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Lab of the Rising Microsuns 
After fielding a round of criticism, Brookhaven chemists are more convznced than ever that 
they are blazing a new path to fusion in impacting clusters of heavy water 

IN SEPTEMBER 1989, MOST OF THE SCIEN- I since the detailed physics of the began to think of the possibility 
tific community was in no mood to hear I remain a mystery,no one can speculate con- I of harnessing it to trigger fusion- 
from yet another group of chemists claim- fidently about what would be needed to scale At about that point, Friedman and Beuhler 
ing to have found a radically new route to the reactions up to useful levels. invited Friedlander onto the team, in part for 
nuclear fusion. The cold fusion drama had Beuhler and Friedman first stumbled onto his particle detection expemse. They began 
begun just 6 months earlier, and no one was I the fusion trail by accident, in the course of I using targets of metal loaded with deute- 
eager for another controversial, ad homi- basic studies of what happens when clusters rium-a heavy isotope of hydrogen used in 
nem, scientific brawl. Yet it was i.n that of atoms slam into materials. To  make the fusion experiments. For projectiles they 
troublesome context, and with considerable clusters, they allowed water-spiked helium turned to clusters made of heavy water, in 
unease, that chemists Robert Beuhler and vapor to expand rapidly into a vacuum. which deuterium atoms take the place of the 
Lewis Friedman and nuclear chemist There an electric discharge ionized some of hydrogen atoms in normal water. Thus 
Gerhart Friedlander, all of Brookhaven Na- the water molecules, which served as seeds equipped, the group soon began detecting 
tional Laboratory, went public with a dis- I around which water clusters accreted. The I the signatures of fusion between deuterium 
covery they c d e d  "cluster impact fusion." charged clusters, containing anywhere from atoms: protons carrying 3 mega-electron volts 

Unlike the cold fusion serial, which un- tens of water molecules to a few thousand, (MeV) of energy, tritons (nuclei made up of 
folded like a soap opera on the pages of I were then fed into an accelerator that pro- I a proton with &o neutrons) carrying a third 
newspapers and popular magazines, cluster pelled them into the targets at great speeds. as much energy, and helium-3. The signature 
impact fusion made its debut the old-fash- When the Brookhaven duo examined the was surprisingly bold, indicating that fusion 
ioned way, on the pages of the austere, peer- targets with an electron microscope, they was taking place in one or a few out of every 
reviewed journal Physical Review Letters. spied a rugged microscape of holes and 100 million collisions. 
Even so, the claim that nuclear fusion was craters. "We began to realize that the actual That rate may sound paltry, but it is 
somehow being sparked when nanometer- amount of energy deposited on the target astronomically higher-about times- 
sized clusters of molecules slammed into a was highly concentrated," Friedman recalls. than the researchers would have expected 
target strained credibility for many physicists I Indeed, it appeared so concentrated that the I from the average energy of the deuterium 
(see Science, 29 September 1989, p. 1448). atoms in the clusters. If the fusion products 
But now, after 2 years of further experiments I were actually coming from the mildly ener- 
by the Brookhaven workers and a few other 
laboratories, the case for cluster impact fu- 
sion has strengthened, by most assessments. 

If continuing research supports 

- 
6 getic clusters-a phenomenon akin to hear- 

the Brookhaven results, the CLUSTER OF HEAVY / 
workers will be able to lay claim WATER MOLECULES 
to a new means of pumping at- 
oms to fusion-triggering levels of 

I 
energy. So far, fusion research has 
been the domain of huge lasers 
and massive magnets, needed to 1 
generate the extreme conditions of 
temperature and pressure that trig- 
ger fusion. But the Brookhaven 

ing claps of thunder bursting here and there 
from a gently applauding audience-the re- 
searchers had to assume that, by some exotic 

means, the energy had been 
focused into just a few deute- 

PROTON rium atoms in the cluster and 
target. "Our initial reaction 
was that this just couldn't 
be," Friedman recalls. 

That incredulity led him and 
his colleagues to consider the 
bubble-bursting possibility that 
has dogged them ever since: The 

results suggest that equivalent con- fusion products might not be 
ditions can be created when a small coming from the clusters at all. 
accelerator drives clusters of a few Instead, small fragments or even *.>a;51 . 
hundred molecules into targets - naked deuterium nuclei might be 
loaded with fusion fuel. Just how HELIUM - breaking off the clusters during 
the modest energies to which the !& acceleration, reaching much higher 
clusters are boosted could get funnelea velocities, and delivering a far more 
into a few atoms in the collision zone, concentrated cargo of energy into the 
spurring them to fuse, is a question that is collisions. Indeed, other researchers had 
captivating and perplexing some theo- previously observed fusion in such 
rists. Already a few optimists are saying Crash test. A speeding cluster of heavy water highly accelerated nuclei-though at 
that the phenomenon-if it's real-may molecules smashes znto a deuterium-laden target, unpromisingly ]OW rates. 
open a back door to fusion power. But spewzng out fusion products. The Brookhaven team quickly be- 
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came convinced that this fast-fragment idea 
could not explain their results, however, and 
they argued against it even in the Physical 
Review Letters paper reporting their first 
observations. For one thing, the observed 
fusion yield rose more steeply as the clusters 
were boosted to higher energies than it 
would have if fragments were responsible. 
What's more, the workers had noticed that 
the fbsion rate plummeted when the clusters 
contained fewer than 25 or more than 1300 
water molecules. The observation of h i o n  
only in a specific, albeit broad, range of 
cluster sizes-suggested that some phenom- 
enon involving entire dusters was triggering 

some experimentalists appeared to be hav- 
ing trouble confirming the results. The 
Brookhaven group continued to harvest data 
that bolstered their position, and Y. Bae (a 
member of the Brookhaven team since July) 
and his colleagues at SRI International in 
Menlo Park reproduced many of the initial 
findings. But a group of French scientists in 
Lyons, using clusters made of deuterium 
atoms rather than heavy water molecules, 
detected no signs of fusion at all. 

Koonin, for one, saw no reason to grant 
that the Brookhaven group had stumbled on 
a mysterious new phenomenon. "We atmb- 
uted their results to contamination [frag- 

not an issue," he admits. 
Not so for Tom Tombrello, an experi- 

mentalist at Caltech who stresses the incon- 
sistencies in the experimental record. He 
still places his bets on some kind of "subtle 
dirt" as the source of the fusion signal. Even 
if Brookhaven's latest round of experiments 
have ruled out fragments produced early in 
the acceleration process as the fusion source, 
he says, the signal might still be coming 
from fragments produced at the moment of 
collision. Splashed backward into the accel- 
erator, the fragments might then greatly re- 
accelerate into fusion-causing collisions. 

But Robert Vandenbosch, an experimen- 

running permuta- 
tions of the origi- 
nal experiment. In 
one test, they ex- 
changed their heavy 
water clusters for 
regular, light wa- 
ter-which doesn't 
contain deuteri- 
um-but kept us- 
ing deuterium-rich targets. The detectors dashed, it seemed. 
still recorded signs of fusion, though at only But the Brookhaven 
5% of the earlier rate. Since the light water crew,enJistingthe help 
clusters couldn't be shedding deuterium-con- of several other col- 

; we h a ~ e  t h ~ d  of 

I experiments now confirming 
thatthisisrred-- 

- 
taining fragments, the researchers argued, 
the cluster impacts had to be responsible. 
"We have thousands of experiments now 
confirming that this is real," Friedlander says. 

But his group was not entirely successful 
in putting the fast-fragment specter to rest, 
in part because theorists couldn't come up 
with any other way to explain the observa- 
tions. Theoretical physicist Steven Koonin 
and a team of graduate students and 
postdocs at the California Institute of Tech- 
nology certainly tried to do so, starting 
immediately after the Brookhaven group 
sent them a preprint of their Physical Re- 
view Letters paper in August 1989. Koonin 
and his.colleagues carried out an extensive 
set of supercomputer calculations based on 
differentmode~H of what might be happen- 
ing when heavy water molecular clusters 
smash into deuterium-lozded targets. But 
their results, published in August 1990 in 
Physical Review A, were sobering: Their 
best scenarios for focusing the energy of a 
cluster in order to trigger fusion yielded 
rates at least millions of times lower than the 
experimental values measured by the 
b rook haven team. Other theorists in the 
United States and elsewhere also threw up 
their hands at finding any focusing process 
that could explain the Brookhaven findings. 

And while the theorists were at a loss, 

leagues, was ready to 
up-the ante with- ex- 
periments reported in 
Physical Review Let- 
ters in July. This time 
the experimentalists' 
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was 'Orre- Fusion signature. Robert Beuhler (left) points to a signal char- 
late the detectiontime acteristic of fusion-produced protons as Lewis Friedman takes 

fusion products notes and Gerhart Friedlander looks on. 
with the flight time of 
clusters. Because small, fast-moving deute- talist at the University of Washington, has 
rium-containing fragments would hit the in mind an experiment that he thinks might 
target well before the larger clusters, the 
researchers reasoned, it should be possible 
to tell whether the pulse of fusion products 
was coming from fragments or clusters. The 
researchers also planned to monitor the 
number of so-called secondary electrons pro- 
duced when the dusters hit detectors near 
the fusion target. Large dusters would kick 
out fir more electrons than small projectiles. 

The collaborators were heartened by their 
results. They observed fusion products at 
precisely the time when large clusters should 

finally put the fast-fragment objection to 
rest. In place of fragile heavy water clusters, 
held together only by tenuous hydrogen 
bonds, he and his colleagues plan to search 
for evidence of fusion from covalently 
bonded molecular structures, which should 
be fir more resistant to breaking up. As a 
candidate projectile, the Washington ex- 
perimenters already have their eyes on this 
year's darling of the chemistry world, 
buckminsterfullerene, a covalently linked 
arrangement of 60 carbon atoms. 

have arrived at the target. The secondary Regardless of the experimental loose ends, 
electron data also indicated that small h g -  Vandenbosch and other cluster impact fu- 
ments could account for only a minor fi-ac- sion researchers are already straining to 
tion of the fusion rate. That was enough to come up with a mechanism for the phenonil 
convince Koonin that cluster impact fusion enon. One conjecture, favored by Van- 
might indeed be real. "The experiment denbosch, relies on rapid and repeated col- 
pretty much showed that contamination is lisions between deuterium atoms and the 



heavier atolns of oxygcn in the i~npacting 
cluster. During the ilnpact of a cl~ister, 
17andenbosch suggests, deuteriurn atorns 
might bacltscatter only to  he hit like a basc- 
ball by relatively massi~,e oxygcn atorns still 
carec~lillg forn~ard. Se\reral n h p s  lilie that 
might boost the deuteriurn's cnergy enough 
to cause fusion nit11 another ncarhy deute- 
riuln nucleus, he adds. That mechanism, 
Fried~narl notes, could cxplaill \vhy the all- 
deuteriurn clustcrs in thc Lyons esperirnents, 
n,hich laclied heavier atorns such as osygen, 
yiclded no evidence of fusion. 

Bae, Yeorlg IGrn of Pusdue University, 
and collcag~ics at SRI and thc Elcctric Po\irer 
Rcsearch Institute have de~~cloped  a differ- 
ent scenario, \irl~ich relics on  shocli \iraves t o  
collcerltrate the collision's energy. Theypro- 
pose that thc shocli \\.aves heat nanorncter- 
sized regions of the target to ternperaturcs 
of stellar interiors-hundreds of millio~ls of 
degrecs. Fusion \irould occur in the tiny 
compressed poclicts of plas~na that result, 
IGrn says. "It's like having lots of  tiny 
microsuns," he muses. 

Bcuhler, Friedman, and Fricdlallder con- 
jurc up another analogy, proposing that the 
process  night be rnorc lilie the one at \\.ark 
in an ore-blasting cxplosive charge or  an 
armor-piercing shell. Such "shaped chargcs" 
can channel cnergy so that particles crncrgc 
frorn the csplosiorls in jcts tra~,cling many 
t i~nes faster than the dctollatioll \\.ave. Like- 
\\.ise, thc tiny ca~~it ics  chiscled into the target 
by the impacting clustcrs might sel-ve to  
co~l f i~ lc  atoms urlder huge cornprcssiolls 
while ampli@ing their c~lcrgies to  fusion- 
triggerirlg le\rels. 

The Broold~aven trio and their growing 
ra~llis of allies freely adrnit that they're specu- 
lating, but t l~cy thinli it \iron't be long beforc 
expcrirnellt catches up \irith thern. The ingre- 
dients of a bond fide area of hsion research 
are no\\. in place, aftcr all. Esperi~nents con- 
tinue at Brooliha\~e~l. i\/Iorc arc under \iray, or 
in the nrorlts, at othcr labs in the United 
States, Francc, the Nethcrlands, and pcrhaps 
Japan. Thcorists are theorizing. And slicptics 
are lieepirlg e~~eryone  on their toes. 

At the mornent, lnost people in tllc ficld 
are pursuing little rnorc than the thrill of 
basic scientific discovery. But press thern a 
little, 2nd thcy \\.ill admit that somen,hcre in 
the hack of their minds lurks tllc possibility 
that their research could someday harbor 
payoff to  pcople \\rho have never heard of 
accelerators, deuterium, and f~ision. 

In  that vein, Fricdlander, Beuhler, arld 
Fricdrnall closed their first Physical Review 
Letters papcr with a remarli as gingerly 
articulated as it \\.as bold: "The high f~lsion 
ratcs arld the sensitivity to  projectile cncrgy 
suggest the possibility of a possihlc new path 
to  fusion ponrer." IVAN AMATO 

Genetic Survey Gains Momentum 
Last summer p o p ~ l a t i o ~ l  geneticist L L I C ~  Cavalli-Sforza of Sta~lford U~liversity, 
111olecular anthropologist Allall ITTi1so~l o f the  Uni~~crsity of California, Berkeley, and 
others issucd a call to  action: an urgcnt plca for help-and money-to collect DNA 
sa~nples frorn aboriginal p o p ~ l a t i o ~ l s  a r o ~ l ~ l d  thc ~ ~ ~ o r l d  before those groups vanish. 
Now, just a f c ~ i ~ r n o ~ l t l ~ s  Iatcr, even the proponents ofthis bold ncnr plan scern arnazcd 
at thc response. 

As \\.ord gets out,  rlumerous arlthropologists are offering t o  help collect sa~nples 
fro111 the isolatcd tribes thcy study. And in an unexpected twist, scveral federal 
agencies l ~ a ~ , c  approached the scientists-unsolicitcd-to see hen. they call help. 
Indced, the agencies are already talltirlg about picltirlg up at lcast part of the tab, 
\irhich could run to $20 rnillioll or rnorc ovcr the next 5 ycars. 

The basic plan is to  collcct blood samples frorn rnernbcrs of at least 100  indigenous 
populations, such as thc Bushmcn of southerll Africa and the Hill Peoplc of Ncnr 
Guinea. Such populations, isolated for hundreds or thousands of years, contairl in 
thcir genes clues to  hurnan c~,olution, migration, and diversity. B ~ i t  the opportunity 
to  analyze thosc genes is rapidly vanishing as society e~lcroaches upor1 thcse once- 
distinct peoples. Once the samples are collected-probably from about 50  individuals 
in each group-the researchers \irould establish perlnarlerlt cell lines to preservc the 
DNA in perpetuity, allonring it to  be studicd eT7cn after thc tribes have disappeared 
(Scie~zce, 2 1  Junc, p. 1614).  

Waltcr Bodmcr, president of thc Human Genome Organization ( H U G O ) ,  \\.as lieen 
on tllc idea as soon as hc learned of it, setting up a com~nittce headed by Cavalli-Sforza 
and Marcello Silliscalco of the University of Sassari, Italy, to fir111 LIP thc scientific 
stratcgy and the budget. The group \\.as dealt a tragic blo\ir last July, \\.hen Wilson died 
of leultcrnia follo\iring a hone marso\\. transplant. Shortly thereafter, Cavalli-Sforza nras 
taliell ill. As he recuperatcs, thc dispersed corn~nittcc has been doing its best to  cobble 
together a proposal for both rlatiorlal and international fi~ndirlg agencies. 

But with the proposal still incomplctc, Cavalli-Sforza received a letter from h4arli 
Wciss, nrho runs the physical anthropology program at the National Science Foun- 
dation (NSF). IVeiss, n.110 had scad about thc plan in Science, said that although his 
o\irn research budget is too s ~ ~ ~ a l l  to  1nalte rnuch o f a  dent in the total cost, he thought 
his and othcr NSF p r o g r a ~ ~ ~ s  c o ~ l d  provide at least partial support. In late September 
Weiss brought togetl~cr rcprcsentati\~es irorn othcr potential funding sources as well: 
thc gcnorne projccts at both thc National Illstitutes of Health 2nd the Depart~nellt 
of Energy, and the Natiorlal Irlstitute of Gerlcral Medical Sciences. "E\reqone is 
excited," says Wciss. "NO one said in stone that they \\.auld fund the project, but the 
general consensus is \ire are looltirlg for\vard to  receiving a forrnal proposal." 

In  response, Cavalli-Sforza and thc H U G O  committee are furiously rcvising and 
fleshing out  their proposal into what they call a "grand vision" of the project. As they 
d o  so, both scopc and cost are gro\\.ing. The group is no\\. tallung about collecting 
DNA frorn 200 t o  500 populatio~ls at a cost of scveral million dollars a ycar, double 
nrhat thcy n7cre thinlung just last summer. 

Beforc they start sampling, though, they'll have to resolve some strategic ques- 
tions. Cavalli-Sforza and Wilso~l \irerc deeply d i ~ ~ i d e d  on  thc sarnplillg strategy, nrith 
Ca\ralli-Sforza ad~,ocating sampling populatiorls that have beell isolated in geographic 
pockets, and Wilsorl proposirlg instead scttillg up a grid 2nd sarnplillg every 50 or 100  
miles (Scie~zce, 2 1  June, p. 1615).  "ITTllnt is the best to  sample the \\.orld? Allan 
2nd I had different vie\\.s," says Cavalli-Sforza. "I have beell thinking a lot about a 
compromise, hut I \\.ant t o  hear opinions of theoreticians." 

H e  plans t o  bring together statisticians, mathematicians, geneticists, arld a~l thro-  
pologists to tackle that issue in a n,orlishop, perhaps as early as this nrintcr. A secolld 
n,orlisl~op nil1 bring in physical 2nd cultural anthropologists to  help identi@ which 
populations t o  study, and n,hich orlcs should corne first. That's an urgent question, 
bccausc for some groups, it is al111ost too latc already. 

Weiss thinks f i~~ldi l lg  for those n~orlishops is likely to  he forthcoming fro111 U.S. 
agencics. If cllough money for the rest of the project rnatcrializcs frorn U.S. and 
i~lterllatiorlal sources, Ca~~alli-Sforza and his collcagucs thinli they can collect all thc 
sarnplcs \\.ithi11 2 to  3 years arld establish the cell lincs within 5. Then nrould bcgill the 
long-term analysis to  teasc out the DNA's secrets. LESLIE ROBERTS 
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