
Farewell to Nimrod 

w i t h detai ls of exper iment and 
phenomenology. 

W i t h hadronic and e lec t ro-weak 
gauge theories in such good shape, it 
was natural for Weinberg to turn to 
uni f icat ion schemes br inging together 
the dif ferent aspects of part icle 
behaviour. One possible consequence 
is the existence of a new realm of 
' h y p e r w e a k ' interact ions w i t h only a 
minute f ract ion of the st rength of con ­
vent ional weak interact ions. These 
forces wou ld convert quarks to leptons 
and make the proton unstable. 

This topic was taken up by Abdus 
Salam, w h o pointed out the range of 
group structures now on the market to 
describe unif ied colour and e lectro-
weak effects. Depending on the nature 
of th is grand symmet ry , new pheno­
mena are conceivable f rom new par t i ­
cle accelerators in the not too d istant 
fu ture. On the other hand, the under ly­
ing unif icat ion scheme might be such 
tha t the energies required to see its ef­
fects wi l l be unattainable. Ano ther ap­
proach is via the l i fet ime of the proton 
and, f rom his lo f t y theoret ical seat, 
Salam urged exper imental is ts to 
search for signs of proton decay. 

Whi le the conference had no major 
breakthroughs to report, it showed 
steady progress over a broad f ront in 
our understanding of part icles. If this 
progress cont inues when new results 
come in f rom the next generat ion of 
machines, we could at last begin to 
g l impse the unif ied picture of Nature of 
wh i ch Kepler and Einstein could only 
dream. 

On Tuesday 6 June, the Rutherford 
Laboratory 's proton synchrot ron 
' N imrod ' was swi tched off for the last 
t ime , br inging to a close an era of 
home-based faci l i t ies for high energy 
physics research in the United 
K ingdom. The increasing cost of par t i ­
cle physics research, coupled w i t h 
widespread f inancial pressures over 
the past f e w years, has forced the UK 
to close its national faci l i t ies in favour 
of mainta in ing a ful l c o m m i t m e n t to 
the research programmes at CERN and 
at PETRA. As a result, Daresbury's 
electron synchrot ron, Nina, was closed 
on 1 Apri l 1 9 7 7 (see Apri l 1977 issue, 
p. 101) , and now Nimrod has been 
shut d o w n . 

The construct ion of a 7 GeV proton 
synchrot ron was approved by the UK 
government early in 1957 . The Ruther­
ford High Energy Laboratory {as it was 
then called) was set up as the f irst 
research establ ishment of the UK 
Nat ional Inst i tute for Research in 
Nuclear Science, to be responsible for 
the const ruct ion and operat ion of 
faci l i t ies and equipment for univer­
sities and inst i tut ions carrying out 
research in the nuclear f ie ld. Dr. T.G. 
Pickavance was appointed as the 
Laboratory 's f irst Director. The 
Laboratory became a part of the UK 
Science Research Council in Apri l 
1 9 6 5 . 

W i t h the approval of N imrod, the UK 
universi ty scientists were provided 
w i t h a power fu l proton accelerator 
having the second highest energy in 
Europe (or f i f th in the wor ld) and 
amongs t the leaders in beam intensity 
(aiming for 1 0 1 2 protons per pulse and 
2 2 pulses per minute) . The variety of 
part icle beams available f rom Nimrod 
offered a broad range of possibi l i t ies 
for research into the propert ies of 
known part icles and to search for new 
phenomena. Appropr iate ly, the ac­
celerator was named ' N i m r o d ' - ' the 
mighty hun te r ' according to the Book 
of Genesis. 

The construct ion of Nimrod w a s 

comple ted in 1 9 6 3 and on the 2 7 
August protons were accelerated to 
the design energy of 7 GeV. The 
research p rogramme official ly started 
in February 1 9 6 4 and by September 
1 9 6 4 the design intensity of 1 0 1 2 

protons per pulse was reached. This 
f igure has since been exceeded by a 
factor of four.* 

N imrod w a s off icial ly inaugurate 
on the 2 4 Apr i l 1 9 6 4 by the Rt. H o f r 
Quint in Hogg, then the UK Secretary of 
State for Education and Science, w h o 
descr ibed the project as '...essential ly 
an act of fa i th in the value to a nat ion of 
knowledge acquired for its o w n sake, 
of brains engaged in free speculat ion 
about the u l t imate nature of the 
Universe and the structure of mat te r ' . 

The machine has been successful ly 
operated th roughout f i f teen years of 
high energy research providing about 
6 0 0 0 0 hours of beam t ime (or 2 x 
1 0 2 0 accelerated protons). About 2 0 
universit ies have made use of the 
research faci l i ty and completed about 
8 0 major exper iments. There has been 
a great var iety in the research 
p rogramme wh i ch has been suppor ted 
by the skilful deve lopment of 
detect ion techniques and the provision 
of large-scale and complex sets of ap­
paratus. Extensive comput ing faci l i t ies 
have been provided for the analysis of 
the exper imental results. 

The outs tand ing feature of the 
Nimrod exper imental p rogramme has 
been the systemat ic high-accuracy 
study of the resonance region be low 
2.5 GeV. The p ion-proton elastic chan­
nel has been studied w i th all comb ina ­
t ions of p ion charge, w i th and w i t hou t 
polarized targets, including the very 
di f f icul t measurements of the charge 
exchange polar izat ion. The stat ist ical 
accuracy and m o m e n t u m coverage 
has ove rwhe lmed earlier data. 

In addi t ion, the f irst systemat ic 
measurements of the inelastic f inal 
states lambda-kaon and s igma-kaon 
using electronic techniques have been 
carried out , inc luding a measurement 
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of the spin rotat ion parameters in the 
lambda-kaon react ion using a 
longi tudinal ly polarized target . In re­
cent years some of the a t tent ion has 
shif ted to the kaon-nucleon system 
w i t h high accuracy measurements of 
the kaon-proton elastic di f ferent ial 
cross-sect ion and polar izat ion, and 
measurements of the polar izat ion in 
he reactions K + n K + n and 
I i o 

- K ^ n — K p using a polarized 
deuteron target. 

The analysis of all these data has 
produced the we l l - known superabun­
dance of resonance states wh i ch 
p rompted theoret ic ians to search for 
under ly ing symmetr ies and structure 
to explain the seeming chaos, produc­
ing f irst of all SU(3) and then SU(6) as 
classif icat ion schemes, and in t roduc­
ing quarks as the fundamenta l con ­
st i tuents of matter. 

The quark model rests on t w o p i l ­
lars : the f irst is the deep inelastic scat­
ter ing of electrons, muons and 
neutr inos wh i ch shows tha t point l ike 
objects exist w i th in nucléons and the 
second is the resonance spec t rum, in 
part icular that of the baryons, where 
|n incredibly rich spect rum of states 

and their decay rates can be semi -
quant i tat ive ly explained in te rms of a 
very s imple model of three quarks con ­
nected by harmonic osci l lator forces. 

The c rown ing glory of the quark 
model is, of course, the discovery of 
the psi and charmed part ic les, but it 
should not be fo rgot ten that , w i t h o u t 
the earlier detai led work , t o wh i ch 
Nimrod made a very signi f icant con ­
t r ibu t ion , and wh ich f i rst produced the 
quark model , there wou ld have been 
no theoret ical f r amework for these 
subsequent discoveries. 

N imrod has also been active in many 
other areas. Several exper iments to 
check v io lat ions of fundamenta l s y m ­
metr ies have been per formed, i n ­
c luding one of the early invest igat ions 
on the CP-violat ing decays of the long-
lived kaon, a test of the A S = A Q rule, 
and t w o exper iments test ing the 

charge symmet ry invariance of the 
e lect romagnet ic decays of the eta 
meson. An exper iment wh ich only 
recently comple ted taking data is 
test ing the speculat ion that the CP 
symmet ry broken in K° — n + n " 
decays could be restored in a suf­
f ic ient ly high magnet ic f ie ld. Pulsed 
f ields of 3 0 T were obtained and it 
should soon be known whe ther or not 
the decay rate into t w o pions is 
reduced. 

Hadronic exper iments other than 
those direct ly concerned w i t h 
resonance fo rmat ion have tended to 
share the same features of high resolu­
t ion and high statist ical accuracy. A 
good example is the refined miss ing-
mass technique used to measure 
direct ly the w id th of the omega (780) , 
the eta pr ime (960) and the cusp in 
p ion-pro ton elastic scatter ing near the 
eta threshold by making measure­
ments at 1 MeV/c incident m o m e n t u m 
steps near the thresholds for these 
resonances. 

In the bubble chamber f ield N imrod 
has also been very active. As wel l as 
heavy l iquid and hel ium bubble 
chambers, t w o hydrogen chambers 
have taken over 11 mil l ion pictures, 
most ly on low energy fo rmat ion or 
meson product ion studies. T w o major 
innovat ive projects have been under­
taken. The Rutherford Laboratory co l ­
laborated w i t h CERN and DESY to 
produce the f i rst operat ional t rack sen­
sit ive target in wh ich the beam in ­
teracts in a vo lume of l iquid hydrogen 
surrounded by a denser mixture of l i ­
quid neon and hydrogen. This techn i ­
que combines the s impl ic i ty of interac­
t ions in the pure hydrogen chamber 
w i t h the high g a m m a ray and electron 
detect ion eff iciency of the heavy l iquid 
chamber. 

The second innovat ion was the con ­
st ruct ion of a rapid-cycl ing bubble 
chamber as the target for a special ly-
designed electronic detector sys tem. 
Problems in the operat ion of the 
chamber and the early closure of 



Nimrod did not permi t the chamber to 
be used for physics exper iments but 
the experience gained is current ly be­
ing used in the design and const ruc­
t ion , in col laborat ion w i t h CERN, of a 
rapid-cycl ing chamber for the Euro­
pean Hybrid Spect rometer at the CERN 
SPS. 

Nuclear physics exper iments at 
N imrod have included measurements 
of pion reaction and tota l cross-
sect ions for a range of nuclei . This 
w o r k gave some of the f irst def in i t ive 
evidence that in heavy nuclei the 
neutrons and protons have very simi lar 
d is t r ibut ions and that there is no 
'neu t ron ha lo ' as had original ly been 
thought . Since then there has been an 
extensive p rogramme of exper iments 
to study X-rays f rom exotic a toms 
fo rmed when pions and kaons stop in a 
var iety of targets. W o r k comple ted in ­
cludes a series of measurements on 
kaonic and pionic a toms, the f irst 
measurements of X-ray shif ts and 

w id ths in s igma a toms and studies of 
recoil spectroscopy through measure­
ments of gamma-ray spectra. An ex­
per iment to measure the K"p scatter­
ing length by studying X-rays f rom 
kaonic hydrogen has just f in ished. 

Tests have also been per formed on 
Nimrod to invest igate the potent ial of 
using negative pion beams for 
radiotherapy. Effects studied have in ­
cluded the irradiat ion of bean roots and 
several sensit ive organs of mice, the 
abi l i ty of cancer cells to fo rm clones 
and the aberrat ion of chromosomes in 
human wh i te blood cells. Various types 
of detectors have been used in the 
study of the propert ies of pion beams 
for i r radiat ion. 

There has been intense act iv i ty at 
Nimrod over the past year in an effort 
to comple te as much as possible of the 
approved programme before the shut ­
d o w n . Several groups have been c o m ­
mi t ted to long- term programmes, us­
ing equ ipment that had been bui l t up 

over years or more, and some of these 
may n o w transfer their research to 
CERN. One large detector sys tem, 
the Rutherford Mul t ipar t ic le Spect ro­
meter, is being shipped to the CERN 2 8 
GeV Proton Synchrot ron to cont inue 
its research p rogramme. 

N imrod has had a highly product ive 
f i f teen years of research yielding a 
wea l th of high precision data. Perhap 
its most notable contr ibut ion has c o m e 
f rom the many exper iments wh i ch 
have cont r ibuted to our present under­
standing of the p ion-nucleon interac­
t ion. Scient i f ic knowledge can advance 
in t w o w a y s : the surprise result (such 
as the J/psi) wh i ch suddenly opens up 
n e w ideas and possibi l i t ies, or the 
steady accumula t ion of detai led data 
over a broad f ront unti l eventual ly an 
underly ing s impl ic i ty is revealed, as in-
the const ruct ion of the periodic table 
of the e lements or the classif icat ion of 
the resonance spect rum in the quark 
model . It is th rough such a di l igent 
compi la t ion of precision results that 
N imrod has accompl ished its major 
cont r ibut ion to high energy physics. 

An aerial view of the Nimrod 7 GeV proton 
synchrotron com pi ex at the Rutherford 
Laboratory showing the Injector Hall to the left 
and Experimental halls in the foreground and 
top right. 
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