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INTRODUCTION

This Workbook, as for the past 32 Workbooks, gives summaries of the
Laboratory's research activities, experiments and their publications, together
with a statistical summary of the program.

As in the past, the experiment spokespersons provided considerable
information for the Workbook, and their help is much appreciated. Jeff Appel
gave encouragement and advice for the project, and Jud Parker kept up the
databases on which much of the Workbook is based; significant thanks are due
to both of them. The Workbook would, however, not be possible without the
outstanding efforts of Jackie Coleman, who was the person that really produced
it.
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SECTION I. 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.
r
Unconsidered Relatively new proposals awaiting
consideration
Pending Deferred Proposals for which consideration
Proposals < has been postponed for a specific
reason
"Not Approved" Proposals for which a conventional
decision cannot be made.
S
4
Rejected Proposals rejected from further
consideration
Obsolete
Proposals < Withdrawn/Inactive Proposals that were not considered at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, 965 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approved;" obsolete proposals are rejected or withdrawn/inactive.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 current
980 GeV x 980 GeV pp Collider run (Run II) which started in 2001, and also
(Figure 5) a comparison of the integrated luminosities for Collider Runs Ia, Ib,
and II.
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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 6; Figure 7 gives the locations of Collider experiments.

The currently approved neutrino experiments use beams from the Booster
(for experiment E-944, MiniBooNE Antineutrino) and the Main Injector (the
NuMI beam for experiment E-875, MINOS). The locations of these experiments
are shown on the overall Fermilab accelerator schematic layout in Figure 8, and
their expected or measured beam fluxes are shown in Figures 9 and 10. The test
beam MT is located in the Meson Area.

Table 2 gives the number of 120 GeV Main Injector protons/hour that can
be expected under various operating scenarios, and Figure 11 shows some
expected secondary beam fluxes using the Main Injector. Some more detailed
information on the MT test beam is given on page 19, and in Table 3 and Figure
12.



i2
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Figure 6.  Layout of Fermilab Fixed Target area beams.
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Main Injector
Injection
Tevatron RF

E-823 /900 /908 / 925

Tevatron Collider
(DO Detector) : AO

Abort

E-830/909/916 /924
(CDF Detector)

Figure 7. Locations in the Tevatron of the approved pp Collider experiments.
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Antiproton Linac

NuMi Source

(E-875)
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Figure 8.  Schematic layout of Fermilab accelerators with present

experimental areas.
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Predicted neutrino flux at the MiniBooNE detector, for 4.7x10°
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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TABLE 2. PROTONS PER HOUR UNDER VARIOUS
MODES OF OPERATION

Mode Cycle Time Protons/Hour

AP Target Fast Spill Slow Spill
Antiproton Production * 1.2x1016 - -
Fast Spill 1.866 -- 5.8x1016 -
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.]

* 2.4 sec (current)
1.6 sec (future)
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Figure 11. Main Injector: Fluxes scaled from the 800 GeV MW beamline.
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Meson Test Beam Facility

The Meson Test Beam Facility, shown in Figure 12, is a shielded user
experimental area located in the Meson Detector Building at Fermilab, with
approximately six locations in line where users can set up equipment for
testing. It uses 120 GeV protons from the Main Injector on a 30-cm aluminum
target to produce a general-purpose unseparated secondary beam. The proton
spill length is 4.0 seconds, with normally one spill per minute for 12 hours per
day. Some running is possible at a higher repetition rate, if approved by the
Accelerator Division.

The beamline can be tuned to 120 GeV to provide non-interacting Main
Injector beam protons. The intensity for this tune is administratively limited to
less than 700 kHz; the highest rate that has been achieved so far is about 100
kHz. Beam momenta below 64 GeV can also be obtained, with rates depending
on the specific momentum (on the order of 50 kHz for 66 GeV down to a few
hundred Hz for 5 GeV). The composition of the beam is mostly protons for the
higher momentum tunes and mostly pions below 40 GeV. The lowest
momentum tunes will have a high proportion of electrons. The spot size is
typically one cm for 120 GeV beam and a few cm for the secondary beams.

Beam particle identification is available, using two threshold Cerenkov
counters. There are secondary targets in the beamline, as well as sweeper
magnets and converters, that can be used to deliver a larger fraction of electrons
in the beam. Finally, there is a beam absorber in the middle of the user areas
such that only muons can be delivered downstream of that point.

There are two major sections for users: the upstream, smaller section
called MT6-section 1, which has two experimental areas, and the downstream,
larger area called MT6-section 2, which has four experimental areas. One of the
areas in each section is a sheltered, air-conditioned hut for cleaner operations.
Each area has gas delivery and exhaust lines leading to it. Each area also has a
limited number of high voltage and signal cables going to it, and the user can
install more.

There are a total of seven MWPC stations scattered throughout the
facility. Three of these are read out by the accelerator control system on a spill
by spill basis, and show the current conditions of the beam to the accelerator
operators. The other four MWPC stations, located in MT6B, are for use by
experimenters for particle tracking. In addition, there are two scintillation
counters along the beamline for triggering purposes and time-of-flight
measurements. For use of the test beam and information on support available,
contact the test beam coordinator, Erik Ramberg (ramberg@fnal.gov).

Table 3 gives some Meson Test particle rates.
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'TABLE 3. MESON TEST PARTICLE RATES

MT6SC2 rate normalized to
Particle Energy 1x1012 protons/spill Electron Fraction
(GeV) (from MI to SY 120)
120 400-450K 0
66 35-40K ~0
33 30K ~0.7%
16 17K ~10%
8 2.5-5.0K ~30%
4 220-330 ~60%
700
3 160
Notes

The spill length is 4 sec. Flattop for beam extraction is 4 sec. At present, one
spill every minute for 12 hours per day is allocated to SY120.

At lower energies, especially at 8 GeV and below, a movable target can be
inserted halfway down the beamline to increase the rates beyond those indicated
in Table 3.

Shielding limit in MTest is
a. 2x1012 protons/2.9 sec from M02 to M03 pinhole collimator
b. 2x107 particles/2.9 sec from MO3 pinhole collimator and downstream.
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SECTION IV. MAJOR RESEARCH ACTIVITIES
DURING 2006 AND 2007

Information on the Fermilab research program during 2006 and early
2007 is given in the following pages. Figure 13 shows when beam was delivered
to the experiments; Table 4 describes the major research activities in a little
more detail.
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Figure 13. Major experiments running at Fermilab in 2006 and 2007 (through

March).
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TABLE 4. DESCRIPTION OF MAJOR RESEARCH ACTIVITIES
DURING 2006 AND 2007 (through March)

EXP. # AREA
BOOSTER
944 MiniBooNE Extension — antineutrino data-taking
907 MIPP - completion of data-taking
MAIN INJECTOR
875 MINOS - data-taking
COLLIDER

830/909/916/924 CDF - data-taking
823 /908 /925 DO - data-taking
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SECTION V. 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 14, based
on the Situation Report, illustrates by beam line the major approved
experiments using the Fermilab accelerator complex that have not yet completed
data-taking. Figure 15 illustrates significant Fermilab activities other than
those shown in Figure 14.
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Fermi National Accelerator Laboratory

Experiment Program Situation Report as of March 1, 2007

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 March 1, 2007. The experimental area names are abbreviated as
follows: Meson Area (MA); Neutrino Area (NA); Proton Area (PA); Collision Area (COL); Accumulator Ring (ACCUM
RING); Debuncher Ring (DBNCHR RING); Booster Accelerator (BOOSTR); Unspecified (UNSPEC BEAM); Main
Injector (MI); and AO Facility (A0 Facility).

Total number of approved experiments - 480

Beam
Area & Line

Experiment

Spokesperson(s)

EXPERIMENTS THAT ARE COMPLETED (426)

Completion Date

(Note: Only experiments which were completed since January 1, 2002 are listed.)

MA MT RICE TEST #T926 (BEAN) MAY 15,2005
BTEV PIXEL DETECTOR TEST #T927 (BUTLER, STONE) FEB 01, 2007
BTEV STRAW TESTS #1930 (BUTLER, STONE) FEB 01, 2007
BTEV MUON DETECTOR TEST #1931 (JOHNS) FEB 15, 2005
BTEV EM CALORIMETER TEST #T933 (SEMENOV) FEB 01, 2007
BTEV RICH TEST #T935 (ARTUSO) JAN 15, 2005
US-CMS PIXEL DETECTOR TEST #T936 (WORM) JUL 24, 2006
PPAC #T941 (NORBECK) JAN 15,2005
MONOLITHIC ACTIVE PIXEL DETECTOR #T943 (VARNER) JAN 15,2005
ALICE EMCAL #T951 (AWES) DEC 04, 2005
MICROPARTICLE SHIELDING #T959 (HERTEL) DEC 20, 2006
NA NC NEUTRINO #815 (BERNSTEIN, SHAEVITZ) MAR 01, 2005
COL B-0 CDF UPGRADE #775 (KIM, RISTORI) MAR 01, 2005
CDF HARD DIFFRACTION STUDIES #876 (ALBROW) FEB 01, 2004
c-0 BTEV R&D #3897 (BUTLER, STONE) JAN 01, 2002
D-0 D-0 DETECTOR #740 (GRANNIS, MONTGOMERY) MAR 01, 2005
ACCUMRING ~ CHARMONIUM STATES #835 (CESTER, PORDES) JAN 01, 2006
MAIN INJECTOR MINOS VETO SHIELD PROTOTYPE #T928 (MICHAEL, WOJCICKI) JUL 22,2003
OTHER SEARCH FOR LOW MASS MONOPOLES #8832 (KALBFLEISCH) FEB 01, 2004
LHC ACCELERATOR #893 (KERBY) NOV 01, 2006
RECYCLER ELECTRON COOLING #901 (NAGAITSEV) MAY 31, 2004
A0 FACILITY PLASMA WAKE-FIELD ACCELERATOR TEST #890 (ROSENZWEIG) FEB 01, 2004
EXPERIMENTS THAT ARE ANALYZING DATA (10) Last Run
MA MC CP VIOLATION #871 (DUKES, LUK) JAN 21, 2000
NA NM CP VIOLATION #799 (TSCHIRHART) JAN 17,2000
CP VIOLATION #832 (BLUCHER) JAN 17, 2000
PA PB HEAVY QUARK PHOTOPRODUCTION #831 (CUMALAT, MORONI) AUG 25, 1997
PC LARGE-X BARYON SPECTROMETER#781 (RUSS) SEP 03, 1997
PW TAU NEUTRINO #872 (TZANAKOS, PAOLONE) SEP 03, 1997
COL D-0 DO FORWARD PROTON DETECTOR #900 (BLAZEY, WYATT) FEB 27, 2006
Ml MC PARTICLE PRODUCTION #907 (RAJA) FEB 27, 2006
BOOSTER MINIBOONE #898 (CONRAD, LOUIS) JAN 23,2006
OTHER SLOAN DIGITAL SKY SURVEY #885 (KENT) JUN 30, 2005
EXPERIMENTS THAT ARE IN PROGRESS (22)
MA  MT VACUUM STRAW TRACKER #T950 (WAH)
CERENKOV TEST #T953 (NORBECK)
RPC TEST #T955 (UNDERWOOD)
ILC MUON DETECTOR #T956 (ABRAMS)
TAIL-CATCHER/MUON #T957 (ZUTSHI)
FP420 FAST TIMING #T958 (BRANDT)
COL B-0 CDF UPGRADE #830 (KONIGSBERG, ROSER)
CDF INNER SILICON AND TOF #909 (KONIGSBERG, ROSER)
CDF MINIPLUGS #916 (KONIGSBERG, ROSER)
CDF RUN IIB UPGRADE #924 (KONIGSBERG, ROSER)
D-0 DO DETECTOR UPGRADE #823 (DENISOV, WYATT)
DO SILICON TRACK TRIGGER #908 (DENISOV, WYATT)
DO RUN IIB UPGRADE #925 (DENISOV, WYATT)
NUMI NEUTRINO OSCILLATIONS #875 (PLUNKETT, WOJCICKI)
MINOS VETO SHIELD #934 (PLUNKETT, WOICICKI)
PEANUT #T952 (NIWA)
BOOSTER MINIBOONE ANTINEUTRINO #944 (BRICE, VAN DE WATER)
OTHER AUGER PROJECT R&D #881 (MANTSCH)
CDMS #891 (BAUER)
COUPP #T945 (COLLAR)
SDSS-I #949 (KENT)
A0 FACILITY EXPERIMENTS AT THE A0 PHOTOINJECTOR #886 (EDWARDS, FLILLER)
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Fermi National Accelerator Laboratory
Experiment Program Situation Report as of March 1, 2007

(Continued)

EXPERIMENTS THAT ARE TO BE SETUP WITHIN A YEAR (5)

MA MT DIAMOND DETECTOR TEST #T932
BOOSTER SCIBOONE #954
OTHER CMS AT FERMILAB #892
US CMS SILICON TRACKER #919
COUPP #961

(WORM)

(NAKAYA, WASCKO)
(BUTLER)

(BUTLER)

(COLLAR)

OTHER APPROVED EXPERIMENTS (4)

NOVA #929
HIGH-STATISTICS NEUTRINO SCATTERING #938
MI UNSPEC  ANTI(D-QUARK)/ANTI(U-QUARK) DIST#906

MI NUMI

(FELDMAN, MESSIER)
(MCFARLAND-PORTER, MORFIN)
(GEESAMAN, REIMER)

OTHER DARK ENERGY SURVEY #0939 (ANNIS, FLAUGHER)
PENDING PROPOSALS (7)

MA MT MINI LAR TPC #T962 (FLEMING)
STAR MUON TELESCOPE #T963 (XU)
GDH #T964 (YU)
PHOTOSENSOR TESTS #T965 (WILSON)

COL B-0 CDF FORWARD DETECTORS #920 (ALBROW)

UNSPEC BEAM  MUON COOLING R&D #904 (GEER)

OTHER SUPERCDMS #947

(BAUER)
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SECTION VI. 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.)

Statistics on Fermilab users are given in Table 5, together with
information on how they are derived.
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TABLE 5. DATA ON FERMILAB USERS

The data given below are based on the following:

1.

Data on Fermilab users are updated annually, generally about February
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; it includes Fermilab
physicists on the experiments. 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

US

University 642 304 946 97
Industry 0 0 0 0
National Lab. 380 4 384 7
Subtotal 1022 308 1330 104
Non-US

University 465 257 722 104
Industry 0 0 0 0
National Lab. 184 44 228 21
Subtotal 649 301 950 125

Total 1671 609 2280 229
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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),
Sdo 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 (SELEX) was to complement previous or contemporaneous work in hadro-
production 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 xg = 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-



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.

E-781 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 E-781 analysis tools that were developed for single-charm studies.
Subsequently two independent E-781 analyses have confirmed the effect in our
data. We have continued to study other decay modes and have published the
observation of a new decay mode of the original state. In addition, we have
reported the observation of an intriguing new spectroscopy in the double-charm
system at conferences. In single-charm baryon physics, we have the world’s
largest sample of Q. baryons and are preparing papers on the production
mechanism and a lifetime measurement from these data. The lifetime paper has
just been submitted for publication, using data from two decay modes of the Q.
We have published the first observation of an unusual charm-strange meson at
2632 MeV. This state is not seen in photoproduction. This fact, combined with
its large relative branching ratio to DJn, has prompted theoretical speculation
that it may be a 4-quark state. We have a number of new papers in preparation
for publication in 2007. Exciting new physics continues to emerge from E-781.
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Publications
The SELEX Phototube RICH Detector, J. Engelfried et al., Nucl. Instr. and Meth. A431, 53
(1999).

Observation of the Cabibbo Suppressed Decay Z¢ — 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/e, 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 £~ Charge Radius by £~ Electron Elastic Scattering, I. Eschrich et al., Phys.
Lett. B522, 233 (2001).

Measurement of the D;‘r Lifetime, M. Iori et al., Phys. Lett. B523, 22 (2001).

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

First Observation of the Doubly Charmed Baryon ¢, M. Mattson et al., Phys. Rev. Lett. 89,
112001 (2002).

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

First Measurement of n7e — n”ey Pion Virtual Compton Scattering, A. Ocherashvili et al., Phys.
Rev. C66, 034613 (2002).

Production Asymmetry of Dy from 600 GeV/c ¥~ and =~ Beams, M. Kaya et al., Phys. Lett. B558,
34 (2003).

First Observation of a Narrow Charm-Strange Meson D&y (2632) — D}n and DYK*, A. V.
Evdokimov et al., Phys. Rev. Lett. 93, 242001 (2004).

Upper Limit on the Decay £~ (1385) — X7y and Cross Section for y=~ — An~, V. V. Molchanov et
al., Phys. Lett. B590, 161 (2004).

Polarization of " Hyperons Produced by 800 GeV/c Protons on Cu and Be, P. Pogodin et al.,
Phys. Rev. D70, 112005 (2004).

The Lead-Glass Electromagnetic Calorimeter for the SELEX experiment, M. Y. Balatz et al.,
Nucl. Instr. and Meth. A545, 114 (2005).

Confirmation of the Double Charm Baryon =g (3520) Via Its Decay to pD*K™, A. Ocherashvili et
al., Phys. Lett. B628, 18 (2005).

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

U. Akgun, Univ. of Iowa

A. S. Ayan, Univ. of Iowa
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E-799 (Tschirhart)/ E-832 (Blucher) Rare Decays of K| and a Search for
Direct CP Violation in K| — 2n

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

|Status: Data Analysis |

KTeV (Kaons at the Tevatron) consists of two experiments: E-79911 and E-
832. E-799 is an experiment to search for rare K, decays, such as Ky, - n0l*I°
(1= e, b, 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(s'/c) 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 Kg 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 &/¢ to 1x10-4. The combined (1997+1999) E-799 rare decay data set
corresponds to a flux of about 6x1011 Kj, 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.

KTeV has published 39 papers based on the data samples collected from
both the 1996-97 and 1999 runs. These papers are listed below.
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In 1999, the first €'/¢ 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 £'/¢ based on the 1996-1997 data sample: Re (¢'/¢) =
(20.7 + 2.8) x 10-4. This analysis also included precise measurements of the Kg
lifetime, the Kg-Ki, 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 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 (5, using about 300 million Kj—nev events.
In 2004 the E-832 experiment reported a new measurement of the CKM matrix
element |V,s| based on precision measurement of the six major Ky, branching
fractions and form factors. This new measurement resolved a long-standing
tension in the unitarity sum of the first row of the CKM matrix. Analysis of the
full E-832 data sample (1996+1997+1999) is progressing, and 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

n0— ee (7.6 *3-2 +0.5) x10-8 PRL 71, 34 (1993)
Ki,— nlee < 4.3) x10-9 PRL 71, 3918 (1993)
Ki— nOup <5.1) x10-9 PRL 71, 3914 (1993)
n0—pe < 8.6) x10-9 PL B320, 407 (1994)
Kj,— eeee (3.96 + 0.78 + 0.32) x10-8 PRL 72, 3000 (1994)
Ki— n0vv <5.8) x10-5 PRL 72, 3758 (1994)
Ki,— n0n0y < 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—ppy (8.23 £ 0.23 + 0.19) x10-7 PRL 74, 3323 (1995)
Ki,— eepp (2957 ) %109 PRL 76, 4312 (1996)
Ki,— nOue < 3.2) x10-9 PL B432, 30 (1998).

Using the KTeV detector, E-799 Phase II has dramatically improved on
these Phase I results, typically by a factor of 50 in sensitivity, 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 Ki, — n0l1*1" decay modes, which have
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partial widths closely related in the Standard Model to €/e. Results for Kj, —
n%e*e~ have now been published for the entire E-799II data set, and results for
Ki, » n0utp~ from the full data set will be published in 2005. Another exciting
result from E-799I1 has been the observation of a very large CP-violating
angular asymmetry in the decay Ki, —» ntn-ete~. This asymmetry, in the angle
between the hadronic and leptonic planes, was predicted in 1992, and E-799I1
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.
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