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January 8, 1986

Dr. Leon Lederman

Fermilab, Director's Office
P.0. Box 500

Batavia, IL 60510

Dear Dr. Lederman,

This year has been a time of tremendous accomplishment and project completion
for Fermilab. With the dedication of the Tevatron collider and the recording of
the first proton-antiproton collisions in the CDF detector, a new era in American
high-energy physics has been inaugurated, one which will lead to a deeper under-
standing of the fundamental interactions and constituents of nature, and ulti-
mately, a better life for all of us. The Universities Research Association is
proud to be the operating contractor for the Department of Energy for this vital
and productive enterprise.

Fermilab is operated by the URA consortium to insure for the Department uni-
versity involvement and control of the research programs at this major national
facility. High-energy physics is a university-based science, and it has evolved
into a field which requires substantial personal sacrifice in terms of travel,
disruption of life, and general inconvenience for its participants. The URA will
continue to emphasize the university nature of this scientific enterprise and work
with the Department of Energy to optimize the American investment in this field.

It is clear that Fermilab has a bright future ahead, with the commissioning
of TeVv I and II, and the development of the detectors and experimental techniques
necessary to exploit these major new facilities. Fermilab is also intimately in-
volved in the future of high-energy physics on another front. By operating the
world's first superconducting high-energy proton accelerator, it has shown the way
to the next generation of instrumentation for this field. Fermilab is also an
active participant in the R&D studies directed toward the next major accelerator
needed by the field. Again, the university-based nature of the field is empha-
sized through this contractual arrangement. The effort to pool technical devel-
opment by participants from the entire high-energy field and industry has been
extremely successful over the past year, and Fermilab has been a major contributor
and participant in this cooperative venture for American Science.

While the future is never completely clear, 1 see an era of great promise and
productivity ahead for high-energy physics. The URA will continue to emphasize
the university nature of this science and work with the Department of Energy to
keep this most fundamental of the scientific fields productive and vital.

Sincerely,

vy

Edward Knapp
President, URA
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I. The State of the Laboratory

How to characterize the year 1985 at Fer-
milab? The highpoints:
1. A rather successful run of the fixed-target
program which began moving in January,
was at full speed by April, and was termi-
nated in August;
A commissioning test of the antiproton (p)
collider which emerged from parasitic oper-
ation on September 1 and terminated spec-
tacularly with collisions being observed by
the Collider Detector at Fermilab (CDF)
on October 16. This story is told, Rashomon-
like, from three different vantage points:
The Accelerator, the Antiproton Source,
and the CDF detector;
The subsequent shutdown in order to build
the overpass at BO and the collision hall at

DO, the last phase of the TEVATRON con-

struction program.

In the following report we will supply some
details, we will try to expose the foundations
and structures which make high-points possi-
ble. For the sake of clarity, we refer to the
accompanying True Organizational Chart
(T'OC) of the Laboratory as the guide to this
Report. We see the two Divisions, veritable
castles of activity, upheld by columns resting
on a classical stylobate. The lower frieze cele-
brates the activities which support the col-
umns. At the core, the symbol of the universal
support, the hard-shell tortoise, ageless, im-
placable. It is good to have a True Organiza-
tional Chart of Fermilab in matching architec-
ture.

The Accelerator Division Castle
The 1985 Run

In 1984, the TEVATRON ran 18 weeks at
400 GeV and 10 weeks at 800 GeV. In 1985,
the machine came on for physics in January,
the coldest month, as it turned out, in recorded
history in northern Illinois. Rich Orr, Ac-
celerator Division leader, begins the Ac-
celerator story:

SSSS=%=~ This cold probably contributed to
two major transformer failures which kept the
accelerators off for almost the entire month.
After repairs, the run for fixed-target physics
started in earnest in February. The require-
ments on proton intensity, beam splitting, and
on spill diversity increased steadily as more
and more experiments came on line. By April,
we were delivering up to 1.5 X 10" protons to
12 experiments. By August 29, the last day of
the run, some 1.3 X 10" protons had been de-
livered. We had 35 weeks of scheduled run-
ning which represents a satisfactory improve-
ment in duration and in quality over the 1984

run. Of course this included machine study
time, maintenance and repairs, etc. However,
some 3000 hours were available for physics at
an average efficiency of 70%.

The beam spill from the TEVATRON was
exceptional. During the 23-second flattop,
slow-spill users received 20 seconds of beam,
and fast-spill (neutrino) recipients were sent
three pulses of 1- to 2-milliseconds duration.

The overall machine reliability continued
to improve over the course of the run. The
entire complex, from ion source through the
Switchyard, delivered beam for 60-80% of the
scheduled time. Proton intensity began at ap-
proximately 10'% protons per pulse (ppp) and
rose steadily to a peak of 1.5 x 10"ppp. These
numbers are respectable for a machine in its
second year, but both reliability and intensity
remain a major concern.

The physics experiments that ran in 1985
are discussed later in this Reporr.

“So, during the first six-thousand years of the world’s history, from the time of the pagoda of Hindustan

to that of the cathedral of Cologne, architecture has recorded the great ideas of the human race . .
human thought has its page in that vast book . . .

. every

‘til Gutenberg’s time, architecture was the principal,
universal form of writing.” (The Bellringer of Notre Dame, Victor Hugo)



Original Main Ring tunnel sections, buried in 1970-71, replaced this year with larger sections to accom-
modate the BO overpass currently under construction.



Shutdown Highlights

The shutdown was scheduled to permit the
construction of colliding-beams experimental
areas at straight sections D0 and CO as well as
an overpass at BO. This construction required
the removal of more than 8% of the Main Ring
and TEVATRON (including the magnets,
cryogenics, water systems, cables, cable tray,
etc.). When the Main Ring is restored, it will
arch more than 21 feet over the center of the
CDF detector.

All of the accelerators are receiving major
facelifts. The Linac is having some of its drift-
tube assemblies repaired and aligned. The
Booster is getting a modern control system,
new beam monitors, and a smoother beam
tube. A new beam is being constructed from
the Booster to the Debuncher as a commission-
ing aid.

The existence of two overpasses in the Main
Ring has mandated the construction of a new
8-GeV beamline to properly match the Booster
and Main Ring.

The Main Ring is getting magner-to-magnet
bellows smoothers to reduce its impedance and

new fixtures to facilitate alignment.

The TEVATRON is also receiving some
attention. About 25 dipoles which have inferior
quench currents are being replaced by better
magnets. In addition, some of the spool pieces
are being replaced because their correction
magnets are no longer working. All the guide-
field power supply transformers are being re-
placed with a transformer of a type less likely
to fail in the mode that caused much of the
Accelerator downtime in January. New
quench-protection heater-firing units will be
installed to reduce the likelihood of spurious
quenches.

The Switchyard will have new beam-posi-
tion monitors to facilitate beam set-up and
changes in the split ratios. The beam to the
Meson Lab will be changed slightly in order
to reduce beam losses when running at ener-
gies above 800 GeV.

These changes will make the Accelerator
start-up more difficult than usual — butshould
lead to improved performance in the long run.
= S

The Accelerator as a Sink for Refrigeration: Central Helium Liquefier

A secret weapon of Fermilab, and as essen-
tial to its operation as electricity, has been our
Central Helium Liquefier (CHL). We tell vis-
itors this plant has more than doubled the
world’s capacity to liquefy helium. Once upon
a time there were grave concerns about the
reliability of this huge complex. No longer!
We make up for years of neglect by this rather
detailed report from CHL proprietor Ron
Walker:

SIS

R T AR5

The Fermilab Central Helium
Liquefier is an industrial-type complex instal-
led in a 70-meter by 15-meter building. The
complex is located 183 meters from the Ac-
celerator ring and is connected to the ring by
a liquid-nitrogen-shielded transfer line which
transports liquid helium and nitrogen from the
CHL, around the 6.4-kilometer ring, and back
to the CHL.

The primary function of the CHL is to sup-
ply liquid helium and nitrogen to the TEVA-

"TRON. This liquid is used in conjunction with
24 satellite refrigerators distributed around the
Accelerator ring to provide 24 kW of refriger-
ation to'operate the superconducting magnets
in the beam tunnel. The Accelerator cannot
reach full energy unless the CHL is at 80% of
full capacity. Therefore, the first priority is to
keep the plant as reliable as possible and, to
this end, a number of improvements and addi-
tions have recently been commissioned.

A complete TEVATRON control console
with a link to the Accelerator controls network
(ACnet) has been installed in the CHL control
room. ACnet processes many of the important
parameters at the CHL. It is now possible for
CHL operators to observe, log data, and plot
trends in many of the ring and CHL paramet-
ers. A color printer has been added which is
used to make hard copies of interesting plots
and data generated by ACnet.



In May of 1984 a third main helium compres-
sor (C-compressor) was put into operation.
This machine is identical to the two original
compressors (A and B) which are required to
maintain sufficient flow. The third compressor
was originally intended to provide flow for a
nitrogen reliquefier, but a decision was made
to use it as a helium compressor to provide
redundancy.

C-compressor was used to test a planned
upgrade in controls at the CHL using the
Texas Instruments PM550 process controller.
The PM550 has been reliable and effective,
and there has been no downtime associated
with it during 4000 hours of operation. It has
provision for a link to ACnet which will result
in more complete use of ACnet for analysis
and monitoring of CHL functions. The PM550
has analog input and output capacity and con-
tains menu-driven process loop control pro-
grams. [t performs various scaling, conversions
to engineering units, and special calculations.
Data, alarms, and status messages generated
by the PM550 are displayed on a dedicated
color video screen. The PM550 is not depen-
dent on ACnet, and the CHL can operate with
ACnet down.

The CHL crew spent the latter part of 1985
beginning an extensive rework of the plant
controls. The existing controls on compressors
A and B, the cold box, and the cryogenic dis-
tribution were replaced by PMS550 units. The
new controls are expected to generate fewer
trips, improve communications with ACnet,
and provide the operators with more informa-
tion on process variables.

The effectiveness of the CHL and the re-
frigeration system in general has been im-
proved significantly by installing a liquid-
helium pump to boost the flow in the ring
transfer line by pumping liquid from the lig-
uid-helium dewars. The liquid-helium pump
currently operating at the CHL is an early
model of a satellite expander that has been
converted to a single-acting pump. A crank
mechanism manufactured by CVI Incorpo-
rated is used to drive a vertical shaft that is
sealed by a Teflon bellows. The stainless-steel
pump piston has four compression rings which

are made of carbon-filled Teflon. This piston
runs in a stainless-steel cylinder.

The use of a liquid pump and dewar as an
additional supply and backup is a very practical
and useful improvement. The ability to satisty
large, short-term demands has reduced the
time required for cooldown of magnet strings
and quench recovery. The amount of Ac-
celerator downtime due to the CHL has di-
minished dramatically since the pump has
been on line. '

A major addition to the complex has been
a 100-ton-per-day nitrogen reliquefier which
1S de&gncd to supply 90% of the liquid-nitro-
gen requirements of the TEVATRON refrig-
eration system. The plant is expected to save
enough in liquid nitrogen costs to pay for the
equipment in a three-year period. The cost of
liquid nitrogen is reduced by approximately
50%. Furthermore, the operating reliability is
increased by having a larger total supply of
liquid nitrogen available. To date, the nitrogen
reliquefier has provided liquid nitrogen for the
TEVATRON for approximately 2000 hours.

Plans are being made to install a second
helium cold box and a fourth main helium
compressor in a new building addition. A large
effort i1s underway to modify the existing
equipment so that the new additions can be
turned on without extensive downtime at a
future date. These efforts include the design
and construction of a new cryogenic distribu-
tion box, modification of the compressor pip-
ing to provide isolation for the new cold box
and compressor, required improvements and
additions to various cryogenic transfer lines,
and the construction of a second liquid-helium
pump. The second pump will incorporate sig-
nificant improvements and will be used to
further development of pump technology at
Fermilab.

The reciprocating compressors, although
they are very old, have given reliable service.
With three compressors available, one com-
pressor can be used as a reserve. This has
provided sufficient backup, with the result
that the compressors have caused very little
downtime, except for the one water leak that
occured in April 1985. The seriousness of a



major water leak was well demonstrated, and
careful monitoring to eliminate the possibility
of water leaks has been assigned high priority.

The capacity of the CHL is well matched
to the requirements of the Accelerator, and
the combined operation of the satellite re-
frigerators and the CHL has become routine
and reliable.

The CHL has logged a total of 21,000 hours
of operation from April 1980 to October 1985,
with a total of 560 hours of unscheduled down-

time. Operating efficiency is defined as the
ratio of successful operating time to the scheduled
operating time. With this definition, the
lifetime operating efficiency of the CHL is
97.3%. Due to improvements in crew training,
increasing redundancy, and the use of the lig-
uid-helium pump, the CHL logged only three
hours of downtime in the last four and one-half
months of operation. This represents an
operating efflclency of 99. 9% for the last 137
days of operation. <&
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George Athanasiou (left) and Reid Rihel at work on a helium dryer inside CHL.



Rick Bossert at the CHL control panel.



The Accelerator as Host to the D@ Collider Detector

A scanning of 1983-84 Annual Reports indi-
cates that we need to briefly review the history
of DO. The original (1979) proposal for the
Energy Saver envisioned one of our six long
straight sections (B0) as available for the obser-
vation of proton-antiproton collisions. Each of
the others had a crucial function which would
inhibit the installation of a major detector. Al-
most as an afterthought, it was noted that D-
sector contained the apparatus for extracting
beam for the fixed-target program and, when
operating in the collider mode, these devices
could in principle be removed and a serious
detector rolled in.

In 1982, the L.aboratory and its advisors de-
termined that some effort should be made to
broaden the Collider program and proposals
were called for the DO straight section. Studies
carried out by the Accelerator Division had
determined that the changeover at DO would
not be excessively troublesome. The initial
philosophy was to encourage a very inexpen-

% T

sive yet ingenious detector that could be
changed after a few runs. The resulting pro-
posals were deemed unacceptable by the 1982
Physics Advisory Committee (PAC) and the
Laboratory was encouraged by them, by the
Department of Energy (DOE), and by the
High Energy Physics Advisory Committee
(HEPAP), to call fora major detector, designed
to be complementary to CDF. By this time,
the UA1 and UAZ2 interplay at CERN was
teaching us the value of complementary obser-
vations of the complex pp collisions.

In 1983, PAC, faced with three somewhat
similar proposals (P-714/P-728, P-724, and P-
726) took a very unusual step. They rejected
all three proposals but gave a blind acceptance
to a detector that would contain the best fea-
tures of all three proposals! The features
stressed were those that were complementary
to CDF. They further suggested that the Di-
rector appoint a Project Head and have him
submit a design to the PAC for its further con-
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The DO detector positioned in the collision hall.



currance. The Director followed orders, ap-
pointed Professor Paul Grannis of SUNY/
Stony Brook.

In 1985, after the requisite number of inter-
nal and DOE reviews, the D@ project is “go.”
It has been nestled in the Accelerator Division,
the objective being to give that division some
more intimate familiarity with major detector
technology and to bring more physicists into
contact with the Accelerator. The co-leaders
are Paul Grannis and Peter Koehler, who, as
Head of the Experimental Support Depart-
ment, also looks after the smaller collider ex-
periments (E-710, E-735, E-713).

Paul Grannis, the scientific spokesman for
the D0 experiment, reports:

s — "The D0 pr0]ect was given formal
fundmg approval early in 1985. Much of the
effort since then has gone into refinement of
the design of the experiment, guided by a

variety of research and development activities.
The experiment has been conceived with the
knowledge gained from the CERN pp collider.
It has placed particular emphasis upon the
measurement of three fundamental aspects of
very-high-energy collisions: jets, leptons, and
missing transverse energy. The emergence of
jets at large transverse momenta as a more
fundamental entity than the collection of had-
rons which comprise them gives a new simplic-
ity to hadron collisions. They are interpreted
as being the realizations of the basic hadron
constituents — quarks and gluons. Identifica-
tion of leptons (electrons and muons) is essen-
tial for discovering many of the new massive
particles which may lurk in TeV I's energy
domain. Most of these new states should have
distinctive decay modes involving leptons.
These leptonic modes allow more sensitive
searches because they are much freer from
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D@ detector, plan view with both end calorimeters and one center iron open.
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background than are the hadronic decays. The
missing transverse energy measurement allows
one to infer the presence of neutrinos (or other
non-interacting particles).

An example of the interplay of these signa-
tures is found in the current hunt for the top
quark through the decay W — tb; (b = jet 1;
t— ebv = e + (jet 2) + (missing energy).
The final products of two jets, electron and
missing energy should sum to the parent W
mass, while jet 2, electron and missing energy
sum to the top quark mass.

The DO detector stresses the use of
calorimeters to measure the energy of all had-
rons, electrons, and photons. This energy mea-
surement is done on a unified basis for all
particles and with a precision exceeding that
achievable from magnetic analysis for high-
energy particles. The calorimeters absorb the
particle energies in thin uranium or copper
plates interspersed with liquid-argon gaps for
energy sampling. This combination was cho-
sen for its uniform response to electromagnetic
and hadronic energy deposits, its radiation
hardness, its ease of calibration, and the possi-
bility that the readout can be finely sub-
divided. In order that the calorimetry have no
gaps in coverage and remain relatively com-
pact, the detector design has no central magne-
tic field. Missing transverse energy measure-
ment is made with the observed calorimeter
energy and position information, coupled with
knowledge of the initial energy and momen-
tum brought into the collision.

Lepton measurements are realized several
ways. In combination with the traditional role
of providing particle track angles and positions,
the central detector system inside the
calorimeters enhances electron identification.
Three transition-radiation detector shells flag
the passage of electrons by detecting low-
energy x-rays emitted from close-spaced foils
of polypropylene. The outer layer of chambers
measures the amount of ionization so as to
distinguish electrons from conversion pairs.
Muons, the most penetrating of observable
particles, are identified by their ability to pass
through the full depth of calorimetry and sur-

rounding shells of magnetized iron without sig-
nificant interaction. The bending of the muon
trajectory in the iron allows the measurement
of their energy and sign. Altogether, 125,000
channels of electronic signals are derived from
the detector elements.

Overall, the detector weighs about 5500
tons. Since its location in the Accelerator is
shared with fixed-target beam extraction mag-
nets, the D0 detector must roll on and off of
the beamline, trailing its cables and services
behind it. Construction of the D@ Experimen-
tal Area began in July 1985. The building in-
cludes a collision hall (65 ft X 44 ft X 44 ft)
separated from a somewhat larger assembly
hall by a removeable concrete-block shield
wall. Areas for electronics, computers, liquid-
argon storage, and work space are also incorpo-
rated.

The D@ collaboration has grown to about
110 physicists from 17 institutions, including
13 university groups and 4 national laboratories
(Brookhaven [BNL], Fermilab, Lawrence
Berkeley Laboratory [LBL], and Saclay in Fr-
ance). A unique feature of the team is the
recent joining of a group from CBPF, Brazil.
Much of the activity in the past year has cen-
tered upon prototype R&D. Three separate
beamline tests were conducted. The Saclay
group, working at CERN), tested transition-
radiation detector performance and demon-
strated excellent electron-hadron differentia-
tion. A test in a BNL. beam measured many
properties of the D@ tracking-chamber pro-
totypes. A major study in a Fermilab beam
demonstrated the feasibility of uranium-liquid
argon calorimetry, confirmed the equality of
electron and hadron response, and measured
details of energy and position resolution. Other
major prototype activities included studies of
the muon chamber system in a cosmic-ray
setup, a system test of parallel microprocessors
for data acquisition and event filtering, tests
of prototype electronics for the calorimeters
and muon chambers, and development of
Monte Carlo simulations of the detector per-
formance.

< A geologist’s puzzle, revealed by the excavation for the DO Experimental Area.
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4

Concrete forming for the DO Experimental Area.

The Experimental Support Department
(ESD) within the Accelerator Division has
been established to provide the centralized
support for D@ (and several other smaller ex-
periments at TeV I). Within ESD, major prog-
ress has been made on design of the support
platform, iron toroids, cable handling,
cryogenic services, electrical services, and

calorimeter mechanical design.

The D@ experimenters, challenged and en-
couraged by the first success of TeV I and
CDF, are working on a schedule which calls
for start of installation in late 1986, first physics
with a partial detector in 1988, and full assault
on TeV physics in 1989, <L
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The Accelerator as a Treatment for Cancer: the Neutron Therapy Facility (MINT)

Neutron therapy has been available to

cancer patients at Fermilab since 1976. More
than 1400 patients have been referred since
then, and a large volume of medical research
has been conducted at Fermilab using the
Neutron Therapy Facility (NTF). The year
1985 marked a turning point in the operation
of NTF Deputy Director Phil Livdahl explains:
’ >4~ There are several reasons why
neutron irradiation is particularly useful for
treating cancer, and these advantages relate to
the high linear energy transfer (LET) of neu-
trons in tissue. Neutrons typically deposit 20
to 100 times more energy in matter per unit
path length than does a megavolt x-ray, and
this high LET gives rise to the radiobiological
properties of importance in cancer treatment.
High-LET radiation is less dependent on the
presence of oxygen to accomplish its cell-kill-
ing effect than are low-LET x-rays and, thus,
is a more effective killer of the oxygen-defi-
cient cells found in tumors which have grown
faster than the available blood supply could
accommodate. Almost all large tumors fall into
this category, as do some relatively small
tumors. Secondly, the type of radiation dam-
age inflicted by a neutron on a tumor cell is
less readily repaired than damage caused by a
photon. This characteristic allows neutrons to
be given in fewer increments than are neces-
sary when using photons. Finally, there is less
variation in radiosensitivity throughout the cell
cycle with neutrons than with conventional x-
rays or chemotherapy. This is especially impor-
tant because relatively slow-growing tumors,
such as prostate tumors, have a high percen-
tage of cells in a resting phase at any one time.
These cells often survive the damage inflicted
by a treatment which effects dividing cells.

Robert R. Wilson proposed as long ago as
1947 that proton accelerators could be used to
treat cancer victims. In 1974, Don Young and
Miguel Awschalom were given the task of de-
signing and building a facility for the treatment
of patients at Fermilab. Financial constraints
made it necessary to use the exisiting hallway
parallel to the Linac rather than build a free-
standing clinic on the west side of the Ac-

celerator. The extracted beam had to be of a
suitable energy to adequately treat tumors
deep inside a human body while sparing the
skin overlaying the tumor to some extent. In
addition, a way had to be found to bring the
patient to the level of the Linac. Awschalom
and Young decided to build the Neutron
Therapy Facility around a freight elevator
which was conveniently located adjacent to
tanks 4 and 5 of the 9-tank Linac. A proton
beam could be diverted at this point using 58°
and 32° bending magnets. (The energy of the
proton beam is 66 MeV at this point. The
protons strike a beryllium target housed inside
a shielding wall to produce a 49-MeV neutron
beam.) This system satisfied all of the require-
ments which existed. Awschalom remained
with N'TF as deputy department head, and
shepherded the facility through the ensuing
decade of research work.

Four people were responsible for the med-
ical research conducted at NTF: Frank Hen-
drickson and Lionel Cohen were the Co-Prin-
cipal Investigators, JoAnne Mansell was the
Clinical Research Coordinator, and Ivan
Rosenberg was the Facility’s first Medical
Physicist. The Neutron Therapy Facility has
entered more patients into national neutron
clinical trials than any other participant. Some
of the trials involved randomly assigning elig-
ible patients to receive either the best standard
treatment for their cancer, or neutrons, which
at the time were considered to be the experi-
mental arm. This was done only with the pa-
tient’s permission. Other studies used slightly
differing doses of neutrons in order to deter-
mine the optimum dose. The National Cancer
Institute (NCI) funded the operation of the
facility from June 30, 1975, until October 1,
1985.

In keeping with the tradition set by the rest
of the Fermilab community, NTF has
achieved a number of “firsts” and “bests.”

* The targetry developed here, p(66)Be(49),
has become the standard for modern neutron
facilities.

* NTF was the first neutron facility in the
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world to plan and treat patients in an isocen-
tric manner.

e More patients have been treated at NTF,
and at a smaller cost per patient, than at any
other facility in the United States.

* Our department has achieved consistently
outstanding ratings for complete and accu-
rate clinical data submission to the national
headquarters group.

¢ We have been the major contributor to sev-
eral of the national studies.

e Over the past ten years, we have lost fewer
treatment days due to equipment problems
than has any other U.S. facility.

* More than 50 manuscripts authored by N'TF
staff have been published in national and
international journals.

* Most importantly, many people who had lit-
tle hope of survival without neutron irradia-
tion have been cured of their cancer.
These accomplishments do not belong to

the N'TF staff alone. Indeed, none of these

things could have occurred without the sup-
port, encouragement, and easy accessibility of
the experts available only at Fermilab.
Medical research conducted here and else-

where over the past decade has documented
that, in some types of cancer, neutrons have
been proven to be more effective than alterna-
tive types of therapy and that neutron therapy
is at least as effective as conventional
radiotherapy in treatment of other forms of
cancer. Some of the tumors which respond
best to neutrons are those which are
categorized as radioresistant to photons. These
also tend to be tumors which are inoperable,
or are those in which the surgery necessary for
removal of all of the cancer would leave the
patient very disfigured and/or with impaired
function. Because of the size of such tumors,
chemotherapy would not be curative. Al-
though we have been unable to achieve 100%
local control in any type of cancer treated here,
the proportion of patients who remain cancer-
free in the area treated with neutrons is higher
than would be expected if these patients had
standard treatment. Only patients who have
cancers of such a type, size, and extent that
neutron irradiation is believed to be appropri-
ate for them are accepted for therapy.

The results of neutron therapy as compared
to more conventional treatment are shown in
Table I.

As a result of these studies, neutron irradia-
tion is now the treatment choice for non-resec-
table radioresistant tumors. After having pro-
vided funds for the operation of the neutron
facility at Fermilab for almost a decade, the
National Cancer Institute is no longer paying
for what is now considered to be routine
therapy. A few hospital-based neutron
facilities continue to have some federal fund-
ing to conduct randomized trials, and it is our
intention to review results of treatment in the
hope that even better methods of administer-
ing therapy will be identified. The treatment
itself is no longer experimental, and payment
for treatment is being made by major insurance
companies, Health Maintenance Organiza-
tions, and Medicare.

As part of the facility’s transition from being
governmentally funded to being self-support-
ing, a group of physicians have formed the
Midwest Institute for Neutron Therapy
(MINT) at Fermilab. MIN'T has entered into
a contract with Fermilab, which has been ap-
proved by the Department of Energy, to buy
the beam time, personnel, supplies, and
equipment necessary to continue to treat pa-
tients. MIN'T guarantees full cost recovery to
the Laboratory through its business activities.
Frank Hendrickson and Lionel Cohen con-
tinue to perform the necessary functions of
prescribing and directing the patient treat-
ments.

The typical cost to patients is similar to that
of conventional radiation therapy and is sig-
nificantly less than surgery or chemotherapy.
MINT came into existence to fund the actual
costs of treating patients at the Neutron
Therapy Facility and if an eventual profit is
made, plans are to upgrade the facility and
possibly, in the future, donate money to URA
in order to foster research and educational ac-
tivities.

The Laboratory’s commitment to allow this
exciting work to continue has been very
gratifying, and we hope to be able to treat
patients here for years to come. S
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The NTF treatment level as seen from the upper (x-ray diagnostic) level. NTF Chief Technician Barbara
Bennett holds the control which rotates and adjusts the chair (center) until patients are precisely aligned
with the beam.

Table 1
Percent of Patients Having Local Control
Type of Cancer Neutrons
Salivary gland 71%
Soft tissue sarcoma 50%
Osteogenic sarcoma 67%
Chondrosarcoma 56%
Clinically positive neck nodes 46%
Prostate 93%
Malignant Melanoma 71%
Rectum and sigmoid colon 53%
Bladder 58%

Standard Treatmenr*
36%
5-60%
5-20%
25-51%
33%

78%
13.8-23.4%
21-52%

26%

*When these data were available as part of a randomized clinical trial, the figure represents the
results for the control group treated with photon irradiation. When no randomized control group
was used, the ranges of percent having local control quoted are from Clinical Oncology for Medical
Students and Physicians, Philip Rubin, M.D., ed., (American Cancer Society, Sixth Edition, 1983).
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The Accelerator as Collider — Room A

Here we begin the Fermilab version of
Rashomon or the observation of proton-antipro-
ton collisions from three different control
rooms. Rich Orr continues his report on the
Accelerator, and begins the 1.6-TeV collision
narrative:

SDANNNNSWWHEG
R, 2
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The first step in the Accelerator’s
role as a collider is to make p’s. During the
60 seconds of acceleration and flattop of the
TEVATRON, the Main Ring was ramped to
120 GeV and beam extracted to hit the antipro-
ton target. Some five cycles were so used each
minute, completely parasitically. This permit-
ted extensive commissioning of the Antiproton
Source as soon as the Source rings and as-
sociated beamlines were ready for testing. Be-
fore this was successful, considerable work had
to be done to decouple the two rings magnet-
ically. Commissioning proceeded from April
through August.

In early September the Fermilab ac-
celerators switched from their familiar role of
providing protons for the fixed-target program
to a new role as participants in the Collider
program. The Linac and Booster were re-
quired, as usual, to provide 8-GeV protons to
the Main Ring. Main Ring beam was extracted
at 120 GeV and guided to the antiproton-pro-
duction target. After the Antiproton Source
(its story comes later) had accumulated a suf-
ficient stack of 8-GeV antiprotons (>1.0 x 10"
in this case), part of the stack was extracted
and sent back to the Main Ring, accelerated
to 150 GeV, coalesced into a single bunch, and
passed to the TEVATRON. The Main Ring
then picked up a Booster batch of 8-GeV pro-
tons, accelerated them to 150 GeV, and

coalesced them to a single bunch which was
also injected into the TEVATRON. Both

beam bunches were accelerated to 800 GeV,
synchronized, and squeezed into a 1-meter in-
teracting region B* at the center of the B0
straight section where the CDF detector
lurked.

A short history of this first test of the com-
plete Collider system follows (this is the Ac-
celerator point-of-view):

Oct. 5 — First injection of antiprotons into
the Main Ring. These were obtained from an
accumulated store of 0.4 X 107,

Oct. 8 — About 0.9 x 10" antiprotons had
been stored in the Accumulator. A 19-point
checkout procedure was initiated in order to
insure that the devices responsible for the
transfer of antiprotons from the Accumulator
to the Main Ring and from the Main Ring to
the TEVATRON were properly adjusted.
This check was made by transferring protons
in the opposite direction. Three shots of anti-
protons were attempted. Beam was transferred
to the Main Ring on the second and third at-
tempts, but no beam was seen in the TEVATT-
RON.

Oct. 10 — Seven shots were attempted.
Beam was seen in the TEVATRON.

Oct. 12 — More than 10' antiprotons were
stored in the Accumulator. Protons and anti-
protons were successfully injected, accelerated
to 800 GeV, stored, and squeezed to a 1-meter
B*. In the wee hours of October 13, 1.6-TeV
collisions were observed in the CDF detector.
Bingo!

The purpose of this run was to prove that
all of the complex systems needed to ac-
complish proton-antiproton collisions were in
place and working together in a consistent fash-
ion. This goal was accomplished in grand style.
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Schematic of the Proton-Antiproton Collider complex.

The Antiproton Source — Room B

In 1981, we threw out one design of an anti-
proton source (TeV I) and resubmitted a new
design to DOE. The detailed design of De-
buncher and Accumulator rings began in 1982
under the direction of John Peoples, who now
reports on the 1985 work:
== >~ April may be the cruelest month
for the poet but it was a joyous month for those
of us building the Antiproton Source. Early in
April the first proton beam was injected into
the Debuncher, marking the beginning of an
intense period of commissioning. It did not
mark the end of an equally intense effort of
construction and installation. For the next six
months we continued construction and instal-
lation during the day, and commissioned the
Antiproton  Source during nights and
weekends. By the end of April, protons had
been stored in the Debuncher for up to an
hour. During May the initial tests of p produc-

tion using the lithium lens were carried out.
At the same time, the sequence of bunch rota-
tion of protons in the Main Ring followed by
bunch rotation of antiprotons in the De-
buncher was demonstrated. While these tests
exposed a variety of problems, the problems
pointed the way to the solutions. In June the
pace quickened. The installation of the Ac-
cumulator was sufficiently complete to allow
us to inject protons in the reverse direction
through the extraction line. By the end of
June, circulating beam had been achieved in
the Accumulator. Then, it happened. Some-
thing was wrong. It wasn’t possible to acceler-
ate beam in the Accumulator without losing
most of it.

There was very little time to stop and gain
an understanding. Many parts of the Ac-
cumulator had not been installed and the com-
missioning of the Debuncher was far from com-
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Wesley Mueller of the Antiproton Source Department
makes microwave connections during installation
of part of the stack tail kickers in the Accumulator
at Sector 30. The kickers are inside the pictured
vacuum vessel.

plete. We had fallen behind the schedule to
reach colliding beams in September. De-
liveries of critical components had slipped
badly, making operation difficult but not im-
possible. We learned to master the dubious art
of turning the Antiproton Source on at six in
the evening and turning it off at six in the
morning. Frequently, only an hour or two of
useful beam was obtained. We and the equip-
ment were neophytes and the newness was
apparent all too often. Gradually, we became
experts at extracting an 8-GeV proton beam
from the Main Ring, transporting it to the De-
buncher and Accumulator, and then determin-
ing the properties of these rings with 8-GeV
protons.

During July the first tests of the Debuncher
stochastic cooling system were successfully
carried out. Bunch rotation and p production
studies led to improvements. We discovered
that the effective aperture of the Debuncher
was too small. We embarked on a careful study
of the injection line. It pointed the way to
improvements, which were then made. The

improved injection line led to a better under-
standing of the Debuncher. That understand-
ing was followed by a few hard-won improve-
ments in the Debuncher acceptance. By Au-
gust the Debuncher was beginning to work
the way we had envisaged when we designed
it in 1982.

The Accumulator remained a mystery and
a disappointment. Such a state was hardly sur-
prising, since it was still not complete. August
came and the irrevocable shutdown date of
September 23 came inexorably closer. We had
not captured a single p in the Accumulator.
T'’he Accumulator cooling systems and vacuum
system were still being installed. Early in Au-
gust, the first bakeout was attempted. It was
our cruelest month. The Accumulatoraperture
vanished. It was no longer possible to inject
beam on a reasonable orbit, and once injected
on an unreasonable orbit it could not be decel-
erated to the core orbit.

Nearly two weeks of round-the-clock mea-
surements followed. Each nighta new solution
tor the problem was proposed and then dis-
posed of by the objective eye of measure-
ments. By August 21, it was clear that there
was an aperture restriction in the injection
straight section in the center of the aperture,
but notat the edges. Unfortunately, the restric-
tion was in a spot where it was awkward to
open the vacuum chamber, but there was no
other choice; September had come closer. On
August 22, two collapsed elliptical bellows,
forming distorted figure eights, were found.
They were removed only after dismantling
eight quadrupoles in the tunnel. Two long,
16-hour workdays were needed to dismantle
and restore the magnets and vacuum chamber.
Two more days of pumping, baking, and cool-
down followed before it was possible to condi-
tion the injection and extraction kickers. Since
the first conditioning of the injection septum
had taken two weeks, we feared that it might
take as long the second time. It didn’t: only
12 hours were needed. The waiting was pain-
ful but it was over. Still, September had come
closer. In the meantime we went on improving
the Debuncher and the injection line at night
and on weekends. Time was not wasted, only
its passage was rued.
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On August 27, injection into the Ac-
cumulator was tried. It worked. The injection
orbit was reasonable, the lifetime, roughly two
hours, was acceptable for the time being.
Beam was then decelerated to the stacking
orbit without loss. There was hope. The pace
of our work quickened. The tune and operat-
ing point were established. The horizontal and
vertical betatron motions were decoupled.
The Accumulator behaved as designed except
for the aperture, shrunk by misalignment to
only a third of the design values. There was
no time to align the machine. More equipment
was added to the Accumulator. The Ac-
cumulator cooling systems were tried. They
worked. Then the slow, laborious measure-
ments of open loop gain were started and com-
pleted. Baking of each sector was done selec-
tively as time permitted. The lifetime im-
proved slowly.

Then came September. Heretofore, we had
been using protons. With September came
antiprotons. Our diagnostics did not detect the
minuscule numbers at first. It required an act
of faith to believe that the system was working.
Small adjustments were made to find the elu-
sive p’s. During the evening on September 7,
there was a weak signal; perhaps a p had been
seen. A few hours later it was undeniable. The
signal on the spectrum analyzer showed that
there were 2 X 10° particles with a negative
charge and the mass of a proton circulating in
the Accumulator. Slowly the signal grew in
intensity, and by the following morning it had
grown to more than a microamp, 107 antipro-
tons. It was beautiful! All we had to do was
improve the accumulation rate by a thousand
to make colliding beams possible.

September 7, 1985, was marked by yet
another test of our mettle to achieve colliding
beams. It was the hottest September day on
record in northern Illinois. Power supplies took
note of it by tripping off. The magnets got hot
and the Booster Pond grew hotter. A magnet
hose ruptured and the tunnel became a subter-
ranean river. The river receded. By the after-
noon of September 8, accumulation had to be
stopped because of the heat. Only the De-
buncher could be operated. The shutdown to
allow CDF to roll its detector into place started

A member of the survey team prepares a Debuncher
dipole for final alignment.

on the morning of September 9. We used the
opportunity to install a new adiabatic debunch-
ing cavity in the Debuncher, hoping that it
would reduce the p momentum spread so that
it could be contained within the Accumulator
injection aperture. A more sensitive current
monitor was put into the Accumulator to mea-
sure the feeble p currents. Throughout the
week the vacuum chamber was baked slowly,
reducing the pressure.

On September 14 we started again. The
lifetime of the beam in the Accumulator had
increased to six hours. The accumulation rate
reached 10® p’s/hour by September 22 and
stopped. Not enough. Improvements began
to come. September 23, shutdown day, ar-
rived. It was hardly the time to quit. The ir-
revocable was revoked. Bulldozers and scrap-
ers were relentlessly scraping the earth away
at the DO and BO construction sites.

The polarity of both rings and the injection
line were changed to allow us to return to cool-
ing the more copious 8-GeV protons on Sep-
tember 26. More slow, painstaking, open loop
gain measurements were made. When there
was no beam, more additions were made to
the diagnostics. After four days, back to anti-



protons. We went on and they went on. Au-
tumn brought cool, clear nights and cool mag-
nets and power supplies. The accumulation
rate reached 2 X 10%/hour and the stack reached
10°. Each little improvement added some-
thing. By late September the stacking rate
reached 4 X 10%hour and the stack reached
2x10°. Finally, we were ready to send p’s
back. The shutdown date? Postponed again.

By October 5, 3 x 10? p’s had been accumu-
lated, enough to try sending them to the Main
Ring. The first try worked: p’s were extracted,
traversed AP-3, and disappeared into the Main
Ring. We tried again the next day and this
time enough p’s survived injection into the
Main Ring to be detected as a circulating
beam. The next day the stacking rate reached
6% 10? p’s/hour. Accumulation was becoming
dependable, although very slow compared to
the design. Each night the p’s penetrated a
bit further into the Main Ring and TEVA-
TRON.

October 11 was time to rest and be Dedi-
cated. While we were dedicated we had never
been Dedicated. Annointed, we returned to
making p’s. By midnight on October 11, the
accumulation rate reached 10%hour, a
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thousand times better than the first accumula-
tion on September 7. The moment of triumph
appeared to recede when the Debuncher di-
pole power-supply tripped off. The source of
new p’s went dry. We had accumulated 10"
p’s. Their lifetime in the Accumulator was
more than 100 hours. There was still time to
take them out, and one more chance before
shutting down for a year.

Hours went by. The first shot was tried on
the morning of October 12. An hour later
another was made and then another. Finally
a few p’s made it to the TEVATRON and
were seen circulating. Adjustments were
made. The next few shots were unsuccessful.
The store of p’s had declined to less than
3% 107 as each shot diminished the stack by
7% 10%. October 13: Another shot was tried at
2:25 a.m., the last chance to get a good one
off. The Accumulator was nearly empty. Suc-
cess. It went all the way to the TEVATRON.
Protons and antiprotons were circulating
through each other. The two little bunches
were gradually moved into position for obser-
vation. The low beta squeeze began. CDF
had an event! It is time to celebrate.
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A view of the Debuncher to Accumulator transfer line showing Kerry Mellotr and Lee Benson of the
Mechanical Support Department enjoying a rare moment of leisure during installation of the Accumulator
bakeout system.




An aerial view of the Antiproton Source. The three long buildings are the service buildings which contain
the Antiproton Source power supplies and electronics. The building in the upper left is the target service
building, the point at which antiprotons are produced by collisions of 120 GeV protons with tungsten nuclei.
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The Collider Detector at Fermilab — Room C

The Collider Detector at Fermilab is part

of the Research Castle, but in the interest of
continuity, we transport it here to present Roy
Schwitters’ version of the events that led to
the EVENT:
; =~ Early Sunday morning on Oc-
tober 13, 1985, operators and physicists work-
ing on the TEVATRON, the Antiproton
Source, and the Collider Detector witnessed
23 events arising from proton-antiproton colli-
sions at 1.6 TeV, the highest energy ever
achieved in a laboratory experiment. With this,
Fermilab lands on the shore of a new world of
particle physics that will begin to be explored
starting in 1986. We have every reason to be-
lieve that this new world will yield the kinds
of riches and surprises in our understanding of
nature that followed similar advances in scien-
tific instrumentation.

For CDF, the successful observation of
these first collision events marked a major
milestone in a year that was filled with impor-
tant accomplishments. The original goal of the

The view looking south through the access tunnel
into the BO collision hall prior to rolling-in of the
CDF detector.

short test-run was to test representative parts
of detector, electronics, data acquisition, and
trigger systems under realistic conditions so
that the full detector could begin physics mea-
surements as soon as possible in 1986. CDF
also needed to verify that no unexpected back-
grounds accompanied the TEVATRON
beams and that the enormous weight of the
detector did not disrupt the delicate alignment
of the TEVATRON.

These goals were fully met during single
proton beam running in September; the great
achievement of successfully colliding a beam
of antiprotons with a proton beam was an
added bonus that gave even more information
about the detector and provided a most satis-
fying reward to the many scientists, students,
engineers, and technicians from all over the
U.S., Japan, and Italy who have been working
on CDF for many years.

Almost every month during 1985 signaled
the completion of important detector compo-
nents, some of which had been under construc-

The view looking north through the access tunnel
Jrom the BO collision hall into the CDF assembly
area with the CDF detector visible in the back-
ground.



Lot e ses e coamesemes i iew)

SN R ww 7N
%1/ m 7 NR w 7\ ¥

o ..::;M ;
\ﬁM > e L \ J&M‘
\ZN k N R 2

7 MmN miin s M miin s mil!

B

3 \\/}k i e ind
v A \\mﬁ?

=% BAY

22N miuA "H!l' b | HH"'HH 2amIi"'In

3¢

’%‘/‘WE

W \W i
M\W@ﬁ

\ /AM AU 7
@}m Nk m/'}’ Wﬁxxa

5 MII“‘HH ~MH‘”HH
& LR

10 M g mw”nﬂ 0ol

.0

mh : "‘;,m xgmkiimﬁh
2 e ¥

20MIIIIN oo MR

SN L &
A N

G W W e

25 MO o MR

KODAK CM 400 S07

Photographs of the event displays of the first 1.6 1eV proton-antiproton collisions at CDF. Two views

are shown: the tracks from the Vertex Time Projection Chamber, and (frames 18-2

showing energy deposition in the calorimeter segments.
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tion for years. For example, the last of the 50
central calorimeters and shower-counter mod-
ules, which contain elements from Italy,
Japan, and several U.S. laboratories, was in-
stalled in CDF, bringing to a close a world-
wide assembly line that had been operating
for more than two years.

Another highlight of the past year was the
very successful initial operation of the CDF
superconducting solenoid magnet. This was a
joint project by Fermilab, Tsukuba University
(Japan), and the Japan National Laboratory for
High Energy Physics. The coil for this magnet
measures 3 meters in diameter by 5 meters
long and it was built by Hitachi Ltd. of Japan.
It was flown to Chicago in 1984 and matched
to its 2200-ton iron yoke and cryogenics system
in the CDF Assembly Building in early 1985.
Cooldown and power tests went very
smoothly. The solenoid magnet system met
all of its design goals and appears to be very
stable and reliable.

CDF made use of two test-beams during
the fixed-target running for testing and calib-

octants:
=2

rating detector components. By the end of the
fixed-target run, the performance of all CDF
calorimeters and shower counters had been
verified in test beams and full calibration was
completed on most systems.

By summer 1985, a great deal of energy and
effort was being focussed on assembly and
checkout of the part of the detector to be rolled
into the TEVATRON for the September-Oc-
tober beam tests. This was the first opportu-
nity to bring together the full multitude of
detector, electronics, and software systems
that would be needed for CDF. It, of course,
brought together all the people expert in these
systems, and the parking lots at CDF were
full at all hours of the day and night and over
weekends. This tremendous effort was re-
warded by the collisions of October 13.

Following the test run, CDF has returned
to the task of completing all the other detector

systems needed to start physics measurements
with the TEVATRON Collider in 1986.
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Assembling the CDF central track chamber prior to wire stringing.

-

The CDF central detector in the assembly hall. The crane is hung with the flags of Japan, Italy, and the
United States — the three nations in the CDF collaboration. Immediately over the detector is the cable
mover which carries the cables between the detector and the counting room, and which allows the detector
to be moved without uncabling. The detector itself has three of its four calorimeter arches visible in retracted
positions. The large round tube in the center of the detector is the inside of the superconducting solenoid
magnet; the smaller tube holds the Vertex Time Projection Chambers.
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The completed CDF forward muon toroid dwarfs a proud worker.

The CDF detector rolls into the BO collision hall for the first time on September 9, 1985. ———=






-30-

The Research Division Castle

This multifaceted conglomerate administers
the Computing, CDF, and Theory Depart-
ments. The Research Division also adminis-
ters six support departments which are de-
signed to allow the fixed- target users to make
most efficient use of the protons that emerge
from the Switchyard. This includes the oper-

A major accomplishment was the installation
and commissioning of the new Wide-Band and
Muon beamlines. The Wide-Band beam was
commissioned on June 23, 1985, when 400-
GeV/c electrons were successfully transported
to the new Wide-Band Experimental Hall.
Following the commissioning, electron beams
with energies ranging from 50 to 650 GeV/c
were transported to the Wide-Band Hall. In
the Muon Beamline, construction of all 26 en-
closures was completed by late March 1985,

ation of all the beamlines and facilities that
are Fermilab’s responsibility, e.g., the 15-ft
Bubble Chamber, Multiparticle Spectrometer,
ete.

Ken Stanfield, Head of the Research De-

partment, reports:

Highlights of 1985

and the installation of beamline components
was begun. Unfocussed muons were detected
in the Muon Experimental Hall in mid-July
and the beamline was officially commissioned
during the first week of August, with an in-
tense beam of well-focussed muons entering
the hall. The shape of the beam was exactly
as expected and the intensity and halo were
within the anticipated limits.

In the Meson Area, the construction of two
new beams (MP and MW) is part of the final

Test

Beam MW

MP Pol.Proton Beam
I15' Bubble Chamber

ACCELERATOR PROTON

AREA

PETagged

Photon Beam

pg~Broad Band
Beam

Layout of current and projected Fermilab secondary beams and experiment locales.
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phase of the TeV II project. Currently, both
the M-West and M-Polarized Experimental
Halls are 90% completed. This also includes
the counting house and service building. The
enclosures leading to the halls are 60% com-
pleted and are scheduled to be finished in
early 1986. Further upstream in the Front-End
Hall, beamline components are being re-
arranged to accommodate the new beams.

Operations

The 1985 run was the first in which all trans-
port systems were operated from the new cen-
trally located Operations Center. Personnel in
this department provided 24-hour-a-day ser-
vice to all fixed-target users. During 1985, the
group commissioned two new beamlines, de-

This year, the M-West target pile was com-
pleted and work on the M-Polarized target pile
is underway and scheduled for completion in
July 1986.

Details of the physics program in the fixed-
target areas are presented in the article “The
Fixed-Target Run of 1985” which appears later
in this Report.

Department

veloped new status monitoring for interlocks
and cryogenic systems, tested faster processors
for the PDP11 controls system, and developed
an improved monitoring program for the Neu-
trino Area data logging.

Experimental Areas Support Department

This department helped to install the new

beamlines and installed experiments E-731,
E-743, E-745, E-653, and E-711. One of their

chores is to provide air conditioning to keep
the experiments going during summer
months.

The Mechanical Department

This department handled all mechanical op-
erations, e.g., the installation of magnetic ele-
ments in the new beamlines. During 1985,
this department designed and constructed a

The Facilities

The Facilities Department installed the
new external muon identifier (EMI) and inter-
nal picket fence (IPF) systems at the 15-ft
Bubble Chamber. They carried out major
modifications of the Tagged-Photon Spec-

target pile for M-Center and M-West. Installa-
tions were made for the secondary beams for
M-Center (E-731), N-East, and N-Test beams
which provided protons for E-711 and E-653.

Department

trometer (E-691) and the Multiparticle Spec-
trometer (E-743). The department supported
the important test beams in N-West and M-
Bottom, used to calibrate the wedge modules
of the CDF central calorimeter.

Electronic/Electrical Department

This department installs and commissions
all the power, interlock systems, and vacuum
controls and so contributed to the Wide-Band
and Muon beamlines. They are called on to
give electronics and electrical support for the

experimenters. For example, they designed a
power distribution system and state-of-the-art
surface mount technology for the CDF elec-
tronics systems.
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The Cryogenics Department

Cryogenic magnets play an increasing role
in the beamlines either because of lack of space
or because of economics. By the end of 1985,
the Experimental Areas had 293.5 meters of
cryomagnets supplied by five refrigerators. In
addition, the 15-ft Bubble Chamber, the
Chicago Cyclotron Magnet, the Tohoku Bub-

ble Chamber magnet, the CDF superconduct-
ing solenoid, and the upcoming large liquid-
argon calorimeter (E-706) are part of the work-
load. This department also maintained all of
the Experimental Area cryogenics in 1985 and
installed the superconducting magnet strmg in
the Wide-Band Beamline. \
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The Computing Department

Hugh Montgomery, Head of the Computing
Department outlines 1985 achievements:
== Acquiring the data is not enough.
Fermilab’s policy has been to serve the users
with the computing power for design, on-line
data acquisition, fast turn-around analysis, and

number crunching. In 1983, we commissioned
a study of computer needs under the chairman-
ship of Joe Ballam, and in 1985 we have seen
the results of a blend of our long-planned
evolution now channeled by the recommenda-
tions of the Ballam Committee.

The Past Year

Computing in high-energy physics con-
tinues to expand not only in terms of the raw
computing cycles necessary for data analysis,
but also in terms of its role in the everyday
life of the physicist. On the one hand, the
processing power of modern microprocessors
pervades the arena of data-acquisition modules
and systems; on the other, communication be-
tween often widely dispersed collaborators in-
creasingly depends on sophisticated world-
wide computing networks. Faced with this
scenario, the challenge to Fermilab is, at one
and the same time, to provide a comparatively
stable environment for the production comput-
ing associated with experiments that have
taken data since the advent of the new
TEVATRON era, and to plan for continuing

expansion of both the capacity and capability
to meet the needs of, among others, the large
Collider experiments.

At the beginning of 1985 the system of three
CYBER 175 and one CYBER 875 central pro-
cessors were providing more than 100 hours of
CYBER 175-equivalent hours of computing
per day. The time was shared among the exper-
iments attempting to reap the fruits of the first
operation of the TEVATRON for fixed-target
physics during 1984. The new TEVATRON
run during the course of 1985, with new exper-
iments loading the system with quasi-online
analysis of their current data samples, main-
tained pressure on the computer center to the
extent that the delivery of the second CYBER
875 CPU, originally planned for late 1985, was
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Planche 17

Pascal’s machine, an eighteenth century computer.

advanced and installation completed in July/
August with minimal disruption of normal ser-
vice. Immediately, the extra cycles available
were consumed as the large fixed-target exper-
iments had their last month of data taking.
The end of the Accelerator run saw little slac-
kening and a steady consumption of more than
125 hours of CYBER 175 equivalent per day,
which has become the norm.

The newer and more modern component of
the computer center is represented by the VAX
Cluster. At the beginning of 1985 this con-
sisted of two VAX 11/785 machines operating
in an essentially independent manner. Over
the course of the year, this system has grown
by the addition of the two CDF offline VAX
11/780 machines and the acquisition of two
new VAX 8600s (the latter are new machines
announced by Digital Equipment Corporation
only a year ago). The six machines, along with
appropriate ancilliary equipment, are coupled
under the VMS4 operating system so that a
user on any of the machines experiences a
common environment, operating system, and
file base. The motivation for this development

is the desire to provide, in the short term,
adequate interactive computing to permit the
development of software for the new large
fixed-target and collider experiments and to
provide the large (virtual) memory environ-
ment necessary for the production work as-
sociated with the CDF program. This installed
capacity is, of course, only sufficient for the
early phases of CDF.

While it is important that the computer
hardware be sufficient unto the needs, it is
only so much silicon without the appropriate
software and support for its users. Therefore,
there has been a significant bent towards en-
hancing the services available from the Com-
puting Department by way of installed
software, software support, and software de-
velopment. The changing character of both
the uses of the computing system by the physi-
cist and the development of business uses of
computers permits many items to be obtained
in the commercial market. A good example of
this is in the field of graphics where, tradition-
ally, Fermilab (and almost every other compar-
able laboratory) relied on in-house develop-
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ment of software. The acceptance of standards
has permitted the purchase of a graphics pack-
age which, it is hoped, will replace the out-
dated home-grown package. It is, of course,
necessary to ensure that there is good in-house
support for this purchased software and the
many other packages available on the central
computers.

Industry, however, is not a viable source of
specialized high-energy physics software, and
for many purposes custom software is pro-
duced by the physicists themselves. Within
the Computing Department, effort is being
made to address some of the subjects which
lack the appropriate suite of tools. One of these
subjects is that of magnetic field measure-
ment, analysis, representation, and modeling.
Another is pattern recognition, which is anac-
hronous in that it is a dominant component of
the analysis problem but has never enjoyed an
acceptable general package. This is also one
of the areas where the availability of massive
memory space and vector processors suggest
that a considerable payoff may result from a
thorough understanding of the problem by the
community. By their nature such projects as
these have an associated long lead-time to re-
sults and uncertainty as to their utility. This
year, only a start has been made.

In the field of data-acquisition computing,
tremendous changes have been made in the
last few years and continue to be made. The
characteristics of on-line computers have
changed from the rather limiting 16-bit
machines to 32-bit VAX machines which have
opened up new horizons for on-line monitoring
and analysis. Perhaps the major change is that
there is the capability for the ordinary physicist
to contribute to the on-line system where a
few years ago only the “guru” had the intimate
knowledge of the data-acquisition system.
There are now almost 20 VAX machines instal-
led in experiments, and both the Computing
Department and the physicists have made sig-
nificant progress during the last year in exploit-
ing their richesse. A considerable commonality
is discernable and efforts are being made to
ensure that development done in one experi-

ment is propagated to the others in a support-
able way. This is not the end of the line how-
ever, and the development of powerful micro-
processors and their incorporation as almost
general computing engines in the data-acquisi-
tion system is already at hand (“We are con-
fronted by insurmountable opportunities”:
Pogo).

Closer still to the detectors, 1985 saw the
operation of E-653 which, as one of the first
experiments to rely on large-scale utilization
of commercial FASTBUS products, was a chal-
lenge to the Prep/Hardware Repair Group of
the Computing Department. We are happy to
report survival and a successful run by the ex-
periment. At the frontier, a project was essen-
tially completed to demonstrate the use of op-
tical disks for data taking; this is one of the
routes towards higher data-recording densities
and, hopefully, higher rates in the future.

The diverse array of capabilities described
above has begun to be integrated into what
we hope 1s a larger whole. At the beginning
of the year, none of the fixed-target experi-
mental machines were connected to the world.
By the end of the year only one VAX was not
connected through DECnet to the central clus-
ter, other machines on site, and indeed the
world. Since the VAX Cluster is connected on
the same Hyperchannel network as the
CYBER system, the world is becoming larger.
The experimenter may now get a phone call
at home from his colleagues, connect his termi-
nal via telephone lines to the central port selec-
tor, logon to the central cluster, in turn “set
host” to his experimental VAX, investigate the
problem there or pass through to a PDP11,
solve the problem, modify his files, archive
his files on the central system, VAX, or
CYBER, logoff, and go to bed having solved
a problem without the time delay normally
associated with driving into the counting room
during an Illinois winter night. This is one
local example of the advances seen during 1985
in our networking capabilities. No less impor-
tant, but for the moment less visible, is the
active participation with other major U.S.
high-energy physics laboratories in the prog-



ress towards a nationwide high-energy physics
network (HEPnet) with appropriate ease of
connection for all universities and laboratories
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to the scene of their current experiments and
to Europe and Japan. The opportunities are,
to say the least, stimulating.

Prospects: New Acquisitions

It has been recognized for some time that
the currently installed computing system does
not conveniently expand, either in capacity,
capability, or in physical space, to meet the
needs of the next ten years. A project was
conceived to provide both a new computing
system and the building to house it. There is
now funding for this project to start in earnest
and the parameters of both building and com-

puter are being honed to finer detail each
week. The building construction will start in
the spring of 1986 and will take rather more
than a year to complete, permitting computers
to be installed during 1987. A year from now
the progress of this project should be visibly
manifest and will be a spur in our efforts to
provide computmg capabilities worthy of the
Laboratory and its goals. S

The Advanced Computer Program

Last year, the Advanced Computer Program

(ACP) made the cover of our Annual Report.
This did not deter the efforts in 1985. Tom
Nash, Head of the ACP Group, brings the
pr0]ect up to date:
- >~ Last year’s Annual Report cover
story gave us nowhere to hide. There was no-
thing else to do but go out and build what we
promised. All pieces are working now, and we
are in the process of integrating the system.

The ACP was formed to develop new ways
of using computers in high-energy physics to
meet the large computer requirements in the
field at affordable costs. During 1985, the ACP
group made significant progress towards the
goal of building a full-scale 140 processor sys-
tem which is scheduled to be completed in
the spring of 1986.

Thanks to a buyer’s semiconductor market
in 1985, the ACP Group was able to produce
single-board computers for a third less money,
and with more memory, than originally
planned. Our CPUs are based on Motorola’s
68020 and AT&'T”s 32100 microprocessors and
are designed with the maximum performance
and minimum features required for multip-
rocessor applications. The intention has been
to demonstrate what is required when hun-
dreds of processors are run together, and how
conventional designs intended for “onesy and

twosey”’ situations can be streamlined. The
ACP Group’s efforts in this area seem to be
having the desired impact, aiming industry at
the right product. Frequent idea interchanges
have been conducted with chip and board de-
signers at Motorola and AT&T. They, and
others, are, perhaps hesitantly, testing out the
multiprocessor market. ACP software is being
used as a specification standard by at least one
major, three-letter-name computer company.

Omnibyte Corporation, of West Chicago, I1-
linois, a well-known specialist in single-board
computers, has been a particularly close col-
laborator. They are already selling our CPUs
and will shortly be selling the rest of the com-
ponents of the ACP multiprocessor system.
They and we have been (almost) beseiged by
what we call our “anxious clients,” a scattering
of groups who, with varying levels of despera-
tion and impatience, are demanding real
hardware tests to decide whether the system
meets their most fervent desires.

In addition to Fermilab’s Computer Depart-
ment and CDF, other groups working at Fer-
milab, LAMPF, HERA, CERN, SIN, and the
National Superconducting Cyclotron Lab are
on the “anxious clients” list. Rutgers, the Uni-
versity of Massachusetts, Yale, Toronto,
Montreal, Ecole Polytechnique (Paris),
Friebourg, CBPF (Brazil), and the University



-36-

of New Delhi are either strongly interested in,
or committed to, the system. At least three
LLEP and LEAR experiments are likely users.
At LEP, as well as in the Fermilab fixed-target
program, ACP modules will be used in data
acquisition and monitoring, applications
beyond the original concept of a system for
high-level triggering and offline computing.
Outside the realm of physics, we have had
intensive inquiries from the U.S. Geological
Survey and from the National Center for At-
mospheric Research/National Oceanic and At-
mospheric Administration, the latter for a real-
time wind-shear warning system for airports.
(Talk about practical spinoffs!) Of course, not
all of these groups are committed to using the
ACP system, but the strong interest they and
others have shown tell us that, at the very
least, we are on the right track.

The ACP group is excited about the oppor-
tunities for R&D into new architectures and
co-processors using building blocks from the
basic system. A connector on each CPU allows
us to mount an auxiliary “daughter board”
which can be used in a number of ways. An
array-processor daughter board will carry out

tfloating point calculations for theoretical and
accelerator problems in a blinding flash. We
can also use a daughter board to connect CPUs
dlrectly to their nearest nelghbors in a “hyper-
cube” architecture appropriate for lattice
gauge calculations of quantum chromody-
namics. Together with the Theory Depart-
ment, we have determined that even before
building a real hypercube connection, our pre-
sent system has enough data-handling capacity
to embed a pseudo-hypercube in it without,
at least for some time, saturating the bus. Lat-
tice gauge calculations will start early, and a
collaboration of Fermilab theorists and the
ACP could become a leader in this field.
There is also the promise of mating the pre-
sent system with small “write once” optical
disks (similar to audio compact disks). This
should reduce, from a week or more to about
half an hour, the turn-around time for physics
analysis to drag through the reconstructed data
of a large experiment. Combined with modern
Al-style human interfacing software, the im-
pact on physicist productivity in getting
physics results out would be revolutionary. We
find that very exciting. S
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The Support Columns

Continuing the State of the Lab, we go to the support structures.

Physics Department Column

Fresh from his successful wars on the TeV

IT front, Tom Kirk now reports as Head of the
Physics Department:
Question: What has 206 legs, two
heads, no arms, a college education, and turns
over about once every three years? Answer:
the Fermilab Physics Department. That’s one
way of looking at an unarmed agglomeration
of 103 souls (about half of whom are scientists
and engineers) that is headed by a pair of physi-
cists with no training for management. This
same organism experiences a constant turnover
of personnel as post-doctoral fellows come and
go and as temporary workers appear and disap-
pear.

Well, is this gypsy outfit a troublesome em-
barrassment to the Lab? No! It’s a featured
ornament. It is the professional and intellec-
tual home for all the experimental post-doc-
toral fellows and those staff scientists who are
actively involved in high-energy physics exper-
iments. It is responsible for other intellectual
and educational activities that Fermilab spon-
sors, as well. Among these are the weekly Fer-
milab Colloquia, the aperiodic Academic Lec-
ture Series, the famous Saturday Morning
Physics classes, various special seminars,
monthly dinner lectures for research as-
sociates, and various special physics meetings
and workshops.

The Physics Department also aids staff sci-
entists in the preparation of papers for publica-
tion and pays theirjournal page charges. Most
of the travel to conferences, workshops, and
group meetings for the purpose of fostering
progress in physics is also sponsored and sup-
ported by the Physics Department. The provi-
sion of (more or less) quiet office space and
computer terminals for the reduction of experi-
mental data is an important adjunct of its mis-
sion.

Oh, then the Physics Department is a
tweedy, marble column with pipe-smoking
eggheads strolling about *midst the soothing,

quiet clicking of computer terminal keys. Well

. not exactly. We also have the responsibil-
ity for designing, fabricating, installing, and
maintaining a mind-boggling array of detectors
and apparatus for high-energy physics experi-
ments; this on behalf of the Fermilab staff
scientists and post-doctoral research as-
sociates. T'o carry out this mission, the depart-
ment employs a technical staff of engineers
and technicians who solder and saw, drill and
draw, push, pull, paint, survey, and service
the myriad of exotic (and humble) devices that
sense and record subnuclear particles as they
interact and transform themselves in high-
energy collisions.

For this design and fabrication work, the
department occupies laboratory space in Wil-
son Hall and at several sites in the Fermilab
Village. Part of the work, for example, involves
the department in operating full-fledged as-
sembly lines for the construction of wire pro-
portional chambers and detector planes for a
liquid-argon shower calorimeter. This sort of
activity, staffed by technicians and temporary
workers, has a pronounced industrial atmos-
phere and contrasts markedly with the analysis
activities noted earlier. No, we are not just an
ivory column.

In addition to analysis in Wilson Hall, and
to running production lines in the Village, a
third important activity area for the depart-
ment is the careful maintenance and upgrade
of installed detectors in experiments through-
out the fixed-target (and soon the colliding-
beams) experimental areas. With the excep-
tion of the CDF detector, and several fixed-
target experiments with no Fermilab col-
laborators, the Physics Department has ap-
paratus in each of the experiments set up at
Fermilab. Looking after all this equipment,
plus repairing broken parts and upgrading or
replacing components, is more than a full-time
job for a small, dedicated corps of senior tech-
nicians who are assigned, experiment by ex-
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periment, to this work. The ground here is
rather thinly covered in places. In recent ex-
perience, however, our customers report satis-
faction with the results, so it must not be 700
thinly covered.

The biggest challenges to the Physics De-
partment usually come in the design and fab-
rication of entirely new apparatus and detec-
tors. This work involves mechanical, electri-
cal, optical, and electronic components and
systems, and often results in entirely new
types of detectors or in state-of-the-art realiza-
tions of already invented ones. Recent exam-
ples of new Physics Department devices in-
clude design and construction of a set of giant
(2m X 6m active area) drift chambers and over
100 precision, printed-circuit charge collection
planes for a giant liquid-argon hadron calorime-
ter. Design of a new ring-imaging Cherenkov
counter is now getting underway and prototype
models of very large, high-precision propor-
tional-tube detectors for the D0 experiment’s

Muon Detectorare well along the design stage.

The designers and engineers who spearhead
this work are an especially talented bunch who
supervise well-trained drafters and techni-
cians. They also keep a careful eye on the
production of needed components and sub-as-
semblies produced elsewhere in Fermilab or
in outside vendor job-shops. They always re-
member the patriot’s watchwords: “Eternal
vigilance 1s the price of freedom [from vendor
error]”,

Forall but strongly list-oriented readers, this
survey should round out a picture of the 1985
Fermilab Physics Department. For dedicated
list readers, there is contained elsewhere in
this Report a publication list for the year, the
list of Colloquia, and the Academic Lecture
Series list.

In short, for a partly revolving-door opera-
tion, the Physics Department plays a valuable
and valued role in the life of the Laboratory.
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A meeting of the Accademia del Cimento (Academy of Experiment) during the time of the Medicis. The
Accademia stressed experiments on magnetism, the vacuum, and temperature measurement.
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Theoretical Physics Column

The Theory Head, Chris Quigg, taking time
from his schedule of research, SSC talks, and
tenms reports on Theory:

= During 1985, members of the
Theoretical Physics Department have contri-
buted to a broad range of problems in the
theory of elementary particles, and have con-
tinued to play a central role in the intellectual
life of the Laboratory. The group has grown
to include seven permanent members, four
associate scientists with five-year appoint-
ments, and eight post-doctoral fellows. Several
faculty members from nearby universities
make Fermilab the focus of their research, and
the traditional visitors’ program continues to
provide hospitality and support for nearly two
hundred theorists each year. This brings new
ideas to Fermilab, and makes the stimulating
environment of the Laboratory — the experi-
mental program and the (mostly intellectual)
ferment of the third floor of Wilson Hall —
available to many of our colleagues in other
institutions.

The organized activities of the group in-
clude the weekly Theoretical Physics Semi-
nars and Joint Experimental-Theoretical Semi-
nars. Each year, members of the group devote
two sessions per week during the cruelest
months to a Winter Workshop, a cooperative
exercise in self-education intended to make
all participants literate in some topical subject.
Past Winter Workshops have concerned lattice
gauge theories, supersymmetry, and gravity.
The subject for 1985, anomalies, geometry,
and topology, was a prelude to a conference
of the same title sponsored in March by Fer-
milab, Argonne, and the University of
Chicago, and organized by Bill Bardeen of Fer-
milab, together with colleagues from other in-
stitutions around Chicago. The 1986 Winter
Workshop will focus on superstring theories.

Research highlights in 1985 range from fun-
damental problems in field theory to supercol-
lider phenomenology. One particularly active
area has been perturbative calculations in

quantum chromodynamics (QCD), the gauge
theory of the strong interactions. Stephen
Parke and Tom Taylor have developed a new
technique for the evaluation of multiparticle
amplitudes, based on an application of super-
symmetry, and have Computed two-parton to
four-parton cross sections in a manner which
is suitable for fast numerical evaluation. Keith
Ellis and Jim Sexton have calculated 2—2 and
2—3 parton scattering processes to order o,
All these results will find immediate applica-
tion to the experimental study of hadron jets
at the CERN SppS and TEVATRON collid-
ers, and are important for the understanding
of backgrounds to exotic phenomena at the
Superconducting Super Collider (SSC).

Hank Thacker and collaborators (including
Jim Sexton) have been using the varied com-
puting resources of the Laboratory (the VAX
Cluster and the FPS-164 Array Processor) to-
gether with the MFE Cray-XMP machine at
Livermore for their numerical simulations of
quantum field theories on the lattice. Work
during 1985 has addressed the phenomenolog-
ical issues of decay constants of unstable me-
sons and baryons and the stability of a conjec-
tured AA dibaryon, and theoretical issues as-
sociated with length scales on asymmetric lat-
tices.

Among more formal efforts carried out
within the group, it is appropriate to take note
of some of the work on string theory and
anomalies. Sumit Das and Mark Rubin con-
structed extended configuration spaces for
string field theories, and are at work on the
application of these spaces to string theory in
curved space-time. Tom Taylor has analyzed
the issue of dynamical symmetry breaking in
superstring models in terms of an effective
Lagrangian formalism.

The other subjects which have occupied the
attention of Fermilab theorists are indicated
by the seminar titles and list of publications
included elsewhere in this Annual Report.
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Astrophysics Column (NASA/Fermilab)

The west side of the third floor of Wilson
Hall is Astro turf. Edward (Rocky) Kolb writes
about the Astros:

s == The 'Theoretical Astrophysics
Group at Fermilab is jointly funded by a grant
from the Innovative Research Program (IRP)
of the Office of Space Science and Applications
of the National Aeronautics and Space Admin-
istration (NASA), and by Fermilab. The end
of 1985 marks the third year of the existence
of the Group. In these three years the Fermilab
group has emerged as a world center at the
interface of particle physics and cosmology.

The Group has grown over the three-year
period to include three permanent staff mem-
bers (E. Kolb, M. Turner, and A. Szalay), four
post-doctoral fellows (at present, D. Lindley,
R. Holman, L. Jensen, and J. Stein-Schabes),
and numerous visitors, as listed in the appen-
dices to this Annual Report. The center plans
to make an additional appointment at the assis-
tant professor level in the near future. The
group is augmented by several members of
the Fermilab Particle Theory Department who

have similar interests in cosmology or as-
trophysics.

The foremost goal of the Theoretical As-
trophysics Group is to do exciting and visible
science at the interface of particle physics and
cosmology/astrophysics. The prospects for the
immediate future seem excellent. In 1986,
Fermilab will begin to explore the structure
of matter at center-of-mass energies of 2 TeV.
At these energies it may be possible to start
to explore the electroweak Higgs sector, and
to start to uncover low-energy supersymmetry.
Whatever may be found in this energy range
is sure to have an impact on our picture of the
origin of the Universe.

The scientific accomplishments of the group
would be best summarized by listing the pa-
pers written and/or published by the Group in
calendar year 1985. This list can be found in
the Publications section of this Report. A com-
plete progress report would include descrip-
tions of the content of the papers listed. In
the interest of brevity we will highlight work
in three areas:
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A Complete History of the Universe ( cozm‘ery of the Fermilab Astrophysics Group). Notable events include:
The Quantum Gravity Era (t < 10~ 3 sec), wﬁm the Universe may have had ten (rather than the current
four) dimensions; The GUT Epoch (t =~ 10 ~>* sec), when the symmetry between the strong, weak, and
electromagnetic forces was broken, and the cosmic asymmetry between matter and alzlzmatter and monopoles
arose, and cosmic inflation may have occured: Quark Enslavement (t ~ 107> sec), when the Universe
made the transition from a hot soup of free quarks and leptons to nucleons and leptons; Matter Domination
(t =~ 300 yrs), when matter in the Universe became the dominant component — the $64,000 question is:
what type of matter. We suspect that it is not ordinary nucleons, but rather exotic relic particles such as
axions, photinos, or pyrgons. — M. S. Turner
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Cygnus X-3

In 1985, two groups toiling deep under-
ground have reported the observation of
energetic muons in proton-decay detectors.
They report an excess number of muons mod-
ulated with the 4.8" orbital period of Cygnus
X-3 coming from the general direction of Cyg-
nus X-3. Kolb, Turner, and Walker of the Fer-
milab Astrophysics Group calculated the flux
and zenith angle dependence of muons that
would result from primary cosmic-ray neu-
trinos from Cygnus X-3. The result of the cal-
culations of the Fermilab Group (and other
groups) is that the reported signal cannot be
explained by neutrino primaries.

The identity of the primary particle remains
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a mystery. Kolb and Walker, along with Larry
McLerran of the Fermilab Particle Theory
Group, Gordon Baym, an astrophysicist from
the University of Illinois, and Robert Jaffe, a
theorist from MIT, suggested that the primary
particle from Cygnus (dubbed “Cygnet”) is an
H particle. The H particle, proposed by Jaffe
in 1977, is a tightly bound, six-quark system
with the quantum numbers of a di-lambda.
The existence of the H particle is amenable
to discovery at present-day accelerators. If the
H is the Cygnet, the production mechanism
proposed would revolutionize our view of neut-
ron star structure and cosmic ray physics.



Detecting Dark Matter

Astronomical observations suggest the exis-
tence of a component of the mass density of
the Universe that is dark. The identity of this
ubiquitous dark matter is one of the fundamen-
tal questions in cosmology. It seems unlikely
that the dark matter could be nucleonic, so
cosmologists have to admit that they don’t
know what the Universe is made out of. In
the past few years, particle physicists have
been remarkably generous in proposing new
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particles as candidates for the dark matter. The
most direct way to test the viability of a candi-
date particle is to produce and study it at ac-
celerators. It is conceivable the pp collisions
next fall at Fermilab will produce evidence of
low-energy supersymmetry. If low-energy
supersymmetry exists in nature, the lightest
supersymmetric particle should be stable, and
hence is a candidate for dark matter.
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Another possible way to search for dark mat-
ter is through its present-day astrophysical ef-
fects. Keith Olive of the Fermilab Astrophysics
Group, along with Joe Silk (University of
California, Berkeley) and Mark Srednicki
(University of California, Santa Barbara) have
pointed out that if the Universe contains a
near-critical density of photinos which are also

assumed to constitute the dark matter in our
galactic halo, then gravitational trapping by
the sun and ensuing photino annihilations in
the solar core yields a significant flux of 250-
MeV neutrinos. This neutrino flux may be
detectable in underground detectors. By de-
tecting high-energy solar neutrinos we may be
able to uncover the matter of the Universe.

Extra Dimensions/Inflation

The search for a consistent quantum theory
of gravity seems to lead to the requirement
that the dimensionality of space-time is greater
than four. In order to reconcile this require-
ment with our everyday experience of three
spatial dimensions, it is necessary that the
extra spatial dimensions today are small and
compact. Superstring theories require that the
typical size of extra dimensions is about the
Planck length, Lp;, = Gn"? =~ 10-** cm. This
length is more than 60 orders of magnitude
larger than the typical size of the three ob-
served spatial dimensions, the Hubble length
of Li; = Hi' = 10?® cm. The usual question
is, why are the extra dimensions so small?
However, a better question is, why are the
observed dimensions so large? If dimensions
have anything to do with gravity, the only
reasonable scale is the Planck scale.

One possible solution to the problem of large

dimensions is the inflationary Universe pro-
posal of Alan Guth. In this proposal the Uni-
verse went through a phase of exponential
expansion. F. Accetta and D. Zoller of the
University of Chicago, and M. S. Turner of
Fermilab have studied inflation in models of
induced gravity. Lars Jensen and Keith Olive
have studied inflation in non-minimal super-
gravity models.

The question of inflation with extra dimen-
sions is more complicated, since it is necessary
that only three dimensions expand, while the
other spatial dimensions either remain static
or contract. The role of inflation with extra
dimensions was reviewed by Kolb, and
Frieman and Kolb explored problems of keep-
ing the extra dimensions static.

The inflationary Universe will continue to
be a major effort of the Fermilab Astrophysics
Group. SN
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Technical Support Column

The Technical Support Section incorporates
the Magnet Facility and related services in-
cluding magnetic measurements, mechanical
engineering, design, drafting, and shop ser-
vices. This particular group was assembled to
efficiently carry out the production of magnets
and other vital components, first for the
TEVATRON and then for the TeV I Proton-
Antiproton Collider. With those two projects

The Technical Support Section contributed
in a major way to the spectacular success of
the Fermilab Proton-Antiproton Collider.
Having produced over 1200 superconducting
magnetic components for the TEVATRON,
the magnet-assembly facility turned out
another 700 conventional magnets for the Anti-
proton Source Accumulator and Debuncher

Magnets for the

complete, finely-honed design and fabrication
skills are being directed toward the new col-
lider detector at DO and the SSC. These pro-
jects, together with continuing services for the
accelerators and experiments, constitute a vig-
orous level of activity for the foreseeable fu-
ture. Paul Mantsch, Head of the Technical
Support Section, supplies some details:

Proton-Antiproton Collider

rings. The last of the Accumulator magnets
were painted, measured, and shipped during
the early spring of 1985. The large-scale pro-
duction experience gained from the TEVA-
TRON and Collider projects will equip Fer-
milab to make unique contributions to the de-

sign and procurement of the magnetic compo-
nents for the SSC.

The Magner Facility complex. The tallest structure, Industrial Center, is also the newest. The BO Experi-
mental Area, home to CDF, is the upper-most structure in this photograph.



The main work floor of Industrial Center. To the left are three levels of enclosed labs, drafting faciliti
(both manual and CAD), and offices.
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Magnets for Experiments

Early 1985 also saw delivery of the last in a
series of over 200 beam-transport dipoles and
quadrupoles which were part of the TEVA-
TRON II program to upgrade external beam-
lines for the higher-energy beams of the
TEVATRON. Since these magnets were not
subject to the rigid requirements of those for
the accelerators, some subassemblies, such as
coils, could confidently be made in industry.
Final assembly of the magnets, generally of
an existing design, was carried out in the Tech-
nical Support Magnet Facility.

A major project of the Magnet Facility dur-
ing the past year was the assembly of coils for
three large spectrometer magnets for use in
the Wide-Band Photon Experimental Hall.
The 65 coils, containing over 90 tons of copper,
were wound in industry and shipped to Fer-
milab for insulating and assembly. The coils
were hand-wound with epoxy-impregnated
tape, nested together, and cured in a mold to
final shape.

Magnets for the SSC

The proposal for a 20-TeV on 20-TeV pro-
ton-proton collider (the SSC) was first seriously
made at the 1982 Division of Particles and
Fields’ Summer Study on Elementary Particle
Physics and Future Facilities at Snowmass,
Colorado. Since the dipole magnets composing
the proposed 60-mile-diameter ring account
for a third of the project cost, initial effort was
focussed on developing a reliable, low-cost
magnet design. Magnet R&D programs were
started at the national laboratories with super-
conducting magnet experience: BNL, LBL,
and Fermilab, and later at the Texas Ac-
celerator Center north of Houston. Although
different ideas were pursued at each labora-
tory, the designs had converged, by late 1984,
into two distinct styles. 'The national
laboratories collaborated on a high-field (6
tesla) design while Texas tried to adapt a con-
ceptually simpler, iron-dominated low-field
magnet to the task. A special committee was
convened in October of 1985 to select a final
magnet style so that the meager resources
available for development could be concen-
trated on a single design. These deliberations
resulted in the selection of a high-field mag-
net.

The high-field magnet as currently con-
ceived has a Fermilab-style “cosine theta” col-
lared coil surrounded by an iron yoke at liquid-
helium temperature. The cryostat is designed
to have a heat leak less than one-tenth that of

the TEVATRON dipole. The ends are very

simple and can be joined with automatic weld-
ing techniques. To further minimize end
costs, the magnets are made 16.5 meters long,
about the practical upper limit for handling
and transport.

Present plans call for the completion of four
prototype magnets beginning in early 1986.
These magnets will be cold tested and then
set up in a string for tests and system develop-
ment. The coils for these models will be made
at Brookhaven National Lab and sent to Fer-

Cross section of a prototype SSC Reference Design
D magnet and cryostat.
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milab. The coils will be assembled into cryo-
stats now being designed and built at Fer-
milab.

Fermilab has had a continuing intimate in-
volvement with research and development for
the SSC. A program was carried out to develop
conductor, coils, and cryostats. A series of
models were made to test new design concepts
and to measure performance. In the national
SSC prototype-magnet program, Fermilab is

responsible for the cryostat, final magnet as-
sembly, and testing. Tasks include the de-
velopment of a low heat leak suspension, ther-
mal radiation shields, containment vessel, and
the magnet-to-magnet interface. The cold
mass suspension uses a re-entrant post made
of thin tubes of fiberglass-reinforced epoxy and
stainless steel. The post features simplicity
and low cost together with low thermal conduc-
tivity.

Magnets for Others

As the reputation of the Fermilab Magnet
Facility has spread far and wide, a steady
stream of requests for very specialized magnets
and other unique magnet-related services has
come in. Fermilab has been able to help other
labs, university groups, and industrial concerns
when our special facilities are required.

Three high-gradient superconducting quad-
rupole triplets are being made for the Stanford

Linear Collider final focus. Twelve dipole
magnet yokes are being stacked for the Univer-
sity of Indiana. Magnetic measurements were
made of a quadrupole for Michigan State Uni-
versity. Consultation on magnets has also been
provided to the designers of the Continuous
Electron Beam Accelerator Facility (CEBAF)
to be built in Newport News, Virginia.

Magnetic Measurements

Making reliable magnetic measurements to
a precision of one part in ten thousand is a
challenging enterprise. Making such measure-
ments quickly and confidently in production
compounds the difficulty. A great deal was
learned, often painfully, in the measurement
of the TEVATRON magnets. Anticipating
that the measurement of the dipoles and quad-
rupoles for the Antiproton Accumulator and
Debuncher would be even more demanding,
the Magnet Test Facility group designed a
highly automated system.

The new VAX-based measurement system
depends on real-time data checking and

analysis. The measurer is presented with re-
sults in a way that clearly indicates the quality
of the measurements. A calibration database
is keyed to the appropriate probe by a hard-
wired identifier. Motions of the probe,
changes of polarity, and magnet current
monitoring are done by the computer. The
measurements provide the reliable feedback
necessary to ensure the quality production of
the magnets and are no doubt an important
factor in the success of the Collider. The TeV
I measurement system has worked very well

and will be a model for future projects, particu-
larly SSC.
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Automated Engineering, Design, and Machining

The use of computers as a tool in engineer-
ing, design, and machining has made impor-
tant advances in the past few years at Fermilab
in general and in the Technical Support Sec-
tion in particular.

Although finite element analysis has been
used extensively in structural analysis, it has

been used only recently in thermal analysis.
Development of the design for the SSC mag-
net cold mass suspension, for example, has
used both of these tools.

The use of computer-aided drafting has as-
sumed an ever increasing fraction of drafting
activity. Of the 30 designers and draftsmen in
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Automated drafting in 1531: “drawing in perspective” using a grid for reference.
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the Drafting and Design Group, more than  tracking chambers would, for example, have
half have training in computer-aided design  been extremely difficult without CAD.

(CAD). There are presently ten high-resolu- The next step in computer-aided design and
tion color-graphic terminals which allow de-  fabrication is in taking CAD-generated files
signers to access the CD2000 CAD programs  directly to the machine tools via computer-
in the Fermilab computer center. As the use  aided machining (CAM). The first tentative
of this system has matured, more and more  steps have been taken to make the CAD/CAM
advantage is being taken of its powerful fea- interface at the Fermilab machine shops. Mix-
tures. Complex parts for the CDF central ing silicon chips with metal chips has been an

A computer-aided drawing of a CDF central tracking chamber endplate.
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interesting and, in many ways, gratifying ex-
perience. Computerized machining brings to-
gether rather diverse groups of people: design-
ers, machinists, and computer programmers.
The response of the Fermilab machinists to
this revolution in their trade is remarkable.
Although the shop has only one CNC milling
machine, an NC horizontal mill and NC
plasma torch, nine machinists already have

LN
W

sought training on
machine tools.

Complex supports for the coil ends of super-
conducting magnets were the first parts suc-
cessfully machined from CAD data files. As
the CAD/CAM interface becomes simpler and
more standard, new applications of this
technique will become evident.

computer-controlled

A computer-aided drawing of a CDF radial wire drift-chamber configuration.
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The last step in the engineering-design-fab-
rication cycle is inspection of the resulting part.
As the parts become more complex, so does
the inspection task. The Technical Support
Inspection Group needs access to the CAD
files in order to compare the part with the
design. Interfacing the CAD files to Inspec-
tion’s computerized coordinate measuring
machine (CORDAX) is now under study.

Physics experiments and the accelerators
that support them require innovative methods

and instruments. Data acquisition, data reduc-
tion, and data control have challenged the fron-
tiers of electronics and computers. The rapid
fabrication of precision, complex, mechanical
apparatus also has an important impact on the
quality of our science. Integration of com-
puters into engineering, design, and machin-
ing will greatly enhance that capability.
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Construction Engineering Services Column

The fifth column is famous in history and
justly so at Fermilab. This used to be called
the TEVATRON Construction Group and as
such, it was responsible for the civil construc-
tion of structures worth $55 million. Wayne
Nestander, who heads Construction Engineer-
ing Services, was present at the very begin-
ning. He dwells on the history of Fermilab
construction since this is, to our knowledge,
not recorded anywhere:

: Civil or conventional construc-
tion at Fermilab includes a diverse blend of
civil and geotechnical engineering, architec-
ture, and specialized structural design. In ad-
dition, large electrical-power distribution sys-
tems and complementary air/water cooling sys-
tems ultimately dissipate the energy needed
in the various Fermilab accelerators and ex-
perimental areas.

Since civil construction may be a substantial
fraction of an accelerator construction budget,
both innovative and practical engineering and

design leading to cost-effective construction is
essential. Often, the civil construction design
preceeds the development of the accelerator
equipment or systems that will be contained
by the construction. Hence, operating flexibil-
ity and adaptability must be included in many
areas of the civil design.

Civil engineering and construction has been
carried out by many organizations both inside
and outside of Fermilab during the past eigh-
teen years. Initally, the architect-engineer
consortium, Daniel, Urbahn, Seelye, and Ful-
ler (DUSAF), provided the civil design during
the 200-BeV Accelerator construction era.
Later, other outside engineering firms, as well
as Fermilab personnel, have continued the
civil design work. As needs have changed
through the years, the Fermilab organizational
names relating to civil design have ranged from
Plant Modifications, Architectural Services,
and TEVATRON Construction to, at present,
Construction Engineering Services.



Fermilab Director Emeritus Robert R. Wilson with the model of the new Central Computer Facility which
he designed.

No matter what the organizational designa-
tion, the role of civil engineering and design
at Fermilab is to provide the conventional
facilities and services required for the scientific

programs. The following review presents some
of the construction history at Fermilab and
describes civil engineering and construction
work presently underway.

200-BeV Site Planning at Weston

The 200-BeV site provided by the state of
Illinois included 6800 acres of farmland and
the small village development of Weston. At
the outset, the task of DUSAF was not only
to site-plan for the 200-BeV Accelerator, but
also to provide the services and utilities nor-
mally associated with a city of moderate size.
Parallel with these efforts, DUSAF was re-
quired to provide offices and shops at the site
for a scientific staff of ever increasing size.

Initial site planning was given considerable
emphasis and attention by Robert R. Wilson,
the first director of Fermilab. Under his leader-

ship, the basic relationship of the Accelerator
ring and Experimental Area beamlines were
drawn and redrawn to achieve a balance in
required accelerator geometry, topography, ef-
fect on neighboring cities, historical and ar-
cheological features, road systems, and site
drainage. Special attention was given to pre-
serving forest areas, marshlands, streams, and
even existing farms with unusual barns,
homes, or silos. In driving about the site today,
one finds roads or ponds that veer away to miss
a stately grove of oaks, or an old Dutch-style
barn next to a new beamline enclosure. Several



Main Ring tunnel sections in place, but not as yet covered, in 1970.

farmsteads complete with houses and barns
are preserved and used for housing, offices, or
maintenance facilities.

Many building structures at Fermilab are
completely underground or covered with earth
shielding at grade. To mark the location of
these structures, related facilities such as
roads, ponds, and berms were constructed
parallel to the buried structures. Fermilab is
readily identified from passing airplanes, and
the Main Ring Road and Ponds are even dis-
cernable on high-altitude satellite photography
of northern Illinois.

Since the Weston site, now designated the
Fermilab Village, included a housing develop-
ment, it was natural that these homes became
the offices for the first employees on the site.
Many of the homes were subsequently moved
about the Village to be joined into larger, more
useful office groups. Some of these homes
were later reconverted to on-site housing for
visiting scientific staff. A number of new pole-
buildings were quickly erected in the Village
next to the house/offices, and these buildings
continue to be used as shops and laboratories.
Many of the farm homes scattered about the
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Construction progress on Wilson Hall, circa 1972.

6800-acre site were moved and clustered
around several farm houses adjoining the Vil-

lage. These houses are also used as dormitory
and apartment space for visitors.

200-BeV Civil Construction

The civil design of the Accelerator struc-
tures and facilities was done in parallel with
the site development and the technical design
of the Accelerator components. As the
parameters for the Preaccelerator, Linac, Boos-
ter, Main Ring, and Experimental Areas were
defined and refined, the DUSAF organization
produced the detailed drawings and specifica-

tions for the construction contracts. Field in-
spection, scheduling, and construction man-
agement functions were also done by DUSAF.
The DUSAF construction manager, E. Parke
Rohrer, and his capable organization provided
superb and timely engineering design and con-
struction management effort during this 200-
BeV construction period.
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The architectural appearance of Fermilab
was also given considerable emphasis and at-
tention by Robert R. Wilson. His talents as
avocational sculptor and architect show
through in the designs of many Fermilab build-
ings as well as related equipment items and
systems. Wilson Hall, the 16-story-high office
building, rises above the Illinois prairie and
indicates the Fermilab site from many miles
distant. Other low-rise buildings relate to each
other, and to the general prairie site, through
a common architectural style. Parking areas,
roads, and cooling ponds are designed to com-
plement the design of the adjacent buildings
as well as to provide technical functions and
personnel conveniences. Technical equip-
ment such as substations and cooling towers
are placed by buildings to enhance overall ap-
pearance and, at the same time, provide the
required services. Electrical transmission lines
entering the site are carried on pole structures
combining function with pleasing line and
form. The general style of civil construction
promulgated by Wilson, and continuing to the
present, is to incorporate the scientific and
engineering needs into both cost-effective and
eye-appealing design solutions.

The civil construction of the 4-mile-long
Main Ring enclosure had major impact on both

construction costs and schedules. As a basis
for design, extensive geotechnical explorations
were done by DUSAF and other consultants.
The resulting data were analyzed in detail by
Tom Collins in order to relate the Accelerator
alignment and stability criteria to the civil en-
gineering parameters. Earlier conceptual ring
enclosure designs had posited deep caissons
or pile foundations to bedrock under the entire
4-mile ring circumference. Based on Collins’
analysis, the Main Ring was placed on a struc-
tural concrete mat approximately 20 feet below
grade and into a stiff glacial till stratum. No
piles or caissons were used and considerable
construction cost economies and schedule im-
provements were achieved. The long-term sta-
bility of the ring enclosure in this glacial till
has proved the wisdom of these decisions.
The construction schedule was also im-
proved by using precast concrete arch sections
for substantially all of the 4-mile circumference
instead of the conventional cast-in-place
methods. An on-site casting yard produced ap-
proximately 2000 precast arch sections. As
these sections were placed and sealed on the
cast-concrete base mat, the backfilling and
completion of the Main Ring enclosure pro-
ceeded rapidly. Considerable cost reductions
over cast-in-place concrete were also achieved.

TeV I/TeV 1I Civil Construction

After completion of the initial 200-BeV
facilities, in 1972-1973, civil construction at
Fermilab continued on a much reduced scale
to provide additions and extensions to existing
facilities in the Experimental Areas. However,
in the late 1970s Fermilab embarked on three
major improvement programs, Energy Doub-
ler/Saver, TeV I, and TeV II. The TeV pro-
grams both required extensive civil construc-
tion. TeV I was to provide the facilities and
equipment for producing, accelerating, and
colliding antiprotons with protons. TeV II was
to improve the Experimental Areas to utilize
the higher-energy beams provided by the
Energy Doubler/Saver.

The TeV I civil construction that provided
for antiproton production and acceleration in-
cluded the F-17 Extraction Hall, the Antipro-

ton Target Hall, the Antiproton Source Rings
enclosures, service buildings, and the beam-
line enclosures connecting these structures.
Additions and extensions to primary power dis-
tribution and cooling systems were also re-
quired. The total civil construction for the
Antiproton Source segment approximated that
of acompletely new accelerator of modest size.

The TeV I civil construction that provided
for the antiproton-proton collisions included
the BO Experimental Area, the BO Beam Over-
pass, the DO Experimental Area, additions to
several Main Ring service buildings, and ex-
tensions and additions to power and cooling
systems.

The TeV II civil construction included four
new beamlines, the Muon, Wide Band, MW,
and MP Beam Lines, as well as upgrades on
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Foundations for the Muon Laboratory. The 2000-ton Chicago Cyclotron Magnet, around which Muon

Lab was constructed, is visible in the background.

portions of existing beamlines. At the end of
or adjacent to the four new beams, were Lab
F, Lab G, Muon Lab, MW, and MP Experi-
mental Halls. A shop facility, Industrial
Center, was also built for the production of
TeV II magnets. Extensive changes and addi-
tions to site roads, drainage, shielding berms,
and underground utilities were required for
most of the new TeV II buildings.

The coordination of Fermilab civil construc-
tion has changed considerably in keeping with
the maturing of an operating laboratory. Con-
struction in the late 1960s typically started in

a recently harvested cornfield. In the 1980s,
numerous interfaces with existing buildings,
utilities, and scientific equipment must be re-
solved. In addition, schedule interfaces with
Accelerator and Experimental Area operations
have become an important ingredient of any
construction effort. Much of current civil de-
sign must be based on what can fit into existing
space and what can be built during a limited
shutdown period. In addition, completion of
civil construction often overlaps with the ex-
tensive reinstallation work of accelerator
equipment.




The Muon Laboratory, still under construction in early 1985. In this photograph, precast concrete fascia
panels are being hoisted into place.
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The completed Muon Laboratory, its graceful lines accented by night illumination.
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Joint occupancy of the MW-MP labs in the Meson Area.

Construction work on the Booster Labs.
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Health and Safety Column

One of the most important columns support-
ing our Divisions is Safety. We have found
that this subject requires continuous attention
in a laboratory with so many diverse

technologies. Larry Coulson, Head of the
Safety Section, writes:

creation of a whole new high-energy physics
laboratory at Fermilab. In retrospect, the “old”
Fermilab seems to have been a relatively sim-
ple, conventional (but large), high-energy
physics laboratory with traditional accelerator
safety problems. During the years of construc-
tion, there was the dual challenge of maintain-
ing the safety of an existing facility while work-
ing with design, construction, and operating
personnel to insure that each new facility met
our standards of safety. A listing of the changes
that have produced the “new Laboratory” is
also a listing of the challenges to our safety
program.

These challenges include:

* Radiation safety for the new accelerators and
beamlines, complicated by the near-limitless
ability to store and transfer beam from ring
to ring.

* Cryogenic safety for the TEVATRON and
many other systems of cryogenic magnets
and cryogenic experimental equipment.

* Mechanical safety for the much larger and
more complicated experiments.

* Pressurized- and flammable-gas safety for
the much larger detector systems.

* Construction safety for the many construc-
tion projects.

* Vacuum safety for the larger detectors.

* Chemical safety for the large variety of new
chemicals the new Fermilab uses.

 Radiation considerations for the handling of
uranium for the new generation of calorimet-
ers.

A large number of people have worked on
these safety problems. In addition to our
highly dedicated staff of safety professionals,
many physicists, engineers, and others have
provided invaluable support by their service
on safety committees.

Specific examples of successes in our safety
program during 1985 include a reduction in
injury rates and the continued reduction in
personnel radiation exposures. The success of
our emphasis on reducing injuries is evidenced
by significant reductions in both the number
of cases and lost work days. Comparison be-
tween first- and fourth-quarter statistics show
a 74% decrease in cases and an 83% decrease
in lost work and limited-duty days. Other ef-
forts in this area included the creation of a
computer database to permit rapid identifica-
tion of trends, and correlation of safety and
health problems with occupational hazards.
This innovation has helped to identify areas
where Safety Section manpower should be di-
rected to further reduce injuries.

There have also been numerous changes in
the emphasis of directives from the Depart-
ment of Energy in the areas of radiation safety,
chemical safety, and environmental protec-
tion. These changing regulatory standards are
areflection of current public safety concerns.

In response to DOE’s renewed interest in
accelerator health physics — at least partially
stimulated by discussions about the SSC —
we have begun programs designed to help us
better understand and characterize the radia-
tion environment of the Laboratory. Current
efforts include extensive measurements of
neutron spectra, a re-evaluation of personnel
dosimetry with particular emphasis on neutron
dosimetry, and the effects of environmental
factors on the response of radiation-measuring
instruments. This improved understanding
and characterization should lead to even
further reductions in the cumulative radiation
dose to Laboratory personnel.

The Occupational Safety and Health Ad-
ministration’s new Hazardous Communication
Standard stimulated an aggressive program to
obtain manufacturer-provided material-safety
data sheets for all chemicals known to be used
at Fermilab. In order to make the information
on these sheets more useful, a numerical rating
scheme was developed to characterize the
hazards of each chemical by toxicity, flamma-
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bility, and reactivity. The ingredients and
numerical ratings are stored in a computer
database which allows for rapid trend analysis.
New regulations were issued for chemical
waste labeling, storing, and disposal reporting.
An existing computer database proved invalu-
able in meeting these new challenges. In all,
33,000 gallons of regulated chemical wastes
were properly disposed of or recycled in 1985.
Renewed interest in the National Environ-
mental Policy Act has resulted in a closer
analysis of proposed construction projects. For
example, the presence of endangered species

Fermilab Safety Manual

and cultural resources are now checked by
qualified professionals as part of a formal re-
view. If a project might have an adverse im-
pact, steps are taken to prevent damage by
mitigating the resource or moving the project.

The next few years will most certainly see
more detailed regulatory requirements in all
three of the above areas. The challenge will
be to allocate resources in order to comply with
these new directives while still maintaining
the existing programs and staying alert to the
changing needs within Fermilab.
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Administrative Sections — The Nuclear Frieze

Business Services Section

Jim Finks was appointed Head of the Sec-
tion, thereby qualifying to join one of the most
prestigious clubs at Fermilab — the ex-Busi-
ness Managers, one of whom happened to be
Jim, who served a previous term as interim
Business Manager. At last count, the club also
included Don Poillon, Paul Reardon, James
Campbell, Rich Orr, Dick Lundy, Bruce
Chrisman, and Ken Stanfield, giving Jim and
the Laboratory a deep resource of experience
on how to keep the entire operation going as
legally as possible. Finks rapidly began en-
couraging Business Services Section members
to provide more service with less manpower
and funding, but with increased planning and
logical analysis of problems and alternative
cost-cutting actions. As one result, the Facility
Operations and Engineering Department was
merged with Site Services and streamlined into
the Facilities Management Group. This al-
lowed total consolidation of all sitewide

maintenance functions under one head and
has eliminated duplication of effort, cen-
tralized administrative and budgetary func-
tions, and increased efficiency. Jim Finks con-
tinues:

== During 1985, Facilities Manage-
ment: rescued the Accelerator schedule by re-
placing, under adverse weather conditions, a
failed 100-MVA main power transformer; in-
itiated an energy management project which
includes replacing air towers, enlarging
Casey’s Pond, and rerouting the return of cool-
ing water to the pond to conserve this valuable
resource and to better regulate temperature.
Another energy project involved the installa-
tion of thermostatic valves in the heating sys-
tem at Wilson Hall. We also procured new
paging equipment and added 600 new tele-
phone lines and three F'T'S lines to keep pace
with the Lab’s growth. Several roofing projects
were also completed, including adoption of a
new pool liner concept for the previously
troublesome Ramsey Auditorium roof. Several
landscaping, paving, and tree planting projects

were completed, and asphalt curbing was in-
stalled around parking lots and planting areas.

Purchasing, Contracts, and Support Services
were reorganized into the Materials Group.
During FY85, the Purchasing and Contracts
Departments processed 27,861 procurement
actions totalling $84 million, of which 75% of
the dollars were awarded to small businesses
while 5.3% went to businesses owned by dis-
advantaged individuals. Over 400 contracts,
totalling $21 million, were awarded for civil
construction. After many years of effort, we
now have computerized commodity and ven-
dor lists, requisition logging, purchase-order
entry, and property management capability,
all due to the procurement portion of the Pur-
chasing, Accounting, Receiving System
(PARS) integrated database finally coming on
line. In Support Services, over 74,000 line
items were received totaling 87 million Ibs.,
284,000 issues were made by Stores, over
$500,000 in excess property was obtained, the
vehicle fleet logged over 1.2 million miles, and
over 46,000 passengers were carried by the
Lab’s taxi service.

The scattered elements of the Information
Systems Department were combined at one
location and placed under a modified MBO
management style. Under this new
philosophy, the department has dramatically
improved its ability to provide design, analysis,
programming, and support for computerized
business applications and other systems of
common interest throughout the Lab. Infor-
mation Systems’ major FY85 accomplishments
included: (1) completion of a purchase- order
system for online entry and reporting; (2) pur-
chase of end-user computing tools; (3) Lab-
wide training on current system software; (4)
feasibility studies for a new payroll system and
a new micrographics operation; (5) develop-
ment of a Personal Computer Distributed pro-
cessing network; and (6) completion of the
installation of the Information Center itself.
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On the legal and accounting fronts, Business
Services prepared the groundwork for the Lab-
oratory’s first “work for others” in the form of
an agreement with MINT for the continuation
of treatment of patients at the LLab’s Neutron

Therapy Facility. Also, Fermilab’s banking
service was competitively bid and a substantial
cost reduction to the U.S. Treasury was
thereby obtained.
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Laboratory Services Section

The significant technical goals and achieve-
ments during 1985 were matched stride-for-
stride by extraordinary service activity. Chuck
Marofske, Head of Laboratory Services (see
Personnel on the TOC), takes note of these
activities:

TS,
NS NS
Z

NSNS During 1985 we reached an all-
time high in employment, but by the end of
the year, total employment actually decreased
by over 50 persons from the peak activity gen-
erated by the TeV I and TeV II projects. There
were over 180 persons added to the payroll in
1985 and over 225 who left the organization.
As staffing needs changed, there were numer-
ous employee transfers in order to match
human resources to the tasks at hand. There
were more retirees in 1985 than in any previous
year. Personnel changes do not include tempo-
rary appointments and student workers spon-
sored by the Laboratory.

We directed particular attention to the prob-
lem of providing quality health care benefits
in a market place where costs continue an up-
ward spiral in excess of general inflation.
There were a number of group insurance
changes introduced and two new Health
Maintenance Organizations (HMOs) added as
options. Employee enrollments in HMOs trip-
led during the open-enrollment period.

The Lab’s maintenance mechanics and
electricians voted to be represented by the
International Association of Machinists, and a
number of other labor agreements were re-
negotiated.

The Office of Federal Contractor Com-
pliance and Performance conducted an on-site
audit of our affirmative action program and

issued a favorable report. The Laboratory con-
tinued summer learning/work opportunities
for students at secondary and undergraduate
levels of education attainment. From time to
time the human-relations staff was called upon
to investigate and resolve employment prob-
lems. A wide range of studies and reports were
prepared, extending from absenteeism to over-
time and retirement.

Due to the extended Accelerator run and
other projects, there was an all-time-high de-
mand for temporary housing. Most of our hous-
ing facilities were fully occupied for a large
portion of the year. Service support was
stretched to maintain quality while coping with
the influx of persons utilizing Laboratory
facilities. For example, the cafeteria averaged
about 1700 customers per month exclusive of
special-event programs.

An Actvities Office was established during
1985. This new office will oversee major reno-
vations planned for the Lab’s Users Center
next year in addition to coordinating ongoing
efforts to provide recreational activities and
guest support.

The Public Information Office’s self-guided
and group tour programs were extremely ac-
tive, reflecting a high level of public interest
in the Laboratory. There were also a number
of video programs produced which used taped
footage from the Laboratory as well as staff
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interviews. Many newspaper and magazine ar-
ticles giving international coverage to the
Lab’s  accomplishments,  appeared in
magazines such as National Geographic, New Sci-
entist, Newsweek, Science News, Time, Chemical
and Engineering News, Physics Today, Scientific
American, Discover, Sierra, and Research & De-
velopment; and in newspapers ranging from the
Chicago Tribune, the Chicago Sun Times, and the
Washington Post through the New Yor# Times and
the Boston Globe. Dozens of local papers nation-
wide carried Fermilab-related stories as a result

We continue to produce the monthly Fer-
milab Report and the bimonthly FermiNews.
Publication assistance is made available for
conference proceedings, technical papers and
reports, and books. Library shelving was in-
creased to accommodate our growing collec-
tion of reference materials. Photography ser-
vice was provided to record the progress on
numerous Laboratory projects.

With the assistance of many, and the support
of the Director, we assembled a gala end-of-

of AP and UPI wire-service stories.
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Lab-Wide

End-Of-The-Run Party

All Fermilab People are Invited

Io a Grand Party
Celebrating the End of a Very Successful
Year (Fiscal Year 1985)

Of Operations of the Tevatron

JE
A

Fermi National Accelerator Laboratory
Wilson Hall Horseshoe/Atrium
September 27, 1985, 3:00 6:00 p.m.
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We do have some important activities which don’t fit in the True Organizational Chart.
We’ll call them “gargoyles.”

Gargoyle 1:

Technology Transfer at Fermilab

Dick Carrigan, who oversees Fermilab’s Of-
fice of Research and Technology Applications,
comments on the Laboratory/industry inter-
face:

= A superficial observer of a labora-
tory engaged in very basic research, Fermilab
for instance, might jump to the conclusion that
there were too few superconducting tooth-
brushes and quark power generators coming
out of the program. A more insightful picture
is that technology transfer, even though con-
gressionally mandated, 1s a subtle process
which does not yield readily to institutionaliza-
tion. Although the Director wrote a long article
(Scientific American, November 1984) on the
subject, what has long been needed is a quan-
tification of the process as only trained
economists can do. Happily, such a program
has been initiated by two Stanford economists
and we eagerly await the results.

The major thrust of the technology transfer
program at Fermilab is the Fermilab Industrial
Affiliates. The Affiliates organization is com-
prised of 40 industrial concerns interested in
the research and development work underway
at the Laboratory. Affiliates receive a monthly,
tailored distribution of technical reports. An
annual meeting gives the Affiliates an opportu-
nity to visit the LLaboratory and review ongoing
work and future projects. The 1985 meeting
had as its major topic “Applications of Particle
Physics, Out on the Limb of Speculation.”
This Round Table attracted outstanding par-
ticipants. Sheldon Glashow of Harvard Univer-
sity discussed neutrino exploration of the
earth. George Zweig of Los Alamos National
Laboratory reviewed possibilities of room-tem-
perature fusion catalysis. Robert Fleischer of
General Electric speculated on magnetic
monopoles, while Robert Forward of the
Hughes Research Laboratory outlined the pos-
sibilities of antiproton rocket propulsion.
Stephen Jones, then at Idaho National En-

gineering Laboratory and now at Brigham
Young University, presented an update on the
enormous progress in muon catalysis of fusion.
Walter Sullivan of the New York Times served
as moderator of the program. At the banquet,
Dr. Gerard O’Neill, author of T#e High Fron-
tier, spoke on “The Technology Edge.” An
“Intense Briefing on Superconductivity” was
held in February. This was well attended by
interested industries in the cryogenics and
superconductivity fields. That meeting helped
to illuminate the practical side of large-scale
superconductivity.

The Laboratory is also involved in the more
traditional forms of technology transfer. Many
published technical articles and papers pre-
sented at meetings are based on the work car-
ried out at Fermilab. These papers represent
an effective means for transferring the work
of the Laboratory. The field of particle physics
is also an exporter of highly trained manpower
to other technical areas. Physicists, engineers,
and technicians compose a steady trickle to
industrial labs near and far. '

These activities are superimposed on
another traditional, on-going, and historically
very effective natural process of technology
transfer. This is the process whereby Fermilab
specifications are met by vendors only after
considerable effort, usually collaborative, be-
tween Laboratory and industry. The result is
often a new product, or a new skill which re-
sults in a new product. The development of
the Fermilab TEVATRON, selected as one
of the ten outstanding engineering achieve-
ments of 1984 by the National Society of Pro-
fessional Engineers, provides many examples
of this process. One of the best is the develop-
ment of superconducting cable. That cable sol-
idified and aggregated the present supercon-
ducting cable industry. It is this “standard”
activity that probably accounts for an overall
payback which is a significant fraction of the
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of all

annual budget the basic-research
laboratories.

A current activity at Fermilab that shows
this process in action is the Advanced Com-
puter Program. One important element of this
program, as detailed earlier in this Reporr, has
been to maintain close working relationships
with microprocessor-chip manufacturers and
software developers. The thrust of the Fer-
milab program, in turn, acts back on the
suppliers. To quote comments received from
a person at a prominent corporation in the com-
puter field, “I applaud your progress on the
Advanced Computer Program microprocessor.
You deserve credit for helping us all realize
the benefits of multiprocessing systems.”

Progress has also been made in exploiting
some of the individual inventions at the Lab-
oratory. This year the Laboratory has started
to use the Technology Commercialization
Center at the University of Illinois-Chicago to
assess some of these inventions. Currently, a
design class at the university is studying an
interlocking component system, devised by
Carl Lindenmeyer in the Fermilab Physics De-
partment, for drift-chamber fabrication. In-
terestingly, one of the applications they are
considering is for decorative panels. A Labora-
tory-developed modification on a coordinate
measuring machine by Greg Kobliska and his
colleagues in the Technical Support Section
was featured recently in the magazine Quality,
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the trade publication of the quality control in-
dustry. This fall the Laboratory was awarded
an IR-100 Award for a magnetic wire-position
transducer developed by Hans Jostlein. A real-
time video data-acquisition system developed
by Fermilab and Notre Dame for recording
and processing data from a scintillating glass
fiber-optic target has been spun-off into a new
activity almost before the solder cooled. It is
now being used to look at Halley’s comet for
second-to-second fluctuations in the comet’s

Proud as we are of these spin-off effects,
we are of course primarily committed to the
advancement of pure knowledge. In this, we
found relevant statements from three hard-
nosed industrial managers.

Henrik G. B. Casimir, Director of the Re-
search Laboratories for N.V. Philips Industries
of Holland, at the 1966 “National Symposium
on Technology and World Trade” at the Na-
tional Bureau of Standards:

“I have heard statements that the role of
academic research in innovation is slight. It is
about the most blatant piece of nonsense it
has been my fortune to stumble upon.

“Certainly, one might speculate idly
whether transistors might have been discov-
ered by people who had not been trained in,
and had not contributed to, wave mechanics
or the theory of electrons in solids. It so hap-
pened that inventors of transistors were versed
in and contributed to the quantum theory of
solids.

“One might ask whether basic circuits in
computers might have been found by people
who wanted to build computers. As it happens,
they were discovered in the *30s by physicists
dealing with the counting of nuclear particles
because they were interested in nuclear
physics. One might ask whether there would
be nuclear power because people wanted new
power sources or whether the urge to have
new power would have led to the discovery of
the nucleus. Perhaps — only it didn’t happen
that way, and there were the Curies and
Rutherford and Fermi and a few others.

“One might ask whether an electronics in-
dustry could exist without the previous discov-
ery of electrons by people like Thomson and

H. A. Lorentz. Again, it didn’t happen that
way.

“One might ask whether induction coils in
motor cars might have been made by enter-
prises which wanted to make motor transport
and whether then they would have stumbled
on the laws of induction. But the laws of induc-
tion had been found by Faraday many decades
before that.

“Or whether, in an urge to provide better
communication, one might have found elec-
tromagnetic waves. [They weren’t found that
way. They were found by Hertz who em-
phasized the beauty of physics and who based
his work on the theoretical considerations of
Maxwell. I think there is hardly any example
of 20th century innovation which is not indebt-
ed in this way to basic scientific thought.”

George Pake, Group Vice President, Cor-
porate Research Group, Xerox Corporation,
speaking to the Materials Research Society in
May 1985:

“In view of my own vested interests in con-
densed-matter physics and in commercializa-
tion of technology, you may well ask why I
support a taxpayer subvention of $3 billion to
construct the world’s largest, most powerful
particle accelerator [SSC] . . .

“. .. It is simple: For the near-term and
long-range future vigor and benefit of the U.S.
industrial and even military economy, the most
pragmatic posture I can imagine is one that
opts by overt choice for the most advanced
knowledge and deepest understanding . . .
Nothing is more pragmatic than the broadest
and deepest knowledge-base mankind can at-
tain. And I am just chauvinistic enough to be-
lieve that the welfare and economic vigor of
the United States is best assured if we lead
the world in advancing knowledge and in de-
veloping that broad, deep knowledge base.”

Lewis Branscomb, Vice President and Chief
Scientist, IBM, at the TEVATRON I Collider
Dedication at Fermilab, October 1985:

“. .. When we choose as targets of this sci-
entific and technological muscle-building the
investigation of seemingly abstract and very
fundamental questions, it is because these
goals provide the most strenuous tests and
bring out the most powerful motivations . . .



“. .. We can catalog a number of practical,
immediate benefits that have real value from
a project like the TEVATRON:

* New ideas and technology in cryogenics,
computing, and electrical engineering.

* Challenges for the vendor industries that
support Fermilab.

* And, most of all, an exceptional educational
experience for hundreds of young scientists
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who will find their way into our universities,

companies, and government laboratories.

After this experience, they will never be

satisfied with second best, with com-

promised goals or easy work.

“What applies to those students applies to
our nation as a whole and explains the most
important reason for supporting scientific
laboratories like Fermilab . . .”
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Pions to Quarks

International Symposium on
Particle Physics in the 1950s

Fermi National Accelerator Laboratory
Evening May 1 - Noon May 4, 1985

Particle physics from discovery of the pion
and strange particles and the building of the
first large accelerators to the introduction of
symmetry concepts and proposal of the quark.

Physicists

Edoardo Amaldi
Ugo Amaldi
Owen Chamberlain
Geoffrey Chew
William Chinowsky
Ernest D. Courant
Richard H. Dalitz
Sidney Drell
Val L. Fitch
Murray Gell-Mann
Gerson Goldhaber
Robert Hofstadter
Donald W. Kerst
Lawrence W. Jones
Michiji Konuma
Robert E. Marshak
Louis Michel
Yoichiro Nambu
Abraham Pais
W. K. H. Panofsky
Donald H. Perkins
George Rochester
Abdus Salam
Matthew Sands
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Historians

Alan D. Franklin

Peter Galison
John L. Heilbron
Armin Hermann
Andrew Pickering

Silvan Schweber
D. Hywel White

N
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Emilio Segre

@
4 Jack Steinberger For further information
,' E. C. G. Sudarshan write, by March 1, 1985, to:
/ Valentine Telegdi Judy Zielinski
Sam Treiman Symposium Secretary
Robert L. Walker Fermilab Mail Station 105

P.O. Box 500, Batavia, Illinois
Fermilab Telephone: 312-840-3211"
FTS: 370-3211 Telex: 720-481

Victor F. Weisskopf
Robert R. Wilson
C. N. Yang

Photo: Courtesy Nicholas Samios
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Gargoyle 2:

The Second Fermilab History of Particle Physics Symposium.

Particle physics research is ethnically future-
oriented but an occasional pause to examine
our heritage is illuminating, inspiring, and, as
we learned recently, sometimes embarassing.
In 1980, under the energetic initiative of our
resident historian, Lillian Hoddeson, we had
the first symposium, which resulted in a book,
The Birth of Particle Physics, (Eds. Laurie Brown
and Lillian Hoddeson; Cambridge Press,
1983). This covered the period of 1930-1950,
and we were privileged to listen to such giants
as Dirac, Weisskopf, Anderson, Bernardini,
Le-Prince Rinquet, Pierre Auger, Bruno
Rossi, Julian Schwinger, Willis Lamb, and
many others.

In May of 1985, we held the second sym-
posium. This one covered the period 1950 to
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1965 and was entitled “International Sym-
posium on Particle Physics in the 1950s: Pions
to Quarks.” Again, the lLaboratory paused
from its fascination with quarks and counters
to listen to the scientists and historians. Com-
ing closer to modern times, there are clear
tensions in the presentations. Objective schol-
arship needs time but this is just the value of
these symposia. Lillian is working hard on the
book; perhaps we’ll hold a third symposium
in 1990 or so. Meanwhile, Hoddeson and her
archivist buddy, Adrienne Kolb, keep our His-
tory of Accelerators Library up to date, the
current emphasis being to document the pro-
gress of SSC.
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Gargoyle 3:

Praise

The U.S. Departmentof Energy is our spon-

sor and here, in fact, is a word from our spon- >]

sor. Every five years, whether we need it or >

not, they make a comprehensive assessment ‘8

of the management of the Laboratory. The |&8| ~ ‘g g "

year 1985 was one of those years, and our five- .3 g 3 a1 8

year report card is shown below. O 8 78' g
Performance Area g s; 3 Pal
o Management X
o Programmatic X
o Projects X
o Support Functions X
o OVERALL RATING X

We took strong exception to several of the
subelements of our assigned ratings, made
eloquent appeals, but we did not succeed in
changing any of the subelement ratings. The

Area Office staff, and proceeding to the local
maximum: Mr. Hilary Rauch, manager of the
Chicago Operations Office. Incidentally, with
his permission, we reprint a portion of his letter

review is a complex and time-consuming pro-  accompanying the Summary Appraisal Report:

cess and strongly involves the DOE Batavia

Department of Energy
Chicago Operations Office
9800 South Cass Avenue
Argonne, lllinois 60439

Dr. Leon M. Lederman, Director
Fermilab

P.0. Box 500
Batavia, Illinois 60510

Dear Dr. Lederman,

SUBJECT: SUMMARY APPRAISAL REPORT OF UNIVERSITIES RESEARCH ASSOCIATION, INCORPORATED
(URA) AND FERMI NATIONAL ACCELERATOR LABORATORY (FERMILAB)

Enclosed are five copies of the subject appraisal report. 1 am pleased that
URA/Fermilab's overall performance in managing and operating Fermilab during this period
has received the highest rating achievable within this process, and to know that you plan
to continue to make improvement and substantial advances as indicated in your letter of
July 9, 1985,
Final comment: Even with our good rating,
we must do better next time!
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Gargoyle 4:

More Praise

Elsewhere in this Report we mentioned our
IR-100 Award, and the honor given to us by
the Society of Professional Engineers, but in
this space we take note of the award to Dr.
Helen Edwards, Deputy Head of our Ac-
celerator Castle. This was for Achievements
in Accelerator Physics and Technology for

1985, and was presented by the US Particle
Accelerators School for her work in bringing
on the Energy Saver. The citation lauds Helen
for her “essential contributions in making the
world’s first superconducting synchrotron a re-
ality.”

bf elen Edwards.
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Director’s Special Colloquium

Being a series of colloquia on specific
topics in high energy physics

given by outstanding practitioners
and designed to be comprehensible
to graduate students, administrators
and abstract string theoreticians



-81-

Gargoyle 5:

Director’s Special Colloquia

On October 13, we shut the machines down
for the final construction phase of the TEVA-
TRON program. This meant that our visitor
population decreased and the atmospherics
that are associated with a laboratory that is
doing physics began to fade. As an aid to restor-

ing this, we instituted a series of special col-
loquia given by some of the most outstanding
practitioners, and covering some of the most
provocative subjects. The 1985 series in-
cluded:

“Towards a Unified Theory of All Interac-
tions,” by John Schwarz (California Institute

of Technology).

“A Supercomputer

for Lattice Gauge

Theory: Results and Prospects,” by Norman
Christ (Columbia University).

“Supersymmetry,

Gravity,

and Unifica-

tion,” by Bruno Zumino (Physics Department,
University of California, Berkeley).
“The Ongoing Search for Dark Matter Can-

didates,”

by Frank Wilczek (Institute for

Theoretical Physics, Santa Barbara, Califor-

nia).

“Superstrings,” by Edward Witten (Physics
Department, Princeton University).

The series will continue in 1986 with speak-
ers including Jim Cronin, Val Fitch, John
Peoples, Burt Richter, Andrew Sessler, and

Israel Singer.
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Gargoyle 6:

Users!

It is well known that some colleagues share
the view of the famous professor who was over-
heard to remark: “College would be a great
place if it wasn’t for all those students.” Not
so at Fermilab, which is managed by the uni-
versities for the universities from whence most
users come. Not all; some come from other
laboratories, many from abroad, and some
even come from Fermilab. But no matter, they
are the reason we exist and the fact that they
do not appear on our True Organizational
Chart is just one of the things wrong with
TOCs. We interact with users through a variety
of channels. One is a multitude of workshops,
often organized by the users themselves.
Another is the Users’ Executive Committee
(UEC), the membership of which is listed in
the appendix to this Report, and which meets
monthly. Then there is the Users Annual
Meeting, held in May, and spiced by as much
high-power oratory as we can muster. In 1985,
we had approximately 300 attendees. We also
maintain a Fermilab Users Office (UO) run by
Phyllls Hale:

> 1985 has been another very pro-
ductive year for the Fermilab Users Office.
More than 600 visiting scientists have entered
these portals from over 39 countries during the
course of 1985. As one of the first stops a vis-
itor, especially a foreign visitor, makes at Fer-
milab, the Users Office serves as a resource
for wvisas, medical and dental assistance,
driver’s licenses, and other non-physics ser-
vices. As of the end of 1985, our office has
amassed a database of 3955 users (every visitor
who has ever obtained a Fermilab I.D.) from
which we compile and distribute a Directory
of Researchers, as well as various other cross-
referenced lists such as users by I.D. number,
by country, by citizenship, etc.

On the subject of databases, the UO main-
tains the 1300-name mailing list for the Fer-
milab Users Organization. Administrative and
secretarial assistance for the bi-monthly UEC
meetings include organizing group meetings

and luncheons, surveying the membership,
compiling and mailing minutes to the member-
ship, and gathering resource materials. The
Annual Users Meeting is organized and ad-
ministered by the Users Office.

The Users Office also provided support to
various user-related committees, including the
Facilities Committee and the Quality of Life
Committee. In addition, the Users Office pro-
vided administrative and secretarial support to
the TEVATRON Association of Fixed Target
Spokespersons (TAFTS) which met six times
during 1985. The care and well-being of Fer-
milab’s contingent of graduate students is an
on-going special concern of our office.

Innumerable special mailings originate from
the Users Office. One of our most gratifying
projects during the past year was the organiza-
tion and shipment of over 100 boxes of used
technical journals and various science-related
publications to Latin American universities as
part of the “Books for Latin America” project.

Workshops, and publications derived from
those workshops, occupied a central role in
Users Office activities for 1985. The Heavy
Quark  Workshop, the Gas Sampling
Calorimetry Workshop II, the 'Triggering,
Data Acquisition and Computing for High
Energy/High Luminosity Hadron-Hadron
Colliders Workshop, each of which were at-
tended by well over 100 part1c1pants were or-
ganized through the Users Office. <5< S

Users far from home need TLC as well as
HEP, and we have reorganized the Lab desks
devoted to “quality of life” by establishing a
Fermilab Activities Office (AO), which can be
found somewhere in the Personnel frieze and
was mentioned earlier by Chuck Marofske.
Under Marilyn Paul’s firm hand, the AO sees
to the local ambiance (and could, therefore,
be called the Ambiance Office without disrupt-
ing the alphabetical nuances of the True Or-
ganizational Chart). Under AO auspices, the
Reception Desk steers the weary traveler to
the Guest Office, which dispenses aid and
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comfort, no small part of which includes vari-
ous Recreation activities, followed by shop talk
at the Users Center, and working dinners at
Chez Leon. 1985 has seen the beginning of
URA-funded, trustee-approved renovations to

the Users Center, an ambitious plan to make
the Center much more effective as an after-
hours locus for cultural, conversational, and
relaxational activities.

Gargoyle 7:

The Misty Vision of the Future

Here we are, up to our eyeballs in the tre-
mendous effort to turn on the TEVATRON
with a smooth and ever-increasing efficiency
in alternating between collider and fixed-
target physics. Here we are, entangled in the
effort to cope with a complication called
Gramm-Rudman-Hollings, which reduces our
budget and which must not be permitted to
block our intent to get physics out of this
enormous investment in effort and money.
And here we are, plotting our future, i.e., what
is Fermilab doing in 1992?

We are part of a community committed to
the SSC — the collider which will achieve 40
TeV in the center-of-mass. We now expect
physics to begin in 1995 =1 and to reach its
potential over the following 3 to 5 years. Our
present capabilities, and our present under-
standing of the status of HEP, dictate the fol-
lowing set of priorities: (1) We must increase
the energy of the TEVATRON to approxi-
mately 1 TeV; (2) We must increase the relia-
bility of both modes to greater than 80%; (3)
We must achieve the design luminosity of the
Collider, i.e., 10°° cm ™% sec ™ !; (4) We must
increase the proton intensity of the TEVA-
TRON to approximately 3 x 10"ppp; (5) We

must then work on the luminosity of the Col-
lider — achieving greater brightness, more
bunches, lower beta, so as to exceed 10*! cm ™2
sec ~'. This will open up new physics by ex-
tending the observable effective mass range;
(6) We must continue to upgrade the detectors
of both programs, looking forward to at least
one major new fixed-target detector and major
revisions of the collider detectors.

In this way we can exploit the TEVATRON
idea and prepare the community for facing the
great adventure and the formidable challenges
of SSC. It goes without saying that we must
provide the test beams and contribute to the
instrumentation R&D that SSC detectors will
require. In the ideal world, the R&D will be
in the form of fixed-target research.

Beyond this, the view gets mistier, so much
depends upon the physics being uncovered
here, at SLC, and in the European and
Japanese machines coming on line between
now and 1990. Of course, theory also plays a
role, and we especially look toward the super-
strings phenomenology so that we can some-
how contribute to the fun and games at the
Planck mass.
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Gargoyle 8:

The Theory of Everything.

High-energy physics, these days, is being
serenaded by haunting chamber music —
seductive, exciting; now a violin solo, now the
crescendo of a string quartet. We cannot close
this State of the Laboratory without some com-
ment on the Superstring Phenomenon — that
is, the intensity and expectation that is
radiated by some subset of our theorist col-
leagues that NOW we really have it. I repro-
duce here the Preface to a recent meeting,
wrltten by our own Bill Bardeen:
=~ Mathematics and partlcle physics
have often gone their separate ways in an at-
titude of mutual “benign neglect,” diverging
in both methodology and language. This
uncomfortable gap was bridged to a unique
degree at the Argonne/Chicago/Fermilab-
sponsored  “Symposium on Anomalies,
Geometry, and Topology,” which took place
at Argonne National Laboratory and the Uni-
versity of Chicago on March 28-30, 1985. More
than 300 theoretical physicists and mathemati-
cians met together to discuss problems of cur-
rent excitement and to report on recent prog-
ress in an atmosphere of remarkably un-
guarded optimism. While the meeting had
many high points, the focus of much of the
excitement and optimism concerned superstr-
ing theories. In an overview, John Schwarz
described how superstring theories are now
making dramatic strides towards achieving the
ultimate goal of a unified quantum theory of
all interactions including gravity.

Of course, superstrings are not isolated
theoretical constructs but sit naturally at the
peak of a large pyramid of theoretical concepts
developed during the past few years, none

seeming to be the whole truth but each having
elements of formal beauty and aspects of phys-
ical reality. These developments include
GUTS, low-energy supersymmetry, super-
gravity, Kaluza-Klein compactification, and fi-
nally superstrings. Each of these develop-
ments has motivated the next, addressing
some of the remaining problems while making
possibly more radical assumptions. Several
speakers at the Symposium expressed the
opinion that with this last doubling of the ante
involving superstrings, winning the theoretical

jackpot is all but a “sure thing!”

The breakthrough achieved in superstring
theory and the impact of the Symposium can
perhaps be summarized by the following com-
ments. Mike Green remarked, “I feel the sym-
metry groups found for the superstring are very
important but I am not yet convinced that one
particular superstring theory is correct.” Ed
Witten commented, “This was the first widely
attended conference since the (superstring)
revolution. Before this meeting the signifi-
cance of the developments had not really sunk
in for many people.” David Gross expressed
the greatest optimism and said “it is remarka-
ble how easily recognizable features of low-
energy physics emerge from superstrings.
While I don’t believe we have yet found the
right route to low energy, there appear to be
no insuperable obstacles to deriving all known
physics from the Eg X Eg heterotic string.”

That there is some connection between
these developments and what may happen at
the Fermilab collider or the SSC, we are not
sure but we would not be surprlsed
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II. The Fixed-Target Run of 1985

“. .. promises, promises . . .

In the not-so-distant past, an accelerator
operating at 70 GeV was mapping new territory
in  comparison to the existing 30-GeV
machines. In the same manner, a factor of two
in energy was a significant advantage of the
25- to 30-GeV machines over those which ran
at 12.5 GeV. Doubling the energy always
opened new horizons.

E-743

An experiment which directly exploited the
energy-doubling feature of the Tevatron was
E-743, the Little European Bubble Chamber
(LEBC). This device, specially designed for
this type of experiment, was shipped to Fer-
milab from CERN shortly after it was used
there in a successful run of a similar experi-
ment carried out at 400 GeV. The Fermilab
Multiparticle Spectrometer was reconfigured
to accommodate the needs of E-743, which
included two new Cherenkov counters, a large
transition radiation detector, and many addi-
tional tracking chambers. About 1.3 million
triggers were recorded at 800 GeV in pursuit
of a precision charm cross section measure-
ment and a better understanding of how
charmed particles decay. Analysis is proceed-
ing well, with all scanning expected to be com-
pleted during the next year, and the first pub-
lications due in early 1986.

Figure 1 shows an example of a charm event.
A D? is produced along with six charged parti-
cles, and decays into four charged particles
after travelling a distance of 1.4 mm. The dia-
gram shows the event in perspective transfor-
mation. This diagram uses digitized informa-

»

It 1s in this spirit that we shall discuss the
first run of the Tevatron at an energy of 800
GeV. This energy is twice the energy of the
two existing proton accelerators: the CERN
SPS and the Fermilab Main Ring (see J.D
Bjorken’s article, “Fixed-Target Physics at 800
GeV,” in the 1984 Fermilab Annual Report).

: Charm

tion from the CERN ERASME measuring sys-
tem.
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Figure 1

E-605: Dimuons

This collaboration of Columbia, University
of Washington, KEK, Kyoto, Fermilab,
SUNY/Stony Brook, Saclay, and CERN de-
voted the 1985 run to dimuons. To do this,
they modified the focussing spectrometer by
erecting a “thin” lead screen (48 in.) to de-

crease the detector loading by sea of soft
photons. This enabled the experiment to take
up to 5 X 10" protons in a 1% acceptance bite
optimized at approximately 10 GeV/c. About
20,000 upsilons with a mass resolution of
0.25% were accumulated. Figure 2 shows a

Rene Magritte, “Time Transfixed ™ 1939, oil on canvas, 57%> x 38%s in., Joseph Winterbotham Fund
Collection, ©The Art Institute of Chicago, All Rights Reserved.
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sample of the data with the upsilon peaks.
These three states were discovered, but not
fully resolved, in E-288 at Fermilab and they
have also been seen at e*e~ collider experi-
ments. The absence of other resonances in
this spectrum places important constraints on

the spectroscopy of the upsilon family as well
as on the proposed properties of other exotic
particles discussed in extensions of the stan-
dard model, such as Higgs scalars or technip-
ions.

The continuum of dimuon pairs in this spec-
trum is understood as a product of quark-anti-
quark annihilation in the interacting nucleons,
the Drell-Yan mechanism. These data, com-
bined with the detailed production dynamics
of the upsilon s-states, will provide an impor-
tant test of QCD predictions within the stan-
dard model. Experiment 605 also recorded ex-
tensive data on the production of hadrons at
high transverse momentum in their 1984 run
at 800 GeV. The ensemble of lepton and had-
ron yields at high fractional transverse momen-
tum, X, in E-605 will be compared with the
predictions of QCD-based scattering programs
such as ISAJET and the LUND Monte Carlo
and should provide a good contrast to the pp
collider data which only test the calculations
at lower x-.

Tertiary beams also benefit greatly from the
doubling of primary particle energy. Examples
are photon and neutrino beams. There is an
increase in energy and more than doubling in
intensity in these beams. A tagged-photon
beam experiment, E-691, took data in 1985.

E-691: Tagged Photons

The goal of E-691 was to collect a large
sample of cleanly identified charmed particles
produced by high-energy photons. The trigger
for E-691 was based on the E| sum from
calorimetry. This is very efficient for charm
events, independent of the specific final state.
Using the data acquisition system designed to
take advantage of the higher duty cycle of the
Tevatron, E-691 collected 100 million events,
of which 3% contained charm.

As of December 1985, about 2% of the data
has been processed through the entire analysis
chain, including vertex finding. It is already
clear that the experiment has succeeded in
accumulating a clear charm sample much larger
than previous fixed-target experiments.
Charm peaks seen in this small fraction of the

data make reliable estimates for the full exper-
iment possible. Figure 3 is a K~ m* mass spec-
trum for 1.7% of the data, requiring the two
tracks to come from a common downstream
vertex. There are 80 events in the D° peak,
which implies a total of 4800 events in the full
data sample. The secondary vertex cut used
for this plot keeps 60% of the signal while
suppressing the background by a factor of 80.
Figure 4 shows the K~m* mass spectrum for
events which have an additional w* with
M(K-m*m*) — M(K-7*) between 0.143 and
0.148 GeV, consistent with D* decay. The data
sample contains 1200 D** — w*D° D° —
K-m* with vertex cuts, 2000 without. For all
of these channels, the background can be
made much smaller (at some loss in signal) by
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making tighter vertex cuts. Figure 5 shows a
K-m*m* mass plot with similar cuts for a data
sample corresponding to 1.4% of the total. In
this 3-body channel the suppression of non-
charm background is much larger, about a fac-
tor of 400. The signal for the full experiment
will be about 2000 D* decays in this channel
alone. All of these plots were made with a
preliminary version of the vertex analysis.
These large charm signals open up many
areas of interesting physics. There will be 6000
D** — wD° events which can be used for
studying the D° lifetime. Previous experi-
ments with comparable resolution had fewer
than 60 events. This sample of D° events tag-
ged by the D* decay will allow the first search
for D°-D° mixing below the 1% level. The
lifetime measurement helps separate mixing
from misidentified decays and from doubly
Cabibbo-suppressed decays, which are them-
selves interesting. With thousands of events
per decay mode for D° and D*, one expects

about 100 per decay mode of F* and A_*, with
good signal-to-background ratio. Branching
ratios and lifetimes for these particles are major
goals of E-691 analysis. Searches for excited
states decaying into F* and A * also look in-
teresting.

Including the decay modes that are common
and easy to detect, there will be about 15,000
D decays with low background. This will pro-
vide an unprecedented opportunity to look for
excited charmed mesons decaying into D +
m or D* 4+ . In addition, detailed charm
studies will be carried out with a sample one
hundred times as large as previous experi-
ments. For the first time, both D and D will
be measured in a substantial number of events.

In addition to the open-geometry running,
there was a short run to collect a large sample
of y — w*w~ events produced on H, Be, Fe,
and Pb targets. This will allow a study of the
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A-dependence of the s cross section with high
statistics and good control of systematic uncer-
tainties.

In summary, E-691 has collected a large sam-
ple of charm events which can be selected very
cleanly by the vertex detector. It will contrib-

ute new results in the areas of charm spectros-
copy, lifetimes, mixing, and production dy-
namics. The production versions of reconstruc-
tion programs are ready, and the processing of
the 10® events is beginning. Tune in next year!
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Neutrinos

The neutrino program in the 1985 run had
four experiments utilizing the “quad triplet”
neutrino beam. Two of these were bubble-
chamber experiments and two were counter-
electronic detectors. The successful extraction
of fast-spill “pings” of approximately 1-mil-
lisecond duration was accomplished in the
multiple mode. Three such pulses, each 2-3
X 10" protons, were extracted and targeted
on the pion and kaon production target. Fast
extraction is a very difficult task in supercon-
ducting accelerators. The main difficulty

stems from the necessity of keeping the extrac-
tion losses to an absolute minimum. During
slow-spill extraction, the fractional loss of 1%
or so can be absorbed in the superconducting
magnets when spread over a long spill time.
The requirement that a beam spill be of 1-
msec duration imposes Very severe restrictions
on high-quality extraction. Nevertheless,
three and sometimes four “pings” per cycle
were routinely extracted during the 60-sec
machine cycle and throughout the 8-month
run.
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In addition, the beam switchyard managed
a very complicated array of hadron or muon
beams operating concurrently with the pings
and thus provided continuing calibrations for

the electronic detectors.
The 15-ft Bubble Chamber experiment, E-

632, an American-European- Indian collabora-
tion, utilized the high-energy neutrino quad
triplet beam. This was a first look at neutrinos
in the energy domain greater than 300 GeV.
The beam composition was about 75% neu-
trinos and 25% antineutrinos.

E-632: The 15-ft Bubble Chamber

155,000 photographs were taken in each of
three cameras of the 15-ft chamber filled with
a heavy neon-hydrogen mix. 100,000 photo-
graphs were taken with a high-resolution cam-
era with classical optics which allowed events
in the center of the chamber to be studied in
greater detail. Development work was done
in holographic optics, which has the potential
for higher resolution over a larger volume than
classical optics. Some holograms of events
were obtained and a new arrangement is being
prepared for the next run. Several holographic

replay systems have been builtand are working
well.

The 13,000 charged-current events are now
being scanned and measured. These are being
studied particularly for new effects. One in-
teresting objective is the famous “same-sign
dilepton” signal. A very small number of
events displayed with bubble-chamber clarity
could solve the problem.

The EMI/IDF counters worked very well
and muons of momentum greater than 4 GeV/c
were identified with 93% efficiency. To study

E632

Curious Neutral
Current Event

Final State:
| prong+Ve VeV rr®
EVIS = 20 GeV
PT = 2GeV

Figure 6
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like-sign dileptons, the pp candidate events
are being selected using the EMI/IDF coun-
ters while the pe events are being selected

using both the counter data and film scanning.
Two interesting events are shown in Fig. 6
and Fig. 7.

E632

Charmed
Baryon Candidate

" X o*ax

l l*pe.=6.? GeV/e
pao =1.2 GeV/c
pu =150 Gev/c

Figure 7

E-745: Tohoku Bubble Chamber

T'he other bubble chamber in the neutrino
run was the new Tohoku 1-m, heavy-Freon
chamber. Experiment 745 is a Brown Univer-
sity, IHEP (Beijing), MIT, Nagoya, Oak
Ridge, Technion (Israel), Tel Aviv, Tennes-
see, Tohoku University collaboration. Exper-
iment 745 began as an engineering test, but
good physics data were obtained. The exper-
iment, using the 1-m, high-resolution Freon
bubble chamber with a hybrid muon-detection
system, was used to study high-energy neu-
trino interactions and the physics of short de-
cays.

Experiment 745 had a smooth run in the
four months from April to August. 200,000 nor-
mal bubble-chamber pictures and 63,000
holographic pictures were taken. The unique
feature of the experiment, holographic photo-
graphy, was developed successfully and projec-
tion machines for reconstruction of holograms
are in routine operation in two laboratories.
Processing of data is about 40% complete and
the first pass of analysis will be completed by
spring 1986. Figure 8 shows the first identified
charm event in this run, D° — K°mw*m-.
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E-744: Electronic, Heavy

The large (approximately 1000 tons) elec-
tronic detector for E-744 is a University of Chi-
cago, Columbia, Fermilab, Rochester collab-
oration. The 600-ton target calorimeter was
instrumented with scintillation counters samp-
ling every 10 cm of steel and multiwire drift
chambers with 20 cm of steel sampling. With
the aid of fast, buffered electronics built at
Columbia University’s Nevis Labs, the experi-
ment was capable of recording upwards of 30
events during a single millisecond spill. Through-
out the run the apparatus performed flawlessly
and accumulated 1.7x10° charged-current
events produced by neutrinos and antineu-
trinos. In addition, a corresponding number of
neutral-current events was also collected.

The main thrust of the experiment is to
study rare neutrino events, specifically di-
muons. It is estimated that the experiment
collected approximately 4000 dimuons of op-
posite sign and 200 like-sign dimuons before
momentum and fiducial cuts. In the quad trip-
let run, the mean neutrino event energy was
150 GeV and some 10% of events had energy
between 300 and 600 GeV. This number of
events was the largest number ever collected
in a single neutrino experiment at Fermilab.
This sample corresponds to 5X 10" protons
on target. Typical like-sign and opposite-sign
dimuon events are shown in Fig. 9.

Figure 9
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E-733: Electronics, Fine Grain

The second electronic detector which took
data during the 800-GeV Tevatron run was
E-733, a Fermilab, Florida University, MIT,
and Michigan State collaboration. This 300-
ton, fine-grain detector is capable of measuring
the direction as well as the energy of hadronic
showers. Some 220,000 triggers were taken.

A fraction of these triggers had a dimuon en-
hancement; thus, one expects a rich opposite-
sign dimuon and like-sign dimuon sample of
events contained therein. In addition to run-
ning in the neutrino beam, the experiment
utilized a slow-spill hadron beam providing
continuous calibration throughout the run.

E-731: CP Violation

This is a University of Chicago, Elmhurst,
Fermilab, Princeton, Saclay collaboration. To
date there is no evidence for milliweak (AS=1)
CP violation, although such predictions arise
naturally in many forms of the standard model
of electroweak interactions. A signature for
milliweak CP violation is a non-zero value of
the parameter &'/e to a precision of 0.1%. This
will require the detection of approximately 10°
K? — 7°n° and 4.10° K{ — w*mw~ decays.
Such a measurement will either demonstrate
the existence of milliweak CP violation or, at
the very least, severely constrain the models
that describe it. 'The most accurate previous
result (from Fermilab E-617) had an error of
about = 0.006. To achieve its goal, E-731
requires a high-rate/low-background neutral
kaon beam and a detector with high acceptance
and good background suppression.

During the 1985 Tevatron run, the new neu-
tral-kaon beam at M Center was successfully
commissioned. It combines both the high
energy and high duty-cycle of the Tevatron to
produce a neutral K long beam which has five
times more useable (100-GeV region) flux than
ever before at Fermilab. Soft neutrons and
photons, which had been limiting factors in
previous experiments, have been significantly

reduced. The spectrometer, consisting of an
800-element lead-glass array, a new 2000-wire
high-rate drift-chamber system, an analysis
magnet with a 60-in. gap, a Imm-thick trigger-
ing hodoscope in vacuum, and several planes
of triggering hodoscopes was installed and
tested. In addition, a series of K— — 31 veto
counters outside the decay fiducial, but within
the vacuum chamber, an active regenerator
also in the vacuum, and a beam anti-counter
were commissioned. The entire integrated
spectrometer system was in place and collect-
ing data for the last six weeks of the run.

The 1985 run was very successful; approxi-
mately 10,000 neutral K{ — m°w° have already
been collected. This corresponds to a statisti-
cal precision nearly twice as good as the E-617
result. Additionally, the background suppres-
sion counters have worked quite well: the sys-
tematic errors have also been improved. These
data are now being analyzed. As a result of
experience gained in the 1985 running period,
the experimenters plan to build a hardware
cluster finder for the lead glass and upgrade
the data acquisition system. With these
changes, the full goals of E-731 should be
achieved.

E-621: CP Violation

In E-621, a collaboration from Michigan,
Minnesota, and Rutgers universities is making
a measurement of m, _,, the CP-violation
parameter describing K{ — w*w~n° decays.
By collecting *m~n° decays with a Vee spec-
trometer located close to the kaon production

target, CP violation is seen as an interference
between K{ and K[ decays. In 1984, when
Fermilab began operating at 800 GeV/c, a test
run collected 200,000 K ; decays. The analysis
of these data is proceeding; backgrounds and
systematic errors are negligably small, and one
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is able to confidently state that | My _, | <
0.03 (the previous upper limit was 0.35). The
complete analysis should reduce the error by
a factor of two.

During the 1985 fixed-target run, improve-
ments were made in the beamline, in the
shielding of the spectrometer, and in the trig-
ger. The experiment collected 3.2 million K3
decays. This data set is now under analysis.

If we assume that systematic errors will remain
manageable, and scale by statistical precision
alone, this should yield a measurement of
| N4 —o | toan accuracy of = 0.003.

The state of the current understanding of
| N4 —o | is illustrated in Fig. 10, which
shows preliminary results from the 1984 test
run, two other experiments with large statis-
tics, and the Particle Data Group’s upper limit.
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E-653: Emulsion

Experiment 653 is an Aichi (Japan), Davis,
Carnegie-Mellon, Chonnam (Korea), Gifu
(Japan), Gyeongsang (Korea), Jeonbug
(Korea), Kobe (Japan), Nagoya (Japan), Ohio
State, Okayama (Japan), Oklahoma, Osaka
City (Japan), Osaka Prefecture (Japan), Sook-
myong, Seoul (Korea), Toho (Japan), Won
Kwang (Korea), Yokohama (Japan) universities

collaboration, a study of charm and beauty
using a new form of hybrid emulsion spec-
trometer. As given in the proposal, the purpose
of this experiment was to obtain a low-back-
ground sample of 10,000 charm and 100
beauty-associated decays selected by decay
lengths rather than branching modes. Desired
physics included precision measurement of
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lifetimes, measurement of branching ratios,
discovery of new states, a search for exotic
four-quark meson states, a study of the F—r
decay, mixing measurements, and a variety of
lesser goals.

For E-653, 1985 was a full-system maiden
run. A series of emulsion modules, scanned
through the 800-GeV proton beam under com-
puter control, were exposed to track intensities
varying between 0.5%10* and 2x10° per
square centimeter. Interactions in the vicinity
of the emulsion resulting in a penetrating
muon with greater than 5-GeV/c momentum
were recorded using a highly precise electronic
spectrometer. Emulsion targets typically were
6-8% of an interaction length, and 5% of in-
teractions resulted in a muon trigger. Most of
these triggers came from pion and kaon decays
within the free drift space of the spectrometer.

Solid-state microstrip detectors located the
beam to within 5 microns and secondary
charged tracks to within 14-20 microns. Multi-
ple-sampling drift chambers with 100-micron
resolution completed a short but powerful
spectrometer. Particle identification apparatus
included a 70-picosecond time-of-flight hodos-

cope, a liquid-argon calorimeter with 1-mm
resolution and 1-cm two-shower separation, a
hadron calorimeter, and a muon magnetic-to-
roid spectrometer. Data were recorded via a
FASTBUS system suitable for a wide variety
of emulsion and all electronic running,.

5.6 million triggers, representing approxi-
mately 0.71 X 10® interactions within the fidu-
cial volume of the emulsion, were recorded,
roughly 80% of the 1981 prediction for the first
run.

Currently, individual systems have been
calibrated to precisions quoted previously and
vertex finding is commencing. Initial contact
has been made between electronic predictions
and interactions within the emulsion, and the
hope is to begin finding charm by spring. As-
suming an A' nuclear dependence, a 25-micro-
barn-pair cross section, and a 70% overall effi-
ciency, experimenters could find almost 5000
charm pairs, though because of uncertainties
they would be happy with half that number.
Based on a 5-nanobarn cross section, they ex-
pect to find perhaps four associated beauty
events.

Other Highlights

As part of the doubling of the energy of the
Fermilab fixed-target program, four new
beamlines were designed and under construc-
tion in 1985. Perhaps most important of these
four were the new Muon Beamline and the
Wide Band Photon Beamline. At the end of
those new beamlines, new detectors are being
constructed for runs in 1986.

Getting some beam down these two new

lines to test for beam halos and intensities,
and to debug some elements of the new ap-
paratus, was considered important, although
of lower priority. The race to complete the
construction of the tunnels and beam enclo-
sures, and install and connect beam-transport
magnets before the end of the running cycle,
was fortunately won. Below are the reports
from the two beamlines.

E-665: Muons

Experiment 665 did pretty well for never
making it onto the official Fermilab long-range
schedule! The new muon beam needed for
the experiment was mostly a set of cold muddy
holes in the ground when the running period
started in January. By early September, when
the run ended, the new beam had been com-
missioned and tests of the E-655 apparatus

had begun. Useful measurements were made
of overall beam and halo yields, a crude beam
phase space measurement was made, several
proportional wire detectors were tested, and a
halo trigger established using the full muon
spectrometer scintillation counter array. The

group looks forward to a useful run for physics
in 1987.
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E-687: Photons

The following items were accomplished be-
tween June 23, 1985, when the wide-band
beam was first successfully transported, and
the end of the run in late August.

1. Beam studied: the beam was operated in
electron/photon mode at momenta up to
650 GeV/c and as low as 15 GeV/c. Measure-
ments of electron yields, charged-hadron
contamination of the electron beam, and
neutral-hadron contamination of the photon
beam were made. Beam optimization, both
of the magnetic tune and collimator settings
as well as radiator and converter studies,
were completed. Some measurements of

octants: O I

muon backgrounds were completed. The
electron-sweeping system was commis-
sioned and used to calibrate the electron
shower-counters which will be used to mea-
sure the electron energy after the radiator.

. Spectrometer Analysis Magnet: The first

of the two new large analysis magnets was
constructed and operated. It achieved the
design field.

Experimental equipment: Major compo-
nents of the detectors were operated in con-
ditions approximating actual running condi-
tions.
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III. Educational Actvities at Fermilab

Friends of Fermilab Association

Fermilab’s commitment to the enhance-
ment of science education was demonstrated
in 1985 by continuing support of a number of
in-house programs for teachers and pre-college
students sponsored by the Friends of Fermilab
Association (FFLA).

FFLA is a not-for-profit corporation. It is a
membership organization, with members
drawn from both the Fermilab community and
the general public. Stanka Jovanovicis FFLA's
president; Marge Bardeen is the vice-presi-
dent and program coordinator. During Ms.
Bardeen’s absence in 1985-86, Barbara Gran-
nis is serving as program coordinator.

The FFLA marked its third year of opera-
tion in 1985, and has continued to develop

and conduct pre-college science education pro-
grams for teachers, students, and the general
public. With funding assistance from the Na-
tional Science Foundation (NSF), the U.S.
Department of Energy, Abbott Laboratories
Fund, and the following foundations: The Ber-
sted Foundation, The Forest Fund, Furnas
Foundation, Inc., The Grainger Foundation,
Chauncy and Marion Deering McCormick
Foundation, and the Robert R. McCormick
Charitable Trust, and with the invaluable help
and cooperation of regional educators and Fer-
milab staff, FFLLA has mounted new programs
and improved some programs implemented in
previous years.

Discussing future plans for the Friends of Fermilab Summer Institute for Science Teachers, following
receipt of a grant from the National Science Foundation, are (left to right, seated) Fermilab Director
Leon Lederman; James Ruebush, Science teacher ar St. Charles High School; Marge Bardeen, vice-president
of FFLA; Judy Zielinski, member of the FFLA Board of Directors; and (left to right, standing) Stanka
Jovanovic, president of FFLA; and Robert Riley, president of the Batavia Bank and FFLA board member.
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1985 Summer Institute for Science Teachers

The past year saw the initiation of a three-
year National Science Foundation grant which
provided major funding for the 1985 Summer
Institute for Science Teachers sponsored by
FFLA. The four-week institute drew high-
school teachers from the nine-county north-

eastern Illinois area. Forty-five biology,
chemistry, and physics teachers participated
in the program, which consisted this year of
intradisciplinary and plenary lectures at Fer-
milab, and science and computer labs at a local
high school.

Physics West/Chemistry West

One of the great benefits of the institute is
the opportunity which it offers to science
teachers to share information. Physics West, a
spin-off of the 1984 Summer Institute, was
created to provide a framework for area
teachers to continue to exchange professional
news and views. Physics West is now well es-

tablished, with monthly meetings in various
locations in Kane and DuPage counties. It was
joined this year by Chemistry West, a forum
where chemistry “graduates” of the Summer
Institutes can share innovative teaching
methods and classroom materials.

Resources for the Science Classroom

A teacher’s manual listing regional facilities
for tours and materials available for the K-12
science classroom, Resources for the Science Class-
room, was developed with FFLA sponsorship
in 1984. In 1985 a supplement to the original
manual was produced and distributed to over

650 area schools. The response to the manual
and supplement has been extraordinary, with
requests for copies arriving almost daily from
schools throughout Illinois and neighboring
states.

Discovery and Invention Poster Contest

FFLA celebrated National Science Week in
May 1985 by sponsoring a Discovery and In-
vention Poster Contest for third to sixth grade
students in Kane and DuPage counties. The
challenge was to create a scientific invention
for which the student would like to be famous
in the year 2010.

Fifty-two posters were submitted for judg-

ing and display at Fermilab after having won
“pre-contests” in the schools. Prizes were
awarded to the top six winners. The poster
contest was highly successful and FFLA has
been asked by the NSF to make a report on
“How to Organize a Poster Contest” which
will be included in an NSF publication and
distributed throughout the U.S.

Target — Science and Engineering

A program for gifted minority students,
“Target — Science and Engineering,” is an
apprentice program which has been held at
Fermilab since 1980. Between twenty and
twenty-five students selected from applicants
from the Chicago metropolitan area have taken
part in the six-week program each summer,

working with a Fermilab staff member in the
mornings and spending the afternoons prepar-
ing a science research project. In 1985, FFLA
assisted with this program by securing a pri-
vate-sector grant to supplement program fund-
ing.
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Beauty and Charm at Fermilab

A new program, “Beauty and Charm at Fer-
milab,” a particle-physics curriculum for junior
high-school students, was developed during
1985. The program included the production
of a teacher’s guide, a five-lesson “kit unit”
with simple experiments which demonstrate
concepts such as “how small is small” and
“how to observe and measure what we cannot
see.” Following the development of the pro-
totype curriculum, a series of three Saturday
workshops were held at Fermilab to familiarize
a group of junior high-school science teachers
with the classroom materials. Seventeen
teachers participated in the workshops, where

they received a brief overview of particle
physics and critiqued the classroom unit.

The teachers, from Kane, DuPage, and
Cook counties, will introduce the unit in their
schools in early 1986 and then assist with the
revisions in the pilot curriculum. The first
round of this program culminates with a series
of visits to Fermilab by the teachers and ap-
proximately 1000 of their students. The stu-
dents will view a videotape of Fermilab experi-
mental areas, which has been produced spe-
cially for junior high-school students, and visit
various working areas.
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Additional Conferences and Workshops

In 1986, FFLA will co-sponsor an interna-  eotapes of the Saturday Morning Physics lec-
tional “Conference on the Teachingof Modern  tures and funded by the Aurora Foundation.
Physics” to be held at Fermilab. Also in 1986, In December 1983, FFLA sponsored the
FFLA will inaugurate a program for K-8 “Curriculum Design Workshop” for the II-
teachers, “Problem Solving in Mathematics linois Mathematics and Science Academy,
Teacher Training Workshop,” and will estab- ~ which was then in its initial planning stage.
lish a regional videotape library based on vid-

Conference on the Teaching of Modern Physics

Fermi National Accelerator Laboratory # Batavia, Illinois ® April 24-27, 1986

Howard M. Georgi, H
Leon M. Lederman,
Clifford M. Will, Washington Unive

American Shys \chers
International 2 ducation
Fr Fermilak
National Science Foundation

For application please write to:
Americ. ion of ics Teachers
5110 Roanoke Pla e 101 ® College Park, MD 20740
21: 301-345-4200
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Illinois Mathematics and Science Academy

The Illinois Mathematics and Science
Academy was proposed to the Illinois General
Assembly in an address by Governor James R.
Thompson in early 1984. In 1985, the General
Assembly enacted an Educational Reform Bill.
Through the efforts of State Senator Forest
Etheredge (R.-Aurora), a provision for the es-
tablishment of the proposed Mathematics-Sci-
ence Academy was appended to the bill. The
bill was duly signed into law by Governor
Thompson, creating the Academy, which is
scheduled to open in Aurora, Illinois, in close
proximity to Fermilab, in 1986.

Fermilab scientists, FFLA members, and
Fermilab Director LLeon Lederman played an
active role in the design and promotion of the
Academy concept: a three-year boarding
school for gifted students who would enter as
high-school sophomores and graduate into the
sophomore year of college. A very large
number of curriculum innovations were de-
vised to make this the pre-eminent school in
the nation. It is expected that Fermilab will
continue to play an important role in the
Academy.
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The US Particle Accelerators School

The US Particle Accelerators School began
operation in 1981 following a recommendation
made by a subpanel of the High Energy
Physics Advisory Panel that convened in 1979-
1980 to study the state of accelerator R«D.
The purpose of the school is to help educate
the young as well as those wanting to expand
their knowledge in accelerator physics, and to
enhance the professional stature and
pedagogic capabilities of accelerator scientists.
To accomplish these goals on a national scale,
with the school changing its location from year
to year, the US School Office was established
at Fermilab in 1984. The office opened under
the direction of the creator of the school, Mel
Month of BNL. With a central management
in place, it became possible to influence the
complex process of education within a much
broader cultural framework. The result was
the introduction of a wide array of school-re-
lated activities, with the school office provid-
ing the administrative coordination and sup-
port necessary for organization and implemen-

tation. The list of office activities includes:

* An intensive Accelerator School each year

* Cultural symposia (high-energy physics,
other accelerator-based sciences, etc.)

* Publication of school texts

* International courses on specialized topics
(jointly with the CERN Accelerator School)

* Prizes for achievement in accelerator physics
and technology

* History symposia and historical awards

* Organization of the American Physical Soci-
ety (APS) Topical Group on Particle Beam
Physics
The student population for the annual two-

week school has grown from 120 in 1981, to

260 in 1985. This very large growth in demand

reflects a deep interest within the science com-

munity. Although the full extent of this in-

terest in accelerator science and technology is

not known, the expansion of accelerator use

in the accelerator-based sciences as well as in

industry, medicine, and defense suggests that

we may only be seeing the tip of the iceberg.

The Fermilab Ph.D. Program in Accelerator Science

In 1985, Fermilab started a joint program
with universities to try to help alleviate the
current shortage of accelerator physicists. The
Laboratory offers the opportunity for graduate
students to carry out accelerator research to-
ward a university Ph.D. degree. The student
carries out thesis research at Fermilab, with a
sponsor (probably a member of the high-
energy physics group) in the student’s univer-
sity physics department. A Laboratory staff
member is the student’s supervisor during the
research work here. Thesis topics can be in
either theoretical or experimental accelerator
work.

Response to this program by university
physics departments has been enthusiastic; al-

ready, two students are here working toward
their Ph.D.’s, and there have been many in-
quiries and expressions of interest by others.
Michael Syphers is working on a thesis topic
involving computer simulation and sub-
sequent hardware construction of a new 8-GeV
transfer line between the Booster and Main
Ring to accurately match the phase spaces of
the two accelerators. Enrique Henestroza is
studying the application of perturbation theory
to non-linear accelerator Hamiltonians. Al-
though the program is still new, all indications
point to its success and value to our field.
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Physics in Latin America; the NSF/APS Grant, and More

Since mid-1984, Fermilab has been adminis-
tering a grant from the NSF to the American
Physical Society to aid physics in Latin
America. The initial idea arose ata Symposium
on Pan American Collaboration in Experimen-
tal Physics in Rio de Janeiro, Brazil, in mid-
1983; considerable concern was expressed
there at the effects of the economic crisis on
the growing scientific infrastructure of the
most developed countries in Latin America.
It became obvious that a relatively small
amount of money would be enormously help-
ful in tiding Latin American physics over the
difficulties caused by the hard-currency short-
ages.

In July 1984, NSF approved a grant of
$300,000 to the APS for assistance to physics
in Argentina, Brazil, Chile, Mexico, and Ven-
ezuela; the two principal investigators are
Leon Lederman (Fermilab) and Leo Falicov
(University of California, Berkeley). The grant
is to be used in four areas: (1) library subscrip-
tions to U.S. scientific journals; (2) payment
of page charges for articles by Latin American
authors submitted to refereed U.S. Journals
(3) spare parts and maintenance items for exist-
ing equipment in Latin American physics
laboratories; and (4) per diem support for Latin
American physicists visiting the U.S. for short
periods of time.

Grant representatives in each of the five
countries collect requests in their countries and
send lists of approved items to the U.S.; these
are then considered under guidelines set up
by a U.S. committee for the grant. Fermilab,
which has had a history of interactions with
Latin America over a number of years, was
designated to administer the grant; this in-
volves placing orders with manufacturers, pay-
ing for the orders, issuance of per diem checks,
and so forth. By agreement with DOE, the
services of Fermilab’s Purchasing and Ac-
counting Departments, administrative and
secretarial assistance, computerized record-

keeping, telephones, etc., were provided at
no cost to the grant and were essential to the
smooth administration of the grant.

Following some trial and error, procedures
evolved for processing the requests, and the
operation has become reasonably routine. Al-
though the fractions of expenditures in the
different categories varied from country to
country, a typical breakdown is: per diem 15%,
journal subscriptions 25%, page charges 15%,
and equipment 45%. To date, there have been
over 700 separate transactions processed, and
about 75% of the funds have been disbursed.

The feedback we have received from the
five Latin American countries has been uni-
formly positive; the relatively small amount of
money and effort involved in this program has
indeed had a significant impact. For example,
libraries have been able to obtain forefront
physics journals that they could not otherwise
afford, and replacement parts became avail-
able that allowed broken research equipment
to become operational again. Hopefully the
success of this modest program will lead to
others aimed at similar problems in other parts
of the world.

As a direct result of Pan American symposia
sponsored by Fermilab and the University of
Mexico (1981) and by Fermilab and the Brazi-
lian Physical Society (1983), Fermilab has
hosted many Latin American visitors, princi-
pally from Mexico, Brazil, and Argentina. Out
of this came two new groups engaging in ex-
perimental HEP. One, from the Institute of
Physics, (UNAM), Mexico, is involved in E-
690, a collaboration with Columbia University
and the University of Massachusetts, sched-
uled to run in the ’87 running period. The
other, from CNPQ in Rio de Janiero and from
the University of Sao Paolo, Brazil, worked
with E-691 (see “The Fixed-Target Run of
1985” elsewhere in this Reporr). A third Pan
American symposium is scheduled to be held
in Argentina sometime in 1986.
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Saturday Morning Physics

This now-six-year-old program continues to
be the core pre-college activity at Fermilab.
We have graduated about 1300 students, and
Saturday Morning Physics (SMP) Principal
Drasko Jovanovic plans to begin a follow-up
program to see where these survivors of our
10-week lecture series and tour end up — how
many are following a scientific career and how
important was SMP? Our lecture series for
1985, which we repeated three times for three
different classes during the course of the year,
looks like this:

* Introduction: What is an Elementary Parti-
cle? From Molecules to Quarks, with a Pause
at the Hydrogen Atom. Lecturer: L. Leder-
man

* How Do We Make Particles? Accelerators,
Beam Transport, and Assorted
Technologies. Lecturer: D. Jovanovic

* Special Theory of Relativity. Lecturer: T.
Nash

* How Do We See Particles? Interaction of
Radiation with Matter. Lecturers: G. Fisk, C.
Kerns

e The Connections of Particles with Cosmol-
ogy: How the World Began. Massive Neu-
trinos, Pulsars, Neutron Stars, and Black
Holes. Lecturers: E. Kolb, M. Turner

* Particle Physics Spin-offs: Technology and
Applications to Other Fields, Current Prob-
lems, and Future Prospects. Lecturer: E.
Malamud

* Conservation Laws and Symmetry Princi-

ples: Energy, Momentum, Rotation, Left-
Handedness and Right-Handedness, Time,
and Antimatter. Lecturer: C. Hill

* Quantum Theory; Particles and Waves;
Quantum Numbers and the Intrinsic Proper-
ties of Elementary Particles, i.e., Charge,
Spin, Mass, Strange, etc. Lecturer: S. Parke

* Leptons and Quarks: Electrons, Muons,
Taus and Neutrinos of the Lepton World,

Mesons and Baryons and Their Con-
stituents: the Quark Model. Lecturer: P.
Rapidis

e The Forces of Nature and Their Carriers:
Photons, W’s, and Gluons. Lecturer: ]J. Butler

The Summer Program for Minority Students

The first Fermilab educational program was
the Summer Program for Minority Students,
which began in 1970 while most of the Labo-
ratory was still in the Village. Ken Williams,
the founder of our Equal Employment Oppor-
tunity (EEQO) office, was the spark behind the
original program. Scientific and technical
people began to be much more active in the
program in 1974 and the entire program is now
steered by a volunteer committee largely com-
posed of scientists and engineers, working
with the EEO office.

The Summer Program is still going strong.
Its goal remains the same, to help able minority
students toward careers in science. To further
this goal, each summer we bring approximately
20 undergraduate students to Fermilab to work
in Laboratory technical projects. They work
directly for a supervisor, who guides them in
their specific work and, more generally, shows
them how to be scientists by the best methods

of all, example and participation. After 11
weeks, the students go back to their colleges
and universities, each having completed a pro-
ject that is part of the Laboratory’s scientific
effort, given a talk, and written a report on it.
The experience of work in a real laboratory 1s
enormously valuable to a student, especially
if he or she is from a smaller institution where
there is only limited contact with research.
We find these students by going out to look
for them. Each year, committee members visit
miany predominantly black and Hispanic col-
leges and universities to interview students for
the program. We also take some minority stu-
dents from majority institutions. Over the
years, we have developed close relationships
with many of the deeply dedicated faculty
members of the institutions we visit. We rely
heavily on their advice in selecting students.
One dedicated faculty member who has had
major influence on the program is James
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Davenport of Virginia State University, who
has come to the Laboratory for many summers
to coordinate and guide the students and the
program. He watches over the students’ work
and leads them through the preparation of their
talks and papers. He has been a great positive
influence on the students and the entire pro-
gram.

We have had some success in our continuing

goal. More than half of the almost 200 students
we have had in the program are active in scien-
tific and technical careers, including teachers,
researchers, engineers, and computer scien-
tists. More than half a dozen have earned
Ph.D.’s in science. Maybe that’s only a drop
in the bucket, but it’s a drop we’re proud of.
We will continue working to make more drops.
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IV. The Post-Doctoral Program at Fermilab

“. . . lowly beasts of burden.” — 1.1. Rabi

Post-doctoral research associates, “post-
docs” as they are universally known, play a
linchpin role in the scientific life of Fermilab.
They come in two categories of affiliation, uni-
versity and Fermilab, and four flavors: exper-
imenter, theorist, astrophysicist, and ac-
celerator physicist (in approximate descending
population order). On any given day, when
the accelerator is running for high-energy
physics, there may be more than one hundred
of these folks on site, building particle detec-
tors, logging data in experiments, processing
data tapes on computers, calculating theoreti-
cal and phenomenological quantities, and in-
venting new ways for accelerators to perform
better. Without them, the research enterprise
at Fermilab (the main reason we are here!)
would quickly grind to a halt. So, who are
these people? What are they like? Where did
they come from?

Most of the research associates are univer-
sity-associated experimenters who are here on
a relatively short-term basis. Some commute
from their home institution (as do their profes-
sor colleagues), but a majority live in the
Batavia area and function as full-time scientific
representatives of their groups. Since they are
recent Ph.D. graduates, they are usually young
(in their late twenties or early thirties), and
they come from all over the world. They are
bright, friendly, hard working, and they bring
a zest and flavor to Fermilab that helps give
this institution its atmosphere of liveliness and
challenge. They are just beginning to flower
as scientists and they provide an injection of
new insight, a sometimes unorthodox view-
point, and the dogged labor that moves our
scientific enterprise ahead. They are, in short,
a treasure to Fermilab, to the U.S. scientific
effort, and to the world science community.

Within the whole research associate popula-
tion, there is the subset of people (approxi-
mately half the total number) who are Fer-
milab post-docs. They will be the focus of this
article. At the time of writing, there are
twenty-one Fermilab post-docs in experimen-

tal high-energy physics, eight in particle
theory, four in astrophysics, and three in ac-
celerator physics. In addition, there is a small
group, the Wilson Fellows, whose duties are
similar to those of research associates, but who
are generally further along in their careers.
More on this elite group later.

We first consider the largest of these groups,
the twenty-one experimenter research as-
sociates. They are recruited from all over the
world. The last three to arrive were Fridolin
Dittus from Switzerland, Yee Bob Hsiung from
Taiwan, and Stephen Delchamps of the U.S.
Other recent arrivals include Taku Yamanaka
from Japan, Ian Leedom from Michigan, and
Carol Johnstone from Texas (some consider
the famous Lone Star State the equivalent of
a foreign country!). Among the Fermilab re-
search associates working here during the past
year, we also number citizens of Argentina,
India, and Norway. Truly an international
crowd.

We are also pleased and encouraged by the
rising number of women who are represented
among our experimenter post-docs. There are
two women currently employed, Carol
Johnstone and Wyatt Merritt, and two more
who left us within the past six months, Loretta
Dauwe to assume an assistant professorship in
Flint, Michigan, and Regina Rameika who
joined the Fermilab scientific staff. In a field
that has traditionally not appealed to women
these are encouraging trends, and itis apparent
from our ongoing recruitment experience that
the fraction of women in the field of high-
energy physics will continue to rise in the fu-
ture.

Fermilab experimenter post-docs typically
come to us fresh from earning their Ph.D.’s.
Each receives a two-year appointment that can
be renewed, year by year, up to a maximum
of five years. The usual stay at Fermilab is
three to four years. By the time their post-doc-
toral interval is over, most of the people are
ready to make the next step up their career
ladders. Some become assistant professors of
physics, some join Fermilab or other
laboratories as scientific staff members, and a
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Dave Christian (left) and Steve Gourlay (right).

few leave high-energy physics for positions in
industry. Though we are sad to lose direct
contact with these friends, we are also happy
to know that they are useful and happy in
industry. We have yet to grow our first Stephen
Jobs or Edwin Land, but we know from feed-
back sources that Bell Telephone Laboratories
and Schlumberger, Inc. are better off because
of our post-doctoral alumni.

Let’s look at some of the current Fermilab
post-docs and their activities. Forrest Daven-
port joined us in March 1985, and elected to
work with experiment E-687 in the Wide-Band
Photon Beam. His current principal activity is
building a set of multi-wire proportional cham-
bers with the expert help of Technical Special-
ist Karen Kephart and her Physics Department
team of technicians. The accompanying photo
shows Forrest, Karen, and Wanda Newby com-
pleting the soldering on a plane of cathode
wires that will become one electrode in a
chamber with 12 similar wire planes.

Steve Gourlay, shown in a photo conversing
with Wilson Fellow Dave Christian, is also a
research associate on E-687. He is responsible
for designing a multi-cell Cherenkov counter
and getting it built in the next few months.
Dave Christian has zwice as much Cherenkov
counter work to do, since he must design and
build two such counters for Fermilab E-690,
also in the near future. Were they involved in
a discussion of the finer points of mirror optics?
Maybe. On the other hand, maybe they were
discussing the Chicago Bears’ chances to win
the Super Bowl in 1986!

In another photograph, Harry Melanson and
Steve Wolbers contemplate the recently com-
pleted electronic hookup of a very large drift
chamber they will use in Fermilab muon ex-
periment E-665. This chamber is one of a
group of eight completed or under construction
for that experiment. Steve has taken responsi-
bility for the mechanical construction, wire
placement, electrical hookup, and gas-supply
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Steve Wolbers (left) and Harry Melanson (right).

system for the chambers. Harry holds respon-
sibility for the electronic signal processing,
testing, and data readout. Not apparent in the
photograph is the fact that these chambers
exhibit amply the intrinsic perversity of inani-
mate objects and will absorb lots of Steve’s
and Harry’s time during the next year. Good
luck, guys!

Carol Johnstone came to Fermilab in June
1985. She joined the direct photon experiment
E-706 as its first Fermilab post-doc and gave
that effort a terrific shot in the arm. Carol came
to us from Los Alamos where she was the
spokesperson for the experimental group from
which her thesis came. She was already an
experienced, take-charge manager when she
arrived, and she commenced to imbue E-706
with her enthusiasm and energy from that mo-
ment on. In an accompanying photograph,
Carol 1s seen next to the large, steel gantry
that will support the liquid-argon calorimeter
which constitutes a crucial part of the experi-

ment. Carol’s main job is organization and im-
plementation of the E-706 online data-acquisi-
tion system, but she has a lively interest and
involvement in calorimeter construction and
testing as well. With Carol around, E-706 has
an energy supply that renders electric power
almost redundant.

The flagship experiment for Fermilab in the
next couple of years will be E-741, widely
known as CDF, the Collider Detector at Fer-
milab. At the present moment, there are three
Fermilab research associates in the CDF enter-
prise. They are, in order of their arrival, Jim
Patrick, John Huth, and Gong-Ping Yeh. Jim
is shown in an accompanying photograph
standing in front of one of the FASTBUS elec-
tronics racks that connects the particle detec-
tors in the gigantic CDF detector with the
event trigger system and data readout. It may
look like everything is complete and func-
tional, but a few minutes of conversation with
Jim Patrick points up the fact that there is a
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great deal of work still to be done between
the moment recorded on film and the cor-
nucopia of new physics that will flow from the
completed, operating CDF experiment.

Jim, John Huth, and G.-P. Yeh will all play
important roles in this unfolding process. John,
for example, is simultaneously working on the
central vertex time projection chamber and
conducting R&D on exciting new materials
with 1-dimensional conduction properties. His
extensive training at the University of Califor-
nia, Berkeley in the subtle mysteries of free-
electron propagation in gases and their sub-
sequent multiplication in strong electric fields
will stand him in good stead at CDF.

G.-P. Yeh has been heavily involved with
the Monte Carlo simulation of physics events
in the CDF detector and will be well placed
to analyze and understand the real data when
it comes in. In October 1985, following the
TeV I Collider triumph, he had already seen
a handful of real events. Fermilab Director
Leon Lederman, with his unerring sense of
public relations, called these first events “the
lowest-bias events in history!” G.-P. is now
counting on the next few million events to
reveal new mysteries in the core of matter. He
should get them before 1986 is over.

The Fermilab neutrino physics program has
traditionally been a high-visibility, high-prior-
ity research activity. In very recent times, the
home team, CCFR, has scored some points
against the CERN-based opposition, a cir-
cumstance that stimulates and reinforces the
efforts of two Fermilab-based CCFR post-
docs, Mike Lamm and Wyatt Merritt. In the
case of the Merritts, Wyatt’s husband Frank,
a physics professor at the University of
Chicago, is also a member of the same neutrino
experimental group. The Merritts have a new
baby boy who, if rumors have it right, is already
studying ways to upgrade the experiment in
the new century.

In this brief snapshot it is only possible to
mention the specific activities of a sampling
of the post-docs. There are many others who
are also doing a great job for their experiments:
Mike Sokoloff, Milind Purohit, and Wilson
Fellow Kris Sliwa with E-691; Gaston Gutier-
Jim Patrick. rez and Wilson Fellow Dave Christian with

Taku Yamanatka.
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E-690; Taku Yamanaka with E-731; Mike
Crisler with E-711; Merrill Jenkins with E-705;
and George Coutrakon with E-665. By this
time next year, new arrivals Steve Delchamps,
Yee Bob Hsiung, and Fridolin Dittus are ex-
pected to be in the thick of things and similarly
valued.

Now, on to the Theory Department post-
docs. There are only eight of them, but two
are women, an impressive 25%! Admittedly,
the statistical precision is questionable, but
it’s still indicative of very successful recruiting
work by Chris Quigg, urbane Theory Depart-
ment Head. Sumathi Rao, one of the women
theorists, has been at Fermilab for two years.
During the past year she worked on several
aspects of topology, anomalies, fractional
charges, and related topics. She studied non-
abelian gauge theories in three dimensions in
the perturbative regime and proved a global
Ward identity, working together with Rudy
Pisarski. Her theorist colleague Halsey Reno, Mike Sokoloff.
shown at work in her office, has spent the past
year working on the enigmatic problem of par-
ticle families (or generations). Ideas pertaining
to the existence of the three known families
of quarks and leptons, plus their familial re-
lationships, are among the more challenging
problems in recent particle theory. The 0(18)
gauge group is a currently active candidate for
relating the fermions and for pointing the way
to a possible understanding of proton decay
and other rare processes.

Mark Rubin has spent his time during the
past year working with the recently revived
higher-dimensional world view, first put for-
ward in the 1920s by Kaluza and Klein. Mark
also accomplished a neat technical piece of
work by pointing out an apparent contradiction
in the prescription of Fujikawa for calculating
anomalies. Working with Sumit Das, he also
constructed configuration spaces for string
field theory. The two are currently studying
the application of these spaces to string theory
in curved space-time. Hiroshi Itoyama, a na-
tive of Japan who came to Fermilab after doing
his Ph.D. at Columbia, has been working on
the structure of anomalies and their physical
consequences. He is also working on the re-
lated topic of superstring theory, the newest Carol Johnstone.
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Left to right: Forrest Davenport, Karen Kephart, and Wanda Newby.

hope to avoid some of the most pernicious
anomalies and divergences of field theory. In
particular, he is investigating higher-mass
string modes and multi-loop diagrams.

Jim Sexton, a native of Ireland, worked with
Keith Ellis during the past year on QCD radia-
tive corrections to all parton-parton processes
and used the results to calculate one-hadron
inclusive cross sections to order alpha cubed.
They are presently preparing to study one-
and two-jet inclusive cross sections. He has
also studied pure SU3 on asymmetric lattices
with Hank Thacker. Kirk Olynyk, a Canadian
post-doc, has also spent a large part of his time
in the past year working on a lattice. He has
investigated the properties of scalar particles
that transform under adjoint representations
of both global and local SU(N) symmetries.
Another European native, Joachim van der Bij
from Holland, has concerned himself mostly
with the effects of heavy particles on low-
energy physics.

To people who are not themselves theoret-
ical physicists, a natural question might be:
“Where in the world do such hard-to-com-
prehend (even pronounce!) ideas come from?”
As we have just seen, they come from the
U.S., from Europe, and from Japan. That’s
where they come from, but Fermilab is where
they are coming 70: a world center of theoret-
ical physics and one of the main places where
the big advances are made. These young
people are here to help make these advances
possible.

The Astrophysics Group is relatively small
in personnel, but it deals with the birth and
evolution and death of the whole Universe.
With such grand themes for their work, the
Astro post-docs are stimulated to tackle and
conquer exciting and esoteric problems. For
example, Keith Olive, who recently departed
to become a professor at the University of Min-
nesota, worked on a topic bridging the fields
of astrophysics and particle physics by studying
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the implications of photino-photino annihila-
tion into neutrinos as an experimental mech-
anism for asking the question (a hot one in
recent years): Where is the 90% of all matter
in the Universe? We can only account for 10%
by tabulating stars and galaxies. Is the rest
taken up by photinos of non-zero mass? David
Seckel worked on an even more esoteric ques-
tion while he was here: Is there a “shadow
universe” totally intermingled with our known
one, but whose existence can only be known
by its gravity field? David has now left us to
become a CERN fellow, but he left us with a
very interesting idea to contemplate, namely
what are the consequences to our known Uni-
verse of the existence of its shadow? Can we
ever expect to find out?

Two more current Astrophysics post-docs
are Lars Jensen, a Dane who came here from
the University of Pennsylvania, and David
Lindley, an Englishman from Cambridge.
Lars is working on a study of the consequences
of gaussian statistical fluctuations in the nearly
perfect homogeneous fluid that followed the
first inflation phase of the Universe. He wants
to explain how such fluctuation phenomena
could result in the rather inhomogeneous Uni-
verse we now perceive when we look up into
the night sky. David is studying the primordial
nucleo-synthesis of the matter in our Universe
today, and how its quantitative and qualitative
features are influenced by the hypothesized
presence of evanescent neutral particles that
played their role briefly at an early stage in
the big bang. In the accompanying photo,
Dave is surprised coming out of a primordial
terminal session in his office.

Finally, we note the recent arrivals of
Richard Holman from Florida and Jaime Stein
from Sussex, England. Richard is working on
superstring cosmology and its phenomenolog-
ical consequences, while Jaime prefers to play
with chaotic behavior in the cosmology of extra
dimensions. Extra dimensions? Shadow world?
Superstrings? Is this “Amazing Stories” or a
new charismatic cult religion? Except for the
few fellows who play the game themselves,
most of us have to believe that it is what these
folks say it is: real science. Speculative, yes,
but not wacko. Good stuff!

Halsey Reno.

The smallest post-doc group at Fermilab is,
paradoxically enough, in the area of accelerator
physics, where two new Ph.D.’s hold research
associate appointments in the Accelerator Di-
vision. Nearly all accelerator physicists are
grown from people whose Ph.D.’s came in
other fields. Take Dejan Trbojevic, who re-
ceived his degree two years ago in surface
physics and who has been involved in studying
the desorption of gases from the walls of the
proposed SSC accelerator by the intense syn-
chrotron radiation generated by this 20-TeV
machine. Dejan joined a group who went to
Brookhaven National Laboratory, where they
used the BNL Synchrotron Light Facility to
study the desorption experimentally. Now he
is moving further toward classical accelerator
physics by involvement with a redesign of the
Fermilab Main Ring orbit-correction system.
The second accelerator physics post-doc is



=120~

Mike Lamm.

Sejin Qian who came to Fermilab from the
Peoples Republic of China a few months ago.
Sejin is working on questions of beam loss and
radiation of hadron secondaries in the Fermilab
Tevatron and the SSC.

Similar to the Fermilab research associates
in their duties, but further along in their scien-
tific careers, is the small but prestigious group
of Wilson Fellows, named for Fermilab’s
charismatic founder and Director Emeritus,
Robert Rathbun Wilson. Since the program’s
inception in 1979, these young scientists have
been chosen from among their contemporaries
as people of special promise with very strong
potential for scientific creativity and leader-
ship. Appointed for five-year terms, they have
as their duty only to pursue high-energy
physics as creatively and relentlessly as they
can. Current Wilson Fellows include Dave

Christian, the Fermilab leader and sparkplug
on E-690, a novel experiment designed to de-
tect and study samples of millions of hadro-pro-
duced charmed particles; Bill Foster, a key
member of CDF; and Kiris Sliwa, the produc-
tive and imaginative young physicist who
brought the new drift-chamber detector for E-
691 to fruition. If the current Wilson Fellows
follow the paths of their predecessors, they
will be among the next generation of leaders
in the field of high-energy physics. We at the
Laboratory are proud of the record of all the
Wilson Fellows and of their contribution to
our work here as well as of their accomplish-
ments after leaving Fermilab.

One big post-doc challenge we have at Fer-
milab arises from the large number of highly
varied activities, both experimental and
theoretical, in which our post-docs are in-
volved. It would be perfectly possible for a
theory post-doc to come here, spend two years,
and never even see, much less meet and in-
teract with, half of the experimenter post-docs.
It’s also conceivable that two experimenters
could work here three years apiece and never
meet. Tom Kirk and Dan Green, who cur-
rently head the Fermilab Physics Department,
think they have made inroads on this problem
by inventing “Food for Thought,” a series of
monthly early-evening dinner meetings. All
Fermilab post-docs and Wilson Fellows are in-
vited for a free meal (the food is gradually
improving) and for an edifying physics talk
afterwards. The talks rotate among the attend- -
ing post-docs, and have an informal character
that stimulates questions and comments that
might be inhibited in the formal setting of a
daytime seminar. Or maybe it’s the wine with
dinner! But, who cares; it mixes the cast and
enhances communication . . . and that is what
was intended. Attendance has fluctuated,
reaching a low point near the hectic end-of-run
period in September, but the idea is working
and looks like a successful initiative. So far
the only drawback has been five- and seven-
pound weight gains by Tom and Dan, respec-
tively. A small price to pay for increased com-
munication among the research associates!

So this is the Fermilab post-doc world at a
glance. They are all different, but they have
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in common the inner fire in the belly that
drove them through to Ph.D.’s in one of the
most esoteric human activities — high-energy
physics. It didn’t turn them out as brilliant
but mechanical robots, either. They are hus-
bands and wives, moms and dads, neighbors
and voters. They pay their taxes, buy their
groceries, and save for a better car. But they
also push back the darkness at the edge of our
knowledge of nature. And they love it. And
we are really proud of them.
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V. Appendices
Appendix A
Publications
Experimental Publications

Photomeasurements #87A

INCLUSIVE PRODUCTION OF Q- AND O* BY K)-CARBON INTERACTIONS IN THE
ENERGY RANGE 80-280 GeV/c. E. P. Hartouni et al., Phys. Rev. Lett. 54, 628 (1985).

Muon #203

MUOPRODUCTION OF JA3100). T. W. Markiewicz, Ph.D. Thesis, Lawrence Berkeley .
Laboratory, University of California, October 1981.

Dimuon #326

A STUDY OF THE PRODUCTION OF MASSIVE MUON PAIRS IN 225 GeV - NUC-
LEUS COLLISIONS. H. B. Greenlee, Ph.D. Thesis, Enrico Fermi Institute, the University
of Chicago, Chicago, Illinois, June 1985.

Charged Hyperon #497

CHARGED-HYPERON PRODUCTION BY 400-GeV PROTONS. T. R. Cardello et al.,
Phys. Rev. D32, 1 (1985).

MEASUREMENT OF 3 PRODUCTION POLARIZATION AND MAGNETIC MO-
MENT. Y. W. Wah et al., Phys. Rev. Lett. 55, 2551 (1985).

SEARCH FOR HEAVY CHARGED PARTICLES AND LIGHT NUCLEI AND ANTINUC-
LETPRODUCED BY 400-GeVPROTONS. J. L. Thron etal., Phys. Rev. D31, 451 (1985).

Photoproduction #516

STUDY OF INCLUSIVE K% A, AND A PRODUCTION IN DIFFRACTIVE vp INTERAC-
TIONS. S. Bhadra et al., Phys. Rev. Lett. 35, 2749 (1985),

A LARGE AREA LIQUID SCINTILLATION MULTIPHOTON DETECTOR. V. K.
Bharadwaj et al., Nucl. Instrum. Methods 228, 283 (1985).

Dimuon #537

CONTINUUM DIMUON PRODUCTION IN p — W COLLISIONS AT 125 GeV/c. E.
Anassontzis et al., Phys. Rev. Lett. 4, 2572 (1985).

Hadron Jets #557

A STUDY OF HIGH TRANSVERSE ENERGY EVENTS IN PROTON-PROTON AND
PROTON-NUCLEUS COLLISIONS AT s = 27.4 GeV. R. S. Holmes, Ph.D. Thesis, Uni-
versity of Maryland, June 1985.

This list was compiled using 1984 (not in Fermilab 1984) and 1985 journal articles, theses, and
conference papers. Some conference papers were submitted to a conference prior to 1985 but were not
published until 1985. If there are changes, omissions, or comments, please notify the Publications Office.
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30-inch Bubble Chamber #565/570

INCLUSIVE K+*K- PRODUCTION IN REACTIONS 7*p, K*p, AND pp AT 200 GeV/c.
V. Suchorebrow, Ph.D. Thesis, Massachusetts Institute of Technology, February 1985.

30-inch Hybrid #570

INCLUSIVE PARTICLE PRODUCTION IN =*, P, K*P, AND PP INTERACTIONS AT
200 GeV/ce. T. A. J. Frank, Ph.D. Thesis, Massachusetts Institute of Technology, February 1985.

Particle Search #580

K* £ (892) PRODUCTION IN =-N INTERACTIONS AT 200 GeV/c. A. Napier et al., Phys.
Lett. 149B, 514 (1985).

INCLUSIVE RESONANCE PRODUCTION IN SINGLE-VEE EVENTS IN w~N IN-
TERACTIONS AT 200 GeV. S. Mikocki, Ph.D. Thesis, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia, August 1985.

Particle Search #591

NUCLEAR CHARGE DISPERSION IN THE FRAGMENTATION MASS REGION AND
THE THERMAL LIQUID DROP MODEL. N. T. Porile etal., Phys. Lett. 156B, 177 (1985).

Neutrino #594

DETERMINATION OF SIN?6,, AND p IN DEEP-INELASTIC NEUTRINO-NUCLEON
SCATTERING. D. Bogert et al., Phys. Rev. Lett. 55, 1969 (1985).

DETERMINATION OF THE NUCLEON STRUCTURE BY MEANS OF THE WEAK
NEUTRAL CURRENT. D. Bogert et al., Phys. Rev. Lett. 55, 574 (1985).

TOTAL CROSS SECTION MEASUREMENTS FOR MUON NEUTRINO AND ANTI-
NEUTRINO CHARGED CURRENT DEEP INELASTIC SCATTERING. T. F. Eldridge,
Ph.D. Thesis, Massachusetts Institute of Technology, Cambridge, Massachusetts, June 1985.

A COMPARISON OF NEUTRAL TO CHARGED CURRENT, NEUTRINO-NUCLEON
INTERACTIONS IN A WIDE BAND NEUTRINO BEAM AT FERMILAB. ]. A. Slate,
Ph.D. Thesis, Michigan State University, East Lansing, Michigan, 1985.

NEUTRAL CURRENT AND CHARGED CURRENT STRUCTURE FUNCTIONS OF
THE NUCLEON. G.-P. Yeh, Ph.D. Thesis, Massachusetts Institute of Technology, Cam-
bridge, Massachusetts, 1985.

High Mass Pairs #605

A DEPENDENCE OF THE INCLUSIVE PRODUCTION OF HADRONS WITH HIGH
TRANSVERSE MOMENTA. Y. B. Hsiung et al., Phys. Rev. Lett. 55, 457 (1985).

RATIOS OF SINGLE HADRONS PRODUCED AT HIGH TRANSVERSE MOMENTUM
IN 400 GeV/c PROTON-NUCLEON COLLISIONS. H. D. Glass, Ph.D. Thesis, SUNY/Stony
Brook, New York, August 1985.
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Hadron Jets #609

MEASUREMENT OF THE DIJET CROSS SECTION IN 400-GeV/c pp INTERACTIONS.
M. W. Arenton et al., Phys. Rev. D31, 984 (1985).

MEASUREMENT OF THE SINGLE-JET INVARIANT CROSS SECTION AT FER-
MILAB. L. R. Cormell et al., Phys. Lett. 150B, 322 (1985).

Particle Search #610

PERFORMANCE OF A LEAD GLASS SPECTROMETER AT HIGH ENERGIES. A. T.
Laasanen et al., Nucl. Instrum. Methods A236, 307 (1985).

CHARGE DISTRIBUTIONS OF HADRONS ASSOCIATED WITH HADRONIC J/is PRO-
DUCTION. H. S. Budd et al., Phys. Rev. D31, 1132 (1985).

Chi-Meson Production #610/673

FORWARD CHARGE FLOW IN HADRONIC JAs PRODUCTION. W.-G. Li, Ph.D. Thesis,
University of Illinois, Urbana, Illinois, August 1985.

Photon Dissociation #612

DIFFRACTIVE PHOTON DISSOCIATION IN A HIGH PRESSURE HYDROGEN TIME
PROJECTION CHAMBER. G. R. Snow, Ph.D. Thesis, The Rockefeller University,
November, 1983.

DIFFRACTION DISSOCIATION OF PHOTONS ON HYDROGEN. T. J. Chapin et al.,
Phys. Rev. D31, 17 (1985),

Beam Dump #613

A DEPENDENCE OF CHARM PRODUCTION. M. E. Duffy et al., Phys. Rev. Lett. 55,
1816 (1985). o

Forward Search #615

PION STRUCTURE AS OBSERVED IN THE REACTION ©-N — p*p~ X AT 80 GeV/e.
S. Palestini et al., Phys. Rev. Lett. 55, 2649 (1985).

FORWARD PRODUCTION OF HIGH MASS MUON PAIRS IN PION-NUCLEON IN-
TERACTIONS. S. Palestini, Ph.D. Thesis, Princeton University, December 1984.

A STUDY OF JAy PRODUCTION IN 260 GeV w~—NUCLEUS COLLISIONS. C. Adol-
phsen, Ph.D. Thesis, Enrico Fermi Institute, the University of Chicago, December 1985.

A STUDY OF MASSIVE MUON PAIR PRODUCTION AT HIGH X;. J. P. Alexander,
Ph.D. Thesis, Enrico Fermi Institute, the University of Chicago, March 1985.

CP Violation #617

A MEASUREMENT OF THE K° (890) RADIATIVE WIDTH. D. L. Carlsmith, Ph.D.
Thesis, the University of Chicago, December 1984.
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A DETERMINATION OF THE BRANCHING RATIO OF K; TO GAMMA GAMMA. H.
W. M. Norton, Ph.D. Thesis, the University of Chicago, December 1984.

A STUDY OF CP-VIOLATION THROUGH A PRECISION MEASUREMENT OF my/m . _.
R. H. Bernstein. Ph.D. Thesis, the University of Chicago, December 1984.

Particle Search #623

OBSERVATION OF THE CABIBBO-SUPPRESSED DECAY D+=—dnw=. C. H. Geor-
giopoulos et al., Phys. Lett. 152B, 428 (1985).

OBSERVATION OF DOUBLE PHI MESON PRODUCTION IN 400 GeV/c PROTON-
NUCLEON INTERACTIONS. T. F. Davenport, Ph.D. Thesis, Florida State University,
Tallahassee, Florida, December 1984.

Direct Photon Production #629

LARGE TRANSVERSE MOMENTUM DIRECT PHOTON, w° AND n PRODUCTION
WITH A CARBON TARGET. S. R. W. Cooper, Ph.D. Thesis, Michigan State University,
East Lansing, Michigan, 1985.

Charm Particle #630

CHARM PRODUCTION IN NEUTRON-NUCLEON INTERACTIONS. L. Tzeng et al.,
Phys. Rev. Lett. 55, 1172 (1985).

Channeling #660

FIRST OPERATION WITH A CRYSTAL SEPTUM TO REPLACE A MAGNET IN A
CHARGEDPARTICLE BEAM. S. 1. Bakeretal., Nucl. Instrum. Methods A234, 602 (1985).

APPLICATION OF A CRYSTAL SEPTUM TO REPLACE A MAGNET IN A CHARGED
PARTICLE BEAM AND STUDY OF DECHANNELING AND FEEDING-IN EFFECTS
IN A SINGLE SILICON CRYSTAL. R. L. Wijayawardana, Ph.D. Thesis, SUNY/Albany,
May 1985.

Chi Meson #673

DIFFERENCES BETWEEN PROTON- AND =~ -INDUCED PRODUCTION OF THE
CHARMONIUM X STATES. D. A. Bauer et al., Phys. Rev. Lett. 54, 753 (1985).

Neutrino Interactions/Narrow Band #710

NEUTRINO PRODUCTION OF LIKE SIGN DIMUONS. K. Lang et al., Perspectives of
Electroweak Interactions, Proceedings of the Leptonic Session, Twentieth Rencontre de
Moriond, Les Arcs, Savoie, France, Vol. 2, March 17-23, 1985, Ed. J. Tran Thanh Van, (France:
Editions Frontieves, 1985), p. 87.

Chi Meson #705

A MEASUREMENT OF THE RESPONSE OF AN SCG1-C SCINTILLATION GLASS
ARRAY TO 4-14 GeV/c PIONS. B. Cox et al., Nucl. Instrum. Methods A238, 321 (1985).
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MEASUREMENT OF ELECTROMAGNETIC SHOWER POSITION AND SIZE WITH
A SATURATED AVALANCHE TUBE HODOSCOPE AND A FINE GRAINED SCINTIL-
LATION HODOSCOPE. R. Rameika et al., Nucl. Instrum. Methods A236, 42 (1985).

A MEASUREMENT OF THE ENERGY RESOLUTION AND RELATED PROPERTIES
OF AN SCG1-C SCINTILLATION GLASS SHOWER COUNTER ARRAY FOR 1-25 GeV
POSITRONS. D. E. Wagoner et al., Nucl. Instrum. Methods A238, 315 (1985).

Direct Photon #706

A LARGE LIQUID ARGON PHOTON/HADRON CALORIMETER FOR FNAL. F. Lob-
kowicz et al., Nucl. Instrum. Methods A235, 332 (1985).

Sigma Beta Decay #715

MEASUREMENT OF THE ELECTRON ASYMMETRY IN THE BETA DECAY OF
POLARIZED % HYPERONS. S. Y. Hsueh et al., Phys. Rev. Lett. 54, 2399 (1985).

PERFORMANCE OF THE E-715 TRANSITION RADIATION DETECTOR. A. V. Kulikov
et al., Proceedings of the Santa Fe DPF/APS Conference, Eds. T. Goldman and M. M. Nieto
(World Scientific Press, Singapore, 1985), p. 358

Gravitational Detector #723

SEARCH FOR ANOMALOUS LONG RANGE INTERACTIONS AT HIGHLY RE-
LATIVISTIC VELOCITIES. P. J. Reiner, Ph.D. Thesis, The University of Rochester, Roches-
ter, New York, August 1985.

Collider Detector Facility #741

CONSTRUCTION AND TESTING OF A 3m DIAMETER x 5m SUPERCONDUCTING
SOLENOID FOR THE FERMILAB COLLIDER DETECTOR FACILITY (CDF). H.
Minemura et al., Nucl. Instrum. Methods A238, 18 (1985).

A GAS CALORIMETER FOR HIGH ENERGY EXPERIMENT AND STUDY OF HIGH
ENERGY CASCADE SHOWER. H. Miyata, Ph.D. Thesis, University of Tsukuba, Japan,
September 1984.

Hyperon Experiments at the Meson Laboratory

HYPERON EXPERIMENTS AT FERMILAB. L. G. Pondrom, Phys. Rep. 122, Nos. 2 &
3, 57 (1985). il

General Publications

SEARCH FOR H° — tt: t QUARK JET IDENTIFICATION PROBLEMS. G. S. Abrams
and B. Cox, Proceedings of the 1984 DPF Summer Study on the Design and Utilization of the
Superconducting Super Collider, Organized by the Division of Particles and Fields of the
American Physical Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson
and J. G. Morfin, (1985) p. 94.
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PROGRESS REPORT ON CONSTRUCTION AND TESTING OF A3 MeV, DC, AMPERE
INTENSITY ELECTRON BEAM RECIRCULATION SYSTEM. ]J. R. Adney et al., IEEE
Trans. Nucl. Sci. NS-32, 1841 (1985).

DEVELOPMENT OF PROPORTIONAL COUNTERS USING PHOTOSENSITIVE
GASES AND LIQUIDS. D. F. Anderson, IEEE Trans. Nucl. Sci. NS-32, 495 (1985).

THE CASE FOR A SMALL SSC BOOSTER. C. Ankenbrandt, Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized
by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 315.

A MULTI-TeV SUPERFERRIC BOOSTER IN THE MAIN SSC TUNNEL. C. Anken-
brandt, Proceedings of the 1984 DPF Summer Study on the Design and Utilization of the
Superconducting Super Collider, Organized by the Division of Particles and Fields of the
American Physical Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson
and J. G. Morfin, (1985), p. 319.

THE EVOLUTION OF LUMINOSITY AND THE pp ALTERNATIVE. C. Ankenbrandt,
Proceedings of the 1984 DPF Summer Study on the Design and Utilization of the Superconduct-
ing Super Collider, Organized by the Division of Particles and Fields of the American Physical
Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin,
(1985), p. 419.

A HIGH CAPACITY FASTBUS MULTIPLE EVENT BUFFER. ]J. A. Appel et al., IEEE
Trans. Nucl. Sci. NS-32, 105 (1985).

SSC MAGNETIC FIELD QUALITY CONSIDERATIONS. K. Asano et al., Proceedings of
the 1984 DPF Summer Study on the Design and Utilization of the Superconducting Super
Collider, Organized by the Division of Particles and Fields of the American Physical Society,
June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 329.

RADIAL DRIFT CHAMBERS FOR CDF FORWARD TRACKING. M. Atac et al., IEEE
Trans. Nucl. Sci. NS-32, 595 (1985).

APPLICATIONS OF BONNER SPHERE DETECTORS IN NEUTRON FIELD
DOSIMETRY. M. Awschalom and R. S. Sanna, Radiation Protection Dosimetry, 10, No. 1-4,
89 (1985). o

COMPUTING REQUIREMENTS AT THE SSC. J. Ballam et al., Proceedings of the 1984
DPF Summer Study on the Design and Utilization of the Superconducting Super Collider,
Organized by the Division of Particles and Fields of the American Physical Society, June 23-July
13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 691.

PULSED POWER SUPPLIES FOR THE FERMILAB 1 TeV SWITCHYARD. L. Bartelson
and J. Walton, IEEE Trans. Nucl. Sci. NS-32, 3755 (1985).

BEAM POSITION MONITOR SYSTEM FOR THE FERMILAB TEVATRON. A. E. Baum-
baugh et al., IEEE Trans. Nucl. Sci. NS-32, 1868 (1985).
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AN ESTIMATE OF THE CONTRIBUTIONS OF BELLOWS TO THE IMPEDANCES
AND BEAM INSTABILITIES OF THE SSC. ]J. Bisognano and K.-Y. Ng, Proceedings of the
SSC Impedance Workshop, Berkeley, California, p. 45 (1985).

IMPEDANCES OF THE SHIELDED BELLOWS IN THE SSC AND THE EFFECTS
ON BEAM STABILITY. J. Bisognano and K.-Y. Ng, Proceedings of the SSC Impedance
Workshop, Berkeley, California, p. 61 (1985).

AN INVESTIGATION OF THE SKIN DEPTH EFFECT OF A METALLIC COATING
ON A CERAMIC BEAM PIPE INSIDE A KICKER. ]J. Bisognano and K.-Y. Ng, Proceedings
of the SSC Impedance Workshop, Berkeley, California, p. 99 (1985).

PP COLLIDER PHYSICS: SUMMARY TALK. J. D. Bjorken, Proceedings of the International
Symposium on Physics of Proton-Antiproton Collision, Organized by the University of Tsukuba,
KEK, Japan, March 13-15, 1985, Eds. Y. Shimizu and K. Takikawa, p. 520.

FIXED-TARGET PHYSICS AT FERMILAB. J. D. Bjorken, Proceedings of the Santa Fe
Meeting; The First Annual Meeting (New Series) of the DPF of the APS, Organized by the
Theoretical Division of Los Alamos National Laboratory, Santa Fe, New Mexico, October
31-November 3, 1984, Eds. T. Goldman and M.M. Nieto, p. 144.

HEAVY QUARK AND CP: MORIOND °’85. J. D. Bjorken, Flavour Mixing and CP Violation,
Proceedings of the Fifth Moriond Workshop, La Plagne, Savoie, France, January 13-19, 1985,
Ed. J. Tran Thanh Van, 1985, p. 455.

THE FUTURE OF HIGH-ENERGY PHYSICS. ]J. D. Bjorken, The State of High Energy
Physics; Proceedings of the BNL/SUNY Summer School, 1983, Eds. M. Month, P. F. Dahl,
and M. Dienes, (New York: American Institute of Physics), 1985, p. 320.

THE TEVATRON GLOBAL RADIUS AND 0 SYSTEM. S. Bristol et al., IEEE Trans. Nucl.
Sci. NS-32, 2141 (1985).

DATA ACQUISITION SYSTEM DESIGN FOR PRODUCTION MEASUREMENTS OF
MAGNETS FOR THE FERMILAB ANTI-PROTON SOURCE. B. C. Brown et al., IEEE
Trans. Nucl. Sci. NS-32, 2050 (1985).

A TECHNIQUE TO MINIMIZE PERSISTENT CURRENT MULTIPOLES IN SUPER-
CONDUCTING ACCELERATOR MAGNETS. B. C. Brown and H. E. Fisk, Proceedings
of the 1984 DPF Summer Study on the Design and Utilization of the Superconducting Super
Collider, Organized by the Division of Particles and Fields of the American Physical Society,
June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 336.

THE SSC CRYOGENIC SYSTEM. D. P. Brown et al., Adv. Cryo. Eng., Ea-5, (1985).

VIOLATION OF MIDPLANE SYMMETRY IN BENDING MAGNETS. D. C. Carey, IEEE
Trans. Nucl. Sci. NS-32, 2255 (1985).
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A STANDARD INPUT LANGUAGE FOR PARTICLE BEAM AND ACCELERATOR
COMPUTER PROGRAMS. D. C. Carey and F. C. Iselin, Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized
by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 389.

LEPTON IDENTIFICATION AT THE SSC. J. Carr and E. Eichten, Proceedings of the
1984 DPF Summer Study on the Design and Ultilization of the Superconducting Super Collider,
Organized by the Division of Particles and Fields of the American Physical Society, June 23-July
13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 703.

KICKERS AND POWER SUPPLIES FOR THE FERMILAB TEVATRONIANTIPROTON
SOURCE. T. Castellano et al., IEEE Trans. Nucl. Sci. NS-32, 3003 (1985).

TEVATRON EXTRACTION MICROCOMPUTER. L. Chapman, et al., IEEE Trans. Nucl.
Sci. NS-32, 2144 (1985).

OPERATION OF THE TEVATRON EXTRACTION SYSTEM. L. Chapman et al., IEEE
Trans. Nucl. Sci. NS-32, 3116 (1985).

MAGNET CURRENT BYPASS SHUNT. F. Cilyo et al., IEEE Trans. Nucl. Sci. NS-32,
3757 (1985).

INTERMEDIATE ENERGY ELECTRON COOLING OF ANTIPROTONS TO IM-
PROVE THE LUMINOSITY OF ANTIPROTON-PROTON COLLIDERS. D. B. Cline et
al., IEEE Trans. Nucl. Sci. NS-32, 2430 (1985).

STATUS OF FASTBUS SOFTWARE IN THE COMPUTING DEPARTMENT AT FER-
MILAB. A. Cohen et al., Proceedings of the FASTBUS Software Workshop, CERN, Switzer-
land, September 23-24, 1985, p. 5.

CLINICAL EVALUATION OF NEUTRON BEAM THERAPY: CURRENT RESULTS
AND PROSPECTS (1983). L. Cohen et al., Cancer 55, 10 (1985).

TOLERANCE OF THE HUMAN SPINAL CORD TO HIGH ENERGY p(66) Be(49) NEU'T-
RONS. L. Cohen et al., Int. J. Radiat. Oncol. Biol. Phys. 11, 743 (1985).

RESPONSE OF PANCREATIC CANCER TO LOCAL IRRADIATION WITH HIGH
ENERGY NEUTRONS. L. Cohen et al.T Cancer 56, 1235 (1985).

EXTERNAL NEUTRON BEAM THERAPY. L. Cohen and F. R. Hendrickson, Proceedings
of the Second International Conference on Dose, Time and Fractionation in Radiation Oncology,
Sept. 23-24, 1984, Madison, Wisconsin.

AN EXPERIMENTAL PROPOSAL TO USE THE TEVATRON AS AN AID TO SSC
DESIGN BY TESTING OUR UNDERSTANDING OF EFFECTS CONTROLLING DY-
NAMIC APERTURE. T. Collins et al., Proceedings of the 1984 DPF Summer Study on the
Design and Ultilization of the Superconducting Super Collider, Organized by the Division of
Particles and Fields of the American Physical Society, June 23-July 13, 1984, Snowmass, Col-
orado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 361.
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FIXED-TARGET OPTION FOR THE SSC. E. Colton et al., Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized
by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 457.

ABSORBED DOSE MEASUREMENTS AT AN 800 GeV PROTON ACCELERATOR;
COMPARISON WITH MONTE CARLO CALCULATIONS. J. D. Cossairt et al., Nucl.
Instrum. Methods, A238, 504 (1985).

A COMPACT MULTIWIRE PROPORTIONAL CHAMBER SYSTEM WITH 250 MICRON
WIRE SPACING. P. Coteus et al., IEEE Trans. Nucl. Sci. NS-32, 585 (1985).

STANDARD ELECTROWEAK INTERACTIONS AND HIGGS BOSONS. B. Cox and F.
J. Gilman, Proceedings of the 1984 DPF Summer Study on the Design and Utilization of
Particles and Fields of the American Physical Society, June 23-July 13, 1984, Snowmass, Col-
orado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 87.

POSSIBILITIES FOR NEW HEAVY SCINTILLATION GLASSES IN ELECTROMAG-
NETIC HADRON CALORIMETERS AT THE SSC. B. Cox, Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized

by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R, Donaldson and J. G. Morfin, (1985), p. 553.

A PROGRAMMABLE HIGH POWER BEAM DAMPER FOR THE TEVATRON. ]. Crisp
et al., IEEE Trans. Nucl. Sci. NS-32, 2147 (1985).

APERTURE STUDIES WITH PATRICIA AND RACETRACK ON SIMPLE LATTICES
CONTAINING SSC DIPOLES. G. F. Dell et al., Proceedings of the 1984 DPF Summer
Study on the Design and Ultilization of the Superconducting Super Collider, Organized by the

Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 364.

pp INTERACTION REGIONS. R. Diebold et al., Proceedings of the 1984 DPF Summer
Study on the Design and Utilization of the Superconducting Super Collider, Organized by the
Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 399.

A PRECISION PULSER FOR MAIN RING EXTRACTION. ]. Dinkel and J. Biggs, IEEE
Trans. Nucl. Sci. NS-32, 3760 (1985).

STUDY OF BEAM LOSSES DURING FAST EXTRACTION OF 800 GeV PROTONS
FROM THE TEVATRON. A. I. Drozhdin et al., 1985 Particle Accelerator Conference, Van-
couver, British Columbia, May 13-16, 1985.

TEVATRON I: ENERGY SAVER AND P SOURCE. G. Dugan, IEEE Trans. Nucl. Sci.
NS-32, 1582 (1985).

PROTON EXTRACTION AND TRANSPORT FOR PBAR PRODUCTION IN TEVAT-
RON I. G. Dugan et al., IEEE Trans. Nucl. Sci. NS-32, 3009 (1985).
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FNAL MAIN RING TO ENERGY SAVER ANTIPROTON TRANSFER SYSTEM FOR
TEVATRON I. G. Dugan et al., IEEE Trans. Nucl. Sci. NS-32, 3006 (1985).

LIMITS TO THE PULSE REPETITION RATE OF A LITHIUM LENS. G. Dugan,
Proceedings of the 1984 DPF Summer Study on the Design and Utilization of the Superconduct-
ing Super Collider, Organized by the Division of Particles and Fields of the American Physical
Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin,
(1985); p. 321.

CHARGED SECONDARY HADRON BEAMS FROM THE SSC INTERACTION RE-
GIONS. G. Dugan, Proceedings of the 1984 DPF Summer Study on the Design and Utilization
of the Superconducting Super Collider, Organized by the Division of Particles and Fields of
the American Physical Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson
and J. G. Morfin, (1985), p. 465.

A PRIORI DEFINITION OF MAXIMAL CP NONCONSERVATION. I. Dunietz et al.,
Phys. Rev. Lett. 55, 2935 (1985).

NEW, SEMI-REMOTE HANDLING TARGET STATIONS IN THE FERMILAB EXPERI-
MENTAL AREAS. D. Eartly et al., IEEE Trans. Nucl. Sci. NS-32, 3072 (1985).

THE TEVATRON ENERGY DOUBLER: A SUPERCONDUCTING ACCELERATOR.
H. T. Edwards, Annual Review of Nuclear and Particle Science, Volume 35, Ed. J. D. Jackson,
(California: Annual Reviews, Inc.), 1985, p. 605

4w DETECTORS. G. ]J. Feldman et al., Proceedings of the 1984 DPF Summer Study on the
Design and Utilization of the Superconducting Super Collider, Organized by the Division of
Particles and Fields of the American Physical Society, June 23-July 13, 1984, Snowmass, Col-
orado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 623.

BEAM TESTS OF A 2 cm DIAMETER LITHIUM LENS. D. C. Fiander, et al., IEEE
Trans. Nucl. Sci. NS-32, 3063 (1985).

CONTROL AND INITIAL OPERATION OF THE FERMILAB BO LOW B INSERTION.
D. A. Finley et al., IEEE Trans. Nucl. Sci. NS-32, 1678 (1985).

THE IRONLESS COS6 MAGNET OPTION FOR THE SSC. H. E. Fisk etal., IEEE Trans.
Nucl. Sci. NS-32, 3456 (1985).

PARTICLE TRACKING AT THE SSC. ]J. E. Freeman and H. H. Williams, Proceedings of
the 1984 DPF Summer Study on the Design and Utilization of the Supercon- ducting Super
Collider, Organized by the Division of Particles and Fields of the American Physical Society,
June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 601.

DESIGN, INSTALLATION, AND COMMISSIONING OF THE D0 OVERPASS AT THE
FERMILAB MAIN RING. R. Gerig et al., IEEE Trans. Nucl. Sci. NS-32, 1666 (1985).

WIRE HIT INEFFICIENCY BECAUSE OF FINITE DOUBLE HIT RESOLUTION IN
JET EVENTS WITH LARGE TRANSVERSE MOMENTUM AT SSC ENERGIES. N.
Giokaris and J. Freeman, Proceedings of the 1984 DPF Summer Study on the Design and
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Utilization of the Superconducting Super Collider, Organized by the Division of Particles and
Fields of the American Physical Society, June 23-July 13, 1984, Snowmass, Colorado, Eds. R.
Donaldson and J. G. Morfin, (1985), p. 604.

A 90° SPECTROMETER TO MEASURE HIGH TRANSVERSE MOMENTUM INCLU-
SIVE CHARGED HADRON PRODUCTION AND TO SEARCH FOR PARTON COMPO-
SITENESS AT SSC ENERGIES. N. Giokaris and S. Majewski, Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized
by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 647.

THE SSC: A MACHINE FOR THE NINETIES. S. L. Glashow and L. M. Lederman,
Physics Today 38, No. 3, 28 (1985).

IDENTIFICATION OF HIGH TRANSVERSE-MOMENTUM HADRONS WITH A RING-
IMAGING CERENKOV COUNTER. H. Glass et al., IEEE Trans. Nucl. Sci. NS-32, 692
(1985).

REDUCTION OF SEXTUPOLE DISTORTION BY SHUFFLING MAGNETS IN SMALL
GROUPS. R. L. Gluckstern and S. Ohnuma, IEEE Trans. Nucl. Sci. NS-32, 2314 (1985).

DIRECT OBSERVATION OF MICROWAVES EXCITED IN THE FERMILAB BEAM
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VECTOR BOSON PRODUCTION AT PRESENT AND FUTURE COLLIDERS. R. K.
Ellis et al., Z. Phys. C27, 617 (1985).

SUMMARY REPORT OF THE JET STUDY GROUP. R. K. Ellis and J. Rohlf, Proceedings
of the 1984 DPF Summer Study on the Design and Utilization of the Superconducting Super
Collider, Organized by the Division of Particles and Fields of the American Physical Society,
June 23-July 13, 1984, Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 203.

THE QCD PARTON MODEL AT COLLIDER ENERGIES. R. K. Ellis, Proceedings of
the Workshop on Electroweak Symmetry Breaking, held at Lawrence Berkeley Laboratory,
Berkeley California, June 3-22, 1984, Ed. I. Hinchcliff, (included in the Proceedings of the
1984 Summer Study on the Design and Utilization of the Superconducting Super Collider), p.
827.

DEVELOPMENT OF QCD JETS EMITTED BY COLOR SINGLET SOURCES. R. K.
Ellis et al., UCD-85-7, March 1985, Oregon Workshop on Super High Energy Physics, Eugene,
Oregon, March 18-August 15, 1985.

LEPTON PAIR PRODUCTION AT ISR ENERGIES AND QCD. R. K. Ellis et al., Phys.
Lett. 151B, 457 (1985).

MULTIJET FINAL STATES: EXACT RESULTS AND THE LEADING POLE APPROX-
IMATION. R. K. Ellis and J. F. Owens, Proceedings of the 1984 DPF Summer Study on the
Design and Utilization of the Superconducting Super Collider, Eds. R. Donaldson and J. G.
Morfin, Snowmass, Colorado, 1985, p. 207.
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STABLE/EXOTIC PARTICLE PRODUCTION AND DETECTION AT THE SSC. S.
Errede and S.-H. Tye, Proceedings of the 1984 DPF Summer Study on the Design and
Utilization of the Superconducting Super Collider, Eds. R. Donaldson and J. G. Morfin,
Snowmass, Colorado, 1985, p. 175.

NONPERTURBATIVE QCD CORRECTIONS TO THE BJORKEN AND GROSS-
LLEWELLYN-SMITH SUM RULES. S. Fajferand R. J. Oakes, Phys. Lett. 163B, 385 (1985).

COVARIANT FUNCTIONAL SCHRODINGER FORMALISM AND APPLICATION TO
THE HAWKING EFFECT. K. Freese et al., Nucl. Phys. B255, 693 (1985).

REPHASING-INVARIANT FORMULATION OF CP VIOLATION IN THE KOBAYASHI-
MASKAWA FRAMEWORK. O. W. Greenberg, Phys. Rev. D32, 1841 (1985).

ULTRAHIGH-ENERGY COSMIC-RAY SPECTRUM. C. T. Hill and D. N. Schramm,
Phys. Rev. D31, 564 (1985).

CAN THE HAWKING EFFECT THAW A BROKEN SYMMETRY? C. T. Hill, Phys. Lett.
155B, 343 (1985).

FINITE-VOLUME EFFECTS ON SPECTRUM CALCULATIONS: MONTE CARLO
STUDY OF AN EXACTLY SOLVABLE LATTICE FIELD THEORY. D. Hochberg and
H. B. Thacker, Nucl. Phys. B257, 729 (1985).

DYNAMICAL RESONANCES IN STRONGLY COUPLED HIGGS MODELS. P. Q. Hung
and H. B. Thacker, Phys. Rev. D31, 2866 (1985).

ANOMALY CANCELLATIONS AND COMPACTIFICATIONS IN THE SO(32) SUPER-
STRING THEORY. H. Itoyama, Proceedings of a Symposium on Anomalies, Geometry and
Topology, Eds. W. A. Bardeen and A. White, (World Scientific), 1985.

ADIABATIC EXPANSION AND HIGHER ORDER CORRECTIONS FOR INDUCED
CURRENTS. H. Itoyama, Phys. Rev. D32, (1985)

CORRELATION BETWEEN TRANSVERSE MOMENTUM AND MULTIPLICITY FOR
SPHERICALLY EXPLODING QUARK-GLUON PLASMAS. ]. Kapusta et al., Phys. Lett.
163B, 253 (1985).

SUM RULES FOR RADIATIVE QUARKONIUM DECAYS FROM SHORT-RANGE IN-
TERACTIONS. H. ]. Lipkin, Phys. Lett. 151B, 155 (1985).

EVIDENCE AGAINST A STABLE DIBARYON FROM LATTICE QCD. P. B. Mackenzie
and H. B. Thacker, Phys. Rev. Lett, 55, 2539 (1985).

PHOTON AND DILEPTON EMMISSION FROM THE QUARK-GLUON PLASMA:
SOME GENERAL CONSIDERATIONS. L. D. McLerran and T. Toimela, Phys. Rev. D31,
545 (1985). i

THERMODYNAMICS OF TWO-DIMENSIONAL QCD IN THE LARGE-N LIMIT. L.
D. McLerran and A. Sen, Phys. Rev. D32, 2794 (1985).
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ULTRALIGHT DIRAC NEUTRINOS IN A LEFT-RIGHT SYMMETRIC MODEL CON-
TAINING MIRROR FERMIONS. J. Oliensis and C. H. Albright, Phys. Lett. 160B, 121 (1985).

PERTURBATIVE QCD UTILIZING EXTENDED SUPERSYMMETRY. S. J. Parke and
T. R. Taylor, Phys. Lett. 157B, 81 (1985)

TOPOLOGICALLY MASSIVE CHROMODYNAMICS IN THE PERTURBATIVE RE-
GIME. R. D. Pisarski and S. Rao, Phys. Rev. D32, 2081 (1985).

SUPERCOLLIDER PHYSICS. C. Quigg et al., Rev. Mod. Phys. 56, 579 (1934).

SSC PARAMETERS: WHAT PHYSICS DEMANDS. C. Quigg, Proceedings of the 1984 DPF
Summer Study on the Design and Utilization of the Superconducting Super Collider, Organized
by the Division of Particles and Fields of the American Physical Society, June 23-July 13, 1984,
Snowmass, Colorado, Eds. R. Donaldson and J. G. Morfin, (1985), p. 749.

REPORT OF THE 1984 HEPAP SUBPANEL ON THEORETICAL COMPUTING. C.
Quigg et al., DOE/ER-0205, September 1984.

WHAT LIES AHEAD? C. Quigg, 50 Years of Weak Interactions, Eds. D. B. Cline and G. M.
Riedash, University of Wisconsin-Madison, p. 459, 1985.

ELEMENTARY PARTICLES AND FORCES. C. Quigg, Sci. Am. 252, (4) 84, (1985).

COMPUTING FOR PARTICLE PHYSICS. C. Quigg et al., DOE/ER-0234, Report of the
HEPAP Subpanel on Computer Needs for the Next Decade, August, 1985.

REPORT OF THE BRIEFING PANEL ON SCIENTIFIC FRONTIERS AND THE
SUPERCONDUCTING SUPER COLLIDER. C. Quigg et al., Research Briefings 1985,
(Washington: National Academy Press), p. 73, 1985.

FERMIONS INTERACTING WITH SPHERICALLY SYMMETRIC MONOPOLES:
BEYOND THE STEP-FUNCTION APPROXIMATION. S. Rao, Phys. Rev., D31, 2559
(1985).

STATISTICAL MECHANICS OF COLLIDING BEAMS. J. F. Schonfeld, Ann. of Phys.
160, 149 (1985).

A SEMICLASSICAL THEORY OF UNDERDAMPED NONLINEAR BROWNIAN PRO-
CESSES. ]J. F. Schonfeld, Ann. of Phys. 160, 194 (1985).

ELECTRON STORAGE RING DISTRIBUTIONS NEAR LINEAR RESONANCE. ]J. F.
Schonfeld, Ann. of Phys. 160, 241 (1985).

LOCALLY SUPERSYMMETRIC SU(6) GRAND UNIFIED THEORY WITHOUT FINE-
TUNING AND STRONG CP PROBLEMS. A. Sen, Phys. Rev. D31, 900 (1985).

MONOPOLE-INDUCED BARYON NUMBER VIOLATION DUE TO WEAK ANOMALY.
A. Sen, Nucl. Phys. B250, 1 (1985).
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COMPARISON OF THE CANONICAL HAMILTONIAN AND THE HAMILTONIAN
OF CALLAN AND RUBAKOV FOR THE MONOPOLE-FERMION SYSTEM. A. Sen,
Phys. Rev. D31, 433 (1985).

RADIATIVE CORRECTIONS IN SUPERSYMMETRIC GAUGE THEORIES. A. Sen,
Phys. Rev. D18, 2100 (1985).

BARYON NUMBER VIOLATION INDUCED BY THE MONOPOLES OF THE PATI-
SALAM MODEL. A. Sen, Phys. Lett. 153B, 55 (1985).

NATURALLY LIGHT HIGGS DOUBLET IN SUPERSYMMETRIC E GRAND UNIFIED
THEORY. A. Sen, Phys. Rev. Lett. 35, 32 (1985).

RADIATIVE CORRECTIONS IN GRAND UNIFIED THEORIES BASED ON N=1
SUPERGRAVITY: II. GAUGE THEORIES. A. Sen, Phys. Rev. D32, 411 (1985).

HETEROTIC STRING IN AN ARBITRARY BACKGROUND FIELD. A. Sen, Phys. Rev.
D32, 2102 (1985).

EQUATIONS OF MOTION FOR THE HETEROTIC STRING THEORY FROM THE
CONFORMAL INVARIANCE OF THE SIGMA MODEL. A. Sen, Phys. Rev. Lett. 55, 1846
(1985). o

LOCALIZATION OF THE DYON CHARGE. A. Sen and H. Yamagishi, Phys. Rev. D31,
3285 (1985).

A MODEL FOR INITIAL STATE PARTON SHOWERS. T. Sjéstrand, Phys. Lett. 157B,
321 (1985).

RAPIDITY SIGNALS FOR TOP. T. D. Gottschalk and T. Sjéstrand, Proceedings of the 1984
DPF Summer Study on the Design and Utilization of the Superconducting Super Collider,
Eds. R. Donaldson and J. G. Morfin, Snowmass, Colorado, 1985, p. 81.

ON THE SEPARATION OF QUARK AND GLUON JETS IN HIGH-p EVENTS. T.
Sjostrand, Proceedings of the 1984 DPF Summer Study on the Design and Ultilization of the

Superconducting Super Collider, Eds. R. Donaldson and J. G. Morfin, Snowmass, Colorado,
1985, p. 84.

HIDDEN SECTOR OF SUPERSTRING MODELS: AN EFFECTIVE LAGRANGIAN
ANALYSIS. T. R. Taylor, Phys. Lett. 164B, 43 (1985).

EFFECT OF INTERACTION BETWEEN ELECTRONS OF LIKE SPIN IN CONDUCT-
ING POLYMERS: EXACT RESULTS. H. Thacker et al., Phys. Rev. B31, 3785 (1985).

NEW ACTIONS FOR SUPERSTRINGS. S.-H. H. Tye, Phys. Rev. Lett. 55, 1347 (1985).

THE LIMITING TEMPERATURE OF THE UNIVERSE AND SUPERSTRINGS. S.-H.
H. Tye, Phys. Lett. 158B, 388 (1985).

SEARCH FOR COMPOSITE MODELS WITH FAMILY GAUGE SYMMETRIES. B.-R.
Zhou and R. Huerta, Nucl. Phys. B252, 731 (1985).
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INDUCED-GRAVITY INFLATION. F. Accetta et al., Phys. Rev. D31, 3046 (1985).

IS CYGNUS X-3 STRANGE? G. Baym et al., Phys. Lett. 160B, 181 (1985).

THE ORIGIN OF COSMOLOGICAL DENSITY FLUCTUATIONS. B. J. Carr, Nucl. Phys.
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NEUTRINOS IN HIGH-ENERGY ASTROPHYSICS. C. Hill et al., Published in Neutrinos
in Astrophysics and Cosmic Ray Physics, Eds. K. Sakurai and ]J. Arafune (D. Reidel: Tokyo),
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THE FORMATION OF STRUCTURE IN THE UNIVERSE. C. Hogan et al., Proceedings
of the Santa Fe DPF/APS Conference, Eds. T. Goldman and M. M. Nieto (World Scientific
Press, Singapore), 1985.

MORE ON THE REALIZATION OF NEW INFLATION. L. Jensen and K. Olive, Phys.
Lett. 159B, 99 (1985).

THE SHADOW WORLD. E. Kolb, et al., Nature 314, 415 (1985).

COSMOLOGY IN THEORIES WITH EXTRA DIMENSIONS. E. Kolb, Proceedings of the
Santa Fe DPF/APS Conference, Eds. T. Goldman and M. M. Nieto (World Scientific Press,
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Santa Fe DPF/APS Conference, Eds. T. Goldman and M. M. Nieto (World Scientific Press,
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THE COSMOLOGY/PARTICLE PHYSICS INTERFACE. K. Olive and D. N. Schramm,
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DECAYING PARTICLES DO NOT “HEAT UP” THE UNIVERSE. R. J. Scherrer and M.
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PHASE TRANSITIONS AND DARK MATTER PROBLEMS. D. N. Schramm, Nucl. Phys.
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D. Schramm, Nature 314, 718 (1985).
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Appendix B
1985 Workshops, Seminars, and Colloquia

Theoretical Physics Seminars

J. Bagger, Stanford Linear Accelerator Center: “Heavy Families in Unified Theories,” January
8, 1985

G. Bodwin, Argonne National Laboratory: “Factorization of the Drell-Yan Cross-Section in
Perturbation Theory,” January 15, 1985

M. Soldate, Stanford Linear Accelerator Center: “Searching for the Intermediate Mass Higgs,”
January 17, 1985

A. Niemi, The Institute for Advanced Study: “Fermion Fractionization and Some New Index
Theorems,” January 22, 1985

Z. Yi-Cheng, Brookhaven National Laboratory: “Time Dependent Kink Solution and Metasta-
bility,” January 29, 1985

E. Predazzi, Torino University: “E.M.C. Effect,” February 5, 1985

R. Hughes, Caltech: “QED in 2+ 1 Dimensions, Fermion Fractionization, Topological Photon
Mass and the Quantum Hall Effect,” February 8, 1985

A. D. Kennedy, Institute for Theoretical Physics, Santa Barbara, California: “Recent Develop-
ments in Lattice QCD,” February 12, 1985

E. Van Beveren, University Nymegen: “QCD Inspired Strong Curvature (A Hadron Model),”
February 15, 1985

M. Dine, The Institute for Advanced Study, Princeton: “A New Mechanism for Baryosynthesis,”
February 19, 1985

A. Nelson, Harvard University: “To be announced,” February 26, 1985
V. Baluni, University of Michigan: “Gauge Boson Composites,” February 28, 1985

S. Barr, University of Washington, Seattle: “Solving the Strong CP Problem Without Axions,”
February 21, 1985

A. Kostelecky, Los Alamos National Laboratory: “Evidence for Phenomenological Supersym-
metry in Atomic Physics,” March 1, 1985

L. S. Brown, University of Washington, Seattle: “How the Seattle g-2 Experiment Works and
What is its Line Shape,” March 5, 1985

A. N. Schellekens, State University of New York at Stony Brook: “Compactification by Higher
Dimensional Instantons,” March 4, 1985

H. Thacker, Fermilab: “Lorentz Invariance on a Lattice,” March 12, 1985

A. Soni, University of California, Los Angeles: “Lattice Calculation of Hadronic Weak Matrix
Element,” March 25, 1985

D. Boyanovsky, Stanford Linear Accelerator Center: “Axial and Parity Anomalies at Different
Perspective,” March 26, 1985

A. Hodges, University of Texas: “An Introduction to Twistor Theory,” March 27, 1985
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H.-Y. Guo, Peoples Republic of China: “Topological Understanding of Anomalies,” April 2, 1985
S. Parke, Fermilab: “Perturbative QCD Using Extended Supersymmetry,” April 9, 1985
C. Savoy, CERN: “Phenomenological Constraints on Supergravity Models,” April 23, 1985

Z. Kunszt, University of Bern, Switzerland: “Gluino Pair Production at the Collider,” April 30,
1985

G. Chapline, Lawrence Livermore Laboratory: “Unification of Gravity and Elementary Particle
Interactions in 26 Dimensions,” May 7, 1985

L. L. Chau, Brookhaven National Laboratory: “Integrability Properties of Supersymmetric
Yang-Mills Theory,” May 8, 1985

C. Orzalesi, Scientific Attache, Italian Embassy, Washington, D. C.: “Compactification Mech-
anism in Kaluza-Klein Theories,” May 16, 1985

D. Nemeschansky, Stanford Linear Accelerator Center: “Holonomy Anomaly,” May 21, 1985
J. Shigemitsu, Ohio State University: “Lattice Gauge-Higgs System,” May 28, 1985

M. Karliner, Stanford Linear Accelerator Center: “The Baryon Spectrum of the Skyrme Model,”
June 4, 1985

D. D. Wu, University of Chicago: “The Rephasing Invariance of the K-M Matrix,” June 5, 1985

E. Mottola, University of California, Santa Barbara: “Why Does the Vacuum Weigh Nothing?”
June 11, 1985

G. Lasher, IBM: “A New Algorithm for Topological Charge in SU(2) Lattice Gauge Field,”
June 18, 1985

D. R. Yennie, Cornell University: “Integer Quantum Hall Effect,” June 24, 1985

K. Bitar, American University of Beirut, Lebanon: “Renormalization Flow on the Lattice and
Deconfinement,” July 9, 1985

J. L. Rosner, Enrico Fermi Institute, University of Chicago: “Exotic Fermions in July
16, 1985

P. Mackenzie, The Institute for Advanced Study: “Hadronic Coupling Constants in Lattice
QCD,” July 23, 1985

K. Tanaka, Ohio State University: “Kaluza-Klein Monopoles in 5 Dimensions,” July 25, 1985

M. Rubin, Fermilab: “Reparametrization and Gauge Transformations in String Field Theories,”
July 30, 1985

A. Das, University of Rochester: “Fujikawa’s Method and Solutions of Two-Dimensional Mod-
els,” August 6, 1985

D. Petcher, NIKNEF, Amsterdam: “Field Theory in a Finite Volume: Can You Get Big Results
by Thinking Small?” August 13, 1985

T. Sjostrand, University of Lund, Sweden, and Fermilab: “Multiple Parton-Parton Scatterings
in Hadronic Events,” August 20, 1985

U. Sarkar, University of Texas, Austin: “Superstrings and Neutrino Masses,” August 27, 1985

B. Grossman, Rockefeller University: “Three Co-cycles in Quantum Mechanics and Field
Theory,” September 3, 1985
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J. Tran Thanh Van, University de Paris Sud, Orsay, France: “Theoretical Approach to Low-p,
Physics,” September 5, 1985

J. J. Van der Bij, Fermilab: “Some Two-Loop Corrections to Weak Interaction Parameters,”
September 10, 1985

M. ]J. Perry, Princeton University: “Superstrings and Geometry,” September 17, 1985
M. H. Reno, Fermilab: “Phenomenology of 0(18),” September 24, 1985

P. Candelas, University of Texas at Austin: “Yukawa Couplings in Superstring Theories,”
October 1, 1985

A. Axelrod, Florida State University: “Dinucleon Decay in GUTS,” October 8, 1985
C. Davies, Cornell University: “Langevin Simulations of QCD,” October 15, 1985

O. Alvarez, Lawrence Berkeley Laboratory: “Conformal Field Theory and String Models,” (to
be continued), October 22, 1985

O. Alvarez, Lawrence Berkeley Laboratory: “Conformal Field Theory and String Models,”
October 24, 1985

M. Dine, City College of New York: “Is the Superstring Weakly Coupled?” October 29, 1985
P. Moxhay, Indiana University: “Infinity Cancellations in 0(32) Superstrings,” October 31, 1985
H. Itoyama, Fermilab: “Supersymmetry Anomalies,” November 5, 1985

O. Alvarez, Lawrence Berkeley Laboratory: “(Yet More) Conformal Field Theory and String
Models,” November 7, 1985

G. Kane, University of Michigan: “Nonminimal Supersymmetry at Low Energies: Spectrum,
Signatures, and LISPs,” November 12, 1985

M. Peskin, Stanford Linear Accelerator Center: “Gauge Invariant Strings and Superstrings,”
November 14, 1985

D. Soper, University of Oregon: “Theory of Heavy Particle Production,” November 19, 1985

M. Gross, Oxford University: “Fermion Doubling and the Continuum Limit on a Random
Lattice,” November 21, 1985

A. H. Mueller, Columbia University: “Small x Behavior in QCD,” November 26, 1985
D. Friedan, University of Chicago: “Problems in String Field Theory,” December 3, 1985

R. Pisarski, Fermilab: “Quantization of Topologically Massive Chromodynamics,” December
5, 1985

H. Minakata, Tokyo Metropolitan University: “A Non-Perturbative Approach to Super-Ciritical
QED,” December 12, 1985

Y. Meurice, CERN: “Covariant Quantization of the Boson String,” December 17, 1985

Joint Experimental-Theoretical Physics Seminars

A. Vorobyov, Leningrad Nuclear Physics Institute, USSR: “Muon Catalysis of Nuclear Fusion
Revisited,” January 4, 1985

G. Smith, Pennsylvania State University: “The Physics Program at LEAR,” January 11, 1985
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B. Durand, University of Wisconsin: “Multiplicity Distributions as a Test of Dynamics,” January
18, 1985

J. Panman, CERN: “High Precision Measurements of sin2-theta,” January 22, 1985
S. Errede/l. Leedom, University of Illinois: “Detection of Exotics at SSC,” January 25, 1985

R. D. Schamberger, State University of New York at Stony Brook: “Upsilon Physics Above
Threshold and Search for the Higgs,” February 1, 1985

S. Heppelmann, University of Minnesota: “90-Degree Exclusive Scattering at Brookhaven,”
February 22, 1985

J. Rohlf, Harvard University: “To Be Announced,” March 1, 1985

T. Gaisser, Bartol Research Foundation: “Neutrino Physics from Cosmic Rays,” March 8, 1985
F. Close, Rutherford Laboratory: “Quarks in Nuclei,” March 14, 1985

B. Cabrera, Stanford University: “Bolometric Detection of Neutrinos,” March 15, 1985

P. Sokolsky, University of Utah: “Recent Results from the Fly’s Eye,” March 22, 1985

E. Stern, State University of New York at Stony Brook: “Recent Results of Elastic Scattering
of Neutrinos at Brookhaven,” March 29, 1985

M.-C. Touboul, Pierre & Marie Curie University, Paris: “Recent Results on Charm Hadrop-
roduction in m-p at 360 GeV,” April 5, 1985

J. Steinberger, CERN: “LEP Detector: ALEPH,” April 11, 1985

L. Branscomb, IBM: “New Technology for Frontier Science: Where Will It Come From?”
April 12, 1985

D. Miiller, University of Chicago: “Cosmic Ray Astrophysics at High Energies: The Case for
a Large Magnet Spectrometer in Space,” April 19, 1985

W.-D. Nowak, CERN: “Review of Deep Inelastic Charged Lepton Scattering,” April 26, 1985
J. Steinberger, CERN: “Review of Neutrino Scattering,” April 25, 1985

P. Kunz, Stanford Linear Accelerator Center: “The 3081/E Processor,” May 17, 1985

K. Lang, University of Rochester: “Neutrino Production of Dimuons by CCFRR,” May 24, 1985

O. Piccioni, University of California, San Diego: “Concepts and Misconceptions About the
Einstein-Podolsky-Rosen Paradox,” May 31, 1985

J. Conway, University of Chicago: “Muon Pair Production at Large x: First Results from E-615,”
June 7, 1985

C. Naudet, Rice University: “Higher Twist Effects in Large pT Pion-Proton Interactions at
200 GeV (E-609),” June 14, 1985

E. Leader, Birkbeck College, University of London: “pp vs. pp: From SPS to SSC,” June 28,
1985

S.-U. Chung, Brookhaven National Laboratory: “Status of Glueball Candidates: New Results
on E/iota Meson,” July 12, 1985

R. Lipton, Fermilab: “Hadronic Charm Production: Results From E-515,” July 19, 1985
P. Weilhammer, CERN: “Recent Results on F-mesons from NA-32,” July 26, 1985
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R. Raja, Fermilab: “W/Z Production and Decay Properties,” August 2, 1985

F. Fidecaro, S.N.S. Pisa: “Pion Form Factor in the Timelike and Spacelike Regions,” August
16, 1985

G. Carboni, CERN: “Direct Observation of the Decay of Beauty Particles into Charmed Parti-
cles,” August 20, 1985

K. Young, University of Washington, Seattle: “Search for Photinos, the Anomalous Single
Photon Experiment (ASP) at PEP,” August 30, 1985

D. DiBitonto, Texas A&M University: “Diffractive Heavy Flavor Production at Collider Ener-
gies: Experience from UA-1,” September 6, 1985

M. Marshak, University of Minnesota: “Muons From Cygnus X-3,” September 20, 1985
T. Yamanaka, Fermilab: “Search for Right-Handed Currents in Kaon Decay,” October 4, 1985

B. V. Sreekantan, Tata Institute of Fundamental Research, Bombay: “Search for Very High
Energy Gamma Rays from Possible Cosmic Ray Sources,” October 18, 1985

P. Petersen, Rutgers University: “2-A Transition Moment (E-619),” October 25, 1985

J. Marriner, TeV I, Fermilab, and CDF speaker to be announced: “Status Report on TeV 1
and CDF Projects,” November 8, 1985

G. Zapalac, University of Chicago: “A New Determination of the 2~ Magnetic Moment Using
Both Leptonic and Hadronic Decay Modes (E-715),” November 15, 1985

C. N. Yang, State University of New York at Stony Brook: “The Origin of KNO Scaling in
Hadron-Hadron Collisions and the Prediction That KNO Scaling Does Not Obtain in e +¢&—
Collisions,” November 22, 1985

A. Para, Fermilab: “New Results from CDHS,” December 3, 1985

C. Wilkinson, University of Wisconsin: “Polarization and Magnetic Moment of the X, + Hyperon
(E-620),” December 13, 1985

Theoretical Astrophysics Seminars

J. Silk, University of California, Berkeley: “Schemes for Biased Galaxy Formation,” January
22, 1985

R. Brandenberger, Institute for Theoretical Physics, University of California, Santa Barbara:
“Realization of New Inflation,” January 28, 1985

N. Iwamoto, Washington University, Israel: “Superweak Particle Emission from Neutron Stars,”
February 4, 1985

Y. Rephaeli, Tel Aviv University: “To be announced” February 11, 1985

J. Harvey, Princeton University: “An Introduction to Superstrings — The Theory of Every-
thing?” February 15, 1985

P. Trower, Virginia Polytechnic Institute: “Large Area Detector Dedicated to Monopole Search
Astrophysics, and Cosmic Ray Physics at the Grand Sasso,“ February 18, 1985

C. Hill, Fermilab: “Applications of a Covariant Functional Schroedinger Formalism,” February
25, 1985

S. Sarkar, CERN: “Cosmology of Decaying Gravitinos,” March 4, 1985
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T. Gaisser, Bartol Research Foundation: “Non-Accelerator Physics at Energies of 40 TeV,”
March 7, 1985

M. Geller, Harvard University: “Shane-Wirtanen Counts and the Large-Scale Galaxy Distribu-
tion,” March 11, 1985

A. Dekel, Yale University: “Origin of Dwarf Galaxies, Cold Dark Matter, and Biased Galaxy
Formation,” March 14, 1985

M. Fall, NASA Space Telescope Institute: “Origin of Globular Clusters,” March 18, 1985

A. K. Drukier, Max Planck Institute, Munich: “Low Temperature Detection Techniques for
Elementary Particles and Astrophysics,” March 20, 1985

H. Tye, Cornell University: “Informal Discussion of Superstring Cosmology,” March 25, 1985

G. Efstathiou, Institute of Astrophysics, Cambridge University: “Can We Measure 17" April
8, 1985

Q. Shafi, Bartol Research Foundation: “Superconducting Extended Structures,” April 15, 1985
S. Hawking, Cambridge University: “Origin of Structure in the Universe,” April 22, 1985

J. C. Wheeler, University of Texas at Austin: “Classical and Peculiar Type I Supernovae,” May
6, 1985

E. Vishniac, University of Texas at Austin: “Explosive Formation of Lyman Alpha Clouds,”
May 9, 1985

M. Ruderman, Columbia University: “High Energy Radiation from Neutron Stars,” May 13,
1985

A. Guth, Massachusetts Institute of Technology: “The Dynamics of False Vacuum Bubbles,”
May 20, 1985

M. Yoshimura, KEK: “Cosmology in More Than Four Dimensions,” May 23, 1985

M. Teper, Annecy, France: “The Physics of Quantized Magnetic Monopoles: A Lattice Monte
Carlo Study of the SU(2) Georgi-Glashow Model,” May 30, 1985

M. Turner and T. Walker, Fermilab: “What’s Coming from Cygnus X-3 (If Anything)?” June
10, 1985

J. F. Valle, Rutherford Laboratory: “Fitting Simpson’s Neutrino into the Standard Model,”
June 17, 1985

R. Cowsik, Tata Institute for Fundamental Physics, Bombay: “The Invisible Universe,” August
29, 1985

S. Kulkarni, University of California, Berkeley: “Geminga: An Old X-Pulsar?” September 9, 1985
J. Fry, University of Florida: “Statistics of Voids in Hierarchical Universes,” September 23, 1985
D. Koo, NASA Space Telescope Institute: “Evolution of Quasars,” September 30, 1985

C. Will, Washington University: “Approximation Methods in Gravitational Radiation Theory,”
October 7, 1985

N. Vittorio, University of California, Berkeley: “Galaxy Formation and the Microwave Back-
ground,” October 14, 1985

P. Shapiro, University of Texas at Austin: “Primordial Molecules, Cosmological H, Regions,
and Galaxy Formation,” October 21, 1985
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G. Gelmini, Harvard: “Dark Matter in the Solar Neutrino Problem and in Double-B-Decay
Experiments,” November 4, 1985

M. Srednicki, University of California, Santa Barbara: “Particle Emission of Cosmic Strings,”
November 11, 1985

A. Melott, University of Chicago: “Issues in the Modelling of the Large-Scale Structure in the
Universe,” November 18, 1985

B. Tully, University of Hawaii: “How Large is the Local Supercluster?” November 21, 1985

D. Miiller, University of Chicago: “High Energy Particle Astrophysics: Current Questions and
the Prospects of a Space Station,” November 25, 1985

A. Stebbins, University of California, Berkeley: “Cosmic Strings and Cold Matter,” December
9, 1985

P. Anderson, University of Florida: “Closing the Universe with Vacuum Energy,” December
16, 1985 :

Research Technique Seminars

F. Miyasaki, Idaho National Engineering Laboratory: “The INEL Scientific Data Management
System,” February 7, 1985

A. Bross, Lawrence Berkeley Laboratory: “Detector R«D at Lawrence Berkeley Laboratory —
Are We Having Fun Yet?” February 18, 1985

D. Snider, Idaho National Engineering Laboratory: “The INEL Scientific Data Management
System,” February 28, 1985

G. Hanson, Stanford Linear Accelerator Center: “The New Drift Chamber for the MARK 11
Detector at SLC,” March 6, 1985

J. Huth, Lawrence Berkeley Laboratory: “High Resolution Tracking Chamber Using Avalanche
Localization,” April 11, 1985

A. K. Drukier, Max Planck Institute: “Low Temperature Detection Techniques for Elementary
Particles and Astrophysics,” March 20, 1985

P. Weilhammer, CERN: “Test Results of DELPHI Silicon Microstrip Vertex Detector with
VLSI Readout,” July 25, 1985

S. Palanque, Saclay, France: “Studies and Development of Scintillating Fibers at Saclay,” June
6, 1985

R. McLaren, CERN, DD Division: “The CERN Computer Interfaces,” June 20, 1985

M. Johnson, Fermilab: “Use of the ANSYS Program for Electromagnetic Calculations,” August
1, 1985

T. Gentile, University of Rochester: “The CLEO Vertex Detector, Construction and Perform-
ance,” August 15, 1985

C. Todd, Siemens, Inc.: “8 bits, 100-MHz Flash ADCs,” September 17, 1985
J. Cosley, Source 3: “High Speed Digital Circuits in Semi-Custom VLSI ICs,” December 5, 1985



156~

Advanced Computer R&D Seminars

W. Bledsoe, Microelectronics and Computer Technology Company (MCC): “Directions in
Artificial Intelligence Research at MCC and Elsewhere,” October 9, 1985

C. Moore, Micro Services: “Forth and the NC4000 Symbols,” October 28, 1985

T. Koschman, Xerox Corporation: “Object Oriented Programming Strategies,” December 2,
1985

E. Lusk, Argonne National Laboratory: “Computerized Deduction,” December 9, 1985

Academic Lecture Series

D. Green, Fermilab: “Particle Physics Detectors,” January 14 & 16, 1985

J. Lach, Fermilab: “Hyperon Physics (E-715),” January 21 & 23, 1985

T. Kirk, Fermilab: “Charmonium Production (E-610/E-673),” January 28, 1985
C. Brown, Fermilab: “Dimuons & Upsilons (E-70/E-605),” January 30, 1985
E. Fisk, Fermilab: “Neutrino Scattering (E-21/E-652),” February 4 & 6, 1985
J. Yoh, Fermilab: “Physics at CDF,” March 4 & 6, 1985

M. Marx, Fermilab: “Solutions at the D@ Detector,” March 11 & 13, 1985

D. R. O. Morrison, CERN: “Structure of Proton, Isoscalar Nucleon & Nucleii (EMC effect),”
March 20 & 25, 1985

D. R. O. Morrison, CERN: “Tests of Quark-Parton Model, QCD,” March 20 & 25, 1985
D. R. O. Morrison, CERN: “Measurement of Sin*(0,,),” March 20 & 25, 1985

D. R. O. Morrison, CERN: “Neutrino Masses, Results and New Experiments,” March 20 &
25, 1985

W. Bardeen, Fermilab: “Superstrings,” July 8 & 10, 1985

H. Harari, Fermilab: “Let the Desert Bloom from TeV to Planck,” July 22, 24, 29 £ 31, 1985

E. Kolb, Fermilab: “The Large-Scale Structure of the Universe,” August 5, 1985

E. Kolb, Fermilab: “The Early Universe,” August 7, 1985

E. Kolb, Fermilab: “Relic Particles from the Big Bang,” August 12, 1985

E. Kolb, Fermilab: “Phase Transitions,” August 14, 1985

D. Edwards, Fermilab: “Introduction to Accelerator Physics,” Oct. 28, 30 &« November 4, 1985

G. Dugan, Fermilab: “Introduction to the Antiproton Source,” November 18 & 20, 1985

Fermilab Colloquia

D. Larbalestier, University of Wisconsin: “The Metallurgical and Superconducting Design of
NB-Ti Composites,” January 3, 1985

S. Gronemeyer, Siemens, Inc.: “Clinical Magnetic Resonance Imaging,” January 9, 1985

J. Jewell, Bell Laboratories: “Digital Optical Computers,” January 16, 1985



~157=

W. Bingham, Illinois Natural History Survey: “ ‘Optimizing’ Siting for the SSC: A Computer-
Based Landscape Model,” January 23, 1985

J. Snow, Department of Geosciences, Purdue University: “Geophysical Columnar Vortices,”
January 30, 1985

B. Kayser, National Science Foundation, Washington, D.C.: “What is a Majorana Particle?”
February 6, 1985

M. Scully, University of New Mexico: “Quantum Optics and General Relativity: A New Fron-
tier,” February 13, 1985

N. Pickering, Bowed Instruments, New York: “Computer-Assisted Violin Research,” February
20, 1985

R. Blandford, California Institute of Technology: “Fermat’s Principle and Gravity Lenses,”
February 27, 1985

B. Margon, University of Washington: “The Origin of the Cosmic Diffuse X-ray Background
Radiation,” March 6, 1985

S. Garoff, Exxon Research and Engineering Co., New Jersey: “Molecular Aspects of Wetting
on Surfactant Coated Surfaces,” March 13, 1985

M. E. Bickford, University of Kansas: “Nature — An Origin of Continental Crust,” March 27,
1985

O. Gingerich, Harvard University: “Tycho and the Mystery of Master Witt: A Historical Scientific
Detective Story,” March 28, 1985

G. Matloff, Pratt Institute: “Populating the Galaxy,” April 3, 1985

C. Levinthal, Columbia University: “Parallel and Special Purpose Computing in Biology: Both
in Animals and in Hardware,” April 17, 1985

C. M. Noble, ]Jr., Alcar Software, Inc.: “Theory vs. Phenomenology in the Business World -
The State of the Art,” April 24, 1985

S. Block, Stanford University: “How Bacteria Swim: A Biophysicist’s View of the World’s
Smallest Motor,” May 1, 1985

G. Chapline, Lawrence Livermore National Laboratory: “In Defense of Star Wars,” May 8,
1985, (A continuation of the Arms Control and International Security Seminar Series)

A. B. Carter, Harvard University: “Technical Aspects of Nuclear Command, Control, Communi-
cations, and Intelligence,” May 16, 1985, (A continuation of the Arms Control and International
Security Seminar Series)

M. Hirsch, University of California: “Chaos and Convergence in Dynamical Systems,” May
22, 1985

J. Taylor, Princeton University: “Pulsars, Clocks, and Gravity,” May 29, 1985
B. Parker, A.I.R. Laboratories: “Art Meets Science (or s it the other way around?),” June 12, 1985

H. I. Bjelkhagen, Fermilab and the Royal Institute of Technology: “Holography in Art and
Science,” July 3, 1985

G. Suski, Lawrence Livermore National Laboratory: “A Major Fusion Project Comes On-line:
The NOVA Project at Lawrence Livermore National Laboratory,” July 24, 1985
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S. M. Keeny, Jr., Arms Control Association, Carnegie Endowment for International Peace:
“The Current Status and Future Prospect of Arms Control,” September 11, 1985, (A continuation
of the Arms Control and International Security Seminar Series)

N. DeWolf, ONEAC: “Making Dreams Happen (While Having Yet Another Dream),” Sep-
tember 12,.1985

J. E. Doran, Chicago Police Department: “Latent Fingerprint Development Procedures,”
October 2, 1985

W. Bledso, Microelectronics and Computer Technology Corporation: “Directions in Artificial
Intelligence at MCC and Elsewhere,” October 9, 1985

G. Reber, Reber Observatory: “The Beginnings of Radio Astronomy,” October 16, 1985

R. J. Wood, McDonnell Douglas Astronautics Co.: “Electrophoresis Operations in Space Man-
ufacturing in Microgravity,” October 23, 1985

C. H. Bennett, IBM Research: “On the Role of Irreversibility in Stabilizing Complexity,”
October 30, 1985

J. Schwarz, California Institute of Technology: “Towards Unified Theory,” November 7, 1985
N. Christ, Columbia University: “Lattice Gauge Computer,” November 14, 1985

C. Morin, Packer Engineering: “Accident Investigation and Accident Prevention through Mul-
tidisciplinary Approaches,” November 20, 1985

F. Wilczek, University of California, Santa Barbara: “Dark Matter Candidates,” December 10,
1985 '

Workshops

Heavy Quark Workshop
May 6-7, 1985

Workshop on the History of Particle Theory in Japan (1935-1960)
May 6-7, 1985

Gas Sampling Calorimetry Workshop
October 31-November 1, 1985

Workshop on Triggering, Data Acquisition and Computing
for High Energy/High Luminosity Hadron-Hadron Colliders
November 11-14, 1985

Other

International Symposium on Particle Physics in the 1950s:
Pions to Quarks
May 1-4, 1985

Fermilab Annual Users Meeting
May 10-11, 1985

Fermilab Industrial Affiliates Annual Meeting
May 21-22, 1985

Dedication of Tevatron I
October 11, 1985
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Appendix C

Approved Experiments in the Fermilab Fixed-Target and Collider Programs

E-632

E-635
E-636
E-646
E-649
E-652

E-665

E-733
E-745

E-770

E-721
E-731
E-761

E-653

E-687
E-690

E-705

Electroweak

WIDE BAND NEUTRINOS IN THE 15-FT BUBBLE CHAMBER (UC/Berkeley,
Birmingham, Brussels, CEN/Saclay, CERN, Chandigarh, Fermilab, Hawaii, II'T, Impe-
rial College, MPI/Munich, Oxford, Rutgers, Rutherford-Appleton, Stevens, Tufts)
SEARCH FOR AXION-LIKE OBJECTS (Fermilab, VPI)

STUDY OF BEAM DUMP-PRODUCED NEUTRINOS (Beijing, Brown, Fermilab,
Haifa, Indiana, MIT, ORNL, Seton Hall, Tel-Aviv, Tennessee, Tohoku, Tohoku
Gakuin)

STUDY OF PROMPT-NEUTRINO PRODUCTION (UC/Berkeley, Fermilab,
Hawaii, II'T, Rutgers, Stevens, Tufts)

NUCLEON STRUCTURE FUNCTIONS AT HIGH Q? (Fermilab, Florida, MIT,
Michigan State)

NEUTRINO PHYSICS AT THE TEVATRON (Chicago, Columbia, Fermilab, Roches-
ter)

MUON SCATTERING WITH HADRON DETECTION (Argonne, CERN, Cracow,
Fermilab, Freiburg, Harvard, Illinois/Chicago, Maryland, MI'T, MPI/Munich, UC/San
Diego, Washington, Wuppertal, Yale)

NEUTRINO INTERACTIONS WITH QUAD TRIPLET BEAM (Fermilab, Florida,
MIT, Michigan State)

NEUTRINO PHYSICS WITH QUAD TRIPLET BEAM (Beijing, Brown, Fermilab,
Haifa, Indiana, MI'T, Nagoya, ORNL, Tel-Aviv, Tennessee, Tohoku, Tohoku Gakuin)
HIGH STATISTICS STUDIES OF CHARGED CURRENT INTERACTIONS
USING THE TEVATRON QUAD TRIPLET BEAM (Chicago, Columbia, Fermilab,
Rochester)

Decays and CP

CP VIOLATION (Arizona, Athens, Duke, Fermilab, McGill, Northwestern, Shandong)
MEASUREMENT OF &'/e (CEN/Saclay, Chicago, Fermilab, Princeton)

PROPOSAL TO STUDY HYPERON RADIATIVE DECAY (Fermilab, Iowa, Lenin-
grad, Yale)

Heavy Quarks

HADRONIC PRODUCTION OF CHARM AND B (Aichi, Carnegie-Mellon, Chonam,
UC/Davis, Gifu, Gyeong Sang, Jeonburg, Kobe, Korea, Nagoya, Ohio State, Okayama,
Oklahoma, Osaka City, Osaka Sci. Ed. Inst., Sookmyong Womans, Toho, Wonkwang,
Yokohama)

PHOTOPRODUCTION OF CHARM AND B (Colorado, Fermilab, Illinois, INFN/
Frascati, INFN/Milano, U. Milano, Northwestern, Notre Dame)

STUDY OF CHARM AND B PRODUCTION (Columbia, Fermilab, Massachusetts,
Mexico)

CHARMONIUM AND DIRECT PHOTON PRODUCTION (Arizona, Athens, Duke,
Fermilab, McGill, Northwestern, Shandong)



E-760

E-769

E-672
E-683

E-704

E-706

E-711

E-710

E-713

E-735

E-740

E-741
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A PROPOSAL TO INVESTIGATE THE FORMATION OF CHARMONIUM
STATES USING THE ANTIPROTON ACCUMULATOR RING (Fermilab, Ferrara,
Genova, Northwestern, Penn State, Torino, UC/Irvine)

PION AND KAON PRODUCTION OF CHARM AND CHARM-STRANGE STATES
(Brazil, Fermilab, UC/Santa Barbara, Toronto, Tufts)

Hard Collisions

HIGH P JETS AND HIGH MASS DIMUONS (Caltech, Chicago Circle, Florida
State, Indiana, Michigan/Flint, Serpukhov)

PHOTOPRODUCTION OF HIGH P+ JETS (Arizona, Fermilab, Lehigh, Rice, Van-
derbilt, Wisconsin)

EXPERIMENTS WITH POLARIZED BEAM FACILITY (Argonne, Austin, CEN/
Saclay, Fermilab, Kyoto, LAPP/France, LLBL, Northwestern, Rice and Serpukhov,
Trieste)

DIRECT PHOTON PRODUCTION (Dehli, Fermilab, Michigan State, Minnesota,
Northeastern, Pennsylvania State, Pittsburgh, Rajasthan, Rochester)
CONSTITUENT SCATTERING (UC/Davis, Fermilab, Florida State, Michigan)

pp Collider

MEASUREMENTS OF ELASTIC SCATTERING AND TOTAL CROSS SEC-
TIONS AT THE FERMILAB ANTIPROTON COLLIDER (Bologna, Cornell, Fer-
milab, George Mason, Maryland, Northwestern)

PROPOSAL FOR A SEARCH FOR HIGHLY IONIZING PARTICLES FOR THE
DO AREA AT FERMILAB (UC/Berkeley, Fermilab, Harvard)

SEARCH FOR A DECONFINED QUARK GLUON PHASE OF STRONGLY IN-
TERACTING MATTER IN ANTIPROTON-PROTON INTERACTIONS AT
SQUARE ROOT OF S EQUAL TO 2 TEV (Duke, Fermilab, Iowa State, Lawrence
Livermore, Notre Dame, Purdue, Wisconsin)

STUDY OF PROTON-ANTIPROTON COLLISIONS USING A LARGE DETEC-
TOR AT DO (Brookhaven, Brown, CEN/Saclay, Columbia, Fermilab, Florida State,
LBL, Maryland, Michigan State, SUNY/Stony Brook, Northwestern, Pennsylvania,
Rochester, VPI)

STUDY OF PROTON-ANTIPROTON COLLISIONS USING A LARGE DETEC-
TOR AT BO (Argonne, Brandeis, Chicgao, CBPF/Brazil, Fermilab, Fukui, Harvard,
Haverford, ICRR/Tokyo, Illinois, INFN/Frascati, INFN/Pisa, KEK, LBL, Pennsyl-
vania, Purdue, Rockefeller, Rutgers, Saga, Texas A&M, Tsukuba, Wisconsin)

Others

E-466 NUCLEAR FRAGMENTS (Argonne, Chicago, Chicago Circle, Purdue)

E-754

E-756

CHANNELING TESTS (Case Western Reserve, Fermilab, GE R&D Center, Sandia,
SUNY/Albany)

MEASUREMENT OF THE MAGNETIC MOMENT OF THE OMEGA MINUS
HYPERON (Fermilab, Michigan, Minnesota, Rutgers, Washington)
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Appendix D
Visitors to the Fermilab Astrophysics Group — 1985

P. Anderson, University of Florida ¢ I. Angus, California Institute of Technology * R. Bond,
Canadian Institute for Theoretical Astrophysics * R. Brandenberger, Institute of Theoretical
Physics, Santa Barbara « R. Cowsik, Tata Institute, India * A. Dekel, Yale University « A. K.
Drukier, MPI f. Physik, West Germany ¢ ]J. Dykla, L.oyola University of Chicago * G. Efstathiou,
Institute of Astrophysics, University of Cambridge « M. Fall, Space Telescope Science Institute
* J. Fry, University of Florida * T. Gaisser, Bartol Research Foundation « M. Geller, Harvard
University * G. Gelmini, Harvard University « M. Gleiser, King’s College, England * A. Guth,
Massachusetts Institute of Technology ¢ J. Harvey, Princeton University *S. Hawking, University
of Cambridge * N. Iwamoto, Washington University * D. Koo, Space Telescope Science Institute
* S. Kulkarni, University of California, Berkeley * A. Melott, University of Chicago ¢ D. Miiller,
University of Chicago * N. Neto, CBPF, Brazil « M. Panek, CAC, Poland ¢ J. Peebles, Princeton
University ¢ Y. Rephaeli, Tel Aviv University, Israel * M. Ruderman, Columbia University ¢ S.
Sarkar, CERN ¢ Q. Shafi, Bartol Research Foundation ¢ P. Shapiro, University of Texas at
Austin ¢ J. Silk, University of California, Berkeley ¢ M. Srednicki, University of California,
Santa Barbara ¢ A. Stebbins, University of California, Berkeley ¢ G. Steigman, Bartol Research
Foundation * M. Teper, CERN ¢ P. Trower, Virginia Polytechnic Institute and State University
* B. Tully, University of Hawaii at Honolulu *« H. Tye, Cornell University ¢ J. F. Valle, Rutherford
Lab, England ¢ E. Vishniac, University of Texas at Austin * N. Vittorio, University of Rome,
Italy = C. Will, Washington University * S. Willenbrock, University of Texas at Austin ¢ M.
Yoshimura, KEK.
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Appendix E

Universities Research Association, Inc.

Trustees

Harry Woolf, Chairman « Barry C. Barish ¢ John M. Deutch ¢ William B. Fretter « Herbert
Friedman ¢ Maurice Glicksman * Edwin L. Goldwasser * Alan L.. Goodman * Robert E. Gordon
* Herbert Gursky * Kenneth Heller * Lawrence W. Jones * William H. Kelley *« William L.
Kraushaar * Joseph E. Lannutti * Homer A. Neal ¢ Donald E. Osterbrock * Robert Panvini ¢
Alexander Pond ¢ Harrison Shull ¢ Albert Silverman ¢ H. Guyford Stever ¢« Robert R. Wilson.

Officers

Edward A. Knapp, President » James C. Matheson, Vice President/Secretary * Kenneth Shirley,
Treasurer/Controller » L.eon M. Lederman, Laboratory Director.

Universities Research Association Visiting Committee — 1985

Lee Pondrom, Chairman * Joseph Ballam ¢ James H. Christenson * Mary Kay Galliard * Richard
M. Heinz « Lawrence W. Jones * Kenneth Lane * Robert L. McCarthy ¢ Joseph F. Owens
John Rees ¢ Frank Shoemaker ¢ Albert Silverman.

Member Institutions

The University of Arizona * Brown University * California Institute of Technology ¢ University
of California, Berkeley  University of California, Los Angeles ¢ University of California, San
Diego * Carnegie-Mellon University * Case Western Reserve University * University of Chicago
* University of Colorado ¢ Columbia University * Cornell University * Duke University * The
Florida State University * Harvard University * University of Hawaii at Honolulu ¢ University
of Houston * University of Illinois * Indiana University * The Iowa State University * University
of Iowa * The Johns Hopkins University * University of Maryland * Massachusetts Institute of
Technology * Michigan State University « The University of Michigan * University of Minnesota
* University of North Carolina * Northeastern University * Northwestern University * University
of Notre Dame ¢ The Ohio State University * University of Pennsylvania ¢ Princeton University
* Purdue University * Rice University * The University of Rochester * The Rockefeller University
* Rutgers — The State University ¢ Stanford University * State University of New York at
Buffalo ¢ State University of New York at Stony Brook ¢ Stevens Institute of Technology *
Syracuse University * The University of Texas at Austin * University of Toronto * Tufts University
* Tulane University * University of Utah « Vanderbilt University * University of Virginia  Virginia
Polytechnic Institute and State University * University of Washington * Washington University
* University of Wisconsin — Madison ¢ Yale University.
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Appendix F
Physics Advisory Committee

Hugh Williams, University of Pennsylvania, Chairman » John Cumalat, University of Colorado
* Thomas Devlin, Rutgers University * Gary Feldman, Stanford Linear Accelerator Center ®
Richard Field, University of Florida « Howard Gordon, Brookhaven National Laboratory ¢ David
Hitlin, California Institute of Technology ¢ Alfred Mueller, Columbia University * Francis
Pipkin, Harvard University * Melvyn Shochet, University of Chicago * Martinus Veltman,
University of Michigan « Michael Witherell, University of California, Santa Barbara.

Appendix G

Fermilab Users Executive Committee

Neville W. Reay, Ohio State University, Chairman * Charles N. Brown, Fermi National Ac-
celerator Laboratory ¢ David Buchholz, Northwestern University * Thompson H. Burnett,
University of Washington ¢ Paul D. Grannis, State University of New York at Stony Brook ¢
Daniel Green, Fermi National Accelerator LLaboratory * Kenneth Heller, University of Minnesota
* David A. Levinthal, Florida State University * Robert .. McCarthy, State University of New
York at Stony Brook ¢ Frank S. Merritt, University of Chicago * Angelo Scribano, INFN-Pisa
* Marjorie Shapiro, Harvard University * James Wiss, University of Illinois.

Appendix H
Fermilab Industrial Affiliates

AT&T Bell Laboratories * Ameritech Development Corporation * Borg-Warner Corporation ®
Brunswick Corporation * Commonwealth Edison Company * Control Data Corporation * Convair
— General Dynamics * CVI ¢ Deere & Company * Digital Equipment ¢ Digital Pathways ¢
Eaton Corporation ¢ Fluor Engineering, Inc. * General Electric * General Motors * Goodyear
Tire & Rubber Company * W. W. Grainger, Inc. * Harshaw Chemical Company * Harza Engineer-
ing Co. * Hewlett-Packard Company ¢ IBM ¢ State of Illinois * Intermagnetics General Corporation
* Kinetic Systems Corporation * Litton Industries, Inc. * NALCO Chemical Company * New
England Electric * Nuclear Data, Inc. * NYCB Real-Time Computing, Inc. * Omnibyte Corpo-
ration * Oxford Airco ¢ Plainfield Tool and Engineering * Shell Development Company * Signal
UOP Research ¢ Standard Oil Company (Indiana) * Sulzer Brothers * Sunbeam Appliance Com-
pany ¢ Union Carbide Corporation ¢ Varian Associates * Westinghouse Electric Corporation.

A
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Second frontispiece and photographs on pages 10, 62, and 63: Olivia Gonzales.
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Page 41: Illustration by Gregor Reich from Margarita Philosophica.
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Page 99 :Photograph taken at the University of Chicago by James L. Lasenby.
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The back cover shows a reproduction of the CDF logbook page signed by all present at the
creation of 1.6-TeV proton-antiproton collisions.
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