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Ultrasonic bubble chambers 
Some information on ultrasonic chambers 
following a meeting at the Rutherford Laboratory 
on 18 March. The meeting was organized by the 
Laboratory together with the Acoustics Group of 
the Institute of Physics and the Physical Society. 
It concentrated on ultrasonic chambers in 
particular but covered fast cycling bubble 
chambers in general. 

The evolution of part icle detect ion 
techniques has been extremely rapid. 
It is diff icult now to appreciate that, 
when construct ion of the CERN proton 
synchrotron was started, the detectors 
planned to be used with the machine 
included nuclear emulsions and Wi l ­
son cloud chambers as predominant 
techniques. At that t ime Glaser had 
only just got bubbles in a t iny bott le 
of l iquid hydrogen and the plethora 
of different types of spark chamber 
had not even been conceived. 

How this evolut ion wi l l cont inue can 
only tentatively be predicted but we 
can conf ident ly say that when the 
300 GeV machine is wel l into its 
experimental programme it wi l l be 
surrounded by detect ion techniques 
different in many cases f rom those in 
common use today. The fast cycl ing 
bubble chamber, where already a little 
exper ience has been gathered, is one 
possible way in which things might 
go for some specif ic appl icat ions. 
Within this category ultrasonic bubble 
chambers have interesting propert ies 
if their problems can be mastered. 

Up to now the development of 
bubble chambers has involved pre­
dominant ly a growth in size. (Attendant 
on this, of course, has been the 
mastery of all the cryogenic, opt ical 
and mechanical techniques in using 
larger volumes.) There have been 
moves towards higher f ields from 
superconduct ing magnets and towards 
using hydrogen target volumes within 
denser sensitive l iquid mixtures. In 
addi t ion, the expansion systems of 
large chambers have been pepped up 
so that they can operate several t imes 
per second, making it possible to take 
several photographs in one cycle of 
an accelerator. 

It is likely that the large chambers 
wi l l be around for a long t ime yet. 
Their property of catching virtual ly all 
that goes on in and around a part icle 
interact ion has no substi tute and, for 
example, is a useful property when 

pioneering in a new range of energies. 
Whereas the electronic technique, 
wi th counters and spark chambers, is 
l ikely to be set to pick out something 
specif ic (and thus 'expected'), the 
bubble chamber wil l inevitably also 
catch the unexpected. On the other 
hand this lack of discr iminat ion is 
often a drawback. The abil i ty of the 
electronic technique to record only 
the events of interest (without the 
equivalent of ploughing through hun­
dreds of thousands of photographs) 
and to record them at very high 
speeds is usually a great advantage. 

There is a dist inct tendency at 
present for the two techniques to 
move towards common middle ground. 
Electronic detect ion systems (like 
Omega being built at CERN and large 
mult ipart ic le spectrometers else­
where) are becoming more bubble 
chamber ish in being 'universal ' instru­
ments capable of being used in a 
w ide variety of experiments catching 
a w ide variety of part ic le events. 
Bubble chambers are moving towards 
integrat ion in counter systems (Prin­
ceton and Argonne) so that photo­
graphs can be taken selectively. Such 
an abil i ty is part icularly important in 
the study of rarely occur ing events 
(there are many currently of high 
interest in strong-interact ion physics) 
and could open up a new range of 
experiments. 

Since the electronic detectors, up 
to now, catch only the part icles 
f lying off f rom an interact ion and 
interpret back as to what happened 
at the point of interact ion, it is an 
obvious move to put a small bubble 
chamber to record what happens at 
the point of interact ion, its own l iquid 
being the target. To get maximum 
advantage f rom this arrangement the 
bubble chamber ought to be sensit ive 
(i.e. in a state where t racks can be 
recorded) for as high a proport ion as 
possible of the t ime for wh ich it can 
receive beam and be able to take 

pictures at very high rates so that all 
the fast data recording abil i ty of the 
electronic detectors is not wasted. It 
would probably be possible to feed 
such an integrated detector system 
wi th, effectively, a pulsed slow spil l 
(using the synchrotron r.f. system). 

Fast cycl ing bubble chambers which 
could fulf i l this role can be div ided 
into three types : 
1. Rapid cycl ing — where a 'normal ' 
bubble chamber has its mechanical 
expansion system hotted up to give 
many expansions per second. 90 Hz in 
small chambers has been achieved at 
Stanford, who lead the f ield in this 
type of chamber (see the January 
issue page 17 for a fuller story). There 
is also work on rapid cycl ing cham­
bers at Saclay and Wisconsin. The 
Rutherford Laboratory are investi­
gat ing the possibil i ty of absorbing 
some of the research they have 
already done on the high f ield bubble 
chamber project into the construct ion 
of a 100 Hz chamber, 15 cm in d iame­
ter, w i th a large (3n) sol id angle over 
which part icles can emerge virtual ly 
uninhibi ted (a vital asset in the sort 
of integrated arrangement discussed 
above). 
2. Sonic — where a pressure wave is 
appl ied to a chamber volume along 
a length equal to a mult iple of a 
quarter of its wavelength so that a 
sect ion of the volume becomes 
sensit ive. This has been achieved at 
Dubna applying sonic pressure f ields 
on top of that produced by a mechani­
cal expansion system and is being 
attempted at Argonne, in heavy l iquids, 
and at Stanford. 
3. Ultrasonic — where high frequency 
standing waves are created in the 
chamber volume producing sensit ive 
regions distr ibuted across the volume. 
This has been achieved at CERN and 
is being attempted at Dubna and 
Tokyo University. 

The maximum repetit ion rate wh ich 
can be achieved by any of these types 
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1. Particle tracks recorded in a helium ultrasonic 
bubble chamber. The striated appearance comes 
from the fact that the standing ultrasonic wave 
between piezoelectric crystals results in bands 
of the liquid being made sensitive rather than 
the entire volume. 

2. A track recorded in hydrogen in the 1 m 
model bubble chamber at CERN applying an 
ultrasonic pressure wave on top of a conventional 
expansion system (in itself insufficient to sensitize 
the hydrogen). 

3. 

is d ic tated by the t ime wh ich is 
needed to apply the pressure wave 
wh ich makes the l iquid sensit ive 
(dictated in turn by the veloci ty of 
sound in the l iquid), to grow the 
bubbles to photographable size and 
then to snuff them out ready to 
record t racks again. Independent ly 
of the type of chamber it can be 
shown that the maximum repeti t ion 
rate in hydrogen comes out less than 
100 Hz m divided by the sensit ive 
length of the chamber expressed in 
metres. ( A i m chamber could theo­
ret ical ly reach rates up to 100 Hz.) 

From the point of view of maximum 
repet i t ion rate there is, thus, little to 
choose between the types. We wi l l 
now concentrate on the ultrasonic 
where there are other advantages 
s ince they do not require a mechani ­
cal expansion system and they contro l 
the expansion direct ly e lectronical ly 
(which wou ld tie in nicely wi th elec­
t ron ic detector logic systems). 

3. In trying to push the pressure swing in 
hydrogen higher with the piezoelectric crystals, 
so as to get nearer to the point (about 2.5 kg/cm2 

swing) where the crystals alone (without the help 
of the conventional expansion system) would 
sensitize the hydrogen, the crystal on the left 
cracked under the strain. 

Tracks were first recorded in an 
ultrasonic bubble chamber at CERN 
in December 1968 (see vol . 8, p. 316). 
The chamber was f i l led wi th hel ium, 
chosen because the necessary pres­
sure swing to make the l iquid sensi­
tive is only about 0.2 kg /cm 2 . This 
pressure swing was achieved using 
two piezoelectr ic crystals (7cm diame­
ter, 5 cm apart) sett ing up standing 
waves between them with a f requency 
of 110 kHz. The first photograph 
shows some of the tracks obtained. 
Note their str iated appearance due 
to the standing wave making bands 
of the volume sensit ive rather than 
the entire volume. The crucial fact to 
emerge f rom this f irst operat ion was 
that the bubbles formed in the wake 
of a charged part ic le are not snuffed 
out when the pressure of the standing 
wave swings in the opposite di rect ion 
but cont inue to grow to photograph-
able size over subsequent cycles (to 
at least 25 ^m in less than 1 ms). It 

was also shown that bubbles disap­
pear completely wi th in 10 ms of 
swi tch ing off the crystals (tested by 
pulsing them again after a 10 ms 
interval and observing no bubbles 
f rom the re-growth of old bubble 
remnants) wh ich is another important 
parameter to know in discussing the 
appl icat ions of ultrasonic chambers. 

The investigat ion then moved into 
hydrogen, the much more favoured 
bubble chamber l iquid. The first pro­
blem is that the required pressure 
swing is more than ten t imes greater 
than in hel ium (about 2.5 kg/cm 2 ) and 
it was doubted that the piezoelectr ic 
crystals then available (PZT4) were 
capable of producing such pressure 
ampl i tudes in bubble chamber l iquids. 
The help of a convent ional expansion 
system was therefore cal led in and 
the crystals were set up within the 
1 m hydrogen bubble chamber model 
at CERN. 

The crystals were powered with a 
vol tage of 1 kV to give a pressure 
swing of about 1 kg / cm 2 . The chamber 
piston was operated to apply pro­
gressively higher pressure swings 
(though not by themselves suff icient 
to produce tracks) until t racks 
appeared. The second photograph 
shows one of the t racks recorded. 
Information was gathered about the 
condi t ions under wh ich the hydrogen 
became sensit ive, on the ampl i tude 
of the ultrasonic waves and on the 
ratio of the crystal vol tage to this 
ampl i tude. 

It was then decided to push the 
piezoelectr ic crystals as far as they 
would go in an attempt to achieve 
the f irst photographs of t racks in 
hydrogen sensit ized by ultrasonic 
waves alone. The voltage was in­
creased to 2.6 kV corresponding to a 
pressure swing of 2.6 kg /cm 2 . The 
third photograph shows the sad result. 
Before t racks were seen the crystals 
were stressed too much and shattered. 
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4. A diagram of the chamber (30 cm long, 15 cm 
diameter) which is being built at CERN to 
attempt ultrasonic operation in hydrogen without 
the help of a conventional expansion system 
(though the vertical bore would enable such a 
system to be installed). This chamber is 
designed so that modifications can be fairly 
easily applied as dictated by the progress of the 
research. Dimensions on the diagram are in 
millimetres. 

To carry out the detai led studies 
which are obviously going to be 
necessary before the ultrasonic hy­
drogen chamber can be shown to be 
a detector which wi l l f ind its way 
into the experimental halls, it has 
been decided to build a small test 
bubble chamber at CERN specif ical ly 
for such research. The fourth photo­
graph is a diagram of the chamber. 
Obviously the first thing wh ich needs 
demonstrat ing is that crystals which 
can take higher stress can produce 
sufficiently high pressure swings in 
hydrogen to sensitize the l iquid 
wi thout help f rom a convent ional 
pressure system. 

One aid to this wi l l be to achieve a 
better 'match ' of the acoust ic im­
pedances presented by the crystal 
and the l iquid. If this were close to a 
value of one, virtually all the power 
fed to the crystal would be transmitted 
to the l iquid and the stresses would 
not be so high. (It is est imated, for 
example, that in attempting a pressure 
swing of 2.5 k g / c m 2 in hydrogen the 
mismatch with PZL4 crystals was such 
that they needed to be stressed to 
1700 kg /cm 2 , many t imes beyond the 
maximum they could sustain.) Tests 
are being carr ied out to f ind an ap­
propriate intermediate material to 
insert as a quarter wavelength plate 
between the crystal and the l iquid. 
Something like araldite or an alu­
minium honeycomb structure might 
help a great deal. 

Another problem is the effect of the 
heat in the crystal heating the hydro­
gen l iquid, altering the veloci ty of 
sound in the l iquid and thus playing 
havoc with the parameters careful ly 
set to achieve the standing wave 
pattern. A feedback system has been 
developed to alter the f requency at 
wh ich the crystals are powered to 
counter this effect. Work wi l l also be 
needed to achieve good uniformity of 
the sound f ie ld. Appropr iate design of 
the transducer system should be able 

4. 

to ensure this but it may prove the 
main diff iculty. 

If these problems are solved we 
can imagine an integrated detector 
system work ing something like as 
fo l lows : The ultrasonic f ield is swi tch­
ed on and particles are f i red into the 
chamber which is, say, a few tens of 
cent imetres long. During less than a 
mi l l isecond the field remains whi le 
bubbles grow to photographable size. 
At the same t ime the produce from 
any interact ions is caught by elec­
t ronic detectors and the extremely 
fast logic circuits say whether that 
part icular burst of part icles has pro­
duced a candidate for the interact ion 
of interest. If the answer is 'yes' the 
f lash/camera system records the 
bubble pattern. The sound f ield is 
then switched off. Within 10 ms the 
bubbles disappear and the process 
is repeated. 

A potential of a hundred photo­
graphs per second wi th such a system 

is an al lur ing prospect to help get 
hold of quite a lot of information on 
rare interact ions of current interest 
(such as, interact ions involving the 
product ion and decay of hyperons 
whose short t racks would be caught 
in the chamber, peripheral processes 
where the recoil proton would be 
recorded, deuteron interact ions where 
the spectator proton would be re­
corded). Whether the technique can 
be thoroughly mastered, and whether 
it proves the best method of acquir ing 
this information, remain to be seen. 
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CERN News 

ISR 
commissioning progress 
We left the Intersecting Storage Rings 
in the February issue wi th the drama 
of f irst col l id ing beam operat ion. 
Since then commissioning has been 
going through the slower, harder pro­
cess of at tempting to master the 
machine in f ine detai l . Nevertheless 
quite a lot of progress has been made 
and also, in an atmosphere of great 
enthusiasm, some first makeshift par­
t ic le physics experiments have begun. 

Both r ings are now virtual ly com­
plete in terms of equipment and both 
are capable of stacking high currents. 
Their per formance can be summarized 
in out l ine as fo l lows : 

1. Up to the 1 A level it is possible 
to stack and store beams rel iably wi th 
almost negl igible loss rates (equiva­
lent to the expected loss rate f rom 
interact ions wi th the residual gas in 
the vacuum chambers). Thus, typical ly, 
a 1 A beam stored at midnight at the 
end of a machine commiss ioning 
per iod to be used for experiments, 
had fal len in intensity by 1 mA at the 
end of the physics run at six o 'c lock 
in the morning. This corresponds to 
beam half-l ives of many months. But 
what is important is that this abi l i ty 
gives vir tual ly ideal 'background ' con­
di t ions for the experiments. From the 
machine point of view (for example, 
concern ing the number of t imes the 
r ings wou ld have to be fi l led) much 
higher loss rates seem acceptable, but 
the exper imenters become uncomfor t ­
able when part icles are lost at a 
higher rate giving them signals in their 
detectors wh ich are not coming f rom 
true proton-proton col l is ions in the 
col l id ing beams. 

2. At intensity levels between about 
1 A and 2.5 A stored beams can be 
achieved wi th acceptable loss rates 
for the exper iments but such beams 
cannot yet be set up reliably. Some­

t imes a good stack comes off, some­
t imes it doesn't . 

3. Beyond 2.5 A, the first thing to 
note is that the 'br ick wal l ' has been 
knocked down. At the t ime of f irst 
operat ion we recorded that in both 
rings an intensity limit (called the 
br ick wall) was being exper ienced 
which caused an abrupt loss of a high 
proport ion of the beam whenever the 
limit was reached. Further study 
showed that this was caused by 
transverse instabil i t ies in the beams 
(due possibly to phenomena such as 
the induct ive effect of the varying 
shape of the vacuum chambers in 
which the beams travel) and it was 
cured by applying f ields in sextupole 
correct ion magnets which are in­
stal led for precisely that purpose. 
When this was done, intensit ies 
c l imbing just over 4 A became possi­
ble. Here, what looks like a much 
more sol id br ick wall has been 
encountered, for when this limit is 
reached the beams decay very rapidly 
and do not show the character ist ics 
associated wi th known instabil i t ies. 
The phenomenon does not seem to 
be inf luenced by sextupole f ields or 
by changing the work ing point of the 
machine (as had been the case wi th 
the first br ick wal l ) . 

The runs have been carr ied out at 
about 15GeV and 22 GeV to give 
exper imenters a taste of proton-proton 
interact ions equivalent to those at a 
convent ional accelerator of 500 GeV 
and 1000 GeV. Luminosity measure­
ments are in excel lent agreement wi th 
expectat ion. About ten periods have 
been given to experiments — at the 
end of a commiss ioning run beams 
were stacked and stored in the rings 
and left orbi t ing for periods of six or 
twelve hours whi le proton-proton 
interact ions were studied. These phy­
sics runs were carr ied out on the 
understanding that if the beams 
deter iorated badly, or disappeared, 
there wou ld be no re-fi l l ing of the r ing. 

Re-fi l l ing was never needed in any 
case. 

A mini -shutdown of the ISR is now 
under way. For about a month instal­
lat ion of equipment for experiments 
at the intersect ion regions is taking 
priority. The machine wi l l come back 
on the air on 6 May. 

PS Booster bending 
magnets arriving 
The first of the bending magnets for 
the 800 MeV Booster has arrived at 
CERN and has been tested. These 
magnets are rather special in that they 
each accommodate four synchrotron 
rings stacked one on top of the other. 
(A descr ipt ion of the magnets, indi­
cat ing their special problems and the 
way in wh ich they are solved, can be 
found in vol . 10, page 73). Thir ty-two 
bending magnets are needed to com­
plete the machine. The second one is 
expected to arrive at CERN from the 
manufacturers, Alsthom in France, in 
Apr i l and the others wi l l fo l low in 
rapid succession. Instal lation in the 
r ing wi l l probably begin in May/June. 

The four- t iered quadrupole focusing 
magnets, manufactured by BBC in the 
Federal Republ ic of Germany, wi l l 
fo l low about two months behind the 
bending magnets. A quadrupole tr iplet, 
together wi th correct ion magnets, and 
beam observat ion stations, wi l l be 
mounted on a single girder and 
carr ied to the machine as one unit, 
instal lat ion probably start ing about 
August /September. 

The main power supply, wh ich does 
not contain any rotat ing machinery, is 
being instal led in its f inal locat ion by 
the manufactur ing f i rm, Siemens 
(Federal Republ ic of Germany). 

The civi l engineer ing work for the 
Booster is complete and some serv­
ices, such as cool ing water pipes and 
cable supports, are now being in­
stal led in the machine bui ld ing. 
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The first bending magnet for the 800 MeV 
Booster being tested following its arrival at CERN. 
Note that the magnet has four apertures since 
the Booster consists of four identical synchrotron 
rings mounted one on top of the other. Magnetic 
field measurements are under way in the top 
aperture. 

Protons have already been brought 
45 m along the inject ion line f rom the 
l inac towards the Booster (see below). 
It is hoped that in the course of next 
year they can be injected into the four 
completed rings to begin commiss ion­
ing of the machine. 

ISR beam dump 
Whereas the intensity of the beam 
circulat ing in the PS is of the order 
of 80 mA, a current of up to 20 A 
per ring is planned to be stored in 
the ISR. As long as the stored beams 
circulate under control there are no 
problems, but if in the course of 
operat ion there is a fault such as a 
power fai lure, or d is turbance from 
other sources, the beam would go out 
of contro l and str ike the wal ls of the 
vacuum chamber... wh ich could over­
heat and even melt, lead to vacuum 
implosion, put the machine out of 
act ion and cause a considerable 
amount of damage. To avert such 
danger, an emergency dumping 
system is provided to di rect the beam 
into a block of metal wh ich is wel l 
able to wi thstand local heating 
wi thout damage, and wh ich safely 
local ises the result ing radioactivity. 

The need for an extremely fast 
response to any machine fai lure 
excludes the sort of system used for 
example between the l inac and the 
PS where a stopper fal ls across the 
beam to prevent it enter ing the PS. 
We have to resort to beam eject ion. 
This is done convent ional ly wi th a 
fast kicker magnet system wi th the 
fo l lowing features : 
1. the beam is bent vert ical ly (up­
wards for one r ing, downwards for 
the other) ; 
2. the dump block is not outside the 
r ing but surrounds the beam, and as 
such is part of the vacuum chamber 
(thus the beam can be dumped by a 
fair ly small def lect ion) ; 

3. the magnets are not ferr i te yoke 
(giving high outgassing in ultra high 
vacuum) but parallel stainless steel 
e lectrode magnets, four in each r ing, 
placed in series and giving a f ield of 
a few hundred gauss. An 8 kV current 
passing through them for 3.6 î s results 
in a bending angle of 2 mrad wi th a 
28 GeV/c beam. 

The dumping was programmed and 
operated automatical ly f rom the first 
in ject ion into the ISR. At present 
stored beams with an intensity of 4.3 A 
are dumped by pressing the appropr i ­
ate button when required. 

In addi t ion to programmed and 
'manual ' t r igger ing, the beam is 
dumped automatical ly under various 
c i rcumstances, namely : 
1. break-down of the generators 
supply ing the main ring magnets or a 
power fai lure ; 
2. a sudden increase in the vacuum 
pressure ; 
3. c losing of a sector valve ; 

CERN 177.2.71 

4. high rate of beam loss in the 
vacuum chamber ; 
5. tunnel access doors opening when 
this could be dangerous. 

Some of these causes inf luence the 
beams only slowly, and a fair ly long 
react ion t ime f rom the dumping 
system would be suff icient. But others 
act quick ly and the dumping system 
has been designed to react wi th in 
mi l l iseconds. The reaction t ime wil l 
include the t ime taken to signal the 
fault, to tr igger the dump magnet 
pulse generators and to establ ish the 
f ield in the magnets. The last two oper­
ations can be carr ied out in less than 
1 ^s. The pulse generators consist of 
delay l ines of 3 ohms impedance 
wh ich can be charged up to 60 kV 
and are discharged by t r iggered 
deuter ium thyratrons. 

The dump blocks, 2.5 m long, are 
made of stainless steel wi th a core 
of t i tanium discs over the first 70 cm. 
They can also be moved vert ical ly 
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across the vacuum aperture so that 
they act as beam scrapers t r imming 
the height of the beams. 

Instal lat ion of the dumping system 
in Ring 1 was completed a day and a 
half before the first tests began in 
October 1970. Right f rom the start, it 
funct ioned as designed. The system 
in Ring 2 was ready for the tests in 
January. Adjustments to the auto­
matic t r igger ing devices and improve­
ments, part icular ly concern ing the 
development of a resonant charg ing 
power supply system to avoid vol tage 
hold ing problems when the ISR is 
operat ing at the highest energies, are 
being made. 

Those ADCs 
In the Engl ish edi t ion of the last issue 
(page 68) we ment ioned some ana­
logue to digi tal converters, used in 
data acquis i t ion and contro l at the 

3. 
PS linac, wh ich are accurate to 
wi th in one part is a mil l ion ! We are 
not that good, it should have read one 
part in a thousand. Our mistake pro­
vides us wi th an excuse to say a 
litt le more about these converters, 
developed in the linac group. They 
are, by now, virtual ly a mass-produced 
item (over 120 are in use on the l inac, 
the PS ring and in the PS exper i ­
mental halls, and some are scheduled 
for Serpukhov). 

The need at the l inac is to get hold 
of many machine and beam para­
meters wi th in a few microseconds in 
each second. This can be achieved 
by using one ADC wi th a mult iplexer 
in front of it (feeding through, one 
after the other, the data col lected and 
stored in 'sample and hold ' circuits) 
or by using many ADCs, one for each 
parameters. The second alternative 
was chosen because it emerged that 
ADCs could be made for the same 
price (total cost for components, 

1. and 2. An ISR beam dump block, made of 
titanium and steel, viewed along its length from 
the outside and also looking into its bore. Stored 
beams are directed vertically into the block 
during normal emptying of the rings or in case 
of emergency. 

3. A schematic diagram of the layout of the 
beam dumping system for one ring of the ISR 
with its four deflecting magnets and dump block. 

assembly and test ing is less than 500 
Swiss f rancs per unit) as the sample 
and hold c i rcui ts and could give the 
same precis ion. Also, only recently, 
has industry put units wi th 1 ^s 
sampl ing t ime on the market and their 
cost is rather high. 

Some technical detai ls : In general 
ADCs can have either a parallel or 
serial output for their digit ized infor­
mat ion. With paral lel output, each 
output signif ies one bit and therefore 
the number of outputs determines the 
maximum possible precis ion. The data 
acquis i t ion system must be designed 
wi th the desired number of parallel 
wires f rom the beginning. With serial 
output the number of pulses being 
sent on the single output cable gives 
the digi t ized value. An increase in 
precis ion means an increase in the 
number of pulses. Serial output was 
selected since such ADCs can be 
simply and cheaply realized. The 
single output can supply the digi t ized 
informat ion to s imple numerical 
('Nixie') displays, to scalers (which 
can store and send the information 
on request to the PS control computer 
via the 'STAR' system) and to digital 
to analogue converters (for presen­
tat ion, for example, using a pen 
recorder) . The displays, scalers and 
DACs using serial input are about the 
same pr ice as equivalent units using 
parallel inputs. The single wire output 
also makes easier any adaptat ion for 
the t ransmission of signals across 
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Preparations for brazing an r.f. separator com­
ponent in a vacuum furnace in the CERN West 
workshop. The structure has alternating discs 
and rings requiring tight manufacturing tolerances. 
It was impossible to machine from a single 
block ; each disc and ring is machined separately, 
stacked, and brazed under vacuum. 

Below : photo of one of the ubiquitous analogue 
to digital converters developed in the linac 
group. 

CERN 161.1.69 

high voltage potentials (via l ight 
signals), and separat ion wi th pulse 
transformers. The output can supply 
long cables and several displays, 
scalers or DACs in paral lel . The 
disadvantage (which is not important 
in the linac appl icat ions) wi th serial 
output is the rather long t ime (about 
1 ms) which is necessary to convert 
the signals. 

About 50 of these ADCs are in use 
on the linac l inked wi th the PS control 
computer via the STAR system. Some 
are used in the control room itself (for 
example, one serves to spread around 
the recorded value of the beam in­
tensity to points in the experimental 
halls). The neutr ino beam-l ine uses 
six of the units to keep an eye on 
the pulsed magnet currents. The r.f. 
separated beam-l ine in the East Hal! 
also uses six to monitor the pulsed 
r.f. power. Finally, some wi l l probably 
move to Serpukhov in a few months 
t ime to be used together wi th the r.f. 
separator which CERN is providing. 

Linac Booster 
transport system 
The link between the 50 MeV linac 
and the 800 MeV Booster is nearing 
complet ion. During the shut-down of 
the PS at the end of last year, many 
of the components of the beam 
transport system were instal led and 
beam has been brought to the beam-

CERN 359.3.71 

l ine where emittance measurements 
are carr ied out (see vol . 10, page 279). 

The diagrams il lustrate the com­
plexity of the inter-connect ions in this 
region. The linac beam can be fed 
either to the PS or towards the 
Booster. A long the Booster line two 
other small l ines emerge (for emit­
tance measurement, installed early 
1971, and for energy spread measure­
ment, to be installed later). When the 
beam goes to the Booster it must be 
distr ibuted vert ical ly to the four 
super imposed rings. 

The pulsed magnet I-BH1 (feeding 
the PS or the Booster line) is powered 
by rectangular pulses at the PS pulse 
rate. As the linac pulses are current ly 
of a f requency of 1 Hz (to be raised 
later to 2 Hz), and as the PS cycle is 
about 0.5 Hz, the f ield pulses in this 
magnet can be used to supply beam 
pulses f rom the linac alternately to 
the PS and the Booster. This wi l l 
enable measurements to be made on 

the line feeding the Booster and in 
the Booster itself dur ing its entire 
commiss ioning period wi thout inter­
fer ing wi th operat ion of the PS. 

In addi t ion to this pulsed magnet 
and the I-BH2, wi th which beam can 
be def lected for emit tance and energy 
spread measurement, the line includes 
convent ional bending and focusing 
magnets and a series of debuncher 
cavit ies which wil l be used to com­
pensate energy spread int roduced in 
the beam, due to space charge effects, 
over the considerable length of the 
beam-l ine. 

The last magnets for vert ical d ist r i ­
but ion of the beam before in ject ion 
into the Booster are a normal magnet, 
a ferr i te k icker magnet, three septum 
magnets and an unpulsed magnet (to 
bend the beams into the horizontal 
d i rect ion again). The system can be 
set to provide single turn or mult i - turn 
in ject ion. For this, the ferr i te k icker 
magnet is suppl ied with stepped 
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pulses, wi th ' f lat-tops' varying f rom 
1.6 to 25 M-S depending on the number 
of turns to be injected per r ing. The 
beam is then subject to the inf luence 
of septum magnets whose f ields 
result in four diverging direct ions for 
the beams, leading to the four r ings. 

The Medical Service 
Since June 1965, the Medical Service 
has been responsible for surveying 
the health of the personnel and for 
sanitary contro l . It is part of the 
Personnel Division and so differs 
sl ight ly f rom the other services wh ich 
also deal wi th prevention and safety 
(the Health Physics and General 
Safety Groups). 

Var ious regulat ions are the basis of 
one aspect of the activit ies of the 
Service. The Staff Rules and Regu­
lat ions and the CERN Safety Codes 

lay down a system of medical pro­
cedures wh ich ponctuate the career 
of each member of the personnel : a 
medical examinat ion on arrival or 
prior to recrui tment, an examinat ion 
on the resumption of work after an 
il lness, regular examinations to check 
on occupat ional diseases and an 
examinat ion on departure f rom CERN. 

Besides the medical examinations, 
there are a certain number of ad­
dit ional tests : b lood tests, biological 
tests, audiometr ic tests and X-rays 
which are carr ied out on arrival and 
periodical ly as required accord ing to 
the professional category of the per­
son concerned. 

The assessment and regular check­
ing of the professional f i tness of staff 
members form one of the main act iv i­
t ies of any industr ial medical service. 
It can enable a man to adapt himself 
better to his work (or the work to be 
better adapted to the man) by advice 
and occasional ly by work restr ict ions 

as a result of the various examinat ions 
and tests ment ioned above. 

The specif ic problems of the physi­
cally handicapped are also careful ly 
studied. In addi t ion, the Medical 
Service acts as a consultant in matters 
concern ing general hygiene (environ­
ment, dr ink ing water, canteens, etc.) 
as wel l as in social problems where 
the medical factor often plays an im­
portant part. 

To appreciate the work ing con­
dit ions of the personnel , the doctor 
f requent ly visits and studies their 
places of work. These visits enable 
closer l inks to be establ ished with the 
personnel and lead to a better under­
standing of the technical problems 
involved. 

The emergency treatment of sick 
and injured persons is carr ied out 
wi th the Site Securi ty Service which 
has the appropr iate transport faci l i t ies 
(ambulances) at its disposal. A wel l -
equipped central inf irmary provides a 
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Above left : The beam transport system between 
the linac and the Booster. The I-BH1 magnet can 
bend beams towards the PS or allow them to 
continue towards the Booster and both machines 
can operate independently. 

Below left : Vertical distribution of the beam 
between points A and B in the above diagram. 
The distributing magnet deflects beams into three 
septum magnets which cause it to diverge along 
four different paths after which they are realigned 
horizontally. The current in the distributing 
magnet is also shown in the diagram. 

Some statistics on the work of the Medical 
Service in the past five years. 

Collecting one of the many thousands of samples 
on which blood tests are carried out each year. 

f i rst-aid service for accidents and 
voluntary f irst-aid workers are now 
being trained. As a result of the 
eff icient prevention work carr ied out 
by the General Safety Group and the 
Health Physics Group, the number of 
acc ident v ict ims has decreased con­
siderably in recent years. 

The Medical Service has at its 
disposal a bui ld ing contain ing con­
sult ing rooms, a blood test and bio­
logical laboratory, an X-ray machine, 
the inf irmary ment ioned above, and a 
secretariat. The personnel consists of 
t ra ined nurses, laboratory technic ians, 
as wel l as an administrat ive staff and 
the medical officer. (A second doctor 
is temporar i ly work ing in the Service, 
as a visitor.) 

Over the years, it has been possible 
to run several quite large-scale pro­
jects wi th the cooperat ion of medical 
services outside CERN. These were : 
— three chest X-ray campaigns in 

1966, 68 and 69 (which detected 
four cases of tuberculosis) 

— a cancer detect ion campaign for 
female personnel 

— a session for b lood donors in 1970 
(472 donors) 

— a BCG vaccinat ion campaign (1500 
persons registered) in 1970 and 
1971. 

New activit ies are planned for the 
future to enable the Medical Service 
to cont inue to carry out its funct ions 
eff iciently and to contr ibute to a better 
understanding of health problems 
wi th in CERN. 

CERN 121.3.71 
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Around the Laboratories 

Titisee meetings 
From 1 to 5 June, a meeting on two-
body col l is ions at high energies wi l l 
be organized at the Tit isee, Black 
Forest. High-energy col l is ions on 
nuclei and part icle product ion are the 
top ics of a second meeting, to be held 
f rom 7 to 11 June. That meeting is 
a Europhysics Conference. Further 
informat ion can be obtained f rom the 
Secretary, Institut fur Theoret ische 
Kernphysik der Universitât, D 75 Karls­
ruhe 1, P.O. Box 6380 and f rom B. 
Petersson, Research Institute for 
Theoret ical Physics, Si l tavuorenpenger 
20 b, Helsinki . 

BROOKHAVEN 
Conversion shut down 
A three month shut down of the 
33 GeV Al ternat ing Gradient Syn­
chrot ron at Brookhaven began in 
Apr i l , the main scheduled work being 
the connect ion of the new 200 MeV 
linac (see vol . 10, page 388) to the 
main r ing. Many other smaller modi ­
f icat ions to the AGS wil l also be 
carr ied out and when the machine 
comes back into act ion, it is expected 
to accelerate beams of 5 to 7 X 10 1 2 

protons per pulse fair ly soon after 
wi th the new linac in service. 

The l inac is performing very reliably. 
A peak current of 400 mA (about 70 % 
protons) has been accelerated in the 
pre- in jector which regularly operates 
at a vol tage of 790 kV (the design 
f igure was 750 kV). In the first l inac 
cavity, taking the beam to 10.4 MeV, 
a peak current of 210 mA has been 
reached and stable operat ion is possi­
ble wi th beams of 150 mA for several 
hours at a t ime. (For fun, a deuteron 
beam has also been accelerated 
through this f irst tank to an energy 
of 5 MeV with a 400 keV inject ion 
energy. A peak current of 18 mA was 
achieved.) Performance of the first 

tank is very important because it is 
here that most beam blow-up is 
l ikely to occur. 

Effort in the early months of this 
year has been concentrated on im­
proving the performance of the re­
maining eight cavit ies, progressively 
opt imizing operat ing parameters. The 
200 MeV accelerated current is nor­
mally held to less than 20 mA to 
avoid bui ld ing up too high induced 
radioactivi ty levels, but, for short 
periods, intensit ies as high as 90 mA 
have been accelerated to check beam 
loading effects. Momentum spread in 
the 200 MeV beam stil l requires further 
f ine adjustments of the linac to bring 
it wi th in the design value. A de-
buncher is instal led between the 
linac and the ring but funds are 
lacking for its complet ion ; the linac 
may not, therefore, be able to provide 
its full 100 mA to the AGS initially 
because of the large energy spread 
introduced by longitudinal space 
charge forces in the long transport 
line to the r ing. 

The linac can provide ten pulses 
per second. Most of these pulses are 
intended for radio-chemistry exper i ­
ments and the product ion of large 
quanti t ies of radio-isotopes. The first 
radio-chemistry irradiat ion has already 
been per formed. There is also con­
siderable interest in using the linac 
for medical t reatments with protons, 
both exper imental and cl in ical . 

The new main magnet power supply 
(manufactured by Siemens) was 
brought into ful l service at the end 
of January. It improves by a factor of 
two on many of the operat ing para­
meters of the init ial power supply. The 
rise t ime of the magnet f ield is re­
duced f rom 1 to 0.5 s ; the maximum 
cycl ing rate (without 'flat top') is re­
duced f rom 2 to 1 s. The maximum flat 
top t ime at 30 GeV is increased f rom 
400 ms to 4 s. The actual gain in the 
number of pulses in a given t ime 
depends, of course, on the pulse cycle 

being used but can be as high as 
40 %. Further improvements in the 
condi t ions provided by the new supply 
await implementat ion, including an 
abil i ty to have adiabat ic capture (see 
vol . 10, page 355). 

New r.f. ampl i f iers have been in 
operat ion for over a year but the new 
r.f. cavit ies themselves are not l ikely 
to be instal led until spr ing 1972 due 
to late delivery of the ferr i te r ings. 
The new vacuum system, wi th 240 ion 
pumps, has over a third of the pumps 
already successful ly in use. 

BATAVIA 
Lighter side 
As a change f rom recording the 
relentless progress to br ing the 200-
500 GeV proton synchrotron into 
act ion at Batavia, we wi l l cover some­
what at random this month other 
aspects of the development of the 
National Accelerator Laboratory. They 
can be considered ' l ighter' aspects 
but, almost as much as the machine 
itself, they are typical of the character 
of the Laboratory. 

In the first place, NAL was on the 
environmental bandwagon before it 
started moving and part of its pol icy 
statement includes a commitment to 
pursuing a 'f irm conservat ionist path 
in all of its relat ionships wi th nature 
and natural resources' . Apart f rom its 
obvious impl icat ions and the careful 
preservation of features of the site 
such as streams and trees (plus the 
plant ing of many more trees in Arbor 
Day ceremonies) this has included 
concern to br ing out such features 
of the Laboratory environment as 
carr ied wi th them the f lavour of past 
history. There are lots of nice touches 
such as the conversion of an old farm 
barn to serve as the Laboratory con­
ference hall, the use of the names of 
the indigenous Indian tr ibes (Potawa-
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1. A model of the 'central laboratory building' 
which is to be constructed at the National 
Accelerator Laboratory, Batavia. It is sixteen 
stories high and will house offices, laboratories, 
computers, restaurant, and lecture rooms. It 
is being built right next to the accelerator — 
the Booster pond is vaguely visible in the 
foreground. 

2. Power poles of the 345 kV transmission lines 
bringing power into the Laboratory. 

tomi , Blackhawk, Winnebago, etc.) for 
street names in the NAL vil lage... 

To balance this respect for the past, 
there is the recogni t ion that, in terms 
of natural beauty, the Batavia site is 
not among the more outstanding of 
God's gifts to man. The design of the 
Laboratory has therefore leaned 
part icular ly heavily on making the site 
as attractive as possible. This proba­
bly reflects also the character of the 
Director, R.R. Wi lson, who has no 
mean reputat ion as a sculptor and 
who brings aesthetic considerat ions 
prominent ly into design decis ions. 

Two results of this can be seen in 
the photographs. The f irst one shows 
a model of the 'central laboratory 
bui ld ing ' or 'core bu i ld ing ' for wh ich 
excavat ion started last December. 
(With the present rate of funding 
money has been al located so far only 
for the basement level.) The need was 
to provide around 36 000 m 2 of f l c j r 
space for off ices, laborator ies, l ibrary, 
computer centre, restaurant, lecture 
rooms, etc. 

The bui ld ing, designed by A.H. 
Rider, wi l l be sixteen stor ies high in 
the shape of an inverted Y slit down 
the middle, wi th each half t reated as 
a separate tower l inked to the other 
by a series of 'walkways' . The top 
seven stories of each tower wi l l be 
vert ical and paral lel . Each wi l l rise 
f rom a separate foundat ion on cais­
sons driven some 20 m down to 
bedrock and wi l l be about 17 m wide 
and 70 m long at the base. Between 
the two f lared bases wi l l be a gal lery 
(about 26 m wide wi th a large A-
shaped window 25 m high at one end) 
where people wi l l be able to strol l 
among gardens and th ink elevated 
thoughts. 

The second photograph shows the 
elegant 'power poles' used to bring 
in electr ical power f rom the transmis­
sion lines, a long the eastern boundry 
of the site, to the master substat ion 
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3. Being displayed is a model of the building 
to house the 15 foot hydrogen bubble chamber 
at Batavia. The geodesic dome, to be constructed 
from triangular sections of 3 m side, may use 
panels built of empty beverage cans. The two 
proponents of this idea, R. Sheldon (left) and 
H. Hinterberger, are holding the model with one 
of the canned panels in the background. 

4. A piece of canned panel. The cans have 
their tops and bottoms removed, so that they 
pass light, and are bonded to thin glass fibre 
reinforced plastic sheets. 

over two miles away. The power 
comes in at 345 kV, three-phase, 
60 Hz and is transformed down to 
13.8 kV for distr ibution around the site. 

The power poles were designed by 
R.R. Wi lson. They are modif ied H-
structures built of two long wooden 
poles connected by two curved cross-
arms. Each pole is about 30 m long 
sunk 5 m below ground and carrying 
the three power lines about 20 m 
above ground level. Despite their ut i l i ­

tarian funct ion they are very easy on 
the eye. 

A different subject, though related 
in terms of making a contr ibut ion to 
the solut ion of environmental pro­
blems is an idea on the use of empty 
cans in the construct ion of bui lding 
panels. The idea emerged whi le 
thinking about materials for a geo­
desic dome to sit on top of the 15 foot 
hydrogen bubble chamber bui lding. It 

was put forward by R. Sheldon (who 
went to NAL from Rutherford and 
has been involved with the main ring 
magnets) and developed together with 
H. Hinterberger (who is NAL Director 
of Technical Services). 

The idea is to use empty beverage 
cans as the core material in building 
panels. Thanks to standardization of 
sizes, cans carrying a variety of 
different labels wi l l all fit together 
to serve the same purpose. The tops 
and bottoms are knocked out of them 
(by a special ly developed machine 
which clears a thousand cans an 
hour), so that they pass light, and they 
are assembled into panels by bonding 
thin glass f ibre reinforced plastic 
sheets over the open ends (see pho­
tographs) forming a sandwich about 
10 cm thick. 

First of al l , such panels are cheap 
(a good start ing point for any decision 
at NAL) since their main component, 
the normally discarded cans, is free. 
They have proved to be extremely 
sturdy and well able to withstand 
wind and snow loads. They are also 
light and easily handled and can be 
assembled into panels of virtually any 
desired shape. If they are used for the 
geodesic dome of the bubble chamber 
bui lding they wi l l be in equilateral 
tr iangles of about 3 m side. Just as a 
bonus, they rid the environment of 
empty cans. Fol lowing an appeal for 
cans, they have been pouring into the 
Laboratory by the thousand. NAL may 
well win extra renown as the home of 
a mil l ion pop cans. 

Environment again. In 1969, NAL 
acquired five buffalo to form the 
nucleus of what it is hoped wil l grow 
to a small herd which wi l l eventually 
be free to graze within the 2 km 
diameter circ le of the main r ing. There 
have since been further addit ions and 
the buffalo have become one of the 
'tourist attract ions' of the site. 

Over 100 years ago great herds of 
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5. Some members of the buffalo herd at Batavia. 

6. Comparative newcomers — three Giant Canada 
geese who are also making their present home 
at Batavia. 

(Photos NAL) 

bison roamed the western plains of 
Amer ica, their number being est imated 
at around 2"0 mil l ion in 1850. Relentless 
hunting ate into this number until at 
one t ime it had reached a crisis f igure 
of around 550. Preservation efforts 
have redeemed this si tuat ion and the 
present populat ion is tens of thou­
sands — some of them are alive and 
wel l and living at Batavia. 

Recently they have had animal com­
pet i t ion. At the end of last year, ten 
Giant Canada geese (note the inter­
national col laborat ion) were brought 
to make their home at the NAL site. 
The bird is native to I l l inois, where 
it returns for the breeding season, 
and it migrates as far North as the 
Arct ic Circle. The geese have a 
powerful homing inst inct and return 
to the area in wh ich they were 
hatched to build their own nests. Thus 
the birds hatched at NAL this spring 
may wel l be regular visi tors in the 
winter and spr ing months to come. 

Like the bison, the Giant Canada 
was in danger of ext inct ion some 
years ago. An Il l inois commit tee has 
been set up to supply geese to 
enthusiasts who agree to protect and 
nurture the birds. In providing such 
a home, NAL hopes that f locks of 
other species of bird might decide 
that what suits the Giant Canada suits 
them and might also visit the site 
dur ing their migratory manoeuvres. 

To conclude this art ic le on non-
machine aspects of life at Batavia we 
wi l l ment ion a topic which should not 
perhaps f igure under a heading 
'Lighter side' because its importance 
in modern Amer ican life wou ld be 
dif f icult to exaggerate. Another of 
the pol icy statements of the Labora­
tory is 'to seek the achievement of its 
scient i f ic goals within a f ramework 
of equal opportuni ty and of a deep 
dedicat ion to the fundamental tenets 
of human rights and dignity ' . 

This pol icy has been pushed hard 
both in deal ings wi th manufacturers 
of machine components (opening 
factor ies to the negro populat ion) and 
inside the Laboratory (where special 
programmes have been implemented 
to train members of minori ty groups 
f rom the Chicago area for ski l led 
jobs). 

In the May issue we may wel l be 
back wi th the accelerator for the last 
magnet rol led into the main ring on 
16 Apr i l . 

DUBNA 
Experiments 
The size of a pion 

At the Serpukhov 76 GeV proton syn­
chrot ron, an international group of 
scient ists is studying pion-electron 
scat ter ing, fo l lowing a proposal by 
Dubna physicists. Those taking part 
include Soviet, Polish and Rumanian 
physicists f rom Dubna, physicists f rom 
Serpukhov and Amer ican physicists 
f rom the University of Cal i fornia at 
Los Angeles. 

The aim is to determine the d i ­
mensions of the pion. Similar attempts 
have been made in the past but either 
the measurements were carr ied out 
at an energy level wh ich was too low 
to produce a signif icant result, or the 
analysis of the data was inconclusive. 

In the Serpukhov experiment, pions 
wi th a momentum of 50 GeV/c scatter 
on electrons as they traverse a hydro­
gen target. Due to the high energy of 
the part icles, the momentum transfer 
can be very high and the exper imental 
result could give a value for the pion 
radius accurate to wi th in a few per 
cent. Eighteen magnetostr ict ive wire 
chambers are used to record the 
part ic le trajector ies, hopeful ly p ick ing 
out sparks 1 mm apart. The accuracy 
wi th wh ich the part icle momentum is 
measured would then be as high as 
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The detection equipment for studying the 
regeneration of short-lived neutral kaons from 
the long-lived variety, set up in the experimental 
hall of the 76 GeV proton synchrotron at 
Serpukhov, The decays into pions, occurring 
in the vacuum tube visible in the background, 
are recorded by the wire chambers. 

0.2 %. The experimental equipment 
is in operat ion and the group is 
co l lect ing data. 

A popular model (vector dominance) 
predicts a pion radius of 0 .64X10" l 3 cm. 
Unfortunately, this model also assumes 
that the pion radius is equal to the 
proton radius and yet the exper i ­
mental value for the latter is 0.81 X 
10~ l 3 cm. If the prel iminary data wh ich 
have recently been obtained in co l -
l id ing-beam experiments at Frascati 

are conf i rmed, then the pion may 
prove to be a 'point- l ike' part ic le 
measuring much less than 0.64 X 
10~13 cm. The experiment at Serpukhov 
hopes to contr ibute to resolving these 
conf l icts. 

Regeneration of neutral kaons 

A group of physicists f rom Dubna are 
performing an experiment at Serpu­
khov to study the regenerat ion of 

short- l ived f rom long-l ived neutral 
kaons on hydrogen over the energy 
range 10 to 40 GeV. A study of the 
regenerat ion at high energies provides 
a convenient way to investigate the 
behaviour of the^ampl i tude dif ference 
of the K°p and K°p interact ion and to 
check the Pomeranchuk theorem. By 
studying the interference pattern 
wh ich occurs behind the hydrogen 
regenerator and wh ich is condi t ioned 
by the interference f rom the trans­
mission and CP violat ion ampli tudes, 
it is possible to investigate not only 
the energy dependence of the modulus 
of the ampl i tude di f ference but also 
the phase of the ampl i tude. 

The exper iment is being performed 
on a neutral beam coming off at 1°. 
The part ic le detectors record the two 
pion decays of the kaons occurr ing 
after the neutral kaons are passed 
through a 3 m hydrogen target. The 
detectors consist of a magnetic 
spectrometer, having 18 two-coord i ­
nate spark chambers wi th magneto­
str ict ive read-out and an on-l ine com­
puter, and 2 electron and 2 muon 
detectors for the identi f icat ion of Ke3 
and Ki3 decays. The experimental data 
are recorded on magnet ic tape and 
undergo f inal processing at Dubna. 

The equipment came into operat ion 
in July 1970, just before the Kiev 
Conference, and approximately 1000 
kaon decays into two pions were 
recorded, giving a very prel iminary 
set of results wh ich caused quite a 
stir at the Conference since they were 
so different f rom what is expected. 
Another series of measurements was 
carr ied out in December and the 
group are now at tempt ing to increase 
the stat ist ics. At the same t ime, the 
analysis of the data obtained in the 
summer is being completed. 

Negative pion-proton interactions 

The total cross-sect ions of negative 
pion-proton interact ions are being 
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Results from the highly accurate measurement 
of total cross-sections for negative pion-proton 
interactions carried out at the 10 GeV synchro­
phasotron at Dubna. Previous measurements 
are also plotted. 

measured at the Dubna 10 GeV syn­
chrophasotron in the 4 to 6 GeV 
energy range wi th a systematic error 
not exceeding 25 microbarn. 

The work is based on a new method 
for measuring the scatter ing angle of 
part ic les f rom their Vavi lov-Cherenkov 
radiat ion. The primary pion beam was 
determined by a self-col l imating 
Cherenkov counter and the part icles 
wh ich traverse the scatter ing material 
wi thout undergoing an interact ion, or 
wh ich are scattered at small angles, 
were measured by a Cherenkov hodo-
scope. The r ing-shaped image of 
Vavi lov-Cherenkov radiat ion was fixed 
in the hodoscope's focal plane by a 
system of d iaphragms and mirrors. 
The maximum displacement was 
selected by a special ly designed 
electronic instrument. The Cherenkov 
hodoscope ensured an angular reso­
lut ion of 2.5 mrad and a resolution 
t ime of 100 MHz. A special ly designed 
l iquid hydrogen target having flat 
w indows and wi th the hydrogen 
density stabil ized to 0.04 %, was used 
as the scatterer. 

The results of the measurements are 
shown in the graph and are compared 
wi th other data. The errors include 
systematic errors. 

Element 105 

This information concern ing element 
105 was wri t ten by V.A. Biryukov : In 
February 1970, G.N. Flerov's group 
announced that element 105 had been 
discovered at Dubna ('Spontaneous 
f ission of the isotopes of elements 103 
and 105', JINR P7-4932, 1970). 

The work was carr ied out on the 
310 cm cyclotron using an intense 
beam of neon ions ( 2 2 Ne) and a target 
of Amer ic ium ( 2 4 3 Am) to yield the 
heavy element 105. A study was made 
of the spontaneous f ission of the new 
element. The angular distr ibut ion of 
the recoil atoms was studied to con­
f i rm the synthesis of an element with 

z = 105. (This method had already 
been successful ly used to conf i rm that 
a spontaneously f issionable isotope 
wi th half-l ife of 0.1 s belongs to 
kurchatovium, element 104, synthe­
sized at Dubna in 1964.) 

In later experiments, use was made 
of the formation mechanisms of the 
new spontaneously f issionable isotope 
wi th half-life 1.8 ± 0 . 6 s and it was 
shown that the atomic number of this 
isotope was 105. 

Fol lowing the experiments to in­
vestigate spontaneous f ission, the 
behaviour of the chlor ides of element 
105 was studied using gas chro­
matography. It was established that 
this element corresponds in terms of 
its physico-chemical propert ies to 
ekatantal (i.e. an element coming 
below tantalum in the periodic table 
and displaying similar chemical pro­
perties). 

By knowing the life-time of the new 
element 's isotope, it was possible to 

make a very rapid study of the alpha-
decay branch. It was shown that an 
isotope wi th a half-life of approxi­
mately 1.5 s emits alpha part icles with 
an energy ranging from 8.9 to 9.2 MeV. 
The cross-sect ion for the format ion of 
the alpha-radioactive isotope of ele­
ment 105 is approximately 2X10~ 3 3 cm 2 . 

In Apr i l 1970, it was announced that 
element 105, wi th a half-life of 1.5 s, 
had been synthesized at Berkeley. The 
results obtained by the Amer ican phy­
sicists conf i rmed both the synthesis 
and propert ies of the new element. 
Flerov's group propose that element 
105 be named after Niels Bohr. 

TRIUMF 
Project progress 
The 500 MeV cyclotron project, 
TRIUMF, being built at the University 
of Brit ish Columbia, Vancouver, Ca­
nada, has now reached the stage 
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The reinforcing steel which interlaces the 
concrete structure under the TRIUMF cyclotron 
building. This sub-structure is now virtually 
complete. 

(Photo Vancouver Sun) 

Assembly under way at prototype r.f. acceler­
ating cavities for the TRIUMF cyclotron in a 
test vacuum chamber. This vacuum chamber is 
to serve as the vacuum chamber for the 'centre 
region cyclotron' which will be assembled by 
the end of May. 

(Photo TRIUMF) 

where the machine bui lding is tak ing 
shape, major contracts have been 
placed and some machine com­
ponents are beginning to arrive. 

The bui ld ing sub-structure is v i r tu­
ally complete. Within the last six 
months about 20 000 m 3 of concrete 
have been poured. The reinforcing 
steel (shown in the photograph) in 
the sub-structure wh ich wi l l be under 
the cyc lot ron weighs almost 2000 
tonnes. Construct ion of the super­
structure began on 1 March. The first 
steel co lumns have been erected and 
the f irst roof beams are in place 
giving an impression of how large 
the bui ld ing is going to be. 

The first of the six magnet sectors 
is being assembled at the manu­
facturers and is scheduled for del ivery 
to Vancouver by June. (For details of 
the magnet design see vol . 10, p. 88.) 
The contract for the main magnet coi l 
has been placed ; the coi l is to consist 
of extruded aluminium conductor of 
about 5 X 45 c m 2 cross-sect ion wi th 
two cool ing channels. 

The contract for the cyclotron 
support structure has also been 
placed. It has two main funct ions — 
to support the vacuum chamber when 
it is evacuated and to lift the top half 
of the magnet so that there wi l l be 
access to the interior of the cyclotron 
for maintenance. Construct ion of the 
vacuum chamber has started and the 
bulk of the work on this component 
is scheduled to be carr ied out as f rom 
June of this year wi th in the acceler­
ator bui ld ing itself. This is because 
the assembled chamber wi l l be too 
big to be t ransported through the 
streets of Vancouver. 

The f irst ion source has been 
del ivered and commiss ioned. It is 
providing in excess of 2 mA of 
negative hydrogen ions wi th in the 
speci f ied emit tance. Tests on r.f. 
accelerat ing cavit ies have success­
ful ly achieved the specif ied 100 kV 
accelerat ing vol tage and more com-
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1. The ion-source end of an accelerator is often 
its most photogenic section. The need to hold 
off something like three quarters of a million 
volts gives the equipment its science-fiction 
look. The injector shown is that at Los Alamos 
which has been reliably providing protons for 
many months for tests with tank 1 of LAMPF. 

missioning tests are scheduled for the 
end of May when the 'centre region 
cyc lo t ron ' wi l l be completely as­
sembled. 

LOS ALAMOS 
LAMPF Progress 
Construct ion of the 800 MeV linear 
accelerator, LAMPF, at Los Alamos 
(described in vol . 8, page 132) is stil l 
on schedule to yield its f irst beams 
in July 1972. It is hoped to have 
100 MeV beams f rom the second 
sect ion of the accelerator (the post-
coupled dri f t- tube linac fo l lowing the 
injector) in the summer of this year. 
The third sect ion (the s ide-coupled 
linac) wi l l come progressively into 
service, wi th 211 MeV beams planned 
for the autumn. 

The first of three Cockcrof t -Wal ton 
in jectors (to provide protons, polar­
ized protons and negative hydrogen 
ions) has been in regular operat ion 
feeding the first tank of the dri f t- tube 
linac since June of last year. Problems 
were encountered due to the high 
power requirements (needed to cope 
wi th the 6 % duty cycle wi th potential 
for c l imbing to 1 2 % ) and have been 
solved. Good l i fetimes for the ion 
sources have been achieved and low-
emit tance proton beams can be 
provided reliably to the l inac. 

The phi losophy of extensive com­
puter control has had its f irst pract ical 
test in the course of the operat ion of 
the injector and tank 1 and has 
emerged in good shape. The central 
cont ro l computer wi l l be heavily 
involved in the 100 MeV beam tests 
scheduled in a few months ' t ime. 

Tests wi th tank 1 were halted in 
January to br ing in tank 2. The four 
tanks of the second sect ion are all 
now installed and dr i f t - tube al ign­
ment and tank tuning are completed. 
The tuning procedure (involving a 
small on-l ine computer) by adjustment 

of the post-couplers so as to have 
maximum tank stabil i ty to known 
f requency perturbat ions has worked 
very wel l . The r.f. system to power 
these tanks is complete and high 
power r.f. tests are under way. 

Over 40 % of sect ion three, the 
s ide-coupled linac, is in place in the 
machine tunnel and about half the 
related r.f. system is instal led. As 
reported before, the s ide-coupled 
accelerator structure wi th klystron 

ampli f ier power ing system was first 
tested wi th an 'Electron Prototype 
Accelerator ' . The performance of the 
EPA was refined to an except ional ly 
high level. It was shown that s ide-
coupled l inacs wi th feedback contro l 
could give beams with energy stabi l i ­
t ies and energy spreads less than 
0.1 % at reasonable cost. For high 
beam power (10 to 20 mA cont inuous 
beam) they are l ikely to be cheaper 
than a cryogenic accelerator of 

1 
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2. Part of the side-coupled section of LAMPF 
now installed in the machine tunnel. This new 
type of accelerator structure looks as if it will 
prove very successful and has already been 
taken up by industry. 

3. Aerial view of the LAMPF site where the 
building housing the machine (which is about 
850 m long) is virtually complete. We are looking 
from the injector end along the machine to the 
experimental areas. 

(Photos Los Alamos) 

equivalent performance and they 
avoid the refr igerat ion problems. 

Several companies in the USA have 
adopted this new type of accelerator 
structure, invented and developed at 
Los Alamos. More than a dozen such 
electron accelerators, in X-ray ma­
chines wi th energies of 4 MeV or 
higher, are already in operat ion in 
hospitals. Several dozen more are 
under const ruct ion. 

Some exper iments wi l l probably be 
set up to take part ic les just as soon 
as they are available but the exper i ­
mental programme is l ikely to begin 
in earnest as f rom the beginning of 
1 9 7 3 . LAMPF wi l l accelerate protons 
(design average current 9 0 0 MA) and 
negative hydrogen ions (design aver­
age current 1 0 0 f*A) simultaneously. 
The two beams wi l l be divided in a 
'beam-swi tchyard ' where the negative 
ions wi l l be def lected to experimental 
areas B and C for nucléon physics 
research and for high resolut ion pro­
ton spectroscopy. The proton beam 
wi l l cont inue forward to area A. 

Various beam-l ines are being 
designed. The most advanced, in 
terms of the design being complete 
and magnets being ordered, is the 
stopped muon channel to provide 
intense muon beams at energies up 
to 2 5 0 MeV and wi th muon polar i ­
zat ions greater than 5 0 %. A low 
energy pion channel is designed to 
provide intensit ies up to 1.5 X 1 0 9 

posit ive pions per second at energies 
up to 3 0 0 MeV. The design of other 
beam-l ines is sti l l under way. 

BERKELEY 
ERA higher energy 
injection 
Research on Electron Ring Acceler­
ators at the Lawrence Radiation 
Laboratory is temporar i ly halted whi le 
the electron injector is extended to 
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give an energy of about 4 MeV into 
the compressor compared wi th the 
previous 2 MeV. Experiments are likely 
to start again around the end of May 
wi th the injector designed to be 
capable of providing 4.25 MeV electron 
beams of 1000 A in 40 ns bursts at a 
rate of 1 per second. 

Just prior to the shut down there 
were a few days of exper iments with 
new beam surroundings (new side 
plates, etc.) in Compressor IV to con­
t inue the systematic study of the 
phenomena inf luencing the format ion 
of compressed rings of high intensity. 
The results were inconclusive and wil l 
need a few more weeks of observation 
when the injector is back in act ion to 
sort things out. 

To conclude on an opt imist ic note 
for ERA enthusiasts : The exper iment 
on energy loss in passing through a 
per iodic structure (see February issue 
page 51) which was carr ied out at 
the Stanford 20 GeV electron linear 
accelerator gave a result in excel lent 
agreement wi th the calculat ions of E. 
Keil. Electrons were accelerated to 
2 GeV and al lowed to drift through the 
remaining part of the accelerator 
structure. Their energy was measured 
as they emerged and showed a loss 
of about 45 MeV. This agreed wi th the 
calculat ions (knowing the size of the 
bunches, the accelerator structure, 
etc.) and tells us that we can now 
predict energy loss f rom this source 
and that such loss wi l l not be serious. 

(Since at 2 GeV the gamma of the 
electrons is already very high, any 
gamma dependence gives no cause 
for worry, in contradict ion to some 
earl ier predictions.) 

High 
Energy 
& Nuclear 

S.A. 
NOTE 
The equipment manufactured by our Principals is wel l known at leading 
Research Centres, Universit ies, Hospitals and Industrial Establishments 
throughout the wor ld Nuclear Health & Medical Physics, Nuclear, Medi ­
cine, Life Sciences and Industrial Nuclear Laboratories can be furnished 
completely and you can call on the vast knowledge and resources of 
our Principals to do all your system and equipment planning free of 
charge. We can put you in touch wi th Physicists, Chemists, Medical 
Special ists, Engineers and Administrators who recently have completed 
the type of equipment survey wi th which you may now, or soon wi l l be, 
faced — save your t ime and your organizat ions'money by contact ing 
HENESA. 

PRINCIPALS 
Nuclear Enterprises Ltd. 
S.E. Laboratories (ENG.) Ltd. 
D.A. Pitman Ltd. 
Computer Instrumentation Ltd. 
20th Century Electronics Ltd. 
Scientifica & Cook Electronics Ltd. 
Lan-Efectronics Ltd. 
T.E.M. Instruments Ltd. 

Simtec Industries Ltd. 
Johnston Laboratories hrc 
Scientific Research Instruments Corp 
Electronics & Alloys Inc 
The Cyclotron Corporation 
Bren D'Amour (BRECO) 
C.S. Italia 
Laben 

A great deal of the equipment supplied by our Principals can now be 
offered on credit terms of payment over a period of years. 

CONTACTS 
Ronald Stiff or Maja Cron in Geneva 
Carlos Perez or Angel Vega in Madrid 
Manuel da Costa or Armando Tavares in Lisbon 

ADDRESSES 
2, chemin de Tavemay, 

TELEPHONE NO'S 
022 98 25 83 

1218 Geneva, Switzerland . 022 98 25 82 
Marques de Urquijo 44, Madrid 8 248 96 02 
Estrada Poço do Châo 69, Lisboa 4 70 56 71 

Al l telex messages to 23429 (answer back 'stiff ch') 

Technical Rubber 
and Plastics Goods 
This is your 
address : 

8051 Zurich 
Tél. (01)40 11 00 

Ask for free literature by sending this coupon 
• hose catalogue 
• hydraul ic hose cata logue 
• air hose cata logue 
• o-r ings and seals catalogue 
• rubber sheet ing sample book 

rubber and p last ics prof i les 
protect ive rubber gloves 
MAAGinform per iodical 
d ie lectr ic materials 

• • • 
Name 

Department 

Internal te lephone No_ 

Special interests 

Signature _Date_ 

We have special radiation resistant rubber compounds that give 
unique service - please contact us for hoses, profiles, sheets, 
seals, cables. 
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THE 
PHYSICS 

COMPUTER 
The PDP-15 from DIGITAL handles physics research problems like no other 
computer around. Take a tough pulse-height analysis. Or a rugged time-of-
flight. A difficult accelerator control and monitoring problem. A gamma 
spectral analysis. Demanding NMR. Sticky problems in spark chamber data 
retrieval. Spiral reader control. And more. 

The PDP-15 is a l ^ f c V ^ k V ^ hardware and software 
giant in high and low L ^ l 1 v H | energy physics. Five 
PHA systems. A new • mJm I %J CAMAC interface. 
A special on-line spark chamber software package. Gamma spectral analysis 
programs. A big 18 - bit word. 800 nanosecond cycle time. New lab automation 
system. Special I/O facilities so operations occur concurrently in overlapping 
cycles. Many physics oriented peripherals. A super advanced monitor for 
program preparation. A new floating point processor. Background/foreground 
systems. A Real-Time System Executive for concurrent real-time tasks. Multi­
processor systems. An unmatched price/performance ratio. More than 1200 
DIGITAL computers already working in physics. And that's not all. 

Write or call 

30MD 
DIGITAL EQUIPMENT CORPORATION INTERNATIONAL EUROPE 

81, route de l'Aire, 1227 Carouge/Geneva, Tel. (022) 42 79 50, Reading (0734) 85131, London 
(01) 579 2334, Manchester (061) 790 8411, Munich (0811) 35031, Frankfurt (06102) 5526, 
Cologne (0221) 522181, Hannover (0511) 697095, Stockholm (08) 98 13 90, Brussels (02) 
13 92 54, The Hague (070) 99 51 60, Geneva (022) 42 79 50, Zurich(051)36 76 23, Milan (02) 
87 27 48, Paris (01) 344 76 07, and Maynard, Mass. USA. (617) 897-5111. 
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CEniRomc „ 
SHOUICnSE 

Q4292R and Q4282R, w i t h vitrosîl sidewall and Corn­
ing Blue sensit ivity better than 1Û tuA/BL bring new 
standards to scinti l lat ion count ing. Q4282R, w i t h 
eleven stages, offers the opt imum in price and perfor­
mance for new generation instruments. Q4272R, w i th 
ten stages, is a shorter tube and a high performance 
p lug- in replacement for other popular tubes. If TLD is 
your f ie ld, don ' t forget that w e still produce the best 
tubes for this appl icat ion, our u l t ra- low dark current 
4232 and 4242. * 

^̂ ^̂  
20th CENTURY 
ELECTRONICS LTD 
Centronic Works, 
King Henry's Drive, 
NewAddington, Croydi 
CR9 OBG, England. 
Telephone Lodge Hill 

Pou i * _ m 

yourself 
a 

scintillator 
From Pilot Chemicals . . „ your choice of liquid 
scintillators for a broad range of research needs 

• Mineral-oil based liquid scintillator for 
very large volume detectors 
Safe ~ high chemical stability, low fire hazard, 
low toxicity, compatible with Plexiglas 
Excellent light transmission 
Low cost 
Stable - consistent long-term counting efficiency 

• Gadolinium-loaded liquid scintillator 
for neutron detection 
High efficiency 
Low cost 

• Specialized liquid scintillators 
Custom-compounded to meet specific requirements 

Send for data on these 
and other superior 
Pilot scintillators 

New England Nuclear 
Pilot Chemicals Division 

In Europe: NEN Chemicals GmbH 
6072 Dre ie lchenha in bei F rank fu r t /M . . 
Sîemensstrasse 1, Post fach 7 1 . Germany 
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Further 
additions to ou 
collection of 
Photo 
Multipliers 

• 4272 
• 4282 
• 4292 
featuring 
HIGH QUANTUM 
EFFICIENCY 
LOW NOISE 
HIGH GAIN 



Compagnie 
Internationale 

pour 
l'Informatique 

Une gamme d'ordinateurs de gestion pour toutes 
les entreprises européennes 

Iris 50 
Ordinateur optimisé pour la 
gestion en multiprogrammation 
avecSIRIS2e tS IRIS3 , 
software compatible. 
Structure et puissance 
d'entrée-sortie 
d'un grand ordinateur. 

co 
CQ 

O 
a 
o 

Iris 80 
Le très grand système universel 
qui inclut le multitraitement. 
Son software SIRIS 8 est un 
surensemble de SIRIS 7 . 
IRIS 80 est compatible avec 10070. 

10070 
Son software SIRIS 7, 
dont un constructeur américain 
a acquis la licence, est 
orienté vers la gestion évoluée 
et le time sharing. 
Exploitation conversationnelle 
de banque d'information. 

Une gamme complète de périphériques et de terminaux pour la téléinformatique. 

68, route de Versailles, 78-Louveciennes Tél. 951 86.00 
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850 DUAL DIGITAL 150 MHz SCALER 

Ù U Â i 1&0 M H z 

A 

8 5 6 

• Scaling Rate: DC to 150 MHz 

• Negative NIM Input, 50 ohms and High Impedance 

• Manual and Pulse Control (Reset, Input Gate) 

• Autonomous Power Supply (110/220 V AC) 

• Digital Display, separate for both Scalers 

• BCD Output, can be parallel connected 

• Low Price 

Module 851 TTY 33 Controller provides Direct Output for 
Teletype 

Outstanding Features 

• Control Logic with Scaler Selection and Serializer for 
ASCII Code 

• Parity Track can be programmed odd, even, always or 
never 

• Scalers are stopped automatically during Recording Cycle 

• Scaler Reset is possible after each Recording Cycle 

• Manual or Pulse Start for Recording 

• Output Format and desired Scalers can be preselected 

• Powered by the Scaler 

• Start Delay for Teletype motor on request 

For Europe, write to : 
31, avenue Ernest-Pictet - 1211 GENEVA 13 / Switzerland - Tel. (022) 44 29 40 

E L E C T R O N I Q U E In U.S.A.: ORTEC Incorporated - 100 Midland Road - Oak Ridge, Tennessee 37830 



Schlumberger 

Here it is SCHLUMBERGER outstanding 1240. 

The mult imeter that 's not just a toy but a real 

step forward in instrument technology. 

Now everyone can go digi tal ! 

You get Amps, Volts, Ohms — a.c. and d.c. — 

down to 100 microvol ts and dual s lope 

integrat ion for noise re ject ion. 

Technology apart, the 1240 has automatic polari ty 

indicat ion and a st ra ight forward contro l layout 

inc luding a single range selector and f ingert ip 

funct ion swi tches. It's the easy-to-handle go-

anywhere portable mult imeter. 

Go digi tal wi th the new 1240. 

From SCHLUMBERGER European leaders in 

digi tal inst rumentat ion. 

Price : Fr. 1780.— Delivery f rom stock Geneva. 

1211 Genève 6 

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

8040 Zurich 
Badenerstr. 333, té l . (01) 52 88 80 

T2000 
Télémécanique 
un calculateur 
de laboratoire 
Conçu par un constructeur 
Français solidement implanté 
dans'le Sud-Est: 

Télémécanique 

DÉPARTEMENT INFORMATIQUE INDUSTRIELLE 

Rue de Provence FINALE 

38 Echirolles Siid-Bahnhofstrasse 14 c - 3000 BERNE 17 J f 

Advertisements in CERN COURIER 
All advertisements are published in both English and 
French editions. Second language versions accepted with­
out extra charge. 

Supplement 
for colour 

Publication date 

Latest booking date 

Closing date for 
blocks and copy 
Screen suggested 

Cover colour 250 SwF. 
Other colours 400 SwF. 
Full colour (trichromatic) 650 SwF. 

End of month of cover date 

1st of month of cover date 
Cancellations made after 1st of 
month of cover date will be invoiced 

10th of month of cover date 

48 (120 English) 

All enquiries to: 

Micheline FALCIOLA / PIO - CERN 
1211 GENEVA 23 Switzerland 
Tel. (022) 41 98 11 Ext. 4103 Telex 2 36 98 
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Space Actual size (mm) 
(page) width by height 1 6 12 
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1 184 X 267 900 850 800 
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General specifications 
Composition 
Shell : brass 59 A 
Insulator : tef lon PTFE 
Contact : brass 59 A 

Finish 
Shell : n ickel + chrome 
R P + R P L types gold plated 3 microns 
Contacts : nickel and 3 microns gold plated 
Operat ing temperature range : -55° C +150° C 

Electrical specifications 
Character ist ic impedance : 50 Q ± 2 % 
Frequency range : 0-10 GHz 
Max VSWR 0 — 10 G H z : 1 :12 
Contact resistance : < 8 m Q 
Insulator res i s tance : > 10 1 2 Q under 500 V. DC 
Test voltage (mated F + RA) : 3 KV. DC 
Operat ing voltage (mated F + RA) : 1 KV. DC 

Normal maximum cable diameter : • 126 
Special arrangement : • 157 

Tél. (021) 71 13 41 Télex 24 683 1110 MORGES ( S w i t z e r l a n d ) 

Lemo patented 
latching system 
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Gas Monitors 

For more information mail coupon to 
dept. c-4 
Please- phone 

on models 

_send information 

Name-

T i t le - -Dept.. 

Organization 

Address 

City State _ 

Phone 

-Z ip_ 

Johnston 
L a b o r a t o r i e s J n c . 

3 Industry Lane, Cockeysville, Maryland, USA 21030 

TRITON systems monitor gamma 
radiation, tritium, argon-41, carbon-14, 

chlorine-36, fluorine-18, krypton-85, 
radon-222, sulfur-35, xenon-133, and 

xenon-135. Features: 0.5 micron 
absolute filters, electrostatic precipitators, 

positive displacement pumps, gamma 
compensation to 5 mR/hour. 

Triton 955. Exceptional sensitivity: 
lO^Ci/M* full scale for H 3 . 

Triton 1055. Portable. Operates on 
rechargeable batteries. 

Sensitivity: 50/xCi/M3 full scale for H3. 
Triton 755C. Suitable for rack mounting. 
Sensitivity: 100/xCi/M3 full scale for m 

Triton 1125. Mil-Spec quality. 
Portable, rugged, rainproof. 

100/xCi/M3 full scale for H3. 
Tritium Calibrator (CL-1). For field 

calibration of Triton monitors. Accurate, 
rapid calibration in 3 to 5 minutes. 

Remote Alarm (RA-1). Audible and 
visual. Powered from main instrument. 

Operates up to 500 ft. from main 
instrument. 

Focused Mesh Multiplier (MM-1). For 
pulse counting or current measurement 
of electrons, ions, UV or x-ray photons, 

and energetic neutral atoms or molecules. 
Guaranteed reactivateable. Delivered 

gain: 10 6 to 108. Noise less than 1 
count /minute at 107 gain. Gain 

stability at count rates in excess of 
106/second. Bakeable at 350° C. No 

ion feedback. Non-magnetic. 1.5 sq. in. 
active surface area. (Model MM-2, 

miniature version of MM-1.) 
Pulse Amplifier Discriminator (PAD-1). 

Low power consumption. Charge 
sensitive input. Rise time: 3 nanoseconds. 

Adj. discriminator: 20:1 range. Rugged. 
Miniature. (Model PAD-2 for pulse 

counting rates to lO^sec.) 
Regulated High Voltage Power Supply 

(HV-4R). No vacuum tubes. Output: 
500 v. to 6.1 kv. Reversible polarity. 

Noise less than 300 microvolts RMS. 
Drift less than .01%/hour, .02%/day. 
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Angst+Pfister 

• Synthetic and Natural Rubber 

• Engineering Plastics 

• GACO Sealing Products 

• Power Transmission Elements 

52-54, route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Tel. (022) 45 14 00 

ZURICH MILAN PARIS 

RESET 

BOTH 
INHIBIT 

IN 0 

R E L I A B L E T E M P E R A T U R E C O N T R O L 
of plastics machinery, industrial furnaces and ovens, c l imat ic 
test equipment, and drying instal lat ions using JUMO electronic 
control lers with proven long-term performance 

EEuD M E S S - U N O * 

R E G E L T E C H N I K 

R U F 0 6 6 1 / 8 3 1 

T E L E X 0 4 - 9 7 0 1 

M . K . J U C H H E I M G M B H & C O - D 64 FULDA 

RESET 

N e w 
C A A A A C 
m o d u l e s 
f r o m E G & G 
Quad 24-bit CAMAC 
Scaler . . . 125 to 150 MHz 
continuous operation 
• New S424 in shielded, 

single-width CAAAAC-
compatible package 

• Protected inputs re­
spond to signals < 3 ns, 
FWHAA 

• Two switch-selected 
INHIBIT modes: 
CAAAAC INHIBIT (I 
line). OR'ed with NIAA 
fast INHIBIT, or front-
panel INHIBIT only 

• Front-panel NIAA fast 
RESET on "Br idging" 
input 

• Overflow or Carry at 
rear output 

Quad 16-bit CAAAAC 
Scaler . . . 50 MHz typ­
ical, 40 MHz guaranteed 
• New S416 in single-

width CAAAAC package 
• Designed to CERN 

AAicroscaler Type 003 
specs 

• Dual 32-bit operation 
by simple serialization 

• CAAAAC INHIBIT gate 
common to all sections 

• LEAAO front panel inputs 

For complete systems or 
individual instruments to 
meet your CAAAAC inter­
face and system needs, 
including the new ET100/N 
Time Encoder, EA100/N 
Amplitude Encoder and 
the CCI00 CAAAAC 
Crate Controller, call or 
write EG&G or your local 
EG&G Representative 
now. We can help you 
solve your interfacing, 
shielding and premium 
power conservation prob­
lems related to CAAAAC. 
EG&G Inc., Nuclear 
Instrumentation Division, 
35 Congress St., Salem, 
Mass. 01970 U.S.A. 

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

D I V I S I O N 



Resistive loads 
For testing amplifiers, oscillators, 

transmitters up to 2000 kW 

Dummy load 600 kW, 50 ohms 

Brown Boveri resistive dummy loads are available in standard ratings of 

600 kW 
1000 kW 
2000 kW 

with impedances of 50, 120 and 150 ohms unbalanced and 300 ohms ba lanced* 

These impedances remain pract ical ly constant over a very wide f requency range 
so that the standing wave ratio f rom 30 Hz to 30 MHz is below 1:1.1 and between 
30 MHz and 250 MHz does not exceed 1:1.5 

Whenever h igh-power dissipative resistance loads are required, specify 

BBC Brown, Boveri & Company Ltd., 5401 Baden/Switzerland 
BROWN BOVERI ; 

c 
* Other impedances available on special order u 



BERT H O L D / F R I E S EKE G M B H Tel.: (0721) 401011 
Vertriebsgesellschaft fur MeBtechnik Telex: 7825928 
75 Karlsruhe-Durlach Bergwaldstr. 30 Postfach: 76 

Bi t te v e r l a n g e n S ie d e n n e u e n K a t a l o g 

P lease ask f o r o u r n e w c a t a l o g u e ! 
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Stabilised DCpower... 
Brentford performance keeps ahead 

Back in the early 60's, w e suppl ied DC power stabilised to 1 part in 
^ ^ M H p H H H H H j ^ f ^ H H ^ H 1000 long term, including r ipple,for the beam line magnets of the ^̂ H55 ^ ^ ^ ^ " i ^ H 'N imrod ' proton synchrotron a t the Rutherford High Energy Laboratory 

\ ^ - 2 5 s f l ^ H ' n t h e U . K . On our latest installations w e are do ing better than 1 part in 

\i"UIUj S *m \A%b<*\ |?>||* Jl^H T h e r e a s o n could be summed up in one w o r d . Experience. Since the 
y^^t^.Si ' !*''JB* ''̂ Kpif̂ H 50's, w e have developed stabilised DC power supplies f rom 10 to 

I M
 N i mÇgr? ^ E ^ l ^ H ^0 ,000 KW, 50,000 amperes. Our reputat ion as specialists has taken 

I : lETf îTiP ^ ^ * "lËill̂ M our equipment into many advanced p r o j e c t s - i n t o CERN Switzerland, 
H i fBI j^ i f ' ^V^ ' ' Illl^H the Culham and Harwell laboratories of the U.K.A.E.A., the Rutherford 
^fl 1 I1 ^ ; ̂ ^̂ Ĵ̂ B a n c * Daresbury laboratories of the Science Research Counci l , the 1 1 ^ r ' ? - ' fïlfl̂ B Argonne and National Accelerator laboratories U.S.A., and Heidelberg 

|D( 8 f^^^H As our experience grows, our designs achieve ever t ighter tolerances. 
1 flfll^ I ^ l i i i i i ^ ^ ^ ^ ^ l ^ e c a n ^ a t beam steady, even w i th coincidence of load resist-

8 s 8 ! ^ ^ ^ a n c e changes, ambient temperature changes, frequency variations,' 
^ ^ L ^ M É t f H ^ ^ I ^ ^ ^ ^ ^ ^ ^ ^ ^ H step funct ions and s low rate changes in the AC supply. 
^ f B B H H H H H H Whi le you search deeper and deeper into the nature of matter - leave 
^Ep^EQEfflB the DC power problems to Brentford. 

M l i l M BRENTFORD 
^H339lMlQ (fm% Brentford Electric Limited, Manor Royal, Crawley, Sussex 
^Ê^ÊÊ^S^^SÊÊ^ÊMMÊÊBI^ | i j Telephone: Crawley (OCY 3) 27755. Telex: 87252 
^HfeElllHIiHHllllllllliillM XAASJ A member of the G.H.P. Group 

1 part in m ) 

mooo 

lpartin 
1X1000 
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