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INTRODUCTION

The 1997 Fermilab Research Program Workbook carries on a tradition
which started in 1975 in the early days of the Laboratory's experimental
research program. Whilst its original purpose of providing information for
the Physics Advisory Committee's annual meeting is now less important, it
has become of value as a yearly picture of the status of Fermilab's
experimental program; this includes not only the running experiments, but
also those in the data analysis stage.

This year, we have broadened the definition of experiments to be
included in the approved experiment summaries (Section VIII) and listing
(Section IX). For some time now, Fermilab physicists have been involved in
significant experimental physics research activities which are not particle
physics experiments using the Fermilab accelerators; these include such
activities as collaboration on astrophysics experiments, and on the CMS
experiment at the CERN LHC. These are now included for the first time in the
sections noted above.

As always, many people have contributed to the Workbook; special
thanks go to Jud Parker (database upkeep), Angela Gonzales (artwork) and
Taiji Yamanouchi (advice). As in past years, Jackie Coleman put it all
together.
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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 j 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
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Proposals Withdrawn/Inactive Proposals that were not considered at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, 894 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 july July July July July July July July jJuly jJul Jul Jul Feb
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

APPROVED PROPOSALS
Completedand DataAnalysis | 0 0 O 16 57 97 152 190 234 248 264 278 295 297 300 310 324 326 339 341 348 355 383 389 389 389 396 396
Remaining and Inactive 21 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
Subtotals 21 53 70 91 146 218 252 272 291 300 305 319 324 330 343 358 363 368 373 384 386 389 403 413 417 419 421 430

PENDING PROPOSALS
Unconsidered 23 18 19 10 ©O0 2 6 12 6 6 13 27 16 25 11 8 8 13 13 11 2t 50 36 17 6 8 9 11
Deferred 20 35 39 43 54 45 25 24 11 2 10 7 9 1t 0 1 o 0 o0 o0 0 2 3 1 1 0 0
"Not Approved” 0 0o 0 o6 0 0 0 0 0 O0 ©0 6 1+ 1+ 1 1 1t 1 1 1+ 1+ 1 1 1 1 1 1 1
Subtotals 52 51 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

OBSOLETE PROPOSALS
Rejected 8 15 20 42 65 B85 135 166 185 189 191 210 221 229 231 234 236 237 239 241 242 243 245 247 251 250 250 250
Withdrawn/Inactive 1 33 35 47 61 71 80 93 114 127 131 139 147 149 159 163 166 168 169 168 169 170 173 191 196 198 201 202
Subtotals 9 48 55 89 126 156 215 259 208 316 322 349 368 378 390 397 402 405 408 409 411 413 418 438 447 448 451 452

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
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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. In the currently underway 1996-97 run, Tevatron peak intensities of
2.7x1013 protons per pulse have so far been achieved.
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Figure 2. Tevatron Collider operation during the 1992-1993 and 1994-96 running periods -
luminosity per week and integrated luminosity.
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Figure 3. Tevatron Collider operation during the 1992-1993 and 1994-96 running periods -
antiproton stacking per week and integrated stacking.



Comparison of Peak Luminosities
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Tevatron Collider operation during the 1992-1993 and 1994-96 running periods - daily
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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 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 +A p/p Production Solid Particles Flux per 1012 at Comments
Range (%) Angle (mr) Angle protons on (GeV/c)
(GeV/c) (pusr) target
PW 800 P 800 Up to 1 x 10'3 primary protons
1x100 V.V Neutrino Beam
e' ' u
1.5 x 108 v,
PB 500 (peak) 12 4 e +et = 3x 108 250 Wide band charged and neutral beam

also capable of K,‘_’, p,and 1.

PE 500 (peak) 2.1 Kt p ~ 1.5x 109 250 Maximum momentum for positives
0.5 n K", F = 4x 107 500
PC 1000 16 0-3.5 . Ko.X 3x 107 600 Primary protons, neutral and
N 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.
T 1x109 " (Average polarization expected
= 30%).
MC 150 (mean) 75-200 Qg + 3.0 4.88 T s 43x 109 150 Positive and negative secondary
GeV PEE Rt beams will use different targets.
7‘+ ’ P’ 2+ '§+ ’
5*’
MB 20-200 5.0 2.5 n,K 3x 106 75-100  Requires MC beam dump.

et 2x 102 100

AN




Beam Momentum 1A p/p Production Solid Particles Flux per 1012 at Comments
Range (%) Angle (mr) Angle protons on (GeV/c)
(GeVic) (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 2x 108 Beam transport to new multiparticle
spectrometer; assumes 800 GeV on
target
P 1.3 x 108 500
t 2x 107 500
K* 4 x 106 500
e 2.7 x 107 500
K- 8x 10° 500
P 8 x 104 500
NW 2-150 1.6 0 5 - Currently a test beam, intensity
: limited.
" =108 =150
e =103 =100
NC 250 10 0 5 v/v 108 250 Sign-Selected Neutrino Beam.
0.5 x108 V/ m2
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 e =103 100
NM 85 (mean) 40-58 0.25 K° = 2x 107 Neutral beam with 800 GeV
(KTeV) L primary protons.

=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.
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Figure 10. Locations in the Tevatron of the approved pp Collider experiments
and the two experiments using the Antiproton Accumulator.
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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. Future editions of this Workbook will provide more
information as it becomes available.

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-! 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

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

[Assumptions: 6x1010 protons per bunch; additional time is required for bunch
manipulations and turning off magnetic switch at F17 in mixed modes.]
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29

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 and Monte Carlo) and providing support for experimental
activities.

The systems currently supported centrally by the Computing Division
include the Unix farms and the FNALU and CLUBS Unix systems (see
Figures 20 and 21). The multiprocessor farm systems composed of commercial
workstations dominate the installed computing capacity at the lab and allow
fast cost-effective event reconstruction. The computing power delivered by the
central farm systems reached almost 6000 MIPS per month in late 1995. In
1996 and continuing into 1997, the farms are being expanded in order to
provide computing capacity for the current fixed-target run, the current
capacity being approximately 16000 MIPS (see Figure 22). 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 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 more
than three terabyates of spinning disk are also online at present. The
Computing Division also supports VMS and Unix systems for DO and CDF (see
Figure 24 - a VUP is equivalent to one VAX 11/780, or approximately a MIP), as
well as other distributed systems on site.

State of the art high-speed networks glue the systems together and
connect to the outside world. The LANSs (local-area networks) facilitate access
to the data by people on site, and the WANs (wide-area networks) enable world-
wide collaborations to function efficiently. The Computing Division also
supports a central mail server.

The fixed-target experiments successfully started data-taking in
summer 1996. The DART project provided the data acquisition system used by
all experiments except one. The project - a collaboration between the
Computing Division, the experiments and other divisions within the
Laboratory - provided hardware and software that was tailored to each
experiment's needs - with data rates at the KTeV facility (E-799/832) of 100
Mbytes/sec being fed to 3,000 MIPS of Silicon Graphics computers providing
the Level 3 software event filter processing. Ongoing maintenance and
support throughout the run is being provided by the Computing Division.

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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SECTION VI. MAJOR RESEARCH ACTIVITIES DURING
1996 AND 1997

Information on the Fermilab Research Program during 1996 and early
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 ruhning at Fermilab in 1996 and 1997
(through February).
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TABLE 4. DESCRIPTION OF MAJOR RESEARCH ACTIVITIES
DURING 1996 AND EARLY 1997

EXP. #
COLLIDER

740 Studies of 900 x 900 GeV pp collisions using the DO detector - data-taking;
completed

775 Studies of 900 x 900 GeV pp collisions using the CDF detector - data-taking;
completed

ACCUMULATOR

Charmonium states - setup and data-taking

g B

Search for antihydrogen - setup and data-taking

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

872 v; charged-current interactions - setup and data-taking

NEUTRINO AREA

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

832 Search for direct CP violation in Kﬁ — 27 - setup and data-taking

MESON AREA
866 Measurement of d(x)/t(x) in the proton - setup and data-taking

871 Search for CP violation in Z 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 38-39, 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.
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Fermi National Accelerator Laboratory

Experimental Program Situation Report as of February 28, 1997

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 28, 1997. 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); and Beam from the Main Injector (MAIN INJECTOR).

Total number of approved experiments - 430

Beam
Area & Line Experiment ___Spokesperson(s)

A. EXPERIMENTS THAT ARE COMPLETED (378)
(Note: Only experiments which were completed since January 1, 1996 are listed.)

ANTI-HYDROGEN DETECTION #862

Christian

MA MC ETAO00 & ETA+- PHASE DIFFERENCE #773 Gollin
COL B-0 COLLIDER DETECTOR #741 Shochet, Tollestrup
B. EXPERIMENTS THAT ARE ANALYZING DATA (18) LAST RUN
MA ME B-QUARK MESONS & BARYONS #789 Kaplan, Peng JAN 8§, 1992
MP POLARIZED BEAM #704 Yokosawa AUG 13, 1990
MW HADRON JETS #672A Zieminski JAN 8, 1992
DIRECT PHOTON PRODUCTION #706 Slattery JAN 8§, 1992
NA NM TEVATRON MUON #665 Scheliman 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
PW BEAUTY PRODUCTION BY PROTONS #771 Cox JAN 8, 1992
COL B-0 CDF UPGRADE #775 Carithers, Jr., 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
ANTIPROTON DECAY #868 Geer JUL 24, 1995
C. EXPERIMENTS THAT ARE IN PROGRESS (10)
MA ME ANTI(U-QUARKYANTI(D-QUARK) DIST#866 McGaughey
MC CP VIOLATION #871 Luk, Dukes
NA NC NEUTRINO #815 Shaevitz, Bernstein
NM CP VIOLATION #799 Wah, Yamanaka
CP VIOLATION #832 Hsiung, Winstein
PA PB HEAVY QUARK PHOTOPRODUCTION #831 Cumalat, Moroni
PC LARGE-X BARYON SPECTROMETER#781 Russ
PW TAU NEUTRINO #872 Lundberg, Paolone
ACCUM RING CHARMONIUM STATES #835 Cester

G. OTHER APPROVED EXPERIMENTS (13)

COL B-0 CDF UPGRADE #830 Carithers, Jr., Bellettini
D-0 D-0 DETECTOR UPGRADE #3823 Montgomery, Weerts
MAIN INJECTOR NEUTRINO OSCILLATIONS #803 Reay
NEUTRINO OSCILLATIONS #875 Wojcicki
OTHER AUGER PROJECT R&D #881 Mantsch
SEARCH FOR LOW MASS MONOPOLES #882 Kalbfleisch
SLOAN DIGITAL SKY SURVEY #885 Kron
PET ACCELERATOR #887 Pasquinelli
DARK MATTER SEARCH #3891 Dixon
CMS AT FERMILAB #8392 Green
LHC ACCELERATOR #893 Strait
AQ FACILITY PICOSECOND X-RAY SOURCE #886 Melissinos

PLASMA WAKE-FIELD ACCELERATOR #890

Rosenzweig
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(Continued)
PENDING PROPOSALS (11)
MA MT B PHYSICS TEST BEAM PROGRAM #879 Butler, Selove
B PHYSICS TEST BEAM PROGRAM #880 Stone
MW COSMIC RAY CALORIMETER CALIB. #883 Adams
COSMIC RAY DETECTOR TEST #884 Kim
MAIN INJECTOR KAON PHYSICS AT MAIN INJECTOR #804 Winstein
SPIN STRUCTURE FUNCTION PHYSICS #878 Moss
P-BAR+NUCLEI STUDIES #888 Viola
CPT TEST #894 Thomson
BOOSTR BOOSTER NEUTRINOS #873 Federspiel, White
NEUTRINOS AT THE BOOSTER #889 Abashian

OTHER AXION SEARCH #3877 Lee




MESON AREA

UC/Berkelay, Fermil N I, cp
Lausanne, LBL Michigan, New Mexico State, Violation
South Alab Taiwan, Virginia

871
MC — bukes / Luk

866 Abilene Christian, ANL, Fermilab, Georgia State, | — , _
ME — McGaughey | T LANL, Louisiana, New Mexico Stata, ORNL, a/u in
Texas ASM, Valparaiso the Proton
NEUTRINO AREA
815 Cincinnati, C F ino Neutral-
NC —| Bernstein / | Kansas State, Northwestern, and Charged-Current
Shaevitz Oregon, Rochester, Xavier Interactions
799 Arizona, UCLA, UC/San Diego, Chicago, Rare Kaon 832 Arizona, UCLA, UC/San Diego, Chicago, | CP

NM —| wah/ Colorado, Elmhurst, Fermilab, Osaka, Docays | | Hsiung / | Colorado, Elmhurst, Fermilab, Osaka, Violation
Yamanaka | Rice, Rutgers, Virginia, Wisconsin 4 Winstein | Rice, Rutgers, Virginia, Wisconsin

PROTON AREA

872 Aichi, Athens, UC/Davis, Cl y
P W —{ Lundberg / | Kobe, Mi Nagoya, Osaka Sd Ed. Inst., Tau Neutrinos
Paolone South Carolina, Toho, Tufts, Utsunomiya
781 B icl, Bristol, C: ie-Melion, CBPF, Fermilab, Hawaii, IHEP/Beljing, | Study of
PC — Au IHEP/Protvino, lowa, ITEP, Moscow State, MPI/Heidelberg, Paraiba, Charm Baryon
SS | PNPI, Rochester, Rome, San Luls Potosi, Sao Paulo, Tel Aviv, Trieste Physics
831 UC/Davis, CBPF, CINVESTAV, Colorado, Fermitab, Frascali, llinois, Photoproduction
P B —{ Cumalat /| Korea, Milano, North Carolina, Pavia, Puobla Puerto Rico/Mayaguez, | of Heavy
Moroni South Carolina, T Yeonsei Quark States
COLLIDER
830 ANL, Bologna, Brandels, UCLA, Chicago, Duke, Fermilab, Florida, Frascali, Geneva, Harvard, Hiroshima, lifinois, IPP/Canada,
B 0 — Beltettini /| Johns Hopkins, Karlsruhe, KEK, LBL, Michigan, Michigan State, MIT, New Mexico, Ohio State, Osaka City, Padova, Pennsylvania, CDF Detector
Carithers Pisa, Pitisburgh, Purdue, Rochester, Rockefeller, Ruigers, Taiwan, Texas A&M, Texas Tech, Tsukuba, Tufts, Waseda, Wisconsin, Yale
823 los Andes, Arizona, BNL, Boston, Brown, Buenos Aires, UC/Davis, UC/lrvine, UC/Riverside, CBPF, CINVESTAV, Columbia, Delhi, Fermilab,
- Florida Slalo, Hawaii, IHEPIProlvmo. Iinois/Chicago, Indiana, INP/Krakow, lowa State, ITEP, JINR Korea, Kyungsung, LBL, Maryland,
D0 —| Montgomery /| igan State, A State, Nebraska, New York, North Northern Illinols, North Notre Dame, Okiahoma, DO Detector
Weerts Panjab, PNPI, Purdue, Rice, Rio de Janeiro, Rochester, Saclay, Seoul anlonal SUNY/Stony Brook, Tata, Texas A&M, Texas/Arlington
ACCUMULATOR
_| 835 g::rlr ':":“éei:’v’:"‘b' Charmonium | | 862 UC/irvine, | Antihydrogen
Coster Northwestern, Torino States Christian | Fermilab Detection

MAIN INJECTOR

Aichi, Athens, UC/Davis, UCLA, Ch Fermilab, Gifu, Gy Hil ki, IiT, Arg , Callach, C F . IHEP/Beljing,
Neutrino _1 go3 | indiana, ITEP, Kansas State, Kinki, Kobe, KAIST, Korea, Michigan, Nagoya Inst. of Tech., | Neutrino 875 IHEP/Protvino, Indiana, ITEP, JINR, Lebedav, LLNL, Neutrino
Beam Reay | Nagoya, Okayama, Osaka City, Osaka Commerce, Osaka Sci. Ed. Inst., Seoul, Soai, Oscillations || Wojcickl Minnesola, ORNL, Oxford, PNPI, Rutherford, Stanford, Oscillations
South Carolina, Technion, Toho, Tufts, Utsunomiya, Yokohama Sussex, Texas A&M, T /Austin, Tufts, Wi Washingt

Figure 26. Fermilab experimental program. All major approved experiments that have not yet completed data-
taking by the beginning of 1997 are shown here.
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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 1496 98

Non-US institutions 813 20
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E-665 (Schellman) Muon Scattering with Hadron Detection

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

[Status: Data Analysis|

The experiment studies the interactions of muons with average beam
energies up to 500 GeV in various targets and with the capability 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 e‘te~
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 xp;j, 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 o,/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
pXe 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 F3/ 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 Nucleon 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).

Diffractive Production of p0 (770) Mesons in Muon-Proton Interactions at
470 GeV, submitted to Z. Phys. C, 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 Universitait Miinchen, 1992.

R. Kennedy, University of California at San Diego, 1992.

M. Baker, Massachusetts Institute of Technology, 1993.

d. Conrad, Harvard University, 1993. /
D. Hantke, Technischen Universitait 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.



46

Q.N L T
S ]
Tl q
0.9: + N
e |
0.8 ¥ CAL trigger s
- ® SAT, EM rejection ]
0.7 B SAT, calculated radiative corrections -
cy el el gyl R U ETT! BTN SR S R T B A IR
-— 1 TR A N N Ty TR
| E b)* v vy 'YYWVWW;! KX¥ 5
L~ 0.75F * -
N C 5
L 050V EB65 b
NOTTEANMC £
« 0.25F ]

Ln:‘ L
c\ Om m—————— e ———r— s ]
o — - —4 - — —1

So9g% 16° 18t 160 107 10

Figure 1. Final neutron-to-proton structure function ratig from the
ful%B 1(?6951 data sample. The x region below 2x10-° 1s unique
to k-6605. ’



47

proton F,(Log,,Q%) in X,; bins

2107 ¢
-k solid symbols — E665 Preliminary
- open symbols — ZEUS Preliminary 1993 data
106:—'
I xg;=0.3 (x10°
- A‘A“A 8j ( )
1055-
=
g -p O ﬁn G § %=0075 (xI0)
4'_ 4
107E oo ®d  %=0019(x109
o ~.
- oe”*®
10° P * % ¥ x