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INTRODUCTION

Now over two decades old, the Fermilab Research Program Workbook
gives an annual view of the status of the Laboratory's program. The
information contained is used by various individuals and organizations,
including Fermilab's Physics Advisory Committee and the yearly US
Department of Energy Annual Review of the Laboratory.

As introduced for the first time in the 1996 edition, we include
significant experimental research activities in which Fermilab physicists are
involved and which are not particle physics experiments using Fermilab
accelerators. These include such activities as collaboration on the CMS
experiment at the CERN LHC, and astrophysics experiments.

It is a pleasure to thank Angela Gonzales for the artwork, Jud Parker
for the database upon which much of the Workbook is based, Taiji
Yamanouchi for his interest in the project, and especially Jackie Coleman
who made it all happen.
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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 has been postponed for a specific
reason
"Not Approved" Proposals for which a conventional
L decision cannot be made.
(  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Proposals Withdrawn/Inactive Proposals that were not considered at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, 902 proposals have been received. Table 1 and
Figure 1 show the number of proposals in each category each year since 1970.



TABLE 1. STATUS OF PROPOSALS AT FERMILAB

Aug. July July July July July July July July July July July July July july jJuly July july July July July July July July jul  Jul jul Jul Feb
1970 171 192 1973 1974 1975 1976 1977 1978 1979 1960 1981 1942 1983 1984 1985 1966 1967 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Completed and Data Analysis 0 0 0 18 S§7 97 152 190 234 248 264 278 295 297 300 310 324 326 339 341 348 355 383 389 389 389 396 396 403
Remaining and Inactive 2t 53 70 75 89 121 100 82 57 52 41 41 29 33 43 48 39 42 34 43 38 34 20 24 28 30 25 34 30
Subtotals 21 53 70 91 146 218 252 272 291 300 305 319 324 330 343 358 363 368 373 J84 386 389 403 413 417 419 421 430 433
Unconsidered 23 18 19 10 0 2 6 12 6 6 13 27 16 25 11 8 8 13 13 11 21 50 36 17 6 8 9 11 11
Deferred 29 35 39 43 54 45 25 24 11 2 10 7 g 11 2 0 1 0 [} 0 0 0 2 3 1 1 [ 0 0
“Not Approved” 0 [ 0 0 0 [ 0 [} [} 0 Q 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Subtotals 52 5t 58 53 54 47 31 36 17 8 23 34 26 37 14 9 10 14 14 12 22 51 39 21 8 10 10 12 12
Rejected 8 15 20 42 65 85 135 166 185 189 191 210 221 229 231 234 236 237 239 241 242 243 245 247 251 250 250 250 251
Withdrawn/Inactive 1 33 35 47 61 71 80 93 114 127 131 139 147 149 159 163 166 168 169 168 169 170 173 191 196 188 201 202 206
Subtotals 9 48 55 B89 126 156 215 259 289 316 322 349 368 378 380 397 402 405 408 409 411 413 418 438 447 448 451 452 457

TOTAL NUMBER OF
PROPOSALS 82 152 183 233 326 421 498 567 607 624 650 702 718 745 747 764 775 787 795 805 819 853 860 872 872 877 882 894 902
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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 Collider
runs of 1992-93 and 1994-96, and also the Fixed Target runs of 1990, 1991, and
1996-97. A Tevatron peak intensity of 2.86x1013 protons per pulse was achieved
in 1997.
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Figure 2. Tevatron Collider operation during the 1992-1993 and 1994-96 running periods -
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Fixed Target Operation at 800 GeV
Comparison of Integrated HEP Hours
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SECTION III. FERMILAB BEAM PROPERTIES AND
EXPERIMENT LOCATION

Table 2 gives properties of Fermilab beams; their location is shown in
Figure 8. The locations of major experiments which ran in 1996-97, or which
have not yet completed data-taking are shown in Figure 9 (Fixed Target) and
Figure 10 (Collider and Accumulator). Figures 11-15 give some additional
information on beam line particle fluxes (all for 800 GeV incident protons
except where indicated).



TABLE 2. FERMILAB BEAM LINE PROPERTIES

Beam Momentum +Ap/p Production Solid Particles Flux per 1012 at Comments
Range (%) Angle (mr) Angle protons on (GeV/c)
(GeV/c) (usr) target
PW 800 P 800 Up 1o 1 x 10" primary protons
3 x ]09 vV v# Neutrino Beam
e
1.5 x 108 v,
PB 500 (peak) 12 4 e +et = 3x 108 250 Wide band charged and neutral beam
also capable of Kz, p,and 1.
PE 500 (peak) 2.1 0 ntK*.p = 1.5 x 109 250 Maximum momentum for positives
0.5 ”—'K-'ﬁ = 4x ]07 500
PC 1000 16 0-3.5 T K.% 3x 107 600 Primary protons, neutral and
e charged hyperons
=,Q
ME 1000 (peak) 0.1 P 1000 = 4 x 10!2 primary protons
MP 200 9.0 0110 P = 107 200 Polarized protons from 800 GeV
primary.
P =5x 105 Polarized antiprotons from 800
GeV primary.
- 1x10° (Average polarization expected
= 30%).
MC 150 (mean) 75200 Qg + 3.0 4.88 oz s 43 x 109 150 Positive and negative secondary
GeV = beams will use different targets.
+ + =+
n -pcz v:‘ A
ﬁ+
MB 20-200 5.0 2.5 z K 3x 106 75-100  Requires MC beam dump.
&t 2x 102 100

v1



Beam Momentum A p/p Production Solid Particles Flux per 1012 at Comments
Range (%) Angle (mr) Angle protons on (GeV/c)
(GeV/c) ( usr) target
MT 80-245 5.0 0 Hadrons 1x 106 75-245  Test beam
500 25
et 500-2500 10-150
MW 1000 (peak) 10 0-4 Primary p's 2 x 108 Beam transport to new multiparticle
spectrometer; assumes 800 GeV on
target
P 1.3 x 108 500
,,+ 2x 107 500
Kt 4x 108 500
n 2.7 x 107 500
K 8 x 105 500
P 8 x 104 500
NW 2-150 1.6 0 5 - Currently a test beam, intensity
limited.
- =108 =150
e ~105 =100
NC 250 10 0 5 viv 108 250 Sign-Selected Neutrino Beam.
0.5 x108 V/m?2
NE 1000 P 1x10° 800  TolabG.
NT 10-200 1.5 0-6 0.7 negative =0.5 x 100 140 Test and calibration beam to Lab E,
hadrons neutrino detector and Lab F.
10-120 1.5 & ~103 100
NM 85 (mean) 40-58 0.25 K° = 2x 107 Neutral beam with 800 GeV
(KTeV) L primary protons.

n

=4 x 107

ST
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Figure 8. Layout of Fermilab Fixed Target beams. Properties of individual
beams are given in Table 2.



17

e == ]
mMw| ——— =

MC ———XEBE MBD

Mp| — ==

Meson Areo

LABD
-@ MUON LAB

Neutrino Area

HIGH INTENSITY LAB

:N‘\m'g ----emdooowigre L

== —+£78]
TAGGED PHOTON LAB

- WIDE BAND LAB

Proton Area
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use a neutrino beam from the Main Injector. The drawings are
not to scale.
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Figure 10. Locations in the Tevatron of the approved pp Collider experiments
and the two experiments which used the Antiproton Accumulator
during the 1996-97 Fixed Target run.
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Center Hyperon Facility.
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SECTION IV. MAIN INJECTOR ERA

The Main Injector is now well under construction. Already two
experiments using this 120/150 GeV high-intensity proton accelerator (E-803
and E-875, both on neutrino oscillations - see Section VIII) have been approved.

In this Section, we give some information on the expected Main Injector
performance, and also preliminary estimates of some beam properties for
experiments. Table 3 shows the number of 120 GeV protons/hour that can be
expected from the Main Injector under various operating scenarios; the fast
spill can be up to ~1 msec long, and slow spill will be one second. Figures 16,
17, 18 show expected fluxes of some neutrino and secondary hadron beams
using the Main Injector.

It should be noted that there are some other future new experimental
area possibilities under consideration. An example is the use of the 8 GeV
Booster to produce a neutrino beam. Figure 19 gives a schematic illustration of
some of these ideas.

Of course, not to be overlooked is the major impetus for the Main
Injector. It will increase the performance of the Tevatron to luminosities of
~1x1032cm-2sec-1 in the Collider mode, and to over 5x1013 protons per ~20 sec
spill every ~60 sec for fixed-target.
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TABLE 3. PROTONS PER HOUR UNDER VARIOUS

Mode

Antiproton Production
Fast Spill

Slow Spill

Mixed: AP+Fast Spill
Mixed: AP+Slow Spill

MODES OF OPERATION
Cycle Time Protons/Hour
AP Target Fast Spill Slow Spil
1.466 sec 1.2x1016 - -
1.866 - 5.8x1016 -
2.866 - - 3.8x1016
2.000 0.9x1016  4.5x1016 -
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.]



25

Short Bassiine Event Rate
Decay=800 m, Shield=250 m, r=0.9 m

*
210° - * e Q) -
- *
*
- . -
1510° - » -
L d
- L ]
=
s - * -
; - . \‘ Three Hom Wide Band Beam -
- . -
§ 110° - e -
i : '
- - ‘.‘ -
. * -
- . .
§10° - o . -
M » -
Ts b )
T L B
L Y
Te '\... -
0
0 10 20 30 40 50
Energy(GeV)

Long Baseline Event Rate
Decay= m, Shield=732 km, r=4 m

200
. 2 .
PR
- - .
150 - . -
)
- e ! .
*
> .
g -,
= . \ -
% hd % Thwee Hom Wide Band Beam
100 - / . -
!/ 04
. ] -
- . -
..
- . -
so- * . -
T e > N
; ¥
+ 3 -
i é
: ~ )
0
0 10 20 30 40 50
Energy(GeV)

Figure 16. Main Injector, 120 GeV protons: Neutrino event rates for a) short-
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taken as 3.7x1020 incident protons.
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absorbers and filters.
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SECTION V. FERMILAB COMPUTING FACILITIES

The computing services provided for high energy physics by the
Computing Division focus on solving large physics problems (such_as event
reconstruction, Monte Carlo, and accelerator and magnet design) and
providing support for experimental activities. There is currently heavy
emphasis on systems required to reconstruct and analyze the data taken
during the 1996-97 fixed-target run. Collider Run II will place large demands
on computing, and preparations are being made to provide the computing
required. Other projects at the Laboratory have large computing needs as
well, and systems are available for them to use.

The systems currently supported centrally by the Computing Division
include the Unix farms, FNALU (interactive and batch), CDF and DO central
computing systems, and KTeV and Sloan Digital Sky Survey central systems.
Figures 20 and 21 show the current configuration of FNALU and its utilization
over the past three years. The multiprocessor farm systems composed of
commercial workstations dominate the installed computing capacity at the
Lab and allow fast cost-effective event reconstruction. The current capacity of
the farms is approximately 20,000 MIPS, which should be sufficient for the
current needs of the Laboratory. Figure 22 shows the growth in farms
utilization since 1991. Many thousands of additional MIPs are delivered by
other systems for physics analysis and simulation. Many of these systems are
housed in the Feynman Computing Center, along with tape libraries providing
approximately 35 terabytes of robotically-accessible tape storage. The current
configuration of the shared mass-storage system is shown in Figure 23.
Several hundreds of terabytes of additional data reside in the tape vault.
Hundreds of tape drives and multiple terabytes of spinning disk are also online
at present. A small PC farm is in place and will likely be augmented next
year.

State of the art high-speed networks glue the systems together and
connect to the outside world. The LANs (local-area networks) facilitate access
to the data by people on site, and the WANs (wide-area networks) enable world-
wide collaboration to function efficiently. The Computing Division also
supports a central mail server. A conceptual diagram of the lab's networking
infrastructure is shown in Figure 24.

The data acquisition DART system used in the 1996-97 fixed-target run
was extended for use as part of the MINOS, CDF and DO Test Beam data
acquisition systems.

The Computing Division is significantly involved in planning,
managing, writing software, and acquiring, installing and integrating
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hardware to acquire and analyze data from Collider Run II, starting in 2000.
The data rates will be very large, leading to data sets of about 1 petabyte per
inverse femtobarn of luminosity. The data volume, CPU power, networking,
etc. will all be approximately a factor of 20 higher than for Run I. This poses a
major challenge for the Computing Division, CDF, and DO for the next five
years and beyond.

The data acquisition system for the Sloan Digital Sky Survey (E-885) was
deployed at Apache Point in New Mexico, and is being cycled nightly using
simulated data while the camera and telescope are being completed.
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FNALU configuration Dec 1997

4250 MIPS
950 MIPS 2250 MIPS
Interactive Mixed Use

fsgiO1, SGl, 350
fsui01, Sun, 150
tdei02, DEC, 300
fibio1, IBM, 50 MIPS
fibio2, IBM, 100 MIPS

fsgio2, SGI, 1300 MIPS, 200GB
fdei01, DEC, 550 MIPS, 200 GB
fsui02, SUN, 350 MIPS, 100 GB
fibbo1, IBM, 40 MIPS, 100 GB

Batch
fsgb01, SGI, 400

AFS Servers (8 Suns) fdeb01, DEC, 100
550 GB disk fdeb02, DEC, 100

fncl05-7, SGI, 50
WWW Server (2 Suns) fncl00-2,9-11, 1BM, 50

1050 MIPS

Figure 20. Current FNALU configuration.
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Figure 21. Computing delivered by FNALU in MIP-months/month
1995 through 1997.
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Figure 22. Growth in farms utililization since 1991.
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Figure 24. Conceptual diagram of Fermilab's networking infrastructure.
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SECTION VI. MAJOR RESEARCH ACTIVITIES
DURING 1997

Information on the Fermilab Research Program during 1997 is given in
the following pages. Figure 25 shows when the experiments ran; Table 4
describes the major research activities in a little more detail.
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Figure 25. Major experiments running at Fermilab in 1997.
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TABLE 4. DESCRIPTION OF MAJOR RESEARCH ACTIVITIES
DURING 1997

EXP. #

862

ACCUMULATOR
Charmonium states - data-taking

Search for antihydrogen - data-taking

781
831
872

PROTON AREA
Charm baryon studies - setup and data-taking
Photoproduction of heavy quark states - data-taking

v charged-current interactions - setup and data-taking

799
815

832

NEUTRINO AREA

Rare Kg decays - data-taking
Neutrino neutral- and charged-current interactions - data-taking

Search for direct CP violation in K?J — 21 - data-taking

871

MESON AREA

Measurement of d(x)/u(x) in the proton - data-taking

Search for CP violation in = and A decays - setup and data-taking
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SECTION VII. FERMILAB RESEARCH PROGRAM

This Section contains information on the Fermilab research program
for the next few years. The Situation Report, given on pages 40-41, is a
summary of the current status of the experimental program. Figure 26, based
on the Situation Report, illustrates by beam line the major approved
experiments that have not yet completed data-taking by the beginning of 1998.



Experimental Program Situation Report as of February 20, 1998

40
Fermi National Accelerator Laboratory

The Experimental Program situation at Fermilab is summarized below. The experiments are listed by experimental area
and beamline under categories which best describe their status as of February 20, 1998. 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); Beam from the Main Injector (MAIN INJECTOR), and AQ Facility (AO Facility).

Total number of approved experiments - 433

Beam

Area & Li Experi

A. EXPERIMENTS THAT ARE COMPLETED (378)

(Note: Only experiments which were completed since January 1, 1996 are listed.)
ETAQD & ETA+- PHASE DIFFERENCE #773
COLLIDER DETECTOR #741]

MAXIMUM ACCEPTANCE DETECTOR #T864

MA MC
COL B-0
C-0

—_Spokesperson(s)

Gollin
Shochet, Tollestrup
Bjorken, Taylor

B. EXPERIMENTS THAT ARE ANALYZING DATA (25) LAST RUN
MA ME B-QUARK MESONS & BARYONS #789 Kaplan, Peng JAN B, 1992
ANTI(U-QUARKYANTI(D-QUARK) DIST#866 Leitch AUG 06, 1997
MP POLARIZED BEAM #704 Yokosawa AUG 13, 1990
MT B PHYSICS TEST BEAM PROGRAM #T880 Butler, Stone MAY 19,1997
MW HADRON JETS #672A Zieminski JAN 8, 1992
DIRECT PHOTON PRODUCTION #706 Slattery JAN 8, 1992
COSMICRAY CALORIMETER CALIBRATION #T883 Adams AUG 06, 1997
NA NC NEUTRINO #815 Bernstein, Shaevitz SEP 05, 1997
NM TEVATRON MUON #665 Schellman JAN 8, 1992
NE PARTICLE SEARCH #690 Knapp JAN 8, 1992
PA PE PION & KAON CHARM PROD. #769 Appel FEB 15, 1988
HADROPRODUCTION HEAVY FLAVORS #791 Appel, Purohit JAN 8,1992
PB PHOTOPRODUCTION OF JETS #683 Corcoran JAN 8, 1992
PHOTOPRODUCTION OF CHARM AND B #687 Butler, Cumalat JAN 8, 1992
HEAVY QUARK PHOTOPRODUCTION #831 Cumalat, Moroni AUG 25,1997
PC LARGE-X BARYON SPECTROMETER #781 Russ SEP 03, 1997
PW BEAUTY PRODUCTION BY PROTONS #771 Cox JAN 8, 1992
COL B-0 CDF UPGRADE #775 Carithers, Bellettini FEB 20, 1996
CDF HARD DIFFRACTION STUDIES #876 Albrow FEB 20, 1996
C-0 TEVATRON CRYSTAL EXTRACTION #853 Murphy FEB 20, 1996
D-0 D-0 DETECTOR #740 Grannis, Montgomery FEB 20, 1996
E-0 PBAR P ELASTIC SCATTERING #811 Orear FEB 20, 1996
ACCUM RING CHARMONIUM STATES #760 Cester JAN 10, 1992
ANTI-HYDROGEN DETECTION #862 Christian SEP 18, 1997
ANTIPROTON DECAY #868 Geer JUL 24, 1995
C. EXPERIMENTS THAT ARE IN PROGRESS (5)
MA MC CP VIOLATION #871 Luk, Dukes
NA NM CP VIOLATION #799 Arisaka, Tschirhart
CP VIOLATION #832 Blucher
PA PW TAU NEUTRINO #872 Paolone
ACCUM RING CHARMONIUM STATES #835 Cester, Pordes

G. OTHER APPROVED EXPERIMENTS (14)

COL B-0
D-0
MAIN INJECTOR

OTHER

AQ FACILITY

CDF UPGRADE #830

D-0 DETECTOR UPGRADE #823

NEUTRINO OSCILLATIONS #803

NEUTRINO OSCILLATIONS #875

AUGER PROJECT R&D #881

SEARCH FOR LOW MASS MONOPOLES #882
SLOAN DIGITAL SKY SURVEY #3885

PET ACCELERATOR #887

DARK MATTER SEARCH #3891

CMS AT FERMILAB #892

LHC ACCELERATOR #893

RECYCLER ELECTRON COOLING #90]
PICOSECOND X-RAY SOURCE #8386
PLASMA WAKE-FIELD ACCELERATOR TEST #890

Carithers, Goshaw
Montgomery, Weerts
Reay

Woicicki

Mantsch

Kalbfleisch

Kron

Pasquineili

Dixon

Green

Strait

Jackson

Melissinos, Colestock
Rosenzweig
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(Continued)
PENDING PROPOSALS (11}
MA MW COSMIC RAY DETECTOR TEST #884 Kim
COoL C-0 BTeV #897 Butler, Stone
D-0 D-0 FORWARD PROTON DETECTOR #9500 Weerts, Montgomery

MAIN INJECTOR

BOOSTR

OTHER

KAON PHYSICS AT MAIN INJECTOR #3804
P-BAR+NUCLE! STUDIES #888

CPT TEST #894

RADIO COHERENCE TEST #896

EXOTIC ATOMS #902

NEUTRINOS AT THE BOOSTER #889
MiniBooNE #898

AXION SEARCH #877

Winstein
Viola
Thomson
Besson
Ivanov
Abashian
Conrad, Louis
Lee




MESON AREA

871 UC/Berkeley, Fermilab, j n, cp
MC Dukes / | Lausanne, LBL. Michigan, New Mexico Siate, Violation
Luk South Alabama, Taiwan, Virginia

NEUTRINO AREA

799
NM —| Arisaka /
Tschirhart

Arizona, UCLA. UC/San Diego, Chicago,
Colorado, Eimhurst, Fermilab, Osaka,
Rice, Rutgers, Virginia, Wisconsin

Arizana, UCLA, UC/San Diego, Chicago,
Colorado, Elmhurst, Fermilab, Osaka,
Rice, Rulgers, Virginia. Wisconsin

Rare Kaon || 832
Decays Blucher

cp
Violation

PROTON AREA

872 Aichi, Athens, UC/Davis, Changwon, Coll. de France, Fermilab, Gyeongsang,
Kansas State, Kobe, Kon-kuk, Korean Nat'l, Minnesota, Nagoya,
Osaka Sci. Ed. insl., Pittsburgh, South Carolina, Toho, Tults, Uisunomiya

PW 1 paokne

Tau Neutrinos

COLLIDER

830
Carithers /
Goshaw

BO

ANL, Bologna, Brandeis. UCLA, Chicago. Duke, Fermilab, Florida, Frascati, Geneva, Harvard, Hiroshima, IHlinois, IPP/Canada, Johns Hopkins,
Karlsruhe, KEK, LBNL. Michigan, Michigan State, MIT, New Mexico, Ohio State, Osaka City, Padova, Pennsylvania, Pisa, Pittsburgh,
Purdue, Rochester, Rockefeller, Rutgers, Taiwan, Texas A&M, Texas Tech, Trieste/Udine, Tsukuba, Tufts, Waseda, Wisconsin, Yale

CDF Detector

823

D 0 — Montgomery /

los Andes, Arizona, BNL, Boston, Brown, Buenos Aires, UC/Berkeley, UC/Davis, UC/irvine, UC/Riverside, CBPF, Charles, Czech Acad. Sci., Czech Tach,
CINVESTAV, Columbia, Dethi, Fermilab, Florkla State, Hawaii, IHEP/Protvino, lllinois/Chicago, Indiana, INP/Krakow, lowa State, ITEP, JINR, Kansas Korea,
Ky LBNL, Louisiana Tech, M d, Michi Michigan State, M State, Nebraska, New York, North Northern illinois, ¢

DO Detector

Weerts Nmu Dame, Oklahoma Panjab, PNPI, Purdm Rn:a Rio de Janeiro, Rochester, Saclay, Secul National, SUNY/Stony Brook, T-l- Texas A&M, TaxaulArlmgton
ACCUMULATOR
f 835 UC/rvine, Fermilab, Charmonium
Caster /| Farara, Genova, States
Pordes | Northwestern, Torino
MAIN INJECTOR
Neutrino Aichi, Athens, UC/Davis, UGLA, Cbh Fermilab, Gitu, G 9. . ANL, Caltech, Columbia, Fermilab, IHEP/Beiiing, IHEP/Protvino,
y ~] 803 | Hirosak. 1T, nciana, ITEP, Kansas State, Kinki, Kobs, KAIST, Korea. Michigan. Neutrino 875 indiana, ITEP, JINR, Lebedsv, LLNL, Minnesota, ORNL, Oxtord, | Neutrino
Beam Reay [ Nagoys Ins\. of Tech., Okayama, Osaka Cily, Osaka Commerce, Osaka Sci. Ed. Inst, | Oscillations Wojcicki | PNPL, Rutherford, Stanford, Sussex, Texas A&M, Texas/Austin. | Osciltations

Seoul, Soai, South Carolina, Technion, Toho, Tults, Utsunomiya, Yokohama

Tutts, Univ. Col. London, Western Washington

taking by the beginning of 1998 are shown here.

Figure 26. Fermilab experimental program. All major approved experiments that have not yet completed data-

(4
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SECTION VIII. 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).

As discussed in the Introduction on page iii, now included in this
Section are 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 given below,
only the Fermilab physicists on these activities are included.

The number of users (physicists and graduate students) and institutions
on the listed experiments are as follows; each user and institution is counted
only once even if on more than one experiment.

Number of Users Number of Institutions

US institutions 1548 113
Non-US institutions 838 112
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E-665 (Schellman) Muon Scattering with Hadron Detection

ANL, UC/San Diego, Fermilab, Freiburg (Germany), Harvard,
[llinois/ Chicago, INP/Krakow (Poland), LLNL, Maryland, MIT,
Max-Planck (Germany), Northwestern, Ohio, Pennsylvania,
Washington, Wuppertal (Germany), Yale

[Status: Data Analysis]

e —

The experiment studies the interactions of muons with average beam
energies up to 500 GeV in various targets and with the capablht_y_of making
detailed measurements of the hadrons that emerge from the collision vertex.
To this end, the collaboration has combined two large magnets, the CERN
Vertex Magnet (CVM) and the Chicago Cyclotron Magnet in a spectrometer
that is as powerful as any known. We use this spectrometer in two basic, and
for the most part complementary, ways to explore:

1) The properties of hadrons emerging from deep inelastic muon collisions
in hydrogen and heavy nuclei. It is possible to study single quark
fragmentation and jet physics in the same CM energy range as ete~
annihilation experiments which directly observe gluon radiation. In deep
inelastic muon scattering, the fragmentation of the current and diquark jets
(not seen in ete~) can be measured relative to the precise knowledge of the
exchanged virtual photon direction. By studying the A-dependence of these
phenomena, we expect to learn new things about the propagation of quarks in
nuclear matter and to use the nucleus as a length scale to study non-
perturbative quantum chromodynamics.

2) Complementing the fragmentation studies are studies of the deep
inelastic structure functions on the same nucleon and nuclear targets.
Although the targets are relatively thin, the high incident muon energy makes
this experiment particularly suited to the study of structure functions at small
xBj (<0.02). This region is of great interest in the study of nucleon structure.
Here, all experiments are limited by kinematics rather than rates, and the
increased muon energy available at Fermilab automatically increases the
available kinematic range.

The experiment took data for the first time during 1987-88 using
deuterium, hydrogen and xenon targets. In 1990 the apparatus was
supplemented with a tracking system of drift chambers inside the CVM to
improve the pattern recognition capabilities and resolution of the
spectrometer. With a new target system, allowing targets to be changed every
60 seconds, muon interactions in hydrogen, deuterium, carbon, calcium and
lead were studied. During the 1991 fixed-target run, higher-luminosity studies
of hydrogen and deuterium focussed on the difference between the quark
content of neutrons and protons and on the structure of events at the highest
center of mass energies yet available in muon-nucleon scattering experiments.
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Efforts in 1996 concentrated on final publication of the 1990 and 1991 data
samples. Other results include measurements of nuclear transparency in

vector meson production, Bose-Einstein correlations and the A-dependence of
Jet production and fragmentation.

Publications
A Spectrometer for Muon Scattering at the Tevatron, M. R. Adams et al., Nucl.
Instr. and Meth. A291, 533 (1990).

Distribution of Charged Hadrons Observed in Deep-Inelastic Muon-Deuterium
Scattering at 400 GeV, M. R. Adams et al., Phys. Lett. B272, 163 (1991).

Saturation of Shadowing at Very Low xBj, M. R. Adams et al., Phys. Rev. Lett.
68, 3266 (1992).

Shadowing in the Muon-Xenon Inelastic Scattering Cross Section at 490 GeV,
M. R. Adams et al., Phys. Lett. B287, 375 (1992).

First Measurement of Jet Production Rates in Deep-Inelastic Lepton-Proton
Scattering, M. R. Adams et al., Phys. Rev. Lett. 69, 1026 (1992).

An Investigation of Bose-Einstein Correlations in Muon-Nucleon Interactions
at 490 GeV, M. R. Adams et al., Phys. Lett. B308, 418 (1993).

Measurement of the Ratio on/0p in Inelastic Muon-Nucleon Scattering at Very
Low x and Q2, M. R. Adams et al., Phys. Lett. B309, 477 (1993).

Perturbative QCD Effects Observed in 490 GeV Deep-Inelastic Muon
Scattering, M. R. Adams et al., Phys. Rev. D48, 5057 (1993).

Q2 Dependence of the Average Squared Transverse Energy of Jets in Deep-
Inelastic Muon-Nucleon Scattering with Comparison to QCD Predictions,
M. R. Adams et al., Phys. Rev. Lett. 72, 466 (1994).

Production of Charged Hadrons by Positive Muons on Deuterium and Xenon at
490 GeV, M. R. Adams et al., Z. Phys. C61, 179 (1994).

Scaled Energy (z) Distributions of Charged Hadrons Observed in Deep-
Inelastic Muon Scattering at 490 GeV from Xenon and Deuterium Targets,
M. R. Adams et al., Phys. Rev. D50, 1836 (1994).

Production of Neutral Strange Particles in Muon-Nucleon Scattering at 490
GeV, M. R. Adams et al., Z. Phys. C61, 539 (1994).

Large Density and Correlation Integrals in Deep-Inelastic Muon-Nucleon
Scattering at 490 GeV, M. R. Adams et al., Phys. Lett. B335, 535 (1994).

Nuclear Shadowing, Diffractive Scattering and Low Momentum Protons in
uXe Interactions at 490 GeV, M. R. Adams et al., Z. Phys. C65, 225 (1995).

Measurement of Nuclear Transparencies from Exclusive p0 Meson Production
in Muon-Nucleus Scattering at 470 GeV, M. R. Adams et al., Phys. Rev. Lett.

74, 1525 (1995).
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Nuclear Decay Following Deep Inelastic Scattering of 470 GeV Muons, M. R.
Adams et al., Phys. Rev. Lett. 74, 5198 (1995).

Measurement of the Ratio F§/ F§ in Muon-Nucleon Scattering at Small x and
Q2, M. R. Adams et al., Phys. Rev. Lett. 75, 1466 (1995).

Shadowing in Inelastic Muon Scattering Off Carbon, Calcium and Lead at
Low xgj, M. R. Adams et al., Z. Physics C67, 403 (1995).

Measurement of the Gluon Distribution Function of the Nucle_on Using
Energy-Energy Angular Pattern in Deep-Inelastic Lepton Scattering, M. R.
Adams et al., Z. Phys. C71, 391 (1996).

Proton and Deuteron Structure Functions in Muon Scattering at 470 GeV,
M. R. Adams et al., Phys. Rev. D54, 3006 (1996).

Inclusive Single-Particle Distributions and Transverse Momenta of Forward
Produced Charged Hadrons in Muon-Proton Scattering at 470 GeV,
M. R. Adams et al., Z. Phys. C76, 441 (1997).

Diffractive Production of p® (770) Mesons in Muon-Proton Interactions at
470 GeV, Z. Phys. C74, 237 (1997).

Theses

E. Ramberg, University of Maryland, 1989.

P. Anthony, Massachusetts Institute of Technology, 1990.
M. Erdmann, University of Freiburg i.Br., 1990.

S. Magill, University of Illinois/Chicago, 1990.

D. Michael, Harvard University, 1990.

S. O'Day, University of Maryland, 1990.

J. Ryan, Massachusetts Institute of Technology, 1991.
A. Salvarani, University of California/San Diego, 1991.
S. Aid, University of Maryland, 1991.

A. Bhatti, University of Washington, 1991.

U. Ecker, Wuppertal, 1991.

D. Jansen, University of Washington, 1991.

A. Roser, Wuppertal, 1992.

M. Schmitt, Harvard University, 1991.

S. Soldner-Rembold, Technischen Universitaat Miinchen, 1992.
R. Kennedy, University of California at San Diego, 1992.
M. Baker, Massachusetts Institute of Technology, 1993.
dJ. Conrad, Harvard University, 1993.

D. Hantke, Technischen Universitaidt Munchen, 1993.
H. Clark, Ohio State University, 1993.

M. Wilhelm, University of Freiburg, 1993.

R. Guo, University of Illinois/Chicago, 1994.

T. Carroll, University of Illinois/Chicago, 1994.

P. Spentzouris, Northwestern University, 1994.

W. Dougherty, University of Washington, 1994.

A. Kotwal, Harvard University, 1995.

P. Madden, University of California/San Diego, 1995.

A. Banerjee, University of Pennsylvania, 1995.
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proton F,(Log,Q%) in X,; bins
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E-672 (Zieminski) Study of Hadronic Final States
in Association with High Mass Dimuons

Fermilab, IHEP/ Protvino (Russia), Hlinois/ Chicago,
Indiana, Louisville, Michigan/Flint

[Status: Data Analysis})
w

The aim of the E-672 experiment is to study hadronic processes yielding
vector mesons (p/®, ¢, JAy, yHand high mass dimuon pairs (the trigger) and
associated particles. The experiment shares the MW beam line, magnetic
spectrometer and calorimetry with the E-706 experiment. The dimuon detector
is located downstream of the forward hadronic calorimeter and consists of a
toroid magnet, six PWC's with three or four planes each, two scintillator
hodoscopes used in the dimuon pretrigger and pretrigger and trigger
processors.

E-672 is an open geometry dimuon experiment. The geometrical
acceptance for dimuon pairs produced in hA collisions at 530 GeV/e is
approximately 20% and has a maximum for Feynman x = 0.25. The physics
goals, which all are related to experimental tests of Quantum
Chromodynamics, include:

(a) Production of X states by observing their radiative decays into J/yy with
gammas either converting into e*e~ pairs inside the target or observed in
the LAC;

(b) Production of b-quarks observed via their decays to J/y (inclusive and
exclusive modes: J/YK, JAyK* and JAyKD?);

(¢) General properties of the production of vector mesons (p/w, ¢, J/y, and y')
and Drell-Yan pairs

- total and differential cross sections

- gluon structure function of the incident hadron

- production of associated charged and neutral particles
- dependence on the inelasticity of the collision

- the A-dependence of total and differential cross sections

(d) J/y + nr spectroscopy (same for ¢).

The first test/physics run of the experiment took place in 1987/88.
Approximately 2000 J/y's were recorded and successfully reconstructed under
various running conditions. Two papers were published: one on the A-
dependence and another on properties of J/y production in n— Be and pBe
collisions at 530 GeV/c.
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During the 1990 run we collected 5 million triggers with the 530 GeV/c
n~ beam incident on Be and Cu targets. All triggers were processed through
the off-line reconstruction. This gave us over 350,000 events with both muons
originating from the target. The sample includes 13,000 reconstructed Jhy
events with J/y mass resolution better than 60 MeV/c2 and over 500 y' events in
the u*u-and J/yn+n- decay modes. It also contains approximately 15,000 ¢
events and 50,000 p/o events. The quality of the data is far superior compared
to the 1987/88 run due to extra tracking chambers, new SSD planes and
reading out the LAC data without zero suppression.

We reconstructed over 100 X — J/y + ete~ decays and several hundred X
— J/yy decays. A 10 MeV mass resolution enabled a clear separation of the X
(3510) and X (3555) signals in the X — J/ye*e~ mode.

Several multivertex finding algorithms were developed. There are 73
events with J/y originating from well-separated vertices (3 sigma in
transverse and longitudinal directions). Ten of the secondary vertices are
outside the target region. We estimate that 26 + 10 events are due to B —» J/y X
decay. We also observe five exclusive B — J/y K and B — JAy K* decays.

During the 1991 run we collected 10 million triggers with 515 GeV/c and
800 GeV/c protons incident on H, Be and Cu targets.

Publications

A-Dependence of J/y Production in n—-Nucleus Collisions at 530 GeV/c,
S. Kartik et al., Phys. Rev. D41, 1 (1990).

Properties of Jiy Production in n~Be and pBe Collisions at 530 GeV/c,
V. Abramov et al.,, FERMILAB-Pub-91/62-E (1991).

Bottom Production in pi-Be Collisions at 515 GeV/e, R. Jesik et al., Phys. Rev.
Lett. 74, 495 (1995).

Production of J/y and y(2s) Mesons in n~Be Collisions at 515 GeV/c,
A. Gribushin et al., Phys. Rev. D53, 4723 (1996).

Production of Charmonium States in mw~Be Collisions at 515 GeV/c,
V. Koreshev et al., Phys. Rev. Lett. 77, 4294 (1996).

Theses

S. Kartik, Indiana University, 1991.

R. Li, Indiana University, 1993.

R. Jesik, University of Illinois at Chicago, 1994.
F. Vaca, University of Illinois at Chicago, 1995.
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Figure 3. J/y invariant mass for y's detected through conversions into ete" pairs: (a) the
solid curve shows the fit to the signals and background, the dashed curve shows the
background contribution; (b) the background subtracted data and estimated
contributions from y¢q and y(2S) (dot-dash), xc1(dash), and yco(dot).
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E-683 (Corcoran) Photoproduction of High P Jets

Ball State, Fermilab, Iowa, Maryland,
Michigan, Rice, Vanderbilt

| Status: Data Analysis|

w

This experiment is studying the photoproduction of high p¢ jets in the
Wide Band Photon Beam of the Tevatron. At first order, the QCD processes of
interest are QCD Compton scattering (yq — gq) and photon-gluon fusion (yg —
q@). These processes are distinctive in that the photon coqples directly to the
hard scattering, giving all of its energy to the two high pt jets, and leaving no
beam jet. In addition to the direct processes, the resolved photon processes are
expected to be important. In these processes, the photon is resolved into a
virtual quark-antiquark pair, one of which then interacts with a parton in the
target. For the resolved process, the photon behaves somewhat like a meson,
but with a much harder structure function. In both the direct and resolved
processes, the energy in the parton-parton frame is a large fraction of the total
CM energy, and the beam jet is either missing entirely or small. Both of these
features lead to an especially clean jet signal. Comparison of pion and photon
data confirms that this is the case.

To higher orders in QCD, the distinction between direct and resolved
processes becomes blurred. At our energies and QZ2, higher-order processes
are expected to be important. Our data are consistent with this expectation in
that the jet cross sections fall faster in py than leading-order QCD would
predict, and our observed photon structure function is softer than leading-
order QCD would suggest.

The A-dependence of jet production from heavy nuclei has been studied
in E-683. The photon can produce partons deep inside a nucleus, allowing one
to study the propagation of partons through nuclear matter. A photon beam is
a clean probe of such processes. Significant A-dependent effects have been
observed in our data.

Photons in the momentum range of 100 to 400 GeV/c were tagged with a
momentum uncertainty of about 2%. A plan view of the apparatus is shown
in the accompanying figure. It consists of a wide-angle magnetic
spectrometer, the main calorimeter array, and a forward calorimeter. The
spectrometer is composed of an SCM-105 magnet with 20 planes of drift
chambers and PWC's. Vertexing and tracking efficiencies are about 80% for
all targets. The main calorimeter is segmented in area and depth and consists
of 528 modules forming 132 towers. The forward calorimeter measures the
energy flow in the region from 6.y = 0° to about 20°. The main calorimeter has
a measured energy resolution of 35%/VE for electromagnetic particles and
75%/NE plus a 5% constant term for hadronic particles.
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E-683 began taking data in June of 1991, when the fixed-target program
resur'ne.d. Data-taking was complete in January of 1992. A total of about
10 million triggers were recorded, fairly equally divided between hydrogen,
deuterium, and six different nuclear targets. Analysis is proceeding, both at
Fermilab and at the various institutions.

To date five students have received M.S. degrees from work related to E-
683, and four students have completed Ph.D. theses. Results have been
presented at several conferences and workshops.

Publications

Detecting Beam Pileup for High-Rate Particle Beams, D. Lincoln and D.
Naples, Nucl. Instr. and Meth. A332, 23 (1993).

Observation of Jet Production by Real Photons, D. Adams et al., Phys. Rev.
Lett. 72, 2337 (1994).

A-Dependence of Photoproduced Dijets, D. Naples et al., Phys. Rev. Lett. 72,
2341 (1994).

A Hidden Bias in a Common Calorimeter Calibration Scheme, D. Lincoln, G.
Morrow, and P. Kasper, Nucl. Instr. and Meth. A345, 449 (1994).

The Emergence of Jet Dominance in y-P Interactions at Fixed-Target Energies,
D. Alton et al., Phys. Rev. Rapid Communications D56, R5301 (1997).

Ph.D. Theses

D. Naples, University of Maryland
D. Lincoln, Rice University

M. Traynor, Rice University

G. Morrow, Rice University

M. S. Theses

D. Lincoln, Rice University

M. Traynor, Rice University
G. Morrow, Rice University
W. Davis, Ball State University
D. Alton, Ball State University
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E-690 (Knapp) Study of Charm and Bottom Production

Columbia, Fermilab, Guanajuato (Mexico),
Massachusetts, Texas A&M

| Status: Data Analysis|

_ﬁ

This experiment studies proton diffraction, pp—pX, with 800 GeV
protons scattering from liquid hydrogen, measuring a dlffyacted forw.ard
proton in a forward beam spectrometer, and looking at the rgcpll system X in a
magnetic spectrometer. The detector and its data acquisition system were
designed to tolerate interaction rates on the order of 1 MHz, reading 100K
events per second into a pipelined hardware processor, ultimately recording
on tape more than 10K events per second of beam. In three months of
running, we recorded more than 5 billion events, with periods of sustained
running with 200K events per spill recorded, with a trigger requiring an
incoming beam particle and an outgoing beam particle within the acceptance
of the forward spectrometer but scattered out of the small beam envelope, in
coincidence with at least one particle in the magnetic spectrometer.

The tracks were reconstructed with the hardware processor after the
run, writing all raw data and track information out for every event, and
selecting candidates for momentum balance for a secondary output. All events
are now running through a vertex reconstruction program that reconstructs
every event in as much detail as possible, writing out everything along with a
secondary output containing candidates for complete event reconstruction and
events with identified strange particles. We estimate a final yield of a few
hundred million reconstructed VO9's and more than ten million fully
reconstructed events, recorded with good resolution and a geometric
acceptance that favors diffractive production of heavy particles.

Our analysis efforts are focusing on diffraction of heavy particles:
antibaryons, strange particles, charm particles, ... and on particle
spectroscopy. With high statistics for a large number of exclusive reactions,
we can determine production cross-sections and parameters of many
resonances. For example, in double Pomeron production, pp—ppM, we have
large clean signals in meson resonances that have been considered candidates
for non-q-q mesons. For the general study of heavy particle production in
diffraction, we have the opportunity to perform doubly inclusive
measurements for a variety of heavy particles: measuring the momentum of
the scattered forward proton and the momentum of a particular heavy particle
type. Along with the measurements of exclusive reaction cross sections and
distributions, this will allow detailed modeling of diffractive production in pp
interactions, which could, for example, be compared with diffraction in deep
inelastic ep scattering.
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Publications
Light-Meson Spectroscopy in Fermilab Experiment E-690, A. Gara et al., Il
Nuovo Cimento 107A, 1847 (1994).

Partial Wave Analysis of the Centrally Produced KgKg System at 800 GeV/c,
FERMILAB-Pub-97/233-E, July 1997, submitted to Phys. Rev. Lett.

Spin Parity Analysis of the Centrally Produced K9Kn System at 800 GeV/e,
FERMILAB-Pub-97/275-E, August 1997, submitted to Phys. Rev. Lett.

Theses

S. Lee, University of Massachusetts/Amherst, 1994.
M. Sosa, Universidad de Guanajuato, 1996.

M. Reyes, CINVESTAV, 1996.
K. Markianos, University of Massachusetts/Amherst, 1997.
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E-704 (Yokosawa) Experiments with the Polarized Beam Facility

ANL, Fermilab, Hiroshima (Japan), IHEP/Protvino (Russia), Iowa,
Kyoto (Japan), Kyoto Education (Japan), Kyoto Sangyo (Japan), LANL,
LAPP/Annecy (France), Northwestern, Univ. of Occup. & Env. Health (Japan),
Rice, Saclay (France), Trieste (Italy), Udine (Italy)

| Status: Data Analysis|

Experiment 581, Construction of a Polarized Beam Facility and
Measurement of the Beam Polarization by Polarimeters, has obtained initial
data on the properties of the new polarized beam.

Completion of a 200-GeV/c conventional-magnet beam line allowed
observation of polarized protons and polarized antiprotons from decaying
lambdas and antilambdas, respectively. A beam tagging system and two
polarimeters, using the Primakoff effect and Coulomb-nuclear interference,
measured the beam polarization during the 1987-1988 TeV-II period.
Measured beam polarization was consistent with the designed value.

Experiment 704, the Integrated Proposal on First Round Experiments
with the Polarized Beam Facility, constitutes a proposal to simultaneously
perform substantial parts of previously proposed Experiments 674, 676, 677 and
678. The first 1200 hours of beam time for E-704 were allocated as follows:

1) First 300 hours for Ao, Tot(pp) including tuning.
2) 300 hours for Acp.To%pp)

The experimenters intend to explore the spin dependence of the
interactions in a global way using a straightforward experiment which
measures the difference in pp and Pp total cross sections between the states
with helicities of target and beam parallel and antiparallel. Experience shows
that an accuracy of + 100 microbarns can easily be achieved. A longitudinally-
polarized proton target in a superconducting solenoid was used with the
polarized beam during the 1990 fixed-target period. The data are being
analyzed.

3) 600 hours for simultaneous measurements using a hydrogen target
for AN in large-p; n0, large-x ©t's, lambda and sigma-zero production.

Studies of the inclusive production of neutral pions around xf =0 and
large pj of neutral and charged pions at large x, and of A%K9) and X0 at large
xF were carried out simultaneously. These measurements investigate the
spin effects as a function of xp and p,. Interpretation of the polarization of A°
and X0 produced inclusively from an unpolarized initial state has given rise to
extensive discussion about the origin of this polarization. It is expected that
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information on spin transfer from initial to final states in these reactions will
enlighten the debate.

Elements of the existing polarization monitor were used in conjunction
with new detectors in E-704. Two large calorimeters, each consisting of 500
lead-glass cells, detected photons from the n¥-decay. The magnetic
spectrometer with proportional and drift chamber systems observed the n* and
A0 and X0 decay products.

The technique for measuring single spin asymmetries in hadron
production was considerably improved over the previous experiments since the
polarized beam allowed the use of a liquid hydrogen target.

A paper on "Spin Transfer in Inclusive A Production by Transversely
Polarized Protons" appeared in Phys. Rev. Lett. DNN reaches large positive
values of about 30% at high xr and p; ~1.0 GeV as shown in Figure 1. This
result indicates a large spin transfer from the incident polarized proton to the
outgoing A.

A paper on "Measurement of Single Spin Asymmetry in n-Meson
Production in p'p and p'p Interactions in the Beam Fragmentation Reglon at
200 Gev/c" is complete and will be sent for publication. The average value of
the asymmetry over the xf region 0.4<xp<0.7 is AN = 17 £ 5%. The asymmetry
in p'p interactions is consistent with zero. Within the error bars, the
experimental result is consistent with the prediction of the Berliner model.

Publications

Analyzing Power-Measurement in Inclusive n® Production at High xp, B. E.
Bonner et al., Phys. Rev. Lett. 61, 1918 (1988).

Polarized-Proton and -Antiproton Beams at Fermilab and Associated
Experiments, A. Yokosawa, Int. Journal of Modern Physics A, Vol. 3, No. 12,
2753 (1988).

Analyzing Power-Measurements of Coulomb-Nuclear Interference with the
Polarized-Proton and -Antiproton Beams at 185 GeV/c, N. Akchurin et al.,
Phys. Lett. B229, 299 (1989).

Measurement of the Analyzing Power in the Primakoff Process with a High-
Energy Polarized Proton Beam, D. C. Carey et al., Phys. Rev. Lett. 64, 357
(1990).

The Design and Performance of the FNAL High-Energy Polarized-Beam
Facility, D. P. Grosnick et al., Nucl. Instr. Meth. in Phys. Research, A290, 269
(1990).

First Results for the Two-Spin Parameter Arj, in n° Production by 200-GeV
Polarized Protons and Antiprotons, D. L. Adams et al., Phys. Lett. B261, 197
(1991).
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Comparison of Spin Asymmetries and Cross Sections in 1% Production by 200-
GeV Polarized Antiprotons and Protons, D. L. Adams et al., Phys. Lett. B261,
201 (1991).

Analyzing Power in Inclusive n+ and n~ Production at High xp with a 200 GeV
Polarized Proton Beam, D. L. Adams et al., Phys. Lett. B264, 462 (1991).

High-x¢ Single-Spin Asymmetry in 1 and 1| Production at xg = 0 by 200 GeV
Polarized Antiprotons and Protons, D. L. Adams et al., Phys. Lett. B276, 531
(1992).

Large-xy Spin Asymmetry in 10 Production by 200-GeV Polarized Protons, D.
L. Adams et al., Zeit Physik C 56, 181 (1992).

Analyzing-Power Measurement of pp Elastic Scattering in the Coulomb-
Nuclear Interference Region with the 200-GeV/c Polarized-Proton Beam at
Fermilab, N. Akchurin et al., Phys. Rev. D48, 3026 (1993).

Measurement of the Double-Spin Asymmetry Arg, for Inclusive Multi-Gamma
Pair Production with 200 GeV/c Polarized Proton Beam and Polarized Proton
Target, D. L. Adams et al., Phys. Lett. B336, 269 (1994).

Measurement of Single-Spin Asymmetry for Direct Photon Production in pp
Collisions at 200 GeV/c, D. L. Adams et al., Phys. Lett. B345, 569 (1995).

Measurement of Lambda Production with 200 GeV/c Polarized Proton Beam,
D. L. Adams et al., Phys. Rev. Lett. 75, 3073 (1995).

Single Spin Asymmetries and Invariant Cross Sections of the High-
Transverse Momentum Inclusive 70 Production in 200 GeV/c pp and pp
Interactions, D. L. Adams et al., Phys. Rev. D53, 4747 (1996).

Single Spin Asymmetries in Inclusive Charged Pion Production by
Transversely Polarized Antiprotons, A. Bravar et al., Phys. Rev. Lett. 77, 2626
{1996).

Measurement of the Difference in the Total Cross Section for Antiparallel and
Parallel Longitudinal Spins and a Measurement of Parity Nonconservation
with Incident Protons and Antiprotons at 200 GeV/e, D. P. Grosnick et al.,
Phys. Rev. D55, 1159 (1997).

Measurement of the Depolarization Parameter (DNN) in Lambda Production
in Proton-Proton Interactions Using a 200 GeV Transversely Polarized Proton
Beam, A. Bravar et al., Phys. Rev. Lett. 78, 4003 (1997).

Papers Being Prepared

Measurement of Single Spin Asymmetry in n-Meson Production in p'p and
p'p Interactions in the Beam Fragmentation Region at 200 GeV/ec.
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E-706 (Slattery) A Comprehensive Study of Direct Photon Production
in Hadron Induced Collisions

UC/Davis, Delhi (India), Fermilab, Michigan State, Northeastern,
Oklahoma, Pennsylvania State, Pittsburgh, Rochester

| Status: Data Analysis|

E-706 is a second generation fixed-target experiment to study events
containing high transverse momentum direct photons produced in hadronic
interactions. Only two leading order diagrams contribute to direct photon
production: the QCD Compton diagram (q + g — q + ) and the quark-antiquark
annihilation process (§ + q — g +7vy). Next-to-leading order QCD calculations
are available for both inclusive direct photon cross sections and for direct
photon plus jet production.

The physics goals of E-706 include measuring the gluon distribution
function of the nucleon and the charged pions. The E-706 data for incident
mesons is at a significantly higher CM energy (31 GeV) than previous
experiments, which are clustered at CM energies between 19 and 24 GeV. The
study of direct photon plus jet events (including yy production) provides
sensitive tests of next-to-leading order QCD calculations. Direct photon data
also provide input to quark and gluon fragmentation studies.

Since electromagnetic decays of neutral pions are the primary source of
background to direct photon data, precision measurements of neutral pion
cross sections are an essential part of this experimental program. These
measurements are of interest in their own right since they provide insight into
hard scattering processes. Next-to-leading order calculations of large
transverse momentum neutral pion (and eta) production are also available.

The MWest spectrometer, which was simultaneously employed to
acquire data for E-706 and E-672, is a large acceptance multiparticle
spectrometer. The MWest beamline included spoilers to reduce the muon flux
incident upon the spectrometer, and a differential Cerenkov counter to identify
incident particle types. Veto walls and hadron shielding upstream of the
target minimized the impact of incident beam halo on the experiment. Six
planes of 50 pm pitch silicon strip detectors were positioned upstream of the
target. Different targets allow for investigation of the nuclear dependence of
the various processes. A pair of silicon strip detectors, with 25 pum pitch in the
central region and 50 pm pitch on their outer edges, was located immediately
downstream of the target, and was followed by eight additional silicon strip
planes of 50 um pitch. The large aperture (122 x 91 cm2) conventional analysis
magnet provided a transverse momentum impulse of 450 MeV to charged
particles. Four proportional wire chamber modules were located downstream
of the magnet, each containing four planes with 2.54 mm pitch. Two straw
tube drift chambers, each with four planes in each of two views, were also
positioned downstream of the magnet. The drift chamber resolutions were
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300 um and 250 um per plane, respectively. The finely segmented, focused
electromagnetic lead and liquid argon calorimeter has a radius of 1.6 m and
was located 9 m downstream of the target. The standard deviation of the
reconstructed n0 mass peak is ~6 MeV, while that of the i is ~20 MeV. A steel
hadronic calorimeter was located behind the electromagnetic calorimetry
within the liquid argon cryostat. An iron and scintillator calorimeter
intercepted the particles passing through a central hole in the liquid argon
calorimeters. A muon identification system provided by E-672 was located
downstream of the forward calorimeter. For the purposes of E-706, the
spectrometer triggered upon large transverse momentum electromagnetic
showers detected in the liquid argon calorimeter.

The MWest spectrometer was commissioned during the 1987-1988 fixed-
target run. Approximately 5 million physics-quality triggers were recorded
during that run using positive and negative 0.5 TeV beam on copper and
beryllium targets. This data sample corresponds to a sensitivity of about 0.5
events per picobarn for the negative beam and about 0.8 events per picobarn for
the positive beam. Seventeen students completed their Ph.D. research using
this data sample. These students investigated a wide variety of topics
including neutral pion production at low transverse momentum, neutral pion
and eta production at high transverse momentum, direct photon production at
high transverse momentum, recoiling jet structure in high transverse
momentum events, fragmentation properties of strange particles produced in
high transverse momentum hadronic interactions, neutral pion pair
production, characteristics of forward energy production, and leading particle
production at 0.8 TeV.

During the 1990 fixed-target run, about 30 million triggers induced by a
negative 0.5 TeV beam incident on beryllium and copper targets were
recorded. These data provide more than a factor of fifteen increase in
sensitivity relative to that acquired during our initial run. Prior to the 1991
fixed-target run, a 0.02 interaction length liquid hydrogen target was installed.
During 1991, we accumulated 23 million triggers using an 0.8 TeV primary
proton beam incident on hydrogen, beryllium, and copper targets. This data
sample corresponds to a sensitivity of about ten events per picobarn. An
additional 14 million triggers induced by a 0.5 TeV positive beam incident upon
the same targets were also accumulated during this run. These data
represent a sensitivity of about ten events per picobarn. A smaller sample (4
million triggers) of negative 0.5 TeV beam induced data was also recorded
during the 1991 running, and provides the opportunity to investigate nuclear
dependence effects in the negative data, and also verify the relative
normalization of the 1990 and 1991 data samples.

Thirteen students have completed their Ph.D. research using the data
accumulated during the 1990-91 fixed-target runs. Three additional students
should complete their research within the coming year. We have measured
the cross sections for neutral pion, eta, omega and direct photon production at
high transverse momentum. Typical mass plots of the neutral pion, eta, and
omega signals are shown in Figure 1. Examples of the resulting inclusive
neutral pion and direct photon cross sections as functions of transverse
momentum are shown in Figures 2, 3, and 4. The results of next-to-leading
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order perturbative QCD calculations (with and without supplemental initial
state parton transverse momentum correction factors) are also shown in these
figures. Kinematic distributions from these hard scattering events provide
evidence that the interacting partons carry significant initial state parton
transverse momentum. The results of these studies are summarized in a
recently released paper (FERMILAB-Pub-97/351-E). The nuclear dependence
of neutral meson and direct photon production at high transverse momentum
has been investigated. High statistics studies of photon-plus-jet and neutral-
pion-plus-jet events have been carried out. Strange particle production in
these high transverse momentum interactions has been investigated. The
production of charm mesons at high transverse momentum has been
investigated. A study of the inclusive production of low transverse momentum
neutral pions has also been performed. Papers describing the details of this
research are currently in preparation.

The large-acceptance MWest multiparticle spectrometer has
demonstrated its power and versatility. The large-statistics, high-quality
direct photon data samples acquired by E-706 are providing unique insights
into hadronic structure and QCD dynamics.

Publications

Production of 19 Mesons at High pr in n~Be and pBe Collisions at 500 GeV/c,
G. Alverson et al., Phys. Rev. D45, R3899 (1992).

Direct Photon Production at High pt in n~Be and pBe Collisions at 500 GeV/c,
G. Alverson et al., Phys. Rev. Lett. 68, 2584 (1992).

Production of Direct Photons and Neutral Mesons at Large Transverse
Momenta by n- and p Beams at 500 GeV/c, G. Alverson et al., Phys. Rev. D48, 5
(1993).

Structure of the Recoiling System in Direct-Photon and n® Production by n~ and
p Beams at 500 GeV/c, G. Alverson et al., Phys. Rev. D49, 3106 (1994).

Production of Charm Mesons at High Transverse Momentum in 515 GeV/c n—-
Nucleon Collisions, L. Apanasevich et al., Phys. Rev. D56, 1391 (1997).
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E-771 (Cox) Beauty Production by Protons

Athens (Greece), Brown, UC/Berkeley, UCLA, Duke, Fermilab, Houston,
JINR (Russia), Lecce (Italy), MIT, McGill (Canada), Nanjing (PRC),
Northwestern, Pavia (Italy), Pennsylvania, Prairie View A&M, Shandong (PRC),
South Alabama, SSCL, Vanier (Canada), Virginia, Wisconsin

[Status: Data Analysis|

In a brief data-taking period at the end of the 1991 run, 128 million
dimuon triggers were acquired in 800 Gev/c p-Si interactions. This data has
been analyzed to extract beauty and hidden charm physics via the signatures

pN - BB + x
B or B — J/y + anything

pN - BB + x
B — u* + anything
B - u~ + anything

pN — charmonium states + anything

— J/y + anything

All of the dimuon data has been processed and some 12K to 15K J/y — uu
events have been reconstructed (the number depending on cuts necessary for
the physics under study). Differential and total cross sections for inclusive J/y
and y' states have been published, along with a measurement of the Y total
cross section at 800 GeV/c p-Si interactions.

E-771 has also published the most stringent limit to date on the flavor-
changing neutral current decay, DO — ptu-. Efforts are currently underway to
achieve comparably significant limits for D* —» p*tp-n*. Also, E-771 has
presented in various conferences preliminary results on the ratio of x; to xo
production in p-Si collisions.

The pN beauty cross section in 800 GeV/c interactions has been
determined from double semimuonic decays to be 42 +2§ +7 nb. These results
have been submitted to Phys. Rev. Letters for publication.

Publications

Search for the Flavor Changing Neutral Current Decay D9 — p+p- in 800
GeV/c Proton-Silicon Interactions, T. Alexopoulos et al., Phys. Rev. Lett. 77,
2380 (1996).
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Production of J/y, y', and ¥ in 800 GeV/c Proton-Silicon Interactions,
T. Alexopoulos et al., Phys. Lett. B374, 271 (1996).

The Fermilab E-771 Spectrometer. A Large Aperture Spectrometer to Study
Charm and Beauty States as Detected by Decays into Muons, T. Alexopoulos et
al., Nucl. Instr. and Meth. A376, 375 (1996).

Differential Cross Sections of J/y and y' in 800 GeV p-Si Interactions,
T. Alexopoulos et al., Phys. Rev. D55, 3927 (1997).

A Measurement of the BB Cross Section in 800 GeV/c Proton-Silicon
Interactions, submitted to Phys. Rev. Lett. July 1997.
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E-781 (Russ) Study of Charm Baryon Physics

Bogazici (Turkey), Bristol (Great Britain), Carnegie-Mellon, CBPF (Brazil), Fermilab,
Hawaii, IHEP/ Beijing (PRC), IHEP/ Protvino (Russia), Iowa, ITEP (Russia),
Moscow State (Russia), MPI/Heidelberg (Germany), Paraiba (Brazil), PNPI (Russia),
Rochester, INFN/Rome (Italy), Rome (Italy), San Luts Potosi (Mexico),

Sao Paulo (Brazil), Tel Aviv (Israel), INFN/Trieste (Italy), Trieste (Italy)

| Status: Data Analysis|

The study of charm baryons has lagged behind the recent progress in
charm meson physics. The production of baryons by electron colliders or
photon beams is small compared to meson production. Sample sizes of charm
baryons comprise a few thousand events, compared to the hundred thousand
event samples for charm mesons. In photoproduction Ay decays comprise
most of the data. Present hadron data indicate larger production of c-s baryons
in hadronic interaction, especially with hyperons. E-781 runs in a mixed
hyperon/pion beam. Because hadronic production of charm remains a
difficult experimental challenge, current generation experiments have tended
to run "open" triggers. The charm states produced are preponderantly charm
mesons near x = 0, the dominant cross section in all hadronic processes. The
design philosophy for E-781 is to use the fact that for all known baryons, the
baryon/meson ratio increases dramatically at large x. The overall charm
production cross section decreases, of course, but a good charm trigger can
produce an enriched sample of charm baryons.

The charm trigger for E-781 is based on impact parameter, to provide a
topology-independent trigger. All charm particles have a finite decay length,
albeit short. A high resolution tracking device close to the target can select
charm candidates on the basis of one or more tracks with a sufficiently large
miss distance from the primary interaction point. Such a trigger is now
conceivable because of recent advances in VLSI readout of silicon strip
detectors and tremendous improvement in the online computer power
available to an experiment. The spectrometer, shown in the accompanying
figure, deploys a number of existing chambers and neutral particle detectors
as well as the new silicon strip and pixel devices and the Ring-Imaging
Cerenkov counter. By using VLSI amplifiers, E-781 can afford to make a
vertex detector with 20 micron strips, totalling 50,000 channels of readout.
They achieved 8-10 micron track spatial precision, and the large-x condition
boosts all interesting tracks to high momentum (>15 GeV) to minimize
multiple Coulomb scattering errors. The computational trigger for E-781 gives
a charm reconstruction enrichment factor at large x of at least 10 compared to
all interactions.

The physics questions for a charm baryon study have to do with both
production and decay mechanisms. In charm baryon decays, the charm
quark may decay or interact through exchange mechanisms with the light
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quarks. The exchange mechanisms are not suppressed by helicity
considerations as they are in meson decays. A rich spectrum of two-body
resonances may dominate the final states. Do they? The discovery of
resonance-dominance of charm meson final states was a surprise, and the
study of decay modes in baryons is an important goal of E-781. Such a study
requires good particle identification and also good photon detection. We have
both. Comparison of non-leptonic and semi-leptonic modes is also important.
The transition radiation detector in front of the Ring-Imaging Cerenkov is a
clean tag on electrons. From a theoretical point of view, understanding the
ordering of the decay rates of the four different stable charm baryons will give
useful insight into which of the several competing decay mechanisms
dominates these states. All these data will provide useful tests of the first-
order corrections to Heavy Quark Effective Theory. For c—s transitions,
details of the model can be probed.

Strong interaction physics can be studied in the production of charm
baryons. The observation of a pt-dependent polarization in the production of
strange baryons has led to a resurgence of interest in spin-effects at high
energies. What happens with charm baryons? E-781 will measure
polarizations. There is evidence for leading production of charm baryons from
some experiments, but this is not universally observed. E-781 will do a detailed
x-dependence measurement of charm baryon production from several
different incident beams.

The physics potential of the experiment touches many little-known areas
of heavy quark physics. The focus on baryons is especially appropriate for a
hadron machine. The experiment operated in the 1996-97 fixed-target period
and recorded 24 billion inelastic interactions. Analysis is now underway.
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E-789 (Kaplan /Peng) b-Quark Mesons and Baryons

Abilene Christian, Academia Sinica (Taiwan), Chicago,
Fermilab, LANL, LBL, Northern Illinois, South Carolina

[ Status: Data Analysis|

E-789 was designed to study charmless two-body two-prong decays of
neutral b-quark hadrons. Sensitivity to inclusive beauty decays to J/y and to
two-prong decays of charm was also achieved.

E-789 was an exploratory effort to address this physics using the existing
MEast beamline and upgraded E-605/772 spectrometer. This spectrometer,
shown in the accompanying figure, uses two large analysis magnets and
twenty-three planes of scintillation-counter hodoscopes and wire chambers to
measure charged-particle tracks passing above and below a central beam
dump. Particles are identified by electromagnetic and hadronic calorimeters,
muon detectors, and a ring-imaging Cherenkov counter. An array of silicon
microstrip detectors pinpoints the vertices of two-prong beauty decays to
< 1lmm in z. Since the average decay distance for the decays accepted by the
downstream spectrometer is 1.4 cm (for a 1.5x10-12 sec B lifetime), a vertex cut
0.7 cm downstream of the 3-mm-long target retains more than half of these
decays while greatly suppressing the copious background of dihadrons
produced in the target.

The E-605/772 spectrometer has demonstrated its suitability over several
years for high-precision measurements at high luminosity and high counting
rates. Such measurements require not only high-rate particle detectors but
also high-rate data acquisition and sophisticated triggering capability. These
are furnished by the Nevis Laboratories Data Transport and hardware trigger
processor systems, which were suitably upgraded for the charm and beauty
running. The upgraded data acquisition system is capable of recording = 50
megabytes per beam spill on 8-mm tape cassettes. The upgraded trigger
processor reconstructs the decay vertex using information from the silicon
microstrip detectors, providing on-line suppression of non-heavy-quark
triggers by up to an order of magnitude.13

The physics run for E-789 took place in July 1991 - January 1992. The
beam time was divided roughly equally between charm and beauty running
(two months each). A total of =1.5x10° events, collected over a total of =8.0x104
beam spills, were recorded on =1300 8-mm tapes. Table I lists the various data
sets from this run.
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Table I. Summary of E-789 Data Sets

Data Quark Spectrometer Target Target Total live
set studied setting material dimensions interactions
XXyX2Z (mm3)_
1 charm 1000A Au 50x0.1x08  4x10ll
2 charm 1000A Be 50x0.1x0.8 1x1011
3 beauty 1500A Au 50x0.2x3 3x1013
4 charm 900A Au 50x0.15x 1.5 7%x1010
5 charm 900A Be 50x0.15x 1.5 1x1011
6 charm— dileptons 900A Au 50x0.15x 1.5 4x1011
7 charmonium 2400A. Cu Beam dump 2x1013
8 charmonium 2400A Be 50 x 100 x 915 5x1012

The charm running was crucial for tuning our newly installed silicon-
strip detectors. It also provided new information on the cross sections and
nuclear effects of D0 production. The observed DO cross section is do/dxp = 58 +
3 £ 7 pb/nucleon, which extrapolated over all xg implies a total DO cross sect1on
6 =17.7 £ 0.9 + 3.4 pb/nucleon.! Averaging with previous measurements using
800-GeV proton beams gives 6(pN — D0 X) + o(pN — DO X) = (20.9 + 3.5)
ub/nucleon, consistent with next-to-leading-order (NLO) QCD predictions
within the broad range of theoretical uncertainty. The nuclear dependence of
DO production was measured with gold and beryllium targets. Parametrlzmg
the nuclear dependence as A%, we find o = 1.02 £ 0.03 £ 0.02 at xg = 0. 03.1

We have measured differential cross sections for charmonium
production. We find 6(pN — J/y + X) = 442 + 2 + 88 nb/nucleon and o(pN — y' +
X) = 75 + 5 + 22 nb/nucleon, factors of 7 and 25 above QCD predictions.2
Charmonium production is thus substantially underestimated in models

which include only contributions from color-singlet charmomum states below
DD threshold.

Our beauty data were collected at a spectrometer setting which
simultaneously optimized sensitivity for B — J/y and for B? — dihadrons. We
ran at a 50-MHz interaction rate, constrained by radiation limits at our trailer.
The beauty data correspond to a total of 3.0x1013 interactions. Production of
beauty hadrons is studied by searching for evidence of J/y — p*p~ decay
occurring in vacuum downstream of the 3-mm-long gold target. A significant
excess is observed of events with vertex downstream of the target compared to
those w1th vertex upstream, leading to the measured cross section for J/y from
b decay d2 o/dxpdpy? = 107 + 28 + 19 pb/(GeV/c)?/nucleon at xp=0.05and pp=1
GeV/c.3 This can be corrected for the b — J/y + X branchmg ratio and
extrapolated over all of phase space to yield 6(pN — bb +X)=5.7+1.5+1.3
nb/nucleon.? This value is consistent with NLO QCD predictions but a factor
=2 below their central value.

In addition to the measurements discussed above, we have also
measured the A-dependence of J/y production at very large xr (0.3 < xf <



0.95).4 This was accomplished by detecting dimuons produced in the copper
beam dump, as well as dimuons produced in a thick block of beryllium placed
upstream of the beam dump. During the 1990 test run we also took data with
three different targets to measure the A dependence of J/y production at xp
near 0.5 These data supplement the results previously published by our
collaboration in E-772.

Analyses of the B - h*h~ and D% — 1*1~ decays are in progress. From
the 1990 test run, a new upper limit for the D¢ —» p*u~ branching ratio was
determined.®

E-789 has been the subject of several papers.1"13 Four M.S. theses14-17
and four Ph.D. dissertations!8-21 on E-789 have been completed.
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E-791 (Appel/Purohit)/ E-769 (Appel) Hadroproduction of Charm

E-791: UC/Santa Cruz, CBPF (Brazil), Cincinnati, CINVESTAV (Mexico),
Fermilab, IIT, Kansas State, Mississippi, Ohio State, Princeton,
Puebla (Mexico), Rio de Janeiro (Brazil), Stanford, South Carolina,

Tel Aviv (Israel), Tufts, Wisconsin, Yale

[ Status: Data Analysis|

E-769 is an experiment to measure the properties of hadronic charm
production using the Tagged Photon Spectrometer facility. It measures the
flavor, x, py and A dependences of this process at the same time and in a single
apparatus.

The experiment collected its data during the 1987-88 fixed-target
running period, recording interactions of 250 GeV beams of identified pions,
kaons and protons. The beam was incident on a foil target assembly with four
materials: beryllium, aluminum, copper and tungsten; segmented in the
beam direction. The total data set consists of about 400 million triggers with
about 200 million each of negative beam events (85% pi, 15% kaon) and positive
beam events (40% pi, 30% kaon and 30% proton). This data set, unprecedented
in high energy physics at the time, required a highly parallel, multi-
microprocessor system for data acquisition, designed and implemented
specially for E-769. The off-line analysis also extended the use of
microprocessor farms, being the first at Fermilab to use commercial
processors with elements of the Computing Division CPS software for large-
scale reconstruction of experiment data.

E-791 has broken new ground in charm physics. Located in the Tagged
Photon Laboratory it has a 500 GeV/c 1~ beam incident on a multi-foil target.
As with E-769, charm events are selected by a high-ET trigger made possible by
the segmented nature of the electromagnetic and hadronic calorimeters. The
detector has 23 planes of high-resolution silicon strip devices (six in the beam,
17 downstream of the target, giving a total of ten more than in E-769) followed
by 37 planes of drift-chambers and PWC's. Two Cerenkov detectors and a
muon wall are used with the calorimeters to identify particle types. The
experiment took data in the 1991 fixed-target run and wrote to tape over 20
billion events. About 200,000 charm decays have been fully reconstructed (20 x
E-691's sample of 10,000 fully reconstructed charm decays).

While several features of charm decays are now understood (the pattern
of lifetimes, the small contributions from exchange, annihilation and color-
suppressed diagrams) there remain several open questions. These include the
resonant two- and three-body contributions to many-body decays and the
branching ratios of doubly Cabibbo-suppressed decays which have a different
interplay of diagrams.
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Semileptonic and leptonic modes of charm particle decay are of
particular interest because they probe the weak charm decay vertex without
the complications of final-state interactions. E-691 had marginal sensitivity to
nev and ¢ev decays and E-791 will have important results there. Branching
ratio measurements for even the copious modes are currently at the 10% level
and will be improved. E-791 has good sensitivity to D¥ and A} semileptonic
decays, and is measuring form-factors and polarization effects in these decays.
Polarization and production dynamics of the large hyperon sample are also
being measured.

DO-D0 mixing is predicted to be unobservably small in the Standard
Model. E-791's factor-of-twenty increase in statistics explores an interesting
new region where physics beyond the Standard Model could be observed. The
higher statistics also allows precision studies of charm hadroproduction. The
data sample is being searched for evidence of pentaquarks, doubly charmed
mesons and other new physics. Limits on flavor-changing neutral currents
(FCNC), CP violation and particle-antiparticle mixing have been extracted.

E-791 has pioneered the use of high-speed data acquisition techniques.
The vast number of reconstructed events was made possible by fast front-end
electronics (<40 ps readout times), fast data acquisition and high-speed writing
to 8 mm tape (10 Mbyte/sec).

Nine Ph.D. students gained hardware and running experience on E-791,
but have completed physics analyses based on E-691 or E-769 data. A total of 15
Ph.D. theses based on E-769 have been accepted, with an additional one
expected. All more recent Ph.D. students, 25 as of this writing, have both their
hardware and analysis experience with E-791. The first 13 Ph.D. theses based
on E-791 data have been accepted.

E-769 Publications

Using Multiple RISC CPUs in Parallel to Study Charm Quarks, C. Stoughton
and D. J. Summers, Computers in Physics 6, 371 (1992).

Feynman-x and Transverse Momentum Dependence of D* and DO, DO
Production in 250 GeV n— -Nucleon Interactions, G. A. Alves et al., Phys. Rev.
Lett. 69, 3147 (1992).

Atomic Mass Dependence of D* and D0, D% Production in 250 GeV 7t -Nucleon
Interactions, G. A. Alves et al., Phys. Rev. Lett. 70, 722 (1993).

Enhanced Leading Production of D* and D** in 250 GeV n* -Nucleon
Interactions, G. A. Alves et al., Phys. Rev. Lett. 72, 812 (1994).

D*% Production in 250 GeV n*N Interactions, G. A. Alves et al., Phys. Rev.
D49, R4317 (1994).
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Forward Cross Sections for Production of D*, DO, Dg, D*+ , and A in 250 GeV
nt, K%, and p Interactions with Nuclei, G. A. Alves et al., Phys. Rev. Lett. 77,
2388 (1996).

Feynman-X and Transverse Momentum Dependence of D Meson Production
in 250 GeV 7, K, and p Interactions with Nuclei, G. A. Alves et al., Phys. Rev.
Lett. 77, 2392 (1996).

Atomic Mass Dependence of Z- and =+ Production in Central 250 GeV n—-
Nucleon Interactions, G. A. Alves et al., Phys. Rev. D56, 6003 (1997).

E-791 Publications

The E-791 Parallel Architecture Data Acquisition System, S. Amato et al.,
Nucl. Instr. and Meth. A324, 535 (1993).

Search for the Flavor-Changing Neutral-Current Decays D*—n+u+u-, and
D+—ntete—, E. Aitala et al., Phys. Rev. Lett. 76, 364 (1996).

Asymmetries Between the Production of D+ and D~ Mesons from 500 GeV/c

n--Nucleus Interactions as a Function of xr and pt, E. Aitala et al., Phys. Lett.
B371 157 (1996).

Mass Splitting and Production of 30 and £f* Measured in 500 GeV n--N
Interactions, E. M. Aitala et al., Phys. Lett. B379, 292 (1996).

Search for DODO Mixing in Semileptonic Decay Modes, E. M. Aitala et al.,
Phys. Rev. Lett. 77, 2384 (1996).

A Simple Multiprocessor Management SYstem for Event-Parallel Computing,
S. Bracker et al., IEEE Trans. Nucl. Sci. NS-43, 2457 (1996).

Observation of D-n Production Correlations in 500 GeV n—-N Interactions,
E. M. Aitala et al., Phys. Lett. B403, 185 (1997).

Measurement of the Branching Ratio B(D+ — p%+v;) / B(D+ — K*0l+v)), E. M.
Aitala et al., Phys. Lett. B397, 325 (1997).

Search for CP Violation in Charged D Meson Decays, E. M. Aitala et al., Phys.
Lett. B403, 377 (1997).

The Doubly Cabibbo-Suppressed Decay D* — K*n—rnt, E. M. Aitala et al., Phys.
Lett. B404, 187 (1997).

Asymmetries Between the Production of Dy and D¢ Mesons from 500 GeV/c

Nucleon Interaction as Functions of xp and pt, E M. Aitala et al., Phys. Lett.
B411, 230 (1997).

A Search for D0-D® Mixing and Doubly-Cabibbo-Suppressed Decays of the DO in
Hadronic Final States, E. M. Aitala et al., Phys. Rev. D57, 13 (1998).

Branching Fractions for D° — K*K~ and D° - n*n-, and a Search for CP
Violation in D? Decays, E. M. Aitala et al., FERMILAB-Pub-97/345 E, accepted
for publication in Phys. Lett. B.
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Measurement of the Form-Factor Ratios for Dt — K*0e*v,, E. M. Aitala et al.,
FERMILAB-Pub-97/267-E, accepted for publication in Phys. Rev. Lett.

Study of the Decay D° - K-K*n~n+, E. M. Aitala et al., FERMILAB-Pub-97/373-
E, accepted for publication in Phys. Lett. B.

Search for the Pentaquark Via the Pgs — ¢wp Decay, E. M. Aitala et al.,
FERMILAB-Pub-97/118-E, submitted to Phys. Rev. Lett.
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E-799 (Arisaka/ Tschirhart)/ E-832 (Blucher) Rare Decays of K{ and a
Search for Direct CP Violation in Kﬁ —2r

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

Status: E-799 Phase I - Data Analysis
E-799 Phase II - Data-Taking
E-832 - Data-Takg_g

—

KTeV (Kaons at the Tevatron) consists of two experiments: E-799 II (a
rare Ky, decay experiment) and E-832 (search for direct CP violation in Ky, 5 —
2m).

E-799 is an experiment to search for rare Ky, decays, such as K, — n%1*1~
(I = e, y, v), and many other multibody rare decays, to a sensitivity of 10-11,

E-799 Phase I ran from October 1991 until January 1992, with a lead-
glass calorimeter and spectrometer in the Meson Center beamline. The table
below summarizes the published results from E-799 Phase 1.

Decay Mode E-7991 BR results Paper

10— ee (7.6 jg;g +0.5) x10-8 PRL 71, 34 (1993)
Kj — nlee < 4.3x109 PRL 71, 3918 (1993)
Ky— nup < 5.1x10-9 PRL 71, 3914 (1993)
70— pe < 8.6x109 PL B320, 407 (1994)
Ki— eeee (3.96 +0.78 + 0.32)x10-8 PRL 72, 3000 (1994)
Ki— novv < 5.8x105 PRL 72, 3758 (1994)
K — nOr0y < 2.3x104 PR D50, 1874 (1994)
Ky — eeyy (6.5+1.2+0.6)x10-7 PRL 73, 2169 (1994)
A, A polarization PL. B338, 403 (1994)
Kp—-ppy (3.23 +£0.23 + 0.19)x10-7 PRL 74, 3323 (1995)
Ki— eepp (2.9 #57)x109 PRL 76, 4312 (1996)
K1— nlue < 3.2x109 Submitted to PRL

The goal of E-832 is a measurement of the ratio of the CP violation
parameters, €'/e, in the KOKO? system to a precision of 1.0x10-4, to search for
direct CP violation phenomenon at the Fermilab Tevatron. This is a factor of
seven improvement in precision over the previous Fermilab experiment E-731

and the CERN experiment NA31.
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So far the only manifestations of CP violation are a result of a lack of
symmetry in the rate of particle-antiparticle transitions in the AS = +2
processes K¢ «» K9, This experiment addresses the issue as to whether the CP
violation is confined to a AS = 2 interaction (the superweak model) or has a
AS =1 component, as naturally arises in the standard six-quark model
(Cabbibo-Kobayashi-Maskawa). Although there is considerable uncertainty in
the predictions for the size of €'/¢ in the standard model, this measurement
would severely constrain the models and, if non-zero but small (<10-3), would
give an important new "handle" on the phenomenon of CP violation, even with
the discovery of "top" in the Tevatron Collider.

The E-832 experiment makes use of a double-beam technique, essentially
the same as E-731, whereby both Kj, and Kg decays are studied simultaneously:
a totally active regenerator is placed in one of the beams to provide a Kg
component with very small background and the regenerator is alternated from
beam to beam to reduce the effects of any beam and detector asymmetries. The
goal of the experiment is to collect 6x106 K1, — 2n0 events along with 1.0x107 Kg
— 210 "normalizing" events, and at the same time to collect 3x107 Ky, — ntn—
events and 4.5x107 Kg — n*n~ "normalizing" events for the &'/ measurement.

For the effort of E-832 and Phase II of E-799 (rare K decay experiment), a
new KTeV facility was constructed which takes full advantage of the Tevatron
primary protons up to 5x1012 per spill and its superior duty cycle to provide a
factor of three increase in usable Kj, flux in the 100 GeV/c region over E-731.
Special attention has been paid to significantly improving the neutral beam
stability, reducing the neutral beam halo, and reducing the background muon
rate. The spectrometer consists of a 60 meter vacuum decay space,
electromagnetic calorimetry, tracking and magnetic spectrometer, nearly
hermetic photon vetoes, transition radiation detectors, and hadron and muon
detectors.

The neutral final state (2n9) is detected with a new 1.9mx1.9m high
resolution (better than 1%) electromagnetic calorimeter made of an array of
3100 blocks of pure Csl crystals. A newly developed "digital" PMT base
(digitizing the PMT signal with a charge integrator and encoder, a flash ADC
and a data buffer right on the base and running at 53 MHz) is used to read out
the Csl array for better performance of the calorimeter in the higher rate
environment. Better than 1% energy resolution from the CsI calorimeter has
been achieved. Triggering in the neutral mode is effected by counting clusters
in the Csl array by a hardware cluster finder. The ntn— are detected with a
2000 sense-wire high-rate drift chamber spectrometer. A new, large-aperture
KTeV magnet, providing a pr kick up to 450 MeV/c, is used for momentum
measurement of charged particles. Scintillation hodoscope counters and an
improved in-time track processor are used for the charged trigger. The most
serious background, Kj, — 3n0, is significantly reduced by means of a nearly
hermetic system of 12 new photon-veto anti-counters, designed to detect extra
photons outside the solid angle of the Csl calorimeter including the beam
holes. Inelastic regeneration is greatly reduced by the detection of the
production of secondaries in the totally active scintillation regenerator. The
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K3 background is rejected by the muon shielding and anti-counters behind the
Csl calorimeter, and by crude hadron vetoes. A new buffer matrix data
acquisition system with a level-3 parallel processing filter is used for the high
data rate environment.

With the long decay space, the experiment can also measure the Ky -Kg
interference in both the 2n0 and n*tn~ data sample to obtain A¢, the phase
difference between ¢g¢ and ¢+, to a precision of 0.29, a very stringent test of
CPT invariance.

A KTeV Design Report (FN-580) was prepared for the project. A new
KTeV experimental hall has been completed at the NM4 enclosure in the NM
beamline and was operational in 1996. The experiment took data in the 1996-97
fixed-target run.

A 10-month run of data-taking ended in early September 1997. The E-832
data for £'/e were accumulated in the fall of 1996 and spring 1997 between April
and July. Among a large sample of raw data collected (about 50 Terabytes) on
tape, we estimated about 4M events are CP-violated Ki — #n0n0 after
preliminary offline cuts, an order of magnitude improvement over the
previous experiment E-731. This data sample should result in a statistical
uncertainty of around 1.5x10-¢ on £'/e; we hope to reduce the systematic error to
about half of the statistical error, although achieving this goal may require
several years' effort.

E-799 Phase II data were collected from mid-January to late March 1997
and again for about a month in August at the end of the 1997 run with the
KTeV spectrometer and Csl calorimeter. The clean beam and new data
acquisition system allow us to run at higher proton beam intensity and trigger
acceptance. The Csl calorimeter offers a far better energy resolution to reduce
major backgrounds in rare decays. New TRD modules give signficant e/n
separation (~150:1) for background rejection. New photon veto counters have
better coverage to reduce backgrounds caused by escaping photons. With all
these combined, E-799 Phase II is planning to improve the sensitivity for many
rare decays by two orders of magnitude compared to Phase I.

Several preliminary results from E-799 and E-832 data were analyzed
before the run was over, such as a new limit on Ki, — n0vv from a one-day
single beam special run; a light gluino search - the RO production limit (now
published in PRL); the first discovery and branching ratio of K, —» n*n-ete-
decays; the first discovery of Z0 B-decay and measurement of its branching
ratio; a clean signal in = radiative decay. The data sample for those analyses
range from one day to several weeks of data. We have also studied many other
modes, as in Phase I, with at least one day's data during the run.

KTeV is planning to take more data in 1999 for both €'/e and rare K decay
search programs to reach or exceed the current physics goals in the proposal.
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Design and Test Results of a Transition Radiation Detector for a Fermilab
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Development of a Parallel Plate Proportional Counter TRD with Suppressed
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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 ntn— Pairs with
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E-803 (Reay) Muon Neutrino to Tau Neutrino Oscillations

Aichi (Japan), Athens (Greece), UC/Davis, UCLA, Chonnam (Korea),
Fermilab, Gifu (Japan), Gyeongsang (Korea), Hirosaki (Japan), 1IT,
Indiana, ITEP (Russia), Kansas State, Kinki (Japan), Kobe (Japan),
KAIST (Korea), Korea (Korea), Michigan, Nagoya Institute of Tech. (Japan),
Okayama (Japan), Osaka City (Japan), Osaka Commerce (Japan),
Osaka Sci. Ed. Inst. (Japan), Seoul (Korea), Soai (Japan), South Carolina,
Technion (Israel), Toho (Japan), Tufts, Utsunomiya (Japan), Yokohama (Japan)

[ Status: No Data Yet|

Fermilab E-803 (COSMOS) is a short-baseline neutrino oscillation
Vu, Ve = V¢ appearance experiment sensitive to ultra-small mixing angles, for
neutrino mass differences in the cosmologically interesting range. Interest in
oscillations has been stimulated by the apparent deficit of ve coming from the
sun, and of v, coming from atmospheric cosmic-ray interactions. Recent
COBE measurements suggest that a third of the dark matter needed to close
the universe could be hot. According to the see-saw mechanism, v; potentially
is the most massive neutrino, hence a leading candidate for the missing hot
component.

E-803 will achieve a sensitivity 200 times better than the seminal E-531
Fermilab experiment by using a wide-band Main Injector beam of
unprecedented intensity. In the mass-squared range of cosmological interest,
E-803's sensitivity is 60 times better than that of present CERN experiments.
The E-803 apparatus is a third-generation hybrid emulsion-electronic
spectrometer based on experience gained in previous Fermilab experiments E-
531 and E-653. Muon or electron neutrinos oscillating to v; will produce t- from
charged-current interactions. The subsequent 1T decays will leave a permanent
record in an emulsion target with 1-micron spatial resolution. Information
from the electronic spectrometer will be used both to locate events and together
with emulsion measurements to provide pr and other kinematic constraints
on the short-lived 1 decay. Proposed 90% confidence-level (CL) oscillation
limits are given in the accompanying figure.

If 1 candidates are observed, E-803 will be able to use its precise
determination of pr to fit T mass and proper decay times for individual
candidates in a variety of decay channels. The resulting discovery potential for
observing oscillations is approximately five times the 90% CL limits shown in
the figure.

The 107 neutrino interactions from COSMOS will be recorded in a
detector which allows complete reconstruction of final states with high
precision, and with micron vertex resolution in its emulsion target. These
unique capabilities give COSMOS access to other high-quality physics such as
QCD studies of F2 (x, Q2) and xF3 (x, Q2) (complementing studies with NuTeV),
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determination of CKM matrix element V.4 to 3%, a £2% determination of the
charm quark mass m¢, a detailed exploration of charm production dynamics
in neutrino scattering, and clean measurements of inverse muon decay and
quasi-elastic scattering. Much of this Standard Model physics depends on
COSMOS' ability to measure high-statistics charm production by neutrinos
and antineutrinos from threshold up to medium energies, and to scan large
numbers of events automatically.

During the past year, E-803/COSMOS chose the ITEP lead-glass option
for its electromagnetic calorimeter, which must be able to see shower energies
as low as 100 MeV. Existing lead glass and Russian photomultipliers will
allow a superb calorimeter to be built for less than $1 million. The
performance of a portion of this calorimeter will be studied in the NuMI test
beam during summer, 1997. Prototypes of COSMOS jet drift chambers are now
under construction, and will be installed in ongoing experiments E-815 and
E-872; they will contribute to the physics of these experiments as well as
undergo extensive testing under real running conditions.
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E-811 (Orear) Physics at EO for Collider Run Ib

CERN, Cornell, Fermilab

[ Status: Data Analysis|

The goals are two-fold: (1) to get new, accurate values of the rho value
(ratio of real to imaginary part of the forward scattering amplitude) and total
cross section at the full collider energy, and (2) to test out a new detector
scheme designed to do the same thing at a higher energy collider. These new
detectors are designed to measure very small angle elastic scatterings within a
millimeter or two of the beam. They consist of bundles of 100 micron
scintillating fibers lined up parallel to the beam and remotely adjustable in
position. Light generated in a scintillating fiber is led outside the vacuum tank
by glass fiber optics undergoing a 90 degree bend to a series of two image
intensifiers. The image on the final phosphor is registered on a CCD,
digitized, and dumped onto data tape after an appropriate trigger. The voltage
signal on the final phosphor allows it to behave as the anode of a
photomultiplier tube and can be used as part of the trigger. This new detector
has been tested in a 10 GeV pion beam at CERN and found to be 100% efficient
with zero background, both for the CCD image and the fast pulse obtained from
the anode. Such a detector is equivalent to a bundle of 15,000 independently
readable scintillation counters, each with 100% efficiency, with zero noise, no
cracks, and position resolution in both dimensions of about 30 microns. In the
actual data-taking run of January 1996, close to 100% efficiency was obtained
for each detector, and position resolution of ~30 microns was also obtained.

Four such detectors were installed at the same far positions used by
E-710. During the shutdown between Runs Ia and Ib one such detector had
been installed and shown to work in the beam pipe vacuum. In E-710 the
detectors were able to get within 2.2 mm of the beam without running into too
much background. Analysis of simulated data has shown that if these new
detectors can take data down to 2.9 mm of the beam then the rho value can be
obtained to an accuracy of 0.03 and the total cross section to 1.5 mb. This is
based on a sample of 80,000 elastics in the low-t geometry which is what was
obtained in the January 1996 run. Data-taking was with separators off and
highly scraped beam. Data analysis is now in progress. A preliminary value
for the total cross section has been obtained and was reported in an invited
paper at the VIIth International Conference on Elastic and Diffractive
Scattering in Seoul, Korea, June 1997. This paper has also been released as a
Fermilab preprint. We feel that this measurement is of significantly greater
accuracy than E-710 or CDF and we hope to publish it soon. The one graduate
student received his Ph.D. in April 1997 based on a Cornell University thesis
entitled "Measurement of the Proton-Antiproton Total Cross Section at Center
of Mass Energy of 1800 GeV."
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E-815 (Bernstein/ Shaevitz) Precision Measurements of Neutrino Neutral-
and Charged-Current Interactions Using a Sign-Selected Beam

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

[ Status: Data Analysis|

Before the discovery of the top quark, precision measurements of the
weak mixing angle, 0y, at lepton and hadron colliders and in neutrino-
nucleon collisions, provided a prediction of its mass when interpreted in light
of the top mass-dependent radiative corrections. With the discovery of the top
quark, precision tests of Standard Model predictions have assumed an even
greater role as sensitive probes for physics beyond it. The incomplete nature of
the Standard Model inspires further theoretical and experimental effort to
resolve the many unanswered questions, and the departure of a precisely
measured Standard Model parameter from its predicted value would provide a
clear indication of new physics.

E-815 (NuTeV) exploits the full power of the high-energy, high-intensity
Tevatron neutrino beam to significantly improve upon the current precision of
the electroweak parameters. The new Sign-Selected Quadrupole Train (SSQT)
has enabled us to unambiguously distinguish neutrino and anti-neutrino
interactions with at least two significant results:

(1) Previously limiting systematic errors on the determination of
sin20y have been eliminated or dramatically reduced.

(2) The ability to distinguish between neutrino and anti-neutrino
interactions is allowing us to make the first precision
measurement of p, the ratio of neutral- to charged-current coupling
strengths.

Historically, the comparison of different measurements of the weak
mixing angle in collider and fixed-target experiments has proven fruitful
since each type of experiment has different sensitivity to the Standard Model
radiative corrections which depend on the top quark and Higgs boson masses.
Precision electroweak measurements had already predicted the top mass
before its recent discovery, and further increases in precision may uncover
mass effects due to the existence of yet undiscovered particles such as the
Higgs boson or supersymmetric particles. The value of p reflects the structure
of the Higgs sector so a precise determination is a powerful probe of the nature
of electroweak unification.

NuTeV is well into its analysis of the data and expects to meet its goals:
a measurement of sin20y, with an expected total error of +0.0025, and p with an
error of $0.010. These errors translate into an error on Myop of +20 GeV/c2 +17
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GeV/c2 (Mhiggs) and only +£120 MeV/c2 on My, competitive with collider
measurements. Neutrino-nucleon scattering measurements have a unique
dependence on the radiative corrections and are the only measurements which
directly determine both sin26y, and p.

Neutrino-nucleon scattering has always been a rich source of
information on the structure of nucleons and tests of QCD, and NuTeV will
build on that tradition. Experience gained in E-744/E-770 is being used to
reduce the systematic errors on ag and AQcp through the use of an extensive
calibration program with a new test-beam spectrometer. E-744/E-770 has
already provided the best measurement og3(M;) with the limiting error being
the comparison of the energy scales of the calorimeter and toroid. NuTeV has
already reached the limit of E-744/E-770 and is busily pushing to a factor of
three better. In addition, the SSQT will allow increased precision of
measurements of the anti-quark distributions, charm and strange sea, and
Ri=01/op. Our analysis of the dimuon sample which will provide much of this
information is well underway. We are also engaged in a new search for
neutral heavy leptons with a significantly improved sensitivity.

E-815 has completed data-taking and the analysis is proceeding well.
The beam and detector so far show no significant problems and we expect a
preliminary weak mixing angle this year.
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E-823 /740 (Montgomery / Weerts) Study of Events in pp Collisions at
2 TeV in the DO Detector

Acad. Sci. (Czech Rep.), los Andes (Colombia), Arizona, BNL, Boston, Brown,
Buenos Aires (Argentina), UC/Berkeley, UC/Davts, UC/Irvine, UC/Riverside,
CBPF (Brazil), Charles (Czech Rep.), Czech Tech (Czech Rep.), CINVESTAV (Mexico),
Columbia, Delhi (India), Fermilab, Florida State, Hawaii, IHEP/Protvino (Russia),
Illinois/ Chicago, Indiana, INP/Krakow (Poland), Iowa State, ITEP (Russia),
JINR (Russia), Kansas, Korea (Korea), Kyungsung (Korea), LBNL, Louisiana Tech,
Maryland, Michigan, Michigan State, Moscow State (Russia), Nebraska, New York,
Northeastern, Northern Illinois, Northwestern, Notre Dame, Oklahoma, Panjab (India),
PNPI (Russia), Purdue, Rice, Rio de Janeiro (Brazil), Rochester, Saclay (France), Seoul
National (Korea), SUNY/Stony Brook, Tata (India), Texas A&M, Texas/Arlington

Status: E-740 - Data Analysis
E-823 - No Data Yet

The DO detector is a large, hermetic 4 detector for the study of proton-
antiproton collisions with a center-of-mass energy of 1.8 TeV at the Fermilab
Tevatron Collider. The detector stresses identification of leptons, photons, jets
and missing transverse energy for high-pt physics with high acceptance up to
pseudorapidity of [n| < 3 for electrons and muons. After five years in the
construction phase, the detector has been operated since 1992 by a collaboration
now totaling 49 institutions within the U.S. and overseas, with over 450 Ph.D.
physicists and graduate students, to study a variety of particle physics topics
with the top search as perhaps the most visible example.

The detector used in Run I consisted of three major subsystems.
Innermost is a central tracking system containing vertex, forward and central
drift chambers. There was no central magnetic field. The drift chamber
_resolution is ~60 pm (vertex) and 180 um (forward and central). The tracking
system also included a transition radiation detector to aid in electron
identification; it provided a rejection of about 50 against single pions. The
tracking chambers were surrounded by a hermetic liquid argon sampling
calorimeter with uranium and copper/steel absorber. The calorimeter is
contained in three cryostat vessels (a central barrel and two end caps). The
calorimeter is compensating (e/m ~1.05) and finely segmented to identify
electrons, photons, muons and jets. The electromagnetic (EM) calorimeter
covers [n) < 3 and hadronic calorimetry extends to [n| < 4.4; this large acceptance
provides excellent measurement of missing transverse energy. The
segmentation is An X A¢ = 0.1 x 0.1 (0.05 x 0.05 at EM shower maximum); the
energy resolution is ~15%/E for electrons and photons (with a small constant
term), ~50%/NE @ 5% for single hadrons, and about 85%/VE for jets. Outside
the calorimeter cryostats was a muon system comprising three layers of
proportional drift tubes (0.3 mm resolution) with magnetized iron toroids to
provide muon momentum measurement. In the forward regions a small
angle muon spectrometer (200 um resolution) extends coverage up to n| < 3.3.
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The detector as a whole contained 116,000 channels. Data recording was
initiated by a three-level trigger system: the first (Level 0) was a scintillator
interaction trigger, the second (Level 1) a hardware analog trigger capable of
making calorimeter energy sums, missing ET, and coarse muon tracks, and
the third (Level 2) was a software filter implemented on a farm of 48 VAX
Station 4000 computers with full event information available. A
supplementary Level 1.5 trigger refined the Level 1 muon and electron trigger.

Initial running concentrated on commissioning the apparatus and
understanding the effects of the Main Ring beam which passes through the
calorimeter 2m above the Tevatron beam. First collisions were observed on
May 12, 1992 and the data run started after a brief shutdown in August. Over
the whole of Run Ia, DO accumulated 15pb-1 of collider data including special
and calibration data runs. The overall ratio of beam data recorded to beam
available was about 70%, with the main loss coming from the veto imposed to
stop triggering during Main Ring injection and transition and while Main
Ring protons pass through the detector. Data were taken at a rate of about 2 Hz
and reconstructed at the same rate on a multi-processor UNIX farm.

DO is now finished taking data in Run I. The detector was improved for
the higher luminosities compared with Run Ia by the addition of a cosmic ray
shield for the muon system and hardware Level 1.5 trigger for electrons
capable of performing both threshold and simple isolation cuts. The total data
to tape for Run I corresponded to ~120 pb-1.

Current Ia and Ib physics analyses at DO are organized into five groups.
The Top Quark Group was able to set a mass limit of mt > 181 GeV using
Run Ia data. With the larger statistics available from Run Ib, we reported
observation of the top quark in February 1995. This was a major
accomplishment in understanding the Standard Model. During 1997, we
presented a measurement of the top mass of 172.0 + 5.1 + 5.5 GeV by combining
the lepton + jet and dilepton final states.

The QCD Group has presented cross sections for inclusive jets in the
central and forward regions and differential cross sections for dijet
production. The dijet angular distributions have been measured, and photon
cross sections and angular distributions presented. Many new analyses have
extended the study of QCD at the Tevatron Collider into new regimes: the
reported observation of rapidity gaps between forward and backward jets is a
signal for colorless exchange, e.g. pomerons; the decorrelation in azimuthal
angle between forward and backward jets allows tests of resummation in
mixed-scale problems; measurement of energy flow around jets allows the
color coherence of gluon emission to be probed.

: The Electroweak Group focuses on the production and decay of W and Z
“bosons. The mass of the W-boson has been measured and published from
Run I data: mw = 80.43 + 0.11 GeV/c2. Results published from Run Ia data
include the W and Z production cross sections, and pr distributions. The
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production of dibosons (Wy, Zy, WW, WZ) through trilinear couplings, a test of
the Standard Model, has been studied with Run I data. DO is also using vector-
boson-plus-jet events as a QCD laboratory: the strong coupling constant o has
been measured from W+jet events and color coherence effects can be studied
here too.

The B-Physics Group has obtained cross sections for low-pT muons,
inclusive b production and J/y's. The cross-sections for b and J/y production
have been measured in previously unexplored large rapidity regions.
Measurements of the inclusive b cross-section may also provide a new
determination of the strong coupling constant. The b quark fragmentation
function has been measured using muons within jets.

The New Phenomena Group is conducting searches for physics beyond
the Standard Model. Limits on the production cross-sections for leptoquarks,
W', Z' and right-handed W's have been presented. In addition, mass limits
and cross-sections have been set for squarks, gluinos and gauginos as
predicted by supersymmetric models.

The approved DO upgrade for Run II, E-823, must operate at
luminosities near 2x1032c¢cm-2s-1 with bunch spacings as short as 132
nanoseconds. To meet the challenges of such a high-rate environment the
entire central tracking system will be replaced with a silicon microstrip
detector, a scintillating-fiber tracker, a solenoid magnet, and central and
forward preshower detectors. The new trackers will provide enhanced pattern
recognition and triggering opportunities for both lepton and photon final
states. Studies of top quark, electroweak, and b physics will be significantly
enhanced by the new detectors.

The scintillating-fiber tracker, an innovative design based upon visible
light photon counters, has passed a major developmental milestone with
successful operation of a 3000-channel test stand at Fermilab. The single-
channel noise rate, quantum efficiency, and photo-electron production all meet
or exceed design specifications. The construction of the solenoid magnet is
scheduled to be complete in 1997. Improvements in the calorimeter electronics
required to meet the high-rate environment have been prototyped in a 3000-
channel test. The design of similar improvements for the muon electronics is
at an advanced stage. A preliminary design of the upgraded DAQ and
triggering system specifies a Level 1 accept rate of 10 kHz, a Level 2 accept rate
of 1 kHz and a Level 3 output of 5-10 Hz. The new triggering elements will
include the fiber tracking and preshower detectors.

Publications
Hadron and Electron Response in a Uranium Liquid Argon Calorimeter from

10-150 GeV, Nugcl. Instr. and Meth. A269, 492 (1988).

Hadron and Electron Response of Uranium/Liquid Argon Calorimeter
Modules for the DO Detector, Nucl. Instr. and Meth., A280, 36 (1989).
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Beam Tests of the DO Uranium Liquid Argon End Calorimeters, Nucl. Instr.
and Meth. A324, 53 (1993).

The DO Detector, Nucl. Instr. and Meth. A338, 185 (1994).

First Generation Leptoquark Search in Pp Collisions at vS = 1.8 TeV, Phys. Rev.
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E-830/775 (Carithers/ Goshaw) Collider Detector at Fermilab

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

Status: E-775 - Data Analysis
E-830 - No Data Yet

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.

The heart of the CDF central detector is a 5.0-meter-long, 1.5-meter-
radius, 1.4 Tesla superconducting solenoid with tracking systems in the
magnetic field for momentum analysis of charged particles. In the detector
which operated until the spring of 1996, the solenoid was surrounded by
scintillator-based calorimeters in the central region covering the angular
range 300 to 1500 with respect to the Tevatron beams, and two "plug" gas
calorimeters in the ends of the solenoid extending the calorimeter coverage
down to 100. 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. In the forward directions for angles below 100 and
down to 20 are additional electromagnetic and hadronic gas calorimeters. The
muon detector system in the forward direction includes magnetized iron
toroids for momentum measurement. The original detector has
approximately 100,000 channels of electronics read out via a FASTBUS data
acqusition system. A three-level trigger system selects events to be recorded on
magnetic tape.

CDF as 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 cm drift spaces replacing
the old 15 cm drift devices in order to cope with higher luminosity.
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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 Thyte 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 BO 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-! 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. The first-pass event reconstruction for all Run Ia data was
completed by the end of 1993, and data analysis is continuing.

During Collider Run Ib, the detector has continued to function well,
taking data at luminosities up to ~20x1030cm-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-1 had been recorded. Data analysis for this Run Ib data is continuing.

The CDF Collaboration has increased dramatically in size since 1989.
Twenty-four new institutions have joined, bringing the total to 41 representing
seven countries. A total of more than 450 physicists are now members, up
from 187 in 1989.
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A total of 153 papers on CDF results have been published and submitted,

and 155 students have written theses on CDF analyses. The highlights of the
Run 1 physics program include:

1. First evidence of top quark production followed by discovery
(simultaneously with DO0) of the top quark. After the discovery,
measurements of top quark mass, production and decay properties
rapidly followed.

2. World-class measurements of the spectroscopy and lifetimes of b quark
states.

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

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

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

CDF as E-830

E-830 (also known as CDFII) is the upgraded version of CDF for Collider

Run II where the bunch spacing will be as small as 132 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 include:

1.

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

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

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 |n| of 2.

Replacing the CTC with a smaller drift cell version, the COT, which will
reduce the drift time to less than the 132 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.
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New trigger system comprising:

a) all digital trigger;

b) new track processor allowing high resolution tracking decisions
in LL1; and

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

Extended muon coverage out to |1| 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-1 expected for Run II, the anticipated physics program is

truly exciting and features:

1.

5.
6.

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 Bs mixing and B, properties.

W mass measurement to better than 40 MeV.
Jet and photon measurements out to very high Er.

Searches for SUSY, Higgs, and other exotic states.

Run II is expected to begin in early 2000.
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E-831 (Cumalat/Moroni) / E-687 (Butler) 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 (Ttaly), Milano (Italy), North Carolina, INFN/Pavia (Italy),
Pavia (Italy), Puebla (Mexico), Puerto Rico/Mayaguez, South Carolina,
Tennessee, Vanderbilt, Wisconsin, Yeonsei (Korea)

Status: E-687 - Data Analysis
E-831 - 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 1996-97. From the
on-line rapid turn-around reconstruction in FOCUS, we estimate in excess of
108 fully reconstructed charm particles implying more than a factor of 10x the
yield of E-687 with 20-30x the yield in semileptonic decays. Off-line event
reconstruction is now underway using the Fermilab Computer Farm System
and is expected to be completed in one year.

Several improvements were made in the spectrometer upgrade from
E-687. A scintillating tile/fiber calorimeter was fabricated and implemented in
the first level trigger to improve efficiency. Both the first and second level
triggers were speeded up in order to increase the livetime, and silicon strip
detectors were interleaved with the BeO segmented target. New detectors both
reduced the electron and muon misidentification as well as improved the
electron and muon efficiency.

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 |V¢q| and | Veg|, QCD studies of Double D events,
a measurement of the absolute branching fraction for the D0 meson, searches
for DO mixing using hadronic and semileptonic final states, searches for CP
violation, rare and forbidden decays, fully leptonic decays of the D+, and a
systematic investigation of charm baryons and their lifetimes.

The mass plots show the reconstructed charm signals obtained in about
17% of the FOCUS data set processed through the on-line expressline system.
Each of the samples of D+ —» K ntn+, D0 —» K n+, Kntn—n+ and A —» pK™nt
have the same significance of separation cut of I/c > 5.
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Figure 1. Expressline charm meson signals from about 17% of the FOCUS data set. This is
consistent with a projected charm sample of over ten times that of E-687.
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Figure 2. Expressline charm A} signal from about 17% of the FOCUS data set. This
represents a projected charm baryon sample of over ten times that of E-687.
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E-835 / E-760 (Cester / Pordes) Investigation of the Formation of
Charmonium States Using the Antiproton Accumulator Ring

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

Status: E-760 - Data Analysts
E-835 - Data-Taking

Experiment E-835 is a continuation of the studies of charmonium states
formed in Pp collisions performed in E-760. The experiment took ~150 pb-1 of
data during the 1996-97 fixed-target run. The data-taking concentrated on

a) determination of the mass and total width of the n. and of the product of
the branching fractions B(ne — pp) x B¢ — vy);

b) the confirmation of the 1Py signal; and
c) asearch for the 1. and determination of its mass and width.
A preliminary attempt to study the X¢ was also made.

Angular distributions in radiative decays of the X1 and X3 were measured.
The search for the 3Ds and 1Dg charmonium states was not conducted.

Data analysis is in progress.

E-760 Publications

Precision Measurements of Charmonium States Formed in pp Annihilation, T.
A. Armstrong et al., Phys. Rev. Lett. 68, 1468 (1992).

Study of the X1 and X2 Charmonium States Formed inpp Annihilations, T. A.
Armstrong et al., Nucl. Phys. B373, 35 (1992).

Observation of the 1P; State of Charmonium, T. A. Armstrong et al., Phys. Rev.
Lett. 69, 2337 (1992).

Measurement of the JAy and y' Resonance Parameters in pp Annihilation, T. A.
Armstrong et al., Phys. Rev. D47, 772 (1993).

The Proton Electromagnetic Form Factors in the Time-Like Region from 8.9 to
13.0 GeV2, T. A. Armstrong et al., Phys. Rev. Lett. 70, 1212 (1993).

Measurement of the yy Partial Width of the X9 Charmonium Resonance, T. A.
Armstrong et al., Phys. Rev. Lett. 70, 2988 (1993).

Study of the Angular Distribution of the Reactionpp — X2 — JAyy — ete—y, T. A.
Armstrong et al., Phys. Rev. D48, 3037 (1993).
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Evidence for n-n Resonances in Antiproton-Proton Annihilations at 2950 < Vs <
3620 MeV, T. A. Armstrong et al., Phys. Lett. B307, 394 (1993).

Production of the f2 (1520) Resonance in Antiproton-Proton Annihilations at
vs=2980 and 3526 MeV, T. A. Armstrong et al., Phys. Lett. B307, 399 (1993).

Study of the 1. (11Sg) State of Charmonium Formed inpp Annihilations and a
Search for the 1. (21Sg), T. A. Armstrong et al., Phys. Rev. D52, 4839 (1995).

Precision Measurements of Antiproton-Proton Forward Elastic Scattering
Parameters in the 3.7 to 6.2 GeV/c Region, T. A. Armstrong et el., Phys. Lett.
B385, 479 (1996).

Observation of the Radiative Decay J/yv — ete™y, T. A. Armstrong et al., Phys.
Rev. D54, 7067 (1996).

Measurement of Branching Ratios y' — ete~, y' - J/ynr, and y' — J/yn, T. A.
Armstrong et al., Phys. Rev. D55, 1153 (1997).

Two-Body Neutral Final States Produced in Antiproton-Proton Annihilations at
2911 2 Vs < 3.686 GeV, T. A. Armstrong et al., Phys. Rev. D56, 2509 (1997).
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several techniques. Beam was extracted in a few turns (kick }nodg) and with
natural, noise-driven, and luminosity-driven diffusion (dlffuglon mode).
Multiple crystal pass effects were observed and .found to be significant. The
technique has proved to be robust and crystal alignment was reproducible. It
should be emphasized that significant beam intensities were extracted. On the
order of 0.1 MHz can be extracted without violating CDF or DO loss }1m1ts.
Several interesting accelerator phenomena have been illuminated in the
course of these studies. Two simulation models are in use to model
channeling and accelerator effects.

We are now in the process of analyzing these studies to refine the
efficiency measurements, investigate luminosity-driven diffusion, and follow
some of the interesting accelerator phenomena. We believe the current system
could be used as an active scraper in the Tevatron to diminish distributed
radioactivity, and as a bunch eliminator when coupled with the E17 kicker.

The technique could also be used to extract a parasitic 0.1 MHz beam to the
900 GeV areas during Collider operation.

Publications

G. Jéckson, Proc. 1993 Part. Acc. Conf.

R. Carrigan et al., Proc. Workshop on B Physics at Hadron Colliders,
Snowmass, p. 645 (1993).

R. Carrigan et al., Nucl. Instr. and Meth. B90, 128 (1994).
G. Jackson et al., Proc. 1995 Part. Acc. Conf.

V. Biryukov, Simulation of an Experiment on Crystal Extraction of 900 GeV
Protons, Phys. Rev. E52, 6818 (1995).

T. Murphy et al., First Results from Bent Crystal Extraction at the Fermilab

Tevatron, Proc. Relativistic Channeling Workshop, Aarhus (1995), Nucl.
Instr. and Meth. B119, 231 (1996).

S. A. Bogacz, et al., Simulation Results of Bent Crystal Extraction in the
Tevatron, Nucl. Instr. and Meth. B119, 244 (1996).

See also CERN Courier, Jan/Feb 96; AIP Weekly Physics News, March 6, 1996.
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E-862 (Christian) Search for Antihydrogen in the Reaction pp — Hpe~

UC/Irvine, Fermilab

| Status: Data Analysis|

The goal of this experiment was the detection of a sample of
antihydrogen atoms — the bound state (pe*). This is the first element ever
constructed entirely out of antimatter. A source of antihydrogen atoms is
needed to compare antihydrogen with hydrogen spectroscopy, to search for
interactions that violate CPT.

E-862 was run parasitically on experiment E-835 in the Antiproton
Accumulator. Atoms of antihydrogen were formed in the reaction pp—Hep
when a positron, created as a member of an ete~ pair by a beam P in the
Coloumb field of a target p, was captured by the beam $. This process involves
momentum transfer of order mec, so the H atoms were produced with = 99.95%
of the beam momentum, and did not separate from the p beam until the beam
was deflected 87 mrad by the storage ring dipole magnet 18 meters
downstream of the gas jet target. The vacuum pipe through this magnet was
modified to allow the neutral H to exit the storage ring. Six meters
downstream, the atom was ionized in a thin carbon foil that was mounted on a
wheel so that it could be removed from the beamline by remote control. The
component et and P each retained the velocity of the atom (although the e+
direction was changed somewhat by multiple scattering in the foil); the
momentum was shared in the ratio of the masses (0.511/938). The e* and p
were detected in separate spectrometers. The positron was deflected through
an angle of 40° by a small sector dipole, and stopped in a 2.54 cm thick
scintillation counter (CE) that was exposed to the Accumulator machine
vacuum. Two solenoid magnets provided a point-to-point focus between the
ionization foil and counter CE. The counter was surrounded by a cylindrical
Nal(T1) counter composed of two half-cylindrical crystals, each of which was
instrumented with three photomultiplier tubes. The purpose of the NaI(T1)
counter was to detect the 511 keV y rays produced when the positron
annihilated with an electron in the CE counter.

The p momentum was measured in a 24.4 m long spectrometer. The
two dipole magnets in this spectrometer were energized in series with the
Accumulator dipole magnets, so that a beam-momentum particle was
deflected by 235 milliradians, independent of the value of the beam
momentum. Position measurements were provided by three proportional wire
chambers with 1 mm wire spacing. This spectrometer provided a
measurement of track momentum relative to the nominal beam momentum,
and covered the range 0.95<p/pbeam<1.05. Two scintillation counters, a
1.6 mm thick counter (C1) located just downstream of PWC#1, and a 3.2 mm
thick counter (C2) located two meters downstream of PWC#3, completed the p
spectrometer. C1 and C2 were each instrumented with two photomultiplier
tubes. Pulse height and leading edge timing information was recorded for
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each tube, and a coincidence signal of the two tubes on each counter was
formed for use in triggers.

During 1996, the E-862 apparatus was installed and the experiment
started data-taking. The first antihydrogen event was recorded on
November 10, and by the end of the year E-862 had collected more than a dozen
clean antihydrogen events with no background. Antihydrogen could be
separated from all backgrounds simply by requiring that events contain a
three-way coincidence of CE, C1, and C2, and that either PWC#2 or PWC#3
register at least one wire hit. All events thus selected were found to contain a
beam momentum antiproton track and data consistent with a positron of the
expected momentum.

Data-taking continued until September 18, 1997. During 1997 the
collaboration concentrated on

1. demonstrating that the signal could ornly be due to antihydrogen by
showing that depended on the presence of the thin ionization foil; and

2. determining the geometrical acceptance of the apparatus, by
increasing all limiting apertures.

In data collected with the ionization foil out of the beamline, no three-
way coincidence of CE, C1, and C2 was recorded. However, in this
configuration, a new antihydrogen signature was discovered. Since, in these
events, the ionization occurred downstream of the small e* dipole magnet, the
et was not directed to the CE counter, but rather passed through PWC#1 along
with the p. Multiple scattering of the et in the titanium window caused the e+
to separate from the P, resulting in two hits registered by the PWC. The upper
histogram in Figure 1 shows the momentum spectrum of all tracks found in
the foil-in data sample. Entries corresponding to events with a three-way
coincidence of C1, C2, and CE are shaded. The lower histogram shows the
corresponding momentum spectrum from data collected with the ionization
foil out of the beamline. Entries from events containing a spectator hit in
PWC#1 are shaded.

The analysis of E-862 was completed in November 1997, and a paper
submitted to Physical Review Letters. The results are summarized in Table 1.
The relatively small systematic error in these results was made possible by the
high quality luminosity measurement provided by E-835 and by the fact that the
acceptance and efficiency of the E-862 apparatus were both high.

The H production cross section measured by E-862 is close to a factor of
four smaller than the cross section that had been computed before the
experiment ran. However, a recent calculation by Bertulani and Baur gives a
cross section of 0.91pb at ppeam = 5700 MeV/c, which is consistent with our
measurement.
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Table 1. H production cross section, for three data sets taken with
5203 MeV/c < ppeam < 6232 MeV/e, and for the combined data set.

437 777 Foil Full
pgm/c upugm/c Out Data
m2 Foil m?2 Foil Set

Luminosity (pb-1) 34.8 29.6 10.4 74.8
Acceptance x Efficiency 0.67 0.92 0.80 0.79
Sensitivity (pb-1) 23.3 27.2 8.3 58.8
Number of Events 24 33 9 66

Background 0 0 0.16 0.16
Cross Section (pb) 1.03 1.22 1.07 1.12
Statistical Error (pb) 0.21 0.21 0.36 0.14
Systematic Error (pb) 0.08 0.09 0.14 0.09

Publications

Observation of Atomic Antihydrogen, FERMILAB-Pub-97/398-E, submitted to
Phys. Rev. Lett.

Measuring the Antihydrogen Lamb Shift with a Relativistic Antihydrogen
Beam, FERMILAB-Pub-97/426-E, submitted to Phys. Rev. D.

Thesis

G. Blanford, University of California/Irvine, 1997.
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The upper histogram shows the momentum spectrum of all tracks found in the foil-
in data sample. Entries corresponding to events with a three-way coincidence of
C1, C2, and CE are shaded. The lower histogram shows the corresponding
momentum spectrum from data collected with the ionization foil out of the
beamline. Entries from events containing a spectator hit in PWC#1 are shaded.
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E-866 (Leitch) Measurement of d(x) / u(x) in the Proton

Abilene Christian, ANL, Fermilab, Georgia State, IIT, LANL,
Louisiana, New Mexico State, New Mexico, ORNL, Texas A&M, Valparaiso

| Status: Data Analzsis I

E-866 has greatly improved the experimental knowledge of d(x)/u(x) via a
precision measurement of the ratio of Drell-Yan yields from protons incident
on hydrogen and deuterium targets. In addition, an extension to the original
proposal includes measurements of the J/y nuclear dependence over a very
broad range in xf and pr as well as angular distributions at extreme values of

XF.

The experiment completed data-taking in August 1997 with a large
amount of data both on d(x)/u(x) and on nuclear-dependence and angular
distributions of vector-meson production. Analysis of this data is well
underway, with preliminary results having been presented at a number of
conferences, and the first Phys. Rev. Lett. covering the d(x)/t(x) physics
submitted.

Over 140,000 Drell-Yan muon pairs with dimuon mass Mp+,- >
4.5 GeV/c2 were recorded From these data, the ratio of anti-down (d) to anti-
up (1) quark distributions in the proton sea is determined over a wide range in
Bjorken-x. A strong x dependence is observed in the ratio d/, showing
substantial enhancement of d with respect to 1 for x < 0.2. This result is in fair
agreement with recent parton distribution parameterizations of the sea. For
x > 0.2, the observed d/u ratio is much nearer unity than given by the
parameterizations.

Preliminary results for the nuclear dependence of vector-meson
production are also beginning to come out of our analysis, These show
dramatic variations in the suppression of vector-mesons versus xy and pr.
These are very interesting in terms of understanding the underlying
mechanisms and also towards being able to interpret future data from heavy-
ion collisions at RHIC.

Six graduate students are working towards Ph.D.'s on various physics
topics using data from E-866. The first of these hopes to finish in early 1998.
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E-868 (Geer) Search for Antiproton Decay at the Fermilab
Antiproton Accumulator

UCLA, Fermilab, Michigan, Nebraska, Penn State

| Status: Data Analysis|

E-868 (APEX) is an experiment designed to search for antiproton decay
at the Fermilab Antiproton Accumulator operating at 8.9 GeV. The CPT
theorem requires that the antiproton lifetime 13 equals the proton lifetime
which we know exceeds 1032 years. In practice we can only hope to observe
antiproton decay if 1p << 1032 years. APEX is therefore a test of the CPT
theorem and of the intrinsic stability of antimatter.

Our present experimental knowledge of the stability of the antiproton is
modest. Prior to the recent T-861 test experiment, which was designed to
prepare the way for APEX, the best limit on 75 came from observing ~1000
antiprotons in an ion trap for two months, which yielded 15 > 3 months. The
T-861 experiment at the Fermilab Antiproton Accumulator searched for
explicit two-body decay modes of the antiproton containing an electron in the
final state (angular momentum conservation requires that there is a final
state fermion; electron, muon, or neutrino). T-861 obtained limits on several
antiproton decay modes, the most stringent being 15/ BR(p — e™y) > 1848 years
at the 95% confidence level. [S. Geer et al., PRL 72, 1596 (1994)].

The APEX experiment was designed to achieve a sensitivity 15/ BR =
0(105-106) years for several decay modes. The experiment was installed in the
AP50 region of the Antiproton Accumulator, and took data in the period April-
July 1995, during times when there were O(1012) antiprotons stored and
stacking was not taking place. The experiment consisted of a 3.5-meter-long
decay tank, downstream of which were (i) three horizontal and three vertical
scintillating-fiber tracking planes to allow reconstruction of charged tracks;
(ii) dE/dx counters to distinguish between single electrons and conversion
pairs, and to provide a trigger; (iii) a lead-scintillator preradiator to assist
electron identification; (iv) a lead-scintillator electromagnetic calorimeter to
locate electrons and photons and measure their energies; (v) a lead-scintillator
tail catcher behind the calorimeter to aid electron and photon identification;
and (vi) a limited-acceptance muon telescope to explore the possibility of
searching for decay modes with a muon in the final state. The detector is
described in T. Armstrong et al., FERMILAB-Pub-97/379-E (submitted to Nucl.
Instr. Meth.).

The experiment recorded a data sample which corresponds to a single-
event sensitivity of 83 x 109 x ¢ years, where ¢ is the fraction of antiprotons
decaying uniformly around the ring that would trigger the experiment. We
expect € to be 0(10-3-10-4). Preliminary results from searches for p — e~y and
P — e nY have yielded lower limits for ©/B in the range 105-106 years, and
results from searches for p — e™, e~ §°, e—Kg, e, uy, 1o, un, u-K(S’, u*K%
have yielded limits in the range 103-10° years.
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E-871 (Dukes/Luk) Search for CP Violation in the Decays of
=~/ =+ and A/ A Hyperons

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

[ Status: Data-Takin&l

In the thirty years since the discovery of CP violation our understanding
of the phenomenon has improved little despite a long series of beautiful
experiments. It still remains a small peculiarity found only in the decays of
the K1, Whether CP violation is a property unique to the kaon system and
whether direct CP violation exists — as predicted by the Standard Model —
remain outstanding experimental questions. .

Both of these important issues are addressed by E-871 which seeks to
perform a high-sensitivity search for CP violation in the decay of = and A
hyperons. The signature for a CP asymmetry is a difference between the
angular distributions (o parameter) of the =~ and £+ decay daughters or in the
decay daughters of the A and A. The two measurements are done
simultaneously through the decay sequence: =- — An—, A - pn~ and its CP
conjugate. The goal of the experiment is a sensitivity in the difference of the o
parameters of less than 10-4, three orders of magnitude better than the current
experimental limit. Standard Model predictions range from about 5x10-4 to
a|1b0u|t an order of magnitude lower. The CP violation is manifestly direct, or

AS [=1.

The design of the E-871 spectrometer is based on twenty years of
experience in doing hyperon physics at Fermilab. The apparatus is simple
and has a much higher rate capability than previous hyperon experiments. A
target followed by a curved collimator embedded in a dipole (hyperon) magnet
produces a momentum and charge-selected secondary beam. Following an
evacuated decay region is a wire chamber spectrometer composed of high-rate
narrow pitch (1.0 mm - 2.0 mm) wire chambers separated by a dipole
spectrometer magnet. There is a total of 19,000 wires. The magnetic fields of
the hyperon and spectrometer magnets are periodically reversed to switch
between = and =+ data-taking modes. A simple first-level trigger requiring a
left-right charged particle coincidence at the rear of the spectrometer selects
events of interest. A hadronic calorimeter on the proton side makes that part
of the trigger muon-blind and suppresses events due to secondary interactions.
Fast front-end latches and a small event size allow an event rate of up to
100,000 per spill second with minimal dead time. A parallel data acquisition
system based on the successful E-791 model builds the events and writes them
to tape. We have logged approximately 75 billion triggers. A muon detector at
the rear of the spectrometer allows the search for rare and forbidden decays of
charged hyperons and kaons.
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We had a successful first run in the 1996-97 fixed-target period.
Construction of the new hyperon beam and the high-performance
spectrometer was completed by the end of November 1996. After four months of
beamline and spectrometer commissioning, the run officially began for E-871
on April 4, 1997. Data-taking ended on September 5. The spectrometer worked
as proposed.

Approximately 75 billion events on 11,266 data tapes were collected
during the run. About twice as much time was spent running on positives as
on negatlves because of the smaller =+ yields. We expect to reconstruct
1.6 billion & — Az decays and 280 million K* — 3n decays, as well as a large
number of Q — AK decays. This sample of 2.84x108 =+ and 1.31x10° =~ events
would yield a statistical sensitivity of ~2x10-4 in the search for CP violation in
the =-A decays.

Since the end of the run we have concentrated our efforts on: 1) careful
studies of the track reconstruction codes; 2) improving the event yield; 3)
bringing up the farm code; and 4) making preliminary physics studies.

A normalized comparlson of the An— and An* masses, based on some
2 million reconstructed Z- and 0.5 million Z+ events, processed by the farms, is
shown in Figure 1. The excellent mass resolution of o = 1.5 MeV/c2 is already
at the level expected from the Monte Carlo. The level of the background is
considerably less than 10-3.
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Figure 1. An invariant mass for negative and positive Z-trigger events. The mass
resolution is 1.5 MeV/c2.
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E-872 (Paolone) Measurement of T Production from the Process vi + N —1

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: Data-Taking|

The direct observation of the tau neutrino through its charged-current
interaction, in the manner of the ve and v, discoveries, waits to be made. Since
1975 the desire to detect the v; has been strong, but the proposed experiments
were technically challenging, required large resources and relied on poorly
known charm production cross-sections. In retrospect, using what we know
now, it is clear that these efforts were not optimized to see v; interactions.
Today, the v; production uncertainties are small, and using ultra-high
resolution emulsions coupled with the technology of 1994 we can be confident
in E-872 of measuring such an experimentally demanding process. There is
compelling experimental evidence that a third neutrino exists, but since the v;
is the focus of many theoretical and experimental studies its direct
confirmation is due.

Experimental observation of v; charged-current interactions requires
high proton intensities at high energy and extremely good detector resolution.
An 800 GeV primary proton beam from the Fermilab Tevatron in conjunction
with a high-resolution active target meets these requirements. In E-872 we
will produce tau neutrinos in a beam dump and directly measure v; charged-
current interactions by observing 1 production and subsequent decay in an
emulsion target. This is the same technique currently being used to search for
the vy — vz oscillations in the CERN CHORUS experiment and is also proposed
for the Fermilab Main Injector experiment, COSMOS. Since E-872 will see the
signal the oscillation experiments hope to observe, we view E-872 as an
important step in addressing the exciting question of neutrino mass and
mixing.

Tau neutrinos are produced predominantly from the leptonic decay of
the Dgs meson in the decay sequence Dg — T+ v, T — v¢. In this experiment Dg
mesons will be produced by 800 GeV protons interacting in a tungsten beam
dump. Both the Dg and the daughter 1 will decay in the dump, each decay
producing one v;. The number of v; per incident proton which will be
produced in the beam dump through this process is 1.7x10-4. The number of v,
charged-current interactions that will occur per centimeter of target material
i1s determined by the v; energy and interaction cross section. Because of the
energy dependence of the v; cross section, the neutrinos from each of the
decays (Ds — T + v¢, and T — v;) have very different interaction probabilities.
Their energy spectra are determined by the x¢ dependence of the Dg production
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cross section. An effective interaction cross section of 0.42x10-37 cm?2 can be
used to estimate the interaction yield. Within a solid angle acceptance of
+7.1mr this gives 5.0x10-18 v; charged-current interactions per centimeter of
emulsion (p = 3.72 g/cm3) per proton. Taking into account all other sources of
ve, such as secondary production from charm, D* decays, B-meson decays
increases this number by 14% to 5.7x10-18 v, charged-current interactions per
centimeter of emulsion per proton. For the run which ended in September, we
used seven emulsion modules that correspond to an average installed target
mass of 260 kg. We accumulated about 5x1017 protons in the dump and expect
about 100 v; interactions in our targets. Details of the yields from the 1997 run
are given in the proposal for continuing E-872 in the 1999 fixed-target run.






E-875
MINOS (Main Injector Neutrino Oscillation Search)

Far Detector

Fermilab

38,700 m * Active Detector Planes

4 cm wide solid scintillator strips
WLS fiber readout

(3 sections 14.4 m long)

y Magnetized Fe Plates
730 Layers x 2.54 cm Fe
8.1 kT Total Mass

Magnet coil —___
<B>=1.5T

LT



173

E-875 (Wojcicki) Main Injector Neutrino Oscillation Search

ANL, Caltech, Columbia, Fermilab, IHEP/Beijing (PRC), IHEP/ Protvino (Russia),
Indiana, ITEP (Russia), JINR (Russia), Lebedev (Russia), LLNL, Minnesota, ORNL,
Oxford (Great Britain), PNPI (Russia), Rutherford (Great Britain), Stanford,
Sussex (Great Britain), Texas A&M, Texas/Austin, Tufts,

Univ. Coll. London (Great Britain), Western Washington

[ 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 10-2 or lower in both Am2 (eV2) and sinZ(20), using neutrinos
produced by the Fermilab Main Injector beam and a large new detector located
at the Soudan Mine in Minnesota, some 730 km away. The existing Soudan 2
detector at the same site will 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 would
be required for a claim of observation of neutrino oscillations.

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 possible
existence of this phenomenon has recently received some experimental
support, both from the observations of a deficit of solar neutrinos and from the
apparent v,/ve anomaly in the interactions of atmospheric neutrinos observed
by large underground experiments. Furthermore, many of the attractive
theoretical models predict a mass hierarchy i.e., mye << myy << my;. Thus a
search for oscillations into the tau mode, especially from an initial v, beam,
may be one of the most promising experimental approaches.

This experiment emphasizes the investigation of neutrino interactions
with energies sufficiently above the tau production threshold so that the
presence of v, — v¢ oscillations, if they occur, can be convincingly
demonstrated. One of the signals for v, — v oscillations in our experiment
relies on a measurement of vy charged-current events and the subsequent tau
decay. In addition, we shall perform several independent measurements
which will be sensitive to both vy, — v; and vy, — v, oscillations. Most of our
tests will rely on near-detector/far-detector comparisons in order to minimize
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uncertainties due to imperfect knowledge of the neutrino beam energy
spectrum and the detector responses.

One of the design goals of our experiment is to provide the maximum
possible flexibility to respond to future improvements in our knowledge of
neutrino oscillations. For example, in collaboration with Fermilab, we are
designing a neutrino beamline that is capable of operating in several modes.
The two extremes would be a wide-band beam which maximizes neutrino flux
at the far detector and a narrow-band beam, which has lower flux, but is
concentrated near one energy. In response to recent results from the
SuperKamiokande experiment, the collaboration has recently begun a design
study of a beam optimized for low-energy neutrinos, in order to extend MINOS
sensitivity to lower Am2 values. Such flexibility would allow us to respend in
an appropriate way to whatever may be the physics situation at the time of the
startup of the experiment.

The MINOS experiment uses two very similar detectors, one at Fermilab
and one in Minnesota's Soudan mine, 730 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 1.8 kT near detector at Fermilab
has 6 m wide octagonal planes; the 8 kT far detector at Soudan has 8 m wide
planes arranged in three supermodules. The steel planes in both detectors are
magnetized toroidally with an average field of 1.5 T. We estimate that, in the
absence of oscillations, the far detector would record about 30,000 charged
current v, interactions annually using a wide-band beam. In addition, the
existing 1 kT Soudan 2 detector will allow a complementary study of neutrino
interactions, with much finer granularity but lower statistics.

The currently existing laboratory in the Soudan Mine will be expanded
to house the new detector, as shown in Figure 1. Excavation of the new
underground laboratory is scheduled to begin in October 1998. Civil
construction for the NuMI facility at Fermilab, including the MINOS near
detector hall, is also expected to begin around the same time. The current
schedule calls for data-taking to begin with the near detector and the first third
of the far detector when the NuMI neutrino beam turns on in the year 2002.
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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 (Italy), Pennsylvania,
Pisa (Italy), Pittsburgh, Purdue, Rochester, Rockefeller, Rutgers, Texas A&M,
Texas Tech, Tsukuba (Japan), Tufts, Waseda (Japan), Wisconsin, Yale

| Status: Data Analysis|

The purpose of this experiment is to search for and study events in
which an antiproton is diffractively scattered, i.e. by pomeron exchange, and a
hard interaction takes place at the pomeron-proton vertex. Such interactions
would be characterized by the production of high ET jets, W or Z, or heavy
flavors (b or ¢). Measurements of these jets or heavy particles in the CDF
detector, together with existing knowledge of the structure of the proton, give
information about the parton structure of the pomeron, if that concept is
meaningful. From an extensive set of measurements one can derive
separately the gluon and quark distribution functions for different values of t,
the (negative) squared mass of the pomeron. This is complementary to studies
with photon-pomeron collisions at HERA (ep); inconsistencies are expected by
some theorists who point out that the pomeron is not like a normal (time-like)
hadron. Whatever it is, it plays a major role in hadronic interactions and
these experiments should shed some light on its nature.

Diffractively scattered antiprotons have very small angles with respect to
the outgoing beam and stay in the beam pipe. Those that have lost a small
fraction (say 5%) of their energy in exciting the proton to a few hundred GeV
(the pomeron-proton C.M. energy) are dispersed horizontally by the Tevatron
dipoles. Small detectors are placed close to the beams, 57 m from the collision
point, to measure these antiprotons. The detectors are hodoscopes of
scintillating fibers, in x and y orientations, backed up by a square 2 em x 2 cm
trigger counter. There are three such detectors separated by 1 m mounted in
vacuum pots ("Roman Pots") which enable the detectors to move in to within
about 7 mm of the circulating beam while they remain at atmospheric
pressure and accessible. The scintillating fibers are read by multichannel (80
channels) PMTs, and the hodoscopes have a resolution of about 100 microns.
Together with the interaction point (vertex) from the CDF detector this gives a
momentum resolution of approximately 0.2%. The t-coverage depends on the
diffractive mass; it extends from t = 0 to t = -2 GeV2 at M = 360 GeV when V5 =
1800 GeV.

The diffractive events should also have a rapidity gap close to the
antiproton, i.e. an angular region devoid of particles. Many diffractive studies
use this gap alone as a signature for diffraction. We added two small
calorimeters, called "microplugs," around the beam pipe in CDF to be able to
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correlate the gap information with the scattered antiproton. The microplugs
are octagonal cylinders, with 8 lead/scintillator cells. The full CDF detector is
used to measure central jets, heavy flavors, Drell Yan and W/Z produced
diffractively and also to search for new phenomena.

Data were taken in December 1995 - February 1996, and high E jets and
some W events have been observed. These are now being analyzed in detail.
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E-881

Vatar Cerenkov Courter

Pierre Auger Project
Surface Detector Station

Conceptual design for the Water Cerenkov detector for use in the surface array.
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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 Data Yet|

Over the past thirty years cosmic ray air shower detectors have recorded
a number of events with energies greater than 1020 e¢V. 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 eV. 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 ¢V is less than about 30 Mpc. 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 1nstallat1on will consist of an array of
about 1600 particle detectors spread over 3000 km?. Each installation will also
have three atmospheric fluorescence detectors viewing the volume above the
surface array. These two air shower detector techniques working together
form a powerful instrument for the proposed research. The objectives of the
Pierre Auger Project are to measure the arrival d1rect1on energy, and mass
composition of 90 events per year above an energy of 1020 ev and 9000 events per
year above 1012 eV. A collaboration has been formed and preferred sites
chosen. The goal is to have the Pierre Auger Cosmic Ray Observatory in
operation by 2002. At present, funds are being sought for the project.

Fermilab could play an important role in the Auger Project. In addition
to scientific participation, Fermilab could bring to bear its substantial
experience with projects of this scope. An R&D program is currently
underway with other collaborators to develop the water Cerenkov surface
detector station design including tank design, phototube specification and
phototube base development. The project management for the Auger Project
will be based at Fermilab.
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E-885 (Kron) Sloan Digital Sky Survey

Fermilab
(and Chicago, Inst. for Adv. Study, Japan Promotion Group [Japan],
Johns Hopkins, Princeton, US Naval Observatory, Washington)

| Status: No Data Yet|

The Sloan Digital Sky Survey (SDSS) intends to revea