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AN ESSAY OF CHRONOLOGY OF PARTICLE PHYSICS UNTIL 1965

J. Six and X. Artru®

Laboratoire de 1'Accélérateur Lindaire, B4t. 200, Université Paris-Sud,
91405 Orsay, France

*Laboratoire de Physique Théorique et Hautes Energies, B&t. 211, Université
Paris-Sud, 91405 Orsay, France

Résumé. - Les principaux développements de la physique des
particules ¢lémentaires, des origines & 1965, sont présentés
en une liste chronologique & trois volets : théories, décou-
vertes expérimentales et moyens techniques. L'attention est
portée principalement sur la période 1930-1965, pour laquelle
nous donnons les références des articles originaux.

Abstract. -~ The main developments in elementary particle
physics, from the origins to 1965, are presented in a chronol-
ogical 1list with three columns : theories, experimental

discoveries and technical means. Our work mainly focuses on
the period 1930-1965, for which we give the references of the
original papers.

1. Introduction.- This work was undertaken . on the occasion of the
international Colloquium on the History of Particle Physics (Paris,
July 21-23, 1982).

It appeared interesting to establish a chronological list of the
most important discoveries -theoretical, experimental and technical- in
this field and to present it in the form of a comparative table. This
presentation may serve to visualize the development of this research
but, of course, supposes the reader to be familiar with this field.

We divided the history of particle physics into three periods

- Period before 1930 : "Early steps in corpuscular physics”.
-~ Period from 1930 to 1965 : "From neutron to quarks®.
- Period after 1965.

We did not treat the third, too recent, period and focused our
historical work on the second one. The years 1930-1933 see the advent
of neutron, neutrino, and positron and, in 1964, quarks emerge. This is
the reason why we chose for our study the limits 1930-1965, which
correspond roughly to the period analyzed in this conference.

However, for reasons of continuity, it seemed necessary to give
an outlook of the discoveries made béefore 1930, in particular those
related to the emergence of “corpuscular®” physics. Thus, a list of the
most relevant discoveries is given for this period with the names of
the authors (table 1). This table is conceived as a simple guide-line
and no references to publications are given. However, we respected the
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chronological order for discoveries made within a particular year. We
referred for that to the dates of submission of the papers as we did
for the second period (cf. below).

2. Presentation of the second period.— For the second period, we
established a list of various topics with the corresponding references.
With such a program arose certain difficulties.

First, a list of the most important topics had to be establi-
shed. However, it is impossible to draw a clear demarcation line. The
very rich world of particles and resonances is a good example. We chose
to mention all resonances found in the years l968—1961, but only some
typical ones in the following years. Apart the f  which played a role
in the works on the pomeron trajectory, we_mentioned only the reson-
ances which allowed to complete the 0 and 1 octets of mesons and the
3/2 decuplet of baryons. In the same manner, we did not cover all the
works devoted to the determination of the guantum numbers of these
resonances. In order to make the table as clear as possible, we also
preferred to keep together some important works made in a definite
domain. We indicated, in that case, date limits rather than a specific
year (see, for example, topic 86 : dispersion relations 1952-1958). We
also omitted some topics which seemed important, but whose paternity is
difficult and, perhaps, impossible to establish (for example : the idea
that the electron cannot exist in the nucleus, the concepts of
peripherism, bootstrap ...). A crude list of discoveries may also lead
to oversimplified ideas. To obviate this inconvenience, we often judged
useful to add informations or historical notes to the references.

Another difficulty 1lies in the choice of the references. We
tried to retain the first and the next important ones according to the
influence they have had. It is out of the scope of this work to give a
complete bibliography which may be found in specialized review articles
devoted to a restricted subject.

We apologize for involuntary omissions and errors which may have
escaped our attention.

3. Choice of the dates.- The list of reference numbers of the topics
follows, in ©principle, the chronology (explained below) of the first
publications. However, in the case of some technical developments we
chose a more appropriate date than that given by the publications.
Topics with date limits are another exception. In that case, we chose
the beginning year, but put this topic in the last position of the
topics belonging to the same year and the same column.

The data chosen for a paper is indicated in brackets after the
reference, and is, in principle, the date of submission of that paper.
If a date does not appear (i.e. Review of Modern Physics), we indicate
only the month of publication. We have also included, as references,
talks given at conferences, if they are published in the corresponding
proceedings, as well as notes written for Academies of Science. In
these cases we have retained the dates of the oral presentations. We
have also retained references on talks given at Conferences of the
American Physical Society, although the papers referred to give only
abstracts of the talks. In that case we mention in brackets, APS and
the meeting dates.
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4. Bibliography.- We have been considerably helped in our work by some
existing attempts of this kind in particular :

- D. Halliday : Introduction to Nuclear Physics p.2, (John Wiley and
Sons, New York, 1955).

- R. Omnés : Introduction a l'étude des particules élémentaires,
p.421-430 (Ediscience, Paris, 1970).

- B. Pontecorvo : Fifty years of neutrino physics : a few episodes
(Dubna report El1 81-117, 1981).

We have also profited from some books reproducing published
papers on a restricted subject, in particular :

- R.T. Beyer : Foundations of nuclear physics (Dover, New York, 1949)
- J. Schwinger : Selected papers on QED (Dover, New York, 1958).
R. Hofstadter : Nuclear and Nucleon Structure (W.A. Benjanmin,
New York, 1963).
P.K. Kabir : The development of weak interaction theory (Gordon and .
Breach, New York,. 1963).
- M. Gell-Mann and Y. Ne'eman : The eightfold way (W.A. Benjamin,
New York, 1964).

Many review articles exist also on various subjects and can be
found in different reviews (Physics Reports, Annual Review of Nuclear
Science ...).

The various talks given at this Conference were also fruitful
and enabled us to complete. our bibliography. Finally, we have the
pleasure of thanking people who made remarks about the preliminary
version of this work given in July 1982 during the Paris Conference. We
would also like to thank M. Conversi, M. Gell-Mann, P. Hamamdjian,

F. Netter, K. Nishijima, C. Peyrou, B. Pontecorvo, G.D. Rochester,
H. Schnewly and F. Selleri for remarks we received after the Conference.
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C.D. Anderson, E.W. Cowan, R.B. Leighton and V.A.G. Van Lint,
Phys. Rev. 92(1953)1089 <Sept. 3>.

D.A. Glaser, Phys. Rev. 87(1952)665 <June 12>, 91(1953)762 <«May 20>.

M.H. Blewett and the Cosmotron Staff, Rev. Sc. Instr. 24(1953)723
<8ept.>. (First operation of the Cosmotron at a4 2 GeV in June 1952).

M. Danysz and J. Pniewski, Phil. Mag. 44(1953)348 <Dec. 1, 1952>.

Increasing 7P cross section (below resonance) :
H.L. Anderson, E. Fermi, E.A. Long, R. Martin and D.E. Nagle,
Phys. Rev. 85(1952)934 <Jan. 21>.
First phase shift analysis :
H.L. Anderson, E. Fermi, R. Martin and D.E. Nagle,
Phys. Rev. 91(1953)155 <March 6».
Decreasing 7P Cross Section (above resonance) :
8.J. Lindenbaum and L.C.L. Yuan, Phys. Rev. 92(1953)1578 <Aug. 1l4>.

The dispersion relations existed already in classical
optics, known as Kramers—-Kronig relations (1926-1927). Here are
given references on the application to particle physics.

Forward dispersion relations for photons :
J.S. Toll, Princeton, Thesis (1952).

Forward dispersion relations for massive particles :
M. Gell-Mann, M.L. Goldberger and W.E. Thirring,
Phys. Rev. 95(1954)1612 <«May 24>.
R. Karplus and M.A. Ruderman, Phys. Rev. 98(1955)771 <Jan. 31»>.
M.L.. Goldberger, Phys. Rev. 99(1955)979 <April 7-.
M.L. Golberger, H. Miyazawa and R. Oehme, Phys. Rev. 99(1955)986
<April 20,.

Derivation of dispersion relations in field theory :
K. Symanzik, Phys. Rev. 105(1957)743 <Oct. 8, 1956>.
N.N. Bogoliubov, B.V. Medvedev, M.K. Polivanov, Fortschritte der
Physik 6(1958}169 <no date> (these two papers were presented at the
‘Seattle Conference, Sept. 1956).

Dispersion relations in two variables :
8. Mandelstam, Phys. Rev. 112(1958)1344 <June 27>.
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87) L. Michel, Nuovo Cimento 10(1953)319 <Jan. 24>.
C.N. Yang and T.D. Lee, Nuovo Cimento 3(1956)749 <Jan. 30>.

88) A. Bonetti, R. Levi-Setti, M. Panetti and G. Tomasini,
Nuovo Cimento 10(1953)345 <Jan. 28>.
A. Bonetti, R. Levi-8etti, M. Panetti and G. Tomasini,
Nuovo Cimento 10(1953)1736 <Nov. 3>.
In this last paper other experimental references are
given. At that time the situation was somewhat cbnfused. It
was suspected that two kinds of hyperprotonic v* events exist, a LY
and a A%, the counterpart of the A°

89) R.W. Thompson, A.V. Buskirk, L.R. Etter, C.J. Karzmark,
R.H. Rediker, Phys. Rev. 80(1953) 329 <March 5> ; 1122 <April 6>.

90) E.C.G. Stueckelberg and A. Peterman, Helv. Phys. Acta 26(1353)499
<March 28->.
M. Gell-Mann and F.E. Low, Phys. Rev. 3$5(1954)1300 <April 1l».
N.N. Bogoliubov and D.V. Shirkov, Nuovo Cimento 3(1956)845
<Nov. 24, 1955>.

See also N.N. Bogoliubov and D.V. Shirkov ; introduction to

the theory of quantized fields (Interscience publishers, New York,
1959).

91) W.B. Fowler, R.P. Shutt, A.M. Thorndike, W.IL.. Whitemore,
Phys. Rev. 90(1953)1126 <«April 29».

92) Ja. Zel'dovitch, Dokl. Akad. Nauk. USSR 91(1953)1317 <July 2».
E.J. Konopinski and H.M. Mahmoud, Phys. Rev. 92(1953)1045 <July 24>.

93) G. Liders, Mat. Fys. Medd. Kongl. Dansk. Vid. Selsk. 28(1954)n°5
<Oct. 23, 1953>. '“
W. Pauli, in : Niels Bohr and the development of Physics
Pergamon Press (1955).

94) W.B. Fowler, R.P. Shutt, A.M. Thorndike, W.L. Whitemore,
Phys. Rev. 93(1954)861 <Nov. 10, 1953>.

95) The first step in the explanation of the strange particles
properties has been the associated production hypothesis
(Topic 79). The strangeness concept was introduced in a pro-
gressive way. Two important steps may be found in the related
papers : +
a) hypothesis of a isotopic spin 1/2 for K(K ,k°) and K
and integer isotopic spin for vE, ve particles :
M. Gell-Mann, Phys. Rev. 92(1953)833 <Aug. 21>.
T. Nakano and K. Nishijima, Prog. Th. Phys. 10(1953)581 <Nov. 16>.
b) classification of strange particles with prediction of
L° and E° :
K. Nishijima, Prog. Th. Physics 12(1954)107 <July 13>.
M. Gell-Mann and A. Pais, Proc. of Glasgow Conf. on Nucleon and
Meson Physics (1954)342 <«July 13-17»>.
K. Nishijima, Prog. Th. Physics 13(1955)285 <Feb. 11>.
M. Gell-Mann, Suppl. Nuovo Cimento 4(1956)848 (Proc. of Pisa
conference <June 1955, 12-18>.

96) A series of experiments was made at Stanford between 1953-
1958, see the review in :
R. Hofstadter, F. Bumiller, M. Yearian, Rev. Mod. Phys.
30(1958)482 <April>.
See’also R. Hofstadter, Nuclear and Nucleon Structure,
W.A. Benjamin, New York, 1963.
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97) B.P. Gregory, A. Lagarrigue, L. Leprince-Ringuet, F. Muller and
C. Peyrou, Nuovo Cimento 11(1954)292 <Jan. 30>.
H.S. Bridge, H. Destaebler Jr., B. Rossi and B.V. Sreekantan,
Nuovo Cimento 1(1955)874 <March 18>.
R. Armenteros, B. Gregory, A. Hendel, A. Lagarrigue,
L. Leprince-Ringuet, F. Muller and C. Peyrou,
Nuovo Cimento 1(1955)915 <April 12>.

98) C.N. Yang and R.L. Mills, Phys. Rev. 96(1954)191 <June 28>.
99) W.M. Brobeck, UCRL-3912 (Sept. 1957) (first operation in 1954).

100) Evidence for a two body decay, m' + neutral :
M.G.K. Menon and C. O'Ceallaigh, Proc. Roy. Soc. A221(1954)292
<july 1, 1953> (revised version of a discussion talk, Jan. 29,1953).
Evidence for K¥'+ wn'wme :
A.L. Hodson, J. Ballam, W.H. Arnold, D.R. Harris, R.R. Rau,
G.T. Reynolds and S5.B. Treiman, Phys. Rev. 96(1954)108% <Aug. 11>.

101) M. Gell-Mann, A. Pais, Phys. Rev. 97(1955)1387 <Nov. 1, 1854>.

102) H. Lehmann, K. Symanzik and W. Zimmerman, Nuovo Cimento
1(1955)205 <Nov. 22, 1954>.
A.S. Wightman, Phys. Rev. 101(1956)860 <July 18, 1955>.

103) S.S. Gerstein and J.B. Zel'dovitch, Sov. Phys. JETP 2(1956)576

<June 8, 1955>. ‘ -

CVC and symmetry between electromagnetism and weak
interaction :
R.P. Feynman and M. Gell-Mann, Phys. Rev. 109(1958)193
«Sept. 16, 1957>.

The first mention of a possible unification of electro-
magnetic and weak interactions has been given by Klein (1939).

104) M. Conversi and A. CGozzini, Nuovo Cimento 2(1955)189 <«June 17>.

105) G. Stack Collaboration :

J.H. Davis, D. Evans, P.E. Frangois, M.W. Friedlander,
R. Hillier, P. Iredale, D. Kerfe, M.G.X. Menon, D.H. Perkins,
C.F. Powell, J. Boggild, N. Brene, P.H. Fowler, J. Hooper,
W.C.G. Ortel, M. Scharff, L. Crane, R.H.W. Johnston,
C. O'Ceallaigh, F. Anderson, G. Lawlor, T.E. Nevin, C. Alvial,
A. Bonetti, M. Di Corato, C. Dilworth, R. Levi-Setti,
A. Millone, O. Occhialini, L. Scarsi, G. Tomasini,
M. Ceccarelli, M. Grilli, M. Merlin, G. Salandin, B. Sechi,
Nuovo Cimento 2(1955)1063 <«Oct. 2>.

This reference comes from the first big International
Collaboration.

106) O. Chamberlain, E.G. Segré, E.C. Wiegand, T. ¥psilantis,
Phys. Rev. 100(1955)947 <Oct. 24->.
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107) Many references ; here only some typical ones.
Spin parity of the 7 by the Dalitz plot
R.H. Dalitz, Phil. Mag. 44(1953)1068 <July 1> ;
Phys. Rev. 94(1954)1046 <Feb. 9>.
J. Orear, G. Harris, S. Taylor, Phys. Rev. 100(1955)932
<Aug. 22>.
® and 7 lifetimes are equal :
L.W. Alvarez and S. Goldhaber, Nuovo Cimento 2(1955)344
«<July 7»>.
V. Fitch and R. Motley, Phys. Rev. 101(1956)496
«Nov. 9, 1955>.
L.W. Alvarez, F.S. Crawford, M.L. Good, M.L. Stevenson,
Phys. Rev. 101(1956)503 <Nov. 4, 1955>.
8 and T masses are equal :
R.W. Birge, J.R. Peterson, D.H. Stork, M.N. Whitehead,
Phys. Rev. 100(1955)430 <July 25>.

108) G.F. Chew and F.E. Low, Phys. Rev. 101(1956)1570 <«Nov. 28, 1955>.

109) M. Gell-Mann, Proc. Rochester Conference 1956, part 8, p.26
<April 3-7>.
M. Gell-Mann and R.P. Feynman, Phys. Rev. 109(1958)193
<Sept. 16, 1957>.

110) T.D. Lee and C.N. Yang, Phys. Rev. 104(1956)254 <June 22>.
Soog»after this paper, it was shown that an asymmetry of
the form Jdp would mean not only the violation of parity but also
of charge conjugation.
B.L. Ioffé, L.B. Okun' and A.P. Rudik, Sov. Phys. JETP 5(1957)328
<Nov. 21, 1956>.
T.D. Lee, R. Oehme and C.N. Yang, Phys. Rev. 106(1957)340 <«Jan. 7>.

111) Cc.L. Cowan Jr, F. Reines, F.B. Harisson, H.W. Kruse,
A.D. Mac Guire, Science 124(1956)103 <July 20>.
First project in 1953 :
F. Reines and C.L. Cowan Jr, Phys. Rev. 90(1953)492 <Feb. 24>.
See also :
F. Reines and C.L. Cowan Jr, Phys. Rev. 113(1959)273
<Sept. 8, 1958>.

112) K. Lande, E.T. Booth, J. Impeduglia, L.M. Lederman,
W. Chinowsky, Phys. Rev. 103(1956)1901 <July 30>.
The same experiment shows that these V-particles are K° :
K. Lande, L.M. Lederman, W. Chinowsky, Phys. Rev. 105(1957)1925
< Feb. 4>.

113) R. Plano, N. Samios, M. Schwartz and J. Steinberger,
Nuovo Cimento 5(1957)216 <Nov. 12, 1956-.

114) A. Salam, Nuovo Cimento 5(1957)299 (Nov. 15, 1956).
L.D. Landau, Sov. Phys. JETP 5(1957)337 <Dec. 11, 1856>.
T.D. Lee and C.N. Yang, Phys. Rev. 105(1957)1671 <Jan. 17>.
‘The two component massless fermions theory was already
considered by H. Weyl, Zeits. f. Phys. 56(1929)330 <«May 8>.

115) L.D. Landau, Sov. Phys. JETP 5(1957)336 <Dec. 11, 1956>.
A. Pais and S.B. Treiman, Phys. Rev. 106(1957)1106 <April 18>.

116) D.R. Yennie, M.M. Levy and D.G. Ravenhall,
Rev. Mod. Phys. 29(1957)144 <Jan.>.
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117) 6.A. Milekhin and 1.L. Rozental, Sov. Phys. JETP 6(1958)154
<Jan. 11, 1957>.
B. Edwards, J. Losty, D.H. Perkins, K. Pinkaun, J. Reynolds,
Phil. Mag. 3(1958)237 <Dec. 1, 1957>.
0. Minakawa et al., Nuovo Cimento Suppl. 11(1959)125
<July 17, 1958>.

The last publication gives a summary of the experimental

situation at that time.

118) In B decay :
C.S. Wu, E. Ambler, R.W. Hayward, D.D. Hoppes, R.P. Hudson,
Phys. Rev. 105(1957)1413 <Jan. 15>.
In 7 > & decay :
R.L. Garwin, L.M. Lederman, M. Weinrich,
Phys. Rev. 105(1957)1415 <Jan. 15>.
J.1. Friedman and V.L. Telegdi, Phys. Rev. 105(1681)1957
<Jan. 17>.

119) Linear model :
J. Schwinger, Ann. Phys. 2(1957)407 <July 31>.
Non-linear model :
F. Girsey, Nuovo Cimento 16(1960)230 <Sept. 17, 1959>.
The 0 model was used to derive the PCAC hypothesis
(topic 134).

120) First idea already in 1935 in Yukawa's paper (Ref. 24)
Revival of this intermediary boson since 1957, with
calculations on £ * evv and expectations in v reactions.
First paper :
T.D. Lee and C.N. Yang, Phys. Rev. 108(1957)1611 <Aug. 27->.

121) R.P. Feynman and M. Gell-Mann, Phys. Rev. 109(1958)193
<Sept. 16, 1957s.
E.C.G. Sudarshan and R.E. Marshak, Proc. Padova Venice Conference
1957 V14 <«Sept. 22-28>.
J.J. Sakurai, Nuovo Cimento 7(1958)649 <Oct. 31, 1957>.

122) I1.Ya Pomeranchuk, Sov. Phys. JETP 7(1958)499 <«Oct. 24, 1957>.

123) M. Goldhaber, L. Grodzins and A.W. Sunyar, Phys. Rev. 109(1958)1015
<Dec. 11, 1957>.

124) M.L. Goldberger and S.B. Treiman, Phys. Rev. 110(1958)1178 <Feb.10>.
125) F. Eisler, R. Plano, A. Prodell, N. Samios, M. Schwartz,

J. Steinberger, M. Conversi, P. Franzini, I. Manelli,

R. Santangelo, V. Silvestrini, Phys. Rev. 112(1958)979 <July 2>.
F.8. Crawford Jr, M. Cresti, M.L. Good, G.R. Kalbfleisch,

M.L. Stevenson, H.K. Ticho, Phys. Rev. Lett. 1(1958)377 <Oct. 27».

126) By K° interaction :
E. Boldt, D.O. Caldwell and Y. Pal, Phys. Rev. Lett. 1(1958)150
<July 30>.

By K, regeneration :
R.H. Good, R.P. Matsen, F. Muller, O. Piccioni, W.M. Powell,
H.8. White, W.B. Fowler and R.W. Birge, Phys. Rev. 124(1961)1223
<June 23>, -
Suggested by :
A. Pais and 0. Piccioni, Phys. Rev. 100(1955)1487 <«July 5>.

127) c.G. Goebel, Phys. Rev. Lett. 1(1958)337 <Aug. 25>.
G.F. Chew and F.E. Low, Phys. Rev. 113(1959)1640 <Nov. 3, 1958>.
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128)

129)

130)

131)

132)

133)

134)

135)

136)

137)

138)

139)

T. Fazzini, G. Fidecaro, A.W. Merrison, H. Paul and
A.V. Tollestrup, Phys. Rev. Lett. 1(1958)247 <Sept. 12>.

Principle of spark chambers known from 1949 (J.W. Keuffel,
Rev. Sci. Instr. 20(1949)202 <Nov. 8, 1948>) but useful
device only in 1959 :

S. Fukui and 8. Miyamoto, Nuovo Cimento 11(1959)113

<Sept. 26, 1958> ; J. Phys. Soc. Japan 16(1961)2574 <July 27>.

L.W. Alvarez, P. Eberhard, M.L. Good, W. Graziano, H.K. Ticho,
8.G. Wojecicki, Phys. Rev. Lett. 2(59)215 <Feb. 9>.

The feasibility of v beams with accelerators was mentioned
first by :
B. Pontecorvo, Sov. Phys. JETP 10(1960)1236 «July 9, 1959>.
See also Proceedings Internat. Conference High Energy
Physics, Kiev (1959) 2, p232 <July 15-25>.
M. Schwartz, Phys. Rev. Lett. 4(1960)306 <Feb. 23>.

T. Regge, Nuovo Cimento 14(1959)951 <July 18> ; 18(1960)947
<Aug. 5>.

M.G.N. Hine and P. Germain, 1961 International Conference on high
energy accelerators, p25 <Sept. 6-12, 1961>. (First accelerated beam
in Dec. 1959).

PCAC derived from the o0 model :
M. Gell-Mann and M. Levy, Nuovo Cimento 16(1960)705 <Feb. 19>.
J. Bernstein, M. Gell-Mann and L. Michel, Nuovo Cimento 16(1960)560
<Feb. 24>. -

PCAC as a consequence of the broken chiral symmetry :
Y. Nambu, Phys. Rev. Lett. 4(1960)380 <Feb. 23>.

The PCAC hypothesis allowed to derive in another manner the
Goldbeyer-Treiman relation (topic 124).

The AGS Staff, 1961 International Conference on high energy accel-
erators, p33 «Sept. 6-12, 1961>. (First accelerated beam in July
1960).

J. Goldstone, Nuovo Cimento 19(1961)154 <Sept. 8, 1960>.
Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122(1961)345
«Oct. 27, 1960> ; 124(1961)246 <May 10>.

M. Alston, L.W. Alvarez, P. Eberhard, M.L. Good, W. Graziano,
H.K. Ticho, 8.G. Wojciki, Phys. Rev. Lett. 5(1960)520 <Oct. 31>.

G. Charpak, F.J.M. Farley, R.L. Garwin, T. Muller, J.C. Sens,
V.L.. Telegdi, A. Zichichi, Phys. Rev. Lett. 6(1961)128
<Jan. 16>.

Y. Ne'eman, Nucl. Phys. 26(1961)222 <Feb. 13>.
M. Gell-Mann, Internal Report of California Institute of
Technology, CTSL-20 (1961) <«March 15> : See the text in M. Gell-Mann
and Y. Ne'eman : "The eightfold way" in Frontiers of Physics
(W.A. Benjamin, New York, 1964).
M. Gell-Mann, Phys. Rev. 125(1962)106 <Sept. 20, 1961-.
The prediction of an N1 with S = -3 is contained in the
last mentioned paper of M. GellyMann. The announcement at the 1962
International Conference of a E (1530) discovery (see topic 152)
allows M. Gell-Mann to precise the mass of the postulated N (Proc.
Intern. Conf. High Energy Physics, CERN (1962) p805 <¢July 4-11>.
Before the SU, model, many attempts were made to reduce
the number of“elementary particles by group theory. See for
example the Sakata model :
S. Bakata, Prog. Theor. Phys. 16(1956)686 <Sept. 3.
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M. Alston, L.W. Alvarez, P. Eberhard, M.L. Good, W. Graziano,
H.K. Ticho, S.G. Wojciki, Phys. Rev. Lett. 6(1961)300 <Feb. 16>.
G. Alexander, G.R. Kalbfleisch, D.H. Miiler and G.A. Smith, Phys.
Rev. Lett. 8(1962)447 <May 7>.

Theory :

M. Gell-Mann, Phys. Rev. 125(1962)1067 <Maxrch 27, 1961>.
Application to the calculation of axial vector coupling
constant of weak interactions :

S.L.. Adler, Phys. Rev. Lett. 14(1965)1051 <May 17>.

W.I. Weissberger, Phys. Rev. Lett. 14(1965)1047 <May 26>.
Application to soft pions in strong interactions :

S.L. Adler, Phys. Rev. 137B(1965)1022 <Sept. 15, 1964>.

S.L. Adler, Phys. Rev. 139B(1965)1638 <March 26>.

By emulsions :
R.G. Glasser, N. Seeman and B. Stiller, Phys. Rev. 123(1961)1014
<March 30>.

By Primakoff effect : the most precise method at present.

First results by this method given at the 1960 Rochester
tonference but not published hereafter.

Earlier attempts to determine 7° lifetime gave only upper
limits.

A.R. Erwin, R. March, W.D. Walker and E. West,

Phys. Rev. Lett. 6(1961)628 <May 1ll>.

D. Stonehill, C. Baltay, H. Courant, W. Fickinger, E.C. Fowler,
H. Kraybill, J. Sandweiss, J. Sanford and H. Taft,

Phys. Rev. Lett. 6(1961)624 <May 12->.

The p meson is the first discovered boson resonance. However,
since about 1955, many authors suspected the existence of boson
resonances for various reasons : features of nuclear bindings,
behaviour of the 7N cross sections, shape of the electromagnetic
form factors of nuclei, possibility of »7 interaction.

P. Bastien, M. Ferro-Luzzi and A.H. Rosenfeld, Phys. Rev. Lett.

6(1961)702 <May 12>.

M.H. Alston, L.W. Alvarez, P. Eberhard, M.IL.. Good, W. Graziano,

M.K. Ticho and S8.G. Wojcicki, Phys. Rev. Lett. §(1961)698*<May 31>.
These two papers give only an indication of a new Y_(1405), at

a mass near the Yl(1385) (topic 137). This Yz was confirmgd

later.

C. Bernardini, C.F. Corazza, G. Ghigo and B. Touschek,

Nuovo Cimento 18(1960)1293 <Nov. 7s.

C. Bernardini, U. Bizzari, C.F. Corazza, G. Ghigo and B. Touschek,

Nuovo Cimento 23(1962)202 <Dec. 28, 1961>.(First operation in May

1961).
Besides the first e'e” storage ring, e e storage rings were
built at Stanford and Novosibirsk. The first mention of the
possibility of obtaining intersection of particles beams was
made in 1956 :

D.W. Kerst, F.T. Cole, H.R. Crane, L.W. Jones, L.J. Laslett,

T. Ohkawa, A.M. Sessler, K.R. Symon, K.M. Terwilliger and

N.V. Nilsen, Phys. Rev. 102(1956)590 <Jan. 23>.

M. Froissart, Phys. Rev. 123(1961)1053 <Aug. 1l>.
B.C. Maglic, L.W. Alvarez, A.M. Rosenfeld, M.L. Stevenson,

Phys. Rev. Lett. 7(1961)178 <Aug. 14>.
N. Xuong and G.R. Lynch, Phys. Rev. Lett. 7(1961)327 <Sept. 15>.
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148)

149)

150)

151)

152)

153)

154)

155)

156)

157)

158) .

D. Amati, S. Fubini, A. Stanghellini and M. Tonin,
Nuovo Cimento 22(1961)569 <Aug. 18»>.

D. Amati, A. Stanghellini and 8. Fubini,

Nuovo Cimento 26(1962)896 <July 4>.

G.F. Chew and S.C. Frautschi, Phys. Rev. Lett. 7(1961)394 <Oct. 30>.
8.C. Frautschi, M. Gell-Mann and F. Zachariasen,
Phys. Rev. 126(1962)2204 <Jan. 8>.

Decay 7 -+ ataTme .
A. Pevsner, R. Kraemer, M. Nussbaum, C. Richardson, P. Schlein,
R. 8trand, T. Toohig, M. Block, A. Engler, R. Gessaroli and
C. Meltzer, Phys. Rev. Lett. 7(1961)421 <Nov. 10>:

Decays ® > m @ 7° and 7"~ neutrals :
P.L. Bastien, J.P. Bergé, O0.1. Dahl, M. Ferro-Luzzi, D.H. Miller,
J.J. Murray, A.H. Rosenfeld and M.B. Watson, Phys. Rev. Lett.
8(1962)114 <Jan. 2>.

G. Danby, J.M. Gaillard, K. Goulianos, L.M. Lederman,
N.B. Mistry, M. Schwartz and J. Steinberger,
Phys. Rev. Lett. 9(1962)36 <June 15>.

G.M. Pjerrou, D.J. Prowse, P. Schlein, W.E. Slater, D.H. Stork and
H.K. Ticho, Phys. Rev. Lett. 9(1962)114 <June 27>.

L. Bertanza, V. Brisson, P.L. Connolly, E.L. Hart, 1.S. Mittra,
G.C. Moneti, R.R. Rau, N.P. Samios, I1.0. Skillicorn and

8.8. Yamamoto, Phys. Rev. Lett. 9(1962)180 <«July 2»>.

W. Selove, V. Hagopian, H. Brody, A. Baker and E. Leboy,

Phys. Rev. Lett. 9(1962)272 <Aug. 22>.

J.J. Veillet, J. Hennessy, H. Bingham, M. Bloch, D. Drijard,

A. Lagarrigue, P. Mittner, A. Rousset, G. Bellini, M. Di Corato,

E. Fiorini and P. Negri, Phys. Rev. Lett. 10(1963)29 <Nov.2, 1962>.

P. Schlein, W.E. Slater, L.T. Smith, D.H. Stork and H.K. Ticho,
Phys. Rev. Lett. 10(1963)368 <Feb. 18>.

P.L. Connolly, E.L. Hart, K.W. Lai, G. London, G.C. Moneti,

R.R. Rau, N.P. Samios, I.0. Skillicorn, $.8. Yamamoto, M. Goldberg,
M. Grundzik, J. Leitner and 8. Lichtman,

Phys. Rev. Lett. 10(1963)371 <March 27>.

N. Cabibbo, Phys. Rev. Lett. 10(1963)531 <April 29».
M. Gell-Mann, Phys. 1(1964)63 <May 25>.

B.A. Dogolshein and B.1. Luchkov, Sov. Phys. JETP 19(1964)266
<Nov. 4, 1963>.

G.E. Chikovani, V.N. ROynishvili and V.A. Mikhailov,

Sov. Phys. JETP 19(1964)833 <Nov. 12, 1963>.

M. Gell-Mann, Phys. Lett. 8(1964)214. <Jan. 4>.

V.E. Barnes, P.L. Connolly, D.J. Crennel, B.B. Culwick,
W.C. Delanay, W.B. Fowler, P.E. Hagerty, E.L. Hart,

N. Horwitz, P.V.C. Hough, J.E. Jensen, J.K. Kopp, K.W. Lai,
J. Leitner, J.L. Loyd, G.W. London, T.W. Morris, Y. Oren,
R.B. Palmer, A.G. Prodell, R. Radojicic, D.C. Rahm,

C.R. Richardson, N.P. Samios, J.R. Sanford, R.P. Schutt,
J.R. Smith, D.L. Stonehill, R.C. Strand, A.M. Thorndike,
M.S. Webster, W.J. Willis and S.S. Yamamoto,
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