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Comment 

The last few weeks at CERN have 
been lived in a state of unaccustomed 
euphor ia. At the end of January came 
the f irst operat ion of the Intersect ing 
Storage Rings. Three weeks later 
came the go-ahead for construct ion of 
the 300 GeV accelerator. Both events 
had many years of hard work and 
keen ant ic ipat ion behind them and 
arr iv ing so close together, they have 
set up a resonance. Our more stable 
readers wi l l have to excuse us lett ing 
our hair down and project ing some of 
the exci tement we have exper ienced. 

In the early afternoon of 27 January 
the ISR construct ion team knew that 
they had in the bag the success of 
the ISR as a machine where col l id ing 
proton beam physics can be done. 
Months ahead of schedule, they have 
stacked and stored high intensity 
beams wi th very low decay rates. 
They have seen the last major hurdle 
(the possibi l i ty of serious beam loss 
result ing f rom the effect of one beam 
on the other) pass beneath them. They 
then knew that in a few month's t ime 
they wi l l be able to provide the high 
energy physicists with col l id ing beams 
of a qual i ty entirely adequate for the 
f irst series of experiments. 

Never before in accelerator history 
has commissioning of a machine gone 
so smoothly, despite the fact that the 
ISR is the most complex machine ever 
bui l t and, in the sense of doing 
something entirely new whose suc­
cessful operat ion could not be guaran­
teed, is among the most adventurous 
ever built. 

To be wi th the jubi lant physicists 
that day when they were c lock ing up 
part ic les coming from interact ions in 
the col l id ing beams was a rare exper i ­
ence. Not every day does exci tement 
break through the surface so openly. 
They were the f irst people ever to see 
part ic le interact ions, produced in a 
contro l led fashion, involving an inter­
act ion energy of about 30 GeV 
(equivalent to observing interact ions 

at a 500 GeV convent ional acceler­
ator). A few weeks later, wi th beams 
of 22.5 GeV in each r ing, interact ions 
at an energy equivalent to over 
1000 GeV were detected. Only in rare, 
unpredictable, observations of cosmic 
rays has this sort of phenomenon 
been seen before. Now we can 
produce them in the laboratory. 

Hats have been raised all round to 
a great achievement involving mastery 
of accelerator physics, superb en­
gineer ing, met iculous planning and 
organizat ion, top quality work f rom 
manufacturers throughout Europe, and 
another shining example of European 
col laborat ion. 

On 19 February, European col labo­
rat ion was again manifest when the 
large major i ty of the Member States 
expressed their cont inued faith in 
CERN in approving construct ion of 
the 300 GeV accelerator. To reach 
this decis ion has been an uphil l 
s t ruggle for a complex mesh of 
reasons but now it is through and the 
work can really begin. 

With the 300 GeV as wel l as the 
ISR European high energy physics 
is now guaranteed wor ld-c lass instru­
ments for its research through to the 
end of the century. CERN, in the 
process, has taken on no small weight 
of responsibi l i ty. First, of course, there 
is the responsibi l i ty to the Member 
States to provide the research fac i l i ­
t ies wi th in the condi t ions laid down. 
Then there is the responsibi l i ty to 
European physicists. 

The high energy physicists th rough­
out Europe have for many years given 
top pr ior i ty to the 300 GeV project in 
many cases wi th the realization that 
this wou ld severely limit the develop­
ment of their national resources. This 
faith in CERN must be just i f ied in 
ensur ing that, wi th the incredible 
range of research faci l i t ies concen­
trated in this one place, we draw out 
the maximum in top quali ty physics. 

31 



First colliding beams 

On 27 January col l id ing beams were 
achieved at the Intersecting Storage 
Rings for the f irst t ime. We take up 
the story two days earlier when Ring 
2 was brought into act ion. (To avoid 
repeat ing too many detai led expla­
nat ions of the processes involved, we 
refer readers back to vol . 10 page 344 
where the first operat ion of Ring 1 is 
described.) 

By 25 January, Ring 2 had reached 
about the same state as Ring 1 when 
it was tested in October of last year. 
It had not been completely baked out, 
so the vacuum pressure was an aver­
age of about 8 X 10" 1 0 torr, and the 
c lear ing electrodes, to sweep up t h e 
electrons coming f rom ionizat ion of 
the residual gas, were not in act ion. 
Nevertheless everything that was 
necessary for operat ion was ready. 

The history of Ring 1 repeated itself 
almost exactly. The first beam (2 
bunches of protons f rom the PS) was 
in jected at 19.47 h and went round 
and stayed going round, 3.5 mA c i rcu­
lat ing. At 20.20, 15 mA were in jected 
and the r.f. accelerat ing cavit ies were 
brought on. The protons were t rapped 
wi th high eff iciency. Q values and the 
c losed orbit were measured and 
proved to be in excel lent agreement 
wi th predict ion. Also as wi th Ring 1, 
the rise in pressure at the r.f. cavit ies 
was observed when they were oper­
at ing wi th c i rculat ing beam. At 21.20 h 
stack ing was tr ied and the c i rculat ing 
current built up to 370 mA. The peak 
current of 720 mA was stacked at 
22.32 h. As opposed to the low decay 
rate of the low intensity beams, the 
high intensity beams decayed rapidly. 
This again repeated Ring 1 exper ience 
where the rapid decay was cured by 
better vacuum and the c lear ing 
e lect rodes (as descr ibed in the Ja­
nuary issue page 11). 

This then was the state of the 
machine when, on 27 January, it was 
dec ided to go for col l id ing beams 

with both r ings in act ion — Ring 1 
bouncing wi th health having stored 
currents as high as 3 A wi th good 
l i fetimes, Ring 2 at least standing on 
its own feet and only needing a little 
easily administered medicine to be as 
healthy as its partner. 

The run began at 10.00 h wi th the 
proton synchrotron making available 
4 of its 20 bunches per pulse to the 
ISR at a momentum of 15.3GeV/c. 
The exci tement started short ly after 
mid-day. A very clean stack built the 
current in Ring 1 to 930 mA. After a 
few minutes, this dropped abruptly to 
586.6 mA and everyone swears they 
didn' t touch a but ton. Then the miracle 
started. That current didn' t change for 
more than an hour. At 14.30 h, wel l 
over two hours later, the monitors 
were reading 586.5 mA proving at least 
that they hadn't got stuck. 

So good were the condi t ions in the 
r ing that hardly a measurable proton 
was lost. The decay rate was 5 X 10~8 

per second corresponding to a half-
life (the t ime for the current to fall to 
half its value) of many months. One 
wisecrack was that the ISR had now 
made itself independent of the PS 
shutdowns. Perhaps only an acceler­
ator special ist can appreciate the 
atmosphere in the control room at the 
realization of the perfect ion that had 
been achieved. 

But meanwhi le an even more s ig­
nif icant event occur red. At 13.26 h a 
single shot f rom the PS was f ired into 
Ring 2 and 14.7 mA were left c i rcu­
lat ing. The beams were col l id ing at 
the eight intersect ion regions around 
the machine. The one remaining worry 
was that the presence of the big beam 
in Ring 1 wou ld cause serious loss 
on the small beam in Ring 2. No such 
not iceable beam-beam interact ion was 
observed. This was the moment that 
the ISR team knew that they were 
home and dry. They had proved, via 
Ring 1, that they could build big beams 
and hold them; now the last remaining 

fear that they would not be able to 
deliver a usable machine for physics 
was swept aside. For them, watching 
the monitor of the current in Ring 2 
recording négl igeable decay was the 
moment of glory. 

Crowding close on top of this came 
the news f rom the groups of physicists 
who had their eye on the intersect ion 
regions. At f irst tentatively, and then 
wi th conf idence, they fed through to 
the contro l room the information that 
they were record ing part icles coming 
f rom col l is ions in the intersecting 
beams. At about 13.40 h, Kjell Johnsen 
moved to the microphone in the con­
trol room to announce the first ever 
observat ion of proton-proton inter­
act ions in col l id ing beams. Doing the 
sums, wi th protons of 15.3GeV/c in 
each r ing, tel ls us that what was being 
seen was equivalent to what a con­
ventional accelerator of 500 GeV could 
produce. Such phenomena had never 
been produced in a contro l led fashion 
on earth before. The r ipple of applause 
which ran through the control room 
can be interpretated as a thunderous 
cheer f rom people more ebull ient than 
the ISR team. 

Before going down to have a look 
at what was going on at the inter­
sect ion regions, let us stay in the 
control room to record, in random 
order, a few other important obser­
vations of the behaviour of the beams 
which were made dur ing the day. 

One series of exper iments was to 
test abil i ty to shape a beam which is 
needed part icular ly to provide clean 
condi t ions for the experiments wi th 
wel l defined beams passing through 
one another. This is important first 
of all so that the experimenters wi l l 
be able to locate more precisely the 
source (in the interact ion region) of 
the part icles they are observing. Also 
when there are far less protons going 
astray, there is less confusion of the 
detectors wi th part ic les coming from 
interact ions not occurr ing in the co l -
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Control room scenes. 

l ision region. (Recording of part icles 
which are not the ones being looked 
for is cal led 'background ' or acc i ­
dental counts.) 

Beam scrapers, whose name ex­
plains their funct ion, were used to 
t r im the beam in the horizontal d i ­
rect ion and some improvement in 
background was observed. Achieving 
ideal condi t ions needs further study. 
More effective was scraping in the 
vert ical d i rect ion by moving the beam 
dump block into the vacuum chamber 
aperture. On one occas ion this re­
duced the background by an order 
of magnitude. Essential ly the exper i ­
ments proved that it is possible to 
shape the beams. 

At 18.00 h, 20 bunches f rom each 
PS cycle (as opposed to 4 previously) 
became available and the stacking of 
an intense beam in each ring was 
at tempted. The first stacks were of 
about 2 A in Ring I and 86 mA in 
Ring 2. The part ic le count ing rates at 
the intersect ion regions jumped up 
immediately. 

A variety of condi t ions were 
achieved and studied dur ing the next 
six hours. The highest combined 
currents were 2.2 A in Ring I and 
about 1.7 A (fall ing fast) in Ring 2 
though the beam quali ty then was not 
part icular ly good for high count ing 
rates. The highest counts were ob­
tained wi th 2.19 A in Ring I and 0.33 A 
in Ring 2. Under no beam condi t ions 
were any effects wh ich could be 
ascr ibed to beam-beam interact ion 
observed. 

In both rings an intr iguing phe­
nomenon has been found wh ich has 
been cal led the 'br ick wa l l ' effect. 
(The name comes f rom a report on 
the commissioning of the r ings that 
Kjell Johnsen gave dur ing a meeting 
of the CERN Board of Directors. 
Descr ibing the encouraging results 
obtained up to then in Ring I, he fed 
in his usual note of caut ion by saying 
that we shouldn' t be too conf ident as 

4. CERN 159.1.71 
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5. Intersection region 1-4. Above the beam pipe 
on the right can be seen counters which detected 
charged particles emerging from interactions in 
the colliding beams. An equivalent arrangement 
of detectors is below the other beam pipe towards 
the top of the photograph. 

6. Intersection region 1-5. Detection was done 
here using larger counters arranged in quadrants 
around the beam pipes (black star-shapes in the 
photograph). It is estimated that a detection 
efficiency of around 50 % was achieved. These 
counters may be left in place for some time to 
monitor luminosity. 

we might run into a br ick wall when 
we reached a current of 2 A. That very 
night, at a current of just over 2 A, a 
br ick wal l was encountered — it was 
impossible to stack higher currents !) 
On 27 January, the br ick walls stood 
at about 3 A in Ring I and 1.9 A in 
Ring 2. 

The effect occurs as fol lows. 
Feeding in successive pulses f rom the 
PS, protons can be stacked steadily 
up to the br ick wal l current level and 
when this is reached the current drops 
abrupt ly by about 30 %. Pouring in 
more protons bui lds the current again 
up to the br ick wal l fo l lowed by the 
same abrupt fal l . Just before the end 
of the run the best clue yet to the 
nature of the effect was obtained by 
'scanning ' the beam so as to f ind out 
how the stacked protons were dis­
t r ibuted in terms of momentum. Scan­
ning both before and after hitt ing the 
br ick wal l showed that it is the lower 
momentum part ic les that are lost. 

Understanding and solving the br ick 
wal l problem wi l l be one of the vital 
steps in the c l imb towards stil l higher 
stacked beam currents. 

Counting the collisions 

In two places, one near intersect ion 
region I-4 the other near intersect ion 
region I-5, teams of physicists, happy 
as chi ldren on Christmas morning, 
were c lock ing up interact ions in the 
col l id ing beams. 

At intersect ion region I-4 a team, 
wh ich has one or two physicists f rom 
pract ical ly all the groups which are 
now prepar ing exper iments to begin 
at the ISR later this year, had as­
sembled a detect ion system at very 
high speed (a day and night between 
the coming into act ion of Ring 2 and 
the run of 27 January). It consisted 
of three counters posi t ioned above the 
downstream arm of Ring 1 and three 
counters posi t ioned below the down­
stream arm of Ring 2 (photograph 5). 

6. CERN 271.1.71 
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7. and 8. Results coming from the detection 
system in intersection region 1-5. The graph 
shows that a healthy counting rate, given the 
beam conditions, was achieved, increasing 
linearly as expected with the product of the 
currents in the two beams. The photograph 
shows the beautiful scope trace with its three 
peak structure which confirmed beyond any 
doubt, as explained in the article, that true 
proton-proton interactions (the centre peak) were 
being observed. 

When beams were first establ ished 
in both rings around 13.30 h the 
counters recorded, in co inc idence 
(both sets of counters f i r ing at the 
same time), charged part ic les wh ich 
could be dist inguished wi th high 
probabi l i ty as coming f rom col l id ing 
protons in the intersect ion region. 
Ten events were observed in 640 s 
whereas only 0.3 accidental counts 
were expected in the same per iod. 

When the high beam currents were 
establ ished the count ing rate in­
creased considerably. With about 
2.5 A in Ring 1 and 23 mA in Ring 2, 
105 coinc idences were recorded in 
1400 s whi le the measured number of 
accidentals was 11. When the beam 
in Ring 2 was dumped both count ing 
rates fell to zero over 100 s. The 
measurement was repeated wi th 2.2 A 
and 80 mA and 212 co inc idences 
against 72 accidentals were recorded 
in 1000 s. The results increased 
roughly as the product of the two 
currents as expected. 

At intersect ion region I-5 another 
team had set up discs of scint i l lat ion 
counters with an internal diameter of 
170 mm, closely surrounding the c i rcu­
lar vacuum chamber, and an outer 
diameter of 800 mm (see photograph 
6). Each disc is div ided into quadrants 
giving separate signals so that co inc i ­
dences f rom charged part ic les f ly ing 
out f rom a col l id ing beam interact ion 
in exactly opposite d i rect ions can be 
more precisely d ist inguished. The 
calculated eff iciency of this detect ion 
system to record col l is ions is close 
to 50 %. 

When col l id ing beams were first 
establ ished, events were c locked up 
at a rate of one per second, the rate 
of accidentals was a factor of 20 
smaller. For the rest of the day the 
system t icked away merr i ly reaching 
a peak of 110 counts per second 
under the condi t ions ment ioned above. 
The graph of counts per second 
against the product of the beam 

currents (shown at the top right of 
this page) which it was possible to 
draw f rom the I-5 results, has a slope 
of 150 counts/s A 2 , in rough agreement 
wi th expectat ion. 

By a lucky chance, which had not 
been planned, osci l loscope traces of 
the counts in the I-5 detectors pro­
duced absolutely c l inching evidence 
that we were seeing what we wanted 
to see. The system recorded as 
'co inc idences ' what the counters were 
seeing over a (comparatively) long 
t ime interval ( ± 5 0 n s ) . Thus any 
charged part icles passing through 
both sets of counters wi th in this t ime 
interval were counted. However the 
electronics were arranged to sift the 
events out over the t ime interval so 
that the centre peak records true 
co inc idences such as would come 
f rom the interact ion region where 
emerging part icles take the same 
length of t ime to reach each set of 
counters and f ire the counters in exact 
co inc idence. Charged part icles pro­
duced upstream in each beam pipe, 
by a proton hitt ing residual gas 
molecules or the vacuum chamber 
wal l , could fly through each set of 
counters dur ing the t ime for wh ich 
they wou ld count a co inc idence, but 
s ince they take about 35 ns to cross 
f rom one set to the other, the 
electronics could dist inguish them. 
The two smaller peaks on either side 
are the result of this dist inct ion and, 
as the beam condi t ions changed, their 
height varied just as this interpretat ion 
would predict. 

The team 

Construct ion and br inging into oper­
at ion of the ISR has been an example 
of excel lent team-work and all 300 
members of the ISR Division share 
the credit . We pick out here the names 
of the Parameter Commit tee wh ich 
includes the group leaders responsi­
ble for the various sect ions of the 

machine. It is not our usual pract ice 
to indicate nationali ty but in doing so 
in this case we il lustrate how 'Euro­
pean' this achievement is. 

The project was led by Kjell John-
sen, Norway. The Parameter Com­
mittee consisted of : 
Cees Zi lverschoon, The Netherlands 
(deputy leader for most of the con­
struct ion per iod until his appointment 
as PS Department Director) ; Wol fgang 
Schnel l , Federal Republic of Germany 
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(r.f. system and the co-ordinat ion of 
commissioning) ; George Schaffer, 
Federal Republic of Germany (control 
system and computers) ; Lorenzo 
Resegott i , Italy (magnet system) ; 
Bastian de Raad, The Netherlands 
(beam transport and inject ion) ; Simon 
van der Meer, The Nether lands 
(magnet power supplies) ; Eberhard 
Keil, Federal Republic of Germany 
(theoret ical studies) ; Hans Horisber-
ger, Switzer land (general engineer ing 
and coordinat ion of instal lat ion); Hugh 
Hereward, United Kingdom (acceler­
ator prob lems) ; Jean Gervaise, France 
(survey work and machine a l ignment) ; 
Erhard Fischer, Federal Republ ic of 
Germany (vacuum system) ; Franco 
Bonaudi , Italy (general layout and 
civi l engineer ing, now co-ord inat ing 
support to the experimental pro­
gramme) ; Hi ldred Blewett, USA 
(technical administrat ion and budgets). 

At this moment of success the team 
also remembers with grat i tude the 
contr ibut ions made by the late Arno ld 
Schoch in the early days of the 
project. 

The end 

As the end of the long run approached 
an incl inat ion to partake of l iquid 
refreshment was observed to be 
growing in intensity. At midnight 
the beams were 'dumped ' for the last 
t ime on a memorable day. The 
Director General, Professor Jentschke, 
then expressed his del ight at all that 
had been achieved and his admirat ion 
of the work of the ISR team. He had 
been present in the contro l room to 
share the exci tement of the moment 
when first col l is ions were announced 
and had watched the ISR team in 
act ion for several hours. From his 
exper ience as Chairman of the Com­
mittee wh ich has been planning the 
programme of experiments for the 
ISR, he was aware of the eagerness 
of Europe's physicists to begin 

research on this unique machine 
where they wi l l have available the 
highest energies in the wor ld . Now it 
looks as if they are going to be 
handed a research instrument of a 
quali ty and rel iabil i ty better than they 
could ever reasonably have ant ic i ­
pated so early. 

Noble sent iments having been 
expressed, Professor Jentschke led 
the way to a wel l -meri ted glass of 
champagne. 

45th Session 
of CERN 
Council 
The Council Session was resumed on 19 February 
under the Presidency of Professor E. Amaldi. 

At the Counci l Session in December 
1970 the decis ion on the 300 GeV was 
left in abeyance to al low some Mem­
ber States a l itt le more t ime to reach 
a decis ion on part ic ipat ion in the 
project or to ease the condi t ions 
connected wi th their part ic ipat ion. 
The l i t t l e more t ime' proved suff icient 
for pract ical ly all Member States to 
be able to jo in the project. 

Ten countr ies declared their wi l l ing­
ness to part ic ipate. They are listed 
here wi th their percentage f inancial 
contr ibut ions : 
Austr ia 2.01 % 
Belgium 3.88 % 
Federal Republ ic of Germany 23.96 % 
France 20.48 % 
Italy 13 .27% 
Netherlands 4.56 % 
Norway 1.57 % 
Sweden 4.72 % 
Switzer land 3.30 % 
United Kingdom 22.25 % 

Denmark was unable to declare its 
part ic ipat ion at this stage but hopes 
to present a decis ion in the future. 
Greece was ready to support all 
relevant decis ions but was unable to 
contr ibute f inancial ly to the project at 
present. The part ic ipat ion of Norway 
and Sweden is on condi t ion that their 
contr ibut ions do not exceed what they 
would have expected to pay if all 
Member States were in the project. 
To accommodate this, no commitment 
wi l l be made wh ich would involve 
the 300 GeV Laboratory programme, 
spread over eight years, in costs 
exceeding 1124 MSF, as compared 
wi th 1150 MSF, for the ful l programme. 
The budget for 1971 was voted as 
29.3 MSF. The percentage contr i ­
but ions may change at the end of 
this year when, as is customary every 
three years at CERN, the f igures are 
adjusted on the basis of U.N. statist ics 
of average net national income over 
the previous three years. However, no 
Member State part ic ipat ing in the 
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300 GeV project can be cal led on to 
contr ibute more than 26 %. 

France and Switzer land wi l l make 
available the necessary land for the 
new Laboratory (412 hectares in 
France and 68 hectares in Switzer­
land) — the st ipulat ions regarding the 
use of different parts of this land have 
been descr ibed before (see vol . 10 
page 308). Switzerland wi l l f inance 
the br inging of cool ing water to the 
site. France wi l l f inance the br inging 
of electr ic i ty to the site. France has 
also announced its intent ion to create 
a secondary school avai lable to the 
chi ldren of CERN staff at Ferney-
Voltaire, where there wi l l be courses 
in several European languages. It is 
hoped that pr imary school faci l i t ies 
wi l l fol low. 

Doctor J.B. Adams was elected 
Director General of the 300 GeV Labo­
ratory, now referred to as 'CERN IT. 
As f rom now there wi l l thus be two 
Laboratories, each wi th its Director 
General , ancj separate budgets. When 
the machine is in act ion, the pro­
grammes wi l l again be brought to­
gether under the responsibi l i ty of a 
single Director General . 

Recruitement of the leaders of the 
design and construct ion groups for 
the new accelerator wi l l begin im­
mediately and it is hoped that the first 
construct ion work (for laboratory and 
off ice accommodat ion and the equip­
ment assembly halls) wi l l begin in the 
autumn, fo l lowed soon after by a start 
on bor ing out the machine tunnel . 

This rather dry summary of the 
outcome of the February Counci l 
session hides, of course, the great 
exci tement at CERN that this im­
portant project, wh ich has been 
debated for the past eight years, is 
at last under way. 

Several speakers recorded, on 
behalf of the European high energy 

physics community, their grat i tude to 
the Member States for support ing the 
project despite a sequence of internal 
dif f icult ies of f inancial nature or 
relat ing to the complex task of assign­
ing prior i t ies among many compet ing 
projects cal l ing for urgent support. 
The delegates to the CERN Counci l 
were thanked especial ly for their 
consistent hard work to br ing about 
a favourable decis ion and for their 
enthusiasm for CERN from which this 
s temmed. 

With in CERN itself three names 
were singled out whose contr ibut ion 
towards the decis ion has been out­
standing — Eduardo Amaldi (whom 
we can reasonably count as 'within 
CERN i tsel f ) who as Chairman of the 
European Committee for Future Ac­
celerators fathered the 300 GeV pro­
ject, Bernard Gregory who dur ing his 
years as Director General devoted a 
great deal of his t ime and energy to 
pushing the project forward, and John 

Adams whose technical and pol i t ical 
astuteness brought the project into 
the form wh ich f inal ly won such w ide 
acceptance. 

One of the letters of participation (from the 
Netherlands delegation) changing hands at the 
Council session. 
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Words of welcome 

Professor E. Amald i 
President of the CERN Counci l : 

The decision taken by the CERN Council 
concerning the construction of the 300 
GeV accelerator is of exceptional im­
portance. It represents the conclusion of 
a long story that began about ten years 
ago, when a new long range scientific 
programme began to be considered for 
the Organization. This programme, which 
took its final shape in 1963, included the 
improvement programme of the 28 GeV 
proton synchrotron, the construction of 
the Intersecting Storage Rings, and the 
creation of a new Laboratory around a 
300 GeV accelerator. 

Today, the improvement programme has 
reached a very advanced stage and the 
first beam collisions have been observed 
in the ISR; but, from the beginning, the 
principal goal for the future of CERN has 
been the construction of the 300 GeV 
machine. 

With the decision, the majority of the 
Member States have expressed their 
confidence in this Organization, which 
during the past years has clearly proved 
its technical efficiency and scientific 
agressivity. The magnificent way in which 
the ISR have been brought into action 
is the last of a long list of successes not 
only at the scientific and technical level, 
but also from the organizational and 

administrative point of view, since the 
construction of this unique machine has 
been achieved within the timescale and 
the budget estimated long ago. This, as 
well as the many scientific results 
obtained during the past years, fully 
justifies the confidence placed in the 
Organization by the Governments of the 
Member States. 

The contributions of the ten countries, 
who have expressed their willingness to 
participate in the construction of the new 
accelerator, cover 97 % of the expenditure 
foreseen for the 300 GeV Programme. We 
are all confident that, in a rather short 
time, the number of participating Member 
States will increase further so that the 
unity of the Organization will be preserved 
and assured for the next twenty years. 

The new accelerator and the facilities 
foreseen for its scientific utilization will 
provide the countries of Western Europe 
with the possibility of maintaining their 
position in the field of the study of the 
ultimate constituents of matter for the 
next ten or twenty years. Therefore, we 
are grateful to the Governments that have 
supported the project in spite of the diffi­
culties that most of them have had to 
overcome and of which we are well aware. 

The importance of the decision, how­
ever, should be seen not only in its 
scientific aspects, which are certainly of 
paramount importance. It has also a wider 
significance since it expresses the willing­
ness to strengthen the collaboration 
among European countries : a collabora­
tion which is very tight among the Member 
States of CERN, but which is also open 
to scientists from other countries whether 
they belong to our continent or not. With 
this decision the Member States have not 
only shown, in the most concrete form 
their desire that this old part of the world 
should keep its present front rank position 
in one of the most advanced fields of 
research, but have also endorsed this 
spirit of wide collaboration by deciding to 
develop in the most promising way a 
centre of research where scientists from 
all parts of the world have a chance of 
meeting as an obvious part of the very 
nature of their daily work. 

Professor E. Rudberg, President of the 
European Physical Society : 

The decision to go ahead with the 300 
GeV machine at CERN is news which will 
fill European physicists with great joy. 
There has hardly been, in the past, a co­
operative scientific venture comparable to 
CERN, and certainly none as rewarding, 
as encouragingly successful. In large 
measure CERN has enabled Europe to 
render her proper share of the effort of 
our time to gain insight into the structure 
and interactions of nuclear matter and 
particles. 

Great expectation is attached to the 
new range of high energy which will 
become accessible to physics research. 
True, the years of waiting have strained 
our patience. But they have led, in the 
end, to a construction which should be 
more efficient than that originally pro­
posed. Costs are still considerable, and 
have to be so. It would seem, however, 
that, rather than detracting from a nation's 
own resources, a scientific enterprise 
like CERN has the effect of stimulating 
the national effort to take a meaningful 
direction. The decision now taken is in 
itself a new victory for the spirit of co­
operation in Europe; as such it is warmly 
welcomed by the European Physical 
Society. 
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Professor N.N. Bogolubov 
Director of the Joint Insti tute for Nuclear 
Research (Dubna) : 

We send our most sincere congratu­
lations on the occasion of the approval of 
the 300 GeV programme which will open 
new wide perspectives in high energy 
physics in Europe and all through the 
world. We would like to take this oppor­
tunity of expressing the hope that the 
construction of this accelerator will con­
tribute to the strengthening of international 
collaboration of physicists. 

Professor R.R. Wi lson 
Director of the USA 200-500 GeV Acce le ­
rator Laboratory at Batavia: 

/ am delighted to hear the good news 
that the European synchrotron is going 
ahead. The Batavia project will benefit 
in many directions from the broader base 
provided by this new step. We are keenly 
anticipating the cooperation (and the 
competition) that Adams and his team will 
provide — and may they have as much 
fun as we are having. 

Dr. T.G. Pickavance 
Chairman of the European Commit tee for 
Future Accelerators : 

All members of the European Committee 
for Future Accelerators, who represent 
the high energy physics community of 
the European countries which are 
members of CERN, will be delighted by 
the decision of the CERN Council to 
build the 300 GeV accelerator. ECFA 
urged the construction of such a machine 
in 1963, and ever since then the project 
in its various forms has been the first 
priority of the European high energy 
physicists culminating in the present 
'Project B' which will unite the present 
and future CERN Laboratories and will 
be less expensive to member Govern­
ments than earlier schemes. 

Many sacrifices have been made in 
national programmes in order to realise 
this new programme, but European uni­
versities and laboratories can now be 
assured of a place in the forefront of 
particle physics for decades to come. 
Comparable expenditure on national pro­
jects alone could never have achieved 
this result, and, with reduced growth rates 
in science budgets, Europe has had to 
concentrate a greater proportion of its 
high energy physics resources on its most 
important project in this field. 

It is most fitting that Professor Amaldi 
should be the President of the Council at 
this time, for he was the founder of 
ECFA and its leader, until he gave up the 
Chairmanship on his appointment as 
President in 1970. He has worked tire­
lessly for the new accelerator from the 
very beginning. John Adams, who led the 
team which gave us the 28 GeV proton 
synchrotron and who originated 'Project 

B' which has brought in the majority of 
the CERN member countries, and his new 
team have our congratulations and our 
thanks, and will have our enthusiastic 
support. 
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CERN News 

PS on good form 
Attent ion has been so much centred 
on the commissioning of the Inter­
sect ing Storage Rings in recent 
months that the 28 GeV proton syn­
chrot ron has been rather over looked. 
It is taken for granted by now that 
the PS wi l l do what is asked of it, 
but its rel iable performance in feeding 
protons to the ISR merits ment ioning. 

The PS got off to a very good start 
after its end-of-year shutdown. From 
the very f irst run it has been acceler­
at ing an average of 1.53 X 10 1 2 pro­
tons per pulse (with a peak intensity 
of 1.88 X 10 1 2 p p p). There was a 
problem when some split r ings in the 
main magnet power supply began to 
heat up in the middle of a run to as 
high a temperature as 250 °C instead 
of the normal 90 °C. This over-heat ing 
was kept under control by addi t ional 
cool ing as a temporary measure 
(blowing in cold air), and the r ings 
were changed before the next run. 
Since then there has been no further 
t rouble. 

This year's operat ing programme 
has even greater f lexibi l i ty to exploi t 
the protons to the ful l . For the com­
missioning tests at the ISR most runs 
wi l l require only four bunches ejected 
f rom straight sect ion 16 ; in this way 
the exper imental programme at the 
PS can cont inue wi th little dis­
turbance. Use of the fast k icker 13 
has made it possible, over a short 
per iod, to run 4 fast e ject ions — 
f rom straight sect ions 16, 58 (twice) 
and 74 — in the same machine 
cycle, and stil l have long pulses on 
targets 1 and 8. This month s low 
eject ion f rom straight sect ion 62 has 
started again, supplying a new set of 
secondary beams. 

Two attractive photographs taken recently on the 
CERN site. Above is the main building looking 
unusually glamorous in the January snow. Below 
is an aerial view which shows a growing degree 
of order around the Intersecting Storage Rings 
as building construction is progressively finished. 
The water tower is now the dominant feature of 
the CERN site. 

CERN 58.2.71 
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Photograph of a candidate neutrino event taken 
in the heavy liquid bubble chamber, Gargamelle, 
on 28 January. The interpretation of the event is 
indicated on the right. The incoming neutrino 
has interacted with a proton to give a muon, 
a pion and a proton. 

Initial results from Gargamelle seem to show 
that the neutrino event rate is about one in 
twenty photographs, which represents an increase 
in relation to previous experiments of a factor 
of fifty. 

Scanning and measuring of the first Gargamelle 
photographs using a new table specially designed 
to take film from the new generation of large 
bubble chambers. 

Measuring first 
Gargamelle photos 
At the beginning of 1969, four Euro­
pean high energy physics Labora­
tor ies jo ined together in order ing, 
f rom SAAB, fourteen scanning and 
measur ing tables for analysis of the 
photographs taken in the Gargamel le 
heavy l iquid bubble chamber. A 
prototype had been built at CERN 
(see vol . 9, page 36). The f irst of four 
tables ordered by CERN was del ivered 
at the beginning of December 1970 
whi le the other three are due to fo l low 
in t ime to be used for the neutr ino 
exper iments due to start at the be­
ginning of May. 

Test ing and first measurements are 
now in progress (as shown in the 
photograph) using the f irst neutr ino 
test f i lm taken in Gargamel le. The 
actual part ic le tracks, wh ich are of 
good quality, were produced by 
muons wh ich f i l tered through weak 
points in the shielding (see last issue 
page 13). There wil l be no muon 
leakage when then shielding is in its 
f inal form for the neutr ino experiment. 
The small whi te spots seen in the 
project ions on the table are due to 
the f lashes, whi le the black ones are 
ref lect ions and parasit ic boi l ing, wh ich 
wi l l be eventually reduced. 

The other centres wh ich are ac­
quir ing tables are University Col lege 
London (3), the Technical University 
of Aachen (3) and the Free University 
of Brussels (4). They also expect the 
tables to be del ivered before the 
beginning of May. 

Measuring eta zero zero 
Since May 1970, a CERN - Aachen -
Tur in col laborat ion (P. Darriulat, J . 
Deutsch, M.I. Ferrero, C. Grosso, M. 
Holder, J . Pilcher, C. Rubbia, M. Scire, 
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A. Straude, E. Radermacher, K. Tittel) 
has been work ing on an exper iment 
in the East Hall aimed at accurately 
measuring parameters in neutral kaon 
decay. The measurement we wi l l 
d iscuss here is that of eta zero zero 
— the ratio between the probabi l i ty 
of the longrl ived kaon decaying into 
two neutral pions and the probabi l i ty 
of the short- l ived kaon decaying into 
two neutral pions. 

The interest in this measurement 
was descr ibed in some detai l in vo l . 8 
page 242. Essentially it is concerned 
wi th t ry ing to understand what hap­
pens in those decays of the long-l ived 
kaon (into two charged pions or two 
neutral pions) which violate charge-
parity (CP). One possible interpre­
tat ion is that the long-l ived kaon is 
converted into a short- l ived kaon 
(perhaps under the inf luence of a 
'superweak' force) violat ing CP. It is 
the short- l ived kaon wh ich then 
decays into two pions. 

If this is indeed the sequence of 
events then the parameter eta zero 
zero should be equal to the parameter 
eta plus minus (the ratio between the 
probabi l i ty of the long-l ived kaon 
decaying into two charged pions and 
the probabi l i ty of short- l ived kaon 
decaying into two charged pions). 
This is because all the decays ob­
served would in fact be decays of the 
short- l ived but some of the short- l ived 
wou ld have been produced f rom 
convers ion of long-l ived kaons. 

The measurement of eta zero zero 
is no easy matter. Neutral pions are 
more dif f icult to get hold of than their 
charged counterparts and, par t icu­
larly, it is dif f icult to be sure of 
recording only the decays into two 
neutral pions rather than recording 
just two of the neutral pions f rom 
the three pion decays which occur 
about a thousand t imes more fre­
quently. There was great confusion 
when the f irst measurements were 
made and a variety of conf l ic t ing 
values for eta zero zero were quoted. 
By now the results seem to be sett l ing 
down close to the value of eta plus 
minus. The present experiment aims 
to push the measurement of eta zero 
zero to high accuracy. 

Measurements are made under two 
different experimental condi t ions. In 
one, the decay of the long-l ived kaon 
into two neutral pions is observed 
direct ly, whi le in the other the same 
decay mode is observed for the short­
lived obtained by ' regenerat ion' (in a 
copper block). The two sets of 
measurements are standardized in 
relation to one other by recording the 
decays of the long-l ived into three 
neutral pions (identif ied by the s imul­
taneous presence of six gammas in 
the detector) wh ich occur. 

Al l charged part icles are f i l tered 
f rom a beam of secondary part icles 
produced in a target by the slow 
ejected proton beam from the PS. 
Only neutral part icles remain, gammas 

are el iminated by conversion to elec­
t rons on passing through lead plates. 

The kaon decays are detected at 
third hand. The decay into neutral 
pions is fo l lowed by neutral pion 
decay into gammas which, in lead 
plate, convert into observable elec­
t ron-posi t ron showers. From this is 
deduced the d i rect ion and energy of 
the gammas and, work ing back, it is 
possible to calculate the mass and 
the or ig inal d i rect ion of the or iginal 
kaon. The electron-posi t ron showers 
are observed in spark chambers. 

Energy measurements are obtained 
f rom tota l -absorpt ion, lead-glass Che-
renkov counters, special ly developed 
by the group (see cover of CERN 
COURIER, July 1969), wi th an accu­
racy of ± 5 % . The Cherenkov light 
is t ransformed by a photomult ip l ier 
into an electr ical signal proport ional 
to the energy of the gamma. 

An event is recorded when the 
fo l lowing three condi t ions are satis­
f ied : 
1) no charged part ic les enter the de­
tector ; 
2) at least two gammas have con­
verted in the lead plates (detected by 
means of a hodoscope placed among 
the wi re chambers) ; 
3) at least three gammas have con­
verted and are detected at the same 
t ime in the Cherenkov counter system. 

The event of interest is identif ied at 
a rate of about one every four hours 
under normal PS operat ing condi t ions, 
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Schematic layout of the detection system where 
the eta zero zero parameter in the decay of the 
long-lived neutral kaon is being measured to high 
accuracy. 

The distinvar in action during measurements on 
the foundations for the 3.7 m European hydrogen 
bubble chamber. 

Below: Assembly of the shield for the chamber. 
When it is completed it will have a diameter 
of 12 m and a height of 10 m surrounding the 
chamber assembly which itself will be about 
4.6 m diameter and 2 m high. 

so that, dur ing a scheduled eight 
weeks of data-taking, a total number 
of between 100 and 150 events is 
expected. 

the main support structure). 
As was expected, the deformat ions 

are only sl ight and at f irst sight wou ld 
seem almost impossible to measure. 
However the CERN survey team are 
accustomed to work ing to extremes 
of accuracy and f ind no dif f iculty in 
deal ing with 'split hairs'. Measure­
ments were made at three points on 
the support using a Distinvar. This 
automatic measuring device was de­
signed at CERN (see vol . 7, page 250) 
and comprises an electronic balance 
connected to an invar wi re. It is 
capable of accuracies of better than 
one part in a mi l l ion. 

Deformations of 16, 24 and 40 
(measured to an accuracy of ± 5 ^m) 
were detected wi th a loading of 155 
tons dur ing the tests, and these 
results agree closely wi th the theo­
ret ical calculat ions. The deformat ion 
should be even less when the lower 
r ing of the shielding is made integral 
wi th the concrete raft. 

CERN 354.1.71 
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BEBC foundations nicely 
settled 
In CERN COURIER vol . 10 page 40 we 
descr ibed the special care taken in 
laying the foundat ions for the Euro­
pean hydrogen bubble chamber. The 
fact that construct ion of the foun­
dat ions is now complete does not 
mean that this special care has been 
relaxed. Measurements were recently 
made to learn the extent of defor­
mations undergone by the project ing 
concrete raft wh ich wi l l support some 
eight hundred tons (a load consist ing 
of part of the shie ld ing, the vacuum 
tank, the body of the chamber, the 
cryostats, the magnet coi l dewars and 
the main support structure). 

As was expected, the deformat ions 
are only sl ight and at f irst sight wou ld 
seem almost impossible to measure. 
However the CERN survey team are 
accustomed to work ing to extremes 
of accuracy and f ind no dif f iculty in 
deal ing with 'split hairs'. Measure­
ments were made at three points on 
the support using a Distinvar. This 
automatic measuring device was de­
signed at CERN (see vol . 7, page 250) 
and comprises an electronic balance 



Around the Laboratories 

JAPAN 
10 GeV synchrotron 
These brief notes present the major 
features of the 10 GeV proton syn­
chrot ron to be constructed at a new 
research centre at Tsukuba, about 
60 km north east of Tokyo, under the 
leadership of S. Suwa. 

A Laboratory to house a 40 GeV 
proton synchrotron had been under 
d iscussion in Japan for many years. 
Its design, worked out at the Institute 
for Nuclear Study at the University of 
Tokyo, was presented at the Cam­
br idge Accelerator Conference in 1967 
(see vo l . 7 page 201). In August 1969 
the Scient i f ic Affairs Counci l of the 
Ministry of Education recommended 
that a project about a quarter of the 
scale of the initial proposi t ion should 
be supported (at a total cost of about 
8000 mil l ion yen). In 1970 the Ministry 
of Educat ion assigned money for new 

detai led studies which have concen­
trated on a 10 GeV machine. 

Several designs, compar ing slow-
cycl ing to rapid-cycl ing machines, 
combined- funct ion to separated-func-
t ion latt ices, etc., were investigated 
and their corresponding costs drawn 
up. In conclus ion detai led parameters 
were worked out for a 10 GeV slow-
cycl ing, combined-funct ion synchro­
tron fed by a 500 MeV fast-cycl ing 
booster. The booster wi l l itself be fed 
by a 20 MeV linear injector giving a 
current of 100 mA. 

The booster diameter wi l l be 10.4 m 
wi th magnet ic f ield rising from 0.2 T at 
in ject ion to 1.2 T at 500 MeV. The r.f. 
f requency wi l l swing f rom 1.9 to 7 MHz, 
the peak energy gain per turn being 
6.1 keV. The maximum repetit ion rate 
wi l l be 20 Hz and, in normal operat ion, 
it is intended that eight pulses f rom 
the booster wi l l be fed into the main 
synchrotron ring on each cycle. 

In the main r ing, 83 m in diameter, 

Finishing touches to the superconducting magnet 
for the 7 foot bubble chamber at Brookhaven. 
The magnet has been powered to 2.8 T. 

(Photo Brookhaven) 

the magnet ic f ield wi l l rise to a peak 
of 1.7 T corresponding to 10 GeV. 
There wi l l be 20 normal cells 
(FOFODODO), giving 80 magnets in 
al l , w i th four long straight sect ions of 
the Col l ins type. The magnet lengths 
are about 1.6 m wi th apertures 120 X 
64 mm 2 . The r.f. f requency wi l l swing 
f rom 7 to 9.2 MHz, the peak energy 
gain per turn being 28 keV. 

The space charge limit is calculated 
as 2.1 X 10 1 3 protons per pulse and it 
is hoped to accelerate between 1 and 
2 X 1 0 1 3 per pulse. The pulse repeti t ion 
rate wi thout f lat top would be two 
cycles per second. 

BROOKHAVEN 
Superconducting 
magnet fully powered 
It was announced at the beginning of 
February that the large superconduct­
ing magnet for the 7 foot hydrogen 
bubble chamber (descr ibed in vol . 9 
page 12) at the Brookhaven National 
Laboratory has been powered to give 
a peak f ield very c lose to the design 
f igure of 3 T. It is the largest air-cored 
superconduct ing magnet in operat ion 
having d imensions of 2.44 m internal 
diameter, 2.80 m external diameter and 
a total height of about 2.4 m. 

The coi ls consist of 16 double pan­
cakes in two coi l halves — 32 layers 
of 45 turns per layer. The pancakes 
are built up of four str ips — the super­
conductor (six niobium-t i tanium f i la­
ments embedded in a copper r ibbon 
50 mm wide and 2 mm thick), mylar 
insulat ion, stainless steel strengthener, 
and hel ium cool ing channel . 

Commiss ioning of the magnet has 
met its fair share of dif f icult ies but 
these are now resolved wi th success­
ful operat ion at design levels. The 
coi ls were powered wi th 5460 A giving 
a peak f ield of 2.82 T. 
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The total cost of the magnet and Its 
refr igerat ion system was $ 500 000 
wh ich is comparable to the capital 
cost of an equivalent i ron-cored con­
vent ional magnet. However f rom now 
on considerable savings wi l l accumu­
late s ince the superconduct ing mag­
net requires only a few kW of power 
in operat ion (costing between $ 1 and 
$ 1 . 5 per hour) compared wi th many 
MW which would be required for a 
convent ional magnet (cost ing over 
$ 100 hour). A programme of neutr ino 
physics is planned for the bubble 
chamber. 

BERKELEY 
Anti Omega identified 
A team from the Lawrence Radiat ion 
Laboratory, Berkeley, announced at 
a meeting of the Amer ican Physical 
Society in New York on 1 February 
the ident i f icat ion of an anti omega 
minus (omega plus) f rom a bubble 
chamber photograph. 

Over half a mi l l ion photographs 
were taken in the 82 inch bubble 
chamber at the Stanford Linear Ac­
celerator Centre. Electrons were ac­
celerated to 19 GeV and aimed at an 
aluminium target to yield a beam of 
12 GeV positive kaons. This beam was 
f i red into the chamber, wh ich was 
f i l led wi th deuter ium, and the anti 
omega was produced in the inter­
ac t ion 

K + + d -> Q + A A p jt + JT 

The anti omega travel led about 
25 mm in the chamber before decay­
ing into an anti lambda and a posit ive 
kaon. The anti lambda left no track, 
s ince it carr ied no charge, but after 
travel l ing some 275 mm it could be 
identi f ied when it decayed into an 
ant iproton and a posit ive p ion. The 
ant iproton went on to annihi late wi th 

The photograph, taken in the 82 inch bubble 
chamber (filled with deuterium) at the Stanford 
Linear Accelerator Centre, from which a team of 
Berkeley physicists have identified the anti 
omega minus for the first time. The sequence 
of interactions is indicated below. 

a proton producing the f i reworks in 
the top left-hand corner of the picture. 

There are other anti omega 'candi ­
dates' among the half mi l l ion pictures, 
wh ich are being measured on Fran­
kenstein machines at Berkeley, but 
none as clear as the photograph 
shown where a full sequence of events 
is recorded making the analysis much 
surer. The anti omega mass is 
calculated as 1673 MeV. 

Identi f icat ion of the omega minus 
at Brookhaven in 1964 was one of 
the t r iumphs of part icle physics. Its 
existence and propert ies had been 
clearly predicted by the SU3 theory 
of M. Gel l-Mann and Y. Ne'eman, as 
it was the missing part icle f rom a ten 
member group of part icles whose 
propert ies slotted nicely into the 
pattern given by the theory. By now 
29 omegas have been seen at Labo­
ratories throughout the wor ld . There 
was l itt le doubt that its ant i-part ic le, 
omega plus, should exist ; the Ber­

keley team (A. Firestone, G. Goldhaber, 
D. Lissauer, B. M. Sheldon and G. H. 
Tri l l ing) have now cl inched the matter. 

Another experiment which also has 
to do wi th the SU3 system for c lassi­
fying part ic les was reported at the 
same meet ing on 5 February. It was 
carr ied out by a combined LRL-Liver-
more team (A. F. Clark, D. E. Smith, 
W. M. Powel l , H. F. Finn and N. E. Han­
sen) and concerned a search for 
quarks — the type of part icle wh ich 
is postulated as the underlying reason 
for the SU3 classif icat ion. 

In 1969 (see vol . 9 page 307) a 
Sydney team claimed to have found 
five quark 'candidates' in Wilson c loud 
chamber photographs of high energy 
cosmic ray showers recording about 
60 000 t racks. The ident i f icat ion is 
based on the fact that a quark, carry­
ing only a f ract ion of the normal unit 
e lectr ic charge, would leave a less 
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dense trai l of droplets in its wake 
since it would produce less ionizat ion. 

The Sydney results were disputed 
(see, for example, vol . 10 page 16) 
but they st irred up suff icient interest 
for several attempts to be made to 
check their c laim. The Berkeley team 
recorded over 100 000 part ic le t racks 
in high def ini t ion c loud chamber pho­
tographs. The chambers were tr igger­
ed on high energy cosmic ray showers 
by means of three scint i l lat ion coun­
ters per chamber. They found no 
evidence of fract ional ly charged par­
t ic les. 

Given the size of the chambers used 
in the experiment (450 mm in diameter, 
100 mm i l luminated depth) and the 
detect ion probabi l i ty dur ing the scann­
ing process (artif icial quark- l ike t racks 
were fed into some of the photographs 
to check abil i ty to pick them out) it is 
est imated that, on the basis of the 
Sydney results, ten to twenty t racks 
should have been observed. 

RUTHERFORD 
RACOON II tests 
For several years preparatory studies 
have been under way at the Rutherford 
Laboratory in connect ion with a high 
f ield bubble chamber project. (The 
project was descr ibed in vol. 8 page 
109.) The proposed chamber incorpo­
rates several advanced technological 
features not least of which is a super­
conduct ing magnet to produce a 7 T 
f ield at the centre of the hydrogen 
volume 1.5 m diameter, 1.8 m high. A 
crucial advantage of the chamber 
would come f rom this high f ield which 
would make possible high precision 
momentum measurements of the par­
t ic le t racks. 

A superconduct ing magnet, known 
as RACOON II, has been built using 
the conductor developed for the 
chamber magnet and the first stage 
of tests was successful ly completed 

1. The RACOON II superconducting coil at the 
Rutherford Laboratory built to test the conductor 
for the magnet of the proposed high field bubble 
chamber. It is shown connected to its 15 000 A 
power supply when it was powered to give a 
peak field of 6.6 T. 

The coil will also be operated within the bore 
of a 5 T conventional magnet to subject the 
superconducting strip to the full 8.4 T which it 
would see in the bubble chamber. It will then be 
necessary to support the superconducting magnet 
directly from the coil of the-conventional magnet. 
Forces generated between the two magnets due 
to any radial or axial misalignment between the 
respective magnetic centres must be restrained 
to prevent any movement of the superconducting 
coil. The remotely operated wedges, which can 
be seen in the photograph, transmit radial 
misalignment forces via the specially constructed 
cryostat (standing alongside) to the conventional 
magnet. Axial misalignment forces are transmitted 
via the large diameter stainless steel tube which 
supports the superconducting coil from the 
cryostat top plate. 

2. The conductor of the RACOON II coil consisting 
of 361 niobium-titanium filaments of about 0.3 mm 
diameter in a copper matrix of cross-section 
25 mm by 6 mm. The group of filaments is twisted 
with a pitch of 0.5 m to eliminate magnetization 
currents. The conductor was developed and 
manufactured by Imperial Metal Industries 
(Kynoch) Ltd. 

in January. Operat ing fully immersed 
in l iquid hel ium, RACOON II was 
energized wi th currents up to 14 800 A 
and reached a peak magnetic f ield of 
6.6 T. This is bel ieved to be the highest 
current at wh ich a superconduct ing 
coi l has yet operated. The peak cur­
rent density achieved in the conductor 
(almost 100 A /mm 2 ) can be compared 
wi th the 5 to 10 A / m m 2 at which copper 
conductors of typical water cooled 
magnets run. 

RACOON II uses about 100 m of 
stabi l ized superconduct ing str ip wound 
into six double pancake coils each of 
25 turns. The conductor consists of 
361 niobium-t i tanium f i laments each 
0.3 mm in diameter. The f i laments are 
embedded in a copper matrix of 
cross-sect ion 25 mm by 6 mm and 
twisted about the longitudinal axis of 
the conductor wi th a pi tch of 0.5 m. In 
the magnet for the high f ield bubble 
chamber the conductor would operate 
at 7 500 A. 
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HPD 2 in operation at the Rutherford Laboratory 
using an argon laser to produce a small, intense 
spot of light to scan bubble chamber film. 

(Photos Rutherford) 

The stable performance observed at 
currents of almost 15 000 A in the 
recent tests conf i rms that the con­
ductor wi l l have an entirely adequate 
margin of stabil i ty when operat ing at 
its design current. Twisted f i lament 
conductor is used to ensure that 
magnetizat ion current loops set up 
wi th in the conductor when it is being 
energized wi l l decay fair ly rapidly. 
Measurements of the decay of such 
currents in RACOON II y ie lded a t ime 
constant of 40 minutes. Simi lar t ime 
constants are predicted for the bubble 
chamber magnet. 

The second stage of the RACOON II 
test programme is aimed at proving 
that the selected superconduct ing 
str ip wi l l also carry its design current 
of 7 500 A in a magnetic f ield of 8.4 T, 
this being the peak f ield wh ich would 
be exper ienced in the bubble chamber 
coi ls. For this test, RACOON II in its 
own cryostat wi l l be mounted wi th in 
the bore of a 5 T water cooled magnet 
at the Royal Radar Establ ishment, 
Malvern. When both coi ls are ener­
gized simultaneously it is expected 
that peak f ields in excess of 8.4 T wi l l 
be generated. 

The HPD 2 automatic measuring ma­
chine at the Laboratory is preparing 
to measure f i lm f rom its f irst exper i ­
ment. At the end of last year the 
machine digit ized its f irst f rame. 

The feature of part icular interest in 
this HPD 2 is the use of a laser beam 
to provide the spot of l ight wh ich 
scans the bubble chamber f i lm for 
t racks. A powerful (200 mW) cont inu­
ous wave argon laser provides a 
measuring spot of only 300 y>m half 
height which has three hundred t imes 
the intensity used in the Laboratory 's 
HPD 1. The laser system was develop­
ed in col laborat ion wi th W. T. Welford 
of Imperial Col lege London and is the 
f irst appl icat ion in an HPD type ma­
chine. Other Laborator ies, including 
CERN, have part ic ipated in dis­
cussions about the laser appl icat ion 

and wi l l be watching progress wi th 
interest in view of possible use on 
their own machines. 

Other major improvements com­
pared wi th the HPD 1 version are the 
use of an on-l ine computer (DDP 516), 
construct ion of the machine's electro­
nics using the latest integrated cir­
cuits, and operat ion wi th a disk 
revolut ion frequency of 100 Hz (half 
this f igure is more usual). A proposal 
is being studied to push the disk to 
150 Hz in about a year's t ime. 

BATAVIA 
Booster beams 
Another 'mi lestone' en route to the 
complet ion of the 200-500 GeV ac­
celerator at the National Accelerator 
Laboratory was passed at the be­
ginning of February when beams were 
accelerated for the first t ime in the 
Booster. 

The Booster is designed to take the 
200 MeV beam from the Linac and to 
accelerate it to an energy of 8 GeV, 
at a repeti t ion rate of 15 pulses per 
seconds, for inject ion into the Main 
Ring. The last of the magnets moved 
into the Booster ring on 14 December 
and instal lat ion was virtual ly com­
plete a week later (3 months ahead of 
the revised schedule). The ring was 
then pumped down to an average 
pressure below 10~6 torr and the 

magnets were powered to the 8 GeV 
level. Some problems were en­
countered wi th standing waves, par­
t icular ly at 300 Hz, in the magnet f ield 
around the ring but these have been 
cleared by rapidly bui lding harmonic 
f i l ters for each of the four magnet 
power suppl ies using spare capaci tors 
and model magnets. 

On 23, 24 January the beam was 
in jected and taken full c i rc le. After 
tuning there was little loss fo l lowing 
in ject ion. The deviat ions f rom the 
expected orbi t were of the order of 
20 mm even wi thout applying cor­
rect ions. A pulsed kicker to push the 
beam f rom its inject ion orbit was 
then instal led and on 29 January the 
f irst mult iple turn tests were carr ied 
out. Again after a few hours of tuning, 
good quali ty beams were achieved 
and the betatron osci l lat ion f requen­
cies were shown to be close to the 
design values. 

On 6 February, r.f. cavit ies were 
brought on and protons were acceler­
ated to an energy of 1 GeV. (Half the 
r.f. cavit ies are needed for acceler­
at ion to this energy.) It looks as if the 
Booster wi l l be in excel lent shape to 
feed beams to the Main Ring in a few 
months ' t ime. 

Construct ion of the Booster has 
been brought to complet ion by Roy 
Bi l l inge wi th Helen Edwards as As­
sociate Sect ion Leader. The Booster 
Sect ion are feel ing very pleased wi th 
themselves. 
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Photographed looking over a model of the site 

at Batavia on 25 January are the Director of the 

National Accelerator Laboratory, R.R. Wilson 

(left) and B.P. Gregory. During his visit to the 

USA, Professor Gregory, Director General of 

CERN until the end of last year, spoke at the 

meeting of the American Physical Society at 

New York on the 'Intersecting Storage Rings 

Programme'. 

(Photo NAL) 

Amsterdam Conference 
The Amsterdam International Confer­

ence on Elementary Particles wi l l be 

held in Amsterdam, The Nether lands, 

f rom 30 June to 6 July. 

The Conference wi l l cover s t rong, 

weak and electromagnet ic interact ions 

wi th the main emphasis on hadronic 

interact ions. A change in Conference 

format wi l l be tr ied for the f irst t ime 

in having the parallel sessions each 

devoted to a highly special ized topic 

and having the Rapporteurs report ing 

exclusively on recent progress and 

current problems wi thout at tempt ing 

to survey the entire f ie ld. Rapporteurs 

wi l l also not be restr icted to cover ing 

only contr ibut ions submit ted to the 

Conference but wi l l be able to draw 

on any source for their material . 

The Conference is pr imari ly in­

tended for physicists in Europe act ive 

in the f ield of high energy physics. 

Part ic ipat ion is by invitation only. 

Erice School 
An International School of Subnuclear 

Physics wi l l be held at the 'Ettore 

Majorana' Centre for Scienti f ic Culture 

at Erice, Sici ly, f rom 8-26 July. The 

subject wi l l be 'Propert ies of the 

Fundamental Interact ions'. 

The emphasis of the programme is 

on the progress, theoret ical and ex­

per imental , in the past year. There 

wi l l be a series of theoret ical and of 

review lectures together with fourteen 

seminars on special ized topics. Fur­

ther special lectures wi l l be given by 

G.F. Chew, J.B. Adams, R.R. Wilson 

and V.F. Weisskopf. 

People wish ing to attend the course 

should wr i te to the Secretary of 

the School , Miss M. Zaini, CERN, 

1211 Geneva 23, Switzer land. The 

closing date for appl icat ions is 31 

March. 

Below is the programme for the first special ized Conference organized by the 

High Energy and Particle Physics Division of the European Physical Society. 

The Conference (see vol . 10, page 392) is to be held at Bologna on 14-16 Apr i l 

under the t i t le 'Meson Resonances and Related Electromagnet ic Phenomena'. 

EPS Conference 
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Electron Ring Accelerators 
Three years later 

On 4, 5 February an informal meeting 
was held at the Max Planck Institute 
for Plasma Physics, Garching near 
Munich, to discuss recent progress in 
the effort to master the accelerat ion 
technique known as col lect ive i oa 
accelerat ion. 

This type of accelerator research 
burst into prominence in 1967 wi th 
the announcement at the Cambr idge 
Conference (see vo l . 7 page 201) of 
the successful work at Dubna on a 
method of achieving col lect ive ion 
accelerat ion by forming r ings of elec­
t rons and adding posit ive ions. To 
recap briefly (a much ful ler expla­
nation can be found in vol . 8 page 28) 
on the method and its potent ial ad­
vantages : 

Electrons of a few MeV energy are 
f i red into a 'compressor ' where a 
magnetic f ield forms them into a ring 
of typical ly 250 mm radius. The f ield 
is then rapidly increased and the r ing, 
contain ing say 10 1 3 e lectrons, shr inks 
to some tens of mm radius (the elec­
t ron energy increasing in the process). 
Positively charged part ic les can be 
fed into the ring (attracted by the 
high negative potential) by, for ex­
ample, al lowing gas into the com­
pressor which is then ionized to give 
say 10 1 1 positive ions in the r ing. If 
magnet ic or electr ic f ields are then 
appl ied to the compressed ring so 
that it moves in a part icular d i rect ion, 
the electrons can carry the posit ive 
ions wi th them provided the pull of 
the f ields is not so strong as to 
drag the oppositely charged part ic les 
apart. 

The attract ion of the technique lies 
in the fact that accelerat ing electrons 
is a comparat ively easy task. If the 
electron ring is accelerated to a cer­
tain energy, the energy of the posit ive 
ions they carry wi th them can be tens 
of t imes greater because of the higher 
mass of the ions. Potential ly then, the 
electron ring accelerator (ERA) is an 
economical way of accelerat ing pro­

tons or heavier positive ions to high 
energies. 

To sum up the research of the past 
three years however 'it is easier said 
than done' . On the one hand, the 
method has been shown to work — 
results of experiments at Dubna in 
1969 and 1970 conf i rm the pr inciples 
sketched above. On the other hand, 
the problems of ring format ion and 
stabil i ty seem a long way f rom being 
complete ly mastered and pract ical 
ERAs are not for tomorrow. In part icu­
lar it is signif icant that the exci t ing 
possibi l i ty of a cheap very high energy 
proton accelerator of this type is no 
longer at the forefront of discussions 
— heavy ion accelerat ion to compara­
tively modest energies is more promi­
nent in discussing the prospects wi th 
ERAs in the comparat ively near future. 

The Garching meeting, at tended by 
35 scient ists f rom Europe interested 
in this f ie ld, was one of a series wh ich 
have been held about once a year 
s ince the 300 GeV Steering Commit tee 
dec ided to keep a close watch on 
developments in this potential method 
of achieving high proton energies. 
Though the Steering Commit tee is 
now disbanded, the meetings have 
cont inued as a useful annual pool of 
informat ion on how the research is 
progressing. In part icular they have 
served as a forum for the European 
groups (from Garching and Karlsruhe) 
who are actively studying the tech­
nique. Though the two largest groups 
are at Dubna and Berkeley, we wi l l 
start wi th the news f rom Europe 
reported at the meeting. 

The group from Garching has so far 
been the more successful . In the 
autumn of 1969 they compressed rings 
to about 50 mm radius containing be­
tween 10 1 0 and 10 1 1 electrons using a 
Febatron f ield emission type electron 
injector and a compressor wi th three 
coi ls to produce the magnetic f ields. 
The compressor differs f rom the others 

in having a very fast compression t ime 
(around 10i^s compared wi th about 
250 {is) wi th the aim of passing very 
quick ly through the magnetic f ield 
condi t ions wh ich correspond to reso­
nances wh ich can 'blow up' the elec­
t ron r ings. 

Since this achievement, progress 
has been slower. It wi l l be necessary, 
for a useful ERA, to have a higher num­
ber (10 1 3 or more) of electrons in the 
compressed rings but it has not yet 
been possible to increase the intensity 
beyond the 10 1 0 to 10 1 1 region com­
pressed to a radius of 30 mm. Though 
it is not completely clear whether the 
loss of in jected current is due to poor 
in ject ion or to loss in the first few 
turns due to crossing resonances (it 
is dif f icult to study the beam over 
the f irst turns since any probe intro­
duced in this region so disturbs 
the f ields as to render the results 
meaningless), it is believed that the 
quali ty of the injected beam (energy 
drift, energy spread and high emit-
tance) is the cause of the troubles. 

Efforts are therefore being concen­
trated on improving the electron in­
jector. One attack is to improve the 
f ield emission injector. A more inter­
est ing approach is to develop a laser 
init iated electron source. Some very 
encouraging results have been obta in­
ed f rom the f irst tests on this idea. 

A laser beam pulse (17 ns half 
width) was concentrated on a disk 
of tantalum wi th a spot size between 
1 and 10 2 mm 2 . This created a t iny 
bubble of plasma (electron and tanta­
lum ion cloud) at the i l luminated spot. 
Apply ing volts between the tantalum 
and an anode pulled electrons f rom 
the surface of the bubble. The maxi­
mum current achieved was 800 A wi th 
200 kV appl ied. The electron pulse 
was t imed not by the laser but by the 
vol tage pulse (providing it was close 
enough to the start of the laser pulse 
for the plasma bubble to be stil l there). 
The vol tage pulse was provided f rom 
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The enclosed compressor at the Max Planck 
Institute for Plasma Physics, Garching near 
Munich, where the formation of electron rings 
is being studied. The Febatron injector is the 
horizontal cylinder on the left. An open view of 
the compressor with one bank of three coils 
visible can be seen in vol. 9 page 391. 

(Photo MPI) 

a Blumlein line and was not very good 
(10 % slope on the 'f lat' top) but, sub­
t ract ing the energy spread that this 
produced, it was possible to deduce 
that the remaining energy spread was 
less than 800 eV. 

In addi t ion to this much lower 
energy spread, the emit tance measure­
ments carr ied out on the e lectron 
beam indicated that values at least an 
order of magnitude better than the 
f ield emission beam is possible (the 
f ield geometry around the plasma 
bubble is more favourable to good 
qual i ty beams). This type of in jector 
is to be built wi th a 2 MeV Blumlein 
line and, if possible, wi th a higher 
repeti t ion-rate l iquid laser. 

For proton f i l l ing of the e lectron 
rings it had been intended to f i re a 
proton beam produced by a duo-
plasmatron source into the com­
pressor. Al though this has been 
investigated to the extent of develop­
ing a proton injector and produc ing 
r ings of 10 1 0 protons, it is now l ikely 
to be dropped in favour of s imply 
feeding hydrogen gas to the com­
pressor. 

Other improvements wi l l inc lude 
bui ld ing up the condenser bank for 
power ing the compressor magnet 
coi ls to cope also wi th an expansion 
type accelerat ion sect ion (where the 
rings would be accelerated out of the 
compressor down a sect ion of de­
creasing magnetic f ield). 

At Karlsruhe fully compressed r ings 
have not yet been achieved. The 
dif f icult ies may be due to bad vacuum 
or to electron ring blow up when 
crossing the n = V2 resonance. Here 
again the quali ty of the in jected beam 
f rom the 2.2 MeV Febatron is sus­
pected. Electrons have been in jected 
into the compressor, bent into r ings 
of 235 mm radius and compressed to 
about 220 mm radius wi th a l i fetime of 
a few !^s. 

Work is being concentrated on 

improving the Febatron injector and 
it is hoped that such developments as 
having a windowless tube might result 
in beam quali ty not very much below 
those of the laser type injector at 
Garching. 

A molecular beam injector capable 
of feeding the electron rings wi th a 
wide variety of ions is being developed 
but, as wi th the duoplasmatron proton 
injector investigated at Garching, the 
necessity of such subti l t ies compared 
wi th feeding the compressor wi th the 
appropr iate gas was quest ioned at 
the meet ing. 

Two new European groups have 
been consider ing entering the f ie ld. 
One is at Saclay where the Van de 
Graaf, rendered redundant by the 
instal lat ion of the new Saturne in­
jector, is considered as the electron 
source. They are now work ing on the 
design of a compressor and its 
magnet coi l system. The part icular 
interest (rather than positive ion 
accelerat ion) is to produce very 
cleanly def ined short electron pulses 
for research in physical chemistry. 

The other group is a col laborat ion 
of Italian Universit ies at Bari and 
Lecce. They are construct ing a model 
to test the possibi l i ty of obtaining 
dense electron rings by cycloidal 
t ra jector ies in a magnetic f ield of 
l inear (rather than circular) geometry. 
This a new approach whose possi­
bil i t ies are not yet clear. 

There were no members of the 
Dubna or Berkeley groups at the 
meeting so the fo l lowing information 
is second-hand. 

First f rom Dubna : In the autumn 
of 1970 their e lectron ring accelerator 
was used to accelerate helium ions 
(alpha particles) to an energy of about 
7 MeV per nucléon. This involved an 
accelerat ion length, f rom the plane of 
the compressor where the rings were 
formed, of 320 mm. The accelerated 
alphas were identi f ied by having them 
hit a copper target where they inter­
acted to give gal l ium : 

C u 6 3 + a - ^ G a 6 6 + n 

This interact ion has a threshold of 
11 MeV. The gal l ium 66 has a 9.5 hour 
half-l ife and there was therefore 
ample t ime to carry out an experiment 
on compression, loading and acceler­
ation and then to carry away the cop­
per target to investigate the gal l ium 
format ion using the gamma emission 
of the gal l ium 66. The estimates of 
alpha loading of the electron rings 
seem to be around 10 1 0 ions per r ing. 
These results, more than the infor­
mation on ni t rogen ion accelerat ion 
reported at the Yerevan Conference 
(vol. 9 page 260) provide the crucial 
evidence that ERAs work, and sustain 
the posit ion of the Dubna team as 
leaders in the f ie ld. 

Future plans are to increase the 
electron intensity to 10 1 4 in the com-
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pressed r ing. An induct ion type in­

jector (such as has been built at 

Berkeley) is to be built to yield cur­

rents of 2000 A at 3 to 3.5 MeV. A 

1 MeV model has given 600 A. 

At Berkeley : Recent months have 

been given to exper iments in 'Com­

pressor IV which is designed to study 

in ject ion and ring instabi l i t ies part icu­

larly dur ing the init ial stages of com­

pression. The new injector has been 

operat ing reliably at 2 MeV (the elec­

t ron source per formance was greatly 

improved by replacing the needle-

shaped field emission cathodes by a 

tantalum spiral wh ich operated satis­

factor i ly for 360000 pulses). The beam-

line to the compressor has a variety 

of devices for modify ing the injected 

beam character ist ics (energy spread, 

pulse length, etc.) to study their 

effects. 

As wi th Compressor III, high elec­

tron loss in the first turns was found. 

This has been studied using a new 

col lector probe which can be placed 

at any angle and radius. 

The most signif icant recent results 

are that, al though at low intensity 

levels r ings can be formed and com­

pressed wi thout trouble, at high in­

tensity levels the rings become un­

stable wi th in the first few cent imetres 

of compression. The instabil i ty ap­

pears to be driven by image currents 

in the side wal ls and possibly the 

inf lector. The effects of changes in 

these structures are being investi­

gated. 

Compressor V, which is designed 

for experiments on extract ion and 

accelerat ion of the rings loaded wi th 

ions, is being assembled. Al l com­

ponents for extension of the injector 

to give an energy of 4 MeV are also 

ready to be instal led. 

For high energy accelerat ion of the 

electron r ings it wi l l be necessary to 

pass them through a system of r.f. 

accelerat ing cavit ies. This has led to 

intensive investigation of the energy 

loss at increasing energies when 

passing through periodic structures. 

The controversy of 1 Vi years has now 

sett led down to general agreement on 

the scal ing laws of radiation loss wi th 

energy. The essential features are that, 

in a long per iodic structure, the rate 

of energy loss at high energies does 

not increase wi th energy, whereas at 

low energies and wi th short structures 

there is an energy dependence. The 

problem has now ceased to be of 

major concern and the main work to 

be done is the calculat ion of favoura­

ble structure geometr ies to reduce the 

energy loss as far as possible. It is 

intended to carry out experiments in 

the Stanford electron linear acceler­

ator to investigate this phenomenon. 
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ND4400 Nuclear Data, the leader in the analyzer field, 
breaks the software barrier in 
pulse height analysis: 
A dist inct ively new data acquisi t ion and display system. 

The ND-4400 is not just another hardwired analyzer 
nor is it a relatively inadequate software system, but 
a unique combinat ion of hardware and software. 

Featuring the powerful ND812 Computer i s its storage 
and control center, a pushbutton operat ion selection 
unit, a f ield proven 50 or 100 MHz ADC and general 
purpose display osci l loscope, the ND-4400 system offers 
software control led acquisi t ion and display versati l i ty 
never before available. 

Check these dist inct ive features: 

Simultaneous data acquis i t ion, d isplay and print out. 

Data acquisi t ion on a live or c lock t ime basis. 

Live or static display presentat ion. 

Full scale vert ical and horizontal d isplay expansion. 

Display of ful l scale vert ical value. 

Left and right vert ical markers — moveable in either 
direct ion wi th display of their locat ion. 

Automat ic center ing marker wi th display of its 
locat ion and content. 

Full group select ion wi th display of current group 
and total groups. 

Group transfer and normal izat ion. 

Printout or total izat ion of the area def ined by the left 
and right markers wi th display of the tota l . 

512 channel N a 2 2 spectrum wi th left and r ight markers 
bracket ing peak and center marker at channel 256 

Expanded marker area wi th display of Z ful l scale 
value (8K), current group (1) and total groups (14) 

Expanded marker area wi th display of peak channel 
(126) and count (+7818) 

*40 systems already instal led, just ask for a user's list. 

NUCLEAR DATA GMBH 
6 FRANKFURT/M, MAINZER LANDSTRASSE 29 
TEL. (0611) 231144/45, TELEX 4-14696 
ZURICH, LEIDEN, TURIN, WIEN 
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Spectrometry Components 
Particle 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: 106.to i f j8. Noise less than 1 
count/minute at 10? gain. Dark current 

less than 10-13 amps 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, 
miniaturized 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 lOVsec.) 

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 . 0 1 % /hour , .02%/day. 

Radioactive Gas Monitors 
Our 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: 
10yuCi/M3 full scale. 

Triton 1055. Portable. Operates on 
rechargeable batteries. 

Sensitivity: 50yaCi/M3 full scale. 
Triton 755C. Suitable for rack mounting. 

Sensitivity:: lOO^Ci/M^ full scale. 
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. 

Beta Logic Analyzer 
Electronic Console (GEC-12). For 

simultaneous, ultra low level analysis 
of carbon-14, tritium, radon, and beta 
radio gases. Absolute efficiency: 8 5 % . 

Reproducibility: 0 . 1 % . More sensitive 
than liquid scintillation. Use in tracer 

studies, radio-carbon dating, 
biochemistry, hydrology. 

Radon System 
A system for low-level analysis of 

radon samples from human respiration, 
mine or water supply effluents, air. 

Radon Concentrator (RCTS-2) 
purifies, concentrates, and transfers 

samples to Radon Counter (LAC-2). 
Scintillations produced by Radon gas 

are counted by photomultiplier in 
Radon Analyzer (LLRC-2). 

For more information mail coupon to 
dept. C-2 

Please: . phone visit . send information 

on models 

Name 

Tme_ _Dept._ 

Organization 

Address 

City State _ 

Phone 

Zip_ 

J o h n s t o n 
Laboratories, Inc. 
3 Industry Lane, Cockeysville, Maryland, USA 21030 j 
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Advertisements in CERN COURIER 
Al l advert isements are publ ished in both Engl ish and 
French edi t ions. Second language vers ions accepted w i th ­
out extra charge. 

Space 
(page) 

1 

VA 

Actual size (mm) 
width by height 

184 X 267 

184 X 130 
88 X 267 

88 X 130 

Cost per insertion (Swiss Francs) 

insert ion 

900 

475 

250 

insert ions 

850 

450 

230 

12 
insert ions 

800 

425 

215 

Supplement 
for co lour 

Publ icat ion date 

Latest book ing date 

Closing date for 
b locks and copy 
Screen suggested 

Cover co lour 250 SwF. 
Other co lours 400 SwF. 
Full co lour ( t r ichromat ic) 650 SwF. 

End of month of cover date 

1st of month of cover date 
Cancel la t ions made after 1st of 
month of cover date wi l l be invoiced 

10th of month of cover date 

48 (120 English) 

Al l enquir ies to : 

Micheline FALCIOLA / PIO - CERN 

1211 GENEVA 23 Switzerland 
Tel. (022) 41 98 11 Ext. 4103 Telex 2 36 98 

STEPHEN 
QUARTZ FIBRE POCKET DOSIMETERS 

A 4 

HERMETICALLY SEALED 

NEGLIGIBLE NATURAL LEAK 

SUPERIOR LOW ENERGY 

RESPONSE 

CHARACTERISTICS 

(200mR unit wi th in ±5 % 

at 40 keV when referred 

to C06O) 

FULL RANGE AVAILABLE 

EASILY RESET TO ZERO 

WITH CHARGING UNIT 

Please ask for l i terature 

R.A. STEPHEN & CO. LTD. 

MILES ROAD, MITCHAM, SURREY CR4 3YP 

Phone : 01-648 1668 - Cables : EFIX, CROYDON 

Introducing the most 
advanced D.V.M. in the world 

SCHLUMBERGER/SOLARTRON 
new LM 1490 speaks for itself 

G Scale length: 250.000 

• Auto calibration: the D.V.M. literally calibrates 
itself) 

• Sensitivity: 100 nanovolts 

• Variable integration time (up to 500 Readings/sec.) 

© Infinite mains frequency rejection 

• Remote command of all parameters 

• Auto Ranging 

You pay that much more for the LM 1490, naturally. 
But if your needs are less demand ing, choose one 
of our 14 other D.V.M.'s and get the best pr ice 
per formance in Europe. 

15, Jeu-de- l 'Arc, té l . (022) 35 99 50 1211 Genève 6 

Badenerstr. 333, té l . (01) 52 88 80 8040 Zurich 
Schlumberger 
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A memory capacity of 
4096 16-bit w o r d s 

expandable to 

32.768 w o r d s . 

A machine cycle time of 

1.35 m i c r o s e c o n d s . 

8 single and 

6 extended addressing m o d e s . 

3 arithmetic registers 

2 of which used as 

index registers, 

addressable as 

memory locations. 

Memory protect and over f l o w 

with associated interrupt l e v e l s . 

And input/output 

facilities? 

Standard multilevel * 
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Hit AW* • ViA BA5SSM;, 15 - Ttt6F©NO 2363551 - TttiX 3*451 

55 



RELIABLE TEMPERATURE 
of plast ics machinery, industr ial furnaces and ovens, c l imat ic 
test equipment, and drying instal lat ions using JUMO electronic 
control lers wi th proven long-term performance. 

M E S S - U N D ® 
REGELTECHNIK 

RUF 0661/831 
TELEX 04-9701 

M. K. JUCHHEIM GMBH & CO • D64 FULDA 

T e c h n i c a l R u b b e r 

a n d P l a s t i c s G o o d s 

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 catalogue 
o-r ings and seals cata logue 
rubber sheet ing sample book 
rubber and plast ics prof i les 
protect ive rubber gloves 
MAAGinform per iodical 
d ie lectr ic materials 

• 
• 
• 
• 
• 
• 

Name 

Department 

Internal te lephone No_ 

I Specia l interests 

Signature _Date. 

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

5 e Sa lon Internat ional 
de l 'Electronique Industriel le 

• Composants électroniques 
• Technique de mesure 
• Equipements de commande, 

de réglage et d'automatisation 
• Electronique de puissance 
• Communications 
• Equipments pour la fabrication des 

produits électroniques 
• L'électronique dans le secteur tert iaire 

et dans l 'administration 
• Littérature professionnelle, instruction 

BALE 
du 9 au 13 mars 1971 dans les halles de la 
Foire Suisse d'Echantil lons 
Information: Secrétariat INEL et MEDEX 71 

Boîte Postale 
CH-4000 Bâle 21/Suisse. 
Téléphone: 061/323850 
Télex: 62685 fairs ch 

Manifestation spéciale MEDEX 71 dans le 
cadre de l'INEL 

• Instruments et équipements pour 
le diagnostic médical 

I • Equipements pour laboratoires cliniques 
I • Thérapie 

> Organisat ion des hôpitaux et enseignement 

Des Journées d'Information auront lieu 
parallèlement au Salon MEDEX 71 

1er Sa lon Internat ional 
et Journées d ' Informat ion 
d e l 'Electronique Méd ica le 
et du Bioengineer ing 
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Here the CRT DISPLAY modules 
In the last month's we showed the SCALERS 
and I /O REGISTERS. raraiH CAM AC 

* m . m « w 

DD 2012 XYZ Scope Display Driver. | 

I.SDD 2015 Storage Display Driver. 

0 

# 

CG 2018 Character Generator. 

VG 2028 Vector Generator. 

yy i * • * mmâ 

: § à ê 

è è S 

M 

A truly modular and 
expandable system : 
DD2012 for random or 
sequential point plots, 
CG2018 for A S C I I 
character generation, 
VG2028 vector gener­
ator for the ultimate in 
graphics convenience. 
DD2012 and CG2018 
can be used alone or 
coupled, DD2012 is 
prerequisite for VG 
2028. Provision for light 
pen or joy stick. SDD 
2015 is complementary 
to the other display 
modules for storage 
display. 

Immmm tamtam 

mm* mm* 

é 

# 
é 

Hi r f r 

Denmark: JOHN FJERBAEK i/s, Ingenior, M. AF I. 

Hoeghsmindevej 23 - 2820 Gentofte/Copenhagen 

France: SAIP, 38, rue Gabriel Crié - 92 - Malakoff 

Germany. HERFURTH GmbH, 
Benelux • Beerenweg 6 /8 -D 2000 Hamburg 50 (Altona) 

Italy: ORTEC-ltalia SRL - Via Monte Suello 19 - 20133 Milano 
Sweden : POLYAMP AB - Toppvàgen 20 - Jakobsberg 
U. K. : NUCLEAR MEASUREMENTS 

Dalroad Industrial Estate, Dallow Road, Luton/Beds. 
U.S.A.: ORTEC INC. - 100 Midland Road - Oak Ridge, Tenn. 37 8 30 

31, av. Emest-Pictet 
1211 GENEVA 13 
SWITZERLAND 
Tél. (022) 44 29 40 

^l^ l^ l SWITZERL 
ELECTRONIQUE Tél. (022) 4' 



N U K E M 

Wir haben langjàhrige Erfahrungen bei der 
Fertigung von Brennelementen und Sonderprodukten 
fur die Kernindustrie und sind mit den dabei 
auftretenden Problemstellungen bestens vertraut. 

Zu unserem weiteren Fertigungsprogramm 
gehôren unter anderem: 

— Bestrahlungseinrichtungen 

— Targethalterungen und Targets fîir 
Beschleuniger 

— Regel- und Spulkreislaufe 

— Mess- und Uberwachungsgerate 

— Gasentnahmestationen 

— Manipuliereinrichtungen 

— Ultraschall-Priifanlagen 

— Spezialschweissanlagen 

— Natriumeinfullvorrichtungen 

Wir entwerfen, berechnen und fertigen nach Ihren 
Vorstellungen aile Arten von Vorrichtungen, Anlagen 
und den Versuchszielen, angepassten Spezial-
einrichtungen. 

Fur diese Arbeiten stehen uns entsprechend 
qualifizierte Fachleute - Physiker, Ingenieure, 
Elektroniker - zur Verfiigung. 

Wir ubernehmen fur Sie Planungs- und Ingenieur-
aufgaben von der Problemstellung bis zum fertigen 
Projekt 

NUKEM 
Nuklear-Chemie und-Métallurgie GmbH 
D - 6451 Wolfgang bei Hanau, Deutschland 
Postfach 869 
Telefon 061 81/5 69 41 - Telex 4 184113 

CEHTROIIIC jfr 
SHOUJCnSE 

0 4 2 9 2 R and Q4282R, w i t h vitrosil sidewall and Corn­
ing Blue sensit ivity better than 1ÛfxA/BL bring new 
standards to scinti l lat ion count ing . Q4282R, w i th 
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 ield, 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, Croyd 
CR9 0BG f England. 
Telephone Lodge H 
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Klks Linear 
National Semiconductor Corporation 

SAVE MONEY AND TIME! 
LM 309 five-volt regulator 1 Amp. in TO 3 = SFrs 27.95 (100 pes.) 

schematic diagram typical application 
Fixed 5 V Regulator 

Speci f ied to be compat ib le , worst case, wi th 
TTL and DTL 

Output current in excess of 1 A 

Internal thermal over load protect ion 

No external components required 

LM 376 voltage regulator + 5 to 27V in Dual in line 8 pins = SFrs 6.45 (100 pes.) 
schematic diagram typical application 

Linear Regulator wi th Foldback Current Limit ing 

. LM , 
,376 , 

7pF !1 

Output Vol tage 

Output Current 

Load Regulat ion 

Line Regulat ion 

fR2 2.27K „ 

+ 5 to 27V 

25 mA 

1 % 

0.4 % / V 

Further attractive ones in stock : LM 309 H. LM 305. LM 305 A 
CALL US ! CATCH AND TRY THEM. 

E. Fenner, e lekt ronische Gerâte und Bautei le, Rheinfelderstrasse 16-18, 4450 Sissach 061 85 33 85 
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750-keV Injector 
of the 800-MeV Linear Accelerator (Meson Factory) 
of the LOS ALAMOS SCIENTIFIC LABORATORY 

(by courtesy of Los Alamos Scientific Laboratory) 

Special ists for: 
^ DC accelerators for nuclear research 
I Electron accelerators 

for radiation processing 
Electron accelerators 
for high voltage electron microscopy 
Regulated high voltage dc power 
supplies for pre-accelerators 
and particle separators 
Flash X-ray generators 
High voltage laboratory equipment 

EMILE HAEFELY & CO LTD BASEL 
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