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New Exotic Partide Points to 
Double Life for Gluons 
As elementary particles go, the gluon is look- bers-parametem such as spin and ch- 
ing inardhately m u l t i d d .  It haslong been that the equations forbid for more mundane 
known as an insubstantial "force patide" that mesons, consisting only of a quark and an 
flits between quarks, conveying the strong antiquark. Because these exotic quantum 
f e  that bimb rhem togethez inso pmms, numbers would manifest themselves in how 
neutrons, and other composite parti& Now the short-lived particles decayed, physicists 
there's evidence that glwm can act as con- could look for these signatures in the shower 
stituents of mamr as well, r.mmibu* mass 

bers that canno't be carried by a typical 
quark-antiquark meson. 

The physicists say they are heartened by 
the nearly immediate confirmation that 
came fmm the Crygtal Batrel collaboration at 
CERN, whidk was look& in an entirely dif- 
ferent system of particles. Accordmg to Uni- 
versity of Bonn physicist E b e M  Kl- a 
member of the collaboration, the CERN ex- 
periment studied c o ~ o m  b e e n  antipm 
tons from CERN's Low Energy Andproton 
Ring and a heavy h y k  target. b o n g  the 
&lorn captured in the crystal Barrel de- 
tector were ones in which an antiproton en- 

countered a neutron in the 
just as quarks id elemom do. Two &p&- heavy hydrogen. The meet- 
menas, one at &&en National Labara- ing of antimatter and w - e r  
toryinUptm+NewYork,andtheotherat generated a flash of crew, 
CERN, the European I a b k m y  for particle briefly mating "a wbystem 
physics,havejustw~in~&ghpsesofa wirh exotic quantum num- 
short-lived hybrid particle consisting of a h which f3ly agree with 
&anantimatterquark,anda~u~n, the Brookhaven numhrs," 

"If they've really done it, it's a ccmfirma- says Kiempt. Researchers 
tion that the gluon 5 a constituent of matter from a third experiment, this one at the 
with the same degree of respaability as a Serphukov Laboratory in Russia, may 
quark," says hiversiq of Cbicago physicist also be seeing a similar phenomenon. 
Jonathan R m .  The panlde, which the But physicists aren't quite ready to 
b k h a v e n  physic is^ d l  an exotic meson, hail& definitive arrival ofthe hybrid. 
wwldn'r be the fist clue that gluons can L As .C=im iputs it, 'There are two ques- 
step into a more subtanti* role: Far the tias to be answered: First of all, have 
last 2 years, rmeazhers have been tantalized ' pespte redly discovered the first 
by evidence ofgluebafls, paPticles made up of - :maple sf something with these ex- 
mthing h t  gl- (Science, 15 Dpember m - -a tram otk quantum numbers? And second, if 
1995, p. 1756). But the exotic meson, re- mning up quw and a what does it tell us about the deep 
~ d $ . t h e U v e n m i n t h e f S e ~ -  downwitt.lapion(ananfi-upandadown smmure of the object?" 
tember Physical RecrieutLe#ers and-& quark) spawns an % a c  mesorl" containing either two For starters, he says, the three gtoups 
by group, w i d  put g b n s  on an qu* and a glum or bur quarScs. measure subtly different masw, suggest- 
equaI footing with quarks in a -Le particle. ing either the existence of three Cbtky 
It would also vindicate &eozetial pr&- of debris created by slamming particles to- different exotic mmm, or that me, m%.or  
tions based on quantum chrom8dpnamics gether in accelerators. They havebeen doing all three of the collaborations ate mehow 
(QCD), the theory thag d & b  the be- that, U D S U C C ~ ~ ~ ,  far 15 years, Because being fooled. The third dossib&ty, says 
havior of quarks and gl-. its signature is excruciatingly subtle and Close, *which I think is probably the Ilk& 

Because QCD's complex eqwtians break buried beneath a background of ordinary one, is that there is a singre object, d s a m e  
down at energies typical of ordinary matter, mesons, says R m I  "he quark-antiquark- camplicated dynamics are causing it to give 
a reliable understanding of the interac- gluon hyluid is not the easiest thing in the h e  impression of b e i  at d % ~ t  mmm.* 
tions bemeen quarks and gluolls is hard to world to identify." But even if the particle is d and the 
come by. In the early 19&, however, theo- In 1994, the Brookhaven physicists, a quantum numbers uuiy exotic, the grmps 
rists, including Erank Qose, a physicist at group some 5 1 strong from seven institutiohp, might be seeing not a quark-antiquark-durn 
Britain's Rutherfod Appleton Laborar~ry, began a new search, using a newl~refurbished hybrid, but apatticle madebf two qmrb and 
and Ted Bames of the University of T a e s -  2Zdecadedd dewor, known as the multi- two antiquala. That would make the ewtic 
see and the Oak Ridge N a t i d  Laboratory, particle qxetrometer. Brookhaven's Alter- meson the first four-quark pmick zo b 
recognized that QCD allowed h r  the exist- nating Gradient Synchmmn sent a beam of i d e n t i f i k  interestsnghding,but net as 
ence of a hybnd quark-gluon particle. pions, a kind of ordinary me%on, m&mg into interesting as a quark-gluan hybrid. b e  

"However you modeled this thing? Ciose a kuid hydrogen wet. The multipaEdcle wtes, however, that'QCD pxltctsso inmy 
explains, "it suggested such a state should ex- ~ t n , m e t e r  captured the rmlting spray of [four-quark p&cip;ej thaa if you take them 
*-whether as a quark, an antiquark, and sewday particles. seriou61y, y w h a v i & m e x p e c t t o m ~ e d s  
ai$e glum trapped together in a sort of bag In @me 290 million eobiqns bemeen ofthem," cuntraq ~ n r  the d t s  m far. 
. . . or as aquarkand antiquatk Iinlced by a tube pions and pmmns in themget, a9psSlrh-Wzk If the experiments really have d e d  a 
offlux, which would be a coIlection of gluons Qmg, a qwkqrson for the experiment, hybrid, physic& will have a new test bed for 
worlung together. Ef you excited the flux, like 40,000 yielded debris, suggesting thar a new &CD: a system in which to isolate and mdy 
plucking a violii sqing, you would find such parti& had f k d  in rhe coilision and sur-- h *vim ofgluom. "The way they'll be- 
exotic states," because the gluons would gain vived fix d of leu seconds. The charge, have should be &%rent than the way quarks 
energy, the e q u i v h ~  of d h g  on mass. energy, 4 direction of the decay praducts, behave," says Close. m e  &allen& viif now 

The umstituent gluon or gluons would also Chung, irnply ihat it has a -.of 1.4 be showing exactly what that &ma is," 
endow the hybrid with a set of quantum n u ~ 1 -  ,g&aeIqrm vela anda set of quantum nun- -0ar lrSh 




