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On the Cover: 
A topographic map of a gold surface at one angstrom 

shows the drag force of friction as a unique bidirectional 
Atomic Force Microscope (AFM) tip rocks over the gold 
atoms. Lightened areas reveal high friction; darker areas show 
low frictional drag. Using the AFM, researchers from LBL's 
Center for Advanced Materials are able to study the atomic 
origin of frictional forces . Story on page 14. 
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FOREWORD: 
Charting Our Future 
For more than half a century the Lawrence Berkeley Laboratory 
has been at the forefront of scientific research. Throughout 
these years it has benefited enormously from its partnerships with 
the University of California, other laboratories and private 
industry, garnering nine Nobel prizes and hundreds of major 
scientific awards. The 199 3 research highlights featured here 
represent a sampling of the many outstanding projects being 
conducted throughout the laboratory. As we approach the new 
century, LBL remains committed to scientific excellence in 
fundamental research . At the same time, we strive to seek new 
partnerships to fully exploit the potential of our scientific 
endeavors-for public health and environmental safety, science 
and math education, and industrial applications that will help the 
nation develop its technology to better compete in the global 
marketplace. The following achievements represent another step 
toward fulfilling these goals. 



The genetic 
basis for 
breast cancer 
is beginning 
to be under
stood. 

PROBING THE GENETIC 
BASIS FOR BREAST CANCER 

Molecular cytogenetics leads to improved methods 
for studying gene function 

pplying the massive amount of 
information being generated by 
the Human Genome Project is 
an important mission of the 
Resource for Molecular Cyto

genetics. The Resource, a joint effort between 
LBL and UCSF funded by DOE and private 
industry, is pioneering improved methods of 
detecting and studying genetic abnormalities 
in cancer and other genetic diseases, including 
those found prenatally and in newborn infants. 

An LBL/UCSF team, led by Resource prin
cipal investigators Joe Gray and Dan Pinkel 
and UCSF scientist Fred Waldman, is apply
ing these methods to study genetic changes 
implicated in breast cancer progression. With 
support from the Bay Area Breast Cancer Pro
gram, the genetic basis for breast cancer is 
beginning to be understood. 

In recent work, a technique called compar
ative genomic hybridization (CGH) was applied 
to detect and determine the chromosomal loca
tion of genetic aberrations in a large number 
of breast cancers. Many of the tumors showed 
loss of material on chromosome 16. Probes to 
this chromosome obtained from the Los Alamos 
National Laboi·atory were used to define the 
precise region involved on chromosome 16. 
The gene coding for the cell adhesion mole
cule E-cadherin was located in the region indi
cated as being abnormal by these studies. This 
information, plus evidence from others sug
gesting that E-cadherin function is frequently 

lost in advanced cancers, prompted a more 
detailed investigation of the E-cadherin gene. 

First, the investigators, in collaboration 
with the LBL genome project, isolated a YAC 
(yeast artificial chromosome ) probe for 
E-cadherin and used this probe to measure 
the number of copies of the E-cadherin gene 
in breast cancer cell lines. These studies sug
gested a strong association between loss of 
one allele (normal cells have two) of E-cad
herin and loss ofE-cadherin function. Next, 
the investigators obtained information about 
the E-cadherin DNA sequence from the 
human genome project DNA sequence data
base and used this information to study the 
remaining allele . This work showed that the 
allele was mutated . Thus, loss ofE-cadherin 
function in breast cancer seems to be caused 
by a physical deletion of one allele and muta
tion of the other. Loss of function in this 
gene, which normally produces a protein that 
binds cells together, may lead to increased 
abili ty to invade and metastasize. 

The next step is to study E-cadherin in tis
sue isolated from actual tumors of the breast 
and other tissues, such as the bladder, ovary 
and prostate , to determine whether similar 
mutations and deletions occur there. Iden
tification of E-cadherin mutations and dele
tions in human cancers may improve prog
nosis in these cancers, and may further our 
understanding of how cells escape from their 
normal location and spread through tl1e body. 
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Loss of E-cadherin 
expression, associ
ated with an 
increased ability 
for a breast tumor 
to metastasize, 
is illustrated by 
fewer copies of the 
E-cadherin gene 
(green spots) than 
the reference 
section of the 
chromosome 
(orange spots). 
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The ALS was 
featured on the 
cover of Physics 
Today in August 
1992. 

Reprinted wi th permission 
from Physics Today. 

BRIGHT LIGHT 
LBL's newest facility, the Advanced Light Source, 

prepares to begin operation 

arch 199 3 marked the com
missioning ofLBL's Advanced 
Light Somce, the brightest soft 
x- ray and ultravio let light 
source in the world. Less than 

five years after its groundbreaking, the ALS fi.tl 
flll ed the requirements of its fundin g agency, 
the U.S. D epartm ent of Energy, for project 
completion. 

Commissioning ofd1e ALS was accomplished 
a week ahead of schedule, wid1in d1e project's 
$100 million budget, and wid1 a rating of "excel
lent" from a panel of final reviewers. 

Th e ALS co nsists of a hi g h-energy elec
tron storage rin g equipped with special mag
netic devices that produce x-ray and ultra
vio let li g ht and co upl ed to adva nced 
beam lin es and expe rim ental stations. T he 
fac ility's project plan ca lled for 50 milliamps 
of elec tron -beam cur
rent in the sto rage ring 
by March 31 , 1993. 
T he ALS pa ssed t hat 
mark o n March 24 
wh en it reac hed 65 
milliamps, and has now 
exceed ed its d es ig n 
goal of 400 milliamps. 

Secretary of Energy 
H azel O 'Leary sent a let
ter of congratulations to 
LBL Director Charles V. 
Shank and the staB-' at d1e 
Laboratory for achieving 
d1e beam-current mile
stone. In d1e letter, she 
especial ly praised physi
cists Jay Marx and Brian 
Kin caid who oversaw 
the construction of d1 e 
Light Source. 

u nderneadl dle dome of me ALS--dle same 
structure that crowned the 184-inch cyclo tron 
built by LBL founder Ernest 0. Lawrence dur
ing World War II- is a complex of electron 
accelerators and a state-of-the-art electron stor
age ring that is 200 meters in circumference. 

An e lec tro n beam that has bee n accel 
erated to 1.5 billion electron volts circul ates 
in the storage rin g for several hours, guided 
and fo cused by hundreds of precisio n e lec
tromagnets. U ndul ator and wiggler mag 
netic " insertion " devices that are also in the 
rin g produce synchro tro n radi atio n at th e 
soft x- ra y and ex treme ultrav io le t wave 
lengths. 

InstaUation of the storage ting was completed 
in D ecember of 1992. Electrons were injected 
in to it less than a month later and allowed to 
coast around it. Two mond1s later, on March 

16, 1993 , when the 
radio -frequency power 
system began operating, 
an electron bea m was 
stored in d1e ring for d1e 
first time. The beam 
made millio ns of turns, 
reaching a current of 
6 milliamps. Litde more 
than a week later, the 
current surpassed th e 
requirement for project 
completi on and by the 
first week in April had 
clim bed to 407 mil 
li amps. T he ALS is 
scheduled to begin oper
atin g in fa ll , 1993 . I t 
will be open to quali fied 
scientists and engineers 
fro m throughout the 
U ni ted States. 
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A strobe light 
simulates the bright 
light that will be 
generated by the 
magnetic devices 
called undulators. 
(This light will not 
be in the visible 
region of the 
spect rum). 
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TheXAS 
technique 
provided the 
first direct 
evidence for 
the presence 
of elemental 
selenium at 
!(esters on. 

SHEDDING LIGHT 
ON SELENIUM 

X-rays are being used to characterize soil 
contamination at the J(esterson Reservoir and 

Wildlife Refuge in the San Joaquin Valley 

-rays, produced in synchrotron 
radiation facilities that pre-date 
LBL's Advanced Light Source, 
have been used to identif)r and 
characteri ze the contamination 

of so il s by selenium and other envi ro nmen
tal pollutants. 

Tetsu Tokunaga, of the E~u-rh Sciences Divi
sion, is using tvvo techniques, x- ray :tbsorption 
spectroscopy (XAS) and synchrotro n x- ray flu 
orescence microprobe mapping (SXRFM ), to 
study sclcnium - contamin:~ted so il s from the 
Kesterson Reservoir ~1nd Wildlife Refuge in 
the Sa n Joaquin Valley. His early work has 
demonstr:lted that both techniques show great 
promise for he! pin g future en vi ro n m en tal 
clean up operations. 

T he XAS technique provided the first direct 
evidence for the prese nce of e lemental se le
nium at Kesterson- whi ch is good news for 
wildlife, because this insoluble form of se le 
nium is not likely to be transported from the 
soi l into the water. The SXRFM technique 
demonstrated that the distribution of selenium 
in contaminated soil is not uniform. In water
saturated soil immediately adjacent to decom 
posing plant roots, the concentration of sele 
nium was found to be 20 times greater than 
in the surrounding soil. This selenium enrich
ment helps explain s some pu zzlin g obse rva
tions made at Keste rson monitoring sites . 

Selenium is a naturall y occurrin g, poten 
tially toxic trace clement that became an issue 

of great public concern in California in the 
ea rly 1980s with the poisonings and deaths of 
wild birds at the Kesterson Rese rvoir. Sub
sequent analysis indi ca ted that sele nium in 
agriculture drainage water was respo nsible. 
Eve r since, TokunagJ and some two dozen 
other LBL rese:1rcbers have been learning how 
to contro l se lenium contamination . 

Tokunaga appLied XAS to d1e Kesterson soils 
after others proved the techniqu e is effective 
for o btaining info rmation o n trace elements in 
pure mineral specim ens. Collabor:~ting with 
Gordon Brown , Ingrid Pickering, and others 
at Stanford Synchrotron Radiation Laboratory, 
he demonstrated that not o nlv docs XAS pro
vide quick, accurate ~111d detailed measuremen ts 
of selenium speciation , it docs so without the 
e!Jborate extraction proccdmes required of con
ventio nal ana lytic methods that may alter the 
chcmic11 form of the selen ium being measured . 

For his SXRFM studies , Tokunaga and col 
laborator Stephen Sutton used beams from 
the Nationa l Synchrotron Light Source at the 
Brookhaven National Laboratorv. With thi s 
technique he was able to map the distribution 
of selenium d1roughout a soi l sample and show 
that the fate of this contam inant is linked to 
heterogeneouslv distributed microbial activity, 
such as the decomposition of plant material. 

The brighter , mo re sha rpl v foc used x-r:1y 
beams of the ALS will enable Tokunaga to 
expand hi s research fl·om selenium to o th er 
majo r soil contaminants, such as boro n. 
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This soil sample 
with an imbedded 
decomposing plant 
root was initially 
uniformly con
taminated with 
soluble selenium. 
The sample was 
later imaged with 
the x-ray fluo
rescence micro
probe to monitor 
selenium 
redistribution. 

This image shows 
the synchrotron 
x-ray fluorescence 
microprobe map
ping of selenium 
distributions in 
contaminated soils. 
The measurements 
demonstrate that 
extremely elevated 
concentrations of 
selenium can occur 
in the vicinity of 
buried , decompos
ing plant tissue. 
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The auto
mated colony 
picker elimi
nates human 
errors and 
frees up 
scientists 
for more 
creative 
endeavors. 

AUTOMATED 
COLONY SORTING 

Advanced engineering speeds up efforts 
to map and sequence the human genome 

L 
BL's HLUnan Genome Center main
tains a leadership positio n in many 
activi ties related to genetic map
ping, sequencing, and related instru
mentatio n development. Recently 

it h as become one of the major d istributors 
of DNA clone libraries to research organi za
tions across tl1e nation, tlnnks to a high-speed 
automated colony picker and associated auto
mated replication teclmiques. Designed by the 
Genome Center's instrLUnentation group, Lmder 
the leadership ofJoe JaJclevic, a physicist in the 
E ngineerin g Divisio n, the colo ny picker ca n 
pick and array colonies of yeast or bacteria at 
the rate o f nea rl y o ne colony per second , o r 
more tl1an 3,000 an hour, which is about what 
an experienced human can total after an eight
ho ur workday, but with g reater accuracy and 
info rmatio n management. 

Human chromosomes are far too large to 
be handl ed intact by any kn own bi o logica l 
procedure and therefore must be broken into 
small er pieces . T hese fragments of hum an 
DNA are tl1en cloned in colonies of yeast o r 
bacteria cells, which are carefully arranged in 
ordered libraries so tlut geneticists can later 
determine their original chromosomal posi
tion. A DNA clone library m ay consist of 
50 ,000 o r m o re individual fragments , eac h 
growing in its own colony. 

Assembling DNA clone librari es for sub
sequent replication an d manipulation req uires 
that cell s of yeast or bacteria growing at ran
dom in Petri d ishes be picked up and t rans
ferred to a growth mediu m in microtiter plate 
well s. T he task is t rad itiona lly done by hand 

with a toothpick. It is tedious work and tl1e 
potential fo r human erro r is high. 

T he auto mated colon y picker eliminates 
human errors and frees up scientists fo r more 
creative endeavors. It consists of two computer
controlled tables, positioned LU1derneath a rotat
ing carousel wheel of twelve plLmgers, each with 
a sterilized needle. 

To operate th e system , a Petri di sh con 
taining colo ni es of yeast or bacteria is placed 
o n one tab le, and a 96 -well mi crotiter pl ate 
is placed on th e o ther. Gu id ed by a digital 
ima ge that shows th e location of co lo ni es 
in the di sh , the first table moves a colony 
so that a plunge r can pick cells onto a needl e. 
The needle is then rotated by th e ca ro use l 
over to th e seco nd plun ge r and th e table 
bea rin g the mi crot iter plate m oves a we ll 
underneath. 

T he compu ter acti vates me second plunger, 
dipping the needle into the growtl1 medium 
where some of the cells will be deposited. After 
retraction from th e growth mediu m, the nee
dle is rotated through a tank fill ed with ster
ili zing liquid and made ready fo r reuse. 

In the future , the colony picker will be inte
grated with other custom automation mod 
ules currently under d evelopment by the 
inst rumentation g ro up , including an auto
mated image digitization system, a rapid tl1er
mal cycl er for DNA amplifi cation , and a 
robotic sys tem for extraction of DNA fro m 
ce lls. When full y operational, the auto mation 
designed for LBL's Human Genome Center 
will establi sh a production capabili ty to map 
and seq uence millions of base pai rs pe r year. 
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The high-speed 
colony picker is 
able to " pick" 
colonies of yeast or 
bacteria cells 
containing cloned 
human DNA 
fragments at the 
rate of one per 
second, 10 times 
faster than 
experienced 
humans. 

Close-up view of 
rotating carousel 
with needle 
dipping into petri 
dish contain ing 
yeast or bacteria 
cells with cloned 
human DNA. 
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The shape of the 
CDK2 protein 
provides the key 
information in the 
design of an 
inhibitor drug. A 
successful drug 
must have a 
complementary 
shape. 

CANCER DRUGS: 
THE NEXT GENERATION 

Scientists use x-ray crystallography to 
decipher the structure of a key protein involved in cell division 

I 
n simple terms, cancer can be described 
as ce ll di visio n run rampa n t . T he 
process of cell di visio n is d ri ve n by a 
casca din g path of sign als, with eac h 
even t cata lyzed by a uniqu e enzyme. 

One strategy to impede the desu·uctive course 
of the d isease is th e desig n and use of d ru gs 
th at inactivate o ne of these enzymes, haltin g 
th e d ivisio n process . 

Scientists fi·om LBL's Su·uctural Biology Di\ri 
sio n , in co llabo rati o n with co ll eagues at UC 
Berkeley and U C San Francisco, have achieved 
an im portant step toward rea li zin g thi s strat
egy-by so lving the three-dimensio nal struc
ture of a key protein that t ri ggers the last step 
of the events which culminate in ce ll di visio n. 
T his is the fi rst ti me the su·ucture of a pro tein 
invo lved di rectly in controllin g ce ll d ivisio n 
has been determined. 

Cydin-dependent kinase 2 (CD K2 ) is J mem
ber of a !Jrge fa mily of 
pro tein kinases that ini 
tiates the principal tratl 
sitions of the eu.bryotic 
cell cycle, attaching phos
phate groups onto their 
target enzymes. Various 
tvpes of kinases are 
involved in the chain of 
reactions that fo llow cell 
sti m uJation by a growth 
facto r. T he critical step 
in dlC sequence of events 
is known as Start, the 
moment when th e cell 
becomes committed to 
a new division cycle. It is 
Jt this st::~ge when cell 
division c::~n go ::~w rv, 

J e::~di ng to GlllCer. 

T he t hree -d im e ns io n a l st ru ct ure of 
CDK2 was de te rmin ed by Sung- H o u Kim 's 
x- ray c rys t a ll og rap h y g ro u p a t L BL-an 
effo rt le d b y He ndrik L. D e Bo ndt an d 
J armil a J anca rik. D av id M o rga n led th e 
Sa n Franci sco g ro up in isolatin g and puri 
fyin g th e protei n . T he researchers co ll ab 
o rat ive effo rt vvas rece ntl y featured in an 
iss ue o f t he jo urn al Nature . 

X-ray c rys ta ll og raph y m erges art wit h 
sc ience by g rowin g a c rys tal fro m t he p ro 
te in of inte res t and th e n shoo tin g it with 
an x- ray beam. T he process ge nera tes d is
tin c t pat te rn s w hi c h ca n be a n alyze d by 
co mpu ta ti o nal met hods to reve:li a m o le
c ul a r stru cture. Co mpute r g r ::~ ph i cs se rve 
as a powe rful too l to visualize th e m olec 
ul a r sur face a nd h ighli g ht poss ibl e ta rgets 
fo r inhibi to r des ig n. 

vVi th th e three-d imensio nal stru cture 
of CDK2 now de te r
Ill ined, several resea rch 
groups, including some 
bi o techno logy compa
ni es, are begi nn ing to 
design potent ial d ru gs 
tl1 at bind and inactivate 
tl1is protein . 

T his powerful too l, 
soon to be enhanced by 
beams of incomparable 
brightness generated by 
t he Ad va nced Lig h t 
So urce, will p rovide 
p ro misi ng opport u ni 
ties fo r industrial li nk
ages, furt he ri ng the 
inves ti gation of stru c
tu re-based d rug design. 
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In this computer
generated model, 
ribbon diagrams 
are used to show 
the architecture of 
the CDK2 protein. 
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Computer model of 
a solar neutrino 
event at the 
Sudbury Neutrino 
Observatory. A 
deuterium nucleus 
captures a neutrino, 
producing an 
energetic electron, 
which in turn 
generates Cerenkov 
light. This light is 
detected by an array 
of 1 0,000 photo
multiplier tubes 
placed in the 
geodesic support 
structure. 

UNVEILING THE SNO BALL 
Major component of the 

international neutrino experiment is assembled 

n July 8, 1993, a ribbon-cutting 
ceremony at a machine manu
facturing company i11 Petaluma, 
California , celebrated tl1 e com
pletion of a 60-foot-diameter 

stai11less-steel geodesic sphere. The sphere will 
be a major component of an international sci
entific experiment known as ilie SudbLuy Neu
trino Observatory (SNO). 

Designed by LBL's N uclear Science and 
Engineering Divisions and assembled at Donal 
Machine, Incorporated, the 58 ,000 pound 
sphere \viii serve as the supporting frame for 
10,000 photomultiplier tubes . T hese tubes 
are the heart of the SNO experiment. 

SNO is a coll aboration involving more than 
60 scientists from LBL and l 0 other labo ra
to ri es and uni versiti es in the Un ited States, 
Canada, and the Uni ted Kingdom . Its pur
pose is to answer some of the most perplex 
in g questions about neutrinos, the ghost-like 
part icles emitted from the sun and explod in g 
stars, whi ch co uld ho ld the key to the future 
of our universe. 

Scienti sts tl1ink tl1e 
Lmiverse began some 10 
billion years ago with the 
Big Bang. C reated in 
tl1at eA'J)Iosion were neu
trinos and every other 
type of particle tl1at has 
ever existed. According 
to calculations, if neu
trinos have sufficient 
mass, the universe wi ll 
stop its current expan
sion and eventually col
lapse. S 0 should tell 
scientists whetl1er neu
trinos have such a mass. 

Another question to be answered by SNO 
is the myste ry of solar neutrinos -why do 
experiments record fewer solar neuu-inos reach 
ing the earth than theory predicts? This d is
crepancy casts do ubts on our understanding 
of the nuclear reactio ns occurring in ilie sun , 
and on tl1e Standard Model , tl1e basic ilieory 
of particles and fo rces now invoked to explain 
virtually all tl1e phenomena of modern physics. 

T he geodesic sphere has been shipped to 
the town of Sudbury, Canada, for reassembly 
some 6,800 feet underground in a cavern as 
large as a ten -sto ry building . The sphere and 
tl1e photomu ltiplier tubes connected to it wi ll 
be suspended in the cavern , which wi ll then 
be fill ed witl1 7,800 metri c tons of ultraclean 
o rdin ary water . Suspended inside the sphere 
itself will be a plastic tank fi ll ed with the ta r
get material, 1 ,000 metric tons of heavy wate r 
(deuterium oxide). 

When SNO begins operating, fl ashes oflight 
known as Cerenkov radiation wiLl be produced 
when nnminos in teract with deuterium nuclei 

o r electro ns. T hrough 
the detection of these 
flashes with tl1e photo
m ul tipli er tubes, scien
tists will be able to 
count the th ree d iffer
ent types of neutrinos 
and compare the vaJious 
interactions between 
neuu·inos and tl1e elec
trons and deuterium 
nuclei contained in the 
taJ·get. The SNO exper
iment will last at least l 0 
years and is expected to 
record between l 0 to 20 
neutrinos each day. 
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The SNO ball 
suspended from a 
170-foot crane at 
the ribbon-cutting 
ceremony in 
Petaluma, 
California. 
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This 
instrument 
g tves 
scientists the 
capability to 
explore the 
mechanisms 
underlying 
lubrication, 
adhesion, 
and the 
interaction 
between 
surfaces. 

USING MICROSCOPES TO 
MEASURE FRICTION 

Researchers are using Atomic Force Microscopes 
to look into the atomic origin of frictional forces 

E 
xploring the mystery of friction, 
LBL scientists have devised an 
instrument that records frictional 
forces while mapping a surface at 
an atomic scale. 

A scientific team led by Miq uel Salmeron 
of LBL's Center for Advanced Materials has 
developed a uniqu e b idirectio nal Ato mic 
Fo rce Mic roscope (AF M ) that ca n 
sim ul taneously map surface topography and 
meas ure the "dragging" o r fri ctional fo rce 
of the t ip as it scans ac ross a surbce. 

T he in stru ment opens a window that will 
al low researc he rs to invest igate fri ct io n , 
ad hesion, wear, and the effect of d ifferent 
lubricants. 

When two surfaces come in contact with 
each other, the atoms do not ro ll across one 
another li ke ba lls. Instead, they have chemical 
bo nds a nd c lo uds of e lect ro ns (ato mi c 
o rbi tals) which determine the maximum drag. 
T he prope rti es of t hese o rbitals and their 
relative orientations determine the strength of 
the frictional forces. 

W hat fac to rs increase o r d ecrease t hese 
friction al fo rces? If we p u t oi l or wate r 
molec ul es o n t he s ur fa ce, how a re t he 
fr ictional fo rces altered ? T he bid irec tional 
AFM \vi ii help us begin to understand such 
basic q uestio ns. 

M u ch li ke a p ho n og ra p h pla yer, t h e 

bidirectional AFM maps a surface by scanning 
a very sharp tip across a sample, but with a 
force so slight that single atomic bonds are 
not broken during the scan . A conventional 
AFM measures smface topography as the tip 
moves up and down over individual atoms. 
To measure drag, t he bidirec tio nal AFM 
inco rp o rates fe atures w hi ch also all ow a 
computer to record the sideways o r rocking 
motion of the flexi ble, cantil evered tip. 

T he instrument allows scientists to stu dy 
wear at a n ato mi c scale, in c reas ing t he 
compressive fo rce on the tip and measuring 
how much fo rce is required to di slodge single 
atoms. Resea rchers also can measure whether 
fi·ictio nal fo rces arc uni fo rm o r if they vary 
based upon a pattern that is correlated to the 
atomic topography of the surface . 

I n b io logy, c he mi stry, a nd p h ysics, 
p ract ica l q uest io ns a rc add ressed a nd 
reso lved base d on resea rch at t he atomic 
scale. But in the study of the mech anical 
properti es of surfaces, researchers have not 
yet mad e t hat leap. T his instrum en t g ives 
sc ie nti s t s t he capa b ility t o ex pl o re t he 
me c hani sm s und e rl yin g lub r ica ti o n , 
ad h es io n , and th e inte racti o n b etween 
surfaces. U ltimately, what we learn sho uld 
lead to better lubri cants which extend the 
lives of moving parts and improve the energy 
efficiencies of mechanical devices. 
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Topographic map 
of a gold surface at 
one-angstrom 
resolution showing 
atoms as small 
protrusions. 

Map of the same 
surface showing 
the drag force of 
friction as the 
b idirect ional AFM 
tip rocks over the 
gold atoms. 
Lightened areas 
reveal h igh friction ; 
darker areas show 
low f rict ional drag. 
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MAPPING THE 
RADONRISI( 

An LBL researcher develops a strategy for locating homes 
with unusually high concentrations of radon 

R 
esearch ers in th e Energy and 
Envi ronment Division 's Indoor 
Enviro nmen t Program have 
been at the fo refront of rad o n 
research for more than a decade. 

Novv, a group headed by T ony Nero is devel
oping a statistical model for estimating actual 
indoor radon concentration in houses by geo
graphical area. 

W hen concentrati on di stribu tions can be 
reli ably predicted fi·o m area to area, effo rts can 
be focused on mo ni toring those homes expected 
to have especiall y high amoun ts of radon and 
therefo re the g reatest potential fo r in ducing 
lun g cancer in occ upants. Witho ut such a 
foc used effort, a nationwide program would be 
extremely-perh::1.ps proh ibitively-costly. 

R:J.don-222, the most signifi cant isotope, 
is produced by the radioactive decay of rad ium-
226, which in turn is prod uced by the decay 
of trace amounts ofuran ium-238 fo und in the 
earth's crust. Since radon enters bu ildings in 
soil gas, indoor concentration depends on such 
f:Ktors as soil radium content and permeabil
itv to gas flow. House characteristics, such 
as the configuration of the substructure, and 
weather conditions also play a role. 

Stud ies by Nero and his coworkers have 
shown that a small but significant number of 
houses h::1.ve concentrations much larger than 
the national average of one picocurie per liter 
(pCijl ). One to three percent of houses (about 
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one million U.S. homes) have concentrations 
above 8 p Ci/1, a level at which occupants 
are receiving a radiatio n dose greater than the 
ave rage fo r uranium miners. In 50 ,000 to 
100 ,000 hom es, co ncentrati o ns exceed 20 
p Cijl, ca using occ upant exposures near o r 
above the occupational radiation dose limi t. 
About 9 0 percent of these are beli eved to be 
located in 10 percent of the country. 

In a demonstration case in Minnesota, LBL 
researc hers fo un d tha t radi o metric da ta 
obt::U ned fl-om previously conducted aeri al sur
veys, combined with geologic data from so il 
pe rmeability stud ies, co rrelated hi ghl y with 
d irect in-home radon measurements. By using 
data on each co un ty's ave rage rad ium co n
centration to pred ict the co unty's average 
indoor radon concentration, the resea rchers 
can identif)r areas where homes sho uld be mon
itored and where remediation efforts, such 
as modit\ring substructure ventilation, sho uld 
be carried out. 

The long-term aim ofNero and his cowork
ers is to estimate average local concentrations 
across the nation, down to a census-tract scale 
(4000 people ). 

The ultimate outcome will be a decrease in 
the incidence of lung cancer. Currently in the 
United States, as man~· as 10,000 cases of lung 
cancer per vear mav be caused by radon expo
sure, a very large number compared to the esti 
mated risk fi·om otllCr environmental poll utants. 
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We now have 
a much 
sounder basis 
for modeling 
chemical 
reactions in 
combustion 
and in the 
earth)s 
atmosphere. 

PUTTING THEORY 
TO THE TEST 

An experiment with ketene is helping chemists 
understand and predict chemical reactions 

0 
bservation of the rate at which 
a molecule undergoes the tran
sition from reactant to product 
has provided the first experi
mental evidence for a critical 

prediction of one of chemistry's most funda
mental theories. 

Results of an experiment led by Bradley 
Moore, a chemist with LBL's Chem ical Sci 
ences Division and a professor of chemistry at 
UC Berkeley, will help chemists in their on
goin g effort to understand, predict, and , ulti 
mJtely, contro l chemiCJ I reaction rates Jnd 
products. 

It is no ex<1ggera t io n to say that J soci 
ety's stJnda rd of li vin g is large ly dependent 
upon its knowledge of chemica l reJctions. For 
more than 50 yors, much of o ur knowledge 
of chem ical reactions has been derived f-l·om 
trJnsition state theory, which explains how the 
movement of atoms in a molecule during J 
reaction determines the reJction's outcome. 
However, few of the theory's predictions have 
been experimentJ II y tested because , until 
recently, chemists lacked the tools to do so . 

Using a technique cal led photofl·agment 
spectroscopy, Moore and his research team 
were able to make the first direct observations 
of transition state quantum energy levels in 
a unimolecular reaction - one involving on ly 
one molecule as the reactant - and deduce 
the associated molecular motions. In accom-

plishing this, they were able to confirm that 
the rate of a reaction is proportional to the 
number of different ways a molecule can 
vibrate at the transition state. 

The tests were conducted on ketene 
(CH2CO), a reactive gas that absorbs energy 
from ultraviolet photons and separates into 
CH2 and CO. A sample of ketene molecu les 
was chilled to nearly absolute ze ro in o rder 
to ensure that all of the molecu les started out 
at the same energy. Ultraviolet laser li ght was 
then f-lash ed on the molecules to cause the reac
tion breaking the C -C bond and separatin g 
the CH2 and the CO fragments of ketene. 

The excitation energies pumped in to the 
molecules corresponded to the energy levels 
predicted in transition state theory. ReJction 
rates were measured by monitoring the appcar
Jncc of CO fragments at each energy level 
with vacuum -ul travio let laser-induced f-lu o 
rescence. A photofl·agmentation spectrum of 
the CO was also taken. It was found that the 
rate of the reaction increased in a stepwise 
manner with increasing energy, as predicted 
by transition state theory. Each step corre
sponds to a vibrational energy level for the 
transition state: steps were found close to the 
energies predicted by quantum chemical cal
cu lations. With these results, we now have a 
much sounder basis for modeling chemical 
reactions in combustion and in the earth ' s 
atmosphere. 

18 ReseJ rch Hi ghli ghts 



Experimental 
results by LBL's 
Brad Moore, which 
confirmed one of 
chemistry's most 
important theories, 
made the cover of 
June 1992 Science 
Magazine. The 
schematic depicts 
the dissociation of 
ketene (CH2CO), 
showing how the 
rate of reaction 
increases in a 
stepwise manner as 
the total energy 
increases through 
transition state 
vibrational 
thresholds (white 
lines), and how 
motions (black 
arrows) at the 
transition state 
carry through to 
products. 

Reprinted with permission 
from Science. 
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Physicist Lina 
Galtieri holds the 
electronics 
package designed 
by LBL. 

TRACIGNG B MESONS 
AND SEARCHING FOR 

THE TOP QUARI( 
An LBL team develops innovative electronics that permit 
high-resolution measurements of charged particle tracks 

A 
new measurement of the life
times of charged and neutral B 
mesons is a major achievement 
of scientists from LBL's Physics 
Division, working at the Col

lid er Detector Facility (CDF ) at Fermilab. 
B mesons are particles containing a "b" or 
"bottom" quark, the fifth of th e six quarks 
that are believed to be the fundamental con 
sti tuents of matter. 

LBL members of the CDF collabo ratio n 
include 17 physicists, headed by Lina Galtieri. 

The new measu rem en t was mad e poss i
ble through the successfu l exploitatio n of the 
Silicon Vertex Detector (SVX). LBL physi
cists and engin ee rs led the develop ment of 
innovati ve integrated circuit design and read 
o ut electro ni cs wh ich 
enabl e th e SVX to 
meas ure tracks of 
charged particles with 
very hi gh spatial reso
luti o n. There are 
500,000 particle colli
sions per second occm
ring at the center of 
the CDF . The SVX is 
able to accommodate 
this enormou s rate, 
and as a result CDF is 
now able to compete 
with electron -positron 

machines in measuring the properties of 
B mesons. 

B mesons can be identified because they 
usually travel several hundred microns before 
decaying. The SVX allows the tracks to be 
traced back to their origin with a precision 
of about 12 microns in the plane transverse 
to th e in coming proton and antiproton. 
Without the SVX, the resolution was about 
300 microns and thus o bscured the separa 
tion between the co ll ision vertex, where the 
B meson was produced, and the vertex where 
it decayed . 

In additio n to their role in developing the 
SVX, LBL scientists in the CDF group played 
a leading role in the data analysis, which pro
duced new measurements o f the lifetimes of 

neutral and charged B 
mesons and , mo re 
recently, has found evi 
dence for tl1e Bs meson, 
a particle containing a b 
quark and an s quark. 
The same group ofLBL 
scientists is also search
ing for the t or "top" 
quark (the sixtl1 quark, 
yet to be found ), an 
efrort which also exploits 
the high-precision B 
vertex meas urement 
provided by tl1 e SVX. 
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A close-up of the 
LBL-designed 
integrated circuit 
electronics 
package, which 
enables the Silicon 
Vertex Detector to 
measure tracks of 
charged particles 
with high spatial 
resolution in the 
face of an enormous 
flux of produced 
particles. 
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SCIENTIFIC 
VISUALIZATION 

Employing high-speed networks and distributed computing, 
researchers are able to use highly sophisticated imaging techniques 

L 
BL J nd Berkeley resea rc hers 
recentl y comple ted a project link
ing the two instit uti ons with an 
optical -fiber gigabit (bill io n bit per 
second ) computer network. Send 

ing in formatio n at a rate almost a miLlio n times 
fas ter than a standard modem o n a home com 
puter, the link opens up a new era in scien
tific visuJI expe rimentati o n. 

T he new network link is part of J joint reseJrch 
program between LBL and E lectri cal E ngi
neering/ Co mputer Science at UC Berkeley. 
LBL's Bill Jo hnston w:1s instrumental in the 
development of the netwo rk. T he coliJboration 
also includes Professor Domenico Ferrari and 
Professor Randy Katz of UC Berkeley. 

Jo hnston notes that im ages and video are 
becoming integral to mo re and more research. 
Typica ll y, researchers must be ab le to isolate 
feat ures and ext ract th e ir geo met ry as they 
perform a fi·ame-by-frame mathemati cal analy
sis o f motion o r shape change . 

Until now, the vast amoun ts of cligital in for
matio n inherent in images, along with the pro
cessin g and sto rage demands, have reta rded 
the growth of image-based resea rch . A con
ventio nalmo nochrome insu·umentation cam
era generates 30 frames per second, o r a data 
rate of 120 megabits per second , information 
w hi ch must be t ran smitted , stored , J nd 
processed if it is to be scientifica ll y useful. 

In the distrib uted system under deve lo p
ment at LBL and UCB , researchers connected 
to t he g igabit network ca n look at a work
statio n mon itor and see Lh e da La cull ed from 
a live video even as the experiment is running. 
The video camera is conn ected to J network 
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where storage devices such as RAID II sJve 
th e im ages. T he network can also tran smit 
them to LBL's new MasPar massively paral
lel processing system . The MasPar processes 
and analyzes the vid eo input , p rovi din g an 
instant display of data Jt any engineeri ng work
statio n o n the LBL/ UCB gigabit network. 

Th e new compu tin g envi ro nm ent is vers::t 
t il e. It suppo rts video ::t nd audio conferencing 
between multipl e indi viduals. It allows indi 
vidu als, wo rkstatio ns, J nd sc ien t ific in stru 
mentatio n Jt multipl e location s to be tem 
po raril y conf-ig ured into a virtual computing 
system . And it makes possible a new genera
tio n o f collabo rJti ve experiments. 

A cortic::tl anatom y project , for exa mpl e, 
would allow reseJrchers to put together J dJta 
base composed of dif!-c rent types of brain scans 
of norma l and Jbno rmal patients. T hro ugh a 
comparison of th ese two- and three-dimen
sio nal images, medical resea rchers wou ld be 
able to o rgJni ze, catalog, ::~ nd characteri ze feJ 
tures of the bra in . Scientists involved in com
bustio n dynamics and geophysics are discussing 
use of the network to com pare video record 
ings of experi ments with synthetic images pro
duced fro m simulations. By all owing 
resea rchers to compare theory with practice , 
th e gi g::~ bit network should narrow th e dis 
tance between the two. 

T he gigabit ne twork, the MasPar, and con
nectio ns to wo rl dwide networks ope n up a 
worl d of possibili ties. With the fa ll 1993 start
up of t he Adva nced Lig h t Sou rce, the new 
computi ng environ ment will help LBL realize 
its visio n of o penin g the faci li ty to scientists 
working at remote locJtio ns around the world. 
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A three-dimensional 
model of the brain 
is created by 
remote super
computers and is 
displayed locally 
on a graphics work
station. Control 
panels permit 
scientists to vary 
parameters of the 
modeling and 
display. 

The raw data for the 
model, which were 
provided by 
Tom Budinger and 
the staff at The 
Center for 
Functional Imaging, 
consist of many 
two-dimens ional 
images which 
are obtained 
by Magnetic 
Resonance 
Imaging (MRI). 
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Lawrence Berkeley 
Laboratory and 
Seagate Magnetics 
of Fremont, 
California, a major 
manufacturer of 
computer disk 
drives, signed a 
CRADA to develop 
superior disk drives. 
Shown here is a 
depiction of a crack 
in a new ceramic 
material. The image 
was created by LBL
designed software 
called ChemMap. 
LBL researchers are 
assessing 
ChemMap's use as 
a nondestructive 
characterization tool 
for the evaluation of 
thin-film disk media. 

TECHNOLOGY TRANSFER 
LBL scientists join with industry to bring advanced 

scientific techniques to the marketplace 

n a rapidl y expanding international mar
ketplace, emerging technology drives the 
wo rld 's econo my. The challen ge to 
commercialize new technology wi ll play 
out in fields such as advanced materi

als, biotechnology, and electronics, with th e 
wi nn er reaping world wide economic rewards. 
Therefore, the value of tec hn o logy transfer 
between national laboratori es and the indus
trial community is more important in mai n 
tainin g America's competitive edge than ever 
before. 

At Lawrence Berkeley Laboratory, we ::tre 
worki ng with U.S. industry to meet this chal
lenge. LBL w ill con tinue to e m phas ize 
rese::t rch excel lence while actively seeking and 
estab li shing working partnerships with indus
try ac ross the U.S. Our comm itment to 
research inn ovation is the fo undatio n for new 
high -potential techno logy application s. 

Reflecting its multidi sc ip lin ary researc h 
effo rts, LBL has estab li shed worki ng partne r-

ships with a wide range of companies in indus
tries as diverse as b ioscience, co mp uters, 
advanced materials , autom otive, and energy . 

LBL And Seagate To Develop 
Computer Disk Coatings 

Lawrence Berkelev Laboratorv and Seagate 
Magnetics, a firm in F remont, Califo rnia, that 
manufactures computer di sk drives, signed a 
haH~ million doll::tr Cooperative Research Devel
opme nt Agreement (CRADA) to jo intl y 
develop a new process for making ca rbon coat
ings that protect hard disks. 

Under the terms of this ag reement, 
$285,000 will be provided over the next three 
vears through LB L by the U.S. Department of 
Energy, and $235,000 in research costs wi ll be 
shared by DOE and Seagate. T he go::t l is to 
develop new types of amorpho us ca rbon coat
ings that can be applied d urin g the production 
of a hard disk's thin magnetic layer. Consid 
ered a key requ irement for increasing the star-
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age c1pacity ::md reliability of hard drives, these 
coati ngs protect a magnetic layer from wear 
and tea r that occurs during the sta rt-up and 
operation of a computer. 

C ritical to achieving the goa l of the LBL
Seagate CRADA will be the ability to charac
terize the ca rbo n coa tings produced at the 
atom.ic level. Such characterizations reveal much 
about the relationship betwee n atomic struc 
ture and properties in a material and can lead 
to ways of opti mi zing manufacturing processes 
to improve the material's performance. 

Scienti sts at LBL, led by Gerd Rosenblatt 
and Joe l Ager of the Ce nter for Adv::\ll ced 
Mate ri als, have developed a uniqu e Raman 
spectroscopy tec hniqu e whereby properti es 
assoc iated with changes in th e pos iti on of 
atoms with respect to o ne another Jcross the 
surfJce of J material can be determined thou 
sa nds ofti mes faste r than eve r before. T hi s 
tec hniqu e along with ot he r research find 
in gs will be passed o n to experts at Sea 
ga te , who will apply it to their work. LBL 
and Seagate sc ienti sts and engin ee rs will also 
coll aborate o n the design of new experiments 
that wi ll further increase the va lu e ofl\.Jman 
spect roscopy in th e fi e ld of co mputer di sk 
drive man ufactur ing. 

LBL and Amgen CRADA 
to Focus on Growth of Tendon Cells 

Lawre nce Berkeley Laborato ry sig ned a 
(CRADA) with Amgen Inc. of T ho usand 
Oaks, Californ ia. T he focus of the CRADA 
is a cell density signal (CDS-1), which was d.is
covered at LBL's Ce ll and Molecular Bio logy 
D ivision. Accordi"n g to LBL scientist R.ichard 
Schwarz, a C DS-l could be part of a chemi-

ca l switch that promotes g rowth of tend o n 
cells and expression of collagen in tendon cells. 
Co ll agen is the basic building block of con
nective tissues . 

U nd er terms of the CRADA, the U .S. 
Department of Energy will support LBL with 
25% of the total projected development cost 
and Am gen will fund the remaining 75%. Total 
projected development costs are esti mated at 
$ 1.8 million over the next three yea rs. Forty 
percent of the total projected costs will be in 
direct support of the research program at LBL. 
Dr. Schwarz is co ll aborati ng with Amgen sci
entists in characteri zing the nature ofCDS-1. 

Amgen Inc. is a Califo rnia based global phar
maceutica l company that develops, manufac
tures, and markets hLm1an pharmaceuticals based 
o n advanced cellular and mo lecular biology . 

LBL Promotes Partnerships 
LBL's Techno logy Tra nsfer Department 

agg ress iv e ly promote s t h e labo rato ry's 
li ce n s in g a nd co llab orat ive re scuch 
opportuniti es. T hese may lead to an active 
alli ance that delivers innovative solu tions to 
create new techno log ies, prod ucts, and 
systems o fvalu e to soc iety. 

In addition to the Amgen and Seagate 
CRADAs, cooperative research ag reements 
va lu ed at approximately $32 million , have 
bee n s ig n ed with Conductu s, IBM , 
Glycom ed, Moto ro la, Rouge Stee l, t he 
American Textil e Manufacturers (AMTEX), 
Dow , EPRI , the U.S. Ame ri cJ n Battery 
Co n so rtium (USA BC ), t h e Ca li forn ia 
Institute for Energy Efficiency ( C IEE ), and 
Orion A.C.T. Severa l ot he r pro misin g 
CRADAs are being negotiated. 

Tendon tissue from 
16-day-old fertilized 
eggs (left) contains 
many more cells 
than tissue from a 
4-month-old chick, 
where cells are 
scattered between 
tough collagen 
fibers (right). 
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ccA lot of 
high-school 
kids will be 
able to do 
real and 
relevant 
professional
grade 
astronomy 
research for 
the first time 
in history. )) 

A UNIVERSAL VIEW 
The Hands-On Universe program brings startling 

astronomical images from professional telescopes 
to high-school classroom computers 

ust like modern astronomers, stu
dents in a new, nationwid e pro
gram call ed Hands- On U niverse 
are reu·ieving colorful asu-onomi
cal images from remote telescopes, 

using nothing more than their classroom com
puters. LBL is leading the development of the 
NSF and DOE suppo rted program, which 
brings real-life, real -time experimental science 
into classrooms across the counu-y. 

With use r-fi·iendly image processin g soft
ware developed by th e Hands -On U ni verse 
team, teachers and students can request obser
vations of asu-onomical o bjects over phone lines 
and Internet and transfer them back to their 
classrooms. Students can zoom in on the blaz
ing halo of tl1 e ecl ipsed sun , search for explod
ing stars in distant galaxies, and manipulate rich 
hued portraits of plan ets, doing real scientific 
problem solvin g while learning astronomy, 
physics, and matl1ematics. As tl1ey do, tl1ey wi ll 
become part of tl1 e global elecu·onic commu
nity as well as collaborators in ongoing scien
tific research witl1 tl1ei.r fellow students and pro
fessio nal astronomers. 

LBL asu·ophysicist Carl Pennypacker is lead 
scientist for tl1 e Hands-On U niverse program. 
Pennypacker, along witl1 UC Berkeley Space 
Sciences Lab Hands-On U niverse Program 
Manager Eli zabetl1 Arsem, and a core of about 
40 teachers and tl1eir students have developed 
m e program during tlle past two years , in con
junction wi th LBL's Center for Science and 
Engineering Education. 

T he Hands-On Uni verse program se rves 
a rich cu ltural cross sectio n of American stu
dents. In orde r to reach studen ts in the 
largest possible number of schools, the cost 
of the tools needed for the program has been 
kept low. Program leaders have made special 
efforts to actively rec ruit and support schools 
in und er-se rved co mmunities and provide 
them with the assistance th ey need to get 
"on-line." Hands-On U ni verse stud ents in 
America can also coll abo rate with other par
ticipants in the program-students from th e 
Navajo Com muni ty Coll ege in Ari zona, the 
So uth west Indian Polytechnic Institute in 

ew Mexico, and those affi li ated with Eng
land 's Royal Greenwich Observatory and the 
Instituto de Astrofisica de Carnari as in Spain. 

In its first year, Hands-On U ni ve rse classes 
worked mostly with images stored in a data 
base, plus tl1 e few images per week tlut they 
could request directly fi·om tl1e telescopes. T he 
program is now fully operational , and H ands
On U ni verse schools can req uest observations 
from the U C Berkeley Astrono my Depart
ment's telescopes at Leuschner Observatory. 
Within a few yea rs, students will be be able 
to request images from an LBL telescope in 
tl1e Camuy Islands. There are also plans to open 
a national observatoiy witl1 an automated tele
scope dedicated solely to high-school observers. 

Says Pennypacker, "A lot of high -school 
kids will be able to do real and relevant pro
fessional -grade asu·onomy research for tl1e first 
time in histo ry." 

26 Research Hi ghli ghts 



This d ig ital ceo 
image was taken 
on July 11 , 1991 , at 
Hapuna Beach, 
Hawaii, by Hands
On Universe high 
school teachers 
Curtis S. Craig of 
American Fork 
High School, Amer
ican Fork, Utah, 
and Bruce Downing 
of Albany High 
School , Albany, 
California, during a 
DOE supported 
Hands-On Universe 
eclipse expedition 
and teacher-train
ing workshop. 

Dr. Carl 
Pennypacker is 
shown here 
demonstrating the 
Hands-On Universe 
image processing 
package to a group 
of girls attending 
the DOE sponsored 
" Spectacles" pro
gram, a science and 
math education 
program for young 
women. 
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