
Modern physics in a classical setting - the 
Neutrino Telescopes Workshop in Venice's 
Palazzo Loredan. 

t ion hypothesis tested. Next step 
forward would be, as emphasized 
by S.Bilenky (Dubna), the ability to 
observe neutral current reactions 
and to measure the energy spec
trum of the charged current interac
tions from solar neutrinos. For this, 
experimental proposals and proto
types have been developed using 
boron, indium and heavy water de
tectors. 

Picking up high energy neutrinos 
f rom distant sources is a major 
goal for the underground detectors 
(muons induced by atmospheric 
neutrinos are seen and their spec
tra are in reasonable agreement 
wi th calculations). The expected 
mechanisms for particle accelera
tion in binary stars and other sys
tems, together wi th present data 
f rom high energy gamma ray tele
scopes, require that detectors in
tercepting neutrinos from distant 
point sources would have to be 
very large, bigger than 1 0 4 sq m, 
wi th good angular resolution, one 
degree or better, for the induced 
muons. 

One natural solution to have 
cheap large area and volume is to 
go deep underwater and detect the 
muons by means of Cherenkov 

light. The DUMAND collaboration, 
after a successful test demonstrat
ing the feasibility of an experiment 
4 0 0 0 m deep (June 1988, page 
29), is about to set up its nine-
string array off Hawaii. Meanwhile 
Soviet groups are at work in Lake 
Baikal and in the Mediterranean, 
and a US proposal aims at instru
menting an Arkansas lake for a 
combined neutrino- and gamma-ray 
telescope. 

On dry land, other Cherenkov 
radiation approaches include tests 
of antennas to detect radio signals 
f rom the products of ultra-high en
ergy neutrino absorption in the An 
tarctic ice, and prototypes of large 
track chamber arrays. Together 
these experimental efforts amount 
to a dozen projects all over the 
wor ld . 

Coherent insights into the evolu
tion of the Universe need improved 
limits on neutrino mass and life
t ime, even to the extent of actually 
measuring these quantities. This 
was the plea to experimentalists by 
E.Kolb (Fermilab) reviewing neutri
nos and cosmology. 

The round table concluding the 
workshop stressed the importance 
of establishing a network of com

plementary neutrino telescopes for 
both for low and high energy extra
terrestrial neutrinos, building on the 
existing international effort. As well 
as giving new clues to understand 
current problems, such a pro
gramme, underpinned by powerful 
detector techniques, could reveal 
unexpected phenomena and pro
vide new insights. 

FRANCE 
New horizons 
for nuclear physics 
The increasing realization that the 
underlying mechanisms of nuclear 
physics are controlled by the inner 
quark structure of nucleons rather 
than the nucleons themselves is 
blurring the once fairly distinct fron
tier between nuclear and particle 
physics. 

Thus nuclear physicists are 
awaiting new high energy ma
chines, notably CEBAF, the US 
Continuous Electron Beam Acceler
ator Facility now under construc
tion in Newport News, Virginia 
(March, page 21), while particle 
physics facilities such as the LEAR 
low energy antiproton ring and the 
high energy muon beams at CERN 
are gaining popularity with the nu
clear physics community. 

Wi th the French nuclear physics 
community making smoke signals 
for a 4 GeV electron machine, Min
ister of Research and Technology 
Hubert Curien asked the Academie 
des Sciences to commission a 
study on the future of fundamental 
nuclear physics to recommend 
what new facilities would be re
quired. 

Under the chairmanship of 
Georges Charpak, recently retired 
from CERN, the study group felt 
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that a 4 GeV electron machine was 
scientifically inappropriate. To ex
plore the furthest frontiers of nu
clear science, a continuous acceler
ator, going beyond CEBAF ener
gies, attaining 10-15 GeV, would 
be a better bet. 

Although catalysed in France, 
the group envisaged the new pro
ject as an essentially European ex

ercise, wi th contributions in exper
tise and material from other inter
ested nations, much along the lines 
of the HERA electron-proton collid
er now nearing completion at the 
German DESY Laboratory in Ham
burg. 

To provide a platform for major 
European nuclear physics projects, 
the group recommended the estab

lishment of a body analogous to 
ECFA, the European Committee for 
Future Accelerators, established in 
the early 60s as an independent 
'mini-parliament' of particle physi
cists and which has played a major 
role in the emergence of all Eu
rope's subsequent major particle 
physics projects. 

Supernova neutrinos 

In the first part of his in-depth 
article on the 1987 supernova 
(SN 1987A - April issue, 
page 1), David Schramm of 
the University of Chicago and 
the NASA/Fermilab Astro
physics Centre reviewed the 
background to supernovae, 
the composition of massive 
stars and the optical history 
ofSN 1987A and speculated 
on what the 1987 remnant 
might be. 

In such a Type II super
nova, gravitational pressure 
crushes the atoms of the 
star's interior producing neu
tron matter, or even a black 
hole, and releasing an intense 
burst of neutrinos. 1987 was 
the first time that physicists 
were equipped (but not en
tirely ready!) to intercept 
these particles, and in the se
cond part of his article, David 
Schramm covers the remarka
ble new insights from the 
science of supernova neutrino 
astronomy, born on 23 Fe
bruary 1987. 

For more than twenty years, physi
cists have anticipated that the 
gravitational collapse of Type II su
pernovae, forming neutron stars or 
black holes, are also copious 
sources of neutrinos. 

As explained in the first part of 
this article, massive stars evolve to 
about 1.4 solar mass iron cores 
surrounded by layers of silicon, ox
ygen, neon, carbon, helium and hy
drogen. The core of such an object 
will inevitably collapse, but the de
tails of how this collapse produces 
a neutron star or a black hole and 
how the outer material is spewed 
out in a supernova outburst are still 
matters of much debate. 

The t w o most popular scenarios 
are either a prompt direct shock 
caused by the bounce of the col
lapsing iron core when it hits in
compressible nuclear matter densi
ties, or a delayed shock resulting 
from neutrinos emitted by material 
subsequently falling on the baby 
neutron star and driving off the 
outer mantle. 

Regardless of these details, 
compressing about 1.4 solar 
masses of neutrons into a dense 
star releases about 1 0 5 3 ergs, 
while the total light and kinetic en
ergy of a supernova outburst is 

'only' about one per cent of this 
enormous figure. The difference 
must come out in some invisible 
fo rm, either neutrinos or gravita
tional waves. Numerous arguments 
have shown that gravitational radi
ation can only carry about one per 
cent of this, so that the bulk of the 
energy is released as neutrinos. 

It is also well established that for 
densities greater than about 2 x 
1 0 1 1 g per cc, the collapsing core 
is no longer transparent to neutri
nos. For electron neutrinos, the 
'neutrinosphere' source tempera
ture corresponds to an average 
particle energy around 10 MeV. 
Because of the significant masses 
of the muon and the tau lepton, 
muon- and tau-type neutrinos and 
their antiparticles only interact at 
these temperatures via neutral rath
er than charged current weak inter
actions, so their neutrinosphere is 
deeper inside the core, and their 
spectra are correspondingly hotter 
than those of the electron neutrino. 

The electron antineutrino opacity 
will initially be governed by charged 
current scattering off protons, but 
as the protons disappear, neutral 
current effects come into their 
own . Thus the temperature of elec
tron-type antineutrinos changes 
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