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1. Introduction

Measurements of the properties of heand Z boson serve as precise examinations of the
Standard Model and its predictions. Precise measuremetiited/ boson mass constrains the
Standard Model prediction of the Higgs boson mass. Measmewf the W charge asymmetry
improves the knowledge of the parton distribution functigfDFs). TheZ/y* forward-backward
asymmetry analysis extracts the electroweak mixing angsed orZ /y* to light quark vertices,
and directly probes the corresponding couplings.

The Tevatron at Fermilab is a proton-antiproton collidet.86 TeV with CP symmetric initial
state. It can be called a factory\@fandZ boson. The D@ experiment has recordetio fb— data,
in which there are about 7 M reconstruci&d— ev events. Compared to LHC, at Tevatron, tNe
andZ boson are mainly produced by valence quarks. Thereforatievis ideal for asymmetry
measurements to constrain the PDFs. AndWhandZ properties measurements benefit from the
better knowledge of the PDFs of valence quarks.

2. W boson mass analysis

Knowledge of thaV boson massMy) is currently the limiting factor in our ability to tighten
the constraints on new physics that couples to the electkowector. Improving the measurement
of the My is an important contribution to our understanding of thetteveak interaction, and,
potentially, of how the electroweak symmetry is broken.

The measurement d¥ly using 1 fb~! D@ data [1] is based on th&/ — ev decay mode
with electrons inside the central calorimeter. TWg is extracted from three kinematic variables
measured in the plane transverse to the beam: the tranavesemr, the electron transverse
momentumps, and the neutrino transverse momentum inferred from thetewessing transverse
momentumEr. The transverse mass is definedn@s= \/2p$ F1(1— cosAp), whereAg is the
opening angle between the electron and neutrino momerie iplane transverse to the beam.

TheW andZ boson production and decay kinematics are simulated uemd@RESBOS [3]
generator. The radiation of up to two photons is performedguthe PHOTOS [4] program. The
detector response is simulated using a fast parametric é@atlo simulation (PMCS) [1] de-
veloped for this analysis. The PMCS parameters are detednising a combination of detailed
simulation and data control samples. The primary contmola used for both the electromagnetic
and hadronic response tuningds— eeevents. To determine thid, PMCS template distributions
for mr, p§ andEr are generated at a series of thg} values. A binned likelihood between the
data and each template is then computed. The minimal poihiedbg likelihood as a function of
testMyy value defines the measurbfijy value.

TheMy results from data are given in Table 1. Ting, p§, andEr distributions showing the
data and PMCS template with background for the bes#tifjtare shown in Fig. 1. The systematic
uncertainties in th&ly measurement arise from a variety of sources and are sunadamniZable 2.
The results from the three methods are combined [5] to giedittal result

Mw = 80.401+0.021 (stay +0.038 (sysh GeV (2.1)
— 80.401+0.043 GeV. (2.2)
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Table 1: Results [1] from the fits to data . The uncertainty is only ttagistical component.
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Figure1: The (a)mr, (b) p§, and (c)Er distributions for data and PMCS simulation with backgrosifid.
The x values are shown below each distribution whre- [N — (PMCS)]/a; for each point in the distri-
bution,N; is the data yield in bimand only the statistical uncertainty is included. The figesare indicated
by the double-ended horizontal arrows.

This result is currently the most precise single experinmeaasurement of thigly. The cur-
rent world-average measured value with this result inadudéty = 80.399+0.023 GeV [2]. The
measurement is on going using full D@ data setlOfb~1). With ten times more data, the sta-
tistical uncertainty, and experimental systematic ureties arising from limited statistics will
decrease accordingly, and the theoretical uncertainfye@ally the PDF uncertainty) will be a
more important contribution to the uncertainties. Therefanproving our knowledge of the PDFs

Table 2: Systematic uncertainties in tivdy measurement [1].

AMyy (MeV)
Source mr p§ Bt
Electron energy calibration 34 34 34
Electron resolution model 2 2 3

Electron shower modeling 4 6 7
Electron energy loss model 4 4 4

Hadronic recoil model 6 12 20
Electron efficiencies 5 6 5
Backgrounds 2 5 4
Experimental Subtotal 35 37 41
PDF 10 11 11
QED 7 7 9
Bosonpr 2 5 2
Production Subtotal 12 14 14
Total 37 40 43
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is highly motivated.

3. W charge asymmetry analysis

The measurement &Y charge asymmetry to constrain the valence quark PDFs i$yhigh-
tivated to reduce the/ boson production model uncertainty for thlg, measurement.

At the TevatronW bosons are mostly produced by valence light quark pairs.ir@stance,
a u quark from a proton with ai_quark from antiproton producesVd* boson. Knowing thati
(u) quark carries more momentum thdr(d_) qguark,W* bosons are preferentially boosted along
proton direction, whileN~ is preferentially boosted along antiproton directidl. boson charge
asymmetry as a function &Y boson rapidity can be defined as:

Alyw) = do(W")/dyw —da(W™)/dyw _ u(xe)/d(x1) — u(xz)/d(xz)
do(W+)/dyw +do(W™)/dyw — u(x1)/d(x1) — U(x2)/d(xz)

where,yy is W rapidity, u(x) andd(x) are the PDFs of the valenceandd quark in protonx; and

X2 are the momentum fractions carried bywar d quark in proton and antiproton, respectively.
Since theW charge asymmetry can be directly expressed in terms of PBfsafion 3.2),

we can easily understand that the precision measuremém dfarge asymmetry can directly

constrain the PDFs. However, tiié boson 4-momentum is not easy to be reconstructed, because

the neutrino longitudinal momentum is not directly meableat hadron colliders. An alternative

observable is the charge asymmetry of the lepton fronWthH®son decay, which is defined as:

An) = do(1™)/dn —da(17)/dn

do(I*+)/dn +do(1-)/dn,
The lepton charge asymmetry is directly observable but sdrae“dilutes” theW charge asym-
metry due to th&/ — A asymmetry and angular momentum conservation.

A measurement of the muon charge asymmetry fiadhboson decay using D@.9fb~1
data [6] is shown in Figure 3, along with the CTEQ®6.6 predittiA good agreement of the mea-
sured central values with theoretical prediction can ba.s&éde much smaller uncertainty (more
than 5 times more precise fgr> 1) from the D@ data than the theoretical prediction indisale
measurement largely improves our current knowledge of ies?

(3.1)

(3.2)

4. Z/y* forward-backward asymmetry analysis

In the processiq — Z/y* — ete, the coupling of fermions withy* contains only vector
componentg\'; = I3f + 2Qs sir? B), while the coupling oZ with fermions contains both vector
(g\ﬁ) and axial-vectorg(z':1 =1 3f ) component. The differential cross-section can be expteas

do(gg—efe)
dcose*
where, 6% is azimuthal angle o&™ in the rest frame oZ/y*, A andB are functions of vector
coupling g&), axial-vector couplingg[;) and electroweak mixing angle (ifly). This gives rise
to a non-zero forward-backward asymmetfy£) in the final states,

= A(1— co< 6*) + Bcosh* (4.1)

_O'F—O'B_3B_
_O'F+O'B_8A_

Arg f(gf, of, sirf 8w, ...) (4.2)

4
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Figure 2: Comparison [6] of muon charge asymmetry as a function of gaepidity () for pr > 20 GeV
measured from D@.9fb~! data with CTEQ6.6 prediction.

where,F andB stand for “forward” (co®* > 0) and “backward” (co8* < 0), respectively.

At the same timeZ/y* is mostly produced by light valence quark paifanddd_at Tevatron.
Therefore, from the observablgg we can precisely measure electroweak mixing angl@in
based orZ/y* to light quark vertices, and directly probe the corresppgdiouplings. Also, at
Z-pole Agg is dominated by interference of vector and axial-vectorptiogs of Z/y* to quarks,
while far away above Z-polégg is dominated byZ/y* interference, which is sensitive to new
physics.

The Arg distribution as a function of electron pair invariant maskd unfolded from D@
~ 5 fb~! data [7] comparing with theoretical predictions is showiFigure 4. TheArg from D@
data is in good agreement with theoretical predictions apdetis no evidence for new physics at
high mass.
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Figure 3: Comparison [7] between the unfoldadg from D@ data and theoretical predictions.
The electroweak mixing angle extracted from fgs distribution of the~ 5 fb~! D@ data is
sir? By = 0.23091+ 0.0008 (stat) +0.0006 (syst). 4.3)

It is currently the most precise measurement based/gf to light quark vertices. The systematic
uncertainty is dominated by PDF uncertainty0(00048), which will become a more important
contribution in future analysis using all D@.(10 fb—1) data.
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The vector and axial-vector couplings &fy* with u andd quark extracted from thégg
distribution of the~ 5 fb~! D@ data [7] are shown in Figure 4 with 68% C.L. contours corimggar
with other experiments. It is currently the most precisedirmeasurement of the couplings of
Z/y* to light quarksu andd.
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Figure4: The 68% C.L. contours [7] of (a)! andgy, and (b)gd andgd measured fromsg distribution of
D@ data, comparing with other experiments.

5. Conclusion

Measurements of electroweak boson properties are precseamations of the Standard Model
and its predictions. The Tevatron accelerator providingPasgmmetric initial state is ideal for
asymmetry measurements. The properties measuremenectbaleak bosons at Tevatron bene-
fit from lower PDF uncertainties compared to LHC. Miéoson mass measurement constrains the
Higgs boson mass. T boson mass measured from D@ data is currently the most precise
result from a single experiment. Thé charge asymmetry measurement constrain further the PDF
uncertainties. The muon charge asymmetry fidm- uv events of D@ 4 fb~! data is much
more precise than predicted from current knowledge of th&?Drhez/y* forward-backward
asymmetry analysis using D@ ! data gives currently the most precise measurement of the
electroweak mixing angle based driy* to light quark coupling. It also gives currently the most
direct measurement of the couplingdfy* to light quarksu andd.
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