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. . Foreword 

This  bibliography i i  a r ranged in  three  par t s .  
. .  ' 

. . P a r t  I is a.chronologica1 list ing of re ferences  tbgkther with 
excerpts .  or.  comments .  

. In P a r t  II the re ferences  a r e  grouped according, to subject. 

1 In P a r t  IIJ the au thors1  names  a r e  l is ted alphabetically and keyed 
to the en t r i e s  in  P a r t  I. 1 

I The bibliography includes pape r s  on the.  subject of pion-pion. inter  - 
actions that were  known to .me  on November 7, 1961. Jf there  a r e  omissions, 

' I shall appreciate. information.on them. 
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P a r t  I: CHRONOLOGICAL LISTING 

a,  Experimental P a p e r s  

1. . L.  M. Eisberg ,  W. B.' Fowler,  R. M. Lea, W. D. Shephard, R. P. 
Shutt, A. M. Thorndyke, and W. L. Whittemore 

Phys.  Rev. 97, 797 (1955) ( rece ived  Oct. 6, 1954) 
sr - -D ~ n t e r a c c o n s  a t  1 .4  Bev 

I t .  . . This indicated a slightly g rea te r  multiplicity than predicted by 
F e s m i  St:$tisti.cal Theory. Angle and momentum distributions of emitted 
pions a re ' d i scussed  in t e r m s  of possible pion-pion interactions and excited 
nucleu~l ,  s l a l e s ,  Lut  coiiclusioi~s 011 these questions arc  uncertain. " 

2. R. Cool, 0. Piccioni, and D. Clark 
Phys. Rev. 103, 1082 (1956) ( rece ived  Apr. 30, 1956) 
P ion-ProtonTota l  C r o s s  Sections f r o m  0. 45 to 1. 9 -Bev 

". . . A pronounced maximum for  u ( = - ~ )  near.  0 .9  Bev. . . is confirmed 
by data presented here, .  . . The possibility of explaining this  maximum with 

xr'resonant pion-pion.interaction.as conjectured by Dyson and Takeda.is 
discussed. " 

~ ~ $ n  quotes. resu l t s  of Piccioni e t  al. , ear ly  experiments.  

3.  G. Maenchen, Vi .  B. Fowler,  W. M. Powe.11, and  R.. W .  Wright 
i Phys. - Rev, - 108, 850.(1957) ( rece ived  July 10, 1957) 

n - Proton  Interactions a t  5 Bev 

"The presence  of any r e  sonant pion -nuclebn o r  pion-pion . interact ions 
might be expected to yield Q distributions of varying shapes.  The s imilar i ty  
of a l l  the Q distributions indicates,  therefore,  that this  experiment  does not 
furnish evidence for  resonant interactions between p a i r s  of emitted par t ic les .  I '  

( I  think they may have a b u m p  i n  Q + - a t  400 Mev, M2" 4 .9  m . MLS) 
n n n 

4. W. D. :Walker 
Phys.  - Rev. - 108, 872 (1957) ( rece ived  July 31, 1957) 
n - Nucleon Interaction a t  4. 5 Bev 

"The angular distributions a r e  suggestive of a d i rec t  k n ~ c k o u t  of a pion 
by the incoming pion!' 

5. Alberigi, Berna.r.dini, Querzoli, Salvini, Silverman, and Stoppini ( r e  - 
ported by G. Bernardini)  , 

Ninth Annual International Conference on High Energy Phys ics ,  Kiev, 
July 15-25, 1959, Vol. 1, 42 (1960) 

Pion Photoproduction and Compton Effect on Nucleons 

"They looked a t .  t e possible production of the via t h e  two -bodies 6 reac.tion y + p -. p + p , trying to detect the kinematically well-defined 
recoiling protons. . . . The authors  consider  that a n  upper l imi t  to  th -5 peavy 
neutral  m e s o n c r o s s  section can  be put safely . . . a s  do/&< 5 X 10 cm2/sr . "  



6. G. Coldhaber, W. .Be Fowler,  S. Goldhaber, T o  F. Hoang, T o  Kaloge- 
ropoulous, and W. M. Powell 

Phys. Rev. Le t t e r s  3, 1811-41959) ( r e c e i ~ d  July 17, 1959) 
Pion-Pion Correlat ions i n  A n t i ~ r o t o n  ,Annihilation Events 

"The experimental Q~ distributions show no marked deviation f r o m  the 
calculated curves.  In view of the remarkable agreement  of the combined 
data  with the LIPS (Lorentz  Invariant Phase  Space) model, we consider  this 
model to be a good description of the overall  model. We asc r ibe  the devia- 
t ions observed i n  l ike and unlike pion p a i r s  to the presence  of additional 
pion-pion correlat ions.  " 

7. M. Blau, C. F. C a r t e r ,  and A. Peri lnut ter  
~ u o v o  cimento 14, 704 (1959) (re'ceived July 18, 1959) 
Negative Pion ~ Z e r a c t i o n s  a t  1. 3 ~ e v / c .  

j ' .  . . t he  p resen t  data  a r e  not i n  d i s a g r e e m n t  with the calculated ~ 7 r r  
in teract ions iiz s o  f a r  2 s  the l a t t e r  are .val id .  . . . . 

, .  . .- . . .  
8. W. Pe rk ins  111, J. Car i s ,  R. Kenney, and V. Perez-Mendez 

. Phys. Rev. 118, .I364 (1960) ( rece ived  Oct. 7, 1959) , , 

Pion ~ r ' o d u c ' c n  by Pions 
. . - + - :. . 

g s . .  . TT + p-t  rr + .rr + n..  . to ta l  c ross .  sections a r e  0. 14+. 10 mb a t  ,. 

260 Mev, 0.71*. 17 mb  a t  317 Mev, 1 .93&.  37 mb  a t  371. Mev; and 3.36*. 74 
m b  a t  427 Mev. These r e su l t s  indicate a much l a r g e r  c r o s s  section than 
the theoretical prediction based on the s tat ic  model. Reasonable a g r e e q k n t  
can  be obtained by the inc1usio.n of a pion-pion interaction i n ,  the: production 
mecha.ni sm,, ?' , . . 

. . 
9. V. G. Zi.nov, A. D.' Konin, S, M. Korenchenko; and. B. Pontecorvo 

Soviet physd" J E T P  11, 1233 (1960) ' ( rcccivcd Jan. 13, 1960) . . 
. 

A Search  f o r  the ijO'h.leson and a-Check of Dispersion ~ e l a t i o & s  i n  ' .  

rr -N Scattering . . 
. . . , . .  , . 

"No anomalies  in  the energy dependence of the U- (total  n--p c r o s s  
t 

sectlon) were  found which could indicate the existance of a meson with a 
m a s s  irl the range 270'to 410.Mev. I '  

. .  . 
10. I. Derado. 

Nuovo cimento 15, '853 ( 'i960) ( rece ived  Feb. 1, 1960) . 
Experimental  ~ x d e n c e  for the Pion-Pion Interaction: .at 1' Gev ' 

. "This resu l t  suggests that the maximum may occur. in  the neighborhood 
of 60 Mev i n  the c. m, s. If one a s s u m e s  this ,maximum to be rea l ,  then one 
can  calculate the energy'  of . the resonant 51-51 s ta te:  M = 4. 7. m . I t  = .- 51 

11. C. Goldhaber, S .  Goldhaber, W, . Lee,  and A. ~ a i s  . . . . 

, Phys.  Rev.' 120, 300 (1960) ( rece ived  May 16, 1960) ' 

Influence of F s e  -Einstein Statist ics,  on the Antiproton-Proton 
. . 

Annihilation P r o c e s s  



12; R. Gomez, H, .Burkhardt,  M, -Daybell, H. Ruderman, M. Sands, 
and R. Talman , . . 

. - ,  phys .  ' - ~ e v .  Le t t e r s  5; 1:70 ( 19,60).(rece'ved July 18,. 1960) b ~ v i d e n c e  Agdifist tke-~xisteiic-e 'of, the B .Me son 
~ 

. .  . - .  . . 
"This note repor ts  as attempt to observe the production of such a meson 

in  the reaction y + p -. B + p . .  . The 'measurements  yield an.upper  l imi t  
. . . . for  the c r o s s  'sec.tion: ' I  . . .. 

. . .. . 
.. . . . .  . -MB a C.  . '9. (€IB) 

OB(c. m: ) , EA,ergyof incident 
photon 

. . ' '(Mev) ( c m  ) . . .I de g ) - (Mev) 
320 3 . 2 ~  40 ,690-1000 

13. E. Pickup, F. Ay,er, and E.. 0. Salant 
Phys.  Rev. Le t t e r s  5, 161 ~ ( 1 9 6 0 ) . ( r e c e i v e d ~ ~ u l ~  27, 1960) 
Single Pion ~r'oductio; in  0.96 -Bev a -  -D. Interactions 

"No evidence of peaking, in  seen for  ~ ( a - a t ) ,  e i ther  for  forward o r  - 0 backward neutrons, nor for  a a ) for ' forward protons.: However, the Q 
distribution f o r  a -ao  in events with backwaid protons shows a distinct peak 
a t  about 325 Mev, . suggestive of 8.600-Mev resonant "di-pion" s tate  T = l  o r  
2. " 

14. A. Aba:shian, N. Booth, and K. Crowe 
Phys. Rev. Le t t e r s  5, 258 ,(1960) ( rece ived  Aug. 11, 1960; revised 

Aug. 22, 19x0) 
Possible  Anomaly in  Meson Production in.p+d Collisions 

. - 

15. J .  Button, "P: . ~ b ~ r h a r d , '  .G.',.. R. Kalbfleiskh, J.  . Lannutti, S. Limentani, 
! ... G. Lynch, B. ~ a ~ l . i < ,  M. L. ..stevenson,. and Nugyen-Xuong 

. . - . .. . . . . -, . . 
( a s  reported by F. Solmitz) ' 

Proceedings of the 1960 Annual Inte rnatio'nal Conference on High Energy 
. , Physics  a t  Rochester .. , (Conference.held Aug. 1-Sept. l ) ,  page 166. 
. , . . . .  . .  . . 

16. S . ,  Gpldhaber.; G. : ,Goldhaber, W. powell,' and R.. Si lberberg 
p h y s .  Rev. . - '121; 1525 (19'61) ( rece ived  Sept. 1, 1960) 
Antiproton Annihilations..in Propane , .. . 

". . . study j5 annihilation a t .  1. 05 ~ e v / c . .  It was observed that K-meson 
production r i s e s  sharply with inc rease  in  energy ' f r o m  4* 170, P a t  r e s t  to  
8* 1.70.:. ..the .pio,n multiplic,i.ty (<.n> = :5. O*; 2 )  w a s  not,.observed to inc rease  
appreciably with ... , ~ye~-gy. ' l : .  ,, 

. .  . . . 
1 7 .  N.E. Booth, 0. chamber la in ,  dnd  E. 'H.  ' ~ o ~ e r s  

Nuovo cimento 19, 853 ,(1961) ( rece ived  Oct. 10, 1960) 
Search for  a .  ~ e z r a l  Meson .of: Zero  I - S ~ i n  . 

. .  . r -.  ' 

18. . T.: F. Hoang, P ~ ~ s . : ' R ~ v .  - .  1.21, 1523 (1961) ( rece ived  A U ~ :  22, 1960; 
revised manuscript  received Nov. 17, 1960) 

Analysis of K-Meson Production by p Annihilation 



'9( -Me son.produc tion by jY annihilation has  been investigated using an 
i sobar  model. A comparison of the predictions of this model with the 
experimental  dat& excludes the assumption of an isobar  state .of (rr) having 

. . ( .  . a m a s s  g rea te r  than three  pion masses.. . ; .  

. . . . . . 
. . .(  . . . .  

1 9 .  J . ' G ;  ~ u s h b r o o k e  and D. ~ a d o j r i i -  .. . . 

'Phys. Rev. Le t t e r s  5 ,  567',(1960) ( rece ived  Nov. 21, 1960) 
S e a r c h  for ~ e s o n a n c e  in  r-r  Interaction in  r - N  Scattering at '  0 . 9 6 ' ~ e v '  

, - .  2 2 Reaction n ,  -p -. p + =-+nos . "4  strong peak a t  -a /p. i s  evident in  the 
spectrum-.of, all our  events. I f .  ( M  ;i: = 650 Mev. ) , . . . 

r 

20. J. A. :Ariderson, V. Bang, P. Burke, 'D. Carmony, and N. Schmidz 
Revs, .Mode-rn Phys. 33, 431 (1960)  ( r e c e i v e d ' ~ e c .  '27,. 1960) - .  
Pion-Pion Interactions 

21, N. E. Booth, .A. Abashian, and K. M. 'Crowe 
Revs. Modern Phys. 3 3 ,  393 (1961) ( ' r e c e i ~ ~ d  Dtc.  27, .1960.) . - ' 

Double Meson P r o d u c r o n  in  'Prdtun-Deuteron C o l l i ~ i o n s  
. .  . .  . . 

22. G. ~oldh,a$er.  and W. Lee  , . . . 
, Revs. Modern'Phys.  33, 402 (1961) ( rece ived  Dec. 27,,. 1960) 
,r'-r Correlat ions.  in. jT-p~nnih i la t ion  

. . , , y ,ex'bt ~ ( c d s  6 j 0) 
Number of pion P a i r s  . - - - llr , 

N(cos 8 < 0) 
rr 

752 like 1 . 2 3 * . 1 0  . 

unlike 15 04 2.18 * . 12 

23. E. 0. Salant, E. Pickup, D. K. Kobinson, and B. A. Pvluilir 
Revs. Modern Phvs. 33 .  435 (1961) ( rece ived  Dec. 27. 1960) 
Pion-Pion ~ n t e r a c t i o n s a n d  Pion  roda action Branching ~ a t i o k  a t  the 

Thi rd  Resonance 

'24; B. A. Muni-r, E. Pickup, Do K. Robinson, and E.  0. Salant , 

Phys. Rev. Let te rs ,  6, 192 (1961) ( rece ived  Jan.  30, 1961) 
Pion Production ~ r a n F h i n ~  Rat ios  Through the 900 -Mev Resonance. 

3 .  25. K. Berkleman, G. Corte l lessa ,  and, A. Reale .. 

Phys.  Rev. ~ e t t g r s  , 234,(1961) ( rece ived  Feb. 8, 1961) 
s e a r c h  fo r  the w i n  Photo Production 

0 .O . . 

! 'The.a (+  r, .t y )  p&oto productibn yield ' in  the p resen t  experiment  is 
l e s s  than . l /30  of the r yield a t  the same  energy and aligle and i s  ce r t a in -  
ly  sma l l  compared with the d i rec t  double -pion yield. " 

26. D. N. 01 son, H. F. , Schopper, and R. R. Wilson 
Phys. Rev. ~ e t t e r s  6, 286 (1961) ( rece ived  Feb. 15, 1.961) 
Electi-omagnctic p r o p e r t i e s  of the Pro ton  and Neutron"' 
. . 



27.. R. Hofstadter and R. Herman 
Phys. Rev. Le t t e r s  6, 293.(1961) (received Feb. 15, 1961) 
Elec t r ic  and ~ a ~ n e t i ' c  Structure of the Pro ton  and.Neutron 

28. R. Hofstadter, C. Ikv r i e s ,  and Robert  Herman 
Phys. Rev. Le t t e r s  6, 290.(1961) (received ~ e b .  15, 1961) . Dirac and Paul i  ~ o r m  Fac to r s  of the Neutron 

29. J. Anderson, V. Bang, P. Burke, Do Carmony, and N. Schmitz 
Phys. Rev. Le t t e r s  6., 365 (1961) (received March 2, 1961) 
Experimental C r o s s  s e c t i o n  .on the n-n 1nte.raction 

9 

"Our da ta .do  show a r i s e  i n  the. IT-n c r  s s  section s tar t ing a t  w t  = 17, 9 reaching a value of the o rde r  of 200mb a t  r 2 0  to 22.. . However, i n  this 
region of  ,d2 our  extrapolation distance begins to get l a r g e r ,  making the 
extrapolation procedure l e s s  conclusive. " 

30. Y.  A.:Batusov, S. A. Bunyatov, V. M. Sidorov, and V. A. Y a r r a  
Zhur. Eksptl. i Teoret .  Fiz. 40, 1528 (1961); Sov. Phys.  J E T P  - 13, 

1070 (1961) (received- arch 16, 1961) 
Ratio of nN 4 nnN Reaction C r o s s  Sections of 290 Mev and IT-n Interaction 

"The data of the p resen t  work contradict  the assumption that there  
ex is t s  a resonance in  the interaction of two n mesons a t  a total energy of 
310* 10 Mev i n  a T = 1 state. The interaction in  a T = 0 state s e e m s  to dominate.'" 

n n 

31. Y.  K. Akimoy, V:T, Kgmarov, K. S. Marish, 0. V. Savchenko, and 
L. M. Soroko 

Zhur, Eksptli  i Teo'ret. Fiz. 40, 1532 (1961); Soviet Phys. J E T P  - 13, 
1073 (1961) ( r e c e i v e d m a r c h  22, 1961b 

Search for  Anomalies in  the,Spec,truqof the H Nuclei Emit ted in  the 
Reaction p + d -. H' + tr" + ir" a t  a Pro ton  Energy of 670 Mev 

";.; . The resu l t s  obtained h e r e  do not confirm the existence of a 
. resonance of two n mesons  in  the T = 1 state  and total energy f r o m  275 to 
420 Mev. and a l so  allow u s  to exclude the exi.stence of w part ic le  with T, = 1 
and Mass  z .310 Mevos.', 

32. Do Robinson, B. Munir, E. -Pickup, and E.. Salant 
Bull. Am. Phys. Soc. 6, 301 (1961); Meeting of American Physical  

Society, ~ash'i'~ton,' Pip'ril 24 -27, 1961 
Single Pion Production in  n- -pro ton  Collisions a t  0 .9 and 1. 1 Bev 

"The.momentum distributions of the protons and the neutrons a t  both 
energ ies  (1 .1  Bev. n- and 0.9 Bev n-) have low energy groups i n  d i sag ree -  
ment  with the predictions of the s tat is t ical .and s tandard . i sobar  theor ies  
of pion production. The signifidance of '  these r e su l t s  with re ference  to 
nucleon i sobar  and pion-pion interact ions will be discussed. " 

" 
. .. , , 

,33. A, R. Erwin,  R. 'March, W. D ,  Walker, and E.  West 
Phys. Rev. L e t t e r s  6, .62.8 (1961) ( rece ived  May 11, 1961) 
Evidence for  a T - . r r  ~ S s o n a n c e  i n  the T = 1 .  J = 1 State 

- - 

"The r e su l t s  indicate a peak i n  the.neighborhood of 750 Mev wi h a I width of 15 0 -200 Mev, which . i s  about 3/4 of what it would be ,(12n h ) 



for  a , resonance  i n  the I = 1, J = 1 state. ' I  . 
. . 

34. W. Walker, H. Fechter ;  .R. March, D. Lyon, P. Satterblom, and 
A. Erwin  

Bull. A m P h y s .  Soc. 6, 311,(1961) .. 

IT-p Interactions a t  1; 97 ~ e v / c  - 
35. D. Stonehill, C. Baltay, H.' courant ,  W. Fickinger,  E: C. Fowler 

H. Kraybill ,  J .  Sandweiss; J .  Sanford, and H. Taft 
Phys.  Rev. L e t t e r s  6, 624(1961) ( rece ived  Mqy 12, 1961) 
Pion-Pion I n t e r a c t i o l  in  Pion Producti0.n by .rr -p Collisions 

- 

". . . If charge i n d e p ~ n d ~ n c e  i s  assumed,  a r e q o p n c e  in  I = 2 s ta te  
should appear  8070 as nn IT react ions and 20% IT IT . We conclude that 
the interact ion responsible  for  thc observed peaks i s  overwhelmingly in  the 
s tate  I = 1, and possibly not a t  all  in the I = 2. .  . the data  a r e  not inconsistent 
with a single resonance with w between 5. 0 and 5.5,  corresponding to a 
total dipion m a s s  of 700 to 770 Mev. The full width a.t half maximum appears  
to be = 90 Mev. (The  r m s  e r r o r  i n  the determination of Q values is l e s s  
than 10 Mev. ) I 1  I 

36: N. E .  Booth, A. Abashian, and K. Crowe 
P h y s . ,  Rev, L e t t e r s  7, 35 (1961) (received June .  12, 1961) 

. : Anomaly i n  Me son ~ G d u c  tion in. p. + d Collisions ' 

37. .R. M, Li t tauer ,  H. I?. Schopper, and R. R. Wilson 
Phys.  Rev. Le t t e r s  7, 141 (1961) ( rece ived  July 21, 1961) 
~ c a t t c i i n g  of Bev ~ l g c t r o n s  by I-Iydrogen and Deuterium 

38.  R, M. Littauer,  H. F. Schopper , and R. R. Wilson 
Pkiys. Rev. L e t t c r s  7, 144 (1961) ( rece ived  July 21, 1961) 
Structure of the ~ r o t % ~ r  and Neutron 

39. B, C. MagliC, G. K. Kalbfleisch, and M. L. Stevenson 
Phys. Rev. L e t t e r s  7, 137 ( rece ived  July 27, 1961) 
Charge ~ s ~ m m e t r i e s  i n  the Angular Distribution of IT and K Mesons 

f r o m  Antiproton Annihilations in Flight 

"It ,will not be possible,  however, to qbtain a: quantitative &nswer a s  
to the importance of the Bose effect and/or IT-IT interaction without fur ther  
extensive studies. ' I  

40, M. Fer ro-Luzzi ,  D. H. Miller,  J. J. Murray, A. H. Rosenfeld, and 
R. D. Tr ipp  

Nuovo cimento ( to  be published) (UCRL-9798, Aug. 4, 1961) 
Analysis of 1347 7- Decays 

41. B. ~ a g l i 6 ,  L. W. Alvarez,  A. H. Rosenfeld, and M. L. Stevenson 
Phys. Rev. L e t t e r s  7, 178 (.1961) ( rece ived  Aug. 14, 1961) . 
Evidence for  a T = 0 - ~ h r e e  -Pion Resonance 



42. E. Pickup, D. K. Robinson,,and E. 0. Salant 
Phys. Rev. Le t t e r s  7, 192 (196.1) ( received Aug. 14, 1961) 
n-n Resonance in.rr--> Interactions a t  1. 25 Bev 

2 2 "We obtain 0 = 95 mb  a t  the peak, w = 29 p ( Q  = 475 * 10 Mev,. 
M = 755 Mev).  he f u l l  width a t  half max i's '130. Mev. These.values 
and the values determined a t  1. 74 Bev by Erwin e t  al. (Ref. 33) agree  with- 

. i n  statigtics (the ,Adair analysis)  i s  suggestive of J = 1 rather.  than . la rger  
2 J values which would give higher 'powers of cos  a. " 

43. A. Pevsner ,  KO Kraemer ,  M. Nussbaum, P. Schlein, M. Block, 
A. Kovacs, 'and'C. Meltzer 

( P r e p r i n t  received by compi e r  Sept. 12, 1961) i 
Three -Pion Resonances in  tr + d Reactions 

M. L: Stevens.on, Lo  We Pilvarez, B. C. Maglik, and A. H. Rosenfeld 
' Phys. K ~ V .  Jan. 15, 1.962 (UCRL-9856, Sept. 15, 1961) 

. . . . Spin, and Pa r i ty  of the q Meson 

45.: 'N. Xuong and G. R. Lynch 
.Phyi .  R ~ G :  ~ e t t e r s '  7, 327 (8961) ( r ece ived  Sept. 15, 1961) 
Evidknce Coizfirrnik< the T = 0 Three-Pio'n Resonance 

46. Yu. K. Akimov, V. I. Komarov, K. S. Marish,  0. V. Savchenko, 
and L o  M. Soroko 

Dubna Report 0-714, 1961 + 0 
n-n Anomalies of thc H -Spec l ru rn  in Reaction p + d -+ H~ +.n + n 

.at the Pro ton  Energy of 670 Mev 
, . 

"1. The = e s d t s  obtained in. these experiments  do not confirm the 
exiQtence:of .the nlr resonance 'in the s ta tes  with T = l . ' for .the interval. of 
the total energy i n  c. m. s o  of two mesons f r o m  =" 2 7 5 u p t o 4 0 0 M e v .  ' 

They allow a lso  to conclude that there  ex is t s  no w part ic le  with T = 1 and 
the. m a s s  of 3 10 Mev. + 0 

3 2. Comparison of the reactions p + d - H~ + n + n and p + d -. 
He +,  n +.a shows that the o fdr two-pion production i n  T = .  0 exceeds 
.approximately by an o r d e r  of. magnitude that with T . = 1 to M = 400 Mev. 

nn nn 
. . 

47. R. Barlontaud, C. Choquet, C. Gensollen, J. Heughebaert, A. Leveque, 
J. Meyer, and.@. Viale 

Presented  a t  the International Conference on Elementary Pa r t i c l e s  
a t  Aix-en-Provence, France  t received by compiler Sept. 14, 

. 196X) 
Pi0.n Product ion  by Positibe Pions a t  820 and 900 Mev 
, .. 

,48,. . ' I  J. ~ i r ~ , :  J', SchWar.tzp, and R. Tripp 
Sub,mi!ted to .Phys.  Rev. (UCRL-9935,,Nov. 6, 1961) 
I = ' 2  S- wave Pidn-Pion Scattering Length 

+ + 
. "We found that the c r o s s  section for  the react ion n + p + nt + n + n 

D 
. (at  475 ~ e v / c )  i s  0. 12+. 01 mb. A Chew-.Low extrapolation gives 
.a < 0. 15 ?Y for  the I = 2 scattering length."' 

2' n 



b. Theoretical Papers  . 

49. I. I. Pomeranchuk 
I3okla.d~ Akad. Nauk S .  S .  S. R. 7'8, 889 (1951) - 

50. 0. Pjccinni 
Third 'Annual Rochester Conference un High Energy Physics, Deeembcr, 

1952 . 
Private communication on T-T interaction 

See also Byson, Ref;. 56, and Kovacs, Ref, 51. 

51. J .  S. Kovacs 
Phys. Rev. 93, 252 (1954) (received Nov. 6, 1953) 
The ~ n g u l a r C o r  relation of Me sons Prodlrced in Inelastic Me son-Nucleon 

Collisions 
1 I In high-energy me son -nucleon collisions in which two mesons appear 

in  the final state,  any appreciable correlation in the angle between outgoing 
mesons will be strongly dependent upon the relative strengths of the meson- 
nucleon and me son -me son coupling. " (He thanks Piccioni for stimulating 
the work. ) 

52. A. N. Mitra and F. J: Dyson 
Phys. Rev. 90, 372 ,(1953) (received Jan. 22, 1953) 
Evidence for-~irect Me son-Meson Interaction 

"Our calculations. confirm that no long-range forces a r e  predicted by 
meson theory except a s  the resul t  of a direct  meson-meson i n t e r a c t i ~ n ,  
thus giving the possibility of obtaining this interaction from the experiments. " 

53. Marc Ross 
Phys. Rev. 95, 1687 (1954) (received July 30;'. 1954) 
Me s o n - ~ e s o y ~ n t e r a c t i o n  in  Meson Scattering " 

- - -- 

"It shall be assumed that the meson-nucleon scattering a r i s e s  f r o m  
two sources:  A, the rrieson-nucleon interactiotl neglecting any meson -me son 
collisions. . . and B, meson interaction direcll  with thc mesons of t h e  
nucleons proper field. 

54. H. Miyazawa 
.Phys. Rev. 97, 1399 (1955). (received Nov. 22, 1954) 
Strong-Coupling Theory for the Case of Pseudoscalar Coupling 

' I . .  . A strong-coupling approximation i s  employed to diagonalize the 
Hamiltonian a t  each point. The vacuum i s  represented by a se t  of rotators  
each having excited states.  Propagation of this excitation through the lattice 
points has  the character  of part icles  which a r e  identified a s  pions and ex- 
cited s ta tes  of pions. " 



55. M. H. Johnson and.E. Tel le r  
Phys. Rev. 98, 7 8 3  (1955) (received Jan. 26, 1955) 
Field ~ h e o r v o f  Nuclear F o r c e s  . 

. . 

5&, '  F. J. Dyson 
Phys. ~ e v ' :  99, 1037 (1955) ( rece ived  May.23, 1955) 

I ' 

L. Second ~ a x i z u m  in  .the Negative Pidn Scattering C r o s s  Section 
. . .  - + 

. I n t e r ~ r e t s  the ear lv  nieasurements  of IT -.P and ir -p total c r o s s  section 
s. * - .  

as possible evidence for  a r e  sonant .state of two pions. "(This idea was 
suggested.by 0. Piccioni.  severa l  y e a r s  ago, be.fore any experiments  
existed to:  s q p o r t  it. ) , I1 .  

. Dvson ,reasoned .that since the resonance didn't show up in  the total . I t t c r o s s  section for n p, i t  was evidence for a* to be I=O,  2 is ince IT p * 
doesn't have i t s  IT in  I .: 0. ) 

57. D. Ito and S. ~ i n a m i  
P rogr .  Theoret. Phys. (Kyoto) l4 ,482 (1955) ( rece ived  July 20, 1955) 
On the Angular Distribution of Double Pion Production i n  Pion-Nucleon 

Collisions a t  1.4 Bev 

"If we assume that pion-pion interaction plays a more  important role 
a s  i s '  do'ne'by K'ovacs, both postulates 1 and 11 a r e  fulfilled. I '  

58. Go Takeda 
Phys. Rev. 100, 440 (1955) (received Aug. 9,  1955) 

, , - 
stronk,  Pion-Pion Interaction Model Applied to Pion-Nucleon Scattering 

. . i n  1 -Bev Region . . 

As suGptions : 
(1 )  Nucleon a compound. sys tem with one pion i n  cloud. 
( 2 )  Strong 'inte.raction between inciqent IT and cloud pion. 
(3)  Incident pion and nucleon core  don't interact.  
Prediction: T = 1, J = 1. 

59. S. Z. Belenkv. and L. D. Landau 
Uspekhi Fiz.  Nauk.56, 309 (1955) and Nuovo cimento 3, Supplement 15 - - 

, :(1956) . 
Hydrodynamical Theory of the Multiple Production of Pa r t i c l e s  
Following . . c r i t i c i sm of Ferrni  model : 

l l ~ ~ m e . ~ f m  his  (Fe , rmi)  assumptions and quantitative calculations a r e  not 
convincing.. . Thus, .  his a s se r t ion  that the number of par t ic les  in  a nuclear  
s ta r .  2s determined. by the number of par t ic les  c rea ted  in  the volume V a t  the 
moment of~colli.sion i s  unfoun'ded. Owing to high density of the par t ic les  and 
to.  s t rong ihterac tion between them, one. cannot real ly  speak.  of the i r  number 
a t  that moment. Actually the sys t em expands and the number of par t ic les  
.becomes definite only when the interaction between them becomes small(.'!) 
This  h a s  been pointed out by Pomeranchuk ('Doklady Akad. Nauk. S. S. S. R. 
78, 889 (195 1). " ; . : . . - 

. , 

60. He Duerr  and E. Teller  
Phys. Rev, - 101;495 (1955) ( rece ived  Nov, 9, 1955) 
Interaction of Antiprotons with Nuclear Fields  



61. S. Z. Belenky 
Nuclear Phys. 2 ,  259 ( 1956). (received July 17, 1956) 
Connection ~ e t w e e n  Scattering and Multiple Production of Part icles 

lVAccording to Fe rmivs  theory, multiple production of particles in high 
energy collisions should be determined by the statistical weight .of the r e s -  
pective state. In th.9 pres&nt i ive  itigation the statistical weight is 'calcula- 
ted with- account o f  mutual interaction of pairs  uf pairticl&s a&d i t  ' i a  ohown 
that in. this  caseathe scattering phase of the interacting particles is, involved 
a s  a -characteristic of the .interaction. In resona.nce scattering the effect 
of the interaction . .  . reduces to the :appearance of an intermediate llis.obaric!' 
state wilich would be included 'in .the statistical theory. " Beautiful paper!'! 
Landau example : : .Partition functions: . Z discrete states; Z continuous 
states:  '. ' '. 

1' 2 

' 2 
. .  . 

r = r l + a  2; z 2 1 J i t  - a p  F X P ~ - ~  . / m ~ i d ~ ,  . . 
? . .  . 

- .  . . 
w h e . ~  3 ( p )  = scattering phase. -- . .. . r For resonances = tIO t a r c  tan - 2: 

Q En-E'  z 2  = ( 2 9  + 1) exp(-po / m ~ ,  
u 

where 7 O i s  a nonresonant phase. In effect, yl acts  just like a discrete , I 
particle. 

62. E. Teller . 

. . . Proceedings . . . . . ! .  of 'sixth Annual' Conference on ~ i g h - E n e r g ~  Nuclear 'physics, 
. . . .  . . .- Rochester (Conference held Apr. 3-7, 1956), p. VII - 18;' 

Proposed Explanation of Strong ~ n t i n u c l e o n - ~ u c l e u ' s  Interaction 

63, I. Dyatlov, V. Sudakov, and K. Ter-Martirosyan I 

Snv ie t  Physa JETP 2, 631 (1957) (received Dec. 18, 1955) 
Asymptotic Me son-Meson Scattering Theory 

64. G. Sudarshan 
Phys, Rev, 103, 777 (1956) (received Feb. 27, 1956) 
Annihilation of Antiriucleons 

"In this note, the expected T -  and K-me son multipljcation~ resulting 
f rom the annihilation of a nucleon pair a t  r es t  have been calculated on the 
basis of two versions of the statistical theory, the Fermi  and the 
Pomeranchuk -Landau models. The Fermi  model yields smaller pion 
multiplicities and la rger  probabilities for K -meson pai rs  than does the 
Pomeranchuk -Landau model. Volume of interaction should be replaced , 

by Q s  = 1$2, where Q, -is effective volume of interaction for a single pion. 
This then introduces an additional factor (n)  into the statistical factor. 
This weights higher mhtipl ici t ie  s. l1  

. > . . 
65.: H. Duerr . . 

Phys. Rev. 403, 469 (1956) (received March 30, 1956) . - .  - 
Relativistic Effects in Nuclear Forces  

. . 



66."S.' Z. Belenkii 
Zhur. Eksptl. i Teoret. Fiz. 1171 (1957); Soviet Phys. J E T P  - 5, 952 

., (1957) (received July 5, 1956) 
* Relation Between Scattering and Multiple Par t ic le  Production 

". . . In resonance scattering, the effect of the scat ter ing reduces to the 
appearance of an  intermediate '  s i sobar ic9  s tate  which should be included in  
the statist ical  theory. " 

67. A. N. Mitra and R. Po Saxena 
. Phys. Rev. - 108, 1083 (1957) ( rece ived  Feb. 25, 1957) 

Me son-Me son Interaction i n  the Bethe Ga lpe te r  Approximation 

68. Yo. Nambu 
Phys. Rev. - 106, 1366 (1957) (received April 25, 1957) 
Possible  Existence of a H e a w  Neutral Meson 
- 

. . 
"In an attempt to account for  the charge distributions of the proton 

and neutron a s  indicated by the electron scat ter ing experiments  we would 
like to consider the possibility that there  may be a heavy neutral  meson .. 
which.can contribute to the f o r m  factor of the nucleon. We assume  this  
meson, i s  a vector field'with isotopic spin ze ro  and a m a s s  two to 
three t imes  that of the ordinary pion, coupled strongly to the nucleon field. 
It should be added that the neutral  meson considered h e r e  i s  s imi lar  in  
nature to the one introduced by Tel ler  for  quite different purposes (Refs.  55, 
60, 62, 64). 

69. T o  Goto 
Nuovo cimento 8. 625 (1958) ( rece ived  Oct. 9, 1957) 
Pion-Pion 1nter;c tion gnd Multiple Pion Production i n  Nucleon-Anti - 

nucleon Annihilation P r o c e s s  

"The multiple pion production in  antinucleon-nucleon annihilation p ro  - 
c e s s  is investigated by. means  of the s tat is t ical  theory with the s t rong pion- 
pion interaction, The charac ter i s t ics  of the isobar  s ta te  of two pions a r e  

. 

determined f r o m  the observed momei~t i lm distribution of a nucleon in  the 
react ion n- + p + N + 2.n a t  1 Gev o r  f r o m  the theories  of Takeda, Dyson, 
and Miyazawa. I t  

G. Takeda (Ref, 61 and F. Dyson (Ref. 56) proposed n-IT 
interaction to explain the "second maximum" i n  (3 total' 'P)O 

". . .One of the most  elegant methods that included the effects of final 
interact ions i n  F e r m i D s  s tat is t ical  theory was proposed by Belenkii (Nuclear 
phys;  - 2;259 (19565"  By looking a t  normal  spec t rum of proton in 
n- + p + N + n- + a he predic ts  Qnn = 350 to 400 Mev o r  M 670. Makes 

nn 
specific reference to j5 + p 4 3n. Quite a paper! 

70. G. I?. Chew; Robert  Karplus,  So Gasiorowicz, and F. Zachariasen . 

Phys. Rev. - 110, 265 (1958) ( rece ived  Nov. 25, 1957) 
Electromagnetic Structure of the Nucleon i n  Local-Field Theory 

"It i s  argued that the main contributor to the, magnetic moment s t ruc ture  
in  the spec t ra l  distribution must  be the two-pion state,  and a n  at tempt  i s  ': 
made to evaluate this  contribution in  t e r m s  of the known behavior of pion- 



nucleon scattering. It i s  emphasized that the large observed charge radius 
of the proton does not imply the dominance of the two-pion state in the charge 
structure. Thus i t  i s  not impossible that higher mass  configurations 
supply the isotopic scalar  charge needed to explain the small neutron-electron 
interaction. 

71- Eo Eberlc 
Nuovo cimento 8, 610 (1958) (received March 26, 1958) 
Pion Multiplicity in  Antinucleon Annihilation 

"Pion multiplicity in  antinucleon annihilation has  been calculated using 
DysonDs hypothesis of pion-pion resonance interaction (T=O). The pcrcent- 
age of K mesons was also evaluated supposing that their volun~e of 
interaction has a radius given by the Cornpton wave length of K meeons, 
Results a r e  in reasonable agreement with expcrimental data. " 

2W.) = 1 * . . . ]  

Kn T i s  the coefficient that takes into account the conservation of total 
isdtopic spin; the  various K have been calculated by Yeivin and DeShalit. 

The statistical weights ns have to be calculated a s  i f  the final 'state 
contained 
n pions, 
(n-2)  p5ons plus a "particles' W 

9' (n-4)  pions plus two "particlesq Wo, 
and so on. 

72. S. N. Gupta 
Phys. Rev, 11 1, 1698 (1958) (received May 19, 1958) 
Pion ~ r o d u c t i o n  in  High-Energy Processes  

"Tt. i s  shown that the high-energy experiments on pion production favor 
ra ther  -than ru1.e out the possibility of the existence of a new highly urislalle 

8 
0 ne t ra l  scalar  meson (the m e ~ o n ) ' ~ .  . . the p meson can decay only a s  + 

LT o r  IT + W - .  

73.  Po Federbush; M. Lo Goldberger, and S. B. Treiman 
Phys. Rev. - 112, 642 (1958) (received June 6, 1958) 
Electromagnetic Structure of the Nucleon 

(Only remarks  relevent to 3n a r e  emphasized he re )  
! '!;;. The leas t  massive state which contributes to the .isotopic sca lar  

propert ies .  of nucleons. is the three-pion state; and one would expect this 
state to be .the most  important one in  determining the isotopic sca lar  
magnetic moment and the mean square radii. 

This matr ix  element t ransforms like a psuedo ,(axial) vector. 



"In conclusion, there remain a t  leas t  the following four alternatives: (1)  The 
experiments a r e  wrong and the proton charge radius i s  very small (this would 
obviously be the nicest solution for theoreticians). ' .(2) The two -pion state is 
.grossly mistreated in our theory so that one gets a la rge  vector charge 
radius, and necessary isotopic scalar  quantities ultimately appear, p re -  
sumably f rom the three-pion state. (3)  States of uncomputable complexity 
a r e  important. (4)  Our whole dispersion approach i s  wrong. The l a s t  
possibility would be catastrophic. ' I ,  

74. V. I. Rustkin 
' Zhur. Eksptl. i Teore t  Fiz. 36, 164 (1959); Soviet Phys. J E T P  - 9, 

113 (1959) (received ~ r n e  14, 1958) 
Effects. of a d e  sonant Pion-Pion Interaction in Fermigs '  Statistical 

Theorv of M u l t i ~ l e  Part icle  Production 

"The statistical theory of Fermi  i s  applied to n--p scattering a t  4. 5 
Bev, including effects of a possiblc resonant interaction between two pions. I '  

75. R, W. Huff 
Phys. Rev. - 112, 1021 (1958) (received June 16, 1958) 
Neutral Vector Meson and Nucleon Fo rm Factors  and Magnetic Moments 

"The existence of the heahy neutral vector meson recently suggested 
By Nambu i s  sti-rdied a s  a possible explanation.of two phenomena, (1 )  the 
small charge root-mean-square radius of the neutron ,:,:-and ('2) the nucle'on 
anomal'ous' magnetic moments. " 

76. S. D. Drell 
Proceedings. of 1958 Annual International Conference .on High-Energy 

Physics a t -  CERN (June 30, 1958), pp. 20-33 
Nucleon Structure 

77. C. Goebel 
Phys. Rev. Let ters  1, 337 (1958) (received Aug. 25, 1958) 
Determination of they-= Interaction Strength f rom n-N Scattering 

s f b o n g  the effects  which can be qualitatively argued to be a resul t  of the 
n-n interaction a r e  the following: 

( a )  nonresonant behavior of i=1/2 s-wave phase shift a t  low energy. . . ; 
(b)  the positive value of 6 above =, 200 Mev and the positive r i se  of 
the i = 1/2 scattering amp+?tude in  the region 200 to 500 Mev; 
( bv )  the large  value of the meson production c ro s s  section near  th res  - 
hold i n  the i=1/2 state but - not in  the i = 3/2; 
( c )  the m k i m u m  of the total c ro s s  section in  the i = 1/2 state a t  O,9 
Bev (the "second" maximum); 
(d)  the large  size of the high-energy total c r o s s  section, and the 
subsequent backward peaking of the nucleonvs angular distribution in  
both elastic and inelastic events of low multiplicity. I '  

78. L. B. OkunD and I. Yo Pomeranchuk 
Zhur. Eksptl. i Teoret. Fiz. 36, -300 (1959); Soviet Phys. J E T P  - 9, 

207 ,(1959) (received sept. 20, 1958) 
3 Peripher'al Interactions between Elementary Par t ic les  



79. Y. Fuj i i  
P r o g r .  Theoret. Phys. (Kyoto) 21, 232  (1959) (received Oct. 9, 1958) 
On the Analogy Between Strong l z e r a c t i o n s  and Electrornagrxetic 

Inte'rac tion 

"According to Sakata ls  composite hypothesis of heavy part ic les ,  we 
a s s u m e  that the fundamenth1 par t ic les  do not change their  kind through 
strong.interactio11.. .If we a s sume  that the phase f~i-nction depends on the 
space-t ime coordinate,  i t  l eads  to the existence of a neutral  vector meson 
analogous to the electromagnetic field, the m a s s  of which need not always 

.vanish. I t s  consequences a r e  examined and found to be quite favorable for  
the interpretat ion of the s t rong interactior-. In par t icular ,  i t  l eads  to the 
conservation 1,aw of par i ty  ,in strong interact ions and the condition for the 
existence of the composite state. ' I  

80. G. F. Chew and F'. E. Low 
Phys. Rev. - 113,, 1640 (1959) ( rece ived  Nov. 3 ,  1958) 
Unstable P a r t i c l e s  as Targe ts  in Scattering Experiments  

". . . The method i s  useful for unstable par t ic les  f r o m  which f r ee  t a rge t s  
' 

cannot be made; the special  exa~l lp les  of pion and ineutron t a rge t s  are d i s -  
cussed  i.n detail. " 

81. S. N. Gupta 
Phys.  Rev. - 111, 1436 (1958) ( rece ived  April 28, 1958) a l so  Phys. Rev. 

L e t t e r s  2, 124 (1959) ( recc ived  Dec. 19, 1958) 
Effect of Strange ?ar t ic les  on Magnetic Moments of Nucleons; Theory of 

SDin-OL-bit Interaction in  Nuclear F o r c e s  

"The effect of heavy m.esons on the anomalous magnetic moments  of 
nucleons is  discussed. The present  investigation suggests that (a)  K mesons  
behave a s  pseudoscalar  par t ic les  in  s t rong interact ions,  and (b) there  ex is t s  
a hi ther to unobserved highly unstable heavy neutral  s ca la r  meson, which 
is coupled strongly to the nucleons. " 

,82. K. ishida.  
P r o g r .  Theoret,  Phys. (Kyoto) 25, 797 (1961) ( rece ived  Jan.  11, 1959) 
The Effect of the Pion-Pion ~ n t e r a c t i o n  on the Pion-Nucleon Scattering 

"It i s  suggested that the low -energy pion-nucleon p -wave phase shif ts  
will be well understood by taking into account the effects of not only the 
pion-pion P-wave interact ion but a l so  the pion-pion S-wave interaction into 
the equations for  the p-wave scat ter ing amplitudes der ived by Chew, Gold- 
be rge r ,  Low, and Nambu. ': 

83. A. A. A n s e l r m  and,V. N. Gribov 
Zhur. Eksptl. 1 Teoret .  Fiz. 3 b ,  1890 (1959) ( rece ived  Jan.  19, 1959); 

Soviet Phys. J E T P  9 , 7 3 4 5  (1959) 
- 

On the Possibi l i ty  of ~ e t e r ~ n i n ~  .the n-n Scattering Amplitudes f r o m  the 
Analysis of the y + p 9 N + n + n Reactions Near Threshold - + -  

"It i s  shown that a s t~ idy  of y + p -. p + n + n , 0. 0 
pi-17 + a ,  n + n S + a  0 

nea r  threshold allows the Ietermination of the rr-n zero-energy scat ter ing 
ampli tudes i f  the n-T interact ion has  r e so r~ance  cha rac te r ,  and the de te r -  
mination of a ce r t a in  combination of these amplitudes i f  the interact ion 
does  not have resonance charac ter .  " 



84. B. Bosco and V. De Alfaro 
Phys. Rev. 115, 215 (1959) (receive.d Feb. 2, 1959) . . '. 

Three -Pion c n t r i b u t i o n  t6 the Electromagnetic ~ t r u c t i r e  .of the 
Nucleon . . , ... -. 

.. . . . ! 

85.. ' A, A. 'Anself: . and V. N. Gribov ' 
. . t 

'Zhur. EEsptl, i: Teoret. 'Fii.. 37, 501, ,(1959); Soviet Phys. J E T P  - 10, 
3 5 4  (1960) (received March 9, 1959) . 

On the Possibility of Dcitlrmining the Amplitude for ~ h a r ~ e - ~ x c h a n ~ e  
- Pion-Pion'Scattering f rom an Analysis of the a' t p -. N + n ' t  s' 

Reaction Near Threshold . .  . .  

86;' W: R. ' F r a z e r  and J. R. "Fulco . . 

" . "Phyd, Rev. Letters 2, 365.,(1959) (received March 25, 1959) 
Effk'ct. df a p i o n - ~ i o z  Scattering. Resonance. on Nucleon Structure', . + 

, . (see.  alsd ~ e f .  ' 107~) . . 

+ : 

87. V. I., ~ u s ' k i n  
. .  . Zhur. Eksptl. i Teoret. Fiz. 37, 105 (1959); Soviet Phys. JETP -, 10, 

74 (1960),(r&ceived ~ G c h  31, 1.959) ' .  . - 
n -p Interaction a t  1.4 Bev 

"The statistical theory of Fermi ,  taking -into account the resonance be - 
tween a pion and a nucleon a s  the resonance interaction bet,ween two nlmesons, 
i's'used to explain the experimental re,sults 'of the sr-p interaction a t  1:4 Bev. " 

88.; B; S. Thomas  and W. G. ~ o l l a d a y  . . . . . 
Phys. Rev. 115, 1329 (195:) (received' ~ ~ r i l  6, 1959) . , 

. Pion-Plon 1nGac t i on  in 7 Meson Decav 
. . 

89. V. S. Barashenkov and V. M. ~a l , tYev  
. Z h u r .  Eksptl. i Teoret. Fiz. 37,  884-(1959-1; Soviet Phys. JETP - 1'0, 

630 (1960)',(received May 2.0, 1959) 
Resonance Interaction of Pions 

-- ~p - 

". , . available experimental data can, within the l imi ts  of experimental 
e r r o r ,  be explained without employing the hypothesis of resonance .+-+ 
interaction. " . . 

. . 

90. D. Ito, M. Y arnazaki, T. ~ o b a ~ a s h i ,  and K. Mori 

. . Progr.  Theor. Phys. .(Kyoto) 22, 448 .( 1959) (received May 28, "1959) 
. ' pion Production in Pion-Nucleon 'Collision with Assumption of -Strong 

. . Pion-Pion. Interaction 1 . . . 

"We have only tr ied the simplest type of pion-pion interaction; therefore, 
we cannot, conclude anything definite about the evidence of strong pion-pion 
interaction. ''4 ' ' . #  ' 

. . . . , . 

. " . . . . . . . . , 

. . . . . .  , , .  . 



91. Y. Yamaguchi 
P rogr .  Theoret. Phys. .(Kyoto) Suppl. 11, (1959) ( rece ived  June 1 7 ,  1959) 
A Compo site Theory of ~ l e m e n t a r ~ . ~ a r s l e . s  

"A coinposite theory of par t ic les  i s  investigated, based on six fundamental 
pa r t i c l e s  (p,  n, A, v, e ,  and p). We assume  three  types of interaction, very 
s t rong (VSI), moderately strong (MSI), and weak ( WI) interaction, be s ides  
electromagnetic couplings. The VSI i s  global (i. e. , completely symmet r i -  
ca l  with respec t  to p, n, and A) and gives r i s e  to major  p a r t s  of baryonic 
m a s s  but is missing among the leptons. This is why leptons a r e  so  light. 
This  VSI is a l so  responsible for  creat ion of var ious bound s tates ,  pions, 
kaons,  etc. f r o m  baryon-antibaryon pa i rs .  If there  were  only VSI, m a s s e s  
of n, p, A and those of pion and kaon would be equal. The charge-independent 
MSI spl i ts  the m a s s  degeneracies  between nucleons and A, pions and kaons, 
etc.  and a l so  (e ,  v )  and muon. We can  conclude that the kaon is pseudo- 
sca la r  and the A- Z and = - N  relative parity must  be odd, where the Z o r  = 
is the bound s tate  of A + W + N o r  A + + A. There  a r e  open possibil i t ies 
of existence of baryons and mesons with higher valucs of s t rangeness .  The 
Feynman-Gell-Mann Theory of weak interactions can  be consistently 
t r a n s f e r r e d  into our scheme. Finally, the possible existence of extremely 
weak interact ions is speculated (metastabili ty of mat te r  and charge non- 
conservation).  I '  

92. S. Sawada and M. Yonezawa 
P r o g r .  Theoret.  Phys.  (Kyoto) 22, 610 (1959) ( rece ived  June 22, 1959) 
On the Possible  Role of TO - ~ e s K  in  Decay P r o c e s s  

n l u 
They analyzed.the e l ec t ronenergy  spec t rum.ofKe  assur1L11g.11 1iiass 

z35O Mes. 3 

9 3 .  M. Sugawara and A. ~ a n a z a w a  
Phys. Rev. - 115, 1310 (1959) ( recc ived  July 2, 1959) 
Meson-Meson Scattering T e r m  i n  Pseudoscalar  -Pseudoscalar  Meson 

Theory 

94. V. So Barashenkov 
Zhur. Eksptl. i Teoret.  P'iz. 3 ' / ,  1464 (1959); 3uvicL Phys. J E T P  - 10, 

1038 (1959) ( r e c e i v e d J u l y  13, 1959) 
Angular Asymmetry  i n  T, N Collisions and T, .rr Interaction 

95. I. Sato, A. Takahashi and Y. Ueda 
, P r o g r .  Theoret.  Phys.  (Kyoto) 22,  617 (1959) ( rece ived  July 20, 1959) 
P rope r t i e s  of the Pion-Pion ~ n t e r a c t i o n  Derived f r o m  the Analysis 

of Pion-Nucleon Scat ter ings 
I I . . .we  are  l e d  to the conclusion that i n  the isotopic spin s tate  I = 0 

of the pion-pion sys'tem, the pion-pion interact ion i s  Bt tract ive and i t s  
s t rength is such that the scat ter ing length i s  of the same o r d e r  of magnitude 
as the  pion Compton wave length, and that in  the isotopic spin s tate  I = 1, 
the interact ion is a lso  at t radt ive and i s  of s t rength a t  l e a s t  comparable  to 
that of the pion-nucleon interact ion i n  the (3,  3) state. l 1  



96. A. D. Galanin 
Zhur. Eksptl. j: Teoret.  Fiz.  38, 243 (1960); Soviet Phys.  J E T P  . - 11, 

. . . . . .  177,(196,0) .(received July 22, ,l9.59) . . .  
- . On ~ e s b n - ~ i l c l e o n  Sc.attering 'in . ~ a r ~ e  Orbital Angular. Momentum 

States  
. . . . . . . .  .- 

. . i .  : . . . 
. . !I..:. i f  the assu'mptioh i s  made that the nn scat ter ing amplitude exhibits . ,  

. nq iesbnance .at  lqw knergies,  . . then a disagreement  , .  with. e x p e r i m e n t i s  : . . . '  . 
obtained. I!, . . . . . . .  

. , 

97. M. Ikeda, S; ogawa, a n d . ~ .  Ohnuki 
P r o g r .  Theoret. Phys. (Kyoto) 22, 715 (1959) ( rece ived  July 28. 1959)  
A Poss ib le  Symmetry in ~ a k a t a ' s ~ o d e l  for Bosons-Baryons System 

. . . .  . - ":.'. F r n m ' o u r  theory the' following a r e  obtained: 
-:(a). iso-s inglet  +'l - m e s o n  s t a t e ,  ivhicp i s  a pseudo -scalar ;  exis ts ,  0 
(b )  the. spin of payticle may be ( 3 / 2 )  , .and 
( c )  severa l  resonating s t a t e s , i n . ~ -  and n-nucleon.scattering a r e  

anticipated to exist. 

98. V. S. Barashenkov , , 
. Nuclear Phys. 15. 486 (19.60) ( rece ived  Aug. 4, 1959)' . 
I . .  . . Nonelasti= ~ o l l i s i o n s  of F a s t  n Mesons with.Nucleons and per iphera l  

.. 8 

~ T T  Interactions 
. . .  . . . . ,  . . .  , . . 

: . .  ..'I... . An est imate 0 . 9 .N i s  obtained for  the c r o s s  . . section o f  (,nn) 
inte.ractions a t  .E > 1 ~e"v:. .. " 

99. F. Cerulus ~. . 
Nuovo cimento 14, 827 (195.9) ( rcceived Aug. 21, 1959) 
Consequences oTa Strong n-n.Interacti,on in the Statist ical  Theory of 

p -p Annihilation 

"The F e r m i  s tat is t ical  model for multiple par t ic le  production .is applied 
t'b 't$k p :p.a&ihil'ation p rocess ;  . .  .calculations a r e  performed for.  th ree  
a:; iurhpiio.ns oh the Ti--?r ihterac'tion, vi.z, , ( a )  a strong resonance in  the s tate  
1 = 1, T = I with total energy 4m=; ( b )  the same with total energy 3Mi,; 
( c )  no interactions.  , Multiplicities and spec t ra  for  2, 4, and 6-prong s t a r s  
a r e  coAhGted. The ir-'ir i sobar  s well with experiment,  
taking. Bn inte r ac  tion'volume ' 

, - .  
\ 

The two-prong spec t rum shows a h u m p  ;round 7.60 Mev kinetic energy. " 

100. v.- I. Rus'kin and P. A. Usik . . 

Zhur. Eksptl.. i Teoret.  Fiz.  38, 929 (1960) ; Soviet Phys,  J E T P  - .  11, 
'669 (1960') ( received Sept. 18, 1959) 

. : 

. . .  
' . The' Significa&e of 's t rangq p a r t i c l e s  i n  F e r m i ' s  Statistical '  Theory ". 

"It i s  shown that account of resonance interaction. of two n mesons  in  
Fe rmi f . s  statist ical  model pe rmi t s  one to explain a number of experimental 

. . 
fac ts . .  . " 

I ' :  . . . . 
. , . . . . .  . . .  . . 



101.5. Wess . , 

Nuovo cimento 15,'5'2 (1960). ( iec&ved Sept. 21, 1959). : ' . 

Investigation o f t h e  Invariance. Group i n  thg_T.hree Fundamental Fields  
., . s . Model ' . . . . .  . . . . - .  

"For a theory in  which elementary par t ic les  a r e  represented  by products 
of  fundamental fields,  consequences of an  invariance group a r e  investigated. 
The invariance group i s  the t h e e  -by -three unitary group.. Tensor  -calculus 
i s  used to investigate the representations.  Quantum numbers  a r e  defined 
and i t  is t r ied  to identify ce r t a in  famil ies  of e lementary par t ic les  with 
i r reducib le  representations.  

102. K. Igi ' 

P r o g r .  Theoret.  Phys.  (Kyoto) 23, 170 (1960) (received Sept. 23, 1959) 
Possibil i ty for  o r  Against the ~ x i s t e n c e  of a Neutral Scalar  Meson 

It. . . The neutral  s ca la r  meson, even if i t  existed at all ,  would play 
only a minor  role  i n  the world of s t rong interactions.  If 

103. R. Hagedorn 
Nuovo cimento 15, 246 (1960) (received Sept. 26, 1959) 
Pa r t i c l e  ~ r o d u c x o n  i n  6:2 -Gev p -p Collisions Trea ted  by a Statist ical  

.. Model 

". . . the r e su l t  ( inclusion of T-IT interaction) leads  to disagreement  with: 
expe'riments. . . I t  is ha rd  to find a reason which ru les  out rr-T interact ions 
innucleon-nucleon collisioqs,  but makes i t  important  in  annihilations. " 

104. S. Okubo 
Phys. Rev. - 118, 357 (1960) ( rece ived  Sept. 28, 1959) 
Pion-Pion and Pion-Kaon Scattering 

1.05. Y. .  Fujii  and S. Furuichi  
Pr.ogr. Theoret.  Phys.  ( ~ ~ o t o . )  23, 251 (1960) ( rece ived  Oct. : 2 ,  1959). 
cont r ibut ions  f r o m  the ~ h r e e - ~ z n  State to the Axial Vector Coupling 

. . . ' , , Constailts in  p Decay 

It. . ' .The 'thre'e-pion s tate  is considered as the simple.st  s ta te  whiCh 
might improve the r e su l t  of 'the s ta t ic  theory which gives GA/GV < '1. .'. 
106. W. F r a z e r  and J .  Fulco 

Phys.  Rev. ..1.17, 1603 (1960) ( rece ived  Oct. - 9, 1959.) . , 

par t ia l -wave-~is~ers ion  Relations for  the P r o c e s s  IT + T + N + 
"The ,problems of pion-nudeon and nucleon-nucleon scat ter ing and 

nukleon electromagnetic s t ruc ture  'involve -the ma t r ix  element  for  two pions 
producing a nucleon~antinucleon pair .  By use  of the Mandelstam rep resen ta -  
tion; we were ablk to wri te  dispersion relat ions for  the partial .wave. 
scat ter ing ampl i t ides-  of. this  process .  .'.I 

I , . '  -. . . . - . . . . 

,107. W. F r a z e r  and J .  R. Fulco 
Phys. Rev. - 117, 1609 (1960) ( rece ived  Oct. 9, 1959) 
Effect of a Pion-Pion Scattering Resonance on Nucleon Structure.  11. 
(See also Ref. 86. ) 



is shown that a resonance of suitable position and width in the J = 1, . . 
I = 1 state of the pion-pion syste.? .can bring the dispersion theoretic 
calculation of.,the isotopic -vec.$or part  of the nucleon electromagnetic struc - 
ture~into .  ag.reemint with .kxceiimeJrtb,..  he calculation of the .isotopic - 
vector par t  of the nucleon form factors involves in f i ~ s t  approximation 
the pion form factor and the matrix element for the production by two pions 
of a nuclean-antinucleon pair. For the pion fo-rm factor we used a skrni-' 
phenomenological solutibn based on the. work of Chew and ~ a n d e l s t a k - a n d  
involving two parameters related to the position and width of the resonance. 
For the a. + .rr .+;N + amplitude we used the results of the preceding 

.: . . . .  ' paper. s? 
0 ' .  . . 

108.5. Hamilton and W;.. S. Woolcock 
Phys. Rev. - kl3, 291 (1760) (received Oct. 22, 1959) 
Low-Energy Pion Phenomena ...... .- , . , , . , , ",..- . -. 
Iq. . '. The pqssibility of detecting a. a * - ~  interaction by low -e.nergy pion 

sckttk *ing . i s  examined. " 
. . . . ... 

. . 

' :  . ,109; Vo Mo Maksime.nko 
:Zhur. Eksptl. i Teoret. Fiz. 38, 652;  Soviet Phys. J E T P  11, 469 (1960) - 

(received Nov. 96;1959$ 
On the Question. of a. Re sonant a?r Interaction 

". . . the angular correlation 9f.a meso s i s  analyzed for the case of - 8 stopped antinucleons. .:. p t . p  +-a + a + n , + N +- 3.a9 and + N . 3  (3 + a + . , 3a. : . . . . : . .  ; .  . . 

. . Final state X = O  . . . , .  . T : = l  1 = 2  

1 10. Bonsignori and Selleri 
~uovo-c iknnto  1.5, 465 (1960) (received Nov, 24, 1959) 
Pion Cloud ~ f f e z s  in  Pion Production Experiments 

- ,  ,'..','A simp1e:model i s  proposed.for the study of single pion production in 
collisipns of -a .generic p a r t i ~ l e - . ~ ' a ~ ~  on a target nucleon. The model consists 
essential1.y in neglecting all  interactions but the one between the incoming ' 

particle and a single pion of the nucleon cloud. Application to a recent , . 

pion production experiment in  proton-proton collision by the Birmingham 
group gives support to the p1ausi:bility of the idea. Another application to 
the.,;experiment by; th.e. Bologna igr oup give s . qualitative evidence of pion - 
pion interaction. ~ x ~ e r i ~ e n t d  d a h  suggest a pion-pion c ros s  section 

. . - .  
of the order  of 10 mbi 

'' 

. . -  . . . . . . . .  . * . . . . . . . . 
....... . .  , 

I ' . .  . . . . .  . . . . 
. . .  . ' . . - t . : . . . . . .  



11 1. M. L. Goldberger and R. Oehme 
Ann. Phvs.  1s.. 153 (1960) ( rece ived  Dec. 7, 1959) . . 

~ ~ ~ l i c a t i o n  G i - ~ i s ~ e r s i o n  Rel.ations to Nucleon-Nucleon Scattering: 
The Two -Pion Contribution 

112. M, Baker and F. Zachariasen 
Phys. Xev. 118, 1659 (1960) received Dec. 21, 1959) 
Pion-Pion Scattering in the Theory 

"Pion-pion scat ter ing has  been calculated using the determinantal 
method, assuming that a relativistic (X/4) (yiy4)2 coupling i s  responsible 
for  the interaction..  . The bes t  f i t  of X obtained by t h i ~  fit is unfortunately 
s o  l a rge  that the validity of the deterlninantal method is doubtful. I '  

113. T. Sakuma 
P r o g r .  Theoret. Phys. (Kyoto) 23, 810 (1960) ( rece ived  Dec. 25, 1959) 
Pion-Pion Interaction and Pion ~ r o d u c t i o n  in  Pion-Nucleon Collision -- 

"The evidence for the sr--rr inleraction is investigated by considering the 
angular distribution of nucleons in pion production by pion-nucleon collision. I '  

114. G. F. Chew 
Phys. Rev, Le t t e r s  4, 142 (1960) (received Dec. 28, 1959) 
Three  -Pion ~ e s o n a n c e  o r  Bound State . 

"The purpose of this note i s  to point out that i t  i s  not unreasonable to 
expect a three-pion resonance o r  even a bound s tate  a t  roughly the same 
energy a s  the two-pion resonance. The essent ial  point is that i n  the 
par t icu lar  three  -pion s tate  involved i n  e l ec t ro~~ iagne t i c  s t ruc ture ,  each 
p a i r  of pions feels  the same strong at t ract ive force a s  that producing the 
two-pion resonance. The three-pion s tate  has  1 = 0, J = 1 and odd parity. .  . 
such-a vector meson h a s  been discussed by IVambu. 

.L I 

Ref. 70, Ref. 73. 

' ~ e f .  68. 

115. A. I. Lebedev and V, A. Petrun1kj.n 
Soviet Phys.  J E T P  11, 962 (1960) ( rece ived  Jan. 3, 1960) 
Format ion  of pions 'i=-N Collisions 
11 . . . i t  i s  possible to descr ibe  the.experimenta1 data just  as well without 

taking into account the meson-meson interaction, but including.instead in 
the s tat is t ical  theory the e'ffedt of the finite width of the i sobar  which.decays 
to give. .rr mesons. "' 

116. KO Ishida, A. Takahashi, and Y. Ueda 
Progr .  Theoret.  Phys.  (Kyoto),23, 731 (1961) ( rece ived  Jan. 6, 1960) 

, Pion-Pion Interaction a n d . ~ i o n - N u c l e o n  Scattering 

"In the isotopic spin s tate  I = 0 ( S  wave) of pion-pion sys t em pion-pion 
interact ion i s  a t t ract ive and the scat ter ing lenght is of the o r d e r  of one pion 
Compton wave length, while in-the I = 1 (P  wave) of pion-pion s tate  a definte 
conclusion could not be obtained. " 



11 7. ,M. L. Good and W. G. Holladay , . 
phys.  Rev. . ~ e t t k r . s  4, 138 (1960) , ( iece iyed  Jan. 11, 1960) . : . +  

. 'T  = 1/2 Selection Ruli  and K + Decay , . . . 2n t . 
, . .  . . . " .. . . - . L  ' I  

. . . ,  . . . . . 

I t .  . . A di i= . repkcy ' ,of  . , , 100  ih the r a t e s  exists.. i f  the T = 1/2 rule .iC; 
taken to be. &a.ct:. The 'p:bint we, wish tb make he re  i s  that there  i s  a , , : :' 
na tuxh  ,res,olution of this discfepancy in  the recently proposed strong 

' 

at t ract ion .. between , . two'pions ili the T =2, J = .O s tate a t  low energy. . . 
. . .  . . 

I. 

1 1 8. G. F. Chew and S .  , Mapdel s t a m  ' 

' 

Phys. Rev. - 119, 467 (1960) ( rece ived  Jan. 18, 1960) 
.  theory o.f the Low -Energy Pion-Pion Interaction 

"The double dispe'rsion r ep r .  is applied to the problem of IT-n scattering, 
'.and 'i.$.is .shown .that,. i f  inelastic effects a r e  important only a t  very high . 
. ene'rgies.and.S-wave scat ter ing 'dominates  a t  low energy, a se t  of integral .  
equations for the lbw-energy amplitudes can  be derived. .  . I '  

11 9. G. Chew, S. Mandelstam, and H. P. Noyes 
Phys. Rev. - 119, 478 (1960) ( rece ived  Jan. 18, 1960) 
S-Wave Dominant Solutions of the Pion-Pion Integral Equations . 

- -- 

"The integral equations for  pion-pion scat ter ing formulated by Chew 
and Mandelstam a r e  put into a ' f o r m  suitable for numerical solution. " 

. , . . 
12'0. I. M; Dr.emin. . . 

Suviet P h y s .  J E T P  12 ,  94 (1961) ( rece ived  Fie'b. 196U) 
Per iphera l  In terac t i rns  Between n Mesons and Nucleons a t  High Ener 'gies 

12 1. M. Cini and S. Fubini 
Ann. Phys: 10, 352 (1960) ( rece ived  Feb. 1, 1960) 
Theory of ~ o w - ~ n e r g ~  Scattering in  Field Theory 

I t .  . . i t  issprobable that a' resonance in  the T = 1, J = 1 state  i s  indeed 
compatible with the equations. We believe, however, that the two p a r a -  
m e t e r s  of such a resonance a r e  not deteimined by the equations. Whether 
such a resonance does exis t  cannot ' therefore be decided by studying the 
pion-pion problem alone,,  but r a the r  by investigating the. effect of such a 
resonance . . in  all, other phenomena involving pions a s  virtual s ta tes .  I t  

. . . . 

122. A. A. Ans,elfm . . 

. .. Soviet Phys. J E T P  11, 1,356 (1960) (received Feb. 2, 1960) 
Solution of ~ ~ u a t i o n f o r  the Meson-Meson Scattering Amplitude in  the 

Asymptotic Region 

123. V. A. ~o lkuf iov ,  'L. B. 0kuA9, A .  P. Rudik, and V. V. Sudakov 
Soviet Phys.  J E T P  12, 242 (1961) ( rece ived  Feb. 6, 1960) (P resen ted  

: .  ' ' ' by Rudikkatthe '1960 Rochester Conference on High-Energy 
1 .  : . . Physics)  ' ' .  

-Neare s t  Singular:Poi'nts i n  the Pion -Pion Scattering P rob lem 
. . . . , . r , :  . .  ' .  . . . 

124. J; 'Sakurai  - . . . . 
~ & a l s  of8Phys ics  III:,. 1 (1960) ( ' received Feb. 26, 1960) 
Theory .of Strong InTeractions 



"It i s  assuming that our  theory satisfied simultaneously almost  all the 
principles that have been proposed on simple theoretical grounds by various 
deep thidccrs  of elementary particle physics. The theory i s ,  in  a cer tain 
sense,  founded on Heisenberg's conviction that besides the selection ru les  
and the invariance principles the only other guiding principle should be 
simplicity. It explains the profound idea anticipated by Schwinger that 
internal  attributes such a s  baryonic charge ( = his  nucleonic charge)  should 
have 'dynamical manifestations. ' It fulfills the d r e a m  of Wigner and 
Gell-Mann that there  ought to  exis t  a universal coupling related to baryon 
conservation. It  answers  Paul i ' s  question in January 1957 'Why does the 
Lord  sti l l  appear to be right-left sylnlnetric when he expresses  himself 
s t rongly? ' and a t  the same time sat isf ies  Lee and Yang who argue that a 
satisfactory answer to Paul i ' s  question should not depend on the detailed 
s t ruc ture  of the interaction Lagrangian. It rea l izes  both the P a i s  principle 
of economy of constants and the P a i s  principle of a hierarchy of interactions 
in  a natural and elegant manner,  and i t  somehow reminds u s  of Feynman's 
r e m a r k  that one should generate new ideas by asking what would happen 
i f  h is tory were different. " 

125. J. Dowcock, N. Cottingham, and D. Lurie  
Nuovo cimento 16, 918 (1960) (received March 15, 1960) 
Effect of a ~ i o n y ~ i o n  Scattering Resonance on Low-Energy Pion-  

N u c l e ~ n  Scattering 

"By suitable choice of pion-pion resonance pa ramete r s  we were  able 
to fit both the experimental pion-nucleon phase shifts and the nucleon 
electromagnetic fo rm factors.  " I 

126. N. N. Khuri and S. B. Tre iman 
Phys.  Rev. - 119, 1115 (19604 (received March 16, 1960) 
Pion-Pion Scattering and K + 3sr Decays 
11 . . . . ai - a E 0. 7 in  units of the pion Compton wave length. ' I  

. . - .  0 

127. D. Amati, E .  Leader ,  and B. Vitale 
Nuovo cimento 17, 68 (1960) (received March 21, 1960) 
Theory of ~ o w - % e r ~ ~  ivucleon-I\Tucleon Scattering. I. 

". . . The spectral  functions a r e  calculated using unitarity both in the 
nucleon-nucleon and in the nucleon-antinucleon channels. In the l a t t e r  the 
two-pion contribution is calculated in  t e r m s  of pion-nucleon scattering 
and contains amplitudes character izing the low waves of the Nm -. 2.rr process .  " 

128. J. J. Sakurai 
Nuovo cimento 16, 388 (1960) (received March 24, 1960) 
Pion R e s o n a n c e s  

'.'The three  pions that a r e  capable of producing anythi'rig.like the hard  
c o r e  effect must  necessari ly  be correlated.  Using an  elementary argument  
one can  convince oneself that, if the repulsive co re  (at t ract ive well) in  
N N ( N ~ )  interactions is to exis t  i n  all  angular momentum and pari ty  s ta tes  
i t  must  be due to a state which has  the same symmetry proper t ies  asva 
neutral vectcjr meson.(  T = 0, J = 1, odd Gxonjugation pari ty)  coupled to the 



nucleon,via an  effectixe vector -type coupling. We can  readily construct  
+ ' -  u 

,a ? ST a (but not a 3aV sys tem)  with the des i red  ~ ~ m m e t r ~ ' ~ r o p e r t i e s .  In 
this manner we a r e  led  to the view that there  ex is t s  a three  -pion resonance 

129. E. V.. Teodorovich 
, Soviet Phys. JE.TP 12, 334 (1.961) (reckived   arch 24, 1960) ' ' 

~ i o h  -pior; 1nte r a c  t i onand  the Elec tromanne tic Structure of the Nucleon 
-- 

130.. .F.' Seller.i . . . \  I .  . 3 .  I 

Nuovo cimento 16, 775 (196.0.) ( received :March 30, 1960) 
Evidence for  T~ Pion-Pion Resonances 

". . . In this note we want to point out,, that a careful analysis  of the 
existing experimental information" on high energy rr* -p scattering suggests  
the existence of two pion-pion resonances i n  the isotopic spin s ta tes  I = 1 
and.1 = 2. F i r s t  of all we will d i scuss  the 0.9-Gev maximum in  a-. We 
w:ill s e e  .that ,the only explanation 'of i t  which doe s not contradict  any : 

'A:: &xi-sting experimental- fact i s  i n  t e r m s  of a strong. pion-pion interaction. in  : 
the:I '= 1 state,  i n  full agreement  with cu r ren t  theoretical ideas (Chew and 
Mandel~tami,. Ref. 118; F r a z e r  and Fulco, Refs. 86, 107). Noting, . fur ther-  

.!rhore, tlie .striking s imilar i ty  between this maximum and the one i n  a- a t  
1. 3 Gev, we w<ll deduce the I = 2 fi-n resonance should exis t ,  " 

. . 

' 13 1. K. Itabashi, M. Kato, K. Nakagawa, and G. Takeda 
Progr::Theoret. 'Phys., (Kyoto) 24; 529 (1960) ( rece ived  April 5, 1960) 

. .  : . . . . 
. . .  '. (also'.gi.ven a t  1960 . ~ o c h e s t e r  Conference) 
 h he'   he or^ of the ~ u c l e d n  ~ e i e l  Structure in  T e r m s  of the rr-rr Resonance 

. >  

:,.. : ' : . !a : ;"The . . t h k o ~ ? ~  .is based on'two. strong interac.tions,. the usual static pion- 
niicleori inter'artion and th.e. pion-pion resonant interaction in T = J =;1 state. " 

. .'. a . .' . .. . . > ' .  
132. W. F r a z e r  and J. Fulco' . . I .  . 

Phys. Rev. - 119; 1420 (19.60) ( ,rei=eived April 8, 1960) 
Par t ia l  - Wave Dispersion Relations for Pion-Nucleon.Scattering 

. . 

133. R. F. Sawyer and K. C, W a l i  . . ' 

! , . f t  . .  . Phys. . .  Rev. 119, 1429 .(1960).(received April 11, 1960) .- 
Pion:-;Pion Interactions' in  7 and 7' Decays ' 

. : 

134. P. Car ru the r s  and H. A. Bethe ; 
. Phys. Rev. Le t t e r s  4, 536 (1960) (received April 18, 1960) 

,Role of t h e  n-rr ~ n t e r a c t i o n  i n  High-Energy rr-Nucleon 'Interactions 
- - -- - -- - 

! ,  . 
"The rat io  of the t . =  1 rr-rr amplitude to the t = 0 rr-rr amplitude, as 

deduced.from r = a ( n  t -)/a(p-0),  goes through a distinct maximum near  ; 

900 Mev. We consider this to' be evidence for the. t = 4 rr-si resonance 
suggested.by F r a z e r  and ~ u l c o .  " : I 

. . . .  . . . 
. . 

135. j. J. ' ~ a k k r a i  . . 
Phys. Re?. - i19; 1784 (1960) (received April 18, 1960) 

' .: 'sp%n-0rbit Force  and a ' ~ e u t r a 1  Vector Meson 
. 

. i , ,  . . . . 
L . . .  . . .. _I 



A 
"The coefficient of ( U  + 0 ). n in the pp scat ter ing amplitude a t  310 

-1 -2 
Mev can  be completely accounted for by a strongly interacting neutral  vector 
meson ( o r  a sha rp  three-pion rescnance in the T = 0, J = ' 1  s ta te)  of m a s s  
= 3pll to 4pll ." 
I. 3 6.  K. Hiida and N. Nakanishi 

P rogr .  Theoret  Phy-s. (Kyoto) 24, 414 (1960.) ( received ~ ~ r i l  23, 1Y6U) 
I E lectromagnet ic  Structure of t h e ~ u c l e o n .  V. 

"Numerical r e  su1 . t~ .  of the  IT- state contributions to the i sosca lar  p a r t  
of the electromagnetic s t ruc ture  of the nucleon. I '  

137. B. W. Lee and M. T. Vaughn 
Phys. Rev. L e t t e r s  4, 578 (1960) (received April 25, 1960) 
P- Wave Resonance in Pion-Pion Scattering 

". . . If one a s s u m e s  the existence of a vector boson of isotopic spin 
one, which in terac ts  with the isotopic vector p a r t  of the pion cu r ren t  in the 
Lagrangian, and i n s i s t s  LhaL Lhe ~ .e l lu~ .~ i i a l i zed  ma3 3 of thc PO ~tul8te.d particbe 
be l a r g e r  than twice the pion m a s s ,  then the part ic le  will become unstable 
and one h a s  not changed the selection ru les  of the theory f r o m  those of the 
conventional pseudoscalar  meson theory. Such a theory, on the other hand, 
will necessar i ly  predic t  a p wave resonance in  pion-pion scattering; I '  

138. V. I. Gol'danskii and V. M. Maksimenko 
Soviet Phys. J E T P  12, 584 (1961) (received April 26, 1960) 
The Hypothesis of t h y ~ e u t r a l  p Meson in  Light of Data on Pro ton-  

Antiproton Annihilation - + - U 
"The data present ly available on the yield of IT , .rr and IT mesons during 

'0 annihilations a r e  inconsistent with the existence of a TO (+2y) meson  with 
a m a s s  sma l l e r  than 3. 5 m and a l so  with the existence of a! IT' (4 3y) 

IT 
mgson with a m a s s  sma l l e r  than 5.5 mIT. On the other hand 

10 

p + IT' + n-  + y does not contradict  the experimental data. 

139. M. Sugawbra and A. Kanazawa 
Phys. Rcv. 119, 2074, (1960) ( rece ived  M.ay 4, 1960) 
Me son-Meson Scattering T e r m  and Low-Energy Pion-Nucleon Scattering 

140. A.. N. Mitra  
Nuclear Phys.  18, 502 (-1960) ( rece ived  May 16, 1960) 
Pion-Pion E f f e c x  i n  r Decay 

". . . An I = 0 interact ion is by no means  ruled out by experiment. " 

141. Go Brei t  
Phys.  Rev. - 120, 287 (1960) ( rece ived  May 27, 1960) 
Nucleon-Nucleon Spin-Orbit Interaction and the Repulsive Core  

"Recent proposals  to explain the phenomenological repulsive c o r e  and 
spin-orbit  interaction in  nucleon-nucleon scat ter ing i n  t e r m s  of a vector  
m e  son field a r e  digcus sed. . . A f i t  to the Bryan potential indicated a m a s s  
of the vector meson between 9m, and 12mIT. " Bre i t  r e f e r s  to the W a s  a 
"heavy photon!' (See a l so  G. Brei t ,  Proc .  Natl. Acad. Sci. - 46, 746 (1960)) 



142. S. C. Frautschi  and J. D. Walecka 
Phys. Rev. - 120, 1486 (1960) (receivdd June 6, 1960) . 
Pion-Nucleon Scattering in  the Mandel s t a m  ~ e p r e  sentation 

143. F. Salzman and G; Salzman . . 

Phys. ~ e v :  - 120, 599 (1'960) (received June 6, 1960) 
Pion Production f r o m  n- + p Collisions in  the Long-Range Interaction 

, . ?  Model '. .. . 
. . ".'. ; t h i ~ , . ~ i o n  exchange leads,  in  single pion production, to an "excited 

state" n which decays  into two pions. . . ' I  

144.Y. ~ a t u k o v ,  S. Bunyatov, V. Sidorov, and V. Yarba . . 
Soviet Phys.  J E T P  12 354 (1961) (received June ,8 ,  1960) 
Determination of theyPCharge Exchange C r o s s  S e c t i q n i f o i ~ i o n - p i o n  

. .  . .Collision f rom the Analysis of the n + p + n + nr.+ n 
" . ) Reaction a t  ,290 Mev . . - . .  

r 1 .. 1 
. . .  . . . . 

a a a -a 1ni;ial reaction' 
2 0 2 0 . . ( '  . -- 

' +  
z 1 7'' nt + n - :  t n-  (Thomas  2nd Holladiy) 

- - +  
. ., 

' -(0.35* i .30).  n + p , +  n + n + n (Thks work) 
. .  . . .  . . 

-0.48 -0. 8 0. 3 K' + 3n (Sawyer and Wali) 
. . 

- U . 3 . . :  . . .  - 1 ' , ,  - .  
0. '7 .. . K' + 3n (Kuhri and Treim+n) 

' 

. .  ,. . . , . ... . 

1 + N:+ .rr + N (.Efremov, Mescheryokov, 
. . and ~ h l r k o b ,  JET'P) 

and Ueda) 

145. S. Kamefuchi 
2 - , Nuclear Phys.: 18, 691 (1960) (received June 7, 1960) 

On Salamz9,s ~ ~ u E a l e n c e  Theorem in  Vector Me son Theory 
1 .  

' " ~ b k e  co&ments , a re .  . . made on renormalizabili ty of vector meson 
fields. ",, . . . . , .  . . 

. *  . . . . 
146. V. S. Barashenkov 

Nuklear Phys. 22, 71 (1961) (r.eceived June 10, 1960) 
Inelastic ~ n t e r a z i o n s  of n .Mesons with Nucleons a t  6. 8 Gev 

". . .within the accuracy of present-day theo.ry and experiment there  
i s  no. need to take the resonant a-n interaction into account in  the analysis  
of (n,  N) and (N, N) collisions. " 

. . . . 

147. Y. Miyamoto 
P rogr .  Theoret. Phys. (Kyoto) - 24, 840 ( 1960) (rece'ived June 11, 1960) 
P- Wave Pion-Pion Interaction : -  . 

. . . . . -  . 



"P-wave pion-pion resonance formula is derived by 'both the Chew- 
Mandelstam theory and the chain approximation. " 

148.A. N. Mitra, R. P. Saxena, and P. Narayanasiwamy 
Nuclear Phys,  20, 491 (1960) (received June 16, 1960) 
A Note on n-n Interaction 

"The numerical  solutions of the r - n  equations.. . a g r e e  qualitatively 
with the predictions and suggest that the I = 0 interaction (which has  the 
l a r g e r  coupling p a r a m e t e r )  gives a resonance a t  a much higher energy 
than I = 2. " 

149. D. Amati, E. Leader ,  and B. Vitale 
Nuovo cimento 18, 409 (1960) (received July 20, 1960) 
Theory of LOW-rnergy Nucleon-Nucleon Scattering. 11. High Waves 

"These formulae contain explicitly the effect of the Born t e r m  and 
r e  scat ter ing cor rec t ions  i n  pion-nucleon scattering as well as the effect 
of a possible pion-pion interaction. I '  

' 150. P. . A. Usik.and V. I. Rus'kin 
Soviet Physics  J E T P  12, 1200 (1961) (received June 21,1960) 
Per iphera l  ir -rr ~ n t e r a x i o n s  Between..High:Energy Nucleons 

151. J. So Ball 
Phys.  Rev. Le t t e r s  5, 73 (1960) (received June 27, 1960) 
Effect of the P ion-pion  Resonance on the Negiative-Positive Ratio - .- 

152. Ding-chang Hsien, .Tso-hsiu Ho, and W. ZGllner 
Soviet Phys. J E T P  12, 1165 (1961) ( rece ived  June 31, 1960) 
Low -Energy I n t e g r a ~ ~ ~ u a t i o n s  for n-n Scattering 

"A cr i t ical  analysis  of the Chew -Mandelstam equations for n-a 
sca t te r ing  is presented. " 

15 3. A. V. Efremov,  V, A. Me shcheryakov, D. V. Sh.irkov, and Hun-yuan 
T 5u 

Nuclear Phys.  22, 202 (196 ) (received July 1, 1960) (presented by 
D. V. Shirkov,  1960 Rochester Conference).  

The Derivations df the a -n  and n-N Scattering f r o m  the Mandelstam 
Repre  sentation 

Expt. Theory 2MJIO = 0.12 

a 
3 1 -0.032*. 002 -0. 14+2M40 -. 02 

a 
11 

-0. 038+. 038 to .  075 - 2 M 4 ~ ~ + 2 $ ~  -. 045 + 24 1 
By inspection of the above table, one can see  that  the l a r g e  experimental 
e r r o r s  make i t  impossible to draw any conclusion about the integral  +, 



which depends on the p-wave of lir-.rr scattering. However, the sign and 
ordereof magnitude of Jy can be considered to be reliable. This ,result 

0 is in accordance with the conclusions of Ishi'da, Takahaski, and:Ueda. 

154. D. Amati, E. Leader, and B. Vitale 
Nuovo cirnento 118, 458 '(1960) (received July 7, 1960) 
Theory of ~ o w - E n e r ~ ~  ~ ~ c l e o n - ~ u c l e o n  scattering. ~ I I .  Part ial  -Wave 

Integral Equations for Low -Orbital -Momentum Amplitudes 

"; . .Integral equations for these amplitudes a r e  constructed, and the 
entire two-meson contribution to the left-hand cut i s  explicitly given in 
t e rms  of the effect of the Born t e rm  and 3, 3 resonance in pion-nucleon 
scattering and a possib1.e &-ti interaction. 

'155.3'. Hamilton and T. Do Spearman 
Ann. Phys. ' 12, 172(l96P) (received July 8, 1960) 
Dispersion ~ y l a t i o n  for the s - Wave Partial Amplitude in Pion-Nucleon 

. . Scattering 
L * I  . 

. . ". , . The energy dependence of the discrepancy implie's that there is an 
.appreciable contribution from the process. n + t -t N + m. Comparing the 
values in  the T = 1/2 and T = 3/2 isotopic spin scattering states, i t  i s  
clear  that the process n + rr + N t N must contribute in the T = 0 isotopic 
state; The energy dependence of the ( a t s  4 N+N) contribution suggests 
that the large values of the n - . ~  scattering amplitude occur a t  an energy 
no greater than about 1 2 ~ ~ .  " 

- ,  

15 6. Hung -yuan Chou 
Zhur. Eksptl. i Teoret. Fiz. 40, 227 (1961); Soviet Phys. J E T P  - 13, 

< I  . 156 (1961) (received JT~  9, 1960) 
Integral Equation for Pion-Pion Scattering a t  Low Energies 

I..- . . 
15.7;'~. S. Barashenkov . 

Zhur.' Eksptl. i Teoret. Fiz. 40, 1313 (1961) ; Soviet Phys. J E T P  . - 13, 
925 (1961) (received ~x~ 9, 1940) 

' Pion Interaction in the Fermi  Statistical Theory 

"On the assumption of a resonance 7-n interaction the energy spectra 
a r e  calculated for the n mesons and nucleons produced in inelastic N-N 
collisions a t  E = 9 Bev. " 

- 158. Y., Simonov and K. A. Ter-mart irosya 
: Soviet Phys. J E T P  12, 1003 (1941) (received July 23, 1960) ~ 

159; S, C. Frautschi 
Phys.' Rev. Letters,  5, 159 (1960) (received July 26, 1960) 
Sensitivity of Low-Energy Pion-Nucleon Scattering to Pion-Pion 

, . ' Resonance 



160. S. Ishida 
P r o g r .  Theoret.  Phys.  (Kyoto) 24, 1262 (received July 27, 1960) 
Pion-Nucleon Scattering and Pion-pion Interaction 

161. J .  D. Soloviev 
Zhur. Eksptl. i Teoret.  Fiz. 40, 597 (1961); Soviet Phys.  J E T P  - 13, 

418 (1961) ( rece ived  Kg. 13 ,  1960) 
Photoproduction of P ions  on Pions 

I f . .  . I t  has  a . r e sonan t  cha rac te r  i f  resonance occurs  i n  the scat ter ing 
of pions on pions in  a s tate  J = I = 1. " 

162. B. De Tollis, E. F e r r a r i ,  and H. Muczek 
Nuovo cimento 18, 198 (1960) (received Aug. 16, 1960) 
The Influence o f T o s  sible Pion -Pion Interaction on the Photoproduc tion 

of Charged Pions 
t 

"In this  paper we will show that the theoretical predictions on the T-/rr 
ra t io  at 90° can be brought into be t te r  agreement  with experiment  by taking 
into account the presence  of a possible pi-on-pion interaction, which has  
a l ready been investigated by severa l  authors.  This interaction i s  supposed 
to take place in a resonant T = 1, 3' = 1 state. " 

163. M. Gourdin, D. Lur ie ,  and A. Martin 
Nuovo cimento 18, 933 (1960) (received Aug. 5,  1960) 
Effect of a ~ i o n - ~ i o n  Resonance on Low -Energy Me son Production 

164. S .  Sawada 
Progr .  Theoret. Phys. 25, 83 (1960) ( rece ived  Aug. 20, 1960) 
Single-Pion Production ~ r o c e s s  in Pion-Nucleon Collision and the 

Sak a 1.a Moclel 

"We calculate the energy and angular distribution of the pion and nucleon 
which will be useful for  obtaining information about the I = 2 boson isobar  
and I = 3/2 fermion i sobar .  

165. A. Komar and A, Sa lam 
Nuclear Phys.  21, 624 (1960) ( rece ived  Aug, 22, 1960) 
~ e n o r m a l i z a t i o ~ ~ r o b l e m  for  Vector Meson Theories  

166. G. F. Chew 
Proceedings of the 1960 Annual International Conf.erence on High-Energy 

Phys ics  a t  Rochester  (Conference held Aug. 25 -Sept. 1 )  p. 273 
The Pion-Pion Interaction 

". . . Qualitatively the force picture  i s  as follows: ( 1)  Exchange of I = 2 
( s -wave)  p a i r s  can  never  be important  because of the low stat is t ical  weight 
of this  state.  (2)  Exchange of I = 2 ( s  -wave) p a i r s  might be important  i f  
sca t te r ing  in  this s ta te  were  strong; i t  tu rns  out, however, that the I = 2 
phase shift never becomes l a rge ,  (3 )  That leaves  the long-range force  due 
to Z = 1 (p-wave) pa i r  exchange, and this  force i s  very  strong i f  there  i s  a 



p resonance. I t  is at t ract ive for  the =2 state and repulsive for the I' = 0 
state:  for  the I = 1 state. it, changes sign, being repulsive a t  very long range 
and at t ract ive in  the intermediate and shor t  -range region. " 

167. R. J. Eden 
Proceedings of the 1960 Annual International Conference on High-Energy 

Physics  a t  Rochester (Conference held Aug. 25 -Sept. l ) ,  p. 219 
The Use of Perturbat ion Methods in Dispersion  heo or^ 
". . . I  will mention two experiments  on which the complication of. closed 

loop resonances rqay cause trouble. One i s  the pion-production experiment  
~ r - t  p -. n + ~ r -  + ~ r  ). . . . The second experiment  i s  on the reaction 
p + d -. ~e~ + neutral  system. f f  

168. J. W. Moffat 
Proceedings' of the 1960 Annual International Conference on High-Energy 

Physics  a t  Rochester (Conference held Aug. 25-Sept. l ) ,  p. 355 
Resonance and the Unphysical Region 

"On the bas is  of the Chew -Mandelstam part ia l  -wave analysis  of pion -pion 
scattering the part ia l  -wave amplitude i s  determined in  t e r m s  of the unitary 
condition and the branch cuts  and poles of the inverse amplitude. I '  

169. Y. Ohnuki 
Proceedings of the 1960 Annual international Conference on High-Energy 

Phys ics  a t  Rochester (Conference held Aug,. 25-Sept. l )#  p. 843 
Composite Model of Elementary Pa r t i c l e s  

". . . In 1955, Sakata proposed a composite model f o r  par t ic les  belonging 
to the baryon-meson family. According to i t ,  three part ic les ,  proton, 
neutron and A part ic le ,  a r e  regarded as basic par t ic les  a t  the present  stage, 
and o thers  (belonging to this family) a r e  assumed to be compound.objects 
constructed out of ,them. 

number' 



Other  c l a s s e s  exist ,  . . 

C l a s s  11: M=O, M s =  0 
p j ~  t nE + AX 
6 part ic le  has  not been seen yet." 

( I t  has  now: this  is the we ) 

170. G. Pinski,  E, C, Go Sudarshan,.  and K, T. Manhantappa 
Proceedings of the 1960 Ann. International. Conference on High-Energy 

Phys ics  a h  Rochester,  ' (Conference h e l d  Aug, 25 -Sept. l) ,  p. 173 
Pion-Pion Interaction and Antinucleon Annihilaliori 

"A pion-pion resonance may be incorporated within the s tat is t ical  
f ramework in a straightforward fashion by' a covariant analogue of the 
Breit-Wigner one level  formula;  we wri te  for the differential t ransi t ion 
r a t e  t6 a n  allowed configuration ip .  ) an expression which involves a 
resonance function of the effective 'mass of p a i r s  of par t ic les .  The . 
s imples t  such express ion  i s  

2 2 , I  
l2 and p. a r e  p a r a m e t e r s  that have the dirnensionsof  ( m a s s )  . 
171 ,  G. Salzrnan and I?, Salzrnan 

Proceedings of the 1960 Anilwal International Conference on High -Energy 
Phys ics  a t  Rochester (Conference held Aug. 25 -Sep,t. 1 )  p. 348 

Single Virtual Boson Exchange Effects in  High-Energy Collisions 

172. J. W, Moffat 
.Phys,  'Rev. - 121, 924 (1961) ( rece ived  Sept. 2, 1960) 
Determination, of Pion-Pion Scattering Amplitudes Satisfying.Dispersion 

Relations and Unitarity. 

173. L. Do Solov9ev, Go Bialkowski, and A, Jurewicz 
Zhur. Eksptl. i Teoret.  Fiz.  40, 839 (1962) (received Sept. 6, 1960) 
Equations for  ~ h o t o p r o d u c t i o n d f  Pions on Nucleons with Effects  Due 

To a Pion-Pion Lnteraction TaLken into Account 

174. J. Bowcock, N, Cottingham, and D, Lur ie  
Nuovo cimento 19, 142 (1961) ( ' received Sept. 8, 1960) 
The Effect. of a F ? o n - ~ i o n  Interaction on Low-Energy Meson-Nucleon 

Scattering. 11. , 

"By confirming our  consi.derations to the isotopic spin flip combination 
of waves we a r e  able to isolate the effects due to  a pion-pion interact ion in 
the T = 1 state: We find that such an interaction i s  definitely necessary  to 
give agreement  with experiment  and that a simple resonance i n  the J = 1, 
T = 1 s ta te  gives a good f i t  to the data. v q  



175..D.- I. Blokhintsev and Wang Yung 
i Nuclear Phys.  .22, 410 (1961) (received Sept. 9, .1960) . - 

n-n I n t e r a c t i o n z n  a-N Collisions a t  High Pion Energies  (about  7 Gev)  .. 

"In the case  of inelastic collisions the contribution. of the n-n interaction 
'is already quite noticeable and, therefore,  i t  i s  possible ' to determirid 
the c r o s s  sections for  a interactions.  

. . . 0. = I 5  to 3 0 m b a t  about 680 ~ e v / c  inc . .m .  sys tem of a -n  
an 

(Mnn = 2 q ( 6 8 0 ) ~  t , ( 1 4 0 ) ~  = 2 X 695 = 1390 Mev). " 

176. J.  Bowcock, W. N, Cottingham, and D. Lur ie  
- . Phys. Rev. Le t t e r s  5, 386 (1960) (received Sept. 16, 1960) 

n:;sr Scattering, ~ u c l % o n  Structure,  and n-N Scattering 
3 

Use t ~ =  22.4 p L .  Spend most  of t ime justifying why they a r e  right 
and Frautschi  i s  wrong. 

. . 

177. H. Wong 
Phys. Rev. 121, 289 (1961) ( rece ived  Sept. 28, 1960) . .  . 

' Effects of the PFon-Pion Resonance and the Three-Pion Resonanc'e o r  
Bound State on Neutral Pion Decay . . 

. . 

L ... 

178. TSO-hsiu .Ho and Kuang-chao. Chou 
Soviet Phys. JETP 12, 1032 (1961) 
On the Pion-Pion. ~ e s o n a n c e  i n  the P State 

. .. 
179. E. Loman, .  S. Morr i s ,  E. Irwin, J r .  , and T o  Truong 

Ann. Phys. 13, :359 (1961) (received Oct. 5, 1960) 
The pion -pion Interaction .in 7 .  Decay 

180. V. N, Strel ' t sov 
Zhur. Eksptl. i Teoret.  Fiz.40, 1140 (1961); Soviet Phys. J E T P  %- 13, 

802 (1961) ( r e c e i v e d E c t .  29, 1960) 
Some Isotopic Relations for  Reactions of the Type nN+ aaN. 

"Isotopic relations a r e  utilized in  an  analysis  of experimental data for 
reactions of the type aN + aaN f r o m  the point of view of resonant a - a  
interactions.  I '  

181. G.. F. Chew and S .  Mandel s t am 
. : .Nuo.vo cirnento 19, 752 (1961) (received Oct. 31, 1960) 

Theory of the . ~ r w - ~ n e r ~ ~  Pion-Pion Interaction. 11. 
, 

"Self -consistent solutions can be found in  which a p -wave resonance i s  
.. sustained by a "bootstrap" mechanism; that i s ,  a strong attractive force in 
$' 
: the I = 1 state resu l t s  f r o m  the exchange of a resonating pa i r  of p-wave 

pions. 

182. B.: W. .Lee. 
Phys.  Rev. - 1219'1550 (1960) ( received Oct. 31, 1960) 
Two-Pion Exchange Mechanism in  .~'a Scattering .. 



"The exchange of two pions resonating in  the T - =  1, J = 1 state between 
K +  meson and nucleon in K+-N scattering is considered in  double -dispersion 

. *  
representation, " 

. .  . . '  
183.Tub;is acd u re t sky  ' 

Phys..  Rev, L e t t e r s  5 ' , 5  13 (1960).(keceived Oct. 31, 196.0) 
Interpretation of the Berkeley Anomaly in  %&-Energy p -d Collisions 

"It i s  our feeling that the . . ; data a r e  consistent with the scattering - 
length model . . . and there  i s  no necessity for invoking the existence of a 
resona.nce.. , I '  

184.5. Ball and D. Wong 
Phys,  Rev. L e t t e r s  6, 29 (1961) (received Nov. 14, 1960) 
NR - TIT Amplitude and the Electromagnetic Structure of the Nucleon 

- 185. K. Ishida 
P rogr .  Theoret.  Phys. (Kyoto) 25, 294 (received Nov. 14, 1960); 
Pion Interaction on the p i o n - ~ u c T o n  Small p-.Wave Phase  Shifts. 

186. Ye Fuji i  
Progr,, Theoret.  Phys. (Kyoto) 25, 441 (1961) ( rece ived  Nov. 22, 1960) 
Pion-Pion Interaction and ~ u c l e a r ~ o r c e s  

"Nuclear potentials a r i s ing  f r o m  pion-pion resonance i n  the s tate  I = J 4 1 
a r e  calculated. " 

187, No Kato 
P rogr .  Theoret.  Phys. (Kyoto) 25, 493 (1961) ( rece ived  Nov. 28, 1960) 
Photopion Production and (y ,  3 ~ ) T n t e r a c t i o n  

188. J. Uretsky and To Palfrey,  J r .  
Phys.  Rev. 121, 1798 (1Y64) ( rece ived  Dec. 14, 1960) 
~ h o t o ~ r o d u c G  and Detection of Two-Meson Branch State 

1 89. M. Y amazaki  
P r o g r ,  Theoret,  Phys. (Kyoto) 25, ' / Z ' /  ( lY61) (received Dec. 17 ,  1960) 
p - Wave Resonance i n  p ion-pionScat te r ing  

"By adjusting the coupling constants 2 2/4n be tween pion and nucleon 
s o  a s  to fi t  the pion-pion scat ter ing length a = 0. 1 =: 0. 3 p-3  i n  the I = 1 = 1 
state  we have found the resonance level of 600-400 Mev and resonance 
width of 140-40 Mev, which i s  quite consistent with ( that)  adopted by Takeda 
e t  al. i n  their  theory of the second and third maxima in  pion-nucleon sca t -  
te r ing  and a lso  by F raze r -Fu lco  i n  the explanation of isotopic vector 
magnetic fo rm factor." 

190. P. C a r r u t h e r s  
Ann. Phys. 14, 229 (1961) ( rece ived  Dec. 22, 1960) 
Pion ~ r o d u c r o n  and the Higher Resonances in  Pion-Nucleon Scattering 

1 1  . . . F o r  a T-T resonance energy squared S = 10, agreement  withiexper- 
iment  is obtained with a width about one-third' that suggested by nucleon 
electromagnetic s t rac ture .  " 



19 1. N. F. Nelipa 
Zhur. Eksptl. i Teoret.  Fiz. 40, 1085 (1961); Soviet Phys. J E T P  - 13, 

'766 (1961) (received JTn0 4, 1961) 
.Double Dispersion Relations and Photoproduction of ,Pions 

192. Go Pinski 
Phys,  Rev. ~ e t t e r s  6, 136 (1961) (received Jan. 9, 1961) 
Tes t  for Pion-Pion zesonance . . .  

- :  ". . A;. n (the 'pion multiplicity) increases .  . .,[the relative contribution by 
the IT-IT resonance diminishes] since there remains  only one way for the 
pa i r  (of pions) being cor re la ted  to be the resonant pa i r ,  while the total number 
of ways of choosing the resonant pa i r  increases .  Therefore,  the effect of a 
pion-pion risonance is more  prominent for  n small." 

193.. . .  . Pi,: .Carru thers  
*;$ Phys: Rev. - 122, 1949 (1961) (received Jan,  11, 1961) 

.;.i. Production of P ion  P a i r e s :  Isospin Analvsis 
.'1 ". . .An experiment  is suggested to measure  the phase differencebetween 

even and odd IT-IT i sospin s tates ,  with a view toward detecting a resonance,  
in the IT-IT system. I '  

, 

, . . I . '  . 
194. Sb .Sawada, To Ueda, and M. Yone.zawa 

Progr .  Theoret. Phys. (Kyoto) 25, 873 (1961) (received Jan.  23, 1961) 
-/.The Single Pion production. ~ r o c y s s  in  IT-p Col-lision a t  1 Bev and the 
:,.!: .$I , . ' Sakata Model . , * , . .  

". . . It is shown that this generalized isobar  model (Sakata model) 'can ' 
well explain the experimental momentum spectra.  The evidence of boson 
i soba r s  of I = 2 with m a s s  about 400 Mev and I = 1 with m a s s  about 650 Mev 
a r e  suggested f r o m  the analysis  of the Derado -Schmutz data. "' 

r:195b M. Kawaguchi, M. Miyamoto, and Y. Fujii 
Nuovo cimento - 20, 408 (1961) (received Feb. 2, 1961) 
Effects of the y -3sr Interaction on Photo Reactions 

196.5. Hamilton, Po Menotti, T o  D. Spearman,. and W. So Woolcock 
Nuovo cimento 20, 519 (1961) (received Feb. 6, ' 1961) 
Evidence for  ~ i c n - p i o n  Interactions f r o m  s - Wave Pion-Nucleon Scattering 

"By fitting the s-wave part ia l  amplitudes for IT-N scattering, in  an  
unphysical region, we have great ly  extended the energy range over which 
we can  examine the p rocess  IT t IT -c N + m. Our method shows up contribu- 
tions f r o m  this  p r o c e s s  i n  s ta tes  of isoto@c spin T = 0 and T = 1. 

"The T = 0 amplitude i s  l a rge  but in  the T = 1 c a s e  the amplitude is 
much sma l l e r  than the values which have been predic'ted f r o m  the nucleon 
isovector f o r m  factors .  " 

19 7. So Ohnuma 
Progr .  Theoret.  Phys. (Kyoto) 25, 847 (1961). ( rece ived  Feb. 8, 1961) 
Mass  of Neutral  Vector Meson aFd p-p Scattering 



198.5. G. Taylor 
Phys.  Rev. Le t t e r s  6, 237 (196l)(received Feb. 10, 1961) 
Pion-Pion Interact ion and High-Energy p + d 'Collisions 

199.Y. Neeman. 
Nuclear Phys,  26, 222 (1961) (received Feb. 13, 1961) 
Derivation of s t rong Interactions f r o m  a Gauge Invariance 

".. . This enables u s  to generate the strong interactions f r o m  a gauge- 
invariance principle involving eight vector bo sans.  " 

'200. R. Go Sachs and B. Sakita 
Physi. Rev. Le t t e r s  6, 306 (1961) (received Feb. 20, 1961) 
Existence of the oo Fa r t i c l e  

"We would l ike to point out that the existence of e i ther  a two -pion o r  
a (bound) three-pion state of angular momentum J = 0 o r  1 a t  this  ene rgy  
(approx 305 Mev) would appear to he inconsistent with observations on the 
K decay modes." 

201. T o  N. Truong ' 

Phys. Rev. Le t t e r s  6, 308 (1961) (received Feb. 20, 1961) 
Analysis of ~ n o m a l ~ i n  Double Me son Production i n  p t d _Collisions 

and the s-Wave Pion-Pion Interaction 

"The anomaly i n  double pion production observed by ABC-may be ex-  
plained by a nonresonant f inal-s tate  interaction..  . in  T = 0 ( s t a t e )  instead 
of assuming the existence of a neutral  w o  particle.  " 

202. M. Basset t i  
Nuovo cimento 20, 803 (1961) (received Feb. 27, 1961) 
~ h o t o ~ r o d u c t i o ~ o f  Neutral Vector Mesons 

' 

"We shall calculate h e r e  t'he c r o s s  section for  the p rocess  y + . p  -c j5 t' X 
where X i s  a neutral  vector  meson. " 

203. J. Go Belifante 
Phys.  Rev. 123, 306 (1961) ( rece ived  Feb. 27,  1Yb l )  - 
Nucleon-Antinucleon Mechanism for Pion-Pion Resonances 

204. B. W. Lee and K. So Cho 
Nuovo cimento 20, 553 (1961) (received Feb. 27, 1961) 
Modified Static Equat ions  for  the KIT Interaction Effect.of Pion-Pion 

Resonance 

205.1. Yo Kobzarev, Lo B, Okun, and I. Y. Pomeranchuk 
Zhur, Eksptl. i Teoret.  Fiz. 41, 495 (1961) ( rece ived  Feb. 28, 1961) 

( t ranslat ion to appearTn Soviet Phys. J E T P  14, Feb. 1962) 
Electromagnetic Interaction of a Neutral Vector M e s o y  



206. B. De Tollis and A. Verganelakis 
Phys.  Rev. Le t t e r s  6, 371.(1961) (received March 5), 1961) 
pion-pion ~ n t e r a c t i o n  in  the Photoproduction of Neutral Pions with 

Polar ized y Rays - 
(Gives l i s t  of re ferences .  oh IT-IT. interaction. ) 

"In this le t te r  we shall see the effect of this interaction ( T  = A, J = 1, 
0 n-n) i n  the case  of n photoproduction f r o m  the reaction y + p + n + p with 

polarized y. " 

207.S. Bergia; A. Stanghellini, S. Fubini, and C. Villi . 

Phys. Rev. Le t t e r s  6, 367 (1961) (received.March 13, 1961). 
Electromagnetic   or-m Fac to r s  of the Nucleon and Pion-Pion ,Interaction 

They predic t  a pion-pion resunance with T = 1, J = I ,  ER 24.7 m . 
T = 0, J = P part ic le  could a r i s e  (Chew) f r o m  three n's resonating, twoXy 
two in  the T = 0, J = ' B  state. I t s  m a s s  could be lower than ER. 

, . 
208: K. Kawarabayashi 

Nuovo cimento 20, 1030 (1961) (received March. 13, 1961) 
A Note on the ~ z a i  -State Interaction in  K' :Decay . 

2n 

209. A, Salam and J. C. Ward 
~ b o v o  cimento 20, 419 (1961). ( rece ived  March 13, 1961) 
Vector Field Associated with..the Unitary Theory of. the Sakata Model 

- - -- - 

", . . Thus i n  addition to the three  original par t ic les  (p,  n, and A), the 
theory would contain eight vector mesons: four (K ) resembling K mesons 
i n  their  isotopic charac ter ,  three (IT ) resembling bions, and one part ic le  
(p  I ) ,  a n  i sosca lar .  The K could d&ay into K f r ,  while p might decay 
i&o 3n. The three-particlk IT a r e  identical with the t r i p l e e ~ T  introduced 
by Sakurai. " P 

210. S. Sawada, T. Ueda, and M. Yone.zawa 
. Progr .  Theoret. Phys. (Kyoto) 25, 868, (196l)(received March 13, 1961) 
The it 'Decay and the Boson   so bar with,J 5.2 of the Sakata Model 

211. M. Gell-Mann 
California Institute of Technology Synchrotron Laboratory Report  

CTSL-20, March 15, 1961) 
The Eightfold Way: A Theory of Strong-Interaction Symmetry 

212.C. Coebel and H, J. Schrnitzer 
Phys. Rev. - 123, 1021 (1961) ( rece ived  March 16, 1961) 
Pion Production and the Second Pion-Nucleon Resonance 

"A model for  the react ion n -t N +  2 ~ r  + N a t  low energy which includes 
pion-pion interaction and final-state interactions in  the 3, 3 s ta te  is discussed. . . . The n-n scat ter ing lengths found a r e  a = -0.29 p - l ,  a1 = 0.122 p-, and 
a2/ao = 2/5 by hypothesis. 0' 



2 1 3. P. Budini and Lo Fonda 
Phys. Rev. L e t t e r s  6, 419 (1961) (received March 20, 1961) 
.Pion-Pion ~ n t e r a c  t ion f r o m  Threshold Anomalies in  K+ Decay 

214.5. Wolf and W. Z8llner 
Dubna,Report D-703, March 24, 1961 
7 Decay and IT-IT Interaction 

215. B, H. Bransden and J. W. Moffat 
Phys.  Rev. Le t t e r s  6, 708 (1961) (received March 27, 1961) 
Coupled s -  and p -  wave. Solutions lor  Pion-Pion Scattering 

' 'we present, h e r e  [;he resu l t s  of numcrical i terat ion of the equations of 
Chew and Mandelstam when coupled s and p waves a r e  treated. I '  

216. G. F. Chew and S. C. Frautschi  
PhysO\ Rev. - 123, 1478 (1961) (received March 30, 1961) 
Dynamical Theory for  Strong Interactions a t  Low Momentum Trans fe r  
-- 

But Arbi t ra ry  Energies  

21 7. B. De sai  
Phys.  Rev. L e t t e r s  6, 497 (1961) ( rece ived  March 31, 1961) 
Low-Energy ~ i o n - ~ i ; n  s-Wave Phase  Shifts 

"It now becomes possible to make cer ta in  asser t ions  about the s-ivave 
ITIT phase shif ts  on the bas is  of the c ross ing  relations developed by Chew 
and Mandel s tam. ' I  

21 8. M. Gell-Mann and F. Zachariasen 
Phys,  Rev. - 124, 953 (1961) ( rece ived  April 14, 1961) 
F o r m  Fac to r s  and Vector Mesons 

"The 2~ and I IT resonances a r e  r e  -examined froill the point of view that 
they a r e  vector mesons  coupled to conserved cur rents .  The theory UP ull- 
stable mesons is discussed and formulas  a r e  then derived for  the emiss ion  
and propagation of the se  m e  sons. The connection with the elec tromagne tic 
f o r m  fac tors  i s  then given, par t icular ly for  the simple c a s e  of infinite b a r e  
mass .  The r e su l t s  a r e  very  s imi l a r  to those of the dispersion method. 
Experimental  manifestations of universali ty (connected with conserved 
vector  cu r ren t )  a r e  discussed. Applications a r e  then made tothe decay 
of ITO and a group of related phenomena, including severa l  "pole" experiments.  
Also the contribution a£ the 2n resonance to IT-N scat ter ing i s  discussed 
briefly f r o m  the vector meson point of view. Finally, we compare  the 
vector meson approach to the al ternat ive method using dispersion relat ions 
applied to presumably dynamical resonances,  " 

219. P. C a r r u t h e r s  
Phys: Rev. L e t t e r s  6, 567 (1961) ( rece ived  April  1.7, 1961) 
Pion-Nucleon 1nte ractions in  the Region of the Higher Resonances 

"In our  opinion the minimum requirement  for  extrapolation is that the 
c r o s s  section i n  the physical region f r o m  which the extrapolation is rnade 
have the qualitative fea tures  of OPE (one-pion exchange). It i s  difficult 
to say whether the data of Anderson e t  al. ,(at 890 Mev IT- energ ies  ) satisfy 



this requirement.  While the IT-IT c r o s s  section may well behave as they 
indicate, .the procedure f r o m  which this  r e su l t  i s  derived .is open.to ser ious  
objections. " . . 

. . 
220.S. Glashow and.M. Gell-Mann 

Cal. Tech. Report CTSL-28, April, 24, 1961 
Gauge .Theory of Vector Pa r t i c l e s  

22 1. S. Bergia  and A. Stanghellini 
. Nuovo cimento 21, 155 (1961) (received May 10, 1961) 

The Resonant pion-pion Model fo r  the Nucleon Structure 

"A theoretical model based on strong, IT-IT interaction i s  compared with 
.. experimental data on nucleon f o r m  factors ,  and the determination .of .the 
pa ramete r s  i s  discussed. ."'. 

222. K. Tanaka 
. Nuovo cimento 21, 169 (1961) (received May 12, 1961) 

Neutral Scalar  r ~ e s o n  and the Mass  Difference Between Muon and 
Electron 

223.5. Uretsky 
' . Phys. Rev. - 123, 1459 (1961) (received May 18, 1961) 

S- Wave Pion-Nucleon Scattering 
. . .  

224: C, Lovelace 
Nuovo cimento 21, 305 (1961) (received May 18, 1961) 

. On.the ~ x i s t e n c e o f  Solutions of the Pion-Pion Dispersion Equations. I. 

"It is proved that the Chew-Mandelstam equations for  pion-pion 
scat ter ing with both s and p waves possess  no exact solutions. I '  

225. V. De Alfaro and B. Vitale 
Phys. Rev. Le t t e r s  7, 72 (1961) (received May 23, 1961) 
Possibil i ty of a 4 -pion Structure i n  the T = J = 1 Pion -Pion 

Scattering Amplitude 

".. . Let  us  analyze briefly how the many-pion configur,ations can  be 
influenced by a resonance in  the ant isymmetr ic  (both i n  i sobar ic  spin and 
in  configuration space) T = J = 1 state. n = 3: The maximum number of 
T = J. = 1 pion qonds ('sbi-pions") is represented i n  the configuration 
( 1  11) represented  by . This configuration contains three  bonds, and 
has  T' = 0 and J = 1;  i t  coincides with the enhanced 3-pion s tate  discussed 
by Chew (called "three-pion"). n = 4: The maximum number of "bi-pions" 
i s  present  in  the configuration (211), represented  by . I t  contains three  
bonds, has  T = 1 and J odd. It can  be descr ibed as a "three-pion" plus 
a spare  pion, which leads  to an  immediate understanding of i t s  T = 1. In 
i t s  lowe s t  angular momentum state  i t  has  the same quantum numbers  as 
the T = J = 1 "bi-pion"!l1' 



226. B. H. Bransden and J. W. Moffat 
Nuovo cimento 21, 505 (1961) (received May 29, 1961) 
SoluLions of t h e e o u p l c d  s -  and p -  Wave Equations for Pion-Pion 

Scattering 

s'A method is presented for  solving numerically the coupled s - and 
p-wave equations for pion-piur~ scattering. . ; . 

227. V, De Alfaro and B. Vitale 
Nuovo cimento 21, 197 (1961) (received June 17, 1961) 
Pion-Pion Inte r G t i o n  and Proton  -Antiproton Annihilation a t  Re s t  

228. A. Po Contogouris 
Nuovo ci.mento 21, 674 (1961) (received June 19, 1961) 
Exchange ~ o n t r z u t i o n :  i n  Proton Compton Scattering'  

?'. . . The effect of the two-pion intermediate s ta tes  might be approxi- ' 
mated by simply adding to the Compton scat ter ing a111plitude a contriljution 
in  the f o r m  of a lowest-order  pt!rLurLctLi~~~i t e r m  with exchange of '!a part ic le"  
of spin 0, isospin T = 0, and m a s s  deternlined f r o m  the position of the pole. " 

229. A. V. Efremov, M. Y o  Tzu, and D. V. Shirkov 
Dubna Report D-697, A 533 (submitted to Zhur. Eksptl. i Teoret.  Fiz.  

1961) 
The Neutral Model for the Investigation of the Pion-Pion Scattering 

230. F, Zachariasen 
Phys. Rev. Le t t e r s  7, 112, (1961) ( rece ived  Jan. 28, 1961) 
Self-consis tent  Ca lcaa t ion  of the Mass  and Width of the J' = 1, T = 1, 

d-TT Resonance 
See a lso  EFra tum in Phys. Rev. Le t t e r s  - 7, 268 (1961): M = 350 Mev 
ra the r  than 95 0 Mev. P 

231. T. Kotani, No Mishima, and M. Monda 
P r o g r .  Theoret.  Phys. (Kyoto) ( to  be published) (prepr in t  received 

by compiler  June 1961) 
Observation of the T-T Resonance i n  the Pion Production P r o c e s s  

232. Y. Fujii 
Nuovo cimento 21, 684 (1961) (received July 5, 1961) . . 
Some Consequences of Nuc'lear F o r c e s  X e  to Pion-Pion Interaction 

2 3 3. So Minami 
( P r e p r i n t  received by compiler  Aug. 31, 1961) 
Three  -Pion Resonance and High-Ene.rgy Phenomena 

234. S. Ad Bludman and J .  A. Young 
Lawrence Radiation Laboratory Report UCRL-9837, Aug. 23, 1961 . 
Electromagnetic Production of Charged Vector Mesons 



"The Coulomb scattering, Compton scattering,.  bremstrahlung, and 
pa i r  production of charged .par t ic les  of spin one i s  investigated, :in com-  
par.ison with sp in  ze ro  and one -half. . . 

235. R. ,Blankenbecler 
Phys.  Rev. ( to  be published) (prepr in t  received by compiler Sept. 1961) 
~ h k  Effect of the 3= Resonance on the  IT Resonance 

"It is shown that the   IT intermediate state i n  IT-IT scat ter ing plays an 
important pole i n  determining the position.and perhaps eve.n the existence 
of .the IT -IT resonance. " 
236. R. Blankenbecler and J .  Ta r sk i  

(P rep r in t  received by compiler Sept, 1961) 
Iso - sca lar  Nucleon Structure 

"The three-pion contribution to the i so - sca la r  nucleon s t ruc ture  is 
examined in  dispersion theory. . . We picture the p rocess  a s  being dominated 
by a low-energy m-err resonance. The effects of a three -pion interaction a r e  

2 a l so  included. If the IT-IT resonance is a t  10p then a reasonable radius  can  
be easily obtained. On the other hand i f  the resonance i s  above 2op2 then 
a strong intr insic  three  -pion resonance o r  bound state seems  to be needed 
for  agreement  with experiment. " 
237. V. I. Ogievetski and I. V. Polubarinov 

Zhur. Eksptl. i Teoret.  Fiz. 41, 247 (1961) 
Gauge -1nvarianl: Formulation o f  the Neutral Vector Field Theory 

238. L. Schiff 
Phys. Rev. Jan. 15; 1962 (received Sept. 1961) 
Par t ic le  -Theory Approach to Two-Pion and Three  -Pion Systems 

"The relation between the two -pion and three -pion resonances is discussed 
in  t e r m s  of a model in  which the motion of the pions is descr ibed by a partially 
relativistic Schrodinger -type wave equation, and the interaction between them 
i s  represented by a static potential. An.attractive square-well  potential that 
i s  a lmost  strong enough to bind the di-pion gives a satisfactory account of the 
observed p-wave pion-pion scattering. If this potential i s  assumed to be 
additive between al l  p a i r s  in  the three-m.1 = 0, J = 1 -  s ta te ,  .it produces 
far too much binding to agree  with observations. As a n  alternative to 
additivity, the interaction may be assumed to saturate ,  s o  tha t  the total 
potential. never  exceeds that between any pair.  of pions. It' .is found that the 
model provides a qualitative consistent explanation both of pion-pion scat ter ing 
and the 3-m. sys t em i f  the pa i r  interactions saturate  o r  nearly saturate .  " 

,239. M. Gel1 -Mann 
.(Submitted to Phys. Rev. Sept. 13, 1961) 
Svmmetr ies  of Barvons and. Mesons 

240. P. C a r r u t h e r s  
(To  be submitted f o r  publication) * 
Integral Equations for  the P r o c e s s  3m -.  IT 



I ".. .Pe rhaps  the most+suggestive remark made to date i s  that of Chew, 
who pointed out that the antisymmetry of the isospin zero  three -pion wave 
function under the interchange of any pair  permits  each pair to interact 
with the others  through the strong p-wave isospin 1 T - T  force.. .All graphs ' 

of this type a r e  summed by a simple integral equation for the scattering 
4 . amplitude 3rr -. 3~ . " 

241. J. J.  Sakurai 
Phys. Rev. Let ters  7, 355 (1961) (received Oct. 12, 1461) 
~ x i s t e n c e  of Two T = O  Vector Mesons 
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