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INTRODUCTION

Here is the 2003 edition of the venerable Fermilab Research Program
Workbook, containing the annual update on the Laboratory's program and
statistics on users. Thanks go to Jud Parker for the database care and feeding,
and to Jackie Coleman who puts all the pieces together to make a Workbook.

Sadly, this past January saw the retirement of Taiji Yamanouchi, the
longtime Head of the Program Planning Office. For more than two decades, he
provided advice and encouragement during the preparation of the Workbooks,
and he will be very much missed. We welcome his successor, Jeff Appel, and
look forward to his help in the future.
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SECTION 1. STATISTICS ON FERMILAB PROPOSALS

The status of Fermilab proposals is summarized in this Section of the
Workbook. All proposals are classified into one of the following categories:

Categories Definitions
Completed Approved proposals that have
completed data-taking.
Approved
Proposals . Remaining Approved proposals either running
or waiting for data-taking.
Inactive Approved proposals which are now
unlikely to ever be completed.
Unconsidered Relatively new proposals awaiting
consideration
Pending Deferred Proposals for which consideration
Proposals 3 has been postponed for a specific
reason
"Not Approved" Proposals for which a conventional
decision cannot be made.
- .
Rejected Proposals rejected from further
consideration
Obsolete
Proposals 9 Withdrawn/Inactive Proposals that were not considered at
the request of the spokesperson or
that are no longer being considered
for other reasons.

.

At the present time, 934 proposals have been received. Table 1 and
Figure 1 show the number of proposals in each category each year since 1970.
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Figure 1. Growth of the Fermilab research program. The total number of
approved experiments is obtained by adding the numbers shown as
completed and those remaining and ‘approved/inactive. Pending
proposals are those which are unconsidered, deferred or "not
approved;" obsolete proposals are rejected or withdrawn/inactive.
Note that in this figure "Approved Proposals Completed" includes
experiments still analyzing data.



SECTION II. ACCELERATOR PERFORMANCE

This Section gives summaries of Tevatron operation for the pp Collider
runs (900 GeV x 900 GeV) of 1992-1993 and 1994-1996, and for the current
Collider run which started in 2001. The current run is at 980 x 980 GeV, and is
the first Collider run to use the Main Injector.
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SECTION III. FERMILAB BEAM PROPERTIES AND
EXPERIMENT LOCATION

The locations of all Fermilab fixed-target area beamlines are shown in
Figure 8; Figure 9 gives the locations of Collider experiments.

The currently approved fixed-target experiments use beams from the
Booster (for the neutrino experiment E-898, MiniBooNE) and the Main Injector
(for the future neutrino experiment E-875, MINOS). The locations of these
experiments are shown on the overall Fermilab accelerator layout in Figure 10,
and their expected beam fluxes are shown in Figures 11 and 12. Other approved
future experiments (E-906, E-907, and E-921) will be located in the (Meson)
fixed-target area.

Table 2 gives the number of 120 GeV Main Injector protons/hour that can
be expected under various operating scenarios, and Figure 13 shows some
expected secondary beam fluxes using the Main Injector.
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Figure 9. Locations in the Tevatron of the approved pp Collider experiments
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Figure 10. Schematic layout of Fermilab accelerators with present and

future experimental areas.
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Figure 11. Predicted neutrino flux at the MiniBooNE detector, for 4.7x109
protons on a beryllium target, through a 2.5 m-radius circle at
541 m from the target. The data are for a single magnetic-

focusing horn. MiniBooNE expects to run with both a 25 m and a
50 m decay pipe.
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Neutrino event rate at Soudan, Minnesota, for the MINOS
experiment. Three beam tunes are shown; the most desirable
tune depends on what the neutrino masses actually turn out to be.
NuMI plans to begin operations with the LE tune. Rates are based
on 3.7x1020 protons per year from the Main Injector; the MINOS
detector mass will be 5.4 kilotons.
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TABLE 2. PROTONS PER HOUR UNDER VARIOUS

MODES OF OPERATION
Mode Cycle Time Protons/Hour
AP Target Fast Spill Slow Spill
Antiproton Production 1.466 sec 1.2x1016 -- --
Fast Spill 1.866 -- 5.8%1016 -
Slow Spill 2.866 -- -- 3.8x1016
Mixed: AP+Fast Spill 2.000 0.9x1016  4.5x1016 --
Mixed: AP+Slow Spill 3.000 0.6x1016 -- 3.0x1016

[Assumptions: 6x1010 protons per bunch; additional time is required for bunch
manipulations and turning off magnetic switch at F17 in mixed modes.]
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Figure 13. Main Injector: Fluxes scaled from the 800 GeV MW beamline.
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SECTION IV. FERMILAB COMPUTING FACILITIES

The Computing Division provides services to advance the scientific
mission of the Laboratory through innovative developments and operations in
the areas of computational physics and simulation; data analysis, storage,
access, and acquisition; general scientific, engineering, technical, and
administrative computing; computer security, and networking. “

The Computing Division provides significant development and operational
support for Run II computing. Developments are continuing to support the
petabytes of data and significant increase in data analyses over the next few
years. Developments are focussed on providing centralized data storage and
processing at Fermilab as well as distributed data distribution and management
infrastructures to enable remote sites of the collaborations to fully contribute to
the data analysis. Additionally, the Computing Division has responsibilities in
the development and operation of MiniBooNE and MINOS offline computing.
Support and development are provided for accelerator, linear collider and other
beam studies, as well as BTeV simulation and engineering and computing
research. Support for SDSS and Auger, as well as analysis computing for
completed experiments — e.g. KTeV, E-871 continues.

The Computing Division also provides the home for the LHC CMS
experiment Tier 1 regional center and is supporting the construction and
development of the necessary hardware and software computational
infrastructures. This includes support for the US CMS physics community test
beam activities, simulated data production, algorithm development and
testing. The CMS plans for a completely distributed computing model,
incorporating the CERN Tier 0, the Fermilab and other regional center Tier 1s
and many university Tier 2 centers in the US and elsewhere, requires significant
research, development and ongoing prototyping of the use of Grid technologies
for distributed data processing and access. Collaboration with Computer Science
groups in the US has continued as well as with the new LHC Computing Grid
project at CERN and other peer institutions and projects in Europe.

The Division continues to provide the coordination and tools for computer
security. The Kerberos-based authentication system has been extended to the
Windows domain throughout the laboratory. Continued attention to good
computer security and timely and appropriate response to reported and detected
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incidents remains a high priority, through a coordinated program across the
Laboratory.

Systems currently supported centrally by the Computing Division include
the Linux PC farms, central general purpose interactive and batch clusters,
SMP and Linux cluster analysis servers, as well as other specific application and
file services. The Computing Division also provides central services for all
Fermilab users for a Linux distribution repository, cvs code repositories, mass
storage systems, email, Web servers, operations, repair and licensing support.
The Computing Division provides building and central support for dedicated
experiment systems, which are housed in the Feynmann Computing Center.
Dedicated special purpose systems are developed and supported, such as the
high-performance integrated Linux cluster for Lattice QCD calculations housed
in the New Muon Lab. In addition, the Computing Division provides central
infrastructure for technical and office computing.

The multiprocessor farm systems composed of PCs running Linux
dominate the production computing capacity at the Laboratory and allow fast
cost-effective event reconstruction and Monte Carlo calculations. The current
capacity of the farms is approximately 90,000 SpecInt95. Well over 50,000
SpecInt95 has been added to the farms during 2002 (over 300 nodes). The STK
tape robots have been placed in production for use by all experiments and as a
main data repository for the Division’s other clients. The STK silos in place can
store over 1 Petabyte each (1 Petabyte = 1 million gigabytes) with upgraded tape
drives. A distributed disk cache system has been deployed to provide a rate-
adapting buffer in front of the mass storage system and to allow management
and optimization of the delivery of data to the experiment data processing and
analysis farms. DO has increased its reliance on the Fermilab-developed
Sequential Access using Meta-Data (SAM) distributed processing and meta-data
system, and CDF is extending its existing data handling system to use SAM for
meta-data, data and resource management.

ESNET has provided upgraded offsite network capability through the
installation of an OC-12 connection. The next year should see dark fiber WAN
connectivity in collaboration with the Illinois I-Wire initiative. The Fermilab
campus network continues to be upgraded in response to experiment data
distribution and access needs. A conceptual diagram of the Laboratory's
network infrastructure is shown in Figure 14.

The Computing Division continues its support for the development of
experiment data acquisition and online systems. Electronics development and
support continue for trigger and data acquisition projects for Run II and new
experiments such as CKM. The Division is participating in an advanced R&D
program for the BTeV data acquisition and trigger systems in collaboration with
the experiment's university colleagues.
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The Division provides support for experiment databases that are used to
record and reference the comprehensive set of data-taking parameters,
configuration, calibration and data processing information. It supports
application interfaces to these databases for experiments including CDF, DO,
and MINOS. The Division develops and supports common packages for
experiment code frameworks, detector simulation tools and physics generators,
analysis and data persistency tools. Development and support for collaborative
tools is provided through the development and support of the Control Room
Logbook, and extensions of Video conferencing support.

Participation continues in several externally funded, collaborative
projects. The DOE Scientific Discovery through Advanced Computing (SciDAC)
accelerator simulation, theory QCD calculations, distributed mass storage
interfaces, and Particle Physics Data Grid projects are all providing added value
to the Laboratory program. These initiatives contribute to and benefit from
collaboration and cooperation with outside scientific and computer science
groups. The Division continues to participate in NSF ITR projects for
application Grids GVDGL) and Trigger Farm R&D (BTeV RTES).

The Division also engages in advanced research and development of
technologies needed by its experiment and other clients, especially in areas of
storage management, data handling and access, efficient use of commodity
computing, and ensuring the production and operability qualities of all its
deployed and supported services.
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FNAL Network: A Conceptual View

e

Minos-" ( Internet-2 , General ™™
: qugguf P ( Internet ¢
Network “tunnel” makes."'. OC3 links
e § # 155 Mb/
Minos Soudan (Minn) part  *, g MRE { ,i\ *
of the FNAL network Rl PEERRN
Off Site
—— S — S— GE— — — —.— —— cvemm  e—

Fast routing
& switching
of workgroup
LANs, each with a
1000Mb/s link into

the central collapsed J— -
backbone e =y L |

Workgroups
L internal LANs
Lj have switched

( g 101100 Mbls

6 @ On Site

desktop links, and
100Mb/s or
1000Mb/s server
links.

—
]

Figure 14. Conceptual diagram of Fermilab's networking infrastructure.
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SECTION V. MAJOR RESEARCH ACTIVITIES
DURING 2002 AND 2003

Information on the Fermilab research program during 2002 and early
2003 is given in the following pages. Figure 15 shows when beam was delivered
to the experiments; Table 3 describes the major research activities in a little
more detail.
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Figure 15. Major experiments running at Fermilab in 2002 and 2003 (through
February).
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TABLE 3. DESCRIPTION OF MAJOR RESEARCH ACTIVITIES
DURING 2002 AND 2003 (through February)

EXP. # AREA
BOOSTER

898 MiniBooNE - startup and data-taking
COLLIDER

830/909/916 CDF - data-taking
823 /900 /908 DO — data-taking
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SECTION VI. FERMILAB RESEARCH PROGRAM

This Section contains information on the Fermilab research program for
the next few years. The Situation Report, given on the following two pages, is a
summary of the current status of the experimental program. Figure 16, based
on the Situation Report, illustrates by beam line the major approved
experiments that have not yet completed data-taking.
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Fermi National Accelerator Laboratory
Experiment Program Situation Report as of January 31, 2003

The Experimental Program situation at Fermilab is summarized below. The experiments are listed by experimental area and
beamline under categories that best describe their status as of January 31, 2003. The experimental area names are abbreviated
as follows: Meson Area (MA); Neutrino Area (NA); Proton Area (PA); Colliston Area (COL); Accumulator Ring (ACCUM
RING); Debuncher Ring (DBNCHR RING); Booster Accelerator (BOOSTR); Unspecified (UNSPEC BEAM); Beam from
the Main Injector (MAIN INJECTOR) and A0 Facility (A0 Facility).

Total number of approved experiments - 454

Beam
Area & Line

Experiment

Spokesperson(s)

EXPERIMENTS THAT ARE COMPLETED (405)

(Note: Only expeviments which were completed since January 1, 2000 are listed.)

Completion Date

MA ME ANTI(U-QUARK)/ANTED-QUARK) DIST#866 (LEITCH) DEC 06, 2001
MC HYPERCP PARTICLE MEASUREMENT #917 (GUSTAFSON}) MAR 01, 2001

MT B PHYSICS TEST BEAM PROGRAM #T880 (BUTLER, STONE) MAR 01, 2001
DIAMOND DETECTOR TEST #911 (STONE) JAN 21, 2000

TRD TEST #913 (SWORDY) JAN 21, 2000

MW COSMIC RAY CALORIMETER CALIBRATION #T883 (ADAMS) MAR 01, 2001

COL C-0 TEVATRON CRYSTAL EXTRACTION #853 (MURPHY) MAR 01, 2001
C-0 BTEV R&D #897 (BUTLER, STONE) JAN 01, 2002

E-0 PBAR P ELASTIC SCATTERING #811 (OREAR) MAR 01, 2001
ACCUM RING ANTIPROTON DECAY #868 (GEER) MAR 01, 2001
MAIN INJECTOR KAMIR&D #3804 (RAY, WAH) JUN 28, 2001
CKM R&D #905 (COOPER) JUN 28, 2001

EXPERIMENTS THAT ARE ANALYZING DATA (13) Last Run
MA MC CP VIOLATION #871 (DUKES, LUK) JAN 21, 2000
NA NC NEUTRINO #815 (BERNSTEIN, SHAEVITZ) SEP 05, 1997
NM CP VIOLATION #799 (BARKER) JAN 17, 2000

CP VIOLATION #832 (BLUCHER) JAN 17, 2000

PA PB HEAVY QUARK PHOTOPRODUCTION #831 (CUMALAT, MOROND) AUG 25, 1997
PC LARGE-X BARYON SPECTROMETER#781 (RUSS) SEP 03, 1997

PW TAU NEUTRINO #872 (LUNDBERG, PAOLONE) SEP 03, 1997

COL B-0 CDF UPGRADE #775 (BELLETTINI, CARITHERS) FEB 20, 1996
CDF HARD DIFFRACTION STUDIES #3876 (ALBROW) FEB 20, 1996

D-0 D-0 DETECTOR #740 (GRANNIS, MONTGOMERY) FEB 20, 1996
ACCUM RING CHARMONIUM STATES #835 (CESTER, PORDES) NOV 08, 2000
OTHER SEARCH FOR LOW MASS MONOPOLES #3882 (KALBFLEISCH) MAR 01, 2001
A0 FACILITY PLASMA WAKE-FIELD ACCELERATOR TEST #890 (ROSENZWEIG) JUL 01, 2002

EXPERIMENTS THAT ARE IN PROGRESS (12)

COL B-0 CDF UPGRADE #830 (GOSHAW, LOCKYER)
CDF INNER SILICON AND TOF #909 (GOSHAW, LOCKYER)
CDF MINIPLUGS #916 {GOSHAW, LOCKYER)
D-0 D-0 DETECTOR UPGRADE #823 (BLAZEY, WOMERSLEY)
D-0 FORWARD PROTON DETECTOR #900 (BLAZEY, WOMERSLEY)
D-0 SILICON TRACK TRIGGER #908 (BLAZEY, WOMERSLEY)
BOOSTR MINIBOONE #898 (CONRAD, LOUIS)
OTHER AUGER PROJECT R&D #881 (MANTSCH)
SLOAN DIGITAL SKY SURVEY #885 (KENT)
DARK MATTER SEARCH #891 (CRISLER)
RECYCLER ELECTRON COOLING #5901 (NAGAITSEV)
AQ FACILITY LASER DRIVEN ACCELERATOR #886 (MELISSINOS)

EXPERIMENTS THAT ARE BEING INSTALLED (3)

MAIN INJECTOR NEUTRINO OSCILLATIONS #875

PARTICLE PRODUCTION #907
MINOS VETO SHIELD PROTOTYPE #T928

(MICHAEL, WOJCICKI)
(RAJA)
(MICHAEL, WOJCICKI)
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Fermi National Accelerator Laboratory
Experiment Program Situation Report as of January 31, 2003

(BEAN)
(BUTLER, STONE)
(GOSHAW, LOCKYER)
(BUTLER, STONE)
(BLAZEY, WOMERSLEY)
(GEESAMAN, REIMER)
(COOPER)

(GREEN)

(STRAIT)

(GREEN)

(Continued)
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SECTION VII. SUMMARIES OF APPROVED EXPERIMENTS

Summaries are given in this Section of major approved experiments which
have not yet completed data-taking, and also those major experiments still
carrying out a significant analysis effort. Most were prepared recently by the
experiment spokesperson(s).

This section also includes summaries of significant experimental physics
activities in which Fermilab physicists are involved, but which are not particle
physics experiments at Fermilab accelerators. (Note that in the user/institution
statistics, only the Fermilab physicists on these activities are included.)

The statistics on Fermilab users are given in Table 4, together with
information on how they are derived.
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TABLE 4. DATA ON FERMILAB USERS

The data given below are based on the following:

1.

" Data on Fermilab users are updated annually, generally about January of

each year.

Fermilab experiments included in the list are those approved by the
Laboratory, and in any of the stages from approval to data analysis, as
given in the Experimental Program Situation Report on pages 30-31. The
experiment personnel is supplied by the experiment spokespersons, and is
divided into physicists or graduate students. Also included are Fermilab
physicists who are involved in significant experimental physics activities
which are not particle physics experiments at Fermilab accelerators and
are listed in the Situation Report; this includes such activities as

collaboration on astrophysics experiments and on the CMS experiment at
the CERN LHC.

Although a user or an institution may be involved in more than one
experiment, he/she/it is only counted once in any totals.

When experiments pass into the data analysis stage, students may
graduate and move to other experiments and/or institutions, as also may
more senior researchers. For experiments in the data analysis stage, we
list users and institutions as at the end of the data-taking phase.

Physicists Students Subtotal Institutions

University 761 445 1206 93
Industry 0 0 0 0
National Lab. 402 20 422 6
Subtotal 1163 465 1628 99
Non-US

University 459 195 654 91
Industry 0 0 0 0
National Lab. 294 39 333 23
Subtotal 753 234 987 114
Total 1916 699 2615 213
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E-781 (Russ) Study of Charm Baryon Physics

Bogazici (Turkey), Bristol (United Kingdom), Carnegie Mellon, CBPF (Brazil),
Fermilab, Hawaii, IHEP/ Beijing (China), IHEP/ Protvino (Russia), Iowa,
ITEP (Russia), Moscow State (Russia), MPI/ Heidelberg (Germany), Paraiba (Brazil),
PNPI (Russia), Rochester, INFN/Rome (Italy), Rome (Italy), San Luis Potosi (Mexico),
Séo Paulo (Brazil), Tel Aviv (Israel), INFN/Trieste (Italy), Trieste (Italy)

[ Status: Data Analysis|

The Fermilab fixed-target program has long been concerned with
understanding the physics of charm hadron production and decays. The aim of
E-781 was to complement previous or contemporaneous work in hadroproduction
and photoproduction by emphasizing physics at large Feynman-x, where the
charm hadron carries off a large fraction of the incident beam momentum. Most
charm hadroproduction experiments have used only pion beams and worked
near xp = 0, where production of all types of secondary particles is maximal.
Charm mesons are by far the dominant charm species in these experiments.
Empirical observations of the strange hyperons indicate that the baryon/meson
ratio increases at large xp. E-781 is unique in its ability to see whether this
feature of hadroproduction also holds true for heavy quark systems like charm.
There are also important features of charm hadroproduction that may depend on
the incident beam particle. E-781, using different beam hadrons from the
Fermilab hyperon beam, is the only experiment that can address these issues.

E-781 employed a novel impact-parameter software trigger to select
charm candidates for writing to tape. Charm particles have a short but finite
decay length. A high-resolution vertex detector close to the production point can
select charm candidates based on the miss-distance of the decay tracks
evaluated at the primary production vertex. E-781 built a 50,000 strip silicon
vertex detector system to reconstruct on-line all high-momentum (>15 GeV/c)
tracks from each interaction with 6 micron resolution. Events were recorded on
tape only when the reconstruction indicated that these tracks did NOT come
from a single primary vertex. The goal was to take a large data set with a loose
hardware trigger but to avoid huge software overheads in extracting physics.
The full spectrometer, shown in the accompanying figure, includes a two-stage
magnetic spectrometer and excellent particle identification information from the
downstream Ring-Imaging Cerenkov Counter. This is especially important for
identifying charm baryon decays in the large xp region.

Physics questions for charm studies have to do both with production and
decay mechanisms. In charm baryon decays, the charm quark may decay or
interact through exchange mechanisms with the light quarks. Unlike meson
decays, there is no helicity suppression for exchanges, and a rich spectrum of
quasi-two-body decay modes may occur. Do they? There is little experimental
information on the question. Such a study requires good charged-particle
identification and good photon detection. Comparison of non-leptonic and semi-
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leptonic decays is also important. E-781 has good photon coverage, electron
tagging and fast charged-particle identification. We expect to make new studies
of the higher-order corrections to the charm decay mechanisms explored by
combining Heavy Quark Effective Theory and perturbative QCD.

Strong interaction physics can be studied in the production of charm
hadrons. Strange hyperons show intriguing polarization effects in strong
production. What happens for charm baryons? E-781 expects to measure
polarizations. There are open questions about possible direct charm content of
non-charmed mesons and nucleons, as well as color-drag effects in production at
large xp. Such studies demand comparisons between different beam hadrons
and also good acceptance at large xp. E-781 is designed to make these studies
and has presented preliminary reports of systematic behavior of this type.

The physics potential of the experiment touches many little-known areas
of heavy quark physics. The focus on charm baryons is especially appropriate for
a hadron machine. The experiment recorded events from 15 billion inelastic
collisions during the 1996-97 fixed-target period. We developed a run-time Data
Summary Tape (DST) strategy for the first-level processing pass, akin to the
skimming pass of the Tevatron Collider experiments. We identified interesting
events during initial track reconstruction and wrote out condensed records
having only physics information and identifiers for those events. Sample charm
mass plots from this condensed output file can be seen in the figure. This has
worked well. Initial physics results have been presented at conferences and
have been submitted to journals. Topics range from total cross section
measurements to precision charm hadron lifetimes to new features of charm
hadroproduction.

SELEX analysis continues. In 2002 we reported the first observation of
Double-Charm baryons. This exciting result was part of the original
experimental proposal. We extracted the small, clean sample of events using the
standard SELEX analysis tools that were developed for single-charm studies.
Subsequently two independent SELEX analyses have confirmed the effect in our
data. We will continue to study other possible decay modes and properties of
these states in 2003, along with further studies of single charm physics.

Publications

Observation of the Cabibbo Suppressed Decay Zf — pK™n*, S. Y. Jun et al.,
Phys. Rev Lett. 84, 1857 (2000).

Total Cross-Section Measurements with n-, ¥~ and Protons on Nuclei and
Nucleons Around 600 GeV/c, U. Dersch et al., Nucl. Phys. B579, 277 (2000).

Radiative Decay Width of the A(2)(1320)-Meson, V. V. Molchanov et al., Phys.
Lett. B521, 171 (2001).

Measurement of the X~ Charge Radius by X~ Electron Elastic Scattering, I.
Eschrich et al., Phys. Lett. B522, 233 (2001).
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Measurement of the D Lifetime, M. Iori et al., Phys. Lett. B523, 22 (2001).

Precision Measurements of the A7 and DO Lifetimes, A. Kushnirenko et al.,
Phys. Rev. Lett. 86, 5243 (2001).

First Observation of the Doubly Charmed Baryon ycc’, M. Mattson et al., Phys.
Rev. Lett. 89, 112002 (2002).

Hadronic Production of A; from 600 GeV/c n~, T~ and p Beams, F. G. Garcia et
al., Phys. Lett. B528, 49 (2002).

First Measurement of me — mwey Pion Virtual Compton Scattering, A.
Ocherashvili et al., Phys. Rev. C66, 034613 (2002).

Theses

U. Dersch, Max Planck Institute fiir Kernphysik, Germany
I. Eschrich, Max Planck Institute fiir Kernphysik, Germany
F. Garcia, Univ. of Sdo Paulo, Brazil

M. Kaya, Univ. of Iowa

H. Kruger, Max Planck Institute fiir Kernphysik, Germany
A. Kushnirenko, Carnegie Mellon Univ.

P. Mathew, Carnegie Mellon Univ.

K. Nelson, Univ. of Iowa

A. Ocherashvili, Tel Aviv Univ., Israel

P. Pogodin, Univ. of Iowa

J. Simon, Max Planck Institute fiir Kernphysik, Germany
K. Vorwalter, Max Planck Institute fiir Kernphysik, Germany
M. Srivastava, Univ. of Sdo Paulo

M. Mattson, Carnegie Mellon University
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E-799 (Barker)/E-832 (Blucher) Rare Decays of K] and a Search for
Direct CP Violation in K} — 2r

Arizona, UCLA, UC/San Diego, Campinas (Brazil), Chicago, Colorado, Elmhurst,
Fermilab, Osaka (Japan), Rice, Rutgers, Sao Paulo (Brazil), Virginia, Wisconsin

IStatus: Data Analysis I

KTeV (Kaons at the Tevatron) consists of two experiments: E-7991I and E-
832. E-799 is an experiment to search for rare Ky, decays, such as Kj, — =011l
(1= e, u, v), and many other multibody rare decays, to a sensitivity of 10-10, an
order of magnitude improvement over previous searches. The goal of E-832 is a
measurement of the direct CP violation parameter Re(e'/e) with a precision of
1x10-4, a factor of six improvement over previous experiments at FNAL (E-731)
and CERN (NA31).

To achieve the required level of statistical and systematic uncertainty in
g/e, KTeV (E-832) used the same double-beam technique as E-731 with a new
detector and beamline. Following the primary target, collimators and sweeping
magnets are used to form two almost parallel neutral beams. A fully active
regenerator is placed in one of the beams 122m from the production target, at
the upstream end of the decay region, to provide a source of Ks for the
experiment. The regenerator is moved from one beam to the other each minute
to eliminate many possible systematic errors in normalization and detector
response. All four K— nn decays are detected simultaneously. The detector
consists of a large vacuum decay region instrumented with photon veto counters,
a drift chamber spectrometer, a pure Csl electromagnetic calorimeter, and a
large hodoscope behind 4m of steel for muon detection. Compared to E-731,
KTeV also has an improved trigger and data acquisition system. The final stage
of the trigger includes full event reconstruction and filtering before data are
written to tape. For E-799 data collection, the regenerator is not used, and an
extensive TRD system is moved into the beam upstream of the CsI calorimeter.

The experiment first took about 10 months of data divided between E-799
and E-832 during the 1996-97 fixed-target run. After some detector
modifications to improve systematic data quality and data-taking efficiency,
KTeV collected data again in the 1999 fixed-target run. The 1999 run doubled
the E-832 data sample from 1996-97 and almost tripled the E-799 data sample.
The full data sample (1996+1997+1999) will allow E-832 to reduce the statistical
error on €/e to 1x10-4. The combined (1997+1999) E-799 rare decay data set
corresponds to a flux of about 6x1011 Ky, decays and a large number of cascade
(hyperon) decays. This rich data set together with high precision electromagnetic
calorimetry and excellent particle ID (TRD system) provides access to rare kaon
decay sensitivities in the 10-10 range.
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KTeV has already published or submitted more than 25 papers based on
the 50-terabyte data sample collected during the 1996-97 run, and has submitted
its first paper using data from the 1999 run. These papers are listed below.

In 1999, the first €'/e result based on 1/4 of the 1996-1997 E-832 data
sample (1/8 of the full KTeV data sample) was announced, definitively
establishing the existence of direct CP violation. In June 2001, KTeV presented
an improved measurement of €'/e based on the 1996-1997 data sample: Re (e'/g) =
(20.7 + 2.8) x 10-4. This analysis also included precise measurements of the Kg
lifetime, the Kg-Kj, mass difference, and the relative phases of the CP-violating
and CP-conserving amplitudes; most of these measurements represent
significant improvements over the best previous experiments. A long article
describing this work was recently published in Physical Review D. Another
notable result based on the 1996-1997 E-832 data sample is a precise
measurement of the semileptonic charge asymmetry (81) using about 300 million
Kir—mev events. Analysis of the full E-832 data sample (1996+1997+1999) is
progressing well. As mentioned above, the full data sample will allow E-832 to
reduce the statistical error on €/ to 1x10-4; significant work will be required to
reduce the systematic error to a similar level.

The KTeV experiment E-799 Phase II is a continuation of the rare kaon
decay search experiment E-799. The first phase of E-799 ran using an upgraded
E-731 detector between October 1991 and January 1992, in the Meson Center
beamline. Published results from the first phase of E-799 are listed below:

Decay Mode E-7991 BR results Paper

0 ee (7.6 39 +0.5)x108 PRL 71, 34 (1993)
Ki,— n%e < 4.3) x10-2 PRL 71, 3918 (1993)
Kr,— moup < 5.1) x10-2 PRL 71, 3914 (1993)
n0—ue < 8.6) x10-2 PL B320, 407 (1994)
Ki— eeee (3.96 £0.78 £ 0.32) ) x10-8  PRL 72, 3000 (1994)
Ki— novv < 5.8) x10-5 PRL 72, 3758 (1994)
K1,— m0ndy < 2.3) x104 PR D50, 1874 (1994)
Ki— eeyy (6.5+1.2+0.6))x10-7 PRL 73, 2169 (1994)
A, A polarization PL B338, 403 (1994)
Ky —upy (3.23 £0.23 £0.19) ) x10-7  PRL 74, 3323 (1995)
K1 — eepj (2.9§7 ) x10-9 PRL 76, 4312 (1996)
Ki,— nue < 3.2) x10-2 PL B432, 30 (1998).

Using the KTeV detector, E-799 Phase II has dramatically improved on
these Phase I results, and a number of new phenomena have been observed.
The main goal of E-79911 was to improve the sensitivity of the searches for the
K;, — 7m0l"T" decay modes, which have partial widths closely related in the
Standard Model to €/e. Results have now been published for these modes based
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on the first 40% of the E-799II data, from the 1997 run, and analyses are in
progress to include the data collected in 1999-2000. Another exciting result from
E-799I1 has been the observation of a very large CP-violating angular
asymmetry in the decay Kj, —» nwtn-ete-. This asymmetry, in the angle between
the hadronic and leptonic planes, was predicted in 1992, and E-799II has
measured it to be approximately 14% after correcting for acceptance (which
actually makes the raw observed asymmetry larger, at about 23%). The
asymmetry is caused by interference between CP-violating and CP-conserving
amplitudes which happen to be of comparable size for this mode. The
asymmetry is also odd under time reversal, but is not necessarily T-violating,
because of the existence of both absorptive and dispersive amplitudes for this
process.

The table below summarizes results published from the first 40% of the E-
79911 data, which was collected during the 1997 KTeV run. Analysis of the
remaining 60% of the data is underway, with one paper (on Kj— eepp) already
accepted for publication, and a number of preliminary results having been
shown at conferences.

Decay Mode E-79911 BR results Paper

0— ee (6.09+0.40+0.24) ) x10-8 PRL 83, 922 (1999)
Ki— w0 ee < 5.1) x10-10 PRL 86, 397 (2001)
Ki— noup < 3.8) x10-10 PRL 84, 5279 (2000)
Ki— nmlee < 5.1) x10-10 PRL 86, 397 (2001)
Ki— vy < 5.9) x10-7 PR D61, 072006 (2000)
Ki— ntn-ee (3.2 +0.6 £0.4) ) x107 PRL 80, 4123 (1998)
Ki— ntn- ee Asymm (13.6£2.5 £1.2)% PRL 84, 408 (2000)

Kj— n0n0 ee
Ki— 70 eey
Ki— eeyy

Kr— ppyy
Kr—uuy

Ki— eeup

=0 polarization

20 — Tte vV

=0 — 30y

H dibaryon search

< 6.6) x109
(2.34 +0.35 +0.13) ) x10-8
(5.84 +0.15 +£0.32) ) x10-7

(1.4+1.0-0.8) ) x10-°
(3.62 +0.04 +0.08) ) x10-7
(2.9*67 ) x109

(2.71£ 0.22 + 0.31) ) x104
(3.34+ 0.05 £ 0.09) ) x10-3

PRL 89, 211801 (2002)
PRL 87, 021801 (2001)
PR D64, 012003 (2001)

PR D62, 112001 (2000)
PRL 87, 071801 (2001)
PRL 87, 111802 (2001)
PRL 87, 132001 (2001)
PRL 82, 3751 (1999)
PRL 86, 3239 (2001)
PRL 84, 2593 (2000)

As the Table shows, E-7991I has published results on hyperon and n0 decays, as
well as kaon decays. Analysis of data from the second KTeV run is expected to
continue until approximately 2005. By that time, many of the above results will
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have improved still further, and we expect to have results on a number of
additional decays, including n0— eeee and K, — eey.

Publications

Design and Test Results of a Transition Radiation Detector for a Fermilab Fixed
Target Rare Kaon Decay Experiment, G. E. Graham et al., Nucl. Instr. and
Meth. A367, 224 (1995).

Development of a Parallel Plate Proportional Counter TRD with Suppressed
Sensitivity to Ionization, N. Solomey et al., Nucl. Instr. and Meth. A367, 252
(1995).

Beam Test of Prototype Csl Calorimeter, R. S. Kessler et al., Nucl. Instr. and
Meth. A368, 653 (1996).

Search for Light Gluinos Via the Spontaneous Appearance of Ttn~ Pairs with an
800 GeV/c Proton Beam at Fermilab, J. Adams et al., Phys. Rev. Lett. 79, 4083
(1997).

Measurement of the Branching Fraction of the Decay Kj, — ntn-ete-, J. Adams
et al., Phys. Rev. Lett. 80, 4123 (1998)

Search for the Decay Ky, —» n0vv , J. Adams et al., Phys. Lett. B447, 240 (1999).
Observation of 20 — Ztev, A. Affolder et al., Phys. Rev. Lett. 82, 3751 (1999).

Observation of Direct CP Violation in Kg, K;, -t Decays, A. Alavi-Harati et
al., Phys. Rev. Lett. 83, 22 (1999).

Measurement of the Decay Ky, — n0yy, A. Alavi-Harati et al., Phys. Rev. Lett. 83,
917 (1999).

Measurement of the Branching Ratio of 10 — ete~ Using Kj, — 3n® Decays in
Flight, A. Alavi-Harati et al., Phys. Rev. Lett. 83, 922 (1999).

Light Gluino Search for Decays Containing w+n~ or ®9n0 from a Neutral Hadron
Beam at Fermilab, A. Alavi-Harati et al., Phys. Rev. Lett. 83, 2128 (1999).

Observation of CP Violation in Kj, — ntnete- Decays, A. Alavi-Harati et al.,
Phys. Rev. Lett. 84, 408 (2000).
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E-815 (Bernstein /Shaevitz) Precision Neutrino / Antineutrino
Deep Inelastic Scattering Experiment

Cincinnati, Columbia, Fermilab, Kansas State,
Northwestern, Oregon, Rochester, Xavier

[ Status: Data Analysis|

The NuTeV experiment is in the exciting position of being the only high-
statistics neutrino experiment with separate extremely pure neutrino and
antineutrino beams. During the 1996-97 fixed-target run we accumulated
samples of 5x106 vyN and 1x10¢ v | N.

Electroweak measurements/sin20y

Neutrino experiments have played a pivotal role in our improved
understanding of the electroweak interaction. Early measurements of the
neutral-to-charged current neutrino cross section ratio provided key input on the
W and Z boson masses before their direct observation. Soon afterwards, the
increasing precision of electroweak measurements allowed constraints on the
mass of the top quark to be set before its direct measurement. Likewise today,
precision measurements of electroweak parameters strictly limit the mass of the
yet unobserved Higgs boson.

, In particular, precision electroweak measurements from neutrino-quark
scattering (e.g. the weak mixing angle) provide an indispensable complement to
high-energy collider experiments because of their sensitivity to light quark
couplings as well as physics beyond the standard model (including extra Z'
bosons, neutrino oscillations, and quark compositeness).

Prior to NuTeV, the uncertainty on the world average of the weak mixing
angle, sin20y,, as measured from neutrino scattering data was dominated by a
large correlated systematic uncertainty in charm production (namely, the charm
quark mass). However, given the innovation of separate neutrino and
antineutrino beams, NuTeV can separately measure the ratios of neutral- to
charged-current neutrino and antineutrino cross sections. This allows
optimization of the sin20y measurement with respect to the dominating charm
production uncertainty. As a result, NuTeV has reduced the uncertainty from
charm production by almost a factor of six, while accumulating enough statistics
to surpass its predecessor, CCFR. After extensive systematic studies, the
analysis has been finalized in 2001. The result, sin2@(on-shel) = 0.2277 + 0.0013
(stat.) = 0.0009 (syst.), deviates by approximately 3o from the Standard Model
expectation. Performing an additional two-parameter fit to sin20y, and pg (the
ratio of neutral- to charged-current weak couplings which is naturally one in the
Standard Model), indicates that the NuTeV measurement is compatible with the
Standard Model expectation values for either sin20y, or pg, but both agreeing is
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unlikely. Given the significant inconsistency, a model-independent analysis was
also performed. The result suggests a smaller left-handed neutral-current light
quark coupling than expected. The NuTeV results have been published in Phys.
Rev. Lett. 88, 091802 (2002). Including the NuTeV result in the global
electroweak fit increases the %2 to 28.2/15 d.o.f. (without NuTeV 19.6/14 d.o.f.).
NuTeV's suprising result has generated much interest with possible
interpretations including new tree level physics in the neutrino couplings and
isospin symmetry violation in nucleon light quark parton distribution functions.

Having pure neutrino and antineutrino beams has enabled NuTeV to
measure effectively the difference between neutrino and antineutrino neutral-
current cross sections; we also can take advantage of these beams to study
interactions in which there are two muons of opposite charge in the final state.
One muon comes from the lepton vertex, where the charged-current interaction
changes a neutrino into a muon; the other, from the decay of a charm particle,
produced when the neutrino (antineutrino) interacts with a strange
(antistrange) quark in the nucleon. This means that these events can be used to
study both charm production and the strange content of the nucleon. To give
phenomenologists the most model-independent access to these data, the results
of the analysis have been published as dimuon production cross sections (Phys.
Rev. D64, 112006, 2001.) A next-to-leading-order (NLO) analysis of the charm
production process is currently underway and will soon be completed. The
method uses an improved model which takes into account NLO QCD diagrams
which contribute to the process as well as the angular dependence in production
of the final state charm quark. The results will be used to extract NLO strange
and anti-strange sea distributions and a re-extraction of the differential cross
section, which is expected to be model-independent, will be performed as a cross
check.

In addition to producing charm through the charged-current interaction, it
should be possible to produce charm via the neutral-current interaction.
Exploiting the purity of the SSQT, one can select single muon events where the
muon is of the opposite lepton number expected from the neutrino beam. This
sample has been used to set limits on Flavor-Changing Neutral-Current (FCNC)
production of charm and bottom, and to measure the cross section for vN — c+¢
+X. No one has ever used neutrino scattering to limit FCNC and the use of
neutrinos may be uniquely sensitive to certain types of Z's. This is the first
measurement of the cross section for gluon-Z boson fusion production of a c-pair.
The results on the FCNC limits and the pair production cross sections have been
published in Phys. Rev. D63, 012001 (2001) and Phys. Rev. D64, 012002 (2001).

Structure functions and o

Deep inelastic charged-current neutrino scattering offers unique
opportunities to reveal the structure of the nucleon. In particular, it is the only
channel capable of unraveling the valence and sea parton distribution functions.
This is not only interesting by itself, but extremely important for the
interpretation of present and future hadron collider results.
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NuTeV has completed a precision calibration of the muon energy scale
using data from the continuous calibration beam. Precise knowledge of the
muon energy is especially important in the extraction of the neutrino flux and
for the differential cross section determination. Careful studies of experimental
and model systematics in flux and cross section extraction are presently
underway.

The other main focus of the analysis is the extension of the kinematic
coverage. The sign-selected beam assigns a sign to the muon in charged-current
events allowing the inclusion of events with a low energy muon in the sample.
These high-inelasticity (y) events were previously inaccessible because a sign-
determination in the spectrometer was required to separate events originating
from neutrinos from those originating from anti-neutrinos. The expanded range
in y will reduce the correlations in the structure function determinations, and is
especially useful in constraining the longitudinal structure function Fr(x, Q2).
Preliminary results on NuTeV structure function measurements have been
presented at Moriond 2001 and EPS-HEP 2001. The final result will include a
full co-variance matrix of uncertainties to be used in QCD fits of the data. This
analysis should be finalized in 2003.

Another promising field closely related to the structure function
measurements is the determination of the strong coupling constant os via the
Gross-Llewellyn-Smith sum rule. Also here NuTeV expects an improvement on
the precision of the results compared to former analyses due to the extremely
thorough test beam calibration program.

Search for exotic physics

The instrumentation of the upstream region of the experimental hall has
allowed NuTeV to search competitively for weakly-interacting neutral particles
produced in either pion or kaon decays. Interactions (i.e. decays) occurring in
the 34 m upstream of the neutrino target can now be identified in a series of
drift chambers, and the background was kept to a minimum by filling the
remainder of the decay region with helium bags. Because the neutrino target
itself provides particle identification, searches can be made for a variety of exotic
particles which may be expected to decay into very different final states.

For example, we have completed a search for neutral heavy leptons which
decay to at least one muon in the final state, published in PRL in 1999. We have
also published a search for a 33.9 MeV particle which decays into an ete~ final
state. This particle has been proposed to account for the timing anomaly found
in the KARMEN data. NuTeV ruled out a large region of phase space that is
implied by the KARMEN data. A very interesting result arose from the search
for high-mass, rarely-interacting neutral particles decaying into a final state
with one muon and one other charged particle. Three muon + muon events were
found, which is far above the expectation from background Standard Model
processes. The result was published in Phys. Rev. Lett. 87, 071803, 2001 and a
more detailed PRD article is in preparation.
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Another exotic process searched for was the lepton number-violating
reaction V;, + e - L + V. The resulting restrictive limits on V-A and scalar
couplings t%r this process have been published in Phys. Rev. Lett. 87, 071803
(2001).

Neutrino oscillations are currently at the forefront of neutrino physics.
While NuTeV cannot access the region of phase space that is expected to produce
oscillations, our high precision results with a statistical identification technique
are a proof of principle for future efforts involving similar steel-scintillator
detectors (e.g. MINOS). A sample of charged-current electron neutrino events
can be isolated from neutral-current interactions (mostly from muon neutrinos)
using the pattern of longitudinal energy deposition in the steel-scintillator-
calorimeter. The NuTeV result using this method has obtained the most
stringent limits to date for large mass difference vy — ve (and V|, —>Ve)
oscillations. The results are published in Phys. Rev. Lett. 89, 011804 (2002).

The rich physics potential of NuTeV's unique high-purity high-statistics
samples of muon neutrinos and antineutrinos is apparent from this summary of
results and current analyses. The success of our data-taking run is evident in
both the depth and breadth of physics issues that are being addressed.
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E-823/900/908 /925 /740 (Blazey / Womersley) Study of Events in pp
Collisions at 2 TeV in the D0 Detector

Aachen (Germany), Acad. Sci. (Czech Rep.), Amsterdam / NIKHEF (Netherlands),
los Andes (Colombia), Arizona, BNL, Bonn (Germany), Boston, Brown,

Buenos Aires (Argentina), UC/Riverside, CBPF (Brazil), Charles (Czech Rep.), CINVESTAV
(Mexico), Columbia, CSU/ Fresno, Czech Tech (Czech Rep.), Delhi (India), University College
Dublin (Ireland), Estadual Paulista (Brazil), Fermilab, Florida State, Grenoble (France), Ho Chi
Minh City (Vietnam), IHEP/ Beijing (China), IHEP/ Protvino (Russia), Illinois/ Chicago, Imperial
College (United Kingdom), Indiana, Iowa State, ITEP (Russia), JINR (Russia), Kansas, Kansas
State, Korea (Korea), Lancaster (United Kingdom), Langston, LBNL and UC/Berkeley, LMU
Munich (Germany), Louisiana Tech, Lyon (France), Mainz (Germany), Manchester (United
Kingdom), Marseille (France), Maryland, Michigan, Michigan State, Moscow State (Russia),
Nebraska, Nijmegen (Netherlands), Northeastern, Northern Illinois, Northwestern, Notre Dame,
Oklahoma, Orsay (France), Panjab (India), Paris VI and VII (France), PNPI (Russia), Princeton,
Rice, Rio de Janeiro (Brazil), Rochester, Saclay (France), San Francisco de Quito (Ecuador),
Strasbourg (France), SUNY/Stony Brook, Swedish Consortium (Sweden), Tata (India),
Texas/Arlington, Virginia, Washington, Wuppertal (Germany)

Status: E-740 - Data Analysis
E-823 - Data-Taking
E-900 - Data-Taking
E-908 - Data-Taking
E-925 - No Data Yet

The DO detector is a large, hermetic, 4n detector for the study of proton-
antiproton collisions with a center-of-mass energy of 2.0 TeV at the Fermilab
Tevatron Collider. The detector stresses identification of leptons, photons, jets
and missing transverse energy for high-p, physics. DO is an international
collaboration representing the efforts of over 650 physicists and Ph.D. students
from 76 institutions whose goal is to study a diverse range of particle physics
topics. The Run I DO experiment (E-740) successfully completed data-taking in
1996, amassing ~120 pb-! of data at y§ = 1.80 TeV, including a small fraction at
0.63 TeV. The Run II DO experiment (E-823) has recorded about 75 pb™ of data
at 1.96 TeV.

The DO Run II detector (E-823) has been completed and represents a
major upgrade of the Run I detector. The detector must operate at
instantaneous luminosities near 2x1032¢cm2s-1 with bunch spacings as short as
132 ns. To meet the challenges of such a high-rate environment, the entire
central tracking system has been replaced with a silicon microvertex detector, a
scintillating-fiber tracker, a solenoid magnet, and central and forward preshower
detectors. The new tracking detectors provide enhanced pattern recognition and
triggering opportunities for lepton, photon and jet final states. The entire Run II
physics menu has been significantly enhanced by the new detectors.

The silicon micro-vertex detector (SMT) consists of 792,000 channels and
subtends an active area of 4.7 m2. It provides precise tracking in the region
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Il < 8. The silicon tracker consists of silicon disks and barrels formed into six
disk/barrel modules. Each barrel module consists of four (radial) layers of
detector ladder assemblies which provide coverage for large angle tracks. Three-
dimensional reconstruction of tracks at forward rapidities is performed using the
disks. The SMT was constructed at the Fermilab Silicon Detector Facility and
installed in DO in late 2000.

The central scintillating-fiber tracker (CFT), an innovative design based
on visible light photon counters (VLPC), is also currently in operation. The fiber
tracker consists of 72,000 835-micron fibers arranged into eight radial layers. It
provides an off-line momentum measurement for charged particles with | < 2
and fast trigger information for tracks with n| < 1.6. The single-channel noise
rate, quantum efficiency and photo-electron yield all meet design specifications.
Combining fiber and silicon tracker information provides a charged-particle
momentum measurement with a resolution of Ap/p = 2% at p, = 1 GeV/c
degrading to 10-18% for central 100 GeV/c tracks. The superconducting solenoid
magnet has been successfully installed, tested and mapped at its design field of
2.0 Tesla.

Sandwiched between the solenoid and central calorimeter is the central
preshower detector (CPS) which was installed simultaneously with the solenoid.
The central preshower consists of 7280 channels of 6.6 mm scintillating
triangular fibers and will enable efficient triggering on electrons and photons in
a high-rate environment. Similarly, separate forward preshower (FPS) detectors
enhance electron and photon triggering in the region 1.5 < n| < 2.5. The FPS
detectors consist of 14,968 channels of finely segmented triangular scintillator
strips with embedded wavelength shifting fibers. Both the CPS and FPS are
instrumented with VLPCs and are in operation.

The tracking detectors are surrounded by a hermetic liquid argon
sampling calorimeter with uranium and copper/steel absorber. The calorimeter
is contained in three cryostats (a central barrel and two endcaps). The
calorimeter is compensating (e/mr ~ 1.05) and finely segmented to identify
electrons, photons, muons, and jets. The electromagnetic (EM) calorimeter
covers 1| < 3 and hadronic calorimetry extends to n| < 4.4; the large acceptance
provides excellent measurement of the missing transverse energy. The
segmentation in AnxA¢$ = 0.1 x 0.1 (0.05 x 0.05 at EM shower maximum); for
Run I, the energy resolution was ~15%/+& for electrons and photons (with a
small constant term) and ~85%/+E for jets. The calorimeter readout electronics
has been upgraded to a switched capacitor array design and the shaping times
have been re-optimized to cope with shorter beam crossing. The calorimeter is
now in operation.

Outside the calorimeter cryostats is the upgraded muon tracking system.
An independent measurement of the muon momentum is performed in the
magnetized iron toroids using planes of mini-drift tubes in the forward region
and proportional drift tubes in the central region. Fast muon triggering is
achieved using layers of scintillator trigger counters which can be combined with



55

fiber tracker information to enable triggering on low p, (= 1.5 GeV/c) muons.
The muon tracker and trigger are now in operation and within specifications.

The Forward Proton Detector (FPD, E-900) consists of momentum
spectrometers which make use of the accelerator magnets along with points
measured on the track of the scattered proton (or antiproton) to calculate track
momentum and scattering angle. Tracks are measured using scintillator fiber
detectors (read out by multi-channel phototubes) located in Roman pots, which
are stainless steel containers that allow the detectors to function outside of the
machine vacuum but close to the beam. Particles traverse thin steel windows at
the entrance and exit of each pot. The pots are remotely controlled and can be
moved close to the beam (within a few mm) during stable beam conditions and
retracted otherwise.

The FPD includes 18 Roman pots. The dipole spectrometer consists of two
Roman pot detectors located after bending dipoles about 57 meters downstream
of the interaction point on the outgoing antiproton arm and measures
antiprotons of all angles that have lost a few percent of the beam momentum.
The Roman pots comprising the quadrupole spectrometers are located adjacent
to the electrostatic separators on both the proton and antiproton sides and use
the low-beta quadrupoles as the primary analyzing magnet. They have
acceptance for a large range of proton momenta and angle. The FPD is now fully
installed and approximately 50% instrumented. Elastic scattering of protons
and antiprotons has been observed. Integration of the system into the data
acquisition and trigger system will be complete in 2003.

The upgraded DO detector contains approximately one million channels.
The data readout is initiated by a multi-level trigger with each level having
increased complexity and decision time. The Level 1 trigger is designed for an
accept rate of 5-10 kHz depending on the L1 deadtime. Calorimeter-based
triggers utilize analog hardware to compute fast energy sums to identify
localized electromagnetic and hadronic activity and the presence of missing E.
Track finding in the CFT is performed by a massively parallel application of field
programmable gate arrays; electron candidates can be selected using azimuthal
matching between the CFT and CPS. Quadrant level matching between the
preshowers and calorimeter is also performed at Level 1.

The Level 2 trigger with a 1 kHz accept rate enables more sophisticated
reconstruction and fully exploits correlations between the tracking detectors,
calorimeter and muon systems; for example m - ¢ matching between the
preshower and calorimeter. The Level 2 trigger capability will be supplemented
by a Silicon Track Trigger (E-908). This device will discriminate on tracks
measured using the silicon microvertex detector which do not emanate from the
primary vertex. Such tracks are efficient indicators of heavy flavor, i.e. b and ¢
-quark production. This will greatly enhance the triggering capabilities for Higgs
bosons and top and bottom (s)quarks. It will also enable triggering on Z — bb,
which is a key calibration channel for top and Higgs physics. The STT proposal
was approved in early 1999. Component production is complete and installation
and integration of the trigger underway.
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The Level 3 trigger uses a commodity-based PC farm running under
Linux. The availability of fully digitized information permits sophisticated
software reconstruction algorithms to be applied. The Level 3 accept rate is 5-10
Hz depending on dead time.

The current detector is limited in the instantaneous and integrated
luminosities at which it can operate. The present silicon tracker is insufficiently
radiation-hard to withstand more than about 4 fb*. It will therefore need to be
replaced during Run II. The Run Ilb Upgrade Project (E-925) will construct a
new, more radiation-hard silicon tracker, which makes use of standardized
components and will contain six layers in a barrel geometry. The upgrade will
also substantially improve the calorimeter and track triggers to handle
increased occupancy from higher instantaneous luminosities.

The physics goals of DO involve direct searches for particles and forces not
yet known, including both those that are predicted or expected (like the Higgs
boson and supersymmetry) and those that would come as a surprise. At the
same time we confront the Standard Model through precise measurements of the
strong interaction, through measurements of the quark mixing matrix, and
through precise measurements of the electroweak force and the properties of the
W, the Z and the top quark. The experiment already has first results in all of
these areas.

As the world’s highest energy collider, the Tevatron is the most likely
place to directly discover a new particle or force. We know the standard model
is incomplete; theoretically the most popular extension is to make it a part of a
larger picture called supersymmetry (which is a basic prediction of superstring
models). Here each known particle has a so-far unobserved and more-massive
partner, to which it is related through a change of spin. If it exists, the lightest
supersymmetric particle would be stable, and vast numbers of them would
pervade the universe, perhaps explaining the astronomers’ observations of dark
matter. The Tevatron is the only place to directly search for supersymmetry. In
Run II, the opportunities for discovery include squarks and gluinos, in final
states with missing energy (E,"”) and jets (and lepton(s)); charginos and
neutralinos through multilepton final states; gauge mediated SUSY in E™ +
photon(s) channels; stop and sbottom; and R-parity violating models. Searches
for other new phenomena include leptoquarks, dijet resonances, new heavy W’
and Z’ bosons, massive stable particles, and monopoles.

The Tevatron allows us to experimentally test the new and exciting idea
that gravity may propagate in more than four dimensions of spacetime. If there
are extra dimensions that are open to gravity, but not to the other particles and
forces of the standard model, then we could not perceive them in our everyday
lives. But particle physics experiments at the TeV scale could see signatures
such as a quark or gluon jet recoiling against a graviton, or indirect indications
like an increase in high energy electron-pair production. These studies use the
Tevatron to literally measure the shape and structure of space-time. DO has
developed a quasi-model-independent (signature-based) new phenomena search,
which looks for significant deviations from the Standard Model. In the Run I
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dataset, no significant evidence for new physics was found, but this technique
will prove very powerful in Run II.

The experiment has already embarked on a number of searches using
Run II data. Work has started on understanding the E,™ distribution in
multijet events as a prelude to squark and gluino searches; trilepton candidates
are also being accumulated. A gauge-mediated SUSY search has set a limit on
the cross section for pp — E™ + yy. Virtual effects of extra dimensions are
being sought in e'e”, p'u” and yy final states, and limits on the scale of new
dimensions at the 0.9 TeV level can already be set. A search for leptoquarks
decaying to electron+jet has been carried out. None of the cross sections or mass
limits is better, yet, than published Run I results, but serves as a demonstration

that the pieces are all in place.

In the standard model, the weak force is weak because the W and Z
bosons interact with a field (called the Higgs field) that permeates the universe.
This same field gives masses to all the fundamental fermions. It should be
_possible to excite this field and observe its quanta — the long sought Higgs
boson. It is the last piece of the standard model, and also the key to
understanding any beyond-the-standard-model physics like supersymmetry.
Finding it is a very high priority. Right now, we are developing the foundations
needed for Higgs physics in Run II: good jet resolution, high b-tagging and
trigger efficiencies, and a good understanding of all the backgrounds. One area
that can be attacked with relatively modest luminosities is to search for one or
more of the extended suite of Higgs bosons that are predicted in supersymmetric
models. Associated production of a SUSY Higgs together with a bb pair is
enhanced at high tanf, and tighter limits than those from LEP can already be
set with a few hundred inverse picobarns.

In Run II, we will complement our direct searches for new phenomena
with indirect probes. New particles and forces can be seen indirectly through
their effects on electroweak observables. The tightest constraints will come from
improved determination of the masses of the W and the top quark. We now have
preliminary results from Run II samples of W and Z candidates. We have
measured the cross sections at the Tevatron’s new center-of-mass energy of 1.96
TeV and used the ratio of the W to the Z to indirectly extract the W width. It
will take a Run II dataset of order 1 fb™ before we can significantly improve the
world knowledge of m, given the precision achieved at LEP. With 2 fb* we will
be able to drive the uncertainty down to the 25 MeV level per experiment, with
an ultimate capability of 15 MeV per experiment.

The Tevatron Collider is the world’s only source of top quarks. The top
quark was discovered by CDF and DO in 1995 on the basis of a few tens of events
— we are now gearing up to study top quarks in the thousands. The top is the
heaviest known quark and alone among them, couples strongly to the Higgs. We
need to test its properties and decays with sufficient precision that the standard
model can be confirmed or not — is the top really top? Here we can look forward
to significant improvements in the short term because the Run I dataset was
statistically limited. DO is on the road to “rediscovering” top for the spring 2003
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conferences, and has candidate events. Per inverse femtobarn, we will collect
roughly 500 b-tagged top-pair events in the lepton + jets final state. As well as
improving the cross section and mass measurements, we will look for top-antitop
spin correlations which can tell us if the top is really the spin-% object it should
be, and observe single top production (which allows a model-independent
measurement of the CKM matrix element |V, |). New techniques are also being
developed: DO has reported a new, preliminary determination of the top mass
from Run I data that uses more information per event, obtains a better
discrimination between signal and background than the published 1998
analysis, and improves the statistical error equivalently to a factor 2.4 increase
in the number of events. Run II will also test beyond-the-standard-model
theories that predict unusual top properties, states decaying into top, and
anomalously enhanced single top production.

The mixing between the three generations of quarks results in subtle
violations of the so-called CP symmetry relating particles and antiparticles.
Understanding this symmetry will help explain why the universe is filled with
matter, not antimatter. In the decays of B-mesons, these symmetry violations
can be large, and so B-hadrons have become an important laboratory to explore
the “unitarity triangle,” which relates the elements of the Cabibbo-Kobayashi-
Maskawa (CKM) quark mixing matrix. In Run II we want to confront the CKM
matrix in ways that are complementary to the electron-positron B-factories. CP
violation is now established in the B system through the decay B, — J/y K,. The
measured mixing angle is consistent with the standard model but, by itself,
cannot exclude new physics. The BaBar and BELLE experiments can and will
do much more with their data, but the Tevatron can uniquely access the B,
meson, which is not produced at the B-factories. By measuring the mixing rate
between B, and B, we can determine the length of one of the sides of the
unitarity-triangle and complement the B-factories’ measurements of its angles.
It will also be interesting to see if there is sizeable CP violation in B, — JAy ¢ (it
is expected to be small); while the decay B, - KK at the Tevatron complements
B, — nr that is measured at the B-factories. Together they can pin down the
triangle angle y. There are many other opportunities, such as A, properties and
searches for rare decays. In DO the tools are being put in place for a B-physics
program. The inclusive B lifetime has been measured and B mesons are being
reconstructed. DO does not exploit purely hadronic triggers but benefits from its
large muon acceptance, forward tracking coverage, and ability to exploit JAy —»
e'e”.

DO has now measured jet energy distributions from Run II. Jet
calibrations are not yet final, but already we see events with transverse energies
beyond 300 GeV. With the full Run II dataset this will reach as far as 600 GeV,
allowing us to pin down the high-energy behavior of the cross section and thus
the gluon content of the proton (which remains poorly determined at high
momentum and a source of uncertainty). Another issue provoking much
discussion is the choice of the algorithm used to define jets. D(0’s Run I data
have shown that the two most popular jet definitions (the geometrically-based
“cone” and the momentum-based recombination “k,” algorithms) yield different
cross sections for collider data; while qualitatively as expected, quantitatively it



59

is not yet clear whether the differences are understood. We will try to address
this question with early Run II data.

Run I left many unanswered questions about heavy flavor (charm and
bottom) production. Resolving these is important because many new particles
result in heavy flavor signatures. The inclusive B-meson production cross
section lies significantly above the QCD prediction, though it can be made to fit
better using resummation and retuned fragmentation functions (from LEP
data). For charmonium, the measured cross section requires a large color-octet
component but that is not consistent with the observed J/Ay polarization. D0 now
has preliminary Run II J/y and muon+jet cross sections which are the first steps
in measuring the charmonium polarization (and thus production process) and
the b-jet cross section.

Another QCD-related puzzle is hard diffraction. In these events, a high-
momentum-transfer collision occurs but one of the incoming beam particles
appears to leave the collision intact, instead of being destroyed in the process. In
fact, events with a leading proton comprise about 40% of the total cross section
and are typically described by the exchange of a color-singlet or pomeron, about
which little is known. This observation is rather surprising and needs to be
pinned down better, and related quantitatively with similar phenomena
observed at HERA. The addition of the FPD to the detector facilitates studies of
the pomeron structure and its dependence on diffractive mass and momentum
transfer, searches for diffractive production of heavy objects such as W bosons,
and studies of hard double pomeron exchange. The FPD will also allow us to
explore ideas of Higgs production through similar mechanisms at the LHC.
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The Collider Detector at Fermilab (CDF) is a general purpose detector
system designed to explore the physics of 2 TeV proton-antiproton collisions at
the Fermilab Tevatron Collider.

I General Background

The heart of the CDF central detector is a 5.0-meter-long, 1.5-meter-
radius, 1.4 Tesla superconducting solenoid. Tracking systems in the magnetic
field provide momentum analysis of charged particles. The solenoid is
surrounded by scintillator-based calorimeters in the central region covering the
angular range 300 to 1500 with respect to the Tevatron beams. In the detector
which operated until February 1996, two "plug" gas calorimeters in the ends of
the solenoid extended the calorimeter coverage down to 10°. In all regions the
calorimeters are divided into electromagnetic and hadronic sections and have a
projective tower geometry to measure energy flow in fine bins of pseudorapidity
and azimuth. Muon chambers are located behind the calorimeters. The original
CDF detector has undergone several upgrades. E-775 is the experiment using
the CDFI detector, acquiring data during a Tevatron data-taking period from
March 1992 until February 1996 (Run I). Section II below describes the detector
upgrades for E-775, and some of the major physics results obtained from the
data analysis. From 1996 to 2001 there was a second major upgrade of the CDF
detector (CDFII). This started commissioning in the summer of 2000, and first
data-taking in March 2001 as experiment E-830. The upgrade and status of
Run II data-taking are described in Section III below.
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II. The CDFI Detector and Tevatron Run I (E-775)

E-775 is the upgraded version of CDF for Collider Runs Ia and Ib. For
Run Ia the highlights of the upgrade included:

1. The addition of a 4-layer, 46,000 channel silicon microstrip vertex
detector, the SVX. This device was installed around a new 1.5 inch
diameter beam pipe and enabled the reconstruction of secondary vertices,
opening up a new field of precise b physics measurements and b-tags for
top quark identification.

2. A new set of time-projection chambers with 4 em drift spaces replacing the
old 15 cm drift devices in order to cope with higher luminosity.

3. The muon coverage was considerably improved by:

a) new chambers and scintillators (CMX) to extend the coverage from
pseudorapidity of 0.6 to 1.0; and

b) additional steel and new chambers to drastically improve the
punchthrough background in the central region.

4, New front-end electronics were added to the gas calorimeters and tracking
chambers to cope with higher luminosity. These allowed lower gas gain
operation and improved noise performance. The outer regions of the CTC
were also equipped with dE/dx readout.

5. The throughput of the data acquisition was considerably improved by
adding new event builders and more computing power in Level 3. As a
result the output to tape increased from 1.2 to 8 Hz.

6. The offline environment was improved by adding 1000 Mips to the farms
and acquiring a 1.2 Tbyte robotic storage device.

For Run Ib, the upgrades included:
1. A new radiation-hard Silicon Vertex Detector.

2. The DAQ bandwidth was increased by adding VME-based scanners and
an Ultranet hub to connect the readout scanners to the Level 3 processors.

3. New Level 2 processors were installed to increase the speed, flexibility,
and power of the trigger.

4. A diffractive spectrometer featuring Roman pots was added.

In Collider Run Ia, CDF rolled into the B0 Collision Hall at the end of
March 1992, and the first collisions were seen in May 1992. During Run Ia, the
E-775 detector functioned well, taking data at luminosities up to 9x1030cm-2sec-1
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with 90 percent livetime and an overall data-taking efficiency of 71 percent. A
total data sample of 21.4 pb-1 was collected by the end of the run in June 1993.

During Collider Run Ib, the detector has continued to function well,
taking data at luminosities up to ~20x103%cm-2sec’! with 90 percent livetime
and an overall data-taking efficiency of about 80 percent. Data-taking began on
January 19, 1994, and by February 20, 1996, a total integrated luminosity of
~90 pb-! had been recorded.

A total of 254 papers on CDF results have been published or submitted,
and 250 students have written theses on CDF analyses. Some highlights of the
Run I physics program include:

1. First evidence of top quark production followed by its discovery
(simultaneously with D0). After the discovery, measurements of the top
quark mass, production and decay properties rapidly followed.

2. - World-class measurements of the spectroscopy and lifetimes of b quark
states, including B? mixing, CP violation measurements in the BOB?0
sector and the discovery of the B, meson.

3. Measurement of W mass and width, triboson couplings, and Drell-Yan
cross section.

4. Observation of excess over QCD calculations of very high Eq jet
production, and other QCD measurements in jet physics, photon physics,
and diffractive phenomena.

5. New limits on SUSY particles, Higgs boson, leptoquarks, new gauge
bosons, and other exotic states.

III. The CDFII Detector and Tevatron Run II (E-830)

E-830 (also known as CDFII) is the upgraded version of CDF for Collider
Run II where the bunch spacing will be 396 ns and the luminosity in excess of
2x1032cm-2sec-l. The full scope of the upgrade is described in the Technical
Design Report (TDR), available as a Fermilab publication. The highlights of the
upgrades for Run ITa include:

1. Replacing the gas calorimeters with scintillating tile-based plug
calorimeter extending to || of 3.

2. Replacing the SVX with a five-layer, double-sided SVXII that covers the
entire luminous region.

3. Adding two additional layers of silicon detectors (ISL) at larger radii. The
combination of the SVXII and ISL will allow precise 3D tracking out to
In| of 2.
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Replacing the CTC with a smaller drift cell version, the COT, which will
reduce the drift time to less than the 396 ns bunch spacing.

Replacing all the front-end electronics to cope with the shorter bunch
spacing. The principal elements include:

a) pipelined front ends and buffering for L2 decisions resulting in
virtually deadtimeless operation; and

b) new ASICs for ADCs and TDCs.
New trigger system comprising:

a) all digital trigger;

b) new track processor allowing high resolution tracking decisions in
L1; and

c) Level 2 trigger based on SVXII to allow secondary vertex triggers at
L2.

Extended muon coverage out to |n| of 1.5 including:

a) new counters and chambers on the muon toroids now moved closer
to the interaction region;

b) new counters covering the region just outside the CMX; and

c) covering missing azimuthal regions in the CMX and central muon
coverage.

New DAQ components with higher throughput at all levels.
Extended offline environment that includes:

a) code migration toward object-oriented models;
b) data handling to cope with petabyte-scale datasets; and

c) enhanced computing power in farms.

With the 2 fb-l expected for Run Ila, the anticipated physics program is

truly exciting and features:

1.

Top quark mass, production, and decay measurements at the few percent
level.

Observation of CP violation in the b quark sector.

Precision mass, lifetime, and spectroscopy measurements of b quark
states including B mixing and B, properties.
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4. W mass measurement to better than 40 MeV.

5. Jet and photon measurements out to very high Er.

6. Searches for SUSY particles, Higgs bosons, and other exotic states.
Run ITa began on March 1, 2001.

CDF as E-909

E-909 is a proposal to upgrade the baseline E-830 experiment with the
following detectors:

1. An additional single-sided silicon microstrip detector layer positioned
very closed (R ~1.5cm) to the beamline.

2. A time-of-flight (TOF) detector consisting of 216 scintillator bars
located between the COT and the solenoid.

With the inclusion of these new detectors, CDF significantly increased its
physics reach in the area of CP violation in the B sector and Bg mixing. These
proposals received Stage II approval by the Fermilab Director in 1999 and are
now installed and operating in the CDFII detector.

CDF as E-916

E-916 is a proposal for a diffractive physics program at CDF. The
upgrades for this physics include beam shower counters, a Roman pot detector,
and mini-plug calorimeters. This proposal was presented to the Fermilab
Director and Physics Advisory Committee (PAC) in November 1999 and received
Stage I approval by the Fermilab Director in July 2000. The miniplug
calorimeters and Roman Pots are now installed and are taking data.

The CDFII detector is now fully operational and collecting physics data for
all of our five broad analysis areas: heavy flavor physics (beauty and charm); top
quark physics; QCD with jets and photons, diffractive phenomena; electroweak
physics with W and Z bosons and di-bosons; searches for new phenomena (SUSY
particles, Higgs bosons, etc.). A three-level trigger system used to select the
basic physics objects is working well. We make selection cuts on jets, electrons,
muons, photons, neutrinos (via missing energy), and beauty and charm hadrons
from semileptonic decays and displaced secondary vertices. The latter is
accomplished with a level-two silicon vertex trigger (SVT) which has opened a
whole new area of heavy flavor physics at CDF. Data-taking efficiency has now
reached about 90 percent (recorded integrated luminosity over that delivered.)

The physics goals of the CDFII experiment are broad and fundamental:

e Make tests of the Standard Model via précision studies of top quarks
and W bosons.



78

» Explore the smallest distance scales with high E jets and photons.
e Search for supersymmetric particles.

e Search for Higgs Bosons as the source of electroweak symmetry
breaking.

e Search for sources of CP violation beyond the Standard Model.
e Search for phenomena predicted by extra dimensions.

First Run II physics measurements were presented at the International
Conference on High Energy Physics in Amsterdam in June 2002. At the time of
this report, significant new physics results are being prepared for the Winter
2003 conferences. By the Lepton-Photon Conference (August 2003) the CDFII
experiment is expected to present Run II measurements based upon
approximately twice the integrated luminosity recorded in Run 1.
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E-831 (Cumalat/Moroni) A High Statistics Study of States
Containing Heavy Quarks Using the Wideband Photon Beam and
the E-687 Multiparticle Spectrometer

UC/Davis, CBPF (Brazil), CINVESTAV (Mexico), Colorado,
Fermilab, INFN/ Frascati (Italy), Illinois | Champaign, Korea (Korea),
INFN/Milano (Italy), Milano (Italy), North Carolina, INFN/Pavia (Italy),
Pavia (Italy), Puebla (Mexico), Puerto Rico/ Mayaguez, South Carolina,
Tennessee, Vanderbilt, Wisconsin, Yeonsei (Korea)

|Status: Data Analysis |

E-831 (FOCUS) is a high-intensity photoproduction experiment that is
designed to study the production and decay of charmed particles. The
experiment enjoyed a successful data-taking period during 1996 and 1997. The
spectrometer has excellent particle identification with three Cerenkov counters,
two electromagnetic calorimeters, and several scintillator arrays for muon
detection. A scintillating fiber calorimeter is used to identify neutrons and to
determine the energy of the hadronic event. The vertex region contains
segmented BeO targets interleaved with silicon strip detectors. The vertex
region is followed by 12 planes of silicon strip detectors.

The physics of the experiment involves high-precision studies of D
semileptonic decays with an emphasis on the determination of form factors and
CKM matrix elements |Veq| and |Ves|, QCD studies of Double D events, a
measurement of the absolute branching fraction for the DY meson, searches for
DO mixing using hadronic and semileptonic final states, and searches for CP
violation, rare and forbidden decays, fully leptonic decays of the D* and a
systematic investigation of charm baryons and their lifetimes.

In 2002 we published twelve papers. They include the best determination
of the DO, D*, A? , and 0 lifetimes, a measurement of the natural widths of the
Y2 and X} * baryons, a high precision measurement of the D* — K*u+v form
factors, and the first observation of the doubly Cabibbo-suppressed decay D*—
K'K'K". We also observed a diffractive state at 1750 GeV/c2 decaying into
K*K~, made a measurement of relative branching fractions of the A} into states
containing a X, and determined the semileptonic branching fractions of the D*
and the D;. Perhaps the highlight is evidence for new interference phenomena
in the decay D™ — K n*u*v which had been missed by experiments with lower
statistics. We also have three additional papers submitted for publication which
include the first tests of CPT and Lorentz invariance in the charm sector, a
study of five-body decays of charm mesons which points to a significant a; (1260)

component, and a study of the Cabibbo-suppressed decays D% — n+r~ and D? —
K'K".
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Publications

A Measurement of Lifetime Differences in the Neutral D-meson System, Phys.
Lett. B485, 62 (2000).

Measurements of the 30 and =} * Mass Splittings, Phys. Lett. B488, 218 (2000).
Search for CP Violation in D° and D* Decays, Phys. Lett. B491, 232 (2000).
Study of the Decay D% — K*n~, Phys. Rev. Lett. 86, 2955 (2001).

Measurement of the Relative Branching Ratio BR (E{ — pKx*) / BR (&} —
- Z7mtrt), Phys. Lett. B512, 277 (2001).

A Measurement of the Branching Ratios of D* and D} Hadronic Decays to Four-
Body Final States Containing a Kg, Phys. Rev. Lett. 87, 162001 (2001).

Evidence for a Narrow Dip Structure at 1.9 GeV/c? in 3n+3m Diffractive
Photoproduction, Phys. Lett. B514, 240 (2001).

A New Measurement of the E; Lifetime, Phys. Lett. B523, 53'(2001).

Reconstruction of Vees, Kinks, 27's, and Q7's in the FOCUS Spectrometer, Nucl.
Instr. and Meth. A484, 174 (2002).

Search for CP Violation in the Decays D* — Kt and D* — KgK*, Phys. Rev.
Lett. 88, 041602 (2002).

Measurement of Natural Widths of Z) and Z*! Baryons, Phys. Lett. B525, 205
(2002).

A High Statistics Measurement of the A Lifetime, Phys. Rev. Lett. 88, 161801
(2002).

Evidence for New Interference Phenomena in the Decay D* — K r*pu*v, Phys.
Lett. B535, 43 (2002).

New Measurements of the D? and D* Lifetimes, Phys. Lett. B537, 192 (2002).

The Target Silicon Detector for the FOCUS Spectrometer, submitted to Nucl.
Instr. and Meth., hep-ex/0204023 (2002).

Measurements of Relative Branching Ratios of A} Decays into States
Containing X, Phys. Lett. B540, 25 (2002).

Measurement of the D* and D! Decays into K*K K*, Phys. Lett. B541, 227
(2002).

New Measurements of the I(D* — K*u+v)/T(D* — K n*nt) and (D — outv)/
I'(D; — ¢nt) Branching Ratios, Phys. Lett. B541, 243 (2002).

A New Measurement of the 52 Lifetime, Phys. Lett. B541, 211 (2002).

New Measurements of the D¥ — K*Ou+v Form-Factor Ratios, Phys. Lett. B544,
89 (2002).
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Observation of a 1750-MeV/c2 Enhancement in the Diffractive Photoproduction
of K*K~, Phys. Lett. B545, 50 (2002).

Charm System Tests of CPT and Lorentz Invariance with FOCUS, hep-
ex/0208034 (2002)."

Study of Hadronic Five-Body Decays of Charmed Mesons, hep-ex/0211056
(2002).

Study of the Cabibbo-Suppressed Decay Modes DY — n—n+ and D® — K'K*, hep-
ex/0212058 (2002).

Theses

E. Casimiro, CINVESTAV, 1999.

E. Vaandering, University of Colorado, 2000.

L. Agostino, University of Pavia, 2000.

P. Dini, University of Milano, 2000.

M. Merlo, University of Pavia, 2000.

A. Rahimi, University of Illinois, 2000.

I. Segoni, University of Pavia, 2000.

J. M. Link, University of California/Davis, 2001.
C. Cawlfield, University of Illinois/Urbana, 2001.
B. R. Ko, Korea University, 2001.

C. Pontoglio, INFN and University of Milano, 2001.
S. Erba, INFN and University of Milano, 2001.

L. Edera, INFN and University of Milano, 2001.
S. Barberis, INFN and University of Milano, 2001.
C. Chang, Korea University, 2001.

E. Ramirez, University of Colorado, 2002.

D. Engh, Vanderbilt University, 2002.

M. Hosack, Vanderbilt University, 2002.

J. W. Kwak, Korea University, 2002.

A. Kryemadhi, Indiana University, 2002.

A. Cerutti, INFN and University of Milano, 2002.
R. Mitchell, University of Tennessee, 2002.

A. Ettorre, University of Pavia, 2002.

G. Sani, University of Pavia, 2002.

D. Pegna, University of Pavia, 2002.
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Table 1. Comparison of relative branching fractions with previous experiments. The FOCUS
measurements are about a factor of two better than previous measurements in both
the statistical and the systematic uncertainties.

. O K-K+ D(DC—n—mt). (D> K-K*+
Experiment Ny FJ(IT%{‘T‘F)I B\ Ty
E687[10] 0.109 £ 0.007 £ 0.009 0.043 £ 0.007 £ 0.003 2.53 £0.46 £ 0.19
E791[11} 0.109 £+ 0.003 £ 0.003 0.040 £ 0.002 £ 0.003 2.75+0.15£0.16
CLEO[12] 0.1040 £+ 0.0033 £+ 0.0027 | 0.0351 £ 0.0016 £ 0.0017 | 2.96 = 0.16 £ 0.15
E831(this result) | 0.0993 £ 0.0014 & 0.0014 | 0.0353 = 0.0012 £ 0.0006 | 2.81 £+ 0.10 = 0.06
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Figure 1. Invariant mass distribution for (a) n+n—, (b) K*K~, (¢) K™n*+. The fit (solid curve) for
the Cabibbo-suppressed decay modes of DV is to a Gaussian over a polynomial (for
combinatorial background) and a function obtained with Monte Carlo simulations for
the reflection peak.
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Table 2. Measured Lifetimes (x10-12 s)

Experiment Do Dt
E687 8] 0.413 £ 0.004 £ 0.003 1.048 £ 0.015 £ 0.011
CLEO I [19] 0.4085 & 0.004119:9935 | 10336 + 0.0221F3:3%5°
E791 [13] 0.413 £0.003 £0.004 |

| This measurement | 0.4096 % 0.0011 % 0.0015 | 1.0394 = 0.0043 = 0.0070

YieldD") = 139433 £ 520 @)

||IIII|III|
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Figure 3. (a) Kn+ invariant mass distribution, (b) K ntn+n- invariant mass distribution,
(¢) K n+n+ invariant mass distribution. The vertical dashed lines indicate the signal
region and the two sideband regions. The numbers quoted are the yields used for the
lifetime analysis.
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Measurements of the I'(D* — K*%+))/T(D* — Kn'r") branching fraction. The
FOCUS measurement is the first one to include the effects on the acceptance due to
changes in the decay angular distribution brought about by s-wave interference. After
correcting the muon numbers by a factor of 1.05 to compare with electrons, we find
that all values in the table are consistent with their weighted average (0.62+0.02)
with a confidence level of 19%. The FOCUS number is about 1.57 standard deviations
below the recent CLEQO measurement and about 2.1 standard deviations above the
number obtained by E-691.

Group electron muon

This work 0.602 £ 0.010 + 0.021
CLEO [3] 0.74 + 0.04 + 0.05 | 0.72 + 0.10 + 0.06
CLEO [9] 0.67 £ 0.09 + 0.07

E687 [10] 0.56 £ 0.04 &+ 0.06
OMEGA [11] | 0.62 £+ 0.15 &+ 0.09

ARGUS [12] | 0.55 £ 0.08 = 0.10

E653 [13] 0.46 £ 0.07 &+ 0.08
E691 [14] 0.49 + 0.04 £+ 0.05

Measurements of the I"(D: - ol*v))/ I“(D;r — ¢r*) branching fraction. The FOCUS
measurement has the smallest statistical uncertainty, but all results are remarkably
consistent with an average of 0.54+0.04.

Group electron muon

This work 0.54 £ 0.033 £ 0.048
CLEO2 [15] | 0.54 &+ 0.05 £ 0.04 |

E687 [16] 0.58 £ 0.17 £ 0.07
ARGUS [12] | 0.57 £ 0.15 £ 0.15

CLEO [17]

0.49 + 0.10 % 0.12
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Evidence for a spin 1 diffractive state at a mass of 1750 GeV/c2.
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E-835 (Cester / Pordes) Study of Charmonium States Formed in Proton-
Antiproton Annihilation Using the Fermilab Antiproton Accumulator

UC/Irvine, Fermilab, INFN/Ferrara (Italy), Ferrara (Italy), INFN/Genova (Italy),
Genova (Ttaly), Minnesota, Northwestern, INFN/Torino (Italy), Torino (Italy)

|Status: Data Analysis |

Experiment E-835 was a continuation of E-760, the study of charmonium
states formed in pp annihilation (see www-e835.fnal.gov). The pp annihilations
were produced in the Fermilab Antiproton Source where the circulating
antiproton beam interacted with a hydrogen gas-jet target. The experiment used
a non-magnetic detector with full azimuthal coverage and polar angle coverage
from 3 degrees to 65 degrees in the lab frame; the detector was optimized for the
identification of electromagnetic final states from charmonium decays. The
masses and widths of the decaying states were determined from an excitation
curve obtained by varying the p beam energy. This technique allows the
masses of charmonium states to be measured to an accuracy of 0.1 MeV/c2;
resonance widths as small as 0.1 MeV can also be determined.

E-835 took ~150 pb-l of data during the 1996-97 fixed-target run and a
further ~100 pb-1in 2000. The year 2000 data-taking concentrated on improving
the mass and width measurements of the X, on further attempts to confirm the
1P, signal reported by E-760, and on a study of y' decay modes.

Topics of continuing analysis include:

the n¢ mass, width, and yy branching ratio;
the X¢ branching ratios to yy and n0n0;

a study of ¢¢ production and a search for ¢dy production in pp
annihilations;

a search for the 1P in several decay modes;
a study of ' decay modes;
a measurement of X1 and Xo total widths;
a study of exclusive two-body reactions.
Publications
Measurements of the Magnetic Form Factor of the Proton in the Timelike Region

at Large Momentum Transfer, M. Ambrogiani et al., Phys. Rev. D60, 032002
(1999).
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Study of the X.o State of Charmonium Formed in Antiproton-Proton
Annihilations, M. Ambrogiani et al., Phys. Rev. Lett. 83, 2902 (1999).

Measurement of the Branching Ratios ' — ete~; ' — J/ynOn0, and y' — J/yn,
M. Ambrogiani et al., Phys. Rev. D62, 032004 (2000).

Study of the +yy Decays of the X¢2 and X.o Charmonium Resonances,
M. Ambrogiani et al., Phys. Rev. D62, 052002 (2000).

Search for the m' (21Sg) Charmonium Resonance, M. Ambrogiani et al., Phys.
Rev. D64, 052003 (2000).

Study of the Angular Distributions of the Reactions pp — Xc1, Xe2 — JAyy
— ete™y, M. Ambrogiani et al., Phys. Rev. D65, 052002 (2002).

New Measurements of the Resonance Parameters of the X.o State of
Charmonium, S. Bagnasco et al., Phys. Lett. B533, 237 (2002).

Ph.D. Theses

G. Stancari, University of Ferrara, Italy

W. Baldini, University of Ferrara, Italy

M. Ambrogiani, University of Ferrara, Italy
R. McTaggart, Pennsylvania State University
T. Pedlar, Northwestern University

M. Stancari, University of California/Irvine
M. Obertino, University of Torino, Italy

M. Graham, University of Minnesota

T. Vidnovic, University of Minnesota

M. Negrini, University of Ferrara
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E-871 (Dukes/Luk) HyperCP: Search for CP Violation in the
Decays of =/ Z * and A/ A Hyperons

Academia Sinica (Taiwan), UC/Berkeley, Fermilab, Guanajuato (Mexico), IIT,
Lausanne (Switzerland), LBNL, Michigan, South Alabama, Virginia

| Status: Data Analysis|

Discovered over 35 years ago by Cronin and Fitch, who were awarded the
Nobel Prize for their work, CP violation has remained a mysterious and puzzling
aspect of particle physics. Its origin is unknown, and although it is a tiny effect
in the laboratory, its implications are profound: CP violation is thought to be
responsible for the nearly absolute asymmetry between matter and antimatter
in the universe, indeed, why there is any matter at all in the universe. But it is
widely believed that the CP violation observed thus far (in only the decays of two
particles, the Ki, and Bg) is too feeble to produce the asymmetry between matter
and antimatter in the universe. Other sources are needed, perhaps from physics
beyond that in the Standard Model. To quote Bigi and Sanda from their recent
book, CP Violation:

"We are willing to stake our reputation on the prediction that dedicated and
comprehensive studies of CP violation will reveal the presence of New Physics."

The goal of HyperCP is to search for new sources of CP violation, in
particular in the decays of Z and A hyperons, which are sensitive to sources of
CP violation that kaon decays, for example, are not. The signature for the CP
asymmetry is a difference between the angular distributions of the A and A
decay products — o parameters — where the A and A have been produced from Z-
and = + decays. The expected sensitivity in the difference in the oo parameters is
about 2x10-4, two orders of magnitude better than the present experimental
limit. Theoretical predictions range from several times 10-3 to 10-5.

The HyperCP sensitivity goals demand a large number of events, and
hence an extremely high-rate spectrometer was built in the short space of two
years — one capable of recording up to 100,000 events per second. The
spectrometer accumulated the largest data set ever taken — 231 billion events —
in two runs: 1997 and 1999. After careful work in precisely calibrating the
spectrometer and tuning up the code, the primary event reconstruction (of over
30,000 tapes) was done on the Fermilab computer farms and completed in the
summer of 2001. This work, which involved reconstructing a data set 25 times
larger than the total amount of data on all of the Web sites in the entire world,
was reported at the International Conference on Computing in High Energy and
Nuclear Physics in Beijing, China in September 2001, the conference summary
speaker having highlighted this effort as a "tour de force."

The scope of the physics topics that HyperCP addresses goes beyond CP
violation in hyperon decays, the complete physics menu including: 1) the search
for CP violation in E and A decays; 2) the search for CP violation in K — n¥ntn-
decays; 3) the search for the lepton-number-violating decay E- — pu—u—; 4) the
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search for the |[AS| > 1 decays: Q~ - pr -, Q- - pKn, Q> A, and &~ —
pr-n; 5) the search for the flavor-changing neutral-current (FCNC) decays: O~
— E-urp- and Kg — ptu—; 6) the measurement of the branching ratios: Q- —
E-mtn and Q- — E-utu—; 7) the measurement of the branching ratios and form
factors in the flavor-changing neutral-current decays: Kt — wtptu~ and K- —
T utn—; 8) the measurement of the Q- and Q* o-parameters and the
corresponding CP asymmetry; 9) the measurement of the =~ B-parameter; 10)
the measurement of the A-n~ strong phase shift; 11) the measurement of 5 (E +)
and Q- ( Q *+) polarizations in inclusive production; 12) the measurement of the
E-(E+) and Q (Q+) production cross sections; and 13) the search for K* —
wrvptu- decays.

Many of the analyses have reached a mature stage. We have published a
new measurement of the branching ratio of the FCNC decay K* — wtutu~ which
resolves an outstanding disagreement between two BNL experiments for this
important test of chiral perturbation theory. In addition, we have observed the
conjugate decay, K~ — wutu-, for the first time. This is only one example of
many rare and forbidden decay searches which we have undertaken in an effort
to search for new physics, several of which will be submitted for publication in
2003. With our enormous data set we are orders of magnitude more sensitive
than any other previous experiment for most of these searches. Recently, we
have also reported on the first evidence for a non-zero decay parameter, og, in
the decay: Q= — AK™. A search for CP violation in Q- and Q + decays is in
progress.

Good progress is being made in the hyperon CP-violation analysis, albeit
at a slower pace because of the much larger final data set and the need to
carefully control sources of systematic error. Results of preliminary studies,
indicating no asymmetry to the 10-3 level, have been reported at several major
conferences. The goal of the collaboration is to have a result based on 10-20% of
the data by the end of the year.

Publications

A High-Throughput Data Acquisition System for the HyperCP Experiment, Y.-C.
Chen et al., Nucl. Instr. and Meth. A455, 424 (2000).

Upgraded DAQ System for the HyperCP Experiment, C. White et al., Nuecl.
Instr. and Meth. A474, 67 (2001).

Tripling the Data Set for the HyperCP Experiment, C. White et al., to be
published in IEEE Transactions on Nuclear Science.

Observation of the Decay K*— mrutp~ and Measurements of the Branching
Ratios for Kt — ntutu—, H. K. Park et al., Phys. Rev. Lett. 88, 111801 (2002).

Theses
W.-S. Choong, University of California/Berkeley (2000).

N. Leros, Université de Lausanne (2001).
D. Rajaram , Illinois Institute of Technology (2002). '
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E-872 (Lundberg / Paolone) Direct Observation of the Tau-Neutrino

Aichi (Japan), Athens (Greece), UC/Davis, Changwon Nat'l (Korea),
Coll. de France (France), Fermilab, Gyeongsang (Korea), Kansas State,
Kobe (Japan), Kon-kuk (Korea), Korean Nat'l (Korea), Minnesota,
Nagoya (Japan), Osaka Sci. Ed. Inst. (Japan), Pittsburgh, South Carolina,
Toho (Japan), Tufts, Utsunomiya (Japan)

| Status: Daia Analysisl

Since the discovery of the tau lepton in 1975, the desire to detect the v,
was strong, but the experiments that were proposed were technically very
challenging and expensive. The use of emulsion, as active targets, in conjunction
with its specially designed beam, has enabled DONUT to overcome most of the
technical problems. Although there was strong experimental and theoretical
evidence for the existence of a third neutrino, its direct confirmation was an
important result. In July 2000, after three years of analysis, four events
identified as tau-neutrino interactions were found in a sample of 203 neutrino
interactions in an emulsion target/detector. These results were published early
in 2001. A new upper limit to the tau-neutrino magnetic moment was also
published using this data.

Tau neutrinos, produced in the beam dump using 800 GeV protons,
originated mostly in the leptonic decay of the Dg (charm-strange) meson in the
decay sequence Dg — T+ v; and 1 — v{+X. Both the Dg and the daughter t decay
in the dump, each decay producing one v;. Their charged-current interactions
are found directly by observing 7t lepton production and its subsequent decay in
the emulsion target. The data run was from April to September 1997 and a total
of 4.5x1017 protons were used in the beam dump to make neutrinos.

Two years were spent in developing emulsion scanning techniques
necessary for insuring high efficiency in locating the interactions in the
emulsion. Because the emulsion targets were very thick, 6 cm, the older method
~ of following tracks from the spectrometer was less reliable because of secondary
interactions, electron showers, and scattering. A new method was employed for
most of the events. In this method, automatic emulsion scanning stations were
programmed to find all tracks in a volume of emulsion surrounding the.
interaction prediction. This data was then processed by finding all vertices (at
least two tracks) in this volume. This powerful method was possible only
because of the increased speed of the emulsion scanning stations. The spatial
precision achieved for the emulsion data was 0.3 microns in the transverse
coordinates, which provided a powerful rejection against background signals.

Presently, the collaboration is completing the analysis on the additional
events to provide an independent confirmation of the signal. Results from an
additional ~250 interactions will be completed in the spring of 2003. The
remaining events will be scanned using ultra-high speed scanning stations
developed over the last few years for future experiments.
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E-875 (Wojcicki / Michael) Main Injector Neutrino Oscillation Search

ANL, Athens (Greece), BNL, Caltech, Cambridge (United Kingdom),
Campinas (Brazil), College de France (France), Fermilab, Harvard,
IHEP/Protvino (Russia), IIT, Indiana, ITEP (Russia), Lebedev (Russia), LLNL,
Macalester, Minnesota, Minnesota / Duluth, Northwestern, Oxford (United Kingdom),
Pittsburgh, Rutherford (United Kingdom,), Sdo Paulo (Brazil), South Carolina,
Stanford, Sussex (United Kingdom), Texas A&M, Texas/Austin, Tufts,

Univ. College London (United Kingdom), Western Washington, Wisconsin

|Status: No Data Yet|

The goal of the Main Injector Neutrino Oscillation Search (MINOS)
experiment is a comprehensive investigation of neutrino oscillations, down to a
level of about 10-3 V2 in Am? and 10-2 in sinZ(20), using neutrinos produced by
the Fermilab Main Injector beam and a large new detector located at the Soudan
Mine in Minnesota, some 735 km away. The existing Soudan 2 detector at the
same site may also contribute to these studies. A "near detector" located at
Fermilab will monitor the beam and enable a comparison to be made between
neutrino interactions in detectors at two quite different distances from the
neutrino source. The approach of our experimental program is to perform a
variety of different measurements, all of which would be sensitive to neutrino
oscillations. A self-consistent interpretation of all these measurements will
provide measurements of oscillation modes, oscillation parameters (Am2 and
sin220) and the energy dependence of the oscillation probability.

Neutrino physics presents today one of the most promising avenues to
probe for extensions of the Standard Model. A priori, no fundamental reason
exists why neutrinos should have zero mass or why there should be no mixing
between different neutrino species. Thus, the existence of neutrino oscillations
is quite plausible, maybe even likely, on theoretical grounds. The existence of
this phenomenon has received first experimental indications from the
observations of a deficit of solar neutrinos and from the vy/ve anomaly in the
interactions of atmospheric neutrinos observed by large underground
experiments. Detailed observations by the SuperKamiokande experiment on the
angular distributions of atmospheric neutrinos provided strong support for the
oscillations interpretation and reduced the range of possible oscillation
parameters. First indications from the accelerator K2K experiment in Japan
appear to confirm that conclusion. Recently, the SNO experiment in Canada
looking at solar neutrino interactions in heavy water and the KamLAND
experiment in Japan looking at reactor neutrinos provided not only convincing
evidence for solar neutrino oscillations but also quantitative understanding of
the oscillation parameters for that phenomenon.

This MINOS experiment makes use of several independent measurements
to investigate neutrino oscillations. The comparison of rate and energy spectra at
the two detectors for the v, charged-current events can conclusively verify the
oscillation hypothesis and will be used to measure the oscillation parameters,
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Am?2 and sin2(26). The comparison of NC and CC interaction rates can determine
the relative contributions of the modes v,—v:; and v,—Vgierile. The study of event
shapes allows us to search for the v,—ve mode and to improve on the CHOOZ
limit if no events are found.

The MINOS experiment uses two very similar detectors, one at Fermilab
and one in Minnesota's Soudan mine, 735 km away. Both detectors consist of
assemblies of 1 inch-thick magnetized steel planes, interleaved with planes of
4 cm wide strips of plastic scintillator. The 1 kT near detector at Fermilab has
4.8 m wide steel planes; the 5.4 kT far detector at Soudan has 8 m wide planes
arranged in two supermodules. The steel planes in both detectors are
magnetized toroidally with an average field of 1.3 T. We estimate that, in the
absence of oscillations, the far detector would record about 1,500 charged-
current v, interactions annually using the low-energy beam configuration.

The existing underground physics laboratory in the Soudan Mine has
been expanded to house the new MINOS far detector, as shown in Figure 1.
Excavation of the new laboratory began in May 1999, and installation of the far
detector began in July 2001. Approximately 75% of the Far Detector is
assembled already and we have started taking data on cosmic rays and
atmospheric neutrinos. Site excavation for the construction of the underground
NuMI beam facility at Fermilab has been completed in November 2002 and
outfitting of the underground enclosures and construction of service buildings
has commenced. The installation of beamline components and the MINOS near
detector will take place during latter half of 2003 and 2004. Data-taking is
scheduled to begin, with both the near detector and the far detector, when the
neutrino beam commissioning starts in early 2005.

Status and Accomplishments

November 1998: NuMI/MINOS Project baselined by the Department of Energy.
February 1999: DOE CD-3a (start limited construction) approved.

March 1999: MINOS steel purchase subcontract awarded.

May 1999: DOE CD-3b (continue construction at Fermilab) approved.
May 1999: Excavation of far detector lab started at Soudan.

June 1999: Top of Soudan mineshaft located with GPS survey.

October 1999:  Near detector electronics design upgraded for fast extraction.

November 1999: Detector 4-plane prototype erected at Fermilab.

November 1999: Site preparation completed for Fermilab civil construction.

March 2000: Excavation of NuMI beamline tunnels and halls started at
Fermilab.

September 2000: Caltech scintillator module factory commissioned.

November 2000: Excavation of far detector cavern completed at Soudan.

December 2000: Far detector cavern outfitting started at Soudan.

July 2001: Beneficial occupancy of far detector cavern.
July 2001: Installation of MINOS far detector begins.
August 2001: First cosmic ray muon tracks recorded by far detector.

October 2001:  First far detector magnet coil operated at Fermilab.
October 2001: First run of MINOS calibration detector completed in CERN
test beam.



November 2001:
December 2001:

December 2001:
January 2002:
March 2002:
April 2002:
June 2002:

July 2002:

July 2002:
August 2002:
September 2002:
September 2002:
October 2002:
October 2002:
November 2002:
November 2002:
November 2002:
December 2002:
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Prototype near detector magnet coil operated at Fermilab.
Revised NuMI Project baseline approved by the Department of
Energy.

Tunnel boring machine reaches north end of near detector hall.
Tunnel boring machine excavation completed.

First atmospheric neutrino event recorded by far detector.
NuMI beam decay pipe installation begins.

50% of far detector planes (Supermodule 1) completed.
Supermodule 1 magnet coil installed and commissioned.
Construction of prototype veto shield over far detector started.
Near detector hall excavation completed.

Surface Building and Outfitting (SB&O) contract awarded.
Second calibration detector run completed in CERN test beam.
NuMI target hall excavation completed.

Near detector coil delivered to Fermilab.

Underground excavation completed.

SB&O contractor takes beneficial occupancy of NuMI tunnels.
Near detector scintillator module fabrication completed.
Preassembly of near detector planes completed.

oo 3 MO

Figﬁre 1. Plan view of MINOS detector in the Soudan Mine.
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E-876 (Albrow) Hard Diffraction Studies in CDF

Academia Sinica (Taiwan), ANL, Bologna (Italy), Brandeis, UCLA, Chicago,
Duke, Fermilab, Frascati (Italy), Harvard, Hiroshima (Japan), Illinois,
Inst. of Particle Phys. (Canada), Johns Hopkins, KEK (Japan), LBL, MIT, Michigan, Michigan
State, New Mexico, Osaka City (Japan), Padova (Ttaly), Pennsylvania,
Pisa (Italy), Pittsburgh, Purdue, Rochester, Rockefeller, Rutgers, Texas A&M,
Texas Tech, Tsukuba (Japan), Tufts, Waseda (Japan), Wisconsin, Yale

| Status: Data Analysis|

In a proton-antiproton collision at the Tevatron, sometimes the proton or
antiproton or both can emerge unscathed, even though a hard quark or gluon
scattering has occurred giving rise to high transverse momentum jets. These are
called diffractive interactions, being related to elastic scattering. The best
theory of strong interactions, Quantum ChromoDynamics (QCD), enables us to
calculate the hard scattering, but the process by which the beam particle(s) can
remain intact is not well understood. It certainly involves soft (low momentum
transfer or non-perturbative) processes in which the QCD coupling is large and
many gluons can be exchanged, making it very difficult to calculate. This is an
important frontier of QCD, especially as it is related to quark and gluon
confinement. In any hard interaction involving hadrons there is a transition
between a phase in which we consider (colored) quarks and gluons and the final
state when they are all confined in (colorless) hadrons. During this transition
sometimes colorless clumps of hadrons form, well separated from each other in
rapidity (a relativistic transformation of speed). These collisions have rapidity
gaps which are large regions of rapidity without any hadrons. The extreme
process where the rapidity gap is maximum is elastic scattering, a very common
process which still needs to be understood theoretically.

The distribution of quarks and gluons inside a proton is called its
structure function. This can be measured from the kinematics of two or three
high transverse energy jets resulting from a hard scattering. When the jets are
produced in a diffractive event, with a large rapidity gap and a leading intact
proton and/or antiproton, from the jet kinematics we can measure the diffractive
structure function. We find that the diffractive structure function falls faster
with the momentum fraction (Bjorken-x) than the normal structure function. So
as the x of the scattering quark or (usually) gluon decreases it becomes more
likely that the event will be diffractive. Usually in a hard quark or gluon
scattering the proton and antiproton are left in a colored state and break up into
many hadrons. About 1% of the time other gluons can be exchanged with the
appropriate characteristics (color and momenta) to leave the (anti-)proton
colorless and intact. In about 1% of those collisions both beam particles are left
intact (a process called double pomeron exchange).

Diffractively scattered antiprotons have very small angles and stay in the
beam pipe until we intercept them after 56 m with small (2cm X 2 cm) tracking
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detectors. These have crossed (x and y) scintillating fiber hodoscopes which
measure the antiproton track with a precision of 100 microns. From this track,
the position of the collision as determined by the central CDF detectors (which
measure the jet tracks), and our knowledge of the magnetic fields in the
Tevatron, we determine the momentum of the antiproton. From the central jets
we determine the momenta of the scattering gluons (or quarks). This enables us
to calculate Bjorken-x and hence the diffractive structure function.

Diffractive experiments with rapidity gaps are studied at HERA in
Germany, in electron-proton collisions. We find that a simple model in which
the proton emits a pomeron (a color singlet composite of gluons and quarks with
the same quantum numbers as the vacuum) which then interacts with the other
proton (in pp) or with the photon radiated from the electron (in ep) does not
work. This is called non-factorization. This means that some of the models of
this process have to be re-thought.

Data were taken in December 1995 - February 1996. Three papers have
been published (and produced Ph.D. theses) and another one is being worked on.

These studies are continuing in Run II with improved coverage, by
counters and new calorimeters, of the forward region.

Publications

Diffractive Dijets with a Leading Antiproton in pp Collisions at vs = 1800 GeV,
T. Affolder et al., Phys. Rev. Lett. 84, 5043 (2000).

Dijet Production by Double Pomeron Exchange at the Fermilab Tevatron,
T. Affolder et al., Phys. Rev. Lett. 85, 4215 (2000).

Diffractive Dijet Production at S = 630 and 1800 GeV at the Fermilab Tevatron,
D. Acosta et al., Phys. Rev. Lett. 88, 151802 (2001).

Central Pseudorapidity Gaps in Events with a Leading Antiproton at the
Fermilab Tevatron pp Collider, to be submitted to Phys. Rev. Lett.
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E-881

Fermilab 99-886D

INlustration of the detector systems used in the Pierre Auger Project. Self-
contained particle detectors are spaced on a 1.5 km grid over the surface. The
air showers are also observed on dark nights using air fluorescence telescopes
(inset).
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E-881 (Mantsch) The Pierre Auger Project - A Study of the
Highest-Energy Cosmic Rays

Fermilab
(and institutions in 19 countries)

|Status: No Daia Yetl

Over the past thirty years cosmic ray air shower detectors have recorded a
number of events with energies greater than 1020 eV. In 1991, the collaboration
operating the Fly's Eye atmospheric fluorescence detector in Utah recorded an
event for which the primary energy was calculated to be 3.2+ 0.9x1020 ¢V (51
joules). Two years later, the AGASA air shower array at Akeno, Japan, observed
an event with energy of (1.7-2.6)x1020 ¢V. These super-high-energy events are
extraordinary for two reasons. First, there are no known acceleration
mechanisms that can produce particles of these energies. Second, attenuation
lengths for cosmic rays with energy greater than 1.5x1019 eV is less than about
30 Mpec. This attenuation (known as the Greisen-Zatsepin-Kuzmin cut off)
results from the interaction of cosmic ray particles with the cosmic microwave
background. Thus particles can have these energies only if they are produced
relatively nearby. The high magnetic rigidity of these particles also means that
they suffer little deflection from magnetic fields in the galaxy and in
intergalactic space. Yet none of the particles observed points back to a possible
astrophysical source within the distance limit imposed by the background
radiation.

The Pierre Auger Project is a broadly-based international effort to make a
detailed study of cosmic rays at the highest energies. Two air shower detectors
are proposed, one to be placed in the Northern Hemisphere and one in the
Southern Hemisphere. Each 1nsta11at10n will consist of an array of about 1600
particle detectors spread over 3000 km?. Each installation will also have four
atmospheric fluorescence detectors viewing the volume above the surface array.
These two