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Introduction

2000

The trend in the late 1960's towards diminishing

U. S. Government support for elementary particle physics

research continued to be evident in 1969. A brilliant

exception to this unhappy picture, however, has been the

authorization by the Congress of the construction of a

200-400 BeV* proton synchrotron at the National Accelerator

Laboratory at Batavia, Illinois. This machine, <o be known

when completed as the Enrico Fermi Accelerator, is being

built on a fast time schedule,'and it is planned to start

the first experiments with this new machine in the middle

of 1972.

‘In the USSR, a 75 BeV proton accelerator at Serpukhov,

near Moscow- has recently been put into operation, ané a

number of researcn experiments have already beern completec.

Individual American physicists are makinc plans to collaborzate

with Soviet physicists on

some of the experiments at Serpukhov,

under the terms of a USA-USSR scientific exchange agreement.

In Western Europe, a

major new research facility is

being built at CERN - near Geneva, Switzerland. Two intersec-

ting storage rings (ISR),
from CERN's 28 BeV proton

1971, experiments will be

to collect and storxe 22 BeV drotons
accelerator, are being duilt:; in

started to irvestigate the head-on

* 1 BeV = 1 billion electr

on volts



collisions between the "clashing® seams of »rotons in the two
rings. In many ways, this is like studving proton-protox

collisions with a 1600 BeV »roton accelerator beam which strikes.
a stationary target.) Some very high energy phenomena will

pe studied for the £f£first tine,

Nobel Prize

The 1969 Nobel zrize in physics was awardeé to Murrav

o]

]

101

f

3

fu
[o])
'. A

2]
0O
0O
<
0]
N

M

()]
[{]]
Q
0O
4]
0
m
"
o
o
B
Q

Gell-Mann, for his contributi
the classification of elementary =sarticles and
actions. In 1953, Gell-Mann produced his theory of
This theory explains the behavior of a number of mysterious
(*strange') particles which were found to be copiously yroduced
by’higheenergy proton accelerators. The decay lifetimes of
these particles were very long, typically about one ten-

.~ Iy - —l - - v o
illionth {10 o) of & seccnd, which is to be compared with

The puzzle was resolved by Gell-Mann; the idea of.
"strangeness" cuantum number was iInvented. Hlyperons neve.
strangeness -1; kaons nave strangeness +1 ant_Laoes ~ave
strangeness -1; more familiar particles (electrons, prcﬁons,
neutrons, T-mesons) have strangeness zero. Stra angeness is

a conserved quantity in the st rong interactions in which
avperons and kaons are produced (in pairs); but strancernass
is not conserved in the ({weak} decay processes; SO a avperch
or kaon can turn intc non-strange :articlee,.out only very
-10

slowly (in 10 second). Since zthis first great discovery,
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Gell-Mann has made a number of important discoveries in the
theory and classification of elementary particles and thaizx
interactions. He has also contributed considerably <o the
theory of weak ihteraétions. In 1961, nhe proposed the super-
multiplet structure of the mass spectrum of strongly iﬁter—
acting elementary particleS‘- sU (3), which.received soectacular
verification in the discovery of the { hyperon in 1955. ke

has speculated about the possible existence ofAeﬁtitiesAcaliea
'quarks,' which might be the fundamental building blocks out

of which the 'elementary' particles - orotons, n*mesons, etc.,
are made. The above are only a few of Gell-Mann's many out-
standing contributions to phyvsics.

The.40~year—6ld Gell~Mann, a native New Yorker zand
Professor of Physics at California Institute of Tecknclogy
since 1955,‘is curréntly a'member'of'the’President's Science
Advisory Committee and.he has recently become deeply'involved.

with trying to find solutions for problems of the envircamenz.

Survrises from Serpukhowv

One of the first experiments done at the new 75 ZeV
proton accelerator at Serpukhov was to measure the total
reaction rates (or "total cross secticns") Zfor higa-enercy
ﬁ- and X mesons on a target oi Lydrecgen (protons). The
very.fuhdamental "Pomeranchuk Theoren" requires that che

+ R . s ,
m and T mesons have the same total cross section on proton

<.

as the energy approaches infinity {(similarly for X and X

cross sections); and a trend toward the equality of these
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two cross-sections had been seen i m2asurements in the early
1960's at Brookhave National Laberztory. However, the Sersulho
results for 7 mesons appear to contrzdict this trend, at
energies above the 30 BeV which is avaiiable at Brcokhaven.
+ + L .
Measurements of # - and K proton total cross sectiocns, to

be carried out soon at Serpukhov, zre eagerly awaited. The

[h

violation of the 'well-established' Pomeranchuk Theorem wou
be a most interesting, but disturbinc discovery with profound
effects on the theory of strong intesractions betweeén particlss.
Thesé toﬁal cross section measurements‘are being carried
out by a joint international team of zshysicists from ¢he>USSR

.

and from CERN (The Eurcpean Organization for Nuclear Research).

Discovery of the "Quark" Claim

Another interesting, and potertially very exciting,

development in elementary particle shysics is the claim,
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by a group of physicists from the Tniversity oI Sycdnay,
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Australia, to have discovered th
fﬁactibnaliy-charged'entity which had been suggested
Gell-Mann and Zweig. The Sydney group have cbtained photeo-
graphs of a numbexr of possible guark tracks (about five).
They used a cloud chamber in which 1iguid dro»nlets are formed
(and then photographed), along the zaths of elecur1callv
charged particles which pass throu¢h the chamber. Quarks
with 2/3 of an electron charge wou-& make tracks of about

1/2 the intensity, in the photogracis, of the tracks made

()

by 'normal' particles - such as prctons, mu-mesons, W-mMesoOns
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and electrons. The five low-density tracks were seen by the

~

3ydney group in the course of a study of extensive air showers -
these are showers of energetic particles oroduced by the passage
through the eariz's atmosphere of an extremely enercetic
cosmic ray proton or atomic nucleus with an energy in excess
of. thousands oI 3eV.

Many physicists are skeptical about the Sydney resuits;
nore extensive studies are planned aﬁ Sydney and elsewhere.
Within a year, it is likely that the gquark "discovery" will

either be definitely confirmed or contradicted.

Particles Traveling Faster than Licht?

In the last vear, there has been much speculation about
the possible existence and likely behavior of particles traveling
at spéeds greater than the velocity-of-light, the "maximum speeg"
barrier suggestéd by Einstein's theory of special relativiiy.
These hypothetiéal entities,‘called‘"tachyons“, would have a
nﬁmber of strange properties. For example, they could never
travel as slow as the velocity of light, or slower, but they:
could travel at any épeed between the velocity of 1light azagd
infinite velocity; and unlike ordinary particlés, if the energy
of a tachyon is increased, it slows down! XNo evideﬁce Zor
the actual existence of tachyvons has aépeared in any experi-
meht done to éate; however, it is on;y in the last vear that
experiments have been undertzken with.the sole purcose of
searching for tachyons.

In one of these experiments, performed at Princeton

University, a search was made to discover the procduction
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of Cerenkov radiation in a vacuunm. (Cerenkov rziiztion is
the approximate equivaleat, for electromagnetic radiation,
of "breaking the sound barrier" Zor acoustical wives.) |
While Cerenkov light is produced in gases and ilzguids by

fast, 'normal' particles (protcns, electrcns, etc.), these
'normal’ partlcles cannot produce Cerenkov light In a vacuum.
No Cerenkov light attributable tc tachyons was detected in
the Princeton experiment, in which a radioactive sourcenwas
used as the potential ”*achyo sdurce.”  Althoug:h there is
so far no experimental evidence supporting the existence of

tachyons, the search will continu

New Studies on Structure of the Proton

Some new ideas on the internal structure ané behavior
of'the.proton have resulted from electron-proton scattering

experiments using the 20 BeV e.cctron beam at the Stanford

(D)

Linear Accelerator Center. The artﬁcular reaczticon studie
is "deep-inelastic” scattering, in which-the elettron loses
a substantial fraction o its energy in the scattering process.
The energy and angle of scatter cf the scatte:ed electron
are measured by a very precise spectrometer.' The other
reaction;prodﬁcts (protons, w-mesons) from the violent dsep-
ineiastic collisions are not detected in the Stanford experi-
ments.

A striking feature of the experimental datz has been the
discovery that:the magnitude of the scattering cross section,

>ly less

f (1]

for deep~inelastic collisions, varies spectacul

rapidly with scattering angle than does the elastic electron-
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proton scattering (in which the reaction products are an
electron and proton only). There has been a great deal of
speculation on the part of many theorists, including Nobel
laureates Richard Feynman and C. N. Yang, as to the meanih
of these new'results, Feynman and Yang have independently
developed 'parton' models, which describe fhe electron-scattering
as the result of scattering from a number of poiﬁteiike
constituents ('partons') with the proton. The partons in
these theories have no relation to Gell-Mann's quarks.

More deep-inelastic scattering experiments are planned
in the 1970's both with mu—mesbns at Brookhaven, and with
electrons, mu-mesons, and neutrinos at the‘Enrico Fermi
Accelerator. These eXperiﬁents should add further information

on the internal structure and properties of the proton.

Note: This I:epoi't Was written as a review for an encyclopedia year -
book. It may be of interest to many people in the Laboratory,

so is being circulated.

F. T. Cole



