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Why do we care about the top quark mass ?
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• The top quark is the heaviest elementary particle: 
- important parameter for vacuum stability 
- consistency of the SM (mt, mW, mH) 
- importance in loop corrections 



3

How to measure the top-quark mass ?

- need to calibrate the method to correct for any potential biases 

- for channel with at least one W decaying hadronically,  
  can calibrate the jet energy scale (JES) constraining Mjj to MW

Frédéric Déliot, ICHEP-Melbourne, 5 July 2012

• direct measurements 
- template method: 

 compare an observable in data with MC generated with different masses 
- matrix element method 

 build an event probability based on the LO tt̄ matrix element using the full kinematics 
of the event

• indirect measurements 
- less input from MC or different sensitivity to systematics but 

currently less precise than the direct ones 
- extraction of a mass in a better defined renormalisation scheme 

 in this talk: top quark mass from the tt̄ cross section

PLB 703, 422 (2011)



F. Déliot, ICHEP 2016, 6-AUG-16

The Tevatron and the D0 experiment
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after DQ 9.7 fb-1
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Top quark mass measurements
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Many of these analysis techniques have been pioneered at Tevatron
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l+jets matrix element top mass measurement
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• The matrix element method in the lepton+jets channel: 
- maximize the probability for a set of events as a function of the top mass and overall 

jet energy scale factor

acceptance 
efficiency

signal fraction signal probability background probability

observed cross section
differential cross section 

from the LO qq̅ → tt̄ matrix element

PDF transfer functions 
from reco x to gen y
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l+jets matrix element top mass result
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PRL 113, 032002 (2014), PRD 91, 112003 (2015)

Δmt/mt = 0.43%

2D fit result statistical 
uncertainty

mass calibrations
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l+jets matrix element systematics
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• check of the JES flavor response 

consistent with unity



dilepton matrix element top mass measurement
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• Dilepton matrix element method 
- same formula as for l+jets but no possible JES in-situ constraints 
- more integration because of the unconstraint kinematics

F. Déliot, ICHEP 2016, 6-AUG-16

mass calibration statistical error calibration



dilepton matrix element top mass result
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arXiv:1606.02814, accepted to PRD

Δmt/mt = 1.05%

use overall JES scale factor obtained in the 
lepton+jets analysis

statistical uncertaintylikelihood fit
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dilepton neutrino weighting top mass measurement

• Dilepton neutrino weighting method 
- sample the neutrino rapidities for given value of mt 
- measure the agreement of the calculated and observed missing ET components 

with a weight distribution for each event: ω(mt) 
- use the 2 first moments of the distribution (µω,σω) in a 2D template fit
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• Combination of the 2 dilepton results 
- BLUE combination of the matrix element and 

neutrino weighting results

F. Déliot, ICHEP 2016, 6-AUG-16

dilepton neutrino weighting top mass result
Phys. Lett. B 752 18 (2016)

use overall JES scale factor obtained in the 
lepton+jets analysis

Δmt/mt = 0.93%

D0 note 6484

statistical correlation
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new D0 top mass combination
D0 Note 6485

χ2/ndof = 2.5/3, prob = 47 %

• update since previous 2011 result  
- new lepton+jets and dilepton measurements

o,x: 100% correlated 
o not correlated with x

( )
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new Tevatron top mass combination
arXiv:1608.01881, D0 Note 6486, CDF Note 11204

Δmt/mt = 0.37% χ2 = 10.8/11, prob = 46%

F. Déliot, ICHEP 2016, 6-AUG-16

• update since previous 2014 result 
- new D0 dilepton measurement  
- published CDF all-jets measurement

BLUE weights



15

• Method 
- compare the experimental tt̄ cross section measurement with the theory 

computation (depend differently on the top quark mass) 

- cross section vs mt parametrized with (third order polynomial)/mt4 
* theoretical cross section computed at NNLO with top++ 
* experimental ljets+dilepton with 9.7 fb-1 

• Advantage/Drawback 
- extract the top quark mass in a well defined renormalization scheme (the one 

used in the theory computation: here the pole mass) 
- less precise than direct measurements

F. Déliot, ICHEP 2016, 6-AUG-16

top quark mass from the tt̄ cross section
arXiv:1605.06168, submitted to PRD

Δmt/mt = 1.9%

gaussian gaussianflat

see talk from Andreas Jung on Thursday August 4th



Conclusion
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• D0 recently published dilepton top quark mass measurements with the full dataset 

- matrix element result:  

- neutrino weighting result: 

• update combinations of direct top quark mass measurements: 

- new D0 combination:  

- new Tevatron combination:  

• D0 measurement from the tt̄ cross section:

F. Déliot, ICHEP 2016, 6-AUG-16

Sept 30, 2011

Δmt/mt = 0.93%

Δmt/mt = 1.05%

Δmt/mt = 0.37%

Δmt/mt = 1.9%

Δmt/mt = 0.43%


