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A Word About BNL

Brookhaven National Laboratory is a multi-
program laboratory that carries out basic and
applied research in the physical, biomedical and
environmental sciences and in selected energy
technologies. The Laboratory is managed by
Associated Universities, Inc. IAUI), under contract
with the U.S. Department of Energy.

AUI was formed in 1946 by a group of nine
universities for the purpose of establishing and



managing Brookhaven, and in less than a year,
BNL was a fact. AUI's nine sponsoring univer-
sities are Columbia, Cornell, Harvard, Johns
Hopkins, Massachusetts Institute of Technology,
Pennsylvania, Princeton, Rochester and Yale. At
Brookhaven, the resources of academia and the
Federal government are brought together to
carry out research endeavors not normally within
the capability of a single university.

The Laboratory is located on Long Island, New
York, on the site of what was known as Camp
Upton, a training camp for U.S. soldiers during
World War I and World War II. Now, in the center
of the 5,265-acre site, over 250 buildings and
other structures make up BNL's physical plant.



Brookhaven Today

his past year has seen
the continuing, steady
flow of research from all
our departments. At the
same time, essential

construction projects are underway
in t/oth programmatic and non-
programmatic areas. Surveying the
activities at the Laboratory, there is
good reason to expect that we will
continue to produce creative ideas
and solid research results, as well as
continue to undertake new and
exciting projects.

The National Synchrotron Light
Source (NSLS) is now providing the
brightest photon beams in the world
in both the vacuum ultraviolet and
x-ray regimes. It is one of our most
powerful research machines, provid-
ing opportunities for academic,
industrial and laboratory users from
around the world. The ongoing
Phase II upgrade, which will incorpo-
rate sophisticated undulator and
wiggler magnets, provides orders of
magnitude gain in the brightness of
the x-ray beam.

The complementary machine to
the NSLS is the High Flux Beam
Reactor (HFBR), which provides neu-
trons instead of photons for
research. A polarized beam neutron
spectrometer, constructed and
financed under a U.S./Japanese
international grant, has been added
to the complement of detectors at
the HFBR. Japanese and American
scientists will cooperate on neutron
scattering research using this
instrument.

The Alternating Gradient Synchro-
tron (AGS) had yet another produc-
tive year, delivering 6X10 protons
over a 32-week running period. A
wide-ranging and exciting experi-
mental program is under way, with
special emphasis on the study of
rare K decays (which will allow for
the study of a mass range up to 100
trillion electron volts and neutrino
oscillations and interactions (ther-
eby investigating the important
question of neutrino mass). The
transfer line construction project,
which will connect the Tandem Van

de Graaff accelerator to the AGS. is
going well, with beam expected in
the summer of 1986. Of even greater
significance is the booster, a one bil-
lion electron volts, fast cycling accel-
erator, approved as a construction
project starting in FY 86 by both the
House and Senate Appropriation
Committees. This will allow for a
five-fold increase of AGS proton
intensify and twenty-fold increase of
polarized proton intensity. It also
allows for the acceleration of heavy
ions up to and beyond gold and sets
the stage for a RelatMstic Heavy Ion
Collider at BNL.

The Accelerator Development
Branch has successfully constructed
and tested several Superconducting
Super Collider (SSC) magnets as part
of a BNL, Lawrence Berkeley, Fer-
milab collaboration. I am very
pleased to note that one of these
magnets, the "D" magnet, has been
selected for the SSC. We are now
awaiting a go-ahead from the Cen-
tral Design Group to construct full-
length prototype superconducting
magnets for the projected SSC.

As the research highlighted in the
following pages will show, many of
our programs do not depend on large
facilities. Descriptions of results
from basic studies of biological sys-
tems, electrochemistry and cloud
chemistry, as well as from more
directed efforts in low-level waste,
radiopharmaceuticals and parallel
computing, indicate the breadth of
the total effort at Brookhaven.

A project that has stirred up con-
siderable interest is the erection on
site of a prefabricated, energy effi-
cient house by Danish workmen,
from Danish plans, supported by the
Danish Ministry of Housing and the
U.S. Department of Energy. We expect
that the banish House is the first in
what will become an International
Village to be erected on site.

Also under construction is a facil-
ity of another kind. It is for the study
of radiation effects in space The
research will focus on radiation
effects on various materials and
material conditions, particularly on
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electronic components, and the
results will be of interest to the Stra-
tegic Defense Initiative.

And, further on down the road, we
are looking forward to a new begin-
ning in work long associated with
Brookhaven — the logical successor
to the famous solar neutrino exper-
iment. As proposed, it will require 30
metric tons of gallium located in a
mine and will take four years of data
collection. This would be in collabo-
ration with the Los Alamos National
Laboratory.

I am pleased to say that the
Exploratory Research Program,
which we initiated last fall, is prov-
ing to be very successful. For this
program, "seed money" from the
Lab's overhead is given to BNL
scientists to enable them to bring
their promising projects to a stage of
development attractive to funding
agencies. So far, 14 such projects
have been approved by the BNL Advi-
sory Committee and are now ripen-
ing. I might mention a few:
• The development of a malignant
mouse melanoma tumor model,
which mimics the route of human
metastatic melanoma and would be
useful for studies of the biology and
therapy of human melanoma.
• The establishment of an astro-
physics program to look at problems
of stellar activity, stellar and galactic
formation and to continue the cur-
rent work on supernovae.

f» The development of a rapid, eco-
nomical and convenient assay for
specific types of mutagenic events,
using the bacteriophage T7.
• Demonstration of nuclear reson-
ance excitation with x-rays from the
NSLS.

In addition to these research activ-
ities, a new water tank has been
erected on site, and the long-awaited
firehouse has been completed. Many
buildings have been upgraded and
insulated to be more functional and
energy efficient. We are pleased with
the continuing construction of the
chilled water facility, which will
greatly add to our air conditioning
capacity, as well as the cogeneration

plant which will supply 14 mega-
watts of low-cost power.

As you can see, the Laboratory
continues to play its role as a
national institution with complex
machines for the use of scientific
researchers from around the world.
At the same time. Its creative scien-
tific staff continues to devise new

projects for the enhancement of this
already multipurpose laboratory. We
eagerly look forward to the future.

Nicholas P. Samios
Director



At 20 years, the High Flux Beam Reactor (HFBR)
stands proudly on a record of outstanding science
and reliable service.
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Counting Two Decades
At the High Flux Beam Reactor

t was a memorable Hal-
loween, two decades ago,
when Brookhaven's High
Flux Beam Reactor
(HFBR) first achieved a

self-sustaining chain reaction.
Today, the HFBR stands as one of the
premier beam reactors in the world,
matched only by the Institut Laue-
Langevin reactor in Grenoble.
France.

When the HFBR began operating
on October 31,1965, that day was
the culmination of four years of con-
struction, three years of engineering
design, and two years of physics cal-
culations. The care taken in plan-
ning and building the HFBR certainly
has contributed to the reactor's fine
performance over the years, but just

as important has been the operation
of the facility. As a result of a com-
prehensive maintenance program, as
well as regular efforts taken to
upgrade the machine, the reactor
has achieved an enviable record of
availability as a dependable source of
neutrons.

Because of its reputation, the
HFBR draws scientists from all over
the world to do basic research. At
any given time, an average of 15 to
20 experimental teams are sche-
duled to use the reactor. Primary
users are nuclear and solid state
physicists, chemists and biologists.
For them, the neutrons produced by
the reactor are ideal probes for stu-
dies of matter on the nuclear, atomic
and molecular levels.

Neutrons are heavy particles: as
such, they are very energetic even
though they move slowly. And since
neutrons have no electric charge,
they can easily pass through an
atom's electron cloud and into or
near the nucleus without being
deflected by the nucleus's positive
charge.

As techniques for using neutrons
have developed in various disci-
plines, there has been a correspond-
ing need for higher levels of neutron
intensity in order to do more com-
plex and sophisticated experiments.

The predecessor of the HFBR was
the Brookhaven Graphite Research
Reactor. When it began operating in
1950, it was the first large nuclear
reactor in the world designed specif-
ically for peacetime basic research.
In its day, the Graphite Reactor was
a most valuable tool. But as experi-
ments became increasingly sophisti-

The High Flux Beam Reactor has nine
beam ports supporting 15 experimental
stations. At each station are various
instruments far detecting the neutrons
scattered from samples or examining *
the gamma rays given off as a result of
interactions with sample nuclei.



cated. it became clear that a higher
intensity of neutrons was required
than what was available anywhere at
the time.

To gain a substantial increase in
neutron intensity, the HFBR was
designed differently from the Graph-
ite Reactor. Neutron intensity is
measured as flux, which is defined
as the number of neutrons (n) pass-
ing through an area of one square
centimeter (cm ) in one second (s). In
the HFBR, the neutron flux peaks
outside the reactor core, where it is
readily available for experiments,
rather than inside the core, as with
most reactors. That basic innovation
has been a key factor in the success
of our reactor.

For 16 years, the HFBR operated at
a power of 40 thermal megawatts
and provided a neutron flux of 1.6
thousand million million (1.6X10 )
n/cm2-s, a factor of 50 higher than
the Graphite Reactor. Then, in 1982,
after six years of preparation, the
reactor went to 60 megawatts. At the
higher power, the neutron flux is 2.4
million million (2.4X1015) n/crn-s,
an increase of about 50 percent.

Since most experiments are run
until the necessary statistical counts
are gathered, the greater neutron
flux cuts down by a third the time
needed to do experiments, which
makes the reactor available to even
more users. In addition, the higher
flux gives scientists a better chance
of succeeding with certain innova-
tive experiments that otherwise
might not be possible to do.

At 20 years, the reactor wears its
age well. In-service maintenance
inspections conducted periodically
on the reactor vessel and piping sys-
tems have revealed no problems.

How many more years are left? We
are looking forward to a 30th anni-
versary and beyond.

In the Future
Preliminary plans are now being

made for a major addition to the
HFBR: a guide hall. The guide hall

would provide for a significant
expansion of experimental facilities.
Using recent advances in beam
optics, it would allow the extension
of beam lines into a new experimen-
tal area built to house additional
instruments for structural experi-
ments In physics, biology and
chemistry.

The National Research Council, in
its 1984 report recommending

Looking down into the core of the High
Flux Beam Reactor, the tops of the
urartiumjuel elements can be seen at
the center. The two pipes curving down
are thimbles/or inserting specimens to
be irradiated in the core. The eight
control rod drives ringing the reactor
vessel lead down to the control rods,
seen as "L" shapes, which actually
extend down alongside the core.



An international community of scientists carries on
a tradition of exciting research at the HFBR.
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Counting Two Decades.. .(continued)
expenditures for materials research
facilities, gave top priority to the
guide hall project, which has been
proposed to the U.S. Department of
Energy for funding.

An HFBR Primer
As with all nuclear reactors, the

HFBR does one basic job: It allows a
neutron chain reaction to take place
safely under controlled conditions.

Fueling the chain reaction is a fis-
sionable isotope of uranium. When a
neutron strikes the nucleus of a fis-
sionable atom, it may cause the
nucleus to split into two major frag-
ments, releasing two or three neu-
trons and giving off a large amount
of energy. If the released neutrons
are slowed down enough, they can
interact with other atoms to repeat
the process. Reactors are designed so
that a self-sustaining chain reaction
can easily occur and so that it can be
easily controlled.

The difference between a nuclear
power reactor and the HFBR, a
research nuclear reactor, is that
energy production is maximized in
the power reactor, while neutron

production is maximized in the
HFBR.

The fuel used in the HFBR is
uranium-235. It sits in the reactors
core, which is housed in an alumi-
num vessel through which deute-
rium oxide (D2O) is pumped. The
D2O is also called "heavy water"
because it contains the isotope of
hydrogen known as deuterium,
which has twice the mass of ordi-
nary hydrogen.

The heavy water performs three
functions. It cools the reactor, remov-
ing heat produced in the core during
operation. It also acts as the reactor
moderator, slowing down the fast
neutrons resulting from fissions so
that they will cause other fissions
more readily. Finally, the heavy water
serves to reflect the neutrons back
into the core to increase thermal
neutron flux.

Sixteen neutron-absorbing rods
located alongside the core are used
to control the reactor and to shut it
down. When the fuel in the core is
fresh, the rods need only be pulled
out partway for a chain reaction to
begin. As the reactor cycle pro-
gresses, the rods must be pulled out
further to sustain the reaction and
maintain the neutron flux.

Outstanding Research
At the HFBR
In Its 20-year history, the High
Flux Beam Reactor (HFBR) has
provided neutrons for a wealth of
scientific experiments. Included
in this list are some of the more
outstanding ones.

Solid State Physics
• Critical Phenomena in Magnetic
Systems

The first observations of changes in
the number of neutrons scattered by a
solid undergoing magnetic transition
were made over 30 years ago at the
Graphite Reactor, BNL's first research
— .ctor. Experiments done at the
HFBR in the 1960's and 70's led to
detailed descriptions of critical phen-
omena in one-, two- and three-
dimensional systems. In the systems
studied, the change from one phase to
another was marked by the fact that a
substance was paramagnetic, or non-
magnetic, in one phase and, as the
temperature was lowered, either fer-
romagnetic or anti-ferromagnetic in
the second phase. The theoretical
insight into understanding these
results led to a Nobel Prize in Physics
for Professor Kenneth Wilson, of Cor-
nell University, in 1982.
• Structural Phase Transitions and
Incommensurate Systems

The pioneering studies of solids
exhibiting structural distortions were
performed at the HFBR in the 1970's.
and the work led to a more complete
understanding of the microscopic
interactions in solids. Observations of
systems that exhibit transitions
whose lattice distortion is out of regis-
ter, or incommensurate, with the lat-
tice opened up a new field in the study
of phase transitions.
• Adsorbed Monolayers

Neutron diffraction and inelastic
scattering measurements of adsorbed
gases on graphite surfaces demon-
strated that a great deal can be
learned about surfaces by studying
the ordered state of the species adher-
ing to the surface and how the species
freezes and melts.



• Effects of Randomness in Phase
Transitions

Neutron studies in the 1980's on
magnetic alloys showed that random
effects in the solid can destroy an
ordered state. This is important since
It gives insight into solids, which
always contain some defects that are
usually distributed randomly.

Nuclear Physics
• Symmetries in Nuclei

Although the idea of symmetries
has long played a fundamental role in
many branches of physics, only in the
last decade have suggestions been
made of their widespread applicability
in nuclear physics. Specifically, theor-
ists proposed that nuclei with an even
number of protons and neutrons
could be described in terms of three
dynamical symmetries corresponding
approximately to nuclei shaped like a
sphere, a football or a squashed foot-
ball. Pioneering experimental work
has now revealed the first examples of
each of these three symmetries in
nuclei, thus opening up an entirely
new approach to nuclear structure
and engendering a true international
renaissance In the field.

• Origin of Deformation in Nuclei
Many atomic nuclei are known to be

non-spherical, or deformed, in shape,
and there are regions of nuclei in the
periodic chart exhibiting shape
changes from spherical to deformed.
Different models have previously been
used to explain each of these nuclear
phase transitions. Based on data from
TRISTAN, a new pro-posal offers a uni-
fied interpretation of several of these
regions in terms of the effects of an
interaction between certain valence
protons and neutrons orbiting the
nuclear core.

• The NpNn Scheme
Until now, the evolution of nuclear

properties from one element or iso-
tope to the next seemed extraordinar-
ily complicated. Recently, it was sug-
gested that nuclear properties vary
smoothly, not with the total number
of protons and neutrons, but rather
with the product of the number of val-
ence protons times the number of val-
ence neutrons (i.e., with NPNn). This

scheme simplifies the data for each
mass region and, more importantly,
reveals a similarity between regions
long thought to be completely differ-
ent. It offers the promise of finally
achieving a unified description of col-
lective behavior in nuclei.

Ckernistry
• Charge-Density Distributions in
Solids

In the early days of the HFBR, a
technique was developed that com-
bines neutron and x-ray diffraction
measurements to study electron
charge-density distributions in crys-
tals. Initial investigations were res-
tricted mainly to organic compounds,
but the technique has since been
extended to inorganic and organo-
metailic systems. Insight has been
gained into chemical bonding by
comparing the experimental charge
densities with those derived from
quantum mechanical calculations.
• Hydrogen Bonding

A prolific area has been the study of
precise molecular geometry and hyd-
rogen bonding, especially in biological
molecules such as amino acids,
nucleic acids and carbohydrates.
These accurate studies, carried out
since 1970. provide the most precise
structural data on the essential build-
ing blocks of biological
macromolecules.
• Metal Hydrides

In the last 12 years, research on
transition metal hydrides and other
organometallic compounds has
focused on i systematic investigation
of the chemical bonding between hyd-
rogen and transition metals. Besides
metal hydrides, new types of com-
pounds have been characterized, such
as those with hydrocarbon (C-H)
groups bonded to metals. Neutron dif-
fraction is the only technique capable
of finding tike detailed geometry of
these types of bonds. This basic
research has application in such
areas as homogeneous and hetero-
geneous catalysis, hydrogen storage in
metal hydrides, and hy-drogen embrit-
tlement in rnetals.
• Studies of Framework Materials

In the 19fk)'s, neutron diffraction

was applied to the study of framework
structures such as clathrate hydrates,
alumino silicate minerals and zeolites,
many of which exhibit catalytic behav-
ior. In these important materials,
where the. framework creates channels
and cavities, it is of great importance
to understand the interaction
between guest molecules and the
framework, which determine the
chemical and physical properties.
Neutron diffraction studies provide
the first reliable information on many
of these systems and are proving to be
very useful, for example, in developing
an understanding of the catalytic
characteristics of zeolites.

Biology
• Protein Crystallography

In early 1968, pioneering experi-
ments at the HFBR proved that neu-
tron diffraction could be used to do
protein crystallography, for studies of
protein function and structure.
Essentially, these experiments showed
that hydrogen molecules within pro-
teins could be seen with neutron dif-
fraction. The work continues today,
greatly aided by new, two-dimensional
detectors that result in high resolu-
tion images.
• Membrane Diffraction

A pilot experiment was done in
1969 on myelin. a nerve membrane, to
locate cholesterol. An offshoot of this
work was the development of a multi-
layer monochromator. which can
select monoenergetic neutrons for var-
ious experiments at the HFBR.
• Macromolecular Assemblies

An important step was taken in the
study of macromolecular assemblies
when an experiment was done in
1968 on the structure of tobacco
mosaic virus. Then In 1972, an exper-
iment was begun to examine the posi-
tions of proteins in ribosomes, which
themselves play a part in protein syn-
thesis. Because of improvements in
detectors, the ribosome work has been
more successful than the previous
experiment on tobacco mosaic virus.
Still, it remains a difficult experiment
because of the unique instrumenta-
tion required.



The HFBR offers graduate students a unique
opportunity to do forefront science.
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Counting Two Decades,. .(continued)

TRISTAN
To a first-time visitor, the experi-

mental floor of the HFBR is a hodge-
podge of equipment. A more careful
look reveals that the equipment
sorts into distinct groups clustered
around nine beam lines jutting out
from the reactor's core. Beam line
H-2 is where TRISTAN is located.

Each year, close to 200 scientists
from institutions all over the world
come to BNL to do experiments at the
HFBR. Many of them come to
TRISTAN.

Named after the lover oflsolde in
medieval legend, TRISTAN is the only
reactor-based isotope separator in
the United States. Isotope, or mass,
separators like TRISTAN can be
located at a reactor or at an accelera-
tor. (The major European
accelerator-based facility is named
ISOLDE.)

A reactor provides neutrons. At the
HFBR, these are used to strike a
uranium-235 target, which under-
goes fission. Of the resulting fission
products, consisting of hundreds of
different isotopes, a fraction are
ionized, then accelerated and passed
through a magnet where they are
separated according to mass. Only
those few isotopes with the selected
mass are studied, and a different iso-
tope can be chosen simply by chang-
ing the strength of the magnetic
field. Thus, researchers can study
the way nuclear behavior changes as
the nuclear composition (the
number of neutrons and protons)
changes.

Scientists from several fields use
TRISTAN. For example, nuclear physi-
cists need fission products to test
theoretical models that predict

nuclear structure and behavior.
Most existing models are based on
observations of nuclei near the so-
called valley of stability, where the
numbers of neutrons and protons
are balanced so that the nucleus is
stable. These are the isotopes that
occur naturally.

The isotopes produced at TRISTAN,
however, have a large excess of neu-
trons, making them highly unstable.
Because of this, TRISTAN opens up
broad new regions of nuclei for
study, which may be understandable
in terms of the existing nuclear
models, or may suggest the occur-
rence of entirely new phenomena.
Indeed, many new isotopes have
been discovered during the past few
years.

An important side benefit of TRIS-
TAN occurs in the training of gradu-
ate students associated with the
many university groups using the
facility. Since 1980. when TRISTAN
began operating at BNL, 15 students
have based their thesis projects on
experiments at TRISTAN, in the pro-
cess, learning how to do experiment
design, data analysis and theoretical
interpretation. After graduation,
many of the students continue to do
research in basic and applied
nuclear sciences: others go into such
diverse fields as electronics, compu-
ter software, geology, analytical
chemistry, astrophysics, nuclear
medicine and environmental science.

Working at TRISTAN are: (foreground,
left to right) Dean McDonald and
Warner Hayes, (center) Ronald Gill and
Tolefc Piotrowsku and (rear) Fred
Paffrath.





Five "big machines" are among the research tools
Brookhaven maintains/or experiments by users
from all around the world.
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The Big Machines
"If a man can write a better book, preach a better sermon, or
make a better mousetrap than his neighbor, though he
builds his house in the woods, the world will make a beaten
path to his door."

In the 100-plus years since Ralph Waldo Emerson is
reported to have said those words, this statement has proved
true at Brookhaven. "Better mousetraps" for the continued
progress of nuclear science in peace time was the prime
motivation for the Lab's founding in 1946. Though the new
Laboratory was surrounded by woodlands, far from estab-
lished centers of research, the world began to beat a path to
our door in 1950, to use our first "big machine," the Brook-
haven Graphite Research Reactor. The path became even
more well-traveled in 1952, with the commissioning of the
Cosmotron, a three-billion-electron-volt (3 GeV) proton
accelerator.

oday, we continue a
strong spirit of coopera-
tive research by main-
taining almost 30 facili-
ties for non-proprietary,

usually basic, research. In addition,
proprietary research may now be
performed at most of those facilities
u.nder a formal agreement between
BNL. and the outside user.

Among these research tools are
five majoriacilities:

• Alternating Gradient Synchro-
tron (AGS) —Commissioned in 1960
to provide protons for physics
research at high energies, up to 30
GeV, the AGS today also accelerates
polarized protons, up to 16.5 GeV. In
1986, when a transfer line between

The underground tunnelfor the Tan-
dem/AGS Heavy Ion Project is finished
now. and cylinders like these form
most of its length. But in January
1985. as construction of the transfer
line began, the 40foot-long, ten-foot-
wide spiral sections presented an
interesting juxtaposition of the old and
the new, as they stood infmnt of the
building and stack of the Lab's first
"big machine," the Brookhaven Gra-
phite Research Reactor.



the ACS and the Tandem Van de
Graaff accelerator is completed,
heavy ions will be added to the AGS's
particle repertoire. The muon-
neutrino, CP violation, the Omega-
minus particle, the J particle and the
charmed baryon were all discovered
at the AGS. In 1985, 523 researchers
representing 73 institutions were
involved with AGS experiments.

• National Synchrotron Light
Source (NSLS) —With this year's
commissioning of the x-ray ring, the
NSLS began its full experimental
program, offering users the world's
brightest source of x-rays and
vacuum ultraviolet (VUV) radiation.
At the x-ray and VUV rings,
researchers conduct basic and ap-
plied experiments in such areas as
photochemistry and photophysics,
lithography and •cryst&llograp'hy
This year research at the NSLS was
conducted by 350 scientists from 68
institutions.

• High Flux Beam Reactor (HFBR)
— Described on previous pages, the
HFBR has been providing scientists
with particularly pure thermal neu-
trons for 20 years now. for studies in
solid state and nuclear physics and
in structural biology and chemistry.
In 1985, 200 scientists from institu-
tions all over the world performed
experiments at the HFBR.

• Tandem Van de Graaff Accelera-
tor Facility — In its fifteenth year,
the Tandem continued to provide
physicists with a wide selection of
light and heavy ion beams for doing
atomic physics and materials
research. At the same time, the facil-
ity was being prepared to inject
heavy ions into the AGS, beginning
in 1986. From 13 inst i tut ion^^
scientists came to conduct studies at
the Tandem this year.

• Scanning Transmission Elec
tron Microscope (STEM) — Biological
specimens have been scrutinzed
with STEM, at a resolution of 2.5
angstroms, since 1975. The micro-
scope can also determine molecular
weight and mass distribution within
single macromolecules and com-
plexes. In October 1984, a second

A68/TANDEM
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high resolution STEM microscope
was acquired on long-term loan from
Johns Hopkins University. The
STEMs at BNL are two of three in the
world capable of easily imaging sin-
gle heavy atoms. This year, 34
researchers from 26 institutions did
research with the STEMs.

Researchers in many disciplines,
from universities, industry and other
laboratories, are lured to the Lab to
use these "big machines." During
1985, research by outside users
accounted for almost 80% of experi-

Spread throughout the forest-ringed
Laboratory complex are the Jive "big
machines."In 1985, the total cost oj
operating thesefacttities was
$80,500,000. This rendering shows (in
millions of dollars) how much of that
total was allocated to each machine.
Also indicated is ate 13S5 construction
cost for the Tandem/AGS Heavy Ion
Project

mental time at the AGS, 75% at the
NSLS and the Tandem, and about
60% at the HFBR and STEM.



In 1985, the Accelerator Department was re-formed
as the Alternating Gradient Synchrotron (AGS)
Department, organized under High Energy Facilities.
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Making the Connection/or Heavy Ions
On a crisp fall day. lofty words rang out, dirt went flying, and
smiles were contagious, as a new scientific endeavor was
launched at Brookhaven. The day was October 17,1984, and
the occasion was the groundbreaking ceremony for the Tan-
dem/ AGS Heavy Ion Project.

Tandem/AG3 Link
For Heavy Ion Project

hat followed was a year
of intense construction
work to link the Tandem
Van de Graaff accelerator
with the Alternating

Gradient Synchrotron (AGSJ. The
Tandem will serve as a source of
heavy ions, and the AGS will do the
job of raising them to higher ener-
gies before they collide with fixed
targets.

Heavy ions are heavy atoms
stripped of their electrons. Interest
in heavy ions has grown quickly
because of tne new physics that can
be done with them, namely, the crea-

tion of new states of nuclear matter
never before observed. Recognizing
the promise of heavy-ion research,
the U.S. Department of Energy
funded the project at $10.3 million
over a two-year period, with beam
commissioning expected in 1986
and experiments to follow in fiscal
year 1987.

During 1984 and 1985, work pro-
ceeded in three areas — the Tandem,
the AGS and the transfer line. Modi-
fications to the Tandem included
changing it from a low-intensity
direct currem machine to a high
intensity, puised machine. The AGS
requires the injection of short, high-
current bursts of beam.

Among the AGS additions were a
new beam injection system and
another radio frequency (RF) acceler-
ating cavity. The new RF system will
take the heavy ions from the Tan-
dem energy of 7-8 million electron
volts (MeV) per nucleon and bring
them up to 200 MeV, from which
point they can be accelerated to the
top energy of 15 billion electron volts
(GeV) per nucleon by the regular
acceleration system. Also installed
was a new computer control sytem.
which will be capable of handling
both accelerators.

The beam transfer tunnel between
the two accelerators is 2,000 feet
long and 10 feet in diameter. We
began installing the first of 80
magnets during the summer. When
the heavy ions pass through the
tunnel, they will be bent and guided
by the magnets as they travel
through a vacuum system.

We anticipate building a booster
ring, which, as its name suggests,
would raise the energies of the heavy
ions before they enter the AGS. With-



out it. the AGS would be able to
accelerate only medium mass ions,
up to sulfur. But with it. heavier par-
ticles, all the way up the periodic
table to gold and uranium, can be
accelerated. The heavy ions. then,
would journey from the Tandem,
through the transfer line, into the
booster, then into the AGS.

In the future, we envision the
heavy ions traveling even beyond the
AGS, into a Relativistic Heavy Ion
Collider (RHIC). This facility has been
proposed to the Department of

Paul Mohn (left) and Dan Carroll are at
midpoint in the newly constructed
beam transfer tunnel that will carry
heavy ions from the Tandem Van de
Graaff accelerator to the Alternating
Gradient Synchrotron.

Energy as a 100 X 100 GeV/nucleon
machine With heavy ions colliding
head-on at that ultra-high energy, we
expect to probe deeper into the
secrets of matter and even recreate
matter as it was at the birth of the
universe.



Neutrino physics is a major part of the experimental
program in theAGS Department Exciting research
is under way on neutrino oscillations.
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The Search for Neutrino Ojcillations
About 15 years ago, deep underground in a South Dakota
gold mine, a BNL experiment to measure neutrinos from the
sun came up with a startling result — no neutrinos were
detected above background. With improvements in sensitiv-
ity, the experiment eventually did detect neutrinos, but only
a fourth of the number ol electron neutrinos predicted by
accepted theories of stellar structure and evolution.

hat experiment triggered
much speculation about
the missing neutrinos,
and an intriguing pro-
posal was made which

allowed the transformation of an
electron neutrino into a muon neu-
trino (and vice versa) during its
journey from the sun's interior to
South Dakota. Indeed, the proposal
went so far as to allow the neutrinos
— there are now three known types,
electron, muon and tau — to oscil-
late from one type to another, or, in
mathematical language, between
states of separate lepton number, a
quantity that has been experimen-
tally observed to be strictly conserved.

A significant application of neu-
trino oscillations is that to be able to
oscillate, neutrinos must have mass:
moreover, the different neutrino
types must have differing masses.
Neutrinos with mass might account
for much of the postulated invisible
mass in the universe. And since
there are many, many neutrinos, the
total of those masses would be so
tremendous that it might mean the
universe may eventually contract
under its gravitational attraction
rather than continue to expand
indefinitely.

In recent years, an important part
of the experimental program at the
Alternating Gradient Synchrotron
(AGS) has been devoted to the search
for evidence of neutrino oscillations.
TheAGS is well-suited to the task.

The more protons an accelerator
generates, the more neutrinos can be
made, hence, the greater the chance
to spot oscillations. The AGS acceler-

ates more protons per second than
any other high energy accelerator in
the world.

Briefly, this is how we make neu-
trinos in the AGS. Protons from the
accelerator are aimed at a target
located immediately upstream of a
focusing horn, which acts like a lens.
When the protons interact with the
target, pions, kaons and other parti-
cles are produced and focused in the
direction of the experiment. As they
travel, these particles decay into
muons and muon neutrinos. The
muons, and whatever else is travel-
ing along with them, next encounter
a beam dump made of some 50 feet
of steel, which filters out the
unwanted debris. What finally goes
into a detector are pure neutrinos.
There, the experimenter hopes to see
neutrino oscillation, evidenced by
the appearance of extra interactions
of electron neutrinos or by the
observation of muon neutrino-
induced events in numbers signifi-
cantly lower than expected.

In fiscal year 1985. a neutrino
oscillation experiment. 776, a collab-
oration involving Columbia Univer-
sity, Johns Hopkins University and
the : liversity of Illinois, gathered a
significant amount of data during
their July-August run.

For Experiment 776, we built a
narrow-band horn, to create a beam
of neutrinos with a narrow momen-
tum spread. The price of this
approach is that a lot of neutrinos
are lost. The advantage is that the
particles have a well-defined energy
and. therefore, oscillation wave-
length, making data analyses easier.
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During their summer run, scien-
tists at 776 may have seen neutrino
events that could be interpreted as
evidence of oscillation, but oscilla-
tion is a very subtle thing, so the
data will have to be cross-checked
thoroughly to be convincing.

Coming up soon in the AGS sche-
dule is Experiment 816, a repeat of
an experiment done at CERN,
Europe"s major accelerator facility.
At CERN, the experiment saw an
anomalous number of electron neu-
trino events. Because the A'JS offers
such intense proton production,
repeating it here is a good way to
confirm the earlier results, with a
20-fold increase in events.

This experiment is a collaboration
involving physicists from CERN, from
the Pierre and Marie Curie Univer-
sity in Paris, and from Boston Uni-
versity as well as Brookhaven. They
will be looking again for irregular
electron events. If these events are
due to oscillations, then they will
have the energy distribution of the
originally produced muon neutrinos.
But if they look like electron neutri-
nos, that would indicate the pres-
ence of normal background electron
neutrinos, which can be calculated.

The search for neutrino oscillation
has been going on now for the last
eight years, at various facilities and
in a variety of different configura-
tions. So far, the scattering of exper-
iments that have reported interest-
ing, but not clear-cut, evidence for
neutrino oscillations have been
refuted by an equal number of exper-
iments with conflicting data. Hope-
fully, experiments at Brookhaven,
with the special capabilities of the
AGS, will resolve the question.

Richard Seto stands beside the detec-
tor for Experiment 776. Muons originat-
ing in the detector escape through the
octagonally shaped magnets in the
foreground, which bend the particles.
The energy of the muons is propor-
tional to the amount of bending that
occurs in the magnetic field.



Formed this year under High Energy Facilities, the
Accelerator Development Branch focuses on magnet
research and development for future accelerators.
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Pushing the Technology
Of Superconducting Magnets
In planning for the next generation of particle accelerators,
perhaps the greatest challenge lies in designing the magnets
needed to bend and guide the particles as they whiz around
the accelerator at close to the speed of light. The boldest step
so far in magnet design has been superconducting magnets,
difficult and expensive to build, but in the end, far superior
in field strength and without the prohibitive power costs of
conventional electromagnets.

rookhaven has pushed
the technology of super-
conducting magnets
beyond any other labora-
tory in the world, as part

of our program of advanced research
and development of technology for
future accelerators. At present, we
are working on the design of
magnets for the Superconducting
Super Collider (SSC) and the Relati-
vistic Heavy Ion Collider (RHIC). two
accelerators now proposed for the
United States.



The SSC, a proton synchrotron,
has been proposed by the particle
physics community to extend the
high energy frontier into a realm
where fundamental new phenomena
are expected. The accelerator is envi-
sioned to be a 20-trillion-electron-
volt proton collider, with a circum-
ference in the neighborhood of 100
kilometers (62 miles). The SSC will
be 20 times more powerful than the
Tevatron at Fermi National Accelera-
tor Laboratory, the highest energy
accelerator in the world, and as such,
the SSC's magnets are critical to the
machine's success. Magnet research
and development is being carried out
jointly by a number of laboratories.

In 1985, Brookhaven worked on a
high-field magnet design, which
uses a niobium-titanium supercon-
ductor in a two-layer coil, held in
place with a stainless steel collar and
a cold iron yoke. The design, the
result of a collaboration with Law-
rence Berkeley Laboratory and Fer-
milab. was chosen at year's end to be
the focus of future magnet research
and development work for the SSC.

During the year, we successfully
tested a 4.5-meter demonstration
magnet built to this design, and
then went on to test additionaJ
magnets of that length. They easily
reached the high magnetic field
design specifications of 6.5 tesla (T)
at a temperature of 4.5 kelvins.

We also began work on prototype
full-length magnets of 16.6 meters. A
series of these will be built and
tested in fiscal year 1986.

In many ways, the SSC magnets
are similar to the ones needed for
RHIC. an accelerator proposed by
Brookhaven. Bringing together
nuclear and high energy physicists
in the study of heavy ion collisions at

Glenn Jochen (left) and. Richard
McCluskey apply insulation over a
conductor coil of niobium-titanium*
one step in the assembly of a super-
conducting magnetfor the Supercon-
ducting Super Collider.

ultra-high energies, RHIC would be
used to explore the properties of
nuclear matter at temperatures and
densities far more extreme than
those presently existing in the uni-
verse. At a critical temperature and
density, neutrons and protons are
predicted to coalesce into a plasma
of quarks and gluons, a state of mat-
ter resembling conditions of the uni-
verse moments after the Big Bang.

RHIC magnets use essentially the
same niobium-titanium conductor
as the SSC magnets. The main dif-
ferences are: The RHIC magnets will
have just a single conductor layer;
they need to reach a field of only 3.5
T, which is appropriate for heavy
ions and for the 3 87-kilometer (2.4-
mile) circumference tunnel; and the
aperture where the particles will
travel is eight centimeters across,
twice that of SSC magnets (the
bigger aperture is needed because at
RHIC's lower energies of 100X100
billion electron volts per nucleon,
particles weave back and forth more
as they travel through the beam
line).

A full-size RHIC magnet will be 9.6
meters long. So far, we have tested a
set of 4.5-meter demonstration
magnets, which contained coils
wound at Fermilab, using existing
Tevatron/CBA conductor. During the
year, then, we geared up our own
tooling facility and began to wind
the first field-quality coils for future
RHIC demonstration magnets.

The plan is to first wind coils for a
4.5-meter magnet, then switch to
making full-length coils for 9.6-meter
magnets. In the latter case, some of
the magnets will actually be
assembled by Brown-Boveri Corpora-
tion in Germany, which assembled
most of the earlier 4.5-meter demon-
stration magnets.

We have now reached the point
with superconducting magnets at
which the technology is proven. Pro-
posed accelerators like the SSC and
RHIC will profit from the decades of
work Brookhaven and other labora-
tories around the world have dedi-
cated to this technology.

Superconductivity
If an electric current is

started in a superconducting
loop and the power is then
turned off, the current will con-
tinue to flow virtually forever —
as long as the temperature is
maintained below a critical
value that is characteristic of
the material. That is the princi-
ple of superconductivity: At
near absolute zero on the Kel-
vin temperature scale, many
metals and alloys lose all trace
of their electrical resistivity
and become superconductors.

Superconducting magnets
have two great advantages
over conventional magnets. For
one thing, they can carry much
higher currents and therefore
produce much higherfield
strengths. Additionally, once
started, they can run indefi-
nitely on nothing but the power
required to maintain the
refrigeration.

Superconductivity was dis-
covered in 1911 by the Dutch-
man Heike Kamerlingh Onnes,
in the course of his research on
liquid helium. It wasn't until
the 1960's, however, that the
principle was put to practical
use, notably in detector
magnetsfor nuclear and parti-
cle physics research, and, later,
in particle accelerators.

Beyond uses in basic
research, though, superconduc-
tivity has many potential com-
mercial applications. Among
these are nuclear magnetic
resonance (NMR) imaging sys-
tems for medical diagnostics,
efficient transmission lines and
generators for electric power,
and levitated trains of extreme
speed.



Relativistic heavy ions are the latest tools used by
scientists in the Physics Department who study
nuclear matter.
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Probing Nuclear Matter
With Heavy Ions
In the quest to understand the building blocks of matter, a
hierarchy of substructures has been uncovered: first, matter
is made up of atoms and molecules; next, atoms consist of
electrons and nuclei, which in turn are made of several
nucleons; and finally, nucleons are made of quarks. The last
discoveiy is based upon the least direct evidence. No one has
ever identified an isolated quark.

heory predicts that the
quarks in nucleons are
bound very strongly
together by gluons, so
strongly that they are

unable to escape no matter how
much energy is given to them. How-
ever, if you could squeeze nuclear
matter until it becomes very dense,
very hot. or both, the quarks and
gluons from different nucleons
would merge, or deconfine. and a
new state of matter called a quark-
gluon plasma would be created. In
this condition, the quarks and
gluons could roam freely over the
whole plasma volume.

The phase transition from regular
nuclear matter to a quark-gluon
plasma is a very fundamental pro-
cess predicted by quantum chromo-
dynamics, the modern field theory
for strong interactions. This theory
has been successful in describing
high energy elementary particle col-
lisions, but a phase transition in
bulk nuclear matter would test it in
a quite different sector and would
shed new light on the role of quarks
and gluons in low-energy nuclear
physics. Of course, the conditions
required to experimentally create a
quark-gluon plasma are extreme.
Matter would have to be compressed
to ten times the density of normal
nuclei, or raised to a temperature of
two trillion kelvins.

How can it be done? Proton accel-
erators, even proton-proton colliders,
will not work because protons have
too little volume compared to their
surface. Larger particles, such as
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This schematic shows expected results
when two heavy nuclei collide at high
energies. Within the energy range of
the Alternating Gradient Synchrotron,
the two nuclei interpenetrate and bring
each other to rest, producing a single
fireball of highly compressed nuclear
matter, resembling the conditions that
might be found at the interior of a neu-
tron star.

At much higher energies, achievable
in a heavy ion collider such as the
proposed Relativistic Heavy Ion Col-
lider, the two nuclei pass through each
other, resulting in two hot, dense fire-
ballsjlying away from each other (the
nuclearfragmentationregions), leav-
ing behind a "central region," in which
extraordinarily high temperatures are
reached in material that consists
almost entirely of particle-antiparticle
pairs created during the collision.
Such collisions should duplicate con-
ditions that have not existed since the
first jew microseconds after the birth of
the universe, conditions in which
scientists hope to explore new forms of
matter that directly reflect the funda-
mental and elusive properties of
quarks.

atomic nuclei (somtimes referred to
as heavy ions), are required.

In the fall of 1984, Brookhaven
began building a transfer line to
connect the Tandem Van de Graaff
accelerator, a source of heavy ions, to
the Alternating Gradient Synchro-
tron (AGS), a high energy accelerator
now used for proton interactions
with fixed targets. Construction of
the transfer line and modifications
to the Tandem and AGS are expected
to be completed in fiscal year 1986,
with experiments to begin soon
after.

In the first round, heavy ions up to
sulfur will be accelerated to an
energy of 15 billion electron volts
(GeV) per nucleon. This energy is
believed to be sufficient to generate a
high density, but moderate tempera-
ture quark-g!uon plasma.

Already, two experiments with
similar goals but different tech-
niques have been approved and are
being prepared. Both are global in
nature because experimental "signa-
tures" of the plasma are uncertain.
The aim is to measure many differ-
ent parameters — energy flow, types
and numbers of particles, and their
angular and momentum distribu-
tions. Because there will be
hundreds of particles coming out of
a collision between the heavy ions
and the target, physicists must be
able to look for all kinds of correla-
tions between them, hoping to find
consistent and unique deviations
from "usual" collisions, where no
plasma is formed.

The size of the interaction volume
is critical for the phase transition, so
larger beam nuclei than sulfur would
be preferable. In the future, we hope
to build a synchrotron booster to
raise the energies of the heavy ions
before they enter the AGS. The boos-
ter would enable the AGS to acceler-
ate beams of ions as heavy as gold.

Looking beyond the AGS, Brook-
haven has proposed building a much
more powerful accelerator, called the
Relativistic Heavy Ion Collider (RHIC).
In RHIC, two beams of heavy ions,
accelerated in opposite directions,

would collide with an energy up to
100 X 100 GeV/nucleon. At this
energy, a guark-gluon plasma with
very high temperature, but rather
low nuclear density, may be formed.

Physicists are confident that the
one time in which quark-gluon
plasma existed was in the first
microseconds after the birth of the
universe. It has never been experi-
mentally created nor detected, and
the prospect of doing that has
attracted an unusual combination of
scientists; nuclear physicists, who
traditionally study particles within
the nucleus at low energies; and
high energy physicists, who investi-
gate particle interactions at
extremely high energies. Astrophysi-
cists and cosmologists are also
interested in this field. The high
density nuclear matter created in
experiments at the AGS may resem-
ble the very dense center of neutron
stars, and the extremely hot nuclear
matter formed at RHIC will simulate
the conditions that existed shortly
after the Big Bang.

As we stand at the edge of a new
frontier in physics, it's an exciting
time for Brookhaven and for those
who come to share our facilities.



The Physics Department boasts three positron beam
lines, each uniquely suited to various aspects of
solid state physics.
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On the Beam With Positrons
When an electron meets a positron, it's a case of matter
meeting anti-matter. The result is annihilation. That fact of
nature comes in handy when using positron beams to study
solids.

ositrons were discovered
in 1930. but it wasn't
until 1974 that beams
were developed with
enough intensity to be

useful for experiments. Further
improvements in beam intensity and
vacuum conditions were made in
successive years, much of that work
done at Brookhaven, and now the
field has taken off. As proof of that,
consider this statistic. In 1979, there
were only two ultra-high vacuum
beams in the world, one here at
Brookhaven and the other at Bell
Labs. Now there are 35, either in
operation or being built.

The reason so many beam lines
have been built so quickly is that

positions have proven to be useful
tools in the study of solid materials,
both at interfaces between materials
and at material surfaces. In this field
of research, Brookhaven has con-
tinued to maintain a leadership role.

The Laboratory has built three
positron beams. Although each beam
has unique characteristics, they
function in essentially the same way.
A radioactive source sits on one end
of an ultra-high vacuum system and
emits positrons as it decays. The
positrons come out at high speeds,
hit and penetrate a crystal, and dif-
fuse back to the surface before they
have a chance to annihilate. Then
they are re- emitted from the surface
and are guided by electrostatic or
magnetic fields toward a sample of
interest.

If surface defects are being stu-
died, for example, here is how the
positrons serve as probes. In defects,
atoms have been displaced in the
material's structure, leaving behind
a region with a net negative charge.
Since they are oppositely charged,
the positrons are attracted to the
defect. When the positrons meet elec-
trons, they annihilate each other,
and the annihilation products are
recorded by gamma-ray detectors.

Of our three positron beams. Lhe
most intense is the one situated at
the High Flux Beam Reactor (HFBR).
In fact, with a flux of 50 million posi-
trons/second, our reactor-based
beam is the most intense in the
world.

It began operating in 1984. and
the first publication on work done at
that beam, an experiment on the

Kelvin Lynn stands behind the posi-
tron beam at the High Flux Beam Reac-
tor. Magnet coils encircle the beam
line.
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angular Jistribution of gamma rays,
came a year later. The work was done
by a consortium of physicists from
BNL. City College of New York, Bell
Labs and Brandeis University.

The same consortium, with partial
support from the National Science
Foundation, is also involved in an
experiment to use positrons to form
a positronium beam for surface stu-
dies. Positronium, which is a bound
electron/positron atom, like hydro-
gen, can be made only with positron
beams.

At the HFBR, all work in solid state
physics and chemistry is now done
by diffracting neutrons by crystals.
Because neutrons interact weakly,
they penetrate deeply in crystals,
making it very inefficient to do sur-
face experiments. Positronium
atoms, though, are neutral particles,
and. unlike neutrons, they are
strongly interacting and should scat-
ter off surfaces. If so, they may prove
to be ideal surface probes and com-
plementary to what is done with
neutrons. We'll know in the next few
years.

In addition to the reactor-based
beam, we have two lab-based beams.
One is referred to as the E beam
because electric fields accelerate,
guide and transport the positrons.
For this beam, we recently developed
a technique to enhance the beam's
"brightness." That is, the beam is
collimated and has a well-defined
energy and a narrow width. This is
accomplished by twice repeating the
process of accelerating, focusing,
moderating and extracting the beam.
Down the road a few years, the tech-
nique could lead to our making a
positron microprobe/microscope.
Such a device would be able to probe
different properties of a sample, as
well as magnify and image it.

The other lab-based beam is called
the H beam, H being a symbol for a
magnetic field. Magnets are used to
guide the positrons toward the
target. What distinguishes the H
beam from the other beams at
Brookhaven is that it generates the
highest positron energy.

Taken during an experiment at the
reactor-based positron beam, this
three-dimensional image shows the
angular correlation of the
annihilation-radiation spectrajor
positron beams of 15 thousand elec-
tron volts (keV) and 200 electron volts
(eV) impinging on a single crystal of
aluminum. The higher peak shows
positronsjrom the 200 eVbeam, which
have annihilated electrons on the sur-
face of the sample; the 15 keVbeam
has penetrated into the bulk of the
sample, as indicated by the lower
peak.

All three beams, then, are unique.
Experiments that require high ener-
gies are done at the H beam: for
experiments in which magnetic
fields would destroy particle trajecto-
ries, the E beam is used; and when
more positrons are needed, the
intense reactor-based beam is ideal.

A little more than a decade ago,
when we first considered the feasi-
bility of positron beams for solid
state physics research, the technical
obstacles were enormous. Since
then, we have developed key tech-
niques that make positrons the via-
ble tools they are today.



Neutrinos, those elusive particles, figure
prominently in both theoretical and experimental
programs within the Physics Department

24 Physics Department

The Continuing Saga of Neutrino Research
Neutrinos are as old as the universe itself. Yet these particles
were first postulated only 55 years ago and directly detected
just 29 years ago. Neutrinos interact so weakly with matter
that they can usually pass right through the earth without
hitting anything at all. That characteristic, though, makes
them an attractive tool for studying the fundamental con-
stituents of matter and for examining the forces governing
their behavior.

he neutrino physics pro-
gram at BNL began in
the early 1960's, when
physicists from Colum-
bia University and BNL

working at the Alternating Gradient
Synchrotron (AGS) first looked for
these elusive particles with spark
chambers and proved that the muon
neutrino and the electron neutrino
were distinct. A third neutrino, the
tau, has since been inferred by
researchers elsewhere. Today, the
detectors are typically composed of
thousands of drift tubes and scintil-
lation counters, massive enough to
pinpoint and record neutrino inter-
actions in terms of time, space and
energy.

The goal of various high energy
neutrino experiments here at
Brookhaven and throughout the
world is to extract a value for a single
parameter, sin20w. This quantity,
which describes the mixing of weak
and electromagnetic interactions, is
the fundamental parameter of the
Weinberg-Salam theory. That theory
seeks to unify two forces of nature,
weak and electromagnetic, which are
jointly described as "electroweak." At
this time, this elegant and simple
theory holds up remarkably well,
judging by the agreement among
various experimental results at
laboratories throughout the world.

Even more ambitious is the Grand
Unified Theory (GUT), which aims to
unify three forces — strong, weak
and electromagnetic. GUT incorpo-
rates the Weinberg-Salam theory,
and actually predicts the value of

sin 0w. GUT also predicts proton
decay at a lifetime of 10 years. The
latest experiments, by an Irvine-
Michigan-Brookhaven collaboration,
however, have not confirmed that
number and. instead, suggest that it
is at least ten times longer.

So while unification has been suc-
cessful in neutrino experiments, it
has failed in proton decay. To resolve
this inconsistency, theorists have
speculated that the model may be
missing a piece, which, if added,
would relax the proton decay predic-
tions. Proton lifetime would be
increased, but the value of sin 0w
should not change significantly. To
constrain what new particles can be
appended to the theory, theorists
must know the basic parameter of
sin20w precisely.

That's why so much attention has
been focused on our Experiment 734
at the AGS. Involving collaborators
from BNL, Brown University. Univer-
sity of Pennsylvania, the State Uni-
versity of New York at Stony Brook,
KEK, Osaka University and INS-
Tokyo, this experiment is designed
to measure sin 0w as precisely as
possible, in the simplest neutrino-
electron scattering reaction.

One main reason 734 works so
well is the massive detector, made up
of 2.000 scintillation counters, 4,000
photomultipliers and 14.000 drift
tubes. With such high mass, the
chances of neutrino interaction are
enhanced and details of the interac-
tion can still be discerned.

Data collection began in 1981 and
analysis soon after. Results have
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Neutrino Event

This neutrino event is an electro-
magnetic shower produced by the neu-
trino beam at the AGS. Experiment 734.
An electron, after being struck by a
neutrino, recoils andforms an elec-
tromagnetic shower within the mate-
rial of the detector. This image is
computer-generatedjrom the raw data
produced by the detector. Two views of
the event are shown. The upper view is
from the side, and the other isfrom
above. The beam comes in from the
left

been published, and the latest, in
1985, provided a more precise mea-
surement of sin 0w •

The newest neutrino experiments
at Brookhaven focus on neutrino
oscillations. The mass of the neu-
trino is small, perhaps even zero.
Recently, though, scientists have

begun to consider that the mass
might be detectable. There is strong
evidence now that there is invisible
mass in the universe, and the neu-
trino may contribute to this mass. If
a neutrino has mass, it may oscillate
from one type to another: for exam-
ple, it might change back and forth
between being an electron neutrino
and a muon neutrino.

Three experiments are under way
at the AGS. One is headquartered at
Brookhaven, with the same collabor-
ators as Experiment 734 plus the
University of California at Irvine; the
second is led by a contingent from
Columbia University, University of
Illinois and Johns Hopkins Univer-
sity; and the third involves scientists
from HNL, Paris and CERN, the Euro-
pean high energy accelerator facility.
Previous experiments have seen

hints, but have failed to actually
detect neutrino oscillation in a con-
vincing way.

A discovery of neutrino oscillations
would have profound significance. If
the neutrino has mass, even though
the individual mass would be very
small, there are potentially so many
neutrinos that the total of those
masses could mean that we live in a
universe that may be eventually con-
tracting rather than expanding
indefinitely.

As physicists move on in the study
of matter, the next step is clear: a
unified theory of all four forces of
nature — gravity, electromagnetism,
and the strong and weak forces. All
of this effort, of course, stems from a
basic belief that the universe is
orderly, and, therefore, oredictable.
Time will tell.



In the Department of Nuclear Energy (DNE),
research on radioactive waste management
includes studies of low-level waste disposal.
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Dealing With Low-Level Waste
In the United States, nuclear power plants, hospitals and
various laboratories and industries generate roughly three
million cubic feet of low-level waste each year. Unlike high-
level waste, for which there are not yet permanent disposal
sites, low-level waste has been disposed of in commercially
operated shallow land burial sites since the early 1960's.

hat's not to say, however,
that this country's 20-
year record of low-level
waste disposal has been
flawless. In fact, in the

1970's, certain problems were
encountered at Maxey Flats, Ken-
tucky: West Valley. New York: and
Sheffield, Illinois: and those burial
sites were subsequently closed.
Much research has been done since
then, a major part of it by Brook-
haven, and regulations established
in 1982 by the U.S. Nuclear Regula-
tory Commission (NRC) to govern
low-level waste disposal reflect what
we have learned about handling low-
level waste.

In burial sites, waste is placed in
25- to 30-foot-deep trenches, covered
with soil and then capped off. Prefer-
ably, the trench is capped with clay,
which minimizes water infiltration
because of its low permeability, and
is surrounded by permeable surface
soil and underlying rock to prevent
standing water inside the trenches.

As part of work done for the NRC.
BNLs studies of the closed sites have
shown that they share major prob-
lems, all interrelated and interde-
pendent: loss of trench cap integrity;
water accumulation in trenches,
called the bathtub effect; enhanced
radionuclide migration; and complex
leachate geochemistry, due to wastes
being combined in burial.

In the early days, much of the
waste was packaged in such a way
that it was readily biodegradable and

In a laboratory/or radiochemical
analysis of low-level radioactive waste
are (from left) Ramesh Dayal Peter
Colombo and Paul Pidulo.
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teachable. That led to the formation
of large void spaces in a trench,
resulting in the collapse of the
trench cap, the three-to ten-foot layer
of compacted soil covering a trench.
This settling allowed increased water
infiltration and accumulation. We
have learned that standing water
enhances leaching (dissolving of rad-
ionuclides out of the waste} and
microbial activity, both leading to
radionuclide migration.

A further complication occurs if
the waste contains chelating agents.
(Because they bind to metals, chelat-
ing agents are becoming more com-
monly used to remove radionuclides
from contaminated reactor systems.)
We have found that when chelating
agents are present, the radionuclides
are not trapped by the soil and rad-
ionuclide migration is enhanced.

One solution, as our NRC-
sponsored work has shown, is to
solidify decontamination wastes in
cement or in vinyl ester-styrene.
Solidification, however, does not
completely prevent leaching, so we
are conducting additional studies to
measure the release of chelating
agents.

Another option is to destroy the
chelates before burial. We have
tested three methods for processing
decontamination wastes. Incinera-
tion works because it burns organ-
ics, which are what chelating agents
are made of. Acid digestion, using a
hot bath of sulfuric acid and hydro-
gen peroxide, degrades chelating
agents. And wet-air oxidation breaks
them down with high pressure and
temperature. Each process, however,
generates radioactive waste (albeit
without chelating agents) that must
be disposed of.

Most recently, our NRC-funded
work has included laboratory studies
of stabilized boric acid and ion-
exchange resin wastes to quantify
the release of such radionuclides as
cesium-137, cobalt-60 and
strontium-90. Experimental work is
also under way to evaluate the per-
formance of polyethylene high integ-
rity containers that have been certi-
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fied for disposing of certain types of
wastes. Another project is an evalua-
tion of the applicability of short-term
laboratory tests on waste forms and
containers to actual field conditions
and time scales.

In parallel with work done for the
NRC. we carry out several programs
for the U.S. Department of Energy
(DOE). One program develops and
tests combinations of low-level
wastes and solidification agents to
form highly stable waste forms for
storage, transportation and disposal.
An aspect of this work involves
developing new materials that can be
combined with commercial and
defense-type wastes for shallow-land
burial. We have found that wastes
solidified with polyethylene or with a
modified sulfur cement have proper-
ties that are superior to materials
currently in use for solidification of
waste.

Also for DOE, we are developing an
accelerated test for predicting the
long-term leaching behavior of solid-
ified low-level radioactive waste
forms in their disposal environment.
Because the leaching process is so
slow, most leaching studies have
been limited to the early stages of
the process. Data from these studies,

Leachate formation in a burial trench
at a low-level waste disposal site.

however, are insufficient to use in
predicting what will happen over a
span of 200 or more years. That's
why an accelerated test is needed.

Briefly, this is how the test is con-
structed. After determining the
mechanisms that control leaching,
parameters such as temperature, pH,
and surface to volume ratio are
changed until the leaching process
is accelerated. The difficulty lies in
not altering the process in an
unnatural way so that the test is not
reliable. So far, our method has been
working, and we expect this acceler-
ated test to be applied in radiological
assessments of waste disposal.

In general, problems encountered
at low-level waste sites point to the
need for waste segregation, improved
stabilization and proper waste pack-
aging. Stabilized waste not only pro-
vides trench stability, but also
decreases leaching and microbial
degradation of buried waste.

As Brookhaven continues to study
low-level waste, our knowledge is
passed on to both DOE and the NRC,
to assist them in protecting the pub-
lic from radiological hazards.



Scientistsjrom all over the world use nuclear data
compiled and evaluated in DNE's National Nuclear
Data Center.
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A Center for Nuclear Data
Stretching around the globe is a network of organizations
whose job it is to compile, evaluate and distribute low energy
nuclear data. The American effort is headquartered at
Brookhaven's National Nuclear Data Center (NNDC), which
was the original center of this kind.

he NNDC handles a var-
iety of information from
the U.S. and Canada,
including data on the
nuclear structure and

radioactive decay properties of
nuclides (species of atoms, of which
there are about 2,400) and data on
low energy nuclear reactions. The
latter are generated by experiments
on the reaction of target nuclides to
neutrons, protons, photons and
other particles striking the targets at
energies below 100 million electron
volts.

Nuclear data are used in basic and
applied research in such fields as
low energy physics, nuclear reactor
physics, astrophysics, space applica-
tions, fusion and nuclear medicine.

Each year, scientists in these fields
make over a thousand requests for
nuclear data stored in the Center's
computer files. Answering these
requests, in addition to producing
numerous publications, is perhaps
the most noticeable part of our work.

But there is much more. From In
box to Out box, here is how data
travel through the NNDC: Our
researchers review all journal articles
and reports that describe neutron
and nuclear structure experiments.
When we see data that will be of
interest to other scientists, we con-
tact the experimenters and have the
information sent to us on computer
tape. The data are put into our own
format, fed into our computers, and
then evaluated.

Evaluation is a critical part of the
process. To do it properly, we gather
experts from BNL and across the U.S.

Pauline Dixon (foreground) and Marion
Blennau enter nuclear data into the
computer.
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Zhou Chunmei (left), visiting physicist
from the People's Republic of China,
and Thomas Burrows compare experi-
mental datafrom several sources
before recommended values are pub-
lished by the Center.

to review the data on the basis of
previous experiments, instrumenta-
tion used, and physics theory. That
done, recommended values for
nuclear properties become a per-
manent part of our files, available to
others.

This data-gathering activity has
been going on at BNL since the
Laboratory began. Today, though, we
do most operations by computer.

One example is the Nuclear Data
Sheets, a compilation of experimen-
tal and theoretical results in nuclear

physics. From cover to cover, the
entire journal — narrative, data,
graphics and pagination — is now
produced by computer. Each issue of
the monthly journal is some 200
pages long.

Another computer task is COMPU-
TOPE, a nuclide chart on microfiche.
Compared to a printed chart, COM-
PUTOPE is cheaper to make and con-
tains much more information.

Drawing data from our computer
files, the NNDC also publishes
Nuclear Wallet Cards, a pocket refer-
ence for selected nuclear properties
of all known nuclides, and the book
Neutron Resonance Parameters and
Thermal Cross Sections, which con-
tains recommended nuclear proper-
ties based on experimental data.

Sathya Ramavataram (left.) and Nor-
man Holden do a library search of
nuclear physics literature, looking Jor
articles containing nuclear data.

In 1985, the NNDC began moving
in a new direction, toward telecom-
munication of our data. Today, there
is less emphasis on printed material
because it becomes out of date the
moment it comes off the press. In
response to that problem, we have
started to set up on-line terminals
for our users at BNL, so they can
have direct access to our computer
files. Eventually, this service will also
be extended to off-site researchers.



The need for safeguarding nuclear material is more
pressing now than ever. Work in this vital area
is performed by DNE staff.
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Eyes on the World's Nuclear Community
The peaceful use of nuclear energy worldwide is monitored
by the International Atomic Energy Agency (IAEA), which
has played a major role since 1957 in assuring that nuclear
materials and activities are not diverted from peaceful uses
to military applications such as nuclear weapons or other
explosive devices. In 1976, Congress approved an appropria-
tion to the U.S. State Department, which, through the U.S.
Department of Energy, set up a special program of technical
assistance to IAEA safeguards. This came at the suggestion
of Gerald Tape, then president of Associated Universities,
Inc., who was also at that time U.S. Ambassador to IAEA He
thought that U.S. technology and expertise should be made
available to upgrade international safeguards applied by the
IAEA.

he International Safe-
guards Project Office
(ISPO) at Brookhaven is
responsible for technical
management of the U.S.

effort. Various groups at ten labora-
tories, including the Technical Sup-
port Organization of Brookhaven's
Department of Nuclear Energy, do
specific tasks to assist the IAEA.
At ISPO, we oversee all these
activities.

The U.S. effort can be divided into
four broad areas: inspector training,
measurement and surveillance
equipment, data processing, and
system studies.

About 200 IAEA inspectors make
routine visits to nuclear facilities in
the 50 countries that have agreed to
inspection. The inspectors verify
that the nuclear material a country
has declared for peaceful purposes,
such as power generation and
research, has not been diverted to
other uses. In 1985, ISPO organized
several inspector training exercises
at various working facilities. These
exercises give inspectors practical
use of equipment specially developed
for measurement and surveillance of
nuclear materials.

In most cases, measurements have
to be made in such a way that they

do not hamper operation of a facility.
For instance, the instruments must
work without any need to open
packages containing nuclear mate-
rial and without damaging what is
being measured.

During this year, ISPO tested an
improved instrument for observing
Cerenkov radiation from fuel
assemblies. The equipment as origi-
nally developed worked best in the
dark, but it needed to be modified to
work in normal light. To achieve
that, a filtering system was deve-
loped that eliminates extraneous
light, making it possible to detect
the blue glow of Cerenkov radiation
even in bright artificial light.

Because inspections of facilities
are periodic, surveillance cameras
are installed to record what goes on
between inspections. These cameras
are similar to the ones placed in
banks, but they must also operate
unattended and reliably over long
periods of time, in various environ-
ments, and must be tamper
resistant.

An enormous amount of informa-
tion is generated in field inspections
and in reports provided by the coun-
tries to the IAEA. Essentially, that
information is an inventory of the
amount of material each country
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Sherry Ince-Barletta (right) shows a
viewgraph to fellow members of the
International Safeguards Project
Office: (from, left) Ann Reisman, Arthur
Waligura, Michele Rabatin, Leon
Green, Judy Badal and John Skalyo.

has declared it is using for peaceful
purposes. After an initial inventory,
then, future reports must account
for all activity: so much material was
shipped out, so much new material
came in, a certain amount was used
in a certain process, and so on.
Everything must balance.

Information on each facility is
compiled on material balance sheets,
which an inspector checks during

site visits. If the data are not reliable,
they are useless to the inspector.
Recognizing that, American experts
have helped the IAEA streamline its
data processing system.

U.S. laboratories have also done
system studies for the agency to
optimize its operation. For example,
studies have been done on how staff
and equipment are allocated and
how inspections are planned.

Finally, the U.S. provides people to
the IAEA to meet special technical
needs. In 1985, four Brookhaven
employees were among the 20 from
the U.S. who were on temporary
assignment for periods of two to
four years at the IAEA headquarters

in Vienna, to provide their expertise
on specific problems. These people
are a vital link in transferring Amer-
ican technology to the IAEA

The international safeguards work
done by the IAEA sets the stage for
nuclear disarmament. If there is
going to be any world agreement on
disarmament, international verifica-
tion is necessary. The IAEA performs
a similar task now. through volun-
tary cooperation of its member
nations. ISPO helps the IAEA achieve
credibility by ensuring that the
agency uses the most sophisticated
technology available. As a conse-
quence, reliable safeguarding tech-
niques and methods are in place.



Some of the work of the Department
of Applied Science (DAS) deals with the
environmental effects of energy-related activities.
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Both Sides Now
Depending on the vantage point from which they are viewed,
clouds can appear quite different. That's why Brookhaven
scientists believe that research on cloud chemistry should
focus on more than one angle, and why, to paraphrase the
song, "We've looked at clouds from both sides now, from up
[in field studies] and down [in controlled laboratory
experiments]..."

or severaJ years, BNL
research on cloud chem-
istry has focused on sul-
fur dioxide (SO2) and
nitrogen oxides (NO and

NO2) emitted into the atmosphere as
by-products of fossil fuel combus-
tion. Somewhere between the source
and the earth's surface, these weakly
acidic, relatively insoluble oxides can
be transformed into soluble strong
acids that, when dissolved in precip-
itation, form acid rain, snow or sleet.
The resulting acid deposition has
been blamed for varying degrees of
damage to plants, wildlife systems
and manmade structures.

In 1985, the U.S. Department of
Energy initiated a six-year. $33 mil-
lion, national program known as
PRECP, for PRocessing of Emissions
by Clouds and Precipitation. Its goal:
understanding processes involved in
transport, transformation and depo-
sition of acidic pollutants and their
precursors, with specific reference to
cloud and storm systems, so that the
information can be used to help
formulate national policy regarding
acid rain. Brookhaven is involved in
all parts of this program. The other
major participants are Argonne
National Laboratory and Pacific
Northwest Laboratory.

One part of the program — trans-
formation — involves chemistry.

Stephen Schwartz (left) and Yin-Nan
Lee examine the mixing pattern within
a chemical reactor employed in labor-
atory studies of kinetics of gas-liquid
reactions pertinent to clouds.



specifically the oxidation of sulfur
and nitrogen oxides to the corres-
ponding sulfuric and nitric acids
that are delivered to the earth"s sur-
face in precipitation. This oxidation
can take place when the compound
is still a gas, before dissolving in
cloud water, or after the compound
is dissolved, when it is in the aque-
ous phase.

Since gas phase transformations
are relatively well understood, our
laboratory studies have tended to
focus on transformations in the
aqueous phase. In the laboratory,
studies can be designed to look at
one or another aspect of a process in
depth. Then we can use what is
learned to understand and interpret
what happens in the real world. In
this way, we look for insights into
what happens between the source of
emissions and receptor areas, where
materials are deposited to the earth's
surface.

Though we look at many kinds of
reactions, a close look at one of them
— the oxidation of SO2 by hydrogen
peroxide {H2O2) — will help describe
the several sides of our work. Evi-
dence is now developing that oxida-
tion by H2O2 contained in clouds is
an important path for transforming
SO2 into sulfuric acid — perhaps the
most important. By studying the
reaction of dissolved sulfur dioxide
with H2O2 in the laboratory, we have
learned much about how the oxida-
tion occurs in nature. H2O2 is a
strong oxidizing agent capable of
rapidly oxidizing SO2. The extent of
SO2 oxidation by H2O2, however,
depends on the amount of H2O2
present, relative to SO2.

We have tested the applicability of
these laboratory studies of the
H2O2/SO2 reaction in the field by
collecting precipitation as it falls,
and then bringing it into the lab for
immediate analysis of such things as
pH (acidity) and H2O2 concentra-
tions. So far, samples have shown
that the reaction rate is comparable
in natural water to that in purified
water, although occasionally some-
what slower in natural water. Now

we're trying to find out what chemi-
cals may be inhibiting this reaction.
We also find that, in precipitation
samples, H2O2 concentrations are
frequently quite low. and sometimes
even dissolved SO2 is present, which
supports the hypothesis that the
H2O2/SO2 reaction may be limited by
the amount of H2O2 present.

We also look for answers to ques-
tions about the H2O2/SO2 reaction
in the clouds themselves. In field
studies, specially equipped aircraft
are flown through clouds to collect
samples for subsequent chemical
analysis. An ideal "laboratory in the
clouds" is stratiform clouds — the
thickly layered clouds that occasion-
ally hang persistently over Long
Island. Because these clouds are so
large and uniform, we can fly within
them long enough to collect samples
for testing hypotheses.

In looking at non-precipitating
stratiform clouds, we have found
that gaseous SO2 and dissolved
H2O2 do not coexist. This finding is
consistent with the laboratory
results and suggests, first, that SO2
and H2O2 react rapidly in the aque-
ous phase in clouds and, second,
that the oxidation reaction may have
exhausted the available amount of
the compound that was the iess
plentiful of the two at the time of
cloud formation.

In 1985, Brookhaven participated
in PRECP field studies in various
parts of the country, using aircraft to
look at transport, precipitation and
deposition, as well as chemical trans-
formations. Results of these studies,
which are now being analyzed, will
provide more insight into the trans-
formation of SO2. But no matter
what the analyses of these recent
activities may reveal, one thing is
certain: They have allowed us to
expand our emphasis — to look at
clouds from all sides now.
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A Textbook Case
One of Brookhaven's studies .

of environmental chemistry has
proved to be a textbook case of
how chemistry can be different
up in the clouds, from what one
might have initially supposed.

At present, inorganic and
introductory chemistry text-
books generally describe nitro-
gen dioxide (NO2) as reacting
rapidly with liquid water to
form acids. That's what chemi-
cal laws would predict — at the
concentrations ofNOz typically
employed in such laboratory
studies. In our laboratory,
however, using NO2 at concen-
trations typical of the ambient
atmosphere, the reaction was
found to be quite slow, infact,
negligible, from the perspective
of atmospheric chemistry. Our
airplane studies have con-
firmed this to be true in nature
also. Measurements in clouds
show that JVO2 can coexist with
cloud water for substantial
periods of time.

This finding has already
changed the way atmospheric
scientists think about this par-
ticular reaction and is typical
of the kind of things we can
learn in our approach to
research on cloud chemistry.



DAS's technology base programs cover a broad
range of interests, from architectural systems,
to catalysis, to electrochemistry.
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Fuel Cells for the Future
Chemical energy can be converted to electrical energy. That's
the idea behind the fuel cell, a direct power source that is far
more efficient than a heat engine, which first converts chem-
ical energy into heat, then heat into mechanical energy and,
finally, mechanical energy into electricity. Fuel cells deliver
the energy of a chemical reaction as direct current, without
involving any thermal or mechanical steps.

uel cells consist of two
catalytic electrodes in a
conductor called an elec-
trolyte. At the negative
electrode, a fuel, such as

hydrogen, reacts to give up electrons,
and at the positive electrode, oxygen
reacts to accept electrons. These
electrons are delivered to an external
circuit as direct current at 0.6 to 0.8
volts. The movement of the oxidized
hydrogen through the electrolyte
completes the circuit. A fuel cell wiil
continuously produce electricity, as
long as hydrogen and oxygen are fed
to the respective electrodes.

Because fuel cells are by far the
lightest type of energy converter, par-
ticularly at low power levels, they
were chosen for the Apollo and shut-
tle space flights. They have not found
widespread terrestial applications,
however, for two reasons. First, they
cannot directly use readily available
carbonaceous fuels. Second, exces-
sive voltage losses at the electrodes
can be avoided only by using expen-
sive platinum catalysts. Electro-
chemistry research at Brookhaven
focuses on solving these two
problems.

The reactions in a fuel cell occur
where the electrolyte, the catalyst
and the reactants (fuel or oxygen)
meet. Our overall objective is to
develop an understanding of the
processes at this electrochemical
interface. This involves looking at
each of the fuel cell components in
several ways.

Electrodes
The catalyst used in the electrodes

of most commercially produced cells
is platinum supported on carbon.

We're developing new catalysts to
promote the oxygen reduction reac-
tion that is the major source of
energy losses in the cell and also to
reduce the amount of platinum
required. Among the candidates are
organometallic materials, which
have a metal site that acts as *he
catalyst center.

In addition, we have initiated
research on electrodes on a new
beam line at the x-ray ring of the
National Synchrotron Light Source.
There, platinum catalysts are under
observation in an operating fuel cell,
to see how the voltage and current
affect their structure.

Fuel
The hydrogen that is generally

used in fuel cells is derived by re-
forming organic compounds. If
organic fuels, such as methane,
methanol or carbon monoxide, could
replace hydrogen, that would be a
significant breakthrough because it
would eliminate the need for con-
verting them into hydrogen and car-
bon dioxide. Instead, it would be
done directly and efficiently in the
fuel cell. But, for reasons now
unknown, when put directly into a
fuel cell, organic compounds tend to
"poison" its electrodes.

For further clues to the cause of
the poisoning, we built a high reso-
lution electron energy loss spec-
trometer, to see how these organic
molecules decompose on platinum
surfaces. Already, we have observed
that, when methanol is put on plati-
num surfaces covered with various
oxygen compounds, the products for
the decomposition reaction are dif-
ferent from those on a clean plati-
num surface. The product formed on
the oxygen-covered surface, formate,
is electrochemically active, whereas
on the clean surface, inactive carbon
monoxide is found.

Organic fuels could also be used
directly in a high temperature, solid
oxide fuel cell, designed to run at
temperatures around 1,000 degrees
centigrade (°C). Such a fuel cell could
be coupled with a coal gasifier that
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Using the high resolution electron
energy loss spectrometer, Ann Schuler
and Bill O'Grady study methanol
oxidation.

operates around 950°C and converts
the coal into a fuel mixture of carbon
monoxide and hydrogen. We're
investigating this concept, develop-
ing both new materials that can
withstand these high temperatures
and the apparatus for making them.
Electrolyte

Present commercial phosphoric
acid fuel cells are run at tempera-
tures as high as 205°C and at pres-
sures up to 8 atmospheres. We took
them up to 230° C and found that,
around 220°C, the phosphoric acid
electrolyte begins to decompose at
the hydrogen electrode. This indi-
cates that the technology has

reached the upper limit on tempera-
ture, but there are still large gains in
current when the pressure is
increased.

These various studies represent
only some of our approaches to
understanding what goes on at the
interface of electrode, fuel and elec-
trolyte. As the data from these exper-
iments are analyzed, they should
yield important insights into the
electrochemistry at that interface,
insights that may serve as blocks
with which to build efficient and
practical fuel cells.

Clovis Linkous (foreground) tests afuel
cell/or use in studies at the National
Synchrotron Light Source, while Jim
McBreen studies oxygen electrode
kinetics.



Energy Sciences, the third area in DAS, includes
studies in the materials sciences, chemistry, energy
analysis, and atomic and applied physics.
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What's in a Comet's Tail?
A comet's tail and a rat's liver may not seem to have much in
common. But, to understand their respective formations and
functions, it is essential to determine the spectrum of ele-
ments of which they are composed. This poses some difficult
problems, which can often be solved by scientists working in
atomic and applied physics at Brookhaven, using a unique
combination of facilities.

Called nuclear microscopy, this type of research involves
probing the atomic and nuclear structure of atoms with ion,
photon and neutron beams. The way a particle probe inter-
acts with atomic constituents reveals much about the struc-
ture, properties and elemental and isotopic makeup of a
sample. In that way, we can determine how the tail of a
comet differs in composition from micrometeorites, evaluate
the effect of lead concentrations in the liver of a rat, or anal-
yze the properties of materials such as stainless steel alloys.

11 these experiments are
part of a broad, multi-
disciplinary research
program based on four
Brookhaven facilities: a

new x-ray microprobe on beam line
X-26 at the x-ray ring of the National
Synchrotron Light Source (NSLS).
the 3.5-MV Research and Tandem
Van de Graaff accelerators, and the
High Flux Beam Reactor (HFBR).

Brought on line in late 1985, the
NSLS microprobe employs a tech-
nique called x-ray fluorescence (XRF).
As the photons that make up the
NSLS x-ray beam are absorbed by
atoms in a sample, a fluorescent x-
ray "signature" is produced, which
helps us identify the elements
encountered. The microprobe detects
minuscule amounts of trace ele-
ments, permitting measurements
that often are not possible with
other equipment.

The x-ray microprobe is already
being used for geoscience, materials
science and biomedical analyses. In
fact, its unique attributes have
earned the beam line funding as a
National Biotechnology Research
Resource, to be used by researchers
from all over the U.S.

The comet tail study is one of sev-
eral geochemistry projects being
done jointly by the University of Chi-
cago and Brookhaven. Based on
such work, the NSLS beam line has
also been named a National Science
Foundation Facility for Geochemis-
try X-ray Fluorescence
Measurements.

Ion beams from the 3.5-MV
Research Van de Graaff accelerator
are important to our materials
sciences studies, done in collabora-
tion with scientists from the State
University of New York at Stony
Brook to investigate alloys having
improved wear and corrosion prop-
erties. These properties are imparted
to the metals by implantation with
atoms of some element that modifies
the surface structure of the material.

To do this, we use another low-
energy accelerator called an ion
implanter. This instrument is owned
by Stony Brook but is installed at
BNL to take advantage of diagnostic
capabilities here. The implanter is
coupled with the 3.5-MV Research
Van de Graaff, which furnishes
beams of light elements that are
used to characterize the near surface
composition of a metal at the same
time that the ion implanter modifies
its composition. On its own. the 3.5-
MV device is useful for identifying
isotopes of light elements, depth dis-
tributions, and trace element con-
centrations in a way that comple-
ments what can be done at the NSLS.

The 3.5-MV Research Van de
Graaff and the NSLS x-ray micro-
probe are only part of the equipment
that could form the basis for a major
regional accelerator and reactor facil-
ity for geoscience research that was
proposed this year. Also involved
would be the HFBR and the Tandem
Van de Graaff. They will provide neu-
trons and beams of heavy elements
such as carbon and iodine,
respectively.

In 1985. we began to assemble
experimental equipment at the Tan-
dem for making sensitive trace ele-
ment measurements by tandem
accelerator mass spectroscopy
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(TAMS). TAMS is an exciting new field
opening new vistas in geology, but
there are only a few facilities where
such research can be done. The
Tandem changes are being funded
by the Laboratory's Exploratory
Research Program, which under-
writes promising new ideas at
Brookhaven.

The four facilities are complemen-
tary. Most elements and isotopes can
be detected with great sensitivity by
combining such diverse techniques
as XRF with the x-ray microprobe,
nuclear reaction analysis and
proton-induced x-ray emission with
the 3.5-MV Research Van de Graaff.
TAMS with the Tandem and neutron
analysis and diffraction at the HFBR.
Together, this set of analytical tools

for geological, biomedical and mate-
rials sciences cannot be matched
within the U.S.

Much of the analytical research
reflects the possible practical appli-
cations of the work. But work of this
nature is based ultimately on pure
research in atomic and nuclear
physics. With this in mind, we are
also involved in basic atomic physics
experiments at the X-26 beam line at
the NSLS to study interactions
between ions and the photons.

To fully exploit the NSLS capabili-
ties, we are working on a design for
an Atomic Physics Ion-Photon Inter-
action System. This would be an
intense source of multiply charged
atoms, possibly accelerated and
stored in a separate ten-meter

Keith Jones peers into the proton mic-
roprobe target chamber at the 3.5-MV
Research Van de Graaff accelerator,
while Christine Skirius adjusts the
position of the proton beamjor analy-
sis of geological samples.

diameter synchrotron storage ring
adjacent to the NSLS, and would be
used for crossed beam experiments.
These plans would lead to pioneer-
ing, basic research in new areas of
the atomic physics of photoexcita-
tion and photoionization of highly
charged heavy ions.



The National Synchrotron Light Source (NSLS)
Department provides users with both vacuum
ultraviolet light ard x-rays.

38 National Synchrotron Light Source Department

Exciting Times at the X-Ray Ring
At the beginning of 1985, the staff at the x-ray ring of the
National Synchrotron Light Source (NSLS) had its sights on
a particular pinnacle of achievement. By the end of the year,
we had surpassed that goal and were anticipating yet
another climb — for experimenters.

Our aim for 1985 was threefold: to improve beam current
from 50 milliamperes (mA) to 100 mA to raise x-ray ring
energy from two billion electron volts (2 GeV) to 2.5 GeV, and
to increase beam lifetime from two to four hours.

y August, we had
reached the desired lev-
els for beam lifetimes
and current. At 2.4 GeV.
however, we were just

shy of our energy goal, though these
parameters were already enough to
make the NSLS the brightest syn-
chrotron source of x-rays anywhere
in the world. On August 19, it
became even brighter, as we reached
2.5 GeV for the first time. Two days
later, energy was boosted to 2.52 GeV
at 110 mA of current and a lifetime
of four hours.
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Type of Research . ;
Beam . .
Line PRT Members

EXAFS/SEXAFS
The techniques of Extended X-ray
Absorption Fine Structure (EXAFSJ
and Surface EXAFS (SEXAFS) can
provide local structural informa-
tion on an atomic scale for sys-
tems difficult to study by x-ray
diffraction.

XPSandUPS
Techniques such as x-ray photo-
emission spectroscopy (XPS) and
ultraviolet photoemission spec-
troscopy (UPS) measure the ener-
gies of electrons ejected from
atoms when struck with photons.

Crystallography
The crystallography beam lines
use scattering and diffraction
techniques to define long-range
crystalline structures of
materials.

Topography
Topography is a non-destructive
imaging technique that provides a
three-dimensional map of defects
and strains in a single crystal
material.

Diagnostics
At this beam line, beam position
diagnostic components are tested,
and the beam is monitored for
development of position control
systems.
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X-24C

X-14A
X-24A

X-24C
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Naval Res. Lab.

BNLBio.
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Naval Res. Lab.

NSLS/SUNY
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Nat. Bureau of
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NSLS

On May 19,1985, the first diffraction
patternfrom a macromolecule was
recorded onfilm at the crystallography
beam line, X-13B, at the National Syn-
chrotron Light Source. The pattern
shows how the x-ray beam was scat-
tered after striking a crystal sample of
the protein metallothionein, yielding
important structural information.

Parallel to these efforts,
researchers were busy building,
aligning and refining their experi-
mental equipment. The x-ray ring
experimental program truly began
on February 14, when the Participat-
ing Research Team at beam line
X-l 1 took the first data at the x-ray
ring — the x-ray absorption spec-
trum of copper, which is often used
as a standard for judging beam qual-

ity. Beyond that, the beam performed
at such a level that new structure
was resolved.

Since then, researchers have been
bringing experiments on line at a
breakneck pace. By the end of the
year, users from more than 25 differ-
ent institutions were taking experi-
mental data in previously unex-
plored regions of x-ray brightness
and energies.



Experiments at the NSLS include studies
in the materials sciences, chemical sciences,
nuclear physics and the life sciences.
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Life Sciences in a New Light
Discovery begets discovery. The successful use of electron
accelerators for high energy and nuclear physics research,
for example, led to the discovery of synchrotron radiation,
which, it was later found, could be used by scientists for
research in the materials and life sciences.

lectrons are the elemen-
tary particles that circu-
late around atomic
nuclei and that, when
accelerated, emit elec-

tromagnetic radiation in the form of
photons. This radiation, which is
sometimes visible as light, was first
observed in accelerators called syn-
chrotrons. Because of that, it came
to be known as synchrotron radia-
tion. In the 1950's, scientists mea-
sured its spectrum, which was a first
step towards the later use of this
radiation to study the nature, behav-
ior and use of materials.

Materials science was the driving
force behind the first accelerators
built specifically as sources of syn-
chrotron radiation, in the 1960's
and early 1970's. But it soon became
apparent that the new tool could also
be used for biological research. And
that is why, in the 1970s, the life
sciences community became
involved with the planning and
development of Brookhaven's
National Synchrotron Light Source
(NSLS). Today that community
makes up about one-third of our
users.

Within the general category of life
sciences, Brookhaven scientists do
both applied and basic research.

Our basic research in structural
biology is aimed at relating the
structures within organisms to their
functions and can be done with a
variety of techniques. On the NSLS'
vacuum ultraviolet (VUV) ring, for
example, we conduct two types of
experiments for this purpose — cir-
cular dichroism and time-resolved
fluorescence — concentrating on
developing new techniques for
studying large groups of atoms, or
macromolecules.

In 1985. we also began operating a
beam line on the x-ray ring. Here, we
can do small angle scattering and
diffraction, studying structures by
measuring the angles at which x-
rays scatter off biological samples.
We can also do protein crystallo-
graphy, using x-rays to study the
crystalline structure of proteins.
Because it can provide information
about non-crystalline structures, an
x-ray spectroscopy process, com-
monly known as EXAFS. allows
observations of real-time biological
processes. Using a technique called
x-ray fluorescence, a new microprobe
at still another beam line permits
detection of minute amounts of trace
elements in biological samples.

Our applied research during 1985
included the initiation of a pilot pro-
gram on the VUV ring, looking at the
feasibility of using a laser to create
high energy, quasi-monoenergetic
photons for anatomical studies, as
well as for basic studies in nuclear
physics. These highly penetrating,
monochromatic gamma rays could
be used to penetrate deep hidden
tissue, activating calcium, phospho-
rus or other elements in the body.
Then whole body analysis would be
used to measure their levels, looking
for deficiencies or excesses. We took
a significant step in this direction in
July 1985. when 30-million-electron-
volt gamma rays came out of beam
port U-5 for the first time.

Work continued in 1985 on a
wiggler magnet with a high mag-
netic field (see story, p. 42) that will
ultimately be used for our applied
research in angiography at the x-ray
ring. The aim of the angiography
program is to develop a non-invasive,
safe technique for imaging human
coronary arteries. Arterial disease



now constitutes the most serious
health problem in this country. At
present, we are developing our tech-
niques at the Stanford Synchrotron
Radiation Laboratory, in collabora-
tion with staff from Stanford Univer-
sity. When the angiography beam
line is available at the NSLS, these
methods will be tested on human
subjects.

Some of our work straddles both
areas of research. One example is
radiotherapy. We are trying to
determine means of increasing sen-
sitization to exposure by x-rays and
gamma rays, by incorporating iodi-
nated analogs of the bases making
up DNA. This is applied research in
that, if radiotherapy can be made
more efficient, then the success rate
in cancer therapy will be higher. But
it is also basic research, because we
are learning about the nature of
chromosomes. Eventually, we will do
this work on the x-ray ring, sharing
the wiggler with the angiography
and materials sciences programs.
For now. however, we are beginning
our investigations at the Cornell
High Energy Synchrotron Source.

Another dual program involves the
x-ray microscope we are developing
in collaboration with the State Uni-
versity of New York at Stony Brook,
using the soft x-rays (ultraviolet iight
in the 15- to 45-angstrom range)
available at the VUV ring. The x-ray
microscope is designed for examin-
ing natural biological specimens.
We're developing this basic research
tool so it will be useful for structural
biology. In initial studies, we looked
at one-celled organisms, trying to
determine their structures and to
refine the x-ray microscope. The
instrument is also a tool for applied
research, since it can image parts of
the body for medical analysis and
diagnosis. We have begun to use the
x-ray microscope on human skull
tissue, looking for areas rich or poor
in calcium in both normal and
abnormal samples.

It's been less than a decade since
these NSLti programs were conceived,
only a few years since the first of

These x-ray micrograph sections of
human skull tissue, shown here in
black and white, were originally made
as color maps, using the scanning x-
ray microscope at the National Syn-
chrotron Light Source. In A and B, the
same specimen is imaged at two dif-
ferent x-ray wavelengths. From a com-
parison of the two images, the distribu-
tion of calcium in the tissue is
determined. The third image, A-B,
shows the result; Regions rich in cal-
cium are lightest, less calcium is in
shades of gray, while black areas have
no measurable amount of calcium.

them got under way. And we are just
at the beginning of many exciting
discoveries, as these programs start
to provide new insights into the
secrets of life.

10 microns



Synchrotron radiation research in the next decade
will be based on magnetic devices designed to
provide tremendous increases in brightness.
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Toward Brighter X-Ray Beams
The vacuum ultraviolet (VUV) and x-ray storage rings at the
National Synchrotron Light Source (NSLS) were designed to
be different sizes, to serve different purposes. Yet both were
designed with long, straight sections where any one of
several devices may be inserted.

they wiggle through more periods
(two alternating poles) in the hori-
zontal plane. The magnetic field
strength is low, so the trajectory is
somewhat smoother, like this:

ome devices are neces-
sary for basic machine
operation. Beyond that,
we try to provide
researchers with bright-

er or more energetic beams of pho-
tons. At the NSLS we are doing this
with magnetic insertion devices
known as "wigglers" and "undula-
tors," which emit extremely bright x-
ray beams that make it possible to
look at very small samples, surfaces
or cross sections.

In a wiggler, electrons run a gaunt-
let of magnetic poles, which have
magnetic fields in the vertical plane,
like this:

1 V
Magnetic

Fields

• Electrons

These alternating magnetic fields
cause the electrons' trajectory to
wiggle in the horizontal plane. From
above, their path would look like
this:

As the electrons alternate from
side to side, or wiggle, they radiate a
bright beam of photons and can
produce higher energy, moie intense
radiation than available on ports
without insertion devices.

In an undulator, the electrons are
exposed to more magnetic poles, so

Because of this smoothness, the
radiation that comes out of an undu-
lator is predominantly all one wave-
length, so there is more light at the
desired wavelength and little is
wasted. An undulator makes possi-
ble the free electron laser that has
been under study in the VUV ring
since 1984.

In 1985, under the NSLS expan-
sion program dubbed Phase II. we
concentrated on the design and
development of four new devices to
be inserted into the x-ray ring
beginning in 1986:

• Superconducting Wiggler (SCW)
— Actually constructed before Phase
II began, the SCW is an electro-
magnet with coils made of a super-
conducting material that allows cur-
rent to flow unimpeded, reducing
operating cost and permitting mag-
netic fields as high as 60 kilogauss
(kG). The SCW will be a bright, ener-
getic source of hard x-rays, which
have short wavelengths and good
penetrating power. With short wave-
lengths of 0.2 to 1 angstrom (A), the
SCW will be useful for angiography
studies and materials sciences
research.

• Soft X-Ray Undulator (SXU) —
With magnetic fields from 1 to 3 kG.
the SXU is designed to provide soft x-
rays with very high brightness. It is a
permanent magnet, built of
samarium-cobalt, a material that
naturally has a very strong magnetic
field. Using the bright, highly colli-
mated light provided by the SXU at
wavelengths from 30 A down to 5 A.
researchers from the State Univer-
sity of New York at Stony Brook can
perfect the techniques for x-ra}r

microscopy and three-dimensional x-
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ray holography that they have deve-
loped on the VUV ring.

• Hybrid Wigglers — Called
hybrids because they have both
permanent magnets and iron poles,
these two wigglers will supply pho-
tons for studies of surface structures
and for high energy resolution
inelastic x-ray scattering. One will
reach a magnetic field of 12 kG, to
serve physics in the 1 A range, while
the other, by reaching 18 kG, will
provide wavelengths down to 0.5 A.

A main concern in the design of
each device is that it not affect stor-
age ring operation or any other beam
line. We are engaged in a compre-
hensive set of measurements on the
SCW, to make sure that it meets
specifications.

At the end of 1985, we had com-
pleted assembly of the SXU, while the
two hybrid wigglers were still in the
design stage. After the SCW and the

SXU have been fully tested, the NSLS
will be shut down for several months
while they are inserted into the x-ray
ring.

Other activities in 1985 included
computer modeling, to be sure that
the new magnets are incorporated
into the ring without disturbing its
fine optical tuning. We also worked
on the development of position
detectors, for measuring the position
of the beam. Also under development
were feedback systems, to make cor-
rections to keep beam position fixed,
which becomes particularly critical
with the addition of insertion de-
vices. When used all around the ring
at once, however, feedback systems
have the potential to work against
each other. We are looking at several
possible solutions to the problem of
measuring the or'->it position to high
precision, from photocells that detect
visible light, to photoemission detec-

tors inside the vacuum chamber, to
an x-ray-detecting ion chamber.

Our work on insertion devices and
related technologies has an obvious
impact at the NSLS' 2.5 billion elec-
tron volt (GeV) x-ray ring. In addi-
tion, as the nation explores possibili-
ties for synchrotron sources with
energies as high as 6 GeV, our pres-
ent efforts could have a direct bear-
ing on the design of future
machines.

Alfredo Luccio checks a computer/or
results of tests being performed on one
of more than 300 samarium-cobalt
permanent magnets needed for the soft
x-ray undulator (SXU). The magnet
being tested is inside a Helmholtz coil
(right rear), a device that measures
magnetic properties. Each of the
magnet blocks on the table in the fore-
ground must undergo the same preci-
sion tests before being assembled into
the SXU.



Highlighted this year in the Medical Department
is nuclear medicine, one of five broad categories
of research in the department.
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A Change of Heart Metabolism
In its normal state, the heart depends on fatty acids for most
of its energy requirements. When less oxygen is available to
the heart, as during heavy exercise or during fasting, it
switches to glucose. Glucose metabolism also occurs in peo-
ple suffering from coronary artery disease, where narrowing
of the coronary arteries inhibits blood flow to the heart, thus
reducing its oxygen supply. Glucose metabolism, however,
provides only about a tenth of the energy given by fatty acid
metabolism.

Thallium-201

Deoxyglucose
labeled

withcarbon-14

BMHDA labeled
with carbon-14

Normal Hypertensive

In these thin sections ofDahl strain rat
heart tissue, white areas indicate
uptake of radioactivity. The top pair
shows how bloodflow, as measured by
thallium-201, does not differ in the
hypertensive as compared to the nor-
mal heart But the uptake of deoxyglu-
cose, labeled with carbon-14, is greater
in the hypertensive heart than in the
normal heart, as seen in the middle
pair of heart-sections, while the uptake
qfcarbon-14-labeled BMHDA, an ana-
logue of fatty acid, is less in the same
areas of the hypertensive heart than in
the normal heart, as shown by the bot-
tom pair of heart sections.

uring the last three
years, working with an
animal model, we have
been developing a
method of using radio-

active tracers and complementary
imaging techniques to understand
metabolic patterns of the heart in a
variety of diseases and conditions. At
present, our focus is on coronary
artery disease and hypertensive
heart disease, both of which are
among the ten leading causes of
death in the United States.

Using a double-tracer quantitative
autoradiographic technique, we
measure blood flow as well as glu-
cose and/or fatty acid metabolism in
the normal and hypertensive heart.
Our method relies on two kinds of
tracers. Labeled fatty acids, deve-
loped at Oak Ridge National Labora-
tory and at Harvard University, are
used to study fatty acid and glucose
metabolism. Blood flow measure-
ments are done with thallium-201. a
tracer developed at BNL (see story
page 45),

The animal model we work with
was developed at BNL by the late
Lewis K. Dabl in his pioneering
research on hypertension. The Dahl
rats that are salt sensitive develop
hypertension if fed extra salt in their
diet at a critical point in their
growth. (The degree of hypertension
depends on the quantity of salt.)

In this hypertensive rat. increased
pressure in the heart chamber leads
to an increase in size of the myocar-
dium, the middle muscular layer of
the heart wall. When we began this
research, we expected to find that
the thickening of the myocardium
caused a greater resistance to blood
flow to the heart, resulting in a
decrease in oxygen. Naturally, the
supposition was that a decrease in
blood flow would result in a switch
from fatty acid to glucose.

Indeed, there is a switch, but not
for that reason.

As it turns out. there is no change
in blood flow, hence no deficit of
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oxygen. Instead, the switch from
fatty acid to glucose appears to be
caused by a metabolic defect, per-
haps some kind of membrane
transfer defect of the myocardium.

This is an unpredicted and inter-
esting result. It calls for follow-up
studies, and, eventually, human stu-
dies to see if the same metabolic
defect is found in particular groups

of hypertensive people and to test
existing and new agents for their
possible effects on the metabolic
alteration that has been noted in the
Dahl rat.

Meeting the Need/or New Radiopharmaceuticals

One out of every four diagnostic
medical procedures in this country
involves nuclear medicine tech-
niques. That amounts to 12 million
nuclear medicine procedures carried
out annually in the United States.
And of all the radiopharmaceuticals
used in clinical medicine in this
country, indeed in the whole world,
85% include a radioisotope developed
at Biookhaven.

We have been developing new
radioisotopes since the 1950"s. Our
program covers many aspects of ra-
diopharmaceutical research leading
to the design of new and improved
diagnostic and therapeutic agents. In
doing so, we meet the research and
clinical needs of the medical com-
munity and pharmaceutical industry
for isotopes that are not available
commercially in sufficient quantity,
or not available at all.

One of our earliest success stories
was technetium-99m. When we first
developed it, in the late 1950s, we did
not anticipate that it would become
the radioisotope most widely used in
making radiopharmaceuticals.
Among its many applications,
technetium-99m works especially
well in imaging the heart blood pool,
brain, bone marrow, thyroid, liver,
spleen, heart, lungs and kidney. We
also developed an easy-to-use kit
method for labeling red blood cells, a
method used annually in thousands
of patients for heart studies.

Since then, we have developed
dozens of radioisotopes. such as
thallium-201, commonly used for
evaluating the status of the heart fol-
lowing a heart attack. More recently,
the radioisotopes we have been devel-
oping for imaging and therapy

include iodine-123, tin-117m,
palladium-109, copper-67 and
ruthenium-97. Iodine-123, in particu-
lar, is so versatile, it could go .ae way
of technetium-99m.

A new direction for us is the label-
ing of monoclonal antibodies with
radioisotopes. Monoclonal antibodies
are protein molecules tailor-made to
target antigens on specific tissues.
These antibodies promise to be
potent diagnostic tools because they
provide an alternative to invasive
procedures that, in many cases, are
no i even available.

For example, when tagged with a
radioisotope, monoclonal antibodies
can localize in blood clots, which can
then be imaged by external devices.
Radiolabeled antibodies may also
prove useful in therapy. When used to
target tumors, for instance, they can
be loaded with cell-killing alpha- and
beta-emitting isotopes. So far, we
have successfully labeled monoclonal
antibodies with iodine-123, iodine-
131, indium-111, copper-67 and
palladium-109.

Our basic research is made possi-
ble because of a unique combination
of facilities at Brookhaven: BLIP, the
Brookhaven Linac Isotope Producer,
where a large variety of isotopes are
made; the High Flux Beam Reactor, a
research nuclear reactor where exper-
imental quantities of neutron-rich
isotopes can be made; specially
equipped laboratories and hot cells
where radioactive materials can be
handled safely; and animal and clini-
cal testing areas.

The BLIP facility aJso enables us to
produce radioisotopes for commercial
distribution at cost. At present, we
make iodine-123, copper-67, iron-52.

germanium-68. magnesium-28.
ruthenium-97. strontium-82 and
xenon-127.

This year, we commissioned a new
BLIP, to make production easier, fast-
er, and thus, cheaper. A valuable fea-
ture of the new facility will be a
continuous-flow iodine-123 produc-
tion system, which is needed because
of the rapidly growing demand for
this isotope. Our old facility could
only make 200 millicuries a week of
high-purity iodine-123. Now we can
make up to a hundred times that
amount, which, combined with
iodine-123 production at two other
places in the country, may be enough
to meet the demands for this isotope
in the U.S.

At the new BLlPfacility. Leonard
Mausner (left) uses the remote arm of
a hot cell to adjust a target used/or
making radiopharmaceuticals, while
Suresh Srivastava (background) and
Henry Schnakenberg monitor the
facility's control panel.



Lithium is widely used in psychotherapy. How
much gets into the brain? Researchers in Medical
are finding out
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Lithium in the Brain
The use of the element lithium to treat mental disorders can
be traced back to Roman times. Today, lithium is used in
psychotherapy for the treatment of manic depression. But in
spite of its success as a therapeutic drug, no one knows how
it works. Even its distribution in the body is not well under-
stood. It is known only that lithium distributes non-
uniformly in the brain, has a high affinity for bone, and is
excreted in only small amounts.

he problem is that side
effects from long-term
lithium therapy are now
being reported. For
example, because

lithium localizes in bone and inter-
feres with its formation, a number of
patients may develop osteomalacia. a
bone disease similar to osteoporosis.

The lack of knowledge about
lithium in the body is because, in
part, it is difficult to measure. Over
the last three years, though, BNL has
been perfecting a method of measur-
ing lithium in the body with a tech-
nique called neutron activation
analysis.

The method is unique to BNL
because of an unusual combination
of facilities and expertise here. The
Medical Department has various
neutron sources. The Chemistry
Department has developed a counter
(originally to study lunar samples)
that is extremely sensitive to low
amounts of radiation in gas. And the
Medical Department has long expe-
rience with non-invasive in vivo
techniques.

We use these tools in an external
probing of the body; no tissue is
taken. Basically, here is how the
method works: Lithium, which is
already in the body due to treatment,
is irradiated with neutrons. Tritium,
a radioactive isotope of hydrogen, is
produced in the process and exhaled
from the lungs. The tritium is then
measured in the counter. The
amount of tritium is related to the
amount of lithium present in the

body. Knowing that, we can deter-
mine how much lithium is retained
and also get information on its
distribution.

Although we can investigate
lithium content of the whole body as
well as of selected body regions, our
immediate goal is to provide in vivo
data on lithium levels in the brain.
For this application, the technique
works well because blood exchange
between the brain and lungs is
rapid, and the tritium is immediately
exhaled. The measurements are thus
quite accurate. We can even investi-
gate in which regions of the brain
the lithium has localized.

All our studies up to now have
been done with animal models, and
they have worked well for testing the
method. The next step is to study
people undergoing lithium treat-
ment, so we can correlate the
amount of lithium used with the
patient's progress.

This year, then, we entered a new
phase of the project, which will
extend the work to clinical studies of
people. For these, higher energy neu-
trons are needed, and an instrument
is being built for that purpose. It will
use the radioisotope californium-252
as a source of neutrons.

We expect that the information
gained from measuring lithium in
the brain will lead to improved
methods of lithium treatment. The
levels of lithium used in therapy are
high, and, except for the work being
done at Brookhaven, no one has stu-
died how much actually gets into the
brain. The goal is to optimize
lithium therapy while minimizing
any adverse effects on the body.
Ideally, therapy would be individually
tailored to patients according to how
their bodies react to the lithium.

Anthony LoMonte uses an elaborate
system of glassware to separate the
various gases expelledfrom the lungs
and collect the tritium, which is then
measured to determine the amount of
lithium in the body.
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Physiological targeting of tumors with isotopes is
the focus of one nuclear medicine program in the
Medical Department
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Targeting Tumors With Radiation
Cancer is generally treated by a combination of surgery,
chemotherapy and radiation therapy. Except for a few types
of cancer, however, these methods at present are not guaran-
teed to work, and the overall chances of surviving cancer are
only 50-50.

ancer is a malignant
growth that extends
itself by microscopic fin-
gers. The problem with
surgery is that, while it

may be easy to excise the main mass
of a tumor, it is difficult to remove all
the fingers.

The trouble with chemotherapy is
that the chemicals can reach toxic
levels in the wrong places. There are
normal cell pools that compete for
these chemicals more actively than a
tumor does, so it's possible to poison
those normal cells before toxic levels
are reached in the tumor.

Conventional radiation therapy
involves repeated treatments over
about a six-week period, to build up
to the therapeutic dose required to
kill the tumor. Because the tumor
shrinks and grows in response to
treatment, it is difficult to position
the radiation beam precisely where
the tumor is. So the beam is usually
enlarged both to compensate for
possible misalignment and to cover
any fingers of malignant growth that
extend beyond the main tumor
mass.

Since normal tissue is usually as
sensitive to radiation as cancerous
tissue, a dose high enough to kill a
tumor is high enough to kill normal
tissue. One hopes that between
treatments, the normal tissues will
repair and regenerate faster than the
tumor. That seems to happen in
those cases where radiation therapy

The research on physiological target-
ing of tumors with isotopes is interdis-
ciplinary in nature, involving such
fields as biochemistry, physics, oph-
thalmology and animal biology. Here,
Jeffrey Coderre (foreground) uses a
technique called column chromato-
graphy to purify the radioactive drug
thiouracil used to physiologically
target melanoma in mice. Ralph Fair-
child estimates the percentage of
injected dose that will be selectively
taken up by the melanoma.



49

is successful, but in some instances,
the reverse is true. So, while an effort
is made to irradiate as little normal
tissue as possible, it is the radiation
tolerance of normal tissue that limits
the dose to the tumor and, thus,
ultimately affects the success of the
radiotherapy.

Our objective is to deliver a higher
radiation dose to a tumor than to
normal tissue. Over the past five
years, we have developed the use of
stable and radioactive isotopes for
physiological targeting of tumors in
radiation therapy. That means using
the body's own metabolism to attract
compounds to particular sites.
Except for the use of iodine, which is
taken up selectively by the thyroid,
physiological targeting with radioac-
tive isotopes has been complicated
by competing uptake in normal cell
pools (such as what happens in
chemotherapy).

Part of our work, in collaboration
with researchers from other institu-
tions in the United States, Japan
and Europe, has been focused on
melanoma, a particularly lethal
cancer for which the survival rate is
very low once the tumor has metas-
tasized (spread beyond the primary
site). Recently, we have been testing
a compound that physiologically
targets melanoma; that is, when put
into the body, it localizes in mela-
noma. Called thiouracil. it is taken
up during the synthesis of melanin,
a dark pigment found in melanoma.

We have developed a method of
using thiouracil to successfully treat
melanoma in mice with radiation
therapy. The thiouracil is labeled
with a radioactive isotope, either
iodine-131 or sulfur-35, and then
injected into the body. The com-
pound carries the radioactive isotope
directly to the tumor, which is des-
troyed by the radiation. Since the
penetration of the radiation is only a
few cell diameters, the dose is limited
to the tumor cells and normal
tissues are spared.

Aside from the use of iodine iso-
topes to treat thyroid cancer, ours is
a unique method of delivering a the-

rapeutic dose selectively to a tumor
via physiological targeting.

Our tests on mice have worked so
well that we have begun a clinical
diagnostic study of people with ocu-
lar melanoma, or eye cancer, using
thiouracil labeled with iodine-127. If
the thiouracil localizes in the tumor
as expected, the radiation dose will
be gradually increased to therapeutic
levels, using labels of sulfur-35 or

Because intraocular melanoma in rab-
bits more closely mimics the disease in
humans, rabbits are used, as an addi-
tional model systemjor melanoma.
Samuel Packer (foreground) and
Antone Chituk examine a rabbit with
an intraocular tumor.

iodine-131. This research is being
done jointly with the North Shore
University Hospital on Long Island.

FOUR-WEEK DELAY
IN MELANOMA GROWTH



The Chemistry Department's programs share one
goal: ajundamental understanding of the properties
and reactions of nuclei, atoms and molecules.
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Heavy Ions - The View From Chemistry
Throughout 1985, Brookhaven's new heavy-ion program
progressed in several directions. As the beam transfer line
between the Alternating Gradient Synchrotron (AGS) and
the Tandem Van de Graaff accelerator neared completion
(see story, page 14), experiments were proposed for research
with the heavy ions that will soon travel from the Tandem to
the AGS for acceleration, then down beam lines to collide
with fixed targets.

he aim of these experi-
ments is to study
nuclear matter at very
high densities and
temperatures that

approach conditions that existed at
the early moments of the universe.
Experimental evidence will be
sought for the occurrence of a phase
transition, in which normal
nucleons dissolve into their constit-
uent quarks and gluons. Heavy ions
— heavy atoms that have been
stripped of their negatively charged
electrons, leaving only positively
charged nuclei — may provide this
evidence.

In the first part of the research
program, heavy ions up to sulfur-32
will be accelerated in the AGS to 15
billion electron volts (GeV) per
nucleon. This represents a seven-fold
increase over the energy previously
available at the Bevalac machine at
Lawrence Berkeley Laboratory (LBL).

Brookhaven nuclear chemists are
participating in the first major
experiment, 802. approved for this
new heavy-ion facility. This collabo-
ration includes groups from the
Brookhaven Physics Department.
Massachusetts Institute of Technol-
ogy, and Japanese universities at
Hiroshima. Tokyo and Waseda. Each

Adjusting the first chamber of the
apparatus usedjbr the nuclear stop-
ping power experiment, 790, at the
Alternating Gradient Synchrotron are
Stephen Gushue (kneeling, fore-
ground), Louis Remsberg (standing)
and Peter Haustein.
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of the collaborators is responsible for
different aspects of the detector sys-
tem, which will be set up in 1986 for
experimentation to begin in early
1987. Several detector components
are required to track the particles
formed in collisions between the
incoming heavy-ion beam and the
fixed nuclear target.

The nuclear chemistry group has
three main tasks. The first is devel-
opment of computer simulation pro-
grams needed for understanding
and design of the entire experimen-
tal setup. The second assignment is
to design and build a hadronic calo-
rimeter to measure the energy of the
heavy-ion beam or its remnants.
This is already in the construction
phase. The third job is to build a
detector array around the target to
measure the multiplicity of charged
particles produced in individual
heavy-ion interactions. A prototype
has been successfully tested.

To understand how the highly
compressed and heated nuclear mat-
ter will be formed in the violent colli-
sions to be studied in 802, we did
another experiment this year, 790.
with protons at the AGS. For 790,
we focused a 17-GeV proton beam on
stationary nuclear targets to mea-
sure the stopping power — the rate
at which the protons lose energy as
they dive into nuclear matter. From
these data, which seem to indicate
more pronounced slowing down
than previously expected, we can
extrapolate how two heavy ions
behave when they collide. The results
are also of considerable importance
in designing the Relativistic Heavy
Ion Collider, or RHIC — the next
generation of heavy-ion accelerators
proposed by Brookhaven.

We have been studying heavy-ion
reactions at the highest available
energies since the early 1970s, by
irradiating targets at the Bevelac
with ions as heavy as argon-40 at 2
GeV/nucleon. These experiments
applied low level counting tech-
niques, developed at Brookhaven, to
measure residual radioactivity in
targets that had been irradiated at

the Bevalac. Our goal was to examine
how the yields of radioactive frag-
ments varied with fragment mass
and angle of emission. Would the
heavy-ion results be any different
from those that had been observed
in proton-nucleus interactions at
similar energies? Results from our
final two experiments at LBL in 1985
show that differences tend to disap-
pear as projectile energy is increased
above approximately 10 GeV.

In one experiment, we bombarded
a gold target with neon ions at 8
GeV, and we observed a peak in the
intensity of fragment emission in
the beam direction (0°). This forward
peaking was significantly more pro-
nounced than that seen with proton
projectiles. In a second experiment,
using carbon ions at 25 GeV. the
peak emission was recorded at a
laboratory angle of 90°. This was the
first demonstrated sideward peaking
for heavy-ion interactions. Quantita-
tively, the angular distribution was
very similar to those for protons
where sideward emission had been
shown to occur previously.

This convergence in properties,
combined with other data, suggests
that radioactive species such as
those studied in our previous work
will not survive in those very violent
central collisions that will be the
primary focus of 802. We look for-
ward to testing this suggestion as we
expiore the uncharted region that
will open when heavy ion accelera-
tion begins in the AGS.
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Chemistry's crystallographers rely on two
techniques — neutron and x-ray diffraction
— to gather structural information about crystals.

52 Chemistry Department

Consider a Crystal
Consider a crystal. Material in this form is solid, its angular
appearance dominated by planar faces. A crystal *s made up
of atoms, ions or molecules arrayed in a regularly repeating
pattern. Shine an x-ray beam on the crystal and the beam
will diffract, scattered by this regular array in precisely
determined directions.

rystallographers have
been doing just that,
using x-ray tube sources,
for over 70 years. By
measuring the radiation

diffracted by the electrons of a sam-
ple, they can reconstruct its molecu-
lar and crystal structure.

The demonstration that neutrons
also are diffracted by atomic nuclei
in crystals, yielding complementary
structural information, came in the
1940's. We have done neutron dif-
fraction at several crystallography
beam lines at Brookhaven's High
Flux Beam Reactor (HFBR) since the
reactor was commissioned in 1965,
and prior to that, at the Graphite
Research Reactor. Within the last
decade, new excitement has been
generated in crystallography with
the advent of powerful synchrotron
sources of x-rays. Among these is the
newly commissioned x-ray ring at
BNL's National Synchrotron Light
Source (NSLS), where our chemical
crystallography beam line began
operating in 1985.

Our crystallographers plan to
exploit the complementary nature of
the two facilities, with their individ-
ual advantages and their ability to
provide different structural insights.

At the HFBR, for example, we look
at organometallic compounds, in
which metals are joined to organic
molecules or fragments. Particularly
interesting are metal hydrides —
compounds where the metal is
chemically bonded to one or more

A ke Kvick checks part of the apparatus
on the chemical crystallography beam
line at the National Synchrotron Light
Source.
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hydrogen atoms and whose internal
interactions have important implica-
tions in hydrogen storage and catal-
ysis. We try to understand these
compounds better by looking at how
the metal, hydrogen atoms and
organic species interact. By neutron
diffraction, we can locate precisely
the hydrogen atoms bonded to a
metal, which is impossible by any
other technique. More than 25 metal
hydrides have been studied in this
way at the HFBR

Other research at the HFBR has
dealt with zeolite compounds. In a
zeolite crystal, cages of aluminum,
silicon and oxygen atoms are con-
nected in networks riddled with
channels. Due to the rigidity and
shape of the channels, only certain
molecules can pass through. This
makes zeolites useful as molecular
sieves for separating materials by
their molecular size, and as catalysts.

To better understand zeolites, we
look at the distribution of ions and
water molecules in the channels, and
at how the cage's framework
responds to changes in hydration or
in the composition of the ions that
diffuse into the channels. The
HFBR's neutrons are uniquely sensi-
tive for this work: with them, for
example, we can look closely at the
cage, to distinguish an aluminum
from a silicon atom.

In 1985, the program at the HFBR
was able to expand into additional
areas, such as fast-ion conductors,
which have industrial applications
as solid phase electrolytes in
advanced battery systems.

We also made strides at the HFBR
with pyroelectric crystalline mate-
rials, which, when heated, develop an
electric charge and are useful as heat
detectors. We observed that the
movement of the ions in a pyroelec-
tric crystal is correlated with its
development of an electric charge. As
the temperature was raised and
lowered, the structure underwent
very small changes — on the order of
one part in 10.000 per degree. These
difficult, precise structural mea-

surements were made possible by
the HFBR.

Our complementary efforts at the
NSLS also focus on zeolites and metal
hydrides. One goal is to measure the
distribution of electron density in
the metal hydride crystals. The fact
that the NSLS lets us work with
smaller samples and shorter wave-
length radiation should make such
determinations feasible for metal
hydrides and other compounds con-
taining heavier elements.

Since they can be used to look at
very small crystals, x-rays at the
NSLS are also valuable in zeolite stud-
ies. Because naturally occurring
zeolite crystals may be large, they are
ideal for HFBR studies. But synthetic

zeolites, used commercially in cataly-
sis, typically yield crystals about 200
times smaller. These are impossible
to study at the HFBR, but are good
candidates for examination at the
NSLS.

As the NSLS program matures,
complementary studies of fast-ion
conductors and dielectrics may also
develop there. And, with both the
HFBR and the NSLS as our tools, we
are continuing to develop new ways
to look at the structure of matter —
to consider a crystal.

At one of the crystallography beam
lines at the High Flux Beam Reactor,
Thomas Koetzle makes an adjustment
to the experimental setup.



New radiotracers — their development, applications
and the results they produce — are one of
Chemistry's major interests.
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PETT: A Window Into the Brain
An amazing thing about the human animal, as opposed to
other species, is its awareness of its own brain. Perhaps
more amazing is the human'r ability to study that organ, to
understand the why and how of its being. Brookhaven
scientists have been studying the brain for over a decade,
perfecting a technique called positron emission transaxial
tomography, or PETT.

he PETT technique relies
on a positron emission
tomograph, an instru-
ment that measures the
concentration of a

positron-emitting radionuclide that
is present in a specific area of the
body. A typical study begins when
the subject is injected with a short-
lived positron-emitter labeled sub-
stance that is taken up by the body
area under scrutiny. Then the sub-
ject is positioned inside the PETT's
circular array of detectors. As the
radiotracer decays, positrons are
emitted. Each positron interacts
with an electron, annihilating and
producing two photons, about 180

degrees apart, which penetrate the
body barrier and are detected simul-
taneously by the instrument's detec-
tors. Computer reconstruction of
this data provides pictures of "slices"
of the area of interest.

Brookhaven has the perfect com-
bination of resources and expertise
with which to do PETT research: cy-
clotrons in which radionuclides are
produced, expertise in the develop-
ment of new methods for radionu-
clide production and radiotracer
synthesis, and, of course, a PETT
instrument. We pool these resources
to get pictures of metabolic activity
and to attach physiological signifi-
cance to those pictures, through the

use of quantitative, tracer kinetic
models.

Our current instrument, PETT VI.
has been in operation since 1982. It
is devoted to fundamental studies of
the brain. In 1985. we used PETT VI
to study brain dopamine receptors
and tumors.

The dopamine receptor study, a
collaboration with New York Univer-
sity and the State University of New
York at Stony Brook, focuses on neu-
rotransmitter receptors, structures
on cell membranes that interact with
substances called neurotransmitters
to send signals from one nerve cell to
another.

Most of the antipsychotic drugs
used to treat the mental disorder
schizophrenia bind to the dopamine
receptor, giving rise to the hypothe-
sis that the activity of dopamine
receptors may be associated in some
way with schizophrenia. By looking
at the properties of the dopamine
receptor with PETT VI. we hope to
clarify this relationship.

Our brain tumor research centers
on naturally occurring molecules
called polyamines. A cell's demand
for polyamines, such as the one
called putrescine, appears to be
associated with cell division, and
people with tumors often have
higher than normal levels of circulat-
ing polyamines. We use PETT VI and
uC-putrescine to trace the tumors
apparent need for putrescine and to
monitor its response to therapy.

These pictures illustrate our
research procedures:

1. PETT VI research begins in this cy-
clotron. Ions inserted in the center of
the instrument are accelerated, then
sent down the beam line to collide with
a gas, liquid or solid target to produce
radionuclides such asjluorine-18 (18F).
carbon-11 ( lC), oxygen-15 or nitrogen-
13. Here, David Schlyer (left) and Alfred
Wolf discuss strategies/or optimizing
1 Fand nCproduction using new
target designs. The radionuclides pro-
duced using these targets are trans-
ferred to a shielded synthesis cell in
the radiotracer laboratory through
overhead lines by remote control
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2. Before the radionuclide enters the
shielded synthesis cell, Joanna Fowler
and Chyng-Yann Shiue set up a system,
for incorporating the radionuclide into
a more complex radiotracerfor PETT VI
research. For the dopamine receptor
study, 18F, in the form of fluoride, is
rapidly incorporated into a suitable
molecule, ultimately yielding

F-N-Methylspiroperidol, a compound
that binds to brain dopamine recep-
tors. For brain tumor work, nC-
putrescine is prepared, in less than 40
minutes.from a simple carbon-11
compound. The u C-putrescine, injected
into an arm vein, is taken up in
tumors, but not in normal brain tissue.

4. In these PETT scans, the black areas
indicate the highest concentrations of
radioactivity:

19 MIN 55 MIN 2 . 5 HR

• % .

12 HR6 HR 8 HR

3. With a "subject" in position in PETT
VI, Wendy Marcuso and David Christ-
man monitor proceedings from the
control room. For a study of dopamine
receptors, the subject would have been
injected with F-N-MethylspiroperidoL
Because 18F has a relatively long half-
life of 110 minutes, PETT VI can pro-
duce images over a 12-hour period as
the substance decays.

If this were a brain tumor study, the
patient would have received two differ-
ent radiotracers, with a two-hour delay
between studies. In the first study, he
would have been injected with C-
putrescine, so PETT vi could image

areas of rapidly proliferating tissue. In
the second study, he would have been
injected with " C-deoxyglucose. This
compound allows the mapping of glu-
cose metabolic activity in the brain.
Thus, we can determine how glucose
metabolism in the tumor differsfrom
normal brain tissue.

During thr two hours between
studies, the C, which has a 20.4-
minute half-life, decays to levels no
longer detectable by the coincident
detector in PETT VI. We are using these
data to develop a model to describe
how brain tumors grow and respond to
therapy.

C18F3-N-METHYLSPIROPERIDOL

A. Scans taken on a normal subject
over a 12-hour period, after injection of
1 F-N-Methylspiroperidol, show almost
exclusive uptake by the dopamine
receptors in the ca.udate-putam.en, a
brain area rich in these neurotransmit-
ter receptors.

IIC-PUTRESCINE

- •'*>>£

UC-OG

STUDIES 4 MONTHS APART

CEREBRAL MALIGNANCY

B. Scans taken on a subject with a
brain tumor. A comparison of the
results with both C-putrescine and
11 C-deoxyglucose indicates that
putrescine uptake and glucose meta-
bolism both parallel the degree of
malignancy. Scans such as this are
elicitingfavorablefeedbackfrom sur-
geons, who see PETT Viasa tool pro-
viding improved diagnosis end man-
agement of care for brain tumor
patients.



Scientists doing research in the Biology Department
study the life processes vital to both plants and animals.
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The World Inside a Chloroplast
Sunrise signals plants to begin a great deal of activity. Part
of this activity is photosynthesis, a process in which mature
leaves use the energy of sunlight, in the presence of green
pigment called chlorophyll, to manufacture carbohydrates
from carbon dioxide and water. But dawn also initiates
another process —the light-dependent formation of new
chlorophyll molecules in young, developing leaves. Some
Brookhaven biologists focus on the formation of chlorophyll
and how it functions in energy transformations within
chloroplasts.

ocated in plant leaf cells,
chloroplasts are the sites
of photosynthesis and
contain hundreds of
unique proteins. Many

chloroplast proteins are found in
dark-grown plants, others require a
flash of light to appear, and still oth-
ers need full sunlight for their
accumulation. This last group is the
chlorophyll-binding proteins, which
give chlorophyll molecules their cor-
rect organization and function
within the chioroplast.

The key event in photosynthesis
occurs when a chlorophyll molecule
absorbs light energy and is boosted
to an excited state. In returning to
its ground state, it gives up one elec-
tron, then receives another, thereby
initiating the chemical reactions of
photosynthesis. In the ability to do
this, all chlorophylls are created
equal, but they do not behave as
equals in the plant. In fact, less than

Because each chlorophyll-binding pro-
tein has a distinct structure, it pro-
duces a different spectrum of anti-
bodies when injected into a rabbit or a
mouse. We use a different animal to
prepare antibodies against each pro-
tein. When the antibodies are tagged
with a radioactive label they provide a
specific and sensitive probe for the
various proteins. Here, Ann Sutton
(left) and Elizabeth Shaw transfer
chloroplast proteins to a nitrocellulose
sheet, prior to probing with an
antibody.
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one percent of a cell's chlorophylls
are photochemically active in this
way. The other 99% harvest the light
energy and feed it to the photoehem-
ically active chlorophylls.

Whether a chlorophyll will join the
1% or the 99% is determined by the
protein to which it binds. How does
a protein give either a light-
harvesting or a photochemical role
to a chlorophyll? The answer is
beginning to emerge from studies on
isolated chlorophyll-protein com-
plexes and from detailed analysis of
the genes specifying these "green
proteins." Each of the different
chlorophyll-binding proteins wraps
itself around a chlorophyll in a dis-
tinct way, enhancing either its abil-
ity to harvest light or to undergo
photochemistry. Only a protein has
the subtlety of structure to so alter
the behavior of pigment molecules.

How does a plant obtain the cor-
rect balance between light-
harvesting and photochemically
active complexes? For an answer, we
grow corn at five different light
intensities, as measured in units
called microeinsteins per square
meter per second: 0 units (full dark-
ness). 1 unit, 10 units, 100 units and
500 units. For comparison, a sunny
summer's day on Long Island is
around 1,500 units.

To determine which chlorophyll-
binding proteins are manufactured
under each light regime, we use a
combination antibody-radiochemical
procedure, and we find:

• At 0 units of light, with the
plant growing on seed reserves, no
chlorophyll and very few chlorophyll-
binding proteins are present.

• At 1-10 units of light, with the
plant still growing on seed reserves,
sufficient chlorophyll is formed to
give photochemically active com-
plexes, but the rate of photosyn-
thesis is negligible because light-
harvesting protein complexes are
almost totally absent.

• At 50-100 units of light, both
photochemically active and light-
harvesting complexes are abundant,
photosynthesis is rapid and the

plant is independent of its seed
reserve.

• At 500 units of light, the per-
centage of light-harvesting com-
plexes is significantly reduced. We
interpret this as the plant's adaptive
response to higher light intensities,
protecting the chloroplast from
damage from excessive light. Con-
versely, the abundance of light-
harvesting chlorophylls at 50-100
units of light enables the plant to
grow rapidly when light is scarce.
There is, however, a limit to how far
green plants can adapt to decreasing
light intensity. In corn, that limit is
10-50 units of light. Below 10 units,
only photochemically active chloro-
phylls are formed, and the plant dies
when its seed reserves are
exhausted.

We think there are additional
mechanisms that help a mature leaf
cope with the changes in light
regime. One in which we are particu-
larly interested is phosphorylation of
chlorophyll-binding proteins. During
phosphorylation, a phosphate mole-
cule is added to a protein, affecting
its location and function within the
chloroplast.

Charles Wimpee (left) and John Ben-
nett study the phosphoprotein compo-
sition of chloroplasts. Some chloro-
plast proteins are specified by genes in
the cell nucleus, others by genes in the
chloroplasts themselves.

As we learn about chloroplast pro-
teins, their synthesis and phospho-
rylation, we gain basic insights into
the adaptation of plants to their
environment, and we open the door
to applications in agriculture and
biomass production.



Cells of all life forms contain DNA.
How carcinogens transform DNA is investigated
in certain Biology Department laboratories.
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The Why and How of Skin Cancer
Over 2,000 years ago, the Roman author Terence advised,
"Moderation in all things." Today, as science uncovers the
medical hazards of overindulgence, this advice is still as
timely as ever.

The sun offers a good example. The warmth and light it
radiates are vital to almost every living thing on the planet.
But in excess, solar radiation can cause skin cancer in
humans. Why and how the sun's rays do their damage has
been a subject of continuing study for some Brookhaven
biologists.

rimarily, we are inter-
ested in the transforma-
tion of human cells, as a
result of changes in their
DNA. the substance that

carries the genetic code. As cells
divide, the DNA is replicated in each
new cell, and if the DNA is damaged,
this can cause mistakes in replica-
tion, which are passed on. We exam-
ine this process to determine the
initial damage to the DNA by sun-
light, understand how the molecules
of that DNA are altered, and isolate
enzymes that repair the damage.

The carcinogen in sunlight is
ultraviolet (UV) radiation. While UV
light is potent, it is weak in its abil-
ity to penetrate tissue, so it mainly
affects the skin. When UV radiation
damages the DNA in skin cells,
enzymes try to repair the damage.
Most of the time the enzymes are
successful, but when they fail, the
result can be skin cancer. So far, we
have been able to isolate two repair
enzymes — one from the intestinal
bacteria Escherichia coll the other
from human tissues. We continue to
study these enzymes to determine
why and how they do their repair
work, while continuing the lengthy
process of isolating still others.

Transformed human cells are exam-
ined byAbbie Freeman (foreground),
prior to being tested for anchorage
independent growth conditions by
Betsy Sutherland (rear) and Paula
Bennett.



The human cells in micrograph B were
injected with DNAfrom normal skin
cells. After two weeks, there is no
change in their growth pattern. In the
same time period, however, the large
colony of cells in micrograph A arose
independently in the growth medium,
after DNA from a human malignant
melanoma was inserted into a single
human skin cell. (Reprintedfrom
Photodermatology, with permission;
® 1985, Munksgaard International
Publishers Ltd., Copenhagen,
Denmark.)

If DNA repair is not effective, when
does a cell cross the line from normal
to cancerous? We can recognize the
first step by the ability of the cell to
grow without being attached to a
surface. In 1984, we reported on the
method we developed for studying
the trait for anchorage independence
of normal human cells treated with
DNA from human cancer cells.

The method relies on a process
called transfection — putting foreign
DNA into recipient cells. Other

researchers, using rodent cells as
recipients, have gained understand-
ing of the molecular alteration of
many human tumors. But similar
advances have not been possible
with skin cancer because the DNAs
of most skin cancers do not trans-
form rodent cells. To overcome this,
we developed a DNA transfection sys-
tem using human cells.

Normal human recipient cells were
transfected with DNA from a range of
sources, among them, human
malignant melanoma, the most viru-
lent form of skin cancer: human
basal cell carcinoma, a milder form
of the disease: and. as controls, nor-
mal human skin cells. In all cases,
when the DNA came from a human
tumor cell, the cells grew into an
anchorage-independent colony,
although the rates of growth varied
with tumor type. When the DNA came
from a normal cell, the recipient cells
showed no change.

We attribute this to the fact that,
unlike normal DNAs, tumor DNAs
have a gene that controls anchorage-
independent growth — a gene that
has been altered by the damage
caused by sunlight or some other
carcinogen. Though we were the first
to detect transforming genes in
many human skin cancers, much
work remains as we try to identify
the gene or genes involved in these
transformations.

Tanning Lamps:
A Word of Caution

Sunlight can initiate the first
step towards a skin cancer. Up
until now, however, it has been
generally assumed that skin
can be safely exposed to the
light emitted by the lamps used
in "UVA" tanning parlors. In a
collaboration with the Depart-
ment of Dermatology at Har-
vard University, we tested this
assumption. The clinical work
of irradiating volunteers and
taking biopsies was done at
Harvard; we developed all the
techniques for detecting dam-
age in non-radioactive DNA and
did the laboratory analysis.

The part of the ultraviolet
spectrum present in sunlight is
divided into two ranges: UVA,
with wavelengths from 400 to
320 nanometers (nm), and UVB,
with wavelengthsfrom 320 to
290 nm. UVB is absorbed
strongly and directly by DNA
and has been considered the
main culprit in causing skin
cancer. UVA is absorbed by DNA
only slightly, so it is generally
thought to be insignificant. The
newest models of tanning
lamps are called UVA lamps
because they emit only that
radiation.

Our finding, as reported at
the June 1985 meeting of the
American Society for Photobio-
logy, is that, contrary to popu-
lar belief, the UVA tanning
lamps do the same kind of
damage as sunlight does.
Whether this is so because the
DNA is actually absorbing more
UVA radiation than previously
supposed, or because other cell
components are absorbing the
radiation and transmitting it to
the DNA, we do not yet know.
But we do know that human
skin DNA is damaged by
exposure



Macromolecules such as DNA are examined
by biologists using spectroscopy at the National
Synchrotron Light Source.
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Spectroscopy and Macromolecules
By definition, a macromolecule is a group of many atoms
held together by chemical forces. In the grand scheme of
things, however, a macromolecule is still a very tiny entity,
less than microscopic.

To overcome the limitations of size, biologists have turned
to physics for methods of studying the structure and dynam-
ics of biological macromolecules. Since 1982, when the first
vacuum ultraviolet (VUV) radiation came out of port U-9B of
the VUV ring at Brookhaven's National Synchrotron Light
Source (NSLS), BNL biophysicists have been developing new
techniques for looking at macromolecules such as DNA,
which carries the genetic code for all living organisms, and
proteins, which are essential constituents of all living cells.

e have two spectrometers
at port U-9B. These
instruments use ultra-
violet synchrotron radia-
tion to study the struc-

ture of biological macromolecules. To
operate our experiments most effi-
ciently during each 24-hour period,
we can switch from one study to
another with the flip of a mirror that
sends the beam of radiation to one
spectrometer or another.

If we choose to have the mirror
direct the beam one way, we will util-
ize the VUV ring's high brightness,
continuous spectrum, short wave-
length and polarized light, to mea-
sure how macromolecules absorb
circularly polarized light. Known as
circular dichroism (CD), this spec-
troscopic technique is a sensitive
probe of the shape, or conformation,
of many biological macromolecules,
including DNA. DNA consists of two
strands of genetic material, each
consisting of a series of nucleotides,
coiled around each other to form a
double helix. The conformation of
the double helix can be right-handed
or. as recently discovered,
left-handed.

Since 1982, our first spectrometer
has been used to measure the CD of
DNA in the left-handed conformation,
down to wavelengths less than 200

nanometers (nm). (In comparison,
visible light ranges from 400 nm
[violet] to 700 nm [red].) We found
that, when compared to the CD of
right-handed DNA, the CD signal is
inverted. In addition, below 200 nm,
the CD is ten times greater than
what has been observed with ultra-
violet light at longer wavelengths
(200 to 300 nm).

We also looked at several DNA
molecules for which longer wave-
length CD spectra had suggested the
left-handed conformation. At the
shorter VUV wavelengths, however,
these were found to have CD indica-
tive of the right-handed conforma-
tion, la each case, independent evi-
dence indicates that our VUV CD
shows the correct helical structure
and, hence, is a Letter indicator of
helical type than is the longer wave-
length CD.

For another study, we collaborated
with scientists from the State Uni-
versity of New York at Binghamton
and from the National Institute for
Medical Research in England. Our
object was to measure shorter wave-
length CD of two medically important
sugar compounds: heparin, which
prolongs the clotting time of blood,
and dermatin sulfate, a component
of the skin. For both molecules, new
bands were discovered that directly
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At port U-9B of the National Synchro-
tron Light Source, one aspect of the
biology research is a study of circular
dichroism of defined sequence DIVAS.
Here, Bo-Hai Lin (left) uses a computer
to control the experiment, while John
Trunk (seated) and John Sutherland
adjust the electronics.

reflect the conformation of the sugar
rings.

We have also adapted this spec-
trometer to measure magnetic circu-
lar dichroism (MCD). MCD provides
information on the electronic states
of small molecules, such as nucleo-
tides, which is necessary for inter-
preting the CD of macromolecules,
such as DNA. In collaboration with
researchers from the Institute of
Biophysics, Beijing, China, we have
used the spectrometer to measure

the MCD of molecules in solution and
to extend MCD spectra of some
nucleotides to 180 nm. Using new
methods of preparing samples, these
measurements are now being
extended to 140 nm.

If we choose to point the VUV beam
the other way, to our second spec-
trometer, we can exploit the pulsed
time structure of the NSLS. Electrons
travel around the VUV ring in
bunches that pass by each port every
19 nanoseconds (there are a thou-
sand million nanoseconds in every
second). We can use a pulse of pho-
tons to excite a macromolecule to
higher energy levels. After a few
nanoseconds, when the macromole-
cule returns to its ground state, it
may emit fluorescence. Using the
second spectrometer to measure the
decay of fluorescence as a function of

time after the pulsed excitation, we
get information about the shape and
motion of the macromolecule and
also about the fate of the ultraviolet
energy it absorbed.

In 1985, working in collaboration
with scientists from Mt. Sinai Col-
lege of Medicine in New York, we
used fluorescence lifetime data to
study the conformation of the amino
acid tyrosine both in solution and in
the hormone peptide oxytocin. Sim-
ilar experiments on insulin are
planned. In other research, time-
resolved fluorescence studies of
short DNA molecules proved the
existence of multiple excited state
complexes and, hence, provided
information on the photophysical
pathways that lead to the formation
of ultraviolet-induced photodamage
of DNA.



Besides doing basic research in areas such as
parallel computing, the Applied Mathematics
Department offers computational services.
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Paving the Way for Parallel Computing
Given 500 pages of data, each with a column of figures to be
subtotaled, then added together for a grand total, would it be
faster to have one person sum it all up, in serial fashion, or
to have 500 people add up each page in parallel and have one
individual do the final tally?

hile the latter course
would most likely be fast-
est, it would be difficult
to gather 500 people
together for this pur-

pose. It could be done with compu-
ters, however. Although most com-
puting today is serial in nature, for
many types of problems, parallel
computing is more efficient.

At Brookhaven, we are involved in
this technology, developing the the-
ory and the algorithms (procedures
for solving mathematical problems)
for parallel computing. Some of our
work is being done in conjunction
with the Center for Theory and Sim-
ulation in Science and Engineering,
at Cornell University, where powerful
parallel machines are now being
built.

Since the 1950's. faster electronic
devices have caused enormous
increases in the computational
speed of serial computers. This type
of increase is not likely to continue,
however, because of two factors that
limit the speeds attainable by central
processing units (CPUs). The first
restriction is electronic gate speed,
which is roughly the time it takes to
turn a switch on and off in a silicon
chip. The second factor is the length
of time needed for electricity to travel
across the device. Excluding new
gate technology, it is unreasonable to
expect dramatic increases in CPU
speeds in the future because we are
already near the limit of how small
such devices can be fabricated.

On the other hand, the mass pro-
duction of silicon chips makes rela-
tively fast CPUs cheaply available. It

Joseph Pasciak considers a new algo-
rithm designed to be used with parallel
computers.
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seems reasonable, then, to expect
that overall computing power would
be increased by linking together
many such CPUs, in parallel. If this is
done for large-scale scientific com-
putation, a central question is: For
which problems can such a parallel
machine be effectively utilized?

Some problems, like the one pres-
ented in the beginning, can be easily
"parallelized." But other types of
problems are not as suitable — at
least they don't appear to be.

Some of these are boundary value
problems (BVPs) involving partial dif-
ferential equations. These problems
typically result from the modeling of
physical processes. They are bound-
ary value problems in the sense
that we know what's happening on
the boundary of some device or phe-
nomenon, and we would like to know
what's happening inside. The BVPs
arise in all types of scientific com-

This series of drawings shows how a
domain decomposition approach can
be wsed to solve problems that may not
seem suitable for parallel computing.
In this case, the electrical properties
throughout a silicon transistor (1) are
given by the solution of an appropriate
boundary value problem. (2) The origi-
nal domain — the entire transistor —
is broken into pieces, or sub-domains.
(3) The domain decomposition algo-
rithm then generates the solution of
the original problem by executing a
sequence of parallelizable tasks on the
sub-domains.

puting: in weather forecasting, to
help understand the changing
atmosphere; in engineering analysis,
to determine the structural proper-
ties of building components: in the
petroleum industry to predict the
effect of pumping water into an oil
reservoir: in the electronics industry,
to see how a silicon device responds
when voltage is applied.

Most of the existing algorithms for
BVPs have been developed for serial
computers. To effectively utilize
parallel architectures, new algo-
rithms must be designed. This year,
we've been concentrating on develop-
ing such algorithms.

In developing the theory and the
algorithms for parallel computing,
we have taken what is known as the
domain decomposition approach.
With a silicon transistor, for
instance, the entire device is the
domain. We "decompose" the domain
by breaking it into several sub-
domains and design algorithms
which involve the solution of BVPs
on the sub-domains. In doing this
we gain two things: First, each sub-
domain gives rise to an independent
BVP on that sub-domain, which can
then be sent to a separate CPU for
solution; second, each CPU works on
a much smaller BVP, which results in
an even greater reduction in compu-
tational complexity.

But this approach creates a diffi-
culty in that each sub-domain, by
definition, has its own boundary,
much of which is inside the original

domain. Thus, before we can solve
the sub-domain problem, we must
know the solution of the original
problem on the intemaJ sub-domain
boundaries.

If we take the standard approach
to computing these internal boun-
dary values, the problem is so com-
plex and so serial in nature that the
cost of its solution outweighs any
gains from parallelism. So we must
develop a different approach. Instead
of solving the original problem on
the boundary, we solve a related
problem on the boundary. This
related problem has the property
that it is easily and effectively paral-
lelized. Using the related problem, we
compute a sequence of results,
which converge to the solution of the
original problem. This means that
after a few solutions of the related
problem, we essentially arrive at the
solution of the original problem.

Theoretically, this process turns
out to be inherently "parallelizable,"
and we believe that such an
approach will enable us to take
advantage of the vast computational
speeds of future parallel computers.
In actual machines, however, other
factors may be important, such as
how fast the processors can com-
municate with each other, and
whether such communication can
be done in parallel. Thus the full
potential of these algorithms will not
be understood for a few more years
— until they can be tested on actual
parallel computers.
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The Reactor Division operates the High Flux Beam
Reactor, one of the most advanced research reactors
in the world.

64 Reactor Division

Doing the Neutron Dance
Even though it weighs several thousand pounds, it can glide
across the floor on a cushion of air, seemingly as light as a
feather. This engineering marvel is a new polarized beam
neutron spectrometer installed this year at the High Flux
Beam Reactor (HFBR).

The new spectrometer was commissioned in March, after
three years of construction and with $1 million in construc-
tion func.s from the Japanese government. Built under a
formal agreement between the United States and Japan to
cooperate on neutron scattering research in the field of solid
state physics, the machine promises to be the cornerstone of
a long and fruitful program shared by the two countries.

xperiments in solid state
physics are often best
done with neutrons,
which the HFBR pro-
vides. Neutrons have no

electrical charge, so they penetrate
matter easily. Neutron spectrome-
ters, which measure the diffraction
of neutrons from a sample material,
are tools that allow scientists to use
neutrons to mark the positions and
motions of atoms in the sample.

A conventional neutron spec-
trometer has four elements: the
monochromator, the sample, the
anaJyzer and the detector. Each ele-
ment must be positioned relative to
the others and oriented with respect
to the incoming neutron beam from
the reactor. Precision positioning
and the ability to reproduce exact
positions are essential.

The engineering challenge lies in
moving around all four elements,
plus shielding and auxiliary equip-
ment, which weigh a total of several
thousand pounds. The solution we
arrived at was to combine use of air
pads and a Tanzboden.

In German, Tanzboden means
dance floor. The term has been bor-
rowed by physicists in the neutron
scattering field to describe a very flat,
smooth and level floor, usually made
of marble or granite. We did not want
to go the expensive route of marble
or granite, however, so we developed

a new construction technique for an
epoxy floor. The method worked well
on a prototype, and a full-scale epoxy
Tanzboden was installed at the HFBR

To move the spectrometer, a film of
air. thinner than a sheet of paper, is
blown under pressure between the
spectrometer and the Tanzboden.
lifting the spectrometer off the floor.
Then computer-controlled motor
drives precisely position the
machine for the particular experi-
ment at hand.

Out of the many experiments
planned, which all involve studies of
the physical properties of matter,
two long-range programs stand out.
One is a study of the magnetism of
metallic materials, such as iron and
nickel. Recent experiments at the
reactor have shed light on magnetic
properties of such materials at very
high temperatures, and we hope to
extend this work with the new
spectrometer.

The second program involves a
study of time evolution in particular
materials that undergo first order
phase transitions. These transitions
occur very abruptly, and in the
region of the transition, there is a
coexistence of two phases. An exam-
ple is water transforming into ice.
This takes place at 0°C, and there is
a coexistence of water and ice before
the material becomes one phase.

What physicists do to drive a sam-
ple material from one phase to the
other is to suddenly change external
variables such as temperature, pres-
sure or magnetic field. Then by
observing how the material changes
as a function of time, physicists can
learn how the new phase of the
material is formed and verify theo-
retical models.

Experiments of the types men-
tioned above will continue for a
decade under the U.SVJapan co-
operative agreement, which calls for
two Japanese scientists each year to
come to BNL for joint research with
American scientists at the HFBR. We
expect that with such an excellent
tool available to physicists, future
research will be very productive.
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Richard Rothe Jr. makes fine adjust-
ments to the new spectrometer located
at beam port H-4 at the High Mitt
Beam Reactor.



Technical services and research in the areas
of health and safety are handled by the Safety
& Environmental Protection Division.
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The Marshall Islands

Lessons From the Pacific
Just north of the equator and west of the International Date
Line lie the Marshall Islands. Each summer, health physi-
cists from Brookhaven visit this group of small atolls and
islands in the heart of the Pacific Ocean to monitor resi-
dents of several of the isles, who were exposed to radiation
from tests of nuclear devices.

rom 1946 to 1958, the
United States conducted
almost 70 nuclear tests
in the Marshall Islands,
on the coral islands of

Bikini and Enewetak atolls. Inhabi-
tants of both atolls were relocated
prior to testing. In 1954. following
one test at Bikini, a shift in wind
direction sent fallout over two other
inhabited atolls. Contamination
reached very high levels on Rongelap
and. to a lesser extent, on Utirik. The
residents of both atolls were evacu-
ated, returning to Utirik three
months later and to Rongelap in
1957. In the early 1970's, about 100
people returned to Bikini, which still
had low levels of fallout but was con-

sidered acceptable for habitation. In
1980. the former inhabitants of
Enewetak returned to their atoll.

Shortly after the 1954 incident.
Brookhaven was asked to evaluate
the radiation doses and medical
effects on people exposed at Ronge-
lap and Utirik. The radiation safety
program was expanded to include
the residents of Bikini in 1974 and
Enewetak in 1980.

One of the primary goals of the
Brookhaven radiation safety pro-
gram is to provide information for
dose assessments and for validation
of environmental models that predict
future dose. A second important aim
is to determine and document expo-
sure to radiation, as a basis for tak-
ing timely action to reduce unneces-
sary or excessive exposure.

An example of the latter occurred
in 1978, when this program revealed
that the Bikinians had levels of
radioactivity in their bodies that
were higher than those projected by
environmental models. If these peo-
ple remained for several more years,
they would have exceeded the guide-
lines established by our government,
as well as guides set by international
radiation protection groups. To pro-
tect the people fr jm exposure to
radiation at those levels, they were
relocated to Kili island and Majuro
atoll, and Congress took on the
responsibility for the cleanup of
Bikini.

The people of Rongelap a^d Utirik
fall into two distinct groups: a
minority who were on the islands in
1954 and were exposed to fallout at
high radiation levels, and a majority
who were not present in 1954 and
have been exposed only to residual
fallout at a level similar to the level of
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natural radiation exposure in
Denver, Colorado. Even though their
radiation doses have been below the
Federal guidelines since 1957, in
May 1985, the Rongelap people
elected to relocate to another atoll.

Our 1985 trip to the Marshall
Islands was typical of our annual vis-
its. For each affected atoll, we
attempted to see the entire popula-
tion above the age of five. First, we
monitored internal sources of radia-
tion exposure, using whole-body
counters arranged in chair configu-
rations specially designed to reduce
apprehension. The whole-body data
produced a permanent record of the
type and amount of radioactivity in
each person's body. This radioactiv-
ity is derived primarily from their
diets.

To detect radioactive materials not
seen by the whole-body counters,
urine samples were collected for later
processing at Brookhaven. During
some of our previous missions, we
performed external radiation surveys
in the populated areas of the atolls.
Together, the whole-body counting,
the urinary results and the atoll
radiation survey gave a complete pic-
ture of each person's total internal
and external exposure.

At the end of each visit, we gave
each participant the available results
of our studies and reported our find-
ings at village meetings. In general,
internal and external exposures have
been well below guidelines for
acceptable exposure of the general
public in the U.S. Further, the Ronge-
lap and Utirik groups' average expo-
sure has been declining since the
1950's.

Health effects attributable to the
fallout exposure have not been
observed in Marshallese exposed
only to low-level radiation over the
last few decades. Health effects have
been observed, however, in some of
the 253 people who were exposed to
radiation at Rongelap and Utirik in
the 1954 incident. One effect is the
continuing increase in cases of
enlarged thyroids, as well as several
instances of thyroid cancer.

In 1978, we began to investigate
these occurrences, looking into all
aspects of previous thyroid dose
assessments, from the composition
of the fallout to the radioactivity in
urine samples. The thyroid dose
study was finished this year. We
concluded that much higher doses
from short-lived radioiodines were
delivered following the 1954 incident
than had been previously estimated.
This result is now consistent with
the observed excess thyroid disease,
since these radioactive isotopes of
iodine tend to localize in the thyroid.
The types of thyroid disease
observed are treatable and have not
been associated with any mortality.
The overall life span of this group
remains similar to that of unexposed
Marshallese.

Our interpretations of data from
this retrospective study, as well as

The Liktanur sits in. the harbor at
Rongelap atoll The ship, which is
named after a Marshall Islands god-
dess, is outfitted with traveling labora-
tories and whole-body counters/or
carrying out Brookhaven's radiation
safety program. Alongside the Liktar.ur
are small boats for transporting resi-
dents to and from the ship. Lining the
beach in thejoreground are outrigger
canoesjorfishing.

our field visits, will undoubtedly
guide the future treatment of the
exposed groups, but they also have
ramifications beyond the Marshall
Islands. Relationships we have estab-
lished, such as the one between thy-
roid health effects and radiation
exposure, provide unique scientific
information, from which we may be
able to learn more about other kinds
of exposure to radioactive materials.



The Instrumentation Divisions research and
development in such fields as optics means better
serviceJor BNL's experimental community.
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Optimizing Optics
Particle physics, accelerator physics, materials science, biol-
ogy and chemistry are just some of the principal research
areas at Brookhaven. But in order for many scientists
involved in these fields to do their experiments, another kind
of research is required — research in the field of optics.

n a general sense, optics
refers to the science of
light and to any activi-
ties involved with the
generation and trans-

mission of light and its interaction
with matter. Optics is one area of
vigorous activity in the Instrumenta-
tion Division. As experts in various
facets of optics, we support Brook-
haven experiments and participate
in the development of new
technologies.

Most of our experimental work
involves solving problems associated
with special mirrors used at the
National Synchrotron Light Source

(NSLS). which reflect x-rays and
ultraviolet light off a coating an the
front surface and direct the photon
beam to the experiment at the end of
the beam line. These research mir-
rors are made of special materials,
such as silicon carbide or electroless
nickel, and are coated with a very
thin layer of a heavy metal, such as
platinum or gold. They are precisely
machined and polished to exotic
shapes, such as toroids or parabo-
loids, with extremely smooth sur-
faces — so smooth that we can han-
dle them only in clean areas while
wearing masks, gloves, white coats
and hairnets. A mirror used at the

beginning of a beam line may need
to be water cooled to protect i t from
distortion by heat. All this makes
these mirrors very expensive — from
$10,000 to $20,000 each.

For such an investment, a
researcher naturally wants the finest
possible mirror. And that's where the
Instrumentation Division comes in.
We consult with researchers to
define their needs, write specifica-
tions for manufacturers, do accep-
tance testing to assure quality, apply
special coatings to mirrors, install
them in beam lines and monitor
them while in use.

One device we use to measure a
mirror's various qualities is called a
surface profilometer. This instru-
ment is designed primarily for
measuring the roughness of smooth

Using the scanning electron micro-
scope, Triveni Srinivasan-Rao and
John Warren inspect the preliminary
g\ uting structure/or one of the particle
acceleration schemes under develop-
ment at Brookhaven.



69

surfaces, but during 1985, we devel-
oped a technique that also allows the
profilometer to evaluate a mirror's
figure as well as its finish, which is
very difficult to do by other methods.
By measuring the profile along about
one millimeter of the surface, we can
now estimate mirror curvatures up
to a 100-meter radius. This is equi-
valent to estimating the radius of the
dome of Brookhaven's High Flux
Beam Reactor (HFBR) by looking at
just such a small area.

During 1985, we also completed
the design and construction of a
machine for applying special coat-
ings to mirrors used at the NSLS and
the HFBR. Traditionally, we have
used two techniques in our coating
laboratory: thermal evaporation,
which involves boiling off metals in a
vacuum: and sputtering, which relies
on the attraction between positively
charged gaseous atoms and nega-
tively charged substrates. Using the
sputtering principle, our new device

can coat mirrors up to four inches
high and 25 inches long, as they run
along a track in a vacuum chamber.
Perhaps 1,000 layers of two alternat-
ing materials might be applied in
this way.

Our expertise in optics has also
put us in the forefront of developing
the technology for novel schemes of
particle acceleration that are being
studied and developed at Brook-
haven, in collaboration with a
number of other groups and
institutions.

One of these schemes would accel-
erate charged particles using the
intense electromagnetic field pro-
duced by a laser beam. In this con-
cept, a carbon dioxide laser beam of
very short pulse duration is focused
tightly on a grating structure con-
sisting of an array of several thou-
sand tiny "pillboxes," each with a
two-micron diameter and a five-
micron center-to-center spacing. The
grating structure aligns the Ip'cr

Peering into the new coating chamber
are Robert DiNardo (right) and Peter
Takacs, who holds a piece of[float-
glass substrate to be mounted on the
movable track that traverses the
chamber. As the mirror moves through
the chamber, it will be coated with
hundreds of very thin layers of
tungsten and carbon, so it can be used
as a mirror in the x-ray ring of the
National Synchrotron Light Source.

beam's electric field vector in the
direction of the particle beam axis.
The interaction of charged particles
with the high intensity electromag-
netic field accelerates the particles to
energies near the speed of light.

In addition to developing two laser
designs that could be used in this
accelerator concept, we are working
on the grating structures. As in inte-
grated circuit fabrication, this
involves using electron beam litho-
graphy to "draw" the pattern on a
chrome mask, transferring the pat-
tern to a silicon wafer, and etching
the wafer to form the actual grating.
The grating must be etched very pre-
cisely and be able to withstand
repeated high intensity laser pulses.
Optics again enters the picture as we
use scanning electron microscopy to
examine the structures for accuracy
and, after exposure to the laser, for
degradation.

Another scheme, in which a linear
accelerator is powered by switched
electrical pulses, relies on a photo-
cathode, which, under exposure to
light, emits electrons. The photo-
cathode, kept at high voltage (about
40 kilovolts) near a grounded con-
ductor, is exposed to a short pulse of
ultraviolet laser light. The electrical
pulse thus generated is used to
accelerate particle bunches at about
one billion electron volts per meter.
The behavior of photocathodes will
be studied in the first phase of this
work. As an alternative, the use of
optically controlled solid state
switches will aJso be examined. This
requires an understanding of the
relatively new field of opto-electronic
switching phenomena in the pico-
second range.



Thejollowing information includes personnel
statistics and highlights from certain areas
of the Laboratory's administrative activities.
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General and Administrative
Personnel

Once again, employment held
steady at the Laboratory (see chart).

In 1985, unsalaried guests and col-
laborators totaled 1,637. They
represented 342 institutions, includ-
ing 112 outside the United States.
The summer program alone drew
132 visiting scientists and 142 stu-
dents, from 128 different
institutions.

Publications
Nineteen hundred technical scien-

tific publications were processed by
the Technical Information Division,
an increase of 250 over the previous
fiscal year. These include abstracts,
conference papers, journal articles,
contributions to books, informal and
formal reports.

Infrastructure
Strengthened

The Laboratory has received fund-
ing of over $50 million for improving
its physical plant, and work pro-
ceeded on several fronts during
1985.

$20 million has been allocated for
a cogeneration facility at the boiler
plant, to generate electricity and use
waste heat to generate steam. Preli-
minary studies are complete, and the
design is taking shape.

$15 million is set aside for a cen-
tral chilled water plant that would

bring six major buildings into one
system and eliminate individual
building refrigeration and com-
pressed air units. The design is on
the drawing board.

$12 million is being spent to
upgrade utilities, including provi-
sion for a new boiler and new steam
lines. Work is well in progress. Also,
as part of this utility package, a new
water tower has been erected, new
water lines have been installed, and
major instrument and equipment
changes at the water treatment plant
are in progress.

$2.7 million will provide addi-
tional fuel storage tanks and fuel
handling equipment associated with
ALF (alternate liquid fuel). Construc-
tion is under way.

$1.8 million has gone toward the
construction of a new firehouse,
which is now essentially complete.

The first three items in the list,
along with our successful renegotia-
tion with the New York Power
Authority to obtain low-cost electri-
cal power for most of our needs, will
save over $12 million per year.

Affirmative Action
Brookhaven continued to increase

the use of minority firms doing bus-
iness at the Laboratory, both in the
number of companies participating
and in dollars.

In 1985, for the first time, stu-
dents in the Minority High School

Employment Statistics 1985 . 1984 1983

Scientific Staff * 738 709 752
Scientific Professional Staff 481 475 472
Nonscinntific Staff 2029 2064 2138

Total 324B 3248 3362
Percent of total employees

Minorities 15.5 14.8 14.9
Females 22.4 22.5 22.5

VWso.includes management, research associates and, visiting staff.;'



Summer Apprenticeship Program
used computers as an aid in their
study of the sciences. The program,
now in its fifth year, involves 9th and
10th graders from Suffolk County
high schools, 15 of whom are
selected to come to Brookhaven at
each of two four-week sessions.

A limited number of adults are
now able to participate in the com-
munity outreach program at a
church in Riverhead, New York. Pre-
viously, these computer classes,
taught by volunteers from the Lab,
were directed at school-age young-
sters, but the classes have proved so
popular that they were expanded.

Security Upgraded
In response to increased national

concern about the security of
government property and especially
of our unique research facilities, the
Laboratory this year upgraded its
security procedures. The size of the
police force was increased, its train-
ing intensified and new alarm sys-
tems were installed. Most obvious to
everyone was the new policy of care-
fully checking all cars entering the
Laboratory. The Laboratory is
attempting to fulfill its obligations as
caretaker of U.S.-owned property and
facilities of enormous value and, at
the same time, preserve the open,
campus-like atmosphere that has
been our hallmark over the years.

Medical Plan Changes
To help contain the increasing

cost of medical insurance and to
provide employees and their depend-
ents with new medical treatment
options, the Laboratory initiated
several changes in the AUI Group
Medical Plan. These changes include
second opinions for 13 elective sur-
gical procedures, fully paid facility
charges for surgery performed at
approved ambulatory surgical cen-
ters, and fully paid home and hos-
pice care costs up to $10,000 for
terminally ill patients.

Saturday Students
For the second year in a row. 30

high school seniors from Suffolk
County came to the Laboratory every
Saturday morning for 13 weeks to
study physics. The classes were
taught by over 30 BNL physicists
who each volunteered a Saturday
morning to teach an advanced
course in modern physics. They were
joined by two teachers from local
high schools.

The course was developed to
inform gifted students about mod-
ern physics and facilities and to
encourage them to seek careers in
physics. The students attended lec-
tures and also carried out conceptu-
ally simple experiments on Lab
machines.

Performance Appraisal
For the first time, a Laboratory-

wide, formal performance appraisal
program went into effect at BNL.
Developed to provide better year-
round communication between
employees and supervisors, the pro-
gram establishes a format for dis-
cussion of job expectations, perfor-
mance and future goals. It provides
an opportunity to recognize superior
performance and identify areas that
require improvement.
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Administrative Actions
Seymour Baron, Senior Corpo-
rate Vice President of Burns and
Roe, Inc.. was named Associate
Director for Applied Programs.

M. Sue Davis, deputy head of
Waste Management Division,
DNE, received a two-year leave to
be Special Assistant to the Asso-
ciate Director for Applied
Programs.

Eric Forsyth was appointed head
of the new Technical Projects
Branch of High Energy Facilities,
while retaining current respon-
sibilities for the Division of
Advanced Technology
Applications.

Joseph Haeg was named Man-
ager of the Division of Contracts
and Procurement.
Jerome Hudis was reappointed
Assistant r>irPCtor for Planning
and Personnel.
Michael Knotek, Sandia National
Laboratories, was appointed
Chairman of the National Syn-
chrotron Light Source.

Robert Louttit was appointed to
head the Accelerator
Development Branch of High
Energy Facilities.
Derek Lowenstein was named
Chairman of the newly formed
Alternating Gradient
Synchrotron Department. The
Accelerator Department, as such,
was dissolved.

Ronald Peierls was reappointed
Chairman of the Applied
Mathematics Department.
Richard Setlow was reappointed
Chairman of the Biology
Department.

Claire SheUabarger was named
acting Chairman of the Medical
Department.



As a national resource, BNL receives nearly all its
funding from various Federal agencies, primarily
from the U.S. Department of Energy.
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Heating Fuel
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BNL Cost Elements

Financial Report
he U.S. Department of
Energy (DOE) is the
Lab's principal source of
income and accounted
for 79 percent of the fis-

cal year 1985 total of $193.1 million
in operating funds. Other Federal
agencies, including the Department
of Health and Human Services, the
Department of Defense, the Depart-
ment of State, the Nuclear Regula-
tory Commission, the Environmental
Protection Agency and the National
Science Foundation, contributed 19
percent of BNL's operating funds.
Non-Federal agencies supplied the
remaining two percent.

Capital equipment budgets are
funded by the DOE and, in fiscal year
1985, totaled $16.2 million. This
money is used to buy instrumenta-
tion, scientific apparatus, computers
and office equipment.

Construction funds amounted to
$32.8 million in FY 1985. Among the
items included for initiation were a
cogeneration facility, a central
chilled water plant and fuel storage
equipment. Also included were funds
to upgrade the Laboratory's water
treatment and steam distribution
systems; to continue Phase II con-
struction at the National Synchro-
tron Light Source: and to complete
the heavy ion transfer line between
the Alternating Gradient Synchro-
tron and the Tandem Van de Graaff
accelerator.



:73

BNL Operating Funds (in Millions of Dollars)

FY 1983
Total 175.2

FY 1984
Total 188.8

FY 1985
Total 193.1

High Energy & Nuclear Physics
Basic Energy Sciences
Environmental R&D

Other DOE Programs
Other Programs



The Laboratory continued to host coriferences
and symposia, which appealed to a wide variety
of scientific interests.

74: Meetings

Meetings
symposium on polymer
research at synchrotron
radiation sources was
held at Brookhaven in
October 1984, under the

joint sponsorship of the Division of
Materials Sciences of the U.S.
Department of Energy (DOE) and the
International Business Machines
Corporation. The symposium illus-
trated how the advent of intense
sources of synchrotron radiation has
afforded the polymer research com-
munity an unprecedented opportun-
ity for fundamental and applied
research. About 70 researchers par-
ticipated in the meeting, which
served as a catalyst for stimulating
new ideas and research in polymer
science.

In November 1984, a Scanning
Transmission Electron Microscope
(STEM) users1 meeting was very well
received. During the two-day work-
shop, the 50 participants discussed
mass analysis of single molecules
and labeling with clusters of heavy
atoms.

Also in November, radiological
health personnel from 11 northeast-
ern states, together with representa-

tives of the Federal Emergency Man-
agement Agency, the Nuclear
Regulatory Commission, the Envir-
onmental Protection Agency and the
DOE. met for two days at a Radio-
logical Assistance Program Work-
shop. The workshop included dis-
cussions of response procedures to
radiological accidents, and it was fol-
lowed by a drill simulating a trans-
portation accident involving radioac-
tive materials.

At the National Synchrotron Light
Source (NSLS). the first workshop
dedicated to computer controls of
accelerators was held in January
1985. The four-day meeting was
attended by 35 representatives of
accelerator labs, who came to provide
assistance to the NSLS in the
upgrading of its control system. A
second workshop in May was
devoted to investigating methods of
improving the radio frequency sys-
tem in the x-ray ring, with the ulti-
mate goal of reaching 3-billion-
electron-volt operation. And, later
that same month, over 300 labora-
tory, university and industrial per-
sonnel heard presentations on
results of experiments and future
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goals at the fourth annual NSLS
General Users' Meeting.

A Workshop on Experiments for
RHIC (BNLS proposed Relativistic
Heavy Ion Collider) brought together
nearly 100 nuclear and particle
physicists from around the world,
from April 15-19. Their efforts pro-
duced a set of experiments using
four different measurement tech-
niques. As a result, physicists can
now discuss the physics involved in
more concrete terms.

Also in April, from the 16th to the
19th, radiobiologists and radiother-
apists gathered to explore the possi-
bility of High Linear Energy Transfer
Radiation for Non-Conventional
Radiotherapy in Cancer. The meet-
ing was sponsored by the Interna-
tional Atomic Energy Agency and
was held to e\ aluate new modes of
radiation therapy, mainly for less
developed countries

Seismic and Dynamic Fragility of
Nuclear Power Plant Components
was the topic of a workshop at BNL
in June. Participants included
members of the Nuclear Regulatory
Commission staff, representatives of
other laboratories, and industry,
including reactor vendors.

In August, at the Second Annual
DO Collaboration Workshop. 100 col-
laborators met at BNL to agree on
construction details regarding the
DO detector planned for Fermilab's
Tevatron collider. BNL physicists are
working on a uranium liquid argon
calorimeter and computer software
for DO.

And in September of 1985, about
100 physicists who work primarily
in intermediate energy physics came
to an Internationa] Symposium on
Hypernuclear and Kaon Physics. The
symposium had three main objec-
tives: to report on recent results
using reactions to produce nuclei
containing "strangeness"; to survey
proposed facilities for intermediate
energy physics, i.e., "kaon factories":
and to explore possible lines of
research using "strange" particles.

At the Symposium on Hypernuclear
and Kaon Physics, 42 speakers
addressed thejive-day meeting. One of
the speakers was Joseph Speth
(above). Institute for Nuclear Physics,
Julich, West Germany.



In the past year, the BNL staff has garnered
numerous honors. We list here the highlights
of this period.

76 Honors

At a White House ceremony, President
Ronald Reagan presents Maurice
Goldhaber with the National Medal of
Science.

Honors
Dimitrios Cokinos, Partha Neogy
and John Carew (Nuclear Energy) —
Best Paper award, for "Comparison
of a Center and Off-Center BWR Con-
trol Rod Drop Accident," from Reac-
tor Physics Division, American
Nuclear Society.
Ernest Courant (High Energy Facili-
ties) — was honored by the u. S.
Summer School on High Energy Par-
ticle Accelerators, for co-discovery of
the alternating gradient focusing
principle. Awarded piece of sculpture
and scroll signed by directors of cur-
rent high energy labs in the Western
world.
Eric Forsyth (High Energy Facilities)
— a Special Recognition Award from
the Long Island Metropolitan Area's
Engineering Societies, for the devel-
opment of the superconducting
power transmission system.

Maurice Goldhaber, (AUI Distin-
guished Scientist Emeritus) — the
National Medal of Science, for his
many contributions to physics, the
scientific community, scientific
thought, scientific administration,
and "as a prolific source of stimulat-
ing ideas." Later in the year, he also
received a Golden Plate Award for
excellence in his field from the Amer-
ican Academy of Achievement.

Louis Harson (Plant Engineering) —
Cited by a number of veterans'
organizations for his work in pre-
serving the history of the Lab site,
notably as Camp Upton in World
Wars 1 and II.
Richard Lambrecht (Chemistry) —
I-R 100 Award for the development of
an ocular radioactivity monitor.
Donald Metz (Applied Science) — an
honorary Doctor of Science degree
from St. Francis College, Brooklyn.
He was cited for his lifelong dedica-
tion to science and science
education.
Richard Setlow (Biology) — honor-
ary Doctor of Science degree from
York University, Toronto. Cited for
experiments he and his co-workers
carried out, which established the
biochemical reality of DNA repair.
Gen Shirane (Physics) — Senior U. S.
Scientist Award from Alexander von
Humboldt Foundation. West Ger-
many, to pursue research in Berlin
on neutron scattering.
Dmitri Stephani (Instrumentation)
— I-R 100 Award for the develop-
ment of hybrid preamplifiers (Models
RL-721, RL-722 and RL-723).
Meyer Steinberg (Applied Science)
— Special Recognition Award from
Long Island Metropolitan Area's
Engineering Societies fch the devel-
opment of polymer concrete.
Richard Watson (Physics) — 1985
William Hume-Rothery Award from
the Metallurgical Society of the
American Institute of Mining, Metal-
lurgical and Petroleum Engineers for
outstanding contributions to the
science of alloys.



The Laboratory is organized into three areas:
scientific research, support activities
and administration.
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