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I P t r ~ u c t f ~  

The tbra mf "1u~tipm51~clw~~. as 51 w d i  krtbwa, origh306 witla mrae, 
who 18 eehbli&dng ths rda$iVirtfc eqaatfoa+ tug Mra electawn a o t d  tlurt bsridsr 
OBe r@&tbnr e s m e e d k g  $a e r d b r y  ehctroarc there were J s o  t ~ ~ w o n t a b  

r~,iutiad* csrrwpedke; to pmicier of rhrlc-txwifc mr.8 brtt: at chazlgrr - + a br- 
star4 of &a dlctmmki c h r g s  ---at. - tD2 ) TLu &i.ranq of tb* po.iw.11 br 
C. D, i l ~ ~ b b r u ~ g  (* lo) ediaw~ . bri~iant  mxperimat.l eoatirmadog mi ~ n c * .  
pr+dtcUlb'c~ -8 g ~ v s  the firs* (cxamph of a~ "90rrtpw~hC " 

Om e d d  &%d~ of rp.pl+g CMtaclr t h ~ o t y  ai tbe ehctron d%buut ch.rr,gaa, 

~ ~ c t p t  in fhe marc cpt tb+ w # d a r  $D tBts pr05an; h.sytlp;w~r, MI trir~ f t~b-1~ 
uabaable bacruss &e magadc taoamat a# She protm ir wt op. a ~ c l s u  rnrgsm%os, 
FUW d d  it aacatmt fk tbe rs-ren wrUc'It ir C J ~ r l y  rdatbd tO *a pretQIZ. ICTpma 

if such a lfterif ~ & ~ B & M A  sf WracPs tbrory b Pm;plrmibls, the hstraro d gidmg 
maw of r-ohxti+mr which reprrrsem% w c h s r g e - c ~ ~ f s ' t  p-crltfeler tr prcrramed fn 

In pqrticular ear nce of 
- *  . ,.r &%i)nrn~lr" ill thwrloa ei dszmmtary grsr;tfaler. * .  - .. DW m~maert Oi: ths 

pm#n i s  ueri6rrd to fhe pioP daodi .ouretasadkg tt a d  thr Lnt.rmtloa Ib&wem 

pi=# aad aacleoar. ir ef #(I "u=troa~** typa for ~~~ imvwiurce sa cbrge e w e  
('I I. We &JI sorraider oaty far.rmi@aa of aptn 1/2. lor (hem jugs~om ir a i d  

i puttcle asd itr ucbwga8 c0afqpten are date8 by tbr osb of psopsrtisr gi'(rea 

ia Table I. 
Pzopsraer 8-fl  tnohatva are rrntublirhecl by very smmzd rrpzmeintr 

a d  msqutre inrrrbce &ex the pma$uc% Ot chatge 0~~~4tigatbsa C, space 46- 

ado81 P, rutel time rrvasrrl (C PT thwrern); they r r s  rigosoruly tmm even 

tf ia'pruchaer oa&r chugs esPjugatiaP Jon* f r PV* dM. ($ee W 1 . ) 
O r i g W y  prepwtiar 1 - 4 were derived gram fiha princigfe ai i~orriurea 

msdrrtr cbrge eo9fwgatkm, d i c h  caa bo fermdaeud by raytag a t  r poarible 
\- physic& ritaatien ir truirforrnard iate m b r  parrib&@ j4qitcrl  tftaatieim by 

ehaaging the rips of all rrlsctric charger. Shes tktr psfacltpla ir violitad fa 

"~h. wwrey of th. ~itarawa part.ia*ig ta thi. review was e o w e t d  im 
- April.IS, E931, 

v ' ', 
& " 3 :- , ,2-****= &":-a: " *A  













W e  summarirtta tB~sss properties in Table IV.(Mi,  N1, W 1) 



dectioa a,* ui + m a  + u, and the 

T h e  experimental data obt 

treat separately the care 

ing Prom ccamplax nuclei. 
Experimentally a typical apparatuu used (Gb)  i s  shown in Fig. 4. A 

certifia4 rntlprotoa fallr on the target which ir placed in the alotn of *and, if 
it ir annihilated, it ghes Cartsnkev light &&sctable by ths photamdtiplfera. 

, If it crloorss the target without amxihilatian AWL$ Urn into a emas orl ssmfapartuts 

1 4 ~  ox 20' it i n  damctd by $he c b d u  dattllatora. Ii it i. scatterad by m 

angle 02 20' it i s  not detected b~ the scintmstora or by *the target box. with 
thi. appwatua m e  rnuauzem amparataly sa mti oe (20'). the m e t  rnymbl me-- 

ing that the e L a t k  ma&torfng has oceurd 4th am angie l u g a r  tbr. a0'. A 

"goOd peornetry" arrmgsment which mmsrlueu o i* rhoan iu Ptg. 5. ( O L 3) Tho 
data accmr~ulatsd with air or other zmthodr ore o b w n  ia Table V and VL '%'he 

errarr quutsd are &p rrUttr$icol. The whole rubjact ia h a very saoly rtogs 
of davalogmslart $rad the pfctrwe we have tfiuo far ia a rketchy one. AEforpbovctr 

tbers are roam faaturer of the exprlmsatal r e r d t a  obtdad thus f s l r  which 
look riarpiciour , in particular, the ratio bdwaan the rcrttarfsdg and tutal crer r 
ret-tcm ia hydmgen chmlit be rsiavcsatigsted. 

M moat be aiotrsd that moat of diffractton rcatfarirsg is lacladad in tha 
d.t. for berylliom and carbon. Namely. if w e  computes a ue(B) for 8 - 0,  In- 

cluding aft diffraction, the croer rectionlr a t e  ~ C T Q ~ S Q ~  by about tava percent. 

Im #e data for axygma, copper, allvsr, and lead diffraction rcaEering ir prtc- 

tically erplrtd.d becafue $2 14'. 

In Table V1 tha data at 450 Mev have been obtained by iuvestigattoa 
of HrO md D20 asd liquid oxygen and suitable subtraction proeaduree. The 
reamm far this i t  that liquid hydr~gen hat 8 rafraetivs index too rmall to be 

used ia. a Cerenkov ceuntsr to daasct axmihilation. The dafa "aH are a rimpie 

aubgractism of DZO urd HtO obrcr~ationa. However. a l u g e  ftOlauber sor- 
rectiod'(Q5) is nscsrrmmy in order t~ take hdo account the +hieEdimgl: of the 

neattan by the proton in tB~s deu*eron. The extent of tBir correction is rome- 
*at uacertah. ( 0 5 ,  &?a) 

The data on hydrogen give the purling rarult that if we eompirrs the 
- data in goPd gaornetry with the data aQ 450 Marv which axpar in poor geometry 

there ia 156 differmc~ i ~ l  cross rsction to account for any d%ffrrctiaa rcatteriag. 

Thir pebt need. farther ergs&nmtd invsrtiga$ioa. 

The mdi9nt fact emrsasing from dl there obrurvrtiems ir the large 
erorrr sacticme which ate obtained for dl grCmJ80458 i n v ~ r ~ i n g  rPtfpxotcwa.(C7) 
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%%are h ~ v s  been many theeretical papera on the taterpr6tartlon of tIis - 
g croas sections. 

At pieseat the most prornisbng line of apprasch to the infarpratatibn 
af €ha ewptrbental rsrultm oeemr to be a theory of Ball and Ghew (B2, mar afro 
(I I )  oad KZ -4 V t  ) which accounts f ~ r  the large pF ~ind nF croos rectSonr, 

CatnbhatCoa af their nu~l-a~n-an0lSauclson rssoltr with the optic& modal thmory 
w W  accowt for the antiproton cross rectiomr fn complex nwlsf. 

The model of Ball and Chew rtarta from an analogy with g-p scattering. 
There a model prim a hard core el I /3 (il/m$) radiw a d  a pion cloud marround- 

iag it i r  ztrrumed a d  har bean ohown hy Gartenhaua (OI) and by S i p d l  and 

bhr&a.k ($3) ta give lressoaabrg gmd agrssmsnt with experiment. The nahrs 
of the impenetrable core ir ucnirccopatsd far from a pion #eoretic;PI paint of 

p caw and must be cotlridered at pc pbenomsnoIcagtcd hypothcsrfr whsresc the 

pioa cloud cen be treatad fmm the pow of view of the Yukawa kWraeti.8~. art& 

dur xeSbsmantr. Far a p'jj rysh~m the traopeaatrabh oore i a  rrrpliwed by ul 
abrmblag core. Thls mstiv~~tsd by thsory and fwetified by the large qmri -  
mental otiaihtlalm cxoar rectien. Aay antiproton whtoh averlaps avsn slightky 

with fie ears raamr fs undergo amribhtiaa. Thir core is swroundd by a 

rnsron cloud charge cer&xgata ts €he meroa cloud rurraunQisg r proton, and 

the bterac$fen b&w&aa protan +nd arrtfgrotoa can ba caleulrtsd By the same 
nne#ods or the groten proton crorr asstion, provhded one remembers that the 

"msoonlc c b a ~ g e ~ ~  of tbs anf$proton and of the pretoa are opposite. Thus farces 
derived faon the exchmga of an even number of picma have the ramcs sign tn 
both carcar, bwt force. derived from the exchange of an odd number of pions 
have ~pposits  r i w r  in the two crrso. Thir program fr carried auE by intre- 
duciag an intrracCioa daergy 

vc + VM (L* I )  + VT SI2 (5) 

central, sph-orbit and tensor part. From thirs one obtains 

snthP far the eigstrrtrter of the total angular momentum 



in T a l e  VU. 
I 

The i b i t ; r th  La energy af the present calcuktioar derive 

ths tBeasy to Bighi3r uaepgfo8 &sWr near the botmdorfar of the black 
wbkh rrcl unkliie-, M a m e  impmrtrrsit. T'ks reuoft f;or this f, ohrt 

petsrr€i.f; mrrowsdhg tke corm irE cornpa+& of a camt~SS~g;rl port 

arigiar* from tBe nwteor forcer, The rum ef tbe two farmti a 

*€la the WEB method ndl for a @ivm C, oz p or d p&d wave o8 

&h+r pezfect tarasprcrsaey ar petrieat oprquener t , fairly inddipead 
ruoosat&+ cerr radiw. For MgBar angular rnraarata there E ~ C W ~  

aet; sbkta .ay more. 
ma tal l-Chew modal coa 'be wed to coladate olrlo 

bor &mtio rcattertag. There B.ve been coaeputsd by Pdc 
peak in the farwosd dirrctimi (ria. 6 ), very diffa~aat fzom tke ap 
dfrtributbarr, Exprrir~cratd rerdto,  rlrbr#sarh a04 very rbomdmxt yot, 

c H r m  #f r fm$ure ef tias nn.cK1.L. which ia mainly due to the diffrlptiarrr 
k g  roansctd with &a aauihU~tCm. ( A 3  1 

large enerwa (t**.). o.= tre = *a ' *nor. - r ia ta 
2 bat at imm. .us#ter tr, = w (8 + *) . hrea cooatdarlng waver 

limix.od bp to18 hwpadtty: 



- 32- 
where .(" tr the cross ~sction for the ith partial wave. 

croso sectfan, a small ratio of elasltic to total cross sectSon can be obtained fa 

large vduas of 1. 
It ir necssrary to check further the prediction oi thir type of model 

against experiment, but at this writing it ttoe8nls to offer great prodsea sf ac-  

counting bar the facts. 

Other cdeulrttionr on the ram& subject have been performed 

In aome respects I s s e  rarembra Ball ond Chewla m r k ,  bat they try k, 

into ztccatvlt terrnr in which many p h ~ r  not only one, or two, are invvfvrtd. 

They have been further dcvuf oped by Gourdin and; caauQhor s. (GI 1) 

Indrstfc collisionrr in which pions are generated, withaut 

of tfie antinactsun have basn czmridarad by Basdxay.(B4) We ha 

relectian r u b  Pag =getfar dhtributtonr to be expected iri much 

Tn addition to tha, detailad ccmridarratioao dbcwaed  above th 
.ever& ralabiozw between efauth croar sections which aze fadependlent 

t a h d  models and require only charge independence of nuclear forc 

ast(A9, M3, Fg, Mi, C1) 

LfCT 0 " i"* (jk) - qt (pa! ' 2 
d d "  )pii;~-lkl \ , L 

J 

.share o -*n= means the charge sxch.n$s scattering crom~ restion. 
PP 

- 5 1  qebhg + @ c ( ~ g n n ) -  (%+n, 



( 14) 

Thsae rsistfane are valid for the differen4isrl cross sacffbns as well as for tho 

total crora sectitme. 

At paassat &ere are aat enough ol;stsr tcr evduatte the eca8ts-ring ampli- 

tudes. Pctrnerarrchuk (B l )  has paintad ou$ that at high e n s r g h  we rntght expect: 

and Teller, ("32, EM) en the baeta of r rpecial nonlinear thesry of nude 

predicted at total creos rectten of the order of w larger than the gemmet 

The moot ma 
) fn it8 airnplasot 







the ratio of mtiproWna ta underired particles ir inorewed from the vdu 

Qoiaed by a rtanpls raLcctton s f  momsntum amd direction from the Betrlitrsn 

krgat. We a W  call rrjch imprevad bsrmr tlpurlfied.H t9 an impurified b 
5 4 the ratio 01 ptoam te mt?protom ia mqwhere betwemi s x 10 to 5 x 10 d 

k3 keep the mcmentarn below about 706 ~ e v / c .  At this momentum 
5 ratib fb libeat 5 X 10 . bcrea8e of the rnb~ilentum st the mtzance ir 

n@ d y  far the reaman given above, but also to keep the ~ f i c k  l a g  

Effort. to purify the barn were mala &t an early date by 

C O Q U ~ ~ O ~  a (" ) but had meager ~tz:cesa beeatrmc the large abrorpti 

irpparatu r . 

ir  parrrd through beryllium ~brorbers, out of which the dQfferent prrtfc 

amergs with ditf~rerat momenta. A tscaad mameaturn relettor ~.efocurer 
differeat marre& in diffarent rpotr. The amtiprotans u e  tceompanied by. 

4 backgtaund of abut 5 X 10 rpuriour ~ t t i c f e s  per antiptotm which t o  a 

of a focaor 10 in the ratio of aatfprotoa. to background. Marsaver, the b 
ground prrrtfcSer are almort entirely electroar and mu meeons coming fro 

in the plater and are much lei. diattrrbtag than the arigind pion backgro 

use of bubble chambers. An arrangement 'A3 ) ha* been tued kr rhf 
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or 4.0 dr 0.15. To thla aunaber we mart add the pienr raab.axbsd by the auclsor 



No angular correU a s  of the annfhilaticm p4-a have bmn Q 

thus far, dtheagh one could perhapr expect that the loaclsur . h d d  proje 

r b d o w  and thus the pions might have the tendency to stay in a hemirpbsr 
s ~ w e v e r  a p i o n - m r n  bhtsractian might cownterbalmcr thir effect r a d  a 

ficatbn of theee qusetierrr wi l l  poaibLy ccrme from the study of $ aaaihil 
in hydrogen where the ohadow c h c t  ir obrbusly obmemt. 

At the prarent writiag we do not hays separaged exampleg Q$ asmihi- 
lation. *I diflerm) rnatemials except for -.lysed hydropa m a .  ' $04 
star# ara ~ertaiaJy due to coraplex n d e i  becairoe thry exhibit atrclsone 

their frrgrneatr, or have a brlaacs of charge diffarmnt from 0 .  Woms 

bs due to pF oaaihilrtioa but there ir no proef that this fa 'the care. FQS 
stare praducad by ~t&pratonm cszning ta rest &ere is a adectivs orpttrre 

the patt of aualei different fawm hydrogen rimtlar to what occurs fa the p 

capture. 'fha elowirrg down and cspture of sutiprotolrzr ara disctarred *ear 
tc=.lfy by Bethe and Mmfltoa. (B7 ) 

it ir interwting to correidew the garrfbility of "no preq"  #tars. 
They cut be prodmed by charge exchrags, b which tbs emtipreton hias r p 

an$ tranrfarrsls into a neUrokt-at~tirteutron pair, or by onaWrtian fP na4x 
pisnr edy. Both prscerresr are rare and in phogograpbie amulrisns repre 
lore than OVIO paltceat bf the t e r m i d  evsatr, 

On the theoreticrl ride we will d irpre  briefly of the electrema 

lilnnihllationri '? It i r  s b U r r  te the e2.rtrcm poaitrsa t D  ) m%dhilati 

ho8 not Berm obrerved yet. Thiodio atat l iu~rhing bacaue i t  c e ~ ~ p a t e a  

unfavorably agriaot the msric mn5bUadoa, For instance Brown otad Pr 

(The hetor ' - ( A )  take8 into account ttza anomdour magnetic mamsat of the 

prrrtaa h md has the numerical vdue 31.5 ' ' C 1 j,  whereas the rnarrric aa 

in gamma rays and mesons, is also very inprobrble. It haw b a n  con8l&arrsd 

by Michd. (M4 ) 





experimental vdae 5 . 3  * 0 . 4 ,  The hypothesis is developed further in or 
to obtain not aaly the average number of pions, but alro the distribatian arm@ 

different muStiplicitier. Moreover, the nurnbez of K meruns present in annihi 
latian, which reerne a m l a r  than what is predicted, by a straight forward 

application of the etatiatical theory ogress bettsr with the Kobo-Take& me 

anism. Eom if the quantitative agreemeat with exptrimasnt is not perfect-, 

think that this f ieory hrr very conridarable merit. 

Other authors bar8 otreererd the many factors that could asact 

anttihiltation praceem atad are aaglected in the statistical theory: such ar 

pian -pion tnteractf on, (010) the cunrarvr t im of angdar momentum, the 

ering the sansitivenrrrr of the readtar to some details of the cdc 

the staf%otied metbad cannot be ~earonabiy expected to give qtrantih 

cornpearate for the crudeaers of the sppraxirnrttisa. 

btarmedtate thcarier tuch as that of Hoisenbrrg an& k d a u  

ideations ~f the orlgfnrl Bsrrni theory FPtzcdacing a temperamre para 

have &so heen tried with improved agreement with the erxperiment. 

Canssrvation of the f spits combined w i a  the r ~ t i i t i e a l  thmr 
t o  

also predictions for the nW:n :w ratio. (N3 ) 

For the cases of law multiplicitt+8 Bethe and Hamiltan ( 8 7  ) ha 
mads s detailed andgris far captwre in light efamanta, srtabAirhing in which 

*tea the capture most occur in order to give certaim rcsialtm. They eonski 
also the "auclear Auger effect". An antiproton is captured in a 1ia;bt nrtcleia~ 

from ;ut atarnic orbit and goerr fnta a nudear orbit releasing energy which i 8  

taken up by a nuclear proton which ie ejected h a way strnuar to that ef the 

Auger electrons in x-ray phenomena. It is doubtful that this effect takes glace 

at any appreciabh extent because andhilation is probably much faster a d  

takes piace bufoxe the Auger jump. 

An iagoaious applicatiorr of the EC multiplicity to measure the opia of 

the K meson has bean made by Sandweiss (81 ). In the formulas for the K 

average mdttplkity the statistical (2k + 1) of the K mewm appears 
and it should be possible to recogdr = 0 from 1% = 1 or more. The average 

number 4 K mesons per a][~nfhihtto 

.pin O far tb K-meem. 





is alla J 3 3/2 T = 3/2 state. ~ h q  dm6 intrmiuccs two Ftrrni volumea ~ o r x e -  

apendtng to the Cslnptao wsvslen~th af the pion or of a K mason and they rsruma 
that the volumar to be conridered In prductton differ for vaaioum prurttd+r. 
With the86 hypothrrorr they compute probcbilities ef fosrnationr of group8 of 
pe+tklsr cnrd anl$purtlcler at 7 and 10 Bev. 

The moat ctmvaaiea$ and up to now the oaly practical way of obrs 
~tsneutroer  is to obkrin them from rntipratonm by charge exchange and da 
them by aaaiBfliticm. %'hi8 me*& of productian war izndieatad immediots1.p 

oAmr the dirc~vcrty cdf the mn$iproton (C  8 ) and first dsmonr6rct;ed 
by C<sxk, Lambestran, Mcctonf, ood Wsasd,  (C12) by a coanter 
w h i d  ro. antiprom sdected from a beam entered m abrtmber. WO 

prrtieh WP8 aten to amwge from it but m annihilaticra ccwoter of 
actibed above, rhowrrd m raaibifation pulre. :: :,-- ) Sbilrr ezep 

are raportad Qtr {1517), The phr6nomsnon i m  graphically rhlown in Fig. 
-8 taken witb a propule babble chrmbsr,fA3) The antiproton, recopio 

by tlsa curvrtuse md grab denrity of its track cones  to r lrudBan end be 
U loras itr chargm to a pmeaa givhg rise to a nMroa mttnoutroa pair. 

It vmdd be highly dsrkablr to ba able to datsct the -tin 

at the -gat af the Bevatron without having to form first mtiprot 
charge eshuigimfi them. The primary difficulty is the problem of recognizing( 
the rntLeeutrosm in the n+utr& beam emerging from the Bevatron. An ingeniour 

attampt in that direction har been mads by idogrer (Y3) aad coworksre trylgg.to 

ore ~intfnsatronr fanncrd in i reacSlon: 

p t n = p + = + p + a  

3 ia which the 3 nuclranr oa &a right orcape csnabiaed cr a We . The teactfon 
3 i r  thus r two b d y  r~oction with a kinematic ruch that dstsc€ion a5 the He st  

a certain rmgtle from the hcomiag beam arrurer of the prmracs of the Z gt 
another alylte. T h ~ r  a cohcicience syrtem, poaribly refiasd by time sf flight 

mearurem.ntr rheullt locat. uniquely the aatiabtltroa. UnfortPnatdy al ra here 
3 the probbUity of Ihs 3 nucleorrr forming r We nu~leuo is few. Thme are not 

yet &ef$nite cnrpsr imental reedto, 



The c h u g s  exchange cram rrsctions have h e n  cruddy mearurs4 zad 
are indicated in Table: V ,. * . ActwJiy what ha. been mearurad is (do /dm). 

in the farward direction for 8 5 17': for pF (2317) obtained 10.9 * 5.8 prb/@ter. 
Moat of b;be charge exehmge will deliver antineutr~nr ib a nsrraw cons in ths 

. forward dirnctfoa in the hbraratory, aa ia the np chmgs exchange. Ezqafkft 

thsoret;icil cdedatioao bared on the B U  Ghew model sre given in ($6).  
The charge exchange fox h s a v i ~ r  nude1 has b a a  d a o  obrarved and 

there are indieaftoar (Blf )  that at 500 kaQv the charge ( ~ ~ ~ h a n g e  per aucl*zzo 
doer not vary greatly with A. Thrir rnsmsr of couarsa &at heavy nude& u e  very 
inefficient ar charge sxchaagsrr. Much ef thir rsrdt  may bar attributed to the 

large nuclaran antfnuclson anihUaHan cror a section which grcvsatr the aa$i- 

protear from penetrating tho nucleue, and gives t i re  to a ahadow eifsct from 
the target. The aot3.xmxtroaa are thus dnly iormed in grosing collfsioar w i a  
the rim of the target. U meutroaa are concsntrabd on the surface ai the saclaus, 
as it io eornetimet assumed, we have aaothcsr reason for d+prserrhxg chao 
chaa$a In heavy nuclei because r cdl ia ian may form ontimautmma d 

rave pieas u e  emitted at the ram@ time, a condition which certainly I w e  
the C r 0 . 8  aectioa. 

There murt be rtea antihyperons and we indicate the threrhdd for 
formatim by pion zauclaron coUision and nucison nucf.eoa collieion (ras Tab1 
in Bev (B4a). 

ItPaIdo-Csolin aud Browse hare reported am event which might be inter- 
pe tnd  ao * KO (B 1 ) formed by a 4 . 5  Bev negative pi- mi a nudata*. 

CoUiricPn 
pTabla YII F 3 

un 7.10 7.43 8 . 9  

pn 4.73 5.24 6.21 

most favorable 4.0 4.2 5 . 1  

(Moat favorable means a two stage rearctioa in which r pirrn ir  tfrst formed (3f' 
aad Fesmi energies are alro conridered. ) 



Antiprotons in C O E Z ~ E  Rayu 

A few pesoibis aueiproton8 have been found in eoesaic rays se mtmtfs9sb; 

abvs .  (A6 , B 11, BIZ, $2 , TZ ) A Bevatrum event vaxy sirniter ia appewancs 

to the coomtc says crnrnsctad etare fu  reported in (H 1 , H 2 f. 
Amaldf has commented ao tho f~clqusncy o# observation of antipra$sme 

in emulaions exjversd do cosmic ray*. Hie cox~cfwign 4s Out *re ore mers 

ton* in cormic rays on tihe basis of merm theory. 
Nucleon oat5nrrcleon anrrthilation hoe been invoked alms to sxpl 

Ugh energy Schein events (M 3 ). 

Cammolsgical @ectttarOorrr 

rrom the carma2olglid and aatranumical 

reached the radio aoioe of the Crab Nebula, in a u ~  galaxy cauld be acco~111,t:sb 

far by the o~tafhilotiua. 



2s 'by as rntbthod u e d  tmr issiatlmg them, which measures dlrrbc 
by tb coarsrva21an od clharga which eataMishe8 tbrs sign of e, and by the 

of slrectromagastS8rn. 
Even if we w e  *Hag to giva up the equivdmce ptiacipls urd 

te, rgeeulrte on ''aatigravity," uorndy, on the hypotheair that an mtSp 
lin a gtavttrrtianrl field be rubjsct k, &r force opporottc to thal rsxpariemcab by 
r particle we metat a difdicutty ha &a explanation of the behavfiour of a rdf 
conjugrtta particle *ugh tar tha phetotk which t o  knowa to Be rubjrsct to gravity. 

ia star ~ v u r s s  (sprratr, stan, our galaxy) u s  c o m p r d  or ordinary mruer, 
urb ?hat @m eqoivdaace priactpls ir vielated d y  to m sx%atnt conaectd to 

ehs cnr?mtrol;ien ai antiwm in oat univerre.(Mb ) It $8 d e a r  h t  rlL ttpeas 

orgumeats are slrtssrasfy rpsaulative and that the d k , n c e  of aattgraolty 

fatlfct rlevwe domrga aai thg prermt structure ef pbysku. Alro there im ne 
redly otreag rsaaon kz itr fiawrr: an the other haad we repsag that only direct 



T 
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Table I 

Particis-antiparticle relations 

1) Charge 
2 )  Mere 

3) Spin 
4) Magnetic moment 

5) Muon life 
6) Creation 
7) Andhtlation 
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Table 1U 

Thresholdr for nucleon mtinucleon pair-production 
(Bev kinetic energy in the laboratory) 

Target at rert 

5.63 

Target with Tsrrni Energy 
of 25 Mev 

4.30 

p rtirndr far proton or nautroa. Naturally electric charge mart balance in 
r sactfon. 



Table IV 

Spin, parity, I rpin of nucleons and antiaucleons 



Table V 

Antiproton nucleon crosrr recticrnr 













Table XI 
.J 

Motributfen aL pion rndtiplicb$isr, according to Fernmi modst, far bifhr~bst 
tatclrrction volamer (productbn of K mawone nqgiglaatd) 

Robability for maS;)t~8~an into N, )ba8 (%) 
8-  5 Fl- 10 

24.6 21.7 

5.0 44.0 

0 . 3  23,7 
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Irrauah: CAPTIONS 

Fig. 1. Original mass qwctrograph of Chamberlain, $egrbr W i e  
Ypsilantir (C9) .  For characteristics d contgonentr eas Table 

Fig.  2 .  Sehematk arrangement of the spectrometer r M n g  the #uo, pha-ta- 

coincidsncs counters. These two scintillation countsra insure 
showera, which are puhe height analy~ed, start in the, 0.25-inch 

verter and thus are centered in the gtaaa arr wefl ar dl start at ib; 

surface. 

Big. 3a. Elemen* of the annihilation datector , 

Fig. 3b. Aeeembly of the annihilation detsctor. 

Fig. 4. Arrangement for measuring annihflrtion cross seotfsn 
C6).  

Fig. 9. Good geometry arrangement for rnearurtng total 5-p cross 
(from C13). 

140 Mrv. Erpsrimeatrf rerulte of (A3). 

Fig. 7. An annhilaticva star (C6) ahowing the prstichr a 

Total vi@ible energy f 300 Mev. Total energy release 
Fig. 8. Numbmr of charged pionr per annihilation rkr t.o 

dona. . S t u a  in flight give (N,+)= 2.29 t 0.016. St 

[rae text) from CS. 

tbn  stars in naclear amuloiona. 
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'/4" THICK X 4" DIAMETER LEAD CONVERTER 

12" DIAMETER X 7" THICK GLASS DISKS 

5" PHOTOMULTIPLYERS 

IRON MAGNETIC SHIELDS 

4" DIAMETER X I" THICK COINCIDENCE 
PLASTIC SCINTILLATOR 

1 6" DIAMETER X I" THICK ANTI-COINCIDENCE 

u PLASTIC SCINTILLATOR 
12" 



/ /- STEEL COVER 

R.C.A. 6810 
PHOTOMULTIPLIER TUBE - 24"X12"XZ1' STEEL BOX 

LINED WITH SHINY ALUMINUM FOIL 

Fig.  3a 



Fig. 3b 



/ 9 RCA 6810 
C* P M T U B E S  

SCALE: I I ft. I 

SLOTS 

Fig. 4 



LASTIC 
SCI N T I  LLATOR 

Fig.  5 



Fig .  6 



Fig. 7 



f13 - .... . .... _..__ 

AT REST 

- 

Fig. 8 



Fig. 9 



FLIGHT 

U Evaporation Protons 
U Knock-on Protons 
0 Pions 

Fig. 10a 



R E S T  

0 Evaporation Protons 
O Knock-on Protons 
0 Pions 

Fig.  lob 



Fig. 11 


