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THE ARLY ANTIPROTON WORK Wi

kS

wen Chapberisin

It 19 a pleasure %o have this opportunity of deseribing to you the serly
work op the antiproton, partieulariy that part which led o0 our first paper
on the subject, in 1955, *Observation of Antiprotass”, by M%W Emilie
mm, Dr, Clyde Wiegsand, Professor W§ Ypsi}:ma%ﬁ s and m@ifﬁ &t the
sdms dme, I wonld like to comvey my &mmmm of the conelusions thab esp
be deawn purely from the sxistence of the antiproten, The latey sxperiments,
that have led to resulis mw wwmm& in the beginning, will be dléensmed
in Professor Sagmw Hobel leclure,

The first inkling of the idea that sach electrieally eharged particle
sdght bave an oprositely charged gmm@xgmm may be sesn in the theory of
Ps Ao Yo ﬁime,g provosed in 1930, Perhaps you will allow me %o oversimplify .

the situation, mnd to refer to the relativistic equation ralating mowentom p

P
P

0 energy &y namely,

2_ 22 2k

E =g +me p = momenton

E = enorgy

m = mass

o = velocddy of Yigkt
It is clear that this sguation; as it stands, vermits elther mgative or
positive values for the energy E.. In everyday 1ife we do nod see partigles of
nogative emergy. WNevertheless the theury of Dirac ensompassed elestrons of
unegative amrgy; Dirac observed that an eleetron, which is slectrically
negative, 47 in 8 negative energy stabe, would have some of the mmrﬁ% of
a pogitively charged particle. In fact, at one time Dirac believed that the

states of negative emergy might be sonmehow related to protons, which ave
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electrically positive, and not at all ¢o slectrons, Ag the Dirac equation
wag further studied, 1t became appavent that the negative energy states
represented a new phenomenon, one rather diffieuit to understand,

In Diracts theory the negative enerpgy stotes weve assumed to exist, bub
wope btaken to be ecompletely filled with alsctrons vormally, The Pavii
exelusion orinciple (whieh Porbids that two electrons should ccoupy the sane
state) was used to explaln why an elschron 1z a positive enerpy state would
not normally drop into a £illed s tate of segailve epergy. Perhaps this
situetion may be »sde cleaver by reference to the following ﬁam( L e

{Insert Ficure 1)

The sketeh on the left shows an enply vepumm, with a1l the positive-energy ™.
empty ad all the negative~guergy etates filled, Hotlee that tbe states of
hiphest cnerpy arc reprrrented as hirhost in the dapgram, The second view
shows & state with only one electron present, the £illed negativeecnergy states
being unobservable, The last view shows a state in whish no peositive-srergy
electron is present, but one eleetron 18 missing from the states of negative
energy. rxperimentelly, this would correspond to ome positive charge being
present, Thls positive charge was shown to move exsetly as if iis nsss wers
the same as that of the electron,

The Dirac theory was taken mueh more myims&y after Professor C. D
Andersonts discovery of the positron 4in 1932, This was the first of the
antiparticles to be found, for the positron wae really the antielectron, and
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wlaht have been o named, The positron has the same mase as the eleciron, ut
has an opposite charge. Fleotron and positron are sometinmes born ag 2 paly,

ag in the process we ¢all pair production by gasma roys, FPlestron and pesitron
dde as a palr, in 2 process we call anmillation, The elscivon and positron
azt each other vp, se to gealk;y what rewains is energy in the form of camma
mﬁ;

The Tirae theory was exiremely successful in explaining slsctron and
positron phenomena, Thevefore, the questlon naturally areser: cannot the
proton aleo te trented according to the Dirac theory? The proton, 1like the
electron, hes spin of one-half, and obeyz the Pauli pringiple, i. 8., two or
more protons are pever found simultanecusly in exactly the same state, S$i11,
the proton ix: gome respects did not Bt the Divec vattern as well as the
gleetron did, Tor example, the magoetic moment of the proton wag nod in
accord with the theoretical velue, while that of the electron was sxtrenely
¢loze to it. Uhile Professor Paull Md introdice a form of the Direc theory
that allowed sgreement with the cbserved wagnetic moment of the protom, still
the theory had B:t)s%; sora of 1te sisplicity,.

If the Tirae theory were correct for desoribing protons as well as
electrons, thin it olearly would eall for the exisence of antiprotons as well
as of ’pmtmg » Just as it had demnnded the oxlstence of positrons as well as
of electrons,

Ascoording 40 *imfzz ™Mrac theory, the antioroton should hsve the properties
indierted 4n Table I,
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Table I, Antleipated Propertles of the Antinrobon,

Property Valves Yxpected
Hasg Same as the probon mass
Tleetrie charpe Hegative, opnosite to the proton, asgqual to the elestron
charge
Spin 1/2 unit, same as the proton
Marnotle moment Eogual in mapnitolde, omuosite in divectlon to the proton
Btatistics Fermi statisties, Ilke the proton

Inveinoie ority Cpoogibe o thn preton

Tere , T would like to meke & sinll dpression. Physiclsts had asked
themselves vhy seubrons and protens may turn into one anothey but are never
sonpletely destroyed. For emample, why cammot a resction such ag {le one
shown here ve obgerved?

oroten . .- » positron + ¢ gawms veys
Alvhough the answer lo deoper berng was nod fortheoming, it was gensrally
belloved that there muel be & fundamental rule specifically providing that the
hesvy pariieles are mever destroved {or oreabted) singly. There remiined the
pugsibili by, ééawmr, that one wipht make a zadr, proton and amdyproton, at
tho same tine, Bimilarly, proton and antiproton wight annihilate each other,
time dying in paivs, one oarticle {ths proitum) and one antiparticle (ihe
artiproton).

Thus it was éxpected that the ereastion of an antiproton would neeoscitabe
the simlumesus oreation of & nrobon or 2 noutron, This mﬁ‘ém that Lhe

energy nesessary Lo prodvce a proton-anYiproton paly would be twice ths proton

- T



. rest energys or about 2 villlon electron volis. I was also kmown that
highwensrgy volllisions were necessary, such as those between hiph euergy

- vartiolcs and partieles at rest. A likely process might be one 4n whish a very
fast probon struck a stationary nevtron, The proton would have to have aboub
5 Billion ¢lectron velbts of enerzy in c:m‘z’iw that 2 billion clectren wolis
mirkt be avallable to meke new pardicles,

For mavy vears physicists workinmg with cossic rays kept a charp wateh
for antiprovons, for 1t was known ihat tiere wore particles in the cosmic
radlation with sufficdent energy o nroduce antiprotons, Bome events were
amamdi‘ which might Wmve involved ai antinroton, but 1t was nob possible
to determine with certainty the presengs of an antiproton, I should alse
mention that the posaible anfiproton events were réuarkably 2’@;% %@ AT
years nassed, peopla begen to have serlour doubts that the %ﬁ%@é ‘;&f&&
indeed be produced.

I am told thet the men mesponsible for the early desige of the Bevatrong

% the large accelerator in Derkeley, Celiformis, were well aware that about
6 pillion elsetyon wlls were needed to produce antivrotons, and that thie
feot wae teken into pomsideratdon when the Bevatron energy, just & villiem
glectron volis, was deeldod upoms Professor Sdeln MeEillan and the lute
Prafussor “rnest Lawrence were smong the men who selected the enerzy of the
Bevatron and were respongible flor inttlating ite constrwtion,

Taping the years when the Bevatron wus under construckion, doubie as to
the existence of the snbiproton tended to incresse the interest in an
experirentel demongtration of the amtiproton, To meke this demonstration, it
was necessary o show that aftor the Tevatyon beam strudk 2 plece of material,

. there wore present smong the partielos isscelag from nuclear codllisions some

“~
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particles of the same mass as thab of the vvoton, bud eleetrically nerative,
i. 2., with an electris charge opmosite b that of the proton., It is ned
ALftiendd to sort sut particles that are eloobrically negative, for in a
magnetie fleld the negative particles are deflected in one direction, while
nositive rartieles are defleected in the opposite dirention,

Peom the shart it was undershood that at least twe independent cvantities
mst be meamwed for the same particle, 1F the mass of the varticle was to be
deteynined, Any dwo of the followine quantities would be adematey momondum,
en T, w?,,mﬁ.t;f, rane e (dlstanee of sewobration into 8 substance hefore
com'ng bo vest), For exmple, to meagure only the momenium would be lnsuffiecient,
becsuse partielss with various masses may have the same womenbus. Hovever, if
two guantities cre wmeasured, then the mass of the particls con be calerlated.
After several pogsiblities were gopsidersd, it was ﬁ:@@iﬂ:@é that the two
gquantiting to be measured shonld be momenium and voelooliy,

Pervhaps I may remind you of the nonvelativistic relationship bebween
momentun and veloeity, namely,

p®omv
p = momentum, W = mass, v = velonity, Olsarly, we may obiazln the wmiss of a
nartiels hy measwrdng morontum and veloclty, obtaining the mass as m = p/v.
For partirles tvaveling at nearly the suend of lipht, the syxpressicns eye not
az simple an theses bub 1% i ot4l) true that L monmentum and velocity sre
rs:imitzm@mly measured, then the masg of the particls mey boe dati rmineds,
The peletionships are

*) lwg 2

ny
zf‘wfégsm‘ v ,

Ly



. Thye welleostablilshad rethod of vescuring the womentum ¢f stomie
particlaes 1l to weasure thelr deflectlon io 2 known mapnetle feld, Tn Puct,
one may <pi ud 2 3yzter of magnets bhroveh which only particlss of 2 certadn
moppntun interval naws, Ouch o systesm may be arrwced as ghom in the

accornenyire O murs,

{Tosert ™pure 2)

The high-energy protor heam girikes & tareel, which mieht be n ploee of
coppar. Fregmerts of puglear eollizions ewerpe from the tarpet in all
directions, rone of wilch enter the replon of the mapnetic fMeld, the resi
helnp wasted, Vor certain volvep of momenbum, neeative particlss are
detfleasel by the ecorreet arcunt and pass theough the aperture in the eollimator,
Other portlcles are sbouped hy the walls of the eollimator,

P lens is also shom in the sauw fpmee, The use of mapuetic lensss wasg
sugrested to na by Dr. Oreste Pieciond, who nolnted out thal a greater vuber
of weMl particles woull pass Bhvoagh tho syohem 1P lenses were onployed,

STodwe Shaevee of densos da talen for sranted in wooh on seraspencn b, Wg.4%
Em;miﬁ’e LTI .

T A1l ot decerdibs the lenses in debdl, oxesnt 4o sey that each lens
ig aovpoded of thres madmpols megrets, [he lens action is very aimilor teo
the netlon of a simple opbical lone for 1deht, Tr fact, the gretom of magmetbs
we gou dlacnasing aobs, for charged »erticles, jvst as the systee shom in

Filrare 3 acts for ight,

. R
.



(Insert Pigurc 3)

4

Here a light source replaces the target, and the analysing magnet is replaged
by & glass prism, Through the finsl s1i%, the systom shown would only allow
light to pass in & narrow range of wave langths or colors. 1 will refer to
thisg system as a sp@ct:ragrarshgy, whethey it be for light or for charged
particles,

T tave said that only nepative particles would be present dn the beam
formed by the magnetie spestrograph, since positive particles would be ‘
deflected in the opnosite direction and would not pass through the collimabor,
By reversing the magretic fleld; however, we may m;w the same spectropraph
to seleet positive partleles, il these are desired.

The final erravgerent of magnets that we ave used consists of Wa

gueh spestrographs, one following the other. Tt ie shown in Pigure L.
{Insert Figure );)

The frst spectrograph extends from the targed to the first focus point.
The gsecond spectrograph extends from the first to the seecond focus poimée
The first spectrograph acted ag & preliminary sorting deviee o provide a
ralatively vurs boam of partieles for ths second gpeetrograph, where the

axperiment itsell wap verformed,

¥
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How let us discuss the velooity of the snbiprotens that wey be found,
The most copions production of antiprotons was expseted to be at a veleocity
of 87 percent of the velocity of light, vhile the other background particles,
guch as nesons, would be traveling st approximately 9¢ versent of the veloeity
of lirht, To make the experiment somewhat easier, sliphtly slower antiprobons
were chosen, with v » 0,78 ¢, or 78 povcent of tie velocity of licht.

One of the semplest means of ﬁamwning velocity i to measure the Hwe
of flipht between two counters, and this was the method used., A counter wes
placed at the firgt fosus point, and another counter at the second focus
point, The spacing of these counters was 12 meters. Hesons, which travsl
neayr the speed of light, wonld take L0 millimilecroseconds (40 billionths of &
segond) to nass over khig i stanoe, but antiprotong of the same momentunm wounld
take 51 millinmteroseconds, The difference of 11 millimicroseconds is not great,
tut it is within the capabllity of modern @M;M@ cireuite to Metinguish
whth certainty betwsen the two time intervals,

Unfortunately, when many mesons are passing through the system in close
succession, it will sometimes happen that two mesons have exaetly the right ‘
spacing between them to imitate an antiproton, 1. €., Just 11 millimiercseconds,
We will call this the zecidental coincidence of two mesons. To aveld having
the electronic olrcuits "fooled" by twe mesons im close suecespgion, 1t was
eopsidered dmportant to bave another method of determining velocity in uee 2t
the same time. Vor this purpose, & Chorenkov gounter was congirucied, In
fact, the study of the Chereniov ém@ar w2z one of the firet steps taken in
the preparstion of the experiment, T would 1ike to describe it lere,

The basie principles of the Cherenkov radiation are familiar, sinee
Professor Cherenkov must have been spesking from this rostrum just one vear age,
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put those principles espacially relevent to the Chewenkov counter used in the
antiproton experiment should be reviewnd mre. In an ootierl nedlum such as
glass, ight moves more slowly than in a vaouwunm, Although no perticle may
move faoter than the speed of Tlght In veeuum, a narticle may move laster than
the speed of iprht in plese. When this happens with an clectrically charped
paridcle, @h@mmkﬁjr ekt is emitbted, o4 different angles for perticles of

different velocity, This 1s illnastrated in Figure B

(Insert Figure §)

When the Cherenkov light passes oud of the plece of glass into alr, it im
refrocted at the surface, Wt 1t contimes Yo be trae that the direstion of
the 1dight ig alr is dependent upon the velocity of the particle, as is shoum
in Pigure 6,

{Ingert Plgure B)

A eyiimdrig&l nirvor woe ayranged Lo vellest only light emiited in the
yight direction., Thie light was then rvefocused within a enell reglon vhere
it could he d@m@a& by e photemltinlier, The design of this counter is
shown in Pigure T.
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{Tngert Pigure 7)

For the purpose of understanding the aetiop of the counter, we may think
of one photomultiplier, vlaecsd alony the axis of 4he instrument, catehing the
Chererlcoy radiati on emitted by particlies traveling parellel to the axls with
the correct velocity, In practice, the lighkt was dvlded into three parts by
three izt mirrors, to avold having the beam of particles traverse the
photamaltiplier, In the :t‘irat sxperiment the material of the Cherenkov
radiator was fused guarig,

At the time that T first desirned one of these Ywelooity sclesting”
counters, I thought that the design wae originsl with me, T later resliiszed,
hovever, thet tre design is the same as that of Dr, Samwel Lindenbaum, I had
heard dlscussion of the Idndenbaum counter, but had not then vnderstood 1%,

%o assumed that our groatest difficeulty in identifying antiprotons with
certalnty would be the passibiliw of 2 mistake in the determimation of
valocity, Aecordingly, we also used ancther Clerenkov counter, of a more
@m@mﬁim&l design, It was & container of liguid, with an index of refraction
of 1,28, viewed directly by a photomultiplier, Particles noving as slowly as
- pur hopadefor antiprotons would produce ne Chersnkev light in this material,
since they would not be »woving faster than light in that medium. However,
fastor poarticles, amch es mesons and electrons, would produce Cherenkor 1&@@
in this materisl and would glve rise to 8 pulse at the output of this counter,
Since thiz eounter wis to serve as a waming agaivst particles faster them
anbiprotons, we may eall s.'t a gusrd counter, The liguid used in the guard

gaunter vaz & fluoroesrbon,
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. As the whole system wag assembled, the plan of the apparatus looked as

follows {see Figure 8)s

(Insert Fipure 8)

Ouyr @l@gﬁmn&fs eirenits gave out an slectrical signgl each Hime the
following evenus ogourred within a short time interval: the two counters
indicated as S1 and 52 counted with a relative time delay of 51 2 5 millimicro~
seconds, and the veloeity selecting counter G2 also gave a slgnal im at least
two of its three photesmltipliers, Whenever these events oecurred, it meant a
potential antiproton had been seen in the appavatus, This sipnal was used to
start an oscllloscope, from widoh a pleture of the pulses in the counters
31, 52; and the guard counter Cl could be Q%Wn@ﬁi.

Three such pics%mmg are shown in Pigure 9, The horisontal nmotion of the
dot on the escilloscope screen is 'tmifezz‘m, 80 the curve shown represents @
alectrical sirpnal 2s 2 Tunction of time, The Tirst pulse on esch curve
(ageillwwp@ ‘waae) is due to the counter 81, the second is due to S2, and

.

the third é‘tﬁ *t,ha guard counter Cl,

{Insert Figure 9)

. The pulses themselves look rather broad in this figure, but by careful
neagurement of the position of the pulse at 1te beglnning, the difference in
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time between valses ean be measured to an accuracy of abaud one mlllinleros
gseeond,

Sinve the moventun is scourately known from the magnet avrangement, and
since each tilan moasurement dedormines the voloolty of Lhe varticle in
question, we have in effect a tourh maas meamrensnt of sach anbiproten,

Pirgre 10{a) shows ithe distrimtion of the MfPforencss in time for mosons.
T4 was dodained when the syaton wag adjuatnd to repistor mesons, Tigure
10{b), the distribution of bimes of flight for antiprotons, was obtained when
the system wos adjusted in the normal way, to accept antinrotens bub reject
megons, Tho &ia%ribn%ian in well ~unked ad the expeeted time of flisht of
antiprotong, Tigure 10{e) shows a revresentative zroup of secidental

goinelidences,

{Tnsert Tirured 1&{&},{(&},5{%1)

In the early stagss of the mmeriment, we were in some danger of failirg
to observe antiprotons, beecause we had seot our apparatus for a slightly
different wass then the proton mass, withoul our iptending to do se, It wuae
sssentially an error in the aligrment of the apparatus. Forbmately, we were
aklo to revarse the maemetle fleldz In 811 *he magpete and tims look for
veotong, Disoovering very Pew, we aosn found the srror of alignmoni, After
sultalle sdjustmonts, protons were easily doserved and, when the mametic

flelds were soalp reversed, possible antiproton events appoared,

»
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Following spproximately twenbty such possible events, the equipment was
subjected to o geries of tesbs designed to determine whethsr the antiprotond
seen were completely real, or whether they might be due to soma failure of the "
epparatus, Une effsctive test lovolved our intentionally tuning the system to ”
& somevhat different mass than the proton mass to test whether 1% was true that . . 9
the antivrotons no longer repistersd, This indicated that the spparatus really
was sensitive to the mass of the particles, Apother important test entalled
lowering the ensrgy of the beam of the Revatyon, to make sure that the
puppoe ed anbtiprotony disappesred when the beam energy was sufflclently low,
Plgure 11 shows the fraction of antiprotons in the Team as a Nunction of
the energy of the original proton Yeam, ILater calcvlations showed that this
result was reagonable, and that a few & tiprotons should be produeed at % Bev,
as was observed, These tests comvinced us that we bad indeed observed the

prodastion of antiprotons.

{Tnsert Figure 11)

The methods I mve deseribed are now well known to physiciste working in
this field. One may ask, why iz the present work conaidered such an
accomplialment? The answer lies partly in the fact that the antiprotons are
extremely vare in a beam of many other particles, Varly rough estimates
indicated that an antioroton might be prodoced enly once in sach million
eollisions within the Pevatron target., At the same time, it was estimnted
that antiprotons would largely zo in a forward dirvection with respect to the
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bean, while 10 a great evbent other particlss would go in a1l divectlons.
Tnle effeet wis estinated as plving & tenefold enrichment in the forward
direction, meaning that there would be concelvably one antiproton smons sach
100,000 of the other particles, which werc mog tly megons. Fortunstely tle
anldprotons were slightly wore pumerous, being 1 in 30,000 verticles in the
magnetically analywed beam, If thers Wd Yecn apprecilabdbly fewer antiprotons,
we might altopetler bave wissed seelns; them om the first dry. As it wie, we
gaw only ome anbiproton every [fifteen minutes with the flrst spparatus,

In conjunction with the eounbter experiment I have descrired, we also
collaboraked dn a related %myimmg using photographie emnlsions, ¥Within a
short time after the first counter experiments wers completed, sxamplow of the
annihilation phenomenon were seen, in whish the amtiproton and & proton or
navbron fram an ordinary nucleus die simvltancously, In thelr place emerge
abomt five pi mesons,

Firure 12 shows how one of the annihllation events looked under the
miorogeope in the photogranhic emulsion,

{Insert FPigure 12)

The work with photographic evlsions involved many people, among whom I
would like to mention especially Professor Oerson Goldheber, Prafessor Fdoarde
Amaldd Trom Pome, T would like to mention that 1t wus s youhg Swedieh
physicist, Dr. A, G, Ekspong, now at bthe Unlversity of Uppsala imt then working
with us in Rerkeley, who observed under the microscope the firet of the
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amihilation events with very laecge vizible preleaselfl energye That otar gave
the flaal visual proof throich the phenomenon of ammihilatdon that we were
dealing with antiprotons, rather than with sy other similar varticle. The
large rolease of ensrgy showed not only that the incoming pariticls (antiproton)
died in the wvoduction of the star, but that sdditional enevgy must have been
guoplied by the death of an ordinary mucleon (neutron or proton),

By the conclusion of these early cxveriments, the exirtense of the
antip=oteon had heon established beyond doubby 16s charge was of course negativej
its maws was established as smual to the rroton mass, te within 3 percert.
Farthermore, the date on prodoction in the Bevatron &t &1 f£ferent proton-boam
enoryles clearly fodicated that antiprotons are bory im palvs with ordinary
srotona or poutrons, The emulsions showed that they dle in the amnihilation
TIUGESS .

&ince the proton and neutron are elose sisters, it was expected that the
dgiseovery of the antineutron would quickly follow thal of the antiproton,

In fact, 1t is natural to infer that antiparticles of 2ll charped narticles
exist, This inference also extends to the neubtral poarticles thet have some
nonzero quantun nuwber analogous to electric charge, Today there 1s rmeh
ammnmﬂ. evidence, as well as strong theoretical suggestiona, to confirm
this,

In conelusion, I would like to nawe some of the wany people besides
Professor Sepre and mysell who have been responsidble for the suesess of this
work, Obviously, our co-aunthors, Dr. Clyde Wiegand and Professor Thonag
Tpsilantlis, have contributed heavily. T wish to mention particusrly the work
of Dr, WMaegand, for his part was absolutely essentlal to ocur achievenent, Fop

the very exiatonee of the large accelerator, we owe a prest debt fo the late

Ky
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Professoy “racst O, Lawronee, to Profeesor Tduwln ¥V, "oMillon, now Direclhor
of the Lawrence Tadiztion laboratnry, and esvecially 4o Dr, “dward Lofrven,
2o has Becn recporsible for the constroction and operation of the Devatron,
T have rentdoned Dr, Oreste Plocdonits eontritvtion wiih rosvect to the we of
quadpupole lenger, T should also elte the lomeortant work of Mr. Verbert ™,
Stedrer, who collaborated wibth ug throvphout the whole experineni, HNeadless to
soy, we rreeived wonderful cooperaiion from the men whe operate the Tovatron
an® fron thr onpincosrs and toctniclans whe added ng ir many ways with the
deglpr, the constructlon, and the installati on of the appareins, Our own
work was mlld reotly upon the previous aseonplishnents of mory eminert
setentiote, including sepeclally P, 4, ¥, Divae, C. B, Anderason, ". M,
i@iillan and P, A, Chererkov,

ther important work elesely relabted Lo the same subjeet has oceupled
Professor Awaldd «1th his ecolleagues at bhe University of Rome, and Professor
Gerson Noldhateyr with his collaborstorg in Perkeley, I think it is eloaw,

therofors, that the work of many people 1s being honored today,
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Filgurs Captions

Pig. 1. Diagran of energy levels in the Liree trwory. Pert (a)
represents o vacuum, (b) a state with one elscitron present, snd (o}

g shetle wilt'. one positron,.

Fig. 2. Simple mpgnervic enectropraph for producing e beam of

ghaprged pesrticles with unown "owenbtum,.
Pig. 3. Optierl gs9ectroprarh,

Fig. b. Final srrengonment of ssgoete, represented In ootiesl

8nelopRY.

Mg, B, Dlsgraa of Cherenkov redistion. Tne angle of smission

of Chorenkev light depends on the spsed of the gharged particle,

Pilgs Be Befraction of Cherenxov redistion 8t the interface

betuwean gless end alr.
Fige To View of the veloclty-selecting Cherenkov counter,

Pige 8. Plan view of tha svuarst e used in the discovery of

antiprotons. ; ; .
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, seg 7 . “
Pip. Y. Oecillozcope trsces prodiced by (&) & meson, (D) an
antiproton, {¢) an accidentnl colncidenga. The first btwo pulses
are due to meintillation pounters 81 #rd 32, The separatlion is

noticesbly different for & weson and for en antiproton.
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Plg. 10, (8) Histogrea of times of flight for mesons; (b}
Histogrem of timse of Ilizht for entivrotens; (o) Apperent Dllght

timez for sceldentsl colneidenses.

Pig, 11, IExcitetion eurve for the veoduetion of &ﬁt&ﬁratﬂﬁﬁ}

relative to meson vroduction sz & function of the enerzy of the

!
protorg in the Bevatron,

v

Pig. 2. Heproducklon ol sn antiproton star ag seen in nucleay

emulsion. ¥ iz the lrcomdng sntiorobon track, Tracks -ere due-
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