
(the électron, muon and tau) accom-
panied by their associated neutrinos. 

The quarks interact through a 'field' 
of gluons, while ail the particles also 
interact through an entirely separate 
electroweak field, carried by the 
photon of everyday electromagnet-
ism and the W and Z particles of the 
weak nuclear force. 

Physicists speak of thèse as the 
'gauge' interactions of the Standard 
Model. The équations of the theory 
are the same for ail physics Systems 
- there is no 'seam' between one 
realm of applicability and another, 
and the theory is said to be 'gauge 
invariant'. For this to happen, the 
formalism must incorporate messen-
ger ('gauge') particles which transmit 
the field information. The coexistence 
of two apparently unrelated gluon 
and electroweak gauge fields inside 
the Standard Model needs to be 
explained. 

As well as thèse gauge interactions, 
the Standard Model also contains 
other interactions involving the 
symmetry-breaking 'higgs' particles 
which give the quarks and leptons 
their mass. The masses of the 
Standard Model's quarks and leptons 
are fixed by thèse higgs couplings. 
Physicists call thèse the 'Yukawa' 
interactions of the Standard Model, 
after Hideki Yukawa's 1935 idea that 
the nuclear force is the resuit of 
exchanging intermediate mass 
particles (although both the Standard 
Model and higgs particles were 
unheard of in Yukawa's time). 

As well as masses, the Standard 
Model also governs the chain of 
quark decays under the weak nuclear 
force, with the heavier ones succes-
sively decaying into lighter ones. 
With three pairs of quarks, thèse 
decays are described by a three-
dimensional array of numbers, the 
well-known Cabibbo-Kobayashi-

Maskawa (CKM) matrix. Despite the 
growing prédictive power of the 
Standard Model, thèse quark mixings 
can only be measured in experi
ments. Apart from the top sector, the 
gênerai features of thèse quark 
decays are now known. 

With the Standard Model never 
having been able to say anything 
about its higgs particles, the mass 
sector was for a long time left alone. 
However with the top quark mass 
now confidently assigned to the 
région around 175 GeV, interest is 
shifting. 

Why is the top so much heavier 
than ail the other quarks (the next 
heaviest, the beauty - 'b' - carrying at 
most about 5.3 GeV)? What governs 
the lepton mass pattern - the électron 
at 0.5 MeV, the muon at 106 MeV 
and the tau at 1777 MeV? Are the 
three types of neutrino massless? 

Do thèse patterns hint at some 
deeper symmetry beyond the Stand
ard Model? In the same way that the 
electroweak picture unifies electro-
magnetism and the weak nuclear 
force, at extremely high énergies 
(10 1 6 GeV, the so-called Grand 
Unified Theory, GUT, level), the 
strong and electroweak sectors of the 
Standard Model could unify into a 
single force. 

Even with three pairs of quarks and 
leptons, there are many higgs cou
plings. Thèse contain much more 
information than just masses, deter-
mining also the CKM - quark mixing -
information. The hope is that the 
higgs patterns will be simpler at the 
10 1 6 GeV GUT energy. Some of 
quantities could become zéro, others 
would be simply related, or even 
equal. Extrapolating this picture down 
to lower énergies would give the 
observed masses and quark mixings. 

This can be done using the 
supersymmetric picture, where the 

price of unification is a doubling of 
the number of basic particles - the 
ordinary particles of the Standard 
Model are augmented by additional 
supersymmetric 'sparticle' partners. 
The quark and lepton ingrédients of 
the Standard Model are paired with 
by spinless 'squarks' and 'sleptons', 
and the photon, W and Z force 
carriers by quarklike 'photinos', 
'charginos' and 'neutralinos'. 

Theorists expect new symmetries to 
émerge at the unification énergies to 
explain the simpler mass patterns 
there. Improved measurements of 
quark masses and inter-quark decay 
rates will provide further insights. 

DARK MATTER 
Optical shears 

Evidence for dark matter continues to 
build up. Last year (December 1993, 
page 4) excitement rose when the 
French EROS (Expérience de Re
cherche d'Objets Sombres) and the 
US/Australia MACHO collaborations 
reported hints that small inert 'brown 
dwarf stars could provide some of 
the Universe's missing matter. 

In the 1930s, astronomers first 
began to suspect that there is a lot 
more to the Universe than meets the 
eye. To explain galactic motion 
needs more gravitational pull than 
can be accounted for simply by 
counting visible stars. Still more 
gravity is needed if the explosive 
power of the Big Bang is one day to 
be halted and prevent the Universe 
from expanding for ever. 

MACHO and EROS have been 
carefully surveying millions of stars 
astronomically close to the Earth, 
finding several cases where the 
distant image was temporarily ampli-
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The faint curves (left) are due to the gravita-
tional lensing of light from distant galaxies by 
intervening matter. This gives a valuable 
insight into the distribution of otherwise 
invisible interstellar material. 

fied as grains of invisible intervening 
material in our galaxy crossed the 
line of sight. This gravitational 
microlensing effect was pointed out 
by Bohdan Paczynski of Princeton in 
1986, who now has his own search 
team, acronymed OGLE, which has 
recently reported some lensing 
events. 

The initial MACHO survey, using 
the Australian Mount Stromlo Ob-
servatory, looked at eight million 
stars in the Large Magellanic Cloud 
(LMC), the nearest galaxy to our 
own. A parallel survey using the 
bulge of the Milky Way has revealed 
a further four events from 'only' 
450,000 stars - an embarrassing 
surfeit, compared to the LMC count-
ing. 

The EROS survey, using the 
European Southern Observatory 1m 
télescope, reported two candidate 
brown dwarf sightings last year, from 
about half of the photographie plate 
data. From the duration of thèse 
signais (26 and 30 days rise time), 
the intervening objects are rather 
large (smaller than the Sun, but not 
that small). The remaining data did 
not reveal any new candidates. 
Together, the results suggest an 
absence of smaller dark matter 
objects. 

In parallel, EROS do a CCD (elec-
tronic) scan using a smaller tél
escope, shooting every 12 minutes or 
so. Here the idea is to look for small 
dark objects, less than one ten-
thousandth the size of the Sun (a 
tenth of Jupiter), which would pro
duce fluctuations varying from one 
hour to a few days. The CCD-
recorded data reveals no such short-
scale candidates, excluding a wide 
range of dark matter possibilities in 
our galaxy. 

A new window on dark matter 
cornes from the optical shear 

tomography technique used by 
Anthony Tyson of AT&T. The images 
of pairs of faint and very distant blue 
galaxies can be used as a backdrop 
to search for otherwise invisible 
foreground mass patterns. Using ail 
possible pairs of thousands of 
galaxies, no matter what their angu-
lar séparation in the sky, gives 
corrélations analogous to gravita
tional microlensing. Scanning the sky 
in this way provides a différent way of 
seeing how the optical image of the 
distant galaxy is distorted by other
wise invisible clumps of intervening 
mass. 

The resulting dark matter distribu
tion matches what was predicted by 
the kinematical analysis of galactic 
motion which first showed the need 
for additional invisible material. Not 
only is dark matter there, but it is 
there in the right places. 

Direct évidence for gravitational 
lensing by intervening dark matter 
has been studied by several groups, 
notably at Toulouse. 
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T H E S E A R C H for I N F I N I T Y 

solving the mysteries of the Universe 

The Search for Infinity explains what particle physicists do in a way that their non-

scientific friends and relatives can actually understand. A bold claim, but one which 

may easily be verified! This has been achieved by teaming up the scientific expertise 

of CERN's Professor Egil Lillestol with the journalistic talents of Inge Sellevâg of 

the Bergens Tidende and Dr Gordon Fraser, the editor of CERN Courier. Their 

explanations of the mysteries of the Universe have in turn been enhanced using 

créative computer graphies to give the best visual interprétation within the limits of 

imagination. And Stephen Hawking has kindly endorsed the enterprise by 

providing a lively introduction. 

The book tells the story of 

the search for the ultimately small, from the 

early days of atomic physics to modem particle 

accelerators, and how the conditions necessary to reveal 

quarks replicate those of the first moments of the 

Universe - elegantly linking particle physics and 

cosmology, while at the same time providing straight-

forward explanations of the basics of modem physics. 

The Searchforlnfinity is available at the Cern Shop 
(Building 33) price 30 Swiss francs. To order by mail, 
please send your crédit card détails or a chèque in UK 
Pounds Sterling for £16.99 plus appropriate postal costs 
and VAT as listed in the form below. Send your order form 
to Reed Book Services Limited, P.O. Box 5, Rushden, 
Northants, NN10 6YX, Great Britain. 

The higgest 
explosion ever 

O R D E R F O R M Ref No: S410S00K01 

Na 

Address 

Please send m e copies o f T H E S E A R C H for I N F I N I T Y (ISBN 1857322800) @ £16 .99 each. 

Please addpostage andpacking: UK £2.65, Europe £3.50, USA/Asia £6.70. 

Please add VAT: Belgium 6%, Denmark 25%, France 5.5%, Germany 7%, Greece 4%, Italy 4%, Luxembourg 3%, 
Netherlands 6%, Portugal 5%, Spain 3%. 

I enclose a chèque in £ sterling for the total amount indicated made payable to: Reed Book Services Limited, 

Or, please débit my Access/Visa/Amex/Diners to the sum of £ 

Card Number • • • • • • • • • • • • • • • • Card Expxry Date 

Signature 

Orders will normally be despatched within 5 working days, but please allow up to 28 days for delivery. 

If you do not wish your name to be used by other carefully selected organisations who may wish to send you détails of other products that may be of 

interest, please tick this box. I I 

Post to: R E E D B O O K S E R V I C E S L I M I T E D , P . O . B O X 5 , R U S H D E N , N O R T H A N T S , N N 1 0 6 Y X , G R E A T B R I T A I N . 

Registered Office: Michelin House, 81 Fulham Road, London, SW3 6RB; Registered in England; Number 1974080 
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