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work, half the technical support, 
positions not covered by the universi
ties (about 20%) and travel. This 
additional particle physics budget is 
of the order of 4 M Swiss francs per 
year. Nuclear physics has its own 
separate budget. 

Prospects appear good. The num
bers of high energy experimentalists 
and theorists are increasing, while 
former students and young research
ers are finding interesting employ
ment in industry. 

Research and development work 
for major new projects, including 
particle physics, is handled by a new 
funding source providing strategic 
long range support to industry. The 
Swedish-CERN Committee (Chair
man Goran Jarlskog) is seeking 
support for R&D, with fellowships and 
studentships for improving technol
ogy transfer. 

For CERN, special funding for 
ATLAS and ALICE will be available. 
The present goal is 16M Swiss 
francs. Funding at the level of 1.2M 
Swiss francs per year is planned by 
the Swedish Natural Science Re
search Council (Naturvetenskapliga 
Forskningsradet, or NFR), which 
uses a three-year rolling plan. A 
significant contribution will also be 
sought from the Wallenberg Founda
tion. 

Funding for large-scale experimen
tal and computer equipment is 
channeled through the Swedish 
Council for Planning and Coordina
tion of Research 
(Forskingsradsnamden - FRN), under 
priorities set by the NFR. Basically 
NFR finances running expenses and 
plans investment opportunities, which 
are financed by FRN. 

The average amount granted per 
year for particle physics is at present 
at the level of 2.5 M Swiss francs. 
The Swedish contribution to the LEP 

detectors (DELPHI) was 2.8 M Swiss 
francs for the period up to 1986, 
continuing subsequently for infra
structure and for computing hard
ware. 

Two research boards, the Swedish 
Research Council for Engineering 
Sciences, TFR, and the Swedish 
National Board for Industrial and 
Technical Development, NUTEK, 
provide funding for applied research 
in direct collaboration with industry at 
the level of 0.2 M Swiss francs per 
year. 

A special liaison company 
(Technotransfer AB) has been set up 
to promote relations between indus
try, technical universities and interna
tional Research organizations. 

Recent noteworthy contributions to 
arrive at CERN from Sweden include 
the DELPHI RHIC mirrors and 
cryogenics for LEP2. Ongoing 
research and development work 
covers transition radiation detectors, 
radiation-hard semiconductor detec
tors, front-end electronics, and a 
model LHC magnet. This latter 
development resulted from a joint 
Swedish and Finnish initiative with 
financing provided both by Sweden 
(NUTEK) and Finland. 

ASTROPHYSICS 
The oldest galaxy yet 

T The most remote galaxy ever 
seen directly has been detected 

by astronomers using the ESO 
(European Southern Observatory's) 
3.5 metre New Technology Tel
escope (NTT) at La Silla, Chile, and 
the 10-metre Keck telescope in 
Hawaii. It shows that stellar evolution 
was already well underway some 10 
billion years ago, when the Universe 
was 'only' a few billion years old. 

Due to the continual expansion of 
the Universe in the wake of the Big 
Bang, visible light emitted a long time 
ago becomes 'stretched', and ap
pears redder. This 'redshift' is a 
measure of how long ago the radia
tion was emitted. 

Until this new sighting, the oldest 
known objects were quasars, huge 
concentrations of matter at the fringe 
of the Universe blasting energy out 
into space. Looking hard at such a 
quasar, ESO astronomers noticed 
that light of one particular wavelength 
was strongly absorbed, indicating an 
intervening cloud of hydrogen. (In 
intergalactic space, such absorption 
spectra are not seen - September, 
page 34.) 

The redshift of the absorption line 
showed that the cloud itself was 
almost (90%) as old as the Universe. 
Further study revealed other absorp
tion lines, showing that the cloud also 
contained carbon, oxygen, aluminium 
and sulphur. 

So much indirect evidence for 
stellar-like material suggested that 
stars might be around. Earlier this 
year the ESO astronomers embarked 
on a search for directly visible mate
rial. Their CCD SUSI (SUperb Seeing 
Instrument) picked up a faint signal 
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P h y s i c s m o n i t o r 

The oldest galaxy, as seen by the European 
Southern Observatory's NTT telescope. The 
left picture shows the target quasar, with right, 
the quasar image removed to make the 
galaxy, situated just to the north-west of the 
quasar, easier to see. 

just 2 arcsec away from the quasar. 
This tiny angular separation corre
sponds to a distance 'on the ground' 
of 40,000 light-years. 

There are strong indications that 
this galaxy contains all the necessary 
nuclei to produce the observed 
absorption effects. Only hydrogen 
and helium were produced in the Big 
Bang, heavier nuclei having been 
'cooked' by thermonuclear reactions 
inside stars. The newly-observed 
galaxy is the oldest visible source yet 
of heavier nuclei. 

New state of matter: 
Bose-Einstein 
condensation 

~7f\ years after work by the Indian 
/ \J physicist Satyendra Nath 

Bose led Einstein to predict the 
existence of a new state of matter, 
the Bose-Einstein condensate has 
finally been seen. The discovery was 
made in July by a team from Colo
rado, and was followed one month 
later by a second sighting at Rice 
University at Houston, Texas. 

It is Bose's theoretical framework 
governing the behaviour of the 
particles we now call bosons which 

led to Einstein's prediction. Unlike 
fermions, which obey the Pauli 
exclusion principle of only one 
resident particle per allowed quantum 
state, any number of bosons can 
pack into an identical quantum state. 
This led Einstein to suggest that 
under certain conditions, bosons 
would lose their individual identities, 
condensing into a kind of 
'superboson'. 

This condensate forms when the 
quantum mechanical waves of 
neighbouring bosons overlap, hiding 
the identity of the individual particles. 
Such a condition is difficult to 
achieve, since most long-lived 
bosons are composite particles which 
tend to interact and stick together 
before a condensate can emerge. 
Extremely low temperatures and high 
densities are required to overcome 
this problem. As bosons lose energy 
and cool down, their wavelengths 
become longer, and they can be 
packed close enough together to 
merge into a condensate. Up until 
now, however, the extreme condi
tions needed have not been attain
able. 

Nevertheless, hints of the Bose-
Einstein condensate have been 
inferred in phenomena such as 
superconductivity and liquid helium 

superfluidity. Condensates could 
also play an important role in particle 
physics and cosmology, explaining, 
for example, why the pion as a bound 
quark-antiquark state is so much 
lighter than the three-quark proton. 

A hunt to create a pure Bose-
Einstein condensate has been 
underway for over 15 years, with 
different groups employing different 
techniques to cool their bosons. The 
two recent successes have been 
achieved by incorporating several 
techniques. In both cases, the 
bosons have been atoms. In Colo
rado, rubidium-87 was used, whilst at 
Rice University, the condensate was 
formed from lithium-7. Both teams 
started with the technique of laser 
cooling. This works by pointing finely 
tuned laser beams at the sample 
such that any atoms moving towards 
a beam are struck by a photon, which 
slows them down. 

This steadily lowers the tempera
ture to the microkelvin level, still too 
high for the condensate to form. The 
next step is to ensnare the sample in 
a magnetic trap and allow the faster, 
hotter atoms to escape, a technique 
known as evaporative cooling. This 
produces temperatures cold enough 
for a condensate, but achieving high 
enough density is still a problem. 
Conventional magnetic traps leak; 
there is a point of zero field through 
which cold atoms can drain away. 
Both groups used innovative ar
rangements of magnets to plug the 
leak. 

The Colorado group saw the con
densate when they opened up the 
trap and took a laser snapshot of its 
contents. They found that the faster 
atoms quickly flew out, whilst the 
colder ones, which had undergone 
condensation, formed a dense 
central core. From their measure
ments, they deduce that the conden-
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