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doors of the Part icle Zoo in an excel lent 
ar t ic le on 'the strongest force ' . Part ic les 
are not as accessib le as animals but it 
is possible to get across much of the 
fascinat ion of part ic le physics. 

Part icles are not the exclusive property 
of high energy physicists. On the contrary, 
there exists almost a moral ob l igat ion to 
open the doors of the Zoo to the people 
who are paying for the research. But 
perhaps a more tel l ing argument is one 
of self- interest. 

There are indicat ions of a w idespread 
and growing d isenchantment wi th sc ience 
at present. The best documented measure 
of this is the rapid dr i f t away f rom sc ience 
among young people select ing the f ie ld 
for their further educat ion. Sc ience is 
losing its appeal . Another sensit ive sign is 
the decl in ing amount of space given to 
sc ience topics by the newspapers. Editors 
are judg ing that sc ience is of less and 
less interest to the publ ic. Pol i t ical dec i ­
s ions and budgets often ref lect s i tuat ions 
l ike this fair ly rapidly. 

Unless scient ists are prepared to come 
out of the ivory tower onto the soapbox 
they may f ind too late that the foundat ions 
of the tower are c rumbl ing . 

The final design of the 3.7 m d'hydrogen bubble 
chamber : 
1) chamber body 
2) beam windows 
3) vacuum tank 
4) separation disc 
5) piston 
6) exchangers 
7) secondary vacuum pumps 
8) vacuum chamber vent 
9) expansion motor 

10) fish eye 
11) fish eye pumps 
12) film magazines 
13) superconducting coils 
14) cryostats 
15) coil spacers 
16) helium buffer volume 
17) magnet vacuum enclosure 
18) magnetic shield 
19) nitrogen 
20) magnetic shield vent 

In June 1967 the CERN Counci l approved 
the proposal to construct a large hydrogen 
bubble chamber for use at CERN. It be­
came known as the large European Bubble 
Chamber (BEBC), the project being carr ied 
out jo int ly by the Federal Republ ic of 
Germany, France and CERN. 

The init ial proposal was for a 3.5 m 
diameter chamber having a volume of 
30 m 3 (20 m 3 of 'useful ' volume) wi th a 
superconduct ing magnet to produce a f ie ld 
of 35 kG. Later, certain minor changes 
were made to the design and it proved 

possible to increase the diameter to 3.7 m, 
thereby giv ing a total volume of 33.5 m 3 

(21.5 m 3 of useful volume). 

For more than a year f inal design work 
was done and at the end of 1968 the main 
parameters were ' f rozen' . Invitat ions to 
tender for the major components were 
sent to potent ial suppl iers and the ad jud i ­
cat ion of contracts took place at the 
Finance Commj j tee meetings on 4 Febru­
ary and 11 March. This seems therefore 
an appropr ia te t ime to up-date the infor­
mat ion carr ied in the previous CERN 
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Samples of superconducting strip 
— Sample 1 2a 2b 3 4 5 6 
— Stabi l izer Al + Cu Al + Cu Cu Cu Cu Cu Cu 
— Cross-sect ion of superconductor 

(mm 2 ) 0.059 0.035 0.03 0.032 0.09 0.44 2 
— Number of strands 79 260 260 224 116 54 18 
— Weight of superconductor (g/m) 28 51 42 43 67 156 235 
— Current density in superconduc­

tor at nominal current (A/mm 2 ) 1500 780 730 790 550 240 160 
— Cross-sect ion of stabi l izer (mm 2 ) 130 160 157 177 172 159 143 
— Resistance of stabi l izer in zero 

f ie ld and no stress (10~8 Q cm) 0.6 1 1 1.16 0.6 0.9 1.33 
— Weight of conductor (g/m) 673 840 1600 1620 1600 1580 1515 
— Total length of conductor (km) 52.5 52.5 65.5 65.5 65.5 65.5 65.5 
— Length of str ip wi thout welds 

(m) 1560 1560 1560 780 180 130 200 
— Cri t ical current in paral lel f ie ld 

of 51 kG and perpendicular f ie ld 
of 38 kG (kA) 8 8 6.45 6.45 6.45 6.45 6.45 
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A R R f ! R m \ A / n - R n \ / p r i ^.Q\A/it7<=>rl?inrh 

1. CGE Centre de Recherches de la Compagnie Générale d 'Electr ic i té (F.) 
2a, 2b. CFTH Compagnie Française Thomson-Houston (France) 
3. SSW Siemens-Schucker t -Werke (Federal Republ ic of Germany) 
4. BBC Brown-Bover i (Switzerland) 
5. IMI Imperial Metal Industr ies (United Kingdom) 
6. SUP Norton Internat ional Supercon Division (USA) 

COURIER art ic le (the project was des­
cr ibed in detai l in vol . 7, page 143) and 
to ment ion the work carr ied out using 
Braracourc ix (the magnet test assembly) 
and the 1 m bubble chamber mode!. 

To recap very brief ly the main features 
of the design : The chamber itself is a 
vert ical cyl inder 3.7 m in d iameter and 
about 2 m high with a rounded dome on 
top where four cameras look through f ish-
eye lenses. At the bottom of the chamber 
is the piston and expansion system wh ich 
produce the voulme changes needed for 
the format ion of bubbles in the t racks of 
charged part ic les. 

The chamber wi l l be f i l led wi th 33.5 m 3 

of l iquid hydrogen and surrounded by a 
vacuum tank. Outside this is the super­
conduc t ing coi l to give a magnet ic f ie ld 
of 35 kG at the centre of the chamber. It 
is immersed in a cryostat conta in ing 
l iquid hel ium to achieve the very low 
temperature at which the coi l is super­
conduct ing . Surrounding this whole as­
sembly is a magnet ic screen wh ich shie lds 
the high stray magnet ic f ield coming f rom 
the co i l . 

Design Changes 
One of the important changes concerns 
the vacuum tank which surrounds the 
bubb le chamber. It has been extended at 
the top so that it forms a cy l inder reaching 
to the magnet ic screen on the f loor and 
ce i l ing . This has resulted in more con ­
venient access to the dome of the chamber 
and in fewer apertures into the tank. 

Another change is the dec is ion not to 
vent i late the space between the magnet ic 
screen and the vacuum tank, but to f i l l it 
w i th ni t rogen which further helps to reduce 

the explos ion hazard. An operator, spe­
cial ly equ ipped, can enter the space for 
except ional work. 

A th i rd change concerns the emergency 
evacuat ion system for the 33 m 3 of l iquid 
hydrogen in the chamber. Part of the l iquid 
wi l l be heated and fed into inf latable bal l ­
oons. 

A hybr id solut ion has been selected for 
the refr igerat ion systems rather than having 
two separate c lassical refr igerators — one 
for the hydrogen of the chamber, the other 
for the hel ium of the magnet. Instead, the 
hel ium system has been increased i ncapa ­
ci ty and the hydrogen cool ing wi l l be 
achieved in a heat exchanger through 
which l iquid hel ium is c i rcu lated. This 
novel solut ion wi l l probably cost less than 
the classical solut ion and has the part icular 
advantage that the hydrogen plant is redu­
ced in size and complex i ty which further 
reduces the risk of explos ion. 

Contracts 
Four major contracts have been awarded 

by the Finance Commit tee. 
1. Superconducting strip 
65 km of superconductor is required to 
wind the co i l . Superconduct ing f i laments 
of n iobium-t i tanium alloy are embedded 
in a copper str ip (61 X 3 mm 2 ) to carry a 
current of about 7000 A. 

The contract is being div ided between 
Siemens (Federal Republ ic of Germany) 
and Thomson-Houston (France) ; the cha­
racter ist ics of the str ip suppl ied by each of 
the manufacturers being ident ical . 

The total value of the contract is 7.7 
mi l l ion Swiss Francs (3.65 MSF to each 
firm) and del ivery wi l l be spread over the 
per iod September 1969 to June 1970. 

Left : A table of parameters of the seven types 
of superconducting strip considered for the 
magnet of the 3.7 m chamber. 
Right : A photograph of the samples showing 
the disposition of the superconducting filaments 
in the stabilizer. 

2, Stainless steel vessels 
This contract concerns the supply of the 
var ious tanks of the chamber involving 
350 tons of steel. It has been div ided into 
two parts 
— the body of the bubble-chamber and its 

vacuum tank 
— the cryostats for the superconduct ing 

coi ls and their vacuum tank. 
The tanks measure between 3.7 m and 

6.5 m diameter and are up to a height of 
5 m. The to lerances on machining and sur­
face f in ish are part icular ly str ingent, to 
ensure that the tanks are leak-proof wi th 
l iquid hydrogen and hel ium. Welding of 
th ick stainless-steel plates presents some 
di f f icul ty to manufacturers. At low tempe­
rature, the weld seam must have a high 
mechanica l strength and good duct i l i ty in 
order to wi thstand the stresses which 
arise f rom the pulsing of the chamber. 
Furthermore, the maximum ferr i te content 
of the welds has to be restr icted to less 
than 2 % to avoid perturbing the magnet ic 
f ie ld. 

A contract wor th 2.7 MSF for the cham­
ber and vacuum tank has been awarded to 
Thyssen (Federal Republ ic of Germany) 
and another wor th 3.3 MSF for the cryo­
stats and vacuum tank, to Alsthom-Neyrpic 
(France). Delivery wi l l be phased between 
Apr i l and November 1970. 

The weld ing processes proposed by 
these f i rms are not ident ical : Thyssen's is 
automated whereas Als thom-Neyrp ic 's is 
manual . In both processes the welds are 
subjected to an on- l ine X-ray or ul trasonic 
inspect ion. A ls thom-Neyrp ic is at present 
developing a process for weld ing very 
th ick components by electron bombard­
ment. This is much faster (1 m per minute, 
compared wi th 1 m per 25 hours) and nea­
ter than the manual process but cal ls for 
considerable accuracy when machin ing 
components before the we ld . This process 
wi l l be used if per fected in t ime. 

3. Refrigeration plant 

The plant is required for : 
— pur i f icat ion and l iquefact ion of the 

hel ium and the hydrogen for the magnet 
and the chamber 

— cool -down of the magnet and chamber 
f rom room temperature to operat ing 
temperature 

— steady-state refr igerat ion 
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— warm-up of the chamber and magnet. 
The contract has been awarded to Sulzer 

(Switzerland) at a pr ice of 5.02 MSF. The 
plant is to be ready for operat ion by 
31 October 1970. 

4. Magnetic shield 

The magnet ic shield consists of nearly 2000 
tons of cast steel to contain the stray f ie ld 
of the superconduct ing co i l . 

The contract was awarded to CAFL 
(France) for 3.74 MSF. Del ivery wi l l be 
phased between January 1970 and Febru­
ary 1971. 

Superconductor tests 
The superconduct ing magnet for the cham­
ber is the largest of its type yet to be built , 
both in magnet ic f ield intensity and in size. 
The coi l has no iron core and wi l l produce 
a f ield of 35 kG in the chamber. (A super­
conduct ing magnet of s imi lar size wi th an 
i ron core, producing a f ie ld of 20 kG, is 
now being brought into operat ion at 
Argonne.) 

A convent ional magnet could have been 
used for the chamber but power cons ide­
rations have been the determin ing factor 
in the select ion of a superconduct ing mag­
net. A convent ional magnet wou ld have 
required 57 MW of power ( twice CERN's 
present electr ic i ty consumpt ion !) inc luding 
1.2 MW for cool ing ; the superconduct ing 
magnet wi l l need less than 1 MW, almost 
ent irely for cool ing s ince losses in the 
superconductor , and its connect ions and 
leads, wi l l be only 200 W. 

The compar ison of 56 MW against 200 W 
speaks for itself. A l though a supercon­
duct ing coi l is more expensive to manufac­
ture, this is soon offset by the reduced 
c o n s u m p t i o n ; 5 000 hours operat ion of 
a convent ional magnet wou ld cost 17 MSF, 
whereas the superconduct ing magnet wi l l 
cost 0.6 MSF. 

In May 1968, the f irst spec i f icat ion for 
the str ip was issued. 

In the l ight of the repl ies, received in 
July 1968, it was dec ided to reduce the 
cross-sect ion f rom 88 X 3 mm to 61 X 3 mm 
to lessen the co i l -wind ing problems. A 
second invitat ion to tender was sent in 
October 1968. CERN received seven sam­
ples of superconduct ing str ip two of wh ich 
were aluminium-stabi l ized and the remain­
der copper-stabi l ized. Most of these sam­

ples were tested at CERN in the 60 kG 
BRARACOURCIX magnet test assembly 
(see CERN COURIER vol . 8, page 23). The 
table on page 64 gives the basic detai ls of 
the seven samples considered. 

Important cr i ter ia for select ion of the 
str ip were : 
1) a min imum number of welds per 'pan­

cake ' i.e. per 1600 m of str ip wound 
into a f lat coi l ; 

2) the Nb/Ti al loy must be isotropic as 
far as the magnet ic f ield was concer­
ned (wires wi th a c i rcular cross-sect ion 
were best in this respect) ; 

3) the bond between conductor and cop­
per must be good ; 

4) the mechanica l strength must be h igh. 
(Owing to the magnet ic f ie ld, the forces 
on each turn of the pancake wind ing 
are very great. The tensi le load on the 
str ip at the most highly stressed points 
is about 10 kg /mm 2 . The vert ical force 
of at t ract ion between the two halves 
of the coi l wi l l be 9 000 tons.) 

5) cost 

The wind ing conf igurat ion has been based 
part icular ly on studies done at Brookhaven 
on wh ich CERN did some further research, 
and on research done by two European 
f i rms, l 'Air L iquide (France) and Bri t ish 
Oxygen (UK). These studies were concer­
ned, in part icular, wi th the inf luence of the 
wind ing conf igurat ion on the dissipat ion of 
heat. 

The development of sat isfactory super­
conduct ing str ip has required some major 
research in European industry and CERN 
has benef i ted f rom excel lent cooperat ion 
wi th the f i rms who responded to the 
chal lenge of the speci f icat ion. 

The 1 m model 
Exper iments wi th the 1 m model of the 
large bubble chamber, which has many of 
the features of the f inal design (except for 
the magnet) have been under way since 
June 1968 (see CERN COURIER, vo l . 8, 
page 129). 

A great deal of information has been 
obta ined, most of the proposed methods 
have been conf i rmed and, in a few cases, 
better methods have been found. A rapid 
survey of the var ious investigations fo l lows: 
Use of Scotchlite : all doubts concern ing 

the clar i ty of part ic le t racks when Scotch-
lite is used wi th a considerable depth of 
hydrogen have been removed. 
Bubble formation : photography against a 
br ight background means that pictures 
cannot be taken until the bubbles have 
reached a size of at least 600 \x as against 
about 300 j i in convent ional chambers. The 
longer growth t ime increases the l ikel ihood 
of dri f t and pre judices the accuracy of 
measurement. However, by operat ing wi th 
a lower hydrogen temperature (25° K 
rather than the normal 26° K) the rate of 
bubble format ion is increased. 

Most of the photographs in the model 
were taken at 25° K and the period before 
bubbles measur ing 600 [i were obtained 
was 2.to 3 ms. 
Refrigeration : operat ion at these low 
temperatures was made possible because 
of the excel lent operat ion of the heat 
exchangers, of the conf igurat ion of the 
chamber, and of the proper seal ing of the 
piston wh ich reduced the format ion of 
parasi t ic bubbles. The exper iments on the 
model show that it wi l l be possible to 
operate the large chamber wi th a reasona­
ble refr igerat ing capacity, even with a 
relat ively s low expansion (40 ms or more) 
and a high repet i t ion rate (2 Hz or more). 
Turbulence : thermal propert ies were s tud­
ied using measurements of the def lect ion 
of a laser beam wi th thermal gradients in 
the model , and photographs of the laser 
beam and of a stra ight line on the bot tom 
of the chamber. 

It was noted that thermal turbulence 
was very sl ight dur ing the expansion, and 
appeared only after 40 ms (well after the 
photograph wou ld be taken). 
Fish-eyes : after a long series of stat ic 
tests, the hemispher ica l w indows (f ish-
eyes) were f i t ted to the chamber for the 
f irst t ime. The jo ints, secured with an 
epoxy/a lumin ium adhesive, remained per­
fect ly sealed and this s imple method wi l l 
be adopted for the large chamber. 

There was s l ight di f f icul ty f rom a minor 
leak in the external piping wh ich a l lowed 
t races of n i t rogen to enter. These con­
densed on the inner surface of the f ish-
eye giv ing rise to some parasit ic di f fusion 
of the l ight. This type of deposi t ion on the 
f ish-eyes is one of the occupat iona l 
hazards of those work ing with bubble 
chambers. It is usually necessary to 
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Schematic diagram of the expansion system . 
1. Energy make-up system 
2. Lock up 
3. Gas springs 
4. Cold piston 
5. Chamber 
6. Driving piston 
7. Counter-weight 
8. Accumulator (high pressure) 
9. Accumulator (low pressure) 
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evacuate the chamber and heat it to get 
rid of the deposit . 

Advantage was taken of this inc ident 
to try a method of fast c leaning. The 
f ish-eyes are connected to a vacuum 
system separate f rom that of the chamber. 
It is thus possible to f i l l the space between 
the f ish-eyes wi th gaseous hel ium wi thout 
break ing the main vacuum and wi thout 
evacuat ing the chamber. Al l that is neces­
sary is to lower the level of the hydrogen 
to just below the f ish-eye so that a current 
of warm hel ium can evaporate off the 
condensed ni t rogen. The operat ion took 
f i f teen minutes at the most. 

Other systems ; exper iments wi th the 
mode l have also conf i rmed the usefulness 
of mount ing the piston at the bot tom, and 
have served to perfect the main c o m ­
ponents of the expansion, moni tor ing and 
remote-contro l systems. 

Finally, exper iments on the model have 
he lped to fami l iar ize the team wi th some 
of the novel features of the large chamber ; 
the exper ience gained wi l l be invaluable 
when the 3.7 m is brought into operat ion. 

Expansion system 
Exper iments on a reduced-scale prototype 
of the expansion system wi l l begin in 
May. They wi l l serve in par t icu lar to test 
the features of the system wh ich di f fer 
f rom those in use on the current ly oper­
at ing chambers. 

The dynamic forces generated by the 
movement of the expansion system of a 
bubb le chamber at each pulse can cause 
cons iderab le v ibrat ion because the masses 
involved (piston and l iquid) can be con ­

s iderable and because the cycl ing t imes 
are very short (of the order of 40 ms). In 
the 3.7 m chamber, the moving masses 
amount to c lose on two tons, added to 
wh ich the stroke of the piston is 145 mm 
to produce the required 1 % change in 
volume of the l iquid hydrogen, wi th a 
pulse durat ion of about 40 ms. This wi l l 
produce a dynamic force of 345 t. 

Special measures have to be taken to 
reduce the effect of forces of this magni ­
tude. A system, rather s imi lar to that in 
a recoi l less cannon, wi l l be used. It in­
volves using a counter-weight equal in 
mass to the piston, wh ich is hydraul ical ly 
connected to the piston via a volume of oi l 
so that it fo l lows any movement of the 
piston t ravel l ing paral lel to it in the oppo­
site d i rec t ion. There is then no dynamic 
force due to the piston-counter-weight 
system transmit ted to the surroundings. 
The remaining dynamic force wi l l be about 
140 t, due to the movement of the mass of 
l iquid inside the chamber itself. This* is an 
acceptab le f igure. 

The hydraul ic equipment, many parts of 
wh ich are being suppl ied by outs ide 
industry, wi l l be assembled at CERN. The 
main components are scheduled for 
del ivery in Apr i l 1970 and test ing wi l l 
begin towards the end of that year. 

Construction 
Construct ion of the bui ld ings for the BEBC 
is wel l advanced. The connect ing hall 
between the large West exper imental hall 
and the bubble chamber bui ld ing itself is 
almost complete and wi l l be used as f rom 
the beginning of May for the instal lat ion 
of the equipment to w ind the coi ls of the 
superconduct ing magnet. The off ice and 
laboratory bui ld ing is scheduled for 
complet ion in July so that the group in­
volved in the pro ject can move across 
to accommodat ion near the bubble cham­
ber bui ld ing ready to work on components 
as they arr ive. Construct ion of the bubble 
chamber bui ld ing and the bui ld ings to 
house the refr igerat ion equipment is in 
progress. 

The chamber is scheduled to come into 
operat ion in 1971. 

Council meeting 
cancelled 
The Counci l meet ing scheduled for 12, 
13 March was cance l led. It has proved 
necessary to re-organize the programme 
for the outstanding decis ions on the 300 
GeV project . Since the decis ions have to 
be rephased there was no need for the 
special Counci l meet ing in March. The 
next Counci l meet ing wi l l take place as 
usual in June (19, 20). 

2 m double pulsing 
On 13 March the 2 m hydrogen bubble 
chamber was operated twice dur ing a 
single cyc le of the proton synchrotron 
for the f irst t ime. This new possibi l i ty 
in the operat ion of the 2 m chamber wi l l 
enable some exper iments to col lect their 
data more quick ly . 

9 GeV pions were used in the tests. 
They were produced by 15 GeV protons 
f rom the synchrot ron, tak ing one proton 
bunch for each bubble chamber pulse 
and after feeding the 2 m bubble chamber, 
the synchrotron energy was raised further 
to supply part ic les to other exper iments 
(see d iagram). Fol lowing the modi f icat ions 
which have been carr ied out on the 
chamber and its anci l lary units, it could 
pulse four t imes per accelerator cycle but, 
wi th the present operat ing condi t ions, this 
would mean that the bubble chamber 
would be the sole user of the machine. 

Preparat ion of the chamber for double 
pulsing began in June 1967 and the 
necessary modi f icat ions in the chamber 
itself took place dur ing the 1968 annual 
shutdown of the synchrot ron. Other modi f i -
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