
l N E W S  & COMMENT 

Big Physics PL, - ~ k e s  a E ------- h 
Should 900 people collaborate on a single experiment? Such megacoliaborations are 

stifling their field, say some physicists 

Unwinding at a Dallas restaurant during an 
international physics conference last sum- 
mer, a group of young physicists confess that 
thev met some of their ex~erimental collabo- 
rators for the first time that day. Indeed, some 
of the researchers on this experiment- 
Fermilab's Collider Detector Facility (CDF) 
-mav never cross vaths. That's because there 
are 365 of them, scattered over 33 institu- 
tions spread across four countries. Today, most 
experimental particle physicists belong to one 
of a few similar megacollaborations: vast net- 
works of assorted physicists who jointly gather, 
analyze, and publish data from a single vast 
piece of equipment-the particle detector. 
And today's collaborations may seem puny 
in a few vears' time. More than 900 ~hvsicists 

ning physicist Melvin Schwartz of Brook- 
haven National Laboratory, complains that 
these huge groups suffocate new ideas and 
discourage initiative. The individual physi- 
cist gets stuck in a remote comer of an ex- 
periment and must be content with a small 
piece of uniformly distributed credit. The re- 
sult. he savs. is a ~ a c k  mentalitv. in which , , 2 ,  

everyone "marches in lock step" along the safe 
~ a t h s  marked bv mainstream theow. No won- 
her, Schwartz kaintains, the field hasn't come 
up with any surprises for more than 15 years. 

And it's not as much fun any more, say 
many physicists. "When I got into this field I 
wanted to be proposing experiments and run- 
ning them," says University of Illinois physi- 
cist Steve Errede. "The realitv is that it's 

the competition in an effort to save his own 
lab's particle physics program, which the De- 
partment of Energy plans to close down in 
1997. (A new Brookhaven project, the Rela- 
tivistic Heavy Ion Collider, will go on be- 
cause it is classified as nuclear physics.) But 
from many physicists outside Brookhaven- 
even ones s~ecializine in the mammoth ex- - 
periments Schwartz deplores--comes a mur- 
mur of ameement. "It's a bad time for the 
field," says David Cline of the University of 
California, Los Angeles (UCLA), another 
veteran particle physicist who fears that triple- 
digit collaborations "turn off" many of his 
students. 

But there's no unanimity about what 
should be done. Schwartz and a few other 

& 3 

have already signed onto a single experiment becoming more and more of a bureaucracy." physicists, notably Nick Samios, director of 
at the Superconducting Super Collider Adds Illinois physicistGaryGladding, "I don't Brookhaven, and Martin Per1 of the Stanford 
(SSC), which is scheduled to be up and run- know if people were meant to work in such Linear Accelerator Center (SLAC), argue 
ning soon after the year 2000. big groups." He now works on a collaboration for breaking open the large groups. They rec- 

This is no way to explore the , ommend that more high-energy 
fundamental constituents of nature, 2 physicists say no to the massive ex- 
charge some of the field's most dis- periments that have become a staple 
tinguished members. The most out- of the field and venture into inde- 
spoken of these, Nobel Prize-win- pendent, "entrepreneurial" investi- 

gations that can be done on asmaller 
scale. Though Schwartz and like- 
minded physicists accept the need 
for large accelerators and detectors 
to nail down some of the more elu- 
sive goals such as the Higgs par- 
ticle, they argue that the detectors 
should serve as common facilities 
where small groups can pursue their 
own experimental goals rather than 
as the centerpieces of single huge 
experiments. 

"That would lead to chaos," re- 
torts Harvard physicist Gary 
Feldman, arguing that high-energy - physics has just become too com- 

I uu IIIUGII G U I I I ~ ~ ~ ~  : r'articipants in Fermilab's plex for the kind of freewheeling 
D-zero collaboration flank their detector; CDF mem- approach Schwartz advocates. And 
bers share authorship of a recent paper (left). leaders of big groups such as 

Fermilab's CDF and the SSC's So- 
numbering around 150 people, "but lenoidal Detector Collaboration (SDC) say 
working with 1000-1 can't con- that if run wisely, large groups can give par- 
ceive of that." ticipants enough freedom to pursue long-shot 

It's no surprise to hear the possibilities. 
most outspoken criticisms of big 
collaborations coming from Yearning for small science 
Schwartz m d  his colleagues at Schwartz and some of his Brookhaven col- 
Brookhaven, where many groups leagues would like to restore the kind of vi- 

number under 100. Some physicists tality and prolific energy they remember from 
Os, and which they say is missing in 
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Brookhaven: A Physics Enterprise Zone? 
When physicist Melvin Schwartz bemoans .the 300-person 
megaexperkma that have become routine in patticle physia 
and &for more small, flexible research groups (see main text), 
he's not just talking in abstractions. Schwaru has a concrete 
example ofthe kind of "entrepreneurial physics* he favors the 
high-ermgy physia program at Brookhaven N a t i d  L a b -  
toy, when! Sch- became a d ~ 1 i e n t h t k  year. Brookhaven, 
he says, has a tEaBition of ezwxm& smaU scietxe and allowing 
people to pursue h i r  own idea, even h-fetched ones. 

uskg AGS to l d  for "ex&" such as glue-icles made 
entirely of the uglurms" believed to bind quarks togerher in the 
~ 1 d b . O r k i e r s ~ t @ ' t g t O & ~ ~ ~ ~ ~ k q ~ a r k S  
~dthe~voandthtcee~ks~makeupallkrmownparticla. 
AtEdstill &AGSphpiC'iare inv-whether theproton 
~an~kssizsOddly,sapsLmvenstein,protonsfiredatlarge 
nuclei smetbes dip right dmugh, as if they tenqxmrily shrink. 

AGS is now qmating uader a death sentence; the Depart- 
ment of Iiwqg plans to shut down B r d v e n ' s  particle physics 

chtasett& Amhem, physicist M i e  b i s h  3iIC's director, Satashi W. Instead of 
sapthatwhilebdrcrsatBrooIchaven,"Iwas 
able to do that other people thoq& d far-some theoretically predicted par- 
weretorrexperimentaLWHepointsout, how tide, -twill give physicists a chance to 
ever, that tkelab'sflexibility is p a d y a b  
t i o n a f t h e ~ k s c a l e d t h e  

~ t f s t i i ng ;  
Akafl,theoristscan't&alotof 

at v t w ~ u , t h e ~ t ~ a i n R H I C w i l l b e o p e n -  
chrotrcrn (AGS). "At Eennilab mythgym - ~ . ~ w ~ ~ ~ ~ e ~ ~ ~ v y n u e l e i , g u c h  
propose will cost several million d d h  ~ ~ m ~ y t h e ~ o b r i g h t a n d ~ h  
while at B r d h v e n  you can do things sig them wmher. Pfuysiisq d to colliding 
nificantly cheaper." Another former &tvt-d-y sometimes 
Erodchaven physicist, Tom Q'Hailorm of cledk the pmpect as Kcoflkfing two gar- 
the University of IKlnds, agrees. "The ex- hge ams." In the * RHIC design- 
periments are more manageable," he says. erse~cpertthemachinempedorinanew 
Andthatopmsthewaytosomerlskyex- sortdachemy,transfmn&gold intomme- 
p r i m e d  venhues. thing much more valuabl-w states of matter reminiscent of 

Schwartz has personal eqxcie~ce ofBro&havm's openness to the early universe. The extmrdinary density of the colliding 
high-risk pmjecm. When he arrived there, he bad just taken a nuclei, they say, s b d  briefly remeace the hot soup of paaicles 
decade's leave from particle phyda to nnr his own unupany, and he that Ned the sed-hg universe just a split second after the Big 
cambad;tophVsi~9eag;etulgdodonhismresearrh&~ Bang.hj~~wiil~\~pthereisamystery,Sch~saya 
labomtory umagemen~ he saysI was  daring. Hi fist Thatldnddrich experimental terrain isperfect for min'iby 
p r o j e c t w a s a n d m m d c e u ~ M ~ e x o t i c ~ ~ ~ ~  4,fleKibIegroups,say~~dOzaki.Ozakidoesplmto 
and pions-in p k  ofthe i-zkxmwand r ofordittary atomn have wo big detector projects, sta&d by scores of physicists, at 
The effkt  had only limited succes&he manage to create s ~ m e  two of the six collision points on RHIC. But at least three of the 
"pi- tuuatoms*butdidn' t~warqtntwpbys lcs inthe~  odrerswilt&opentodlergroupcl.Themorehandsinthe 
W , h e i n s ' ~ t h i s i s t h e I c i r $ o f ~ y a r h a v e r n ~ .  project, the better. You never know, Ozaki says, Uyou might find 
That kind of high-risk venaae ts condmbg at AGS, sap something valuable by muding two garbage cans." 

R E  

particle physics today. "Many physicists grew 
up in an environment where groups were 
small and the same physicists did the plan- 
ning, ran the experiment, analyzed data, and 
wrote papers," says Brookhaven physicist 
Derek Lowenstein. "Groups had four or five 
people, at most 15." But as physicists reached 
for higher-energy collisions, the detectors got 
bigger and more complicated and the avail- 
able money got sucked into fewer projects. 
More physicists ended up collaborating. "Now 
there are hundreds to an experiment," says 
Lowenstein. "It's a different world." 

With that new world has come a whole- 
sale change in the nature of the physicist's 
work, says sociologist Mark Bodnarczuk, who 
observes physicists by working as a quality 

assurance manager at Fermilab and who spoke 
on the topic at a history of physics confer- 
ence in California last June. He finds special 
aptness in the catchy way physicists refer to 
big projects as factories-the much-discussed 
"B factories," for example, specialized accel- 
erators meant to explore the properties of 
particles containing bottom quarks (Science, 
22 March 1991, p. 1416). Physicists coined 
the term "factory" to refer to the large num- 
bers of particles these accelerators will chum 
out, but Bodnarczuk thinks large physics ex- 
periments are starting to run like production 
lines as well. "Doing physics now means writ- 
ing 100,000 lines of Fortrancode for some type 
of tracking package," he says. "If that isn't 
mundane factory work, what is it?" 

Besides stifling creativity in existing 
projects, says Schwartz, the situation endan- 
gers physics' future as well, by discouraging 
bright young investigators who don't want to 
be restricted to a niche. "There is a danger 
that.. .you won't get the best and brightest- 
the well-rounded individuals who want to do 
science and build experiments." Cline adds 
that the megacollaborations make it hard for 
young people to get recognition. "It isn't that 
your ideas don't filter down into the project. 
It's just that you never get credit," he says. 
"You lose your creative visibility" in the one- 
size-fits-all approach to authorship. Agrees 
Illinois' Errede: "It's disconcerting." 

Still, Bodnarczuk suspects that this style 
of science may just come with the territory. 
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High-energy physics today is an unpromising 
field for small, high-risk experiments, he says. 
The current theory of particles and forces, 
known as the "standard model," has with- 
stood all tests so far. And the only still undis- 
covered particles it predicts-the top quark 
and Higgs particle-take tremendous ener- 
gies to create and vast apparatuses to detect. 
Concludes Bodnarczuk: "When you have to 
go the scale of CDF and LEP [two big projects] 
and the standard model is predicting as well 
as it is, nature limits the options." 

Schwartz and some of his contempor- 
aries, such as SLAC's Perl, don't buy this. 
They say the fault lies not in the particles but 
in the physics community. Physicists are lim- 
iting their own choices, says Perl, by hopping 
on the same bandwagons. "There are books 
on how to find the Higgs particle-meetings 
on how to find the Higgs particle. The thing 
todo if you are young is not look for the Higgs 
particle," he says, adding: "I would not spend 
my time looking for the top quark or [tests ofl 
QCD [quantum chromodynamics]," both 
popular quests today. "I would try to look for 
things other people consider to be trash." 

Many of his colleagues cite Perl as an 
object lesson in this kind of initiative. Work- 
ing within a big group, the SPEAR experi- 
ment at SLAC, he succeeded in discovering 
something new and unexpected-the tau 
particle, a heavier relative of the electron. 
But that experiment, done in the 1970s, was 
designed without specific goals, he says, al- 
lowing people on the project to go off on tan- 
gents. As SLAC director Burton Richter re- 
calls in The Second Creation, Robert Crease 
and Charles Mann's history of particle physics, 
'We wanted to look for new phenomena." 

Perl now says that if he were submerged in 
one of the huge, single-minded groups of to- 
day, he might never have made the discov- 
erv. He iust wouldn't have had the freedom. 
Schwartz wants to change all that. Even as 
the apparatus needed to explore new terrain 
in physics gets bigger and bigger, he thinks, 
the way should be open for physicists to set 
off on high-risk investigations like Perl's. "If 
high-energy physics is going to survive, one is 
going to have to make room for the indi- 
vidual entrepreneur," he says. And he has a 
plan for doing so. 

Physicists as entrepreneurs 
The essence of Schwartz's prescription is a 
change in the way physicists define an ex- 
periment. For high-energy physicists today, 
"experiment" means "detector'-a huge as- 
semblage of particle-sensitive materials and 
electronics, designed to record collisions in 
a particle accelerator. As detectors get big- 
ger and more complex, it can take hundreds 
of people just to build them-and all those 
detector builders are included in the col- 
laboration along with the scores of other 
physicists who collect and analyze the data. 

"High-energy physics is 
going to have to make 
oom for the individual 
entrepreneur.'' 

-Melvin Schwartz 

Only the physicists and engineers who build sions made through committees. Individual 
the accelerator itself are not considered part members of the collaboration are free to pro- 
of the experiment. pose new methods of analysis and new search 

It's time to divorce some of the detector strategies, he says. And the collaboration isn't 
builders from the experiment, treating them moving in lockstep toward a single experi- 
more like the accelerator builders, says mental goal, Shochet adds. While the ex- 
Schwartz. That would bring the group down periment is best known for pursuing the top 
to a more practical size, making it more flex- quark, he says only 30 or 40 members are in- 
ible and responsive to new ideas from its volved in that search. Others are looking for 
members. But that's just a first step. Next, other new processes or particles that might 
Schwartz would like to end the remaining show up at the unprecedented energies of the 
big groups' monopoly on the detectors, break- powerfulFermilab accelerator. "People at CDF 
ing them up into smaller teams that would work on whatever analysis interests them," he 
develop their own research programs and says. Trilhg plans to run his 900-member ex- 
compete for time at each facility. periment similarly. 

Ideally, he says, he'd like to see his col- 
leagues use the detectors more the way as- The limits of democracy 
tronomers treat their big expensive tele- But Cline is skeptical of even this middle 
scopes: as common facilities on which small ground. A large collaboration, he says, has to 
groups or even individuals could pursue their be run as a tight ship. Democracy may make 
own ideas. That would mean designing de- the group happy, he says, but he doesn't think 
tectors not as single-purpose experiments tai- it gets the best results. Cline worked under 
lored to find some particular particle but as Carlo Rubbia, legendary for both discovering 
versatile instruments. Physicists could still the W and Z particles and retaining absolute 
go after the big goals-such as the Higgs rule over his group at CERN. And though 
particle-but these searches would not be that style may take its toll on other members 
considered the sole of the collaboration, 
function of the detec- a Cline thinks, it pushes 
tor. As a case in point, 
he cites work at 
Brookhaven's Alter- 
nating Gradient Syn- 
chrotron (see box). I 

the field ahead faster 
than either Schwam's 
libertarian approach or 
Shochet's parliamen- 
tary one. "Rubbia was 

There, people are an intellectual leader," 
looking for new ways says Cline. 
to put together the Schwartz responds 
basic building blocks that Rubbia's experi- 
of matter-the quarks ment single-mindedly 
-testing the size of the $ went after confirmation of a theoreti- 
proton, and seeking rare 2 cal prediction. No surprises came out. 
processes that current And surprises, Schwam says, are what 
theory doesn't explain. keep the field healthy and vigorous. 

As a model for other Surprises are just what physicists 
laboratories, however, are hoping for from the SSC. In 
Schwartz's scheme Schwartz's view, that hope puts high- 
won't work, warns energy physics in a bind. The experi- 
UCLA's Cline, who ments planned for the SSC are larger 
agrees with Schwartz's and, Schwartz would have it, more 
diagnosis of trouble but cumbersome than any contemplated 
not with his prescrip- so far. And yet researchers are count- 
tion. The data coming ing on those collaborations to succeed 
out of the detectors are indoing what smaller experiments have 
too complex, too ridden with pitfalls, for a failed to do over the past 15 years: shake the 
handful of experimenters to collect and in- standard model, or at least extend it. 
terpret on their own, he says. Cline has an Trilling doesn't take the organizational 
ally in GeorgeTrilling, head of the 900-mem- challenge lightly. Faced with an experiment 
ber SDC experiment at the SSC. "It's too comprising nearly 1000 people that will be 
difficult for people who had nothing to do 10 years in the making, he admits that "we 
with building the detector to do the physics," may run into major obstacles we haven't seen 
says Trilling. yet." And that's nothing compared to the 

But TrillingandMelvinShochet, co-leader future Cline foresees. He's calculated that if 
of CDF, acknowledge Schwartz's point about the present trend continues, by 2020 every- 
the need to make room for individual initia- one in the field will be in the same experi- 
tive. Both say they have provisions for doing ment. "That's the trend," he says, "though 
so. For Shochet, it means governing the CDF it's a sad trend." 
group in a democratic fashion, with big deci- -Faye Flam 
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