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PREFACE

An enterprise of the magnitude of the Meson Physics Facility at Los Alamos Scientific

Laboratory truly involves the efforts of countless persons. Among these, a great many are

essential to the project; without them it could not be completed. In the following pages

some of the most important contributors are named.

Exercising the author’s prerogative, I should here like to emphasize particularly the

contributions of four persons without whom LAMPF could not have come into being:

The two Directors of LASL, under whom LAMPF was conceived and built:

Norris E. Bradbury

Harold M. Agnew

The present Director of LAMPF and MP-Division Leader at LASL:

Louis Rosen

And, finally, a man whose extraordinary vision and talents made him an essential

contributor to this project, to LASL, and to his adopted state of New Mexico; the man for

whom this project was named, to whom I dedicate this work with admiration and ap-

preciation, the late

Senator Clinton P. Anderson.

M. Stanley Livingston

Santa Fe, New Mexico

June 1977

vii



.



CONTENTS

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Chapter
1.

2.

3.

4.

5.

.

6.

ORIGINS AND PRESENT STATUSOF LAMPF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
A. Location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
B. Authorization and Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
C. Linac Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

ORGANIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
A. Medium Energy Physics Division . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
B, Users Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..oIo

C. Program Advisory Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...10
D. Administrative and Technical Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I2
E. LAMPF Policy Board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...12
F. Financial Record . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...12

LAMPF USERS GROUP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...15
A. Organization and Charter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...15
B. Incorporation and Officers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...15
C. Technical Advisory Panel.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...17
D. User Working Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...17

PROCEDURES FOR RESEARCH EXPER.IMENTS . . . . . . . . . . . . . . . . . . . . . . . . . ...23
A. Proposals and Approvals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...23
B. Financial Support for Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...24
C. LAMPF Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...24
D. Scheduling and Equipment Committees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...25
E. Funding for Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...26

THE ACCELERATOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...27
A. Preaccelerators and Ion Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...27
B. Drift-Tube Linac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31
C. Side-Coupled-Cavity Linac. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...35
D. Beam Switchyard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...38
E. Control System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...38
F. Linac Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...41

RESEARCH INSTWLATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
A. Meson Physics Area-Experimental Area A . . . . . . . . . . . . . . . . . . . . . . , . . . . . . ...43

1. Low-Energy Pion Channel (LEP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . ...43
2. Energetic Pion Channel and Spectrometers (EPICS) . . . . . . . . . . . . . . . . . . ...45
3. Stopped Muon Channel (SMC). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...50
4. Pionand Particle Physics Channel (Pg) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...50

ix



B. Nucleon Physics Laboratory —Experimentalkea B . . . . . . . . . . . . . . . . . . . . . . . . 52
1. Neutron Beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

2. External Proton Beam (EPB) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...52
C. High-Resolution Spectrometer (HRS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...52
D. Thin Target Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...55

<

E. Nuclear Chemistry Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...55
F. High-Intensity Applications Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...58 =

1. Radioisotope Production Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...58
2. Radiation Effects Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...60
3. Neutrino Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

7. PRACTICAL APPLICATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

A. Biomedical Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

B. Experimental Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...64
1. Radioisotope Production Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

2. Radiation Damage Studies.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

3. Neutron Beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...68
4. Muonic XRays for Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...68

C. Technology Transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

1. Side-Coupled-Cavity Linacs for X-Ray Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 69
2. Electro-Surgical Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...69
3. Thermal Treatment of Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...69
4. Tumor Diagnostic Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...69

D. Weapons Pulsed Neutron Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...69

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

APPENDIX
ARTICLES OFINCORPORATION OFUSERS GROUP AND
BYLAWS OF LAMPF USERS GROUP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...73

.



LAMPF — A NUCLEAR RESEARCH FACILITY

by

M. Stanley Livingston, Consultant

ABSTRACT

This report presents a description of the recently completed Los Alamos
Meson Physics Facility (LAMPF) which is now taking its place as one of the
major installations in this country for the support of research in nuclear
science and its applications. Descriptions are given of the organization of
the Laboratory, the Users Group, experimental facilities for research and
for applications, and procedures for carrying on research studies. Results of
the research program are published elsewhere.

——————— ——— ——— —— __

1. INTRODUCTION

The name LAMPF describes a nuclear research
facility at the Los Alamos Scientific Laboratory. It
utilizes a high-intensity 800-MeV linear accelerator
which provides beams of protons and a variety of
secondary particles and radiations, of which the
most useful are positive and negative pions, The
facility includes targets, beam-handling devices,
and the instrumentation for research experiments.
A sketch of the installation is shown in Fig. 1.
LAMPF is primarily a research laboratory for
nuclear physics; it is also of major interest to
radiochemists, biologists, and solid-state physicists.
It provides facilities for important applications in
medicine, in isotope production, in the structure of
materials, and in defense science ,1*2LAMPF is a
national research facility, available to all
professionally qualified members of the scientific
community.

On completion, the facility was named the Clin-
ton P. Anderson Meson Physics Facility. Following
initial operation of the linac at 800-MeV energy in
June 1972, and the start of a preliminary research
program in August, it was dedicated, and Senator

Anderson was honored, at a ceremony on Septem-
ber 29.

A beam intensity of 100-gA average was achieved
by August 1976. During the latter half of 1976 the
number of scientists participating in experiments

totalled 310, of which 86 were from LASL. Others
were from universities, other national laboratories,
and from hospitals and medical centers. Even at
this early stage of operations, it is possible to claim a
significant success for this facility, which shows
promise of becoming a major research installation.
The success is due primarily to the continuing ef-
forts of the LAMPF staff, ably led by the Director,
Louis Rosen.

This report is a description of the operating
facility, intended for general informational pur-
poses. Features covered in the report include the
basic properties of the facility and of the several
beam channels, the organization of the laboratory
and of the Users Group, and a description of the
procedures for initiating a research program. It is
hoped that this report will provide a useful overview
of this new and important research facility as it
matures and joins with other laboratories in this
country in providing support for research in nuclear
science and its applications.

1
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CHAPTER 1

2
ORIGINS AND PRESENT STATUS OF LAMPF

A. Location

The LAMPF linac and research facility is located
on Mesita de Los Alamos, a long, narrow mesa south
of the main plateau on which the town of Los
Alamos is situated. The top of the mesa is essen-
tially level, providing an excellent site for the half-
mile-long linear accelerator, with wide and deep
arroyos on both sides and at the eastern end. The
mesa is formed of tuff, a soft, low-density volcanic-
ash rock. The main linac is in a tunnel formed by
cutting a deep trench in the rock, with backfill
above for shielding.

LAMPl? is operated within a division of the Los
Alamos Scientific Laboratory and has benefited
from the skills and technical expertise accumulated
at LASL over its 30 years as a research and weapons
laboratory. A significant distinction is that LAMPF
is planned as an open laboratory available to
qualified scientists from across the nation or from
foreign countries, while LASL continues a large ef-
fort in weapons research under strict (Class A)
security control. LAMPF is located outside the
LASL security gates; the only controls required are
those for identification of authorized personnel and
the protection of government property (Class B
security).

A valuable bonus for the visiting research worker
is the town of Los Alamos, an ususually well-
planned and attractive site for family living, with
excellent schcmls, churches, shopping centers, and
other facilities.

B. Authorization and Construction

The Los Alamos Meson Physics Facility was con-
ceived in 1962 by a small group of LASL scientists,
mostly from the Physics Division, under the
leadership of Louis Rosen. A study group headed by
D, E. Nagle, whose other members were Austin

McGuire, D. C. Hagerman, and E. A. Knapp,
became active in design planning in 1962 and pre-
pared the first tentative proposal. The concept was
shepherded through the design and authorization
phases from 1962-66 by this same group and was

constructed with funds allocated by the U.S.
Atomic Energy Commission during 1966-72. The

story of the development of this facility is given in a
LASL report “Origins and History of the Los Alamos
Meson Physics Facility, ” LA-5000, June 1972.3

A preliminary proposal by the LASL staff was
submitted to the Division of Physical Research of
the Atomic Energy Commission in December 1962,
which announced the Lm Alamos plans to enter the
field of meson-producing accelerators. In August
1963, the LASL group prepared a “Construction
Project Data Sheet’” entitled “Los Alamos Meson
Physics Facility, ” which was submitted to the AEC
by the LASL administration and which proposed
schedules for construction and cost estimates. The
acronym “LAMPF,” coming from the title of the
document, soon became the popular name of the
facility. This early design work was supported by
the LASL administration using funds primarily
coming from the AEC Division of Military Applica-
tions.

Competition was severe for supporting funds for
meson-producing accelerators during 1962 to 1964.6
The only available source was the U.S. Atomic
Energy Commission (although later the National
Science Foundation did support the rebuilding of an
existing installation at Columbia University which
operates at considerably lower intensities). A
proposal for a similar proton Iinac was submitted by
Yale University, 0 based on the same evidence
available to LASL. A proposal for a high-intensity
isochronous cyclotron came from the Oak Ridge
National Laboratory,’ and a plan for a negative-ion
(H- ) sector-focused cyclotron was proposed by a
group in the Physics Department of the University
of California at Los Angeles.8

3



The LASL proposal came closest to meeting the
recommendations of the “Bethe Panel” Report.s The
Bethe Panel, chaired by Professor Hans Bethe of
Cornell University, was appointed in 1963 by the
then OffIce of Science and Technology to advise the
Government on the needs for high-intensity,
medium-energy (<1.0 GeV) accelerators which
could produce mesons. As a result of their Report, a
new budget entity was formed by the AEC to sup-
port the medium-energy field, and the rec-
ommendations of the Bethe Panel were adopted as
AEC policy. So the LASL proposal was approved for
support by the AEC in early 1964.

Construction funds were not obtainable on short
notice, but in April 1%4 the Physics Research Divi-
sion of the AEC made a fund of $500000 available to
LASL for a study to define the scope, design basic
engineering features, and develop reliable cost es-
timates. These funds allowed the LASL group to ex-
pand staff, intensify the model program, employ
commercial firms to start architect/engineering
studies of buildings and site requirements, design
and estimate costs of radio-frequency power
systems, and study the problem of computer con-
trol. This engineering and cost study was completed
by September 1964, and from these data a revised
“Construction Project Data Sheet’”” was presented
to the AEC on October 30, 1964. The cost estimate
was $55 000000, and the time for construction es-
timated as six years. This became the basic cost and
time estimate for construction.

Detailed design and construction of the LAMPF
facility started with authorization of the first con-
struction funds by the Congress in the FY-1966
budget. Further amounts were authorized in suc-
cessive years, but during several years were reduced
below the requested amounts. These postponements
of funds delayed completion of some parts of the in-
stallation and increased the cost. Major construc-
tion funds became available in October 1968. Con-
struction of the Equipment Test Laboratory began
in early 1968. A fkst unit of the linac housing, the
Injector Building, was started in early 1969. By this
time the design of the accelerator itself was essen-
tially complete and construction contracts had been
placed covering most of the linac components. Con-

struction of the tunnel and of the radio-frequency
power cubicles spaced along the tunnel was com-
pleted to meet the scheduled dates for equipment
installation in all cases. The last unit of the build-

ing complex to be specified and built was the hous-
ing for the target areas and experimental areas at
the end of the Iinac.

The Iinac was brought into initial operation at ~
800 MeV with a low-intensity beam on June 9, 1972,
within the time schedule and the revised cost es-
timate of $57000000. .

C. Linac Performance

Progress during the subsequent developmental
state of the linac can be illustrated by the following
list of the more important events:

June 9, 1972
First beam of 800-MeV protons obtained with a
few pA intensity at the end of the Iinac.

August 1972
First experiments started at low-beam intensity
mostly of the satellite type.

March 28, 1973
First ion (H-) beam accelerated to 800 MeV.

July 15, 1973
Proton beam of 250 MeV and 0.5-pA-average
intensity obtained in Area B.

August 26, 1973
Proton beam of 447 MeV and 0.6-pA-average
intensity used in Area A. Beams of p+, e+, x+,
and p+ separated for the first time.

April 1974
Pion beam channel in the Biomedical Facility
operable.

January-December 1974
Increasing use of beams for research: 70 experi-
ments given beam time; 1600 shifts of research
operation; 40 000-wA h delivered to experi-
ments.

September 24, 1974
Announcement of “Great Shutdown, ” starting
in late December 1974, to improve linac inten-

sity, radiation harden the main beam line com-
ponents, add shielding, and install more ex-

perimental installations.

4



A summary of the progress in research made dur-
ing 1974 is listed:

r 1. A total of 66 experiments were mounted.
Operation of these experiments and analysis of the
results proceeded throughout the year..

2. Simultaneous delivery of beam was made to
eight experiments.

3. The Line A beam stop location was used for
initial data on three neutrino experiments (Experi-
ments 24, 31, 38).

4. Muonic x-ray studies were made on several
targets to determine quadruple and hexadecapole
moments, and to give accurate charge radii (Experi-
ments 7, 166, 163).

5. Pion-produced charge-exchange reactions
were produced and radioactive products were
measured (Experiment 102).

6. Inelastic pion scattering on Zr and C was
studied (Experiments 191, 180).

7. Liquid tritium (T) was produced and used
as a target for pion-capture reactions (Ex-
periment 50).

8. Measurements were made of pion total cross
sections at low energy (Experiment 2).

9. Measurements were made of scattering of
pions by H at low energy (Experiment 96).

The “Great Shutdown” extended through August
1975. Developments of the linac and facilities
accomplished during this time can be summarized:

1. improvements of quantity, cooling, and con-
figuration of shielding in switchy~d and
main beam run,

2. radiation hardening of target cells with addi-
tion of shielding,

3. improved facilities for handling radioactive
samples and equipment,

4. repair and replacement of some faulty drift-
tube bellows in 100-MeV Iinac,

5. improved alignment of drift-tube linac to in-
crease beam acceptance,

6. resurvey of main linac alignment with
levels, transit, and taut wires,

7. correction of phase errors in main linac due
to misalignments,

8. installation of many new experiments in the
experimental areas.

A major result of the shutdown was an increase of
beam intensity. Routine operation at 1OO-PA
average beams of H+ ions was achieved by August
1976. The H- ion beam diverted to Area B was also
increased in intensity, to 6-PA average. Spinning
target wheels were developed for target locations A-
1 and A-2, capable of handling intensities of lCQ PA,
and water-cooled windows have been installed at
Beam Stop A-6. By May 1977, the facility was in
production at 150-PA average, and one run was
made at 300 PA with a duration of over one hour.
These developments are a good indication that
LAMPF will eventually reach its design intensity of
l-mA average H+ beam at 800-MeV energy, at -6%
duty cycle. Even at present intensities the available
beam power (energy X intensity) exceeds that
available at any other accelerator. Proton beam in-
tensity exceeds the sum of intensities from all
proton accelerators of energy above the pion
threshold. The potential usefulness of these high in-

tensities has hardly been explored and promises
results of major importance.

Another important accomplishment of the shut-
down was the installation of many new experiments,
with beam control equipment and adequate shield-

ing for higher intensities. The use of multiple
branching beams allows more experiments to be run
simultaneously. Typically, 10 or more experiments
receive beam simultaneously utilizing the available
facilities. Nearly 100 experiments in various stages
of installation or operation have been set up in the
many possible locations.

By June 1977 the Facility had been developed to
full capacity for research use, if not to ultimate full
intensity. A total of over 1000 scientists were mem-
bers of the Users Group and had submitted over 300
proposals for experiments. The operations phase
now starting (Summer 1977) should be a most
productive period.

5
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CHAPTER2

4
ORGANIZATION

A. Medium Energy Physics Division

The LAMPF facility is operated by the MP-
Division (Medium Energy Physics) of the Los
Alamos Scientific Laboratory. Louis Rosen is
Division Leader, and also Director of LAMPF,
appointed by the Director of LASL. The MP-
Division is a broader organizational entity than
LAMPF and can be assigned wider responsibilities
than the meson physics facility, although in practice
the two organizational entities overlap almost com-
pletely. To illustrate the distinction: Rosen is
responsible for all research activities of the staff of
the MP-Division, whether they are performed at
LAMPF or elsewhere. The linear accelerator beam
is also put to other uses than for the LAMPF

research facilities. For example, the Weapons
Neutron Research area uses a fractional beam
diverted from the linac through a tunnel into a sep-
arate building where research is carried on by other
LASL Divisions.

The staff of the facility hold assigned positions of
responsibility within either the MP-Division Office
(MP-DO) or in one of the twelve groups: MP-1, MP-
2, MP-3, MP-4, MP-7, MP-8, MP-9, MP-10, MP-11,
MP-12, MP-13, and MP-14. They can also be said to
hold parallel positions on the LAMPF staff. But
their official positions are as members of the MP-
Division. (Note that other groups, the missing num-
bers, were active during design and construction but
were phased out when LAMPF became an operating
facility.)

The name LAMPF has become a simplification
useful in describing the facility and the arrange-
ments of the laboratory. It covers the scientific
research functions and those aspects of its opera-
tions dealing with the scientific users. In 1968-69
when scientists from outside LASL were meeting to
plan the Users Group, a clear distinction was made

between LAMPF, which was to be an open
laboratory providing facilities for outside scientists,
and LASL, the existing laboratory, part of which
was classified and part of whose mission was
weapons development. The potential users believed
that a substantial autonomy of LAMPF within
LASL must be achieved if it were to attract
qualified scientists and develop a significant
research program. With this in mind the users wrote
into their charter the arrangements by which the
users would deal with the “Director” of LAMPF, and
the extent to which the “Director” would accept
their guidance on scientific matters and the research
program, This title is not normally given to division
leaders at LASL. The Director of LASL has accept-
ed these arrangements as proper to ensure the scien-
tific success of the new research facility. In so doing,
he has accepted the existence of a “LAMPF” entity
distinct from the MP-Division and has authorized
the use of the title of “Director” for the leader of
LAMPF.

In his capacity as the scientific leader of the
meson facility, it is the responsibility of the LAMPF
Director to approve and authorize the research
programs to be carried out at LAMPF. At suitable
intervals he calls for proposals for research experi-
ments from the scientific users. These proposals are
submitted to him and, with the assistance of his
operations and support staff and with the advice
and recommendations of the Program Advisory
Committee (PAC) which he appoints, the Director
authorizes and schedules the research experiments.

One method of describing the organization is an
outline form based on the several groups, with staff
titles and assignments, as given in Table I. Another
description is an organization chart of MP-Division
which, though somewhat simplified, shows some of
the interrelations between groups; such a chart is
shown in Fig. 2.
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TABLE I

ORGANIZATION OF MP DIVISION

June 1977

MP-DO — Medium Energy Physics Division Office
1. MP-Division Leader, L. Rosen (also LAMPF Director)
2. Alternate MP-Division Leader, D. E. Nagle
3. Associate Division Leader for Operations, D. C. Hagerman

a. Operations Staff
b. Accelerator Committee
c. Scheduling Committee

D. C. Hagerman, Chairman
L. E. Agnew
D. R. F. Cochran
T. M. Putnam
D. E. Nagle
A. A. Browman
S. P. Koczan

4. Associate Division Leader for Experimental Areas, Lewis Agnew
5. Associate Division Leader, E. A. Knapp
6. Users Group Office

a. Administrative Services, E. Dunn
b. Users Liaison, D. R. F. Cochran

7. Assistant Division Leader for Planning Budgets, R. F. Warner
8. Assistant Division Leader for Experiment Evaluation, Special Problems, Secretary to

PAC, D.R.F. Cochran
9. Assistant Division Leader for Safety, T. M. Putnam

MP-1, Electronic Instrumentation and Computer Systems, H. S. Butler, Group Leader

MP-2, Operations, J. Bergstein, Group Leader

MP-3, Practical Applications, J. N. Bradbury, Group Leader

MP-4, Nuclear and Particle Physics, D. E. Nagle, Group Leader

MP-7, Experimental Areas, L. E. Agnew, Group Leader

MP-8, Engineering Support, E. D. Bush, Group Leader

MP-9, Accelerator Development, R. A. Jameson, Group Leader

MP-10, EPICS and HRS, H. A. Thiessen, Group Leader

MP-11, Accelerator Support, J. D. Wallace, Group Leader

MP-12, Injector Systems, R. R. Stevens, Jr., Group Leader

MP-13, Beam Line Physics, R. Macek, Group Leader

MP-14, Pion Generator for Medical Irradiations, D. A. Swenson, Group Leader
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B. Users Group

Another aspect of the organization is the Users
Group, which is independent of the official structure
of the LASL laboratory but operates as a service to
the scientific users from other institutions. The
Users Group has its own organization and Board of
Directors and is incorporated under the laws of the
State of New Mexico pertaining to nonprofit cor-
porations. It appoints a Technical Advisory Panel
(TAP) to work closely with the LAMPF support
staff on plans for the experimental program, to
study new capabilities and support systems, and to
make recommendations to the Director of LAMPF.

The LAMPF organization provides offices, ad-
ministrative liaison, secretarial services, and all
necessary facilities to the Users Group, to assist
them in accomplishing their purposes. The director
of LAMPF accepts advice and suggestions from the
Technical Advisory Panel whenever practicable,
and accepts the Board of Directors of the Users
Group as the official spokesmen for the scientific
users of the LAMPF facility. Because of its impor-
tance in the operations of the facility, the Users
Group and its activities are described in more detail
in a following chapter.

C. Program Advisory Committee

The Program Advisory Committee (PAC) is the
primary determinant of scientific policy and scien-
tific use of LAMPF. This committee examines
research proposals, recommends acceptance, rejec-
tion, or modification on the basis of scientific merit
and feasibility, and recommends priorities for

proposals found acceptable. Its responsibility covers
all proposals which require substantial beam time or
other LAMPF resources. It is the indispensable
right arm of LAMPF management insofar as the
scientific program is concerned.

The PAC is appointed by the Director of LAMPF
in his capacity as scientific leader of the research
facility. He also acts as Chairman of the PAC, as
recommended in the guidelines set down in the
Users Group. Membership consists of the LAMPF
Director, his Deputy, and at least nine additional
members of the scientific community appointed for

three-year terms. The PAC includes two nonvoting
representatives of the Division of Physical Research

of the U.S. Energy Research and Development Ad-

ministration (ERDA) and two from the National
Science Foundation.

Half or more of the scientific members appointed _
to the PAC are selected from nominations made by
the Board of Directors of the Users Group. Members
are chosen with an eye toward maintaining a ~
suitable balance in geographical and institutional
distribution and in represent at ion of the various
scientific disciplines to be pursued at LAMPF. The
present membership of the PAC is given in Table II.

A large fraction of the work of the PAC is done by
subcommittees of three to five members; each mem-
ber of the PAC typically serves on two subcommit-
tees. Subcommittees cover the following special
areas:

Nuclear Chemistry
Low-Energy Pions (LEP)
lNeutrinos
High-Resolution Spectrometer (HRS)
Pion and Particle Physics (P’)
External Proton Beam (EPB)
Nucleon Physics (Line B)
Stopped Muon Channel (SMC)
Energetic Pion Channel and Spectrometers

(EPICS)
It can be noted that each of the above areas is
associated wit h a specific experimental beam line.
The subcommittees act as referees to recommend
priorities, schedule beam time and available ex-
perimental equipment for this beam line, and to ad-
vise on the needs for additional equipment and in-
strumentation.

There are in addition two special subcommittees
which are advisory to the PAC and do not
necessarily include PAC members. These are:

Solid-State Physics Committee (5 members)
Biomedical Program Advisory Committee

(8 members)
The Biomedical Committee deals entirely with
problems in the biological and medical fields. They
examine research proposals in these fields and rec-
ommend approval or other action, Their ret- -
ommendations are reported, via the PAC, to the
Director, LAMPF, for decision and action.

The PAC meets four times a year on the call of the “

Chairman, to consider recently submitted research
proposals. The subcommittees usually meet first as
working groups, to study proposals in their fields
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TABLE 11

MEMBERSHIP OF THE PROGRAM ADVISORY COMMITTEE ( 1977)

Louis Rosen, Director of LAMPF, Chairman
D. E. Nagle, MP-4, LAMPF, Deputy
G. A. Cowan, CNC-DO, LASL, Secretary

Stephen Adler, Institute for Advanced Study, Princeton University
George Bell, T-10, LASL
Felix Boehm, California J.nstitute of Technology
.John C. Cramer, University of Washington
Robert A. Eisenstein, Carnegie-Mellon University
Gerald T. Garvey, Argonne National Laboratory
Lee Grodzins, Massachusetts Jnstitute of Technology
B. G. Harvey, Lawrence Berkeley Laboratory
tJohn Huizenga, Nuclear Structures Laboratory, University of Rochester
Alan D. Krisch, University of Michigan
Ira L. Morgan, Columbia Scientific Laboratories, Austin, TX
Michael J. Saltmarsh, Oak Ridge National Laboratory
Ellis Steinberg, Argonne National Laboratory
Herbert Steiner, Lawrence Berkeley Laboratory
Morton M. Sternheim, University of Massachusetts
Erich Vogt, University of British Columbia
Robert E. Welsh, College of William and Mary
.Joseph Weneser, Brookhaven National Laboratory

George Rogosa, Division of Physical Research,
U. S. Energy Research and Development Administration

Marcel Bardon, National Science Foundation
Howard Pugh, National Science Foundation

L. E. Agnew, MP-7, LAMPF
A. A. Browman, MP-DO, LAMPF
I). R. F. Cochran, MP-DO, LAMPF
D. C. Hagerman, MP-DO, LAMPF
E. Knapp, P-DO, LASL
S. Koczan, MP-8, LAMPF
T. M. Putnam, MP-DSO, LAMPF

ex-officio
nonvoting



and make recommendations to the PAC in general
meet ing, for action on these proposals.

D. Administrative and Technical Services

The administrative chores of LAMPF are handled
in the MP-Division Office (MP-DO) under the

guidance of Rosen, MP-Division Leader, assist-
ed by a staff to whom the several functions are as-
signed as indicated in Table I. One major function is
operation of the accelerator, a complex electronic
system requiring a highly trained organization of
experts for planning, scheduling, maintenance, and
continuous development. Another aspect is coor-
dination of the research programs of the scientific
users with the requirements and capabilities of the
accelerator and its beam facilities. User coordina-
tion includes evaluation of experimental proposals,
resolution of special problems, and scheduling of
beam use. An office which centralizes User Group
activities and provides administrative services is
part of the responsibilities of the Division Office.
The essential functions of budget planning and
fiscal reporting are also the direct responsibilities of
the Division Leader.

Most of the groups listed under MP-1 through
MP-14 provide supervision of technical aspects of
the Facility. Some are directly related to the linac
itself, some cover beam-handling support systems
and some deal with permanently located ex-
perimental facilities. However, titles of groups do
not restrict the activities of individual group mem-
bers. Many cross group boundaries to solve overlap-
ping problems. The basic responsibility of all the
technical staff is to expedite wherever possible the
research programs of the user scientists. Some of the
most essential groups are those in direct support of
the experiments. Furthermore, the challenge of us-
ing pions for the irradiation of human cancer has
added much incentive to the support staff. The
most recently formed group, MP-14, is aimed at the
design and development of compact meson-
producing accelerators which, hopefully, could be
used for a wider approach to the treatment of can-
cer. This work is supported by the National Cancer
Institute.

E. LAMPF Policy Board

The LASL Director has his own independent
source of information and advice on the policy,
plans, and performance of LAMPF. This is the ‘

LAMPF Policy Board (LPB) which was initiated in
1968 by the then Director, Norris Bradbury. ‘

Meetings were held at approximate six-month inter-
vals during the design and construction phase.
Since 1971 the Board reports to the present Director,
Harold Agnew, and meetings are held annually
at the Director’s call. The present membership of
the LPB is:

H. L. Anderson, University of Chicago, Chair-
man

Robert E. Anderson, School of Medicine, Un-
iversity of New Mexico

Peter D. Barnes, Carnegie-Mellon University
E. V. Hungerford, University of Houston
T. A. Tombrello, California Institute of

Technology

The Policy Board has consistently emphasized
the National Facility aspect of LAMPF and the
needs of the scientific users of the facility. Its advice
has been helpful in promoting the development of
the Users Group, in minimizing security restrictions
for foreign users and visitors, in procurement of
suitable housing for users, and in several other
aspects. It has had significant influence in
strengthening theoretical support in nuclear
physics, both in the LASL T-Division and at
LAMPF.

F. Financial Record

LAMPF is one of the few large accelerator
facilities supported by the AEC for which the cost of
construction was essentially as initially estimated.
The design and construction costs as estimated in
the Construction Project Data Sheet of October 30, -
1964 were $55000000. A postponement by the Con-
gress of the dates of authorization of funds beyond
the planned and scheduled dates resulted in -
rearrangement of the schedule and an increase in
the cost estimate by $1 000000. The linac was
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brought into preliminary operation on June 9, 1972
within this revised cost estimate of $56000000. Cer-
tain additions beyond the scope of the original

. plans and estimate, which were authorized during
the next two years, brought the total to $57000000.
A breakdown of construction costs for major4
LAMPF components is shown in Table III.

The budgets for operation and for capital equip-
ment and other costs associated with research in-
strumentation have also been within the initially
planned range. There have been no budgetary sur-
prises, either during the construction or in the
operations phase. A record of the operations costs

for the years prior to and following completion is
given in Table IV, which also shows projections of
major items into the future.

The early success of the LAMPF program, its
fiscal responsibility, and the ambitious plans for
research and applications have resulted in recogni-
tion where it counts — in the budget authorizations.
Although it is always difficult to persuade the
Federal budget authorities to support a program
with rising cost estimates, the record of LAMPF
shows that the budgets have met most of the needs
of this growing laboratory which has shown a rapidly
increasing level of research activity.

TABLE III

SUMMARY OF CONSTRUCI’ION COSTS
FOR MAJOR LAMPF COMPONENTS

Design of Buildings and Site
Construction of Buildings and Site
Design of Accelerator
Construction of rf System
Construction of Accelerator Structures
Construction of Injector System
Construction of Switchyard
Instrumentation and Controls
Other Equipment Items

TOTAL

$3305000
28650497

4112000
6574072
6157795

719426
4206506
2950893

323811

$57000000
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CHAPTER 3

LAMPF USERS GROUP

The LAMPF Users Group was started in 1968 —
four years before the scheduled date for initial
operation — in order to provide a channel of com-
munication between the Users and LAMPF
management in planning the research facility. A

general meeting of potential users was called for
June 20, 1968, timed during a regional meeting of
the American Physical Society at Los Alamos. Rep-
resentatives of 70 universities and laboratories from
outside LASL participated. Members of the LASL
staff had anticipated the need for a users organiza-
tion and supported it heartily. At this meeting com-
mittees were named to prepare a Charter, to
nominate officers and to plan for a second meeting.

A. Organization and Charter

At the second Users Group meeting held
January 16, 1969, a Charter” prepared in the in-
terim was adopted, an Executive Committee of
seven members was elected as prescribed in the
Charter, and a Chairman delegated. The Charter
described the membership of the Users Group as
“open to practicing scientists and engineers, ” clearly
allowing anyone with a valid interest in working at
LAMPF to become a member. The Director of
LAMPF appointed a Liaison Officer, L. E. Agnew,
to act as secretary of the Executive Committee and
to assist the new organization in all possible ways.
At the first Executive Committee meeting a
Technical Advisory Panel (TAP) was appointed “to
collaborate with the staff of LAMPF in devising new
experimental facilities and evaluating future
developments. ” The Executive Committee also
started a newsletter, to be edited by the Liaison Of-
ficer and published regularly as a report to the
membership. The first newsletter was published
March 21, 1969, with others at quarterly intervals in
succeeding years.

Annual meetings of members of the Users Group
are normally held in October or November of each
year, for election of officers and transaction of other
business. Statistical summaries of the LAMPF User
Group activities are presented in Table V.

B. Incorporation and Officers

A decision to incorporate the Users Group was
taken at the November 1972 annual meeting, and a
set of By-Laws was approved. The incorporation of

the LAMPF Users Group, Inc., became effective on
January 1, 1973. The officers and Executive Com-
mittee of the Users Group elected for the year 1973
under the previous Charter became the “Board of
Directors” of the Corporation. This Board of Direc-
tors consists of a Chairman, Chairman-elect, Past
Chairman, and four other members elected by the
membership. Two new members are elected each
year for terms of two years, and one new Chairman-
elect is elected each year for a term of three years.
The Chairman-elect succeeds to the office of Chair-
man at the end of one year and to that of past Chair-
man at the end of two years. Elections to open posi-
tions on the Board of Directors are conducted by
mail ballot prior to the annual meeting of the mem-
bership, which is held between October 15 and
November 30 of each year. All terms of office begin
January 1 of the year following election.

The Board of Directors meets as often as required
to carry on the business of the Users Group. A
Liaison Officer is appointed to the Board by the
Director, LAMPF, who also serves as Secretary to
the Board and as Editor of the Users Bulletin. In or-
der to illustrate the scientific quality of the Users
Group, as well as for historical reasons, lists of those
members elected to Executive Committees under
the Charter during 1969 to 1972, and to the Boards
of Directors and Officers elected under the Articles
of Incorporation By-laws from 1973 to 1976, are



Date

Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Fall
Fall
January

‘1’ABLli V

SUMMARIES OF LAMPF USER ACI’IVITIES

Total Number
of Users

1969
1969
1970
1970
1971
1971
1972
1972
1973
1973
1974
1974
1975
1976
1977

173
325
364
461
510
604
630

737

830
846
871
992

1036

Number LASL Total Number
Users Proposals

50
90
99

100
121
155
167 1

1
178 1

1

188 1

180 1

183 :
189 c

198 ,

STATUS OF LAMPF RESEARCH PR$3POSALS

January 1977

Completed 64
Active (approved, deferred, resubmitted) 191
Inactive (rejected, withdrawn, combined) 70

TOTAL 325

PARTICIPANTS IN USERS GROUP

January 1977

U. S. Universities
LASL
National or Government Laboratories
Foreign
Industry
Hospitals and Medical Centers
Honorary

410
198
114
156
57
91
10

1036

73
97

115
138
142
162
181
197
241

325

TOTAL
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given in Table VI. For reference purposes the Arti-
cles of Incorporation of the LAMPF Users Group,
and the By-laws, are attached as the Appendix.

.

C. Technical Advisory Panel.

Under the By-laws, a Technical Advisory Panel

(TAP) is appointed by the Board of Directors to
collaborate with the staff of LAMPF in devising new
experimental facilities and evaluating future
developments. The TAP consists of 12 members
each appointed for two years, with 6 new members
added each year. Members of the Board, and a
Liaison Officer appointed by the Director, LAMPF,
are Members Ex-0~/icio. Present Membership is
given in Table VII.

The TAP is the major working arm of the Users
Group and the primary agency to transmit the needs
of the Users to the attention of the LAMPF staff.
They work in close cooperation with LAMPF and
use their efforts to expedite the technical activities
of the supporting staff.

D. User Working Groups

An important activity initiated by the Executive
Committee as early as 1969 was a study program

based on “Working Groups” of users, to study
specific design problems which required analysis
and development. Working Group meetings were
called by LAMPF staff planners or by users and
were scheduled and arranged by the Liaison Officer.
During the following years these Groups became
larger and more active; new groups were activated

as new areas of interest developed. Chairmen as-
signed to each group were responsible for calling
meetings, assigning tasks and reporting results.

Recommendations made by the Working Groups
were reported in the Newsletter. Dozens of working
sessions of such groups helped to define the
specifications and properties of the specialized in-
struments being developed by the LAMPF technical
staff in prep= ation for experimental use. These
studies have had a major impact on increasing the
scope and quality of the research installations built
at LAMPF. To illustrate the breadth of interest and
the intense activity of users in these cooperative
studies, a listing is given in Table VIII of some of
these meetings, with their topics and chairmen, as
they were published in the Newsletters.
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TABLE VI

USERS GROUP EXECUTIVE COMMITTEES AND
BOARDS OF DIRECTORS

l!)(y)

Chairman, Harry Palevsky, Brookhaven National Laboratory
Chairman-Elect, D. A. Lind, University of Colorado
Members

R. P. Haddock, University of California at Los Angeles
A. M. Poskanzer, Lawrence Berkeley Laboratory
H. B. Willard, Case Western Reserve University

I,iaison Officer, L. E. Agnew, LAMPF

1970

Chairman, R. P. Haddock, University of California at Los Angeles
Chairman-elect, G. C. Phillips, Rice University
Members

I. L. Morgan, University of Texas
i-l. A. Naumann, Princeton University
B. J. Zeidman, Argonne National Laboratory

Liaison Officer, L. E. Agnew, LAMPF

1971

Chairman, G. C. Phillips, Rice University
Chairman-elect, K. M. Crowe, Lawrence Berkeley Laboratory
Members

l’. D. Barnes, Carnegie-Mellon University
M. J. Jakobson, University of Montana
.J. E. Simmons, LASL

Liaison Officer, L. E. Agnew, LAMPF

1972

Chairman, K. M. Crowe, Lawrence Berkeley Laboratory
Chairman-elect, M. J.. Jakobson, University of Montana
Members

G. tJ. Igo, University of California at Los Angeles
L. C. Northcliffe, Texas A&M University
Chaim Richman, LASL

I.iaison Officer, L. E. Agnew, LAMPF

197:3

Chairman, M. J. Jakobson, University of Montana
Chairman-elect, V. W. Hughes, Yale University
l~ast Chairman, K. M. Crowe, Lawrence Berkeley Laboratory

Members
R. E. Anderson, University of New Mexico Medical School
R. ,J. Macek, LASL
S. E. Sobottka, University of Virginia
H. B. Willard, Case Western Reserve University

Liaison Officer, L. E. Agnew, LAMPF
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TABLE VI

(CONTINUED)

1974
Chairman, V. W. Hughes, Yale University
Chairman-elect, H. L. Anderson, Fermi Institute
Past Chairman, M. J. Jakobson, University of Montana
Members

R. E. Anderson, University of New Mexico Medical School
R. M. Ekberg, University of California, Santa Barbara
R. J. Macek, LASL
S. E. Sobottka, University of Virginia

Liaison Officer, L. E. Agnew, LAMPF

1975
Chairman, H, L. Anderson, Fermi Institute
Chairman-elect, D. A. Lind, University of Colorado
Past Chairman, V. W. Hughes, Yale University
Members

L. E. Agnew, LAMPF
J. C. Allred, University of Houston
R. E. Anderson, University of New Mexico Medical School
R. M. Eisberg, University of California, Santa Barbara

Liaison Officer, H, H. Howard, LAMPF
Secretaryflreasurer, D. R. F. Cochran, LAMPF

1976
Chairman, D. L. Lind, University of Colorado
Chairman-elect, H. B. Willard, Case Western Reserve University
Past Chairman, H. L. Anderson, University of Chicago
Members

L. E. Agnew, LAMPF
J. C. Allred, University of Houston
B. M. Preedom, University of South Carolina
Paul Todd, University of Pennsylvania

Liaison Officer, H. H. Howard, LAMPF
Secretary~easurer, D. R. F. Cochran, LAMPF

1977
Chairman, H. B. Willard, Case Western Reserve University
Chairman-elect, J. C. Allred, University of Houston
Past Chairman, D. L. Lind, University of Colorado
Members

B. M. Preedom, SIN, Villigen, Switzerland
Paul Todd, Pennsylvania State University
R. C. Minehart, University of Virginia
R. A. Rebka, Jr., University of Wyoming

Liaison Officer, H. H. Howard, LAMPF
Secretary/Treasurer, D. R. F. Cochran, LAMPF

19



TABLE VII

TECHNICAL ADVISORY PANEL (TAP), 1977

Liaison Officer, H. H. Howard, LAMPF

1977

Nuclear Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . .. A. A. Caretto
Nucleon Physics Laboratory, NPL . . . . . . . . . . . . . . George Glass
High-Resolution Spectrometers, HRS . . . . . . . . . . . . . . . G. I. Igo
llxperimental Facilities . . . . . . . . . . . . . . . . . . . . . . William Mayes
Neutrino Facility . . . . . . . . . . . . . . . . . . . . . . . . . . .. Peter Nemethy
Muon Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..R. J. Powers

1978
Biomedical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. E. L. Gillette
Solid-State Physics . . . . . . . . . . . . . . . . . . . . . . . . . . .. A. N. Goland
l’olarized Beams . . . . . . . . . . . . . . . . . . . . . . . . . . .M. McNaughton
Pion and Particle Physics, PS. . . . . . . . . . . . . . . ..R. C. Minehart
Energetic Pion Channel and Spectrometers . . . ..R..J. Peterson
Low-Energy Peons . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Klaus Ziock

TAP Subcommittees
lmng-Range Planning . . . . . . . . . . . . . . . . . . . . . . . . . . .. D. A. Lind
Computer Services . . . . . . . . . . . . . . . . . . . . . . . . . . .. R. E. Chrien
Cryogenic Targets . . . . . . . . . . . . . . . . . . . . . . . . . .. R. P. Haddock
New Muon Channel . . . . . . . . . . . . . . . . . . . . . . . . . . V. W. Hughes

.
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TABLE VIII

woRKIN~ GROUP MEETINGS OF USERS

Topics
.

January 1970
April 1970

January 1971
March 1971
April 1971
May 1971

June 1971
July 1971

AND LAMPF STAFF

—

April 1973

July 1973

November 1973

April 1974

July 1969 Biomedical Applications
August 1969 Stopped Muon Channel

Pion Channels
High-Resolution Proton Spectrometer
Nucleon-Nucleon Facility
Medium Energy Particle Physics
Isotope Separator
Pion and Particle Physics (P’)
Energetic Pion Channel and

Spectrometer (EPICS)
High-Resolution Spectrometer (I-IRS)
Nuclear Chemistry

(At Gordon Conference)
EPICS
HRS
P’
EPICS
Biomedical
Radiation Biology
Nuclear Chemistry
P’
Nucleon Physics Laboratory
Low-Energy Pions
Stopped Muons
EPICS
Pion Therapy
EPICS
HRS
Theory Pion-Nucleus Scattering

(Summer School)
LEP Channel
HRS
Nucleon Physics Laboratory (NPL)
EPICS
Biomedical Facilities
P’
Slow Muon Channel
Nuclear Chemistry
Computing Facilities
Radiation Damage
Neutrino Facility
HRS
HRS (Washington, D. C.)
EPICS (Washington, D. C.)

Chairmen

W. Langham and D. E. Groce
V. W. Hughes and H. Vogel
P. C. Gugelot
B. J. Zeidman
J. E. Simmons
P.A.M. Gram and P. C. Gugelot
B. Dropesky
P.A.M. Gram
P. D. Barnes

N. Tanaka
E. Norris

P. D. Barnes
N. Tanaka
P.A.M. Gram
P. D. Barnes
W. Langham
P. Todd
B. Dropesky
P. C. Gugelot
J. C. Hopkins
J. Amato and R. L. Burman
V. W. Hughes
B. J. Zeidman
D. E. Groce
S. E. Sobottka
Harry Palevsky
H. Feshback

K.O.H. Ziock and B. M. Preedom
N. Stein
D. Brown and J. E. Simmons
R. J. Peterson and S. E. Sobottka
P. Todd
G. Rebka and R. Minehart
R. B. Perkins
B. Dropesky
H. S. Butler
W. Green
K. Lande
Harry Palevsky and E. Flynn
E. Flynn
H. A. Thiessen



TABLE VII1

(CONTINIJED)

November 1974

February 1975
April 1975
June 1975
November 1975

April 1976
August 1976
November 1976

January 1977

Radiation Damage
LEP
Stopped Muon Channel
Nucleon Physics Laboratory
EPICS
Nuclear Chemistry
HRS
EPICS
HRS
EPICS
Isotopes and Diagnostics
Biomedical Facilities
EPICS
F
Stopped Muons
Radiation Damage
Neutrino Facility
Nucleon Physics Laboratory
Computing Facilities
LEP Channel
HRS
Nuclear Chemistry
HRS
EPICS
Computer Facilities
EPICS
P’
Stopped Muons
Radiation Damage
Nucleon Physics Laboratory
Neutrino Facility
Biomedical Facilities
Low-Energy Pions
Nuclear Chemistry
HRS
Polarized Beam

W. V. Green
B. M. Preedom
R. B. Perkins
P. R. Bevington
S. E. Sobottka
B. Dropesky
E. Flynn
H. A. Thiessen
D. K. McDaniel

- H. A. Thiessen
H. A. O’Brien
E. L. Gillette
R. J. Peterson
E. V. Hungerford
B. Shera
W. V. Green
K. Lande
B. Dieterle
H. S. Butler
B. Preedom
D. K. McDaniels
B. Dropesky
G. J. Igo
R. Eisenstein
H. S. Butler
R. A. Eisenstein
J. C. Allred
Brooks Shera
W. V. Green
B. E. Bonner
Peter Nemethy
E. L. Gillette
E. E. Gross
C. J. Orth
G. J. Igo
E. P. Chamberlain
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CHAPTER 4

PROCEDURES FOR RESEARCH EXPERIMENTS

A. Proposals and Approvals

Proposals for research at LAMPF are submitted
in writing to the Director of LAMPF, at such times
as he calls for proposals, following the form and con-
tent described in the LAMPF Users Handbookiz
published November 1974. Information is also
available through the Users Office at LAMPF.

The proposal should indicate the scientific pur-
poses and objectives of the experiment, an analysis
of the expected data rates and backgrounds, an in-
dication of the results and precision expected, an es-
timate of when the experiment will be ready, an es-
timate of the running time and beam requirements
and a statement about the necessary auxiliary
equipment and support required from LAMPF. A
list of experimenters should be provided, with basic
professional information sufficient to judge their ex-
perience and qualifications, and with an indication
of the extent of participation of each.

Collaboration between outside research workers
and the LAMPF research staff is encouraged by the
LAMPF administration. Places on existing research
teams can be made available to those desiring to
gain pertinent experience. Each proposal should in-
dicate the extent of collaborative participation
planned and the magnitude of the several contribu-
tions.

A preliminary processing of each proposal is
carried out by the LAMPF Director’s Office, and all
proposals which compete significantly for beam
time or LAMPF resources are subjected to careful
study and evaluation. However, the Direct or, with
advice from the LAMPF administration, may
authorize and schedule certain experiments such as
satellite experiments which make no significant de-
mand on LAMPF resources or for beam time. On oc-
casion he may reorder priorities, or even provide
beam time to a new experiment in response to
changes in the experimental situation or new
developments in physics. In the event of two or more

proposals for essentially similar experiments, the
LAMPF Director and his staff will make an effort to
arrange for collaboration between the groups in-
volved and request a revised proposal.

Proposals are numbered in sequence in the order
received; this is a permanent identification number
for future action and scheduling. On receipt, the
LAMPF Office makes multiple copies of the
Proposals, for distribution to members of the
Program Advisory Committee (PAC). One copy is
filed in the LAMPF library for general availability.

Each Proposal when submitted must include a
one-page Summary which gives the title, names and
affiliations of participants, and a statement of the
purpose of the research and the method of
procedure. These Summaries are published in the
next available Newsletter; they serve to inform
other Users of the planned experiment and avoid
duplication. Lists of the Summaries are available in
the Users Office and serve a useful purpose in
providing an overall survey of the research program.

The primary basis for accepting or rejecting
proposals and assigning beam time is the scientific
merit of the research and the qualifications of the
experimenters, as judged by the Director of LAMPF
after careful evaluation and solicitation of rec-
ommendations by selected experts. His chief source
of advice is from the Program Advisory Committee.
His appointments to the PAC are based to a large
extent on the recommendations of the Board of
Directors of the Users Group.

The Program Advisory Committee, meeting with
the Director, studies the proposals submitted and
makes its recommendations, including the amount
of beam time to be allocated. A proposal may be
rejected or the Committee may advise certain
modifications. Minutes are kept of all meetings and
actions of the PAC, including all recommendations
and the reasons for them. The PAC transmits its
recommendations to the Director. On the basis of
these recommendations and his own staff studies,
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the Director makes his decisions and transmits
them to the applicants, including the authorization
of beam time. If a proposal is rejected, or modifica-
tions suggested, the reasons are given in the letter.

For each approved experiment the LAMPF Chief
of Operations appoints an Experiment Coordinator.
He works with the experimenters in planning the
details of the experiment, such as location in the
beam line, dates and times of occupancy, support by
the LAMPF technical groups, estimates of costs,
running time, etc. The coordinator becomes the
prima~ channel of information between the ex-
perimenters and the LAMPF organization. He
follows the progress of the experiment, arranges for
appropriate assistance, and sees that the work is
both planned and performed in compliance with
LASL operational and safety requirements.

During the Annual Meeting of the Users Group in
October 1970, the LAMPF Director issued the first
call for proposals for research experiments to be per-
formed at LAMPF when it became operational. The
call was made 20 months before the anticipated date
of the fiist operation at 800 MeV to allow adequate
time to consider and process the applications, and
to provide time for experiments to be designed,
built, and mounted in place. Information on the
facilities and beam channels to be available at the
start of operations, and the procedures for prep-
aration of proposals had been published in a
preliminary version of. the Users Handbook (LA-
4586-MS). The date of this first call was for April
1971 but later was extended to June 1971. The
Program Advisory Committee (PAC) was called into
service in June to make initial recommendations.
The preliminary decisions of the Director on this
first group of 70-odd proposals were announced in
the Newsletter dated July 1971.

The number of proposals has grown steadily with
time since the first call, along with an increase in
the number of users. These numbers are listed in
Table V, along with other statistical information
relative to the research use of LAMPF.

B. Financial Support for Users

Users from Universities and other institutions
must provide the bulk of the financial support for
their scientists from sources other than LAMPF.
Salaries and expenses of the participants, travel and

shipping expenses, and rental for local housing,
must be paid by the outside users. Users are expect-
ed to provide their own special experimental ap-
paratus, detector systems and the associated cir- .
cuitry, often including a trailer to house the control
and data analysis electronics. In general, any instru-
ments or equipment not available at LAMPF must -
be supplied by the User. If Users utilize LASL ser-
vices for the design, fabrication, and maintenance of
specialized equipment, or computing time, they are
expected to reimburse LASL for costs. Charge rates,
including direct expense and distributed overhead
costs, are those currently in effect at LASL and ap-
ply equally to internal LASL groups for the same
services.

Approved and scheduled experiments require ad-
vance planning and estimates of costs. Experimen-
ters should work with the Experiment Coordinator
assigned by LAMPF in estimating expenses, in-
cluding a reasonable contingency, and arrange for a
purchase order from their home institutions to cover
the estimated expense in advance of their needs.

C. LAMPF Support

All major costs of operation of the accelerator are
supported through the annual LAMPF budgets;
Users are not levied charges for beam time. The
LAMPF organization maintains a staff effort to ex-
plore and implement improvements of the ac-
celerator and experimental facilities. It is LASL
policy that all members of the LAMPF research
staff devote roughly 50 per cent of their time to the
improvement of the facility and the technical sup-

port of the users.
Certain major experimental facilities are provided

by LAMPF as part of the general facility. These in-

clude several large instruments such as the High
Resolution Spectrometer (HRS) and the spec-
trometers in the EPICS beam channel. They also in-
clude beam analysis magnets in the beam channels
which provide separated beams of pions, muons, or
nucleons. Some experiments are designed to utilize -
these “in house” instruments and are assigned time
in the appropriate beam channels.

Users have access to a pool of equipment, the
LAMPF Electronics Equipment Pool (LEEP). The
total inventory in stock by Spring 1977 was over
2300 items of capital equipment with a total value of
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over $1 700000. These include, as a descriptive
sample: oscilloscopes, power supplies, voltmeters,
amplifiers, pulse generators, delay circuits,
magnetic tape drives, coincidence circuits, coun-
ter/timers, scalers, registers, etc. Users may request
loans from this stock for the duration of their experi-
ment. Requests are authorized by the Scheduling
Committee and are provided by the LEEP Commit-
tee. This LEEP Committee is appointed by the
Director of LAMPF to manage the stock of equip-
ment and assignments to experimental groups. In-
ventory control is based on computer listing and
analysis. The Users Group, through its Technical
Advisory Panel (TAP), may recommend items for
purchase and inclusion in the LEEP pool.

The LAMPF support staff erects and installs ap-
propriate shielding and enclosures for the elec-
tronics and control station of the experiment. The
experimenter is encouraged to provide his own
trailer with electronics installed. However, some
trailers may be made available by LAMPF. LAMPF
will provide power, telephone, signal and control
wiring to the control station. On-line computing
facilities are available in limited supply, and a ser-
vice organization can provide maintenance. It is also
the intention of the LASL administration to provide
adequate office, laboratory, and set-up space for
users’ needs.

A modest amount of direct financial support for
experiments which have been assigned beam time
may be provided by LAMPF in the form of an
allowance prorated according to the amount of
scheduled beam time. This allowance may be used
to cover shop work, minor stores and consumables,
and machine time at the LASL Central Computing
Facility (CCF).

Certain other types of support are provided by
LAMPF. They staff and run the Users Office which
keeps records, publishes a Users Handbook and a
quarterly Newsletter, arranges for housing accom-
modations and other needs of the Users. Graduate
students assisting in experiments have been offered
part-time jobs as Technical Assistants at LAMPF,
to help defray living expenses and broaden their ex-
perience.

In consideration of the fact that the research
facility is supported by Federal funds, each outside
user must accept certain responsibilities. One re-
quirement is that each non-LASL user sign an ap-
propriate Guest Patent Agreement, which should be

compatible with prior agreements the user may

have with his home institution. Another require-
ment is that the user be properly registered with the
LASL Personnel Office and accept any essential
restrictions required for the control of personnel or
government property. The Director of LASL will en-
deavor to minimize restrictions on the participation
of foreign scientists, in conformity with present
regulations. In 1974 the Atomic Energy Commission
designated LAMPF as a “Category B“ Facility,
which liberalizes the approval of non-Soviet foreign
visitors; such visitors require approval one week in
advance from LASL. Soviet bloc visitors still need
prior approval by ERDA which can be obtained
through the LASL Security Office.

D. Scheduling and Equipment Committees

The technical problems of planning for and
scheduling the use of the beams for experiments are
handled by the LAMPF Scheduling Committee
(LSC), This Committee of six members is appoint-
ed by the Director, LAMPF. The present chairman
is D. C. Hagerman, Chief of Operations. This group
takes recommendations of the Program Advisory
Committee for each approved experiment, and fits
them together into a schedule of use, with respect to
time-sharing, beam intensity, beam energy, and
other characteristics of the linac. The PAC divides
its work between several subcommittees, each con-
sidering the experiments directed toward one of the
beam channels. So the LSC also can simplify its
task by considering the beam channels separately.
The scientists and/or the Engineering Coordinator
of each experiment being considered are usually
called into the LSC meetings considering their re-
quirements. The LSC also considers the needs of the
several beam lines and provides an overall schedule
of time sharing. Meetings of the LSC are held each
week or more often if needed. Present membership
of the LAMPF Scheduling Committee is:

D. C. Hagerman, Chief of Operations, Chair-
man

L. E. Agnew, MP-7 Group Leader
H. S. Butler, MP- 1 Group Leader
D.R.F. Cochran, Assistant Division Leader
T. M. Putnam, Assistant Division Leader
D. E. Nagle, MP-4 Group Leader
A. A. Browman
S. P. Koczan
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The Scheduling Committee has adopted a
schedule of operations and maintenance based on 5-
week cycles (35 days). The announced cycles for the
coming year start on the following dates:
February 20, March 27, May 1, June 5, July 10,
August 14, October 9, and November 13. Each cycle
includes 24 days of linac operation for experiments,
2’IZ days for maintenance, 6’/2 days for development,
and 2 days for tune-up. The cycle structure includes
25 days of almost continuous 24-hour operation with
only a few breaks for maintenance. The Committee
reports the planned schedule and assignments of
beam time to the experimenters frequently.

Another responsibility of the laboratory is the
sharing of LAMPF-owned equipment between the
experiments competing for beam time and space.
The LEEP Committee consists of six members from
LAMPF and one or more consultants assigned by
the Technical Advisory Panel (TAP) of the Users
Group. This Committee works closely with the
Scheduling Committee to see that necessary equip-
ment is made available to meet the scheduled
beam-time dates for each experiment. The com-
puter listing of items provides up-to-date informa-
tion to the experimenters and to the Committees.
The exist ing system of allocation has worked well,
illustrated by the computer record that over 90% of
the LEEP stock on the average has been assigned to
users for several consecutive months of operations.
Additions to the LEEP pool are also determined by
the LEEP Committee, guided by known needs of
up-coming experiments.

E. Funding for Experiments

Many experimental teams from universities ob-
tain financial support for experiments through sup- -
port contracts with ERDA or NSF. A contract is
usually applied for in support of an individual ex-
periment, and frequently the participants come -
from several universities. The application for con-
tract support may be based on the Proposal submit-
ted to LAMPF, but should also include details of ex-
penses such as travel and transportation to LAMPF,
construction of equipment, technical assistance,
and usually an item of overhead costs for the spon-
soring university. The cost budget will include an-
ticipated charges at LAMPF, which requires
preliminary discussions and estimates acceptable to
LASL. Such requests for supporting funds are re-
viewed by the governmental agency involved and by
other professional reviewers. Funds are handled by
the User team involved, through their own home in-
stitut ions.

Associated Western [Universities offer partial

support of costs for a few scientists from within their
Association, when other funds are not available.

One difficult problem for some university scien-
tists has been to obtain expenses for preliminary
visits to LAMPF in order to plan for an experiment,
prior to submission of a proposal. Some universities
have no travel funds for staff members for such ex-
ploratory purposes. No general answer can be
suggested in this case.
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CHAPTER 5

THE ACCELERATOR

The meson facility consists of a high-intensity
linear accelerator and the equipment required to
utilize the resulting beams of particles and radia-
tions for research experimentation. The Iinac is de-
signed to provide simultaneous acceleration of
protons and negative hydrogen ions. The maximum
energy is 800 MeV and the maximum total beam in-
tensity will eventually reach 1 mA. A large fraction
of the resulting proton beam will be used to produce
mesons, both pions and muons, and in both charge
states. Positive and negative pions are strongly
interacting particles which can produce a wide
variety of nuclear interactions. As we will see,
negative pions also have useful practical applica-
tions which may be of great value to medicine. The
LAMPF installation will produce great intensities of
pions, sufficient to collimate and focus them into
beams for experimental and other uses. This type of
facility which produces high intensities of mesons
has been called a “meson factory. ” LAMPF is the
highest intensity meson factory in operation or pres-
ently planned for the future.

A. Preaccelerators and Ion Sources

The particles attain their final energy through a
sequence of steps starting at the ion sources, of
whit h there are three, one for protons, one for
negative hydrogen ions, and one for polarized
hydrogen ions. Each ion source is located within the
high-voltage terminal of a 750-keV Cockcroft-
Walton type generator, and these units are located
within three large electrically shielded bays in the
Injector Building. The ion-source bays are indicated
in Fig. 3, and the Injector Building is clearly shown
in the aerial photograph of the frontispiece.

Beams from the two ion sources presently in use
go into a beam transport area which directs each one
into the entry end of the linac without interference

with the other. The beams are pulsed and timed to
enter at preselected instants during the radio-
frequency accelerating cycle of the linac. They are
focused by magnetic lenses and stripped of off-focus
peripheral ions in traversing slit systems, so each
beam has the desired “injection emittance” to
traverse the linac with minimal further losses.

The 750-keV Cockcroft-Walton high-voltage
generators are of the voltage-multiplier design, built
by Haefely, Inc., of Basel, Switzerland. The Haefely
company has supplied high-voltage sets of this type
to other laboratories in this country in recent years.
The voltage-multiplier circuit uses solid-state rec-
tifiers energized by 5-kHz transformers to charge a
stack of capacitors in parallel and discharge in
series, thus achieving a multiplication in voltage.
The high-voltage terminals are enclosed in smooth-
ly finished aluminum housings supported on in-
sulating columns, to minimize sparking and corona
from the terminals. The units ordered for LAMPF
are rated at 1.0 MV at sea level but operate at
0.75 MV at the 7000-ft elevation of Los Alamos. One
of these preaccelerators is shown in Fig. 4.

The initial proton ion source for the main proton
beam was developed by Robert Emigh’S of the
LAMPF staff from designs of the Von Ardenne type
first developed in East Germany and first applied in
this country at Brook haven, called the
“duoplasmatron with expansion cup.” (See Fig. 5.)
This source has produced peak currents of over
200 mA during pulses of 500-ps duration and with a
time duty factor of 6Y0.

The H- ion source is of the charge-transfer type,
in which a beam of protons traverses a channel filled
with HZ gas at low pressure. The H- ions which are
formed in the discharge column are pulled out by
electric fields and focused magnetically to form a
beam. The source used was developed by Paul
Allison” of the LAMPF staff using a standard
duoplasmatron proton source producing a 200-mA
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Fig. 4.

Cock croft- Walton 750-keV Preaccelerator.
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beam of H+ ions at 15 kV; it yields an H- ion beam
of over 6 mA (see Fig. 6).

A polarized H- ion source has been developed by
J. L. McKibben and associates” at the LASL
Physics Division, where it has previously been used
for research with the Van de Graaff Generator.
Ralph R. Stevena, Jr., of the LAMPF staff has
adapted this type of source to fit within the high-
voltage terminal of a Cockcroft-Walton unit. The
750-keV Cockcroft-Walton generator for the
polarized ion source was installed and tested in Oc-
tober 1976. The polarized H--ion source is now
available for scheduled experimental use as require-
ments develop, alternating with the unpolarized
1-- ion source.

B. Drift-Tube Linac

The first section of the linac is of the drift-tube
type developed from the original Alvarez design. It
uses four successive copper-lined tanks with drift
tubes mounted along their axes to accelerate the
beams from 750 keV to 100 MeV.

The first tank, of 3.26-m length, has 31 drift tubes
and accelerates the beams from 0.75- to 5 .4-MeV
energy; the second is 19.7-m length, has 66 drift
tubes and accelerates to 41 MeV; the third is 18.75 -
m length, has 38 drift tubes, and attains 72.7-MeV
energy; the fourth is 17.9-m length, has 30 drift
tubes and reaches the designed energy of 100 MeV.
Total length including intertank spaces is 61.75 m
or about 202.5 ft.

The linac cavity design effort was led by Don
Swenson” who came to LAMPF from the MURA
laboratories in Madison where he had worked with
others on a similar linac design. The MURA design
was adopted at LAMPF without much change, us-
ing the MESSYMESH computer program which
solves the electromagnetic field equations within
the Iinac tank and includes the effects of the axial
holes in the drift tubes. The drift-tube linac
development was further aided by paralleling
developments in two other laboratories of similar
linacs which were in process of design and construc-
tion during the same period between 1966 and 1970.
These were for 200-MeV injectors for the AGS syn-
chrotrons at Brookhaven and for the 400-GeV ac-
celerator at the National Accelerator Laboratory

(now the Fermi Laboratory). Consultation between
the three groups was frequent and design improve-
ments in one laboratory were often utilized in the
others. The three designs had the same features of
copper-clad steel tanks, quadruple magnets
mounted within drift tubes for focusing, and the
same frequency of about 200 MHz. The basic design
is illustrated in Fig. 7, and the installation in the
tunnel is shown in Fig. 8.

The most significant improvement of the drift-
tube linac originating at LAMPF was the invention
by Ed Knapp and Don Swenson in June 1967 of the
“post coupler” for tuning and stabilizing the drift-
tube structure. Knapp and others had developed
tuned resonant structures for the side cavities used
for coupling the accelerating cavities of the main

800-MHz linac and had noted the excellent
stability and low losses of the 7r/2 resonant side
cavities. The two designers tried various shapes of

coupling systems which would have the same res-
onant effects at 200 MHz in coupling between suc-
cessive drift tubes. They conceived and developed a
resonant stem with eccentric nosepiece inserted
from the side of the tank which could, by insertion
to a chosen depth and rotation, be tuned to produce
a similar Ir/2 resonance and which did not dissipate
power. This technique has improved the stability of
the drift-tube linac by a factor of 100 or better.

The radio-frequency power system for the 100-
MeV drift-tube linac operating at 200-MHz fre-
quency is based on the use of the RCA 7835 triode
power tube, which was known to be capable of
delivering short pulses at 5-MW peak power. In the
LAMPF installation, one such triode is used to
provide rf power for each of the last three tanks. Af-
ter considerable development of the containment
cavity structure supplied by Continental Elec-
tronics Corp., this power tube has given good service
at LAMPF; tube lifetimes of the order of
10000 hours have been obtained. The only signifi-
cant development problem was with the plate
modulator for the power triode. Don Hagerman and
Tom Boyd of the LAMPF staff conducted the
development. The 5-MeV unit was installed first
and was operated for the fust time on July 1, 1970.

The remaining three tanks were assembled the
following year, and operation at 100-MeV energy
and 1-mA beam current was obtained in June 1977.
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Fig. 7.

Drift-tube linac, interior view of electrodes.
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C. Side-Coupled-Cavity Linac

The main section of the linac is a side-coupled-
cavity system developed at LAMPF over the years
1963 to 1970 and was the culmination of a long
series of studies and tests on waveguide structures to
be used at 800-MHz frequency. The development at
LAMPF that led h the side-coupled cavity started
from concepts originally proposed at Harwell which
involved tightly coupled resonant systems. The
LAMPF designers chiefly concerned were E. A.
Knapp and D. E. Nagle, assisted by a team in-
cluding B. Knapp, W. J. Shlaer, and J. M.
Potter.

The unique feature of the LAMPF Iinac is the use
of an external resonant cavity operating in the 7r/2-
mode, which is coupled by slots to each successive
pair of resonant cavities between adjacent drift
tubes. This coupling system provides efficient
coupling, the necessary phase shifts, and very small
power losses. By applying small physical distortions
externally to these cavities in tune-up operations, a
mechanism of precision fine tuning is also provided.
The physical spacing between centers of resonant
cavities increases steadily with the increasing
velocity of the particles, so each of the nearly five
thousand individual cavities has a different length.
Copper forgings are machined to form the individual
half-cavities. And a group of such half-cavities with
their side-coupling units is assembled into a section
between 8 and 10 feet in length and brazed into a
solid vacuum-tight structure in an electric-heated,
hydrogen-purged furnace. A total of 352 such ac-
celerating tank sections was built for the half-mile-
Iong Iinac, each with differing dimensions. The
mechanical engineering team which designed the

procedures and fabricated the cavity system was led
by H. G. Worstell.

The cavity sections described above are the units
which are mounted on piers in the linac tunnel,
coupled with flexible vacuum bellows, provided
with vacuum pumps at frequent intervals, and sup-
plied with radio-frequency power at 800-MHz fre-
quency from the power supplies located in cubicles
along the tunnel. Various beam-handling devices
are mounted between sections, such as quadruple
focusing magnets, beam sensors, and other control
systems. A typical section of cells is shown in Fig. 9,
and a portion of the installation in the tunnel is
shown in Fig. 10.

The virtues of the side-coupled Iin c have been
recognized by other designers includin{; commercial
manufacturers of linacs for X-ray syst ems. The
principle was never patented and so became
available to all. Several commercial firms now make
electron linac X-ray units based on this design, with
rated energies between 4 MeV and 1 { MeV.

Another important requirement in the develop-
ment of the side-coupled-cavity linac was to provide
the radio-frequency power for excitation at
800 MHz. D. C. Hagerman was in charge of this
program. At the start, the most suitable type of
power amplifier unit was a source of argument be-
tween linac experts; some believed in a coaxitron-
type triode power tube; others favored klystrons,
although none had yet been built at the required fre-

quency for the peak pulsed power of 1 MW needed
for the linac application. Another possibility was a
crossed-field amplifier called the “amplitron.” At
LASL, development contracts were placed with
commercial firms for all three types of amplifiers,
and testing programs were set up. T. J. Boyd played
a key role in this engineering development.

Following a long and harrf ving experience with
prototype tubes which inclu, led many failures, an
acceptable klystron made by Varian was received
and tested late in 1968, and a decision was made to
adapt this amplifier and abandon further develop-
ment of the others. This klystron (the VA-862)
produces 1‘/4-MW pulses of rf power at 800 MHz
with a time duty factor of up to 12%. Orders were
placed with Varian for 45 klystrons and with Litton
for 25 of the same type. ?’he number used in the
side-coupled-cavity installation is 44; others are
carried as spares.

The control system for phase and amplitude of
the 800-MHz linac is a unique development by R. A.

Jameson17 of the LAMPF staff. It uses feed-back
signals from pickup loops, which are compared with
reference voltages and develop error signals that are
fed back to the driving amplifier. One such system
controls amplitude; another controls phase. To ob-
tain the needed precision, wide-band-width circuits
and absolute standards for amplitude and phase
were developed. Precise tuning is obtained by turn-
ing on one unit at a time and tuning to perfection
before proceeding to the next unit.

In service the klystron power systems have per-
formed well. Tube lifetimes have averaged over
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