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Abstra ct: In this note I report the status and prospectsof the CDF and D0 experiments

in Run 2 of the Tevatron Collider at Fermilab asof March 2003. Someof the more exciting

physicsgoalsof the high transverseenergy(ET ) program are reviewed. Selectelements of

the upgraded acceleratorcomplex and the upgraded detectors and their performanceare

presented. Preliminary Run 2 results are then presented, starting with W and Z physics,

and followed by top quark studies. I also include somelow ET charm and bottom physics

results sincebottom and charm are important ingredients in many new physics searches

at high ET .
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The Run 2 physicsprogram at the Fermilab Tevatron Collider required very substantial
upgradesof the CDF and D0 detectors. Theseupgradeswill provide substantial improve-
ment in physics capabilities. However, virtually all subsystemsare far more complicated
than they were in Run 1. As one example, the CDF silicon system has gone from 46,000
readout channels in Run 1 to 722,000readout channels in Run 2. In addition, a major
upgrade of the Tevatron has reducedthe time betweenbeam collisions from 3.5 ¹s to 396
ns which has necessitateda major change in all front end readout electronics, triggers,
and data aquisition systems. Such a signi¯cant enhancement in complexity of all systems
naturally carries with it major new challengesin the construction and commissioningof
the detectors- both of which took longer than orginally anticipated. The detectorsare now
becomingvery well understood. While it appearsthat somesubsystemswill not meet full
expectations, a signi¯cant number of detector elements are beginning to meet and exceed
designgoals.
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A continuing e®ort to improve the performanceof the Tevatron has been underway
since2001and hasbegunto show slow but steadyprogressin achieving higher luminosities.
New all-time luminosity recordshave recently beenattained. At the time of this writing,
the data accumulated by each of the collider experiments in Run 2 is still somewhatbelow
the total collected in Run 1. Nevertheless,many Run 1 measurements have beenrepeated
with the newdata and show comparableresolution. The substantial increasesin acceptance
and the new capabilities of the detectors for Run 2 have made it possibleto do completely
new measurements and in somecasesto achieve greater resolution with lessdata for some
repeat measurements.

In this note I will present a selection of the high ET goals of the Tevatron collider
program with referencesto Run 1 results and up-to-date Run 2 projections. Some of
the more recent additions to the program coming from relatively new ideas in theoretical
physics will also be discussed. I will then turn to the accelerator and the CDF and D0
collider detectors. I will review salient features of the upgrades and then present their
current performance. Finally, basedupon performance to date and current expectations
for future performance,I will closethis note with a very brief speculative discussionof the
implications for high ET physics in the pre-LHC era.

1. Goals of the Tevatron Collider Program

The Tevatron Collider program hasa large number of physicsgoals. I will review a selected
subset related to higher massstates that are only accessibleat the energy frontier.

1.1 Standard Mo del Higgs

Though not an easy quarry, the Tevatron communit y has spent a signi¯cant amount of
e®ort and preparation to mount a search for the Higgs boson. Within the Standard Model
(SM) the combination of all precision electroweak data and direct searches [1] constrain
the SM Higgs (H) to be in the low mass range 114 . M H . 200 GeV. 1 In this mass
range the signifcant decay modes of the Higgs are H ! bb and H ! W + W ¡ with the
former dominant below M H = 135 GeV and the latter dominant above this mass,as seen
in ¯gure 1. At the Tevatron, as will be true at the LHC, the dominant Higgs production
mode is gg ! H . Unfortunately this meansthat for M H < 135GeV the majorit y of Higgs
events will be indistinguishable from standard model bb production which, even at such
high invariant masses,have rates many orders of magnitude above the Higgs rate. For the
higher massHiggs, W pair production has relatively low SM backgrounds and studies [3]
have indicated that it can contribute meaningfully to a search provided there are adequate
data, as discussedbelow.

For all masses,a somewhatmore promising avenue is a®ordedby the processin which
the Higgs is produced in association with an intermediate vector boson (V = W § or Z ).
Although the production rate is reduced by an order of magnitude relative to solo Higgs

1This prediction is not free of caveats. There are two slightly anomolouscontributions to the limit which
would causethe expected range to °uctuate either much higher or much lower should they be removed from
the global ¯t [2].

{ 2 {



jhw
2002/013

26th Johns Hopkins Workshop JosephR. Incandela

s(pp
_

H+X) [pb]

s = (2 TeV)2

Mt = 175 GeV

CTEQ4Mgg H

qq Hqq
qq

_
' HW

qq
_

HZ

gg,qq
_

Htt
_

gg,qq
_

Hbb
_

MH [GeV]

10
-4

10
-3

10
-2

s
[p

b]

10
-1

1

10

10 2

80 100 120 140 160 180 200

Figure 1: Branching ratios for SM Higgs
decays versusmassin the range100< M H <
150GeV.

Figure 2: Production crosssections[pb] for
SM Higgs alone or in association with other
particles in the range 80 < M H < 200GeV.

production, as seen in ¯gure 2, these events do have a subset of ¯nal states with very
distinct signatures. Particularly in those caseswhere the associated V decays to ¹ or e
leptons (e.g. W ! eº; ¹º and Z ! ee;¹¹ ) the presenceof two high ET leptons or onesuch
lepton and signi¯cant missing ET provides a strong means for rejecting SM background
events.

In the range M H . 135, the main backgrounds to the signatures tabulated here are
those coming from W + bb and W + cc production.2 While theseare relatively rare events,
particularly for high bb invariant pair mass,they are unfortunately still somewhatlessrare
than W H events. Table1 summarizesthe main backgrounds to the various signal channels.

Mass Range Signal Backgrounds
M H . 135 GeV W H ! qq0bb multijet production

\ \ W H ! lº bb W bb,W Z ,tt,tb
\ \ Z H ! l+ l ¡ bb Z bb,Z Z ,tt
\ \ Z H ! º º bb QCD Z bb,Z Z ,tt

M H & 135 GeV H ! W W ! l+ l ¡ º º W W ,W Z
\ \ H W ! W W W tt; tt + W or Z; W W or W=Z + j ets:::
\ \ H Z ! W W Z tt; tt + W or Z; W W or W=Z + j ets:::

Table 1: SM Higgs Search Channelsand Backgrounds at the Tevatron.

For M H . 135 GeV, as seenin table 1 the signatures are comprised of tagged b jets
together with missing ET , or single lepton plus missing ET or like-°avor opposite-sign
dileptons. At higher mass,the signaturesare comprisedof multiple leptons, possibly with
missing ET and jets. Experimentally these event signatures require good instrumental
capabilities in the areasof e and ¹ identi¯cation and missing ET resolution for the vector
bosons, as well as good b tagging and dijet mass resolution for bb pair reconstruction.
Charm and ¿ identi¯cation are not neededfor the signal, given the rarit y of SM H decays

2 In Run 1, the CDF b-tag algorithm, which was used in the discovery of the top quark, was more than
» 50% e±cient for b jets over 50 GeV and 20% e±cient for high energy charm jets.
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Figure 3: Limits on SM Higgs versusmass
in the range 100< M H < 130 GeV as deter-
mined by CDF in Run 1.

Figure 4: D0 MC study of signal and back-
grounds for 120 GeV Higgs.

to theseparticles as shown in Figure 1. However, the capability to distinguish them from
b's would help in understanding someof the backgrounds.

In Run 1, CDF set limits on many of thesechannelswhich are1 - 2 ordersof magnitude
above SM expectations asseenin Figure 3. In order to have sensitivity to SM Higgs in Run
2 we will of courseneedsigni¯cantly more data than was available in Run 1. Even beyond
the issueof integrated luminosity, a very good understanding of our backgrounds and an
improved dijet massresolution will be critical to our ¯nal sensitivity. Figure 4 shows the
signal and background expectation for a 120 GeV Higgs in 30 fb ¡ 1 as obtained in a study
by the D0 collaboration [3].

years bunch spacing
p

s Data per Expt.
Run 0 1988-89 3.5 ¹s 1.8 TeV 5 pb¡ 1

Run 1 1992-96 3.5 ¹s 1.8 TeV 120 pb¡ 1

Upgrades1996-2001
Run 2a 2001-2005 396 ns 1.96 TeV 1-2 fb¡ 1

Upgrades2005-2006
Run 2b 2006-? 396 ns 1.96 TeV & 6 fb¡ 1

Table 2: Tevatron Collider Program Timeline

With regard to the critical issueof bb dijet massresolution a great deal of work has
been done to improve upon that which was achieved in Run 1. Jet energy corrections
now include corrections for the presenceof muons in jets and for missing ET [4]. Inclusion
of tracking and shower maximum information as seen in Figure 5 substantially reduce
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the measurement uncertainty. Monte Carlo studies now indicate a resolution of » 13.5%
in Z! bb events can be achieved as seenin Figure 6, representing a roughly 30 to 50%
improvement over what onecan obtain with calorimetry alone. CDF demonstratedalready
in Run 1 that a sample of Z! bb events could be isolated as seenin ¯gure 7. In Run 2
CDF has a new hadronic b trigger [5] that is being used to accumulate larger and more
pure samplesof these events which can then be used as a very important calibration for
bb massreconstruction. D0 is also in the processof preparing a displacedtrack trigger for
high ET events which will have similar capabilities [6].
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Figure 5: Jet energy resolution (%) versus
photon transversemomentum in photon-jet
events as measuredby CDF in Run 1.

Figure 6: The invariant mass distribution
for Z! bb events in Monte Carlo is shown
for various jet corrections as indicated.
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Figure 7: CDF reconstructed Z! bb mass
for events collected in Run 1.

Figure 8: MC projections for Z! bb events
in 2 fb¡ 1 of data collected in Run 2.
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For M H & 135 GeV where the decay H ! W W (¤) is dominant, solo Higgs production
doescontribute meaningfully to the signal sincethe backgrounds to dibosonproduction are
not quite large enoughto swamp the signal completely. One must of courserequire leptonic
(speci¯cally e or ¹ ) decays of the vector bosons.The backgroundsare predominantly Drell-
Yan, W W , W Z , Z Z , tt, single t, and ¿¿ production. For the associated production of H
with W or Z in this high M H domain, there are of coursespectacular trilepton signatures
with missing ET . Thesehave very small backgrounds including many of those mentioned
for solo Higgs production.

Combining all channels mentioned above for solo and associated production of SM
Higgs, the potential for 95% CL exclusion or signi¯cant observation of the Higgs versus
masshas beenestimated [3]. The result is shown graphically in ¯gure 9. In the making of
this plot it is assumedthat H ! bb decays have bb pair invariant massresolution on the
order of » 10% and that b tagging e±ciency will be comparable to and slightly improved
over that obtained by CDF in Run 1. In addition, the results are basedupon optimised
sensitivities obtained by meansof neural nets [7]. Recent preliminary crosschecks of these
results have concluded that the required luminosities could be roughly 20% higher than
those indicated in ¯gure 9. The largest increasewas in relation to the invariant massof
the bb pair. As noted above, resolution on the order of 13% looks to be achievable while
10% is too optimistic [8]. More work is in progressto update the Tevatron sensitivities to
SM Higgs.

A red band in the ¯gure indicates the luminosity range where we expect the perfor-
mance of the silicon detectors to becomesigni¯cantly compromisedby radiation damage
[9]. It should be clear to the reader that the discovery of a standard model Higgs at the
Tevatron will not beeasy. In particular it requiresthe acceleratorto work well and produce
lots of data while the experiments simultaneously operate at peak levels for many years.
In addition, backgrounds must be extremely well understood, and silicon detectors may
need to be rebuilt and replaced after a few fb¡ 1 of data have been accumulated by each
experiment. It is a rather daunting task!

Onecanalsoconsiderwhat would hap- Mode N(Signal) N(Background) S=
p

B
lº bb 92 450 4.3
lº bb 90 880 3.0
l+ l ¡ bb 10 44 1.5

Table 3: SM Higgssignaland background events
per experiment in 15 fb¡ 1 for various modeswith
M H = 115 GeV.

pen if the Higgs turned out to have a mass
of » 115GeV which is wheresomeinterest-
ing events were seenby the LEP I I exper-
iments [1]. Table 3 lists expected signal
and background events for 15 fb¡ 1 inte-
grated luminosity. It turns out that this
mass can in fact be excluded at 95% CL
by the Tevatron experiments with a little more than 2 fb ¡ 1 of data. To observe 3 and 5 ¾
excesseswill require 5 and 15 fb¡ 1, respectively.

The di±cult y of the SM Higgssearch at the Tevatron hasmotivated new investigations
and re-evaluations of modesother than those discussedabove. Two modesunder investi-
gation recently are pp ! H b (\single b" associated production) [10] and pp ! ttH [11].
The crosssection for single b associated production with Higgs is shown at leading order
(LO) and next to leading order (NLO) in ¯gure 10. Singleb associated production is more
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than an order of magnitude higher than bb associated production. In the past this channel
was not seriously considereddue to the di±cult y of triggering on events - particularly at
low Higgs masswhere H ! bb. With the advent of silicon track triggers for hadronic b
baryon and mesondecays, it is possibleto overcomethis problem.

The associated production of Higgs with tt was also reconsideredin recent yearsafter
the Tevatron luminosity goal was extendedwell beyond 2 fb ¡ 1. Previously the production
rate was consideredtoo small. For low Higgs mass,if the tt portion of such an event could
be reconstructedadequately to isolate the the b jets from Higgs, then it turns out that the
signal standsout relative to the irreducible backgrounds asseenin ¯gure 12. The abilit y to
simply associate all the decay products to tt correctly is quite di±cult and there has been
no indication that it can be done with more than about 50% e±ciency. An alternative
approach that escapes this di±cult y is to simply ¯nd the 4 best b jet candidates and to
form their 6 possible pairings. The corresponding 6 invariant masses,when plotted in
descendingorder, yield distributions that are distinctly di®erent from the corresponding
distributions for ttj j background as seenin ¯gure 13.

1.2 Minimal Sup ersymmetric Higgs (MSSM)

The MSSM extends the Standard Model Higgs sector to include 2 complex scalar SU(2)
doublets [12]. The two doublets result in a spectrum of ¯v e Higgsbosonsdenotedh, H , A o,
H + and H ¡ . The neutral h is the lightest of the ¯v e and can have couplings and decays
similar to the SM Higgs. The H and Ao are the CP even and odd scalar Higgs bosons
whosemassesare expected to be high. The charged Higgs' H § are alsogenerally expected
to be massive. All of the massescan be parametrized in terms of two parameters,typically
taken to be M A and tan(¯ ) = v2=v1 where vi is the vacuum expectation value of the i th
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Figure 9: Three contours show the potential for the combined CDF and D0 data sets to exclude
SM Higgs at 95% CL or to observe it at 3 and 5 ¾signi¯cance as a function of M H and luminosity.
The red band indicates the luminosity range where it is expected that the silicon detectors may
becomeseverely damagedby radiation.
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Higgs doublet [13].
At the Tevatron, the main search focus will be on the h. Rather stringent theoretical

limits combined with experimental limits from LEP and from CDF in Run 1 already exist
for h. These are displayed in the tan(¯ ) versus M h plane in ¯gure 14. The production
crosssectionsof h, H , and Ao at large tan¯ are enhancedby their couplings to b quarks
via the diagrams shown in ¯gure 15. In run 2 CDF and D0 will have the capability to
excludethe MSSM with 5 fb¡ 1 of data in almost all of the M A -tan¯ plane up to M A » 400
GeV as shown in ¯gure 16. Only in the most challenging scenarioin which the couplings
to bb are suppressed(lower left plot) are there somesmall regions that are not accessible.
Discovery however will require signi¯cantly more integrated luminosity.

1.3 Sup ersymmetric Particles

Squarks and gluinos are the most copiously produced supersymmetric (SUSY) particles
at hadron colliders and have very distinct ¯nal states in some instances. The two most
promising possiblitiesare gluino pair production with cascadeto like-signdileptons asseen
in ¯gure 17 or gauginos to trileptons as seenin ¯gure 18. In the former casethe decay
chain can include 2 standard model W gauge bosonsof the same sign. In the diagram
shown, R parit y is assumedto hold and the neutralino is assumedto be the lightest SUSY
particle (LSP). The trilepton decay chain of the gauginosis also an experimentally clean
search channel. Combining the dilepton and trilepton searchesallows signi¯cant limits to
be placedon ¾¢B r for gauginopair production and decay in the SUGRA model [14] asseen
in ¯gure 19. With integrated luminosities of several fb ¡ 1 a signi¯cant portion of unstudied
SUSY parameter spacecan be covered.

As a last example of the prospects for discovering supersymmetry at the Tevatron,
the lightest stop ~t1 is a very good search candidate [15]. The ~t1 could be the lightest
squark as a result of the mixing angle µt betweenthe superpartners of the left- and right-
handed top quarks, namely ~tL and ~tR . These form the lightest stop mass eigenstate:
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Figure 10: Associated production of a sin-
gle b with SM Higgs at LO and NLO com-
pared to associated production of bbwith SM
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Figure 11: Representativ e Feynman dia-
grams for production of higgs in association
with a single b (top) and bb (bottom).
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Figure 12: Monte Carlo study showing
the invariant massof the \extra" bb pair in
ttH events comparedto the irreducible back-
ground from ttg. The plots are for the unre-
alistic casein which all the objects that come
from the tt decay are properly associated to
tt so that the extra bb is correctly isolated.

Figure 13: The 6 candidate bb pair mass
distributions in ttH (red) and ttg (blue) with
g; H ! bb. The pair massesare ordered
in each event from highest to lowest values,
providing a strong distinction betweensignal
and background.

Figure 14: Theoretical and experimental limits on the lightest MSSM Higgs.

~t1 = ~tL cosµt + ~tRsinµt . Alternativ ely one could argue that the mass should be low
relative to other squarksas a result of the fact that the top has the largest known Yukawa
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Figure 15: Production mechanismsfor the CP-Odd MSSM Higgs Ao in association with bb.
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Figure 16: Run 2 projections for the potential to discover or exclude the lightest MSSM Higgs in
the tan¯ versusM A plane.

coupling (¤ t ¼ 1). In any case,with a few fb¡ 1 of data, ~t1 could be excluded(discovered)
up to massesof 200 (160) GeV via top-lik e decays ~t ! ~Â§ ! bl~º or ¯nal states containing
charm: ~t ! ~Â§ b ! bl~Â0c. In both cases,since the dominant production mode is ~t~t pair
production, the ¯nal states are very distinct. In the former case,it's very similar to the
tt ¯nal state, possibly at a di®erent massscale,while in the latter caseone would look for
evidenceof cc and large missing ET .
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Figure 18: The trileptonic decay of gaugino
pairs is also an extremely clean channel.
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and trilepton searchesand their combination, per 100 pb¡ 1 of data collected.

2. The Search for Large Extra Dimensions (LED)

While there are currently no known direct tests of modern string theories, circumstantial
evidencefor these theories would be a®ordedby any experimental indication of the exis-
tence of additional large dimensionsbeyond the 3+1 ordinary dimensionsof everyday life.
Several new phenomenologicalmodels of LED have arisen in recent yearswith potentially
observable consequences.One of the earliest and perhapsmost intuitiv ely simple, is that of
Arkani-Hamed, Dimopolous and Dvali (ADD) [16]. Other models such as that of Randall
and Sundstrum [17] have a similar basisbut di®erent phenomenology. In thesemodelslarge
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extra dimensionsare usedto explain the enormousdi®erencebetweenour low energyworld
and the Planck scaleby positing that the weaknessof gravit y is only an apparent weakness
due to the fact that the majorit y of the gravitational ¯eld's °ux of Kaluza-Klein gravitons
(GK K ) propagate into extra dimensions. A Gausssurface in a spacethat includes the ±
additional dimensionsthen provides the fundamental massscaleM D which can be many
orders of magnitude smaller than the Planck scale. In the ADD model, Newton's constant
GN can be related to the number ± of LEDs, their sizeR, and M D , via the expression:

G¡ 1
N = 8¼R±M 2+ ±

D

The coupling of the graviton to SM particles is extremely weak but large R means
there's signi¯cant phasespace. The GK K states form a continuum. At collider energies
the couplings are on the order of (E=M D )2+ ± » 1 where E is the processenergy and one
assumesthat M D » 1 TeV. For M D at this scale,deviations from Newton's law areexpected
at distanceson the order of R . 10(32=±¡ 19) . Current direct gravitational measurements see
no deviations down to scaleson the order of 100 - 200 ¹m [18, 19]. This would eliminate
± · 2.

Several searchesfor LEDs havebeenperformed

Figure 20: Photon ET versusmissingET

for the 11 events surviving all selectionsin
the CDF Run 1 search for LED.

at the Tevatron in Run 1 and will be extended in
Run 2. D0 performed a search for direct produc-
tion of GK K with subsequent decay to e+ e¡ or
° ° . For ± = 2 they set a limit on M D of 1.4 TeV.
[20] In Run 1b CDF searched for LEDs in a sam-
ple of events containing single° and large missing
ET [21]. After all selections, there remained 11
candidatesin 87 pb¡ 1 of data asseenin ¯gure 20.
Limits on M D of 549, 581 and 602 GeV were set
for ± = 4, 6 and 8. In Run 2 it will be possible
to extend these limits above » 1 Tev with a few
fb¡ 1 of data [22].

2.1 Electro weak Studies

While hadron collider experiments are generally regarded as excellent discovery vehicles,
it is not always appreciated just how well they can perform high precision measurements -
comparable to lepton colliders in many cases.[23] The CDF and D0 measurements of the
W massare good examples. The combined Run 1 result for the Tevatron is [24]:

M W = 80:456 § 0:059 GeV

When combined with the preliminary LEP results, this yields a world averageof

M W = 80:450 § 0:034 GeV

The precisemeasurement of M W is particularly important when taken in combination
with a precisemeasurement of the massof the t quark. Radiative corrections to the W
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self energy depend quadratically on the top mass and logarithmically on the SM Higgs
mass. The precisionmeasurement of M W and M t thus allows one to constrain the massof
the Higgs as represented by the larger circle in the M W versusM t plane shown in ¯gure
21. Run 1 results, combined with LEP and other electroweak measurements currently
constrain M H to be relatively small, as discussedabove, but with large uncertainty. With
2 fb¡ 1 the Tevatron experiments are expected to reduce the errors on M W and M t to 30
MeV and 3 GeV per experiment, respectively. This will constrain the SM Higgs mass
to the smaller circular contour 3 shown in ¯gure 21 [25]. The expected improvements are
mainly due to the increasein integrated luminosity but a variety of system upgradesalso
contribute substantially to this projection. The increasein center of massenergy to

p
s =

1.96 TeV in Run 2 from 1.8 TeV in Run 1 increasesthe production cross-sectionsfor W
and Z by » 10%and for top by » 35%. Detector upgradesincreaseacceptancefor b jet and
lepton identi¯cation and triggering. The detectorsare on track to meet theseexpectations.

80.1

80.2

80.3

80.4

80.5

80.6

130 140 150 160 170 180 190 200

M top (GeV/c2)

M
W

 (
G

eV
/c

2 )

100

250

500

1000

Higgs M
ass (G

eV/c
2 )

TEVATRON

MW-M top contours : 68% CL

80.1

80.2

80.3

80.4

80.5

80.6

130 140 150 160 170 180 190 200

Figure 21: Standard Model Higgs massconstraint contours in the MW versusM top plane in Run
1 (blue) and projected for 2 fb¡ 1 of data in Run 2a (red).

3. Status of the Tevatron, CDF and D0

3.1 The Fermilab Collider

The Fermilab Tevatron accelerator complex, shown in ¯gure 22, has undergoneextensive
upgrades[26]. The most signi¯cant of the upgrade projects is the construction of the new
Main Injector which replacesthe old Main Ring asan intermediate energyacceleratorprior

3This is only an approximate projection in which I have assumedthat the CDF and D0 results can be
added in quadrature. Also, the centerpoint of the red Run 2 contour is taken to be the sameas that of the
blue contour which need not be the case.
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to injection of beamsinto the Tevatron [27]. The Main Injector is more reliable and can
handle higher beamcurrents than waspossiblein the old Main Ring. This ultimately leads
to higher luminosity in the Tevatron. Another important aspect of the luminosity upgrade
is the bunch structure of the Tevatron itself. It has been increasedfrom 6 proton on 6
anti-proton buncheswith a bunch crossingtime of 3.5 ¹s to 36 on 36 and a crossingtime
of 396 ns. This allows the higher luminosity to be spread in such a manner that it does
not lead to signi¯cant event pile-up in the collider experiments as a result of multiple pp
collisions per bunch crossing. As in Run 1, for which the peak instantaneous luminosity
was on the order of 1:5 £ 1031cm¡ 2s¡ 1, the number of multiple collisions per crossingwill
typically be in the rangeof 1 to 3. In run 2 the peak luminosity is expected to be an order
of magnitude or more greater, but the additional buncheswill allow the typical number of
multiple interactions to remain in the samerange.

In addition to the Main Injector, there is Run 2a Goal » 2 fb¡ 1 by 2005
Peak Luminosity Con¯guration

5-8£ 1031 cm¡ 2s¡ 1 without recycler
1-2£ 1032 cm¡ 2s¡ 1 with recycler
Run 2b Goal » 7-10 fb¡ 1 beforeLHC
4-5£ 1032 cm¡ 2s¡ 1 electron cooling

Table 4: Tevatron Run 2 goals.

an additional storagering in the sametunnel.
The Recycleris an 8 GeV storagering intended
to increasethe p supply for the Tevatron col-
lider by e±ciently stacking bunches from the
Accumulator ring and cooling them stochasti-
cally. An electron cooling systemis also under
development and could signi¯cantly enhance
the Recycler performance.

The luminosity performanceof the Tevatron has been somewhat below expectations
but neverthelesshas shown steady increasesas seen in ¯gures 23 and 24 [29]. Record
luminosities have been regularly achieved in the past year. Overall Run 2a and Run 2b
goalsare presented in table 4.

3.2 The D0 Exp erimen t

The D0 experiment as seenin ¯gure 25 has undergonea very extensive set of upgradesfor
Run 2 [30]. The main upgradesare schematically represented in ¯gures 26 and 27. An all
new central tracking detector hasbeenbuilt and installed inside of a new 2 Teslasolenoidal
magnet. The new high resolution tracker includes a silicon strip detector made up of both
barrels and disks and a novel ¯b er tracker at larger radii. A schematic diagram of the
silicon is seenin ¯gure 28. The barrels contain 4 layers of single and double-sidedsilicon
strips spanning the radial spacefrom 2.7 to 9.4 cm. The double-sidedbarrel silicon has
stereo anglesof 2 and 90 degrees[31]. Small disks are interleaved with the barrels while
larger onesare stationed in the far forward regions. The disks allow forward tracking to
j´ j » 3. The generalcharacteristics of the D0 silicon are listed in table 5. The performance
of the silicon is exempli¯ed by the massresolution seenin the silicon-only reconstruction of
K S ! ¼+ ¼¡ and ¤ ! p¼¡ shown in ¯gure 29. The functionalit y of the D0 silicon exceeds
» 95% with e±ciency of » 97%. A level 2 silicon track trigger is also under construction
[32].

The D0 ¯b er tracker [33] is shown in ¯gure 30. The ¯b er tracker usesVisible Light
Photon Counters (VLPC) to detect the light in the ¯b ers generatedby ionizing particles.
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Main Injector
& Recycler

Chicago

p debuncher
accumulator

Linac &
Booster

p

p

Tevatron 
Ös =  1.96 TeV

CDF

DØ

Figure 22: Fermilab Accelerator complex.

Figure 23: Integrated luminosity versustime in Run 2 of the FNAL Tevatron.

The VLPC operate at roughly 10o K and have quantum e±ciencies on the order of 90%
resulting in negligible hit ine±ciencies. As can be seenin ¯gure 31 the massresolution is
signi¯cantly increasedwith the addition of the larger lever arm and subsequent momentum
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Figure 24: Peak luminosity versustime in Run 2 of the FNAL Tevatron.

resolution improvements of the ¯b er tracker.
The D0 tracker obtains silicon-only impact parameter resolution ¾d ¼ 95 ¹m for tracks

with pT = 3 GeV. This improves to ¾d ¼ 37¹m when the silicon is combined with the

Figure 25: Photograph of the D0 experiment for Run 2.
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Calorimeters Tracker

Muon 
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Elect ronics
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20 m

ant iprotons

Figure 26: Schematic drawing of the D0 experiment for Run 2.

125 cm

2T

Figure 27: Schematic drawing of one quadrant of the new D0 cental tracking region.

¯b er tracker. With the full tracker, the momentum resolution is » 2% at pT = 1 GeV
for j´ j < 1.

In addition to the central detector and solenoid upgrades of D0, the detector elec-
tronics, triggers and data aquisition have all beensubstantially upgraded to deal with the
dramatically reducedbunch crossingtime in Run 2 [34].
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Barrels Small disks (F) Large Disks (H)
Silicon 1- and 2-sided 2-sided 1-sided

Pitch angles 0, 2, 90o § 15 § 7:5
Channels 387,072 258,048 147,456
Modules 432 144 96

Inner radius 2.7 cm 2.6 9.5
Outer radius 9.4 cm 10.5 26

Table 5: D0 silicon.

3.3 The CDF Exp erimen t

The CDF experiment has also undergoneextensive upgradesand changesin preparation
for Run 2 [35]. The Run 2 detector during roll-in for Run 2 commissioning is shown in
¯gure 32. The systemswhich have beenfully or partially upgraded are indicated in ¯gure
33. The only parts of the detector that were left unchanged are the central calorimeter
and solenoid. The front-end electronics for all detector subsystems,including the central
calorimeter, were upgraded to handle the shorter Tevatron bunch crossingtime in Run 2.
The muon system was partially upgraded to complete the coverage in the central region
(j´ j < 1). As was true for D0, the most extensive detector upgradeswere in the tracking
region. The entire CDF tracking system was rebuilt for Run 2 with the exception of the
1.4 T solenoidwhich was retained from Run 1.

The largest new tracking component is the Central Outer Tracker (COT) [36] which
replaced the Run 1 Central Tracking Chamber (CTC) [37]. Like the CTC the new COT
is a wire drift chamber. Tracks passingradially through the COT encounter 96 wireplanes
which are organized into 8 superlayers. The superlayers alternate between axial and 3o

stereoangle. Within a superlayer wires are organizedin cells of 12 sensewires, intermixed
with potential wires. The cells are tilted 35o to compensatefor the Lorentz angle. Each
cell of 12 wires is enclosedby cathode ¯eld sheets.This createsa uniform and isolated 0.88
cm drift region. By comparison, the CTC wires were not grouped into isolated cells. The
isolated cell structure enableshigher luminosity operation by limiting occupancy. Fast gas
is also usedto speedthe collection time and to limit pile-up.

The COT performance met expectations very early in Run 2. Figure 34 shows the
single hit resolution of the COT \righ t out of the box", (i.e. with only very preliminary

Figure 28: Solid model drawing of the D0 silicon for Run 2a.
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alignment and calibration) as measuredwith electrons from W ! eº decays. The single
hit resolution is 175¹m which is slightly better than the designgoal of 180 ¹m . The track
e±ciency in these events is measuredto be ² = 99 § 1%. The ¯rst measurements of
momentum resolution indicate ¾(PT )=P2

T . 0:13% GeV¡ 1 as comparedwith a ¯nal Run 1
resolution of 0:10% GeV¡ 1. Residual misalignments in the COT are factors of 2-3 smaller
than they were in Run 1 due to improved bulkheadsand construction techniques. At lower
energy, a pro¯le histogram of the J=Ã mass as measuredwith J=Ã ! ¹ + ¹ ¡ versus the
di®erencein the cotangent of the pitch angleof the track helicesis shown in ¯gure 35. One
seesthat the massvaries lessthan 1 MeV.

The COT is used in every level of the CDF trigger. The level 1 track trigger is the
eXtremely Fast Tracker (XFT) [38]. The XFT is fed the output of the COT Time-to-digital
converters (TDC) and sorts hits into \prompt" (drift time . 44ns) or \delayed" (longer
drift times). These bits are set within 132 ns of hit arrival and transmitted to hit ¯nder
boards which have dictionaries of prompt and delayed hits corresponding to segments of
valid tracks contained in a total of 336 Field Programmable Gate Arrays (FPGA). When
a segment mask is matched, the Á and slope of the segment are retained for use in a
\Link er" system. The Linker comparesall found segments to another dictionary of masks
representing valid track candidates. There are a total of 288 FPGA's which each cover a
1.25o slice in Á. The number of valid roads varies inversely with the threshold in pT for
the tracks considered.For a 1.5 GeV threshold, there are 2400roads. Figure 36 is a single
event display showing the closeproximit y of an online XFT track to the ¯nal reconstructed
o²ine track. The track trigger e±ciency is shown in ¯gure 37. The e±ciency is > 95% for
pT ¸ 1:5 GeV. The designspeci¯cations and actual resolutions are provided in table 6.

Moving radially outward from the COT is Quantit y Design Actual
¾(pT )=P2

T 1.8% GeV¡ 1 1.8% GeV¡ 1

¢ Á < 8 mrad 6 mrad

Table 6: XFT Resolution.

the Time of Flight (TOF) detector [39]. This
system is comprised of scintillator bars lining
the inner bore of the solenoid as seenin ¯gure
38. The early performancefor p, K , and ¼sep-

Figure 29: The reconstruction of K s and ¤ in D0 using silicon-only tracks.
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Figure 30: End view of the D0 ¯b er tracker.
The high quantum e±ciency of the VLPC's
enableindividual photonssto beresolvedand
counted as shown here.

Figure 31: Performance of the complete
D0 tracker as exempli¯ed in reconstruction
of K s ! ¼+ ¼¡ .

Figure 32: The CDF detector rolling into the collision hall for the Run 2 commissioningphase.

aration at low momenta is represented in ¯gure 39. The timing resolution of the TOF
is determined to be roughly 120-130ps, falling a bit short of the design goal 100 ps. It
is however expected that with improved calibrations and algorithms the designresolution
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Upgraded

Unchanged

Partially
upgraded

Forward muon
Endplug
calorimeter

Central muonCentral 
calorimeters

Solenoid

Front end
Trigger
DAQ
Offline

TOF

Silicon and drift 
chamber trackers

Figure 33: Isometric drawing of the CDF upgradesindicating those subsystemsthat have been
fully or partially upgraded, or left unchanged.

1 MeV1 MeV

Figure 34: Electron tracks from W ! eº
events are used to determine the COT reso-
lution at the start of operation.

Figure 35: The uncertainty on the recon-
structed J=Ã massin J=Ã ! ¹ + ¹ ¡ asa func-
tion of the di®erencein the cotangent of the
pitch angle of the track helix.

will be approached in the future.
The TOF detector will be used extensively for low energy phenomena,particularly

in the realm of b, and c physics. The impact of the TOF for low mass spectroscopy is
demonstrated clearly in the reconstruction of Á ! K + K ¡ in ¯gures 40 and 41.

Recently the TOF has beenusedto search for charged massive stable particles. As an
example, the stop quark ~t could be stable if it were the lightest supersymmetric particle
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slide 11

Figure 36: Event display showing an online XFT reconstructed COT track segment (green) com-
pared with that obtained o²ine (red).

Efficiency > 95 %  for
XFT cut of 1.5 GeV/c

Figure 37: E±ciency of the XFT versuspT of tracks.

(LSP) and R parit y wereviolated or if it were the next to lightest supersymmetric particle
(NLSP) and had a very narrow decay width to the LSP (possibly the gravitino). It is
therefore interesting to search for evidenceof a stable ~t (or any as yet unseenand possibly
unexpected new charged particle for that matter) that lives long enough to traverse the
entire CDF detector including the TOF before decaying. The ~t production rate [40] is
mainly dependent upon M ~t and so an event count can be estimated for any integrated
luminosity and mass. Such a study has been performed by CDF in 53 pb¡ 1 of data and
results in a masslimit in the range of » 95 (110) GeV for ~t embeddedin a jet (or isolated
in the detector) as seenin ¯gure 42.
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Figure 38: CDF lead project engineer R.
Stanek inside the CDF solenoid during the
installation of the TOF scintillator bars.

Figure 39: Early data from the TOF in Run
2 showing separation of p, K , and ¼ at low
transversemomentum.

S/B =  2354/93113 S/B =1942/4517

With TOF 

Figure 40: Invariant mass of K + K ¡ can-
didate pairs as reconstructed without use of
the TOF detector information.

Figure 41: Invariant massof K + K ¡ can-
didate pairs after including the requirement
that the tracks both be within 3¾of the ex-
pected °igh t time for Kaons as measuredin
the TOF.

The CDF silicon tracker [41] is made up of 3 subsystemscontaining only barrel layers
as shown in ¯gure 43. The silicon resideswithin the inner bore of the COT. There are a
total of 7 silicon layers in the pseudorapidity range j´ j . 1:0 and 8 layers in the forward
region 1:0 . j´ j . 1:9. All layers are double-sidedexcept the innermost one at a radius of
» 1.5 cm. The double-sidedlayers have axial strips on one side and shallow stereo (1.2o)
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Figure 42: Recent preliminary CDF limits on the massof a stable ~t either embedded in a jet or
isolated in the detector.

~ 64 cm 

SVXII

 ISL

Layer 00

Figure 43: Drawing of the crosssection of the cdf silicon subsystemsas discussedin the text

or orthogonal stereo(90o) strips on the other side. The generalcharacteristics of the CDF
silicon are listed in table 7. The outermost system, called the Intermediate Silicon Layers
(ISL) [42] is shown in ¯gure 44.

The ISL provides track hit information with a resolution of ¾» 30 ¹m at large radii.
This information is used in the central region to link track segments in the inner silicon
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Figure 44: The CDF Intermediate Silicon Layers. This photograph wastaken during construction
of the detector at the FNAL Silicon Detector Center. The detector, which is roughly 2 m long, is
shown in a large protective casefrom which the exterior side walls have beenremoved for visibilit y.

• h• h

Figure 45: The impact of the ISL detec-
tor on the acceptancefor trileptonic events
is shown in this plot of the number of simu-
lated events as a function of pseudorapidity
´ .

Figure 46: Reconstruction of the invariant
mass of e+ e¡ pairs in the end plug regions
basedon silicon-only tracking is shown.

layers to thosein the COT. In the forward regionswherethe COT haslittle or no coverage,
two ISL layers provide enoughinformation to allow high purit y tracking and well-resolved
track parametersfor forward lepton identi¯cation and forward b-tagging. Figure 45 shows
the impact of the ISL on the trilepton searches discussedin section 1, while ¯gure 46
shows the reconstruction of a Z ! e+ e¡ for electronsin the plug region using silicon-only
information including hits from the ISL.

Inside the ISL is the SVXI I detector [43]. The SVXI I shown in ¯gure 49 is arguably
the most complex and compact silicon detector built to date. The main purposeof the
SVXI I is to provide pure track segments that can be combined with the COT segments
to make tracks with very high resolution impact parameters in both the axial and stereo
views. The SVXI I construction was extremely di±cult becauseof its compact and precise
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Figure 47: The online impact parameter
distribution for SVT reconstructed tracks
relative to the beam spot (» 30 ¹m ). The
SVT resolution is » 40 ¹m .

Figure 48: The track e±ciency of the SVT
as measured in J=Ã ! ¹ + ¹ ¡ events as a
function of track pT .

nature. Furthermore, the SVXI I is usedin an online Level 2 silicon vertexer trigger (SVT)
[5] which usesCOT track stubs to de¯ne roads in the silicon where it looks for axial hits to
add to the tracks for higher resolution. The SVT is the ¯rst such trigger usedin a hadron
collider experiment and enablesCDF to collect low ET events with hadronic b decays for
the ¯rst time. The online impact parameter distribution for tracks reconstructed with the
SVT is shown in ¯gure 47. The track e±ciency of the SVT asa function of track pT at the
start of running was on the order of 80% as shown in ¯gure 48 and is expected to rise to
90% with further improvements in operation of the silicon.

Inside the SVXI I detector is the Layer Layer 00 SVXI I ISL
Si 1-sided 2-sided 2-sided

Stereoangles - 1:2o; 90o 1:2o

Channels 13,824 405,504 303,104
Modules 48 360 296

Inner radius 1.35 cm 2.5 20
Outer radius 1.65 cm 10.6 28

Table 7: CDF silicon.

00 detector [44] which is shown in ¯gure
50 during its installation. The Layer
00 detector is a very lightweight, ¯ne-
pitched microstrip detector at an aver-
age radius of 1.5 cm. The main pur-
poseof the Layer 00 detector is to make
it possible to obtain excellent impact
parameterresolution down to pT » 300MeV.
The compact construction of the SVXI I
detector necessitatedthe presenceof a fairly substantial amount of material in the tracking
region. The material hasbeenmapped with ° ! eeconversionsasshown in ¯gure 51. The
amount of material in the silicon region is substantially reducedin the designof the CDF
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Figure 49: Photograph of one of three CDF SVXI I detector barrels during construction.

Figure 50: The CDF Layer 00 detector just after installation on the Beryllium beam pipe.

silicon upgrade for Run 2b [45].

4. Preliminary Run 2 Ph ysics Results and Future Prosp ects

Sowheredoesthe Tevatron collider program stand now on the path to ¯nding the Higgsor
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Figure 51: Photon conversions as a func-
tion of radius showing the relative amounts
of material in the silicon.

Figure 52: Scatter plot of photon conver-
sionsin the transverseplaneshowing the out-
lines of the various silicon layers and their
electronics,supports, and services.

evidencefor any of the new physics discussedearlier? Thesehigh stakes searchesproceed
along natural pathways that begin with more familiar Standard Model physics topics. As
an example, the Higgs search begins with measurements of the W and Z boson cross
sections. This is becausethe most prominent Standard Model (SM) Higgs signatures at
the Tevatron are those involving Higgs produced in association with the vector bosonsor
decay of solo Higgs to a pair of W 's. It is therefore important to ¯rst have a detailed
understanding of how the leptonic decays of the vector bosonsare manifested in these
experiments. Following closelybehind the crosssection measurements are studies of W or
Z plus jets events. Theseevents represent an important background to tt events as well as
to Higgs, particularly at low masswhere the dominant decay is H ! bb. Oncethis e®ort is
well underway, the next step is to look for evidenceof b hadrons in the jets accompanying
the vector bosons. The abilit y to tag b jets in such events is crucial to producing pure
samplesof tt events and to eliminating most of the background in W + H ! lº + bb events,
leaving mainly the irreducible background W + bb.4 Once b tagging is well understood, it
is possibleto begin to measurethe crosssection for tt in events containing W plus b jets.
Finally, once the top analysis is reasonablystable and well understood, one is in a good
position to search for a low mass SM Higgs. Of course, a signi¯cant amount of data is
required to test SM expectations. Nevertheless,new experimental limits can be set with
smaller quantities of data and there's even the possibility that somethingmay turn up that
the theorists did not expect.

Currently CDF and D0 have begun to present W and Z cross sections as well as
preliminary crosssectionsfor tt production. In addition, b tagging algorithms are becoming
well enoughunderstood to be usedwith con¯dence. Both experiments have collecteddata

4Of course given the roughly 20% e±ciency expected for tagging of c jets, W + cc events will also
contribute to the irreducible backgrounds for Higgs.
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samplesenriched in tt events in their W plus b jets samples.
With regard to searches for new physics, the analysis path again beginswith W and

Z studies. In the search for new particles, lepton (particularly e and ¹ ) identi¯cation is
important in the forward regions of the detector as discussedabove in relation to ¯gure
45. In early data-taking the analysesfor which forward leptons are crucial are the W and
Z asymmetries. These measurements are currently well underway. The next step is to
study W or Z plus b or c jets. Here CDF bene¯ts from the SVT displacedtrack trigger to
collect large samplesof hadronic b and c mesonand baryon decays. The next step in the
analysis path is to measurethe tt crosssection in the dilepton channel. Finally, oncethis
measurement is well understood, there is adequatecon¯dence in the identi¯cation of the
relevant objects to begin searching for new physicswith leptons, photons, b or c tags, and
possibly large missing ET and jets.

4.1 W and Z Studies

As of March 2003, CDF and D0 have collected substantial samplesof W and Z events.
Figure 53 shows the transverse mass of over 38,000 W ! eº candidates in CDF from
which one obtains the preliminary measurement: ¾¢B r = 2:64§ 0:01(stat ) § 0:09(syst)
§ 0:15(luminosity ) nb [46]. The missing ET resolution in Run 2 compareswell to that of
Run 1 as shown in ¯gure 54.

Figure 55 shows the distribution of Z ! e+ e¡ as measuredin the D0 experiment [47].
The CDF and D0 experiments have preliminary Run 2 measurements of the W and Z
production rates and widths and their ratios5. The results for CDF are presented in table
8. D0 has performed a search for a high massZ0 bosonby searching for an excessin the
full spectrum of Z and Drell-Yan production of opposite-signlepton pairs. Figure 56 shows
the D0 e+ e¡ invariant massdistribution for 50pb¡ 1. A simulated 600 GeV Z0 peak at ten
times the theoretical crosssection is superimposed. The e+ e¡ data alone imply that such
a Z0 must lie below a massof » 625 GeV.

Measurement CDF Run 2 preliminary PDG or Theory
¾B r (W ! eº) 2:64§ 0:01§ 0:09(sys) § 0:15(lum) nb 2:69§ 0:10 nb (NNLO)
¾B r (W ! ¹º ) 2:64§ 0:02§ 0:12(sys) § 0:16(lum) nb \ \
¾B r (W ! ¿º ) 2:62§ 0:07§ 0:21(sys) § 0:16(lum) nb \ \

B r (W ! ¿º )
B r (W ! eº ) 0:99§ 0:04§ 0:07(sys)

g(¿)=g(e) 0:99§ 0:02§ 0:04(sys)
¾B r (Z ! ee) 267§ 6:3 § 15:2(sys) § 15:5(lum) pb 250.2pb (NNLO)
¾B r (Z ! ¹¹ ) 246§ 6 § 12(syst) § 15(lum) pb \ \

¾(W ! eº )
¾(Z ! ee) 9:88§ 0:24§ 0:47(sys)

¾(W ! ¹º )
¾(Z ! ¹¹ ) 10:69§ 0:27§ 0:33(sys)

Extracted ¡ W 2:11§ 0:05§ 0:07(syst) § 0:02(ext) GeV 2:118§ 0:042 GeV (PDG)

Table 8: CDF W and Z measurements for a total integrated luminosity of 72 pb¡ 1.

5D0 results are available for 10-15 pb¡ 1 [47] and updated results will be releasediminently .
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Figure 53: Transversemass (M t ) of CDF
W ! eº candidates in Run 2.

Figure 54: Resolution of missing ET in
CDF as a function of missing ET .
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Figure 55: The D0 e+ e¡ invariant massdis-
tribution for 50 pb¡ 1 is shown.

Figure 56: The full D0 e+ e¡ massspectrum
in Run 2 with a 600 GeV Z0 signal superim-
posedat ten times estimated crosssection.

The CDF data for the forward-backward charge asymmetry of e+ e¡ pairs (Ae
f b) is

shown in ¯gure 57. This asymmetry results from the fact that the reaction pp ! l + l ¡ is
mediated both by virtual photons at low values of M l+ l ¡ [48], by the Z at M l+ l ¡ » M Z ,
and by both processes,including interference,at all other masses.At tree level the angular
di®erential crosssection in the center of massframe is:

d¾(qq ! Z=° ! l+ l ¡ )
dcosµ

= A(1 + cos2µ) + B cosµ

CDF is also in the processof re-measuring the forward-backward charge asymmetry in
leptonic decays of W s. Herethe asymmetry arisesfrom the di®erencesin the parton density
functions of the proton for d an u quarks. It was shown in Run 1 that this measurement
is extremely powerful for constraining empirical models of proton structure [50]. The
additional lepton coverage provided by the new CDF and D0 tracking detectors greatly
enhancesthe discrimination of various parton distribution functions [51]. The sensitivity
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of the channel W ! eº alone will be comparable to that of both the e and ¹ channels in
Run 1 and will extend to larger valuesof lepton rapidit y, as seenin ¯gure 58.

�����

��

�

�

�
	 �

�

�
	 �

�

�
	 


�

�
	 


�
	 �

�
	 �

�
	 �

�

��� ��� ����� 
���� ����� �����

���

�

�

�

�Þ
�

g
���

���! �"$#  !%�& '("�)!*

*+)-,!)!. ��&0/ 1!)!23. )+/ # %!��&

%!�!& %!'3& �4/ # 23 �*

5�687�609 :�609 ;�7=<

>@? 6 7A<

�CBEDGFIH@JGK KMLON

�

< 9 PQ9 J 7 N8R

S T

U�V@WAXZY�[

\�]_^a`cb

d@d

e

�����

��

�

�

�
	 �

�

�
	 �

�

�
	 


�

�
	 


�
	 �

�
	 �

�
	 �

�

f�ghg

ikjml$nmo-prqtsau$nmv8wmvko x�i

y yAz { | |Mz { } }�z {

~•

€ •‚ƒ

„

… † ‡

ˆ

ˆ

„

‰

‚

‡

Š

yAz }�{

Š

y‹z }

Š

yAz |�{

Š

y‹z |

Š

yAz y�{

y

yAz y�{

y‹z |

yAz |�{

y‹z }

yAz }�{

Œ‹•‹Ž••O‘“’h”O•—– –‹˜k™Qšh•O› œ‹•

ž Ÿ

Œ‹Œ‹Ž••O‘“’h”O•—–@˜8™‹ �¡¢”O•h£�’m¤¦¥‹Œ‹§‹¨‹©‹¨@ªQ˜kŒ‹«‹«‹¥‹•

ž Ÿ

¬®­_¯±°³²¢´¶µ!µQ·¹¸@ºQ»!¼!½¶¼!´¿¾G¸@À

ÁIÂ�Ã�ÄÆÅ ÇMÈAÂMÉ�Ç�Ê

ËhÌ�Í�Î Ì�ÏOÐ Ñ�ÒMÌ�ÓAÑ�Ô

Õ�Ö�×3ØAÎ Ù-ËÚÐ Ì�×3ÍMÛ�Ü‹Í3Ô

Figure 57: Preliminary measurement of
forward-backward asymmetry in Z ! ee
events by CDF in Run 2.

Figure 58: The expected uncertainties on
the W charge asymmetry with 120 pb¡ 1 of
W ! eº data are plotted on axis and com-
pared to the uncertainties in Run 1 for both
eº and ¹º channelscombined. The asymme-
tries for various partonic models of the pro-
ton are also plotted.

4.2 Top Ph ysics Run 1 Run 2a
CM Energy [TeV] 1.8 1.96

Integrated Luminosity [fb¡ 1] 0.1 2.0
¾t t [pb] 5.0 7.0

¾(single top) [pb] 2.5 3.4
N t t produced 500 14,000

Single top 250 6,800
N (tt ! l+ l ¡ ) 4 150

N (tt ! l+ ¸ 3 j ets) 30 2000

Table 9: Top quark production in Run 1 compared
with projections for 2 fb¡ 1 in Run 2a.

The CDF and D0 experiments have
now collected enough data in Run 2
to begin to measure top quark pro-
duction properties. Groups are also
actively working on newmeasurements
of kinematics including the mass of
the top quark. As mentioned above,
top is an excellent stepping stone on
the path to new physicssincea good
understanding of top events requires
such a high level of knowledgeof how
leptons, jets, long-lived b hadrons, and neutrinos are manifested in one's detector. Top
physics is of coursealso quite important on its own. The top quark is extremely massive,
and has an extremely short lifetime of order 10¡ 24 s. This meansthat the top quark will
decay beforehadronization making it the only quark whosefree decay can be studied. The
Tevatron experiments plan a very broad program of study in the realm of top physics[52].
Projections for top production in 2 fb¡ 1 (Run 2a) are listed in table 9.
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CDF and D0 have made preliminary measurements of ¾t t and M t in several decay
channelsas shown in table 10. The combined D0 and CDF top quark massmeasurement
for Run 1 was M t = 174:3§ 5:1 GeV. Recently D0 has re-optimised their measurement of
M t in Run 1 and hasobtained a newpreliminary result of 179:9§ 3:6 (stat )§ 6:0 (syst) GeV
in which the statistical error has been reduced substantially [54]. Current measurements
of the massare not yet competitiv e with thoseof Run 1 as they are still being re¯ned, and
also entail lessdata (» 70 versus» 110 pb¡ 1).

D0 CDF
¾t t Dileptons [pb] 13:2 § 5:9 § 1:5 (sys)

¾t t Lepton + jets [pb] 5:3 § 1:9 § 0:8 (sys)
¾t t Both Channels[pb] 8:4+1 :9

¡ 3:7(stat )+5 :0
¡ 3:5(syst) § 0:8(lum)

M t (Lepton + jets) [GeV] 171:2 § 13:4 § 9:9 (sys)

Table 10: Preliminary Run 2 measurements in tt production.

4.3 CDF's Surprising Charm (and Bottom).

As mentioned in my earlier discussionof the CDF upgrades,one of the more exciting new
additions to CDF is the SVT silicon tracker and trigger. This trigger wasdesignedto allow
CDF to collect events with hadronic b decays at low ET . Previously in Run 1, one had to
rely on at least one b hadron decaying semileptonically (to e or ¹ ) in order to discriminate
from the huge diject backgrounds present at the Tevatron. The new trigger was quite
a di±cult endeavor and there was some skepticism about how well it would perform -
particularly sinceit relied on so many other things being donecorrectly like the extremely
preciseconstruction and ¯nal alignment of the silicon detector to the beam line.

From the start of Run 2 the SVT has operated extremely well and CDF has indeed
accumulated new typesof data. A pleasant surprise, but of coursenot at all surprising in
retrospect, is the fact that CDF has accumulated huge samplesof hadronic charm decays
with the SVT as well as hadronic bottom decays. The former led to a measurement of the
di®erencein massof the D §

s and the D § as one of the earliest CDF results in Run 2 [55].
CDF ¯nds

m(D +
s ) ¡ m(D + ) = 99:41§ 0:38 (stat ) § 0:21 (syst) M eV

This is to be compared with the current PDG value of 99:2 § 0:5 MeV. Figure 59 shows
the D +

s and D + peaksin CDF data.
Samplesof reconstructedhadronic bhadronsaremore di±cult to obtain sincethere are

in generalmore daughter particles involved in the decays and hencedetector ine±ciencies
becomegreatly magni¯ed. In addition, CDF silicon detectors were installed but not fully
commissionedat the start of data taking and so it took quite a long time to bring them
up to optimal e±ciency [56].

There are many important direct measurements planned for the low E T charm and
bottom samplesthat will be collectedby CDF in Run 2. The relevanceof thesesamplesto
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D+
Ds

+

Figure 59: The CDF reconstruction of D +
s

and D + .
Figure 60: An example of the full recon-
struction of hadronic b decays in CDF is pro-
vided by this massspectrum with peaksob-
served for Bs ! D ¤

s ¼and Bs ! D s¼.

high ET physicsstemsfrom the fact that they will allow CDF to study b and c jet tagging
directly in data containing enriched samplesof hadronic decays. Previously, systematic
studiesof b tagging for instancewerecon¯ned to inclusive lepton samplesand Monte Carlo
[57].

5. Summary and Conclusions

The CDF and D0 detectors have undergoneextensive multi-y ear upgradesto take advan-
tageof the opportunities presented by the similarly upgradedFermilab acceleratorcomplex.
After a di±cult start, most detector subsystemsare now performing at or beyond design
speci¯cations while a small number will probably never quite achieve their design goals.
The Tevatron has itself struggled and hasnot managedto integrate luminosity at the level
expected. However, work hascontinued and progressis steadily being madeto understand
the problemsthe acceleratoris having. New instantaneouslumonisity recordsare regularly
being established.

The physics program is now well underway. New results for W and Z production
and for t; b; and c quark physics have been presented with special attention given to
new capabilities and future expectations. While data has beenslow to accumulate at the
Tevatron, it is neverthelessclear from theseresults that the CDF and D0 collaborations are
making great progressin understanding and operating their detectors, and in developing
new techniques and analysesto take advantage of new capabilities available in Run 2.

How much can actually be achieved by the Tevatron program in the future depends
on many things. The biggest concern at present is the performance of the accelerator.
It is hoped that it will improve signi¯cantly in coming years. It is certainly true that
the Fermilab director and management are making this a top priorit y. Without such an
improvement, the high ET physicsprogram will be more limited but still important. With
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only 1 fb¡ 1 of new data, which could be obtained before the start of the Large Hadron
Collider operation at CERN by very modest improvements in luminosity or consistencyof
operation of the acceleratorcomplex, it will be possibleto make substantial improvements
in top quark, and W / Z studies. Some,albeit limited new constraints on SUSY and SM
Higgs would alsobe possible. With a bit better performance,asmay very well be provided
by the recycler, it may be possibleto integrate » 5 fb ¡ 1 of data per experiment. At this
level, we may rule out a low massSM Higgs for instance,and comequite closeto ruling out
the Minimal SUSY Model. More constraints on SUSY and other new particles via direct
searches will be attainable. In fact this statement remains true with increasedintegrated
luminosity up to levels that are well beyond what can be achieved in the pre-LHC era.
Where it really hurts to fall short of our goal of » 10 ¡ 15 fb ¡ 1 per experiment is in
the realm of a Higgs discovery. While it is possibleto rule out the Higgs with lessdata,
it is not likely we can claim any kind of observation should it be present. It is therefore
probable, barring a major new delay in the LHC project, that the FNAL Tevatron will
join the list of illustrious facilities that had hoped to ¯nd the Higgs but could not do so.

In summary, though a Higgs discovery may be far from assured,the Tevatron program
will very certainly be able to generatenew results of major importance at each new step in
integrated luminosity from now until the time when the LHC experiments start to produce
results.
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