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We present a preliminary measurement of the top quark mass in the dilepton channel based on
about 230 pb−1 of data collected by the DØ experiment during Run II of the Fermilab Tevatron
collider. We show that the method used obtains consistent results using ensemble tests of events
generated with the DØ Monte Carlo simulation. We apply this technique to a total of 13 dilepton
events selected in the collider data to obtain mt = 155+14

−13(stat) ± 7(syst) GeV.

Preliminary Results for Winter 2005 Conferences
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• Electroweak sector of the standard model (SM) 
is constrained by

• These constants are all related to mW by

• Radiative corrections Δr dominated by top and 
Higgs loops

• Precision measurements in mW and mtop 
constrain SM Higgs mass
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• pp collider at √s=1.96 TeV

• Excellent accelerator performance

• Inst. lum. exceeding 3×1032 cm-2s-1

• Over 6 fb-1 delivered to each 
experiment

• Results shown today use ≤ 1 fb-1

• Every bit of data helps

• Systematic uncertainties in W 
mass/width measurements reduced 
by data-based calibrations

• Many thanks to the Fermilab 
accelerator division!
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The Fermilab Tevatron
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DØ

• Silicon detector and drift chamber

• Pb/Fe-scintillator calorimeters

• Muon detectors

• Superior tracking resolution

• Silicon and fiber tracker

• Liquid argon/uranium calorimeters

• Muon detetors

• Superior calorimeter resolution

The CDF and DØ detectors
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• W→lν

• 1 isolated high-pT electron or muon, missing ET 
corresponding to neutrino

• Measure transverse mass

• Non-zero boson pT results in measurable hadronic 
recoil 

• Complicates reconstruction of final state

• Z→ll
• 2 isolated high-pT leptons

• All boson decay products well-measured

• Perfect tool for calibration (recoil, momentum 
scales)
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W and Z production at the Tevatron

Isolated, high pT leptons, 
missing transverse momentum in W's

Typically small hadronic (jet) 
activity

Z events provide excellent
control sample

Lake Louise 2009 Oliver Stelzer-Chilton - TRIUMF 3

W/Z Bosons at CDF

Z events:
•  2 high pT charged leptons
   (�+�- or e+e-)

•  Both charged leptons are

   detected and their

   momenta/energy measured

W events:
•  1 high pT charged lepton, 1 high pT

    neutrino (�! or e!).

•  Charged lepton is detected and

   momentum/energy measured

•  Neutrino escapes detection

   pT
! is inferred by the “missing ET”

   in the detector.

mT =
√

2p!
T pν

T (1− cos ∆φ!ν)

W and Z events at the Tevatron
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• Lepton pT carries most information

• Vital to measure lepton energies to <0.1%

• Hadronic recoil affects inference of neutrino energy

• Calibrate to ~1%

• Can reduce impact by requiring pT(W) << mW

• Need:

• Tunable fast simulation

• Rely on parameterized descriptions of detectors

• ~100 times faster than standard detector simulation

• Large data samples of well-measured states

• Z boson

• Various dimuon resonances

6

W and Z production at the Tevatron

Isolated, high pT leptons, 
missing transverse momentum in W's

Typically small hadronic (jet) 
activity

Z events provide excellent
control sample

Making precision measurements
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• Large sample of J/ψs and Υs are used

• Tune model of energy loss→ J/ψ mass 
independent of muon pT

• Tune track resolution using Υ decays

• Apply momentum scale to Z decays
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• Calorimeter energy calibrated using 
peak of electron E/p distribution from 
Ws

• Apply calibrated track momentum 
scale

• Energy loss tuned with high E/p tail

• Correct for ET dependence

• Measure Z mass in electrons using 
calibrated scale
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ΔmW = 30 MeV/c2

PDG:
mZ=91188±2 MeV

Energy scale determination at CDF
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40

tion:

dσ

dm
∝ m2

(m2 − m2
W )2 + m4Γ2

W /m2
W

, (46)

where ΓW = 2.094 GeV is the standard model W bo-
son width model for mW = 80.393 GeV. An increase
in the width of 7 MeV would result in a decrease of
the measured mW by 1 MeV.

The results of the mT fits are shown in Fig. 49, and
Table IX gives a summary of the uncertainties asso-
ciated with the fits. The fit range is 65 < mT < 90
GeV, and we find that varying the lower (upper)
bound from 60-70 (85-95) GeV results in mW shifts of
! 20 MeV, consistent with expected statistical vari-
ation. Combining the fit results from the W → µν
and W → eν samples using the Best Linear Unbiased
Estimator [64], we obtain

mW = 80.417± 0.048 GeV (47)

from the transverse mass distribution. The χ2/dof
of the combination is 3.2/1, corresponding to a 7%
probability of consistency.

Source W → µν W → eν Common

Lepton Scale 17 30 17

Lepton Resolution 3 9 0

Lepton Efficiency 1 3 0

Lepton Tower Removal 5 8 5

Recoil Energy Scale 9 9 9

Recoil Energy Resolution 7 7 7

Backgrounds 9 8 0

PDFs 11 11 11

W Boson pT 3 3 3

Photon Radiation 12 11 11

Statistical 54 48 0

Total 60 62 26

TABLE IX: Uncertainties in units of MeV on the trans-
verse mass fit for mW in the W → µν and W → eν
samples.

The combination of the pT fit results (Fig. 50),
including uncertainty correlations (Table 50) yields

mW = 80.388 ± 0.059 GeV, (48)

with a χ2/dof of 1.8/1 and an 18% probability of
consistency. The fit range is 32 < pT < 48 GeV, and
varying the lower (upper) bound from 30-35 (45.5-
50.5) GeV results in measured mW shifts of ! 30
MeV.
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FIG. 49: The simulation (solid) and data (circles) mT

distributions for W boson decays to µν (top) and eν (bot-
tom). The simulation corresponds to the best-fit mW for
each channel, and the uncertainty is statistical only.

Source W → µν W → eν Common

Lepton Scale 17 30 17

Lepton Resolution 3 9 0

Lepton Efficiency 6 5 0

Lepton Tower Removal 0 0 0

Recoil Energy Scale 17 17 17

Recoil Energy Resolution 3 3 3

Backgrounds 19 9 0

PDFs 20 20 20

W Boson pT 3 3 3

Photon Radiation 13 13 13

Statistical 66 58 0

Total 77 73 35

TABLE X: Uncertainties in units of MeV on the trans-
verse momentum fit for mW in the W → µν and W → eν
samples.

Systematic Uncertainties (GeV/c2)

Combining fits to mT, pT and missing ET in 
electrons and muons
mW=80413±34(stat)±34(syst) MeV/c2

Published:
Phys. Rev. Lett. 99, 151801 (2007)
Phys. Rev. D. 77, 112001 (2008)

CDF Measurement (200 pb-1)
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Energy scale at DØ

• Determine amount of dead material in 
calorimeter in situ using Z→ee decays

• Exploit longitudinal segmentation of EM 
calorimeter

• Fractional energy deposits in each readout 
section of EM calorimeter sensitive to 
amount of dead material

• Compare fractional deposits in data and 
simulation

• Adjust material in simulation to match 
data

• Amount of dead material in calorimeter 
determined to less than 0.01X0
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collider. We show that the method used obtains consistent results using ensemble tests of events
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• Calibrate EM energy scale using Z→ee 
decays and LEP value for mZ

•  ΔmW=34 MeV

• Dominant systematic, limited by Z 
statistics

• Parameterize energy resolution as constant 
term and sampling term 

• Sampling term driven by knowledge of 
amount of material in CAL

• Constant term from Z peak

• Obtain C=(2.05±0.1)%

• ΔmW=2 MeV
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Energy scale and resolution at DØ

mZ [GeV/c2]
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• Adjust parameters in recoil model using Z→ee events
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Three components of recoil
1. hard scattering against W/Z
2. soft from spectator partons
3. soft additional interactions

Recoil calibration at DØ
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mZ=91185±33 MeV/c2

PDG:
mZ=91188±2 MeV/c2

Z→ee fit
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• mT fit using electrons

• Single best measurement of mW

• Combination with pT and missing 
ET fits coming soon 
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mW=80401±23(stat)±37(syst) MeV/c2

mT 80.401±0.044 GeV

pT 80.400±0.048 GeV

ET 80.402±0.050 GeV

DØ Measurement (1 fb-1)
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• Both experiments working on measurements with larger datasets

• CDF has analysis of 2.3 fb-1 underway
• Expect total uncertainty of less than 25 MeV

15

Future W mass measurements
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• Machinery and tools used for measuring W mass can also be used to 
measure W width

• Tevatron results more precise than LEP 

• CDF result published in Phys. Rev. Lett 100, 071802 (2008)
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W width measurements
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• Tevatron experiments continue to lead in 
precision electroweak physics

• Both CDF and D0 measure mW to greater 
precision than any LEP experiment

• D0 combination (imminent) of 3 fits will 
further improve new result

• CDF analysis with 2.3 fb-1 with projected 
total uncertainty of 25 MeV/c2

• Most precise measurement of W width
• TEVEWWG combination soon

• gFitter* gives us a preview
• mW=80.399±0.023 GeV/c2

• mH<155 GeV/c2 @95% CL
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Systematic uncertainties
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• Compare recoil distribution between simulation and data for W boson events
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