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Established in 1947 on Long Island, New York, on the site of the former Army Camp Upton. RNL is 
a multidisciplinary laboratory that carries out basic and applied research in the physical, biomedical 
and environmental sciences and in selected energy technologies. The Laboratory is managed by 
Associated UniversiCiess Inc., under contract to the U. S. Department of Energy. ENL‘s annual budget 
is about $400 million, and the Laboratory’s facilities are valued at  a replacement cost in excess of 
over $2.8 billion. Employees number around 3,200, and over 4,000 guests, collaborators and 
students come each year to use the Laboratory’s facilities and work with its staff. It is these “users” 
who provide a constant and valuable influx of ideas and talent to the Laboratory. Their presence 
reinforces the Laboratory’s ongoing challenge to meet the needs of alI who perform scientific research 
at RNL, by providing state-of-the-art scientific machines and top quality support functions. RNL serves 
as B center for science and scientists, while always keeping science at the center of its mission. 



As a research laboratory, Brookhaven 
is ever alert to new ideas and new ways to 
pursue them. Our forward-looking ap- 
proach to forefi-ontscienceis deeply rooted 
inano1dBNLtradition:providingresearch- 
ers who come to use thelaboratory’s facili- 
ties with the very best tools for their work. 

We call those researchers our “users,” 
and the tools we provide them are our 
“user facilities.” Since Brookhaven Na- 
tional Laboratory was founded in 1947, 
these facilities have been unique, innova- 
tive and, above all, ofgreat use to the com- 
munity ofscientists from academia, indus- 
try and other laboratories who flock here 
year-round to take advantage of them. 

The expertise that led to our facility 
with facilities began developing at BNL 
almost as soon as the Laboratory opened 
its doors and work began on the first two 
“bigmachines”-the Brookhaven Graph- 
ite Research Reactor (BGRR) and the Cos- 
motron. 

As advanced as those facilities were for 
their time, further pioneering designs by 
BNL. teams led to their eventual obsoles- 
cence: With the discovery of strong focus- 
ing, the Cosmotron gave way to the 10 
times-more-energetic Alternating Gradi- 
ent Synchrotron (AGS). The BGRR was 
supplanted by the High FluxBeamReactor 
(HFBR);which came on line 30 years ago 
with designinnovations yielding moreneu- 
trons for researchers. 

While our mix offacilities is constantly 
changing as new ones are built, older ones 
upgraded and others that have passed their 
prime decommissioned, we have concen- 
trated on building machines that are or- 
ganic in nature: fully capable of being im- 
proved in response to our staffs interac- 
tion with the user community. 

Awonderfulexample ofthisisthe AGS, 
where three experiments have captured 
Nobel Prizes in Physics for our users. I was 
an AGS user when it started accelerating 
protons in July 1960, and its design inten- 
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world record for proton intensity, with community’s approvalis shownin its ever- 
63.3 trillion protons per pulse - 6,300 increasing numbers - today, more than 
times greater than its original design in- 2,200 researchers use the Light Source an- 
tensity! nually. 

Similarimprovementsmarktheshorter Now, our staffs ingenuity is critical to 
history of our National Synchrotron Light the RelativisticHeavy Ion Collider (RHIC), 
Source(NSLS). Overthelastl4years, huge whichwillbeBrookhaven’snextmajoruser 

Inside the tunnel of the Relativistic Heavy Ion Collider 
Laboratory Director Nicholas Samios stands in front c 
two of the superconducting magnets that are beini 
assembled into the two rings in which heavy ions wi 
speed in opposite directions and collide a t  six points 
providing physicists with exciting new areas of research 
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facility. By cleverly designing a tunnel to 
link the heavy ion-producing TandemVan 
de Graaff with the AGS, our staff turned 
the two workhorse accelerators into an 
“injection system” for RHIC; the 1991 ad- 
dition of the Booster to this accelerator 
chain enhanced the number of ion species 
that the AGS can deliver to RHIC. 

Beyond RHIC, we are exploring several 
new facility options for the Laboratory. 
These include a possible pulsed-neutron 
source, a “next-generation” light source in 
which a free electron laser would produce 
deep ultraviolet light, andamuon collider, 
which would provide highly energetic par- 
ticle reactions at a much lower cost andin 
a much smaller facility than any other ex- 
isting or proposed accelerator. 

The Brookhaven staff has always been 
able to come up with unique approaches to 
our facilities because they are more than 
designers- they are users too. In fact, as a 
result ofpeer-review competition, BNL re- 
searchersendupusingthesefacilitiesabout 
20 percent of the time - a nice balance 
with the outside user community. 

Keeping one’s balance means keeping 
things in focus - but sometimes refocus- 
ing is in order. That’s what Brookhaven is 
doingnow in response to intensive reviews 
of the missions and efficiency of the na- 
tional laboratories. So, while we believe 
our missions have always meldedwith the 
U.S. Department of Energy’s core activi- 
ties, we are also concentrating on enhanc- 
ing our specific strengths even further. In 
addition to the “bigmachines”I’vea1ready 
discussed, these include: 

Structural biology - BNL can be a 
pillar of great strength in this field, with 
our renowned Protein Data Bank, which 
provides Internet users with a database of 
three-dimensional structures of biological 
macromolecules; our expertise in struc- 
turaldeterminationat the HFBRandNSLS; 
and our command of the increasingly im- 
portant area of genome sequencing. 

Brookhaven Centerfor Imaging and 
Narrosciences - As the year ended, we 
were very close to dedicating a new, high- 
field magnetic resonance imaging (MRI) 
facility, which will be one of the center’s 
three components, alongwith our existing 

facilities for positron emission 
tomography, or PET, and single photon 
emission computed tomography, known 
as SPECT. 

Center for Radiation Chemisfry Re- 
search - Another new user facility about 
to be launchedis thePulseRadiolysis Facil- 
ity (PRF), which radiation chemists will 
use as a high-tech stopwatch to examine 
the dynamics of chemical species that live 
only a few trillionths of a second. In this 
new center, the PRF will augment and be 
1,000 times faster than our 45-year-old, 
two-million-electron-volt Van de Graaff 
accelerator. 

Radiotherapy for cancer - When 
clinical trials in boron neutron capture 
therapy (BNCT) got under way at the 
Brookhaven Medical Research Reactor in 
February, people desperately ill with the 
braincancerglioblastomamultiformewere 
given a chance to help advance therapies 
for this invariably fatal illness and, per- 
haps, gain some relief of their own. BNCT 
adds another dimension to cancer therapy 
at  Brookhaven, where the Radiation 
Therapy Facility run by the University 
Medical Center at Stony Brook offers out- 
patient treatment to cancer sufferers. 

*Applied areas - Our researchers con- 
tinue to look at better ways ofremediating 
environmental problems, handling wastes 
and restoring the nation’s infrastructure. 
This year, for example, some of our scien- 
tists demonstrated an encapsulation pro- 
cess for sealing radioactive, hazardous and 
mixed wastes in plastic for safe disposal, 
while others became part of a four-year 
pilot demonstration program aimed at 
cleaning up pollution in the New York- 
New Jersey Harbor. 

As we refocus, we must also expand our 
focus to include notjust the nation but the 
entire planet. It’s aglobalsociety now, and, 
reflecting that, Brookhaven has forged re- 
search agreements with many other coun- 
tries. Most recently, we signed a pact with 
the Japanese laboratory RIJSEN, ensuring 
that, with their $20-million contribution, 
spin-physics research will be conducted at 
RHIC. 

Another example ofglobal cooperation 
is FACE - our free-air carbon-dioxide en- 

richment program for evaluating the effect 
ofincreasedatmospheric carbon on plants’ 
rate of photosynthesis. This critical envi- 
ronmental technology, first developed at 
BNL, is being used in locations ranging 
from Arizona to New Zealand. 

And, of course, I’m looking forward to 
our working with the Large Hadron Col- 
lider now being built at CERN, which we 
consider our sister laboratory in Europe. 
BNL physicists are gearing up to make 
major contributions to both the detectors 
and the accelerator magnet program. 

In addition to refocusing our scientific 
priorities, we have also been reviewing the 
way we do business: Due to tightening na- 
tional budgets, we must become more effi- 
cient in our science and adopt best busi- 
ness practices in our operations. 

Toward this end, we have had many 
introspective reviews of our operations - 
including our staff. While we have had to 
downsize over the past year, we have tried 
to do that as humanely as possible, mainly 
through voluntary layoffs. We also realize 
that our major resource- and the vitality 
of the Laboratory - is the quality of our 
people. 

So, despite the funding restraints, it is 
our highest priority to maintain an envi- 
ronment conducive to makinggood people 
want to work here, and to continue to en- 
courage creativity, innovation and inge- 
nuity among our staff. 

The stable environment necessary for 
these attributes to flourish was given a big 
boost this year when DOE awarded our 
Associated Universities, Inc. (AUI), man- 
agement team another five-year contract. 

AUI reflects our interaction with and 
commitment to academia and industry. 
With this relationship continuing, with 
our unique mix of facilities and other sci- 
entificendeavors, andwith a strong core of 
talented people, I believe that we are well- 
positioned to meet the challenges that lie 
ahead. 

R.Q. sonn;\rJ 
NICHOLAS P. SAMIOS 

DIRECTOR 
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They come from across the country and 
from across the street. They come from 
large companies, small universities, na- 
tional laboratories and institutions in be- 
tween. They come to study molecules, 
muons, metals, microbes and magnetism. 

They come to Brookhaven National 
Laboratory’s user facilities. 

For more than 4,400 scientists a year, 
including the Laboratory’s own scientific 
staff, Brookhaven’s research facilities offer 
access to state-of-the-art equipment that 
exists nowhere else. 

These machines are true national re- 
sources, too large to be built or maintained 
by any single university or company and 
available to scientists whoseresearch holds 
promise for truly new knowledge or appli- 
cations. 

Brookhaven’s many “big machines” de- 
mocratize science at the same time they 
centralize it. They provide equal research 
opportunity to corporate scientists and 
graduate students at a single facility built 
through federal investment. And once the 
machines have been built, it only takes a 
smallinvestment each year to leverage their 
value further. 

Brookhaven’s assembly ofall thesegreat 
machines supports scientists doing cut- 
ting-edge research in physics, biology, 
medicine, environmental and energy sci- 
ences, chemistry, materials science and ap- 

plied industrial areas. With so many user 
facilities on one site, scientists can even 
obtain complementary results on a sample 
using several different facilities. 

From the intense x-ray and ultraviolet 
beams of the National Synchrotron Light 
Source to the neutrons of the High Flux 
BeamReactor, and from the protons ofthe 
Alternating Gradient Synchrotron to the 
electrons of the Scanning Transmission 
Electron Microscope, these facilities pro- 
vide the means for basic scientific discov- 
ery: 

, 
I I 

N ATI o N AL SY N c H R OTR o N 
LIGHT SOURCE 

ALTERINATING GRADIENT 
SYNCHROTRON 

RELATIVISTIC HEAVY ION COLLIDER 
HIGH FLUX BEAM REACTOR 

BROOKHAVEN MEDICAL RESEARCH 
TANDEM VAN DE GRAAFF 

REACTOR 

ELECTRON MICROSCOPY 
FACILITY 

SCANNING TRANSMISSION 

ACCELERATOR TEST FACILITY 
6 0 - I N C H  & 4 1 l N C H  

CYCLOTRONS 

NATIONAL SYNCHROTRON 
LIGHT SOURCE 

Each year, the National Synchrotron 
Light Source (NSLS) attracts more than 
2,000 scientists from industry, universi- 
ties andgovernmentlaboratories, who per- 
form both basic and applied research in 
biology, chemistry, geoscience, materials 
science, medicine and physics. 

In 1995, the total was 2,206 from 357 
institutions worldwide. Working side by 
side with these visiting researchers are 
Brookhaven’s own scientific staff and hun- 
dreds of students. From AT&T Bell Labs 
and Argonne National Laboratory, to uni- 
versities like Yale in Connecticut and 
Uppsala in Sweden, these scientific users 
travel from their home institutions to the 
NSLS, drawn by its beacon of synchrotron 
light. 

The NSLS produces high-energy pho- 
tons in two electron storage rings - the 
vacuum ultraviolet (W) ring, which is 
optimized to produce light in the infrared, 
visible and ultraviolet ranges; and the x- 
ray ring, which produces very intense x- 
ray beams. 

At the 74 experimentalstations arrayed 
around the rings, research of all kinds pro- 
ceeds year round, day and night. Much of 
it focuses on surfaces - scientists at the 
NSLS study catalysis, corrosion and‘ con- 
ductivity in materials ranging from metals 
to high-temperature superconductors. The 
NSLS’light beams are also useful for exam- 
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ining biological molecules, crystals and 
other species. More information on struc- 
tural biology at the Light Source can be 
found in that department’s section later in 
this report. 

ALTERNATING GRADIENT 
SYNCHROTRON 

Over its 35-year history, the Alternat- 
ing Gradient Synchrotron (AGS) has been 
home to experiments large and small, in- 
cluding three that led to Nobel Prizes in 
physics. Able to accelerate protons, polar- 
ized protons and heavy ions, the AGS this 
year again broke its own world record for 
proton intensity, generating pulses con- 
taining as many as 63.3 trillion of the sub- 
atomic particles each. 

Also in 1995, approximately 850 scien- 
tists used the AGS, working at the large, 
collaborative experiments set up by teams 
of researchers. They came from 180 insti- 
tutions, from as close as the State Univer- 
sity ofNew York at Stony Brook and as far 
away as Brazil, China, Croatia, Germany, 
India, Ireland, Israel, Japan and Kazakh- 

stan. And, of course, Brookhaven’s own 
physicists use the AGS, too. 

This year, 550 high-energy physicists 
usedl3 differentexperimentstostudymat- 
teratits most basiclevel, while 300 nuclear 
physicists collected data at the AGS from 
four large and six small heavy-ion experi- 
ments. 

The AGS is also an important training 
ground for students, fiomundergraduates 
in summer internships to graduate stu- 
dents performing work for their doctorate 
degrees. This year, 180 students used the 
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AGS - 105 in high energy physics and the 
balance in heavy-ion work. 

RELATIVISTIC HEAVY ION 
COLLIDER 

How can a collider that is not even fh- 
ished yet be considered a user facility? The 
answer is clear when you consider the vast 
number ofscientists, engineers and others 
needed to plan, design and build the huge 
experiments for the Relativistic Heavy Ion 
Collider (RHIC). 

In the photo above, you can see RHIC’s 
3.8-kilometer ring in the northern area of 
Brookhaven’s site, where beams of speed- 
ing ions will collide and produce showers 
of particles for scientists to examine. 

The four experiments already approved 
for RHIC are made possible only by the 
contributions of more than 840 users, in- 
cluding 725 scientists as well as engineers, 
technicians and students, spread over 22 
states and 14 foreign countries. 

In addition to 72 Brookhaven users, 
RHIC experimenters from diverse universi- 
ties and several national laboratories help 
in the planning, design and construction 
ofthese massive experiments. The two larg- 
est, STARandPHENIX, are alreadypastthe 
planning stage, with new components be- 
ing built around the world. BRAHMS and 
PHOBOS, RHIC’s two smaller experiments, 
are poised to begin construction in 1996. 

The intense attention paid now to each 
experiment’s myriad detectors and high- 
speed data collection systems will pay off 
in 1999, when RHIC comes on line. Then, 
speeding ions will collide and unleash 
showers ofenergeticparticles, yieldingdata 
that are expected to provide us with a new 

understanding of the basic nature of mat- 
ter. 

HIGH FLUX BEAM REACTOR 
Celebrating its 30th anniversary in 

1995, Brookhaven’s HFBR, or High Flux 
Beam Reactor, is still one of the world’s 
major centers for neutron-scatteringstud- 
ies in nuclear and condensed matter phys- 
ics, chemistry and biology. 

NATIONAL 
SYNCHROTRON 
LIGHT SOURCE 

USERS, 
1982-1 995 * 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

90 

124 

210 

276 

507 

670 

828 

1215 

1550 

1725 

1897 

2193 

2228 

2206 

*number of actual users at the 
NSLS during the year; does not 
include users with multi-year 
appointments who didnot visit 
during the year. 



The HFBR’s nine ports serve 15 experi- 
mentalstations, most ofthem operated by 
the cooperating scientists in participating 
research teams from universities, national 
laboratories and industry. Users can also 
send in samples to be irradiated in the 
reactor’s core. 

In 1995, approximately 250 research- 
ersfrom 73 different institutions andcom- 
panies, including Brookhaven, used the 
HFBR. The reactor’s staff performed 180 
sample irradiations for other users. 

Prominent among the HFBR’s research 
uses is structural biology, a field far re- 
movedfiomthe originalphysics andchem- 
istry mission for which the reactor was 
built. Magnetism, superconductivity and 
rare isotopes are still studied here. But the 
HFBR also serves well many scientists who 
study the puzzle of life - it is home to the 
nation’s most active neutron-based struc- 
tural-biology program. 

TANDEM VAN DE GRAAFF 
Besides its duties as the starting point 

for heavy-ion beamsfor the AGS and, even- 
tually, for RHIC, theTandemVande Graaff 
accelerator boasts applications of its own. 
During just nine months of the year, it 
attracts more than a hundred academic 
and industrial users - 119 in 1995 alone. 
A second tandem accelerator, much like 
the existing one, is being readied to make 
more beam time available to users. 

These users came from 25 institutions 
this year, including12U.S. andthreeEuro- 
pean companies, five American universi- 
ties andfiveU.S. government research labo- 
ratories. 

Many come to benefit from the Single 
Event Upset Test Facility, which uses accel- 
erated heavy ions to simulate the cosmic 
rays of outer space. For satellite builders 
who need computer chips and other de- 
vices that are “hardened” to withstand the 
impact of such rays, the facility is quite 
valuable - both the U.S. and the Euro- 
pean space agencies have called on the 
Tandem for such work. 

A major industrial effort at the Tan- 
dem, by a U.S. company; uses the same 
speeding ions to trace microscopic tracks 
in plastic filter membranes. 

cal trials ofboron neutron capture therapy 
(BNCT) for brain tumors. But its uses ex- 
tend into other, basic medical and materi- 
als science projects. 

Brookhavenscientistsmakeup the bulk 
of the BMRR’s 75 users, including those 
who are working to improve BNCT, ob- 
serve cells’ reaction to radiation, and acti- 
vate elements in limestone for radiological 
dating. But some 25 users from six outside 
institutions, including the State Univer- 
sity ofNew Yorkat Stony Brook, Washing- 
ton State and Ohio State Universities and 
New York‘s Beth Israel Medical Center, 
also availed themselves of the BMRR in 
1995. 

SCANNING TRANSMISSION 
ELECTRON MICROSCOPY 

Brookhaven scientists and outside us- 
ers come to the Scanning Transmission 
ElectronMicroscopy (STEM)Facility to see 
and “weigh” the smallest of the small - 
fromsingleantibodieslabeled withgold to 
the geometric capsule of a virus. 

In addition to ongoing heavy use of the 
original microscope (STEM l), which was 
commissioned in 1977, this year featured 
the completion ofanother STEMmachine, 
known as STEM 3. Its purpose is to make 

BROOKHAVEN MEDICAL 
RESEARCH REACTOR 

The smaller cousin of the HFBR, the 
Brookhaven Medical Research Reactor 
(BMRR) is home to the Laboratory’s clini- 

elemental maps of unstained biological 
specimensatalowdoseofelectrons. STEM 
2, a microscope brought to the Laboratory 
in 1985, is no longer in operation, having 
been superseded by STEM 3. 

About 50 users from nearly three dozen 
institutionsputSTEM1 tousein1995.The 
facility’s staff examined samples that had 
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’ been sent from Brookhaven’s own labs, as 
well as from universities and government 
laboratories around the country. 

Often, biological samples are too sensi- 
tive to radiation damage to be inspected 
under conventional electron microscopes 
without the addition of stains. But with 
STEM, unstained samples may be probed 
one point at a time with a low dose of 
electrons, which scatter and are recorded 
on sensitive detectors. 

~ 

ACCELERATOR TEST FACILITY 
While many other Brookhaven user fa- 

cilities start with a basic machine and re- 
ceive new upgrades or experiments peri- 
odically, the Accelerator Test Facility is a 
never-ending series of experiments in ac- 
celerator physics - a work in progress. 
The “users” at the ATP are actually the 
designers of the next generation of accel- 
erators andsynchrotronradiationsources, 
testing their ideas and prototypes for new 
accelerator physics principles and devices. 

ABOUT BROOKHAVEN 

In addition to users and contributors 
from diverse Brookhaven departments, 
over 30 scientists from private companies, 
universities and other national laborato- 
ries participated in 12 experiments on the 
ATFin 1995. Among the investigationsis a 
prototype inverse free electron laser, which 
at the end of the year was on the verge of 
successhlly accelerating electrons. 

which they produce short-lived isotopes 
for medical imaging. 

But in 1995, three other user sfiom out- 
side institutions called on the cyclotrons 
for help in their projects. The two ma- 
chines, one of them more than 30 years 
old, helped produce isotopes for cancer 
studies and also aided in studies of radia- 
tion damage to electronic parts and activa- 
tion of materials used in space-suit 
visors. I 

USERS INSTITUTION 
[APPROX. ] 

NSLS 2,206 357 
AGS 850 180 
RHlC 840 81 
HFBR 250 73 

Tandem 119 25 

BMRR 75 7 

STEM 50 10 
ATF 12 7 
Cyclotrons 3 3 



-AUI: TURNING VISION INTO REALITY 
When a group of nine Northeastern universities came together in 1946 under the name 
Associated Universities, Inc. [AUI], their mission was clear: to establish a center for science 
that provided facilities far larger than those any one institution could build alone. 
This center, they envisioned, would attract not only scientists from the founding 
institutions, but from all over the nation and around the world. It would be an 
unprecedented achievement - a home for large, state-of-the-art scientific machines and 
for the resident and visiting scientists who would use them to find the basic truths of 
nature. 

Today, with thousands of users availing themselves of Brookhaven’s resources each 
year, that vision has been fulfilled. 

With AUl’s guidance spanning nearly five decades, world-class user facilities have been 
built time and time again at Brookhaven. This success story began with the first nuclear 
reactor built for peacetime basic research, the Brookhaven Graphite Research Reactor, 
and continues to this day with the busiest scientific facility in the world, the National 
Synchrotron Light Source. The drive for user facilities of the future, most evident in the 
building of the Relativistic Heavy Ion Collider, is unceasing. 

Over the years, AUI and Laboratory management have worked together to develop 
policies and create procedures for reviews and workshops. This work has both preserved 
and enhanced Brookhaven’s reputation as a world-class institution. Impacting many areas 
of science, this alliance has been fostered by the dedicated service of hundreds of AUI 
trustees and visiting committee members. 

This year, after extensive negotiations, AUI renewed its contract with the U.S. 
Department of Energy for the continued operation of the Laboratory through the end of 
the century. The contract marks a sharp deviation from previous contracts, which had 
been based on management and operating principles that had evolved over the last 50 
years. 

The new contract is ‘performance based,” defining detailed performance criteria and 
calling for increased contractor accountability and risk sharing. It is expected to decrease 
micromanagement and result in improved performance and cosseffectiveness in all 
Laboratory operations. 

i D r a w n  f r o m  m a n y  insti tutions,  AUI’S 24 t r u s t e e s  
i he lp  o v e r s e e  Brookhaven’s  e n d e a v o r s  t h r o u g h  
! n u m e r o u s  specialized commi t t ees .  Attending a 
1 Board  mee t ing  a t  t h e  Labora to ry  are t r u s t e e s  a n d  

officers: [back row,  f r o m  left] S c o t t  Lede rman ,  AUI 
1 T r e a s u r e r ;  M o r t o n  Lippmann, N e w  York Univer- 
1 sity; Louis Girifalco, University of Pennsylvania;  

T h o m a s  Davin J r . ,  AUI Vice P res iden t -Corpora t e  
1 Affairs  a n d  Genera l  Counsel;  E r n e s t  Henley, Chair- 
j m a n  of AUI Board  of T r u s t e e s ,  University of 
1 Wash ing ton ;  R o b e r t  Birgeneau,  M a s s a c h u s e t t s  
~ Ins t i tu te  of Technology [MIT]; R o b e r t  Hughes ,  AUI 
1 P r e s i d e n t  a n d  t r u s t e e  ex-officio; Marvin Kuschne r ,  

~ 

State University of N e w  York a t  S t o n y  Brook; 
1 Michael Fisher ,  University of Maryland; M a r t h a  
I H a y n e s ,  Cornel l  University; A n d r e w  S e s s l e r ,  
* Lawrence  Berkeley Nat ional  Laboratory;  Aihud 

P e v s n e r ,  T h e  J o h n s  Hopkins University; R o b e r t  
i Adair. Yale University: H e r m a n  Feshbach ,  MIT; 
’ [middle row. f r o m  left] J e r o m e  Hudis. AUI Vice ’ P r e s i d e n t  - P r o g r a m m a t i c  Affairs, Control ler  a n d  

S e c r e t a r y ;  Paul  Sigler,  Yale University; J o h n  A r m s t r o n g ,  IBM Corporat ion;  Donald Hess .  University of R o c h e s t e r ;  
Leland Willis, AUI Vice P r e s i d e n t  - Environment ,  S a f e t y  & Health;  R o b e r t  Pound ,  Harva rd  University; [ f ront  row,  
f r o m  left] Pau l  Mar t in ,  Harva rd  University; Carol  Whitley,  AUI A s s i s t a n t  S e c r e t a r y ;  William S w e e t ,  M a s s a c h u -  
setts Genera l  Hospi ta l ,  AUI Honora ry  T r u s t e e ;  B a r b a r a  Baird,  Cornell University; a n d  Val Fitch. P r ince ton  
University. Missing are: Bar ry  S. Cooperman ,  University of Pennsylvania;  Vera  Rubin, Ca rneg ie  Inst i tut ion of 
Wash ing ton ;  Malvin Ruderman ,  Columbia University: J o s e p h  Taylor, P r ince ton  University; a n d  Richard Zdanis ,  
C a s e  W e s t e r n  R e s e r v e  University. 
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-USING THE FISCAL DIVISION 

These rows of figures add up to a 
majority of t h e  Fiscal Division. 

One Srookhaven service much used by users is the cashier’s 
office. From behind the windowgrille, in addition to dealing with 
other Laboratory business such as travel expenses and petty 
cash reimbursement, the cashier receives housing bill pay- 
ments from visiting scientists and cashes their personal 
checks. This function is part of Accounts Payable, which, 
together with General Accounting and Payroll, forms the Fiscal 
Division. 

The Fiscal Division’s main task is to ensure that the 
Laboratory’s financial transactions are all in accordance with 
generally accepted accounting principles. The division oversees 
da y-to-day accounting functions and assures cost-effective 
compliance with directives from the U.S. Department of 
Energy, including internal controls and financial reporting. 

Other responsibilities are to supply research units with 
technical guidance in accounting and finance as required, to 
resolve complex fiscal-related problems and to carry out 
special projects assigned by the Director’s Office. 

The division keeps abreast with the latest technology for 
more effective, efficient procedures - this year, for example, 
a local area computer network to connect the division’s offices 
was established. 

Close working relationships are maintained between the 
division and the Laboratory’s administrative offices, including 
those within the many scientific and support departments and 
divisions. 

A11 in all, it is not just users - everybody uses Fiscal! 
1 

-TEAM SPIRIT 
As evidenced on these pages, Srookhaven has contributed many user facilities to the scientific 
community over the years. And all along, the Laboratory has opened those facilities to teams 
of scientists whose innovations have explored and enhanced each machine’s possibilites: 
participating research teams [PRTsJ 

This ‘if you build it, they will come”princip1e of uset-facility operation offers access to teams 
of researchers from any number of institutions. Srookhaven builds, maintains and upgrades 
the “big machine” itself, through U.S. Department of Energy funding. Sut one machine can 
support many beam lines and experiments - which is where the PRTs come in. 

In a PRT, researchers from several universities, laboratories or companies, for example, may 
come together to fund and build a beam line at the National Synchrotron Light Source that they 
all can use. Each team’s long-range research goals and detailed beam-line design must be 
approved by the Laboratory, and each must submit an annual progress report. Every three 
years, each PRT’s tenure is reviewed through these reports. 

If a PRT performs proprietary research that will not be published in the scientific literature, 
it must compensate Srookhaven for its use of the machine. 

Users who have a less continuing need for research time at the NSLS or some other user 
facilities can participate in the general user program, which allocates up to a quarter of the 
beam time on PRT beam lines. 

PRTs are the lifeblood of Srookhaven’s user facilities, providing a constant flow of new faces, 
new ideas and new equipment through the Laboratory and reinforcing the concept of user 
facilities as centers for science. 



Ion Collider [RHIC], comes on line in 1999, a lifeblood of particles 
arteries,” or rings. These two concentric circles, made of I ,  740 

oratory-industry cooperation, will direct the beams of speeding ions 
and, as announced this year, polarized protons. Sut the collider will have “eyes,” too - four huge 
experiments resulting from years of collaboration among more than 800 scientists and engineers. They 
will be able to “see” the showers of particles produced by collisions between the two beams, and perhaps 
even glimpse the first creation of a quark-gluon plasma since the Sig Sang. Together with many other 
components that will make RHIC’s lungs, brain and nerves, these vital systems made remarkable progress 
this year. 

- -  
energies when it comes on line in 1999. 

Amajoraddition toRHIC’sphysicspro- 
gram came in 1995 with the announce- 
ment that a collaboration with Japan’s 

lide beams of spin-polarized protons, as 
well as beams of heavy ions, at energies of 
250 billion electron volts (GeV). 

Through the new program of “spin 
physics,” physicists hope to gain an under- 
standing ofthe spin structure within nucle- 
ons, the particles that normally occur in- 
side atomic nuclei. 

Such investigations will complement 
the heavy-ion physics already planned for 
RHIC, which will collide ionized beams of 
gold or other elements in the search for 
quark-gluon plasma. This soup-like state 
of matter, in which quarks and gluons in- 
side nucleons are loosed from their usual 
bonds, is thought to be simiiar to the state 
oftheuniverse momentsaftertheBigBang. 

The additional accelerator equipment 
and detectors required for a spin-physics 
program are being funded by a $20 million 
collaboration with RIKEN. Now, in addi- 
tion to being the world’s highest-energy 

1 RIKEN Laboratory will outfit RHIC to col- 
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A MAGNET A DAY, AND 
MORE ON THE WAY 

It willtake 1,740 superconductingmag- 
net components to make RHIC - 1,740 
components that must be manufactured, 
assembled into completed magnets, in- 
stalled in the RHIC tunnel and connected 
to one another in two parallel 3.8-kilome- 
ter colliding rings. Altogether, it is a $150 
million endeavor. 

Working with industry, RHIC’s magnet 
designers, builders and installers are get- 
tingthejob done.Thisyear, industrialpart- 
ner Northrop Grumman Corporation suc- 
cessfully delivered 235 dipole magnets un- 
der the second phase of its contract to 
build 371 of the assemblies. The company 
also continued to ship quadrupole magnet 
cold masses to the Laboratory from its 
plant in nearby Bethpage, completing 376 
toward a goal of 432 by the end ofthe year. 

Our other magnetpartner, EversonElec- 
tric of Bethlehem, Pennsylvania, has com- 
pletedits deliveryof300sextupolesand78 
trim quadrupoles. 

This year, the Laboratory’s magnet-as- 
semblers began bundling Northrop 
Grumman’s quadrupoles and Everson’s 
magnets into corrector-quadrupole- 
sextupole(CQS)assemblies, alongwith432 
corrector magnets made at Brookhaven. 
By the end of fiscal year 1995, our assem- 
bly line was producing completed CQS as- 
semblies at a rate of nearly one each day, 
for a total of 105. 

Once magnets are assembled, they 
board a truck for the short trip to the RI-IIC 
tunnel.Theendoftheyearsaw189dipoles 
and 66 CQSs already in the tunnel. 

RHIC’s rings of magnets feature alter- 
nating dipoles and CQS assemblies, the 
former to bend the ion beams and the 
latter to focus them. But first, the magnets 
must be strung together, through a com- 
plicated assembly of electrical wiring, 
welded pipes or bellows, superinsulation 
blankets, heat shields and outer vacuum 
shells. Twenty-six of these interconnects 
were in progress by year’s end. 

A train of room-temperature magnets 
leading into RHIC, the transfer line that 
originates at the Alternating Gradient Syn- 
chrotron (AGS), was ready for action by 
the end of the year. At that time, prepara- 
tions were under way for a test beam of 
gold ions to be accelerated by the AGS and 
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delivered to the transfer line in early fiscal 
year 1996. 

Altogether, these experiments involve 
more than 800 collaborators, including 
physicists, engineers, technicians and stu- 
dents, from all over the world. Each experi- 
ment comprises a multitude of detectors 
and components, all of which have been 

ued to file into the RHIC tunnel, other sci- designed for a specific physics purpose, 
entistSandengineerSSPent1995working andmust be built, testedandinstalledinto 
on their part of the collider: the four ex- the finished whole. 
periments that will take position on the The two massive RHIC experiments, 
ring and keep watch over collisions. STAR and PHENIX, are well into the con- 

BUILDING 
While the Parade Of magnets contin- 

struction phase, while the two smaller ex- 
periments, BFUHMS and PHOBOS, are 
ready to begin construction. 

Among the year’s accomplishments 
were: the fabrication of detector compo- 
nents at locations ranging from California 
and Pennsylvania to England, Russia and 
Japan; component testing at the Alternat- 
ing Gradient Sychrotron; and, in March, 
the ground breaking for the STAR assem- 
bly hall. 

Asour BROOKHAVEN 
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Looking ahead, the additional experi- 
mental equipment initiative accepted in 
March provides for new instrumentation 

amounts of computing power required to 
analyze thedatafromRHIC’sexperiments. 
And, planning has begun to coordinate 
thecollider's“endgame"-the finalstages 

lation that will take place before RHIC is 
commissioned. 

OTHER 1 995 DEVELOPMENTS 
While magnets and experiments make 

up much of what RHIC is all about, there 
are many other systems that need to be in 

To keep the magnets cooled to super- 
conducting temperatures - around 4.5 

in both and to. extend of machine tuning and experiment instal- place before the collider comes on line. 
me's Physics capabilities. A new initia- 
tive is under way to provide the massive 

The outer skin of the time projection 
chamber, a 4.7-meter long compo- 
nent of RHIC’s STAR experiment, ,un- 
der construction a t  Lawrence Ber- 
keley National Laboratory. 
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kelvins, or -268.5' Celsius - a giant he- 
liumrefiigerationsystemnear thecollider 
Center is being readied. In June 1995, the 
compressor system for this 24 kilowatt re- 
fiigerator was tested successfully, with a 
test of the entire refrigerator expected for 
1996. 

Another aspect crucial to the operation million -instead of disposing of the con- 
ofRHIC will be the shielding to enclose the crete-and-steel block shielding fiom the 
radiation caused by the speeding ions as recentlydecommissionedBevalacaccelera- 
they race at relativistic speeds around the tor at LawrenceBerkeley NationalLabora- 
two rings. This year saw the beginning ofa tory, the U.S Department of Energy will 
unique program to provide that shielding ship 15,000 tons of the material to 
material for RHIC and save taxpayers $45 Brookhaven via rail. I 

I 
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The AGS D4 
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tes the Alternating Gradient Synchrotron [AGS], the world‘s most intense high- 
s to the Sooster preaccelerator and other improvements highlighted in the first 

p G S  can now deliver 6 x IOT3 protons per pulse. Accelerating heavy ions since 
1987, the AGS also pushes gold ions to a record 11.7 billion electron volts per nucleon, pointing to the 
future of nuclear physics a t  the Relativistic Heavy Ion Collider, now under construction at Brookhaven. 

After undergoing a major overhaul dur- 
ing the last decade, Brookhaven’s Alter- 
nating Gradient Synchrotron (AGS) this 
year beat its own world record for proton 
intensity. 

In March, it accelerated 60 trillion (6 x 
1013) protons with every pulse of its beam. 
This intensity is more than 60,000 times 
greater than the 1 x 1 O ’ O  protons per pulse 
that was originally envisioned for the 35- 
year-old accelerator. 

Today’s powerful proton beam triples 
the number of kaon decay experiments 
that can be conducted simultaneously. 
Also, the AGS can now accommodate new 
high-precision experiments, such as one 
that aims to measure precisely the mag- 
netic moment of the muon. This charac- 
terization ofthe particle’s interaction with 
a magnetic field requires more intense 
beams than previously available. 

Proton energy for AGS injection in- 
creased from 0.2 billion electron volts 
(GeV)to1.5GeVin1991, withthecomple- 
tion of the Booster, which preaccelerates 
and injects protons into the AGS. In time, 
this increase dener gy enabledour research- 
ers to increase the AGS proton intensity 
fourfold, to its current level. But first, many 
upgrades had to be made. 

118 

The AGS’s 0.8-kilometer circular tun- 
nelcontains240magnets, whichguide and 
focus the particle beam. The major require- 
ments of the magnetic field are that it be 
stable and reproducible, while also being 
flexible. 

Every three seconds, 30 GeV of energy 
is imparted to the beam, while 50 mega- 
watts of peak power in the accelerator’s 
magnets keep the beam on track. The 
power flow has to be carefully shaped to 
meet the requirements ofthe various parts 
of each AGS cycle. 

To controlthislargeinfluxofenergy, an 
array of computers and electronic feed- 
back loops has been installed. Other com- 
puters have been added to diagnose prob- 
lems with magnets and with the power- 
supply electronics. The upgraded controls 
system both programs and measures the 
voltage and current of the main magnet 
power supply and, hence, holds the mag- 
neticfieldintensityat therequiredpointof 
the cycle. 

VACUUM SYSTEM 
Begun in 1986, a major upgrade of the 

AGS vacuum system is now complete. The 
improved vacuum prevents protons from 
colliding with gas molecules as they travel 
at nearly the speed of light around the 
accelerator ring. Such collisions would 

cause beam loss, which limits the beam 
intensity and creates residual radioactiv- 
ity in machine parts. 

To counteract these potentialproblems, 
the AGS’s operating pressure was lowered 
from 2-3 x l o 7  torr to l o 9  torr. New metal 
vacuum sealing technologywassubstituted 
for the older designs, and most of the elas- 
tomers and plastic components -which 
are prone to radiation damage - were 
replaced with metal seals and ceramic in- 
sulators. Also, the240 dipole magnet cham- 
bers were refurbished, and as many new 
high-speed pumps were installed through- 
out the ring to maintain lower pressures. 

TRANSVERSE DAMPER 
As the AGS’S beam intensity increases, 

the beam produces more electric current 
in the surrounding vacuum chamber, 
which makes the beam itself unstable. 
When the beam starts to “wiggle”, it hits 
the chamber sides and is lost. 

To prevent this problem, a new, more 
powerfultransverse damper-afeedback 
system to stabilize the beam - has been 
installed. Electrodes inside the AGS 
vacuum chamber monitor the motion of 
the beam. When excessive motion is de- 
tected, high voltage is applied to metal 
plates in the transverse damper, known as 
the kicker, to generate an electric field in 
the vacuum chamber. The electric field 
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then"kicks" the beam-puttingitbackon 
course. 

TRANSITION-ENERGY JUMP 
SYSTEM 

Protons travel together in bunches 
around the AGS ring, but protons on the 
outer perimeter of the bunches have a 
slightly longer distance to travel. This is 
not a handicap at lower energies, because 
these particles have a higher momentum 
and velocity, making them still faster than 
the other protons. 

At higher energies, however, the differ- 
ence in velocity becomes so small that they 
do take longer to travel around the ring. 
The beam energy at which this change oc- 
curs is called the transition energy. Associ- 
atedwith transition are beamlosses, which 
tend to increase sharply with beam inten- 
sity. 

To avoid these beam losses, AGS re- 
searchers developed a transition jump sys- 
tem. Using pulsed quadrupole magnets, 
this system minimizes the time that the 
beam spends close to the transition en- 

ergy. A s i N c a n t  reduction ofbeamlosses 
has been achievedwith this system, which 
isindispensableforrunning the AGSatthe 
present intensity levels. 

HIGH-POWER RF SYSTEM 
The radio-frequency Q system in the 

AGS accelerates protons around the ring 
via electromagneticwaves operatingin the 
frequency ofradio transmission. The new 
proton intensity required a 400 percent 
increase in rfpower - a feat successfully 
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accomplished by AGS researchers who have 
been working on this project since 1991. 

As part ofthis upgrade, the ten 20-year- 
old accelerating cavities were upgraded 
ten new high-power amplifiers were in- 
stalled, each capable of supplying 75 kilo- 
watts of power to the beam; and a new rf 
beam-control system was built to provide 
new flexibility and to ensure smooth beam 
acceleration. 

RADIATION SAFETY 
The task of increasing the AGS proton 

intensity includessafety committee reviews 
of shielding designs and beam design cal- 
culations for safe and efficient operation of 
the several accelerators involved. Also, 
measurements ofthe effectiveness ofshield- 
ing are routinely done to assure the safety 
of workers near the beam enclosures. 

Basic dose-reduction strategies were in- 
corporated into designs of beam line com- 
ponents and radiation-resistant devices 
were installed. Our greatest dose reduction 
has come by way of accelerator improve- 
ment projects. These include improving 
the vacuum, beam injections and extrac- 
tion devices, and acceleration and other 
beam control systems. Over the long term, 
such modifications reduce beamlosses and 
personnel dose. I 

ing processes called rare-kaon decays is a 
team of researchers from the College of 
William and Mary; Richmond University; 
Stanford University; the University ofCali- 
fornia, Irvine; and the University ofTexas 
at Austin. 

MORE KAONS, BEITER 
RESULTS 

The researchers have begun taking data 
for Experiment 871 (E871), improving on 
E791 - their previous kaon decay experi- 
ment conducted from 1986 - 91 - by 
using a beam about 20 times more intense 
than before. 

To accomplish their goal, the research- 
ers have rebuilt the experiment’s detector 
so that it is five times more efficient in 
collecting data. The detector must cope 
with the signals of the 100 million par- 
ticles that pass through it every second, 
measuring their positions to a precision of 
0.1 millimeters. The more intense beam 
and improved detector make the experi- 
ment 20 times more sensitive for finding 
rare kaon decays. 

Kaons are naturally unstable particles, 
eachmadeofaquarkandantiquark. When 
they break down, or decay, they form two 
or more particles. Physicists believe kaons 
and other subatomic particles decay by a 
process in which the quarks in the particle 
first combine to form a heavy, intermedi- 
ate particle. According to theory, this 
heavy particle can only exist for a very 
short time. Then, it decays into the final 
particles, which the experimenters can 
detect. 

The way in which a kaon decays de- 
pends partly upon the masses ofthe inter- 
mediate, or virtual, particles created. In 
general, the heavier the virtual particle 
created, the rarer the decay mode. Some 
decay modes are common, while others 
areveryrare, and some, according to phys- 
iCs theory, are only allowed if 
known intermediate particles are made. 

Becauseit can produce themost intense 
Proton beam in the the Alternating 
Gradient Synchrotron (AGS) is the world’s 
premier source ofan intense beam ofkaons 
- subatomic particles formed when pro- 
tons hit a target. 

Joining a long line of physicists who 
havechosenthe AGSasthevehicleforstudy- 

ALTERNATIVE ROUTES 
There are two ways to look for evidence 

of new physics - novel and unproven 
principles that would change the way 
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physicists view all the matter in the uni- 
verse. One way is to build increasingly en- 
ergetic accelerators, like the Large Hadron 
Collider being built at the European accel- 
erator laboratory, CERN. This would allow 
experiments at higher energies than now 
possible, where new phenomena may await 
discovery. 

The other route is to look for very rare 
processes, which would also require new 
physics to occur. This approach relies on 
the fact that a process is considered rare 
when it occurs by producing a very mas- 
sive intermediate particle that exists for 
only an extremely short period of time. 
This latter method of exploring matter is 
the forte ofthe AGS, sinceitsintense beams 
can produce many kaons and, hence, de- 
tect very rare processes. 

BUILDING ON THE PAST 
Electrons, along with muons and tau 

leptons, are in the family of fundamental 
particles called leptons. Muons and tau 
leptons differ from electrons only in their 
masses. 

In 1962, Brookhaven had a part in the 
history of understanding leptons when, 
working at the AGS, Leon Lederman, 
Melvin Schwartz and Jack Steinberger 
found that each lepton had a distinct neu- 
tral partner - a neutrino - and, thus, 
they discovered the muon-neutrino. In 
1988, the discovery won them the Nobel 
Prize. The current collaboration hopes to 
gain from E871 some hint as to why there 
are three types of leptons. 

In E871, the researchers are looking for 
the decay ofaneutral kaon to an antimuon 
and an electron. This would be a very sig- 
nificant finding, since it contradicts cur- 
rent physics concepts. If an electron or 
muon is produced, the antiparticle for each 
must also be produced, according to con- 
servation law. 

A well-known example of this law is 
conservation of electric charge. When a 
negative charge is produced, so is a posi- 
tive charge, so the total charge remains 
unchanged. 

Present physics understanding requires 
that, in addition to an electron, a positron 



or a positron neutrino be produced from 
the decay of a neutral kaon. Similarly, a 
muon would accompany the production 
of an antimuon or antimuon neutrino. 

In its five-year run, E791 did not find 
any examples of a kaon decaying into an 
antimuon and an electron, but it showed 
that fewer than one in 3 x 1 O ' O  kaons could 
decay this way. This limit means that the 
mass oftheintermediate particle produced 
during the decay - ifit exists-is at least 
100 trillion electron volts, or at least 

100,000 times the mass ofa proton. This is 
so massive that it could not be directly 
observed in any accelerator yet conceived. 
Nevertheless, its existence could beinferred 
by observing this decay mode of the kaon. 

LOOKING AHEAD 
If this decay route is found, it would 

mean that another physical force exists - 
in addition to the four known forces of 
nature outlined in the standard model, the 
modern theory of physics. In effect, the 

standard model that now describes phys- 
ics would have to be extended, and E871 
would have discovered new physics. So, 
the scientists ofE871 continue to monitor 
millions of proton-target collisions, look- 
ing for this phenomenon. I 
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rtment focuses on the characteristics of matter. Particle physicists are 
of matter - quarks and leptons. Nuclear physicists study nuclear matter 

as well as the excitations and structure of atomic nuclei. And condensed- 
properties of bulk matter and its surface, including such phenomena as high- 

temperature superconductivity. Also within the department, a facility to study the effects of simulated 
cosmic rays on materials is available to outside users. 

STRUCTURE AND MAGNETISM 

Scientists discovered the first high-tem- 
perature superconductor in 1986, in a 
Zurichlaboratory. A compound ofbarium, 
lanthanum and copper-oxide, it was called 
Zurich-oxide. 

From the moment it was announced, 
this exciting news meant that a wide range 
of applications for this new class of super- 
conductorsmight be arealityin the future. 
For example, promising uses are thought 
to include components in electrical cir- 
cuitry and defense technologies. 

First discovered in 1911, superconduc- 
tivity is the ability of a material to carry 
electrical current without losing energy. 
Materials do this once they are cooled be- 
low a “transition temperature,” usually far 
below water’s freezing point at 273 kelvins 
(OOC). 

Until 1986, the highest achievable tran- 
sition temperature for superconductors 
was 23 kelvins (418°C). The new com- 
pounds, however, can become supercon- 
ducting at 125 kelvins (-234°C) - a rela- 
tively high temperature. And they can be 
cooled using liquid nitrogen, a material 
that is much more economical than the 
liquid helium required to keep the others 
cold enough to superconduct. 

I22 

ing the mechanism of superconductivity 
and its connection with the basic structure 
and magnetic properties of these new su- 
perconducting materials. 

So, in recent years, our physicists, to- 
gether with collaborators from the Massa- 
chusetts Institute of Technology and 
Japan’s Tohoku University, have investi- 
gated the magnetic order - the spatial 
arrangement of the magnetic atoms - of 
lanthanum copper oxide and similar com- 
pounds, using neutron probes at the 
Laboratory’s High Flux Beam Reactor 
(HFBR). 

Neutrons interact with a super- 
conductor’s atomic nuclei and magnetic 
dipoles, creating a diffraction pattern that 
enables scientists to investigate the atomic 
structure ofthesematerialsaswellasgather 
data on their static and dynamic magne- 
tism. 

A SURPRISING CHANGE 
Each copper-oxide superconductor has 

a layered structure, with planes of copper 
and oxygen atoms alternating with layers 
ofdiffering compositions. Within the cop- 
per-oxide planes, the copper atoms are ar- 
ranged in a simple square lattice, with an 
oxygen atom between each pair of copper 
atoms. 

The density of electrons within these 
planes can be varied by modifying the 
chemical composition of the intervening 
layers. Surprisingly, the electrical conduc- 
tivityoftheentire compoundcanbevaried 
over an enormous range, with only a small 
change in electron density. For example, 
the compound lanthanum copper oxide, 
an electricalinsulator, can be changed to a 
superconductor by replacing a small 
amount of the lanthanum with the ele- 
ment strontium. 

Without the strontium, the insulating 
copper-oxide compounds exhibit a special 
kind of magnetic order called antiferro- 
magnetism, in which each copper atom 
acts like a tiny magnet, with the magnetic 
dipoles of neighboring magnetic atoms 
pointing in opposite directions. 

As the electron density in lanthanum 
copper oxide is reduced by substituting 
strontium, however, the magnetic order is 
destroyed, and the compound becomes an 
electrical conductor. Neutron scattering 
experiments have shown that the loss of 
magnetic order occurs because the orien- 
tations of the magnetic dipoles of copper 
atoms fluctuate. Even while fluctuating, 
neighboring dipoles try to remain antipar- 
allel, or opposed. 

Untilrecently, scientists didnot know if 
the changes in electron density and mag- 
netism occurreduniformlywithin the cop- 
per-oxide planes or if distinct regions of 
electron deficiency and local an tiferromag- 
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netism coexisted. Recently, evidence oftwo 
distinct regions was obtained in experi- 
ments performed at the HFBR by collabo- 
rators from Brookhaven, Columbia Uni- 
versity and the University of Tokyo. 

A THEORETICAL AGREEMENT 
The researchers studied a special crys- 

tal of lanthanum neodymium strontium 
copper oxide. This substance has the cor- 

rect electron density to be superconduct- 
ing, but, surprisingly, is not. The research- 
ers may have found the reason: They ob- 
served diffraction peaks indicating that re- 
gions of antiferromagnetic order occur in 
long stripes that alternate with electron- 
deficient stripes. 

The static orderingofantiferromagnetic 
and electron-deficient stripes is coupled 
with an unusual distortion of the crystal 

structure; similar crystals without this dis- 
tortion are superconducting. Now, scien- 
tists can explain previous neutron-scatter- 
ing measurements ofthe superconducting 
crystalsin terms ofthese newfoundfluctu- 
ating stripe correlations oflocal antiferro- 
magnetism and electron density. 

The new experimental results are con- 
sistent with the theoretical work of col- 
laborators from Brookhaven and the Uni- 

At the High Flux Bea 
[from foreground) John 
James Biancarosa. 

neutron diffraction meas 
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versity of California at Los Angeles. Such 
basic research has helped scientists to a 
betterunderstandingofhowsuperconduc- 
tivity works and may bring industry closer 
to realizing its promising applications. I 

Northwestern University, Rensselaer Poly- 
technic Institute, the University of Massa- 
chusetts Dartmouth, the University of 
Notre Dame, IHEPProtvino in Russia, and 
Moscow State University. 

EVIDENCE OF EXOTIC 
MESONS 

Evidence of exotic particles was previ- 
ously reported at the European accelerator 
laboratory, CERN; at the KEK facility in 
Japan; and at the Protvino accelerator in 

L Russia. 
But because the Brookhaven experi- 

ment, known as Experiment 852, is taking 

Short-lived elementary particles known 
as mesons were discovered in the early 
1950s. Today, physicists are searching for 
exotic mesons - unusual combinations 
of quarks and gluons - and a large col- 
laboration of physicists working at 
Brookhaven’s Alternating Gradient Syn- 
chrotron (AGS) hopes to confirm their ex- 
istence in the late 1990s. 

Particle physicists have established two 
classes of elementary particles: baryons, 
which contain three quarks, and mesons, 
which are made of two quarks - a quark 
and an antiquark. Protons and neutrons 
are examples of baryons, while pions and 
kaons are in the meson class. The quarks 
that make up these particles are held to- 
gether by gluons. 

Two KINDS OF MESONS 
The laws ofquantum chromodynamics 

predictthat thereisanother kindofmeson 
besides the ordinary two-quark particle - 
the exotic meson. This exotic meson would 
be made of either a quark, an antiquark 
and a gluon, or two quarks and two anti- 
quarks. Confirming the existence of the 
exotic meson would take scientists one sig- 
nificantstepfurtherinvalidating themod- 
ern canon ofparticle physics known as the 
standard model. 

The large collaboration at the AGS is an 
international team including physicists 
from Brookhaven, Indiana University, 
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ten times more data than any ofthe others, 
researchers here are confident that their 
statistics will provide a definitive answer 
as to whether or not exotic mesons exist. 

To search for exotic mesons, the re- 
searchers direct a negative pion beam, with 
an energy of 18 billion electron volts, at a 
liquid-hydrogen target located at the cen- 
ter of the AGS’s multi-particle spectrom- 
eter. When the beam hits protons in the 
target, new particles are created. 

Ifa pion and an eta particle are detected 
among these particles, then an exotic me- 
son in a state ofparticular angular momen- 
tum could have been present, according to 
quantum chromodynamics. Specifically, 
the researchers would expect to look for 
signals of the exotic meson M(1405), 
named numerically for its mass and most 
likely to be found recoiling off a neutron or 
a proton. 

IDENTIFYING THE EXOTIC 
MESON 

To identif) an M(1405), the research- 
ers examine three characteristics of the 
particle: charge, spin parity and charge 
conjugation. If the charge of a meson is 
foundto betwicethatofanelectron,itisan 
exoticmeson. Spin and parity describe how 
a particle behaves when its spatial coordi- 
nate system - its exact location in three- 
dimensionalspace-is rotated or inverted. 
An exotic meson would be expected to 
behave in certain characteristic ways that 
scientists could determine in experiments. 

Charge conjugation is another math- 
ematical operation that concerns ex- 
changes of particles for antiparticles and 
viceversa, while leaving spatial coordinates 
the same. Every elementary particle has a 
counterpart called its antiparticle, which 
has the same mass, lifetime and spin, but 
the opposite charge. In this operation, the 
exotic meson can be distinguished by its 
charge conjugation quantum number. 

This year, the collaboration has logged 
a very large amount of data - one billion 
significant pieces of information, called 
triggers. The more data the research team 
amasses, the closer they will be to finding 
exotic mesons. In a few years, the mystery 
of exotic mesons could be solved. I 
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searchers aim to understand basic genetic and biochemical processes at 
how genetic information is organized and used, how DNA is damaged and 
structures determine biological function. Human Genome Project work, 
technology for large-scale DNA sequencing, is also a forte. Scientists and 

visiting users pursue their goals at facilities maintained at the National Synchrotron Light Source, High 
Flux Beam Reactor and Scanning Transmission Electron Microscope. 

* A  childin the US. comes down with a 
severe sore throat and fever, missing sev- 
eraldaysofschool-a tinyvirusknown as 
adenovirus may be to blame. A dXerent 
strain of  the virus is the leading killer of 
children in the developing world. 

Duringan epidemic that claims hun- 
dreds oflives, a farmer in India succumbs 
to theancientmenaceknown as theplague, 
caused by the bacterium Yersinia pestis. 

Merbeingbitten byamosquitonear 
an Afiican swamp, a villager in Kenya de- 
velops the unbearable fevers ofmalaria as 
the parasite Plasmodium falciparum rav- 
ages her blood cells and liver. 

Around the world, millions of people 
suffer fiom infectious disease. And though 
these three cases seem quite different from 
one another, all ofthem have something in 
common: microscopic disease agents that 
are the subject ofresearch in Brookhaven’s 
Biology Department. 

Drawing on the power of two of the 
Laboratory’s user facilities, our scientists 
are contributing to thefundamentalknowl- 
edge about each of these organisms. 

The research centers around a class of 
enzyme known as proteases. These vital 
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into pieces and enable infection pathways 
or disable defense mechanisms. 

All the studies are aided by a patented 
amino acid-rhodamine compound that 
becomes fluorescent when protease cuts 
it, providing a beacon oflight for the scien- 
tists to follow. 

By learning more about the structure 
and function of several proteases, each 
highly specific to their species, our work 
may give doctors the basis for dependable 
weapons against some ofhumanity’s most 
dreaded diseases. 

Human red blood cells, sa m e  of 
them infected with the  ‘ r  anism 
that causes  malaria, and al ontain- 
ing a substrate that fluor aces. or 
glows, when a certain m laria en- 
zyme is present. With a lig micro- 
scope [left], parasites a e barely 
visible. But with a fluores e ce mi- 
croscope [right], a white low on 
eight cells’ surfaces tells t tale of 

malaria infection. f 

The adenoviruses that cause respiratory 
disease and eye inflammation in humans 
and malignant tumors in animals are mi- 
nuscule, only70 nanometers, or millionths 
of a millimeter, in diameter. They are too 
small to contain everything they need to 
get into the host’s body and reproduce - 
what they don’t have, they borrow. But 
adenoviruses do have their own protease. 

This enzyme is crucial to adenovirus’ 
survival and is thought to play a part in 
giving a newly made virus the power to 
infect a cell. 

This year, our scientists deciphered the 
protease’s three-dimensional atomic struc- 
ture and identified the location of all its 
1,995 atoms, using the intense x-rays of 
Brookhaven’s National Synchrotron Light 
Source (NSLS).Theworkwasfundedby the 
National Institutes of Health (NIH) as part 
of a nationwide effort to add to the arsenal 
of antiviral agents. 

After painstaking work that culminated 
in the crystallization of the protease, a 
sample of it was placed in an NSLS beam 
line operated by the Biology Department. 
From the pattern ofx-rays scattered by the 
sample, our scientists deduced its three- 
dimensional structure. 

Now, the structure is already being used 
in a process known as rational drug design. 
In this approach, we arelooking for specific 
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sites on the protease that could become 
target points for antiviral compounds. We 
have begun searching computerized data- 
bases of drug structures, looking for any 
that might block the protease’s active sites. 

Another early possibility for antiviral 
action centers around a peptide, or short 
strand of amino acids, that normally links 
two branches of the protease’s structure. 
Our researchers have designed and syn- 
thesized several different peptides that 
should bind to the protease but not link 
the two branches. Because these peptides 
may disable the protease, which needs to 
be active in order for the virus to repro- 
duce, the NIH is testing these compounds 
to see if they could be used as antiviral 
agents. 

A PLAGUE ON IT 
The NSLS provided the means for solv- 

ing the adenovirus protease’s structure. 
For work on the bacterium that causes 
plague, and the protease that is its disease- 
causing, or virulence, factor, we have 
turned to another of Brookhaven’s user 
facilities. 

Using the neutrons of the High Flux 
Beam Reactor (HFBR), we are trying to de- 
termine the structure of the protease in 
Yersinia pestis’s membrane, to find out 
how the bacterium uses this protein to 
become so virulent. 

The technique used is called neutron 
diffraction. Brookhaven has developedspe- 
cialexpertisein this, especially in the tricky 
area of preparing and examining mem- 
brane-bound biological samples. 

In addition to the protease’s structure, 
the plague research encompasses the 
enzyme’s production. Already, we have 
cloned and sequenced this dangerous 
organism’s protease gene. Taken together, 
the results of our research on Y. pestis 
could give medicine the tools to fight one 
of humankind’s most ancient and deadly 
scourges. 

MYSTERY 
While the plague and adenovirus dis- 

eases are common, another disease caused 
by a microbe is pandemic: malaria. 

INVESTIGATING A MALARIA 

The World Health Organization esti- cells, has developed resistance to many 
mates that 300 to 500 million people con- drugs. But basic research may lead theway 
tract malaria each year, more than 90 per- to new ones: Our researchers have discov- 
cent of them in Africa. About one percent ered that they can use the fluorescent 
of those infected, mostly children, die. rhodaminemarkertolocateP.falciparum’s 

The parasite Plasmodium falciparum, protease, and therefore the parasite itself, 
which causes malaria by infecting blood inside cells. 

To raise malaria-causin 
Wally Mangel uses can 
these. Inside human bloo 
laria parasites whose pr 
gone into action light up I 
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While this work is still in early stages, 
Pfalciparum has been shown to have an 
enzyme that could be pursed, studied, 
sequenced and, eventually, blocked in an 
effective and specific anti-malaria tactic. 
And, the ability to use therhodamine com- 
pound to see the parasites inside the blood 
cells they infect could provide the basis for 
an inexpensive diagnostic kit. I 

netic processes of cotton fiber production 
in the plant. 

Part oftheindustry’sinterest in cotton’s 
genes stems from a need for further im- 
provement of fiber strength, length and 
abundance to meet the demands of high- 
speed modern manufacturing equipment. 
Despite cotton’s widespread use, many 
DNA-level questions must be answered be- 
fore such improvements are possible - 
thekindofquestions that our scientists are 
investigating. 

For instance, how and when are fibers 
formed in the very first stages of boll 
growth? Which genes are switched on or 

For more than 30 centuries, the white 
fibers ofthe cotton plant have supplied the 
world with its most versatile fabrics. 
Plucked from their green bolls in fields 
from Mississippi to India, these thin 
strands ofcellulose travelajourneyoftrans- 
formation into clothing, bedding and 
countless other items. 

After years of careful breeding by agri- 
cultural scientists, today’s cotton plants 
produce more and better cotton than ever 
before. 

But now, the cotton industry is looking 
to Brookhaven’s geneticists to reveal basic 
information about this important plant’s 
genes, information that could further help 
increase cotton’s performance and reduce 
its cost, and make the U.S. textile industry 
globally competitive. 

This challenge is but the latest in our 
continuing series of research projects in 
plant genetics and builds on our existing 
expertise and equipment. Much of this 
work is basic research - by sequencing 
cotton’s genes and solving the structure of 
important biological molecules, we help 
lay the foundation for untold future dis- 
coveries. 

Focus ON FIBER 
Already, work has begun on learning 

more about the basic molecular and ge- 
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Some of the- first experiments begun 
under the Laboratory’s cotton research this 
year were designed to answer these ques- 
tions. Already, our scientists have pin- 
pointed the exact moment at which a de- 
veloping cell commits to becoming a fiber. 

Their technique uses radiation to block 
cotton cells’ ability to make DNA, but still 
allows the cells to differentiate into any of 
the many kinds of cells that make up the 
cotton plant. By irradiating cells at differ- 
ent stages of development and stopping 
their reproduction, our scientists have been 
able to observe the differentiation process 
and look for newly formed fiber cells. 

This research should lead to informa- 
tion about which genes and enzymes are 
necessary for fiber production. Also 
planned is research into how cotton fibers 
elongate and how the short-fiber “fuzz” 
that coats cotton seeds is formed. 

A LIBRARY WITHOUT BOOKS 
The researchers are also working to- 

ward building a library ofgenetic informa- 
tion on cotton, complete with a computer- 
izedsystem torecordits holdings, andtags 
to mark important places in the plant’s 
DNA. 

Like any library, our cotton library will 
contain lots of letters, enough to fill many 
books. But in this genome library, they’ll 
be the letters A,C,G and T, corresponding 
to the four bases that are the buildingblocks 

of DNA: Our researchers are set to begin a 
major gene-sequencing effort on cotton. 

Instead of transcribing all of cotton’s 
DNA, however, theteamwillonlysequence 
the genes that the plant expresses, or uses 
to trigger the production of important 
molecules. They’ll do this by capturing, 
cloning andsequencingthe messenger RNA 
that carries the orders for gene expression 
from the cell’s DNA. 

Once a gene has been sequenced in this 
way, its function can be found by examin- 
ing plants in which this gene has been 
“knocked out” by a mutation. 

The library of information that will 
come from this research will be organized 
into a computer database specially de- 
signed at the U.S. Department of Energy’s 
(DOE) Lawrence Berkeley National Labo- 
ratory. The library will be open to “pa- 
trons” too - it is designed to be compat- 
ible with an existing public database of 
previously decoded cotton genome infor- 
mation. 

MAGIC MOLECULAR 
MARKERS 

While the pages and pages of genetic 
information will be useful enough, our sci- 
entists are preparing tags for the areas of 
cotton’s chromosomes that control a 
plant’s most important traits, from fiber 
quality to disease resistance. 

The tags, calledmolecularmarkers, are 
snippets of DNA that are chosen because 
they contain repetitive, simple DNA se- 
quences - GTGTGTGTGTGTGT, for ex- 
ample. These regions are especially attrac- 
tive to researchers because they are most 
likely to differ from one plant to the next. 
So, variations in the number of repeats in 
these regions are a way to see differences 
between plants. 

To see these variations, our scientists 
use a technique called polymerase chain 
reaction to make many copies of these re- 
peats to “amplif)” their presence, then 
measure the size of the repeats from each 
plant. 

Molecular markers developed at  
Brookhaven could be used by those who 
breed new cotton strains. Today, this is 

I SCIENTIFIC DEPARTMENTS 



done by inserting desirable new or altered 
genes into ordinary cotton plants, then 
crossing these plants with the “elite” vari- 
eties that produce commercial cotton and 
waiting for the progeny to grow. 

With markers, breeders willnot have to 
wait for experimental plants to grow to 
maturity in order to see if their breeding 
strategies worked. Instead, they will be able 
to perform a simple genetic test on a tiny 
plant to see if their desired gene has made 
it through the cross. 

All of this work was funded through a 
$1.7 million, cooperative research and de- 

velopment agreement (CRADA) signed this 
year between Brookhaven and Cotton In- 
corporated, an industry association. The 
CRADA makes Brookhaven the headquar- 
ters laboratory for the cotton biotechnol- 
ogy project of the American Textiles 
(AMTEX) collaboration between the tex- 
tile industry and the DOE national labora- 
tories. I 

Eileen Matz. Katrina Re 
Benjamin Burr. 
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11 for scientific research using x-rays and ultraviolet and infrared radiation is 
.ichrotron Light Source Department. This year alone, a total of about 2.200 

ryTSO institutions performed experiments at the world‘s largest source of 
searchers often work in collaboration with the Laboratory’s staff scientists 
,ting a wide range of innovative experiments in physics, chemistry, biology, 

materials science and various technologies. 

By dehing the three-dimensionalstc- 
tures of biological macromolecules, scien- 
tists can create a map of life, a guide for 
exploring the biological and chemical in- 
teractions of the vast variety of molecules 
found in living organisms. 

“Solving” thestructureofamolecule- 
determining the exact location of each of 
its atoms - provides information on its 
function. Studiesinstructuralbiology may 
lead to new insights into how biological 
systems are formed and nourished, how 
they survive and grow, how they are dam- 
aged and die. 

EXPLORING THE MOLECULES OF 

LIFE 
At the National Synchrotron Light 

Source (NSLS), about 600 structural biolo- 
gists from more than 100 institutions use 
an x-ray technique called protein crystal- 
lography at six dedicated beam lines to 
explore the molecules of life. They deci- 
pher the structures of proteins, complex 
combinations of amino acids that are an 
essential ingredient of every living cell. 

Meanwhile, at numerous other beam 
lines, biologists use x-ray and ultraviolet 
light as probes to study proteins and other 

data that is not accessible via protein crys- 
tallography. 

To accommodate this large number of 
users, a new $1.8 million structural biol- 
ogy wing was added to the NSLS during 
fiscal year 1995. The 6,300-square-foot 
addition contains eight new laboratories 
for preparation and storage of samples, 
important amenities for our many users. 

A GROWING FIELD 
The first crystallographic structure of a 

protein -that of myoglobin, which sup- 
plies oxygen to muscles - was solved in 
1958 with the use of conventional labora- 
tory x-rays. Since then, the field of struc- 
tural biology has grown tremendously - 
and today, it is estimated that more than 
100 structures are solved each month by 
scientists throughout the world. 

Within the last decade, the develop- 
ment ofsynchrotron light sources andpow- 
e h l  computers has made solving macro- 
molecular structureseasier andfaster. Also, 
the rapid growth of genetic-engineering 
technology makes it possible for scientists 
to make large amounts of synthetic pro- 
teins for this research. Previously, research- 
erswerelimited to studyingproteinsin the 
minute quantities obtained from natural 
sources. 

SYNCHROTRON LIGHT: 
MULTIPLE BENEFITS 

TheNSLS providesx-rays that are 10,000 
times more intense than those from a con- 
ventional x-ray source. This intensity re- 
sults in higher resolution of data and im- 
ages, which provides more detail, and al- 
lows scientists to study extremely small 
structures. 

Another advantage of using a synchro- 
tron source for this research is that the 
wavelength of the light can be fine-tuned 
to meet a scientist’s needs. Thus, a three- 
dimensional structure can be determined 
fromasinglecrysta1,ratherthanfrommany 
crystals, which are hard togrow. Also, data 
collection at the NSLS is up to 50 times 
faster than it is using conventional light 
sources. With synchrotron x-rays, an en- 
tire series of data can be taken within a 
millisecond, while a protein crystal is in 
action, providing important information 
on its function. 

FACETS OF DIFFRACTION 
Biological molecules are studied using 

three basic protein crystallography meth- 
ods at the NSLS: multiple isomorphous 
replacement (MIR), multiple-wavelength 
anomalous diffraction (MAD) and Laue 
diffraction. All involve x-ray diffraction, in 
which x-rays hit a protein crystal and scat- 
ter off its atoms in a pattern recorded by 
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detectors. The pattern relates to theplace- 
ment ofeach atom in the molecule and can 
be deciphered by a computer. 

While MIR involves using several crys- 
tals at a fixed wavelength, MAD requires 
only one crystal, which is exposed to many 
wavelengths of synchrotron light. Laue 
difiaction, which uses the full white syn- 
chrotron radiation spectrum, gives infor- 
mation on the dynamics of protein struc- 
ture - how a crystal chemically changes 
over a short time-scale. 

DESIGNING DRUGS AND 
ENZYMES 

Many pharmaceuticalcompanies dore- 
search at the NSLS to develop new drugs 

for treating numerous diseases, from the 
common cold to AIDS. 

In this “structure-based” drug design, 
researchers use protein crystallography 
techniques to design inhibitors, molecules 
that attach to enzymes in disease-causing 
agents and block them. Knowing the pre- 
cise structure of a molecule and its inhibi- 
tor can help researchers develop more ef- 
fective drugs that also produce fewer un- 
wanted side effects. 

Other companies use the NSLS to engi- 
neer enzymes for industrial purposes. For 
example, some chemical companies are 
looking for an enzyme that would be suit- 
able for making nylon by environmentally 
benign fermentation processes, rather than 

by using petroleum, which creates pollu- 
tion. 

A UNIQUE RESOURCE 
New data on proteins and the other 

molecules of life discovered at the NSLS 
can be instantaneously shared with re- 
searchers, teachers and students who have 
access to theglobalInternetcomputernet- 
work. 

Structural biologists working at the 
NSLS, along with researchers from all over 
the world, add to and obtain information 
from Brookhaven’s Protein Data Bank 
(PDB), an archive for three-dimensional 
structures of proteins, nucleic acids and 
other biologicalmacromolecules. The PDB 

Malcolm Capel 
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is a unique resource for the scientific com- 
munity, as well as for others who wish to 
tap into its wealth of information. 

Establishedin 1971, thePDB hasgrown 
considerably. Today, a user consults it al- 
most every minute through the Internet, 
while others receive updated compact disks 
periodically. The number of structures 
stored has grown exponentially in recent 
years, withmore than lOOnow being added 
each month to the more than 4,000 al- 
ready in the PDB. M 

" 

A receptor is a site on a cell's surface 
that combines with a hormone like insu- 
lin, or another biologicalsubstance, to pro- 
duce a change in cell function. Tyrosine 
kinase is just one of hundreds of enzymes 
that help govern hormones. 

The tyrosine kinase of this study is re- 
lated to type I1 diabetes, which does not 
respond to insulin. In nondiabetics, the 
body activates the insulin receptor when 
the blood's sugar level is high. The recep- 
tor binds to insulin, signaling the tyrosine 
kinase to go to work and set off a series of 
biochemical changes that cause bloodglu- 
cose to be converted to glycogen, which 
holds energy in reserve. In type I1 diabet- 
ics, however, the insulin receptor molecule 
is defective in its ability to sense the pres- 
ence of insulin, and the extra blood sugar 

Structural details about tyrosine kinase 
may provide important clues on how to 
prevent type11 diabetes. Further, since it is 
thefirsttyrosinekinaseforwhich the three- 
dimensional structure has been deter- 
mined, it is a crucial first step in under- 
standing cellular signals and metabolic 
functioning. 

BEAM LINE X8C 
Using the technique known as isomor- 

phous heavy atom replacement, Argonne 
National Laboratory researchers have 
solved thestructure ofthe toxin that causes 
cholera, an infectious gastrointestinal dis- 
ease that began in Asia and has spread to 
South America and Mexico. 

The soluble toxin that the Argonne team 
investigated is deposited in the intestinal cannot be converted. 

structural biology experiments conducted 
at the National Synchrotron Light Source 
(NSLS) help scientists understand the bio- 
logical principles that govern life's com- 
plexity. 

The following are a few examples of the 

Texas A&M University have determined 
the structure of the tyrosine kinase do- 
main, or region, of the human insulin re- 
ceptor. 
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tract of cholera disease victims by the bac- 
terium Vibrio choferae. The toxin stimu- 
lates cells to secretewater, causingprofuse 
diarrhea, then dehydration and, finally, 
collapse. 

Knowing the structure of the toxin, re- 
searchers can now probe the chemistry of 
the disease process in order to develop a 
more effective vaccine. The one available 
now does not produce complete immunity 
against cholera. 

BEAM LINE X I 2 6  
Several years ago, researchers from 

Brookhaven and ColdSpringHarborLabo- 
ratory, working at X12C, determined the 
structure of the bacteriophage T7’s 
lysozyme. A bacteriophage is a virus that 
infects bacteria, and theT7strain has been 
commonly used by Brookhaven biologists 

as a simple genetic model system, since it 
contains a single piece of DNA and only 
about 50 genes. 

This year, because of the higher beam 
intensity and advanced instrumentation 
at X12B, a much higher-resolution struc- 
turefor thelysozymeenzyme was achieved 
by Cold Spring Harbor scientists. 

T7lysozyme combines two functionsin 
one small protein: It cuts open the bacte- 
rial cellwall, andit inhibits DNA transcrip- 
tion, or reading, by the Til enzyme RNA 
polymerase. Transcription creates a mes- 
senger RNAmoleculefioma templateDNA 
molecule, so that genetic information is 
transferred to messenger RNA and pro- 
teins can be made from those instructions. 

Each lysozyme molecule appears to be 
able toperform only one ofthese functions 
at a time. Learning the structure of this 

protein may provide new basic insights 
into the processes of gene regulation and 
DNA replication. 

BEAM LINE X I  2C 
Using x-ray diffraction techniques on 

this beam line, researchers from 
Brookhaven’s Biology Department, Los 
Alamos National Laboratory, the Max 
Planck Institute for Medical Research and 
Rice University recently determined the 
structure of the oxygen-binding protein 
myoglobin in a transient state. 

Myoglobin stores oxygen in the body’s 
muscles and tissues. It is the first protein 
for which a crystal structure was deter- 
mined, in 1958. Protein crystallographers 
have since studied this molecule exten- 
sively, compiling data on its structure, dy- 
namics and function. 

Phenyl ring [top center ring] of the Three states of carbon monoxide 
amino acid phenylaline-91 of the T7  [CO] bound in myoglobin. The greb 
lysozyme protein. depicts the tight complex between 

the two, in which the dumbbell- 
shaped CO molecule is bound to an 
iron atom. White represents myo- 
globin with no CO bound to it, and 
black is the transient state, trapped 
a t  20 kelvins, with the CO molecule 
released but lingering nearby. 
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To simulate the action of an oxygen 
molecule as it binds to myoglobin, the re- 
searchers substituted the poisonous gas 
carbonmonoxide(C0). AlthoughCObinds 
more strongly than oxygen, the myoglo- 
bin molecule will release CO when it is 
illuminated with visible light. To deter- 
mine the structure of the myoglobin-gas 
complex, the scientists boundcarbonmon- 
oxide to myoglobin molecules in a crystal, 
then froze the crystalto near absolutezero, 
and finally, released the CO with a bright 
light. 

The structure they found revealed the 
carbon monoxide molecule resting near 
the iron atom to which it was bound. This 
finding now can be compared to 
myoglobin’s structure when CO is absent 
ortightlybound. Theresearchersobserved 
details of the subtle shape change that ac- 
companies binding and release ofgas mol- 
ecules, and their results provide crucial 
data on the dynamics of how a simple pro- 
tein works. 

BEAM LINE X25 
Researchers from Rockefeller Univer- 

sity and the Howard Hughes Medical Insti- 
tute have determined the structure of a 
protein known as the TATA-box binding 
protein, or TBP, using isomorphous crys- 
tallography. 

TBP is the DNA-binding subunit of the 
RNA polymerase enzyme. It positions the 
polymerase on the DNA to initiate gene 
transcription (described in the section on 
X12B). WhenTBPattachesitselo astrand 
of DNA, the DNA bends into a V-shape, 
thus helping to position the enzyme. 

This study helped researchers investi- 
gate how TBP recognizes various DNA se- 
quences and directs transcription from 
them. Examining TBP’s structure may help 
researchers understand how individual 
genes are turned on or off in a cell in order 
to make specific proteins. Using this infor- 
mation, they may learn how to designphar- 
maceuticals to block or stimulate the pro- 
duction of these proteins, thus curtailing 
genetic diseases. 

BEAM LINE X26C 
Owned by the University of Chicago, 

X26C is the primary beam line for using 

the white-beam Laue method, in which 
numerous x-ray diffraction intensities can 
be measured from a single crystal. This 
method enables researchers to take “mo- 
lecular movies” - images of proteins as 
they change their structures during a 
chemical reaction. 

A collaboration from Brookhaven, the 
Fred Hutchinson Cancer Research Center 
in Washington State, the University ofCali- 
fornia, Berkeley, and the Molecular Re- 
search Council in England used the Laue 
technique to solve the structures of two 
intermediate chemicals formed during the 
catalytic actions of the enzyme isocitrate 
dehydrogenase (IDH). These intermediate 
chemicals are involved in a two-step pro- 
cess that is part of ordinary respiration: 
oxidation and expulsion of a carbon diox- 
ide molecule. 

In the two-step reaction studied, re- 
searchers observed the transformation of 
isocitrate, a direct product of sugar me- 
tabolism, to oxalosuccinate, an intermedi- 
ate that had never before been observed. 
They also recorded the conversion of 
oxalosuccinate to a-ketoglutarate. Each 
ofthese enzyme intermediates is catalyzed, 
or chemically changed, by a different por- 
tion of IDH. These data provide insight 
into fundamental metabolic processes. 

In an effort to obtain the best protein 
crystals for data collection, researchers at 
X26C use x-ray topography techniques to 
find defects in protein crystals -in much 
the way that physicians use x-rays to find 
broken bones. A collaboration from 
Brookhaven, the University ofAlabama at 
Huntsville and the University of Manches- 
ter in England applied x-ray topography to 
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protein crystallography for the first time 
tooptimizecrystalqualityfor experiments. 

Crystals must be as perfect as possible 
in protein crystallographystudiesinorder 
to give scientists the most precise struc- 
tural data. Protein crystals were grown 
aboard a 1994 space shuttle mission and 
compared with those grown on earth. Us- 
ingx-ray topographyatX26C, theresearch- 
ers found that protein crystals grown un- 
der constant temperature or  in 
microgravity conditions found in space 
had fewer defects than those grown at 
slightly fluctuating temperatures or nor- 
mal gravity conditions. 

DIVERSE BIOLOGICAL 
RESEARCH 

Complementing the protein crystallog- 
raphy research described above are vari- 

ous structural biology experiments per- 
formed on noncrystalline materials. Here 
is a small sampling of these experiments: 

BEAM LINE X I  
Using the leading scanning x-ray micro- 

scope in the world, a collaborative team 
from the State University of New York at 
Stony Brook and Lawrence Livermore Na- 
tional Laboratory has mapped the distri- 
bution of DNA and protein in the human 
sperm nucleus. They have found that cer- 
tain sperm structures, such as the segment 
that makes the first contact with an egg 
duringfertilization, are particularlyrichin 
protein. The next stage of the project is 
aimed at understanding the structural ba- 
sis of certain types of male infertility. 

r 

BEAM LINES U9 AND U11 
Structural biology experiments using 

ultraviolet light at these beam lines include 
two techniques: circular dichroism, which 
provides information on the structure of 
proteins, DNA, RNA and polysaccharides; 
and time-resolvedfluorescence, which sup- 
plies data on molecular structure, photo- 
chemical reactions and interactions in 
nucleic acids and proteins. 

For example, using time-resolved fluo- 
rescence, Brookhaven researchers are 
studying how the nucleic acid bases ad- 
enine and guanine respond to ultraviolet 
radiation. Such studies help us to under- 

violet components ofsunlight damage DNA 
and induce mutations and cancer. I 

stand the mechanisms by which the ultra- c 

BEAM LINE X9B 
Researchers from the Aibert Einstein 

College of Medicine and the University of 
Pennsylvania have used x-ray diffraction 
techniques on beam line X9B to analyze 
the structure of membrane proteins. The 
researchers have developed a novelmethod 
ofattachingproteins to thesurface ofinor- 
ganic substrates in order to collect H a c -  
tion data. This creates a one-dimensional 
arrangement of the protein-membrane 
complexes, which is ideal for structural 
and functional studies. 

BEAM LINE X I  1A 
Researchers from North Carolina State 

University used the technique known as x- 
ray absorption spectroscopy to follow 
structural changes in ferritin, a protein 
that stores iron for use in hemoglobin and 
other iron-containing proteins. The tech- 
nique allows researchers to look at how 
ferritinworks in asolution that mimics the 
conditions in the human body, which is 
not possible usingprotein crystallography 
techniques. This basic research will help 
reveal how iron is used in the body and 
may be the pathway for designing better 
iron supplements. 
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frontiers of science are advanced. 

The pine trees in a certain North Caro- 
lina forest have some new neighbors. But 
while the tall, straight trunks and proud 
branches of the newcomers stretch to the 
sky like any tree, they do not blend in with 
the forest. 

That is because the 96 structures, made 
of bright aluminum instead of wood, are 
20-meter towers built as part of a multi- 
million dollar experiment begun in 1995 
by scientists from Brookhaven and the 
forest’s owner, Duke University. 

Its aims: to find out how the trees might 
cope with the carbon-dioxide-rich atmo- 
sphere of tomorrow, and how they may 
help reduce global change caused by in- 
creasing levels of atmospheric carbon di- 
oxide (CO,). 

The forest in North Carolina is the lat- 
est in a series of experiments known as the 
free air carbon-dioxide enrichment (FACE) 
program. Both the program, and the tech- 
nology and expertise used to build FACE 
facilities, originated and continue to be 
centered in BNL’s Department of Applied 
Science. 

THE FUTURE Is Now 
The world’s atmosphere naturally con- 

tains CQ,, but concentrations have risen 
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dramatically in recent years. Environmen- 
tal scientists predict that levels will con- 
tinue to rise, if humankind doesn’t slow 
the release of the gas from vehicles, indus- 
try and agriculture. Increasing amounts of 
C0,in the atmosphere could be a major 
driving force for global climate change due 
to an enhanced “greenhouse effect.” 

To plan for such a future atmosphere, 
scientists need to know now what effects 
the extra C0,might have on the plants that 
provide our food and shelter and turn C02 
into breathable oxygen. The trees in the 

FACE experiments allow scientists to 
study plants growing in their natural envi- 
ronments, climates and soil conditions, 
yielding a more accurate picture of plant 
reactions to increased C02. 

As the first FACE facility to be built in a 
forest, the North Carolina experiment has 
been dubbed FACTS, for Forest-Atmo- 
sphere Carbon Transfer and Storage. The 
FACE concept has also been applied to cot- 
ton and wheat fields, as well as grazing 
meadows, andis being explored for several 
other important crop and natural ecosys- 
tems. 

Duke forest, for example, are predomi- 
nantly loblolly pines, a major source of 
timber in the South. 

It is also important to learn how plants 
may be able to help remove C0,from the 
atmosphere and store it as carbon in the 
soil; this knowledge couldindicate theabil- 
ity of ecosystems to slow the rate at which 
atmospheric COz is increasing. 

A NEW KIND OF USER FACILITY 
Together, the forest and its six circular 

sets of aluminum towers form a new kind 
of scientific user facility, attracting dozens 
ofscientists for large-scale cooperative ex- 
perimentation not often found in the envi- 
ronmental sciences. 

User facilities are common in physics 
-Brookhavenhasits share. But insteadof 
the new subatomic particles sought in 
physicists’ accelerators, the forest “facil- 
ity” will allow scientists to look for the 
biological symptoms of a changing envi- 
ronment, to open the “black box” of an 
intact forest ecosystem through an inte- 
grated program ofbasic research. Already, 
twenty-five researchers from eight institu- 
tions have signed on to pursue year-round 
studies at FACTS. 
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As with any user facility, the ability of 
many scientists to pursue research at the 
same time and place reduces costs and 
opens the door to deeper understanding 
and collaboration. 

ENRICHING THE ENVIRONMENT 
At FACTS, air enrichedwith C0,recycled 

from fossil-fuel burning industries is 
pumpedup through pipessuspendedfrom 
the 16 aluminum towers in each ring, and 
then out through the forest. 

Simultaneously, dozens of ecologists, 
plant physiologists, geochemists and mo- 

lecular biologists from institutions allover 
the country and abroad will be able to 
gather data about every aspect of the 
forest’s trees, soil and microclimate. 

They’ll look on many levels, from the 
proteins controlled by the trees’ DNA to 
the efficiency of water use by cells, and 
from the formationofleaves to the amount 
of extra CO, the trees take up. They’ll also 
quantify the forest’s ability to remove CO, 
from the atmosphere and sequester it in 
wood and soil carbon. 

Each oftheselevels oforganization may 
hold new clues as to how ecosystems deal 

with enhanced CO, levels. By combining 
information gleaned from numerous 
FACTS experiments, computer modelers 
will be able to get a more complete picture 
of the effects for the entire world. 

The CO, itself will provide a “marker” 
for scientists to examine the trees’ CO, up- 
take. Gas derived from fossil fuel combus- 
tion, such as that used in FACTS, has a ratio 
of the carbon isotopes 12C and 13C that is 
markedly different from that of atmo- 
spheric CO,. 

Furthermore, fossil CO, has no 14C, a 
naturally occurriig isotope of carbon that 

John Nagy, George Hendrfi David 
Ellsworth and Keith Lewi iscuss 
the FACTS carbon-dioxide-en i hment 
facility, pictured in the bac ground. 
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FIRST FINDINGS FROM FACE FOREST 
Trees exposed to air containing “2 1st-century, elevated levels of 
carbon dioxide [COJ have a much higher rate of photosynthesis 
than normal. That was the first experimental finding, published 
this year, from the new FACE forest project co-sponsored by 
Brookhaven and North Carolina’s Duke University. 

Over the course of one season, a 65-percent increase was 
seen in the pace at which the forest’s loblolly pines turned 
sunlight. water and CO, into food. But the rise was not accompa- 
nied by an increased demand for water. a phenomenon seen in 
past FACE experiments with other plant species. 

The plant physiologists who carried out the study caution 
against viewing these first data as entirely good news. For 
instance, it is still not known if the increase in photosynthesis 
means the trees will grow faster and produce more wood in the 
C0,-enhanced FACE atmosphere, or if they71 store the extra food 
in their roots. Future experiments will attempt to learn more 
about this response. 

is always present in the atmosphere. After 
the trees assimilate the fossil CO,, these 
isotopes will be easily detectable in their 
tissues - carbon fixed by photosynthesis 
can be traced through the forest ecosys- 
tem. 

To provide the scientists with a record 
of FACTS CO, levels, infrared gas analyz- 
erswill keep track ofgas concentrations in 
the air and send updates to the FACE con- 

trolling computer every second. In addi- 
tion, dozens of air-sampling tubes placed 
throughout the plots will monitor the air, 
to record local CO, concentrations. 

Taken as a whole, the FACTS userfacil- 
ity at the Duke forest will provide unique 
opportunities for basic research in plant 
and ecosystem physiology. In fact, its ap- 
proachis theonlywayto obtainsuchinfor- 
mation at the ecosystem level. I 

What will power American vehicles at 
the dawn of the next century? 

With environmental regulations be- 
coming ever more stringent, and the 
country’s reliance on foreign oil growing 
more impractical, the answer to that ques- 
tion is shifting toward alternatives to 
today’s gasoline and diesel fuels. 

is abundant in the U.S. and costs about the 
same as more widely used fuels. 

For these reasons and more, experts 
estimate that five million natural-gas ve- 
hicles will be on the road by theyear 2010. 
And scientists in our Department of Ap- 
plied Science are working to help industry 
make these cars, light trucks andvans more 
appealing and economical. 

TANKS: A LOT OF RESEARCH 
Our research concentrates on the tanks 

that will hold thevehicles’ natural gas sup- 
ply- both their structural design and the 
carbon-based adsorbent materials that are 
used inside them to trap gas molecules for 
better storage. 

This year, several industrial partner- 
ships emerged or continued in this quest 
for new fuel-tank options. 

Under a $1 million, two-year contract 
with Thiokol Corporation, our research- 
ers have begun to develop new tank de- 
signs that can safely hold pressurized gas. 
These tanks will improve on traditional 
space-wasting gas cylinders by conform- 
ing to vehicle storage areas and using up to 
75 percent of the available room. 

Also this year, our efforts in evaluating 
manufacturers’ adsorbent materials con- 
tinued. Mfionsoftiny poresinadsorbents’ 
carbon skeletons trap gas molecules until 
they are needed, and our exploration of 
these microstructures could eventually 
make it possible to store 50 percent more 
gas than normal, and at a lower pressure. 

This research will help maximize the 
amount of fuel that a natural gas vehicle 
can carry and the distance it can go with- 
out refueling.Thelower compressionpres- 
sures made possible by our pioneering 
work couldgive naturalgas a 10-cents-per- 
gallon advantage over gasoline. 

These advanced adsorbents got a real- 
life test run this summer, during a Geor- 
gia-based demonstration of natural gas- 
powered utility trucks that used fuel tanks 
filled with Brookhaven-tested adsorbents. 
The Atlanta Gas & Light Adsorbent Re- 
search Group was our partner in the 
project. 

All ofthese projects are part ofthe U.S. 
Department of Energy’s US CAR initiative 
to develop the next generation ofvehicles, 
and are funded by DOE’S transportation 
section. 

HIGH-TECH HELP 
To make it easier, safer and more effi- 

cient tostorenaturalgasin the fueltanks of 
future vehicles, industry is taking advan- 
tage of some ofthe Laboratory’s high-tech 
tools. 
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Working at abeamline atBrookhaven’s 
NationalSynchrotronLight Source(NSLS), 
our scientists examine the microscopic 
structure ofadsorption materials sent here 
by their manufacturers for testing. 

This work depends on the use of the 
NSLS’ powerful beams of x-ray light as 
probes. Small-angle x-ray diffraction ex- 
periments have already revealed the lay- 
ered, graphite-like structure of many 
samples. 

Further x-ray diffraction using a 
benchtop laboratory instrument supple- 
ments the NSLS work, and our scientists 
have also developed an “adsorption reac- 
tor,” which measures adsorbents’ gas ca- 
pacity in pressurized chambers. 

Industry can then use this information 
to optimize future adsorbents, making 
their micropores as small as a nanometer 
in diameter and increasing the connective 
spaces between pores while keeping pore 
sizes consistent. Our research is also help- 
ing to expand basic knowledge about the 
microscopic structure of nanoporous ma- 
terials in general. 

ROUND TANK IN A SQUARE HOLE 
While adsorbents fill the inside of 

adsorbednaturalgas tanks, the tanks them- 
selves take up a lot of room in the vehicle. 
With traditional cylindrical natural gas 
tanks, similar to those used on propane 
barbecue grills, much of that space is 
wasted in a mostly square-shaped com- 
partment. 

The rounded shape is needed to keep 
thegas from burstingwelded cornerseams 
under high pressure. But our engineers are 
designing tanks that willconform better to 
a vehicle’s chassis, saving space while still 
holding the gas safely and keeping costs 
and weights down. . 

In this project, sophisticated computer 
modeling called stress mapping makes it 
possible to test the strengths and show the 
weaknesses ofnew tankshapes before they 
are built. Designs are being produced for 
tanks to hold both adsorbed natural gas, 
held at 3,450 kilopascals &Pa, equivalent 
to 500 pounds per square inch, or psi), and 
compressed natural gas, pressurized to 

24,840 kPa (3,600 psi). Once completed, 
the plans will be turned into reality by 
Thiokol and tested. 

DRIVING FOR THE FUTURE 
Even as tank designing and adsorbent 

testing research continue, our vision for 
the potentialofnaturalgasvehiclesgrows. 

The Atlanta demonstration on utility 
trucks is but the first step; adsorbed natu- 
ral gas tanks could soon turn up in fork- 
lifts, golf carts and welding torches, as a 
way of demonstrating this promising ap- 
proach on a wide scale. 

And, ifthe technological developments 
of research at Brookhaven and elsewhere 
continue to improve the performance of 
natural gas, our environment and our 
economy may reap the benefits. I 

tanks. 
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and chemical science resources and facilities are used by Medical 
lop new medical applications of nuclear technology and to understand 

gents on human health. Researchers improve radiotherapies and nuclear 
medicine procedures. They develop new radiopharmaceuticals and explore the mechanisms of disease, as 
well as uncover methods for noninvasive measurement of trace elements in humans. 

next day outdoors. We evaluated the way 
the next 39 patientsresponded to tin-ll7m 

Every year, excruciating pain afflicts 
more than half of the 400,000 advanced 
stage cancer patients in the U.S. whose 
breast, prostate or lung cancers have me- 
tastasized, or spread, to the bone. 

Narcotic drugs called opiates are pre- 
scribed to relieve this pain. But they have 
sedative side effects that diminish the qual- 
ity of the remaining part of the patients’ 
lives. Scientists in Brookhaven’s Medical 
Department are therefore exploring the 
use of bone-seeking radioisotopes, which 
have no sedative effect, as pain relievers. 

In prelimiiary studies, these efforts have 
been successhl. Our researchers have iso- 
lated and developed a very promising ra- 
dioisotope-labeled compound, tin-ll7m 
DPTA. This year saw the second phase of 
clinical therapy trials approved by the U.S. 
Food & Drug Administration (FDA) and 
done in collaboration with the University 
Medical Center at Stony Brook and the 
Tucson Veterans Medicalcenter, Arizona. 
And over 80 percent of40 patients treated 
experienced substantial relief from their 
agony. 

In fact, the first patient treated, who 
had been unable to get out of bed because 
of his pain, felt so good that he spent the 
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DPTA. Of the 80 percent who experienced 
relief, 60percenthadsigniikantlylesspain 
and were able to lead comparatively nor- 
mal lives with the help of ordinary aspirii 
or with much reduced opiate consump- 
tion, and 20 percent became almost com- 
pletely pain-free for followup periods last- 
ing from 4 to 12 months. 

HOW IT WORKS 
Tin-l l7m is produced at either 

Brookhaven’s High Flux Beam Reactor or 
the High FluxIsotope Reactor at OakRidge 
National Laboratory, then attached to a 
pharmaceutical called diethylenetri- 
aminepentaacetic acid (DTPA). When 
given to patients intravenously, tin-ll7m 
DTPAlocahes preferentially in bone rather 
than in soft tissue or bone marrow. In ad- 
dition, tin-117m emits electrons that have 
a very limited range in tissue, depositing 
most of their energy within 0.3 millime- 
ters. The tumors on the bone receive 50 
times more dose than reaches the radia- 
tion-sensitive bone marrow. 

As a result, tin-ll7m does not suppress 
the bone marrow’s production of white 
bloodcellsorplateletsand, thus,preserves 
the body’s ability to fight infection and the 
blood’s ability to clot. This eliminates a 
major side effect of other radiopharma- 

ceuticals also developed to deal with bone 
pain. 

After about four years oflaboratory de- 
velopment, the FDA approved the first 
phase of clinical therapy trials - a 
biodistribution study focusing on dosim- 
etry and patient safety. After starting with 
10 patients, this phase led to a 15-patient 
escalating-dose trialto determine the mini- 
mum dose needed for bone-pain reliefand 
the maximum tolerated by the marrow. 
This test became part ofPhaseII, which, in 
addition to measuring dose escalation, con- 
centrates on the compound’s safety, effi- 
cacy and lack of toxicity. 

No significant bone marrow toxicity was 
observed in doses up to twice the thera- 
peutically effective level. We are planning 
studies using higher doses, since we need 
to know whether increasing doses would 
also increase the rate ofpatients’ response 
to the treatment. Also, would the increased 
doses prolong their pain-fiee intervals? 

OTHER ADVANTAGES 
One ofthe advantages oftin-117mDTPA 

over other radiopharmaceuticals already 
approved or being developed is that pa- 
tients can receive this medication as out- 
patients. Sfnce patients will most likely 
receive only 10-15 millicuries of radioac- 
tivity, the FDA does not require them to be 
hospitalized, thus sparing them inconve- 
nience and expense. 
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Also, in addition to giving off low-en- 
ergy electrons that penetrate the bone 
metastases without damaging surround- 
ing normal tissue, tin-117m DTPA emits 
gamma rays. These can be used with a 
gamma camera to make an image of the 
way the compound is distributed in the 
patient, which shows exactly where the 
tumor is and how far the disease may have 
spread. 

Finally, tin-ll7m is not radioactive for 
long, having the short half-lifeof13.6 days. 

Contact between the patient and other 
people therefore becomes less of a prob- 
lem. 

Based on these promisiig results alone, 
tin-ll7m DTPA may be the best agent yet 
for relieving bone pain. But we have dis- 
covered yet another potential advantage. 
The deliverable radiation dose to the tu-. 
mor is three to ten times higher than that 
ofother such products beingdevelopedfor 
pain relief.Therefore, tin-ll7mDTPAmay 
also proveusefulfortreatingprimarybone 

tumors, in addition to relieving the pain 
from metatastic bone involvement. 

FURTHER DEVELOPMENTS 
In May 1994, Diatech, Inc., a New 

Hampshire pharmaceutical company, li- 
censed the technology in order to develop 
and market the patented tin-ll7m DTPA 
as a radiotherapeutic agent. And now that 
the encouraging Phase 11 clinical trials are 
almost complete, we are planning the next 
stage. Phase 111 trials are expected to begin 

to bone to be ima 
camera. Here, 
Atkins, Leonard 
Meinken, Slawko 
Srivastava are 
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in late 1995 under an FDA-approved pro- double-blind trials, in which neither the 
tocol. patient nor the doctor will know which 

In this next testing phase, patients will product is being administered. Patients, 
be given either tin-ll7m DTPA or one of who will be treated in 10 to 15 centers 
the other products made to relieve bone located all over the world, will be observed 
cancer pain, such as the FDA-approved to see whether they show an increased re- 
strontium-89 chloride, on the market as sponse rate to the tin or to the other prod- 
MetastronTM. These will be random, uct, and whether a similar comparison in- 

dicates less bone-marrow toxicity caused 
by the tin compound. 

Other vital information to be deter- 
mined in Phase I11 will be the time it takes 
for the onset of relief and how long the 
pain-free intervals last, in order to estab- 
lish an optimum safe and effective dose of 
this promising new agent. I 
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By theyear2000, some3lmillionpeople 
in the United States will be over 65 years of 
age-and medical advances have ensured 
that many will celebrate their 80th or even 
90th birthdays. But is living to a very old 
age always a pleasure? 

“. . .Becausepeoplelikeme(Iwillbe80in 
August) wonymostaboutgetthgAlzheimer2 
disease,. . .ifyourresearch coulddoanything 

N 

This exerpt from a letter received at 
Brookhaven’s Medical Department gives 
an inside view of one major concern of old 
age. And Alzheimer’s, which canalsostrike 
at younger ages, is only one of the condi- 
tions to fear. Even without Alzheimer’s, 
the elderly can lose part of their mobility, 
memory or enthusiasm. Yet some 
“superpeople” in their 80s and 90s remain 
alert on all fronts. They walk, swim or play 
golf, do business on the stockmarket, start 
painting or join a choir. 

erties. 

To understand the process of growing 
old and how it can change some people’s 
quality of life, doctors and scientists in 
Brookhaven’s Medical and Chemistry De- 
partments have started a pilot study at the 
Laboratory’s PET facility. At this facility, 
which is part of the new Brookhaven Cen- 
ter for Imaging and Neurosciences, a tech- 
nique called positron emission tomogra- 
phy, or PET, is used to image areas of the 
brain as it functions. Brookhaven’sinvolve- 
ment with PET research was initiated in 
the early 1960s and has been used in stud- 
ies on the effects of brain tumors, schizo- 
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Nora Volkow c patient 
who is about to scan in 
the positron e ograph 
facility. 

phrenia, Alzheimer’s and Parkinson’s dis- 
eases, and cocaine and alcohol abuse. 

In the study on aging, no discovery of a 
“Fountain ofYouth” is expected. But, once 
it is known how people’s brains age, it may 
be possible to prevent or delay some ofthe 
effects by using appropriate treatment. 

The current study is designed to obtain 
preliminary data from individuals ranging 
in age from 20 to over 80. Our PET re- 
searchers measurevarious aspects ofbrain 
Chemistry function and cell loss. We take 
data to checkwhethercognitiveandmotor 
abilities correlate with the chemical 
changes seen in the brain, in order to es- 
tablisha baselineofwhat toexpectinaging 
brains. 

W I N D O W  INTO THE BRAIN 
When PET is used, the patient is in- 

jected with a smalLamount ofa short-lived 
radioactive tracer that is attached to one of 
a number of compounds that bind to spe- 
cific brain sites. The tracer emits radiation, 
which is recorded by detectors that signal 

its location and concentration to a com- 
puter.Thecomputer, inits turn, translates 
these data into a visible form, providing a 
“window”into the subject’s brain as it func- 
tions. 

In this way, we canmeasure the patient’s 
brain metabolism; the concentration of 
receptors, whicharemolecules that receive 
messages into the brain; and the concen- 
tration ofenzymes, which catalyze chemi- 
cal changes - all in comparison with the 
patient’s age. (See related story in Chemis- 
try Department section.) 

Special attention will be given to the 
brain cells containing dopamine. This 
chemical, which transmits messages be- 
tween cells;is known to be important for 
motor function and motivation. An un- 
usual decline in the number of dopamine 
cellsmay bematched by a decline in mobil- 
ity, memory and mental liveliness in an 
agigperson. Ifthis or other such correla- 
tions are established, it may be possible to 
develop drugs that increase levels of 
dopamine or other chemicals in the brain 
and, thus, lessen the negative aspects of 
growingold. I 

MORE QUESTIONS 
While looking to see how the basic 

mechanism ofaging isvisiblein the brain’s 
chemistry, our scientists will also take data 
on aspects of the problem that may be of 
specialsignificance. For example, what dif- 
ferences can be observed between the ag- 
ingprocesses ofmen and women?Because 
women tend to live longer, it may be that 
estrogen plays a role in longevity. Specific 
hormonal treatments might therefore be a 
way to delay aging. 

23 YEARS OLD 

[11C]-d-threo methylphenidate 

In these two  sets of PET 

brain are shown - 
being from a person 

the older brain 

tion and motivation. 
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arch in the Chemistry Department is directed toward a single goal: the 
g of the properties of nuclei, atoms, molecules and living systems. Using the 
racus and techniques available a t  Srookhaven, chemists discover detailed t pic information on solids, liquids and gases, the dynamics of physical and 

chemical change, and the mechanism of chemical transformation and drug action in the living human 
brain. 

. . ._ . . 

make studies that previouslywere not pos- 
sible. 

Zeolites are a class of minerals, used by 
industry as catalysts and in detergents. So 
what could zeolites have in common with 
seashells andsea-creatures’skeletons? And 
why do they interest agroup ofscientistsin 
Brookhaven’s Chemistry Department? 

To answer the first question, zeolites, 
seashells and skeletons are all crystalline. 
They each have features ofparticularinter- 
est, but to understand their structure and 
function thoroughlyrequires being able to 
detect incredibly minute changes-often 
in real time, as they take place. Until com- 
paratively recently, the technology needed 
for such investigations did not exist. 

In the 198Os, however, came beam line 
X7B. At Brookhaven’s National Synchro- 
tron Light Source, our chemists, in col- 
laboration with scientists from the Swed- 
ishNationalResearch Council, the Univer- 
sity of Pittsburgh and other institutions, 
built this special research facility. 

Thenewbeamlinedependson theLight 
Source’s exceptionally intense x-ray beam, 
with its inherently high collimation- the 
term used to describe the way that the 
photons, units of light, all travel in one 
direction. With these unique advantages, 
as well as specially developed, state-of-the- 

I aa 

THE X-RAY DIFFRACTION 
TECHNIQUE 

In using x-ray diffraction to reveal crys- 
talline structure, researchers project an 
extremely narrow, parallel beam of pho- 
tons onto the crystal. As the light passes 
through the sample, its pathway is altered, 
or diffracted, by the atoms within. Instan- 
taneously, the pattern ofthe dfiactedlight 
is recorded on the detectors waiting to 
receive it. By measuring the pattern and 
comparing it to previous results, 
then transforming these data into 
computer images, scientists can 
“see” the changing positions of the 
atoms in the crystal. 

Because Brookhaven’s synchro- 
tron beam is so narrow and highly 
collimated, our researchers can re- 
solve very complicated patterns in 
the data. Also, the dataare recorded 
onimageplatesas the changes take 
place. Sophisticated computers are 
used to interpret the resulting im- 
ages, and then scientists relate the 
changes to the physical character- 
istics ofthe material they are study- 
ing. 

THE MOVING MINERALS 
Zeolites are part of a large class of 

microporous crystals that contain chan- 
nels and cavities within their crystal struc- 
tures. These structures have been exten- 
sively documented by others, and it is 
known that parts of them are rigid, yet 
bend and flex during chemical action. 

But, before the Brookhaven X7B inves- 
tigations, nobody could observe the 
dymanics of the zeolite structure - how 
the movement of the framework affects 
the cavities under different conditions. 

The new studies are so precise that our 
scientists have been able to obtain a series 
of images of the succeeding stages of crys- 

, 
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tal structures reacting to various condi- 
tions.Thus, for the firsttime, withresearch- 
ers from Sweden's University of Lund, we 
are learning how the structures of zeolites 
change when we dehydrate them by heat- 

ing. Asecondstudy,supportedbytheDan- 
ish Research Council, measures the kinet- 
ics ofzeolite synthesis- the rate at which 
they form and crystallize - in real time. 

BEAUTIFUL BIOMINERALS 

TheX7B beamline researchers believe that, 
since these crystals grow in the living cells 

ofsea creatures, specially designed 
proteins produced in 
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modifythewaythatthecrystalgrows, caus- 
ing it to violate normal crystal symmetry. 
By examining the crystals from different 
creatures, we are obtaining new data that 
show the exquisite control that marine 
animals exercise on the crystallization pro- 
cess. This kind of information is essential 
for the fundamental understanding ofhow 
these materials are formed. It can eventu- 
ally lead to significant applications in ma- 
terials science and engineering fields. 

USING THE X7B BEAM LINE 
Because it can meet many different spe- 

cialized research requirements, the Chem- 
istry Department’s beam line X7B attracts 
numerous outside users, who are entitled 
to 25 percent of beam time, in accordance 
with Laboratory policy. Visiting scientists 
often work in close collaboration with 
Brookhaven staff scientists, all contribut- 
ing ideas, time and intellectual stimula- 
tion for the benefit of basic research. 

Users include scientists from the Geor- 
gia Institute ofTechnology, Northwestern 

University, the State University of New 
York at Stony Brook, the University of 
Chicago, the University of Houston and 
the University of Milan, in addition to 
groups from Denmark, Finland, Israel and 
Sweden. I 

basic research in chemistry initiated in the 
1950s, hasgained world renown. Research- 

Late on summer evenings, out dart the 
fireflies - their tiny, luminous flashes 
signaling their position in the darkness. 

A PET scan, which offers a “window” 
looking into a live body or brain, works in 
much the same way. 

PET stands for positron emission to- 
mography, a technique in which minute 
amounts of a compound labeled with a 
positron-emittingisotope areinjectedinto 
the patient. The positrons are given off, 
generating two energetic, body-penetrat- 
ingphotons, or units oflight.Like afirefly’s 
glowing signal, the photons reveal the 
compound’s position. By studying the dis- 
tribution and concentration of the com- 
pound over time, researchers and physi- 
cians get information about what is hap- 
pening in the body or brain. 

In Brookhaven’s Chemistry Depart- 
ment, the PET facility, with its roots in 

ers from t i e  Chemistry and Medical De- 
partments have used PET to investigate 
schizophrenia, Alzheimer’s and Parkin- 
son’s diseases, brain tumors, drug action 
and substance abuse. 

In 1995, together with a new MlU, or 
magnetic resonance imaging facility, PET 
became part of a new Brookhaven Center 
for Imaging and Neuroscience, working to 
understand therelationship between men- 
tal and physical processes in the human 
brain. 

TYING ON LABELS 
Since knowing the compound’s distri- 

bution is key, an essential part of PET re- 
search lies in labeling the compounds ef- 
fectively. Fireflies have a natural advan- 
tage: Their luminescence comes from a 
substance produced in their lower abdo- 
men. But for a PET compound to light up, 
chemists have to develop strategies such as 
nucleophilic or electrophilic substitution, 

Hanson. 

in which they substitute a positron-emit- 
ting isotope for an atom of the compound 
being studied. 

Specialized isotopes are made in the 
Brookhaven Chemistry Cyclotron, a small 
particle accelerator. One ofthese positron- 
emitting isotopes, fluorine-18, can be ex- 
changedfor the naturalfluorine-19 in some 
compounds. Other organic compoundsare 
labeled with carbon-11, which can replace 
carbon-12 in organic molecules. Carbon- 
11 has a half-life ofonly20 minutes, taking 
only 20 minutes for half its radiation to 
decay.So,twoorthreestudiescanbemade 
on one patient in one day, allowing test 
results to be more easily repeated. 

By measuring the distribution and con- 
centration of the labeled compounds as 
they are recorded by the PET detectors, 
scientists can map biochemical transfor- 
mations. We also study the duration and 
action of drugs to determine how well pa- 
tients respond to them, thus helping drug 
companies develop and refine treatments 
for various disorders. 
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AGING EFFECTS 
In one study, Brookhaven scientists are 

investigating the effects of normal aging 
on the dopamine system in the brains of 
men and women from 20 to 80 years old 
(see related story in the Medical Depart- 
ment section). Dopamine is a vital neu- 
rotransmitter, a chemical that carries sig- 
nals between nerve cells, which are called 
neurons. Dopamine-producing neurons 
are known to be lost during normal aging, 
which may account for some ofthe changes 
in older people's motor and cognitive per- 
formance. Our researchers use PET with a 
multitracer approach to evaluate different 
aspects of the dopamine system. 

For example, the metabolic activity of 
regions connected with the dopamine sys- 
tem can be evaluated using a glucose de- 
rivative labeled with fluorine-18,2-deoy 
2-[1sF]fluoro-D-glucose. Brain glucose me- 
tabolism reflects activity in the brain neu- 
rons. So, by measuring this metabolism in 
conjunction with specific aspects of the 
dopamine system, our researchers will be 
able to assess how significantly changes in 
the dopamine system affect motor and 
other functions. 

In order to monitor the loss of dopam- 
ine neurons that might come with age, 
Brookhaven scientists have recently intro- 
duced the use of the compound called d- 
threo-["C]methylphenidate. 

Methylphenidate, on the market as 
Ritalin, isadrugused to treatchildrenwith 
attention-deficit hyperactivity disorder. 
This drug is racemic, that is, made up of a 
mixture of two molecules, d-threo and 1- 
threo, one a mirror image of the other. 
Only one of the two forms, d-threo, is ac- 
tivein the treatment.Butthemolecules are 
so difficult to separate that the drug is 
administered containing both. 

ForPETstudies, our chemists prepared 
the active d-threo part ofthe racemic mix- 
ture, separating it from its I-threo partner, 
and succeeded in labeling it with carbon- 
11. Before this separation was possible, 
the d-threo and 1-threo pair had to be la- 
beled and used together, each emitting a 
tiny amount of radiation into the patient. 
With only the active, d-threo molecule in 
use, the radiation is halved. Also, because 

this remaining radiation is emitted only the data obtained from the tests, but also, 
from activemolecules, its positionandcon- minimized the exposure of human sub- 
centration give a more exact measure of jects to radiation. In addition, this success 
the dopamine neurons. in basic chemical research methodology 

Therefore, in discovering the way to use willbe useful to the pharmaceuticalindus- 
just the active d-threo-["Clmethyl- try in designing the most effective drugs 
phenidate, Brookhaven chemists not only possible. I 
eliminatedunnecessary backgroundradia- 
tion, significantly improvingthe quality of 

n 

with carbon-I 1 .  
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iitiatives, waste and environment, safety and arms control - these are the 
' Technology's principal fields of expertise. Reflecting a response to national 
sk-energy work, many programs are expanding into areas of increasing technical 

Boom! the more likily it is to undergo a detona- 
within thesfainess-steelpressirevessel, a tion. 

This kind of information has been of 
vitalconcern for safety engineers at nuclear 
reactors, particularly since the 1979 acci- 

~ s ~ n ' ~ i n t e n s e e n e r ~ i s r g y i s r e l e a s e d ,  driv- dent at Three Mile Island. The partial core 

smallslugofoxyacetelenegasisdetona red, 
startinga chemicalreactionin the tube. 

in~ashockintothemivtureofiY~o~en~as~ meltdown in reactor No. 2 produced hy- 
andairalreadYPresent*A detonation drogen gas from the reaction ofmetal with 

wave and thereaction zone that follow sit 
zoom a troughlyfive times thespeedofsound 

water. Released into the containment 

alongthe2im~etersofthe tube, building up 
pressure ofup to 30 times theinitialgaspres- 
sure. The temperaturerockets up to 3,000 
kelvins&), or5,OOO"Farenheit (F). Colliding 
transverse wavestravelalongwith theleading 
shock wave, and, where the transverseand 
forward-movingwavesin tersect, afish-scale- 
likepattemisimpnh tedon thecarbon-coated 
foiliningthe tube. 

The researchers performing this classic 
"smoked foil" experiment at Brookhaven's 
high-temperature combustion facility are 
Department of Advanced Technology sci- 
entists, investigating the phenomenon of 
detonation in hydrogen gas. 

The dominant cell size of the fish-scale 
pattern (see photograph), which results 
from the coupled shock-induced chemical 
reactions, correlates with other dynamic 
detonation parameters, such as the energy - ~ 

needed to initiate detonation. So, results Smoked foil showing 
ofthisexperimentgiveinformationonhow scale cell pattern. 

I 

I 
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building andmixedwith air and steam, the 
hydrogen gas ignited and burned, increas- 
ing the pressure within the building, but 
not breaching it. 

Under certain other circumstances, 
however, the reactor's containment could 
have been breached, releasing radioactiv- 
ity into the atmosphere. Concern over this 
possibility generated extensive research 
during the 198Os, and experiments done 
elsewhere show that some accident condi- 
tions could generate combustible gas mix- 
tures at initial temperatures of up to 650 K 
(800°F). Classical detonation theory dem- 
onstrates that the higher the temperature, 
the easier it is for mixtures to detonate. 

BROOKHAVEN'S BASIC 
RESEARCH 

To accommodate the new research 
needed to study these effects, Brookhaven 
built two combustion vessels: The small 
scale development apparatus, commis- 
sioned in 1992, and our high temperature 
combustion facility, dedicated two years 
later. In these facilities, our scientists are 
investigating the minimum hydrogen con- 
centration necessary to initiate and sus- 
tain detonation at initial temperatures of 
up to 650 K. Our findings are then scaled 
andput into a database that can be used to 
estimate what could happen during a se- 
vere reactor accident. 

At the smaller facility, our researchers 
found, for example, that the minimum hy- 
drogen concentration necessary to deto- 
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nate hydrogen-air mixtures at 300 K was 
15 percent. But at 650 K, the minimum 
needed was only 9 percent. Also, the more 
steam in the mix, the less likely it was to 
explode - but, the higher the tempera- 
ture, the less effective was the steam’s 
damping effect. 

These experiments served as a proving 
ground for designing the high tempera- 
ture combustion facility. We successfully 

tried initiating experiments with gas - 
such as oxyacetelene-insteadofthe com- 
monly used high-explosive charges that 
are hard to handle at high temperatures. 
This procedure is now a unique feature of 
the larger facility. 

In the larger facility, we can test how 
readily mixtures containing lower concen- 
trations ofthe gas under study detonate at 
initial temperatures of up to 650 K. For 

instance, the Brookhaven work was the 
first to find out the effects of temperature 
and pressure on mixtures as lean as 7.4 
percent hydrogen. 

We also investigate the effects ofinitial 
gas temperatures on what is called the de- 
flagration-to-detonation transition. In a 
deflagration, a combustible gas mixture 
starts as a low-speed flame. The reaction 
propagates into the unreacted material at 

At the  high 
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less than the speed ofsound, sendingpres- 
sure signals ahead, causing the flame to 
fold and thus accelerate. To make the tran- 
sition from deflagration to detonation, the 
advancing flame must accelerate to super- 
sonic speed. 

To achieve this within the length ofthe 
combustion vessel, we insert arrays of spe- 
cialplates to enhance the turbulence ahead 
ofaflame as it moves down the tube. Then, 
we measure flame velocity and vessel pres- 
sure to confirm whether transition has oc- 
curred. In other experiments, we are ex- 
amining how a flame in a hydrogen mix- 
ture accelerates when openings have been 
inserted along the vessel to simulate path- 
ways in a reactor’s containment building. 

Once thesesetsofexperimentsarecom- 
pleted in early 1996, both facilities will be 
made available to users from industry, 
academia and other laboratories, adding 
to the Laboratory’s roster of user facilities 
as well as to the national effort to improve 
reactor safety. I 

It is noon on a typical business day at 
the ALARA Center in Brookhaven’s Depart- 
ment of Advanced Technology - and al- 
ready, W ’ s  information service has 
been called on by many users from’all over 
the world. 

ALARA stands for As Low As Reason- 
ably Achievable. The ALARA Center’s name 
was chosen to highlight the aim of the 
project, which is to study ways ofreducing 
the radiation doses received by workers in 
nuclear power plants. But the object is more 
than to reduce doses-it is to reduce them 
to a level that is as low as is reasonably 
achievable, bearing in mind the need to 
balance other social and economic neces- 
sities. 

I50 

Brookhavenscientistsset up the ALARA 
Center in 1983 at the request of the U.S. 
Nuclear Regulatory Commission (NRC), to 
comply with a directive from the U.S. Con- 
gress regarding oversight of radiation 
safety ofworkers at NRC-licensed facilities. 

The concept of ALARA is basic to the 
whole philosophy and system of radiation 
protection. Although dose limits ensure 
that workers are as safe as in other “safe” 
industries, no industry has zero risk. But 
exposures and, therefore, risks, are kept as 
far below the safe limit, or as close to zero, 
as is reasonably achievable. 

The center’s main functions are to: 

Provide technicalsupport to the 
NRC on policy, regulation, guidance 
and standards ofdose minimization. 

Monitor efforts to reduce occu- 
pational exposure to radiation at 
nuclear facilities in the U.S. and 
abroad. 

Evaluate research on dose re- 
duction and ALARA efforts. 

Inform the NRC of promising 
research and development related to 
ALARA. 

Focus the attention of industry 
and government contractors on 
ALARApractices andinform them of 
promising dose-reduction efforts. 

Actasacenterwherethenuclear 
industry can deposit, circulate and 
retrieve ALARA-relatedinformation. 

Examine areas where interna- 
tional collabora tion may b e valuable. 

ALARA’s ACE: ACEFAX 
The ALARA Center maintains a number 

of databases containing information such 
as radiation-exposure data and bibliogra- 
phies on ALARA-based radiation protec- 
tion. The information collected at the cen- 
ter can be accessed by computer or by 
ALARA Notes, a newsletter with a regular 
worldwide distribution of over 2000. We 

also publish journal articles on subjects 
related to ALARA, such as robotics and 
how they can be used to promote the ALARA 
principle. But our communications trump 
card is the ALARA Center Exchange Inter- 
active Fax Retrieval System, or ACEFAX. 

Using ACEFAXis easy-all the receiver 
needs is a set of indices (provided by the 
ALARA Center) and a fax machine. Callers 
dial from all over the world and get re- 
corded instructions to key in the index 
numbers of up to five documents, which 
are then automatically faxed back to the 
callers. Since ACEFAX started, the ALARA 
Centerhasseena200to300percentrisein 
demand for such documentation. 

DATA COMPILING 
It is no accident that so much A U R A  

information is accessible. At the center, 
our staff have been collecting, summariz- 
ing, compiling and distributing these data 
for over a decade. To get the information 
we need, we visit power plants and investi- 
gate facilities, do in-depth surveys and re- 
search the literature. In addition, the 
ALARA Center hosts international work- 
shops to make contacts and promote the 
exchange of information and ideas. 

ALARAstaffmembers alsoworkonstud- 
iesfortheNRC.Inonerecentproject, based 
on the facts weelicitedfrom25U.S.nuclear 
plants, six contractors, and European, 
Asian and Canadian utilities, we identified 
groups of workers who receive elevated 
radiation doses and compared their num- 
ber and the average dose they received to 
the total number and average dose of all 
radiation workers in a plant. We also iden- 
tified the jobs that lead to high doses and 
described effective dose-reducing tech- 
niques. A subsequent article on doses to 
worker groups in the nuclear industry won 
the editors’ award for excellence from the 
journal Radiation Protection Management, 
in 1995. 

HAVE ALARA, WILL TRAVEL 
Our staff provides not only informa- 

tion, but also expertise. The South Korean 

I 
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government recently voted to establish an 
ALARA center in Korea. Then, under the 
International Energy Agency’s expert pro- 
vision program, the Korean Institute of 
Nuclear Safety (KINS) requested that a 
Brookhaven specialist travel to Korea to 
help initiate the new center. In addition, 
the KINS president visited the U.S. ALARA 
Center at BNL, to sign a letter of intent 
between KINS and Brookhaven confirm- 

ing their future collaboration and exchange 
of information. 

Just as in the U.S., the new Korean cen- 
ter willfulfillits government’s mandate to 
oversee the radiation safety of workers in 
nuclear facilities. Like the Brookhaven 
ALARACenter, it will provide the opportu- 
nity for improving the health and safety of 
radiation workers everywhere. I 

members  [standing. 
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The tumor is then irradiated with neu- 
trons produced by anuclearreactor. Some 
of the boron atoms absorb neutrons and 
then split into two energetic particles that 
destroy tumor cells. 

Commissioned in 1959, Brookhaven’s 
medical reactor was the first to be spec%- 
cally constructedformedicalresearch, and 
it provided a low-energy, thermal neutron 
beam for clinical trials ofBNCTin the early 
1960s. But the neutrons did not penetrate 
deeply enough to destroy the tumor with- 
out harming surrounding healthy tissue. 

Our scientists later found the answer: 
Intermediate-energy, epithermalneutrons, 
which can penetrate to deeper-seated tu- 
mors, are slowed down by body tissue. So, 
by the time epithermal neutrons reach the 
tumor, they are transformedinto theslow, 
thermal neutrons that can interact with 
the boron in the cancer cells. 

To get an epithermal beam, neutrons 
emergingfrom the reactor core at two mil- 
lion electron volts must be slowed down to 
a few thousand electronvolts. This is done 
by filtering them through moderatingma- 
terials that absorb some oftheir energy. In 
the late 198Os, BNL scientists and engi- 
neers, with researchers from Idaho Na- 
tional Engineering Laboratory, restruc- 
tured the filtering system to produce the 
world’s best epithermal beam for this 
therapy. 

IMPROVING THE BEST 
Then, in 1993, we rearranged the reac- 

tor fuel elements, increasing the neutron 
beam intensity by 40 percent. With more 
epithermal neutrons available, treatment 
time for patients in the 1994-95 first clini- 
cal trials was reduced to 40 minutes. 

Evenwith theimproveddesign, theneu- 
tron beam still had to pass through water 
surrounding the reactor core. The water 
both removes heat andslowsfastneutrons 
down to the thermal energy that main- 
tains the chain reaction in the core. Thus, 
the beam emerging from the reactor con- 
tains not only the desired epithermal neu- 
trons, but is contaminated with some fast 
neutrons and many thermalneutrons also. 
The beam filter slows some of the fast neu- 
trons to theepithermalrange, and absorbs 

most of the thermal neutrons, but some 
remain to degrade the epithermal beam 
quality. 

Our researchers looked for a way to 
convert the slow neutrons backinto faster 
neutrons, in order to enhance, not degrade, 
the epithermal beam. The solution lay in a 
new shutter design. 

NEW SHUITER DESIGN 
The reactor shutter, which is hydrauli- 

cally raised and lowered, contains a high- 
density concrete section that blocks the 
beam when the shutter is down. Whenit is 
up, the beam filters through a moderating 
section to the irradiation port, which is a 
window where the patient’s head is posi- 
tioned. 

The key innovation in the new design is 
a set of uranium-containing plates, thin 
enough to need little cooling, which will be 
mounted on the back ofthe shutter. These 
converter plates will capture the unwanted 
thermal neutrons remaining in the beam 
from the reactor and use them to create a 
whole new set of fast neutrons. As these 
pass on though the moderating section, 
they will be slowed to epithermal energy, 

adding to the epithermal neutrons already 
in the beam and thus boosting the dose 
delivered to the patient’s tumor. 

Also, the new design improves the colli- 
mation of the beam, holding the neutrons 
in a straight, forward direction that en- 
ables them to penetrate deeper into the 
patient’s brain. 

With this new shutter in place, the 
epithermal neutron beam will be so in- 
tense and well collimated that a patient 
could be treated in as little as five minutes, 
ifmedically desirable. The extra efficiency 
will also result in lower fuel consumption 
in the core. 

Remodeling the shutter is a complex 
engineering challenge. The first problem 
is space, because the shutter cavity size is 
fixed by the original reactor design, as well 
as by the need to place the patient as close 
to the reactor as possible to obtain the 
maximum neutron beam intensity. The 
uraniumplateswillgenerateabout 80 kilo- 
watts of heat, so a small cooling system is 
necessary. Also, the reactor operators must 
be able to replace or remove the plates, so 
space for remote handling equipment, ra- 
diation shielding and a transfer cask must 
be included. 

These problems have beenresolved, and 
the new shutter design is ready for final 
safety reviews. Within a year of receiving 
approval for construction, patients should 
be benefiting from the further improved 
beam. i 
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chnicalsupport to Laboratorystaff and visitorsin areas of environment, safety 
Environmental Protection [SEPJ Division distributes its expertise around the 

rdinated program of monitoring and assistance both on site and off, SEP staff 
ent and the health and safety of all who work a t  Srookhaven or live nearby. 
lves on their level of support to the Laboratory’s scientific facilities, both large 

and small, whether already existing or still under construction. 

When researchers arrive at Brookhaven 
to work in a lab or take data at one of our 
“big machines,” they may need a while to 
learn about the unfamiliar scientific equip- 
ment or to find their way around the site. 

But when visitors become part of the 
Brookhaven community, one thing is au- 
tomatic: Their safety is our concern from 
the moment they arrive. 

In fact, among the Safety & Environ- 
mental Protection (SEP) Division’s staff is 

This year, the group developed a new 
decay and storage policy for slightly radio- 
active items, and revised two Laboratory 
standards to be more responsive to the 
research community. It also helped BNL’s 
Office of Environmental Restoration de- 
velop a waste-minimization program that 
may save the Laboratory up to $100,000 a 
year. 

While not physically present in every- 
buildingonsite,SEP’sfacility supportstaff- 
ers are available to every employee and 
visitor. Here are just a few examples of the 
many areas in which the group helps the 
Brookhaven employee andvisitor commu- 
nity stay safe. 

of time to ensure the radiation dose is as 
low as possible. When needed, facilities- 
support group members issue protective 
clothing. The group also helps with the 
disposal of radiological waste. 

This year, facilities support staff assisted 
in the health physics aspect of a new clini- 
cal trial of boron neutron capture therapy 
(BNCT)forbrah tumorsat theBrookhaven 

a group of 45 employees who work side- 
by-side with the Laboratory’s employees I &dth physics[- Many of the 
and visitors at their workplaces to guard group’s staff are not only generalists in the 
worker safety and health, and the environ- field ofsafety, but specialist sin health phys- 
ment, without interfering with research. ics - a vital trait on a campus of “big 

SEP’s facilities support group applies machines” and small laboratories that un- 
its expertise in health physics, industrial leash the power of the atom for scientific I Industrial Health[- To protect 
health and industrial safety to custom- discovery. worker health, facilities support person- 
tailor a department’s or division’s safety The accelerated particle beams and the ne1 monitor several potentially hazardous 
program. nuclear research reactors for which factors in many workplaces. 

As the link between SEP and the rest of Brookhaven is famous can produce radia- This year, they conducted extensive 
the Laboratory, the group gives organiza- tion hazards, soBNLstaffandvisitingusers noise surveys to determine which employ- 
tions access to SEP’s many safety-related alike are given training and dosimetry ees may need to wear ear-protectingequip- 
services. Plus, it keeps an eye on regulatory equipment. Facilities-support personnel menton the job. They sampled air in many 
matters and assists Laboratory organiza- monitor all work areas to ensure safety. ofBrookhaven’s older buildings for asbes- 
tions in complying with U.S. Department In addition, radiation and contamina- tos,andcontinuedmonitoringelectromag- 
ofEnergyandothergovernmentalrequire- tion areas are clearly marked, and all work netic field radiation around the 
ments. in high-radiation areas is reviewed ahead Laboratory’s user facilities. 

Medical Research Reactor: Their continu- 
ing assignment throughout the trial is to 
ensure the reactor‘s readiness and check 
patients for residual radiation after they 
have been treated. 
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In many smaller labs, especially in the 
Biology and MedicalDepartments and the 
Departments ofAdvancedTechnology and 
Applied Science, industrial health means 
careful management of chemicals. Facili- 
ties support employees ensure that docu- 
ments detailing each chemical’svital infor- 
mation, calledmaterialssafety datasheets, 
or MSDSs, are up-to-date and available to 
all. They also provide personal protective 
equipment when it is needed. 

Also this year, water samples were col- 
lected from many faucets and drinking 
fountains around the site, to ensure that 
thelaboratory’s potable watersupply met 
federal and state drinking water require- 
ments. 

I Industrial Sdetyl- Around the site, 
facilitiessupport staffhelp protect employ- 
ees andvisitors and reduceindustrialrisks. 

Among these are electrical hazards, 
found especially at the Alternating Gradi- 
ent Synchrotron (AGS), the National Syn- 
chrotron Light Source, at both reactors, 
and in the site-wide work ofthe Plant Engi- 
neering Division. Accelerators and experi- 
ments demand huge amounts ofpower, so 
all who use, construct or repair these high- 
voltagesystemsare trainedto handle them 
carefully. Workers also follow extensive 
“lock-out, tag-out’’ procedures, which 
double-check the shutdown of electrical 
systems before work begins. 

quire high vacuums and super-cold condi- 
The lasers in use at several locations tions, so trainingandspecialpersonalpro- 

around the Laboratory are another kind of tective equipment, such as face shields and 
special safety hazard; warning signs, train- gloves, are essential. 
ing and protective goggles all help keep And finally, construction, whether of 
scientists safe when they use these impor- new facilities or upgraded experiments, is 
tant research tools. a constant at Brookhaven. Workers are 

The AGS and the Relativistic Heavy Ion trained and equipped to deal with both 
Collider present yet another specialized conventionalandspecialconstruction haz- 
safety concern: cryogenics. Detectors and ards. I 

Replacing a waste line fro 

ronment. 
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Division 

circuit b iacities as varied as vacuum - -- serves its customers with utmost attention to precision -and detail. 

From the Laboratory’s “big machines” 
to its smallest experiments, precision in- 
struments developed in the Instrumenta- 
tion Division can be found all around the 
site, helping scientists gather data. They 
are often designed and built in collabora- 
tion with scientists from other depart- 
ments, and with their ultimate users. 

Monolithic circuits provide a good ex- 
ample. These complex, multi-layer circuits, 
made from silicon chips the size of a pin’s 
head and packed with thousands of elec- 
tronic components, are being developed 
in the division. They’ll be used in every- 
thing from bread-box-sized experiments 
on user facility beam lines, to room-sized 
detectors at the Relativistic Heavy Ion 
CoUider (RHIC). 

The following additional examples dem- 
onstrate how Instrumentation’s ingenuity 
has provided unique solutions to specific 
problems faced by scientists working at 
Brookhaven and other research institu- 

electronics help scientists measure the en- 
ergy and intensity of ultraviolet (W) light 
and x-rays. 

Biologists, chemists and physicists, for 
example, use the division’s position-sensi- 
tivex-ray detectors to determine thephysi- 
cal structure of samples, in a technique 
known as small-angle x-ray scattering. In- 
strumentation has begun working on even 
more versatile detectors for larger-angle x- 
ray scattering studies. 

Scientists also use a technique called 
extended x-ray absorption fine structure 
to study biological and physicalspecimens. 
For this application, Instrumentation de- 

tions: 
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velops low-energy photon detectors suit- 
able for experiments on both UV and x-ray 
beam lines. 

Those who study the structure of thin 
films, or who use them in their work, make 
use of evaporated and sputtered coatings 
developed in Instrumentation. These mir- 
ror-like optical and electrical coatings, as 
thin as 30 angstroms, or 100-billionths of 
a millimeter, aremade inspecially designed 
vacuum chambers. 

Finally, the division’s optics and me- 
trology group develops non-contact 
profilometers than can evaluate the shape 
and smoothness of flat and curved mir- 
rors, used at the NSLS and other synchro- 
tron sources to focus UV and x-ray beams. 
These are so accurate that they can scan 
the surface of a meter-long mirror to an 
accuracy of billionths of a meter. 

Anewdeviceunder development, called 
an in-situ profilometer, will allow mea- 
surement of any mirror deformation un- 
der the heat stress of intense synchrotron 
radiation. 

HIGH FLUX BEAM REACTOR 
At the High Flux Beam Reactor (HFBR), 

experimenters study the structure of bio- 
logical and physical samples using neu- 
tron-scattering techniques analogous to 
those used with x-rays at the NSLS. For 
example, a unique small-angle neutron 
scattering spectrometer gives biologists a 

00 
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view of molecules lodged in cell mem- 
branes. This is important in studying pro- 
teins on a virus’s coat - and looking for 
places where specially designed pharma- 
ceuticals could block their function. 

The Instrumentation Division’s posi- 
tion-sensitive neutrondetectors make such 
experiments possible. One, which uses a 
rare isotope of helium, provides scientists 
with the highestresolutionin theworld for 
its type ofdetector for neutron diffraction 
studies. 

Becauseaccess to theHFBR’s beamlines 
is limited, these detectors are designed to 
operate without maintenance for longpe- 
riods of time - one has lasted more than 
ten years without interruption. 

ACCELERATOR TEST FACILITY 
At the Accelerator Test Facility (ATF), 

where scientists and engineers constantly 
push the frontier of accelerator technol- 
ogy, Instrumentation’s contributions are 
an important ingredient. 

One ATF prototype accelerator, de- 
signed to cut drastically the distance over 
which electrons are accelerated, consists 
of a grating surface covered with etched 
pillars that are arrayed at specific inter- 
vals. Electrons from an electron gun near 
the grating pass parallel to the surface, in 
the furrow between rows of pillars, then 
are accelerated by a field produced by the 
impact ofapulsedlaserfieldon thegrating 
surface. To create the grating in silicon, 

Instrumentation uses a 
technique called reactive 
ion etching to make pil- 
lars one micron in diam- 
eter and ten microns 
high. 

The division has also 
helped extensively in re- 
search aimed at finding 
the optimum metal coat- 

A silicon de- This rnonoli ing for the electron gun’s 
the  cathode. From this effort 

rrnil- PHEN nt a t  have come some of the 
highest current densities that RHIC, 

t the twornil 
ran- ever measured. Also, the 

ays. sistors. 

division has adapted lasers that can emit 
bursts ofintense light that last as little as a 
fraction of a picosecond, a unit equivalent 
to one trillionth of a second. 

RHIC AND AGS 
Experiments at Brookhaven’s large ac- 

celeratorsrequiresilicon detectors that can 
determine the trajectories of the many 
charged particles produced by colliding 
beams. An innovative device called the sili- 
con drift detector, originally developed by 
our scientists, yields the high-precision 
particle location of earlier detectors while 
possessing improved and more manage- 
able electronics. Development continues 
on a drift detector capable of tracking a 
multitude of particles simultaneously - 
RHIC experiments will use hundreds of 
these. 

Also destined for these detectors are 
monolithiccircuit electronics, to transform 
analog signals fi-om incomingparticles into 
digital information that a computer can 
analyze. Such circuits are more compact, 
less expensive, more reliable and easier to 
make than conventional electronics. 

For experiments at the Alternating Gra- 
dient Synchrotron, Instrumentation pro- 
vides specialized semiconductor and gas- 
filled particle detectors. I 
QQQ 

- CIRCUIT BOARDS: ON-SITE SOPHISTICATION 
I Specialized circuit boards are the place where thousands of 

electronic components interconnect in sophisticated cir- 
cuits used throughout the Laboratory. These boards, not 
readily available commercially, are made right here at 
Brookhaven in the division‘s printed circuit board fabrication 
laboratory. 

This year, the lab was upgraded to include all new, state- 
of-the-art equipment - making it an invaluable resource to 
the Laboratory community and American and international 
collaborators. 

The lab can now prepare multi-layer fiberglass boards 
with drilled holes of unprecedented accuracy. With the new 4 

With this computepcontrolled drilling ma- 
chine, Cbcuit-board makers Pat Borello 

holes for 
components more precisely and efficiently 
than ever before. millimeters. 

equipment, conducting circuit lines can be made much 
narrower, and spaced much more closely. than those on 
commercially mass-produced boards - as close as 0.025 and ‘On Angona can 
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ications Division keeps Brookhaven on the cutting edge of scientific and 

chnology and communications capability. Its innovations extend into high- 
resources, data-processing facilities and tools, maintenance, programming 

tructure. While supporting the Laboratory’s staff and visitors, the division‘s 
programmers and technology specialists also contribute their expertise to Brookhaven‘s scientific 
mission, including helping scientists a t  the National Synchrotron Light Source turn their data into even 
more useful three-dimensional digital images. 

major corporations is drawing upon 
Brookhaven’s strengths to give the petro- 
leum industry a powerfkl new tool for this 
kind of underground exploration. 

Deepundertheearth, inreservoirpools 
and saturated rock, the world’s petroleum 
reserves lie silently, flowing slowly. Formed 
from the remains of plants and animals 
that lived millions of years ago, this rich 
liquid now feeds the churning engines of 
the world, which gobble it up at a furious 
pace. 

To satisfy this insatiable appetite, the 
industry that siphons petroleum out ofits 
subterranean domain is now looking in 
increasingly unlikely places for its supply. 

As an alternative to the dwindlingnum- 
ber of petroleum lakes they used to tap, 
companies like Mobil Corporation are 
turningto areas they oncewouldhaveover- 
looked, including small pools trapped in 
porous rock and sand. 

Their quest for these reserves depends 
largely on research that examines the char- 
acteristics of this oil-laden earth - some 
of it done on Mobil’s beam lines at 
Brookhaven’s National Synchrotron Light 
Source (NSLS). 

Now, a cooperative effort begun this 
year among researchers in our Computing 
and Communications Division (CCD), De- 
partment of Applied Science and at two 

FROM ONE TO THREE 
DIMENSIONS 

Both thepowerofouruserfacilitiesand 
our expertise in high-power computing and 
data transmission play a large part in the 
project.Byturningstructura1data collected 
at the.NSLS into digitalimages and project- 
ing it in three dimensions, the result Will be 
a “virtual reality” view of real objects. 

Through this approach, petroleum en- 
gineers could one day explore the nooks 
and crannies of their potential oil fields in 
aroom-sizedtheater, asiftheywerewatch- 
ing‘a 3-D movie. And with the help ofhigh- 
speed networks and our expertise, they 
could do it from offices thousands of miles 
away. 

Called synchrotron computed micro- 
tomography, the work is the subject of a 
cooperative research and development 
agreement (CRADA) among our research- 
ers and scientists at Mobil and GTE Corpo- 
rations. 

The CRADAisfundedin part by the U.S. 
Department of Energy’s Advanced Com- 
putational Technology Initiative, which 
aims to help the oil and gas industry ben- 
efit from the vast computing resources of 
national laboratories such as Brookhaven. 

FROM BEAM LINE TO 
COMPUTER 

At two NSLS beam lines that they have 
used for nearly a decade, Mobil scientists 
use intense beams of x-ray light to reveal 
the microscopic structure of their samples 
in a technique called microtomography. 
The NSLS’s capability for high-resolution 
imaging allows them to examine tiny core 
samples of rock and sand as small as six 
millimeters in diameter. 

But useful as they are, the images that 
these NSLS users produce are limited to 
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showing the structure of paper-thin slices 
of rock; scientists must infer the three- 
dimensional structure of the whole and 
look for interconnected pores, which are 
necessary for the oil to be easily extracted. 

With the help of this new project, the 
guesswork will be vastly reduced, because 
Mobil's microtomographic data from 
many adjacent rock slices will be turned 
into a digitized computer image. In es- 
sence, it is like putting the sliced rock back 
together again - inside a computer. BNL 
computer scientists are developing the al- 
gorithms needed to do this. 

FROM COMPUTER TO SCREEN 
Once the recombined tomograph im- 

age has been made, it will be split into two 
parts, called stereo images, that can be 
aligned and polarized. Then, they will be 
projected onto a special three-meter-high 
screen that preserves the polarization of 
the light, giving the image a 3-D effect - 
the same principle as 3-D movies popular 
in the 1950s, but on a more sophisticated 
level. 

Wearing special polarized glasses, pe- 
troleum engineers will have a clear view of 
how the rocks' pores interconnect, and how 
oil and water might flow through them. 
GTE Corporation has extensive expertise 
in this kind ofvisualization and will bring 
their experience to the collaboration. 

The first viewing room will be built in 
CCD, half a block from the NSLS beam line 
where the data are collected. But through 
fiber-optic cables and asynchronous trans- 
fer mode (ATM) networking, this huge 
amount of digitized information could be 
transmitted anywhere almost instantly- 
for instance, to a screen in Mobil's head- 
quarters in Dallas, Texas. 

Through these high-speed networks, 
other companies could use the same 
method to visualize their petroleum core 
samples in 3-D. But petroleum engineer- 
ing is just the beginning. Scientists and 
engineers in many other fields could em- 
bark on the same kind of cooperation that 
has sprungup betweenour NSLSusers and 
computer scientists. I 
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Just as broad as the range ofdisciprines 
representedatBrookhavenis therangeoftop. 
icsformeetings, conferences, workshopsand 
symposia thatareheldhereeachyear. Among 
1995’sgathe~ings were thefollowing: 

At a Landfill Technology Workshop 
held October 25 &26,1994, environmen- 
tal remediation specialists from BNL and 
elsewhere discussedmethodsofcharacter- 
izing the contents of “glassholes,” small 
buried dumping areas. 

The Laboratory’s Small and Small Dis- 
advantaged Business Conference, held 
on October 28, drew representatives of 
135 firms to speak with Brookhaven pro- 
curement managers. 

To honor Medical‘s Victor Bond in his 
75th year, 130 radiation-effects research- 
ers gathered on November 3 & 4 for a 
conference on Physical Insult From and 
Biological Responses to Low-Level Ion- 
izing Radiation. 

More than20 ofthose who use the com- 
puter code MACCS in countries worldwide 
to calculate the probable consequences of 
nuclear accidents came together Novem- 
ber 8-10 for the first meeting of the Inter- 
national MACCS Users Group. 

Fifty representatives from area schools, 
hospitals and research institutions came 
to BNL onNovember 10 for a workshop on 
Pollution Prevention Opportunities in 
a Laboratory Setting. 

In anticipation ofupgrades and further 
research at the Brookhaven Linac Isotope 
Producer (BLIP), the facility’s users gath- 
ered on November 15 & 16 for a BLIP 
Users’ Advisory Committee meeting. 

Representatives from the developing 
nations of Bulgaria, the Czech Republic, 
EthiopiaandNigeriacame to BNLforthree 
weeks inJanuary 1995 for a Workshop on 
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MARKAL-MACRO, a computer model of 
nations’ energy use and pollution. 

One hundred and eighty American 
nuclear physicists gathered on January 27 
& 28 at the home of their field’s biggest 
focus, the Relativistic Heavy Ion Collider, 
for the Nuclear Science Advisory Com- 
mittee Town Meeting, at which they dis- 
cussed future directions in nuclear phys- 
ics. 

At an Emergency Management Plan- 
ning Group Seminar on February 1, the 
Laboratory’s security and emergency per- 
sonnel welcomed their colleagues from lo- 
callaw enforcement agencies and the Fed- 
eral Bureau of Investigation. 

To learn about the Laboratory‘s emer- 
gency planning system, the Suffolk 
County Local Emergency Planning 
Commission held a meeting on site on 
February 14, with 40 attendees from insti- 
tutions all over the county. 

A Plastics Recycling Workshop held 
in the Department of Advanced Technol- 
ogy March 9 & 10 drew together 23 indus- 
try representatives andacademicresearch- 
ers to develop ideas for how to retrieve 
“hidden” plastics from durable goods for 
recycling. 

Computer-based graphical user inter- 
faces (GUIs) for structural biologists were 
the focus at a Workshop on GUIs for 
Synchrotron Protein Crystallography 
held March 19-21 for more than 60 scien- 
tists and computer specialists. 

The ninth annual Oil Heat Technol- 
ogy Transfer Conference and Work- 
shop, held March 22 & 23, brought to- 
gether researchers and industry represen- 
tatives to learn about new technologies in 
the field. 

Forensic scientists from Suffolk 
County’s Crime Laboratory explored 

potential cooperative efforts with Labora- 
tory scientists and facilities in a March 30 
visit. 

In an April 2428 gathering of 17 Rus- 
sian and 16 American visitorsfor the first- 
ever Laboratory-to-Laboratory Work- 
shop on Materials Protection, Control 
and Accounting, the emphasis was on 
safeguarding nuclear materials at Russian 
facilities. 

Fifteen nuclear power plant regulators 
and administrators from Eastern Europe 
attended a training course on U.S. Com- 
mercial Nuclear Power Fire Protection 
Practices from May 8 through 25. An ad- 
ditional 15 came foranothertwo-week ses- 
sion that began September 25. 

Representatives of six local school dis- 
tricts gathered at the Office ofEducationa1 
ProgramsonMay 9 for thesigningofdocu- 
ments related to the School District Tech- 
nical Assistance Initiative. 

More than 350 National Synchrotron 
Light Source (NSLS) users attended the 
14th annual NSLS Users Group Meeting, 
held May 9 & 10 and featuring discussions 
offuture budgets for NSLS operations and 
experiments, and examination of five ar- 
eas of research. 

Forty-six medical hypertension re- 
searchers gathered at Brookhaven on May 
15 & 16 for an International Sympo- 
sium on Genetic and Salt Hyperten- 
sion, which recognized the Laboratory’s 
contributionsindevelopingstrains ofmice 
for such research. 

Brookhaven teamed with the National 
Aeronautics and Space Administration to 
bring information on Starting a Tech- 
nology-Oriented Business to interested 
entrepreneurs and patentees at a series of 
workshops on May 24 & 25. 

- .  
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Seventy New York school teachers and 
administrators teamed up for practical 
learning experiences at a Conf‘aence on 
Math, Science and Technology Integra- 
tion in New York State held June 5 & 6. 

Roughly 150 participants in the AGS- 
RHIC Users Meeting held June 15 & 16 
for scientists at the Alternating Gradient 
Synchrotron (AGS) and Relativistic Heavy 
IonCollider(RH1C) heardgoodnewsabout 
the accelerators’ performance, research 
and progress, tempered by uncertainty 
about future funding, 

TheU.S. DepartmentofEnergy’s (DOE) 
fifth Technology Transfer/Communi- 
cations Conference was hosted by 
Brookhaven from July 29 to 31, and 62 
participants discussed the best ways to 
communicate the value of DOE-industry 
tech transfer partnerships to the public. 

A hundred and thirty scientists work- 
ingon theSTARexperimentfor RHICgath- 
ered from August 7-12 for a STAR Col- 
laboration Meeting, at which they dis- 
cussed spin physics possibilities at RHIC 
and additional experimental equipment 
for STAR. 

In a September 28-30 Microbunches 
Workshop that attracted nearly 100 ac- 
celerator physicists, the future accelera- 
tor-based production and use of electron 
bunches less than a millimeter in length 
were discussed. 

Asidefiom the usualpacked calendar of 
scientific seminars and lectures in each of 
BNL’sdepartmentsandds, severalspe- 
ciallectureseriesandseminarprogramsaim 
toreach a broaderaudience. 

AiXDhtinguishedLectures-In this 
series sponsored by Associated Universi- 
ties, Inc. (AUI), these speakers addressed 
topics ofgeneralinterest: Georges Charpak, 
19 92 Physics Nob elist and Jolio t-Curie Pro- 
fessor at the Ecole Superieure of Physics 
and Chemistry, Paris; Bruce Ames, direc- 
tor of the National Institute of Environ- 
mentalHealth Sciences at the University of 
California, Berkeley; and Russian theoreti- 
calphysicist LevBorisovich Okun, head of 
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the Elementary Particle Theory Labora- 
tory at Moscow’s Institute of Theoretical 
and Experimental Physics. 

Brookhaven Lectures - The series’ 
35th year featured Upendra Rohatgi, Ad- 
vanced Technology, next-generation 
nuclear reactor safety; Robert Crease, Labo- 
ratory historian, BNL history in the 
Haworth years; Maurice Goldhaber, AUI 
Distinguished Scientist emeritus (300th 
BNL Lecture), universal properties offun- 
damental particles; Andrew Sandorfi, 
Physics, looking inside the proton with 
scattered laser light; William Marciano, 
Physics, high energy physics in the next 
millennium; John Sutherland, Biology, ul- 
traviolet radiation damage to DNA; Will- 
iam Studier, Biology, DNAsequencingfor 
the Human Genome Project; Thomas 
Roser, Alternating Gradient Synchrotron, 
spinriingprotonsand Siberiansnakes; Joel 
Sussman, Chemistry, crystal structure of 
acetylcholinesterase; and Charles 
Meinhold, Advanced Technology, histori- 
cal and modern radiation protection. 

Pegram Lecture - D. Allan 
Bromley, former science advisor to Presi- 
dent George Bush and now Dean of Engi- 
neering at Yale University, discussed his 
experience in “Science and Technology: 
Advice and Policy,” including his White 
House days and current insider’s view of 
the science policy arena. 

Brookhaven Womenin Sciencesemi- 
nars - Delivering this year’s seminars 
were: astronomer Vera Rubin, Carnegie 
Institution of Washington; mathematics 
professor Dusa McDuff, State University 

ofNewYork(SUNY) atstony Brook; SUNY 
Stony Brook president Shirley Strum 
Kenney, jointly with the Women’s Pro- 
gram Advisory Committee; Cornell Uni- 
versity astronomy professor Martha 
Haynes; Ontario Cancer Institute senior 
scientist Cheryl Arrowsmith; Armstrong 
State College mathematics professor Anne 
Hudson, jointly with the Office of Educa- 
tional Programs; and National Center for 
Toxicological Research research gene ticis t 
Suzanne Morris, jointly with the Medical 
Department. 

Donald Van SQke Lecture - In this 
MedicalDepartmentlecture, Janet Rowley, 
professor of medicine at  the University of 
Chicago’s School of Medicine, discussed 
chromosome translocations. 

Aditya Sambamurti Memorial Lec- 
ture -The fourth year of this series fea- 
tured Brian Winer, University of Roches- 
ter, speaking on his involvement in the 
discovery of the top quark at Fermi Na- 
tional Accelerator Laboratory. 

Haworth DisfinguishedLecture-In 
the first year of his two-year appointment 
as a Leland Haworth Distinguished Scien- 
tist, Florida State University structural bi- 
ologist Donald Caspar gave a Labwide lec- 
ture on virus-protein assembly and move- 
ment within crystals. Another Haworth 
scientist, Institute for Advanced Studies 
SchoolofNaturalSciences professor Frank 
Wilczek, began his two-year tenure with a 
lecture on black holes and quantum me- 
chanics. I 

At the Accelerator Test 
Facility (ATF), partici- 
pants in the Second In- 
ternational Free Elec- 
tron Laser (FEL) Users 
workshop, sponsored 
by Brookhaven May 21- 
25, examine the inverse 
FEL experiment in- 
stalled on an ATF beam 
line. ATF head llan Ben- 
Zvi (1eft)also co-chaired 
a concurrent 17th Inter- 
national Free Electron 
LaserConference,while 
ArieVanSteenbergen 
described the ATF’s FEL 
experiment to the 267 
participants. 
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Thisyear, honors wentto thehllowhg: 
Walter Becker (Advanced Technol- 

ogy), Peter Kroon (Physics), Joseph 
Levesque (Safety & Environmental Pro- 
tection), Edward Murphy (Plant Engi- 
neering), and Alexander Pendzick (A- 
ternating Gradient Synchrotron) were all 
recipients of Brookhaven Awards in De- 
cember for their key contributionsin sup- 
port areas and outstanding service to BNL 
through performance and achievements. 

W. Robert Casey (Safety & Environ- 
mental Protection) won the American 
Board of Health Physics’ William 
McAdams Outstanding Service Award in 
July, for advancing health physics certifi- 
cation and for leadership in the organiza- 
tion. 

The late Ralph Fairchild (Medical) was 
honoredposthumously bytheHealthPhys- 
ics Society with a Distinguished Service 
Award in July. 

Steven Kane (Safety & Environmental 
Protection) received the Edgar Monsanto 
Queeny Safety Professional of the Year 
Award from his peers in the American So- 
ciety ofsafety Engineersin June, for ensur- 
ing safe design and construction at RHIC. 

Charles Meinhold (Advanced Tech- 
nology) traveled to China in October 1994 
to accept two honorary professorships for 
his contributions to radiological protec- 
tion - one from the China Institute of 
Atomic Energy and the other from Suzhou 
Medical College. 

Nicholas Samios (Director’s Office), 
was presentedwith an honorary Doctor of 
Humane Letters from Hofstra University 
in December for contributions to science 
and technology, both as a physicist and as 
Laboratory Director. 

Lewis h e a d  (Advanced Technology) 
was honored by the Nuclear Materials 
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Committee with a Distinguished Service 
Award in February, for his contributions 
to materials science and service in science 
administration and as editor of the Physi- 
calReview. 

Prantika Som (Medical) was the win- 
ner in the Science category of the 
Brookhaven Town Women’s Recognition 

Awards in March 1995, for her work in 
diagnostic radiopharmaceuticals. 

Dorry Tooker (Director’s Office) was 
named the Representative of the Year by 
the Federal Laboratory Consortium for 
Technology Transfer in November 1994, 
for her enthusiasticapproach to tech trans- 
fer. I 



Joanna Fowler, Chemistry [on facing page a t  left], and [above from left]: Y.Y. Lee, Alternating Gradient i 

Synchrotron, Samuel Krinsky. National Synchrotron Light Source, and Carl Dover, Physics, all captured the 
Laboratory’s Distinguished Research & Development Award in December 1994, for their outstanding contribu- 
tions to Brookhaven’s scientific missions. 
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PERSONNEL STATISTICS 
In1995, employmentattheLaboratory 

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

Employment Statistics 

Scientific S t a P 5 7 6  584 604 
Scientific Professional 
Staff 650 619 639 

1995 1994 1993 

Nonscientific 
Staff 1,992 2,064 2,106 

Total 3,218 3,267 3,349 
* Includes research associates. 

Percent of Total Employees 
Minorities 17.2 17.3 17.3 
Women 23.1 23.4 24.3 

Some 4,400 guest researchers, ranging 
from students to senior research appoint- 
ments, took advantage of Brookhaven’s 
world-class research facilities in 1995. 
These guest researchers came from 450 
U.S. and 320 foreign institutions. 

FOSTERING THE GIVING SPIRIT 
Giving generously to others, a long- 

standing Brookhaven tradition, continued 
in 1995, with employees swimming their 
way to $6,759 worth of donations to the 
American Cancer Society in the fifth 
Swimarathon, donating 1,086 units of 
blood in two annual blood drives and an 
emergency drive, contributing $90,780 to 
community service organizations under 
the United Way umbrella, and bringing 
23,080 pounds offood to collection points 
for the Food Drive. 

HEALTHFEST’S SECOND YEAR 
Whether they walked in the Fitness 

Walk, ran in the 5-kilometer Fitness Run, 
or attended a health and safety fair com- 
plete with 24 exhibitors, screenings and 
prizes, hundreds ofemployees enjoyed the 
Laboratory’s second Healthfest, held from 
October 10 to 13. The festival of health, 
safety and fitness events again helped em- 
ployeeslearnaboutways to helpkeep them- 
selves free from illness and injury at work 
and at home. 

VISITORS, STUDENTS FLOCK TO 
MUSEUM 

An impressive number - 33,456 -of 
visitors tookpartin the Museum Programs 
Office’s array of opportunities this year. 

That total includes a record 24,328 
schoolchildren, from kindergarten 
through high school, who took museum 
tours, learned about magnets and electric- 
ity during outreach programs in their 
schools or in the museum, or took part in 
the annual Science Fair or Model Bridge 
Contest. 

Also visiting Brookhaven were 4,365 
generalvisitors who came on SummerSun- 
day tours, and 1,857 college students and 
professionals who toured some of the 
Laboratory’s world-class facilities. 

MAKING A CONNECTION WITH 
LOCAL STUDENTS 

Two programs began this year to bring 
Long Island youngsters in contact with 
Brookhaven professionals. To help at-risk 
local youth stay in school and act as role 
models, over 40 employees volunteered as 
mentors to elementary and middle school 

students in the Longwood School District 
as part of the New York State Mentoring 
Program. 

Mentors meet with their students for 
an hour each week at their schools and 
develop a relationship that encourages the 
children to work harder at their studies 
anddevelopself-esteem.Thementees came 
to Brookhaven for a tour in August, to 
receive even more encouragement and ca- 
reer information. 

Meanwhile, 30 local tenth-grade girls, 
chosen for their aptitude in science and 
math, came on site several times during 
the year to learn practical skills and career 
possibilities from Laboratoryscientists and 
professionals. They were the first group to 
embark on three years of learning in the 
WISE, or Women in Science Excel, pro- 
gramadministeredbythe Stateuniversity 
ofNew York at Stony Brook. 

O’LEARY VISITS, TOURS 
MEDICAL 

Making her first visit to Brookhaven, 
U.S. Department of Energy Secretary Ha- 
zel O’Leary toured the Laboratory in De- 
cember. Her itinerary featured a visit to 
the Medical Department facilities, where 
clinical trials are under way to test boron 
neutron capture therapy for brain tumors. 
O’Leary helda town meetingwith employ- 
ees to discuss the department’s accomplish- 
ments in cost reduction and its goals for 
the national laboratory system. 

RIDE-SHARING PROGRAM GETS 
ON THE ROAD 

To help prevent air pollution andlighten 
rush-hour traffic, and to comply with the 
federal Clean Air Act’s requirements, the 



Laboratory began an extensive ride-shar- 
ing program in 1995. A commuter assis- 
tance and information service was begun, 
and help and incentives were offered to 
encourage employees to commute together 
during peak periods. Employees got the 
latest ride-sharing news through a news- 
letter. 

To help car and van pools get going, a 
computerized geo-coding system tapped a 
database of hundreds of registered em- 
ployees living in the same area. Associated 
Universities, Inc., offered assistanceinpur- 
chasing vehicles to groups interested in 
van pools and donated U.S. Savings Bonds 
as prizes for a lottery held for car and van 
pool participants. 

NEW DIVISION FOR 
lNFORMATlON DELIVERY 

A new division, Information Services, 
was created in February from the merger 
of the Technical Information and Photog- 
raphy & Graphic Arts Divisions. 

Combining many of the Laboratory’s 
information creation, distribution and 
storage functions, the new organization’s 
birth recognizes the overwhelming impact 
of technologyon informationservices.The 
Information Services Division allows for 
more cost-effective and efficient produc- 
tion of reports, photographs, documents, 
Laboratory records, Internet resources and 
database systems to facilitate information 
access and retrieval. 

During the year, Information Services 
debuted a new on-line Laboratory tele- 
phone directory, helped many depart- 
ments and divisions generate and store 
their information products and create 
home pages on the Internet’s World Wide 
Web. 

REPORT ASSESSES LABS’ 
STRUCTURE, FUTURE 

In a report commissioned by Energy 
Secretary Hazel O’Leary and compiled by a 
committee headed by Robert Galvin of 
Motorola Inc., Brookhaven and other na- 
tional laboratories were praised for the 

quality andvalue oftheir science and tech- 
nology. 

In a “town meeting” on February 6 with 
Laboratory employees to discuss the 
report’s finding, Director Nicholas Samios 
called Brookhaven “well positioned in 
terms of commitment to basic research 
and building world-class facilities. He later 
testified before Congress regarding the re- 
port and the national laboratory system. 

During a May visit that also included 
an address to users of the National Syn- 
chrotron Light Source, Galvin gave a Labo- 
ratory-wide talk that commended 
Brookhaven for its performance and for 
placing the emphasis on scientific user fa- 
cilities. 

BNL, COMMUNITY MEET 
FOR FUTURE LAND-USE PLAN 

After a year-long future land-use plan- 
ning process, better communication links 
were forged among Laboratory represen- 
tatives, members oflocal civic groups and 
institutions, and officials from both county 
and state governments. The collaboration 
also helped the Laboratory prepare its Fu- 
ture Land Use Plan required by DOE to 
guide environmental restoration activities 
and help establishremediationstandards. 

The plan includes reviews of the 
Laboratory’s land-use practices, present 
and future, and suggestions from stake- 
holders for possible future uses for the site. 
The process also prompted SuffolkCounty 
to compile a report that details the 
Laboratory’s extensive positive impact on 
the Long Island economy. 

DAUGHTERS COME TO WORK 
Nearly 200 girls ages 9 to 15 partici- 

pated in the Laboratory’s first Take Our 
Daughters to WorkDay, onApril27.First, 
the girls visited their parents or “host par- 
ents” in theirworkplaces, then heardabout 
career options from Brookhaven women 
professionals. 

The day concludedwith a tour ofmany 
Laboratory facilities, including the RHIC 
tunnel, the firehouse, the Chemistry De- 
partment and the heavy machine shop of 

the Central Shops Division. Responses from 
the girls after the event were overwhelm- 
ingly positive. 

N E W  WASTE-H AN DLI N G 
FnciLlTv 

Ground was broken in May for the 
Laboratory’s newwastemanagementfacil- 
ity, a $16-million state-of-the-art waste 
handling area that will permit a significant 
improvement in Brookhaven’s ability to 
manage its wastes. 

Located on an 18-acre site separate from 
and higher in elevation than the existing 
facility that it will replace, the new facility 
will be completed by September 1996. It 
will allow Safety &Environmental Protec- 
tion Division staff to  handle the 
Laboratory’s waste more efficiently and 
with the utmost respect for the environ- 
ment. Through minimization and recla- 
mation practices, the Laboratory’s waste 
output is expected to decrease in quantity 
and hazard. 

MORE REWARDS FROM 
PATENT LICENSING 

A second round of royalties earned from 
licensing Brookhaven technologies was dis- 
tributed to the Laboratory by AUI in June, 
with a total of $200,000 going to three 
departments -Medical, Biology and Ap- 
plied Science - and to the Instrumenta- 
tion Division. 

AUI reinvests a share of its portion of 
licensing revenues in the Laboratory. De- 
partments and divisions receive funding 
for research programs, seminars and other 
activities, to a large extent based on the 
royalties generated by technologies that 
were developed by their researchers. 

ANOTHER CROP OF GRADUATES 
Twenty-one Brookhaven employees 

completed their master’s degrees in me- 
chanicalengineeringin 1995 after two-and- 
a-half years of evening classes held on site 
by Manhattan College. Their 33 credits 
were concentrated in the areas of nuclear 
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power/facility restoration and waste man- 
agement. 

Thirty-three other employees received 
their degrees from 13 other institutions in 
1995. All 54 graduates received assistance 
from the Human Resources Division’s tu- 
ition refund program. 

RECYCLING CYCLES ON 
As the extensive recycling program co- 

ordinated by the Plant Engineering Divi- 
sion continued in 1995, Laboratory em- 
ployees saved over 340 tons of white pa- 
per, mixed paper, bottles, cans, cardboard 
and tires from disposal in a landfill. 

The division did some even more heavy- 
duty “recycling” of its own this year, con- 
verting two retired Laboratory &e trucks 
into general-use flatbed trucks that could 
be used for landscaping in summer and 
salt-spreading in winter. It also purchased 
an industrial screening machine that can 
separate trees, stumps and wood from soil 
at BNLS tree-compostingarea; this allowed 

the reclamation of nearly 5,320 cubic 
meters of top soil in this year alone. 

HUMAN RESOURCES & 
DIVERSITY 

The Personnel Division received a new 
name and a new addition on July 1, when it 
became theHumanResourcesDivision and 
welcomed the creation of the Diversity 
Office, which coordinates all the 
Laboratory’s diversity, a h a t i v e  action 
and equal opportunity programs. The 
changes are intended to help Brookhaven 
celebrate its diversity and provide equal 
opportunity to all. 

REDUCTION IN FORCE, COST- 
CUITING EFFORTS 

Congressional budget action and DOE 
programmatic funding changes necessi- 
tated cost-cutting and reduction-in-force 
actions throughout the Laboratory toward 

\ 

the end of 1995. Approximately 90 em- 
ployees left the Laboratory as a result, 
mostly through attrition and early retire- 
ment. Reviews of support divisions by the 
Cost ControlCommitteeensured that such 
programs were trimmed with minimal im- 
pact on Laboratory operations and scien- 
tific programs. 

’ 

, 

ENERGY SAVINGS CONTINUE TO 

CLIMB 
This was another year of projects de- 

signed to cut the Laboratory’s energy de- 
mands, including: new insulation and sid- 
ing on dormitories and wood-frame and 
concrete buildings; improvements at the 
steam plant; better temperature controls 
in several buildings; and modifications to 
air conditioning systems., Altogether, 
projects completed in 1995 will save 
Brookhaven $600,000 in energy bills each 
year, on top of the $1.2 million dollars 
already saved this year through demand- 
limiting efforts. I 

Dozens of Brookhaven employees, 
including BNL firefighters and those 
who volunteer for their local fire 
companies, helped in the massive 
fight againstthe wildfiresthat swept 
forested areas in Rocky Point and 
Westhampton in August. 
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- SUPERFUND 
As one of the more than I, 000 sites on the federal 
Superfund list for environmental cleanup, BNL 
continues to remediate contaminated areas of its 
site. This action is mandated by the federal Com- 
prehensive Environmental Response, Compensa- 
tion and Liability Act. At BNL, it is the responsibility 
of the Office of Environmental Restoration [OERJ. 

Fiscal year 1995 saw a number of develop- 
ments: 

The excavation of 21 cesspools and a septic 
tank, all unused for several years and located 
throughout the site. Soil from around each was 
removed and replaced with clean fill, and prepara- 
tions were in place at the end of the year for all to 
be removed. The soil will be disposed of appropri- 
ately. 

0 The excavation and removal of six empty 
underground storage tanks that once contained 
hazardous and radioactive sludges from the 
Laboratory's reclamation facility and hazardous 
waste management facility. The tanks were pack- 
aged and shipped to Hanford, Washington, for 
disposal at a federally approved facility. 

The convening of a public meeting in November 
I994 on Operable Unit [OUJ V, the area around the 
Laboratory's sewage treatment plant. 

0 The release of a report detailing environmental 
contamination in OU IV in February. 

0 The remediation, five years ahead of schedule, 
of two lmhoff tanks. The tanks were used until 
1967, first by the Army and then by BNL, to 
separate solids from liquids at the sewage treat- 
ment plant. Because the tanks had not been used 
for nearly 30 years, they were emptied as a 
precaution against potential leaks. 

The launching of a major groundwater study in 
August. The study will teach OER more about 
groundwater flow underneath the Laboratory site 
and beyond, and pave the way for better planning 
in BNL's remediation of contamination on its pre- 
mises. 

0 The laying of a plastic-and-soil cap over an 
eight-acre landfill to prevent rainwater from carry- 
ing landfill contaminants to groundwater. This 
project was 80 percent done by September, with 
completion expected for November. 

All remediation work is approved by New York 
State, the U. S. Environmental Protection Agency 
and the U.S. Department of Energy. 

i 

L~EORATORY PROFILE 
71 

i 

i 

i 

! 



I 

In fiscal year 1995 (N95), Brookhaven’s 
total budget was $415.6 million, a slight 
increase over N94. 

BNL’s budget is divided into three ar- 
eas: 

Operating funds support the 
Laboratory’s various research programs. 
These funds pay the costs of salaries and 
wages, fringe benefits, materials and sup- 
plies, and energy associated with the re- 
search programs. In FY 95, operating costs, 
which are the basis for statistical data listed 
below, were $296.7 million. 

Capital equipment funding, which 
amounted to $21.9 million in N95,  pro- 
vides for major instrumentation, scientific 
apparatus, computers and office equip- 
ment. 

Constructionfundsareusedforbuild- 
ing projects. These monies decreased by 

8.9 percent in FY95, to $97.0 million, 
largely due to an $8.0 million scheduled 
funding reduction from FY94for the Rela- 
tivistic Heavy Ion Collider, which is ex- 
pected to be completed in 1999. Environ- 
mental restoration andwaste management 
(non-defense) projects received $5.2 mil- 
lion for the waste minimization upgrade, 
and$lOO,OOOforfloordrainmodifications. 
Infrastructure improvements included 
three new starts: applied science building 
phaseI, fundedfor $600,000; sanitarysys- 
tem upgrade phase I, funded for $1 mil- 
lion; and loss prevention upgrade phase I, 
funded for $600,000. 

Other ongoing facilities projects sup- 
ported by the U.S. Department of Energy 
(DOE) were the potable water system up- 
grade ($1.9 million), roof replacement 

phase I ($100,000) and the fuel transfer 
facility ($2.5 million). 

As in previous years, the principal 
source of BNL’s funding was DOE, which 
accounted for about 78% of the operating 
budget and for allofthe capitalequipment 
and construction funds. I 

72 
I 

LABORATORY PROFILE 1 



DIRECTOR ATE 
Nicholas P. Samios 

Director 
Martin Blume 

Deputy Director 
M. Sue Davis 

Associate Director for Reactor, 
Safety &Security 

Associate Director for 
Administration 

Associate Director for High 
Energy &Nuclear Physics 

Associate Director for Basic 
Energy Sciences 

Associate Director for Life 
Sciences 

Assistant Director 
for Management &Physical Plant 

Assistant Director for Planning 
& Policy 

Satoshi Ozaki 
RHIC Project Head 

Henry C. Grahn 

Thomas Kirk 

Denis B. McWhan 

Richard B. Setlow 

Michael J. Bebon 

Mark Sakitt 

DEPARTMENT CHAIRS 
Robert Bari 

Advanced Technology 
Peter D. Bond 

Physics 
Carol Creutz 

Chemistry 
James Davenport 

Applied Science 
Michael Hart 

National Synchrotron Light 
Source 

Darrel D. Joel 
Medical 

Derek I. Lowenstein 
Alternating Gradient 
Synchrotron 

F. William Studier 
Biology 

DIVISION HEADS 
W. Robert Casey 

Safety & Environmental 
Protection 

*Theodore Daniels 
Computing & Communications 

Lance L. Junker 
Reactor 

Veljko Radeka 
Instrumentation 

MANAGERS AND OTHER 
OFFICE HEADS 

John D. Axe 
Center for Neutron Science 

Anne S. Baittinger 
Public AfEairs 

Margaret Bogosian 
Technology Transfer 

Bryce D. Breitenstein 
Occupational Medicine Clinic 

Robert D’Angio 
Human Resources 

Edward G. Gallagher 
Management Information 
Systems 

Michael M. Goldman 
Legal Counsel 

Michael A. Guacci 
Supply &Materiel 

Mary-Faith Healey 
Contracts & Procurement 

Mark 0. Israel 
Fiscal 

H. Ronald Manning 
Staff Services 

Bernard J. McAlary 
Business Manager 

J. Bruce Medaris 
Plant Engineering 

Richard Melucci 

Robert B. Palmer 1 

Budget 1 

Russel J. Reaver 1 
Safeguards &Security ! 

Marvin Shear t 

Richard J. Spellman ! 

Center for Accelerator Physics 
1 

Quality Management 

Central Shops \ 

Educational Programs 

Information Services 

Karl J. Swyler 

*Mary White 

I 

*Acting 
Organization as ofSeptember30,1995. 



T E E  FOLLOWING PUBLICATIONS PROVIDE ADDITIONAL INFORMATION ON THE RESEARCH HlGELIGETED IN THIS REPORT. 

ALTERNATING GRADIENT SYNCHROTRON 
“High intensity proton operations at Brookhaven,” M. Blaskiewicz, L. A. Ahrens, E.J. Bleser, J.M. Brennan, C.J. Gardner, J.W. Glenn, R.K. Reece, T. Roser, M.J. Syphers, 

‘Measurement ofthe branchingratio for the rare decay ~ofEm+m;” A.P. Heinson et al, Physical Review D, Vol. 5k3. 
W. VanAsselt, S.Y. Zhang, Proceedings ofthe 1995 Particle Accelerator Conference and International Conference on High-Energy Accelerators, BNL 61089,1995. 

PHYSICS 

“Spin-parity analysis ofthe fl(1285)p-system in the reaction p’p Wfl(1285)p-p at 18 GeV/c,” J.H. Lee, S.U. Chung, H.G. Kirk, D.P. Weygand, H.J. Wdutzki, et a], Physics 

“Evidence for stripe correlations ofspins and holes in copper oxidesuperconductors,” J.M. Tranquada, B.J. Sternlieb, J.D. Axe, Y. Nakamura, S. Uchida, Nature, Volume 
Letters B 323227-232,1994. 

375561-563,1995 

BIOLOGY 
“Crystalstructure ofthe human adenovirus proteinaseivith its 11 amino-acid cofactor,” J. Ding, W. McGrath, R. Sweet, W. Mangel, Journal, European Molecular Biology 

Organization (in press). 

NATIONAL SYNCHROTRON LIGHT SOURCE 
“A structural study of the annealing akylsiloxane self-assembled monolayers on silicon by high-resolution x-ray dfiaction,” M.A. Murphy, E. Nordgren, R.F. Fischetti, 

T h e  structure ofbacteriophageT7 lysozyme, a zinc amidase and an inhibitor ofT7 RNA polymerase,” X. Cheng, X. Zhang, J.W. Pflugrath, F.W. Studier, Proceedings of 

“Fluorescence of mahix isolated guanine and 7-methylguanine,” K. Poleivski, D. Zinger, J. Trunk, D.C. Monteleone, J. C. Sutherland, Journal of Photochemistry and 

“2.3 A crystal structure ofcholera toxin B-subunit pentamer,” R.G. Zhang, P.R. Maulik, E.M. Westbrook, R.A. Reed, D.L. Scott, 2. Ohvinowski, M.L. Westbrook, G.G. 

“Formation of the ferritin iron mineral occurs in plastids,” G.S. Waldo, E. Wright, 2.-H. Wang, J.-F. Briat, E.C. Theil, D.E. Sayers, Plant Physiology 109,1995. 
”The 6rst structure of a receptor tyrosine kinase domain: a further step in understanding the molecular basis of insulin action,” N.Q. McDonald, J. Murray-Rust, T.L. 

“Crystal structure of photolysed carbonmonoxy-myoglobin,” I. Schlichting, J. Berendzen, G. N. Phillips Jr., R.M. Sweet, Nature Volume 37k808-812.27 October 1994. 
“1.9 Aresolution rehedstructure ofTBPrecognizigtheminorgroove ofTATAAAAG,” J.L. Kim, S.K.Burley, NatureStructuralBiology, Volume 1,9638-653, September 

“Crystal structure of the tyrosine kinase domain of the human insulin receptor,” S.R. Hubbard, L. Wei, L. Ellis, W. Hendrickson, Nature, Volume 372746-754,22/29 

“ProteinstructuresfromMADexperimentsattheHHMIbeamlineX4AattheNSLS,” C.M. Ogata, W.A.Hendrickson, SynchrotronRadiationNews, Vol. 8,313-18,1995. 
“Mutagenesis and h u e  structures ofenzyme intermediates: isocitrate dehydrogenase,” J.M. Bolduc, D.H. Dyer, W.G. Scott, P. Singer, R.M. Sweet, D.E. Koshland Jr., B.L. 

J.K. Blasie, L.J. Peticolas, J.C. Bean, Physical Chemistry (in press). 

the National Academy of Sciences, Vol. 91,4034-4038, April 1994. 

Photobiology, 24169-177 (1994). 

Shipley, Journal of Molecular Biology 25k550-562.1995. 

Blundell, Structure31-6.1995. 

1994. 

December 1994. 

Stoddard, Science, Vol. 2681312-1318,2 June 1995. 

APPLIED SCIENCE 
“Leafand canopy responses to elevated CO, enrichment,” D.S. Ellsworth, R. Oren, C. Huang, N. Phillips, G.R. Hendrey, BNL 61741, Oecologia (in press). 
“Adsorbent Storage ofNatural Gas,” J. Wegrzyn, M. Gurevich, Applied Energy (submitted). 

h’kDICAL 
“Tiin-l17m(4+)-DTPA for palliation of pain &om osseous metastases: a pilot study,” H.L. Atkins, L.F. Mausner, S.C. Srivastava, G.E. Meinken, C.J. Cabahug, T. 

“Decreased dopamine transporters with agein healthy human subjects,” N.D. Volkow, J.S. Fowler, G.-J. Wang, J. Logan, D. Schlyer, R. MacGregor, R. Hitzemann, A.P. Wolf, 
D’Alessandro, Journal of Nuclear Medicine, 36725-729.1995. 

Annals ofNeurology 36237-239,1994. 

CHEMISTRY 
“In-situ time resolved synchrotron powder dBraction studies ofsynthesis and chemical reactions,” Poul Norby, Material Science Forum (in press). 
“Pharmacokinetics and in vivo specificity of [“Cldl-threo-methylphenidate for the presynaptic dopaminergic neuron.” Y.6.  Ding, J.S. Fowler, N.D. Volkorv, J. Gatley, J. 

Logan, S.L. Dewey, D. Alexo$ A.P. Wolf, Synapse 18152-160,1994. 

ADVANCED TECHNOLOGY 
“Detonation cell size measurements and predictions in hydrogen-air-steam mixtures at elevated temperatures,” G. Ciccarelli, T. Ginsberg, J. Boccio, C. Economos, K. Sato, 

“ALARA Center promotes good practice in the U.S.A.,” T.A. Khan, J.W. Xie and J.W. Baum, Nuclear Engineering International, Volume 40,490:38, May 1995. 
M. Kinoshita, Combustion and Flame, 99:212,1994. 

REACTOR 

“Design ofa high-flux epithermalneutron beam usingZU fission plates at the Brookhaven Medical Research Reactor,” H.B. Liu, R.M. Brugger, D.C. Rorer, P.R. Tichler, 
J.-P. Hu, Medical Physics, Volume 21,101627-1631,1994. 
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Many of the staff of Brookhaven's 
Alternating Gradient Synchrotron 
(AGS] came out t o  commemorate 
their  combined achievement on 
March 31, when this renowned sci- 
entific facility bettered its own world 
record for pro.ton-beam intensity. 
Benefiting from the extra intensity 
were not only our researchers, but  
also about 850 scientists from the 
150 outside institutions using the 
AGS for their experiments this year. 
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