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I C E R N , the European Organizat ion for 
I Nuclear Research, w a s established in 
I 1954 to provide for col laboration 
I among European States in nuclear re-
I search o f a pure scigmtific and funda-
I mental character, and in research 
I essentially related thereto' . It acts as a 
I European centre and co-ordinator of 
I research, theoretical and exper imental , 
I in the field of sub-nuclear physics. Th is 
I branch of science is concerned w i th 
I the fundamental questions of the basic 
I laws govern ing the structure of matter. 
I T h e Organizat ion has its seat at Meyr in 
I near Geneva in Swi tzer land. The re are 
I t w o adjoining Laboratories k n o w n as 
I C E R N Laboratory I and C E R N Labo-
I ratory 

C E R N Laboratory I has existed since 
I 1954. Its experimental programme is 
I based on the use of t w o proton ac-
I celerators — a 600 M e V s y n c h r o - c y c l o -
I t ron ( S C ) and a 28 G e V synchro t ron 
I ( P S ) . Large intersecting storage rings 
I ( I S R ) , are fed w i th protons f rom the PS 
I for experiments w i th coll iding beams. 
I Scientists f rom many European U n i -
I versities as wel l as f rom C E R N itself 
I take part in the experiments and it is 
I estimated that some 1500 physicists 
I d raw research material f rom C E R N . 

T h e C E R N Laboratory I site covers 
I about 80 hectares almost equal ly 
I d iv ided on either side of the frontier 
I be tween France and Swi tzer land. T h e 
I staff totals about 3100 people and, in 
I addit ion, there are about 1100 Fe l lows 
I and Scientif ic Associates. T w e l v e Euro -
I pean countr ies contr ibute, in proport ion 
I to their net national income, to the 
I C E R N Laboratory i budget, w h i c h totals 
I 382.9 million Swiss francs in 1973. 

C E R N Laboratory II came into being 
I in 1971. It is supported by eleven 
I countr ies. A 'super proton synchro t ron ' 
I ( S P S ) , capable of a peak energy of 

• 400 G e V , is being constructed. C E R N 
I Laboratory II also spans the Franco-
I Swiss frontier w i th 412 hectares in France 
I and 68 hectares in Swi tzer land. Its bud -
I get for 1973 is 188 million Swiss francs 
I and the staff wi l l total about 370 
I people by the end of the year. 
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Progress in construction of the SPS 
Part I: Injection-Ejection, Magnets and Power Supplies 

The SPS pro jec t formal ly known as 
the 300 GeV Programme, is n o w deep 
into its third year. Practically all the 
big decisions, w h i c h determine its 
f inal form f rom among the many 
opt ions left open in the initial presen
tat ion, have now been taken. The civi l 
engineering work is we l l advanced 
and machine components are be
g inn ing to pour onto the site. 

Individual happenings in the course 
of the project have been reported in 
CERN COURIER w h e n they were 
topical but it n o w seems wor thwh i l e 
to pull together a fairly fu l l review of 
the construct ion progress. Since there 
is so much information to report at 
this stage, w e w i l l divide the review 
into t w o parts, like King Henry IV. 
This month w e cover beam transfer, 
inject ion and ejection systems, magnet 
construct ion and the magnet power 
supplies. Next month w e w i l l turn to 
the radio-frequency system, the civi l 
engineering work , the control system 
and the experimental areas. 

First, a rapid out l ine of the project 
to inform new readers, and remind old 
readers, of the main features of the 
accelerators. The synchrotron is being 
bui l t in a tunnel 2.2 km in diameter 
some tens of meters underground 
(predominant ly in France) on the 
opposite side of the Geneva-St. Genis 
road f rom CERN Laboratory I. It w i l l 
be fed at an energy of 10 GeV by the 
exist ing proton synchrotron in Labo
ratory I and w i l l accelerate the pro
tons further w i t h a radio-frequency 
accelerating system operat ing at 
200 MHz. Abou t 750 bending mag
nets w i t h a maximum f ield of 1.8 T 
w i l l be installed in the r ing and w i l l be 
able to hold the protons up to a peak 
energy of 400 GeV. Ejection systems 
w i l l eject protons f rom t w o of six long 
straight sections in the machine. One 
system wi l l direct protons towards the 
exist ing West Hall in Laboratory I 
where the 3.7 m European bubble 
chamber and the Omega spectro

meter provide a basis for t w o major 
detect ion systems. The second system 
w i l l direct protons to a completely new 
experimental area, the North Area, 
where there is room to make ful l use 
of the peak energies available f rom the 
machine. 

The project was approved in Feb
ruary 1971 and is to run for eight 
years. Fo l lowing the construct ion and 
commissioning programme k n o w n as 
'Schedule C \ beams w i l l be fed to 
experiments in the West Hall by the 
end of 1976 and to the North Area by 
early 1978. 

The ins and outs 

The 28 GeV proton synchrotron, 
PS, universal provender of high energy 
protons at CERN, is the injector for 
the SPS. Problem number one is to 
doctor the beam orbi t ing the PS wh i ch 
has a diameter of 0.2 km so as to pro
duce a r ibbon of beam w h i c h w i l l 
wrap once around the circumference 
of the SPS w i t h its diameter of 
2.2 km. 

The chosen technique is that of 
'cont inuous transfer' (see vo l . 12, 
page 203) whereby the PS beam is 
gradually peeled off dur ing eleven 
turns to give the right length of r ibbon 
for the SPS. This technique has been 
tested w i t h very good results and 
components of the f inal system ( b u m 
pers, electrostatic septum, etc.) have 
been specif ied. 

From the PS the ejected beam 
fo l lows the beam transfer channel 
towards the ISR. Abou t 200 m beyond 
the point where the protons can be 
deviated to one or other of the storage 
rings, a transfer tunnel k n o w n as 
TT10 dips underground towards the 
SPS. The design of this beam-l ine is 
complete. It uses six bending magnets 
original ly foreseen for the ISR-West 
Hall l ink, wh i ch has not been bui l t , and 

thir ty quadrupoles being bui l t by Smit 
(Nether lands). 

The inject ion system is the inverse of 
an ejection system in a synchrotron. It 
does not have to handle very high 
energy beams since inject ion w i l l be 
in the range f rom 10 to 14 GeV — an 
energy chosen to make maximum use 
of the repetit ion cycle capabilit ies of 
the PS wh i le still being suff iciently 
high to clear the worst remanent f ield 
effects etc. in the SPS magnet r ing. 
The inject ion kicker magnets are 
unusual in that they have to be 
powered for longer than normal so as 
to take the long r ibbon of protons 
coming f rom the PS. A pulse length of 
23 \LS is needed rather than the 2 jxs 
wh i ch is suff icient at the PS. A short 
prototype kicker and a ful l-scale pulse 
forming network have been success
ful ly tested. Ferrite (for all the injec
t ion , eject ion and beam dumping 
kickers) is on order f rom Philips 
(Netherlands) and thyratrons f rom 
English Electric Valve Co. (UK) . 

Once protons are in and accelerated 
to energies of hundreds of GeV, comes 
the most di f f icul t of the accelerator 
technology problems — h o w to get 
the protons out of the ring to the 
experimental areas. T w o ejection 
channels are to be built, one to serve 
the West Hall and one to serve the 
North Area. For the West Hall the 
experimental physicists have asked 
for fast bursts of particles a few micro
seconds long to supply the radio-
frequency separated beam to BEBC, 
for bursts a f ew mil l iseconds long 
(called 'fast s low ' ejection) wh i ch is 
the max imum BEBC can cope w i t h 
wh i le being just acceptable for counter 
experiments set up in association 
w i t h BEBC, and for s low bursts of a 
second or more for counter experi
ments. For the North Area only the 
fast s low and the s low ejections are 
foreseen at present. 

Equipment to implement integer, 
half integer and third integer resonance 
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An electrostatic septum with the septum 
consisting of thin molybdenum wires (0.1 mm 
thick, 1 mm pitch). Four of these, each 3 m long, 
are being built for the SPS. 

On the right, wires for the electrostatic septum 
are being individually attached to springs so that 
if a wire breaks it will be pulled clear of the 
aperture where the proton beam is circulating. 
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ejection is being provided. Bum
pers, quadrupoles, sextupoles and 
octupoles have all been ordered f rom 
Brown Boveri Co. (Switzer land). The 
electrostatic septum, whose perform
ance is crucial for eff icient eject ion, 
and septum magnets are being devel
oped and buil t at CERN. 

The need is to bend the high energy 
beam out of the ring w i th as f ew pro
tons as possible intercepted by matter. 
Electrostatic septa using th in mo lyb
denum wires, about 0.1 mm thick and 
w i t h a 1 mm pi tch, provide the first 
sl ight deviat ion. Special construct ion 
techniques have been developed in 
corporat ing springs to stretch each 
wi re individual ly and to pull it clear 
of the aperture should it break. There 
are four of these septa each 3 m long 
and they deflect the beam into the 
aperture of septum magnets w i t h 
septa 4 mm thick. Prototypes have 
been tested satisfactorily up to cur
rent densities of 110 A / m m 2 . Eight of 
these sit in pairs in four vacuum 
tanks and they deflect the beam into 
the apertures of further septum 
magnets w i t h septa 16 mm thick. 
There are ten of these, again in pairs, 
in f ive vacuum tanks. 

These ejection components w i l l be 
among the 'hottest ' regions of the 
machine f rom the point of v iew of 
radioactivity. For this reason a lot of 
at tent ion has been given to methods 
of rapid replacement in case of failure. 
Quick release connect ions for the 

power and water cool ing lines are 
being developed in association w i t h 
the Mechanical Design Group and 
variants w i l l be used also at the hot 
points in the experimental areas. 
Reference points on the vacuum 
tanks to line up w i th f ixed points in 
the ring w i l l speed installation and 
al ignment. 

The particle beams required for the 
West Hall involve the ejected beam 
being divided into four channels — 
one rises to the surface f rom the 
underground machine and is sub
div ided w i t h splitter magnets in the 
West Hall onto three targets; a 
second is directed by means of pulsed 
swi tch ing magnets onto a target 
underground to provide the r.f. sepa
rated beam for BEBC; the third and 
four th are derived f rom the second 
w i t h further pulsed swi tch ing magnets 
and provide the w ide-band and nar
row-band neutrino beams. Add ing 
the beams to the North Area gives a 
total of about a hundred quadrupoles 
and 80 bending magnets (of the type 
used in the ring) wh i ch wi l l be i n 
stalled in the beam transfer lines. 

The sections of beam-l ine up to the 
sw i tch magnets wi l l use pulsed mag
nets. In this way they can easily 
handle beams of different energies on 
alternate cycles (for example, a 
200 GeV beam to the West Hall for 
counter experiments fo l lowed by a 
400 GeV beam for neutr ino experi
ments w i t h BEBC). It is also more 
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economic in power costs to pulse the 
beam transfer magnets but not much 
more can be done to take advantage 
of this because of the limits on 
power sw ing dur ing accelerator oper
ation w h i c h is acceptable to the 
electricity company (EDF). 

Another concern of the Beam 
Transfer Group, w h i c h it is studying 
in con junct ion w i t h the Experimental 
Areas Group, the Radiation Group and 
the Mechanical Design Group, is that 
of targets and beam dumps. This 
needs watch ing because an intense 
beam of very high energy and of 
small cross-sect ion can locally heat 
a piece of metal to about a thousand 
degrees so that its yield stress is 
exceeded. However accurate calcula
t ions are di f f icul t and some learning 
by experience w i l l be needed as the 
beam intensity is gradually increased 
to its design value of 1 0 1 3 protons per 
pulse. The energy stored in the cir
culat ing beam w i l l then be 640 000 
joules! 

Of cores and coils 

The design and construct ion tech
niques for the magnets of the SPS 
have obviously been greatly inf luenced 
by the scale of the project. Over a 
thousand magnets wi l l populate the 
accelerator r ing — 744 bending mag
nets, 216 quadrupole magnets and a 
variety of correct ion magnets (dipole. 
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Prototype septum magnets for ejection of the 
high energy beams from the SPS. There are a total 
of eighteen of these magnets (eight with 4 mm 
septa and ten with 16 mm septa) which will be 
installed in pairs in vacuum tanks. Note that to 
simplify access to the prototype its vacuum tank 
opens across the diagonal. 

sextupole, octupole) . This requires 
simpl ic i ty in the design wherever 
possible so as to keep costs d o w n 
and to ease the task of mass pro
duct ion in their assembly and test ing. 

The bending magnets are of t w o 
types each 6 . 2 5 m long but varying 
in aperture — 3 9 x 1 2 9 m m 2 ( M B A 
type) and 5 2 x 9 4 m m 2 ( M B B type) . 
Both types are being assembled and 
tested at CERN in a magnet factory 
wh i ch takes almost half of the huge 
assembly hall of Laboratory I I . 

The process begins w i t h the supply 
of steel f rom Cockeril l (Be lg ium) . 
Col laboration between CERN and the 
steel manufacturer has been excep
t ional ly good and the qual i ty of the 
steel produced so far (w i th l ow 
coercivity and a small spread of pro
perties between different batches) 
has been wel l w i th in speci f icat ion. 
5 0 0 0 tons have so far found their way 
to Morfax Ltd. (UK) for product ion of 
the bending magnet half-cores and 

another 2 0 0 0 tons to the quadrupole 
manufacturer. 

Half-cores are already arriving at 
CERN in quanti ty. The precision of 
the deliveries are matching the pre
cision of the half-core stampings and 
both are g iv ing ful l satisfaction. A t 
the beginning of November 1 3 4 half-
cores of the M B A type and 6 0 half-
cores of the M B B type had been 
delivered. Coils for the M B A type are 
being manufactured at A ls thom S.A. 
(France) and for the M B B type at 
Lintott Engineering Ltd. (UK) . These 
are the trickiest components of the 
magnets and both firms have had 
teething troubles wh i ch , hopeful ly, 
are now over w i th deliveries bui ld ing 
up to four of each type of coil per 
week. A t the beginning of November, 
1 7 M B A and 21 M B B coils had been 
delivered. 

The first step in assembly is to 
check the mechanical dimensions of 
the components (the coils have a l 

ready passed high voltage, pressure 
and water tests at the manufacturers). 
The coil is examined on a precision 
measuring bench wh i ch computes 
the shim thicknesses required along 
the coil so as to locate it accurately 
in the magnet core. The coil and 
vacuum vessel are put in place on the 
lower hal f-core, th in mylar insulation 
is introduced and the upper half-core 
then sits on top. 

High current leads are passed 
through the aperture and when they 
are powered, they set up a magnetic 
f ield wh i ch pulls the half-cores to 
gether wh i le tie plates are welded 
along the sides. Hydraulic clamps 
are attached to hold the magnet 
d o w n onto the table. This gives the 
welded magnet a sl ight arc, being just 
over 3 mm higher in the centre. When 
the 6 m long magnet is later supported 
on feet at each end, the centre sags 
3 mm by courtesy of the force of 
gravity and a straight magnet is thus 
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Assembly of a bending magnet High current 
leads pass through the aperture and are 
powered to pull the two half-cores together while 
tie plates are welded in place. Hydraulic clamps 
hold the magnet firmly down onto the table. Two 
tables have been equipped for each type of 
magnet. 

achieved. T w o of these special w e l d 
ing tables have been buil t for each 
type of magnet. 

The assembled magnet is then 
checked mechanical ly and the feet 
are welded on. Each foot b lock is 
machined so as to t idy up any mis
al ignment in height or twis t so that 
the magnet should be able to sit on 
presurveyed conical receiving points 
d o w n in the tunnel w i th a min imum 
of further adjustment. The various 
al ignment problems have been solved 
in col laborat ion w i t h the Survey 
Group. 

The important magnetic measure
ments are then carried out in a special 
test bay. For both M B A and M B B 
types, t w o banks of four stations can 
receive magnets for measurement. 
Wi th this capacity it w i l l be possible 
to be measuring some magnets wh i le 
br inging in or taking out others, or 
modi fy ing magnets after measurement. 
In between the t w o banks are the 

long, carefully w o u n d , measuring coils 
wh i ch can slide into the magnet 
apertures on either side. The power 
supply can feed any bank of four 
magnets plus a reference magnet. 
The measurements are implemented 
and recorded via a PDP 1 1 / 2 0 c o m 
puter using control systems evolved 
in col laborat ion w i th the Controls 
Group. 

The measurements are intended to 
establish that the magnets w i l l behave 
wel l th roughout the current cycle to 
wh i ch they are submit ted in the course 
of accelerator operation. This means 
that they must provide the required 
f ield accurate to better than 2 x 1 0 ~ 4 

w h e n powered f rom 1 1 8 A to 4 9 0 0 A. 
The integral of the f ield along the 

length of the magnet is the most im 
portant parameter. It is measured at 
inject ion f ield level by rol l ing the 
measuring coi l through the ful l length 
of the aperture and recording the 
signals and at other f ield levels by 
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pulsing the magnet w i th the coil 
stationary. End shims are used to 
bring all the magnets to the same 
value as the reference magnet at 
medium f ield values w i th in 1 x i o - \ 
The high f ield values are important 
since the closed orbit deviations at 
peak energies, w h e n extraction has 
to be implemented, should be kept 
to a min imum. Variations are found 
at l ow f ields, w h e n inject ion takes 
place, due to remanent f ields but the 
correction elements incorporated in 
the accelerator can take care of this. 
Eddy current effects are checked by 
varying the rate of current rise in the 
magnets wh i le the measuring coils 
are in place. Resistors are incorporated 
in the circuit and these are modif ied 
to even out the variations wh ich can 
come f rom differences in the thickness 
of the vacuum chamber f rom one 
magnet to another. 

The quadrupoles do not require as 
much attent ion at CERN itself since 
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they arrive completely assembled f rom 
the manufacturers — Plessey Pre
cision Co. Ltd. (UK) . They therefore 
need only mechanical and magnet ic 
checking. Two completed quadrupoles 
had arrived at the beginning of 
November. A bank of four measuring 
stations is being set up and wi l l use 
the same power supply and computer 
system as the bending magnets dur ing 
the quadrupole tests. 

The correction magnets are also 
being manufactured. Orbit correction 
dipoles are being made at Sindetec 
(France). Sextupoles are to be bui l t 
at GEC (UK) and enlarged quadru
poles at BBC-Oer l ikon (Switzer land). 
The order for octupoles is about to 
be placed. 

A bending magnet is scheduled to 
be wheeled into the machine tunnel 
for the first t ime mid -1974 . By then 
it is hoped to have a heap of 400 
magnets ( inc luding the quadrupoles) 
assembled, tested and sorted accord
ing to measured properties, so that 
they can be distr ibuted around the 
ring circumference to even out the 
small variations. 

When everything is in ful l sw ing , 
eight bending magnets and about 
three quadrupoles per week wi l l go 
through the system. 

The power supplies 

Almost all contracts for components of 
the magnet power supplies have n o w 
been placed. There are three main 
ones: 

Work concerning the reactive po
wer compensator has recently begun at 
General Electric Co. (UK) . This equ ip
ment replaces the large motor-gener
ator sets of the previous generation of 
accelerators in that it prevents large 
voltage surges, due to pulsing of the 
accelerator, appearing on the elec
tr ic i ty network supply ing the Labo
ratory. The pulses of current to the 

magnets can then be handled w i thou t 
perturbing other electricity users. 
The idea is comparatively new, but 
the electrical engineering involved is 
straightforward and, a l though the 
SPS compensator system is bigger 
than existing systems, no problems 
are foreseen. 

The second is that for the trans
formers, rectifiers and filters for the 
main magnet power supplies wh i ch 
are being built by Siemens (Federal 
Republic of Germany). Four of the 
f i f ty transformers arrived at CERN in 
November and product ion of the other 
equipment is expected to be on 
schedule. 

The dif f icult requirement for the 
power supplies is to achieve voltage 
pulses of up to 2 kV w i t h only a few 
hundred mil l ivolt ripple. The low level 
electronics and the control circuitry to 
ensure such precision are being devel
oped and built at CERN. Prototypes 
are already operating. 

The magnet measuring bay. The measuring coils 
are located in the central positions and can slide 
into magnet apertures on either side. Two banks 
of four stations, plus a reference magnet are 
being installed for each type of magnet. This 
capacity will cope with the maximum rate of 
magnet assembly which will be reached in the 
months to come. 

The controls w i l l be concentrated in 
one of the computers of the SPS con 
trol network. This computer w i l l be 
l inked to twe lve stations in series (each 
handl ing an acceptable voltage be low 
2 kV f rom the total of 24 kV wh i ch is 
required). Magnet ic f ield measure
ments taken every 60 ms dur ing a 
pulse w i l l be fed to this computer so 
that the power supply programmes 
can be adjusted if necessary in 
readiness for the next pulse. 

The third contract is for 172 auxil iary 
rectifiers (of 40 different types w i th 
powers varying f rom 13 kW to 
1.9 M W ) w h i c h are used as the power 
supplies to magnets in the main ring 
and the inject ion and ejection beam-
lines. They are being buil t by Brent
ford Electr ic/Smit (UK/Nether lands) 
w h o have just received the order. 

M u c h more on the control system 
and other features of the machine next 
month . 
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CERN News 
Schematic diagram showing the location of the 
new 50 MeV linac which will provide better 
quality, more intense beams for injection into the 
PS. It will be constructed in a separate building 
alongside the existing injector and its 
construction will not interfere with the normal 
operation of the synchrotron. 

New linac for the PS 
The days of the 5 0 MeV linac, wh i ch 
has been supply ing protons to the 
2 8 GeV proton synchrotron for the 
past thirteen years, are numbered. It 
has been decided to bui ld a new linear 
accelerator to replace it. 

The present linac was commissioned 
in 1 9 5 8 / 5 9 and was then supply ing 
pulses at an intensity of 1 0 mA for 
1 0 [xs ( 6 x 1 0 1 1 ppp) . Over the years, 
its performance has been cont inual ly 
improved making it possible for the 
beam intensity of the PS to be in 
creased by t w o orders of magnitude. 
For injection into the PS (over one 
turn) the improvements related solely 
to increasing the linac intensity but 
when the 8 0 0 MeV booster was added 
(requir ing injection over f ifteen turns) 
the linac pulse durat ion also had to be 
increased. It now provides 5 0 mA 
pulses for 1 0 0 (xs. 

A considerable number of changes 
had to be made to obtain this per
formance, taking some components 
to their l imits, and in these condi t ions, 
it has proved hard to maintain the 
stabil i ty and reproducibi l i ty of the 
linac beam at the high level required 
by the booster. Moreover, the rel iabi
lity of the linac in general is becoming 
suspect — a problem of prime impor
tance since the linear accelerator is the 
vital first stage of the who le complex 
formed by the booster, the PS, the 
ISR and (soon) the SPS. 

In order to meet the demands of the 
years to come, it has become essential 
to bui ld a new machine. It w i l l be 
built close to the existing one and 
their axes are almost parallel. It is not 
feasible to replace the existing ma
chine in the same bui ld ing because 
that w o u l d require stopping the PS 
and, w i th it, the experimental pro
gramme of Laboratory I for at least 
nine months. Furthermore, the savings 
w o u l d not have been more than about 
1 0 % of the cost of the machine. 

The bui ld ing programme is sched
uled to span four years and the new 
linac wi l l be commissioned in 1977. 
The output energy is unchanged at 
50 MeV, since the booster was 
specially designed to accelerate beams 
of this energy, but it is to be built as a 
'proton factory' providing pulses of up 
to 1 0 1 4 particles w i th a v iew to reach
ing a high level of stabil i ty and 
reproducibi l i ty in regular operation at 
sl ightly lower intensities. In addi t ion, 
it w i l l be possible to adapt it, if the 
interest should arise, to the accelera
t ion of negative hydrogen ions. 

An essential feature of the new 
machine wi l l be the w ide freedom of 
choice in operating condit ions and 
f lexibi l i ty w i l l be built in so as to be 
able to alter these condit ions rapidly. 
Moni tor ing wi l l mainly be carried out 
w i th the aid of a PDP 11 /4b computer 
in the control room, located in a corner 
of the South Hall, wh ich wi l l a l low the 
operating parameters to be checked 
and modif ied. 

Though the energy of the linac 
beam is not changed, the energy of the 
pre-accelerator w i l l be increased f rom 
520 to 750 keV, taking the vol tage 
supported by the accelerating columns 
of the existing Faraday cage to 
750 kV (an increase of 5 0 % ) . The 
beam leaving the pre-accelerator is 
prepared for the linac proper by means 
of t w o bunchers and a third buncher 
near the linac wi l l correct for any 
space charge effects. The beam quali ty 

w i l l be monitored before it enters the 
linac by intensity and emittance 
measuring instruments. 

The linac consists of three cy l in 
drical resonant cavities made of 
copper-coated steel fed w i th power at 
200 MHz. The first cavity takes pro
tons to an energy of between 5 and 
10 MeV (the f inal value has not yet 
been decided) and the t w o successive 
ones to 30 and 50 MeV. 

The drift tubes along the axes of the 
cavities must be al igned to a high 
degree of accuracy and a laser beam 
wi l l be used for this purpose. To ensure 
that the al ignment is maintained dur ing 
operat ion, the tubes, each containing 
a focusing quadrupole, w i l l be main
tained at a temperature of 21 ± 0 . 5 ° by 
means of a closed circuit water coo l 
ing system. 

It is possible, thanks to modern 
surface-treatment methods, to increase 
the maximum fields wh i ch the cavities 
can take above the tradit ional value of 
15 MV r r r 1 . Nevertheless, in order to 
ensure that the machine is reliable, 
these fields w i l l not exceed 14 MV r r r 1 . 
The average acceleration rate wi l l be 
1 MeV m- 1 between 0.75 and 5 MeV 
and 1.55 MeV r r r 1 between 5 and 
50 MeV. 

The vacuum inside the cavities wi l l 
be obtained by means of ion pumps 
w i th an output of 200 I s~1 per run
ning metre and at least three turbo-
molecular pumps making it possible to 
obtain a vacuum better than 10~ 6 torr. 
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At a time when magnetic tapes are very much 
in the news here is a sight to give any judge a 
headache. This is just part of the stock of 
40 000 tapes which has been moved to the new 
computer building at CERN. ft also illustrates 
the problem of data storage which is one of the 
present headaches in the field of high energy 
physics. 

The r.f. system is designed to obtain 
a high qual i ty beam. Unl ike the present 
l inac, where a modi f icat ion to an 
accelerating cavity involves mod i f i 
cations to the other t w o as we l l , the 
systems in each cavity are separate 
f rom the point of v iew of the r.f., each 
w i t h its o w n control arrangement. 
This wi l l a l low the phase and level of 
the r.f. to be maintained w i th in very 
close limits (better than 1 % for the 
ampl i tude and 1 ° for the phase). 

The protons leaving the new linac 
w i l l jo in the beam-l ine f rom the pre
sent machine. A beam measuring 
system wi l l be installed at the output 
of the new linac making it possible to 
moni tor the beam quali ty indepen
dent ly of the present linac. This 
system wi l l include transverse and 
longi tudinal emittance measurements. 

Wi th its operational f lexibi l i ty and 
the qual i ty of the beam wh i ch it w i l l 
provide, the new linac should satisfy 
the foreseeable requirements for years 
to come. In spite of the decision to 
bui ld a new one, the present l inac has 
not yet been abandoned. Its per
formance should still improve and it is 
required to accelerate protons for 
another four years — 30 % of its total 
work ing life so far. Thereafter, it w i l l 
be a l lowed to collapse into w e l l -
earned retirement. 

Computers 
After a running- in period wh i ch was 
expected to last about a year, the new 
central computer, the CDC 7600 , can 
n o w handle more work than all the 
other computers at CERN put together. 
However, it is di f f icult to measure the 
work load of a computer, whose state 
of health can be compared to that of 
the economy of a country — a different 
op in ion comes f rom each expert 
consulted. 

A sector n o w giv ing cause for 
concern is that of magnetic tapes 

(mere coincidence). Diff icult ies arise 
in comput ing for high energy physics 
because they are so numerous and 
differ in format. The large quant i ty of 
tapes poses problems in machine 
operation because the mass of i n 
format ion they transmit can saturate 
the information transfer channels. The 
diversity of format, creates software 
problems, since each type has to be 
processed separately in a different 
way. 

However, a solut ion seems to be 
gradually emerging and the use of 
magnetic discs wi l l help to deal w i t h 
the tape bott le-neck. A t the end of 
October a third large capacity disc 
was connected to the 7600. It w i l l be 
used to store the data f rom several 
tapes in frequent use and wi l l con 
siderably l ighten the operators' task. 
Furthermore, the work load of the 
channel l inking the tape units and the 
central memory is considerably re
duced. 

For the mul t i -computer move to the 
new computer centre (see vo l . 13, 
page 257 ) , the dif f icult stages are 
over and the last computer, the 6500, 
is now being brought into operat ion 
in its new home. 

And one for sale 
A n SDS 920 computer, nine years old 
by now, is no longer needed at CERN 
and is for sale at a very l ow price. 
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Old age strikes quickly in the wor ld 
of computers! 

It has a core memory of 8000 words, 
a typewri ter, a paper tape reader and 
punch, t w o magnetic tape units and 
16 priority interrupt levels. Its dotage 
may still be of use to someone, 
particularly in the f ield of educat ion, 
and further details may be obtained 
f rom CERN, 1211 Geneva 23 ; tele
phone 41 9 8 1 1 , extension 2180. 

SCIP progress 
In our October issue w e publ ished 
t w o topical photographs (page 299) 
concerning the improvement pro
gramme at the 600 MeV synchro
cyclot ron. This work col loquial ly 
k n o w n as SCIP — Synchro-Cyclot ron 
Improvement Programme — is n o w 
wel l under way . 

The machine came into action at 
CERN in 1957 and has supported a 
very lively series of experiments for 
f i f teen years. During this t ime the 
needs of many of the experiments 
(and the abilit ies of machine tech
nology to meet these needs) have 
developed to the point where a reju
venat ion of the synchro-cyclotron has 
become necessary. The improvement 
programme was accepted in 1968 and 
its main aims are to increase the cir
culat ing current f rom 1.5 to 10 ^A and 
the ejected beam from 5><10 1 1 to 1 0 1 3 

protons per second. After a long 
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Welding, on 14 November, of the metal joint 
between the vacuum chamber and the pole piece 
of the synchro-cyclotron magnet. 

period of preparation, installation wo rk 
began in June 1973 and has reached 
the fo l low ing stage: 

The magnet has had a series of me
chanical modif icat ions wh i ch are n o w 
complete. A vertical hole has been 
dri l led through the yoke and the pole 
pieces, to a l low a new ion source to 
be introduced from below. New coils 
are mounted and the vacuum cham
ber is installed. For the previous 
chamber, O-rings were used to seal 
the vacuum chamber but were not 
very satisfactory. Flexible metal jo ints 
are therefore being used and their 
we ld ing , wh i ch is n o w taking place, is 
one of the most delicate operations of 
the reassembly. First tests on the 
revamped magnet have taken place on 
schedule. 

In parallel, work has been go ing on 
to replace almost all the cabl ing 
between the machine and the control 
room and also the cool ing system. The 
new r.f. system, the most compl icated 
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i tem of the SCIP, is being run in and 
the second rotary condenser is expect
ed at CERN soon. 

A t the beginning of January, mag
netic f ield measurements w i l l begin 
and f ield corrections wi l l be appl ied. 
This wi l l involve around ten weeks of 
work. In March 1974 the r.f. system and 
ion source w i l l be installed and, if the 
present rate of progress is sustained, 
it is hoped that the rejuvenated SC 
wi l l be tested in May and June. 

CERN School of Physics 
The 1974 CERN School of Physics is 
being organized together w i th the 
Daresbury Laboratory and wi l l take 
place at Cartmel Fell, Windermere, 
United Kingdom, f rom 16 to 29 June. 
The basic aim of the School is to teach 
various aspects of theoretical high 
energy physics to young experimental 

physicists f rom the CERN Member 
States a l though some non-Member 
State, part icipants w i l l also be ac
cepted. 

The Programme is devoted to 
electromagnetic and weak interactions 
and courses w i l l be given on — 
Phenomenology of weak interactions 
by C. Jar lskog, CERN, w i t h K. Klein-
knecht, University of Dor tmund, as 
discussion leader; Deep inelastic pro
cesses by P. Landshoff, University of 
Cambridge, w i t h A. Hey, CERN, as 
discussion leader; e + e~ by R. Gatto, 
University of Rome, w i th K. Schi l l ing, 
University of Bielefeld, as discussion 
leader and Unif ied theories by J.S. Bell, 
CERN, w i t h M. Vel tman, University of 
Utrecht, as discussion leader. There 
wi l l also be some addit ional lectures 
on special topics and reviews of the 
experimental programmes of some of 
the major physics Laboratories. 

Further informat ion may be obta in
ed f rom Miss D.A. Caton, Scientif ic 
Conference Secretariat, CERN, C H -
1211 Geneva 23, Switzerland. 

Demineralised 
water on tap 
Laboratory II is using a new method 
to demineral is ing the water for clean
ing components to be used in the 
SPS vacuum system. This method 
makes use of the principle of reverse 
osmosis. 

When t w o l iquids are separated by 
a porous membrane, water passes by 
osmosis f rom the more di lute to the 
more concentrated solut ion. The dif
ference in level after osmosis corre
sponds to the osmot ic pressure. In the 
reverse direct ion, if a higher pressure 
than the osmot ic pressure is applied to 
the more concentrated solut ion, water 
w i l l pass towards the more di lute so lu
t ion . This is used at Laboratory II for 
the primary demineralisation of water 
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Principle of reverse osmosis. On the left is the 
well-known osmosis sequence where water 
passes through a membrane into a concentrated 
solution with an osmotic pressure W. On the 
right is shown how applying a pressure P, greater 
than W, persuades water to pass from the 
concentrated solution. This is to be used at the 
SPS as a step towards achieving demineralized 
water. 

The demineralized water plant which uses the 
principle of reverse osmosis. The control panel 
and water softening units are at the rear. In the 
foreground is the pump which raises the pressure 
to 28 bars and the reverse osmosis takes place 
in the five cylinders above. 

before It passes to a secondary ex
changer wh i ch produces water of high 
resistivity. 

A l though the principle has been 
k n o w n for a long t ime ( through the 
work of Abbe Nollet in 1748) , its 
appl icat ion to the demineral isation of 
water has been fraught w i t h dif f icult ies 
because of the quali ty of the mem
branes used. The latest type of aro
matic polyamide membranes are c o m 
patible w i t h solut ions w i t h a pH f rom 
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4 to 1 1 , wh i le cellulose acetate types, 
for example, are compat ib le w i t h 
solut ions w i t h a pH of 4 to 6 only and 
water has then to be acidif ied before 
being treated by osmosis. The purpose 
of acidif icat ion is to prevent the depo
sit ion of calcium salts on the mem
branes but it also increases the ionic 
strength of the solut ion. Wi th aromatic 
polyamide membranes, however, a 
simple softening treatment is suf f i 
cient. (It should be remembered that 

softening water consists in replacing 
the Ca + + ions by N a + ions, w i t hou t 
the addi t ion of any chemical product.) 

The reverse osmosis method has 
considerable advantages over the 
chemical ion-exchange methods so 
far used: 
- less maintenance is needed, involv
ing merely the annual cleaning of the 
membrane, whereas the ion exchange 
co lumns required periodic regenera
t i o n ; 
- the water f low- ra te is constant if the 
pressure on the solut ion is kept c o n 
stant; 
- there is no need to treat the waste 
water since it is subject to no chemical 
ac t ion ; 
- the cost price of each cubic metre of 
water has proved to be almost half 
that for water obtained by ion ex
change. 

The Laboratory II instal lat ion c o m 
prises f ive reverse osmosis units, four 
of w h i c h are in operat ion, the f i f th 
be ing kept in reserve. After the water 
has been used for cleaning compo
nents, it is fed back into the deminer
alisation c i r cu i t wh i ch is thus closed. 
The f low- ra te is 1.5 m 3 /hour . Some of 
this water is also used to cool SPS 
magnets. 

Reverse osmosis is go ing up in the 
popular i ty stakes. It is used in industry 
for desal inat ing sea-water. It is recom
mended for concentrat ing sugar so lu 
t ions ( in the sugar-beet industry) and 
it is becoming more and more popular 
for pur i fy ing hospital eff luents, since 
the osmot ic membranes retain m i 
crobes. 

Late news (15 November): 
For the Gargamelle neutrino 
experiment the booster is in operation 
and, over the first eighteen hours has 
resulted in an average accelerated 
beam intensity of 5 x 1012 protons per 
pulse — about three times the usual 
beam intensity. Details next month. 
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Around the Laboratories 

Photograph taken in the 15 foot bubble chamber 
during a test run on 22 October. The incoming 
beam was of high energy pions. This particular 
picture was with the magnet field at about 1 T. 
The part of the black circle on the left is the 
location of the piston. 

BATAVIA 
First tracks in 15 foot 
chamber 
As w e reported briefly in the last 
issue, on 29 September photographs 
of charged particle tracks were taken 
in the 15 foot bubble chamber at the 
National Accelerator Laboratory for 
the first t ime. 

The bubble chamber project began 
in the summer of 1970 and absorbed 
ideas f rom the designs of large cham
bers at other Laboratories (Argonne, 
Brookhaven, CERN and Stanford) in 
order to speed construct ion and to 
br ing the chamber into operat ion as 
quick ly as possible. The f inal design 
was described in vo l . 1 1 , page 358. 

The chamber contains 30 000 litres 
of l iquid in an almost spherical vessel 
w i t h a length along the beam direc
t ion of 15 foot . It w i l l be able to 
operate w i t h hydrogen, deuter ium or 
neon (or mixtures). A superconduct
ing magnet provides a f ield of 3 T at 
the centre of the chamber. The expan
sion system operates f rom be low and 
can produce the necessary pressure 
sw ing once every second (so that 
several pictures can be taken on each 
accelerator cycle) . Six cameras are 
installed on top of the chamber and 
can operate in t w o groups of three for 
separate experiments. 

The superconduct ing magnet was 
operated up to peak f ield about a year 
ago but operation of the chamber was 
delayed due to problems w i t h the 
plastic piston. As a result, a metal 
piston has been installed as a tem
porary measure. A similar measure was 
taken w i t h the 3.7 m European cham
ber, BEBC, where fortunately it has 
proved possible to have quite high 
fields in the chamber w i t hou t running 
into eddy current heating problems 
w i t h the metal piston. 

In Ju ly of this year the 15 foot 
systems began to come together again 

for another try at chamber operat ion. 
The hydrogen circuits were then 
checked and, in August , the expansion 
operated successfully though not 
l inked to the other systems. In Sep
tember the chamber was brought on 
very quickly. Fil l ing w i t h hydrogen 
wh i le checking all the safety circuits 
took only eleven hours. The expansion 
was carefully brought into act ion, 
increasing the piston stroke gradually. 
As soon as the necessary calculated 
pressure sw ing was reached, tracks 
appeared in the hydrogen. 

No magnetic f ield was appl ied dur
ing this f irst test to simpli fy the operat
ing procedures but the supercon
duct ing magnet was brought on 
dur ing October and track curvature 
resulted. The magnet was again 
powered to its design current of 
5000 A, corresponding to 3 T f ie ld, 
but there is some evidence of expan
sion system problems (possibly due 
to eddy currents in the metal piston) 

at currents above 4000 A. Some 
pictures were taken w i t h a 50 GeV 
negative pion beam into the chamber. 
The magnet was then operating w i t h 
only 1500 A because of diff icult ies 
w i t h the camera system wh i ch have 
since been cleared. 

The bubble chamber team are very 
happy. There are a series of minor 
th ings to t idy up, obviously, in the 
l ight of the operat ing experience in 
October but all the important aspects 
of the operat ion of the bubble cham
ber are go ing wel l and it is hoped that 
its experimental programme can start 
soon. T w o years wor th of experiments 
are already l ined up w i t h a strong 
levening of neutr ino experiments. 
W i th nice t im ing , the neutrino horn 
was successful ly tested on 22 Sep
tember, tak ing 150 kA currents very 
rapidly after being swi tched on , so 
that more intense neutr ino beams are 
n o w available for experiments w i th the 
15 foo t chamber. 
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The large spherical vacuum tank containing the 
15 foot bubble chamber which has been brought 
into operation at Batavia. The mass of surround
ing equipment includes supplies for the super
conducting magnet, the camera systems 
(viewing from on top of the chamber) and the 
expansion system (below). 

Inside the bubble chamber control room during 
the period of first operation. Pictures were 
achieved for the first time on 29 September. 

(Photos NAL) 

ARGONNE: 
Heavy ions from 
superconducting linac 
The Argonne National Laboratory has 
put forward a proposal for the c o n 
struct ion of an accelerator system to 
yield high energy heavy ions. There 
are many variants of heavy ion accel
erators under study and the Argonne 
design has concentrated on achieving 
high qual i ty beams of precisely k n o w n 
momenta and of variable energy 
through to a peak energy of 10 MeV 
per nucleon. This is seen as a national 
faci l i ty for research in atomic, nuclear 
and solid state physics and for isotope 
product ion. 

The system includes a tandem 
Van de Graaff, w i th 20 MV on the 
centre terminal, using the pelletron 
design of National Electrostatics Cor
porat ion. Beams f rom the Van de Graaff 
could be used directly or further ac
celerated in a superconduct ing linear 
accelerator to as high as 10 MeV per 
nucleon. The superconduct ing linac 
was selected in preference to a c o n 
ventional linac (expensive to bui ld 
and to operate) and to a cyclotron 
because of very encouraging progress 
w i t h superconduct ing r.f. structures 
at Argonne. 

The linac design consists of a series 
of helix type resonators (in f ive half-
wave- length or three ha l f -wave- length 
sections) mounted in pairs in separate 
cryostats. The superconduct ing helices 
are of anodised n iob ium and should 
experience surface electrical f ields of 
less than 20 M V / m and magnetic 
f ields of less than 0.1 T. 

Focusing is achieved by inter
spersing superconduct ing quadrupoles 
w i t h the resonators. The total electrical 
length is 45 m. The resonators operate 
at 75 MHz and the r.f. power dis
sipat ion is foreseen as be low 0.2 kW. 
Cool ing is achieved by a refrigerator 
w i t h a capacity of 600 W at 4.2 K. 
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The technological problem is to 
achieve the high performance wh i ch 
in principle is possible w i t h super
conduct ing n iobium. Thanks part i
cularly to the work at Stanford and 
at Karlsruhe, the main diff icult ies have 
been identif ied as — to achieve 
superconduct ing surfaces of high 
qual i ty and to prevent vibrat ions of 
the helical structure. 

At Argonne the helix is composed 
of ho l low niobium tub ing through 
wh i ch superf luid helium circulates. 
The external surface of the tub ing is 
anodized w i th a protective coat ing of 
N b 2 O s , 400 angstroms thick. Such 
helices show no deterioration of r.f. 
properties dur ing extended runs at 
ful l power even after being exposed 
to air for hours. Also, helixes can be 
reproduced in quant i ty w i t h the same 
properties. 

The vibrat ion problem is serious 
because it causes the resonant fre
quency to change, wh i ch makes it 
virtually impossible to accelerate 
through a series of resonators strung 
together. By minimising externally 
induced vibrations and by an elec
tronic control technique wh i ch mo
dulates the resonant frequency so as 
to keep the average frequency c o n 
stant, it is hoped to overcome this 
problem. 

T w o prototype helices have been 
bui l t and successfully operated to 
accelerate heavy ions f rom a small 
Van de Graaff. The design of a 

mult iple helix system has begun. 
It w i l l incorporate the t w o helices 
already operated plus a large resonator 
contain ing several ha l f -wave- length 
sections. This wi l l enable the surface 
treatment technique to be checked in 
the product ion of a much larger 
structure and also to check vibrat ion 
control in a resonator w i t h higher 
stored energy. 

DARESBURY 
Making light 

Research using the synchrotron l ight 
emerging f rom electron accelerators 
or storage rings has g rown consider
ably in scale and importance dur ing 
the past few years. A review of the 
major facil it ies appeared in the Apri l 
issue of last year (page 130) . In the 
USA the work has concentrated part i
cularly at the Wisconsin storage r ing, 
Tantalus. An improved version, Tan
talus I I , has not received support 
however and neither did the idea of 
developing the Cambridge accelerator 
as a national synchrotron radiation 
facil i ty. Instead the wave- length range 
covered by higher energies w i l l be 
made available at the Stanford storage 
r ing, SPEAR. In Europe, the DESY 
synchrotron has done much of the 
pioneering (to be extended on the 
storage ring DORIS) and has been 

Proposed scheme for heavy ion acceleration at 
Argonne. A tandem Van de Graaff would be 
supplemented by a superconducting linac and 
prototype helices for such a linac have been 
successfully operated. 

jo ined by facil i t ies at Frascati, Orsay 
and at Daresbury. 

The research at Daresbury n o w 
involves about forty scientists f rom 
Universities and other Laboratories 
w i t h experiments in metallurgy, atomic 
spectroscopy, molecular biology, glass 
f luorescence, etc... On the t w o beam 
ports f rom the 5 GeV electron syn
chrotron, N INA, six experiments are 
installed and col lect data parasitically 
dur ing the operat ion of the accelerator 
for high energy physics. 

The future high energy programme 
in the UK foresees the gradual pha
sing out of NINA. Wi th this in 
v iew, the quest ion of how to sustain 
the research of the developing syn
chrotron radiation communi ty was 
discussed at Daresbury. The possibil i ty 
of cont inu ing to use NINA itself was 
considered but a much better source 
can be provided by a storage ring. An 
alternative use for N INA is as injec
tor in the EPIC project (of wh ich 
more next mon th ) . A storage ring 
specif ical ly bui l t as a synchrotron 
radiation source, SRS, is therefore 
being proposed. 

Wi th a ta i lor-made source the para
meters can be adapted to give as high 
a radiation f lux as possible (for this 
a stored current of 1 A wi l l be the 
ult imate aim) covering the wave- length 
range of greatest interest (for this a 
2 GeV ring w i t h a critical wave- length 
of 3.9 angstroms wi l l give good f lux 
d o w n to 1 angstrom). 

The proposed machine has an 
average radius of 15 m. The bending 
magnets curve the beam around a 
radius of 5.5 m w i t h fields of 1.2 T and 
are distr ibuted around the ring inter
spersed w i t h quadrupole and sextu-
pole magnets. The bending magnets 
are C-shaped, to ease the problem 
of gett ing the synchrotron radiation 
out easily, w i t h an aperture prel imi
narily f ixed at 1 5 0 * 6 0 mm 2 . 

The energy loss f rom such a ring 
is 240 keV per turn per electron and 
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Location of a 2 GeV, high current storage ring for 
experiments using synchrotron radiation which 
is being proposed by the Daresbury Laboratory. 
The storage ring would be located within the 
inner hall of the NINA electron synchrotron 
and have many beam ports for the synchrotron 
light outlets. 

4 

four r.f. cavities are installed to replace 
the power, having the capabil i ty of a 
peak voltage of 600 kV per turn 
(installed power of 400 kW) . 

At least ten beam ports are foreseen 
for the emerging l ight and at t w o of 
them, shorter wave- lengths are made 
available by incorporat ing 'wigglers ' . 
The wiggler idea came f rom Wisconsin 
where a version is now being tried on 
Tantalus. As its name suggests, it 
involves addit ional magnetic f ields 
wh i ch locally distort the path of the 
electron beam. The radius of the 
wiggler so introduced dictates the 
wave- length spectrum of the l ight 
emerging at that point. Rutherford 
have studied a superconduct ing ver
sion of a wiggler for the Daresbury 
SRS. At the moment superconduct ing 
magnets giv ing a 5 T central f ield 
(about 7 T at the magnet coils) are 
regarded as feasible. This could give 
good radiation f lux d o w n to about 
0.1 angstrom. 

The electron beams are provided by 
a 500 MeV synchrotron, itself fed by a 
8 MeV electron linac. The synchrotron 
is required to provide 20 mA beams 
probably about three times per 
second. 

The SRS w o u l d f i t into the exist ing 
N INA bui ld ing and could use many of 
the NINA supplies. Taking this into 
consideration the cost of the project 
is estimated at £ 2 mi l l ion. Since the 
accelerator physics involved is wel l 
understood a 'paper study' is con 
sidered adequate to conf irm this 
f igure w i thout prototype models. The 
superconduct ing wiggler is a chal
lenging aspect but could be added at 
a later date if it took longer to realize 
than the rest of the machine. 

It is hoped that authorization for the 
project could come in 1975. Bui ld ing 
could begin in the N INA inner hall 
before the accelerator was closed 
d o w n and the SRS could be ready at 
the end of 1978. Since the physics 
covered by a synchrotron radiation 

facil i ty is in different fields to high 
energy physics, approval for the pro
ject w i l l be sought f rom the Science 
Board rather than the Nuclear Phy
sics Board of the Science Research 
Counci l . 

If the SRS is authorized it w i l l 
obviously alter the balance of act iv
ities at Daresbury considerably by the 
1980s. It wou ld jo in the Nuclear 
Structure Facility — the tandem Van 
de Graaff described in the May issue 

(page 150) — wh ich expects the 
'go-ahead ' very soon. 

Nevertheless high energy physics 
is retained as an important part of the 
future of the Laboratory. Wi th in the 
UK, there is ful l part icipation w i th the 
Rutherford Laboratory in developing 
the EPIC project and in Europe the 
Laboratory is involved in several big 
programmes at CERN, for example at 
the ISR, and foresees its part icipation 
in such col laborat ions growing in the 
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years to come. Wi th the advent of the 
SPS, Daresbury is proposing col labo
ration in research w i t h muon beams in 
the North Area and experiments 
involv ing a tagged photon beam to 
Omega in the West Hall. 

Financial restrictions mean that the 
resources to support the g row ing pro
gramme at CERN have to be found at 
the expense of the existing programme 
at NINA. Most of the money for ma
jor new equipment wi l l be required 
for the programme at the SPS. 

The N INA operating hours are 
being cut f rom 6000 to 5000 per year 
and the idea of having higher energy 
inject ion has been dropped. However, 
'programmed quadrupoles' , w h i c h 
wi l l enable the operators to play 
tunes at high energies and thus 
avoid vertical beam b l o w - u p on 
crossing resonances ( leading to lower 
ejection eff ic iency), w i l l be installed 
next year. There are four pairs of 
quadrupoles g iv ing control of both 
horizontal and vertical work ing points 
w i th power supplies wh i ch can be 
ful ly programmed through computers. 

The addit ion of a sextupole and 
septum fo l low ing the installation of 
these quadrupoles wi l l make 'sepa
rated funct ion eject ion' possible. This 
w i l l replace the regenerator ejection 
system w h i c h , because of the regene
rator strip f ields, causes orbi t distor
t ions making simultaneous ejection 
diff icult. Thus N INA wi l l still manage 
a minor face-l i f t in her f inal years 
of independent operation for high 
energy physics. 

PEP Summer Study 
A Summer Study on the problems 
involved in proton-electron-posi t ron 
col l id ing beam systems was held in 
the San Francisco area f rom 6 to 
31 August. It was organized by the 
Lawrence Berkeley Laboratory and 
the Stanford Linear Accelerator Centre 

and pulled in participants f rom CERN, 
DESY, Frascati, Orsay and Rutherford, 
as wel l as f rom the U.S. high energy 
physics Laboratories. 

Systems currently under study for 
e +e~p include PEP, wh i ch is being 
investigated jo int ly by LBL and SLAC; 
EPIC, wh ich is being investigated by 
Rutherford and Daresbury; ISABELLE 
wh ich is under study at Brookhaven 
and the DESY programme for DORIS. 
Results f rom existing storage rings 
(ISR, SPEAR, ACO, ADONE, etc.) 
were reviewed and a number of 
experiments w i th them were sug
gested to help clarify the present 
understanding of the machine physics 
involved. 

Lattice design problems received 
considerable attention. These included 
synchronizat ion of bunched electron 
and proton beams over a range of 
operating energies w i t h maximum 
luminosity. There was considerable 
discussion on methods of achieving 
head-on coll isions and coll isions at a 
small crossing angle w i th their respec
t ive merits and demerits inc luding the 
effects of unbunched and t ight ly 
bunched beams. Other questions con 
cerned inject ion, acceleration, reso
nances, cell structure and coupl ing 
effects. 

Among the single beam pheno
mena wh i ch were studied were bunch 
lengthening and mul t i -bunch long i 
tudinal instabilit ies. Discussions on 
transverse and longitudinal beam-
beam limits led to lively controversies 
on the roles of simple isolated reso
nances, many resonances, stochast i -
city, and Arnold di f fusion. In c o n 
nection w i th longitudinal mot ion, the 
benefits f rom excit ing higher order 
modes in r.f. cavities were considered 
and schemes were devised in w h i c h 
cavities driven by the beams might 
be used to achieve very short proton 
bunch lengths. Some aspects of super
conduct ing systems for protons were 
also considered. Work f rom the study 

wi l l be reported in internal LBL-SLAC 
PEP notes and subsequently wi l l be 
compi led into a report. 

Photon-photon 
Colloquium 
An International Col loquium on Pho
ton -Pho ton Coll isions in Electron-
Positron Storage Rings was held at 
the College de France (Paris) on 
3-4 September. It was attended by 
about a hundred physicists (theorists 
and experimental ists). The subject 
concerns those processes where the 
electron and the positron in the 
storage ring beams, instead of ann i 
hi lat ing each other, act as generators 
of quasi-real photons. It is as if t w o 
photon beams (w i th large momentum 
spread) are col l id ing w i t h each other. 

The first pioneering studies on this 
subject date back to 1960 (F. Low, 
M. Calogero and C. Zemach) but had 
been forgot ten to some extent for a 
number of years. It is back in vogue 
since 1969 particularly due to the 
work of three independent groups of 
theorists at the College de France, 
Novosibirsk and SLAC-Cornel l . A 
large number of theoretical papers 
have been publ ished in the last four 
years and the first experiments have 
been performed on VEPP-2 (Novos i 
birsk) and A D O N E (Frascati). Their 
results are very encouraging al though 
they are l imited for the moment to 
the study of pure quantum electro
dynamics. Other photon-photon co l 
l ision experiments are being prepared 
for the high energy, high luminosity 
storage rings wh i ch have been recently 
brought into operation or are under 
construct ion — SPEAR at Stanford, 
DORIS at DESY, DCI at Orsay and 
VEPP-4 at Novosibirsk. 

The programme of the Col loquium 
was divised in an experimental and a 
theoretical part. In the experimental 
part, reports on past and future experi-
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Some well known faces from the accelerator 
world brought together by the DESY meeting on 
storage rings. 

(Photos DESY) 

merits were presented by G. Salvini 
and R. Santonico (Frascati), V.A. 
Sidorov (Novosib i rsk) , H.B. Newman 
(Cambr idge), G. Feldman (SLAC) , P. 
Waloschek (DESY) and A. Courau 
(Orsay). J . Parisi (Paris) talked about 
background problems in pho ton -pho 
ton col l is ion experiments. In the 
theoretical part, various aspects of 
the processes when pho ton -pho ton 
col l is ions yield hadrons were treated 
by H. Terezawa (Rockefeller Un i 
versi ty), S.J. Brodsky (SLAC) , and 
T. Walsh (DESY). 

In addi t ion, L. Stodolsky (Mun ich ) 
extended the subject by discussing 
one and t w o photon exchange pro
cesses in reactions involv ing hadrons. 
Finally, a Discussion Panel on the 
'Equivalent photon approximat ion in 
one and t w o - p h o t o n exchange pro
cesses' was organized w i t h the part i 
c ipat ion of P. Kessler and F. Mart in 
(Paris), D.H. Lyth (Lancaster) and 
K. Subbarao (Cornel l ) . The Proceed
ings w i l l be publ ished in a special 
Volume by the 'Journal de Physique'. 

DESY 
Meeting on Storage 
Rings 
In Spring 1974 the first experiments 
are scheduled to start at DORIS 
(DOppel -Rlng-Speicher) the elec
t ron-posi t ron double storage ring at 
DESY. The end of December is stil l 
the date on the cards for first in ject ion 
of electrons and positrons into the 
rings. (For a descript ion of the rings, 
see vo l . 8, page 289.) 

Whi le the last technical preparations 
for this important stage in the history 
of the 3 GeV storage rings were stil l 
in progress, some of its init iators dis
cussed further possibil i t ies for devel
op ing the machine's physics potent ial . 
They concluded that the amount of 
money wh ich is necessary for a normal 
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INSTRUMENT CRTs: M-OV HAS 
THE TUBES WHICH MEASURE UP 

Our range measures up to your needs. 
Round or rectangular screens. Sizes from 
4 - 18cm. Complete range of phosphors.Wide 
choice of graticules. Fibre optic types, too. 

experiment in high energy physics 
w o u l d , be suff icient to add the abi l i ty 
to carry out e lectron-proton col l isions 
(vol . 12, page 281) w i th in the rings. 

The original plans were to have a 
1 GeV proton booster but it has n o w 
been decided to do the main acceler
at ion of the protons in the DESY 
electron synchrotron. For this, different 
r.f. accelerating cavities have to be 
installed and fortunately it has been 
possible to borrow appropriate cavities 
previously used on the fast cycl ing 
synchrotron at Princeton. These units 
recently arrived at DESY. 

Protons wi l l be injected into the 
DESY synchrotron at an energy of 
4 MeV by a Van de Graaff accelerator. 
One second wi l l be required to ac
celerate about 1 0 1 1 protons to an 
energy of 2 to 4.5 GeV and to stack 
them into the storage r ing. Calcula
t ions indicate that it should be possible 
to accumulate and to store up to 
3 X 1 0 1 3 protons; at the t w o inter
secting regions they w i l l col l ide w i t h 
5><10 1 2 electrons circulat ing in the 
second storage ring result ing in l u 
minosit ies as high as 10 3 1 per c m 2 per s. 

This experiment w i l l be an excellent 
oppor tuni ty to study machine physics 

problems wh i ch w i l l be important for 
the proposed next generation of e-p 
storage rings. In particular, it w i l l be 
possible to study in detail the quest ion 
of space charge limits in the inter
act ion of an electron beam w i t h 
bunched and unbunched proton 
beams. Because of the importance 
of these topics, the DESY team 
invited other experts work ing on 
storage ring problems to discuss them. 
From 8 to 12 October, machine 
physicists and experimentors wen t to 
DESY f rom all Laboratories in Europe 
and the United States where storage 
rings are being planned, or are under 
construct ion or already operat ing. 

During the first t w o days, talks 
were held about experiments wh i ch 
can be carried out w i th the storage 
ring energies available up to n o w and 
about those experiments wh i ch w i l l 
be possible in the future w i t h storage 
rings of a higher energy range. 

The physics interest in storage rings 
of higher energy spurred the last three 
days of the meeting wh i ch were 
dedicated to the projects to realize 
these energies. Many studies have 
been carried out already. Berkeley/ 
Stanford presented the latest version 

of the PEP project (15 GeV electrons, 
150 GeV protons) , Brookhaven the 
ISABELLE electron-proton opt ion 
(15 GeV electrons, 200 GeV protons), 
and Rutherford/Daresbury the EPIC 
project. ORSAY gave details of the 
electron-posi t ron storage r ing, DCI 
(2 GeV), and Frascati gave their 
thoughts about a Super Adone. The 
DESY team presented a feasibil i ty 
study to store electrons of 15 GeV/c 
and protons of 120 GeV/c. This 
scheme is k n o w n as PETRA (Proton 
Electron Tandem Ring Accelerator). 

The meeting conf i rmed that mul t i -
Laboratory discussions on the different 
machine problems are a necessary and 
st imulat ing exercise to exchange i n 
format ion and to check the pract i
cabil i ty of future projects. The local 
st imulat ion at DESY may have been 
responsible, a f e w days after the 
meet ing, for br inging the first electrons 
and positrons f rom the DESY syn
chrotron to the inject ion points of 
DORIS. 
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If it's CRTs for electronic instruments, 
come straight to M-OV. 

We have a wide range, specifically 
designed and quality engineered for 
instrumentation. 

We have an even wider capability 
enabling us to deliver the tube which does the 
precise job you ask of it. 

All M-OV tubes are made to high specs, 
including BS9000, CV and MIL. Our scale of 
production ensures dependable deliveries and 
competitive prices; and our activities are 
supported world-wide by the GEC 
organisation. 

Besides instrument CRTs, we make 
tubes for radar, avionic, data display and TV 
studio applications. 

For catalogue and data sheets, write to the 
address below. Or if you have a specific CRT 
problem/phone us direct at Hammersmith. 

E E V A N D M - O V K N O W H O W . 
THE M-0 VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431. Telex: 23435. Grams: Thermionic London. <£<£.C! 

BERKELEY 
The heavies 
at the Bevatron 

The experiments involving the accel
eration of heavy ions are taking an 
increasingly important part of the 
experimental programme at the Beva
tron. During September, for example, 
three weeks of operation were given 
to the acceleration of carbon and of 
oxygen ions to 2 6 5 MeV per nucleon 
wh ich fed fourteen experiments. 

The experiments were predomin
antly in the field of biology and 
medicine. They covered such topics 
as the response to heavy ions of pro
tein in nerve tissue, the chemical 
species produced in water by heavy 
ion bombardment the amount of 
damage to DNA caused by heavy 
ions, etc. 

The Bevatron is now capable of 
accelerating intensities up to 5 x 1 0 4 

for neon, 5 x 1 0 6 oxygen, 5 X 1 0 7 ni tro
gen, 1 0 8 carbon . . . These figures wi l l 
be taken much higher when the link 
to the SuperHILAC is in action. The 
combination is known as Bevalac and 

is expected to deliver high energy 
beams of heavy ions in the Spring of 
next year. 

Beam intensities are anticipated to 
rise to 5 x 1 0 s argon, 1 0 1 0 neon, 
3 x 1 0 1 0 oxygen and nitrogen, 6 x 1 0 1 0 

carbon . . . w i th energies in the range 
of 0 . 2 5 to 2 .5 GeV per nucleon at a 
repetition rate of ten pulses per 
minute. A 'Users Associat ion' is being 
formed to cover the interests in 
nuclear physics, chemistry, cosmic ray 
physics, biology, medicine and par
ticle physics. The first meeting wi l l 
take place on 19 January 1 9 7 4 . 
(Anyone requiring further information 
about Bevalac or the Users Association 
can wri te to the Lawrence Berkeley 
Laboratory, Building 5 0 , Room 1 4 9 ) . 

The research programme wi th heavy 
ions was the subject of a Summer 
Study from 9 - 2 0 July. Already some 
intriguing results have emerged and 
the possibility of attacking other im
portant question is clear. The most 
surprising result concerns the momen
tum spectrum of the fragments emer
ging from the heavy ion collisions w i th 
nuclei. Regardless of the mass of the 
fragment the same momentum distri
bution law appears to apply and this 

law does not seem to be built into any 
of the current nuclear theories. 

For the future there are other aspects 
of nuclear theory wh ich could be 
i l luminated by heavy ion research — 
forming new nuclei by throwing 
heavy nuclei together (wi th the for
mation of the 'superheavies' as a par
t icularly intr iguing possibil i ty), the 
effect on a nucleus of dril l ing a hole 
in it w i t h a heavy ion, the effects of 
th rowing high Coulomb fields to 
gether, etc. In astrophysical research, 
knowledge could emerge wh ich is 
relevant to understanding stellar phe
nomena — element distribution etc. 
In medicine and biology a long list of 
experiments is already under way. 
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Nuclear transmutation 

We are there, wherever there Is research 
Into the peaceful uses of nuclear energy 

KRUPP steel in the service of man. KRUPP steel 
in the service of research. KRUPP steel in physics, 
chemistry, merjicine and biology. We do a lot in these 
f ie lds. 

We supply magnets for accelerators, spectro
meters and beam t ranspor t , w i th forged or laminated 
poles and yokes, rough or f in ished, as indiv idual com
ponents or fu l ly assembled. The mater ia l used is our 

" M i n i m u m RA" special low-carbon mi ld steel, resistant 
to ageing and free f rom impur i t ies . Wi th a m in imum 
spread of induct ion, " M i n i m u m RA" combines high 
permeabi l i ty and low coercive force. Any questions? 
Our special ists are ready and w i l l i ng to answer t hem. 

F R I E D . K R U P P H O T T E N W E R K E A G , D - 4 6 3 B O C H U M 
WEST GERMANY 

® KRUPP STEEL for the world of tomorrow 

Double bending magnet 
i for beam transport 
; made of KRUPP STEEL 
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the pictures you keep in memory 
have gone through 

THOMSON-CSF's analogical storage tubes & units 
Waveforms of high information Limiting resolution I repeatedly during a few minutes 
content, video signals for instance, T u b e (TV lines Observations (monitor display) or analyzed in any 
arestored most economically in ana- T y p e s per diameter) suitable scanning mode (scan con-
logical form. The THOMSON-CSF — version, slow transmission). The TH 
Silicon Target storage tubes have a ™ E 1 2 3 8 1 3 0 0 S t a n d a r d t y P e 7 5 0 0 unit allows the signal to be 
capacity which even matches the TME 1239 2 000 " recorded and read out simultaneously, 
high information contents of a TV whereas these operations must be 
picture. They furthermore provide Electrostatic accomplished sequentially on the 
short access, wri te and erase times. ™ E 1 3 4 8 1 0 0 0 f o c u s . TTV 3900 . Applications are nume-
The storage units TTV 3 9 0 0 and deflection r Q u s . # ^ f r a m e f r e e z e # S t a n d a r d 

TH 7500 implement the above Very high TV readout of slowly built-up pic-
tubes TME 1238, TME 1239, TME T H 8 8 0 3 2 8 0 0 resolution tures* Narrow bandwidth (telephone 
1496. They are designed to record Simultaneous * ' n e s ) transmission of pictures 
non recurrent signals, like single TV T M E 1 4 g 6 1 3 0 0 w r j t e & • Picture addition,substraction,inte-
frames computer output, oscillo- readout gration • Picture processing and 
grams, which can later be read out I J l I compar ison. 

. 0 
THOMSON-CSF 

GROUPEMENT 
TUBES ELECTRONIQUES 

8, R U E C H A S S E L O U P L A U B A T 
7 5 7 3 7 PARIS C E D E X 1 5 / F R A N C E 

TEL. 5 6 6 7 0 . 0 4 
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BOA TORRI 
die flexible 
Vakuum-
Verbindung 

BOA AG LUZERN 
Kellerstrasse 45 
Postfach 998 
6002 Luzern 
Tel. 041-44 21 21 
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VIDAR INFORMATION { 1 
Messen - Oberwachen - Steuern 
mit V I D A C I V 
VIDAC IV zum Oberwachen von mehreren Grenzwer-
ten und Steuern Oder Auslosen von Alarmen beim 
Oberschreiten von gesetzten Werten. Keine Program-
mierung not ig. 

• Messen von 10 bis 1000 
Kanalen 

• Oberwachen von bis 550 
Grenzwertpaaren 

• Steuern beim Ober
schrei ten der Werte 

Einfachste Bedienung 
Keine Sof tware! 

K o n t r o n E l e c t r o n i c A G 
Bernerstrasse 169, 8048 Zurich, Telefon 01 62 82 82, Telex 57439 s 

High 
Energy 
& Nuclear 
Equipment 
S.A. 
"CAMAC from stock (the whole NUCLEAR ENTERPRISES range) wi th 
H.E.N.E.S.A.'s 8 and 12 module carrying cases (illustrated in the photograph), 
light weight metal, very strong, lockable and inexpensive. Ideal for safe storage 
in the laboratory and when they have to be moved." 
"CYCLOTRON and d.t. Generator Neutron Therapy Systems. The CYCLOTRON 
CORPORATION can now supply Neutron Treatment Systems fully engineered 
for clinical work. These are in addition to their wide range of fixed and variable 
energy CYCLOTRONS for scientific research, isotope production, etc." 
"CYTOGRAF and CYTOFLUOROGRAF laser/electronic instruments for photo
metric analyses of biological cells, individually but at 1000's per second — count, 
size, differentiate, characterize and measure fluorescence." 
"BACTEC — automatic and semi-automatic instruments for rapid detection of 
bacteria. In hospitals and laboratories for the detection and quantification of 
bacteria in blood, urine, spinal fluids, exudates and for sterility testing and 
metabolic research studies. Institutional and commercial applications include 
the proof of sterility of pharmaceuticals, foods, drugs, radioisotopes, cosmetics, 
raw materials, water supplies or any supposedly sterile sample." 

S U P P L I E R S 
N u c l e a r E n t e r p r i s e s L t d . 
T h e G e n e r a l E n g . C o . ( R a d ) L t d . 
S . E . L a b o r a t o r i e s ( E N G . ) L t d . 
D . A . P i t m a n L t d . 
C o m p u t e r I n s t r u m e n t a t i o n L t d . 
T . E . M . I n s t r u m e n t s L t d . 
L a b e n 
T h e C y c l o t r o n C o r p o r a t i o n 

B i o - P h y s i c s S y s t e m s I n c . 
A t o m i c E n e r g y o f C a n a d a L i m i t e d 
T e l e d y n e I s o t o p e s 
S i m t e c I n d u s t r i e s L t d . 
J o h n s t o n L a b o r a t o r i e s I n c . 
E l e c t r o n i c s a n d A l l o y s I n c . 
P h o t o p h y s i c s I n c . 
C o n o g r a p h i c C o r p o r a t i o n 

H E N E S A - 2, chemin de Tavernay, 1218 Geneva (Ronald Stiff). Telephone 
(022) 98 25 83/82, Telex 23 429 answer back "stiff ch" . 
H E + N E H i g h E n e r g y a n d N u c l e a r E q u i p m e n t (Deutschland) GmbH -
Savignystrasse 55, 6 Frankfurt/Main 1 (Richard Kohl or Heinz Eipel -
Telephone (0611) 74 82 27, Telex 41 4486 answer back "e s d " . 

If 
SAieOR'S 
correlator 
could talk 
it would say... 

Decay rate reveals molecular properties of materials 

Chamber pressure characteristics point up jet engine com
bustion problems 

These quota t ions , and many more, are del ivered 
by th i s un ique al l d ig i ta l , h igh speed process ing 
ins t rument . It pe r fo rms auto and cross correla
t i on , s ignal averag ing, and probabi l i ty , dens i ty 
and d i s t r i bu t ion analysis in real t ime . 

The 400 point 
SAI-43A has a 
minimum A t of 
0.2 ^sec (5MHz 
sampling rate) 
and800precomp-
utation delay points, linear and exponential averaging, digi
tal bin markers and readout. Full digital input circuitry for 
photon counting applications is available. For those applica
tions requiring only 100 point analysis, the new improved 
SAI-42A is available. 
Let the SAIC0R Correlators tell their own story. Call (516) 
234-5700 for a demostration or detailed technical data. 

H o n e y w e l l 
S I G N A L A N A L Y S I S O P E R A T I O N • T E S T I N S T R U M E N T S D I V I S I O N 
5 9 5 O l d Wi l le ts P a t h , H a u p p a u g e , N e w York 1 1 7 8 7 • 5 1 6 / 2 3 4 - 5 7 0 0 
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CAMAC carrying cases 
Location of peak allows measurement and control of flow 
velocities and propagation time 



WE WERE FIRST 
WITH THE DEDICATED 

INTERFACE 
NOW YOU SEE WHY... 

CAMAC 
+ 

NOVA 2 
16 K 

CAMAC 
STAND ALONE 

OPERATING 
SYSTEM 

A SEN SYSTEM 
READY FOR USE 

35000 S.Frs. 
* T R A D E M A R K O F D A T A G E N E R A L C O R P O R A T I O N 

For further information contact: 

111 
e l e c t r d n i q u e 3 1 , av . E r n e s t - P i c t e t - 1 2 1 1 G E N E V A 13 - S W I T Z E R L A N D - T e l . ( 0 2 2 ) 44 2 9 4 0 



The fast 
way to 
convert 
A-to-D 
in Camac 

CERN 
TECHNICIANS: 
Whatever you need 
in hydraulics and 
pneumatics you can 
get from us -
Today! 

We stock a comple te assor tment 
of hydraulic and pneumat ic e lements 
and accessor ies right here in Geneva. 

Valves for all inert gases and liquids, 
cyl inders, fitt ings, tubes and hosing can 
be obtained without delay. 

We are also ready and able to 
mount your hydraul ic and pneumat ic 
installations. 

Bellows-Valvair 
81, route de I'Aire 
1211 Geneva 26 
Telephone 42 43 30 

B e l l o w s - V a l v a i r 

Q U A R T Z F I B R E 
P O C K E T D O S I M E T E R S 

Ask for literature giving details of full range and charging unit 

R . A . S T E P H E N & C O . L T D . 
MILES ROAD — MITCHAM — ENGLAND CR 4 3 YP 
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BOURNS (Schweiz ) AG Baarerstrasse 8 6 3 0 1 Zug 
Tel . 0 4 2 2 3 2 2 4 2 Te lex 7 8 7 2 2 
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Controle d'etancheite des 1500 traversees etanches equipant 
anneaux de stockage. Service ISR. 

les 

F A B R I C A T I O N S DE LA D I V I S I O N " O X Y D E S F R I T T E S ' 

ARTICLES DE LABORATOIRE en oxydes frittes 
GUIDE FILS «ZIRTEX» 

BUSES DE PULVERISATION «ALBUZ» 
PASSAGES ELECTRIQUES ETANCHES 

Ceramiques metallisees et brasees 
PIECES pour MECANIQUE, NUCLEAIRE, 

ELECTROMECANIQUE 
Tubes, barreaux, plaques, disques en AF 997 

Revetements ceramiques par projection 
Pieces usinees rectifiees 

PIECES pour ELECTRONIQUE 
Radomes, fenetres electromagnetiques 

Pieces en oxyde de Berylium « BEROXYD» 
POUDRES abrasives et pour projection 

POSTE pour projection plasma « PLANCER» 

R A D I O P R O T E C T I O N 

P O R T A B L E P O L Y R A D I A M E T E R 

I P A B 7 1 Ref. 500 
S e l f - p o w e r e d , w a t e r p r o o f , w a r n i n g 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- H igh vo l tage : can be regula ted f rom + 200 to 
2200 V o l t s 

- Ranges : 10 - 100 - 1000 - 10000cps 
- Accu racy : better than 5 % 
- L im i t opera t ing tempera tu re : - 10° C + 50° C 
- D i sc r im ina to r th resho ld : 1 vo l t 
- Equ iva lent c a p a c i t i e s : GM - PM - 0 .6pF 

CPA - BF3 - semi conductor 
de tec to rs 0 .04pF 

C O U N T I N G 

E L E C T R O N I C C O U N T I N G S C A L E 

E . C . S . 1 Ref. E.521 

P o r t a b l e , s e l f - p o w e r e d , s i x d e c a d e s 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- Pret ime : 1 - 10 - 100 - 1000 s (accuracy 1 0 ' 3 ) 
- Resolu t ion t ime : < 5 us f requency > 200 KHz) 
- Input pu lses : p o s i t i v e or nega t i ve ,du ra t i on^100ns 
- Threshold a d j u s t e m e n t : 0.1 a 10 V 
- Input impedance : 1000XX 
- Working temperature range : - 10° C to + 50° C 

O I M A R D E U X 
85 Bd Gabriel Peri 92240 MALAKOFF - 656-65-35 + 

Us ine : 37600 Loches - FRANCE 

Desmarquest 

® D I V I S I O N " O X Y D E S F R I T T E S ' 
Zone Industrielle N° 1 

2 7 0 0 0 E V R E U X - France 
Te lephone : 3 3 . 0 5 . 9 5 

T6lex : 18.573 F - DESCERAM - EVREUX 
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F O U R O P E R A T I O N M O D E S : 

p r o g r a m m e d p o i n t 

h i s t o g r a m g e n e r a t i o n 

v e c t o r g e n e r a t i o n 

c h a r a c t e r g e n e r a t i o n 

A L L C O N T A I N E D I N A T W O W I D T H 
M O D U L E !! 

M A N U A L C O N T R O L U N I T T Y P E M C 1 0 : 

m o v a b l e r e t i c l e g e n e r a t o r 
j o y s t i c k w i t h L A M s w i t c h f o r r e t i c l e 
p o s i t i o n n i n g a n d r e q u e s t h a n d l i n g 

F O R M O R E I N F O R M A T I O N P L E A S E C O N T A C T : 

SAIP/SCHLUMBERGER : BP 47 -92222 Bagneux (France) 
Tel. : (1) 655.22.11 Telex : SAIPEX 25 075 F 

CD <§> 

c a m a c 
r 

scope display 
driver 

JDD 10 

SAIP 



For all those lucky 
PDP-11/45 owners. 

Announcing timesharing 
and real t ime software. 

Powerful new software, it s 
t o m a k e o w n e r s of our P D P - 1 1 / 4 5 any 
happ ie r . W h a t w i t h 3 0 0 n a n o s e c o n d 
cyc l e t i m e . So l id -s ta te and co re m e m o r y 
t o 2 4 8 K bytes . 64 -b i t , m u l t i - a c c u m u 
lator, f l oa t i ng po in t h a r d w a r e . H a r d 
w a r e m e m o r y m a n a g e m e n t , and m o r e . 
A t an unbe l i evab l y l o w p r i ce . W e l l , 
w e d i d . By i n t r oduc ing p o w e r f u l 
n e w t i m e s h a r i n g and real t i m e so f twa re . 

Timesharing. The R S T S - E so f twa re 
s y s t e m . It hand les up t o 3 2 users at one 
t i m e , each w i t h up t o 16K w o r d s . W i t h RSTS-E , 
e v e r y o n e can use the per iphera ls on l ine. Large 
sca le per iphera ls l ike 2 0 - m i l l i o n - w o r d d i sc 
packs and h i gh -speed l ine pr in ters . Plus m a g n e t i c 
t ape dr ives , paper t ape a n d ca rd e q u i p m e n t . 

In a d d i t i o n , an e x p a n d e d f o r m of BASIC 
a l l o w s st r ing opera t ions . On- l ine f i les as b ig as 
3 0 - m i l l i o n charac te rs each . Ma t r i ces . ALGOL- l i ke 
s ta temen ts . A n d data p rocess ing a ids . 

Real t ime .Tha t ' s RSX-11D. A n in teg ra ted 
real t i m e so f twa re sys tem tha t can con t ro l a w h o l e 
p rocess or au toma te an ent i re l abo ra to ry w i t h 
p o w e r t o spare . Real t i m e response is m e a s u r e d 
in m i c r o s e c o n d s . Even w i t h h u n d r e d s of tasks 
g o i n g on s imu l taneous ly . 

M e m o r y is used w i t h m a x i m u m e f f i c iency . 
RSX-11D is the f i rst l o w - c o s t s ys tem to use 
d y n a m i c m e m o r y m a n a g e m e n t . Ye t secur i t y is 
abso lu te because every task is i nd i v i dua l l y h a r d 
w a r e p r o t e c t e d . 

A n d RSX-11D has fu l l A N S I FORTRAN IV. 
W i t h ISA Real T i m e Extens ions . Plus a FORTRAN 
IV comp i l e r , m a c r o - a s s e m b l e r , a n d ful l ut i l i ty 
p r o g r a m s all runn ing on- l ine s i m u l t a n e o u s l y w i t h 
real t i m e ope ra t i ons ; 

RSTS-E and RSX-11D are a lso ava i lab le on 
the PDP-11/40. 

Learn what this new software 
can do for you. 
Dig i ta l E q u i p m e n t C o r p o r a t i o n In ternat iona l -
Europe , 8 1 , route de I 'Aire, CH-1211 Geneva 2 6 , 
Te l . ( 022 ) 4 2 7 9 5 0 . 

Of f ices in Read ing , L o n d o n , Manches te r , 
B i r m i n g h a m , Br is to l , E d i n b u r g h , M u n i c h , Co logne , 
Frankfurt , Hannove r , S tu t tgar t , V i enna , S t o c k h o l m , 
Os lo , C o p e n h a g e n , He ls ink i , Paris, Grenob le , 
The Hague , Brussels, Z u r i c h , M i l a n . 
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9030 

COMPUTER COKTSOUEK 

For t h e 
D E C P D P 8 
a n d P D P 11 user 

Low-cost 
Single Crate Controllers 
which can be expanded for Multi-crate 
operation via the Esone Branch 

Single Crate 
J Operation 

Expansion to 
Multi-crate via 
Crate A1 Controller 

And: 
9030 Basic Controller 
can be adapted to PDP 8 
with 9034 l/F Card or 
PDP 11 with 9032 l/F Card 

Write for details and for 125-page 1973 C A M A C Catalogue No 66 

containing ful l specif ications of the most extensive range 

of units available f rom a single manufacturer. 

<§> N U C L E A R E N T E R P R I S E S L I M I T E D 
B a t h R o a d , B e e n h a m , R e a d i n g R G 7 5 P R , E n g l a n d . T e l : 0 7 - 3 5 2 1 2 1 2 1 . T e l e x : 8 4 8 4 7 5 . C a b l e s : D e v i s o t o p e , W o o l h a m p t o n . 

Associate Companies: Germany: Nuclear Enterprises G m b H , Schwanthalerstrasse 74, 8 Munchen 2 , Germany. Te lephone: 5 3 - 6 2 - 2 3 T e l e x : 529938 
U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 Te lephone: 4 1 5 - 5 9 3 - 1 4 5 5 Telex: 3 4 8 3 7 1 . 
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F I V E S L I L L E - C A I L 
Groupe Babcock Fives 

• Mecanique et chaudronnerie lourdes 
• Masses polaires en acier moule 
• Tuyauteries en aciers allies et inox 
• Portes, dalles et bouchons 
• Compresseurs d'air et de gaz 
• Turbines, groupes turbo-alternateurs 
• Traitement des minerais d'uranium 

(broyeurs, centrifuges de filtration, etc) 
• Appareils de levage et manutention, 

ponts roulants 
• Pieces sur plans 

• Heavy mechanical engineering and 
platework 

• Cast steel magnets 
• Alloy and stainless steel tubing 
• Air tight doors, plugs 
• Air and gas compressors 
• Turbines, turbo-generators 
• Uranium ore processing 

(grinding mills, centrifuges, etc) 
• Hoisting and handling equipment, 

overhead travelling cranes 
• Job-engineered parts 

KEPCO INFORMATION 
W h e n is a P o w e r S u p p l y N o t a 
P o w e r S u p p l y ? 

R i 

J I L REFERENCE 
T _ ( I n p u t ) 

PROPORTIONING 
— RESISTORS — 

^VOLTAGE 
„ f FEEDBACK 
V W A — 

L0AD< 

Power Operational Amplifier/Power Supply 

• Bring feedback from current sensor and it wi l l 
regulate current 

• Bring voltage feedback and it wi l l regulate voltage 
• Bring feedback from your load and the power 

supply is a servo amp. 

B i p o l a r O p e r a t i o n a l P o w e r S u p p l y 

+ 1 5 V t o - 1 5 V @ 2 0 amps 
+ 3 6 V t o - 3 6 V @ 1 . 5 a m p s 
+ 3 6 V t o - 3 6 V @ 5 . 0 a m p s 
+ 7 2 V t o - 7 2 V @ 1 . 5 a m p s 
+ 72 V t o - 7 2 V@5.0 amps 

Please ask f o r d e t a i l e d d o c u m e n t a t i o n 

T E C I M I D A T A 
Quali ty, Des ign a n d P e r f o r m a n c e s a re 
exclusive and so a r e the p r i c e s ! 

S f r s . 1 3 8 0 . — 
V = , V a c , I = , l a c , q 

O u r b e s t r e f e r e n c e : 
more than 230 instruments sold in Switzerland, in 
1972, and dozens of them being in use at the CERN ! 

— 2000 measuring points 
— large display, l isible at more than 10 m 
— very easy operating 
— modular construct ion with metal housing 
— accuracy 0,1 p.c. 
— BCD-output in standard version 
— 24-hours-service. 

Technique Moderne Electronique S.A. 
1844 Villeneuve Tel. 021 / 60 22 41 

K o n t r o n E lect ronic A G 
Bernerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 
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S o d i l G C presente une nouvelle serie d'alimentations stabiUsees 
modulaires a decoupage secteur en boitiers de faible encombre-
ment en fonction de la puissance: 

Type Tensions de sortie Debits 
a 40 °C 

9061 5 V 20 A 
9062 5 V 40 A 
9063 4 V a 13,5 V 10 A 
9064 4 V a 13,5 V 20 A 
9065 11 V a 28 V 5 A 
9066 11 V a 28 V 10 A 

Autres series d'al imentat ions stabi l isees modu
laires a decoupage : 

SDSI - DC 
SDSA - DC 
SD A (4 types) 

Reglable de 2,7 a 6,6 V 
Reglable de 2,7 a 6,6 V 
2 V 20 A - 5 V 20 A 
5 V 40 A - 5 V 100 A 

C a t a l o g u e s u r d e m a n d e : 

e c 
A g e n c e S o d i l e c : 12, rue Andre-Abry • 

7, AV. LOUISE - 93 -NEUILLY-PLAISANCE 
TEL. (1) 9 2 7 . 3 8 . 0 7 

38100 Grenoble - Tel. (15-76) 09-04-38 

b e n i l e c s . a . 
N E W f r o m T E N I M E L E C I N C . 

TC205 n e w research g r a d e l inear pulse ampl i f ier 
essent ia l for all h igh reso lu t ion G e ( L i ) sys tems. 
Exce l lent o v e r l o a d recovery . 
G a i n 2 . 5 t o 3 0 0 0 . 
Ul t ra f i n e ga in cont ro l ± 2 c h a n n e l s per 1 0 0 0 c h a n n e l s full 

sca le a d j u s t m e n t . 
Bui l t in BLR s w i t c h se lec tab le . 
A s k for fu l ly descr ip t ive leaf let . 
N O T E ben i lec s.a. c a n s u p p l y a n d m a i n t a i n partial or c o m p l e t e 
sys tems f r o m our pr incipals w i d e r a n g e of products . 

T E N N E L E C I N C . N . I . M . m o d u l e s . Ul t ra l inear, l o w noise 
ampl i f iers e tc . 

N O R T H E R N S C I E N T I F I C I N C . W i d e r a n g e of P .H .A . sys
t e m s a n d A . D . C . ' s . 

G . E . C . E L L I O T T A U T O M A T I O N L T D . for C A M A C . 

E L E C T R O N I C V I S U E L S d isp lay m o n i t o r s for all t y p e s of 
app l i ca t ions . 

R A N G E R E L E C T R O N I C S C O R P . Ful l r a n g e of M o s s b a u e r 
sys tems inc lud ing c r y o g e n i c uni ts . 

K A M A N S C I E N C E S C O R P . N e u t r o n genera to rs , n e u t r o n 
m o n i t o r s a n d ac t i va t ion ana lys is sys tems. 

For m o r e i n f o r m a t i o n c o n t a c t B O B B R O O M F I E L D . 

b e n i l e c s . a . 
1 8 , rue H o f f m a n n - 1 2 0 2 G E N E V E 
T E L ( 0 2 2 ) 3 3 2 3 2 0 / 3 3 2 3 2 9 - T E L E X 2 8 2 6 8 . " B E L E C " 

ILLUMINATION INDUSTRIES, INC. 

Speisegerate / Lampengehause 

Xenon- und Quecksilber-Lampen 

% Fur Quecksilberlampen bis 1000 Watt 
# Fur Xenonlampen bis 300 Watt 
# Eingebaute Ziindung 
# Preisgunstig 
Bitte verlangen Sie detaillierte Unterlagen! 

7 0 1 7 W A 

Industrievertretungen 
Junkholz 3 3 3 - C H - 8 9 6 8 Mutschel len 

3 5 6 

5 A 
10 A 

5 m 

E 
</) 
D Q 2 
< 
5 



Schlumberger 
R A D I O P R O T E C T I O N 

P O L Y R A D I A M E T R E P O R T A T I F 

I P A B 7 1 Ref. 500 

A u t o n o m e , e t a n c h e , a l a r m e 

C A R A C T E R I S T I Q U E S ELECTRIQUES 

- Haute t ens ion : va r iab le de + 200 a + 2200 vo l t s 
sur sonde 1 et sonde 2 

- Echel le de mesure : 10 - 100 - 1000 - 10000 c / s 
- P r e c i s i o n : me i l leu re que 5% 
- L imi tes de tempera tu re : - 10° C + 50° C 
- Seui l du d i sc r im ina teu r : 1 v o l t 

Capac i tes equ iva len tes : GM - PM : 0,6 pF 
CPA- BF3- d iodesO,04pF 

C 0 M P T A G E 

E C H E L L E D E C 0 M P T A G E S I M P L I F I E E 

E . C . S . 1 Ref. E. 521 

P o r t a t i v e , a u t o n o m e , 6 d e c a d e s 

C A R A C T E R I S T I Q U E S ELECTRIQUES 

- Pretemps : 1 - 10 - 100 - 1000 s (p rec is ion 1 0 " 3 ) 

- Temps de reso lu t i on : < 5 y s ( f requence 200 KHz) 
- Impuls ions a I ' en t ree : po la r i t e p o s i t i v e ou nega

t i ve d u r e e ^ 1 0 0 n s 
- Reglage du seu i l : 0,1 a 10 V 
- Impedance d 'ent ree : 1 0 0 0 i \ 
- Temperature de fonc t ionnement : - 10° C + 50° C 

O N A R D E U X 
85 Bd G a b r i e l Per i 9 2 2 4 0 M A L A K O F F - 6 5 6 - 6 5 - 3 5 + 

U s i n e : 3 7 6 0 0 L o c h e s - F R A N C E 

C e n t r a l i s a t i o n 
d e m e s u r e s 

sur d e m a n d e . . . 

Ex. Systeme DTU 3240 

. . . a lo rs 
S c h l u m b e r g e r 
t e l . 0 2 2 / 3 5 9 9 5 0 
• Voulez-vous mesurer jusqiTa 1 yM? 

• Voulez-vous enregistrer un seul ou 
plusieurs canaux? 

• Voulez-vous une solution toute simple 
et classique ou preferez-vous un 
systeme pilote par mini-ordinateur? 

Notre programme comprend des systemes 
«sur mesure» avec modules standard 
depuis la simple chaine de mesure 
jusqu'au nouveau «Computer Logger». 

N o u s reso lvons e g a l e m e n t 
v o t r e p r o b l e m e 

8 0 4 0 Z u r i c h 1 2 0 7 G e n e v e 
T e l . 0 1 5 2 8 8 8 0 T e l . 0 2 2 3 5 9 9 5 0 
M L i n c h e n - W i e n - P a r i s - M a i l a n d - S t o c k h o l m 
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Where the result is dependent on purity and 
silence of running - there you will find the 

PFEIFFERTURBO 

As, for instance, in combination with this high 
vacuum coating plant BAE120 for electron micro
scope preparation technique and many other 
units where contamination-free samples are one 
of the absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high relia
bility, wide working range at 
constant pumping speed,... 
there is still much more in it 
that is decisive! 

It is not for nothing that PFEIFFER is the leading 
manufacturer of turbomolecular pumps'. 
Do you know already the PFEIFFER TURBO? 
TheTPU200 or theTPU400? We shall be plea

sed to provide you with techni
cally important information on 
these pumps. Your post card 
with the catch word ..PFEIFFER 
TURBO" wil l do. By return mail 
you wil l receive detailed litera
ture. 

PM 800 003 PE7309 

BALZERS-owned Sales Companies i n : 
Zur ich (CH), Frankfurt /M (D) , W i e n (A), 
Kungsbacka (S),Berkhamsted (GB), 
Santa Ana (USA), Meudon (F), Milano (I) 

ARTHUR PFEIFFER VAKUUMTECHNIK GMBH 
Postfach 
D-6330 Wetzlar 
A company of the BALZERS-Group 
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FAST, FASTER, FASTEST 
0 , 3 n s t r a n s i t t i m e f l u c t u a t i o n i s t h e n e w 
s t a n d a r d i n p h o t o m u l t i p l i e r s . 

The new XP 2020 sets the state-of-the-art for 
high speed photomultipliers. A transit time 
fluctuation of only 0,3 ns and a 1.5 ns rise time 
makes it ideal for fast coincidence techniques 
or Cerenkov detections. Moreover it is 
competitive on price with slower equivalents. 

Almost as fast is the new PM 2203, a 12-stage 
linear-focused tube with a bi-alkali 
photocathode. It is ideal for applications having 
low luminous fluxes, such as single photon 
counting, as well as for time measurements. 

The table below gives the main specs. 
Data sheets and samples for evaluation are 
available on request. 

XP 2020 P M 2203 
Spectral response type D type D 
Useful cathode diameter 42 mm 45 mm 
Quantum efficiency at 400 \im 2 5 % 3 0 % 
Cathode sensitivity at 400 \xm 85 mA/W 100 mA/W 
Rise time 1,5 \is 1,6 ns 
Transit time fluctuation 0,3 ns 0,35 ns 
Gain at 2,6 KV 108 108 

Type PM 2203 is a direct replacement for type 8575 and 
a near equal to the 9814B. 

For more information on these new tubes plus an 
updated product survey of the extensive 
Philips range write to : 
Phil ips Industries, Electronic Components and 
Materials Division, Eindhoven - The Netherlands 

Distributed and sold in the U.S.A. by : Amperex Electronic Corporation 
230 Duffy Avenue, Hicksvi l le N.Y. 11802 

In Canada : Phi l ips Electron Devices 
116 Vanderhoof Avenue Toronto 17 - Ontario 

Elect ron ic 
C o m p o n e n t s 
and Mater ia ls P H I L I P S 
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Precedes 
desoudage 
avec les gaz 
Carba 

T e c h n i q u e s a u t o g e n e s 
avec racetylene-
dissous et I'oxygene 
soudage: toles minces, 
tubes, metaux non 
ferreux 
brasage, oxycoupage, 
chauffage, redresse-
ment, trempe, projection 
et decapage a la flamme. 

S o u d a g e M A G 
avec C 0 2 "S", I'acide 
carbonique de Carba 
avec purete garantie 
pour: les aciers de 
construction, les aciers' 
chaudiere, les tubes, 
les aciers a grain fin. 

S o u d a g e M I G 
avec les melanges 
Carba (Carmig, Carmox, 
Carinox 4, Carbac 30) 
I'argon et I'helium 
pour: lea aciers faible-
ment et fortement 
allies, I'aluminium, 
le cuivre et leurs 
alliages. 

S o u d a g e T I G 
avec I'argon, I'helium, 
Carinox 3 et Carbac 
pour: I'aluminium etses 
alliages, les aciers 
inoxydables 0e toutes 
compositions, les me
taux cuivreux et a base 
de nickel, le titane et 
d'autres metaux 
speciaux. 

T e c h n i q u e s P l a s m a 
Soudage, coupage, 
rechargement par 
projection 
avec Carbac, I'argon 
et d'autres melanges 
pour tous les metaux 

Carba Berne Bale Zurich Lausanne 

C a r b a S S S S F 


