
experience suggested that the sig
nal becomes clearer with higher 
neutrino energy and muon 
momentum. 

The baton thus passed to the 
Chicago / Columbia /Fermilab / 
Rochester collaboration at Fermi
lab, using the new 800 GeV Teva-
tron proton beam to provide the 
highest energy neutrinos ever used 
in a laboratory experiment. These 
were caught in a 690 ton iron-liquid 
scintillator calorimeter, and the 
reaction products studied in a 
ten metre-long toroidal magnetic 
spectrometer, with magnet sec
tions interspersed with drift 
chambers. 

From a total of three million trig
gers, the experimenters carefully 
selected their sample of 117 exam
ples of same sign muon pairs after 
elimination of background effects 
providing spurious signals. 

The observed level of same sign 
muon pairs edges lower than be
fore, although they still overlap 
with measurements at CERN by 
the CERN / Dortmund / Heidel
berg / Saclay / Warsaw /Beijing 
experiment. 

With some daylight still visible 
between the bottom of the exper

imental error bars and the theore
tical expectation, which moreover 
depends on the parameters used 
in the calculation, there is still room 
to manoeuvre, but the effect is no 
longer embarrassing for conven
tional physics. 

Apparatus of the Chicago/Columbia/ 
Fermilab/Rochester collaboration at the 
Fermilab Tevatron — catching the highest 
energy neutrinos ever used for a laboratory 
experiment. 

(Photo Fermilab) 

Other people's accelerators 
The first report from the Washing
ton Accelerator Conference (see 
May issue, page 7) concentrated 
on news from the particle physics 
centres. But the bulk of the Con
ference covered the use of accel
erators in other fields, underlining 
this valuable spinoff from particle 
physics. 

Let there be light 

Herman Winick opened the ses
sion on synchrotron radiation facil
ities with a reminder of the tremen
dous growth in the use of these 
intense sources of electromagnetic 
radiation. There are now 34 stor

age rings in action in 27 Laborato
ries in 11 countries... and more 
are on the way. 

The pioneer of this burgeoning 
field, the Synchrotron Radiation 
Centre at Wisconsin/Madison has 
been in pain in recent years trying 
to bring on the 800 MeV Aladdin 
ring to replace the famous 240 
MeV Tantalus ring. Ed Rowe was 
able to report that the battle is 
now won. Average currents of 
some 100 m A are being held and 
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Shining more light — the actual and 
projected growth of X-ray source brilliance. 
For the stationary anode X-ray tube there 
was no variation from the turn of the 
century until 1960. Then brilliance increased 
tenfold with the introduction of the rotating 
anode. The units of brilliance are photons 
per second per square milliradian per square 
millimetre. 
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operating efficiency is 93 per cent. 
An undulator, from Stanford, has 
been installed and gives two or
ders of magnitude more flux than 
the bending magnets. Aladdin had 
been executed by its funding agen
cy, the National Science Founda
tion, but can now be regarded as 
one of the few examples of resur
rection from the dead. 

Emphasis was obviously on US 
machines and there were reports 
of excellent performance from the 
National Synchrotron Light Source 
at Brookhaven and from, the syn
chrotron sources at Stanford. The 
NSLS can now reach 1 A in the 
750 MeV UV ring and 250 mA 
(half design current) in the 2.5 GeV 
X-ray ring. They are dealing with 
some fifty end-stations and the 
experimental floors look very 
crowded. Seven undulators and 
wigglers are being installed as part 
of the Phase II upgrade. 

The Stanford Synchrotron Radi
ation Laboratory continues its 
crowded programme on the SPEAR 
storage ring (oversubscribed by a 
factor of two). Operation is limited 
by the availability of the injector, 
the two-mile linac, which has been 
much involved with the Stanford 
Linear Collider project over the 
past year, and there is a proposal 
to build an independent injector. 
They have done pioneering work 
on wigglers and undulators and 
seven of them are now installed. 
An extremely interesting start has 
been made on the use of the PEP 
ring at energies up to 15 GeV. It 
has very long straights for insertion 
devices, very high brightness 
(which would be even better at 
lower energies, such as 8 GeV). 
PEP would also be an ideal place 
to try the new idea of a bypass as 
a source of extremely high fluxes. 

The two major proposals for 
multi-GeV machines are the Euro

pean Synchrotron Radiation Facil
ity, a 6 GeV machine to be built 
at Grenoble (the site is now being 
cleared), and the Synchrotron X-ray 
Source, a 7 GeV machine for which 
the design report will emerge soon 
from Argonne (see March issue, 
page 24). There is a tendency to 
push both these peak energies 
(and thus, inevitably, the machine 
sizes and costs) higher under pres
sure from the user communities. 

In the lower energy range, a 
2 GeV machine is going ahead in 
Trieste, a 1.2 GeV source is under 
construction on the Stanford cam
pus (the Stanford Photon Research 
Laboratory) and plans are well 
advanced for a 1 to 2 GeV ma
chine at Berkeley. It is entertaining 
to hear the discussions about the 
ideal machine lattice configuration 
to give high brightness, low emit-
tance beams suitable for undula
tors and wigglers. The respective 

merits of the FODO structure ver
sus the triple-bend-achromatic ver
sus the Chasman-Green are pre
sented with all the ferocity of me
dieval statements concerning an
gelic standing room on the head 
of a pin. 

An important development is 
the advent of 'table-top' synchro
tron light sources for X-ray litho
graphy to allow high speed produc
tion of computer chips. Such com
pact synchrotrons are being 
worked on in the Soviet Union, 
Germany, UK, Japan and USA (and 
probably elsewhere that we did 
not hear about). They should be 
available off-the-shelf soon. 

Progress in the Soviet Union 
was reviewed by Peter Kapitza. 
Novosibirsk remains the front run
ner since four storage rings had 
become predominantly used for 
synchrotron radiation research. 
They have, however, had a serious 
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The 7 GeV storage ring project at Argonne 
for a synchrotron X-ray source. 

UTILITY 

coherent generation of synchrotron 
radiation in resonators of special 
geometry. 

Free Electron Lasers 

The free electron laser was in
vented by John Madey at Stanford 
in 1971 and the concept was de
monstrated in practice by his group 
ten years ago. Even now, much 
basic physics and technology con
cerning free electron lasers remains 
to be done but the vast potential 
of these devices as sources of 
electromagnetic radiation has at
tracted such wide attention that 
for the first time a whole session 
was devoted to the topic at the 
Conference. 

Electrons passing through a 
wiggler structure together with 
light of the correct phase can 
transfer energy to the light wave, 
increasing its intensity. The light 
beam, propagating parallel to the 
electrons, decelerates the electrons 
slightly and energy is transferred. 
Mirrors are used to form optical 
resonant cavities, so that the light 
can be bounced through the struc
ture many times, the mirror dis-

Schematic of a free electron laser. 

set-back due to fire. The VEPP-4 
machine is being rebuilt as a 6 GeV 
ring with straights for undulators 
and wigglers. They have supercon
ducting wiggler magnets with fields 
as high as 8 T and are considering 
the use of intense X-radiation in a 
fast neutron source. They have 
built a small 450 MeV ring, Sibe
ria I, for use in the Institute of 
Atomic Energy in Moscow and a 
2.5 GeV ring, Siberia II, is under 
construction. Work is underway 
on microtrons as appropriate 
sources for free electron lasers 
and there are some ideas on the 
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* See also page 33 for the findings of a 
report The Science and Technology of 
Directed Energy Weapons ' commissioned 
by the American Physical Society. 

tances being chosen to keep the 
light pulses in coincidence with 
the electron bunches.With the right 
conditions exponential gains are 
possible. The electrons can also 
be used again (a number of impor
tant FEL experiments have used 
storage ring beams). 

The wavelength of the FEL light 
is given by the energy of the elec
trons and the period and strength 
of the magnet field. Thus an FEL 
is tunable over a range of frequen
cies, from far infrared to short 
wavelength (though the full range 
is not accessible from the same 
device) as opposed to the fixed-
frequency conventional lasers. The 
range however can be very large; 
an FEL is being built at the National 
Bureau of Standards in Maryland 
which will cover from 10 micron 
wavelength in the infrared to 0.2 
microns in the ultraviolet. 

They are also capable of con
verting electrical to optical power 
with very high efficiency. To give 
an example of what has been 
achieved, the Electron Laser Facil
ity, ELF, at Livermore has produced 
more than 1 GW of microwave 
power with over 40 per cent ex
traction efficiency. It has been 
used, in part, to study the two-
beam approach to very high energy 
particle accelerators promoted by 
Andy Sessler (whose ideas are 
now moving more to the idea of 
a relativistic klystron rather than 
an FEL as the drive mechanism). 
A new facility, called PALADIN, 
has been constructed at Livermore 
to carry the studies beyond what 
can be achieved in ELF. 

The list of Laboratories pursuing 
the potential of FELs is long — 
Stanford, Brookhaven, Santa Bar
bara, Glasgow, Seattle, Bell Labs, 
Orsay, Los Alamos, Frascati, etc. 
Many applications can be foreseen. 
Defence ministries are interested 

in their use for laser weapons; in 
the US a huge ground-based laser 
facility is proposed for the White 
Sands Missile Range in New Mex
ico. For controlled thermonuclear 
fusion, FELs could serve as the 
heat source for the plasma. The 
high fluxes and tunability have 
great potential in all the many man
ifestations of spectroscopy — 
chemistry, biology, solid-state phy
sics, etc. 

Star Wars 

Another first at the Washington 
Conference was the completely 
open acknowledgement of the role 
of accelerator technology in several 
aspects of the Strategic Defense 
Initiative, SDI, more commonly 
known as 'Star Wars'.* In a plen
ary session Colonel Gullickson 
from the Office of the Secretary 
of Defense spoke about 'Acceler
ator requirements for SDI\ 

The requirements are for high 
brightness, high intensity beams 
produced in compact accelerator 
systems, together with some 
method of efficient propagation 
over very long distances. Much 
work has therefore been done to 
improve ion sources and initial 
beam quality. For example, the 
development of laser-illuminated 
photocathodes at Los Alamos, 
described by John Fraser, is pro
ducing very low emittance electron 
beams of high intensity (which 
could also be relevant to the very 
high energy electron linacs pro
jected for the future in particle phy
sics). On the Accelerator Test 
Stand at Los Alamos, using a ra-
diofrequency quadrupole, it has 
been shown that good emittance 
can be preserved in low energy 
beams. 

The ground-based laser beam 

proposal has been mentioned 
above and experiments with PA
LADIN are just beginning. Liver
more has also successfully tested 
the concept of transmitting high 
current electron beams through a 
channel in a gas which has been 
pre-ionized by a laser beam. The 
laser beam causes partial ioniza
tion. An electron beam from the 
Advanced Test Accelerator, ATA, 
is then fired through the same 
channel and ejects the ionization 
electrons. The remaining positive 
ions serve to keep the electron 
beam focused in the channel and 
10 kA beams have travelled over 
80 m reaching 50 MeV in the 
ATA. Other experiments at Sandia 
have used the pre-ionization tech
nique for bending beams as well. 

A further SDI series of experi
ments is scheduled to start next 
year under the title of BEAR, for 
Beams Aboard Rockets. An ob
vious interest here is to reduce the 
weight of the radiofrequency pow
ering systems and effort is going 
into the development of solid state 
devices. 

Fowl play 

Turning to more savoury topics, 
M. E. Wilmer spoke about work 
in the US and Europe on process
ing food with beams from linear 
accelerators. Experiments have 
shown that some foods can with
stand irradiation with no noticeable 
deterioration in taste or appear
ance, the object being to improve 
hygiene and extend shelf life. 

Irradiation produces free radicals 
and breaks the DNA chains. It can 
also obviously adversely affect the 
molecular chains in the food itself 
so experimentation on dose rates 
and surrounding conditions such 
as temperature and atmosphere 
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A 10 MeV electron linac could be used to 
irradiate chickens and eliminate potentially 
dangerous bacteria. 

are needed. Generally the faster 
the irradiation, the less damage to 
the food. 

Many examples of useful appli
cations were given, particularly in 
support of the food and agricultural 
industries of developing countries, 
concluding with the important case 
of the irradiation of chickens which 
are a potential source of salmon
ella. To take this as a practical 
example, a 10 MeV electron linac 
could successfully irradiate chick
ens in two passes to a depth of 
8 cm. (It was pointed out that this 
would be simplified if the chickens 
were squashed into a rectangular 
block but they would then not look 
so attractive at the dinner party.) 
Such an accelerator could probably 
cope with some 10 000 pounds 
of chicken per hour. 

To put such prospects into per
spective, in the US alone 12 billion 
pounds of chicken are consumed 
every year. To process this quan
tity would need about 300 accel
erators. Counting one's chickens 
takes on a new meaning for accel
erators. 

By Brian South wort h 

The interplay 

by Maurice Jacob 

This is an extract from an 
article by the Head of CERN's 
Theory Division which ap
peared in a special issue of 
the French monthly magazine 
' Sciences et Avenir '. 

of theory and 

Physics is an experimental science. 
Considered as a scientific disci
pline, it is a set of results whose 
value lies in the fact that the ex
periment can be reproduced. Or 
better still, it is a set of concepts 
from which our knowledge of the 
material world takes organized 

experiment 

shape, has light shed on it and is 
given precise definition, to the 
point where prediction is possible. 
Such concepts must be freely dis
covered, even if experience can 
sometimes point the way to them. 
The urge for simplicity and sym
metry is also of major importance 
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