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I  IKTRODUCTION

Our knowledge of the properties of mesons and their interactions
with nuclei has come from two sources. Studies of cosmic ray phenomena
provided the earliest information, The discovery that mesons maey be
produced artificiallyl by bombardment of nuclei with radiations from
high energy accelerators has, on the other hand, made it feasible to
undertake a wide variety of investigations under more controlled con-
ditions than is posaible in cosmice ray experiments., In sush experiments
mesons have been produced by highe-energy protons, alpheeparticles and
neutrona¢2 Yore recently, mesons have besn produce& by highwenergy
x-raya5 from the Berkeley synchrotron.

Exieting information on mesons sstablishes certain of their basic

4,5
properties, in particular, the mass *” mad charge6 of the T and p

738 ond the fact that T mesons

meson, their respective half-lives
interaot strongly with nuclei.g The latter is borme out by the obsér—
vation that 1T 's are produced in nucleon-nucleon encounters, and that
negative ‘n"ﬁ usually produce nuclear stars when they are broupght to
rest, Further information on the nature of the interaction between
mesons and nuclei can be obtained from experiments in which the scat-
tering, capture, or production of mesons are observed, Soattering and
capture experiments are considerably more difficult than produétion
experiments, Fgrtharmore, some lmowledge of thg production cross sections
is essential in order Yo arrange & sot of optimum conditions for a capture
or a scattering experiment, Thus it seems‘reusonable that the production

of mesons be studied first, Aside from their value in subsequent experie

mente, the production oross sections in themselves may throw considerable
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light on the nature of the interaction betwesn mesons and nuclei,

In arranging an experiment on the production of mesonas, it is
desirable that the nucleus in which the méSQnsvare produced.be of a
simple type suoh'ak hydrogen or deuterium, so that the results will
not pe affeoted by features which depend upon unkown or unanalyzable
details of nuclear structure, On the other hand, materials containing .
heavier nuclei arg\f?oh more convenient to handle experinmentally., Bx~
periments with heaviar nuclei establxsh the genoral order of magnitude
of meson production cross sectxons and they give informntlon rogarding
'succegsful experimental teohniques’whlch is of oongiderable value in
arranging the.mqre‘fundamental experimenté involving-hyﬂrogeﬁ or deu=
Cteriwm,” o o

The techn:quea for the study of the production and propertles
of nesONnS artificially produced by the hlgh energy synchro=cyclotron
at the University of California Radiation Laboratory have generally
made use of the internal beam circulating in the vacuum tank of the
cyolotron, where the high particle flux end the presenca of the oyolo-
tron's magnetio field have beén used to great advantage in nUNMerous
experimenta.z_ An increase in the ‘scope of possible experlments, and
8 greater f1exibi11ty both in the dets¢tion of mesons and in the monltoriﬁg
of the eyclotron beam resulted when Richman and Wileoxt0 devised a
technique which ensbled them to perfofm me#on experiments in thée de-
fleoted external beem of the cyclotron, This technique was used in_the"
work to be described. | | | | |

The oross section for the production of T mesons in carbon by

345 Mev protons was meagured by Petersonll for mesons with energles of
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11~13 Yov and which were emitted at angles 0%-30° to the direction

of the proton beams A comprehensive investigeation of the production

of both positive and negative T mesons in carbon by protons was in
progress by Richmen aﬁd'ﬁiIOOX et the timo this experiment was undere
taken, With regard to the production of mesons in heavy elements,
however, very little informaetion was in existence. It was therefore

the object of the present investigafion to determine the characteristics
of meson production iﬁ 8 heavy nucleus such as docad, and to comparé the
repults with those ovtained in the light nucleus, carbon,

The technique of Richman and wilcox!® lends itself easily to a
determination of absolute cross seoctions for the production of both
positive and negative mesons over the entire spectrums. The mesons
are deteeted in nuclear emulsgions and in spite of a considerable musber
of background tracks, meson tracks have a sufficient number of dlstin-
guishing characteristics to be é&sily recognized, The energies of the
mesons are determined by their renges in aluninum and coppsre

T mesons emit“tea from lead st 200 to the direction of the 345
Hev proton beam are disiributed over a range of 0-120 HMev for positives

ang 0-20 Mev for negatives, A peak at about 40 Mev occures in the
positive spectrum with a differeati;i cross section of (11,8 + 2) x 10-30
ond (Mev)'l (steradian)-l (lead nucleus)’lg the spectrum of negative
mesons has a maximum at about 30 Mev where the cross section is

(115 + 2,3) x 10750 o2 (Mav)”l (steradian)'1 (lead nucleus)-l. At

low meson energies, about 18 Mev, the ratio of negative to positive

T mesons is spproximately wnity; at higher energies, the ratio becomes

smaller and approaches zero at about 90 Yev.
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A further study wes made of the angular distribution of the u mesons
in TWey decay, The distribution was found to be isotropic, This result
is disoussed in the light of Wentzel's sup,;g;estionlz of the rclationship
between the angular distribution of the p mesons and the spin of the

T mesons,
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I  EXPERIMENTAL ARRANGEMENT

A schematic diagram of the experimental arrangement is shown
in fig. II~l, The deflectod proton beam from the cyclotr6n passes
through a slit, through a steering magnet and finally emerges outside
of the main concrete shielding around the cyclotron. A tube, set in
the conorete shielding through which the beam passes, is of such size
and is so aligned thet the protons pass through it without striking
the walls, Thus, the emerging beam is essentially frec of scattered
particles, The boam emergy is 345 + 1 Mev, The croes-sectional area
of the beam may be adjusted by varying the slit. dimensions; however, a
compromise must be sought between maximum ocurrent and good geometrical
definition of the beam at the traget., Tor this experiment the oross
gection of the beam was approximately a 1 1/4 x 1 1/4 inch square,

with an average ourrent of 3-5 x 1071

ampores.
As shown in Fig, 1I-1, the bean, after traversing the target, is
caught in a Faraday oup® of sufficient'thicknesa_complétely to stop
all protons. The charge collected by the Faraday cup is accumulated

N ,
on a condenser whose voltage inerease is carefully measured at cone
veniont intervals, Thus the number of protons bombarding the target
is known to an acouracy of about + 3 percent and it becomes posaible to
qaloulate eross sections on an absolute seale. The fact that the ex-

toernal beam mey be accurately and conveniently integrated represents

an advantage over techniques which make use of the internal circulating

*The Faraday cup and agsoeiated circuits were kindly made available by
Ve Z. Peterson,

568
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beam inside thé cyclotron vacuun tank where the integration of the
bean can only be accomplished by indirect methods;l

A rectangular lead target 3 x & inches wms inclined at
46° to the beam, For the detection of mesons of low energy, up to
&bou£ 45 Mev, a target thickness of 0,050 inch was used., For higher
energy mesons, the target thickness was increased to 0,250 inch. The
lead was of normal isotopic composition,

Sets of absorbers are placed on either side of the beam as shown
in Figz, II-l, The absorbers contain photographic plates inclined at
15° to the horizontal and placed in position to amccept particles ema-
nating from the target at a moan angle of 90° to the beam direction.
The departure from 30° was no greator than :_7° for any region scmmned,
The identification of mesons will be discussed in detail in Seetion IIIj
for the present it is only necessary to note the meson tracks are ob=
served in the close n@ighborho5d of their ends. Conssquently the position
of a meson on the photographic plate revenls its cenergy, since i%t had
to {raverse a certein thickness of absorber material to reach the pare
ticular point on the photographic plate, Thus, the complete meson
energy spectrum is obtained,

The absorbers in which the meaong loge their onerpgy are
3x3 1/? x 0,982 inches, with a 15%° cut to hold the photozraphic
plate (Fig. II=-2). A piece of black masking tape around the cut keeps
the plate from being light=struck. The sbsorber block nearest the
‘target is at a distance of 7,15 om from the center of the target, It
is made of aluminum and is capable of stopping mesons from 0«37 Mav,

The next absorber, placed immediately behind the first is made of copper
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and is capable of stopping mesons from 37-85 Mev} the third abe
gorber covers the range 86-125 ¥ev. In this way, as many absorbers

ns may be necessary to cover the entire meson spccirum are placed

one behind the other. As will be shown later, the meson spectrum
effectively ends at about 120 Hfevy thus, three absorbers are required.

The absorber nearest the target is made of aluminum in order to
expend tho low cnergy portion of the meson spectrum over a larger
ares of the photozraphic plates On the other hand, the use of alu~ -
minua for all of the abaorbers would materially reduce the effective
solid angle subtended by & given ares of the plate at the target for
the higher meson energies, so the subsequent absorbers are made of
Cus The abgorbers wero large enough go that most of the eroa of the
photographic plate was essentially surroumded by an infinite asea of
absorber medium, Thus, except near the extreme adges there is no
significant }oas of particles from the absorber through small angle
geattoring,

The photog;aphic plates used in thia experiment were Ilford C-3
100-nicron plates, These plates are sulficiently sensitive so that
the entire track of a y meson originating from the decay of a T
megon in the aﬁulsion.is easily recognized, yet the plates are not so
sensitive as to obliterate the characteristic inﬁrenae in ionization
when a megon approaches the end af its range. FElectrons are not obe
served in this type of emulsion.

In principle, it would be desirable to expose the photographic
plates for such a long time that the density of nesons on the plate

is sufficiently high for rapid counting, This situation does not
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exist in practice, however, The cross secti§n for scattered protons
is of the order of 1000 times lafger than the cross section for proe
ducing mesons., Hence the duration of the exposure necessary to pro=-
duce a plate such that a meson can be reliably recogniszed and identi.
fied amidst other tracks is entirely contrdlled by the backgro;nd
rediation,

Background radiation which direbtly or through a chain of reactions
leads to oharged'particles capable éf producing tracks in the emulsion,
comes principally from three sourges « the target, the integrator‘in
which the beam is stopped, and the cycloiron. Lead shiolding around
the sbsorbers which hold tho photographic plates (not showm in Fig, II-l)
helps to reduce the background from the latter two sources. Background.
radiation {rom the target is unavoidable in the present arrangement

There is & qualitative difference in the appearance of a plate ¢
placed in a position to record low energy mesons from one which records
high energy mesons, The preferred orientation of the background
tracks in the low energy plates shows that the predominant low enerzy
charged particle background originates at the target. The apectrum
of the charged particle background and also the solid angle per umnit
area rapidly falls as the distance from the target increases, so it
was found to be desirable to use three different low energy plates,
exposed consecutively in the same location for three different time
intervals, in order to have an approximately optimum exposure in each
of]the“energy regions covered by the plate, Oﬁ the other hand, the

plates exposed in & position to record high enersgy mesons sghow
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background tracks oriented in all directiéns»- an indication that
here the charged particle background is of a random nature, that is,
the particeles do not come directly from tho target., These charged
particles are produced by the smbient neutron flux. Thus, the time
required to obtain a plate'with.a given number of b&ckgrgynd tracks
approaches & value which is only slowly varylng with the distance from

the plate to the target,
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IIT CLASSIFICATIOR OF ¥E30NS

Bombardment of nuclei with high energy particles (or photons)
results in the emission of positive and negative T mesons, Some

1 has also been reported,

evidence for the production of neutral mesons
Neutral més§n3 are not observable in this experimﬁnt; In spite of

the absonce of.a magnetic field to provide & charge separation, it is
nevertheless possible in this experiment to distinguish positive from
negative mesons because of the following considerations: A positive

Ti moson which comes to the end of its range always decays into a

positive g‘meaona‘and another light neutral particle which is presumw
ably a neutrino. The positive j meson, originating from a stopped u*t

3

meson 18 monoenergetic with an energy of 4,18 + 0,04 Nov, Negative

mesons generally produce nuclear stars, It has been found from stud1354
on the prong distribution of stars from magneticgily sorted mesons
that 73 + 2 percent of the negative Tr 's produce & nuclear star of
one or more observable pronga. The remeining 27 percent of the W©°
mesong end in the emulsion without initieting an observable svent, pre-
sumably emitting neutrons, Thus it is gsen that posiﬁive and negative
T mesons have octaracteristics which render them distinguishable e;en
when eppearing together in #n enulsion.
We now considor a more detailed classificstion based on the actual
appearance of meésons in the emulsiont
l. A moson ends in a étar of two or more prongs. 7Thisg is
. identified as & negative U meson and_is given the classi-
N fication Tr¥(2,3,46ea)s No stars have been observed from
', utoorp” mosons.” The case of one-prong stars will

be considersd separately,

S68
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A meson ends with the subsequent emission of another mesons

~The secondery meson is identified as such by virtue of the

characteristic wendering due to small angle scattering and

a rapid inorease in grain density near the end of the range,
7/

Furthermore, the track is about 615 micronss long which is
the range in emulsion of & | meson originating from a stopped
meson, <This is then a T <1 decay, W™ mesons, when stopped

L] »

in matter, have never beon observed to decay into p~ mesons

‘in soms 4000 tracks that have been studied.s In vacwum,

& T meson will decay into & u~ meson and a neutrino. A
T~ decey is therefore counted ag a positive T meson.
Mosons appear in tho emulsion which stop with no §bservnblg
subsequent event, Such e meson, designated as a L meson,
may be one of the following types:

a) It may be a ' meson originating from e T* meson
which has ocome to rest in the glass or absorber
surrounding tﬁe enul sion. Suo£ 8 meson, even if
definitely identified e&s a p*, is indicative of a
w* outside of the specified volume of enulsion
which is used in computing the cross section, It
is therefore not counted,

b) It may be a negative T megon which does not
initiate a star with obsecrvable prongs, This occurs,
as mentioned above, in 27 peroent of the ocases, Such
mesons ars teken lnto account by the correction

applied to the number of definitely identifTied

568
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negative T mesons, namely

true beerved N
(1 - .27)Nn_ = N3 ITI-1
true ’
or e L 1,37 3:1‘:}:‘“3“""‘3

The ,< meson may be a positive or negative
from & positive or negative JT which decayed in flight,
An overall correction for decay in flight is

applied and will be discussed in Section V,

4., A meson appears in the omulsion and stops; a thin, lightly

ioni#ing, track emerges, The scoondary track leaves the

emulsion in a disbance too short for 1ts identity %o be

definitely ascertained, Such an evont mey erise from one

of ‘the following:

a)

b)

A pesitive T omeson uecuys into & positive | mesons
The . mezon emerges at such an angle as to lcave the
emulaion before it is stopped or scatters appreciably.
A negative T meson initiates & one-prong star. The
single prong is a track loft by a heavy particle,
(presumably a proton,) of sufficient cnergy to leave
a lightly ioniszing track whose appesrsnsce is not
readily distinguishable from a track left by a
megson., The heavy particle responsible for the prong

leaves the emulsion in a distance ghorter than the

range of p mesons.

It will bo shown that mesons of type (4) may all be classificd as
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positive nesons wndergoing T - decay,

We now consider the case of one-prong stars in some detail,
Usually one-prong stars arc rolatively short ( <200 W) heavily ionizing
tracks whoss identificztion is wembiguous. This is borne out by ex=
per:tments7 wﬁth magnetically separatsed mesons, where it was {ound that
73 percent of one-prong stars are of the above variety, Twenty-three
percent of the one-prong stars were thin lightly ionizing tracks, but
which had an wmistakable short, heavily ionizing, club-like recoil
track of the order of 2~5 microns at the origin of the star, The re-
maining 4 percent of tho one-prong stars might be confused with mesons
undergoing TVrp decay, #Since the one-prong stars as a group constitute
2346 percent4 of the total number of stare-producing mesons, less than
1 percent of ail the neéative mesons are confusable with positive mesons.
This is the justification for mesons of type (4) being classified as posie

tive mesons undergoing T-p decay,
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The oross sesction per unit energy per unit solid angle per nucleus

at an energy E and angle of emission @ is given by

do - N
- TxTn (B08) B AEA ST V-1
where
K, = nusber of mesons produced in the energy interval E %o

E +QE and coming off within a solid angle AL at a

4

particular engle e,

n = number of nuclei per om® of the target,

m = number of incident protons.

» -

We have
n = fL:i‘-a 1V-2
where
o = dengity of the terget in gm per om®,
ﬁt = thickness of the targe®t in the beam direction, in om, ‘
L = Avogadro's number,
A = atomioc weight,
Also
m % . IVa3
where

Q = total charge passing through the target in coul,

e = proton charge in coul,
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Thus we have

do” (£,0) = Aslly . TV-4

Now, No/AS. 1is the number of mesons per unit solid angle which
are observed to end in a given volume of emfxlsion end which were origl=
nelly produced with energies lying in the interval from L to E + 4%,
AL is the effective solid angle subtended by the region of ermlsion
in which N, mesons are observed, (Since only those mesons which stop
in the emulsion are counted, 4--1s notu simply ths projected area of
the emulsion divided by the square. of the distence to the target,)
Suppose the average number of mesons oressing unit area of absorber
and lying in the same energy interval E to E +QE, is ¥, Clearly, the

number of mesons per unit solid angle is them H/lfé' o Hence
r

N £
o )il
e —— IV=5
4 fL 1 /!‘a

where r is the distance to the target, temporarily considersd as a
point source, It is therefore necessary to find a relation between
the flux ¥ and the observed mumber of mesons N, in order to calculate
the solid angle AJl,

Lot n'(E) be the flux per unit energy intorval at the energy E.
Since the energy may be expressed in lerms of the range in a given
material we can define a new function n{R) ag the flux per unit range
interval at range R.

Kow the number of mesons that come to rest between R and R + dR is

>

N n(R)dRdA
«

where dA is an element of area perpendicular to the direction of motion
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of the mesons, Hence the number of stopped mesons per unit volume
in an absorbing medium is just n(R).

Consider now en element of volume dV, in the emulsion (Fig. IV-l)
corresponding to an increment of range dRy in the absorber,

dve = t[d Ra sgc Q iy IVab

where t is the emulsion thickness, Q the transverse length snd ¢ the
angle of inclination of the emulsion to the meson beanm, The number of

mesons coming to rest in dV, is

aN, = t £ sec a u(R,)d R V-7

where R, is the range in emulsion,
How, the ratio of the renge of a. particle in one mediunm to its
\

range in a second medium is approximetely a constant, independent of

the energy of the particle, Ilence we may write

Ra =X Re IV-8
end
ﬁRa - 'in&’ d R IV=9

Furthernore, the flux of mesons with energies betweon E and B + dE is
n'(E)dE = n(Ra)d R, = n(Rs)d R, IV-10

Therefore from IVe8 we have
(R, ) ta .( ) IV.1l
n mn -
0 ﬁ';‘ Re

Putting IV-ll into IV.7 and integrating gives



S g
/
P
—_— /
MESONS %
ENTER—> : N
\ ————
\'\
_—
\

CROSS-SECTION OF ABSORBER AND
EMBEDDED PHOTOGRAPHIC PLATE ENLARGED VIEW OF PORTION OF
" ABSORBER AND PHOTOGRAPHIC PLATE

FiIG. T I

14466-1



UCRL
2P
y Ryt R
N =t=— secalf n(Rg)d Ry
a8
it 2 00 a IV-12
RG

L4
where ¥ is the totel flux or the total number of mesons per unit area

between E and E + AE or the corresponding ranges Ra and Ry *‘Ana’

Returning now to Equation IV~5 it is secn that the solid angle is

gis.ren by Ft ?a
2P 2 se0 a
A Qan -‘?" ‘]':' = . .R; IV-13
N oré 2 .

and the formula for the cross section IV-4 becomes

SR
do~ (7,8) w Aeligr® IVal4
Ea ‘L Lpttqf»t ._R_?_‘ gec a AF
Re

With the exception of t, the enulsion thickness, all of the
guantities in the above expression are easily obtained or directly
measured, Various corrections will be discussed in Section v,

We now consider the measurement of the emulsion thickness.

Ordinary photographic plates (obtained commercielly) which are
used for nuclear research may vary in thickness by as much as 25 percent,

Furthermore, after development the anulsions shriuk by a factor of

568

approximately 2, Cleerly it is desirable to devise some method to measure

with good accurasy the actual anulsion thiclmess prior to development,
Such a method was originated by Tilcox and used in this experiment.

The tcehnique is illustrated in Fig, IV-2, 330 lMev alpha~particles
from the cyclotron traverse the emulsion at an accurately known angle O.\

Such particles ionize sufficiently to leave a latent image which upon

later development becomes a clearly visible track in the emulsion, Thisg
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latent imege has & projected length £ « Variations in O arising

from small angle scattering were calculated, end have besen found %o

be negligidle, Upon development, the emulsion shrinks from t to };”.
Since one face of the emulsion is securely attached to a glass backing,
g remains unchanged except near the extrenme e&ges of the plate. A
saroful measurement of Z, under o miocroscope, gives the original
thiclness ¢, since t = ztan Q.

Plates were exposed Uo a weak bean of alpha-particles and left
undeveloped. Such plates were subsequently used in the experiment,
Thus each plate which was soammed for meaons had a sufficient number
of easily recogn}lzé.ble ‘balibration tracks" from which the true thicke
noess of the eamulsion was obtained, Hmulsion thicknesses are eesily

meagured by this method to + 3 percent.
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V CORRECTIONS

A number of the quantities entering into the cross section
formula IVel4 require corrections, This is the subject of the
.present ssotion,

V-l, Decay in flight

A certain fraction of the positive and negative 7] mesons pro=
duced in the target will deoay into positive and negative y mesons
before coming to the end of their ranges. The observed number of
mesons must be corrected for this effect,

The half-life for nogative T «u decay has been measured by
Richardson' who obtained a value of (0.77 :.:%é) x 1078 gec. Martinelli
and Panofskyz measured the positive Treu half-lifa and obtained
(1437 ::}g) x 10°8 sec, Hovertheless it is renerally assumed that both
positive and'negative [ mesons have the same half life for Tf=u
decay. It will be seen latér that the correction for decay in flight
is of the order of 23 percent, It is therefore relatively unimportant
whioh value of the half-life is chosen for purposes of this correction,
In the foll-wing calculation we use 1,37 x 1078 seo, 1t should be
] noted that this value of the half~-life applies to the reat-system of
the moson, |

The time taken by & meson to traverse a distance equél to its

range, the time being meagured in the meson's frame of reference, is
R
t = f Vl»ﬁz 3—}-‘:- Vel
) e

where | = v/b, v is the velocity of the meson, and R is its total

range, P is a function of x, since the meson is constantly losing

}
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energy during its passage through the material,

The kinetic energy of the meson as a function of x, the distance
into the absorber, is

T(x) = T Ez(wo) - a V-2
where R('l‘.o) is the range corresponding to an initiel energy T.,. Now

M1 }
T(x) « mio? | == - 1‘ Va5
Vi-g2
J
where By is the rest mass of the | moeson., Hence
V132 myo
e s g - — m— o “—‘Q .
pe \/E‘(x) %:__I'(x) + &1;002__*; Ved
and
/R moedx

) i VI(x) @‘(x) + &nocé}

T(x) is lmost easily obtained from & range-emergy curve for |
mesong, The integration is performed mzmerically;

A meson in going from the target to the emulsion traverses 7.1l6 em
of air and enters en aluminum absorbeyr, 2,5 om thick, If the meson's
original enérgy is greater than 37 Mev, it will continue into & copper
absorber and eventually stop; ' |

Fig. V-1 gives & plot of At as a funotion of meson energy where
" A ig the meson decay constant and t is the total time teken by the
meéon in going from target to emulsion, It is seen ?hat the correction
~isv le.rgesf for low energy mesons, about 3,5 percent at 10 ¥ev, and
mallerat, about 2 percent, at 90 Hev, Had we used Richardson's value

for the halfelife the corresctions would be inereased by a factor of

aboub 1.8,
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The ocurve of )\ t vs, meson energy (Fige. V=1) has & minimum at
about 90 Mev, That a minimum should axis£ can be seen from the following
simple phyaical considerations. Low energy mesons require & comparatively
long time to traverse the air path'of 7+15 cm while the time required to
come to rest in the absorber is short, On the other hand; high energy
mesons‘spend 8 long time in thg absorber and only a compqrﬁtively short
time in the eir path, At scme intermediate energy, the two effects give
rise to a minimum,

V=2. Extended source

As seen from Fig, II-1, the target is inclined at 46° to the
direction éf the boam, Consequently, mesons are produced at points in
the targef which are at different diétances from a given point on the
pﬁotographio plate, The largest correstion to the solid angle ocours
for regions of the plate which are nsarest the target, These are thed
regions in which low energy mesons arse founds A careful calculation of
the solid angle correction for the worst ca#e, nemely for regions in

.which mesons of about 15 Hev are found, shows that the cross section is
to be increaseé by less than two percemnt, For megons of higher energy
waich are found at points farther removed from the target, the correction
is smaller, |

V-8 Effective thickness of emulsion

Eeaona which come to rest near the upper or lower surfage of the
enulsion are apt to be improperly identified or missed entirely, pearti-
cularly if the trajectories of the decay particles make steep angles
with the emulsion surface, The practice was therofore adopted of re-

jeoking all mesons ending within 3 microns of either emulsion surface,
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In calculating the cross section, the reduced emulsion thickness was

usad.

V-4, Proton energy loss in the target

The two lead targets used in the oourse of this experiment had
thicknesses of 2,16 and 11,16 gm/cmz in the direotion of the proton
beam, For protons of 345 ¥ev the energy loss in traversing the.targets‘
is 3.6 and 18,5 Mev respectively,

In 'order to correct the observed eross section for the proton energy
loss, it is necessary to have an excitation function for meson production
in lead. This however does not exist, White and Joneas obtained a rola=
tive yield function for negative T[ mesons of energies 2-10 lev pr;duced
in carbon by high=energy protons. Assuming tho yield ocurve to be &DProxie
mately the same for lea; and carbon, the aversge cross section for low=
energy nogative TU mesons is reduced by about 141 percent, The correce
tions for higher eneryzy mescns cannot be made but it is expected that
they aro small in comparison with the statistical errors which are of
the order of 15 percent,

V-5, Meson energy loss in the tarpet

Mesons which enter the ebsorbers in the enorgy interval between E
v&nd E +AE, have been created at various depths in the target up to the
full thickness t, The original energies of the nmesons are distributed
botween E and E + QE + ) wheré £ is the maximua energy loss in the
target, To a firgt approximation S is equal to (dE/ﬁx)E,t, where
(dE/dx)E, is the rate of energy loss in the target at an enorgy
Et « B + %E-. Thus the midepoint of the observed energy interval, ﬁamely
o +%§--.is shifted to E + %E. + 'b/E (%)E.,y « Thig is talen to be the
mean energy of the mesons, ...
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V-6, Nuclear absorption and scatlering

Of 81l the 1] mesons entering the absorbers, a certain fraction
will interact with the nuclei of.the abgorber and will be absorbed or
gcattered through large angles. Clearly the observed production cross
gection must be corrected for this effect, However, the cross seoctions '
for such interactions have not been measured and the corrections cennot
be made with any accuracy., It has been eatimated4 that the cross sectian
for nuclear absorption end seattering is of the order of the geomstriocal
cross section of the nucleus. Assuming this to be the case, we have
O (A L) = 5.9 x 10728 an® and o(Cu) = 10,6 x 1072 om®, Tor mesons
up to 60 Mev, the oorrcotion renains smalier than the probable error
due to statistics alone. Beyond that energy the percent corrections
become larger, about 50 percent at 100 Mev, but as will be shown in Sece
tion VI, the cross-gection for the production of mesons of energies higher
than 60 Mev drops rapidly, Consequently, the genseral shepe of the positive
and negative spectra and the inteérated val ues of the cross sections are
not materielly influenoed; Nevertheless, when the abgorption end scate
tering cross sections become known, the preaent’hata ocan be corrected,

V-7, Mesons produced in absorbers

Boﬁbardment of a target with high emergy protons results in the
emission of various radiations in addition to mesons, This radiation.
largely consists of protons and neutrons., Among these particles there
will be some of sufficient energy such that if they emter the absorb;r
they may produce megens which can éppear on the photographic plate,
Clearly in estimating this effect we are interested only in particles
whoge energy is above the threshold for meson production, which may be

teken to be about 200 Mev. The discussion will be confined to particles
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scattered from the target at approximately 90% to the beam direction,
It should be noted that diffrection scettering is megligible at 20°
since the wave-length of the proton is small in comparison to the radius
of the lend ngéleuﬂ.

£ it 18 assumed that the cross sectinn for the inolastiec socale
tering of neutroné and protons of cnergies hipgher then 200 Hev is
0.1 barns, the tetal mmber of mesons produced in the target is about
1000 times greabter than the number of mesons produced in the absorber
by scattered protons and neutrons., The average solid angle for mesons
produced in the avsorber is about & factor of 10 larger than for mesons
_produced in the target. On this basis one would say that about 1 percent
of the observed mesons have been produced in the absorbef.

This is qualitatively verified exporimentally insofar &s no mesons
have been observed which do not come fron @he genersl direction of the
target.

In this conmnection it should be mentioned that s background run
of several hours duration with the target removed yielded no mesons, In
all other respects, the axpgrimental arranconent for tho background run
wag identical to thet in which the target wes used, y

V-8, 3mall ancle sceattering

¥esons which entor the eaulsion with a residual rangé such that they
would normally stop -within the omulsion mey, because of small engle scate
tering, leave befors coming to rest, A corrcction to the 6bservad nuaber
of mesons would therefore be required. Ou the other hand mesons which
would normaelly stop in the absorber or rlass backing of the photosraphie
plate may, for the same reason, be seattercd into the eaulsion. Thus the

corrcotion is largely compensated since the scattering properties of &
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material depend on /2 and this is not far different for all three

naterials,
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Vi CALCULATIORS AHD RESULTS

The cross section formula wes given by Bquation IV - 14.

AT (5,6) @ ameholigr?
dBdn L ptagit %g sec @Al

A is the stonmic meight of lead = 207,21, e is the proton cherge =
1.602 x 10-19 couloébs; L ig the Avogadra nuﬁber « 6,023 % 1023 pole~l,
& ia the angle of inclimation of the photographic plste (Fig. IV - 1) =
159, pty is the eurface density of the target = 2,158 gm/om? for the
thin target and 11.15'@:/@2 for the thick target. These were obta\‘ined
hy wecurately weighing the targets\andlmeasuring their diménsionn.

‘Re/Re is the ratic of the renge of the T mesom in the absorber to
its range in emulsion. The.abscrbera used were mede of aluminum end
copper. Renge energy curvesl for w mesons in these nsterials were
obtained by transforming existing ranmge-snmergy ourves for protons. The
transformgtion is | '

Ry () = 2L R, (&. E)
Bp B

where Ry (E) is the range of @ wmeson of energy E, my end mp ave
the magees of the " meson and the proton respeutively,‘anﬂ Rp ia the
renge of the proton, mp/my = 6.45¢2 A range-energy curve for protons
in emulsion is given by ﬁarka$3 et al, which is transformed as above.
The range-energy éurVea'are considered to be aecutate to 2 percent, The
quantity ciza/ng) gee. 15° i 1,098 for an emulsion embedded in slumirum
and 0.405 for emulsion in copper. These numbers were evaluated for

meaons of & few Hev.
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Q is the charge eccumulated by the integrator in the course of a
run, a8 discussed in Section II,

t is the undeveloped emulsion thiokuésa measured by the nethod
described in Seotion IV, By‘meana of a soale on the fine foous control
of the mioroscope it was possible to measure the developed ;mulaion
{Yhickness and determine & shrinkage factor. Six microns were subtracted
from the developed bhickness, as discussed in Sectiom IV « 3, and the
result reconverted to emulsion thiokness prior to development. These
measureﬁenta‘w@re made on esch plate separately with an estimatsed &ccuracy
of & peroaﬁt.

/2 is the transverse length of the volume scamed (Fig, IVel), It
was measurad by means of a carefully built mieroscope étage* equipped
with a micrometer-type drive whicﬁ could be read to 2 microns, ’

AR ig the en;rgy interval chosen for scanning. It is directly
given by the ooordinates of the region scauned since these determine the
thickness of abéorbing material traversed by the mesons in order to stop
in the ares of the plate being observed. An aocur;te determination of
AE from the coordinates is obtained with the help of a dR/dx curve for

¥ mesons in the material of the absorber. The latter ie obtained from

& corresponding curve for protons via the trangformstion

4B .| 4B /
&= B = % (P B
L_ N o 1-' mw ,/ _.Ip_

AFB varied from 5-10 Mev in different regions of the spectrum. The

energy B is teken at the midepoint of the interval (\E and the correotion

for loss of energy in the target, &s discussed in Section V-5 is easily

* The microscope stage was designed and built by Mr. W. M. Brower.
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madé with & dB/dx curve,rfor n mesons in lead., The thin target, of
surfaée density 2.158_gm/cm2 was uséd for low energy mesons up to 46 Mev.
This fesulﬁgd'in an Incresse in E of from 2 to 4 Mev, Higher energy mesons
were obtained from the thick target of surface density 11.15 gm/em? with

a resultant increase in E ofks to 8 Hev.

'r is the distance from the center of the terget to the mid-point of
..the energy interval secanned on the photographic plate, the distance
being weasured along & line at 300 to the &1recticn of the beam. The
region scanned was always centrally located with respeet to this line so
thet the angle of obeervation, &, was 90° with a symmetricsl angular
51;z'ead of + 2.5° to t 120 for different energy mesons. The average value
of 1/r?, taking into account the finite extent of the target and the
region scénned, deviated by no more than 2 percent from the velue
messured as described ebove. The distance frem'the center of the target
to the nearest absorber wes 7,15 om. The value of r is therefore 7.15
cem plus the range of the meson in the absorbing material,

¥y is the number of mesons found in the volume scanned. All
scanning was dome with a good quality binoeular micrescope equipped with
an oil Immersion lens giving & total magnificetion of about 500. The .
dlemeter of a field of view, under oll, was abcutvzzo mierona.‘ The
negative mesons are multiplied by factor 1.37 (Seetion III); the new
totel is corrected for decay in flight in the manner digcussed in Section
© V-1l. Correctiocns for the variation éf cross section with proton energy,
nuciear absorption and scattering, for mesons prééuce& in gbscorbers, and
for amall angle scettering sre not made.

The data for ihe combined spectrum of positive and negétive resons

are given in Table VI-l and plotted in Fig. Vi-l, The gpectrum has a
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Teble VI~1 Conbined Spectrum of

Popitive end Hegative - Mesons

" Bol %, ) E§§§7 (x 10°30)
Mev N ‘ co?/Hev x ster. x nusleus
17.9 11.2 10,4 ¢ 2,1 o
30,0 20.4 21,0 + 3.1 .
61 23.7 16,7 + 2.6
63 22.3 9.2 + 1.3
B2 20.8 bt & 6
101 71 0.68 + .25

120 2.0 0.31 + .15
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peak at abaut 37 Hev with 8 corresponding eross section of (.eQaS ¥ 3) = o
1030 en2 (staradian)"l (ev)=l (nucleus)-l. Hesons with energaos up to \

12{3 Mev were observed. In ell cases probable errers ore, {md&cated. op

greater fundnmental Enterest than the oambizwd spectrmn are the seperate

' poaiti‘ve and negativo gpectrs, The date a.re shm 1n Table VI--z and in

Figs. VI-2, 3. 'rhe positive gpoctrun extends to 3}20 Moy with a maxinnm
at about 40 Hev where the cross section is (11.8 1 2) x 3.0"30 gm2 | |
(steradien)-1 (ﬂév)'l (nucleus)=~1, The highest energy nagativa mesﬁne -
found were at 82 Mv. altheugh they were leoked for at 101 and 120 Mev‘
where & number of positive moscns were found. At thaag vtwe;energﬁga,}
the peints &i‘e 'inﬁiéat.ed with a prnbable em‘*ér baged on the probability
of having found some .mesons within the volume aeennam ?he' maxmm of.
the nagativa apeetm cccurs at about 3C Mev with & crcss sectim of _
(11.5 ¢ 2) x 10°30 m2 (steradian)-l (Mev)-1 (nueleus)"l A camparism

of the shapes of the positive, negative and ccmbined spectra ia ahm in

- Plg. Vi-4, It is to be observed that fuor positive wesons, %he maximm

cross section cecurs at an energy which is about 10 Hev hlgher than the |
maximum for negative mesons. This ehift in the peeks of the two speotrs

- is 'prob‘“a\ﬁlyvinfluéneed by the Coulomb barrier of the lead pucleus which .

is about 15 tiev for singly charged perticles. fThe meximum value. of the
cross section for positive nesons ia appmximatehr eqmal tu the maxjmm , -
va.lue for negative mesons.

~ The combined speetrum, when mtegrated over the totel mnge of .

1. 6) x 10-28 en? (steradian)~l (mxclwa)"‘l smsmering pﬁsitive aﬁd

nagative ROSOnS separately the dirferm‘bial eross section. ia (me + 1.1)



17.9
30.0
46.1
63
82
101

. Table VI-2  Positive and Negative Spectra of T Hescns

R(e) e 100
em?/Mev X ster. x nucleus -

4l 3.8 % 1.3

9.2 9.5 s 2.1

15.3 , 12.1 + 2.1

15.4 6.3 .21

19.4 41 + 0.6

7.1 0.88 + 0,25

2.0 0.31 + 0,15

7.1
1.2
8.4
6.9
1.4

e
Shir (40

. cm</Mev x ster. x nucleus

6.6 + 1.7
11.5 + 2.3
6.6 * 1.5
2.9 & 0.7
C.3 + 0.2
0.0 + <08

¢
0.0 = +10
Y

89S 743N
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x 10-28 ep? (steredian)=d (nﬁoleus)’l for positives and (4.5 + 1.9) 210-28
eu? (steradian)=l (nucleus)*l for regatives. The tctai cross section for
. the production of mesons would be obtained by inﬁegrating over the :
engular diatribution. The latter is however not known at preseat.’ﬂIf' '
one sssunes spherical ayﬁmétry qﬁ estimate of the total crusa'eaétibn

for thg production 6f positive and negative mesons is 0.01 barha..'Ths
ratio of the differential cross section for pesitive’meaons to that for
negative megons is 1.4 % .6. A

It isvof interest to investigate the variation of the relative
production of positive and negative mesons as a,fnnétion of meson~6ﬁérgy;
The ratio of negative to positive mesons is tabulasted in Table VI3 aﬁﬁ
plotted in Fig. VI-5. The stetistics ere too poor to define the details
of the energy dependence but it 1s clear that for 1ow]eﬁérgy maéona of
about 1€ Mev, the nmumber of negative mesons produced is about equal to
the number of positive mesons. At higher emergies, mostly positiva ’
mesons are produced. '

Tha comparieon of the characteristics of mescn:production in lead
with those for carbon, the latter obtained by mcmaa and ﬁilcexl* is -
summariaea in Table VI-4, For purposes of visual “comparison, ‘the carbun '
and iead gpectra are plétted together in Figs. ¥I-6,7. The cross sections
bhave been divided by their respective valuss df Az/j nanely 5.25 for
carbon and 35.0 for isad. Comparing the positive spectrs, it is'seqn
thet mesons from carbon extend té somewhat higher energies, but the general
ghepes are quite similﬁr Conparing the cross sections integrated over i
meson energles it is seen that Qﬁaﬁlﬁékﬁﬁhl « 3,0 &+ .6 whereas é§§§~{§§l

do */dn (0)
= 6.76. Thus the increase of cross section with the mags mmber of the
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Teble VI-3 Ratio of Hegative

to Positive 7 Hesons

B B{m=)/B(r*)
Hev
17.9 | 17 £ 7
3000 1.2: ‘t ﬂ4
46-1 0.55 “" 016
g2 0.07 & 04
o1
01 0 o
120 0 o3
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Table VI-4 Characteristics of the Production of v Mesons in Lead and Carbgn

Upper end of positive spectrum (Mev)

Upper end of negative specirum (Mev)
\
Energy of maximum cross section for
positive mesons (Mev)

Haximum croass section_for positive
pesons (cm ster.=l Mev~l

Energy of maximum cross section for
negative mesons (Eev)

&aximum cross gectlon for negat1ve
mesons (cm? ster.”t Hev-l .
nacleus=1)

Positive mesons cross section N

integrated over meson energy,ugf%—,

(em? stsr."1 nucleus”

Hegetive meson cross section
integrated gver meson_energy, £-2-
(em? ster.~l mucleus™1) do

b

Qc— *’égn

'dcr '/d.n
42/3

123
~120
~ 90

(11.8 + 2) x 10-30

- ~30
(11.5 & 2) x 10-%0

(6.0 + 1.1) x 10-28

(4.3 * 1.9)x 10728

1.4 + .6

35.0

¢ c
~135
~115

~ 40
(2.8 + .3) x 10-30

~35
(0.62 + .1) x 10-30
(2.0 + .2) x 10728

(0.4 + 0.1) x 1028

- Pb/C

42 3 .8

©18.5 + 5.1

3.0+ .6

107+ 5

6.7

895 Ton
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" pucleus 1a congiderably slower than as M/ 3, Por the nsgative mesons, g ‘
. different "situation exists, the integrated eross section increases more -

rapidly then ‘as A2/3;  in faot within the probable errers the cross

section increases proportionately to the mass number. This fact is

reflected in the ratio Q_.§9£ which 18 1.4 & .6 for lead and 5 ¢

fer ecarbon, v
Theorstical ca.lculaticns on the charscteriaties of megon produoti@ng
in light and heavy nuclei have been made by Teylor and Chew> and by Chew
and Stéinberéeraa | _ | | |
| The momentun distr*ibutngn of the nuéleons in & heavy nue‘leus.m_
- ‘éalénlated to be a d-egeneraté Fermi gas of neutrons and protons. The -
-matrix elment govermng the pmaess of meson produation was assumed Lo
be congtant, A velue of the couplinr* eonstemt, g. was chosen such that
" g2/Bic = 0.3, although the results are insonsitive to variations in g‘zﬁia
frmq about 0426 to 0.76. Celoulations of mesen production from free
{auclaéns at rgs‘b éhow’ that the megons are pm&uﬁed pﬂfmrily in the forward
direction with ~-00mpamtively fow mesons, and of low éz;argy, produced at |
90° %o the direction of the beam Henoe the caloulated meson spectrum
from a c-omplex nucleus, at 90°, depends rather strongly. on the assumad
momentum distribution of the nucleons in the nucleus.
The results 'of these oa‘loulations predict the energy and angular
distributions of the T mesons tram & heavy nucleus such as lead, The
: vangular distributions were not detemi‘ﬁed 'in this experiment, Considering
the énergy distribﬁtion at 9v0° . the theoretical values of the absolute

oross section are uncertain because they depend on the cube of‘--gz/‘ﬁo
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which, in itself, is uncertein, Furthermore, the theoretical calculetions
do not take into sccount Coulamdb effects, nor do they distinguish between
the production of positive and negative méscns in any other way. Since
the observéd spectra (Fig. VI—é)’of positive and negative mesons differ
in several respects, it 18 not entirely c¢lear how the comparison between
theory and'experiment should be mades On the other hand, ,the shape of the
caloulated spectrum fits the observed positive Bﬁeétrum for meson energies
higher than about 40 Xev., OSince Coulomb effects have been‘ignored in the
caloulations, agresment cannot be expected,ih the low energy portion of
the spectrum, With regard to negative mesons, the upper end of the
spectrum §is influenced by the Pauli exclusion prineiple in‘ths following
wayt First it is reasonadle to assume that a given proton in the nucleus v
is generally surrounded by two neutrons and another proton of opposite
spin. The production of negative mesons by protons may be considered
via the elementary reection |

1; p+n —>p+p+q”
It is seen thai theyoriginal 6onfiguration of 2 p?otoas and 2 neutrons
now consists of 4 protons and 1 neutron. If the -nogative meson is of
high snergy all the protons must be léfﬁ in low energy statés, éome of
which, however, ere already ococupied. This resulté in an inhibition on
the formation of high energy negative mesons. Positive mesons, on the
other hand, may be proéueed in two ways

2, p+p —> p+n+xwt

3. p+n —>na+n+Th

Whichever interamction occurs, the original configuration of 2 protons

LN
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and 2 neutrons becomes 2 protons and 3 neutrons. When a high ensrgy
positive meson is formed, there is again competition among the 3 neutrons
for low momentun states, but this is not as severe as is the competition
mmong the 4 protons whon & high energy negative meson is produced.

On the basis of the above three reactions, alons, one would prediect
that the ratio of poaifive to negative mesons is greater than unity, In
fact, if exclusion prineciple argumants,-ﬁoulcmb effects, eto, are imnored,
and the nucleus contained en equal number of protons and meutrons one
might asdign rolative a'priori'probabilitiea to (1), (2) and (3) of 0.25,
0450 and 0,25 respectively, Thus the positive to negative ratio would
be 3, However, coulomb effects suppress the production §f low energy
positi&e mesons and the Pauli exclusion principle, discussed above, supe
presses the production of high energy negative mesons, Thus the positive
to negative ratio is expected to be & function of meson energy. This
qualitative result is in fact borne out by the experiment (Fig, VI-5) as
fdiscugsed previously. | '

In comp&ring the results from lead with those from carbon several
.;pointa of difference have been noted which may be gqualitatively understood
in fpe light of previous remarkss. .On the basis of the uncertainty principle,
8 em&ll.nucleuggsuoh a8 oarbon is expected to have nun}eona with higher
conponente of momentum then iz the case in lead becsuse the nucleons in
carbon aro more localiged than in lead, Consequently, the meson spestrun
froa carbon would be expected to extend to higher energies then in the
case of lead, even though thé recoil energy is grenter_for the carbon
‘nucleus thén for the lead., The fact that relatively more negative mesona

are produced in lead than in carboh is attributed to two effects., First,
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lead contains about one and a half times as ma’ny‘ neutrons as protons in
comparison to a neutron-proton mt_io of 1 in car,bon, and, as mentioned

above, negative mesons can be formed only in psn encounters. Second,

ginoce the Coulomb barrier suppresses low energy positive mesons, the effect
13 more pronounced in lead with & barrior height of about 15 Hev them in
carbon with & barrier height of about 5 Hov, The prediction of the memner in
which the cross sections should depend on mass mmber is complicated by |
various factors sush &8 nuclear transparency, possible vaeattering'or b2
abgorption of mesons in the parsntynue},eua which have not beon takon into

nocount,

N e
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VII The ’@ientzel Experiment

Wentsell has suggested an experiment, designed to give iﬁformation
regarding the spin of the T meson. It appeared thaet the experimental
‘ arrangement" described ’in Section II wae suitable for obta.ining the type
of »infbrmapion suggested by Wentzel. It was therefofe felt that 4,n§afar .
as it ués perhaps possible to.test Wentzel!s suggestions without -
} sacrificing the primery object of‘ the experiment, nawely the prc{mstion
cross sections of mesons in lead, this should be done. VWentgel's o
éxpe_rilnent may be described as ,follo-«s.-. _
) if it is pfasumed that ™ mesoens have nnit sping hch meaons preduced
in nucleon-nucleon collision may be polerized. The type and degree of
_ pol&rimtion depends on the matrix element which charactsriaes meson
’ pwoduction. In the disintegration of the po}.arizad T mesons into
K mesons and neutrinos, it is expected t,hat the angulaer distribution of
the ¢ mesons will be assymmetrie. Wentzel shows that the probability
thet & 1 meson is emitted inte thb solid engle d | » in the rest systenm
" of the ™ meson is |

Pdn = canétant 4a (14 l'ét. cos 29) g

where "P is the velocity of the . meson. From conservat.mn of mcmentum

and energy, and asauming that the rest mass of the neutrinc is zero

2 . 2
v, » ¢ X s
By B

where my and B are the rest mameses of the 7 and | mesons reépectively.
The positive sign refers to transverse éoupli‘ng end the negutive sign te
longitudinal coupling. © is the angle which the direction of emission of

the t+ meson forms with the polarization vectaor of the T meson.
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From tue known masses of the T and | mesons, vp/b = 0,27 and the
optimun anisotropy, (1 + vg/b)/(l - vp/b), is 1,74,

According to fentzel, it is required that the bombarding cnergy ba
closc to the threshold for megon production so that the velocities of
the meson and nucleon in the final state remain snall in comparison with
the initial nucleon wvelocity. Furthermore, in order to avoid depolariza=-
tion, the magnetic field in the region of observation should be leas than
100 geuss. Depolarization frou the slowing down of mesons in matter is
ealculated to be snall for low energy mesons.

The experiment therefore consisted of a measureaent of the angular
distribution of the u mesons in T - decay with the proton beam velocity
a3 the raference directioﬁ. As is seen from Fig, II-l, the photographic
plates were oricnted with their planés parallel to the beam direction.
Thus, longitudinelly polarized W wncsons will emter the plate with their
gpin vectors in the plane of the enulsion, This is the most favorable
arrangemgnt since the polarization vector is an axis of symmetry for the-
angular distribution, If the mesons are polarized transversely, the above
arrangement is still the most favorable, The magnetic field in the region
in which the experiment was conducted was less than 40 gauss,

A tabulation of the number of |, mesons found in each 460 interval
is shown in Table VII-1l, An anisotropy of the type discussed by Wentrel
would be displayed by the ratio of the number in b, ¢, £, g to those in
a, b, d, e« This ratio is 1.04 + »14, Furthermore, the number of mesons
enitted in the forward direction to the proton beam should be squal to the
number esitted £;~the backward diresction, regardless of any considerations

of polarization, That this is the case is seen by taking the ratio of
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Table VIl~l

Angular Distribution of

i Mesons in T« Decay

a) 0-45° 1 12

b)  45-90° 14
e) 90-133° ¢ 13
d) 135-130° : 15
e) 130-225° : 10
£) 225-270° ¢ 11
g) 270.315° @ 14

h) 315-360° ¢ 13
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mesgons in sroups g, h, &, b to those in groups ¢, d, e, fe The ratio
is 1,08 + .15,

Thus, insofar as this experiment is cpneerned the angular distribu=
tion of fhe ¢ mesons is very nearly isotropic. It is however important
to emphasize those features of the experiment which depart from the
conditions as laid down by wWentzel. First, the bombarding energy was ~
3456 lev which is ab&ut 150 Mev above the threshold for mescen productione
Thus the nucleon welocity in the final stete is not necessarily snmall in
coumparison with the velocity ol the bombarding proton, Second, the date
discusszed ahbove combine the results obtained from mesons over the enlire
energy spectrum from O to 120 Kev, The depolarigation of mesons of high
energy in coming to rest in & stopping mediwm may not be negligible,

Possible interpretetions of this result are these., Assuaing for
the moment thet TU meson has unit spin, the enisotropic distribution isa
obscured if }

a, the depolarization effects in bringing tho T mesons to rest in

matiter are not negligidle,

be the number of transversely polariged T mesons produced in the

target is approximately ejual to the number which are longitudi-
nally polarized

c.. the degree of polarization of the T mesons decreasses rapidly

as the bombarding energy iz incressed above threshold,
Another interprotation of the results is that the spin of thse Tr meson
is zeros Such & conclusion could only be drawn by definitely eliminating

the previous interpretation, This caunot bs done at present,
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