
has to meet, one of them is clearly not ne- 
gotiable: It must be accessible to all na- 
tions of the region, including Israel. Israel 
made it clear at the Paris meeting that it is 
not offering to host the facility-there 
would undoubtedly be resentment if it 
did-but it is vital to the project's success 
for two reasons. One is that without Israel's 
involvement it would hardly look like sci- 
ence for peace. The other is that in one 
small country the Israelis have more exper- 
tise in synchrotrons and their use than the 
rest of the region put together. There are 
more than 20 Israeli teams working on syn- 
chrotrons around the world, and the coun- 
try is an associate member of the European 
Synchrotron Radiation Facility, whose ma- 
chine in Grenoble is one of the world's 
biggest and best. Israel thus has many aca- 
demics interested in using such a facility, 
and it also has industries that might con- 
ceivably wish to participate. 

Being able to attract such fee-paying users 
will undoubtedly decide the project's success. 
Many in Paris felt that the German estimates 
of $10 million for the upgrade, $10 million 
for infimtructure at the new site, and about 
$4 million for running costs was at best opti- 
mistic. Various possible donors were dis- 
cussed, including the European Union's 
Mediterranean development budget and U.S. 
aid toward the Middle East peace process, 
which runs to billions of dollars. Closer to 
home, there are the oil-rich Arab states. None 
of these were represented in Paris, but if they 
could be persuaded to join the project, they 
could be a valuable source of cash. 

But as James Vary of the International 
Institute for Theoretical and Applied 
Physics at Iowa State University in Ames 
points out, the big sum up h n t  is not the 
most serious worry. "After the money for 
science for peace, you still need money for 
science." And the Middle East is not 
renowned for its generous research budgets. 
Khaled Elshuraydeh of Jordan's Higher 
Council for Science and Technology esti- 
mates that Arab governments spend on av- 
erage 0.2% of their mostly rather modest 
national incomes on R&D. A state-of-the- 
art synchrotron. together with the beam- 
lines-needed to 'ch-el its x-rays and the 
experimental setups required to use them, 
would be a very big fish in a small pool- 
possibly, given what else might be done 
with the money, an inappropriately big fish. 

a The researchers' solution to this would 
$ be to increase the size of the pool. As 
2 Miguel Virasoro, director of the Abdus 

Salam International Centre for Theoretical 
Zi Physics in Trieste, Italy, points out, there is 

no conservation law keeping Middle East- 
ern research budgets at their current low 

g level. The need to make accommodations 
for the synchrotron could be a way of focus- 

ing attention on research. "This means that 
governments [have to] raise it to a higher 
level on their agenda," agrees Vary. But for 
that to work, there have to be researchers 
and they need to be nurtured and trained 
now, even if the synchrotron will not start 
work for several years. The Abdus Salam 
center already runs courses in synchrotron 
radiation applications, which have been put 
to good use by the Thais in setting up their 
center based around the Japanese syn- 
chrotron and also by the Brazilians, who 
built their own light source from scratch. 
According to Stanford's Winick, the U.S. 
Department of Energy might be willing to 
provide training at its facilities, although it 
would not cover all the costs. 

By the end of the Paris meeting, the dis- 

parate group of participants had organized 
themselves into an interim council for the 
project with various committees looking at 
different aspects, such as training and fund- 
ing. Arabs and Israelis nominated each other 
to the committees with a clear concern both 
to get the right people and the right balance. 
In this genuinely good-natured and open 
tone, the Paris meeting proved that the 
builders and users of synchrotrons are a 
community in more than name. "It's amaz- 
ing how open people are here," said a watch- 
ing particle physicist. "If only we could 
transmit this spirit to the people back home," 
said Voss. Even if it can't be transmitted di- 
rectly, they'll do their best to put it into a 
storage ring. - 0 l n E R ~  
Oliver Morton is a writer in London. 

Will the Higgs Particle Make 
An Early Entrance? 

A raison d'6tre for the potent accelerator now being built at  CERN in Europe, 
this long-sought particle may be within reach of an existing U.S. machine 

BATAVIA, ~~~1~01S-when physicists at the Marcela carena, a CERN theorist on leave at 
Fermi National Accelerator Laboratory dis- Fermilab. "This is where the Tevatron be- 
covered the top quark 4 years ago, the choice comes interesting," she adds. The calcula- 
of music to play over the lab's public address tions imply that the Tevatron, newly upgraded 
system was obvious: Cole Porter's "You're at a cost of $260 million, just might spot 
the Top." Now they-and their colleagues the Higgs before the LHC does. But the 
from another maior  article ~hvsics laborato- Fermilab-first scenario could d e ~ e n d  on 
ry, CERN, in ~ e A e v a ,  switzer- 
land-are speculating that a new 
theme could soon be in order: "You 
Turned the Tables on Me." 

The music would celebrate the 
Higgs boson, an eagerly sought par- 
ticle believed to account for the ori- 
gin of all mass, including that of the 
top quark Most estimates had placed 
the mass of the Higgs itself too high 
for Fermilab's Tevatron accelerator to 
create it-leaving the search for the 
Higgs to CERN and'i ts  Large 
Hadron Collider (LHC), a far more 
powerful accelerator that won't be 
completed until at least 2005. But Particle factory. Fermilab's Tevatron accelerator may 
now it looks as if Fermilab might just have a shot at the Higgs. 
be able to steal a march on CERN. 

As the Tevatron and other accelerators whether the upgraded Tevatron is allowed to 
have measured particle masses more precise- run for longer than the 2 years now 
ly and theorists have refined their calcula- planned-and on whether the Higgs's low 
tions, the best estimates for the Higgs mass mass has opened the way to a surprise win- 
have narrowed. Those calculations, the sub- ner, CERN's current accelerator (see sidebar). 
ject of intense discussion last week at a con- The Higgs is crucial for modem particle 
ference* here at Fermilab, near Chicago, "tell theory, which is based on an interplay of 
us the Higgs has to be rather light," says symmetries but must also explain why parti- 

cles in nature have wildly different masses. 
* 7th International Conference on Supersymme- A "Higg~ fie14" which is envisioned as per- 
tries in Physics (SUSY99). meating all of space like a sort of unchang- 
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ing voltage, spoils the perfect symmetry and 
results in the array of different masses. 
Quantum-mechanical excitations of the field 
should yield the Higgs particle itself, just as 
photons, or particles of light, emerge from a 
smooth electromagnetic field. The Higgs 
particle should be shaken loose by suffi- 
ciently energetic collisions in accelerators. 

"One of the raisons d'etre of the LHC was 
to discover the Higgs," says Georges Azuelos 
of the University of Montreal and the LHC's 
ATLAS collaboration. As Fermilab theorist 
Joe Lykken explains, "The thinking was that 
[the Higgs mass] could be as high as 1000 
GeV"-or 1000 billion electron volts, about 
1000 times the mass of a proton. Although the 
upgraded Tevatron hurls particles together 
with 2000 GeV of energy, not all that energy 
goes into creating new particles. As a ~ s u l t ,  
making heavy Higgses in detectable amounts 
seemed likely to require the 14,000-GeV, 
$5 billion LHC. 

Gradually, the mass estimates changed. 
Because quantum mechanics lets any one 
kind of particle temporarily exist as another 
particle, their measured masses are all closely 
related. So a refined top-quark mass, say, 

leads to a better estimate of the Higgs mass. 
Those refmements alone have pushed the es- 
timated Higgs mass to below 230 GeV But it 
also turns out that the Standard Model of par- 
ticle physics--the accepted theory of parti- 
cles and forces-goes haywire at very high 
energies unless the Higgs mass is less than 
180 GeV And a more comprehensive theory 
called supersymmetry, still hypothetical but 
popular among theorists, would be "strongly 
disfavored" unless the mass is below roughly 
130 GeY says Carena. Many of the new esti- 
mates emerged from a multi-institutional 
Higgs Working Group convened at Fermilab 
last year, she says. 

The clearest signature of a low-mass 
Higgs would be its decay into a bottom 
quark and its antimatter counterpart, an anti- 
bottom quark, which would be manifested 
as "jets" of particles. But because of LHC's 
great energy and particle-beam intensity, it 
would generate massive numbers of jets by 
other processes and would have to rely on 
much-less-common decay patterns to detect 
a low-mass Higgs. Calculations Azuelos 
presented at the meeting suggest that it 
might take the LHC several years of running 

to discover a light Higgs. 
As a result, says Azuelos, "there are 

chances that it will be seen at the Tevatron." 
Spealung of physicists working on the LHC, 
Azuelos says "of course they are concerned" 
about that possibility, but "they are not wor- 
ried about it9'-as the Higgs will have to be 
studied in detail no matter where it is found, 
and the LHC is well suited to doing so by 
making the particles at a brisk pace. 

The chance that the Tevatron will stake the 
fmt claim on the Higgs will rise, says Gordon 
Kane, a particle theorist at the University of 
Michigan, Ann Arbor, if Fermilab's new di- 
rector, Michael Witherell, decides to push for 
more Tevatron run time. Witherell says, non- 
committally, that he likes the idea. "All of the 
indirect evidence we have tends to push the 
Higgs mass down to the low end of the 
range,'' he notes-"which is our end." At the 
same time, he cautions that the mass esti- 5 
mates are not airtight and that any time- 2 
consuming upgrades or repairs to the Tevatron 2 
could erode its lead over the LHC. But if the 
Tevatron hits the right note in time, it could 2 
have particle physicists singing "Goin' to 
Chicago." -JAMESCLANZ 6 
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