


E-~1855

- ADVANCES IN BUBBLE CHAMBER TECHNIQUE

Rapporteur

Secretaries:

H, Filthuth

Ju,A.Budagov
R.G,Salultwadze
M.D,Shafranov
S.M.Zombkovski




This publication is of a preliminary character,
To facilitate the rapid appearance of Reports, they

are printed in the form as presented by Rapporteurs,



RECENT ADVANCES IN BUBBLE CHAMBER TECHNIQUE

H. Filthuth

University of Heidelberg and CERN

Introduction

A few weeks ago I was invited to an excellent dinner in France
‘at the three star restaurant "Pére Bise” at the lake of Annecy
near Geneva. We were about 10 physlclsts+ invited
by Luis Alvarez. This dinner commemorated to some extent the
last international conference of high energy physics at Kiev.
It was five years ago, 1959;‘when Prof.Alvarez visited Geneva
on His»way to Kiev. On this occasion he was showing to Prof,
Bernardini and'the physicigts who participated at the dinner
one of the first photographs taken with the 72<inch hydrogen
bubble chamber (Fig.l). It shows the production and decay of
the first anti-lambda, being produced by anti-protons in
" hydrogen, Impressed by.this success Prof.Bernardini and Prof.
Alvarez made the following bet: if hydrogen bubble chambers
at CERN took 70% of the proion synchroton pulses during the
next five years, then Pr&f;ﬁerﬁafdini would pay for the
above mentioned dinner exactly five years later, i.e. on 20th
of July, 1964, If this were not the case, the roles of the
inviters would be'revefsgd. It’ﬁas‘a very good diﬁner and we

a2ll thanked Luis Alvarez very much indeed.

After this historical introduction you might think bubdle
chambers had not done toovyell, On the contrary, it demonstrates
the progress of bubble chamber teéhpique during the last five
years. To achieve with less than T0% of the proton synchroton
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pulses the enormous amount of information in the field of
high energy physics that has in fact beenvgained; is cer=
tainly a technical and scientific success. The break down
of the published papers at the last international conference,
1962, is:

bubble chambers 70%

counters and spark chambers 19%

emulsions and cloud chambers 11%.

For twelve years now the technique of bubble chambers has
been ‘developed, and now offers us one of the most powerful
detection devices for high energy and elementary particle

interactions.

Today, the existing bubble chambers are very reliably
engineered and operated. To some extent, they have become

part of the accelerators producing many-million photographs
for never satisfied physiciéts. A few years ago a typical
experiment demanded about 10 thousand picturés, now the
average number has increased to several hundred thousand

and recently proposed experiments will need more likely

one million photographs. The present experiments require
extensive statistics to study the structure of resonances

of eleméntary particles., To understand the complex system

of K-meson and ff-neson resonances produced in the annihilation
of anti-protons the physicists from CERN, Ecole Polytechnigque
Paris and Columbia University have analysed about 50.000 Pp
reactions, Other experiments demand large quantities of
photographs to search for rare event types. In the last K'p
experiment at the Brookhaven National Laboratory 2 omega-minus
decays have been discovered in a review of about 200,000

pictures.



One might think that the bubble chamber tehnique is coming
to an end in its development, but I hope that my report
will indicate to you that there is s{ill progress ahead

in this field. The highlights from this conference are:

1. A new generation of bubble chambers has been
proposed: giant chambers having 25.000 1t visible volunme.
One might call them scotchlite chambers. Scotchlite is the
magic word for retrodirective materials which has been
applied for several years in industry for advertisement
and road signs. Applying this material to the illumination
system of bubble chambers with 25.000 1t volume seems tech-

nically and financially feasible.

2. For the first time 2 rapid cycling hydrogen bubble
chambers are in operation, one at Berkeley (25") and one

at Princeton (15").

3. High magnetic field chambers have been developed,
as have pulscd magnetic field chambers at Dubna and in
Moscow, while at the Argonne laboratory a helium chamber

surrounded by a superconducting magnet is in operation.

k. Large bubble chamber projects which were started
a few years ago are now completed, like the Brookhaven 80"
hydrogen chamber, the 1.5 m British hydrogen chamber, and
very soon there will be in operation four more large hydrogen

chambers in different laboratories.

5. Beam control and beam particle identification for

bubble chembers have been extensively developed.'
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Table 1 giveo you o summary of the expected rates of neutrino
interactions in the proposed 1li foot Brookhaven chamber. The
numbers refer to an AGS with 2 new injector. - At present
" the CERN PS operates with lO12 protons and one can take an
average of about 25,000 pictures per day. (In principle
with the 2 sec repetition rate 43.000 photographs.) There-
fore, with the present PS the numbers in Table 1 would refer
to 20 days overation at PS with 1012 protons per pulse., Such

a run would produce

a) about 1000 elastic neutrino~proton events

b) 15 inverse hyperon decays, testing & d = :gls.
The selection rule AQ = +4 S forbids hyperon
production from neutrinos

¢) 2000 inelastic neutrino proton events

d) about 20 D p-aw’:}{p, if m ~1.6 GeV.

These figures show quite impressive neutrino-interaction
rates, With such a large bubble chamber a new field of

experimental physies will start.

2. Kinematic analysis of high energy interactions.
The problem of kinematic analysis of events at

high energy in large bubble chambers has been examined by
Trlllln;Uand Pleg”? They found that complete kinematic
analysis is possible for events with accurately known primary
particle momentum, and where all the secondaries are charged
particles with transverse momenta of the order of their rest
mass or less, and with measured lengths of the order of 1 m.
The error on the longitudinal momentum balance would be about
80 MeV/c and the errors on the transverse momentum balance

-about 10 MeV/c. The errors on the energy balance would be

12
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and 12' ANL (b) chambers
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aboutr 2 MeV. Thereforec missing neutral perticles will in

genaral be dntected if Py > 10 MeV/e. (Only 0.2% of the
secondaries for nucleon-nucleon collisions have PT<L10 HeV/c.)
But in the case of several nmissing particles the interpretation
becomes very difficuit, since the missing mass has a continuum
of possible values. Particle identification will play an in-
créasingly critical role in future high energy physics ex-
periments. Vith the glant bubble chambers, particle idénti-

fication beccmes possible to a great extent.

0 . : .
Gamma~rays end W_-mesons will be detected by conversion into

electron-positron pairs in metal plates suitably arranged
in such a large chamber, Fig.l and Fig.5 show proposed

metal plate arrangements for the 14 foot and 12 foot chambers.

The identification of eclectrons without the use of metal

plates is quite striking. They show a significant radiation
loss of energy. This is determined by measuring the curvature
of the first and the last 50 cm of the track. The percentage
of detecteble electrons as shown in Fig.6 is about 60% to

80%. The curve is discontinuous ét the trapping momentum of
about 700 MeV/c. The proposed large hydrogen bubble chambers
have the ability to contain charged particles. Particles
originating at the centre of the chamber cannot escape

through the sides, if they have a momentum less than 680 MeV/c
(for the 1k foot chamber), they make complete turns inside

the chamber. The fraction of trapped particles is shown in
Fig.T7. A stopping K-meson experiment could be ideally per-
formed with such a chamber. Fig. 8 shows the track of a
stopping K-meson. One would do the K-meson physics between zero
and 900 MeV/c.

14



R -

o

lOv ’~30>‘ Biv/c,
Tl ELECTRON MOMENTUM .~ g
ELECTRON DETECTION EFFICIENCIES -

i Sk L ‘ . .

Electron detect:.on Eff:I.C:LEXZc:I.eS for the lh'
BNL chamber

STOPPING FOR MOMENTUM P " °

_FRACTION OF PARTICLES .

: . FRAC'NON OF TRAPPED PARTICLES WHD‘I ARE CICRRRE N e
BROUGHT To REST WITHIN THE 14-FT CHA“R R ST ROARREN

to rest w:Lth:Ln the lh', cham‘ber o L - y
. 5;{  ¢§ ey : N B “‘; L
R ’ ~’r_l h \ y o ,; N e













properties. Bubbles are observed using bright field
illumination. Scothlite consists of uniform spherical
transparent beads of high refractive index ( n about 2),
imbedded in a silvered plastic 'surface and covered with
another layer of plastié, as shown in Fig.15. The indices
of refraction of the spheres and the covering plastic

are chosen so that the focal length of the front surface
and the sphere is equal to the diameter of the sphere.
Thus rays such as indicated in the figure striking the
Scothlite from almost any angle ( up to 70°) are directed
back along the direction of incidence. The retrodirected
light actually has an angular spread of about 1.70. This
small cone of divergence means that with reasonable light
source intensities one can photograph bubbles in bright
field illumination.as shown in the Fig. The next Fig.l6

is a photograph of tracks with Scotchlite optics in liquid
hydrogen taken at the Argonne laboratory. There are still
some difficulties with the mechanical properties of the

material at low temperature, the supporting lucite cracks, if altzches
It i . . directly to
1s.expected to ovgrcome this problem by replacing the ithe chamber
lucite with mylar. Research on this subject. has been body. |
initiated at the Minnesota Mining and Manufacturing Company.

Wilson Powell has taken more than 1 million pictures in a

heavy liquid chamber using Scotchlite (SPR 704).He feels

that the resolution of position of bubbles in this chanmber

is better than that obtained by any other system in use.

As expansion mechanism, the Brookhaven project has a
hydraulically controlled resonance system, which allows

five expansions per accelerator pulse, see Fig.lT. The
Argonne chamber has a membrane to expand the chamber, Fig.ll,

and the Dubna chamber has a number of smaller pistons.,

1Y
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The refrigeration power necessary for these chambers is

of the order of 30 kilowatts.

The cost for the Brookhaven and also the Argonne chamber
(i.e. chamber, magnet, refrigeration, optics) is estimated
to be about 9 millions US dollars, building and beam
facilities not inciuded. The estimate for these items is

approximately 3 million Dollars.

There are also very large heavy liquid bubble chambers under

design:

1. A heavy liquid pbubble chamber for CERN is being

designed by the Ecole Polytechnique - Paris, CERN,
Saclay and the Istituto Nazionale di Fisica Nucleare, Italy),
The chamber will have a volume of 10,000 1lt, the shape is
cylindrical 1.65 m § and L.40 m length, surrounded by a
ﬁagnetic field of 22 KG. The chamber is being expanded by

a longitudinal diaphragm., The chamber is illuminated

from both ends

The whole éssembly has a weight of 600 tons. A cost

estimate comes to 2.5 million US dollars including salaries
but no building.
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2. Two similar chambers are under design at MIT in
colleboration with Brookhaven, and at A :gonne together with

Wisconsin.

Rapid Cycling Chambers

At present, taking a hundred thousand pictures at
the CERN PS with one of the bubble chambers requires about
4 days operation. If everything works ideally one could do
it, probably, in 2.5 days. Experiments in the near future
demand 10 to 107photographs. It would be a great advantage
to reduce the exposure time for a 106 picture expefiment
(e.g. 107 stopped K -mesons ir a hydrogen chamber, 10 '
stopps per picture) from 40 days to b days. One thinks of
expanding bubble chambers several times during one bean
pulse of the AGS or PS, if one is not limited by the
accelerator intensity but by the number of particle tracks
admissable per photograph., Or there are now high energy

accelerators with duty cycles of 20 to 60 per sec.

l. The first rapid cycling hydrogen bubble chamber
is operating at the LRL in Berkeley. This is a 25" circular
chamber being described at this conference).Fig} shows the
-rather original design. The chamber has a movable top window
vhich serves as piston for the liquid expansion system and
as optical condensor lens. The chamber takes two pictures
per Bevatron pulse, separated by 275 msec.

The motion of the piston is controlled with a

hydraulic-pneumatic system. The optical system uses dark-field

straight-through illumination. The camera is designed for the

26






requirements of rapid cycling; it cen photpgraph 5 expansions
during one Bevatron pulse of 1/3 .sec duration, and the film

_can advance in 60 msec.

2) The second rapid cycling hydrogen bubble chamber
operates under test conditions at Princeton. The following
letter of Dr.H.Blumenfeld describing the recently performed

test is very encouraging for the future.

“We have continued our work on the 15" (30 liter)
hydrogen bubble chamber whose basic design was described

at the International Conference in 1960.

We had our first run with liquid hyd:ogen 6 weeks ago
wvhen we were able to see tracks at rates up to 10 cycles
per sec., then ve stopped because we ran out of liquid
hydrogen. We had our second run this last week, when we
. managed to run for several hours at a rate of 12 pulses

per second {Princeton-~Penn Accelerator cycling rate). We
have not yet been able to fully anelyze the results of this
ruﬁ; especially‘as to turdbulence and distortions of'tracké.

The runs were made using gamma~rays from a cobalt 60 source.

. we dza observe some bubbling from the vzndows. but have
not yet attempted to cool the window seals separately, as

vas contemp;ated in the original design,

Some other pertinent information concerning tﬁis run:
¥Width of .expansion wave = duration of time during which He
pressure on piston is below compressed value = 15 ms.
Pressure on top of piston whehzchamberpis compressed =
100 psi . Expanded pressure on top of pistons 65 psi .

Vapor pressure thermometer reading 68 psi . Dynanmic H2

28
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consumption when cycling at 10 cyclés per second 12 lt/hr.

When cycling at 19 cyclgs per second consumption was 17
1t/br. The track bubbles disappeared in 30 ms. No trace
of the'oldvtracks was seen in the next expansion, These
are very tentative numbers, obtained directly from the
last run and not yet converted to the most meaningful

physical Quantitiés.

The questions of long term ;eliability, stabiiity and of
turbulence remain still to be determined but it looks as
if a chamber of this volume, cycling at this repetition

rate, may be a useful device at certain accelerators.

In the meantime we have continued our work on electronic
controls for the strobe light to use in comnection with
s . +: .

this chamber. In particular the K detector is near conm-

pletion.

Two engineers, Bernie Lloyd and Max Scheibner, have worked
on this chamber during the last two yvears, in eddition té

myself and a number of technicians.”

¢) There are several future plans for rapid cycling
chambers. General considerations for the design of resonant

. 73
bubble chambers were presented by Yu.Budagov. ),

At Dubna a group of Prof.Dzhelepov investigated different

hydrodynamic aspects for the désign of faét cycling bubdbbdble
chambers. Fig.lQ.describes the coﬁsiderations, the chamber
being a resonance system. The presénted graphs are computéd

for a propan chamber of 2 1t volume.



The group has tested these computations with a 1 m heavy
liquid chamber by studying the dumped oscillations. They
have now constructed a 2 1 propan chamber which will be

operated under resonance conditions.

" High Magnetic Field Chambers

To increase the precision for measuring the irajectory
of charged particles in bubble chambers or to perform
special experiments requiring high magnetic fields such as
the measurement of magnetic moments of hyperons, it is very

desirable to have chambers surrounded by high magnetic fields.
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Several attémpts have been made during the' past years:
kigh D.C. generated fields, pulsed magnetic fields and’

superconducting magnéts have been constructed.

1) The Univer%ity of Michigan has built a 726 1t
heavy 11quzd chamber) a gquite similar design to the CERKN
heavy 11qu1d chamber whlch will be surrounded by a 40 KG
D.C., magnet. The magnet veing constructed at the Argonne

National Lab. will be ready in 1966,

The illuminated volume of the chamber corresponds roughly

to a cylinder 1,04 m in ¢ and 0.66 m deep. The entire assembly
veighs approximately 400 tonms. »

The chanbdber uses right~angle illumination conceptually

similar to that uséd in the CERN heavy liquid chamber.

However, more effért has goné into collimating the light to

a. plane perpendicular to the axis of the cylinder assuring
uniform illumination throughout the chamber except for a

region extending a few centimeters from the diaphragm which

is almost entirely without light. The collimation is ac=-
complished by means of a system of baffles and toroi&al

lenses (see‘Fig.él). There are 36 such systems around the
circumference of the chamber. A toroidal prism in one lens system
of each of the 36 units throws 1ight onto the window region. .

The chamber is expanded by a rubber diaphragm.

2) Pulsed magnetic field chambers

At the Kurchatov Atomic Energy Institute a medium size
pulsed field propane-~freon chamber heas, been constructed) The
chanber body, 45x21x2% cm is made of many thin plast1c layers.
(Fig.20). The magnet consists of 2 coils, each 1} turns in=

corporated in the chamber body. Chamber and magnet have been
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beam, 6 GeV/c, and resently had a very successful run with 6
GeV/e K- - mesong, see Fig.23., This chamber and the 72"
Berkeley chamber have a gas expansion_system. A very good
performance has been obtained here with the new chamber.

It expands every two seconds, Fig.2h shows the pressure
change of the liquid during one expansioh cycle;;Under ‘
thesehconditions the refrigerating power is'3 kilowatts,

The static load is about 500 watts.

L) There are two new medium size hydrogeh tubble
chambers which were built at Saclay. One is the modified
50 cm chamber of A. Berthelot, which has been enlarged to
80x50x50 em. This chamber has been transported to the
Rutherford Laboratory and will be operated in a 2 GeV/c

K-meson beam at Nimrod.

The second chamber has been built at Saclay under the
direction of R.Florent with a team of French and German
engineers and technicians, and of course the advice of
physicists., This "German" chamber is just being transported
to the electron accelerator Desy in Hamburg. The chamber
is another child of the Shutt generation, 20" Brookhaven,
81 e¢m Saclay, 82" Brookhaven, and 80 cm Desy., During its
test run at Saclay the chamber wvas operated at two ex-
pensions per second. The cameras, a design of SOM, Paris,
can take 5 photographs per secornd. A more rapid cycling
system for the chamber will probably be designed at the
beginning of 1965. Fig.25 gives a general view of the

chamber.

5) The Wisconsin - Argonne 30" hydrogen bubdble

chamber is ready for operation in a#GeV/c K-meson beam at the

4u
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ZGS, Argonn;T.The chanber is expanded byﬁ3hpistons. The
necessary cooling powver is 500 watts. For the
present experiment two lead plates, each 3/4 of a radiation
length thick, separated by 5 cm are inserted inside the
liquid, Fig. 26 shows a photograph with the lead plates.

¥
At Dubna: £JINR) & 55 1 liquid hydrogen chamber)(ho cm

diemeter) with small glass windows has been constructed

and is being operated.(Fig.27)7This chamber serves as a model for

a very large liquid hydrogen chamber, for which the use

of large glass windows becomes problematic. The group has
studied the optical distortions of tracks which are photo-
graphed through a considerable thickness of liquid hydrogen.
To avoid distortions one has to keep the temperature gra&ients
of the liquid hydrogen extremely small. Especially after an
expansion cycle the liquid has to be mixed sufficiently fast
to remove the temperature gradients. With the presént chamber
design the track distortions were appreciadble operating at
one expansion every 9 seconds. Expanding the chamber once

in 18 seconds, the distortions were reduced to lOO}Aon 30 cm

track length.

T7) The CERN heavy liquid bubble chamber is being
enlarged tc a visible volume of 1000 l{?&mhe fiducial
neutrino . . .
volume for v experiments is increased from 223 1t (old
chamber) to 638 1t (new chamber). The magnetic field of 27 XG
will be maintained, it will be less uniform than before,

The medified chember should be ready in February, 1965.

8) There are a few chambers which will hopefully
start to operate beforeothe end of this year, 1964. The CERN

a
2 meter hydrogen chamber)is being assembled., The magnet has
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Appendix:

1., New method of bubble chamber illumination

In the work of the Lebedev Institute and the Joint Institute
for Nuclear Research a bubble chamber and cloud-chamber

vere illuminated with the aid of a light quantum generator
for the first time. Such a way of illumination has great
advantages owing to the monochrqmaticity of the light, in=-
crease of light intensity by a few orders of magnitude, and
small size of the source. The use of such sources makes it
possible to increase the resolving power of photographing
systens considerably, to decrease the illumination time,

and to increase the accuracy of momentum measurements and
ionization in chambers. The photographs which were taken already

permit measuring 0.06 mm bubbles in the hydrogen bubble chember.

An example of cloud chamber photographs is shown in Fig.29.

47



Bumbers of Events per 50,000 Ploture-Dey
with 1012 Protons per Pulse and 15,7

Liguid Bubble Chasber

" Hyperon

production 1nelestie boson

(per ohannel) events produotion
high enengy v+ viv v v|®

bean
wvants on p's ~20[~l0
in hydrogen 0] 57 o 1.9 51 285 At
#vents on n's 1330 o1y 579 285 efo
in deutertun
evecte on n's
;.lth measurable ET 0 |0.6 199 95 ol e
3o energy
beam

wvente on pis <!l | <t
in hydrogen o140 o |4 280 180 Rl
events on n's
in deuterium 564 | o o |87 280f 180 o 0
avants on n'n
with measurable 188 {o al1.6 9l a7 o °
]

48




2, Le Petit Prince, St.Exupéry

Lonstz javais six ans j'ai vu, une fois, unc magnifique
image, dans un livre sur la Forét Vierge qui s’appelait « Fistoires
Vécues » Ca représentait un serpent boa qui avalait un fauve.
Voila la copie du dessin.

. On disait dans le livre : « Les serpents boas avalent leur
proie' toul entidre, sans la macher. Ensuite ils ne peuvent
plus bouger ct ils dorment pendant les six mois de leur digestion. »

J’ai alors beaucoup réfléchi sur les aventures de la jungle
et, a mon tour, j'al réussi, avec un crayon de couleur, a tracer
mon premier dessin. Mon dessin numéro 1. 11 était comme ¢a :

J'ai montré mon chef-d’ccuvre aux grandes personnes et
je leur ai demandé si mon dessin leur faisait peur.

4y



Elles m’ont répondu : « Pourquoi un chapeau ferait-il péur‘? »

Mon dessin ne représentait pas un chapeau. 11 représentait

un serpent boa qui digérait un éléphant. J'ai alors dessiné

" Pintéricur du serpent boa, afin que les grandes personnes puissent

comprendre, Elles ont toujours besoin d’explications. Mon dessin
numéro 2 était comme ¢a : ‘

Les grandes personnes m’'ont conseillé de laisser de coté
les dessins de serpents boas ouverts ou fermés, et de m’intéresser
plutét a la géographie, a Yhistoire, au calcul et a la grammaire.
C’est ainsi que j'ai abandonné, a I'dge de six ans, une magni-
fique carriére de peintre. J'avais été découragé par l'insuccés
de mon dessin numéro 1 et de mon dessin numéro 2. Les g;‘éndes
personnes ne comprennent jamais rien toutes seules, et Clest
fatigant, pour les enfants, de toujours et toujours leur donner
des explications. ‘

Jai done dii choisir un autre métier et j'ai appris & piloter
des avions. J'ai volé un peu partout dans le monde. Et la géo-
graphie, c'est exact, m'a beaucddp servi. Je savais reconnaitre,
du premier coup” d’'ceil, la Chine de I'Arizona. C'est trés utile,
si I'on est égaré pendant la nuit.

J’ai ainsi eu, au cours de ma vie, des tas de contacts avec
des lus de gens sérieux. J'al beaucoup véeu chez les gi‘andes
personnes. Je les ai vues de trés prés. Ca n'a pas trop amélioré
.mou opinion.

Quand j’en rencontrais une qui me paraissait un peu lucide,
je faisais I'expérience sur elle de mon dessin n° 1 que j’ai toujours
conservé. Je voulais savoir si elle était vraiment compréhensive.
Aais toujours clle me répondait : « C'est un chapeau. » Alors je
ne lui parlais ni de scrpents boas, ni de foréts vierges, ni d'étoiles.
Je me mettais a4 sa portée. Je lui parlais de bridge, de golf,
de politique et de cravates. Et la grande personne était bien
contente de connaitre un homme aussi raisonnable.
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