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Abstract: In this note I report the status and prospects of the CDF and D0 experiments

in Run 2 of the Tevatron Collider at Fermilab as of March 2003. Some of the more exciting

physics goals of the high transverse energy (ET ) program are reviewed. Select elements of

the upgraded accelerator complex and the upgraded detectors and their performance are

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

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

results since bottom and charm are important ingredients in many new physics searches

at high ET .
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The Run 2 physics program at the Fermilab Tevatron Collider required very substantial

upgrades of the CDF and D0 detectors. These upgrades will provide substantial improve-

ment in physics capabilities. However, virtually all subsystems are 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 722,000 readout channels in Run 2. In addition, a major

upgrade of the Tevatron has reduced the time between beam collisions from 3.5 µs to 396

ns which has necessitated a major change in all front end readout electronics, triggers,

and data aquisition systems. Such a significant enhancement in complexity of all systems

naturally carries with it major new challenges in the construction and commissioning of

the detectors - both of which took longer than orginally anticipated. The detectors are now

becoming very well understood. While it appears that some subsystems will not meet full

expectations, a significant number of detector elements are beginning to meet and exceed

design goals.
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A continuing effort to improve the performance of the Tevatron has been underway

since 2001 and has begun to show slow but steady progress in achieving higher luminosities.

New all-time luminosity records have recently been attained. At the time of this writing,

the data accumulated by each of the collider experiments in Run 2 is still somewhat below

the total collected in Run 1. Nevertheless, many Run 1 measurements have been repeated

with the new data and show comparable resolution. The substantial increases in acceptance

and the new capabilities of the detectors for Run 2 have made it possible to do completely

new measurements and in some cases to achieve greater resolution with less data for some

repeat measurements.

In this note I will present a selection of the high ET goals of the Tevatron collider

program with references to 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, based upon performance to date and current expectations

for future performance, I will close this note with a very brief speculative discussion of the

implications for high ET physics in the pre-LHC era.

1. Goals of the Tevatron Collider Program

The Tevatron Collider program has a large number of physics goals. I will review a selected

subset related to higher mass states that are only accessible at the energy frontier.

1.1 Standard Model Higgs

Though not an easy quarry, the Tevatron community has spent a significant amount of

effort 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 . MH . 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 MH = 135 GeV and the latter dominant above this mass, as seen

in figure 1. At the Tevatron, as will be true at the LHC, the dominant Higgs production

mode is gg → H. Unfortunately this means that for MH < 135 GeV the majority 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 mass Higgs, 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 discussed below.

For all masses, a somewhat more promising avenue is afforded by the process in 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 anomolous contributions to the limit which

would cause the expected range to fluctuate either much higher or much lower should they be removed from

the global fit [2].
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Figure 1: Branching ratios for SM Higgs

decays versus mass in the range 100 < MH <

150GeV.

Figure 2: Production cross sections [pb] for

SM Higgs alone or in association with other

particles in the range 80 < MH < 200GeV.

production, as seen in figure 2, these events do have a subset of final states with very

distinct signatures. Particularly in those cases where the associated V decays to µ or e

leptons (e.g. W → eν, µν and Z → ee, µµ) the presence of two high ET leptons or one such

lepton and significant missing ET provides a strong means for rejecting SM background

events.

In the range MH . 135, the main backgrounds to the signatures tabulated here are

those coming from W+bb and W+cc production.2 While these are relatively rare events,

particularly for high bb invariant pair mass, they are unfortunately still somewhat less rare

thanWH events. Table 1 summarizes the main backgrounds to the various signal channels.

Mass Range Signal Backgrounds

MH . 135 GeV WH → qq′bb multijet production

“ “ WH → lνbb Wbb,WZ,tt,tb

“ “ ZH → l+l−bb Zbb,ZZ,tt

“ “ ZH → ννbb QCD Zbb,ZZ,tt

MH & 135 GeV H →WW → l+l−νν WW ,WZ

“ “ HW →WWW tt, tt+W or Z,WW or W/Z + jets...

“ “ HZ →WWZ tt, tt+W or Z,WW or W/Z + jets...

Table 1: SM Higgs Search Channels and Backgrounds at the Tevatron.

For MH . 135 GeV, as seen in table 1 the signatures are comprised of tagged b jets

together with missing ET , or single lepton plus missing ET or like-flavor opposite-sign

dileptons. At higher mass, the signatures are comprised of multiple leptons, possibly with

missing ET and jets. Experimentally these event signatures require good instrumental

capabilities in the areas of e and µ identification and missing ET resolution for the vector

bosons, as well as good b tagging and dijet mass resolution for bb pair reconstruction.

Charm and τ identification are not needed for the signal, given the rarity of SM H decays

2In Run 1, the CDF b-tag algorithm, which was used in the discovery of the top quark, was more than

∼50% efficient for b jets over 50 GeV and 20% efficient for high energy charm jets.
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Figure 3: Limits on SM Higgs versus mass

in the range 100 < MH < 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 these particles as shown in Figure 1. However, the capability to distinguish them from

b’s would help in understanding some of the backgrounds.

In Run 1, CDF set limits on many of these channels which are 1 - 2 orders of magnitude

above SM expectations as seen in Figure 3. In order to have sensitivity to SM Higgs in Run

2 we will of course need significantly more data than was available in Run 1. Even beyond

the issue of integrated luminosity, a very good understanding of our backgrounds and an

improved dijet mass resolution will be critical to our final 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
√
s Data per Expt.

Run 0 1988-89 3.5 µs 1.8 TeV 5 pb−1

Run 1 1992-96 3.5 µs 1.8 TeV 120 pb−1

Upgrades 1996-2001

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

Upgrades 2005-2006

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

Table 2: Tevatron Collider Program Timeline

With regard to the critical issue of bb dijet mass resolution 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 presence of 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 seen in Figure 6, representing a roughly 30 to 50%

improvement over what one can obtain with calorimetry alone. CDF demonstrated already

in Run 1 that a sample of Z→ bb events could be isolated as seen in figure 7. In Run 2

CDF has a new hadronic b trigger [5] that is being used to accumulate larger and more

pure samples of these events which can then be used as a very important calibration for

bb mass reconstruction. D0 is also in the process of preparing a displaced track trigger for

high ET events which will have similar capabilities [6].
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Figure 5: Jet energy resolution (%) versus

photon transverse momentum in photon-jet

events as measured by 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 MH & 135 GeV where the decay H →WW (∗) is dominant, solo Higgs production

does contribute meaningfully to the signal since the backgrounds to diboson production are

not quite large enough to swamp the signal completely. One must of course require leptonic

(specifically e or µ) decays of the vector bosons. The backgrounds are predominantly Drell-

Yan, WW , WZ, ZZ, tt, single t, and ττ production. For the associated production of H

with W or Z in this high MH domain, there are of course spectacular trilepton signatures

with missing ET . These have 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 significant observation of the Higgs versus

mass has been estimated [3]. The result is shown graphically in figure 9. In the making of

this plot it is assumed that H → bb decays have bb pair invariant mass resolution on the

order of ∼10% and that b tagging efficiency will be comparable to and slightly improved
over that obtained by CDF in Run 1. In addition, the results are based upon optimised

sensitivities obtained by means of neural nets [7]. Recent preliminary crosschecks of these

results have concluded that the required luminosities could be roughly 20% higher than

those indicated in figure 9. The largest increase was in relation to the invariant mass of

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 progress to update the Tevatron sensitivities to

SM Higgs.

A red band in the figure indicates the luminosity range where we expect the perfor-

mance of the silicon detectors to become significantly compromised by radiation damage

[9]. It should be clear to the reader that the discovery of a standard model Higgs at the

Tevatron will not be easy. In particular it requires the accelerator to 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!

One can also consider what would hap- Mode N(Signal) N(Background) S/
√
B

lνbb 92 450 4.3

lνbb 90 880 3.0

l+l−bb 10 44 1.5

Table 3: SM Higgs signal and background events

per experiment in 15 fb−1 for various modes with

MH = 115 GeV.

pen if the Higgs turned out to have a mass

of ∼115 GeV which is where some interest-
ing events were seen by the LEP II 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 σ

excesses will require 5 and 15 fb−1, respectively.

The difficulty of the SM Higgs search at the Tevatron has motivated new investigations

and re-evaluations of modes other than those discussed above. Two modes under investi-

gation recently are pp → Hb (“single b” associated production) [10] and pp → ttH [11].

The cross section for single b associated production with Higgs is shown at leading order

(LO) and next to leading order (NLO) in figure 10. Single b 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 considered due to the difficulty of triggering on events - particularly at

low Higgs mass where H → bb. With the advent of silicon track triggers for hadronic b

baryon and meson decays, it is possible to overcome this problem.

The associated production of Higgs with tt was also reconsidered in recent years after

the Tevatron luminosity goal was extended well beyond 2 fb−1. Previously the production

rate was considered too small. For low Higgs mass, if the tt portion of such an event could

be reconstructed adequately to isolate the the b jets from Higgs, then it turns out that the

signal stands out relative to the irreducible backgrounds as seen in figure 12. The ability to

simply associate all the decay products to tt correctly is quite difficult and there has been

no indication that it can be done with more than about 50% efficiency. An alternative

approach that escapes this difficulty is to simply find the 4 best b jet candidates and to

form their 6 possible pairings. The corresponding 6 invariant masses, when plotted in

descending order, yield distributions that are distinctly different from the corresponding

distributions for ttjj background as seen in figure 13.

1.2 Minimal Supersymmetric 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 five Higgs bosons denoted h, H, Ao,

H+ and H−. The neutral h is the lightest of the five and can have couplings and decays

similar to the SM Higgs. The H and Ao are the CP even and odd scalar Higgs bosons

whose masses are expected to be high. The charged Higgs’ H± are also generally expected

to be massive. All of the masses can be parametrized in terms of two parameters, typically

taken to be MA and tan(β) = v2/v1 where vi is the vacuum expectation value of the i
th

L
E
P

E
X
C
LL
UU
D
E
D

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 σ significance as a function of MH and luminosity.

The red band indicates the luminosity range where it is expected that the silicon detectors may

become severely damaged by 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(β) versus Mh plane in figure 14. The production

cross sections of h, H, and Ao at large tanβ are enhanced by their couplings to b quarks

via the diagrams shown in figure 15. In run 2 CDF and D0 will have the capability to

exclude the MSSM with 5 fb−1 of data in almost all of theMA-tanβ plane up toMA ∼ 400
GeV as shown in figure 16. Only in the most challenging scenario in which the couplings

to bb are suppressed (lower left plot) are there some small regions that are not accessible.

Discovery however will require significantly more integrated luminosity.

1.3 Supersymmetric Particles

Squarks and gluinos are the most copiously produced supersymmetric (SUSY) particles

at hadron colliders and have very distinct final states in some instances. The two most

promising possiblities are gluino pair production with cascade to like-sign dileptons as seen

in figure 17 or gauginos to trileptons as seen in figure 18. In the former case the decay

chain can include 2 standard model W gauge bosons of the same sign. In the diagram

shown, R parity is assumed to hold and the neutralino is assumed to be the lightest SUSY

particle (LSP). The trilepton decay chain of the gauginos is also an experimentally clean

search channel. Combining the dilepton and trilepton searches allows significant limits to

be placed on σ ·Br for gaugino pair production and decay in the SUGRA model [14] as seen
in figure 19. With integrated luminosities of several fb−1 a significant portion of unstudied

SUSY parameter space can be covered.

As a last example of the prospects for discovering supersymmetry at the Tevatron,

the lightest stop t̃1 is a very good search candidate [15]. The t̃1 could be the lightest

squark as a result of the mixing angle θt between the superpartners of the left- and right-

handed top quarks, namely t̃L and t̃R. These form the lightest stop mass eigenstate:

g

g

b

b̄

h

q

q̄

b

b̄

h

g

b

b

h

g

b

b

h

Figure 10: Associated production of a sin-

gle b with SM Higgs at LO and NLO com-

pared to associated production of bb with SM

Higgs.

Figure 11: Representative 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 mass of the “extra” bb pair in

ttH events compared to the irreducible back-

ground from ttg. The plots are for the unre-

alistic case in 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 masses are ordered

in each event from highest to lowest values,

providing a strong distinction between signal

and background.

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

t̃1 = t̃Lcosθt + t̃Rsinθt. Alternatively one could argue that the mass should be low

relative to other squarks as a result of the fact that the top has the largest known Yukawa
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Figure 15: Production mechanisms for the CP-Odd MSSM Higgs Ao in association with bb.

95% exclusion 5 discovery

95% exclusion 5ðsdiscovery

5 fb-1

5 fb-1 15 fb-1 20 fb-1

15 fb-1

20 fb-1

95% exclusion 5σ discovery

95% exclusion 5σ discovery

5 fb-1

5 fb-1 15 fb-1 20 fb-1

15 fb-1

20 fb-1

Figure 16: Run 2 projections for the potential to discover or exclude the lightest MSSM Higgs in

the tanβ versus MA plane.

coupling (Λt ≈ 1). In any case, with a few fb−1 of data, t̃1 could be excluded (discovered)

up to masses of 200 (160) GeV via top-like decays t̃→ χ̃± → blν̃ or final states containing

charm: t̃ → χ̃±b → blχ̃0c. In both cases, since the dominant production mode is t̃t̃ pair

production, the final states are very distinct. In the former case, it’s very similar to the

tt final state, possibly at a different mass scale, while in the latter case one would look for

evidence of cc and large missing ET .
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Figure 17: A distinctive and background

free decay sequence for massive gluinos with

like-sign dileptons in the final state.

Figure 18: The trileptonic decay of gaugino

pairs is also an extremely clean channel.
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Figure 19: Average expected limit on σ ·Br as a function of the mass of χ̃±1 for like-sign dilepton
and trilepton searches and 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

evidence for these theories would be afforded by any experimental indication of the exis-

tence of additional large dimensions beyond the 3+1 ordinary dimensions of everyday life.

Several new phenomenological models of LED have arisen in recent years with potentially

observable consequences. One of the earliest and perhaps most intuitively simple, is that of

Arkani-Hamed, Dimopolous and Dvali (ADD) [16]. Other models such as that of Randall

and Sundstrum [17] have a similar basis but different phenomenology. In these models large
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extra dimensions are used to explain the enormous difference between our low energy world

and the Planck scale by positing that the weakness of gravity is only an apparent weakness

due to the fact that the majority of the gravitational field’s flux of Kaluza-Klein gravitons

(GKK) propagate into extra dimensions. A Gauss surface in a space that includes the δ

additional dimensions then provides the fundamental mass scale MD 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 δ of LEDs, their size R, and MD, via the expression:

G−1
N = 8πRδM2+δ

D

The coupling of the graviton to SM particles is extremely weak but large R means

there’s significant phase space. The GKK states form a continuum. At collider energies

the couplings are on the order of (E/MD)
2+δ ∼ 1 where E is the process energy and one

assumes thatMD ∼ 1 TeV. ForMD at this scale, deviations from Newton’s law are expected

at distances on the order of R . 10(32/δ−19) . Current direct gravitational measurements see

no deviations down to scales on the order of 100 - 200 µm [18, 19]. This would eliminate

δ ≤ 2.
Several searches for LEDs have been performed

Figure 20: PhotonET versus missing ET

for the 11 events surviving all selections in

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 GKK with subsequent decay to e+e− or

γγ. For δ = 2 they set a limit on MD of 1.4 TeV.

[20] In Run 1b CDF searched for LEDs in a sam-

ple of events containing single γ and large missing

ET [21]. After all selections, there remained 11

candidates in 87 pb−1 of data as seen in figure 20.

Limits on MD of 549, 581 and 602 GeV were set

for δ = 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 Electroweak 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 mass are good examples. The combined Run 1 result for the Tevatron is [24]:

MW = 80.456 ± 0.059 GeV

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

MW = 80.450 ± 0.034 GeV

The precise measurement of MW is particularly important when taken in combination

with a precise measurement of the mass of the t quark. Radiative corrections to the W

– 12 –
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self energy depend quadratically on the top mass and logarithmically on the SM Higgs

mass. The precision measurement of MW and Mt thus allows one to constrain the mass of

the Higgs as represented by the larger circle in the MW versus Mt plane shown in figure

21. Run 1 results, combined with LEP and other electroweak measurements currently

constrain MH to be relatively small, as discussed above, but with large uncertainty. With

2 fb−1 the Tevatron experiments are expected to reduce the errors on MW and Mt to 30

MeV and 3 GeV per experiment, respectively. This will constrain the SM Higgs mass

to the smaller circular contour3 shown in figure 21 [25]. The expected improvements are

mainly due to the increase in integrated luminosity but a variety of system upgrades also

contribute substantially to this projection. The increase in center of mass energy to
√
s =

1.96 TeV in Run 2 from 1.8 TeV in Run 1 increases the production cross-sections for W

and Z by ∼10% and for top by ∼35%. Detector upgrades increase acceptance for b jet and
lepton identification and triggering. The detectors are on track to meet these expectations.
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Figure 21: Standard Model Higgs mass constraint contours in the MW versus Mtop 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 figure 22, has undergone extensive

upgrades [26]. The most significant of the upgrade projects is the construction of the new

Main Injector which replaces the old Main Ring as an intermediate energy accelerator prior

3This is only an approximate projection in which I have assumed that the CDF and D0 results can be

added in quadrature. Also, the centerpoint of the red Run 2 contour is taken to be the same as that of the

blue contour which need not be the case.
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to injection of beams into the Tevatron [27]. The Main Injector is more reliable and can

handle higher beam currents than was possible in 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 increased from 6 proton on 6

anti-proton bunches with a bunch crossing time of 3.5 µs to 36 on 36 and a crossing time

of 396 ns. This allows the higher luminosity to be spread in such a manner that it does

not lead to significant 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 crossing will

typically be in the range of 1 to 3. In run 2 the peak luminosity is expected to be an order

of magnitude or more greater, but the additional bunches will allow the typical number of

multiple interactions to remain in the same range.

In addition to the Main Injector, there is
Run 2a Goal ∼ 2 fb−1 by 2005

Peak Luminosity Configuration

5-8×1031 cm−2s−1 without recycler

1-2×1032 cm−2s−1 with recycler

Run 2b Goal ∼ 7-10 fb−1 before LHC

4-5×1032 cm−2s−1 electron cooling

Table 4: Tevatron Run 2 goals.

an additional storage ring in the same tunnel.

The Recycler is an 8 GeV storage ring intended

to increase the p supply for the Tevatron col-

lider by efficiently stacking bunches from the

Accumulator ring and cooling them stochasti-

cally. An electron cooling system is also under

development and could significantly enhance

the Recycler performance.

The luminosity performance of the Tevatron has been somewhat below expectations

but nevertheless has shown steady increases as seen in figures 23 and 24 [29]. Record

luminosities have been regularly achieved in the past year. Overall Run 2a and Run 2b

goals are presented in table 4.

3.2 The D0 Experiment

The D0 experiment as seen in figure 25 has undergone a very extensive set of upgrades for

Run 2 [30]. The main upgrades are schematically represented in figures 26 and 27. An all

new central tracking detector has been built and installed inside of a new 2 Tesla solenoidal

magnet. The new high resolution tracker includes a silicon strip detector made up of both

barrels and disks and a novel fiber tracker at larger radii. A schematic diagram of the

silicon is seen in figure 28. The barrels contain 4 layers of single and double-sided silicon

strips spanning the radial space from 2.7 to 9.4 cm. The double-sided barrel silicon has

stereo angles of 2 and 90 degrees [31]. Small disks are interleaved with the barrels while

larger ones are stationed in the far forward regions. The disks allow forward tracking to

|η| ∼ 3. The general characteristics of the D0 silicon are listed in table 5. The performance
of the silicon is exemplified by the mass resolution seen in the silicon-only reconstruction of

KS → π+π− and Λ→ pπ− shown in figure 29. The functionality of the D0 silicon exceeds

∼ 95% with efficiency of ∼ 97%. A level 2 silicon track trigger is also under construction
[32].

The D0 fiber tracker [33] is shown in figure 30. The fiber tracker uses Visible Light

Photon Counters (VLPC) to detect the light in the fibers generated by ionizing particles.
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Main Injector
& Recycler
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p

p
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√s = 1.96 TeV

CDF

DØ

Figure 22: Fermilab Accelerator complex.

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

The VLPC operate at roughly 10o K and have quantum efficiencies on the order of 90%

resulting in negligible hit inefficiencies. As can be seen in figure 31 the mass resolution is

significantly increased with the addition of the larger lever arm and subsequent momentum
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Figure 24: Peak luminosity versus time in Run 2 of the FNAL Tevatron.

resolution improvements of the fiber tracker.

The D0 tracker obtains silicon-only impact parameter resolution σd ≈ 95 µm for tracks
with pT = 3 GeV. This improves to σd ≈ 37µm when the silicon is combined with the

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

Muon 
System

Electronics

protons

20 m

antiprotons

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.

fiber tracker. With the full tracker, the momentum resolution is ∼ 2% at pT = 1 GeV

for |η| < 1.

In addition to the central detector and solenoid upgrades of D0, the detector elec-

tronics, triggers and data aquisition have all been substantially upgraded to deal with the

dramatically reduced bunch crossing time 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 Experiment

The CDF experiment has also undergone extensive upgrades and changes in preparation

for Run 2 [35]. The Run 2 detector during roll-in for Run 2 commissioning is shown in

figure 32. The systems which have been fully or partially upgraded are indicated in figure

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 crossing time in Run 2.

The muon system was partially upgraded to complete the coverage in the central region

(|η| < 1). As was true for D0, the most extensive detector upgrades were in the tracking
region. The entire CDF tracking system was rebuilt for Run 2 with the exception of the

1.4 T solenoid which 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 passing radially through the COT encounter 96 wireplanes

which are organized into 8 superlayers. The superlayers alternate between axial and 3o

stereo angle. Within a superlayer wires are organized in cells of 12 sense wires, intermixed

with potential wires. The cells are tilted 35o to compensate for the Lorentz angle. Each

cell of 12 wires is enclosed by cathode field sheets. This creates a uniform and isolated 0.88

cm drift region. By comparison, the CTC wires were not grouped into isolated cells. The

isolated cell structure enables higher luminosity operation by limiting occupancy. Fast gas

is also used to speed the 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 “right 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 measured with electrons from W → eν decays. The single

hit resolution is 175 µm which is slightly better than the design goal of 180 µm. The track

efficiency in these events is measured to be ε = 99 ± 1%. The first measurements of
momentum resolution indicate σ(PT )/P

2
T . 0.13% GeV−1 as compared with a final 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 bulkheads and construction techniques. At lower

energy, a profile histogram of the J/ψ mass as measured with J/ψ → µ+µ− versus the

difference in the cotangent of the pitch angle of the track helices is shown in figure 35. One

sees that the mass varies less than 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 finder

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 φ and slope of the segment are retained for use in a

“Linker” system. The Linker compares all 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 φ. The number of valid roads varies inversely with the threshold in pT for

the tracks considered. For a 1.5 GeV threshold, there are 2400 roads. Figure 36 is a single

event display showing the close proximity of an online XFT track to the final reconstructed

offline track. The track trigger efficiency is shown in figure 37. The efficiency is > 95% for

pT ≥ 1.5 GeV. The design specifications and actual resolutions are provided in table 6.

Moving radially outward from the COT is Quantity Design Actual

σ(pT )/P
2
T 1.8% GeV−1 1.8% GeV−1

∆φ < 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 seen in figure

38. The early performance for p, K, and π sep-

Figure 29: The reconstruction of Ks and Λ in D0 using silicon-only tracks.
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Figure 30: End view of the D0 fiber tracker.

The high quantum efficiency of the VLPC’s

enable individual photonss to be resolved and

counted as shown here.

Figure 31: Performance of the complete

D0 tracker as exemplified in reconstruction

of Ks → π+π−.

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

aration at low momenta is represented in figure 39. The timing resolution of the TOF

is determined to be roughly 120-130 ps, falling a bit short of the design goal 100 ps. It

is however expected that with improved calibrations and algorithms the design resolution
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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 upgrades indicating those subsystems that have been

fully or partially upgraded, or left unchanged.

1 MeV1 MeV

Figure 34: Electron tracks from W → eν

events are used to determine the COT reso-

lution at the start of operation.

Figure 35: The uncertainty on the recon-

structed J/ψ mass in J/ψ → µ+µ− as a func-

tion of the difference in 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 φ→ K+K− in figures 40 and 41.

Recently the TOF has been used to search for charged massive stable particles. As an

example, the stop quark t̃ 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 offline (red).

Efficiency > 95 %  for

XFT cut of 1.5 GeV/c

Figure 37: Efficiency of the XFT versus pT of tracks.

(LSP) and R parity were violated 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 evidence of a stable t̃ (or any as yet unseen and possibly

unexpected new charged particle for that matter) that lives long enough to traverse the

entire CDF detector including the TOF before decaying. The t̃ production rate [40] is

mainly dependent upon Mt̃ 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 mass limit in the range of ∼ 95 (110) GeV for t̃ embedded in a jet (or isolated
in the detector) as seen in figure 42.

– 22 –



j
h
w
2
0
0
2
/
0
1
3

26th Johns Hopkins Workshop Joseph R. Incandela

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 π at low

transverse momentum.

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 mass of K+K− can-

didate pairs after including the requirement

that the tracks both be within 3σ of the ex-

pected flight time for Kaons as measured in

the TOF.

The CDF silicon tracker [41] is made up of 3 subsystems containing only barrel layers

as shown in figure 43. The silicon resides within the inner bore of the COT. There are a

total of 7 silicon layers in the pseudorapidity range |η| . 1.0 and 8 layers in the forward

region 1.0 . |η| . 1.9. All layers are double-sided except the innermost one at a radius of
∼1.5 cm. The double-sided layers have axial strips on one side and shallow stereo (1.2o)
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Figure 42: Recent preliminary CDF limits on the mass of a stable t̃ either embedded in a jet or

isolated in the detector.

~ 64 cm 

SVXII

 ISL

Layer 00

Figure 43: Drawing of the cross section of the cdf silicon subsystems as discussed in the text

or orthogonal stereo (90o) strips on the other side. The general characteristics of the CDF

silicon are listed in table 7. The outermost system, called the Intermediate Silicon Layers

(ISL) [42] is shown in figure 44.

The ISL provides track hit information with a resolution of σ ∼ 30 µm 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 was taken 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 case from which the exterior side walls have been removed for visibility.

ðhðh

Figure 45: The impact of the ISL detec-

tor on the acceptance for trileptonic events

is shown in this plot of the number of simu-

lated events as a function of pseudorapidity

η.

Figure 46: Reconstruction of the invariant

mass of e+e− pairs in the end plug regions

based on silicon-only tracking is shown.

layers to those in the COT. In the forward regions where the COT has little or no coverage,

two ISL layers provide enough information to allow high purity tracking and well-resolved

track parameters for forward lepton identification and forward b-tagging. Figure 45 shows

the impact of the ISL on the trilepton searches discussed in section 1, while figure 46

shows the reconstruction of a Z → e+e− for electrons in the plug region using silicon-only

information including hits from the ISL.

Inside the ISL is the SVXII detector [43]. The SVXII shown in figure 49 is arguably

the most complex and compact silicon detector built to date. The main purpose of the

SVXII 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 SVXII construction was extremely difficult because of 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 µm). The
SVT resolution is ∼ 40 µm.

Figure 48: The track efficiency of the SVT

as measured in J/ψ → µ+µ− events as a

function of track pT .

nature. Furthermore, the SVXII is used in an online Level 2 silicon vertexer trigger (SVT)

[5] which uses COT track stubs to define roads in the silicon where it looks for axial hits to

add to the tracks for higher resolution. The SVT is the first such trigger used in a hadron

collider experiment and enables CDF to collect low ET events with hadronic b decays for

the first time. The online impact parameter distribution for tracks reconstructed with the

SVT is shown in figure 47. The track efficiency of the SVT as a function of track pT at the

start of running was on the order of 80% as shown in figure 48 and is expected to rise to

90% with further improvements in operation of the silicon.

Inside the SVXII detector is the Layer
Layer 00 SVXII ISL

Si 1-sided 2-sided 2-sided

Stereo angles - 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 figure

50 during its installation. The Layer

00 detector is a very lightweight, fine-

pitched microstrip detector at an aver-

age radius of 1.5 cm. The main pur-

pose of the Layer 00 detector is to make

it possible to obtain excellent impact

parameter resolution down to pT ∼ 300 MeV.
The compact construction of the SVXII

detector necessitated the presence of a fairly substantial amount of material in the tracking

region. The material has been mapped with γ → ee conversions as shown in figure 51. The

amount of material in the silicon region is substantially reduced in the design of the CDF
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Figure 49: Photograph of one of three CDF SVXII 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 Physics Results and Future Prospects

So where does the Tevatron collider program stand now on the path to finding the Higgs or
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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-

sions in the transverse plane showing the out-

lines of the various silicon layers and their

electronics, supports, and services.

evidence for any of the new physics discussed earlier? These high stakes searches proceed

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 because the most prominent Standard Model (SM) Higgs signatures at

the Tevatron are those involving Higgs produced in association with the vector bosons or

decay of solo Higgs to a pair of W ’s. It is therefore important to first have a detailed

understanding of how the leptonic decays of the vector bosons are manifested in these

experiments. Following closely behind the cross section measurements are studies of W or

Z plus jets events. These events represent an important background to tt events as well as

to Higgs, particularly at low mass where the dominant decay is H → bb. Once this effort is

well underway, the next step is to look for evidence of b hadrons in the jets accompanying

the vector bosons. The ability to tag b jets in such events is crucial to producing pure

samples of tt events and to eliminating most of the background in W +H → lν+ bb events,

leaving mainly the irreducible background W + bb.4 Once b tagging is well understood, it

is possible to begin to measure the cross section for tt in events containing W plus b jets.

Finally, once the top analysis is reasonably stable and well understood, one is in a good

position to search for a low mass SM Higgs. Of course, a significant 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 something may 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 cross sections for tt production. In addition, b tagging algorithms are becoming

well enough understood to be used with confidence. Both experiments have collected data

4Of course given the roughly 20% efficiency expected for tagging of c jets, W + cc events will also

contribute to the irreducible backgrounds for Higgs.
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samples enriched in tt events in their W plus b jets samples.

With regard to searches for new physics, the analysis path again begins with W and

Z studies. In the search for new particles, lepton (particularly e and µ) identification is

important in the forward regions of the detector as discussed above in relation to figure

45. In early data-taking the analyses for 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 benefits from the SVT displaced track trigger to

collect large samples of hadronic b and c meson and baryon decays. The next step in the

analysis path is to measure the tt cross section in the dilepton channel. Finally, once this

measurement is well understood, there is adequate confidence in the identification of the

relevant objects to begin searching for new physics with 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 samples of W and Z events.

Figure 53 shows the transverse mass of over 38,000 W → eν candidates in CDF from

which one obtains the preliminary measurement: σ ·Br = 2.64± 0.01(stat) ±0.09(syst)
±0.15(luminosity) nb [46]. The missing ET resolution in Run 2 compares well to that of

Run 1 as shown in figure 54.

Figure 55 shows the distribution of Z → e+e− as measured in 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 mass Z′ boson by searching for an excess in the

full spectrum of Z and Drell-Yan production of opposite-sign lepton pairs. Figure 56 shows

the D0 e+e− invariant mass distribution for 50pb−1. A simulated 600 GeV Z′ peak at ten

times the theoretical cross section is superimposed. The e+e− data alone imply that such

a Z′ must lie below a mass of ∼ 625 GeV.

Measurement CDF Run 2 preliminary PDG or Theory

σBr(W → eν) 2.64 ± 0.01± 0.09(sys) ± 0.15(lum) nb 2.69 ± 0.10 nb (NNLO)
σBr(W → µν) 2.64 ± 0.02± 0.12(sys) ± 0.16(lum) nb “ “

σBr(W → τν) 2.62 ± 0.07± 0.21(sys) ± 0.16(lum) nb “ “
Br(W→τν)
Br(W→eν) 0.99 ± 0.04± 0.07(sys)
g(τ)/g(e) 0.99 ± 0.02± 0.04(sys)

σBr(Z → ee) 267± 6.3± 15.2(sys) ± 15.5(lum) pb 250.2 pb (NNLO)

σBr(Z → µµ) 246 ± 6± 12(syst)± 15(lum) pb “ “
σ(W→eν)
σ(Z→ee) 9.88 ± 0.24± 0.47(sys)
σ(W→µν)
σ(Z→µµ) 10.69 ± 0.27 ± 0.33(sys)

Extracted ΓW 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 released iminently.
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Figure 53: Transverse mass (Mt) of CDF

W → eν 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 mass dis-

tribution for 50 pb−1 is shown.

Figure 56: The full D0 e+e− mass spectrum

in Run 2 with a 600 GeV Z′ signal superim-

posed at ten times estimated cross section.

The CDF data for the forward-backward charge asymmetry of e+e− pairs (Ae
fb) is

shown in figure 57. This asymmetry results from the fact that the reaction pp → l+l− is

mediated both by virtual photons at low values of Ml+l− [48], by the Z at Ml+l− ∼ MZ ,

and by both processes, including interference, at all other masses. At tree level the angular

differential cross section in the center of mass frame is:

dσ(qq → Z/γ → l+l−)

dcosθ
= A(1 + cos2θ) +Bcosθ

CDF is also in the process of re-measuring the forward-backward charge asymmetry in

leptonic decays ofW s. Here the asymmetry arises from the differences in 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

enhances the discrimination of various parton distribution functions [51]. The sensitivity
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of the channel W → eν alone will be comparable to that of both the e and µ channels in

Run 1 and will extend to larger values of lepton rapidity, as seen in figure 58.
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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 → eν data are plotted on axis and com-

pared to the uncertainties in Run 1 for both

eν and µν channels combined. The asymme-

tries for various partonic models of the pro-

ton are also plotted.

4.2 Top Physics
Run 1 Run 2a

CM Energy [TeV] 1.8 1.96

Integrated Luminosity [fb−1] 0.1 2.0

σtt [pb] 5.0 7.0

σ(single top) [pb] 2.5 3.4

Ntt produced 500 14,000

Single top 250 6,800

N(tt→ l+l−) 4 150

N(tt→ l+ ≥ 3 jets) 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 new measurements

of kinematics including the mass of

the top quark. As mentioned above,

top is an excellent stepping stone on

the path to new physics since a good

understanding of top events requires

such a high level of knowledge of how

leptons, jets, long-lived b hadrons, and neutrinos are manifested in one’s detector. Top

physics is of course also quite important on its own. The top quark is extremely massive,

and has an extremely short lifetime of order 10−24 s. This means that the top quark will

decay before hadronization making it the only quark whose free 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 σtt and Mt in several decay

channels as shown in table 10. The combined D0 and CDF top quark mass measurement

for Run 1 was Mt = 174.3± 5.1 GeV. Recently D0 has re-optimised their measurement of
Mt in Run 1 and has obtained a new preliminary 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 mass are not yet competitive with those of Run 1 as they are still being refined, and

also entail less data (∼ 70 versus ∼ 110 pb−1).

D0 CDF

σtt Dileptons [pb] 13.2 ± 5.9± 1.5 (sys)
σtt Lepton + jets [pb] 5.3± 1.9 ± 0.8 (sys)
σtt Both Channels [pb] 8.4+1.9

−3.7(stat)
+5.0
−3.5(syst)± 0.8(lum)

Mt (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 discussion of the CDF upgrades, one of the more exciting new

additions to CDF is the SVT silicon tracker and trigger. This trigger was designed to 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 µ) in order to discriminate

from the huge diject backgrounds present at the Tevatron. The new trigger was quite

a difficult endeavor and there was some skepticism about how well it would perform -

particularly since it relied on so many other things being done correctly like the extremely

precise construction and final 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 types of data. A pleasant surprise, but of course not at all surprising in

retrospect, is the fact that CDF has accumulated huge samples of hadronic charm decays

with the SVT as well as hadronic bottom decays. The former led to a measurement of the

difference in mass of the D±s and the D
± as one of the earliest CDF results in Run 2 [55].

CDF finds

m(D+
s )−m(D+) = 99.41 ± 0.38 (stat)± 0.21 (syst) MeV

This is to be compared with the current PDG value of 99.2 ± 0.5 MeV. Figure 59 shows
the D+

s and D
+ peaks in CDF data.

Samples of reconstructed hadronic b hadrons are more difficult to obtain since there are

in general more daughter particles involved in the decays and hence detector inefficiencies

become greatly magnified. In addition, CDF silicon detectors were installed but not fully

commissioned at the start of data taking and so it took quite a long time to bring them

up to optimal efficiency [56].

There are many important direct measurements planned for the low ET charm and

bottom samples that will be collected by CDF in Run 2. The relevance of these samples to
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D+
D
s

+

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 mass spectrum with peaks ob-

served for Bs → D∗sπ and Bs → Dsπ.

high ET physics stems from the fact that they will allow CDF to study b and c jet tagging

directly in data containing enriched samples of hadronic decays. Previously, systematic

studies of b tagging for instance were confined to inclusive lepton samples and Monte Carlo

[57].

5. Summary and Conclusions

The CDF and D0 detectors have undergone extensive multi-year upgrades to take advan-

tage of the opportunities presented by the similarly upgraded Fermilab accelerator complex.

After a difficult start, most detector subsystems are now performing at or beyond design

specifications while a small number will probably never quite achieve their design goals.

The Tevatron has itself struggled and has not managed to integrate luminosity at the level

expected. However, work has continued and progress is steadily being made to understand

the problems the accelerator is having. New instantaneous lumonisity records are 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 been slow to accumulate at the

Tevatron, it is nevertheless clear from these results that the CDF and D0 collaborations are

making great progress in understanding and operating their detectors, and in developing

new techniques and analyses to 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 significantly in coming years. It is certainly true that

the Fermilab director and management are making this a top priority. Without such an

improvement, the high ET physics program 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 consistency of

operation of the accelerator complex, it will be possible to make substantial improvements

in top quark, and W/Z studies. Some, albeit limited new constraints on SUSY and SM

Higgs would also be possible. With a bit better performance, as may very well be provided

by the recycler, it may be possible to integrate ∼5 fb−1 of data per experiment. At this

level, we may rule out a low mass SM Higgs for instance, and come quite close to 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 increased integrated

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 possible to rule out the Higgs with less data,

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 find 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 generate new 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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