hadron decay length method [Hill, 

Incandela, Lamb (ςππυ); CMS-PAS-TOP-ρς-πσπ])

Ç Employing hadronization model with phenomenological 

parameters [Andersson, Gustafson, Ingelman, Sjostrand(ρωψσ)]

ÇȰ4ÕÎÉÎÇȱ ÏÆ ÔÈÅ ÐÁÒÁÍÅÔÅÒÓ ÔÏ ÒÅÐÒÏÄÕÃÅ ÔÈÅ ÁÖÁÉÌÁÂÌÅ ÄÁÔÁ

Ç Not obvious that the tuned model (with ὩὩ ᴼÈÁÄÒÏÎÓ) 

describes the future data[D. Äȭ%ÎÔÅÒÒÉÁet al. (ςπρσ)]

Ç Should be tested at hadron collider environment (incredible 

amount of statistics available!!)

ÇOur approach/goal

ü top quark mass sensitivity to parameters,

ü what/how to constrain to achieve better precision 
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║-hadron -related Parameters
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Parameter PYTHIA8 setting Variation range

ὶ in the Bowler modification for 
heavyquarks

StringZ:rFactB πȢχρσɀπȢψρσ

ὥparameter in the non-standard 
Lund ansatz for ὦquarks

StringZ:aNonstandardB πȢυτɀπȢψς

ὦÐÁÒÁÍÅÔÅÒÉÎÔÈÅÎÏÎЖÓÔÁÎÄÁÒÄ
,ÕÎÄÁÎÓÁÔÚÆÏÒὦÑÕÁÒËÓ

StringZ:bNonstandardB πȢχψɀρȢρψ

ὖȟ [GeV] TimeShower:pTmin πȢςυɀρȢππ

recoiler switch TimeShower:recoilToColoured on or off

 ά TimeShower:alphaSvalue πȢρπωςɀπȢρφσψ

ὦquark mass [GeV] 5:m0 σȢψτυȢχφ

ÇὩ‘channel of LO ὸӶὸ(ὫὫȾήήO ὸӶὸ) at the LHC ρσTeVwith NNPDFςȢσQCD+QED LO, PartonLevel:MPI = 

off, HadronLevel:Decay = off, and anti-Ὧ jets of Ὑ πȢυ

ÇὴȟЉ σπςπGeV, –Љ ςȢτςȢτ

Ç Input top quark mass varies from ρχπGeV to ρψπGeV by an interval of πȢυGeV

Heavy flavor-
specific

hadronization
parameters

Showering
parameters
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Summary of Results: Mellin Moments
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ÇTop quark mass measurements in these observables are sensitive most to ♪▼ȟἐἡἠ, e.g., ρπ% 

uncertainty in ȟ corresponds to ς τ% uncertainty in the top quark mass ᵼaffecting 

radiation in the final state, in turn, changing energy scale of B-hadrons!

יִ ὨὼὼὪὼ
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Summary of Results: Shape
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ÇTop quark mass measurements in shape observables are less sensitive to ♪▼ȟἐἡἠ(except 

energy-peak in ὄ-hadron energy spectrum) ᵼkinematic endpoints are less affected by 

process dynamics

ÇSensitivities of top quark mass to the Lund-Bowler parameter becomes comparable!

ÇStatistics will be a major challenge in performing precision measurements of endpoints.
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Summary of Results: Shape
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ÇTop quark mass measurements in shape observables are less sensitive to ♪▼ȟἐἡἠ(except 

energy-peak in ὄ-hadron energy spectrum) ᵼkinematic endpoints are less affected by 

process dynamics

ÇSensitivities of top quark mass to the Lund-Bowler parameter becomes comparable!

ÇStatistics will be a major challenge in performing precision measurements of endpoints.
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How to achieve a small uncertainty? Ý Calibration variables!
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Calibration Variables
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ÇCalibration variables: no/little sensitivity to (input) top quark mass , but having decent 

sensitivities to hadronization and showering parameters in ὸӶὸevents [see for similar effort, 

e.g. ATL-PHYS-PUB-ςπρυ-ππχ]

×
ȟ

ȟ
, ”ὶ В Ὁ ɇɡ ὶ
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Calibration Variables
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Ç Calibration variables sensitive to hadronization and showering parameters

× Variables ȟ

ȟ
and  ”ὶare sensitive to the importance of the heavy-quark hadron in the jet and 

to the energy distribution in the jet ᵼsuitable to probe the dynamics on the conversion of a 

single parton into a hadron

In what sense

×… variables are more sensitive to 

global nature (i.e., ὦὦsystem) ᵼ

probing ȰÃÒÏÓÓ-ÔÁÌËȱ ÂÅÔ×ÅÅÎ 

partons in the process of forming 

color-singlet hadrons

× Various aspects probed by different …

options

ὡ

ὦ ὦ

ὡ

Sensitivities investigated from different angles!!
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Sensitivity Measure
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Ç Sensitivity measure: ɝ
ײַ ײȾַײַ

Ⱦ

×  Observable :ײַ

× —: hadronization and showering parameters

Ç Observableswith largerɝ: best diagnostics of the accuracyof the tunes
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Summary of Results
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Ç”ὶ: (typically) most sensitive variable to both hadronization and shower parameters

ÇNevertheless, other variables contain useful/orthogonal information to constrain parameters 

(unless they are perfectly correlated)!!
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Constraining Power
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Ç Sensitivity matrix ɝ
ײַ

: 
ײַ

ײַ
ɝ
ײַ

× Singular value decomposition of the sensitivity matrix: 

ρȢυȟπȢρχȟπȢπυȟπȢπςχȟπȢπρȟπȢππχρȟπȢππσσÝ (Roughly saying) a determination of the 

calibration variables with some accuracy leads to a constrain of one Monte Carlo 

parameter with a similar precision.

Ç Relative uncertainties

Ç (Note that precision level of the calibration observables is limited to JES.)


