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Experiment seems to indicate that p-p annihila-

tion at rest proceeds from a 35, state.! This
state has quantum numbers 17, C =-1 which
are just those of the p, w, and ¢. It is natural
to assume, then, that the annihilation proceeds
via these states or, equivalently, via the vec-
tor-meson octet and singlet of the eightfold
way.? In terms of SU(4),® we assume that the
vector-meson pentadecuplet (15 members)
dominates. Isospin symmetry alone and, of
course, these larger symmetries imply that
p-n annihilation should behave similarly. So,
we will consider the general case of p-nucleon
annihilation into vector plus pseudoscalar me-
sons.

The annihilation of p-n is simple for both
SU(3) and SU(4) since only the p~ intermediate
state is allowed. However, p-p annihilation is
more complex, since there are three inter-
mediate states, as already mentioned. With
SU(3), we essentially get three independent
couplings to the p, wg, and w,,* since both f
and d couplings contribute to the pp (octet) in-
teraction. With SU(4), the ppw, coupling is
related to the octet coupling, so that we get
only two independent parameters. If we put
the baryons into a pentadecuplet (which would
predict another strange baryon with the quan-
tum numbers of the A), the relation between
the singlet and octet couplings is a very nice
one, and enables us to determine the f to d ra-
tio two nucleon masses off the mass shell for
the vector-meson-nucleon-nucleon interaction
merely by examining the K*K final states.
When the baryons are placed in an icosaplet
(20 members),® one neither obtains quite so
simple a situation nor predicts a ninth baryon.
It is, of course, not known at the present time
whether SU(4) holds at all.

For an example of the kind of arithmetic in-
volved here, suppose we consider the process
p+p—w+n. The interactions involved, assum-
ing SU(4) symmetry and the baryon pentadecu-
plet, are as follows:

BP{B™2(3f~d)wg + [d/VB)w },° 1)
wg{ 372w n-6"12wgn}. (2)
Thus neglecting the (small) propagator dif-
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ferences, we find the following amplitudes:

State Amplitude
wgn %d/—f
Wy 18~ Y2(3 f—d)

Decomposing these by means of wg= ¢ cosf

+w sinf and w, = ~@ sinf + w cosf, we obtain
d/3V3 for the wn amplitude; the K**K~ ampli-
tude is simply d. So, in this case, 27(pK*+/
P)?=217(89/105) gives the branching ratio.”
(We have used a p® weighting factor to account
for phase space and the momentum dependence
of the matrix element.) Other branching ra-
tios are computed in the same way.

One may note above the lack of an f/d am-
biguity in the vector-vector-pseudoscalar in-
teraction; this is because d type only is allowed,
f type yielding a ppm coupling. We also call
attention to the fact that we have treated the
particles as though stable. Thus, for example,
we ignore the effects of overlapping resonances
in the final state.®

The results of the calculation are shown in
Tables I, II, III, and IV, where all relations
obtained by charge conjugation have not been
shown explicitly. For the case of SU(3), we
have taken the couplings as follows:

pplaw, +bwg+cp®), dw,Tr(VP),
and eTr{P[V,V],},

where P and V are the pseudoscalar and vec-
tor octets, respectively. The notation for the
“charmed” particles is that of Bjgrken and

Table I. Relative amplitudes for p-» annihilation.

Symmetry used

State SU(3) SU(4)
K*K° (12 1
K—K* % 1
] c Vi
‘*’177: a \,‘%
Lx)sﬂ’ c

DPO—DU_ (S 1
D,'D, 1
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Table II. Relative amplitudes for p-p annihilation.

Table III. Branching ratios for pn annihilation.

Symmetry used

SU(4)
Baryon Baryon
State SU(3) pentadecuplet icosaplet
7~ ad +2be f f-ay
0p" ad +2be f #7f—d)
K¥K° ad~be—V3ce ~f —%(5f+d)
K*K—  ad-be+V3ce d +§(f+5d)
wgh ad—2be dd—f #(3d-5f)
Wy bd 187 V2(3f—d) 18~ V%(3f—d)
wgr® 2ce 3713 f+d) 3~ f+a)
wy° cd 612 f+d) 6% f+d)
o'n 2ce 37V2(f+d) 37V f+d)
Dp'Dy~ e —d —3(5d +f)
Dp'D," s f +4(5f +d)
p(?x “ee 6_“2(f+d) 6-—1/2(f+d)
SpSy” e - —4(7f-d)
wgX e 18~V2(3f—d)  18~V2%(3f—d)
WX .- -2d/3 —3d+f)

Glashow.? (SP+ and SV+ are the C =+1 pseudo-
scalar and vector isosinglets, respectively.
Dp+ and D,° make a pseudoscalar C =+1 dou-
blet; similarly for D, and D,°.) We have also
used the masses they derived with the excep-
tion of that for y, the ninth pseudoscalar me-
son, whose mass we took as that of the nmn
resonance, since that is now definitely 0.

SU(3) symmetry

(1) TK*K)=T&K*K™)=T(p™n)

2 (D™ mI2=|[T(@er))Y2 + (D(wr) /512
SU(4) symmetry

(3) BT(K*K)=3T(K* K% =30I(pn7)=2I(wr™)
=4T(p™n) =40T(px) =6 (W) "D,1)
=6(Dp"D,)7)

It can be seen that the “charmed” doublets
are expected to be produced rather copiously,
if their masses are as assumed. All the pre-
dictions in Tables III and IV are to one signifi-
cant figure in the coefficients, since one only
expects order-of-magnitude accuracy (or per-
haps better). This is borne out by comparing
the experimental results of p-p annihilation
into two pseudoscalars against the theoretical
prediction obtained using the methods of this
paper. This particular process is fairly sim-
ple to analyze because w, 4 P+P. One finds
the prediction

[C@tn™)p2=21 DK, K,) 2 [DE K )21

The experiment® gave I'r 71~ ):C(KYK™):T (K ,K,)
=395:131:56, which satisfies the above relation
without the factor of 2.

Table IV. Branching ratios for p-p annihilation.

SU(3) symmetry

(1) L% Y% = | [T(en")]"2 + [T (wn?) /5)12|
(2) 2T )Y 2 = [[T (K **K )12 + | DK *K)]1/2|

(3 [r(p*n™) /82 =1 (p ") /8]!/2
= | 1130 (@m) 2 # [T(wn)/2)72]

= | [T K )12 # (T *K)]? |

Choose either the upper or lower sign between the K*K terms in (2) and (3); do the same for the ¢7n, wn terms

in (1) and (3). The other sign is arbitrary.

SU(4) symmetry

(a) Assuming baryon pentadecuplet.

(1) T(wr’)=10I(e7") =2T(p") = 20T (p")

(2)  T(pt17) =T(p'") = 80T(S, S, ™) =2 (K *K")
(3  rK*K")=2r®,D,"

(4)  TE*K™)=2T(Dp*Dy™) =20T(wn)

(5) T(K**K ™) /T(K*K°) = (d/f)?

(8) [T(em)V2 = |[T(K**K ™) /4)1/2 % [D(K ¥K%))1/?|

(N (20 (p"n)]M2 = | LI (K **K )12 = [Pk K %) 12|

(8) (w2 =D& *K ™) /30)2 % [0k *K/10)!2|

In relations (6) through (8), choose either upper or lower sign for all.

(b) Assuming baryon icosaplet

(1) T(wr®)=10T(p7") =21 (p%) = 20T (p") = 80T (wn)
(2)  T(p'17)=r(p"r") = 80T(Sp S, 7)

(3)  r&*K")=2r,"D,"

(4)  TE*KT)=20(Dp*Dy")

(5) (10T (em) V2 = |[T(K **K—)]V% = (9T (K 2K ")]1/2|
(6) 180T (p")I¥2=|[T(K**K )12 + [T (K *K?))"/2|
(n (5T (w12 =|4T&E**K N2 % [D(K*K")]12|

(8 [2r("m™]V2=|[r& **K 7))V * (90K K]

In relations (5) through (8), choose either upper or lower sign for all.
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The consistently low experimental cross sec-
tions observed for strange-particle production
in nucleon-nucleon, pion-nucleon, and antinu-
cleon-nucleon reactions provide an important
test for any higher symmetry theory which as-
sumes a universal coupling for strange and non-
strange particles. The rapid decrease in cross
section with increasing strangeness of the par-
ticles (N, A, =, Q) produced seems to indicate
the existence of a selection rule. Unitary sym-
metry does not provide such a selection rule
and fits the experimental data only by use of
the large number of free parameters arising
in the coupling of two unitary octets. Any pro-
posed higher symmetry should have fewer free
parameters and may be restricted so much that
it must either exhibit a selection rule or dis-
agree with experiment.

The purpose of this Letter is to point out that
a selection rule may be obtained from higher
symmetry schemes!™® which are extensions of
the Wigner supermultiplet classification. In
the following discussion, a quark* model is
used as the simplest method of presentation,
but is not necessary to obtain the result. The
elementary quarks are a unitary triplet of spin

L having third-integral values for electric charge,

hypercharge, and baryon number, but conven-
tional values for isospin and strangeness. By
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analogy with the Sakata model, the members
of the triplet are designated as follows: p’ and
n’ form an isodoublet of strangeness zero, and
A’ is an isosinglet with strangeness —1. The
physical baryons are states of three quarks,
while the physical pseudoscalar mesons are
states of a quark-antiquark pair.

In the Wigner supermultiplet theory, systems
of nucleons are treated assuming invariance
of the interactions under the group SU(4); i.e.,
the four spin and charge states of the nucleon
are assumed to be equivalent. By use of SU(2)
subgroups of SU(4), many conserved quantities
having the properties of an angular momentum
can be defined; e.g., in addition to the total
spin of the system, the total spin of all the
neutrons and the total spin of all the protons
are conserved separately. Similar conserva-
tion laws are found in a quark model under the
assumption of SU(6) invariance. In any system
of quarks, the total spins Sp,, Sy, and S,/ of
the p’, n’, and A’ components are separately
conserved.

This “quark-spin” conservation leads to se-
lection rules inhibiting the production of strange
particles. In any nucleon-nucleon, pion-nucleon,
or antinucleon-nucleon reaction, the initial
state contains only the nonstrange quarks p’
and n’ and the corresponding antiquarks, but



