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ABSTRACT

Thiz paper describes an experimental determination of the
polarization of low-snergy cosmic ray p-mesons at sea level, A
bress plate was placed in 2 horizontal position inside a magnetic
solenoid. Particles whilsh arrived from directions near the verti-
cal and stopped in the plate were detected by & coincidence-anti-

coincidence counter telescope. Stopped negative p-mesons wWers des
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troyed by nuclear capture. Stopped positive n-mesons decaysd into
electroné which were detected by delayed coincidence counters pla
ced above and beléw the plate. The upward and downward fluxes of
the decay  electrons leaving the absorber were measured alterna-
tely with and without a depolarizing mdgnetic fleld. The results
of the measurements demonstrate that 1) cosmic ray p-mesons are
polariied,_ 2) the ratio between the downward fluxes of electrons
from the decay of A-mesons stopped in a brass plate with and with
out’a dppolarizing pagnetic field is 1.052 ¥ .016, ana 3) the in
djcated polarization of stopped positive p-mesons is 0.19 % 0.06
if the data 1s interpreted according to the two component ﬁeutfi-
no theory of p-meson decay. The results are consistent with theo-

retical predictions based on the production spectrum of J-mesons

a8 found in other experiments.

I. INTRODUCTIOCN

Expgriments on artifically produced mesonsl"?’3 have esta-
blishaq the following properties of the X—sp-—e decay sequence.
1) The decay of X-mesons at rest gives rise to longitudinally
polarized p-mesons,
2) The distribution in the direction of electrons from the de-
cay of polarized p-mesons at rest is anlsotropic with a ma-
Ximum in the backward direction.
Most cosmic ray p-mesons which come to rest in a thin absorber at
sea lev: arise from the decay of A-mésons. Thesge p-mesons arrive
with energies in a narrow range, so0 that they can be producsd in
_the backuzrd decay of relatively high energy X-mesons or in the

Tforward decay of relatively low energy sl-mesons. Since the inten-
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ﬁity of f-mesons in higher at the lower energy, most of the p-me-
sons which stop in the absorber have been produced in the forward
decay of their parent x-mesons. It is apparent, therefore, that
cosmic ray jp-mesons may be partially polarized, and that thelr po
larization may be indicated by an asymmetry in the direction disg
trivution of their decay elsctrons. The degree of polarlization
must depend on the relative numbers and properties of the unstable
particles which give rise to p-mesons and on their encrgy spectra,
30 that a measurement of the polarization can provide a4 check on
our understanding of the role of unstable particles in the propa-
gation of cosmic rays in the atmosphere., ScHayakawau has developed
the thsory of the polarization of cosmic ray p-mesons, and has es-
timated the sexpected value., The purpcse of this experiment was to

measurs the polarization.

II. EXPERIMENTAL ARRANGEMENT

i the sxperimental method

Az in the work of Garwin, 2% al.,
conazizted of measuring the eff2ct of a magnetic field on the di-
rection diatributimn o' degay electrons from p-mesons which come
to rest in an absorber. Negative jp-mescons at rest in matter rapi-
dly form p-mesic etoms and, 53 a conssqQuence, &sre rapidly depola-
rizadol Thus the direcilion distribution of decay electrons from
stopped noegative p-mesons is nsarly isotrepic. In order; therefore,
to avoid diluting the anisotropy of the direction distribution of
decay slectrons from positive p-measons, we chose brass Tor our abp
gorber matorial so that the nuclear sbsorption rate of stopped ne

gative pomesons would bs high compared to their rate of radiocacti

ve decay. We chose the thickness of the bress zbsorber %0 be grea
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ter than the maximum effective range of the decay electrons so
that the flux from either face of the absorber slab would be ap-
proximately equal to the flux from a semi-infinite absorber. The
maximum energy of electrons from the decay of p-mesons 1s 53 Mev.,
S3ince the average range of 53 Mev electrons In brass 1s approxima
tely 12.3 g cm“a9 2 we used a brass plate of thickness 1.91 c¢m
corresponding to 16.0 g cm“a° The lateral dimensions of the ab -
sorber were 35.5 cm x 60.8 cm, and its total weight was 34.7 kg,

I polarized p-mesons come to rest In a fieid of a strength
such that their Larmor precession peried is small compared to thetr
lifetime of 2.09 jpsec, any dependence of the desay electiron ine
tensity on the angle between the directlion of decay and the direc
tion of polarization wWill be greatly reduced. Clearliy, this effect
provides the simplest means for detecting and identifying the po-
larization of p-mesons without evaluating the geometrical effici-
encles of the decay electron detectors. Specifiesally, the fluxes
of electrons emerging upward and downward from the surfaces of the
absorber can be measured with and without a depclarizing field,
and the diffsrence ~an D2 attributed to the effects of polariza-
tion, Ths inﬁensity of the field required for depolarization may
be sstimated from the gyromagnetic ratio of p-mescons which is knaon
to be close to 20091 The corresponding Larmor period is equal to
2.09 psec, in a field of 35 gauss so that the intensity of the
depolarizing field must be large compared to 35 gauss. We made ppg'
vision fcr establishing the required field by placing the absorber
inside a magnetic solenoid with which a field intensity exceeding
80 gauss could be maintained throughout the absorber. The solenold

was 3600 feet of Ne 16 magnet wire wound in & double layer on &
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form which enclosed a useful rectangular volume with the dimen -
sions 3% x 15" x 30", The locations of the solenoid and the absor
ber in the apparatus are shown in Figure 1.

¥e detected particles that arrived from directions near the
vertical and stcpped in or near the absorber by a colncidence-an-
ticoincidence telescope consisting of three scintillation counters
and a tray of Geilger counters (see Figure 1). The scintillators
were cylindrical slabs of polystyrene fluor-6 107 »m in diameter
eand 7.6 c¢m in thickness, and the photomultipliers Were a&ll Dumont
type 636l with photosurfaces 5 inches in diameter. Two of the scin

tillation counters S, and 52 wera placed several feet above the

1
absorber. Coincident signals from these counters, %tsgether with a

coincident pulse from the upper tray of Gelger counters G1 (we
shall dencte such an event by (S1 + S2 a4 Gl)) indicated the arri-
wal of a particle from the acceptable solid angle. The third scin
tillaticn counter S, was placed just beneath the solenoid so as to
intercept the entire beam defined by the three counters Sl, 529

and G (Sl + SB + G

1 1)
were 2ssoclatod (we shell denote these by S; + 8, + Gy - SS)) were

events with which no coinecident 33 pulses

produzsd primarily by perticles that stopped somewhere in the ma-
terial between the bottom of Gl and the tep cf 850 Three -quarters
of the total mass of material, contained within the beam between
the sensitive volumes of Gl and S5 was brass absorber and this
was, correspondingly, *he approximate fraction of isl + S, + G -
- 85) sgvents which wers produced by particles which stopped insi-
de the abscrber.

(8, + S, + G, - 3,) events were detected by the electronic

arvangements indizavsd iw she block dlagrem shown In Figars 2,
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1.2 ws=o after each such event a gate of length 10 psec was ini-
tiated, ond the subsequent occurrence of a pulse from Gl or G2
during the gate waes resorded on one or the other of two reglisters.
We qhaﬁl demonstrate that most of these events; denoted by (Sl_+

S + G 4+ G, 1) and (S + S, + 0, - 8, + Gaf)g were caused

- 8
1 3 1 2 1 3
by tha decay of Pamesons which had traversed S 82, and Gl and
stopped in the absorber. Since we wanted to be able to detect two
particles traversing Gl within 1.2 jpsec of one another, and the
deadtime of a tray of Gelger tubes connected in parallel 1s long
compared to this time, it was necessary to connect the tubes in

G, to separate blocking ossillatore which gave short output pul-

1
ses. The length of these pulses determined the length of the de-
lay in the initiation of the gate which was necessary to prevent
false (S1 + S? + G1 - 33 + Gl?) events caused by overlapping prompt

G1 pulsss from pafticlas which z2topped but 4id not decay. It was,

b

of courze, important that the delay be as short as possible to
avold sxoeasive loazz of ugshul ovants.
In 2ontreast to &, G, wags & tray of Geiger tubes connected

in parsllel sinos el cesirabls (S + S + Gl = SS) events, namely
thore in whieh & pe-meason stopped in the absorber, left G2 undis-
tarbed and ready to detect any decay electron ejected downward.
Farthermors, undesirable {Sl + 8, + G - SB) events, namely those
in which a p-meson stopped beiow thé plane containing the axis of
the tubes in Ga but above qu almost always triggered G2 promptly
and ieft the entire tray insensitive %o a traversal by any other
particle during a deadtime much longer than the length of the gate.
A system of velays with twe sets of positions controlled the

currents to the solenoid and the connections %o the recording re-
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gisters. The system was alternated every 15 minutes between the

.

two sabs of positions by a timing device. In one poslition the cur
rents in the two layers of the solenoid winding were in opposite
senses so that the field was zero, the numbers of (S + S + G1
- 33 + G ) and (s + S5
the regiaturs labeled UP - OFF and DOWN OFF respectively, and the

& G1 - S + G ") events were recorded on

eldpsed time with zero field was recorded on a register labeled
TIMRE-OFF driven by a scals of 256 attached to the 60 cycle line
frequency. Similarly, in the other set of positions the currents
in the two layers of the solenold winding were In the same sense
g0 that the field esxcesded 80 gauss everywhere in the absorber,
the numbers of (S1 + 8, + Gy - 53 + Gy ) and (S1 + S + Gy - 85+
+ Gq“) evenkts Were rﬂcordad on the registers labeled UP ON and
DOWNmON reapectively, and the elapsed time was recorded on & re-

gister labeled TIME-ON.

III. PERFORMANCE OF THE EQUIPMENT

In Table I we 1ist the variocus counting rates recorded du-
ring a typical run of The equipment with zero field, and the ex-
pectad rates based on s2a level p-mescn datae7 The discriminator
levels on 519 329 and SB were deliberately made low so that thelr
individual counting rabes were large compared to the rates at
which they wWers tf&versed by p-mesons. As a result the rates
(51 + 52)9 (S, + 8, G1)9 and (S1 + 5, + Gy - 33) were essen -
tially indapendebt of small variations in the sensitivities. The
seloulated walue pf (Sﬂ + SR) was obtained by a crude evaluation

of the gecmebrical Ffastor zo that 1t can only be roughl compared
J

with the observed velue. The geowmetrical Fastor for (8; + 5, + G,)
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could be more accurately evaluated., The estimated value for this
rate is based on the assumption that the particles traversed 140

2 -2

g cm™ - of bullding material and 100 g em™ of lead. The estimated

ﬁalue for the rate of (S + S+ G1 - S } is insensitive to the

2
thickness ol absorber overhead because the differential range spec
trum is nearly flat at low ranges. The agreement in this case in-
dicatee that the apparatus functioned properly and that most of
the gates were initiated by pamesons which stop in %the absorber.
Finally, we computed the rate of (S + 8, + Gy - 83 + “39) by con
sidering in detsil the escape of decay‘ele*trons from.a semi-infi.
nite abasorber as willl be explained in Section IV. The corresponding
compute*{oﬁ for (Sl + S +- G1 - S3 + G 1) was not mede because the
Gelger tube in G which is triggered by an incoming p-meson is in-
sensitive to the decay electron,-and an eleborate_evaiumdien of
the gzometrical efficiency.of G, would be fequired.to get a mea-
ningful estimate.

We made a further check by photographing 13,000 events on
an oscilloseope whoss swWeep was triggered on gate signals caused
by (S1 + 32 o+ Gl - 33} svents, and on whose deflection plates we
dieplegeﬁ whe added pulisea from Gl and G2 with Gl positive and G2
hegative, The recorded events could be unambiguousiy classified
according to the wvarious cosmic ray processes'which gave rise to
ﬁhe gate signals., The relative numbers of events in the various
elassificetione was entirely eeﬁsistent‘m.th the resunlts shown in
Table I whexn proyer account was taken of the accidental coinciden-
ees and the contribution of radioactivity to the pulses Irom Gl
and G,. The total contribution of accidental ccineidences to the

2

counting rates for the decay events (Sl + 3, 4 G. = 8, + G,') and
—_— J e



~9-
(5, + 52 - 83 ¥ ) was less than .1%.

The fiﬂmi v:ock on the identification of the decay events
waea the determination of thelr decay curve and mean life from the
oscillegraphic records of decay events. Figure 3 shows a plot of
the differential distribution in time of the decay events. The da
ta points are obviously consistent with an expcmential decay, and
if we assume that the decay is, in fact, exponentisl, the most pro

8

bable mean life is
(2.18 ¥ .10) jpasec

which is in agreement with the accepted value for p-mesons.

Although there is little reason tc expect a magnetic field
of the crder cof 100 gauss to effect significantly the response of
a Geiger ftube to an ionizing particle, w2 carriel out the follow-
ing simple experiment. We wrapped & solsnoid around a Geiger tube
and messured the counting rate of the tube when exposed tc 7y-rays
with and without a magnetic field of 800 gauss along the axis of
the tube. The dif ference between the rates was less than the sta-
tistical wncertaints of 0.%%. Although nc test was made of the
effact of +the fisld on the de“ays of the Geiger tube pulses, it
appears 3o be aafe to assume that the decay rates are unaffected
by the direct action of the magnetic field on the Geiger tubes.
Furthermore , the solencid field had no measurable effect on the
othes =stas quoted in Table I so that We conclude that the decay
rates were unaffected hy direct action of the fisld on any of the
dstectors.

The radius ¢f curvasure of a 20 Msv slectron in a field ef

100 gauss is 670 cm which is large compared to tie maximunm path
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lengtin <l 2 detesied decay electron. This, together with the fact
tha G1 and G2 were symmetrically placed with respect to the ma-
gnebic field and the absorber insure that, if the up and down ra-
tes are affected at all by the direct action of the magnetic for-
ces on the decay electrons, they must be affected in the same way.
Consequently the ratios (DOWN-ON)/(DOWN-OFF} and (UP-ON)/{UP~OFF)
can be reversed relative to unity only through the action of the
field on the parity-violating decay of polarized p-mescns,

The rate of gates z2nerated by {S; + 8,00, - 83} events
was high encugh so that the daily average rate could be determined
with a stetistical uncertainty cof 1.2%. We found that the daily
averages varied within a maximum range of 5% irom the overall
mean. The chi-squared test indicated the preszn:e of variations
of the same order in the much lower rates of delayed ewenta (Sl +
+ 52 + G, - S, * Glﬂ) and (Sl + 32 + G, - 8, + G2“3° Since these‘

1 3 1 3
rates were all determined for lﬁng per lods dufing which the field
was alternately on and off; it is clear that the observed varia-
tions were not caussd by the variaticns in the magnetic field.
Furshermore, they were small. The most Important fact, however,

is that they cannot effect in a direct way the ratios which ex-

press the final result of the measurements.

IIT. EXPERIMENTAL RESULTS ON THE PQMESON POLARIZATICN

In Table II we 1ist the total counts in the f(our decay e-
vent registers recorded during a total running sims of 1h72.7
hours over a periocd of about two montha. Figurs ; shows the sta-

tistical distributions feopr the daily wvalues <f the retio of retes
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upor: wnich the final result depends.

The first objective was to check on the existence of a po-
larization effect. As we have indlcated, care was taken to avoid
instrumental variations in detection efficiency which might be cor
related with the magnetic field strength. Purthermore, the tests
described in Section II strongly indicate tue absence of any such
variations. However, the danger of drawing a false conclusion a-
bout the existence of a polarization effect can be farther redu-
ced by computing from the observed data the ratioc

R o UP_- OFF + DOWN - ON

o - + =

which should be particularly insensitive to any residual Instru-
mental effects correlated directly with the magnetis field. Spe-
cifically, if the detection efficiencies of G1 ard GE were both
less with field on, then the ratics (UP-OFF)/(UP-ON) and {DOWN -
-OFF)/(DOWN-ON) would tend to be greater than they should be and
would not be a true indication of polarization. However; in the
ratio Ro9 any such direct effect would be surpressed, provided 1t
affected both UF and DOWN rates the same way. The value found for
thia ratic waa

1.041 * 0.012

Where ﬁﬁe indicated error is the standard deviation for the dis-
tribution of the ratio of two random variables each obeying the
Poisson'distribution whose mean value 1is equa’ 4~ cie-half the
total number of decay events recorded. The ratin is different from
unity by more than three standard deviationé? gnd %hia sonstitue
tes the clearest prcof that cosmic ray j-mesons are polaerived,

Anciher clear indication of the =xistence of pelarire oy
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‘is the fact that the ratios guoted in Table I are reversed rela-
tive to unity as would be expected for the gredlcted agymmetric
decay with a maximum in the upward dirsction.

Ag was mentloned earlier, the geometrical evaluation of the
detectlon effilciency of Gl for decay events 13 greatly complicated
by the fact that the decay electron, if it goes upward, is likely
to pass through the Geliger tubs which was discharged and rendered
insensitive by the parent p-meson. Consequently, the most signi-
ficant ratlio for the evaluation of the polarizaﬁion is (DOWN-ON).
B(DOWN~OFF)'1, and its value, as indicated in Table IT, is 1.052%
i .016. We checked the daily variation of this ratio for proper
gtatistical behavior. The observed distribution should be consis.
tent with the hypotiiesis that the ratio 1s the quotient of two
random variables each distributed according to the Poisson distri
bution with mean values egual to the average daily numbers of e-
vents. The chi-square test gave a test value which should be ex-
ceeded with a probability of 55% if the hypothesis is true, and
this indicates the statistical relilasbility of the results for this,
and by implication, for the other ratlos. It 1s also apparent from

Figure |, that the expected relative frequencies of the various ra-

tes fit the observed frequencles satisfactorily.

IV. EVALUATION OF THE RESULTS

The experimental results we have described in Section III
establish the existence of a fleld-.sensitlve anisotropy in the
decay of stopped cosmic ray p-mesons. We shall now compare the

observed anlsotropy with that which would be expected for polarized
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p-mesons. Specifically, we shall calcuiate‘the upward and downward
fluxes of decay electrons from seml-infinite slabs of absorber in
vhich cosmic ray p-mesons come to rest. The results depend on the
polarization of the p-mesons, and on the way in which the decay
probability of p-mesons depends on the energy and direction of the
ejected electron., We shall show that on the basis of the p-meson
decay theory of Lee and Yang9the upward (downward) flux is appro-

Ximately :
Yooy = A8 nR [ 1+ (=1 298 ] (1)

where n 1s the number of p.mesons which stop in cne gram of ab-
gorber in one second, R is the average range of a beam of 53 Mev
electrons into a semi-infinite slab of absorber, and § 1is the po-
larization. We shall also show that the ratio of the observed down

ward fluxes with and without a depolarizing field gives
E = 0,19 + 0.06 . (2)

Figure 5 is a achematic diagram of the decay of a p-meson
which has stopped at a depth x Dbeneath the surface of a semi-
-infinite slab of avsorber. We shall measure =x 1in units of R.
The angle between the vertical direction and the direction of
emission of the electron will be denoted by &. It is clear that
the effects of polarization will manifest themselves in a depen-

dence of the decay probability on the angle €. We call dN(u,8,B)=

afd

s glu, ©,8) du T the f#action of p-mesons with pclarization E

"~ which decay intc electrons ejected with energy between u and u+
+du and into a solld angle element df) at an angle € with respect
to the direction of polarization. It is cconvenient to measure the

energy in units of the maximum energy of E, = 53 Mev sc that u
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ranges from zero to one. Finally, we call P(x, @, u) the probabi-
11ty that an electron of energy u ejected in a direction @ at a
depth x 1in the absorber emerge from the surface.

With these symbols we can write an expresslon for J which
we call the number of decay electrons that emerge from unit area
of a gemi-infinite abéorber slab in unit time. J is given vy the

expression

® ﬂ/2 1
‘f’-nR/ dx/ ae/ glu, 6, 8) .
X w() S =0 ual
. P{x, 8, u) ﬁig_ﬁ ae . (3)

If the decay particles were heavy compared to electrons,
then straggling and scattering would be relatively unimportant,
and to each initial energy u there wculd correspond a well de-
fined range r{u) subject only to small fluctuations. In this ca=
the function P{x, €, u) could be well approximated by the expres-

sion

05555 > © (W
P (x, 8, u} = o (L)

' 1’68§—§ < r (u)

Actually, electrons above the critical energy (~ 20 Mev for brass)
frequently undergo radiation processes which cause large fluctua-
tions in the rate of energy loss, while electrons below the cri-
tical energy are subject to severe coulomb scattering which tends
to randomize their direction. Thus, in reality, P(x, 6, u) is a
complicated function which could probably be evaluated only by
Mohte Carlo methods. ¥e have therefore chosen the step function

given in Equation (l) %o represent P(x, €, u) approximately for
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the escape of the decay electrons,

R. Wilson” has investigated the ranges of electrons with
energles comparable to the critical energy by Monte Carlo methods.
He has demonstrated that the average range of electrons can be

represented by the formula

X B :
r=-gin2bn (E‘:_t_g?u) - r (5)

where Eo 1s the 1inltial energy of the electrons, Ee i1s the cri-
tlcal energy in the absorber, Xo 1s the radiaticn length, and rg
1s a small correctlion which 18 made for the effect of coulomb
scattering near the end of the range where the directlon of the
electron is randomized. Equation (5) providesz a non-linear rela-
tionship between wu and r which makes the reguired computatims
difflcult. In view of the approximate representation of the func-
tion P which we have already adopted, and considering the present
accuracy of the experimental value for the decay asymmetry, wWe
have approximated the relatiocn between r and u by the linear
gquation

r » u o (6)

As yet there is no complete experimental determination of
the function g (u, ©, § ). We have therefore adopted the relation
derived by Lee and Yang9 on the basis of the two component theory

of the neutrino, namely
s (u, @ 2w { (5 2w+ § (1 -2wj} (7)
g {u, 8, 8) =2 (3 « 2w + Beos & (1 - 2 u) 7

The evaluation of Equation (3) on the basis of Unese assumg

e

tions can be carried out analytically and leads to the re=zult gi.
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ven by Equation (1).

Before the experimental results can be used with Eguation
(1) to determine a value for £ , we must estimate the importance
of the following three effects.

1) 4 small fraction of the negative j-mesons which have been
brought to rest and have formed mesic atoms decay before they are
capturedu If we assume that they are depolarized through spin or-
bit magnetic interactions within the mesic atoms; then theylmust
contribute an isotropic background of decay electrons which tends
to dilute the observed effect. However, the lifetime of negative
p-mesons in brass is about .1 microsecond so that the fraction
which are left when the delayed coincidence gate is initiated a-
bout 1.2 microsecond later is negligibly small.

2) With the field on, the average decay probability in a gi
ven direction is a time average of the instantaneous probability
weighted according to the survival probability for the p.mesons.
At a time t after a p-meson has come to rest its polarization
ﬁill have precessed by an angle of 21£% where T is the Larmor pe-
riod. The probability thait 1t survives to the time & and then
decays during the fime interval dt 1s e“(t/ﬁ) 4t where T is the
lifetime. In the Lee-Yang theory the decay probability is a func-
tion of the form

a + € cos ©

where 8 ig the angle between the decay dirsction and the polari-
zation. After precession through an angle wt, the original direc-
tion specified by the polar angles © and Y now makes an angle B°
with the polarization which is given by

cos & = sin® singsin 21(.% + gus B cos c‘ﬁ-}g .
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Thus the Instantaneous decay probability at time +t 1in directions

making an angle of 8 with the vertieal 1s
a2 (1L + ¥cos 8') .

Finally, the value of this probability averaged over all a-

zimuth angles ¢ and time 1is

(t /%) : | (4/2)
: (a + fcos 8!') e~ dt =
T Je, |

= (a + § cos 8) (8Ba)

where

ain (2111;1 + arc tan ZRT?)
4/i N (2;}1)2

The observed flux of decay electrons In the presence of the field

. {8b)

£'= %

can now be calculated as before, but with ¢ replaced by ¢ . In
our case V= 2,09 psec, T & .8 psec so that, regardless of the

phase of the sinusocidal function, we have

£<.063% .
For our particular value of the gate delay t1 which was 1.2 psecy,
the siﬁﬁéoidal function is nearly zero. Thus we shall assume that
the magnetic fileld rendered the decay average probability'perfeci
ly isotropic.

3) F 1s the polarization of the cosmic ray p-mesons in the
direction of their flight. S8ince the telescope accepts mesons
which arrive within a s01id cone whose half angle is about 25°,
the observed polarization will be reduced by an amount which de-

pends on the zenlth angle dlsiribution of mesons. We shall asgume
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a4 cosine squared law for this distribution so that the observed
polarization is .96 § .
The patic of the downward fluxes with and without field can

now be written acéording to Egquation (1),

Yo * % - 1
2 12729 x .96¢ °

If we set this equal to the observed ratio given in Table II we

find for & the value given in Equation (2). Acccrding to the theo

ry of Hayakawah the corresponding value of o , which is the expo-

nent in the X-meson production spectrum, is 2.2 ¥ 0.7. This result
10

is consistent with other values of « derived from the range

spectrum of p-mesons.
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TABLE II

gummary of total numbers of decay events recorded in each of the
four regiaters corresponding tc the four combinationa of the di-
rection and field conditions. The last column gives the ratios

0f the fleld-on and field.-off rates.

Field Fic.4 |Rate With Field On
ore On Rate With Field Off
total elapsed time {(hrs) 736.1 | 7%6.6 S
DOWN ' 8154 8582 ~.C52 + .016
Up 52320 5110 977+ .Cl9
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Figure Captions

Schematic diagram (to scale) showing arrangement of

counters, absorber, and solenoid.

Block diagram of elsctronic apparatus. The dotted line
encloses auxiliary apparatus used in the determination

of the lifetime.
Radioactive decay plot for (Sl + S, + G1 - S3 + Gl')

1 - S3 f Ge’) events. The straight

line has a slope of 2.18 p sec.

and (S1 f 82 + G

Histeogram plots of expected (solid line) and observed
(dotted 1lire) relative frequencies of days on which

the ratio (DOWN-ON)/(DOWN-OFF) fell in various inter-
vals. The expected-relative frequencies were computed
for the case where the average value of the ratio 1s

1.052.

Schematic diagram i1llustrating the decay of a p-meson.

at a depth = in a2 semi-infinite absorber.



