
The two frontiers of physics 

D. Sciama of Oxford and Trieste — hoping 
that large-scale dynamics is getting 
understood. 

In March at Garching, near Munich, 
physicists from different walks of 
life together took another hard 
look at the two major frontiers of 
physics — the very large and the 
infinitesimally small. 

Organized jointly by CERN and 
the European Southern Observato
ry (ESO), the Garching 'Symposium 
on Cosmology, Astronomy and 
Fundamental Physics' was the 
second in a series launched at 
CERN in November 1983. 

The goal of particle physics is 
to track down the smallest com
ponents of matter and to under
stand how they interact. 
Astrophysicists and cosmologists 
worry about the large scale struc
ture of the universe and try to puz
zle out why it is the way it is. 

These two frontiers of physics 
are finding common ground, espe
cially in the attempts to understand 
the formation of the universe in 

the convulsions of an initial 'Big 
Bang'. 

The 1983 Symposium came in 
the wake of the unification of the 
weak and electromagnetic forces, 
and with other interesting new 
ideas — cosmological inflation, 
grand unification, etc. — held out 
fresh hope that the barriers around 
the biggest physics problem of all 
— the origin of the Universe — 
might be crumbling. 

Two years down the line, some 
of that euphoria has evaporated, 
but fresh results have come in to 
keep a healthy interest alive. 
Garching summarizer D. Sciama of 
Oxford and Trieste was able to 
point to a shortlist of new obser
vations and theoretical ideas which 
have made their mark on current 
thinking. 'Perhaps large scale dy
namics are beginning to be under
stood', he claimed. 

Cosmic background radiation 

The faint glimmer of the 2.73 K 
cosmic background radiation dis
covered by Penzias and Wilson in 
1964 is the last thermal vestige 
of the fiery incandescence from 
the Big Bang, and any structure in 
this radiation provides important 
clues. 

G. Efstathiou of Cambridge des
cribed numerical simulations to 
find out what large-scale structure 
of matter would result from differ
ent sets of initial conditions. The 
cosmic background radiation does 
not show small fluctuations, ruling 
out certain possibilities for the 
moment. However continued pre
cision measurements of this radi
ation could yet provide important 
clues to the early Universe. 

F. Melchiorri of Rome reviewed 
the evidence for the dipole distri
bution of the cosmic background 

radiation and took a hard look at 
the limits for higher multipole dis
tributions. The 'black body' nature 
of this radiation has now been 
confirmed over a wide range of 
wavelengths. 

Satellite experiments 

One important new aspect of 
the meeting was the inclusion of 
results from satellite-borne exper
iments, which free astrophysics 
measurements from the straitjacket 
of the earth's atmosphere. 

M. Rowan-Robinson from Lon
don's Queen Mary College had 
results from observation of infra
red emitting galaxies by the IRAS 
(Infra Red Astronomy) satellite, a 
very successful US / UK / Nether
lands project. This reveals, as Scia
ma put it in his summary, '20 per 
cent more such galaxies in the 
North than the South'. This ties in 
with the dipole effect seen in the 
background radiation, showing 
that we appear to be pulled 
through space by some distant 
concentration of matter at the rate 
of about 500 kilometres per sec
ond. 

Theorist D. Schramm of Chicago 
looked towards confirmation of 
such new measurements, quoting 
Eddington, father-figure of modern 
cosmology: 'do not believe astro-
physical observations until con
firmed by theory!'. 

Neutrinos 

Two major particle physics con
tributions came in the neutrino 
sector, covered by K. Winter of 
CERN. One concerned the mass 
of the electron-type neutrino, still 
a controversial question, where a 
limit of 18 eV from a Zurich experi-

CERN Courier, May 1986 29 



The idea of 'inflation ' was put forward by 
cosmologists to link the initial Big Bang 
with our present relatively smooth Universe. 
But even initial inflation ideas had problems, 
as depicted by A. D. Linde of Moscow. 

ment on the beta decay of tritium 
at the Swiss Institute for Nuclear 
Research directly contradicts the 
slightly higher values obtained in 
a long-running Moscow study. 

The other neutrino headline was 
from the experiments at the CERN 
proton-antiproton Collider. By look
ing at the formation and decays 
of the W and Z carriers of the 
weak nuclear force they find that 
there is only enough room for a 
maximum of about six types of 
neutrino. This adds credibility to 
the idea of the Big Bang', com
mented Sciama, noting how this 
figure is converging towards the 
one implied by the abundance of 
light elements. 

The puzzle of the missing solar 
neutrinos continues to intrigue 
physicists, and exciting new ideas 
have recently been put forward 
(see April issue, page 2). 

Dark matter 

Astrophysical measurements 
and current cosmological thinking 
both imply that the Universe con
tains a lot of mysterious 'dark mat
ter', which may make up about 
90 per cent of its mass but which 
interacts only feebly with the rest. 

One of the main driving forces 
behind the dark matter idea is the 
notion that the Universe may be 
'closed' — containing enough mat
ter for its present expansion to be 
halted ultimately by gravity. 

The particle physics implications 
of this dark matter were covered 
by J. Primack of Santa Cruz. The 
list of candidate particles includes 
neutrinos (both known and un
known), axions, supersymmetric 
particles, and other weakly inter
acting massive particles (WIMPS). 

For the astrophysicists, Martin 
Rees of Cambridge declared him

self to be a 'baryon chauvinist', 
saying that there were too many 
dark matter candidates and main
taining that astrophysical remnants 
(black holes) and small faint stars 
(brown dwarves) could do the 
trick. 

Rees was of the view that a con
vincing determination of the degree 
of closure of the Universe is re
quired before delving too deeply 
into dark matter, but on the other 
hand advocates of a closed ('flat') 
Universe should not be dis
couraged. 

S. Shandarin of Moscow, a disci
ple of Zeldovich, covered attempts 
to pin down the large-scale distri
bution of light and dark matter, 
using percolation analysis ideas 
borrowed from solid state physics. 
It is no longer clear that the distri
bution of observable galaxies coin
cides with the overall distribution 
of matter, but there is growing 
conviction in a 'biassed' picture in 

which visible galaxies tend to pop
ulate regions where invisible matter 
concentrates. 

Inflation 

A big problem once facing Big 
Bang cosmologists was to explain 
how their Universe turned out to 
be so flat and (almost) homoge
neous. To get over these, and 
other hurdles, the so-called 'infla
tion' scenario was put forward to 
modulate the Big Bang picture, 
with additional phases of super
cooling, reheating, etc. Inflation 
says that the Universe has to be 
very close to closure, providing a 
strong motivation for dark matter. 

K. Enqvist of Helsinki covered 
the latest ideas in inflation technol
ogy. While inflation was once a 
relatively straightforward idea, 
session chairman T. Kibble said 
that life has become more compli-
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cated. Sciama described inflation 
as 'baroque', but still full of possi
bilities. 

Pulling strings 

Theorists offer two kinds of 
'string' mechanisms, very different 
but both of considerable appeal 
to cosmologists, gaining high rat
ings by Sciama. 

Of the new particle physics ideas 
on the market, superstrings (see 
June 1985 issue, page 185) is by 
far the best seller. M. Green of 
London's Queen Mary College gave 
the motivation behind abandoning 
a conventional space-time of 
points and introducing an under
lying geometry of strings in a 
10-dimensional space-time. 

This may help resolve the funda
mental difficulties of reconciling 
quantum effects and gravity, with 
the enormous energies (the so-
called 'Planck Mass' - 10 1 9GeV) 
required to reveal quantum gravi
tational effects. 

When the extra superstring di
mensions 'curl up', all sorts of tan
talizing goodies drop out, including 
candidate symmetries for grand 
unification, suggestions of Einstein-
ian relativity, etc., said Green. 

The 'unwanted' dimensions 
could also provide a home for the 
dark matter which interacts so 
feebly with the rest of the Uni
verse, he suggested. 

A very different kind of string 
was pulled by N. Turok of Lon
don's Imperial College. While 
Green's superstrings inhabit an 
invisible inner quantum space, Tu-
rok's strings arise through the 
(Higgs) mechanisms of spon
taneously broken gauge theories 
and weigh in at about a thousand 
tons per fermi (10~13 cm) ! 

A 'spaghetti' of such strings 

could have been cooked around 
the time of the Big Bang, and Tu
rok showed how this could have 
developed, with loops creating 
centres of energy and possibly 
seeding galaxies. Turok compared 
the calculated evolution of his 
string spaghetti to the observed 
distribution of (Abell) clusters of 
many bright galaxies. 

Quark nuggets 

When the quark soup of the ear
ly Universe cooled down suffi
ciently for hadronic matter to crys
tallize, other kinds of superdense 
matter could also have been 
formed. One new idea mentioned 
by Schramm and by Sciama is that 
of 'quark nuggets'. According to 
Schramm, quark nuggets are one 
dark matter candidate and could 
also seed galaxies. 

Laboratory aspects of super-
dense matter were covered by 
K. Kajantie of Helsinki. With heavy 
ion collisions at high energy sched
uled at CERN later this year, it is 
important, he said, to know how 
to recognize new dense matter 
formed in such 'Little Bangs'. 

Particle physics 

Carlo Rubbia of CERN spoke on 
the status and prospects of particle 
physics. In bygone days, said Rub
bia, one built an accelerator, did 
an experiment and found out new 
things. With the implications of 
the Planck mass, he was 'con
cerned' about direct access to new 
physics, and foresaw new types 
of attack using non-accelerator 
experiments. However this did not 
detract from the 'essential' task 
of building new machines. 

Rubbia demonstrated how the 

correlation of particles into jets 
using modern detection techniques 
(calorimetry) has simplified the 
study of particle constituents to a 
level where we can see the energy 
dependence of the underlying 
quark dynamics. 

He also displayed new data from 
the 1985 run at the CERN proton-
antiproton Collider, where he could 
still point to candidate events with 
'missing energy' carried away by 
invisible particles, not easy to ex
plain. 

Simon van der Meer of CERN 
painted his picture of the future of 
high energy machines. Convention
al ideas are reaching their limit, he 
claimed, and showed how machine 
physicists are looking towards 
exotic new forms of linear acceler
ator to continue their tradition of 
opening up higher energy horizons. 

In a memorable presentation on 
the final day, S. Chandrasekhar of 

Planck Mass 
Quantum gravity effects are 
very feeble, and extreme 
energies would be required 
to make them show up. This 
is the so-called 'Planck Mass' 
of 1019 GeV — ten thousand 
million million times the ener
gy of the Fermilab Tevatron. 
In the recent article by Guido 
Altarelli (April issue, page 6) 
a factor of a thousand million 
unfortunately fell somewhere 
by the wayside. But the es
sential point remains — the 
Planck Mass is way beyond 
anything imaginable on earth. 
Even using optimistic accel
erating fields, it would need 
a machine several light-years 
long! 
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If you have any questions, 
please contact us or our agencies 

Agencies 

United States, Canada 
LECROY RESEARCH Systems Corporation/USA 
Phone-. 914 425 2000 - Telex: 710 577 2832 

Great Britain, Japan 
Messrs. Smith + Jones, N e w b u r y / G B 
Phone: 0533 703 526 

Switzerland 
Messrs. ANTARES A G , Nussbaumen/CH 
Phone: 056 823783 - Telex: 58703 

Netherland, Belgium 
Messrs. UNITRONICS, N ieuweg ien /NL 
Phone: 3402 38559 

Schweden 
Messrs. Gunnar Peterson AB, Stockholm-Forsta/S 
Phone: 08 939280 - Telex: 17944 

Italy 
Elesys: 
Mi lano: Phone 2 4 2 3 99 20 
Roma: Phone 6-89 77 94 - Telex: 613 629 
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Halley's comet as recorded on 14 January 
in Miami, Florida, by a Notre Dame/Fermilab 
group using an 11 inch Cassegrain telescope 
together with detection and data acquisition 
systems developed to handle scintillations 
in an experiment at Fermilab to study the 
decays of particles carrying the charm and 
beauty quantum numbers. 

Chicago reminded his audience 
that the implications of classical 
general relativity are far from ex
hausted. 

In conclusion, Sciama hoped that 
the advent of the Space Telescope 
(hopefully not delayed too long) 
for observational astronomy, of 
new particle physics machines, 
and of the theoretical idea of su-
perstrings should ensure that the 
next CERN / ESO meeting, sched
uled for Bologna in 1988, should 
be particularly exciting. 

by Gordon Fraser 

Artist's impression of the 16 m 'VLT' 
optical telescope planned by the European 
Southern Observatory. Beams from the 
four 8 m unit telescopes would be 
recombined to form the final images. 
Because of its size, VLT would also 
dispense with the traditional domes 
covering the telescopes in favour of 
inflatable covers. 

(Photo ESO) 

Big Science 
Astronomy, like particle physics, 
has become Big Science where 
the demands of front line re
search can outstrip the science 
budgets of whole nations. Thus 
came into being the European 
Southern Observatory (ESO), 
founded in 1962 to provide 
European scientists with a major 
modern observatory to study 
the southern sky under optimal 
conditions. 

Before becoming installed in 
its Garching, near Munich, head
quarters, ESO found a tempora
ry European home at CERN. 

Reflecting this association, ESO 
was co-sponsor with CERN of 
the recent 'Symposium on Cos
mology, Astronomy and Funda
mental Physics' in Garching. 

The largest instrument cur
rently in use at ESO's Observa
tory in Chile is a 3.6 m tele
scope. From the beginning in 
1976 this has been heavily over
subscribed. When Italy and 
Switzerland joined ESO in 1982, 
a 3.5 m 'New Technology Tele
scope ' project was launched. 
Looking further ahead, ESO is 
planning an ambitious 16 m 
instrument to become one of 
the world's largest optical tele

scopes during the next decade. 
Envisaged as an array of four 

separate 8 m instruments, this 
'VLT' project would break new 
technological ground in many 
areas, reducing its unit cost 
compared with previous big 
telescopes. Among the VLT 
innovations are interferometric 
recombination of the beams 
from the separate unit tele
scopes and 'active optics' to 
compensate for image degra
dation in real time. 

VL T would require an addi
tional 300 million deutschmarks 
of funding, expected by ESO to 
be available by late 1987. 
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