
QUARKS 
Two's company, 
three a crowd? 
Last year, careful measurements by 
the experiments studying electron-
positron annihilation in CERN's new 
LEP ring and at Stanford's SLC li-

ear collider showed that the con
ventional list of the basic consti
tuents of matter is complete. Three 
types of particles (electron, muon 
and tau) interacting under the weak 
nuclear force are linked to six 
quarks - the constituents of nu
clear matter - grouped pairwise 
into three distinct families ('up' and 
' down ' , 'strange' and 'charm', 
'beauty' and ' top') . The question 
now is to understand why this six-
quark model works. 

Under the weak force, heavy 
quarks decay into lighter ones, 
changing the composit ion of the 
particles in which they are embed
ded, as in the familiar beta-decay 
transformation of neutrons into 
protons. In 1963 Nicola Cabibbo 
showed how weak decays of parti
cles containing strange quarks 
could be related to beta decays by 
a mixing parameter, providing a 
natural framework for the subtle re
lation between quarks and the 
weak force. 

Looking at the selection rules of 
weak decays in 1970, Sheldon Gla-
show, John lliopoulos and Luciano 
Maiani realized that an extended 
picture containing four types of 
quark gave exactly what was re
quired. This GIM model showed 
how to extend the electroweak 
synthesis of weak interactions and 
electromagnetism to cover also the 
strongly interacting particles, and 
the ideas were dramatically con
firmed in 1974 with the discovery 
of charmed particles. 

A few years later, Kobayashi 
and Maskawa introduced a picture 
covering six types of quark, the 
minimum number needed to ac
commodate the delicate violation 
of combined charge/parity (CP) 
symmetry. 

The subsequent discovery of the 
tau lepton and of particles contain
ing a fifth ('beauty') quark showed 
that a six-quark, three-family pic
ture was on the right track. How
ever while natural consistency con
ditions give this picture a certain 
amount of predictive power, no 
new understanding results, and 
most of its input parameters (quark 
mixings and quark masses) have to 
come from experiment (March, 
page 17). 

Looking deep inside this six-
quark description, Harald Fritzsch 
and Johann Plankl of Munich have 
found several interesting clues. 
While the mathematics of the t w o -
family (four-quark) subset looks 
very t idy, wi th quark masses con
tributing in a regular 'democratic' 
way, a third family brings complica
tions. 

Al lowing initially a coupling only 
between the second and third fam
ilies, the picture suggests a prefer
red direction in the three-dimen
sional family space (if the coupling 
between the second and third fam
ilies is switched off, this direction 
is in fact that of the third family it
self). Also the mathematics, in par
ticular for the quark masses, be
comes murky and unsatisfactory. 
Switching on a coupling between 
the first and third families rein
forces these impressions. 

The analysis does not depend 
on parameters having particular 
' f ine-tuned' values, only that the 
quark mixing is small, and hints 
that the reasons for grouping the 
four lightest quarks into t w o famil
ies are not the same as those for 

grouping the full set of six into 
three families. The third family is 
not just a heavier carbon copy of 
the first t w o , suggesting that new 
ideas are needed to understand 
why Nature needs its six quarks, 
and how CP violation appears on 
the scene. 

Wi th the lower limit for the mass 
of the sixth (top) quark steadily be
ing pushed up, theorists are asking 
why this quark has to be so heavy. 
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