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'l!1m l.aD'ftll$ OF 'M;m 11'+ f$SW 

B. A. MarltntUi 

UCRL 459 

~ m&sen tM~ ot nucleaJ' :forces, 1ni1:liated by Ytlkawal in 19mS 
<;....•'"'!' 

. considers tho toroes between two nucleons as the intl':\.'t$ot1on ot th$ 

Particles with a meson field. :tn an analogous wQ¥, the coulomb force 

beitweGn part.loles ·is ~nsidf.tred as the interaction of the particles 

with the electromago&tJ.o field~~> Carrying the analogy further,. one 

b~s that lf10V1n$ ele~ric Cb.tirges produce radiation which can 'be 

qu.ab.t1:sd• tho qusnt.a being photons. Ill the case ot the meson tield 
' 

1\lke.Wa s~sted that the .Short ~ of_ nuolear toroes Could 

be 44Q~ed t~- it the tnQSGilS had a. ta$. te reSt mass, the range then 

be~:84-von by tt/s 1tb:• Compton ·wave l.ensth tor the m$SOJ!., ta order 

to aocount tor e. t;"SDP· ot· a.a x 10<'"13 •· the mass ahoul~ be ot the 

orde~· ~t 140 •• or sao eleotron, masses; The meaons W&r& also p.reaumetl 

to·be t$8table'\11iith rega;set to beta de•ar .tn order, to aocouat tfr the 

taot th$'0 .they kd .®t ~!Mn BM!h Paa:tiol.e& of abont ~hiS mass WGW 

disqover$4 ~cosmic 1'SJS 1\Vo years later• tbe.mass ~po~ea by Bro4e2 

beina 215 S: $ eleotJ'!Cm nasses or UO MtW.. The lU'etima tor: the ~-decay 

ot these mesons ·hais also b&en ••umt"G4 as 2.15 t .O'ls. 

Further investigatton of the properties of these mesons. p~i:W 

ecattaring and a.bea1:"pt1on exper1ments4,5 1ndicat$d. that the inta~t1on 

fit thf,lse parttoleswtth nuolei was too s.maU to ae~.::ount tor .nuol&ar 

to'I!Oesa.. In vif;fW ot this, B&the end MB.r$~7 proposed EJ. two meson theory 

in- whioh the abss~ed ( p. ) meson arises from th& decay of a ~vier ( 'TI' ) 

..... · 

·,, 

, .. 

.. 
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The ~vy meson was presumed to be closely coupled to the nucleons end 

would thereto$ be produced at high altitude by the nuclear oollisona 
. ~ ~ 

ot the primary -protons. 

Using the. available cosmic re.y data, Bethe and Ltarshek wen able 

to put an uppel:' l1m1t on tha lifetime of the proposed '11' meson. "' 

1. If 10 percent of the mesons in the experiments em the capture 

. ot negative !l mesons by n\l~lei4 were '11' mesons, a~iitotime which would 

aiiow this or a s.inaller troot1on of 11•s to penetrate the atmosphere· ia 

2. From .scattering eXPeriments on mesons5 1t was tound that 

mesons were rarely soat~red at angles greater than ooo • the cross sec• 

tion be1og less than l percent ot nuclear cross sect-ions. Since the '11' 
' " 

•sons should be tightly coupled to the nucleus, the cross section tor 

large abgl.e scatte~ ot '11' masons should. be ot the order of nuclear 

~nsions. Renee less then l p&roent ot the mesons at sea level should 

be 11" mesona.,. A heavy meson should possess 25 Bev to penetrate the at .. 

mosphere,. 'l'heretoro, 1t ao km 1s taken as the height ot the production 

layer, one has an upper lim1 t t 

• .>;.. 1 t 

or 

wtvltre c r$prese-nts tb.a velocity of light•1'11' • the lit'atima, and ~1f• the 

mass ot the 1f Jll&son. 

·. 
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a. A st.iU dlose.r but lees eel"ta1n limit was estimated as toUows. 

From the tac~ that sea-level mesons traverse 1000 meters ot water 

equtvalent 1t toll011s that euoh asons a~ p. mesons ot"' 2 x 10il "'• 

From the smoothness ot the absorption curve of ssons under ground it 

follows that 'rf JllGSOD.~ or the order or 2 x 1011 ev must d&eay baton 

m8k1ng nuclear eollleions, fb.e Jll$flfl tree path tor such collisions 

~t the production level .ls about 10 km. TbUS 

lOk:m 
c1'1f 

~ .1 • 

Shortly atter this :"8SUlt was ~e~nted, Lattes et ala, tound 

cosmic ray eVidence tor an evant which could be interpreted as the decay 

ot a heavy meson into a l.J.ghter one. A. lower limit on the lifetime or 

10•ll s~ oould be establ1slled trom the langth ot time the heavy me.son 

sP.hlt 1n t ratterst.ng the emulsion, 

tat•r at Be1'kelet. ~er and t.e.ttee9. found that mesons were 

produced by boinbEll'dment ot various t~gets with 360 trev alpha particles. 

·ThtJ mesons were found to be 7f ·mesons. Whoae mass trom ~urements at 

Berkeley is 2'16 ! al0 eleetron asses. 

An unsuccessful attempt to msasu.re the lifetime ot the T meson was 

made by o. F, Powell et aiU. 

Atter the discovery ot the produot1on ot mesons With the 184--inoh 

cyclotron, I.attes12 was able to put an eXperimental limit on the l1:tet1me 

( 1 ~ 5 x 10""9 sec,) and le.ter R1ehe.rdsonl3 made e. mauura.ment of the 
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lifetime and arrived at 

for the negatiYe "ff meson. 1!hia result was based on a relatively small 

number ot mesons {48) en4 on onl.y one point of the decay ourw. Since 

the 11tetlme 1s -ro.tb.ot 1nt1ma'tely oonneoted with meson theories and 

enables one to ··check some ot the proposed coupling schemes between ·the . 

1f _meson and the tJ- meson, and the ~ mS~Jon an(l nucleons. it was felt 

that an 1aq>rovement on· tU.oha.rdsons expa'l'iment waa necessary: 
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- XI· Disqussion of the Method. 

llue t~ the relatively Short.: lifetime estimated tor if. •U decay 

it was r&Ot?grdzed that a time ot tl1£$ht method tor~~ni.ng : .. ,the~;lite­

t1me was possible. P'or example it the halt lite is aseumed to be 10•8 

eeo. the distance- traveled by a 10 Mev meson in. this t1me is ot the 

order of a nuJter. '!b&ntO!'e, 1f one had a parallel beam of 11 mesons 

and measured the decrease 1n density ot mesons as a function ot the 
. . 

distance tr~veled onecould determine the decay ts.me. 

The situation however is not quite this simple. It is known 

trom other _exparimentslO that the mesons f'ol.'m9d 1n the oyclotron target 

have a wide energy and angular distribution• Therefore in a simplS 
. . . 

time ot flight experiment one would have to ,_asure a ~eorease in 

density beyond the inverse :square laW and restrict oneself to a narrow 

6llergy band ill order to maintain a known tim$ ot flight. With the 

present magn1 tude ot the external cyclotron beam this experiment is 

limited by the soe.J!City of mesons. It ~ight be feasible 1£ an elect~nic 

me!tho4 ot detection wer& poS-SibleJ but with pb.otographio pl.$te detec­

tion, the Dlicrosoopa tim& would be prohibitive • 

. 'l'he method -uss4, essentially that of Ri:cha.rdsonl3, circumvents 

these two objeot1ons. First; by using the 360° toousing properties ot 

a unttorm magnetic fielA. it reduces the geometrical ·loss trom ,-•2 to r•l 

WhGJ'& r is the distance tra.vele4; and seaondly, the magnetic ~1eld, 

except tor :relat1v1stio effects* makes the tke of flight per ~volu­

t1on essentially independent ot the enerBY. enab,l.1ng one to use a 

• See Section III. Paragraph 7. • 
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Its. 1Z..l .ShOWG se1temat1t::all.y ths expttt'~tal. ~Gruent, The· 

fJY•l.<Jtrtm beam 1Jt~ t~. eartx,'m tuset ~uoi.ng. ara&sone _Wbi:eh e.re 

·emi tt~ 1n all. <\il.reo'tlt:mS. aa.d wltli Tarious e~s. l'hese tite.D.. move 

~on& h&Uoai paths in. the JII8Sil.$~1c t1el4 of the cyclotron. · Ohennel& 

pl'OvtdM !D. tM ooppe1' ah1e141ag $eleot poaitlv-e mesona withth e amall. 

angular tnterftll abau' lSOo ~ tb.e beam 4trl.c:t10li;.- and an energy 

ut•~ Cit 8 uev to 14 MeV" ' One f!l '-he Ohtumel$ accepts a bUJ'l4lt ot 

h8l.ical paths Which a.t"8 M.t~1ug tram til& ttn."S$t whil$ the ether· aooepts' 

~-ed in o.e ~;tmenston, tb4 lOss ~the_ chtaMf>l is onlr Unern". 

~ 4&Vel01l$d v16W 118• II•2 and the Pho't0$r8ph$ fiB• Il•3 a114 1'18• 11-4 

giva a good picture .Qt the ohe.nM'l. 

Ph<nog~mpb.1C plat&G are placed s.t 100° .trm the target 1n th& upper 

'Ohe:a.ael alld at Ed.the~ ·54.0° or 90()0 ill. th$ ~r strkal. '!'he ratiO of '11 

Jt8Soas tound at 180° to those found at et~ber 'one or the other .angle'S 

enable oae to dSteJl'm!ne two. points on tlle daC€ly OtU"Ve tat the 'Jf ma$on. 



CYCLOTRON BEAM 

CARBON TARGET 

LEAD SHIELDING 

, .. 

UPPER MESON TRAJECTORY 

LOWER MESON TRAJECTORY 

POSITIONS 

FOR 

PLATE HOLDERS 

SCHEMATIC VIEW OF APPARATUS 

FIG. II- I 

14127-1 



,• 

t 

(/) (/) 

:::> :::> 

Cl Cl 
<( <( 

0: 0: 

u.. 
0 

0 

0 
0 
(J) 

0 

0 
N 
r--

0 

0 
U) 

r0 

N 

z 
0 
1-
0 
w 
J 
<( 

a:: 
1-

z 
0 
(/) 

w 
~ 

(/) 

w 
:I: 
0 

r0 z 

C\J 

t:l 
(.!) 

....J 
w 
z 
z 
c:t 
:I: 
(.) 

IJ... 
0 

3: 
w 

> 
a 
w 
a.. 
0 
....J 
w 
> 
w 
a 

-
I 





.. 
.,r-o r · , 101 :·ns1o . 

. ! AT! 1\1 I_ ·. :. ·_ ' : . ( 'I 

U i·(. • .. S! i ' .._ , , ~ . . ~ 1' I Jl • 
B £ .- E L E Y , c;.. L r '} ~ N ~ r. , .. 

c; . p, {) _ L(7) 





I 

I f•! F 0 1' 1: ! " I I • I ,... ' M 
RJl,O ~Ti~,. . ~. ,iJ r. ., 

LI M! \"-- I I .. :'.L ' IJ~!A 

1 .•• : • ,,_'irr:J!L 

G. P. a . 'i 1 L{ 



. •· 



. ·~ .. 

.. 

) 

,1 

\ 

.. ' 

m. Dltelf.l.$ :ot the Mttho4. 

~ <Jb.QU• of :Ene.~ B&gion ·, . .. 

· • .-! 

· UCRt 459 

ln the ~U•r· ·~ent ct ·atchJUt4son _ ~~bh« $00· MW l:\1p1Ui 
. . 

mesnl:lS• ms 'Gholce ot fairlY lOw enm1es was 4f.ctate4 ""'the .sQ\)CJ&d 

ot otlUJ• bpe>S\\11e& ltith th$ G~ eners:v interVal.. Kowever ~ tbil~ 

:550 -~- pwt&lfi beam.httl0 t.D.to ~ration 1t was cru.ttUiatee.. that th$ 

JlumbGr ot •sons produqed would ~'t;ly increase am\ that tha •peek at 

tb$ Gl14r&Y d1etrilnlt1on. would be at quite a hiah. -tm&#SV• It the'ftt» · 

tot'$ .appeared (J.c$81r.able to .msaaure th-e u.tet• ai :~ieha;-,_~llJ16:son;;eu9t'g1es ·. · 

~ thOSG U$e4 b)' ~alu\r4$on,., 

~1.1' G\!Cpt)1!'1l:ll~ts•Jt1th ~b.a p!l'Ot:on l?Rm 1n41.oe.~~ that much. · 

better ratios ot the number ot tisol'l t~a to the nmnb.er ot u.nwant$4 

tracks we~ ol!ita~Jla4 by cpos111& th• p~t~s at ~at.' _ 41-Efteces ·tre«a -~ .. 

wset e.Jl4 ~~re e:t blgh• &Ji$~$8$• ~ran UPl'(tll' lJ.sltt to 

'ae mtiSOn energy Wli!Ch ·cat\ be uod tor th1s e~t ie ~Jnpose4 bJ 

'lhe a'ft,lhble &paefl i.n the· cyclOtl'Oh air ~. lfh~ -.nerQ that IJa.$ 

tho6ea · 1e th~ .ftlal;1;t!lnm aU-owed b7 th1~ tostrJ.ct ton. 

e., P+&tfl ~-
' 

The 't:tpe o't 1)14tes uaed .. for th1..s expel1JD$nt -. nt~ c-s · 

100 ~ plAtes. The• .Ql'& sU.gb.tlt mo:N l$&llSitt'fe than tb.(t Xlfo.rxi ~ 

plata end therifolra tae:Uitate t1..mU.t1B the t' mas~ in tb.• Tf • I" dEtoay• 

'l'hu aids 40JUJ1de5blY in 14&nt1fJbs a~ es a 'If 'li)Sson.. 

a.. ·'1:'7Pe· ~ pl,at& Holder 

In 81-ohsJ:tds<m• s experitllent the amultd.~n m 81Ul.dw1oh~ betweoA 

gl.ass end the ease ot the plate was ex:pcae4 to th& me.sons. !b.ia 
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P!f*Oe4\U'e is furl;r SC04 oni.y U pretis~ m~t$ are not wanted 

~ Gince thero .is a van&tttm. in the th10kne8S ot th.e emulSion ot 6rount . 
t U Pft»Cent. 1.'0 avold this error. eech plate holder conta.ine t\to 

~es as shown in Fts. n:t-1, The aolld ~a eoeeptGa bj sueh a 

deVice ie independent,. to the tit"st order, of its orientation. Tbie 

· can. be shown as to-llomu 

The solid ax1gle ..n. aoeapted by the plate holder iS 

. -ft tu ( cr. + E ) + tan (a. - £ ) • 

llxpaa41ng this e~x.pression by weU lmown t1"i80J1Gmflltr1c formulas one gets 

. 

tan a .... tan E. 
l + tan a tan£ 

0. .. E. 
l+<t£. I 

• 

plate b.~fll" u~ .in the ~1m~nt~ is .about j radian.. nus, evM. 

1t E. wero I!-· ~dian, only a 1 P&r6•nt enor tn the sum ot the ~umbel'S 
of lr'.&SOll track& on the two plates would be 1ntro4uced1 although the 

numbers ot traoke on each plate $eparatel.y would differ by a taotor or 
' abou.t 3. · 

' 

\ 
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ed.n 9] 

To M'40mm:Mata th1o p~ion the ~ Channels were· widened l/16 ot . an inoh. 

b. Jstim&te of Vel't:ioal Foouasite DUIJ to N~om f!egnst1~ :P1eld.­

Re1'61'1"1n8 to tig. u:~~ to~ notat10ll, one oan write the equat:loa of. 

lllot.ion in the ( 2 ) 4beottcm tat a ~ pa:Alcle e.s 

A a a , . u... (.i' o . . . 
· m ~ • o.Q" -\!I we . --· .coa o 

dt~'~ . 0 . . ' 

. ~ 

.J •• be l1.8ht' sio beli;lg th-&11ltrU.Ual. torofl: on li •~sed particle ZI\OViq in &; 
. ' 

h«n>i .. ,al ti.U 1\-• . ~ t~ t -. be .u.m.Aat$4 lt7 sub$\1tut1ns t • ~ 

whe" "" • .!1 ·18 tb.• ~ton-ft:1t1t1vs.sti4 ~n trGq\ttitnoy tor tll' meS<m. at . . 
. '~ 

• 



UCRL 459 

su. tho 118aou S·PU'alin small otrol.E)s at the edge ot the eyol.ot:ro~ 

t1el4, 'an.inventgatiOtJ. of the IJI)1;lon fit ()ba~ JS.~icles in a non­

uniform Jftaglletie tt&ld was WldertGken,. 

file mot !on was analyzed 1n two ways. lJ1 the horizontal plan'S the 

non-\m1to:tm f1el4. oe.uses the small oireula~ orbtts to pro~ess about the 

eentQ" .of thEJ cyclot~n. The etteO't on the vertical motion is to lfl~ 
. ~ . ' ' 1 

dUe. $011!S Vfti't1cal fMUStd.ng1. SO that the particle instead Of m&.inta1tting 

ita vert teal. c~ct ot veloct ty wa.u oscillate e.bout th& central pl&ne 

Qt ~e mBSn$tlc field. 'l'h$ pul-poQ ot the. toUornip.s eal.cula1l1ons is to 

eatt.me.•• the ,m&gnlt\tde ot th_., otteots. 

a.,. R&~ ot ~s81cm at Qrb1ii l.o. the Field. ot a Oyalotroa ~t •. 

R.t&r.rlng to Ftg• ttl-3 ttJJ: nota~iont the 41spls.Oemani X 1n OM 

revoJ.ut·t.<m. oen. be writt4a • 
_.211'" 

:J; "" ~ p (G) ctn 0 4 G 
() 

Jm ap:pro:dmate expr&$sion tor f (Ql oan be obtatud by notJ.Da that 

4Ul"i.n& tb.o- motion ot tho };llU't1olo the pro4uot Itf. where s: is tb$·'~etto 

tielA ana e ts the radius or curvatur~ ot the orbit. rema1ns, constant. Since 

th• 4ev1$'t1on tl"am a circle is small ths ratltus ot curvatur-e is nearly t~ 

$Stile as the di~taficie trom thG tnitial -e~p.te~. TAus, t (G)~ :(~} • 

1t is now conve.n.i~n~ to intl'Oduoe a; quantity , 

n(r) • .. !. S 
H dr 

.. 

li .. B(R) [1 - n(ll): ~] •. 
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. fO ac·etm.odate this ~tml· the 1oWG1! Channels w&re widened 1/16 ot .an;· ineh. 

b. EsttJnat-& ot f$fb!cel J'OCUIS1tl8 D1lG to NOA...'Un1t'otm Bagnetlc J'lel.4 .. 

a&tenil18 to J'lg, . III ... tOJt notaticD,, one CtUl write the equiltioa -. 

mot1on in th& ( i!) Uwdtioll tilr e. charged pa:i'tlcle as 
• 

tha l"l8l:lt. &14$ beltlg-the vertSOBl tore&· .&{1 a oh~p4 part1c).e mmiq in a 

· .iu:t1"1r41l.tal t1&14 Br• The timt ·t ~en be ~11Dd.l.tat$d by subat1tu.~1ft8 & • t 
wh&w w • .!! 1s th• ·non·Nlat1·vtst1o ~l.Otron trequ.ency tor tb.G IDUon.t • 

I·. 

. '. 
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Jl"Otl ~ • t1 equations• curl R • OJ· Which gi~ea tt:»: a two d.imemdon ... 

81. fi.l4 

# with thE;t cnoi" ot o whiab 1S 1n41oat- in Hi• Ul.ioo4 ·_ ntr_l !s - &veri. 

PtJri944.C 1'\lno~ion at· e, and th&ret~ R • •!~l cos Q .may be ~d-ed 1n 

_a t~e~ ~J.ne s$-ies. t..et 

• 

" . ' . 
Bqu.e.\1ng th-e lett s14f) to zero gtv-es. a-s~ ~p:u solutiotl (Jt t~eq.uency 

' 



.... , 
w .. F . 

. 

11' 

~· ;·"J ~ -- . 
0 

.. . 
01l.(t b.aiJ, ~onsid~~ only the tlrst ·:term on the :dsht • 
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) 

- ~AA!Mii'1....,.....~-.......Tt~· T-'1 -.,., 

'l.l 

... 

. ; 
~-

+ P ~;,. :..if; a1; 
2 [sUr("• l)llsi.n (<ii ·ll ej , 

a·,"'t r . - a.J.f . . - . l w LB1rl w G + r oos e eia u1 ·"J • 
l 

Grapl:d4al tute~tiou tor: a0 amd a1 weft madE; tOl!' sev~ tarset. posit-ions~ 
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and it Wf1S touna ne~s~Jaey to pertorm the 4xperiment with the tum at 

68 s.a. At tblS 1'841US ao N .002 and ~ • .02 tor the C$lltral trajectory. 

with th;~. numben :.me .haS ;, "' .cue ra~l.. Henes et 900°, the max. 

a.nsle of the to®$tU,ng cycle 1s 5 11' x .012 • O.la radi.tl.fl&, .. Since sin 

.lS • 0.1.'79,. th~ deviation tram tho heltca.l·patb is only o.5 percent at 

l.t6'5 in. N -.010 tn" which woul~t' ~.ot be detected, The aJ. tea gtv0a: 

a dwiat1on trom the helionl path ot .o~ tn. et gooo. nowove$'. since the 

(llftlttls1f.'n .1~ not th&t tlos• to the channel the etteet should be nagligible,. 

e. Cal1bre.tlon of the ~ey. 

stn:o• tM motion of a pa.rt1cle tn a ~t1c field 1a character1zad 
. . 

'b7 its Hr • lt 1e poas1bl~ to ~hGek tb.e seomotl'ioal. deC$y ot the ohatmel 

~~tal.Jq. 'by r&placlng the target JI!th e th1ok alpha.-pa.rt111l.e sou\'06. 

AD. elpha· parti<:le $0ttroe or e.pprod.mately 107 .alphas/see was . -. . 

_,~tructed by tar, . Williatri C!'aM tor th:itll p!.tt'pt)S&. .It was nac(tssary to 

have the activity ooncen,trated: 1n an arrta the size or. the target (1/B tn. 2) 

since 'ff1th laFger sizes ptU't at th• ~a would b$ blocked tt'Om tb& tar 

PCIS1 tlons .. 

Only the· gooO point wa$ checked lb. thie way. The data (Table xn-1 

shoW tha.t th0 re:tio of th.e nulliber G.t alpha pe.rtiO'les which arrive at the 

1000 position ~o the nu.ntber w'hich ar.r1-w at the 9000 position is uniform 

across the plate end that tlte aeviation hem the expected ratio 5 is 

wi th1n the probable error .. , 



Distanc-Et along plata 
from the 10f!1-en&J.'gy 
a1de (~.) 
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aat io u• $ at li30 
'ate at 900 

5.07 i .25 

5,.$2 ~ ~2S 

s.04 1!· · •. sa 

4~~ t .2£i 

.For the computation « the l.itetiJI» the seometrtcal t:a-Ctor$ ot 3 

to~ tbo J4oO postti.On and 5 for the ·il00° po&1t1ou ~ usei. 
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Slnoe the eners:les ot the mest~ns are tn the neighborhood· ot 10 MeV 

whex-$e.s the rest· mass 1s 145 Mev the .relat1v1st1c att&Cts will be small. 

It is simple to $ow ~ever that .using e. large ener~ interval 

will not atr•ct 1ihe litet1m.& ne&fN.twmntll.. '!'his 1s e. con~ence of 

-~ the U.tat1mo 111 tertns of the decay per revolution in the tield. 

'thus, although it is tlm& that an observu:·."ffGUld see the lifetime lengthen-
1 

84. to;r th& higher enerrg masons by a te.otor ~pa lt 1.a equally true 

tbat the ~ri~ P&l' re~luti®. aa seen by the ob.sener WQ\l.l.d alao be 
l 

lengthe.n•d by ~ ,s • fb.u.s. the tract toil deoa,t.ng per reY01ut:1on 

would l;)e in4-ePOndcmt ot p. 

:tt is 1n1e1'est 1.as tlo Acte t~ it the espertment were carried out . 
. - . 

ac.O'!U"a .. ly t-o:: 'both $low end tut ~sons 1 t ~ prO?i~e a proOf tor 
. ' 

the~- paradox; tor alt~ the ta.R Jheson• spend a loaser ~1me ·in 

spao• tb.a,n th~ &lower, mesons be1'oN i'&tUmitlg to the target; they both 

ap»ear to be ot the ~ ·as• as meast1l'841D helt•Uves. 

e •. l1ethod Em.Pl.ottJd to Reduce :eack~. 

In o~ to IElte upoaures 1~ was necessary to pro'¥148 add1t10nal 

Gh1al4iJl&. J'tg. Itt.;.$ Shows the e.~ezaent of \he shielding in the cyolot:roa. 

Sbl4e the ~- is verr small ·compared to the beam height it :was 

neoGSft17 to prov14e a atop tor ttl$ ~em on tbe other side of the oyclotron •. 

Attar the ~e.m atr1kes this blook some· ot . the protons are E~t;atte~ . 1l3.to 

the copper ohiuaael holder. It wu to\lnd trom othe.r experiments that tb,ese 

protons were the cause at a gl"f!l&t 4esl. ot the blickgrOl.IDii tracks in the plat·es. 

'ro eliminate them.., a large carbon block was pl846d. in the dee apFQxtme.t&ly 

\ 
·, 

\ 
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90° e.we:t trom ttr.e tanet. As an a&Ut;1onal pr~oauticn abcms 9 tn. ot • 

lead wee tllOQnted in tbe ctc1otron on 'the b&CUI sidit ot t~a cl:LanMl. With 

these mtaaur&s 1t was i)oselbl<'t to set r&adil7 f.Mdabl& plates. 

Ex~s of 10, 50. 601 120 e.nd 1!40 second$ we" made ·so that ·th~ 

opt!Jmlm time was sure t~ btll lJl'BcOketted. ~e plates 1¥$1"0 loaded on the 

darkened cyolotrC~n platform. · Leveling ot the oha.l'.Ulel,. Which is n$o&saary 

to insure eorreri geometry; was aecompU.shed ~Y fi1G811s of a J.Gv:cl attached 

to the cyclotron probe:. The position ot the 'sh.S.eldl~J.$ <was •hecked with 

e ourrent na41ng pro'be. The distance to the bloet at the Slt!$llest reMus 

·was 4atems.u.4 bt obSfl'V'tns tb.~ radius at Whteh the current ~ed by' 

<the probe vanished • 

. b. ~- Baekgtoun4 

IA orc1&l' to find eut; how many •sons ww eapable of set't.ng to the 

plitu without so~ tb.J»~ 1he pr9aer~'betl th.ema61, il!e~t1oa1 exposu"& to 

'he above ._,.... mate w1 tb. the 40Wlm'U\\ -channel blocked at •1.9QO. 

fhe ~tios flit the .rlllmb&l$ ot •sons e:t 18o0 to that at MQO ani tb.U 

at 900° iu these 1"llaS give e.~ ot the b~~- · 
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· IV. Evel\le.ticn of nata 

1. Sethod ot SclUUlins Flates 

The plates we-re scanned ue.taa e. Spencer microscope with a l.a mm. 

oil llmnersio.n aohro.mBtlc objeotiVC\t and G power eyepiece. This reattl.te 

in e. t1el4 ot -riew of a.pproximauly S50 micron in. dietD.etitr. 

'l'Wo metho4s of meaeur1ng the soanned area were used depending on 

the &eson density tn the plate. tor the plates exposed at 1800 a reticule 

with 2 parallel rulingS whi-ch marked. a reaton '13 nttcrons wide 1n the field. 

of Vi$W was used. The plate was scanned pel."allel to· tha direotion of the 

mesons- and only ~sons stopptns 1n tha ?3 micron swath were tabulated. 

In this w~ the area is found by measuring th& tote.l length ot scan. ror 

the plates at MOO e.nd 9000 tt as d-esirable to utili~ all ot the mesons 

fn;,<a gtven Sl"M.• This waa e11pooial.ly true ot the 900° plates where the 

tQtel number ot mesons available was not very great. In these oases the 

Qbs-enat ion was do.ue by taking ovetle.ppinff scans. At the erul ot each 

swath tb.~ plate was .m~ved 100 moron• so that there was en overlep or 

about 150 microns. The tu"Ga was then obttU.ned tram the vernier on the 

nticroeoope stage. rer the le0° plates this methOd would have lsa4 to 

c~ion e.e to which ftl9eons had al.nady been tebulated. 

a. Result$ ot. BackgrOund TeS~s. 

'table IV•I Showa the data vaiiah were obt.eln.ed trom th& bacltgro'wil 
. . 
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Position 

1600 

·~o 

lB0° 

'NUllbU of 
'Yf·jl Deetq'S 

n.nstty a.t 640° 
'DenSity at aooo 

Density at 900° · 
1>$nf31ty at J.SOO 

' 

• ·:~·90300 : .0012, 
~ ' . 

" 

UCRL 459 

l)~ity .of 
'12&aons/No/~ 

.ouw' 
l.l'1 

0.00376 

Slnce the statistical errorat~on t~ background. ratiO$ ue so l.arp, 

the ratios will not be used tor conaetlon but wtll; 1ltt 1ncorporate4 1a ~e 

probable error ot the ttnal result. 

s. Tabulat.ion of th$ Data tor the tltet!me aaeu.1"$.!11ent. 

Among·. the ID8$()Ji t~ao's observe&,.. those W.re counted whlch sbmlett a 

detWte 'It' ... p. decwq end •e.re therefore certain to be dua to 7f • mesone. 

AlsO Qo\lflte4 MU.'Et thos• t·raoa vrhich e0111d be 1dont1tied as msQDS tm.t 

Which did AOt $$Op 1n the 8(mlls1on• and ~· meson traoks which stopped 

in t.he e.tuu.ls1<Ul but rct.t which ao decey tra4k could be toUlld. 'fable tv.-2 

gives a ~ ot the 4ata. 

·' 

' 
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Mle IV•2 

Plate N<h Polf1t:J.«l. No. ot fl' ... fJ. Deoar !;ro. SQattere4, NO Shcmil.1g .A.Z'ea· 
out ot th& No D&oa.y SO&:fUl$4 
~a ion rom.2 

&603 16$ 41 .. ·4 43.8 
180°~ 

. 4&02 130 3'1 5 43.8 

6601 U4 4e) .. 6 140 
54QO 

6600 12? 51 s 140 

6'571 204 '13 10 58.4 
leo•· 

65'10 148 50 ' 58.4 

. &569 U6 42 'I ilOO 
gooo 

6.568 U4 45 e 400 

J 

The rellab1U ty ot ttie count for mesons which did not stop 1n the 

e1'1lUls1on' 1s not VfJ'" high sin.Ce tho 1d.en:tit1oat1on is not ce~a.in 1n :Clla.D¥ 

cases and such tracks 6.r$ ee.aUy overlooked it one is intent on obse:rving 
. ' 

JDGSO:lS thtit stop,. to. v1ew of the 'UhCertaint.y ot this nlltl1ber. the data . 
a.p~ar to l)e quitf,J consisttent as to the tre.<Jt1on wbtc.b. stops 1n the emulsion • 

• 
' The 118SOn:a going· t~ th& emulsion we_. not 1aelude4 in til$ com.putation 

ot the l.1fatime since some ot them .l'llisht very wall be l.L masomh 'rhose 

meson track$ wh-'rCh did not appear in oon,juncticm with d.ecey meson tracks 

are probably due to 1-1- usons, 11 mesons which do not deee.y b3' tJ- format ion 

or mesons which stopped in a. region of the plato vlhieh would not l:'GOord 
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a p. meson ot .6 ue:v. 

4. Co.mpute.t1o.n. of the Li.tetime. 

e. Reduct ion of the :oat a, 

Consi4er1ng only th& 7f ... /J. decays recorded in ftbl~ lV-2 •. the density 

of •sons at the various _positions may be compiled. These are reeoried 

Poe:1t.1on 

These values g1ve the following ratios: 

Mestm den.atty 640° 
MeaOJl density 1800 • 

Uescn density at 900° 
Meson density at 100° • 

0.288 
3,02 

+ .. • o.oo~ .00&2 • 

lf' ihe Ute:t~ were 1nt1n1te., the Gx~ed ratios woul4 b• o.m 
e.n4 0.200 respecttvely. !Ole deorcmse 1n dc.ettr duo to decay lin flight 

it nomal.lzed tG 1 at J.eOO .is then si Vfln by table IV•4 
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Position 
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Relative Density R 
(due to decay 1n 
flight) 

1.00 

0.743 ! .042 

0.476 t .026 

AU at the errors recorded are purely statistical. 

b. Evaluation of tb.e Lifetime and Assignment of ~ore. 

In order. to average the 540° and 90()0 points in such a way that the 

errozos -could b$ computed, tho 540° point was extrapolated to 9000 by usins 

the l'llGan~llie computed from the 5400 point. 'tlle protlable error at the 

ext~olat~ p.o11lt \vas doubled. 'l.'tlua tram Table IV-4 the ratio R at 540° 

181 

+ ... 0.'14$ • 5.6 percent. 

-
~nrapolat~ to 900° this gtvetu 

Tb.a .)Wtlt1o obtained from thEt 900° data is: 

+ Rgooo a 0.4?6 • 5.45 percent. 

Averaging these· two 9000 points by weighing inversely with the squere ot 

the probabl$ errors givest 

1igooo • av.-
.4'16 (4 •. 32) + .au e 0 492 t oftA 5,.32 • • Q'.t:. 
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hom. thiS value the meSll lite 1n oyolo._ron revolutions is ea.si~ 

computed to bel 

w "' H.e - . . .mo 

., 
H ~ 1'295 gauss (plotted data on.the cyclotr~n field), 

e ~ 4.8024 x lo~lo esu.lG 

.m = 9.1055 x: 10-28 .gramsl6 • 

~ a 2.99776 x 1olO cm/sec161 

w... • 90466 109 soo•l • 

No davia"ion has been assigned the nluo since the errors ere aU -ihsigb.ifi­

cen"tl eompared to tb.e statinice.l error in the mean lite. The period per 

revolution is tb.oretore 

1-= o.e~a .x 10-a sac. 

Ustog this ml:lllb&r one sets tor the mean ead llalt lives 

1 • 1. 9'1 t o.l.Z9 x 10-a aec. 

1' lfla • l.m : o.o95 x 10-a seo. 
-

Ill addition 'tO ~ese · stat1st1oal erroll'S 't~J:-e is a Pl'Qbable ~ 

1n ~ •Ometrioel ratio ot approximatGl.¥ 3 pe~en~. on aombiniag the 

eft'Ol"s oae ~1Tes at the tollo11r'-Dg limits. 

'· 

\ 

' 
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1. In tho upward di~tion, 

2. In the dO?IIlWard dil"act iOnt 

A,-. j ·)a ( )a ( 2 7 . (.0? + .• 03 + - .05) • 0.086 • 

using these errors one has as the final result. 

l nn + .14 10-a .p, - •17 x sec. 

'i 1/2 = 1.37 ! :~ x lo-s sec. 

" Although this result is somewhat outside of Richardsonst published 

value, 

1 7 7 + •21 .. g l/2 a • - .16 x 10 sec. • 

it can be seen trom Fig. IV•l that the disagreement is not as extreme as 

is implied. Certainly one could not say that tho experiment shows a 

di.f'ferenoe between the 11" + and 11' .. mesons. 
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V, D1souss1on of the Result. ' 
1 

'l'Wo schemas have been proposed for the decay ~ the 11.~ meson in"to 
' 'I 

a P. meson and neutrino. 

l. The, rf' mason is coupled to the nucleons e.nd the nucleons to the~ 

meson neutrino field. The decay ot the 11' meson then ioes via a virtual 

nucleon pait. The capture of pJ. mesons from the K orbit goes directly. 

2. 1.'he Tf meson is ooupled to both ·the !.l meson and the nucleons. 

~n tlb.is case 11' • ~ ,21 decay is direct whtu•ea.s the capture ot t1 mesons goes 

through an intermediate '11 tield. 

Three related data are avaU.a'ble which the p.roeess must fit. 

1. 'l'he litet ima ot the 'If I' decay. 

2. The rate of fA' capture from the K orb1t of a nucleon. 

3. The strength or nU4lear rorces • 

. · Latter and Chrlstyl7 hav.e o~ted tb.e litetinle of the 1f ... f decq 

tor the second scheme for various tnes fiit meson fields from the capture 

time ot ~ mesena tor c. ,.. 10 of about 3 .. 3 x 1o-6 seconds. Agreement with 

the observed lttetillte WG.$ found tor the cases of a scalar 7i meson. gotna 

to a scalar or pseud.osoalu ~ meson and neutrUlo and a scalar 11' goibg 
. and 

to a spin l/2 f"' and neutrino and possibly a vector '11 to a spin l/a f£Jil.eutr1no .. ; 

The neutrino ia each cue was the character of the ~meson. 

The calculations for· the f'irst. scheme has divergence difficulties. 

Howner Ste1nb'e.rgerl4 by using ar..subtraction method valid tor electrodynamics 

.haS been able to 9ompute ·a finite l.1tet111$ tor the process which 1s much 

longet .than. the observed va(ue. Previous estim$.:tea of. this uretime, 
' . 

obtained by arb1trar1l.y ~'Q.tting ott the divergent integrals gave 1'$sults 

whtO,)t egr~d. with the obu!""ed 11tet1mliu . this howe?er. was due to the 

·tact that the cCNplui.g eOiiatant.whicb. was l'(fquiredrto e.oeount tor n~cleal" · . . ' : 

' 
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