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fiOOKHAVEN t)DAY
When I first came toBrookhaven

— as a summer student in 1952 —
the five-year-old Laboratory had
already taken two major steps in
fulfilling its primary mission.

Still basically unchanged, that
mission was to establish, in the
northeastern United States, a new
multiprogram laboratory where
researchers from all over could
flock to seek new knowledge in the
nuclear and related energy sciences

— with emphasis on programs that
require such large-scale research
tools as nuclear reactors, particle
accelerators and special laborato-
ries that are beyond the scope of
individual educational institutions.

The initial two steps in making
BNL the national resource it
remains today were the construc-
tion of the Brookhaven Graphite
Research Reactor, commissioned in
1950, and of the Cosmotron, in 1952.

Thaaugh the years, I have wit-
nessed at Brookhaven the joy of
discovery with these two fine ma-
chines, the excitement of construct-
ing their successors as well as other
world-class instruments and labora-
tories, and the thrill of seeing these
forefront facilities nurture and
encourage scientific productivity.

Operating daily at the cutting
edge of science, our facilities now
include several "big machines,"
such as:
• Alternating Gradient Synchro-
tron (AGS) and Booster — With its
illustrious 32-year history, some
might think the AGS must be near-
ing the end of its usefulness as a
high-energy particle accelerator.
But they would be quite wrong.

With a healthy assist from the
just-completed Booster, the AGS
now operates at a high-intensity
frontier that most other machines
can never hope to approach and
runs a full complement of approved
experiments of high sensitivity in
both high energy and nuclear phys-
ics. Its vibrant experimental pro-
gram ranges from searches for
extremely rare kaon decays to g-2,
the upcoming high-precision mea-
surement of the anomalous mag-
netic moment in muons.
• National Synchrotron light
Source (NSLS) — In addition to its
utility in basic and applied research
in such diverse fields as material,
chemical, biological and medical
sciences, chis premier, dedicated
light source represents an enlight-
ened, effective way of interacting
with industry. An enormous invest-
ment and an enormous synergism
exists between our scientists and



the industrial scientists — who
made up nearly 20 percent of the
almost 2,300 NSLS users this past
year. A prime example of technol-
ogy transfer at its best, this is a
facility where "small science" is done
at a "large science" machine.

• High Flux Beam Reactor (HFBR)
— With both the HFBR and the NSLS
running, I am pleased to see the fru-
ition of our concept of having neu-
trons and photons available for
research in one place — since they
often complement each other so
well when applied to related prob-
lems. To continue to foster this con-
cept, which is now being copied
worldwide, our highest priority is to
upgrade detectors at the HFBR.

Of course, Brookhaven today is
much more than large machines.
Our mix of facilities includes the
Radiation Therapy Facility, which is
not only providing convenient and
high-quality care for cancer
patients living in our part of Long
Island, but also continuing relations
with our valuable neighbor, the
State University of New York at
Stony Brook; and our PET — the
Positron Emission Tomograph, with
its ability to reveal things about the
human brain, such as the nature of
Parkinson's disease and the efficacy
of new drugs being developed to
treat it.

BNL's diversity as a national labo-
ratory is underscored by the wide
variety of areas where the science is
initiated by individual investigators.
At Brookhaven, one such area is
biotechnology. In the short history
of DNA sequencing, BNL biologists
have some of the longest, most
impressive histories, starting several
years ago with the deciphering of
the 40,000 base pairs of the bacteri-
ophage T7. Taking off from that fun-
damental work, these same scien-
tists this year made a major
breakthrough in devising a method
that will considerably shorten the
amount of time it will take Ameri-
ca's researchers to decipher the
three billion base pairs in human
DNA, the goal of the nation's Human
Genome Project.

This important work demon-
strates the great payoff of pure
research and the basic fact that
when very smart practitioners
engage in that research, we get
very useful results. We look for-
ward to making Brookhaven a
center for structural biology and
DNA sequencing.

BNL has long been a center for
forefront neutrino physics. At the
Laboratory, the search for these
elusive subatomic particles culmi-
nated in 1988 with the awarding
of the Nobel Prize in Physics for
the 1962 AGS experiment that
employed the first neutrino beam
ever used in high energy physics
and resulted in the discovery of the
muon-neutrino.

Searches for neutrinos first took
researchers away from BNL in the
1960s, when Lab scientists aiming
to measure neutrinos from the sun
set up a huge detector deep in a
gold mine in South Dakota. By 1967
they had found scarcely one-third
the expected number of solar neu-
trinos — results that threw the field
of astrophysics into an uproar.

Twenty years later, in 1987,
another underground detector in a
salt mine near Cleveland — a joint
venture of the University of Califor-
nia, Irvine, the University of Michi-
gan and BNL — suddenly found an
unusually high number of neutrinos
from outer space. Originally built to
search for signs of proton decay,
this detector observed eight neutri-
nos within six seconds — the first
indication on Earth that a star, or
supernova, had exploded in a
nearby galaxy roughly 160,000 light
years away.

This year, our remarkable back-
ground in neutrino research and
our expertise in underground
detectors combined to help Brook-
haven researchers and their colla-
borators detect solar neutrinos in
Italy's Gran Sasso Underground
Physics Laboratory — the first
observation of low-energy neutrinos
that are produced deep in the sun's
core in the primary step of the
hydrogen fusion cycle that energizes
the sun.

Back at BNL, we are anticipating
that in 1997, our 50th anniversary
year, the Relativistic Heavy Ion Col-
lider (RHIC), now under construc-
tion, will begin its reign as one of
the forefront accelerators of the
world. In this unique machine, two
beams of heavy ions will speed in
opposite directions in a tunnel 3.8
kilometers in circumference. At six
points around the RHIC ring, the
large particles will collide — with a
combined energy of 200 billion elec-
tron volts for each of the protons
and neutrons contained in the col-
liding nuclei.

As RHIC proceeds towards com-
pletion on schedule and on budget,
I am actually looking forward to
looking backward — as the reac-
tions that occurred in the first
microseconds of the universe are
recreated in RHIC's tumultuous
nuclear collisions.

And I can look foi-ward to that
day with confidence because of
Brookhaven's greatest resource —
its dedicated people. As much as
this Laboratory has grown and
changed over the years, one thing
has remained the same: Behind all
of the research and all of the
machines are some of the finest
scientists and support staff in the
world.

Nicholas P. Samios
Director



With the dissolution of the Soviet
Union coming to a head in the
summer of 1991, the drive to reas-
sess the future of the federal
government's national laboratories
has taken on a new urgency in the ,\
United States.

The strongest critics ibf the labo-
ratory system call for perestroikp,, a
restructuring, to reflect the end of
the Cold War. The U.S. Department,
of Energy (DOE), which funds the K"-
laboratories, agrees that their
future must be envisionedtyjthin
the context of evolving natioriijl
needs in response to rapid change*--
in the global strategic environment.

Such is today's climate, compel-
ling even Brookhaven, which is not
a weapons lab, to take a hard look
inward: What is our mission? What
is our identity? Where do we go
from here?

THE LABORATORY COMPLEX

The DOE laboratory complex is
considered a national treasure, a
repository of brilliant minds and
mighty machines. Almost every area
of basic scientific knowledge is
represented within the federal labo-
ratory system.

The DOE labs number nearly 30,
with a collective annual budget of
roughly $7 billion. And they employ
over 62,000 full-time people, more
than half of whom are scientists,
engineers and technicians.

Scattered all across the country,
the nine multiprogram national labs
tackle projects in broad areas,
including energy, environmental
issues related to energy, national
defense, fundamental science, engi-
neering, and environmental restora-
tion and waste management.

Of the nine, the four defense-
related labs are Lawrence Liver-
more National Laboratory in Cali-
fornia, Los Alamos National Labora-
tory and Sandia National
Laboratories in New Mexico, and
Idaho National Engineering Labora-
tory in Idaho.

Brookhaven National Laboratory
in New York is one of the five multi-
disciplinary labs with missions not

directed at national defense. The
others are Argonne National Labo-
ratory in Illinois, Lawrence Berkeley
Laboratory in California, Oak Ridge
National Laboratory irt Tennessee,
and the Pacific Norifcwest Labora-
tory in the state of Hfashingt©n.

Science is all aboat asking ques-
tions and seeking answers. In this
final decade of th» 20th century,
science w l play an evef-jflCWfasing
ro l ep helping jrt#cymakWBComeg
to a consensus, tfl key ar^atfh'al //) ,,
have widespMiad conseipMWces tq»,'/.
society. Ukase include j^ifcal climate
chaflge,-genetic «ftgj0et!iring, and
environment, safety and health
issues.

On the economic front, science
will be just as influential. America's
technological competitiveness in
today's global market would be
strengthened by a closer partner-
ship between government-funded
research labs and private industry.

Above all is the certainty that
basic research is the foundation for
technological progress. Most great
disco\*riei'have come out of pure
scienjqe, aid these discoveries, tin ,_.,

History shows that America's eco-
nomic success and military strength
have rested on its ability to put sci-
ence to work through technological
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areas.

One great advantage of being a
v multidisciplina,pEjSb is that a mix of
patents carbfejfapplied to problems

""'lexity. Hence, our
tinely crosses depart-

iple is the GALLEX exper-
lich involves both our
' and Physics Depart-

i fact, GALLEX is interna-
> 'well as interdisciplinary:

faven i#th^ sgl^U.S. lab par-

jjALLEX experiment is a
5n — essential for life

on earth.Tn standard theory, the
sun's energy is produced from the

conversion of hydrogen to helium.
For every two hydrogen atoms con-
verted, one small, elusive particle
known as a neutrino is produced.

In an historic announcement in
June 1992, the GALLEX team
reported the first observation of
low-energy neutrinos from the sun.
This finding is relevant to the vali-
dation of two important scientific
theories — an astrophysics theory
that describes energy production in
the sun and other stars, and a par-
ticle-physics theory on possible new
properties of the neutrino.

The GALLEX experiment formally
began in 1991, after years of prepa-
ration to set up experimental appa-
ratus containing 30 tons of the ele-
ment gallium to trap neutrinos
(hence the experiment's name, Gal-
lium Experiment, or GALLEX). First
results were reported after a year of
data collecting, and the experiment
will continue for several more years.

This time scale is typical of basic
research. And GALLEX is an exam-
ple of basic research at its best — a
careful search for answers to a big
question.

USER FACILITIES

The word "big" also applies aptly
to Brookhaven's user facilities, our
"big machines." From Brookhaven's
earliest years, we have designed,
built and operated large facilities
for use by the scientific community
at large. Today, we boast a machine
that holds the world record as the
research facility used by more
scientists than any other facility
worldwide — the National Synchro-
tron Light Source (NSLS).

Research at the NSLS covers an
impressive array of topics, from eso-
teric studies of the shapes of pro-
tons and neutrons, to detailed prob-
ings of silicon, the most widely used
semiconductor material.

; The BNL site, as seen

-' from atop the 85-meter

meteorology tower on

the west side.



While the majority of the work
done at the facility is basic science,
an important segment of the
research is very much aimed
toward practical payoff. That is pri-
marily because the NSLS has a large
contingent of industrial users —
more than 70 for-profit corpora-
tions conduct research at the NSLS.

Perhaps one of the country's fin-
est examples of industry/national
lab cooperation is IBM's use of the
NSLS to develop x-ray lithography, a
revolutionary chip-making process
that can lead to a new generation of
faster and more powerful compu-
ters. When the NSLS first began
operating in 1982, IBM was one of
the first users of the facility, pio-
neering the development of x-ray
lithography.

In 1988, IBM made the world's
first working computer chips pro-
duced with x-ray lithography.
Today, the corporation is showing
its commitment to the technology
by building a lithographic facility in
East Fishkill, New York. By the time
that facility becomes fully opera-
tional, IBM, by its own accounting,
will have invested about $1 billion in
x-ray lithography. And it all started
at the NSLS.

TECHNOLOGY TRANSFER

Brookhaven is increasingly aware
of the need to be more responsive to
industry. Even some of our own
scientists have discovered their
talents as entrepreneurs and
formed their own companies.

One such company, Moltech Cor-
poration of Stony Brook, New York,
is our partner in a new Cooperative
Research and Development Agree-
ment (CRADA). CRADAs are cost-
shared, laboratory-industry pro-
jects. Our CRADA with Moltech calls

Terje Skotheim (left) of

Moltech and BNL's

James McBreen are

working jointly to

develop electrically

conducting polymers for

use in batteries.



for the joint development of electri-
cally conducting polymers for use in
powerful, rechargeable batteries
that have a shelf life of a decade or
more.

During the year, we took yet
another strong step to promote
partnerships with industry. The
Laboratory, together with Asso-
ciated Universities, Inc., which man-
ages BNL for the Department of
Energy, helped found the Long
Island Research Institute, an inde-
pendent, nonprofit corporation for
promoting technology transfer. The
other co-founding Long Island insti-
tutions are Cold Spring Harbor Lab-
oratory and the State University of
New York at Stony Brook.

We expect that the new institute
will help bridge the gap between
longer-term research, typical of our

! BNL scientists (from

left) Keith Rowley,

Richard Hahn, Frank

Hartmann, Joseph

Weneser and Raymond

Stoenner are the sole

Americans on the inter-

national GALLEX team.

work at Brookhaven, and shorter-
term research and development, the
focus of industrial laboratories.

AUI ESTABLISHED

The founding of the Long Island
Research Institute is in some ways
reminiscent of the establishment of
Associated Universities, Inc. (AUI).

In 1946, AUI was founded to meet
a newly emerging national need.
With the world at peace, the U.S.
was poised at the start of a remark-
able period of growth and prosper-
ity, and the time was right for "big
science."

AUI was incorporated as a non-
profit organization in New York
State. The original sponsoring insti-
tutions of AUI — nine northeastern
universities — envisioned that the
corporation would bring together
the resources of academia and the
government to carry out broad
research endeavors that would be
beyond the scope of a single univer-
sity. These visionary ideas resulted
in the establishment of Brookhaven
National Laboratory in 1947.

Today, Brookhaven remains
deeply committed to our original
mission as a multidisciplinary labo-
ratory. Our identity as a master
builder of world-class machines is
further enhanced as we construct
the Relativistic Heavy Ion Collider
for the next era of nuclear physics
research.

The future of the Laboratory
depends on competence within
areas that we target and in which
we demonstrate our capabilities to
stay at the forefront of science.
Looking inward, we see depth and
breadth. Looking outward and
ahead, we see Brookhaven well-
positioned to meet new challenges
in the new world order.

; Using the unique Laser

Electron Gamma Source

(LEGS) at the NSLS,

(from left) Andrew

Sandorfi, Craig Thorn

and Samuel Hoblit study

protons and neutrons.



EBlG
MACHINES

Brookha^n's liii jjj#tiiiii form the hub of multidisciplinary research activities at the Laboratory.
The sophisticateacapabilities of these four facilities, along with first-rate researchers, make Broob haven
a world-class laboratory for scientific investigations in a wide range of areas. The National Synchrotron
Light Source, the Alternating Gradient Synchrotron, the High Flux Beam Reactor and the Scanning
Transmission Electron Microscope draw over 3,000 researchers from around the world each year to
perform basic and applied research at the Laboratory. These researchers from industry, universities
and other laboratories use BNL's big machines for experiments in many fields, from physics and materials
science to biology and chemistry. Brookhaven supports collaborative research with industry, and the
Laboratory'? Office of Technology Transfer assists industrial researchers who wish to use our facilities.
Researchers may retain title to inventions and data generated during then- work at BNL by entering
into a proprietary user's agreement with the Laboratory.

National Synchrotron

Light Source

NATIONAL SYNCHROTRON
LIGHT SOURCE

The world's largest facility for sci-
entific research using x-rays, ultra-
violet light and infrared radiation,
the National Synchrotron Light
Source (NSLS) attracted more than
2,500 scientists from industry, uni-
versities and laboratories during fis-
cal year 1992. At the NSLS,
researchers use beams of particles
called photons as probes to explore
the electronic and atomic structure
of materials. These investigations
are essential for research in many
diverse fields, including physics,
chemistry, biology, materials science
and various technologies.

ALTERNATING GRADIENT
SYNCHROTRON

High energy and nuclear physicists
from around the globe examine the
basic structure of matter using the

10



Alternating Gradient Synchrotron
(AGS). The world's most versatile
accelerator, the AGS can accelerate
protons to 33 billion electron volts
(GeV), polarized protons to 22 GeV
and heavy ions up to 14.6
GeV/nucleon. The AGS is also the
world's most prolific producer of
kaons. This year, about 800
researchers from 113 institutions
performed experiments at the AGS.

HIGH FLUX BEAM REACTOR

Since the High Flux Beam Reactor
(HFBR) first began operating in
1965, a worldwide community of
researchers has used the intense
beams of neutrons produced by the
reactor to perform experiments in
nuclear and solid state physics,
materials science, biology and
chemistry. About 275 scientists
from industry, universities and
other laboratories used the reactor
this year.

Scanning Transmission

Electron Microscope

; Alternating Gradient

Synchrotron

High Flux Beam Eeactor

SCANNING TRANSMISSION
ELECTRON MICROSCOPE

Brookhaven's Scanning Transmis-
sion Electron Microscope (STEM) is
one of three high-resolution micro-
scopes in the world that is able to
image single heavy atoms easily.
STEM is also unique because it
allows researchers to determine the
masses of proteins and DNA. Scien-
tists from all over the world use
STEM to view biological specimens
without adding heavy metals to the
sample for staining or shadowing.

The microscope has a resolution of
2.5 angstroms (2.5 ten-billionths of
a meter) and can magnify samples
ten million times. About 60
researchers from 35 institutions
used STEM last year.

BNL is also home to a second
STEM donated by The Johns Hop-
kins University. Researchers per-
form pilot studies on this STEM to
gain chemical information using a
technique called electron-energy-
loss-spectroscopy.

11



ic UPDATE

A dec3W%ig^^NL began opiBa
BJfcing its newest major facility, the National Synchrotron Light Source.

Today, the Laboratory is well into building yet another big machine, the Relativistic Heavy Ion Collider.
Formal inauguration of the project took place in April 1991. With a seven-year construction schedule,
commissioning is expected in 1997.

', Michael Harrison, Asso-

' date RHIC Project Head,

stands next to RHIC's

helium refrigerator.

GRUMMAN CONTRACT

The big headlines in BNL news
during fiscal year 1992 were reports
of steady progress toward comple-
tion of the Relativistic Heavy Ion
Collider (RHIC). In the second year
of RHIC construction, the Labora-
tory has accomplished much
toward the goal of building what
will be the world's foremost facility
for nuclear physics research.

Certainly the biggest single news
item during the year was the $42.7-
million contract signed in June with
Grumman Aerospace Corporation's
Electronics Systems Division. The
Long Island firm will manufacture
373 superconducting dipole
magnets for the collider.

This is the largest single procure-
ment for the RHIC construction pro-
ject, which is being funded by the
U.S. Department of Energy with a
total project budget of $509 million,
including research and develop-
ment, construction and start-up
costs.

When RHIC is completed in 1997,
it will collide subatomic particles
called heavy ions at high energies to
recreate the hot, dense plasma of
quarks and gluons believed to have

12
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existed in the early universe imme-
diately after the Big Bang.

Grumman's dipole magnets will
help guide the heavy ions as they
circulate in opposite directions
around two intersecting rings built
in a tunnel 3.8 kilometers (about
two-and-a-half miles) in circumfer-
ence. Traveling at nearly the speed
of light, two beams of heavy ions
will collide head-on at extremely
high energy, thus creating exceed-
ingly dense and energetic nuclear
matter, resulting in a quark-gluon
plasma.

RHIC will need a total of 1,740
superconducting magnets of various
types — dipoles, quadrupoles, sex-
tupoles and corrector magnets. Of
that number, industry will manufac-
ture 1,200 and BNL will build the
rest.

TECH TRANSFER IN ACTION

After many years of research
and development work on
magnets, BNL has mastered the
difficult art of building supercon-
ducting magnets. Thus, the con-
tract with Grumman is technology
transfer in action.

Soon after the June contract
signing, BNL began implementing a
formal technology transfer plan,
which involves regular meetings
with Grumman engineers,
designers and technicians to dis-
cuss in detail individual magnet
assemblies, using BNL drawings
and specifications to transfer the
technical know-how.

The technology transfer effort
will continue in fiscal year 1993,
when Grumman technicians will
work side-by-side with BNL staff to
build two magnets.

The Grumman dipole magnets
will use superconducting cables of
niobium-titanium alloy, a special
material that loses electrical resis-
tance at temperatures close to
absolute zero. These cables are
being produced by Oxford Super-
conducting Technology, a New Jer-
sey-based company, which signed
a contract with BNL in fiscal year
1991 to supply the Laboratory
with 548,000 meters (1.8 million
feet) of cable. Oxford has com-
pleted more than half of the wire
needed and is now in the process
of making the cable.

Under a $42.7-million

contract signed in June

1992, Grumman will

build 373 super-

conducting dipole

magnets for RIIIC.

BNL will use the Oxford cable
for some of the magnets that will
be built on site. This year, for
example, we began working on
insertion magnets, which will
guide the heavy-ion beams into
the crossing regions where exper-
iments will take place.

INJECTING INTO RHIC

Another on-site effort is focused
on the beam-injection system for
RHIC.

When completed, RHIC will be
the last accelerator linked to a
relay of big machines already in
place on the BNL site. The Tan-
dem Van de Graaff will serve as
the source of heavy ions for RHIC.
From the Tandem, the heavy ions
will pass to the Booster, aptly
named because it boosts the
heavy ions to an energy level thai

13



can be handled by the next
machine on line, the Alternating
Gradient Synchrotron (AGS). The
AGS will carry out the final injec-
tion of heavy-ion bunches into
RHIC.

Heavy ions from the AGS will
race into RHIC via a beam-trans-
port system that must split into
two big b*>nds of 90-degree arcs,
one to the right and the other to
the left, to enter the two rings of
the collider. By the end of the fis-
cal year, the design of the trans-
port line had been confirmed and
the Laboratory had started pur-
chasing equipment, such as power
supplies and vacuum systems.

AGS ACCELERATES GOLD

The AGS is a venerable machine,
with three Nobel Prize-winning
discoveries in its 32-year history.
Serving as the injector for RHIC,
the AGS will take on a new role.

In preparing for that future,
BNL has worked hard at linking
the Laboratory's accelerators to
bring the Tandem's heaviest ions
— gold — into the AGS. That
effort culminated in April 1992,
when the AGS accelerated gold
ions for the first time, giving the

accelerator the distinction of being
able to provide the highest energy
gold ions in the world — 12 bil-
lion electron volts per nucleon (12
GeV/u).

The acceleration of gold ions in
the AGS marked a major milestone
on the path to completion of
RHIC. RHIC will take gold beams of
12 GeV/u from the AGS and accel-
erate them in opposite directions
to 100 GeV/u. When two ions col-
lide, the total energy involved will
reach an incredible 40,000 GeV.

RHIC DESIGN

While gold in the AGS was cause
for celebration, no less important
was the quiet but essential effort
carried out during the year to
finalize the design of the collider
itself. This work is a refinement of
engineering details contained in
the original conceptual design for
RHiC, which gave machine
parameters and described the
research program.

The thrust of the work is an
assurance of operational reliability
and simplification for cost con-
tainment. In what is called the
prototype phase, detailed engi-
neering of the cryogenics, vacuum,
radio frequency acceleration sys-
tems, instrumentation, power
supplies and control systems is
done with prototype equipment,
for which orders were being
placed.

The Oxford super-

conducting cable will be

made of 30 strands of

wire, each strand

consisting of 3,500

niobium-titanium

filaments embedded in

copper. A single fila-

ment is six microns in

diameter. Photo courtesy

of Oxford.

ENVIRONMENTAL GO-AHEAD

The original conceptual design
for RHIC was put forth in a May
1986 report, which was revised in
1989.

In January 1992, additional
RHIC documents were finalized:
Two environmental reports on the
collider were completed and made
available for public review.

The Environmental Assessment,
prepared by BNL, analyzed envir-
onmental impacts that might
occur as a result of the RHIC pro-
ject and characterized the opera-
tion of RHIC as "low hazard." The
Finding of No Significant Impact,
prepared by the Department of
Energy, determined that the pro-
posed construction and operation
of RHIC is a major federal action
that will not significantly affect
the quality of the human environ-
ment. These two documents, then,
signified that construction could
formally begin.

In related action, the New York
State Department of Environmen-
tal Conservation approved BNL's
plan to finish paving the circular
road around the ring. The road
crosses the Peconic River in two
locations, traversing a unique ecol-
ogy of wetlands.

CONSTRUCTION PROGRESS

Because RHIC will use the tun-
nel and other facilities originally
built at the BNL site for the Col-
liding Beam Accelerator Project,
which was canceled in 1983, new
construction requirements are
greatly reduced. They include
completing the tunnel at two of
the six beam-crossing areas,
adding service buildings, rehabili-
tating existing berms, and adding
plantings to control erosion and
provide shade to the Peconic
River.

The Laboratory also began
refurbishing existing systems that
had been previously installed in
the tunnel, such as heating, venti-
lation, air conditioning, communi-
cation, power and lighting.
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DETECTOR DEVELOPMENT

Early in the year. BN'L's High
Energy Nuclear Physics Program
Advisory Committee gave the go-
ahead to two experimental teams
to prepare a conceptual design
report. Both have proposed large-
scale detectors, with initial
budgets from the RHIC project of
roughly S30 million each.

The -STAR detector conceptual
design report was submitted in
June 1992. Its detector is based
on a solenoid magnet and a time-
projection chamber for tracking
and identifying particles. The
research emphasis is on the mea-
surement of particles called had-
rons, in a search for quark-gluon
plasma.

The more recently formed
PHENIX collaboration boasts a
detector configuration that can
explore the physics signals carried
by leptons and photons. These are
the so-called penetrating probes
— electromagnetic particles whose
characteristic spectra may reflect
the thermodvnamic conditions and

particle states that prevail during
the earliest stages of the forma-
tion of quark-gluon plasma.

The advisory committee also
gave preliminary approval to two
small detectors. These experi-
ments, each with a total cost of
about $5 million, are designed to
complement the large detectors.

CHARGING FORWARD

Machine construction is well
under way now. and detector
development should proceed
apace in the future.

In these early years of the RHIC
project, however, the jobs ahead
are numerous and large. The KH1C
staff, with Laboratory-wide sup-
port from such key areas as Cen-
tral Shops, Contracts and Procure-
ment, and Plant Engineering, is
charging forward to meet every
challenge.

During his day-long visit

to BNL in February or

1992, U.S. Secretary of

Energy James Watkins

loured the KIIIC site. In

the RIIK tunnel are

(from left) R111C Project

Head Satoshi Ozaki;

Energy Secretary

Watkins; David

Goldman, Acting Man-

ager of the Chicago

Field Office of the

Department of Energy

(DOE); James Yeck,

RI1IC Project Manager in

DOE's Brookhaven Area

Office; and BNL Director

Nicholas Saniios.
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Brookhaven has been a multidisciplinary laboratory from its inception.

Indeed, the diversity of research that is carried out is

reflected by the Laboratory's organization into nine different scientific -„_,

departments: Accelerator Development, Alternating Gradient

Synchrotron, Applied Science, Biology-, Chemistry, Medical,

National Synchrotron Light Source, Nuclear Energy and Physics.

jfcientific ^//epartments



HUNTING FOR THE H-PARTICLE



ERNATING
RADIENT

SYNCHROTRON

[lent operates the^toternajfhg Gradient Synchrotron (AGS), the heart of
Brookhaven's high energy and nuclear pnjBlSprograms. In 1991, the Booster, a new synchrotron
accelerator, began operations as the new injector to the AGS. The Booster accepts protons,
polarized protons and ions from the appropriate preinjector accelerator, then accelerates
these particles by energy factors ranging from 7 to 300 prior to injection. The Booster enhances
the beam intensity and the number and masses of ion species that the AGS can deliver.

ing Gradient Synchrotron (AGS), the
search for new subatomic particles
continues in the best tradition of
basic science. When beams of nega-
tive kaons traveling at an energy of
1.6 billion electron volts (1.6 GeV)
pass through various targets, BNL
physicists hope to detect the pres-
ence of the elusive H-particle.

A BAO OF QUARKS

The existence of the H-particle is
predicted by the Massachusetts
Institute of Technology (MIT) Bag
Model. According to this theory pro-
posed in the 1970s, the neutrons
and protons of an atom's nucleus
are thought of as bags. Each bag
holds three particles called quarks
and other particles dubbed gluons.

All these particles move freely
within the confines of the bag.

Quarks come in six flavors: up,
down, strange, charm, bottom and
top. Normal matter has only up and
down quarks. But some particles,
known as lambda particles, have
one each of up, down and strange
quarks. When two lambda particles
unite in what is called a strong
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Negative kaons are

separated from

unwanted particles and

transported to a liquid

hydrogen target where

cascade particles are

produced. Theory

predicts that some of

these cascade particles

will then interact in a

liquid deuterium target

to produce the elusive H-

particle. Because the H-

paiticle cannot be

detected directly, the

detectors determine the

presence of neutrons

that result from H-

particle production, and

the positive kaon

spectrometer senses the

cascade formation.

interaction, the most powerful of all
physical forces, the H-particle may
be the result.

Scientists predict that the H-par-
ticle's bag will contain six quarks —
two each of the up, down and
strange quarks. Finding six quarks
in one bag would be a major break-
through, since quarks, the most fun-
damental constituent of matter,
have only been found in pairs or
triplets.

The AGS search for the H-particle
is related to experiments that are
planned for the Relativistic Heavy
Ion Collider (RHIC), Brookhaven's
newest and most powerful accelera-
tor, which is due to be commis-
sioned in 1997. RHIC will collide sub-
atomic particles called heavy ions at
high energies to recreate the hot,
dense plasma of quarks and gluons
that .existed at the beginning of the
universe, immediately after the Big
Bang. In this plasma, as in the H-
particle, quarks should be freed
from their confinement in individ-
ual nucleons and move freely in a
larger volume, or bag.

THE H-PARTICLE BEAM LINi

Mass Slit

• AGS Protons

A CLEAN KAON H A M

The search for the H-particle will
employ particles called negative
kaons. In collaboration with MIT,
Brookhaven researchers have
created a unique design for a 31.5-
meter-Iong beam line at the AGS
that is capable of producing the
world's most intense beam of kaons
in the energy range of 1-1.7 GeV.
Designed specifically for the H-par-
ticle experiment, the beam line was
constructed during 1989-91.

Since scientists must sift through
millions of particles to find the one
they want to examine, keeping the
beam as pure as possible is essential
for accuracy and economy. To
achieve this goal, this new beam line
has two stages of particle separa-
tion, in contrast to conventional
beam lines that have only one stage.

When protons collide with a plat-
inum target in the new beam line,

an explosion of varied particles
occurs. The two separators collect
only the particles of interest to the
researchers. The unwanted parti-
cles are bent away from the main

beam and most are intercepted by
one of the two 90-centimeter-long
mass slits, made mostly of tungsten.
The wanted negative kaons pass
through a small, vertical opening.

The result of this double separa-
tion technique is a beam purity
unrivaled by any other beam line in
the world. The purity ratio is better
than 10 kaons to one pion at the
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o Liquid Hydrogen and
Deuterium Target

While the H-particle may be too
short-lived to be tracked by detec-
tors, the presence of monoenergetic
neutrons should provide a unique
signature for it. Scientists could
then deduce that H-particles are
present. Such a discovery would not
only confirm theory but would lead
to greater insight into quarks,

which, as the most elementary
building blocks of the universe,

are an important key to under-
standing its creation.

Neutron Detectors

10 Meters

low energies at which pion-kaon
separation is maximized. For con-
ventional beam lines, this ratio is
typically 10 pions to one kaon.

THE H-PARTICLE
EXPERIMENT

The beam purity at the 1.6 GeV
energy required for the H-particle
search experiment is one kaon per
3.5 pions. With this beam, BNL, in
collaboration with 14 institutions
from around the world, is able to
conduct the H-particle experiment.

The negative kaon beam passes
through a liquid hydrogen target,
and some of the kaons interact with
protons to form a so-called cascade
particle. This particle has two
strange quarks and one down
quark. The positive kaon that is pro-
duced in association with the cas-
cade particle in the reaction pro-

vides a tag for the cascade
formation and is identified in the
spectrometer magnet and detectors.

The cascade particles are tracked
from the liquid hydrogen target
through a tungsten degrader to a
liquid deuterium target. The
degrader helps to slow the cascade
particles so that they have a better
chance of being captured by the
oppositely charged deuterium
nuclei. Detectors surrounding the
target are then used to observe par-
ticles that result from the collapse
of the cascade deuterium atom.

The MIT Bag Theory predicts that
some cascade deuterium atoms will
collapse into the H-particle and
monoenergetic neutrons. Three
quarks of the cascade and six
quarks of the deuterium nucleus
are rearranged to form the six-
quark H-particle and a three-quark
neutron.

AGS UPGRADE:
NEW RF SYSTEM

Since it first began operating in
1960, the Alternating Gradient Syn-
chrotron (AGS) has been upgraded
continuously to adapt to new tech-
nology. Still the world's most versa-
tile accelerator, the AGS now accel-
erates protons, polarized protons
and heavy ions for experiments in
high energy and nuclear physics.

Yet another phase in upgrading
the AGS began in 1991 with the con-
struction of a new radio-frequency
(rf) system, which is slated for com-
pletion in 1994. The rf system accel-
erates beams of subatomic particles
around the 0.8-kilometer (one-half-
mile) AGS ring up to nearly the
speed of light, via electromagnetic
waves operating in the frequency of
radio transmission.

The system needs improvement
for two reasons. First, new kaon
decay and neutrino experiments
and an expansion of research in
polarized proton physics require
greater proton intensity and, there-
fore, greater proton beam power.
Second, the AGS will soon take on a
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Mike Brennan (bottom)

and Ralph Sanders make

final adjustments to a

radio-frequency cavity

before it is installed in

the Booster. The new

cavity will streamline

the acceleration of heavy

ions on their way to> the

Relativistic Heavy Ion

Collider.

new role as the injector for Brook-
haven's newest accelerator, the
Relativistic Heavy Ion Collider
(RHIC), which will be commissioned
in 1997.

In RHIC, ions as heavy as gold will
travel around a four-kilometer (2.5-
mile) tunnel and collide with a com-
bined energy of 200 billion electron
volts (GeV) at six points. In these

collisions, scientists hope to create a
form of matter that has not existed
since the birth of the universe. The
new rf system in the AGS will have
to be powerful and flexible enough
to meet these new demands.

A NEW FLEXIBILITY

The new rf system must readily
adapt to the varied functions it will
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serve in the coming years. In the
injector chain for RHIC, heavy ions
generated in the Tandem Van de
Graaff accelerator are sent to a new
injector for the AGS known as the
Booster, then to the AGS, and on to
RHIC. Thus, the system has been
designed to switch on demand from
accelerating a beam of protons to a
beam of heavy ions.

When the Booster was completed
in 1991, it increased the proton
energy for AGS injection from 0.2
GeV to 1.5 GeV. This greater energy
will allow the AGS to increase its
proton intensity by 400 percent,
from 1.5X1013 protons per pulse
(p/p) to 6X1013 p/p. The increased
intensity will be beneficial to kaon
decay and neutrino experiments, in
which the proton beam is extracted
from the AGS and sent on to hit a
fixed target to produce these parti-
cles. Achieving this greater intensity
will require a 400 percent increase
in rf power.

In RHIC, however, no fixed target
will be used. Instead, two beams of
heavy ions will speed in opposite
directions around its tunnel and
collide into each other to create a
hot, dense matter known as a
quark-gluon plasma. Thus, the new
rf system must also enable the AGS
to inject heavy ions into RHIC in
extremely dense bunches to obtain
as many collisions per second as
possible for experiments.

MORE POWER,
BETTER CONTROL

At the AGS, the new rf system is
composed of three major interde-
pendent parts: ten accelerating cav-
ities, ten power amplifiers, and a
beam-control system.

The AGS beam travels around the
ring at an increasing rate, and the rf
system is designed to produce a fre-
quency precisely matching this
changing rate. In each trip around
the ring, the beam of particles tra-
verses the ten accelerating cavities.
Within the cavities an electromag-
netic wave, which is precisely syn-
chronized to the beam's motion,
boosts the energy of the beam by

20,000 electron volts. With ten cavi-
ties in the ring and 150,000 trips
around the ring, the beam gains 30
GeV in one-half second.

For economy's sake, AGS
researchers are refurbishing the
accelerator's 20-year-old cavities,
which have a sound design and are
still dependable. They are composed
of ferrite, a magnetic material that
responds to rf frequencies.

The power amplifiers, which pro-
duce their power in a very large
vacuum tube, supply rf energy to
the cavities and they, in turn, trans-
fer the power to the beam. The
more particles there are in the
beam, the more power the amplifi-
ers must produce.

While the present amplifier can
supply up to 30 kilowatts of power
to one cavity, the new system will be
able to supply 150 kilowatts per
cavity, which is shared equally
between power consumed by the
ferrites and that which is given to
the beam. In total, the new ampli-
fier can supply an impressive 0.75
megawatts of power to the beam —
enough to illuminate 7,500 one-hun-
dred-watt light bulbs!

The rf beam-control system
assures that the rf system is syn-
chronized with the beam's flight
around the accelerator. It also
ensures that acceleration is smooth
and that the pulses of particles
traveling in bunches stay dense
enough for prolific collisions.

Finally, the beam-control system
synchronizes the various accelera-
tors — the Booster, the AGS and
RHIC — so that particles will pro-
ceed from one to another without
any sudden jolts. This smooth accel-
eration of the beam will be essential
for harmonious functioning of all
three accelerators in Brookhaven's
new accelerator complex.
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A computer printout

showing the magnetic

field inside a

quadrupole magnet. The

shape of the field

focuses a beam of high

energy particles into the

desired direction to

travel farther around the

accelerator ring.

THE UNSEEN

All magnets, large or small, have
one thing in common: Their influ-
ence is invisible. It lies in their mag-
netic fields, the area within the
magnets where an unseen field
exerts forces over certain materials.

The magnetic field of one small,
strong magnet can attract and pick
up a screw from its hiding place in
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ELERATOR
EVELOPMENT

The physicists and engineers of the A^^erafrlf Development Department focus on research
and development in such areas as accelerator physics, cryogenic and vacuum technology,
and applications of superconductivity, in order to create and expand the capabilities that
will help shape a new generation of high energy and nuclear particle accelerators.

B R O O K H A V E N H I G H L

long grass. Working together, the
fields of large, strong magnets will
bend and direct a beam of charged
particles such as protons or heavy
ions as they travel around the ring
of an accelerator at almost the
speed of light. And, around an
accelerator of this same size, power-
ful superconducting magnets will

guide particles of incredibly higher
energies.

An accelerator is an instrument
used to explore the world of parti-
cle physics. Inside it, the magnetic
field of many magnets combined
guides a particle beam to crash
into a target or another beam. By
probing the results of the collision,

scientists can uncover some of the
secrets of the early universe and
gain an understanding of the nature
of matter.

Part of the work of the scientists,
engineers and technicians in the
Accelerator Development Depart-
ment is to design, make and test
magnets for accelerators. To design
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The interior of a "full cell interconnect," which joins two magnets together around the ring.

a magnet to produce a certain field,
'-B scientists use theoretical calcula-

tions, computer simulations and
information from test models and
working accelerators.

Once the design is completed, the
magnet can be built.

A typical superconducting accel-
erator magnet has a set of coils
made of twisted wires, which in
turn are made up of thousands of
minute filaments of superconduct-
ing niobium-titanium, each filament
less than one-tenth of a human hair
in diameter. When kept supercool at
4.3 kelvins (—452°F), very large elec-
tric currents can flow through them
without resistance. The coils are
fixed in a metal assembly and sur-
rounded by a cryostat, which acts
like a thermos bottle, keeping the
magnet cool.

When electric current passes
through the coils, the magnetic field
is created. Because the field's shape
is determined both by the way the
coils are placed and by the form of
the iron assembly, each magnet
component, however small, must
follow the designer's blueprint pre-
cisely. The precision of the magnetic
field thus obtained ensures a proper
control of the particle beam's path,
an essential part of all accelerators.
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RHIC ARC DIPOLE

Thomas Dllgen (left) and Lawrence Welcome are shown with the end view

of a dipole in final assembly.

Cross sections of

magnets, showing

how the

superconducting

coils are placed in

steel yokes. The

small wedges act as

spacers to ensure the

correct position of

the cable sections —

vitally important for

obtaining the

designed magnetic

field. The dipole

magnet with properly

designed upper and

lower coils produces

a uniform vertical

field that bends the

beam around the

ring. The field of the

quadmpole magnet,

which has four iden-

tical quadrants,

focuses the beam so

that it retains its

high intensity.

Held by a thumb and fin-

ger, the wire below is

made of 3,500 niobium-

titanium filaments. The

wire is twisted into

cables (in background),

which are then coiled

into magnets that may

weigh up to 10 tons.

Robert Todd (left) and Norman Franklin with a dipole magnet inside its cryostat.
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YSICS

In the Phlfc.cs Department, resj^Kers study the fundamental constituents of matter. Experts
in high energJiDhysics, nuelejM^Pysics, solid state physics and physics theory investigate varied
phenomena. 'nKtftbfilii^Hm the most submicroscopic building blocks of matter, quarks
and leptons; to the types of excitations and structure of atomic nuclei; to macroscopic effects
in bulk matter, such as high-temperature superconductors. A user program to study the effects
of radiation on microchips is also available.

The new theory, developed by
Brookhaven physicists, states that
systems with interacting parts
never actually reach a state of equi-
librium, but are continually evolving
in a state where they are at the
brink of instability — the critical
state. When a system is in the criti-
cal state, even the smallest force
can change it dramatically, perhaps
leading to a catastrophe.

TESTING THE THEORY

The theory of self-organized criti-
cality seems simple, but it is actually
based on advanced mathematical
calculations and computer simula-
tions. To test the theory experimen-
tally, fluctuations in sandpiles have
been measured by researchers from
the IBM Thomas J. Watson Research
Center.

The researchers devised an appa-
ratus that poured sand, one grain
at a time at evenly spaced intervals,
into a precisely measured area. As
the sand formed a gentle slope,
small avalanches occurred. As the
pile became steeper, the average
size of the avalanches increased.
When the amount of sand added
was, on average, balanced by the
amount of sand falling off the pile,
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the sandpile had reached a critical
state. At that point, unpredictability
reigned. Just one more grain of
sand placed on the pile might cause
either a small or huge avalanche, or
the pile might remain stable. While
stability predominated, the size and
frequency of avalanches appeared
to occur at random.

They theorize that all systems that
exhibit flicker noise operate at the
critical state. At that point, chain
reactions of all sizes and duration
may occur. Thus, the variability of
the Nile's water level, as well as
other seemingly random events in
nature, may be explained by this
theory.

EARTHQUAKES
AND EVOLUTION

Earthquakes occur due to the
continual movement of plates, huge
segments of the earth's crust that
float on and travel over the earth's
surface. These plates move with
respect to each other at the rate of
centimeters per year. Plates do not

FLICKER NOISE

For a better appreciation of the
significance of self-organized criti-
cality, an understanding of flicker
noise is important.

About 30 years ago, an IBM
mathematician discovered flicker
noise while studying the yearly
flooding of the Nile River. For thou-
sands of years, the Nile has flooded
annually, but no trends in the river's
height could be identified. The
floods varied in size with no appar-
ent pattern.

But when the river's height was
plotted on various graphs, each cov-
ering different time periods ranging
from decades to millennia, a pat-
tern could be seen. Each graph
showed similar fluctuations regard-
less of the time period. Also, when
the number of floods of various
sizes were plotted on a graph, they
created a smooth curve that could
be explained mathematically. This
pattern in seemingly random occur-
rences was termed flicker noise.

A.
o o o

Flicker noise is common in
nature. For example, it can be
found in the spread of a forest fire,
the solar flare activity of the sun,
the varied brightness of quasars, or
in variations of global climate.

BNL physicists have linked flicker
noise to self-organized criticality.
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move past each other smoothly, but
rather, in sudden jerks, causing
earthquakes.

Formulated in 1956, the Guten-
berg-Richter law can predict the rel-
ative number of earthquakes of
each magnitude, but no one can
accurately predict the size of any
particular one. Based on computer

simulation and empirical evidence,
Brookhaven theorists believe this
unpredictability is inevitable
because the earth's crust has
evolved to a critical state. Thus, the
earth's crust is poised at the brink
of change, and just a centimeter's
movement can cause an earthquake
of any magnitude.

Evolution is another dynamic sys-
tem that Brookhaven physicists
believe is governed by self-organized
criticality. While some believe a
cataclysmic event may have caused
the extinction of dinosaurs, the
Brookhaven theory helps to eluci-
date a model of evolution developed
by a University of Pennsylvania biol-
ogist.

This researcher theorized that the
fitness of one species is coupled to
the fitness of other species. Just a
slight change in one species, such as
the contraction of a highly conta-
gious virus, may cause another to
become extinct, triggering an "evo-
lutionary avalanche."

While many people think of
nature as being in a state of equilib-
rium, the opposite is true, according
to the theory of self-organized criti-
cality. Nature is continuaUy evolving
at the brink of possible disaster, and
no one can predict when the next
catastrophe will occur.

Nevertheless, while the exact time
or magnitude of the next earth-
quake cannot be pinpointed by the
theory, the probability of one occur-
ring, for instance, within the next
20 years, can be estimated mathe-
matically.

COSMIC RAYS,

COSMIC EFFECTS

Zipping through the cold dark-
ness of outer space are galactic and

solar cosmic rays. When just one of
these naturally occurring, high-
energy, charged particles hits a
microcircuit in a spacecraft, it can
trigger a momentary or permanent
malfunction. Such a "single-event
effect" can cause large-scale equip-
ment failures.

At Brookhaven, electronic compo-
nents, including computer chips,
can be tested for their resistance to
cosmic rays at the Single Event
Upset Testing Facility (SEUTF) at
the Tandem Van de Graaff Acceler-
ator. SEUTF was planned and built
by a consortium of government
agencies, including the National
Aeronautics and Space Administra-
tion (NASA), the Naval Research
Laboratory, the National Security
Agency and the U.S. Army Strategic
Defense Command, working with
BNL scientists. The facility is totally
automated and easy to use.

As new, more powerful technolo-
gies are developed, more transistors
are packed into smaller chips, but
these miniature chips are even
more prone to single-event effects.
Thus, it is essential to test microcir-
cuits for their radiation sensitivity
before they are used in space or for
certain defense applications.

All electronic components in
satellites must be tested to deter-
mine if they can withstand the
effects of ionizing radiation encoun-
tered in space. This radiation may
be relatively harmless to the satel-
lite's functioning, but if a critical cir-
cuit is hit or if the total dose
exceeds the tolerance of a device,
the result can be disastrous.

Since SEUTF was completed in
1988, dozens of industrial compa-
nies, government agencies and uni-
versities have used the facility for
testing microcircuits, as well as for
other research and for calibration
of instruments, both for defense
and nondefense purposes. In addi-
tion to the original consortium,
AT&T, General Electric Corporation,
IBM, Jet Propulsion Laboratory,
McDonnell-Douglas Corporation,
Sandia National Laboratories,
Hampton University, The Johns
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Sometimes, a head-on hit may not
cause an effect, while a low-angle
collision may do so.

For example, The Johns Hopkins
University is performing tests for
DOD and NASA to determine the
highest density memory chip and
fastest microprocessor that can
function in space without signifi-
cant problems caused by radiation.

The researchers have found that
silicon on sapphire has very low
upset rates and, therefore, might be
the best choice for building space
command systems. Epitaxial com-
plementary metal oxide semicon-

ductors (CMOS), which have thin
oxide layers, are also quite resistant
to cosmic rays. This material might
be used in a satellite's science data
system. One of the least radiation-
resistant materials tested is bulk
CMOS, which has thick oxide layers.
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esearch in the Biolog^HJTardaent ej^Hnpasses studies on molecular structure and genetics,
DNAmamage and ret^pPind cellkykMf plant and animal systems. The department maintains
the Sc^dli^gg^ffiission Electron Microscope facility and also operates experimental stations
for molecular stuctural studies at the National Synchrotron Light Source and at the High
Flux Beam Reactor. Research interests range from engineering a gene that may lead to a
vaccine that could eliminate Lyme disease to fast new techniques in x-ray diffraction
experiments, as well as skin cancer studies and DNA sequencing.

noma, a deadly skin cancer — and
to do this, they use fish.

Why fish?
The question is answered by look-

ing at the demands of this kind of
research. To ensure that results
cannot be coincidental, the experi-
mental process must be repeated
many times. Large numbers of test
animals are required to find out

whether varying amounts of all the
different wavelengths of sunlight
will produce malignant melanomas.

In addition, the ideal test animal
should be very susceptible to
tumors, and, once affected, should
produce tumors quickly. Otherwise,
results would take decades to
obtain. Most important of all, the
test animals should develop mela-

noma from exposure to light alone,
and the melanomas should be simi-
lar to those developed by humans.

These requirements are met by
certain fish. First, fish can get
tumors from light alone. Then,
because they are hairless and con-
tinually changing position as they
swim, fish in a small aquarium can
be evenly irradiated by light.
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Our biologists also discovered
that a cross between swordtails and
plattyfish can produce a hardy
hybrid with many tumor-producing
genes and apparently only one gene
that suppresses tumor develop-
ment. On being exposed to an
appropriate wavelength of light for
just four minutes, the cells of the
hybrid can develop melanoma
within four months.

Since the experiments began,
2,500 hybrids have been irradiated
to compare with the 700 that
remain exposed to normal light.

The relevance of this research is
emphasized by the rising number of
cases of malignant melanomas
reported by the American Cancer
Society. About 32,000 cases are
expected in 1992, an increase of 102
percent since 1980. This rise has
been linked to changes in lifestyle
that emphasize more sun exposure
and scanty bathing suits. A future
rise, however, might be linked to the
steady erosion of the the earth's
protective ozone layer by air pollu-
tants in the high stratosphere. In
the past two decades, the ozone
layer over North America has
thinned by 1.7 to 3 percent.

Ozone allows slow-tanning radia-
tion and visible light to pass
through, but absorbs the shorter,
burning waves of ultraviolet rays.

So, if the Brookhaven research
shows that these shorter wave-
lengths are the main cause of mela-
noma, more of this deadly cancer
can be expected to occur as the
ozone is progressively depleted.

On the other hand, our research
may show that longer ultraviolet
and violet and blue light induce
melanomas because the pigment
melanin absorbs these wavelengths
and passes on their energy to DNA.
In that case, ozone depletion would
be unimportant in melanoma induc-
tion. And conventional sunscreens,
which shield out the shorter ultravi-
olet light, would be ineffective in
protecting against melanoma.

Hence, it is essential to find out
more about sunlight's role in this
deadly disease.

BREAKTHROUGH IN

DNA SEQUENCING
Will the baby's eyes be brown or

blue? Might she have inherited
grandfather's cleft chin?

Most people know where this type
of information is found — in the
sequence of the three billion base
pairs of human DNA in the human
genome.

But, although biologists know
how to read the sequence, and a
small part of it has already been
done, present sequencing methods
are slow and expensive. Completing
the task will take many years. Yet
success in this endeavor will pro-
vide a new depth of understanding
of human biology and a basis for
comprehending and treating genetic
diseases.

Now, researchers in BNL's Biology
Department have made a break-
through that promises to increase
the speed of DNA sequencing at
least tenfold. These scientists
improved and simplified a
sequencing method called primer
walking. To understand what that
means — read on . . .

A PRIMER ON SEQUENCING

DNA is made up of two chains of
just four kinds of bases, called A, T,
C and G. The two chains wrap

'. In their laboratory are

(from £ront)Blll Studier,

Jan Kieleczawa and

John Dunn, who made

the breakthrough that

promises to increase the

speed of DNA

sequencing at least

tenfold.

around each other, held by the
bases pairing together. A simple
rule exists: T always pairs with A,
and C with G.

To form new DNA, an enzyme
called DNA polymerase can use one
DNA chain as a template and assem-
ble a new, complementary chain on
it. It adds one base at a time
according to the base-pairing rule,
and in this way it duplicates the
original two chains of the DNA.

But DNA polymerase cannot start
new chains by itself. It will, however,
extend a chain from a primer. This
is a short piece of DNA chain that is
perfectly paired, base by base, with
a sequence of bases in the template
DNA.

Primers can be made in the labo-
ratory. When DNA polymerase
builds a new chain from such a
primer, researchers can use special
biochemical techniques to read the
sequence of about 500 bases of the
new chain.
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PRIMER WALKING

Because only 500 bases can be
read at a time, most DNA chains
have to be sequenced in steps. One
method of doing this is called
primer walking.

Once part of the sequence of a
DNA chain is known, scientists can
make a primer for it. DNA
polymerase then extends this
primer to read 500 bases.

Knowing the new sequence,
scientists can make another primer
and read another 500 bases. Thus,
successive primers are used to
"walk" down the whole template
chain, reading about 500 bases in
each step.

The problem has been that, to be
sure of priming at only one place in
the template chain, scientists have
been using primers about 15 to 20
bases long. Such primers cost about
$50 each and take at least a day or
two to prepare.

SHORT AND SWEET

The Brookhaven idea for making
primer walking cheaper and faster
was to use shorter primers, joining
them up to form longer ones.

Our researchers found a way to
prime for DNA sequencing using a
combination of three hexamers —
primers only six bases long.

How can such small primers
work? Our scientists found that
coating the template DNA with a
protein called SSB keeps individual
hexamers away from the DNA. But .
three hexamers that can pair to the
template exactly next to each other
can elbow aside the SSB and prime
effectively. The cartoon shows what
happens.

Priming with hexamers will make
sequencing much cheaper. Since
there are only 4,096 possible ways
to combine the four bases in hexa-
mer chains, each hexamer will be
used over and over in sequencing
the three billion base pairs of
human DNA Fortunately, a single
preparation provides enough hexa-
mers to prime thousands of times,
so the cost for each priming can be

reduced from $50 to less than a
penny.

Hexamers will also make sequenc-
ing much faster and easier. A
"library" of all 4,096 hexamers can
be accumulated, making any primer
immediately available. Scientists will
then no longer have to wait for a
primer to be made.

LARGE-SCALE SEQUENCING

The next step is to scale up the
process.

Extensive testing with all 4,096
hexamers will be needed to see how
efficient and reliable the method

can be for large-scale sequencing.
But, if the method fulfills its prom-
ise, automating the process should
be relatively easy. Our research
team expects that high-capacity
sequencing machines based on this
method will sequence DNA at more
than ten times the rate and at less
than one-tenth the cost of current
methods.

Brookhaven is now exploring pos-
sible licensing arrangements and
partnerships for further develop-
ment and commercialization of this
technology.

', A hexamer's-eye view of

DNA sequencing via the

BNL method.
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IONAL

YNCHROTRON

IGHT SOURCE

ne workTsfi^lmost facility for sci^Htfic re^arch using x-rays, ultraviolet and infrared
raduMMP^operated by the National Sy^^^Pon Light Source Department. In a single year,
a total of about 2,500 researchers from almost 450 institutions performed experiments at
the world's largest source of synchrotron light. In 1992, BNL commemorated the tenth
anniversary of the vacuum ultraviolet (VUV) ring. Like the higher energy x-ray ring, the VUV
ring has been the site of hundreds of significant discoveries in physics, chemistry, biology,
materials science and various technologies.

for experiments in fields as varied
as biology and physics, chemistry
and geophysics, medicine and com-
puter chip technology.

Now part of the most frequently
used synchrotron light source in the
world, the VUV ring is a beacon for
approximately 500 researchers
annually from industry, universities
and laboratories, investigating sam-
ples as varied as metals and pro-

teins at its 30 beam lines. This work
has led to hundreds of important
discoveries.

SYNCHROTRON LIGHT

Synchrotron light, also known as
synchrotron radiation, is produced
when electrons are forced to move
in a curved path at nearly the
speed of light. This radiation is

measured in quanta of energy
called photons. To harness this
phenomenon for research, the
electrons produced in the NSLS
are accelerated and boosted to
energies of about 750 million elec-
tron volts (MeV). Then, they are
injected into two storage rings —
the VUV ring and the x-ray ring.

Each produces synchrotron light
in a different range of the electro-
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magnetic spectrum. In a continu-
ous fashion, the spectrum ranges
from longer to shorter wavelength
radiation. The VUV ring is opti-
mized to produce light in the
infrared, visible, ultraviolet and
soft x-ray range, while the x-ray
ring, which came on line in 1985,
generates hard x-rays.

MACHINE SPECIFICS

On May 20, 1982, the VUV ring
reached its design energy of 700
MeV. Ten years later, the ring now
stores particles at energies of 750
MeV and operates at a typical
current of 950 milliamperes.

As electrons speed through
bending magnets in the ring, short
bursts of radiation are emitted. In
producing this radiation, the elec-
trons lose energy, but as they cir-
culate around the storage ring,
they travel through a radiofre-
quency (rf) cavity that restores
their energy. This form of energy
recovery naturally forces the elec-
trons into compact bunches, so
the synchrotron radiation has a
pulsed time structure.

A relatively low rf frequency of
52.9 megahertz was selected in
designing the VUV ring, which pro-
vides relatively long lapses

between pulses of radiation and
enables researchers to perform
timing experiments in the range
of billionths of seconds.

A high current of up to 1.5
amperes creates intense photon
flux and very bright beams of
synchrotron light. Higher photon
energy resolution can be achieved
with brighter light. Thus, smaller
or more dilute samples can be
studied. But high currents result
in a short beam lifetime because
of the high density of electrons in
each bunch. To increase the life-
time at high beam current, a
second rf cavity was installed in

From semiconductors to super-
conductors, experiments by physi-
cists at the VUV ring help eluci-
date the atomic and electronic
structure as well as the magnetic
properties of a wide array of
materials.
•mmrFermt atafaee mapping —
Using a technique called high res-
olution angle-resolved photoemis-
skm to perform surface studies on
beam line U4A, researchers from
the University of Oregon have sig-
nificantly advanced the under-
standing of the electronic struc-
ture of metal surfaces.

In this technique, photons in
the energy range of 10 to 70 elec-
tron volts strike a sample, knock-
ing out electrons. A spectrometer
measures the energy and momen-
tum of the electrons. This pro-
vides a measurement of the sam-
ple's Fermi surface — a surface
related to the momentum of elec-
trons in solids.

Electrons in solids seek various
energy levels. The Fermi level is
the dividing level. All levels below
it are occupied by electrons, but
those above remain unoccupied.
Information about electrons near
the Fermi level is basic to an
understanding of the electronic

structure and magnetic properties
of metals and semiconductors.
•mm-Magmtie ttmelme — At
neighboring beam line U4B, AT*T
Bell Laboratories researchers have
modified the Dragon monochrom-
ator (see "Award-Winning Technol-
ogy at the VUV Ring) to perform
the first magnetic circular dkhro-
ism measurement (MCD) using soft
x-rays, which have long wave-
lengths but low penetrating power,
compared to conventional x-rays.

MCD is the difference in the
absorption intensity of magnetic
systems using circularly polarized

light in which an electric field
rotates in either a left or right
direction. The intensity of soft
x-ray absorption depends on the
polarization of light and the rela-
tive direction of the sample's mag-
netic moment — the measure of
an atom's interaction with a
magnetic field.

By making MCD measurements,
the researchers were able to
determine, with element and site
specificities, the electron orbital
and spin contribution to the mag-
netic moment of transition metals
and rare earths, the most hnpor-

AT*TB«ULak< I Grace Ho and H<mj-Ji I i a adjaat two aawly

imatmUpd fratiaga ia the Dragon moaockrommtor at beam Una U4&



1990. It operates at four times the
frequency of the main rf cavity in
the machine, and doubles the
beam's lifetime.

This innovative improvement
was one of many over the decade.
The VUV ring has been continu-
ously upgraded to keep up with
new technology and with the
demands of its users.

For example, two special inser-
tion devices, called undulators,
were installed on beam lines U5
and U13 to intensify the synchro-
tron light up to fifty times. The
undulator at U5, installed in 1990

by a large collaboration including
BNL, Argonne National Laboratory,
universities and private industry,
provides enough photons to study
surface magnetism using a tech-
nique called spin-polarized photo-
emission.

In 1987, an undulator/wiggler
was installed at U13UA by an
AT&T Bell Laboratories and NSLS
collaboration. This beam line pro-
vides up to ten times more
photon flux than a comparable
bending magnet beam line for
examining the atomic and elec-
tronic details of dilute systems
and interfaces.

PROMISE FULFILLED

During the VUV ring's first
decade, physicists, chemists, biolo-
gists and other researchers
worked side-by-side on the ever-
more crowded experimental floor,
making hundreds of new discover-
ies about the nature and function-
ing of samples. More than 500
articles have been published in
scientific journals as a result of
this work.

The section below contains a
sampling of the variety and
wealth of research over the years.

tant elements in the periodic table
that are responsible for magne-
tism. Using conventional tech-
niques, it is extremely difficult to
measure the orbital contribution.
This new technique is used to
study the magnetic structure of a
wide range of systems, including
surfaces, thin films, alloys, ferrites
and proteins.
^•^JlMw fUmt tutd MiiWtawtni
— A large collaboration of
researchers at U5, the spin-polar-
ized photoemission beam line, also
studies magnetic properties, but
they are interested in thin films of
magnetic materials just a few
atoms thick, and multilayers,
which are thin films sandwiched
together. Multilayers of materials
such as copper and cobalt have
magnetic properties that may
make them particularly useful in
the magnetic recording industry..

Mien electrons pass through
the U5 undulator, they emit an
intense flux of photons. The pho-
tons then excite electrons in the
magnetic fibn, which come spin-
ning out, either up or down. When
the electrons hit a gold atom tar-
get, scientists van determine their
spin, which reveals important
information about the magnetic
properties of the sample.
< * » / V > W K I bemm Ume — The
VUV ring is also home to the

brightest infrared beam line in the
world. Physicists use this highly
stabs* beam at U4IR to study
vnrattonal modes — the charac-
teristic frequencies at which
atoms or molecules vibrate — of
adsorbates, which are materials
that adhere, in an extremeh/ thin
layer, to the surfaces of a solid or
liquid. Experiments performed at
U4JR are important for under-
standing catalysis, corrosion and
high-temperature superconductors.

For example, researchers from
Grumman Corporate Research
Center are studying how light,
ranging from the infrared to visi-
ble spectrum, affects both super-
conductors and semiconductors.
They bop* to determine these
material «uitabi*y for infrared
or optical detector* and learn
mot* about the behavior of elec-
tron* in high-temperature super-
conductors. These detectors are
used in a variety of applications,
from thermal imafteg and spec-
troseopy to satagfce surveSiance
and monitoring of the earth's
ocean* and atmosphere.

New posstiWrki* in chemistry
research unfolded with the arrival
of synchrotron radiation. Chemists

at the VUV ring can investigate
the inner workings of molecules in
the excited state, thereby gaining
important information about the
chemistry of their samples.
«*»»7fce dynamic* of chemical
rmetkmm — At Ull , chemists use
beams of molecular clusters to
study energy pathways in chemi-
cal reactions. A beam of UV light
intersects the cluster beam, caus-
ing a process called photoioniza-
tion. One of the neutral molecules
in a cluster loses an electron,
tranafotming it into a positively
charged, excited ion with proper-
ties that depend on the wave-
length of the UV light. When this
new ion reacts with the remaining
molecules, the reaction products
are studied using a maw spec-
trometer and a kinetic energy
analyse!. By such experiments, the
researchers learn more about the
dynamics of chemical reactions.

For example, BNL scientists have
performed photokmization studies
to understand how a benzene-
hydrogen chloride cluster pro-
duces a chlorobenzenium ion.
Basic research of this kind may
become important to industry
because it shows a new way to
investigate energy pathways in
processes such as combustion.
*—'Energy distribution — Also
at Ull, chemists can examine the
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configuration of its atoms with
respect to the rest of the protein.
These initial studies showed the
feasibility of using time-dependent
protein fluorescence to obtain use-
ful information about the relation-
ship between protein structure
and function.

At beam line Ull, (from left, seated) BNL's Jack Preaes and J. Robb Grover review data from a

photoionization experiment with Bing-Ming Cheng from the Synchrotron Radiation Research

Center in Taiwan. John E. Barry (rear), BNL, adjusts the gas mixture used in the research.

energy flow in molecules using a
technique called time-resolved
fluorescence. When UV light is
absorbed by molecules, it is emit-
ted at a different energy. Since
different molecules emit light at
particular energies and at differ-
ent rates, the researchers then
measure this energy to gain infor-
mation on the chemistry of the
sample. BNL scientists, for
instance, are studying the way
energy is redistributed in cyclo-
hexane, a component of many
hydrocarbon fuels.

Innovative techniques are used
at the VUV ring to study the
structure of biological specimens.
*^X-ray microscope — One
such notable technique is x-ray
microscopy. Fabricated by
researchers from BNL and the
State University of New York at
Stony Brook, a scanning x-ray
microscope was first successfully
operated at the VUV ring in 1982.

This instrument is unique
because it lets scientists study
specimens in their natural, wet
state. Because x-ray imaging
requires high brightness, the

microscope was later moved from
U15 to XI, the soft-undulator
beam line on the x-ray ring.
«•» Protein structure and func-
tion — In 1985, time-dependent
protein fluorescence experiments
were performed at beam line U9B
by BNL scientists and their colla-
borators. The team was the first
to demonstrate that the ammo
acid tyrosine, a building block of
proteins, can have more than one

disease — More
recently, BNL biologists at U9B
studied the properties of the
major outer surface protein A
(OspA) of the Lyme disease spiro-
chete, Borrelia burgdorferi. Using
fluorescence and circular dichro-
ism (CD), the scientists learned
more about the structure of this
protein. The techniques are com-
plementary: CD provides informa-
tion on the whole protein, while
fluorescence provides more local-
ized data.

This work shows that OspA is
very low in alpha-helix, a typical
spatial configuration of protein
chains. The small amount of
alpha-helix that is present, how-
ever, appears to be localized in a
region of the protein that is
important for recognition of the
organism by the host's immune
system. This structure makes
the protein interesting for basic
studies, but some practical bene-

At beam line U9B, (from left) Louisa Lee France, from the Plum Island Animal Disease Center,

and John Trunk and Barbara McGrath, both from BNL, study the Lyme disease spirochete.
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fits may also derive from the
research. If additional investiga-
tions prove helpful in understand-
ing how antibodies interact with
this protein, a Lyme disease vac-
cine may soon become a reality.

A significant achievement at the
VUV ring is IBM's development of a
technique called x-ray lithography
for the production of high-resolu-
tion computer chips. Because of
the very short wavelength of x-
rays, chips fabricated with x-ray
lithography can have higher reso-
lution and greater density than
those made using conventional
optical lithography. Since
increased density allows electrical
signals to travel between compo-
nents more quickly, IBM's innova-
tive chips hold promise for a new
generation of faster, more power-
ful computers.

Starting in 1982, IBM
researchers worked at U6 to
develop sophisticated technology
to demonstrate the feasibility of
x-ray lithography, culminating in
1988 with the successful fabrica-
tion of integrated circuits with
features as small as 0.5 microns
(about one-hundredth the width
of a human hair). Currently, fun-
damental research is ongoing at
U6 to answer some remaining
questions about this new technol-
ogy as the size of the printed fea-
tures continues to shrink.

Also in 1988, IBM installed
another lithography beam line, at
U2, to focus on developing tech-
nology for manufacturing. Work at
U2 has progressed on fabricating
chips with sub-0.5 micron fea-
tures. Based on its success at the
VUV ring, IBM has recently built its
own x-ray lithography facility at
its development and manufactur-
ing site in East Fishkill, New York,
to continue the frontier work
started at the NSLS.

AWARD-WINNING TECHNOLOGY

AT THE VUV RING

The-\aciiuiii ultraviolet ( \ 1 \ ) ring is known for
innovation — not onl.v in scientific research, but also
in technological advances. Tedmologv developed for
use in the \ l \ ring lias won four annual R&I) 100
Awards since l!)K(i. These prestigious awards are
issued bv Research and Development Magazine for
the top 100 technological achievements of the veai-.
A chronological list of the award-winning inventions
follows:

Soft x-ray emission spectrometer, lffSfi —
Researchers from the fimersitv- of Tennessee, Oak
Ridge National Laboratory and the National Bureau
of Standards developed this spectrometer — 1,000
times more efficient than conventional instruments
— to studv tile electronic structure of solids. When
x-ravs hit the sample, an electron is ejected from
the core of an atom. A more loosel.v bound electron
then releases its energv, emitted as \-ra> spectra,
as it falls into the space created b\ the missing
electron. The spectrometer me-usures these charac-
teristic x-ra.v spectra in such materials as supercon-
ductors, insulators, metals and allo.vs to gain insight
into the electronic bonding processes of solids.

Dragon monochromator. 1,'tSS — AT&.T Bell
Laboratories researchers invented this high-resolu-
tion, soft x-ra.\ nionochromator to isolate particular
wavelengths of soft \-ra\s for high-resolution, core-
level photoabsorption experiments. Materials as
diverse as high-temperature superconductors,
condensed matter and biological s\ stems are st udied
to gain data on their electronic structure. With its
record-breaking, energv-resolving power of 10,000 in
the soft x-rav spectral region, the Dragon iiiouocli-
roinator design has been used worldwide.

Real-time harmonic closed -orbit feedback system,
lf)Sf> — Developed bv BM. scientists, this svstem was
installed in tlu*\l \ ring in 1!IK<» and placed in the
adjacent v-rav ring in 1!>JM. An electron beam's orbit
can varv b\ up to 200 microns — about four times
the thickness of a human hair. Kven such small
fluctuations can affect the beam's brightness, and,
hence, the accurac.v of experiments. At the \( \ ring,
this svstem controls the vertical orbit to 20 microns
and the horizontal orbit to 40 microns.

Waterfront dividing infrared interferometer. 1W)I)
— This device splits synchrotron light into two beams,
one of which pusses through the sample. An
interference pattern is created when the beams
recombine, providing data on the sample's electronic
structure. Operating in the. mid infrared to millime-
ter-wave region, the interferometer takes advantage
of the fact that the synchrotron light is 1.000 times
blighter than that produced l>> conventional sources.
Thus, it can measure highl> absorbing samples, like
high-teinperut lire superconductors, and dilute
s.\stems, important for cataljsis and corrosion
studies. The instrument was developed h.v a
BM. Fairleigh Dickinson I nivcrsitv Yale I niversitv
collaboration.



Stephen Schwartz dues

computer modeling to

study the climate

influences of aerosols

from industrial

emissions and natural

sources such as sea salt.

WHITEHOUSE, GREENHOUSE, GLOBAL CLIMATE

The greenhouse effect — I Jit1

increasing concentration of gases
that nap infrared radiation in the
earth's atmosphere and are thought
lo he leading to global warming —
has policy implications thai are
recognized all the way up 10 the
While House.

But ongoing research on cloud
and aerosol chemistrv in scientists
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LIED
CIENCE

Research activities in the Departme^krf Anwied Science encompass programs in health
and mathematics as well as energy scierS*1TOchnology and the environment. Projects range
from developing a coating system to reduce corrosion of steel surfaces, to measuring the rate
of removal of atmospheric pollutants in convective rainstorms, to investigating the
microstructure of high-temperature superconductors — demonstrating the depth of basic
research that underlies the broad vision required by applied science.

in Brookhaven's Department of
Applied Science suggests that the
greenhouse effect may be offset by
a phenomenon that we call the
whitehouse effect.

In tropical and subtropical
regions, houses are often painted
white to decrease the amount of
sunlight they absorb. Similarly, our
researchers find that aerosol parti-

cles create a haze over the earth's
surface that acts like a thin coating
of white paint: It reflects some of
the incoming sunlight back into
space. Without the haze of particles,
more sunlight would be hitting the
earth's surface and heating up the
earth-atmosphere system.

Aerosol particles such as sea salt,
dust, spores or the haze of the

Smoky Mountains are present natu-
rally in the atmosphere. Also pres-
ent, however, are anthropogenic
aerosols — those introduced into
the environment by industrial emis-
sions and energy production.

A much greater concentration of
particles is found in anthropogenic
aerosols than in natural aerosols.
The anthropogenic aerosols are
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most prevalent near industrial
regions, in contrast to carbon diox-
ide and other greenhouse gases that
are distributed more or less uni-
formly over the earth.

In addition to reflecting part of
the sunlight away from the earth,
aerosol particles serve as the nuclei
on which water condenses during
cloud formation. Thus, they influ-
ence the earth's clouds, weather
system and climate.

Today, the earth's climate may be
changing for two reasons, both the
result of human activity. The first
cause could be an increase in the
greenhouse effect, due to a build up
of infrared absorbing gases. Addi-
tionally, there could be an increase
in the whitehouse effect from
increased concentrations of aerosol
particles.

These effects are manifested as
enhanced light scattering by parti-
cles and also by greater brightness
of clouds. If two clouds form, each
holding the same amount of water,
the one formed in air that contains
more aerosol particles will have
more drops. The more drops there
are, the brighter the cloud will be,
the more sunlight will be reflected
away — and, the cooler the earth.

Computer models used to test the
greenhouse theory suggest that an
increase in carbon dioxide concen-
trations in the earth's atmosphere
will cause an increase in tempera-
ture.

Yet, over the past 100 years or so,
the observed increase has been sur-
prisingly small.

According to our findings, this
could be explained by the double
action of aerosol particles in the
whitehouse effect — by scattering
some sunlight away from the planet,
and by forming brighter clouds,

which, similarly, scatter more sun-
light away from the planet.

Our studies of the patterns and
trends of aerosol concentrations
and how they affect temperature
trends support the whitehouse
theory. We have found that the
northern hemisphere, with by far
the larger rate of industrial emis-
sions, shows a different warming
pattern from that of the southern
hemisphere. And significantly, in
summer, when light scattering is
greater, warming occurs at a much
slower rate than it does in winter.

If Brookhaven's whitehouse the-
ory is correct, it does not mean that
policymakers in the White House
need not worry about the green-
house effect.

Since the whitehouse effect would
lessen, and, therefore, mask the true
rise in greenhouse warming, it fol-
lows that the current greenhouse
effect could be a great deal worse
than the temperature record over
the industrial era seems to indicate.

Part of the uncertainty that still
clouds the whitehouse/greenhouse
issue is due to the fact that the find-
ings on aerosols are still relatively
recent. Also, the whitehouse effect
is more difficult to describe on com-
puters. Our researchers are working
on improved methods to incorpo-
rate these phenomena in climate
models, thus obtaining a clearer
picture of these vital trends.

U.S. KNOW-HOW

CLEANS

POLISH COAL
Czystego wegla — that's Polish for

"clean coal."
But in Krakow, Poland, the way

coal is used is far from clean. The
pollution from current combustion

practices contributes heavily to
health problems among the city's
inhabitants, as well as to the
destruction of irreplaceable art
treasures.

The situation is serious, but it is
being remedied. As Krakow's citi-
zens are learning from local public
relations firms, scientists from
Brookhaven's Department of
Applied Science are using their
"czystego wegla" expertise to help a
team from Polish universities and
engineering companies clean up
Krakow's coal.

All this work results from a 1989
commitment by President Bush, in
which the U.S. undertook to cooper-
ate with the Polish government in
reducing air-pollution damage.

Through the U.S. Department of
Energy's Pittsburgh Energy Technol-
ogy Center, two projects have been
started to achieve this end. In one,
U.S. technology is being used to
remove sulfur dioxide from power
plant emissions.

The other project uses Brook-
haven's extensive experience in
measuring and improving the per-
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Modern copies of

' ancient statues

destroyed by pollution.

formance of large and small coal-
fired systems, as well as in planning
integrated energy systems. This is a
valuable asset in developing
methods to clean pollution from
the low-emission sources around
Krakow — mainly small boilers and
home-heating systems burning
indigenous coal.

In actual numbers, the project
covers about 2,900 large boilers and
130,000 home stoves. So, the first
step — collecting information on
which to base decisions for
improvements — is no small task.

The Brookhaven/Poland team is
gathering information on a number
of pollution-reducing alternatives,
such as converting the less efficient
boilers to gas, changing many home
coal stoves to electric stoves, mod-
ernizing boilers to reduce emissions
and reducing emissions from home
coal stoves by switching fuel and
improving stove design.

To collect these data, existing
boilers and stoves have to be tested.
Also, engineering design studies
must be made evaluating site-
specific and other costs.

Yet more data are needed to plan
a program of incentives. For exam-
ple, would it be more effective for
the government to offer rebates for
using more efficient stoves, or to tax
the more polluting fuels? Or would
a combination of both methods
work better?

Facts and figures are also being
gathered that identify potential
joint U.S./Polish commercial ven-
tures. Once Krakow's most impor-
tant needs are clearly understood,
U.S. companies experienced in mak-
ing high-tech devices to reduce dan-
gerous emissions can help Polish
companies make and use such
equipment themselves. Thus, U.S.
technology and skills would be
transferred to Poland, to the advan-
tage of both nations.

All these data are necessary for
the second and third phases of the
project — a series of public meet-
ings in Krakow to present findings,
possible solutions and incentives,
and feasibility studies for joint com-

mercial ventures. City authorities
are being helped in educating the
public in these plans by the local
public relations firms, which are
part of the Polish team and provide
important links with the populace.

So far, in less than one year, the
Brookhaven team has already built
a testing laboratory in Krakow foi'
coal stoves. Results are sent over a
computer link to Brookhaven to be
analyzed. During the year, we also
planned a boiler test project and
provided Krakow Polytechnic Insti-
tute with equipment and support
in start-up tests.

In addition, together with Polish
colleagues, we are examining U.S.
technologies that could be trans-
ferred abroad, as well as setting up
an incentive program to encourage
fuel switching and the use of rede-
signed stoves.

So the Krakow "czystego wegla"
project, with its twin goals of re-
stricting coal emissions and pro-
moting antipollution technology, is
well on its way.

Air pollution in Krakow.
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DICAL

physical and chemMLsd^rce resources and facilities are used by
scientists to develop new^BRcal applications of nuclear technology and,

also, to understand effects of energy-related agents on human health. Researchers improve
radiotherapy and nuclear-medicine procedures, develop new radiopharmaceuticals and explore
methods for noninvasive measurement of trace elements in humans, as well as the mechanisms
of disease caused by energy-related agents.

even more effective as a weapon
against cancer.

Research on boron neutron cap-
ture therapy originally started in
the 1950s, when scientists and doc-
tors in Brookhaven's Medical
Department studied its application
in the treatment of cancers such as
glioblastoma multiforme, a brain
tumor that gives a life-expectancy
of less than a year after diagnosis.

In this therapy, a compound con-
taining boron-10, an isotope of
boron, is administered to the cancer
patient. Because the compound is
designed to be specially attracted to
cancerous tumors, it preferentially
accumulates there. The tumor is
then irradiated with low-energy,
thermal neutrons.

Boron-10 absorbs these slow neu-
trons and then self-destructs —

releasing powerful, but very short-
ranged radiation. Contained in that
radiation are alpha particles so ener-
getic that just one particle, released
within the nucleus of a cancer cell,
can sterilize that cell. But its power
only extends as far as the radius of a
single cell. Because the boron-10 is
mostly concentrated in the tumor
cells, the cancer can be destroyed
without affecting nearby healthy cells.
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The first clinical trials of the tech-
nique in the mid 1950s and early
1960s, at Brookhaven and at the
Massachusetts Institute of Technol-
ogy, were disappointing. Two prob-
lems appeared. The boron-10 did
not selectively accumulate in the
tumor. And the slow, thermal neu-
tron beam did not penetrate deeply
enough into the patient's head to
destroy the tumor without harming
surrounding healthy tissue. Clinical
trials were therefore halted at that
time.

Since then, new research in the
Medical Department and at other
research centers has yielded prom-
ising solutions to these problems.

New boron compounds, some devel-
oped by Brookhaven scientists, have
been proven to concentrate in the
tumor at levels required for effec-
tive treatment. Equally important
has been extensive research done
on the neutron beam.

Commissioned in 1959, the Brook-
haven Medical Reactor was the first
to be specifically constructed for
medical research, and it provided a
thermal beam for the early experi-
ments.

Years later, our scientists, work-
ing with researchers from Idaho
National Engineering Laboratory,
changed the neutron filtering sys-
tem to produce a beam of neutrons
with energies of a few hundred elec-
tron volts — intermediate-energy,
epithermal neutrons.

Epithermal neutrons can pene-
trate tissue farther, to reach deep-
seated tumors. But they are slowed
down by body tissue. So, by the time
they reach the tumor, they are
transformed into the slow, thermal
neutrons that can interact with the
boron-10 in the cancer cells to
destroy them.

By starting with an epithermal
beam, scientists will be able to
deliver more radiation to the tumor
than is possible with a thermal
beam — a significant advance.

But even greater beam improve-
ments are on the way.

In order to get an epithermal
beam, neutrons that start from the
reactor at two million electron volts
must be slowed down to a few hun-
dred electron volts. This is done by
filtering them through different
materials in which they will lose the
right amount of energy. If they lose
too much, they will drop right down
to the energy of a thermal beam.

Our researchers have been inves-
tigating possible changes in the
reactor core and the materials in
the filter to make our epithermal
beam, already the world's best, even
better.

We have learned that by re-
arranging the fuel elements to be
closer to the source of the beam,
neutron production can be
increased by 40 percent. The more
neutrons at the start, the more
quickly a patient can be treated,
thus reducing trauma and stress.

Other calculations and experi-
ments have shown that changes in
the filter materials can improve the
beam by another 60 percent —
more than doubling the total inten-
sity of the present beam.

These advances in boron neutron
capture therapy, the result of many
years of intensive research at
Brookhaven, have been made in col-
laboration with the North Shore
University Hospital-Cornell Univer-
sity Medical College; Ohio State Uni-
versity Hospitals; the University
Hospital at Stony Brook; the Univer-
sity of Missouri; the University of
California, San Francisco; Massa-
chusetts Institute of Technology;
Emory University, Idaho National
Engineering Laboratory; and others.

Soon, clinical trials will begin.
Patients with previously incurable
forms of cancer may find their lives
extended through this promising
therapy.

MEASURING U P TO

BODY COMPOSITION
AIDS, aging, obesity and osteopo-

rosis — four conditions that can sig-
nificantly affect a patient's body
composition — are being studied in
Brookhaven's Medical Department.

Because different body tissues, or
compartments, are made of differ-
ent elements, measuring the major
elements in the body also measures
body composition. So, to discover
new facts about the four conditions,
the object is to obtain accurate
measurements of several elements
in a patient's whole body.

To do this noninvasively, with low
dose levels of radiation, we use neu-
tron-activation techniques. In a five-
year program funded by the
National Institutes of Health, our
scientists are collaborating with col-
leagues from Tufts University as
well as St. Luke's, New York and
Winthrop-University Hospitals.

The core of the program is BNL's
In Vivo Neutron-Activation Facility.
It includes three systems: one,
delayed-gamma neutron activation;
a second, prompt-gamma; and a
third, inelastic neutron scattering.

The delayed-gamma neutron acti-
vation system includes a whole-
body activator built in 1971 and a
whole-body counter built in 1969
and upgraded in 1987. The coun-
ter's numerous large gamma-ray
detectors — 16 above and 16 below
the patient's bed — make it one of
the world's most sensitive instru-
ments of its type.

In this system, the patient is first
exposed to a weak beam of moder-
ate-energy neutrons, a form of radi-
ation. The neutrons are captured by
certain nuclei in the patient's body
— such as calcium-48, a form of cal-
cium, and gamma rays are emitted.
During the minutes before most of
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the nuclei decay, the patient is
transferred to the whole body
counter, where the detectors record
the gammas' energy. From the char-
acteristic energy of the gammas
emitted by calcium nuclei,
researchers calculate the calcium
present. From this, they determine
the patient's bone mass.

To measure total body nitrogen,
the prompt-gamma neutron activa-
tion system is used. Here, a neutron
source is placed beneath the
patient's bed, with detectors on
each side. The gammas emitted
from nitrogen nuclei in the acti-
vated patient decay and are
recorded instantly, showing how

', At the prompt-gamma

neutron activator, Darcy

Mallon takes the role of

a patient whose total

body nitrogen is being

measured by Ruimei Ma

(front) and Avraham

Dilmanian.

much nitrogen is present, which is
16 percent of the protein mass.

Also, by using the inelastic neu-
tron scattering system, we can mea-
sure the amount of carbon in the
body — a marker for fat. Fast-mov-
ing neutrons produced by a minia-
ture accelerator enter the patient
and bounce off carbon-12 nuclei,
exciting them to emit gamma rays.

The more gammas detected, the
more carbon is present.

These three systems, together
with a method for measuring total
body water using tritium-labeled
water, can measure total body cal-
cium, carbon, chlorine, hydrogen,
nitrogen, phosphorus and sodium.
Potassium is measured with the
whole-body counter without activa-
tion. A complete compartmental
body analysis can then be made,
yielding measurements of total-body
bone, protein, muscle, fat, cell mass
and intra- and extracellular water.

One of the Medical Department's
first programs using body element
measurements was a study of osteo-
porosis treatments, including hor-
monal therapy and nutritional sup-
plements. The program now studies
both black and white women, prob-
ing how exercise, age and race may
affect bone-tissue processes that
change the total amount of calcium
in the body.

In particular, these studies have
shown the effect of exercise in pre-
venting or slowing down the loss of
bone and muscle mass in patients
over 55 years old.

In AIDS studies, too, analyzing
body compartments is key. Our
researchers work with two volun-
teer groups. One set of HIV-positive
men without symptoms are mea-
sured for body-mass depletion that
may occur at the onset of the dis-
ease. The other group, made up of
malnourished AIDS patients, is
receiving nutritional or antiviral
treatment that results in some
body-mass repletion.

The goal of these studies is to
understand the development of
malnutrition in AIDS, which hap-
pens through either intestinal or
metabolic complications. On this
information, treatment such as
nutritional therapy will be based.

In a related clinical study on
obesity, our researchers check how
much of the body weight lost during
weight-loss programs is fat and how
much is muscle. The results may
lead to improved weight-loss treat-
ments for obese patients.
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LEAR
NERGY

The tPSHta^K^flfSwer enclosed in the nucH^of an^ftom is used constructively worldwide
in a wide range of scientific work. The D e p a r t o f Nuclear Energy analyzes the safety
of commercial nuclear power plants, designs advanced reactor systems, develops improved
methods for safeguarding nuclear materials, and performs nuclear waste management studies
for various federal agencies. DNE also compiles and evaluates nuclear data required by scientific
users throughout the world.

playing a pivotal role in making this
scenario a reality in years to come.

The Laboratory is developing a
nuclear rocket for space applica-
tions, as part of the Space Nuclear
Thermal Propulsion Program man-
aged by the U.S. Air Force's Phillips
Laboratory. Other collaborators in
this laboratory/industry partner-
ship include Grumman Space and

Electronics Division, Babcock and
Wilcox Space and Nuclear Systems,
and Sandia National Laboratories.

In comparison to conventional
rockets, which are chemically pro-
pelled, a nuclear rocket could carry
three times more payload. It would
also be two to three times faster. In
effect, a nuclear rocket "gets better
gas mileage."

Brookhaven's role is to determine
the feasibility of using what is called
a particle-bed reactor for nuclear-
rocket propulsion. The work involves
fundamental studies in such areas as
reactor physics, fluid dynamics and
heat transfer, fuels, and materials,
with the goal 01 developing higher-
performance materials and a lighter,
more compact nuclear rocket.
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SIMPLICITY IN DESIGN

A particle-bed reactor is a
nuclear fission reactor about the
size of a 55-gallon drum. Instead
of the long fuel 2-ods found in
commercial power reactors, it uses
tiny fuel pellets, half a millimeter
in diameter, made of a uranium-
carbide core coated with carbon
and zirconium carbide. The pellets
are packed in porous cylinders.

To start the reactor, hydrogen is
introduced into the cylinders and
the control rods are removed,
allowing nuclear fission to occur.
The hydrogen is heated by the
fuel pellets, causing the invisible
gas to rush out of a nozzle,
thereby providing propulsion.

Certain aspects of the design
are key to the rocket's superior
performance. For one, the fuel
pellets can withstand tempera-
tures in excess of 2,800°C. In com-
parison, conventional nuclear
reactors usually operate at about
300°C.

Temperature is directly related
to specific impulse, the standard
measure of rocket performance.
Specific impulse is the length of
time a pound of a given propel-
lant will produce a pound of
thrust. The extreme temperatures
achieved in the particle-bed reac-
tor result in an extraordinarily
high specific impulse.

SAFETY ASSURANCE A KEY

A nuclear rocket is essentially
an engine that uses uranium-235
as fuel. Until the rocket fires,
which would be in outer space,
the level of radiation would be
equivalent to normal background
radiation on Earth. The rocket is
designed so that when it operates,
virtually no radioactivity will be

released because the fuel is coated
and the fission products will be
contained.

Since safety is of the highest
priority in the development of the
nuclear rocket, the program will
include large-scale tests to exam-
ine safety performance.

HISTORY AND THE FUTURE

The origins of the particle-bed
reactor can be traced back to the
late '60s and early '70s, when
Brookhaven researchers were
developing a rotating-bed reactor
as part of our general work on
advanced reactor designs. Then,
in the 1980s, drawing in part on
that early reactor technology, we
developed a fixed-bed reactor,
which has evolved into the
particle-bed reactor concept now
being pursued for propulsion in
space.

The particle-bed reactor can be
used in a wide variety of civilian
and military space applications.
These include advanced upper-
stage rockets for space launches,
orbit-transfer vehicles, and propul-
sion vehicles for the President's
Space Exploration Initiative (SEI),
which would involve NASA and the
U.S. Department of Energy.

SEI is a bold proposal for future
space exploration. It includes,
among other programs, a piloted
mission to Mars. A round trip to
Mars is feasible with a nuclear
rocket because, with its greater
thrust, exposure to solar flare
radiation and other hazards
would be significantly reduced by
the shorter voyage.

Interplanetary travel, the stuff
of science fiction, could indeed
become science fact with the suc-
cessful development of a nuclear
rocket.

; Peter Colombo (left)

_.'' and Paul Kalb use a

bench-scale extruder to

encapsulate waste with

polyethylene.
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NEW WAYS

To HOLD WASTE
Brookhaven's Department of

Nuclear Energy (DNE) is assisting
the U.S. Department of Energy
(DOE) with a five-year waste man-
agement and environmental resto-
ration plan to bring waste sites into
compliance with federal, state and
local regulations. The task is a for-
midable one: DOE is responsible for
the cleanup of 3,700 sites with
varying degrees of hazardous and

radioactive contamination resulting
from nuclear weapons production,
plus approximately 5,000 properties
contaminated with uranium mill
tailings.

REDUCING WASTE VOLUME

For environmental safety, pure
radioactive waste and waste
mixed with hazardous chemicals
(so-called "mixed waste") is
usually solidified for storage and
disposal by mixing it with hydrau-
lic cements. Problems can occur,

however, such as chemical
interactions between cement and
waste components resulting in
deterioration of the waste form.
This jeopardizes long-term storage
stability.

Our researchers have developed
a superior method called
polyethylene encapsulation. The
process uses an extruder, a
commercially proven technology of
the plastics industry. Compared to
cement, polyethylene can
encapsulate as much as four
times more waste into the same
volume, while complying with reg-
ulatory requirements.

Thus, using polyethylene
encapsulation is more economical
than cement. For example, the
DOE defense facility in Rocky
Flats, Colorado, generates about
0.9 million kilograms (1,000 tons)
of nitrate salt waste per year.
Brookhaven's economic analysis
shows that by mixing the waste
with polyethylene instead of
cement, 70 percent fewer drums
would be required for storage,
transport and disposal, resulting
in an annual savings of
approximately $1.5 to $2.7 million.

NEW WASTE BARRIERS

In a novel project, DNE staff are
developing and evaluating
materials to form subterranean
barriers around existing waste-
storage tanks at DOE's Hanford
site in Washington. Many of these
tanks, with capacities up to 3.7
million liters (one million gallons)
each, were constructed during
World War II for storing waste
resulting from nuclear weapons
production. They are well beyond
their service life, and some have
leaked radionuclides into the
surrounding soil. The tanks need
to be stabilized and reinforced.

So DNE specialists are testing
several grouting materials that
would be suitable to place around
the tanks. The technologies will be
applicable to many other DOE
sites with similar problems.
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Two promising materials are
under consideration: polymer con-
crete materials, developed at BNL,
that are currently used for
nonnuclear applications, and a
modified sulfur cement
commercially developed by the
U.S. Bureau of Mines. Both can be
injected into the soil to form a
relatively stable and impermeable
barrier.

DNE is now performing tests to
determine which material is the
most resistant to radiation, chem-
ical attack, moisture and tempera-
ture variations. We will also evalu-
ate the economics of both types of
grouting.

Thus, DOE, aided by experts
from Brookhaven, has begun the
difficult task of cleaning up the
legacy of nuclear waste left after
World War II and the Cold War.
Approaching a new millennium
with a better understanding of
storage technology and a new
appreciation of the world's fragil-
ity, we will proceed with determi-
nation to get the job done.
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1980, each state must develop its own regional waste-
disposal facility to dispose of commercial waste
generated within its own boundaries, either acting
alone or in consortium with neighboring states.

In response to this requiremeBt, New York will
construct its own IXW facility and is actively pursuing
the issue of site selection. If this is not done in a tiraely
fashion, and access to out-of-state disposal facilities
is restricted, then waste will have to be stored at sites
where it was generated, which is not cost-effective or
optimum but may be necessary.

To prepare for this interim storage, a coalition of
nuclear utilities in New York has funded DNE to evaluate
how long a standard polyethylene storage container
filled with ion exchange resins can be safely stored prior
to final disposal. Tests to evaluate resistance to
radiation embrittlsment, mechanical properties and

chemical compatibilities of the containers are currently
wnder way to establish storage time limits,

rSmilar tests are also performed on containers
designed by the commercial sector for disposal, rather
than storage. Some of these containersj trigst last for
at least 300 years, the time it takes for radionuclides
such as fcesium-137 and strontium-90 to decay to
acceptable levels.
;DNB staff are also helping the NRC to evaluate

solidified waste (known as "waste forms") developed
bf the waste generators for LLW disposal. Our scientists
pprform tests to verify commercial vendors' claims of
durability and safety for these waste forms. We test
tiiem for strength* temperature tolerance, biodegrad-
aibility, resistance to radionuclide releases, and
corrosion, and make recommendations on acceptability
aijid improvements.
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EXCITING HARMONICS WITH LASERS



EMISTRY

The broad range of resean
understanding of the properties^
chemistry, radiopharmaceuticals,
induced charge processes, using th

ihemistry Department has a single goal: the fundamental
i, atoms and molecules. Studies of nuclear and radiation

alysis, state-to-state chemistry, and thermal and photo-
pecial facilities, apparatus and techniques available at

Brookhaven, enable chemists to discdjfer detailed informaton on solids, liquids and gases and
the dynamics of physical and chemical change.

light, harmonics of a certain fre-
quency correspond to light of differ-
ent wavelengths, each with its char-
acteristic color.

By shining an intense laser beam
with a low frequency into certain
gases, researchers in Brookhaven's
Chemistry Department can obtain
a beam of extremely intense ultra-
violet light. This harmonically

generated light lies in the invisible
portion of the spectrum. It is com-
pletely absorbed by molecules in air
and so can only be used in a vac-
uum; hence its name: vacuum ultra-
violet (VUV).

Unlike ultraviolet radiation from
the sun, harmonically-generated
VUV light has laser-like coherent
properties, that is, it comes in an

extremely narrow range of wave-
lengths. It can therefore be directed
as an energetic beam of light that is
able both to trigger and illuminate
what happens during violent,
instantaneous chemical reactions.
With such a powerful tool, chemists
are able to investigate events that
have never before been studied in
detail.

59



One of Brookhaven's research
interests is the incredibly swift and
turbulent action of rotating, vibrat-
ing molecules that VUV light excites
into ionization. This term describes
the action of atoms or molecules
being stripped of their surrounding
electrons, thereby going from an
electrically neutral to an ionized
state, which results in a positively
charged molecular ion and free
electrons.

To get the VTA' beam, our
researchers begin with a normal
laser beam, which is very intense,
but is restricted to wavelengths of
light that extend only from infrared
to near ultraviolet. Using the har-
monic generation technique, the
chemists can convert some of this
light into very energetic VUV light.

Intense laser light is associated
with a high electric field, which can
force loosely bound electrons in sol-
ids, liquids or gases to oscillate in
phase with the laser frequency. At
very high laser intensities, the elec-
trons can also oscillate at multiples
of the Iasev frequency.

These faster oscillating electrons
can emit coherent laser light at
these multiple frequencies, called
harmonics. The most useful VUV
light for chemists is the third har-
monic, which is laser light with one-
third the frequency and three times
the energy of the incoming laser.

The process is inefficient, because
out of a million photons in the laser
beam, possibly only one will emerge
at the third harmonic frequency.
But a laser is so intense — that is, it
contains so many millions of phot-
ons — that it can provide the more-
than-a-kilowatt of coherent, pulsed
VUV power needed to study states of
a rotating, vibrating molecule.

The coherent properties of the
harmonic VUV generation are so
useful that they make up for certain
disadvantages of this approach. For
example, as compared to the light
emitted from a synchrotron light
source, which is another source
suitable for examining molecules in
action, VUV lasers are not easily
tuned.

This means that, unlike synchro-
tron light, VUV laser wavelengths
cannot be easily changed. For this
light to excite an atom or molecule
to give up its electrons, the target
material must be chosen to fit the
wavelength available.

Our chemists accommodate this
situation by using several combina-
tions of lasers of different wave-
lengths, as well as a variety of har-
monic generation gases, to change
the harmonic frequencies. Thus, the
VUV light of the correct wavelength
is attained, allowing the ionized
states of the excited molecule to be
seen with unprecedented clarity.

New methods that involve adding
and subtracting two different laser
frequencies in a gas sample promise
to make harmonically generated
VUV light far more intense and
tunable. As these techniques
become more routine, Brookhaven's
chemists will have an even more
powerful tool for studying the
highly excited states of matter.

A DIFFERENT BANK
In Brookhaven's Chemistry

Department is a bank that, rather
than being concerned with cash, is
concerned with bonds — the chem-
ical bonds in macromolecules. The
Protein Data Bank is a computer
database, and its deposits consist of

data that describe the three-dimen-
sional structures of biological mac-
romolecules.

Started by our chemists in the
1970s with the seven protein entries
that gave it its name, the Protein
Data Bank now holds well over one
thousand entries — the results of
three decades of international basic
research. Providing information on
proteins, nucleic acids, viruses and
carbohydrates, it has become a
unique resource in structural
biology that serves the scientific
community worldwide.

A typical structure entry consists
of three-dimensional coordinates
for several thousand atoms. Investi-
gators deposit this information,
together with bibliographic citations
and experimental data, in elec-
tronic form directly into a computer
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Structure of trypsin

molecule, determined by

Brookhaven biologists

using the neutron

diffraction technique

at the High Flux Beam

Reactor.

Structure of Protein

- . . - ' Data Bank team.

file at Brookhaven. Once the deposit
is made, the crucial task of checking
the data begins.

Because the value of the bank
depends on the reliability of its
data, our researchers check each
structure exhaustively. This entails
verifying such items as nomencla-
ture — do all the names conform to
standards? Are there any errors or
abnormal features in a macromole-
cule's geometry that should be cor-
rected or documented?

Each new structure is examined
on a high-performance graphics
workstation, using software written
by Brookhaven researchers. The
team also benefits from valuable
comments from scientists in Brook-
haven's Biology Department, who
use the bank extensively and can
report on how it meets their needs.

Once all checks are complete, the
results are returned to depositors
for their comments. Only at this
point are the data formally entered
into the bank.

The next step is to spread the
news of available and upcoming
entries and related information,
which is done mainly through the
Protein Data Bank Newsletter.

Produced by our staff to coincide
with a quarterly updating of the
database, the newsletter has a
worldwide circulation of nearly
5,000. The database is also available
from eleven affiliated centers, five in
North America, four in Europe and
two in Japan. These centers provide
convenient public computer net-
work access to the bank.

The Protein Data Bank is used
extensively by laboratories doing

biomedical research and needing
information derived from structural
studies. One such example is the
Human Genome Initiative. For this
large-scale sequencing effort, our
database, when cross-referenced to
libraries of sequence information on
DNA and proteins, becomes an
essential tool.

In addition, all known informa-
tion about how protein molecules
are folded is collected in the Protein
Data Bank. The folding of proteins
into intricate three-dimensional
patterns gives them their unique
properties, which can often be
altered by introducing mutations
and changing the sequence of their
amino acids.

Therefore, working from the up-
to-date information in the database,
protein engineering researchers can
use computer-aided design to
explore these folding changes. This
saves immense amounts of time and
cost in laboratory testing. In drug-
design applications, scientists
explore how drug molecules inte-
ract with target protein and nucleic
acid structures, choosing likely can-
didates for further pharmacological
testing.

Spurred by expanding demand,
several publishing firms and soft-
ware developers are creating pro-
ducts that integrate the Protein
Data Bank into molecular design
packages and other advanced appli-
cations. This will considerably
widen access to the database and
add to its future value.

Right now, new technologies are
allowing researchers to generate an
explosion of structural information
on macromolecules. Projecting from
the present rates of growth, by the
next century, 10,000 or more struc-
tures a year may be deposited at
Brookhaven.

It is becoming vital to find new
ways of storing and exchanging
data to serve the future needs of
the community. Our researchers are
therefore investigating possible new,
less restrictive formats for the data
bank that will still retain the univer-
sality of the present system.
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TERDEPARTMENTAL
RESEARCH

The lines between Brookhaven's
nine scientific departments are fre-
quently drawn more in gray than in
black, as researchers from different
scientific disciplines often join forces
in tackling complex problems that are
best solved with a multidisciplinary
approach. The following stories
involve collaborative research among
the Applied Science, Chemistry and
Physics Departments. Through lec-
tures and seminars, science stories in
the weekly employee newspaper, and
other avenues of communication,
research in all the scientific depart-
ments is shared with the entire Lab-
oratory staff, thereby further encour-
aging collaborative work.

B R O O K H A V E N H I G H L I G H T S

Handling liquid helium

during their study of

coatings applied at low

temperatures are (from

left) Daniel Strongin

from SUNY at Stony

Brook and BNL's Myron

Strongin and Mark

Ruckman.

NEW MATERIALS, NEW GROWTH
Forefront technology requires

innovative ideas and, in many cases,
new materials. Hence, creating new
materials and superior processing
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methods to adapt them for specific
uses is essential for ensuring U.S.
industrial competitiveness.

In 1991, in response to a Congres-
sional appropriation, the U.S.
Department of Energy brought
together the expertise of eleven
national laboratories to work on
synthesis and processing with the
aim of developing new, advanced
materials for commercial use.

At Brookhaven, researchers from
the Physics and Applied Science
Departments joined with colleagues
from academic and industrial insti-
tutions to work on four projects.
The Laboratory's world-class facili-
ties — specifically, the National Syn-
chrotron Light Source and the High
Flux Beam Reactor — enable our
scientists to make materials under
novel conditions or characterize
new materials on the atomic level.

THEORY: THE FIRST STEP

New alloys can be created by
forming multilayers — alternate lay-
ers of different metals with perfect
crystalline order. The stability of
these sandwich-like structures
depends on many factors, including
the atomic constituents and the
thickness of individual layers.

To gain a better understanding of
which combinations are stable, BNL
physicists have calculated the prop-
erties of several multilayer systems
and compared them with their pure
metal components and with ordi-
nary bulk alloys.

When atoms of different materials
are combined, they gain an energy
known as chemical bond energy. If
the geometry of the multilayer
represents a large distortion from
that of the pure metal, then the
combination of metals would be
energetically unfavorable. This dis-
tortion would have to be balanced
by a large chemical bond energy
between the two metals.

In addition, the surface energy of
a material is determined by the
electron distribution at the surface,
which differs from the bulk. The
surface energies of two materials
can play a role in determining their

compatibility. Metals with dissimilar
surface energies can form multilay-
ers even if they do not form ordi-
nary bulk alloys.

Theory is the only practical way
to obtain information on separate
distortion, bond and surface ener-
gies, since they are usually not avail-
able from experiments.

From initial calculations, our
researchers have determined that
aluminum on silver forms a stable
multilayer system. This alloy may be
useful for making x-ray mirrors that
are crucial in many applications at
synchrotron light sources.

SYNTHESIS AT THE NSLS

BNL physicists, working with
chemists from the State University
of New York (SUNY) at Stony Brook,
at BNL's National Synchrotron Light
Source (NSLS), have pioneered a
new way to deposit coatings onto a
surface. Synchrotron radiation was
used to form hexagonal boron
nitride from a mixture of diborane
and ammonia condensed onto a sil-
ver surface held at — 196°C.

Researchers are experimenting
with the new technique to produce
cubic boron nitride or other
nitrides. Aluminum oxide, another
common industrial dielectric coat-
ing, has been made by the same
method.

Boron nitride, in its cubic form, is
a chemically resistant, electrically
insulating material that remains
stable at high temperatures — qual-
ities that make it suitable as a
chemical or wear-resistant coating.

In the future, this new method
may be combined with synchrotron-
based lithographic techniques to
make extremely small features for
use in micromachines or microelec-
tronics.

HIGH PRESSURE,
NEW NITRIDES

Many nitride compounds are
commercially valuable because of
their strength, durability and super-
conductivity. BNL physicists have
synthesized new nitrides and trans-
formed existing ones using a 2,000-

ton uniaxial press at SUNY at Stony
Brook. The press can reach an
atmospheric pressure of 25 gigapas-
cals, or 250,000 times the average
atmospheric pressure at the surface
of the earth.

To synthesize nitrides, a small
sample is heated to high tempera-
tures of up to 2,000°C and placed in
the press, where it is transformed
into a new material within minutes.

So far, high-pressure experiments
have been performed on niobium
nitride, lithium molybdenum nitride
and niobium boron nitride.

CREATING POLYMERS

In a process called plasma poly-
merization, Department of Applied
Science researchers have synthe-
sized industrially useful electrore-
sponsive polymers. This method
eliminates pinhole defects in poly-
mer films, so that they can be used
for making lithium batteries and
energy-saving electrochromic win-
dows.

Polymers are giant molecules
formed by combinations of simple
molecules, called monomers. Elec-
trons in electroresponsive polymers
move in response to light or an elec-
tric field. Another type are ion con-
ductors in which ions move in
response to an electric field. These
can be used as solid electrolytes.

In plasma polymerization, mono-
mers, mixed with a gas such as
argon, are inserted into a vacuum
containing an induction coil or
capacitor connected to a radio-
frequency power supply. When the
monomers are exposed to this fre-
quency, they lose electrons, creating
uncharged particles called free rad-
icals, which condense to form elec-
troresponsive polymers.
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ITS MELTING . . .

. . . ITS MELTING:

When, in the Land of Oz, the
Wicked Witch of the West dissolves
into a pool at Dorothy's feet, movie-
goers are enthralled. But few pon-
der the exact process. Did she melt
from the inside out, or the outside
in? Why did her feet go first?

To improve our understanding of
the physical world, scientists in
Brookhaven's Chemistry and Phys-
ics Departments are working to
discover the most minute details of
how things melt — what happens at
the atomic level when heat is
applied to given substances.

One effective way of investigating
how a substance melts is to study it
as a thin layer, not in bulk. This
solves the problem of distinguishing
between the way particles act at the
surface versus deep within a sub-
stance.

Also, surface atoms move more
freely than the bulk atoms beneath
them. With only a few layers of
atoms, it is easier to get a more
accurate idea of the entire melting
process.

In one recent study, our scien-
tists, together with collaborators
from the University of Missouri and
Pennsylvania State University, used
neutrons from Brookhaven's
research reactor, the High Flux
Beam Reactor, to probe the melting
of a thin film of argon.

At a temperature of about 65 kel-
vins (—208°C), we grew three layers
of argon atoms on a substrate of
graphite. In that process, the argon
forms an ordered structure much
like a three-layered pile of oranges
in a display of fruit. Adding heat
causes the atoms to move from
their equilibrium positions. By
studying the way order is destroyed
as heat is applied, our scientists
hope to learn about the physical
process of melting.

To determine the structure of the
argon film atoms most efficiently,
the scientists constructed a device
called a powder neutron diffrac-
tometer. In this device, neutrons

bombard a sample and are scat-
tered into a bank of 15 detectors
that record the number of neutrons

that arrive at a predetermined
angle. The angular distribution of
the neutrons gives information
about the sample's atomic-scale
structure.

Atoms in solids move back and
forth about their equilibrium posi-
tions. These vibrations are known as
phonons, and they pass through the
solid in much the same way as a
wave travels down a rope that is
being moved at one end. They can
be detected using a technique called
inelastic scattering.

In this technique, both the veloci-
ties and the directions of neutrons
scattered from a solid target are
determined. This information tells
researchers how much energy and
momentum were transferred during
the scattering process. From this,
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they can deduce the dynamic state
of the atoms of the target.

Neutron-scattering by phonons
reflects the order of the atoms in a
solid. In liquids, on the ether hand,
where atoms can make transla-
tional as well as vibratory motions,
the inelastic scattering produces
signals that reflect both types of
motions.

During the inelastic scattering
experiments from the argon films,
the first results showed that when
three atomic layers of solid were
present, only phonon-like signals
appeared. Then, as the temperature

' Working (round the

neutron diffractometer

used to take data of the

layer-by-layer melting of

argon are (from left)

Curt Koehler, John

Larese, Julius Hastings

and Laurence Passell.

rose, these signals became fainter,
and the signals characteristic of
translational motions, indicating a
liquid-like state, grew stronger.

As the process continued, the sig-
nals showed that liquefaction
started with the outermost layer
and that the melting of each argon
layer took place sequentially within
a temperature interval of about ten
kelvins. Finally, when the tempera-
ture had risen about 40 kelvins, a
purely liquid-like signal was
recorded. This indicated that the
original three-layer argon film had
completely passed from solid to
liquid.

Our researchers and their collab-
orators were the first to observe, on
an atomic scale, such a "layer-by-
layer" melting process.

This discovery — that argon melts
layer by layer over a range of tem-
perature — was surprising because
the melting of bulk solids had
always been observed to occur at a
single, well-defined temperature.
Melting from the surface in suggests
a promising framework for develop-
ing a theory of bulk melting.

In addition, these studies may
have important technological impli-
cations. Understanding the proper-
ties of atoms at surfaces could help
improve optical coatings and other
electro-deposited films, as well as
provide new insights into corrosion
mechanisms, lubrication and
catalysis.
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The Laboratory's scientific programs rely greatly on the four

research divisions: Computing and Communications, •

Instrumentation, Reactor, and Safety- and Environmental Protection. I

' These divisions collaborate closely with

the scientific departments in support of ongoing research.
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The Reactor Division operates one
of the world's leading research reac-
tors, the High Flux Beam Reactor
(HFBR), as well as the Brookhaven
Medical Research Reactor. The HFBR's
intense beams of neutrons support
experiments in nuclear and solid state
physics, metallurgy, nuclear and struc-
tural chemistry, and biology. Its
tradition of outstanding research
includes award-winning investigations
into such topics as the structure and
behavior of metals and ceramics, and
high-temperature superconductor
systems.

B R O O K H A V E N H I G H L I G H T S

Queens College

researchers (seated,

from left) Miriam

Rafailovich, Xiao Feng

Zhao, (standing) Paul

Schaedler and Jonathan

Sokolov work with BNL's

Laurence Passell at the

HFBR's neutron reflec-

tion spectrometer.

NEUTRON PROBE PULLS WORLDWIDE USERS
From designing absorbent mate-

rials for cleaning up oil spills to
investigating polymers for coating
telephone cables, the High Flux
Beam Reactor's (HFBR) new neu-
tron reflection spectrometer is an
ideal tool.
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The Reactor Division's new instru-
ment, designed and built by
researchers from the Physics
Department, began operating last
year. It is one of only four such
instruments operating in the United
States.

Used for studying near-surface,
atomic-scale structures and compo-
sitions of organic materials, the
device measures the fraction of neu-
trons reflected at small angles from
the surface of a material. If the
material changes, so, too, will the
intensity of reflection. The neutron
reflection pattern provides re-
searchers with structural and
chemical information about the
near-surface properties of the
sample.

The neutron reflection spec-
trometer uses the reactor's neu-
trons as probes, just as instruments
at the National Synchrotron Light
Source can differentiate between
the properties of materials at the
atomic level using x-rays. Studies at
each facility frequently complement
each other; they yield different but
related information.

The new HFBR instrument is very
sensitive to the difference between
hydrogen and deuterium atoms,
which are chemically similar. This
sensitivity is important for studying
the interactions of organic mate-
rials with other substances. For
example, it would be difficult to
examine how soap interacts with
water, since both soap and water
contain hydrogen. But if deuterium
atoms were substituted for the
hydrogen atoms in the soap, it
could easily be differentiated from
water, using neutrons as probes.
Thus, an efficient chemical analysis
could be made.

TEAMING UP FOR RKIARCH

The unusual capabilities of the
neutron reflection spectrometer
have already attracted scientists
from industry and academia to
form a Participating Research Team
(PRT) for performing specialized
studies. In return for a guarantee of
75 percent of beam time at the facil-

ity, the PRT schedules experiments
and provides trained scientists to
run the instrument on a day-to-day
basis.

The PRT scientists represent:
Brookhaven, Exxon, IBM, McGill
University, Oxford University, Proc-
tor and Gamble, Queens College, the
State University of New York at
Stony Brook, the University of Mas-
sachusetts-Amherst and the Univer-
sity of Pennsylvania.

Research proposals are also sub-
mitted by potential general users,
who may use the instrument during
the remaining 25 percent of beam
time. A committee of outside scien-
tists from various fields reviews
these research proposals.

INITIAL STUDIES

Queens College has started sev-
eral studies using the new spec-
trometer. They are aimed at under-
standing the properties of polymers,
which are chemical compounds
made of giant molecules. Polymers
are widely used in the manufacture
of such varied items as plastics,
nylon, rubber and vinyl.

In collaboration with Bellcore,
Inc., of New Jersey, Queens College
scientists are examining the inter-
action of polymers and oil for appli-
cations in fiber optics.

Telephone cables that cross the
ocean are typically made of glass
fibers infused with oil and coated
with a polymer film. Oil is added
to prevent corrosion, but when it
seeps into the polymer, the coating
is degraded. The researchers are
studying the penetration of oil into
the polymer film to determine
which polymers are most resistant
to degradation.

In other studies, Queens College
has joined with McGill University to
investigate polymers that are chem-
ically active at the surface of liquids.
These polymers are composed of
two blocks, one soluble in water, the
other in organic materials. These
block copolymers have many appli-
cations, ranging from emulsifiers in
ice cream to blood-soluble medica-

tions and detergents for cleaning
waterborne oil slicks.

The researchers are studying the
characteristics of the polymers at
the interface between various insol-
uble liquids. This research could
lead not only to a better under-
standing of the microscopic motion
of long chain-molecules, but also to
improved design of these polymers
in their varied applications.
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Y AND ENVIRONMENTAL

TECTION

The Safety and Environmental Pro-
tection Division (SEP) provides tech-
nical support to Laboratory staff in
environmental, safety and health
issues. This includes monitoring the
BNL workplace, as well as surveying
the environment. The division man-
ages the Radiological Assistance Pro-
gram, which can respond to any
radiation incidents in the Northeast.
Further, the division coordinates
design reviews, construction site
inspections and operational readiness
reviews prior to the start-up of new
or modified facilities. SEP also pro-
vides periodic assessment of the
Laboratory's other environmental,
safety and health programs.

B R O O K H A V E N H I G H L I G H T S

Reviewing the index of

the new on-line Material

Safety Data Sheet

database are (from left)

Otto White, Gary Adams

and Wendy Mosca.

FAST FACTS ON CHEMICAL HAZARDS
Chemicals can be found almost

anywhere — at the workplace and
at home. At a major research lab-
oratory like Brookhaven, they are
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widely used. That's why we are
especially vigilant in handling the
thousands of potentially hazardous
chemicals used for BNL's experi-
ments and plant maintenance.

The potential hazards of a chem-
ical, as well as the precautions nec-
essary in handling it, are compiled
in a Material Safety Data Sheet
(MSDS). An MSDS contains vital
information regarding health, fire
and exposure hazards, as well as
exposure treatment and emergency
procedures.

As required by the federal
Department of Labor's Occupa-
tional Safety and Health Adminis-
tration, chemical manufacturers
must develop an MSDS on every
chemical they sell, so that informa-
tion is available on each chemical's
potential hazards. The Laboratory,
like all employers in the nation, is
required to make MSDSs easily avail-
able to employees.

To ensure fast and ready access
to MSDSs, the Laboratory's Safety
and Environmental Protection Divi-
sion (SEP) has developed an on-line
MSDS computer database. Currently,
any BNL employee or guest who is
connected to Brookhaven's com-
puter network or has a personal
computer and modem can interro-
gate the new database to gain infor-
mation on any of the more than
8,000 chemicals used on site.

The database grew out of the
1990 visit of the U.S. Department of

Energy's Tiger Team, whose mission
was to assess national laboratories'
compliance with environmental,
safety and health regulations.
Although paper copies of MSDSs had
been available from SEP, the Tiger
Team was concerned that informa-
tion on chemical hazards should be
more readily accessible to all
employees.

In response to this concern, key
SEP personnel formed a committee
with staff from the Laboratory's
Technical Information Division to
design and implement the on-line
database. After working with con-
tractors for a year and a half, the
database was released for use
throughout Brookhaven in February
1992.

The user-friendly MSDS database
is run on the Laboratory's SUN UNIX
system to obtain the best speed and
a large data capacity. SEP will
update and expand the on-line sys-
tem continually to meet the needs
of its users. In the future, users will
be able to direct the desired MSDS
from the database to a FAX
machine. Information and training
for BNL employees and guests on
how to use the new database are
available from SEP. As in the past,
paper copies of MSDSs can also be
obtained.

MATE RIAL SAFTTY DATA SHEET:

A CHEMICAL SAFETY MANDATE
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STRUMENTATION

; Eugene Von Achen (top)

checks one of the new

preamplifiers for the

ultrahigh rate detector

while Graham Smith

monitors the perfor-

mance of the two-

dimensional detector.

Inventing and developing new tools
and methods to make high-precision
measurements in selected branches of
scientific research is the primary
activity of the Instrumentation Divi-
sion. The staff develops new tech-
niques in areas such as nuclear-
particle and photon detectors, low-
noise hybrid and microelectronic
circuits, microstructures, laser studies
and optical metrology. The division
specializes in providing unique solu-
tions to specific problems in experi-
ments at Brookhaven's major research
facilities. The division's expertise also
provides the Laboratory with special
services in vacuum-deposition tech-
nology, electron microscopy and
printed circuit board fabrication.

REAL-TIME DETECTORS AT THE LIGHT SOURCE

Whether researchers are looking
at the structure of crystals, solu-
tions, fibers or membranes, two new
detectors designed by BNL's Instru-
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mentation Division are invaluable
instruments for their work. These
detectors — the two-dimensional
readout x-ray detector and the
ultrahigh rate amplifier-per-wire x-
ray detector — have been installed
at the time-resolved diffraction
beam line at the National Synchro-
tron Light Source.

Traditionally, synchrotron
researchers use x-ray film to record
their data, but that requires a time
lapse for developing. The new detec-
tors, however, eliminate film and
record data in real time, allowing
for dynamic studies. In addition, the
innovative detectors offer better
resolution than that of any other
x-ray detector in the world.

FROM PHOTONS TO PATTERNS

Both new detectors work in
essentially the same way. In each,
x-rays pass through a "window"
made of beryllium, a metal that is
highly transmissive to them. Then
the x-rays are absorbed by xenon, a
relatively inert gas. In a process
known as the photoelectric effect,
electrons are knocked out of the
xenon atoms, and a small cloud of
several hundred electrons is
created.

The negatively charged electrons
are attracted to an arrangement of
about 100 positively charged anode
wires. These high-voltage anode
wires multiply the electrons ten-
thousandfold, which gives rise to a
charge that is easily detectable by
charge-sensitive preamplifiers.

Simultaneously, an equal and
opposite charge is induced on the
detector's two cathodes. In the two-
dimensional detector, each cathode
contains an array of parallel wires,
one cathode having wires perpen-
dicular to those of the other, the
induced charge is distributed across
several wires of each cathode and is
collected by preamplifiers. Sophisti-
cated encoding electronics then
determine the X and Y coordinates
of the x-ray's position accurate to
less than 100 microns, about twice
the diameter of a human hair.

In a process similar to photo-
graphic film developing, each pair of
coordinate signals produces a dot in
the diffraction pattern, which is the
image x-rays make when they are
diffracted from the sample. The
degree of diffraction provides infor-
mation about the distribution of
atoms in the sample.

In the ultrahigh rate detector,
each of the 100 anode wire signals
is recorded, but not the cathode sig-
nals. This detector therefore
records only one dimension, rather
than two. But its strong point is
speed. Newly designed high-band-
width preamplifiers and specially
developed gas mixtures maximize
its speed. While the two-dimen-
sional detector is currently in use
for a variety of studies, the ultra-
high rate detector will be used on a
regular basis in 1993.

The two-dimensional detector can
analyze x-rays in two dimensions at
several hundred thousand per sec-
ond, but only one x-ray at a time.
The ultrahigh rate detector can
analyze up to a million x-rays per
second per wire, or about 100 mil-
lion simultaneously, making it the
fastest multiwire detector in the
world. With this greater speed, the
sample under study is less likely to
deteriorate or become damaged
from radiation.

A SAMPLE OF STUDIES

In one of the many experiments
in progress using the two-dimen-
sional readout x-ray detector, BNL
biologists are studying chromatin, a
substructure of chromosomes. The
researchers took samples of chro-
matin from chickens and cloned
them so that they could be regener-
ated from bacteria called E. coli.
The cloned E. coli cells can grow in
a solution of deuterium oxide, and
minute amounts of this solution can
be used for structural studies of
chromatin.

Because the entire diffraction
pattern can be obtained at one
time, within seconds, only small
amounts of the sample are needed
for the study. Thus, the new detec-

tor makes experiments such as
these more economical.

Studies of polymers are also
under way. Dow Chemical re-
searchers are monitoring changes in
polyurethane foams under a variety
of reaction conditions. These foams
have many uses, including thermal
insulation and soundproofing. Since
the manufacture of polyurethane
foams creates chemical hazards, the
goal of this research is to gain infor-
mation that will lead to environ-
mentally safer manufacturing tech-
niques.
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MPUTING AND
^COMMUNICATIONS

The Computing and Communica-
tions Division supplies vital support to
Brookhaven's scientific programs by
establishing the latest high-speed
technologies; planning and developing
future data processing facilities and
tools; operating major central compu-
ters and communications networks,
including the telephone system; pro-
viding computer systems maintenance
services; and assisting in all areas of
programming. The division also sup-
ports scientific and engineering work-
stations for applications such as
computer-aided design and manufac-
turing systems.

B R O O K H A V E N H I G H L I G H T S

David Stampf (left) and

George Rabinowitz

access a computer dis-

play at a high-perfor-

mance workstation.

FASTER: FASTER: — WITH FIBER OPTICS
To stay in the same place, the Red

Queen explains to Alice in Through
the Looking Glass, you have to run.
To get ahead, she says, you must
run at least twice as fast.
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And, as any computer user can
attest, the validity of these state-
ments is proven again and again —
in the world of computer tech-
nology.

At Brookhaven, where so much
forefront research depends on
creative computer technology, our
computers have to be ready to run
much more than twice as fast. So
the Computing and Communica-
tions Division (CCD) is restructuring
the present data communications
system — a vital contribution to
making breakthrough science
possible.

The new communications path-
way, called Fiber Distributed Data
Interface (FDDI), will run on fiber
optics, a glass-like material that
transmits data as light, much faster
than wire can. It will replace part of
the existing network, in which the
Ethernet system runs on copper
cable and optical fiber. FDDI will act
as a backbone with each BNL
department or division having both
local FDDI rings and Ethernet
attached to it.

The main change will be in speed.
Ethernet handles Brookhaven's
present standard computing needs
of up to ten megabits of data per
second. But FDDI can handle 100
megabits per second — ten times
more. Around the Laboratory, the
number of new, high-performance
workstations has doubled each year
for three years, as has the amount
of computing power provided at
each workstation.

At present, the relatively high
cost of linking workstations to an
FDDI ring tends to limit their num-
ber. This cost, however, is falling
rapidly as the technology becomes
better known and more widespread.
Within a very few years, the extra
capacity of Brookhaven's new sys-
tem will be used to the full.

Another advantage of the fiber-
optic interconnections is that
researchers will be sharing files
worldwide much faster than is now
possible. Currently, our connections
to the world can transmit data at
1.5 million bits per second. But

within two years, this rate will be
upgraded to 44 million bits per
second — far outpacing Ethernet
technology.

Such speeds should also allow
nationwide video conferencing.
Designers using high-resolution
graphics will have their computer
displays generated at high speed.
And experimentalists and theorists
will be able to store and calculate
far greater amounts of information
in a shorter time.

The physical task of laying the
fiber-optic system might have been
quite extensive. But about ten years
ago, when the fiber cables were laid
to accommodate the high-speed
graphics software for computer-
aided design and manufacturing,
CCD staff foresaw the need for a
much more powerful overall system
in the future. So, at minimal cost,
extra fiber was provided in the con-
duits installed at that time. Now,
the configuration of the new system
into a ring can be accomplished
with little delay and at considerable
savings.

With the new high-speed system
partly in place, time and money is
being saved as efficient computer
conferencing reduces the need for
travel. And soon, nationwide video
conferencing will be a routine part
of a scientist's workday as well.

' Light passing

through a

fiberoptic cable.
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Besearch is the heart of the Laboratory and, in support of that research,

a myriad of activities go on at Brookhaven each year.

Meetings and lectures are given on many of the subjects under study here,

and honors are regularly bestowed on our scientists and support staff.

Some of these are 'bed in this section, along with administrative program

highlights, a year-end report on the Laboratory's budget

and a look at our organization.



SERVICE WITH A SMILE

All of the meetings held on site this year had one
thing in common — they ran smoothly with the help
of the Staff Services Division (SSD).

Once a group decides to hold a meeting on site, the
meeting's coordinators find themselves working very
closely with many areas in SSD.

First, they will contact Staff Services to reserve rooms
in Berkner Hall or the Brookhaven Center for their
meetings, workshops, seminars, luncheons, receptions
or banquets. Then, they will need to arrange for any

Meeting* at BNL run

smoothly with the help

of the Staff Services

Division, which includes

(from left) linwood

Johnson, Gail Radich,

Jane Guido, Maiy Gfynn,

Patrick Grynn, Juanita

Beatty and Cheryl

Brown.

food services with Service America Corporation, which
manages the Cafeteria and reports to SSD.

They may get in touch with the transportation office
to make travel arrangements for attendees or to
coordinate pickups at area airports. Since most of those
attending a meeting will need housing, the housing
office will assign appropriate accommodations at either
the Laboratory's guest house, apartment area or
dormitories.

And when the meeting starts, the members of SSD's
special services group will be on hand to make sure
it all comes together without a hitch.

EETINGS
During the course of 1992, many

conferences, meetings, workshops
and symposia were held at Brook-
haven. This list represents some of
them and reflects the broad range
of subjects that are studied and dis-
cussed daily at our multiprogram
laboratory.

Over 165 representatives from the
oil-heat industry attended the 1991
Oil Heat Technology Conference

at BNL, September 30-October 1,
to review advances in oil-heat
technology.

The use of single photon emission
computed tomography (SPECT) has
expanded over the past five years,
reflecting the success of this
method of nuclear imaging. To set
up guidelines for acquiring, provid-
ing and interpreting SPECT brain
images and to consider the need for
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a multicenter research project to
develop a database of images, BNL's
Medical Department hosted a Work-
shop on Brain Perfusion Imaging,
which drew 50 participants on
October 8-9.

Investigating the extreme condi-
tions that will be created in BNL's
Relativistic Heavy Ion Coillider
(RHIC) will rquire sophisticated
detectors unlike any ever built for
any other accelerator. The technol-
ogies required for these imposing
devices were the subject of the Sym-
posium on RHIC Detector S&D,
held October 10-11.

Standing for "as low as reasonably
achievable," ALARA has been one of
the principles underlying radiologi-
cal health and safety efforts to pro-
tect radiation workers from expo-
sure to radiation. New ways of
implementing ALARA programs
were major topics at the first U.S.
Department of Energy (DOE) ALARA
Workshop held on site, April 21-22,
and attended by 70 health-physics
and radiation-safety engineers from
DOE and its contractors.

The neutrons from BNL's High
Flux Beam Reactor and the photons
at the National Synchrotron Light
Source (NSLS) are ideal for charac-
terizing the nature of materials. To
teach researchers how the
machines' respective beams are pro-
duced and how to use their differ-
ent instruments, a two-week Work-
shop on Neutron and Synchrotron
Radiation Studies of Materials was
held at the Laboratory beginning
May 4, for 20 selected graduate stu-
dents from North America.

To discuss how the International
Atomic Energy Agency (IAEA) can
pursue both traditional and new
approaches to nuclear safeguards
and inspections, without expanding
its budget, the Semiannual Review
of Technical Support for IAEA
Safeguards was held on site, April
29-May 1.

Massively parallel computers offer
a way to resolve many-faceted prob-
lems by dividing them up and hav-
ing several computers calculate
each part simultaneously. Research

on developing ways to use this
impressive computational power in
scientific applications drew 35 par-
ticipants to Brookhaven for the
Partnership in Computational Sci-
ence Meeting, May 5-6.

About 300 of the NSLS' 2,500
users from 400 institutions — a
world-record nunlffer of users for a
research facility — attended the
Annual NSLS Users' Meeting,
May 19-20.

Recognizing the future supporting
role of the Alternating Gradient
Synchrotron (AGS) for the Relativis-
tic Heavy Ion Collider (RHIC), the
June 5-6 gathering of about 100
present AGS users and future RHIC
users was billed for the first time
as the Annual AGS-RHIC Users'
Meeting.

The Scientific and Business
Advisory Council of the new Long
Island Research Institute held its
first meeting at the Laboratory on
September 9.

The potential of oil-eating
microorganisms for increasing the
amount of oil that can be pumped
from a reservoir was the subject of
the Fourth International Microbial
Enhanced Oil Recovery Confer-
ence, held at BNL on September 8-
11 and sponsored by DOE's Bartles-
ville Project Office in Oklahoma.

ON THE LECTURE
CSRCUIT

Two lecture serros were initiated
at Brookhaven during 1992: The
Office of Educational Programs
begin an occasional series, with
speakers Johnnye J' nes, professor
of biological sciences at Hampton
University, and Brooklyn College
physics professor Brian Schwartz.
The first Aditya Sambamurti Memo-
rial Lecture was given on rare kaon
decay, by John Haggerty, Physics
Department.

Beyond the other hundreds of lec-
tures and seminars that were spon-
sored by BNL's departments, addi-

tional speakers came under the
aegis of several special programs:

• AVI Distinguished Lectures —
Addressing topics of general inter-
est were Michael Schulhof, vice
chairman of Sony USA and presi-
dent of Sony Software Corporation;
physician-researcher C. Thomas
Caskey; Russian physicist Vitaly
Ginzburg; and human-rights activist
and physicist Yuri Orlov.

• Brookhaven Lectures — In
this series' 32nd year, the speakers
were: Peter Bond, Physics, relativis-
tic heavy ion physics; Romney Duf-
fey, Nuclear Energy, from thin films
to deep oceans; John Dunn, Biology,
Lyme disease; Joseph Indusi,
Nuclear Energy, technologies for
arms-control verification; Peter
Johnson, Physics, magnetism of sur-
faces; Eugene Premuzic, Applied
Science, biotechnology without
genetic engineering; Triveni Sriniva-
san-Rao, Instrumentation, lasers in
accelerators; Wu-Tsung Weng, Alter-
nating Gradient Synchrotron (AGS),
the AGS Booster.

• Brookhaven Women in Science
Seminars — In this series, lecturers
were: Newsday reporter Emily
Sachar, solid-state physics professor
Rene Diehl, hazardous-materials
manager Deborah Shaver and crys-
tallographer Isabella Karle.

• Haworth Lectures — While in
residence at BNL under appoint-
ments established in memory of
BNL's second director Leland J.
Haworth, Haworth Distinguished
Scientists give several lectures.
Lecturers this year included Nobel
laureate and theoretical physicist
T.D. Lee, and physician and scientist
Dirk van Bekkum.

• Pegram Lecture — Former BNL
Director Maurice Goldhaber, now
AUI Distinguished Scientist emeri-
tus, was the 21st Pegram Lecturer,
describing "A Physicist's Journey" in
a three-part series.

• Van Slyke Lecture — Physician
Theodor Fliedner spoke this year
under this program, established in
honor of the late BNL biological
chemist Donald Van Slyke.
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The Laboratory initiated its Distinguished

Research & Development Award in 1992,

recognizing these five BNL researchers for

their distinguished contributions to

Brookhaven's research and development

mission: (from left) Gordon Danby,

Michael Creutz, Alfred Wolf, John Dunn

and Bennu Schoenborn. Each honoree

received a $5,000 check and an engraved

glass and marble memento.

NORS
The Brookhaven Bulletin won

two Awards of Excellence in the
1992 Publications and Art Competi-
tion of the New York Chapter of the
Society for Technical Communica-
tions.

Sixty Brookhaven employees
were named recipients of the Labor-
atory's new Spotlight Awards for
extending short-term extraordinary
effort in response to department or
division needs.

Thomas Butcher (Applied Sci-
ence), Philip Cerniglia (Accelerator
Development), and Roger McDonald
(Applied Science) captured an R&D
100 Award in September 1992, for
developing a home-heating device
that will benefit the 11 million oil-
heated homes throughout the U.S.

Suh Urk Chung (Physics)
received a Senior U.S. Scientist
Award from the Alexander von
Humbolt Foundation, effective
January 1992.

Michael J. Creutz (Physics)
received a Distinguished Research &
Development Award, in December
1991, for introducing the method of
applying Monte Carlo simulations to
lattice gauge calculations, opening

the door to new understanding of
major particle physics theories and
new calculations of quantities pre-
dicted by those theories.

Gordon T. Danby (Alternating
Gradient Synchrotron) was a recip-
ient of a Distinguished Research &
Development Award, in December
1991, for contributions to the field
of magnet design and supercon-
ducting magnet technology, from
superconducting beam-transport
magnets operating in a high-inten-
sity proton environment to magnet-
ically levitated and propelled trains.

April J. Donegain (Fiscal) was
named Woman of the Year by the
Brookhaven Business and Profes-
sional Women's Club of Patchogue,
in January 1992.

John J. Dunn (Biology) received a
Distinguished Research & Develop-
ment Award, in December 1991, for
extraordinary achievements in
areas ranging from basic enzymol-
ogy and molecular genetics to bio-
technology and approaches for
sequencing the entire human
genome. In May, he received an hon-
orary Doctor of Science degree at
the Southampton campus of Long
Island University.

Paul G. Falkowski (Applied Sci-
ence) was awarded a John Simon
Guggenheim Fellowship by the John
Simon Guggenheim Memorial Foun-
dation, in April 1992, for demon-
strating exceptional capacity for
productive scholarship in his
research on the molecular ecology
of carbon fixation in the ocean.
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Stephen W. Feldberg (Applied
Science) was awarded the Charles
N. Reilley Memorial Award for Elec-
troanalytical Chemistry, by the Soci-
ety of Electroanalytical Chemistry
in March 1992, for "persistently
novel insights to electrochemical
processes [that] have benefited
many colleagues around the world."

Gerhart Friedlander (Chemistry)
was awarded an honorary Doctor of
Natural Sciences degree by the
Johannes Gutenberg University in
Mainz, Germany, during a day-long
celebration in July 1992.

Maurice Goldhaber (Director's
Office) received an honorary Doctor
of Science degree at the University
of Notre Dame's 150th anniversary
celebration in May.

Leon Green (Nuclear Energy),
who had much interaction with the
International Atomic Energy
Agency (IAEA) as Division Head of
the International Safeguards Pro-
ject Office in BNL's Department of
Nuclear Energy, was presented with
a plaque from IAEA in November
1991.

Edward Harmer (Central Shops),
Mario Manni (Physics), Andrew
McNerney (Alternating Gradient
Synchrotron), Richard Melucci
(Applied Science), and Barbara
Royce (Safety and Environmental
Protection) were the first five
winners of the Laboratory's new
Brookhaven Award, given in Decem-
ber 1991, for their key contributions
in support areas and their perfor-
mance and achievements that rep-
resent outstanding service to the
Laboratory.

Geoffrey Hendrey (guest, Center
for Accelerator Physics), a junior at
Shoreham-Wading River High
School, was named the national
winner of the Space Science Stu-
dent Involvement Program Wind
Tunnel Competition sponsored by
the National Aeronautics and Space
Administration and the National
Science Teachers Association.

Carole L. Kerr (Director's Office)
was honored in May 1992 at the
Twelfth Annual Volunteer Awards
Ceremony of the Town of Brook-
haven Youth Bureau for her efforts

as coordinator of the Laboratory's
ongoing food drive.

Eugene Premuzic (Applied Sci-
ence) received a letter of commen-
dation from the Geothermal Divi-
sion of the Office of Renewable
Energy Conservation of the U.S.
Department of Energy, in October
1991. In July 1992, he was honored
by Renew America with an achieve-
ment certificate endorsed by 28
leading national environmental
groups and the listing of his
research project on developing
microorganisms to detoxify geother-
mal wastes in the 1992 Environ-
mental Success Index.

Nicholas P. Samios (Director's
Office) was given the greatest acco-
lade the Board of Trustees of Asso-
ciated Universities, Inc. (AUI) can
grant to Brookhaven's scientific
staff, in April 1992, when the Board
appointed him AUI Distinguished
Scientist. In May 1992, he was pre-
sented with an honorary Doctor of
Science degree from Dowling Col-
lege.

Gertrude Scharff-Goldhaber
(Physics) was honored by Brook-
haven Women in Science with the
establishment of the Gertrude S.
Goldhaber Prize, to be awarded to a
woman graduate student in physics
at the State University of New York
at Stony Brook. In July, Xiaodong
Zhang, who worked on x-ray
microscopy at the National Syn-
chrotron Light Source, was named
the first recipient.

Benno P. Schoenborn (Biology)
received a Distinguished Research &
Development Award, in December
1991, as the father of structural
biology at Brookhaven and a master
builder of complex facilities for
leading-edge research by the entire
structural biology community.

Richard B. Setlow (Director's
Office and Biology) was the guest of
honor at an international confer-
ence entitled "Cellular Responses to
Environmental DNA Damage," held
in Canada in December 1991 and
sponsored by the American Associ-
ation for Cancer Research, which
honored Setlow for his outstanding
achievements in the fields of radia-

tion biophysics and molecular biol-
ogy during four decades of research.

Sharon L. Smith (Applied Sci-
ence) was cited for her excellence
in the field of science when she was
honored by Brookhaven Town in its
sixth annual Women's Recognition
Night in March 1992. Later in the
year, she received a medallion from
the National Science Foundation to
thank her for the time and effort
she put in as a member of the over-
sight committee for the Nathaniel
B. Palmer, a recently dedicated
research vessel.

Meyer Steinberg (Nuclear
Energy) won the Nihon Keizai Shim-
bun, Inc. Award in the category of
general study in December 1991,
during the inaugural year of Japan's
21st Century Earth Award, for his
thesis proposing the use of biomass
in conjunction with fossil fuel and a
special technology called HYDRO-
CARB to reduce carbon dioxide
emissions by fossil fuels to the
atmosphere. In January 1992, in
recognition of this honor, Suffolk
County issued a proclamation rec-
ognizing Steinberg.

F. William Studier (Biology) was
elected to the National Academy of
Sciences in April 1992, for his fun-
damental contributions to the
understanding of DNA and gene
structure and function.

Kurt Thorn (guest, National Syn-
chrotron Light Source) took first
place in the prestigious Westing-
house Science Talent Search, in
March 1992, for his project on "Ele-
mental Distributions in Marine
Bivalves as Measured by Synchro-
tron X-Ray Fluorescence," which
the Shoreham-Wading River High
School senior researched at NSLS
x-ray beam line X26A.

Alfred P. Wolf (Chemistry) was a
recipient of a Distinguished
Research & Development Award, in
December 1991, as an internation-
ally recognized leader in the devel-
opment and application of biologi-
cal tracers labeled with short-lived
positron emitters, which are used in
the medical imaging method known
as PET, for positron emission tomo-
graphy.
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A panel di*cn»«lon was pan

of the Career Awareness

Day coordinated by the

Office of Equal Opportunity

in October. Nearly 300

minority and female high

school students from all

over Long Island addressed

questions to: (from left)

Angela Johnson, ¥. Kenee

Flack, Dwayne Branch,

Mary White and Peter

Esposito.

MINISTRATION

PERSONNEL STATISTICS
In 1992, employment at the Labo-

ratory remained generally steady
(see chart), despite the layoff of 19
people from the Computing and
Communications Division and the
Plant Engineering Division.

Employment Statistics
1992 1991 1990

•Scientific Staff 59S 588 619
Scientific
Professional Staff 622 568 557
Nonscientific
Staff 2,144 2,204 2,203
Total 3,364 3360 3379

Percent of Total Employees
Minorities 17.0 17.9 17.0
Women 22.7 24.5 23.8
'Includes research associates and visiting

staff.

Some 4,034 guest researchers,
ranging from students to scientists
with research appointments, took
advantage of Brookhaven's world-
class research facilities in 1992.

These guest researchers came from
442 U.S. and 283 foreign institu-
tions.

BE A RECYCLIST!
At the end of the second year

of the Laboratory-wide recycling
program, BNL was recycling about
18 cubic yards of plastic, cans
and bottles, and 22 tons of paper
and cardboard monthly. In all,
BNLers were recycling about 30
percent of all waste that leaves
the site, including construction
debris.

EQUAL OPPORTUNITY
In April, the Office of Federal

Contracts and Compliance Pro-
grams of the U.S. Department of
Labor completed a three-month
audit of BNL's affirmative action
policies and equal opportunity
practices. The Laboratory was
found to be in compliance with
federal law, but could still
improve in such areas as recruit-
ment of women and minorities
for technical and engineering
positions.

In July, the Americans With Dis-
abilities Act (ADA) of 1990
became effective for large employ-
ers like BNL. To ensure that all of
the Laboratory's policies and prac-
tices were in line with the act's
requirements, however, an ADA
Compliance Task Force began
reviewing those requirements in
May.
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•ERA NEWS

To celebrate the Laboratory's
45th anniversary, the special
events committee of the Brook-
haven Employees Recreation Asso-
ciation (BERA) organized a festive
family picnic in September.

A number of new groups joined
BERA's roster of 48 organizations
during this year, among them the
Indo-American Club, the Tai Chi
Club, the Tai Kwon Do Club, and
the Ballroom, Latin and Swing
Dance Club.

INSURANCE CHANGES
To control medical insurance

costs, which had been increasing
at an annual rate of 15 to 20 per-
cent, the deductible amount on
the medical plan offered by Asso-
ciated Universities, Inc. (AUI) was
increased for current employees in
January. At the same time, how-
ever, the lifetime benefit for Major
Medical was raised from $250,000
to $1,000,000. In addition, a new
Comprehensive Medical Insurance
Plan was initiated for employees
hired after January 1, which will
require an employee contribution.
Both plans will now require pre-
certification for hospital stays.

Also in January, employees were
offered a new salary reduction
option allowing them to make
their required Medical and Dental
Insurance Plan contributions on a
before-tax basis.

EMPLOYEE HEALTH
By August, some 500 BNLers

and their family members age 45
and older were receiving their
first shipments of toothpaste,
toothbrushes and mouthwash or
gel, as participants in a four-year,
dental decay-prevention study
being conducted by the School of
Dental Medicine at the State Uni-
versity of New York at Stony
Brook and coordinated on site by
the HPP.

TECHNICAL INFORMATION
The Technical Information Divi-

sion (TID) made significant head-
way this year in automating and

centralizing information services at
the Laboratory. Automation pro-
jects now benefit from TID's move
to a UNIX-based Sunsparc 490
platform with 12 gigabytes of stor-
age. TID now offers several data-
bases, including an important
enhancement to the Current Con-
tents database that allows cited
reference searching. Also, menu
options on TID's INFORM database
now allow gateways to other
library catalogs on the Internet
network, including the catalog for
the State University of New York
at Stony Brook.

ENERGY MANAGEMENT
The Laboratory's energy man-

agement control system — a com-
puterized network that will even-
tually monitor the heuting,
ventilation and air-conditioning in
100 buildings on site — was intro-
duced in seven buildings in 1991.
This year, construction began on
the second phase of the project,
to bring nine more buildings into
the system.

APPRENTICES GRADUATE
At a graduation ceremony in

June, five new, fully qualified jour-
neymen joined the ranks of Brook-
haven's cabinetmaker, machinist,
plumber end steamfitter trades
after successfully completing the
Laboratory's four-year Craft
Apprentice Program, which is
jointly run by the International
Brotherhood of Electrical Workers
and BNL.

COMPUTING AND
COMMUNICATIONS

The Computing and Communi-
cations Division (CCD) opened its
new wing to Bldg. 515 in June.
The 9,000-square-foot addition
gave CCD enough office space for
all its staff, including the tele-
phone operators who moved from
Bldg. 179 to be among the first to
occupy the new quarters. The
wing also boasts a training room
equipped with six workstations
that can run the popular UNIX
operating system, as well as
graphical user interface and

CAD/CAM applications. Also new in
1992 was CCD's initiative in the
area of heterogeneous UNIX Com-
puter Farms.

Laboratory phones had a few
new features in 1992. In October,
users encountering a busy signal
on an outside call became able to
employ trunk queuing to wait in
line for the first available trunk.
As of April, ii was no longer nec-
essary to use a three-digit code to
access the Federal Telecommuni-
cations System, or FTS. And in
June, a new 341 exchange began
being used in the on-site apart-
ment area to free up some 282-
exchange extensions for future
growth.

EDUCATIONAL PROGRAMS
In October, the Office of Educa-

tion Programs (OEP) moved into
its new home in the 4,700-square-
foot Science Education Center,
Bldg. 438. From these headquar-
ters, OEP staff administered 27
programs for students from ele-
mentary through graduate school
and for faculty in 1992.

Under OEP's guidance in April,
BNL hosted the 49th joint meeting
of the National Institute of Sci-
ence, the Beta Kappa Chi National
Honor Society and BNL's own
Brookhaven Semester Program.
The Melville-based meeting drew
300 students from predominantly
black colleges and universities.

TOURING BNL
Run by the Tour Program of the

Public Affairs Office, the Exhibit
Center/Science Museum hosted
some 18,000 visitors, including
5,000 visitors on summer Sundays
and 12,800 students who came for
tours and school programs.

More than 3,200 youngsters
were treated to "Magnets to Go," a
hands-on educational program
that encourages students to
explore the relationship between
electricity and magnets, which the
Tour Program offers off site, in
the classroom.

The Tour Program also organ-
ized the International Model

83



Bridge Building Contest, held at
BNL in May, in which 56 students
from all over the U.S. and as far
away as the Ukraine competed.

WOMEN'S PROGRAMS

A five-women delegation repres-
ented BNL at the second annual
DOE Review of Laboratory Pro-
grams for Women, held at Law-
rence Livermore and Sandia
National Laboratories in February.
After the meeting, which drew 160
women from DOE laboratories and
contractors, the BNL participants
formed the core of a new Ad Hoc
Committee on DOE Review of
Women's Programs, which will
assist the Laboratory and DOE in
planning next year's review.

In July, five BNL women were
among about 3,000 participants at
the 23rd National Training Pro-
gram sponsored by the organiza-
tion Federally Employed Women
and held in Cincinnati. In Septem-
ber, the attendees shared their
new information with the Labora-
tory community, at a meeting
sponsored jointly by Brookhaven
Women in Science and the Upton
Chapter of Professional Secretaries
International.

ACCREDITATION FOR
CLINICAL LABORATORY

The Clinical Laboratory within
the Medical Research Center of
the Medical Department was
awarded its first two-year accred-
itation by the College of American
Pathologists in 1992.

Although the Clinical Laboratory
is accredited by the Joint Commis-
sion on Accreditation of Health-
care Organizations, the additional
accreditation was sought so the
Clinical Laboratory could be com-
pard with more than 4,000 sim-
ilarly accredited hospital and com-
mercial clinical laboratories
nationwide.

BNL is now eligible to be reim-
bursed by health insurance plans
for tests that the Clinical Labora-
tory is authorized to perform for
non-Brookhaven employees, includ-
ing patients treated at the Radia-
tion Therapy Facility.

DMINISTRATIVE \^fCTIONS

Peter D. Bond, who became Chairman of the Physics Department in
July 1987, agreed to continue his chairmanship for another term,
beginning in July 1992.
M. Sue Davis became Acting Associate Director for Reactor, Safety
and Security, in May 1992.

Val L. Fitch, who is the James S. McDonnell Distinguished University
Professor of Physics at Princeton University, was elected Chairman of
the Board of Associated Universities, Inc., in October 1991.

Carson Nealy arrived at BNL in August 1992, to manage the U.S.
Department of Energy's on-site Brookhaven Area Office.

Robert B. Palmer returned to Brookhaven to head the Center for
Accelerator Physics, in October 1991.

Veyko Radeka agreed to continue as Instrumentation Division Head
for a new five-year term, beginning January 1992.

Mary E. White became head of the new BNL Training Office in the
Personnel Division, in March 1992.

TECH TRANSFER

Brookhaven signed its first four
Cooperative Research and Devel-
opment Agreements (CRADA).
Essentially, a CRADA is an agree-
ment between a federal laboratory
and non-federal party under
which both parties can provide
personnel, services, facilities
and/or equipment toward the
conduct of specified research or
development efforts.

Throughout the fiscal year, 13
patents were issued on inventions
made by BNL employees, and 37
licenses were granted by AUI on
BNL-developed inventions. More-
over, 76 American companies con-
ducted research at BNL's desig-
nated user facilities, 18 companies
had active proprietary users
agreements in place covering pro-
prietary research at BNL user
facilities, and 12 companies
funded research programs at the
Laboratory.

PURCHASING POWER

BNL purchased about $40 mil-
lion in supplies and services from
Long Island businesses in fiscal
year 1992. These local purchases
account for about one-third of all
goods and services purchased by

the Laboratory this year. Of
Brookhaven's total purchases of
over $128 million in fiscal year
1992, 53.5 percent were made
with small and and small disad-
vantaged companies.

The biggest purchase handled by
the Division of Contracts and Pro-
curement this year was BNL's
$42.7 million contract signed in
June with Grumman Aerospace
Corporation's Electronics Systems
Division, to buy 373 superconduct-
ing dipole magnets for the Relati-
vistic Heavy Ion Collider — the
single largest procurement for the
project.

RECOGNITION AWARDS

The first presentations were
made this year in three of the
four categories of the Laboratory's
new Recognition Awards Program.
In December, five employees each
received a $2,000 Brookhaven
Award for their long-term, out-
standing service in support areas,
and five researchers were each
honored with a $5,000 Research
and Development Award for dis-
tinguished contributions to the
Laboratory's research and develop-
ment mission (see Honors sec-
tion). Fifteen full-time weekly
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employees received $200 savings
bonds for perfect attendance in
calendar year 1991.

In addition, in this award's sec-
ond year, 60 employees were
granted $500 Spotlight Awards for
extending short-term, extraordi-
nary effort in response to depart-
ment or division needs.

NEW FOR WEATHER

Negotiations between the
National Weather Service (NWS),
DOE and BNL concluded in July
with the signing of a memoran-
dum of understanding allowing
construction to proceed on a NWS
Weather Forecast Office on the
Brookhaven site.

In addition to the office, the
site plan includes a high-technol-
ogy Doppler weather radar unit
and an Upper-Air Monitoring
Facility. The new systems will
serve residents as well as agricul-
tural, marine, tourism, aviation
and other interests on Long
Island, southeastern New York
and northern New Jersey.

NWS will employ some two
dozen meteorologists and other
weather specialists at Brookhaven,
and can accommodate up to three

additional researchers for colla-
borative positions. BNL's Plant
Engineering Division will be
involved with the construction.

TEAM SAFETY

At the end of 1992, nearly 700
employees on 34 teams were par-
ticipating in the Laboratory's four-
year-old Team Safety program. By
the end of the year, employees on
the 31 teams that have been in
the program since 1988 had each
received a $100 savings bond for
completing 12 quarters of work
without a lost-time injury.

Of the three newest teams —
the Staff Services Division teams
that came on board in 1991 —
two have had no lost-time injuries,
and the third has had only one.
And, of the other 31 teams, four
have gone the entire four years of
the program without any lost-time
injuries. These include two teams
in the Plant Engineering Division,
one in the Central Shops Division,
and the Fire/Rescue Group in the
SEP.

KINDERGARTEN OPENS
Twelve children of BNL

employees started their formal
education on site in September, in

a kindergarten class in the little
red schoolhouse converted from a
former research facility in the
apartment area. The kindergarten
is run by Child Care Management,
Inc., which also operates BNL's
Child Development Center (CDC).
In 1992, its first year of operation,
the CDC took care of 110 infants,
toddlers and preschoolers.

COST CONTROL
To make recommendations to

increase the effectiveness of the
Laboratory's expenditures for
goods and services, a cost control
committee was organized in
August. The nonscientific depart-
ments, divisions and offices at BNL
receive funds for personnel and
equipment either through over-
head or by directly charging for
then- services. With the goal of
making these operations as cost-
effective as possible, the commit-
tee will examine three to four of
BNL's nonprogrammatic groups
each year.

SUPCftFUNP

•**mmmm

85



NANCIAL
In fiscal year 1992 (FY92), Brook-

haven's total budget was $384.6 mil-
lion, an increase of 16.1 percent
over FY91. BNL's budget is divided
into three areas:

• Operating funds support the
Laboratory's various research pro-
grams. These funds pay the costs of
salaries and wages, fringe benefits,
materials and supplies, and energy
associated with the research pro-
grams. In FY92, operating funds
added up to $281.5 million.
Included in those operating funds
was $13.9 million received from the
Superconducting Super Collider

Laboratory for research and devel-
opment work, which is included in
the "Other DOE Programs" category
in the chart below.

• Capital equipment funding,
which amounted to $30.3 million in
FY92, provides for major instrumen-
tation, scientific apparatus, compu-
ters and office equipment.

• Construction funds are used
for building projects. These monies
increased by about 95 percent in
FY92, to $72.8 million, largely due to
funding of $49.4 million for the
Relativistic Heavy Ion Collider pro-
ject. Environmental restoration and

PORT
waste management (nondefense)
projects received $3.5 million for
hazardous-waste management,
waste-site closure and waste mini-
mization. The Laboratory also
received $3.3 million for the Trans-
former, Switchgear and Feeder
Upgrade Phase I Project, and $1.2
million for the Sanitary System
Upgrade Phase I.

As in previous years, the principal
source of BNL's funding was the U.S.
Department of Energy (DOE), which
accounted for about 83 percent of
the operating budget and for all of
the capital equipment and con-
struction funds.

BNL OPERATING FUNDS (millions of dollars)

FY1992
TOTAL $281.5

-24.1
- • - 7 3 . 8

-86.6

FY1991
TOTAL $271.2

21.8 - • -67 .5
- * - 8 4 . 0

FY1990
TOTAL $249.0

-21.8 -57.6
-84.2

• - 4 0 . 2
4

BNL COST ELEMENTS

A. High Energy & Nuclear Physics B. Basic Energy Sciences
C. Biological & Environmental Research D. Other DOE Programs E. Other Programs

Salary
& Wages

56.6%

Material
& Supplies

20.1%

Fringe
Benefits

17.6%

Electric
Power
4.8%

Heating
Fuel
0.9%
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Photo on dividers pages:
p. 2 — Twisted into a wire are 3,500 niobium-titanium filaments, which make up the super-
conductor used in magnets for. the Reiativistic Heavy Ion Collider now under construction
at Brookhaven.

p. 16 — As part of research on the brain using a positron emission tomograph (PET), re-
searchers employ a robotic system to analyze blood samples taken from patients during
PET studies. The results are used in the quantitative assay of brain metabolism.

p. 66 — In the Accelerator Test Facility, scientists use a high-power carbon dioxide laser
I system to study the interaction of laser light with an electron beam. The research is aimed
at testing new concepts of accelerating electrons with lasers.

p. 76 — The eye of a dragon stares out from a monochromator used by AT&T Bell Labor-
atories researchers at the National Synchrotron Light Source to study the magnetic
structure of a variety of materials.
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