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A Word About BNL

. A quick pass over Brookhaven
National Laboratory would be
enough to show thai this is no ordi-
nary Long Island community. Even
from the air, the huge elipse ready
to house the proposed Relativistic
Heavy Ion Collider, the smaller cir-
cle harboring the Alternating Gra-
dient Synchrotron, the rounded
angles of the National Synchrotron
Light Source and the gleaming dome
of the High Flux Beam Reactor
mark Brookhaven as a special place.

But it is not the buildings that
make Brookhaven special. Rather, it
is the spectacular science that is
done inside these buildings. From its
"big machines" to its myriad
research laboratories, BNL brings
the resources ofacademia and the
federal government together, to
cany out research endeavors not
normally within the capability of a
single university.

Brookhaven is a multidisciplinary
laboratory that carries out basic
and applied research in the physi-
cal, biomedieal and environmental
sciences and in selected energy
technologies. All this is done under

(he management of Associated Itii-
versities, Inc. (All), which was
formed in 194(> by a group of nine
universities, for the purpose of
establishing and operating a major
scientific laboratory in the North-
east. In .January 1947, BNL was a
fact.

Today, All continues to manage
BNL under a contract with the r.s.
Department of Energy. The nine
sponsoring universities are Colum-
bia University, Cornell University,
Harvard University, The Johns Hop-
kins University, Massachusetts Insti-
tute of Technology, University of
Pennsylvania, Princeton University,
University of Rochester and Yale
University.

Brookhaven is located on Long
Island, at Upton, New York, the site
of a former Army camp where
American soldiers trained during
World Wars I and II. Now, some
3,200 civilian employees help the
science go forward at a site that
resembles a sprawling university
campus, containing about 300 build-
ings and other structures on 5,265
acres of wooded property.
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Brookhaven Today

W h e n I look back on 1988, I recog-
nize it as one of those years of
steady progress. The year was
studded with a constant stream of
milestones marking Brookhaven's
involvement in a great variety of
exciting and expanding scientific
activities. We were able to achieve
such diversity of accomplishment at
our multidisciplinary laboratory
thanks to our most important asset
— our people.

You will see our people through-
out this issue of Brookhaven High-
lights. When you read about the
work done over this past year, you'll
realize just what a multitalented
staff Brookhaven truly has — proud
of our achievements and looking
forward to doing even better. And
we're involved.

With sound plans for the future,
we at Brookhaven are all involved at
the cutting edge of basic science and
technology. In 1988, this ranged
from experiments at the Alternating
Gradient Synchrotron (AGS) looking
at the rare decays of particles called
kaons, to studies investigating the
whys of high temperature super-
conductivity, at the High Flux Beam
Reactor (HFBR) and the National
Synchrotron Light Source (NSLS).

To make possible such forefront
research, we're involved with
providing our user community with
the best facilities for the job. In
1988, we devoted considerable
energy to making our already widely
respected facilities even better.

Though the extensive upgrade of
the NSLS x-ray ring continues, by
the end of the year, light had
returned to the ring and the new
insertion devices were nearing com-
pletion. Likewise, improvements to
the AGS included the July disman-
tling of the Cockcroft-Walton that
had so faithfully preaccelerated
protons for 28 years, to make room
for a state-of-the-art radiofrequency

quadrupole (HFQ) injector that
promises many more years ol fruit-
ful research at the AGS. Of course,
construction continued on the
Accumulator-Booster, which will
greatly enhance the AG.S program.

The Booster also will make it pos-
sible for the AGS to serve as an
injector for the Relativist if Heavy
Ion Collider (RHIC) that we have
proposed to serve a combined
community of high energy and
nuclear physicists. Other good news
for RHIC came in February, when
the Tandem Van de Graaff, which
injects heavy ions into the AGS, pro-
duced a gold beam even more
intense than that needed to meet
RHIC's specifications, and in May,
when the first superconducting
quadrupole magnet passed its tests
with flying colors.

The future of the user program at
the HFBR looked even brighter when,
in June, the U.S. Department of
Energy (DOE) recommended that
needed improvements to the reac-
tor's instruments be implemented.
Work began this year on an Acceler-
ator Test Facility to validate
advanced concepts for accelerators,
and users of BNL's Positron Emis-
sion Tomography (PET) facility wel-
comed a new whole-body PET
machine in June.

We're also involved in responding
to national needs. In 1988, we
received initial funding from a five-
year, $21-million contract with the
federal government to develop a
superconducting x-ray lithography
source for making computer chips.
Ultimately, the final technology will
be transferred to industry. Thus, we
will fulfill the fundamental goal of
our technology transfer efforts - to
get the products of our research out
into the private sector — while help-
ing to assure that the l'.s. will main-
tain its technological competitive-
ness in the international market.
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Other Brookhaven projects also
have national scope. We are a prime
contributor to plans for the pro-
posed Superconducting Super Col-
lider, including construction of the
superconducting magnets. Our
researchers went to Illinois in July
to participate in the precedent -
setting field experiment to study the
phenomenon of acid rain through
the chemistry and physics of thun-
derstorms in a polluted environ-
ment. And in May, we celebrated the
dedication of the Laboratory's Neu-
tral Beam Test Facility, which, along
with our Radiation Effects Facility,
is Brookhaven's contribution to the
federal government's Strategic-
Defense Initiative.

At the international level, over
twenty years ago, Brookhaven saw
the necessity for safeguards in
atomic energy. The result was BNL's
Technical Service Organization,
which celebrated its 20th anniver-
sary in September and looks for-
ward to many more years of
helping to assure the planet's
nuclear safety.

We're also involved with the local
community. For example, through
an agreement with Suffolk County,
we have opened the Laboratory to
the county, so they can participate
in the environmental monitoring of
our research activities.

Our main business, however, is
science, so that's what most of our
community contacts are geared to.
Through site tours and our continu-
ally growing educational programs,
students from elementary school
through graduate school, senior citi-
zens, industrial groups and others
all have an opportunity to learn
about the world of science.

We're involved with Associated
Universities, Inc. The partnership
that began when All formed
Brookhaven has continued uninter-
rupted since 1947. And its further
continuance was assured in
December, when DOE renewed its
contract with All to manage the
Laboratory through 1992.

Yes, we're involved with every-
thing — especially the future. And
with our world-class facilities — and
especially our people — I know we
will meet all the scientific challenges
that lie ahead.

Nicholas P
Director

Sarnios
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Looking Forward

The quest for knowledge never ends. In 1987, Brook-
haven celebrated its 40th anniversary, an occasion to
reflect on the landmark discoveries made over the
past forty years. The year 1988 marked the beginning
of the next forty years, with the Laboratory looking
forward to continuing achievement in many different
areas.

Relativistic Heavy Ion Collider
(RHIC) — "Brookhaven has long
been distinguished by its innovative
and precedent-setting ideas on new
types of particle accelerators. Con-
tinuing in this tradition, RHIC, the
Relativistic Heavy Ion Collider pro-
posed by the Laboratory, will reach
far beyond the energies achieved by
any existing nuclear physics facility.
By creating conditions which have
probably not existed in the universe
since the Big Bang, we will be able to
study the fundamental properties of
matter in a state in which the pri-
mordial quarks and gluons are no
longer confined as constituents of
ordinary particles. Once achieved,
this so-called quark matter offers a
whole new area of scientific study
for nuclear physics as well as ele-
mentary particle physics, and it will
also give essential new information regarding the early stages and subse-
quent evolution of our universe.

"RHIC will stand as yet another scientific achievement made possible by
the AGS, the Alternating Gradient Synchrotron, which will serve as the
injector for RHIC. Already, with the acceleration of heavy ion beams from
the Tandem, the AGS has opened up a heretofore unexplored field of
research whose potential for new discoveries has made it a central part of
the U.S. nuclear physics program. As one of the world's premier high energy
proton accelerators, the AGS has had an extraordinarily long and fruitful
history of scientific discovery. With completion of the Booster and future
improvements such as the addition of a stretcher ring, the AGS will con-
tinue to be one of this country's foremost high energy physics facilities for
some time to come."

Thomas Ludlam, Head of the RHIC Task Force



I. o o k i n g V o r w a r d 7

Magnetically Levitated Trains —
"In 19()(). Gordon Dauby and I pub-
lished the first paper on the use of
superconducting magnets to levitate
high-speed trains, and in 19(iS, we
were granted the original patent on
superconducting magnetically levi-
tated trains. Today, the Japanese
have demonstrated the feasibility of
•'WO-mile-per-hour levitated trains.
This technology could revolutionize
the transportation system in the
I'nited States, which is already
heavih stressed and getting worse."

.James Powell, Nuclear Engineer

\ \ \

"We think that a mag-lev system can
actually be implemented within five
years. The challenge is to develop
designs that use low-cost, mass-
produced track sections that can be
installed along existing rights of way
with minimum field construction.
We believe that I'.S. industry can
meet the challenge, given adequate
resources and encouragement."

Gordon Danby, Physicist

Funding From Non-DOE Sources — "In view of the change in administra-
tions, budgetary constraints and greater concern for protecting and clean-
ing up the environment, I envision a resurgent interest in nuclear power in
the next few years. There will be even more emphasis on safety, both in
plant design and operation. Therefore, I anticipate continued strong
nuclear safety programs at Brookhaven in the area of safety research and
technical support for the r.S. Nuclear Regulatory Commission. In addition,
with the improvement of relations between the Soviet I'nion and the r.S.,
there will he increased emphasis on arms reductions, coupled with a
greater need for sophisticated verification techniques and methodology. In
light of these international developments, I expect the Laboratory Will see
increasing support from various agencies for studies on arms control."

Walter Kato, Chairman, Department of Nuclear Energy
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Training and Development — For Brookhaven and other K&D organiza-
tions, training is becoming essential to maintaining a highly skilled work
force. With changing demographics, we expect that competition for techni-
cally skilled and scientific employees will increase dramatically. We will be
taking an increasingly active role in developing the expertise that is essen-
tial to our mission. At the same time, we will likely be encouraging
employees to diversify and extend their careers, as the number of techni-
cally trained men and women graduating from colleges and universities
declines. Ret2-aining will also be required to overcome skill obsolescence
that would otherwise result from rapidly changing technology and an aging
population. Just as important will be the development of our managers,
whose leadership will enable the Laboratory and its employees to meet the
challenges of the future."

Mary White, Training and Development Administrator
Personnel Division

Radiation Therapy — "Plans are
under way for a joint BNL Sl'NY
Stony Brook radiation therapy facil-
ity, which is expected to be opera-
tional by fiscal year 1991. This facil-
ity will provide state-of-the-art
radiation therapy services to Stony
Brook University Hospital patients
who come from eastern Suffolk
County. In addition, the facility will
be the focal point for clinical appli-
cations of the promising radiation
therapies currently under investiga-
tion in the Medical Department."

Arjun Chanana, Chairman
Medical Department

Compact Synchrotron for X-Ray Lithography — "Support of the research
and technology goals of U.S. industry is one of the key missions of the
Laboratory today. At the National Synchrotron Light Source, we've just
begun a five-year project to construct the first compact synchrotron for x-
ray lithography in the United States. X-ray lithography is a new technology
that promises to revolutionize the manufacture of computer chips. The
challenge ahead is twofold: to develop the technology and to transfer the
know-how to industry. This project is critical to bolstering the domestic
semiconductor industry and to establishing domestic vendors of compact
synchrotrons dedicated to x-ray lithrography. We're excited about being a
key player in helping to ensure U.S. competitiveness in the world computer
chip market."

Michael Knotek, Chairman
National Synchrotron Light Source
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Industrial Safety and Health —
"Health and safety regulations in the
future will be driven more by public
perception of risk than by scientifi-
cally defined risk assessments. New
safety standards will also require
more documentation and quality
assurance to prove compliance.
What does this mean for the scien-
tific community0 In effect, we will be
challenged to interpret our highly
technical observations in lay terms
and to be more sensitive in our
responsibility to inform the public."

Otto White Jr.
Associate Division Head

Safety and Environmental
Protection Division

Users — "Users have always been important to the function of many
research efforts at BNL, and as such are given strong Lab support. On many
AGS experiments, for example, the majority of participants are from out-
side institutions. Strong financial and technical backing provided by BNL
has made these experiments some of the most successful in their fields, and
with a solid Lab commitment to upgrade and improve existing AGS facili-
ties, the accelerator will continue to produce world-class physics. And
speaking from personal experience, the Lab's assistance to outside users
and their families in terms of general 'quality of living' is very good, ranging
from an on-site apartment community complete with nursery school, to
BXL-sponsored activities for families living at the Lab."

Mats Selen, Physicist, Princeton University

Biotechnology — "Biotechnology at BNL Is an interdepartmental interdis-
ciplinary effort. A major thrust is to elucidate the relations among the
structures and functions of macromolecules, not only to understand how
cells and organisms work, but also to engineer useful organisms and make
better-working molecules to improve human health and well-being. Also of
interest is the identification and design of microorganisms that will be use-
ful in environmental purification and cleanup of toxic metals and organic
contaminants from wastes. We project strong growth in biotechnology pro-
grams at Brookhaven, particularly because of our unique facilities foi-
st ructural and cellular biology, including the High Flux Beam Reactor, the
National Synchrotron Light Source, which also has an x-ray microprobe,
and the Scanning Transmission Electron Microscope."

Richard Set low. Associate Director for Life Sciences
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PET (Positron Emission Tomography) — "It is safe to say that basic-
research and the application of high technology has shaped the PET field as
we know it today. PET is now rapidly moving into clinical practice, where it
already provides unique diagnostic information used in the care of patients
with heart disease, cancer and epilepsy. With the current development of
new radiot racers to probe the biochemical abnormalities underlying mental
illness and the basic neuroehemieal changes that occur with substance
abuse, we can anticipate a new generation of more effective, safer drugs
and other treatments of disease and problems of addiction. To effectively
use PET'S unique high-technology resources and trained personnel, regional
centers will be used increasingly to supply short-lived radiot racers to hospi-
tals to complement the stand-alone cyciotron-PET facilities, the number of
which is expected to double in the next five years. These regional centers
will also serve to train scientists required for this new and unique specialty
in the health care system."

Joanna Fowler, Chemist, Cyclotron-PKT Program

BNL Site — "The keystone to general site development in the next decade
is a new Research Support Facility. This will be a multistory building on the
quadrangle between Brookhaven and Cornell Avenues. It will house many
of the Laboratory's administrative
and support functions. When this
building goes up, we expect to be
able to get rid of several of the out-
dated wooden Army buildings. If we
are successful in funding new space
for the Departments of Applied
Science and Nuclear Energy, even
more of these old buildings can be
eliminated. We also look forward to
additional phases to the Central
Chilled Water Facility, so that most
of our major buildings can be air-
conditioned with efficient and relia-
ble distributed cooling water."

Alfred Mahlmann, Manager
Plant Engineering Division

Materials Sciences — "Research in materials sciences is an important
component of the overall Laboratory effort. The unique facilities of BNL —
the National Synchrotron Light Source, the High Flux Beam Reactor and
the Scanning Transmission Electron Microscope — provide a basis for
major research efforts in materials. Already, the reactor, for example, has
produced seminal discoveries in the mechanisms of the new high tempera-
ture superconductors. In the next decade, BNL researchers as well as our
many outside users will make important advances in understanding the
mechanisms and phenomena of materials properties. These efforts will be
at the forefront of basic science as well as in the vanguard of practical
application."

Martin Blume, Deputy Director
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Technology Transfer — "111 he I .S. is to improve its industrial strength and
its international competitiveness, it is important that Brookhaven play a
major role in transferring technology developed at taxpayer expense to the
industrial sector. The Laboratory has already made some major strides by
transferring our technology in x-ray lithography to the semiconductor
industiy, our technology in developing cost-effective energy applications to
the electric utility industry, as well as instrumentation and radioactive
materials for the medical and pharmaceutical industry.

"In the next decade, we anticipate our present initiatives will be
expanded in the development of high-temperature superconducting mate-
rials, conducting polymers, catalysts, and in the study of materials such as
biological macromolecules. We expect increased participation by our scien-
tists and engineers with the industrial research community through consul-
tation, collaborative research programs, and in proprietary research. We
must see to it that the valuable resources at Brookhaven are available to
the industrial sector."

Seymour Baron, Associate Director for Applied Programs

Accelerator Test Facility — "The Center for Accelerator Physics was :

created to consider all kinds of far-out accelerator ideas. We are now con-
structing a small linac, known as the Accelerator Test Facility. The plan is
to do many experiments . . . for example, to use a powerful laser to accel-
erate to high energies in quite short distances, and to back-scatter laser
light from the beam to produce a new source of photons. Because such I
ideas will benefit different areas of science, our members come from var-
ious departments such as Instrumentation, Light Source, Physics and '
Accelerator Development. It is only in a multidisciplinary lab like BNL that
this is possible."

Robert Palmer, Joint Director
Center for Accelerator Phvsics

Budget — "Although FY 1988 began without a Congressional appropriation,
we ended the year in a reasonably strong financial position. Looking ahead,
FY 1989 promises to be another good year for the Laboratory as a whole.
For the first time, BNL's budget will exceed $300 million. That reflects a
strong commitment on the part of the Department of Energy to properly
operate our major user facilities and to maintain and improve the Labora-
tory's infrastructure.

"As for the years to come, the future looks promising. Our plans assume
that RHIC will be built and that several other enhancements to our major
user facilities will be initiated. However, we also forecast increased costs of
operating the Laboratory. For example, we are keenly aware of environ-
mental, safety and health issues and have developed a long-range plan that
will allow us to get well and stay well. In order to achieve this, we must
commit considerable funding to these activities."

Donald Kobbins, Budget Officer
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The Big Machines

J\s\ observer's first impression of
Brookhaven's "Big Machines" is usu-
ally related to their overwhelming
size. Later comes a fuller realization
of the many small parts that make
up the huge whole — the hundreds
of different experiments that may
be running inside the* facility — the
hundreds of thousands of compo-
nents of the apparatus — and the
extreme accuracy needed in every
component.

At work on the experiments are
teams of Brookhaven scientists and.
over the course of a year, about
2.800 researchers and students
from many universities, industries
and other laboratories. The
extraordinary range of the studies
performed at these large-scale
research facilities promotes a flow
of ideas and cooperation between
the many users and creates an
environment conducive to exciting
science.

The Office of Research and Tech-
nology Applications can assist
industrial researchers who wish to
use the facilities. Outside users may
retain title to inventions or data
generated during work at Brook-
haven by entering into a proprietary
user's agreement with the
Laboratory.

National Synchrotron Light Source

Perched above the raccuum ultraviolet rhifj at the National Synchrotron Liyht
Source (XSLS) are Charles Xeuls (left) and (hn Sinyh. Here, and at the XSLS
x-ray riny, researchers investiyate condensed matter, surfaces, photochemistry
and photophysics, litho<jraj>hy. crystallography, smallanyle scattering an<t
x-ray microscopy. By the end of I9SS. the outside user community had risen to
about 1,000 scientists from Hi.} institutions, ujifrom about !)<)<) scientists from
125 institutions in /.'AST, all attracted to the trot-Id's hriyhtest source of .r vans
and ultraviolet radiation.
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High Flux Beam Reactor

In l.KSS. the American Xuclear
Society (AXS) designated the High
Flu.r Beam Reactor (IIFHH) a Xuclear
Historic Landmark, as the first reac-
tor designed to nia.cimize neutron
Jhi.r outside the n actor core, so that it
is read Hi/ ar<tilaf>lcfnr e.rperiments.
Tliis desifjn has contributed to the \
HFHU's record of high arailabiliti/ \
and long, useful life. \

Accepting the commemoratire

phujuefroin ASS President (iail de
I'lanque (center) are Hrookhaeen 's
(f'rom left) Seijmour Baron. Michael
Brooks. Dimitrios Cokinos. Herbert
Kaiils, John A.re aud Joseph Hendrie.
(llcndric, Kouts, Jack Chernick. Ken
neth Ifoicnes and Julius Hastings
were ("holders of the patent for
in rent ing the HFliR.)

The steadf/ tlotr of neutrons pro
duced at the IIFlik is used for fuuda

mental research in solid slate and
nuclear physics, structural biology
and chemistry. Two research teams
tcerc among the winners of the 19SS
Department of Fnergu Materials
Sciences Research Competition. An
average of }r> to JO experiments can
run at the reactor at ant/ (jicen time.
This //ear, Brookhaeeti scientists trere
joined bij about J00 other researchers
from all orer the irorld.

Scanning Transmission Electron Microscope
The real size of the molecule of pi/rurate dehi/dro()enase (a multi cnzi/me coin
ph'.r) that appears in this Seauuiiifj Transmission Fleetrou Microsco/ie (S'I'FM)
iinaije is out// -tSO aiifjstroms in di(tmeter — J:~>OJ)l)O ani/stnuns beiuf) about the
width of a siufjle human hair. Tfie bright spots in the imaac are hear// metal
clusters, each with a diameter </)' rouf/hlfj S ani/slroms and each coutaiuiuf) 11
(/old atoms. 'The project researchers. Brookharcn s James Haiujeld and Joseph
Wall, and I'err// Fret) of the I 'uirersitij of Wisconsin, hare attached the clusters
to the <)<> react ire i/roups on the surface of the complex. The e.rtraordiuart/ clur
it ij i if the imaife is due to S'l'FM's erlremel // hif/h resolution of 2S> angstroms.

I n l!)SS. about ~>V) scientists from -1?outside institutions used S'I'FM for
research in imai/iuij biological specimens and tneasuring the masses of pro
teins, nucleic acids and com /ile.res of the tiro. A second STFM. transferred here
In/ The Johns Hopkins I nirersiti/. is being set up to obtain chemical inform a
turn us/ ii() the elect run eiicn/// loss spec'roscopi/ lech u K/IIC. Thus, Brookha rcn is
home to two of the world's ouli/ three high resolution microscopes that can cas
Hi/ iiriaijc single heart) atoms.
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Alternating Gradient Synchrotron

Ttie importance <>f scientific research at the Alternating Gradient Synchrotron
(A(iS) is marked by three Nobel prizes in physics, for the discoveries of the
muon-nentrino, CP violation and the J psi particle, together iritft other major
discoveries such as the Omega-minus particle and the first charmed bar yon.

As the irorld's most versatile accelerator, the AdSprovides the most intense
beams ofkaons available anyivherc, and accelerates protons to SO billion elec-
tron rolls (GeV), polarized protons to 22 GeV and heavy ions up to 14-fi GeV
nucleon. 'Hie polarized protons became available in 19S4 and heavy ions in
WS6 tcith the completion of a beam transfer line bettveen the AUSand the Tan
ilem Van de Graaff accelerator, the source of the heavy ions. In 19HH, about 660
researchers representing 100 institutions performed experiments at the A(!S.



Alternating Gradient
Synchrotron Department
The AGS Department operates the Alternating
Gradient Synchrotron (AGS), the centerpiece of
Brookhaven's high energy and nuclear physics pro-
gram. In recent years, with the completion of a
transfer tunnel between the Tandem Van de Graaff
and the AGS, heavy ions have joined protons and
polarized protons as the particles of choice for
researchers who come from all over the world to do
their experiments at the AGS. The latest project to get
under way is construction of the Accumulator-
Booster, which will greatly enhance both the nuclear
and high energy physics programs at the Laboratory.
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FareweD, Cockcroft-Walton — Hail, New RFQ!

Involved in operating the Cockcroft-Walton preaccelerator were (front group,
from left) Peter Montemurro (hatted), Walter Hensel, Vincent Lo Destro,
Ronald Weider (back), James Alessi, Robert Glasmann, Jack Gandrey, Afiovi
Kponou (back), Werner Tramvi, Charles Meitzler (back), Brian Briscoe.
William Simmons, Walter Shaffer; (backgroup, from left) Ronald Clipimtou
(check shirt), John Brodowski, Vincent Kovarik, Tfiomas Ru.sso, Alfred
Mack; (far back, from left) Daniel McCafferty, Frederick (Jsack and Gilbert
De Gregory.
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1 he King is dead! Long live the
King!"

In history books, when an old
order passes, the air resounds with
the cries of acclaim that welcome
the new regime. In 1988, this sort of
history repeated itself at the Alter-
nating Gradient Synchrotron (ACS),
when the mighty Cockcroft-Walton
preaccelerator ended its time of
service, ceding the path to its
equally powerful successor, the
radio frequency quadrupole linac
(RFQ).

Cockcroft-Walton generators were
first designed in about 1932. At
Brookhaven, our Cockcroft-Walton's
working life started on July 29,
I960, when, at precisely 4:13 p.m.,
the first beam to circle the brand-
new AGS was initiated. The next
day, the New York Herald Tribune
reported on the successful test of
the "World's Most Powerful Atom
Smasher." it described how the
beam began in an electric sparking
chamber where electrons were torn
from hydrogen atoms to make bare
hydrogen nuclei, or protons.

"Quickly the protons rippled into
a futuristic two-story device called a
Cockcroft-Walton generator. There,
the protons' tiny energies were
boosted to 750,000 electron volts,
and the particles sped out into
another device called a linac' or
linear accelerator . .."

The Tribune continued with a
description of how the protons shot
on from the long, straight linac into
the AGS ring. There, guided on their
course by the pull of 240 magnets,
they circled faster and faster, their
speed boosted by radio frequency
cavities.

In less than a full second, the
protons had circled the ring 300,000
times and were traveling at almost
the speed of light, 186,000 miles per
second. They then smashed into a
target, thereby feeding the experi-
mental equipment set up to study
the resulting interactions.

Almost three decades have gone
by since that day in 1960, and a

James Alessi, leader of the KFQ II preaccelerator project, is standing in front of
the newly installed 750-keVKFQ //.

Cockcroft-Walton has boosted pro-
tons on their journey to AGS experi-
ments in the same way ever since.
Powered by 750,000 volts, the pie-
accelerator has been housed in a
three-story-deep pit entirely lined
with aluminum sheets. The pit must
be dust-proof and humidity-
controlled to prevent lightning
flashes from the high voltage.

Because of the Cockcroft-Walton's
very high voltage, special safety
measures and time-consuming
maintenance were needed. These
were the main reasons for its
replacement by the RFQ. The new
preaccelerator is only about 60
inches long by 18 inches in diameter
and operates at normal, low volt-
ages, so it needs no surrounding
extra space. It is also much easier to
maintain.

RFQ technology' was introduced at
the AGS in 1984, when a
Brookhaven-designed RFQ was the
first in the world to accelerate
polarized negative hydrogen ions,
which entered the RFQ at 20 kilo-
volts (keV) and were accelerated to
750 keV before being injected into

transport lines to the linac. This
first RFQ worked perfectly and
proved to be very reliable.

Mostly made of copper-plated
steel, an RFQ is basically a tube that
can accept a high-current, low-
velocity beam. Attached to the
inside of the tube and running its
length are four copper-plated steel
vanes that project radially toward
the center. The tips of the vanes are
machined in a wave-like pattern.
This causes the radio frequency
electric fields in the RFQ to bunch,
focus and accelerate particles to
750 keV at the linac's frequency of
201.25 megahertz.

In its day, the Cockcroft-Walton
preaccelerated the proton beams
that made possible the Nobel Prize-
winning discoveries of the muon-
neutrino, CT violation and the .1 psi
particle, as well as such other nota-
ble findings as the anti-xi-ininus, the
Omega-minus and the charmed
baryon particles. The new RFQ
preaccelerator, the second to be
built at hrookhaven, promises to
carry on this tradition of exciting
physics at the AGS.
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A Search for Eventful Physics

Brookharen '.s Yasuo Miake and Shiye Hayashi,from the University of Tokyo,
readjust wires in the time of-flight trull that they built to enable the velocity of
particles in Experiment 802 to be measured.

W h e n Experiment 802 (E802) at
the Alternating Gradient Synchro-
tron (AGS) is running, countless sig-
nals are pulsing through thousands
of feet of cable to be scanned, sorted
and recorded in a computer. Most of
the data generated form an
expected pattern — but some stand
out. These are the "interesting
events" that call for analysis.

The 60 nuclear physicists at E802
are studying what happens to parti-

cles formed at the extreme densities
created in nuclear collisions. To
create these conditions, they smash
heavy ions of oxygen or silicon into
a fixed target.

A heavy ion is the nucleus of an
atom, stripped of its electrons. Only
since 198b' have heavy ion experi-
ments been possible at Brookhaven's
AGS. In these experiments the
search is on for new states of nu-
clear matter never before observed.

The Brookhaven heavy ion story
started in 1900 when the Tandem
Van de Graaff accelerator facility
was proposed for the study of
nuclear physics. It began operation
in 1970 and quickly became the
world's most powerful heavy ion
facility, used by researchers from
many nations. In 198.J, Brookhaven
physicists first developed a high-
current, pulsed source of negative
ions and showed that pulsed cur-
rent could he accelerated by the
Tandem. Then, the remaining ques-
tion was how to transport the beam
from the Tandem to the AGS.

This was done by modifying both
facilities. Since the beam has to be
injected into the AGS in short, high-
current bursts, each carefully timed,
the control for the Tandem's pulsed
negative ion source was modified to
allow for AGS synchronization.

Then, to connect the Tandem to
the ACiS, a 2,000-foot-long tunnel,
ten feet in diameter, was built. A
computer-controlled beam trans-
port system consisting of over a
hundred magnets was installed to
guide the heavy ion beam on its
journey to the AGS.

At the AGS itself, a new beam
injection system, a new computer
system and an additional radio fre-
quency acceleration cavity were
installed. With these improvements,
the heavy ions coming in from the
Tandem at an energy of 7-8 million
electron volts per nucleon (MeV n)
can first be accelerated in the AGS
to 200 MeV n, where the existing
accelerating system can then speed
them up to 14,000 MeV n.

In 1980, when t he AGS first accel-
erated a beam of oxygen ions to
14,000 MeV n, E802 was ready and
waiting for it — one of the first
major heavy ion experiments to get
under way. When the experiment is
running, the beam smashes into the
target, and particles fly out in all
directions at close to the speed of
light. Kach part of the enormous yet
ultrasensitive experimental appara-
tus either measures global proper-
ties of the interaction, such as the
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Particles are identified by combining
the momentum analysis and the time-
of-flight information. The scatter plot
shows the correlation between time of
flight and the inverse of particle
momentum for silicon-plus-gold colli-
sions. The assigned particle identifi-
cations are indicated on the plot.

energy flow at each angle; or indi-
vidual properties of the emitted
particles, such as their momentum.

One way particles are distin-
guished from each other is by their
mass, which can be obtained by
measuring their velocity and
momentum.

In E802, to get the velocity, a
beam counter records the instant
that a particle strikes the target.
Then, when the particle reaches
what is called the "time of flight

wall," the time is recorded again.
The time taken from the target to
the wall is called the particle's "time
of flight" and is measured to a preci-
sion of one-ten billionth of a second.
The measured time of flight and the
known path length gives the parti-
cle's velocity.

So that their momentum can be
measured, after hitting the target,
and before the time of flight wall,
the particles pass through "Henry
Higgins," a huge magnet that has
played a key role in many important
physics experiments in the past.
Both before and after they pass
through the magnet, their position
is measured to one-hundredth of an
inch in a series of devices called
drift chambers. From the positions
measured in the drift chambers, the
angle through which a particle
bends as it passes through the
magnet can be determined, and, in
turn, this angle determines the par-
ticle's momentum.

Computer-produced graphs can
then be made using each particle's
momentum and velocity together to
show its mass (see figure), and,
thus, it's identity.

The particles pass through other
finely tuned instruments, such as a
lead glass array that detects energy
from neutral meson particles, and a
calorimeter that measures how
many nucleons of the incoming ion
pass right through it without collid-

ing. Then all the data are assembled
by a central computer and studied
at length by the E802 physicists.

Results so far have produced at
least two surprises. One is that the
calorimeters measuring transverse
energy record the same maximum
whether the target is a gold nucleus
or a copper nucleus, which is only
half the size of the gold. This means
that the oxygen nucleus can be
completely stopped in either of
these target nuclei, thus adding to
our present information on nuclear
stopping power and indicating that
regions of high density can be
formed in these collisions.

Also, when silicon nuclei collide
with gold at a certain energy, the
ratio of positive kaons to positive
pions produced in the interaction is
twice as large as that produced
when protons, which are hydrogen
nuclei, collide at the same energy.
This was not predicted by the theo-
retical models of nucleus-on-nucleus
collisions based on data from
proton-on-proton collisions. So far,
this result remains unexplained —
and that makes it all the more
interesting. The outcome may throw
new light on the high-density, high-
temperature environment created
in heavy ion collisions.;

Future Plans
The current AGS heavy ion pro-

gram is expanding, and more
facilities are on the way.

In September 1987, ground was
formally broken for the AGS
Accumulator-Booster. The small,
powerful Booster, projected for
completion in 1991, will pre-
accelerate all species of heavy
ions journeying from the Tandem
to the AGS, as well as increase the
intensity of protons for other AG.S

experiments.
At present, only medium mass

ions, up to sulfur (atomic mass
32), can be accelerated in the
AGS. With the additional energy
from the Booster, however, the
AGS will be able to handle the
whole range of heavy ions, from
carbon (atomic mass 12) all the
way to gold (atomic mass 197).

Brookhaven's future planners
see heavy ions as traveling

beyond the AGS, into the pro-
posed Relativistic Heavy Ion Col-
lider. There, the collision of two
beams of heavy ions, at a com-
bined energy of 2(X) billion elec-
tron volts, would allow physicists
to study matter as it was at the
first millionth of a second of the
"Big Bang" when the universe was
born.
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Forbidden Violations

Pavel Rehak (top) and (from left) James Mills, Howard Gordon and Donald
Lazarus are checking the timing of the strobe of the multiirire proportional
chambers in the Experiment 777apparatus.
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.Nobody has ever observed a \iola-
tion oflepton generation number —
that's the very reason physicists are
looking for one. A likely place to
search for such a violation is in
unusual decays of kaon (K) parti-
cles, which explains the intense
interest in the rare K decay experi-
ments at Brookhaven's Alternating
Gradient Synchrotron (AGS), the
world's most intense source of
kaons.

!f a violation is found, the discov-
ery will create problems for what
has become known to particle phys-
icists as the standard model (the
way matter is believed to be
formed), and a window may open
into entirely new physics.

What, exactly, is "lepton genera-
tion number violation"? To under-
stand the term, one must know
something about the standard
model, which has been enormously
successful in its agreement with
experiments.

The known elementary particles
can be divided into three families:
quarks, leptons and the gauge
bosons through which they interact.
The lepton and quark families are
formed of six indivisible particles
(and their antiparticles), and each
group of six is paired into three
generations of two kinds, or flavors,
of particles (see chart).

The standard model incorporates
lepton generation number conserva-
tion — the numbers assigned to the
leptons of each generation must be
conserved in any allowed process.

For example, a negative muon,
which is in the second generation of
the lepton family, cannot decay
solely into an electron, which is in
the first generation. It can decay
into a muon neutrino (second
generation), an electron and an
electron antineutrino. This is
because the first generation particle
(the electron) and the first genera-
tion antiparticle (the electron anti-
neutrino) cancel each other, leaving
one second generation lepton (the
muon neutrino) to correspond with

the second generation lepton (the
muon) that started the whole pro-
cess. Thus, the lepton family number
does not change in this decay.

Armed with the sophisticated
detector techniques available today,
physicists at the AGS are marshaling
their forces to explore this area in a
new series of kaon decay experi-
ments. Three of the experiments are
searching for K decay modes that
are forbidden due to lepton family
number violation. Also being investi-
gated are some modes that are pre-
dicted to occur although they are
highly suppressed in the standard
model.

Experiment 777 (E777) is one of
those whose object is to spot the
forbidden. This is the longest-
running rare K decay experiment,
having first collected data in Febru-
ary 1985. If the researchers observe
a positively charged kaon decaying
into a positive pion, v , a positive
muon, n\ and a negative electron e",
they will have evidence for lepton
family number violation.

To recognize that the decay
K+—7r+ju+e~ has occurred, the re-
searchers must detect an electron
coursing through their experiment's
apparatus, which is a very sensitive
spectrometer with excellent particle
identification properties. For good
data, the experiment must be able

to differentiate an electron from a
pion with virtually no errors.

To make the apparatus that sen-
sitive, three detectors — two Ceren-
kov counters and a lead scintillator
shower counter — are used in series
to identify the negatively charged
electrons, which are magnetically
deflected to the left side of the
experiment. If all three detectors
recognize a particle as an electron,
then it probably is one — with a
misidentification occuring at most
only once in any ten million events.

Similarly, the Cerenkov and
shower counters on the right side
discriminate against positrons
(antielectrons) and guarantee that
the positively charged particles are
pions and muons, which are distin-
guishable by their range prior to
stopping in a stack of steel plates
interspersed with particle detectors.

By 1987, ten billion positive kaons
had passed through E777. One bil-
lion of the kaons decayed, and not
one showed a violation of lepton
family number. In 1988, after
another ten billion decays, there
was still no sign of the positive pion,
positive muon and negative electron
combination, although the data are
still being analyzed. If no signal is
found, it will be possible to establish
an upper limit on the probability of
positive kaons decaying in this

Generations
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The Unseen Axions
While E777 researchers look at

so many K decays, they are able
to search for other decays. For
example, theoretical physicists
have proposed the existence of a
light, short-lived particle known
as an axion.

Axions are among the leading
candidates to explain the missing
mass of the universe, or what is
known as "dark matter." In 1933,
astronomer Fritz Zwicky analyzed
photographs of the Coma galactic
cluster. Discovering that the gal-
axies were being attracted
together by a gravitational force
much stronger than the mass of
their stars could generate, he
proposed that 90 percent of the
matter in galaxy clusters is
invisible.

Axions have never been
observed. If they can be proved to
exist, they may not only explain
"dark matter," but also, other
parts of the standard model that
are not yet fully understood.

Among the decay modes avail-
able to axions is one that results
in an electron and a positron.

Experiments in collisions of
heavy ions at GSI in Darmstadt.,
West Germany, have shown
correlated electron-positron pairs
that are consistent with the
decay of light neutral particles
that are possibly of axion or
axion variant parentage (see
related story page 30).

Members of E777 searched for
a positive kaon decaying into a
positive pion and another, neu-
tral, weakly interacting light par-
ticle. This particle, whose mass
would be similar to that implied
by the GSI results, would itself
very quickly decay into a positive
electron and a negative electron.

The results, which complement
those of previous searches else-
where, show that finding such a
particle through this K decay is
unlikely — less than 4.5 times in
ten million. And even this small
likelihood depends on the axion's
lifetime being short enough for it
to decay before passing through
the experiment — a single ten-
million-millionth of a second!

mode. In other words, the probabil-
ity of a kaon violating leplon gener-
ation number in this way is likely to
be less than one in ten thousand
million.

For the present, therefore, E777
has not presented a challenge to the
standard model.



Accelerator Development
Department

The Accelerator Development Department (ADD)
plays a key role in designing and building the new
generation of high energy and nuclear particle accel-
erators at the Laboratory. Thus, ADD consolidates
Brookhaven's activities in the construction of the
Accumulator-Booster for the Alternating Gradient
Synchrotron and in the technical development of the
Laboratory's proposed Relativistic Heavy Ion Collider.
The department is also responsible for BNL's contri-
bution to the nationally proposed Superconducting
Super Collider.



24 A v c e I e i" a t o r 1) t> v t> I o p m v \\ l I) c p a v l in v u

High Marks for the Booster

Brookhnven engineers (from left) Philip Stattel, Rtitph Sanders, Michael Gold-
man and Peter Cameron test prototypes of a radi<>frequenvii rarity ttnd po<r<>r
amplifier for the Booster.
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Drookhaven's Accumulator-
Booster Project received high marks
during a review by the U.S. Depart-
ment of Energy (DOE) in mid-1988.

Projected for completion in 1991,
the Booster will be a small accelera-
tor that will give particles an inter-
mediate phase of acceleration
before entering the Alternating
Gradient Synchrotron (AGS). The
Booster will increase the intensity of
protons and polarized protons from
the AGS linac, for high energy phys-
ics experiments, as well as allow the
AGS to accelerate the whole range of
heavy ions generated in the Tandem
Van de Graaff accelerator. This lat-
ter task is an essential step in the
acceleration of heavy ions in RHIC,
the Relativistic Heavy Ion Collider
that Brookhaven has proposed to
build.

The DOE review of the Booster
project covered technical design,
construction, cost, scheduling and
management. Among the technical
achievements cited by DOE was a
prototype half-cell — a complex of
dipole, quadrupole and sextupole
magnets, together with a vacuum
chamber and ion pump, all mounted
on a common base placed in a mock
tunnel. The purpose of building the
half-cell was to test the effect of
space restrictions, alignment of
components, installation of the
beam tube and performance of
vacuum and electrical equipment.

Following the DOE review, notable
progress continued in three major
areas.

Conventional Construction
Even though ceremonial ground-

breaking for the Booster occurred in
September 1987, actual tunnel con-
struction began only in March of
1988. By the end of the fiscal year,
however, most of the tunnel enclo-
sure had been completed and work
begun on concrete structures that
will tie the Booster to existing
facilities.

Viewed from the air, the Booster
looks like a doughnut sitting

Conventional construction for the Booster tunnel began in March of 1988. The
tunnel is made of a corrugated steel pipe, 11 feet in diameter.

between the linac and the AGS. The
tunnel itself is an 11-foot diameter
corrugated steel pipe, buried under
15 feet of earthen shielding.

It was crucial that the penetra-
tions into the existing facilities be
completed during the AGS summer
shutdown, a three-month period, so
as not to interfere with the normal
AGS operating schedule. As soon as
the accelerator was turned off in
early July, bulldozers began to
remove the earthen shield over sec-
tions of the AGS and the linac. The
facilities were penetrated and a
great deal of concrete work was
done before the earthen shield was
put back.

As a result, the Booster project is
on schedule, and in the spring of
1989, the Laboratory expects to be
able to begin installing accelerator
components. AH services to the facil-
ity, including power, lights, air and
water, will be completed by the end
of the summer.

Overseeing the conventional con
struction is the project coordinatior
group within Brookhaven's Plant
Engineering Division.

Shielding Blocks
Also vital to keeping the project

on schedule so as to accommodate
AGS operations was work done by
the AGS experimental areas group,
which regularly works on shielding
for AGS experiments. For the
Booster project, they were asked to
design, fabricate and install shield-
ing between the Booster and the
AGS. Essentially, what was needed
was a radiation barrier so that peo-
ple could safely work in the Booster
area with the AGS running. The time
constraints were the same: all work
had to be completed during the AGS
shutdown.

The job was done with about 7(M)
tons of shielding, which is made up
of a combination of standard con-
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crete block and high density con-
crete block that contains an iron ore
called ilmenite. Most of the AGS
blocks use ilmenite, which has to be
shipped down from Canada. A novel
idea was proposed: Crush old AGS
blocks to recover the ilmenite. The
idea was tried and it worked.
Because the ilmenite is extremely
hard, when the concrete was
crushed, the ilmenite was left
behind. Then it was delivered to a
concrete manufacturer, who simply
added concrete to make new blocks.

RF Systems
In order for the Booster to handle

both high intensity protons and a

wide range of heavy ion species, it
needs a sophisticated acceleration
system. Critical to this system are
ferrite-filled radio frequency (rf)
cavities, which will bunch particles
together and accelerate them to
higher energies.

The AGS Department's Booster rf
group is in charge of designing and
building the rf systems. The Booster
actually requires four rf systems.
Two will be used specifically for
accelerating protons; all four will be
needed to accelerate heavy ions.

The two proton systems will be
the most powerful ever designed at
Brookhaven and, in their frequency
range, will likely be the most power-

ful in the world. The challenge pres-
ented by the proton systems called
for the construction of a prototype,
which was accomplished over the
last half of the year. Next will come
a comprehensive series of tests,
which should verify the design.

An Experiment With a Ring to It

In 1984, a workshop at Brookhaven
drew dozens of physicists from the
United States and Europe to discuss
the feasibility of doing a single
experiment. In the few years that
followed, a formal collaboration was
established, funding obtained and
design work begun on the experi-
mental hardware. Construction is to
begin in the fall of 1989, and the
experiment will get under way at
the Laboratory's Alternating Gra-
dient Synchrotron (AGS) in the early
1990's.

What is this experiment that has
attracted so much interest from the
physics community? It is known as
the muon g-2 experiment, and it
represents a new kind of physics at
the AGS, one that calls for a sub-
stantial investment in the construc-
tion of a giant superconducting
magnet, built with the combined
expertise of the Accelerator Devel-
opment Department (ADD) and the
AGS Department.

The thrust of the experiment is to
make an extremely precise mea-
surement of the muon's size, to see
whether it has structure. Previous
measurements of the magnetic
moment of the muon have served as

important tests of QED (quantum
electrodynamics), the theory of elec-
tricity and magnetism.

The experiment has been done
before at CERN, the European parti-
cle accelerator facility. How will it be
done better at the AGS? Improve-
ments in the intensity of the AGS
beam over the years, plus the
Accumulator-Booster now under
construction, should result in an
increase in intensity by a factor of
100 over the CERN experiment.
That, together with the use of a spe-
cially built superconducting storage
ring, will enable researchers to do
the experiment 20 times more
precisely.

During the past year, effort on
this experiment, which has been
assigned the number 821 at the AGS,
has focused on the design of the
storage ring. Actually one large
superconducting magnet, the ring
will be 14 meters in diameter and
consist of sections of steel, four
superconducting coils, a coil enclo-
sure and lots of superinsulation.

The ring will be built in the same
building that once housed the
Laboratory's 80-inch bubble
chamber, a particle detector that

was decomissioned in 1974. Because
of limited space, a coil winding
machine will be constructed in the
building and the four coils wound
there. Then the coils will be moved
out of the building and the winding
machine disassembled. Finally, the
steel will be installed and the coils
moved back in.

The superconductor is made of
niobium-titanium, which is formed
in a matrix with copper and the
entire package thermally stabilized
in a high-purity aluminum jacket.
The aluminum reduces the possibil-
ity of the magnet quenching (losing
its superconductivity when it
warms). The coil design was heavily
influenced by BNL's Japanese col-
laborators, and the superconductor
is being supplied by the KEK Labora-
tory in Japan.

Quenching can occur when areas
of the magnet are heated, usually-
due to movement of the magnet
when it is powered. Since aluminum
diffuses heat quickly, the quenching
temperature is not likely to be
reached. In fact, quenching should
not be a serious problem because
the magnetic field will be low (1.5
teslas) and the conductor is well-
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Under the Big Top — The Physics of Muon g-2
Under the big top, the peanut

vendors are passing through the
aisles, the band is oompah-
pahing, and all eyes are fixed on
the graceful lady in pink doing
acrobatic stunts on the back of a
big white horse trotting gently
around the ring.

In this circus scene, place your-
self in the center of the ring
where the ringmaster would be.
Now watch the lady on the horse,
who is doing a pirouette as the
horse circles the ring. Note that
she is turning on her own axis as
she is carried in rotation around
the ring.

In essence, the muon behaves
in a magnetic field like the lady

on the horse going around the
ring.

The goal of the muon g-2
experiment, or E821 as it is
known at the Alternating Gra-
dient Synchrotron, is to get a
more precise number for g-2. The
g stands for the muon's gyromag-
netic ratio, which, according to
an early theory of physicist Paul
Dirac, should be equal to 2. This
would be true if the spin of the
muon precisely tracks its change
of direction in a magnetic field. In
fact, it does not; the muon ->pin3
faster on its own axis, just as the
lady on the horse is pirouetting
faster than she is rotating about
the ring.

The muon deviates from this
precise tracking by one part in
one thousand, and this deviation
is understood exquisitely well to
a few parts in a million (106) by
the more modern electroweak
theory, which combines the weak
and electromagnetic forces into a
single theoretical framework.
E821 will put this theory to a
severe test, measuring the devia-
tion to three parts in 107.

The experiment will proceed as
follows: Protons from the AGS will
produce pions, which will then
d; :av to muons. The muons will
be trapped in a giant magnetic
ring, where the direction of the
muon spin will be observed.

stabilized due to the large volume of
aluminum.

The superconductor will be cooled
in two stages: first to 77 kelvins
(-320°F) with liquid nitrogen, then
to 4.5 kelvins (-451°F) with liquid
helium. The use of nitrogen for the
initial cooling reduces the need for
the more expensive helium.

The superconductor has been
used successfully in a physics detec-
tor in Japan, so its performance has
been proven. What has not been
tried before is winding the conduc-
tor into coils with such a large
diameter, and that difficult task still
lies ahead. The reason for concern is
that the superconductor is very
flexible — a six-foot length of it,
held up at the center, bends of its
own weight.

To make a coil, the superconduc-
tor must be shoved into a holder,
called a mandrel, where it will coil
up in a way that resembles a coiled
clay pot. Because of the supercon-
ductor's flexibility, however, buc-

kling is a problem. To keep it from
buckling, horizontal and vertical
rollers will feed the superconductor
into the mandrel, giving it the
necessary support.

Perhaps the biggest challenge lies
in reaching a uniform magnetic field
of one part per million and then
keeping it steady over the duration
of the experiment. The field is
affected by many factors. To ensure
that the magnetic field is uniform,
the coil positions will be surveyed
repeatedly as the ring is assembled.
After the ring is built, sensitive
probes of the field will be used to
look for variations. The magnet will
have a special air gap between the
poles and the rest of the magnet
iron, which will allow for fine shim-
ming of the field by inserting pieces
of iron. The careful shimming pro-
cess, including the use of special
small coils attached to the pole
faces, is expected to take a year and
to improve the field quality by a fac-
tor of 100. i



Physics Department

Researchers in the Physics Department study the
fundamental constituents of matter and seek to
understand the forces through which these constitu-
ents interact to form nucleons, nuclei, atoms and
ordinary matter. Specialists in theoretical and exper-
imental high energy physics, nuclear physics and solid
state physics investigate a wide range of phenomena,
probing the most submicroscopic building blocks of
matter, quarks and leptons, and studying macro-
scopic effects such as the new high temperature
superconductors.



30 P h y s i i- s H e p a v t m e n t

The Puzzle of the Positrons

Brookhaven 's Kelvin Lynn (left) and Jack Greenberg. Yale Unirersity, are
adjusting the detector system used hi the Dynatnitron hi the search for new,
neutral boson states.

Its existence was first suspected by
researchers who noticed unusual
events occurring in experiments on
heavy ion collisions. Physicists were
intrigued — theorists tried to iden-
tify it. and experimentalists worked
to capture it.

What was it?
In an effort to answer that ques-

tion, scientists in Brookhaven's
Physics Department have teamed
with other researchers from Vale
University (who first noticed the
unusual events) and a group of
scientists from the City College of
New York, in a new experiment.
Their aim is to see if the source of
the puzzle can he an unknown par-

ticle — and if so, to detect and
identify it.

The existence of a new particle
could explain the puzzling observa-
tions made by a Yale physicist and
his team during experiments at the
Gesellschaft fur Schwerionenfor-
schung (GSI) scientific laboratory in
Darmstadt, West Germany. Origi-
nally, the (iSI experiments had been
part of another search — a search
for spontaneous positron emission,
a fundamental process never before
observed. Positrons are positively
charged panicles, e\ the antiparti-
cle of the negatively charged elec-
trons, e , which orbit the nucleus in
an atom.

A superheavy nucleus can have a
vacancy in the lowest-lying electron
orbits around it. Theory predicts
that under certain conditions, if the
nucleus is sufficiently heavy and
highly charged, this vacancy can be
filled by a spontaneous sparking of
the vacuum state, which is normally
dormant. This leads to a new state
of matter.

So experiments that smash heavy
ion nuclei into each other were
started in order (o achieve the
superhea\y nuclei needed to initiate
the process. Data were collected on
the energy spectrum of positrons
emitted during the collisions.

In this search for spontaneous
sparking, another, inexplicable,
effect occurred. Wry narrow,
sharply defined positron peaks
always appeared a( aboul the same
energies, distinct from the smooth
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background formed by the other
positrons seen.

Possibly more interesting is that
these positron peaks were then also
observed in conjunction with similar
electron peaks. Among the possible
explanations, the best seemed to be
that the conditions of the experi-
ment favored the formation of an
unknown, composite, neutral parti-
cle that then decayed back into an
e* e pair.

Physicists at Brookhaven and Yale
decided to close in on the possible
new particle from the opposite
approach: they will start with the
decayed components and hope to
form the particle. A positron beam
will be guided to bombard a target
with electrons under conditions
closely resembling the original
experiment. The electrons will scat-
ter the positrons normally, in what
is called Bhabha scattering. If the
new particle is formed, evidence of
its presence should show clearly as
a peak above the normal scattering
background.

Setting up the experiment
requires very precisely designed
apparatus, because an extremely
highly focused positron beam has to
be used. Then the electron and posi-
tron from the scattering must be
located very precisely in space, and
their energies have to be exactly
measured. For a maximum signal,
the target electrons must be as
nearly at rest as is possible. Suitable
choices are beryllium or lithium,
which have very low energy (and
thus comparatively slow moving)
electrons.

The necessary brightness and
energy of the positron beam has
been achieved by modifying Brook-
haven's Dynamitron Accelerator
facility. The final radius of the beam
profile is only a single millimeter,
and it diverges much less than one
tenth of a degree, making it
extremely intense. Also critical to
the experiment's success is the sta-
bility of the beam's shape, position
and intensity, so the beam is con-

stantly monitored by another spe-
cially designed system.

When the beam strikes the target,
scattered electrons and positrons
are detected by wires in gas
chambers located behind the target.
The wires measure the particles'
scattering angle, giving their posi-
tion to an accuracy of better than
one degree. Behind the chambers,
eight scintillators detect the parti-
cles' energy. Thus, for each event,
emission angle, energy and arrival
time of both electrons and positrons
are detected.

Three types of scattering should
be seen in the detectors: the Mott
scattering of positrons from nuclei,
which can be distinguished by the
positron energy and by not having
electrons paired with the positrons;
normal, Bhabha scattering of posi-
trons by electrons; and a third type

of scattering, which would be due to
the positron and electron pairs first
forming a new particle and then re-
appearing after its decay.

Data from the second and third
types of scattering will look much
alike, but the third type will be dis-
cernible by a greater yield, or reson-
ance, at the appropriate energy level
corresponding to the conditions of
the original experiments in
Darmstadt.

In case of a negative result, many
of the proposed theories may be
ruled out, and an upper limit to the
strength of coupling between the
electron and the hypothesized par-
ticle can be obtained.

If results are positive, a totally
new particle of matter will have
been discovered . . . no small
matter!

Filling the Holes in High Tc Theory

High temperature superconductors
— materials that lose all resistance
to the flow of electricity at tempera-
tures that are reasonably inexpen-
sive to maintain — were first proved
to exist in early 1986. For this dis-
covery, two scientists in Switzerland
won the 1987 Nobel Prize in Physics.
Another Nobel may await the scien-
tists who explain how this amazing
phenomenon works.

At Brookhaven, using facilities for
basic scientific inquiry such as the
High Flux Beam Reactor (HFBR), the
National Synchrotron Light Source
(NSLS) and the Alternating Gradient
Synchrotron (AGS), theorists and
experimentalists discuss ideas, con-
firmations, then new questions. In
these cooperative interactions,
observations from experiments at
one facility can throw immediate
light on work being done at another
— a process that already has con-
siderably extended world knowledge
of superconductivity at high
temperature (Tc).

Besides discovering the world's
second superconductor to become
effective at a temperature of over 90
kelvins (about -300°F) and thus
indicating that the first discovery
was not a solo event, Brookhaven
scientists have been responsible for
several experimental firsts aimed at
unraveling the mystery of high Tc
superconductivity.

One such first, in an experiment
using a neutron diffraction tech-
nique at the HFBR, proved that the
new materials were antiferromag-
netic. This means that the spins, or
angular momenta, of neighboring
atoms in the material are lined up
in an alternating up-down-up-down
array. The discovery also leads to
the suggestion that there is a rela-
tion between magnetism and high Tc
superconductivity.

Another magnetic property of
superconductors is the "Meissner
effect," named for the scientist who
discovered it in 1933. Superconduc-
tors exclude any magnetic field with
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Brookhaven '.s educational programs include a yearly series of science lectures
for selected Long Island high school students. Here, solid state physics theorist
Victor Emery explains the Messner effect to Angela Scruggs, from Bellport High
School. Tlie Meissner effect is demonstrated by the magnet floating over a high-
temperature superconductor cooled by liquid nitrogen.

such force that a magnet is pushed
away. This property led Brookhaven
scientists to invent levitated trains,
an idea now ready for commercial
use in Japan.

The Meissner effect is often used
as a test to determine whether a
material is superconducting. Not all
the magnetic field is expelled, how-
ever. Superconductors vary in how
deeply they can be penetrated by a
magnetic field.

A series of experiments to mea-
sure the penetration depth of dif-
ferent new superconductors was
undertaken at the A(JS, using a
technique called muon spin relaxa-
tion. Researchers learned that the
penetration depth depends on
temperature and varies with the
number of particles (the supereur-
rent charge carriers) per unit area
of the sample, divided by their
mass.

This information is valuable in
understanding the nature and
mechanism of the high Tc supercon-
ductors, which differ in many ways
from low Tc superconductors. For
example, in low Tc superconductors,
phonons, the smallest unit of vibra-
tional energy of the material, are
thought to interact with electrons,
which surround the nucleus of each
atom. The phonons cause the elec-
trons to pair as distant, partners.
Then all these weakly bound pairs
move together in a supercurrent.

Evidence from experiments at the
HFBR suggested, however, that
phonons did not mediate between
electron pairs in the high Tt. com-
pounds. A different mechanism
must be at work.

Another Hrookhaven team of
researchers, using the x-rays at the
NSLS, found yet more new informa-
tion. The researchers were investi-

gating the electronic structure of
high Tc superconductors by x-ray
absorption experiments. Electrons
orbit atoms in levels of different
energies. The core levels, near the
nucleus, are usually filled, but the
outer layers are not. So an inner
electron can be excited into moving
to another level. In a solid, the outer
layers of different atoms overlap,
changing the outer energy levels and
also changing the spatial distribu-
tion of the outer electrons, known
as valence electrons.

One way to study the electronic
structure of a solid is to measure
the energy needed to excite an elec-
tron from a filled core level to the
lowest outer energy level that is
unfilled. The energies needed gener-
ally lie in the x-ray energy range,
and the technique used is x-ray
absorption speetroscopy, performed
at the NSLS.
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The Brookhaven physicists stu-
died the electronic structure of the
compound lanthanum copper oxide
as it was changed to a high Tc
superconductor by the partial
replacement of lanthanum by
barium or strontium.

They found that as the compound
changed to a superconductor, the
copper atoms remained unchanged,
but that holes (that is, missing elec-
trons) were created on the oxygen
atoms.

Holes can act as particles in their
own right. Like electrons, they have
spin and they can pair. When the

temperature drops to a certain
level, holes on the oxygen atoms in
the copper-oxygen planes of the
superconductor can pair with
neighboring oxygen holes having
opposite spin. These pairs of holes
then make up the supercurrent,
which travels without resistance
through the superconductor.

More information about the holes
came from the penetration depth
experiments at the AGS. These
showed our researchers that the
pairs used by the high Tc supercon-
ductors to carry charge had no
rotational motion.

These examples of the knowledge
gained by different techniques used
at Brookhaven, combined with other
information discovered both here
and elsewhere, show the considera-
ble advances made in our under-
standing of the new superconduc-
tors. Much still remains to be
learned. While research is greatly
stimulated by the tremendous
advantages promised by practical
applications of these compounds,
another, equally powerful motive for
many scientists lies in uncovering
new information in the field of solid
state physics.

Testing the Standard Model
Once any theory becomes conven-
tionally accepted, it's human nature
to want to test it anew, Is the theory
really as firmly established as it
appears?

The standard model — the theory
of matter generally favored by most
physicists — is no exception. Scien-
tists are continually doing experi-
ments to check its accuracy. If their
results match the predictions, the
standard model is vindicated. If
there is evidence of a contradiction,
exciting new physics may follow.

One way to test the model is to
probe for an unknown decay mode
while examining particles as they
decay into other particles. A suit-
able candidate for study is the kaon:
Because it is a relatively long-lived
particle, there is time to study its
decays in very weak interactions.
Brookhaven's Alternating Gradient
Synchrotron (AGS) is the world's
most intense source of kaons, mak-
ing the facility a favored location for
doing rare kaon decay experiments
(such as the one on page 20.)

Our newest rare kaon decay
experiment is E787, where the
search is on for a positive kaon (K)
that decays into a positive pion (TT),
a neutrino (u) and an antineutrino Checking on signals from the detector in front of the experiment are (from

left) Ted Kycial Kelvin Li, Maged Atiya and Laurence Littenberg.
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To track a decay, physicists set up
apparatus designed to identify the
particles that emerge when a kaon
hits a target. Results from E787 are
difficult to analyze, however,
because neutrinos and antineutri-
nos are almost impossible to trace.

Neutrinos and antineutrinos are
minute particles reacting so infre-
quently with other matter that they
can pass through the entire earth
without being detected. For exam-
ple, billions of billions of neutrinos
from the supernova SN1987A explo-
sion seen in February 1987
streamed through the earth. Yet
only 19 of them were observed, eight
in the United States and 11 in
Japan.

The E787 experimenters, there-
fore, cannot expect to track any
neutrinos that might result from
their kaon decay. Only the energy of
the positive pion can be traced, giv-
ing just part of the total sum of the
energy that emerges from the decay.

Thus, identifying the pion is vital.
E787's detector is set up to make
sure that if a single pion appears, it
will be recognized. If a pion is emit-
ted along with other particles, such
as a gamma, this signals a different
decay.

The process begins with a beam of
hydrogen ions being accelerated to
30 billion electron volts and
smashed into a target of protons
and neutrons. The kaons that
emerge from the particles formed by
the collision are guided into the
E787 apparatus. E787 differs from
the other rare kaon decay experi-
ments under way at the AGS in that
the kaons, rather than decaying in
flight, are slowed down by a mate-
rial called a degrader and then stop
in the target. After that, they take
about 12 nanoseconds to decay by
emitting low energy particles.

Each particle travels through the
heart of the detector, which is
located in a large solenoid magnet
that bends the particle's path so
that its momentum can be mea-
sured. The particle then traverses
another section of the detector that
contains a stack of scintillation
counters, which measure energy
and range. There, it loses energy
until it stops. The relationship
among measured momentum, range
and energy is characteristic of a
particular particle.

E787 can be expected to produce
perhaps two events over the course
of each experimental run. If there is
a pion from the decay K+ — IT* V ~V, it
will subsequently decay into a muon
and a neutrino. Then the muon will
decay into an electron, an electron
neutrino and an antineutrino.

Part of E787's apparatus helps to
detect the muon and electron, to
confirm the pion's presence yet
further. The equipment is also
designed to help rule out any other
decay modes, to an accuracy of less
than one mistake in ten billion
events.

What happens if K+ — n* v ~v is
observed? In the standard model,
this decay is known as "highly sup-
pressed" — very unlikely to happen,
but not a violation of the model if it
does occur. Should our results indi-
cate that the likelihood of seeing the
decay is about the same as that
predicted by the standard model,
the model will be confirmed. Should
the number of decays we observe be
higher, showing a higher probability,
this could indicate that the stan-
dard model needs to be changed,
perhaps to include a new generation
of unknown particles.

A higher count might have
another explanation, however.
Instead of the K+ — n* v ~v decay,

some of the decays might turn out
to be K+ - n X°X°. In this case, X°
could be a new particle, such as the
"sneutrino," the "photino," the "gold-
stino" or the "majoran." These are
predicted by current theories com-
peting with the standard model.

Another explanation might lie in
the decay K+ — IT* X°, where X° is a
yet-undiscovered neutral particle,
light and weakly interacting, such as
an axion, a familon or a Higgs
scalar. _

Should either K+ - IT" X°X°
or K+ - TT* X° appear, the E787
detector is designed to pursue the
investigation further. Whatever the
answer, the final result will be inter-
esting and revealing physics.
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Relevant data collected/or the
K* — TT v ~v decay are represented
by the dotted line rising into a
rounded curve. This differs from
most kaon experiments, in which
the signal appears as a sharp, easy-
to-recognize peak, such as -n* TT° and
n"vin the figure. Aside from the
possibility that K* — n X°, any
peaks that do appear are useful to
E787 experimenters as a signal of
where not to look. Should an axion
appear, the data might follmv the
curve labeled n a0.



Department of
Nuclear Energy
The Department of Nuclear Energy is involved in
analyzing the safety of nuclear power reactors, study-
ing advanced reactor systems, developing improved
methods of safeguarding nuclear materials, investi-
gating radiological hazards, and compiling and
evaluating nuclear data required by scientific users
throughout the world. In recent years, the depart-
ment has expanded its activities to include new pro-
grams under the federal government's Strategic
Defense Initiative.
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Answers in Short Time

Hsiang-Shou Cheng (foreground) and Wolfgang Wulff examine power oscil-
lations at the LaSalle 2 nuclear power plant, as simulated by BNL's Engi-
neering Plant Analyzer.
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It was 1938 when the first paper
was published on hydraulic instabil-
ity. The phenomenon can occur in
nuclear reactors, specifically boiling
water reactors (BWR), but it has
been so well studied that standard
reactor design and operation pre-
vent it from happening.

On March 9, 1988, however, the
unexpected occurred at the LaSalle
2 nuclear power plant in Illinois. On
that day, the power began to oscil-
late, and these oscillations grew
quickly as the heat generated by the
reactor core no longer matched the
cooling water flow for stable cooling.
The reactor operators tried to re-
store stable operation, but failed.
Five minutes into the event, as the
operators were preparing to scram
(shut down) the reactor manually,
it scrammed automatically.

Because of our ability to respond
quickly, Brookhaven was asked by
the Nuclear Regulatory Commission
(NRC) to find out what had hap-
pened and why. We tackled the
assignment with our Engineering
Plant Analyzer, a fast and reliable
computer system, and in a week had
an assessment: The power oscilla-
tions were caused by hydraulic
instability, which can occur under
the unusual condition of high power
combined with low coolant flow.

There were no consequences to
the public from the LaSalle event
since the safety systems responded
as they should, but the incident
raised questions about hydraulic
instability.

LaSalle is a BWR, and power oscil-
lations are known to occur in this
type of reactor. In order to prevent
hydraulic instability, operators are
trained to respond to power oscilla-
tions with a routine recovery proce-
dure that does not require shutting
down the reactor. Once down, a
reactor takes 24 hours to restart,
and the loss of electricity for one
day costs the utility about one
million dollars.

The LaSalle incident was triggered
during a maintenance procedure,

when a technician closed the wrong
valve while testing a pressure
switch. This caused both recircula-
tion pumps to trip off, greatly
reducing the flow rate in the core.
That much we know for sure. The
following scenario is based on our
simulation of the event with the
plant analyzer.

Within seconds, the reactor was in
a high power/low flow condition.
Normally, natural circulation is
enough to keep the reactor stable in
this condition until the pumps can
be started again. This time, it wasn't.
The inadvertent valve closure shut
off a feed-water preheater, and cold

feed water entered the core. The
cold water intensified the power
oscillations, which quickly grew
until they were swinging from 30 to
120 percent of normal. When the
power peak reached the set point of
the automatic reactor protection
system, the reactor automatically
scrammed.

Using the plant analyzer to simu-
late and speculate on different ways
that the operators could have inter-
vened, we learned that restarting
the recirculation pumps and rapidly
restoring full flow would have been
effective in damping the power
oscillations, but it would have

On to PWRs
The United States has 107

nuclear power plants in commer-
cial operation. This includes 35
boiling water reactors (BWR) and
71 pressurized water reactors
(PWR).

Brookhaven's Engineering Plant
Analyzer was originally designed
to simulate the plant perfor-
mance of BWRs only. In the fall of
1987, we began the greater task
of developing a plant analyzer for
PWRs — a job that will take about
three years to complete. This pro-
ject is being supported by the
Nuclear Regulatory Commission;
the Empire State Electric Energy
Research Corporation; both the
government and the nuclear
industry of Taiwan; and Applied
Dynamics International, the
manufacturer of a special pur-
pose minicomputer, the newest
generation of the one we use in
our BWR plant analyzer.

In a boiling water reactor,
steam is generated in the reactor
vessel itself. The steam then goes
into a turbine, which drives an
electrical generator. In a pressur-
ized water reactor, liquid in the
reactor vessel is heated (under
pressure to prevent steam forma-

tion), and the heat is transferred
in a steam generator outside the
vessel to produce steam, which
rotates a turbine that drives an
electrical generator.

Although both types of reactor
produce the same amount of
power, up to about 1,000 mega-
watts of electricity, a PWR is a
much bigger system because of its
steam generators and other addi-
tional equipment. Hence, the job
of simulating a PWR is much
greater.

Up to the task is the new mini-
computer for this project. A
parallel processor similar to the
computer used for the BWR plant
analyzer, the new machine is
larger, faster and able to deal
with decimal numbers. This last
feature, in particular, gives the
system much greater precision in
simulating an operating plant.

As we have done with the BWR
plant analyzer, we will be using
the drift flux model to simulate
PWRs. We favor this model
because it reflects the experi-
mental data base better than any
other model. And since the model
relates directly to experiments,
speculation and hypothesis are
eliminated, giving us greater con-
fidence in the results.
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caused the reactor power to
increase rapidly, tripping the reac-
tor even sooner. Instead, the best
course of action for that event
would have been to restore the flow
slowly to about 50 percent of nor-
mal, which would have stablized the
reactor and prevented the auto-
matic scram. An alternative would
have been to insert the control rods
to reduce power, although that
would not have been as effective at
that particular point in the reactor's
operating cycle.

What if the reactor had not shut
down automatically? We simulated
the oscillation with a disabled scram
system for 20 minutes and found
that the power would have oscil-
lated between 20 and 500 percent of
normal full power.

Even though there were no con-

sequences of the LaSalle incident,
the potential effects of power oscil-
lations are not well understood
under conditions of multiple fail-
ures, particularly considering such
factors as improper operator action
and equipment failure. After having
carried out the LaSalle analysis, we
were next asked by the NRC to take
on the long-term project of evaluat-
ing the generic implications of
hydraulic instability in BWRs.

Brookhaven's assessment of
LaSalle is the latest demonstration
of the versatility and quick-response
capability of our plant analyzer. A
critical key to its success is the use
of a special-purpose minicomputer,
which is superior to a large main-
frame computer because it carries
out the same calculations a
hundred times faster. In addition,

while there arc various flow models
to simulate the reactor coolant for
the day-to-day operation of a plant,
as well as during various hypotheti-
cal transients (events that cause the
plant to change from a steady-state
condition), we favor the drift flux
model over more complex models
because it has proven to be closest
to the available experimental data
base.

Yet another advantage of the sys-
tem is that it can be called up by
telephone and used remotely. The
NRC routinely accesses the plant
analyzer from its headquarters in
Washington, D.C., and our staff has
used it in demonstrations from as
far away as Spain, Italy, Taiwan and
Korea.

A Technical Knockoat
Involved in the seismic stress test of
part of a nuclear power reactor were
(seated, from left) Charles Hofmayer
and Walter Kato, and (standing, from
left) Sernyon Shteyngart, John Cur-
reri, Young Park and Y. K. Wang. On
the table is a piece of the 14-inch-
diameter coolant pipe that was part
of the model subjected to a simulated
earthquake bigger than any ever
experienced.
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In April 1988, an earthquake bigger
than any ever experienced — or
ever expected to occur — was simu-
lated in order to test a one-third-
scale model of a nuclear reactor's
primary coolant system. What hap-
pened? A technical knockout, as
predicted. A large stainless steel
pipe was permanently deformed.

The test took place at the Tadotsu
Engineering Laboratory in Japan,
using the largest vibration table in
the world, and was the first attempt
ever to subject such a large struc-
tural system to so high a seismic
stress level. It was the culmination
of three years of preparation under
an international agreement between
BNL, as the representative for the
U.S. Nuclear Regulatory Commission
(NRC), and the Nuclear Power Engi-
neering Test Center in Japan, the
representative for the Japanese
Ministry for International Trade and
Industry (MITI). Also participating
were Japanese utilities and the
Electric Power Research Institute in
the U.S.

This agreement is the first
between the NRC and MITI to call for
scientific cooperation on structural
and mechanical engineering for
nuclear power plants. BNL was
involved because of our well-known
expertise in structural and seismic
analysis, and we were responsible
for guiding the program.

Initially, we did a feasibility study
of the proposed test. During this
phase, we chose the structural sys-
tem to be tested, decided on the
seismic excitation and performed
calculations to predict:'the struc-
tural response. A sophisticated
computer code was used to study
the dynamic motion and the mate-
rial behavior of the test model. All
this was done to insure that the
simulated earthquake was powerful
enough to bring the model to a
near-failure condition.

In Japan, which relies heavily on
nuclear power, all plants must be
designed to withstand major earth-
quakes without even minor damage.
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This cutaway drawing shows the reactor coolant system model, housed within
the frame that supported it for the earthquake test. Modified for the test, the
coolant system consisted of a reactor coolant pump, a truncated steam genera-
tor, and reactor coolant pipes that would ordinarily connect the steam genera-
tor and coolant pump to a reactor vessel.

The Japanese islands are located in
an area in which the ocean floor is
moving under the Asian continental
land mass, and this movement pro-
duces great geological stress that
can result in large earthquakes.

As the federal agency that regu-
lates commercial power plants in
the U.S., the NRC carries out
research to learn about the capabil-
ity of nuclear plants to withstand
earthquakes. Since experiments of
nuclear power plants under earth-
quake motion are very expensive,
current earthquake-proof design of
large structures is based primarily
on computer analysis. Computer
simulations are used to predict the
behavior of components during
earthquakes, and the results are
used to specify materials, their
dimensions and the necessary sup-

ports for various components.
Individual components are tested,

but because components interact
when they are assembled into struc-
tures within a plant, actual test
data on how a large structure
behaves during an earthquake is
largely missing. For the NRC, then,
the simulated earthquake in April
marked the first large-scale test of a
nuclear reactor primary coolant
system.

The system consists of a steam
generator, pump and piping, all
connected in a loop to deliver cool-
ing water to the core of a nuclear
reactor. For the test, a one-third-
scale model of a typical coolant loop
for a pressurized water reactor was
manufactured at a Japanese indus-
trial facility where actual reactor
parts are built.
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To stress the structure to a high
level — to try to make it fail — the
upper and middle lateral supports
of the steam generator were
removed. As a precaution against
damage to the vibration table, the
top part of the steam generator was
cut off.

Measuring 15 by 15 meters,
roughly half the size of a basketball
court, the Tadotsu vibration table
can hold a maximum load of two
million pounds. All together, the
coolant loop model, plus a frame
built to support it during the test,
weighed about one million pounds.
The table subjected this load to a
maximum acceleration of almost
three times gravity — more than 15
times the maximum value of what
most U.S. nuclear power plants are
designed to withstand. In addition,
the "earthquake" was applied in the

worst possible dynamic way.
The test was done in a series of

stages, each one increasing the
vibration until the limit of the table
was reached. A crack appeared on
one 14-inch diameter pipe only after
the second maximum excitation
run. Two additional excitations
were carried out, with the crack
growing each time. When the test
was over, the crack was at a depth
of approximately 30 millimeters
(mm), in an area where the thick-
ness of the pipe is about 32 mm.

Hence, the structure did fail, but
not catastrophically. Also, it failed
in a way that had been predicted. In
engineering parlance, the pipe went
plastic — it permanently deformed
because of the extraordinary stress
put on it.

The test demonstrated that under
current NRC regulations, the piping

in a nuclear power plant coolant
loop is designed with a very large
seismic safety margin. What was
also gained from doing the test was
extensive data, which are needed to
validate the computer codes used to
assess the safety of nuclear power
plants under severe earthquake
loading. Also, since the piping was
pressurized and the maximum exci-
tation repeated several times, we
will be able to study the effects of
crack propagation, fatigue and
ratchetting (a cumulative process of
cyclic strain).

In this country, the philosophy is
to continually upgrade knowledge to
maintain realistic and safe regula-
tions. The successful seismic testing
program done in cooperation with
Japan is yet another way to main-
tain that high standard of safety.

Accelerator Technology for Defense

1 he Strategic Defense Initiative
(SDI) was proposed by the federal
government in 1983. Since then,
both industry and national labora-
tories have been working towards
the development of a combined
land- and space-based ballistic mis-
sile defense system.

At Brookhaven, we are addressing
basic physics issues to determine
the feasibility and potential of one
of the elements of the concept,
namely, neutral particle beams,
which might be used to identify and
destroy hostile missile booster and
reentry vehicles before they reach
U.S. territory.

Two New Facilities
In support of this effort, in July

1985 we began construction of the

Radiation Effects Facility (REF) and
nearly a year later, broke ground for
the Neutral Beam Test Facility
(NBTF).

Studies at the REF, which began
operating in October 1986, center
on radiation effects on various
materials and components, mainly
electronic. For example, a single
solar proton going through a com-
puter chip operating in space can
cause computer error even though
the chip itself is not damaged. Sur-
vivability of electronic components
in space is important, and a sub-
stantial effort is directed at develop-
ing radiation-resistant devices.

The NBTF was commissioned in
May 1988. Although research there
is not yet fully under way, experi-
ments at the NBTF will focus on the

development and testing of neutral-
izers and neutral-beam-sensing and
control devices.

Linked to the Linac
Both the REF and the NBTF are

linked to the Laboratory's existing
200-million-electron-volt linear
accelerator (linac). The linac is used
primarily as an injector for the
Alternating Gradient Synchrotron
(AGS), Brookhaven's premier parti-
cle accelerator for physics
experiments.

Since the linac produces more
protons than the AGS requires, the
excess particles have long been
diverted and used to produce
radionuclides for use in medicine
and industry. Now, surplus protons
from the linac are also helping
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researchers determine llie radial ion

response of various materials to

hi'4li c'iiertjy particles.

REF Research
The I:!-;!-' is available- to

researchers for approximately 1">
u eeks each year. I 'set's have
included national laboratories, such
a> the Air Force Weapons Labora-
tory Los Alamos National Labora-
tory. Naval Research Laboratory
and Sandia National Laboratory, a.s
\\ eil as corporat ions such a.s Lock
heerl and TRW.

The -Astems. coiiipotients and
materials I hat 1 hese organ i/ations
>!iid\ generalh Call into one o!'t he
follow ing experimental area.s;

• lieam a.-> target detector In

this type of research, experimenters
want to determine whether a neu-
tral particle beam can be used in
space to discriminate between a
massive reentry vehicle ( KV) and a
light decoy. If it detected an RY, the
beam might then become a defen-
sive weapon, with 1 he goal of hit) inJJ;
and destroying the missile.

• Interactions with propellants —
Researchers wonder what would
happen if the beam came in contact
with the slow burning propellants of
missiles and IAs. Rather than burn
inji a propellant slowly inward, the
beam would make uniform contact
with i i. producing f*rr-at heat and
perhaps causing t he atoms in t he
substance:- to ionize. Would these
i hernial or ioni/.at ion effect s alter

the behavior of the propellant. per-
haps causing it to decompose or
become inactive-? Could heating of
the propellant result in an
enhancement of the burn rate?
Could this canst' the mission to fail?

• KlTectson semiconductor elec-
tronics — The space program has
documented that satellites can fail
when natural space radiation (cos-
mic rays and solar wind ) interacts
with electronics. Researchers are
looking to see what effect the KKK
beam would have on electronic
components in missiles and KVs in
space.

Whenever possible, this informa
t ion is correlated with radiation
damage responses from other ioniz
insj sources such a.s elect ions.
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gamma rays and neutrons. In this
way, the REF will help provide a
broader base of understanding of
transient radiation effects in
electronics.

• Responses of other components
— Among the long list of various
other components being tested at
the REF are those such as gyros and
accelerometers, which keep missiles
and RVs on their course.

Looking Ahead
Although accelerator technology

is of obvious interest to the military,
what is particularly important to

Brookhaven in the long run are the
new areas of basic research that
these facilities open up.

Apart from the federal govern-
ment's SDI effort, Brookhaven
expects steady growth in the years
ahead in basic physics research at
both the REF and NBTF. In particu-
lar, we see the potential for doing
world-class research in neutron
time-of-flight physics, for studies of
nuclear interactions as they pertain
to QED, or quantum electrodynam-
ics, the theory of electricity and
magnetism, ii

Protons for the Radiation Effects Facility (left) and the Neutral Beam Test
Facility (above) come from the linac (a portion of which shows at the extreme
right), which also sends protons to the Brookhaven Linear Isotope Producer
(right), where isotopes are made for medical use and industry. The linac's
primary function is to inject protons into the Alternating Gradient Synchro-
tron for physics research..



Department of
Applied Science

Research activities in the Department of Applied
Science are organized into three broad areas: tech-
nology research, environmental science and energy
science. Within these areas are specific divisions
working on projects that range from the development
of a coating system for reducing corrosion of steel
surfaces, to cruises in the Atlantic Ocean for measur-
ing the flux of materials away from the continental
shelf, to studies of superconductors in order to
understand and improve their properties. The follow-
ing stories — one on electroresponsive polymers, the
second on carbon dioxide and plant growth, and the
third on injury control — further illustrate the
breadth of research done in applied science.

I
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Polymers for the Future

Terje Skotheim, BNL, and Yoshi Okamoto, of the Polytechnic University, discuss
their collaborative work on electroresponsive polymers.

xVubber tires, silk blouses, nylon
stockings and vinyl seat covers —
these items are examples of every-
day uses of polymers. In the years
ahead, polymers of a different kind
— electroresponsive polymers —
are likely to be just as common to
day-to-day living, in such objects
as super batteries and optical
switches.

At Brookhaven, we have been
developing electroresponsive
polymers for the last decade. Our
latest efforts have been done in
collaboration with other institu-
tions, in particular Polytechnic

University. Brookhaven's special
contributions are in the chemical
synthesis and characterization of
various polymers, as well as in
developing applications. Polytech
focuses on synthesis and
characterization.

Also important at BNL is the
availability of the National Synchro-
tron Light Source and the High Flux
Beam Reactor, facilities that are
well suited to the characterization
of new polymers.

In dictionary language, a polymer
is a molecule with a high relative
molecular weight formed by the

chemical linking of many simpler
molecules, each of the same sub-
stance, called monomers. For
example, ethylene is a simple mole-
cule with formula:

CH2=CH2

Many molecules of ethylene string
together to form polyethylene, for-
mula:

. . . CHa-nk-CHa-CHa . . .

Ordinarily, a polymer is an insula-
tor — a poor conductor of oloelric-
ity. By doping them (adding small
amounts of impurities, as is done to
make a semiconductor), certain
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types of polymers can be made to be
conducting. In an electroresponsive
polymer, the electrons move in
response to light or an electric field.
Thus, an electroresponsive polymer
can conduct electricity, be magnetic,
or respond to the electric field in
light waves.

Because electroresponsive poly-
mers are synthesized, they can be
tailor-made for a broad range of
purposes — from biotechnology to
materials science. The number of
different polymers is limited only by
the imagination of a good synthetic
chemist. For many applications,
only very small amounts of material
are required, since many of the
expected uses of these materials will
involve thin film technology.

Electroresponsive polymers fall
into three broad classes.

Ion Conductors
Ion conductors are commonly

made by dissolving metal salts, for
example lithium salts, in specialized
polymers that have the ability to
bond with a metal ion. The resulting
complex of metal salt and polymer
becomes a solid electrolyte, in which
the electricity is carried by the mov-
ing ions of the dissociated salt.

An important application of ion
conductors would be in making
extremely powerful, rechargeable
batteries. While such batteries could
certainly replace conventional bat-
teries, they would also open the way
for even broader applications, such
as in making huge banks to level
utility loads and in storing solar
energy in the summer for later use
in the winter.

A promising feature of ion con-
ductor batteries is that they store
energy with almost no draining, so
they can sit on a shelf for a decade
or more without losing any noticea-
ble amount of power.

Yet another use of ion conductors
would be for electrochromic win-
dows — windows that can be made
to change color by changing the
electrical potential. Such windows,

for example, could be controlled to
stay clear on a sunny winter day
and dark on a sunny summer day,
thereby assisting actively in the
energy management of buildings.

Electronic Conductors
Electronic conductors are poly-

mers that have a backbone made up
of alternating double and single
bonds, and they can be highly con-
ducting. We envision developing
plastics that are as conductive as
ordinary metals, even to the point
where they can be substituted for
copper wire. Conductivities as high
as that of copper have already been
achieved in laboratory samples.

Another area of interest would be
materials that carry out specific
tasks in biological systems, for
example, as special sensors or for
controlled drug release. Other
potential uses range from connec-
tors for severed nerves to artificial
vision systems. Such applications
could be achieved by implanting or
growing electronic conductors
directly in living tissue. The conduc-
tors, of course, would have to be
biocompatible.

Nonlinear Optical Systems
When two light beams interact in

a material and the interaction pro-
duces light of a different frequency,
that is a nonlinear optical system.

Such systems, ones based on inor-
ganic crystals, are already being
used to double the frequency of
high-powered lasers so that the light
they emit can be changed from
infrared to visible to ultraviolet.
Conventional, small, solid-state las-
ers operate only in the infrared.
They would be more versatile if they
could emit light in a wider
spectrum.

Even more promising are non-
linear optical systems based on
organic materials of either polymers
or crystals. These would have signif-
icant advantages over inorganic sys-
tems because the nonlinear effect is
much greater.

WCarbon
Hydrogen

\V Sullur
r Nitrogen

Polypyrroli PetythiDfilMiM Priyanilinc

^ ^

Polyicilyliiw Chain

Carbon, hydrogen, sulfur and ni-
trogen molecules can be linked
together in various ivays to synthesize
different polymers.

For example, they could be put to
use in a small solid state laser to
change the frequency so that the
light is more easily transmitted by
optical fibers. Another application
would be in the construction of
optical switches, significantly faster
than conventional electronic
switches, which would make ultra-
fast computers possible. Coupled
with fiber-optic technology, optical
switches would open the way to
dramatic improvements in the per-
formance of telecommunications
systems. Si
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Putting the Brakes on Accidents

When accidents happen, the victim
is often blamed. But any accident
may have many possible causes. A
fair approach is to examine the cir-
cumstances leading to the accident,
with an eye open to making changes
— and not just behavioral ones that
focus on the victim.

The name for this scientific spe-
cialty is injury control. It deals spe-
cifically with injury, as distinguished
from illness and disease.

At Brookhaven, within the
Department of Applied Science, we
conduct epidemiological studies of
injuries, examining such factors as
their occurrence, distribution, sever-
ity, control and cost in a given
population.

Occupational Injuries
Within DOE

Since 1985, we have been engaged
in a major study of occupational
injuries within the federal govern-
ment's Department of Energy (DOE)
and its contractor-operated facili-
ties, such as Brookhaven.

DOE and its contractors employ
over 127,000 people who are
engaged in research, engineering,
production, construction and ser-
vice activities. For this large popula-
tion, which is like a microcosm of
U.S. industry, all causes of injury will

be examined for patterns through
time as well as across job categories.
The intent is to identify problems so
that management can make system-
wide policy decisions, such as where
to spend money to reduce risk of
injury.

Initially, our efforts have been
concentrated on gathering data on
injuries. Data are being taken from
the point of origin — the form filled
out in the medical department, dis-
pensary or clinic, in which a physi-
cian or health professional states a
diagnosis of injury. Follow-up
reports are also being examined to
obtain such statistics as hospitaliza-
tion and number of workdays lost.

Because information is collected
and interpreted differently among
DOE contractors, we have had to
introduce a standardized coding
system of cause and type of injury,
based on an internationally
accepted procedure. We have also
had to incorporate a method of
measuring severity of anatomical
damage, based on modifications to a
widely-accepted injury scaling
procedure that quantifies damage
from the most minor injury to those
that are life-threatening or
untreatable.

Generating the data base is a
monumental task, but once done, it

will be the first of its kind. The data
base will be used to identify areas in
need of attention, which then can be
put into an order of priority. The
next step will be to select one area
for a pilot intervention program. If
proven effective, the pilot program
will be implemented throughout the
DOK system. And that would be just
the beginning of perhaps the broad-
est injury control program in any
heterogeneous organization in the
country.

In 1985, the National Academy of
Sciences (NAS), at the direction of
Congress, embarked on a review of
injury in the U.S. The latest NAS
report on the topic, released in
1987, expressed concerns that
reporting of occupational injuries in
the U.S. was inaccurate and unrelia-
ble. We at Brookhaven were pleased
to note that we had already incor-
porated the NAS recommendations
in our ongoing DOE protocol, further
assurance that the results of our
work will have far-reaching benefits.

New York's Seat-Belt Law
Separate from the DOE study,

Brookhaven is studying motor ve-
hicle crashes in New York's Suffolk
County, as part of a project to eval-
uate the state's seat-belt use law.
The work is being done in collabora-

Teaching Injury Control
Investigations of major disas-

ters indicate that injury control is
not always sufficiently addressed
in the design, operation and
maintenance of machines, com-
plex high technology systems,
buildings, or entire facilities.
While engineers add in standard
margins of safety when designing
something, they are generally try-
ing to prevent failure. It is also

in the Schools
important to design something so
that when it fails, it will do so in a
way that minimizes death or
injury.

One way to do this is to go back
to basics — to go to the schools.

At present, engineering schools
require no formal coursework in
injury control. Brookhaven has
recommended to the Accredita-
tion Board for Engineering and

Technology, which defines the
curriculum in engineering
schools, that, a thorough ground-
ing in injury control be given all
engineering students. This could
produce a new generation of
engineers who, when designing a
system for a new technology or
modifying existing technology,
will build in safety from the
beginning.
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lion with the State I'niversity of
New York at Stony Brook, and it is
the first full medical evaluation of
the effects oft lie law.

New York's seat-belt law. which
requires that occupants in the front
seat of a car wear seat holts, went
into effect January 1. 1985. During
the first half of thai year, the
number of deaths due to motor ve-
hicle crashes in Suffolk County was
24 percent lower than in the same
period the year before. \Ye think the
difference is related to compliance
with the law.

Data from hospital and physician
records of vehicular injuries show
that the sharp increase in sea!-hell
usage in 1985. particularly in the
fust quarter, correlates with fewer
fatal and nonfatal injuries. In addi-
tion, because of our very sensitive
analytical techniques, we have dis-
covered a pattern of injury that
otherwise would have been missed:

Head injuries decreased by over 22
percent, while nose and jaw frac-
tures doubled. This suggests that
heads may he hitting windshields,
steering wheels and dashboards less
often, a subject for further study.

Seat-belt laws haw been repealed
in Massachusetts and Nebraska, and
seven of the 24 states with Ihese
laws still in effect are considering
repeals. In light of this, Brook-
haven's findings are especially
timely.

Planned for the future is an
extension of our Stony Brook col-
laboration: a project on threshold
brain injury (concussions) and neck
and cervical spine injury. I sing
measurements taken at actual
motor vehicle crash scenes, as well
as sophisticated medical imaging
techniques, we expect to identify
the specific parameters that cause
concussions. This work should lead
to better design of protective gear

such as shoulder lap restraint sys-
tems, helmets and passenger com-
partment interiors.

The Key Is Prevention
Most people worry (hat their pro-

ductive years will be cut short by
such health problems as cancer or
heart disease. The fact is, one's pro-
duct ivity is most likely to be lost
through injury.

In injury control, the key is pre-
sent ion — before and even after an
injury-producing event takes place.
Brookhaven is addressing major
concerns in both occupational
health and public health, and we
expect that our work will lead to
belter prevent at ive measures in
both arenas.
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The Greenhouse Effect: About FACE

VJlobal temperatures have been ris-
ing in recent years, leading to specu-
lation about such effects as higher
sea levels from melting polar ice.
Some scientists believe that the
cause is pollution in the atmos-
phere. If this is true, then the global
warming, sometimes referred to as
the "greenhouse effect," may be yet
another example of how humankind
has drastically altered life on earth.

The primary pollutant is carbon
dioxide (CO2), released in the burn-
ing of coal, oil and gas. Levels of CO2
in the atmosphere have risen from
280 parts per million (ppm) in the
mid-18th century, to 316 ppm in
1958, to 345 ppm in 1985, and
scientists forecast a doubling of the
current level some time in the next
century.

At Brookhaven, one of our
research programs on carbon diox-
ide enrichment focuses on the feed-
back of CO2 into the plant system.

In nature, CO2 is released into the
atmosphere from decomposing
organic matter and taken up by
plants during photosynthesis.
Scientists speculate that increased
global warming may accelerate
decomposition, therefore increasing
the flux of CO2 from natural biologi-
cal systems into the atmosphere. At
the same time, because of enhanced
photosynthesis, natural areas such
as forests and tundra may also
remove an increased amount of the
CO2 emitted from man-made
sources each year. For agricultural
crops, some studies have indicated
that a doubling of CO2 will have the
positive effect of increasing plant
yield by as much as 50 percent. In
general, however, few long-term
studies have been done to examine
the impact of increased CO2 on
either natural ecosystems or agri-
cultural crops.

In 1986, Brookhaven developed a
unique plant exposure system that

In Yazoo City, Mississippi, Lance Evans (left), of Manhattan College, and BNL 's
Keith Leivin examine the leaves of cotton plants grown within a Brookhaven-
developed eocposure system for a study of the effects of carbon dioxide enrich-
ment on crop yield.

allows the study of plants in an
open field. Called FACE, for free air
controlled enrichment, the system
was designed in short order, largely
due to the multidisciplinary nature
of Brookhaven, where experts in
various areas can be called upon for
quick advice or assistance. In addi-
tion, the Laboratory has a long his-
tory of developing and working with
various types of plant exposure
systems.

The FACE system is composed of a
circular array of 32 individually
valved, vertical pipes connected to a
toroidal chamber. A high-volume
blower injects ambient air into the
chamber, where it is mixed with ele-
vated levels of CO2. The release of
CO2 is controlled by a computer sys-
tem that measures wind direction,
speed and the CO2 concentration in
the center of the array, and uses
this information to adjust the rate
of gas to be released from the verti-

cal pipes on a second-to-second
basis. Hence, natural microclimato-
logical mixing processes are used to
disperse the gas, while a computer-
controlled gas release system main-
tains a desired concentration. The
resulting environment is as close as
practical to reality.

In the first year, we tested the
system with a 15-meter diameter
prototype, using sulfur dioxide as a
test gas in a grassy field. It worked
so well that we were ready for a
field experiment the following year.

In 1987, then, we took our opera-
tion to a cotton field in Yazoo City,
Mississippi, joining forces with a
number of other institutions to
study effects of CO2 enrichment on
crops.

Yazoo City has a large ammonia
factory, the Mississippi Chemical
Company, which generates CO2 as a
by-product. In a prime example of
industrial cooperation, the company
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agreed to supply the CO2 needed for
the study and also allowed the pro-
ject to use a 20-acre commercial
cotton field, which it owns.

For this first year in the field, we
built a 22-meter array and studied
the system's ability to control gas
concentrations. Using four tons of
CO2 per day, the system was suc-
cessful at holding concentrations of
500, 600 and 700 ppm.

In 1988, we assembled four arrays
in the cotton field and used up to
twelve tons of CO2 per day to expose
the plants to a concentration of 500
ppm. One objective of this latest
field work was to evaluate how well
a multi-array system adjusts to gas
distribution interference. In other
words, when the gas drifts from one
array to another, the control system
must throttle back in the second
array in order to maintain even
exposure. Preliminary results show
that each array is able to adjust to
the "leakage" of CO2 received from
neighboring arrays.

So far, the system is performing
well. Studies conducted at other
labs in greenhouses and chambers
indicate that a doubling of CO2 will
increase cotton growth by about 80
percent, with a concurrent decrease
of about 50 percent in water
demand by the cotton plants. It may
be that plants grown in enhanced
levels of CO2 will have increased tol-
erance to drought (which may be
aggravated in the first place by the
increase in CO2).

In the future, we hope to do a full-
scale field experiment, using up to
12 FACE arrays and up to 50 tons of
CO2 per day. When we are confident
that the system works with a single
crop, the next step will be to evalu-
ate effects of CO2 enrichment on a
natural community of plants, such
as tundra, forest regrowth and graz-
ing lands.

The great advantage of the BNL
system is that it comes closest to
providing a natural environment for
plants. Although numerous studies
have been done on plants grown in

Keith Lewin sits at the computer that operates the carbon dioxide exposure sys-
tem, which consists of four arrays of vertical pipes, through which carbon
dioxide-enriched air is emitted. The computer monitors ivind speed, wind
direction and carbon dioxide concentration within the arrays and decides
where and how much gas should be emitted.

enclosures, such as growth
chambers and greenhouses, those
plants are different from plants
grown in open fields. They don't look
the same, and their growth charac-
teristics are different. No matter
how cleverly designed, enclosures
alter the microclimate, temperature,
light and evapotranspiration condi-
tions. One is never really sure that
data obtained from studies of
enclosed plants are a reasonable
representation of what would
happen in nature.

An added benefit is the FACE sys-
tem's mobility. All of the gas analysis
instrumentation, the electronic con-
trol system, the system control and
data display computers, the cli-
matological monitoring systems and
the air quality analysis instrumenta-
tion are mounted in a trailer. Thus,
the system is capable of moving to
different locations in order to study
various crops and ecosystems.



National Synchrotron
Light Source Department
The world's foremost facility for scientific research
using x-ray and ultraviolet radiation is operated by
the National Synchrotron Light Source (NSLS)
Department. In a single year, about 1,000 researchers
are sent from 163 separate institutions to use this
"best and brightest" source of synchrotron light. Often
in collaborative teams with NSLS scientists, they per-
form a wide range of innovative experiments in phys-
ics, chemistry, biology, materials sciences and various
technologies.



5 2 N a t i o n a 1 S y n c h r o t r o n L i g h t S o u r c i* 1) o p a r t m e n l

Breakthrough in Chip Technology

A full-scale model of the first United States compact synchrotron. Designed and
built at the National Synchrotron Light Source, the synchrotron is 8.5 meters in
circumference and would fit comfortably in a normal living nx>m.

•Sometimes, bigger is better — but
not in the case of computer chips.
The smaller the spacing between its
components, the denser the chip,
and the shorter the distance that
information must travel. So the
smallest chips team together to
form the fastest, most powerful
computers.

In May 1988, at Brookhaven's
National Synchrotron Light Source
(NSLS), some of the most densely
packed, working computer chips in
the world were completed by a team
of researchers from International
Business Machines Corporation
(IBM).

Stationed at the NSLS vacuum
ultra-violet (YT'V) ring, the scientists
made test chips with only 0.5
micron spaces between components.
One micron is about one hundredth
of the width of a human hair, mak-

ing the new chips two to three times
denser than any others available.

The new chips were a break-
through — and not only because of
their increased capacity. They also
demonstrated the effectiveness of a
new potential manufacturing tech-
nique: x-ray lithography.

X-ray lithography works much
like photo development, in which
light is beamed through a negative
to produce a positive image on a
print. The x-rays are beamed
through a series of very thin masks,
which hold the intricate image of
the chip's circuits. The image is
transferred by the x-rays onto a
photoresist layer, attached to the
top of a silicon wafer.

After extensive processing, which
includes baking, etching and wash-
ing, the circuit image is eventually
etched into the wafer. The wafer is

sliced into individual chips, which
are then inserted into a package
with other electronic parts.

Not all x-rays are suitable for x-
ray lithography. "Hard" x-rays, used
most often in medicine, pass right
through the image on the masks.
The VTJV ring's soft x-rays have
proved to have the right wavelength.
They give the x-ray technique sev-
eral advantages over optical litho-
graphy, the present method of using
ordinary light to make chips for
microcircuits.

The most important of these
advantages, of course, is in being
able to produce circuits and fea-
tures one-tenth of a micron wide
against optical lithography's present
manufacturing standard of eight-
tenths of a micron wide.

Also, unlike the ultraviolet light
used in conventional methods, x-
rays can pass through the mask lo
the nearby wafer with no need of
focusing. This avoids distortion
caused by focusing lenses ami
allows a larger area of the silicon
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wafer to be exposed. Larger chips
can therefore be easily fabricated.

As a third "plus," x-rays can pass
through tiny particles of dust that
might cause defects. Defects are a
major cause of lower yields in exist-
ing chips.

Since the NSLS is the workplace
for the latest scientific and techno-
logical advances in this field, Brook-
haven has become a leader in a
national effort to develop a new,
smaller ring dedicated to advancing
x-ray lithography. Brookhaven's goal
is to transfer the compact synchro-
tron technology to industry so that
by the mid-1990's, circuit compo-
nents can begin to be manufactured
in the United States.

In looking ahead at the computer
industry's manufacturing needs, it
could be envisioned that a facility
established at a large synchrotron
like the NSLS could produce as
many as 20 or more wafers an hour
at each of the 90 beam lines. Such

synchrotrons are too large for a sin-
gle firm to be able to maintain, how-
ever. Also, sharing by manufacturers
with differing production methods
would often be impractical.

One answer to the problem would
lie in the use of compact synchro-
trons, which are room-size, cost-
effective synchrotrons using super-
conducting magnets. Firms could
afford to own and maintain them
independently, and convenient
siting and specialized layout could
increase production.

The federal Department of
Defense has funded Brookhaven to
help establish domestic vendors of
compact synchrotrons. To do this,
the NSLS is building the first com-
pact synchrotron, then will transfer
the prototype technology to indus-
try. The resulting switch to high
technology production would bring
America's computer chip industry
to the forefront of world
competition.

One of the most tightly packed, work-
ing computer chips in the world, as
magnified under an electron micro-
scope, made by IBM at the National
Synchrotron Light Source. Transistors
are buried beneath the metal connec-
tion lines, which are less than one
micron wide, or about one-hundredth
the width of a human hair. The metal
lines connect to the transistors at the
small, dark circles, which are 0.5
microns in diameter.

Orbits, Spins and Resonance: An Elegant Experiment

1 he technique was successful. The
signals were large and the experi-
ments had produced useful results.
Then, when the sariie techniques
were tried on a similar sample, the
signals were surprisingly small.
What was happening?

At Brookhaven's National Syn-
chrotron Light Source (NSLS), this
was one of the questions confront-
ing physicists investigating the mag-
netic properties of certain rare
earth metals. The collaborative
effort ultimately included scientists
from Brookhaven, AT&T Bell Labs,
Cornell University, Rice University
and the Institut Laue-Langevin in
France.

This part of the research began at
Brookhaven in 1986. Then, while the
x-ray ring of the NSLS was shut
down for modifications during 1987,
the researchers carried on their

experiments using an x-ray beam at
the Cornell High Energy Synchro-
tron Source at Cornell University.

X-rays are sensitive to a sample's
magnetic structure. Because they
are part of the electromagnetic
spectrum, x-rays interact with and
are scattered by particles. The sig-
nals, however, are weak unless
induced by a powerful synchrotron
radiation beam. The very high reso-
lution of synchrotron radiation has
the potential to reveal magnetic
structures more accurately than
ever before.

Over the past four years, several
research groups have used x-rays
from synchrotron sources to inves-
tigate magnetic effects. Examples
include the spiral structures of the
rare earth metals holmium and
erbium, magnetic transitions in dis-
ordered magnetic systems, and

magnetism in multilayer thin films.
More recently, in an extension of

their original techniques, the
researchers began to use the linear
polarization of the synchrotron x-
ray beam in order to study the
polarization dependence of the scat-
tered beam.

An x-ray beam is a very short
wavelength light beam made up of
propagating (that is, traveling)
electric and magnetic field vectors
(directions) that are oriented at
right angles to each other. The
direction of travel is perpendicular
to both of these vectors. In a linearly
polarized x-ray beam, the electric
field vectors are all lined up with
each other.

The researchers directed a lin-
early polarized beam onto a hol-
mium target, which scattered the
beam. Then they measured the lin-
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ear polarization of the scattering,
which means that they measured
the intensity of the scattered beam,
both parallel and perpendicular to
the diffraction plane. The diffraction
plane is the flat surface formed by
the incident, or incoming, and scat-
tered x-ray beams.

To understand this experiment
better, it is necessary to know some-
thing about atoms and their mag-
netic moments. An atom has a
nucleus that is surrounded by mov-
ing electrons. It also has a "magnetic
moment," made up of two compo-
nents: orbit and spin.

Spin refers to the intrinsic
moment of the electrons, as if each
electron were rotating on its own
axis. The orbital moment refers to
the circulation of the electrons
within the atom. One way to picture
this is to think of a circus rider mak-
ing pirouettes on a horse's back —
that's spin. The orbit would be
represented by the horse as it gal-
lops around the ring.

When the researchers analyzed
the data from the holmium experi-
ment, they found that the parallel
scattering was proportional to a
value that depended on the orbital
plus spin components of the atom's
magnetic moment, while the per-
pendicular scattering was propor-
tional to a value dependent on just
the spin component.

Thus, with a polarized beam, the
spin and orbital contributions to an
atom's magnetic moment could be
identified and characterized in a
direct experiment, something that
had not been possible before.

But the mystery was not yet
solved.

During the experiment, the beam
was tuned to different energies. At
certain energies, there was a sudden
"resonance" — the magnetic signals
became about 50 times stronger.

These resonances occurred at
energies corresponding to absorp-
tion edges. Absorption edges in a
solid are the energies at which the
absorption of incoming light
abrubtly changes.

(From left) Brookhaven s Martin Blume and Doon Gibbs discuss with Denis
McWhan, AT&T Bell Labs, the theoretical aspect of their experiments on the
magnetic properties of rare earths. Further research will be carried on at the
National Synchrotron Light Source, the white building visible through the
window.

The experiment showed that
when the beam's energy was tuned
to these energies that matched the
absorption edges of holmium, a
resonance occurred, with a resul-
tant dramatic increase in the mag-
netic scattering.

This increase at the absorption
edge can explain one of the experi-
ment's original puzzles — why one
material produced a large signal
while a similar material produced a
small one. The first material had
been studied at x-ray energies near
to its absorption edge, while the
second had been studied far above
its edge.

This resonance behavior tells us in
new detail about the magnetic
states in a solid. One important
result of the discovery is that the
technique may be used to explore
materials such as the new high-
temperature superconductors,
whose magnetic signals were
believed too weak to be studied by
x-rays.

The researchers have performed a
single experiment — that of using
synchrotron x-rays to study mag-
netic properties of solids — to pro-
duce two different results never
before obtained, simply by tuning
the energy of the beam and measur-
ing its polarization when scattered.
When the x-rays' energy is not at the
sample's absorption edges, the orbit
and spin of the sample can be
separated; when a resonance is
observed, information as to the
magnetic states of solids is obtained.

Scientists view an "elegant" exper-
iment as satisfying both intellectual
and aesthetic criteria. In this exper-
iment, the polarization dependence
of the scattered beam is measured
both on and off resonance. Different
kinds of information were obtained
each time — and this qualifies the
experiment as elegant.
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Innovative Optics at the light Source

1 he brightest synchrotron light in
the world shines at Brookhaven's
National Synchrotron Light Source
(NSLS), drawing an international
community of scientists to perform
experiments here. The swift pace of
research leads to rapid advances in
technology — and optical instru-
ments at the NSLS exemplify the
innovations achieved.

Synchrotron light is the electro-
magnetic radiation given off by elec-
trons when they move in a curved
path at close to the speed of light.
The radiation, carried by units of
light called photons, is very bright,
enabling researchers to see minute
samples of material at extraordi-
narily high resolution.

Like all light, the radiation comes
in varying wavelengths. Experi-
ments at the NSLS use mainly x-rays
and ultraviolet rays, each with their
own wavelength range. Optical de-

vices called monochromators are
used to isolate a narrow portion of
the light, so that only photons of a
certain wavelength will pass
through them. Then an arrange-
ment of mirrors can be used to
focus the selected photons into a
small spot. This fine, uniform beam
scatters when it hits a target sam-
ple, and the scattering pattern gives
information about the atoms in the
sample.

M dssbauer M onochromator
The Mossbauer monochromator

was recently developed for a
nuclear physics experiment that is
exploring a phenomenon called
nuclear Bragg scattering. Radiation
striking a crystal is strongly
deflected only at certain angles,
called the Bragg angles. These
angles depend on the arrangement
of atoms in the crystal.

Peter SiddUms (left) and Jerome Hastings are examining the hybrid iviggler,
s(xm to be installed on beam line X21, that gives the extra intensity needed for
their experiments with the high resolution inelastic scattering spectrometer.

Usually, x-ray scattering comes
from the electrons that surround
the nucleus in an atom. The nucleus
itself does produce scattering, but it
is normally 10,000 times weaker
than that from the electrons and
goes unnoticed.

For some special atoms, however,
nuclear scattering is easier to see at
a very specific wavelength. This is
called the Mossbauer effect. By
including these atoms in a carefully
chosen crystal structure, it is also
possible to suppress the scattering
by electrons. Under such circum-
stances, one can observe Bragg dif-
fraction arising entirely from the
nucleus.

This scattered radiation has some
interesting properties. For example,
it is extraordinarily concentrated,
making it perhaps the most intense
monochromatic photon source
available.

Although synchrotron radiation
gives such intense light, a problem
in using it to generate this beam is
that the synchrotron produces a
very broad range of energies. On this
scale, a conventional monochroma-
tor produces too broad an energy
band. Consequently, many of the
photons striking the sample merely
confuse the issue.

Brookhaven scientists solved this
problem by designing a new
monochromator with an ultrahigh
energy resolution about one thou-
sand times better than conventional
designs. Thus, new information
about nuclear Bragg scattering sys-
tems was obtained, and the way was
opened toward further applications
of the new monochromator.

"Dragon" Monochromator
Another new monochromator is

nicknamed the "Dragon" from the
long, dragon-like shape of its beam-
line. Designed and built by a team
from AT&T Bell Labs working at the
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NSLS, the Dragon can single out
photons that fall in the "soft x-ray"
region of the electromagnetic spec-
trum. Rays in this region have
longer wavelengths than those of
other x-rays. They form one of the
most difficult spectral ranges to
monochromatize, especially to the
unprecedented standard of spectral
resolution found in the Dragon.

When the beam hits the appara-
tus, a high precision spherical grat-
ing spreads out the soft x-rays. A
narrow, spectrally pure band of
photon wavelengths can then be
selected for the experiment. The
excellent performance of this
monochromator is achieved by cou-
pling two focusing spherical mirrors
and a movable exit slit to the grat-
ing in a unique and novel way that
totally eliminates optical distortions
and aberrations.

The very fine, highly resolved
beam of radiation that emerges
from the Dragon is most useful for
studying electronic and geometric
properties of materials on an atomic
scale. Among other research pro-
jects, the Dragon is now breathing

its illuminating fire into investiga-
tions of the new high-temperature
superconductors.

New Higglers
Other innovative optical instru-

ments at the NSLS are the three-
crystal, high-energy diffraetometer
and the high resolution/high inten-
sity inelastic scattering spectro-
meter. Each of these incorporates a
monochromator and each depends
on one of the new wigglers that have
just been installed at the NSLS.
Wigglers are magnetic devices that
live up to their name: They wiggle
the electrons in different ways to
change the energy of the light beam.

One of the new wigglers uses
powerful superconducting magnets
to raise the energy of the NSLS
photons to 150 kilovolts, about ten
times higher than usual. This is the
energy level needed by the three-
crystal, high energy diffractometer.
To learn about the structure of a
sample, this apparatus isolates a
wavelength of the high-energy light,
directs it on a target, then measures
the directions in which it is scat-

tered by the target. The extra-high
energy beam can penetrate a sam-
ple of steel one centimeter thick, 20
times deeper than before, and data
show up much more strongly.

The high resolution/high intensity
spectrometer relies on another
wiggler, the hybrid wiggler. This
device makes the beam curve in
many little bends. Each bend pro-
duces a similar intensity to that
given by a normal beam line, and so
the wiggler gives an intensity about
30 times greater than normal.

This high intensity beam will be
used to perform experiments that
are impractical on standard beam
lines. In particular, a monochroma-
tor is being developed to probe x-
ray energy transfers of a few parts
per million. The new instrument
produces a highly monochromatic,
focused beam that is scattered by
the sample, going through minute
energy changes in the process.
Scientists then analyze the details of
these energy changes, gaining a
deeper understanding of low energy
excitations in solid samples.



Chemistry Department

The Chemistry Department's broad range of research
includes such specific areas as nuclear and radiation
chemistry, radiopharmaceuticals, homogeneous and
heterogeneous catalysis, state-to-state chemistry, and
thermal- and photo-induced charge-transfer pro-
cesses. Detailed structural and spectroscopic infor-
mation on solids, liquids and gases, and the dynamics
of physical and chemical change are made possible by
the special facilities, apparatus and techniques avail-
able at Brookhaven. The department's many pro-
grams share a single goal: the fundamental under-
standing of the properties of nuclei, atoms and
molecules.
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The Energetic Molecules

Ralph Weston (left) and James
McAndrew are aligning their appara-
tus, using a visible light source
instead of the laser used in an actual
experiment.
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Oend and stretch!

Bend and s-t-r-e-t-c-h!

Are these the instructions at an
exercise class? They could be. Or,
they could be a description of the
way molecules behave when energy
is transferred to them in certain col-
lision processes being studied by
scientists in the Chemistry
Department.

A molecule can be excited in its
lowest energy state, which is called
its ground state, by absorbing light
or by colliding with another mole-
cule. If the excitation is sufficient,
chemical rearrangement or frag-
mentation may occur.

Competing with this chemical
reaction is energy loss by exactly the
reverse of the excitation process —
that is, the energized molecule emits
light or bumps into another mole-
cule. Hence, when two molecules
collide, the energy transfers that
occur play an important role in
many chemical reactions.

Chemists at Brookhaven use car-
bon dioxide (CO2) as a probe for
such energy-transfer collisions. Car-
bon dioxide is especially easy to
detect because it can absorb or emit
infrared light efficiently.

The Bending and
Stretching Molecule

Carbon dioxide is a linear mole-
cule made up of two oxygen atoms
and one carbon atom, forming a line
with the oxygens at each end and
the carbon in the middle.

Oxygen Carbon Oxygen

If a molecule in an excited state
collides with CO2, it can transfer its
vibrational energy to the CO2 and
drop to a lower energy itself. Brook-
haven chemists are investigating
this, using azulene (a chemical
closely related to the naphthalene
used in mothballs), which is espe-

cially easy to excite into a vibra-
tional state with light from a laser.

Once the azulene has transferred
some of its vibrational energy to the
CO2, the excited CO2 molecule can
undergo three types of motion:
vibration (the molecule bends and
stretches); translation (it travels
steadily without spinning); or rota-
tion (it spins). If the CO2 is vibra-
tionally excited, it can bend and
stretch in various ways.

The two oxygen atoms can move
in the same direction, while the car-
bon moves in the opposite direction.
This is called the antisymmetrical
stretching mode:

The oxygen atoms can move
simultaneously in opposite direc-
tions while the carbon atom stands
still, a process known as the sym-
metrical stretching mode:

In the bending mode, both oxy-
gens move in the same direction out
of the line, while the carbon moves
in the opposite direction:

By looking at the absorption spec-
trum of C02 in a diode-laser beam,
Brookhaven chemists have deter-
mined the relative amounts of exci-
tation in the symmetrical stretching,
antisymmetrical stretching and
bending modes.

Bending is favored. When the CO2
molecule "exercises" in this fashion,
very little energy is put into sym-
metrical stretching, and it is 300
times more likely to bend than to
stretch antisymmetrically. Also, 25
percent of all energy available to the
CO2 molecule becomes vibrational,

rather than changing into rotational
or translat ional motion.

This new information, obtained
through the extreme accuracy of
modern tools, contradicts the pre-
vious, statistically based, general
theory that energy is spread evenly
among the different modes. No new
theory of energy transfer has yet
been formed to explain these recent
observations.

"Hot Atom" Energy Transfer
Another form of energy transfer

being studied at Brookhaven occurs
when "hot" atoms hit a molecule.
Unlike the straight energy transfer
of the azulene and CO2 collisions,
this can be a chemical reaction
involving a chemical change in the
collision partners.

"Hot" atoms are atoms that have
much more energy than their sur-
roundings at normal temperatures.
Improved production techniques
and methods of detection using las-
ers have encouraged research on
what happens to this energy.

When hot hydrogen collides with
carbon dioxide, its extra energy can
excite the CO2 molecule in the same
way that the vibrationally excited
azulene can.

By looking at the infrared light
emitted by CO2 in its excited state
and also at how CO2 absorbs the
infrared light of a diode laser, our
researchers probe the various vibra-
tional and rotational energy states.
Once again, it is found that most of
the vibrational energy appears in
the bending mode of CO2.

The translational energy transfer
is being examined with high resolu-
tion spectroscopy. This technique is
especially useful in giving informa-
tion on the velocity of a molecule
since its spectrum changes accord-
ing to its speed. On the spectro-
meter screen, a peaked-line profile
indicates a slower-moving molecule;
if the molecule moves faster, the line
broadens. We found that the
amount of energy going into the
rebound of the hydrogen atom and
the co2 molecule is similar to the
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amount that one would expect in
the collision of two microscopic bil-
liard balls.

At certain energies, the hot hy-
drogen atom can react with CO2 and
form carbon monoxide and an
oxygen-hydrogen radical called
hydroxyl.

H* + CO2 - CO + OH
A radical is a very reactive mole-

cule with an unpaired electron that
it seeks to pair up in a bond with
another molecule. It is known from
studies of combustion chemistry

that this reaction involves the tran-
sient formation of the radical HOCO,
which is stable at very low tempera-
tures in condensed inert gases.

energy
OH + CO

H + CO2 _
HOCO

(at low temperatures)

An important aspect of our study
of the hydrogen and CO2 reaction is

that it is the reverse of the reaction
OH + CO - H + CO2, known to be of
special interest both in combustion
and in atmospheric chemistry.

In combustion, it provides one of
the best paths for the oxidation of
carbon monoxide (CO), which
allows a substance to burn more
efficiently. In the upper atmosphere,
hydroxyl radicals play a strong part
in the removal of several gases that
are involved in the "ozone hole" that
has been a subject of concern
recently.

Exploring Molecular Energy Conversion

1 he shelves and benches of several
laboratories in Brookhaven's Chem-
istry Department are filled with
orange, red, blue, green and purple
crystals and liquids. This rainbow of
materials is being used to probe sev-
eral fundamental aspects of energy
conversion.

These materials contain metal
complexes. A single metal complex
consists of a metal core, such as an
iron or cobalt ion, surrounded by
ligands, which are molecules of, for
example, water or ammonia. Metal
complexes can be synthesized in the
laboratory or can occur naturally.
Examples of the latter are hemo-
globin, which carries oxygen in
blood, or cytochrome c, which
transfers electrons in the mitochon-
dria of plants and animals. Both
contain an iron center, Fe2\ sur-
rounded by a porphyrin ligand.

(From front) Brookhaven 's Etsuko
Fujita and Carolyn Schwarz; David
Szalda, a research collaborator from
Baruch College; and Mei Chou, also of
BNL, study the binding of carbon
dioxide to a cobalt complex. They are
working to characterize the ways in
which metal centers bind and activate
carbon dioxide toward induction to
potential fuels such as methanol or
methane.
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The properties of metal com-
plexes are determined by the nature
of the central metal and the ligands
surrounding it. By changing the
metal, or the ligands, or both, the
properties of a complex can be
"tuned" for a specific purpose.

Brookhaven chemists use metal
complexes to investigate basic pro-
cesses related to the conversion of
sunlight to fuels or electricity.
Several fundamental aspects of arti-
ficial photosynthesis are being stud-
ied. These include the capture of vis-
ible light, electron transport and
fuel synthesis.

The Capture of Visible light
The colors of the complexes are

not just a delight to the eye, they are
valuable in identifying the com-
pounds. They provide information
about the arrangement of the elec-
t rons around the metal center, and
they are essential for the capture of
visible light. Each color absorbs a
different energy of light, so by
changing the identity of the metal
and the na ture of the ligands, one
changes the color and, therefore,
adjusts the light energy absorbed.

The light absorption must also
excite the metal complex for a rela-
tively long time. In these conditions,
the species "holds onto" the energy
from the light so tha t it can be
stored in later reactions.

The following diagrams show how
the complexes can be changed to
"tune" their light capture properties.

OH2 2+

H2O

H2O

N

OH2

A metal center (an iron cation with
a charge of plus two) surrounded by
six water molecules is essentially
colorless and poor for the capture
of visible light. (In the diagram, the
"O" is nearer the "Fe," showing that
it is the oxygen atoms in the water
molecules that a re bonded to the
central iron.)

2+

An iron plus two cation surrounded
by three bipyridine molecules (at-
tached to the center through their
nitrogen atoms) is highly colored
and absorbs visible light efficiently.
But its excited state is too short-
lived for the energy to be stored.

2+

A ruthenium plus two cation sur-
rounded by three bipyridine mole-
cules absorbs visible light efficiently,

has a long-lived excited state and
transpor ts electrons readily.

Electron Transport
Both natural and artificial photo-

synthetic processes depend upon
efficient transport. In both, desira-
ble electron transport processes
compete with undesirable "back
reactions" that re-form the starting
materials and give off heat.

Synthesis of Fuels
In green plant photosynthesis,

carbohydrates are synthesized from
water and carbon dioxide. For arti-
ficial systems, Brookhaven chemists
are exploring the transformation of
water and carbon dioxide to oxygen
and methane or methanol. Success
could mean that sunlight and waste
products may be harnessed com-
mercially to produce fuel or electric-
ity at minimum cost.

Jay Winkler (back, left), I-Jy Chang (front), Mariusz Kozik and other BNL
chemists are exploring important factors that determine electron transfer
rates: the separation betiveen electron donor and receptor sites, the driving
force for electron transfer, and the role of solvent dynamics.
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The Great Solar Neutrino Trap

IJeep in a tunnel in the Abruzzi
Mountains in Italy, an amazing feat
of chemical detection is being
arranged. In the Gran Sasso under-
ground physics laboratory, well
shielded from cosmic ray interfer-
ence, researchers are setting up a
15,000-gallon tank containing 30
tons of the element gallium. In the
tank, they hope to trap and detect
solar neutrinos — ghost-like parti-
cles from the core of the sun.

The method being used was de-
veloped at Brookhaven in the late
1970's by scientists from Brook-
haven's Chemistry Department and
the Max Planck Institute for
Nuclear Physics in Heidelberg, West
Germany. Now this original chem-
istry is to be carried out on the
grand scale of the GALLEX
collaboration.

GALLEX stands for "gallium
experiment," and scientists from
nine institutions in West Germany,
Italy, France, Israel and the United
States, as represented by Brook-
haven, are participating in this
cooperative research.

An Interdisciplinary
Experiment

An unusual feature of the gallium
experiment lies in its mixture of
scientific disciplines. It makes use of
nuclear chemistry, nuclear physics
and chemical engineering, as well as

TtfMM
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The GALLEX solar neutrino experi-
ment is located in the Gran Sasso
underground physics laboratory,
deep in a tunnel in the Italian
Abruzzi Mountains.

civil engineering, needed for con-
struction of the site and the
apparatus.

The international scientific com-
munity's interest in solar neutrinos
is twofold: New information will not
only shed light on neutrinos, but
also may reveal more about how
energy is produced in the sun.

In standard theory, the sun's
energy is thought to come from the
hydrogen nucleus, which "burns" to
form helium-4 and other heavier
nuclei. In several of these reactions,
neutrinos are produced.

Properties of Neutrinos
Neutrinos are called "ghost-like"

because they are electrically neutral
and so small that, at rest, they may
have zero mass. Also, they interact
with matter so infrequently that
they usually pass right through the
Earth unnoticed.

Three kinds of neutrinos are
believed to exist: the electron-
neutrino, which was discovered in
1953; the muon-neutrino, which was
found in a Nobel-prize winning
experiment at Brookhaven's Alter-
nating Gradient Synchrotron in
1962; and the tau-neutrino, which
has not yet been observed. They are
partners of the electron, muon and
tau particles, respectively, the
members of the lepton family of
particles, well-known in high energy
physics.

The energy-producing reactions in
the sun cause the emission of only
electron-neutrinos. These reactions
are thought to occur deep in the
sun's core, which is extremely dense
— 145 grams per cubic centimeter
(g/cm3). Comparing this with the
density of lead (11.3 g/cm3), or
water (1 g/cm3), gives some idea of
the density involved. Only neutrinos
can pass through so much matter
without getting stopped, so they are
the only particles to escape.

Capturing Neutrinos
With Chlorine

Although neutrinos are so elusive,
they can be detected by sensitive
nuclear chemical techniques. In
1967, in a deep salt mine in South
Dakota, Brookhaven chemists
started the first such radiochemieal
experiment to count solar neutri-
nos. As their neutrino trap, they
used 600 tons of common dry-
cleaning fluid, which contains car-
bon and chlorine. When a neutrino
was captured, the chlorine-37 in the
liquid formed the isotope argon-37.
This could be extracted from the
liquid chemically and detected
because it is radioactive.

A puzzling result was found.
Scarcely one-third of the expected
number of neutrinos were detected.
This could mean that the standard
solar model should be changed, or
that neutrinos have characteristics
not yet understood.

To confirm this result, another
solar neutrino experiment was
devised. Because most of the elec-
tron neutrinos from the sun have
energies below the threshold for
interaction with chlorine-37,
another element, with a much lower
energy threshold, was selected as
the neutrino's target. This element is
gallium.

The Gallium Way
The key to the gallium experiment

is that the isotope gallium-71
becomes radioactive germanium-71
when it captures a neutrino. So, in
the basement of Brookhaven's
Chemistry Department, a great tank
containing four tons of a solution of
gallium chloride, water and
hydrochloric acid was prepared for
a large-scale test of the Brookhavon
procedures. The isotope gallium-71
in the solution captured solar neu-
trinos, forming radioactive
germanium-71.
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In a complex combination of
chemical techniques, it was shown
that the germanium-71 formed a
volatile chemical compound, ger-
manium chloride, which could be
swept out of the gallium solution
with air. Next, the germanium-71
was trapped in water so it could be
more easily purified. It was then
converted to another gaseous form
so that it could be introduced into a
proportional counter, which
detected the amount of germanium-
71 present, thus yielding the
number of neutrino-induced
reactions.

The GALLEX Results
If the number of neutrinos

delected conforms to the amount
expected from theory, the result will
mean that the "inner workings" of
the sun and the properties of the
neutrino are understood by
scientists.

If, however, a result much lower
than expected is found, it could
mean that some of t he elect ron-
neutrinos produced in the sun had
changed into one of the other neu-
trino forms before reaching Earth.
Such changes can only occur if the
three neutrino forms have different,
nonzero masses, a property of the
neutrino that has been suspected,
but never verified by experiment.

For the fields of elementary parti-
cle physics and astrophysics, there-
fore, the results of the GALLEX
experiment should have profound
implications.

(Top, from left) John Gahrin, Joseph Weneser, Gerhart Friedlander and
Richard Hahn, and (bottom, from left) Keith Roivley and Dutch Stoenner check
[he extraction of germanium from the gallium chloride solution in the Brook-
haven pilot facility. The tank to be used in the (1ALLEX project is about 25 times
[he size of this one.



Medical Department
Scientists in the Medical Department use the unique
physical and chemical science resources and other
facilities at Brookhaven to develop new approaches to
medical applications of nuclear technology and to
understand human health effects of energy-related
agents. Research issues include improved methods of
radiotherapy and nuclear medicine procedures;
development of new radiopharmaceuticals and
methods for noninvasive measurement of human
trace elements; and mechanisms of disease caused by
energy-related agents.

%
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Using PET to Study Cocaine Abuse
And Brain Function

As part of a new study of brain neurochemistry as related to cocaine abuse,
Nora Volkow (right) injects a patient with the radiotracerfluorine-18fluoro-
deoxyglucose, as Noelwah Netusil (left) and Renee Moadel stand by with stop-
watches to time the tracer's movement through the patient's bloodstream to his
brain. The research is being done at the PET facility, which is under the direc-
tion of Alfred Wolf.
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1 he numbers tell the story. In
1977 an estimated 1.6 million people
in the United States used cocaine.
By 1982, that number had risen to 4
million. Today, it exceeds 6 million
— one out of every 40 Americans.

In collaboration with the Labora-
tory's Chemistry Department,
researchers in our Medical Depart-
ment have begun a new study of
brain neurochemistry as related to
cocaine abuse. Our main question is:
What does cocaine do to the brain
that makes the drug so addictive?
And secondary to that, what is the
extent of cocaine toxicity to the
brain?

The work relies on a technique
called positron emission tomog-
raphy, or PET, which can be used to
image areas of the brain. PET offers
a first opportunity to look at human
brain function.

Not so many years ago, cocaine
was considered a benign drug, even
by the medical community. Then,
with pop heroes using it, cocaine
became a fad drug, particularly in
the form of crack, a cheap but pow-
erful cocaine derivative.

High doses of cocaine can induce
psychosis that most commonly
shows as paranoia, but can manifest
itself with visual and auditory hal-
lucinations. The chronic cocaine
user frequently becomes depressed,
prone to impulsive suicide, and
unable to concentrate, remember or
think clearly. Cocaine abuse is not
only a mental health problem, how-
ever. It is also a medical one. The
drug is highly toxic and can damage
the brain, heart, lungs and eyes. It
can lead to serious obstetrical com-
plications and, in newborns, prob-
lems of the vascular system.

Of the habit-forming drugs,
cocaine and heroin are now con-
sidered the most powerful rein-
forcers, as evidenced by how quickly
animals acquire a behavior of self-
administration. Animal studies have
shown that, when given free access
to cocaine, animals will choose it
over food and sex.

In people, little is known about
the effects of cocaine on the brain's
neuretransmitters, which are sub-
stances that carry nerve impulses
from one neuron to another across
a junction, or synapse. Preliminary
research on humans shows similar-
ities to animal studies, where it has
been found that acute cocaine usage
blocks the reuptake of dopamine, a
neurotransmitter that plays a role
in the reward centers of the brain.
By stimulating the dopamine cen-
ters directly, cocaine activates the
reward centers of the brain, without
the animal actually carrying out
behaviors that lead to pleasure.

Within this framework, one of our
working hypotheses is that the
brain's dopamine systems play a
role in regulating mechanisms of re-
ward and dependence for cocaine.

In our first study of a small group
of chronic cocaine abusers, the
procedure was to monitor the
brain's dopamine activity with
fluorine-18 n-methylspiroperidol
(18FNMSP). The distribution of
18FNMSP in the brain is monitored
with the PET machine, and these
data are then transformed by
means of a mathematical model to
obtain information about the
dopamine receptors.

Our preliminary results show
decreased binding of 18FNMSP in the
cocaine abuser, suggesting a
decrease in the number of dopa-
mine receptors in these patients,
possibly as an adaptation to over-
come the increases in dopamine due
to cocaine. In addition, although
dopamine activity does increase
immediately after cocaine is taken,
chronic cocaine use may lead to an
actual decrease in dopamine activ-
ity in the brain because of depletion
from overstimulation. These
changes are important inasmuch as
they could explain the drug craving
observed in these patients upon
cocaine withdrawal.

To address the question of
cocaine toxicity, we have done stud-
ies with fluorine-18 fluorodeoxy-

glucose (FDG). This short-lived
radioactive tracer behaves essen-
tially the same as glucose, which the
brain uses for energy. Glucose
uptake reflects brain activity. Brain
scans of chronic cocaine abusers
show widespread areas of low FDG
uptake, an indication of brain
damage.

We have also looked at the effects
of cocaine on cerebral blood flow.
What we have found are areas of
deficient blood circulation, similar
to the lesions seen in brain scans of
people who have had small strokes
of the cortex. We hypothesize that
cocaine abuse may destroy brain
tissue because of its direct effect on
blood vessels, where it induces vaso-
constriction, which in turn can lead
to tissue destruction.

Our aim is to re-examine patients
three months after they are off the
drug, so we can assess the reversibil-
ity of brain damage. It is also a way
to evaluate treatment and learn in
general what to expect in recovery.

In the future, we plan to monitor
directly the distribution of cocaine
in the brain using cocaine labelled
with a positron emitter. This strat-
egy will enable us to localize the
areas of the brain affected by
cocaine. We also hope to apply the
PET findings to the design of thera-
peutical trials. For example, if we
confirm that chronic cocaine use
causes dopamine deficiency, that
would support the treatment of
cocaine craving and withdrawal
with drugs that enhance dopamine
activity in the brain.
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Hope for Incurable Cancers

In collaboration with researchers in
BNL's Medical Department, Joseph
Goodman (pictured), a neurosurgeon
at Ohio State University Hospital,
and Reinhard Gahbauer, head of
radiation oncology at the hospital,
conduct clinical trials to test photon
activation therapy on a type of brain
tumor. Mounted on the plastic head is
an apparatus used to implant a tiny
radioactive source into a tumor.
Photo courtesy of Ohio State Univer-
sity Hospital.

A new technique developed at
Brookhaven promises to make some
presently incurable cancers more
susceptible to radiation therapy.
Clinical trials conducted by
research collaborators at Ohio State
University Hospital are already
under way to test the technique on
glioblastoma, a lethal type of brain
tumor.

The technique is called PAT, for
photon activation therapy. Critical
to its success are two components:
iodinated deoxyuridine (IdUrd),
which is a radiation sensitizer, and
samarium-145, a radiation source.

For reasons that are not yet
clearly known, iodine enhances the
sensitivity of cells to radiation.
IdUrd, an iodine-based drug, is a
vehicle for incorporating iodine into
cells. This is because IdUrd is struc-
turally similar to thymidine, which
is found in the cell nucleus.

When cells divide, they synthesize
DNA, a process that ordinarily uses
thymidine. If IdUrd is present, some
of it is incorporated into the DNA in
place of thymidine. The theory
behind photon activation therapy is
to enhance the radiation dose to
the tumor by introducing iodine
into tumor cells, via IdUrd. Because
tumor cells proliferate rapidly, they
will incorporate significant amounts
of IdUrd. (Since the brain does not
grow new cells, normal brain tissue
will not take up IdUrd.)

Tumor cells, however, are not the
only ones that will readily take up
IdUrd — so will bone marrow, gut
and skin cells, all of which can
divide about as rapidly as tumor
cells. How, then, can normal tissue
cells be protected from radiation?

The answer lies in taking a source
of radiation — in this case, a sample
of samarium-145, about the size of a
caraway seed — and implanting it
directly in the tumor. Samarium-
145 gives off low energy photons.

Thus, because the intensity of radia-
tion falls off quickly with distance,
only the sensitized, nearby cancer
cells are killed.

Another important aspect of
photon activation therapy is that
when the iodine is irradiated with
the proper energy photons, it
becomes activated and unleashes a
cascade of electrons that are at
least as damaging to the cancer
cells as is the original photon
radiation.

This electron shower is known as
an Auger (pronounced o-zhay) cas-
cade . The idea of using Auger cas-
cades for cancer treatment is not
new. Initially, radioactive iodine-125
was tried as the cascade source.
Iodine-125, however, is taken up by
other rapidly growing normal cells
(such as bone marrow and gut) and
can deliver toxic levels of radiation
to these sensitive normal tissues
before a tumor-lethal dose is
achieved.

The Brookhaven technique,
instead, uses IdUrd with non-
radioactive iodine-127 as the
radiation-sensitizing agent and
electron-cascade source. Thus, nor-
mal tissue is excluded from the
treatment.

As part of phase one of the clini-
cal trials in Ohio, researchers are
studying the distribution of IdUrd in
glioblastoma, as well as the general
effect of the drug on patients.
Although at present the IdUrd is
being activated with implanted
sources of high energy iridium-192,
the intent is to switch to samarium-
145 when it becomes commercially
available. An additional advantage
of the samarium source is its long
shelf life of one year, as compared to
the 60-day shelf life of iodine-125
and the comparably short shelf life
of iridium-192.

Although we are years away from
knowing the outcome of these clini-
cal studies, Brookhaven's photon
activation technique brightens the
prognosis for dealing with incurable
cancers.
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Radon: Assessing Low-Level Exposure

What do people associate with
radiation? Chances are, cancer.

For the most part, however, the
amount of radiation to which peo-
ple are routinely exposed is quite
low — mostly background radiation
from cosmic rays and soil, as well as
trace amounts in food, water and
air. In spite of what people might
think, such low doses very rarely
lead to cancer.

But even such low-level exposure
must be assessed in order to regu-
late exposure to radiation workers
and to the public at large.

At Brookhaven, scientists have
begun to tackle the specific problem
of risk assessment for radon, which
is a radioactive gas that has been
linked to lung cancer. Radon, a nat-
ural decay product in the uranium
series, is the only gaseous isotope in
this series. Because it is a gas and
has a half-life of 3.8 days, it can eas-
ily travel. In addition, radon itself
decays into a daughter, which in
turn decays into its daughter, and
so on. Radon emits alpha particles,
and the daughters emit either alpha
particles, beta particles or gamma

To evaluate cell damage from low-level radiation exposure, Beatrice Pyatt
examines chromosomes for breaks and for translations, in which a chromo-
some segment transfers from its usual position to a new position on the same
or different ckromosome.

rays. Hence, the radiation field is
mixed.

In the United States, except for
certain geographical pockets such
as the Reading Prong, which
stretches in a narrow band from
Pennsylvania through parts of New
Jersey and New York, radon levels
are found to be generally low.
Nevertheless, radon and its daugh-
ters do constitute a significant frac-
tion of background radiation.

The problem with doing risk
assessment for low-level exposure is
that radiation dosimetry concepts
and guidelines were originally devel-
oped in the context of high doses
involved in radiotherapy and in
acute injury to organs. In addition, a
central assumption in radiation
protection has been that the rela-
tionship between the incidence of
cancer and absorbed dose to the
organ is proportional, that is, linear,
with no threshold or point below
which no damage occurs.

The assumption of proportionality
supports the belief that any amount
of radiation, no matter how small,
can be harmful or even lethal.

This does not represent the com-
plete story, however. From previous
Brookhaven work on effects of low-
level radiation, we know that radia-
tion damage to an organism starts
with injury to a single cell, and the
response of the organism depends
on both the fraction of cells hit and
the "hit size," the amount or dose of
energy deposited in the cell through
an interaction with radiation. It is
only the fraction of cells hit plotted
against organ exposure (and not
the hit size, or "cell dose") that is
linear and without threshold.

If the hit size is below a certain
value, then the cell may sustain
some injury but will repair itself. If
the hit size is at or above a thresh-
old value, it may cause irreversible
damage that could lead to genetic
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change, cancer or the cell's death.
The probability that the energy de-
posited in a cell will severely dam-
age the cell in this way can be
assessed using what is called the
hit-size effectiveness function
(HSEF), a true dose-response func-
tion for the cell that has an energy
threshold.

Given that cancer starts with
damage at the single cell level, a
more precise way to do risk assess-
ment may be to rely not on predic-
tions based on cell response as a
function of organ dose, as is done at
present, but on predictions based on
cell response as a function of cell
dose, i.e., on the concept of HSEF.
Risk assessment done this way
would be generally applicable to any
radiation field, of either single or
mixed quality.

An HSEF has been evaluated accu-
rately, using cells of the plant Tra-
descantia. What is required next is
to establish an HSEF for human
cells, as well as for cells of other
plant and animal systems.

In 1988, we began a project on
HSEF for human chromosome aber-
rations. The procedure involves tak-

In this picture of human chromo-
somes, the markers indicate chromo-
some translvcations, a class of aber-
ration implicated in many human
cancers.

ing chromosomes from normal
human blood and irradiating them
with neutrons of different energies
to produce abnormalities. The
chromosomes will then be examined
for transformations with a cyto-
scanner, a machine that can score a
large number of chromosomes

quickly. Finally, sophisticated
mathematical and computer tech-
niques will be applied to derive an
HSEF.

While damage occurs all the time
at the cellular level, cells also con-
stantly repair themselves. The diffi-
culty in evaluating low-level expo-
sure is that only a small fraction of
those cells exposed will be damaged.
Further, it's not enough to be hit. A
cell must be hit hard for a severe
and permanent change to occur.
Thus, we will look only at breaks in
the chromosomes and at transloca-
tions (the permanent transfer of a
chromosome segment from its usual
position to a new position on the
same or different chromosome).

Critical to this project is proving
that the cell response is a function
of the energy deposited there. We
have to be sure that we are measur-
ing only that part of the radiation
field that the biology is seeing.

It will take about three years to
collect enough data. By then, we
hope to be able to show that HSEF is
a better approach for evaluating
radon exposure, as well as low-level
exposure in general.



Biology Department
Research in the Biology Department encompasses
studies on molecular structure, molecular genetics,
DNA damage and repair, and cell biology of plant and
animal systems. The department contains the Scan-
ning Transmission Electron Microscope Facility and
also operates stations for molecular structural stu-
dies at the National Synchrotron Light Source and
the High Flux Beam Reactor.
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The Enigmatic Enzymes

Walter' Mangel is adding ajluoro-
ge.^ic substrate to test tissue plasmin-
ogen activator, while Diana Toledo
prepares the computer to record the
data.

A cancer cell penetrates a
blood vessel.

A blood clot dissolves.
An egg bursts out of the ovary.
Common to these processes is the

breakage of certain biological struc-
tures at. specific times and places.
During ovulation an egg breaks
through the wall of the ovary. A
heart attack stops when the blood
clot causing it is broken up. Metas-
tasis occurs when cells from a
malignant tumor break into a blood
vessel and travel throughout the
body to establish secondary tumors.

Biologists have discovered that
these and other apparently unre-
lated physiological processes may

involve the same enzyme system in
the body.

Using Brookhaven's unique facili-
ties, scientists in the Biology
Department are studying this
enzyme system, how it works and
how it is used in so many different
ways.

Enzymes are a class of proteins
that accelerate the rate of a bio-
chemical reaction. The particular
enzymes involved in the physiologi-
cal processes describee} here are
called the proteinases of the fibrino-
lytic system. I'nder different condi-
tions, they can produce different
effects, some normal and useful,
some dangerous to health.
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Brookhaven biologists are investi-
gating how these enzymes function.
As various aspects are understood,
the expectation is that these
enzymes can be manipulated so that
only their beneficial aspects are
used.

The starting point in this fibrino-
lytic enzyme system is the protein
plasminogen. It is present in all
body fluids and is an inactive
enzyme. Plasminogen can be trans-
formed by another proteinase called
plasminogen activator into an active
proteinase, plasmin. Plasmin is the
highly destructive enzyme that, for
example, destroys the protein fibrin,
the major component of blood clots.

For at least ten years, it has been
known that the immediate cause of
a heart attack is a fibrin blood clot
that blocks the flow of blood to the
heart. It has also been recognized
that a normal function of fibrino-
lytic enzymes is to activate plasmin-
ogen at the site of a clot so that the
resultant plasmin will destroy the
clot.

Recently, advanced techniques in
genetic engineering have made it
possible to copy, or clone, plasmino-
gen activator so that large quanti-
ties of it are available to treat heart
attack patients. The new drug,
called tissue plasminogen activator,
is now approved by the U.S. Food
and Drug Administration. It dis-
solves blood clots in over 60 percent
of the patients experiencing a heart
attack.

While these clinical benefits are
obvious, however, exactly how this
enzyme system functions is not yet
known. Plasminogen and plasmino-
gen activator are present continu-
ously in all body fluids — yet they
do not interact. What causes them
to interact at the site of a fibrin
blood clot? When an egg is ready to
leave the ovary, what signals it to

In this tumor cell, the brighter areas
of while show the location of plasmin-
ogen activator at uwrk on the cell
surface.

secrete large amounts of plasmino-
gen activator? And during metasta-
sis, how can a cancer cell damage its
environment to penetrate a blood
vessel, yet protect itself from harm?

The basic question is: What are
the biochemical mechanisms that
trigger the activation of plasmino-
gen at specific times and places?

Biologists believe the answer to be
related to the observation that both
plasminogen and plasminogen acti-
vator bind to the objects that are
targeted for destruction. Once
bound to a target, these two
enzymes change their shapes and,
as a result, become much more
reactive in producing plasmin.

Brookhaven's facilities enable us
to study these changes in plasmino-
gen's shape and structure. At the
High Flux Beam Reactor, a beam of
neutrons is aimed at plasminogen,
and, by the way the neutrons are
scattered, the shape of plasminogen
can be deduced. At the National
Synchrotron Light Source, a beam of
ultraviolet light is absorbed by
plasminogen. The way the light is
absorbed is indicative of the struc-
ture of plasminogen.

One finding is that when plasmin-
ogen binds to its target (for exam-
ple, fibrin), the largest structural

change ever seen in a protein
occurs. This change makes the
bound plasminogen much more
reactive than unbound plasminogen.

In the course of our research, we
have designed and synthesized new
organic compounds, which have
been patented. These are used in
the laboratory to detect fibrinolytic
activity. Some of them will soon be
used in clinical laboratories to
determine whether certain blood
and urine enzymes are present at
normal levels.

These compounds are also being
used with breast cancer patients to
indicate whether specific tumors
will respond to hormone therapy.
Although tissue plasminogen activa-
tor is an effective drug in the treat-
ment of heart attack, the search is
on for a "second generation" drug
that is even more effective, and
these compounds are being used in
some of the screening procedures.

The more we learn about the
fibrinolytic enzyme system, the
greater the potential for medical
applications of that knowledge. The
first new heart attack drug in many
years is now in use — and it's a suc-
cess. It may be the harbinger of
other benefits to be derived from
studying the fibrinolytic enzymes. '
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Unraveling the 30-nm Filament

What's a 30-nm Filament? Read This First!
CELL — Cells are the smallest auto-
nomous part of a living organism.
Cells of higher organisms, such as
humans, originate from a single cell,

which, as it divides, develops into specialized forms
such as various organs.
NUCLEUS — Nearly every cell from a
higher organism has a nucleus,
which contains the genetic material
of the cell.

DNA — DNA, short for deoxyribonu-
cleic acid, is a long molecule

containing the genetic information that the cell
needs to function and multiply. It consists of two
strands wrapped around each other.
GENE — A portion of DNA containing informa-
tion that can be translated into a protein or some
other functional molecule.
CHROMOSOMES — These units con-
tain the genetic material of cells. Each
chromosome carries many genes and
consists of proteins bound to DNA. Just
before and during cell division, chromosomes
become compact and assume characteristic shapes;
they are then visible as separate entities.

CHROMATIN — Between cell di-
visions the chromosomes of cells are
partially unraveled. This form is
referred to as chromatin.

30-nm FILAMENT — When chro-
matin is examined under an elec- m
tron microscope, one sees that it is
made up of fibers that are about 30 nanometers
(nm) thick. These fibers are called 30-nm filaments.

NUCLEOSOMES and LINKER DNA —
If the structure of the 30-nm
filament is disrupted by placing
chromatin in a solution that has

very low salt, chromatin takes on the appearance of
beads on a string. This form of chromatin is called
the 10-nm filament. The beads are called nucleo-
somes, and the string is DNA. The part of the string
between nucleosomes is called linker DNA.

Each nucleosome consists of a protein core
around which two turns of DNA are wrapped.

HISTONES — These proteins bind to DNA to form
chromatin. Four of these form the core of nucleo-
somes, and a fifth type binds to the outside of
nucleosomes and to linker DNA.

1 hink of string packed into the
inside of a ball. Now picture the
string as 300,000 times longer than
the diameter of the ball. And, to
make it more complicated, different
parts of the string must be easily
accessed from the outside without
unraveling the rest. This image is
akin to the 1.8 meters of DNA
packed into a cell's nucleus, which is
only six millionths of a meter in
diameter.

As an organism develops from a
single cell, this DNA is reproduced so
that each specialized cell (for
example, a skin cell or a white blood
cell) receives a copy of the DNA.
These different types of cells, how-
ever, use different genes of the DNA.
Each cell functions by the action of
proteins on these regions of DNA. So,

although so much DNA is packaged
into such a small space, these
regions must remain easily accessi-
ble, or the proteins cannot get to
them. Understanding how this is
done is a major problem facing
molecular biologist today.

In Brookhaven's Biology Depart-
ment, we study the structure of one
tiny part of this amazingly organized
DNA packaging — the 30-nanometer
(nm) filaments. These filaments are
visible as threads that make up
chromatin.

When the cell is not dividing or
preparing to divide, the DNA is
organized as chromatin. There Is
evidence that the structure of
chromatin determines whether the
genes on it are accessible. Once this
basic structure is understood, it will

help us see how the various proteins
modulate that structure and, thus,
learn more about how genes work.

There are at least four different
models of how the chromatin is
organized to form 30-nm filaments.
The solenoidal model proposes that
neighboring nucleosomes along the
DNA are in contact. In other models,
they lie either across from or above
one another in the 30-nm filament.

To find out which of the models is
correct, our researchers are per-
forming detailed experiments using
two entirely different techniques.

In Brookhaven's Scanning Trans-
mission Electron Microscope
(STEM), we observe individual mole-
cules of chromatin directly and
measure their mass and size. At the
High Flux Beam Reactor (HFEiR), we
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bombard the chromatin with a
beam of neutrons. The pattern in
which the neutrons scatter after
hitting the chromatin sample yields
information about its structure.

Brookhaven's advantage lies in
having both STEM and the HFBR
available close to each other, so that
these complementary techniques
can be applied to the same problem.
In fact, experimental results from
the STEM and HFBR facilities have
proved to be in good agreement —
on the same sample, no differences
arise from the investigative
technique.

Our studies show that the values
for the mass of the filament are
consistent with those of the sole-
noidal model, which are much
smaller than the masses predicted
by some of the other models.

While these initial experiments
give us some idea of the structure of
the 30-nm filament, much more
information can be obtained by
locating individual components of
the structure. We have concentrated
on locating a particular protein, his-
tone H5, which is essential to organ-
izing chromatin in the 30-nm fila-
ment. The several chromatin models
predict different locations for H5.

Recently, we showed that it is
possible to remove H5 from the fil-
ament, replace it, and still regain
the original neutron scattering pat-
tern. This experiment also showed
that about six consecutive nucleo-
somes must bind H5 in order to
form the 30-nm filament.

To locate H5, we plan to put a
deuterated version of it (H5 in
which the hydrogens are replaced
by deuterium) on the chromatin.
Deuterated proteins scatter neu-
trons differently, so the new scatter-
ing patterns will show the deuter-
ated H5's position.

One problem is that higher organ-
isms such as chicken (the source of
the chromatin we study) cannot be
deuterated. Since the bacterium E.
coli produces deuterated protein
when grown in heavy water, we

At the High Flux Beam Reactor, Venkatraman Ramakrishnan (top) examines
a chromatin sample contained in a quartz cell, while Sue Ellen Gerchman and
Vito Graziano check the temperature of the sample changer.

have taken the gene for histone H5
from chicken and are trying to trick
E. coli into making it.

In the end, our detailed work is
expected to shed light on the struc-
ture of the 30-nm filament, the pre-

dominant form of chromatin in the
cell. On this new information, other
research will be built, leading to an
understanding of how the cell
organizes its genetic material.

Hatchet Men of the
Pneumonia Bacteria

iYlany people, when they are
afraid of catching a virus, drink
more orange juice, avoid crowds
and hope for the best. Bacteria,
however, have a much more effec-
tive defense system. They have at
their disposal special "hatchet men,"
restriction enzymes that attack vir-
uses and chop them into small,
harmless pieces.

Dpnl and DpnII are restriction
enzymes in the bacterium Strepto-
coccus pneumoniae. They are the
endonuclease components of re-
striction systems, which recognize
and cleave into pieces the DNA of
many viruses that threaten the bac-
terium. Discovered by scientists in
Brookhaven's Biology Department in
the mid-1970s, the Dpnl and DpnII
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From left, Bill Greenberg, Sanford Lacks and Sylvia Springhorn examine
antoradiograms that reveal the DS'A sequence of genes encoding the restric-
tion enzymes oj'Streptococcus pneumoniae.

restriction enzyme systems provide
a valuable subject for research in
the fields of genetic regulation and
engineering.

Enzymes are proteins that are
catalysts for the chemical reactions
constantly taking place within all
organisms. Restriction enzymes do
what their name suggests: they re-
strict something, in this case infec-
tion by a virus. They do this in a
very active way, by cutting up the
genes of the virus before the virus
can take control of the bacterium.

A virus particle often has a
nucleus of double-stranded DNA
containing the genetic information
that enables the virus to infect a
cell. The DNA is formed of various
combinations of four nucleotide
bases: guanine (G), adenine (A).
thymine (T) and cytosine (C). By
the order in which the nucieotide
sequences are arranged and
repeated, the DNA contains informa-
tion recognizable as specific genes.

Genes command the characteris-
tics of an organism. The genes
themselves are linked together to
form chromosomes. Each particular

organism has a specific number of
chromosomes that characterize its
entirety.

When a \irus injects its DNA into a
bacterium, the bacterium's restric-
tion enzymes recognize a certain
pattern of the DXA in the virus.
Wherever that pattern occurs, the
restriction endonuclease will cut the
DNA — perhaps 100 times in each
viral DNA. The virus is then unable
to reproduce and becomes harm-
less. This can reduce the rate of
infection by a millionfold.

The ability of restriction enzymes
to recognize and cut. DNA at specific
points has another advantage.
Scientists use these enzymes to cut
out and then copy, or clone, specific
pieces of DNA, thus furthering
genetic engineering research.

The two restriction enzymes dis-
covered at Brookhaven in different
strains of S. pneumoniae behave in
an especially interesting way. They
contain methyiases that modify
DNA. The first to be found was Dpnl,
and it cuts up viral DNA where the
nucleotides are arranged as "GATC."
But Dpnl only cleaves this DNA if

the A. or adenine, in the sequence is
modified by having a methyl group
attached to it.

As the adenine in the DNA of S.
pneumoniae containing Dpnl has
no methyl group attached, the Dpnl
will not cut up the DNA in its own
cell.

If Dpnl is not at work, the second
S. pneumoniae restriction enzyme
found at Brookhaven, Dpnll, takes
its place. Dpnll also cuts DNA at
GATC — but only if the adenine in
that sequence is not methylated.
This means that if the DNA in
Dpnlfs own cell were unmethylated
at adenine in GATC, it would be
destroyed.

So, as protection, one of the Dpnll
restriction system enzymes, a meth-
ylase, first methylates the adenine of
every GATC sequence of the cellular
DNA. The Dpnll system endonu-
clease is then free to attack the
GATC of the viral DNA.

The complementary teamwork of
Dpnl and Dpnll seems to have
evolved as a way to ensure survival
of the species during epidemic infec-
tions by viruses. As yet, it is not
clear exactly how these restriction
enzymes are regulated. How does
the cell know when to produce a
particular enzyme, and why do the
other components remain inactive
at the appropriate time?

Such questions are being an-
swered in our continuing explora-
tion of these enzyme systems. By
1986, we had identified all the bac-
terial genes making up the Dpnl
and Dpnll systems and determined
the sequences of their DNA bases. By
1987, two of the enzymes in these
systems were crystallized, making it
possible to determine their struc-
ture three-dimensionally.

Further work is focused on show-
ing how these enzymes interact
with the DNA that they recognize,
where the interactions are. and
how the chemical reactions lake
place. During our research, more of
the secrets of the S. pu<>u»>oiti({i>
"hatchet men" will come to light.



Support Activities
At Brookhaven, new ideas and new techniques are
actively pursued, as we continuously probe the fore-
front of science and technology. Critical to the suc-
cess of the Laboratory's scientific programs are activi-
ties in the Applied Mathematics Department, the
Reactor Division, the Safety and Environmental Pro-
tection Division, and the Instrumentation Division.
The following pages describe each organization and
focus on special projects carried out this year.
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Applied Mathematics Department
In July 1962, in answer to changing needs of the
Laboratory, Brookhaven's Applied Mathematics Di-
vision became the Applied Mathematics Department.
Since then, work has encompassed a broad range of
basic research in mathematics, statistics and compu-
ter science, and the operation, planning and mainte-
nance of BNL's major central computers and com-
munication networks. In October 1988, again
reflecting current trends in computer science, the
department divided into two: a mathematical
research group which joined the Department of
Applied Science, and the new Computing and
Communications Division.

The unobtrusive giant in the background is the IBM 3090, Brookhaven 's most
super-powerful new computer. Seated at the terminal, of the computer, Susan
Sevian discusses instructions from a mamtal with (from left) Barry Arbeit
and Graham Campbell.
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Multiplication
Leads to Division
On October 1, 1988, as a result of
multiplication of its computing
functions over the past years, the
Applied Mathematics Department
(AMD) divided into two parts.

AMD's Networks, Engineering and
Telecommunications Division,
together with the Computing and
Communications Division, became
Brookhaven's new Computing and
Communications Division, responsi-
ble for all computing, telecommuni-
cations, computer networking and
engineering support functions.

At the same time, AMD's principal
research function, the mathematical
research group, joined the Depart-
ment of Applied Science as a new
Mathematical Sciences Division.
Here, researchers will establish col-
laborative activities with others also
working on basic science programs
applied to practical problems.

This administrative change
reflected the strong growth over the
past 25 years at Brookhaven of
computing and communications
technologies, which are vital to
scientific programs. When AMD was
first formed in 1962, computers in
science were special tools that few
people knew how to work. Our early
computing equipment was in a cen-
tral location, where scientists could
come for assistance with problems
in numerical computations.
Research in mathematics and the
computing facilities were natural
partners.

Today, one research activity
involves the study of nonlinear
dynamical systems. These systems
can frequently behave in a chaotic
manner. That means that each indi-
vidual piece of the system's motion
appears unpredictable and erratic,
but that the overall pattern of
motion has well-defined structure.

To examine such problems,
graphic techniques are essential.
Sophisticated computer software

Science became art in the display of original drawings and computer plots
exhibited in September 1988 at Brookhaven in "Portraits of Chaos" by Yoshi-
suke Ueda (left), from Kyoto University in Japan. Ueda has collaborated on
chaos research urith BNL 's Bruce Stewart, w)io gave a lecture on dynamics to
explain the exhibition.

has been developed to allow the
mathematician to do experiments
on the behavior of interesting sys-
tems. Some of the images produced
in the course of this work have an
aesthetic appeal quite apart from
their scientific interest. In fact, the
work led to the presentation of an
art exhibit combined with a dynam-
ics lecture, using the work of a Ja-
panese collaborator who is a pio-
neer in this field.

Other activity in the mathemati-
cal sciences is connected with the
development of algorithms (proce-
dures for solving mathematical
problems) that can take advantage
of parallel computers, which are
rapidly increasing in capability and
availability. The goal is to find
procedures that can be divided into
independent pieces that can go for-
ward simultaneously, no one piece

requiring the solution of any other
one to proceed.

Most recently, Brookhaven
researchers are exploring the field
of asynchronous parallel computing.
This method differs from parallel
computing in that the various sub-
totals of information are added into
the total not all at once, but as they
are ready. Therefore, depending on
the problem, it could happen that a
quickly finished subtotal of knowl-
edge might affect the subtotal of
another part of the problem by
being added into it before it was
resolved independently. So, with a
lack of organized synchronization,
the way is open for completely new
effects to be discovered that may
revolutionize computational
capabilities in the future.

With so much that is new in com-
puter activity, and so many compu-
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ter users at Brookhaven and else-
where, it is easy to see why technical
support for computing and com-
munications has become large
enough to warrant a separate di-
vision to manage the effort.

A major effort for the newly
formed Computing and Communi-
cations Division (CCD) is the sup-
port of a wide range of specialized
networks available to Brookhaven
scientists. On site, CCD will continue
to "bridge" custom-built networks in
facilities like the Alternating Gra-
dient Synchrotron and the National
Synchrotron Light Source with
other networks on site. The local
networks that will be serviced by the
division have already added miles of

fiber-optic cables to existing lines —
a firm basis for the next generation
of fiber-optic data pathways.

Brookhaven's wide-area network-
ing includes, for example, HEPnet
and BITnet, which link high energy
physics users and other Laboratory
users both nationally and in Europe;
TELEnet, another communications
service with Europe; and MFEnet,
which ties users into the Lawrence
Livermore National Laboratory in
California.

Our most recent installation
allows us access to NYSERNet, the
New York State Education Research
Network. NYSERNet links Brook-
haven with several industrial labor-
atories and 14 universities, includ-

ing Cornell with its supercomputer,
which, in turn, is linked to four
other supercomputers (and their
attendant networks) across the
country.

In providing technical support for
these networks, along with other
tasks such as operating the Central
Scientific Computing Facility and
the Laboratory's telephone system,
lending programming assistance,
and planning and developing future
data processing facilities and tools,
the CCl) is responsible to a very
large extent for the smooth running
of many important areas of
Brookhaven.

Reactor Division
The Reactor Division operates one of the world's most
advanced research reactors, the High Flux Beam
Reactor (HFBR), as well as the Brookhaven Medical
Research Reactor. The HFBR's intense beams of neu-
trons support experiments in nuclear and solid state
physics, metallurgy, nuclear and structural chemistry
and biology. The tradition of outstanding research
developed by Brookhaven researchers and the inter-
national community of scientists working there
includes award-winning work on such topics as
behavior of metals and ceramics, and high tempera-
ture superconductor systems.

Spin in
Superconductors
1 he good news was: Significant
advances in high-temperature
superconductors were made in 1986
by the international physics com-
munity. These ceramic mixtures of
rare earth material, copper and
oxygen conduct electricity without

losing energy — below critical
temperatures (Tc) high enough to be
affordable. When these new super-
conductors came on the scene, their
applications in industry, such as
computers operating a hundred
times faster than those now avail-
able, or electric power transmission
at much diminished cost, seemed
just around the corner.

The bad news is: The nature of the
new materials prevents their being
applied in many practical ways. For
example, they are too granular to be
formed into long wire shapes. Some
method has to be found to change
either the ingredients or their pro-
portions so that they remain super-
conducting, yet are easier to use.

The first step is to understand
how the high-Tc superconductors
work. Researchers all over the world
began exploring different paths
along this new frontier of scientific
discovery — and Brookhaven scien-
tists were no exception. Among the
programs of investigation started
here (see related story page 31)
were those at the High Flux Beam
Reactor (HFHR).



S ii ] ) p o r t A c t i v i t i e s S I

On the experimentalJloor at the Hii/h Flux lieam Reactor, (from left) liertihard
Keimer. Massachusetts Institute ofTechnolofit) (MIT), and Kuzu Yantada,
Tohokti (nirersity. Japan, are adjusting a s/H'ctrometer; Thomas Thurstou.
MIT. is ptiUiinj out a mask that trill he tisetl to define- the neutron beam; and
lir<n>kharcn's John Tranquada and (ien Shirane are checking the sample
temperature. These researchers, almttj with Robert liirt/enettu of MIT. studtj
h iaft t<>mt>crattirc superconductors.

Brookhaven "s HFHR is a source ol'
particularly pure and intense ther-
mal neutrons, which are ideal for
neutron diffraction experiments
that look into the magnetic proper-
ties of individual atoms in a mate
rial. Through magnetic scattering
studies. I he magnitude and direc-
tion of the individual atom's spins,
as well as the alignment of all spins
in a material, can he learned.

One team of experimenters, which
included scientists from Brook-
haven, the Massachusetts Institute

nl"Technology, and Tohoku I'niver-
sily in Japan, hegan studying spin
dynamics in high-T<-superconductor
systems. Their progress was out-
standing and gained them a place as
one of the two research teams at
Brookhaven. hoth working at the
HKBK. that were among the nine
winning teams of the Department of
Knergy's 1988 Materials Sciences
Research Competition. Their dis-
coveries on spin dynamics proved
compatible with part of the theory
proposed by Brookhaven physicists

on how superconductors work.
This theory, like many others,

requires the presence of antiferro-
magnetic correlations between the
copper atoms in the copper-oxygen
planes that are a common struc-
tural element in superconductors
with T< greater than 'M) kelvins.
Antiferromagnelism occurs when
the magnetic moments, or spins, of
neighboring atoms point in opposite
directions, alternating in an up-
down-up-down array.

And I his is .just what the
researchers saw. In a neutron dif
fraction experiment, they directly
observed the lineup of opposite
copper spins in single crystals of
lanthanum copper-oxygen, the par
cut compound of one family of high
T, superconductors.
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The neutron beam in this first
experiment was unpolarized; that is,
the spins of the neutrons were not
oriented in a particular directon.
Therefore, the antiferromagnetic
characteristics it produced could
possibly be explained by another
phenomenon. So, the team con-
tinued their studies with a polarized
neutron experiment, in which the
majority of neutrons have their
spins pointing in one direction.

This second experiment showed
that, again, the spins of the copper
atoms alternated, over a relatively
long range, verifying a point funda-
mental to the Brookhaven theory.

More experiments on the mag-
netic behavior of high-Tc supercon-
ducting compounds were per-
formed. They revealed that the
magnetism is strongly two-dimen-
sional and that copper and oxygen

atoms couple with unusual strength
in planes within the compound.
Further, the two-dimensional, anti-
ferromagnetic correlations survive
in the absence of long-range order.

One important discovery made by
the team led to new physics. By
using a technique called inelastic-
neutron scattering, the researchers
could see that above the tempera-
ture at which long-range ordering
occurs, groups of copper spins in
the same plane were oriented anti-
ferromagnetically, but that their
spin direction fluctuated very
rapidly.

Thus, a snapshot of the spins
showed antiferromagnetic correla-
tions, but a time exposure showed
the fluctuations, which appear as
complete disorder. This dynamic
antiferromagnetic behavior in the
high-Tc phase of lanthanum-copper-

oxide has been called a quantum
spin fluid.

As a result of these experiments,
the researchers learned that the
dynamic correlations of spin direc-
tion were due to the extremely
strong magnetic coupling between
neighboring copper atoms, a cou-
pling that is mediated by interven-
ing oxygen atoms. This was espe-
cially interesting, as the large
interaction energy is crucial to
Brookhaven theory of the super-
conducting mechanism — there is a
strong relationship between the
antiferromagnetism and high-Tc
superconductivity phenomena.

Further research is already under
way at the HFBR to explore other
superconducting compounds in the
light of these discoveries.

Safety and Environmental
Protection Division

The Safety and Environmental Protection Division
provides technical support and audit in the areas of
health and safety. This includes monitoring the work-
place for possible chemical, physical and radiological
hazards; surveying the environment; managing the
Radiological Assistance Program, which can respond
to any type of radiation incident in the Northeast;
and developing and maintaining instruments for
radiation monitoring and industrial hygiene surveys.
The division also oversees construction safety and
conducts safety reviews of new and modified facilities.

Keeping Watch
Over the Environment

barracks had been torn down, reno-
vations begun on others and new
construction ordered, all to keep
pace with the growing scientific

Brookhaven was established
in 1947, the site looked no different
from the Army camp it had once
been. Within months, though, old

activities. By the end of the year,
Brookhaven had issued its first
Scientific Progress Report. Con-
tained within was a section review-
ing procedures for handling hazard-
ous wastes generated from our
research programs.

Thus, from the very beginning, the
Laboratory has cared about the
environment in which we reside. We
recognize the potential for problems
with hazardous waste disposal, and
we take steps to avoid such
problems.

Brookhaven has also been open
with the public and regulatory
agencies about the effects of its
operations on the environment. One
way this has been done is through
environmental reports — public
documents that have been issued
since the Laboratory's early years.
This information is sent to federal
and state agencies, as well as to Suf-
folk County, which has been con-
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ducting environmental inspections
of the Laboratory since March 1988,
as the result of an agreement signed
in September 1987 between the
county and Brookhaven.

The Laboratory's extensive pro-
gram of environmental monitoring
and protection is conducted by the
Safety & Environmental Protection
Division (S&EP). Its purpose is to
ensure that all Laboratory opera-
tions are conducted safely and with
minimum effect on the environment.
The program includes monitoring all
Laboratory releases to air and
water, as well as assessing the
impact of Laboratory operations on
the local groundwater and the
nearby Peconic River.

S&EP keeps a watchful eye on
potentially harmful materials that
are chemically toxic, radioactive, or
a mixture of both. Reviewing the
environmental monitoring data col-
lected over the past four decades,
our record shows that the Labora-

tory has always operated well
within applicable laws of the time.

Through the years, however, regu-
lations have become increasingly
stringent, and wisely so, particularly
for Long Island, which relies on a
sole source aquifer for its drinking
water. So even though we have
acted responsibly in the past,
today's stricter regulations call for
certain past actions to be corrected
in the present.

An example of this is the use of
degreasers. For many years,
degreasers containing the solvent
trichloroethane (TCA) were the sub-
stances of choice, and people all
over Long Island — including at
Brookhaven Laboratory — used
these commercially available
products freely and disposed of
them without restriction.

The uncontrolled disposal of TCA-
containing degreasers came to a
halt in the early 1980's, when fed-
eral and state authorities began

Discussing Brookhaven's programs for monitoring the environment are (from
left) Robert Casey, Head of the Safety & Environmental Protection Division
(S&EP); Janakiram Naidu, who oversees the division's environmental protec-
tion section; Gerald Kinne, BNL's Assistant Director for Reactor, Safety &
Security; and Leonard Emma, who heads S&EP's hazardous waste and emer-
gency preparedness section.

regulating the substance after the
discovery that compounds similar to
TCA might be carcinogenic. Though
it continues to be used at Brook-
haven, we now follow strict regula-
tions for its disposal in order to pre-
vent TCA from entering the
environment.

As good as these measures are,
however, they can do nothing to
correct the problems created before
the current restrictions on TCA were
established. In 1984, concentrations
of TCA higher than current drinking
water standards were found in the
groundwater during routine sam-
pling of test wells near the waste
management area, where hazardous
waste is packaged before being
taken off the Laboratory property
for disposal at federal sites.

A consulting firm hired by S&EP
traced the TCA plume by putting in
wells and analyzing groundwater
samples. They found concentrations
up to 1,800 parts per billion (ppb);
the legal limit is 50 ppb. The plume
had traveled about 2,000 feet to the
southeast, but had not affected the
Laboratory's drinking water and
had not reached the site boundary.
To see that it progressed no further,
Brookhaven began a remediation
program in April of 1986.

The technique employed in this
project takes advantage of the fact
that TCA, an organic compound, is
hydrophobic, so it readily separates
out of water vapor sprayed into the
air, where it is far more easily di-
luted. This method of decontamina-
tion is the preferred process for
cleaning TCA-contaminated
groundwater and has been fre-
quently used on Long Island.

Comparisons between the water
before and after spraying show that
we are removing TCA with 95-100
percent efficiency. Already, the TCA
concentrations have dropped to
about 100 ppb. The program will
continue until the concentration is
reduced well below the regulatory
standard.

The handling, storage and dis-
posal of hazardous material is
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highly regulated at county, state
and federal levels. But, in disposing
of hazardous materials, Brookhaven
would like to be better than the law
requires. For this reason, we follow
the ALARA principle. ALARA stands
for the concept "as low as reason-
ably achievable."

Hazardous wastes are not only
costly to the environment, they are
also a drain on the Laboratory's
funding for research. Through 1990,
Brookhaven expects to spend over
$17 million to correct problems,

such as the TCA contamination, that
evolved under years of less stringent
regulations.

Due to the nature of Brookhaven's
research, hazardous materials will
always be a part of the Laboratory
scene. But by carefully monitoring
the environment, by following regu-
lations and by encouraging the
entire Brookhaven community to
practice ALARA, we can minimize
the environmental and monetary
costs of hazardous waste
management. M

Inatrumentation Divison
Breaking new ground in scientific research requires
new concepts, new theories — and the appropriate
instruments to enable them to be developed. The
primary activity of the Instrumentation Division is to
provide new tools and methods for the high precision
measurements needed in experiments of all branches
of science, and in detection of particles and photons
in particular.

New techniques are being developed and applied in
the areas of low-noise hybrid and microelectronic cir-
cuits and laser-based instruments in the picosecond
domain. Special services in such areas as vacuum-
deposition technology, optical metrology, electron
microscopy and printed circuit board fabrication are
also made possible by the expertise of division staff.

Thinking Tiny
A grating can come in any size. It
can be large enough to swallow a set
of dropped car keys, or small
enough to grind nutmeg. If it is
microscopically small, it could be
one of the gratings being designed
and made in Brookhaven's Instru-
mentation Division.

Here, materials scientists are at
work on structures so fine that a
single human hair is ten times
thicker than the spaces in the grat-
ing. These microscopic structures
will be a key element in a totally
new concept for a linear accelera-
tor, one that will accelerate electron
beams to ultrahigh energies much
more efficiently than is possible with
current technology.
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In the Accelerator Test Facility
now nearing completion, a narrow
electron beam will first be preaccel-
erated conventionally to 50 mega-
volts (MeV). The beam will then be
focused to skim just above the grat-
ing, which is being irradiated by a
high-powered carbon dioxide laser.
The intense electric field resulting
from the grating-laser interaction
will accelerate the electrons in the
beam. The amount of energy gained
by the electrons will then be mea-
sured in a spectrometer.

A crucial part of the concept
is the design of the grating. First,
its "periodicity" (the distance
between the ripples in the grating)
must be matched to the laser's
wavelength of 10.6 microns, or

The mask consists of an array of
oxide disks on a silicon substrate that
forms the final grating after ion
etching.

While James Calcanes (standing) prepares the electron microscope for use,
Mara Schwartz, of North Carolina State University, and John Warren compare
the greatly magnified micrographs of the completed gratings with the examples
they are holding, in which the actual distance from center to center of the
upright components is about one-twentieth of the diameter of a human hair.

The finished grating, magnified 6,000
times.

The idealized design shows the path of the electron beam as it passes OJVT the
grating.
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about 1/3,900,000 of an inch. By
using computer simulations of the
interaction between the electric
field around the grating and the
electron beam, researchers have
calculated the most effective shape
and dimensions to use.

Two possible grating designs are
under consideration. One type is a
double row of cylinders that project
a few microns above an optically
flat surface. The other is a row of
linked rectilinear cavities of similar
dimensions.

If the grating's dimensions do not
conform with complete accuracy to
the dimensions specified by com-
puter simulations, the energy from
the laser will not couple efficiently
to the electron beam, and the elec-
trons will not be accelerated.

The designers must take into
account other, equally stringent,
considerations. The material used

to make the grating has to be con-
ductive, so that energy losses
through resistance are reduced. It
must also be extremely resistant to
damage from the high-power car-
bon dioxide laser.

The dimensions of some possible
grating designs have been worked
out, trial materials selected and
several prototypes produced. The
procedure for making the grating is
similar to the lithographic process
used in the manufacture of inte-
grated circuits in computers.

An electron-beam writing
instrument is used to draw a two-
dimensional representation of the
grating pattern on to a photoresist
layer that overlays a substrate of
the chosen material. Then a pro-
cess known as reactive ion etching
is used to etch selected regions not
protected by the masking pattern.
The grating is formed after the top

two of three microns of substrate
have been etched away.

The methods of measurement
used at present in the semiconduc-
tor industry are based on optical
microscopy and do not have suf-
ficient resolution to measure the
gratings. Brookhaven scientists are
therefore developing equivalent
methods that use scanning elec-
tron microscopes or scanning tun-
neling microscopes. These instru-
ments have much greater
resolution and can provide the
extreme accuracy needed.

A few millimeters of grating sec-
tions are expected to be completed
by the end of 1989, and the grating
accelerator concept can then be
fully tested. If it succeeds, a new
frontier will be opened in advanced
accelerator research.



Laboratory Profile
Brookhaven's multidisciplinary nature was reflected
in the wide range of scientific meetings hosted here
during fiscal year 1988. The same breadth of research
is reflected in the variety of honors and awards gar-
nered by so many of our employees. And within the
scope of general and administrative activities, a
number of new programs were initiated in such areas
as training, team safety and energy conservation, all
part of the busy, day-to-day life at the Laboratory.
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O n almost any day of the year,
Brookhaven is hosting a conference,
workshop or symposium. This sam-
ple shows how the dozens of meet-
ings held at our multiprogram
laboratory in 1988 appealed to a
wide variety of scientific interests.

Electroresponsive polymers
include electronic and ionic conduc-
tors and non-linear optical mate-
rials. In the last ten years, they have
emerged as a major interdiscipli-
nary field of study. For this reason,
some 80 scientists attended the
Symposium on Electroresponsive
Polymers, held October 4-7.

Worldwide, a total of eight
nuclear data centers have joined in
agreements to exchange nuclear
reaction data. Representatives of
these centers gathered at the
National Nuclear Data Center at
BNL, October 27-29, for the ninth in
a series of biennial meetings spon-
sored by the International Atomic
Energy Agency in Vienna.

For the first time ever, chemists
specializing in synchrotron radia-
tion research — about 120 in all —
were brought together November 4-
6 for a conference entitled New
Opportunities in Chemistry: An
International Symposium on the
Uses of Synchrotron Radiation in
Chemistry.

Some 80 scientists and physicians
gathered at the Second Interna-
tional Symposium on Genetic and
Salt Hypertension, November 12-13.
Basic and clinical aspects of hyper-
tension were discussed, and further
studies were planned using Dahl
rats, two special strains originally
developed at BNL.

On December 3-4, the National
Fire Protection Association con-
ducted a seminar, attended by
about 50 Laboratory employees
involved in building fire safety, on
the Life Safety Code, which deals
with safe means of exiting buildings

and with general fire safety.
Recently, neutron capture ther-

apy has been refined to the point
where clinical trials on this method
for destroying tumors may soon
begin on brain tumor patients in the
U.S. This progress was among the
topics discussed by an international
group of 75 medical and scientific
specialists, at the Neutron Capture
Therapy Workshop, February 1-2.

To review progress in the analysis
of international electricity
exchanges — particularly the
export of additional electricity from
Quebec to the U.S. — 31 researchers
and analysts representing govern-
ments, academic institutions and
the electric power industry met at
BNL April 5-6 for the Workshop on
Modeling of International Electricity
Exchanges.

Sponsored by Brookhaven Women
in Science, the Nuclear Structure
Colloquium and a testimonial
dinner were held April 14 to honor
Gertrude Scharff-Goldhaber, retired
Senior Physicist and now a research
collaborator, for her contributions
to nuclear physics and to advancing
the cause of women in science.

On May 4, a workshop was held
on studying phenomena in non-
linear optics, medicine and surface
science, using the infrared free elec-
tron laser facility to be constructed
at Brookhaven at the Center for
Accelerator Physics.

Many of the almost 700
researchers who do experiments at
BNL's Alternating Gradient Synchro-
tron (AGS) were on hand May 5-6
for the AGS Users Group annual
meeting, to hear reports on the
accelerator's broaa and active
research program and new experi-
mental results.

The conference on Vacuum Design
of Advanced and Compact Synchro-
tron Light Sources, which was spon-
sored by BNL and the Vacuum

Technology & Surface Science Di-
visions of the American Vacuum
Society, was held May 16-18 and
drew 150 participants.

Synchrotron Radiation in Struc-
tural Biology was the title of the
35th Brookhaven Symposium in
Biology, held May 22-25. In addition
to reviewing results obtained by
synchrotron-based crystallography,
small angle scattering and spectros-
copy, the 60 participants explored
instrumentation improvements and
new ways of using synchrotron
radiation.

The fundamental physics and
chemistry of solid surfaces and
interfaces was the main theme of
the 48th Physical Electronics Con-
ference held June 6-8, which was
cosponsored by BNL and the Ameri-
can Physical Society and attracted
close to 200 attendees.

The Summer Institute on Relativ-
istic Heavy Ion Physics had two
parts: Attended by 115 students, a
summer school was held July 11-15,
to attract young physicists to the
field of heavy ion physics, while
about 130 attended a workshop on
detector technology for BNL's pro-
posed Relativistic Heavy Ion Collider
(RHIC), July 18-22, to draw up a
plan for detector R&D and begin
writing proposals.

At an August 15 workshop, 20
attendees discussed the future of
health physics education and BNL's
role in providing training for health
physics master's degree students.

Over 110 physicists met at Brook-
haven August 25-27, for the Work-
shop on Rare K Decays and CP Vio-
lation, where experimenters and
theorists discussed the present sta-
tus of experiments in these areas
and where to aim in the future.

As one of the three collaborators
in the magnet design for the pro-
posed Superconducting Super Col-
lider (SSC), on August 31, BNL was
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the first of three U.S. Department of
Energy laboratories to host manu-
facturers' representatives — about
150 of them — interested in building
the SSC's superconducting magnets
and getting a firsthand look at
prototype SSC magnets and their
production.

To debate the reported sightings
of glueballs, hybrids and exotic
hadrons, and to discuss what more
can be done at BNL and around
the world to verify what has been
seen, 130 scientists from 14 coun-
tries attended the GLUE88 workshop
at BNL, from August 29 to Septem-
ber 1. m

L Workshop on Glueballs
Hybrids and Exotic Hadrons

Aua29-Sept1

The GLUE88 workshop, held at Brookhavenfrom August 29 through September
1, brought together 131 scientists from around the world to discuss glueballs,
hybrids and exotic hadrons. These are hypothetical elementary particles stud-
ied by high energy physicists using accelerators such as the Laboratory's
Alternating Gradient Synchrotron. Helping to organize and run the workshop
were (from left) Sharon Smith, Kenneth Fotey, Suh Urk Chung, Michael Pen-
nington, Ronald Longacre, Hans Willutzki and Elizabeth Mogavero.
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Honors
Per Bak (Physics) was elected a Fel-
low of the American Association for
the Advancement of Science (AAAS)
in February, for his contributions to
solid state physics.

Robert Birgeneau (guest, Physics)
and Paul Horn (guest, National
Synchrotron Light Source) were
awarded the American Crystallo-
graphic Association's 1988 Warren
Award in June, for their work on a
series of experiments on diffraction
from two-dimensional systems, in
which they used the Light Source.

Brookhaven won a Department of
Energy (DOE) Small Business Award
for using small and disadvantaged
businesses, having had contracts
with 75 such firms in 1987.

Brookhaven's 40th anniversary pub-
lication, The First Forty Years,
received a first-place Distinguished

Technical Communications award
from the New York Chapter of the
Society for Technical Communica-
tion (STC), in April. In May, the book
captured a fourth place Award of
Achievement in the STC's 1987
International Competition.

The Brookhaven Bulletin, the
Laboratory's employee publication,
was honored in April with an Award
of Excellence, the STC's second-
place award.

Jerry Cadwell (Nuclear Energy)
and Douglas Humphrey (Photo-
graphy & Graphic Arts) won a first-
place award at the annual Nebraska
Videodisc Symposium in October,
for their videodisc 'The Authorized
Classifer."

Neal Carciello, Lawrence Kukacka
and Toshifumi Sugama (Applied
Science) earned an R&D 100 award

in September, for one of the year's
100 most significant inventions — a
zinc-phosphate coating system that
greatly reduces corrosion of steel
surfaces.

Ernest Courant (Accelerator Devel-
opment) received an honorary Doc-
tor of Science degree from Swarth-
more College in May.

Carl Dover (Physics) was awarded
an Alexander von Humbolt research
fellowship in March, to spend a year
doing research on theoretical
nuclear physics at the University of
TCibingen, West Germany.

Joanna Fowler and Alfred Wolf
(Chemistry) shared the 1988 Gusta-
vus John Esselen Award for Chemis-
try in the Public Interest, in March.
They are well-known for their pio-
neering work on positron emission
tomography, a technique that uses

Brookhaven's Joseph Wall (right) is
congratulated by Secretary of Energy
John Herrington at an awards cere-
mony in Washington, D.C., held on
September 20 for the six winners of
the 1988 Ernest Orlando Lawrence
Memorial Award. Wall, a biophysi-
cist, is internationally recognized for
his pioneering work on the develop-
ment of the Scanning Transmission
Electron Microscope, which is power-
ful enough to see the fine structure of
biological specimens, including single
atoms.
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radiotracers to study organs and
metabolic processes in the human
body.

Ole Hansen (Physics) was awarded
an Alexander von Humbolt research
fellowship in May, to spend ten
months at the University of Frank-
furt, West Germany, collaborating
on the NA35 experiment at CERN,
then two months at the nuclear
physics accelerator laboratory KVI,
in Groningen, the Netherlands,
working at the heavy ion cyclotron.

Will! A Higinbotham (Nuclear
Energy) was honored in September
when the library for the Technical
Safeguards Organization in BNL's
Department of Nuclear Energy
was formally dedicated as the
"Higinbotham Nuclear Safeguards
Library."

Keith Jones, Barry Gordon, Albert
Hanson and Joel Pounds (Applied
Science), in collaboration with Mark
Rivers, Stephen Sutton and Joseph
Smith (guests, Applied Science),
were honored in September with an
R&D 100 award for developing an x-
ray microprobe/microscope that
can determine the specific chemical
compositions of geological and bio-
logical samples.

Joseph Kenneally (Contracts &
Procurement) won the first BNL
Small Disadvantaged Business
Standard of Excellence Award in
March, as the quarter's buyer with
the best performance in small and
disadvantaged business
participation.

Richard Lambrecht (research col-
laborator, Chemistry) was selected
by the New Haven Section of the
American Chemical Society to
receive the Section's 1987 Maurice
R. Chamberland Award in
November, in recognition of his
application of chemistry to improve
the quality of life.

John Larese (Chemistry), Stephen
Shapiro (Physics), and Simon Moss
(guest, National Synchrotron Light
Source), along with their collabora-

tors from Lawrence Livermore
National Laboratory, were cited for
outstanding scientific accomplish-
ment as winners of DOE's 1988
Materials Sciences Research Compe-
tition in September, for their studies
of "Premartensitic Behavior of the
02 Phase in Ni62.5Al37.5-"

William Marcuse (Office of
Research & Technology Applica-
tons) was named the Federal
Laboratory Consortium's Represen-
tative of the Year, in May, for his
role in assisting with the initiative to
transfer x-ray lithography and syn-
chrotron radiation technology for
the commercial manufacture of
high-speed computer chips.

Donald Metz (Office of Educational
Programs) received the Robert A.
Leahy Memorial Outstanding Citi-
zenship Award from the Long Island
Forum for Technology in May, for
the time and energy he has devoted
to promoting technology education
in the region.

Ronald Rau (Physics) was awarded
an Alexander von Humbolt research
fellowship in May, to divide his time
during 1989 between the DESY
Laboratory and the University of
Hamburg, West Germany, while par-
ticipating in the Zeus collaboration,
a high energy physics experiment at
DESY*s electron-proton collider
HERA.

Gertrude Scharff-Goldhaber (Phys-
ics) was honored for her lifelong
contributions both to science and to
the cause of women in science, at a
Nuclear Structure Colloquium and
testimonial dinner in April, spon-
sored by Brookhaven Women in
Science.

Richard Setlow (Director's Office)
was elected a Fellow of the AAAS in
February, for his research into DNA
repair and the biological effects of
UV-induced cyclobutane pyrimidine
dimers.

Gen Shirane and John Tranquada
(Physics), along with Robert Birge-
neau (guest, Physics) and Marc

Kastner (guest, Reactor), were cited
for outstanding scientific accomp-
lishment in DOE's 1988 Materials
Sciences Research Competition in
September, for their studies of "Spin
Dynamics in High-Tc Superconduc-
tor Systems."

John Skaritka and George Ganetis
(Accelerator Development) earned
an R&D 100 award in September, for
developing an instrument for mea-
suring magnetic fields in magnets
for particle accelerators.

Suresh Srivastava (Medical) earned
a 1988 Special Award for Excellence
in Technology Transfer from the
Federal Laboratory Consortium
(FLC) in May, for his initiative in
introducing a red blood cell kit to
industrial sponsors and convincing
them to commercialize it for use in
millions of clinical examinations
annually.

Dmitri Stephani (Instrumentation)
received a 1988 Special Award for
Excellence in Technology Transfer
from the FLC in May, for his creativ-
ity in inventing hybrid preamplifiers
and uncommon initiative in promot-
ing commercialization through
assisting manufacturers to produce,
advertise and market thousands of
units annually.

Michael Tannenbaum (Physics)
was elected an AAAS Fellow in
Feburary for his proof that muons
obey Fermi-Dirac statistics and for
his studies of proton-proton and
relativistic nuclear collisions.

Gerald Tape (consultant to Asso-
ciated Universities, Inc.; past AUI
President and former BNL Deputy
Director) was awarded DOE's 1987
Enrico Fermi Award in December,
for his contributions to both the
advancement of nuclear power and
the nonproliferation of nuclear
weapons.

Peter Thieberger (Physics) was
awarded a Space Act Tech Brief
Award by the National Aeronautics
and Space Administration for the
creative development of a technical
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innovation which has been pro-
posed for publication as a NASA
Tech Brief entitled SEU Modeling
Verification NMOS Depletion Mode-
Load SRAMS.'"
Joseph Wall (Biology) received a
1988 Ernest Orlando Lawrence
Memorial Award from the Depart-
ment of Energy in September, for his
singular contributions to the devel-
opment and application of the
Scanning Transmission Electron
Microscope, including the exten-
sions of cellular microscopy to the
resolution of single atoms, to the
measurement of mass and shape of
macromolecules, and the creation of
the STEM user facility that makes
this technology available to a broad
community of scientists.

Ernest Warburton (Physics) was
awarded an Alexander von Humbolt
research fellowship in August, to
spend a year at the University of
Heidelburg, West Germany, conduct-
ing electron scattering research.

Harvey Wegner (Physics) was
elected a Fellow of the AAAS in Feb-
ruary, for his role in the construc-
tion of BNL's Tandem Van de Graaff
Accelerator for heavy ion physics
and its recent interconnection to
the Alternating Gradient
Synchrotron.

Alfred Wolf (Chemistry) was
elected to the National Academy of
Sciences in May. M

Personnel
Employment at the Laboratory

has remained constant over the last
three years (see chart page 94).

In 1988, outside users came to
BNL in ever-increasing numbers to
use Brookhaven's world-class
research facilities. Some 2,200 guest
researchers from about 360 Ameri-
can and 170 foreign institutions,
flocked to the Laboratory last year.

Student programs attracted
youth from high school through
graduate school — about 600 stu-
dents in 1988.

Science for Students
High school students who are

entering or have recently completed
their senior year were the focus of
the new Community Summer
Science Program offered at the
Laboratory this year through the
Office of Educational Programs. The
program consisted of two parts: At

an open lecture series in the morn-
ings, Brookhaven scientists covered
current topics in such areas as
physics, astronomy, chemistry, biol-
ogy, medicine and applied science;
in a limited number of afternoon
internships, students worked in a
research environment with sponsor-
ing BNL scientists.

Ongoing student programs in
1988 included the 37-year-old
Summer Student Program, in which
59 college juniors and seniors par-
ticipated; the High School Honors
Science Program sponsored by the
U.S. Department of Energy, in which
BNL hosted 52 of the nation's
brightest high school students and
six from other countries; Saturday
tours of the Laboratory for seventh
and eighth graders, sponsored by
Associated Universities, Inc.; and
the new Science and Engineering
Research Semester for college
students.

Affirmative Action
In the intern program sponsored

by the Affirmative Action Office,
four young careers were launched
at Brookhaven, in the fields of facili-
ties engineering, purchasing,
biology/environmental protection
and medical technology.

Continuing programs adminis-
tered by Affirmative Action, de-
signed to enhance minority
interest in science and technical
fields, included the introductory
computer courses offered to adults
and children in the Riverhead
community, the SEEK mini-semester
at Brookhaven for freshmen from
the City College of New York; re-
search apprenticeships for high
school students; the Brookhaven
Semester Program for students
from historically black colleges; and
the GEM program, for graduate
students pursuing degrees in
engineering.



L a b o r a t o r y P r o f i l e 9 3

Contracts & Procurement
The number of minority firms

doing business at the Laboratory
continued to increase, as did the
dollars that Brookhaven invested in
such companies.

Patents Awarded
In 1988, ten patents were

awarded to employees or former
employees for devices invented or
processes developed at Brookhaven.

New Ambulance
A brand-new ambulance was the

1988 addition to the five-vehicle
fleet operated by the Fire & Rescue
Group of the Safety & Environmen-
tal Protection Division. The ambu-
lance, which carries a CPR Thumper
device for performing cardiopulmo-
nary resuscitation, is completely set
up for basic life support fur trans-
port of victims off site.

24-Hour Banking
In July, an agreement between

Laboratory management and Bar-
clays Bank of New York resulted in
the opening of a 24-hour automated
teller machine for cash and banking
services, in the Berkner Hall lobby.

Rebate from LILCO
By reducing the Laboratory's elec-

trical energy expenditures for light-
ing while maintaining safe and com-
fortable lighting levels, Brookhaven
earned a $10,000 rebate from the
Long Island Lighting Company
(LILCO). (Twenty percent of the
Laboratory's electricity comes from
LILCO. Brookhaven buys the other
80 percent from the New York
Power Authority.)

The savings were realized through
a lighting modifications project car-
ried out by the Plant Engineering
Division. Modifications included
replacing 40-watt fluorescent lamps
with 34-watt lamps that produce
about the same light output, reduc-
ing energy consumption by 15 per-
cent. Also, to provide the proper
voltage and current to start and
operate the fluorescent lamps,

standard electromagnetic ballasts
were replaced with electronic bal-
lasts, which use about 35 percent
less energy, run more quietly and
last longer.

Dial 282 Info
A heavy snowfall overnight...

impassable roads. Will the Lab-
oratory open late? Since December
1987, Brookhaven employees have
been able to get a quick answer to
this kind of question by dialing the

telephone number 282-INFO and
making use of a new information
service.

Training for Employees
Throughout the year, the Labora-

tory conducts training programs
intended to keep employees aware
of the latest developments in their
fields and to hone their skills to the
highest levels (see photo). Among
the areas in which employees were
trained in 1988 were:

This is the view seen by each of the 28 participants as they practiced an Aus-
tralian rappel down a 38-foot wall, during the Special Response Team Train-
ing held in June. Sixteen officers from Brookhaven's Police Group and 12
members of the Suffolk County Emergency Services sharpened their skills
under the guidance of the Mobile Training Team from the Department of Ener-
gy's Central Training Academy in New Mexico.
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• Safe removal of asbestos — To ful-
fill a new New York State law requir-
ing the certification of all contrac-
tors, workers and supervisors
involved with asbestos removal, 14
employees took this course, organ-
ized by the Plant Engineering Div-
ision, in January 1988.
• Digital electronics — Theory and
practical application were the focus
of this program arranged by the
Personnel Division and presented to
45 employees from six departments
in 16 half-day sessions from October
1987 to February 1988.
• Personal computers — Introduc-
tory courses on the IBM PC and on
major software programs such as
dBASE 111 Plus, Lotus 1-2-3, RBase
System V and WordPerfect are
among those now offered by the
Management Information Systems
Division, which in May assumed
responsiblity for this training, pre-
viously offered by the Personnel
Division.

Central Chilled
Water FaciUty

By year's end, work on the new
Central Chilled Water Facility was
well along. When completed in the
spring of 1989, the facility will pro-
duce chilled water and compressed
air to supply six buildings on the
Laboratory site.

BERA Activities
In 1988, two new clubs were

added to the list of over 40 organi-
zations that fall under the aegis of
the Brookhaven Employees Recrea-
tion Association (BERA). Boomerang
enthusiasts formed the Boomerang
Club, while automobile buffs created
the Antique & Classic Motoring
Club. In addition, the Astronomical
Society installed a new, member-
made, 16-inch telescope in its on-
site observatory.

Team Safety
In July 1988, the Laboratory

kicked off its new Team Safety pro-
gram, involving 25 teams of
employees from three divisions:

Central Shops, Supply & Materiel
and Plant Engineering. In this on-
going incentive program, as each
team reaches its time goal without
any lost-time injuries, team
members are rewarded for their
safe practices with a luncheon. By
the end of the year, after the pro-
gam had been in effect ten weeks,
nine teams had reached the
winners' lunch table.

Child-Care Initiative
BNL's Child-Care Initiative Com-

mittee, formed in January to evalu-
ate Brookhaven employees' child-
care needs, issued a report to the
Laboratory Director in September.
Based on the responses of almost 40
percent of BNL's employees to a Lab-
wide survey, the committee recom-
mended that Brookhaven establish
an affordable child-care center on
site, with adequate spaces for
employees' children, and institute
associated child-care benefits and
policies. In response, the Director
appointed a management commit-
tee to investigate the feasibility of
establishing or sponsoring such a
facility and asked the Personnel Div-
ision to consider the other
recommendations.

National Bridge Contest
When put in Brookhaven's stress

tester, a 31.17-gram balsa bridge
built by a Colorado high school stu-
dent supported 196 pounds —
taking top honors in the 1 lth

National Model Bridge Contest
organized at Brookhaven in May by
the Tour Program in the Public
Affairs Office. This was the second
time the national contest was held
at BNL, in addition to the local con-
tests hosted by the Tour Program
each year.

Administrative Actions
John Axe was appointed to the
newly created position of Scientific
Program Head for the High Flux
Beam Reactor, in April 1988.

W. Robert Casey was appointed
Head of the Safety and Environmen-
tal Protection Division, as of Janu-
ary 1988.

Marilyn C. Galli was named Acting
Division Manager of the Technical
Information Division, in July 1988.

Geoffrey Hind became Chairman of
the Biology Department in October
1987.

Walter Kato was named Chairman
of the Department of Nuclear
Energy in April 1988.

Norman Sutin was appointed
Chairman of the Chemistry
Department, in January 1988.

T. Laurence Truman became Asso-
ciate Director for High Energy and
Nuclear Physics, in September 1988.

Otto White was named Acting
Assistant to the Director for Affirm-
ative Action, in June 1988. •

Employment Statistics
•Scientific Staff
Scientific Professional Staff

*Nonscientffic Staff

Total

Ptrctnt of Total Employ***

Minorities
Females

'Also includes research associates and

1988
645
492

2135

3272

16.6
23.1

visiting staff.

1987
67S
417

2096

3261

16.4
22.9

1986
666
470

2064

3200

15.4
22.4
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Financial Bepoit

J. he principal source of Brook-
haven's funding is the U.S. Depart-
ment of Energy (DOE). DOE
accounted for $176.7 million, or 79
percent, of BNL's $222.6 million in
operating funds in fiscal year (FY)
1988. Operating funds pay the costs
of salaries and wages, fringe bene-
fits, materials and supplies, and
energy associated with the Labora-
tory's research programs.

Work for other federal agencies
totaled $45.9 million, the second
largest category of Laboratory oper-
ating funds. This work was per-
formed for the Nuclear Regulatory
Commission, the Department of
Defense, the Department of State,
the Environmental Protection
Agency, the National Institutes of

BNL Cost Elements

Fringe Benefits

Material 4> Supplies

Electric Power

Heating Fuel

Salary t Wages

14.5H

26.3*

4.6%

0.9%

53.7%

Health and the National Science
Foundation.

DOE also provides capital equip-
ment funding for instrumentation,
scientific apparatus, computers and
office equipment. In FY87, BNL's
capital equipment budget totaled
$18.4 million, while in FY88 it rose
to $20.5 million.

A third aspect of Laboratory
funding is for construction. In FY87,
BNL's construction funds amounted
to $25.2 million, and in FY88, they
dropped slightly to $24.5 million.

Primarily, the decrease reflects
the completion of the Phase II
expansion of the National Synchro-
tron Light Source and the winding
down of the Central Chilled Water
Facility Project. Construction pro-

jects initiated in FY86 and ongoing
into FY88 include the Accumulator-
Booster at the Alternating Gradient
Synchrotron and fire protection
improvements. Environmental
improvements initially funded in
FY88 are also under way. *

BNL Operating Funds
(Millions of Dollars)

20 40 60 100

A.

A. High Energy & Nuclear Physics
B. Basic Energy Sciences
C. Environmental RAD
D.Othvr DOE Programs
E. Other Program*
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Organization

Directorate
Nicholas P. Samios

Director
Martin Blume

Deputy Director
'Associate Director

for Basic Energy Sciences
Seymour Baron

Associate Director
for Applied Programs

Henry C. Grahn
Associate Director

for Administration
E. Parke Rohrer

Associate Director
for Management
and Physical Plant

Richard B Setlow
Associate Director

for Life Sciences
T. Laurence Trueman

Associate Director
for High Energy
and Nuclear Physics

Gerald C. Kinne
Assistant Director

for Reactor, Safety
& Security

Department Chairmen
Peter D. Bond

Physics
Arjun D. Chanana

Medical
Eric B. Forsyth

Accelerator Development
Geoffrey Hind

Biology
Walter Y. Kato

Nuclear Energy
Michael L. Knotek

National Synchrotron Light Source
Derek I. Lowenstein

Alternating Gradient Synchrotron
Bernard Manowitz

Applied Science
Ronald F. Peierls
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Norman Sutin
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Michael H. Brooks

Reactor
W. Robert Casey

Safety & Environmental Protection
VeUko Radeka

Instrumentation

Managers and Office Heads
Robert Bacharach

Management Information Systems
Anne S. Baittinger

Public Affairs
Robert D'Angio

Personnel & Labor Relations
'Marilyn C. Galli

Technical Information
Michael M. Goldman

Legal Counsel
Michael A. Guacci

Supply & Materiel
Mark O. Israel

Fiscal
John B. King

Contracts & Procurement
John B. Laurie

Photography & Graphic Arts
Alfred Mahlmann

Plant Engineering
William Marcuse

Research & Technology
Applications

Bernard J. McAlary
Business Manager

Robert B. Palmer and
Claudio Pellegrini

Center for Accelerator Physics
Donald J. Robbins

Budget
E. Parke Rohrer

Project Management
Larry J. Runge

Safeguards & Security
Marvin Shear

Quality Assurance
Richard J. Spellman

Central Shops
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Staff Services
*Otto White Jr.

Affirmative Action

*Acting
Organization effective as of
September 30, 1988
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