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CERN, the European Organizat ion for 
Nuclear Research, was establ ished in 
1954 to provide for co l laborat ion 
among European States in nuclear re
search of a pure scient i f ic and funda
mental character, and in research 
essential ly related thereto ' . It acts as a 
European centre and co-ord inator of 
research, theoret ical and exper imenta l , 
in the f ie ld of sub-nuclear physics. This 
branch of sc ience is concerned wi th the 
fundamental quest ions of the basic laws 
govern ing the structure of matter. CERN 
is one of the wor ld 's leading Labora
tor ies in this f ie ld . I 

The exper imental programme is based 
on the use of two proton accelerators — 
a 600 MeV synchro-cyc lot ron (SC) and a 
28 GeV synchrot ron (PS). At the latter 
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(ISR), for exper iments wi th co l l id ing 
proton beams, are under const ruct ion. 
Scient ists f rom many European Univer
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part in the exper iments and it is est i 
mated that some 1200 physic ists draw 
their research material f rom CERN. 
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near Geneva in Switzer land. The site 
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land. The staff totals about 2850 people 
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Fel lows and Visi t ing Scient ists. I 
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Experimental programme 
at the CERN proton synchrotron 

A record number of exper iments, d is t r i 
buted in four Exper imental Halls, is set 
up to use the 28 GeV CERN proton syn
chrot ron. Three bubble chambers (2 metre 
and 81 cent imetre hydrogen chambers 
and 1.2 metre heavy l iquid chamber) are 
in operat ion and ten e lect ron ics exper i 
ments are running (not count ing those on 
test) as wel l as two nuclear s t ructure 
exper iments. 

Eighteen beams are avai lable to feed 
them — eight secondary beams come 
f rom internal targets in the synchrot ron 
ring itself ; two fast e jected beams 
give four secondary beams for bubble 
chambers ; one slow ejected beam gives 
six secondary beams for e lect ron ics and 
nuclear structure exper iments. In addi t ion 
there is a newcomer wh ich is just being 
commiss ioned, as reported later in this 
issue — the fast e jected beam wh ich wi l l 
feed protons to the intersect ing storage 
r ings. 

This art ic le is a review of the exper i 
mental programme now in progress. In the 
space avai lable it cannot be much more 
than a list of beams and exper iments. 
When appropr iate, reference is made to 
other issues of CERN COURIER where 
fu l ler stor ies have been given. 

Available beams 
The layout .of beams and the exper iments 
wh ich they feed is sketched on the next 
page. 

Beginning wi th the South Ha l l : An internal 
target in straight sect ion 1 provides par t i 
cles for — t 1 , a beam of par t ic les of 
momentum up to 1 GeV/c wh ich is used 
for test ing equipment before it is mounted 
in its def ini t ive pos i t ion; q9, a low energy 
negative pion beam of momentum up to 
3 .5GeV/c ; m7, an e lectrostat ica l ly sepa
rated beam of momentum up to 3 .5GeV/c ; 
d29, the highest energy beam in the South 
Hall current ly giving unseparated negat ive 
pions of momentum up to 12GeV/c (the 
beam-l ine could be tuned h igher to 
16GeV/c) for two exper iments in ser ies; 
b16, a beam of neutral or charged par t i 
c les current ly being used for test pur
poses. An internal target in stra ight 
sect ion 8 provides part ic les for — q7, a 
low energy beam which can be used for 
pions, kaons or ant iprotons w i th momen

tum up to 3.5 GeV/c; m8, a separated 
beam of kaons wi th momentum up to 
5 GeV/c ( though it is current ly in use w i th 
out separator) . 

For the North Hal l , an internal target in 
straight sect ion 6 provides an e lect ro
stat ical ly separated beam, k13, of posit ive 
or negative kaons and ant iprotons f rom 
0.6 to 1.2GeV/c for the 8 1 c m hydrogen 
bubble chamber. 

In the East Hall two ejected proton 
beams emerge — fast e ject ion, e6, f rom 
straight sect ion 58 and s low e ject ion, e7, 
f rom straight sect ion 62. The fast e jected 
beam can be f i red on to di f ferent targets 
to produce any one of three beams of 
secondary part ic les to feed the 2 m hydro
gen chamber — k8, current ly in operat ion 
for low momentum posit ive or negative 
kaons (1 to 2 G e V / c ) ; m6, wh ich has 
electrostat ic separators for kaons of 
momentum up to 4 .5GeV/c ; u5, a versat i le 
beam wh ich can give the highest energy 
separated beam at present avai lable in the 
wor ld (see CERN COURIER vol . 9, page 7). 
u5 has three radio-frequency separators. 
When they are in operat ion it can give 
kaons in the range 5 to 16 GeV/c or pions 
of lower momenta and up to 16GeV/c ; 
used for unseparated beams it can give 
negative pions up to about 21 GeV/c or 
protons up to about 25 GeV/c. The s low 
ejected beam, wh ich can spi l l protons for 
as long as 350 ms, is f i red onto a target giv
ing five secondary beams — k12, a part ial ly 
separated (using an absorber) low energy 
kaon beam which c l imbs vert ical ly at 15° 
to clear other beams and is used for nuclear 
s t ructure exper iments; b17, a neutral beam 
used for the study of long-l ived kaons ; 
p4 a high momentum pion beam giv ing 
posit ive or negative pions up to 17.5GeV/c 
(radiat ion problems introduce restraints 
when the posit ive pion beam is run); p5, 
a s imi lar high momentum pion beam; b18, 
current ly in use as a neutral beam for test 
purposes. The target area wh ich suppl ies 
these secondary beams has become very 
'hot ' and CERN is encounter ing here radi 
at ion problems which are l ikely to occur 
more f requent ly as beam intensit ies c l imb 
st i l l higher. Some fifty metres upstream of 
the target for secondary beams, a hydro
gen target is instal led in the s low e jected 
beam-l ine and part ic les emerg ing f rom 

interact ions can be studied down s5. s5 is 
not a beam-l ine properly so-cal led but 
rather an extended double focus ing 
spectrometer . 

Finally, the South-East Hall is fed by 
the fast e jected beam, e8, f rom straight 
sect ion 74. It is current ly being used to 
produce a separated secondary beam of 

-pos i t ive pions of momentum 3.5 GeV/c for 
the 1.2 m heavy l iquid chamber. It wi l l 
eventual ly be reconverted to provide a 
high energy neutr ino beam for the new 
heavy l iquid chamber, Gargamel le. 

The accelerator schedule is usually 
organized so that a large number of 
exper iments can receive part ic les dur ing 
the same machine cycle, though, obv ious
ly, wi th a smal ler number of 'main users' . 
At the beginn ing of May, for example, 
f i f teen exper iments were receiving par t i 
c les inc luding two bubble chambers — 
1 % of the accelerated beam went onto 
internal target 1 at 15 GeV and part ic les 
cou ld be received by seven 'parasi te ' 
exper imenta l teams; 1 0 % went onto 
internal target 6 at 18 GeV for the 81 cm 
chamber ; two bunches were e jected tw ice 
at 21 GeV dur ing a 150 ms ' f lat- top' to the 
2 m chamber wh ich was 'double-pu ls ing ' 
(two expansions of the chamber per 
accelerator cyc le) ; and the rest of the 
beam was s low ejected at 24 GeV dur ing 
a 430 ms f lat- top and could feed f ive 
exper iments as main users and one on 
test. 

The l imi tat ions on operat ion are that 
s low eject ion into the East Hall and 
internal target ing into the South Hall can
not, at present, be used s imul taneously. 
Also ei ther the 81 cm hydrogen or the 
1.2 m heavy l iquid are operated in the 
same cyc le wi th the 2 m hydrogen 
chamber. There are also some l imitat ions 
imposed by the d.c. power avai lable for 
the exper iments in South and East Hal ls. 

Electronics experiments 
In l ist ing the exper iments using counter 
and spark chamber techniques we wi l l 
fo l low the sequence of beams above 
beginning in the South Hall wi th exper i 
ments receiving part ic les f rom the internal 
target in stra ight sect ion 1. The code of 
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Schematic diagrams of the four experimental 
halls at the 28 GeV proton synchrotron showing 
the layout of the particle beams and the location 
of the experiments which they serve. 

numbers used to refer to exper iments is 
that assigned when the exper iments are 
f i rst approved for the exper imenta l pro
gramme. 

S83 

A Bologna, CERN team is s tudying neutral 
resonances using a neutral missing mass 
technique. A negative pion beam, q9, is 
d i rec ted onto a hydrogen target and 
neutral meson resonances can be ident i 
f ied by the missing mass techn ique 
observ ing the emerg ing neutron 

jt + p - ^ n + (missing mass) 
In some of the measurements, the neutral 
meson e lect romagnet ic and neutral pion 
decays are detected using a sandwich of 
lead (to convert the gammas into e lec t ron-
posi t ron pairs), of th in spark chambers 
and of scint i l lators. The large detectors 
can be swung around on a turn- table to 
select opt imum posi t ions. 

In recent years, the team has studied 
the propert ies of neutral mesons such as 
eta, omega and phi and has achieved 
some notable results (see vo l . 6, page 69; 
vo l . 8, page 245). They are now looking 
at decays into neutral par t ic les in the low 
mass region and in par t icu lar wi l l at tempt 
to spot the 'sp l i t t ing ' of the A2°. The 
spl i t t ing of thé A2" (vol. 10, page 79) has 
so far been a unique and intr iguing 
observat ion wh ich is expected to be 
repeated for the neutral A2. 

S74 

A CERN, Orsay, Vienna team are carry ing 
out a high precis ion study of the AS = AQ 
rule. They use the m7 beam to f i re po
sit ive kaons at a hydrogen target in order 
to produce neutral kaons in the inter
act ion 

K + + p K° + N * + + 

The K° product ion posi t ion is measured by 
observ ing the proton and posi t ive pion 
emerg ing from the N* decay by means 
of cy l indr ica l wi re spark chambers sur
rounding the target 

N * + + - > ?t+ + p 
The K° decay into three par t ic les inc lud
ing leptons is then measured in a de
tect ion system of spark chambers , magnet 
and Cherenkov counter. An on- l ine c o m 
puter (Varian 620) is used. 

The AS = AQ rule appl ies to the weak 
interact ion such as the decay of the neu

tral kaon. Strongly interact ing part ic les 
have a property given the name 's t ran
geness' (and a corresponding strangeness 
quantum number S) wh ich is normal ly 
conserved in part ic le interact ions. In the 
decay of such a part ic le, where the weak 
interact ion prevai ls, the strangeness quan
tum number can change by ± 1 . When this 
happens the charge quantum number Q 
of the strongly interact ing part ic le changes 
in the same way. Thus AS = AQ. 

For the neutral kaon this has the conse
quence that these decays are a l lowed: 

K° - > i t " + e + (or + y_ 
K ° - > j t + + e" (or [T) + v 

and these decays are fo rb idden : 
K ° ^ J T + + e- (or pT) + 7 

K ° - > j r + e + (or | i +) + v 
The exper iment checks this to h igh 
accuracy and is also going on to study 
the neutral kaon decay into three pions. 

S84 

The Pisa, Karlsruhe exper iment studying 
neutral meson resonances at high energies 
by the missing mass technique was de
scr ibed recently (vol. 10, page 41) and 
wi l l therefore not be returned to in much 
detai l here. The d29 beam provides pions 
onto a hydrogen target (in wh ich a tech 
nique, developed by Pisa, observ ing 
Cherenkov l ight to identify the interact ion 
point is used) to produce the neutral 
mesons. 

jt~ + p - > n + (missing mass) 
The emerging neutron and the decay pro
ducts of the meson are observed in 
counter and opt ical spark chamber arrays 
and there is an on-l ine computer (Tele-
funken TR86). The exper iment wi l l invest i 
gate a high mass range cont inu ing the 
work of a previous CERN, Kar lsruhe 
exper iment. 

S95 

The d29 beam cont inues through S84 to 
feed another exper iment wh ich , apart f rom 
its immediate physics interest, is pioneer
ing a technique wh ich may prove of great 
impor tance when much higher energy 
accelerators come into operat ion. The 
exper iment is a col laborat ion of Caen, 
CERN, ETH, Imperial Col lege and Upp
sala, though up to now only a smal l team 
has been involved. 

The essence of the technique is to 
observe the recoi l target nucleus as wel l 
as the ongo ing part ic le. This t r ick has 
been done before at the CERN PS using 
a deuter ium target ; the present exper i 
ment uses a high pressure hel ium target. 
The recoi l hel ium nucleus (alpha part ic le) 
is measured in surrounding low pressure 
hel ium spark chambers and scint i l la tors. 
(The ETH lajrge aperture magnet may be 
used for momentum measurement of the 
outgo ing pion if th is proves useful at a 
later stage). 

For elast ic scat ter ing, knowing the input 
(beam part ic le and target nucleus) con 
di t ions, it does not matter wh ich outgo ing 
part ic le is measured to obtain the required 
in format ion. For inelastic scat ter ing of the 
'coherent ' type (where the target nucleus 
remains intact though the beam part ic le 
is t ransformed), again, precise informat ion 
can be obta ined f rom observing the recoi l 
nucleus. Also, given a nucleus wi th pro
pert ies l ike that of hel ium, var ious 'se
lect ion rules' prevail wh ich l imit the 
number of possible interact ions and s im
plify the interpretat ion. 

When beams in the hundreds of GeV 
range become avai lable, measurements on 
the part ic les emerg ing f rom an interact ion 
cou ld involve large and expensive spect ro
meter systems. For many exper iments 
however, measurements could concentrate 
on the recoi l nucleus wh ich wi l l be of very 
much lower momentum and for wh ich 
'convent ional ' detect ion techniques wi l l be 
adequate. Hence the extra interest in the 
scat ter ing exper iment on hel ium wh ich is 
now under way. 

S76 

A CERN, FOM (Netherlands) team is 
carry ing out one of the two scat ter ing 
exper iments using a polar ized target at 
present in the programme. It uses the 
q7 beam to provide posit ive and negative 
kaons and ant iprotons onto a polar ized 
butanol target where polar izat ions of over 
6 0 % are now achieved (see vo l . 10, 
page 112). 

For posit ive kaons, the aim is to invest i 
gate the K + p ampl i tudes for a possible 
resonance. From the results, it appears 
that the K + p system indeed shows ei ther 
a resonance or a ' threshold ' effect in the 
suspected region of energies; a resonance 
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Adjustments being made to the detection system 
of experiment S91 which is to study the scatter
ing of kaons and antiprotons on protons. The 
experiment is currently taking data at energies up 
to 5 GeV and will later extend the investigation 
to higher energies. In the picture can be seen 
the two arms of the detector, coming out from 
the target position, each with a large C magnet, 
wire spark chambers and counters on-line to a 
computer. 

CERN/PI 213.3.70 

wou ld lead to di f f icul t ies wi th the we l l -
known three quark model for nucléons. 
Inelast ic scat ter ing is possibly the best 
way to pin down this quest ion complete ly . 
For negative kaons the aim is a systemat ic 
study of the K~p ampl i tudes in the region 
of resonances of low mass, wi th a v iew 
to determin ing their spins and par i t ies. 

At the higher energies the pion data 
seems to be in good agreement wi th 
Regge-type models, for kaon data the 
agreement is only qual i tat ive. The team 
has measured over 60 angular d is t r ibut ions 
and polar izat ions using counters wi th on 
line computer contro l . The data tak ing is 
cont inu ing. 

S91 

A CERN, Ecole Polytechnique, Orsay, 
S tockho lm team are carry ing out the f i rst 
phase of an exper iment on forward and 
backward scatter ing of kaons and ant i -
protons on protons using the m8 beam 
at energies up to 5 GeV. They wi l l later 
move onto the d29 beam to extend the 
measurements to 10 GeV. 

The observat ions of the kaons in the 
near forward d i rect ions are made to look 

for structures as in proton-proton scatter
ing, where they have been interpreted as 
being due to the f ini te size of the part ic les 
involved. 

The backward measurements, where a 
great deal of energy is exchanged be
tween the scat ter ing part ic les, are twofo ld . 
For the posit ive kaon case 

K + + p - > p + K + 

the interpretat ion of the scatter ing mecha
nism as being the exchange of a hyperon 
f rom one part ic le to the other f i ts the 
observat ions. For the negative kaon case 

K- + p - > p + K -

there is no s ingle known part ic le wh ich 
can be exchanged and the cross-sect ion 
fal ls very steeply as the energy goes up. 
Here one is looking for another exchange 
mechanism, possibly involving two par t i 
c les. Such a mechanism is highly desi ra
ble in current theor ies of strong inter
act ions, but no clear evidence for its 
presence has so far been obta ined. 

For the ant iproton scat ter ing, very l i t t le 
data exists at present. The data f rom the 
exper iment also contains events due to a 
number of inelast ic processes. 

The exper iment uses counters, w i re 
spark chambers, two large magnets and 
an on- l ine computer ( IBM 1800). 

We turn now to the East Hall and the 
exper iments drawing their part ic les f rom 
the s low ejected beam. 

S82 

An Aachen, CERN, Tor ino team has carr ied 
out a series of exper iments to study the 
neutral kaon and have contr ibuted to some 
important results concern ing CP violat ion 
in the decay of the long-l ived neutral 
kaon (K°L) . They are now moving on to 
make a very accurate measurement of the 
ratio T]OO/T|+- using the b17 beam. 

The s ign i f icance of this ratio has been 
d iscussed before (vol. 8, page 242). It 
relates the decay of long-l ived neutral 
kaons into two neutral pions to that into 
two charged pions. A possible interpre
tat ion of the K° decays into two pions 
wh ich v io late CP is that the K \ converts 
f i rst into the short- l ived neutral kaon K°s 
wh ich then decays into two pions. This 
is known as the super-weak theory involv
ing a force, about a thousand t imes 
weaker than the known weak force, wh ich 
converts K° L to K° s- It results in 
T|OO/T] + — = 1. 

The exper imenta l measurements so far 
have fal len into two camps about half of 
them suppor t ing the super-weak theory. 
The present exper iment hopes to resolve 
the conf l ic t by measur ing the ratio to an 
accuracy of 3 % . 

The decays into charged pions wi l l be 
compared wi th those into neutral p ions 
under condi t ions as ident ical as possible. 
Doing it as a compar ison el iminates many 
possible systemat ic errors. A magnet ic 
spect rometer and w i re chambers observe 
the charged pions and are replaced by a 
total absorpt ion gamma spectrometer 
(lead glass counters) to observe the neu
tral pions. The exper imenta l set up should 
be capable of much higher accuracy than 
that used in previous invest igat ions wh ich 
have involved separate measurements of 
r\oo and T ] + — . 

S59 

This is the second exper iment (a co l la
borat ion between CERN, Orsay and Pisa) 
using a polar ized proton target. The aim 
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The 'picket fence' of scintillation counters used 
to select two-particle events in the CERN, 
Munich experiment (S94) studying bosons. Just 
behind the fence can be seen the last of the 
magnetostrictive wire chambers used to detect 
the particle paths. A large aperture spectrometer 
magnet is obscured by the wire chamber. 

is to measure the polar izat ion parameter 
P 0 using posit ive and negat ive pions, po
sit ive and negative kaons, protons and 
ant iprotons. With part ic les f rom the p4 
beam they can carry out these measure
ments at h igher energies and over a 
h igher momentum transfer range than has 
ever been invest igated before. 

The team has been co l lec t ing data on 
polar izat ion for several years and has 
compi led a great deal of in format ion. They 
can study the role of the spin of the target 
proton in high momentum elast ic scatter
ing in a systematic way. 

The exper iment uses a transversely 
polar ized target of the butanol type where 
polar izat ions of over 6 0 % are ach ieved. 
There are counter hodoscopes and an 
on-l ine computer (IBM 360-44). 
S94 

A CERN, Munich exper iment has just 
begun in the p5 beam carry ing out a very 
detai led study of bosons. Wi th a negative 
pion beam onto a hydrogen target the 
detect ion system wi l l record the inter
act ions: 

j t ~ + p - > j t ~ + J t + + n 
j t ~ + p - > K~ + K + + n 

The pion beam is set at h igh momentum 
and measuring the emerg ing pions or 
kaons (dist inguished by a Cherenkov 
counter) surveys the boson spect rum up 
to 2.5 GeV. 

Bosons such as Q°, f°, g°, ... wi l l be 
ident i f ied through their decays such as 

Q° - > J t + + it" 

f ° - > K + + K -

Many propert ies of these part ic les have 
st i l l to be found and the high stat ist ics of 
the exper iment should help to pin-point 
some of them. To take just one example, 
the f° wh ich belongs to the same SU3 
octet as the A2°, may be 'spl i t ' l ike the 
A2 — the high mass resolut ion in the 
exper iment wi l l detect any such spl i t . 

The detect ion system consists of sc in 
t i l lators, spark chambers, a large aperture 
magnet and a PDP9 on- l ine computer . 
The spark chambers are w i re chambers 
wi th magnetostr ic t ive readout. Tests have 
been carr ied out on one of area 
3 3 0 X 9 0 c m 2 and nine of area 5 0 X 5 0 c m 2 . 
They have been shown to have an ef f i 
c iency of 98 % for the t rack t r igger ing 
the chambers (with no s ign i f icant dif fer
ence between one and two tracks) and a 

measur ing accuracy of 0.25 mm in the 
small chambers. 

S92 

A CERN team is carry ing out a survey of 
proton-proton interact ions at high energies. 
Using the e7 slow ejected beam di rect ly 
onto a hydrogen target the survey wi l l 
extent to 24 GeV, and to large values of 
the ' four momentum transfer ' . 

The exper iment uses a f ixed doub le 
focusing spectrometer about 60 m long. 
Two movable septum magnets c lose to 
the target, together wi th a f ixed magnet, 
can be set to select part ic les emerg ing 
from the target over an angular range 
from 12 mrad to 140mrad . The spect ro
meter carr ies out momentum analysis 
br ing ing the part ic les to a focus where 
they are detected by counters. The who le 
system is contro l led by a Hewlett Packard 
2116A computer on-l ine and it is possible 
to select the momentum and angle of 
interest by s imply typing the f igures into 
the computer . The resu l t ing 'data consists 
of momentum spectra at many angles 
over the energy range avai lable. 

The survey is being taken fur ther by 

instal l ing a deuter ium target in order to 
study proton-neutron interact ions at high 
energies. It has been shown that it is 
possible to extract the proton-neutron 
cross-sect ion f rom the proton-proton and 
proton-deuter ium data. 

Nuclear structure 
experiments 
It is indicat ive of the growing interest of 
nuclear s t ructure physicists in access to 
higher energies (suff icient, for example, 
to produce a high f lux of kaons) that there 
are two exper iments using, al ternately, a 
beam of negat ive kaons, k12, in the East 
Hal l . 

P6 

A CERN, Heide lberg, Warsaw co l labo
rat ion is look ing at gamma rays emerg ing 
f rom 'hypernuc le i ' . A hypernucleus is one 
in wh ich a lambda hyperon is added to 
the usual conf igurat ion of part ic les in the 
nucleus. This phenomenon was f irst found 
in nuclear emuls ion exper iments by a 
Warsaw team. Studying nuclei in wh ich 
such condi t ions prevail gives fur ther 
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Keeping track on the tracks. The 81 cm hydrogen 
bubble chamber is fitted with a closed circuit 
television system so that experimenters can have 
a rough check, in the course of operation of the 
chamber, on the quality of the data they are 
storing on film. A burst of particles into the 
chamber, as transmitted by the camera, is shown 
in the photograph. The performance of the 
chamber and the beam-line feeding it can thus 
be roughly monitored 'on-line'. 

in format ion on nuclear s t ructure and on 
the interact ion between the nuc léon and 
hyperon. 

In the exper iment the lambda hyperon 
is p roduced in the interact ion of a nega
t ive kaon wi th a proton. The kaon is of 
low energy such that it 's tops' in the 
target and the result ing lambda has there
fore a good chance of being captured in 
a nucleus. With a l i thium target, for 
example, l i th ium 7 can be formed consist 
ing of three protons, three neutrons and 
a lambda. The detect ion system then 
m o n i t o r s ' t h e gamma rays wh ich emerge 
as the nucleus fal ls f rom its exc i ted state 
through the var ious energy levels wh ich 
it can assume down to its ground state. 

P7 
A CERN, Karlsruhe, Heidelberg co l labo
rat ion is studying K-mesic atoms, ex tend
ing a very successful series of exper i 
ments on mu-mesic atoms and p i -mesic 
atoms wh ich has been conducted at the 
600 MeV synchro-cyc lot ron over the past 
few years. 

When a low energy negative meson 
approaches a nucleus it can be captured 

into an orbi t around the nucleus in the 
same way as the normal atomic e lectrons. 
The heavier mesons take up orbi ts much 
closer to the nucleus than the electrons, 
their orb i ts can even pass through the 
nucleus. Thus the energy levels assoc i 
ated wi th the orbi ts are very sensit ive to 
the structure of the nucleus. As the meson 
fal ls through a series of orbi ts it emits X 
rays cor responding to the di f ference in 
the energy levels. Observing these X rays 
measures the energy levels f rom wh ich 
informat ion on the nuclear structure can 
be ext racted. Mu-mesic X rays have given 
deta i led informat ion on the electr ic charge 
dist r ibut ions in nucle i . Pi-mesic X rays 
have shown addi t ional effects due to the 
strong interact ion between the pion and 
the nucleus. 

K-mesic X rays wi l l give new infor
mation about the interact ion of kaons 
wi th nuclear matter and wi l l provide a 
sensit ive test for the nuclear structure — 
part icular ly the surface of the nucleus. 
First invest igat ions on K-mesic atoms have 
been carr ied out at Berkeley. The present 
exper iment on the more powerful kaon 

beam f rom the PS has already achieved 
a substant ia l improvement. For the f irst 
t ime the natural l ine w id th of a K-mesic 
X ray t ransi t ion has been observed wh ich 
provides a d i rect measurement of the 
absorpt ion of the kaon by the nucleus (in 
th is case sulphur) . Futhermore a precise 
determinat ion of the energy of this t ran
si t ion was possible and it indicates a 
negat ive energy shift wh ich is caused by 
a repulsive interact ion for kaons wi th 
nucle i at low energies. 

Bubble chamber 
experiments 
81 cm hydrogen 

The 81 cm hydrogen bubble chamber is 
occup ied wi th its f inal exper iments. The 
chamber has been operat ing at CERN 
since 1961 ( ini t ial ly on loan f rom the 
Saclay Laboratory) w i th except ional rel ia
bi l i ty. When its present programme is 
comple ted the chamber wi l l c lose down. 

1175, 1176 
A CERN, Heidelberg co l laborat ion is using 
a negat ive kaon beam, k13, of momentum 
between 0.6 and 0.8 GeV/c to study kaon-
proton interact ions. They wi l l take 800 000 
pictures wi th the chamber f i l led wi th 
hydrogen (exper iment T175) and change 
to operat ion wi th the chamber f i l led wi th 
deuter ium to take another 800 000 pictures 
to study kaon-neutron interact ions (exper i 
ment T176). 

Wi th these two complementary exper i 
ments the strange hyperon resonances 
wi th masses in the region 1600 to 1700 
MeV wi l l be s tudied wi th a s igni f icant 
increase in stat ist ical precis ion compared 
wi th previous invest igat ions. 

1.2 m heavy liquid 

Exper iments wi th the 1.2 m heavy l iquid 
bubble chamber were descr ibed last 
month (vol. 10, page 116). 

1167 
The m10 beam-l ine is provid ing posit ive 
pions of 3.5 GeV/c for an exper iment 
carr ied out by a Bergen, Ecole Polytech
nique, Madr id , Orsay, Stockholm co l labo
rat ion. The aim is to take half a mi l l ion 
p ictures in a propane/ f reon mixture to 
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A view of the tanks of the pressure system for 
the Gargamelle bubble chamber installed in the 
South-East Hall. The system is currently being 
tested pulsing with a dummy chamber while 
awaiting the arrival of the chamber body which 
is now due at CERN about the end of June. 

study pion-pion interact ions by an indirect 
method. 

The interact ion wh ich is measured is : 
j t + + p N * + + + j t ° + j t ° 

the neutral pions being seen by their 
decay into gammas wh ich mater ia l ize as 
e lectron-posi t ron pairs. The existence of jtjt 
resonances wi l l be invest igated to see if 
one exists associated wi th a charge-
exchange interact ion. One is ant ic ipated 
around 750 MeV wi th zero isotopic spin. 

2 m hydrogen 

T173 

At the beginning of May, the 2 m hydrogen 
chamber was being fed wi th ant iprotons 
of momentum 1.5 to 2 GeV/c for an exper i 
ment being carr ied out by a Glasgow, 
IPN Paris, Lausanne, L iverpool , Neuchâtel 
co l laborat ion. 380 000 p ic tures are sched
uled. 

The exper iment is des igned to study 
the propert ies of the U meson wh ich has 
a mass of 2380 MeV. It wi l l also serve to 
f i l l in a gap in the exist ing knowledge of 
ant iproton-proton annihi lat ion interact ions. 

T174 

When the present p rogramme wi th the 
2 m f i l led wi th hydrogen is comple ted , the 
chamber wi l l be f i l led wi th deuter ium for 
a series of exper iments. The f irst, J174, 
wi l l cont inue to use the k8 beam to pro
v ide negative kaons in the energy range 
1.15 to 1.75GeV/c tak ing 300 000 pictures 
for a Bi rmingham, Edinburgh co l labo
rat ion. 

The exper iment wi l l study the negative 
kaon-neutron interact ion in the centre of 
mass energy range f rom 1.8 to 2.25 GeV 
in part icular looking at the interact ions 

K- + n - > K + A ° 
and K- + n - > jt° + 2 " or n~ + 2 ° 

but also measuring the interact ions where 
three or four part ic les emerge. 

The beam feeding the chamber wi l l 
then be changed to the u5 r.f. separated 
beam for the fo l lowing exper iments in 
deuter ium. 

T152. A Bari , Bologna, Florence, Paris 
co l laborat ion using a negat ive pion beam 
of momentum 9 GeV/c to take 300 000 
pictures. The exper iment intends to study 
boson resonances (with high stat ist ics) — 

their decay propert ies, branching ratios 
and product ion mechanisms. Of par t icu lar 
interest is the study of the interact ion 

jt~ + d p + p + JT~ + jt~ + jt° 
in order to check and provide more infor
mation on, a Q~ n~ resonance around 
1.3 GeV. 

7779. A Bi rmingham, Durham, Rutherford 
col laborat ion using a posit ive pion beam 
of momentum 4 GeV/c to take up to 
400 000 pictures. The purpose of the ex
per iment is to study the product ion of 
neutral meson resonances in the inter
act ion 

JT+ + n - > p + X° 
and, in part icular, resonances conta in ing 
a s ingle neutral part ic le wh ich is inac
cessible to study in the charge symmetr ic 
interact ion 

jt~ + p - > n + X° 
T182. An Oxford exper iment using a po
sit ive kaon beam of momentum 5.6 GeV/c 
to take 250 000 pictures to study the K* 
resonance of mass 1400 MeV and the 'Q' 
enhancement in the K KTC resonance. 
T169. A Strasbourg exper iment using an 
ant iproton beam of momentum 9 GeV/c 

to take 150 000 pictures to study (in con
junct ion wi th results already obta ined at 
5.5 GeV/c by the same Laboratory) the 
energy dependence of di f ferent f inal 
states produced in ant iproton-neutron 
interact ions and for a study of coherent 
part ic le product ion (that is interact ions 
wh ich leave the deuter ium nucleus intact). 

T162. An Alma-Ata exper iment using a 
proton beam of momentum 20 GeV/c to 
take up to 75 000 pictures to investigate 
proton-neutron interact ions at high energy. 

The one remaining experiment, T180, in 
the approved programme for the 2 m 
chamber wi l l revert to hydrogen using the 
u5 beam provid ing negative pions of mo
mentum 9 G e V / c to take 250 000 pictures 
to study resonances with G = ± 1 , looking 
wi th high stat ist ics at their product ion 
mechanisms in the pion-proton interact ion 
and their decay propert ies. This exper i 
ment (which is complementary to that 
carr ied out at the same momentum in 
hydrogen) is a Bologna, Florence, Genova, 
Mi lan co l laborat ion. 
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300 GeV Project 

In the last issue of CERN COURIER we 
reported (page 107) such information as 
was then avai lable about the latest moves 
towards realizing the 300 GeV project . 
New proposals, wh ich have come to be 
known as 'Project B', were announced on 
18 Apr i l . They were then presented for 
d iscussion to European scientists and to 
the twelve Member States of CERN. There 
have been further developments and we 
out l ine some of them here. To realize their 
s igni f icance and impl icat ions we need to 
recap the headl ines of the history of the 
project . 

1963 The European Commit tee for Future 
Accelerators (ECFA) urges the construct ion 
in Europe of a new high energy acceler
ator — its main features to be an energy 
of about 300 GeV, high proton beam inten
sity and high capaci ty for exploi tat ion. 
1964 A design study for such a machine, 
carr ied out at CERN, is completed. Major 
parameters are — peak energy of 300 GeV 
wi th a beam intensity of 10 1 3 protons per 
second f rom a main-r ing diameter of 
2.4 km using 'combined- funct ion ' magnets 
wi th a peak f ie ld of 12 kG; several e jected 
beams; design and construct ion t ime of 
ten years; cost ( transposed to 1969 prices) 
1902 mi l l ion Swiss francs. 
1965 At the end of the year other re
commendat ions of ECFA in connect ion 
wi th the instal lat ions at CERN-Meyrin are 
approved by the CERN Counci l . These 
consist of an extensive improvement pro
gramme for the 28 GeV proton synchro
t ron and its exper imental faci l i t ies and the 
construct ion of intersect ing storage r ings. 
1966 ECFA is reconvened to examine 
again the si tuat ion with regard to future 
accelerators for Europe. 
1967 ECFA presents its second report 
endors ing its previous recommendat ions 
and urges European governments to 
approve the 300 GeV project on the basis 
of the 1964 CERN design. 

Approval is received in the USA for the 
construct ion of an accelerator in the 
hundreds of GeV range. Design studies 
begin in the Summer under the d i rect ion 
of R.R. Wi lson and the prel iminary design 
for a 200 GeV machine, having potent ial 
for extension up to 500 GeV, is presented 
at the Internat ional Accelerator Conference 
in September. 

First operat ion of the 76 GeV proton 
synchrot ron at Serpukhov in the USSR 
occurs in October tak ing over f rom the 
CERN PS and the Brookhaven AGS as the 
highest energy accelerator in the wor ld . 

1968 The UK government announces in 
June that it wi l l not jo in the 300 GeV pro
ject . In an attempt to ensure that the 
f inancia l burden on other Member States 
is not thereby great ly increased, the 300 
GeV project is revised to br ing the cost 
to 1431 MSF (1969 prices) mainly by a 
reduct ion in the init ial faci l i t ies for exper i 
ments. 

The total of countr ies declar ing their 
wi l l ingness to part ic ipate in the project 
grows to six — Austr ia, Belgium, Federal 
Republ ic of Germany, France, Italy and 
Switzer land thereby assuring suff ic ient 
f inancia l cont r ibut ions for the project to 
begin. 

1969 The CERN Counci l accepts the 'Pro
gramme for Construct ion and Br inging into 
Operat ion of the CERN 300 GeV Labo
ratory'. The Programme envisages deve
lopment of the accelerator in stages be
g inn ing wi th an energy not less than 200 
GeV and a const ruct ion per iod of eight 
years wh ich might be reduced to seven. 
J.B. Adams having taken up his appoint
ment as Director of the 300 GeV project 
init iates a rethink on the design. This re
th ink leads to a 'missing magnet ' design 
(descr ibed in the last issue of CERN 
COURIER) and a programme beginning 
wi th a 250 GeV machine, wi th in the same 
budget, wi th convent ional magnets taking 
up half the c i rcumference of a 3 km dia
meter r ing. Fi l l ing up the c i rcumference 
wi th convent ional magnets would later 
give 500 GeV. If superconduct ing magnets 
are mastered, there is the alternative of 
insert ing them in the free half of the cir
cumference to give 650 GeV and eventual ly 
f i l l ing the r ing wi th superconduct ing 
magnets to give 1300 GeV. This is 'Project 
A' wh ich could be bui l t on any of the five 
sites (Doberdo- l ta ly, Drensteinfurt-Federal 
Republ ic of Germany, Focant-Belgium, 
Gopfr i tz-Austr ia, Le Luc-France) offered by 
States ready to part ic ipate. The problem of 
site select ion, however, br ings the project 
to a standst i l l at the end of the year. 

It was in this s i tuat ion, dur ing the f irst 
months of 1970, that Project B was born. 
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Several other factors inf luenced the 
form of Project B. A most important one 
was that the CERN Organizat ion looked 
l ike being divided in two wi th only six 
Member States support ing the 300 GeV 
project. Project B is of a scale and form 
such that all Member States have a strong 
incentive to jo in . A further factor was the 
considerat ion of the long-term use of 
CERN-Meyrin faci l i t ies when the new 300 
GeV Laboratory got under way. Finally, 
Project B attempted to come more into 
line with the f inance wh ich might reason
ably be ant ic ipated in the future, where the 
growth rates of expendi ture on high energy 
physics in the past are unl ikely to be sus
ta ined. 

As f irst presented for d iscussion, the 
major features of Project B read like th is : 
The main ring would be about 2 km in 
diameter; a missing magnet design would 
be adopted giving 300 GeV energy wi th all 
magnets in place at a peak f ie ld of 18 kG 
and 150 GeV with half these magnets. 
With superconduct ing magnets it could 
f inal ly reach about 800 GeV. The cost of 
the 150 GeV stage of the pro ject would be 
1100 MSF; the construct ion t ime was put 
at eight years. A s igni f icant aspect is that 
such a machine could be buil t not only on 
any of the five sites offered but also ad
jo in ing the exist ing Laboratory at CERN-
Meyr in. If it were constructed adjo in ing 
CERN-Meyrin further savings become pos
sible in cost and manpower so that the 
'new' money that part ic ipat ing States 
wou ld have to f ind would be considerably 
less than 1100 MSF over the eight years 
of construct ion. 

Project B meets the requirements of the 
machine that has been under discussion 
for so many years and (as d iscussed be
low) offers the possibi l i ty of advancing the 
date of operat ion with potent ial for ul t ima
tely reaching much higher energies. What 
wou ld be built is a machine of at least 300 
GeV. Fil l ing half the r ing for 150 GeV 
init ial ly would enable the conversion to 
400 GeV by f i l l ing the other half wi th 
superconduct ing magnets to be done wi th 
l itt le disrupt ion to the physics programme. 
An addit ional 70 MSF could alternatively 
f i l l the entire ring wi th convent ional mag
nets for 300 GeV f rom the word go. The 
machine would give high intensity and 

would have potential for extensive ex
ploi tat ion. 

In the discussions in the scient i f ic com
munity dur ing the past month emphasis 
has been put on several impl icat ions of 
Project B and some suggested variants, 
within the same physical and f inancial 
boundary condit ions, are receiving at ten
t ion. 

To cover the variants first, the most in
terest ing is the suggest ion that wi th the 
new accelerator next door the exist ing 
CERN PS could, at least init ially, serve as 
injector. Proton beams could be acceler
ated to 10 GeV in the PS and transferred 
to the 300 GeV (involving some spacing 
out of the PS bunches to redistr ibute them 
around the larger c i rcumference of the 300 
GeV where they would be debunched and 
then rebunched). This would el iminate the 
Booster f rom the initial construct ion pro
gramme, saving t ime and money, adding 
instead the construct ion of 'a beam trans
fer l ine f rom the PS to the 300 GeV. The 
PS would then have a heavier work load 
which might be distr ibuted per day some
thing like this — one hour for f i l l ing the 
intersect ing storage rings, remaining t ime 
shared 50/50 between 28 GeV physics and 
inject ion into the 300 GeV. This would 
mean about one pulse per four seconds 
from the 300 GeV at about 10 1 2 protons 
per pulse. 

In addi t ion, the first exper imental area 
for physics at 150 or 300 GeV energy could 
be the exist ing PS West Hall. By the t ime 
of f irst high energy beams, this Hall wi l l be 
except ional ly wel l equipped, inc luding the 
3.7 m European hydrogen bubble chamber 
and the 'Omega project ' for counter 
physics. Again there is saving of t ime and 
money in the init ial 300 GeV construct ion 
programme, cutt ing out a new exper i 
mental hall and equipment whi le adding a 
beam transfer l ine to the West Hall . 

Later, new experimental areas would be 
added and a separate inject ion system 
could be built, but the exci t ing th ing about 
this modi f icat ion of Project B is that it 
opens up the possibi l i ty of physics at 
higher energies by the beginning of 1976 
(if the project can go ahead in 1971) rather 
than several years later, whi le sti l l requir
ing the same rate of spend dur ing the f irst 
years of construct ion. What is clear how

ever, is that the use of the PS and its 
exper imental faci l i t ies (without quite 
special f inancial arrangements) assumes 
that all the Member States current ly part i 
c ipat ing in CERN-Meyrin can eventual ly be 
attracted into the new project. 

To turn now to a few points wh ich have 
been under l ined in the course of the dis
cussions — the peak energy of the ma
chine of Project B should be at least 300 
GeV. As emphasized above, this is met by 
the proposals already put forward. What is 
not clear is how best to play the card of 
the missing magnet design en route. It 
depends part icular ly on t imescales. For 
example, the project cannot wai t to be 
absolutely sure that superconduct ing 
magnets are mastered; therefore it must 
begin wi th a design using convent ional 
magnets. If it does not go 'missing magnet ' 
( leaving half the ring clear) it wou ld be 
necessary to cut out over a year's physics 
in convert ing later to superconduct ing 
magnets. There is a good chance, how
ever, that wi th the present rate of de
velopments on superconduct ing techno
logy, the opt ion on superconduct iv i ty can 
be taken by the end of 1973. The project 
might therefore begin planning a conven
t ional magnet half-r ing and dec ide on 
superconduct iv i ty , one way or the other, in 
midstream. 

Since the diameter of the machine, once 
const ruct ion begins, is a parameter wh ich 
can no longer be played with but is a 
parameter wh ich dictates ult imate peak 
energy, it is something which should be as 
large as possible, within the l imits of what 
is pract icable. 

Finally, the European science com
munity wishes assurance that the cont r i 
but ion wh ich would come from the CERN-
Meyrin Laboratory towards the construc
t ion of the new machine would not sub
stantial ly reduce the growth in the physics 
research programme based on the exist ing 
faci l i t ies and those short ly to come into 
service, on wh ich so many European 
physicists depend. 

The discussion is cont inuing but already 
much has crystal l ized out. It is recognized 
that it is of supreme importance to move 
quick ly if part ic le physics in Europe is to 
retain in the coming decades the excel lent 
standing it has now. 
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CERN News A diagram of the split field magnet with its 
compensating magnets to be installed in inter
section region 14 of the ISR. The main magnet, 
designed to provide the longest possible 
trajectory for the high-energy secondary particles 
subject to the field, is symmetrical in relation to 
the plane AA'. At the level of the median 
plane, the magnetic field lines are directed 
towards the top on one side of the 
plane of symmetry and to the bottom on the 
other. The trajectories of circulating protons will 
remain undisturbed outside the intersection region. 
The main spacers are shown in black; the lower 
two could be replaced by four smaller ones 
(cross-hatched) to facilitate certain experiments. 

ECFA new Chairman 
The European Commit tee for Future 
Acce lera tors has elected a new Chairman 
and Secretary who took off ice for the 
f i rst t ime at a Plenary Meet ing held on 
9 May. The Chairman is T. G. Pickavance, 
Di rector of Nuclear Physics at the Science 
Research Counci l (UK) and formal ly 
Di rector of the Rutherford Laboratory. The 
Secretary is D. Hart ing (Nether lands). 

Dr. Pickavance opened the Plenary 
Meet ing recording the great apprec ia t ion 
of the European part ic le physics c o m m u 
nity to E. Amald i (the former Chairman) 
and A. Ci t ron (the former Secretary) for 
the devot ion wi th wh ich they had lead 
ECFA for many years. Professor Amald i 
was elected President of the CERN 
Counci l last December. 

Protons towards ISR 
On 22 Apr i l a beam was ejected f rom the 
CERN proton synchrotron towards the 
intersect ing storage rings for the f irst 
t ime. It was taken about 35 m along the 
beam-transfer l ine through several qua-
drupoles and bending magnets into a 
copper 'beam-dump' . Several per iods of 
mach ine t ime since then have been used 
to check the behaviour of the e ject ion 
and the f irst sect ion of the beam-l ine. The 
per formance meets the design expec
tat ions. 

The fast e ject ion f rom the PS involves 
a fast k icker magnet, posi t ioned in stra ight 
sect ion 97, wh ich bends the beam into 

two septum magnets, in straight sect ion 
16, wh ich complete the eject ion f rom the 
r ing. Two 'bump magnets ' (an innovat ion 
at the PS) also play a part in the e ject ion. 
They serve to distort the beam orbi t in the 
ring so that the beam passes very c lose 
to the f irst septum. When the k icker mag
net comes on, it then has less worK to do 
in bending the beam into the aperture of 
the septum magnet. The eject ion system 
has worked wel l providing beams through 
the f irst part of the beam-l ine wi th remark
able stabi l i ty. Eject ion eff ic iencies have 
been over 90 % . 

The first tests have been carr ied out 
using four, or a l l , of the twenty bunches 
of protons in the synchrotron. However, it 
has proved possible to carry out the 
tests tak ing only two out of the twenty 
bunches leaving the rest of the beam 
for exper iments. Also, to fit in wi th the 
requirements of the exper imental pro
gramme of the PS, the tests have been 
carr ied out wi th at 15 GeV (they wi l l later 
be taken to h igher energies). 

A variety of methods were used to 
observe the e jected beam including p ick
up electrodes, gr id type secondary emis
sion moni tors and closed c i rcui t te le
vision observat ion of screens (consist ing 
of gr ids of f luorescent glass f ibres) 
p laced in the path of the beam. 

At the moment all the control and 
moni tor ing is carr ied out f rom the 'Y 
bu i ld ing ' (where the beam-l ines to the 
ISR fork to take protons to one storage 
ring or the other). This wi l l soon be 
t ransferred to the SRC (Storage Ring 

Control Room) and the control computer 
wi l l be brought into act ion in the sett ing 
up of magnets and the processing of 
informat ion f rom the beam monitors. 
When this stage is complete there should 
be l i t t le problem in extending it to the 
whole of the beam-l ines to the ISR. 

Another major event in the ISR project 
occur red on 13 May. The last of the bend
ing magnets for the two rings was moved 
into p lace comple t ing a steady programme 
of instal lat ion wh ich began at the end of 
1968. A l together 264 bending magnets (72 
short units and 60 long units for each 
ring) have been assembled, tested and 
instal led. 

Split field magnet 
The problems of carry ing out exper iments 
wi th the ISR are very di f ferent f rom those 
at convent ional accelerators. For example, 
the magnet ic f ie lds required for the ana
lysis of the momentum of the col l is ion 
products must cover the intersect ion 
regions for many exper iments and thus 
can also affect the protons which con 
t inue to travel around the rings. These 
protons must emerge f rom the interact ion 
region unaffected by any magnet system 
used in the region. 

A 'spl i t f ie ld ' magnet has been adopted 
for interact ion region 14 (see CERN 
COURIER vol . 9, page 102) and the Mag
net Group of the ISR Department is res
ponsible for its const ruct ion. The or ig inal 
proposal (put forward by J . Steinberger) 
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The fifth-scale model of the split field magnet 
which is being tested in Hall E1. One test 
concerns the measurement of the magnetic field 
by means of a probe, the arm of which may be seen 
protruding from the aperture. The main purpose 
of the model is to perfect the system of shielding 
the beam against the effect of the end fields. 
The beams enter at a wide angle and experience 
focusing forces, due to the end effects, which is 
countered by arranging magnetic screens (the 
shape of which has yet to be decided) around 
the beams. 

was modi f ied to take account of sug
gest ions from A. Minten and other CERN 
physic ists. In this magnet, the vert ical 
f ie ld wi l l be of opposi te polar i ty on ei ther 
s ide of the point of in tersect ion of the 
beams hence the name 'spl i t f ie ld ' . The 
features of the system were determined 
adequately enough for invi tat ions to tender 
to be issued in January and the contracts 
are about to be p laced, so that the mag
net can be instal led dur ing the second 
half of 1972. 

. A f i f th-scale model was comple ted in 
March and is being used to plot a com
plete f ield map, to measure certain 
stresses on the most heavi ly loaded parts 
of the structure, to dec ide on possible 
modi f icat ions to the shape of the yoke 
and, in part icular, to check the charac
ter ist ics of magnet ic screens. The model 
was made in the CERN workshops in the 
record t ime of six months. It has high 
current density in the coi ls (30 A /mm 2 ) 
and the amount of power d iss ipated is 
650 kW. 

Screening the beam 

The magnet has to satisfy several require
ments — f ields as high as compat ib le 
wi th reasonable running costs, a f ie ld 
vo lume in wh ich the largest possible 
number of detectors (for example, pro
port ional wire chambers — see page 151) 
can be instal led, and no overal l effect on 
the protons wh ich cont inue to c i rcu late in 
the r ings. On this last point, there are two 
factors to be taken into considerat ion — 
horizontal def lect ions and focus ing effects. 

To obtain a zero hor izontal def lect ion, 
the structure of the magnet has been 
made such that it is d iv ided by a radial 
vert ical plane into two symmetr ica l parts 
where the vert ical component of the f ie ld 
is in opposi te d i rect ions. Thus a c i rcu lat 
ing proton is def lected, f i rst to the left 
unti l it reaches the point of in teract ion, 
and then to the right, wh ich br ings it back 
towards the t ra jectory on wh ich it was 
travel l ing in the absence of the f ie ld . 
(This sequence is, of course, reversed in 
the case of the other beam.) In pract ice, 
two compensat ing magnets must be added 
both upstream and downst ream of the 
spl i t f ie ld magnet g iv ing the proton an 
S-shaped trajectory. 
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The most sat isfactory solut ion to the 
focusing problem has been found to be 
the instal lat ion of s leeve-shaped screens 
at the point where the beams enter the 
split f ie ld magnet. They shield the beam 
from the considerable asymmetr ica l end 
effect where the beams enter the magnet 
at a large angle. 

Main features 

The spl i t f ie ld magnet wi l l be 10.2 m long, 
wi th a maximum width of 3.2 m provid ing 
a useful f ield volume of 28 m 3 w i th an 
aperture of 1.1 m. Each half-yoke weighs 
400 tons, d iv ided into components we igh 
ing not more than 60 tons each to al low 
their t ransport by the ISR cranes. Each 
of four coi ls weighs 13 tons and passes 
a peak current of 6250 A wi th a power 
d iss ipat ion of 4 MW. The f ie ld in the 
median plane is about 12 kG, and is 
higher near the poles. The f ie ld is not 
uni form, and thus the f ie ld maps must be 
very accurate ly made to be fed into com
puter programmes for determin ing part i 
c le momenta. 

ESONE General 
Assembly to be held 
at CERN 
The General Assembly of ESONE (the 
Commit tee for European Standards of 
Nuclear Electronics) wi l l be held at CERN 
f rom 13 to 16 October 1970. The Assembly 
meets each year at one of its member 
organizat ions; CERN has offered sponsor
ship for this year 's conference. 

About 40 representat ives f rom the 
member organizat ions and some observers 
f rom other organizat ions in Europe and 
f rom the USA wi l l meet to d iscuss and 
programme their act iv i t ies in the f ie ld of 
e lect ronics. The main topic wi l l be 
' C A M A C , a system (mechanical and 
logical) for data handl ing (see CERN 
COURIER vo l . 8, page 314). 

Other top ics may include the general 
rules app l icab le to membership of ESONE 
and to the Execut ive group, appl icat ions 
for membersh ip f rom various Laborator ies, 
and co l laborat ion wi th the NIM commit tee 
(which is concerned wi th the 'N IM' stand-
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Four r.f. cavities installed in the ISR; seven 
cavities are scheduled for each ring (in one 
group of three and one of four). Six will be in 
use for acceleration, while the seventh is in 
reserve as a spare. Tests on the installed cavities 
are now under way. 

ard electronics) . The var ious act iv i t ies of 
the work ing groups may also be d iscussed 
in the f rame of general pol icy and also 
the problem of the 'central bureau ' 
in tended to coordinate adminis t rat ion and 
techn ica l act iv i t ies between all the 
members . 

An informal exhibi t ion of CAMAC instru
mentat ion wi l l be held at the same t ime 
(12-16 October) i l lustrat ing the commerc ia l 
act iv i ty in the f ie ld. 

An indicat ion of the speed at wh ich the 
CAMAC system is receiving w ide accept
ance is that the USA Atomic Energy Com
mission NIM Commit tee, meet ing in Wash
ington in March, endorsed the CAMAC 
system as a 'complementary system to 
NIM' , and as 'the only dataway system 
that seems l ikely to receive wide accept
ance by the Laborator ies at this t ime' . 

Detai ls of the CAMAC system proposed 
by the ESONE Commit tee in wh ich CERN 
par t ic ipated can be found in a EURATOM 
document EUR 4100e. 

Installation of ISR r.f. 
cavities 
In the normal process of in ject ion into the 
ISR, the momentum of the in jected pro
tons must be increased so that they move 
out of the in ject ion orbi t leaving it f ree for 
the next pulse f rom the proton synchro
t ron. This accelerat ion is brought about by 
six r.f. cavit ies in each r ing. These cavit ies 
have now been instal led in ring No. 1 and 
test ing is under way. 

The main features of a cavity are: r.f. 
vol tage var iable f rom 12 V to 3.3 kV; f re
quency adjustable in relation to the 
in ject ion energy f rom 9.25 to 9.55 MHz 
corresponding to an energy range of f rom 
3 to 28 GeV for the injected protons. In 
v iew of the accelerat ing frequency, their 
unit length should be 7.5 m (a quarter of 
the wave- length, corresponding to a f re
quency of 9.5 MHz). It is possible, how
ever, to reduce their length to » 1.3 m 
using a f ixed capaci tor of 1000 pF for 
each cavity. 

A var iable capaci tor (giving a range of 

10 to 110 pF, added to the f ixed capa
ci tance) is used to vary the resonant f re
quency. This cavi ty tuning system can be 
used because of the small f requency 
range ( 3 % ) . In the PS or the Booster, on 
the other hand, the f requency var iat ion 
range is much larger, and it has been 
necessary to use ferr i tes whose permea
bi l i ty (which contro ls the resonant f re
quency of the cavi i ies) can vary over a 
wide range. 

The ISR cavi t ies are pr imari ly water-
coo led, a l though there is a supplementary 
a i r -cool ing system. The power ampl i f iers, 
the main component of wh ich is a water-
cooled tet rode, are housed in the base of 
the cavi t ies. They can be removed by 
remote-contro l led manipulators to reduce 
handl ing t ime. A phase- lock system simi lar 
to that of the PS wi l l be used in acceler
at ion, a l though in this case there is the 
compl ica t ion that the system must select 
the bunches wh ich have just been in jected 
and remain bunched under the effect of 
the r.f., f rom the debunched proton beam 
already stored in the machine. 

One of the main di f f icul t ies presented 
to the r.f. system is beam-loading in the 
cavi t ies. This is being handled by a com
binat ion of two techniques. The first 
involves a w ide-band feed-back system 
reducing the impedence seen by the 
beam. The second uses a signal pro
port ional to beam intensity der ived f rom 
the beam to compensate the effect of the 
beam current. These techniques decrease 
the effect ive impedence to less than ten 
ohms per cavity. 

The power suppl ies and some of the r.f. 
cavity cont ro ls wi l l be instal led in two of 
the eight auxi l iary bui ld ings located at the 
centre of the r ings 150 m f rom the tunnel , 
whi le the who le assembly wi l l be con
t ro l led f rom the main ISR control room. 

Tests on the cavi t ies are scheduled for 
complet ion by August of this year. 
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Proportional chambers Simplified circuit diagram for an amplifier 
processing unit such as is used for a single 
wire in a multiwire proportional chamber. The 
pulse from the wire enters on the left and is 
amplified by a factor of about a 1000, shaped, 
and delayed while a 'decision' is taken by all 
the electronic circuitry as to whether the 
information should be stored. If the decision is 
positive, a 'gate' opens to store the information 
in the computer. The information is transferred 
sequentially for groups of wires (32, or sub-
multiples of 32, wires). 

Progress in part ic le physics has been 
closely l inked wi th the development of 
part ic le detectors. The invent ion of new 
detectors has progressively provided 
observat ions and measurements wh ich 
were previously impossib le. Development 
has then taken place rapidly f rom the 
prototype table to giant systems using the 
advantages of the detector to the fu l l ; the 
evolut ion of bubble and spark chambers 
are cases in point. 

Mul t iwire proport ional chambers may be 
undergoing a s imi lar development . After 
a modest start, using a few tens of wires 
in 1968, chambers wi th 10 000 wi res are 
now being prepared for exper iments, and 
chambers wi th more than 100 000 wires 
are planned for the not too distant future. 

The mult iwire propor t ional chamber in 
its modern form was invented at CERN 
(see CERN COURIER vo l . 9, page 174) 
and this art ic le wi l l t race its development 
over the past two years. We f i rst review 
their pr inc ip le of operat ion, thei r ad
vantages and disadvantages in relat ion to 
other e lectronic detectors. 

The ancestor of the proport ional 
chamber was the propor t ional counter, 
wh ich has been in use s ince 1936, but 
wh ich has undergone l i t t le development 
s ince then. It consists of a gas-f i l led metal 
cy l inder through wh ich a wi re passes 
axial ly, held at a posit ive potent ial of 
several thousands of vol ts in relat ion to 
the cyl inder. When an ionizing part ic le 
passes through the gas in the cyl inder, it 
generates posit ive ions and electrons. The 
electrons are at t racted by the wi re and, 
over the last few microns of their t ra jec
tory, are so accelerated that an avalanche 
is produced, giv ing a pulse of a few mi l l i 
volts on the wire. 

If the appl ied vol tage is between certa in 
values (of the order of a few thousand 
volts) the current is propor t ional to the 
ionizat ion produced by the part ic le, 
regardless of its d is tance f rom the wi re . 
If th is current is ampl i f ied, it is possible 
not only to detect a part ic le, but also to 
measure its ionizing power. The major 
defect of the counter, wh ich led to its 
replacement in most cases by the sc in
t i l lat ion counter, is that its resolut ion t ime 
is almost 1 microsecond. 

Since 1943, mul t iwi re propor t ional 
counters have nevertheless been con

structed for special purposes. Here, a 
plane of paral lel wires held at al ternately 
posit ive and negative potent ials was 
stretched across the gap between two 
e lect rode planes. The aim in al ternat ing 
the vol tage was to stop capaci t ive cou
pl ing between adjacent wires at the same 
potent ia l . The spatial resolut ion wi th a 
wire spacing of 3 mm was 6 mm wh ich 
leads also to a poor t ime resolut ion. For 
these reasons such chambers cou ld not 
compete wi th spark chambers and it had 
l imited appl icat ions. 

G. Charpak and his group at CERN 
discovered, in 1968, that there is no need 
to al ternate the potent ials of the wires. If 
the main pulse is negative, weaker po
sit ive pulses wi l l be received on the 
neighbour ing wires. Al l that is necessary 
is to have the ampl i f iers insensit ive to the 
posit ive pulses in order to identi fy the 
wire receiving the electron avalanche. 

The resolut ion thus improved by a factor 
of two. With all the wires in one plane at 
the same potent ia l , it is easier to place 
them very close together. One could thus 
reach resolut ions of a mi l l imetre, as in 

spark chambers. Small detectors using 
this pr inc ip le were bui l t at CERN in 1968 
and chr is tened mul t iwire proport ional 
chambers. 

Their advandages are: 

1) Unl ike spark chambers, they need 
not be pu lsed; the vol tage is cont inuously 
appl ied and, as the passage of a par t ic le 
br ings no apprec iab le vol tage drop, any 
number of* part ic les can be detected at 
the same t ime. 

2) The 'dead t ime' is determined by the 
e lect ron ic c i rcui ts . It is zero for two pulses 
af fect ing two dif ferent wires and less than 
100 ns for the same wire. Count rates per 
w i re have been attained wh ich are very 
high compared to those f rom spark 
chambers (of the order of a few MHz). 
This is a great advantage at a t ime when 
beam intensit ies are c l imbing s igni f icant ly 
h igher and when 'high stat ist ics ' exper i 
ments are becoming more important . 

3) The resolut ion t ime mainly dependent 
on the d is tance between the wi re and the 
t ra jectory is thus a funct ion of the wi re 
spac ing (24 ns for 2 mm and 36 ns for 
3 mm). This represents an increase of 10 



Section of a multiwire proportional chamber with 
three detection planes which will be mounted 
inside the split field magnet at the intersection 
region 14 of the ISR (see also page 148 of this 
issue). The pitch of the wires is 2 mm. 
For maximum utilization of the useful gap volume 
the frame which carries on each side amplifiers 
and data processing units must be of minimum 
thickness. 

Three planes of wires can be seen: 1 vertical 
and 2 oblique, a system which allows the 
position of simultaneous events to be resolved. 

to 30 over that of spark chambers. This is 
a major advantage. ' 

4) The proport ional chamber is v i r tual ly 
unaf fected by a magnet ic f ie ld . This is 
another major advantage since detectors 
are needed in a strong magnet ic f ie ld for 
many exper iments. (Other methods involv
ing spark chambers in intense f ie lds are 
being developed also, part icular ly the 
capaci t ive storage method put forward by 
E. Quercigh.) 

5) Detect ion eff ic iency is between 99.5 
and 9 9 . 9 % for any number of part ic les. 
The chambers are therefore sui table for 
the analysis of certain complex events, 
unt i l now the exclusive province of opt ica l 
chambers . 

6) The chambers give less accurate 
ionizat ion measurements than the pro
port ional counter, but the accuracy is 
suf f ic ient to a l low part ic les of c lear ly dif
fer ing energy to be separated. 

7) Finally, neither the ef f ic iency nor the 
spat ia l resolut ion is affected by the angle 
of inc idence of the part ic les, contrary to 
spark chambers. 

Their d isadvantages are: 

1) The spatial resolut ion is a funct ion 
of the gap between the wires. On large 
chambers now in operat ion, a resolut ion 
of ± 0 . 6 mm is being attained, wh ich is 
sti l l tw ice as high as that of the best wi re 
spark chambers. However, there is sti l l the 
possibi l i ty of improvement. 

2) The cost of proport ional chambers is 
h igh. The signals have to be ampl i f ied and 
processed independent ly for each wire 
wh ich at present involves a cost of about 
60 Swiss f rancs per wi re. The pr ice thus 
becomes prohibi t ive where chambers wi th 
large numbers of wires are wanted. The 
technology of e lect ronics is, however, ad 
vancing rapidly and, as wi l l be discussed 
later, large-scale integrated c i rcui ts offer 
opportuni t ies for cost reduct ions. 

A d is t inct ion has to be drawn between 
costs related to ampl i f icat ion and costs 
related to signal processing. For the latter, 
the pr ices wi l l be di rect ly determined by 
e lect ronics and even if they remain h igh, 
they may be just i f ied compared wi th 
pr ices of s imi lar systems in other spark 
chambers because the price includes the 

select ion of the part ic le and reject ion of 
unwanted events — processes wh ich , in 
other chambers, give rise to considerable 
expendi ture. The cost of pulsed high 
vol tage generators and that of special gas 
are also saved. 

A new development has recently al tered 
the problem of ampl i f icat ion considerably. 
Studies on the corre lat ion between the 
nature of the gas f i l l ing the chamber and 
the ampl i f icat ion of the avalanche resulted 
in the d iscovery of a 'magic mixture ' in 
wh ich the ampl i f icat ion factor is mul t ip l ied 
by almost 100. (An ar t ic le has been sub
mit ted to 'Nuclear Instruments and Me
thods ' by the group work ing on the spl i t 
f ie ld magnet detector.) This development, 
is sti l l too new for any precise analysis of 
its effects to be made, but it is heartening 
to note that progress is sti l l possible in 
such an o ld technology. In spite of the 
accepted theoret ica l l imit of 10 6 for the 
gain, 10 8 has been achieved in pract ice. 

Construction of proportional chambers 

The const ruct ion of large chambers must 
be undertaken wi th great care, especial ly 
when the gap between wires is smal l . 
CERN workers have developed a machine 
for 'weaving ' the wi res so that the tension 
on each wi re is uni form. When the wires 
are very long, however, unique problems 
occur wh ich have never been met on 
spark chambers. They are due mainly to 
e lectrostat ic phenomena wh ich have been 
careful ly examined part icular ly by the 
CERN-Heidelberg group. 

To s impl i fy assembly, chambers made 
up of f rames of wi res capable of being 
stacked one on top of the other are now 
being const ruc ted. The high vol tage 
f rames consist of gr ids of paral lel wires or 
of very th in a lumin ium foi ls (a few microns 
thick) wh ich are highly t ransparent to 
part ic les. 

The main problem involved in reducing 
the spacing between wires is that the 
charge per wi re is reduced, for a given 
vol tage. It can be compensated by increas
ing the vol tage, but a l imit is set by f lash-
overs. Nevertheless, some authors c la im 
to have bui l t chambers wi th two wires per 
mi l l imetre. 
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Several automatic machines, developed in the 
West workshop at CERN, are available to 'weave' 
wire chambers of all kinds. These machines 
stretch the wires on a frame and keep both the 
wire tension and the gap between the wires 
constant. The latter is maintained constant by 
toothed racks between which travels a shuttle 
fitted with a servo-mechanism for adjusting the 
tension (between 10 and 50 g). The wire leaves 
one rack, passes around a tooth on the opposite 
one, and then returns. Racks are available, with 
pitches varying from 1 to 3 mm; gaps of less than 
1 mm can also be produced by means of a 
special device. A wire can be woven over a 
width of 1.20 m in about 7 s. 

Associated electronics 

An ampl i f icat ion of about a thousand has 
to be provided. Conventional transistor 
ampl i f iers were used in the f irst chambers 
but the move is now towards industr ial 
mass-produced integrated c i rcui ts. With 
the new gas mixtures it wi l l be possible 
to mult iply the signal voltages by about 
a hundred, and the cost of the ampl i f ier 
wi l l drop to a point at wh ich it wi l l have 
l i tt le f inancial weight. 

. To turn to signal processing, it has 
been found necessary to design special 
read-out circui ts wh ich select the pulses, 
store them and feed them into the com
puter. Very compact c i rcui ts ful f i l l ing both 
ampl i f icat ion and data handl ing funct ions, 
have been perfected on the basis of 
d iscrete integrated c i rcui ts . There is a 
tendency to unite c i rcui ts for several wires 
(a group of four init ial ly, eight now and 
possibly thir ty-two in the future) on a 
single wafer. The circui ts of several wires 
(for example, eight at a time) can be con
tained within the same unit wi th an area 
of a few square mi l l imetres, and at a pr ice 
hardly higher than that for one single wire. 

The circui t logic varies from exper iment 
to experiment part icular ly wi th regard to 
pulse select ion and the grouping of 
co inc idence and ant i -co inc idence signals, 
gate opening t imes, etc. Only one output 
to the computer is needed per group, 
considerably reducing the number of con
nect ions and the cost. 

'Polyvalent' c i rcui t ry is vir tual ly the sine 
qua non for proport ional chambers wi th 
very large numbers of wires (more than 
10 000). 

Speci f icat ions have been sent to industr ial 
f i rms but, so far, European and Amer ican 
industry is reluctant to invest in the manu
facture of such circui ts. Whi le technical ly 
they are perfectly feasible, considerable 
investment would be required and a 
reasonable profi t could be made only if 
very large numbers were ordered. Col la
borat ion between Laborator ies to s tand
ardize speci f icat ions is essential and is 
helped by the close contacts exist ing be
tween CERN and the other European 
Laboratories. 

Proportional chambers in use 

The f irst mult iwire proport ional chambers 
were tested in an experiment carr ied out 
on the synchro-cyclotron by the Charpak 
group. Since then, a number of others 
have been bui l t : 

1) Beam prof i le analyser (G. Amato, 
G. Petrucci). 

The first, built in 1968, was a small beam 
analyser (see CERN COURIER vol . 9 page 
175) compr is ing two planes of wires which 
was used to f ind the horizontal and ver
t ical prof i le of a beam. 

2) Beam analyser 

Short ly afterwards, a CERN/lmper ia l 
Col lege group built a set of seven simi lar 
chambers. They were used in var ious ex
periments to f ind the posit ion and momen
tum of part icles in dif ferent incident 
beams. They differed from the previous 
ones in adding to the ampli f ier stage an 
integrated-circui t processing stage. They 
have proved reliable and easy to operate. 

3) Beam diagnostic equipment 

A set of six small chambers connected 
to a computer with a display system was 
constructed to specif icat ions provided by 
a NP Division group (Petrucci et al.) to 
monitor the beams to experiments (phase 
space divergence, and energy spectra 
measurements). They have been in use 
since February 1970 and have proved 
extremely simple diagnost ic tools enor
mously faci l i tat ing the control of the 
beam-l ines. Certain operat ions, previously 
thought unreasonable because they would 
have taken several days' beam t ime are 
now carr ied out in less than an hour. 

4) Chambers for physics exper iments 

Chambers are now being bui l t by a 
CERN, Caen group to be used in an 
exper iment measuring kaon-neutron scat
ter ing due to begin at the PS about the 
beginning of 1971. There wi l l be an 
assembly of nine planes of wires, the 
largest measuring 1.20 X 0.80 m 2 . 

5) Large chambers 

The largest mult iwire proport ional 
chambers are at present under construc
t ion for a CERN, Heidelberg experiment. 
Two of the planes of wires measure 
2.85 X 0.90 m 2 . This experiment is sched

uled for the end of 1970 and wi l l study 
the decay of the neutral kaon. It wi l l be 
the f irst extensive physics exper iment wi th 
chambers of this type to make use of their 
high count ing rate, which wil l make it 
possible to use beams five to ten t imes 
more intense than is possible wi th spark 
chambers. Up to 2000 decays per synchro
tron pulse may be detected. In addi t ion, 
the accuracy of measurement wi l l be in
creased b y ' a factor of ten by compar ison 
with a s imi lar previous experiment. 

6) Detector for the ISR 

A second large project concerns the 
construct ion of the chambers to be in
stal led in the spl i t f ield magnet of the 
ISR (see page 148). Here, the condi t ions 
are di f ferent: 

a) The detector must be capable of use in 
as wide a variety of experiments as possi
ble. The electronics must, therefore, be 
very versat i le. 

b) The magnet ic f ield volume must be 
used to the ful l , and thus the structure 
and the electronics must be designed for 
maximum space-saving. 

The planes of wires wi l l measure 150 
X 50 c m 2 , w i th a total of 10 000 wires in i 
t ial ly. Further sets of wires could be added 
later to increase this total to up to 100 000, 
so that complex events can be analysed. 

The future of mult iwire proport ional 
chambers is largely dependant on the 
possibi l i ty of reducing their pr ice. If, be
cause of a lack of demand, advantage 
may be taken only of progress made in 
the actual construct ion of the chambers 
(gas ampl i f icat ion for example) the 
chambers wi l l probably f ind wide-spread 
use as t r iggers for opt ical or automat ic 
chambers, but not very much more. How
ever, if the cost barr ier can be overcome, 
it wou ld be possible to bui ld colossal de
tectors capable of replacing the best 
methods of detect ion now avai lable. 
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Around the Laboratories 

CORNELL 
Slow ejected beam 
The most recent addi t ion to the exper i 
mental faci l i t ies at the Cornel l 10 GeV 
synchrot ron has been a s low e jected 
e lect ron beam. Using the resonant e ject ion 
techn ique, a pulsed quadrupole magnet in 
the synchrot ron moves the betatron osc i l 
lat ion f requency f rom 10.68 per turn 
toward the half- integer resonance at 10.5. 
An octupole magnet provides the non-
l ineari ty, that makes the f requency a 
funct ion of osci l lat ion ampl i tude, thus 
enabl ing one to spi l l the beam slowly. The 
beam jumps a septum 0.8 mm th ick, 
passes through two more septum mag
nets, emerg ing through the f r inge f ie ld 
of the synchrotron and a specia l port in 
the yoke of the ring magnet. Outs ide the 
synchrot ron it passes through an achro
mat ic system of d.c. magnets wi th qua
d r u p l e s to match the beam opt ics to 
exper imenta l requirements. 

The eject ion system and beam t rans
port worked perfect ly almost immediately. 

Eject ion ef f ic iency is about 75 % and the 
spi l l can be spread to 2 ms (the repet i t ion 
rate is 60 Hz). The beam focuses to a spot 
less than 1 m m 2 wi th a d ivergence less 
than 1 mrad in both planes. No col l imat ion 
is used and the halo seems to be negl i 
g ib ly smal l . 

A successful measurement of elast ic 
e lect ron-proton scatter ing has been made 
as a check of the performance of the 
beam and of a recently constructed 
10GeV/c spectrometer system. An exper i 
ment on co inc idence e lect roproduct ion in 
the deep inelast ic region is now beginn
ing. 

With in a month a f i f th r.f. accelerat ing 
sect ion wi l l be instal led, increasing the 
maximum energy of the synchrotron by 
the factor (1.25) 1/4, giving about 10.6 GeV. 
Actual ly , the most important effect wi l l 
be the increase in rel iabi l i ty of operat ion, 
s ince only four of the five sect ions wi l l be 
needed for energies between 9 and 
10 GeV. 

A programme to raise the synchrot ron 
energy to 15 GeV is now in progress. The 

Director of the 300 GeV project, J. B. Adams, 
visited several USA Laboratories in April. He is 
photographed here boarding a helicopter on 
17 April for an aerial view of the progress of 
construction of the 200-500 GeV accelerator at 
Batavia. With him, on the right, is F. T. Cole, 
Assistant Director for Technical Affairs. 

(Photo NAL) 

radiat ion losses at 15 GeV wi l l be 50 MeV 
per turn instead of the present 10 MeV 
per turn at 10 GeV. This enormous increase 
in the need for r.f. power at the end of 
the acce lerat ion cyc le wi l l be met by a 
superconduct ing r.f. accelerat ing sect ion. 
A test cavi ty of n iob ium has been oper
ated S-band wi th an unloaded Q value of 
6 x 10 8 and the effect of intense radiat ion 
on the cavity has been invest igated. The 
complet ion of the superconduct ing system 
is planned for 1972. 

The synchrot ron began operat ing for 
exper iments about two and a half years 
ago. In this per iod, the accelerator has 
behaved very wel l indeed providing about 
7000 hours of scheduled exper imental 
t ime dur ing the last year. The programme 
has consisted of exper iments on quantum 
e lect rodynamics and photoproduct ion of 
pions, kaons, and vector mesons. Most of 
these exper iments have been done by 
Cornel l groups, but some have been per
formed by an outs ide group or outs ide 
co l laborators. 

As the operat ion has become more 
stable, the Laboratory is now better pre
pared to accommodate a larger number 
of outs ide users. The curta i lment of ex
per imental p rogrammes at other Labo
ratories (part icular ly at the Cambr idge 
Electron Acce lera tor Laboratory — see 
CERN COURIER vo l . 10, page 120) has 
led to an increased interest in the use of 
the Cornel l machine. Cornel l encourages 
this interest and we lcomes the exper i 
mental proposals. Such increased user 
act iv i ty wi l l help maintain a healthy and 
wel l -ba lanced programme at the acceler
ator. 

TRIUMF 
News from Annual Report 
Some items of in format ion f rom the latest 
Annual Report of the 500 MeV cyc lot ron 
project , TRIUMF, under construct ion at 
Bri t ish Co lumbia in Canada. 

A unique feature is being fed into the 
design of the accelerat ing system. Be
cause of the s imple rectangular shape of 
the r.f. resonator it is comparat ively easy 
to add the 3rd harmonic to the waveform. 
This has been conf i rmed in model studies. 
The result is a f la t - topped waveform giv-
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First simultaneous storage of electrons and 
positrons in the Cambridge Electron Accelerator. 
The television screens show the cross-sections 
of the beams observed at three different points 
in the ring. Each view is provided by a camera 
receiving (via two oppositely facing mirrors) 
synchrotron radiation from electrons travelling 
counter-clockwise and from positrons travelling 
clockwise. Each camera sees two differently 

shaped cross-sections because the beam 
segments emitting the light are in magnets of 
different type. The separation of the two spots is 
a consequence of adjusting mirror tilt so as to 
show the two spots separately. The beams were 
actually coincident, since the electrostatic sepa
ration system was not powered. 

(Photo CEA) 

ing a 'square wave' accelerat ing vol tage, 
wh ich has advantages such as increased 
phase acceptance and subsequent im
provement in energy spread and duty 
factor. 

To improve focusing and to reduce the 
e lect r ic str ipping of the negat ive hydrogen 
ions by using a lower average magnet ic 
f ie ld , the machine d iameter has been 
increased to 314 inches. The magnet con
t ract has been placed (covered in CERN 
COURIER vol . 10, page 88). Work on the 
ion source and in ject ion system, the beam 
dynamics, vacuum system, and extract ion 
areas is wel l advanced. 

Five Users Groups (Meson, Radioche-
mistry, Slow Neutron, Radiobio logy and 
Radiotherapy, and Proton) are contr ibut ing 
part icular ly to the evolut ion of the exper i 
mental faci l i t ies. Together wi th the Operat
ing Commit tee they are now discussing 
a schedule for the avai labi l i ty of the 
var ious proposed beams f rom the cyc lo
t ron. 

A layout for the meson area has been 
prepared. It involves the use of two 
targets — a thin target feeding two beam 
l ines (one to take pions in the energy 
range 100-250 MeV, one for pions of lower 
energy) and a th icker target for the pro
duct ion of 's topped' pions and muons and 
a high intensity, low energy pion beam for 
b io-medical use. 

The radiochemistry users have a 'Che
mistry Annex' of 4000 sq ft des igned wi th 
two hot cel ls for handl ing very act ive 
mater ials. 

The slow neutron users expect a min i 
mum f lux of thermal neutrons equivalent 
to 7 .610 7 per c m 2 per second for a 2 
degree cone. There wi l l be f ive neutron 
beam ports — two cor responding to dif

ferent energy peaks (thermal and 1500° K) 
to be used for neutron di f f ract ion studies 
of magnet ic structure, one for studies of 
crystal structure, one for neutron capture 
gamma ray spectroscopy and one for neu
tron scat ter ing spectroscopy. 

A large Radiobio logy-Radiotherapy Labo
ratory has been designed. This research 
wi l l use a negative pion beam which is 
under study. (The work is suppor ted by 
such bodies as the National Cancer Inst i 
tute, the Health Resources Fund and the 
Brit ish Columbia Cancer Treatment and 
Research Foundation.) 

Proposed exper imental faci l i t ies for the 
proton area inc lude: a scat ter ing chamber 
wi th t ime-of- f l ight extension arms for 
heavy-part ic le ident i f icat ion and the study 
of high isobaric spin states in f ission f rag
ments and other charged part ic le re
act ions; hydrogen and deuter ium targets 
for the product ion of secondary beams of 
unpolar ized and polar ized neutrons and of 
polar ized protons; a pion spect rometer to 
study pion product ion by neutrons and 
protons; a high resolut ion proton spect ro
meter to exploi t the extremely good 
energy resolut ion (ult imately expected to 
be ± 25 keV) of the pr imary proton beam. 
The proton area wi l l be d iv ided into two 
regions: one accept ing proton beams of 
up to 10 fiA, the other l imited to a maxi 
mum intensity of 1 \iA. 

CAMBRIDGE 
Electron and positron beams 
stored simultaneously 
On 11 Apr i l 'Project Bypass' at the Cam
br idge Electron Accelerator Laboratory 
took another important step towards its 

goal when electron and posi tron beams 
were stored simultaneously for the firsi 
t ime. The co l l id ing beam faci l i ty (de
scr ibed in CERN COURIER vol . 8, page 
289) now has top prior i ty in the Labo
ratory fo l lowing the budget cuts wh ich are 
leading to the curta i lment of the con
vent ional research programme at the 
6 GeV elect ron synchrotron. 

The photograph shows three TV views 
(from cameras mounted adjacent to 
straight sect ions) of the synchrotron radi
at ion in the vis ible range emit ted by the 
electron and posi tron beams. The beams 
are of course travel l ing in opposi te 
d i rect ions and mirrors are used to br ing 
the l ight to a single camera. The beams 
were co inc ident s ince the electrostat ic 
separat ion system was not powered and 
the separat ion of the visible spots was 
arranged arbi t rar i ly by adjust ing the 
angle of the mirrors. The beam energy 
was 2 GeV and the beam intensity of the 
order of 1 mA. 

General progress on the project in 
Apr i l was as fo l lows: Mul t i -cycle in ject ion 
of posi t rons has been improved using a 
modi f ied off-axis inf lector posi t ioned on 
the inside of the orbi t . Positron beams of 
11 mA peak and 4 mA average have been 
achieved wi th a 1/e f i l l ing t ime of 20 s 
and a beam decay t ime of 1.5 m. The best 
results were obtained at 2.1 GeV peak 
energy. Mul t i -cyc le in ject ion of electrons 
at 240 MeV achieved 25 mA peak. 

Both beams suffered f rom instabi l i t ies, 
wh ich were current dependent, when 
changing to d.c. operat ion at the top ol 
the accelerat ion cycle. For example when 
the posi t ron beam was non-uniformly 
d is t r ibuted, the high current port ions suf-
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fered most and f inished wi th especial ly 
low current. This appl ied for currents in 
excess of 1 mA and peak stored currents 
were 3 mA for positrons and 10 mA for 
e lectrons. Work is now under way to 
contro l the effects using an octupole lens 
and beam-widening techniques. 

Control of the separat ion between hor i 
zontal and vert ical osci l la t ions using 
Panofsky type ferr i te-cored quadrupoles is 
instal led and work ing wel l . The e lect ro
stat ic plate system for vert ical separat ion 
of the beams has been improved and 
tested. Also tests have begun on computer 
cont ro l of the bypass magnets. Finally, 
work is under way on the two l inacs, the 
converter and the inject ion systems so as 

to be able to swi tch f rom electron f i l l ing 
to posi tron f i l l ing in less than 30 s. 

BERKELEY 
Discovery of element 105 
It was announced on 28 Apr i l that a team 
of scient ists at the Lawrence Radiat ion 
Laboratory, led by A. Ghiorso, have pro
duced atoms of element 105, the heaviest 
yet d iscovered. They have proposed the 
name 'hahnium' (symbol Ha) in memory 
of the German scient ist Otto Hahn. 

The element was made in bombard ing a 
target of cal i fornium-249 (element 98) wi th 
a beam of n i t rogen ions accelerated to 

84 MeV in the Laboratory 's Heavy Ion 
Linear Acce lera tor (HILAC). Hahnium-260 
was formed and was found to have the 
unexpectedly long half- l i fe of 1.65 s. A lpha 
part ic les of character is t ic 9.1 MeV energy 
are emit ted in the decay. 

This new work adds another feather to 
the already highly decorated cap of the 
Lawrence Radiat ion Laboratory. They have 
a strong c la im to the f irst ident i f icat ion of 
all the heavy elements f rom plutonium 
(element 94) to hahnium (element 105). 

SPECIAL 
NUCLEAR 
SHIELDING 

CHEMTREE CORPORATION 
Central Valley, N.Y. 914-928-2293 

( J U M P ] measurement ® 
and control 

• O 
[fjTkW so... "loo c| 

electronic 
temperature controller 

Installed depth 150 mm, gross prices: 
from DM 200.— for resistance 
thermometers, 

from DM 280.— for thermocouples 

GS 
two-level controller 
two-level controller with 
limit contact 
three-level controller 
interval controller 

with measured value indication, 
installed depth 120mm, gross prices: 
from DM 290.— for resistance 
thermometers, 
from DM 370.- for thermocouples 

w i t h 

switching differential 0.5° C 
(0.1° C) 
PD or PID feedback 
very accurate adjustment 

installed depth 82 mm, gross prices: interchangeable plug-in 

« h e l o m a t J r t * " r e S i S , a " C e c h a s s i s ' ™ a s u r e d value 
from DM 250.- for thermocouples indication built-in 
M. K. JUCHHEIWI GmbH & Co., 64 FULDA, Phone 06 61/80 01, Telex 049701 
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For the newest appl icat ion data and specs, contact EG&G, Inc., Nuclear 

Instrumentat ion Divis ion, 36 Congress Street, Salem, Massachusetts 

01970. Phone: (617) 745-3200. Cables: EGGINC-SALEM. 

TWX: 710-347-6741. TELEX: 949469. 



P L U G - I N 

C O N N E C T I O N FOR 

CIRCUIT BOARDS 
« HIGH QUALITY » 

Type STV 32, 64, 96 pins 

Temperature range: —55°...+ 125° C 

Resistance against shock and vibrat ion: 

no contact failure ^ 1 ms at 50 g between 

10 and 2000 c/s 

Designed according to : VG 0095324 

Tested according to : 

CEI and DIN standards 

Appl icat ion: 

Space research, aviation, military 

equipment, general electronic 

equipment of high quality 

Suitable for single - double - or multilayer 

prints. 

ERNI + Co. Elektro- Industrie 
C H - 8 3 0 6 Brùttisellen-Zûrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 5 3 6 9 9 

ERNI 

Digital talks the most important 
language in the computer business: 
CHOICE. We offer a range of 
computers to perform a host of 
functions in science, industry, 
business, and education. From our 
mini PDP-8 right up to our 
large PDP-10. 

P D P - 8 
Min i c o m p u t e r fami ly . P D P - 8 / L ; B ig power . 
Sma l l s ize . Sma l l p r i ce . PDP-8/ I : Des igned w i th 
t o m o r r o w ' s e x p a n s i o n in m i n d . Over 7,000 
ins ta l led w o r l d w i d e . Ex tens ive so f tware and 
pe r i phe ra l s . 

P D P - 1 1 
Revo lu t i ona ry sma l l c o m p u t e r . Four th 
g e n e r a t i o n 16-bi t m a c h i n e . Un ique 
a r c h i t e c t u r e , p o w e r f u l o rde r c o d e , spec ia l 
i n te r rup t s c h e m e , c o m p a c t , fast. Ideal fo r 
b u i l d i n g in to a sys tem. Supe r modu la r i t y w i t h 
new c o n c e p t c a l l e d U N I B U S ® . 

P D P - 1 2 
C o m p l e t e c o m p u t e r sys tem. Ta lks to the user 
t h r o u g h a t e l ev i s i on - l i ke d isp lay . User ta lks 
back w i th a t e l e t ype . Bu i l t - i n magne t i c tape 
un i ts and a n a l o g to d ig i t a l e q u i p m e n t . B ig 
so f tware p a c k a g e a n d long l ist of op t i ons . 

C O M P U T E R P A C K S 
I n teg ra ted sys tems for spec ia l a p p l i c a t i o n s : 
TSS-8 = M u l t i - l a n g u a g e T i m e - s h a r i n g 
LAB-8 = S igna l A v e r a g i n g 
TYPESET-8 = T y p e s e t t i n g 
Q U I C K P O I N T - 8 = N/C tape p r e p a r a t i o n 
C L I N I C A L LAB-12 == Hosp i ta l A u t o m a t i o n 
GRAPHIC-15 = C o m p u t e r G raph i cs 
PHA-8 & 15 = Pu lse He igh t Ana lys is 
GLC-8 — G a s - L i q u i d C h r o m a t o g r a p h y 
D I G I D A C - 8 = Indus t r i a l Data A c q u i s i t i o n 

P D P - 1 5 
C o m p l e t e m e d i u m sca le f a m i l y : 
PDP-15/10 = Bas ic sys tem 
PDP-15/20 = A d v a n c e d mon i t o r sys tem 
PDP-15/30 = B a c k g r o u n d / F o r e g r o u n d sys tem 
PDP-15/40 = Faster 15/30 w i t h d isc 
A powe r fu l so f tware p a c k a g e w i th each 

P D P - 1 0 
Dig i ta l ' s la rge c o m p u t e r . 
Runs t i m e - s h a r i n g , rea l - t ime , and 
b a t c h - p r o c e s s i n g s i m u l t a n e o u s l y . 
P e r f o r m s o p e r a t i o n s resea rch in a large 
bank. S c h e d u l e s c r e w fo r a m a j o r 
a i r l i ne . C o n t r o l s an en t i re brass p lant . 
3 leve ls of m o n i t o r s 
Re-en t ran t (shareab le) p r o g r a m s 
M u l t i - p r o g r a m m i n g h a r d w a r e 
Dua l p r o c e s s o r c a p a b i l i t y 
H a r d w a r e p r io r i t y i n te r rup t sys tem 
A n d m u c h m o r e 

digital equipment corporation international europe 
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introducing CHOICE, Digital's new computer language 

BDHDDBD 
digital equipment corporation international europe 

European Headquarters: 8 1 , route de l'Aire, 1227 Carouge/Geneva, Tel. 42 79 50. Benelux: Koninginnegracht 65, The Hague, Tel . 63 59 60. England: Arkwright Road, 
Reading, Berks., Tel . 85131. Bilton House, Uxbridge Road, Ealing, London W.5, Tel. 579 2781. 6 Upper Precinct, Worsley, Manchester, Tel . 790 8411. France: 233, rue 
de Charenton, Paris 12e, Tel . 344 7607. Germany: Leonrodstrasse 58, 8000 Munich 19, Tel. 516 3054. Bismarckstrasse 7, 5 Cologne, Tel. 52 21 81 . Italy: Corso Garibaldi 
49, 201 21 Milan, Tel. 872 394/694/748. Scandinavia: Vretenvagen 2, S-171 54 Solna/Stockholm, Tel. 98 13 90. Switzerland: 8 1 , route de l'Aire, 1 227 Carouge/Geneva, Tel. 
(022) 42 79 50. Australia: New South Wales, Melbourne, West Perth, and Brisbane. Canada: Carleton Place, Ottawa and Port Credit, Ontario. Dorval/Quebec, Edmonton/ 
Alberta. Japan: Tokyo. USA: Maynard, Massachusetts 0 1 754, Tel. (617) 897-51 1 1, and 37 offices accross the country. 
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Without the keyboard, the hp 5360 
Computing Counter merely mea
sures frequency, period, and time 
interval at unprecedented speeds 
and resolutions. Now that we've 
added the keyboard, you can pro
gram it as well. 
You enter programs : phase, stan
dard deviation, ranging, to name 
but a few. The keyboard learns and 
runs them automatically. In fact, 
you can program the counter to dis
play. In real time, solutions to equa
tions whose variables are mea
surements made by the counter. 
Measurements range to 320 MHz, 
with plug-ins to 18 GHz. Another 

§ | | | | ^ 
l l l l l l l l l l l l l l l ^ 
jlj!!!!̂  with fixed 
^̂BŜ ^̂ ^̂Sutoï̂atîc units, 
^̂ K̂̂ ^̂ p̂V v o u error-free 

MHHÉflHHAfrfl Counter and 
'^^^^^^^^S'ill • be making 
measurements never before pos-
| ^ information and appli-

t l I l i l i l : I B i i l l i l l i i i l i p l 2 1 7 Meyrin 2 Genève 

i l l i î S i i â l i S p ^ s ^ i i ^ ^ l i a r d 
g | ^ : ^ | i i H | | | § l p | | i S ^ u n t e r 
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les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Auto-déclenchement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 
APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation 
Basses énergies : 
Plan focal de spectromètre. 
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographic p. 

Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption. 
Electronique : 
Résolution : 40 ns 
Temps mort total : 200 ns 
Vitesse de lecture : 4 MHz en code parallèle 

new possibilities 
with multiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer. 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 

Electronics : 
Resolution : 40 ns 
Total dead time :200 ns 
Reading speed : 4 MHz in parallel code. 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE LA P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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How to power your C A M A C modules ? 

..with the SEN CAMAC HIGH POWER CRATE 

y y r j i i 1 i 
l 1 

2 0 0 W 
available output power 

Protection against : excessive total power consumption 

overload of individual voltages 

output voltage increase 

overheating 

Efficient cooling of the modules and the power supply 

Representatives throughout Europe and The United States 

31 Av. Ernest-Pictet-1211 GENEVA 1 3 / S w i t z e r l a n d - T e l . ( 0 2 2 ) 4 4 2 9 4 0 

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

162 

+ 6 V II H 5 V H ± 1 2 V || ± 2 4 V II + 2 0 0 V II 117V 
2 5 A || 10A || 3 A || 3 A || 5 0 m A || 3 0 0 m A 

regulated | | no reg. | | ac 

Efficient coolii 



Six special things, not four. 
(Four components. Or two systems. You choose.) 

AH solid-state high voltage 
power supply (HV-4R)—ultra 
low noise for operat ing 
photomul t ipf iers, e lectron 
mult ipl iers, proport ional 
counters, and ionization 
chambers. Smal l , l ight, 500 to 
6,100 volts DC range, reverstbfe 
polari ty, h ighly f i l tered, noise: 
less than«300 tw RMS. 

Forms a complete matched 
system wi th the preampli f ier-
ampl i f ter-discr iminator and 
either of the part ic le mult ip l iers 
shown below. Write for f i le HV. 

FreainpHHer-amplifier-distTimiiiator (PÀD-I)— for 
use wi th photo mufti pl iers and electron mult ip l iers 
in mass spectrometers and fast count ing 
systems. Charge sensi t ive; r ise-t ime: 3 nsec, 
output : 4 volts into 500, miniatur ized, rugged. 

Combines wi th the high vol tage power supply 
above and either of the part ic le mult ipl iers 
below to form a complete matched system. 
Wri te for f i le PAD. 

Particle multiplier (MM-2), 
patented—has the same general 
character is t ics as the part ic le 
mult ip l ier shown above, but is 
only half the diameter (1 " ) . 

Forms a complete matched 
system when combined wi th 
the h igh vol tage power supply 
and preampl i f ier-ampl i f ier-
d iscr iminator above. Wri te for 
f i le MM. 

Johnston Laboratories Jnc. 
3 industry Lane, Cockeysvif le, Md. 21030. 

BaMcle multiplier (MM-1), patented-for pulse 
^counting or current measurement of electrons, 
ions, UV or x-ray photons, and energetic 
neutral atoms or molecules. Adjustable high 
gain (up to 10 1 °), stable, guaranteed 
reacttvateable, non-magnet ic , no ion feedback 
or instabi l i ty, integral resistor cha in , smal l , 
l ight, rugged, bakeable, repairable. 

Other opt ions avai lable (e,g„ interchangeable 
cathodes.) 

Complete matched system when combined wi th 
the high vol tage power supply and preampli f ier-
ampl i f ier-d iscr iminator above. Write for f i le PM. 



EDWARDS UHV COMPONENTS have no 'history' 
behind them; they start with an ultra-clean vacuum 
brazing process. So whether you build your own 
system or buy a complete plant from Edwards you 
get built-in advantages—initially and permanently. 

This time 'better vacuum' is in 
Hall 5 (Stand M26) 

Edwards 
Vacuum Pumps 
Gauges and 
Process Plant 
for industry 
and research 

When Edwards UHV components emerge from the vacuum 
brazing furnace they are thoroughly degassed, really clean. Their 
previous manufacturing and surface treatment 'history'has 
been completely obliterated by a degassing bake at 1050C°. / 
System for system, that means higher vacua with lower 
baking temperatures, shorter cycles, and big economies 
in heating and control gear—whether you build your 
own plant, buy a standard plant from Edwards or order 
something custom-built with the pumps best suited to your 
application and budget. Edwards have no axe to grind—you can 
choose from sputter-ion and radial electric field pumps, liquid helium 
cryropumps, sublimation pumps, properly trapped vapour pumps and 
rotary pumps, and sorption pumps. Flanges can be either Confiât® 
compatible or ISO type. Leaflets are available ; we'll gladly send you 
a set. Or ask for the Edwards UHV Summary - Publication No. 13780. 
(R) Confiât is a registered trade name of Varian Associates. 

Edwards czzzz 
Edwards Vacuum Components Limited 
A member of the BOC group 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 

<8> 
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SOLID STATE 
DETECTORS 
Detectors can be 
supplied for all 
types of particle 
spectroscopy and 
radiation detection. 
For example : 
Surface Barrier 
Posit ion Sensit ive 
L i th ium Dr i f ted 

Si l icon 
Li th ium Dr i f ted 

G e r m a n i u m 

NEUTRON 
DETECTORS 
Centronic experience 
covers : 
Fission Chambers 
Ionisat ion 

Chambers 
Proport ional 

Counters : 
Boron Trifluoride 
Boron Lined 
Helium 3 
Neut ron R E M 
Dosimeters 

[ 

This is from 
my collection of 

Radiation 
Detectors 

I fs a type B.IN Halogen quenched 
Geiger Counter tube, 30mm long x 
3mm dia., operating in the range of 
300-700V—and it's one of the many types 
of radiation detectors manufactured 
by Centronic. These include Solid State 
detectors, Proportional counters and 
Neutron Detectors as well as Geiger 
Counters, for a, p, y, X-Ray and Neutron 
measurements. Over many years of 
development—from special prototypes 

to quantity production— 
Centronic have built an 
extremely varied and 
numerous range. Individual 
leaflets (or a big 
comprehensive catalogue) 
are available on request. 
If anyone can help you, 
Centronic can. 

GEIGER COUNTERS 
Centronic halogen 
and organic vapour 
quenched tubes 
include the fo l lowing 
ranges : 
G a m m a sensitive 
B e t a - G a m m a 
Liquid sampl ing 
M ica and glass 

e n d - w i n d o w 
Liquid and 

gas f l o w 

(^Q^20TH CENTURY ELECTRONICS LTD 
Centronic Works, King Henry's Drive, New Addington 
Croydon, CR9 OBG, England. Telephone Lodge Hill 2121 



Separated RF/DC Generator 
from 
all solid state control unit 
The Q U A D ™ 1100 has no bulky power suppl ies 
and contro l units. The RF/DC generator is located 
on the analyser great ly reducing the amount of RF 
power required. 
This al lows use of smal ler components and results 
in small size, l igth weight , all sol id state e lectronics. 

For further in format ion, please contac t : 
Varian AG Terr i tor ies 
Baarerstrasse 77 
6300 Zug/Swi tzer land 
Te l . : (042) 31 27 21 

Q U A D ™ 1100 per formance: 
Mass Range: 1 to 300 amu 

Resolut ion: M / A M = 2 M over who le mass range 
Scan Rates:0.1 to 900 sec 

Bakeout : 4 0 0 0 C wi th RF sect ion removed varian 
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New RCA 
Quantacon photomultipliers 
with virtually 
constant response 
from UV to IR 
Three of these new developmental types 
use gallium-arsenide photocathodes with a 
response that extends beyond 900 nm. Three 
use gallium-arsenide-phosphide photo-
cathodes with a response extending beyond 
700 nm. Spectral response for tubes using 
either material is essentially constant. High 
sensitivity is maintained from UVto near IR. 

The gallium-arsenide types (C31025A, 
C31025C, C31025E) provide unparalleled 
performance for use in near-1R laser 
detection and Raman spectroscopy, while 
the gallium-arsenide-phosphide types 
(C31025, C31025B, C31025D) are 
suitable for use in spectrophotometries 
colorimetric and allied applications. 

QUANTACON identifies six new RCA photo-
multiplier tubes using negative electron 
affinity materials as photocathodes and/or 
secondary emitters. They offer designers 
unique, virtual ly constant spectral response 
character ist ics-unavai lable before in 
any photomult ipl ier. 

Shown here: C31025B, C, D and E (glass 
envelope types) ; C31025 and C31025A 
(ceramic envelope types w i th UV-grade 
sapphire w i n d o w ) . 

For further information wri te t o : 
RCA Ltd., Electronic Components Divis ion, 
Sunbury-on-Thames, Middlesex. 
Tel: Sunbury-on-Thames 85511. 

MM MM Electronic 
Components 

Spectral Range (nm) Typical Cathode Typical Max imum A n o d e 
(1)!Total Range Radiant Quantum Dark Current 

Type (2) A t 7 0 % Points Sensit iv i ty m A / W Efficiency % n A (22°C)  

C31025 (1) 150-760 61 (a 450 nm 2 1 % (^ 300 nm 5 ( « 2 0 A / l m 
(2) 250-640 ; 8 .6% ( a . 632.8 nm ] ' 

C31025A (1) 150-940 37 (a 450 nm 1 3 . 1 % (a) 300 nm 5 (a). 20 A / l m 
(2) 230-720 6,4% <2> 632.8 nm 

. ' 1 . 9 % @ 8 6 Ô n m 
C31025B (1) 200-760 61 (a 450 nm 2 1 % (a -350 nm 0.5 @ 2 A / l m 

(2 )290-640 8,6% (a) 632.8 n m _ _ 

C31025C (1 ) 200 - 940 37 (u 450 nm 13.1 % (ci) 300 n m 0.5 (ai 2 A / l m 

(2) 280 - 720 6.4% (à) 632.8 nm 
t . 9 % @ 860 nm  

C31025D (1) 200 - 760 61 (a 450 nm 2 1 % (oj 350 nm 0.5 (à) 2 A / l m 
(2) 290-640 . 8.6% (à), 632,8 n m  

C31025E (1)200-940. . 37 fa 450 n m 1 3 . 1 % <® 300 nm 0,5 2 A / l m 
(2) 280 - 720 6.4% @ 632.8 nm 

' 1,9% ® 860 nm  



calculateur 
électronique de table 
à programmes enregistrés 
sur cartes magnétiques 

Ces dernières années on été marquées par 
l'apparition et la diffusion des grands ensem
bles électroniques capables d'offrir une solu
tion satisfaisante aux calculs complexes ou 
répétitifs. De nombreux problèmes, pour les
quels le recours à l'ordinateur est exclu parce 
que trop onéreux, sont fastidieux et longs à 
réaliser sur les machines à calculer tradit ion
nelles. 
L'Olivetti Programma 101 se situe exactement 
là où la calculatrice mécanique ne suffit plus 
et où l'ordinateur se révélerait peu fonctionnel: 
recherche scientifique, calculs techniques, 
statistiques, problèmes administratifs. C'est un 
instrument qui unit aux dimensions réduites 
et à la simplicité et disponibil ité d'une ma
chine de bureau tous les avantages essentiels 
du calcul électronique: vitesse, logique, im
pression, programmation. La carte magnétique 
utilisée comme support extérieur du program
me confère au Programma 101 une souplesse 
d'utilisation illimitée, notamment par le nom
bre et la diversification des problems traités. 

Olivetti (Suisse) SA, 8, rue du XXXI-Décembre 
1207 Genève - Tél. (022) 36 41 50 
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S O L A R T R O N 

A Schkimberger Company 

Throw your notes away. Connect 

Solar t ron's new Data Transfer Unit 

to any source of d igi ta l data and 

you can log your readings automat i 

cal ly. For under SFr. 7000.— you 

now have all the benefi ts of a data 

logger. It can take up to 20 chan

nels and wi l l scan them at pre-set 

t ime intervals. Recording can be 

made on pr inters, typewri ters, 

punched tape or magnet ic tape. It's 

up to you. For technical data wr i te 

to the address below. 

Just by using our new DTU (Data Transfer Unit) 

Schlumberger 
1211 Genève 6 

15, Jeu-de- l 'Arc, tél . (022) 35 99 50 

8040 Zurich 
Badenerstr . 333, té l . (051) 52 88 80 
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mecnanicai construction 
for the electrical and 
electronics industries 

The CAMAC chassis is 
designed to C A M A C 
specifications which most 
European laboratories, 
under the auspices of the 
ESONE, have drawn up for 
standardizing data 
transmission to computers. 

Mi 1 
)0155 ROM A - VIA TOR CERVARA, 161 - Tel . 220104-221393 



EEV flash flash flash tubes 
make light of the toughest jobs 

For pumping lasers. For strobing. For photography. 
For any application in which quality, reliability and 
performance are vital, that's where you'll find EEV 
flash tubes. 

There's almost certainly a flash tube in the EEV range 
that has the right characteristics for your application -
and if there isn't we can probably make one ! 

EEV flash tubes have extra heavy-duty electrodes. 
They give you long life, with up to 10 6 flashes, and they 

give you high conversion efficiency. Our air-cooled 
xenon flash tubes have a wide range of input energy 
levels and can operate at high repetition rates. 

Isn't it time you had the full facts about EEV flash 
tubes ? Just post the coupon. 

English Electric Valve Co Ltd, Chelmsford, Essex, 
England. Telephone :024561777 Telex: 99103 
Grams : Enelectico Chelmsford 

Typical operating conditions 
Energy 
input per Arc Bore Series Trigger 
flash max. length diameter Voltage inductance * Flash voltage 

To : English Electric Valve Co Ltd, Chelmsford, Essex, England 

Send for full data on EEV flash tubes. 

I am interested in_ 

Name 

_ (application) 

Position 

Company 

Address 

Tel. exchange or code 

Number Ext. 

ENGLISH ELECTRIC VALVE CO LTD 
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flash max. length diameter Voltage inductance * Flash voltage , 
Type (J) (in.) (mm) (kV) (MH) rate (kV) 
— N a n 

XL615/4/3 400 3 4.0 2.5 400 1 per 30 sec. 12-16 — 
Pos 

XL615/7/3 600 3 7.0 2.5 400 1 per 15 sec. 12-16 

, C o n 

XL615/9 /4 1500 4 9.0 2.5 400 1 per 30 sec. 16-20 
Add 

XL615/10/5.5 3500 5.5 10.0 2.5 400 1 per 60 sec. 16-20 

XL615/10/6.5 5000 6.5 10.0 2.5 800 1 per2min. 20-25 

XL615/10/12 9000 12 10.0 2.5 800 1 per2min . 25 
Tel. 

XL615/13/6.5 10000 6.5 13.0 2.5 800 1 per2min. 25 

. | S j u n 

XL615/13/12 18000 12 13.0 2.5 800 1 per2min . 25 
*At maximum input levels (air-cooled) 



Solve your control problem 
with the new Argus 600 

the all time low price off-the-shelf computer 

We believe the new Argus 600 is the 
lowest priced computer of its type any
where in the world. SFr. 20 000.— buys 
the Argus 600 central processor, complete 
with a IK core store block and power 
supply unit. 

It is of course a simple computer. 
Simply designed and constructed, 

with the processor on one multi-layer 
printed circuit board. Which is all to the 
good. It makes it easy to slot in and use, 
easy to service and maintain. Argus 600 
doesn't need a specialist programmer; any 
reasonably intelligent person can learn to 
program it in a day. 

The computer you've waited for 
Argus 600 may well be this. Here is 

a computer that can take over the job of 
sequence control. Wired logic systems 
have proved expensive where a number 

of alternative sequences have been 
required. With an Argus 600, you 
can modify the operating instructions 
as you choose. 

Other ways of using the Argus 600 
As a subsidiary in a large system run 

by, say, an Argus 400 or 500 computer 
(or any other computer for that matter), as 
a controller for lift operation or traffic 
lights, for data logging, to control remote 
terminals or peripherals in information 
systems, to control laboratory instruments, 
and for various uses in schools and 
colleges. The list of applications is almost 
endless. Put simply — if you have a need 
for continuous or sequential control, 
there's a very good chance that 
Argus 600 will do it more cheaply, 
more reliably and far more effectively. 

A R G U S B O O 
opens a new era in 
computer control 

Argus 600 is in quantity production 
and available on short delivery. You 
should investigate Argus 600 now. 

Full details available from: 

Sprecher & Schuh Ltd. 
Aarau/Switzerland 
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This must be of interest for you: 

Surfaces of solids 
with optimum contrast 

and high resolution 
at room temperature 

and at high temperatures too 

Two examples: 

© Cemented carbide mechani-
callypolished photoemission 
micrograph at room tempera
ture. ~ 5 0 0 0 x 

Ferrit ic structure of silicon-
ron during recrystallization 

photoemission micrograph at 
675°C. 1 0 0 0 x 

and this 

is the instrument needed for such 
studies: The photoemission elec
t ron microscope METIOSCOPE 
K E 3 BALZERS. 

BALZERS AKTIENGESELLSCHAFT 
fi ir Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers Principal i ty of Liechtenstein 


