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THE LIFRTIME OF THE 7° MESON
B. A, Martinelli

I éﬂ’&m&Miﬁm

The meacn ?t;rhemry of nucleer forces, initiated by Yukawal 4n 19?38

DU

_considers the forces betwesn two nua&eﬁm as the intaraction of the

particlea with a meson field, In an analcgens may, the coulond force
botwesn ymwlw is considored as the interaction of the particles

- with the eleetmmgnatie field, earryiag the anslogy mrthen, ohe

knaws that meving slootrie ahargoes ﬁmaﬁae radiation which ¢an be
qmim, tho quanta being photens, I;n the case of the meson field

| the quanta eye mesons.

mm @n@gaatea that the short range of nuclear forges eemld
be accounted rar if the mesons hod a ﬁmte rest mass, the range then

being given by ®/ms the Compton wave length for the meson, In order
to secount for a yange of 2,8 x 10+1D am, the mass should de of the

me*g of 140 Yov or 290 electron massen, The memons were also presumed

%0 be unstable, with regard to beta desay in order to account for the

fae.tx that may had not been seen. Particles of about this mass were
amga‘verea in eosmic rays two years leter, the. mss reported by Broded

‘being 215 & 5 clootren masses oy 10 Mev, Tho 11fmme for the fedesay

of these mesons hes also been measured as 2.15 & ,G’?g,
Farther investigation of the properties of these mesons, primerily
seattering and abgorption experiments®:® indicated that the intermction

of these partmlaswuh aucled was too small to eecount for nuslesr

’ fomaaa. xn vﬁaw of thia, Bethe and L!as?sbak"' proposed a two meson theory

in which the obaarved () meson erises from the decay of a heavier {mw})
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' The heavy meson was presumed to be closely coupled to the nucleons and

would thereford be produced at high altitude by the nuclear._ sollisons
of the primary protons, | |

Using the. available éoan;ic ray data, Bethe and Narshek were able
to put an upper limit on the lifetim of the proposed a meson. b

l. If 10 percent of the mesons in the axperimants on ths capturs

of nagative i mesons by nucitai4‘ wore W Mmesons, & 3.1fotdma which would

allow this or a amaller fraction of 4af's to pemtrate the atmosphere is

Ty $1.5 x 10°6 sec.

' 2. From scettering experimente on mso’na5 4t wes found that

mesons were raroly scattered at angles greater than 20%, the ¢ross sec~

tion being less than 1 percent of nuclesr ¢ross sections. Since the 7

mesons should be tightly coupled to the nuclous, the oross section for
© large angle s«aﬂering of M masons should de of the order of nuclear

dimensions, Hence less than 1 percent of the mesons 4t see level should

be T mesons. A hoavy meson should possess 25 Bev to penetrate the ate |

'mﬂismem@ Therefore, if 20 km 48 taken as the height of the production

layer, one hes en uppaﬁr limit:

£
Pve®™ > 1,
25 Bev '

a8
2 g

_or

Tns3 x 107 sec.

where ¢ represents the velocity of 1ight,T ., tho lifetime, end l,, the

mass of the T nsson,
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8. A still closer but less sertain limit was estimated as follaws,
Prom the fact that sea~level mesons traverse 1000 meters of water
~ equivelent 1t follows that such mesons are P mosons of ~ 2 x 103! ov,
From the smoothnses of the ebsorption curve of mesons undsy ground it
follows that ¥ mesons of the order of 2 x 1011 ov must decay befors
meking nuclear collisions, The meen rmé path for such collisions
| at the production level is about 10 km, ‘mma

10 km . _&1_9_2;__ > 1,

or

Shortly after this result was presented, Lattes ot al®, found
mmie ray evidence for an event which could be interpreted ass the decay
of a heavy meson into a lighter ono, A Jower limit on the li;fwima of
10711 gec could be astablmhqd from the length of time the heavy meson
spent in traversing the emulsion,

later at Berkelay, Gapdner and iat*saag- found that mesai;s were
prbdnead by bembardment of various targets with 380 Mev alpha particles,
The mesons were found to be ¥ mesons, whoss pess from measuremonts at
Berieley is 276 3 630 s1estron masses,

An unsuccessful attempt to measuve the lifotime of tho v meson was
mmde by C. ¥, Powell ot aill,

 After the discovery of the production of mesons with the 184winch -
| ¢yelotron, Iattaéw wag able to put an experimental limit on the litetime
(T 2 5 x 10°% gec,) and later Eiehérdsanm made a measursment of the
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1lifetime and arrived at

T = L 4 2,1 p | -9 N
) 1 7.7 3..6 x 10 got

for the negative v meson. This result was based on & velatively small
nurber of mesons (48) and on only one point of the decay ourve. Sinee
the lifetime 1s rather intimstely connooted with meson theories and

encbles one to ‘check same of the proposed eoﬁgnng sehomaes ‘between the
o _lmaaon and the P meson, and the M mason end nuaieons, it was folt

that an improvement on Richardsons experiment was necossary,
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. II. Discussion of the Method,

Due to the relatively short lifetime estimsted for Jr -u decey
it wap rodpgnizea thet a time of flight method for s@sﬁmini;nggstheﬁliﬁe—- .

| _. time was possible. For example if the half 1ife ie assumed to be 108

#de, the distance travelsd by a 10 Mov meson 1n this tims is of the

order of & moter. Therefore, if one hed a parallsl heam of 7 mesons

and measured the decrease in density of mesons as a funetion of the

distance traveled onecould determine the descay tima.,

The situation however 1s not quite this qimplé. It 45 known
from other experimentslO that the mesons formed in the oyclotron target
have a wide energy and angular distribution. Therefore in a simple

timo of £light ei:perimént one would have to measure a decrease in

denéity. beyond the inverse square law and restriet onsself to a narrow
ensrgy band in order fe maintain a known time of flig’ht, With the |
present magnitude of the external cyclotron beam this experiment is
limited by the scarcity of mesoms; It might be feasidble ;f an electronic
mé!f:hed of deteection were possible; but with photographic plate detoc~ |
tion, the mieroscops time would be prohibitive, |
The mothod used, essentially that of Riﬁhardécnm. ¢ircumvents
these two objeations, First, by using the 360° focusing propertiés of
a unixorm magnetic fiocld it reduces the geometrical loss from 2 go p~1
where ¢ 48 the distance traveled, and secondly, the magnetie field,
‘mept' for relativistio offacts* makes the tlme of £iight per revolu=

tion @ssentislly indepsndent of the energy, enabling one to use a

* Ses Section IXX, Paragraph 7. ¢
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mga anarw mgmn for aetemzng the litatws. )

 Fig. 1I-1 shows sm\mzmly ths axpe‘ri.mmtal arrengement, The
eyolotron besm strtkes ths carbon target pm@nemamsm which are
emitted in all émwim'w with verioue onergios, izi'h'esa then move
slong helieal pethe in tho magnatic field of the oyolotren. - Chemnels
préﬂ&aa. in the‘ eoppor shielding saiwa positive mesons wsmm.n 8 emall
anmlar intorrel sbout 180° from the bean di&ation, &nd an energy
'intorval of 8 mv 0 14 Nov, " One of the shonnele aceepts a huné.:m of (
helical paths wh?ah are rising fron the te:x'gefs while the cther accepts
%h@,-bquivalem bundie dw&enﬁiag from the target. Since the mesons are
focusssd in one dimension, the Loss from the chamnol is only linear,
The developed view Fig. II~2 ard the photogrephs Fig, 113 nnd Fig, II«4
give a good piatnm ot the channel,

Photographie plates are placed st 1800 from the taxget in the upper

ghenns) and at either 840° or 900° in the lower spiral. The ratioc of 7
mesons found at 180% $o thoss found mt either foﬁe of the other angles

onables one 10 deﬁamins_ two. pc‘:ixi‘be on the dacay surve for the v mason.

R e I e TS TR ¢ eaiee e e e B i e T S - .
Lt N . L B i . . s . v, v v e e R AT T ———————p
. . - . N - ! . B
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p I ahawa at‘ Energy &esm
N 2&1 the muar axpam'mt of Riuharﬂsan m}.gmm sao w awha
- pextiole bean a:: the 184=inch eycloteon was availablo fw pmﬂueing
mesonss His eholce @r fairly low energies was dictated W the ammzs
o etnar axpama with the aame energy intarml. HWevaz- wﬁon the' ‘ﬁ
360 Mev protons bm ¢amo into operation it was esbimated tnae the |
nunbor of masons modnca& would greatly inmerease and that the peek of
the enargy &iﬁ%ritsatim woulxl be at quite a mgh snergy. It tﬁaw‘

Lore appaarad d%mble to measure the lﬁteﬁm a{ hieher mesanvene‘rsies =

than thoss used by mehanaaan
Sarly Wr’&ﬁanta mﬁh the proton baem im%iﬁa%eﬁ that mh
batter mziea nf the mumber of masop tracks o the nunber of uawantea
tracks werse atstaima by axposing the plates at larger aia%aneea Lron m
taxgat and mmm 6% higher energies, However an upp&r lme to
tho mocon anorgy which ¢an be used for this expsriment s &mpasm by |
the availsble space in the cyclotron asir losk. The energy that was
~ ghosen is the meximn alloned by this restriction. |
' 2, Plats Type . o o
The type of .pla%es'.uéa&' for this axpé.mm waye Ilford 0»3
00 n pm&ea. "fhéaa- aro slightly more smzwm tfhan the :ﬁaﬁi QB |
plate and thereéfore taoilitate f£inding tha p moson in the wep aecay;-.
’rhia aldas aamidazably in montiﬁ‘ying a meson g8 a 1 msom
/ v 3. "L*ype of plate Holder _
In Richardson's experiment the emilsion was sandwiched bebweon
glass and the edge of the plate was expossd +0 the mesons., This

B ,
; .~?:,,§.l

._~§§
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| procedurs is fairly good only if precige maasumm%s m not wanted
' gince there is & variation in the thiokness of the emulsion of arcund
21 mm.' To aroid this error, veaeh plate hol&ér contains two
Mas as shown in Pig. IIl~l, The solid angle odtespted by sush a
device 1s independent, to ths first order, of its orientation, This
oan be shown as £olloms:
‘The sclid angle N scéespted \by the plate holder is - |
n"%en (¢ +£) + tan (a = £),

Bxpanding this éexpression by well known trigonomstric fnmlaé one gets

o 80 & + $An € ' : ‘tana-ptme
l1«-t%sna tang 1+ tan atane

L£u

émce both a and € are mil,-,om'nae )

or, sints ¢ €<<1,
- 8,
o gall ¢« £%),

Henoa, O is independent of € to the ﬂrst order, The value of a for the _\
| vlate holder umm zhé éxpéﬂman’ts is sbout % radién. Thus, even

_ if € wers ‘I%’ -.z'é&ian, only & 1 péré'aat emr in the gum of the :‘numbesn
of moson tracks on the two ;Jlawé w@a be introduced, although the
mimbwé'ef trecke on each plate seperately would differ by a factor of

about 5, > v i ¢
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In torms of @ ,
- - reR = « posind.

(aY ﬁtﬁ)e | . __ in
plo) ~ -Qﬁ—[%-n(ﬂi £x ota a] - g [1entr) ER  stn 0]

Sbetisubing in the expression for ¥ oae ha

Camw o - ,
;s[ pg {1eng %3- sin 8) stn 49 .
A Y

The Qaﬁé forr the expaﬂnme m'a;

a(g) . W02
PR = 8in
- o R =7 in,
. jl x = WGSG i@%/wvaluéién

16 &é’éémbdeité this protession the lower channels mra widensd 1/16 m‘ an ineh.

b. Lstimate of Vertical 2’0@&55&&3 Pua to ﬁmﬁom Ra@zatie Pield,
Reforving to Fig. III«-& tor ncbation, one oan wris;e the equation af
siotion 4n the (z) &:.raeu_un for a mrm particle es

22 .

miﬁ‘ “ By §§»3wg & ms@ ,

.t}m x-igm* side being tha wﬂi&a& fm& on & ehaxsed ;varbiele mving in & ’

hmvimtax tiem B,-» 'mm tm % sen bo ammmatad by snbatma%ms - -

 where w = % 18 ths nonerelativistic eyelotren frequsnoy for thé moBan.
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Sines the mesons sipm in sum,}.l oiroles at the wdge of %;hn oyelotron
£1614, ‘an investigation of tho mobien of ‘cheraed perticles in & none
uniform megnetic £1eld wes undsrteken, |

me’ motion wes analyzed in tan ways; Inﬁ the horizontel plape the
non-untforn £1s1d causes the small eireuler orbits to pregass sbout the

center of the cyclotren. The effest on the verticsl motion fs to intro-

. ducs some vertical focussing, so that the particle instead of maintaining

ita vertical component of velooity will oscillate sbout the central plane
6 the nagnetie f1edd, The purpose of the followlng caloulations is to
estimete the magnitude of these affests, |
__ Rate of Prevession of Orbib in the Pleld of & Cyclotron Megnet,
Rafming to Figs IIX«3 for na’bat%oa; the displocement x in one y

mamm cen be writtsn os

_2‘1‘!‘-. o
x = j p (0) sino do
4 |

.ﬁn approximate expression for O {9) qs,an.hef akfainad by noting thet
during tho motion of tho partiols the produst Ep whers H is the magnetic
field and pis the radius of curvature of the q&*‘bi@, romains constent, éinca
the deviation fram a circie is amall the redius of ourvature is nearly the
gamo &8s the ‘aigtaﬁeé from #he initéal @ntér; Thusg, /;(9) o %(—g) *

It is now convenlent to introduce & quantity .

v e & &
~alx) 7 a

Expending H about R orie has '
Ren@ (1 - n(®) =11



>y

Hemce,

. -ll-’ .

IA terms of O,

FwR “. fy6in 0.

HR) [2ena) f-ﬁm “]

mawams in thy Wssim for X cme has

5 g.,f ‘,Ru«na %& sin 8) sln 6 4% .
Q'\

The mé for the a:r:paﬂmant are;

afR) - .02
pp = Sln. P
R = 7lin,
x % 080 ing/rsvolutian

; " uomL 459

- ————— v ST

pto) ~ MBlep Pp[1am) 8 ota 0]

1

- To acewmodate this preceszion the lower chennels were widensd 1/18 of an ineh,

b, Estizate of Yertical Fooussing Due to Non-Uniform Magnotio Pleld.

Refarring 40 Fié;; ,ixx@ tor notation, ene osn ‘mite; the equm;ion of

motion in §he {(Z) airedtion for a charged particle s

) 32 . oy ,

tho xs,m sids belng the versisal t'cma 6.!1 a charged partiele movigg in a

vhore « = % 15 the non-relativistic eyelotron frequency for the msam ‘

.,‘

" hovizontal field ﬁr. The time ¢ cen be elimﬂ.nataa by substitubing e - -— '
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The aguatién of motion then bhecomod

« aoe 6 e

Prom Maxwell's equations, ¢url g « Oy which givea fur e two dimension-
0 f1014 o

Integrating, one has

-

 Hyw _a_;g_zz\ .

N

and from the provions @mmum,
Cmpeents) B o2,

Substitubing this expression ‘imovi‘:hfa -egué:tioz; of motion one hes

.

B

. | L S
%é;“‘ . &) p e Z .,

« with the choice of @ whi¢h 15 indicsbed in Pig, ILfed -’%’il is an even
periodic funotion of 6, and therefore ® « AZ} 405 0 mey ve expanded tn

& Pourier cosine sesries, lLet
£ u{z) €08 @ = & + & 08 9 vageos 29t ...

&gé o2 & 5 P2 gos P - .y
Eéf & sz 8y - ‘ﬂasc*’% ""ii "‘_"?'2@‘-”,‘,,

Equating the left side to zoxo gives o simplo hasmonic solubion of frequency

¢



e FE T T TECII

s

" vhete &, is given by |

I he piteh of the hellx 15 a, then the 20Yo onder solubion bocomes
E _g_‘%g_f sin W @,

Substituting this valus of Z on the right eide of the equation of mobien

one has:

Al A A &1 o — P . " | )
3155’ *J"%Qi“'- ﬁlp (%ﬁgfsinwai 808 @ &'azg (—g-%‘-‘-ﬁ_ganﬁéi toB 26 4

-

Binge

Sin Acos B n% ain {A + B)m% gin (4-B*} ,

one bas, considering only the first term en the right,

_ N
2 : e £ : ' '
ﬁ. R Pogz Q& g%‘f _‘EL{_ lgiu(ac ljesin {5 -1) 9} *

An epproximate solubion for @ << 1 gives

z. _2%af

@0

[sinﬁeo —?—PQQEO smio‘re] | ¢

_ o . .
Graphical integrations for &, end 8y were made for several target positions,
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end it was found nesespary o perfors the experiment with the target at

65 in, A% this redius 8y ~ 002 and @ # 02 for the central kﬁraj,ecjtary.,'

With these punbers one hag @ = ,012 rad-l. Henes ot 900°, the max,

angle of the fo@samg eyele 48 51 2 ,012 = 0,18 redinns, _,31566 gin

+18 = 0,179, thaidéviation fram tho helieal path is only 0,5 percent of

1,875 in, ~ ,010 in. which would not be dstected, The a; temm gives

a fAeviation from tiie helionl path of .02 in, &bt 900°, However, sines tho

amniai@a is net that slose to $he chmnﬂslltha effact ghould be nagligibla,
8 Galibration of ths Goomatry.

. 5£z§a Bho mﬁtiéh of a partiels in a magnetic field is chavecterized
by $t6 He, it 18 possible to chedk the geomstrtoal decay of the shannel
experimentally by replacing tho $arget with & thick alphe-perticle source.

An alpﬁa‘parﬁicle gource of approximately 19?<alphéa/§a¢‘waa‘ ‘
sonstructed by Mey Willlam Crepe for this purpose. It was necessary o
héwe %he.aﬁﬁivity coneentrated in an aresa the size of the target (1/8 1n,%)
since #ith largor aizes pam of the sourte would be blocked from the far
positions. ‘ . |

- only the 900° point was checked 1h this way. The data {Teble ITI-l
show that the mtié of the xmﬁ‘.)éw of alpha particles which aryive at the
1&9’3 p:fssiti@_n to ths nmer which arrive at the 9009 position im uniform
" across the plate ead thet the devietion from the expected ratio § is

within the probable error. .
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Table I1T-1

pistance along plave Retio ao*s at 180
from the low-energy ‘ g at 900
gidﬁ (Gm.) ‘

B.07 £ .28
5,62 £ .28
5,04 & .29
4.99 £ .25
5.8 2 .28

S o B w1

Heighed Average  sa6f .4

For the computation of the lifetime ¥he geometricel factors of 3
for the 540° position end § for the 900° position wers used,
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7. Relativistic Effeots on the ILifetime Measumnt.

Sines the energies of the mesons are in the neighborhood of 10 Wev
whareas the rest mass 18 145 Mev the relativistic effects will be small.

1t is simple 0 chow however théb using e large enexrgy interval
will not affect the lifetime meesursmenti®, Tis 1o e conssquance of
masm'mg the lifatime in terms of the decsay per revolution in the field.
Thus, although it 1s time that an cbserverwould ses the lifetims lengthene

od for the higher ener@ moséns'hy a8 facto’t_- /I_:{BQ 1% is equally true
~ thet the periocd per revolution es seen by the observer would also be
-  lengthened by J—-—-L@ . ﬁ?&ius. the fraction daaégyi?g.par ravolution
would be Memndam of B.
It ie interesting to note that it the experiment were carried out
asouragely for both slow and fast mesons it would provide a proof for
the twin paradox; for although the fast mesons spend a longer tims in
space than the alwer msana berore roturning $o the target, they both
appear to be of the aema age as maasum in haltmlivas.
B.‘v Esathod Emplnyad to Reduce Baekgmund
In order ta ke exyssnms it wes nacessary to provide a&diﬂ.anal
shielding. Pig. III<8 shows the arvangement of the shiclding in the eyclotrom.
8inds the tarsat is very small compared to the beam height it was
necssgary to provide a stop for the besm on the other side of the eyclotrom,
Atter "the* beam strikes this blook gome of the protons ere scattered into |
the coppor channel holder. It wes found from other axperiments that these
protens were the cause of & grest deal of the bhokground trecks in the plates.

Te elimi&ata them, e lerge carbon dlock was placed in the des approximetsly
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90° eway from the target. As an additional precaution ebout 8 n, of
lead ;va.s mounted in the ¢yclotron on the beam sifie of the channel, With
those mpasures it was poasible to get resdily readeble plates,
9. Types of Runs. | o

&, Heson Exposures : o e

Exposures of 10, 80, 60, 120 end 240 seconds weye made so Shat the |
optimum tims wae surs to be bracketted, The plates were loeded on *bha;‘ |
darkensd eyclotron platform, ‘Leveling of the channel, _whiéh 1s nacés.é'ary' )
%o insure correct geomstry, was sacomplished by maansvat a level attached
46 the eyelotron probe‘: « The position of the 'shielding ivas chotkad with

& curreat reading probe. The distance t:o the blotk at the amllest redms -

‘wag datermined by abaawing the radius at whieh the eurvent msamaﬁ by
the probe venished,
‘b. Meson Background

In order to Pind cut how many mesons were éambia 'az- gotting to the
plates without going through the preseribed chennel, identical ‘exposurat to

the sbove wore mada wm\ the dovmward channel blooked at 1809,

The ratiea of the nunbexs of meséns a¥ 180° to %ha:t at 540° and tm_

at 900° in theao yons give a weasure of the ba«mwna

LR
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-1IV. Bvaluetion of Date

1, HethoG of Scanning Plates

The plates were scanned using & Spencer microstope with a 1.8 mm
©11 immersicn aah'mmtmi objective end 6 powsr eyepiecs. This results
in a field of view of approximately 250 micron in diamster,

Two methods of mpesuring the scanned arsea were used depending on
the meson demgity in the plste. For the pletes exposed at 1809 a reticule
with & parallel rulings which mafkgé‘a region 73 microns wide in the field
of view wes used. The plate was scanned parallsl to the direstion of ths
maaons»and only mesons stopping in the 73 mioron swath were tadbuleted.

:n this way the ares is found dy measuring the totel length of secan, For
the plates at 5400 end 9000 it wes desirsbls to utilize all of the mesons
in-m given area. This was espocially true of the $00° plates where the
total mumbey 6f masons availeble was not very great. In these cases the
observation was done by tuking overlapping scans. At the end of eaoch
gwath the plate was moved 100 microns eo that there was en overlasp of
about 150 microns. The area was then chtainsd from the vernier oo the
microscope stage. Ior the 180° plates this nethod would have lesd to
confusion ag to which mesons had alreaﬁy been tabulatad.,

2. Results of Dackground Tests, -

Table IV-I shows the data uhich were obtained from the bsckground
piates,
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Pable IV-1

i

Position  Busber of  Aves Scanmed  Denoiby of
| npDecays  ma® - Hesens/No/mnP
8% i
-7 |
180° %
900° 3

958
,018% .
1,17
0,00375

g s B

Thess dete give the fallmingraﬁiéa:

Dansity at 540°
Density at 8000

= 0.0197 £ 0,09

Density at .9990 .
Pensity at 180°

8inc¢e the statisticel emaw?ﬁm ﬁhe .béékmn&; mﬁﬁs are so larze,
the yatios will not be ns;d‘for cortéctiaﬁ but uil%‘bélingergﬁrated'in the
probable error of the final msu‘it. o |

Se Tabulat‘m ei‘n the Data for the Lifetims Measurement. .

' Amungthe méﬁ"_tyéeks observed, those were counted which shamd 8

definite V- 1 decay andfwéra %he:etm certaein to be due to 7 _.‘ mes0nRg,
Also counted were thoss tracks which could be identified as mosons but
which 414 not atop in the emulsion, and those mgaag tracke which etopped
in the amlsion bdut for wh,‘mh 20 decay tratk eoculd be found., Teble IVe2

gives a summary of the data.

H



UCRL 459

Teble IV-2

Plete No. Posidion No, of W-p Decay  Ho. Sdattered No Showing Ares
o . ‘ - oub of tha - No Dasay  Scanned

emulaion i} mme
6603 Y 188 8. 2 43,8
180°. " | »
. 6602 : 130 3 3 43,8
6601 P TY B S 140
6600 o &8 - 5 140
8571 - 204 B - 10 58.4
, 1809 ' ) |
6570 us . 50 7 58,4
6569 L us | a2 7 - 400
3009 ‘
6568 114 & 6 400

The reliability ef the count for mesons wmch did not stop 1:1 the
amlsmn is not very high singe tho iﬁemzifmaticm is not coxtain in many
guses and such tracks are essily overlooked u; one is _i.mzant on observing
mesions thet Stops In view of the uncertainty of this number, the date
appear to be quﬂia ‘sonsistent &8 to the fraction which stops in the emulsidm.
The mesons going through the emulsion werse not included in the amputa‘iian |
¢f tho lifstims since some of them might vexy well be u mosons. _Those'
meson tracks whieh 418 not sppear in sonjunction with decay meson tracks
are probably dus %o 4 mesons, T mesons ﬁhiuh} do not 4oesy by p formetion

or mesons which stopped in & vogion of the plate which would not record
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a | meson of 4 Mev,
4; Computation of the Lifetims,
a. Refuetion of the pata, _ ’

Considering only the T« p deceys recorded in Table IV-2, the dennity

of mesons at the various positions may be compiled. These are recorded

.4n Table IV-3, )
Tabla V=5

Pogition \ Deaaiﬁy%t ¥edonsg

: in Plates No/mne
180° 3.48 % J14
540° L 0.868% 036
180° 3,02 & ,10
900° | .288%0,012

These values give the following ratios:

Heson density 8400 0.862 0.248 & .o14

- — 5 0,248 -~ 4,
Mesop dansity 1809 5448 ‘ it
Meson density et 900° 0,288

» b —— - oosat o
Heson Gensity et 180° . 3,08 0.0954% .0062

If the life'time were infinite, the oxpected retios would be 0.333
and 0,200 respectively. The decrease in density dus to desay im flight
'4f normalized %0 1 et 180° 45 then given by Table IVed
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Teble IVed
i Posltion Relative Density R
{dus to decay in
£11ght)
180° 1.00
540° 0.743 & .042

300° 0.476 £ 026

All c& the errors recorded ars purely statistical,

. b. Evaluation.of*the Lifotime and Assignment of Errers.

© In order to average the 8540° and 900° points in such a way that the
errors could be domputed, tho 540° point was extrapolated to 900° by using
the mean-1ife eomwteé from the 540% point, ‘The probsble error at the
sxtrapolated point was doubled, Thus fram Table IVe4 the ratio R at 540°
ims

Rggqo = 0,743 2 5.6 percent.
Extrapolsted to 900° this gives:

Rgep0 = 0.564 =11.3 pereont.
The watio obtained from the 900° dsta isa:

390001 n\Q.&?& : B.45 pordent.

Averaging these two 900° points by weighing inversely with the squere of
the probable errors gives:

R900%,, . | 2476 (8.38) ¢ WB6E . 0,492 ¢ .0%e,
- .

the probable error being computed by weighing in the same way.,
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From this value the mean life im oyclotron revolutions is easily
computed to bos
| T = 2,84 £ 0,20 revolutions.

Tho eytlotron frequency is given by

On substituting the following numbers

¥
14295 gauss (plotted deta on the ¢yelotron field),

H e
e = 4,808¢ x 10710 ogy,18

m = 9,1085 x 10°% gramelf, | | .
& = 2.99776 x 1030 em/seclS,

W 00466 107 soo~l

No deviation has been assigned the value since the errors 8re an :msig«-hi‘fi-
cant gompared to the statistical ervor in the mean life., The period per '

rovolution is theyefore

T« 0.6945 x 1078 see, o
Using this punber one gets for the mean end hal,f >11‘vea.
Te 1.9 % 0,159 x 108 see,
T 1/ 1,37 ¢ 0,085 x 1078 sec, »
In sddition to thess sbatistioal ervors there is a probabls errer
in $he ga&mtri@ai ratio of approximately 3 percent. On combining the

orrors one arrives at the following limits.
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1. In the upward direction,

%‘T;r" “\/ (007)2 + (003)2 = 04076 .
\

2, In the downward dirsction,

A?'L -/ (,07)8 « (,03)2 + (,05)% = 0.086 .
Ueing these orrors one hag as the final result.

Ta 1.97 37:%: x 10°° gea.

11/2 = 1,37 t :ig X 10”8 8ec.,

Although this ré%ult is somawhat outsiée of Rishardsons' published

value,

7 7.7 2 2l 2 107° gee. .

1/2 ° .16

it can be sesn from Fig., IV-l that the disagreement is not as extreme as
is implied., Certainly ome could not say that the experiment shows a

difference between the M ¥ and ™ mesons.

s
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Vs ‘Disoussion of the Result, ,

{

i -
Two schemes have been proposed for the decay of:\ the ﬂ-f meson into
4

a M meson and neutriro. ] |
1, The 1 meson is coupled to the nucleons and 'Ithe nucleons to the }L
megon neutrino field., The decay of the W meson then &oes via a virtug;.
nucleon péxix‘. The cepture of | mesons from the K orbit goes directly,
2. The 7 meson is coupled to both the p meson and the nucleons,
In this cage T - p ;2 decay is direct whereas the capture of | mosons goes
through an intermediste 71 field.
' Three related data are available which the process must fit,
1. The lifetime of theT kdecay. |
2. The rate of | eapture from the K orbit of & nucleon.
3. The strength of nuclear forces. -
. Latter and Christyl? have computed the lifetime of the T - | decay
for the second scheme for various types of meson fields from the capture

time of b mesons for 2 = 10 of about 3.3 x 10~6 seconds. Agreement with

 the observed lifetime was found for the cases of & scalar 7 meson going

40 8 pealar or psenﬁosealar B moson and neutrine and a dealar gamg
to a spin 1/2 p and nautrino and possibly a vector T to a apin 1/2 p/neutrim.
The aeutrino in each case was the a;araeter of the p mesen. o,

The caleulations for the fircst.. scheme has divergeme aifficulties,

. However steinb*ergerm by using araubtraeﬁan method valid for aleétroﬁynamics

has been able to compute a finite lifetime for the pmcass which is mch

- longm‘ than the obsarvad value. Previous estim&tes of i:his lifetime,

obtained by arbitrarny cmttlng off the ciivargent Mtegrala gave resulis

whith agreed wnn the ebsom’ad ni‘etime. . This however, was due to the

faet thet t:he e&upl&ng aozmtant which was required to sccount ror nuclear

N

_ “forves was abou‘_b. l,.
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