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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ANNIVERSARY 1931-198 1 

Lawrence Berkeley Laboratory 
University of Californi a . Berkeley, California 94720 

October, 1981 

Dear Colleagues and Friends, 

Fifty years ago Ernest Lawrence moved his research group into 

the Radiation Laboratory, a small wooden building on the Berkeley 

campus of the University of California. From this modest beginning 

has grown the Lawrence Berkeley Labora tory o f today: a major multi

purpose national laboratory operated by the University of California 

for the United States Department of Energy. 

Through its intima te association with university students and 

faculty in many disciplines, the Laboratory has built a singularly 

distinguished research staff . The "big science" capability of a 

n a tiona l l aboratory and the int e llectual v it a lity of a great univer

sity are unique ly combined at LBL to foster exc e llent basic research 

in the n at i on a l interest. 

Although the Laboratory 's reputation de rives large ly from acce l

erator-bas ed research on nuclei and e l ementary particles, i ts scien

tists a l so seek to expand our unde r standing of " ordinary" matter by 

means of state-of-the - art instruments. At one ext r eme of observabil

ity, for example, the nearly comple ted Atomic Resolution Microscope 

will soon enabl e scientists to v isuali ze individual atoms in a wide 

variety of materials. At the opposite ex treme, the Univers ity of 

California lO-Meter Telescope--with ma jor design work by LBL--will 

enable astronomers to see farther towa rd the boundari es of the uni

verse than ever before. 

This Overview can provide only a few highlights of the research 

at LBL, but I h ope it will convince you, as I am convinced, that this 

Laboratory's next f i fty years will be as exciting a nd productive as 

the first fifty. 

David A. Shirley, Director 
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At Lawrence Berkeley Laboratory, situated in the hills above the University 
of California 's Berkeley campus, scientists and students investigate matter 
and energy in all their forms: from the elementary particles to the super
galaxies-from the extremely cold to the unimaginably hot-and from age
old combustion processes to the thermonuclear fusion of the future . The 
natural phenomena they exploit may occur in billionths of a second or over 
billions of years; some phenomena they study are of their own creation , 
never having occurred before. 

The goal is knowledge, and the ability that it confers on our society to 
improve the human condition. Whether by designing advanced materials 
for tomorrow's technology, by using high-energy particle beams to treat the 
sick, or by finding new ways to exploit nature's energy resources , LBL 
scientists serve the nation and help to shape our future . 

One of eight national multiprogram laboratories in the U. S. Department 
of Energy system, LBL is operated by the University of California under 
contract with DOE, with additional support from other federal and state 
agencies. The Laboratory has eight research divisions and two that provide 
essential support and services. Samples of the work in all of these divisions 
are highlighted in this report . 

THE LAWRENCE STYLE OF RESEARCH 

The Laboratory was founded by Ernest Orlando Lawrence. As a young 
physics professor at UC Berkeley, he invented the cyclotron in 1929, and 
on January 2, 1931, he and his graduate student Stanley Livingston proved 
the concept of cyclotron resonance experimentally. This event marked the 
beginning of a new style of physics research . 

To probe the structures and properties of atomic nuclei ever more deeply, 
Lawrence and his collaborators built successively larger, more powerful 
accelerators. In addition to the cyclotron , two other basic kinds of "atom 
smasher" were invented here: the Alvarez-type linear accelerator and the 
synchrotron. In the ensuing decades, these awesome machines yielded 
great advances in nuclear and elementary particle physics, nuclear chem
istry, and radiation biology. Many of the elementary particles and artificial 
radioisotopes were discovered at LBL , as were the transuranium elements. 
Radioactive substances were synthesized and used in unlocking one of 
nature's most vital secrets : the mechanism of photosynthesis. 

The value of these discoveries is well known . Of equal value-and indis
pensable to Lawrence's own work-was his emphasis on a mode of re
search that has come to be called "big science ." This is the assembly of 
highly integrated , multidisciplinary teams of scientists and engineers to at
tack formidable problems with massive concentrations of brain power and 
machine power. Such large-scale research has yielded rich dividends in 
both pure and applied science. 
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Throughout its first five decades, LBL has given the nation scientific and 
technological leadership of the highest order. Eight of its researchers have 
been honored with Nobel Prizes, and countless other awards have been 
bestowed on the LBL staff. But this volume is about the present and future , 
not the past. 

LBL IN THE EIGHTIES 

The Laboratory's programs now encompass all the natural sciences, as 
well as mathematics, medicine, and engineering . Much of the research 
done at LBL is currently focused on the nation 's urgent need for new energy 
sources and technologies. This research includes such specifically energy
oriented programs as: 

Lawrence Berkeley Laboratory dots the hills above the University of California 's Berkeley campus, part of which can be 
seen in the foreground. Two of LBL 's Divisions- Biology and Medic ine (the Donner Laboratory) and Chemical 
Biodynamics (the Melvin Calvin Laboratory)-are headquartered on the campus. In the upper left portion of the 
photograph are the octagonal Lawrence Hall of Science and the University of California 's Space Sciences Laboratory. In 
the background is Mount Diablo. 

7 
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• Studying the science of combustion in order to utilize this familiar but 
poorly understood process more efficiently. 

• Inventing improved techniques and equipment for the economical liq
uefaction and gasification of coal. 

• Developing methods for exploring the earth 's crust for new sources of 
geothermal energy and new mineral deposits. 

• Investigating the use of solar energy for heating the working gas of a 
turbine generator via microscopic particles in suspension. 

• Designing tough new structural steels for use at cryogenic temperatures 
in advanced energy systems. 

• Redesigning the genes of plant cells through genetic engineering in 
order to improve their photosynthetic efficiency. 

• Developing high-energy plasma heating systems for experimental ther
monuclear fusion machines. 

In other research , LBL scientists continue to investigate the deepest as
pects of nature, such as the structures of atomic nuclei , the symmetries in 
elementary particle interactions, and the relationships among the four fun
damental forces. Using the fantastic capabilities of lasers, they elucidate 
complex chemical mechanisms that would otherwise remain hidden. And 
by applying their knowledge of physics and chemistry to the biological 
sciences, they are able to combat disease and create new forms of life. 

LBL and the University 
of California continue 
to provide each other 
with intellectual enrich 
ment through the many 
faculty members and 
students who conduct 
research at LBL. Here 
Mina Bissell, a cell 
biologist in the Labora 
tory 's Biology and 
Medicine Division, is 
instructing Berkeley 
undergraduates Steven 
Chin and Ann Goldfeldt, 
participants in a sum
mer employment pro 
gram for college sci
ence students. 

THE UNIVERSITY CONNECTION 

Lawrence Berkeley Laboratory is part of the University of California. Its 
close proximity to the Berkeley campus and the resulting strong interactions 
between the staffs of the two institutions represent assets that are unique 
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among the national laboratories. Many University of California faculty mem
bers in the natural sciences and engineering hold key positions in research 
and administration at LBL, and many others are associated with LBL. 

About 500 University of California graduate students part icipate in re
search at the Laboratory, which also attracts outstanding postdoctoral re
searchers from many countries. During the summer months, promising un
dergraduates come to LBL to learn science the best way: by doing it. 

It is this intimate co llaboration with the University of Californ ia in research 
and education that gives LBL its special character. The 3000 men and 
women who work at the Laboratory's hillside site overlooking San Francisco 
Bay benefit by it in many ways. Nearly half of these employees are scientists 
and engineers; the others are the technicians, clerical workers, and profes
sionals of many kinds without whose essential services the Laboratory could 
not function. 

SERVICE TO THE PUBLIC 

As a national laboratory, LBL designs, builds, and operates major re
search facilities for use by qualified sc ientists from around the world . Three 
of its accelerators-the 88-lnch. Cyclotron, the SuperHILAC, and the Be
valac-constitute an international center for heavy-ion research in nuclear 
science and in biology and medicine. The 184- lnch Synchrocyc lotron con
tinues to be used as a biomedical research and treatment fac ility, under 
programs of the National Cancer Institute and the Department of Energy. 

The Neutral Beam System Test Facility and two small er facilities are op
erated by the Accelerator and Fusion Research Division for test ing the im
mensely powerful neutral beam injectors being developed for the nation 's 
magnetic-confinement fusion machines. In the Materials and Molecu lar Re
search Division, the newly created National Electron Microscopy Center 
houses a growing number of highly sophisticated instruments, includ ing the 
new High-Voltage Electron Microscope, for use by scientists in many fields. 

All of the results of LBL:s research belong to the American public, and 
they are made available through regularly published technical reports and 
journal articles. Beyond that, however, there is an obligation to the public 
to facilitate the transfer of newly developed technology to the private sector. 
This transfer occurs naturally in many ways , as it has since the Laboratory 
began; the process is monitored and facilitated by LBL:s Office of Tech
nology Applications. 

The development of human resources is another area of vital public ser
vice rendered by the Laboratory. As a member of the University of California 
family, LBL has a special responsibility to ensure equal opportunity in the 
hiring and development of its employees. The Laboratory has accepted this 
challenge with enthusiasm and is carrying out its programs in the area of 
human resources in typically creative style. 

In its sixth decade, LBL will unlock many more of nature's secrets, leading 
to new applications of scientific knowledge in American technology. Many 
of the young scientists and graduate students who are participating in this 
essential process will become the scientific leaders of tomorrow. 

9 
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This year's celebration marks 50 years since Ernest O. Lawrence, 

with the help of several of his graduate students in the Physics 

Department of the University of California, proved the concept of 

cyclotron resonance in a working cyclotron. This five-inch device 

looks like a mere toy compared with the mighty accelerators that it 

spawned. Yet one can see in its origins a key ingredient for success 

then and now: the vital interplay between teaching and research in 

developing the tools necessary for exploring the frontiers of science. 

As Lawrence's machines grew in size, they opened up new frontiers in 

atomic and nuclear science and in biology and medicine, and gave birth 

to the field of experimental high-energy physics. 

Today, the Accelerator and Fusion Research Division carries on 

the Lawrence tradition of developing and operating accelerators for 

multidisciplinary research. At the same time, we are developing large 

accelerator-like machines and test facilities for the advancement of 

nuclear fusion energy. In providing the tools for doing "big science" 

and for tapping new energy sources, we look to the University not only 

for our historical roots, but also for intellectual stimulation and 

for the young talent that will learn through today's experiments how 

to design the devices needed to answer tomorrow's scientific questions. 

kwcuw A g (l,WcJQJ 
Hermann A. Grunder, Division Head 
Associate Director, LBL 

It is an irony of nature that to study the smallest constituents of the physical 
world, researchers must build some of their largest, most powerful tools-particle 
accelerators. The Accelerator and Fusion Research Division designs, builds , and 
operates advanced accelerator facilities as a service to the world 's physics, 
chemistry, and biomedical communities . In pursuit of magnetic fusion energy, 
Division scientists conduct long-range research and development of devices for 
heating plasmas, including accelerator-like neutral beam injectors. 

ACCELERATOR OPERATIONS 

The Division operates LBL's SuperHILAC and Bevatron accelerators as national 
research facilities . Experimenters from institutions around the world account for 
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more than half the use of the SuperHILAC and the Bevalac (that operating mode 
in which a heavy-ion beam from the SuperHILAC is injected into the Bevatron 
and accelerated further, to nearly the speed of light) . 

As the 1980s begin, three major accelerator improvements are nearing com
pletion: (1) adding a source of very heavy ions to the SuperHILAC, (2) modifying 
the transfer line to the Bevatron, and (3) installing a new vacuum chamber within 
the entire Bevatron ring. When these projects are completed in 1982, the Bevalac 
will routinely be able to produce intense beams of ions as massive as uranium, 
at energies of up to 1 GeV/nucleon ; this will permit nuclear physics research in 
previously inaccessible experimental regimes . For much of this decade, the Bev
alac will be the only facility in the world where such energetic beams of such 
massive ions will be available. 
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The Wideroe-type linac of 
the SuperHILAC's new 
hea vy-ion injector -one 
of the accelerator improve
ments that will make avail
able, in 1982, intense 
beams of high-energy ions 
as massive as uranium. 
Mechanical technician 
Donald Syversrud is 
shown installing a drift 
tube. 
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A "beam's -eye view" of 
the superconducting mag
net that will be operated in 
conjunction with detectors 
and a versatile computer 
as the Heavy-Ion Spectro
meter System (HISS). 
Scientist Peter Lindstrom 
can be seen sitting within 
the gap between the pole 
pieces. This new facility at 
the Bevalac will be used 
for identifying and measur
ing the many fragments 
emerging from nuclear 
collisions. The large con 
crete blocks in the fore 
ground will support beam
transport magnets. 

ACCELERATOR AND FUSION RESEARCH 

New detector systems for sorting out the many fragments that will emerge from 
the collisions of these unique beams with fixed targets are just as important as 
the accelerators themselves . In one such facility, the Heavy-Ion Spectrometer 
System (HISS) , a large-volume, intense magnetic field will separate the high
energy collision fragments . Completed in 1981 , the huge magnet consists of a 
475-metric-ton steel yoke supported by an 8-meter-diameter rotatable platform. 
Superconducting coils inside the magnet's pole pieces, which are 2 meters in 
diameter and 1 meter apart, energize the magnet. Used in conjunction with the 
magnet will be a variety of detectors that simultaneously measure the charge, 
mass, and momentum of the many fragments from a single collision. 

The HISS facility is being built at the Bevalac in collaboration with LBL's Nuclear 
Science Division and with the essential support-for the development of advanced 
detectors and data analysis systems- of the Engineering and Technical Services 
Division. Another multiparticle detector, the GSI/LBL Plastic Ball/Plastic Wall , is 
described in the Nuclear Science Division 's section of this report. 
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ACCELERATORS FOR THE FUTURE 

The Division works closely with nuclear and biomedical scientists and high
energy physicists from LBL, as well as with research groups from other institutions, 
to plan and develop the next generation of research tools. Current interest is 
focused on the concept of a heavy-ion facility called the Variable-Energy Nuclear 
Synchrotron (VENUS), which would function both as a dual-ring superconducting 
accelerator and as intersecting storage rings. The two rings would fit comfortably 
underground within the Laboratory site, and the SuperHILAC could be used as 
the injector. 

The VENUS concept is believed to offer a versatile and economical way to 
create states of matter that existed during the first few seconds of the universe, 
according to the Big Bang theory of cosmology. This would be possible because 

High-energy 
fixed-target 
experiments __ 

Medium-energy 
fixed-target 
experiments ~ 

Colliding-beam 

Existing 0 
buildings 

D~ 

.\\,,6 ~ : 
s\6~ I~" \~'i).~... Low-energy 

fixed-target 
experiments 

:---- Synchrotron booster 

o 
I 

meters 

100 
I 

the same high energy densities commonly produced in the pointlike particle
particle collisions in today's accelerators would, in VENUS, be produced through
out the entire volume of a large nucleus in high-energy nucleus-nucleus collisions. 
Under these conditions, such collisions would reveal not only how nucleons in
teract in bulk, but also how their constituents-quarks and gluons-behave. 

The long-term, reliable operation of LBL:s 184-lnch Synchrocyclotron as a med
ical accelerator, together with the full schedule of heavy-ion diagnosis and ra
diotherapy at the Bevalac, have demonstrated the usefulness of accelerators in 
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The proposed Variable
Energy Nuclear Synchro
tron (VENUS), a heavy-ion 
accelerator that would 
also function as inter
secting storage rings, 
would be built in a tunnel 
within the Laboratory site. 
Ion beams from the up
graded SuperHILAC would 
be injected into a synchro
tron (where the Bevatron 
now stands) and boosted 
in energy before being 
transferred to two identical 
rings of superconducting 
magnets. After further 
acceleration, the counter
circulating beams would 
collide in three experi
mental halls, producing 
nuclear energy densities 
similar to those that ex
isted during the first few 
seconds of the universe. 
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medical practice. In 1981 the National Institutes of Health approved a proposal 
for the design of a new accelerator dedicated to biomedical uses of heavy ions. 
This effort will generate detailed engineering drawings and will lead to a complete 
construction proposal in 1983. 

The heaviest ion produced in this accelerator will probably be 28Si , and the 
maximum energy will be about 700 MeV/nucleon . Final specifications will be 
established early in the project by assessing user requirements and by evaluating 
clinical and biological data. Preliminary results indicate that all requirements
including patient safety, machine reliability, and cost effectiveness-can be met 
with existing, proven accelerator technology. 

While the improvement of LBLs facilities and the planning of future accelerators 
are primary concerns of the Division staff, advancing the theoretical and tech
nological base for accelerators (often in collaboration with other major accelerator 
centers) is also essential. Careful planning and development between LBL and 
the Stanford Linear Accelerator Center brought PEP (Positron-Electron Project) , 
SLAC's new 30-GeV colliding beam machine, into operation in 1980, on schedule 
and within its $78-million budget. (For more on the PEP facility, see the Physics, 
Computer Science and Mathematics Division's section of this report.) 

Scientist Ken Ehlers is 
shown with the source of 
surface-produced negative 
ions that he invented as 
the stepping stone to high
energy neutral beams for 
heating magnetically con
fined plasmas in thermo
nuclear fusion reac tors. 
This represents a major 
advance in the develop
ment of neutral beam 
injec tors. 

In the years ahead , Division scientists will continue their efforts to develop 
superconducting magnets that have about twice the field strength of today's best 
accelerator magnets. At the same time, they will be designing and testing models 
of alternative magnets for the partially built ISABELLE accelerator at the Brook
haven National Laboratory. 

FUSION ENERGY 

In order to exploit an essentially limitless fuel supply-the deuterium in the 
oceans-some researchers are attempting to generate energy on earth through 
the same process as that which occurs deep inside the sun. The promise of fusion 



ACCELERATOR AND FUSION RESEARCH 

energy is great, but the technical challenges are staggering. To duplicate the 
sun's nuclear furnace on earth, a plasma consisting of deuterium and tritium ions 
must be heated to more than 100 million kelvins and closely confined-despite 
immense repulsive forces- long enough for the ions to collide , fuse, and release 
their energy. 

The Magnetic Fusion Energy Group pursues the long-range research and de
velopment of plasma heating systems, including the development of high-energy 
neutral beam injectors for the nation's three major nuclear fusion facilities that use 
magnetic forces to confine the plasma: the Lawrence Livermore National Labo
ratory, the Princeton Plasma Physics Laboratory, and General Atomic Company. 
Because neutral beams do not interact with magnetic fields , they are ideal for 
penetrating into the heart of a magnetic confinement device, where they can 
interact with, and thus heat, the plasma. 

LBLs initial work in developing neutral beam systems in the 1970s was based 
on sources of positive ions, which were accelerated and then converted to neutral 
atoms. This effort was aimed at producing currents of hundreds of amperes at 
20 keV/ion , in 20-millisecond pulses. In the early 1980s, a substantial effort will 
be devoted to achieving much higher energies (80 to 170 keV/ion) and much 
longer pulses (30 seconds) . The results of this research will be applied to ex
perimental tokamak and magnetic mirror machines built and operated throughout 
the 1980s. Each substantial increase in energy and pulse duration requires ad
ditional atomic and plasma physics research , as well as advances in such fields 
as high-power electronics, heat transfer, and materials science. 

Tokamak and mirror-machine experiments that will use neutral beams with 
energies above 170 keV/particle are planned for the 1990s. Unfortunately, the 
positive-ion systems that have brought us to the present leve ls of current, energy, 
and pulse duration are inefficient at such high energies. However, negative-ion 
systems appear to be useful at arbitrarily high energies. To meet the needs of 
this next generation of fusion experiments, much of the Division 's research in the 
1980s will be directed toward developing high-energy negative-ion sources and 
advanced accelerator concepts, as well as such alternative plasma heating meth
ods as radio-frequency (rf) heating. 

The operation and improvement of large installations such as the Neutral Beam 
System Test Facility (NBSTF) are required in order to test the injector systems that 
LBL has developed for the Princeton Plasma Physics Laboratory's Tokamak Fusion 
Test Reactor (TFTR). The NBSTF will be substantially improved so that a variety 
of injectors can be tested under more severe operating conditions. This ambitious 
project, called the Neutral Beam Engineering Test Facility (NBETF), is expected 
to be operating as a national facility in 1983. 

The control of nuclear fusion energy is perhaps the greatest challenge tech
nological man has ever undertaken ; it will require decades of unrelenting hard 
work. The Division staff is fortunate to be able to draw on the wisdom and ex
perience of the UC Berkeley faculty in planning for the future, and on its graduate 
and postdoctoral students for the brilliance and dedication that will be needed 
if we are successfully to mimic the sun. 
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BIOLOGY AND mEDICINE 

The Biology and Medicine Division (Donner Laboratory) conducts 

fundamental research on liv ing systems, but the thrust of our activi

ties is well defined by the words of the original Donner endowment, 

now to be seen at the front door of the Laboratory: "For the applica

tion of physics and chemistry ... to biology and medicine." 

We continue to take advantage of the great wealth of knowledge 

and talent in the physical and computational sciences available to us 

in the LBL and UC Berkeley environment. The fruits of such collabora

tions can be seen in the applications of high technology to medical 

diagnosis and treatment, in the analysis of complex biophysical 

problems, and in the advanced modeling of biological systems. 

We have recently begun work on the design of a sophisticated 

particle accelerator for medical and biological uses. This confirms 

our commitment to the advancement of life science through careful, 

quantitative applications of physical principles. 

RESEARCH MEDICINE 

Edward L. Alpen, Division Head 
Associate Director, LBL 

A radiotherapy program using high-energy heavy ions for the treatment of 
several types of cancer is now in full-scale operation at LBL. More than 300 
patients have been irradiated so far. Most received He ions at the 184-lnch 
Cyclotron , but about 60 patients have now received all or part of their dose in 
the form of heavier particles (C, Ne, or Ar ions) at the Bevalac . The success 
already seen in treating choroidal melanoma, a malignant eye tumor that previ
ously required surgical removal of the eye in order to prevent the cancer's spread , 
is especially gratifying. In a group of 39 patients, particle irradiation has been 
successful in almost all cases: the patient 's vision was preserved and the tumor 
was controlled for an as yet undetermined period of time. 

The pituitary irradiation program, in which over 800 patients were treated during 
the past 25 years, has been successful in meeting its goal : the proof that high
energy particle beams have therapeutic advantages in the treatment of pituitary 
disorders. This method has now taken its place in the domain of accepted med
ical practice. 
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The Division's research effort has therefore been redirected to another urgent 
therapeutic problem-the treatment of inoperable lesions of the brain . Heavy-ion 
beams are being investigated for use in stereotaxic neurological radiosurgery in 
the treatment of central nervous system disorders. Especially suitable for this 
type of treatment are those patients with malformations in the vascular architec
ture of the brain who cannot tolerate conventional neurosurgery without the risk 
of increased morbidity or mortality. Without any treatment, most such patients 
suffer progressive brain damage and paralysis, or ultimately bleed to death from 
a ruptured vessel. Heavy-ion irradiation of the cranial vessels may prevent such 
disastrous consequences. 

The Donner 280-crystal positron-emission tomograph-a cylindrical array of 
detectors designed to image the three-dimensional distribution of labeled com
pounds in the human body-has been used for evaluating cardiac function and 
disease (the imaging and sizing of myocardial infarcts), for detecting brain le
sions, and for studying the blood/brain barrier. Prel iminary studies have been 
carried out on the brain metabolism of methionine in schizophrenia and of glu
cose in Alzheimer's disease (a type of presenile dementia). 

Division scientists are currently developing a multi planar positron-emission 
tomograph that will be about ten times as efficient as the present system. Com
prised of 2000 detector crystals in four layers, it will be able to image the entire 
heart or brain in nine transverse sections without any mechanical motion of the 
system. 

17 

Heavy-ion radiotherapy in 
a treatment room at the 
Bevalac. Here a simulated 
patient is in position for 
irradiation of a pancreatic 
carcinoma, while chief 
technologist Robert Walton 
makes preparations. The 
typical beam for this treat
ment is C, Ne, or Ar ions 
at an energy of several 
hundred MeV / nucleon. 
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RADIATION BIOPHYSICS 

By systematically studying the physical, chemical , and biological character
istics of high-energy heavy-ion beams , Division scientists cont inue to expand our 
understanding of the biophysics of such particles-an understanding that is vital 
in selecting the accelerator beam that will provide maximum benefit in a specific 
therapeutic situation. Cellular studies indicate that Si ions may be especially 
useful in treating deep-seated tumors, but further work is needed before clinical 
radiotherapy trials can be proposed. 

Sophisticated studies are being carried out with high-energy ions at the 
SuperHILAC and Bevalac accelerators in an attempt to quantify the response of 
mammalian cells to these radiations and to understand the molecular mecha
nisms of their effects. Using an array of particles from protons to krypton ions, 
researchers are gathering data on cell survival and transformation , on genetic 
mutations, and on damage to DNA. 

A simula ted patient is 
shown in the Positron
Emission Beam Analyzer 
(PEBA) at the Bevalac. 
This device consists of 
two banks of detector 
crystals that measure the 
exact stopping region of a 
diagnostic radiation beam 
inside the brain or other 
organ. This enables radio
logists to compute the 
exact characteristics of the 
therapeutic beam that will 
provide optimal irradiation 
of a pathological structure 
with minimal damage to 
the surrounding healthy 
tissue. 
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A quantitative biophysical model-the repair-misrepair model- has been de
veloped to describe the dose-effect relationships for a variety of deleterious 
agents (for example, ultraviolet radiation) that usually produce molecular lesions 
in DNA. Most such lesions are not permanent, because living cells attempt to 
repair them through enzymatic pathways; the long-term effects thus depend on 
whether or not the repair was successful. 

The effects of low doses of ionizing radiation on organisms are also a subject 
of great current interest. The repair-misrepair model is being used to shed some 
light on the shape of the dose-effect curve in the low-dose range. The shape of 
the curve depends on the specific interaction and on the efficacy of the molecular 
repair systems at the time of irradiation . 

STRUCTURAL BIOPHYSICS 

DNA repair mechanisms are being studied at the molecular level, with special 
attention directed at those mechanisms that control the intracellular activity of 
individual enzymes and that determine the direction , efficiency, and fidelity of 
repair pathways . Genetic experiments have indicated that gene-32 protein , 
known as the helix-destabilizing protein (HOP) , is an essential factor in the major 
repair pathways; it also controls the activities of many other repair-related en
zymes . Division investigators are now trying to make in vitro systems that mimic 
in vivo repair pathways so that they can test the activities of HOP and other 
proteins and examine the role of HOP in what are called error-prone, inducible 
repair mechanisms. 

Recent studies with yeast have provided evidence that most, if not all , spon
taneous genetic recombination involving homologous chromosomes of mitotic 
cells occurs at the two-strand stage, in contrast to meiotic recombination, which 
occurs at the four-strand stage, i.e ., after chromosomal replication . Division re
searchers are now able to assess the effects of known and potential carcinogens 
with respect to the kinds of mutational and recombinational events they induce 
and the stages of the mitotic cell cycle during which they exert their maximal 
effects . The response of yeast to several chemical agents, as well as to ultraviolet 
radiation and x rays , will be examined to determine whether induced gene mu
tation and recombination obey the same or different rules with respect to DNA 
repair and to intragenic and intergenic recombination . 
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Three views of a 26-year
old patien t with a large 
arteriovenous malforma
tion (A VM) in the brain. 
Left and center: a cerebral 
angiogram and an x-ray 
computerized tomogram, 
respectively, showing the 
size and location of the 
AVM Right. the treatment 
field for stereotaxic 8ragg
peak radiosurgery with 
He -ion beams. 
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The new technique of 
heavy-ion replica micro
scopy permilled this extra
ordinarily clear image of a 
Chinese hamster cell to 
be recorded, after irradia 
tion of the dried cell with a 
1-MeV/ nucleon Ar-ion 
beam. The nucleus (round 
dark region) and nucleolus 
are visible at the lower 
right. The scale bar repre
sents 10 }J.m. 

BIOLOGY AND mEDICINE 

Investigations on Chinese hamster cells have shown that the mutagenicity of 
various environmental agents depends on the period in the cell 's life cycle during 
which the exposure occurs. The differences in the effects observed are some
times pronounced ; for example, x rays induce many more mutations in the early 
period of the cell cycle than in later periods. Research on the cell-cycle de
pendence of mutagenesis has made good progress: it has been shown that, for 
at least two genetic markers, the most sensitive part of the cell cycle is the first 
gap period , i.e., that between mitosis and DNA synthesis. Investigators are now 
using both human and mouse cells in vitro to test models and examine the 
mechanisms of mutation, carcinogenesis, and the closely related matter of gene
product regulation . 

CARCINOGENESIS AND MYOCARDIAL DISEASE 

Other current studies are concerned with tumor promotors and their mecha
nism of action. Techniques have been developed that can now provide human 
mammary epithel ial cells in numbers large enough for studies on the mechanisms 
of cancer induction and for the identification of those characteristics that mark 
the progression from the normal to the mal ignant state. By testing human cancer 
cells for sensitivity to chemotherapeut ic drugs, one could optimize the effective
ness of chemotherapy by determining the best drug combinations and by ruling 
out ineffective agents, thus eliminating needless toxic ity to the patient. 

The incidence of some forms of myocardial disease is directly related to low
density-lipoprotein (LDL) cholesterol levels and inversely related to high-density
lipoprotein (HDL) cholesterol levels. Data now indicate that the latter relationship 
may not be independent of the blood levels of other lipoproteins, especially those 
in certain LDL subclasses that have been identified in human sera. Preliminary 
results suggest an association between one or more of the smaller subclasses 
and the risk factor for human atherosclerosis . It is possible that certain LDL 
subclasses are partly responsible for the myocardial risk factor associated with 
reduced levels of HDL. 
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With the purification of erythropoietin, a hormone that regulates blood produc
tion , Division investigators have been able to develop a sensitive radioimmu
noassay for measuring its concentration in the blood stream. This vital test is now 
finding worldwide acceptance, and erythropoietin values for normal humans have 
been established . The regulation of red-cell production in normal humans and 
the use of this assay as a diagnostic tool are being explored in the Division's 
hematology clinic. The assay may also be of value in the early detection of 
exposure to pollutants such as oxides of carbon , nitrogen , and sulfur, as well as 
radionucl ides and certain metal compounds. 

NEW DIRECTIONS 

A new technique is being developed that will greatly advance the quantitative 
microscopy of chromosomes. Studies of abnormal chromosomal structures have 
been limited by the low resolving power of visible and ultraviolet microscopy and 
by the harsh sample-preparation procedures required for scanning and trans
mission electron microscopy. The new technique, called heavy-ion replica mi
croscopy, was invented independently at LBL and at GSI (Gesellschaft fOr 
Schwerionenforschung, in Darmstadt) . It has already been used to image mam
malian chromosomes in intact, fixed cells , with a resolution of 60 nanometers 
(about ten times better than is feasible with optical microscopy). The program 
continues as a collaboration between LBL and GSI , and researchers hope that 
the method will prove suitable for the computerized scanning of chromosomal 
aberrations produced by low doses of toxic agents. 

Because strong and sometimes varying magnetic fields will be used increas
ingly in some modern energy generation and storage technologies, it is neces
sary to establish rational occupational exposure guidelines for the workers af
fected. Magnetic field interactions and their underlying mechanisms are therefore 
being studied in experimental animals and in selected tissues, cells, and well
defined molecular systems that are potentially sensitive to these fields . 

Significant effects of magnetic fields on the electrocardiograms of rodents, 
dogs, and baboons have been observed . In the presence of a dc magnetic field, 
the electrocardiogram exhibits a series of new Signals that are : (1) dependent 
on the magnetic field strength and on the orientation of the animal to the lines of 
magnetic induction; (2) detectable in the larger animals at a threshold field 
strength of approximately 1 kilogauss; and (3) immediately and completely re
versible upon cessation of exposure. These studies of the biomedical effects of 
magnetic fields may shed new light on important aspects of cardiovascular 
function . 
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CHEmiCAL BIODYNAmiCS 

The Chemical Biodynamics Division has made rich contributions to 

our understanding of the molecular mechanisms of photosynthesis and of 

the effects of environmental pollutants on plant and animal cells. In 

doing so, the research staff has developed a strong multidisciplinary 

capability that ranges from chemical physics to molecular biology. 

The Division will build on this strength as it develops two 

coherent themes--both directed at the more effective utilization of 

solar energy. The first theme, photon conversion, pertains to the 

fundamental aspects of the interaction of light with matter: the 

absorption, migration, relaxation, transformation, and storage of 

energy derived from photons. It will extend from photobiology through 

photochemistry to photophysics. 

The second theme is the application of recombinant DNA techniques 

to photosynthetic organisms. The staff's experience in molecular 

biology, plant cell culture, and the functional mechanisms of the 

chloroplast will be exploited as we investigate the structure and 

regulation of the genetic material from which the photosynthetic 

apparatus arises. 

George C. Pimentel, Division Head 
Associate Director, LBL 

All life and almost all activity on earth are sustained by the continued influx of 
solar radiation. In terms of thermodynamic efficiency, light-or photon energy
is one of the most desirable forms in which to receive energy, whereas heat is 
one of the least desirable forms . Hence, the primary aim of the Division's research 
on photon conversion is to understand the fundamental processes that facilitate 
or limit the conversion of light to chemical or electrical energy rather than to heat. 
The result of this effort is likely to be the development of new and more efficient 
uses of solar energy. 

PHOTOSYNTHESIS IN PLANTS 

Much of the research in progress in the Division already contributes to an 
understanding of photon conversion. The study of natural photosynthesis, in 
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Picosecond spectroscopy 
with the laser system 
shown here enables 
graduate student John 
Nairn to pursue research 
on ultra fa st fluorescence 
decay kinetics in photo
synthetic organisms. This 
powerful technique allows 
the detec tion and study of 
unstable intermedia tes 
that arise in the con
version of absorbed 
photon energy to elec
tronic and chemical 
energy inside the cell. 

which the Division holds world preeminence, provides an appropriate starting 
point. For example, the temporal aspects of photosynthetic reactions are now 
being studied with the latest laser spectroscopic techniques. The events involved 
in the transfer of electronic excitation and the initiation of charge separation in 
photosynthetic reaction centers (isolated from spinach-leaf cel ls and lower or
ganisms) occur on a time scale of picoseconds to microseconds. Using time
resolved fluorescence decay kinetics, three separate stages in this process can 
be monitored within the first nanosecond after a brief (2-picosecond) light flash . 

Complementary electron paramagnetic resonance (EPR) studies show that 
transient pairs of coupled radicals are formed as charge separation occurs in 
the photosynthetic reaction centers. Electron spin polarization appears, and its 
relaxation kinetics and temperature dependence reveal the mechanism by which 
an electri c field develops across cell membranes. Such studies expand our 
knowledge of the chemical nature of the electron donors and acceptors involved 
and of the mechanism of their action. 

The world's supply of oxygen is provided by green plants and algae, through 
photosynthetic mechanisms that are only poorly understood. It has long been 
recognized that manganese is an essential component of this complex process, 
but it has not heretofore been possible to study directly the vital role played by 
this element . X-ray spectroscopy using synchrotron radiation has recently per
mitted Division scientists to obtain, for the first time, a close view of the spatial 
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Postdoctoral researcher 
Hans Frei and graduate 
student Arne Knudsen 
collaborate on an experi
ment using the technique 
of matrix isolation spectro 
scopy. An F-center tun
able infrared laser is used 
to induce chemical reac
tions in a mixture frozen at 
cryogenic temperature 
(10K) through the selective 
vibrational excitation of 
one of the reactants. 

and electronic structures of the manganese sites in chloroplasts . Observation 
and analysis of the extended x-ray absorption fine structure (EXAFS) indicate 
that the active manganese atoms occur in binuclear complexes . In addition , by 
using x-ray absorption-edge spectroscopy, the researche rs have been able to 
determine the oxidation states of the manganese in dark-adapted chloroplast 
preparations-a significant advance in terms of understanding the molecular and 
electronic structures of compounds involved in oxygen evolution . 

In the synthesis of amino acids by plant cells , the conversion of photosynthetic 
precursors to amino acid carbon skeletons is strongly regulated by ammonia 
produced in photorespiration. This regulation has been found to originate with 
increased glutamine formation , which in turn results in changes in the activities 
of key enzymes at rate-limiting steps in carbon-compound conversion. In some 
parts of the cell , the synthesis of particular amino acids is enhanced by ammonia; 
in the cytosol, for example, this is true of alanine, glutamine, glutamate, and 
aspartate. By contrast, the synthesis of other amino acids is affected very little , 
or in other ways. This is true , for example, of the aromatic amino acids, which 
are synthesized primarily in the chloroplasts , and of glycine and serine, which 
are synthesized primarily in the peroxysomes. These are important clues to the 
mechanisms of metabolic regulation in green plant cells. 

ARTIFICIAL PHOTOSYNTHESIS 

Scientists aspire to understand the essential features of photosynthesis so that, 
following nature's lead , they can tailor them to human needs . Some studies of 
this type mimic natural photosynthesis closely, and others are more general. The 
former are in full progress; the latter are just beginning. 

In natural photosynthesis , interfaces play a crucial role in inhibiting back
reactions that follow photoinduced oxidation-reduction processes. In the labo-
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ratory, such processes can be carried out at interfaces provided by micelles, 
microemulsions, vesicles, and colloidal silica particles. Using one such model 
system- phospholipid vesicles-Division researchers have recently demon
strated an enhancement of electron transport across the lipid bilayer walls by 
electric fields and ionophores, resulting in increased yields of the separated 
oxidation and reduction photoproducts. 

Colloidal silica provides an especially promising interface because of its high 
negative surface potential. With a positively charged sensitizer and an electron 
acceptor that is repelled from the surface after the reaction , quantum yields 
greater than 30% have been obtained-an order of magnitude better than in the 
absence of silica. The aim now is to select or devise compatible catalysts for the 
production of hydrogen and oxygen from water and the initially formed photo
products. Such an achievement could have great significance in the search for 
petroleum-substitute fuels . 

At a more fundamental level, cryogenic solids provide unique opportunities for 
spectroscopists to explore the role of electronic excitation in photochemical re
actions-the heart of photosynthesis. By trapping molecules within the chemically 
inert solid matrix at very low temperatures, the researchers can bring competitive 
relaxation processes under control. Under these cond itions, photoexci tation 
causes chemiluminescence in the system, and this can be used to track the 
energy transfer among the electronic degrees of freedom. In situ infrared analysis 
of the molecules trapped in the cryogenic solid permits the identification of in
termediate products of the photoinduced reactions . 
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Flow cytometry of indi
vidual human cells. As the 
cells pass through the 
laser beam, cell biologist 
James Bartholomew mea
sures the fluorescence of 
a dye that binds to their 
DNA. The distribution of 
cells during the cell cycle 
and the effect of such 
factors as hormones and 
drugs on their growth can 
be determined from such 
measurements. Optical 
properties can also be 
used as a basis for the 
much more rapid selection 
of cells than could be done 
with standard genetic 
methods. 
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The expression of genetic 
information in nucleic 
acids is often regulated by 
their interactions with 
proteins. The nature of 
these interactions can be 
elucidated through x-ray 
crystallographic analysis 
of the complex structures 
involved. Here biophysical 
chemist Sung-Hou Kim 
aligns a tiny single crystal 
of a biological macro 
molecule in the gonio
meter head of the x-ray 
diffractometer. 
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In the earliest applications, these powerful cryogenic techniques have already 
permitted the selective excitat ion of chemical reactions (such as the halogenation 
of olefins) by infrared, rather than visible or ultraviolet , photons. There are indi
cations of change of reaction mechanism, control of secondary branching re
actions, mode specificity, and stereospecificity. In a new program, the techniques 
wi ll be used to investigate excimer chemistry, which is the chemistry of electron
ical ly excited molecules. 

The novel low-temperature studies wi ll be supported and supplemented by 
room-temperature stud ies on the picosecond-to-nanosecond time scale. Acid
base properties of electronically excited states are already being measured with 
vis ible-ultraviolet spectroscopy in the picosecond regime, and instrumentation is 
being developed to permit the nanosecond infrared spectroscopy of transient 
excimers. This ability to monitor the chemistry of short-lived, electron ically excited 
molecules in real time will give access to the steps by which radiant energy can 
be stored in chemical bonds, for later release in useful applications. 

BIOSYNTHESIS IN CELLS 

The biosynthetic capacity of cells is enormous. Cells are capable of construct
ing exotic low-molecular-weight compounds as well as complicated macromo
lecules. These processes, however, are highly regulated. Biosynthesis is aimed 
not at the large-scale production of specialized structures, but at the survival of 
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the organism. All of the evolutionary pressures to select emerging new biological 
functions have been negative in the sense that these specialized functions must 
be kept under control so as not to drain limited energy supplies from other cellular 
processes. Understanding the regulation of biosynthesis is one of the major goals 
of modern biology, not only because of its scientific merit but also because many 
of the compounds made by cells have proved to be commercially valuable. 

The information that directs the regulatory mechanisms for all biological func
tions lies in the genome of the ce lls. Much of the complexity of living cells stems 
from the organism's need to control the reproduction and expression of this 
information. Such control occurs as a function of time in the cellular life cycle and 
as a function of the physical site of the information within the genome. To under
stand and use living cells for the production of specialized compounds, one must 
understand not only the biochemical processes by which they are synthesized, 
but also the means by which these processes are controlled. 

Division scientists have a distinguished record of elucidating the control of 
information in biological cells. Their research has ranged from the level of the 
whole organism, as in studies of the environmental factors that affect brain de
velopment, to the molecular level , as in studies of the interaction of DNA with 
proteins, using x-ray crystallography. Techniques have been developed for dis
covering how specific functions are regulated in cells growing in culture and for 
discovering what factors regulate the reproduction of the genome during the cell 
cycle. 

Research on the structures of nucleic acids-both DNA and RNA-has re
vealed many structural elements of these molecules that may playa role in reg
ulating the expression of the information contained in them . At the same time, 
advances cont inue to be made in understanding the control of metabolic pro
cesses related to photosynthesis. These studies have recently been applied to 
plant ce lls growing in culture , in order to begin to understand the mechanisms 
of action of plant hormones on gene expression . 

RECOMBINANT DNA TECHNIQUES 

All of this expertise sets the stage for shifting the Division's research programs 
in the 1980s into the study of the control and modification of the photosynthetic 
apparatus in photosynthetic organisms, using recombinant DNA techniques. The 
regulation of expression of the genes of such organisms will be investigated , and 
the relationship, if any, between nuclear gene expression and ch loroplast gene 
expression will be sought. Homologous cloning techniques will be developed 
whereby genes isolated from bacterial plasmids can be transferred back to the 
photosynthetic cell. 

The goal of these studies will be to learn how to control and increase photo
synthetic efficiency in cells, in order that they may better serve human needs. 
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EARTH SCIENCES 

The Earth Sciences Division conducts basic and applied research 

in three major areas: geosciences, geothermal resource development, 

and geologic waste isolation. For many years, the lack of credible 

information and reliable technology for defining geologic processes 

has slowed the exploitation of energy sources and mineral deposits. 

These problems have become more evident as the nation's frontier is 

extended downward in search of new resources. Through laboratory 

experimentation, instrument development, and field investigations, 

Division scientists seek to understand geologic processes related to 

energy programs. Most notable are their contributions in the fields 

of geophysics, geohydrology, and geochemistry. 

The interests and experience of the Division researchers are 

uniquely relevant to the deep geologic regimes. Their efforts are 

supported by LBL's extensive laboratory, instrumentation, and com

putational facilities. By applying themselves to the many problems 

that have surfaced as human interests extend deeper into the earth, 

they are helping to secure the nation's future. 

GEOSCIENCES 

Paul A. Witherspoon, Division Head 
Associate Director, LBL 

LBL's research in geosciences is concerned with fundamental problems related 
to energy technolog ies. Most of the work provides basic scientific information in 
support of the exploitation of geothermal resources , the isolation of radioactive 
wastes, and the increased recovery of fossil fuels. Many of the results , however, 
are also applicable to other national problems, such as declining mineral reserves 
and the chemical degradation of aquifers. Theoretical and experimental studies 
are carried out on the dynamics of various geologic processes, including multi
phase fluid flow through geologic formations , phys ical deformations in land sub
sidence or uplift, and the transport of aqueous solutions of chemicals through 
geologic systems. The basic properties and thermodynamics of rock/fluid systems 
are also studied . 
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Division scientists are currently engaged in research to develop new instru
ments for measuring a variety of in situ data, e.g ., the concentrations of trace 
elements in ground water, the stress and strain in rocks surrounding a mine or 
borehole, and the general physical and chemical properties of geologic forma
tions at great depths. These instruments will soon make available more accurate 
and reliable information regarding numerous problems in earth science. 

Many geothermal reservoirs are found in active volcanic regions. Research on 
fundamental magmatic processes is thus relevant to the quest for geothermal as 
well as mineral resources. Magmas that do not break through the surface even
tually crystallize (thereby releasing vast amounts of heat) to form a variety of 
igneous rocks , such as granites and gabbros. How lavas originate and migrate 
through the earth 's crust has long been a subject of debate by geophysicists . In 
recent years, speculation has even extended to the origin of magmas in the moon. 
Before some of these issues can be resolved , however, the thermodynamic and 
transport properties of certain silicate liquids must be understood. 

An innovative laboratory project is underway at LBL to document the physical 
properties and the chemistry of silicate liquids that approximate the composition 
of volcanic lava magmas known to occur in the earth 's interior. The novel apparatus 
permits various properties of the melts to be investigated at temperatures from 
1000 to 1600°C. From these measurements, calculations have been made of the 
densities, compressibilit ies , heat capacities, and partial molal volumes of the 
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Chemist Robert Silva is 
shown preparing radio
ac tive samples in a con
trolled-a tmosphere glove 
box for use in studies of 
the actinide sorption 
characteristics of nuclide / 
rock / water systems. This 
information is useful in 
determining the geo
chemical evolution of 
groundwaters, such as 
those in the vicinity of 
underground nuclear 
waste repositories. 
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chemical components in a variety of melt compositions at different temperatures , 
and a sample solution model has been developed. The data show that the molten 
composite silicates mix as ideal liquids; the values of other properties predicted 
by the model are in accord with experimental measurements. 

Of equal importance are the thermodynamic properties of rock-forming minerals 
that crystallize from magmas. The heats of fusion of selected members of the 
plagioclase feldspars, one of the commonest groups of minerals, have been 
determined. Further investigations are planned that will enab le scientists to predict 
the conditions under which these minerals crystallize. 

During pumping opera 
tions at a geothermal well, 
the downhole water level 
drops appreciably The 
amount and rate of this 
"drawdown" are measures 
of the size and longe vity of 
the reservoir. Here, geolo 
gist Sally Benson is 
checking a recording 
water-level gauge at a 
producing geothermal well 
in Klamath Falls, Oregon. 

GEOTHERMAL RESOURCE DEVELOPMENT 

LBL researchers have long been engaged in developing and demonstrating 
to industry better procedures for finding , evaluating , and exploiting geothermal 
reservoirs. Because the physical and chemical properties of the fluids and rocks 
at geothermal sites differ from those associated with oil and gas reservoirs , new 
technologies specific to this resource are required. Among the Division 's recent 
accomplishments are: (1) an automatic instrument for detecting and monitoring 
the seismicity associated with geothermal reservoirs ; (2) new computer codes for 
studying multi phase, non isothermal reservoirs ; and (3) a fluid sampler designed 
for collecting samples of formation fluids under conditions of high temperature 
and pressure. 

The Automatic Seismic Processor (ASP) is an outgrowth of the Division 's re
search on the use of passive seismic techniques for geophysical exploration. In 
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such techniques, the energy arising from very small earthquakes is used as the 
seismic signal source for the instruments. The focus here is on the rock parameters 
that can be derived through analysis of the spatial and temporal distribution of 
the signals received, and from measurements of the velocity and attenuation of 
the seismic waves. The ASP-designed as an in situ, real-time, low-power com
puter-automatically records and analyzes the data from 15 seismometers. Com
plete data processing to locate the source (hypocenter) of the earthquake and 
to compute the required parameters takes approximately one minute for each 
event detected. 

The ASP has been used to locate geothermal resources, to monitor the seis
micity induced by activities such as fluid extraction, reservoir injection, and mining, 
and to detect the stressing of rock masses due to thermal loading . 

After a geothermal reservoir has been discovered (usually by means of geo
physical and geochemical techniques) , the size and producibility of the heat and 
fluid reserves must be assessed in order to design a plan for field development. 
This requires an understanding of the physical characteristics of the reservoir 

Graduate student Robert 
Miracky emplaces a 
SQUID (Superconducting 
Quantum Interference 
Oevice) magnetometer in 
the ground at the Cerro 
Prieto geothermal field in 
Mexico. Th is ultra sensit ive 
cryogenic instrument 
measures small fluctua 
tions in the earth 's 
magnetic field. It is used 
for subsurface mapping of 
geophysically active 
regions, and can also be 
used in explorations for oil, 
gas, and other mineral 
deposits. 

and an ability to predict its behavior under various production scenarios. To this 
end, LBL has developed the needed well-testing tools and techniques, as well 
as detailed quantitative models for different types of reservoirs. The models are 
based on the field data characterizing the reservoir type and on a mathematical 
formulation of the principles of heat and mass transfer. 
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A general computerized model that can be applied to the conditions at any 
given geothermal reservoir has also been developed . It has been successfully 
used in making production forecasts for the geothermal reservoirs at Serrazzano, 
Italy, and in the Valles Caldera of central New Mexico. 

A more recent effort at LBL has produced a formation-fluid sampler for use in 
geopressured wells. These formations, about which little direct information is 
available, are of interest because they are a source of both heat and mechanical 
energy derived from hot brines and dissolved methane. The sampler was de
signed to collect uncontaminated fluid samples at up to 230°C and up to 1380 
bars. In initial testing of the device, LBL obtained the first downhole water sample 
from The Geysers, a public-utility-owned , producing geothermal reservoir near 
Healdsburg, California. 

An instrumented rock 
sample in the triaxial cell 
of the Ultra-Large Core 
Testing Facility. The fun
damental features of the 
flow of water through frac 
tures in large rocks are 
investiga ted under condi
tions of high hydrostatic 
pressure and vertical load, 
which are characteristic of 
the rock masses sur
rounding underground 
repositories for radioactive 
wastes. 

GEOLOGIC WASTE ISOLATION 

As part of the national effort to find safe, permanent , underground repositories 
for the radioactive waste materials generated by the nuclear power industry, 
Division researchers are investigating several of the more important geological 
problems involved . Various projects in this multidisciplinary program are focused 
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on: (1) predicting and measuring the very low flow rates of water through the rock 
mass surrounding a mined repository; (2) measuring the local thermal and me
chanical stresses induced by a repository and predicting their variations over its 
projected lifetime; and (3) characterizing the complex physical and chemical 
processes occurring in waste/rock/water interactions, which affect radionuclide 
migration rates. 

LBL recently completed one of these projects: a three-year field investigation, 
in cooperation with Swedish scientists, at the Stripa mine (an abandoned iron
ore mine) in Sweden. The experimental program included thermomechanical and 
geohydrological studies, conducted in situ at a depth of about 340 meters, on 
a fractured granite rock mass. Three thermomechanical tests were designed to 
study the rock behavior under thermal and overburden loads comparable to those 
expected in an actual high-level waste repository. The tests showed that the 
temperature field-even with the rock discontinuities (and the water filling them)
can be adequately predicted with present computer codes, using physical prop
erties measured on small, intact rock specimens. 

Measurements of rock displacements and stress changes, however, did not 
match the predicted values. The disparities may be due either to the effects of 
the rock discontinuities or to limitations in the data on temperature-dependent 
rock properties, or both. Studies will continue at LBL and at the Stripa site to 
clarify this issue. 

The geohydrological studies, based on tests in three surface-drilled boreholes 
and on large-scale tests conducted in an experimental chamber at depth, will 
define the methods needed to measure the permeability tensor of a fractured 
rock mass. Although analysis of the borehole data is not yet complete, it appears 
that the in situ macropermeability measurement will be a useful technique for 
determining the hydrological properties of large rock masses with very low perme
abilities-something that has not previously been possible. Based on the prelim
inary analysis of data from this experiment, an average hydraulic conductivity of 
the order of 10- 10 meter per second has been calculated. 

These and other experiments conducted in the Stripa mine, as well as related 
studies at LBL , indicate that characterizing and understanding a repository site 
will require extensive subsurface investigation in conjunction with surface explo
ration . Advanced instruments and measurement techniques will be needed. 

An important task in this effort is to measure the physical processes at work 
in large, complex rock masses. In one project, employing the unique Ultra-Large 
Core-Testing Facility at LBL, scientists are investigating the flow of water through 
fractures in large rock specimens under hydrostatic pressures (up to 50 bars) 
and vertical loads (up to 1800 metric tons) that are typical of repository environs. 
The large sample sizes and controlled conditions afforded by this facility will help 
to define the fundamental features of fracture flow. Such information is vital for 
the prediction of radionuclide migration rates and, ultimately, for the design of 
safe repositories. 
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ENERGY AND ENVIRONmENT 

The Energy and Environment Division conducts a broad spectrum of 

research and development in areas of central importance to the nation's 

energy future. Identifying the environmental impacts of various energy 

technologies is a vital part of our mission. The emphasis throughout 

is on strong programs of laboratory research. 

While some of our research has been addressed to near-term energy 

needs, our objectives are now shifting toward meeting the longer-term 

requirements for a strong, environmentally healthy energy economy. 

This will be accomplished through increased effort in such important 

areas as fossil fuel conversion processes, electrochemical energy 

storage, efficient use of energy, and potential global climate changes 

caused by the by-products of energy generation. 

The Division has close ties with several departments at the 

University of California, Berkeley, particularly the Mechanical and 

Chemical Engineering Departments and the multidisciplinary Energy 

Resources Group. In the following pages, highlights of a few of our 

research activities are presented. 

Elton J. Ca·r s, Division Head 
Associate Director, LBL 

A reduction in America 's dependence on oil-particula(ly foreign oil-and the 
attainment of a stable energy economy can be achieved in three ways: (1) by 
reducing the demand for energy through more efficient end use; (2) by improving 
the efficiency of energy-conversion processes (oil or coal to electricity, for in
stance); and (3) by increasing the domestic supply of fossil fuels or alternate 
energy sources. All of the Division 's research programs are aimed at providing 
critically needed scientific facts related to one or more of these three options, 
each of which will have economic and environmental impacts that require analysis 
of energy supply-and-demand trade-offs . 

EFFICIENT END USE OF ENERGY 

In 1980, as much fossil fuel (in terms of energy content) was consumed by 
residential and commercial buildings in the United States as was consumed by 
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the transportation sector. In addition , the nation 's buildings and appliances are 
the largest consumers of electric energy, much of which is generated by the 
combustion of fossil fuels. 

What can be done to increase efficiency and reduce demand? While the Di
vision's combustion scientists and engineers do research leading to more effi
cient, cleaner methods for burning gas, oil , and coal, other researchers , at LBL 
and elsewhere, see a potential for reducing energy consumption in the nation 's 
residential and commercial buildings by about 45% by the year 2000. This po
tential is based in part on energy-efficiency studies done at LBL. 

Research on building envelopes has shown , for example, that in a typical U.S. 
house, about one-third of a metric ton of heated air is exchanged with the outdoor 
environment every hour, through uncontrolled infiltration. Air infiltration rates de
pend on differential pressures caused by wind, indoor/outdoor temperature gra
dients, construction features , and occupant behavior. Division scientists have 
established a minimum set of variables that are necessary for modeling air infil
tration in buildings. Door-fan and door-piston test systems have been developed 
to pressurize entire houses, allowing the collection of accurate data relating to 
infiltration rates . It is now possible to predict such rates in single-family houses 
to within 10% of the measured values. Other building energy-performance factors , 
such as thermal conduction losses through walls, are also being studied. 

ENERGY CONVERSION 

Energy stored in batteries can be used to run automobiles , to level the peaks 
and valleys in electric power generation, and to provide a steady supply derived 
from weather-dependent sources . Most batteries available today, however, have 
neither the performance nor the lifetime needed for economic viability. The goal 
of LBL's Applied Battery and Electrochemical Research Program, which is shared 
by this Division and the Materials and Molecular Research Division , is to help 
solve some of these problems through basic research on advanced electro
chemical cells. 

Senior research technician 
Richard Beerman is 
shown inside the Mobile 
Infiltration Test Unit 
(MITU), an instrumented 
trailer that simulates a 
house with respec t to air 
leakage. This mobile lab
oratory was designed to 
monitor air infiltration, sur
face pressure, and weath 
er data in order to deter 
mine the effects of differ
ent microclimates on air 
infiltration rates in 
buildings. 
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The absorption of laser 
radia tion by microscopic 
carbon particles sus
pended in air is being 
measured by scientist 
Arion Hunt as part of a 
study of such suspensions 
for the exploitation of solar 
thermal energy The parti
cles absorb focused sun
light and transfer the re 
sulting heat to the air, the 
heated air then drives a 
turbine generator. 

ENERGY AND ENVIRONmENT 

Current work by LBL scientists includes research on rechargeable zinc-elec
trode cells. Aqueous electrolyte batteries using cells of this type are the precursors 
of advanced molten salt batteries, such as Li-Si/FeS2 These would operate at 
300°C or higher; they would be light and rechargeable (up to 1000 times) ; and 
they would have specific energies about five times as high as that of the con
ventional lead-acid battery. LBLS future research in this area will focus on the 
fundamental electrochemical processes occurring at electrode surfaces in single 
cells. 

RENEWABLE ENERGY RESOURCES 

In 1979, following the recommendations of LBL scientists studying biomass as 
an energy source, the Department of Energy's Development Unit at Albany, Or
egon, produced the first barrel of oil from wood chips. The key to success was 
the ability to make a concentrated , pumpable slurry of wood in water following 
a mild acid prehydrolysis. LBL is currently obtaining basic data on the biomass 
liquefaction process with the aid of a small , continuous liquefaction unit and 
advanced methods for separating and characterizing the products. 

To produce fuel-grade ethanol from biomass , lignocellulosic material is de
graded to its components: lignin , hemicellulose, and cellulose. These polysac
charides are then converted to monomers by either acid or enzymatic hydrolysis , 
and the sugars are fermented to ethanol. Division chemical engineers have used 
a mutant strain of the fungus Trichoderma reesei (Rut-C30) to produce enzymes 
in extremely high concentration for the breakdown of cellulose, and have achieved 
correspondingly high (hence, economically important) sugar concentrations. 

Work has also begun on a program to develop a single organism capable of 
converting biomass directly to ethanol. Biochemical engineering and fermentation 
technology have become an important focus of research at LBL and elsewhere, 
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because many biological processes are potentially energy-efficient, low-pressure, 
low-temperature routes to a wide variety of important chemicals and fuels. 

Division scientists have been instrumental in focusing national attention on the 
advantages of passive solar heating and solar cooling. Heat derived from solar 
energy can be transferred by convection in fluids such as air and water. Controlling 
this heat flow through design engineering rather than through the use of fans , 
pumps, or other active devices requires a clear understanding of convective heat 
transfer. One group is testing and modeling such convective processes, and has 
discovered that often a properly configured passive system wi ll provide optimal 
heat transfer and control. Based on these results , predictive models are being 
developed in order to compare alternative passive solar systems. 

Solar thermal power can be used to run engine-driven electric generators and 
to provide industrial process heat. An investigation is underway on the use of 
microscopic particles in suspension to absorb focused sunlight so as to heat a 
worki ng gas, such as air, for driving a turbine generator. Laboratory measurements 
show that a small mass of carbon part icles absorbs the incident radiation , transfers 
the resulting heat almost instantly to the air, and is then oxid ized by the hot air 
to CO2 . New appl ications of particle suspensions that are being investigated 

37 

Schlieren photographs of 
the ignition, by a small 
plasmajet, of a very lean 
methane / oxygen mixture 
in a 9-cm-diameter bomb 
at a pressure of 1 atmo
sphere. The shots were 
taken 0.1 , 1, 5, and 20 
milliseconds after ignition 
of the plasmajet. Th is is 
part of a fundamental 
study of the chemistry and 
gasdynamics of com
bustion. 
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Scientist Robert Gerlach 
and an ultra sensitive laser 
pho toacoustic detector 
that is used to measure 
the concen trations of gas
eous air pollutants. With its 
C02 laser, the system can 
routinely de tec t gases at 
the parts -per-billion level, 
in some cases, detection 
levels of a few parts per 
trillion have been 
achieved. 
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include a reciprocating solar engine and a solar propulsion system for orbiting 
spacecraft. 

In yet another approach to solar energy conversion , Division scientists are 
studying amorphous silicon (an inexpensive form of silicon) as a potentially im
portant photovoltaic substance. They have developed laser photothermal spec
troscopic methods that have made possible measurements of the critical factors 
governing the solar energy conversion efficiency in amorphous silicon . 

ENERGY ANALYSIS 

Future energy supplies will be drawn from new sources-such as oil shale, 
geothermal , solar, and fusion-as well as from oil , gas, coal , and fission. New 
technologies will be needed , both for the production of energy and for its efficient 
use. Choosing the optimum combination of energy sources and technologies for 
a state, a region , or the nation requires multidisciplinary analysis; Division chem
ists, physicists , engineers, economists, and others are brought together for this 
purpose. 

The state of Hawaii , for example, has been studied as a parti cularly well -defined 
site where an integrated multitechnology energy system- using indigenous re
sources-could be implemented during the next quarter century. Similar studies 
have been performed in assess ing National Energy Plans I and II and in assessing 
the feasibility of specific technologies deployed in Federal Reg ion 9 (California, 
Arizona, Nevada, and Hawaii ). 
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ENVIRONMENTAL RESEARCH 

Mitigating the environmental impacts of various technologies requires research 
on the formation, transport, and eventual fate of pollutants. These concerns are 
not limited to the outdoor environment, however. There is growing evidence that 
many indoor environments are polluted with such substances as carbon mon
oxide, nitric oxide, sulfur dioxide, formaldehyde , higher aldehydes, radon , and 
particulates. The indoor levels are often significantly greater than the surrounding 
outdoor levels, which suggests the existence of health hazards greater than those 
already known to exist. Division scientists are studying the chemical and physical 
character of indoor air pollutants and their sources in an effort to devise means 
of minimizing the emissions. At the same time, they are establishing a scientific 
basis for energy-efficient ventilation standards that would maintain acceptable 
indoor air quality without sacrificing the gains made through energy conservation 
measures. 

The demonstration at LBL that laboratory aquatic ecosystems (microcosms) 
can be used for pollution fate-and-effects studies has led to the development of 
test procedures for evaluating environmental hazards-for example, acid precip
itation. Field studies have revealed significant damage to freshwater ecosystems 
caused by acid precipitation on the western slope of the Colorado Rockies. Further 
studies are underway to characterize the sensitivity of high-elevation watersheds 
in the Rockies and the Sierra Nevada to the effects of acid precipitation. 

Many scientists have become concerned about rapidly increasing carbon diox
ide emissions, which will increase the atmospheric absorption of the earth 's in
frared radiation, thereby tending to raise the average global temperature (the 
greenhouse effect) . Depending on how other geophysical factors (such as the 
earth 's albedo) also change, this could cause significant global climate modifi
cations within the next half century. Extremely precise measurements of changes 
in the atmospheric 12C02/13C02 ratio and the 0 2/N2 ratio will be made during the 
coming years, using ultrasensitive laser photoacoustic techniques recently de
veloped at LBL. This should provide more exact information on the nature of the 
global carbon dioxide budget and its impact on the biosphere. 

Largely through the work of Division scientists , it is now known that about 40% 
of the manmade suspended particles contributing to air pollution consist of mi
croscopic carbon formed in combustion. These particles degrade visibility and 
serve as nucleation sites for the conversion of sulfur and nitrogen oxides to sulfuric 
and nitric acids. Their role in the formation of secondary organic compounds is 
also being investigated. 

One aspect of this work was aimed at the establishment of background levels 
by analysis of particles filtered from the air of the Arctic region. Surprisingly, it 
was found that the samples contain up to one-third as much black carbon as is 
found in the air over many large cities. Preliminary calculations indicate that these 
highly absorbing particles could produce a heating effect in the lower Arctic 
atmosphere comparable to that which would be expected from a doubling of the 
worldwide atmospheric CO2 content. Continued studies of the effects of light
absorbing particles on global temperature changes will be an important part of 
LBL.:s environmental research program in the future . 

STAFF S CIENTISTS III 
(continued) 
Sabri Ergun 
Robert D. Giauque 
Donald F. Grether 
David T. Grimsrud 
James J. Hirsch 
ArIon J . Hunt 
Mary S. Hunt 
Richard L. Johnson 
Edward P. Kahn 
Ronald C. Kammerud 
Mathilde J . Kland 
Joseph H. Klems 
Dieter J . Kloden 
Mark D. Levine 
Donald J. Levy 
Marlo R. Martin 
Rolf J . Mehlhorn 
Mohsen Mehran 
Helen V. Michel 
Anthony V. Nero, Jr. 
J . Wayne Place 
Ronald L. Ritschard 
Hal J. Rosen 
Henry Ruderman 
Jayant A. Sathaye 
Larry L. Schaleger 
Robert W. Schefer 
Leon J. Schipper 
Aldo F. Sciamanna 
Stephen E. Selkowitz 
Richard G. Sextro 

39 

Robert C. Sonderegger 
Rudolph R. Verderber 
Frederick C. Winkelmann 

A SSOCIATED FACULTY S CIENTISTS 
*Harvey W. Blanch 
*David L. Brink 
*Mark N. Christensen 
*John W. Daily 
*Harry A. Dwyer 
* Arnold M. Falick 
* Alan S. Foss 
*Richard E. Goodman 
*Ralph Greif 
*Edward A. Grens 
*Donald N. Hanson 
*Joseph A. Humphrey 
*Franklin C. Hurlbut 
*Cary J . King, III 
* Alan D. Laird 
*Scott Lynn 
* Antoni K. Oppenheim 
*William J. Oswald 
*Patrick J. Pagni 
*Thomas M. Powell 
*Robert W. Risebrough 
*Robert F. Sawyer 
*Robert E. Selleck 
*Lawrence Talbot 
*Jerome F. Thomas 
*Chang-Lin Tien 
*Robert H. Twiss, Jr. 
*Theodore Vermeulen 
*Robert B. Williamson 
*Warren Winkelstein 

*UC Berkeley faculty member 



ENGINEERING AND TECHNICAL SERVICES 

Each generation of scientific discovery is preceded by advances 

in technology and instrumental techniques, and is followed by a period 

when the newly gained knowledge is turned to practical use. An impor

tant aspect of the work of the Engi~eering and Technical Services 

Division is participation in these processes of development, discovery, 

and application. 

The Division plays a vital role in adapting technological advances 

to the needs of the scientific community. Engineering projects and 

instrumentation development are carried out for research programs in 

many fields, including nuclear science, high-energy physics, astro

physics, biology and medicine, and environmental science. A brief des

cription of these and many other activities of the Division is given in 

the Support and Services section of this report. 

For this year's Overview, we have chosen the development and 

utilization of semiconductor detectors to illustrate the Division's 

scientific activities. This work is done by the Instrument Science 

and Engineering Section. Detectors developed by this group are being 

used for measurements in a great variety of studies in pure and applied 

science, around the world and in space. 

In addition to providing engineering support for countless LBL experimental 
research programs, this Division pursues a number of its own research, design, 
and development programs in applied science. Some of these seek to apply 
spectroscopic methods (x-ray, optical, and microwave) to problems of environ
mental monitoring and pollution control. Others deal with advanced transportation 
technology, including major design work on the Bay Area Rapid Transit (BART) 
computerized train-control system and the Federal Railroad Administration's Lo
comotive Data Acquisition System. One program includes the development of a 
small , portable magnetic dosimeter to be carried by workers likely to be exposed 
to strong magnetic fields. 

A major instrument science program in the Division deals with the development 
and utilization of semiconductor particle and radiation detectors and with the 
related materials and electronic signal-processing systems. This work originated 
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A Czochra/ski crystal puller 
is shown producing an ex
tremely pure germanium 
crystal (4 cm in diameter) 
from a melt at 860°C. The 
quartz crucible containing 
the melt is heated by rf in 
duction under an atmo 
sphere of pure hydrogen. 
Polished slices of the crys 
tal are used in making high
ly sensitive particle de 
tectors. 

at LBL in 1959, with the development of diffused silicon detectors. The Division 's 
rapid progress in developing such detectors catalyzed the growth of work on 
nuclear energy-level schemes in the (then) Nuclear Chemistry Division. Among 
the primary fruits of this progress have been the fabrication of ultrapure, thick 
germanium crystals for use in multiple detector systems and the development of 
high-resolution ",{-ray and x-ray spectroscopies. 

SEMICONDUCTOR MATERIALS RESEARCH 

LBL.:s materials and detectors program has evolved in recent years in two main 
directions: toward basic semiconductor materials research on the one hand , and 
toward the development of advanced detector applications on the other. The 
materials research program is devoted primarily to studies of basic phenomena 
associated with impurities and defects in very pure, nearly perfect crystal lattices. 
Impurity-defect interactions are known to play an important role in many pro
cesses in semiconductors. Initially, this work was designed to permit the deter
mination of low concentrations of impurities-e.g. , aluminum-in germanium 
crystals , as a diagnostic tool in crystal-growing programs. A key aspect of this 
effort has become the development and use of very sensitive measurement meth
ods, such as electron spin resonance and deep-level transient spectroscopy. 

The extremely low concentrations of impurities (as little as 1 part in 1013
) en

countered in these studies demand the development of new measurement meth-
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ods. The most valuable of these has come from combining Fourier transform 
infrared spectroscopy with a technique, invented by a Russian group , called 
photothermal ionization spectroscopy. This method relies on the absorption of 
long-wavelength infrared radiation to raise the ground-state electrons (or holes) 
in impurity atoms to excited states; from there they can be further excited by 
lattice thermal vibrations into the conduction (or valence) bands. Scanning the 
infrared region while measuring conduction in the sample (which is held at a 
temperature of about 8 K) produces a spectrum similar to the hydrogen Balmer 
series in conventional optical spectroscopy- but in the 100-micrometer wave
length range. 

The Fourier transform method allows measurements to be made over a broad 
range of infrared wavelengths simultaneously, thereby speeding up this type of 
spectroscopy by a factor of 1000 or more. Furthermore, with this technique, the 
determination of impurities at the level of 1 part in 1014 has been demonstrated. 

HIGH-ENERGY ION DETECTORS 

An offshoot of the semiconductor research that has great practical value has 
been the development of amorphous germanium layers doped with controlled 
amounts of hydrogen to provide electrically neutral protective surfaces for ger
manium detectors. Semiconductor detectors are notoriously sensitive to surface 
contamination, and the protection of their surfaces and the control of their elec
trical neutrality have been engineering objectives for many years The neutral 
surface is of great importance in providing radiation windows that are virtually 
free of "dead" layers. 

One example of the usefulness of this feature is shown in the accompanying 
drawing, which also illustrates the value of germanium and silicon detectors in 
the heavy-ion medical therapy program at the Bevalac (that operating mode of 

Detector engineer Blair 
Jarrett is preparing the 
coating on a quartz boat 
used for zone purification 
of germanium. Silane is 
burned in a triaxial burner 
with oxygen and hydrogen 
to form a thin, amorphous, 
silicon-rich layer, which 
isolates the molten ger
manium from the quartz. 
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Experimental setup and 
results of a test to deter
mine the characteristics of 
a heavy-ion beam used 
for radiotherapy at the 
Bevalac. The semiconduc
tor detectors measure the 
rate of energy loss and 
the energy of the beam, 
which consists initially of 
2°Ne ions at an energy of 
400 MeV/nucleon. Nu
clear reactions in the 
water cell, which simula tes 
human tissue, produce the 
distribution of products 
shown in the photograph. 
The experiment is de
scribed in more detail in 
the text. 

LBL.:s Bevatron accelerator in which the SuperHILAC is used as an injector) . 
High-energy neon ions are among the preferred forms of radiation used for can
cer treatment at the Bevalac, and it is essential to know the character of the 
particles that actually reach the cancerous tissue in the patient, as well as that 
of the particles that pass through the surrounding tissue. 

In the experiment illustrated , a water absorber simulates the tissue through 
which the ion beam passes (the maximum range in human tissue is almost 17 
centimeters) . The ions then pass through a thin silicon detector, which measures 
the rate of their energy loss with distance, f:.E l f:.x. They then pass through a thin 
amorphous germanium layer, finally stopping in the germanium detector, which 
measures their energy, E The photograph shows a computer-graphic plot of the 
detector-signal distributions, clearly identifying a variety of ions produced in nu
clear reactions undergone by the original neon beam during its passage through 
the water. With these data, the radiation dose delivered to the cancerous and 
surrounding tissues of a patient can be accurately characterized. 

The past few years have seen the development of multistage "telescopes" 
using stacks of up to ten germanium or silicon detectors. These are used in many 
kinds of experiments, including the spectroscopy of long-range light ions-e.g. , 
at the Indiana University Cyclotron, the Los Alamos Meson Production Facility 
(LAMPF), and the Tri-University Meson Facility (TRIUMF)-and the identification 
of heavy ions at the Bevalac and in outer space. LBL scientists work with research 
groups at many other laboratories to develop such specialized detector systems. 
For example, a multidetector telescope developed for the University of Virginia 
is being used at LAMPF and also at CERN , in Geneva. Consisting of seven high
purity germanium detectors preceded by a silicon transmission detector, it is one 
of two used together in long-range particle-coincidence and spectroscopy 
experiments. 
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Reflected on the face of 
this silicon multidetector 
telescope is a rocket of 
the type that launched it 
in to solar orbit in order to 
measure the distribution of 
re lativistic ions in space. 
The polished silicon disks 
are 5 cm in diameter. 

Also noteworthy is a large-area silicon multidetector telescope that has now 
been flying in the third International Sun-Earth Explorer satellite since its launch 
by NASA in 1978. This experiment, designed for studying the isotopic distribution 
of relativistic ions in space, is a collaboration between LBL and the University of 
California 's Space Sciences Laboratory. 

X-RAY DETECTORS 

Nearer the low end of the energy scale, x-ray spectroscopy using sil icon de
tectors cooled to liquid nitrogen temperature , and using extremely-low-noise 
electronics, is proving to be a valuable tool in many applications. The Division 's 
own environmental instrument program rests firmly on these x-ray spectrometers. 
The method has also been applied to a broad range of industrial and commercial 
problems. 

One special application, being developed by LBL in collaboration with the 
Argonne National Laboratory, is the measurement of ve ry low concentrations of 
plutonium in soil. An array of six large silicon detectors, surrounded by large 
scintillators and contained in a heavy, low-backg round shield, counts the x rays 
produced by the decay of plutonium to neptunium in a thin soil sample. This 
automatic system will replace the tedious chemical process ing methods pres
ently being used . 

The latest-and potentially one of the most important-developments in this 
area is the use of high-resolution silicon x-ray detectors, with associated special 
electron ics, for plasma diagnostics in control led thermonuclear fusion reactors . 
LBL is working closely with the Princeton Plasma Physics Laboratory's Tokamak 
Fusion Test Reactor (TFTR) group on developing a 48-detector array, to be used 
in measuring the temperature and impurity distributions in the plasma contained 
in this machine. The combined requ irements of high resolution , high counting 
rates, a high flux of 14-MeV neutrons, and the large number of detectors will tax 
all the skills developed in the 22 years of LBL's research in this field . 
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mATERIALS AND mOLECULAR RESEARCH 

The Materials and Molecular Research Div ision pursues a broad 

spectrum of research in chemistry, ceramics, metallurgy, solid-state 

physics, atomic physics, and chemical, mechanical, and nuclear engi

neering. Emphasis is on materials and processes that are important 

in meeting national needs for the production and efficient use of 

energy. 

The Division is not only a major research center but also an 

important educational resource. In addition to full-time LBL person

nel, our staff includes some 50 members of the UC Berkeley faculty and 

more than 350 graduate students from six academic departments . In 1980 

more than 50 scholars and postdoctoral students from around the world 

participated in our research, a few topics of which have been selected 

for description in this year's Overview. 

My predecessors as Division Head--Kenneth Pitzer, Leo Brewer, and 

David Shirley--were remarkably successful in building programs that 

are of the highest scientific quality and that draw intellectual 

support and stimulation from each other. As Division Head since 

April, 1980, I am striving to maintain the Division's momentum along 

the path that they laid out. 

AL wr, L,~ 
Alan W. Searcy, Divis~'n Head 
Associate Director, L~ 

NATIONAL ELECTRON MICROSCOPY CENTER 

A vital new component of this Division is the National Electron Microscopy 
Center, a user-oriented facility designed to make available a wide range of mi
crostructural and microchemical characterization techniques for concentrated 
application to materials problems. Its first year of operation , 1981 , has seen the 
installation of the High-Voltage Electron Microscope (HVEM) , the most powerful 
and versatile such instrument in the United States. Capable of operation at a 
beam energy of 1.5 MeV, the HVEM's major advantage is that it can penetrate 
more deeply into materials than can other electron microscopes, to obtain images 
previously thought unattainable. 
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The HVEM is mounted on a 90-metric-ton vibration-isolation pad and stands 
9 meters tall. It is equipped with an environmental stage for in situ studies of gas
solid reactions at high temperatures , and will soon be fitted with an electron 
energy-loss spectrometer for high-energy spectroscopic studies. Several dozen 
research proposals for the use of this microscope have already been approved 
by the nine-member HVEM steering committee (four from LBL and five from other 
institutions) . 

In 1982 a companion electron microscope of unique design will be added to 
the Center. This new instrument, the Atomic Resolution Microscope (ARM), will 
operate at a maximum beam energy of 1 MeV and will be capable of achieving 
a higher resolution than is possible with the HVEM or any other existing electron 
microscope. Equipped with the most advanced circuits to control electronic in
stabilities, the ARM is designed to achieve a point-to-point resolution of 1 A A at 
1 MeV It will thus become possible, for the first time, to see the individual atoms 
in any presently known type of material-a major scientific and engineering 
achievement. 
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The National Elec tron 
Microscopy Center 's two 
major instruments. Top 
left. the microscope and 
control console (with two 
manufacturer's tech 
nicians) of the new 1.5 -
MeV High-Voltage Elec 
tron Microscope (HVEM). 
Not shown is the nine
stage Cockcroft -Walton 
accelerator on the floor 
above it. Bottom left. Proj
ect architec t John Klein 
inspec ts the highly sensi
tive system of air springs 
on which the instrument 
rests. Right. the Atomic 
Resolution Microscope, 
which is presen tly under 
deve lopment; it is similar 
in overall construction to 
the HVEM 
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High-resolution electron 
micrograph of a molyb
denum surface. The dark 
lines represent planes of 
Mo atoms, seen edge-on 
at a spacing of 2.23 A, the 
intersections of these lines 
mark the actual atomic 
sites. The disruption in 
atomic stacking at the 
visible grain boundary is 
most easily seen by sight
ing down the rows at a 
shallow angle to the page. 

With a 200-keV high-resolution electron microscope, Division scientists have 
been using the technique of crystal lattice resolution (in which adjacent atomic 
planes can be seen edge on) to image the detailed structures of grain boundaries 
and defects in pure solids. These studies provide new information that is used 
in the improvement of existing materials and the design of new ones. Progress 
toward higher resolution (individual atoms) will require not only the ARM but also 
a host of image simulation and processing devices, specimen preparation equip
ment, and advanced microscope components. All of these will be located in the 
National Electron Microscopy Center. When fully operational , the facilities of the 
NEMC will be made available , without charge, to qualified scientists. 

ALLOY DESIGN 

The Division has long been a leader in the development of new alloys and 
intermetallic compounds having unique or desirable properties for advanced 
technological needs. Research on alloy design is presently centered on new 
structural steels, weldments and welding procedures for advanced structural 
steels , oxidation- and corrosion-resistant alloys, and high-field superconducting 
materials. This work will advance materials engineering, through the development 
of new and useful alloys, and materials science, through a greater understanding 
of the manner in which the structures of materials can be controlled so as to 
obtain desirable engineering properties. 

The experiments depend strongly on a variety of sophisticated techniques for 
the characterization of materials and the measurement of their properties. Among 
the more important of these techniques are scanning electron microscopy, trans
mission electron microscopy, x-ray diffraction , Auger spectroscopy, and a number 
of mechanical testing procedures. Preparing the alloys for study is made possible 
by a complex of equipment for the synthesis, casting, and processing of engi
neering materials . 

An example of the way in which alloy research at LBL has been fruitful in both 
scientific and engineering terms can be seen in several recent discoveries that 
led to the development of structural steels for use at very low temperatures, where 
ordinary steels become brittle and fail easily. These advances, which were made 
possible by an improved scientific understanding of the causes of brittle fracture 
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in steel , have included : (1) the development of a structural steel that contains no 
nickel (a particularly costly alloying adduct) but that retains excellent toughness 
at very low temperatures; (2) the demonstration that adding traces of boron can 
sometimes be used to prevent brittle fracture of steel along the boundaries of the 
metal grains that make up its microstructure ; and (3) the development of a welding 
procedure for relatively low-alloy structural steels that may permit their use at 
temperatures as low as 4 K, the temperature of liquid helium. 

These structural steels have important potential uses in advanced energy sys
tems, such as superconducting magnets for magnetic fusion machines or mag
netohydrodynamic generators, and in facilities for the storage and transport of 
cryogenic liquids, such as liquefied natural gas. Research is also underway on 
low-cost structural steels that might be useful in applications such as Arctic 
pipelines, and on oxidation-resistant materials for use as high-temperature pro
tective coatings. 

QUANTUM CHEMISTRY AND MOLECULAR BEAMS 

A welcome trend in physical chemistry is the increasingly close coupling be
tween experimental and theoretical studies of basic physical and chemical pro
cesses. A recent example is provided by LBL's molecular beam experiments and 
ab initio theoretical calculations of the dynamics of the Li + HF -- LiF + H 
reaction . A quantum mechanical analysis predicted the details of the reaction 
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Understanding the dynam
ics of photodissociation of 
small van der Waals and 
hydrogen-bonded molecu
lar clusters is the goal of 
this investigation. Post
doctoral researcher Hoi
Sing Kwok and graduate 
student Matthew Vernon 
are shown conducting an 
experiment using a 
molecular beam apparatus 
that is coupled with instru
ments for the laser spec
trometric and mass spec
trometric analYSIS of the 
clusters and their frag
ments. 
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* Alan W. Searcy 

A SSISTANT DIVISION H EAD 
Rolf H. Muller 

DIVISION ADMINISTRATOR 
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Graduate student Cynthia 
Friend with an ultrahigh 
vacuum reaction chamber 
designed for detailed stud
ies of metal surfaces that 
have adsorbed hydro
carbon molecules. It is 
fitted with attachments for 
low-energy electron dif
fraction, Auger electron 
spectroscopy, and mass 
spectrometry A major 
goal of such studies is to 
improve the reaction effi
ciencies of many energy
related chemical proc 
esses. 

path and the geometry and energy of formation of a reaction intermediate of finite 
lifetime; this , in turn , permitted the energy barrier to product formation to be 
calculated. The experimental work showed that an intermediate complex is indeed 
formed . In this study, experiment acted as a guide to theory, in that the difference 
between the calculated and experimentally determined values of the energy bar
rier suggested a further refinement of the theory-perhaps to include the effect 
of quantum mechanical tunneling of the hydrogen atom. 

In another recent study, however, theoretical calculations have served to guide 
the experiments. An experiment performed elsewhere on the important atmos
pheric reaction between H atoms and 0 3 (ozone) molecules had been interpreted 
in terms of a model with a potential energy surface having a colinear H-O-O 
transition state. Ouantum mechanical calculations at LBL confirmed the plausibility 
of this mechanism, but showed that a more probable one has the hydrogen atom 
approaching one of the terminal oxygen atoms by a path lying outside the plane 
of the ozone molecule. More detailed experiments will be undertaken to test this 
prediction . 

SOLID-STATE PHYSICS 

Ouantum mechanical calculations for solids have recently been refined to the 
point where it has become possible to predict- from the atomic numbers alone
such physical properties as crystal structure, interatomic distance, cohesive en
ergy, bulk modulus, shear modulus, and lattice vibrational frequencies. These ab 
initio calculations are based on the notion of pseudopotentials (for a given valence 
electron, the effective electric potential arising from the other electrons and the 
nuclei in a solid is called the pseudopotential) . The method provides accurate 
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values of the total energy of a solid as its volume is changed . This facilitates the 
description of solid-solid phase transitions, such as the transformation of silicon 
from the diamond structure to the white-tin structure. 

Another application of this method is the prediction of the atomic arrangement 
on the surface of a crystal. In recent years there have been extensive experimental 
investigations, at LBL and elsewhere, of surface structure with low-energy electron 
diffraction and other techniques. Now, using calculated pseudopotentials , the 
structure can be determined by computing the forces on surface atoms as a 
function of their positions. The minimum force configuration is chosen, and the 
positions of atoms as deep as five layers into the bulk of the crystal are recon
structed . Locating the positions of the surface atoms in a material allows an 
accurate determination of its surface properties ; such information is leading to 
new or improved semiconductors for many types of electronic components. Sim
ilarly, a knowledge of the surface atomic structures of metals permits their chemical 
reactivity and their performance with regard to adhesion , lubrication , and cor
rosion to be predicted. 

SURFACE SCIENCE AND CATALYSIS 

Improved instrumentation and rapid advances in our understanding of the 
interactions of bulk matter with various particles (electrons, atoms, and ions) and 
with electromagnetic radiation are making possible new knowledge not only of 
surface structures but also of the compositions and chemical interactions of 
molecules and molecular fragments adsorbed on surfaces. For example, the new 
technique of normal photoelectron diffraction (NPD) has been invented at LBL 
and used to determine the Ni-C and Ni- O distances when CO (carbon monoxide) 
is adsorbed on a nickel surface. The data show that the CO molecules "stand 
up," with the oxygen pointed away from the surface. The bonding of CO to metal 
surfaces is thus shown to be much like that in metal carbonyls, which are mol
ecules consisting of several CO units bound, by their carbon atoms, to a single 
metal atom. This discovery strengthens the belief of LBL scientists that gas/surface 
and gas/metal-atom interactions have similarities that can be exploited in the 
development of new catalysts. 

Recent studies here have shown that platinum surfaces that are perfectly flat 
are not effective in catalyzing certain hydrocarbon decomposition reactions, but 
that platinum surfaces containing steps just one atom high are effective catalysts. 
Other studies show that gold, which by itself is not a catalyst for the dehydro
genation of cyclohexene to benzene, sharply increases the rate of the reaction 
if it is present as an atomic monolayer on a platinum surface. 

Although most studies of the kind just mentioned are carried out under rather 
exotic conditions of high vacuum and extreme cleanliness, Division scientists 
have been able to extend the range of conditions to encompass pressures and 
temperatures similar to those used in industrial processes. 

A coordinated research program in coal chemistry, coal liquefaction , and coal 
gasification that draws extensively on knowledge gained in the fundamental sur
face and catalytic studies has been established at LBL. In this field, as well as 
in such fields as electrochemistry, erosion, corrosion , and alloy design, basic 
research has reached a level of sophistication that makes its findings of immediate 
value to engineers who seek to solve practical industrial problems 
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NUCLEAR SCIENCE 

The principal activity of the Nuclear Science Division continues 

to be the experimental and theoretical investigation of the inter

actions of heavy ions with target nuclei, both for their intrinsic 

scientific interest and for their use in the synthesis of new, exotic 

isotopes and new chemical elements. Complementary research programs 

in light-ion nuclear science, in nuclear data evaluation, and in the 

development of advanced instrumentation are also carried out. 

During the past year, nearly 50 scientists from other institu

tions, both domestic and foreign, visited the Division, bringing with 

them the diversity of ideas and talents upon which our research thrives. 

The excellence of that research is a~so enhanced by our close ties 

with DC Berkeley faculty members and with the dozens of graduate 

students from Berkeley and other universities who do much or all of 

their Ph.D. thesis work at LBL's nuclear science facilities. It is 

these top young scientists whose creativity will shape the future 

directions of nuclear science. 

ph Cerny, Di~ead 
ociate Direct~;~i~~L'1 

The Division's research deals with nuclear reactions (how nuclei interact upon 
collision) and nuclear spectroscopy (the properties of the resulting nuclear states) . 
Useful information can be obtained from reactions at all energies from the Cou
lomb barrier to many GeV/nucleon. Three major LBL accelerators-the 88-lnch 
Cyclotron, the SuperHILAC, and the Bevalac (the name given to that operating 
mode of the Bevatron accelerator when it is used with the SuperHILAC as an 
injector)-provide a great variety of projectile types over an almost continuous 
range of energies. 

LOW-ENERGY IONS 

The 88-lnch Cyclotron produces intense beams of particles ranging from 60-
MeV protons to Ca ions with energies from 2 to 4 MeV/nucleon . The Cyclotron 
also produces polarized beams of protons and deuterons, which provide a means 
for testing basic symmetry properties of nuclear interactions. The SuperHILAC 
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remains the prime accelerator of very heavy ions in the United States; it is one 
of only three in the world capable of accelerating ions heavier than Xe to energies 
high enough (8.5 MeV/nucleon) to permit such beams to be used in studies of 
compound nuclear reactions and deeply inelastic colli sions. 

At bombarding energies below 10 to 15 MeV/nucleon, the projectile and target 
nuclei , if they are not too large, typically fuse into a compound system. Most of 
the excitation energy is used to evaporate a few neutrons, while the remaining 
energy is released as "I rays . Spectroscopy of these "y rays provides information 
about the properties of nuclei in the resulting high-spin states. 

Recent spectroscopic observations have provided exciting evidence of giant 
dipole resonance (GDR) decays in the "I-ray cascades arising from the de-ex
citation of heavy-ion fusion products. Prior studies of the high-frequency collective 
vibrations known as giant dipole resonances were restricted primarily to coherent 
excitation from the nuclear ground state; this process populates only those giant 
resonances that are based on the ground state. According to Brink's hypothesis , 
however, every state of a nucleus has a GDR associated with it . When excited , 
this resonance may emit a "I ray, in competition with the more common neutron 
(particle) emission. The nucleus then decays to the ground state through a cas
cade of up to 30 additional "y rays . Shoulders observed in the spectra at energies 
greater than 10 MeV are interpreted as arising from the decay of GDRs based 
on the many high-lying states; these observations provide the first experimental 
verification of Brink's hypothesis. 
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Valuable insights into 
nuclear reac tion mech
anisms are obtained from 
studies such as the one 
shown here, conducted at 
the SuperHILAC by scien
tist Gordon Wozniak. 
When low- energy ions 
undergo deeply inelastic 
sca ttering, both the magni
tude and the alignment of 
the transferred angular 
momentum can be deter
mined from measurements 
of the multiplicity and 
anisotropy in the y-ray 
spectrum. 
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The polarized ion source 
at the 88-lnch Cyclotron. 
Spin-polarized beams of 
protons or deuterons at 
energies in the 20- 55 -MeV 
range are produced here 
and injected into the 
Cyclotron through a hole 
in the magnet yoke. These 
beams are used to test 
basic symmetry properties 
of the nuclear interaction. 
Experiments are in prog
ress that address such 
fundamental concepts as 
parity viola lion, charge 
symmetry of the nucleon
nucleon interaction, and 
lime-reversal invariance in 
nuclear reactions. 

These studies open the possibility of measuring the energy, yield , width , and 
gross structure of the GDR component of the statistical "I-ray spectrum as func
tions of nuclear excitation energy (temperature) and spin. The first three of these 
properties can be related , through nuclear models, to the size of the nucleus and 
to other, more detailed features of the nuclear dynamics, whereas the gross 
structure of the GDR component is related in a simple way to the shape of the 
nucleus. Thus the observation of GDR effects in nuclear de-excitation "I-ray spec
tra makes possible the study of nuclear shapes and dynamics far above the 
ground state. 

When the product of the atomic numbers of the projectile and target nuclei is 
quite large (high Coulomb barrier) , or when higher bombarding energies are used 
for smaller projectile-target combinations (high centrifugal barrier) , the colliding 
nuclei fail to fuse . Instead , deeply inelastic scattering may occur, in which ap
preciable amounts of the initial kinetic energy and orbital angular momentum of 
the two reactant nuclei are transformed into exci tation energy and spin of the two 
product nuclei. 

Both the magnitude and the alignment of the transferred angular momentum 
in the reaction 165Ho + 165Ho have been determined as a funct ion of the 0 value 
(kinetic energy loss) via measurements of the "I-ray multiplicity and anisotropy. 
Two regimes are observed: a low-O reg ime (0 less than about 125 MeV), where 
the aligned angular momentum component dominates over the random com
ponents , and a high-O regime , where the random components dominate and 
decrease the spin alignment. Such experiments have shown that continuum "1-

ray spectra can be used to determine these important characteristics of the 
reaction mechan ism. 
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THE TRANSITION-ENERGY REGION 

The availability of beams of C, N, and 0 ions at the SS-Inch Cyclotron at energies 
of up to 20 MeV/nucleon has enabled forays to be made into the largely unexplored 
transition region from low-energy phenomena to those characteristic of relati vistic 
energies. [An Electron-Beam Ion Source (EBIS), currently under study, will extend 
the performance of the Cyclotron in the transition region by providing beams of 
heavier ions, such as Ca, at energies of up to 40 MeV/nucleon .] 

There is growing evidence that peripheral (grazing) collisions between nuclei 
at 15 to 20 MeV/nucleon involve the same phenomena as do similar collisions at 
up to 2 GeV/nucleon (i.e ., about 100 times more energetic). Cross sections for 
the production of fragments from a 20-MeV/nucleon projectile are about the same 
as those for 2-GeV/nucleon projectiles, and are very different from fragmentation 
yields at 9 MeV/nucleon . 

One interpretation of these and related experimental observations is that at low 
projectile energies, peripheral co ll isions lead to direct nucleon transfer reactions 
or to fusion of part of the projectile with the target. At higher energies, however, 
the centrifugal force acting on the transferred nucleons becomes sufficiently great 
that they cannot remain bound , and they fly off with high angu lar momentum. 
Theoretical calculations show that 15 MeV/nucleon is the critical energy for this 
transition in behavior; this agrees well with the experimental results. 

RELATIVISTIC HEAVY-ION ENERGIES 

Experiments with beams at relativistic energies are conducted at the Bevalac , 
which offers the unique opportunity, worldwide, of studying collisions between 
heavy nuclei with energies of up to 2 GeV/nucleon. Th is is sufficient to convert 
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One hemisphere of the 
Bevalac's new Plastic Ball 
detector system being 
assembled by scientists 
Hans Gutbrod and Herbert 
Lohner. Above: a "beam's
eye-view" of the concave 
inside surface (50 em in 
diameter) of one hemi
sphere of the Plastic Ball. 
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Nuclear theorists Albert 
Lumbroso, Norman Glen
denning, and Viola Ruck 
go over recent calcula
tions pertaining to the 
superdense mailer in the 
centers of neutron stars. 
Group members meet 
regularly to discuss new 
ideas and results. 
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nuclear matter into "hadronic matter," in which protons and neutrons, their excited 
states (such as delta isobars) , and free pions are believed to merge into a kind 
of "soup." It has also been speculated that in this general energy region the 
individual quarks of which protons and neutrons are composed may merge into 
"quark matter." In order to study these possibilities , a broad program of studies 
of nuclear reaction mechanisms is in progress. 

Recent published research includes a major study of head-on , or central , nu
clear collisions by a team from the Gesellschaft fUr Schwerionenforschung (GSI , 
in Darmstadt) , LBL, the University of Marburg , and the Argonne National Labo
ratory. They selected events at the Bevalac in which all components of the pro
jectile nucleus interacted with the target nucleus-unlike peripheral collisions , in 
which some projectile fragments survive in the forward direction . The results were 
striking : in collisions between 1.8-GeV/nucleon 4°Ar ions on KCI targets , up to 50 
secondary charged particles were observed. This corresponds to the complete 
disintegration of both projectile and target nuclei , with the production , typically, 
of 15 pions. The work of this team provides a sounder basis for the study of hot 
hadronic matter produced under quantitatively controlled conditions. 

In 1980 a phenomenon so bizarre that no acceptable explanation has yet been 
found was discovered at the Bevalac by a team from LBL, the National Research 
Council (NRC) of Canada, and the University of Marburg. In studies of collisions 
of 1 .8-GeV/nucleon Fe ions in emulsion pellicles, it was observed that some 
nuclear fragments (known as projectile fragments) near the beam direction have 
unusual properties. Specifically, 6% of them have about 10 times the normal 
propensity for further interaction with emulsion nuclei. Furthermore, fragments 
from these secondary interactions include an even higher percentage with anom
alous behavior. This phenomenon was observed for a wide range of nuclear 
species; it is assumed that the fragments are in some kind of state that has not 
previously been observed . 

Two major new detectors have recently been installed at the Bevalac. One, the 
Heavy-Ion Spectrometer System (HISS) , is described in the Accelerator and Fu-
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sion Research Division 's section of this report. The other is the Plastic Bal l/Plastic 
Wall system (a GSI/LBL collaboration), which is designed to measure virtually all 
the charged particles resulting from a nuclear reaction. The Plastic Ball is a 
spherical array of 815 pyramidal scintillator detectors, each with its own elec
tronics ; it covers 96% of the total solid angle into which reaction products can 
be emitted. The Plastic Wall is placed 6 meters downstream from the Ball , to 
detect the high-energy charged particles within a few degrees of the beam and 
to identify them by their time of flight from the Ball. Like H ISS, the Plastic Balli 
Plastic Wall is designed for the study of extremely complex events and is provided 
with dedicated computers to cope with the torrent of information from such ex
periments. 

NUCLEAR THEORY 

The work of the Nuclear Theory Group often guides the experimental programs, 
and vice versa. A new area of research recently undertaken by this group is the 
nature and behavior of matter at extremely high baryon and energy densities. It 
may be possible to produce such matter in the laboratory, thereby simulating the 
densities that exist in neutron stars. 

In fact, one of the most exciting developments of this work is a theory of neutron 
star structure: these superdense objects are believed to be deformed and to emit 
energy in the form of gravitational waves, in addition to the electromagnetic 
radiation by which astronomers observe them as pulsars . The theory appears to 
account for the wide dispersion found in the correlation between the periods of 
pulsars and the rates of change of those periods, as well as for some of the 
hitherto puzzling aspects of the structures of individual pulses. 

FUTURE RESEARCH 

The 1980s promise dramatic advances in heavy- ion physics. High-energy ura
nium beams, soon to be available at LBL for the first time anywhere, will open a 
new area of research on nuclear systems of high charge and mass under con
ditions of extremely high density and temperature . For example, knowledge of 
certain particle-creation effects predicted by the nuclear equation of state will be 
sought at the Bevalac. At the SuperHILAC, with the aid of a new beam-separation 
device called the Small-Angle Separation System (SASSY), fusion-type reactions 
will continue to be pursued in the search for the elusive superheavy elements. 
An on-line isotope separator has recently been completed and will be used in 
searching for new isotopes throughout the periodic table . 

In order to meet heavy-ion physics needs beyond the 1980s, the Division is 
collaborating with the Accelerator and Fusion Research Division to develop the 
concept of the Variable-Energy Nuclear Synchrotron (VENUS). In add ition to fixed
target operation at energies of up to 20 GeVlnucleon , VENUS would be capable 
of colliding-beam operation equivalent to that of a 1-TeV/nucleon fixed-target 
accelerator. It is expected that at such energy densities, new degrees of freedom 
of the nucleus will be excited and a quark-gluon plasma will be produced. It 
shou ld even be possible to study conditions similar to those that existed during 
the first few seconds of the universe. 
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PHYSICS, compUTER SCIENCE 
AND mATHEmATICS 

The Physics, Computer Science and Mathematics Div ision combines a 

major research effort in high-energy particle physics with a substantial 

program in computer science and applied mathematics. Our outstanding 

research staff includes many UC Berkeley faculty members and graduate 

students. 

In Physics, our diverse talents, combined with those of LBL's 

strong engineering departments, give us unique capabilities to con

ceive, design, and construct the huge, sophisticated particle detectors 

that will be needed for research at the accelerators of the future. 

Meanwhile, collaborations with other universities and national labora

tories make possible the complex projects necessary for today's research 

at the frontiers of particle physics. 

The success of these efforts depends, in part, on the cross

fertilization of ideas and talents from members of the Computer Science 

and Mathematics Department. Their primary activity is the pursuit of 

basic and applied research in partial differential equations, advanced 

computer concepts, and innovative manipulation of complex data sets. 

The relationships among our programs and the close association of 

the two Departments stimulate many new ideas and efforts. 

Robert W. Birge, Division Head 
Associate Director, LBL 

PHYSICS 

Research in the Physics Department deals primarily with high-energy particle 
physics , from both the experimental and theoretical points of view. The goal is 
to understand, in ever greater depth , the structure of matter throughout the uni
verse and the nature of the physical laws that underlie it. 

CURRENT RESEARCH 

Currently the main activi ty of this Department is research on the new 30-GeV 
colliding beam machine, called PEP (Positron-Electron Project) , at the Stanford 
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Linear Accelerator Center (SLAC). Of the five regions in the PEP machine in 
which positron-electron (e +e- ) collisions can occur, three are reserved for col
laborative experiments in which LBL plays a major role : the Time Projection 
Chamber, the Mark II Magnetic Detector, and the Free Quark Search. 

The Time Projection Chamber (TPC) is uniquely important because it can ac
curately record complete three-dimensional information about complex multi par
ticle events; this includes the capability to detect and identify charged particles 
as well as a variety of neutral particles. Much of the TPC 's construction is being 
done by LBL , which will be primarily responsible for its operation as well as for 
the data analysis. By studying events more complex than could previously be 
studied , it is expected that many uncertainties about e+e- reactions will be re
solved. Collaborating with LBL on this project are UCLA, UC Riverside , The Johns 
Hopkins University, Yale University, and the University of Tokyo. 

The Mark II Magnetic Detector, a joint LBLISLAC effort, is a more powerful 
version of the Mark I Magnetic Detector, which was used in discovering the \jJ 
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The framework of the 
Time Projection Chamber 
(TPC), a major new parti
cle detector designed and 
built a t LBL for installation 
a t the Stanford Linear 
Accelerator Center's PEP 
colliding beam machine. 
Standing inside it are LBL 
physicist David Nygren, 
the TPC group leader, and 
Fred Catania, SLAC ex
penmen tal-region coordi
nator. The TPC's great 
importance lies in its 
ability to record complete 
three-dimensional informa 
tion about complex multi
particle events. 
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particles , The Mark II was first used in 1978 at the Stanford Positron-Electron 
Accelerator Ring (SPEAR) , where it greatly advanced our knowledge of the prop
erties of the t\J particles and the heavy T lepton, In mid-1979 it was moved to PEP 
and was upgraded for research there . With the Mark II , several thousand hadronic 
events (strong interactions) have been recorded . These will be analyzed to 
search for new resonances (part icles) and to establish more precisely the prop
erties of known particles . 

The Free Quark Search device has also been installed at PEP. This experiment 
is of great interest because many of the facts of high-energy physics can be 
explained if quarks are assumed to be the fundamental constituents of matter. 
The Free Quark Search is a collaboration between LBL , Stanford University, 
Northwestern University, the University of Hawaii , and the Frascati National Lab
oratory, near Rome. 

In add ition to LBL.:s work at PEP, research programs at the Fermi National 
Accelerator Laboratory (FNAL) and the Tri-University Meson Facility (TRI UMF) are 
being continued. LBL has led a major program in high-energy muon scattering 
at FNAL, constructing and using the Multi-Muon Spectrometer. This innovative 
detector has produced a large, accurate sample of data on the nucleon structure 
function . Studies of multi-muon final states have produced a large sample of t\J 
events and evidence of charm production . The results are being used to test 
quantum chromodynamic models for the production of charmed particles by 
leptons. Further muon research at higher energies is planned , both to extend the 
range over which the nucleon structure function is known and to measure the 
ZO-quark and ZO-Iepton structure funct ions. 

Tests of the high- vol/age 
field cage for the Time 
Projection Chamber were 
successfully completed in 
1981. The teCj m shown 
here consists of mechani
cal engineer Dale Nesbit, 
research technician 
Donna Jones, physicist 
Owen Chamberlain, and 
mechanical engineers 
John Wirth and William 
Baldock. 

FUTURE RESEARCH 

The near future of high-energy particle physics will be strongly influenced by 
quantum chromodynamics , which includes the Weinberg-Salam theory of weak 
and electromagnetic interactions. Based on concepts- such as quarks, gluons , 
color, and flavor-for which there is sti ll no direct evidence, this powerful theory 
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The Mark /I Magnetic 
Detector, shown in place 
but partly disassembled 
(to repair a broken wire) at 
the PEP colliding beam 
machine, where it has 
recorded several thousand 
hadronic events resulting 
from the high-energy e'e
collisions. Conferring on the 
catwalk are physicists 
Gerald Abrams, Donald 
Briggs, and James Strait. 

accounts for many established facts and predicts the existence of heavy charged 
and neutral mesons: the W± and ZO particles. Experimental tests of the validi ty 
of these concepts and the existence of these particles will determine whether 
quantum chromodynamics stands or falls . 

The Division's strong teams of experimentalists , collaborating with other groups 
from around the world, will continue to be in the forefront of such fundamental 
research . The enormous particle-beam energ ies required will become available 
at Tevatron II, the proton-antiproton collider being buil t at FNAL. If they do exist , 
the heavy WOe. and ZO mesons wi ll almost certainly be produced in this machine, 
where the hadronic nature of the interactions should also yield a rich variety of 
other phenomena. 

Very high energies wou ld also be available at the Stanford Linear Collider 
(SLC) , a new positron-electron machine proposed for SLAC. It wou ld offer the 
first possibility of observing the ZO, and its 50-GeV-on-50-GeV collisions would 
produce important new e+e- events, such as the production of particles that 
give evidence for new flavors . Division physicists are already leading several 
joint LBUSLAC study groups that are planning experiments to be carried out at 
SLC. 

All such experiments will require huge detectors capable of measuring jetlike 
final states with high multiplicities of final particles . Based on their expertise with 
advanced detectors of many kinds, LBL physicists are deeply involved in the 
design of a high-quali ty hadron calorimeter for future experiments at FNAL. 

Not all particle physics research requires such mammoth facilities, however. 
Grand unified theories of the fundamental interactions, which include gravitation, 
now predict a finite lifetime for the proton , finite masses for neutrinos, and time
dependent oscillations among different types of neutrinos. The search for these 
phenomena entails crucial small-scale experiments-just getting underway at 
LBL-the results of which may resolve the problem of the apparent asymmetry 
between matter and ant imatter in the universe. 

Astrophysicists at LBL will soon begin a new search for supernovae, using a 
computer-controlled telescope that is expected to detect at least one of them 
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Computer cartographic 
display techniques enabled 
this image of the cosmic 
background microwave 
radiation to be drawn. The 
data were contoured, and 
the contours were trans
formed through an Aitoff
Hammer map projection to 
produce this representa
tion on the celestial 
sphere. 
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every 3 to 6 days. Statistically, some supernovae will be caught during the earliest 
stages of the explosion , allowing scientists an unprecedented look at the radiation 
emitted in these cataclysmic events. 

For future research that will greatly expand our knowledge of the universe, LBL 
is designing the world 's largest optical telescope, based on a revolutionary con
cept. Instead of a single mirror, the reflector of the 1 O-Meter Telescope will consist 
of a mosaic of 36 movable hexagonal segments, each computer-controlled with 
extraordinary precision . Twice the diameter of the Hale Reflector on Mount Pal
omar, the 1 O-Meter Telescope will be placed atop Hawaii 's Mauna Kea, where it 
will enable astronomers to see deep into the cosmos-perhaps to the very edge 
of the universe and to the beginning of time. 

COMPUTER SCIENCE AND MATHEMATICS 

The Computer Science and Mathematics Department conducts basic and ap
plied research in three major areas: (1) advanced analytical and numerical meth
ods for solving partial differential equations related to energy technology; (2) 
advanced computer concepts and distributed architectures; and (3) novel ap
proaches to the manipulation , analysis , and display of large, complex data sets. 

CURRENT RESEARCH 

A current focus of research in this Department is on the development of ad
vanced numerical techniques for solving certain classes of time-dependent par
tial differential equations that have discontinuous solutions. Practical applications 
of this work are in the analysis of turbulent combustion phenomena and of mul
tiphase flow through porous media. The techniques are unique in that they use 
sampling procedures and "dictionaries" of known phenomena as building blocks 
in the numerical schemes. The goal of this research is to construct realistic 
numerical models that are suitable both for comparison with experiments and for 
eng ineering design purposes. 
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Another research effort deals with computer systems that communicate 
through networks. The goal here is to understand how best to construct such 
architectures, what parameters govern their performance, and how to incorporate 
technological advances most easily. To this end , software arch itectu res that re
duce commun ications overhead are being developed , and connect ion less com
munications protocols are being investigated . A mechanism that permits exe
cuting programs to communicate with each other is being tested ; the novel 
feature of this mechanism is that it simulates, in software, a broadcast medium. 
This should resu lt in a practical method for programming heterogeneous distrib
uted systems. 

Research in data management is directed at developing data models for large 
statistical databases, creating efficient algorithms for information storage and 
access, and designing query languages and user interfaces. LBL's Socio
Economic Environmental Demographic Information System (SEEDIS) provides a 
test-bed for the development and demonstration of information management, 
display, and analysis techniques-such as interactive graphics for visualizing 
data as part of the analytical process-and methodologies for the statistical anal
ysis of environmental and epidemiological data. 

FUTURE RESEARCH 

Future data management studies will be aimed at specifying and designing 
special-purpose systems for managing statistical databases. This wi ll include the 
development of specialized user interfaces (such as a graphics query facility), 
the directory organization of large collections of databases, and the distribution 
of data management functions over networks. Techniques to be investigated are 
for the development of hardware specially designed to access multiple partitions 
of the data in parallel and to achieve fast access of compressed data by using 
micro-coded chips . 

Several areas of current research provide a basis for the enhancement of 
human/computer interactions in the future. Among the software engineering ap
proaches that will be pursued are: architectural analysis of software, including 
the separation of user-interface components from algorithmic components; man
agement of complex and evolving bodies of text or code; and programming
language enhancement and standardization. Research in display and analysis 
techniques includes the development of graphic-representation and user-inter
face tools that will greatly improve the ability of the user to understand and 
analyze complex data sets. The application of artificial intelligence techniques, 
particularly an "expert system" approach, shifts the burden of data integrity and 
validation from the user to the data management software. 

A major new research thrust concerns a recent breakthrough, made at LBL, 
in the understanding of numerical methods suitable for describing complex phe
nomena in fluid mechanics. This breakthrough is based upon the notion of self
similarity dimension (Hausdorff dimension), which provides a means for describ
ing the statistics of the behavior of a physical system. These ideas have been 
applied to turbulence in three dimensions, with and without combustion. They 
form the basis of a new model that is suitable for numerical computations. 
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SUPPORT AND SERVICES 

ENGINEERING AND TECHNICAL SERVICES 

The Engineering and Technical Services Division provides a broad base of 
support for the scientific work of the Laboratory, Comprised of specialists in many 
fields , the Division has fifteen departments grouped into eight major sections and 
makes up more than one-third of the Laboratory population, The great variety of 
essential services provided by these dedicated people can only be suggested 
in this brief report. 

ENGINEERING 

A major function of the Division is to provide eng ineering expertise and shop 
support for the research programs conducted at LBL- and , in some instances, 
at other national laboratories, Th is includes the assignment of managers and 
engineers to major projects and the provision of personnel with specialized ski lls 
in contract management and quality assurance, The sections primarily respon
sible for providing these services are Electronics Engineering , Mechanical En
gineering, and Instrument Science and Engineering , The last of these also pur
sues a variety of original research and development programs, one of which is 
discussed in the separate Engineering and Technical Services part of this report. 

Some recent projects to which a great deal of effort has been devoted include: 
modification of the Bevalac to accele rate ions as heavy as uranium; construction 

Part of the longitudinal 
cooling system designed 
at LBL for stochastic cool
ing of the proton beam at 
the Fermi National Accel
erator Laboratory. Assem
bly specialist Albert Kleid 
is inserting the identical 
pickup and kicker elec
trodes-each consisting 
of a trifilar helix wound 
from stainless steel wire 
- into their vacuum hous
ing This is the first appli
cation of traveling-wave 
structures as beam
cooling electrodes, 
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of the Heavy-Ion Spectrometer System (HISS) for use at the Bevalac; and con
struction of the Time Projection Chamber (TPC) for use at the Stanford Linear 
Accelerator Center. The Division also maintains continuing projects, such as: 
superconducting magnet research; real-time computer applications, e.g ., in ac
celerator control systems; and the development and construction of advanced 
instrumentation for use in such facilities as particle detectors and nuclear 
reactors . 

A number of large-scale engineering projects within the Division are managed 
by the Applied Science and Engineering Section and its Engineering Sciences 
Department. For example, a prototype computerized Locomotive Data Acquisi
tion System to record locomotive performance parameters during railroad op
erations has been developed and field-tested for the Federal Railroad Adminis
tration . A special coupler pin , designed to measure the dynamic forces exerted 
by a locomotive in pulling its payload , has been developed and tested in the 
laboratory. In railroad field tests , measurements of the fuel efficiencies of loco
motives will be made, for the first time. 

The Plant and Facilities Section-comprised of the Plant Engineering , Con
struction Management, and Construction and Maintenance Departments- man
ages LBL's complex physical plant, most of which is situated on steep terrain . 
Among its more important responsibilities are site-utilization studies and long
range planning for new buildings and research facilities . Recent projects include 
the upgrading of existing buildings for seismic safety, for fire protection , and for 
elimination of barriers to the handicapped. Major facilities recently completed are 
the Cell Culture Laboratory and the High-Voltage Electron Microscope building . 
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In the planning phase are substantial additions to the Chemical and Materials 
Sciences Laboratories-including the building to house the new Atomic Reso
lution Microscope-and the Bio-Medical Complex. 

TECHNICAL SERVICES 

The Environmental Health and Safety Department and the Medical Services 
Department fulfill many vital needs; together they constitute the Health and Safety 
Section. An area of recent emphasis has been the Employee Assistance Program, 
which includes counseling and special services, e.g., training in back care and 
breast self-examination. 

The work of a major research center such as LBL entails the acquisition, pro
cessing , and dissemination of vast amounts of information in many forms. The 
primary responsibility for fulfilling these functions lies with the Information Ser
vices Section, which is comprised of the Library and the Technical Information, 
Public Information, and Patents Departments. An important service rendered by 
the Public Information Department is that of technology transfer, by which sci
entific and engineering knowledge gained through research at LBL is made 
available to interested parties in government (at all levels) and private enterprise. 

Also essential to LBL's operations is the Computer Services Section, which is 
comprised of the Computer Center and the Computer Applications Department. 
Much of modern scientific research would be impossible without the use of high
speed computers . Long-range plans include a consideration of upgrading the 
central computing facility by replacing the CDC 7600 with faster equipment. 
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ADMINISTRATION 

The Administration Division 's responsibilities are to ensure that the terms of 
LBL's contractual obligations to the Department of Energy are met and to provide 
all the administrative services needed to support the research activities of the 
Laboratory. These responsibilities are carried out by the Division's ten depart
ments: Accounting, Budget, Business and Auxiliary Services, Contracts and 
Grants, Foreign Personnel and Visitor Arrangements, Office of Equal Opportunity, 
Personnel , Purchasing , Inventory Management, and Supply Services. 

The management goal of the Division is to provide prompt, efficient support 
for the research activities that are the reason for the Laboratory's existence. The 
attainment of this goal depends upon decisions made daily by administrative 
staff members working directly with scientists and engineers. To make this an 
effective process, the department heads are given broad authority to manage 
their respective operations. 

Plans are being made to develop an integrated data processing system for the 
Division; a committee of users, computer scientists , and operations staff is de
termining the hardware and software requirements. The new system would en
hance and modernize the existing data systems, providing timely information to 
all Divisions in matters of finance, human resources , and supply. 

A construction project to provide additional on-site office and warehouse space 
is in the planning stage. This space would provide for the consolidation of many 
Division functions and would increase service efficiency to the research com
munity. Additional benefits would include a reduction in leased off-site space and 
a greater availability of existing on-site space for other uses. 
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The National Electron Microscopy Center, a part of LBL 's Materials and Molecular Research Division, came into being in 
1981 with the completion of the High-Vol/age Electron Microscope in the "silo " of this building. It represents the nucleus of 
what will become the world's premier research center for electron microscopy. Soon to be added is a similar structure to 
house the Atomic Resolution Microscope, which is presently under development. By enabling scientists to look more 
deeply than ever before into the atomic structures of materials both familiar and exotic, these instruments will yield 
knowledge that will help shape the technology of the future. 
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