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william @. Freatter. Cleowd Chamber Txperimente
1 GLHEHAT

Several of the cloud chanbers uged in cosmle ray research-are disenssed in terns
of their spplieatlon as measuring instruwrents ai Bevation energles. Some of the
limitations of these lnstruments mre revesled.

I1 TY¥PRS CF LACLHILERIS

Cloud chambors can be used ab Devatron chergios both as wxpleoratory devices tnd
s5 messurins Instrumenls. Ordinary wosgons, heavy mesons, and hyperons have alieady
beon studied in this onergy rangs in cosmie ray work; but the ztatistics are poor.

With cloud chanbovrs one should bo able to mecsurs with cnre tho mass lifetd.o,
produclion cross soctiens polarizatien, and wmulbiplicity oi heavy particles,
although theso measurcments could alse be obtoined from plalaos  eloud chambers
present a loarper field of viow.

11T SCuMuTHG

A searming proup will Lo noecessary 10 the elovd chambor is to be utiliked oflon-
tlvely,  lLany thousandzs of pholapgraphs must be read if one hopes o see rare events.
For exampto, at Crookhzynn 30 V-partleles have boen observed in approximsiely
20,000 pictures

I¥ TYPeS OF CLOUD CHAWDUCHS
4. Centimuousgly Sengitive Cloud Chambars

4 eontinuonsly sonsitive high pressure cleud chamber has been used Ly the
Drockheven group for thoe dynamic analyais of heavy partielo events. Evon wt 20
ctiwcspherea of hydrogon the mwmber of ovents is atill rare. as the numbor of hydropon
atoms por cec is ptill wmnall. The advantage of using hydrozen in chambers ila thal the
events onoe secn can be anglyzod in great detall. The dipadvantage of this chanber
is Lhat the fisld of view is restricted. The tracks are short so that the repolution
of momontum, which pocs as tho square of the trask length iz peor. Onc can use &
trick to cirecumvent this difliculty if the Q-wvalucs of the partleles aroe known with
sufficient ascuracy.

Other gonses such as alr, argon or uvvon xcnou could be usod in a continuously
sonsitive cloud chambor. Cne could, for cxample. invostigate the eross secbion for

hoavicr nuelei, or look st argon stara.
B. Expansion Cloud Chembers

Bxpansion cloud chambols are ldeally suited to operation with @ pulsed
machinc. Tho mednum operating rate of the axpansion chamber (detormined by the
limits on pormissible thermal disteortion az sot by the desired momentum accuracy)
ia of thc order of one pulsc per pimate. Yhis mosns that one pulse in 20 can be
studied Ly the oxpension chember while the other 19 pulses can be utilized for platos



(2) UCRL-2447

and other cxploratory instruments. The capension chambor only recuires that ono
pulse in thoe group ho roduced in intensity whoroas tho continuouely genaitive chamber
requires that 231 beom pulszos be at low intonsity. although hydrogen cenld bo usad
in tha oexpansion chembor. the density would bo 2o low a2 to render cvents oxtromoly
iuprobable. One esn  hovever. uso cxterior or interior prodveing layers of liquid
hydrogen or hydrogenous waterial sush as polyothylonc. By plaeing the caxpansion
chaawcr in o strong megnotie Ticld, say 20,000 gsuss. onc can get aceureto
neasuromonts of meomentum, Q-value. and voloeity.

One ean combinge multipleto chambor with o hydrogonous layer and anmalyze tho
partislcs by thedlr seatiorod traclks. This tochnigue might be utilizoed. feor cxampio
i the rapid measuramont or production crops scelion ol heavy partieleos in differcnt
materdsle. Sueh a foekhniquo vould be piocetod to inersase the provabdlity of scedng
padra.  Ii could alsge bo adapled to moasure lifutimos.

Y 8CkE LILITaTION ON CLOUD CHAMDES Q-LEASUKELLATS

The deviation of a track from a siredght linc thma the poth onde is
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For o 3Bcw/c proton and 20,000 2ousg. a 30 em brack will yield a 2.5 mn deviztion.
Binoo the cloud chambeor nowd not be ocxpanded wtil appooxima.cly 30 millisceonds
bofore a boam pulse, the trzcks should be sufficlently sharo to allow cs neasuramenty

as 2121l as 0.1 mm.

Aceording to Loighton's® roecnt paper. the aceuraey in @-values determincd from
momentune measurcments are as follows:

3G = 0.1 to *0.2
o

B o= 0.3 to 1.0
7 P
D g = -0.5to 3
& Bp

Thus & 10 porcont uncertainty in womentum for p, at 1 Bev will introduce a 20 Mov
vneortainty in Q-valuca.

VI THERBAL DISTOHTTION

Thormel distortions will producc spurlous radii of curvalure in tracks. Theso
offects may nod e as larg. for a chamber operabed with the pulscd machins, as
pictures cen Lo takuen withlo 50 williscoconds of beam time. If tho temporaturo
acress the chambor can b hold to 0.00°% G thun‘;° an o 200 metors arc possible.
Tho waluc of mpst be detorminced for cvoury cluuﬁ chaibar, It is cbbtaincd frou

5
tho statistine UE track mcaswiemcnts without ficld.
Yoo magnitude of & .. sets wn upper Limit on the accuracy with which G-values
can be measured. ror ocxamnple, considor s 3Bov/e proton track for a typieal chambor
in which 4 o, .~s100 mcters. At 20,000 geusg A = 500 cm so that p is lnowm %o

# Loighton, Fhys Rov, Janvary 1, 1853
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' 5 percent, or 130 lev The compuied y-value for a A, ° is then uncertsin to 15
percent.

Vi1l ILORIZATICH [ EASIRUMsSHTS
A  Tinimam Ieniszation Hstdmation

irith some experience one can visbally estimate the ioniration in cloud
chamber tracks within a factor of two. This will not permlii differentiation between
tracks of K and p particles but will allow resclubicon of n and p particlea.

B. Drep Counting Technique

By allowing the tracks ito diffuse, the number of dioplets can be counted to
yvleld the ionization losas to the arder of 20 - 24 percent. Heliun, or z mixture of
helivm and argen can be used so that the ionizatlon will not be toeo hesvy. &
aterecscople camera and wmicroscope can be wsed to count drops. {Unce this technigue
iz calibfated the resuliing lonization messursments are good te -~ 25 percenl.

VIII LIFEITLE i DASURELEWTS

Sinee the time dilatlien is energy dependent. the meaguraments of particle Lllebime
requires the knowledge of the tims svailabls o the particie in terms of the wseful
velume of the cloud chamber. This number must be obtained {or each particle for each
clond chanber. It is deteruined as follows. From a geonelrie definition of the
available length of path in the chember ¢y ; obtaln for a given particle the times

tli = di

&4y i

vhere * 3 is the time dilatlon factor.
Then on the averags
e T Bay -

.au v '?l‘,f av

The lifetime is then given by the expression

A Z“ q}a L
N \ II' exp (' a‘r}'{?) =1
This is solved Ly trisl for Y . Typieal lifetimes ars:

.&QWB-B (ﬂj'g) X 1{1"10 5Q¢

o 0.5

£ {11] x 10719 sec
T KL 1075 10 1077 sec

IX SUGGESTED 1.BASURING TECHUICURES
4- Double Clouwd Chambers

h=particles are havrd to identify by ionization measursments but are
reletively easy te identify in platen, It iz svggested that en expansion eloud
chanber with a mapgnetle field and hydrogencvs producing leyer; sbte. be followed by
a packet of photogrephic pletes. From these resulis one may be able to Tell whether
or not K-particles are nuclesr interacting.
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B, Multiplats Chambera

The use of mudtiplete diffusion chambers with hydregencus materials for
plates and o megnetic fleld shovld be investigated. If materials of diffcerent %
are substituted, one can accumulate production cross section mcosuroments rapidly.

¢ Heliam and argon Chambers

Heliwn and argon might well be substituted for Lydrogen in the continvously
acnsitive chonbera.



