
Top mass standard reconstruction 
at the Tevatron 

Viatcheslav Sharyy
for the D0 and CDF collaborations

7th International Workshop on Top Quark Physics
September 30, 2013



Top2014 V. Sharyy: Top mass at the Tevatron  2

Why?
● Theoretician answers:

– Standard Model self-consistency

– Higgs potential ⇒ Universe Stability

● Experimentalist answer

– Because we can measure with high 
precision!
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How?

Lepton + jets Dileptons All-jets MET+jets

Templates CDF, 8.7 fb-1 CDF: 9.1 fb-1

D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

CDF, 9.3 fb-1

Soon: D0, 9.7 fb-1
CDF, 8.7 fb-1

Matrix Element D0, 9.7 fb-1 D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

From cross-section D0, 5.4 fb-1

Soon: D0, 9.7 fb-1
D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

Lepton pT CDF 2.7 fb-1 CDF 2.8 fb-1
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How?
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Soon: D0, 9.7 fb-1

CDF, 9.3 fb-1

Soon: D0, 9.7 fb-1
CDF, 8.7 fb-1

Matrix Element D0, 9.7 fb-1 D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

From cross-section D0, 5.4 fb-1

Soon: D0, 9.7 fb-1
D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

Lepton pT CDF 2.7 fb-1 CDF 2.8 fb-1

For the top mass combinations see Yvon Peter's talk on Wednesday
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CDF alljet measurement, 9.3 fb1 
● tt simulation: Poweg+Pythia

● Selection

– 6 – 8 jets with pT > 15 GeV, |η| ≤ 2.0

– MET significance cut + NN discrimination

– 1—3  b-tags in the event

● Background model:

– Pretag sample times b-tagging rate

– Evaluate probability to tag background jet from 
the sample with 5 jets 

– Use correction factors for multiple b-quarks per 
events from background dominated samples  
(inverse NN cut)

arXiv:1409.4906

● All possible combination are 
taken into account

● mrec  and mW
rec are reconstructed 

by the χ2 minimization and fitted 
simultaneously
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CDF alljet measurement, 9.3 fb1 

mtop = 175.07 ± 1.19 (stat) +1.55 −1.58 (syst) GeV
Precision: 1.1%

Herwig – Pythia



Top2014 V. Sharyy: Top mass at the Tevatron  7

CDF dilepton measurement, 9.1 fb1

● Selection:

– 2 x electron or muon with pT > 20 GeV

– 2 or more jets with pT > 15 GeV, |η| ≤ 2.5

– MET > 25 GeV, HT > 200 GeV

– Z veto in ee and mumu + topological cuts

● Template based analysis with “hybrid” variable:

– w is a free parameter (weight) in the range  
0 – 1 ⇒ choose w  = 0.7

– Mreco is a top quark mass reconstructed with the 
“neutrino weighting”

– Alternative variable 

Lepton 4-momenta, jet directions

mtop = 170.80 ± 1.83(stat.) ± 2.69(syst.) GeV

JES dominated

D0, 5.3 fb-1,  PRD(R) 86, 051103 (2012)  

173.9 ± 1.9 (stat) ± 1.6 (syst) GeV

CDF Public note: 11072

Precision: 1.9%
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CDF l+jet measurement, 8.7 fb1

● tt simulation: Pythia

● Selection: electron or muon with 
pT> 20 GeV, |η| < 1.1, 4 and more 
jets pT> 20 GeV, |η| < 2.0, MET > 
20 GeV

● Separate in n b-tag samples

● Use kernel density estimation 
method for three variables: mreco for 
the best and next-to-best 
assignment + mjj – inv. mass for tho 
W jets. 

PRL 109 152003 (2012)

mtop =  172.85 ± 0.71 (stat+JES) ± 0.84 (syst) GeV
Precision: 0.6%
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CDF MET +jet channel, 8.7 fb1

● tt simulation: Pythia 

● Selection ~ l+jets:  

– NO identified leptons, MET 
significance > 3 GeV1/2

– 4 – 6 jets with pT > 15 GeV, |η| < 2.0 

– topological cuts + NN discriminant 
cut

– Use b-tagging to classify events

● Reconstruction procedure is similar 
to the l+jets

PRD (R) 88 011101 (2013)

Mtop =  173.93 ± 1.64 (stat+JES) ± 0.87 (syst) GeV

Precision: 1.1%
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D0 l+jet measurements, 9.7 fb1

● Full D0 data set. 

● Selections

– Exactly one electron or muon with pT> 20 GeV, |ηe| < 1.1, |η
μ
| < 2.0

– Exactly four jets pT
leading > 40 GeV, pT> 20 GeV

– One or more b-tagged jets (efficiency ~ 65%, mistag rate ~5%)

– MET < 20 GeV + topological cuts 

Expected signal fraction ~68%

● Simulation 

– tt : Alpgen +Pythia (D0 
modified tune A), CTEQ 6L1 
PDFs

– W+jets : Alpgen+Pythia

– W+cc, W+bb:  Alpgen+Pythia

– Multijets events : from data 
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D0 l+jet measurements, 9.7 fb1



Top2014 V. Sharyy: Top mass at the Tevatron  12

JES at D0
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● Jet Energy Scale: correct reconstructed 
jet energy to the particle level

– Absolute JES

– Separately measured for data and MC

● Flavor dependent correction : different 
response correction for gluon, light 
quark, b-quarks (b-JES)

– Tune the single particle response 
difference between data and MC in 
γ+jets and dijets events
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JES at D0
● Jet Energy Scale: correct reconstructed 

jet energy to the particle level

– Absolute JES

– Separately measured for data and MC

● Flavor dependent correction : different 
response correction for gluon, light 
quark, b-quarks (b-JES)

– Tune the single particle response 
difference between data and MC in 
γ+jets and dijets events
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Detector response 
(Transfer Function)

PDFsDiff. xsection 
with LO ME

Matrix Element Technique

● Sum over 24 possible jet-parton assignments with  b-tag dependent 
weights

● Integrate over 10 variables using MC integration 

● Use W-boson mass as an additional constrains for the JES correction 
factor 

● Multiply probabilities for all events -> likelihood as a function of top 
quark mass and JES correction.

● Iimprovement since  previous publication (PRD 84, 032004, 2011):

● low-discrepancy sequences for the MC integration
● Factorise the JES correction factor from the ME calculation

Accelerate 
integration by a 
factor of ~100

Integrate many more MC events ⇒ reduce statistical component 
in the systematic uncertainties estimation from ~0.25 GeV to 0.05 GeV
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Systematic Uncertainties Estimation

MC@NLO +Herwig – Alpgen + Herwig

Vary renormalisation scale in Alpgen by 1.5

Alpgen +Herwig – Alpgen + Pythia 
for particle-level jets

Pythia, Perugia 2011 – Perugia 2001NOCR

Phys. Rev. Lett. 113, 032002 (2014)
PRD with more details is in preparation

mailto:MC@NLO
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Results

mtop = 174.98 ± 0.41(stat) ±0.41(JES) ±0.49(syst) GeV

Precision: 0.44%
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Summary of the results
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Conclusion 
● The most precise channels from the Tevatron with all statistics are done.

● Several more results are coming in dilepton and alljets channels

 

Lepton + jets Dileptons All-jets MET+jets

Templates CDF, 8.7 fb-1 CDF: 9.1 fb-1

D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

CDF, 9.3 fb-1

Soon: D0, 9.7 fb-1
CDF, 8.7 fb-1

Matrix Element D0, 9.7 fb-1 D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

From cross-section D0, 5.4 fb-1

Soon: D0, 9.7 fb-1
D0, 5.4 fb-1

Soon: D0, 9.7 fb-1

Lepton pT CDF 2.7 fb-1 CDF 2.8 fb-1
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Additional Materials
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D0 bJES
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D0 ISR/FSR  variation
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D0 measurement: systematic uncertainties comparison

3.6 fb-1 9.7 fb-1
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