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It ~-.s a ;ple&sul"e to lave ·-thta Oppor't;Wtiti of descri~ing to :ron the. ea~1y · 

.. ~i:ok}.9ft· the _anttproton, particu:iarl.1'-that ~~· ~biah l~d·t.o. ~,1'irst. PaP~r 
. ·. .· . · . . ._ :;· · · ... ·._ .iP. . __ --.. . . 

< 

t. ' 

on 'the· subject,· in 19$5;. ttobaerwtiOn' 6t Ailtip~~ans", by flrot~~Bt1i'. Ernllio 
'· '" • • •. - . • l • • • • ,~ , • t'j'~ .... v~T· Az:: · ·: :: ·~ <. • · ·. 

se~,· pr~.-.Cl7de,~'iegan'df Prbtes$~~ ~$~ <Yt>~~iimtiQ, ~i;t:,;~~61 . At _·the 
l;,, • l • ' ~ •. ,···~ • ..., • ~ , •f - - ~. ~ , , r .-. •• ~~,' . \ ... 

. · ... ·. . ·:.r~~:-r -: r: . -~ ' 
. s~ time;. I ·vCml4 ~- ~ convey rq. ilnp~_s1~ or \he cOllcht~ions __ tll,~t: c&f;1 

be ·-dt'fl~-~~ f~m t~ .. !~-~l!s.·o~·t.he·~ntiprot~·. · ~ .latel'. e;Pe~~ts~ 
" • ~.... . - - . . 0"' . . • . . 

'~. -· ' 

that have led to ;nenllts. ~~· urwUipeC.tod'itJ. the .. begim>illl!1 v1l.1 be -~etis~~d 
. . . . . ' . . . . . _"-;. ·~:\), ~ . . . 

in ProfessQr Segre•s No~l le~~. t' ·: ···,_·"'. · • 
"!. . ,' • • ~ 

• • '4 • • . . . ' ' ._,' •• • . -· • ·-· ......... : 

.. -the. firet·1~11ng of the id$8.-th~t each.~le~~ly cbarge'd 'pariie1e· 
.. · ~ . 

:lJd.glit l.a~ ~ll o~osit&ly charpd. o~$-~t may.· ba seen 1n ~ t~1rt!~t~ 
~~-A·. iL: D~c, 2 .proposed tn 1930·.: ~~~~P-~ -~ wtl; .~<nf !n«!-l'to '~~it&- ._. 
'',' , .. .- ': : .·. •i/. ' _.:~~~ ~·:~··r;' ~ /.·.t-~·~"'·, ·~~!,:,···/·.:·I 

· ths- $i 1ilett1cn, and to ~ter to tb!:; ·~lati viS~c eqU.atti on ,;r,-ela ~#g: ~nW~f' p 

---t~~·e.· ~~- E,_. ·name_ .i .... , · •. · ·.i •· - . . ;,> · .... . -~:~;.,.;~.·_j:,:~:' ·.:; · ~:-~ .. · ~ ·" · 
·~ ~ •. t;,J. ~. .. • . ~ .. • ' , ,/ 

.; /' 

. . . ·: r/~ ~ ..2~2· + •2~4 . ~7;, ·. ; ··.- . P. • MOman__ t'l»JJ. . ··'; ... - .1:;··.-
p .~ .. ,~ 

· ··· E • -emrgy .. .. .. ., . • . . · . . :ra • .mass . . 

' 
·' 

.. ,~ ~. ·· ·o ., ~loet~~~--~t ~ ..... ·· 
~ .. · .. . . '.· ·.> -J •• '~ ... ·~---- ... ~ ~·· ~ • • •• .'-

It: is el.ear th:it this e4iatton,. aa ·lt. ~tAn&:~ pemi.te ei tller mgatt. yo or · 
;... ,.. ... - .- "' ., .'. . .... . . ' . ~ '• . 

positi-te."values :tor the· e~rgy J.~ ·In-~ lite.1ia ·dO :~ot. aee. pa'tt$.ol;e~ of 
' • ' .': •, I ~ ·~ • • • :·~ -~·- ~- • ·, ::~'J < • ' ', ~ 'r• r '· ' ' , ~-•• , • ·, 

negative energy.· · Neverthale~s .·~-- tht,~' ot Dtrac eno01t1~$$ett ·$1e_.ctrons _of' · 

n~ive eriergy. lli.:ro.a o~se:rve!i tl-t~t -~- ~leq~. -llhi~ is elec~Hcau1' . , 

-. ,J 

' . i . . 

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

n.ege.~w, .. 1.f in a negati~ .energr ·s~te; ,would l'Pw some of .. the properti~t:s- o.t 

a ~t~vtly eh9.rged pal"tiole·~ · ±n f~t;.-~t ~e ·time Dirae be~ieyed tbat. .. t.ile 
state!l or ne.gative ellel:"gy might be ~omeno.J r.elat$d to. protons, :u):lieh art_ 

u. .. .. 
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J 
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' < 

eleetrl.eally positive, and not at all to-electl'tmS.· ·-As the l)irac" equat!.Ol'l 

was turther studied, it becmne appa1-ent that the negative eiJ,Er.l"g1 s'\iates 

represented a· new- phenomenonj <me zoatber diff'i;CQ.lt to ~rattmd._ 

.In Dirac•s theOry t~ l\Gg&tive_ erie~.r state:S we:te ~ss~d ~ .e~iatf but 

~--e~ t~en to be e~letely filled.~th -el~etrcns_no~y. _ Too Pm,t15, \_ . 

~4"ClUS.iGn. prineip.le (llhtCh forbids that two ueetrons ·s~Gml_d «r0UPY. ·th$ •$Sine 
' • . ,l. ~ • • 

· s~te~ was ~ed 'to expl~n why Nl elenia"on tn a postt!w e!!Qrgt s:tate ~ld. 
:n~ ®l'mally drop· ... tnto. a tillid e .tat& -or ~at1 "''e eneliW~ P~TM;ps' th18 . 

2 

. .- . . ·- -'( ', 
-_situation xray be x~-elearer ty. rafere~ t.o tbe- fo;ller~ ihag-( .0:.t' (]?_/;\- ... ): 

- • -· •. . ' . • -J 

·-

{Insert Figure l) 

The -~etch on the. l!llft. .ShOWa an eillpty ~UWi11 with: all the. pcsitiw•en.el"O" :~:~~.f.: .. 
... · • If..... ., 

evipty and a:t.l. the ~gpy.tive-enetmr eW.tee fUl&d •. Nat~oe tMt the s•te~ -:et 

highest energt are ~~entod as highest ·in the ~. The seeond vieW 

sh<J'W'&' a ~tate with oaly one' electron present, the fille'r! negative·~~ 'tates · 

bSing unobsertlahle. The le.st v.lew··shows a state in wbioh __ no_poSitive•emra · 
. ~ - '· . - - - . . , . . . 

' -. 
electron is present,· but tme elGctron is .nd.ssi~ from the states of negtii!ive 

' 0 •' ' A• • ' 

present •. This positive charge was shown to ~e ~tl:r a& if itS maS$ ~i"e 

the same as that C>t the eleetrou. . 

the Di<rao tlleory -was taken much mClre se'rtoua:ly a:tter P:rofeas't)l' c. D.· 
- -

Andersonts di.seover;r ·of the positron in 19.32. this was the firlJt ·ot tW! 

antiparticles to be !Wl'idj. tor the p~itron was -re~y the anti&lectr'on, .and 



} 
i 
' 

mig..•rt ll&l.Ve been $0 named. . The positron ·bas the .same mass as thG ~leetront but · 

bn.5 an Gpposite charge. Electron and posi.tron are SOlmtiraes born a$ ~ p~~, 

as ill the proce~11f we eall pa1r p~duetim by gamma rays. Y~lectr~ an4 positron · 

die.rw a pair,· in a prooess ~ eall anliib11at!cm. ~ ~leetron and poirltrm'l 

oat ·each :other ~p, so to a:p eak; What rema1ns 1.-; energy in the .f'Grm. o£ · gal.lU!ta 

fhe D'i'ra.6 thebl"y was extremly sueoosstu1 in elq>l..ainihg el~e.tr-Qn and 

positron phenomena. Therefore, the QUe;stion ~atura.~ al"Qf!es e':l~ the 

proton ale:O t.e. tr~at~d QCC()l'dfng to tlH;) Db-~0 theory? The protem,. ~ the. 
. . 

electrort, bas spin or one•h;llf~ ··aJld oheye the Pauli. prl.nciple., 1. e., ~ or . . . 
. . . 

More protona are never round nnrultaneously 1n exactly the" same state. sun, 
. . ~· 

the prbton in. some reSpeCts did .not· . .f1 t ~hs Dirac J)attern 4$. well as. the , 
. -

electron d,id.'. roa- example, the magne;tip ·m~nt of the prot.on waa nPt ~·: · 
. . . ' 

. . . 

~lose ~ .~t~ . While ·Pt~fasso:r P~ did .inttooc\lce a f'Ol"nl or the ])l~c tt$;~ 

t~t a.ll~ed ag;reemnt with the oba~l'T$d magnettc moment ot :the prQton, $till 

th$ . th~Or.f bad .lost SO!T)('I of its St~llei ty 0 .. 
~ . ' . . . 

It th-e D!rae tlleOry we~ oo~et tch;'. descrl.bing _y:rrOton.s as well e.'s 

electr-OruJ. t~ it ,13learl;y w<m.d ~all £Q:r tPe emtene~ of antiprototu~ e.~· w:U 

":. as of prot.e.nS, just -.s 1t. had demimd:ed the erl$banoo of pos:itt"<ms as uell as 

,of eleet~o 

Aeoor.cttng to ·the !lire:c theoey, ·tl:l9 antiproton shcnld· haw the propex:ttes 

indicated 1n 'l'abla I. 
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Table I. Arlt:l.eip.ited- Properties of ~.he Antiproton .. 

Property· Values Expected 

Same as the proton mass 

Electrie charge Negative, opposite to the proton, equal to the .electron 
charge 

Spin 1/2 unit, saree as the proton 

Ha.r,raetie moment -. "Equal in macnibldet oppOsite 'in directiOn tD the proton 

Statistics Fermi statistics, like the proton 

Intrinsic parity · Opposi tQ to the proto~ · 

.j 

themselve~ .ithy: .neutrons and pTotons· may turn ·into one another but. are rnve~. 

completely' des_~royed:. For example, wi:Y cannot a. reaction such aa the one - -

shm~ here be obServed? 
. . . I . 

proton . ~-· ""'-;/-··-.~ · positron -<· 

Altho"Ugh th6 an swr in deeper terms was ~9-t., fort.he0niing1 it vas generally 

believed that there must be a fUn<iamental riLle specL~call~ providing ·th~t. the 

. ooavy par1;.ielos are never destroyed (or .created) singly. Th8re rennined ·the 

p·ossibility, howewr, thit r::rne might make_- apair1 p~t¢ and anti~~~ a,t -

the sa,me time.- Similarly,· proton and ant~proton might ,annih.:il.at.e each other, 

tms eying in. pairs,· one particle· (too prdt~) -and one antiparticle (too 

anti.pr<.>ton). 
I . 

1'hu.s it. waa expected that the c.Nati6n. of an antipro~ would necessitate 
.. : .. 

the simulta11eous creation of a proton or a neutron. This meant that the 

energy necessary to prodi.J.ce a proton-antiproton pair lrould be tvice the prot~ 



rest energy, or abottt 2 bOJ.i.on al~~·t~dn vol~. · tt tms also lcna.:qt(t~t ·. · 
f., • • 

. hi:gh-ena~ oollibiPus ·~- neoo:Jsari, ~tieh -as those 'bet\reen-lrl.gh enerw ... : .· < 

. . ... . . . ~ . . . ~ . ·. 

partie lt:!s and· -~artioha at !'est •.. · A' llkali' ptoOo~sa· 'mig~· be Qn~ --~ ~hie~ a. ~%7 
·fast pr:~ion. 1/ltruok .a statio~ey- .neutron . .' -'!'he prgton would have r.o· :k·~· &'?®t. 

• ~ ·\:. • • -\. ~- • • ·' • • • • • • •• ~ • • • • • •• ' ••• :: • -. 0 •• 

-~ billitm £ilectron volts :·or energy::ttl'' order tWit 2 bUitQ1'1 ~leetron~volts<:.· 
' •. ' .. i~ .· •. ' ' ' ·,·~-~-:~~:-~: 

mignt -.~e ava:tlable to :make new pi1rtl,eles. .·' · · .. ~ ', \ 
. ' ' I ' .' ?> •• ' • ' • • ' ' " 1 ' • •• 

·: ··· · :ro~ -~--~a~- p~ieist!J -~or._kt~ ~"E-dtb co~~q ·r~~ ·-~pt. a-sh~~- .w~~it· 
-£~~ atittprot~s~ for it ~ ~own t.ha~ tm·~ poe~ ~~c~s ~- tli~:-~~ofim,i.(~':~ .. -_.' ; 

. ' _"' · .. '. ..·. ~ .: . . . ' . .· ' . ' . _·. . ·.,: .... :. . . . ,., . . . ·. ~ ·.. . .. ,' -~t :-!: '.. • . : 

raiiiation · with.-6uf'fi01t(l)nt en.,x:tr. 1xl i!Jl"Q(bWEf·antiprcit.ons~ -~s~ -;~ta ,;.rer-e :; .. 

··. obs~d~ ~h might~~, ~~ved_,~- ~nuproton,--~t it·.~a~r-~-.-poa$~1:e-- .' ·. 
. • • • •. • ' .• ·- ·_ . :· -~- .. ... - ,· . • .••. t ·• . . - . • .. : . ·. • : . .· • • ~I-··., ~~-· <1: •• ... 

.. · ·to_. Mtenn1'i0 with::~erta~ty ~ _·presetics· ot a.n antiproton. 1: sliciu.14 :~leo.··· 

'. 

~ -

,j • • '. - • •, ' ~- • ' • 

• t • . ·:·_ · .. · . ( ·- <.' - ' 

: montian _thet · th0 pol1sit>l.e aritip.tooton ,e-vtm~ t>rere ~rka'!)J;t t~. · .:ks·. the __ . .- . .- .- · 
.·• : -~. . · · . · · ·. · .. · :. · • • -~ ' 11 ~~·r .. 1.,,·ol"c,,,-. ·.::. ·: · 

years. :tm~·h·e'4.-/peopl,a hagan tci'··'.'have."sarl.aua ·doubt$. that ·w.~ :anti~:toi -~~ill& · ·, 
. . . , . . . . . . . . .. ·. . . . . .. .. ' ·' ~/ .. ·. 

indee_;d be_.:,.,.,...oduced;;: ·. ·: ·_;,• "::·.~ <~· . · ·- :. : .. ·· · 
.t."'• .... ·,4- ~ ..... 

· -. . : .. _ _., • _ . ·- . . .. ;.. . .;; • , , :- __ . • . . . . _ .; " ~ _ _. ~ _xt_.. • _.... • 

!;.~_--:t6ld-~a~· ·the.'men r?St'·O!lSi))ie.'. for the' ea~J.ir· deaitln ~t-·tns~$va~,:~ ' 
::_,: · --~ th~ ta~·_·tiaca_~~tcr -in -B~~l¢Y; .. dm~o~a,_ were·~~n ~- t~~ ~~t··-: · ·.-, . · 

• • • r : ·' • • ' • • •. '. ." : • .-· • • ~·-•. • -. • ' •• ~,.' • . . ~·. s. • • ' ' . -~ • .: ...,. "l } ' 

. • _-: . 6-" b11Uon ~3..e~tren 'V{)lt.a. wre neoded tQ pr~ce a~tiprotOhs,. ·and"that 'Ghi'S~ 

.. t~~~ ~as ~p::~!ltd_~~etderaU·~-~:t~::.B~t~R. ~~e~gy~ ,j~s·tf~·:bitl~-~- .. 
,. . .. ' ·, I •"' :'. ·, •· '.-; ·-~·· . . . . . ' • ~· 1_ :; {I ," ·,. -~ '. '· ~ '.- ·... • .• . .'· ' " -~" ~ ~ ., • 

eleotron :~a.t.a,· ws ~idad upana ·'PrOfess~ EdWin 11oHillap ~ci,-·t~ late"::··· · . 
. :·.. '.· ._:. ·.. _·· .. -. .. :· .. · : : . ·, ·;~ ': _;,_. . ~--~ . ~ .. _ .. : _· .. > .... ~~. ·: '• ·. : .· . ~ ·-~-· ·.~t- • .. :~.-< _;_- ·.·. .. J. 

. ·J>r~feasor·-~me~t).aWl"ance were -amn~f'~he'·_;msn \too ~electe<i't.oo·.-~rgy; o~:,t~. 
••• ~ ..... •• ·• • .::__, . • : .• ::··- • -!·· :;.-~,; ·.• ~- . : ~- , . • . ·~~. • . • . . ~o.:~4 

· Be\ra.t,ron:'arid were reS?OriSiblG ror ,.nit.iiltir..g·ita oonatrlieti<m~:,. , < :- , .. 

.. ~- ·_:~1~· _th:.-~:ars, ub?n.'the ae~~;:,.~;Arf~dfj,~-~d;wt~e-tii~, d~b·tk:~~s :~ 
• •·• • . . • • •• • ' •.io • ''1' 

. t~ i:lxts~_~t' ocf:1Jle,·antiprGton ~1\~~.~ ;~~reas~ t~·_inte~,et ift··an .;i-o::~· 
e:xP~rime-~tai dtsm6nstration ot :th~:-~ii!lrot~n..j 'ft.::tdake .. thl.s demoristratio~·lt. 

' . -i •• :~. ~ ~· ~; .. :·. . . . .• ·. : .• - . . ~ ... 

· ·was nedess~" to sh~ ·that aftor ~t,~-;, :Beva~r~; ~am ·struck ·u_ p·~ oe -~i mat~rial, .-

th¥3~ ~ek'·p~e~ent·.amang the Par~.1~s· 'isslling trom t!u~~ar ~()ru:~iens s~ 

\ 



.J 

J • 

partielea of tb~ same w:aos as that of t~. J)l""Oton, bUt electrl.cally negati "0'6 1 

i. e., lrlth an eleotric eha~ CJWO:>ito to 'that of the proton. It .is r,ot 

tU,.f'fiGUlt to .sort cr\l.t particles that are eluctrlcally negativa, for in e. 

magnetiC! .field the negat3; ve partio.:t.es are deflecte~ in ;one di:rectio1_11 Il."!'iile 

po8iti~ ~rtie l.Ss are de.:tls cte4 in t-be opposite dirention • 

6 

. From the ewrt it was tmde'rst.ood that at least two indepsndent mtantitiaa 
. . l ... 

det<emined., e.A'flY tlro of the tollmd.ng ~ntj_tios wo'Uld be adequate:. mol'Mmtilllit 

-ene~r~. ~e~oci ty; ranee ( diste.noe or penetration into a t.ru.b~tance. hef'.ore. 

, I 

h£Jci~e partioli!ls ~nth various ·masses- may have the sa.'!Ue ~ntwu. · HO!tever, if 

A:f'ter seV'e~...l poasibl~t!ee 'i.'B~e eonaid.ered; it was d~oided t..ha t tb,e -t-wo .. ,'. 

QWmtit~e~ tQ ~H~ measured sh<1Uld be momentum and velocity~·· 
·' . 

··:; · _ · · ·. Pe.~tfi- i ~Y -~.rld y~ of ths'nonrelat1viatie relationi!lhip be~· 
'• . ..· . . . . . 

' . 

~rf.iale 'by 1nettm~. momen'lium ;md ve,l.Oci t'!/, ·obtaining-t-he im~s :is m a. r:/-v. 
' • . r • . 

· ·fot' particles traveung at aearly. t~ spee<i cf light, the eX.Preesfons ·arc not 

.. as- ·sirr.ple as th~·se~ ·l:n.tt. i~. ~s :·still. ti"ll~ th.at 1f -.momentum ~(~loci ty are 
' •• • • ' < 



. ~ 

The i<.'ell .. (iH3tabli~h$d method ot n~~~.sUrirle the momentum of .atomic 

partieles is "to measure tb1Zil" Q&.f'JBcfti.on in a kncn·m Jna__gnette fwld. '!n fact, 
. . . : . 

one _.l'llliy set u'p a ·system of magnets tht'o~h which only particles Qf a certain 

Such a a;ys'teta_:rnay be arra.~ed _as sh~m in -the 
. ' 

.·"' ' .. ~ 

. -?h~· high .. <'mercy proton beam, _S-t;t~et;:J. a tat"get,. r.bich ~ht ~ a pioC~. ot 

_coppet-. F!"~gmemts .of nuelea.r collision.s eme~e from the ta.~get :tn all 
'' . . . . . .. " . . 

. . 

-directions, some· ()f Whi.ph ant~ t:hltt regiott .of the mAgnl'!ltic ti-~ld~ the r-est . . -· . . 

Other partiel.es a.re s~d ·by the. wa)Js·. of :the oolli.Jllator • 
. · .. 

su.ggcsteO. to u,s by Dr~ Orest-e N.ecioni, Who pointed out that .a treater nutl)ber 
- .· .. . ..... 

o£ usei"~l p.:trtieles wuld pass t.hroU.gh the systc"n if lennes ;:ere emr.~~~d. 

~t~3~~,Gt~~;.~:-~'t'!'-g.:l£n:-;sb(Jn:'"tm"S.~.fMteni~t--

I ~dlt not desoribe the l-enses in oot:Ul, ex.cept t-o say -that each _len5 
• ·t •• . 

7 

i.s eompoocd. of th.:tee (!Uadrtipole nngneta~ ... The lens action :ls 'V0l7 ai."'bilar'to. 

tho . action o.( .a simple o-ptical lena fo1'" lig~. tn fact, the S"Jstem.. o£ r:a~,ets 

lre a T.'e d{seussing e.otB, .for qha.rged part.icJ.e.s, just -a.s the system ehwn Ul 



. ·~ ~ . . 

' . 

·8 

(Insert Jl"teure 3) · 

Here a light source replaces the targe~, and ·the analy,~ing magnet is rep~oed 

by a gl.ass prlsmo Thr~ugh the .ti~l sii t, the system sho-lftl would only all<N 

· ligl1t to pass in a. na.~<N t>Mge ot wave lengths or oolors. ·.I will refer to 
. . ~ 

this system as: a spectrograp1'f, whstoor it ba for .tight or for chtU"ged 
~ . •. 

particle.s. · 

f l'nve said.:that only negatiVe partk~es .Would be present in the .be~ 

rorm:eci by the I!lo'lgnetic speetrograph, sinoo positive particles ·would be 

defle"C·ted in. the op~oslte direction ·and wuld not pass tl'irough· the o-ollilru1t.or • 
... . . . . . •. . ··. ' " ... . 

.! " • • • . ~~ 

~ '!' • - • • .f 

Br rever~ing the magnetic field, howeve!'; We mil7 use the same speetrogN.ph. 

to. aele et posi.ti ve pa rtic.les 1 ·if these are desir:ed. 

·1ha final arrange~nt or magnets that ··lie l'Ja.ve ussd e.onsists of tw 

each sp(!ctrographs, one following _the other. It is shmm in Figure 4. 

(insert Figure L ) --,. .... . 

. . . . . . 

.· .··.,: 

~a,.Jl.rst ·spec.~rograph extends from. the target to the first .focus point. 

The seepnd spe_etrograph extends from the first to the second ,focus pointf. 

·The ·first spectrograph ~eted .as e. prelim:tnary sorting device to prOVide a 

relatively pure· beam of particles ·for tb!l s eaon,d spee_trograph, where the 

experiment j.tself wa.a !,:>erfor.med. 
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!q1t le_\ .us dlseuss the ve1oci ty ot t~ antipTOtona· that· .'iflrl. be· .f'mmd. · 

. The ma!Jt OoPi~&· ·~on· or ~tiproto~ wu e~~~ ~:~at-•. ftl.<k:ity 
. . . . ~ ' . . -. . . . - ' . . ' . . ; '. - . 

r. of 87 >percent, o_t j'le ve~Ocitq ot ~ht, .\bile .~e .o~ baaqround, ~.clee, 

. ~h •• ~~em8, .. YOUl.d b~.·~~ti.ng a\ ~pro:rlmn~lt ~ pereent ¢the ~~~it7 
~ ° F 

0 

... 0' ' • "" I o ' ~ " 0 • O 

at light •. :fo. ~- the exPeriile~t e~t .e-asier, sl1ghtl7 sl~r 'anti~~ 
. ''"" '\ •' .. . ... . ·" : ., .. 

_;re c~~;·1fit~_v .. • p.T8 c, "tn-. ~ pe~~nt of tM v~oe1ty·~ lit~ ;.':-. ' - • t ( -: 

~-··- '· ~ ot· thO- ·saaplest !lilantr ot~d.e~ velocitY is to ineasUre the tt.• 
• • , ~ 0 - I"+ 4 \ ' ~ •• • 0 0 0 0 0 • 0 • t 

. of:.~¢~~~ \wo' coan~, ~d thilf.v~ thf;l met~od;uaed.- A ~enmtei:~ 
t • • • f • • ... • • ~ f #- ' • .... ... .. .. Iii ....... ... • 

• • ~.. ~ • ' '. 4" 

j • ~e~ at}~. f1rat fo~uo. J)Cd.nt--, ·and.anotbsr oounter at the ~d ~~- : . 
• ., ~ • I 

· •. :. · ~~.' The ,SpaOing ot these o~ters -.e · -12 metiJrs. · ·M~f.i~ns, which. tra:.:U ' 
f ,, t : •( .. o •• 0 • i I..... ~ o • 0 ·.' o ~. I • -;;.· $ • 

\~the &peed. ot light,· wGa1d :tab· hO m1111m1croe~ .(1,0 bU.liantlis:.~ i .. 
- .... ) .~. ... • -. . • • ~ - • f .. ' - • •• ~· :. 

ae9~: to pass ov~r ihia. distMce,·.~t,an~pro!ODa ()t the~.~~-;~ 
• ~ ! ~. ·"" ~ } "" r ~ .. • • f • ' •· ~ 0 I • 4 

· · -~51. Df.lll1m1crose~ •. !tie'dif't~o ot U Jll.!llfaicro~nd.e ~~ ~ot, ~t1 . 
' ~ o p 

0 
I " : .... , • .,,_ ~ ..... , ~~ O 

0 
' .. ,f 

0 
I 

0 

.. I J 0 4 : < 

but- it is .wit)lin the ca~b!.J.its' of modern elaotronio .Oiret~1tt'J -to d:S.ftt~h 
~ • ' , ~ • • • • \ ~ <~ • • ·~I ," • • ... 

ld:·~~~r~.i,- betw~- the .. tliO.tba8· in~l'ftls. . ·· ;· · ·· ·: ·::; ~:·.·. r· 
l - • t • " . • . I ... '""•· ~... . . \ ~' .... . 

~ ·· ·unr~tel.T. Vhei) ~ ·me.ons 4re 'Puaing 'through tbe-' s~ in cldse · ~ 
'I"' ..... _ ·, ' • I! ' ' • - '\ t " : :t • , ~~; -· 

· · .· 8\lCOeaaS.on,' 1\. 1rtll sC..taee ·~ that. two mesona have exactly the riaht 
• • •• J • -· • ~ ~ - • • • I • • ,._ .. .. • ... :_·, ... _, 4 

apaclng·betwe·n thea to imitate ·an an~to~, 1. 8:, ~t .11 JltLiUmic~se"tanda • 

•, 

. , 
·-• ~ • ... • .r - - .. • 

. ~ -~ ,C:all: ~·the aectde~.<;bi.Dei~e ot, -tllo mesons. '1'o.avoi4 haYlllg 
. . . ' ' .. . . ' ... . 

th8 electronic ·cll"CUitB •toOled" .b7 tw mesons 111 cl,~e 6\lcceseten•· it wu ~ 
• • • • t '* I • 

' 1- _;. r ' "' , ' t ~ • .. • • 

~side~d .. ilspO'!"taiLt t6 .. la~ im~r meth'()cf' ot detO~ag vel.oeitt in un ai 
l •• - - ·~:: .. ~· • • ' 4 • f • • .... 

the: a·~· time. :r.or·this purpO!Je, a Cmrenko. counter vas eonetrncted. :tJt 
• - • ... t , ~. ...· • ... • • : t ··t. ·:,. . - -.. j ' . ' • ... ..... 

· · tac~,- _tl:s ~m~~ot .th» Obel'$nlt?f'~c~~J;" was one of t.h& f]i!'e~ steps t.akou·u 

the.prepmii.~ ~t thec.e~riment.·~ £ ~d me··~·~esei"J.Oo.it ba're~ 
• ... .,. . • 1 ~.... ... ... ~ - .. .. - • .. "' .. • • j 

· · The baste pr~ciples ot tho Chez'enkov radiation are flUI!Uiar, eince. 

Ptofeaaota Ohei'enkoV a1st ~ been e~1ng fl"Olll this· ~etr\lm just one ~ ago, 



. but thoDe prlnciples' esp.ecial.ly relo."fB.itt to tho Cberenkov courzter used in the . . ~ . . . . 
antiproton HPerill.lont s~ld b~ :rev1ewd mre. In a.n opt.ieal medium tnch ae 

/ • • 1 -

glas~, ~~h~·~-s more slo.r~ t)an in:e. vaOUWll. Alt.hnuah n~ ~rtiele J91LY 
' . 

move t~r· tnilb.tl:e SpGed·.qf ·Uiht in va.euuJI\1 a particle Jna3" tmri raster tban 
' • I I ~ , 0 I ' • lo 

"tM speed ~ light in ·elass. Whe,n th,i8 happens w1 t.b an olectt1.eall.7 -ol\9.:-ged 

~~·~, ·che~nkov ll.ght" is -eJfli tte6.,. nt. ~erent ~gles ·tor par~l~ cJ -. . . - . . . ' 

.. 
.. , 

... '· . .., . . ' . . 
. . 

.. (In~ert F~gbre 5) ., • r 

... t •• ' 
' . ' I .. • .,;,o 

-o.J ••• 

' r I -~ ... ' . , 

' .. ')fbDn the r.~~nkov light pn5oee ou\ ot the ·pieee or el.ass into air.~· i~ iiJ 
' - .. 4. .- : • ' • • • ~ 

l'etraeted-at· tM enrtac~t ~t .it- contttmes· to be tl""Qe ·tlu't the ~tion ol . . 
. .- . . 
~~lJ.aht in air' is dependent upon the 'Vtll.ocity or· tlE particle, &8-.le ·-eholin 

"' .. 9 -

' .iti ~~ :60 ;' - •. 

~ I .. 0 

' .- . ' .. 
I '• 

. . . . -
·. 

' -· 
.• 

. ~ .. 
• \ -i' ••• 

. . 
' . . ' 

~· =--

~ eylio.dri.eal mil"!'Ol' WCl.$ a~ od to~ i'etleOt on]J' light em1 \«HH 1n 'tbe 
. "' . - ' . ~ ~· 

' . . 
right directi<~n. Thte 11gb~ W3b then rp£~sed within a small rG&ion Wt:re. 

... . .. ' 
it could be detaotad by l\ photosltiplilal'. - 'fhe design or tbis ooun~r itf· 

. 
sh<Mn in Fi~ 1. 
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I •'"" •: 

(~~ert. ~e ?) 
I • -"'. 

-~ - . 

• + r !, ·-

. . ror the) ~~a Ol \m<Jers~ing ·tbe.t&ctiaz., q£ ~. ~ter~' we·- thirlk 
a ~ t .., ~ ' ~ ... ' 

oi' ~--photmllil.·t1pliet', pla.c~d al~·~~. axib. ot't~ ~~~~tlt, ~t~-~ 
. ' ..... .. • ! ' "' : ~ . '. lot ~ ' ., • • • "- - ~ "' "' . • ' . 

· ~01' ~ation timitted by ~fu tra:v;lbg pa~llel to ~·a!ds Vitb 
4 "'. • .. • - ' ' ' • • ... ~ 

tho ,:·~orreet:ve'1Pc1~. h pr~ti~~i t~ l~ght ~ ~-rlAod in~· thloae: pa~s· ~ 
.. ·... . . . ' ., . . . "·· . . . .. ' . ' ' .... - .. ,.. . ' 

. three .t'lat ~rrord, to a1f9l:d ~ the. ~ea.m. ot -p~~les ~verse the . 
r ., , .., • • t' t , 'J ' 4 ~ • 

. ·p~ltipll.er. · ·f~ the tir~t ··rl.t\t the ~tet-1al ot ~ Qbe~~ · . . . . . .-. . 

' 
·.: .. A'·"the tt~e tbat')-I fu:st de~~ cme of ~ .U.Vel~it7 ee~~~t:tng~t ··"\ · 

~ . .. . - . , ' . .,. . :.. ·~ . . . :": . ( . , 

c~'fjel'a, ~ thought that tm clcaigli wa& wigii.)l.ll·1d.tb Jlie,. · t.1at41t l"trcil1zed1 : 
r , , . .f •• • - ' • • 

haw&~~, ·th~t tt~ d~~Sigrtu· ~ s~~ as. tbt.t r::tt nr.:.~'&Jltlel Lih~.'. ~ .. i. bad 
.. .... ' , '. • , • • ~ • , , r 1,. 'I .f , A • : ' • ~'\.- • " • • • ,.. "' <t t • .., "' , 

· · beard ~~ousSiO!l or thb tindtm~ ~f::er1 bu.t· ·had. not th~n nndet-ct-ood. ~~. ·· 
~ 4 ' • ~ • " ' .. 1- .. • ' • ~ • - . • ... •• .,. . . .. .. . . 

· . .. •w~ J:te~Julfted tm.t our ~test ·au:nai.tl~ .. ~ 1dentity!ng l\l1t1.Pl'~ ·'With 
~ \ ~. I~,··· > :.<4. ~ ... .j ' • • ~ 0. • ·....... , • ~< 'f/ .. .. t_. ~ ' ,· I I '' I ~ • ~-

e~niu-~ be the'.pesst'btlity ot a id.nake 11\ tb9 d:ete:rt~.imtion of· 

.. 

~ "'~ • I .. : • ' 

.•. wl.<ae!:tr.· -A¢t'.ord1ng~, we: also ued. anot;IV,J. chrrren~tov c:oun~.- ot a~·- · 
, ' t • "\ ' r • , • • " , , ~ • 

0 
• , f 1 

· . tt~~rittOnal. daejgn. I~ vas ~ oont¢.\ier .Qf liq'Qid1 l4 th an .. !:n&tt ot re~cm 
• 

1 
.;.. -~ ·"' • : • ~. ..-. ... • , 6 .-..., .. ~ · ... a ' ~ • ·' •. ..._: -~ , ~ f 

ot: .1.-28;· viewed directly; bt a phOto:mlttpli~J.i·, Parti~IJ ru;dng as. sloWly .a.a 
- ._-· .. : . . . . . . . . . . . . ~ . . " . . .. ..... .. . : ". 

Otir ·hopbd·i'or a.ntip~otOJJ.S .vwld itt-oc;b.tQ& no· Chereli,kov light ln tnt's llia~ri&l~ 
... . . . ~ ~- . . . ' .. . . . . 

.. . . .,. ' . . ~ .,.. . . . ' .. . 
~ si,:nce tbay. ·~~ n~ ·be 1!lOvUig tu,te:r ~twan.~~lit in tbt;t medJ.~~., ~~vei-1 

.!> , ~- ' "'• ~ • .,...... • - • ,t- ' I t- ' .. • ... 

. t'ae~·~~:~~S, stt9h U eb®8 ~d·elsC~JJ·~~4.~es .. ~he~T Ug~~ 
1n t.hie naterial an<J.vould gtw·:rt~_e:·t~ • ·• e.t tha.~tpt;t cS~ .. tbis C(GU~ter • 

. '. · ~'· :~ • ' , • ~ ; ,.., • 't I • 

0 ~ ·, 1 • .• ~ f ~ ~ ' 
1
° • 0

f • ' I. : 

Sinee 'this ootmter ~ to .. seM as ·~ ~ ll~st pa"'-cles · f&eter th$ 
- . - . . . . ' ;· ' ~ . . "' . 

antip~~ •. we·mzrt:·:UJ.l.'it a·~ counter. The ll~d 'OSed in',ibe ~ . . ~ ~ . 

. . 
c 0\U'.\tsr vaa .a nu~~rb!Jn .. 
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tollowD (see 'Figure 8)a ... 
' . . ' 

.. ' . . . • oo\ ........ 

j • 

( ~~rt; FigUe 8) 

. . . ~ .. -

t''. . .. ' 

' · .. ... ...,. . 
~· . . . . ~ .. . . . . . . .. 

. . . 

. '. ~ elec~ d~its .. ve wt'ari' ~leo~al·id.~ elich·.~- tbl 
1 • . . ,· • • ., 

. , . . 
followi.Dg events oeeuned vi thin a short time. intel"V'&la tbe two counten · 

. I • ' ~ 

r ,. '"' + ',, • • ~ • • • •+ • - '{ 
1nd1e;:a~d aa 81 and 52 aOilDted .with a re~tlve ti~ de~ 0! ·5! -·. 5 mlli~~ro-

eec~d8. an.S. the velocity ·a&iect..ug.~~ter c2' also JB.Te.a ·ai~· tn. at ·leas\ 
r • • • 

tliW> ot 'ttl/ .three p'hoWmllti~lle~.· lih!'Jncwr tttese e~ta occurredj it ~t a . . . 
-" . : . . .. . ' . . ... ' . . . ~ : .. .. .... . , 

~n tial tm~proton had been seen 1n the a~tns. Tbia aipl mas used to 
t • ' .. ·' •• . . . 

sti.rt an oscilloscc;~ trm. wb1.o~·a picture· ot tb8 ~s in. ~-~counter.:-
~ ;A _, • .. " 

0 
0 .. r 1 : • 0 0 .I 

·sl~ S2, and the ~ counter Cl could ~ ·~btainod. ~ : · · .,_ · 
. ' . - c . . .. ~ .. . ' ..... . . ·. ~ t • 

· ·1'bree sa~_h ~im'e are s~ in ~ · 9. '1'1» ~eontal. mot!. on .<!! ··~ 

dot -~·the osQ!Uoseope -screen is .unitorm,· so the .·curve ah~ -se.nts .an 
•· f .. . ' .. ... . ~ 

·, 

olectrlc~ ai~ ·as a fUnction or .·time. ''fbe fiHt 'Piilae -o~ each-'elim · -1 

(o~~ill~~pe ~rae~) ie. ~e t~. :tb8 c~te~ s1·, ·the -~eo~ ·ia-.dlle ~·~~~ -~d · 
. _ (if, ~l.Jt~.;t} .. ; I' _ ' • , • • < . . • ,' " 

the third ~w t.he guard ~ounter Cl. · . • . · · ' · .. ~ .. · 
• 1i t"• ., 

: ... t t • 

, • ··.I 

.f' f \';..• . 'I 

' . 17 • . ~ ,... • 

. (·I!ise'l"t figure 9) . 
-. .. 

' . 
: 

fha pulites th.elaealws look ·re.thor ~cad in this figure, but by care~l 

Jll9asuretaent ot the position o1 tbt.f pulse at ita beginniog, the difterenoe in 



'. 
tiM betwe~ pulse~ .can. be 'ilanSUi"ed 'to an JcC\1rae1" of a 'b-0t1t cme Mil.limicrc-. -'. ,. - .. . . . 
aeeand. · 

. 
. Sinb.e ~e JllOL'Jenttm ~8 aecurate:cy lalOWt;tro• the· mlnet ..an-angemen~ and 

.. t • 
~ . 

sinee.-ench ~ meaw~:nt detormlM8 tho 'V'eloci:tj of. t·be.'partie}Q~in · .• · 
.I. • • . '.. ~ ... ' 

queo:atc8t. we liwe ih ~.ff~C)t a ~U.gh ~ne l!e3.5Urcmumt or e,.ch · antipro~~ ,, 
.- 0 a ' - • ' . " • /1 ~ ' F ' 4 

. ~ .·. F~~· lO(a') Shows. ~c· ttlstribU.ti.~ of the difterenoes in. ti~ t:or'-~son&. 
r ~,, * • ... • '~ • o • ' I 

!~.'!aS do1;3ined .l'JMU the· qattm lt':le adju:Jt0d ta regi.4ftor aUY9J'kS• i'1g\1to9 ·. . . ~ . . ... . . . 

· .".~-~·b), tbe diatri.'tnltion. ot 'timee or tligl'rt ~ antiprotons, -.• .ob~nec!~¢i!n 
• I ~- • ~· "': a ,._ 0 ' .. o • - I • 0 ~ - ~ 

' the ·s;rstt'll!l' '\Q8 adjusted iD the nbrral vay. to accept .\ntip~ 'but re~t. 
I> • • - \" .. ' • • •• - - J> 

' . ' ~ \ 

me'8(?ll~• The.dietirlba.ti~ iR, well peaked. at tho ~ti!Oted time· Of. flifht .Qt 
.,. ' , • I 0 , • I - _ 

00 
, • , , • 4 r -~ • ... 

atJ.tip~tons.·. Figtl~ lOco) sheDs a. repft_$entat1ve ~~ ex£ O:~identAl. · 

•. 
I ' ' ., 

\~~ .. 
..".• 

. .. 
' ~~.f. + 

!II.. t " ~ 

. . ~ 

... .• .. ' .. 
. .. ·: 

,_.J ..f • 

.... .. .. .... ·~ ~ ... 
~... ·rn. .tM ·ear.~ stages ot ~ ~el'iaent, ~ ~ere 1u aCIJile' dantJer ot failing . . ' • I:..- if .. .. t - ~, ~ f ~ • 

to· o'bse~ anti~otona, ~~sa ~- ·had1,set.'cmr a~tus tor a "l.igh~ · .I. 
• ' .II- ... .. - • ., - .. 

. dif'te~~t ~ than. the. pr'~cm mass,..Vtthout 0\U' in~ding tO do at,·. · It ~8 · 
• ~ ' 0 .... P" • 

0 

0 

< ~ 0 • " .: ~· O 

0 

O : ~, : I • O 

0 

~ " I ..... 

0 

tlt'JSODti.all1 nn; .&!"i'''r .in ·the .aligrimsnt or. the- apparatus· •. 'Fort-onate.q, • were 
~' 1 .. <I. .. • ~ .. .... , : ' It... • "' .., ~. - • ...:(~ ;· ... ' ' ' ~ • • 

· c.bie. to rov;erse ·t.M a~t.io t1elds ~·all the agnate and tb.Us lC)Q}c _tor·· ... 
- . . - .. . ... ; " . ' ' .. . . ' ~ ~ -

~~tonso . Disc~~ ve~ few, 1Fe eoon. 'round tbe' :enoi' ot .~l.ign:m&nt: :Aner-
- O ,: 

0 
O' 

0 
.o '\_ l .-. I _, t .. 

0 

° . ' . . . . . . \ ~ 

!Rlit~'cle adjuetloonts, pratans \19~ eu1]7 c:bse:rved· Apd;· .llheri :tJte .. maznetic ' . ' . . :. . . . . ~ . 
' .. . .. -' . 

ttelds were agaitl -Nvers~d .. ~ib~ a~ti'Protcm &vente appt:l~ 
... 11 . y • •' .... 



·, 
•. 

Fol.l.Ow!.rig .epp~o:d..matel)' twenti·-!JuQh: possi:bl' ef.enu; thfJ equS.pasnt·vas 
' ·~ .. ~ - - . • ~ - t 

$~bj~t.ed ·to n ·•arJ:e~ or uets' de~d-· to .. &~~ -hetl»r the ~tipr~ans 
-' . . . . 

,. - . . ."'.. . ... - . ' . . . .. 

eun were•co;lllplete~ lieal, 01" ·tbe~ ttlq Slfight,be due '.to ,~--t'~{llnr$ or the . ... . ' 

·- · a~~tu· •. · .. -~ ettecti~- ~st~ittv01~."~ 1n~~-ttmi.ug .thfi·ats· to 
... ,. • • , • ' •.o. • • .. _ " , ·~ ~ I - If'>, '~' • " ~ .. , • • ·" ~ - • •-! • .. 

-. a s~t d:lflaret'lt mn 'tJW1 th$ ~toii =a,;,a tO taet whet.ber ! ~ was· ~ t.hat 
.... 'f "" .... ~ • • . • ~ .' .. . ~ -~ 

. ' ' ~.. . . . . ' : 

Fl:f 
the antip~, no.longer regis~ •. -fhls in.dicated 'that the ap~tws· reall.7 

• ' ' • .. I 'o!O ... ... -~ ~-.. ... , 0 J ~ 't. 0 ~ ~ o .'.. ' ' 

1iS:s sensitiw to the mass or the parti<;les~ . Another -ifDP~ tea"t bnW+ed 
' . • .. ,. .. . .. • f ' ( t ' - .. ~ • ... . ~. • 

~- i4~_eneri.r or ·tM ~ Qt ~:~~a~n •. to~ ri.~: ttiaii -~- _;. · . 
... r t • :_ • :''f . ~. __ ' ,. ' • • ' • f_a ~ ,; ~.., • t .,. :: ,,... • ,. .,. ) ' • ,. • -a • f. ~ • ' ~ ... I 

: .8uppii-ed~ant~rottm1t dteaPpu,r8d_:~ ·t~'. beali &®rta.1Jils su.ff!.ai~tiut ~~ 
' ' . • ,. - ' ; ' ";'' 't • •.. - .. , •'. • I ' ' 

,:~ u: ·-cboim: ·t.he. tre.ctien ot: ~~tiprotonis, 1n 1be _bou as • .f'U!lct.ioil· ot 
.. "t • \. : '. ~' ·• • ~ ~ .. • • t!t -: -:,.. • j :~ ., r • ' ' ." '. • .•~ • -..., --~ .I '. 1-. 1" ~. • 

--~-"ene~ _of ~tt :011.£1~ ;prOton ~ · ~tar w.~u~a·uOXllS 8~o4 tliat- this 
•' ' a • • • ":. -\ '~ • o ~ '~· &,.."'lt. -r • ' .f. ' • 

re~t 1tie re~~bl$, and that a ~~-illi'1t1Imtt¢ns ,&hoUtd be ·~dn~cl·at: s !ev,' 
• .. .... • ' • .. ~ ' ~ ' •• 1 • • ."" , . • • ' • ·, j j ·' 

u was obrntrnd. ... flies• thts ~dnvinorea ~\18' tM t we had bldeed 'obs~~d the 
-. ~ ,.. - ~. • • - • - .... • . • ' • ; ~"" - f • 

.. 
\ . . . . . 

pro4.\lition- or~ alittpr~GD.S. . . ... . . . . . . 
• .., \ • a ,.. .. \ • ... J\' ( • ' • 

~ l. .. # .. , ... ~." • I , _J ( '" • - ..: -·. ~ ·~. 
' ... t () ', ; 

.. : . -~ . . r 'I 
-~~ 

,L ,• .... ~·:·: .·{ • 
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.•• f; .. . . .. , 
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~ whil.o to a great e~t otqer par~l&s vcald.go in au dirkt,j.ons.· ~ 
. . ... . . . .. . - ' - . " ~ 

thl.8 e~ect was e~ta~- as lP.-?1ng a t.en4old emiebment 1D the to~.-. 
• ~ ' - - • • • • .- ' • • '\ 'r ' I - 4 • .• ' • - ' 

direction,· J:Uraning that. the~- ~Ould be cooce1~bl:' one antip~an allQng. each· 
• • • J ' • ~ • • I 

-,109t000 -of ~,othel' particles." which wero mostl7 wona. FC?~teJ.r·tlD 
• • • . ~ :.,. 'I .. • ..;,: 'i \ • 

.• ·:~tipro'\ons wel"e· sligbt~. WJQI'e ·nwaerous, ·being 1 in 36,oOO 'pB.rt.tcies in 'the 
oft. 0 • • ~ ....... I 

- . ll&gnetieal.ly. ~ed ~-· · It thero -lad ~n appr~iabq .. t.,wr·~tiprotons, 
. ~r . : : . , - ~ . ' . ') 

we· JDight.:altoge'tmr bsve· miasotl see1Dg theJ!i .<m th~ fusi try;·. Ae it ~a, we 
~ . . . 

s~- .bnl.y one :mtip~~ e.-ery fifteen ~te15 Vtth;t.hc rl.rst .~t.us .... ;, 
•· ' I • • 

.. . - . . . ' - . . ~ ' : '";. 

. · In conjunction with the counter experiment I bave, describ$d1 ·ve aleo 1·.' 

c.;ilabo~~d in a related. ~n~) -~tni.p~otogra!)~c emulsicms>~ W{~· a 
• .. ' ' ~ ... ' • ~. .:1. , t' ' . ·-

~hort.. ~ att)h ·the .fi.ret counter a:Pe~tS wero Cb:lrpleted. ~los oL- the 
, • .f •. L • ' 

·. : ann~bi4tion phenomenon were seen, •tit vbfcm··:~ mrt:lprot~ Ud a p,.Oton_-W -. 
jl ' • ..... I .. • • ' . . . ,. . . ' . . ' "\ . . ~ . 
·~1;l4on . .rrcm an ol"diJul.r;r tl\lcleus die. sbsllts4tJeousq •.. In their- plB.oe ~~ 
~ . - . . . . 

.; -,. r ' r ' -

· abol1~ five pi P~eaona. 
j ... -. • 

• . 

'' 
. ..... 

• ,1. 

. ~ .1·, s ho;rs how one or tbs ann1hila tion eventa looked under the . · 
I ~ • ,. I • • • .. • .. ~ - .. • ~ • • 

.. lderiloeope· in the phot..oiftphic eniulsiOa.. . . · · ~ · · 
• • t " . ' ' . . 

~ • ,... -~ " I 
. . ' 

. . 
~ 

'' 

. ' 

.. 
. ·'i'l?-~ work with 'Jlhotcara.Phic emulsions ,!Jrlolved m4fli peop).e, ·~one wbmt I 

\ r • " • • - • ' •' • "· ; ~ • .. . - ..... , ~ • 

wonld, Uk~ tO mention especially" PJ"afessor Qereon Goldhabe!", PJ"Ofessor: ~o 
' L . • , t • • flo "J. r· • 

Amaldi .f:roo1ll Rome. I 11011ld like to mention tbat it waa o. ,am,g SlledS.all -· · . . . 

p)rr.Jieist, Dr. A. G. ~g, now at ~he uni.ve~si~ ~'t .Uppsala· bnt th~ varidng 
. . 

. v.t tb us in Berkeley, Who o'baet"V$d 'llnder the. Jld.c!"'SC~ the first of tho 
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.. -" 

... 

I 

• . 0~ 
~hllation eTarits witb yeey la:rge rlsi~le ~t!, ~7J:I' 'l'bat star pve . 

. . .. . .. 
the 1~1.v1~ ~ thrmlsh-the·~~.or-~tauon t!lat • ~'- · 

, 1 j , • o • I ·" . . . - .. ~ . . ~ 

_ ; .. decing Vi~ ~u~na, rath&r than lfitb· a1l·otbi3~·-~~ pa.Ptt~¥t.· .. fh:e · 
, • • • '~ -#; ; # • , 

-- :~ rol.M.se_ ~--e~rgt- shoWed not ~"tha~,~·inC~.partiale (~tlpr:_ct~)-
•. t • ' • ~ • • ·:•. : r 

. died 1n t'tie pro&lot;lon.-ot 1tte star, but tbai a~onal energy DNS;t ~...e been_ 
•• ~ • : ... I • ., • ,. ... • .. • • :.... ,. L -~ • • • .. • ~I' -

; . auppl19d "tq·-t~_ death-~ an ordinarY.~l'l'O.Ole'cm (nautt:m 01' :proton} •. . : -~: ;~· 
- - ~ ~ ~ ' ' " " . ,-_ . .::• 

..... ·. ~-. tb$· conclusion _of these- e~ly oxperiJlle!fte, _tbe eld.stenca ~or the 1 • 
• " • • ~.. • • t 

~'tipttOt~ ~d :00~)~-etabl.i~herl. beYott~ ~~iJ its ,~barge was or c~se 1 p.ept1-nJ 
• • f' • 0 • O ,. I • o "' .,...."- • 

. ita -~tis: ,;as. ~Stablismd. ao ·~1 ·tq the. ¢~ton maM,~ to .1tbin 3 percent.:'· . 
- ~ • t • ., ... •• • ~ ' t .II ~ ' 

. ~~e~- t~ datA_;;n pro&lcrbi~'in_ ~¥~.,a~ at di~torent'Pfotol.l·~am 
- - ; \ ~ • • I "" 

• . I • . . . . .. . .• • 

·· enci'git)e clOtu-ly indicated. -~at antiprotons are bom. ~-pairs. ~th ordinB!7 ( 
.: ~: ' ~ '1. ~ ". ~ : ... . .. ' • " ~ • .. . ' "\ .... . • • . "~· ... 

'p~q~ ,.>Jr JlG\ttrous. ·fbe em'lsione sh~ that they die 'ln ·the _anni~~cm 
.-.·~·~······' .~· .... .,~-~."'.. . .. t\, .. 

. ·pr9ee_aa. . . · . · · · ~ ' · · · · · • t .. 
• • • • . " -~ . ' ' f •' • . r .. I 

.. ~ ·Since ~be. pro~ .end neutron .are. clOBe sl&t.ars, 1~ wu expeet.ecl t}lat- the 
\.! •· • 1 1 f <r" ' ; • • , o -._ ~ P" L .f _ ~ 

aisco~ey of t~ .nUneut~ would -~uick~·. touaw that. ot the -~t.t~~~ . J' • 
• ¥' ~ ' • ..... • , ' • 0: .. _,; t 'o. I 

In. hot,·:~~ ie natUral to We~ that. ·~ttpart~oles or aU Cbiri,e~ ~~~s 
.' v#- " • .. • • ' .. • ' • •.... • r. 

enBi• · fhis inference al8o ext"lam.a '~: tre neutral puticlee that bave .jsoe 
.. ' o I ~ 

' . non•.:O quantum ~r analog~. to electric charge. foda.y~~ere 18 :rnt~h ·. 
I ' 0 -

s 

&JfPftrbleiltal endeilce, as ;.eu as .strong· theoretical suggestions, to eonf:trm 
" . - .... ' -'\. ... 
J 

th:liJ. . . -
. . " -~ 

f" • •• • ~ ~ ••• ' ,· .~t 

In conelusiDn,· I.wollld like to nue 801ll&•-Ot t,ba 1WJ7 ~le betdde$;•' 
:... ·~ • • .. ' .. ... ' • . ~ ~ • • \ • f 

t . ' ":' ... • ' • • • • . .. 

Prof'esoor Segie and m,:raelt who ta~~ ~,n respocsible, !OJ>. the su~~s or, thts 
• I • • • - 0. 0 0 ~ 

1to~" ObVio~tal.y, Our co-n~~~ Dr.· C~ Wiegand and Pro1::•ae~or thOmas .. : 
. .. '. • ,., t • • : ' ~· • • • •' • .... ' • ~ • • • ; ~- • • 

Tpsilantis, ba.ve :contrtbnted baa~. I ,!d.ah:.to llml1;,icm Pm-~uaitly th~ "!)rk 
. . - . . . ., , ·. . ~ ~. ... ' '. . 

of nr. t,l;iegand, t~r~ bit:vpart wacs 11bsolutel1' ess«ntial. to our achievaaant, , For · . . - .. . ·. . - . ' . . . . 

the Yer:f 6$~ or 'the ·la~ a~:Ntoro, - ow a great debt to the latA 



... 

17 
.• : ·'· ',, ,. ' . 

'' " • •• ' r ' ,. • _'1. • ' 

Pro-f~seor ·Em$st:.o• ~'tl'rtlnce, ·to Pt:-oretnr~ E&d.n M• M~Uan, 11ow .. Mt-ectot 

o.e .. tNt. ta~¢e · ~ata ti~~ tnoors. ~17-,: · ~~~ · ~~\11Sl1t :to_: nr~.- FAJ.taiod -~~f~n, 
. . . . . . . ' . ' . ' . ~~ ' ' . . .. · ~ - : ~ ~ 

.. i-- . ~ ; . -: .· . -. • . ' • ' • • • ~~ -· .., • • • . ·• • • . ' 

· : ~: hM b&en·. t';SSpcntJible f'Qr thG ·eonst:t"CC.t1.on and op~.ti;on 9f the ,J3&va.t!'Ort. · . 
. ·: ; . . . . ~ • ~. . . - ·. l .:. . . ~ . . . . . ' •. . . • ,. ... -~ . • .. ' 

.~ i ha~~.mlmtiotWd nv. ~ste .t':tc~~ni's··~MtMbut:t.on·mth toel3peet to the ~e ~t. 
" ' •• r • t • • • ~- ·.' ' ' 0 '· • ' <" 

·. ~·Qle 1f;ltls~f1 •. t s!lOuid ais~ Cite ·.the;~~~ wrk ,o;t :,hr.: H~l"bett.M. . 

Ste~~~~- ~110 · ~oUabol"atea wit.h \i~ .·~g~~~ ~. Wholt1 e.~e~t·.- ·. :~~e~~e to 

sa;, ·w~·1'C~·eivM·:~ni\~rtUl-~o~ra.~ou.·£ro~·t~· mAn vbQ operate 'th~ ~a~. 
a~~- .t·~·>t;.; ·-~~-ooers and ~ct~t¢iane ~~ ~!ded·us· in· l'Wl:r ~~~:tit~ ttvf: ... 

• • • #' •• ,·•. • • -· ·." • ....· • • • '·· •• • • • 

~~.Si{f,n; ··the tanstt't+ct1on, and th~. PtstaUatton of the. ~ppa~~. , -~ ~ ·· ·. 
. . . . ~ . . "' . ~ .. ~ 

· tAOrk vit$ .~Ut,ilire(rhJ.s- upon. thO ~vi®G ·aoeorapliSihr.tents cif -~Y:eminen~ · 
-~-: •' ·. ·'-: :_ .. - . ~ . . ,.oj.' ' .: ....... ·.. ..& • -~-. 0 • • • < ' : •• " •• •.- ••• -~-~-:" '• 

ac!e~tiSits.1 ~n-aludihg e...qpe~11y·~··· .A. ij• Dine, ~ •. n ... ~deri!Gtl• E.- .1\,, .: · :,. 
"' . : ... . . . . ·~ . . . . ' . . . . 

r, • h ' ~. '';~ 
HoMilJ,an: and ,IP~ A. 0\"..erenkov. · · · · ·· ; ·· ' • ....... t 

- -: ~ h ' 

.>·Ot~~ -~~~t work cl9s~Ji :r&late4 .to ~· same ·~bjec~ has ae~pied · · 
• ' . • "' .. . ".-~: i '. I -; . ~: 

Proress:o!".All:a1di· ~~h hi$ col.leaguea._at.. the tTniversitQ.of -Ro$1. and. ?rot:~•-~ 

~rs~ GOl.dh~~e~· Wl$h: h~ eol.ltl~$tbrt:· itt Bt:lrteley~ , i think. it ·~-~i-~r,~· 
. ~~r~~·· th~t ·~he ~~k. ~£.·· ~ l'~i~-; 1~· .~tni· ~orad. todq~- . ",. . ·· '~ 
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