
per iments are w r o n g , w h i c h n o w looks 
unl ikely, or some other explanation is 
required. 

The idea behind the bench- top ex­
per iments is that in a heavy a tom 
(b ismuth is being used at both Oxford 
and Wash ing ton) , the atomic electrons 
spend enough of their t ime in or near 
the nucleus to be affected by the w e a k 
neutral force. Any par i ty-v iolat ing 
componen t in the interact ion could 
rotate polarised l ight w h e n passed 
th rough the a tomic vapour, and 
sophis t icated laser-based systems 
have been developed to detect any 
result ing rotat ion. 

Calculat ions on the b ismuth a tomic 
st ructure based on the Sa lam-
Weinberg theory suggest a rotat ion 
of the plane of polar isat ion by about 
1.5 x 1 0 " 7 r a d i a n s — a n angle roughly 
equivalent to the w i d t h of a needle 
seen f r o m f ive m i l e s ! Nevertheless 
w i t h the help of laser equ ipment the 
Oxford group has establ ished a sen­
sit iv i ty of 5 x 1 0 " 8 radians and the 
Wash ing ton group has reached 2 x 
1 0 " 8 . No opt ical rotat ion by the 
b ismuth a toms has yet been seen. 

The apparatus is indeed so sensit ive 
that even f ingerpr in ts , w h i c h contain 
large numbers of opt ical ly-act ive 
molecules, have a greater effect on the 
results of the exper iment than any ef­
fect at t r ibutable to neutral current 
w e a k in te rac t ions ! 

One immed ia te object ion to this 
negat ive result is that it hinges on a 
compl ica ted a tomic physics calcula­
t ion to est imate the effect on a tomic 
electrons due to nuclear interact ions. 
Patr ick Sandars of the Oxford group 
says tha t s t renuous efforts are being 
made to improve the reliabil i ty of th is 
ca lcu lat ion, but any larger discrepancy 
in the f inal result n o w seems 'unl ikely' . 
Groups at both Oxford and Mich igan 
are n o w proposing similar exper iments 
using hydrogen where the a tomic 
impl icat ions are much simpler. 

Meanwh i le high energy exper iments 
at CERN, Fermilab and Brookhaven 

have come up w i t h some guidel ine 
stat ist ics on neutr ino and ant ineutr ino 
scat ter ing, and a l though the events are 
still pret ty th in on the ground, it looks 
as though the cross-sect ions fo r 
neutral cur rent interact ions by 
neutr inos and ant ineutr inos are very 
di f ferent. 

A l t hough the isotopic spin structure 
of the neutral currents is still far f rom 
clear, th is s imple inequal i ty shows that 
the neutral current cannot be of a s i m ­
ple vector or axial-vector fo rm and, like 
its charged counterpar t , must be a mix­
ture of vec tor and axial-vector cur­
rents. The required vector and axial-
vector mixture is as w o u l d be expected 
in a Sa lam-Weinberg picture. Mixtures 
of vector and axial-vector currents nor­
mal ly lead to non-conservat ion of 
par i ty, so w h y don ' t the atomic physics 
exper iments see any v io lat ion ? 

One answer put fo rward by theore­
t ic ians is tha t the Sa lam-Weinberg 
model cou ld be an overs impl i f icat ion 
of w h a t is go ing on. For instance the 
vector and axial-vector parts of the 
neutral cur rent could couple to dif­
ferent bosons. This w o u l d preserve the 
vector and axial-vector structure of the 
current and the neutr ino/ant ineutr ino 
cross-sect ion inequal i t ies but could 
make the observat ion of any pari ty 
v io lat ion more dif f icul t . 

So far, neutra l current interact ions 
have only been seen in neutr ino i n ­
teract ions and the negat ive result ob ­
ta ined by the Oxford and Wash ing ton 
groups under l ines this. Any posit ive 
result by a bench- top exper iment 
w o u l d not on ly measure the extent of 
pari ty v io la t ion at t r ibutable to the 
w e a k neutra l current , but w o u l d also 
be the f i rst s ign of neutral current 
phenomena outs ide the neutr ino 
arena. 

Come Together 
Whenever an exper iment comes out 
w i t h an unexpected result, the fert i le 

minds of theoret ic ians are fur ther 
s t imu la ted to revamp their existing 
ideas or c o m e ou t w i t h completely 
new ones. For example, w h e n a f e w 
t r imuon events were reported f rom 
Fermilab and CERN (April issue, page 
9 5 ) , it w a s n ' t long before new 
mechan isms w e r e put fo rward to ex­
plain the new phenomenon. 

But n o w someth ing else seems to be 
happening as we l l . Instead of picking 
on just one new observat ion, some of 
the b iggest guns in theoret ical physics 
are concent ra t ing on producing a un i ­
f ied p icture w h i c h accounts for a 
number of, at f i rst sight, seemingly un ­
related observat ions. 

It has long been thought that the 
or iginal We inberg -Sa lam model of 
w e a k and e lect romagnet ic interact ions 
is an overs impl i f icat ion of w h a t is real­
ly go ing o n , but opinions differ as to 
just where it is deficient. Each new 
embe l l i shment w o u l d bring its o w n 
consequences — some w a n t e d , some 
u n w a n t e d . 

Rather than t r ickl ing in one by one, 
there n o w seems to be a bot t leneck of 
new results in lepton physics. As wel l 
as the new, but still sparse, t r imuon 
da ta , there are the detai ls of d imuon 
events sti l l t o be explained. There is the 
evidence for new heavy leptons at 
SLAC and DESY. New exper imental 
techn iques stil l fail to detect any level 
of par i ty v io la t ion in atomic physics ex­
per iments . Detai ls of neutr ino scatter­
ing defy explanat ion by a simple quark 
mode l . 

As a result , some authors are saying 
tha t the theory of weak and elec­
t romagne t i c interact ions needs a 
radical reth ink to explain all these new 
observat ions in one go. A l though the 
approaches taken dif fer w ide ly , there 
seem to be t w o underlying c o m m o n 
denomina to rs — a prol i ferat ion of the 
number of quarks and leptons tak ing 
part in the interact ions, and the i n ­
t roduc t ion of ' r ight -handed' part icles. 

The prol i ferat ion of quarks and 
leptons is not necessarily a bad th ing . 


