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The existence~ of an.tipro~otu has rec2ndy beem. demonstrated at th~ 

Berkelt.ey Bevatron by :'l. CO\mter expedment, l "'fhe antiprotonn were fcn.md among 

the mom<entum-iUJ:il.lyz'i!d ~ 1190 Mev/c~ negative pal:'tidca emitted by a copper 

target bomba...-dcd by 6. 2-Bev protona. Con.c~~.n·rently with th~' eountc:r exp~•·i­

ment,, otacks of nude.nr emuhions werf.' expo£ied in tlle beam adjuated to 1090 

Mev /c neg21tiv4~ partidea ltl am. expeximelllt der..igned to obseJ:ve the properties 

c.f •u~Hpr·otontl wbe'l.'l'. co;:ning t.o rest. Thia :~,·eq·.1ired a. 132 g/cm2 coppe:: a.bso1~b~~ .. 
to alow down the am.tiprotcnr:~ eufficieilltly to otop them in the emulsion ttA<.k. 

-. 
Only o.ne antip;,·ot•on Wl\D founde;. in otacks in which seven werf! expected 9 asoun1-

ing a ge,,metJ'ic interaction cross section. for antiprotons in (:opper, ~1: ~u.s new 

been fcmud
3 

thnt the erose sectKon in coppell" ~a about twice geometric" ~.vhich 
.e~tplainll! this lo,;v }'i eld, 

ltfl view of thin reault 21. new irra.diati.ott wnc plam1.ed in which d 19 n.o 

absorbing mnteri.nl preceded the stack, «t.~) the range cf the antiprotons emded 

in the at.r,ck> and P~ <'l.'tttiprotons and meaon.s were easily dh;tinguishable by 

grain. der·:ility n:t the e~;.tran•:e of the stack. lu. ordeJ." to achieve thes::e thre~ re~ 

sults; it w<uJ tH~c~~HHI.l."1' to select a1atiprotons of lower mon>entum. even if th.tHH! 

should b(·' ad.mi:red with a larger numbel" of 1ll' ~ meson,s than ;.t.t high~r momP.n•ta. 

~n the pl'e.ttelil.l e::..::periment we exposed a. stack in the same beam ,;u~ed 

previo•u.ly" adjt1sted for 700 l\iev/c momen.tu:n'1 instead of 1090 Mev/c, Since 

the pt'c!violle work
2 h~d indicated thil.t the most troublesome backgrc•u'tlld was 

d\u~ to crdinir~r fH·otcm3~ th:r- partider:.1 we1:>~~ also passed through a clearing 

magnetic fiel<i junt prior t:c.• th~ir. entrance into the emuhion stacks., Th.e clear; 

i.ng ma.gnd •(Me) hac! J3 ~· 9900 gauss, drcuiar diameter poh· faces of.76 em 

~nd a gap of 18 em no particles sc:ahe>.·ed fnm the pole faces of the dearing 

magn.et co·~'\ld. b.! c~ ·o•·r·c o,.· tr::- baa\~ of th•!·ir larg"7 di!) a.xY.gleil iJ'll th<e emulS~ionEL 
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~ With thiu ar~a.ngernent we have achieved conditione. in which the negative par~ 

ticles etllt~r the etnulsions at a well-defiilled anglep and extremel)~ few positiv~ 

partideo @W1ter the emulsions within the same range of angles. For t."le first 

time we have obtained an exposure in which more antiprotons than protons elilter 

the stacks with the proper entrance angles. Ulltder these conditions it is rela­

tively eas1., to find antiprotons in these stacks even thou.gh approxim&tely 5 '' 10
5 

negative 1r mesons at minimum ionization accompany one antiproton~ The 

expoaure arrangement is shovm in Fig. 1 o The: beam collimation was ouch that 

at any given position at the leading edge of the stacks the angular half width of 

the pion entratu::e a~Agles is lese than 1° both in dip and in the plane of the ernul .. 

eioneo This very small angular spread allowed us to apply strict z..~g~>dar ~:riteria 

for picking up antiproton t..-ac:ks 9 and thutJ helped to redut.;e confusiug background 

tracks to a negligible levelo The antiproton tracks wer~ pl~k.ed. u.~ at th49 lt~ad"' 

ing edge of the emulsions on the basis of a grain count ~.""twice minimum» and 

angular criteria ~angle between track and average direction of pions is less than 

5°D and were then followed along the track" 

A number of antiproton stars have been observed in theoe nuclear 

flmulnio1us. 4 The one we will describe here was found in Berkeley and is of 

particular interest since it is the first example of a particle of protonic mass 

{~=:... 1o 013:: 0. 034) which on coming to rest gave rise to a star with a vis­

ibll energy release greater than M c2
• This example thus constitutes a proof p . 

that the particles here observed undergo an annihilation process with a nucleon~ 

a. necemsary requirement f~g' Dirac:0 s antiproton~ 

.!!!_scription of the ;EY~!l.! 

The particle marked P- in Fig~ 2 entered the emulsion stack at &!!\ 

angl.e of less than 1° f~om the direction defillled by the,- mesons in the beamo 

lit came to rest in the stack. a.r~d produced an S-prong staro Ita total range was 

R :: lZ. 13 :!: 0. 14 em., Tablo I gives the resultn of three independent mase meas­

urements on th~ inc~ming particle" The first two methods listed in Table 1 

·l!se mea.auremento made entirely in the emwsiou stack" The third combines 

the ras:~gen ao meaotu~ed in thfl stacko with the r.nomentu,m as determi1med by 

magnetic field meatn.llr·aments. ltor the position aJlld e111trance angle of this par­

tkle into the stack the momentum is P 'f.' 696 Mev/c with an eatimated Zo/o eJ"ror" 

AU three methode are in good agr€~ement aud give a ma.sl!f of m 1ft.' L 013 :t 0. 034 

in proton mass ut.J.its. 
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Of the particles formio.'i3 the star() five came to l"est in the ~mu.h~i j·'l. 

stack0 ~wo left the Htack {t;,c-a.ckri r;.umber<~d 4 &l'ld 8\ and on~ disappeared b 

:flight . t:.·~..:h r"~umh<W 3 ),. The tr.aclts numbered 10 4_, and 6 in Fig. 2 we1•e :::ana ~d 

by het~""Tf pil.ZtidetJ. Pa.xtide 11: was near the end of itB range <Rres. ~,., 2 mm:: 

when it !eft the stack. 1'rac:ke l and 4 a~e prohabl'}l d-.\e to prutons U'!t~.d t.:ach 

6 to a triton. Howe·•rel~o owing to the la.:ll'ge dip angles the assignments for 

tra.t:=kf.l 10 4 0 and 6 <i.ll'e !'JOt CQ!Irta.f.n. Track 2 has the ~r,ha:.racteristics (!>£a 1i 

meson and on c:c,ming to rest giv0s a Z -prong a star. It b th\lS a nee,rat:ve tr 

mesora. Pnrticle 5 t:a:rne to 1'-'eot azld gave the typit:al '11'-~-e decay' a.;r.d wa.s thus 

a posii:ive 'IT meson. F1rom 1:b(?. meaf>urec1ral!\ge its ene:a:gy v.rotud ha11e b:Jet:• 18 

M.EPJ'n ho<:rt2ver. aitf;~ 0. ZZ mm it underwent a 22° scattering that ap~H,~<u~s to. 

be ineJ.asti.:. 'fhe initial e~e~gy as estimated from the grain denaity f:ha.ng') 

was 30 ::i: 6 Mevc •r:-tad.r:. 7 ia '•ery ateep ·;dip angle""' 83. 5°vQ The p~rtid~ camt:i 

to reat a.o a typical light p me:;.~o·t<~ after. traversing 30 emulsions" At the emtd 

of the t:;.•a:::k thel'e is a blob ai\Jl.d possibly an associated slow electron. The 

rnofit p~ohable a.tJaig-n.r.::l-ant is a negative tT mesO!llo although a ~~gath•e fl. ll"WfH)ili 

cannot be t·uled 011t, 

!n addf.tion to the thr,~e stopping 1t' mesmts there are two other. tt>a.clta 

wh.i.ch w·e k~ow 1Ner~ ea.used by light parHch:s(' presutnably 1r mea one o 'l'?ack U 

had p~ ~; 1~0 * 30 Mev/.-: m.a.d g/g
0 

;.;. 1,. 10 :t: (L 040 whi.1~h is consisteOJ>t 'i¥'i.th a 'if 

-ml'!!lBO'n of 125 :.i: Z5 Mev enerf.f!Fr. bUJt f.s a-lOt con~J.iGtent with a 1nuch ~.eaviu• par·· 

tic:le. Af.tt~r 16 mn1 it shows a 17° scattering with no detectabLe change in en­

e:rgy, T:rac!t 3 is very steep {dip angle :;;.; 73. 5°) and its ion.ization is a.bcm.t. rnh:,­

inlum, The pa:;,vtkle tl·aversed 81 plates and o1isappe<u·ed in fU.ght a~.fter fill ob­

s~rved 1:-ange ~f 5(1 mu:. . Tb.e pfl has been determined h},~ a new modification of 

the multi.ple sca.ttEJ?.i!llg trachniqt.te to be l50 * 45 Mev/co Th~ new metlM:td, which 

is appHcat:le tc s?::;H!p t:~adtsn h based ot:t mea.syr~rrwn.ts of the eoca.•dfnat;es of 

the e;;dt fH.)i.nt of th~ t;~~"l.c:k i':f~ each ~rnulsf.ou ">."''ith ,.e:fei'enc:e to a. well aUgrt.ed 

n:d.Hirneter gdci 
5 

pdnt1t.d on ~ach pellich'.l b.l. Ute stacko A detaUed desc~f,ptior.:l 
of tltis mntbod wHl be giv<tU in a Rubsf'.:qu.eut pa.p~r o 

'!he obse..-vatir·r's do :~,Jot allow ~t\e to rtue out the possibility that t:.·adm 

3 c11-d 8 a,~~ dt'n l!i) <alec~:rons. :lt iao howa:;rero "'~·ry- mui!o.ely that a fa,::;t eJectrcrn 

CO\tld. tra~"f1l SO mrn ~~ L 1 1:adiatio~, hn~gt,b:s} im ~.:l.1e ~?mr.\il.siotl. ,~a duea t:rack 3:: 

\",.eitho·J~ a fF't nt lc,sfl of ~n<~l·gy· du~ to bremB~ti-.•ahh••11.!18,. The el'i:ox•gy \,pa.l"tide 3) 

,'"" cl~d·J.~~!:!d f-:r)n"l th2 trl~?fl.a· 1 UH~ pfi ',E '-" 250 Mev: m:.'st hf!! ,.;onai.dered a lowex." limit. 
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binding 1!-nez-gy per nucleon0 or E.. : + 140 Mev rest energy per w 'l:'tHaaou~ for -k .. n~ 
the moat probable asoignments as disctt!laed above" The total vioible energy 

ie 1300 :i: 50 Mev~ and the mOi'XH~ntnm unbalance is 750 Mev/c" To balance 

rnomentum 0 an euergy of at least 100 Mev ia required in v.eu.tral partichH"~ (i.e.,, 

about S ~cuf:rcms with parallel and equal momenta.j 0 which briugs the lower 

limit for the observed energy release to 1400 :a: 50 Mev. 

Howeve!'p ae Bome of the identity assignments to the sbi,J: pX'engs are 

not certain9 we have abo computed the energy release for the e::ttreme and 

very unlikely aaaignmentsD given at the foot of Table ~~~ which are chosen to 

give the minimum energy release. ltn this case the total visible ener::.;y is 

1084 * 55 Mev and the resultant momentum is 380 Mev/c" which tc b~ balanced 

requires at least 50 Mev in neutral particles (three or four neutro'iihs ». in this 

unrealistic case the lower limit for the observed energy release is !134 z 55 Mev, 

which still exceeds the rest energy of th.e incoming particle by about three standard 

deviations" 

We conclude t.ha.t the observationB made on this reaction constitute a 

conclusive proof that we are dealing with the antiparticle of the.proton." 

A second important observatiou is the high multiplicity of charged tr 

, + - 1 mf!SOl'!.S ·~ l w o Z 1T ., and Z "ll' mesons with unknown charge;. The fs.ct that so 

many 1f mesons escaped from the nucleus where the annihilation took place~ 

together with the low number of heavy particles emitted {three»o may indicate 

that the struck nucleus was one of the light nuclei of the emulsion (Co ND O)o 

Two of the outgoi.ng heavy prongs carried rather high ener·gies (70 Mev for the 

protonl.i 8Z Mev for the trit<mto and they may have :t"eawted from the reabaor-pti~ll'l 

of another two w mesons. 

We are grrr9atly, indebted to the Bevatron crew for their assistance 1:n 

carrying OU\t the e~-posure~ We also wish to thank M1< J. E. La.nnu.tti for help 

with meaS\\l'ements a.nd the analysis of the event. 

This work was perfoxomed under the auspices o:f the U. S. Atomic _E~=­

ei"gy Commission" 
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Total ~nergy release~ 
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'" AOO, ;;;n' ~.!a.!t ::-.: .. •\J ~ 
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Fig, 1 Plan of the izradiation. 

Fig. l., Reproduction of the P- star. The desc:ription of the pron.ge; is gi.ven 

in "!'able Il. 

Observ-er: A. G. Ekapot'lg 

Photomicrograph by D. H. Kounn 
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