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Experimental programme at the SPS 
The Editor whishes to acknowledge the help 
of Jim Allaby, for many years coordinator 
of the SPS experimental programme, in putting 
together this review. 

Wi th in the next f e w weeks it is 
expected that the f irst h igh energy 
particles generated by the CERN 
4 0 0 GeV proton synchro t ron , the SPS, 
w i l l be fed to exper iments in the West 
Area. It seems an appropr iate t ime to 
cover the programme of research 
w h i c h is p lanned for the f irst years of 
operat ion of Europe's n e w machine. 

The SPS has t w o beam extract ion 
systems — one sending protons t o ­
wards the West Area and the other 
towards the North Area. The Nor th 
Area is scheduled for comple t ion in 
a l i t t le over a year's t ime so this rev iew 
w i l l concentrate on the exper iments 
l ined up for the West Area, many of 
w h i c h are ready and raring to go . 

The protons go ing West can be 
used in the f o l l ow ing w a y s : 
1 . The beam can be t ransported to 
the surface f rom the underground 
accelerator and spl i t at the entrance 
to the West Hall be tween three targets 
to provide beams of secondary par­
t icles. The West Hall existed prior to 
the bu i ld ing of the SPS and it is 
not long enough to accommodate 
exper iments capable of handl ing the 
highest energy particles generated by 
the accelerator. The space available for 
shie ld ing is inadequate to be effect ive 
for protons of energy above 2 0 0 GeV. 
Thus the proton beam to the Hall w i l l 
be l imited to a peak energy of 2 0 0 GeV 
and the secondary beam-l ines are 
designed to t ransport part icles w i t h 
energies up to 150 GeV. A l l the beam-
lines can operate s imul taneously w i t h 
2 0 0 GeV protons on the targets. The 
present schedule plans for protons on 
the targets on 22 October so that 
t un ing of the secondary beams in the 
West Hall shou ld be under w a y early 
November. 

2. The extracted beam can be directed 
on to a target be low g round close t o 
the machine and secondary particles 
f rom this target can then be t rans­
por ted, in the same tunne l as is used 
for the beam- l ine tak ing protons to 

the West Hal l , t o the surface and 
a long the Hall to the 3.7 m European 
bubble chamber, BEBC. The extra 
t ransport distance available because 
of p roduc ing the particles under­
g round makes it possible to install 
r.f. separators w i t h a 5 0 0 m dri f t 
d istance between them to produce a 
fu l ly separated beam of kaons at 
energies up to about 75 GeV or an t i -
protons at energies up to about 
110 GeV for BEBC. 
3. Al ternat ively, the extracted beam 
can be directed on to another under­
g round target for the produc t ion of a 
neutr ino beam. To achieve max imum 
neutr ino energies and intensit ies th is 
target w i l l receive protons at the peak 
energy of 4 0 0 GeV. Pions and kaons 
emerg ing f rom the target w i l l be 
focused and directed at the neutr ino 
detectors by one of t w o systems. 
They can traverse a distance up to 
about 4 3 0 m dur ing w h i c h they decay 
to produce neutr inos. The neutr inos 
w i l l pass th rough sh ie ld ing, 180 m of 
steel and 170 m of earth w h i c h 
absorbs the muons produced in the 
p ion and kaon decays, before emerg­
ing about 50 m upstream of BEBC. 
They w i l l pass successively t h rough 
BEBC, t w o counter exper iments and 
the heavy l iquid bubble chamber, 
Gargamelle. One of the focus ing 
systems is a magnet ic horn and 
reflector w h i c h focuses pions and 
kaons over a w ide range of momenta 
to g ive a 'w ide band ' neutr ino beam. 
W i t h the other system the pions and 
kaons of a particular momen tum are 
selected by bending magnets and 
then focused by quadrupoles. Their 
subsequent decay gives neutr inos 
clustered in t w o momen tum bands — 
one corresponding to the kaon parents 
and the other to the p ion parents. 
This is a 'd ichromat ic ' or 'nar row 
band ' neutr ino beam; it is of lower 
intensity than the w ide band but the 
neutr ino energies are much better 
k n o w n . 

The neutrino experiments 

M u c h of the present exc i tement in 
h igh energy physics is centred around 
data f r om neutr ino experiments and 
they therefore have h igh pr ior i ty in 
the SPS programme. For these exper i ­
ments BEBC can be used in a var iety 
of ways . The chamber f i l l ing can be 
hydrogen , deuter ium or a hyd rogen-
neon mixture. It w i l l also be possible 
to use a track sensit ive target, TST 
(see February issue, page 4 7 ) , f i l led 
w i t h hydrogen to retain the s impl ic i ty 
of the pro ton target nucleus, and 
sur rounded by a hydrogen-neon mix ­
ture to improve the detect ion of neu ­
tral part icles. A n external muon iden ­
t i f ier, EMI (an array of w i re chambers 
descr ibed in the Apr i l issue, page 1 3 7 ) , 
spann ing a w i d e angle outs ide the 
BEBC iron shield w i l l add fur ther 
in format ion to that f rom the bubble 
chamber pictures themselves. BEBC 
is scheduled to start runn ing m i d -
November w i t h a hydrogen-neon m ix ­
ture and the TST w i l l be instal led next 
Spr ing. 

The approved neutr ino exper iments 
in BEBC are as fo l l ows , in numerical 
order accord ing to the number they 
were assigned at the t ime of approva l : 

W A 17 A n Anka ra /B russe l s /CERN/ 
Dub l in /Un ive rs i t y Col lege L o n d o n / 
Rome/St rasbourg /Tur in co l laborat ion 
are return ing to the nuclear emuls ion 
techn ique in combina t ion w i t h BEBC 
to a t tempt to spot charmed particles 
and to learn more about the inter­
act ions where t w o leptons are p ro ­
duced . These d i lepton events may be 
l inked to charmed particles. They w i l l 
f ire the w i d e band neutr ino beam 
th rough a 100 kg stack of nuclear 
emuls ion pos i t ioned in f ron t of BEBC 
w h i c h w i l l be f i l led w i t h hydrogen. 
The EMI w i l l be in act ion. Appropr ia te 
events recorded in BEBC w h i c h can 
be traced back to an interact ion in 
the emuls ion w i l l be measured so as 
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General layout of the beams and experiments 
in the West Area of the CERN 400 GeV proton 
synchrotron, the SPS. The beams enter 
from the right. Neutrinos (wide band and 
narrow band beams) take the beam-line N1/N3 
into the BEBC 3.7 m European bubble 
chamber, the counter experiments (WA 1 and 
WA 18), and the heavy liquid bubble chamber, 
Gargamelle. Separated particles take the 
beam-line S3 to BEBC. Protons of 200 GeV 
reach targets T1, T3 and T5 to provide a 
variety of secondary beams into the West Half. 
The different experiments, WA 1 to WA 29 are 
described briefly in the text. 

t o locate the posi t ion in the emuls ion 
where the interact ion occurred. This 
w i l l avo id the impossib ly ted ious task 
of searching all the emuls ion stack 
for interact ion tracks of interest and 
the special abi l i ty of nuclear emuls ions 
w i l l then be cal led into play. Particles 
w i t h l i fet imes in the range 10~ 1 1 to 
1 0 - 1 4 s w i l l leave a vis ible track in the 
emuls ion and the tracks can be 
measured w i t h great accuracy. In 
favourable cases, it shou ld be possible 
to calculate the mass of the short ­
l ived particle. It w i l l also be possible 
to look in detai l at the vertex of the 
d i lepton events. 

W A 19 A n Aachen / Bonn / CERN / 
Oxford col laborat ion w i l l use d ichro­
matic neutr ino and ant ineutr ino beams 
into a hydrogen-neon mixture. Dif­
ferential cross sect ions w i l l be studied 
in charged current interact ions (where 
the neutr ino converts to a muon) and 
there w i l l be detai led analysis of 

neutral current interact ions where no 
muon is produced. They w i l l also look 
for d i lepton events and compare those 
produc ing t w o muons w i t h those 
produc ing a muon and an electron. 

W A 20 The Aachen / Bonn / CERN / 
Oxford col laborat ion w i l l also carry 
ou t a search for ' f unny ' neutr inos. 
The 4 0 0 GeV proton beam w i l l be 
p loughed direct ly in to the large iron 
beam d u m p w h i c h normal ly absorbs 
the unwan ted pions and kaons w h e n 
the d ichromat ic beam is being operat­
ed. Because of the large size of the 
dump , the pions and kaons, w h i c h 
normal ly escape f rom the target and 
decay to g ive the famil iar muon - t ype 
neutr ino, w i l l be almost all absorbed 
by st rong interact ions in the nuclei 
in the d u m p before they decay. A n 
u n k n o w n type of neutr ino might , 
however, st i l l be produced if its parent 
particle is very shor t - l ived and decays 
before being absorbed. The heavy 

lepton for w h i c h there is evidence at 
the SPEAR storage r ing at Stanford 
w o u l d probably have its o w n type of 
neutr ino and might be spot ted in th is 
exper iment because of someth ing 
peculiar about the event rate at w h i c h 
neutr ino interact ions occur in the 
chamber or about the sort of inter­
act ions that are seen. 

W A 2 1 The Aachen / Bonn / CERN / 
Oxford col laborat ion w i l l use the w ide 
band neutr ino beam into hydrogen to 
look for charmed particles via their 
's ignature ' of events where the change 
in strangeness is not equal t o the 
change in charge (v io lat ion of the 
AS = A Q rule) . This s ignature is 
evident in a charmed particle cand i ­
date picture f rom Brookhaven. A t the 
same t ime, they w i l l test predict ions 
of the quark model by measuring the 
cross sect ions for the product ion of 
N* and A resonances and w i l l check 
for v io lat ions of charge symmetry. 
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The 3.7 m European bubble chamber, BEBC, will 
be fitted with a track sensitive target, TST. 
The TST is filled with hydrogen, to retain the 
simplicity of the proton nuclei as target particles 
in the interactions, while the surrounding 
volume is filled with a hydrogen-neon 
mixture to improve the detection efficiency 
for neutral particles. The photograph shows 
a prototype TST mounted in BEBC during 
the Spring of this year. 

The heavy liquid bubble chamber, Gargamelle, 
was moved during the Summer from its 
position at the 28 GeV proton synchrotron, 
where it was the scene of some excellent physics 
including the discovery of neutral currents, 
to the West Area at the SPS. The picture 
shows the installation of the chamber body. 
Reassembly should be complete by the end 
of February 1977 and neutrino physics with 
the chamber will probably begin in the Spring. 

W A 22 A n Imperial Col lege L o n d o n / 
CEN Saclay co l laborat ion w i l l search 
for differences in the behaviour of 
neutr inos f rom p ion decay and those 
f rom kaon decay. They w i l l , obv ious ly , 
use the d ichromat ic beam and have 
the chamber f i l led w i t h a hydrogen-
neon mixture. In part icular, it w i l l be 
in t r igu ing to look at the rate at w h i c h 
the t w o types produce strange par­
t icles in the interact ions. The kaon is 
a strange particle bui l t w i t h a strange 
quark ; the p ion has no strange quark. 
Wi l l the kaon neutr ino s o m e h o w carry 
w i t h it some memory f rom whence it 
came and be more f requent ly involved 
in strange particle p roduc ing inter­
act ions? 

W A 24 A Bar i /Brussels/Ecole Poly-
techn ique / Rutherford / Saclay / U n i ­
versity Col lege London col laborat ion 
w i l l use w i d e band neutr ino and an t i -
neutr ino beams in to the TST. The 
combina t ion of the s impl ic i ty of the 
proton target w i t h the h igh neutral 
part icle detect ion ef f ic iency of the 
sur round ing mixture shou ld make it 
possible to s tudy some rare inter­
act ions part icularly those produc ing 
strange particles. These w o u l d inc lude 
interact ions where the A S = A Q rule 
is obeyed (such as ant ineutr ino and 
proton g iv ing a posi t ive m u o n , lambda 
and pions w i t h tota l charge zero) and 
charmed particle candidates where 
the A S = A Q rule is not obeyed (such 
as neutr ino and pro ton g iv ing m u o n , 
lambda and pions w i t h tota l charge 
+ 2 ) . They w i l l also s tudy charged 
current events and e lec t ron- type neu­
t r ino interact ions. 

W A 25 A n A m s t e r d a m / B o l o g n a / P a -
dova / Pisa / Saclay / Tor ino co l labo­
rat ion w i l l use w i d e band neutr ino 
and ant ineutr ino beams in to deuter ium 
to s tudy interact ions on bo th protons 
and neutrons (d is t ingu ish ing be tween 
the t w o by the tota l charge of the 
emerg ing part ic les). The structure 
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The huge detection system of the WA 1 
neutrino experiment. It consists of 
magnetized iron toroids interspersed with drift 
chambers and scintillation counters. 
Assembly of the system is nearing completion and 
tests with the neutrino beam will probably 
begin in December. 

func t ions w i l l be determined f rom the 
cross sect ions of the interact ions on 
protons and on neutrons. 

The Gargamelle bubb le chamber 
w i l l be used for neutr ino experiments 
f i l led w i t h a mixture of f reon and 
propane. It w i l l have its o w n EMI . 
The experiments are: 

W A 14 A Bar i /CERN/Eco le Poly-
techn ique /M i lano /Orsay col laborat ion 
w i l l use the w i d e band neutr ino beam 
to s tudy leptonic neutral current inter­
act ions where the neutr ino scatters 
elastically on an electron. They w i l l 
also keep an eye open for elast ic- l ike 
scatter on an electron w h i c h cou ld 
give inverse beta decay produc ing a 
muon and an electron type neutr ino. 
Other subjects of interest in the same 
pictures are d i lepton events, e lect ron-
type neutr ino interact ions, the pro­
duc t ion of vector mesons by neutral 
current interact ions and the produc­
t ion of strange particles. The EMI w i l l 
help in many of the measurements. 

W A 15 A n Aachen /Bergen /Brusse ls / 
St rasbourg/and University Col lege 
London col laborat ion w i l l use the w ide 
band ant ineutr ino beam to s tudy lepto­
nic neutral current interact ions ( w i t h the 
ant ineutr ino scatter ing on an e lect ron) , 
d i lepton events, pos i t ron- type neu­
t r ino interact ions and charm particle 
candidates where a m u o n , electron 
and a V° part icle are produced. This 
exper iment is largely the ant ineutr ino 
version of W A 14 and there w i l l be 
important compar isons to be made 
between the t w o sets of data. 

W A 16 A C E R N / E c o l e Poly tech-
n ique/Orsay/St rasbourg col laborat ion 
w i l l use the d ichromat ic neutr ino beam 
up to the highest energy of the neu­
t r ino parents (275 GeV) . They w i l l 
look at d i lepton events and try to 
establish the threshold energy at 
w h i c h the t w o muon events start to 

happen and w i l l examine whether 
m u o n , electron events occur at the 
same rate as the t w o muon events. 
They w i l l also look at average part icle 
mult ip l ic i t ies at di f ferent neutr ino ener­
gies (up to 2 4 0 GeV) , at neutral 
strange particle product ion and at 
features of the shower of hadrons 
w h i c h emerge in neutral current 
events. The EMI w i l l be in act ion plus 
a small calorimeter added downst ream 
of Gargamelle to give addi t ional 
in format ion on hadron energies. 

W A 23 A CERN/M i l an /Orsay c o l ­
laborat ion w i l l use the d ichromat ic 
neutr ino beam (and, later, the an t i ­
neutr ino beam) at l o w energy where 
the neutr inos f rom the p ion and kaon 
are we l l separated in energy and those 
f rom kaons give on ly 10 % of the inter­
act ions. The energy of the incoming 
neutr inos w i l l be we l l k n o w n and the 
energy dependence of var ious types 
of interact ion w i l l be rather clearly 
determined. They w i l l s tudy such 
th ings as the neutral current total 
cross sect ions, the product ion of 
strange particles in neutral current 
interact ions, the charged current to 
neutral current rat io, . . . 

Sandwiched between the BEBC 
and Gargamelle bubble chambers are 
the detect ion systems for the t w o 
counter experiments w h i c h w i l l s tudy 
neutr ino interact ions — 

W A 1 A C E R N / D o r t m u n d / H e i d e l -
berg/Saclay col laborat ion have as­
sembled a detector 20 m long w i t h a 
total mass of about 1400 tons c o n ­
sist ing of iron corepl toro idal magnet 
modules (0.9 m long , 3.75 m in d ia ­
meter) interspersed w i t h drif t cham­
bers and scint i l lat ion counters. W i t h 
this target-calor imeter system it w i l l 
be possible to measure energies by 
pulse height analysis f rom the sc in t i l ­
lators and to measure the muon 
momen tum by magnet ic def lect ion. 
They w i l l s tudy inclusive neutr ino 

interact ions in the iron and search for 
rare processes such as the product ion 
of three leptons, inverse muon beta 
decay ( l ike W A 14) , heavy leptons 
and intermediate bosons (Hopespr ings 
eternal in the human breast!) . By 
instal l ing, in f ront of the detector, a 
35 m 3 dewar, w h i c h can be f i l led w i t h 
hydrogen or deuter ium, plus an array 
of mul t iw i re propor t ional chambers 
to ident i fy the interact ion vertex, it w i l l 
be possible to compare neutr ino inter­
act ions in hydrogen and deuter ium. 

W A 1 8 A C E R N / H a m b u r g / M o s c o w 
( ITEP) /Rome ( INFN) co l laborat ion 
w i l l perform the other counter neutr ino 
exper iment w h i c h w i l l be added on to 
the back of W A 1 and may be ready for 
act ion in about a year's t ime. It involves 
a f ine grained target calorimeter, to 
measure energies and direct ions of 
hadron jets com ing f rom neutr ino 
interact ions, and a m u o n detector. 
The f ine grained calorimeter consists 
of 13 modules, each w i t h six 3 x 3 m 2 

target plates of marble 8 cm th ick , 
w i t h gaps for 20 scint i l lat ion counters 
and proport ional counters. This is 
f o l l owed by a magnet ized iron calor i ­
meter. The proport ional counters iden­
t i fy the interact ion vertex and the 
scint i l lators measure energies by pulse 
height analysis. Some of the muons 
produced in the W A 1 detector can 
s top in the W A 18 detector and their 
polar izat ion can be determined by 
observ ing their decay asymmetry. The 
aims are to s tudy inclusive semi -
leptonic neutral current neutr ino inter­
act ions, to measure muon polar iza­
t ions in ant ineutr ino interact ions and 
in d imuon events and also to search 
for new particles. 

Counter experiments in the West Hall 

The spectrum of physics to be covered 
by the counter experiments in the 
West Hall is broad and it inc ludes 
several invest igat ions into the w o r l d 
of charmed particles. 
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W A 2 A Br is to l /He ide lberg /Geneva/ 
Orsay/Ruther ford /St rasbourg co l labo­
rat ion w i l l s tudy the leptonic decays 
of hyperons. In a spectrometer w h i c h 
includes dri f t chambers, a Cherenkov 
counter, a gamma hodoscope and a 
lead-glass array, they w i l l make very 
accurate measurements on the decays 
of ksis and sigmas. Assembly of the 
hyperon beam-l ine, w h i c h has super­
conduc t ing magnets to shorten the 
path lengths of the shor t - l i ved hype­
rons, and of the detect ion system is 
almost complete. It is expected that 
it w i l l be possible to produce a 
100 GeV beam conta in ing some ten 
thousand negative s igmas. W i th th is 
sort of intensi ty and the accuracy of 
the detect ion system it shou ld be 
possible to pin d o w n some para­
meters of the hyperons, the strange 
relatives of the p ro ton , better than 
ever before. 

W A 3 A n Ams te rdam/CERN/Cra -
c o w / M u n i c h / O x f o r d / R u t h e r f o r d c o l ­
laborat ion w i l l s tudy t w o body hadron 
reactions using p ion and kaon beams 
w i t h energies up to 100 GeV. The detec­
t ion system involves a beam telescope 
of mul t iw i re propor t ional chambers 
( M W P C s ) , a t w o - m a g n e t spect ro­
meter w i t h w i re spark chambers 
( w h i c h w i l l gradual ly be replaced by 
dri f t chambers) and t w o large Cheren-
kovs. They w i l l invest igate the m o m e n ­
t u m transfer and energy dependence 
of the dif ferent possible interact ions 

and try to learn more about nn and 
KTT interactions. They w i l l also look 
for h igh mass resonances. The detec­
t ion system is bui l t and the exper iment 
w i l l be amongst the first to take data. 

W A 4 A Bonn / CERN / Daresbury 
Laboratory/Ecole Po ly techn ique/Glas-
g o w / Lancaster / Manchester / Orsay/ 
Sheff ield col laborat ion w i l l s tudy the 
photoproduc t ion of hadrons using 
tagged photons of energy up to 
70 GeV f ired into the Omega spectro­
meter. The detect ion system is c o m ­
pleted by Cherenkov counters, sc in ­
t i l lator hodoscopes and a lead glass 
pho ton detector. First pr ior i ty w i l l be 
g iven to a search for charmed particles. 
The use of a pho ton beam on to a 
hydrogen target is a very clean w a y 
to do such a search. The exper iment 
is ready to start w o r k on the tagg ing 
system w h e n the SPS provides its 
f irst particles wh i le the rest of the 
Omega detect ion system is comple ted 
and its results are eagerly awai ted. 
Subsequent ly a long programme of 
invest igat ions on vector meson pho to -
produc t ion , Compton scatter ing, etc... 
w i l l be carried out . 

W A 6 A CERN / Padova / Trieste / 
Vienna col laborat ion w i l l analyse the 
role of particle spin in h igh energy 
hadron interact ions. They have a 
polarized target (propanedio l ) in a 
1 m diameter magnet w i t h a large exit 
sol id angle to a l l ow l o w energy par­

t icles t o escape for detect ion. A for ­
wa rd spectrometer has M W P C s , sc in ­
t i l la t ion counter hodoscopes and a 
Cherenkov. They w i l l s tudy inter­
act ions w i t h incoming protons and 
pions in the energy range 5 0 - 1 5 0 GeV 
w i t h part icular at tent ion to the m o ­
men tum region where a d ip in the 
elastic scatter ing cross sect ion has 
been seen at the ISR. 

W A 7 A CERN / Genoa / LAPP A n -
necy /N ie ls Bohr Inst i tute Copenha­
gen /Os lo /Un ive rs i t y Col lege London 
co l laborat ion w i l l s tudy t w o body 
interact ions where large momen tum 
transfer takes place. The equ ipment 
includes a CEDAR differential counter 
(see September issue 1975) to ident i fy 
the beam particle and a hydrogen 
target part ly in the aperture of an 
AEG magnet. The subsequent detec­
tors span a w i d e angular range w i t h 
Cherenkovs, MWPCs , and scint i l lat ion 
counters. Hardware processors w i l l 
be used in the on- l ine data col lect ion 
system. They w i l l look in part icular 
at elastic scat tef ing and p ro ton -an t i -
pro ton annih i la t ions w h i c h give t w o 
pions or t w o kaons. 

W A 8 A Bi rmingham team w i l l search 
for rare mesons coming f rom kaon -
proton interact ions. They w i l l take a 
separated kaon beam, at 18 or 32 GeV, 
into the Omega spectrometer and w i l l 
s tudy the mass spectra of the emerging 
mesons in such interact ions as K+p 
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K + K + K - p . The downst ream gamma 
detector, as used for W A 4, w i l l be 
in act ion to col lect data on events 
invo lv ing a neutral p ion. W i th inc ident 
kaons, w h i c h conta in strange quarks, 
the mesons composed of strange 
quarks, such as the phi meson, w i l l 
be produced more copiously . The 
superconduct ing r.f. separators, w h i c h 
w i l l be used in prov id ing the kaon 
beam, have not yet reached their 
design speci f icat ion and this exper i ­
ment ( together w i t h W A 13 and W A 29 
w h i c h also depend on the separated 
beam) w i l l not be tak ing data before 
next Summer. 

W A 9 A Clermont-Ferrand / Len in-
g rad /Lyon /Uppsa la col laborat ion w i l l 
make a h igh precision s tudy of elastic 
scatter ing under cond i t ions where the 
interact ions involve a large con t r ibu ­
t ion f rom the electromagnet ic force 
as we l l as the st rong force ( the C o u ­
lomb interference region) . The detec­
t ion system has a hydrogen ionizat ion 
chamber (described in the January 
issue 1975) as a recoil spectrometer 
and a fo rward spectrometer w i t h 
MWPCs . They w i l l probably be ready 
to receive particles in December. 
Measurements w i l l be taken at several 
energies between 50 and 150 GeV 
for both particles and antipart icles. 

W A 10 A Geneva/Lausanne co l labo­
ration w i l l s tudy kaon-pro ton inter­
act ions w h i c h y ie ld particle comb ina­
t ions such as a neutral kaon, a p ion 
and a proton (a V, a fast fo rward 
meson and a s low recoil p ro ton) . 
The detect ion system is magnetless, 
relying on t ime-o f - f l i gh t and angle 
measurements done by MWPCs , sc in ­
t i l lat ion counters and lead glass c o u n ­
ters. It is almost ready to receive par­
t icles. The team wi l l assemble a lot 
of data on the product ion and decay 
of bosons and baryons, inc lud ing 
possibly some w h i c h are not yet in 
the charts. 

W A 11 A n Indiana/Saclay co l labo­
rat ion w i l l search for charmed particles 
produced in con junc t ion w i t h the J /ps i 
particle of mass 3.1 GeV. The inter­
pretat ion of J / ps i as a charmed quark 
— charmed ant iquark combinat ion 
suggests that w h e n the particle is 
p roduced, other charmed quarks cou ld 
be around to fo rm charmed mesons 
or baryons. The detect ion system is 
bui l t around a large aperture magnet, 
cal led G O L I A T H , conta in ing M W P C s 
fo l l owed by a Cherenkov, more 
M W P C s , an iron fi l ter and scint i l lat ion 
hodoscopes. Mos t of the detect ion 
system is comple ted and the Cheren­
kov is due to arrive f rom Saclay m i d -
November. The f i l ter is used to 
d ist inguish muons ( w h i c h are the 
on ly particles capable of penetrat ing 
it) and the psi part icle is ident i f ied 
by its decay into t w o muons. This is 
another exper iment of great topical 
interest. 

W A 12 A B i rm ingham/CERN/Eco le 
Po ly techn ique /MPI M u n i c h / N e u c h a -
tel col laborat ion w i l l also look for 
charmed particles produced in c o n ­
junc t ion w i t h the J /ps i . They w i l l use 
the Omega spectrometer fed w i t h a 
negat ive p ion beam w i t h energies 
between 25 and 8 0 GeV. The J /ps i 
w i l l again be ident i f ied via its t w o 
muon decay and addi t ional muons 
w h i c h may be observed cou ld be clues 
to charmed mesons w h i c h have de­
cayed. A copper absorber (after the 
target) and an iron absorber (at the 
exit of the magnet) w i l l be added to 
the opt ical spark chambers of the 
Omega detect ion system. 

W A 13 A CERN/Co l lege de France 
col laborat ion w i l l use Omega to look 
at p ro ton-ant ip ro ton annihi lat ions 
w h i c h produce t w o lambdas. A sepa­
rated beam of ant iprotons w i l l have 
energies between 5 and 10 GeV. A 
veto surrounds the target and a special 
fast coplanar i ty tr igger system is being 

bui l t w i t h proport ional chambers 
w i t h their cathode planes in circular 
sectors. 

W A 29 A Liverpool team w i l l also 
s tudy ant ipro ton annih i la t ions into 
four or six p ions w i t h a separated 
beam at 15 GeV into Omega. They 
w i l l col lect data on h igh momen tum 
transfer events and t ry to learn whether 
such events become independent of 
energy beyond a threshold energy. 
They w i l l also investigate correlat ions 
and particle mult ip l ic i t ies. 

Other BEBC experiments 

To conc lude this review of the SPS 
experimental programme approved for 
the West Area there are three n o n -
neutr ino experiments approved for the 
BEBC bubble chamber using the r.f. 
separated beam — 

W A 26 A Ru the r fo rd /G lasgow/Sa-
clay col laborat ion w i l l s tudy negative 
kaon-p ro ton interact ions at 70 GeV. 
BEBC w i l l be used in con junc t ion 
w i t h an external particle identi f ier, 
EPI, and the physics is l ikely to c o n ­
centrate part icularly on interact ions 
produc ing strange particles. 

W A 27 A Brusse ls /CERN/Genova/ 
Mons /N i jmegen /Se rpukhov /Te l Av i v 
col laborat ion w i l l s tudy posit ive kaon -
proton interact ions again w i t h the 
EPI in act ion. They w i l l examine 
di f f ract ion dissociat ion, and inclusive 
distr ibut ions for a range of other 
particles. 

W A 28 A n Aachen / Berlin / CERN / 
Cracow / Imperial Col lege London / 
Vienna / Warsaw col laborat ion w i l l 
s tudy negative kaon-pro ton inter­
act ions at 110 GeV. They w i l l examine 
inclusive lambda events, neutral kaon 
product ion and omega minus p roduc­
t ion and w i l l look for charmed par­
t icles. 
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One of the three multiwire proportional chambers used 
in the photon tagging system at the Omega spectro­
meter. The momentum of incoming electrons, 
generated by SPS beams, is determined by magnets 
before they are directed onto a foil. The tagging system, 
a magnet and the MWPCs, then determines the 
electron momentum after the foil and the difference 
between the two measurements gives the momentum 
of the photon which is heading for the spectrometer. 
The MWPCs were built at Daresbury and coupled 
with new CERN read-out electronics. The first task 
ot the tagged photon beam will be a search for 
charmed particles in very clean experimental condi­
tions. 

The concrete jungle of the West Hall with 
several beam-lines visible between the shielding 
blocks. In the background the mountain of 
blocks covers the zone where the three 
targets will receive 200 GeV protons. On the 
right, on top of the shielding blocks can be 
seen a pipe where liquid helium will be 
conveyed from a centrally located refrigerator 
to two superconducting r.f. separators which 
are scheduled for installation next year. 

Around 
the 
Laboratories 

EC FA 
looking to the future 
In our Apr i l issue (page 128) w e 
reported the Plenary Meet ing of the 
European Commi t tee for Future A c c e l ­
erators, ECFA, at w h i c h it was dec ided 
to set up a Steering Group to examine 
the physics and technolog ica l pros­
pects for fu ture accelerators in Europe. 
The Group has been given the name 
ECFA Commi t tee for Accelerator S t u ­
dies, ECAS ( w h i c h w e hope no -one 
w h o is ac ronymous ly minded spel ls 
o u t ) . 

The members of ECAS have been 
chosen so that both physics and 
machine expert ise are represented. 
The members are — R. Bi l l inge (CERN) 
and P. Lehmann (Saclay) w h o w i l l 
have the part icular responsibi l i ty of 
look ing at f ixed- target proton ma­
chines and the corresponding phys ics; 
K. Johnsen (CERN) , M. Banner 
(Saclay) and B. Wi i k (DESY) for 
p ro ton -p ro ton and e lec t ron-pro ton 
storage r ings; D. Gray (Ruther ford) 
and G. Salvini (Rome) for e lec t ron-
posi t ron storage rings. G. Von Dardel 
as Chairman of ECFA and F. Bonaudi 
represent ing the CERN Directorate, 
are also part ic ipat ing in the meetings. 

Since the proposal to set up ECAS 
was pu t f o rward , there has been the 
impor tant meet ing at Serpukhov where 
all the di f ferent regions of the w o r l d 
invo lved in h igh energy physics were 
represented (see May issue, page 167 
and J u n e issue, page 2 1 0 ) . They met 
to discuss the possibi l i ty of const ruc t ­
ing a very b ig accelerator, VBA, as a 
w o r l d mach ine and the ou tcome of 
that meet ing had impor tant c o n ­
sequences for the del iberat ions of 
ECAS. It was considered in Serpukhov 
that the next generat ion of accelerators 
cou ld be conf ron ted on a regional 
basis and that on ly at a stage beyond 
that was a 'wo r l d machine ' appro­
priate. 

CERN 102.9.76 
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The 'lead glass wall' built at Berkeley is moved 
gingerly towards its location at the Stanford 
SPEAR electron-positron storage ring. The wall 
will add to the abilities of the famous magnetic 
detector which has unearthed the psi particles 
and strong candidates for charmed particles and 
a heavy fepton. 

(Photo LBL) 

In order that the idea of the w o r l d 
machine shou ld not loose impetus 
dur ing a regional next stage of accel ­
erator bu i ld ing , the Serpukhov meet ing 
asked the Internat ional Un ion of Pure 
and App l ied Physics, IUPAP, to over­
see the organizat ion of appropriate 
wo rk i ng groups and to set up further 
meet ings like the one at Serpukhov. 
IUPAP has f o l l owed up this request 
by in i t ia t ing an Interregional C o m ­
mittee for Future Accelerators, ICFA. 
The compos i t ion of ICFA is n o w being 
discussed. It w i l l probably comprise 
t w o members each f rom the USA, 
the Dubna Member States and Western 
Europe and one f rom Japan . A 
member of IUPAP w i l l probably be 
Chairman. 

Meanwh i l e the ECFA Commit tee 
for Accelerator Studies is conf ronted 
w i t h the s i tuat ion that the USA and 
Eastern Europe are l ikely to go ahead 
w i t h a next generat ion of machines 
independent ly. However , the Serpu­
khov meet ing d id put a lot of stress 
on the desirabi l i ty of select ing this 
new range of regional faci l i t ies so as 
to cover the broadest possible range 
of physics. A t th is stage it looks as if 
emphasis is being g iven to a f ixed 
target proton synchrot ron w i t h an 
energy in the f e w TeV range in the 
Soviet Un ion , and to p ro ton-p ro ton 
storage rings in the 100s of GeV range 
in the USA (w i t h the 2 0 0 - 2 0 0 GeV 
project, ISABELLE, proposed by 
Brookhaven and var ious possibi l i t ies 
at the Fermilab f o l l o w i n g construct ion 
of the Energy Doub le r ) . 

Because of th is, ECAS has, init ial ly, 
paid part icular at tent ion to an e lect ron-
posi t ron storage ring w i t h an energy 
up to 2 x 1 0 0 GeV. There has already 
been a prel iminary look at CERN into 
the physics potent ial and the technical 
problems in the construct ion of such 
a machine and there is relevant 
expertise at DESY, where e lect ron-
posi t ron storage r ings have been bui l t 
(DORIS) and are under construct ion 

(PETRA) , at Rutherford, where a fu l ly 
developed design s tudy for an elec­
t ron-pos i t ron storage r ing (EPIC) was 
prepared, at Orsay where new elec­
t ron-pos i t ion storge r ings (DCI) are 
coming into act ion and at Frascati 
where the A D O N E storage r ing is oper­
ated. In addi t ion a s tudy group chaired 
by P. Darriulat has been s tudy ing the 
physics potent ia l of e lect ron-posi t ron 
storage rings of energy up to 2 x 1 0 0 
GeV and this s tudy group w i l l present 
a report in the near future. 

ECAS wi l l be g iv ing a prel iminary 
report to a plenary meet ing of ECFA 
on 25 November. 

BERKELEY 
Lead glass wall 
A t the beg inn ing of September a large 
array of lead glass shower detectors 
and track chambers was instal led at 

the SPEAR electron-posi t ron storage 
r ing at Stanford. Dubbed the ' lead 
glass wa l l ' , the 318 b lock array was 
designed and assembled at the Law­
rence Berkeley Laboratory. After ex­
tensive tests, the array has been moved 
into posi t ion cover ing one octant of 
the famous S L A C / L B L magnet ic de­
tector and prov id ing a h igh resolut ion 
electromagnet ic calorimeter to aug ­
ment the exist ing lead-scint i l lator 
shower counters. 

The lead glass b locks are stacked 
in t w o layers to help d ist inguish be­
tween e lec t ron- induced and p i on -
induced showers. Spark chamber pla­
nes are interspersed between the 
layers to localize the shower w i t h 
good spatial resolut ion. 

Since early October, the new array 
has been in use to s tudy inclusive 
electron and pho ton product ion . W h e n 
coup led w i t h the in format ion on track 
posi t ion f rom the remainder of the 
magnet ic detector, the col laborat ion 
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of scientists f rom S L A C / L B L / H a w a i i / 
Nor thwestern hope to s tudy the semi -
leptonic decays of the new ly d is­
covered charmed part icles and the 
leptonic decays of other n e w objects 
such as the source of the recently 
reported muon-e lec t ron events. 

DUBNA 
Thoughts on oscillating 
neutrinos 
The concepts of symmetry and the 
corresponding conservat ion laws play 
a very impor tant role in part icle 
physics. The laws tel l us w h i c h par­
t ic le interact ions are possible and 
w h i c h cannot happen. Some of t hem 
are str ict ly obeyed (for example, tha t 
w h i c h says that electr ic charge is 
conserved in an interact ion) others 
are not str ict ly obeyed (for example, 
that w h i c h says that the property 

k n o w n as strangeness is conserved 
can be violated in particle decay under 
the inf luence of the weak force) . In 
physics, as in art, the beauty of a 
symmetry can of ten be revealed more 
by its v io lat ion than by its being 
respected. 

One symmetry w h i c h is being 
quest ioned in theoret ical studies at 
Dubna and elsewhere is that of lepton 
charge. A t present, w e believe that 
the lepton charge is conserved — both 
the electron lepton charge (associated 
w i t h the electron itself and the electron 
type neutr ino) and the muon lepton 
charge (associated w i t h the muon 
and the muon type neut r ino) . But 
there might be small v io lat ions of the 
lepton charge w h i c h cou ld manifest 
themselves in 'neutr ino osci l la t ions ' 
where , for example, the electron type 
neutr ino transforms to a muon type 
neutr ino and vice versa. 

Similar osci l lat ions are not u n ­
k n o w n in part icle physics; they are 

Last month we reported progress on the small 
superconducting accelerator I storage ring, 
ESCAR, being built at the Lawrence Berkeley 
Laboratory. The photograph shows one of the 
superconducting dipoles being assembled; its 
coil is being lowered into a stack of aluminium 
alloy rings. The conductor configuration can be 
seen on the half coil facing the camera. 

(Photo LBL) 

the under ly ing reason for aspects of 
the behaviour of the neutral kaon 
w h i c h were among the great mysteries 
of the 1950s . The neutral kaon s h o w e d 
t w o d is t inct patterns of behaviour 
( for example, decaying in either 10~ 7s 
or 1 0 - 1 0 s ) and it was realized that it 
is in fact a mixture of t w o neutral 
kaon states denoted KJ and K°2. It be­
haves as one or the other depend ing 
upon the t ime at w h i c h the observa­
t ion is made and oscil lates between 
the t w o forms. 

If the electron and muon type 
neutr inos were mixtures of t w o other 
neutr ino states (call them vi and v 2 

w i t h masses mi and m 2 ) then it cou ld 
be possible to observe osci l lat ions 
where a f lux of muon type neutr inos 
t ransforms into electron type neutr inos 
and back again. The effect w o u l d 
obv ious ly be observable in pr incip le 
if the distance over w h i c h an osci l la­
t ion occurs ( w h i c h for neutr inos of 
m o m e n t u m ' p ' is g iven by 2p /m? -m 2 ) 
is comparable t o or less than the 
distance f rom the neutr ino source. 
Observat ion w o u l d be easier w i t h 
large distances and small neutr ino 
momenta . 

Calculat ions at Dubna use a para­
meter Mmin w h i c h must be less than 
the square root of m 2 - m 2 . Osci l lat ions 
of neutr inos f rom a reactor w i t h 
momenta d o w n to around 1 MeV, 
looked at over a distance of up to 
1 km, w o u l d be observable w i t h Mmin 
equal to 0.05 eV. Osci l lat ions of 
neutr inos f rom a h igh energy acceler­
ator w i t h momenta d o w n to around 
1 GeV, looked at over a distance of 
up to 10 km, w o u l d be observable 
w i t h Mmin equal t o 0.2 eV. Osci l lat ions 
of neutr inos f rom the sun w i t h 
momenta d o w n to 0.2 MeV, look at 
f rom a distance of 150 x 1 0 6 k m , 
w o u l d be observable w i t h Mmin equal 
to 5 x 1 o-7 eV. 

Remember ing that the latest direct 
measurement of the mass of the 
electron type neutr ino, made at ITEP 
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Part of the equipment used at the Argonne ZGS 
to measure the differences between proton-
proton total cross sections in pure longitudinal 
spin states. The measurements were carried 
out at five energies between 1.2 and 2.5 GeV/c. 
The polarized beam, with the polarization 
vector rotated to lie along the beam direction, 
entered from the left and the polarization of 
the target was also aligned along the beam 
direction using the 'R and A' polarized target 
magnet. Scattered and transmitted particles 
were measured by downstream scintillation 
counters not visible in the photograph. 

in M o s c o w gave an upper l imit of 
35 eV, it is clear that detect ion of 
osci l lat ions, part icular ly of neutr inos 
f rom the sun , w o u l d improve neutr ino 
mass measurements by many orders 
of magni tude. 

However , even under very favour­
able cond i t ions it is d i f f icu l t t o pin 
d o w n the behaviour of the rarely 
interact ing neutr inos. The best bet 
seems to be to detect osci l lat ions at 
h igh energy accelerators. This might 
be feasible by compar ing the ratio of 
the intensit ies of electron type to 
muon type neutr ino in a beam at a 
f ixed distance as a func t ion of 
momen tum. A n enterta in ing t hough t 
is that the neutr ino beam emerging 
f rom underground at the CERN SPS 
intersects t w o ridges of the Jura 
mounta ins. A n intrepid experimenter 
might moni tor the beam at CERN and 
at precarious locat ions on the m o u n ­
tainside. 

Experiments on solar neutr inos are 
sti l l f raught w i t h t oo many u n k n o w n s 
to be hopefu l in the foreseeable fu ture, 
t h o u g h the radiochemical techn ique 
w i t h ga l l i um-german ium w h i c h is 
being developed in the USA and 
USSR migh t improve detect ion e f f i ­
c iency. Though it may be some years 
before reasonable exper iments be­
come feasible, the physics involved is 
in t r igu ing enough to be at t ract ing 
theoret ical a t tent ion. 

ARGONNE 
Symposium on 
polarization physics 
The 3rd Internat ional Sympos ium on 
H igh Energy Physics w i t h Polarized 
Beams and Polarized Targets t ook 
place at A rgonne on 2 3 - 2 7 Augus t . 
It was sponsored by the ZGS Users 
Group and the A rgonne Universit ies 
Assoc ia t ion and was at tended by 

about 2 0 0 physicists of a variety of 
discipl ines f rom many Laboratories 
around the w o r l d . There were talks 
by h igh energy theorists and exper i ­
menters w o r k i n g on s t rong, e lectro­
magnet ic , and weak interact ions and 
also by nuclear, l o w temperature, and 
accelerator physicists w h o have he lp­
ed to make h igh energy polar izat ion 
exper iments possible. 

Several exc i t ing new physics results 
were presented. One of these w a s the 
discovery of unexpected ly large spin 
dependence in p ro ton -p ro ton tota l 
cross sect ions be tween 1.5 and 2 
GeV/c , reported by t w o di f ferent 
groups w o r k i n g at the Zero Gradient 
Synchro t ron . The data presented by 
each g roup had been obta ined on ly 
days before the conference sessions. 
A n A rgonne g roup measured tota l 
cross sect ion dif ferences in pure 
longi tud ina l spin states, wh i l e a Rice/ 
M i c h i g a n / H o u s t o n group measured 
them in pure transverse spin states. 
Each g roup used a polarized proton 
target in con junc t ion w i t h the polarized 
proton beam. 

Another n e w resu It was the evidence 
for a dramatic di f ference between the 
energy dependence of p ro ton -p ro ton 
elastic spin effects in the fo rward 
d i f f ract ion peak and in the large 
momen tum transfer region (see M a y 
issue, page 177 ) . N e w Fermilab results 
reported by t w o groups (one using a 
polarized target and one using a gas 
jet) s h o w very l i t t le polar izat ion in the 

di f f ract ion peak near 100 GeV/c , 
wh i l e results f rom the ZGS and f rom 
the CERN PS s h o w large and possibly 
g r o w i n g spin effects in the large 
momen tum transfer region. Other 
groups reported large spin effects in 
ant ipro ton annih i la t ion at CERN and 
in lambda product ion at Fermilab. 

The possibi l i ty of using polarized 
electron beams to prove or disprove 
the existence of const i tuent quarks or 
partons was discussed by J . S c h w i n -
ger ( U C L A ) . Some other d is t inguished 
speakers were C.N. Yang (S tony 
Brook ) , w h o proposed that protons 
may be t h o u g h t of as objects rotat ing 
w i t h a ve loc i ty w h i c h varies w i t h 
radius, F. L o w ( M I T ) , w h o presented 
a model of the Pomeron w h i c h gives 
very s igni f icant spin effects, L. M iche l 
(Bures-sur -Yvet te ) , w h o descr ibed a 
general method for analysing high 
energy processes in a sp in-hyperspace, 
and H.R. Crane ( M i c h i g a n ) , w h o gave 
a historical summary of g - 2 exper i ­
ments. 

M a n y possible n e w ways of s tudy­
ing spin effects at h igh energy were 
discussed. These inc luded polarized 
gas jets, polarized beam storage r ings, 
and d i lu t ion-refr igerator polarized tar­
gets. There were also discussions of 
var ious n e w types of polarized targets 
and polarized sources for use at bo th 
proton and electron accelerators. 

The social p rogramme inc luded a 
Texas style barbecue and was h i gh ­
l ighted by a banquet at the Chicago 
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Schematic diagram of the SKAT heavy liquid 
bubble chamber which has recently been 
commissioned at Serpukhov. The following 
components are picked out — (1) camera system, 
(2) water filled tank, (3) movable window, 
(4) volume of heavy liquid, (5) membrane by 
which pressure is applied, (6) main valve 
system, (7) control valves. 

Art Institute. The after-dinner speaker 
was J.S. Kane (director of ERDA's 
physics research funding). He spoke 
on Trends in Basic Research in 
ERDA' and left the symposium par­
ticipants with a feeling of cautious 
optimism. The scientific summary of 
the conference, given by Owen Cham­
berlain (Berkeley), produced even 
more optimism about seeing new and 
surprising spin effects in the next few 
years. 

SERPUKHOV 
The SKAT 
bubble chamber 
The Institute of High Energy Physics 
at Serpukhov has recently commis­
sioned a large heavy liquid bubble 
chamber known as 'SKAT. In many 
respects, this chamber is similar to 

the Gargamelle chamber at CERN but 
there are a number of important 
differences. This information on SKAT 
and its initial experimental programme 
was supplied by E.P. Kuznetsov. 

The chamber volume is 4.5 x 1.6 * 
0.95 m3. The body is made of stainless 
steel with a wall thickness of 200 mm 
which is able to absorb a large part 
of the stresses produced during opera­
tion. The expansion system consists 
of 25 valves with an effective useful 
cross section of 120 mm while the 
electromagnetic control valves have 
a useful cross section of 45 mm. The 
time required to reduce the pressure 
from 25 atm to 10 atm is 45 ms and 
the valve operation is synchronized 
to within 2 ms. This system is of 
original design specifically for the 
SKAT chamber. Expansions are effect­
ed by means of a double membrane 
(overall thickness 12 mm) composed 
of a layer of reinforced resin and 
'Adelite' (produced in France). 

Photographs of the chamber volume 
are taken by four cameras fitted with 
special lenses. Two of them photo­
graph the entire volume and the other 
two photograph half the volume; the 
frame dimensions are 220 x 65 mm2 

and 110 x 65 mm2. Photographs are 
taken through a layer of twice-
distilled water and a thick glass 
window, which separate the chamber 
liquid from the water. The window 
measures 4.2 x 1.2 m2 and has a 
thickness of 144 mm. It is enclosed 
in a special surround which allows 
it to move ± 10 mm while still main­
taining a good seal between the 
liquids. During the normal working 
cycle, the glass moves by 0.3 mm. 

The chamber is illuminated by 
27 flash units located in special 
housings inside the chamber volume. 
Their design is similar to that developed 
at CERN in the 1 m model chamber 
for BEBC. Photographs are taken with 
dark field illumination using a movable 
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A view of the SKAT chamber in its experimental 
hall at Serpukhov looking from the side where 
the camera system is located. 

1. One of the first neutrino interactions photo­
graphed in SKAT which showed the pro­
duction of a strange particle. 

2. Another neutrino interaction where a 
positron has been produced. 

plate w i t h a black enamel f in ish. 
Thermal cont ro l of the operat ing c o n ­
di t ions is ensured by six thermostats 
inserted into the chamber vo lume. 

Certain parts of the chamber, namely 
the valve assembly b lock and the 
water tank, are made of magnet ic 
steel but their conf igura t ion is such 
that max imum correct ion can be made 
to inhomogenei t ies of the f ie ld inside 
the chamber. The magnet ic f ie ld can 
be taken to a max imum of 2.7 T, 
w h i c h requires a power of about 
14 M W ; for a f ie ld of 2 T, the power 
required is about 6 M W . The f ie ld 
inhomogene i ty in the chamber vo lume 
does not exceed 5 %. 

Commiss ion ing of the chamber be­
gan on 27 May 1975 and , by Decem­
ber, the chamber was tak ing pictures 
w i t h a neutr ino beam. IHEP's neutr ino 
beam- l ine is equ ipped w i t h a focus ing 
device w h i c h provides SKAT w i t h a 
f lux of 0.5 x 1 0 1 0 neutr inos per pulse 
w h e n 2 x 1 0 1 2 protons per pulse are 
incident on the target. Under these 
cond i t ions , approx imate ly one neu­
t r ino event occurs in the chamber 
every 3 0 frames. M a x i m u m neutr ino 
produc t ion is achieved at an energy 
of be tween 5 and 15 GeV. In th is 
energy range, it is p lanned to measure 
neutr ino and ant ineutr ino cross sec­
t ions and to obta in data on quas i -
elastic scatter ing and interact ions w i t h 
one p ion product ion (up to a q 2 of 
about 5 G e V / c 2 ) . Detai led studies w i l l 
be made on deep inelastic processes 
and neutral current interact ions, and 
rare processes, such as neut r ino-
electron scatter ing and associated 
produc t ion of electrons and strange 
particles etc., w i l l be invest igated. 

RUTHERFORD 
Particles exhibit colour 
Having lured people in to th is art icle 
by the suggest ion that the postulated 

346 



Bubble chamber events simulated by computer 
at the Rutherford Laboratory. They mimic events 
in the BEBC bubble chamber fitted with a track 
sensitive target (the box outlined in the pictures) 
to investigate how easy it will be to detect 
interactions giving 'prompt' electrons. A novel 
refinement is that the different types of particle 
can be made to appear in different colours. 

part icle property cal led 'co lour ' has 
been seen, w e shou ld come d o w n to 
earth quick ly . Co loured tracks seen 
on the bubb le chamber f i lm scanning 
tables at the Rutherford Laboratory 
do not mean that co lour has n o w 
been establ ished as a n e w part icle 
property. Wha t is happen ing is that 
computer s imulat ions have been used 

•to invest igate the ef f ic iency w i t h 
w h i c h it shou ld be possible to detect 
'p rompt ' electrons in the scanning 
process. The co loured tracks were 
produced to label di f ferent types of 
part icle. 

The product ion rates of p rompt 
electrons and muons — events where 
these particles seem to come direct ly 
f rom hadron interact ions — have been 
found to be much higher than w a s 
expected on the basis of convent iona l 
models of vector meson decay or 
direct lepton pair p roduc t ion . To look 
into this, an exper iment to s tudy 
prompt electrons has been proposed 
for the 3.7 m European bubb le c h a m ­
ber, BEBC, w i t h a t rack-sensi t ive 
hydrogen target instal led and fed by 
a 7 0 GeV negative p ion beam gener­
ated by the CERN SPS accelerator. 

BEBC w o u l d conta in a n e o n -
hydrogen mixture in w h i c h electrons 
lose most of their energy by radiat ion, 
fo rming electron showers w h i c h en ­
able these particles to be easily 
d is t inguished f rom the heavier p ions, 
muons, etc. However, the t rue prompt 
electron events cou ld be confused by 
' background ' due to spot t ing on ly one 
electron in a Dalitz pair or f rom the 
decay of a kaon. The background 
events, however, cou ld be ident i f ied 
by measuring the part icle tracks. 

The Bubble Chamber Research 
Group at Rutherford has developed 
a computer s imulat ion techn ique to 
produce specimen events. This w i l l 
enable physicists to measure the 
ef f ic iency of the bubb le chamber for 
detect ing true prompt electrons and 
indicate just h o w serious the prob lem 
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1. Slice through the DELCO detection system 
which is being installed at the Stanford 
electron-positron storage ring, SPEAR. This 
shows the location of the different com­
ponents at right angles to the beam directions. 
In the normal mode of operation, both 
muon filters will sit outside the Cherenkov 
counter as sketched on the left of the 
diagram. 

of background is. The techn ique uses 
a FR80 microf i lm recorder — itself 
computer -cont ro l led — to produce 
f i lm of computer s imulat ions of bubble 
chamber interact ions. Prel iminary re­
sults f rom this f i lm s h o w that the 
detect ion of p rompt electrons in BEBC 
is qu i te feasible w i t h a detect ion 
ef f ic iency at about 90 %. 

The programme used on the I B M 
3 6 0 / 1 9 5 computer is d iv ided in to t w o 
parts. The first generates the posi t ions 
of the 'bubb les ' in space and the 
second projects these on to any of the 
f ive f i lm planes. These project ions are 
then transferred onto magnet ic tape 
ready for input into the FR80, w h i c h 
in turn produces the actual 3 5 mm 
f i lm for scanning. 'Bubb les ' on some 
10 0 0 0 track segments, each small 
enough to produce a smooth out l ine 
for the f inal particle trajectory, are 
generated for each event, w h i c h 
typ ica l ly can produce 3 5 0 part icle 
trajectories and 150 event vertices. 

1. 
Film for a s imulated 4 0 GeV nega­

t ive p ion exper iment w i t h one to 
three particles per burst was produced 
and scanned on t w o v iews. Prompt 
electrons were seen f rom Dalitz pairs 
and f rom the rho decay into an elec­
t ron and posi t ron as we l l as f rom the 
decay of a charmed meson of mass 
2.02 GeV. The ident i f icat ion of these 
dif ferent sources of electrons was very 
good and the results f rom th is c o m ­
puter s imulat ion s h o w that s ingle 
prompt electrons coming f rom the 
hadron reactions can be ident i f ied 
w i t h almost complete certainty. Fur­
ther f i lm was generated w i t h a 70 GeV 
beam and s h o w e d l i t t le deter iorat ion 
in scanning eff ic iency. 

To check the accuracy of the scan­
n ing , a special co lour f i lm of the 
bubble chamber s imulat ions was pro­
duced in w h i c h electrons s h o w up as 
ye l l ow tracks, hadrons as wh i t e , 
strange particles as purple and muons 
as blue! In this w a y co loured particles 

have been seen but not qu i te in the 
w a y postulated by the theoret ic ians. 

STANFORD 
PEP keeps its cool 
Dur ing the Summer months a wor ry 
about heat ing effects of the stored 
electron and posi t ron beams has been 
causing some sleepless n ights around 
the PEP project of Berkeley and S tan­
fo rd . The October issue of PEPNEWS 
reports that th is wo r r y has n o w been 
removed. 

Early on in the project, it was 
decided to go for a h igh f requency 
r.f. system (operat ing at 353 M H z ) 
tak ing account of k lystron costs, 
w h i c h go d o w n at higher frequencies, 
and of cavi ty eff ic iencies. A t the t ime 
of the decis ion, considerat ion had 
been g iven to the heat ing effect of a 
short bunch of particles passing an 
irregularity (such as a recessed f lange) 
in the vacuum chamber of the storage 
r ing. Bench tests, coup led w i t h expe­
rience at the SPEAR storage r ing up 
to that point , indicated that a tolerable 
loss of about 5 % of the total r.f. power 
cou ld be absorbed in this way , cor­
responding to about 3 0 0 W per metre 
of the chamber. 

In the Spr ing of this year, an 
experience w i t h SPEAR complete ly 
upset these calculat ions. A machine 
physics experiment, using 50 mA 
beams at 3.7 GeV, was cut short w h e n 
the heating produced by the passing 
bunches burned a hole in a bel lows. 
It became obv ious that h ighly localized 
heat ing is produced. The effect is 
already uncomfor tab le w i t h the beam 
parameters at SPEAR but it was 
qu ick ly realized that the si tuat ion cou ld 
be for ty t imes worse at PEP. 

The heat ing is propor t ional to the 
square of the c i rculat ing current and 
depends also on the bunch length 
(i.e. the r.f. f requency) and the s m o o t h -
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2. Another slice through DELCO, this time along 
the beam directions. The detection system 
is designed particularly to spot prompt 
single electrons coming from multihadron 
events. These electrons are almost certainly 
finked to the new world of phenomena — 
charmed particles, heavy leptons — which 
has been uncovered in the past few years. 

ness of the vacuum vessel structure. 
Careful design of the vacuum vessel 
of PEP has probably achieved a factor 
of ten improvement on the SPEAR 
condi t ions but the remain ing factor 
of four remained intractable. Lower ing 
the beam current was avo ided because 
it w o u l d take the luminos i ty ( w h i c h 
gives the physicists their event rate 
per second) d o w n w i t h it. There re­
mained the op t ion of lengthen ing the 
bunches by lower ing the r.f. f requency 
and, reluctant ly, deve lopment of lower 
f requency cavit ies (about 78 M H z ) 
was ini t iated. 

The latest news is that a machine 
physics t r ick has taken the burden off 
the r.f. by enabl ing the beam current 
to be reduced w i t h o u t af fect ing the 
design luminosi ty. By operat ing w i t h 
a vert ical beta value of 11 cm in the 
interact ion regions the same luminos i ty 
is maintained w i t h half the current and 
the desired reduct ion by a factor of 
four in the heat ing effect is achieved. 
In add i t ion, the r.f. system is required 
to provide less power (6 M W rather 
than 9 M W ) and can be s impl i f ied 
( twe lve 5 0 0 k W klystrons feed ing 
twen ty - f ou r cavit ies rather than e igh t ­
een 5 0 0 k W klystrons feeding e igh t ­
een cavit ies at tw i ce the powe r ) . 

Every c loud has a silver l in ing. 

DELCO detector 
A new detector is a lmost ready to be 
instal led in the East interact ion region 
at the Stanford e lect ron-pos i t ron stor­
age r ing, SPEAR. It is a large sol id 
angle device w h i c h emphasizes the 
detect ion of electrons and is cal led 
DELCO (Direct Electron Counter ) . It 
has been bui l t by a Cali fornia c o l ­
laborat ion consist ing of the H. T icho 
g roup f rom UCLA, the P. Condon 
g roup f rom UC Irvine and the M. 
Schwar tz /S . Wo jc ick i g roup f rom 
Stanford University. 

As its name suggests the detector 
it is designed part icular ly to record 

direct or 'p rompt ' electrons emerging 
f rom interactions. Such electrons have 
been seen at the CERN ISR and at 
Fermilab and are probably l inked w i t h 
charmed particles or heavy leptons. 
The s tudy of the interact ions in w h i c h 
they are produced is amongst the 
most interesting physics top ics c o n ­
f ront ing us at present. 

A part icle, produced in the region 
where the electron and posi t ron beams 
col l ide, w i l l leave the vacuum c h a m ­
ber and pass th rough cyl indr ical mu l t i -
w i re proport ional chambers ( M W P C ) 
si tuated in a near-axial f ie ld of 0.35 T. 
The f ie ld is provided by t w o discrete 
coi ls, located at each end of the 
M W P C in order to minimize the 
material that the particle traverses. 
The M W P C s (engineered by Roger 
Coombes at SLAC) comprise six c o ­
axial cyl indrical chambers of 3 5 0 0 
anode wires and four h igh vol tage 
strip readout cyl inders of 4 5 0 chan ­
nels. 

2. 
The part icle then enters a one-a t ­

mosphere, methane, threshold Cheren­
kov counter w h i c h provides 1 m of 
radiator over two - th i r ds of the fu l l 
so l id angle. A t SPEAR energies, the 
on ly part icle w h i c h can direct ly emit 
Cherenkov l ight in this counter is an 
electron. Cherenkov l ight is focused 
by el l ipsoidal mirrors w h i c h are c o n ­
structed using a novel techn ique i n ­
vo lv ing the repl icat ion of a male mou ld 
w i t h polyester resin and glass f ibre 
backed w i t h f lexcore hexcel and a 
further polyester/glass f ibre layer. The 
resul t ing mirrors are of l o w mass, 
h igh ly r ig id and have an excel lent 
focus (2 cm x 0.7 cm F W H M ) . 

Beyond the Cherenkov cell are t w o 
magnetostr ic t ive w i re spark chamber 
modules w h i c h aid the momen tum 
measurement and help ident i fy back­
grounds. Final ly there is a six radiat ion 
length shower counter w h i c h helps 
in t r igger ing the apparatus and pro­
v ides a second tag on electrons. Over 
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Schematic diagram of the spherical drift chamber 
for the location of neutral particles which is 
giving very satisfying results in tests at CERN. 
An indication of its use with X-rays is sketched 
to show how the electron cloud initiated by 
the X-ray can give signals on two wires of a 
multiwire proportional chamber backing the 
drift chamber. These signals can be used to 
calculate the X-ray position to an accuracy 
better than the wire spacing by a 'centre of 
gravity' method. 

crista! <?r 1 mm 
hole in opa^u^ screen 

drift-
chamber 
electrodes 
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a l imited sol id angle (about 6 % of 
4 TU) a th ick lead wa l l is installed in 
order to ident i fy muons. 

The experiment w i l l receive its first 
SPEAR beam in February of next year 
and take data th rough unti l the end 
of June . Dur ing that period it is 
hoped that DELCO wi l l help s ign i f i ­
cant ly in understanding the confus ing 
wor ld of heavy leptons and charmed 
particles that is appearing at SPEAR. 

CERN 
Further developments 
of drift chambers 
A more detailed understanding of wha t 
is happening in gas discharge type 
detectors has led to some completely 
unexpected advances in detect ion 
techniques in the past ten years. The 
advances have emerged f rom wo rk 

at CERN since 1968 and t w o types 
of detector — the mul t iw i re propor­
t ional chamber and the drift chamber 
— are in widespread use in h igh 
energy physics research and are 
coming into use in medical appl ica­
t ions. Recent work , again involv ing a 
more detai led understanding of wha t 
is happening, promises stil l further 
advances and stil l more appl icat ions. 

The mechanisms at wo rk w h e n a 
detector is operated in the proport ional 
mode can be considered in t w o stages. 
Firstly, ionizat ion caused by the pas­
sage of a charged particle between 
anode and cathode planes of wires, 
liberates electrons wh i ch 'dr i f t ' towards 
the nearest anode wi re under the 
inf luence of the electric f ie ld. Second­
ly, in the immediate v ic in i ty of a wi re , 
where the f ield gradient is higher, the 
electron gains enough energy to 
cause further ionizat ion. In the last 
f ew path lengths an avalanche of 
electrons is bui l t up and is swa l lowed 

by the anode wi re . The ions left in 
their wake head for the cathode plane 
and it is the negative pulse that they 
induce as they traverse the high f ield 
gradient region near the wi re that is 
the major cont r ibut ion to the signal 
f rom the anode wi re . In addi t ion, the 
ions give a posit ive pulse to ne igh­
bour ing wires so that the wi re nearest 
to the posi t ion where the particle 
crossed the chamber is easily d is t in­
guished. This is the technique of 
the mul t iw i re proport ional chamber 
( M W P C ) . 

The signal f rom an anode wi re gives 
one spatial coordinate of the particle. 
A second coordinate can be obta ined 
by recording the ions arriving at the 
cathode plane w h i c h can be wires or 
strips. The ions tend to spread ou t as 
they traverse the chamber and it is 
the 'centre of gravi ty ' of the anode 
signal w h i c h is taken as the coordinate 
measurement. Techniques for reading 
the second coordinate have been 
developed particularly at Berkeley and 
Oak Ridge. 

A different use of the mechanisms 
at wo rk is to measure the t ime taken 
for the electrons to drift t o the anode 
wire. Using a scint i l lat ion counter to 
pin d o w n the t ime of arrival of a 
charged particle to a nanosecond, the 
t ime taken for the electrons to reach 
the nearest wire can be measured and 
this makes it possible to determine a 
spatial coordinate to about 100 (j.m. 
This is the technique of the drift 
chamber w h i c h has been appl ied in 
a variety of ways at many Laboratories 
such as DESY, Harvard, Heidelberg, 
Saclay. . . 

Some of the recent w o r k at CERN 
has concentrated on a chamber for 
the detect ion of neutral particles. Once 
a neutral particle init iates a charged 
particle by col l is ion w i t h a gas mole­
cule w i th in the chamber vo lume, its 
posit ion in t w o coordinates can be 
extracted. This is a great advantage 
w i t h l o w energy particles w h i c h have 
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Prototype of a large drift chamber which has 
been tested at DESY. Excellent results have 
been obtained. Sixteen such chambers are 
to be built for a muon experiment at the SPS. 

(Photo DESY) 

not enough energy to emerge for 
fur ther observat ion in a second de­
tector. Medica l appl icat ions w i t h X-
rays and gammas w i l l be of great 
importance. 

The CERN detector (wo rked on by 
G. Charpak, C. Demierre, R. Kahn, 
J .C. Sant iard and F. Saul i w i t h help 
f rom A. Breskin, R. Boucl ier) adds a 
dr i f t region to a M W P C , as s h o w n in 
the d iagram, to increase the ef f ic iency 
in X- ray detect ion. If the X-ray is not 
t ravel l ing parallel to the electric f ie ld 
in the dri f t region it can liberate elec­
t rons at several posi t ions a long its path 
g iv ing signals on several wires and 
blurr ing the in format ion as to its t rue 
d i rect ion. 

A neat w a y ou t of th is has been 
to bu i ld the drif t chamber region like 
a piece ou t of a sphere w i t h the f ie ld 
lines radiat ing ou t f rom the point 
where the specimen being X-rayed is 
located. A scattered X- ray then travels 
a long a f ie ld l ine and l iberated elec­
trons head for the same wi re . (R. Be-
noi t and N. Greguric d id some clever 
w o r k in the mechanical const ruct ion 
of this 'Spherical dri f t chamber ' . ) 

The interesting realization in the 
past f e w months has been that be­
cause of the d i f fus ion in the dri f t 
space, the electron c loud can fan ou t 
to give a signal to t w o wires. Using a 
'centre of gravi ty ' approach on these 
t w o readings, the locat ion of the 
init ial electron can be calculated to 
give a spatial resolut ion better than 
the w i re spacing. Because of th is it 
was possible to go f rom 1 mm wi re 
spac ing, w h i c h was causing mechan i ­
cal problems, to 2 m m w i re spacing 
and to achieve coord inate measure­
ments to better than 1 m m . 

The important fact is that it is 
possible to posi t ion particles to better 
than the distance between the wi res, 
provided the electrons can dri f t far 
enough to spread the electron c loud . 
In add i t ion , having a long drif t region 
a l lows a higher ampl i f icat ion to be 

achieved than in a th in propor t ional 
counter. The disadvantages are that 
the coun t ing rate may be lower since 
longer lengths of w i re are 'deadened ' 
by every pulse. A lso the electronics 
necessary to do the centre of gravi ty 
sums w i l l be more expensive. H o w ­
ever, the advantages are considerable 
and it should not be d i f f icu l t to 
construct large chambers w i t h anode 
wires of 20 [xm diameter and 2 m m 
wi re spacing. 

DESY 
Drift chambers 
for the SPS 
A large dri f t chamber, w h i c h is a fu l l 
size prototype of a series of chambers 
w i t h a tota l of sixteen signal w i re 
planes, has been bui l t and success­
fu l ly tested at DESY. The chambers 
w i l l be part of the fo rward spectro­
meter w h i c h is being bui l t by the 

European M u o n Col laborat ion and 
CERN to s tudy muon scatter ing using 
a 3 0 0 GeV muon beam in the SPS 
Nor th Area. 

A fascinat ing programme of physics 
is envisaged for th is spectrometer since 
very energet ic and very heavy vir tual 
pho tons w i l l be available to probe the 
quark structure of the nucleons and 
to produce new particles. To be able 
to do th is , the particles emerging f rom 
the interact ions w i t h h igh momenta 
have to be analyzed very accurately. 
Drif t chambers are the best type of 
detector for th is j o b since they a l l ow 
space coordinates of h igh energy 
charged part icles to be measured w i t h 
h igh precis ion. 

The proto type chamber has a useful 
area of 2.5 x 5.1 m 2 . It consists o f 
t w o planes w i t h signal and potent ia l 
w i res and three cathode planes. The 
size of the drif t cell is 2 x 2 c m 2 

(measured f rom signal to potent ial 
w i re and f rom cathode plane to 
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cathode p lane) . The cathode planes 
have wi res spanned across the short 
d imens ion w i t h 2 m m w i re distance. 
Signal wi res and potent ia l wi res are 
spanned in three dif ferent di rect ions, 
the longest ones hor izontal ly, w i t h a 
length of 510 cm. 

The cathode planes are at earth 
potent ia l . A gas mixture of argon, 
methane and isobutane was f ound 
to g ive g o o d results (argon w i t h iso­
butane alone was not satisfactory 
because of the rather large var iat ion 
of the electrical f ie ld across the 2 cm 
dr i f t space w i t h constant cathode 
potent ia l ) . The mixture gave an ef f i ­
c iency around 9 9 % w i t h deviat ions 
f rom l inearity b e l o w half a mil l imeter. 
The resolut ion of the space coordinate 
was f o u n d to be almost as g o o d as 
for small chambers. For the shorter 
wi res it is 0.17 m m and for the 5 1 0 cm 
wires, 0.21 m m . It has thus been 
demonstrated that g o o d spatial re­
so lu t ion can be obta ined also for large 
dr i f t chambers. 

The mechanical const ruct ion is very 
r ig id, w i t h very accurate pos i t ion ing 
of the signal and potent ia l w i res, in 
order to maintain the measurement 
precis ion. A lso , a very dense packag­
ing of many planes is possible. The 
sixteen planes required for the exper i ­
ment can be put together to occupy 
on ly 41 cm in dep th . 

Product ion of the f inal chambers 
has started at the DESY Laboratory 
and it is expected that they w i l l all be 
in place at CERN by the end of 1977. 

LOS ALAMOS 
New neutron sources 
The Los A lamos Scient i f ic Laboratory 
is bu i ld ing faci l i t ies for research w i t h 
neutron beams w h i c h are at present 
unparal lel led anywhere in the wo r l d . 
A Weapons Neutron Research Facil i ty 
( W N R ) is scheduled for operat ion 
early 1977 . A n Intense Neutron Source 

( INS) saw approval of an env i ronmen­
tal impact statement and the start of 
some cor ing for const ruct ion at the 
beg inn ing of th is year. 

The W N R draws its beams f rom 
the 8 0 0 MeV pro ton linear accelerator, 
L A M P F . A chopper in the L A M P F 
injector separates the tai l of the pro ton 
pulse so that a kicker magnet can 
def lect the protons in the tai l to the 
W N R wh i l e the main pulse cont inues 
towards the L A M P F targets for use 
in the meson physics research pro­
gramme, etc. The def lected protons 
reach the W N R at a rate of 120 Hz 
and the durat ion of each pulse can 
be adjusted f rom nanoseconds to 
microseconds. This abi l i ty to use short 
bursts of particles is a special feature 
of the W N R . 

The protons produce neutrons, at 
a rate of about 12 per inc ident p ro ton , 
by spal lat ion in a tungsten target (a 
cyl inder 2 to 4 cm diameter, 15 cm 
long) . The neutrons emerge w i t h 
energies f rom about 30 MeV to 10 keV 
( the lower energy spectrum can be 
extended d o w n to 0.03 eV by using 
a moderator around the target ) . M a n y 
beam tubes fan ou t f rom the target 
room to a l low neutrons th rough to 
the experiments. A second target room 
can be used for scatter ing neutrons 
or for receiving l o w intensi ty proton 
pulses. 

To extend the abi l i t ies of the W N R 
in the fu ture, a proton storage r ing is 
being designed. It w o u l d stack many 
proton pulses and compress them 
into a bunch so that a very short , 
very h igh intensi ty pulse of neutrons 
cou ld be generated by f i r ing the 
proton bunch f rom the storage r ing at 
a target. 

The INS is budgeted at $25 mi l l ion 
and is scheduled for comple t ion in 
1980. It is in tended as a neutron 
factory, in the same w a y that L A M P F 
is a meson factory, capable of sup­
por t ing a broad research programme 
invo lv ing many experimenters. 

Neutrons w i l l be generated in a 
supersonic deuter ium gas jet inter­
sected by a beam of t r i t ium ions 
y ie ld ing a f lux of 1 0 1 5 neutrons per 
second at an energy of 14 MeV. T w o 
identical react ion chambers of th is 
type are envisaged. 

The INS is at the stage of detai led 
engineer ing. Components , such as 
the ion source w h i c h is required to 
y ie ld 1 A of t r i t ium ions, are under 
development . M u c h of the exper i ­
mental programme (neut ron cross 
sect ion measurements in a variety of 
materials, materials damage invest iga­
t ions in intense neutron f luxes) w i l l 
be di rect ly relevant to fus ion reactors 
since the reactors w i l l experience the 
identical bombardment w i t h 14 MeV 
neutrons. 

FERMILAB 
Cancer Therapy Facility 
treats first patient 
On 7 September a dose of neutrons 
was administered for the first t ime to 
a volunteer pat ient at the Fermilab 
Cancer Therapy Facil i ty. The pat ient, 
a w o m a n suffer ing f rom recurrent 
cancer of the t ongue , spent about an 
hour at the Facil i ty and has since 
returned several t imes to receive 
further doses. 

M igue l A w s c h a l o m , Deputy Head 
of the CTF, reports that the c o m ­
miss ioning of the Facil i ty was 'sat is­
factor i ly smooth ' . The achievement 
fo l l ows several years of p lann ing, 
research, and const ruct ion by Fermilab 
staff members and a number of m e m ­
bers of the medical commun i t y in the 
Chicago area. Trials w i t h patients w i l l 
con t inue as more col l imators neces­
sary to irradiate di f ferent types of 
t umour become operable. A three day 
per week irradiat ion schedule is n o w 
in effect and w i l l soon become f ive 
days per week. 

A l l pat ients w i l l be referred to 

352 



Fermilab by radiotherapists f rom par­
t ic ipat ing medical inst i tut ions. Not all 
cancers are suitable for neutron therapy 
and the decision to use neutron radia­
t ion w i l l be made in accordance w i t h 
protocols establ ished nat ional ly by 
the Radiat ion Therapy Onco logy 
Group. Only careful ly selected patients 
w i l l be irradiated. Certain tumours of 
the mouth and upper respiratory pas­
sages, advanced cancers of the cervix, 
prostate, and some brain tumours , 
w h i c h resist convent ional t reatments, 
are being treated exper imental ly at 
the four fast neutron instal lat ions in 
the USA. Some cancers of the lung 
and pancreas, as we l l as certain bone 
and soft t issue mal ignancies, w i l l be 
irradiated in con junc t ion w i t h chemo­
therapy. 

Fast neutrons for the CTF are gener­
ated by protons f rom the linac w h i c h 
are available w h e n the main r ing is 
go ing th rough its accelerat ion cycle. 
Protons are thus avai lable for about 
70 % of the t ime dur ing every acceler­
ator pulse. A pulsed and a d.c. magnet 
installed after the four th l inac cavity, 
def lect a 66 MeV proton beam 90° to 
a beryl l ium target. The col l is ions pro­
duce the fast neutron beam. 

A por t ion of the long gal lery parallel 
to the l inac has been remodel led to 
create the Cancer Therapy Facil i ty. 
It contains rooms for pat ient recept ion, 
the contro l room and treatment area. 
The heavily shielded treatment area 
surrounds a former l inac f re ight eleva­

tor so that patients can be lowered 
f rom the linac gallery at g round level 
to the f loor be low on a level w i t h the 
linac. No long- term patient care is 
provided at Fermilab and on ly a m b u ­
latory patients are accepted. 

It has been k n o w n for many years 
that oxygen-poor or anoxic cells tend 
to be more radiation resistant than 
normal cells and rapidly mul t ip ly ing 
cancers, w h i c h of ten o u t g r o w their 
b lood supply, result in anoxic cells. 
Research at the Hammersmith Hosp i ­
tal in England and elsewhere has 
indicated that anoxic cells may be less 
resistive to fast neutron irradiation 
than to X-rays. Large scale cl in ical 
trials under control led cond i t ions are 
necessary to conf i rm the research w o r k 
and the Fermilab CTF has been c o n ­
structed w i t h this in m ind . 

As w i t h X-ray treatment, fast neu ­
tron therapy uses a series of partial 
exposures or fract ions. The average 
patient irradiation w i l l last about four 
minutes w i t h about t w e n t y minutes 
for preparation. A typical t reatment 
w i l l require twe lve to twen ty -e igh t 
exposures. The CTF cou ld probably 
do t w o to four patient f ract ions per 
hour. 

It is expected that about 3 0 0 to 
600 patients w i l l go to the CTF in the 
first year. In the Chicago area, some 
11 0 0 0 people are v ic t ims of cancer 
each year and about 1000 of these 
cancers may be treatable at the CTF. 
Patients f rom anywhere in the Uni ted 

Alan Jones, a technician at the Fermilab Cancer 
Therapy Facility, positions his head at the 
neutron beam port. The first irradiation of a 
patient took place at the Facility in September. 

(Photo Fermilab) 

States may also be referred to the 
Fermilab. 

The possibi l i ty of using high energy 
protons for radiat ion therapy was 
suggested in 1947 by Bob Wi lson . 
W i t h the construct ion of the l inac at 
Fermilab, discussion started on the 
mul t ip le use of the accelerator for 
medical purposes. Init ial ly, the ideas 
turned to the direct appl icat ion of the 
proton beam for therapy but as the 
discussions con t inued, interest in the 
possibi l i ty of fast neutrons developed. 
A n ambi t ious plan was devised for a 
large faci l i ty detached f rom the l inac 
gallery. Later, the present faci l i ty was 
proposed since it is of such a scale 
that f und ing cou ld be f ound much 
more readily. 

Design began in January 1975 and 
the first neutron beam was achieved 
in J u l y of that year. Through to 
January 1976 , measurements were 
made of the physical and rad io­
b io log ica l properties of the beam and 
these data permit ted design of the 
f inal sh ie ld ing and improved controls. 
Other studies measured the dose 
d is t r ibut ion in t issue-equivalent phan ­
toms. Six groups of radiobiologists 
measured the effects of dif ferent neu ­
t ron doses on bacteria, mice, t issue 
cul tures, and other b io logical systems. 

The CTF w i l l func t ion as the Cancer 
Therapy Department of the Acceler­
ator Div is ion. Lionel Cohen, a radio­
therapist w h o is Head of the Depart­
ment of Radiat ion Onco logy at 
Michae l Reese Hospital Ch icago, 
heads the Department staff. Other 
members inc lude Frank Hendr ickson, 
M.D. , Head of the Department of 
Radiat ion Therapy at Chicago's Pres-
byter ian-St . Luke's Hospi tal . M igue l 
A w s c h a l o m , w h o jo ined Fermilab in 
1967 to design radiat ion shie ld ing 
and look after radiat ion protect ion, is 
Deputy Head. Don Young , w h o jo ined 
Fermilab in 1967 to head the team 
that designed and bui l t the 200 MeV 
linac is Associate Head. A lso Ivan 
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Layout of the Cancer Therapy Facility at Fermilab. 
A 66 MeV proton beam is taken off after tank 4 
of the linac and fired at a target to produce 
neutrons for cancer therapy. 

People 
and 
things 

Concrete-
Shie ld ing 

Rosenberg, a medical physicist , h a i 
recently been appo in ted to the project. 

The Nat ional Cancer Inst i tute (US 
Department of Heal th, Educat ion, and 
Welfare) has made a grant of $816 0 0 0 
for three-year operat ing funds for the 
CTF, beg inn ing 3 0 J u n e 1975. The 
Laboratory's pr ime sponsor, the Uni ted 
States Energy Research and Deve lop­
ment Admin is t ra t ion (ERDA) has 
helped s ign i f icant ly in mak ing the 
new fac i l i ty possible. 

Through the efforts of the medical 
profession in the Chicago area, private 
funds have also been cont r ibu ted for 
mod i fy ing the bu i ld ing to accommo­
date the new faci l i ty, and for some 
equipment . The Field Foundat ion has 
donated S50 0 0 0 , the Joyce Founda­
t ion $50 0 0 0 , the A .B . Dick Company 
$5000, the Chicago Commun i t y Trust 
( th rough Harry L. and Elizabeth Mar ­
shal l , Dr. A d o l p h Gehrmann, and the 
Wi l l iam Al len Pusey Fund) $50 000 , 
Elliott Donnel ley $10 0 0 0 , Chauncy 

and Mar ion McCorm ick Charitable 
Fund $10 0 0 0 , Robert R. McCorm ick 
Charitable Trust $50 0 0 0 , A m o c o 
Foundat ion $10 000 , Metropo l i tan 
Assoc ia t ion of Radiat ion Therapists 
$106. Patients w i l l pay the referring 
inst i tut ions for their normal services 
but Fermilab w i l l make no charge for 
the neutron irradiat ions under the 
terms of its NCI grant. 

As we close this issue we learn of the 
award of the 1976 Nobel Prize 
for Physics to Burt Richter and Sam 
Ting. Our congratulations to 
these two fine scientists. We 
shall be celebrating their 
award in our next issue. 

Conference organizer extraordinary 

At the end of September, Miss Steel 
retired from CERN after over 20 years 
as a staff member. It was as an 
organizer of Conferences that she 
became well known throughout the 
world of high energy physics. From 
1956 to 1971 she led the Secretariat 
for Rochester Conferences, Inter­
national Accelerator Conferences, 
European Elementary Particle 
Physics Conferences, CERN Schools, 
etc. . . both at CERN and at other 
Laboratories in Europe. She was 
also called upon to advise on the 
organization of some Conferences 
in the USA. Her accumulated 
experience was second to none and 
her hard work ensured that it was 
always at the service of high energy 
physics. She carries with her the 
respect and appreciation of a whole 
community of physicists. 

Radiobio logica l Review 

In recent years w e have f requent ly 
carried news on medical appl icat ions 
of beams of accelerated particles. 
(The start of irradiations at Fermilab is 
ment ioned in th is issue.) A t the 
Rutherford Laboratory they have 
concentrated on the use of negat ive 
p ion beams, generated by the 
N imrod synchro t ron , in rad iob io logy. 
A g o o d rev iew of their research 
dur ing the years 1 9 7 1 - 1 9 7 6 has 
just been issued, edi ted by R.E. Ellis, 
P.J. L indop, J.E. Coggle and 
G. Fraser. The report number is 
R L - 7 6 - 0 9 2 . 

Dubna 20th anniversary 

The Joint Institute for Nuclear 
Research at Dubna is celebrating its 
20th anniversary and a book 'Dubna 
1956-1976' has been published, 
containing many of the excellent 
human photographs of Yu. Tumanov. 
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Dubna is celebrating its 20th anniversary. 
Typifying the many international collaborations 
in which the Institute has taken part, this photo­
graph from 1972 shows Professor Jentschke 
on the left, then Director General of CERN, 
examining bubble chamber pictures with 
Professor Dzhelepov, Head of the Dubna 
Laboratory of Nuclear Problems. Altogether 
these two scientists had the backing of 
24 countries. 

(Photo Yu. Tumanov, Dubna) 

Group photo of Soviet scientists with US officials 
and their Stanford hosts taken during a visit 
to SLAC. The line up reads, left to right back 
row: O.M. Rodzianko (US translator), 
V.A. Yarba, V. Matveev,J. S. Coleman (ERDA), 
L. Keller (SLAC). Front row: D.F. Khokh/ova, 
P.A. Cherenkov, W.K.H. Panofsky (SLAC), 
I.V. Chuvilo (Head of Delegation), V.A. Vasilyev, 
A.Ts. Amatuni, V.F. Kuleshov. The visitors 
attended a conference on US-USSR coopera­
tion in science, after which they visited 
American laboratories including Berkeley, 
Stanford, Fermilab and Brookhaven. 

(Photo SLAC) 

Dubna itself is a multinational 
organization (with Albania, Bulgaria, 
China, Czechoslovakia, German 
Democratic Republic, Hungary, 
Korean Democratic Republic, 
Mongolia, Poland, Rumania, 
Vietnam and USSR as its founder 
Member States) and has been 
prominent in the broad international 
collaborations in high energy and 
nuclear physics. (One of these 
collaborations, with CERN, is picked 
out in the photograph.) During its 
twenty years of existence Dubna 
has grown from a staff of 1300 to 
over 6000. They have operated a 
proton synchrotron, a synchro­
cyclotron, heavy ion accelerators, 
nuclear reactors and the necessary 
detection systems for research at 
these facilities. There has been some 
fine experimental work, particularly 
on heavy elements, backed up by a 
theoretical group of world standing. 

Bicentennial particle 

The August issue of the excellent 
journal of the Stanford Linear Acceler­
ator Center, 'SLACBeam Line', spotted 
that SLAC Publication Number 1776 
announced the discovery of the 
charmed particle of mass 1876 MeV 
in July 1976. 

Boost ing the Booster 

A report f rom the staff w o r k i n g on the 

CERN 8 0 0 MeV four - r inged Booster 

was g iven at the 5 th A l l Un ion 

Nat ional Conference on Particle A c ­

celerators in Dubna on 5 - 7 October. 

It announced a peak intensity of 1.3 x 

1 0 1 3 protons per pulse and the re­

markable rel iabi l i ty of 98.5 % of sched ­

uled operat ing t ime. Work is under 

w a y on increasing the intensi ty t o ­

wards 2 x 1 0 1 3 and on decreasing 

the cycle t ime towards 0.6 s f rom 1.2 s. 

Mach ine physics exper iments are also 

being made to add bunches vert ical ly 
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The storage ring operators and experimental 
physicists at the Stanford SPEAR storage ring 
have been having some fruitful fun during the 
Summer months improving the operating and 
detection efficiencies. A palm frond was awarded 
to the team which clocked up the largest 
number of detected and analysed multi-hadron 
events in a single shift. This competition fed 
to a tightening of routines for injection, tape-
changing, counter checks, etc. . . and to 
muttered expletives at such things as typing 
errors in reloading programs which could lose 
five minutes in the attempt at a new record. 
In the picture, the then holders of the record 
had gathered 807 hadron events at 4.028 GeV 
centre of mass energy in one shift. 

f rom t w o of the rings rather than to 

eject f rom the r ings sequential ly. The 

doub l ing in long i tud ina l densi ty thus 

achieved w o u l d increase luminosi ty 

in co l l id ing beam experiments and 

cou ld make pro ton-an t ip ro ton opt ions 

more attract ive. 

Particle physics and Eastern 
philosophy 

An unusual book about our research 
was published by Macmillan at the 
end of September. Its title is 'The 
Fabric of the Universe' and the 
author is Denis Postle a self-
proclaimed 'lay man' who became 
fascinated by particle physics while 
producing a BBC/CERN film, 
'Shadows of Bliss' a few years ago. 
A central theme of the book is that 
the know/edge emerging from our 
research is in line with the inter­
pretation of the Universe which is 
at the heart of Eastern philosophy. 
It is a very individual view of particle 
physics which is presented in 
readable style in an attractively 
produced book. 

Element 107 

A team led by G.N. Flerov at Dubna 

has synthesised element 107. They 

used a 2 9 0 MeV beam of ch romium 

ions on to a b ismuth target and saw 

results w h i c h corresponded to the 

alpha decay of element 107 ( w i t h a 

nucleus of 107 protons and 154 neu­

trons) f o l l owed by the f ission of 

element 105 w h i c h is thus produced. 

A lively Fermilab tradition is the canoe race 
around the cooling water canal which traces the 
circumference of the main ring. The 4 mile race 
including 17 portages around the dikes, was 
won this year in a record time of 45 minutes, 
19 seconds, by a USA/Canada collaboration: 
1. John Cumalat (left) of Santa Barbara and 
George Luste of University of Toronto. 
2. Last year's winners Jim Prentice (left) and 
John Martin, both from Toronto, were second. 
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The Institute of Physics 
publishers of a major part of the European 
physics l i terature 

PHYSICS BULLETIN 

physics in 
technology 

A monthly magazine bringing you the latest news 
from the European physics community. Reviewing 
developments in physics and related fields and giving 
prominent coverage to current professional and 
scientific affairs, it is the only magazine of its kind 
in the English language published in Europe. 

A bimonthly magazine for all scientists, engineers 
and students interested in the applications of physics 
to current technology. It is unique in its wide coverage 
of topics, highlighting the role of the physicist in 
technology, and is presented in an informal but 
informative style. 

REPORTS ON 
PROGRESS Ml PHYSICS 

A monthly review journal covering all branches of 
physics. Articles survey the development of selected 
topics over the past ten years or so, and demonstrate 
their relevance in the wider context of physics. 
Authors combine a critical evaluation for established 
workers with a reliable introduction for newcomers 
and specialists in other fields. 

For further informat ion w r i t e to 

The Circulation Manager 
Room 107 
The Institute of Physics 
Techno House 
Redcliffe Way 
Bristol BS1 6NX 
England 

These are only three of the many publications of 
The Institute of Physics, which also include: 

Journal of Physics A : Mathematical and General 
Journal of Physics B : Atomic and Molecular Physics 
Journal of Physics C: Solid State Physics 
Journal of Physics D : Applied Physics 
Journal of Physics E: Scientific Instruments 
Journal of Physics F: Metal Physics 
Journal of Physics G : Nuclear Physics 
Physics in Medicine and Biology 
Physics^Education 

Write to us for our complete catalogue and descriptive 
leaflets. And ask your librarian if you can see some of 
our publications. We think you wi l l be impressed 
by the wide-ranging list of contents and by the 
international standing of many of our authors. 
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SALE OF SCIENTIFIC 
EQUIPMENT 

The main items available are: 

1 . CRT oscil loscopes 

SOLARTRON Dual Beam 
Oscilloscope mod. CD1400 

TEKTRONIX Oscilloscopes mod. 517, 519, 536, 543, 544, 545 
PHILIPS Oscilloscope mod. PM 3231 
TEKTRONIX Plug-ins mod. C/A, L, G, M, N, 8 1 , 8 4 
TEKTRONIX Auxil iary 

instruments mod. 1 6 1 , 1 6 2 

Electronic vo l tmeters and accessories 

HEWLETT PACKARD mod. 
SCHNEIDER mod. 
SOLARTRON mod. 
DYNAMCO mod. 
NLS mod. 

41 OB, 412A 
750 Digital Mult imeter 
LM 1420 Digital Voltmeter 
DM2022 , DM2023 Digital Voltmeter 
V35 DVM 

3. P o w e r supplies 

BRANDENBURG 
OLTRONIX 
CERN 
HEWLETT-PACKARD 

mod. 50530 HT 
mod. LS529, LS528, LS527, LS522, LS120R, LS11 
mod. 1104 HT Distribution Box 
mod. 721A 

The CERN Stores 
have a large selection 
of scientific equipment 
from the 
Nuclear Physics Division, 
for sale at favourable prices 

4. N I M / Camac dismissed equ ipment 

EG + G mod. M104 N I M bin 
SEN mod. PC2006 Camac Bin 
SAPHYMO mod. P7-ALJ1028 Camac Bin 

Nuclear e lectronics modules 

CERN mod. 9032 Delay unit 
mod. 4107 Fast Amplif ier 
mod. 6220, 6225, 6229 Coincidences 
mod. 2101 ,2105 , 2602 Gate, Trigger Generator 
mod. 4122, 4124 Negative Mixer 
mod. 6011 Discriminator 

EG + G mod. A N 1 0 1 , 106N Fast Amplif ier 
mod. OR100 OR-Gate 
mod. F105, F108 Logic fan-outs 
mod. C104, C102N Coincidences 

CHRONETICS mod. 1 5 1 , 156 Dual Discriminator 
mod. 152, 157, 158 Logic units 

LRS mod. 227 Integrator 
SEN mod. 123, 135 Fast scalers and associate logic 
SEN mod. 193 Pattern unit 
J + P mod. 6210 Discriminator 

6. Var ious inst ruments 

SIEMENS 
LEEDS & NORTHRUP 
TENNELEC 
PHILIPS 
HEWLETT-PACKARD 
T M C 

mod. 2328 
mod. 6036 
mod. 100C 
mod. Pw 4032 
mod. 561B 
series 200 

R-Budge 
Mult iple Recorder 
Preamplifier 
Scaler 
Line Printer 
Pulse Height Analyser 

Those interested ^ _ - - MAGASINS/RECUPERATION 
should contact P r R N 1211 GENEVA 23 - Switzerland 

the following address: w ^ 1 1 1 1 1 Tel. (022) 41 9811 Ext. 2180 
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EEV's new high voltage thyratron 
offers the biggest switching capability 
available in a single tube. 

EEV developed metal envelope 
thyratrons to reduce the thermal limitations 
of conventional ceramic tubes. 

Our new CX1536 is a high-voltage 
version of the famous GHT9 (CX1529). 

At 350MW peak pulse power CX1536 
offers bigger switching capability than any 
other thyratron. 

Get full data on this unique EEV tube, 
fast Contact us now at Chelmsford, England 

EEVand M-OV know how. 
THE M-0 VALVE CO LTD. Hammersmith,London, England W6 7PE.Tel: 01-603 3431 .Telex: 23435.Grams: Thermionic London. C J 9 ^ I 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford. | 
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The switch that 
sets you free 

Three advanced pocket programmables from 
Hewlett-Packard. With the switch that sets you 
free on all three. 

Free from the keyboard. You are not limited 
to built-in functions: you can enter programs 
yourself. Free from the need to enter algorithms 
again and again in repetitive calculations. You key 
in constants and operations once: then solve 
swiftly for variables. 

It's all very simple; very logical; very practical, 
And Hewlett-Packard's years of experience in 
programmable calculators show up in a very 
special combination of hard- and soft- ware that 
effectively gives you extra programming power. 

The wide range of built-in 
functions on the keyboards 
make every step count. Hewlett-
Packard's famous RPN logic 
system and 4-level operational 
stack can save and automatically 

re-introduce in correct sequence, up to three 
intermediate answers: so you don't waste steps 
storing and recalling them. There's more memory 
than you expect in a pocket calculator. And 
powerful software support 

Every Hewlett-Packard pocket programmable 
comes to you complete with comprehensive 
manual, packed with detailed programming 
instructions and examples. Soft carrying case, 
rechargeable batteries and re-charger/mains 
adaptor are also included. So is a full year's 
warranty honoured at any of 172 Hewlett-Packard 
offices in 65 countries. 

It all adds up to a mind-
expanding instrument with the 
Hewlett-Packard look and feel of 
_ quality. One you will use with 

growing pleasure as you continu­
ally discover new and unsuspected 
capabilities in it and your-self. 

HEWLETT [hbl PACKARD 

Sales and service f rom 172 offices in 6 5 countries. 
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Advanced programmables from 
Hewlett-Packard -the f i r s t family 

r j I Q C T with engineering notation 
I IK3 I (scientific in multiples of 
10±3) -HP-25.49 program lines with up 
to 3 steps in each. 72 built-in functions 
covering science, engineering, maths 
and statistics. 

Comprehensive editing facilities. 
13 memory registers, eight separately 
addressable. 

A truly advanced programmable 
calculator from Hewlett-Packard. 

d D C T four dimension pocket 
r I K j I calculator-HP-55. 
1.49 steps of practical programming 
power. 2. No less than 20 addressable 
memories! 3.86 built-in scientific and 
statistical functions. 4. Built-in timer 
with a resolution of 1/100 sec. 

Rugged, reliable, amazingly versatile 
- t h e sophisticated HP-55. 

EIDCT fully-programmable pocket 
r l K 3 I calculator in the wor ld -HP -65 . 
100 steps of program memory. Built-in reader 
enables you to enter programs from pre­
recorded magnetic cards about the size of a 
stick of chewing gum; or record for use over 
and over again, programs entered through 
the keyboard. Full range of built-in keyboard 
functions. Powerful memory. Specialised 
applications software in abundance. 

Fast-growing library of programs from 
users . Virtually a pocket computer. 

ForfulldetailscontactyournearestHewlett-Packard office: 
AUSTRIA Hewlett-Packard Ges.m.b.H., Handelskai 52/3, P.O. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S. A./N.V., Avenue du 
Col-Vert, l(Groenkraaglaan),B-1170 Brussels. DENMARK Hewlett-Packard A/S, Datavej 52, DK-3460 Birkerod. FINLAND Hewlett-Packard OY, 
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France, Quartierde Courtaboeuf,BoitepostaleNo. 6,F-91401Orsay. 
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140, D-6000 Frankfurt 56,ITALY Hewlett-Packard 
Italiana S.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box 
667,NL-1134Amstelveen. NORWAY Hewlett-Packard Norge A/S,Nesveienl3, Box 149, N-1344 Haslum. SPAIN Hewlett-Packard Espanola S.A., 
Jerez No. 3, E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB, Enighetsvagen 1-3, Fack, S-16120 Bromma 20. SWITZERLAND Hewlett-Packard 
(Schweiz) AG, Zurcherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Ziirich. UNITED KINGDOM Hewlett-Packard Ltd., King StreetLane, Winnersh, 
Wokingham, Berkshire RG115AR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Geneve. 
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® 
New 

plexiglas-scintiilatOK 
for high energy 

shower counters 
Rohm GmbH (Darmstadt) offers a new and low priced scintillator material 

based on the well-known PLEXIGLAS. 

The material is especially well suited for use in total absorption counters (''calorimeters") 
for the measurement of electromagnetic and hadronic showers in high energy physics. 

It combines radiation sensitivity with the excellent mechanical and optical properties of PLEXIGLAS such as: 

• availability in a wide variety of shapes and dimensions 

m easy machining and polishing 

• high transparency and reproducible optical properties 

• good stability aganist environmental influences and natural ageing 

The new scintillator is available in four different grades under the commercial name of 
PLEXIGLAS 1921, 1922, 1923 and 1924. 

c o m m e r c i a l l igh t y i e l d re la t i ve na tu ra l a t t e n u a t i o n 
n a m e to A n t h r a z e n e a t t e n u a t i o n l eng th fo r l i gh t 

= 1 0 0 % l e n g t h * ) of w a v e l e n g t h s 
^ 4 3 5 n m 

PLEXIGLAS 1921 1 2 % 2,0 m 2,7 m 

PLEXIGLAS 1922 1 8 % 1,3m 1,7 m 

PLEXIGLAS 1923 1 9 % 1,5 m 2,3 m 

PLEXIGLAS 1924 2 0 % 1,2m 1,7 m 

1/e value for sheets of 10mm thickness and > 2 0 0 m m width with pol ished edges; measurements wi th a photomul t ip l ie r56 DVP; 
uncertaint ies typical ly 10%. 

For ^ 1 1 ^ ^ ^ ^ R o h m G m b H ronm C h e m i s c h e Fab r i k 
P.O.B. 4 2 4 2 

COfltaCt: I I I I • D-6100 D a r m s t a d t 

additional information • • • • • • • • P 0 . B . 4 2 4 2 
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V D D 2 0 8 1 
VIDEO DISPLAY DRIVER 

• J 111 $ 
PUT ON 

A. 
VIDEO 

C A M A C 

Fast access time of 500 ns, i.e. faster than the 
CAMAC cycle, therefore no Q response testing 
or LAM handling requirements. 

Word/byte selection for easy DMA transfers. 

j ^ t Data format fits all common screen sizes, and 
provides 24 lines of 48 or 80 characters. 

Data is directly computer-compatible through a 
7-bit ASC II code. 

Video format output is a composite signal to the 
CCIRR 308. 2 norm. . 

Character sets are 64 upper case ASC II alpha-
numerics, and 16programmable user's charact­
ers ( 32 on request ) which can be dedicated to 
graphic, statistic or flowchart use. 

tlie -video display 
driver with all tlie 

S E N E L E C T R O N 1 Q U E Case Postale 39 

Z U R I C H |m Zcntrum 18 

H A M B U R G Postfach 223 

M U N I C H Ridspielerstr 8 

CH 1211 Geneve 13 

CN 8604 Volkettwil 

D 2000 Wedel 

D 8000 Miinchen 81 

tel (022)44 28 40 tlx 23359 ch 

tel (01) 86 51 03 tlx 58257 ch 

tel 04103 6282 tlx2189 548d 

tel 089 916710 tlx 529167d ELECTRONIQUE 



Switching Power Supplies 
High Efficiency 
Operation During Power Brownouts 
No Audible Noise 
Small Size, Light Weight 
High Reliability 
Output Voltage Adjust 
Output «On-Off» Controll 
Overload Protection 
Overvoltage Protection 
Parallel Operation 

Serie 650 60 W 
AC/DC 600 100W 2 outputs 

620 100 W 3 outputs 
672 175W 
673 175 W 3 outputs 
671 300W 
670 500 W 
453 600W 
682 750 W 

Serie 400 250 W 
DC/DC 

Industrievertretungen 
Bellikonerstrasse 218, CH-8968 Mutschellen 

Telefon 057 5 4 6 5 5 
Telex 54070 

OUR THICKEST METAL WIRE. 
SOME ARE ONLY 0.005 mm DIAM. 

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

GOODFELLOW METALS 
FOR RESEARCH 

NEW, RESILIENT 
ALL-METAL SEAL 

METAL-C-RING 
This new all-metal seal is an extreme environment, 
resilient gasket that performs well in internal or exter­
nal pressure, or axial applications. 
The M-C-R is available in the broadest range of sizes 
— diameter and cross-section - of any metal seal, and 
can be made in circular and non-circular shapes. 
— Effective from —185° C to 600° C 
— Pressure range - from 10" 1 0 torr to 50,000 psi 
— Materials commonly employed are Inconel X-750 and 

718 
— May be plated or coated 
— 32 rms mating surface finish commonly used. 

WRITE FOR METAL-C-RING DATA BULLETIN 

ADVANCED PRODUCTS N.V. 
Pierstraat 5, B 2630 Aartselaar, Belgium 
Tel. : 031/88.49.46 - telex : 32238 
Technical representation in all European countries. 
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The 
Multi-Sealer« 
that keeps J 
you in the « »m w 

picture 05 4443785 

06 4573SB? 

07 5543878 

JUS 
tiff 

5637682 

©? 

10 

11 6#7598? 

12 

The remarkably i nexpens iveType 341 
Multi-sealer offers: 

• 12 independent 7-decade Scalers 

• 1 0 0 MHz input resolut ion 

• One pre«settable counter 

• S imul taneous live d isplay on a 
TV screen 

• Paral lel pr inter Output 

• System- independent 
(double NIM-module) 

4500 SOLOTHURN 2 SWITZERLAND 
t e l : 085/3111 31 te lex : 34228 

Alimentations 
sans transformateur secteur 

Rapport P"»ssance t | ^ s 6 ) e v 6 

Volume 
Fonctionnement a frequence inaudible 
( > 20 KHZ) 
Branchement en serie et en parallele 
Protections contre courts-circuits, surcharges 
et surtensions en sortie 
Rendement : de mi-puissance a puissance 
max. (a tension secteur et tension de sortie 
nominales). 
70 % pour SDHR 5.20 et 5.40 et SDSI-HR 5.10 
72 % pour SDHR 8.12, 8.25, 15.8 et 15.15 
74% pour SDSI-HR 15.4 
78 % pour SDHR 26.4, 26.8, 48.2,3, 48.4,5 et 
SDSI-HR 26.2 

SDHR 5.20 5V ± 10% - 20 A SDHR 5.40 5V ± 10% - 40 A 
SDHR 8.12 5,5 a 10 V — 12 A SDHR 8.25 5,5 a 10 V - 25 A 
SDHR 15.8 10,5 a 16,5 V - 8 A SDHR 15.15 10,5 a 16,5 V - 15 A 
SDHR 26.4 20 a 32 V - 4 A SDHR 26.8 20 a 32 V - 8 A 
SDHR 48.2,3 40 a 60 V - 2,3 A SDHR 48.4,5 40 a 60 V - 4,5 A 

Dimensions : 120 mm x 75 mm x 300 mm Dimensions: 120 mm X140 mm x 300 mm 

SDSI-HR 5.10 
SDSI-HR 15.4 
SDSI-HR 26.2 

5V 
10,5 
20 

10% 
16,5 V 
32 V 

10 A 
4 A 
2 A 

Dimensions : 120 mm x 70 mm x 125 mm 

;i 7, a v e n u e L o u i s e , 9 3 3 6 0 N E U I L L Y - P L A I S A N C E 
T e l . ( 1 ) 9 2 7 . 3 8 . 0 7 
T e l e x : 2 2 0 4 2 9 F F R A N C E 
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• Ein- und Zweikanalausfiihrung, Schreibbreite 250 mm, Einstellzeit 0,5 sec 
• Netzversorgung Oder Netz- und Gleichstromversorgung 12 V 
• MeBbereiche 1 mV bis 10 V~, wahlweise mit MeBwertfolgeausgang 
• Papiervorschub mit Schrittmotorantrieb 1 mm/min bis 240 mm/min 

GOERZ ELECTRO Ges.m.b.H. 
Elektrische MeGgerate 
A-1101 Wien, Sonnleithnergasse 5 
Tel. 64 36 66, Telex 1-3161 

• 3 3 GOERZ 
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Designed to 
wash away 
damaging 
contaminants. 

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

Install Haws emergency eye/face-wash fountains near 
every hazard. Push of the valve handle provides instant, 
gentle, pressure-controlled water to float away 
contaminants without damaging delicate tissues. 
This equipment can help to eliminate potential permanent 
injuries. Write for free information and catalog. 

Haws International, 1439 Fourth St., 
Berkeley, California 94710, U.S.A. 

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

Haws Emergency Safety 
Equipment: Eye/Face-Wash 
Fountains • Drench Showers • 
Decontamination Stations • 
Laboratory Units • Freeze-
Proof Units 

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

If you face the challenge of pro* 
ducing better products at lower 
cost by a process that requires 
control of gas pressure or flow, 
here are ways a GP automatic 
pressure/flow controller cart 
help you. 
* Automated gas admission pro­
duces controlled pressure or 
flow, A GP Controller works 
faster than any operator and al­
ways remembers the pressure or 
flow you want when you want it 
on every production run. 
• Low overall cost. The Control­
ler operates around the clock on 
pennies per day including depre-
ciation,lf you're controlling pres­
sure or flow manually, you're 
probably wasting time and 
money. 

• The cleanest valve. The Con­
troller's organic-free, all-metal 
valve wit! control the purest 
gases without contaminating 
them. Less contamination means 
better products in critical 
processes, 
• Wide control range. Precision 
control of pressure all the way 
from ultra-high vacuum to 115 
psia. Precision control of flow 
up to 2500 Torr liters /sec (400 
scfh). When you want gas ad­
mission to stop, the valve will 
seal mass spectrometer leak 
tight, not just part way. 
We'd like to show you how a OP 
automatic pressure/flow con­
troller can Increase productivity 
in your application. Interested? 
Call or write us today! 

(GRANVILLE-PHILLIPS COMPANY 
$075 EAST ARAPAHOE AVENUE 
BQULBm, COLORADO BWQSt U.S.A. 

TELEPHONE 303/443-7600 * TELEX 45-791 

THOMSON-CSF 
economies 

denergie 
d'argent 

de temps 
c o n c e p t i o n 

+ e t u d e 
+ d e s s i n + 

f a b r i c a t i o n 

Saphymo-stel 
a cree pour vous 

une gamme complete d' 

alimentations 

Saphymo-stel 
APPAREILLAGES ELECTRONIQUES 

ALIMENTATIONS STABILISES 
29, avenue Carnot - 91302 MASSY 

Tel. 920.84.71 - Telex : TESAFI 204 780 F 
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DENETRON 
conductive substances 

and lacquers 
The essentials for high-quality 

and economical electronics components 

Conductive stoving lacquers on a basis of silver, gold, 
platinum or palladium in liquid or paste form. For metallising 
porcelain, special ceramics, glass, mica, quartz crystals 
and other materials. Application by brush, stamp, spray-
gun, dipping or screen-printing. Stoving temperatures 
between 500 and 1500°C. 

Air-drying conductive silver, gold, platinum, silver-bronze, 
etc., lacquers available in various viscosities for the 
different methods of application, for producing conductive 
coatings on plastics, paper and other organic materials. 
Application as for stoving substances. Drying and curing 
at room temperature. Time required: five minutes to several 
hours. 

Please ask for our extensive and detailed technical 
information sheets. A telephone call will do. 

L UZIESA 
Usinage a facon par ultra-sons 

Verre — Quartz — Ceramiques 
Usinage a facon par electro-erosion 

Aciers traites — Carbures — Tungstene 

— PETITE MECANIQUE DE PRECISION 

— PROTOTYPES 

— SPECIALITE MECANIQUE 

Creation de defauts artificiels pour I'etalonnage des 
appareils de controle non destructif (CEA - Belgo-
nucleaire - Fabricants de tubes...) 

REFERENCES: 

CERN: plaque Data Box de B.E.B.C. 
CEA: plaques desuccion Mirabelleen service a Protvino 
en U.R.S.S. (marques Brenner et Bits) 

FABRICATIONS PROPRES: 

Generateurs d'Ultra-sons Multifrequences 
Generateurs d'Aerosols par Ultra-sons 
Sirenes Electro-Acoustiques - Sondes... 
Cuves de Nettoyage 

CHATRES/CHER 41320 MENNETOU Tel. (39) 98 01 02 

PARIS Tel. (1) 357 48 22 

Degussa (Schweiz) AG 

Postfach2050 • 8040 Zurich 
Telefon 01-54 3900 • Telex 57946 

World renowned source 
of special glass: 

• blocks for cerenkov counters 
• slabs for anti-radiation 

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

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

For information please call: 

SOVIREL 
Departement Optique 
90, rue Baudin - 9 2 3 9 0 Levallois-Perret - France 
Tel. 739.96.40 - Telex 620014 SOVIVER LVALL 
for U.S.A. please contact Corning Glass Works / 
Optical Sales - P.O.B. 2000 / 
CORNING N.Y. 14830 / Phone (607) 974.90.00 § 
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LAKE SHORE (RVOTRORKS 
is 

The 
Answer For all of your CRYOGENIC NEEDS! 
A New! 

• R n R 

* /.9 

Model 4600 
9 Q 

The first 
digital multimeter with 

full autoranging 
on each of the 

five functions 

2 A 1000V> MAX MAX £ 

^0 

• 20 000 counts 
• 0.01% dc accuracy for 6 months 
• DCV, ACV, OHMS, DCI, ACI 
• 80 dB normal (series) mode noise rejection 
• Battery (rechargeable) power or AC line 

(mains) operation 
• 10000 MQ dc input impedance 
• BCD output optional 

Industrievertretungen 
Bellikonerstrasse 218 
CH-8968 Mutschellen 

Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
width by height 

Space 
(page) 

Actual size (mm) 
width by height 1 6 11 

insertion insertions insertions 

Vi 184 x 267 1200 1110 1020 

V- 184 x 130 
88 x 267 650 600 550 

7« 88 x 130 340 310 290 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted w i thou t extra 
charge. 

Supplement for 
one colour 
Covers : 
Cover 3 (one colour) 
Cover 4 » » 
Publication date 
Closing date for 
positive f i lms and copy 

700 SwF 

1450 SwF 
1780 SwF 
End of month of cover date 

1st of month of cover date 
The cost of making f i lms and of com­
posing text for advertisements are 
charged in addit ion 

Screen (offset) 60 or 54 Swiss (150 English) 
Advert isements cancelled after 1st 
of month of cover date wi l l be invoiced 

Advert ising space is l imited to 50% of contents and insertions 
are selected on a strict f i rst-come first-served basis. 

Al l enquiries to : 
Miche l ine FALCIOLA / PIO - C E R N 
1211 - G E N E V A 23 S w i t z e r l a n d 
Te l . (022) 41 9811 Ext. 4103 Telex 2 36 98 

• - t - r 

Full Range Digital 
Cryogenic Thermometers 
Models DRC-7 & DRC-70 

• 1 to 400K Range 
• Recorder Output & Optional BCD 

Output • Optional 10 Sensor Input 
• Interchangeable Sensors 
• Solid State Construction & Reliability 
• Model DRC-7:1K Resolution 
• Model DRC-70: 0.1 K Resolution 
The DRC-7 & DRC-70 offer for the first 
t ime, full range temperature indication 
from 1 to 400 Kelvin with completely 
interchangeable sensors. 
The optional BCD output allows one to 
incorporate these instruments into data 
acquisition systems where the number 
of sensors can range from one to several 
hundred sensors. 

The standard recorder output allows one 
to continuously record temperature as a 
function of virtually any variable. 

The unique design and the use of the 
proven DT-500 Silicon Diode sensor 
make the DRC-7 & DRC-70 the obvious 
choice for both routine or special lab 
requirements. 

For details and literature write, 
call, or telex 

0LRHE SHORE 
tRvoTRonicsjnc 

9631E Sandrock R d , Eden, N.Y. 14507 
(716) 992-3411 

Telex 91-396 CRYOTRON EDNE 

Contact us direct, 
or our representatives 

Overseas Representatives 
United Kingdom, 
Ireland & Holland 
CRYOPHYSICS LTD. 
Thor Works Henley Road 
Ber ins f ie ld , Oxon . England 
(865) 340, 257 Telex: 83474 

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

France, Belgium, 
& Scandinavia 
CRYOPHYSICS SA 
3, rue An to ine Coypel 
78 Versai l les, France 
(1)950, 65, 78 or 951, 03, 71 
Telex: 691096 

Switzerland, Italy, 
Eastern Europe other than 
E. Germany, Israel and 
the Middle East, N. Africa, 
Spain, Portugal, 
Greece and Turkey 
CRYOPHYSICS SA 
39 rue Rothsch i ld 
1202 Geneva, Swi tzer land 
(22)32, 95,20 Telex: 23484 
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• N E T 
U n g r o u p e d e n i v e a u e u r o p e e n 

d a n s 

a p r e s t a t i o n d e s e r v i c e s 

Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

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

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

tel. (91) 732850 
tel. (1) 2081557 
tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 41 1207 

Foumisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'OMS, de I'ONU et de I'UIT a Geneve. 

S e e m o r e a n d b e t t e r . 

R e d u c e c o s t s . 

Wi th W i l d Stereomicroscopes. 
The t rend to miniatur isat ion is cont inu ing in your f ie ld of 
activity as we l l , and both inspection and qual i ty control are 
of ever-increasing importance. But you can only see smal l 
th ings in three d imensions if you use a stereomicroscope. 
W i l d Heerbrugg have the r ight stereomicroscope comb i ­
nation for you . In the wor ld - famous manufactur ing pro­
g ramme you w i l l f ind the ful l range of possibi l i t ies wh ich 
modern stereomicroseopy offers. Have a look. It's all out­
l ined in our leaflet M 1 183. 

Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland H B E Ft B RUGG 

d u n k e r m o t o r e n 

Micromoteurs de precision jusqu'a 1000 Ncm 

Les types suivants sont livrables: 

Moteurs a induction Moteurs a courant continu Moteurs a piles, de haute puissance Moteurs a courant continu avec reglage de vitesse Reducteurs a vis sans fin ou roues dentees 

Represen ta t i on genera le : 

T h . Zi irrer + Cie. 
Bi rmensdor fe rs t rasse 4 7 0 , 8 0 5 5 Z u r i c h (Su isse) 

T e l e p h o n e ( 0 1 ) 3 5 2 5 5 5 , te lex 5 4 5 0 6 
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c a m a c 

JCC20 
A CRATE 
INTERFACE FOR POP 11 
• Equivalent to the module JCC 11 

but MULTIWIRE TECHNOLOGY 
for the printed board. 

• GAIN OF 2 CAMAC STATIONS 
the unibus terminator module is replaced 
by two terminator plugs. 

• EASE OF MAINTENANCE 

• COST REDUCTION : 6200 F HT 

• SOFTWARE AVAILABLE 

CAMAC PDf> JNTfcflFACfc 0 JCC20 g> SID 
O O O 

T 3 

0 0 

COMPTEURS 
Schlumberger 

FOR MORE INFORMATION PLEASE CONTACT : 
Departement Nucleaire COMPTEURS SCHLUMBERGER 
BP 47 - 92222 Bagneux (France) 
Tel. : (1) 655.22.11 - Telex : SAIPEX 25075 F 
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Etude et realisation d'appareillages de physique 

Usinage, polissage, habillage de conduits de lumiere et scintillateurs 

MAGNETIC MEASUREMENT 

Model MG-2A 
(and MG-3 Series) 

New 
Broad Range 
Gaussmeters 
The new Walker/Magnemetrics line of Hall Effect 
Gaussmeters has been designed to measure 
both AC and DC magnetic fields for laboratory 
and production applications. 
The Model MG-2A has 8 full scale ranges from 10 
to 30,000 gauss displayed on a 1 % Taut-Band 
Mirror Scale analog meter, with an AC response 
to 4,000 Hz. In the MG-3 Series, the optionally 
portable MG-3A is an analog display instrument 
with 11 full scale ranges from 1 to 100,000 gauss. 
The MG-3D displays digitally, with 5 full scale 

ranges from 10 to 100,000 gauss, and can be 
provided with an isolated BCD output for 
computer analyzers. 
Both MG-3 instruments offer system accuracy of 
0.5% or better, with the MG-2A rated at 1 % 
accuracy. Write for complete details. 

WALKER 
SCIENTIFIC INC. 
ROCKDALE ST. / WORCESTER, MASS. 01606 U.S.A. 
Telex No. 920489 / Telephone (617) 852-3674 
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LEftIO -univer/ally recognized 
to be the fine/t connector/ in the world, 
guaranteeing the /tronge/t connection/! 

Ever since 1957 when the first LEMO self-locking connectors 
roused the enthusiasm of experts all over the world, LEMO has never 

ceased setting ever higher standards of quality, culminating in 
near-perfection from the points of view of appearance, simplicity and 

efficiency. LEMO connects all types of cable: coaxial, multiple, 
high voltage and combined. And if your problem calls for a new solution, 

LEMO will find it for you! 

CD 

( JND) 

J O H N B A R R Y GROUP OF COMP. 
ARTARMON, N.S.W. SYDNEY TEL 
L E M O S A GES. M.B.H. WIEN 
TEL: (02 22) 63 92 27 
C L O F I S S . P. R. L. ̂  
OVERIJSE/BRUSSEL TEL: (02) 65718 05 
KIMUD K A M O K A/Vlv' 
0 Y C H E S T E R A B HELSINKf 51 TEL: 7: 
J U P I T E R S . A . CONSTRUCTIONS ELECTRIQUES 
PARIS TEL: (01) 705 39 68 
L E M O S A GMBH PUTZBRUNN/MUNCHEN 
TEL: (089) 46 50 67 
A P L A B APPLIED ELECTRONICS P. LTD. 
BOMBAY TEL: 39 48 00 

( S ^ A B D . J . S T O R K 
SUNDBYBERG 1 TEL: (08) 28 92 15 

<§B) L E M O ( U . K . ) L T D . WORTHING/SUSSEX 
TEL.: (09 03) 20 46 51 

(uIa) L E M O U . S . A . INC. BERKELEY 
TEL.: 415/548 1966 
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Add to your nuclear instrumentation 
with the f 

provide im 
on the 

PEN DOSIMETERS 
SEQ5 
Measures the absorbed dose in soft tissues at a depth of 
300 mg/cm2, due to photons of 50 keV or above and electrons 
of any enegy. 
£% ^ Measures the absorbed dose in soft tissues 
^ I" I I h at a depth of 300 mg/cm2, due to photons of 
w ! • \JL U 10 keV or above and electrons of any energy. 

SEQ7 

ing which 
formation 

d dose 
DASAL 
Personal detector with an adjustable alarm level. Audible 
warning with three levels. 

BALISE 224 

7 mg/cm2 (skin dose). 

A wall-mounted or portable instrument for monitoring 
the level of radioactivity. Visible or audible warning. 
Remote control for outdoor operation. 

IE la-

Good internal insulation, daily leakage less than 0.5%. Manu­
factured in accordance with French standards — DIN or 
British standards on request. CEA-LCA system. 

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

The defenc gainst allergy 
d the smoke killer 

Ventronic-Braun 
Air-Control 
produces clean, 
clear air. 
Tobacco smoke laden air 
which you can cut with a 
knife - watering eyes -
a heavy head - is that 
healthy? No, and certainly 
no joke for non-smokers. 
Now, however, you can 
do something about it, by 
simply pressing a button. 

The Ventronic-
Braun 
Air-Control. 
Breathe more 
healthily 
once again. 

Suisse - Switzerland 

VENTRONIC AG 

Langstrasse 14 
Postfach 

CH-8026 Zurich 
Telefon 01/39 79 30 
Telex 53163 vent ch 

Autriche - Austria 

VENTRONIC 
Ges.m.b.H. 
Rechte Wienzeile 5 

A-1043 Wien IV 
Telefon 0222/56 36 81-85 
Telex 01/2771 vent a 

Allemagne - Germany 

VENTRONIC 
Handelsgesellschaft fur Luft-
und Klimatechnik m.b.H. 
Westfalendamm 96 

D-46 Dortmund 
Telefon 0231/57 40 26 
Telex 822 825 vent d 

Hay fever asthma 
and bronchitis. 
The Ventronic-Braun 
Air-Control filters the air, 
before you inhale. This 
appliance has been 
techniclly tested in clinics 
in Europe and is 
capable of ab- f 

sorbing the smallest dangerous ^ 
microbes. It alleviates allergies J? 
and gives relief. S 

& $ / 
England + Export World wide 

VENTRONIC UK Ltd. 
Essex/England 

305 Mile End Road 

GB-ColchesterC04 5EA . 
Telephone 0206/63544 A 
Telex 987754 vent gb W ±f i T 
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C A M A C 
Colour Display S y s t e m 

4096 Word Store 9061/1 

• 4 K x 1 6 b i t words 
• Stores two complete 

pictures 
• Fast f ront panel Tri-state 

Data Bus 
• Word or byte structured 
• Address auto- increment / 

decrement 
• 64 x 64 matr ix 

organisat ion 
• Block transfer t r igger ing 
• Front panel access 

control 

The System 

• 4 x 9 0 6 1 / 1 cascadable 
• 6 x 9062 can share Data 

Bus 
• Single coaxial connected 

light pen 9301 
• 9062 J used in 

conjunct ion wi th 9032 
joystick 

• Picture changes may be 
commanded by software 
switch (2 per 9061/1) 

• Data Bus frees Dataway 
of frequent use 

Full details on request. 

LIGHT PEN 
COLOUR 
MONITOR 

Colour Display Driver 9062 

• RGB outputs to standard 
TV moni tor 

• C C I T T compat ib le 2V 
signals 

• 9 x 7 symbol dot 
matrices 

• S t o r e s 455 software 
designed symbols 

• 8 Foreground/back­
ground colours 

• Fast transfer via Data 
Bus 

• Light pen or joyst ick 
inputs 

• O u t p u t for monochrome 
moni tors 

In the Colour Display 
System illustrated, the 
9 0 6 1 / 1 stores the picture 
information; its stored data 
defines the symbol 
address foreground and 
background colours for 
each of the 6 4 x 3 2 symbols 
displayed. This data is 
transferred via the fast Data 
Bus at speeds compatible 
with the TV raster line 
frequency. The symbol dot 
matrix is stored within the 
symbol definition memory 
of the 9062 which produces 
line information for output 
to the monitor. If the light 
pen is pressed on the 
screen a white scan is 
generated. When light is 
detected by the pen, LAM is 
set and the row and column 
counters may be used. 

NUCLEAR ENTERPRISES S. A. 
25 Chemin Francois-Lehmann 1218 Grand Saconnex, Geneve Tel (022) 98 16 61 62 Telex 289066 

NUCLEAR ENTERPRISES LTD Bath Road, Beenham, Reading RG7 5PR, England, Telephone: 073-521 2121 
Cables: Devisotope, Wool ham pton Telex 848475 

NUCLEAR ENTERPRISES GmbH , Schwanthalerstrasse 74, 8 Munchen 2, Germany, Tel: 53-62-23 Telex 529938 
NUCLEAR ENTERPRISES INC., 935 Terminal Way, San Carlos, California 94070Tel: 415 593 1455, Telex 348371 
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VACUUMSCHMELZE 

you should 
know mote 
about 
V A C R Y F L U X 

For your special magnet problem up to 10 T we 
del iver Nb-Ti based superconductors in s ingle 
core- and f i lament form with rectangular and round 
cross sect ion with opt imized current densit ies. 

For special magnet designs we produce conduc­
tors with current capaci ty of more than 10 4A. 

For magnets of more than 10T we supply Nb 3 Sn 
based f i lament conductors . 

For data sheet and 
further information apply to 

VACUUMSCHMELZE GMBH 
6450 HANAU 
W.-Germany • POB109 

E. LQTTI S.A. 
PLUS DE 
5000 PRODUITS 
EN STOCK 
Reactifs MERCK 
Scintillateurs CIBA-GEIGY 

Prod u its 
• de recherches VENTRON-ALFA 
• pour purification des eaux 

(NaBhU) VENTRON 
• pour recherche electronique 

et nucleaire ESPI 
• biologiques GIBCO 
• chimiques purs 

Responsable: M. F. R I0NDEL, ingenieur chimiste 

8, RUE BAYLON, 1227 CAROUGE 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. CH. 

MULTISCRIPT®2S 

^ 27 gammes pour V, A 
et °C 

^ enregistrement de I'unite 
de mesure, de I 'heure et 
de I 'etendue de mesure 

• precis ion d 'enregistre-
ment 1 ,5% DC, AC 

• sans encre, sur papier 
paraff ine 

• pointage: 1 et 2 sec. 

^ vitesse d'avance du 
papier: 20/60/240 mm/h 

^ entraTnement du papier: 
reseau ou batter ie 

• robuste, maniable 

• accessoires 

GOERZ Demandez la liste C-1.23 

AG FUR MESSAPPARATE 
3013 Bern • Schlaflistrasse 17 • Tel. 031 - 4215 06 
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To trust is good 
to control is better 

The stringent and, to a great extent, new quality 
demands made by the nuclear industry require reliable 
measuring and testing devices of topmost accuracy. 
For this, NUKEM has developed its own measuring, 
testing and control systems, transferring the reactor-
technique know-how to the nondestructive testing. 
Take, for example, the ROTA 40 DIM ultrasonic 
tube-testing equipment, suitable for dimensional 
control of quality tubes. Thanks to the modular 
construction of the electronics employed, it can be 
made to meet individual test requirements and, in 

addition, be upgraded to become a fully automatic 
system with go/no-go sorting facility, with or without 
a processor. 
Our delivery programme also features installations for 
the testing of tubes with diameters ranging from 
120 to 200 mm. All installations are equipped with the 
new NIM-technique plug-in units. The plug-in system 
is modular, has a superior mechanical stability, is 
space saving and is being used all over the world. 

We help you improve your quality assurance. 

NUKEM GmbH • P.O.Box 110080 • D-6450 Hanau 11 • Telephone (06181) 500-1 • Telex 4184113 nukm d 
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BgSBBcAMAC 
BeHHEgiDDnterfaces 

from LABEN: 
CAMAC interfaces 

for our well-known 
ADC mod 8215 

and for the last born: 
series 9000 MAGNUM 
multi-channel analyser. 

And also: 
NIM-standard nuclear electronics 

(fast and linear) 
multi parametric systems 
semiconductor detectors 

ADC mod. 8215: 
8192 channel fast (4 microseconds conversion time), 
linear (± 0.01% int. ± 0.2% diff.) and stable converter. 

MCA series 9000 MAGNUM: 
8192 channels, simultaneous input-output, 
microprocessor svstem for data evaluation 

and fully programmable operation cycles. 
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monTEDison 
GROUP 

mOnTEDEL LABEN Division 
Via Bassini 15 - 20133 - MILANO, ITALY / Telephone: 23.65.551 

Cable address: LABEN- MILANO /Telex: 33451 

In W. Germany: MONTEDISON DEUTSCHLAND G.m.b.H. 
6000 Frankfurt/Main FriedrichstraBe, 39/41 Postfach 3784 

Tel. (0611) 7147/1 Tx: 4-12873 



SPECIALISTS in 
acrylic — optical & 
precision — engineering 

Machining 
Forming 

Bonding 
Heat treatments 

Quality-
approved inspection 

(DEF STAN-05-24) 

World wide service 
Highly experienced 

Technical sales staff 
Backed up by 

Research & Development 
Department 

CARVILLE LTD. 
STATION ROAD DORKING SURREY 
TELEPHONE DORKING (0305) 81681 

ENGLAND 
TELEX 22424 

Cinq avantages 
decisifs: 
Colliers 
Norma SGL 

1. A c i e r au c h r o m e t res res is tan t , 
a l im i te d ' a l l o n g e m e n t e levee . 

2. Pas d e pe r f o ra t i ons d ' e n g r e n e m e n t , 
d o n e pas d e d i m i n u t i o n d e la 
s e c t i o n et a u c u n d a n g e r d e d e t e r i o ­
ra t ion du t u y a u . 

3. F i le ts de f o r m e a s y m e t r i q u e , a p p l i ­
c a t i o n de la c h a r g e sur les f l a n c s 
des f i le ts p r e s q u ' a ang le d ro i t . 

4. R e n d e m e n t o p t i m a l ; c o u p l e suf-
f i san t d ' env i r on 2,5 N m , f a i b l es 
pe r tes de f r o t t emen t . 

5. M o n t a g e rap ide , g r a c e au pas d e 
v is avan tageux . 

itecaltQ 
TECALTO AG 
Rautistrasse 58, 8048 Zurich 
Telefon 01 - 52 25 50, Telex 54 455 

379 



complete multichannel 
high voltage systems 

for photomultiplier arrays 
An unsolved problem in mult icounter experiments has been the 
economica l , eff ic ient d istr ibut ion of photomult ip l ier high vol­
tage. The larger the experiment, the larger the problem. Mas­
sive (and dangerous) bulk suppl ies mated with clumsy, f re­
quently home-brewed distr ibut ion panels have been the rule. 
Such systems usually present funct ional disadvantages, such 
as l imited resolut ion, di f f iculty in remote control and monitor­
ing (requir ing long HV cables to the target area), and the ad­
verse inf luence of one shorted output upon all others. And, 
they are expensive. 

LeCroy now provides the complete answer to the photomul t i ­
plier high voltage problems of the past. The new HV4032 Series 
Power Suppl ies offer 32 compact channels of distr ibuted high 
voltage, featur ing both manual or remote control and monitor­
ing. Each independent ly-control led output is adjustable f rom 
0.75 kV to 3.0 kV and is capable of supply ing up to 2.0 mA. 
Easi ly-replaceable plug-in suppl ies permit rapid servic ing, and 
shielded internal construct ion prevents interchannel crosstalk 
effects. The remote contro l faci l i ty permits locat ion of the sup­
ply near the detectors, el iminat ing the long HV cable runs. In 
addi t ion, the fai lure of one supply has no effect upon the opera­
t ion of the others. 

Other HV4032 Series features: 
• Compact system packaging occupies only about 2 0 % of the 

rack space normal ly used in previous approaches. 

• Low per channel cost offers s igni f icant savings over systems 
compr ised of individual bulk suppl ies, d istr ibut ion panels, 
external divider networks, and long runs of high vol tage 
cable. 

• Manual or digital control of individual channels permits con­
venient programming either dur ing setup or on- l ine. 

• Remote setability in 1 or 2 volt steps means usefulness in 
both hodoscopes and analog appl icat ions. 

• Output ranges cover 0.75 kV to 3.0 kV, permit the use of low-
gain as wel l as high-gain tubes. 

• Built-in 12-bit ADC monitors set voltages, e l iminat ing the 
need for an external DVM. 

• Remotely adjustable and monitored via standard CAMAC in­
put and output registers. 

• Notchdown feature permits output voltage reduct ion dur ing 
high rate periods. 
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