
Among the most remarkable 'spin
offs ' f rom the development of accel
erator technology for high energy 
physics research is the use of syn
chrotron radiation from stored elec
tron beams. Beginning parasitically 
fifteen years ago on synchrotrons, 
such as the DESY machine, and then 
on storage rings, such as SPEAR at 
Stanford (plus the dedicated Tanta
lus ring at Wisconsin), the applica
tions of the radiation emerging from 
electrons constrained to fol low a 
curved path in a magnetic field are 
now legion. Synchrotron radiation 
facilities now abound and it is partic
ularly pleasing that the technology to 
build and operate the machines and 
to mount significant research pro
grammes is within the reach of 
countries with quite modest scien
tific means. 

So much is happening in this field 
that it would be difficult for the CERN 
COURIER, whose main purpose is to 
communicate developments in parti
cle physics, to give a thorough re
view of present activities. However it 
is fascinating to take a look from time 
to time at some of the progress being 
made with synchrotron radiation fa
cilities, and what fol lows is a mixed 
bag of information gathered in recent 
months. 

US National 
Synchrotron Light Source 

The biggest facility now coming 
into operation is the US National 
Synchrotron Light Source, NSLS, at 
Brookhaven, which was formally 
dedicated on 22 November wi th 
George Key worth (Director of the US 
Office of Science and Technology 
Policy) as the principal speaker. It is 
appropriate that Brookhaven pre
sently should have pride of place as it 
is the home of John Blewett, who 
was the first to identify synchrotron 
radiation. In his speech at the cere

mony, Brookhaven Director Nick 
Samios also paid tribute to the role of 
the late Ken Green and Rena Chas-
man in the design of the NSLS, to 
Arie van Steenbergen who led ma
chine construction and to Marty 
Blume for the vigour with which he 
helped shape the research pro
gramme. 

The NSLS has two rings. A 700 
MeV ultraviolet ring (now usually 
operated at higher energies of up to 
800 MeV) gave first beam to experi
ments in May of last year and can 
store electron beam currents of 
100m'A and hold them for two to 
three hours. A 2.5 GeV X-ray ring is 
still in the commissioning phase with 
beams of a few mA, but the first port 
was opened in December to bring X-
rays to experiments. The u.v. ring is 
designed to store eventually 1 A and 
has 16 ports for research over the 
wavelength ranges from the infrared 
to the ultraviolet. The X-ray ring has 

In the control room of the US National 
Synchrotron Light Source at Brookhaven 
on dedication day. Left to right Nick Samios 
(Laboratory Director), H. Loweth (Office of 
Management and Budget), Paul Reardon 
(joining Brookhaven to lead the Colliding 
Beam Accelerator project), Arie van 
Steenbergen (who led NSLS construction), 
John McTague (NSLS Chairman), and 
George Keyworth (President Reagan's 
science advisor). 

28 ports for research at shorter 
wavelengths and there are wiggler 
and undulator magnets to be incor
porated which will further extend the 
photon energies and the beam 
brightness. (We will return to the 
subject of wigglers later.) Wi th the 
splitting of beams from the ports, 
the NSLS will be able to accom
modate a hundred experiments 
simultaneously. 

The breadth of the NSLS exper
imental programme, both in pure re
search and practical applications, 
and already under way or planned, 
indicates the significance of synchro
tron radiation facilities as research 
tools at Brookhaven and elsewhere. 
The programme covers, for exam
ple, the study of chemical reactions 
and structures (including the action 
of catalysts wi th applications in ener
gy production which have attracted 
experiments from the chemical and 
oil industries), the properties of me-
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tals, alloys and insulating materials 
(giving more detailed knowledge of 
solid state phenomena), biological 
systems (where the properties of the 
light beams ertable, for example, 
much more rapid collection of data 
so that processes in living cells can 
be followed), lithography (which 
could result in the ability to produce 
still more microscopic sub-micron 
printed circuits), and free electron 
lasers. 

Such has been the demand for ex
periments at the NSLS that a Phase II 
development is already being put for
ward. It aims to liberate more space 
around the X-ray ring by providing 
alternative accommodation for ex
perimenters presently lodged near 
the ring, and to obtain more funds for 
the development of instrumenta
t ion. 

Angiography -
a medical application 

Work at the Stanford Synchrotron 
Radiation Laboratory (SSRL), has 
been reported frequently, as it has 
been supporting an extensive re
search programme for many years. 
Based on the SPEAR storage ring, it 
has been the scene also of major 
developments in techniques such as 
the use of wiggler magnets to extend 
the photon energy range and the use 
of permanent magnets in such sys
tems (see, for example. May 1981 
issue, page 148). 

There is much to report in contin
ued progress, but to inject variety 
into our synchrotron radiation story 
this month, we concentrate on a par
ticular medical application which is 
under study at several Laboratories. 
It concerns the use of monochromat
ic photon beams in the X-ray region 
as a rapid and cheap way of carrying 
out heart scans. The interest in this 
work is high because present tech
niques are both unpleasant for the 
patient (involving probing blood ves-

The ultraviolet ring of the NSLS, It now 
operates regularly at 750 MeV (beyond its 
700 MeV design energy), with a current of 
100 mA supporting some eight 
experiments. 

(Photos Brookhaven) 

sels wi th catheters) and costly 
(about 7000 Swiss francs a time). 
Thus examinations are only carried 
out when people already show signs 
of heart problems. If an easier and 
cheaper way of obtaining the same 
heart information were possible, it 
would become feasible to screen 
populations for heart conditions and 
catch problems at a much earlier and 
more easily curable stage. Present 
progress roused great interest when 
it was reported at the DESY Confer
ence on Synchrotron Radiation In
strumentation last August. 

The technique is referred to as 'an
giography' — the visualization by ra
diography of blood vessels into 
which a contrast medium has been 
introduced. Iodine is introduced into 
the blood. Intense monochromatic 
X-ray beams (allowing short expo
sure times) from the synchrotron 
radiation source are tuned so that 
they can be switched rapidly to either 

side of the iodine K-absorption edge 
at 33 .16 keV (17 eV from one wave
length to the other). The unwanted 
information on X-ray absorption by 
the rest of the body can be elimi
nated by subtracting the signals at 
the t w o wavelengths. However the 
subtraction related to the iodine in 
the blood leaves a significant signal 
because of having crossed the ab
sorption edge. Thus the blood ves
sels are picked out. 

The X-ray flux traversing the body 
is detected by an array of silicon solid 
state detectors, and on-line monitor
ing on a TV screen as the beam is 
moved gives a series of recorded 
images. Each image takes a few mil
liseconds and an entire scan of the 
heart can be done in about four 
seconds. The development of this 
angiography technique could be of 
great importance for health and for 
reducing the enormous costs in the 
current treatment of heart disease. 
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Image of the blood vessels from a scan of 
a calf heart using the new technique (see 
text) made possible by the use of 
synchrotron radiation beams. It shows just 
how clearly the vessels can be picked out 
against the background X-ray absorption 
by the rest of the body. This scan was 
done at the Stanford Synchrotron Radiation 
Laboratory. 

Elsewhere in the US 

Work at the CHESS facility on the 
Cornell storage ring was mentioned 
in the October 1982 issue, page 
3 2 1 . The other important centre to 
be added to the list is 'Aladdin' at the 
Synchrotron Radiation Centre of the 
University of Wisconsin-Madison. It 
was at this centre (then under a 
different name) that much of the first 
interest in using synchrotron radia
tion was generated many years ago 
wi th the Tantalus ring. 

The Aladdin ring is designed to 
reach 1 GeV. First beam was injected 
in January 1982, but beam stacking 
and acceleration did not go smooth
ly. Problems with magnetic field 
leaking from the inflector and mis
matching of kicker magnets have 
now been overcome. Acceleration 
was achieved in October, and perfor
mance is gradually being improved. 
There is work on an improved elec

tron gun for the microtron injector 
and on bunchers to improve electron 
capture in the ring. Progress is 
slowed considerably by lack of qual
ified staff and shortage of funds.* 

Novosibirsk 

In the Soviet Union there is syn
chrotron radiation research on syn
chrotrons in Moscow, Tomsk and 
Yerevan, and on storage rings at 
Novosibirsk. A Commission, chaired 
by Vitaly Goldanski with Sergei Ka-
pitza as Deputy, reviews the activi
ties at the Laboratories. 

The work at Novosibirsk is under 
Gennady Kulipanov, and Institute Di
rector Alexander Skrinsky is actively 
involved. Three storage rings are in 
operation and they serve a commun
ity of some 67 groups. VEPP-2M 
has a peak energy of 700 MeV and 
100 mA stored beams. It is used as a 
dedicated light source for several 

* Beam was successfully 
stacked in Aladdin on 20 
January 

months each year. A helical wiggler 
can be used to give circularly polar
ized radiation. 

VEPP-3 at 2.2 GeV is used as a 
dedicated X-ray source for some six 
weeks per year. It normally runs wi th 
100 mA beams but this is reduced 
to 50 mA when a superconducting 
wiggler (operating with 3.3 T field 
and twenty poles) is powered. There 
are also permanent magnet undula-
tors used for optical klystron re
search. There are about seven exper
imental stations. 

The largest ring, VEPP-4, operates 
at 5.5 GeV and four ports have been 
installed to feed some six stations 
for parasitic experiments. Damping 
magnet wigglers are used. 

The Novosibirsk team has de
signed and built a 450 MeV ring for 
the Kurchatov Institute in Moscow. It 
is the first dedicated facility to be 
built in the USSR and is led by Boris 
Rybakoff. A higher energy ring may 
be added. A 2.5 GeV ring planned for 
Yerevan does not seem to be going 
ahead. 

Moving outside the Soviet Union, 
sources are being proposed or built 
also in China (an 800 MeV ring under 
construction at Hefei under Profes
sor Bao), Taiwan, India and Brazil. 
Naturally activity is well developed in 
Japan (with the Photon Factory at 
KEK) and in Europe where five 
centres are in action. The Synchro
tron Radiation Source, SRS, at Dar-
esbury was the wor ld 's first dedi
cated source when it came into oper
ation in 1980 (see January 1981 
issue, page 8). The DESY Laboratory 
was also amongst the pioneers in 
this work. Other European centres 
are at Orsay in France, Frascati in Ita
ly, and now BESSY in Berlin. 

Wigglers and undulators 

Initially, synchrotron radiation was 
regarded as a pain since it sapped 
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energy from the electron beams in 
accelerators and storage rings. Then 
the unique properties of this radia
tion were realized, and synchrotron 
radiation users started to bemoan 
the fact that the machines had 
wasteful straight sections (used for 
accelerator components or detec
tion systems) where there were no 

bending magnets to provide radia
t ion. Now, with the advent of wiggler 
and undulator magnets sitting in 
straight sections and extending the 
radiation features, the users bemoan 
the need for bending magnets. It is 
likely that the next generation of ma
chines will draw their radiation from 
wigglers and undulators in straight 
sections. 

In both methods, transverse oscil
lations are imposed on the electron 

A radiation beam channel at the Daresbury 
Synchrotron Radiation Source. In 1980, 
this was the dedicated synchrotron radiation 
facility in the world to come into operation. 
Under a recently-signed agreement, the 
Dutch scientific research community will 
share the Daresbury synchroton radiation 
facilities. 

(Photo Daresbury) 

beam by a regular series of magnets 
of alternating polarity (so that the 
beam 'wiggles' along the structure) 
emerging without any net displace
ment or deflection. Wigglers came 
into fashion because the tighter 
bends that the magnet structure 
forces on the electrons (compared to 
the bending magnets of the acceler
ation or storage ring) extend the 
wavelength of the emerging radia
tion towards the X-ray region. Thus 

Reaping 
the rewards 
The 'Prix Metallic' of 60 000 
French francs was awarded 
recently to an unusual multi-
disciplinary team of molecular 
biologists and specialists in 
synchrotron radiation tech
niques, detector development 
and data processing. The 
prize is in recognition of in
novations and new tech
niques in the dynamical study 
of biological molecular struc
tures. 

The work of the team 
breaks new ground in the 
study of the time develop
ment of biological molecules 
and molecular structures. It 
exploits X-ray diffusion and 
diffraction techniques, using 
the synchrotron radiation 
from the DCI ring at Orsay. 
(Work has also been carried 
out at the DORIS ring at 
DESY.) A spherical X-ray 
detection system was devel
oped by Georges Charpak's 
group at CERN, and permits 
high data-taking rates. 

Present techniques allow 
the molecular structural 
changes to be studied at 100 
millisecond intervals, but the 
hope is to improve this reso
lution time down to a millise
cond or even less. 
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a wiggler introduced into a ring of 
ultraviolet energy (some hundreds of 
MeV) gives X-rays which previously 
could be drawn only from machines 
in the GeV range. The radiation spec
trum is similar to that emerging from 
bending magnets. 

In undulators, the magnet struc
ture is so arranged that the electron 
beam oscillations are squeezed tight-
ry so that the emerging radiation is 
very bright and concentrated into a 
very small angle. For an undulator 
wi th a large number of periods, the 
radiation builds up from the succes
sive oscillations and interference 
gives a large number of almost mo
nochromatic peaks. 

Electromagnetic structures are in 
widespread use but there are t w o 
interesting approaches to building 
such magnet structure for better per
formance. One has been the use of 
rare-earth/cobalt permanent mag

nets which allow fairly high fields in 
compact short period structures and 
are generally easier to handle than 
electromagnets. Such structures 
have been used at Stanford, Novosi
birsk and KEK. One is now proposed 
for the SPEAR ring at Stanford with a 
7.5 mm gap, a period of 1.5 cm and a 
peak field of 0.35 T. Wi th 3.5 GeV 
electron beams it would give a peak 
at 7 keV of far higher brightness than 
is available from the present bending 
magnets and wigglers. 

The other approach is to use su
perconducting magnets to achieve 
higher fields. This has been done at 
Novosibirsk, Brookhaven, Orsay, 
KEK and Daresbury. For example at 
Daresbury a three-pole supercon
ducting wiggler has a 5 T field on its 
centre pole and with 2 GeV beams 
gives radiation with a peak critical 
energy of 13 keV compared to 
3.2 keV from the bending magnets 

of the ring. 
Among the future machine de

signs which are moving in the direc
tion of all wiggler/undulator lattices 
is the proposed European Synchro
tron Radiation Facility, which has 
been under discussion for the past 
five years under the initiative of the 
European Science Foundation. (CERN 
is to accommodate an ESF European 
Synchrotron Radiation Facility study 
group.) In the US, a design under the 
title 'Advanced Light Source' has 
been developed at Berkeley with a 
view to construction on the Berkeley 
site. Use of crystals to steer the par
ticle beams opens up other synchro
tron radiation possibilities (see De
cember 1982 issue, page 414). 
Ideas to improve the properties of 
the radiation remain plentiful and the 
research community interested in us
ing the radiation indeed seems to be 
expanding at the speed of light! 

US science underground 

Last September 140 scientists met 
at Los Alamos to discuss the future 
of underground searches for rare ev
ents. The rapid increase in the num
ber and complexity of such experi
ments, compounded by the difficult 
scientific environment of most com
mercial mines, has stimulated propo
sals to construct a US National Un
derground Science Facility. The 
workshop studied the scientific merit 
for such a facility, including proposed 
experiments on nucleon stability, so
lar neutrinos, cosmic ray physics, 
gravity wave detection, and double 
beta decay. The participants repre
sented a cross-section of US, Euro
pean, and Japanese scientists in
volved in these fields. 

Earlier last year, workshops on the 
next generation of proton decay ex
periments had been held at Argonne 
and Snowmass. A consensus had 
emerged from these meetings to 
proceed immediately with a detector 
that could provide detailed informa
tion on possible decay modes, in 
contrast to present experiments 
concerned primarily with estab
lishing the existence of proton de
cay. The envisioned fine-grained de
tector would have a fiducial mass 
between one and five kilotons with 
superior capabilities for tracking, en
ergy resolution, and charge determi
nation. Sufficient redundancy to as
sure background suppression and 
the flexibility for later expansion of 

the detector mass were judged es
sential design features. It is believed 
that a suitable detector could be built 
wi th present technology at a cost of 
5—10 million dollars per kiloton. 

The discussions at Los Alamos 
took place against this backdrop and 
amidst the first reports from the pre
sent generation of experiments. S. 
Miyake reported six proton decay 
candidates from the Kolar Gold 
Fields detector, wi th several of these 
fully contained, and estimated a life
time of 7 x 1 0 3 0 years. P. Picchi des
cribed a single unexplained event ob
tained with the Mont-Blanc NUSEX 
detector. If any of these candidates 
survive, the corresponding proton 
lifetime may permit careful studies of 
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