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ABSTRACT

The CDF and DO experiments at the Fermilab Tevatron Collider have pro-
duced many results from the search for the top quark, the study of both the
electroweak and strong interactions, the production and decay of b quarks, and
the search for new high mass objects. A sample of recently obtained results
are presented.

1. Introduction

The Fermilab Tevatron Collider provides pp collisions at a center of mass energy
of 1.8 TeV. During the 1992-93 data run, the initial store luminosity was typically
5 x 10% cm~%sec™, five times the design luminosity of the Collider. The integrated
luminosity recorded on tape was 19.3 (13.4) pb~* for the CDF (D0) detectors.

Many results have been produced from these data. For example, 28 papers were
submitted to the recent Rochester Conference by the CDF Collaboration. The time
limitation prevents me from reporting on all the new CDF and DO results. Instead, 1
present selected topics from the search for the top quark, tests of the Standard Model
of electroweak interactions, studies of the strong interaction, the production and decay
of states containing a b quark, and the search for new massive objects. Much of the
material presented here is preliminary.

The CDF and DO collaborations each have over 400 collaborators from the Amer-
icas, Europe, and Asia. The DO detector, in its first data taking run, featured uranium
liquid-argon calorimeters and a muon system with large rapidity coverage. CDF in-
stalled for this run a silicon vertex detector, which, when combined with precision
tracking in the magnetic field, provided significant new physics capability.

2. Top Quark

If the Minimal Standard Model is correct, consistency of all electroweak data (Z
decay, Mw, v scattering, etc.) with the model requires!

Mot = 177 + 11118 GeV /c?
An object this massive can only be produced at the Tevatron Collider. The domj-
nant production mechanism is shown in Fig. 1. For an integrated luminosity of 20 pb~1,
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Fig. 1. The dominant top quark pro- Fig. 2. The dominant background in
duction mechanism in pp collisions. the single lepton top search.

approximately 200 tt pairs should be produced. Decay branching ratios and detection
efficiency reduces this to a small number of expected events.

Since both the top quark and W boson are very short lived, the experimental
signature is determined by the decay of the two W bosons in each event. In order not
to be overwhelmed by background, both CDF and DO searched in two modes. The
dilepton search seeks events in which both W’s decay into ev or v (tt — llyvbb). The
product branching ratio is 5%. The single lepton search seeks events in which one W
decays into ev or uv and the other decays into a light quark pair (tt — lvqgbb). Here
the product branching ratio is 30%.

2.1. CDF Dilepton Search

The CDF top quark analysis was recently published.? In the dilepton mode, they
search for ee, ey, and pp pairs of opposite electric charge. The minimum lepton Pt is
20 GeV/c, at least one of the leptons must be isolated, and ee and pp pairs are removed
if they are in the Z mass region - (75, 105) GeV/c?. The missing Er (£7) must be at
least 25 GeV, with the azimuthal angle between the missing Et vector and the nearest
jet or lepton required to be greater than 20° if £r< 50 GeV. Finally, there must be at
least 2 jets of Er> 10 GeV and pseudorapidity || < 2.4. B

The dominant backgrounds are WW production, Z— 77, fake leptons, bb produc-
tion, and lepton pairs coming from Drell-Yan production of 4*/Z. The total background
is 0.5615:23, compared to an expected signal of 1-2 events for a heavy top quark (140-180

-0.13»
GeV/c?). CDF observes 2 events in this channel, as shown in Fig. 3.

2.2. CDF Single Lepton Search

The single lepton search begins with a selection of W— [v candidates: events
containing an electron or muon with P> 20 GeV/c and Er> 20 GeV. To suppress
background without greatly reducing the top sensitivity, 3 or more jets with Er> 15
GeV and |n| < 2.0 are required. There are 52 events in this sample. The dominant
background is the production of a W recoiling against multiple jets (Fig. 2).

With these selection crlterla the expected signal to background ratio for a heavy
top quark is approxunately =3 CDF further reduces the background by requiring that
at least one of the b jets in the final state be identified. Two techniques are employed:
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Fig. 3. The missing Et vs. its angle relative to the nearest jet or lepton. The two events to
the right of the cut line are top candidates.

finding the secondary vertex from the b decay, and finding an additional lepton from
the semileptonic decay of the b or its daughter ¢ quark.

For secondary vertex tagging, CDF uses jet data to determine the tagging effi-
ciency and the background rate in high Py jets. Figure 4 compares the proper decay
distance (c7) distribution for b-tags in a b enriched sample of moderate Pt inclusive
electron data with the prediction from a & Monte Carlo calculation. A similar distri-
bution for data from a generic jet sample (Fig. 5) shows the contributions from false
tags as well as the heavy quark content in such a sample. The efficiency for tagging at
least one b jet in a tt event is 22 & 6%.

The dominant background comes from tagging errors plus the process shown in
Fig. 2 in which the qq is a bb pair. The generic jet sample is used to measure the tag
rate from these processes as a function of jet Er and track multiplicity. This function
is applied to each jet in the 52 event W + > 3 jet sample to obtain the expected
number of background tags. The total background is 2.30 £ 0.29 tags compared to
1.5-5 expected from heavy top. There are 6 tags observed in the data.

The second b tagging method searches for electrons or muons with Pr> 2 GeV/c,
in order to be sensitive to leptons from both b decay and the decay of the daughter ¢
quark. The efficiency for finding electrons is determined from a data sample of conver-
sion electrons, while the muon efficiency is measured in J/¥ — up data. The efficiency
for tagging at least one b jet in a tt event is 16 & 2.5%. The dominant background is
measured with generic jet events. The total background is 3.1 £ 0.3 tags, with 1-3.5
expected from a top quark signal. Seven tags are observed, 3 of which are in events that
also have an identified secondary vertex. Figure 6 shows the total number of observed
tags in W events as a function of the number of jets in the event. There is an excess
over background in the top signal region (> 3 jets).

2.3. CDF Top Search Summary

In total, CDF observes 15 counts (dilepton events, secondary vertex tags, soft

lepton tags) in 12 events with 5.9623% counts expected from background. The proba-

bility that the background would fluctuate up to 15 counts is 0.26%, which is the 2.8
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Fig. 9. The CDF measurement of the
top quark mass and production cross
section compared to a partial NNLO
calculation.

Single lepton events (lvqdbb) containing 4 jets can be reconstructed (2-C fit)
to obtain the top quark mass. Of the 10 single lepton events with a b-tag, 7 have a
fourth jet with Er> 8 GeV. Figure 8 shows the mass from these 7 events along with
the expected distribution from background and 175 GeV/c? top plus background. The
best mass, extracted from a likelihood fit (see insert in Fig. 8), is

Miop = 174 £+ 10113 GeV /2

The background subtracted number of events in each of the searches is used to

6.1

calculate the tt production cross section, o = 13.9753 pb. Figure 9 compares the CDF

mass and cross section with a partial next-to-next-to-leading-order calculation.

3

There are additional features of the data that support the top hypothesis and
others that do not. On the negative side, the estimated contributions from the top
quark and other backgrounds account for all the observed W + > 4 jet events, leaving
little room for the dominant background (Fig. 2). Also in the control sample of Z +
> 3 jet events, there are two events with b-tags, compared to an expected 0.64 event.



Both of these effects can be seen in Fig. 7. It is clear that additional statistics will help
a great deal.

On the positive side, one of the dilepton events has a jet containing both a
secondary vertex and soft lepton tag. This is very unlikely to come from background
sources that don’t contain b-jets. In single lepton events, the kinematic distributions
of the jets support the top hypothesis, and the mass fit prefers top plus background to
background alone by a factor of 50 in relative likelihood.

2.4. DO Dilepton Search

Early this year, the DO collaboration published a lower top mass limit of 131
GeV/c? at the 95% CL.* At the end of April, they presented a status report on their
analysis. Recently the analysis was updated, with slightly modified analysis cuts and
recalculated backgrounds.

In the dilepton mode, DO searches for ey, ee, and puu pairs. For the ey case,
the electron (muon) transverse momentum must be greater than 15 (12) GeV/c. The
missing E1 in the calorimeter must be greater than 20 GeV, and after correcting for
the muon momentum it must be greater than 10 GeV. In the ee case, both electrons
must have Pt> 20 GeV/c, and the missing Et must be greater than 25 GeV. For muon
pairs, the muon Pt must be greater than 15 GeV/c and the azimuthal angle between
the muons must be less than 140° if £r< 40 GeV. Finally, all dilepton events must
have at least 2 jets with Er> 15 GeV.

The total estimated background in the dilepton mode is 0.76+ ~ 0.15 events.*
For a heavy top quark, 0.5-1.5 events are expected. D0 observes 1 dilepton event.

2.5. DO Single Lepton Search

For the single lepton mode, DO separately considers events with and without a
b-tag. Their b-tagging algorithm is applied in electron plus jet events and requires an
additional muon of P1> 4 GeV/c.

In the single lepton search without b-tagging, DO requires either an electron with
P1> 20 GeV/c or a muon with Pr> 15 GeV/c. Er must be greater than 25 GeV for
electron events, while for muon events both the calorimeter Er and the muon corrected
Fr must be greater than 20 GeV. To suppress background, three event topology re-
quirements are made. There must be at least 4 jets of Er> 15 GeV and || < 2, the
aplanarity of the event must be greater than 0.05, and the event transverse energy
variable, Ht, must be above 140 GeV. In electron events, Ht is the scalar sum of the
transverse energies of the jets and the W. For muon events, only the jets are included.

The total background is 1.8+ ~ 1 events, compared to 1.5-4 expected from a
heavy top quark. DO observes 4 events in this mode.

The DO b-tag search includes events with an electron of P1> 20 GeV/c, missing
Er in the calorimeter greater than 20 GeV, 3 jets with Er> 20 GeV and |p| < 2, and
a muon with Pr> .4 GeV/c. The contribution of b decay in a low Py inclusive muon
data sample can be seen in Fig. 10, which shows the Pt of the muon relative to the
nearest jet.

*The quoted uncertainties in the dilepton and single lepton without b-tag modes are my estimates,
since I have combined a few of their search modes. In the DO top search summary, however, the total
background and its uncertainty are as quoted by DO.
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Fig. 11. The DO top quark produc-
tion cross section compared with the-
ory and the CDF result. The DO cross
section varies slightly with top mass
because the efficiency of the event se-
lection criteria depends on the mass.

The total background in this mode is 0.55 £ 0.15 events. Between 0.5 and 1.5
events are expected from a heavy top quark. D0 observes 2 events.

2.6. D0 Top Search Summary

The total background for all the D0 modes is 3.2+ 1.1 events, while 2.5-6.5 events
are expected for a top quark of mass between 140 and 180 GeV/c?. D0 observes 7 events.
As seen in Fig. 11, the DO result is consistent with either the no-top hypothesis or the

CDF result.
2.7. Top Prospects

In the current Tevatron Collider run, each experiment should accumulate approx-
imately four times the data they acquired in the 1992-93 run. That should not only
allow for confirmation of the CDF result, but also provide a top mass measurement
with an uncertainty of 8-10 GeV/c?.

The Fermilab Main Injector is now under construction. By the end of the decade,
there should be 500-1000 top events between the two experiments. With this quantity
of data, the mass uncertainty could drop to 5 GeV/c?. A sensitive search for non-
standard decay modes of the top quark will be under way, and the systematic study of
top quark couplings will have begun.

3. W Mass

Precision measurements of Z° decay provide a prediction of the W mass to ap-
proximately +£100 MeV/c?, assuming that the Minimal Standard Model is correct.
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Fig. 12. The D0 W— ev transverse mass plot. The histogram is the best fit Monte Carlo line
shape.

Since the W production cross section is approximately 20 nb at the Tevatron, there are
thousands of leptonic W decay events (W— Iv) in each experiment even after applying
the tight fiducial cuts needed for a precision mass measurement. The v invariant mass
cannot be calculated because of the undetected neutrino. Instead the two dimensional
analog, transverse mass, is used, with the neutrino transverse momentum taken as
balancing the visible transverse momentum in the event.

MY = \/2PLP§(1 - cos ¢1,,)
1311.: — _15'711 _ P’;adrons

The DO measurement uses 5830 W— ev events. CDF has 6421 W— er and 4090
W— pv events. Figure 12 shows the transverse mass distribution from D0, while Fig. 13
and Fig. 14 show the CDF distributions.

The critical issues for the measurement, as seen in the equations above, are the
lepton energy scale and resolution, and the response of the detector to the hadron
system recoiling against the W. Much of the needed information comes from 7Z° — +/-
events.

Both groups obtain the lepton energy resolution from test beam studies and the
measured Z° — [*]~ line shape. D0 obtains its absolute electron energy scale from
the reconstructed Z mass (Fig. 15). Although their absolute scale is low by 4%, the W
mass is close enough to the Z mass that they can rescale without incurring a very large
systematic uncertainty. The CDF energy scale is determined in two steps. First the
calorimeter electron scale is tied to the magnetic spectrometer using the ratio of the
calorimeter energy to the tracking chamber momentum (Fig. 16). Second, the absolute
scale of the spectrometer is checked with the J/+, T, and Z° masses (Fig. 17 and
Fig. 18).

Modeling the response of the calorimeters to the recoil hadron system is handled
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differently in the two experiments. In the D0 Monte Carlo, the W recoil system is
treated as a single jet, with the D0 jet energy resolution applied and the scale deter-
mined from Z° events (Fig. 19). CDF notes that the detector response to the hadrons
recoiling against a vector boson of PY is the same whether the boson is a W or a Z°.
Thus for each Monte Carlo W, the rest of the event is taken from a Z° data event of
the same Pt (Fig. 20).

Both CDF and DO obtain the W mass by fitting Monte Carlo templates to the
W— [v transverse mass distributions (Fig. 12, Fig. 13, Fig. 14). The systematic un-
certainties are given in Fig. 21 and Fig. 22. All of them can be studied with the data.
Even the structure function uncertainty (from the u to d quark ratio) can be directly
measured with the CDF W asymmetry data (Fig. 23).

The masses obtained by the two collaborations are:

DO: Mw = 79.86 £ 0.16 £ 0.16 = 0.26(scale) GeV/c?
79.86 + 0.345 GeV/c?

CDF : 80.47 £ 0.15 + 0.25 GeV/c? (W — ev)

80.29 +0.20 + 0.24 GeV/c? (W — wv)
80.38 £ 0.23 GeV/c? (CDF combined)

The new world average, combining these results with earlier results from CDF® and



Evenls per 1 MeV/c'

N
2
=3

~
Q
9
=1

1750

1500

1250

1000

750

250

>
3
i T ol wa(f)= 87.1) 4~ 0 18
g” 0 S 313 Eventa in fit
& 4 ] ]
- 7
o ] R .
] 2 /
. 38
H
3 - <L
+ F
20
s |
[
2 F
W0
t
'
o ad 1 [ 1 i 1
70 0 20 100 10 864 858 872 88
Moss (Cev) Mass (Cev)

Fig. 15. The DO Z— ee mass peak with
the fit line shape and the negative log-
likelihood plot used to determine the
mass.

Gaussian + Linear
#=3094.28 + 0.08
o =14.58 + 0.09

[/ =
|- (COF Preliminary)

U | 1 1 1 1 1 ! 1 I

3050 3060 3070 3080 3030 3100 3110 3120 3130 3140
2

My (MeV/c®)

Fig. 17. The CDF J/¢ — pup mass
peak.

Events per 15 MeV/c?

Events per 0.5 Gev/c®

sfE 2> uu M, =91.29 £ 0.21
30 L (COF Preliminary)
L DATA (POINTS)
MC (CURVE)
20 |
15
113
5
o batesty )
70 75 80 BS 90 95 100 105 1o

1
9200 9400 9600 9800

3 COF PRELIMINARY ]
10° W —> e v doto
? 6508 Entries

X =79/63

Fig. 16. The ratio of calorimeter en-
ergy to tracking chamber momentum
in CDF W— ev electrons compared to
the prediction of a radiative W Monte
Carlo. The high side tail is due to elec-
tron bremsstrahlung.

£ T —> pp (CDF Preliminary)

r Gaussians + Quacratic
r T(1s) = 94498 + 1.8

o T(2s) = 10018 £ 5

r T(3s) = 10323 + 8

1 L 1
10200 10400 10600

M, (MeV/c?)

1
10000

M, (Gev/c?)

Fig. 18. The T resonances and the Z
peak from CDF.



;l

e

¢

Lt

AR ++

Lt

Al N

e )
(P™), (GeV)

Fig. 19. The sum of the Pr of the re-
coil hadrons and the two electrons in
D0 Z— ee events as a function of the
Pt of the electron pair. Plotted is the
component of these vectors along the
bisector of the two electron directions.

|| Source of Uncertainty

| MeV/c* |

Trigger Efficiency 20
Resolution and neutrino E7 scale 149
Energy underlying electron 50
U, efficiency 10
Hadronic to EM scale 80
QCD background 30
Theoretical model uncertainty 86
W width 20
Fitting Error 30
[ Total [ 200 |

12 CDF PRELIMINARY ]

* O =W > evdoto
M ¥ + = Monte Carlo
-*
r »*
‘ *
-
"l'
0 *"’-l—#
¥y
*
**
-4 -
*&
-8 $
%, "
~12 ¥
*#
-18 = 1s- L L 1 1 A
32 36 ) . ) 52
E™ (Gev)

Fig. 20. The component of the net
recoil hadron transverse momentum
along the electron direction in CDF
W— ev events as a function of the
electron ET.

[ Resolution and neutrino Er scale |

70

Electron energy resolution

130

Neutrino E7 scale, resolution
(W underlying event)

720

Jet energy resolution

[ Theoretical model uncertainty |

70

Structure function

P, spectrum 50

Fig. 21. The D0 W mass systematic uncertainties.



W —ev W — uv | Correlated Uncorrelated
Woev Wy
Statistical 150 200 150 200
Momentum Scale 130 60 60 120
Systematics 210 220
Momentum Resolution 140 120 140 120
p¥ 90 110 30 40 70
u)| 70 90 70 90
Backgrounds 50 50 50 50
Fitting 20 20 20 20
Structure Functions 100 100 100
Total 290 300 140 260 270

Fig. 22. The CDF W mass uncertainties.
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Fig. 24. The experimental measure-
ments of the W mass.

UA2,5 is (Fig. 24)
80.23 + 0.18 GeV/c? (CDF, D0, UA2)

We now have the first experimental point on the Mw vs. My, plot (Fig. 25). Since
the systematics of the My measurement are statistics limited (Z° events, W asymme-
try data), the uncertainty should continue to be reduced with increasing integrated
luminosity. It seems quite possible that +50 MeV/c? could be reached by the end of
the decade. When combined with a top quark mass measurement of +5 GeV/c?, we
would have a data point on Fig. 25 that would severely test the Minimal Standard
Model. If the model is correct, then the data could discriminate between a light and a
heavy Higgs boson.

4. Vector Boson Pair Production

In the Standard Model, the triboson couplings are specified. In some non-standard
models, the vector bosons are composite, resulting in anomalous triboson couplings
which modify the electric and magnetic multipole moments of the bosons. These can
be determined by looking at the production rate and kinematic properties of boson
pairs (W~, Zvy, WW, WZ, ZZ) produced in pp collisions.

As an example, I consider W+ production. If CP conservation is assumed, there
are two anomalous couplings, usually written as Ax and A. The magnetic dipole and
electric quadrupole moments of the W are related to these couplings:

rw 2A;W(2+A:‘C+/\)
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CDF and DO have searched for high Pt photons in W events. In DO the minimum
Et is 10 GeV, while in CDF it is 7 GeV. In both experiments, the photon is required
to be at least a distance 0.7 (in n — ¢ space) away from the charged lepton in order
to suppress the contribution from e/u bremsstrahlung. CDF (DO0) finds 25 (19) events,
which after background subtraction becomes 16.5 (13.8). The photon Py distribution
is shown in Fig. 26. The shape of the distribution is used to extract the anomalous
couplings. Figure 27 shows the D0 contours for Ak and A. The CDF limits are very sim-
ilar. Limits for CP violating anomalous WW+ couplings as well as CP conserving and
violating ZZ+y anomalous couplings have also been extracted by the two experiments.

5. Inclusive Photon Production

Inclusive photon production in high energy pp collisions is a simple process at
leading order (qg — vq) with a well defined and measured final state parton. The cross
section can be used to determine the gluon distribution function in the proton. In
addition, events with a final state photon and charm quark (through its daughter e or
u#) provide a measure of the charm content of the proton.

The major experimental background comes from jets that fragment largely into

a 7% or i, which decay into photon pairs. CDF uses two methods to separate single
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photons from the multiple photon background. In the profile method, they use the
transverse shower shape approximately six radiation lengths into the shower to differ-
entiate a single photon narrow shower from the broader shower induced by multiple
photons. In the conversion method, they use the fraction of 4 candidates that convert
in the one radiation length solenoid coil. That fraction depends on whether one or mul-
tiple photons passed through the coil. For both methods, they measure the efficiency
and separation power using reconstructed wide angle n — vy and p* — 7°r* events.
The DO group counts the number of candidates that convert in their tracking chamber.

The D0 data (Fig. 28) agree well with the predicted cross section. The CDF results
have significantly smaller uncertainties. Although qualitatively they agree with next-to-
leading-order QCD7 (Fig. 29), when the comparison is made on a linear scale (Fig. 30)
the agreement is not so good. At high P, there is no problem; however at low Pt the
slope of the data is at variance with the theory. There are several possible explanations
for the disagreement. The contribution from gluon-charm scattering may not be correct.
The bremsstrahlung diagrams, where a photon is radiated from an initial state or final
state parton, first appear in next-to-leading-order. There thus may be important NNLO
contributions. Another possibility is that the assumed gluon distribution is not correct.
A light gluino (1-5 GeV/c?) could affect the cross section. Finally, the calculated Ky
smearing (the effective initial state parton transverse momentum) may be too small. At
the quantitative level, the last possibility may well have the largest effect. Kt smearing
with a sigma that increases from 1 GeV/c at ISR energy to about 3 GeV/c at Tevatron
energies improves the agreement between theory and the ISR, SppS, and Tevatron data.

6. b Production Cross Section

Studying the b production cross section is interesting because, at Tevatron ener-
gies, higher order QCD diagrams (ex, gg — gg — gbb) can dominate over the leading
order diagrams (ex, gg — bb). Also, as we shall see, it has led us to reexamine the
dominant mechanisms for producing charmonium states.
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DO has measured single muon and dimuon production rates. Figure 31 shows their
muon production cross section as a function of muon Prt. It is compared with the sum
of the dominant sources of muons: b decay, ¢ decay, /K decay, and W decay. They
extract the b production cross section using the ISAJET prediction of the fraction of
muons coming from b decay. This prediction is checked in the data by looking at the
P of the muon relative to the nearest jet (Fig. 10).

CDF measures the b production cross section by studying inclusive e, g, J/3,
and v’, the semi-exclusive modes eD, uD, and pD*, as well as the exclusive final states
J/¥ K and J/v K*. Figure 32 shows the right sign and wrong sign gDn combinations.
The v and 3’ mass peaks are shown in Fig. 33 and Fig. 34.

There has been a significant change since results were presented by CDF in 1990,
namely the b production cross section deduced from the inclusive J/¢ and ¢’ rates have
gone down by a factor of 2-3, even though the inclusive J /4 and ¥’ cross sections have
not changed. In 1990, theoretical guidance was used to go from the charmonium cross
section to the b cross section. It was believed that there are two important sources of
J/¢: B decay and x. decay. Because the x mass is below that of the ¢/, it was expected
that the only significant source of i)' would be B decay.

The installation of the silicon vertex detector for the 1992-93 run made it possible
to separate prompt production from B decay. Figure 35 shows the proper decay length
distribution for the 3’ sample. After background subtraction, it is found that only
22.8+3.5% of the ¥’ comes from B decay, compared to the expected ~ 100%. Figure 36
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shows the direct and B decay contributions to the ¢’ cross section. The B component is
in the range predicted by theory. The direct component, however, is much larger than

predicted.®

A number of theorists are working on this problem.®'? Higher order fragmen-
tation of a gluon or ¢ quark into charmonium seems to be important. Figure 37 and
Fig. 38 compare the CDF direct charmonium data with the leading order calculation as
well as with the addition of fragmentation.® In the case of the J/1, the new calculation
is close to the data. For the v, however, the calculated cross section is still much too
small. There is clearly much to be done by the theorists to understand these discrep-
ancies. The experimenters also have some issues to resolve, for example the difference
between the CDF and DO b cross sections at Pr< 10 GeV/c (Fig. 39). These issues
will be easier to study now that sufficiently high statistics data are available to produce

true differential cross sections (Fig. 40).

7. B Lifetimes

For many of the important B physics goals of the future, a large production cross
section is not sufficient. It has to be shown that precision measurements can be made
with the B mesons. To show that this can be done in a high luminosity hadron collider
environment, [ want to briefly present recent work measuring the B meson lifetimes.

CDF has published measurements of the average B lifetime!! and the lifetimes for
the charged and neutral B mesons using fully reconstructed decays.!? Figure 41 shows
the proper decay length distribution used to obtain the average B lifetime.
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Recently CDF has included the semi-exclusive eD and eD* final states to help
measure the individual B meson lifetimes (Fig. 42). The values obtained for the B~

are:

e D°X 7. =1.5240.2123% psec
J/WwK~ 7. =1.61+£0.16 + 0.05 psec

For the EO, the results are:

e D**X 15 =1.63+0.16 + 0.09 psec
J/$K™ 7= 1.57 % 0.18 % 0.08 psec

The resulting ratio of the charged to neutral B lifetime is

% = 0.98 +0.13

Figure 43 shows this measurement compared to those at LEP.
CDF has also measured the lifetime of the Bs meson using both exclusive and
semi-exclusive (Fig. 44) final states. The results below are compared with other mea-

surements in Fig. 45.
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8. Searching for New Heavy Objects

The Fermilab Tevatron Collider is at the “energy frontier” and should remain
there for the next decade. It is thus important to search for new massive objects.
Because of a lack of time, I will only present the current limits, all at the 95% CL.

Both CDF and DO have new limits for heavy vector bosons. Assuming standard
couplings, CDF (DO0) find that the mass of a W’ must be greater than 652 (620) GeV /c?,
while a 7’ must have a mass greater than 505 (480) GeV/c?.

DO has a new limit on first generation leptoquarks.!® If its spin is 0 and its
branching ratio into eq is 1, the mass must be greater than 130 GeV/c? (Fig. 46). The
mass limit for a spin 1 leptoquark is a factor of 1.5-2 higher. CDF has searched for
second generation leptoquarks and finds that if BR(LQ— pq)=1.0, the mass must be
greater than 133 GeV/c? (Fig. 47).

DO has a new limit on gluinos. They select the Minimal Supersymmetric Standard
Model parameters tan 8 = 2, g = —250 GeV, and my+ = 500 GeV. They find that the
gluino mass must be > 146 GeV/c®* @ 90% CL for very large squark mass, and it must
be > 205 GeV/c? @ 90% CL for equal squark and gluino masses.

Finally, CDF has a set of limits for particles that decay into jet pairs. They
exclude axigluons in the range 200<M<920 GeV/c?, a color octet technirho® in the
range 260<M<470 GeV/c? if the branching ratio of the technirho into dijets is 1,
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and excited quarks with mass below 620 GeV/c? if they have standard couplings. The
excited quark search looks at three modes: g* —-qW and q* —q~ in addition to the
dijet mode (q* —qg).

9. Conclusions

The most exciting result of the past year is the evidence for the top quark. At a
mass of 174 GeV/c?, the top quark Yukawa coupling is 1. This makes the top quark a
potentially powerful laboratory for learning about mass generation.

There were many other analyses in the past year that addressed important issues
in electroweak interactions, QCD, b physics, and the search for new massive objects.
Hopefully, much more information will be forthcoming in all of these areas with the
data from the current Tevatron Collider run, which should increase the existing data
sample by a factor of 4.
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