


This report highlights thelaboratory’sactivitiesfor 
fiscal year 1994, a period dating fFom October 1, 
1993, through September30,1994. For moreinfor 
mation about work described in this report or for 
information about Brookhaven, contact the Public 
Affairs Office, Brookhaven National Laboratory, 
P.O. Box 5000, Upton, New York 11973-5000, ph. 
(516) 282-2345. 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or sem-ce by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, r a m -  
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

/ j  On the Cover: 
Established in 1947 as a multidisciplinary scient@ research center, Brookhaven National Laboratory has a long history 
ofdoingresearch that hasmadeadifferenceineverydaylife.BNLgraphicdesignerTheresaAnneEsposito hasarrangedon 
alight table objects that show the range of BNLihventions and developments. 

1 - Two BNL scientists hold the originjl patent for magnetically levitated trains. 
2 - BNL’s patented zinc-phosphate coi/ting dramatically cuts corrosion of steel surfaces . Already licensed to 

TRW Inc., alarge cong1omeratethal:sere.s theautomotiveindustry, thecoatingcanbeused to protect other 
consumer goods, such as appliance?. 

3 - Recognized as one of the most inflliential houses ever designed, the Brookhaven House demonstrates the 
substantial energy savings that result from heat storage and the passive use of solar energy. 

4 - BNL'slong-standing researchinnuclearmedicine has yie1dedimportantradioisotopes.For example, thisvial 
is from a technetium-99m kit used on 200,000 patients each year in the diagnosis of internal bleeding, 
cardiovascular problems and othe#Iisorders. 

5 - Theuseofidopa fortreatment ofP{irkinson’s diseasewas pioneeredat BNLinthe 196Os.To date, the disease 
has no known cure, but with Ldopdk agreat many patients have become self-reliant individuals once again. 

6 - Polymercompositematerials,shownhereindemonstrationitems,areusedforconstructionandroadrepair. 
7 - AIMS,shortforairinfiltrationmeaiiurement system, wasdeveloped tostudybuildingventilation.Thelatest 

8 - Blueprint for the first video game eyer invented - electronic tennis for BNL visitors in 1958. 
9 - Neutron activation analysis can dilermine the origin, age, method of manufacture and, in some cases, 

authenticity of art objects and arch!~eologicalart&cts, such as these ancient Mexican figurines. 
10 - A device that monitors theperfo4ance ofresidential oil burners has been licensed for commercialization 

under the name Oil Watchguard qiht, or OWL. 
11 - BNL contributes expertise and te&inology to an intemational program aimed at safeguarding nuclear 

materials. BNLresearchers have a l & ~  developed new ways to store and dispose of nuclear waste. 
12 - The proteinsin thisgelweremadeusingtheBhZ-developedandpatentedT7geneexpressionsystemJ which 

has been licensed to about 170 biolech companies. Revenue to the Laboratory from patent royalties funds 
new scientific projects, graduate stiident appointments and educational efforts. 

13 - Satellitesthattransmitnews,entert‘ainmentandweather worldwidearemorereliablethanksto theTandem 
Van de Graaff, where microcircuid,pe tested for vulnerabiity to cosmic rays in space. 

On the arefronlalogbookfor ongoing research on anovelmethod for determining the 
sequence ofthe three billion base pairs ofDNA 41 the human genome. Unlike the examples above, this research is still in 
development. If it fulfills its promisein a practid way, it willhelp scientists reach anew depth of understanding o fhuman 
biology and provide a basis for comprehending and treating genetic diseases. 

application ofthis compact tracer system has been in hospital isolation rooms, to test for air-flow leaks. 
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Abfiut 
rookhaven 

Established in 7947 on 
Longlsland, New York, on 
the site of the formerArmy 
Camp Upton, BNL is a 
multidisciplinary labora- 
tory that carries out basic 
and applied research in 
the physical, biomedical 
and environmental sci- 
ences and in selected en- 
ergy fechnologies. The 
L aboratoryismanagedby 
Associated Universities, 
Inc., under contract to the 
U.S. Department of En- 
ergy- 

BNL’sannualbudget is 
about$400million, andthe 
Laboratory’s facilities are 
valued at replacement 
costinexcess ofover$2.8 
billion. Employees num- 
beraround3,300, andover 
4,000 guests, collabora- 
tors and students come 
each year to use the 
Laboratory’s facilitiesand 
work with the staff. 

Scientific and technical 
achievementsat BNL have 
made their way into daily 
life in areas as varied as 
health care, construction 
materials and video 
games. The backbone of 
these developments is 
fundamental research, 
which is and always will 
be an investment in the 
future. 



The more things change, the more they 
remain the same. And such is the case of 
Brookhaven National Laboratory. 

Since we opened our doors in 1947, BNL 
has been changing the world through the 
fundamental research done here - from 
studies that unlocked critical secrets of 
matter and yielded four Nobel Prizes in 
Physics, to the discovery of L-dopa, still a 
key treatment for Parkinson’s disease, to 
the development of technetium-99m, the 
radioisotope used in over 85 percent ofthe 
world’s nuclear medicine procedures. 

But even as we continue working to- 
ward more world-changing discoveries, one 
thing does not change. As President Bill 
Clinton and Vice President A1 Gore wrote 
in their August 1994 publication, Sciencein 
the National Interest: 

“While we cannot foretell tlie outcome o fbnda-  
metitol research, we knowfioin past experience 
that. in its totality, it consisterit!y leads to dra- 
mntical!y valuable results for Iiunianity. We have 
every reason to e-ypect that tlie science investment 
will continue toyield a i’e91 high rate ofreturn. ” 

As always, Brookhaven is doing its very 
best to ensure that the U.S. sees a high rate 
of return on its investment of 47 years ago 
in a research laboratory in the Northeast 
where scientists could come to use major 
facilities and other resources that their 
home institutions could not support. 

As times have changed, these facilities 
have changed to reflect new technologies 
and new national priorities, but their goals 
have remained the same - to help scien- 
tists unlock secrets that will lead to even 
more positive change. 

Often, such secrets are hidden in the 
smallest particles ofthe universe and in the 
deepest recesses of the human brain. Yet 
the breadth of facilities at Brookhaven 
should uncover many of them. 

The smallest particles include protons, 
neutrons, photons and electrons - the 
probes used by researchers at, respectively, 
our Alternating Gradient Synchrotron 
(AGS), High Flux Beam Reactor (HFBR), 
National Synchrotron Light Source (NSLS) 
and Scanning Transmission Electron Mi- 
croscope (STEM). Larger atomic species- 
heavy ions - are the probe that physicists 
look forward to using later in the decade 
when our Relativistic Heavy Ion Collider 
(RHIC) comes on line. By recreating condi- 
tions that existed in the universe at the 
earliest moments of its creation, immedi- 
ately after the Big Bang, IWIC will be a 
unique world-class facility with unparal- 
leled potential for discovery. 

Our individual universes, our brains, 
also hold many mysteries, some of which 
weexpecttosolvewith thenewBrookhaven 
Center for Imaging and Neurosciences. In 
September, I was pleased with the ground- 
breaking ceremony for the new, state-of- 
the-art, four-tesla magnetic resonance im- 
aging, or MRI, facility that will join two 
other medical-imaging devices as the core 
of the new center. The others are the 
positron emission tomography, or PET, fa- 
cility, which has gained world renown 
since beginning operations at BNL in the 
1970s, and thesingle photonemission com- 
puted tomography program, or SPECT, 
where research started in the 1980s. 

Brookhaven has a unique strength in 
the life sciences area. Our strong structural 
biology capability utilizing the HFBR, NSLS 
and STEM facilities; the genome center, 
which has made huge advances in the se- 
quencing of the human genome: and the 
protein data bank, which is collecting and 
disseminating structures at an exponential 
rate, form a powerful combination in the 
biological sciences. The recent successes of 
these programs are outstanding. This has 
placed a huge stress on our availableinfra- 
structure, and, to meet an urgent need for 
laboratory and office space, we are request- 
ing a new building fiom the U.S. Depart- 
ment of Energy. 

Other research at Brookhaven could 
bringacureforatypeofbraincancerknown 
asglioblastoma multiforme. That’s thegoal 
of our work on boron neutron capture 
therapy (BNCT). Though it’s too soon to 
say for sure, a new boron compound and 
the beam from the upgraded Brookhaven 
Medical Research Reactor may have en- 
abled us to save a human life, as our scien- 
tists used the combination to treat the first 
patient with our new BNCT, in September. 

Lifesaving treatment has become rou- 
tine at BNLfor about 30 patients each day, 
in the three years since the University Medi- 
cal Center at Stony Brook began operating 
its Radiation Therapy Facility (RTF) in our 
Medical Department. Now, we are explor- 
ing the possibility of building a proton 
therapy facility, to treat localized tumors 
that remain unaffected by electron facili- 
ties like the RTF. 

Like our Brookhaven Linac Isotope Pro- 
ducer (BLIP), the proton facility would make 
use of excess protons siphoned from those 
our Linac is delivering to the AGS. For 20 
years now, BLIP has been supplying the 
medical community with radioisotopes for 
diagnostic imaging, measurement ofphysi- 
ological function and cancer treatment. 
This year, we began an upgrade ofBLIP that 
will help the U.S. reduce reliance on foreign 
radioisotope production. 

High energy physics and medicine may 
seem like two different worlds, but the in- 
terconnection between different scientific 
areas has always been recognized at 
Brookhaven, which was conceived as, and 
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remains, a multidisciplinary laboratory. As 
a physicist, I have always found the interac- 
tion with scientists from other disciplines 
to be stimulating and productive. Let me 
cite a few examples to show the variety and 
excitement of the research here. 

Our biologists have developed “primer 
walking,” a new method for DNA sequenc- 
ing, which could lead to successful attacks 
on diseases with genetic links and will play 
an important role in our dream of having a 
biotech center at the Laboratory. 

Our atmospheric scientists, oceanogra- 
phers, computer scientists and others have 
teamed up to lend their expertise to the 
national effort to understand the mecha- 
nisms associated with global change and 
formulate strategies to deal with it. 

Our energy scientists andcomputerana- 
lysts are part oftwo multiyear Cooperative 
Research and Development Agreements, 
called CRADAs, aimed at improving the 
competitiveness of the AMerican TEXtiles 
industry, or AMTEX. 

Our environmental scientists are devel- 
opingnewways to copewithvarious wastes. 
Some have developed a unique encapsula- 
tion process for sealing radioactive, haz- 
ardous and mixed waste in plastic for safe 
disposal; others are investigating the use of 
microbes to devour wastes that have al- 
ready found their way into the soil. 

Our most inventive minds are tackling 
the problem of the nation’s infrastructure, 

“. . . changing the world 
through fundamental 
research.” 

Laboratory Di- 
rector ycholas 
Sarnios (left) 
with Robert 
Galvin, who 
chairs the task 
force appointed 
by the 
Secretary of 
Energy to 
evaluate the 
national 
laboratories, 
during an 
August visit. 

from resurfacing our roadways to bolster- 
ing our bridges. 

Some problems are of particularly local 
concern. For example, like many areas in 
the Northeast, Long Island has one of the 
highest incidences of breast cancer in the 
nation, and, as part ofa national study, our 
epidemiologists are helping to determine 
possible causal factors. 

Also prevalent on Long Island is Lyme 
disease, and our biologists are collaborat- 
ing on a new test for early diagnosis of this 
debilitating, deer tick-borne disease. 

Brookhaven is also giving Long Island’s 
defense contractors opportunities to diver- 
sify. For example, Northrop Grumman is 
building the superconducting dipole and 
quadrupole magnets needed for RHIC, as 
well as the electron gun and beam trans- 
port system for our Chemistry Depart- 
ment’s new Pulse Radiolysis Facility. And 
through our participation in the Long Is- 
IandResearchInstitute, we’re helping small 
defense-related manufacturers on Long Is- 
land to expand their product lines. 

We also opened our doors this year to 
theNationa1 Weather Service, providing a 
much-needed home for the Doppler radar 
system that is enhancing weather forecast- 
ing for Long Island and the metropolitan 
New York area. 

And our door is always open to students, 
from grammar school to graduate school. 
Thestudents nurturedat Brookhaven though 
our many educationalprogramsoftodaywill 
be the scientists and engineers oftomorrow. 
The youngsters excited by the world that 
opens to them in our Science Museum today 
will be the researchers of tomorrow. 

In these times of limited resources, 
Brookhaven relies on its most important 
resource - an exceptionally creative and 
enthusiastic staff that addresses the scien- 
tific challenges of meeting the concerns of 
today’s educated populace. Our people are 
surely those of whom Clinton and Gore 
were thinking when they wrote: 

“Our scientific and technical cottitnirtiities repre- 
sent an enormous reservoir oftaletit, dedication 
and drive. We challenge them to continue their 
vigorous exploration o f  the fiontiers ofscietit$c 
knowledge and simultaneously to ensure that all 
A tnericans share their vision ofthe e.rcitettietit, the 
beau&, and the utility ofscience iti achieving our 
nationalgoals. . . . ” 

On behalf of the Brookhaven staff, I ac- 
cept this challenge and look forward to the 
exciting future we will build together. 

Nicholas P. Samios 
Director 
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The word science comes 
from scientia, the Latin 
word for knowledge. 
Throughout history, 
people have explored the 
world around them, gath- 
ering more and more de- 
tails about how and why 
things happen. This broad 

base of knowledge is what 
feeds technology - the 
tools, materials and tech- 
niques that make Iife 
easier. Together, scientific 
and technological inven- 
tions have transformed 
human life. 

' 474 
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At Brookhaven National Laboratory, 
where research ranges from the develop- 
ment ofnew cancer therapies to the design 
of more efficient oil burners, we are very 
much involved in projects that make a dif- 
ference in people's everyday lives. 

Cancer Research 
Cancer kills over 500,000 Americans 

each year, exacting a toll of fear, pain and 
suffering that is probably greater than for 
any other disease. 

Drawing on thewealth ofexpertise avail- 
able at BNL, scientists are developing ex- 
perimental techniques to destroy cancer- 
ous tumors with electrons, neutrons, pho- 
tons, protons and radioisotopes. Radioiso- 
topes are also being applied to reduce the 
intense pain of cancer. 

One promising project targets 
glioblastoma multiforme, a type of brain 
cancer so deadly that its victims have a life 
expectancy ofless than one year after diag- 
nosis. The treatment is called boron neu- 
tron capture therapy (BNCT). 

In BNCT, a boron compound is admin- 
istered tothepatientandaccumulatespref- 
erentially in malignant tumor tissue (see 
story on page42). The tumor region is then 
irradiated with low-energy neutrons from 
the Brookhaven Medical Research Reac- 
tor. The boron nuclei absorb the neutrons 
and self-destruct, releasing powerful but 
very short-ranged radiation. Because the 
boron is mostly concentrated in the tumor 
cells, the cancer is thought to be destroyed 1 without seriously affecting normal brain 
cells nearby. 

A Window on the Brain 
Brookhaven is a world leader in the de- 

velopment and use ofan imaging technique ,if': 

Jeffrey Coderre 
measures the 

, size and depth 
of a patient's 
brain tumor on 
a magnetic 
resonance 

@# 
1 image. 
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that provides researchers and clinicians 
with a “window” on the brain. This tech- 
nique uses a positron emission tomograph, 
or PET, to measure biochemical processes 
in the brain. 

Besides being useful for studying disor- 
ders such as Parkinson’s disease, 
Alzheimer’sdiseaseandschizophrenia, PET 
has also proven effective in research on 
substance abuse. 

In a study of cocaine addiction, for ex- 
ample, our scientists have found that pro- 
longed, heavy use of cocaine can deaden 
areas of the brain for a long time, possibly 
permanently. 

Stalking the Silent Killer 
The number one cause of death in the 

U.S. is heart disease. Using the world’s 
brightest x-ray beam, Brookhaven research- 
ers are pioneering the development of a 
new weapon to battle heart disease. 

Called transvenous angiography, the 
new technique takes advantage of Brook- 
haven’sNationa1 Synchrotron Light Source 
(NSLS), theonlylocation in theU.S.forthis 
medical research. 

Routine coronary angiography, inwhich 
a catheter is threaded into a coronary ar- 
tery to inject a dye, carries some risk of 
heart attackandstrokeandis used onlyfor 
patients with serious symptoms. In con- 
trast, transvenous angiography at theNSLS 
calls for the catheter to be inserted into a 
peripheral vein. The procedure is safe 
enough that it can be repeated periodically 
to evaluate long-term effects ofdrug therapy 
and surgical treatment. 

A Beacon for Industry 
Patients who come to the NSLS for 

transvenousangiographywould be amazed 
by the rest of the facility. 

As the world’s largest synchrotron ra- 
diation facility, theNSLS serves about 2,600 
users from over 400 institutions each.year. 
About 350 scientists from close to 70 for- 
profit corporations conduct research there, 
some of it proprietary and destined to be 
applied to products that will directly affect 
everyday life. 

Lag E 

Industrial research at the NSLS is wide- 
ranging: Exxon is probing platinum sur- 
faces in order to design better industrial 
catalysts. AT&T Bell Labs is working to 
improve fiber-optics communications. 
DuPont is studying lead contamination in 
soils. All ofthese companies and more rec- 
ognize the immense potential of the NSLS. 

Environmental Concerns 

cerned about the environment. 
Today more than ever, people are con- 

Several BNL projects take a hard look at 
some tough cleanup problems. For ex- 
ample, the Laboratory is a partner in a joint 
project to demonstrate new technologies 
for cleaning up the New York/New Jersey 
Harbor, the nation’s third busiest port - 
and one of the most polluted. New regula- 
tions ban ocean disposal of the six million 
cubic yards of contaminated materials 
dredged from the harbor annually, so tech- 
nologies must be devised for decontami- 
nating sediments. 

7 



One candidate may be a BNL-developed 
method that uses citric acid to remove lead 
and other heavy metalsfiom contaminated 
soils and sludges. Already, the method is 
being field-tested with ash from inciner- 
ated municipal solid waste. 

Air-flow leaks from hospital isolation 
rooms are another worry, as the number of 
tuberculosis cases and other infectious dis- 
eases increases in the U.S. Brookhaven is 
working with a Long Island company, Per- 
fect Sense, Inc., to demonstrate thefeasibil- 

ity of using a perfluorocarbon tracer tech- 
nology to detect air leaks from hospital 
isolation rooms. Currently, no such detec- 
tion system is commercially available. 

Global Change 
Levels of carbon dioxide (CO,) in the 

atmosphere have increased dramatically 
since the Industrial Revolution. CO, traps 
infrared radiation that would otherwise 
escape, thereby causing the earth to heat 
U P -  

But is there a consistent warming trend? 
Or might the rise in temperature be due to 
natural variability? Although the answers 
won’t come easily, the quest is aided by 
unique tools developed at Brookhaven. 

Our free-air CO, enrichment system, 
known as FACE, is a novel approach for 
doing field experiments in which plants are 
exposed to elevated levels of CO,. Already, 
FACE is being used to study crops in Ari- 
zona, a maturing forest in North Carolina 
and managed grasslands in Switzerland. 

Nuclear Cleanup 
With the Cold War ended, the U.S. is 

finally coming to grips with the enormous 
task of cleaning up hazardous and radioac- 
tive contamination resulting from nuclear 
weapons production. While Brookhaven 
has never been involved in weapons pro- 
duction, the Laboratory offers several so- 
lutions for managing the wastes generated 
by that activity. 

One technique is polyethylene encap- 
sulation. The process uses an extruder, a 
commercially proven technology of the 
plasticsindustry, to melt polyethyleneplas- 
tic together with waste and form a solid, 
safe block. Compared to the conventional 
cement method, polyethylene can encap- 
sulate as much as four times more waste 
into the samevolume, making it more eco- 
nomical and more stable than cement. 

Postscript 
Caringforplanet Earth and its people is 

a commitment to the future. Brookhaven 
makes this commitment every day, in its 
innovative research on health care, its out- 
reach to industry and its unique programs 
on the environment. 

Using a 
scanning probe 
microscope, 
Carissima Vitus 
studies surface 
films that make 
alloys resistant 
to corrosion. 
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A.J. Francis 
examines a 
flask of 
pollutants 
extracted from 
sludge using 
citric acid. 
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0 0 0 C c> 0 Performing forefront re- 
search requires not only 
knowledgeable, techni- 
cally capable and insight- 
ful scientists, but also, 
state-of-the-art machines. 
Brookhaven’s “big ma- 
chines” - the National 
Synchrotron Light Source, 
Alternating Gradient Syn- 
chrotron, High Flux Beam 
Reactor and Scanning 
Transmission Electron Mi- 
croscope - are world- 
class facilities that attract 
an international commu- 
nity of  over 3,500 scien- 
tists each year to perform 
basic and applied re- 
search at the Laboratory. 
Representatives of  indus- 

try, Universities and other 
laboratories use these 
sophisticated tools for a 
variety of  experiments in 
such diverse fields as  bi- 
ology, chemistry, physics 
and materials science. 
Brookhaven encourages 
collaborations with indus- 
try, and our Office of  Tech- 
nology Transfer assists 
industrial researchers 
who wish to use our facili- 
ties. Researchers may re- 
tain title to inventions and 
data generated during 
their work at the Labora- 
torybyenteringintoapro- 
prietary user’s agreement 
with Brookhaven. 

National Synchrotron 
Light Source 

Brookhaven’s National Synchrotron 
Light Source (NSLS) is the world’s largest 
facility for scientific research using x-rays, 
ultraviolet and infrared radiation. 

About 2,750 scientists from approxi- 
mately 425 universities, laboratories and 
companies used the NSLS during fiscal year 
1994, to study the atomic and electronic 
structure of materials. Such investigations 
are important for experiments in biology, 
physics, chemistry, medicine and materi- 
als science, among other fields. 

Alternating 
Gradient Synchrotron 

The site of three discoveries in physics 
that led to Nobel prizes, the Alternating 
Gradient Synchrotron (AGS) is also tops 
among the world’s dozen proton accelera- 
torsinterms ofprotonintensity-it isnow 
able to accelerate 40 trillion protons per 
pulse. 

In the AGS, protons can reach an energy 
of33 billionelectronvolts(GeV), polarized 
protons can climb to 22 GeV, and heavy 
ions can speedup to 14.5 GeV/nucleon. As 
a proton accelerator, the AGS is used for 
numerous rare kaon decay experiments, as 
it produces the world’s most intense kaon 
beams. Some 650 researchers from 117 in- 
stitutions probed the fundamental nature 
ofmatter at theAGS duringfiscalyearl994. 

High Flux 
Beam Reactor 

The High Flux Beam Reactor is one of 
the world’s premier research reactors. An 
international community ofscientists uses 
its intense beams of neutrons for experi- 
ments in nuclear and solid state physics, 
materials science, biology and chemistry. 

NationalBynchrotron 
Light Source 
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This year, the reactor attracted approxi- 
mately 250 scientists from industry, uni- 
versities and other laboratories. The facil- 
ity was recently upgraded with the addi- 
tion of a high-resolution neutron powder 
difiactometer, which is used to determine 
the atomic structure ofpolycrystalline ma- 
terials. 

Scanning Transmission 
Electron Microscope 

The Scanning Transmission Electron 
Microscope (STEM) is one of three micro- 
scopes in the world that can easily image 
single heavy atoms. Scientists use STEM to 

view biological specimens without adding 
heavy metals for staining or shadowing, 
and for determining the masses ofproteins 
and DNA. 

The microscope has a resolution of 2.5 
angstroms (2.5 ten-billionths of a meter), 
and it can magnify samples up to ten mil- 
lion times. About 60 researchers from 35 
institutions used STEM this year. 

Another STEM was assembled by scientists 
at Brookhaven in 1994. It is used for el- 
emental mapping of biological specimens. 

Alternating 
Gradient Synchrotron 

High Flux 
Beam Reactor 

Scanning Transmission 
Electron Microscope 
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0 c, c 0 0 It was an exciting fourth the various specialty 
yearofconstruction ofthe crews that make up the 
Relativistic Heavy Ion RHIC technical force. 
Collider (RHIC). The facil- When completed in 1999, 
ity quickly began taking 
shape, with civil construc- 
tion completed this year 
and a growing string o f  
magnets starting around 
the tunnel. And the action 
isn ’t limited to the collider 
itself. A visit to buildings 
197, 902, 903, 905, 920, 
924,930,935, IOOOP, 1002, 
1004 and 1005shows bus- 
tling activity, as  magnets 
and otherhardware forthe 
collider are worked on by  

Civil Construction 
Picturedaboverjg~zt at the just-completed 

12 o’clock collision area ofRHIC are: (from 
left) Jack Feldman, Michael Schaeffer and 
George Capetan. 

RHIC will be the world‘s 
premier facility for nuclear 
physics research. Within 
the collider’s two rings o f  
superconducting mag- 
nets, beams of  heavy ions 
traveling at nearly the 
speed of  light will smash 
head-on, creating the hot, 
dense plasma of  quarks 
and gluons believed to 
have existed in the early 
universe immediately af- 
ter the Big Bang. 

With the completion in late August of 
the accelerator enclosure at the 10 and 12 
o’clockpositions around the ring, and with 
the addition of magnet-access tunnels at 8 
and 12 o’clock, the main contract for civil 

construction of the RHIC facility has been 
completed on time and within budget by 
Seacrest Construction, Inc., a Long Island 
firm. 

During the 14-month civil-construction 
period, Seacrest employed approximately 
200 people through 30 subcontractors, 
poured 6,800 cubic meters of concrete, 
moved 42,000 cubic meters of earth, and 
put down 3,600 cubic meters of topsoil. 

Magnet Progress 
RHIC will need a total of 1,700 super- 

conducting magnets, including dipoles, 
quadrupoles, sextupoles and special-pur- 
pose magnets. Industry will manufacture 
1,200 of these magnets, based on BNL’s 
designs. - a major technology-transfer ef- 
fort between the Laboratory and industry. 

Below, the firstNorthrop Grumman Cor- 
poration dipole magnet for RHIC rolled 



through the Laboratory'smaingateinMay. 
Tested for a week, the magnet exceeded its 
design requirements by more than 30 per- 
cent. This magnet was the first supercon- 
ducting dipole production magnet made 
by U.S. industry for use in a particle accel- 
erator. 

Earlier, in April, Grumman had deliv- 
ered the first RHIC quadrupole magnet. It, 
too, tested superbly. 

All theNorthrop Grummandipolesand 
quadrupoles, as well as certain insertion 
dipole magnets that BNL will build, use 
superconducting cable made by Oxford 
Superconducting Technology, a New Jer- 
sey-based company. The cable contract, 
originally signed in fiscal year (FY) 1991, 

\ 

In the foreground with CQS 101 are 
Thomas Dilgen (left) and Edward Ulrich. 
In the background, Mark Cohen (behind 
the welding screen) and Domenick 
Milidantriarepreparing thevacuum vessel 
for the second production magnet. After 

Z?2d Zly5g;:EdE::; 
before delivery to the ring. 

By year's end, one section, below, of the 
3.8-kilometer RHIC tunnel boasted a string 
of dipole magnets. Surveying and aligning 
RHICdipolemagnetsin the tunnelare(from 
left) Donald Kazmark Jr., Timothy Carroll ~ 

~ and Douglas Gordon. 
~ 

was fulfilled in FY94, when Oxford deliv- 
ered the final shipment of 567,000 meters 
(about 1.9 million feet) of cables made of 
niobium-titanium alloy and copper. 

Above right, standing by the first indus- 
try-made superconducting magnet to be 
installed in the RHIC tunnel, Project Head 
Satoshi Ozaki addresses the crowd at the 
installation ceremony in August. 

In the assembly area above for CQS mag- 
nets, a BNL-made corrector magnet, a qua- 
drupole from Northrop Grumman and a 

' 

sextupole from Everson Electric Company 
have been assembled into the first of 432 
production CQS magnets that will be in- 
stalled in the RHIC ring. 

i 
I 

1 
I 

13 



The annex of Building 902 at right is 
literally knee-deep with magnets. The long 
white ones surrounding Richard Kurz Jr. 
are dipoles made by Northrop Grumman. 
In theupper left corner, where JimLuneberg 
(left) and Wing Louie are working, are 
Northrop Grumman quadrupoles, Everson 
sextupoles and BNL-made correctors. 

All RHIC magnets pass through the an- 
nex. Incoming magnets are inspected for 
electrical and mechanical parameters, sur- 
veyed and then measured for magnetic field 
at room temperature. After they are cold- 
tested, just meters away at the cryogenic 
test facility, the magnets are returned to the 
annex for final electrical and mechanical 
measurements. When all parameters are 
acceptable for use in the ring, the magnets 
are loaded onto a truck and sent out to the 
collider for placement in the tunnel. 

Experiments 
When RHIC comes on line in 1999, two 

major detectors will be ready to search for 
the transition from ordinary nuclear mat- 
ter to a new state of matter consisting of 
momentarily unconfined quarks and glu- 
ons. 

.. 

. .  
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One detector is called the Solenoidal 
Tracker At RHIC (STAR). Construction be- 
gan inFY93, and this year, the British com- 
pany Tesla Engineering, Ltd., was awarded 
a contract to build the magnet coils for the 
detector. 

At Z$, this full-size mockup of a section 
ofone end ofthe cylindrical STAR detector 
shows the locations of (from left) the time 
projection chamber end cap, the time-of- 
flight detector, the electromagnetic calo- 
rimeter and the magnet yoke. The mockup 
was built at Lawrence Berkeley Laboratory, 
one location where the detector's major 
svstems are now under construction. 

Photo courtesy 
of Lawrence Berkeley Laboratory. 
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The second major detector above bears netic calorimeter and the drift chamber in 
the name PHENIX, for Pioneering High 
Energy Nuclear Interaction Experiment. 

During the year, a cost-and-schedule re- 
view verified that the PHENIX detector was 
ready for construction. Prototypes of de- 
tector components are now being built at 
various laboratories around the world: cer- 
tain pad chambers in Canada, another type 
ofpad chamber insweden, theelectromag- 

Russia, the time-of-flight detector in Japan, 
and the time expansion chamber at BNL. 

Also this year at the Laboratory, the Al- 
ternating Gradient Synchrotron was used 
to test some ofthe detector componentsfor 
both STAR and PHENIX. 

Altogether, the STAR and PHENIX de- 
tectors represent nearly 700 collaborators 
from 68 institutions in 13 countries. 
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Scientific 
L) epartrnent s 

BNL has been a multi- 
disciplinary laboratory 
from its inception. The di- 
versity of research is re- 
flectedby the Laboratory’s 
organization into eight dif- 
ferent scientific depart- 
ments: Advanced Tech- 
nology, Alternating Gra- 
dient synchrotron, Ap- 
plied Science, Biology, 
Chemistry, Medical, Na- 
tional Synchrotron Light 
Source and Physics. It is 
Brookhaven’s breadth of 
expertise that helps keep 
us at the forefront of sci- 
entific discovery-aplace 
where new ideas, new de- 
velopments andnew tech- 
niques flourish. 



z e c c  The AGS Department op- 
erates the Alternating Gra- 
dient Synchrotron (AGS), 
one of the world‘s most 
intense high-energy pro- 
ton synchrotrons. Thanks 
to the Booster preaccel- 
erator and other improve- 
ments made through the 
years, the AGS can now 
deliver2.47~ 10j3 protons 
per pulse. Accelerating 
heavyionssince 1987, the 
A GS also pushes gold ions 
to a record 11.7 billion 
electron voltsper nucleon, 
pointing to the future of 
nuclear physics at the 
Relativistic Heavy Ion 
Collider, now under con- 
struction at Brookhaven. 

nt 
Siberian Snakes 
To the Rescue! 

Siberian snakes are a series ofmagnets that 
cause a polarized proton beam to wriggle 
like a snake. 

The name may suggest reptiles that in- 
habit the coldest regions of Russia, but 

Invented by Siberian scientists in 1974, 
these friendly “snakes” prevent polarized 
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protons, or protons that all spin in the 
same direction, from depolarizing-spin- 
ning randomly in various directions. Apar- 
tial snake makes a polarized proton beam 
easier to achieve at Brookhaven’s Alternat- 
ing Gradient Synchrotron (AGS), while a 
series offull snakes opens up newpossibili- 
ties for experiments involving polarized 
proton collisions at the Relativistic Heavy 
Ion Collider (RHIC) now under construc- 
tion at Brookhaven. 

Testing the Partial Snake 
During fiscal year 1993-94, a collabora- 

tion involving Brookhaven, Argonne Na- 
tional Laboratory, Fermi National Accel- 
erator Laboratory, IHEP in Russia, Indiana 
University, KEK in Japan and TRIUMF in 
Canada has been testing the effectiveness 
ofa partialsnakeinstalledat the AGS. With 
it in place, the polarized proton beam was 
accelerated to an energy of 12 billion elec- 
tron volts (GeV) with no depolarization. 

Without the snake, however, no polariza- 
tion survived. The scientists plan to test the 
partial snake at its full operational energy 
of 25 GeV in early 1995. 

Polarized protons come from hydrogen 
gas that is stripped ofits electrons in BNL’s 
polarized ion source. From there, the pro- 
tons are preaccelerated in the linear accel- 
erator to 200 million electron volts. Next, 
they are accelerated by the Booster to 1.5 
GeV and then by the AGS to 25 GeV for 
research on the basic structure of matter. 
Polarized proton experiments measure spin 
effects in high-energy reactions. 

A Depolarization Dilemma 
It is a challenge to keep polarized pro- 

tons spinning in the same direction in a 
circular accelerator like the AGS. They are 
kicked off their vertical axis by an accumu- 
lation of horizontal magnetic fields as they 
speed around the accelerator about a half a 
million times per second. 

When hit by horizontal magneticforces, 
the polarized protons precess, or wobble, 
similarly to the way that a spinning top 
wobbles when it is kicked from the side. 
When the frequency ofthe horizontalmag- 
netic force is the same as the polarized pro- 
tons’ precessing frequency, the effects of 
the repeated kicks accumulate and com- 
pletely depolarize the protons. This hap- 
pens 40 times during the one second it 
takes to accelerate the polarizedprotons to 
25 GeV. 

Thomas Roser, 
BNL, (fore 
ground) and 
Haixin Huang, 
Indiana 
University, are 
examining the 
partial snake in 
the Alternating 
Gradient 
Synchrotron 
tunnel. 

Slithering in to overcome this depolar- 
ization comes the partial Siberian snake. It 
is made from a solenoid, an electrically 
energized coil ofinsulated copper wire that 
produces a magnetic field pointing along 
the beam of polarized protons. 

Thepartialsnakeperformsa clever trick 
It rotates the spin of the polarized protons 
by nine degrees away from the vertical axis 
at each revolution around the AGS, so the 
effects ofthe kicks on one turn cannot com- 
bine with the kicks on the next turn. In fact, 
after 20 times around the accelerator, the 
kicks cancel themselves. It is as though the 
top were kicked from opposite directions 
-the force from one kickcancels the other, 
keeping it stable. 

Snakes at RHIC 
For RHIC experiments, polarized pro- 

tons will be accelerated in the AGS before 
they move on to RHIC’s two rings, where 
they will be accelerated to energies of up to 
250 GeVper beam, collidingat an energy of 
500 GeV. When RHIC is completed by the 
end of the decade, it will be the only high- 
energy accelerator in the world able to col- 
lide polarized protons. 

In RHIC’s 3.8-kilometer circular tunnel, 
the effect of the horizontal magnetic fields 
will be much stronger than in the AGS. To 
counteract this, two full Siberian snakes 
will be installed in each ofthe two accelera- 
tor rings of the collider. These Siberian 
snakes will flip thepolarizedprotons’verti- 
calaxis a complete 180 degrees at each turn 
around RHIC. Thus, the horizontal mag- 
netic forces will cancel themselves at every 
other turn. 

Each ten-meter-long full snake will be 
constructed from four corkscrew-shaped, 
helical magnets using niobium titanium, a 
superconducting material. A prototypical 
helical magnet is being created by the RHIC 
Project magnet designers. 
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rching for Strange 
Rer 

The only known nuclear matter is found 
in the submicroscopic nuclei ofatoms or in 
huge neutron stars. But that accounts for 
only 10 percent of matter in the universe. 
What happened to the other 90 percent? 

Physicists have hypothesized that an- 
other form of nuclear matter, which they 
call strange matter, makes up the bulk of 
the universe. They believe it originated less 
than a second after the Big Bang, following 
the formation of an intensely hot, dense 
matter called quark-gluon plasma. When 
the plasma cooled, according to theory, 
strange matter should have condensed out 
of it. 

Further analysis ofconditions in the early 
universe indicates that the strange matter 
would probably not have survived in sub- 
stantial amounts. Nevertheless, making 
strange matter anew in the laboratory re- 
mains an exciting possibility. 

For the last few years, researchers at 
Brookhaven’s Alternating Gradient Syn- 

chrotron (AGS) have started a search for 
strange matter. But, beginning this year, 
these efforts will reach a new level of sensi- 
tivity when a team of scientists tries to find 
it in a new experiment called E864. 

A Mini Big Bang 
To detect strange matter, an interna- 

tional collaboration of eight universities 
and BNL, headed by Yale University, will 
simulate a mini Big Bang at the AGS. They 
will accelerate heavy gold ions around the 
AGS to an energy of 11.7 billion electron 
volts per nucleon until they hit a gold tar- 
get. At the expected beam rate of 10 million 
ions per second, the experiment will exam- 
ine one million particle interactions per 
pulse. 

A huge, 30-meter-long spectrometer 
with seven detectors - each the fastest of 
its type-will be able to keep track of4,OOO 
particle interactions per second. Physicists 
will examine these interactions in an at- 
tempt tofindparticleswith thespecialchar- 
acteristics of strange matter. 

Ordinary vs. Strange Matter 
All ordinary nuclear matter is made of 

protons and neutrons, and these two par- 
ticles are made of smaller ones known as 
quarks, of which there are theorized to be 
six kinds. A proton has a positive charge, 
while a neutron has a neutral charge. Ordi- 
nary nuclear matter cannot remain stable 
after it reaches a certain mass because the 
positive charges of its protons repel one 
another and overcome the short-range force 
that holds the protons and neutrons to- 
gether. 

Quarks can only exist in self-contained 
entities called bags. So far, physicists have 
detected bags of three quarks in ordinary, 
stable nuclear matter- the neutron being 
composed ofone up and two down quarks, 
and the proton, two ups and one down. 
Another, heavier quark, dubbed the strange 
quark, has only been found in unstable 
particles. 

Recently, however, physicists have theo- 
rized that the up and down quarks can 
combine with strange quarks to form 
strange matter. Strange matter would be 
almost neutral in charge, so it would not be 
limited by proton repulsion. Huge pieces of 
it could exist, and, indeed, scientists are 
searching for strange matter in meteorites 
and in neutron stars that are the result of 
the collapse of supernovas. 

Unlike ordinary matter, strange matter 
could theoretically contain bags of more 
than three quarks. Normally, the weak 
force, a short-range force that determines 
the production and decay of many nuclear 
and subnuclear particles, would change a 
strange quark into a down quark, making 
the strange particle unstable. But physi- 
cists believe this would not happen in 
strange matter. 

All nuclear matter contains various en- 
ergy states that accept particles upon their 
decay by theweakforce. Accordingtosome 
theorists, strange matter could be the low- 
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As incredible as it might seem, some 
scientists speculate that the existence of 
stablestrange matter couldsolve the world’s 
energy crisis. By bombarding a chunk of 
strange matter with neutrons, energywould 
be released in the form of photons. If this 
electromagnetic energy could be harnessed, 
it would be an energy bonanza for future 
generations. 

E864 research- 
ers (from left) 
Richard Majka 
from Yale 
University, Carl 
Dover from 
BNL, and Guy 
Diebold, Jack 
Sandweiss, 
Frank Rotondo, 
all from Yale, 
discuss the 
installation of a 
large vacuum 
chamber for 
the experiment 
with BNL liason 
engineer 
William 
McGahern. 
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0 0 0 0  Research in the Physics 
Department focuses on the 
characteristics of matter. 
Particle physicists are in- 
terested in the building 
blocks of matter - quarks 
and leptons. Nuclearphysi- 
cists study nuclear matter 
under extreme conditions, 
as well as the excitations 
andstructure ofatomicnu- 
clei. And condensed-mat- 
fer physicists examine 
properties of bulk matter 
and its surface, including 
such phenomena as high- 
temperature superconduc- 
tivity. Also within the de- 
partment, a facilitytostudy 
the effects of radiation on 
microchips is available to 
outside users. 

Phf&.cs \Department \ 
\ / 

glamour or romance. But for some physi- 
cists, meltingwaxmay bring about thoughts Surface Studies - 

A Surprise Susfaces! ofsurface studies. 
For many people, the sight of glowing 

candles usually evokes images of festivity, 
These researchers investigate surfaces 

of materials at the atomic and molecular 
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levels. This basic research may lead to in- 
dustrial developments, since understand- 
ing surfaces is crucial to lubrication and 
catalysis, optical coatings and corrosion 
resistance. 

Researchers from Brookhaven's Physics 
Department, in collaboration with Exon  
Corporation and Bar-Ilan University in Is- 
rael, have been investigating the surfaces of 
wax-like materials known as alkanes. Com- 
posed of hydrocarbon molecular chains, 
alkanes are not only the constituents of 
candles, but also the building blocks of all 
organic matter. They are the major compo- 
nents of oils, fuels, polymers and lubri- 
cants - all tremendously important mate- 
rials in industry. 

An Unusual Discovery 
Usingx-rays asprobesat BNL'sNational 

Synchrotron Light Source (NSLS), the re- 
searchers have found that the top molecu- 
lar layer of alkanes freezes, or crystallizes, 

I\ 

at a higher temperature than the bulkfreez- 
ingtemperature.This is surprising because 
the entire sample - surface and bulk - is 
at the same temperature. 

For example, an 18-carbon alkane is a 
liquid when it is above 3OoC, but between 
30°C and 27"C, its transition from the liq- 

uid phase to the crystalline phase begins to 
take place at the surface. In other words, 
the surface is crystallized and the bulk is 
liquid. At temperatures below 27"C, the 
entire sample is crystallized. This is the 
simplest system in which surface crystalli- 
zation has been observed. 

Alkane 
Molecule 

Surface 

(b) 

Bulk 
Liquid 

In figure a, the 
entire sample 
is liquid above 
30°C; b shows 
that between 
27°C and 30°C, 
the surface 
molecular 
monolayer- 
thick crystal- 
line alkane 
phase coexists 
with the bulk 
liquid alkane. 

Inspecting an 
alkane sample 
for surface 
crystallization 

'111 at the National 
Synchrotron 
Light Source 
are: (from left) 
Moshe Deutsch 
from Bar-llan 
University; Xia- 
Zhong Wu, 
Exxon 
Corporation; 
and BNL's Ben 
Ocko. Also 
involved in 
these studies 
were Exxon's 
Sunhil Sinha 
and Eric Sirota. 

It is an unusual discovery, since the op- 
posite phenomenon -surface melting - 
is characteristic of most other materials, 
including metals and semiconductors. For 
these materials, over a range of tempera- 
tures, the surface is liquid even when the 
bulk is crystalline. 

Using X-Ray Probes 
At beam line X22B at the NSLS, the 

sample was placed in a temperature-con- 
trolled cell, and the physicists used a liquid 
spectrometer designed by researchers from 
BNL's Physics Department and Harvard 
University to characterize the structure of 
the liquid-vapor interface. This unique spec- 
trometer, the first of its kind to be used at a 
synchrotron in the U.S., is designed so that 
thex-ray beam, ratherthan thesample, can 
be tilted - an essential feature for study- 
ing liquids. 

To gather the data, the researchers fo- 
cused x-rays on the sample and measured 
their scattering distribution. Using a tech- 
nique known as x-ray reflectivity, they de- 
termined the molecular density of the 
sample along a direction perpendicular to 
its surface. Also, with a method called graz- 
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ing incidence diffraction, they determined 
the lateral packing of the molecules. 

The scientists observed that thesurfaces 
of alkanes formed a near-perfect molecular 
crystalline layer at a temperature at which 
the bulk remained disordered. Specifically, 
x-ray reflectivity showed that for the 18- 
carbon alkane, a single 20-angstrom-thick 
layer of molecules crystallized at the sur- 
face. Within this surface monolayer, the 
molecules were standing straight up. Later- 
ally, the molecules were arranged hexago- 
nally - each molecule was surrounded by 
six neighboring molecules. 

Exxon’s Explorations 
In their laboratory, the Exxon scientists 

measured the difference in energy between 
molecules at the surface and in the bulk 
liquid by monitoring the alkane’s surface 
tension as the temperature was changed. 
An abrupt change in the surface tension 
slope occurred at exactly the same tem- 
perature at which the x-ray measurements 
showed surface crystallization. 

Exxon is interested in this basic research 
because it has been developing modifiers 
that prevent wax crystallization. Crystal 
build-up can clog diesel fuel lines and injec- 
tion systems. Understanding the structure 
and crystallization processes ofalkanes may 
be essential for making the most effective 
additives. 

On Target 
With ARC 

From what kind of matter was the uni- 
verse formed? What were the temperature 
and density conditions at its birth? 

Thesearesomeofthefundamentalques- 
tions physicists explore with current ex- 
periments at Brookhaven’s Alternating 
Gradient Synchrotron (AGS). In the future, 
they will continue these investigations at 

BNL with a much higher energy accelera- 
tor, known as the Relativistic Heavy Ion 
Collider (RHIC). 

At the AGS, the researchers accelerate 
beams of gold ions at nearly the speed of 
light until they hit a gold target, producing 
more than 500 new particles in the most 
violent collision. 

By studying the particles that result from 
these collisions, scientists hope to find evi- 
dence for a quark-gluon plasma - a form 
of hot, dense matter that has not existed 
since the earliest stages of tbeBigBang, 

v 

more than ten billion yeardgo. 

Visualizing Collisions / ,  

/ To prepare for these unique experiments 

which is expe(ted to produce at least 5,000 
particles for ghd-on-gold collisions-theo- 
retical physicists in Brookhaven’s Physics 
Department have designed a computer 
model for studying the quark-gluon plasma. 
It provides dypamic computer images of 
some of the &rticles that emerge from 
heavy-ion experiments. Such modeling is 
necessary to recognize the presence of the 
phase transition to a new type of matter. 

This innovative computej:model, called 
“A Relativistic Cascade” (AIh-describes 

at the AGS, as / well as those at RHIC - 

I 

\ 
i 

\ 
\ 
\ 

The graph 
shows the 
distribution of 
protons from 
central gold- 
on-gold 
collisions at a 
beam momen- 
tum of 11.6 
billion electron 
volts per 
particle. The 
solid curve, 
which r e p  
resents the 
ARC predic- 
tions, closely 
matches the 
black and white 
circles, which 
show the 
measured 
distributions 
from E866. 

The formation 
of particles that 
results from a 
gold-on-gold 
collision is 
shown on the 
computer in a 
simulation 
produced by 
the ARC code, 
invented by: 
(from left) 
Thomas 
Schlagel, Yang 
Pang and 
Sidney Kahana. 

-”1 

Creating the Model 
By creating ARC, 

/ understand the underlying motion and in- 
teractions of particles produced in these 
high-energy codions.  The theoretical data 

__I include-156s for each type of particle, as 

/ 

\ , I. 

the multiple collisions and production of 
new particles from two nuclei travelling 
through each other at nearly the speed of 
light. 

well as energy, momentum, position and 
time. Experimental data are used as input 
to the program for elementary collisions, 
such as collisions between two nucleons, 
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predictions are made for nucleus- 
s collisions. Thus, the theorists ex- 

collisionsinvolvingtwopar- 
more complex collisions in- 

Looking for the 
Particles called hadrons 

tons and neutrons, 
force, which binds 
These particles are made of more funda- 
mental particles called quarks and gluons. 
Under normal conditions, the quarks and 
gluons are confined inside the hadrons. 
But under extremely high temperatures and 
densities, the quarks andgluons may break 
free of the nucleons in hadronic matter - 
thus forming a quark-gluon plasma, as pre- 
dicted by the theory of quantum chromo- 
dynamics. 

When gold ions hit a gold target at the 
AGS, ARC suggests the collisions produce 
proton andneutron densities that areabout 
ten times those of hadronic matter - a 
condition that physicists believe favors the 

ARC visualiza- 
tion of the 
particles 

creation of a high baryon-density quark- 
gluon plasma, in contrast to the baryon- 
free plasma that is expected to form at RHIC. 

RHIC will offer another path to finding 
the quark-gluon plasma. When the new, 
higher-energy accelerator is completed be- 
fore the turn of the century, two beams of 
heavy ions will speed around a 3.8-kilome- 

ined energy of 

protons and neutrons contained in the col- 
liding nuclei. As a result of these high-en- 
ergy collisions, nuclei are expected to pass 
through one another, leaving in their wake 
a quark-gluon plasma at very high tem- 
peratures. 

ARC simulates AGS experiments and is 
being extended to apply to RHIC experi- 
ments, providing important feedback for 
researchers who are looking for the quark- 
gluon plasma. As more data become avail- 
able at the AGS and, eventually, at RHIC, 
the computer model will help to separate 
the ordinary from the exotic observables. 

produced in a 
central gold- 
on-gold 
collision. 

ter circular tunnel in opposite direct'ons / 
they collide at a co 

200 billion e / ectron volts for each of the 
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0 0 0 0 Research in the Biology 
Department aims to under- 
stand basic genetic and 
biochemical processes at 
the molecularlevel, includ- 
ing how genetic informa- 
tion is organizedand used, 
how DNA is damaged and 
repaired, andhowmolecu- 
lar structures determine 
biological function. So- 
phisticated facilities for 
analyzing biologicalstruc- 
tures are maintainedat the 
National Synchrotron 
Light Source, High Flux 
Beam Reactor and Scan- 
ning Transmission Elec- 
tron Microscope. And 
technology for large-scale 
DNA sequencing is being 
developed for the Human 
Genome Project. 

But it’s probably a safe bet that few diet- From Dieter’s Downfall ers know exactly what these “dreaded fats To Cell Compornent are, nor how, where and why plants and 
A animals make them. 

Each cell in every plant and animal is 
enclosedin amembrane composed ofboth 
saturated and unsaturated lipids, or fat 

Anyonewho has ever tried toloseweight 
knows to avoid saturated fat and to lower 
intake of unsaturated fats, too. 
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molecules. Lipids are first made by the cell 
as fatty acids: long, hydrogen-rich - or 
saturated - carbon chains. Then, in a pro- 
cess called desaturation, some fatty acids 
are robbed oftwo hydrogen atoms and left 
with a double chemical bond, making them 
desaturated (see diagram). One double 
bond earns the fatty acid the designation 
“monounsaturated,” while two or more 
double bonds make it “polyunsaturated.” 

Scientists only poorly understand the 
process by which desaturation occurs. But 
a team of BNL biochemists is striving to 
learn more, through an investigation of how 
plants use an enzyme to desaturate these 
crucial molecules. 

Through work done in the Biology De- 
partment, quenced the we genes have already for the isolated desaturase and en- se- 

search’ we hope to find Out more about the 
structure of different desaturases, and to 
determine how desaturases perform their 
crucial task. 

This basic research holds great promise 
outside the laboratory too, for industries 
that use unsaturated plant oils to make 
everything from plastics.to food additives. 

It’s the Double Bond That Matters 
Just like dieters, plants and animals are 

discriminating in the kinds offats they use. 
Since the membrane of each plant or 

animal cell needs to be flexible in order to 
function correctly, unsaturated fats make a 
very good membrane material - they are 
fluid even at relatively low temperatures 
because ofthe double bonds that give them 
their name. 

Desaturation acids accumulate. In turn, these lipids can 
be extracted to make oils with novel prop- 
erties. And that’s where industrial interest 
lies. 

Basic Biology Lays the Foundation 
Before an industrially practical supply 

ofthese oils can be obtained, basic research 
must lay the foundation by examining 
desaturase from every possible angle. 

Itstarts withfindingouthowdesaturase 
is made. Our BNL biologists were the first 
to isolate the gene for a plant desaturase, 
from the castor plant. Grown in India, cas- 
tor produces the oil given to generations of 
children for its laxative properties. Because 
its seeds are plentiful and oil-rich, castor is 
also a useful model for studying oil biosyn- 
thesis and modification. 

Once they had found it, our scientists 
transferred the gene to the well-known 
Escherichia coli bacterium. E. coli grows 
relatively quickly and accumulatesvery high 
levels of desaturase, which can easily be 
extracted for experiments designed to es- 
tablish the mechanics of the desaturation 
process. 

this process 

recruits iron, using it to bind oxygen. It is 
this fiercely active enzyme-iron-oxygen 
complex that allows the enzyme to attack 

Another goal is to figure out how the 
desaturase gene is regulated - what turns 
it on and off. To do this, our researchers 
have selected as their model a simple plant, 
Arabidopsis thaliana, also known as mouse- 
eared cress. 

We have isolated all five ofArabidopsis’ 

ing how they contributeto thedesaturation 

Within thechloro last ofe\eryceUofe~eryplanf ... 
arrier protein, undergoes a violent change. . 
asfable,sahlrate8fatt).acid,altachedcoa 

... andcreafesa 

Then.thisbenf faftyaridistamdiiithanother,attachpdfoa 
headgroup,and transported lothenU’smembane.~hereit and 

zyme from several plants. With further re- millionshkeirformaproreai~e,flexiblebila)er! 
headgroup 

$$$$$$$$$$$$ 
Without desatume, plants couldn’t sunia! 

But since plants first manufacture satu- 
rated fatty acids, very stable compounds 
that are solid at room temperature, their 

acid desaturase enzymes to insert the nec- 
essary double bonds. 

Most common plants, including the 
major food crops, place the first double the stable, saturated fatty acid. 
bond in the same place in the carbon chain, 
between the ninth and tenth carbons. But a 
rare few plants have a desaturase that puts 
this double bond in an odd place - be- 
tween the sixth and seventh carbons, for 
example. Coriander, whose flavorful leaves 
are known as the herb cilantro, is one such 
plant. 

the interaction beween lipid molecules 

self. Oils from two plants whose lipids dif- 
fer in double-bond placement by just one 

A key to 
has depended On comes from discovery that the enzyme 

The placement ofthat bond is critical to desaturase genes, and are now investigat- In a growth 
chamber, (from 
lefl) Edgar 
Cahoon, and, hence, to the properties of the oil it- process in this Organism* 
Edward Whittle 
and John 
Shanklin gather 
seeds of the 
Spanish weed 
Euphorbia 
lagascae, 
which 
produces a 
unique fatty- 
acid-modifying 
enzyme. 

From Laboratory to Farmer’s 
position may have, for example; different 
boiling and melting temperatures, viscosi- 
ties and effects on the human digestive sys- 
tem. 

The genes for these novel desaturases 
are tightly regulated and expressed only in 
the seeds, so this is where the unusual fatty 

Even though this is basic research, defi- 
nite applications loom in the future. Pre- 
liminary experiments have already shown 
that the gene for an “ o d d  desaturase can 
be transferred successfully not only to bac- 
teria, but to an entirely different plant spe- 
cies as well. 
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For example, coriander produces oil at 
levels much lower than soybean or oilseed 
rape plants. Instead of growing coriander 
for its oil’s special properties, one option 
may be to put the special coriander 
desaturase into these existing crop plants 
for farmers to grow. 

Once an existing crop can be engineered 
to produce new oils, it is conceivable that 
those oils could be used as petroleum sub- 
stitutes for products such as plastics or ny- 
lon. 

In addition to desaturase, the team is 
working to isolate other useful lipid-modi- 
fication enzymes, such as an epoxidase en- 
zyme from the Spanish weed Euphorbia 
lagascae. This enzyme adds an epoxy- the 
same hardening group that allows paint 
and some adhesives to set -to lipid mol- 
ecules. 

The research raises the possibility that 
soybean oil extracted from plants engi- 
neered to contain the Euphorbia epoxidase 
gene could be used directly as a setting 
agent, rather than requiring the chemical 
conversion of oil now used to make epoxy 
fatty acids. 

This rosy picture of the future depends, 
however, on the detailed knowledge now 
being collected on how plants modifjl their 
fatty acids. And this workis complemented 
by a constant search for plant species with 
uncommon lipid-changing enzymes, such 
as the desaturase in the wildflower black- 
eyed Susan, in order to build a bank of 
knowledge from which future bioengineers 
can draw. 

At HFBR 
structural 
biology beam 
line H3B, (from 
right) Anand 
Saxena, Jai 
Parkash, 
Xihong Bai and 
Adam Bera 
align a sample 
in a spectrom- 
eter. 

Picking 
the Tiniest Locks 

They keep the necessary in and, most of 
the time, the harmful out. They serve as 
gates for needed supplies and harbor intri- 
cate locks that can be opened only by the 
most specific of keys. 

But despite all we know about their vital 
function, the proteins that reside in the cell 
membranes ofevery living thing stillguard 
many secrets. 

Now, however, a team ofstructuralbiol- 
ogy researchers in BNL’s Biology Depart- 
ment has used the technique of neutron 
diffraction at the Laboratory’s High Flux 
Beam Reactor (HFBR) to unravel some of 
those mysteries. 

Our research and the technological ad- 
vances that accompanieditboremuchfruit 
in 1994, especially those studies that con- 
centrated on the virus that causes influenza 
and a drug that fights it. 

An Influential Influenza Protein 
The culprit in many pandemics, includ- 

ing one that killed 20 million people world- 
wide in 1918-1919, the influenza virus is a 
wily foe for medical science. The cell-invad- 
ing mechanism ofthis virus mutates easily, 
making it difficult to develop a vaccine. 

To defeat this crafty virus, scientists 
search for ways to interfere with its replica- 
tive cycle, so that, even if it invades a cell, 
the influenza virus cannot multiply. This 
kind ofAchilles heel could prove medically 
useful. 

One potential weak spot in influenza’s 
armor, which our researchers spent much 
of the year investigating at the HFBR, may 
be the seemingly inconsequential protein 
known as M2. 

M2 does not seem to play any role in 
getting influenza past the cell membrane 
“guardhouse” -two larger spiky proteins 
on the virus’ coat, called hemagglutinin 
and neuraminidase, take care of that. But 
an experiment at BNL in 1994 proved a 
recent hypothesis that M2 acts as a proton 
channel - and it is this function that is 
important to the virus’s replication and 
proliferation. 

When the virus enters the cell, it is en- 
gulfed in a cell-within-a-cell called an 
endosome. In order for the virus to escape 
the endosome and reproduce, hemag- 
glutinin’sstructure must shift, to allow it to 
fuse with the endosomal membrane. 

Hemagglutinin’s metamorphosis re- 
quires the help of M2, which pumps water 
into the virus. This equalizes the acidity, or 
pH, inside the virus with that of the cell’s 
cytoplasm. IfM2 doesn’t do this, influenza 
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cannot release its genetic material into the 
host cell’s nucleus and, hence, cannot re- 
produce and cause illness. 

This makes M2 an intriguing subject for 
study. Using the HFBR’s neutrons to probe 
for clues about the protein’s structure, our 
researchers are attempting to determine 
the exact position of M2 as it sits in the 
virus’s membrane. 

Especially of interest is the part of M2 
that does not stickout from the membrane, 
but insteadlieshiddenwithinit.Thismakes 
the research a kind of hunt for buried trea- 
sure-and neutrons are an extremely good 
probe for this kind of search. 

New Tools for the Trade 
Studying M2 as it is embedded in the 

virus’s membrane has led to the develop- 
ment ofnovel techniques andinstruments. 

Membranes are mostly composed of 
fork-shaped fat molecules called lipids, 
which form a two-layered membrane with 
their fork tines adjacent. To study proteins 
in their membrane habitat using neutrons, 
it is important to create uniform bilayers of 
lipids containing proteins in their native 
conformation. 

The membrane 
proteinhi2, 
under Other proteins, 

ne investigation by 
BNL biologists, 
acts as a proton 
pump ... without 
it, thevirus 
cannot Amantadine, 
reproduce. ananti:influenza 

the doors 

host cell. 
drug that 
interferes 

Influenza Virus 

Mali 
Th 

Anew technique was recently developed 
to deposit these layers on glass slides, using 
an ordinary hand-held, air-jet paintbrush 
purchased from a hobby store. The 
airbrush, similar to those used to make 
custom designs on T-shirts, makes it pos- 
sible to “paint” a slide with a mixture con- 
taining water and roughly one part protein 
and35partslipid. Whenthewaterisevapo- 
rated away, a stable and uniform layer is 
left on the glass plate. 

Then, the sample is placed in the neu- 
tron beam. The distribution of neutrons 
that scatter in different directions contains 
information about the position ofatoms in 
the sample. 

Biological molecules contain large 
amounts of hydrogen, which gives a weak 
neutron-scattering signal. Luckily, 
hydrogen’s heavier isotope cousin, deute- 
rium, broadcasts its presence with a strong 
signal. In fact, it is the difference between 
the signals ofhvdrogenand deuterium that 

makes neutron diffraction such a powerful 
technique. 

Drugs and Receptors 
Using diffraction, we can examine ana- 

logs of M2’s transmembrane sections built 
with different deuterated amino acids. This 
allowsus to trackthe positions occupied by 
each type of amino acid and fit the results 
together like a puzzle. 

Deuteration also makes it possible to 
study exactly how drugs interact with M2. 
One example is amantadine, an often-pre- 
scribed but little-understood anti-influenza 
drug that is thought to interfere with M2’s 
proton-pump function. 

Understanding more about amantadine, 
in turn, could lead to improvements in the 
drug itself, which is only effective for short 
durations because the devious influenza vi- 
rus mutates quickly within a host and devel- 
ops resistance to the drug. Otherpharmaceu- 
ticals are also being examined here by col- 
laborators from all over the country. 
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0 0 0 0 The world's foremost fa- 
cility for scientific re- 
search using x-rays and 
ultraviolet and infrared ra- 
diation is operated by the 
National Synchrotron 
Light Source Department. 
In a single year, a total of 
about 2,750 researchers 
from almost 425 institu- 
tions perform experiments 
at the world's largest 
source of synchrotron 
light. Guest researchers 
often work in collabora- 
tion with staffscientists at 
the Lightsource, conduct- 
ing a wide range of inno- 
vative experiments in 
physics, chemistry, biol- 
ogy, materials scienceand 
various technologies. 

ers and an important tool for facilitating 
technology transfer. 

Asourceoflightthatisasmuchas10,OOO 

A Beacon 
for Industry 

Since its commissioning in 1982, the 
National Synchrotron Light Source (NSLS) 
has been a beacon for industrial research- 

times brighter ihan conventional labora- 
tory-generated beams, and a source of in- 
tellectual inspiration where hundreds of 
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researchers from a range ofinstitutions ex- 
change ideas each working day, the NSLS is 
a powerful agent for transforming both 
basic and applied research into technologi- 
cal progress. 

From AT&TBellLaboratories to Up john 
Company, industrial giants as well as 
smaller entrepreneurial companies have 
been attracted to the Light Source to per- 
form research on the 85 beam lines that 
surround its vacuum ultraviolet and x-ray 
rings. Today, some 350 industrial scien- 
tists from 70 companies are pursuing re- 
search that may lead to future innovative 
technologies. 

Industry’s Investment 
Most of the beam lines are built by con- 

sortia of scientists from industry, universi- 
ties and government laboratories called 
Participating Research Teams (PRTs). 
These scientists can use up to 75 percent of 
the available beam time to further their 
own research, with the research programs 

Pharmaceutical corn anies that 
se the Nation a! Synchrotron Ligk Source: 

Bristol-Meyers Squibb 

. DuPont Merck Pharmaceutical Co. 
Eli Lilly and Company 
Genencor International, Inc. 
Genentech, Inc. 
Glaxo Inc. 
Hofhann-LaRoche Inc. 
Merck & Co., Inc. 
Miles, Inc. 
Monsanto Company 
Procter & Gamble Company 
SmithKline Beecham Pharmaceuticals 
Sterling Winthrop Inc. 
The Upjohn Company 

reviewed by panels of experts every three 
years. The remaining 25 percent is avail- 
able for individual investigators through a 
peer-reviewedgeneral userprogram. Beam 
time at the NSLS is free for all users unless 
their work is proprietary. In that case, a 
full-cost recovery fee is charged. 

PRTs design the instrumentation at their 
beam lines to fit their individual needs. 
PRTs to which industry has contributed are 
listed on the previous page. Collectively, 
these 17 companies have invested more 
than $40 million and roughly 400 person- 
years of labor to design and install their 
own experimental equipment at theNSLS. 

Advanced Analysis 
For research that ranges from designing 

catalysts to developing computer chips, 
industrial researchers are drawn to theNSLS 
because it provides advanced analytical 
capabilities that are not available at their 
home laboratories. They study the absorp- 
tion and scattering ofx-rays at the NSLS to 
determine such properties as crystalline 
structure and magnetic characteristics of 
various materials. Such basic research may 
lead to practical outcomes, such as new 
pharmaceuticals and improved recording 
devices, or it may provide useful clues for 
solving problems in industrial processes. 

For example, industrial researchers use 
a techniquecalledx-ray diffraction,inwhich 
they measure the way an x-ray beam is 
deflected away from a sample, to deter- 
mine the structure of crystals and monitor 
how that structure changes during indus- 
trial processing. The technique also can be 
used to detect defects in semiconductors. 
In addition, pharmaceutical companies use 
x-ray diffraction to understand how the 
arrangement of atoms in a drug molecule 
influences the way itworks, so that they can 
design new drugs. 

To keep up with the demand for beam 
time from structural biologists from phar- 
maceutical companies and academia, con- 
struction has started on anNSLS structural 
biology addition. When complete, it will 
house eight labs and a conference room. A 
summary of companies that have used the 
NSLS for pharmaceutical research is at left. 

A Variety of Techniques 
For materials that are difficult to study 

using x-ray diffraction, researchers can in- 
vestigate local structural information us- 
ing absorption spectroscopy, a technique 
in which they measure the absorption ofx- 
rays by a sample. For instance, the local 
environment around the active species in a 
catalyst, which might affect its hnction- 
ing, can be detected in this way. 

Another technique that uses x-ray ab- 
sorption, called microtomography, allows 
researchers to obtain three-dimensional 
images of the internal structure of visually 
opaque, heterogeneous materials. With the 
aid of this technique, for example, the oil 
industry can gain crucial information on 
oil flow through sedimentary rocks. 

Whenasampleabsorbsx-rays, electrons 
are emitted from its surface. Analyzing the 
behavior ofthese electron scan provide data 
on a sample’s electronic structure, which is 
valuable in many industrial fields, most 
notably, the semiconductor industry. 

New Discoveries 
Also, synchrotronx-rays can change the 

structural properties of materials to make 
them industrially valuable. The best ex- 
ample is IBM’s use of x-ray lithography at 
the NSLS to irradiate and chemically etch 
plastic-coated semiconductor wafers, thus 
producing some of the world’s most ad- 
vanced computer chips. In a new applica- 
tion of lithographic techniques, BNL and 
University of Wisconsin researchers are 
making micromechanical components that 
hold promise for many industrial applica- 
tions. 

In another recent endeavor, industrial 
researchers are attempting to make novel 
materials with the aid of synchrotron x- 
rays. For example, using synchrotron ra- 
diation to assist normally unfavorable 
chemical reactions in materials synthesis 
can yield products that are important for 
industry. 

As the NSLS matures, still more innova- 
tive techniques for exploring materials are 
likely to be deveIoped and new experimen- 
tal capabilities will be discovered, undoubt- 
edly leading to further industrial progress. 
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-1ndustrial-Research- 
Asampling 

From creating new catalysts to shrink- 
ing the size of computer chips, the wide 
variety of industrial research at the Na- 
tional Synchrotron Light Source (NSLS) 
reflects the diverse interests of the Ameri- 
can marketplace. The following are a few 
typical examples: 

Catalysis 
Catalysts are vital to many industrial 

processes, as they drive the conversion of 
raw materials into useful products. Even 
small improvements in a catalyst’s effi- 
ciency can lead to large savings in produc- 
tion. Thus, several of the nation’s largest 
petroleum and chemical companies are 
using the NSLS for catalyst development. 

For example, Exxon Corporation re- 
searchers use x-ray absorption spectros- 
copy to determine the geometric and elec- 
tronic Structure of catalysts. Solid, liquid 
or gaseous samples can be studied by this 
technique. 

Recently, Exxon researchers have exam- 
ined catalysts that contain tiny bimetallic 
clusters. By varying the surface composi- 
tion of these catalysts, the researchers can 
alterthemixofchemicalproducts aswellas 
change the rates at which they are made. 
Such investigations may lead to more eco- 
nomical or environmentally safer gasoline. 

Pharmaceuticals 
At present, 14 pharmaceutical compa- 

nies are working at the NSLS to develop 
novel drugs for treatment of a broad spec- 
trum of diseases. Their approach, called 
structure-based, or rational, drug design, 
often involves designing molecules called 
inhibitors that attach themselves to en- 
zymes, thereby blocking the action of dis- 
ease-causing agents. To find effective in- 
hibitors, the researchers use a technique 
called x-ray crystallography to determine 
the structure of an enzyme when a candi- 
date inhibitor is attached. 

Several companies - among them, 
SmithKline Beecham, Monsanto and 

Upjohn - are investigating the structure 
and functioning of the HJY protease, an 
enzyme associated with AIDS. Other re- 
search runs thegamut between attempting 
to find a cure for the common cold to de- 
signing new drugs for treating arthritis, 
hypertension and depression. 

Environmental Assessments 
Several teams at the NSLS are working 

on solving environmental problems. For 
example, soils in some regions of the U.S. 
have been contaminated with lead from 
mining, paints, leaded gasoline and indus- 
trial activities. To assess lead pollution, re- 
searchers from Du Pont are using x-ray 
absorption spectroscopy at the NSLS to 
determine the various types of lead found 
in contaminated soils. 

One striking finding is the attraction of 
lead in soil for sulfur. When the two ele- 
ments are combined, the resulting lead sul- 
fide is highly insoluble, making it extremely 
unlikely that it would enter drinking water 
supplies.Suchresearchcan beused tomake 
decisions concerning public health. 

In another case, BNL researchers, with 
scientistsfrom the Savannah River Ecology 
Laboratory and the University of Chicago, 
are using x-ray absorption spectroscopy to 
study the specific oxidation states of toxic 
metals and radioisotopes in contaminated 
soils at U.S. Department of Energynuclear- 
processing facilities. Using an x-ray micro- 
probe to determine how the oxidation var- 
ies within the sample, the scientists collect 
data on the extent oftoxicity in the soil and 
the behavior of atoms in it. 

X-Ray Lithography 
A dramatic example oftechnology trans- 

fer at the NSLS came in 1988, when IBM 
announced that it had used x-ray lithogra- 
phy at the NSLS ultraviolet ring to make 
some of the world’s most densely packed 
computer chips. With only 0.5 microns 
between components, the test chips were 
approximately four times denser than any 
mass-produced chip ofthetime. Such den- 

sity promises vast increases in chip power 
and speed. 

Based on this success, IBM has since 
built its own synchrotron storage ring in 
East Fishkill, New York, where chips are 
now consistently made with features as 
small as 0.25 microns. The company is now 
working to bring this technology to the 
marketplace. 

As the technology progresses, the num- 
ber of circuits on chips is expected to in- 
crease approximately one hundredfold, 
making computers even faster and more 
powerful. 

Elsewhereat theNSLS, AT&TBellLabo- 
ratories is developing a technique called 
extreme ultravioletprojectionlithography. 
This techniqueuseslonger-wavelength light 
than IBM’s shadow-mask x-ray lithogra- 
phy.IntheAT&Tmethod,whichis far from 
the production stage, features as small as 
0.05 microns have been imaged. 

Another type oflithography-one that 
uses high-energy x-rays - is being devel- 
oped by BNL and University of Wisconsin 
at Madison researchers to produce me- 
chanicalcomponents that are several inches 
in size but match the precision of 
micromachines. These tiny mechanical 
componentsareused,forexample, to make 
fiber-optic devices and electric motors the 

.size of a pinhead. Successful development 
of this new lithographic technique into a 
full manufacturing process would expand 
micromachine applications and thus give 
the U.S. a competitive edge in the preci- 
sion-machining area. 

Medical Technology 
The NSLS is at the forefront of develop- 

ing promising medical technologies. 
Among them is transvenous coronary 
angiography, a technique that produces 
research-quality images of human coro- 
nary arteries. Since this angiography pro- 
cedurerequires catheterizing avein, rather 
than a plaque-clogged coronary artery as in 
the conventional method, risk to the pa- 
tient is reduced. 
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An estimated one million angiographic 
procedures are performed annually in the 
U.S. toassessatheroscleroticdisease,which 
is the number-one cause of death in the 
country.To make transvenous angiography 
more widely available, BNL scientists are 
currently working with two industrialpart- 
ners- Advanced Acoustic Concepts, Inc., 
and Science Research Laboratory, Inc. - 
to improve the image-display system and 
to produce a compact source ofhigh-inten- 
sity x-rays for hospitals and clinics. 

Polymers 
Polymers, chemical compounds made 

ofgiant molecules, are widely used in such 
products as plastics, nylon, rubber and vi- 

nyl. A new technique to study polymers at 
high spatial resolution has been developed 
at the NSLS by North Carolina State Uni- 
versity and the State University ofNew York 
at Stony Brook in collaboration with Dow 
Chemical Company, Du Pont and Exxon. 

Called x-ray absorption spectromicros- 
copy, the technique provides 50-nanometer 
resolution with little radiation damage to 
the sample. The new method gives infor- 
mation onthespatialdistributionofchemi- 
cal compounds and the orientation of spe- 
cific chemical bonds in polymers. These 
data can help researchers tomakenewpoly- 
meric materials with such desirable prop- 
erties as biodegradability, strength and 
durability. 

Before 
collecting 
powder 
diffraction data 
on a catalyst, 
Richard Harlow 
(left), DuPont 
Corporation 
and David Cox, 
BNL, make 
adjustments to 
the beam slits 
at beam line 
X7A. 
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In other polymer-related research, Dow 
Chemical has used the NSLS to develop a 
unique nonadhesive coating that requires 
no cleaning, which may be used on a wide 
range ofsurfaces, fromkitchen countertops 
to airplane wings. Instrumental to this dis- 
covery were data acquired from spectro- 
scopic techniques used at the NSLS in col- 
laboration with the National Institute of 
Standards and Technology to study the 
surface structure and composition of the 
material's constituent polymers. The new 
coating is made of both fluorocarbon and 
hydrocarbon molecules, which occur as 
parts of long polymer chains. 

Microelectronics 
Just as the microelectronics industry 

continues to build computer chips with 
increasing densities, the communications 
industry designs more and more sophisti- 
cated fiber-optics systems to carry infor- 
mation from one computer or telephone to 
another. 

Companies like AT&T Bell Laboratories 
and IBM come to the NSLS to study the 
atomic and electronic structures of semi- 
conductors and semiconductor devices. As 
the feature sizes become smaller on com- 
puter chips, the required power densities 
increase. This in turn leads to new effects, 
which must be understood in order to de- 
sign the next generation of chips. 

Scientists from IBMstudy the dynamics 
of electrons moving through semiconduc- 
tors at these high-power densities and com- 
pare the results with model calculations. 

Alastair 
MacDowell, 
AT&T Bell 
Laboratories, 
characterizes 
optics needed 
for extreme 
ultraviolet 
projection 
lithography on 
beam line 
X13UB. 
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AT&T scientists investigate how thin films 
of aluminum that connect semiconductor 
devices deform under conditions of high- 
power density by a process called 
electromigration. 

Defects and impurities play a critical 
role in semiconductor device performance. 
Scientists from the State University ofNew 
York at Stony Brook in separate collabora- 
tions with Northrop Grumman Corpora- 
tion and the U.S. Army’s Harry Diamond 
Laboratory are using a technique called x- 
ray topography at the NSLS to determine 
the types and densities of dislocations in 
semiconductor crystals. 

Magnetic Recording 
At least 25institutionsconductresearch 

at the NSLS on magnetic materials, as they 
are important for developing state-of-the- 
art recording devices. Techniques devel- 
oped at the NSLS since the 1980s have en- 
abled researchers to probe magnetic thin 
films with better accuracy and precision 
than ever before. 
. Researchers from the Naval Research 

Laboratory are using polarized x-rays at 
the NSLS to probe the structure of thin 
magnetic films of terbium iron, the main- 
stay of certain computer storage devices. 
The direction of magnetization in these 
fdms can be made to align perpendicularly 
to the film’s plane, which permits more 
efficient data storage. Studies at the-NSLS 
revealed that the perpendicular magneti- 
zationisrelated tosubtletiesin the arrange- 
ment ofthe iron and terbium atoms. Such 
research is essential for the design and fab- 
rication of more powerful storage devices 
for computers. 

At beam lines 
XlOB and XlOC 
are Exxon 
researchers 
Brian DeVries 
(front) and 
Michael 
Sansone. 
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1 0 0 0 0 Spanning a spectrum of 
interests that includes the 
environment, health, en- 
ergy science and technol- 
ogy, andmathematics, the 
Department of Applied 
Science puts basic re- 
search to work solving 
problems inno vatively. 
Current projects include 
high-powered computer 
models of groundwater 
movement, measure- 
ments of carbon dioxide 
levels in both the atmo- 
sphereandtheocean, and 
development of devices to 
improve home-heating ef- 
ficiency. Through coop- 
erative efforts with indus- 
try, both the nation's 
economy and the frontiers 
of science are advanced. 

haunting soil and groundwater. At facto- 
ries, landfills, power plants and weapons 
sites, radioactive and toxic elements con- 
taminate soil, ash and other waste. 

To fight the battle against pollutants 
produced by high technology would seem 

Tackling 
Toxics 

Around the nation, the legacy of 
America's20thcenturyindustrialandmili- 
tary prowess lingers in the environment, 
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to require a high-tech weapon. But, armed 
only with common citric acid, natural soil 
bacteria and sunlight, a team of microbi- 
ologists in BNL’s Department of Applied 
Science has developed and proved a three- 
part method toremove radioactiveand toxic 
hazards from the environment. 

The process takes advantage of some 
very useful properties of each of the three 
agents. For example, the same citric acid 
that gives orange juice its tang and helps 
keep processed foods fresh is also some- 
times used to remove hazardous metals 
from polluted materials. The acid binds up 
the hazardous elements, essentially “wash- 
ing” them out of the mix. 

Just as the human body easily processes 
orange juice’s citric acid, turning it into 
carbon dioxide, water and energy, so do 
bacteria. Thus, they hungrily attack the cit- 
ric acid-pollutant mix, in a process called 
biodegradation. The chemical-bond-break- 
ing potential of sunlight completes the 
three-part process. 

This year, the BNL-developed technique 
proved its ability, on the laboratory scale, 
to clean samples of radionuclide and toxic 
metal waste from several polluted indus- 
trial and military sites, including the U.S. 
Department of Energy’s (DOE) Y-12 and 
Fernald facilities. 

Also in 1994, the process was granted a 
U.S. patent and became the subject of a 
Cooperative Research and Development 
Agreement (CRADA), making it a good ex- 
ample of how basic research can yield mar- 
ketable applications. 

Reduce and Recycle 
Our microbiologists have been working 

for several years to understand the basic 
mechanisms by which some species of bac- 

Cleveland 
Dodge (left) 
and A.J. 
Francis prepare 
a presentation 
on the environ- 
mental 
remediation 
technique they 
developed to 
clean up toxic 
waste. 
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BNL 
Remediation Process 
Using Citric Acid 

and Biodegradation 

teria biodegrade metal-complexing agents, 
including citric acid, that are used to strip 
toxic metals from waste in a process called 
chelation. 

Citricacidis an effective chelatingagent, 
but when used to clean up spills, it creates a 
witches’ brew of citrates - compounds of 
citric acid combined with metal or radionu- 
clide pollutants. 

Fortunately, however, nature’s 
cornocopia of life holds microbes that can 
digest citrates and leave the pollutants be- 
hind to be recovered. 

After testing many strains of bacteria, 
our researchers isolated rod-shaped 
Pseudomonasjuorescens, a naturally-occur- 
ring soil microbe. It proved able to digest 
most citrates. 

It is unable to break the bonds in ura- 
nium citrate, however - a property that 
turned out to be a plus rather thana minus. 

Tests showed that after a few thousand 
hungry P.juorescens were added to a flask 
of pollution-laden citric acid extract, the 
bacteria degraded the citric acid and pre- 
cipitated most ofthe metals, while the ura- 

nium citrate remained in the liquid. The 
metalscanbedisposedofor, insomecases, 
recycled. 

But what of the uranium citrate? Addi- 
tional research showed that it can be fur- 
ther broken down by exposure to an ordi- 
nary light source, such as sunlight, crest- 
ing acetic acid, carbon dioxide and water, 
plus uranium trioxide, a dark precipitate. 
This photodegradation, as it is called, al- 
lows the uranium oxide to be collected and 
disposed of properly. 

During the process’ development, the 
BNL researchers were able to determine 
the exact form of uranium oxide that pre- 
cipitates, using BNL’s National Synchro- 
tron Light Source and spectroscopy equip- 
ment at the State University ofNew Yorkat 
Stony Brook. 

A Proven Procedure 
The technique of biodegradation with 

P.juorescens followed by photodegradation 
was granted a U.S. patent in March 1994. 
By then, a CRADA had already been signed 
with Forrester Environmental Services, 
Inc., a New Hampshire company, to test 
the process’ efficacy on incinerator ash. 
Initial results showed that more than 90 
percent of the lead in the ash was success- 
fully removed. 

We also began demonstrating the 
technique’s promise on samples sent from 
uranium-contaminated sites. This work is 
supported by DOE, with the goal of apply- 
ing the method to several sites under the 
agency’s purview. 

Forexample, a test onsludge from DOE’s 
Y-12 uranium processing facility at Oak 
Ridge, Tennessee, showed that biodegra- 
dation followed by photodegradation re- 
moved a list of metals from aluminum to 
zinc. Removal percentages ranged from 93 
percent for barium to 87 percent for ura- 
nium to 99 percent for thorium. 

Another test on citric acid extract con- 
taining heavy metals and uranium from 
DOE’s Fernald site in Ohio, a former ura- 
nium enrichment facility, produced simi- 
lar results. 

In addition to tests on radionuclide-con- 
taining waste, the BNL process is expected 
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to be useful on waste streams with only 
toxic components. This means it can be 
tailored to meet the needs of an individual 
site. Mine tailings, smeltingandpowergen- 
eration by-products, as wellas radioactively 
contaminated soil, wastes and incinerator 
ash, are all potential subjects for study and 
practical application. 

bursts of light and highly sensitive detec- 
tors to measure howefficientlyphytoplank- 
ton are using light in the process of photo- 
synthesis. 

The fluorometer has had a busy first 
year, being used on several research cruises 
all over the world, including Antarctica, 
equatorial regions of the Atlantic Ocean, 
and the Chesapeake Bay. 

On one cruise, in the southeastern Pa- 
cific, it helped confirm an important eco- 
logical theory relating to iron levels in the 
ocean. And a technology-transfer initiative 
with a Texas company blossomed into full 
production of BNL fluorometers in mid- 

and the ultimate rate at which photons are 
converted to photochemical work. 

Because these parameters are highlysen- 
sitive to such factors as nutrient availabil- 
ity, those measurements can produce an 
indication of nutrient conditions in the 
ocean and thegeneral“hea1th”statusofthe 
phytoplankton population under those 
conditions. 

Pumping Iron 
Answering this question of health was 

the main aim of a research cruise in the 
Pacific Ocean off the Galapagos Islands, on 
which the BNL fluorometer helped estab- 

1994. 

Measuring a Telltale Signal 
The fluorometer was developed by our 

researchers and built by our engineers over 

lish the answer to a question that has long 

While phytoplankton are plentiful in 
many parts of the ocean, some areas have 
much smaller populations, despite the 

Monitoring puzzled oceanographers. 
The Cornerstone 
Of the Carbon Cycle 

- -  
A routine part ofany medical checkup is 

taking the patient’s pulse, to assess the 
the past two years through funding from 
the U.S. Department of Energy’s Global 

ample nutrients available. Until now, the 
search for the cause ofthis scarcity has not 

health of his or her circulatory system. 
But when the “patient”is the global car- 

bon cycle, nature’s largest and most impor- 
tant circulatory system, taking that pulse is 
much more difficult. 

The cycle encompasses all forms of the 
crucial element carbon - in the atmo- 
sphere, in living things and in geological 
reserves. And the cornerstone of this cycle 
is the population of trillions of tiny ocean 
plants known as phytoplankton. 

Together, these floating flora act as a 
vast “sink,” or sponge, for the carbon diox- 
ide (CO,) produced when animals exhale 
and humans burn fossil fuels. 

Through photosynthesis - the ability 
to turn CO, and sunlight into sugars and 
oxygen - phytoplankton provide food for 
themselves and breathable air for the or- 
ganisms that need it. They are also the base 
of the ocean’s food chain. But their main 
importance is in helping to maintain a 
ba1anceofthe“greenhousegases”that regu- 
late solar heat loss from the atmosphere. 

In 1994, a new instrument for taking the 
pulse of this important population was 
added to the scientific “doctor’s kit” by 
researchers in BNL’s Department of Ap- 
plied Science. 

Called a Fast Repetition Rate Fluorom- 
eter, the instrument uses lightning-quick 

Change Program and the National Aero- 
nautics and Space Agency. 

Dissecting the instrument’s name re- 
veals much about its function. Fluorom- 
eters are a class of instruments used to 
measure the fluorescence emitted by pho- 
tosynthesizing plants - when plants con- 
vert sunlight and carbon dioxide to sugars 
and oxygen, asmall portionoftheabsorbed 
energy is wasted as fluorescence, with a 
signal that is inversely proportional to the 
photosynthetic efficiency. 

The term “fast-repetition rate,” mean- 
while, indicates the instrument’s design for 
exciting this fluorescence signal. By bom- 
barding a sample of phytoplankton with 
repeated flashes oflight carehlly controlled 
for intensity and repetition rate, and then 
precisely measuring the resulting fluores- 
cence, it is possible to calculate exactly how 
much ofthe light, as measured in photons, 
the tiny plants are able to use. 

Calculations can then be made to derive 
different photosynthetic parameters. These 
include the effectiveness oflight collection, 
also called the photon absorption cross- 
section, a measurement ofthe size and effi- 
ciency of the plant’s “antenna” of light- 
absorbing molecules. Also calculated are 
the photosynthetic yield, which is a mea- 
sure of photosynthetic work per photon, 

turned up a satisfactory explanation. But 
the Galapagos cruise, led by scientists from 
Duke University and Moss Landing Ma- 
rine Laboratory in California, tested a re- 
cent theory that a lack of iron was at the 
heart ofpoor phytoplankton performance. 

Severalinstruments, includingourfluo- 
rometer, were used to quantiftphytoplank- 
ton activity before and after the addition of 
ferrous sulfate, an iron compound, to a 50- 
square-kilometer area ofocean. Within one 
day, our instrument’s precise detectors 
picked up an increase in phytoplankton 
activity, indicating that iron limitation had 
indeed been a cause of the area’s low pro- 
ductivity. 

These findings do not mean that fertiliz- 
ing the ocean with iron could be a quick fix 
for the world’s overabundance of CO,, 
which is considered a major factor in global 
climate change and the heightening of the 
“greenhouse effect.” But they are impor- 
tant to understanding the potential effects 
of anthropogenic, or human-caused, glo- 
bal change on the delicate balance among 
nature’s linked cycles and, therefore, on 
the vital phytoplankton communities. 

Forexample,ironis brought to theocean 
by winds from land masses. Ifglobal warm- 
ing due to excess anthropogenic CO, causes 
a change in wind patterns, that could affect 
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phytoplanktons' iron supply \ and.tlyeby the fluorometer technology 
change the ocean's ability to absorb CO-gem, began 

Cruising the World 
BNL fluorometers aided scientists on 

several other cruises this year. In March, a 
submersible version was moored in the 
Chesapeake Bay near the Maryland coast, 
to collect data until our scientists returned 
in June. 

Also that same spring, a German team 
brought one ofour instruments to Antarc- 
tica to study factors affecting phytoplank- 
ton distribution at high latitudes. 

Meanwhile, Environmental Monitoring 
Systems of Dumas, Texas, our partner in 

me~i5Il~inmid=199KTh~first model to 
be made, a moored variety similar to the 
one used in the Chesapeake, had potential 
buyers lined up well before the first batch 
of 10 rolled off the assembly line. More 
designs are planned, as our fluorometer 
continues to prove its worth to oceanogra- 
phers around the world. 

Zbigniew 
Kolber (left) 
and Paul 
Falkowski 
prepare the 
Fast Repetition 
Rate Fluororn- 
eter for yet 
another 
oceanographic 
cruise. 
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0 0 0 0 Brookhaven's unique 
physical and chemical 
science resources and fa- 
cilities are used by Medi- 
cal Department scientists 
to develop new medical 
applications of nuclear 
technology and to under- 
stand effects of energy- 
related agents on human 
health. Researchers im- 
prove radiotherapy and 
nuclear medicine proce- 
dures, develop new 
radiopharmaceuticals and 
explore methods for 
noninvasive measure- 
ment of trace elements in 
humans, as well as the 
mechanisms of disease. 

u Mkdicd 
~Dlepartmellt / 

gravely ill - and almost overnight, it 
seemed, she died. Her killer was one of the Wiping Out 

Cancer Cells lesser-known deadly forms of cancer, non- 
Hodgkins B-cell lymphoma. 

But there is hopeful news for patients 
stricken by this fast-acting cancer. 

Suddenly, in May 1994, the news broke 
that Jacqueline Kennedy Onassis was 
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An isotope of copper - copper-67 - 
which was developed by scientists in 
Brookhaven’s Medical Department, shows 
promise as a therapy for this lymphoma. Of 
the three patients treated so far in clinical 
tests at the University of California, Davis 
(UC Davis), one of our collaborating insti- 
tutions, onepatientdidnotrespondtotreat- 
ment, but one responded in part, and the 
third had his cancer go into complete re- 
mission. Work is continuing on adjusting 
treatment protocol and dosage, and it is 
hoped that patient response will improve 
considerably. 

How does this promising therapy work? 
Copper-67 emits beta radiation, which has 
enough energy to kill tumor cells, yet stops 
short ofdamaging surrounding healthy tis- 
sue. Also, it emits gamma rays, which can 
be detected and used to reconstruct an im- 
age of the tumor site. 

To produce it, however, requires con- 
siderable expertise and a sophisticated fa- 
cility such as the Brookhaven Linac Isotope 

7 

Producer (BLIP) at BNL. Our scientists are 
assisting the two or three other groups in 
the world working at comparable facilities, 
so that theycanmakemoreofthisradioiso- 
tope. The complicated chemistry needed 
to attach copper-67 to antibodies and to 
other carrier molecules is also being inves- 
tigated at Brookhaven and elsewhere, along 
with UC Davis. 

Using the BLIP along with our High Flux 
Beam Reactor and cyclotrons - a unique 
cluster offacilities for such research- BNL 
scientists have also identified three other 
beta-emitting radioisotopes with gamma 
emission for radiotherapy of cancer: scan- 
dium-47, samarium-153 andgold-199.The 
latter was developed in partnership with 
researchers in the Biology Department. 

All these Brookhaven-developed iso- 
topes are expected to prove effective pro- 
tagonists in the battle against various can- 
cers. 

The Isotope Carriers 
Developing the isotopes, however, is 

only part of our research. Their delivery to 
the tumor is an ongoing concern at  
Brookhaven and other laboratories world- 
wide. 

In this effort, scientists are helped by 
nature, which provides antibodies, natural 
troubleshooters that rush towards a par- 
ticular disease-causing intruder, or anti- 
gen, to destroy it. In 1975, a method of 
cloning antibodies was discovered in Brit- 
ain, allowing the large-scale production of 
highly specific “monoclonal” antibodies. 
Since then, monoclonal antibodies have 

At the Hot 
Laboratory 
(from left) 
Leonard 
Mausner, 
George 
Meinken, 
Suresh 
Srivastava and 
Slawko 
Kurczak are 
preparing 
copper-67 for 
lymphoma 
patients. 

been developed against antigens of most 
common solid tumors and for various skin, 
blood and soft tissue cancers. 

Monoclonalantibodies can be “labeled,” 
or combined with radioisotopes; thus they 
can carry an additional weapon with which 
to attack their antigen foe. In addition, the 
tiny doses ofradioactivity emitted from the 
isotopes over several days can be tracked 
and imaged. This allows doctors to “see” 
the tumor’s position and size. So, radiola- 
beledantibodiesnot onlyscoutouttheway 
to the tumor, but also deliver a lethal dose 
of radiation to the tumor cells and signal 
how the treatment is working by showing 
changes in the tumor’s size. 

Experience has shown that radiolabeled 
antibodies are most effective at the earliest 
stage of a cancer or after a large tumor has 
been cut away and the area treated by con- 
ventional methods such as chemotherapy 
and external radiation. In both cases, the 
antibodies can track down and help elimi- 
nate the disseminated micrometastases and 
larger tumor cell clusters that will spread 
the cancer later, 

Bound to Bind 
Early studies oflabeled monoclonal an- 

tibodies show that although they worked 
well in laboratory tests, many ofthem tend 
to break apart once in the human body. As 
expected, the “freed isotopes were natu- 
rallyattractedtothekidneysandliver, then 
excreted with little or no adverse effects on 
the patient. But the tumor remained 
unattacked. 

After studying this problem and using 
new state-of-the-art binding techniques, 
our scientists developed a number ofunique 
rigid chelating, or binding, agents. For sev- 
eral days, the active lifetime ofthe isotope, 
these two-armed agents hold the mono- 
clonal antibody firmly attached to one arm 
and the isotope fixed to the other. The rigid 
format also retards the natural “chopping 
up” action taken by the body against the 
metal radionuclide and the antibody. 

Four ofthese rigid chelating agents have 
been isolated and patented by ourresearch- 
ers. Some successful preclinical and clini- 
cal tests have been done at Brookhaven and 
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at the University of Nantes, France, and 
more are expected to follow at Beth Israel 
Hospital in New York, the National Cancer 
Institute (NCI), and the State University of 
New York (SUNY) at Buffalo, all of which 
collaborate with Brookhaven in this work. 

In one set of imaging tests in France 
using our chelating agents to hold mono- 
clonal antibodies and an isotope ofthe ele- 
ment indium, there was a threefold reduc- 
tion in the amount 0f“breakaway” indium 
taken up by the liver. Because of this, the 
indium that reached the tumor showed up 
clearly. Thus, for the first time, a liver tu- 
mor was successfully imaged. 

The Brookhaven patent holders have 
already been approached by industry with 
a view to starting a technology transfer ef- 
fort to make our chelating agents available 
commercially. 

New Directions 
Recently, advanced techniques for di- 

viding up monoclonal antibodies have 
made it possible to isolate fragments or 
“single domain” polypeptides, which are 
often the business ends of the antibody 
that lead the rest to the tumor. We are 
collaborating with scientists from various 
other institutions, including the Wistar In- 
stitute, NCI and Yale University, to do re- 
search in this area, using our isotopes and 
chelating agents. 

A recent focus has been our work on 
colorectal cancers, as well as on breast and 
ovarian cancers. In addition, we are devel- 
oping antibody-based imaging agents for 
diagnosing life-threatening blood clots and 
other blood-vessel wall diseases. 

License to Kill - 
New Boron Compound 
To Destroy Can& 

A new boron compound developed at 
Brookhaven promises to play a key part in 
treatment aimed at destroying the malig- 

nant cells of glioblastoma multiforme, an 
as-yet-incurable brain cancer. 

Affecting about 7,000 Americans annu- 
ally, this cancer gives a life expectancy of 
only nine months for 50 percent of its vic- 
tims, with fewer than three percent surviv- 
ing beyond five years. 

In Brookhaven’s Medical Department, 
however, researchers have high hopes for 
an experimental treatment called boron 
neutron capture therapy, which they have 
proven effective in animals with a similar 
brain cancer. Now, with clinical trials un- 
der way, the prospects for treatment of 
human brain-cancer patients with the 
therapy at BNL are extremely promising. 

Boron Neutron Capture Therapy 
In this therapy, a compound containing 

the element boron is administered to the 
brain cancer patient. The compound pref- 
erentially accumulates in malignant brain 
tumors, and so the boron enters the tumor 
rather than the normal tissue. 

The tumor is then irradiated with low- 
energy neutrons produced at a nuclear re- 
actor. Some of the boron nuclei absorb 
some of these neutrons and then self-de- 
struct-releasing powerful, but very short- 
ranged, radiation. Because the boron is 
mostly concentrated in the tumor cells, the 

cancer can be destroyed without seriously 
affecting normal brain cells nearby. 

Research on this therapy originally 
started at Brookhaven in the 1950s, but the 
clinical trials, as well as those done at the 
Massachusetts Institute of Technology at 
about the same time, were disappointing. 
The boron compound used then did not 
selectively accumulate in the tumor. Also, 
the neutron beam did not penetrate deeply 
enough into the patient’s head to destroy 
the tumor without harming surrounding 
healthy tissue. So, the trials were halted, 
but our investigators and outside collabo- 
rators continued working to overcome these 
problems. 

Key Improvements 
With the 1980s came improvements in 

two key areas. First, our researchers showed 
that a then-obscure boron compound 
known as BPA compared favorably with 
other compounds for boron neutron cap- 
ture therapy. In 1989, Brookhaven scien- 
tists received a nuclear-medicine research 
grant from the U.S. Department oanergy’s 
Office of Energy Research to test BPA. 

The tests proved that three to four times 
more BPA accumulates in tumors than in 
normal tissue. Rat tumor cells were shown 
to be more sensitive to the therapy than 
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Using a direct- 
current plasma 
atomic- 
emission 
spectrometer, 
(from left) 

‘Dayel Joel, 
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concentration 

measure the 
boron 

in a tissue 

\ 
was their normal‘b ain tissue. Together, nal tests. But human brain tumors being 
these factors produce h xQherapeutic ratio deeper, require a beam of higher energy. 

plies the neutrons. And a 

a patient’s exposure 

Clinical Trials 

Was studied in patients who received the 
(tumor dose to normal b r h d q e )  of 6:1, When the beam reaches the tumor,fhe’compound intravenously, in a collabora- 
significantly higher than any obt&ed-us\ 
ing other boronated compounds for this 
therapy elsewhere. 

Using BPAinourstudiesofanimals with 
gliosarcoma, a type ofbrain cancer, over 90 
percent of the tumors were eliminated and 
theanimals lived. Aftera year, furtherstud- 
iesshowed that littledamage hadbeendone 
to normal brain tissue. 

Most animal brain tumors, being close 
to the surface, can be treated with the low- 
energy beam of neutrons used in the origi- 

neutrons have slowed into the o d e r g y  

compound. 
The development of this intermediate- 

energy neutron beam is the second key to 
the success of this therapy at Brookhaven. 
Pioneered by our researchers in the 198Os, 
the beam, as one of only three in the world, 
is the most intense. 

Recently, the beam intensity has been 
improved still further by a rearrangement 
ofthe fuel elements in the reactor that sup- 

. rangethat-can-be-cap 4 ured by the boron 
tive effort involving the Beth Israel Medical 
Center ofNew York City. 

Meanwhile, our Medical Department 
scientists continue their research. By the 
end of the fiscal year, we will be well on the 
way to determining the highest dose ofneu- 
trons that can be tolerated without causing 
damage to normal brain tissue and the best 
doseofBPAtomatch theneutronintensity. 
With this information, a solid protocol can 
be established for the complete treatment 
trials soon to begin. 
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0 0 9 0 The broad range of re- 
search in the Chemistry 
Department has a single 
goal: the fundamental un- 
derstanding of the prop- 
erties of nuclei, atoms and 
molecules. Using the spe- 
cial facilities, apparatus 
and techniques available 
at Brookhaven, chemists 
discover detailed struc- 
tural and spectroscopic 
information on solids, liq- 
uids and gases, and the 
dynamics of physical and 
chemical change. 

ofthe new Brookhaven Center for Imaging 
and Neuroscience. 

Funded jointly by the U.S. Department 
of Energy and the National Institutes of 
Health, the building is expected to be com- 
pleted in early 1995. It will house an ex- 

New BNL Imaging and 
Neuroscience Center 

A brand-new building willsoon be mak- 
ing its mark on the BNL landscape -part 

cp 
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tremely powerful - four-tesla -magnet, 
which will be used for magnetic resonance 
imaging (MRI) research. 

The four-tesla MRI facility will be one of 
three complementary imaging methods on 
which will be founded the center’s workon 
understanding the relationship between 
mental and physical processes in the hu- 
man brain. 

The other two-thirds of the center will 
be the positron emission tomography, or 
PET, facility, which has gained world re- 
nownsince beginning operations at BNLin 
the 1970s, and the Medical Department’s 
Single Photon Emission Computed 
Tomograph (SPECT), which started re- 
search in the mid-1980s. 

will further strengthen interaction between 
the Medical and Chemistry Departments. 

The PET and SPECT techniques use in- 
jectedradiopharmaceuticals tostudymeta- 
bolic processes and the movement ofdrugs 
in the human body. PET research at BNL 
has included studies of schizophrenia, 
Alzheimer’s disease, brain tumors and sub- 
stance abuse. 

MRIgives clear, detailed pictures ofsoft 
tissue deep in the body, but the picture is 
obtained differently from PET. MRI uses 
the response of the body’s own protons to 
an exterior magnetic field to produce an 
extremely clear picture of their spatial dis- 
tribution. This has led to MRI’s being quite 
commonly used in general medicine to di- 
agnose damaged tissues invisible to x-rays. 

A Unique Opportunity A Forefront Investigative Tool 
Now, recent technological advances 

have greatly speeded up MRI’s image-mak- 
ing. Images are formed so swiftly that they 
can be used in forefront research on cogni- 
tive neuroscience- making MRI a worthy 

The new center will provide a unique 
opportunity to combine PET, MRI and 
SPECT in coordinated research, getting 
new, invaluable cross references. Also, it 

Also, when a part ofthe brain is used, more 
blood flows to it. Yet initially, little of the 
extra available oxygen seems to be con- 
sumed. Therefore, blood oxygen levels rise 
in an area ofmental activity-and this can 
be detected by MRI. 

Four Teslas for Research 
BecauseMRI can detect these functional 

changes, scientists often refer to this use as 
functional MRI, or fMRI. When powered 
with a large magnet with a field strength of 
four teslas, fMRI gives the high spatial reso- 
lution images that have made it a top-rank- 
ing technique for the latest neuroscientific 
research. 

The exacting research to be done at BNL 
will requiresucha four-tesla magnet. Clini- 
cal work in this country is accomplished 
using magnets oftwo teslas or less. But our 
scientists will be doing fMRI studies, dis- 
tinguishing between tissue regions at least 
as small as one to two millimeters. 

Only three other four-tesla MRI facili- 
ties are operating in the world, all in the 
U.S. and all federally approvedforresearch. 
fMRI is a totally noninvasive technique, 
and, since the signals come directly from 
functional changes in the subject, together 
with information on the structure of the 
active region, researchers get an excellent 
picture of what is happening. 

The Brookhaven four-tesla instrument 
will also be important for pursuing 
relaxographic MRI. This new, fundamental 
form of MRI was developed by researchers 
from the State University of New York at 
Stony Brook, who will be working with our 
chemists at the new center. Relaxographic 
MRI potentially produces, for example, ex- 
traordinarily clear, living maps of the pre- 
cise position and volume of cells in differ- 
ent parts of the brain or other organs. 

With the added advantage of collabora- 
tiveworkwithPETandSPECT, weexpect to 
carry out valuable studies in the rapidly 
developing field of neuroscience. 
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Top Research 
Wsh Catalvsts 
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Most people hate to paint ceilings - 
but the job became much less messy when 
manufacturers came out with dripless, ep- 
oxy-containing paint. And think of epoxy 
resins - how much cheaper and easier 
they make it to repair boat hulls. 

The epoxidation process involves a com- 
plex chemical reaction that, in the presence 
of a suitable catalyst, converts the starting 
material to a product with the desiredprop- 
erties. So, understanding this fundamental 
process is useful for everyday applications. 
This kind of understanding is generally 
achieved by doing basic research in a labo- 
ratory. 

In the Chemistry Department at Brook- 
haven, our chemists do basic research on 
the surfaces of catalysts. Since catalysts are 
complex systems, the research is done on 
models that areeasiertouseinexperiments, 
yet give similar results. This information 
can then be helpful in the more compli- 
cated system. 

Our researchers probe the exposed sur- 
faces ofsimple metals and compounds that 
have molecules adsorbed on them -that 
is, attached to their surface - to see how 
the bonding interactions are affected. They 
study how bimetallic alloys react when 
heated or cooled, with or without the aid of 
a catalyst. The role of alkali metals as cata- 
lytic promoters is also examined, as well as 
ways to prevent the accumulation of by- 
products made in the reactions, which may 
have a slowing-down effect. Any of this 
knowledge is likely to be useful to industry. 

So, when our chemists find out some 
new information, it becomes part of a gen- 
eral base of understanding that industry 
can draw on to create specific products or 
change or improve existing ones. 

To do these extremely precise investiga- 
tions, several techniques are used, all fo- 
cused on revealing the relations between 
the structure and reactivity of a sample. 

In electron spectroscopy, for example, 
the sample is bombarded with x-rays. Elec- 
trons are emitted, and their energy mea- 
sured to obtain information on the detailed 
makeup of the sample. Vibrational spec- 

troscopy, on the other hand, follows the 
changes in the spectra that result from an 
experiment to show what kind of species 
will be adsorbed on the surface ofa sample. 
In yet another technique, thermal desorp- 
tion, the sample is steadily heated while 
researchers monitor the species that are 
produced. 

Since each technique sheds light on a 
different aspect of what happens in the 
sample, each makes a unique contribution 
to the final all-round understanding of the 
process. A consistent picture ofhow a mol- 
ecule interacts with a surface on a molecu- 
lar scale should emerge in the near future, 
allowing engineers and others to design 
and tailor catalysts to fit new market needs. 

Jan Hrbek 
positions a 
crystal sample 
to prepare for 
an ultrahigh 
vacuum 
experiment. 
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IO A Chemical Quest 01 
Industry When it’s heated ... The Industrial Case 
uses silver 
supported on The 5i\verf0rrn 

aluminum 
oxide in a 
polyc ry sta I I i ne 
form. 

:, ;.A,- *, Q Polycrystalline aluminum oxide 
* * ’ * 0.8 0 *, * , is hard t o  use in experiments. 
* * *  8 . .  @ . . a *  # * d  
* * 8 . . 9 . . . I 8  

B u t  - what happens t o  the 
supported silver under other 
conditions? Engineers need t o  know. It’s too powdery. 

50, our 
chemists seek 
another form of  
supported silver 
t ha t  acts in a 
similar way, yet  
is easier t o  use 
in experiments. 

We try heating silver on ruthenium. 
/ /  

5ilver on ruthenium with an oxygen layer? 
We try that, too. A 

50, we try silver on a thin film of 
aluminum oxide on ruthenium. 

But the  
res u 1 t 5 
are not 
similar 
t o  those 
of  the 
industrial 
case. 

These 
results 
are not 
like those 
of the 
industrial 
case, 
either. 

What’s next? This form o f  silver on aluminum oxide thin fi lm 
can be used in many experiments t o  model the  industrial case. 

Basic research can make a difference in everyday life! 0 0 



: Technology initiatives, 
waste and environment, 
safetyandarms control- 
these are the Department 
of Advanced Tech- 
nology’s principal fields 
of expertise. Reflecting a 
response to national 
needs, in addition to 
nuclear-energy work, 
many programs are ex- 
panding into areas of in- 
creasing technical diver- 
sity. 

A 

Expressway- known locally as the world’s 
longest parking lot-is a rush-hour night- 
mare. Traffic can be brought to a standstill 

TrafficTie-ups 
Like most United States’ highways giv- 

ing access to major cities, the Long Island 
by a single breakdown several miles ahead. 
Now, however, scientists from Brook- 
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haven’s Department ofAdvancedTechno1- 
ogy, with colleagues from Polytechnic Uni- 
versity, have proved for the first time that it 
is possible to predict, and therefore help 
prevent, the worst traffic jams. 

To achieve its goal, the team developed 
a package of powerful computer software 
called ATOP, for Advanced Traffic Occu- 
pancy Prediction. 

ATOP includes a number of different 
information sources and analytical tech- 
niques. It draws on current data on the 
state of the highway as well as historical 
traffic flow patterns, then feeds the infor- 
mation through sophisticated statistical 
computer routines. The result is a forecast 
of traffic volume entering and exiting an 
area of the highway. 

Then, using conservation equations, 
ATOP simulates the movement of the traf- 
fic through the highway system. All the 
while, more information on actual traffic 
movement pours into the computer model 
so that the resulting prediction can be con- 
tinually updated. 

Information Helps Safety 
Working closely with the researchers at 

Brookhaven are members ofthe staff ofthe 
INFORM system, which is run by the New 
York Department off  ransportation, spon- 
sor of ATOP. INFORM, part of the Intelli- 
gent Vehicle Highway Systems program, is 

At the INFORM 
highway- 
monitoring 
center, s o o n  to 
include an 
ATOP traffic 
simulator, are 
BNL‘s Aii 
Azarm (left) 
and (from 
right) Robert 
Hall, Elizabeth 
Selcow and 
David Stock, 
with INFORM 
director Robert 
Rosendahl. 
Also o n  the 
ATOP team is 
Said 
Mughabghab. 

an advanced traffic management system 
that collects and evaluates roadway data, 
but lacks ATOP’s predictive capacity. Since 
ATOP will eventually communicate directly 
with INFORM, such cooperation is an es- 
sential part of the project’s success. 

With ATOP to predict delays on the road 
ahead, drivers could help eliminate traffic 
jams by changing to a less congested route. 
Also, in areas where little or no new high- 
way capacity is expected to be funded in the 
near future, “intelligent” transportation 
systems like ATOP could take on even 
greater significance. If traffic is running 
smoothly, pollution is less and fewer acci- 
dents may occur. 

So, not only should ATOP increase effi- 
ciency by reducing congestion, but also, it 
may help to decrease environmental im- 
pact and increase public safety. 

Real Time Model 
Already, INFORM has a system of com- 

puterized signs in place on the Long Island 
Expressway and the Northern State and 
Sagtikos Parkways. The signs alert motor- 
ists to the state of traffic ahead, but they 
only tell drivers what is currently happen- 
ing, not what they can expect by the time 
they get there. 

That’s where the unique ATOP advan- 
tage would help. Using extensive experi- 
ence in nuclear engineering, physics and 
statistics, the ATOP team has developed a 
simulation model that is the first ofits kind. 
The model not only operates in real time- 
as things happen - but also includes soft- 
ware that runs even faster than real time, to 
give a prediction. 

Info for INFORM 
TomakeATOPwork,first, asignalfrom 

a vehicle passing over INFORM’S system of 
detectors embedded in the roadways goes 
to the INFORM center. There, it is com- 
bined and analyzed with data from the en- 
tire highway. Then, the ATOP team’s soft- 
ware is applied to INFORM to add in the 
speed of the vehicle and the density of sur- 
rounding traffic, both obtained from the 
detectors’ readings, as well as weather, ac- 
cident and construction information. 

Private Sector Potential 
ATOP’s implications extend beyond 

messages to the motorist already on the 
road. Up-to-the-minute traffic predictions, 
if distributed to TV and radio stations and 
cellular phone companies, could help mo- 
torists in planning a trip. 

0 

miles of ’A/& Timein 
highway minutes 

This ATOP 
traffic 
simulation 
s h o w s  
predicted 
congest ion 
along a 
highway over 
a gtl-minute 
period. 
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Sealing - 

When do penguins act as seals? 
In real life, the answer is never. But 

Brookhaven’s Department of Advanced 
Technology penguins are unusual speci- 
mens. Small, bronze-like statues, they are 
samples made from used testing material 
to display the new sealant compounds be- 
ing investigated by our scientists. These 
penguins represent the polymer materials 
we have designed to surround and contain 
underground contamination, sealing it in 
to prevent leakage. 

Around the United States are certain 
sites where chemicals or other contaminat- 
ing materials were dumped, or waste was 
buried long ago in containers that are be- 
ginning to fail. Through the action of rain- 
water, the contaminants a t  these sites 
threaten the environment by seeping out 
and spreading underground. Yet com- 
pletely removing them may be too expen- 
sive to be practical. 

Capping over the contaminated site with 
clay has not proved to be totally effective. 
This is because the moisture under the cap 
can draw the contaminants toward the cap 
boundary, to join with other moisture on 
the way to the groundwater. 

Another solution is to surround the con- 
taminants with underground barriers, 
which are constructed by pumping liquid 
grout into the soilandlettingitset. Barriers 
can block the natural water, vapor-and- 
gas, or transpiration pathways that carry 
contaminants with them. Also, barriers can 
be made to direct contaminants to sumps 
where they can be collected. Thirdly, barri- 
ers can provide time to clean up a contami- 
nated site. 

But conventional concrete is susceptible 
to cracking and degradation, so the ques- 
tion arose: what should the barriers bemade 
of! At the request of the US. Department 
ofEnergy’s (DOE) Office ofl’echnology De- 
velopment, scientists and engineers in 
Brookhaven’s Environmental and Waste 
Technology Center have been playing a key 
role in research on barrier development. 

Best Barriers 
After investigating and identifying the 

regulatory issues and basic assumptions 
associated with installing barriers, our re- 
searchers started developing barrier mate- 
rials and testing them for durability and 
performance under typical conditions at 
DOE waste sites. 

Barrier materials have to be compatible 
with both the soil and waste conditions 
specific to each site. Each site, therefore, 

A 

Column jet 
grouting 

must have its own barrier material, which 
consists of soil from the site mixed in vary- 
ing proportions with, for example, a sulfur 
polymer or a polymer compound. Samples 
of each possible barrier material are rigor- 
ously tested for such characteristics as per- 
meability to water and chemical resistivity 
to acid, base and solvent conditions. 

Ingenious Installations 
Another problem to consider is the 

method ofinstalling the barrier. In thepro- 
cesscalledjetgrouting, thegroutisinjected 
into the groundthrough rotatingtubes that 
are slowly withdrawn as the high velocity 
jet mixes the soil and grout into a column 
about one meter in diameter. The grout 
sets in the soil, forming the barrier, which 
is made continuous by overlapping the in- 
jection zones (see diagram). 

When the soil is closely packed, the 
SoilSawTM method can be used. It works by 
the sawing action ofa long beam with mul- 
tiple jets along it, which is connected to an 
excavator equipped with high pressure 
pumps that force the grout out of the jet- 
ting nozzles ofthe beam. As the beam saws 
up and down in the ground, the jets spray 
the grout, which hardens into a barrier. As 
soon as the beam reaches the desired depth 
and cutting angle, the excavator moves 
backward, pulling the beam along the path 
where the barrier is needed (see diagram). 

Praiseworthy Polymers 
After testingmany possible compounds, 

our researchers found that, for applications 
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\ where impermeability, high strength and 
long-term a’urability are required, certain 
polymer compounds give excellent results. \ 

\ These compounds a 
andliquids and 

they have four to five times c o n c r e t e ’ i  
sile strength. 

Using polymers that are available com- 
mercially, we have now completed 18 bar- 
rier materials that can be used to solidify 
radioactive, mixed-radioactive, chemical 
and other hazardous waste. 

In addition, we have established a valu- 
able data base on how the many materials 
we tested react as sealants under specific 
conditions. 

SoilSawTM 
barrier installation 

John Keiser 
holds some of 
the penguin- 
shaped 
samples of new 
barrier 
compounds 
developed at 
BNL. 

Jetting beam starts 

High-pressure jets of grout slurry 
liquify soil. As beam is stroked, 
it sinks into the ground, 
leaving a “mixed-in-place” 
barrier wall 

As jetting beam reaches 
45 degrees, the crawler unit 
begins moving backward 
just fast enough to maintain 
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0 0 0 0 0 0 Whenatechnologycomes 
along that can be used by 
many at BNL, the coopera- 
tion that springs up to 
bring that technology’s 
promise to life is astound- 
ing. Such was the case 
this year with asynchro- 
nous transfer mode (ATM) 
networking. From demon- 
strations of how our sci- 

The Information 
Superhighway: 
If You Build It, 
They Will Come 

One of 1994’s most-used phrases was 
“information superhighway.” But while this 
worldwide computerized communications 
network is only an abstraction for most 
people, it is already a reality for researchers 
in several of BNL’s departments and divi- 
sions. 

This year, the Laboratory took an active 
role in incubating new ideas on how to use 
high-speed, high-tech communications 
equipment to enhance scientific and medi- 
cal research. 

entists are already using 
this revolutionarycommu- 
nications approach, to 
plans for future applica- 
tions, ATM brought re- 
searchers together in true 
interdepartmental coop- 
eration. The cooperative 
networkstretched into in- 
dustry and other research 
institutions as  well. 

Through interdepartmental coopera- 
tion led by the Computing and Communi- 
cations Division (CCD) and involving re- 
searchers in the Applied Science, Medical 
and National Synchrotron Light Source 
departments, and the Relativistic Heavy 
Ion Collider Project, we continue to ride 
the very leading edge of an exciting and 
rapidly evolving technology known as 
asynchronous transfer mode (ATM) net- 
working. 

Always Transmitting More 
Capable of ATM-voluminous amounts 

of data in the blink of an eye, ATM net- 
works differ from the traditional informa- 
tion superhighway infrastructure. They 
transmit “fast packets” of data between 
communicating systems, using high-capac- 

ity circuits that provide guaranteed band- 
width for that transmission - rather than 
relying on telephone cables where data 
transmission is slow and prone to interrup- 
tion. 

Even in its infancy, ATM technology al- 
lows “real-time” - as it happens - com- 
munication of data, video images and 
sound. 

Usingfiber-opticcables, ATM networks 
can now transmit data on the information 
highway at a pace that would violate any 
normal highway’s speed limit: 155 million 
bits of data per second. In the future, this 
number will go into the gigabyte (billions 
of bits) per second range. 

And with increases in data capacity and 
the number of connections on the way, our 
researchers have set their sights on the vast 
expanse of communications potential that 
lies beyond today’s horizon. Connections 
to colleagues around the state and across 
the nation are no longer a futuristic vision, 
but a very near reality. 

Meanwhile, the companies whose equip- 
ment, cable and technical assistance pro- 
vide the means for this communication are 
gaining a solid understanding oftheir tech- 
nologies’ potential. 

Today’s Catch: FISHNET 
The first on-ramp to the infohighway 

connecting BNL with other scientific insti- 
tutions has a fishy name: FISHNET, for Fi- 
ber-optic, Island-wide Super High-speed 
NETwork. But there’s nothing fishy about 
it. 

Proposed in 1992 by a committee of 
scientists from BNL, the State University of 
New York at Stony Brook and Cold Spring 
Harbor Laboratory, FISHNET began link- 
ing BNL and Stony Brook in early 1994. It 
uses fiber-optic cable, ATM switches, soft- 
ware and technical support provided by 
several Long Island companies, including 
Cablevision Systems Corporation and the 
Long Island-based Data Systems Division 
of Northrop Grumman Corporation. 

During a demonstration coordinated by 
CCD in February 1994, physicians at Stony 
Brook‘s University Medical Center con- 
versed face-to-face with one of our physi- 
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cists through a FISHNET video link. All 
watched as a patient at Stony Brook went 
through preliminary preparations for ra- 
diation therapy. Then, complex instruc- 
tions for positioning her later in the Radia- 
tion Therapy Facility at BNL’s Medical De- 
partment were sent directly and swiftly over 
the line. 

Meanwhile, other physicians at Stony 
Brookviewed images of patients’coronary 
arteries, made at  the transvenous 
angiography facility at BNL’sNationalSyn- 
chrotron Light Source. 

This kind ofreal-time medical data and 
image transmission saves physicians, sci- 
entists and patients travelandwaitingtime, 
and holds great promise for teleconferenc- 
ing meetings and morning chart rounds. 

Also at the FISHNET demonstration, our 
Applied Science researchers saw that the 
“movie” created by their computer model 
of groundwater pollution movement can 
be visualized from a remote site - in this 
case, the data were transmitted 30 kilo- 
meters from a supercomputer at Stony 
Brook to BNL. 

The model will eventually be used on a 
powerful massively parallel supercomputer 
at Oak Ridge National Laboratory in Ten- 
nessee, and the results transmitted to envi- 
ronmentalrestorerselsewhere to help them 
plan the best course of cleanup action. 

A NYNET State of Mind 
ATM is not limited to Long Island - 

BNL also became part of a statewide ATM 

NavYorkNetwork 0 
Connects BNLand Institutions AmnndtheStateThmugh anAl31 Nehvork 

1. US.AirFom,RomeIaboratories, R0rne.N.Y. 
2. BluseumofSdenceLTechology, 

3. North-EartParallel ArcthitfftureCenter. 

4. Cornell Theory Center, Cornell Unii ersity, 

5. NYNWSdence&Techology,Inc., 

6. ColumbiiaUniversity, NeivYork N.Y. 
7. Po1)technic University ofh’ew York 

8. ColdSpringHarborLabs.Co1dSpring.N.Y. 
9. NorthropCrummanDataS)rtemr, 

I 
Cambridge.bW Syrame,N.Y. 

Sjracuse Univ., Syracuse, N.Y. 

Ithaca, N.Y. 

\VhitePlains,N.Y. 

Broo!d)n.N.Y. 

Bethpage, N.Y. 
10. StateUniversityofh’ew York Stony Bmk, N.Y. 
ll. B m b w n N a t i o n a l I r a t o r y ,  Upton, N.Y. 

network this year when NYNEX expanded 
its NYNET network to the Laboratory. 

When completed, NYNET will connect 
many ofNew York’s research institutions, 
including Columbia University, Cold 
Spring Harbor Laboratory, Cornell Uni- 
versity and Syracuse University. 

This year, NYNEX laid fiber-optic cable 
to BNL and provided a high-performance 
router so that the high-speed link can con- 
nect to the more traditional technology of 
our existing network. 

Local Networks, Too 
While ATM technology has linked the 

Laboratory to places throughout Long Is- 
land and around New York State, with po- 
tential to go even further, another ATM 
project is connecting points within the BNL 
site. 

I 
F. I 

ATM’s ability to transmit voluminous 
quantities of data almost instantaneously 
makes it the likely choice to form the back- 
bone of a communications system at the 
Relativistic Heavy Ion Collider now under 
construction. 

Through prototype ATM links sup- 
portedinpart by seedfunds from the Office 
ofscientific Computing ofthe U.S. Depart- 
ment of Energy, accelerator physicists, 
seated in the control room or at a remote 
workstation, can already monitor the lon- 
gitudinal profile of particle bunches whip- 
ping through the ring at BNL’s Alternating 
Gradient Synchrotron. 

The particles travel near the speed of 
light, so after only three seconds, millions 
of bytes of diagnostic data, representing 
millions of intensity measurements, are 
gathered. 

These data then need to be transmitted 
just as quickly to a workstation that can 
handle such a bulk of information. ATM 
can eliminate this potential bottleneck in a 
way no other technology can. 
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Res rch 
3ivisions 

Critical to the success 
of  the Laboratory’s scien- 
tific programs are activi- 
ties in the four research 
divisions: Computing and 
Communications, Instru- 
mentation, Reactor, and 
Safety and Environmental 
Protection. These divi- 
sions collaborate with the 
scientific departments in 
support o f  ongoing re- 
search. The workrequires 
innovative ideas, tech- 
niques and instrumenta- 
tion, since science is by 
nature always reaching 
out to new frontiers. 



\ 
! Reactor 

\i Division / 

0 0 0 0 0 0 Withtheoperationsoftwo 
world-class research re- 
actors under its purview, 
the Reactor Division fa- 
cilitates scientific investi- 
gation for some 300 BNL 
staff and visiting scien- 
tists each year. Physicists 
peer into the dynamics o f  
superconductors and 
othermaterialsatthe High 
Flux Beam Reactor, while 

The Power 
TO Examine Powders 

Powdered sugar. Baby powder. Face 
powder. All of these everyday items have 
one thing in common: They consist of lots 
of small crystals -a powder. 

Even things that we thinkaresolid, such 
as ceramic coffee mugs, are actually made 
of powders that have been pressed into a 
solid form. 

Many less-familiar inorganic substances 
used in scientific research and industrial 
production also are used in powder or 
packed-powder form. Among other prop- 
erties, they may dissolve or combine with 
other substances more readily, or other- 
wise be a more efficient form for practical 
use. 

researchers develop can- 
cer therapy at the 
Brookhaven Medical Re- 
search Reactor. To ex- 
pand these research hori- 
zons, user facilities are 
constantly being up- 
graded. Mean while, the 
division’s s taff  expertly 
handles challenges and 
works diligently to keep 
quality standards high. 

Solving Structures 
To find out more about powders and 

their properties, some scientists use beams 
ofsubatomic particles known as neutrons. 
These energetic probes allow researchers 
to determine, or solve, the atomic structure 
ofthe tiny individual crystals that make up 
the powder, and thereby glean informa- 
tion about its chemical and physical prop- 
erties. 

The technique is called powder diffrac- 
tion, named for the way the neutrons are 
diffracted, orscattered, as they pass through 
the powder sample. The pattern made by 
the neutrons reveals the nature of the at- 
oms they have encountered in their path. 

This approach has been used for several 
decades where neutrons are available for 
research, including at BNL’s HighFluxBeam 

Reactor (HFBR). In fact, powder diffraction 
had once been labeled a “mature field,” 
with few new advancements in diffraction 
techniques expected. 

Until now. 
A new powder neutron diffractometer 

built at HFBR beam line H1 began to gener- 
ate impressive results in 1994, allowing sci- 
entists to “solve” the structures of many 
complex compounds. 

Theinstrument was built through coop- 
eration among BNL, the Georgia Institute 
of Technology and many industrial, aca- 
demic and governmental organizations. 
Principal funding to construct it was from 
the U.S. Department of Energy’s Office of 
BasicEnergy Sciences as the first stagein an 
ongoing effort to upgrade the user facilities 
at the HFBR. 

Based on its success, dozens ofresearch- 
ers have signed up far in advance to exam- 
ine everything from high-temperature cata- 
lysts to metals used in basic solid-state re- 
search at other HFBR beam lines. 

Mighty Monochromator 
The new high-resolution neutron pow- 

der diffractometer lives up to its name: It 
yields higher-resolution images than any 
reactor-based neutron powder diffraction 
facility in the world and allows scientists to 
solve some structures that can’t even be 
discernedusing themorewell-known com- 
bination ofpowehl  x-rays and single crys- 
tals. 

The instrument’s unique monochroma- 
tor, or neutron-deflecting mirror, makes 
the difference. Built by engineers in our 
Physics Department, it maximizes the low 
density of the neutron beam that hits the 
sample, resultingin high-resolution results. 
This allows researchers to detect previously 
unnoticed subtleties in their samples’ struc- 
tures, while reducing the “noise” signals 
that, like static on a radio, can crowd out 
valid, useful signals. 

Small (30 centimeters high) but crucial, 
the monochromator is made up of many 
thin wafers of the element germanium. 
Thirty of these wafers stacked atop one 
another make a packet, and 24 of those 
packets put together make the monochro- 
mator. 
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Because the germanium packets are de- 
formed, making a mosaic crystal which 
deflects neutrons, the monochromator can 
be fine-tuned to deliver neutrons depend- 
ing on the energy needs of individual re- 
searchers. 

With this and other improvements, 
structures can be solved even iftheir small- 
est repeating unit, called a unit-cell, has a 
volume as large as 10,000 cubic angstroms. 

The BNL powder-diffraction mono- 
chromator’s impressive capabilities have 
made it the inspiration for powder 
difiactometers planned for several sites in 
Europe. 

Complexity Becomes Crystal Clear 
After neutrons are focused by the mono- 

chromator and scattered from the sample, 
they are snatched up by an array of helium 
detectors inside a semicircle of boron 
shielding. As the instrument rotates, com- 
puters record the neutron “hits.”Then, they 
turn these readings into one-dimensional 

representations of the crystals’ three-di- 
mensional structure. 

Using these images, scientists can see, 
for instance, active sites - places where 
the juxtaposition of several atoms allows 
the crystal to latch on to other substances 
or catalyze a chemical reaction. 

Powders used as catalysts in industry 
make good subjects ofstudy by diffraction. 
This year, the BNL instrument allowed one 
team of industrial researchers to actually 
see the channels in their catalyst’s crystal 
structure through which oxygen moves in 
the course ofa chemical reaction. And oth- 
ers studying sponge-like zeolite structures 
could visualize the myriad “cages” that 
typifjr these materials. 

Analysis by neutron powder diffraction 
can also tell scientists how pure their pow- 
ders are, in order to assess the efficiency of 
their manufacturing processes. 

And solid-state physicists, including 
those working at other HFBR beam lines, 
can learn more about the structure of a 

sample. Then they can use this information 
like a road map in their effort to gain in- 
sight into the sample’s dynamic proper- 
ties. 

But most important, our instrument al- 
lows both basic and applied science re- 
searchers to examine powders in the form 
in which they are used. Combined with the 
power and finesse of the improved mono- 
chromator, this capability shows how the 
“big science” ofthe HFBR can contribute to 
the “little science” of individual projects. 

At HFBR beam 
line H1, (from 
left) Tom Vogt, 
Laurence 
Passell, Shu 
Cheung, Paul 
Schaedler and 
James 
Biancarosa 
tend to the 
neutron 
powder 
diffractometer. 
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0 3 0 0 The Safety and Environ- 
mental Protection (SEP) 
Division’s goal - provid- 
ing technical support to 
Laboratory staff in envi- 
ronmental, safe ty  and 
health issues - blends 
well with its emphasis on 
partnership with those it 
serves. SEPmonitorsboth 
the Laboratory’s environ- 

Partners 
In Excellence 
The SEP Vision: 

“Partners in environmental, saj2ty and 
health excellence with the BNL community in 
pursuit of world-class research. ” 

Ensuring the safety and health of BNL’s 
employees and visitors, and the environ- 
mental quality ofthe Laboratory’s site and 
neighboring areas, is a nonstop challenge. 

This year, the division responsible for 
these important duties adopted a new phi- 
losophy to help it meet that goal: partner- 
ship. 

By viewing itself as a service provider 
working in close cooperation with its cus- 
tomer - the BNL research community - 

ment and the people and 
workplaces within it. I t  
coordinates the review o f  
design and construction 
plans, conducts readiness 
surveys o f  new or modi- 
fied facilities, and works 
with departments and di- 
visions in assessing their 
health, safetyandenviron- 
mental plans. 

the Safety and Environmental Protection 
(SEP) Division strives for ever-increasing 
quality in safety, environment and health 
service. 

Effective communication and joint 
problem-solving are just two important 
components of this customer-provider re- 
lationship, whose purpose is to help fulfill 
the Laboratory’s mission of high-quality 
research without compromising the safety 
of employees, the public and the environ- 
ment. 

Other important factors each SEP em- 
ployee seeks to keep in mind include: 

BNL’s unique climate of open scien- 
tific cooperation, swiftly changingresearch 
goals and customized equipment to meet 
those goals demands a special approach to 
safety, one that does not seek to fit this 

singular community into a standard in- 
dustrial safety mold. 

Science’s yearly cycle of funding ups 
and downs requires cost-effective safety 
and environmental recommendations with 
minimal impact on research and operating 
programs. 

Because the Laboratory’s world-class 
user facilities attract thousands of short- 
term industrial and academic visiting sci- 
entists each year, environment, safety and 
health efforts must effectively guard their 
safety while protecting their most precious 
commodity: time. 

The following four SEP employees exem- 
p l $ j  how individual staflmembersfiJ711 their 
division’s mission on a personal basis, work- 
ing in partnership with the researchers and 
other BNL staflthey encounter. 

58 S> Research Divisions 



Steven Kane 
Safety Engineer 

More than 1,500 superconducting 
magnets, each cooled to 4 kelvins (-269' 
C), will cooperate to bend and focus 
ions speeding around the Relativistic 
Heavy Ion Collider (RHIC). Safety engi- 
neer Steven Kane's charge was to design 
a welding material that will hold those 
magnets together while withstanding 
such super-cold, or cryogenic, condi- 
tions without fracturing - thus allow- 
ing for decades of nuclear physics re- 
search. After extensive testing, a strong 
and fracture-resistant alloy was devel- 
oped by incorporating high levels of 
nickel, chrome, manganese and nitro- 
gen, while virtually eliminating the 
weakening effects of oxygen. Magnet 
production using the alloy and a state- 
of-the-art welding machine built espe- 
cially for RHIC began in June. 

Andrea Epple 
Radiation Safety 

Scientists come to BNL's High Flux 
Beam Reactor (HFBR) to perform re- 
search in their specialties. But it takes a 
broad knowledge of many safety fields 
to protect the health of all who work at 
the HFBR. SEP's Andrea Epple super- 
vises a team oftechnicians who conduct 
both radiological and industrial-hy- 
giene surveys at the HFBR. She also as- 
sists Reactor Division staff in schedul- 
ing those technicians to coverjobs such 
as fuel handling and theremovalofirra- 
diated scientific samples from the 
reactor's core. Interacting daily with 
scientists, technicians, maintenance 
workers andmanagement, Epple's team 
also ensures that all staff have the train- 
ing and equipment they need to work 
safely and in accordance with proper 
procedures. 
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Bill Sells 
Hazardous Waste Collection 

In addition to noteworthy scientific 
results, BNL research sometimes cre- 
ates hazardouswaste by-products. Since 
strict regulations govern the handling 
and disposal of any waste that contains 
radioactive isotopes or certain chemi- 
cals, Bill Sells uses his extensive experi- 
ence and training to help save research- 
ers time and effort by safely collecting 
this waste from dozens of appointed 
areas all around the Laboratory. Sev- 
eral days a week, Sells retrieves clearly 
labeled bags, canisters and jugs, checks 
their documentation and transports 
everything to the hazardous waste man- 
agement area, where he aids in prepar- 
ing it for proper disposal. Sells, who 
also cleans the respirators used to pro- 
tectworkers’health, calls this the “cradle 
to grave” control of hazardous waste. 

Jim vaz 
Fire Alarm System Manager 

The BNL site is home to hundreds of 
visitors and their families who live in 
on-site housing, as well as billions of 
dollars in world-class scientific equip- 
ment and other property. The site fire 
alarm system, crucial to protecting all 
of this from fires and other emergen- 
cies, was redesigned in 1994 by Jim Vaz, 
in collaboration with BNL’s Plant Engi- 
neering Division. Now, main and 
backup computers run software cus- 
tom-designed for the unique emer- 
gency-alert demands of the site. Link- 
ing 3,500 alarm points in 170 buildings 
via 2,000 kilometers of cable, the sys- 
tem speeds graphic alarm information 
to the Laboratory’s full-time firehes- 
cue group almost instantaneously, al- 
lowing faster response and better pro- 
tection. 
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0 0 0 0 0 0 lnventinganddeveloping 
new methods and tools to 
make high-precision mea- 
surements for scientific 
research and providing 
unique solutions to spe- 
cific problems in experi- 
ments are the primary ac- 
tivities of the Instrumen- 
tation Division. The staff 
develops new techniques 
in areas such as nuclear 

Recor d-Br eaking 
Neutron Detectors 

Last year, the world record in spatial 
resolution, or pinpoint accuracy, for two- 
dimensional thermal neutron detectors was 
set at 400 microns by a Brookhaven-devel- 
oped instrument. 

This year, the record was broken - by 
the very same detector (top, far right). 

The latest record sets the detection pre- 
cision at 300 microns - an extraordinary 
standard of accuracy. This success was due 
to the combination of expertise, careful, 
precise construction and innovative use of 
advanced technology that characterize the 
workofthe Instrumentation Division’s sci- 
entists and technicians. 

particle detectors, low- 
noise hybrid and micro- 
electronic circuits, micro- 
structures, and laser and 
optical metrology, and 
also provides special ser- 
vices in vacuum-deposi- 
tion and optics technol- 
ogy, electron microscopy 
and printed circuit board 
fabrication. 

Neutron detectors are used in scientific 
experiments to track neutrons aftera beam 
of those particles has been directed onto a 
sample of the substance under study. Be- 
cause neutrons are scattered in different 
patterns, depending on the target’s inter- 
nal structure, the contrasting patterns give 
scientists information about the structure 
of the sample. 

First, Know Your Detector 
The modern two-dimensional position- 

sensitive neutron detector is a high-pres- 
sure - up to ten times more than normal 
atmospheric pressure - gas-filled cham- 
ber containing three parallel layers of wire 
planes, connected to readout electronics. 
Because the detectors extend in two dimen- 
sions over areas as large as 2,500 square 

centimeters, they can image the neutron 
patterns around a sample all at once. Thus, 
experiments that once tookliterally months 
can be completed in a day or two. 

The active gas in the chamber is 
helium-3, a rare, expensive isotope of he- 
lium chosen for its high interaction rate 
with neutrons. A neutron interacting with 
a helium-3 atom produces a proton and a 
triton. These energetic particles create 
tracks of ionization - electrons and posi- 
tive ions - in the gas. The electrons from 
the tracks are attracted, with applied elec- 
tric fields, to the center wire plane in the 
chamber. As they approach the high field 
of a wire, they collide with gas molecules 
and multiply, forming an electron ava- 
lanche that produces localized signals on 
the two outer wire planes. 

Brookhaven’s Innovations 
Our researchers developed an extra-sen- 

sitive method ofreading out the signals, so 
that a smaller avalanche could be detected. 
This allows background signals from x-rays 
and gamma rays, which are commonly 
found in neutron experiments, to be more 
easily distinguished and discounted. 

The proton and triton produced by a 
neutron-helium-3 reaction are emitted in 
opposite directions, and their positions are 
recorded by the extremely sophisticated 
readout electronics invented at 
Brookhaven. This system, called centroid 
finding, locates the center of two tracks’ 
positions to indicate where the neutron 
was absorbed. 

Because the proton is more energetic 
than the triton, however, it flies further. 
Therefore, the neutron’s recorded position 
is slightly displaced from its interaction 
position.To help resolve the problem, high- 
pressure propane was added to the helium- 
3. The propane is insensitive to back- 
ground radiation, but tends to stop the 
flight ofprotons, making the positions be- 
ingrecordedmuch closer to the actual point 
where the interaction took place. This less- 
ens the error and plays a major role in the 
detectors’ excellent resolution. 

The more helium-3 atoms in the detec- 
tor, the morelikely is an interaction with an 
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incoming neutron. But, for good spatial 
resolution, the chamber has to be thin, with 
less depth for the gas. So, our scientists 
developed operating modes permitting a 
high helium-3 pressure, bringing the ther- 
mal neutron efficiency up to 80 to 90 per- 
cent. In addition, by meticulous design and 
workmanship, the wire size was reduced to 
a minute 12 microns, which further im- 
proved the spatial resolution. 

Yet another reason why the Brookhaven 
neutron detectors work so well is our in- 
vention of an efficient internal circulating 
gas purifier. This clears the helium-3 and 
propane of decomposition products that 
poison the chamber, keeping our detectors 
in excellent condition even after 15 years. 
One “o1die”detector that has completed its 
experimental tasks at Brookhaven has emi- 
grated and is now at work in the laboratory 
ofa collaborator in Australia, still with the 
original gas filling. 

in space, but also intime periods, research- 

pening to their samples. In this ;yay, for 
instance, a biologist can “see” the$hanges 
in molecular structure tha5pc5 ,as t imu-  ! - 1 %  3 
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construct more of these advanced rkebrch 
detectors, fulfilling the steady &mand or 
them at BNL and laboratories abroad. 

v 
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At left, BNL‘s 
world-record 
holding neu- 
tron positron- 
sensitive de- 
tector. Below 
are some 
neutron-de- 
tector team 
members: 
(from left) Mary 
Anne Kelley, 
Neil 
Schaknowski, 
Seymour 
Rankowitz and 
Joachim 
Fischer. 
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0 0 0 0 0 0 TheComputingandCom- 
munications Division 
keeps Brookhaven on the 
leading edge of scientific 
and administrative com- 
puting technology and 
communications capabil- 
ity. Its innovations extend 
into high-speed network- 
ing, data-processing facili- 
ties and tools, mainte- 
nance, programming and 

communications infra- 
structure. In addition to 
supporting the Labora- 
tory’s staff, the division’s 
programmers and tech- 
nology specialists also 
contribute their expertise 
through original projects, 
including the AMTEX col- 
laboration to help the 
American textile industry 
compete globally. 

help companies to make competitive deci- 
sions for the future - such as size, color 
and style - often never leaves the ware- 
house of the retail store. 

All that may change over the next few 
years, thanks to work begun in fiscal year 
1994 by a team of computer scientists in 
our Computing and Communications Di- 
vision (CCD). It’s part of the AMTEX 
(AMerican TEXtiles) collaboration among 
national laboratories, universities and 
many levelsofthe textileindustry, designed 
to spur an exchange of expertise in a mas- 
sive technology-transfer agreement. 

From the southern cotton farm and the 
midwestern factory to the West Coast 
sailmaker and the New York fashion de- 
sign house, AMTEX visualizes the U.S. tex- 

The Well-Dressed 
Computer 

Wherever shoppers in today’s depart- 
ment stores turn, “Made in the USA”labe1s 
are sure to catch their eye. 

On towels, shirts, sheets, dresses and 
more, the assurance that American work- 
ersgrew or made the fiber, spun the threads 
and stitched the finished products has be- 
come more and more important to many 
people who wish to support the country’s 
textile industry as it faces global competi- 
tion. 

“Buying American” may help increase 
textile manufacturers’ sales. But detailed 
information about each purchase that could 

tile industry in its mission statement as a 
“dominant global force in providing high 
value products to the world market in an 
environment of industry growth, environ- 
mental responsibility, profitability and 
worker satisfaction.” 

Information on Demand 
Followers of fashion know how quickly 

the tide can turn in the worlds of clothing 
and home decor: What’s “in” one season 
can be “out”the next. Meanwhile, the com- 
panies that make fashion items may need 
many months to get their styles ready for 
consumers. 

Thus, the more timely sales data avail- 
able to guide planning for the future, the 
lesswaste andlost profits there willbe. And 
the fastest way to transfer that information 
from stores to manufacturers and on to 
fiber producers is through computers. 

With that in mind, the largest and first 
slice ofthe huge AMTEXpie centers around 
a computer system called Demand-Acti- 
vated Manufacturing Architecture, or 
DAMA. 

The key phrase to remember in relation 
to DAMA is “electronic marketplace.” 
Through computer-based communication, 
analysis and simulation systems, DAMA 
aims tolinkthescatteredcomponentsofan 
entire industry in order to streamline deci- 
sion making. Quickly transmitted infor- 
mation on consumer demand will drive the 
industry more than ever, decreasing inven- 
tory, overproduction, shipping costs and 
consumer prices. 

Our computer scientists have already 
begun developing software relevant to 
DAMA’s and AMTEX’s goals, our overall 
aim being an information infrastructure 
on which the electronic marketplace can be 
built. 

Switching Swatches Swiftly 
For designers, thelookofafinishedprod- 

uct is of paramount importance - but it 
used to be that only a trained eye could 
attempt to predict how a garment or home 
furnishing design would look in different 
fabrics and colors. 

Soon, however, designers who already 
use computers to create such items will 
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have a new tool, which will allow them to 
compare materials and hues without hav- 
ing to sew a stitch. Our computer scientists 
are creating agraphical showcase equipped 
with an array of textures and colors that 
can be selected at the click of a button. 

The software already incorporates com- 
puter images from the library of the Par- 
sons SchoolofDesigninNew YorkCity and 
is well on its way to becoming a working 
part of AMTEX. 

Pilot programs and demonstrations, to 
familiarize managers at member compa- 
nies with computer tools, also got under 
way this year. For example, a CCD-devel- 
oped program called Zipper is being devel- 
oped for textile company managers as a 

tutorial on navigating the Internet, thevast, 
complicated and immensely useful “infor- 
mation superhighway.” 

Another Kind of Fashion Model 
Easier communication among layers of 

the textileindustry is onlyonepart ofBNL’s 
contribution to AMTEX projects related to 
DAMA. 

We are also working with models-not 
the Paris-runway variety, but the compli- 
cated, supercomputer-based kind. 

In order to forecast the implications of 
their actions, textile and clothing company 
managers must now combine many vari- 
ables and huge amounts of data - it’s no 
wonder that even then, their best guesses 

aren’t always accurate. If they had a way to 
simulate the effects of various decisions, 
however, they could plot a course for the 
future more carefully. 

That’s where our expertise comes in. 
Work has already begun on a sophisticated 
software-based model of the textile indus- 
try, taking into account many variables and 
depending on feedback from some of the 
managers who will use the finished soft- 
ware. 

That software will respond instanta- 
neously to the executives’ “what ifs” - 
“what if’ they make fewer of one product, 
or “what if’ the cotton farmers have a bad 
year. They can play out each scenario in the 
safety of a computer “learning lab,” apply- 
ing only the most valuable strategies. Mul- 
timedia tools, such as CD-ROM and video 
capabilities, as well as sophisticated and 
vivid computer graphics, will all be incor- 
porated into this project. 

Textile company executives around the 
country will not only receive CCD’s contri- 
butions to AMTEX - as part of a continu- 
ous feedback loop, they’ll be asked for their 
suggestions to improve them as well. 
Through this kind of mutual effort, 
AMTEX’s collaborators, including our com- 
puter scientists, envision continued suc- 
cess for textiles “Made in the USA.” 
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The following pages 
summarize activities that 
have taken place at the 
Laboratory during fiscal 
year 1994. Included in this 
section is a description of 
numerous conferences, 
meetings, workshops and 
symposia held at BNL 
throughout the year; a list- 
ing of honors won by 
Brookhaven staff; and a 
year-end report on the 
Laboratory’s budget. Also 
highlighted are a number 
of programs that are un- 
der the administration of 
5NL support division sand 
various offices. 



\ 
\ ', Mektings 1 

just rissroadas tlierat~eedisciplitiesrepre- 
setited at Brookhaveti is the range of topics for  
meetings, cor!firetices, workshops arid ymposia 
that are held here each year. Amongfiscal year 
1994 'sgatlieritgs were the following: 

Scientists from BNL's Alternating Gra- 
dient Synchrotron (AGS) andNational Syn- 
chrotron Light Source (NSLS) Departments 
hosted nearly 60 scientists for an Orbit 
Correction and Analysis Workshop De- 
cember 1-3, regarding the orbits ofparticle 
beams. 

The High Energy Physics Advisory 
Panel (HEPAP) to the U.S. Department of 
Energy (DOE) met at BNL January 28-29 to 
discuss, among other topics, the future of 
U.S. high energy physics in relation to the 
Large Hadron Collider at Europe's CERN 
laboratory. 

A February 3 workshop detailing Ad- 
vances in Infrared Microspectroscopy 
With the NSIS brought 32 researchers to 
see preliminary applications in that field at 
the NSLS. 

A demonstra- 
tion of poly- 
ethylene 
encapsulation 
of radioactive, 
hazardous and 
mixed waste 
drew 85 
industry and 
government 
observers to 
BNL's Envir- 
onmental and 
Waste Tech- 
nology Center 
on September 
13-15. 
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DOE nuclear facilities were the subject 
of an Aging Management/Life Exten- 
sion Workshop sponsored by the Depart- 
ment ofAdvancedTechnology, held March 
30-31 with 80 participants. 

The OilHeat Technology Conference 
hosted on March 24-25 by the Department 
of Applied Science drew more than 200 
attendees, who even ate a lunch cooked on 
an oil-powered military field stove. 

More than 300 technology teachersfrom 
around the state converged on BNL April 
28-29 for the 31st ConferenceoftheNew 
York State Technology Education As- 
sociation. 

The Long Island chapter ofASM Inty- 
national, a professional organization~for 
materials scientists and metaJlurgists, met 
at BNL on April 20 and sponsored a metal- 
lographic polishing /contest for local stu- 

Museum adfi’inistrators from all over 
the state visidd BNL as the Museum Pro- 

dents. /’ 

I 

/ 

Lectures I 

,;Asidefiom the usual packed calendar o f  
scient~cse~ninarsandlecturesineach ofBNL Ls 
d~partnientsand divisions, severalspeciallec- 
t~~reseriesandseniinarprograrns aim to reach 
a broader audience. 

AUI Distinguished Lectures - In this 
series sponsored by Associated Universi- 
ties, Inc. (AUI), twospeakers addressed top- 
ics of general interest: physicist Wolfgang 
K.H. Panofsky, National Academy of Sci- 
encesanddirectoremeritusof thestanford 
Linear Accelerator Center; and chemist F. 
Shenvood Rowland, University of Califor- 
nia, Irvine. 

BrooWiauen Lectures- Theseries’34th 
year featured: Gerry Bunce, Alternating 
Gradient Synchrotron (AGS), measuring 

grams in the Public Affairs Office hosted 
the annualmeetingoftheNewYorkState 
Science and Technology Museum Con- 
sortium on May 9. 

At the annual AGS/RHIC Users Meet- 
ing, held June 14-15, more than 200 at- 
tendees discussed intensity records, the 
future use of the AGS as injector for RHIC 
and the possible use ofthe RelativisticHeavy 
Ion Collider (RHIC) for proton physics. 

A large gathering - more than 550 in 
all - of synchrotron scientists and engi- 
neersfrom25facilities worldwide attended 
the quadrennial International Confer- 
ence_ on Synclifi-Eon RadiationIns@u- 
-mentation July 18-22, co-hosted by the 
NSLS and the State University ofNew Yorkat 
Stony Brook. 

The 17th meeting of the U.S./Russian 
Federation Joint Coordinating Commit- 
tee for Research onFundamenta1 Prop- 
erties of Matter was held at BNL on Au- 
gust 25, and the 25 participants set the 

muons magnetically in the g-2 experiment; 
Jeffrey Coderre, Medical, boron neutron 
capture therapy; Robert Crease, BNL histo- 
rian, early BNL history; George Hendrey, 
Applied Science, effect of elevated carbon 
dioxide on ecosystems; John Larese, Chem- 
istry, using neutrons to study layering and 
melting; Paul O’Connor, Instrumentation, 
custom-integrated computer chip circuits; 
Ann Reisman, Advanced Technology, de- 
terring nuclear weapons proliferation; and 
Douglas Wallace, Applied Science, ocean 
uptake of carbon dioxide. 

PepamLecture-Robert Serber, emeri- 
tus physics professor at Columbia Univer- 
sity and a major participant in the develop- 
ment of the first atom bomb, gave three 
lectures, describing “Peace and War” dur- 
ing three eras of his career, including work 
at Brookhaven. 

stage for the continuation of collaborative 
scientific work between the two nations. 

B-physics, the study of bottom quarks, 
and its potential exploration at RHIC and 
elsewhere were discussed at a B-physics 
workshop held at BNL September 23-24. 

More than 120 physicists working on 
the cutting edge ofparticle detection using 
calorimeters met at BNL for the Fifth In- 
ternational Conference on Calorimetry 
in High Energy Physics from September 
25-October 1. 

Brookhaven Women in Science Semi- 
nars-Lecturersin this series were: Cornel1 
University medical professor and physician 
Lila Wallis, jointly with the Medical De- 
partment; and University of Washington 
College of Medicine professor Barbara 
Trask, jointlywith theBiology Department. 

Donald Van Slyke Lecture - For this 
Medical Department lecture, the speaker 
was R. Michael Blease, National Institutes 
ofHealth, discussing gene therapy as a po- 
tential treatment for some diseases. 

Adilya Sambamurti Memorial Lecture 
- The third year of this series featured 
physicist Thomas Roser, AGS, discussing 
the use ofSiberian snakes to accelerate po- 
larized beams at the AGS. 
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Thisyear, honors went to the folloiving: 
The Clinical Laboratory of the Clini- 

cal Research Center was awarded a two- 
year accreditation by the Commission on 
Laboratory Accreditation of the College of 
American Pathologists in February 1994, 
and was congratulated for “excellence of 
services provided.” 

The Energy Management Group of 
the Plant Engineering Division was pre- 
sented with its second consecutiveIn-House 

Energy Management Award from the U.S. 
Department of Energy (DOE), in October 
1993. 

Sixty-seven Brookhaven employees 
were awarded the Laboratory’s Spotlight 
Award throughout the year, in recognition 
of extraordinary short-term efforts that re- 
sponded to department or division needs. 

Robert Bari (Advanced Technology) 
was elected to the American Nuclear 
Society’s board of directors in June 1994. 

Thomas 
Butcher, Philip 
Cerniglia and 
Roger 
McDonald 
(Applied 
Science) 
captured an 
R&D 100 award 
from Research 
and Develop- 
ment magazine 
in December 
1993, for the 
Flame Quality 
Indicator they 
developed to 
monitor oil- 
burning home- 
heating 
devices. 

This owl 
perches on an 
OWL, or Oilheat 
Watchguard 
Light, the 
version of 
BNL‘s Flame 
Quality 
Indicator being 
field tested by 
Energy 
Kinetics, Inc. 
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Eva Bozoki (National Synchrotron 
Light Source, or NSLS) was honored at 
Brookhaven Town’s Women’s Recognition 
Night in March 1994, for developingmod- 
eling-based control, including orbit con- 
trol, for the NSLS. 

Michael Brennan (Alternating Gradi- 
ent Synchrotron) was one oftwo recipients 
ofthe Laboratory’s Distinguished Research 
&Development Award in December 1993, 
for work in rf accelerator systems, includ- 
inga low-levelrfsystemforthe AGSBooster. 

Ernest Courant (retired, AUI Distin- 
guished Scientist emeritus) was made an 
honorary professor of physics at the Uni- 
versity ofscience and Technology ofChina 
in July 1994, for contributions to accelera- 
tor development. 

Joseph Hanson (Photography & 
Graphic Arts), Bruce Penn (Advanced 
Technology), Alfred Roebuck (Physics), 
Ralph Sanders (AlternatingGradientSyn- 
chrotron) and NealTempel(Bio1ogy) won 
the Laboratory’s Brookhaven Award in De- 
cember 1993 for their key contributions in 
support areas and outstanding service to 
BNL through performance and achieve- 
ments. 

Hugh Isaacs (Applied Science) gar- 
nered the H.H. Uhlig Award from the Elec- 
trochemical Society in October 1993, for 
outstanding achievement in the use of syn- 
chrotron x-rays to study corrosion in situ. 

Art Jens (Central Shops), John 
Scharpeger (Supply & Materiel), Rich- 
ard Skelton (Alternating Gradient Syn- 
chrotron) andRoy McWilliams (PlantEn- 
gineering) were recognized on a national 
level by the U.S. Department of Energy in 
May for their pollution-prevention activi- 
ties. 

Walter Kat0 (Advanced Technology) 
received an AmericanNuclearSocietylead- 
ership award in June 1994 -one of eight 
awardees out of 16,000 members - for 
leadership contributions. 

John Millener (Physics) was made a 
fellow of the American Physical Society in 
November 1993, for his work on the struc- 
ture of light nuclei. 

Gen Shirane (Physics) was awardedone 
of the Laboratory’s two Distinguished Re- 
search & Development Awards in Decem- 
ber 1993, for his use of neutron scattering 
in solid-state physics, including research 
on superconductors. 

JosephTaylor (Associated Universities, 
Inc.) shared the 1993 Nobel Prize in Phys- 
ics with his colleague Russell Hulse for 
discovering the first known binary pulsar 
and thereby providing indirect proofofthe 
existence ofgravitational waves as predicted 
by Albert Einstein. 

Doris Tooker (Director’s Office) and 
James Wegrzyn (Applied Science) were 
givenFederalLaboratory Consortium (FLC) 
awards in May 1994 for technology trans- 
fer activities: Tooker received the FLC’s 
Northeast Regional Coordinator’s Excel- 
lence Award, and Wegrzyn the FLC’s Excel- 
lence Merit Award. 

Ernest Warburton (Physics) received 
the American Physical Society’s Tom W. 
Bonner Prize, and the congratulations of 
President Bill Clinton, in December 1993 
for experimental and theoretical work re- 
lating to light nuclei. 

Administrative Actions 
Michael Bebon was appointed Assistant Director for Manage- 

Michael Brooks became the Deputy to the Associate Director 
ment and Physical Plant in February 1994. 

for Reactor, Safety and Security in October 1993. 
William Gunther was made Head ofthe Office ofEnvironmen- 

Ernest Henley began a term as Chairman of the Board of Asso- 

Lance Junker assumed leadership of the Reactor Division in 

Joel Sussman became the Head ofthe Chemistry Department’s 

Karl Swyler began serving as Manager of the Office of Educa- 

Laurence Trueman was made Acting Associate Director for 

William Willis assumed the newly created position ofAssistant 

tal Restoration in September 1994. 

ciated Universities, Inc., in October 1993. 

December 1993. 

Protein Data Bank in February 1994. 

tional Programs in October 1993. 

High Energy and Nuclear Physics in August 1994. 

to the Director for the CERN Collaboration in May 1994. 
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Personnel Statistics 
In 1994, employment at the Laboratory 

decreased slightly due to voluntary retire- 
ments, layoffs necessitated by tight bud- 
gets, and attrition. 
Employment Statistics 

1994 1993 1992 
Scientificstaff* 584 604 598 
Scientific 

Professional Staff 619 639 622 
Nonscientific Staff 2,064 2,106 2,144 
Total 3,267 3,349 3,364 
* Includes research associates and visiting 
staff. 
Percent of Total Employees 
Minorities 17.3 17.3 17.0 
Women 23.4 24.3 22.7 

Some 4,400 guest researchers, ranging 
from students to senior research appoin- 
tees, tookadvantageofBrookhaven’s world- 
class research facilities in 1994. Theseguest 
researchers came from 450 U.S. and 295 
foreign institutions. 

Controlling Support Costs 
The operations oftwo support divisions 

were reviewedforcost-cutting ideas in 1994 
by a Director-appointed committee set up 
to examine all of the Laboratory’s nonsci- 
entific organizations by criteria similar to 
those used in a scientific department re- 
view. 

The Plant Engineering and Staff Services 
Divisions were asked to present data on the 
number of employees, costs, tasks, trends, 
accomplishments and goals within their 
organizations. The committee’s report to 
the Director reviewed costs and operations 
and made recommendations for improve- 
ments, cost reductions and effectiveness in 

management, and the two organizations 
were asked to provide a response and ac- 
tion plan. Previously, the Safety and Envi- 
ronmental Protection Division and several 
offices with connected functions had been 
reviewed in 1993. 

This pragmatic approach to support op- 
erations review is expected to extend to all 
nonscientificofficesanddivisions, and help 
the Laboratory make better use of its re- 
sources and funding. 

TRISTAN Fire Response 
During the early hours of March 31, 

several departments and divisions mus- 
tered a quick and efficient response to an 
electrical fire involving radioactive mate- 
rial at the TRISTAN experimental station 
within the High Flux Beam Reactor (HFBR) 
building. No injuries or measurable emis- 
sions of radiation to the environment oc- 
curred, and, except for a shutdown of the 
reactor and evacuation ofthe building, gen- 
eral Laboratory operations continued as 
normal. 

Emergency personnel from three divi- 
sions - Reactor, Safeguards & Security 
and Safety and Environmental Protection 
answered the call and addressed the low- 
level radioactive contamination found in 
the building and on seven individuals who 
had been inside. The response team gath- 
ered later in the year to review its actions, 
and a U.S. Department of Energy (DOE) 
investigation ofthe event identified needed 
improvements, primarily in the area of ex- 
periment review. Operation of the reactor 
resumed in early June. 

A Willingness to Volunteer 
The Brookhaven community showedits 

giving spirit throughout 1994, volunteer- 

ing time and resources to help those in 
need. A record-breaking total of $103,441 
was raised for the United Way’s affiliated 
service groups in a campaign that garnered 
special recognition from the Long Island 
United Way committee. 

The Laboratory’s employees also helped 
fillthe pantry ofalocalfood shelf, donating 
22,190 pounds of food and other necessi- 
ties in monthly drives. Swimmers at the on- 
site pool raised a record $6,759.04 for the 
American Cancer Society by completing 
sponsored laps at July’s Swimarathon, and 
two American Red Cross blood drives at 
theLaboratorycollected954unitsofblood. 

Technology Transfer Flourishes 
With 17 new Cooperative Research and 

Development Agreements (CRADAs) lead- 
ing the way, 1994 was another banner year 
for the Office of Technology Transfer ( O n ) ,  
which seeks to bring the Laboratory’s sci- 
entific and technological ideas to the open 
market through cooperation with U.S. busi- 
nesses large and small. 

Other accomplishmentsduring theyear 
included the issuing of one exclusive and 
38 non-exclusive licenses by Associated 
Universities, Inc. (AUI), and the continued 
success of 31 proprietary user agreements 
with companies performing research at 
Laboratory user facilities. Through exten- 
sive outreach work, OTT targeted specific 
industries, as well as small businesses and 
minority/women-owned firms, for poten- 
tial technology transfer. The office also par- 
ticipated in a DOE/national laboratory ef- 
fort to improve the Work-for-Others pro- 
cess, to enable the Laboratory to perform 
research for university and private-sector 
sponsors. 
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Computer-Learning Outreach 
A Laboratory-sponsored program that 

has introduced more than 700 local chil- 
dren and adults to computers celebrated 
its 10th anniversary in 1994 and began 
planning to add two new learning sites to 
its two existing ones. The six-week classes 
are coordinated through the Office ofEqual 
Opportunity. The partnership, which in- 
cludes AUI, DOE, local school districts and 
local community organizations, helps stu- 
dents becomecomfortablewith usingcom- 
puters and prepares them for a workplace 
that is increasingly computerized. 

Salary Freeze; Reduction in Force 
Salaries at Brookhaven were not in- 

creased in 1994, followinga DOEaction. At 

the same time, budgetary constraintsled to 
a reduction in force of almost 100 employ- 
ees through a combination of voluntary 
and involuntary layoffs and early retire- 
ments.This number was below the expected 
reduction due to reassignments and attri- 
tion. Some affected individuals were able 
to move to other positions within the Labo- 
ratory, while the Personnel Office assisted 
others in finding jobs outside BNL. 

Summer Teachers 
A group of 25 Long Island elementary 

and middle school teachers spent several 
weeks at the Laboratory in June and July 
learning about the physical sciences and 
applying their knowledge to the develop- 
ment of classroom techniques. They were 

In October, the 
National 
Weather 
Service opened 
a $4 million 
forecast office 
on the Lab- 
oratory site, 
featuring a 
sophisticated, 
spherical 
Doppler radar 
unit in addition 
to other 
meteorology 
equipment. 

. *  1. I 
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the first teachers to come to Brookhaven 
under the Summer Teacher Enhancement 
Program sponsored by the National Sci- 
ence Foundation, and the first elementary 
school teachers to participate in a program 
run by the Laboratory’s Office of Educa- 
tional Programs (OEP). Besides visiting 
laboratories and facilities, the teachers 
learned about science-education equip- 
ment and techniques that they can bring to 
their classrooms in a way that makes stu- 
dentspart ofaresearch or engineering team. 

In addition to theTeacher Enhancement 
participants, more than 2,500 teachers, 
precollege students and college under- 
graduates participated in various OEP pro- 
grams throughout the year. 

Healthfest Success 
The Laboratory’s first Healthfest was 

held in October 1993 to reinforce the im- 
portance ofhealth, fitness andsafety among 
Brookhaven’s employees. Informational 
lectures, a health, safety and fitness fair, a 
fitness walk and a “fun run” helped the 
message get through. The event was spon- 
sored by the Director’s Office and orga- 
nized by the Central Shops, Occupational 
Medicine, Plant Engineering, Safeguards 
&Security, and Safety and Environmental 
Protection Divisions, the Public Affairs 
Office, and several fitness-related clubs of 
the Brookhaven Employees Recreation As- 
sociation (BERA). 

Computerizing the Three P’s 
A new computer system to handle the 

“three Ps” of Brookhaven’s administration 
- payroll, personnel and personnel bud- 
geting - came on line in 1994. Beginning 
with the payroll office ofthe Fiscal Division 
in January, the new software gave employ- 
ees a modernized payroll stub and the abil- 
ity to have their paychecks deposited in any 
bank electronically. The annual salary re- 
view process was successfully converted to 
this program in June. By 1996, the system 
willallow staffinseveraldivisions to handle 
information more efficiently and quickly, 
and to meet DOE requirements for labor- 
cost distribution and cost accounting. 

Record Year for Museum 
More people than ever before- 33,800 

in all-participated in museum programs 
offered by the Public Affairs Office in 1994. 
These included over 9,400 visitors who 
came on Summer Sunday tours ofthe BNL 
Science Museum, which also played host to 
5,780younger and 6,088 older school chil- 
dren, and 1,000 college students, through- 
out the year. 

Also in 1994, the museum programs 
office once again organized a science fair 
that was funded by the Office of Educa- 
tional Programs and attracted entries from 
720 budding scientists in kindergarten 
through grade 6,  as well as a model bridge 
contest in which 304 high school students 
tested thestrength ofthe basswood bridges 
they had built. 

Recycling Effort Picks Up 
InOctober1993,mixedpaperwasadded 

to the already long list of items that 
Brookhaven employees recycle, and a 
former refuse collection truck was con- 
verted for use in picking up the new stream 
ofrecyclable material from around the site. 
This was one more addition to the Plant 
Engineering Division’s highly successful 
program to recycle cans, bottles, cardboard, 
metal, construction waste, batteries, tires, 
and white and computer paper. Thanks to 
the concern and cooperation ofLaboratory 
employees, more than 1,000 tons of these 
materials were recycled in 1994, as 
Brookhaven’s staff continued to “Rethink, 
Reuse, and Recycle.” 

New Voice Mail, Phone Systems 
The Laboratory’s centralized telephone 

voice mail system became even more con- 
venient in November, when a more power- 
ful computer took over that task. The Octel 
Maxum system, installed by the Comput- 
ing and Communications Division, can 
handle 2,000 users - twice the capacity of 
the previous system - and can be ex- 
panded. For the 1,373 Brookhaven employ- 
ees who now use it, the system offers better 
sound quality, more versatility and addi- 
tional advanced features. 

Also in this fiscal year, BNL signed a 
contract for an entirely new phone system 
with Rolm-Siemens Communications Inc. 

LIRI Helped by Grant 
The Long Island Research Institute 

(LIRI) - a not-for-profit Long Island insti- 
tution whosecreationseveral yearsago was 
sponsored by Cold Spring Harbor Labora- 
tory, the State University of New York at 
Stony Brook and Brookhaven - received 
$1.1 million in federal Technology Rein- 
vestment Program (TRP) money in 1994, 
to be used to help Long Island’s small busi- 
nesses. 

True to the nature of TRP grants, this 
one will aid some of the region’s 500 small 
defense-related manufacturers in diversi- 
fying their product line into the civilian 
market by commercializing technologies 
developedonLongIsland.LIR1 was founded 
to foster the commercial development of 
advanced technologies developed at Long 
Island’s leading research institutions and 
large defense manufacturers. 

Special Bulletins, Radio Show Debut 
Communicating the news of BNL’s sci- 

entific achievements to theLaboratory com- 
munity and the general public is a main 
duty of the Public Affairs Office. In 1994, 
Brookhaven’s communicators introduced 
two new ways of accomplishing that mis- 
sion: single-topic special editions of the 
Brookhaven Bulletin and a science series 
for local radio stations. The first special 
edition Bulletin delved deeper into cancer 
therapies developed at the Laboratory, 
while the second presented a roundup of 
research attheNationalSynchrotron Light 
Source. In the radio series SCIENCE ON AIR, 
four Brookhaven scientists took to the air- 
waves each month in two-minute stories 
produced with the assistance of the video 
group of the Photography & Graphic Arts 
Division. 

Improvements to On-Site Housing 
Many of the thousands of visitors who 

come to Brookhaven to perform research 
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find a “home away from home” in the 
Laboratory’s own on-site housing commu- 
nity of apartments, efficiencies and dormi- 
tories. In 1994, a major renovation of the 
19 multiple-unit apartment buildings con- 
tinued, much of it funded by DOE’S In- 
House Energy Management Program. By 
1999, each of the apartments will feature 
new insulation, wiring, siding, windows 
and furnishings, making the 1940s-era 
dwellings more comfortable, attractive and 
energy-efficient. 

Making reservations for one of those 
apartments, or for any of the more than 
433 accommodationson site, became easier 
and more efficient for both guests and staff 
this year, when the housing office in the 

Staff Services Division acquired a comput- 
erized property management system de- 
signed for resorts and hotels with large 
numbers of guests and high turnover. 

F h t  AUI Patent Royalties Distributed 
Several research groups received the 

fruits ofpast scientific and technology trans- 
fer efforts in 1994, as AUI distributed 
$250,000 in patent royalties to the Biology, 
Medical and Applied Science Departments. 
Under AUI’s patent-licensing agreement 
with DOE, a portion of the royalties from 
the licensing of patents on Brookhaven- 
developed inventions is poured back into 
the Laboratory. This year’s distribution of 
funds, the first ever, will support new scien- 

tific research, educational efforts, technol- 
ogy-transfer activities and other programs 
within the inventors’ departments. These 
endeavorsareapproved by Laboratory, AUI 
and DOE management. 

BERA Update 
More than50Laboratoryemployeesand 

guests kicked up their heels in 1994 when a 
Countryrnestern Dance Club was added 
to the organization roster of BERA. Two 
filled-to-capacity sessions ofweekly classes 
were held, and included instruction in 
popular line dances and traditional couples 
dancing. 

Superhnd 
BNL is  on the federal roster of sites that are considered high priority for cleanup under the federal Comprehensive Environmen- 

tal Response, Compensation and Liability Act, commonly referred to as Superfund. The Laboratory’s Office of Environmental 
Restoration is  responsible for short-term removal actions to remove known sources of environmental contamination, as well as 
for long-term investigation and cleanup of areas of concern, where the nature, magnitude and extent of contamination are 
unknown. 

The first major removal-action project was begun in  fiscal year 1994: the dismantling of eleven large steel tanks that once 
held low-level radioactive waste. Under a giant structure erected to contain radioactive dust and rust, the tanks were dis- 
mantled, cut into pieces and packaged for disposal off site. The removal action began in  August and was expected to be com- 
pleted months later. 

Another removal action was carried out this year. During construction of an addition to an existing building, mercury was found 
in soil being excavated for a storm drain. Construction was halted while 265 tons of soil were removed. 

A public meeting was held in  November 1993, to inform the community of, and solicit comments on, proposed studies of 
specific areas i n  the southeast section of BNL property. These areas are grouped together and are called Operable Unit 1. The 
primary areas of concern in Oper- 
able Unit I are BNL3 two inactive 
landfills, as well as the waste- 
management facility. Also to be 
addressed i s  an area of ground- 
water contamination, which had 
been initially remediated by a 
spray-aeration technique. 
Operable Unit IV consists of the 
Laboratory’s steam plant and a 
1977 oi l  and solvent spil l  at that 
location. In that unit, progress 
this year included the removal of 
the underground storage tank’that 
had leaked in 1977, as well as re- 
moval of contaminated soil sur- 
rounding the tank. 
All remediation work i s  approved 

by New York State, the U.S. En- 
vironmental Protection Agency 
and the U.S. Department of Energy 
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In fiscal year 1994 (FY94), Brookhaven’s 
total budget was $414.2 million, an increase 
of 3.5 percent over FY93. 

BNL’s budget is divided into three areas: 
Operating funds support the Lab- 

oratory’s various research programs. These 
funds pay the costs of salaries and wages, 
fringe benefits, materials andsupplies, and 
energy associated with the research pro- 
grams. In FY94, operating funds added up 
to $284.9 million. 

Capital equipment funding, which 
amounted to $22.8 million in FY94, pro- 
vides for major instrumentation, scientific 
apparatus, computers and office equip- 
ment. 

Construction funds are used for build- 
ingprojects. These monies increased by9.3 
percent in FY94, to $106.5 million, largely 
due to funding of $78 million for the Rela- 
tivistic Heavy Ion Collider. Ihvironmental 
restoration and waste management (non- 
defense) projects received $6 million for 
the waste minimization facility upgrade, 
and$l.l millionforalaboratoryfloordrain 
collection system. Infrastructure improve- 
ments included one new start, the fuel stor- 
age and transfer facility, funded for 
$700,000 in FY94. 

Other ongoing facilities projects sup- 
ported by the US. Department of Energy 
(DOE) were the potable water system up- 

grade ($2 million), and phase I of roof re- 
placement ($1.9 million). Program-related 
construction included an upgrade of the 
Brookhaven Linac Isotope Producer, 
funded for $5.8 million in FY94. 

As in previousyears, the principal source 
ofBNL’sfundingwasDOE, which accounted 
for about 83 percent of the operating bud- 
get and for all ofthe capital equipment and 
construction funds. 

BNL Operating Funds (millions of dollars) / I  

1s 

FY 1994 Total $284.9 
79.8 

b 70.1 
c - 26.4 
d 60.7 
e 47.9 

FY 1993 Total $283.5 
84.8 

b 71.9 
c - 26.3 
d 53.9 
e -46.6 

FY 1992 Total $281.5 
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