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Abstract. We present the most recent high pT results from the CDF experiment using pp collisions at√
s = 1.96 TeV produced at the Tevatron Collider at Fermilab. We will summarize results in electroweak

physics, top physics and searches for physics beyond the Standard Model. Many of the measurements of
important signals like W boson, Z boson, and the top quark have been reestablished. Taking advantage of
the increase in energy and detector upgrades, these measurements are already beginning to be competitive
with previous results.

1 Introduction

The Tevatron collider has undergone extensive upgrades
over the last five years with the goal to increase the in-
stantaneous luminosity by over an order of magnitude and
increase the energy by a modest 9%. Data taking began at
both CDF and DØ experiments in early 2002, and the re-
sults presented in this paper represent the physics quality
data taken by CDF through January 2003. The amount
of data used in the following analyses range from 53–91
pb−1, depending on what parts of the detector were used
and when the analysis was finished. The CDF detector has
undergone a massive upgrade where the entire tracking
system and forward (1.0 < |η| < 3.6) calorimeter detec-
tors were replaced. The silicon tracking detector has been
replaced to improve the coverage of the interaction region
and forward tracks to |η| < 2. A new time of flight (TOF)
detector has been installed. The muon coverage has been
increased to |η| < 1.5. The entire DAQ and trigger sys-
tems have been replaced with the additional capability of
being able to trigger on drift chamber tracks with every
bunch crossing, and trigger on displaced vertices at the
second level of the trigger.

2 Recent results in electroweak physics

The electroweak program at CDF consists of making pre-
cision measurements of the properties of Z and W bosons
created through qq annihilation. Most of the measure-
ments use the electron and muon decays since they have
the cleanest signatures. Tau decays are also considered, al-
though they have higher backgrounds since they are more
difficult to identify. The program consists of baseline mea-
surements such as the W and Z cross sections to the three
different leptons that gives us confidence in our under-
standing of the detector and analysis tools. Analyses to

make precision measurements include the measurement of
the Drell Yan rapidity spectrum and the W charge asym-
metry which puts constraints on PDF’s, precision mea-
surements of the W mass, width, and polarization. Fi-
nally, we can put constraints on new physics by looking for
anomalous couplings in diboson production, and looking
at the Drell Yan mass and forward backward asymmetry
spectrums for deviations from the Standard Model.

2.1 W and Z cross sections

The W and Z cross sections serve as our “standard can-
dles” for all of the high p

T
analyses. They have low back-

grounds and relatively high cross sections so the measure-
ments are already systematics limited. The W cross sec-
tion is important because it leads into many of the pre-
cision measurements involving the W boson, and may be
used to normalize future cross section measurements. The
W and Z samples are used to understand detector and ob-
ject identification efficiencies, and to develop new analysis
techniques. They use the inclusive high p

T
lepton triggers

(W → τντ analysis uses a large �ET trigger) which are the
principle triggers for most electroweak analyses, top anal-
yses and many analyses searching for new physics. The
leptonic signature of the W is large �ET and an central
isolated high p

T
lepton. The leptonic signature of Z is two

central isolated high p
T
leptons. The candidate event yield

in each channel, background fraction and measured cross
section for W and Z decaying to different leptons in 72
pb−1of Run II data is shown in Table 1. The cross sec-
tions can be compared with the NNLO predictions [1] of
2.731±0.002 nb and 250.5±3.8pb for W and Z production
respectively. Figure 1 shows the transverse mass distribu-
tion for W → µνµ, which will be an important contribu-
tion to the W mass measurement, and the invariant mass
distribution for Z → e+e− , which is important for un-
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derstanding the energy/momentum scale and resolution.
Figure 2 shows the W and Z cross section measurements
compared with the NNLO prediction [1]. The W → τντ

cross section measurement is considered the baseline mea-
surement for analyses using τ ’s. Figure 3 shows the track
multiplicity of W → τντ candidates and is a benchmark
for detector efficiencies and background estimation. Anal-
yses using τ ’s are still being optimized and we expect to
gain a factor of two in yield due to optimizations in the
trigger and analysis techniques. This will be important for
SUSY Higgs searches where tanβ is large [2].

2.2 ΓW and lepton universality

Taking the ratio of the Z and W cross sections, we com-
pute the R� = σW Br(W → �ν�)/σZBr(Z → �+�− ) for
electrons and muons. The results for the electron and
muon analyses are shown in Table 2. They agree well with
the NNLO calculation of 10.66 ± 0.05 [1]. Using the LEP
measurement [3] of Br(Z → e+e− ) and theoretical pre-
dictions for σW /σZ and Br(W → eνe), the measurement
of Re can be used to indirectly measure ΓW . The results
for using electrons, muons, and combining the two mea-
surements are shown in Table 2. Figure 3 compares that
determination to previous indirect measurements of the
W boson width. Again, the results agree well with the
theoretical calculation [4] (ΓW = 2.067 ± 0.021GeV/c2 ).
The electron and τ cross sections can be combined to test
lepton universality by extracting the ratio of coupling con-
stants, gW

τ /gW
e = 0.99 ± 0.04stat ± 0.07sys.

2.3 Forward-backward asymmetry using dielectrons

The presence of both vector and axial-vector couplings
of electroweak bosons to fermions in the process q̄q →
Z/γ → �+�− gives rise to an asymmetry in the polar angle
of the electron momentum in the rest frame of the lepton
pair. If the number of forward events, NF , are defined as
the number of events with positive cos θ and the number
of backward events, NB , as the number of events with neg-
ative cos θ, then the forward-backward charge asymmetry
AFB is:

AFB =
NF − NB

NF + NB

=
σ(cos θ > 0) − σ(cos θ < 0)
σ(cos θ > 0) + σ(cos θ < 0)

(1)

and AFB is a direct probe of the relative strengths of the
vector and axial-vector couplings over the range of Q2

being considered. In addition, AFB constrains the prop-
erties of any additional non-Standard Model amplitudes
contributing to qq̄ → �+�−, and is complementary to a di-
rect search for them via excesses in the total cross section.

Although it will be very difficult for the Tevatron to
compete with LEP measurements for Q2 below 200 GeV,
the Tevatron can probe beyond the energies that were

available at LEP. The AFB measurement takes advantage
of both the central and forward calorimeters identifying
isolated high p

T
electrons out to |η| < 3. We find 5438

candidate events with 40 < Mee < 600 GeV/c2 using 72
pb−1 of data. The background, which comprises about
3% of the sample, is dominated by dijet production. The
dependence of AFB with Mee is shown in Fig. 4. Results
agree with theoretical predictions.

2.4 W charge asymmetry

Theoretical uncertainty on the parton density functions of
the proton is a significant error in many measurements at
the Tevatron, such as the W mass. Measurement of the
forward-backward charge asymmetry in pp → W± pro-
vides a constraint on these parton fluxes. Since u quarks
carry, on average, a higher fraction of the proton momen-
tum than d quarks, W+ produced by ud → W+ tend to
be boosted in the proton direction. Similarly, W− tends
to be boosted in the anti-proton direction. This results in
a non-zero forward-backward charge asymmetry defined
as:

A(yW ) =
dσ(W+)/dy − dσ(W−)/dy

dσ(W+)/dy + dσ(W−)/dy
(2)

where y is the rapidity of the W bosons and dσ(W±)/dy
is the differential cross section for W+ or W− boson pro-
duction.

Leptonic decays of the W boson, in our case W →
eνe, provide a cleanly identified sample for studying this
asymmetry. The pz of the neutrino is unmeasured but can
be determined with a W mass constraint, up to a two-
fold ambiguity. In some cases, where that ambiguity can
be reduced due to the known V-A decay distribution in
the W rest frame, yW can provide a direct measure of the
W production asymmetry. Initially however, we use the
experimentally more direct e± direction to measure the
forward-backward electron asymmetry,

A(ηe) =
dσ(e+)/dη − dσ(e−)/dη

dσ(e+)/dη + dσ(e−)/dη
(3)

which convolves the W production asymmetry with the
V-A density distribution. It provides sensitivity to the ra-
tio of the parton density functions for u and d quarks,
u(x)/d(x).This sensitivity is most pronounced at high val-
ues of |η| (forward/backward region) as show in Fig. 5.
Thus the primary experimental challenge in this measure-
ment is tracking in the forward region to obtain charge
identification for electrons.

A new technique for tracking forward electrons has
been developed for this purpose. The technique uses high
energy electromagnetic clusters in the forward calorimeter
to seed tracks through the silicon detector. Using the event
vertex and the centroid of the shower in the calorimeter as
two end points, the energy deposited in the calorimeter is
used to predict two trajectories for the candidate electron
depending whether it is positively or negatively charged.
A search for hits in the silicon detector along the two tra-
jectories indicates whether an electromagnetic cluster is
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Fig. 1. Transverse mass distribution of W → µνµ candidates (left) and the invariant mass distribution of Z → e+e− candidates
collected in 72 pb−1 of Run II data
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Fig. 2. Comparisons of cross section measurements for W (left) and Z (right) bosons with NNLO calculations from CDF and
DØ using Run II data

number of tracks
0 1 2 3 4 5 6 7 8 9 10

0

200

400

600

800

1000

1200

1400   candidateτ : number of tracks, associated with the ν τ →W 

2345 events

-1
 L = 72 pb∫CDF Run II Preliminary,  

Data
ν τ →W 
ν µ →W 
ν e →W 

τ τ →Z 
QCD

(W)Γ
1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

Ye
ar

1988

1990

1992

1994

1996

1998

2000

2002

2004

2006

)µUA1(e+
UA2(e)

CDF I (e)

)µD0 I (e+

World
Average

)µCDF II (e+

Standard Model

CDF Run II Preliminary
-1

 L dt = 72.0 pb∫

Fig. 3. The track multiplicity of W → τντ candidates compared with predictions of background and signal simulation (left). A
comparison of results of indirect measurements of ΓW (right)

Table 1. The event yield, background fraction, and measured cross sections for the W and Z analyses using 72 pb−1 of Run
II data

Channel (�) Sample Background σ·Br

W → eνe 38625 6% 2.64 ± 0.01stat ± 0.09sys ± 0.16lum nb
W → µνµ 21599 11% 2.64 ± 0.02stat ± 0.12sys ± 0.16lum nb
W → τντ 2345 26% 2.62 ± 0.07stat ± 0.21sys ± 0.16lum nb

Z → e+e− 1830 0.6% 267 ± 6stat ± 15sys ± 16lum pb
Z → µ+µ− 1631 0.9% 246 ± 6stat ± 12sys ± 15lum pb
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Fig. 4. The forward-backward asymmetry of electron-positron pairs measured by CDF, compared to theory predictions. The
results are shown for the entire meespectrum (left) and for events near the Z pole (right)

Table 2. Results of the ratio R� = σW Br(W → �ν�)/σZBr(Z → �+�− ), and the ΓW from R� using 72 pb−1 of Run II data

sample R� ΓW (GeV/c2 )

e 9.88 ± 0.24stat ± 0.47sys 2.29 ± 0.06stat ± 0.10sys

µ 10.69 ± 0.27stat ± 0.33sys 2.11 ± 0.05stat ± 0.07sys

combined 10.54 ± 0.18stat ± 0.33sys 2.15 ± 0.04stat ± 0.07sys

likely to be an electron and the better match of the two
trajectories indicates the charge of the electron. The per-
formance of this method is shown in Fig. 5, where the
efficiency is constant out for |η| < 1.8. We expect results
from this analysis for this summer. The sensitivity of the
measurement using the forward tracking is shown in Fig. 5,
where the points are set to zero asymmetry, but the error
bars indicate the expected uncertainty with 110 pb−1of
Run II data compared to the uncertainties from Run I.
The extended reach of the Run II measurement is due to
the improved forward tracking detector and calorimeter.

2.5 Wγ and Zγ cross section

The interest in Wγ and Zγ production in pp collisions
arises from the sensitivity to the triple gauge-boson ver-
tex. The value of this coupling is predicted from the elec-
troweak SU(2)L × U(1)Y symmetry and measurements
provide fundamental test of the non-Abelian nature of the
Standard Model. Within the Standard Model the photon
couples at the WWγ vertex while the triple gauge-boson
vertex for ZZγ coupling is predicted to be zero. If the
W and Z bosons were to have internal structure, devia-
tions from these Standard Model predictions would be ob-
served. Limits on any non Standard Model contributions
to Wγ and Zγ production are usually placed in terms of
so-called anomalous couplings ∆κ and λ which are zero in
the Standard Model.

Both the W and Z boson production can occur with
direct photons from the bremsstrahlung of the initial state
quarks and the boson’s leptonic decay products. A full cal-
culation of the pp production of W and Z bosons with di-
rect photons must include these radiated photons in addi-
tion to those directly coupled to the W or Z boson vertex.

Measurements of the triple gauge-boson couplings have
been made at LEP in e+e− collisions and at the Tevatron
in Run I.

Using 72 pb−1of Run II data, we measure the cross sec-
tions for Wγ and Zγ, where Z → e+e− or Z → µ+µ− and
W → eνe or W → µνµ. The selection is very similar to
the W and Z cross section measurements, except there is
an additional requirement of a hard photon (Eγ

T > 7GeV,
|η| < 1) which is isolated from the leptons (∆R(γ − �) >
0.7). The dominant background in these measurements
is dijet production. The measured total production cross
section along with the theoretical prediction is shown in
Table 3. All measurements are in good agreement with
the theoretical predictions. In order to place constraints
on anomalous couplings the total cross section and the
kinematic distributions of the event sample are used. Fig-
ures 6 and 7 show kinematic distributions of Wγ events
and Zγ events respectively which will be used to place
constraints on anomalous couplings in the future.

2.6 Diboson: WW

Heavy di-boson (WW ,WZ, and ZZ) measurements will
be important in Run II for a number of reasons. At the
very least, much more precise measurements of the cross
sections for these processes will be possible compared to
Run I, leading to new limits on anomalous triple gauge bo-
son couplings. Di-boson production is an important back-
ground in many Standard Model measurements, such as
studies of top pairs using dilepton decays, and searches
for physics beyond the Standard Model. In addition, being
able to understand and control the di-boson signal will be
a crucial step towards the possible discovery of the Higgs
bosons. The (W/Z)+Z di-boson channel with Z →bb will
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Fig. 5. Left: The track finding efficiency for the calorimeter seeded tracking method versus electron η. Right: The W charge
asymmetry versus electron rapidity for various PDF’s. Also the uncertainties from measuring the W charge asymmetry versus
electron rapidity using 110 pb−1of data from the Run I measurement, and the expected uncertainties using the Run II detector,
where the central value is set to zero asymmetry
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Fig. 7. Kinematic distributions from Zγ events using 72 pb−1of Run II data. The photon ET spectrum (left) and the invariant
mass (right)

provide a good calibration for (W/Z)+H production with
H →bb . For higher mass Higgs bosons, where WW ∗ de-
cays become important, direct di-boson production must
be understood as a contribution to the background. We
have started looking for WW decay to dileptons in 72
pb−1by selecting events with two oppositely charged high
p

T
leptons (� = e, µ), �ET >25 GeV, and no additional jets

in the event. Two events have been found (eµ, ee), when

we expect 2.7± 0.6 WW signal events and 1.5± 0.6 back-
ground events (see Table 4). So far the results are consis-
tent with the Standard Model predictions, but we do not
yet have enough data to make a cross section measure-
ment. Figure 8 shows the kinematic distribution of the
two events along with the Monte Carlo prediction.
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Fig. 8. WW candidates found in 72 pb−1in the plane ∆φ(�ET ,�) versus �ET

Table 3. The event yield, background fraction, and measured cross sections for the Wγ and Zγ analyses using 72 pb−1 of
Run II data. The Standard Model theoretical prediction is shown as the first line in each case

Decay Candidate Background σ·Br (pb)
Lepton (�) Sample Fraction

Wγ → �ν�γ(th.) 18.7 ± 1.3
Wγ → eνeγ 43 33% 17.2 ± 3.8stat ± 2.8sys ± 1.0lum

Wγ → µνµγ 38 29% 19.8 ± 4.5stat ± 2.4sys ± 1.2lum

Zγ → �+�−γ (th.) 5.4 ± 0.4
Zγ → e+e−γ 11 4.6% 5.5 ± 1.7stat ± 0.6sys ± 0.3lum

Zγ → µ+µ−γ 14 4.0% 6.0 ± 1.6stat ± 0.7sys ± 0.4lum

Table 4. The signal prediction, background estimate, and number of WW → ��ν�ν� candidate events found in 72 pb−1 of Run
II data

Source ee µµ eµ ��

Backgrounds 0.29 ± 0.13 0.46 ± 0.18 0.77 ± 0.60 1.52 ± 0.64
WW → ��ν�ν� 0.54 ± 0.12 0.65 ± 0.14 1.55 ± 0.34 2.74 ± 0.59

Data 1 0 1 2

3 Recent results in top physics

3.1 Top production and decay

At the current Tevatron energies, top quarks are pro-
duced mainly in pairs through the strong force mediated
processes qq →tt (85%) and gg →tt (15%). Top quarks
can also be produced singly via the electroweak vertex
W → tb, but with half of the cross section of the QCD
production. The increase in center of mass energy over
Run I boosts the tt cross section by about 30%.

Within the Standard Model the top quark decays as a
free quark to almost always a W and b quark. The decays
and their respective signatures in the detector are cat-
egorized by how the W decays. The dilepton signature,
where there are two leptons (� = e, µ), two b jets, and
�ET , corresponds to about 5% of the total cross section
and has a low background. The “lepton plus jets” signa-
ture, where there is one lepton (� = e, µ), four jets (two

from b quarks) and �ET , comprises about 30% of the total
cross section, but has a higher background. Finally, the
“all-hadronic” signature, where there are 6 jets (two from
b quarks), comprises about 44% of the total cross section,
but has the highest backgrounds.

Preliminary measurements of the top quark cross sec-
tion have been made using both the dilepton and lepton
plus jets signatures. The cross section measurements are
interesting because they test the prediction of perturba-
tive QCD, are sensitive to new physics beyond the Stan-
dard Model, and will be an important background in Higgs
searches. A very preliminary measurement of the top mass
in the lepton plus jets sample has been made. This will
continue to be an exciting measurement because of its
ramifications on electroweak fits on the Standard Model
Higgs boson mass. As the Tevatron accumulates more data
than Run I, the precision top quark measurements begin
in earnest with measurements of decay modes, branching
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ratios, searches for rare and non-Standard Model decays,
and measurements of the tt production kinematics.

3.2 Dilepton cross section

Dilepton tt events are selected by requiring two high
p

T
isolated leptons from the two W ’s (E�

T > 20 GeV),
�ET > 20 GeV from the corresponding neutrinos, and two
jets (Ej

T > 10 GeV, |ηj | <2) from the b quarks. We also re-
quire that if the direction of the �ET is near the direction of
a jet or lepton, we increase the �ET > 50 GeV, to reduce the
background from mis-measured energy faking the �ET sig-
nature. Finally, a scalar sum of the transverse energy (HT )
of the leptons, jets, and �ET is required to be greater than
200 GeV. With these cuts the signal to background ratio
is 9/1, and we expect roughly 2.5 events. In 72 pb−1, five
candidates are found where 0.3 ± 0.12 background events
are expected (see Table 5). The cross section is measured
to be σtt = 13.2 ± 5.0stat ± 1.5syspb, compared to the
NLO theoretical prediction [5] of σtt(

√
s = 1.96TeV ) =

6.7+0.71
−0.88pb. Figure 9 shows the dilepton candidates and

the expected tt theoretical prediction (with Mtop = 175
GeV/c2 ).

3.3 Lepton + jets cross section

Lepton plus jets tt events are selected by requiring one
high p

T
isolated central lepton from one of the W ’s (E�

T >

20 GeV), �ET > 20 GeV, and at least three jets (Ej
T > 10

GeV, |ηj | <2). Cosmic rays, photon conversions, Drell-
Yan, and tt dilepton events are removed. At this point the
signal to background ratio is 1/6. To further reduce the
background we use the silicon detector to identify a dis-
placed vertex associated with a b jet. This improves the
signal to background to 3/1. Using 57.5 pb−1of Run II
data we find 15 candidate events, with an expected back-
ground of 3.8 ± 0.5 events (see Table 6). Figure 9 shows
expected signal and background contributions along with
the number of candidate events. The events with only one
or two jets are used as a control sample for our back-
ground prediction. The events in the three and four jet
channels are used to measure the tt cross section. We
measure the cross section in the lepton plus jets channel
to be 5.3 ± 1.9stat ± 0.8syspb, which agrees well with the
NLO theoretical prediction [5] of σtt(

√
s = 1.96TeV ) =

6.7+0.71
−0.88pb.

3.4 Top mass

The top mass has been measured with the lepton plus
≥ four jet sample without requiring a displaced vertex
associated with a b jet. In 72 pb−1we find 33 candidate
events. This method involves a constrained fit of the kine-
matics at the parton level. There are 24 possible com-
binations, 12 from the parton-jet matching and 2 possi-
ble longitudinal momenta for the neutrinos. We perform

a constraint-fitting technique where we require energy-
momentum conservation at production and decay vertices,
the mass of the two top quarks be equal, and that two
jets and lepton and neutrino assigned to the decay of the
W bosons have the invariant mass of the W boson. This
over-constrains the system of variables, and we calculate
the χ2 for each combination and choose the combination
with the lowest χ2. Mass templates are made by perform-
ing the same algorithm to tt Monte Carlo generated at 5
GeV/c2 steps between 150 and 200 GeV/c2 . A contin-
uous likelihood method is used with parameterized mass
templates, where the minimum of the likelihood distribu-
tion gives the central value for the top mass. Performing
this on the 33 candidate events we measure a top mass
of 171.2 ± 13.4stat ± 9.9sysGeV/c2 . Figure 10 shows the
33 candidate events along with the signal and background
templates, and the upper right-hand corner shows the out-
put of the continuous likelihood fit. Being a first prelim-
inary results, the systematic uncertainty is rather large,
and is dominated by the jet energy scale uncertainty. This
will improve as we continue to understand our detector
better.

If we require a displaced vertex associated with a b
jet, the measurement can be greatly improved. The b-tag
identifies one of the jets as a b jet and reduces the number
of combinations from 24 to 12. It also greatly reduces the
background. This greatly improves the mass resolution. A
preliminary look at this method is made in Fig. 10. Since
the b-tag reduces the background, the kinematic require-
ment on the fourth jet can be relaxed, and we find 11
candidate events in 56 pb−1. We expect to have a mea-
surement using b-tags by this summer.

4 Recent results in searches for physics
beyond the Standard Model

4.1 Searches for first generation leptoquarks

Leptoquarks are hypothetical color-triplet particles car-
rying both baryon and lepton quantum numbers and are
predicted by many extensions of the Standard Model as
new bosons coupling to a lepton-quark pair [6]. Their
masses are not predicted. They can be scalar particles
(spin 0) or vector (spin 1) and at high energy hadron col-
liders they would be produced directly in pairs mainly
through gluon fusion or quark antiquark annihilation. In
most models leptoquarks are expected to couple only to
fermions of the same generation in order to avoid flavor-
changing neutral current constraints. These analyses focus
on the search for pair produced first generation scalar lep-
toquarks S1 decaying either into eejj or eeνν. A search
for first generation leptoquarks decaying into two central
electrons (Ee

T > 5GeV) and two jets (E(j1,j2)
T > (30, 15)

GeV) has been done using 72 pb−1of Run II data. Zero
events were found with an expected background of 3.4±3
events. By assuming Br(LQ → lq) = 1, and using NLO
theoretical estimate, 95% CL upper limit can be set on
the production cross section as a function of Leptoquark
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Table 5. The signal prediction, background estimate, and number of dilepton (tt → ��ν�ν�bb ) candidate events found in 72
pb−1of Run II data

Source ee µµ eµ ��

Backgrounds 0.10 ± 0.06 0.09 ± 0.05 0.10 ± 0.04 0.30 ± 0.12
tt → ��ν�ν�bb 0.5 ± 0.05 0.59 ± 0.07 1.44 ± 0.16 2.5 ± 0.3

Data 1 1 3 5

mass (Fig. 11(left)). First generation scalar leptoquark
with mass below 230 GeV/c2 is excluded (the Run I limit
was 220 GeV/c2 ). Another analysis searching for lepto-
quarks looked for leptoquarks which decay to neutrinos
and 2 jets. Events are selected by requiring 2 high ET

jets (E(j1,j2)
T > (45, 20) GeV) and �ET >55 GeV. Apply-

ing these cuts to 76 pb−1of data we find 42 events with
an expected background of 43 ± 11 events. We set a 95%
CL limit on the mass of the first generation leptoquark
(LQ → νq), excluding the mass range 60 < m(LQ) <
107GeV/c2 (Fig. 11(right)).

4.2 Search for doubly-charged Higgs

Doubly-charged Higgs particles are members of Higgs
triplets that occur in three types of models: Models with
extensions to the Higgs sector of the SM [7], left-right

symmetric models [8], and supersymmetric left-right sym-
metric models [9]. The see-saw mechanism, designed in the
context of the left-right symmetric model, successfully pre-
dicts light neutrino masses, and hence gives motivation for
searching for doubly-charged Higgs bosons. 95 pb−1of Run
II data has been searched for same-sign central electron
pairs above the Z pole. Events below the Z pole are used
as a control sample for testing the background estimate.
When searching in bins of ±10% around each Higgs mass
considered, no events are observed, and 95% CL upper
limits on the cross section are set (Fig. 12(left)).

4.3 Search for long-lived stable charged particles

Physics theories extending the Standard Model usu-
ally predict new conserved quantum numbers leading to
stable particles. Long-lived CHArged Massive ParticleS
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Table 6. The signal prediction, background estimate, and number of lepton plus jets (tt → �ν�bb qq ) candidate events found
(before and after displaced vertex b-tagging) in 57.5 pb−1of Run II data

Source W + 1 jet W + 2 jets W + 3 jets W+ ≥ 4 jets
Background 33.8 ± 5.0 16.4 ± 2.4 2.88 ± 0.5 0.87 ± 0.2

SM Background plus tt 34.0 ± 5.0 18.7 ± 2.4 7.4 ± 1.4 7.6 ± 2.0
Data before tagging 4913 768 99 26

Data (≥ 1 b-tag) 31 26 7 8

(CHAMPS) escaping the CDF detector can be detected
by high-p

T
muon triggers. Moreover, due to their large

mass, these particles are expected to move slowly, lead-
ing to long Time-Of-Flight (TOF) through the detector.
CHAMP production has been investigated by exploiting
the new TOF system, providing sensitivity to higher βγ
values than the dE/dx measurement used in Run I analy-
ses. 53 pb−1of high-p

T
muon data have been used. In order

to have full tracking efficiency on CHAMPS with mass
larger than 100 GeV/c2 , a cut at 40 GeV/c is applied
on the transverse momentum of the candidate tracks. The
time t0 at which the interaction is occurred is estimated
by averaging the measured time for tracks with p

T
< 20

GeV/c. Tracks with high time of flight difference ∆t with
respect to the t0 are looked for. In 53 pb−1of Run II data
7 events are observed where 2.9 +3.2

2.0 events are expected.

Production cross section upper limits are established for a
stable stop model [10](Fig. 12 (right)). By assuming NLO
predictions, a 95% CL lower limit on the stop mass is set
at 108 GeV/c2 , where the stop is isolated in the detector.
The lower limit on the mass for a stop embedded in a jet
is 95 GeV/c2 .

4.4 Search for new particles decaying to dijets

Many classes of new particles have a larger branching frac-
tion into just two partons (quarks and gluons) than into
modes containing a lepton or electroweak gauge boson.
Frequently this channel (dijets) is not searched because
of the large QCD dijet background and the poor mass
resolution. However, high statistics in the dijet sample
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allow exclusions of cross sections that are a small frac-
tion of the dijet cross section. New particles with a nat-
ural width significantly smaller than the measured dijet
mass resolution should all appear as a dijet mass reso-
nance of the same line shape in our detector. Thus the
poor dijet mass resolution allows us to search for many
different phenomena with a single measured distribution.
When setting σ · Br upper limits, we only need to model
the resonance shape for a single type of particle decay-

ing to dijets. We can then compare this cross section
upper limit to the predicted cross section versus mass
of any particle with a narrow intrinsic width to get a
mass limit. We use this technique to search for phenom-
ena including axigluons (A →qq ) [11], Flavour Univer-
sal Colorons (C →qq ) [12], excited states of composite
quarks (q∗ → qg) [13], Color octet techni-ρ’s (ρT → g →
qq ,gg) [14], W ′, Z ′ bosons(W ′, Z ′ →qq ) [15], and E6 di-
quarks (D(Dc) → q q(qq)) [16]. No evidence for new par-
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ticles is observed, and excluded mass regions for several
models are drawn in Fig. 13.

4.5 Search for new particles decaying to dileptons

Many extensions to the Standard model predict extra neu-
tral gauge bosons. Some examples of models that pre-
dict extra neutral gauge bosons are E6 model Z ′ [17],
and Randall-Sundrum gravitons [18]. For the most part
these models do not constrain the masses of the neutral
gauge bosons. 72 pb−1of Run II data are used to search
for extra neutral gauge bosons that decay to electrons
and muons. The analyses require two high-p

T
electrons or

muons, and search the invariant mass spectrum above the
Z pole for excesses above the Standard Model prediction.
The observed dilepton mass spectra agree with the back-
ground expectation (Fig. 14). A 95% CL upper limit on
the production σ·Br(��) is set as a function of Z ′ mass and
Randall-Sundrum graviton mass. A 95% CL lower limit on
the Z’ mass is established at 665 GeV/c2 (Fig. 15(left)),
when Standard Model couplings are assumed. A 95%
CL lower limit on the Randall-Sundrum graviton mass
is made for various values of k/MPl (Fig. 15(right)).

4.6 Search for new particles decaying to diphotons

In many models involving physics beyond the Standard
Model, cascade decays of heavy new particles generate
γγ signatures involving �ET , jets, leptons, gauge bosons
(W, Z, γ), and possibly b-quarks. Some examples are su-
persymmetry with a light gravitino [19], radiative decays
to a higgsino-LSP [20], and models with large symme-
try groups [21]. This analysis begins a systematic search
for anomalous γγ events such as the eeγγ �ET event found
in Run I [22]. With 84 pb−1of Run II data, we require 2
central photons (ET > 13GeV), and find good agreement
with Standard Model predictions. We compare the �ET and
Mγγ distributions with the expected Standard Model pro-
duction in Fig. 16. No γγ�� events have yet been observed
in Run II.

5 Prospects

The Run II dataset is approaching the size of the Run I
dataset, and in many cases has the same physics reach,
because of the increase in center of mass energy and im-
provements in the detector. Table 7 shows the expected
event yields for each experiment with 2 fb−1 of data com-
pared to the event samples from Run I. With 2 fb−1 of
data we expect to be able to measure the W mass with an
uncertainty of 40 MeV/c2, and the top mass with an un-
certainty of 3 GeV/c2 , further constraining electroweak
fits for the Higgs mass. The enormous increase in the top
samples will allow us for the first time to make precision
measurements of top quark production and its properties.
We will also be searching for new objects at and above the
electroweak scale. We will be sensitive to charginos up to
130 GeV/c2 , to gluinos up to 270 GeV/c2 , stop quarks up
to 150 GeV/c2 , second generation lepto-quarks up to 300
GeV/c2 , new vector bosons up to masses of 900 GeV/c2 ,
and excited quarks up to 800 GeV/c2 . These are all model
independent limits, and we believe our prospects are best
interpreted as a list of probable sensitivities to the real
surprises that lay at the electroweak scale.

6 Conclusions

Run II at the Tevatron is well under way. The CDF exper-
iment has reestablished many baseline electroweak mea-
surements. The top program has been launched and will
be an area of a lot of excitement in the next few years.
We have also reestablished limits on new physics, many of
which already improve on Run I results.
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