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The Antiproton 
A quarter-century ago physical theory pointed to the existence 

of a fundamental particle of lnatter with the lnass of the proton 

but the opposite charge. An account of its discovery last year 

I
n the past 10 years physicists have 

discovered many "elementary" par
ticles (though we must frankly ad

mit that we do not really know how to 
define an "elementary particle"). Not 
all of these discoveries have come un
heralded. One might suppose that the 
only way to discover a particle should 
be by experiment, but this is not so, al
though of course experiment is the judge 
of last resort. Sometimes theoretical 
physicists, from hypothetical equations 
and calculations with pencil and paper, 
have predicted the existence of particles 
that had never been seen. These pre
dictions, however strange some of them 
may seem, arise from a necessity to pre
serve basic principles which form the 
foundation of our present understanding 
of the physical universe. When neces
sary, physicists have been willing to en
tertain the existence of something never 
seen rather than to imperil these firmly 
established foundations. This article is 
the story of how such a prediction was 
verified. 

A quarter of a century ago P. A. M. 
Dirac of the University of Cambridge 
developed an equation, based on the 
most general principles of relativity and 
quantum mechanics, which described in 
a quantitative way various properties of 
the electron. He had to put in only the 
charge and mass of the electron-and 
then its spin, its associated magnetic mo
ment and its behavior in the hydrogen 
atom followed with mathematical neces
sity. The fact that all this could be ob
tained automatically from one equation 
without ad hoc assumptions for each 
property was such a spectacular success 

by Emilio Segre and Clyde E. Wiegand 

that great faith was put in Dirac's equa
tion and the theory on which it was 
based. Its discoverer found, however, 
that the equation required the existence 
of both positive and negative elech'ons: 
that is, it described not only the known 
negative electron but also an exactly 
symmetrical particle which was identical 
with the electron in every way except 
that its charge was positive instead of 
negative. It proved impossible to pre
vent Dirac's theory from giving both 
types of solutions. This meant that either 
Dirac's theory was wrong or there must 
be a positive electron which no physicist 
had ever detected or even suspected up 
to that time. 

A few years after Dirac's prediction, 
Carl D. Anderson of the California Insti-
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tute of Technology found positive elec
trons (positrons) among the particles 
produced by cosmic rays in a cloud 
chamber. This discovery not only was a 
triumph for Dirac's theory but also set 
physicists off on a new and more formi
dable search for another hypothetical 
particle-a search which was to take 
some 25 years and which was finally re
warded only a few months ago. 

D irac's general equation, slightly modi-
fied, should be applicable to the 

proton as well as to the electron. In this 
instance too it predicts the existence of 
an anti-particle-an antiproton identical 
to the proton but with a negative in
stead of a positive charge. The unknown 
particle's symmetry to the proton clearly 
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PROTON (left) may be regarded as a spinning sphere weighing 1.6724 x 10-24 grams. It has 

positive electric charge and, as a consequence of its rotation, north and south magnetic poles. 

The antiproton (right) has the same spin and mass. It has the same amount of electric 

charge, but of the opposite sign. Its north and south magnetic poles are similarly reversed. 
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BEVATRON at the University of California produced antiprotons hy accelerating protons 

to 6.2 hillion electron volts. This schematic plan view shows the four magnet·enclosed seg· 

ments in which the protons are accelerated. The radius of each segment is 50 feet. The pro

tons are injected into the machine hy two accelerators at the top. The copper target in which 

the antiprotons are produced is represented hy the heavy vertical line at the bottom right. 

defines some of its properties. A particle 
in order to have the right to be called 
an antiproton: (l) must have the same 
mass as a proton (1.6724 X lO-24 
grams); (2) must have an equal charge 
of opposite sign (4.8028 X lO-10 elec
trostatic units); (3) must be stable, in 
the sense that it will not decay spontane
ously into a different particle and will 
last forever in a vacuum; (4) must dis
appear in a mutual annihilation when it . 
encounters a proton or a neutron, liber
ating energy equivalent to the mass of 
the two particles; (5) is never generated 
separately but only in a pair with a pro
ton or neutron; and (6) must have an 
angular momentum (spin) equal to that 
of the proton. Like the proton, an anti
proton must also have a magnetic mo
ment (i.e., behave like a little magnet), 
and when it spins in the same direction 
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as a proton its magnetic moment is equal 
in magnitude but of opposite sign to that 
of the proton; that is, the "north and 
south" poles are reversed. 

With all these clues, physicists natu
rally began an intensive search for the 
antiproton. Since it was apparent that 
creation of the particle required tre
mendous energy, the most likely place 
to look for it was in cosmic rays. On 
a few occasions investigators found 
events which seemed to signal the gener
ation of an antiproton, but there was 
never sufficient information to identify it 
with certainty. The question then arose 
as to how much energy would be needed 
to create antiprotons in the laboratory 
with an accelerator. 

Because an antiproton can be created 
only in a pair with a proton, we need at 
least the energy equivalent to the mass 

of two protons. Albert Einstein's theo
rem, E=mc2, tells us that this amounts 
to 2 X 938, or 1,876 million electron 
volts (i.e., about two billion electron 
volts). However, we need much more 
than two Bev in the proposed laboratory 
experiment. To convert energy into par
ticles we must concentrate the energy 
at a point; this is best accomplished by 
hurling a high-energy particle at a tar
get-e.g., a proton against a proton. 
After the collision we shall have four 
particles: the two original protons plus 
the newly created proton-antiproton 
pair. Each of the four will emerge from 
the collision with a kinetic energy 
amounting to about one Bev. Thus the 
generation of an antiproton by this 
method takes two Bev (creation of the 
proton-antiproton pair) plus four Bev 
(the kinetic energy of the four em erg -
ing particles). It was with these num
bers in mind that the Bevatron at the 
University of California was designed. 
It was built to accelerate protons to a 
kinetic energy of more than six Bev, 
with the hope of producing antiprotons. 

W
hen the Bevatron began to bombard 
a target made of copper with six

Bev protons, the next problem was to de
tect and identify any antiprotons cre
ated. A plan for the search was devised 
by Owen Chamberlain, Thomas Ypsi
Ian tis and the authors of this article. 
The plan was based on three properties 
which could conveniently be deter
mined. First, the stability of the particle 
meant that it should live long enough to 
pass through a long apparatus. Second, 
its negative charge could be identified 
by the direction of deflection of the par
ticle by an applied magnetic field, and 
the magnitude of its charge could be 
gauged by the amount of ionization it 
produced along its path. Third, its mass 
could be calculated from the curve of its 

EXPERIMENTAL SETUP which demon

strated the existence of the antiproton is de

picted on opposite page. The colored line at 

the top is the orbit of the protons in the 

Bevatron. The path of the antiprotons and 

other particles produced in the target is 

traced by I.he colored line from upper right 

to lower left. From the target to the last scin

tillation counter the particles travel 80 feet. 

At the lower right the various events of the 

experiment are represented by their charac

teristic cathode ray traces. Above the center 

of the diagram is the concrete shield of the 

Bevatron. The prisms and lenses superim

posed with broken lines on the four magnets 

symbolize their function. The experiment is 

described in detail by the text of this article_ 
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NUCLEAR EMULSION PHOTOGRAPH reproduced hy tracing shows the death of an anti· 

proton (p-) in a "star" of pi mesons (7T) and hydrogen nuclei (H). One of the pi mesons 

" .. s decayed into an electron (e); another into a mu meson (fJ,) and an electron. 

trajectory in a given magnetic field if its 
velocity was known. 

The trajectory of a charged particle in 
a magnetic field depends on its momen
tum: once the trajectory is known, the 
momentum can be calculated. Now if 
we also measure the velocity of the par
ticle (say by timing its travel between 
two given points in the apparatus), we 
can compute the mass from the momen
tum and velocity, using the relativistic 
equation which connects momentum, 
rest mass and velocity. 

All this sounds very simple, but the 
main difficulty in the experiment arises 
from a complication which we have thus 
far neglected to mention. When the 
beam of 6.2-Bev protons hits the target, 
it generates a great many other particles 
which have the same momentum as the 
antiprotons. Most of them are mesons, 
the particles supposed to represent the 
cement that holds the nucleons together 
in the nucleus. It turned out that there 
were about 40,000 mesons for each rare 
antiproton in the stream of emerging 
particles focused by our magnets. The 
mesons follow exactly the same trajec
tory as the antiprotons, but they are 
lighter and travel with a velOcity prac
tically identical to that of light, whereas 
the heavier antiproton moves with 78 
per cent of the velocity of light. The 
problem was to pick out of the stream 
the occasional heavy particle (one in 
40,000) moving with the right velocity 
to be an antiproton. 

An extensive array of bending mag
nets, magnetic focusing lenses and de
tectors was set up to comb out the anti
protons [see diagram on pqge 39]. From 
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the spray of charged particles emerging 
from the copper target a bending mag
net first sorted out the negatively 
charged particles of the desired mo
mentum, bending them in a particular 
trajectory. This stream was then focused 
by a magnetic lens. The focused beam 
now encountered a detector-a disk of 
plastic material which scintillates when 
charged particles pass through. The 
main purpose of the detector was to 
serve as a "stop watch" for timing the 
passage of particles so as to measure 
their velocity: precisely 40 feet farther 
on they hit a second scintillating detec
tor, and the velocity was reckoned from 
the time taken to travel the distance be
tween the two "stop watches." The flash
es of light from each scintillator were 
translated by photosensitive tubes into 
pulses of electric current, and these 
pulses were recorded as pips on a 
cathode ray screen. This timing system 
could measure differences of one bil
lionth of a second in the travel time of 
particles over the 40-foot interval. In 
our experiment the antiprotons cross the 
40-foot distance in 51 billionths of a 
second, whereas the mesons take only 
40 billionths of a second. 

However, we found that we needed 
an independent measurement of the par
ticles' velocities as a check against acci
dental coincidences. So many mesons 
were streaming through our "speed trap" 
that sometimes one meson triggered the 
first stop watch and another triggered 
the second after an interval that corre
sponded to the travel time of an anti
proton. We therefore placed a velocity
selecting counter just beyond the second 

scintillator. This unique selector makes 
use of the Cerehkov effect, discovered 
many years ago by the Russian physicist 
Pavel Cerenkov. He found that when a 
charged particle passes through a me
dium such as glass or quartz with a 

, velocity greater than the velocity of light 
in that medium, it emits light-an effect 
analogous to the shock waves produced 
in air by a jet aircraft exceeding the 
speed of sound. Now the angle at which 
the Cerenkov light radiation is emitted, 
with respect to the path of the particle, 
depends upon the velocity of the par
ticle. An analogy is the wake of a boat: 
the faster the boat travels, the narrower 
is the angle of its wake. Taking advan
tage of this fact, we put a piece of quartz 
in the path of the beam and arranged a 
system of mirrors and light shields so 
that Cerenkov radiation was recorded 
only from particles traveling at 75 to 78 
per cent of the velocity of light-the 
speed of the antiproton. We took two 
other precautions against spurious iden
tification. To make sure of weeding out 
mesons and other unwanted particles we 
placed in front of the velocity selector a 
"guard" detector of the Cerenkov type 
which gave a warning signal of the ar
rival of any particle exceeding 78 per 
cent of the velocity of light, and to ex
clude particles that might come from 
outside the system we used a final scin
tillation counter which recorded only 
particles traveling in the direction of the 
beam. 

Thus a particle would be identified as 
an antiproton only when all the follow
ing conditions were fulfilled: the "stop 
watch" counters indicated that a particle 
had passed through with the correct 
velocity (crossing the 40 feet in 51 bil
lionths of a second); the guard counter 
gave no warning signal; the velocity se
lector registered a particle with velocity 
between 75 and 78 per cent of the ve
locity of light; and the final scintillation 
counter showed that the particle had 
coursed through the length of the selec
tor. When all these things happened, a 
characteristic sweep was traced on the 
oscilloscope [see page 39]. Many more 
tests were made to confirm that this type 
of sweep really meant that an antiproton 
had passed through the system. 

When the discovery of the antiproton 
was announced last October, 60 of 

them had been recorded, at an average 
rate of about four to each hour of opera
tion of the Bevatron. They had passed 
all the tests which we had preordained 
before the start of the experiment. We 
were quite gratified by the comment of 
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a highly esteemed colleague who was 
visiting' from another university where 
he had just finished an important and 
difficult experiment on mesons. After ex
amining our tests, he said, "I wish that 
my own experiments on mu mesons were 
as convincing as this." At this time sev
eral long-standing bets on the existence 
of the antiproton started to be paid. The 
largest we know of was for $500. (We 
were not personally involved,) 

It was still highly desirable to have 
some information on the process of anni
hilation of the antiproton when it en
countered a proton. The first experiment 
along this line was performed by a group 
consisting of J. Brabant, B. Cork, N. 
Horowitz, B. Moyer, J. Murray, R. Wal
lace and W. Wenzel. They arranged to 
trap an antiproton from our apparatus 
in a piece of glass. On being stopped, 
the antiproton, and the proton which 
presumably was annihilated with it, 
emitted charged particles which moved 
fast enough to release considerable light 
by Cerenkov radiation. A study of this 
light confirmed that the particle selected 
as . an antiproton was. ddlnitely not a 
meson. 

While all this was going on, another 
experiment for detection of the antipro
ton was started by the authors, Cham
berlain, W. Chupp and G. Goldhaber, 
in collaboration with a team of physi
cists in Italy: E. Amaldi (a former 
fellow stude;lt with Segre of the late 
Enrico Fermi), G. Baroni, C. Castagnoli, 
C. Franzinetti and A. Manfredini. It was 
decided to try to find the tracks of anti
protons in photographic emulsions. If we 
could detect them there, we could get 
direct information about the antipro
ton's destruction. 

We exposed photographic plates in a 
beam which should yield antiprotons 
and then sent some of the plates to Home 
and examined some ourselves in Berke
ley. In spite of strenuous efforts by 
both groups, only one star that might 
represent a proton-antiproton annihi
lation was found-by the scanners in 
Home. Later experiments by our group 
(including D. Keller and H. Steiner) 
indicated that absorbers which we had 
used to slow down the antiprotons be
fore they entered the photographic 
plates had unexpectedly destroyed many 
of the antiprotons. The absorbers were 
then removed and new plates were 
exposed, with the result that tracks of 
about 20 antiprotons have now been 
detected in emulsions by observers in 
Berkeley. 

A star of annihilation is pictured at 
the top of the opposite page. The track 

of the incoming antiproton has the range 
predicted for it. The particle lost its 
kinetic energy by collisions and ioniza
tion and came to rest in the emulsion. It 
was then captured by a nucleus in' the 
emulsion and promptly annihilated itself 
with another nucleon. Many of the 
cbarged fragments into which it broke 
down can be identified bv their tracks; 
others cannot be named with certainty; 
still others were neutral particles which 
made no tracks in the plate. At all events, 
we know for certain that the total energy 
released in the annihilation was greater 
than the mass equivalent of the anti
proton-proof that another nucleon was 
annihilated along with it. 

As usual with all discoveries, the ad
vent of the antiproton has launched a 
host of new questions, on which work is 
progressing. For the time being only 
Berkeley has an accelerator powerfu I 
enough to produce antiprotons. The next 
to enter the picture, according to reports 
at the Geneva conference of last sum
mer, should be a U.S.S.H. machine, now 
in an advanced stage of construction. 

X interesting subject for contempla-
tion is the possible existence of an 

"anti-world." This would be a world in 
which all particles are opposite in charge' 
to our own: the hydrogen atom, for in
stance, would have an antiproton as its 
nucleus and a positron in place of the 
electron. �le know of no method bv 
which we could recognize the existence 
of such a universe by astronomical ob
servation. But if antimatter exists and if 
it should come into contact somewhere 
with ordinary matter as we know it, the 
two forms of matter would annihilate 
each other with a huge release of energy, 
mostlv as mesons. \,yhether we would 
see this event would depend on the den
sity of the matter colliding. If it were 
spread out as thinly as the average densi
ty of matter in the galaxies, the effect 
might not be very conspicuous. It is also 
possible that a collision even between 
concentrated masses of matter and anti
matter would not be very spectacular as
tronomically, for they probably would 
repel each other, by radiation pressure, 
as soon as they came into contact. 

If the universe originated from the 
transformation of pure energy into nu
cleons and electrons, we must suppose, 
in order to preserve the principle of the 
constancy of the number of these parti
cles, that somewhere there are antinu
cleons and antielectrons equal in number 
to those of our world. It is a speculation 
which gives a highly satisfying sym
metry to creation. 

1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 
I \ 
I \ 
I \ 
I \ 
I \ 
I \ 
I \ 
I • . \ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I .. • I 

\ I \ I \ I 
'- I 

\ I 
'\ I 

\ 1 
\ I 

�---------------. 
�"--""" 

'

" 
... ' ...... 
"

, 
'-, 

"
. 

LIFE CYCLE of an antiproton is schemat

ically depicted. A high-energy proton (black 

ball will. plus sign at the top) collides with 

another proton in the target nucleus. This 

gives rise to a new proton (black ball wit.h 

plus sign al right. center) and an antiproton 

(black ballw;lh minus sign). The new pro

ton travels until it comes to rest as the 

nucleus of a hydrogen atom (right). The 

antiproton continues until it encounters an

other nucleus (bottom). The antiproton 

and a proton or a neutron are then both 

annihilated in a shower of val'ious particles. 
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