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1976 Nobel Prize for Physics 

. . . t o be shared equal ly be tween 
Professor Bur ton Richter, Stanford 
Linear Accelerator Center USA, and 
Professor Samuel C.C. T ing , Massa­
chusetts Inst i tute of Techno logy Cam­
br idge USA, for their p ioneer ing w o r k 
in the discovery of a heavy elementary 
part icle of a new k ind . ' 

W i t h th is c i tat ion the physics Nobel 
Prize w e n t to Burt Richter and Sam 
T ing w h o led the teams w h i c h f o u n d 
the J / p s i part icle jus t t w o years ago. 
It is rare that discoveries are so rapidly 
recognized by the highest award in 
science. This reflects the dramat ic 
effect of J / p s i on the w o r l d of h igh 
energy physics — so dramatic that 
s ince the events of 1974 , w e talk of 
' the new physics' . 

Sam T ing was born in the U S A in 
1936 of Chinese parents. His early 
years were spent in China in a U n i ­
versi ty env i ronment bu t w i t h o u t 
regular schoo l ing unt i l he w a s 12 years 
o ld . A t the age of 20 he returned to the 
U S A and took a physics degree at the 
Universi ty of M ich igan . His f i rst 
schoo l ing in exper imental techn iques 
was at Berkeley w i t h W. Jones and 
Mar t in Perl and then at CERN w i t h 
Giuseppe Coccon i . He wo rked at 
CERN w i t h Marcel V i va rgen t Klaus 
Winter and Gustaf Weber. In 1965 he 
jo ined Columbia Universi ty, w h i c h 
was then blessed w i t h Leon Lederman, 
Jack Steinberger, Me l Schwar tz , 
T.D. Lee and I.I. Rabi, and a year later 
launched on a long , painstaking p ro ­
gramme of research look ing at lepton 
pairs emerging f rom part icle inter­
act ions. 

The programme started at the DESY 
electron synchrot ron at Hamburg , then 
moved to the Brookhaven pro ton 
synchrot ron and n o w cont inues at the 
CERN Intersecting Storage Rings. 
Dur ing th is t ime, Sam T ing has ref ined 
to a remarkable extent the exper imental 
techniques w h i c h are necessary to 
sif t ou t leptons f rom whatever other 
part icle debris is f l y ing around. He has 

Burt Richter (left) with his wife Laurose 
enjoy a joke with Stan Flatte during the party 
at SLAC to celebrate the Nobel prize award. 
(Photo Stanford News Service) 

A smiling Sam Ting at his experiment at the 
CERN Intersecting Storage Rings where he 
continues the search for leptons which has 
dominated his research life. 

CERN 213.10.76 
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been dr iven by a s t rong in tu i t ion , n o w 
so abundant ly conf i rmed, that good 
physics is h id ing in the s tudy of 
particles w h i c h materialize into lepton 
pairs. 

Burt Richter was born in N e w York 
in 1 9 3 1 . In 1956 he took his Ph.D. at 
Massachusetts Inst i tute of Techno logy 
(where he was part icular ly in f luenced 
by Francis Fr iedman) and moved to 
Stanford to devote his research life to 
electrons since the s tudy of quan tum 
electrodynamics at short distances had 
caught his imaginat ion. A key po in t in 
determin ing his fu ture career was 
invo lvement w i t h Gerry O'Nei l and 
others f rom Stanford and Princeton in 
the bu i ld ing of the 3 0 0 MeV electron 
storage rings w h i c h first co l l ided 
beams in 1965. Dur ing the bu i ld ing of 
this machine he sketched, together 
w i t h Dave Ritson, an out l ine of a 
3 GeV e lect ron-pos i t ron co l l id ing 
beam faci l i ty w h i c h evolved to become 
the famous SPEAR storage r ing at the 

Stanford Linear Accelerator Center. 
The const ruc t ion of SPEAR, under 

Burt Richter and J o h n Rees, began in 
1970 and was comple ted , w i t h great 
rapid i ty and at modest cost, in 1972. 
A t the same t ime he led, w i t h Mar t in 
Perl, Wi l l y Ch inowsky , Gerson Go ld -
haber and George Tr i l l ing, a Berkeley/ 
Stanford team w h i c h bui l t a mu l t i ­
purpose detect ion system sur round ing 
one of the SPEAR interact ion regions. 

This dual role of storage ring 
bui lder and experimenter gives h im a 
rare understanding of the physics 
possibi l i t ies w i t h co l l id ing beams. 
Like Sam Ting he has been dr iven by 
a s t rong conv ic t ion that the e lect ron-
posi t ron system, w h i c h does not have 
the compl ica t ions of co l l id ing hadron 
systems, is a clean w a y to extract 
physics. 

Burt Richter cont inues to pursue 
the same path. He is prominent in the 
experimental programme being pre­
pared for the Stanford PEP storage 

The double arm spectrometer of the MIT/ 
Brookhaven beam which detected electron-
positron pairs coming from the decay of the 
JI psi particle. The measurement of the decay 
in the midst of a very high background from 
other interactions was a triumph of experimental 
technique. 

(Photo BNL) 

r ing. A lso, dur ing a sabbatical year at 
CERN in 1975 -76 , in addi t ion to 
part ic ipat ing in an ISR exper iment, he 
out l ined the physics interest and the 
design of an e lect ron-pos i t ron storage 
r ing w i t h an energy of about 100 GeV 
per r ing. 

The discovery of J/psi 

Returning to 1974 , the story of the 
discovery w h i c h led to the Nobel 
Prize awards bears rete l l ing: 

Sam Ting led a M IT /B rookhaven 
team look ing at col l is ions between 
t w o protons w h i c h y ie lded (amongst 
many other th ings) an electron and a 
posi t ron. The aim was to s tudy some 
of the e lectromagnet ic features of 
particles where energy is manifest in 
the fo rm of a pho ton w h i c h mater ia l ­
ized in an e lect ron-pos i t ron pair. The 
exper iments are not easy to do because 
the probabi l i ty that the col l is ions w i l l 
y ield such a pair is very low. The 
detect ion system has to be capable of 
p ick ing ou t an event f rom a mi l l ion 
or more other types of event. 

It was w i t h long experience of such 
problems behind them that the M I T / 
Brookhaven team led by T ing , Jean 
Auber t , Ulr ich Becker and Peter Biggs 
brought into act ion a detect ion system 
w i t h a doub le arm spectrometer in a 
s l ow ejected proton beam at the 
Brookhaven 33 GeV synchrot ron in 
the Spr ing of 1974. They used beams 
of 28.5 GeV bombard ing a bery l l ium 
target. 

From about Augus t , the realization 
that they were on to someth ing 
impor tant began to g row. The spect ro­
meter was to t t i ng up an unusual ly 
large number of events where the 
comb ined energies of the electron and 
posi t ron were equal to 3.1 GeV. This 
is the classic w a y of spot t ing a reso­
nance. A n unstable part icle, w h i c h 
breaks up too qu ick ly to be seen itself, 
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The famous magnetic detector of the 
Berkeley I Stanford team which surrounds one 
of the intersection regions at the SLAC SPEAR 
electron-positron storage ring. This detector 
found the J/psi and several other members 
of the 'charmonium' family of particles and, 
this year, has added the discovery of charmed 
mesons. 

(Photo SLAC) 

is ident i f ied by add ing up t h e energies 
of more stable part icles w h i c h emerge 
f r o m its decay. 

The part ic le decay ing in to the elec­
t ron and pos i t ron they we re measur ing 
w a s a d i f f icu l t one t o s w a l l o w . The 
energy region has been scoured 
before, t h o u g h no t so tho rough ly , 
w i t h o u t any th ing be ing seen. A lso the 
resonance w a s look ing ' na r row ' — the 
energy sums we re c o m i n g ou t at 
3.1 GeV w i t h great precis ion rather 
than , for example, spann ing f r om 
2.9 t o 3.3 GeV. The w i d t h is a measure 
o f the stabi l i ty of t he part ic le and a 
nar row w i d t h means tha t t he part ic le 
l ives a long t ime. No other part ic le of 
such a heavy mass (over three t imes 
the mass of the p ro ton) has any th ing 
l ike that stabi l i ty. 

By the end of October, the team 
had about 5 0 0 events f rom the 
3.1 GeV part icle and were get t ing 
ready to publ ish their resu l t They 
bapt ised it J w h i c h is a letter close to 
the Chinese symbo l for ' t i ng ' . 

The appar i t ion of the same part icle 
at the Stanford Linear Accelerator 
Center was no th ing shor t of shatter­
ing . Burt Richter descr ibed it as ' the 
most exci t ing and frant ic w e e k - e n d in 
part icle physics I have ever been 
th rough ' . 

The Berke ley/Stanford team w e n t 
into act ion dur ing the w e e k - e n d 
9 - 1 0 November to check back on 
some ' funny ' readings they had seen 
in June , w h e n cross sect ions ( the 
probabi l i ty of an interact ion be tween 
an electron and posi t ron occur r ing) 
were measured w i t h electrons and 
posi t rons at 1.5, 1.55 and 1.6 and 
1.65 GeV energy in each beam. The 
measurement at 1.6 GeV was a l i t t le 
h igh but 1.55 GeV w a s even more 
peculiar. In e ight runs, six measure­
ments agreed w i t h the 1.5 GeV data 
w h i l e t w o were higher (one of t hem 
f ive t imes h igher ) . It w a s J o h n Kadyk 
w h o f irst spot ted the anomal ies. 
Obviously , a greml in had crept into the 

apparatus? Whi le medi ta t ing in the 
f o l l o w i n g months dur ing the t ransfor­
mat ion of the storage r ing, f r om 
SPEAR I to SPEAR II , the greml in 
w a s looked for but not f o u n d . It was 
then that the suspic ion g rew that 
be tween 3.1 and 3.2 GeV col l is ion 
energies cou ld lie a resonance. 

Dur ing the n ight of 9 - 1 0 N o v e m ­
ber the hunt began, chang ing the 
beam energies in 0.5 MeV steps. By 
11.00 a.m. Sunday morn ing the new 
part icle had been unequivocal ly f o u n d . 
A set of cross sect ion measurements 
around 3.1 GeV showed that the 
probabi l i ty of interact ion j umped by 
a factor of ten f rom 20 to 2 0 0 nano-
barns. In a state of euphor ia, the 
champagne was cracked open and 
the team began celebrat ing an i m ­
portant: discovery. 

Wh i le Gerson Goldhaber retired to 
wr i te up the f ind ings ' on - l i ne ' for 
immediate publ icat ion, it was dec ided 
to pol ish up the data by go ing s low ly 

over the resonance again. The beams 
were nudged f rom 1.55 to 1.57 and 
everyth ing w e n t crazy. The inter­
ac t ion probabi l i ty soared higher; f rom 
around 20 nanobarns the cross sec­
t ion j u m p e d to 2 0 0 0 nanobarns and 
the detector was f looded w i t h events 
p roduc ing hadrons. Pief Panofsky, the 
Director of SLAC, paced around the 
contro l room invok ing the Deity in 
utter amazement at w h a t was being 
seen. This heavy part icle, d isp lay ing 
such extraordinary stabi l i ty, they cal led 
psi and they announced it in a paper 
beg inn ing w i t h the wo rds 'We have 
observed a very sharp peak 

W i t h i n hours of the SPEAR meas­
urements, the te lephone wi res across 
the At lan t ic were humming as in forma­
t i on , enquir ies and rumours were 
exchanged. On the M o n d a y morn ing 
f o l l o w i n g the w e e k - e n d of the d isco­
very at Stanford , Sam Ting was at 
SLAC to at tend a schedul ing c o m ­
mit tee meet ing. He w e n t to Burt 

3 8 5 



Dave Jackson's 'very sharp peak' in the 
number of theoretical papers stemming from a 
small number of experimental results. 
It illustrates what the discovery of J/psi has 
meant in attempting to interpret the workings 
of Nature. 

Richter 's of f ice and announced ' B u r t 
I have some interest ing physics to tel l 
you about ' . To w h i c h the reply came 
'Sam, I have some interest ing physics 
to tel l y o u about ' . 

Very qu ick ly af terwards, the elec­
t ron-pos i t ron storage r ings of Frascati 
and DESY were successful ly in on the 
act (DESY add ing some teuton ic prec i ­
s ion and correct ing the SLAC mass 
value s l ight ly by a more accurate ca l i ­
brat ion) and the theorists were let loose 
in pastures n e w where they have 
gorged themselves ever s ince (as is 
amus ing ly portrayed on Dave Jack ­
son's ca r toon) . 

The new physics 

W h y all the exc i tement ! Af ter al l , w e 
cou ld d raw up a l ist o f some 2 0 0 
part icles, before the J / p s i discovery. 
W h y shou ld one more provoke invoca­
t ion of the Deity? The answer lies in 
its extraordinary stabi l i ty. Such a 
heavy part ic le w o u l d normal ly have 
dozens of ways of breaking up and, 
w i t h so many possibi l i t ies open to it, 
w o u l d not stay together for longer 
than about 1 0 - 2 3 seconds. In fact the 
part icle is stable for 10~ 2 0 seconds. If 
a man l ived for 70 0 0 0 years, rather 
than for 7 0 , he also w o u l d be l ikely to 
provoke invocat ion of the Dei ty! 

It is obv ious that there must be 
some special characterist ic of the 
J / p s i w h i c h prevents it f rom breaking 
up. One characterist ic had already 
been mooted for other reasons, t h o u g h 
no conv inc ing ev idence of its exist­
ence had been seen; it is cal led 
'charm' . (The use of everyday wo rds 
to describe part ic le propert ies can be 
con fus ing but w h e n observ ing a c o m ­
pletely n e w phenomenon , it can be 
descr ibed by any w o r d whatsoever. 
The cho ice of w o r d s l ike 'strangeness' 
and ' cha rm ' on ly reveal the l i t t le 
k n o w n fact tha t physic ists are human 
beings capable of indu lg ing their o w n 
wh ims ies . 'Charm ' is s imply the w o r d 

used for a part ic le property that has 
never been seen before.) 

Charm was in the air as a c o n ­
sequence of the d iscovery of neutral 
current interact ions at CERN in 1973. 
Dur ing neutr ino exper iments in the 
heavy l iquid bubb le chamber, Garga-
melle, it was f o u n d tha t the neutr ino 
can col l ide w i t h a part icle and emerge 
f rom the interact ion as a neutr ino. 
Previously on ly charged current 
interact ions, where the neutr ino 

conver ted to a muon , had been seen. 
This d iscovery has broad impl ica­

t ions for the interpretat ion of the weak 
and e lectromagnet ic forces but, for the 
present story, the impor tant conse­
quence is that the existence of neutral 
currents shou ld mean that other inter­
act ions ( l ike the decay of a kaon into 
t w o muons) shou ld be seen. Since 
they are not seen, the n e w property 
cal led charm was proposed (par t ic­
ularly by S.L. G lashow, J . I l iopoulos 
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One of our favourite cartoons from the era of 
the discovery of the J/psi is this projection by 
Bob Gould from SLAC of the reaction of the 
'man in the street' at a time when high energy 
physicists were in a state of euphoria. 
Salutary reminder to all who attempt to 
popularize science. 

and L. Maiani — leading to the nota­
t ion ' the G I M theory ' ) as the reason 
w h i c h prevents the interact ions tak ing 
place. 

It is by n o w we l l establ ished that 
the propert ies of the s t rong ly interact­
ing particles, the hadrons, are carried by 
the quarks f rom w h i c h they are bui l t . 
Prior to 1 9 7 3 / 7 4 , the evidence po in ted 
to the existence of three quarks, cal led 
u (p ro ton- l i ke qua rk ) , d (neu t ron­
like quark) and s (strange quark ) . The 
G I M theory suggested add ing a 
four th , c (charmed quark ) . 

The J / p s i was interpreted as a t w o 
quark combina t ion , a meson, consis t ­
ing of a charmed quark and a charmed 
ant iquark somet imes k n o w n as 'char-
mon ium ' . ( M . B . Einharn and C. Qu igg 
of Fermilab mainta ined that the new 
property shou ld have been cal led 
'panda' . The J / p s i w o u l d then have 
been ' pandamon ium ' w h i c h is a fair 
ref lect ion of the furore its d iscovery 
provoked.) 

The charmon ium interpretat ion of 
the J / p s i is in direct ana logy to the 
interpretat ion of another very stable 
heavy meson, the phi meson. The phi 
is bui l t up of a strange quark and a 
strange ant iquark. Despi te its h igh 
mass of about 1 GeV, it has d i f f i cu l ty 
breaking up because it l ikes to go to 
t w o kaons, w h i c h also each conta in a 
strange quark or ant iquark, so as not 
to lose the strangeness property. But 
the kaons are each of mass about 
0.5 GeV and the phi has not enough 
mass to break up easily in to kaons. 

The stabi l i ty of the J / p s i is then 
interpreted as due to its charm quark 
cons t i tu t ion . It l ikes to go to t w o 
charmed particles w h i c h each c o n ­
tain a charmed quark or ant iquark, so 
as not to lose the charm property. But 
the charmed particles are of too h igh 
a mass to a l l ow an easy break up. 

The idea explains the J / p s i away 
but says a lot more besides. If w e buy 
the idea of a charmed quark w e must 
be able to bu i ld hadrons w i t h it in 

three quark and t w o quark comb ina ­
t ions jus t as w e can bui ld t hem w i t h 
the u, d and s quarks. Thus previously 
unobserved famil ies of part icles must 
exist — for example, mesons such as 
D° ( u c ) , D~ (dc) and baryons such 
as A c (udc ) etc. . . . 

What has been found? 

Whi le the theorists have been wear ing 
ou t penci ls at h igh speed, exper imen­
talists have been searching for s igns 
of the charmed particles. 

Ten days after the J / p s i discovery, 
SPEAR struck again w i t h a second 
psi at a mass of 3.7 GeV. The theorists 
were then able to predict a series of 
mass states of charmon ium — equ i ­
valent to dif ferent conf igurat ions of 
the charmed quark and ant iquark 
orb i t ing one another. (Such c o n ­
f igurat ions have been famil iar f rom 
back in the days of a tomic physics 

w h e n the pos i t ron ium system of an 
electron and posi t ron orb i t ing one 
another was studied.) The storage r ing 
DORIS at DESY and SPEAR at S tan­
ford have n o w c locked up at least 
seven members of the charmon ium 
fami ly , w i t h masses in excel lent agree­
ment w i t h the theoret ical predict ions. 
But these particles are not charmed 
part icles, properly so cal led. The quark-
ant iquark combina t ion cancels ou t 
the charm. 

In look ing for charmed mesons and 
baryons, the clue is the convers ion of 
the charmed quark into a strange 
quark either in semi leptonic decay 
where it w o u l d be accompanied by a 
pos i t ron and a neutr ino or in hadronic 
decay where it w o u l d be accompanied 
by mesons. 

Dur ing 1975 bubble chamber p ic ­
tures of neutr ino interact ions in the 
7 foo t chamber at Brookhaven, in the 
Gargamel le chamber at CERN and in 
the 15 foo t chamber at Fermilab 
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Physics at PETRA 

recorded interact ions w h i c h cou ld not 
be explained by the o ld physics but 
w h i c h f i t ted the new physics pre­
d ic t ions of semi leptonic decays of 
charmed particles. In addi t ion there 
was a lot of evidence, part icular ly 
f rom Fermilab, of the direct p roduc­
t ion of t w o leptons in neutr ino inter­
act ions w h i c h again requires new 
physics for their interpretat ion. 

These observat ions cou ld not, h o w ­
ever, be used to est imate charmed par­
t ic le masses w i t h accuracy ( though 
the Brookhaven event cou ld have a 
good shot at i t ) . Speci f ic ident i f icat ion 
w i t h mass assignments came this year. 
A t SPEAR, the D mesons were seen 
via their hadronic decays — the 
neutral D meson w i t h a mass of 
1.86 GeV and the charged D mesons 
w i t h masses of 2.02 GeV and 2.12 GeV. 
The same mesons have been seen in 
semi leptonic decays on DORIS. A t 
Fermilab the ant iAc baryon w i t h a 
mass of 2.26 GeV has been seen in 
its hadronic decay. 

The p ro -charm evidence is n o w 
overwhe lm ing . 

The discovery of J / p s i rejuvenated 
h igh energy physics. It has revealed 
aspects of Nature's behaviour w h i c h 
were tota l ly unexpected and has 
prompted one of the major advances 
in understanding matter. The award of 
the 1976 Nobel Prize for Physics to 
Burt Richter and Sam Ting recognizes 
th is achievement. 

Wi l l the next generat ion of e lec t ron-
posi t ron storage r ings be as successful 
as those n o w in act ion or even more 
so? The rush of h igh energy physicists 
to the interact ion regions of PETRA, 
the storage r ing under const ruc t ion at 
DESY, indicates a w o r l d - w i d e belief 
that very interest ing physics is go ing 
to be unearthed at centre of mass 
energies up to 4 0 GeV. 

One obv ious reason is that , at 
PETRA, physicists w i l l be penetrat ing 
a new energy region and unexpected 
phenomena may be seen. They w i l l 
also be able to ask some vital ques­
t ions even on the basis of w h a t w e 
k n o w now . For example, is there an 
interference be tween weak and elec­
t romagnet ic interact ions at the new 
h igh energies (this w o u l d be a crucial 
test of the theories w h i c h at tempt to 
uni fy our interpretat ion of the t w o 
forces) . Wi l l R, the ratio of hadron 
produc t ion over muon pair p roduc­
t i on , become asymptot ic at PETRA 
energies, or w i l l a change indicate new 
degrees of f reedom in hadronic matter 
and n e w ' f lavours ' for the quarks to 
add to strangeness, c h a r m . . . ? Are 
there more heavy leptons and, if so, 
w i l l w e begin to see some reason for 
the lepton spectrum? 

On 19 October, the PETRA research 
commi t tee , PRC, met for its four th 
meet ing and had to do some crystal 
ball gazing on all these quest ions in 
order to make recommendat ions on 
the init ial exper imental p rogramme to 
the DESY Directorate. 

In v i e w of the expected interna­
t ional par t ic ipat ion, six exper imental 
halls are under const ruc t ion among 
the e ight intersect ion regions of 
PETRA. One of the d i f f icu l t decis ions 
was to specify h o w many of these 
available halls shou ld already be c o m ­
mit ted at this t ime. Since on ly a l itt le 
more than t w o years remain unt i l the 
s tar t -up of PETRA, some people felt 
that exper iments w h i c h were not 
recommended n o w w o u l d come too 

late for the f irst generat ion. On the 
other hand, a certain f lex ib i l i ty to 
leave the door open for new ideas and 
fu ture proposals has to be preserved. 
As a result of these del iberat ions, it 
w a s dec ided that four interact ion re­
g ions shou ld be commi t ted n o w , 
leaving t w o empty for later decis ion. 
Fortunately, it turns ou t that more than 
one exper iment can be accommodated 
per hall thus , as far as space is c o n ­
cerned, more than four exper iments 
can be instal led. 

The proposed exper iments fel l in to 
t w o classes — those w h i c h are spe­
ci f ical ly designed for PETRA and those 
w h i c h use exist ing apparatus. A l ­
t hough the latter may have some 
shor tcomings, they have the advantage 
of be ing fu l l y tested and debugged 
w i t h a comple te set of analysis 
programs. 

The PRC recommended f ive exper i ­
ments, t w o others, 'PHOENIX ' of an 
Athens / DESY / Frascati / Pisa / 
Rome / Stony Brook / Wiscons in c o l ­
laborat ion and the ' I ron Bal l ' of a 
Pennsylvania / Wiscons in co l labora­
t i on were not recommended, and t w o 
more w i l l be considered at a later t ime. 
The exper iments were approved under 
the f o l l o w i n g cond i t i ons : 

It shou ld be possible to remove the 
instal lat ion f rom the intersect ion region 
and to reinstall it in w o r k i n g cond i t ion 
w i t h i n not more than f ive days for each 
operat ion, since long repairs cannot 
be tolerated at the intersect ion region. 
The instal lat ion shou ld be such as to 
permit a second exper iment to be 
instal led in the same region. The PRC 
w i l l rev iew the preparat ions for exper i ­
ments at regular intervals, and, if 
necessary, priorit ies w i l l be recom­
mended for the instal lat ion of var ious 
exper iments at a later t ime. The run ­
n ing schedule for all exper iments w i l l 
be considered by the PRC at a later 
t ime. 

The quest ion whether four or on ly 
t w o interact ion regions shou ld get 
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luminos i ty at the same t ime w i l l have 
to be answered tak ing in to account 
the request for beam energies (on ly 
t w o regions can get luminos i ty at the 
highest energies). It is not exc luded 
that a more effect ive programme w i l l 
be achieved by g iv ing luminos i ty to 
on ly t w o intersect ions at a t ime, 
al ternat ing between intersect ions at 
appropr iate t ime intervals. 

The priorit ies for beam energies and 
luminosi t ies for di f ferent interact ion 
regions can be sett led w h e n operat ion 
begins, tak ing into accoun t also the 
state of readiness of the di f ferent 
experiments. Each exper imental se t -up 
shou ld be ready for physics at the t ime 
PETRA starts operat ing, even if not all 
components of the detect ion systems 
are comple ted. Since there is not much 
t ime before the machine is operat ing, 
' convent iona l ' detect ion techniques 
are general ly preferred for the f irst 
round of exper iments but n e w d e v e l o p -
ments w i l l be b rought in whenever 
possible. The recommended exper i ­
ments are as f o l l o w s : 

A DESY / Karlsruhe / M i i n c h e n / 
Orsay / Paris / Saclay co l laborat ion 
takes as primary goals for their 
detector, 'CELLO' , the ident i f icat ion 
and measurement of leptons and 
photons. They w i l l s tudy new leptonic 
and hadronic states, QED processes 
and weak current effects, the total 
cross sect ion and part icle p roduc t ion . 
The main components of CELLO are a 
superconduct ing h igh f ie ld magnet 

w i t h th inner coi ls than any exist ing so 
far, a t racking device consist ing of 
proport ional and drift chambers for 
good track recogni t ion and momen tum 
resolut ion, e lectromagnet ic shower 
detectors using the lead- l iqu id argon 
techn ique for good energy and angular 
resolut ion and eff ic ient hadron rejec­
t i on , a hadron f i l ter and muon detec­
tors w i t h l o w hadron background , and 
a small angle fo rward detector to tag 
electrons. 

A col laborat ion of Aachen / Bonn / 
DESY / Hamburg / Imperial Col lege 
London / Oxford / Rutherford / Weiz -
mann Insti tute is bu i ld ing a detector 
cal led 'TASSO' w h i c h w i l l be capable 
of ident i fy ing charged hadrons over 
the total range of momenta even d o w n 
to 0.6 GeV/c. TASSO w i l l be able to 
measure charged particles and pho ­
tons over almost the ful l 4TC sol id angle. 
The main characterist ics of the de­
tector are a th in wal l so lenoid w i t h a 
radius of 1.35 m and a length of 4.4 m 
( w h i c h provides a f ield of 5 T parallel 
to the beam axis) , Cherenkov counters 
on either side of the beam for n, K and 
p separat ion, l iquid argon shower 
counters cover ing about 9 0 % of the 
fu l l sol id angle to ident i fy and measure 
photons and electrons, and a system 
of t ime-o f - f l i gh t counters to ident i fy 
hadrons in the l ow energy region. 

The detector of a D E S Y / D u t c h / M I T 
col laborat ion w i l l concentrate on a 
search for weak and electromagnet ic 
interference effects ( show ing itself as 

The sweep of the PETRA storage ring 
dominates the aerial view of the DESY site. 
The electron synchrotron (left-centre) and 
DORIS storage ring (right-centre) are now 
encircled by the 2.3 km PETRA ring. The 
injection link between the synchrotron and 
PETRA can just about be picked out at the 
bottom of the picture and in between them is 
an experimental hall where the rapid ring 
construction will be celebrated on 2 December. 

(Photo DESY) 

an asymmetry in inclusive product ion 
of muons or in parity v io la t ing ef fects) , 
and w i l l examine structure in R and 
QED processes. This exper iment 
uses magnet ized iron as spectrometer 
and muon f i l ter w i t h a toroidal f ie ld 
around the e lect ron-pos i t ron beams 
of about 2 T. There w i l l be t w o layers 
of hodoscopes w h i c h cover the entire 
4 7T sol id angle. A unique feature of th is 
detector is that it can be rotated in 
bo th the polar and azimuthal d i rec­
t ions thus it is hoped that the systemat­
ic errors can be kept at a 1 % level. 

A Daresbury / DESY / Hamburg / 
Heidelberg / Lancaster / Manchester / 
Tokyo col laborat ion is bu i ld ing a 
detector cal led ' J A D E ' to look for 
leptons over a large momen tum region, 
start ing at about 100 M e V / c . Weak 
interact ions w i l l be studied by making 
a g o o d separat ion of muons f rom 
electrons and hadrons. Also g o o d 
electron detect ion w i l l enable J A D E to 
search for heavy leptons and possible 
n e w quan tum numbers. The appara­
tus consists essentially of a system of 
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Around the Laboratories 

cyl indr ical chambers w i t h large drif t 
spaces in a gas of h igh pressure w h i c h 
yields very g o o d spatial resolut ion 
(100 fxm) by sampl ing . In add i t ion , 
measuring dE /dx may be possible. 

Finally, an Aachen / DESY / Ham­
burg / Frascati / Siegen / Wupper ta l 
co l laborat ion w i l l carry the PLUTO 
detector n o w in use on DORIS (see 
the Apr i l issue, page 139) to 
PETRA. To use PLUTO at PETRA 
energies, addi t ional components w i l l 
be necessary, such as a barrel shower 
counter, end cap shower counters ( to 
close up the sol id angle d o w n to 15° 
for measuring the energy of neutral 
part ic les), dri f t chambers to improve 
the momen tum resolut ion, and a l iquid 
argon d E / d x counter to ident i fy p ions, 
kaons and protons. A l l these c o m ­
ponents w i l l be tested and used at 
DORIS so as to be conf ident of having 
a we l l - debugged and we l l -unders tood 
detector ready for do ing physics at the 
t ime w h e n PETRA starts runn ing. The 
main physics a im of the PLUTO co l ­
laborat ion w i l l be to measure the total 
cross sect ion for e lect ron-pos i t ron 
annih i la t ion into hadrons and to look 
for peaks and steps in the cross sec­
t ion var iat ion w i t h energy since these 
are the signals for resonances or for 
n e w degrees of f reedom in the wo r l d 
of hadron const i tuents. Since PLUTO 
is small in radius, it can also achieve 
good muon ident i f icat ion as p ion 
decay correct ions w i l l be smal l . 

There is some overlap in the physics 
programmes of theso leno ida l magnet ­
ic detectors but the technical ap­
proaches were considered suf f ic ient ly 
di f ferent to just i fy the approval of all 
the ment ioned exper iments. DESY w i l l 
n o w contact the groups and their 
Laboratories to clarify some admin is ­
trat ive and f inancia l quest ions. H o w ­
ever, the enthusiasm of the physicists 
t ranscends these formal steps and 
preparat ions for the exper iments have 
started w i t h great v igour. 

FERMILAB 
Second generation 
neutrino experiments 
After four years of intense operat ion, 
the first round of neutr ino exper iments 
at Fermilab is n o w being succeeded 
by a second generat ion. In to ta l , the 
n e w exper iments have more than a 
thousand tons of target material and a 
thousand tons of spectrometer material 
among them. 

The Harvard /Wiscons in /Pennsy lva-
n ia/Fermi lab co l laborat ion has g r o w n 
to inc lude Rutgers. The bu i ld ing used 
for their f irst exper iment has been 
doub led in size and is j am packed w i t h 
equ ipment for the com ing runs. The 
n e w apparatus w i l l be used to i n ­
vest igate the k inemat ics and target 
densi ty effects in d imuon produc t ion . 
Ano ther major a im is to clarify the 
much discussed 'h igh y anomaly ' ( the 
relat ionship of the muon energy to the 
incoming neutr ino energy seems to be 
deviat ing f rom w h a t is expected) . The 
detect ion system is const ructed so 
that th is k inemat ic region can be 
s tud ied in substant ia l ly more detai l . 

Start ing upstream, the f irst element 
in the array is a 250 ton iron slab 
target in tended pr inc ipal ly for d imuon 
product ion studies. Fo l low ing the tar­
get are 5 0 tons of l iquid scint i l lators, 
f o l l o w e d in turn by an iron and l iquid 
scint i l lator calorimeter. Beyond that is 
a 24 foo t diameter toro idal iron magnet 
(whose large diameter w i l l be part ic­
ularly helpful for analysing h igh y 
events) w i t h a fo lded- in scint i l la t ion 
hodoscope to g ive a t w o muon 
tr igger. The previously used 12 foo t 
diameter magnet completes the chain 
after the 24 foo t spectrometer; it w i l l 
be used for addi t ional momen tum 
measurements on fo rward muons. The 
new system can be t r iggered on mu l t i -
muons and on energy deposi ted in the 
apparatus, taken alone or together. 
The experimenters hope to col lect 

about a thousand d imuon candidates. 
Prel iminary runs are under way . 

The CalTech/Fermi lab co l labora­
t i on , n o w inc lud ing Nor thwestern and 
Rockefeller, has moved downs t ream 
f rom their o ld locat ion in the 'wonde r 
bu i l d ing ' ha l fway d o w n the m u o n 
berm to a locat ion just in f ront of the 
15 foo t bubb le chamber. They are 
push ing to invest igate deep inelastic 
charged and neutral current effects at 
very h igh energies. They also plan an 
early run on d imuons that w i l l s imu l ­
taneously shed some l ight on the 
quest ion of target densi ty using t w o 
sets of spark chambers mounted side 
by side to give t w o di f ferent net target 
densit ies. The equ ipment operated on 
the same basic concept as the earlier 
exper iment but the target calor imeter 
has g r o w n a factor of six larger, to 
7 0 0 tons. The muon analysis magnet 
toro id has gone f rom a 5 foo t to an 
11 foo t diameter device w i t h a gross 
w e i g h t of 350 tons. The new toro id 
has spark chambers and counter 
planes interspersed th roughout . 

The toro id for th is exper iment is at 
present in operat ion for a S tan fo rd / 
CalTech search for shor t - l ived states 
produced by hadrons that decay via 
leptonic modes ( they have run for 
2 0 0 hours and are s tudy ing their da ta) . 
The exper iment sits beside the neu ­
t r ino exper iment in the same bu i ld ing 
and w h e n it is complete , the toro id w i l l 
be moved into place for neutr inos. 

The vacated space ha l fway d o w n 
the muon berm has been taken over by 
an elegant exper iment to look for 
electrons produced by the m u o n 
neutr inos. This exper iment is being 
mounted by a V P I / O x f o r d / M a r y l a n d , 
co l laborat ion w i t h a detector c o n ­
sist ing of a 20 ton system of spark 
planes interlaced w i t h sheets of a lu ­
m in ium, one radiat ion length th ick , 
w h i c h can measure the energy and 
di rect ion of electron showers. A 
modu le of six of these planes has been 
tested in an electron beam at Cornel l 
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Second generation counter neutrino 
experiments taking shape at Fermilab: 

1. The detection system of the Harvard/ 
Wisconsin/Pennsylvania/Fermilab/Rutgers 
experiment has been greatly increased in size. 
On the left can be seen the iron discs of new 
toroidal magnets 24 foot in diameter. 

2. The CalTech/Fermilab/Northwestern/ 
Rockefeller experiment has also increased the 
volume of its detection system which is now 
located close to the 15 foot bubble chamber. 
In the photograph their toroidal magnets are 
seen temporarily installed for a Stanford/ 
CalTech search for short-lived particles. 

at energies up to 10 GeV. The exper i ­
ment w i l l operate parasit ical ly and 
about a hundred events in a thousand 
hours of operat ion are hoped for. This 
exper iment is a s igni f icant test of 
weak interact ion theory — classical 
theory predicts no cross sect ion for 
the process of a muon neutr ino pro­
duc ing an e lectron, wh i l e We inberg -
Salam theory predicts a non-zero 
cross sect ion. 

Further improvements lie ahead in 
neutr ino beam performance. The c o n ­
s t ruct ion of an improved d ichromat ic 
t ra in load (neutr ino parent focus ing 
system) is n o w under w a y — magnets 
have been ordered and comple t ion is 
expected in about a year and a half. 
This beam w i l l go to 3 5 0 GeV as 
opposed to the o ld 250 GeV upper 
l imi t and w i l l be a part icularly impor­
tant improvement for the p roduc t ion 
of ant ineutr inos. The Ca lTech/Fermi -
lab /Rocke fe l le r /Nor thwes te rn g roup 
plans to use th is beam w h e n it is 
avai lable wh i l e the Harva rd /Wiscon­
sin / Pennsylvania / Fermilab / Rutgers 
g roup is presently p lanning t o u s e a 
quadrupo le tr iplet. 

There is sti l l d iscussion about the 
most ef fect ive w a y to proceed for 
ant ineutr inos. For the electron search, 
the experimenters prefer a tr ip let 
t ra in load to provide a s l ow spi l l . In 
part, th is is related to their pos i t ion 
m i d w a y d o w n the berm where the 
muon background is larger. It is 
p lanned to install a toroidal magnet at 
the end of the decay pipe to help ki l l 
the muon f lux in the region of the 
'wonde r bu i ld ing ' . This is scheduled 
for late summer 1977 and , w i t h that 
in place, it may be possible to do the 
electron search exper iment w i t h a 
neutr ino beam produced using a 
focus ing horn. 

Meson Lab. upgraded 
Dur ing a September s h u t d o w n , major 
modi f ica t ions were made on the M l 
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beam in the Meson area at Fermfeb . 
The changes permit exper iments o n 
the M l l ine to operate the beam at 
3 5 0 GeV for the f irst t ime ( the previous 
upper l imi t was 280 GeV) . The add i ­
t ion of several power suppl ies w i l l 
take th is to 4 0 0 GeV short ly. 

First operat ion of M l at 3 5 0 GeV 
occurred in mid October, w h e n par­
t ic les were b rought to the Meson 
Detector Bu i ld ing for a Pennsylvania 
exper iment s tudy ing inclusive scat­
ter ing. The beam performed sat is fac­
tor i ly and paved the w a y for a second 
generat ion total cross sect ion exper i ­
ment by Fermi lab /Rockefe l le r /Brook-
haven. This is the same g roup that 
demonstrated in 1974 that the rise in 
total cross sect ion, seen earlier for 
protons, also holds for other hadrons. 
By raising the energy to 4 0 0 GeV, it 
shou ld be possible to t rack the rise 
higher. 

A l l of the beams in the Meson area 
operate essential ly as secondary par­
t ic le beams. Protons f rom the acce l ­
erator strike a p roduc t ion target 
located a quarter o f a mi le upstream 
f rom the Meson Detector Bu i ld ing and 
six beam-l ines are c lustered at angles 
of several mil l i radians f r om the inc ident 
beam di rect ion to catch the f o r w a r d -
go ing particles f rom t h e target. Or i ­
g inal ly, the area was des igned for 
operat ion w i t h 2 0 0 GeV pro tons b u t 
the energy available f r om the acceler­
ator soon outst r ipped these design 
speci f icat ions. M a n y clever i nnova­
t ions have been used that have per­
mi t ted the beams to w o r k at h igher 
energies as the accelerator has moved 
up in energy. These inc lude mod i f i ca­
t ions to the external pro ton beam-
line supp ly ing the Meson Laboratory 
to go to 4 0 0 GeV, and the indiv idual 
beam-l ines have used more t i gh t l y 
packed septum magnets, normal 
bends, and quadrupoles. 

M l is a three- focus, charged part ic le 
beam. A spl i t is prov ided in the last 
several hundred feet so that part icles 

can be routed to one of t w o s ide by 
side regions permi t t ing alternate expe­
r iments to be set up. The beam c o n ­
tains several sets of Cherenkov c o u n ­
ters w h i c h make g o o d part icle tagg ing 
possible. Typical ly , the f lux for M l 
gives 3 x 1 0 6 negat ive p ions at 
175 GeV for 1 0 1 2 protons on target ; 
for posi t ive part icles, the f luxes are 
approx imate ly a factor of f ive higher. 
The Meson Laboratory of ten operates 
w i t h t w o to three t imes 1 0 1 2 protons 
on target. 

Improv ing the M l beam for 3 5 0 GeV 
has been a d i f f icu l t ach ievement but 
a more ambi t ious fu ture is p lanned. 
Meson Laboratory personnel have 
rev iewed the possibi l i ty of upgrad ing 
the external beam- l ine to 1 0 0 0 GeV 
w h e n t h e Energy Doubler /Saver comes 
on and of upgrad ing the secondary 
beams accord ing ly . Use of the super­
conduc t i ng t echno logy tha t is deve l ­
op ing n o w around the Laboratory for 
many purposes, i nc lud ing the Doub ler / 
Saver, shou ld make th is possible. 

CERN 
SPS tops 10 1 3 

The 4 0 0 GeV proton synchro t ron laid 
on an impressive display of its abil i t ies 
at the end of October. Protons were 
sent to t he West exper imental hall for 
the f irst t ime, intensit ies of over 
1 0 1 3 protons per pulse were acceler­
ated a f e w days later and, a week 
after that , exper iments received their 
f irst particles. In the midst of all th is , 
the machine even s h o w e d style in 
b l o w i n g a v a c u u m leak in a very 
unexpected w a y ! 

On the n igh t of 2 2 / 2 3 October 
pro tons were sent for the f irst t ime up 
(l i teral ly, s ince there is a vert ical c l imb 
f rom the underground machine to the 
hall on the surface) the beam- l ine 
TT60 to t he target zone at the end of 
the West Hal l . Special septum magnets 

at the zone make t w o hor izontal sl ices 
to spl i t the beam in three so that three 
targets can be irradiated s imul taneous­
ly. These magnets were powered and 
the sp l i t t ing wo rked perfect ly; protons 
were received at the target pos i t ions 
exact ly as required. 

The targets themselves were not in 
place, to avoid unnecessary i rradia­
t i on , and the pro tons were deposi ted 
in beam dumps. Nevertheless some 
secondary particles f rom these d u m p s 
entered the Hall and some exper i ­
menters had sneaked in t o see if they 
cou ld p ick any th ing up w i t h their 
detect ion systems. M o s t interest ing of 
all w a s that the neut r ino counter 
exper iment was seeing lovely muon 
tracks. This means that they cou ld 
even do equ ipment cal ibrat ion dur ing 
t he West Hall 2 0 0 GeV part of the 
SPS pulse w h i l e wa i t i ng for the 
4 0 0 GeV burst w h i c h gives them their 
neutr inos. 

On 25 October a successful a t tempt 
w a s made to increase the peak 
accelerated beam intensi ty in t he SPS 
by in ject ing t w o 10 GeV pulses f rom 
the PS rather than one. This requires 
ho ld ing the magnet f ields at the in jec­
t ion values wh i l e the PS goes th rough 
another 10 GeV accelerat ion cycle, 
add ing about 1 s to the SPS cycle 
t ime. 

Dur ing the morn ing the machine 
sett ings were improved us ing c o m ­
parat ively l o w intensi ty in jected beams 
and in the af ternoon the PS was cal led 
on to send h igh intensit ies. W i th t w o 
injected pulses of close to 8 x 1 0 1 2 p p p , 
intensit ies as h igh as 1.25 x 1 0 1 3 ppp 
were accelerated to 2 0 0 GeV. To 
accelerate 1 0 1 3 in the SPS so soon 
after f i rst operat ion is a f ine achieve­
ment and the PS deserves an accolade 
also — the o ld wa r horse cont inues to 
do whatever is asked of it. 

There is sti l l w o r k to be done on the 
t w o pulse in ject ion. A lot of beam is 
lost w h e n the second pulse is added. 
Nevertheless, the performance w a s so 
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On the right in this tunnel photograph is the 
beam-line which brought protons from the 
underground CERN SPS towards experiments 
in the West Hall for the first time at the end of 
October. On the left, is the r.f. separated 
beam-line which can take particles to the 
3.7 m European bubble chamber, BEBC. 

g o o d and reliable that it may become 
the standard operat ion. This w o u l d 
involve increasing the SPS cycle t ime 
f rom 6 s to 8.4 s. The longer cyc le 
w o u l d a l low an increase in the 2 0 0 GeV 
f lat t op , w h e n beams are fed to the 
counter exper iments, f r om 0.7 s to 
1.2 s. The decis ion depends main ly on 
whe ther di f f icul t ies can be overcome 
in accelerat ing fur ther to 4 0 0 GeV 
after th is f lat t op , w h e n h igh intensit ies 
are present. (On 3 November a 1 0 1 3 

beam was accelerated to 4 0 0 GeV but 
w i t h o u t the intermediate f lat top . ) 

To achieve mul t ipu lse in ject ion 
in to the SPS, the PS has w o r k e d w i t h 
a 'supercycle ' of 8.4 s. The sequence 
compr ised three 10 GeV cycles f o l l o w ­
ed by t w o 2 6 / 2 4 GeV cycles for the 
ISR and the PS exper imental areas. 
Even the intensi ty was changed f rom 
pulse to pulse in the Booster and w h e n 
a user d id not need his cycle, an ' o n ­
l ine ' rearrangement of the ut i l isat ion 
of the beam was made immediate ly . 
Mach ine deve lopments were carried 
ou t us ing the 10 GeV cycle not cal led 
for by the SPS. W i t h doub le pulse 
f ive turn extract ion, 1.7 x 1 0 1 3 protons 
were transferred to the SPS w i t h i n 
1.2 s. The ISR first received a f e w 
bunches at a t ime and then the fu l l 
beam on either one or bo th of the 
2 6 / 2 4 GeV cycles. For the PS exper i ­
mental areas, the usual pattern of 
operat ion was s l ow extract ion to the 
East Hall shar ing w i t h internal target 
1 , plus fast extract ion of a f e w bunches 
for the 2 m bubb le chamber and the 
g - 2 exper iment. The PS needs a c o m ­
puter just to remember all th is. 

On the morn ing of 26 October, after 
the h igh intensi ty run, a sizable leak 
occurred in sector 2 of the SPS. It was 
on a p i ck -up uni t in a shor t s t ra ight 
sect ion, probably in a w e l d . The sector 
vacuum valves c losed so that the rest 
of the machine was protected. 

Wha t was surpr is ing, w h e n the 
vacuum people w e n t to tackle the 
prob lem, was that they f o u n d the 

sector to be very radioact ive (over 70 
rads per hour on contac t ) and the 
repair cou ld not be tack led unt i l the 
n ight of 27 October. The symmet r i ­
cal ly oppos i te po in t around the r ing, 
sector 6, was also very hot. It was clear 
that bo th regions had been heavi ly 
sprayed w i t h protons. Obvious ly , th is 
shou ld not have happened — the pro­
tons are intended to end in the beam 
dump . 

It was f ound that the beam d u m p 
system at the end of the accelerat ion 
cycle was coming into operat ion after 
the end of the f lat t op because of an 
error in the t im ing circuits. Thus the 
magnet ic f ields were fa l l ing and the 
beam was mov ing towards the outs ide 
of the vacuum vessel. The beam char­
acterist ics are such that sectors 2 and 
6 are the f irst to be hit. The faul t has 
been corrected. 

On 2 November the f irst at tempts 
to operate the beam-l ines in the West 
Hall itself were made. The machine 
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was hav ing an o f f -day and the t ime 
avai lable for the tests was short. Beam 
was f i red on to t w o targets, as sched­
uled, and the corresponding secondary 
beam- l ines received their particles. 
W i t h the magnets set to nomina l 
values, w i t h o u t any tun ing , intensit ies 
in the desired 1 0 6 range were achieved, 
leaving many happy exper imental 
physic ists in their wake. 

N o w that the West Area is in ac t ion , 
it leaves the Nor th Area as the major 
i tem of unf in ished business in the SPS 
project. Civi l engineer ing w o r k is 
a lmost comple te and everyth ing is on 
schedule for br ing ing th is Area in to 
operat ion in about a year's t ime. The 
init ial exper imental programme w i l l be 
housed in t w o halls — one w i t h t o p 
qual i ty hadron and electron beams, 
the other w i t h t op qual i ty muon beams, 
all d r a w n f rom targets receiving proton 
beams of the highest energy and 
intensi ty that the SPS is able to provide. 

One beam- l ine in the Nor th Area 
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During an October shutdown of the ISR 
several new detection systems were wheeled 
into place. They can be considered as a 
'second generation' of detectors presenting 
greater abilities and complexities. The major 
elements of two of them can be seen in the 
photographs; 

1. Field tests under way on a superconducting 
solenoid which is now installed at intersection 
I-1. The magnet has drift chambers incorporated 
in the field volume and is flanked by two 
lead glass walls. It is being used by a CERN] 
Columbia I Oxford I Rockefeller collaboration in a 
study of high transverse momentum phenomena. 

can take the ejected pro ton beam 
beyond the t w o halls and is a l located 
for fur ther deve lopments of the Area. 
A Work i ng Group, under Giorg io 
Br iant i , is n o w s tudy ing w h a t such 
fur ther deve lopments migh t be. For 
example, the fu l l intensi ty pro ton beam 
cou ld be b rough t to a s ingle target 
in a n e w hal l . The fu l l intensi ty cou ld 
not be used in th is w a y in the exist ing 
halls because the background of 
secondary particles f rom the target 
w o u l d be too h igh for the other exper­
iments, w i t h the exist ing sh ie ld ing. 
Al ternat ively, a very h igh intensi ty 
p ion beam ( 1 0 1 0 negat ive pions rather 
than 10 8 ) or a very h igh intensi ty w i d e ­
band pho ton beam (similar to that used 
in the charmed baryon discovery at 
Fermilab) cou ld be generated. The 
Work i ng Group needs input f rom the 
experimenters to help in dec id ing 
w h i c h scheme to adopt . 

ISR Workshop 
Dur ing October, a t w o week 'Work ­
shop ' was held at CERN to examine 
the fu ture of the Intersect ing Storage 
Rings after the present generat ion of 
exper iments is comple ted (i.e. f rom 
about 1 9 8 0 ) . The subject was tack led 
in a series of w o r k i n g groups and the 
Workshop proved to be much livelier 
than expected w i t h discussions of ten 
veer ing of f in unexpected direct ions. 
On the f inal day, there were a series of 
summary talks f rom the w o r k i n g 
groups f rom w h i c h th is brief rev iew is 
d r a w n . 

The physics categories were cover­
ed under the headings of lowt ransverse 
m o m e n t u m phenomena (summarized 
by J.C. Sens) , h igh transverse m o ­
men tum phenomena ( M . Delia Negra) 
and lepton and pho ton physics (Carlo 
Rubb ia ) . 

In the l o w transverse momen tum 
reg ion, one of the f irst impor tant 
discoveries at the ISR w a s the g r o w t h 
of the p ro ton -p ro ton cross sect ion w i t h 
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increasing interact ion energy. Then 
came the in format ion on the di f f rac­
t i on peak l in ing up w i t h an opt ica l 
model and ind icat ing that the pro ton is 
not comple te ly opaque (protons can 
pass th rough one another w i t h o u t 
in terac t ing) . There does not seem to 
be much more on these top ics that can 
be extracted f rom the exist ing machine. 
To unearth fur ther in format ion requires 
higher col l is ion energies and f rom the 
po in t of v i e w of these exper iments 
higher energy is the parameter to aim 
for in the 1980s. 

The h igh transverse momen tum 
region, however , sti l l seems very r ich. 
One of the major discoveries at the 
ISR was to f ind that , w i t h much higher 
probabi l i ty than expected, protons can 
bounce off one another g iv ing jets of 
part icles emerg ing at w i d e angles to 
the beam direct ions. This t ies up w i t h 
data f rom electron and neutr ino ex­
per iments ind icat ing po in t - l i ke c o n ­
st i tuents w i t h i n the protons. A l t h o u g h 
some of the g lobal features of the 
hadron jets are k n o w n , there is much 
to be learned about the detai led 
nature of the jets. One in t r igu ing 
possibi l i ty suggested by J .D . Bjorken 
is that it m igh t even be possible to 
deduce the type of co l l id ing quark 
w i t h i n the proton if all the produce 
in the t w o oppos ing jets cou ld be 
ident i f ied. This cou ld reveal 'miss ing 
quarks ' or 'quark holes' . A programme 
extend ing into the 1980s seems desir­
able for this w o r k w i t h more soph is­

t icated 4 TU detect ion systems. Je t 
studies seem l ikely to be the most 
f ru i t fu l f ie ld of research at the ISR. The 
exper iments w o u l d be complementary 
to w h a t cou ld be done at the 4 0 0 GeV 
SPS and w o u l d obv ious ly go to higher 
centre of mass energies. They, also, 
w o u l d benef i t f rom sti l l h igher col l is ion 
energies. 

The interest in lepton events at the 
ISR is part of the general wave of 
lepton searches s t imulated by the 
charmed part icle picture (see open ing 
ar t ic le) . This wave has g r o w n to such 
propor t ions that Val Telegdi has iden­
t i f ied a n e w type of physic ist — the 
leptomaniac. The direct p roduc t ion of 
electrons has been seen at the ISR 
w i t h a ratio of electron to p ion p roduc­
t ion remarkably constant (about 10~ 4 ) 
over a w i d e range of transverse m o ­
men tum, and there is n e w evidence 
for a surpr is ingly h igh rate for direct 
photons. Di lepton searches are also 
under way . The special characterist ics 
of the ISR — the h igh centre of mass 
energy, the du ty cycle and the geo­
metry of the col l is ions might make 
these lepton exper iments a source of 
g o o d physics we l l in to the 1980s 
part icular ly w i t h the improvement of 
detect ion systems. 

C. Fabjan summar ized the th ink ing 
on detect ion systems. They w i l l u n ­
doub ted ly become bigger, more c o m ­
plex and more expensive. There is, 
however , conf idence that the detec­
t ion techniques w h i c h are n o w k n o w n 
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can be developed to meet the require­
ments of the next generat ion of ISR 
experiments even tak ing in to account 
higher luminosi t ies. 

A t present the ISR have reached a 
max imum beam current of 39 A and 
currents of over 3 0 A are rout inely 
avai lable for the physics runs. The 
max imum luminos i ty at 26 GeV has 
been 2.9 x 1 0 3 1 per c m 2 per s in normal 
intersect ions and 4.9 x 1 0 3 1 in the 
special l o w beta insert ion. L Dilel la 
descr ibed the possibi l i t ies for fur ther 
luminos i ty improvements . Us ing 
superconduc t ing magnets (e ight qua ­
d r u p l e s ) for the l o w beta insert ion 
cou ld take the value to over 1 0 3 2 and 
th is modi f ica t ion cou ld be achieved 
w i t h comparat ive ly l i t t le d is rupt ion to 
the machine programme. A scheme 
developed by Brian M o n t a g u e and 
Bruno Zotter cou ld take the value 
even higher to over 1 0 3 3 by reduc ing 
the beam crossing angle. This w o u l d , 
however , require a major rebui ld of 
part of the ISR and invo lve a 6 mon th 
s h u t d o w n . 

The ISR have already operated w i t h 
deuteron beams as we l l as protons (a 
p ro ton-deuteron luminos i ty of 6.8 
x 1 0 2 9 w i t h 11 A pro tons and 4.1 A 
deuterons and a deuteron-deuteron 
luminos i ty of 3.5 x 1 0 2 9 w i t h 4.3 A and 
4.4 A deuterons) . Further deuteron 
runs are p lanned before the end of 
th is year. P. Strol in summar ized the 
w o r k on the possibi l i t ies and desira­
bi l i t ies of co l l id ing other part icles. 

2. 

Both deuterons and alpha particles 
present no di f f icul t ies, can g ive 
acceptable luminosi t ies and have 
interest ing physics to offer, t hough 
probably not th rough to the 1980s. 
Other ions, such as n i t rogen, w o u l d 
also be of interest but deve lopment of 
appropr iate sources w o u l d be needed 
and the ions w o u l d probably be most 
useful ly employed at the SPS. 

The most in t r igu ing possib i l i ty is 
that of co l l id ing ant iprotons w i t h p ro­
tons. The recent emergence of ' c o o l ­
i ng ' techniques — electron coo l ing at 
Novosib i rsk and stochast ic coo l ing at 
CERN — makes it possible to reach 
adequate luminosi t ies w i t h ant iprotons 
for the f irst t ime. (Since these coo l ing 
techn iques may prove to be one of the 
most impor tant advances ever in 
accelerator physics, w e shall return to 
t hem in more detail in a f o r thcoming 
issue.) W i thou t coo l ing , p ro ton -an t i -
p ro ton luminosi t ies in the 1 0 2 5 region 
were ant ic ipated; w i t h electron c o o l ­
ing th is cou ld move to 1 0 3 0 and 
physics becomes possible. It is l ikely 
that some w o r k on coo l ing w i l l be 
in i t iated soon at CERN, perhaps using 
the PS Booster or the m u o n storage 
r ing of the g -2 exper iment. A coo l ing 
r ing instal led so that it cou ld take 
ant iprotons f rom the PS and inject 
t hem into the ISR or the 4 0 0 GeV 
SPS offers an extremely interest ing 
improvement in CERN's research 
possibi l i t ies. 

There was a let t ing d o w n of hair in 

2. Tests on the detect/on system of the 
Frascati/ Genoa/Harvard/ M/T/ Naples/Pisa 
collaboration which is now installed at 
intersection 1-2. It incorporates large 
magnetised iron toroids, drift chambers and 
scintillators for a study of muon pairs emerging 
from the proton collisions. As mentioned in our 
lead article, this is the experiment in which 
Sam Ting is involved. 

a w o r k i n g group on unconvent iona l 
ideas reported by Bernard Pope. The 
ideas inc luded an ISR bypass so that 
beams in one r ing cou ld be co l l ided 
w i t h beams in the SPS ( invo lv ing 
some remarkable geometry since the 
SPS is deep underg round) , an ISR 
rebui l t underground w i t h magnets 
f r om bo th r ings in sequence to col l ide 
60 GeV protons w i t h the SPS beam 
( l imi ted to 270 GeV corresponding to 
the peak SPS magnet f ields w h i c h 
can be held d . c ) , and an ISR rebui l t 
in its exist ing tunnel using super­
conduc t i ng magnets (named the 
SSR) . 

This last idea attracted most of the 
a t tent ion. It has t w o variants — a 
machine geometry close to the exist ing 
geomet ry enabl ing an energy of 
100 GeV per r ing to be reached w i t h 
f ie lds of 5 T in the bend ing magnets, 
and a n e w geometry w h i c h jus t 
squeezes in the tunnel w i t h four 
intersect ion regions and an energy of 
120 GeV per r ing. Surpr is ingly the 
SSR possib i l i ty turned out to be a 
main theme of the w h o l e Workshop . 

This f irst Workshop has spread the 
th ink ing about the future of the ISR 
more w ide ly . There is no need for 
decis ions in the immediate future and 
the ideas have t ime to mature before 
there is a second look at the poss ib i l i ­
t ies in the summer of next year w h e n 
another Workshop w i l l be held. In the 
meant ime other external factors w h i c h 
in f luence the decis ions (such as the 
broader discussions on the o p t i m u m 
fu ture at CERN, the possibi l i ty of a 
start of const ruc t ion of the ISABELLE 
2 0 0 GeV pro ton storage rings at 
Brookhaven, and so o n . . . ) may 
become clearer. 

TRIUMF 
Muon spin experiments 
A programme of muon spin rotat ion 
(p iSR) studies is n o w under w a y at the 
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T R I U M F cyc lo t ron . A Tokyo /Br i t i sh 
Co lumbia col laborat ion has concen ­
trated on the behaviour of posi t ive 
muons in ferromagnet ic f ie lds and 
several new features have been 
b rough t t o l ight . A UBC/Berke ley 
col laborat ion has begun a def in i t ive 
s tudy of the chemical react ions of 
m u o n i u m atoms in l o w pressure gases 
and a U B C g roup has successful ly 
ident i f ied such atoms in vacuum, 
produced f rom posi t ive muons s top­
p ing in quartz powder . 

These exper iments use T R I U M F ' s 
fxSR Facil i ty, w h i c h consists of a 
muon channel ( M 2 0 ) , several types of 
precession magnets, some special pur­
pose coun t ing equ ipment , and a 
dedicated compu t i ng fac i l i ty based on 
a graphics or iented PDP 1 1 / 4 0 c o n ­
t r ibuted by the Universi ty of Tokyo. 
The beam- l ine was const ructed at 
m in imum expense using components 
loaned by Berkeley and Harvard 
(e ight of the quadrupoles hav ing 
served before as part of the Chicago 
muon channe l ) . 

W h e n tuned for muons f rom for­
wa rd -decay ing pions at 170 M e V / c , 
there are about 1 0 4 s topped muons 
per second in a th ick ( 50 c m 2 ) target 
for every \iA of 4 0 0 MeV protons on a 
10 cm bery l l ium target. (The cyc lo t ron 
del ivered a 10 piA beam on target 
in Augus t . ) The polar izat ion is on ly 
about 60 %, apparent ly due to a large 
con tamina t ion of ' c l o u d ' muons f rom 
p ion decay before the f irst bend. A t 
higher pro ton intensi ty the channel 
w i l l be tuned for ' backwa rd ' muons , 
w h o s e polar izat ion and beam pur i ty 
are much improved at the expense of 
a factor of 10 to 20 in f lux. 

The channel is also operated in the 
'Ar izona mode ' (named after Ted 
Bowen 's g roup f rom the Universi ty of 
Ar izona, w h i c h pioneered the t ech ­
n ique at the Berkeley 184 inch cyc lo ­
t r o n ) , co l lec t ing 4.1 MeV posi t ive 
'surface' muons f rom ^+ decay at rest 
in the skin of the product ion target. 

The f lux in th is mode is about 5 x 1 0 3 

per \iA on the target. The M 9 channel 
(descr ibed in the J u n e issue) is also 
being used in th is mode ; it p roduced 
a f lux of about 2 x 1 0 4 surface muons 
w i t h a polar izat ion close to 100 %. The 
spot size shou ld be nearly the same 
as for p ions and the momen tum 
spread is very smal l . This type of 
beam is being used first for gas phase 
m u o n i u m chemist ry exper iments and 
studies of m u o n i u m in powdered 
insulators. 

The standard ptSR techn ique c o n ­
sists of measur ing the t ime interval 
be tween the s topp ing of a sp in -
polarized muon and the detect ion in a 
f ixed d i rect ion of its decay electron. 
Since the electron tends to come off 
a l igned w i t h the sp in of the m u o n , a 
t ime spect rum accumula ted f rom many 
muon decays w i l l d isplay osci l lat ions 
w i t h the f requency of the muon pre­
cession. T ime intervals up to many [xs 
can be measured w i t h an accuracy of 
less than 1 ns at T R I U M F , y ie ld ing 
spectra w i t h h igh precis ion in forma­
t ion about precession, relaxat ion, and 
l i fet ime of the muons. 

The techn ique lends itself to studies 
of [L+SR, [iSR, {i' l i fet imes and 

radiative capture w h i c h are all p lan­
ned or under w a y at T R I U M F . The 
f irst results were f rom pt+SR studies in 
ferromagnet ic metals. Posit ive muons 
s topped in metals are t h o u g h t to come 
to thermal equ i l ib r ium w i t h i n a f e w ps, 
tak ing up intersti t ial posi t ions in the 
latt ice and then d i f fus ing f rom site to 
site on a t imescale w h i c h varies drama­
t ical ly w i t h temperature and may be 
qual i ta t ive ly di f ferent in di f ferent 
crystals. Af ter s topp ing , the [i+ spin 
is subjected to internal magnet ic 
f ields cons is t ing of bu lk magnet iza­
t i on , d ipolar f ie lds f rom ne ighbour ing 
moments and the contact or hyper-
f ine f ie ld f rom polarized conduc t i on 
electrons. 

In a large, extremely pure s ingle 
crystal of i ron, muon precession has 

been observed at temperatures d o w n 
to 23 K in zero appl ied f ie ld , ex tend ing 
previous observat ions w h i c h w e n t 
d o w n to 100 K. Both the precession 
f requency (ref lect ing the average i n ­
ternal f ie ld seen by the m u o n ) and the 
relaxat ion rate (probab ly ref lect ing 
d i f fus ion be tween sites w i t h di f ferent 
d ipolar f ie lds) have been f ound to be 
smooth ly vary ing func t ions of t e m ­
perature. 

The results suggest h igh tempera­
ture d i f fus ion of the muon by ther­
mal ly act ivated ' hops ' w i t h an act iva­
t ion energy of 17 meV, superseded 
be low 4 4 K by quan tum tunne l l ing 
be tween sites. The temperature var ia­
t ion of the hyperf ine f ie ld seen by the 
muon deviates f rom that of the 
saturat ion magnet izat ion in a sense 
oppos i te to that previously observed 
in n ickel , suggest ing that the per­
tu rbat ion of conduc t i on electrons by 
the muon is qual i ta t ive ly di f ferent in 
these t w o impor tant ferromagnets. 

In gado l i n ium and cobal t , tempera­
ture var iat ions of the relative di rect ions 
of internal dipolar and hyperf ine f ields 
lead to drastic changes in muon pre­
cession and relaxat ion as func t ions of 
temperature. These effects have been 
s tud ied be tween 4.2 K and 6 0 0 K in 
zero appl ied f ie ld and fur ther measure­
ments are under way . 

Using the 4.1 M e V ' s u r f a c e ' m u o n s , 
m u o n i u m atoms have been f o u n d in 
argon gas targets at 1 atmosphere 
pressure. W h e n impuri t ies such as 
ch lor ine were added, the m u o n i u m 
precession signal s h o w e d a c o n c e n ­
t ra t ion-dependent quench ing rate f rom 
w h i c h chemical react ion rate c o n ­
stants have been extracted. This makes 
it possible to compare the chemistry 
of M u , H and D atoms w h i c h is an 
impor tant test of the theory of abso­
lute rates. Experiments to measure 
act ivat ion energies th rough the t e m ­
perature dependence of the rate c o n ­
stants are being prepared. 

A n exper iment on f ine quartz p o w -
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A 1.9 GeV iron nucleus fragments in a silver 
bromide emulsion. This event was captured 
during one of the first experiments using the 
beam of iron nuclei accelerated in the Berkeley 
Bevalac at the beginning of October. The 
study of iron fragmentation has a lot to tell the 
astrophysicists since iron is abundant in cosmic 
rays. 

ders, also using 'sur face' muons , 
s h o w e d st rong ev idence that M u 
atoms, fo rmed w h e n the \i+ s tops in a 
powde r gra in, d i f fuse rapidly ou t of 
the grain and into vacuum. This d isco­
very paves the w a y for n e w studies 
using quartz powders as a sort of 
'moderator gas' for chemist ry exper­
iments, as we l l as for measurements 
of the d i f fus ion rate of M u in quartz, 
Other powders w i l l also be s tud ied , as 
we l l as exfol iated graphi te, in w h i c h 
it m igh t be possible t o perform ' t w o -
d imensional chemist ry ' exper iments 
in monomolecu lar layers of absorbed 
gases. In the part icle physics realm, 
th is d iscovery w i l l be appl ied to a 
search for m u o n i u m - a n t i m u o n i u m 
convers ion in vacuum. 

BERKELEY 
Cosmic rays 
in the Laboratory 
The accelerator team at the Lawrence 
Berkeley Laboratory have brought 
de l ight to the hearts of their astro-
physical col leagues by accelerat ing 
beams in iron nuclei to h igh energies 
in the Bevalac complex. Iron is the 
most abundant heavy element in 
cosmic rays and the s tudy of its 
behaviour in h igh energy cond i t ions 
cou ld convey a lot of in format ion 
relat ing to the compos i t i on of matter 
in interstellar space and the evo lu t ion 
of relative abundances of di f ferent 
elements t rac ing back to the or ig in of 
Universe. 

The Bevalac ( the comb ina t ion of 
the SuperHILAC heavy ion linear 
accelerator w i t h the Bevatron synchro­
t ron) accelerated a l o w intensi ty beam 
of iron nuclei to an energy of 1.9 GeV 
per nuc leon (cor responding to 106 GeV 
per nuc leus) . Iron is thus added to 
carbon, n i t rogen, oxygen , neon and 
argon in the list of avai lable h igh 

energy ions available f rom the Bevalac. 
A four day period was set aside 

for the iron tests at the beg inn ing of 
October. The first stage was to set up 
the beam transfer f rom the l inac, the 
synchro t ron and the ejected beam- l ine 
using ni t rogen 15 ions w h i c h have a 
charge to mass ratio of 0 .4666, a lmost 
ident ical to that of iron nuclei w h i c h 
is 0 .4655. This procedure w e n t very 
smooth ly but the second stage, the 
sw i t ch to i ron, ini t ial ly b rought a lot 
of f rustrat ion. 

Four ion sources in succession 
broke d o w n after on ly a f e w hours of 
operat ion. They are of the Penning 
gauge type w i t h a stainless steel 
sput ter ing electrode w h i c h yields 
about 7 0 % iron. The reason for the 
fai lures is not clear but may be due to 
the use of t i tan ium as the cathode 
w h i c h is contaminated by iron result­
ing in the format ion of an al loy. The 
al loy does not adhere to the normal 
p lat ing surfaces. The use of vanad ium 

rather than t i tan ium is under invest iga­
t i on . 

The short source l i fet imes made the 
tun ing of the l inac a f rustrat ing exer­
cise. However , source number 5 
operated for 38 hours w i t h o u t t rouble 
y ie ld ing t r ip ly ionized iron and the 
l inac w a s set up to pass + 1 7 iron. The 
remain ing electrons were str ipped by 
a fo i l at the exit of the linac and 
+ 2 6 iron was fed to the synchrot ron. 
The previous ni t rogen sett ings made 
it possible to tune on to the necessary 
iron set t ings w i t h no di f f icul ty . 

The accelerated beam intensi ty was 
very l ow , 3 x 1 0 3 nuclei per pulse, 
t h o u g h obv ious ly very much better 
for the astrophysicists than catch ing 
cosmic rays. A dozen experimental ists 
shared th i r ty hours of iron beam t ime. 
There were f ragmentat ion studies on 
targets ranging f rom hydrogen to 
uran ium, nuclear emuls ion exposures 
and a cal ibrat ion of a cosmic ray 
lexan detector. 
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Schematic diagram of the experiment at the 
Cornell electron synchrotron which has studied 
large angle Compton scattering. The 'proton 
arm' consists of the CLASP spectrometer 
supplemented by multiwire proportional 
chambers and the scattered photon is detected 
in a special lead glass block array which is 
illustrated. 

M u c h higher intensit ies w i l l be 
avai lable after comple t ion of the Beva­
lac improvement programme in 1980 
(assuming f und ing in Fiscal Year 
1 9 7 8 ) . The major modi f icat ions w i l l be 
the add i t ion of a higher mass injector 
to the SuperHILAC, so that all ele­
ments th rough to uran ium can be 
accelerated, and a new vacuum system 
in the synchro t ron to improve the 
pressure f rom 10~ 7 Torr to 10~ g Torr. 

CORNELL 
Large angle 
Compton scattering 
The present interest in h igh momen tum 
transfer col l is ions, w h i c h seem such a 
promis ing route to understanding the 
interior compos i t ion of the hadrons, 
has prompted a f irst look at h igh 

energy elastic pro ton Compton scatter­
ing (y + p y + p) at cent re-o f -mass 
angles around 90°. Some parton 
models of the hadron predict that , in 
th is k inemat ic regime, the Compton 
scatter ing cross sect ion may be qui te 
similar to that of electron scatter ing. 
Dimensional coun t ing arguments pre­
d ic t that the cross sect ion w i l l decrease 
w i t h energy accord ing to some power 
law and the decrease w i l l be less 
steep than for meson pho toproduc t ion 
and for p ion elastic scat ter ing. A n u m ­
ber of theor ists believe that evidence 
for ' f ixed poles ' may also s h o w up in 
the scatter ing data. 

A co l laborat ion of physicists f rom 
Corne l l /Massachuset ts Inst i tute of 
Techno logy /Un ive rs i t y of Massachu­
set ts /Tuf ts Universi ty has taken data 
be tween 2 and 6 GeV at the Cornel l 
electron synchro t ron out to momen tum 
transfer values as h igh as 4.3 GeV 2 . 
The exper iment detected the recoil 
p ro ton in the Cornel l Large Aper ture 

Spectrometer ( C L A S P ) , to w h i c h 
were added f ive mu l t iw i re propor­
t ional chambers in f ront of the bend ing 
magnet to measure the angle of the 
recoil p ro ton w i t h the required pre­
c is ion. 

Extensive sh ie ld ing w a s necessary 
to reduce the background rates in the 
chambers to a to lerable level. A novel 
array of lead-glass Cherenkov c o u n ­
ters was employed to catch the 
scattered pho ton . Rather than stacking 
the lead-glass in a ' f ly 's eye' array, the 
72 blocks were stacked transversely, 
as in a scint i l lator hodoscope. This 
gave excel lent measurements of the 
vert ical angle of the pho ton (test beam 
measurements gave a pos i t ion resolu­
t ion of 0.53 cm for 3 GeV posi t rons) 
wh i l e the horizontal angle was meas­
ured w i t h a sc int i l la t ion counter 
hodoscope behind the second layer 
of the b locks. 

Good angular resolut ion for bo th 
the pho ton and the pro ton helps in 
separat ing Compton scatter ing events 
f rom the cop ious background due to 
s ingle p ion pho top roduc t ion . Rates as 
l o w as four Compton scatter ing events 
per day were recorded and the data 
are in the f inal stages of analysis. 

ARGONNE 
Record intensities 
with H~ injection 
The A rgonne Zero Gradient Synchro ­
t ron , ZGS, was operated th roughou t 
the mon th of October in ject ing nega­
t ive hydrogen ions at 50 MeV rather 
than protons. This resulted in record 
intensit ies both for the c i rcu lat ing 
beam and for the beams del ivered to 
physics exper iments. This is the f irst 
t ime that a large proton synchrot ron 
has used negative ion in ject ion for 
rout ine operat ion. 

A peak c i rculat ing intensi ty of 

3 9 8 



Diagram of the negative hydrogen ion 
injection routine which has worked so success­
fully at Argonne. The foil strips the ions to 
protons and the technique enables higher 
intensity proton beams to be built up. 

6.3 x 1 0 1 2 protons per pulse at 12 GeV 
and a month ly average of s l ight ly over 
5 x 1 0 1 2 were achieved, compared to 
the previous records of 5.4 and 
4.2 x 1 0 1 2 respectively, establ ished in 
March (see May issue, page 1 7 6 ) . The 
fast extracted proton beam del ivered 
to the product ion target for the neu­
t r ino beam to the 12 f oo t bubb le c h a m ­
ber averaged 3 x 1 0 1 2 protons per 
pulse, w h i c h is rough ly doub le the 
best previous mon th l y average for the 
neutr ino experiment. These intensit ies 
resulted f rom a current of on ly 7 m A of 
50 MeV H - ions del ivered by the ZGS 
injector, compared to the 35 m A of 
protons required to establ ish the 
previous records. As a result of this 
run, H~ in ject ion w i l l become the 
standard mode of fu ture ZGS opera­
t ion w i t h unpolar ized beams. 

The H - ions are in jected in to the 
ZGS at 50 MeV and are st r ipped of 
their electrons by a f ixed fo i l of Po ly (P) 
Xyly lene 3 2 0 0 angstroms th ick. The 
posi t ion of the s t r ipp ing fo i l is selected 
so that the ions, in jected at an angle 
of 3° to the central orb i t and def lected 
ou twa rd by the magnet ic f ie ld in the 
ZGS, are str ipped and conver ted into 
protons at a po in t where they travel 
a long an equi l ib r ium orbi t in the ZGS. 
Experience dur ing October has s h o w n 
tha t a single s t r ipp ing fo i l has a l i fet ime 
of around f ive hours. A mechanism 
located inside the vacuum of the ZGS, 
loaded w i t h up to 4 4 fo i ls , is used to 
replace burned ou t fo i ls , a process 
tak ing about f ive minutes. A week ly 
s h u t d o w n of about six hours durat ion 
is needed to restock the mechanism. 
Future improvements invo lv ing a 
vacuum lock cou ld considerably 
reduce th is amoun t of d o w n t ime. 

A t in ject ion, the ZGS magnet ic f ie ld 
is increased at the relat ively s l ow rate 
of 0.8 T /s and the c i rcu lat ing protons 
move gradual ly i nward . (The energy 
of the injected H - beam is ramped at 
the same t ime, so that the equi l ibr ium 
orbi t for a newly -s t r ipped proton 

remains f ixed.) Inject ion cont inues for 
more than three hundred turns, result­
ing in the f i l l ing of most of the ZGS 
aperture. In contrast, in ject ion of 
protons requires an inf lector magnet 
and the f ie ld rise must be considerably 
greater to keep the orb i t ing protons 
f rom co l l id ing w i t h the inf lector sep­
t u m . Furthermore, the absence of the 
inf lector makes the tune up of the 
machine w i t h H~ considerably easier 
and faster. 

There are some indicat ions that the 
ZGS, w i t h the new 50 M e V H - in jec­
t i on , has reached the space charge 
l imit at capture, where intensit ies of 
1.1 x 1 0 1 3 protons per pulse have 
been achieved. Me thods to reduce the 
space charge, and thus fur ther to 
increase the accelerated beam in ten­
sity, w i l l be tested in the next 
scheduled ZGS operat ion w i t h u n ­
polarized beams in January 1977 . 

The techn ique of charge exchange 
in ject ion, promoted by Gersh Budker 
at Novosib i rsk in 1959 (it had also 
been discussed by M i l t Wh i te and 
others, for example, at the CERN 
Sympos ium in 1 9 5 6 ) , was clearly 
veri f ied in early ZGS tests in 1969 
(see Augus t 1969 issue, page 239 ) 
and has n o w been demonstrated to be 
both practical and advantageous. It is 
an irreversible process, not subject to 
the restr ict ions of Liouvi l le 's theorem, 
so that the phase space densi ty of the 
proton beam can be much higher than 
that of the original H~ beam, a s i tua­
t ion w h i c h permits very eff ic ient use 
of the lower hh beam currents. 

The advantages of H~ in ject ion w i l l 
be used to even better advantage in 
the operat ion of the 5 0 0 MeV rapid 
cyc l ing Booster II accelerator sched­
uled for operat ion early in 1977 (see 
May issue). H~ ions w i l l be del ivered 
to Booster I I , rather than direct ly to 
the ZGS, where they w i l l be s t r ipped, 
accelerated to 500 MeV and t rans­
ported to the ZGS for in ject ion. The 
ZGS intensity, w i t h 500 MeV in ject ion, 

is expected to c l imb to a level of 
several t imes 1 0 1 3 protons per pulse. 
The present H~ source w i l l be used for 
early tune up and studies of Booster II 
opera t ion , but for p roduc t ion runn ing 
it w i l l be replaced by a source capable 
of 3 0 Hz operat ion to match the 
Booster pulse rate. Further increases 
in H " source current are ant ic ipated 
f rom a sod ium charge exchange cell 
w h i c h is under development . 

DESY 
Synchrotron radiation 
meeting 
On 21 October, about a hundred phy ­
sicists gathered at DESY to discuss 
recent results and new projects mak ing 
use of synchro t ron l ight. The meet ing, 
w h i c h was organized by E.E. Koch and 
C. Kunz ( w h o provided the in format ion 
for th is ar t ic le) , used the new presenta­
t ion techn ique of poster sessions to 
spread in format ion on the more than 
t w e n t y exper imental programmes u n ­
der w a y at the DESY electron 
machines and on the research at the 
Bonn synchro t ron. There were repre­
sentat ives of the synchrot ron radiat ion 
laboratories at Orsay, Daresbury and 
Stanford and of the groups wo rk i ng at 
DESY w h i c h come f rom universit ies 
and scient i f ic inst i tut ions all over the 
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Federal Republ ic of Germany plus 
several f r om abroad. 

Exchange of in format ion was very 
intense. Af ter a minute or so of peering 
at the posted graphs, an expert w o u l d 
recognize w h a t was new and exc i t ing ; 
no long in t roduct ions were needed 
and discussions w o u l d start immedia­
te ly at the heart of a prob lem, such as 
the understanding of surface exc i ­
tat ions on sol id argon. Others w o u l d 
ask for a f ive minute br ief ing on a 
subject not famil iar to t hem such as 
energy dispersive d i f f ract ion under 
h igh pressure. One g roup even bui l t 
a model f rom w o o d e n rods and rope 
to explain h o w they hope to f i l ter out 
the extremely nar row (10~ 9 eV) interval 
useful for Mossbauer spect roscopy 
f rom the con t i nuum of X-rays — the 
proverbial needle in the haystack. 

Plenty of molecular physics and 
photo-e lec t ron spect roscopy of sol ids 
was presented and three studies on 
soft X- ray microscopy at di f ferent 
stages of deve lopment were displayed. 
Real images of l iv ing cells have 
already been obta ined w i t h a mic ro ­
scope using ho lographica l ly p roduced 
zone plate lenses. L i thography, an ­
other s imple but ef f ic ient techn ique, 
bears great promise for b io logica l 
research as we l l as for the dup l ica t ion 
of super miniatur ized computer me­
mories. 

Last but not least, those methodica l 
experts w h o cal ibrate secondary 
standard lamps for astrophysical and 
plasmaphysical appl icat ions were 
around. They f igh t to push the error 
bars d o w n be low 1 %, but this has not 
yet been reached. In the af ternoon 
discussion session devoted to the 
future of synchrot ron radiat ion wo rk , 
one of t hem even proposed a storage 
r ing to serve as the standard of radia­
t ion f rom the vis ib le to the soft X-ray 
reg ion, w h i c h is not a bad idea in 
pr incip le, s ince the synchrot ron spec­
t rum is accurately calculable unl ike 
tha t of any other source. 

This d iscussion conveyed some of 
the exci tement w h i c h inspires those 
w h o have come to appreciate syn ­
chrot ron radiat ion as a marvel lous too l 
for research. It makes it possible to 
learn th ings w h i c h were not accessible 
before and storage r ings designed 
and bui l t for the purpose w i l l make 
the research even better. This idea 
has f o u n d w o r l d - w i d e resonance. In 
Daresbury and in M o s c o w the bu i ld ing 
of a dedicated synchrot ron radiat ion 
source is already dec ided and one is 
in operat ion in Wiscons in . W e shall 
be returning to the projects in the 
USA, probably in the next issue. 

One of the attract ive features of 
such a l ight source is that it is not 
l inked speci f ical ly to a s ing le f ie ld 
w h i c h cou ld be cal led synchro t ron 
radiat ion research. The radiat ion is a 
too l w h i c h f inds use in many f ields. 
Physicists, chemists, b io logists, phys i ­
cians, mineralogists, material sc ien­
t ists and even the computer industr ies 
use it, or w i l l use it, to learn in format ion 
w h i c h was never accessible before. 

SERPUKHOV 
Collaboration emphasis 
swings to SPS 
On 1 4 , 1 5 October the 13th Session of 
the Jo in t Scient i f ic Commi t tee w h i c h 
has supervised the col laborat ion be­
tween CERN and the Inst i tute for H igh 
Energy Physics, Serpukhov, was held 
at Serpukhov. It rev iewed the current 
col laborat ive exper iments at the I HEP 
76 GeV proton synchro t ron and also 
the com ing col laborat ive exper iments 
at the CERN 4 0 0 GeVSPS. It is obv ious 
that the emphasis in the co l laborat ion is 
mov ing towards the use of the higher 
energies available at the SPS. 

Since the Serpukhov machine start­
ed physics in the late 1960 's , Western 

European groups, via CERN, have 
benef i ted f rom the extension of the 
energy range at a f ixed target p ro ton 
machine beyond w h a t was available 
at CERN. There have been f ive co l la ­
borat ive counter exper iments w i t h 
Soviet and Western European groups 
and they have g iven some f ine results 
inc lud ing the f irst observat ion of the 
' f la t ten ing ' of tota l cross sect ions w i t h 
increasing energy (prior to the rise 
n o w seen at sti l l higher energies) , 
extension of heavy meson data in a 
missing mass exper iment and higher 
energy data on neu t ron-p ro ton scatter­
ing . 
. The latest results f rom the 4 th and 
5 th exper iments were reported at the 
Serpukhov Session. A Ka r l s ruhe /P i sa / 
S e r p u k h o v / V i e n n a col laborat ion has 
amassed h igh statist ics on neutral 
mesons inc lud ing for example 100 000 
events of eta p roduc t ion and decay 
in to t w o gammas (compared to a f e w 
thousand f rom previous exper iments) . 
They also spot ted a candidate for neu­
tral charmed meson produc t ion (D° 
and D°) w i t h a mass of 1.88 GeV. 

The Pisa and IHEP componen t of 
th is col laborat ion has cont inued detec­
tor deve lopment at Serpukhov w i t h a 
v i e w to fu ture SPS exper iments. They 
have studied lead scint i l lator sand ­
w iches w i t h di f ferent granular i ty and 
Cherenkov hodoscopes w i t h var ious 
types of lead glass and photomul t ip l ier . 
The purpose is to develop a shower 
detector system, w i t h 4 0 0 0 lead glass 
counters capable of a spatial accuracy 
of 1 m m , for use at the SPS. A f ine 
sampl ing l iquid argon- i ron calorimeter 
has also been tested and has achieved 
an energy resolut ion of 2 . 5 % w i t h 25 
GeV electrons. 

The 5 th col laborat ive exper iment 
is a part ic le/nuclear physics exper iment 
invo lv ing Dubna and Mi lan w h i c h is 
f o l l o w i n g up the remarkable observa­
t ion that mul t ip ion systems can pass 
th rough matter more easily than s ingle 
pions. A b o u t 30 0 0 0 pictures using a 
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People and things 

silicon detector target have been meas­
ured at the two Laboratories and data 
taking will continue until mid-77. 

Bubble chamber experiments, using 
the Saclay-built Mirabelle hydrogen 
bubble chamber have involved many 
groups. During 1976 there were two 
400 000 picture exposures with posi­
tive and with negative kaons. Some of 
these pictures have been measured on 
the ERASME automatic measurement 
system at CERN. The chamber is pre­
sently dismounted for maintenance 
and wil l be back in action towards the 
end of next year. 

Many experiments for the SPS in­
volving groups from Dubna, ITEP, 
Leningrad, Kurchatov Institute, Novo­
sibirsk and Serpukhov have been pro­
posed and several of them are in the 
initial programme which has already 
been approved. In the same way as the 
Western European groups have parti­
cipated at the Serpukhov machine, 
the Soviet groups wil l be bringing 
detection systems etc... to join those 
of the other collaboration groups at the 
SPS. 

On people 

Pief Panofsky, Director of SLAC, 
and his wife, Adele, visited the 
People's Republic of China from 
5-22 October at the invitation of 
Chang Wen-yu, Chairman of the 
Revolutionary Committee of the High 
Energy Physics Institute of the A cademia 
Sinica. During the visit there were 
long discussions on the role that China 
might play in HEP research including 
the possibility of constructing a 
large accelerator and storage ring. 
On 17 October, the visitors were 
feted at a dinner by Chou Pei-yuan, 
Vice-Chairman of the Chinese Asso­
ciation of Science and Technology. 

K.P. Myznikov has been appointed 
to lead the Study Group on the 
2-5 TeV proton synchrotron 
proposed in the Soviet Union. The 
project known as UNK, was 
described in the September issue. 

page 293. The Soviet government 
is reported to have pledged 
200 million roubles for its construc­
tion. 

Bernard Gregory, former Director 
General of CERN, now leads the 
Delegation Generate de la Recherche 
scientifique et technique (DGRST) 
which coordinates the research and 
development programmes in 
science and technology in France. 
Since 1973 Bernard Gregory has 
headed the Centre National de la 
Recherche Scientifique (CNRS) 
which organizes fundamental 
research in France. He is also 
Chairman of the Particle and Fields 
Division of the International Union 
of Pure and Applied Physics (lUPAP).^ 

Tribute was paid by the CERN 
Finance Committee to M. Alline who 
has left the Committee to take up 
other important duties after eleven 
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Ed McMillan, then Director of the Lawrence 
Berkeley Laboratory, submitting his eyes 
to heavy ions from the Bevatron during inves­
tigations of the source of the light flashes 
seen by astronauts on space flights. 

(Photo LBL) 

years as delegate of France. 
M. AHine did much to smooth the 
negotiations between CERN and 
France during the extensions of the 
Laboratory site for the construction 
of the ISR and the SPS and has 
been a strong advocate of CERN in 
his country. 

Dick Carrigan has joined the 
Fermilab Directorate with a six 
month appointment as Acting 
Assistant Director. Some of his 
responsibilities in the Administrative 
Division have been taken over by 
Chuck Marofske who has been 
appointed Acting Director of 
Personnel Services. 

Brian Da vies has succeeded Basil 
Zacharov as Head of the Computing 
Systems and Electronics Division 
at the Daresbury Laboratory. Basil 
Zacharov will continue his 
scientific work on computer systems 
and instrumentation. 

William Steward and Andreas 
Koehler have moved their proton 
radiography research, previously 
done at the Harvard cyclotron and 
at Argonne, to Fermilab where they 
will use spare protons from the 
linac. They will be Joined in their 
work by Joseph Curry. 

Alan Gibson from the University of 
Essex will Join the Rutherford 
Laboratory on 1 January as Head 
of the Laser Division. He will 
manage the Science Research 
Council's Laser Centre at the 
Laboratory which is being equipped 
with a 800 GW neodymium glass 
laser for the use of University 
scientists. 

Tandem upgraded 

A major programme of improvements 
at the Brookhaven Tandem Van de 

Graaff came to f ru i t ion in September 
w i th * the accelerat ion of several ion 
species to energies never achieved at 
electrostatic machines before. The 
improvements had inc luded a new ion 
source system ( w h i c h t r ip led the n u m ­
ber of types of ion avai lable) , new 
accelerator tubes, new belt dr ive, 
conversion to sulphur hexaf luor ide 
insulat ing gas, etc. The highest ou tpu t 
energies in the f irst runs were 225 MeV 
for copper ions and 200 MeV for 
nickel ions. Carbon and sulphur were 
also run and w i t h energies (95 MeV 
and 200 MeV respectively) h igh 
enough to penetrate the Cou lomb 
barrier of the uranium nucleus. 

Negat ive ions at Fermilab 

Construct ion of a new pre-acceler-
ator is under w a y at Fermilab. 
A bu i ld ing addi t ion at the end of the 

l inac w i l l house a second Cockcrof t -
Wal ton set and an ion source to 
produce a beam of negative hydrogen 
ions for accelerat ion in the 200 MeV 
linac and in ject ion into the 8 GeV 
booster. As described in the Argonne 
article on page 398 in this issue, 
negative ion in ject ion cou ld make it 
possible to increase the beam intens i ­
ties available f rom the accelerator 
complex and to advance the in ten­
sity stil l further towards the amb i ­
t ious design goal of 5 x 1 0 1 3 protons 
per pulse. Tests w i t h the negative 
ion pre-accelerator are scheduled for 
the summer of next year. 

Seeing the light 

One of the mysteries of the first space 
flights was that astronauts were seeing 
flashes of light even in dark condi­
tions in the spacecraft. Phosphenes 
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(from the Greek, phos — light and 
phainen — to show) had been known 
for a long time caused by small electric 
currents but the astronaut experience 
led to the study of other causes. In 
1971, work at the Seattle cyclotron 
and at the Berkeley cyclotron and 
Bevatron showed that particles such 
as are present in cosmic rays could 
produce the effects that were being 
seen. Recent work at Brookhaven lays 
the effects at the door of Cherenkov 
radiation. P.J. McNalty and his col­
leagues submitted 'dark adapted' sub­
jects to high energy pions and they 
saw light flashes. Varying the pion 
entry direction they convinced them­
selves that the source was Cherenkov 
light rather than nuclear interactions. 
Finally, work with muons entering the 
eye from behind resulted in extensive 
flashes with dark centres. The Apollo 
17 astronauts saw such phenomena 
due to cosmic rays penetrating the 
eye from behind. 

Meet ings 

A n ECFA Winter S tudy Week w i l l be 
held at DESY f rom 2 2 - 2 6 February 

1977. It w i l l review physics w i t h 
co l l id ing e lect ron-pos i t ron beams at 
energies of 2 x 4 0 GeV and above. 
Further in format ion may be obta ined 
f rom Pierre Darriulat, CERN, 1211 
Geneva 23, Swi tzer land. 

The 1977 CERN-J INR Schoo l of 
Physics w i l l be held at Nafp l ion , Pelo-
ponnese, Greece f rom 22 May to 
4 June 1977. It is the f i f th in the series 
of Schools organized jo in t l y by CERN 
and Dubna w i t h the basic aim of 
commun ica t ing various aspects of 
h igh energy physics, part icular ly t heo ­
retical physics, to young exper imen­
talists f rom the Member States of bo th 
Organizat ions. Further in format ion may 
be obta ined f rom A n n Caton, CERN, 
1211 Geneva 23, Swi tzer land. 

LAMPF operating at 100 \iA 

Since August, the 800 MeV proton 
linear accelerator, LAMPF, at the 
Los Alamos Scientific Laboratory has 
run at an output beam intensity of 
100 \LA and machine reliability both 
for proton and negative hydrogen 
ion beams has been over 80 %. 

During a five month period, sixty 
experiments had some beam time 
with, typically, about ten of them 
running simultaneously. The two 
big spectrometer systems are in 
action — EPICS has reached its 
design parameters and is being used 
for experiments, HRS is also 
beginning its first experiments. 
Recent results include no sign of 
parity violation in low energy 
proton-nucleus scattering on 
hydrogen and deuterium, no sign of 
direct electron production at LAMPF 
energies, and a new magnesium 
isotope identification in fragments 
from uranium bombarded by protons. 
Medically oriented work continues 
with patient irradiations with 
negative pion beams, isotope pro­
duction and proton radiography, 
which has now advanced to the 
stage of a LAMPF experiment 
proposal. 
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Le voltmetre numerique 
hautes performances 

MAESTRO 7075 

Un produit de pointe 
exceptionnel de 

Solartron-Schlumberger 

L e D V M 7 0 7 5 d e p a s s e t o u s s e s p r e d e c e s s e u r s ; c e 
n ' e s t p a s u n s u p e r l a t i f m a i s u n e r e a l i t e : J u q e z p l u t o t ! 
A f f i c h a g e « D e c a s t a t » 7 x 9 a p o i n t d e c i m a l f i x e , l i n e a -
r i t e 1 p p m , v i t e s s e 2 0 0 m e s u r e s / s , r e s o l u t i o n 0 , 0 7 p p m , 
s e n s i b i l i t e 1 n V a r r o n d i e a 10 n V p o u r I ' u t i l i s a t i o n e n 
s y s t e m e d e m e s u r e e t a 1 JIV e n v a l e u r a f f i c h e e . 

• T e n s i o n s c o n t i n u e s d e 1 | i V a 1 0 0 0 V 

• T e n s i o n s a l t e r n a t i v e s ( v a l e u r e f f . ) d e 1 ^iV a 7 5 0 V 

• R e s i s t a n c e d e 1 m Q a 1 4 M Q 

L ' u t i l i s a t e u r a le c h o i x e n t r e 5 t e m p s d ' i n t e g r a t i o n , 5 
c a d e n c e s d e m e s u r e e t 5 v a l e u r s p l e i n e e c h e l l e , c ' e s t -
a - d i r e u n e a d a p t a t i o n o p t i m a l e e n f o n c t i o n d e I ' u t i l i s a ­
t i o n s o u h a i t e e ( l a b o r a t o i r e o u s y s t e m e ) . V o u s t r o u v e r e z 
t o u t e s l e s c a r a c t e r i s t i q u e s d e t a i l l e e s d a n s u n e n o t i c e 
d e 2 0 p a g e s « M A E S T R 0 7 0 7 5 » . 

L e v o l t m e t r e h a u t e s p e r f o r m a n c e s 
a u p r i x e t o n n a m m e n t a t t r a c t i f ! 

S c h l u m b e r g e r I n s t r u m e n t a t i o n s S A , 1 2 0 7 G e n e v e 
1 5 , r u e d u j e u - d e - l ' A r c , t e l e p h o n e 0 2 2 / 3 5 9 9 5 0 

Schlumberger 
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E E V s B K 4 9 6 . 
EEVs steel-jacketed, water-cooled BK 

496 is one of the world's largest ignitrons, 
capable of handling large pulses up to 
400As. 

Made to the highest standards, BK 496 
incorporates a unique feature which ensures 
long-life operation in peak condition. 

The tube contains a getter which can be 
activated by the user in order to re-condition 
the ignitron should it become gassy due to 
misuse. The getter can be reactivated several 
times if necessary. 

A copper water pipe coil gives improved 
graded cooling with most cooling at the 
cathode end Coil cooling also ensures 
freedom from sludge, water blockage or 
corrosion. 

EEVs BK 496 is designed for plasma 
containment systems, high duty crowbars 
and any applications outside the capabilities 
of smaller ignitrons and other tubes. 

For trouble-free long-term operation, 
specify EEVs big E-the BK 496. Write or call 
Chelmsford for data 

EE Vand M-OV know how 
Members of GEC- turnover £ 1 9 0 2 million 

E N G L I S H ELECTRIC VALVE CO LTD, Chelmsford , Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Ene lec t ico Che lmsford . & 6 C I 

M E T A L - O - R I N G 

f r o m 6 m m t o 7,5 m e t e r 
V a c u u m / 3 0 0 0 A t m . 
T e m p . — 2 5 0 ° C t o + 1000°C 
M o d e r a t e f l a n g e l o a d 

T E C S E A L 

f r o m 6 m m t o 1.5 m e t e r 
V a c u u m / 700 A t m . 
T e m p . — 2 5 0 ° C t o + 400°C 
L o w f l a n g e l o a d 
P t f e w i t h s p r i n g 

C O R R U S E A L 

N e w m e t a l s e a l w i t h C o r r u g a t i o n 
A l l s i z e s a n d s h a p e s 
S e a l o n e o r m a n y p a r t s 
V a c u u m / 500 A t m . 
T e m p . — 2 5 0 ° C t o 600°C 

M E T A L - C - R I N G 

f r o m 6 m m t o 7,5 m e t e r 
V a c u u m / 1 0 0 0 A t m . 
T e m p . — 2 5 0 ° C t o 1000°C 
L o w f l a n g e l o a d 

dF 
Technical sales representation in all european countries 

A D V A N C E D P R O D U C T S N . V . 
P i e r s t r a a t 5, B 2630 A a r t s e l a a r , B e l g i u m 
T e l . : 031/88 .49 .46 - t e l e x : 32238 

Designed to 
wash away 
damaging 
contaminants. 

Haws Model 7060-B 
with patented "Feather-Flo" heads 

I ns ta l l H a w s e m e r g e n c y e y e / f a c e - w a s h f o u n t a i n s n e a r 
e v e r y h a z a r d . P u s h o f t h e v a l v e h a n d l e p r o v i d e s i n s t a n t , 
g e n t l e , p r e s s u r e - c o n t r o l l e d w a t e r t o f l o a t a w a y 
c o n t a m i n a n t s w i t h o u t d a m a g i n g d e l i c a t e t i s s u e s . 
T h i s e q u i p m e n t c a n h e l p t o e l i m i n a t e p o t e n t i a l p e r m a n e n t 
i n j u r i e s . W r i t e f o r f r e e i n f o r m a t i o n a n d c a t a l o g . 

H a w s I n t e r n a t i o n a l , 1 4 3 9 F o u r t h St . , 
B e r k e l e y , C a l i f o r n i a 9 4 7 1 0 , U .S.A. 

I N T E R N A T I O N A L 

Haws Emergency Safety 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stat ions • 
Laboratory Units • Freeze-
Proof Units 
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with the SODECO KS electronic system 

Waiting to solve your special problem we have a range of 
more than 40 different modular units including micro-com­
puter modules and an alphanumeric printer. By assembling 
and programming appropriately selected units, we can supply 
a solution precisely tailored to your requirements. 

The KS electronic system has proved its value in applications 
in many different fields, including: 

Chemical engineering. Calculating and controlling the amount 
of water to be added to a solution in order to obtain a 
required viscosity. 
Recording data relating to a mixing process. 

The gas industry. Counting, totalling and providing print-out 
of the quantities of gas distributed via a supply system. 
Power supply. Checking and monitoring of electrical power 
consumption in a nuclear research centre. 
Monitoring electrified railway power supply networks -
recording and providing print-out of transient phenomena. 
Mechanical engineering. Automatic control of a variable-
pitch winding-machine. 
Steelmaking. Recording and providing print-out of various 
phenomena in a steelworks. 
The cement industry. Controll ing conveyor belts in a concrete 
batching and mixing plant. 

SODECO 
SODECO-SAIA Ltd. Grand Pre 70 CH-1211 Geneva 16 (Switzerland) Tel. 022/33 55 00 Telex 22 333 

A company of the Landis & Gyr group with representatives throughout the whole world 

G r e a t B r i t a i n 
Landis & G y r L td . 
V ic to r ia Road, N o r t h A c t o n 
L o n d o n , W . 3 
Tel. 01 9925311 - Te lex 21486 

B R - D e u t s c h l a n d 
Landis & G / r G m b H 
Friesstrasse 2 0 - 2 4 
6 F r a n k f u r t / M a i n 60 
Tel. 0611 -40021 - Te lex 4 1 7 1 6 4 

S v e r i g e 
Bergman & Beving A B 
Karlavagen 76 
100 55 S t o c k h o l m 10 
Tel. 0 8 / 2 4 6 0 4 0 - T e l e x 13 430 
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PFEIFFER-TURBO 
the optimized programme to produce hydro-carbon free 

high and ultra-high vacuum. 
Turbo-molecular pumps, to make 
vacuum production a mere trifle. 
High compression ratio for hydrogen 
and other light gases • constant 
pumping speed over a large working 
range • low vibration and noise level 
• high performance/weight ratio • 
easy installation due to horizontal or 
vertical connection • low operat ing 
costs • sturdy and reliable • easy 
handling • simple maintenance. 

PFEIFFER TURBO for cleanest vacuum 
in.-particle accelerators, their beam 
guide systems and target chambers 
• neutron generators • UF 6-techno-
logy • plasma physics • mass spectro­
metry and gas analysis • electron 

TPU 200 on heavy ions accelerator of the 
Gesellschaft fu r Schwer ionenforschung (GSI) 
(Society f o r Heavy Ions Research), Darmstadt . 

microscopy and micro probes • vacu­
um coating and sputtering • optics 
• semi-conductor production • manu­
facture of high-frequency quartz 
crystals • manufacture of incandes­
cent bulbs and tubes • space simula­
tion • calibration systems • metal­
lurgy • production of hydrocarbon 
free «fore-vacuum» for other HV and 
UHV pumps, e.g. ion cfetter, sorption 
and cryo pumps. 

PFEIFFER TURBO available for pump­
ing speeds between 100 and 6500 l/s. 

o 
CN 
O 

o 
CN 
o 
o 
o 
00 

BALZERS HOCHVAKUUM AG 
Stampfenbachstrasse 48 

Postfachl86 
CH-8035 Zurich 

Tel. (01) 60 32 66 Telex 52 278 

PFEIFFER TURBO: advanced vacuum technology 
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a d vanced technology i n a c r y * c * 
Precision castings in 'Transpalite' can offer the perfect solution to many problems 
in nuclear research and processing. 
'Transpalite' seamless castings combine strength with extreme clarity. There are 
virtually no limits to size, shape of complexity. Custom made castings can be 
produced in any quantity from singles upwards. They are ideal for prototypes or 
experimental models. 
'Transpalite' can be turned, milled, drilled, tapped and polished. The manufacturers, 
Stanley Plastics Limited, have supplied castings to atomic energy establishments 
and university research centres throughout the world. 

Seamless flanged tubes up to 609mm dia. wall thickness up to 100mm or 
more, for high pressure visibility working. Blocks and castings up to 
3253mm X 1524mm X 609mm (2268 kg). 

Above: Massive castings prior to machining. A - 914mm OD X 508mm ID X 
762mm thick. Weight 453 kg. B - 1016mm OD X 762mm ID X 660mm thick. 
Weight 317 kg. C - 1270mm OD X 914mm ID X 381mm thick. Weight 317 kg. 
D - 1371mm dia. X 508mm thick. Weight 1134 kg. 

Top left: Seamless flanged pipe assembly 304mm OD X 254mm ID with tapering 
section leading to 203mm OD X 152mm ID. For use as visibility section in pipe 
line. Working pressure 800 kg/sq.m. 

Left: 2133mm high manifold manufactured from 355mm dia. X 25mm wall 
seamless tube with 152mm OD X 25mm thick exit ports. Tolerance ± .50mm. 

Stanley Plastics Limited 
HAMBROOK • CHICHESTER • WEST SUSSEX • ENGLAND 

Telephone: WEST ASHLING (024 358) 551-2 

Worldwide exports. 25 years devoted solely to the manufacture and machining of acrylic materials 
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A line of television cameras for use in 
radioactive environments and especially adapted for: 
Control • Surveillance • Intervention 

Television equipment to 
investigate at the 
core of nuclear reactors. 
Environment: 
• Temperature: 225 °C (437 °F) 
• Pressure: 45 bars 
• Radiation: (Combined dosages) 
Gamma Rays: 5.108 R 
Thermal Neutrons: 3.1014 

Fast Neutrons: 3.1015 

DEPARTEMENT THOMSON-CSF AUDIOVISUEL 
T V T 55, RUE EDGAR QUINET/92240 MALAKOFF/FRANCE 

1 " v 1 TEL.: (1) 65711.10 

4 0 9 



N I M T I M I N G M O D U L E S 
NE4670 
TIME 
AMPLITUDE 
CONVERTER 

• Valid start stop 
outputs 

• Timing intervals from 
nanosecond to 
microsecond 0.05 to 
10us (x1 or x10) 

• Time jitter 10ps 

• Storage mode 1us to 
1000us 

• Differential 
nonlinearity ±1% 

•Temperature stability 
$0.01%/deg C 

for full details contact 

NE4676 
ARC TIMING 
ANALYSER 

• Two units in one 
(Timing Disc and Energy 
Analyser) 

• For use with Ge(Li) and 
Si(Li) surface barrier, 
organic and inorganic 
scintillators, photomulti-
pliers and electron 
multipliers. 

• Fast timing output 

• In-built amplifier 

• Modes: amplitude and 
risetime compensated or 
leading edge 

• Dynamic range 100:1 

• Input: positive or 
negative, dc or ac. 

NUCLEAR ENTERPRISES S.A 
2 5 C h e m i n F r a n q o i s - L e h m a n n 1 2 1 8 G r a n d S a c o n n e x , G e n e v e T e l (022) 9 8 1 6 61 6 2 T e l e x 2 8 9 0 6 6 

N u c l e a r E n t e r p r i s e s L i m i t e d , S i g h t h i l l , E d i n b u r g h , E H 1 1 4 E Y . O r p h o n e 0 3 1 - 4 4 3 4060 . 

F T T T L L N u c l e a r E n t e r p r i s e s G m b H , S c h w a n t h a l e r s t r a s s e 74, 8 M u n c h e n 2, G e r m a n y , T e l : 5 3 - 6 2 - 2 3 T e l e x 5 2 9 9 3 8 

^ H B B B B B I I N u c l e a r E n t e r p r i s e s Inc . , 9 3 5 T e r m i n a l W a y , S a n C a r l o s , C a l i f o r n i a 9 4 0 7 0 T e l : 4 1 5 5 9 3 1 4 5 5 , T e l e x 3 4 8 3 7 1 
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NOUVEAU! 
METRAVCTD464 

L a q u a l i t e a u p r i x m o d i q u e d e F r . 7 4 5 . — 

• 28 gammes 
0 . . . 200 mV a 650 V>^ 
0 . . . 200 }iA a 1 0 A c ^ 
0 . . . 200 Q a 20 M q 

• depassement 50 % 
• echelle 1 0 
• affichage LED 1 1 mm 
• protection incorporee 

contre la surcharge 
^ conforme aux prescript ions 

ASE, VDE et IEC 

• al imentation secteur, accus 
Ni-Cd ou piles (bloc 
secteur incorpore 

^ reglage automatique 
a zero 
affichage automatique 
de polarite 

• nombreux accessoires 
disponibles 

• maintenance faci le 

Demandez la liste L 2 -6 

AG FUR MESSAPPARATE 
3013 Bern • Schlaflistrasse 17 • Tel. 031 - 4215 06 

World renowned source 
of special glass: 

• blocks for cerenkov counters 
• slabs for anti-radiation 

in addition to a full range of 
materials for optical systems. 

The above glasses are researched, 
developed and manufactured in 
France for the world's nuclear and 
applied physics industries. 

For information please call: 

S O V I R E L 
D e p a r t e m e n t O p t i q u c 
90, rue Baudin - 9 2 3 9 0 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 

for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 

Wide Band, Precision 

CURRENT 
MONITOR 

W i t h a P e a r s o n c u r r e n t m o n i t o r a n d a n 
o s c i l l o s c o p e , y o u c a n m e a s u r e p u l s e o r 
a c c u r r e n t s f r o m m i l l i a m p e r e s t o k i l o -
a m p e r e s , in a n y c o n d u c t o r o r b e a m o f 
c h a r g e d p a r t i c l e s , a t a n y v o l t a g e l e v e l u p 
t o a m i l l i o n v o l t s , a t f r e q u e n c i e s u p t o 
3 5 M H z o r d o w n t o 1 H z . 

T h e m o n i t o r is p h y s i c a l l y i s o l a t e d f r o m 
t h e c i r c u i t . I t i s a c u r r e n t t r a n s f o r m e r 
c a p a b l e o f h i g h l y p r e c i s e m e a s u r e m e n t 
o f p u l s e a m p l i t u d e a n d w a v e s h a p e . T h e 
o n e s h o w n a b o v e , f o r e x a m p l e , o f f e r s 
p u l s e - a m p l i t u d e a c c u r a c y o f + 1 % , — 0 % 
( t y p i c a l o f a l l P e a r s o n c u r r e n t m o n i t o r s ) , 
1 0 n a n o s e c o n d r i s e t i m e , a n d d r o o p o f 
o n l y 0 . 5 % p e r m i l l i s e c o n d . T h r e e d b 
b a n d w i d t h i s 1 H z t o 3 5 M H z . 

W h e t h e r y o u w i s h t o m e a s u r e c u r r e n t 
i n a c o n d u c t o r , a k l y s t r o n , o r a p a r t i c l e 
a c c e l e r a t o r , i t ' s l i k e l y t h a t o n e o f o u r 
o f f - t h e - s h e l f m o d e l s ( r a n g i n g f r o m l / 2 " 
t o 1 0 % " I D ) w i l l d o t h e j o b . C o n t a c t u s 
a n d w e w i l l s e n d y o u e n g i n e e r i n g d a t a . 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo Alto, CA 94303 , U.S.A. 

Telephone (415) 494-6444 

4 1 1 



Introducing 5 new 
LSI reasons to choose 
Isoplanar CMOS. 

Now you can get five 
new LSI CMOS devices 
from Fair child you just 
can't get from anyone else. 

All five are the product 
of Fairchild's Isoplanar 
process. 

And all five are avail­
able in quantity today: 
34702 Programmable Bit 
Rate Generator. Controls 
up to 8 transmission 
channels. Provides all 13 
popular bit rates. Con­
forms to EIA RS-404. With 
on-chip pull-up circuitry. 
And TTL compatibility. 
34703 16x4 Parallel/Serial 
FIFO. Provides serial or 
parallel input and output. 
With 3-state fully-buffered 
outputs. New slim 24-pin 
DIP. Expandable without 
any external logic. 
34710 16x4 Bit Clocked 
RAM with 3-State Output 
Register. Features full 
buffering. Edge-triggered. 
Optimized for register stack 
operation. 

• 34720 256x1 Bit RAM with 
3-State Outputs. Static. 
Provides on-chip decoding. 
Low power dissipation. 
High-speed. True and 
complementary outputs 
available. Fully-buffered. 

• 34731 Quad 64-Bit Shift 
Register. Handles shift 
frequencies up to 4 MHz at 
VDD=10V. Serial-to-serial 
data transfer. 14-pin package. 
TTL compatible. 

In addition, five other 
LSI CMOS circuits will be 
available soon. 

LSI,MSIorSSI. 
The choice is all 
yours. 

If you like our new LSI, 
of course, you'll love our 
whole CMOS family. 

Fact. We've got what 
you want. Fairchild offers 
all of the CMOS devices 
most popular today. Alto­
gether, 65 devices available 
now in quantity. 

Fact. We've got it your 
way Ceramic and plastic DIP, 
Flatpaks, Chips, Commercial 
or Mil Spec with 38510 or 
our special Matrix VI proc­
essing. Any way you want it, 
we're ready to deliver it. 

Generalvertretung fur die Schweiz: 

W. Moor AG 
Elektro-lndustriebedarf 
Bahnstrasse 58 
8105 Regensdorf/Zurich 
Telefon 01/8406644 

Materiel electrique et electronique 
Avenue des Cerisiers 3 
1023 Crissier/Lausanne 
Telephone 021/355444 

AfOOP HALBLEITER-PROGRAMM 
Eeratung • Engineering • Service 

Fact. We're more 
compatible. While other 
manufacturers are busy 
redesigning their lines to 
catch up with our Fairchild 
34000 Series, we're compat­
ible with all other CMOS— 
and we've got the high 
performance and standardi­
zation you want now. 

The advantages 
of Isoplanar. 

Here's another thing 
to remember. 

LSI, MSI or even SSI— 
no matter what Fairchild 
CMOS you buy, you get the 
full advantages of our 
Isoplanar technology: 

1. Highest guaranteed 
noise immunity. 

2. Fully-standardized 
drive outputs for direct 
interface with low power 
TTL and low power 
Schottky TTL. 

3. Propagation delay 
that's less dependent on 
loading—for increased 
system speeds. 

And what makes it all 
extra nice, Fairchild's 
Isoplanar CMOS can 
replace any 4000 Series 
CMOS pin-for-pin. 

Send for your free 
CMOS Data Book 

If you drop us a note, 
we'll be happy to send you 
our new Fairchild CMOS 
Data Book with complete 
information on 98 devices— 
available now or coming soon. 
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HIGH/LOW PRESSURE VACUUM GAU0E 
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Vacuum Gauges 
also 
for Nuclear Technology 
T h e s t a n d a r d g a u g e s f r o m t h e 
BALZERS v a c u u m g a u g e p r o ­
g r a m m e are a d e q u a t e f o r p rec ise 
a n d r e p r o d u c i b l e p ressure m e a s ­
u r e m e n t s . T h e spec ia l p r o b l e m s 
o f nuc lear e n g i n e e r i n g , h o w e v e r , 
o f t e n requ i re i n s t r u m e n t s ac ­
c o r d i n g t o t h e c u s t o m e r ' s s p e c i ­
f i c a t i o n . T h e necessary e x p e r i ­
ence a n d - as p r o v e d by m a n y 
re fe rences - a lso t h e c o n f i d e n c e 
have been a c q u i r e d b y t h e B A L ­
ZERS people. 

O u r c o m p a n y ' s s t o c k o f e x p e r i ­
e n c e : 

• Rad ia t i on res is tant g a u g e s , 
cab les , c o n n e c t o r s 

• M e a s u r e m e n t of e x t r e m e l y 
l o w to ta l p ressures 
(e .g . 1 0 ~ 1 ^ m b a r ) 

• Par t ia l p ressure m e a s u r e m e n t 
a n d res idua l gas ana lys is 
( q u a d r u p o l e mass s p e c t r o ­
me te r , r e m o t e c o n t r o l , etc.) 

• G a u g e h e a d s o p e r a t i n g 
la rge m a g n e t i c f i e l ds 
( 3 0 kGauss) 

• Ex t r ao rd i na r y l ong cab les 
(e .g . 7 0 0 m) 

IN 

B A L Z E R S A K T I E N G ESELLSCH A F T f u r 
H o c h v a k u u m t e c h n i k u n d D u n n e S c h t c h t e n 
F L - 9 4 9 6 Ba lze rs , F u r s t e n t u m L i e c h t e n s t e i n 

G A I N F R O M O U R E X P E R I E N C E - C H O O S E B A L Z E R S A S Y O U R P A R T N E R ! 

Add to your nuclear instrumentation 
w i t h the f 

provide im 
on the 

PEN DOSIMETERS 

ing which 
formation 

d dose 
SEQ 5 »mi 8.2?** 

Measures the absorbed dose in sof t t issues at a d e p t h of 
3 0 0 m g / c m 2 , due t o p h o t o n s of 50 keV or above and e lectrons 
of any enegy. 

Measures t h e absorbed dose in sof t t issues 
at a d e p t h of 3 0 0 m g / c m 2 , due t o p h o t o n s of 
10 keV or a b o v e and e lect rons of any energy. SEQ 6 

SEQ 7 

DASAL 
Personal detector w i t h an adjustable alarm level. A u d i b l e 
w a r n i n g w i t h three levels. 

\ BALISE 224 
7 m g / c m 2 (skin d o s e ) . 

A w a l l - m o u n t e d or por tab le ins t rument for m o n i t o r i n g 
the level of rad ioac t iv i ty . Visible or audib le w a r n i n g . 
Remote c o n t r o l fo r o u t d o o r opera t ion . 

G o o d i n t e r n a l i n s u l a t i o n , da i ly leakage less t h a n 0 .5%. M a n u ­
f a c t u r e d in accordance w i t h French s t a n d a r d s — DIN or 
B r i t i s h s t a n d a r d s on request . CEA-LCA s y s t e m . 

LAPHYSJOTECHNIE 
34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL-FRANCE TEL:735.1610 + 



The hands off pressure/flow 
controller you can set and forget 

If you face the chal lenge of p ro ­
duc ing better products at lower 
cost by a process that requires 
cont ro l of gas pressure or f low, 
here are ways a GP automat ic 
p r e s s u r e / f l o w c o n t r o l l e r c a n 
help y o u , 
• Automated gas admission p ro ­
duces contro l led pressure or 
f l o w , A GP C o n t r o l l e r w o r k s 
faster than any operator and a l ­
ways remembers the pressure or 
f low you want when you want it 
on every product ion run. 
• Low overal l cost . The C o n t r o l ­
ler operates around the c l o c k on 
pennies per day inc lud ing depre­
c iat ion. If you're cont ro l l ing pres­
sure or f low manually, you're 
p r o b a b l y w a s t i n g t i m e a n d 
money. 

• The cleanest valve. The Con­
trol ler 's organic-free, al l -metal 
va lve wiM c o n t r o l t h e p u r e s t 
gases w i thout contamina t ing 
them. Less contaminat ion means 
b e t t e r p r o d u c t s i n c r i t i c a l 
processes. 
• Wide contro l range. Precision 
cont ro l of pressure all the way 
f r o m ul t ra -h igh vacuum t o 115 
psia. Precision con t ro l of f low 
u p to 2500 Torr l i t e r s / s e c (400 
scfh) . When you want gas ad­
mission to stop, the valve wi l l 
seal mass spectrometer leak 
t ight , not just part way. 
We'd l ike t o show you how a GP 
automat ic p r e s s u r e / f l o w c o n ­
trol ler can increase product iv i ty 
in your app l ica t ion . Interested? 
Call or wr i te us today I 

GRANVILLE PHILLIPS COMPANY 

$075 EAST ARAPAHOE AVENUE 
BOULDER, COLORADO $0303, U.S.A. 
TELEPHONE 303t443-7WQ • TELEX 45-791 

COMPANDING D/A CONVERTER 
The new P M I D A C - 7 6 provides a dynamic 
range of sign + 12 bit in a sign + 7 bit format. 
A companding transfer is implemented by 
using three bits to select one of eight chords 
and further four bits select one of 16 linear 
related steps in each chord. 

DECODE TRANSFER CHARACTERISTIC 

ANALOG 
OUTPUTS) . 

B O U R N S (Schwe iz ) A G 
T e l e p h o n 0 4 2 2 3 2 2 4 2 

6 3 0 1 Z u g 
T e l e x 7 8 7 2 2 

The defenc gainst allergy 
d the smoke killer 

V e n t r o n i c - B r a u n 
A i r - C o n t r o l 
p r o d u c e s c l e a n , 
c l e a r a i r . 
Tobacco smoke laden air 
which you can cut with a 
knife - watering eyes -
a heavy head - is that 
healthy? No, and certainly 
no joke for non-smokers. 
Now, however, you can 
do something about it, by 
simply pressing a button. 

The Ventronic-
Braun 
Air-Control. 
B r e a t h e m o r e 
h e a l t h i l y 
o n c e a g a i n . 

H a y f e v e r a s t h m a 
a n d b r o n c h i t i s . 
The Ventronic-Braun 
Air-Control filters the air, 
before you inhale. This 
appliance has been 
techniclly tested in cl inics^ 
in Europe and is 
capable of ab- f 

sorbing the smallest dangerous f 
microbes. It alleviates allergies JF 
and gives relief. S 

Suisse - Switzerland 

VENTRONIC AG 

Langstrasse 14 
Postfach 

C H - 8 0 2 6 Z u r i c h 
Telefon 0 1 / 3 9 79 3 0 
Telex 53163 vent ch 

Autriche - Austria 

VENTRONIC 
Ges .m.b .H . 

Rechte Wienzei le 5 

A-1043 Wien IV 
Telefon 0 2 2 2 / 5 6 3 6 81-85 
Telex 01/2771 vent a 

Allemagne - Germany 

VENTRONIC 

England + Export World wide 

VENTRONIC UK Ltd. 
Handelsgesellschaft fur Luft- Essex /Eng land 
und Kl imatechnik m.b.H. 

West fa lendamm 9 6 3 0 5 Mile End Road 

D-46 D o r t m u n d G B - C o l c h e s t e r C 0 4 5EA 
Telefon 0 2 3 1 / 5 7 4 0 26 Telephone 0 2 0 6 / 6 3 5 4 4 J 
Telex 8 2 2 825 vent d Telex 9 8 7 7 5 4 vent gb W 
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vallorbe 

V A L L O R B E 

Manufacturing line 

Precision files 
Machinist files 
Chain saw files 
Diamond files 
Saws for metal 
Band saws for metal 
Rotary files 
Shell mills 
End mills 
Engravers' gravers 
Gravers 
General tools 

After 5 years of constant research, we 
offer the hardest files known 
(hardness : 1100 HV). 

LAKE SHORE [RV0TR0MC5 
is 

The 
Answer 

For all of your 
CRYOGENIC NEEDS! 

With VALTITAN files it becomes possible 
(without breaking teeth) to work on 
materials hitherto considered unmana­
geable, stainless steel, refractory steel, 
nickel and alloys, plastics, reinforced 
plastics, castings, molybdenum and alloys, 
titanium and alloys, graphite, as well as 
all light alloys. 

USINES METALLURGIQUES DE VALLORBE 

1337 VALLORBE/SWITZERLAND Tel. (021) 8321 21 

Full Range Cryogenic 
Thermometer/Controllers 

DRC-7C & DRC-70C 
DRC-7C 

• 1 to 400K Range • 1K Resolution* 
• Recorder Output & Optional BCD 
Output • Interchangeable Sensors 

• Solid State Construction & Reliability 
• 0.5K or Better Controlability* 

• 0 to 50 Watt Heater Output 
DRC-70C 

* • 0.1 Resolution 
* • 0.3K or Better Controlability 

Models DRC-7C & DRC-70C otter the 
convenience ot Direct temperature read­
out and set point selection in Kelvin 
units with a choice ot readout resolution 
and controlability. 
The unique design and the use ot com­
pletely interchangeable sensors allevi­
ates the necessity ot instrument recali-
bration when sensors are changed, thus 
allowing one to dedicate a sensor, but 
not the instrument to a specific system. 
The full range capability of these instru­
ments, coupled with 0 to 50 watts of 
heater power make the DRC-7C and 
DRC-70C the ideal solution to a multitude 
of temperature control problems. 

For details and literature write, 
catty or telex 

gfc HIKE SHORE 
WcRvoTRomtsjnc 
9631 Sandrock Rd., Eden, N.Y. 14057 

(716)992-3411 Telex 91-396CRYOTRON EDNE 
Contact us direct, 

or our representatives 

Overseas Representatives 
France, Belgium, 
& Scandinavia 
CRYOPHYSICS SA 
3, rue Antoine Coypel 
78 Versailles, France 
(1)950, 65, 78 or 951, 03, 71 
Telex: 691096 

West Germany 
East Germany, & Austria 
CRYOPHYSICS GMBH 
Butzbacher Str. 6 
61 Darmstadt, W.Germany 
(6151)76051 Telex:419594 

United Kingdom 
Ireland & Holland 
CRYOPHYSICS LTD. 
Thor Works Henley Road 
Berinsfield, Oxon. England 
(865) 340, 257 Telex: 83474 

Switzerland, Italy, 
Eastern Europe other than 
E. Germany, Israel and 
the Middle East, N. Africa, 
Spain, Portugal, 
Greece and Turkey 
CRYOPHYSICS SA 
39 rue Rothschild 
1202 Geneva, Switzerland 
(22)32,95, 20 Telex: 23484 

415 



/ S o m e 
like it 
cold 

PHOTON-BY-PHOTON 
count ing means very low l ight levels. A n d that's precisely what 
these photomul t ip l i e r tube housings f r o m Products for Research 
provide. An excellent assist to extreme low l ight- level detect ion 
with m a x i m u m dark current reduct ion . C o n t i n u o u s , ga in-s tab le , 
frost- free operat ion . Au tomat ic temperature stabi l izat ion in the 
case of thermoelectr ic models wi th TS des ignat ion . 
Water -cooled Models TE-104TS (end -w indow tubes) and 
TE-177TS and TE-146TS (s ide -w indow tubes) are best for lab 
use. Al l models have interchangeable tube sockets for 
o p t i m u m convenience. 

Improv ing PMT per formance is our o n l y c o n c e r n at Products for 
Research. A n d we have both standard and cus tom chambers for 
v ir tual ly every PM tube operat ion — cooled and u n c o o l e d . We Ye 
ready to help you count the l ight fantastic. Comple te ca ta log 
by return mai l . 

Products for Research, Inc. 
78 Molten S t • Danvers, Mass. 01923 • (617) 774-3250 

Deb i tmet res 
GEC-Elliott Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

t y p e 1 1 0 0 

livrables ex stock Zurich 

Heiaeus 
WITTMANN 

Rubans chauffants 

Cables chauffants 

Tuyaux chauffants 

Selecteur de puissance 
et de tension 
Demandez la documentation aupres de 

Oerlikonerstrasse 88 
tel. 01/464040 
8057 Zurich vorm. WISMER AG 

• N E T 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage 0NET 
tel. (91) 732850 
tel. (1) 20815 57 
tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 41 1207 

13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 - SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'OMS, de I'ONU et de I'UIT a Geneve. 
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The 
Multi-Sealer *> **** 
that keeps J m s t s 

you in the « 
picture " 4443781 

r ft! 4573289 

07 554387B 

* g 5637682 

1# 5B36547 

11 £©7598? 

12 6387566 . 

The remarkably inexpensive Type 341 
Multi-sealer offers: 

• 12 independent 7-decade Scalers 

• 100MHz input resolut ion 

• One pre-settable counter 

• S imul taneous live display on a 
TV screen 

• Paral lel pr inter Output 

• System- independent 
(double NIM-module) 

b o r e r 
4500 SOLOTHURN 2 SWITZERLAND 
tel: 065/3111 31 telex: 34228 

e 

g o t a h o d o s c o p e ? 

GAIN Adjust 

:::j:-:-:-> 

$ 5 

w e ' v e r e d e s i g n e d 

o u r p h o t o m u l t i p l i e r 

a s s e m b l y 

• s p r i n g - m o u n t e d 

t u b e f o r b e s t o p t i c a l 

c o n t a c t a n d e a s y 

i n s t a l l a t i o n , 

• i m p r o v e d p r e a m p 

g a i n ( i s - 6 0 ) . 

S E N E L E C T R O N I Q U E 

Case Postale 39 

1211 GENEVE 13 

Tel (022)44 2940 Tlx 23359 CH 

S E N E L E K T R O N I K ag 

Im Zentruw 18 

8604 VOIKETSINIL, ZURICH 

Tel (01) 86 5103 Tlx 51257 CH 

S E N E L E K T R O N I K g m b h 
Poslfach 223 

2000 WEDEL- HAMBURG 

Tel 04103 6282 Tlx 2189 548 • E L E C T R Q N I ' Q U E 

4 1 7 



ELIMINATE TIMING 
UNCERTAINTIES caused 
by photon transit time 
through long scintillators 

S T CWT 

21 ^ 
M "OUT ' 

m mm 

yjjj^, . ^^^^^^ 

A c o m m o n p r o b l e m i n h i g h e n e r g y 
p h y s i c s e x p e r i m e n t s is t h e e x t r a c t i o n o f 
p r e c i s e t i m i n g i n f o r m a t i o n f r o m h o d o -
s c o p e s w h i c h c o n s i s t o f v e r y l o n g 
s c i n t i l l a t o r s . T h e t i m e o f a n o u t p u t p u l s e 
e m e r g i n g f r o m a p h o t o m u l t i p l i e r t u b e 
a t t a c h e d t o o n e e n d o f t h e s c i n t i l l a t o r 
m a y v a r y s i g n i f i c a n t l y d e p e n d i n g u p o n 
w h e r e t h e p a r t i c l e s t r i k e s t h e c o u n t e r . 

T h e L e j C r o y M o d e l 6 2 4 O c t a l M e a n t i m e r 
is d e s i g n e d t o e q u a l i z e t h e p h o t o n 
t r a n s i t t i m e b y p r o v i d i n g a n o u t p u t p u l s e 
a t a l w a y s a f i x e d t i m e , i n d e p e n d e n t o f 
w h e r e t h e i m p a c t o c c u r s . 

T h e 6 2 4 f e a t u r e s : 
* 8 m e a n t i m e r c h a n n e l s i n a # 1 N I M 

m o d u l e . 

* 3 b r i d g e d c u r r e n t s o u r c e o u t p u t s f o r 
e a c h c h a n n e l ( o p t i o n a l l y 6 ) . 

* T i m e r e s o l u t i o n l e s s t h a n 0 .5 n s e c 
( f o r 16 n s e c d e l a y r a n g e ) . 

* O p t i o n a l t o t a l d e l a y l i n e r a n g e s o f 16 , 
3 2 , o r 4 0 n s e c . 

* O u t p u t r i s e t i m e ( 1 0 % t o 9 0 % ) l e s s 
t h a n 2 .5 n s e c . 

C a l l o r w r i t e u s f o r m o r e d e t a i l s . 

m OUT C r o y 
R E S E A R C H S Y S T E M S mW 

Innovators in 
Instrumentation 

LeCROY RESEARCH SYSTEMS CORP.; 700 S. Main; Spring Valley, N.Y. 10977, U.S.A.; 
(914) 425-2000; TWX: 710-577-2832 • LeCROY RESEARCH SYSTEMS/FAR WEST; 1 First 
St.; Los Altos, Cal. 94022; (415) 948-2584; TWX: 910-370-7457 • LeCROY RESEARCH 
SYSTEMS SA; 81 Avenue Louis-Casai; 1 2 1 6 Cointrin-Geneva, Switzerland; (022) 34 39 23; 
Telex: 28230 • LeCROY RESEARCH SYSTEMS LTD.; 74 High Street; Wheatley, Oxfordshire 
0X9 1XP, U.K.; (08677) 3540; Telex: 837539 • LeCROY RESEARCH SYSTEMS G.m.b.H.; 
Treitschkestrasse 3; 6900 Heidelberg; W. Germany; (06221) 28192; Telex: 04-61680 • 
OFFICES THROUGHOUT THE WORLD 

C^unkermotoren 
M i c r o m o t e u r s d e p r e c i s i o n j u s q u ' a 1 0 0 0 I M c m 

Les t y p e s s u i v a n t s s o n t l i v r a b l e s : 

M o t e u r s a i n d u c t i o n 

M o t e u r s a c o u r a n t c o n t i n u 

M o t e u r s a p i l e s , d e h a u t e p u i s s a n c e 

M o t e u r s a c o u r a n t c o n t i n u 
a v e c r e g l a g e d e v i t e s s e 

R e d u c t e u r s a v i s s a n s f i n 
o u r o u e s d e n t e e s 

Representation generale: 

T H . Z I I R R E R + C I E . 

Birmensdorferstrasse 470, 8055 Zurich (Suisse) 
Telephone (01) 35 25 55, telex 54 506 

O U R T H I C K E S T M E T A L W I R E . 

S O M E A R E O N L Y 0 . 0 0 5 m m D I A M . 

Goodfellow Metals are wel l-known for supply ing 
scientists throughout the world wi th foils, wires, 
tubes and powders. Over 70 different metals and 
alloys up to 99.999% purity are avai lablefrom stock in 
small quantit ies: normal despatch 2/3 days, rush 24 
hours. Please send for further information to 
Goodfellow Metals Ltd, Cambridge Science Park, 
Mil ton Road, Cambridge CB4 4DJ, England. Tel: 
Cambridge (0223) 69671 Telex: 81683 

G O O D F E L L O W M E T A L S 

F O R R E S E A R C H 

4 1 8 



If you attach importance 
t o o p t i m u m s h i e l d i n g -

w e c a n h e l p y o u 
Depleted uranium metal is being 
widely accepted as a shielding material in 
radioactive environments. Because of its 
high density (18.7 g/cm 3) and thus resulting 
minimum volume, it is used not only in the 

for example, in medical cobalt radiation 
systems, in fixed and portable isotope units. 
Other applications are in contents gauges, 
inertia masses and eccentric weights. 
NUKEM has many years of experience in 

Depleted uranium metal can be cast into any desired shape Shield for a miniature radiation system. It weighs over 
half a ton for a height of 0.52 m and a diameter of 0.33 m. 

nuclear field, but also in aircraft manufacture 
and shipbuilding, as a trimming ballast and 
counterweight 
Depleted uranium metal shields are used, 

working depleted uranium metal. 
This material can be fused, cast, extruded, 
rolled, forged and machined in our own 
workshops. 

NUKEM GmbH • .P.O.Box 110080 • D-6450 Hanau 11 • Telephone (0 6181) 5 00-1 • Telex 4184113 nukm d 

419 
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