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Collisions Hint That Quarks 
the Istituto Nazionale di Fisica Nucleare and 
the University of Pisa in Italy, "a fierce fight" 
broke aut within the collaboration over bow 
t o ~ t h e d c h m c e t h ~ ~ t i c  

Might Not Be Indivisible  ex^^ enom could expla& the re- 
mlm. The ressgchgts made exhawive tests 
of the vibil i ty that a "conspiracy" of ran- 
dom or systematic errors might be foaling 

B A T i % &  UciN8I8-When two groups of Physicists now know that the nwieus it- them, sap BelImhi. Finally, he says, the 
particle physicists at the Fermi National self has structure: fist the protons and neu- couabaration reached a consensus that the 
Aixelemmr Laboratory announced last aons making up the mcleusd,  insideach excess had to be ml.  
March &at they had found the top quark, of them, three qua& immersed in &XX- Now&qaxelefttoexplainit. SteveGeer, 
they put the capstone on the current theory lived % i d n  quarks and their anti.emer a CDF team member at Fendab, describes 
of the fundamental structure of matter, cwntgparts,antiquarks,The&lem- r h  mest dmmtic possibility: "It might 
called the Standmd Model. Now, just short mechanical stew is held together by &es nwm dxtt, just as in Rutherford's atom, 
of a year later, Science has learned that one of call& gluons. Just as Rurherford rested his &mts a centern lurking inside the 
those groups has evidence that could chal- & d i n g  of atomic stxwmm by probing qudsl BS t s specukive  theories suggest. 
lenge the model. During a yearlong run on atoms with alpha patides, the CM; team Bur Gtef aut. that meid other 
Femilab's Teyatron particle acaleramr, the t d  its picture of &is s t m c d  h i d y  ' I* amount fos the measure- 
CDF collaboration-& Chlliiet k'teetur bycoftidhg protons with antiprot~~l~ in the s* i t n b  poaeibility, he 
at E e r m i l a ~ w s d  an unexpeeoxEy T ~ t k e w u l g a m o s t p o w e t f u l d e r a m r .  says, has to clo b w  m o m m m  is par- 
large number af %tad," or violent, couisi0119 Most of the collisions were glancing. k t  celd out m n g  dme cam- ofa speed- 
between qwb, which the &an&d bidel every so often a quarZr from one proton col- ing proton. The hardest collisio~s occur 
identifies as a fundamental building block lid& head-on with a quark or glwn from the when two qua& thet. happen to carry a high 
of matter. *This b just the sort of effect fraction of each proton's monnenrum 
you would see," says CDF co-sgwkqem meet head-onR hi the mmless giu- 
William Carithers, "if qu8tks were not 8 onscancarrymomenaunaswe~,~o 
fundamental particles but had some sort of # if, say, QCD mdem~imates how of- 

$, tengluonscarryahng-hftgctionofthe 
momentum., then the quarks they en- 
counter could d e r  an uncxpecd 
n& of violent collisions, and "we 
could end up with mare energetic jets 
than expected," Ceer says. 

A more radical suggestion by 
Ab-elli and Piene Chiapetta at 
C W  pasits that the energetic quark 
collisions occasionally generate a new, 

.- heavy p a r t i c l e  cousin of the 20, a 
known massive particle that appears 
briefly in bh-energy collisicm. The 
creationof the partide would give the 

sorting through ohm, lw earth-shaking other, sending debris flying at a s?mp angk qua& another way to interact, boasting the 
explanations for the data, which the CDF to the beams. In the world of partick physics, collision frequency. lpnd when it decays, the 
group describes in a papen. submitted 2 weeks the mote powerful a collision, the smaller the particle would spray jets of debris to the side 
ago to Physical Revieur Le-. They range distances it can probe. Arr$ at the energy of ofthedisicm, mirHickinganexee~sofhd 
from the creation of an udmdn particle the Tevatron-18 trill& ekamn sro1t.s- fallisiom The new particle might dm ex- 
during the cotlisiom-the exptamtion the debris from these hard cohiw gave plain a naggingobserration made at GERN: 
Alrarelli favors-to minor m z s  int%mdard information about the stnallis distance Researches the= have noted tha~ the rate at 
Madel predictions about the behavi~ of scales ever explored. which the Z" b p s  into banom and charm 
quarks. Neither alternative wwld require a The collaboram compand t h ~  fre- quarks h n l t  match theory. The 20 wight 
major refur- of thew. queney of rfae sideways "jets" of debris (see "mixn with, or d o r m  into, its heavier 

But f qua& do turn out to hve  a ah- graphic) &tspwedfn,m tkecol~ions with cousin, which would dter its lifetime and 
stracture, the discovery would be &ing the predieeicm d qumm chtomady- mlght explain the decay rates. 
d a  reprise of S r  Emex Rutherford% discov- ics (WDk the tm&mmk4 apparants b r  The CDF team is already grindmg 
ery of the atomic nucleus at the turn of the caicuhcing & ii1tmwiot16 in &e Stan- through new data to see if it can furd any way 
century. Rutherford and his co-work dad Ma.- to  w - i n g  to distinguish wng these possibilities-for 
smashed positively charged alpha particles ro ofthe exaqle, by studying the detailed M a r  
into gold foil and noticed that there were with Wbrrtim ofthe jets. But fur new, the team 
too many hard collisionsihose from which QCD was *right artn &c the fre- ks glad t l ~  the dam are an their my to pub- 
the partides caromed at nearly right quency of h&& + ts diverge licsdm and a wider goup af @& t h e  
angles-to be explained by a s~ tu re less  &om theory, and at ;ocaks 10 times smaller rists 4 the w d d l  be trying to d e  
"plum pudding" model of the atom. Instead, the frequency of these jets was at leaM SO% sew ofdrem. Stsys %auw Fkxugher, a CDF 
Rutherford concluded, the particles must . higher &,the prediction. t e a t a d  at b i h b ,  "TEti is where the 
be running into a small, hard kernel he Astheseevents began to a c c d t e ,  says fun hq@, I 
called the nucleus. CDF c ~ ~ r s o n  Giorgio B e l W  of -1- Glnuu 
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