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91405 Orsay, France 

*Laboratoirs de Physique Théorique et Hautes Energies, Bât. 211, Université 
Paris-Sud, 91405 Orsay, France 

Résumé. - Les principaux développements de la physique des 
part icules élémentaires, des orig ines à 1965, sont présentés 
en une l i s t e chronologique à t r o i s vo le t s : théor ies , décou
vertes expérimentales et moyens techniques. L'attention es t 
portée principalement sur l a période 1930-1965, pour laquel le 
nous donnons l e s références des a r t i c l e s originaux. 

Abstract. - The main developments in elementary particle 
physics, from the origins to 1965, are presented in a chronol
ogical list 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 before 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 I). 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 2 resonances found in the years 1960-1961, but only some 
typical ones in the following years. Apart the f0 which played a role 
in the works on the pomeron trajectory, we-mentioned only the reson- 
ancy 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 quantum 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 lies 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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69)  L. Miche l ,  P roc .  Phys. Soc.  =(1950)514,  1371  cSept .  28, 1949,.  

70) K.G.  Mac Kay, Phys.  Rev. =(1949)1537 < S e p t a  29, .  
I t  h a s  t o  b e  r e c a l l e d  that .  t h e  t r a n s i s t o r  e f f e c t  was 

d i s c o v e r e d  i n  y e a r s  1945-1947 (J.  Bardeen,  W . H .  B r a t t a i n  and 
W. Shock ley) .  

71)  M. Ageno, M. Chiozzoto  and R. Q u e r z o l i ,  
Accad. Naz. L i n c e i  6 (1949)626 .  
G.T. Reynolds ,  F.B. H a r r i s s o n  and G. S a l v i n i ,  
Phys.  Rev. 2 ( 1 9 5 0 ) 4 8 8  <March 24,.  
H. Kallmann, Phys. Rev. 78(1950)621 < A p r i l  12 , .  

T h i s  t e c h n i q u e  opened t h e  way t o  l a r g e  scintillation 
c o u n t e r s  . 

72)  J.J. Lord,  J .  Fa inberg  and M.  S c h e i n ,  Phys.  Rev. E ( 1 9 5 0 ) 6 6 9  
cAug. 1 8 > .  

During 1947-1950, many cosmic r a y  exper imen t s  show an 
i n d i c a t i o n  of m u l t i p l e  p i o n  p r o d u c t i o n .  The r e f e r r e d  paper  g i v e s  
a c l e a r  e v e n t  o b t a i n e d  i n  emuls ion where t h e  i n t e r a c t i o n  occured 
p r o b a b l y  on a  l i g h t  n u c l e u s  (no  evaporation t r a c k )  and g i v e s  
many p a r t i c l e s  i n  a  forward cone and a  few p a r t i c l e s  o u t s i d e  
t h i s  cone.  

73)  C h r i s t o p h i l o s ,  P r i v a t e  Repor t  ( 1 9 5 0 ) .  
E.D. Couran t ,  M.S. L i v i n g s t o n ,  H.S. S n y d l e r ,  Phys.  Rev. 88(1952)1190  
<Aug. 21,. 
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75)  M. Chodorow, E.L. Ginz ton ,  W.W. Hansen, R.L. Kvhl. R.B. Neal ,  
W.K.H. Panof sky  and t h e  s t a f f ,  Rev. Sc .  ~ n s t r  . - g ( 1 9 5 5 ) 1 3 4  
tDec. 2 ,  1954,.  

T h i s  paper  g i v e s  a summary of t h e  l i n e a r  a c c e l e r a t o r  work a t  
S t a n f o r d  which began i n  a b o u t  1935 w i t h  W.W. Hansen. I t  was t h e  de- 
velopment of t h e  k l y s t r o n  d u r i n g  t h e  war which a l lowed t h e  de- 
velopment of t h e  h i g h  energy  LINAC a f t e r  t h e  war.  P a r t i a l  o p e r a t i o n  
of t h e  1 GeV LINAC was begun i n  1951, a t  r educed  energy .  

7 6 )  R. Armenteros ,  K . H .  Barke r ,  C .C .  B u t l e r ,  A .  Cachon, 
A.M. Chapman, Na tu re  =(1951)501 <March 3 1 , .  
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I f  t h e s e  f i r s t  Vo a n a l y s e s  established d e f i n i t e l y  two 
t y p e s  of Vo particles whlch were compa t ib le  w i t h  a  two prong 
d e c a y ,  a  t h r e e  body decay was n o t  d e f l n l t e l y  r u l e d  o u t .  Moreover 
s l n c e  1953 some "anomalous'  decays  ( s e e  f o r  example t h e  l a s t  
r e f e r e n c e  above)  seemed incompat ib le  w i t h  t h e  u s u a l  two prong 
decays .  However, t h e s e  e v e n t s  were s c a r c e  and t h i s  q u e s t l o n  made 
d e f l n l t e  p r o g r e s s  o n l y  I n  1956 ( t o p i c  112)  a f t e r  t h e  p r e d i c t i o n  
of t h e  K; ( t o p i c  1 0 1 ) .  
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<July 3,. 
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Forward dispersion relations for photons : 
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M. Gell-Mann, M.L. Goldberger and W.E. Thirring, 
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M. Gell-Mann and A. Pafs, Proc. of Glasgow Conf. on Nucleon and 
Meson Physics (1954)342 <July 13-17>. 
K. Nishijima, Prog. Th. Physics =(1955)285 cFeb. 11>. 
M. Gell-Mann, Suppl. Nuovo Cimento 4(1956)848 (Proc. of Pisa 
Conference <June 1955. 12-18>. 
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1958, see the review in : 

R. Hofstadter, F. Bumiller, M. Yearian, Rev. Mod. Phys. 
30(1958)482 <April,. 

~ee'also R. Hof stadter, Nuclear and Nucleon Structure, 
W.A. Benjamin, New York, 1963. 



97) B.P. Gregory, A. Lagarrigue, L. Leprince-Ringuet, F. Muller and 
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G.T. Reynolds and S.B. Treiman, Phys. Rev. -(1954)1089 tAug. 11,. 
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interaction : 
R.P. Feynman and M. Gell-Mann, Phys. Rev. =(1958)193 
<Sept. 16, 1957,. 
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104) M. Conversi and A. Gozzini, Nuovo Cimento 2(1955)189 <June 17,. 

105) G. Stack Collaboration r 
J.H. Davis, D. Evans, P.E. Francois, M.W. Friedlander, 
R. Hillier, P. Iredale, D. Kerfe, M.G.K. 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, 
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106) 0. Chamberlain, E.G. Segre, E.C. Wiegand, T. Ypsilantis, 
Phys. Rev. =(1955)947 <Oct. 24,. 
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Many r e f e r e n c e s  ; h e r e  o n l y  some t y p i c a l  ones .  
Sp in  p a r i t y  of t h e  7 by t h e  D a l l t z  p l o t  

R . H .  D a l i t z ,  P h i l .  Mag. 44(1953)1068 < J u l y  1, ; 
Phys.  Rev. 94(1954)1046 tFeb.  9 , -  
J .  O r e a r ,  ~ T ~ a r r i s ,  S .  T a y l o r ,  Phys.  Rev. *(1955)932 
<Aug. 22,. 

8 and 7 l i f e t i m e s  a r e  e q u a l  : 
L.W. Alvarez  and S. Goldhaber,  Nuovo Cimento 2 (1955)344  
< J u l y  7, .  
V.  itch and R. Motley,  Phys. Rev. =(1956)496 
<Nova 9 ,  1955,.  
L.W. Alvarez ,  F.S. Crawford,  M.L. Good, M.L. S tevenson ,  
Phys ,  Rev. =(1956)503 ~ N o v .  4 ,  1955, .  

8 and 7 masses a r e  e q u a l  : 
R.W. B i r g e ,  J .R.  P e t e r s o n ,  D.H.  S t o r k ,  M.N.  Whitehead, 
Phys. Rev. =(1955)430 czu ly  25, .  

108) G.F. Chew and F.E. Low, Phys.  Rev. =(1956)1570 <Nova 28, 1955, .  

109)  M. Gell-Mann, Proc.  Rochester  Conference 1956,  p a r t  8 ,  p.26 
< A p r i l  3-7,. 
M. Gell-Mann and R.P. Feynman, Phys.  Rev. =(1958)193 
< S e p t .  16 ,  1957,.  

110)  T.D. Lee and C . N .  Yang, Phys. Rev. 104(1956)254 < J u n e  22, .  
Soop+af te r  t h i s  p a p e r ,  it w a s s h o w n  t,hat. an  asymmetry of 

t h e  form up would mean n o t  o n l y  t h e  v i o l a t i o n  of p a r i t y  b u t  a l s o  
of c h a r g e  c o n j u g a t i o n .  
B.L. I o f f 6 ,  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. =(1957)340 ( J a n .  7 , .  

111) C.L. Cowan J r ,  F. Reines ,  F.B. H a r i s s o n ,  H.W.  Kruse,  
A.D.  Mac G u i r e ,  S c i e n c e  =(1956)103 < J u l y  20, .  

F i r s t  p r o j e c t  i n  1953 : 
F .  Re ines  and C.L. Cowan J r ,  Phys.  Rev. =(1953)492 <Feb.  24, 

See  a l s o  : 
F .  Re ines  and C.L. Cowan J r ,  Phys.  Rev. =(1959)273 
t S e p t .  8 ,  1958,.  

112) K. Lande, E.T. Booth,  J .  Impedugl ia ,  L.M. Lederman, 
W. Chinowsky, Phys.  Rev. =(1956)1901 < J u l y  30, .  

The same exper iment  shows t h a t  t h e s e  V - p a r t i c l e s  a r e  KO : 
K. Lande, L.M. Lederman, W. Chinowsky, Phys. Rev. *(1957)1925 
< Feb. 4 , .  

113) R .  P lano ,  N .  Samios,  M.  Schwartz  and J .  S t e i n b e r g e r ,  
Nuovo Cimento 5 (1957)216  <Nov. 1 2 ,  1956, .  

114) A.  Salam, Nuovo Cimento 5 (1957)299  (Nov. 1 5 ,  1 9 5 6 ) .  
L.D.  Landau, Sov. Phys. JETP 5(1957)337 <Dee. 11, 1956,. 
T.D. Lee and C.N. Yang, Phys. Rev. 105(1957)1671 < J a n .  1 7 , .  

The two component m a s s l e s s  f e x o n s  t.heory was a l r e a d y  
c o n s i d e r e d  by H .  Weyl, Z e i t s .  f. Phys.  %(1929)330 <May 8 , .  

115) L.D. Landau, Sov. Phys. JETP 5(1957)336  tDec. 11, 1956,.  
A .  P a i s  and S.B. Treiman, Phys. Rev. =(1957)1106 < A p r i l  18 , .  

116) D.R. Yennie, M.M. Levy and D.G.  Ravenha l l ,  
Rev. Mod. Phys.  %(1957)144 < J a n . > .  



117) G.A. Milekhin and I.L. Rozental, Sov. Phys. JETP 6(1958)154 
<Jan. 11, 1957,. 
B. Edwards, J. Losty, D.H. Perkins, K. Pinkau, J. Reynolds, 
Phil. Mag. 3(1958)237 cDec. 1, 1957,. 
0. ~inakawa-et al., Nuovo Cimento Suppl. u(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. =(1957)1413 <Jan. 15,. 

In 71 + LL decay : 
R.L. Garwin, L.M. Lederman, M. Weinrich, 
Phys. Rev. =(1957)1415 <Jan. 15,. 
J.I. Friedman and V.L. Telegdi, Phys. Rev. =(1681)1957 
<Jan. 17 > . 

119) Linear model : 
J. Schwinger, Ann. Phys. 2(1957)407 <July 31,. 

Non-linear model : 
F. Gursey, Nuovo Cimento E(1960)230 cSept. 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 LL +evv and expectations in v reactions. 
First paper : 

T.D. Lee and C.N. Yang, Phys. Rev. =(1957)1611 cAug. 27,. 

121) R.P. Feynman and M. Gell-Mann, Phys. Rev. =(1958)193 
tSevt. 16, 1957>. 
E.C:G. ~udarbhan and R.E. Marshak, Proc. Padova Venice Conference 
1957 cSept. 22-28,. 
J.J. Sakurai, Nuovo Cimento 1(1958)649 tOct. 31, 1957,. 

122) I.Ya Pomeranchuk, Sov. Phys. JETP 1(1958)499 cOct. 24, 1957,. 

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

124) M.L. Goldberger and S.B. Treiman, Phys. Rev. =(1958)1178 <Feb.lO,. 

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. =(1958)979 <July 2,. 
F.S. Crawford Jr, M. Cresti, M.L. Good, G.R. Kalbfleisch, 
M.L. Stevenson, H.K. Ticho, Phys. Rev. Lett.. &(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 KS regeneration : 
R.H. Good, R.P. Matsen, F. Muller, 0. Piccioni, W.M. Powell, 
H.S. White, W.B. Fowler and R.W. Birge, Phys. Rev. =(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. =(1959)1640 cNov. 3, 1958,. 
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128) T. Fazzini, G. Fidecaro, A.W. Merrison, H. Paul and 
A.V. Tollestrup, Phys. Rev. Lett. &(1958)247 cSept. 12,. 

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

S. Fukui and S. Miyamoto, Nuovo Cimento g(1959)113 
cSept. 26, 1958, ; J. Phys. Soc. Japan g(1961)2574 <July 27,. 

130) L.W. Alvarez, P. Eberhard, M.L. Good, W. Graziano, H.K. Ticho, 
S.G. Wojcicki, Phys. Rev. Lett. 2(59)215 cFeb. 9,. 

131) The feasibility of v beams with accelerators was mentioned 
first by : 

B. Pontecorvo, Sov. Phys. JETP g(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,. 

132) T. Regge, Nuovo Cimento =(1959)951 <July 18, ; e(1960)947 
cAug. 5,. 

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

134) PCAC derived from the 0 model : 
M. Gell-Mann and M. Levy, Nuovo Cimento =(1960)705 <Feb. 19,. 
J. Bernstein, M. Gell-Mann and L. Michel, Nuovo Cimento *(1960)560 
<Feb. 24,. 

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

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

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

136) J. Goldstone, Nuovo Cimento 19(1961)154 cSept. 8, 1960,. 
Y. Nambu and G. Jona-Lasinioy~hys. Rev. =(1961)345 
cOct. 27, 1960, ; *(1961)246 <May 10,. 

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

138) G. Charpak, F.J.M. Farley, R.L. Garwin, T. Muller, J.C. Sens, 
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