
Sketch of the proposed twin-ring Japanese 
Hadron Facility at the national KEK 
Laboratory, to provide beams of both 
hadrons and heavy ions (H.I.). 

trons one expects an intense pulse 
of 5 keV X-rays to be emitted with 
very low emittance. Such a source 
could have useful applications in 
solid state physics and medicine. 

Other experiments being studied 
and prepared by Pellegrini and co
workers are: free electron lasers 
in the micrometre wavelength re
gion for the study of optical guiding 
and other physics aspects; an in
verse free electron laser using the 
C0 2 laser and a wiggler magnet 
to raise the beam energy to several 
hundred MeV. 

Kirk McDonald of Princeton is 
interested in using the facility to 
study non-linear quantum electro
dynamics effects expected when 
an electron beam interacts with 
intense laser light. An example 
would be the absorption of several 
photons by an electron followed 
by the emission of a single photon 
with higher energy. 

WORKSHOPS 
Hadron facilities 

'Hadron facilities' —high intensity 
(typically a hundred microamps), 
medium energy (30-60 GeV) ma
chines producing intense second
ary beams of pions, kaons, etc., 
are being widely touted as a pro
fitable research avenue to supple
ment what is learned through 
the thrust for higher and higher 
energies. 

This interest was reflected at an 
International Workshop on Hadron 
Facility Technology, held in Santa 
Fe, New Mexico, from 2-5 Februa
ry. As well as invited talks describ
ing the various projects being 
pushed in the US, Europe and Ja
pan, the meeting included working 
groups covering linacs, beam dy
namics, hardware, radiofrequency, 
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polarized beams and experimental 
facilities. 

Los Alamos Meson Physics Facil
ity (LAMPF) Director Gerald Garvey 
described the physics that these 
machines would open up. Our pre
sent understanding would be 
tested by searching for exotica 
and/or by looking for rare decays, 
forbidden according to contempo
rary ideas but, if found, indicative 
of new underlying physics. 

This message was underlined 
by Lee Teng of Fermilab in his 
summary talk, showing how high 
precision measurements (anoma
lous muon magnetic moment, pro
ton decay searches, symmetry 
violation, etc.) can and have con
tributed to physics progress. 

The KAON project for the Cana
dian TRIUMF Laboratory, covered 
by Mike Craddock, is still in con
tention (see April 1986 issue, page 
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Meeting 
'Pion-Nucleus Physics'—a 
meeting to examine and dis
cuss future directions and 
new facilities at the Los Ala
mos Meson Physics Facility 
(LAMPF) will be held from 
7-21 August at Los Alamos. 
Further information from Ro
berta Marinuzzi, LAMPF Liai
son Office, MSH831, LANL, 
Los Alamos, NM 87545, 
USA. 

20). Although national funding is 
not immediately forthcoming, there 
is some regional (British Columbia) 
support. 

F. Bradamante of Trieste outlined 
the ideas behind the proposed 
European Hadron Facility (see 
July/August 1986 issue, page 13). 
Additional physics could come 
from neutrino beams, possibly 
intercepted in a big detector plan
ned for the Italian Gran Sasso un
derground laboratory. 

Interest in Japan is centred on 
a hybrid scheme for the national 
KEK Laboratory-a 2 GeV high 
intensity source with a supplemen
tary proton stretcher ring/heavy 
ion synchrotron, explained Moto-
hiro Kihara. With hadron beams, 
and with heavy ions up to 
1 GeV/nucleon, this has some 
attractive physics possibilities. 

Horst Foelsche described how 
Brookhaven's new Booster will 
increase proton intensities at the 
Alternating Gradient Synchrotron 
and allow more types of ion to be 
accelerated. For the proposed RHIC 
Relativistic Heavy Ion Collider (see 
page 21), there is physics interest 
in a wide range of energies, not 
just the upper limit. 

The LAMPF II proposal for Los 
Alamos has foundered, regretted 
Arch Thiessen, and alternative 
ideas for an Advanced Hadron 
Facility have yet to crystallize. One 
new idea was for a superconduct
ing pion linac. 

A contribution from Yves Bacon-
nier of CERN described experience 
gained at CERN's 28 GeV Proton 
Synchrotron, a veteran machine 
but at the same time a most mod
ern one, thanks to continual up
grades. This experience suggests 
that high intensity hadron machines 
might not simply be scaled-up ver
sions of existing machines, and 
could encounter new problems 
with radiation levels and with beam 
extraction. 

As well as looking at dedicated 
hadron machines, the meeting also 
served as a forum for develop
ments on fast cycling proton ma
chines to provide neutrons through 
spallation. In this area too, new 
projects are afoot. 

From Horst Schônauer 

Neutrinos 

About 80 neutrino afficionados 
attended a workshop at Brookhav
en from 5-7 February to hear the 
latest experimental results and to 
discuss the future of this fascinat
ing field of physics. Much attention 
centred on the search for neutrino 
oscillations, where neutrino types 
can interchange. Preliminary results 
were reported from two new ex
periments carried out at the Brook
haven Alternating Gradient Syn
chrotron (AGS) in the past year. 
Both see tantalizing hints that there 
may be oscillations between elec
tron-type and muon-type neutrinos. 

A Columbia / Illinois / Johns 
Hopkins collaboration sees an ex
cess of electrons produced by a 

Brookhaven Neutrino Workshop Organizing 
Committee - standing Wonyong Lee 
(Columbia, left) and François Vannucci (Paris 
and Boston) with Brookhaven members 
(seated, left to right) Michael Murtagh, 
Katherine Einfeldt and Alan Carroll. 

(Photo Mort Rosen) 
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narrow band beam of muon neu
trinos hitting a 250-ton detector 
1 kilometre from the neutrino pro
duction target. About 17 more 
electron events were observed 
than expected from electron neu
trino contamination in the beam 
and from backgrounds, principally 
due to neutral pions. Although 
further work on the error analysis 
is needed, confidence in the effect 
is mounting. 

A Boston / Brookhaven / CERN 
/ Paris collaboration brought to 
the AGS a detector previously used 
in the low energy neutrino beam 
at CERN, where it reported signs 
of an excess of electron events. 
When the CERN low energy neu
trino programme finished, the ex
periment moved to the AGS, and 
the results now seem to confirm 
the initial finding. This 10-ton de
tector aims for a clean separation 
of electron showers connected 
and disconnected from the inter
action vertex (the latter type would 
be expected from background). 
Using the wide band beam with 
its higher neutrino flux, an excess 
of 35 electrons were seen, which 
again boosts confidence. 

Earlier results from experiments 
at CERN (BEBC bubble chamber) 
and at Brookhaven were also re
viewed. These found no evidence 
for oscillations and gave limits on 
the parameters involved which 
exclude the new results. 

Frank Merritt of Chicago sum
marized, saying that while the pre
sent experiments were unlikely to 
prove the existence of oscillations, 
the effects were not likely to go 
away either. Physicists now want 
to look for a variation in the elec
tron event signal with the distance 
from the neutrino source. A two 
detector experiment would be a 
major step in this direction. 

The participants were not with

out ideas along these lines, pro
posing that a second detector 
could be built further away but still 
inside the Brookhaven fence, 
floated in Long Island Sound, or 
established even further afield. 

What breaks 
the symmetry 
of the weak and 
electromagnetic 
forces? 

Though highly successful, the uni
fied theory of weak and electro
magnetic forces is incomplete in 
one crucial respect: we do not 
know the exact mechanism that 
breaks the symmetry between the 
two forces. In searching for it we 
are searching for a new fundamen
tal force of nature and for new 
forms of matter associated with it. 

The unification of the electro
magnetic force and the weak nu
clear force is one of the great 
achievements of contemporary 
physics. It was accomplished by 
the discovery of a symmetry which 
relates the two forces to one 
another, allowing us to view them 
as different manifestations of a 
single unified force. The unified 
theory was dramatically confirmed 
by the discovery at CERN in 1983 
of the W and Z particles as pre
dicted by the theory. 

Despite this success, a very fun
damental aspect of the theory is 
not yet understood. The photon, 
which 'carries' or mediates the 
electromagnetic force, has no 
mass. If the symmetry of the uni
fied theory were exact, the W and 
Z particles, which carry the weak 
force, would also be massless. In 
fact the very large W and Z 

masses, roughly 100 times heavier 
than a hydrogen atom, are re
sponsible for profound differences 
in the electromagnetic and weak 
forces. The W and Z masses show 
that the symmetry of the unified 
theory is not perfect but is rather 
'broken' or approximate. To com
plete the unified theory we need 
to find the symmetry-breaking 
mechanism. 

For the theory to be calculable, 
we know that the symmetry-break
ing mechanism must be 'spon
taneous', a technical term referring 
to systems whose forces are per
fectly symmetric but have a pre
ferred state of lowest energy which 
is not symmetric. An ordinary iron 
magnet is an example: though the 
fundamental laws of magnetism 
are spatially symmetric so that the 
magnetic force could equally well 
point in any direction, the magnet 
settles into a state of lowest ener
gy in which all its magnetic sub
components are aligned along a 
particular (though arbitrary) direc
tion. The symmetry is broken by 
a direction selected 'spon
taneously' by the state of lowest 
energy from among all the equally 
likely possible directions. 

In the unified theory the symme
try is not spatial but is rather ab
stract, relating the photon to the 
W and Z. But in this case we do 
not even know the force, analo
gous to magnetism in the example 
above, that induces the state of 
lowest energy to select a symme
try-breaking 'direction'. In search
ing for the symmetry-breaking 
mechanism we are searching for 
a new force and for the particles 
which carry it. The search is very 
difficult since we know neither the 
mass of the new particle(s) nor 
the strength of the force they 
carry. 

Searching for the symmetry-
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