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November 23, 1959

Since there will be some time interval before pre-
prints of the paper entitled "A Theory of Strong Interactions™
become avallable, I have thought that you might be interested
in thils preliminary form of the abstract.

Y7y

J. J. Sakural ,
The Enrlco Fermil Institute for
Nuclear Studies
The University of Chicago

Chilcago 37, fllinois



A1l those symmetiry models of strong interactions
which have been proposed up to the present are devold of
deep physilcal foundations. It 1s suggested that, instead
of postulating artificial " higher" symmetries which must
be broken anyway within the realm of gtrong interactilons,
we take the existlng exaclt symmetries of strong interactions
more seriously than before. A new theory of strong interac-
tlons is proposed on thls basis.

Followling Yang and Mllls we require that the gauge
transformations that lead to the three "internal" conserva-
tion laWS‘(baryon congervation, hypercharge conservation,
and isogpin conservation) be " consistent with the local
fleld concept that underlies the usuwal physical theories."

- In analogy with electromagnetism there emerge three kinds

of couplings such that in each case a massive vectofAfiéld

is coupled linearly to the conserved current in questilon,

Each of the three fundamental couplings is characterized by

a single universal constant. Since, as Pais has shown,

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

in strong interactions follows as the direct consequence of
parity congervation of the fundamental vector c¢ouplings.

The three vector couplings glve rise to corresponding current-
current interactions. Yukawa-type couplings of pions and K
particles to baryons are '"phenomenological," and may arise,
for instance, out of four-baryon current-current interactions
along the lines suggested by Fermi and Yang. All the success-
ful features of Chew-Low type meson theories eand of relativis-
tic disperslion relatlons can, in principle, be in accordance
wlth the theory whereas none of the predictions based on rela-
tivistic Yukawa-type Lagranglans are meaningful unless “}/M

is considerably less Than unity.




Simple and direct experimental tesﬁs of the theory
should be looked for in those phenomena in which phenomeno-
logical Yukawa-~type couplings are likely ﬁo play unimportant
roles. The fundamental 1sospin current coupling Iin statile
limits glves rige to a short-range repulsion (attraction) be-
tween two particles whenever the isospins are parallel (anti~
parallel}. Thus the low energy s wave 7N interaction should
be repulsive in the T = 2 state and attractive in the T = :
state in agreement with observation. In 7& 8 wave scabter-
ing the T = O gtate 18 strongly abttractive, and there defi-
nitely existS'the poselbility of a s wave resonance at ener-
gies of the order of the K p threshbld, whereas the T = 1 w2
phase shift is likely to remain small; using the K matrix
formalism of Dalitz and‘Tuan; we might be able to compare the
"ideal" phase shifts derived in this manner with the "actual'
phase shifts derived from K p reactlons. The fundamental
hypercharge current coupling glves wrise to a ghort-range re-
pulaion (attraction) between two charge-doublet particles
when thelr hypercharges are opposite (like). If the isospin
current coupling ls effectively weaker than the hypercharge
current coupling, the KN "potentlal" should be repulsive and
the XN "potential" should be attractive, and the charge-
exchange scattéring cross sections of KT and K~ should be
small at least in s states. All these features seem to be in
agreement with current experiments. Conditions for the vali-
dity of Pals' doublet approximation are discussed. The theory
offers a possible explanation for tThe long standing problem
as to why assoclated production cross sectilons are small and
K cross sectilons are large. The fundam€ntal baryonic current
coupling gives rise to a short-range repulsion for baryon-
baryon interactions and an attraction for baryon-antibaryon
interactions. There should be effects similar to, those ex-
pected from "repulsive cores" in both the T =1 and T = O NN .
interactions at short distances though the T = 1 state may be
more repulsive. A simple Thomas-type caleulation givés.a spin-




orblit force of the right Sign with not unreasonable order
of magnitude. The AN and Z N interactions at short distances
should be less repulsive than the NN interaction.

Becauge of the strong short-range attractlon between
a baryon and an antibaryon there exists a mechanism for a
baryon-antibaryon palr to form a meson. The dynamical basis
of the Ferml-~Yang-Sakata -Okun model as well as that of the
Goldhaber~Christy model follows naturally from the theory;
all the ad hoc assumptlons that must be made in order that
the compound models work at all can be explalned from first
principles. IT is suggested That one should not ask which
elementary particles are "more elementary than others," and
which compound model is right, but rather characterlze each
particle only by its internal properties such as total hyper-
charge and mean-gsquare baryonlic radius. Although the funda-~
mental couplings of the theory are highly symmetric and uni-
versal, 1t is possible for the three fundamental couplings
alone to account for the observed b=rydh mass-spectrum. The
theory can explain, in a trivial manner, why there are no
"elementary" particles with baryon number greater than unity

provided that the baryonic $urrent coupling is sufficlently
o The guestion of whother or not o |S1=2 meson exists is a dyna rfca | one
BULONE: it depends owthe, streagth of the kypercharqe carrent eawpling .
Finally it is conjectured that there is a deep 3cmmec--

tion between the law of conservation of fermions and the uni-
versal V-A weak coupling. In the absence of strong and elec-
tromagnetic interactions, baryonlc charge, hypercharge and
electric charge all disappear, and only the sign of‘vs-can
distinguish a fermion from an antifermion, the fermionic charge
operator being diagonalized by 75; hence 1 + 75 appears natur-
ally in weak interactions. Parlity conservation in strong inter-
actions, parity conservatlion in electromagnetic interactions
and parity nonconservation in weak interactions can all be
understood from the single common principle of generalilzed
gauge Invariance. It appears that in the future ultimate
theory of elementary particles all interactions will be mani-
festatliona of the flve fundamental vector-type couplings corrve-
sponding to the five conservation laws of "internal attributes"
~-- baryonlc charge, hypercharge, isospin, eleetric charge and
fermionic charge.
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