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Analysis example: top quark  mass
arXiv:1207.1069 [hep-ex]

Accepted by Phys. Rev. D

lepton+jets channels

...

... Σ ~ 0.75 GeV  Σ ~ 1.1 GeV  

http://arxiv.org/abs/1207.1069
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Analysis example: ttbar cross section / W boson helicity
Tevatron W helicity combination:

PRD 85, 091104 (2012)
Tevatron cross section combination:
This conference (preliminary)

http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12C/T12C.pdf
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Analysis example: tt asymmetry measurement

● Asymmetry analysis uncertainty dominated by the statistical uncertainty, 
but asymmetry appears only in NLO, so the choice of the generators is 
limited and validity of the asymmetry prediction  by these generators is 
an open question.

D0 l+jets asymmetry

PRD 84, 112005 (2011)

CDF Lepton+jet asymmetry
CDF Conf. Note 10807

http://dx.doi.org/10.1103/PhysRevD.84.112005
http://www-cdf.fnal.gov/physics/new/top/2012/LepJet_AFB_Winter2012/CDF10807.pdf
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Signal Simulation
● СDF:

– Top mass: Pythia + CTEQ5L PDFs. Event generation factorization and 
renormalization scales Q2 set to m2

t+p2
⊥+(p1

2+p2
2)/2, where p⊥ is the 

transverse momentum characterizing the scattering process, and  p1
2, p2

2
 are 

the virtualities of the incoming partons

– Single top (the latest measurement): POWHEG + PYTHIA for the showering

– Asymmetry: POWHEG

● D0: 

– Top mass, cross sections: ALPGEN + PYTHIA + CTEQ6L1 PDFs. Event 
generation factorization and renormalization scales set to m2

t+<p2
T>, where

<p2
T> is the average of the square of transverse momentum of all other light 

partons produced in association with the tt pair.

– Single top: CompHEP-based effective NLO generator SIINGLETOP + PYTHIA 

– Spin correlation, asymmetry: MC@NLO + HERWIG.

● “underlying event” are added separately to each hard collision. CDF uses 
the “Tune A” settings in PYTHIA while D0 uses a modified version of the 
tune.

mailto:MC@NLO
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Higher Order Effect
● CDF:

– Fractional contributions from the gluon fusion is estimated by reweighting 
this contribution from 5% to 20%. 

– The uncertainty on mt is found to be 0.02%.

● D0: 

– Compare ALPGEN + HERWIG  with  MC@NLO + HERWIG.

– The uncertainty on the top quark mass measurement ~ 0.14%.

– Gluon fusion fraction uncertainty is included  in this estimation.  

● CDF:

– Studied the differences in top quark mass  using MC@NLO, and concludes  
that the uncertainties in distributions in the number of jets and the 
transverse momentum of the tt system overlap with the uncertainty from 
ISR/FSR.

mailto:MC@NLO
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ISR /FSR
● ISR/FSR uncertainties estimated  using a CDF measurement  in Drell-Yan 

dilepton events. 

– the same qq initial state as most tt events, but no FSR.

● The mean pT of the dilepton pairs as function of the invariant mass 
compared to the PYTHIA distributions.

PRD 73, 032003 (2006).

● The “fitted” values of ΛQCD:  
0.5×Q2: ΛQCD = 292 MeV 
2×Q2:    ΛQCD =   73 MeV 

● ISR and FSR algorithms are 
controlled by the same QCD 
evolution equation→ the same 
variations of ΛQCD and Q2 

● mt measurement uncertainties:  
CDF ~ 0.09%, D0 ~ 0.15% for D0.
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ISR/FSR: ttbar pT distribution @ D0 D0 l+jets asymmetry

PRD 84, 112005 (2011)

(no unfolding!)

(no unfolding!)

http://dx.doi.org/10.1103/PhysRevD.84.112005
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ISR/FSR: ttbar pT distribution @ CDF
CDF Lepton+jet asymmetry
CDF Conf. Note 10807

reconstructed

reconstructed

POWHEG 
generator

reconstructed
● tt pT distribution extremely 

important  for the asymmetry 
measurement.

● Different level of agreement 
observed between experiments.

● Distribution shape dominated by 
the detector effects, unfolding of 
this distribution seems to be a 
complicated task.(no unfolding!)

(no unfolding!)

(no unfolding!)(no unfolding!)

http://www-cdf.fnal.gov/physics/new/top/2012/LepJet_AFB_Winter2012/CDF10807.pdf
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Color Reconnection
● Final-state partons and remnants of the 

protons and antiprotons are connected 
through color strings, which affect the 
distributions of jets. 

● Both collaborations estimate this effect  
by comparing two different  PYTHIA 
tunes :

Skands and Wicke 
Eur.Phys.J.C52: 133-140 (2007)

– angular ordering for jet showers (same 
as used in the nominal measurements) 
using the A-pro underlying-event model 
(modified tune A)

– ACR-pro. ACR-pro is identical to A-pro 
except that it includes color 
reconnection in the model. 

● The resulting uncertainties on mt are 
0.32% for CDF and 0.16% for D0

http://arxiv.org/abs/hep-ph/0703081
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Hadronization and Underlying Events
● Jet hadronization model is based on angular ordering in PYTHIA + Tune A 

underlying event tuning.

● CDF estimates these uncertainties by comparing mt obtained using PYTHIA 
to results from HERWIG with a tuned implementation of the underlying-
event generator JIMMY. 

● D0 estimates these uncertainties by comparing identical sets of hard-
scatter events from ALPGEN coupled to HERWIG instead of to PYTHIA.

● For the top quark mass measurement this is one of the largest 
uncertainties and corresponds to: 0.40% for CDF and 0.33% for D0

● One of the largest uncertainty. Could we constrain it better? 
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Hadronization: constrains from jet shapes?
CDF jet shape studies:

Phys. Rev. D 71, 112002 (2005)

0

Barbaro Galtieri
Presentation at MC4LHC 2010

mcplots.cern.ch

http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRVDAQ000071000011112002000001&idtype=cvips&gifs=yes
http://indico.cern.ch/getFile.py/access?contribId=32&sessionId=1&resId=0&materialId=slides&confId=74601
http://mcplots.cern.ch/
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PDF choice
● CDF estimate uncertainty on the PDFs T by combining  quadrature the 

following source of uncertainties: 

– Comparison of CTEQ5L results with MRST98L. 

– Changing the value of αs in the MRST98L model.

– Variation of the the 20 eigenvectors in CTEQ6M. 

● D0:

– reweigh the PYTHIA model using the  20 CTEQ6M uncertainties

– take the quadratic sum of the differences with the default set.

● The typical uncertainty:

–  The top quark mass:  0.08% for CDF and 0.14% for D0. 
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Multiple pp Interactions
● To simulate additional pp interactions MC events overlaid with Poisson-

distributed low-pT events

– CDF: PYTHIA MC events

– D0: “zero-bias” data

● For the top quark mass measurement:

– CDF measures mt as a function of the number of multiple interactions. 
Reweighting the MC distribution to the average number of the primary vertex 
in data leads to an uncertainty on mt of 0.02%. 

– It is  in the quadrature with a term for the the difference in jet energy 
response as a function of the number of multiple interactions ⇒ 
total error ~ 0.06%.

– D0 reweights the simulated events to make the instantaneous luminosity 
distribution match that in data. The resulting uncertainty on mt is 0.03%.
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Modeling of b­quark jets
● Uncertainty on the semileptonic branching fraction in b decays and from 

differences between two models of b-jet hadronization.

● Use  Bowler model with parameters (rq, a , b ), where 

– rq is the Bowler fragmentation-function parameter

– a and b are Lund fragmentation function parameters. 

● In top quark mass measurement this uncertainties of about 0.03 – 0.1 %

Bowler model paramters 
(r

q
, a, b)

Deafult 
Pythia

(1.0, 0.3, 0.58) default for CDF

SLD ( 0.897 ± 0.013, 1.03 ± 0.08, 1.31 ± 0.08) defalut for D0
systematics for CDF

LEP (0.980±0.010, 1.30±0.09, 1.58±0.09) systematics for CDF & D0
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 In conclusion: improving systematic uncertainties estimation

(personal thoughts)
● Hadronization uncertainties: 

– Update jet shape studies.  Use  top quark events directly for the jet shapes?

● NLO generators: 

– How to estimate higher order effects? 

– Factorization and renormalization scale variation, but overlap with ISR/FSR 
uncertainties.

– tt differential cross section measurement.

● ISR/FSR and pT spectra:

– New tune using full Tevatron statistics?

– Constrain using experimental distribution?

● Color reconnection: estimation using the new Pythia tunes.

● Reducing double counting between systematics: 

– Higher order effect estimation may overlap with ISR/FSR uncertainty 
estimation and hadronisation.

– ISR/FSR may overlap with out-of-cone energy correction in JES.
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Back­up
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Bowler fragmentation function

● z is the fraction of E + plong taken by the heavy hadron.
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Decay branching fractions for W bosons
● This uncertainty affects the tt acceptance (for example in the cross 

section measurement or selection), and is evaluated by changing the 
branching fractions in the W-boson decay (assuming the lepton 
universality)  by their uncertainties. 

● Effect is of the order of 1-2% in the cross section measurements
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