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‘-BUBBLE CHAMBER PHYSICS IN THE SEVENTIES
. G. H. Trilling : |
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This méé%iqg, de#oted to.a discussion of recenp'téchnical develdpments
in the bubbielchambers; has been £0‘some'éxtent whatumy old friend,’Dbn
Glaser, used_£6fcall a plumberfaAmeéting; Aétually'thia is hot quite true
since the phyéics applications were aiways close to théfdiscuasion even when
devoted to ﬁprely teéhnical‘matters.- It is not my iniaﬁtion, in the pfesent
talk, to répéat or summarize everything that was said in ﬁhe last fea days.
You have heard it once and theré would be little purpbse in repeating,itv
Nnow . Rather I ﬁouid like to emphasize the relation between the technical
developments and the physics results likely to come'froﬁ bubbie chambers in
future yearsl

BefbreiI start, however, I want to address_two‘reﬁarks to.our hosts.
First, I am'sure ﬁhat all the attendees of this Conference join me in
congratulating the ANL bubble chamber group for its magnificent achievement
in successfully operating the world's 1argest bubble'chamber and supercon-
ducting magnet. Second, on behalf of all of us, I want to thaﬁk our hosts
for their hospitality and all the excellent arrangements they have made to

make this Conference interesting and enjoyable.

I. RECENT BUBBLE CHAMBER WORK
Before saying something about the‘future it is perhaps worth examining

the recent past and see where we are now. Therefore I want to begin my
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discussion ﬁiﬁh éome examples of recent interésting,bubble chémber experiments.
Since there are many bubble'chamber builders in the'audiénce; it is appropriaté
to show hbﬁfféfﬁtheir.efforts up to now have taken us’ih the ability to do
interesting_ékﬁérimenté._ Muéh of'whét théy usually hear from useis is in
thernatufé Of édﬁplaints; at fhis point, as a uéer, iﬁﬁaht fo say ﬁhanks for
what tﬁege éffdrts have made poésibie.

The'évéfallkbubble'chamberiérogram for'alliaccéle?ators can 5e-charac—
- terized by many'kinds of figufes: ‘toﬁai photographé'ﬁéf year which measures
in tens of miilions, total evehts processed per year'ﬁhich_measures in millions,
_ particle beams‘available to bﬁbble chambers which ihciude protohs4to ~ 30
GeV,. pions‘tO‘?& 25»GeV,'kaons‘to ~ 20 GéV, monochromatic polarized photons
po ~ 10 Gev; heutrons and Ki'over a variety of energies. More intéresting
than all these-kinds of descriptive informatidn-cbnéerning the capabilities
of the bubblelchamber program is some consideratioﬁ'of its recent physics
contributions{‘

I'cénléatégorize thése contributions in the~three‘areas of weak, electro-

magnetic and strong interactions. Some selected examples from each follow:

A. Weak Interactions

1. Decay Properties of Hyperons

High'statistics experiments at.CERN, Brookhaven, and Ber'keley:L using low
energy K béaﬁé.(either stoﬁping or at the A(1520) energy) have yielded
remarkable ﬁeaSuréments of the noﬁ—léptonic_decay parameters for hyperon
decay, particuiarly Zi decay. For example, the asymmetry parameteré for
Z+ - nn+ ‘and .Z— - nmx ~decay quoted in the Parficle Data Tables, namely

a = 0.068i0,016 and. ~ 0.078+0.020 respectively, have statistics of truly

heroic propoftioﬁs in back of them.

-~
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- 2. Neutrino Interactions

Work with the propane-filled CERN heavy liquid bubble chamber coupled
to careful beam normalization has yielded some of the first‘quantitative
data on néutriho'nuclebn interactions inciﬁding theitotal cross-section

measurement of (0.8 x 10_38 cmg)'x Ev'2 TFigure 1 shows some properties of

: -+ S L
the reaction vp .= u pr based on about 50 interactions on free protons.

This ability to study processes involving free nucleOnslis the threshold to
a future program which will be a major part of thé-activity'at new high-energy

accelerators.

B. Electromagnetic Interactions

Perhap$ the most strikingAresults have been th¢ beautiful p photoproduc-
tion experiménts with the SLAC 82-inch chamber expéséd.to the backscattered
ruby laser beém facility. These experiments with photdns_of;energy 2.8 and
4.7 GeV have given strikiﬁg evidence for s-channel helicity’conservation in
the diffractiqn production of p mesons;3 This‘is illuétrated in Fig.v2 which
shows p decay éngular distributions ih the helicity-ffame and confirms the
sin? 0 cos2 w;-prediction for s-channel helicity conservation. The graphs

in Fig. 2 are:based on about 3000 events at each momentum; these statistics,

though not huge, required a very substantial exposure (~ 750,000 photographs).

C. Strong Interactions
Strong interactions have of course been the natural area for bubble
chamber research. I shall mention a very few items from recent work in this

field:

1. Baryon Spectroscopy

The eXperimental data for the study of strange baryon resonances has

almost totally come from bubble chamber formation énd production experiments.
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In this connectipn I want to mention particularly the beautiful CERN-Heidelberg-

Saclay systematic study of K_p interactions below and above 1 GeV/c, of which

3

a typical set of results is shown in Fig. 3 taken frdm a recent paper.u When
one'realizes’that for each channel vhose cross sections are displayed in Fig. .
3 there'are detailed angular distributions, polarizations, etc., the total

informationfaCQuired from such experiments is truly impressive.

2. Boson Spectroscopy

T wanﬁ'tonfirst show three slides from an experiment by‘thé‘A‘Group at
Berkeley to indicate what is probably near thelimit'of‘what one can do with

>

a, convéntionai ekperiment. The exposure was & n+pvrun at 7 GeV/c at SLAC

in the 82-inch chamber. Figure k4a shovs a S mass"sbectrum from 49,47k
events .of the type n+p - n+pn+n—. ' Figure 4b shows.the same for a selected
subsample of about 2500 events with momentum transfer_and A(1236) removal

cuts showing a clear A, signal without the fine structure in the'maSs'spegtrum
observed in_thé CERN missing mass speétrométer}6 Figure 4c shows 474 events
of the type} n+p - pn+nv ahd pK+%S'agaiﬁ'with a good:‘”A2 signal and no fine
structure. .The-statistics are massive, although after cuts ana in the study

of the rarer channels one quickly gets down to numbers of. events which are

not very large.

3. Production Mechanisms and Many-Particle Final States

Studies of_inelastic,précesses'leading to quasi-two-body or multi-body
finalrstatés‘have permitted tests of various models for high energy interac-
tions. An enormous amount of information giving Cross sections, production .
and decay angular distributions, multiFParticle correlations, etc., for a
large range of energies,vincident pafticles,'and both.neutron and proton

targets has been accumulated by laboratories and universities all over the
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world. The development of theories and models to intenpret this imménsévvolume
of information is a continuing process providing livelihood for manj theorists
and phenomenologists. Indeed it is the generation by buoble chamber experi-
ments of lafgeIVOlumes of data on mnlti—body final stetes which has'stinulated
theoretical consideration of ways to analyze and underStand'this large emount
of new information. | | »

It is evident, but mnst again be emphaéized'that this brief consideration
of nresent nubﬁie chamber work is not'a‘summary but;only.a mention of a few
examples to gi&e.the fiavor of the physics coming out. - Having made this short
reView, one ' can now considef fnture possibilities. -We can ask_what sorts of
development wili lead to néw.information beyond whaﬁ~we now have. There are
several types of ansners: |

(i).Increases in statistics--one of theolessons of experiment'in recent
years 1is that~large statistical increases do a gfeat deal more than reducing
errors by a»éouare root factor; they provide'a degree of detail not-previously.
available and often lead tovqnalitatinely nev phenomena. Figure 5 from the
work of Coyne.ét al.| gives a striking example of this; namely, & dip in the
K+H_ ma.ss spectrum from the reaction n+p d pﬂ+n+n_ at the ® mass resulting
from interference between the G parity violating 2rn decay mode of the.w and
ther p — n+nf decay. In.an earlier éxperiment at the same energy this effect
was not observed because statistics were poorer by about an order of magnitude.

(ii) Increases in types of events accessible fo study--conventional
bubble chamber work with momentum analyzed incident beams permits-onlyvthe
study of evenﬁs with at most one undetected neutral. if the>inoiden£ particle

1s of unknown momentum, even events with one neutral are difficult to handle.

The introduction, either internal or external to the bubble chamber, of devices
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to detect neufrals would.greatlyiwiden the window onfﬁafticle physics provided
by the bubble chamber. “ :
(iii) Incréasés in.energy——it is a fond hope of particle physicists that
higher energigsiﬁill érbviae new insights. These insighfs can come from
(a) new proéessés with energj.thrésholds.above presénﬁiy>studied energies,
() simplificétion of processes already seen'at:present energies because of
cleaner separéﬁion between resonances and backgrouna;‘(c) information on
_énergy depeﬁdénce dver a widé.range bf enefgies of vérioﬁé pafameﬁers describing
the proces§e$ suéh'as Efass Seqtions, diffrdctiéﬁ slbéeé, decay density matrix
. elements, etc.- | |
(iv) Improvéd-gaﬁabiiity_for neutrino physics——aAméjor justification of
the NAL accelerator is the potential for detailed studies of neutrino interac-
tions. At présent most of our knowledge of weak prbcesées comes:from étudiesv
of the decéys:of a very finite number of particles,in:which momentum transfers
and energiés:ape outside our control. It is evident #hét a'vast potential
for-increaéing‘that knowledge is provided by neutriho:iﬁteraction‘procgsses.
We now go intb some detail in the discussion of techniques which méy

bring about the improved capabilities discussed above.

II.. HYBRID SYSTEMS
The substantial cost of film and data reduction seems to suggest that
large statistigal increases ﬁsing conventional modes of bubble chamber opera-
tion will not.bé poésible in the future. For some of the simpler . interactions,
the procedure for going td high statistics will involve the abandonment of
the bubble chamber in favor of large wire chamber.spectrométers or streamer

chambers. However, for many processes involving, for example, (i) many final

state particles, (ii) slow recoil particles, (iii) multiple vertices, etc.,
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the large soli@-angle and &ertéx_visibility of the bﬁbﬁle chamber ﬁill still
be needed. Thé natural direction'for such workvwith.high statistics will be
the development of hybrid syétems, ﬁith counters and spark chambers used both
for additionél informatioﬁ useful to the analysis and'to provide a ﬁrigger
for picture taking on interesting events. Thus high statistics on special
event types ﬁili Be available'without the large volume of film ﬁsage involved
if every expdﬁsion is photdgraphed. Since the permiésiblé ﬁumbér of‘beam
tracks in avchéhber in a single expansion is limited, from the point of view
of accumulating.sizable statistics in a finite»timé it is desirable to have
a rapid puléing capabilit&. Tﬁis capability is rapidly improving as a result
of recent téchhical developments.: |
These devélopments can be sumﬁarizéd as foilows:r
(A) The ANL 30-inch chamber has been operated in a quintuple—pulsing—per—
accelerator-burst mode routinely. The SLAC hO—inch chamber has been
pulsed at the rate of 12 times per'sécond for.one second. As will be
discussed further both of these chambers are or wiil soon be used in a
hybrid mode. |
(B) Barney eﬁ_al.8 at SLAC have operated 2-inch and 4-inch diametér hydrogen
chambers at rates of 60 and 90 Hz with good track quality. A larger
chamber, of diameter 15 inchesiand_depth 5.5 inéhes, to run at 60 Hz is
under construction and scheduled forvcompletion in about one year. This
chamber is to be operatedvin conjunction with a wire chamber spectrometer

to do ‘experiments in boson spectroscopy.

9

Walker and collaborators at Wisconsin aré‘also developing a chamber,
f diameter 14 inches and depth 8 inches, to run at 30 Hz.
(C) There are also longer range developments. The SLAC group is working with

. ‘ 8 ‘
sonic chambers : the chambers are essentially one wave length deep with
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thé'sensiﬁive regions in'thé~n§ighborh00d of tﬁe énti-nodeé. The bubbles

‘are forﬁgd and recoﬁpressed iﬁ one Siﬁgle cyclé} This group hag operated

a test hydfogen chamber étv9 kHz, wave length abéut lb cm, with a sensitive

.region §f about 2 cm. A track candidate has been Seen.7 Evéntually the
hope is fd go"to frequencieé below 1 kHz with_a éensitive region at least

20 cm déépf |

TheVCERNfgrouplO is working with:ultrasonic chambéfs,‘at frequencies of
lOO.kHz or mofé; Wave lengths are of the order of mn; a chamber would contain
many wave iéngfhs giving tracks with gaps of the order of the wave length. In
this mode,'ﬁany cycles are reqﬁired for bubble groﬁth, and recompressioh is
éccomélished by*turning»Off the ultrasonié éxcitati¢ﬁ er perhaps iO'msec.
Sensitivity ihiheliﬁm where only a small e#pansion'ratio is needed has been
achieved sémg Fime ago. Recently sensitivity'was aéhieved in hydrogen, with
a conventiéﬁél_éxpansion to obﬁaiﬁ paft of ﬁhe pfeséﬁfé drop and uitrdsdnic |
excitation at 360 kHz to go the rest of the Way.>

Aftér‘theée détails on.rapid puléing chamber dévelopméht, it is perhaps
useful to iﬁdicate current work on the applicaﬁionwavhybfid systems to particle
physics experiments:

(1) T@o experiments havé been done in the PPA rapia pulsing chamber by
Cline and cowofkers. Both of these experiments involved the study of bosons
produced at high momentum transfers by pion-nucleon cblliSions, by means of
a trigger based on the defection of a relatively fast forward proton. Pre-
liminary fesults have been réported at the recent Washington APS Mee£ing.ll

(2) Guﬁderson et al.t? have combined with the 30-inch ANL chamber a
counter—spark—chamber setup designed to detect fést forward outgoing neutral

particles (neutron or KZ) produced in w-nucleon interactions at several GeV.
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This éetﬁp gives aitfigger on a fast heutral unéccompaniéd by'fbrﬁard charged
secondaries in about l/30‘of fhe expdnsions. \Besidéé giving thié ﬁrigger,
the spark éhémbers providé‘accurate directional information for the neutral
secondary.- A'diagram of the setup is shown in Fig. 6.>'It is anticipated by
Gunderson.eﬁ al. that this:arrangemeht will be highlyreffective in the study
of backward Bbson production:by;MFS,GeV'pioné interacting with protons and
neutrohs.‘ |

(3) Andﬁher example of a hybrid system is the sétuﬁ.in Fig. 7 proposed

for a SLAC experiment by the Cal Tech grbup.l3

The intention is tovstudy
 nucleon diffféctiVé dissociation by detectinévevents.prdducéd 5y high energy
pions or kabnS'in which a fast secondary, either charged or neutrél, is emitted
near the fbrward direction. To achieve this gOal, the Mo—inch SLAC bubble“
éhamber is to be followed by a wire chamber'Spectrometer of about'l%‘resolu—
tion, Eerenkév counters, and gamma ray detectors. The-épectrometer nmeasures
the momentﬁm of forward, fast charged secondaries, the 5erehkov counters
discriminatesbétweeﬁ pions, Raons aﬁd nucleons, and the gamma ray detecﬁors
determiﬁe thé_directions of photons from the decay of férward emitted n or
ﬂo mesons.‘ This electronic instrumentation is used to trigger the bubble
chamber light flash on interesting events defined as nonelastic interactions
producing é fast forward secondary, charged or neutfal,: Furthermore; for
such events the bubble chambér photograph is sﬁpplement‘ed by the precise
information obtained in the spark chamber setﬁp to permit bettér fitting
and identification of events. It is estimated by the Cal Tech group that
this trigger arrangement reduces the required picture taking by a factor of

about 20. Furthermore, there is, of course an enormous saving in data analysis

effort.
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(h) Other hybrld arrangements elther belng 1nstalled or under active
consideration involve placement of sc1ntlllat10n or solld state counters either
inside or in very close'prOXimity to bubble chambersrfor a variety of purposes
such as: (i) time—bf—flight measurements‘for incidenﬁ Kg mesons, (ii) deter-
mination th?t,a beam track has interacted, (iii)'deteCtion of multiparticle
final stefe55 Pfesumasly'more details on'tnese are ginen elsewhere in the
ConferencehProceedings, and'they'nill not be'further discussed here.llL

To conclude this discussion of hybrld systems, a few general comments,
not all orlglnal with me, are in order:

(a) As stressed'by Walker, hybrid systems have thus far been cnly marginaily
useful. In part, this is because of the difficulty of obtaining really useful
triggers, given the geometrical boundary conditions imposed by a_ccmplicated
device likebaibubble chamber.

() Besides giving mbre events per picture taken or:sometimes instead of
that, counﬁers"and spark chambers can provide additional deta useful in making
fitse. There.isvalmost no experience on this as yet.

(c) At high'energies, Wifh more collimation of:seccndaries, hybrid systems

will probably be easler to design..

III. TRACK SENSITIVE TARGETS
The inability Qf bubble chambers to nandle multi-neutral events has
seriously iimited the study.cfvcertain classes of,inelastic processes. As
" the incident énergy increases, the fraction of such events also increases
markedly'withfthe following deletefious consequences: (i) only a small part
of the total cross section is accessibie to complete event reconstruction
providing a'rather incomplete picture_of inelastic processes; (ii) since the

fittable events are few, the measuring efficiency in terms of the ratio of
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such events to‘total events:measuredzis low. Finally; at high energies even

the events with oniy one missing neutral are likely to be subject to serious .

’ambiguity'unless-that neutral can be detected.

In the past, ‘bubble chamber experlments requlrlng the detection of no

" have used’ prbpane -freon mixtures and more recently hydrogen neon mixtures.

For example,zavBerkeley-Brookhaven—Orsay-Mllan—Saclay collaboraolve experi-
ment to study coherent K 'interactions in neon has been able to process such
events as

... - [e) @] .
K +Ne = Ne +K + g +x .

This experimentjis done in the BNL 80-inch chamber filled with a mixture of

2/3 neon, 1/3 hydrogen (atomic proportions), radiation length 43 cm. Figure

) 8 shows the ﬁo = Y + Y mass spectrum reconstructed from energy and angular

measuremente oh the converted photons.- The n peak has a full width of about
30 MeV, from whioh the energy uncertainty for each gemma ray is about +15%.
For dlfferent mixtures, the energy error would be expected to scale roughly
in inverse_proportion to the radiation length.

"For the future;.the development which gives the best promise of providing
good detectioo of multi—no events produced on free oucleons 1s the track
sensitive target first developed by DESY and CERN.lSHrin this device, one
fills the tdrget with hydrogen or deuterium as required'byrthe physics, and
uses a neon-hydrogen mixture in the outer volume to provide thoton conversion.
Recent development work on this technique has been carried on at CERN in
collaboration with the Rutherford Laboratory, at SLAC end at BNL.

The CERN group has mounted a plexiglas target of’rectangular croes section
1n81de the British l1.5-m hydrogen chamber at the Rutherford Laboratory. The

target is 1. 4 m long, 30 cm hlgh and & cm deep, w1th a wall thickness of 2 mm.
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There is no attempt to malntaln any pressure or temperature differential between
the target and the external volume. Durlng expansion the large walls flex
about 150 ne For an actual experiment to study A° beta decay, the volume
outs1de the target was fllled with a neon- hydrogen mlxture of radlatlon <
length 70 cm. 'Satlsfactory sensitivity has been obtained simultaneously in
-the target'and dn the surronnding volume. Beeause of arvariety of technical
difficulties actual data)taking on a production basis has yet to come;_there
is-Very littlevinformation on distortions and, generally, on practical problems
of reconstructlon and experlmental analy81s. The CERN group‘is also contem-
plating the constructlon of a 31mllar target for the Blg European Bubble Chamber
(BEBC). Such aftarget which might be 2 to 2.5 m long, 1 m wide and_iO cm deep
is illuStrated in Fig. 9. |

Both the:SLAC and BNL'gronps have taken a somewhathdifferent approach
to trach—sensitive—target design. Because of differences between neon and
hydrogen vapor'preSSUre curves the single arranéement'of equal temperature
and pressure inside and outside the target somewhat 1imits the'flexibility
in the ch01ce of mixture proportions to achieve 31mu1taneous sen51t1v1ty. A
hydrogen target cannot run with pure neon in the external volume for example.
Consequently, to provide more flexibility and more adjustment, both SLAC and
BNL have designed targets which could maintain bothbpressure differentials
and temperature differentials'between the two sensitive‘volnmes. In both
cases plexiglas cylinders are used with somewhat elahorate bellows arrange- ™
ments permitting a higher pressure in the target and eooling loops to allow
a lower temperature in the target.: Figure 10 shows the target arrangement
being constructed>for the BNL 80-inch chamber, namely a plexiglas cylinder
20 cm in diameter and 1.45 m long. If this arrangement is successful, a

number of experiments will probably be run with it early next year. For the
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NAL chamber, dlscussed in the next sectlon, a target cons1st1ng of a cyllnder
3 'm long and 1. 6 m in dlameter is contemplated. Itils useful to note here
that it is_not strictly necessary to‘convert all gamma.s for a successful fit.
In a two—nO event; energy and angle measurements-forcall gamms, s give'a 6C fit,
and in the absence of one converted gamma a 3C fit is stlll p0331ble,
In conclu31on, it is perhaps approprlate to stress the follow1ng points:

(a) No one has yet successfully done a real physlcs experiment with a
track-sensitiye—target‘even though they have existed in-principle for several
years. The bfoblems of distortion, reconstruction, etc% have not had the

test of a reai'physics problem. It is therefore fair to say that considerable

‘development'still lies ahead.

(b) For the reasons stated at the beginning of this section the real value
of the bubble chamber technique for hadron physics at very high enercy may

crucially depend on the success of the track-sensitive-target technique.

IV. LARGE BUBBLE CHAMEERS. -
A number”of large bubble chambers are being consttucted, tested or, as
in the case of’ the ANL 12-foot chamber, are ready to do- some physics. Table I
contains some information on these chambers.
I believe it is fair to say that the real justification for building i
chambers in the 20-100 m3-volume range is the neutrino bhysics. While it.is
extremely likeiy that with such chambers, improved hadron physics experiments

can be carried out, it is not entirely clear that if hadron physics were the

only'justification the investment for a very large chamber would be an optimal

use of limited funds. Indeed I think that whether snch an investment were

optimal or not hinges substantially on the successful usage of track-sensitive
targets. I shall now consider separately the‘applications to nentrino and

hadron physics.
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Table I. Large Chamberé
Approximate
Name Type Dimensions date of operation
ANL 12-foot = = Hydrogen 12-foot diameter -~ Now
' - [-foot height
Gargamelle - = Heavy liquid 4.8-m length Experiment in
. 1.9-m diameter spring 1971
_Mirabelle j' ."Hydrogen_ 4.5rm leﬁgth Experiment at
: 1l.6-m diameter Serpukhov in.
late 1971 -
" BEBC - Hydrogen 3.7-m diameter Experiment in 1972
: o 2.0-m height o -
BNL, 11-foot Hydrogén ' 11-foot sphere Experiment in
: » summer 1972
NAL 1h-foot ,f.. Hydrogen 12-foot sphere First cool down
: : plus two-foot in summer 1972
extension in beam
direction o
RHEL Hydrogen 1.5-m diameter - .° About 197h
1.0-m height
T0 kG field
Notes: (1) ThefRHEL chamber is not a large chamber in the sense of the

‘other entries, but because of its high field over a substantial

volume it does represent a new step and 1s therefore listed here.

The BNL 1l1-foot is an expanded version of the present T-foot test

facility. I have not put -in the latter in this list because it

v_is'nof truly a production facility available to users.
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A. Neutrino Physics

It is.eVideht that neutrind physics is én aréa*in'which there is an
enormous potgﬁtial for new knowledge: our presént éxperimental infbrmation
on weak intéradtions comes from the‘study of a few decays, in which we have
little choice_of enérgy or momentum transfer, and very'limited data on neutrino
interactioﬁs;ih complex nuclei and on nucleons. This.éréé of weak interactions
unquestionablywsujpiies one of the major scientific”jﬁéfifipations for the
construcfion”of.highef energy accelerators. -
Just Eo fix ideas it may be useful to review éome:major areas of interest:
(a) "Elastic Processés"
.  v+on o uo+p
TV 4+ p u+ + n
(b) Reséhance production-form facﬁoré and study_of selection rules
vep o 87(1036) + 4
‘_vﬂ.rn N
Y +n o A 4+ H+
v+ p - A° u+

(c) Hyperon production and study of £5/09 = 1 rule

- +
v+p— AO +u

V+op o 2+ H+

7 +n - I o+ u+

vin o oo+ u (violates AS/AQ = 1)
(d) Measurements of total vN and TN cross sections as a function of neutrino

energy} Tt is of interest to determine tﬁefvalidity at higher energies

of the previously measured total cross section,

o, = (0.8£0.2) E, X 10—38 cmg/nucleon .
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(e) Stﬁdies of dzo/dquy‘in the inelastic'continuﬁm region, where q? is
théfloﬁton squaredfmomenfum;tfansfer and v'is_fhe difference between
inoidoﬁﬁ and»final ﬁotal laboratory energiéé'of:the leptons.

(£) Seafooos for higher mass intermediate vector'bosons. |

(g) Othér $pecial studies such as,

.diagonai couﬁlings -— .ve + e — Ve f e :

neufral currents at high,moméntum transfer --. v + P = v +p

_ Tho first threé of these groups of experiments areuwell suited to rela-
tively'low onofgy'neﬁtrinos (EV <5 GeV) and will uqdoobtedly be investigated
by the lEffoot ANL and 11-foot BN chambers and the CERN 3.7-meter chamber.
Exploratory work on (d), (e), (f£) and (g) at CERN will be carried out by the
Gargamelle.héavy—liquid chémoer; as will be shown furtherothe ability to
convert'gammaé and measure total v énergiés ié essentialbin (d) ond (e) and
a C2F501 fiiliog;of Gargamelle provides this abiliﬁy £¢ éAusefol deéree.

With tﬁoSe ideas in mind one:can now ask for the‘optimal characteriétics
of a chambe§ suited to this type of work. |

(1) Size--In the 1968 NAL Summer Study Report it was stated that the
neutrino proéram demands the largest chamber compatible with (i) aVailable
funds, (ii) ﬁechnioal feasibility, and (iii):a not toO'excessive cosmic ray
background. ‘This a?gument wa s ﬁéed to supporf the é5-foot chamber proposed
- for NAL. Unfortunately, limitation of. funds has prevented the authorization
- of this proposal. Presently the NAL program includés the construction of a
chamber in the shape of a)12¥footjdiameter sphere of désign similar to the ’
vproposéd BNL modifications of the T7-foot facility. :Figure S showé a diégram

of that design; this picturé should only be taken as a zeroth order approxima-

tion of what the actual NAL chambervwill look like.
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The large size 1s of conrse’reqniredlby'rate considerations.' To.illustrate
with a numerical example, a recent.study by M. L. Stevensonl6 of an experiment
to do deep 1nelast1c scattering above 15 GeV. shows an event rate of one .event
per 50 machine pulses at 2 X 10 13 protons per pulse w1th an assumed total
cross section of 0.8 Ev X lO_38vcm2, If the actual cross section fails to
keep rising at this rate the statistics become even"norse. Furthermore,
.Stevenson s estimates assumed the availability of the whole chamber-—gamma
ray and muon detectors are both external. If one uses track sensitive targets
with neon outSide for photon detection, the effectipe event rate eas1ly goes
down another factor of 3 or 4. The need for large volume is then obvious.

17

(2)'Maéneticvfield-—Roe and Stevenson hare emphesized the importance
of high field for neutrino work, particularly at the high energy end of the
neutrino spectrum The argument is ba51cally that the neutrino energy for
each event must be determined from measurements on secondaries of the inter-
action to a prec1s1on of a few percent or better, because of the high sensi-
- tivity of the flux to the energy. In addition, if neon}is used outside a
track sensitive insert, a high field is cruciel to the_photon energy measure-
ments. The present NAL proposal envisages a 3() kgenss-field. The large
BNL, CERN and ANL chambers are designed for 30, 35,tend 18 kgauss respectively.
(3) Other Features--Neutrinos do not come momentum snalyzed. It is
therefore essential if one is,to go beyond the few 3C fit'reactions to have
detectors of'neutrals and detectors of the final’lepton. Even if one is
studying'general features such as cross sections and inelastic form factors
rather than the characteristics of special event tppes the necessity to know

total energy and momentum transfer reQuires detection of the muon and the

neutrals. This detection can be accomplished by:
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a) Use of a track—senSitive target with neon outside. For example, in
the NAL chamber one could use a l 6-m dlameter, 3-m long target. This leaves
about two converslon lengths of neon downstream, but prov1des a hydrogen

3 3

volume of onlyi6 m~ instead of 25 m~” for the whole usefnl volume. Unfortunately
this arrangement gives only one nuclear interaction length and is inadequate

for muon deteetion. | |

. b) Shoﬁer'detectors and muon detectors external to-the chamber. The

shower detectors in their simplest form might Just measure to a few percent

the total energy in photons and in a more complex form would give-detailed
direction and energy information for all ﬂo's. The muon detector will have

~ to 1dent1fy whlch of the outgoing tracks is the muon « An arrangement of this

type suggestedvby Stevensonl6,is shown in Fig. 12,

B. Strong Interaction Physics at High Fnergies

There exists some difference of opinion as to the role to be'piayed by.
large bubble ohanpers in future studies.in strong interactions. The.diffi-.
culties are the following:' | o |

(i) Cross.sections of non-diffractiﬁe channelstsuSCeptible to conventional
-kinematic fitting——probably only the 4C events-—are»ranidly décreasing func;
tions of energy} At high energiesvsuch processes might haVe cross sections
only in the miorobarn range. At the same time, one.would have to measure a
very large numter of events to have a useful sample Of the fittable types.

(ii) At the same tiﬁe there are combeting techniques, namely streamer
chambers and wire chamber_spectrometers which can handle particular eonfigura-
tions of events more effectively insofar as statistios and measuring precision
- are concerned. The hybrid system with a smalier, rapid-cycling chamber is

also a serious competitor for certain experiments.
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Yet there are some positive:factors which should:elso be kept in mind:
(iii) As anbexploratory tool to pro#ide first detailed looks etihign energy
processes, the large chamber will probably be of greaﬁ’usefulness. Remembering
that.the decayilengths of strange particles in the 504100 GeV range lie in
the 3-7- meters region, the large chamber as a survey dev1ce w1ll have a signi-

flcant detection efficiency advantage over an intermediate chamber in the

2-meter domain. Analytical calculations and Monte Carlo.studies have demon-

strated that;u-constraint events should be readily handlable in a conventional
nay_up'tovatileast 50 or 100 GeV. Lachl8 has sﬁggested the'use.of npstream
wire chambers'ﬁo provide high precision directional information on beam particles.
(iv) The'aoility to push the usefulness of theﬁlarge‘chamber beyond
exploration £6 the.detailed study of high energy, multi—particlebprocesses
depends, in my view, largely on the success of the treck-sensitive—target
technique.. If the present ideas can be turned into truly operational tech-
niques withOut;'in the target measurements, loss of precision and. without
ekcessive difficulties in disentangling photons observed in the neon volume
and associaﬁingi them properly.with'their_parent verten, the large chamber
may assume at high energy the same importance that intermediateichambers

have had invthe one to several GeV regime.

V. CONCLUSION
I must apologize to all the scientists and engineers who have made reports
to the'Conference for my many omissions. As indicated at the beginning, this
presentation is not in any‘sense a summary, but rather’e collection of topics
of general interest to one who might be interested in being a bubble chamber
user during the next few yeers. As is abundantly clear, there are now a

series of developments which may tremendously increase the power of the
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hubble chambér;_ﬁamély,:hybfid_syétemé,‘track—sensigife targets, large volure
chambersvwigh:mdre or less high maéﬁetic-fields. NQne of these téchﬁiques
has yet progreséed to-the poiht of giving new reéulﬁs_énd enlighténment >
préviously unaéailable- ‘The next few years will tell'iftthe apparent'promise
of these métﬁédé can be‘traﬁslated into a flood of néw physics resultsf Hope-

fully we shail khow at the time of the next Bubble Chamber Conference.

oY
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FIGURE CAPTIONS

Fig. 1. q2 anthg(n+p) distributions for events v } P u +p+ 7 identi-
fied in. the , CERN heavy llquld bubble chamber filled w1th propane. |

Fig. 2. p decay angular dlstrlbutlons for P 2 p p u31ng linearly polarlzed

vphotons.ﬁ' |

Fig;'3. K- P ehannel cross sections as a functlon of momentum between 400 and
8oo MeV/c. . | |

Fig. k. (a)?n.n+n- mass'distribution from about 50,000 events of the type
ﬂ+p -, pﬁ+n+n— at 7 GeV/c incident momentum. (b) Same mass dlstrlbutlon
after removal of A(1236) and removal of events with tpp < 0.2 GeV/c .

(e) nn+ an 4K K mass distribution from the reactlons % p— ﬁ+np and

T p - K K P respectlvely.

Fig. 5. n+ﬁ mass spectrum for the reaotion' nfp-;{déf+n+n; .near 3;7 GeV/c
incident}momentum. |

Fig. 6. Setup of Wisconsin group for hybrld system trlggerlng ANL chamber
on fast forward neutral secondarles,

Fig. 7. Setup prOposed by Cal Tech group for SLAC'experiment;

Fig. 8. YT mass spectrum in mixture of 2/3 neon, 1/3 hydrogen in BNL 80-inch
chamber.

Fig. 9. Proposed track-sensitive- target arrangement for the 3.7-m European |
bubble chamber (BEBC).

Fig. 10. Proposed track-sensitive-target configuration for BNL 80-inch chamber;

Fig. 11. Rough approximation of proposed NAL 12-foot chamber design.

Fig. 12. Arrangement proposed for studying neutrino*deep inelastic scattering
at NAL. Quantameter measures total energy in no.meson. Hadrometer identifies

the muon secondary.



NUMBER OF
EVENTS
N DO

o]

23

| . lev
?q282;27
;-Ti@v - 4ley
e?23.59° |q%s2.53
- ° . ‘o —
. e © 3@\!
© MiUwpz262
B °3 : e : -
- ® _s _ _
.gg . b
%® o s 38\!
R S . M(wp) 2.85
1 1 o )1
- N°®(1236) RESONANCE

PHASE SPACE

1.6

aa 2.
M (wp) (Gev/c2)f

. UCRL-19870

1.5
C.
O
4100
{2
Y
%
A
—0.5%
6 42 ©
'NUMBER OF

- EVENTS

Fﬁg 1. egﬁ and Mzé‘ﬁ’p) distributions for (51“??“5” ) events

S

-with Eyis > 1 GeV.

XBL 705-1006



NUMBER OF EVENTS

" NUMBER OF EVENTS

N
o -

120

60

N

ok

UCRL-19870

0 180°

v

Fig. 2

360°

U I180°  360°

v

1556C2

XBL 706-1304



section’ ~ (mb)

Cross

8 : - “
oft Fon 110} v )
[ 4 } ]
43 6#§69’t 3 4 ﬁ: 8} .q
i ooy ¢ “3 ) 4 ]
2} Mt Tty
a ‘ ‘ : T PR B
(0] 1 A i ) 4.. 0:$+ . ;
: ] | ¢ tood ab 4
044 R"nw° + 4 ot Qog .Q‘
o ‘QQO** - |
0 o asasaloafe? s ol . ) Lo
04t : Ro'pf’_ - . d b T we B
3 .t 1 . 00 -
i Ao -\.’lg 44 " ? g
- p 0o AT
’ Awe i 0,00 o (X4 AN B
4[.’ i i 04 2— ° %0 "y ‘
_ o";Q VIR W ] i )
1% o%x & & ”% ?_ 0 X . ) -
0 1 1 " ost Yo w L, %L
- Joet 4]
081 ' ' {oa} b o 8 :
RS
g ) o et
04t P T+', olfesst **70s f +
i A " - I we® J
0 L L ) 03_ . ’mj@_
I X 404r Qé -
41t 4 ! voyd foie ]
e b4 Ofeetae o
b i
) . . :
2L ”“"rw?ﬁ‘:. foo K'p ]
ol o o Teor M,
'2r A« neutrals T °°'¢$°{°¢
> o p } 6 L
u.“,....-e'..’o“a,o_ 10 3 _4
oL PR
4+ Awtw: 2 o] .0 i - ° . ‘ i
1 seoaty 04t K'pwe W
2»'...'.QQQ§.'?W¢0 p or- ) ‘n'.'A’-. lq
of . . . o4 pe—
08¢ P B BT INE LS
g e b o )
04} B I O total
R § 4 Mooy 1
ofwecrernd L Taol e, e
" Awtn 7r° R o o
041 ,. 1eot ]
O 4 Mo oioon Aq. Q.{‘ [o] [ i A PR Aq
05 06 07 :08" 05 06 07 08

_25_

K™ laboratory momentum  (GeV/c)

C XBL, 705-1002
Fig. 3 C

UCRL-19870



26 - . UCRL-19870

XKIOWA HISTOGRAM NUMBER t : 04/14/70

UNDER/IN/OVER = 53.0 , 49474.0 / 0.0
M¢C3SPI) ALL. EVENTS
m 1000} -
o .
Q
x
u
o o
| 500 } -
0N
}-.
Z 1
u
>
) — : — '
i 2 3

C M(PI+PI+PI-) |
| | XBL 705-1007

Fig. 4a

[



10.0 MEV

EVENTS PER

§40

1 20

100

80

60

40

20

18

-27- o UCRL-19870

A B s e e s M e e e At aa e

e - . -

L
- .
-~ -
L
- -
e

” i
et
P,
— b -
ﬁ
- -

ool Db B doosasasan Saoasacsas

lAAAAAAAAA.AAI.‘IALI.AAAhIAAnllllAl‘LAlllllh‘lllALl

00 1200 {300 1400 o 1500

1150 faso 1350 1450
M(3PI) (T.G6T.0.2) (DELTA OUT)

_ XBL 705-1005
Fig. hp ,



1

PER

EVENTS

1

0 _
1000 1200 1400

; F28-

~ UCRL-19870

e e A L

MCETA,PI+ AND K=+,

Fig. ke

1600

KO0

XBL 705-1003

Iad



No./2 MeV

Nq./2 MeV

-.29; . v

UCRL-19870

35

| - | 1
660 700 740 780 820 860 900

Fig. 5

- XBL701-2132

10F : Resolution’ function -
J oot - N\ 5 _
] w center, width N\
: O'. | (with errors)

* 1 | i I} i _ |

752 760 768 776 784 7392 800 5808 8lo 824
- . ! | I | 1 I | 1
40} | .
30 1 —
20 =
10F { =
OL ! ] | 1 L

620



-30- A S - UCRL-19870

NEUTRAL TRIGGER APPARATUS

THREE 1"
/STEEL PLATES

SPARK
" CHAMBERS

UAD. [B2i: - A
q ) . ‘ ‘\ANTI 6 SHEETS
E : : 44" Pb
4 MAGNET - THREE
: ; i ; ‘ - Lo : 6 x G.
XBL 706-1305

Fig. 6 -



-31- o ~ UCRL-19870

Seuimgric  oF  APEAROTUS

ClEATIoN

Hyoposen Thes

Bubble, Clamber N '
e T /

5e
o [ . ap opswad |
;" I . /-/‘_' _{1’ ‘_51 ' Gﬂf‘ ar.,..u!. 'b,
g oL 1 21"
! 7 : !
I. " . l
30 L ] !
7€ : lbo
ng :
445"
. XBL 706-1043
Fig. 7

)



e

401t

30t

20

Ev EN‘TS/(,‘/ MV

WHQHH _nlh,

0 100 20 40 500
' M(YY¥) MeV
X-BL_706-1044  .

Fig. 8

i

X, = 43

UCRL-19870

wot



UCRL-19870

-33..

€9¢t-L0L TTIX

6 314




Z3h- S UCRL-19870 -

XBL 705-1001

Fig. 10



UCRL-19870

._35_

XBL 705-1004

Fig. 11



-36- - UCRL-19870

[}

" HADROMETER

CAMERA AXIS | o ," !H : ‘ iy

\  QUANTAMETER.

_ HADROMETER

vACUUM ‘ R

BUBBLE N
CHAMBERS - q0°

r
1

|

3

|

I

L _

r___//“ PR,

SIDE VIEW - | TOP VIEW

XBL 706-1306



A

LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: v
A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or C

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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