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The Tevatron Collider providespp̄ collisions at a center of mass energy of
�

s = 1.96 TeV. Over

the next few years the Tevatron is the only accelerator whichcan produceW andZ intermediate

vector bosons. Measuring their properties is an important test of the standard model of elementary

particles (SM). Significant deviations from SM predictionscould indicate the presence of new

physics. We present here some recent studies ofW and Z properties made by the CDF and

DØ Collaborations using data collected during Run II of the Tevatron.

International Europhysics Conference on High Energy Physics
July 21st - 27th 2005
Lisboa, Portugal

�
Speaker.

†on behalf of the CDF and DØ Collaborations.

c
�

Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

P
o
S
(
H
E
P
2
0
0
5
)
2
9
8



Studies of W/Z bosons at Tevatron Sandra Leone

 B, pb× σ
1000 3500 6000

 cross section measurementsν l →Tevatron W 

)µCDF’04 (  166 pb± 64 ± 12 ±2786 
CDF’04 (e)  167 pb± 60 ± 14 ±2780 

)µCDF’04 (e+  167 pb± 53 ± 10 ±2775 
CDF’04 (e)  172 pb± 167± 34 ±2874 

<2.8)η(preliminary, 1<

)τCDF’03(  160 pb± 210 ± 70 ±2620 
(preliminary)

D0’04 (e)  186 pb± 75 ± 8 ±2865 
(preliminary)

)µD0’05 ( 194 pb±81 ±15 ±2989 
(preliminary)

 B, pb× σ
0 500

 cross section measurements- l+ l→Tevatron Z 

)µCDF’04 (  15.2 pb± 7.5 ± 4.2 ±253.1 
CDF’04 (e)  15.4 pb± 5.5 ± 3.9 ±255.8 

)µCDF’04 (e+  15.2 pb± 4.6 ± 3.3 ±254.9 

)τCDF’04 (  15 pb± 26 ± 48 ±242 
 (preliminary)

)µD0’04 (  18.8 pb± 6.9 ± 3.0 ±291.3 
 (preliminary)

D0’04 (e)  17.2 pb± 9.9 ± 3.9 ±264.9 
 (preliminary)

)τD0’04 (  15 pb± 18 ± 15 ±237 

Figure 1: σ �pp̄ � W � �BR�W � �ν� � (left) andσ �pp̄ � Z� �BR�Z � ��� (right) measured at CDF and
DØ . The uncertainties are listed in the following order: statistical, systematic and luminosity. The vertical
band indicates the theoretical (NNLO) predictions.

1. W and Z inclusive cross section measurements

W andZ bosons are identified by their leptonic decays into electrons, muons and taus. Inclu-
sive cross sections of bothW andZ have been measured in all three lepton channels [1]. Figure
1 summarizes the CDF and DØ cross section measurements. All measurements are in agreement
with the NNLO calculations, represented by the vertical band [2]. The ratioR of the cross section
measurements forW andZ can be used to indirectly extract the total width of theW boson.R can
be expressed as:

R � σ �pp̄ � W 	
σ �pp̄ � Z 	 Γ �W � 
ν 	

Γ�Z � 

	 Γ �Z 	
Γ�W 	 �

Inserting the SM predictions for the total cross sections and Γ�W � 
ν 	 and using the experimental
Z total and partial widths from LEP, one can extractΓ�W 	. CDF measured the following values:
Γ�W 	= 2079�41 MeV, combininge and µ channels and using 72 pb1 of data; andΓ�W 	=
2056�44 MeV in theµ channel, using 194 pb1. These measurements are in agreement with
both the PDG world average [3] and the SM prediction (2091.1� 2.5 MeV).

2. Direct W width measurement

DØ measured directly theW width in the electron channel using the transverse mass distribu-
tion, defined as:

MT � �2p�T pν
T �1� cos∆φ 	 �

wherepT is the lepton transverse momentum and∆φ is the difference in azimuthal angle between
the two leptons [4]. The width is determined by normalizing the signal and backgroundMT dis-
tribution in the region of 50 GeV/c2 � MT

� 100 GeV/c2 and fitting the predicted shape of the
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Figure 2: Left: Transverse mass distributionMT used by DØ for directW width determination. Right:
dσ �dyZ measurement compared to NNLO prediction based on MRST01 PDF.

candidate events in the tail region 100 GeV/c2 � MT
� 200 GeV/c2 which is most sensitive to the

width. Figure 2 (left) shows theMT distribution. The measurement, obtained using 177 pb1 of
data, yields:Γ�W 	 = 2011� 93(stat)� 107(syst) MeV. The uncertainty is already smaller than
that of the DØ Run I result.

3. Z rapidity distribution

Measurement of the rapidity distribution of Drell–Yan pairs in theZ boson mass region can
provide a test of parton distribution functions (PDF) sincethe momentum fraction carried by the
parton is directly related to the rapidity of theZ bosonyZ . DØ measured the differential cross
sectiondσ �dyZ of the Drell–Yan process in the dielectron’s mass range 71 GeV/c2 � Mee

� 111
GeV/c2, using 337 pb1 of data. Figure 2 (right) shows the measureddσ �dyZ distribution [5].

4. W charge asymmetry

W � (W ) bosons are primarily produced through annihilation of valenceu (d) and d̄ (ū)
quarks. Sinceu quarks carry, on average, a higher fraction of the proton momentum thand quarks,
aW � (W ) tends to be boosted in the proton (anti–proton) direction.A measurement of the charge
asymmetry inW production, expressed as a function of theW rapidity yW , is sensitive to the ratio
u�d in PDF’s. However, since the longitudinal component of the neutrino momentum is not mea-
sured,yW cannot be directly determined. Therefore we measure the electron charge asymmetry,
defined as:

A�ηe	 � dσ �e� 	�dηe � dσ �e 	�dηe

dσ �e� 	�dηe � dσ �e 	�dηe
�

whereηe is the electron pseudorapidity. The observed asymmetry is aconvolution of theW produc-
tion charge asymmetry and theV �A asymmetry of theW decay. CDF has made this measurement
on a data sample of 170 pb1. Figure 3 (left) shows the measured asymmetry corrected forthe
effect of charge misidentification and background contributions [6].
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Figure 3: Left: W charge asymmetry as a function of the electronη . The predictions using different
PDF’s are shown. Right:MT spectrum forW � µν candidate events at CDF. The histogram represents the
simulation with background contribution added. The regionbetween 60–90 GeV/c2 is used to fit theMW .

5. W Mass

TheW mass (MW ) measurement, together with the top quark mass, constrains, in the frame-
work of the SM, the mass of the unobserved Higgs boson.MW is measured from a maximum
likelihood fit to the transverse mass spectrum in theeν andµν channels. There are two main com-
ponents leading to a preciseMW measurement: calibration of the charged lepton momenta andof
the energy of hadrons recoiling off theW boson. CDF has estimated theW mass uncertainty in an
analysis using 200 pb1 of Run II data. Figure 3 (right) shows theMT distribution (muon channel)
compared to the simulation and the expected background contributions. The current overall uncer-
tainty is 76 MeV/c2, already smaller than CDF Run I result [7]. TheMW fit results are currently
blinded with a constant offset which will be removed when further cross checks are completed.

6. Conclusions

The Run II of the Tevatron is well underway. Both CDF and DØ areproducing interesting
results in the electroweak sector. DØ has made the first Run IIdirect measurement of theW width.
CDF has determined the uncertainty on theW mass with the first 200 pb1 of Run II data to be 76
MeV/c2. Run II will provide the world’s highest precision measurement of theW boson mass (30
MeV/c2 for 2 fb1 of analyzed data).
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