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. ? MEETIHG X BBVaTRON RESEARCH CONLERLNCE
e January 5, 1954
4 PM  Auditorium. Bldg. 50

William B. Fretter: Cloud Chamber Ixperiments
I GENERAL

Several of the cloud chambers used in cosmic ray research-are discussed in terms
of their application as measuring instruments at Devatron energies. Some of the
limitations of these instruments are revealed.

11 TYPES CF EXPLRILENTS

Cloud chambers can be used at Bevatron energics both as exploratory devices and
as measuring instruments. Ordinary mesons, heavy mesons, and hyperons have already
been studied in this energy range in cosmic ray work; but the sbatistics are poor.

with cloud chambers one should be able to measure with care the nass, lifetiie,
production cross sections, polarization, and multiplicity of heavy particles,
Although these measurcments could also be obtained from vlates. cloud chambers
present a larger field of view,

TIT SCaliHING

A scanning group will be nccessary if the cloud chamber is to be utilized effce-
tively. liany thousands of photographs must be read if one hopes tc sce rare events.
For example, at Erookheven 30 V-particles have been obsorved in approximately
20,000 pictures.

IV TYPES OF CLOUD CHAMBLRS
A. Continuously Sensitive Cloud Chambers

A continuously sensitive high pressure cloud chamber has been used by the
Drookhaven group for the dynamic analysis of heavy particle events. Even at 20
atuwosphercs of hydrogen the number of cvents is still rare. as the number of hydrogoun
atoms per cc is still smell. The advaentage of using hydrogen in chambers is that the
events once secn can be anglyzed in great detail. The disadvantage of this chamber
is that the field of view is restricted. The tracks arc short so that the resolution
of momentum, which gocs as the square of the track length. is poor, One cen use a
trick to circumvent this difficulty if the Q-valucs of the particles are knowm.with
sufficient accuracy.

Othor gases such as eir, argon or ¢ven Xenon could be used in a continuously
scnsitive cloud chamber. Cne could, for cxample, investigate the cross section for
heavicer nu¢lei, or look at argon stars.

B. Expansion Cloud Chambers

fxpansion cloud chambers are idcally suited to operation with a pulsed
’ mechine. The maximum oporating ratc of the expansion chamber (dctermined by the
&wy* limits on permissiblc thermel distortion as sct by the desired momentum accuracy)
is of the owvder of omne pulsc per mimute. This means that onc pulsc in 20 can be
studicd by the cxpension chamber while the other 19 pulses cean be utilized for plates
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and other cxploratory instruments. The cxpansion chamber only rcquires that onc
pulse in the group bo rocduced in intensity whereas the continuously sensitivc chamber
requires that all beam pulses be at low intensity. although hydrogen could be usecd
in the expansion chamber. the density would be so low as to render events extremely
improbable. Onc can however. usc exterior or interior producing layers of ligquid
hydrogen or hydrogenous material such as polyethylenc. By placing the cxpansion
chamber in a strong megnetic field, say 20,000 gauss. onc can get accurate
neasurcments of momontum, Q-value. and vclocity.

One can combine multiplatc chamber with o hydrogenous laycr and analyzc tho
particles by their scatitcrod tracks. This technique might be utilized. for example.
in the rapid measurement or production cross scction of heavy particles in differcnt
matorials. Such a technique would be gzpected to incrcase the provability of scoing
pairs. It could also be adapted to measurc lifetimcs.

V  SCLE LINITATION ON CLOUD CHAMDER Q-MEASUREMENTS

The deviation of a track from a straight linc thru the path cnds is

A =22 .ouf?

d o~
o A&

Py
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For a 3Bev/c proton and 20,000 geuss, a 30 cm track will yicld a 2.5 mm deviadtion.
Since the cloud chamber nced not be cxpanded until approximaiely 50 milliseconds
before a boam pulse, the tracks should be sufficiently sharp to allow A measurcments

as smnall as 0.1 mm,

According to Loighton's* recent paper. tho accuracy in Q-values detcrminced from
momentum measurements arc as follows: :

9.4 = -0.1 to +0.2
o P+

@ g = -0.3 to 1.0
o P

9.0 = -0.51t0 3
3 By

Thus a 10 percent uncertainty in momentum for p, at 1 Bev will introduce a 20 Mev
uncertainty in Q-valucs.

VI THERMAL DISTORTION

Thermal distortions will producc spurious radii of curvaturc in tracks. Thesc
cffects may not be as large for a chamber opcrated with the pulsed machinc, as
picturcs can be taken within 50 milliscconds of boam timc. If the tomporature
across the chamber can be held to 0.01% C then gp ~ 200 meters arc possible.
The valuc of A _ nust be determincd for cvery cloud chamber. It is obtained from

/s
the statistics og track mcasurcmcents without field.

The magnitude of & 4 sets an upper limit on the accuracy with which Q-valucs
can be measurcd. TFor cxample,; consider a 3Bev/c proton track for a typical chambor
in which j& sp,aleO ncters. At 20,000 gauss /ﬁ? = 500 cm so that p is known to

% Leighton, Phys Rev, January 1, 1953
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/5 percent, or 150 Mev The computed g-value for a.f\,o is then uncertain to 15
percent.

VII IONIZATION IBASURBMENTS
A. Hinimum Ionization fstimation

with some experience one can visually csbimate the ionization in cloud
chanmber tracks within a factor of two. This will not permit differentiation between
tracks of K and p particles but will allow resolution of 7 and p particles.

B. Drop Counting Technique

By allowing the tracks to diffuss, the number of droplets can be counted to
yield the ionization loss to the order of 20 - 25 percent. Heliun, or a mixture of
helium and argon. can be used so that the ionization will not be too heavy. A
stereoscopic camera and microscope can be used to count drops. OUnce this technicue
is calibfated the resulting ionization measurements are good to . 25 percent.

VITI LIFETILE LEASURERENTS

Since the time dilation is energy dependent, the measurenents of particle lifetime
requires the knowledge of the time available to the particle in terms of the useful
volume of the cloud chamber. This number must be obtained for each particle for each
cloud chamber. It is determined as follows. From a geometric definition of the
available length of path in the chamber dy ; obtain for a given particle the time:

-bi == di

FT iy i

vhere 3{“ i is the time dilation factor.
Then on the average

= d
Tav ay.

¥ av UV av

The lifetime is then given by the expression

A é‘bi v tav i
I N- 4 N

This is solved by trial for 3 . Typibal lifetimes are:

o 4
A2w3.3 f*g-g) £ 10710 sec

) w0
£ w2 (r1) x 10710 sec
’kf)kgzlji s 1070 10 1079 sec
IX SUGGESTED LEASURING TECHNICUES

i. Double Cloud Chambers

K-particles are hard to identify by ionization measurements but are
relatively easy to identify in plates. It is suggested that an expansion cloud
chamber with a magnetic field and hydrogenous producing layer, etc.. be followed by
a packet of photographic plates. From these results one may be able to tell whether
or not K-particles are nuclear inberacting.
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B. Multiplate Chambers

The use of multiplate diffusion chambers with hydrogenous materials for

plates and a magnetic field should be investigated. If materials of different Z
are substituted, one cen accumulate production cross section measurements rapidly.

C  Helium and argon Chambers

Helium cnd argon might well be substituted for hydrogen in the continmuously
sengitive chambers.





