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• 
Rerl* of Obse.rvo.tioJl8 ot He.au Production and Behanor 
at the Utd.v~rsity of Oalitornia Radiation Laboratory 

\Va.lter II. Dua • 

August 25. 194:9 

Me8<;n 'production hat oo.u observed at the University of Oalifornia 

Ra.tU.atlon LAbOratory u8111& high. enfJrgy beau, of protons, alpha partiole •• 

photon. lAnd neutrons. The cbaeI'Tat1oMue consi.tent with the supposition," 
. ~ 

that pl, lIle.OIlS ot both atgna are prodllCed u the P1"ima.r7 prooess. th6 threshold ) 

tor pro4uctioJl or me.ODI bl somewhat above the mass ... enel"ty of the mea'Ot1 a .. 

ftpeo1ledj 

Fa: ... alpha. partioles 8C,m'H~' production he.s lle~ Ob&&1"If84 aa lot' ae,' 266 Uey 

and·theexoito.tl0,n tunot1Qn hu been mea,8ur-ec1 up to S80 flew. The differential 

c,ro.. IHtlol1 tor produotior.t 1111 carbon by 180 Mev alphasot nept1 va melons 1. 

3~8 2: l~SI lIb om,/oarbon nuc16wa/per r.fev/et.wradial'4 this a.pplies to meSal'll 

ot-en~ in. the vioinity ot tour MGT ohsGl"VGdln the forward 4irect1on. 

'ol" protons satte produoti.on hw best. observed I.. low a8204 M~. ud. 

theexol te.t1011 tunat1.on bas been measured up to 340 M.".. The d1tferent1a1 

oro.s· .eotiou tor pzoociuotlon of' neg.tiT. meaonJI by 3'0 Mev proton. in oarbon 

1. 1.0 X l.cr3°sq.om!oarbon 'uuoleue/oue M'ev/.ter&dian. this applies to .meeOJia 

1n the vici!l1ty 'Of' twelve Mev ob$e!"V$d in the torwa.r4 direotion. 

The pO'1t1vG to negative produotion ratio of rAG.one by alpha particle. 

1, totll'J4 tot41l Npi41y with, atcmdo 'number tilth. low energy r$,;1on ot the 

me,on spect~ Protons produoe lltuy mOre high energy poal tive me.ons in 

carbon than negat~veme.onB· of similar onergy. while photone produce an eXceGS 

of ncgati ve meSQu.. 'rho oroas .aotion tor me.on p-rodu.ctlon by 3S5 Uev photons 

Is 1.2 ~,lo-20 .l/nuO:leoa. tor me-Ioneil! the ra.o.gea 35 ... 150 tA.ev • 
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Neutrons of o.boutSQO Mev'produe~*tarain nuclear emul81o!l1j:~':; ~,.'i 
".' - ; .. 

abOut ~'nf) In;thirte~hun4redof these:star •• lO\t!3u$rgy 1ties~n$ ~r.$ (jbsEtnG!. 

Salt Uves 'of p(i.it1v~anii ilegativepl meSOilS .have been me~t{,d. 1,11 

each: eA~'e the<hu·~.lire i.e ill th'e', ~C1n1tYo~1()·88econdB.' 
. nigh ' e~etgy . photo:~.: whl~h~aY"be the .4ec.,.produetBofn~~~a.l' m:~s.~, 

.Al:'0 obseM"M tob$ip~d.uoed. ,ntj':he cyo16trol!1 target undGrldghGn~rQ proton 
, . ": " .. 

. ~ . .' 

: "The tlegati'Vepl : mo$OtI,& \vhioh 'stop' t~ the' Em~,Sion caUIJ,~lPiol~'t" d:l,ll~g ... 

. tat~~~8l'1 ~ttUni'che.r&ea parti o1'ee' in '13~ apeJ>o;en~' ottheoas$e. '.'~:Nij~tt V'a,tiL" ' 
•. I •• '. .. • ~. , • ~ , 

lri$,onQ.a21.f.JG ~' the 'decqlnril~t6r 'negatl va t>i"mesdns.,a.n:d seldom_ It . Or " 
.", • ,"',,: . • ' • - • " ·1 ' _ .' , ~ <, .. 

ev.~. "produoeolmrgad' 'part1tile'ml~+eo.r ,di,81ntegrl:LtionB'inthe ,emuJ..lt()~. The" 
. " , '" ,,',.. .' '. ," ' .:,', '., 

, posit-I?e pi m~~on~ ueu.&117 are '6b~$rvedt~ .deo~y into t'l;,p6$1tive'llu nl:esO!4'The 
'~ ,- . "' 

lJiu:~e~tIt$ are t)b$a"~ 'to, ha~e a;ange, of pM ;,!,i ndcrons 1m '!l/ora. _~~io~ 
• •. :t ; 

The stop'ping PQW~r of nu.oleat, eDlilsions. 1a, found to be seHousit \e.tteo~ed , ' 

, :bf h\Wi,d1ty.' With '<117 lItOI'd ~ulsiohe 'the; i'tW.ge..en~rQ- rele.titn1 :f~un~:'£Orj1~~~' 
, , ~·p.~otOt.l1il ,~s ' " ,,' 

,1' .' . 

"" " 

" '\lher~ 'sis' th'~en.ergy 1r>. Uw ~ It.lathe rl\ttge in'merona_ 1hl. 'tela~lon" 
ha, b.&n()btained f'orprotons or'eiie,l"g1~sl?d9 Mev. 

-, l. 

,.~ 
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FIGURE CAPTIONS 

'Diagram .showing plate holder and shieldi.ng utilized in obseMring 
negati va mesons produced. in the oyclotron. 

. . . , . 

Relativeproduot1on of n~gative meSons in the energy range 2 .. 10 Mev 
by protons 'andalphe. particles as afttnotian of the beam energy • 
Observations of' JOlla.s' and Wh1 te. 

Fig. 3. Diagram of plate holder used to observe low energy poi'tion of meson 
energy Bpeot~. Exp,el"iment of J ones and Whi te. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Comparison of, the distn button of prongs in stars 1m tiated by· 
sigma mesons Wi th the pz.eng diatri button found to be produced bY,' 
deuterons and-alpha particles. .Meson obser""tlons'bf..~delm:8:l:t,~d 
Jones. - -. 

A number at examples of the.') appearanoe inCZanulsion of the end 
of negative pi meson traoks which stop in the E;Itl1ulsion Without 
m~ld.ng a star. - . 

Plate holder to measure aimul taneolJsly inten.si ties of nege.tive and 
pos1tiv~ mes.ons produoed by alpha parti'Ol.es in a series ot targets. 

Production ratio of low energy post tive to negat1v0 mesons produoed 
-··by alpha p4rtiolos as.a funotion of atomic number. Note tha.t no 
low energy positive mesons are produced in. the heavy element targets. 
Observations by Barl<;a.s. . . 

Apparatus used ~yRiohArdson in determining the half life of negative 
pi mesons.' . The intensity of a. spiralling beam of mesonsWQs mel1Sured 
atter having traver.sed 180° and. 5400:. -,. 

" . '" -
Event produced by-high. energy neutron in nuolearemulsion in whioha 
meson is produ~ed simultaneously with the emission of a highen~rgy 
proton. The meBon in turn is captul'"ed and pl'oduces a. one prong ·star. 
Observation by Gardner. 

Pi.g. 10. PhotoInioro~raph of decay ot p-Qsitive pi mes-on into a mu moson,l muoh 
in turn decays ,into an electron. ~~4 enulsion, Observationb,y Jones. 

" ).-
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