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Abstract 

A ·brief st.mu-:iary of some !""!ig~ligl1ts :..n elem.er.:t.Z..::)' .~:Jar~:..c:..~ 

physics in 1969 is presented. ~he status of 

Batavia, and CERN-ISR research £a.cili~ies ~s ces~ribe:a. 

nuinber of recent experiments of outstanding ~~~erest are 

discussed - total cross section .neasurements at Ser:;.:lkhov / 

the searches for the quark and :=or tachyons, 21.nd the deep 

inelastic electron scattering w·o:rk at Stanfo=d.. 
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The trend in £he late 1960's :towards diminishing 

u. S. Government support for ~lementary particle p~ysics 

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 ll.ccelerator 

Laboratory at Batavia, Illi:i.ois. This machine, ~o be known 

when completed as the Enrico Fermi .Accelerator, .is baing 

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, and a 

number of research ex?eri:::nen ts have alreaci~l been. con:.pleteC.. 

;I:ndividual American physicists are nakinc; plans to collaborate 

with Soviet physicists on some of the experiments at Serpuknov, 

under the terms of a USA-USSR scientific exchange agree~ent. 

In Western Europe, a major new research facility is 

being built at CER.~ - near Geneva, Switzerland. Two ir.tersec-

ting storage rings (I.SR) , -::o collect and 3tore 28 BeV :?rctor..s 

from CERN's 28 BeV proton accelerator, are being ~uilt; ir.. 

1971, experiments will be started to ir:vestigate -::.h.e head-on 

* 1 Bev = 1 billion electron volts 
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collisions between t~e '!clashing 11 :::iearus of prot:o:-.s i::: the two 

rings. {In r.tany ways , th.is is like studvir.r.- oro~cn-nrot:o:-:. - ~ . -
collisions with a 1600 BeV ?roton accelerator bea:~ whi·c=_-i strikes 

a statior.ary target.} Some ver.J b..:.gh energy pt.er:.:imena will 

:Oe studied for the first ti:::.e, ·,-1i th the use of ;:::e IS~. 

:'label Prize 

The 1969 Nobel prize in physics was awarded to I1i.!rray 

Gell-Mann, for his contributions and discoveries ccnc.:=:?:"ning 

the classification of elementary ~articles and ~r.eir i~t~r-

actions. In 1953, Gell-.;.;rann prod~ced his t:ieory of "strangeness 11 • 

This theory explains the behavior of a nu."!lber cf ~ystarious 

('strange') particles which were found to be copiously produced 

by high-energy proton accelerators. The decay lifetimes of 

these particles were very long, typically about one ten­

billiont..'l-i . (10-lO) of a second, whi.ch is to be con::;>ared with 

the predicted "natural" lifetime c= about -23 -10 seconas. 

The puzzle was resolved :Cy Gell-:•!snn; the idea of. the 

"strangeness" quantu."n nu::-.ber w~s invented. Hyperons hava 

strangeness -1; kaons have strar..geness +l; anti3<aons ::.ave 

strangeness -1; more familiar particles (electrons, protons, 

neutrons, ~-mesons) have strangeness zero. Strangeness .:.s 

a conserved quantity in t~e strong interactions in which 

hyperons and kaons are proC.aced c:..r~ pairs); but stran<;2~2ss 

is not conserved in th.e (';.:ea.:-c.) decay :_:>recesses; so. a i1y:_:;aro::. 

or kaon can turn into non-stra::ge _?articles, but only ve.ry 

slowly (in 10-lO second). Since ~~is first great discove=y, 
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Gall-Mann has made a nu.~bar of ~~portant discoveries i~ 

theory and classification of elementary particles and t~ei~ 

interactions. He has also contributed considerably -:.o 1:.::e 

theory of weak interactions. In 1961,. he proposed t~e s~pe=-

multiplet structure of the mass spectru.~ of strongly inte=-

acting elementary particles - SU (3), which received spectacular 

verification in the discovery of· the 0 hyperon in 1965. Ee 

has speculated about. the possible existence of entities cal:ed 

'quarks,' which might be the fund~uental building blocks cu-:: 

of which the 'elementary' particles - nrotons, ir--mesons, etc., 

are made. The above a.re only a few of Gell-Mann's many out-

standing contributions to physics. 

The 40~ye.ar-old Gell-Mann, a native New Yorker and 

Professor of Physics at California Institute of 'l'ecr..r..ology 

since 1955, is currently a member of the President's Science 

Advisory Committee and he has recently beco~e deeply involved 

wit~ trying· to find solutions for problems of the envi=o~=e~t. 

Suro.rises from Serpukhov 

One of the first experiments done at the new 75 ?.aV 

proton accelerator at Serpukhov was to ::.easure the total 

reaction rates (or "total cross sections") for h.igh-e:ierqy 

rr and K- mesons on a target of ~ydrogen (protons}. The 

very fundamental 11 Pomeranchuk Th.eore:r:1 11 requires t!1at ~::e 

ir and 1T + mesons have th~ s~-ne total cross section on ?rotons .. 
as the energy approaches infinity (similarly for K and ~· 

cross sections); and a trend toward t~e equality of t~ese 
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two cross:..sections had been seen ;.::: :::aasure..-nents i.n t}ie ea:;:!y 

1960 's at Brookhaven National Labc:::-::;:cry. aowever, the Serpu:..::::ov 

results for r.- mesons appear to co~~=~dict this trend, at 

energies above the 30 Be:V which is available at Brookhaven. 

+ + Measurements of 1T and I< proton to;:al cross sections, to 

be carried out soon at Serpukhov, a..z:-e_ eagerly awaited. The 

violation of the 'well-establisned' Pomeranchuk Theorem wo~ld 

be a most interesting, but disturbi~q discovery with profcu.r.a 

effects on the theory of strong i::~:ter~ctions ~etween partic:as. 

These total cross section r:1easu.:::er:ients ara bei~g carried 

out by a joint international tea-n o= :;.hysicists rrom ,the USSR 

and from CERN (The· European Organization for ~uclear Research). 

Discoverv of the "Quark" Clairr. 

Another interesting, and potez:.-tially very exciting, 

development· in elementary· particle ;?!:'.ysics is -t.ha claim, 

by a group of physicists from ..... ._ne ~~iversity o= syenay, in 

Australia, to have discovered the "=::~ark." Tb.is is the 

fractionally-charged entity whic!1 had been suggested by 

Gell-Mann and Zweig. The Sydney grou? have obtained photo-

graphs of a number of possible q-:iark tracks (about five). 

They used a cloud charr~er i~ which :iquid drc?lets are formed 

(and then photographed}, along tha ?aths of electrically 

charged particles which pass throuqi the charri.ber. Quarks 

with 2/3 of an e1ectron charge wou:.c. ::;ake tracks of about 

1/2 the intensity, in the photogra~ts, of the tracks made 

by 'normal' particles - such as protons, mu-Eesons, v.-~escns 
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:i.nd electrons. ':'he five l.ow-density tracks were seen by the 

:>ydney group i.:: the course of a study of extensive air show·ers 

these are showa=s of energetic particles produced by the passage 

through the ear~~'s atmosphere of an extre~ely energetic 

=osmic ray proton or atomic nucleus with an energy in excess 

of. thousands oz 3eV. 

Many physicists are skeptical about the Sydney results; 

nore extensive studies are planned at Sydney and elsewhere. 

Within a year, it is likely that the quark "discovery" will 

either be definitely confirmed or contradicted. 

Particles Traveling Faster than Liqht? 

In the last year, there has been much speculation about 

the possible existence and likely behavior of particles traveli::g 

at speeds greater than the velocity-of-light, the •.tmaximum speed" 

barrier suggested by Einstein's theory of special relativity. 

These hypothetical entities,· called "tachyons", would have a 

number of strange properties. For example, they could never 

travel as slow as the velocity of light, or slower, but t=:ey 

could travel at any speed between the velocity of light a~d 

infinite velocity; and unlike ordinary :?articles, if the energy 

of a tachyon is increased, it slows down! No evidence for 

the actual existence of tachyons has a?peared in any experi-

ment done to cate; however, it is only in the last year that 

experiments have been undertaken with the sole pur?ose of 

searching for -tachyons. 

In one o= these experiments, performed at Pri~ceton 

University, a search was made to discover the p=oduction 
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of Cerenkov radiation in a vacuur.-.• (Cerenkov rad.i.ation 

the approximate equivale~t, for electromagnetic ~~diation, 

of "breaking the sound barrier 11 ::or acoustical l·lives.) 

While Cerenkov light is produced in gases a~d =~~~~ds by 

fast, 'norr.tal' particles (protons, electrcns, .-~.- ' c..._._ • i I t!'lese 

'normal' particles cannot produce Cerenkov lig~t ~~ a vacuu..~. 

No Cerenkov light attributable to tachyons was ~atected in 

the Princeton experiment, in which a radioactive .source was 

used as the potential "tachyon source." Al thou;::-~ there is 

so far no experimental evidence suppo~ting the e::-:istence of 

tachyons, the search will continue. 

New Studies on Structure of the Proton 

Some new ideas on the internal structure and behavior 

of the proton have resulted from e·lectron-proto:;. scattering 

experiments using the 20 Bev e.1.~ctron beam at tne Star.ford 

Linear Accelerator Center. The ?articular reac~i8n stu~ied 

is "deep-inelastic" scattering, in which the elec-:.ron loses 

a substantia1 fraction of its energy in the scattering process. 

The energy and angle of scatter of +:he scattered electror. 

are measured by a very precise spectrometer.' ~~e.other 

reaction· products (protons, 'Ir-mesons) from the violent d.aep-

inelastic collisions are not detected in the Star:.ford exper.:i-

ments. 

A striking feature of the experimental data has been t~e 

discovery that\ the magnitude· of the scattering c=oss section, 

for deep-inelastic collisions, varies spectacula=ly less 

rapidly with scattering angle than does the elas~ic electro~-
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proton scattering (in which the reaction products are an 

electron and proton only} . There has been a great deal o::: 

speculation on the part of many theorists, including Nobel 

laureates Richard Feynman and C •. N. Yang, as to the meaning 

of these new results. Feyr..man and Yang have independently 

developed 'parton' models, which describe .the electron-scattering 

as the result of scattering froro. a .number of point-like 

constituents { 'partcms.') 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-meson~ at Brookhaven, and wit,h 

electrons, mu-mesons, and neutrinos at the Enrico Fermi 

Accelerator. These experiments should add further information 

on the inte.rnal structure and properties of .the .p~oton. 

Note: This report was written.as a review for an encyclopedia year-

book. It may be of interest to many people m the Laboratory. 

so is being circulated. 

F. T. Cole 


