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Heaon v.aa. UeMur_at. at the 
Un1 veroi 'by ot California. Rt..d1ation LaborAtory 

walter H. Barkaa 
\ 

August 23, 1949 

Three methocla for detennnlng the meson 111&'808 ha.ve been or ue heine 

Gnployed .. t the U1n1vera1ty of CAliforni& Ra.d1ation Laboratory. These ere 

(a) 4eterm1DAtlon ot melon maas relative to proton mase by grain oount1ng in 

tNolear _ulelon, (b) determination of meson mas. by m.omentum end roJ:II&6 
. 

utilising range energy rola.t~on constant. derived from anpirlcel proton range 

Cltergyrolatiol1J (0)' determlne.tlon of' m.oson _BS relative to tho.t ot proton 

'by mom.onturn and rUlle ratio method. Each l:\.ethod. asSumes that the oharge of' 

the meson ia the semo flS the charge of the proton. The approximate agrecent 

ot th4J result. by different method.s provido8 support tor this aSfS'lJXlption, 
. 

'becauae tho charge entera ttLe methods in protoundly 41fferent way •• ' 
, . 

In method (a' ~t ia u.umed that the grain d~slty 8,Jld the rate of' energy 

los. at a. point of a track depvnda only on the velooity ot the particle (as 

long &8 it. maGS i. lU'go oamparGd to <that or all eleotron). Consequently. the 

'ratio .of' re.ldual ranees an4 the total ,rain count. to'/!' the aeme int tial velo­

cit!. ldll be in the ratio of the·maseea. Thu •• if' n(r) 18 the number of' 

grains found 1n a. residual m.eson ra.'lf.:e r, and I(a) the U\Dber of grai:ns tound 

in .. proton tn.ok of rGsid.ual ran,s R under similar oanditions, we may. solve 

to obta1n. cr # the ratio of pJ"Oton 1!1AG1 to moscn maaa. The method io Idmple 

1n prinoiplo, but tho appa.ront maSB rn.tio 1s too sondt1ve to tho gra.1n count 

tor thla to 'be a really .atlsfactory method., cspeoially in view ot the taot 

that ditfereno •• in sensitivity of the EIllull,iioll8 nth ,depth and position on 

the plateD are round. • 
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Method (b) which has been ext~n.fIively developed, partioularly by Latta., 

a.ulIUl'l1ese. ~e-energy relation ot tho form l' • km1- n an .to't' oharged particlOi 
. 

In photographio emulsion. In thi. relation T 18 the 1dnetio energy, ttl the 

mass, R the re.xt3e. and It andn f.mP~r1o .. 1 constant. determined from the expori .. 
. 

mental range-energy l"ol-.tion for proton.. The pa.rtiole mCJmG11tum -i 1I'p_ and. 

the range R are measured tor eaeh meson. 'l'he me.ee i8 then calculated !'rom. 

A small correction 1s .made for relativistio effeots. 

The error. in this methocf arise fram an inexaot knowledge ot It and n u 

\'tell a.e from the uneertainty in the magnetio field intensity. To a. s:naller 

&%tent, the range tJ.tro.&s11ng Also atfeots the aooutaoy. ~e values. .;for the 

meson masleedoter.nined in this l'i1LY arc approxima.tely m1r • 286 electron mAlaG' . , 

and ~ • 216 electron mal'.' •. An improved ~1"Oton range-energy ourve 1a n01!l 

aWilablo, emd the magnetio field of the oyclotron haa befrll meaeUl"ed ul1ng the 

nuclear 1nductionmethod. 

Method (0). proposed by' Barkaa. uttUseD th~pr1nciple that tor a melon 

cmd proton of tho lamo velocity. the com:non ratio or the momenta and Z'1'Lnge. 

ie oqual to the ratio of thlinn8.Sael. Furt}}.ermore~ for ,part1ele8 GOSO velccitie. 
. -

differ aomGlfhat; to good appl"oldJuation the loge.r1tbm ot the t8.t:5.o at momcta 1. 

a linear funotion of the logarithm ot the ratio of ranges. ThUS,SUPPOD., the 

range Rmaud momentum :an of eachm.eon and the range Rp and momentum Pp of eaoh 

proton are determined. Then ind1 vidual mesona are paired wi. th individual proton&. 

of roughly the Selma velooi ty fl.!).d log' Pp/Pm 1. plotted against log np/Rm. A 

looull is determined 1'Ib.ioh will be .. straight Une i.ntorseoting the 4So line at 
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the point whal*G 

I ',~, ~P1>; 'i! .. lit "'5' 

trOaL 4,u 

,'lhasa lines intersect ate.n anglG of' ,26'°:. whl~h lssutf'l.oient for il ;prec18~ 
. . .' 

det enb.tnatl on 0 fthe point, of in:t~rseotlon, either' :13;1 &ric '~lYt1o' ~et11oa ,W'1~ 
.' .' ":; ~ ,~", t' • 

thalGtls"t 8.IlUEire$, .stl"aight tine. or by & gl"aph:hal U1Gthod{-", ' ',' . 
.. , 

" ',' ,~, Th1am~heid, hap th$ad~t~g~.'.,1re'Orr~et11 _piQ~~~:~r~l~~,a~~",;;~,: 
. -"'. :. . 

. ' , 

" tor- co~~enoEt that the ,r'~t~ expone:nt i~. ooIlstant oWt'El smfl-l.l,inte~. 
, '. . . 
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