
,'~:.-r:~:::::,;::.;,~ ~~' ;." 

K~ ·:j.",:'arU80k4e~'an4 .K. )(0 W~t80f1' 
/II141~aUn1~erslt" 

!t:t~"':'e""~),:~~Qelera tor researcb1s .prlmat-t~y concerned..· tll'i.th th~ 
:' .• ....,,<'::- .. ::.:',..'-:~".,' .. '{~<:lV-:·,·::'~';· I 

81;udy ot' t1' ',' -' < " Mtrtlo1es and should cons.~;t1ently be cone1de:r::';:.d 
!" J .~ > ~ 

tJ;·OJit;,~ll$:i,.~thtor tlhe requlr_ents or the Ie.ttero
 

"""",.;" ";"',.!,};'th1nga 'to learaabOut an 'element'a~y ps:rtlcle~.~~
 
~> ··>',C/ " , . ' . :~k.::·.'::.~>..:;~~.. -, . . -, ,'~:'>\;'~""< 

't/~te~18ts, 1~. ~~, mass and.deOaysch~~.:': '9iMJ 
';', .' .... ..> ' '\ ',:;; ...' . '.' . ' '~&~'"J .''" 

,~·.the P4~'tto1~];n que.tlonlnteract$'~~;,~ngly tl1th 

c" ,..... <tclnrOl'la4'tl<Jne-.n· very)]~:i~ >~Ob.taln~~i'1th' 
> -. . ",'.-' 'c' " " ' ",' ".', . , ,. . ,', ~-; 

'We have de'ji~il~~~qU8.ntlte.t1Vf.t,~o·wledge 
~.. -".," ,,:'1"".";.', ,," ,I, . ,', .'.!:>,.-'.'.-:.'.'_-". ,. . <, 

e. oft'Qroeb$t1flten elem.en~arY:',\partlcles~ ....tl:~~,ele~cf,;(·c~' 

Almost no~;ng 18 knowj;:'i.bout other'$t~~~.ri 
. . " "' . ,',.,' ,.' ',.' . ""- ; 

'Itis. s,tx-oncrliy telt.,{~ott'ln8tance I .tM.r.J'fiJneaon~ , 
))\:.;J:,C'\'",i, '''-'<>' .... '. , . ,,/; . 
d:'4.~"!_1o't~~Jihe~mo8t obvious prop.~1es· or nU()le~:r/tor~sv 

i~1::t~<:~,~,ltkny tllat other lIles~~s ~ alsli"~i,.~ il<~laSOIllS 

·;iri.~he~~.?'~~~re, 'as' ,et unltnown interactions between Var1.0~.' 
,.t:rPfi~'<:ltm«.""f,_'.ut~ns and protons mal very'well plal~" ln, 

_" . _~ {i :~" 

e&J:.:' ..,nU.b.·.··.21.·'.' "",~.•ng.,.,>;...(~.,',".., .twoture0 
~ ~~': 'j .,,;,~.-- ,",., i0" 

", The, t1n.~·~,\.\1Ch questioosae these are li)tely to involve long 
.. ':.. ; ~; 

prO~bl;J,~¥7,,)\~" ;I;~,;.ppe y~tJ1 aco.le~at:ors" W.:'?annot hope to list in
 

any .de.t.s.itne,e~~1~$t1t8,wh1QnOO~:Ld: be expec·t·ed.to lead toanEJwerEl'l;o
 

"the .a,bQv..qUest2tO~.l(!tCall.how..ver.eugg"1\t~4~rect1on which suoh . ",';",',,"HJ 

>reBaarchhaa. tu.~o,: '1'othls we appendtbe re.x~_i'8a<?h year since 



tr-meeon~ were produoe.d:lla-s, .•e~n an'lnc;eaae 

,8;' ,ln ~~~,tntere~ttlJg e~.;lments' to be do~e~,' ' 

'IIoproton MOeleratore - . 

··'~sj·;··::··~••·~eear~hwnlc.h/oan"~led out 'wl th ar~l~~~~iJ.l" 
"..""'",;(, ..................•.. ", '. .,;;':i,,'; . . ,,\:,,f.
 
a.»~lit.~~4:partl~lee:ohangea'.~ed1Y·aivthe 'energy av' 

.:;:.: _:".,' '-~;:'·~-_:»\~""'._·'.:<i~::~>':'~:"'_,':-'>:::~-~) ;":"', " .' '-'. ".>:_:,~, " _.,,"' _ < .. - _ • _ , " , ; _ _~' <_;_·f~:< :"_'''c. " . .. :'",:'_ -

(!~.!~,~p~al~I).,J:~th•. low energy reg10n·or·claSS1.oa~·~q~~~rphys~cj<>· 

(~E,1\~.:~i~;~~-e"8thll::2f2'MeV)t_oent~l J)I'Oblemsare t·hose:~rnv.Clear 
, .,;(, '."."~;<'" ,', ."- .. : -'-,;,~·'.:;~::~;-':;r-;:~-:' '. ..- . ,-, . ,_~-- -'. ~,:>_,: " :,-" '~.-. 

J81;~~_;f ·'oleartoroes.'~'.I1.ru region is '~~loul~~l ~'el1 
,,'::i:'_'~:':'.;;':";'_;_;'":--."-.":i> .' -' " --"'- - ,-' J '. ,-, - --".'.:-:' .," 

,a.j~'~:;'twlYat nuclearstriotureo At higher energle8{20-2'OO !.fev}n 
,> .:? .....,~\j:.,". ..... . ' ..'. ' ....' . '., . . '. . "...,.. . 

····1.t,;:~s·,"l~~$'J;..s .teas1.ble too~rJ.' out readlly 1nterpretable8~erlmentB 

.. "1.tb:Q~Pl.,;:!,;L~;::·;\, ..and. the p;f'lnc1.J)al problems 01" 1n~erest e.re;tllos~ot:·"", 

. tj~t'1nte~~~i\f~ tbll.~nt&l part1cles. 1.e., tb,; n1t~~on~ti,,"leon --, 

8e:a.tt.~1."CJ';,_l.IJ~.'~8.tn t-.ot ,l)een bY' tar the predQmlnantt~eld o:f, 
,.'~ ". ' , _:~ '.-,. .", -.,- ::£,-~', . - '. 

e'~~lctlenjii?1'e8'ear,.~h1.p.thl&enerS1 ~ange I) ..
.' .' ';i, '.;'i{ ;.' ' '.. ' .' . . . . 

''1'~i.~tuat~pn 'changes markedl)'as the threshold t~r:W''';;tnesons 
~,_ . __ ',' " ' fr'~~~;;>:' 

'>Pl"Cltl1l9'tlon·ls '""li4; '(290 Hevr~r nucleon-nuoleon collis!.on)~, At"thiS .,'- ~ - ,- . _..,- ~ " . -, - "",' ~ 

I.. ." " 

ell...~ the RrObl">,~t.'the detalls or nuclear ~twoture 18 a relat1vely 

.urt~m~l"_~~,'a~cR'ot~.po881blere~earchProbl.elD8'and th,.()Onoen'tre.tlon· 

. l~hJ.tt.::t9'<~~~"S".~~1;().t.the .ff -mea'on 'Itself' together wlth)tAe p.ucleon=.. 
~ -." ,,:, ~'-:, -" ,,- ',", ,'-" ..->.:,- .,"" ~~'::/{~. __:- ,'.:' '. . . - - . ._,' -', ., -. <'':-':~'' 
f1U,~~~'li:·1~~~~~;~~.~;Th1S.8h~tt 01" emphaslEr .awa~trom the.~~~y. of 

c~_.~,~~~~;;~~~~.,.~theS~Ud1 ot the elementary,partloie~'is 
, _' ••• , '.• " -.- • • ", ' _ .~ '''''' ' '. • - .' J~ 

-"":. c <; 
. , , .' , ,~.::' ;..<_:c_-'~ __ ,·~~-":,;Ei';.,, ,_.' ',_ ,_ " __ .' .'" . , " 

· eba:racter1.8't.t,c or Ai)Jl,ltver,. high en~rgy region and will beoome increasingly
- ,:"C·

j 
';. '; 

,', ',',',-,' '::.' 

. As the ..i.ah t~~hold 1.& passed and mesen productlon becomes an 

, · appreoiable traotlo~ot thetotli.l C1'OSS sectIon .1'0'1' the nucleon-nucleon 
" . '" 

· 1nteractlon (lncr.._.1n.g troll. one or two peroen·t at 340 Kev to 5 to 10% at 
. - - . . 

,450 ~ev and :tQ~~,3,,~at0P8ae.,), an array or new experlJPents beeomes



". ': ,.-,:;, ,}::;~"~~,:, ."'. ',::'A/?''>- -. 
.'- -'--" 

tor ",.n':e.lt~tl()~~ 

,:-. . '-. - ,- . . . 

1lC)ten.l ty' artd:J11ghenEJI'!Y mesonbeama (up, to 225 'Kev meson energy at 
. " .."', '\ 

4"O',K,evnu~leon:el1e"gy) which result 1'l*Om the CQ,piOU8 produ()tlon crt Ulf.320US 

wl~llabove tbresholdo 

The.xperll1lental work (See Appendix 2) whioh has: been carried out 

ll:l.~t1ei,pe..t S,yea" (prinoipall1 at Columbia, Berkeley~R6Chester~ ChlcaerQ) 

IJ:i,theen't"B1r11ng~ot 240-450 Mav has yielded a great deal or extre1il~ll 

l]l,te:t'est,~g":Jl\ilt.,on the ,1\ -meson propertlesand on the nuoleon=uucleon 
. '-,',".' I 

'lh't~_otlon8i wehof the work has, however,' beenqualitat1.,e orro.ther 
.;; .' ' -,' - '- . 

rt!C{ulre a't,,~"t.~veral more years 0 

The &8 yet unexplol'ed (except by cosmic ray techniques) energy 

rE~glon above 450 ;Mev can be dIvIded naturally into' two reglons; I at 

energies less tbaQroughly one Bev, the posslble experlments are simply 
" 

an extension of 'these already discussed, namely the lnteractlons ot 

,y'-~e80ns and nucleons 0 At energies above one Bey, lt seems possible at 

pz-esent that a VArt.', ot new phenomena appearwhloh Involve the hea.vy' 
/ 

) andtermlone (X, Vol, anti nucleon)" 



I 

fol' the productlon o~the8e particles are. 

11sted'lnAppendlx 30 It'ilB not 

. el'll~lr~ii th.e oross sectlono torproduot1on will be appreclable 
:. ' ,,:..;, 

ll.f;c~it~.~4bUt the productl'~>~7beoom.·oomparable w~th;t~t of the >'{ . 
. '-~ :!' _. -~ \';"-.;<: '. -';'_. . ".- .-..~ " ,~-,--, 

. ,,- ..;.melona J.tr the -lll ·Bev reglon,. 
.. " """ 

"'\';';',,~.:~y rate: 8 J).s th~ thre8ho.14 tor the p1'Oduotlon-otneW,Ilartlc18S 

l.f;l,f~~~~«, the ."etlPe·ot experiments that ar,e important in 'the pion 
,.,:,,_ '''''·'i". ',: " , " : ','>,' , 

'1'e~;~~ be;;"~1,e4 out tor the hew olasso1' partioles•. ~be 
. CQ.~~.f·~t t}le pr<>0e,.ea a1.801ncreases slnce. the number ot,l;lP.80f 

~<':' -,,--; .,:, "c'.:;',>" ',' '-. . 

~tnq.fnt"l partlcl,.·lnV,olved lnoreaseso It 1s not posElibletd:dlscu8s 
~ ';". :.\>_;,.- - ",.'.--',0 

'll't;}~.t.it.the ty~otexper1ments that will prove of int~re8t/E;1f!-ce our 

kil,owledge 'otth18.11e~S1 region 18 very11m1tedo It would apJ)e.a.r b hO'il:l9Ver D. -. -, . - . ~ 

.' . . .": .... .··c· .

th";ttheQlult1plle~t1ot obv1ous exper1ments to be 40ne to~t'!'1er with the 
', --, -- - .' , 

, r-·ex1?e~l;.n~fi.]'41ft1cultles encountered w'ill lnsure that a large varlety of' . 

intc,lPe,t1a:';exper1ments 'Wlll. be avallable tor a rather considerable periodt' 

III.,· "Electron Synchrotrons 
:~~ . . 

'. ~ 

r,el.e~~t tox- electron a~cele"rat()~.0 TheresearQ}1poss1ble w1th .the 

b~el*'.tranlungbe.9.me.oth1ghen~rgy. photo.ns ~ "wh1ch are 1th,mQst useful 

~e;~a~()'h too~:for"'bla type dt".~coel,erator~ aiso 'markedl~,*'~es ~l th 

el!~'~ -W-.~" thJ'es~til isreaohedat 1,50 Mev: ai.:.~~th1s + 
point '~he most lp.••estln,g exPe1"Ulents are the photoproductlon or -rr 
andTT--me8on.r~1Il prot<in~'''and.deuterons " The electromagnetic properties

, , -"'.' ',' t., j -, - •.;' - __ •.~.' - . 

ofthenUCleol\s/t~mse;L¥f)sCan be studied through Compton scatteringp 

theseexperlmentsarehowever~xceedlnglY dtrtlcul t and have not as yet .\ 

been carried out.ln\•.~~e:rsi' r.,nge up. to about 600 Mev, the exper1ment~,tj 
cont1nue to be 'r.~t~l..,.a:>~#!<ib8"stUdY or pions {produced singly or multiply) 

.' .':::;;'" ........;.. i '. . . ." . , .
 

ilnl:i their 1ntet-aotl~~.;Y1'th,Jl\101.eons and /r-rays" Above this energy the· , 

J
 
I 



'X'~~'~ . 
. ,4'" 

' .. ; .:,',i. ;'•.'A::a'· ·i ..1'iv•. '·.W·.. = r-;~-,.- -.,-, .'- -:-'':.:: 1\:n,' - ~Al"l,n - ~,J 

''it ":,;",,:,,,:;,~j:.~ ;". ," . r 'i 

cp1YJ~uct:1Qtl~!~;':~~~,....• '.........•....•... '.' .. t&})le.,'~tl.e~eB eta~~t 
·u.-!'~t~j,~'~~;'?1'j>I)J.ec1abl~" .·.C~n_equen UYo '· 

Jtists:8.:tt().··:,"9celerato~8.f,tJjj· ....i-iftOld otpoa'BlbleexP~~lment8 "' ' 
" '.·f"'\~?(j,,:;:L::·">'i'~'t(p2;' ", ,., . ',;, .. " "
 

expl~<t,SVft~:~p,~AAJi,tI!bqve' rough].,ya'i.~~." . . ",c'
 
" " _ " '.' , ".' : _ ',;' ',.' ;'. :.:. ,.' "". • - r , __ ~", ~ _ ,;' _,' • • 

;f;IDh.~·.l'eetrOna~~elerato:r'b4S'dert~ln '. Qha~ao te~1EJ tics ·.~bl~n make'.. 
" . ._-,_.-.:-'-,::-..;-\~.'~;:,:',,"~';"-,' /"" _ ,:<-~,-"_-,,,~;;-S!:4:<-.,:~-~t\,>· . """, - _ \ _ ," ~-·2~·:.. .' - ~\ _:.~_~--;~-i·!·"~~'-~\'·'_.- , ", ' .
 

;expl~~~n~,~ rathe;~/"J.!~,~lff10Ul tt~n'wltb, t~eproton. acoel~r~torB'., ,
 

Thel!~'~!~lAU~~~,~eneruep1'eadp~ ~'li1'eme.trahlUl1$~"" 
.' (8 J~l~t~e~t~,ut.d;'ttnt:ma~1mum) and~~~;-:we1!l hJ;'gh electJ-6n. ~c~'~und 

.,:":.,> ',,;{ ..... ':(':t'·: .' . . '.' . .' ,;" .,: . .'" " . '.. ..... ." ." .' .'
 
,"M~~~'ftfJln•.," .I""celated vl,t)1·theJ:,UfJbene~gjgamma rayse 'The
 

." ~\:~<j: .; . -y', . -~- )-'~ "~". " .• -' <'~.'-',,'-.' - .. -.' ". - - ' I 

lnt~i1i.~:tleei.':..:,btoomparabl.,wl'h ~8. ota pt'Otcnaocelerator" J
I 

.1. '~"'~e~,i~~~ " ...e.• "e "el~ .plll.tthe 1I0tDeWhat greater
 

.elrn:gi:l:l;C:1tl'~~:;~"~~:N>nacoele~a,tOI'.,.t9ren.rglesless than a few Bev
 

;'eaboYe'''W~~r ''iie'~~~.8.reaisoextl'e~elirelat1v1 et1a al\d~ocO%'dlnglY
 
,,'-'-"'- )--,,:,-:,:;,.-, ~ t~i"":,j>"-::~f;;<~' . ',,'.-"'- --.'-~ - - , 

" -,' ~"~ -- '_.;' .''-.' "" .., :~. _,'-r:".: :,' ~ . , _,' ,'. 

"....., .,beha!etl~ ~!fera~10n.tio electrpn").. 

" IIIo Conclusions 
;,.. --r>.:,'" .',;. ,~ .. i.~ ...: _ ,:",~,~,~;::",,~'-",'. , .":h" 

. ~,t~''''E!}."p'''blt~l1atacoelerators 1n the 300 to onesev %,ange , , 1 
\.' ,..,. ''-~.< .>: <'1-~t~. '..:: >~'~r'~> "'~-"" :'-.' '. " ., r 

, ," ,'J 1 
Wl'li~,:"~~j:.;~ji_lAg 'e~erlment8 tnthefl,,,ld of.' p10n...nucl.6J'~nd 

',~;;:;'~:~':c:,' ..,:./ ",: ., '.:" .'., , .', ....,.' . . " .' •... . .' 
nucl, ': . oleon:aA~·;~ ....nueleon~p1on lnteractlon. tor at lea8't8~VE'ral j

,":~,.' :"-<-'f~: .'.. ,:.::;:~-,; .")~>'>: ,--, . 
.> I.• ,~~,...,,~:~'ryi4~ o'~tlldy opens up, however, very ra~~~ lis soon as ,:;,"1 

j 
,~. '(the,:~~.~r~';t'~,;~,,~~4uC~1onotheavy unstable partlCl..a,~;~,·reaQhed so 

I 
(.'that' l~'~o~td";~.~h~,ae'l,rableto lit able to .?perateto8~~j,ex'tent 

. 

i 
! 

. II. into .th1~1~'t~~...t~·;:t~~on, ~1th energ1~8 80mewbllt abOve a Bev(anothez" 

1nteJ~est1ngthrtt'8.~cI,~"passedat;o6 Bev where nucleon pair threshold 1 

1s pussed) 0 ~e p~•.naccelera~or 1s probably the more useful, ttl>e.,;i.n 

th1s tield ot research9 I
-',' \. ..; 'f 

!
I 

." 

I 
i 

. \ 
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. '/;M'~e;\~~leQlr "Q~t~erl~,' '" ..• .'f;.. . '..~L~ . 
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'!Ji!~i;~e~Qn~~~Qn ·•.j,Il.. n~oJ.ej,.;'f~~~~:;" . "~~~i';" . 

1V/'~~;~'\~.'. "'c'tte~ to' 5~6Be.. ,~· "'., ,. 
" 

," ':fiftl'i' determlnatl~il ot d..oay 89h~'8;~-·'lif_~).m'e~,q-"~ll. ,~';I::X{;"/" ' .. 
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B.' Highl,- ine).....t1c aucleo-n7'nucl.ElCU,~'~'••_~1'1ucleqnllc~'J.~p.s: 

•.,·~Q.'Apprec1a".,:':r-o;8$· sect1onsror't~:*~~~t~onDscatter1.nCo 
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~,"l1ectron Accelerator 
~~'(~":': .", ~"'~ ~-:""':"/:':::~',;,'~':::;'~<":'-~,,::,:,j\,-' , ~ 

,'. l~rito .tho~~~.b'le wltb: p:r.oton a,ccelerat~~,)' 
'Ot<>"lsci M$V ..' .,.. .,. '. . 

_," • ',t"", 

r: Pho'to,:,,;:ftect •. " 
, ' - -" < ,i"';:«",'

:~:~::'~~','/" .. "-:..~.. ,'/,',>-:' .<:';',-- , <~ ' ..:" _ ':" ' ,'" 'v., .. · 

:~:::~::1~8t: .iellentary part1ole. 

'::1'" .~, 

;~·,f.t01llf~.sP,~··iooo·Mev' 
,~{: :'. >':rc.1'." " ."... ". ,.,;<,:, '.' .'. . '. . 
':·.:ifOP~18>~md¥~tl1)~W1:~>a',lOW. mult1p~1Cl t~ 

'c,':, . '·gtiet:tci·prop.rtlj'·~t ,~~<t;Le.ons 

<':-e.nerSl,~UC)learPhOtC)~t~t. 
,:. /.', . ...L; ..·· '., ,, . ' . /;):":<:" 

'~,~rO~¥~9;.. Pl'1enOll1e~:,'·1~V~~\!1ns . #-mesonsPalrs and~+e~trori~" 
, ',': (~',i;, S<':',;,;,.> ' .. :_.--~'~- __ ,',~ _ _; - .....~,,':,,_~ ,;>:~i, >":~':::' ,: ":" .:':~, ,. ,'. ". ':>~~.: ',:' ~:::,;'>;~,', >~.,:;" ", ~" "".
 
·lII~~;;,:~e~gf_. fl'Oa. ~~;to l.7.i;:Biv::':, .', .
 

:;~Zs~:~~k\~~*;~~~~,~;~evy unstable particles 

r . .:lh·:J;;~~ple.; P. .·R"(t~;~uc,ti1"~,,~.i~~;p.~QnfJ "{": . 
"~:,:.-: . J§.»'.I,.::.-~.r:t~';f;;·"': ' .. ;:'. 

'~*n~elJ;-c;i,.p;neljp"M';f~'VolvlngJCA.-meeons ~lr'··:~4 .. ;.leo,:.~ron8", 
ifyl' . '. '., .. ·"'?5~-~1.9<?:Be,V .' ~,;) C); 

;~"";"~;i; •.; ~~t;l#<!~/~f;\iol"rpal-re w1 th low mu~~~~~h, 
~~~~. pr&duc~:~not::-hlaVf unstable pa~tl<lles:;" 

V 0 .~~; 1'.:f;i;,"a.bOVelQ~'.e";.:'.·· "iS~, 
," ... ,"," -' .. . , .' ~" . . ,..,,:,.:;;.~: 

·j:~i;~,~bt;j~,-:;PI'OdU~~lof.lo:rmultlple showers of plons 1) kappa·m;".-one;b· 
.:'(:"'~~tt~ar pal~' .' '. , .,);' 

• ,'~'- c ,.,' 

;',4;: ... 

Apptndlx 2 

:. ~"....,y. ot present .. experimental resullOs 

'.'
 ' 

. "".' 

~;~;iL~;;:-;.:..:,.L: ...~;" ...., .c .••,,~~,}.~';,:ii':~,.,,(I1"~~f.ii'lIanu.;:"d:~,~ 



,~n. ,Pt-odUQtl'On'(~ lny.....~i1· 

if+ 11' 'RathetU&l:r.i~Q'S>.ectlons v(t"CY' roughly ..• 
meaa~·at 3~50HeY . ..' 

Incompletely 1Ile&;sUred at a few e,nerg!es:
f%"om 330 to 4~(} Mev 

P -bN+ P ;+~. InQompletely·.e.JU.~~d at 400 Hev 
,- - ; . ~',.-

".~ .• '0,,:+ 17 0 

'. . .. ,.' ·.:;:;k;·<:,~,;!,;·~, .... ..... _ J!!•N+~i.. ·~};;'+:1P +11 "·Ino().pi~t.i;:r~••ured at 340M~v. I 
.>~J.;:+>~" .. . ..' '.'
 

.tII.';·"~n7~"nec.tt.%"lng
 

. ·..··:lrl·~~,'·;Polnt'·~n the angular~18tJt1bu~on.•t SO, 76, 110, .1'~·Mev
 
",";,,:',:' -,; :;'·c,~:>:.:'" .~',,: ," . , , '. . 

~~'f,~,',\\'ita;J.... oro.e., 8etctlons for1T.f:.eson-e fro.n 30,' to 150 Me-v c •for 
.'~- .' "~~".'- . . ., 

·1'f";..mesone .t~.'·5.0': to 225 Kevo
 

. IV.•.;:-:'p.t\Oto~~rod~tS.~~·'~:~·1tle80118.
 

';t~~i'f )'.'~::.;;.'.: .·.::r4:~~:%~~;~~l~~SJ~lISV •..' •.. .•••~"'.', 
~ '.'f 

:':j; < .' . .' ".:;'"
 

. V~' ·J;>'.T'.of·"m~8on8 .
 
."; ·~,!:t;;tr 0 ~.Iy,f!( ~.l"tiVe y1e14 $~asured, I1fe''ct:lme 

, '. estimated' , 

L1fe tlme'measured" ..~~·~Ht': At' TV 
'~"r: 

, . 
'Enorgetfo Thresholds 

, (nuc1eon-nucleonproductlono:rraesGrts)I.. :P +P y' P +,p +n."T1'" . . . - . ,', ".- - ,-' 

E'M~vl Kultlp11cltl Ull 
290 1 

. ;'" ,', 

602 2
 

934- 3
 
,4 ~- '. 1288'. 

1662 5 



"~, 

.'	 , 
i 

1+ 

S 

+ n	 (·tr)· (Meson-nucleon meson productS-on) 

10.	 21' me,ons (0) PE9duced 

1 

2 

:3 

... 
.(Photo product1onotmesons)

IV.	 ): + ~~;~,Q 11 
,. ; 

1 ' 
·1'5~l.'

'2',.,	
!1 

". <

• .. 'c'; -, 

:3,~~~>:c
 
:~"~\",.,, 4
 

: c.> 

5
'~' 

Vo	 t,t'+p '-+ P + n(MJ-x-e) (Produotion or nucleon pa1rcs b,gamma' rays)': 

~,4	 -n
, ).75 1
 

'1'l..24 2
 

2205 3
 

. 37(.j 4
 

S6~' .	 'S 
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. .".1',- . 

. ..� 

, .J; 'lJ(~v) x (TYpe 6t'B!£tlcle') M§88 (in' elect~aB~,;~~). 
< *:,:"A": ':':>.} <.--: 

,~'li''603 Ze~aI, 0 <g1]"decay) ( .5.50). 
i.:',"'" 

-'1128 Tau " <r31rdeeay ) ( 97.5)� 

, .1136 Y'O(·~1l' decay) ( 980)�
,.'.c,/-" 2 
.:,' c "'X (.."....... •4\deQa~) .. ( 1450)'� 

Nucleon-.ntl nucl&Qnpa1~ 

• I 


