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Cosmic rays and accelerators.
Pisa 1955

“A striking fact that emerged in Pisa was that the time for important
contributions to subnuclear particle physics from the study of cosmic rays was
very close to an end. A few papers presented by physicists from the U.S.A.
showed clearly the advantage for the study of these particles presented by the
Cosmotron of the Brookhaven National Laboratory (3 GeV) but even more by

the Bevatron of the Lawrence Radiation Laboratory in Berkeley (6.3 GeV)”.
(Amaldi 1988, p. 117)

“... at the Pisa Conference in July 1955 ... the cosmic ray physicists could be
proud; they had found just in time all possible decays of the heavy mesons,
and made it very plausible that there was one and only one K particle. But
their triumph was a swan's song. At the same conference the Berkeley

physicists brought better proofs of that idea.” (Peyrou 1989, p. 631)



“better proofs” thanks to “better tools”

The Berkeley Bevatron. In 1955 this was the only accelerator in the world
where a beam of protons could reach the energy of 6.3 GeV, above the
threshold for the production of proton-antiproton pairs



Rochester 1956

«I would say that the Sixth Rochester Conference (April 3-7, 1956) marked the
transition from «little science» to «big science» in particle physics. Until the sixth
conference, the decision to give equal treatment to accelerator physics, cosmic ray
physics and particle theory had served its purpose. Indeed, during the first half-
dozen Rochester conferences, it was a common experience for the cosmic ray
experimentalists to describe qualitative features of some new discoveries at high
energies, for the theorists to articulate these results into a set of model options
and, finally, for the accelerator physicists to present at the same, or the very next
conference, the quantitative data that enabled one to select the most likely
theoretical model. But, at Rochester VI, it was clear that the stream of results
from the Berkeley bevatron and the Brookhaven cosmotron would monopolize
strange particle physics and Bob Leighton was led to remark that «next year
those people still studying strange particles using cosmic rays had better hold a
rump session of the Rochester Conference somewhere else -- that the machine
work had been pretty hard on cosmic-ray people»...

It should be noted that 1956 was the year when the production of the antiproton
was achieved with the Berkeley bevatron — after years of frustration with cosmic
ray experiments.» (Marshak 1989, pp. 755-756)
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The Letter to the Physical
Review announcing the
discovery of the antiproton

(October 24, 1955)



“The antiproton had been discovered by Segre  and Chamberlain and Clyde
Wiegand and Ypsilantis but what they discovered was a negative particle of mass
close to the proton. Within 5% of the protonic mass... As Owen Chamberlain
and Clyde Wiegand were building the antiproton beamline where they had
discovered these particles of negative charge and mass of the proton, they just
went ahead and called it the antiproton.” (G. Goldhaber 2005)

““ By October 1955, the counter experiment had clearly demonstrated the
following:

1. There were negative particles of protonic mass within an accuracy of 5
percent.

2. There was a threshold for the production of these particles at about 4 GeV of
incident-proton-beam Kkinetic energy.

These were necessary conditions for the identification of antiprotons.

Then, in November 1955, our efforts in the emulsion experiment, despite the
handicaps mentioned earlier, yielded one event, found in Rome, that came to rest
and produced a star with a visible energy release of about 826 MeV. Again a
necessary condition for antiprotons...”

(G. Goldhaber 1989)



E. Hayward, "lonization of High Energy Cosmic-Ray Electrons",
Physical Review 72 (1947)
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F:6. 5. Cloud-chamber photographs of unusual events, as described ir the text.

"... is a photograph of the track of a particle that ionized above five
times as much as an average mesotron and also seems to have
produced a huge shower in the lead below.... Other possible
explanations are that... it is a negative proton giving up all of its
energy in interacting with the lead plate”

“Other possible explanations are that... it is a negative proton” (Hayward 1947)

“One possibility... is that it may be produced by an annihilation process”
(Schein et al. 1954)
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A V-Decay Event with a Heavy Negative Secondary, and Identification of the

Secondary V-Decay Event in a Cascade™

E. W. CowaN o
California Institute of Technology, Pasadena, Californsa
(Received December 31, 1953)

Two cosmic-ray decay events have been photographed in a cloud
mass values from combined magnetic-field momentum measuremen
groplet counting. A method has been developed for assigning meanin
measurements. The first event
and a negative particle of mass 18502-250m,.
decay is 11.74=4 Mev. The cecond event is a cascade decay that can be summar

Y——674+12 Mev+#+A° N
40413 Mev+r—+2.

chamber under conditions that yield
ts and ionization measurements from
gful probable errors to the ionization
is interpreted as the decay of a neutral V particle into a positive = meson

On the assumption of a two-body decay, the Q value for‘the
ized by the following reaction:

‘The proton of the A® decay is identified by a measured mass of 2050-£350m.. On the assumption of altwo-

body decay, the mass of the primary V particle is 2600 x=34m,.

“The mass of this particle is near or
equal to that of a proton and is not
consistent with the mass of any negative
particle that has been identified... there
is no clear evidence that the particle is
actually an antiparticle to the proton.
No annihilation phenomenon is
observed...” (Cowan 1953)

E. W. Cowan, "A V-Decay Event with a Heavy Negative Secondary,
and Identification of the Secondary V-Decay Event in a Cascade”,
Physical Review 94 (1954)
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Fi6. 1. A V-decay event with a heavy negative secondary.

"... The mass of this particle is near or equal to that of a proton and
is not consistent with the mass of any negative particle that has
been identified... there is no clear evidence that the particle is
actually an antiparticle to the proton. No annihilation phenomenon
is observed... "



Possible Example of the Annihilation
of a Heavy Particle*

H. S. Brmoe, H. Courant, H. DESTAEBLER, JRr.,}
aND B. Rosst

Laboratory for Nuclear Science, Massachusetls Institute
of Technology, Cambridge, Massachusetls

(Received June 21, 1954)

THE picture in Fig. 1 and the sketch in Fig. 2 show
an unusual cosmic-ray event photographed with
the M.LT. multiplate cloud chamber at Echo Lake,
Colorado. The chamber contained eleven brass plates,
each 0.50 inch thick (11.1 g cm™2) and was triggered by
a penetrating-shower detector placed above it. Two
additional views, taken at different angles, are available.

Three electron showers, b, ¢, 4, appear to be associated
with the stopping of a charged particle, a, in one of
the plates. Within the experimental errors, the axes of
the three showers and the direction of the last visible
segment of track (@) intersect at one point in the plate.

From the number of small showers with no apparent
origin occurring in our cloud chamber, we found an
upper limit of 1072 for the probability that either (c)
or (d) may be a case of chance association. It is practi-
cally impossible to explain shower (b) in a similar
way for a survey of about 10 000 pictures has not re-
vealed a single shower of the size of (8), with no ap-
parent origin and going upward.

Fic. 1. Cloud-chamber photograph of the
cosmic-ray event.

H.S. Bridge, H. Courant, H. DeStaebler, Jr., and B. Rossi, "Possible
Example of the Annihilation of a Heavy Particle”,
Physical Review 95 (1954)
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F16. 2. Sketch of the cosmic-ray event.

"In view of the difficulties of interpreting the event as a decay or
an absorption process, one should consider the possibility that the
event represents the annihilation process of two heavy fermions.
For example, the incident particle might be an antiproton (or an
antihyperon) that undergoes annihilation with an ordinary proton.
A large fraction of the energy liberated in such a process may well
be changed into 1w° mesons and thus ultimately appear in the form
of y rays”

B. Rossi, Rochester Conference, 1956:

" we used the photometric method to re-analyze the M.LT.
antiproton event, and found a value of 823 * 155 Mev for the rest
energy of this primary particle.... there is thus little doubt that the
MIT. event was indeed the annihilation of an antiproton"”

“... there is thus little doubt that the M.I.T. event was indeed the annihilation

of an antiproton” (Rossi 1956)



International collaborations in cosmic ray research (1952-1954)

e Sardinia, June-July 1952 ( Bristol,
Bruxelles, Glasgow, Gottingen,
London, Lund, Milano-Genova,
Padova, Paris, Roma-Cagliari,
Torino)

e Sardinia, May-June 1953 (Bern,
Bristol, Bruxelles, Caen, Catania,
Copenhagen, Dublin, Gottingen,
London, Lund, Milano-Genova,
Oslo, Padova, Paris, Roma, Sydney,
Torino, Trondheim, Uppsala,
Warsaw)

e G-stack, October 1954 (Bristol,
Dublin, Copenhagen, Milano-
Genova, Padova)




“Unusual Event Produced by a Heavy Particle at Rest" . NXvov
. NXUOVO CIMENTO VoL L. N. 3
Lo N 1o Marzo 1955
"Unusual Event Produced by Cosmic Rays"

Unusual Event Produced by Cosmic Rays.

E. Anap CASTAGYN y "IN )
br. O Castaayonr, G. ( ORTINI, C. FRANZINETTE and A. MANFREDINI
Istituto di Fisica dell’ Universiti - Roma

st ot . . .
stitulo Nazionale di Fisica Nucleare - Sezione di Roma

(ricevuto il 18 Febbraio 1955)

Summary. — The authors istl
y authors describe an event consisting of two st

respectively of about 5 and 1-2 (GeV energy. The probable value of
jrhe number of accidental space coincidences that one expects to observe
in the scanned volume, is about 4-10-4. This value, although it doesl
no.t allow us to exclude an accidental process, justifies the consider-
ation of interpretations in terms of some physical process. Special

atbent':ion is devoted to the production, capture and annihilation of a
negative proton. ‘

ars

microns

“... the interpretation of this track in terms of a high energy
fragment... is very improbable. Such a conclusion is definitely
confirmed by the fact that the deflection of a fast fragment through
an angle of 90° should be associated with a rather long recoil track,

“F . ”» h
even in the case of a target nucleus as heavy as silver. No recoil is allStlIla ’ t [ ((Strange

observed in the present case.... the track is due to a low energy

particle. event» found in January

... the event could also be due to an accidental coincidence in space. °
Therefore we have evaluated the probability for such a 1955 by the emlllSlOll group

coincidence... the value is sufficiently small to entitle us to look'for . . .
an interpretation of the observed event in terms of a physical led by Amaldl lIl Rome ln
process... We are left to consider the star B as produced by the track
. Then the corresponding particle either has rest energy of the °
Icv)rdcr of 1.5 —— 2 GeV, or, being .0 antiproton, it has been plateS eXpOSEd tO cosmic
annihilated by a nucleon, releasing 2 m.c” = 1876 MeV. R . .
radiation during the 1953

One can conclude that the probability of an accidental coincidence g

not be disregarded although it is rather small. If one excludes o o 0. 0
(t:l?xns possibility thge more likely interpretation seems to be that of an Sardlnla eXpedltlon
annihilation process of a heavy particle... the many questions raised

by the discussion of this event will obviously find their final
answer only if other similar events will be observed.”



«This value [the expected number of similar events due to casual spatial
coincidences in the volume explored] is sufficiently small to entitle us to look for
an interpretation of the observed event in terms of a physical process and not of
an acciodental coincidence.

We are left to consider the star B as produced by the track p. Then the
corresponding particle either has a rest energy of the order of 1.5-2 Geyv, or,
being an antiproton, it has been annihilated by a nucleon, releasing

2 m,c? = 1876 MeV. We do not have any argument in favour of one or the other
of these two possibilities apart from the fact that unstable particles of rest energy
of the order of 1.5-2 Gev have never been observed; nor has the antiproton,

but this, at least, is expected to exist as a consequence of very general arguments
based on symmetry with respect to the sign of the electric charge...

The many questions raised by the discussion of this event will obviously find their
final answer only if other similar events will be observed.

We are glad to express our thanks to Prof. B. Ferretti, Dr. B. Touschek, Dr. G.
Morpurgo and dr. R. Gatto for various criticisms, and enlightening discussions.»



Amaldi’s proposal to
Segre, March 29, 1955



Amaldi to Segre, March 29, 1955

“Now the meaning of our work is the following: we cannot rule out the possibility
that Faustina be a casual coincidence, but in case it is due to a real antiproton
one should conclude that the corresponding production cross section is large at
an energy of about 10 GeV, which is likely the energy of the primary of
Faustina’s A star. One can then think of trying to produce them also with your
machine. True, the energy is much lower, but there is still a good probability to
observe them...

Now my proposal is as follows: we make an agreement that you set up the
experience and make the irradiations, and we take care of development and
scanning; if anything worth comes out of the work, we publish together.
When I say «you», I mean you Emilio Segre, or Gerson Goldhaber who works
on emulsions and is with you, or both...”

Amaldi to Segre, April 29, 1955

‘“ Here all the matter has been discussed extensively with our theoreticians
(Ferretti and Touschek) and with the emulsions group”



Segre to Amaldi, April 15, 1955

«I have looked carefully to Faustina
and I am also impressed by it. I would
like to cooperate in the experiment you
suggest; Goldhaber would also like to
work on it, and Warren Chupp would
almost certainly work on it...

Coming to the practical program: there
are at least two programs, of which I
know, for hunting the negative protons.
One is a photographic one initiated by
Rosen of Los Alamos, who has already
made an exposure practically identical
to your proposal, without the magnet...
The other method is based on a
measurement of momentum and
velocity, with a possible photographic
check.»



Amaldi to members of his team in Rome, Berkeley, September 22, 1955

«There are 7 experiments to find the antiproton... [among them] one of the
Segre group based on a measurement of velocity from the time of flight between
two scintillation counters and a measurement of momentum by deflection
through a magnet. Yesterday this experiment started giving results that look
positive: nothing is for sure yet, and therefore nothing should be circulated, but
possibly a definitive answer will arrive in two or three days: should the thing be
confirmed, there must be about one antiproton in 25.000-30-000 negative pions
in the conditions of exposition A, that is in the conditions of the stacks 63 and 64
you are scanning...

Therefore, keep your eyes open and go ahead full force...»



Amaldi to Segre, November 18, 1955

«Found Letizia similar Faustina
particle protonic mass enters stack
62 left side leading edge comes to
rest after 9.31 cm and produces star
consisting 6 black particles 1 grey
proton 1 pion 80 MeV 1 minimum
ionization particle stop lower limit
energy release 800 MeV stop
measurements not yet finished letter
follows Amaldi»

The first annihilation event found in
Rome in the plates exposed to the
Bevatron beam, November 1955



Rome, Saturday December 10, 1955

On the occasion of the monthly session of the Accademia dei Lincei, Dr. E. Amaldi
from the University of Rome reported some preliminary results of a research on
the annihilation of negative protons, by a collaboration between a team of the
University of California, Berkeley, and a team of the University of Rome...

One can therefore come to the conclusion that this process is due to an antiproton
and that it represents the first example of annihilation of this kind of particles
produced by means of an accelerating machine. This observation is in a certain
sense complementary to, and integrates, the discovery by Chamberlain, Segre,
Wiegand and Ypsilantis announced in mid-October by the Radiation Laboratory.
On the other hand, the disintegration observed in the emulsions exposed to the
Bevatron exhibits the same features as the one observed early in 1955 by the
Roman team in emulsions exposed to the cosmic radiation, and one can therefore
conclude that the interpretation of that event, proposed at the time, in terms of a
process of an antiproton annihilation, was correct.



Physicists in Rome are looking for annihilation stars in order to confirm their
interpretation of the dubious result they already have — Faustina, the uncertain
annihilation star observed in the cosmic radiation;

Physicists in Berkeley are looking for annihilation stars in order to prove that
the solid result they already have — the detection with counters of negative
protons — is indeed the discovery of the antiproton



Physicists in Rome were looking for annihilation stars in order to confirm their
interpretation of the dubious result they already had — Faustina, the uncertain
annihilation star observed in the cosmic radiation;

Physicists in Berkeley were looking for annihilation stars in order to prove that
the solid result they already had — the detection with counters of negative
protons — was indeed the discovery of the antiproton

Amaldi to Wick, December 15, 1955

«We have actually found here in Rome a nice star due to a negative corpuscle
with mass (1830 +- 55) m, very similar to the one we found in January in the
cosmic radiation. We are in the publication process but we have some small
difficulties as to the final text. Judging from what is happening these days it
seems that the big bosses in Berkeley are rather difficult to deal with. You might
possibly tell me that you were already well aware of that!»
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(Not fully) literal translations
Atti Accademia Lincei

({1 ° ° e 0

Questo evento conferma, anche se non in maniera definitiva,
lI'interpretazione... che le nuove particelle osservate al Bevatrone siano
antiprotoni. Esso conferma anche l'ipotesi che la stella descritta in (5) (cioe

Faustina, n.d.a.) fosse effettivamente dovuta ad un antiprotone.”

Physical Review Letters

"This event is corroborating evidence, but not final proof, for the
interpretation... that the new particles observed at the Bevatron are
antiprotons. It also gives support to the hypothesis that the star described in
ref. 5 was indeed due to an antiproton."




LETTERS TO

a plausible theoretical estimate of 0.004 mb (g?/4r=1)
for the antiproton production cross section,? we believe
that the expected number of 2-Bev pion stars may be
as high as 50 times the number of antiproton stars.
Thus, combined with the probability factor from blob-
density considerations, there may be roughly an equal
probability that star B arises from the interaction of an
antiproton as from a 2-Bev pion. However, since the
momentum of a 2-Bev pion is 2140 Mev/c and the
observed forward momentum of star B is visible only
840 Mev/c, there is again considerable doubt cast on
the possibility that the incident particle could be a
high-energy pion.

Tt should perhaps be pointed out that, since the vis-
ible energy evolution in star B is only 660 Mev in ex-
cess of the incident particle energy, the event is not in-
compatible with the absorption of a hypothetical boson
of approximately protonic mass.

We are deeply indebted to the members of the
Radiation Laboratory, University of California, and
especially to Dr. E. J. Lofgren and Dr. G. Goldhaber,
for the irradiation of the emulsions.

* Assisted by the joint program of the Office of Naval Research
and the U. S. Atomic Energy Commission.

1 B. Judek and E. Pickup (private communication); A. Husain
and E. Pickup, Phys. Rev. 98, 136 (1955). Using electrons from
u—e decays, we have checked the ratio of plateau density to
6.2-Bev proton blob density and find a value of approximately
1.03, which, within experimental error, agrees with value of 1.05
used above. Although there is some disagreement [see Kaplon,
Klarmann, and Yekutieli, Phys. Rev. 99, 1528 (1955)] as to the
value of the plateau to minimum blob-density ratio, most observers

are in agreement on the form of the blob-density curve above the
plateau. Above the plateau, we have used a combination of the

curves of Husain and Pickup and of J. R. Fleming and J. J.

Lord [Phys. Rev. 92, 511 (1954)].

2 The possibility that star B is created by an Eisenberg type
of particle seems no more likely than in the case of a deuteron;
unless perhaps the normally emitted K particle decays to pions or
is converted directly into kinetic energy.

3D, Fox, Phys. Rev. 94, 499 (1954); R. N. Thorn, Phys. Rev.
94, 501 (1954); G. Feldman, Phys. Rev. 95, 1697 (1954).

Antiproton Star Observed in Emulsion*

0. CHAMBERLAIN, W. W. Cuupp, G. GOLDHABER, E. SEGRE, AND
C. WiEGAND, Radiation Laboratory, Department of Physics,
University of California, Berkeley, California

AND

E. AmaLpi, G. Barony, C. CastacNoL, C. FRANZINETTI, AND
A. MANFREDINI, Istituto di Fisica della Universitd, Roma
Istituto Nazionale di Fisica Nucleare,

Sezione di Roma, Italy
{Received December 16, 1955)

N connection with the antiproton investigation at

the Bevatron, we planned and carried out a photo-
graphic-emulsion exposure in a magnetically selected
beam of negative particles. The magnetic system was
identical to the first half (one deflecting magnet and one
magnetic lens) of the system used in the antiproton
experiment of Chamberlain, Segré, Wiegand, and

THE EDITOR 909

F16. 1. Reproduction of the star. L is the incoming track (9.31 cm
of range). For the explanation of the other tracks see Table I.

Ypsilantis.! The selected particles left the copper target
in the forward direction with momentum 1.09 Bev/c.

Cosmic-ray events possibly due to antiprotons had
been observed previously by Hayward,? Cowan,® Bridge,
Courant, DeStaebler, and Rossi,* and (in nuclear
emulsion) by Amaldi, Castagnoli, Cortini, Franzinetti,
and Manfredini.* We were hopeful of finding events
similar to the last one in our experiment as reported
here.

When the antiproton concentration in the beam used
was measured! (one for about 50 000 pions), it became
possible to make a rough estimate of the number of
antiprotons that should come to rest in the nuclear
emulsion stacks. Since the range of antiprotons from
the selected beam was considerably greater than the
length of the stacks, it was necessary to slow the
antiprotons in an absorber (132 g cm™2 of copper) before
allowing them to enter the stacks in which they were to
come to rest. The estimate of the number of antiprotons
stopping in the stacks is hence rather drastically affected
by the assumption made about their nuclear attenuation
cross section in the copper absorber. If the attenuation
cross section is assumed equal to that for protons we
could expect about 7 antiprotons, while if it were twice
that for protons we could expect only about 2.5 anti-

JL NUOVO CIMENTO Vol. 111, N. 2

On the Observation of an Antiproton Star
in Emulsion Exposed at the Bevatron.

0. CHAMBERLAIX,

Radiation Laboratory, Departm
Berkeley, California

E. AMALDI, G. Baroxy, C. CASTAGNOLYL,

Istituto di Fisica dell’ Universita - Roma
Istituto Nazionale di Fisica Nucleare - Sezione di Roma

(ricevuto il 5 Gennaio 1956)

Summary. — In connection
Bevatron several stacks of nuclear emulsions have
magnetically selected beam of negat
were produced in a copper target,
had a momentum of 1.09 GeV/c. T
the annihilation process undergo
the emulsion.
Section 3 contains an estimate o
stars as obtained from previous meas
reported by CHAMBERLAIN, SecrE, W
contains the description of the only event found so far.
the primary particle responsibl '
using several independent meth0d§ is (1824 £ 51) m,.
duced by it, is associated with a minim
~ 826 MeV while the corresponding unbalanced «
amounts to ~ 320 MeV/e.

1. — Introduction.

Among the major yesearch plans for the Bevatron was the
of the possible production of antiprotons an
been attacked in several ways and the first success has be

12 Febbraio 1956

W. W. Curp, G. GOLDEABER, E. SeerE and C. WIEGAND

ent of Physics, University of California,

C. FRaNZINETTI and A. MANFREDINI

with the antiproton investigation at the
been exposed in a
ive particles. The selected particles
bombarded with protons of 6.3 GeV, and
he experiments were designed to observe
ne by an antiproton brought to rest inside
The details of the investigation are given in Section 2.
¢ the number of expected annihilation
arements with counter experiments
1EGAND and YPSILANTIS. Section 4
The mass of
e for it, as obtained from a weighted average
The star pro-
un release of «visible» energy of
vigible » momentum

investigation

d their study. This problem hasg
en the identification

The letter to Physical Review and the full length paper on Il Nuovo Cimento



- ANTI-PROTON, NEW PARTICLE, 12/12/55 ¥
| SEEN FOR FIRST TIME ‘

By SCI}:.NC::. SERVIC?
v BERKELEY, Calif., Dec. ~- First visual ev1dence of the
anti-proton, new subatomic particle, is reported by scientists of the

Universitilh of Cadifomlaend Rome, Italy. hey fownd one photer  — Press report of Science Service,

emulsion star, " gn explosion of the nucleus caused by an anti-protoné

This new partlcle was discovered at Berkeley ih early October AI December 12, 1955:

T ias the result of bevatron bomhardment, after world-wide search by

“Antiproton seen for first time”

cientists for several years. The Ber;:eley alscovery was n'ade by pre-{
“‘ cisa.on measurements w:Lth coun’cers. R , A
Protons are the posltlveiy charged hearts of hydrogen atoms.
Anti-protons are their opposlte number, "having the same mass, but‘
negatively chargede v ) '
Anhihilation of matter resulis when proton and antl-proton

: i
“collide, turning ‘the mater::.al partlcles into bursts,of energy accord- -

ing to the famous Llnsteln theory equatlng mass and energys . ‘
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Cu Franzinetti and A. Manfredini of Rome.
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“in Rome by Prof, Amaldi, B

The star was made by an axlti-ﬁroton entering either silver

or bromine in cmulsion. An eight-pronged star resulted, showing six



The annihilation star
found in Berkeley,
January 11, 1956

«This event turned out to be particularly important because it gave the conclusive
proof (“sufficient condition” for those who were still in doubt) of the annihilation
process. The visible energy release in this star was 1300 +_ 50 MeV. Clearly
greater than the mass of the incident negative particle!

Chamberlain gave an invited talk at the 1956 New York meeting of the American
Physical Society. There he reported on both the counter experiment and our
annihilation event. He told me afterward that the proof supplied by the
annihilation event was an important ingredient in the minds of the audience»
(Goldhaber 1989)



Protagonists’ recollections. Emilio Segre (1993)

“My group had for some time studied the problem and prepared for it. I decided
to attack the problem in two ways. One was based on the determination of the
charge and mass of the particle. The other concentrated on the observation of the
phenomena attendant on the annihilation of a stopping antiproton...

For the first attack, Chamberlain, Wiegand, Ypsilantis and I designed and built a
mass spectrograph with several technically new features. For the second attack,
Gerson Goldhaber, who was then in my group, exposed photographic emulsions in
a beam enriched in antiprotons by our apparatus. Many other people were
involved in the enterprise, and we had agreements on how to publish the results
and give appropriate credit to everyone...

The mass-spectrograph experiment concluded on October 1, 1955, having proved
the existence of the antiproton, and soon thereafter the emulsion work confirmed
it...

At the time of the antiproton experiment, Amaldi and his wife Ginestra were at
our home in Lafayette as our guests. He and I established a collaboration for the
study of photographic emulsions exposed at Berkeley, taking advantage of the
numerous well-trained scanners available in Rome.”



Protagonists’ recollections. Giulio Cortini (2005)

«The antiproton was in the air... A group of leading experimental physicists in
Berkeley designed and performed an experience aimed at the f inal
demonstration of its existence. The experiment was successful and was
rewarded with a Nobel prize. Nonetheless, they wanted a more sensational
confirmation: producing in their nuclear plates phenomena analogous to
«our»...

Amaldi was in touch with the Berkeley group, and thanks to his prestige our
group was associated to their «second» experiment: they sent us plates that had
been exposed to the beam of antiprotons produced by their 6.3 GeV machine,
and we found there the «first» event similar to «Faustina»: telegram,
congratulations. But naturally the prestige of this new result, and of those who
followed, fell largely on them...»
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Berkeley designed and performed an experience aimed at the f inal
demonstration of its existence. The experiment was successful and was
rewarded with a Nobel prize. Nonetheless, they wanted a more sensational
confirmation: producing in their nuclear plates phenomena analogous to
«our»...

Amaldi was in touch with the Berkeley group, and thanks to his prestige our
group was associated to their «second» experiment: they sent us plates that had
been exposed to the beam of antiprotons produced by their 6.3 GeV machine,
and we found there the «first» event similar to «Faustina»: telegram,
congratulations. But naturally the prestige of this new result, and of those who
followed, fell largely on them...»

(In 1956 Gilberto Bernardini proposed to the Accademia dei Lincei that the
Feltrinelli Prize for Physics be awarded to the discoverers of the antiproton,
listed as follows in alphabetical order: Owen Chamberlain, Giulio Cortini,
Emilio Segre)
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Left: the first annihilation star imaged in the photographic-emulsion stack experiments, led by Gerson
Goldhaber of the Segré group, which confirmed the discovery of the antiproton. An antiproton enters from
the top of the image and travels about 430 um before meeting a proton. Nine charged particles emerge
from the annihilation. Right: bubble-chamber image where an antiproton enters at the bottom. When it
strikes a proton, four positive and four negative pions are created.



On protagonists’ recollections. John Heilbron (1989)

“Insofar as historians may be said to have a particular goal, it is to understand
the connection of events from a wider perspective than any of the historical
actors, however well placed they were, could have attained. This aspiration does
not imply a feeling of superiority to the actors, nor any special wisdom. It does
imply the obligation and the patience to study a large quantity and broad range
of sources from and about the past...

From the point of view just sketched, one can understand that most historians
do not consider the unsupported recollections of former participants very good
evidence about events in the distant past. The problem of partial observation is
in this case compounded by failing and selective memory.”



Two lessons of general character (like all general lessons, both are not exempt
from exceptions)...

- Never trust scientists’ recollections unless supported by independent
documentary evidence

- Look at discoveries as processes spread over a period of time rather than as
punctual events
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... and a tentative conclusion, looking forward

The involvement of theoreticians in Rome in the discussion about the antiproton
findings of their experimentalist colleagues most likely contributed to strengthen
their confidence in symmetry arguments. And the actual making of the
antiproton turned antimatter from a theoretical speculation into a manageable
tool. It seems reasonable to suggest that in this respect the discovery of the
antiproton contributed to pave the way in Rome for theoretical and
experimental developments that followed, from the consequences of CPT
theorem to matter-antimatter physics.
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