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Noveraber 25  ̂1959

Since there will be some time Interval before pre- 
prints of the paper entitled ’*A Theory of Strong Interactions” 
become available^ I have thought that you might be interested 
in this preliminary f o m  of the abstract.

J. J . Sakurai
The Enrico Ferml Insfcitute for 

Nuclear Studies 
The University of Chicago 
Chicago 57^ Illinois
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Ali those symmetry models of strong İnteractions 
whlch have been proposed up to the present are devoid of 
deep physical foundations. It is suggested that, İnstead 
of postulatlng artificial ” higher" symraetries which raust 
be broken anyway within the realm of strong interactions, 
we take the existing exact symmetries of strong interactions 
more seriously than before, A nevz theory of strong interac­
tions is proposed on thls basis»

Following Yang and Mills we requlre that the gauge 
transformations that lead to the three "internal" conserva- 
tion laws (b̂ ıryon conservation, hypercharge conservation, 
and isospin conservation) be ” consistent with the local 
field concept that underlies the usual physical theories.”
In analogy with electronıagnetism the re emerge three kinds 
of couplings such that in each case a massive vector field 
is coupled linearly to the conserved current İn auestlon.
Each of the three fundamental couplings is characterlzed by 
a single universal constant. Since, as Pais has shov/n, 
there are no other internal symmetries that are exact, and 
since any successful theory must be simple, there are no 
other "fundamental'' strong couplings. Parity conservation ’
İn strong interactions follows as the direct consequence öf 
parity conservation of the fundamental vector couplings.
Ihe three vector couplings glve rise to corresponding current- 
current interactions. Yukav;a-type couplings of pions and K 
particles to baryons are "phenomenologlcal,” and may arise, 
for instance, out of four-baryon current-current interactions 
along the lines suggested by Fermi and Yang. Ali the success­
ful features of Chew-Low type meson theorles and of ,relativis- 
tic disperslon relatlons can, in pi'inciple, be in accordance 
V7ith the theory ıvhereas none of the predlctions based on rela- 
tlvistic Yulcaım-type Lagrangians are meaningful unless ^ / M  
is considerably less than unity.
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Simple and direct experimental tes^s of the theory 
should be looked for İn those phenomena in:'whlch phenomeno- 
logical Yukavja-type couplings are llkely î'o play unimportant 
roles. The fundamental Isospin current coupllng İn statlc 
liraits gives rise to a short-range repulsIön (attraction) be- 
tvjeen tv/o particleB whenever the isospins are parallel (antl- 
parallel). Thus the lovr energy s m v e  ırîî interaction should 
be repulslve in the T » ^  State and attraotlve in the T « ^ 
State in agreement with observatlon. în s wave soatter- 
ing the T O ştate is strongiy attractive, and there defi- 
nltely ex:ists the posslbility of a s v/ave resonance at ener- 
gies of the order of the K~p threshold;, whereas the T » 1 ttSI: 
phase shift is llkely to remaln sraall; using the K rAatrix 
formalism of Dalitz and Tuan. v;e might be able to eompare the 
"ideal" phase shifts derived in this manner v;ith the "actual" 
phase shifts derived from K“*p reactlons. The fundamental 
hypercharge current coupllng gives rise to a short-range re-̂  
pulsion (attraction) betveen two charge-doublet partîcles 
vrhen thelr hypercharges are opposite (ilke). Xf the isospin 
curı*ent coupllng is effectively vjeaker than the hypercharge 
current couplings, the KN "potential" should be repulslve and 
the "potential" should be autractlve^ and the charge- 
exchange scatterlng cross sectlons of K*̂  and K” should be 
small at least in s states. Ali these features seem to be in 
agreement vxith' current experiments. Conditions for the vali- 
dity of Pais* doublet approximation are dlscussed. The theory 
offers a possible explanation for the long standing problem 
as to why associated production cross sectlons are small and 
K cross sectlons are large. The fundamental baryonic current 
coupllng gives rise to a short-x»ange repulslon for baryon-r 
baryon Interactlons and an attraction for baryon-antibaryon 
Interactions, There should be eTfects similar to^those ex- 
pected from "repulslve cores" in both the T « 1 and T « 0 NN 
Interactions at short dlotances though the T « 1 state may be 
more ı^pulslve. A simple Thomas-type calculation gives a spin-
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orbit force of the rlght slgn vjith not unreasonable order 
of magnitude. The A N and ZIN interactlons at short distances 
shonld be less repulsive than the M  interactlon.

Because of the strong short-range attractlon between
a baryon and an antibaryon there exİBts a mechanism for a
baryon-antibaryon palr to form a meson. The dynamical basis
of the Fermi-Yang-Sakata Okun model as well as that of the
Goldhaber-Christy model follows naturally from the theory;
ali the hoc assumptlons that must be made in order that
the compound models v;ork at ali can be explained from first
prînciples. It is suggested that one should not ask which
elementary particles are '̂ more elementary than others^” and
which compound model is right̂ , but rather characterize each
partide only by its intemal properties such as total hyper-
charge and mean“Square baryonic radius* Although the funda-
mental couplings of the theory are hlghly symmetric and unl-
versal^ it is possible for the three fundamental couplings
alone to account for the observed mass-spectrum. The
theory can explainj in a trivlal manner, why there are no
"elementary" particles vjith baryon number greater than ı̂ nity
provided that the baryonic çurrent coupling is sufficlently 
n t r o  c  K o t  «v / S l ^ 2  T v ıe s c m  ı *  a  / «rw A.

® A zpenda art '̂tUt. strefi^ 'th  o f  ik c .  c u r r e a t  .
Finally it is conjectured that there is a deep *connec- 

tlon betv7een the law of conservation of fermions and the unl- 
veraal V-A weak coupling. In the absence of strong and elec- 
tromagnetic interactlons, baryonic charge, hypercharge and 
electric charge ali disappear, and only the sign of can 
dlstlnguish a fermion from an antifermion, the fermlonic charge 
operatör being diagonalised by hence 1 4* appears' natur-* 
ally in vjeak interactlons. Parity conservation İn strong inter* 
actionsj parity conservation in eleetromagnetic interactlons 
and parity nonconservation İn weak interactlons can ali be 
understood from the slngle common principle of generalized 
gauge Invariance. It appears that in the future ultimate 
theory of elementary particles ali interactlons will be mani- 
festations of the five fundamental vector-type couplings corre- 
sponding to the five conservation laws of "internal attributes"
—  baryonic charge, hypercharge, isospin, electric charge and 
fermlonic•charge.
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