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1. Introduction

With a mass of 173 + 1.1 GeV [1], the top quark is the heaviest of all known fundaraknt
particles. Due to the high mass, its Yukawa coupling is clmsenity suggesting that it may
play a special role in electroweak symmetry breaking[2]Jec®e measurements of both, the
boson and the top quark mass, constrain the mass of the yiesemed Higgs boson and allow to
restrict certain extensions of the Standard Model[3]. AtTlkvatron collider with a center-of-mass
energy of 1.96 TeV, 85% of the top quark pairs are producedianigantiquark annihilation; 15%
originate from gluon fusion. Top quarks are predicted toagemlmost exclusively to W boson
and a bottom quark. According to the number of hadrdNialecays, top events are classified
into all-jets, lepton+jets and dilepton events. The lepjets channel is characterized by four jets,
one isolated, energetic charged lepton and missing tresessanergy. With 30%, the branching
fraction of the lepton+jets channel is about seven timagelathan the one of the dilepton channel
whereas the signal to background ratio is about three timedler. The main background in this
final state comes froW -+ jets events. Instrumental background arises from eventdioh a jet
is misidentified as an electron and events with heavy hadi@tsdecay into leptons which pass
the isolation requirements. The topology of the dileptoarutel is described by two jets, two
isolated, energetic charged leptons and significant nggsamsverse energy from the undetected
neutrinos. The main background &afer jets and diboson event®WWW Z/ZZ + jets) as well as
instrumental background as characterized above. At the Xp@riment, different techniques are
used to measure the top quark mass. They are summarizedfolltiging sections together with
the first measurement of the top anti-top quark mass difteremd the first precise determination
of the top quark width.

2. Top quark mass measurement using the Neutrino Weighting method

The Neutrino Weighting method [4] is a template based ambroBor each event, the neutrino
momenta are calculated assuming a certain top mass ancdediffeeutrino pseudorapidities. A
weightw is assigned according to the agreement of the calculatedo$iine neutrino momenta
z?:l Py, zizzl py', and the measured missing transverse momentum, given by

(B —s2ap)? . —(B-3E.n)?
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whereog,, O, denote the resolution of the missing energy measurement, dignal probability
distributions as a function of the top quark mass, the medntenRMS of the weight distributions
are derived using Monte Carlo simulated signal events éémdifit top quark masses. To reduce
the bias from background, background probability distitms are determined accordingly using
simulated background events. Finally, the top quark masstiacted from a likelihood fit.

The analyzed data set corresponds to an integrated lurtyiradsip to 10 fo~! of dilepton top
pair candidate events yielding

W= exp(—

) exp(

) (2.1)

Mop = 17624 4.8(stat) & 2.1(syst) GeV.

The main systematic uncertainties on this measurement fremethe energy scale of the jets, the
modeling of the simulated signal events and the fragmemtatf the jets fronb quarks.



Top quark mass and width at the D@ experiment Alexander Grohsjean

3. Top quark mass measurement using the Matrix Element method

The Matrix Element method yields the most precise approachdasure the top quark mass.
For each final statg = (pa,..., ps) of 6 partons with four-momentg;,i = 1,...,6, the prob-
ability to originate from the signal process assuming aad@tbp massnyg, is given by

(2m* M(y)|?

Psgn(X; =
sgn(X; Mop) €165

! )/ de; dez fepr(€1) fror(€2) dds W(xy), (3.1)

O-obs(mtop
wheregy, € denote the energy fraction of the incoming quarks from tleegms and antiprotons,
fppr the parton distribution functiors, the center-of-mass energy squarédy), the leading-order
matrix element [5] and @g, an element of the 6-body phase space. The finite detecuties

is taken into account using a transfer functidiix,y) that describes the probability of a partonic
final statey to be measured as= (fi1, ..., Pn) in the detector. The signal probability is normalized
with the observable cross sectiogys.

In a similar way, for each event the probability to arise frbatkground is calculated. Taking
the huge amount of computing time into account, only theifepdource of background is consid-
ered, i.e.Z + jets probabilities in the dilepton cas#,+ jets probabilities for lepton+jets. Finally,
both probabilities are combined to an event probabilithgshe signal fractiorfigp

Pevt(X; Mkop) = Frop- Psgn(X; Mkop) + (1- frop) - Pokg(X) - (3.2)

The top quark mass is extracted from a likelihood fit of thedpiat of the event-by-event probabil-
ities. To calibrate the method and correct for any bias, Md@drlo simulated events are used to
perform ensemble tests.

3.1 Dilepton channéd

The analyzed data set corresponds to an integrated lunyinoisup to 36 fb~! of elec-
tron+muon events[6]. The top quark mass is measured to be

Myop = 1748+ 3.3(stat) & 2.6(syst) GeV.

The dominant sources of systematic uncertainties are rtainties, such as their energy scale
and resolution. With a statistical uncertainty o8 &eV, this measurement has the smallest uncer-
tainty of all top mass measurements performed in the difeptannel at the D@ experiment.

3.2 Lepton+Jetschannd

As stated above, the largest systematic uncertainty orofhguark mass arises from the jet
energy scale[7]. Since one of tiié boson decays hadronically in the lepton+jets channel, &#le w
knownW mass can be used to constrain the jet energies. An addisoakd factor is introduced in
Eq. (3.1) and both, the top quark mass and the jet energy aleeasured simultaneously.

In the lepton+jets channel, an integrated luminosity.6ff8* is used and the top quark mass
in this sample is measured to be

Mop = 17374 0.8(stat+ JES + 1.6(sysh) GeV.

The systematic uncertainty is dominated by the uncertantthe difference between the nominal
inclusive response and the response of jets foaquarks in the calorimeter.
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4. Top quark massfrom production cross section

Two different schemes are commonly used to define the togkguass: theMS and the pole
mass definition. Direct top quark mass measurements arel lmaséeading-order Monte Carlo
generators where the top quark is described by a Breit-Wigggonance and the measured mass
corresponds only approximately to a pole mass. Since thgquayk pair production cross section
depends on the top quark mass, a measurement with a welededimd renormalization-scheme
independent mass definition can be realized comparing sétsdrom cross section measurements
to fully inclusive calculations in higher-order QCD[8]. ke the pole mass definition is applied and
the extracted value can be unambiguously interpreted. @dngpthe combined measured cross
sections from the lepton+jets, dilepton and lepton+taunnbhto the NLO+NNLL calculations
from S. Mochet al. [9] yields a top quark mass of

Mop = 1691729 (stat+ sysy GeV.

This result is in good agreement with the direct measuresnent

5. Top-antitop quark mass difference

In the Standard Model, particles and antiparticles arerasduo have same mass. Any ob-
served deviation would indicate CPT violation. Replacimg top quark mass and the JES parame-
ter in the lepton+jets Matrix Element with a free parametertfie top and antitop quark mass, the
difference between both of the them can be evaluated[10% firet measurement of the mass dif-
ference between a bare quark and antiquark was performbd lagiton+jets channel using 1th
of data. With a difference of

Mop — Mgp = 3.8 £ 3.7(statd- syst) GeV

the measurement is consistent with the Standard Model &gt As this result is still dominated
by the statistical uncertainty, future measurements welibHo achieve even better precision and a
stronger test of the Standard Model.

6. Top quark width

While the top quark mass is very precisely know, the top quadth isn’'t. A template based
measurement has been performed at the CDF experiment blat aoly set an upper limit of
7.6 GeV at 95%C.L.[11]. Comparing this to the next-to-leadimder Standard Model expectation
of 1.3 GeV at a top quark mass of 170 GeV, the experimental precisiquite poor. To achieve
a more precise estimation, it has to be assumed that theieguplthe t-channel single top quark
production and the top quark decay are identical, @€t — channe) O I'(W — tb). Combining
the measurement of the branching fractBR(t — Wb) = 0.96 *3:353 [12] and the single top
production cross section @f(t — channe] = 3.14 + 0.94 — 0.80 pb [13] the total width of the
top quark can be extracted via

o(t —channe)l"(W — tb)sm

FCigp = . A
P~ BR(t — Wb)o(t — channe)sy 6.1
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Using a staitical Bayesian approach, the top quark widthbeas measured to be
Mop = 2.05+0.57— 0.52(stat+ syst) GeV.

Apart from a very good precision of the top quark width, thisasurement also offers a window
to study new physics. As an example it allows to set a limit Brgéneratiorty quark assuming
unitarity of the 44 CKM matrix, my > myp— My and a flat prior forMiy| between 0 and 1 an
upper limit of 0.63 at the 95%C.L. [14].

7. Conclusion

The top quark mass has been measured at the D@ experimefifeirert final states using
different techniques. In the dilepton channel, the larggstematic uncertainty arises from the jet
energy scale. This has been addressed in the lepton+jetsaihaith a simultaneous measurement
of the top quark mass and the jet energy scale which is weditcained by the mass of the hadron-
ically decayingwW boson. Combining all measurements with the Best Linear &ldal Estimate,
the top quark mass is determined at the D@ experiment [15¢ tody = 174.24 1.7 (stat+syst)
GeV The top quark mass has also been extracted from crogsrsertasurements comparing them
to fully inclusive calculations in higher-order QCD. Botheasurements, direct and indirect, are
in good agreement. For the first time, the difference of tipeaind antitop quark mass has been
measured at the D@ experiment. Witk — my, = 3.8+ 3.7 (stat+syst) GeV, no deviation within
uncertainties has been observed. Assuming that the cgupliachannel single top quark produc-
tion and top quark decay are identical, the top quark widthiccbe determined for the first time
with excellent precision. The measured value o2@6 is in very good with the next-to-leading
order expectation of 1.3 GeV for an assumed top quark massloGEV.
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