
Neutron source at Rutherford 

Beams of neutrons are p lay ing an 
increasingly important role in the 
invest igat ion of the structure of matter 
but , in the constant search for new 
and better experimental faci l i t ies, the 
l imi tat ions of f ission reactors as neu­
t ron sources are becoming more and 
more evident. Scientists are l ikely to 
turn to accelerator based systems for 
improved neutron sources and proton 
synchrotrons cou ld soon be in use as 
the 'next generat ion ' of neutron 
sources. 

L o w energy neutron beams are 
w ide l y used by physicists, chemists, 
materials scientists, b iologists, etc., to 
invest igate the structure and propert ies 
of a w i d e range of materials inc lud ing 
al loys, defect sol ids, l iquid crystals, 
ferroelectr ics, amorphous polymers, 
organic molecules and membranes 
and macromolecules such as proteins 
and viruses. As is the case w i t h h igh 
energy physics, f e w Universit ies have 
their o w n exper imental faci l i t ies for 
neutron beam research. 

In the UK, the Science Research 
Counci l (SRC) supports the w o r k of 
universi ty scientists by prov id ing 
access to the necessary neutron beams 
and by supp ly ing inst rumentat ion 
support for exper iments. A t present 
the beams are provided main ly by 
f ission reactors at a number of research 
centres — notably the UK A t o m i c 
Energy Research Establishment (AERE) 
at Harwel l and the Inst i tut Laue-
Langevin ( ILL) at Grenoble — and 
there is also modest but s igni f icant 
use of the AERE 3 0 MeV electron 
l inac as a pulsed neutron source. 

The impor tance of neutron beam 
exper iments lies in match ing the beam 
energies and other parameters to the 
b ind ing energies and d imensions char­
acterist ic of the condensed matter 
being s tud ied. These b ind ing energies 
are typ ica l ly in the thermal (up to say 
100 mi l l ie lectronvolts — meV) or 
epithermal (hundreds of meV) regions 
and, as a result, the max imum neutron 

energy available is of no consequence 
— a marked contrast to the h igh 
energy physic ists ' obsession w i t h 
max imum energy. 

Of major impor tance, however , is 
the intensi ty of the neutron beam. 
Neutron scatter ing is a notor iously 
l o w intensi ty act iv i ty and beam cur­
rents at the exper iment are usually 
w h o l e orders of magni tude d o w n on 
the max imum f lux close to the beam 
source. This decrease comes main ly 
f rom beam eol l imat ion and f rom the 
requirement to make the 'wh i t e ' beam 
f rom the source, w i t h its w ide spread 
of neutron wave lengths, into a mono ­
chromat ic beam. To put th is inevitable 
beam at tenuat ion into perspective, a 
hypothet ical beam in w h i c h each neu­
t ron carried uni t electric charge w o u l d , 
even at the highest f lux f ission reactors 
such as that at ILL, achieve a current 
at the exper iment of on ly about 10~ 4 

[xA. 

Recently the SRC, th rough its Neu ­
t ron Beam Research Commit tee, has 
been consider ing new neutron sources 
to extend the appl icat ion of neutron 
scatter ing beyond w h a t is possible 
w i t h present faci l i t ies. It is already 
apparent that the further deve lopment 
of reactor systems w o u l d be p roh ib i ­
t ively expensive wh i le the use of 
pulsed neutron sources based on par­
t ic le accelerators looks a more econo­
mic alternative. 

The Commit tee is n o w closely 
examin ing the scient i f ic potent ia l of 
a h igh intensi ty pulsed source of neu­
trons obta ined by proton spal lat ion 
of heavy targets. A t the same t ime, 
the Rutherford Laboratory is s tudy ing 
the possibi l i ty of mod i fy ing the N imrod 
complex into a h igh repet i t ion rate, 
h igh intensity machine suitable for 
prov id ing intense bursts of neutrons. 

In the spal lat ion mechan ism, neu­
trons are produced by bombard ing a 
target of a heavy element such as 
lead or uranium w i t h protons of about 
1 GeV energy. Spal lat ion is a prol i f ic 

neutron product ion mechanism and, 
more important , develops heat at the 
rate of about 50 MeV per neutron 
compared w i t h 200 M e V per neutron 
in f ission reactors. (Heat product ion 
is a l imi t ing factor in reactor based 
systems.) 

The advantages to be gained f rom 
accelerator based neutron sources are 
becoming w ide l y recognised. In the 
USA, Argonne has a detai led project, 
under Jack Carpenter, for an Intense 
Pulsed Neutron Source ( IPNS) u l t i ­
mately using a dedicated 800 MeV 
proton machine (see COURIER, June 
1975) and there are also moves afoot 
to install a condensed-mat ter research 
faci l i ty on the 500 MeV Booster at KEK 
in Japan (COURIER, October 1975 ) . 
A t the Los A lamos 8 0 0 MeV proton 
linear accelerator, L A M P F , there is a 
proposal to use the Weapons Neutron 
Research Facil ity, w h i c h is n o w near-
ing comple t ion , also for general neu­
t ron research. A t Oak Ridge they are 
th ink ing of convert ing their exist ing 
electron linear accelerator to produce 
neutron beams. 

The ideas for the Rutherford Labo­
ratory machine indicate that the main 
accelerator modi f icat ion cou ld be 
made in three or four years for less 
than £7 mi l l ion. This estimate assumes 
that the n e w source w i l l be able to 
use much of the exist ing equipment 
at the 8 GeV Nimrod synchrotron t o ­
gether w i t h the magnet power supply 
f rom N I N A (the Daresbury Laboratory 
electron synchrotron w h i c h is soon to 
close d o w n ) . W i thou t this exist ing 
equ ipment and surrounding resources, 
the cost of the new source w o u l d be 
about £30 mi l l ion. 

The machine w o u l d also use the 
new 70 MeV Nimrod injector w h i c h 
is being commiss ioned. A l l four accel ­
erating tanks for this l inac have been 
instal led and protons have been 
accelerated to 10 MeV th rough the 
first tank w i t h currents of 75 mA. The 
second tank w i l l short ly come into 
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Parameters of the machine 

Proton energy 800 MeV 
Protons/pulse 2.5 x / 0 1 3 

Protons/s 1.3 x 7 0 1 5 

Injection energy 70 MeV 
Frequency 53 Hz 
Peak magnetic field 0.7 T 
Vertical emittance 500 mm mrad 
Horizontal emittance 950 mm mrad 
Bending radius 7 m 
Mean radius 26 m 

operat ion and progress on th is in jector 
w i l l be described in a fu ture art icle. 

The main parameters for the n e w 
synchrot ron are g iven in the table. 
The machine requires long straight 
sect ions for extract ion of the large 
emi t tance beam and th is leads to a 
relatively large mean machine radius, 
a l though one w h i c h f i ts conven ien t ly 
into the exist ing N imrod magnet hal l . 

The peak r.f. accelerat ing vo l tage is 
140 kV and there is a f requency s w i n g 
f rom 0.7 M H z to 1.6 M H z requir ing 
cavit ies tuned by biassed ferrite. A 
tota l of 12 m of r.f. cav i ty w o u l d be 
required, d ist r ibuted in t w o of the f ive 
straight sect ions of the machine, wh i l e 
one of the remaining straight sect ions 
w o u l d conta in the necessary equ ip ­
ment to extract the protons and gu ide 
them into the exper imental area and 
the heavy metal target. 

The exist ing N imrod magnet hall 
also provides suf f ic ient sh ie ld ing for 
the n e w accelerator but care w o u l d 
have to be taken to cont ro l beam 
losses and minimise the level of 
induced radioact iv i ty. This w o u l d be 
reflected in the design of componen ts 
for the new system, but exist ing elec­
tr ical , coo l ing and other mechanica l 
services cou ld be easily adapted for 
the n e w machine conf igura t ion . 

In addi t ion to the condensed matter 
research programme, other uses for 
the n e w source are possible. Cop ious 
p roduc t ion of 150 M e V / c p ions is 
feasible and , as we l l as being used in 

nuclear structure work , such beams 
w o u l d be of assistance in medical 
studies on the effect of p ions on 
tumours and in general p ion therapy. 
This w o u l d extend the radiobio logical 
w o r k current ly in progress at Ruther­
fo rd . 

Other possible uses for the new 
machine, w h i c h w o u l d give it a mu l t i -
d isc ip l inary research role, inc lude iso­
tope product ion (bo th for commercia l 
purposes and for ho t -a tom chemistry) 
and radiat ion damage studies ( for 
f ission and fus ion research). M u o n 
precession in sol ids is increasingly 
being used in other Laboratories to 
s tudy the internal f ields in ferro­
magnet ics, type II superconductors 
and spin glasses where di lute random 
al loys have their spin or ientat ions 
frozen in the matrix. Other appl icat ions 
for muon precession are the s tudy of 
defects in sol ids, b io logical w o r k and 
cri t ical f luc tuat ions in ant i fer romagne-
t ics. The s tudy of X-rays f rom exot ic 

Possible layout of an 800 MeV proton accelerator 
and experimental facilities within the Nimrod 
complex at the Rutherford Laboratory. The 
machine would be used to produce pulsed 
high fluxes of neutrons. 

atoms w o u l d also be a s igni f icant f ie ld. 
The Rutherford Laboratory is no 

newcomer to neutron research. For 
several years a Neutron Beam Re­
search Uni t , under Leo Hobbis, has 
been suppor t ing the research by U n i ­
versi ty physicists using facil i t ies in the 
UK and at ILL. The unit is invo lved 
w i t h the deve lopment of n e w inst ru­
ments and techniques, the s tudy of 
n e w neutron sources and in neutron 
exper iments. The proposal for a higher 
f lux neutron source w o u l d be a major 
extension of this w o r k and w o u l d 
provide the Rutherford Laboratory, as 
the nat ional h igh energy physics pro­
gramme is cur ta i led, w i t h a s igni f icant 
central project. 
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