
Research applications 

actuator, the scann ing speed of the 
plat form is adjustable up to approx i ­
mate ly 0.25 Hz. S ince the rotat ing 
and f ixed beaml ines are one cont inu­
ous high v a c u u m sys tem, a high 
v a c u u m rotary union is needed . A 
non-mechan ica l , low vapour pressure 
l iquid (ferrofluid) v a c u u m seal is 
used. A col l imator on the scan a rm 
limits the vert ical extent of the neu­
tron beam and there is a f ixed col l i ­
mator in the hor izontal p lane. 

The PFNA concept has undergone 
numerous tests to demonst ra te its 
eff icacy for detect ing drugs and 
exp los ives. A ful l -s ized sys tem has 
been built by SA IC in Santa Clara 
and is undergo ing integrat ion test ing 
wi th a var iety of cargoes . 

Increase in wor ld t rade favours the 
use of a tool like PFNA cargo inspec­
t ion for moni tor ing incoming ship­
ments . PFNA 's abil i ty to image 
e lements can be expanded th rough 
advanced da tabases to veri fy cargo 
mani fests and to moni tor sh ipments . 
In a modi f ied fo rm, P F N A could also 
be used to examine the contents of 
sea led barrels of hazardous was te to 
avoid manua l sampl ing . 

From T.Gozzani, Science Applica­
tions International Corporation, Santa 
Clara, USA 

Synchrotron radiation is one of the most 
valuable and widely useful of all accelerator 
applications. The European Synchrotron 
Radiation Facility - ESRF - in Grenoble, 
France is a 6 GeV, third generation synchro­
tron radiation source which will provide up to 
30 beamlines for fundamental and applied 
research. 
(Photo ESRF) 

Most types of accelerator were 
original ly des igned by accelerator 
eng ineers for part icle or nuclear 
physics research. Today , there are 
some large and very sophis t icated 
accelerators ded icated to a w ide 
range of other research and deve lop­
ment work . Part icle acce lerators 
prov ide a very va luab le tool for 
s tudy ing the propert ies of matter. 

Synchrotron radiation 
research 

In the many var ied appl icat ion f ields 
of accelerators , synchrot ron radia­

t ion ranks as one of the most va lu ­
able and wide ly useful tools. Syn ­
chrot ron radiat ion is p roduced in 
mul t i -GeV electron synchro t rons and 
s torage r ings, and emerges tangen-
tially in a narrow vert ical fan . 

Synchrot ron radiat ion has been 

used extensively for basic s tudies 
and , more recently, for appl ied 
research in the chemica l , mater ia ls , 
b io technology and pharmaceut ica l 
industr ies. 

Initially, the radiat ion w a s a by­
product of high energy phys ics 
laborator ies but the high d e m a n d 
soon resul ted in the const ruct ion of 
ded icated electron s torage r ings. The 
accelerator techno logy is now wel l 
deve loped and a large number of 
sources have been const ruc ted , with 
energ ies ranging f rom about 1.5 to 
8 G e V including the 6 G e V European 
Synchrot ron Radiat ion Facil i ty 
(ESRF) source at Grenob le , France. 

A modern th i rd-generat ion synchro­
tron radiat ion source has an electron 
s torage ring wi th a comp lex magne t 
lattice to produce ul tra- low emi t tance 
beams , long stra ights for ' insert ion 
dev ices ' , and 'undulator ' or 'wiggler ' 
magne ts to genera te radiat ion wi th 
part icular propert ies. Large b e a m 
currents are necessary to give high 
radiat ion f luxes and long beam 
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Synchrotron radiation is often used for material 
research in industry - raw data from a time-
resolved X-ray diffraction study of the anneal­
ing of a sample of a high performance 
polymer. 
(Photo Keele University, UK) 

l i fet imes require ultra high v a c u u m 
sys tems. 

Industr ial synchrot ron radiat ion 
research p rog rammes use ei ther X-
ray dif fract ion or spec t roscopy to 
de termine the st ructures of a w ide 
range of mater ia ls. Biological and 
pharmaceut ica l appl icat ions s tudy 
the funct ions of var ious prote ins. 
Wi th this knowledge, it is poss ib le to 
des ign molecu les to change protein 
behav iour for pharmaceut ica ls , or to 
conf igure more act ive prote ins, such 
as enzymes , for industr ial p rocesses . 

Recent advances in molecu lar 

b io logy have resulted in a large 
increase in protein crysta l lography 
s tud ies, wi th researchers using 
crysta ls wh ich , a l though smal l and 
weak ly di f f ract ing, benefi t f rom the 
high intensity. Examples wi th c o m ­
mercia l s igni f icance include the s tudy 
of HIV proteins and inhibitors, the 
SV40 vi rus (which can induce tu ­
mours ) , proteins involved in the 
metabo l i sm of s leeping s ickness 
parasi tes, and the invest igat ion of 
xy lose isomerase, used industr ial ly to 
conver t sugar to syrup. 

Dif fract ion techn iques are wide ly 

used in industry for the ident i f icat ion 
of phases and the analys is of 
s t resses in mater ia ls such as thin 
f i lms. Synchro t ron radiat ion tech­
n iques increase the range and 
complex i ty of mater ia ls that can be 
s tud ied, such as po lymers and 
thermoplas t ics , and improve per form­
ance . For examp le Boeing were able 
to save 3 0 % in weight in their 757 
aircraft, and a larger reduct ion in 
cost , by replacing a lumin ium with 
glass-f i l led poly-ether-ether ketone 
(PEEK) resins. 

Us ing synchro t ron radiat ion, powder 
di f f ract ion can be used to de termine 
st ructure and assist in unders tand ing 
mater ia l behaviour , fo l lowing very 
rapid t ransformat ions. O n e examp le 
is the energy-d ispers ive rapid diffrac­
t ion s tudy of the synthes is of z i rconia; 
compos i te ceramics based on this 
mineral are used for high tempera ­
ture mechan ica l appl icat ions, and 
part ial ly stabi l ized te t ragonal z i rconia 
powder d ispersed in a compat ib le 
matr ix such as a lumina or magnes ia 
can impart toughness by arrest ing 
micro-crack deve lopment . Dynamic 
" in-si tu" s tud ies wi th synchrot ron 
radiat ion have shown that crystal l iza­
t ion and t ransformat ion tempera tu res 
depend on the mater ia l 's thermal 
history and on the chemica l state of 
the initial z i rcon ium hydrox ide. 
Crystal l izat ion and t ransformat ion 
tempera tu res vary widely, so this 
in format ion helps chemica l eng ineers 
obta in the required degree of 
metastabi l i ty in z i rconia powders for 
each appl icat ion. 

Whi le X- ray crysta l lography can be 
used for wel l -ordered crystal l ine 
subs tances , other mater ia ls often do 
not have the long range structural 
order for this techn ique to be suc­
cessfu l . In such cases , X- ray 
spec t roscopy can be effect ive and X-
ray absorp t ion in matter and absorp­
t ion spec t ra reveal sharp s tep in-
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creases at certain energ ies corre­
spond ing to the eject ion of a bound 
electron f rom an a tom. In condensed 
matter there are usual ly smal l osci l la­
t ions super imposed on the top of 
these edges . These Ex tended X-ray 
Absorp t ion Fine Structures (EXAFS) , 
ar is ing f rom interact ions of the 
outgo ing electron with the sur round­
ing a toms, can be ana lysed to g ive 
informat ion on the immedia te sur­
roundings. Industr ial users of E X A F S 
faci l i t ies at the Daresbury Synchro­
tron Radiat ion Source are usual ly 
f rom the chemica ls industry, and the 
work focuses on the behav iour of 
cata lysts. 

In the g lass industry, the atomic 
st ructure of intr insical ly d isordered 
sys tems cannot be prescr ibed by 
dif fuse dif fract ion techn iques and 
again E X A F S is a powerfu l too l , 
leading to new insights into st ructure 

and propert ies. Combin ing E X A F S 
with reflectivity measuremen ts has 
been important at looking at the 
sur face layers for manufac turers 
such as Pi lk ingtons and Schott . 

The number of synchrot ron sources 
a round the wor ld is increasing 
rapidly, wi th two large faci l i t ies 
short ly to become operat ional in the 
USA and Japan ; e lsewhere, smal ler 
sources are p lanned. The require­
ment for synchrot ron is certain to 
grow for both academic research and 
mater ia ls deve lopment in industry. 

From N. Marks, Daresbury and 
Rutherford Appleton Laboratories 

Synchrotron radiation X-ray diffraction patterns 
such as these lead to the improvement of 
industrial material such as polymers. 
(Photo ICI pic, UK) 
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Positron sources 

Normal ly posi t ron sources are 
precursors for accelerator 

sys tems in h igh-energy part icle 
physics; however very low energy 
posi t rons are common l y used to 
s tudy the physics of a tomic and 
condensed matter. 

In these exper iments low energy, 
monoenerget ic posi t ron beams are 
p roduced f rom high energy posi t rons 
by thermal izat ion in specia l sol id 
moderators . Due to intensity l imita­
t ions on h igher-energy posi t rons 
avai lable f rom radioact ive sources, 
e lectron l inacs have been adapted 
for this purpose. High energy elec­
tron beams bombard thick, h igh-Z 
targets, where bremsst rah lung and 
subsequent pair product ion create 
e lectron-posi t ron pairs. These high 
energy posi t rons are injected into a 
modera tor (usual ly tungsten foils) 
and emerge at a few eV. The low 
energy posi t rons are electrostat ical ly 
ext racted and gu ided magnet ica l ly 
using low field so leno ids. A l though 
the eff ic iency of the moderat ion 
process is a round 1 per 10 6 , up to 
10 9 s low posi t rons per second have 
been ach ieved using l inacs wi th 
energ ies up to 100MeV and currents 
of 200 mic roamps . 

These high intensity s low posi t ron 
beams are used for condensed 
matter s tudies and atomic physics 
research, part icular ly w h e n t ime 
correlat ion is needed be tween the 
posi t ron beam and the measured 
s ignals or other pu lsed dev ices such 
as lasers. 

In condensed matter research, 
important results have been obta ined 
f rom the measu remen ts of the two-
d imens iona l angular correlat ion of 
annihi lat ion g a m m a rays of posi t rons 
at sur faces f rom veloci ty 

22 CERN Courier, July/August 1995 


	vol35-issue5-p020-e.pdf
	vol35-issue5-p021-e.pdf
	vol35-issue5-p022-e.pdf

