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The unitary symmetry model*>? based on the
group SU(3) or SU(3)/Z(3) has been proved to be
successful in classifying the existing hadrons
(= strongly interacting particles). The nuclei,
being bound states of the nucleons, have to be-
long to unitary multiplets accordingly. None of
them is a unitary singlet, since they have non-
vanishing hypercharge Y: Y =Z +N=A, where
Z, N, and A are the numbers of protons, neu-
trons, and nucleons inside nuclei, respectively.

Therefore, to each isobaric multiplet of nuclei
or of their excited states corresponds a unitary
multiplet of hypernuclei which have the same
spin and parity and suitable isobaric spin and hy-
percharge spectra. Hyperfragments are fortunate
examples of such particles; they are stable with
respect to the strong interactions. However, it
is clear that there is an enormous number of the
other hypernuclei and their excited states, though
some of them may be unstable. Here we discuss
only a few cases of the light nuclei as illustra-
tions.

We assume that nuclei are the members of the
unitary multiplets which have the highest hyper-
charge. The assumption is compatible with the
fact that neither baryons nor hypernuclei with
positive strangeness have been found in nature.
We shall see that an irreducible representations
to which nuclei belong can be uniquely deter-
mined by this assumption.

Let D(x,, A,) be an irreducible representation
of the group SU(3), which is characterized by
two non-negative integers x; and x,. The sub-
quantum numbers, isobaric spin / and hyper-
charge Y, of submultiplets in the representation
D(xy, 2,) are given by®

=307 =25") + 3, (1
and
Y=+, 320 +2,), (2)
where 1’ and X, are integers such that
Xy ZXA, 20and A, 22, 20, (3)

Since the maximum value of Y is reached for

X, =x; and X\’ =X,, the nuclei with quantum num-
bers I and Y =A have to belong to the representa-
tion D(x,, »,) characterized by

A, =21 (4)
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and
A,=3 A-I, (5)

according to the assumption. The dimension of
the representation, i.e., the number of the parti-
cles of the unitary multiplet, is*

N, ag) =304 + DG+ Dy +x,+2). (6)

Using Eqs. (4), (5), and (6) and experimental
data on nuclei®® and hyperfragments,” we give in
Table I a list of unitary multiplets which involve
the ground states of the nuclei with Z < 7.

We summarize various features of our pre-
diction:

(a) All the observed hyperfragments are lo-
cated in the listed unitary multiplets (column 5).
(b) Spin and parity of the hyperfragments are
determined by those of the nuclei in the same

multiplets (column 6).

(c) The predicted spins for ,H® and yH* are
compatible with current experimental data.”»®

(d) The spin and parity of He®, ,He’, ,Be’,
ABe’, and 4 B' are all §7, contrary to an ex-
pectation” that they would have spin 3. The lat-
ter has been conjectured from the argument that
for the cases where the core nuclei have spin
zero, the extra lambda particle would be in the
lowest orbital state (s state) independent of the
property of the residual core nuclei. This turns
out not to be the case in our model, since the
lambda particle behaves like a nucleon in the
spirit of the unitary-symmetry model, so that
it is in a p,,, state for the above-mentioned
hyperfragments.

(e) The spin of ALiB has been suggested to be
unity,”»°»!° though this seems not to be conclu-
sive, while our prediction is 0*. This may offer
a crucial test of the theory," together with the
measurement of spin and parity of the other hy-
perfragments.

(f) ABg has not yet been reported to exist. Ac-
cording to our prediction, it is expected to be
stable with respect to the strong interactions;
B® + A =8587.3 MeV >Li°. On the other hand,
ABe’*, the other member of the isobaric trip-
let, is expected to be unstable; e.g., a reaction

ABeg* - AHe5 +He*, etc.,
would be possible.
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Table I. Unitary multiplets of the hypernuclei.

b

Represen- Dimen- Isobaric Nuclei Hyperfragments Spin,
tation sion multiplets contained?® Mass Mass® parity
DA, Ay N(Ap,2y) (Z,Y) LI, (MeV) L1, (MeV) JP
D(0,3) 10 (0,2),(3, 1)(1,0),(3, -1 HZ 0,0 1875.5 zn® %, -3 >2055. 0 1*
I >2053.7 ‘
D(1,4) 35 ($,3),(1,2),+++,(3,-1) H 4, -3 2808.8 AH' 0,0 2990.7 0.2 3
0.2),(§, 1)+, (2,-2) He* 4,4 2808.3 .
D(0, 6) 28 (0,4),(4,3),7 (3, -2) He! 0,0  3727.1 ,H' 4, -§ 3922.2:0.1 0
AHe! 53 3921.3+0.3
D(1,7) 80 (§,5),(1,4),-+,(4,-2) He’ },-3 4667.6 ,He® 0,0  4839.5:0.1 4~
0,4),(4,3), -+, (3, -3 Li® 4,1 4667.2
D(0,9) 55 (0,6),(§,5), ", (3, -3) Li¥ 0,0 5601.2 ,He® 4 -} 1"
P ALE L4
D(1,10) 143 ($,7),(1,6),--,(11/2,-3) Li' §,-% 6533.4 ,Li’ 0,0 6711.1+0.2 3§~
T AHe! 1,-1  6716.8:0.9
(0,6)(4,5), "+, (5, —4) Be' 3,4 6533.8 4Li'* 1,0
ABe’ 1,1 6716.2%0.5
D(0,12) 91 (0,8),(4,7), "+, (6,-4) Be? 0,0 7454.4  AZL®  §,-4 7642.420.2 0F
T ABe® 3.3 7642.9:0.3
D(1,13) 224 ($,9),(1,8),++,(7,—4) Be? §,-3 8392.2 ,Be’ 0,0 8563.3+0.2 37
- ALY 1,-1  8577.5+0.3
(0,8), (4,7, ++,(13/2, -5) B* 4,4 8392.8 ,Be’* 1,0
- ABB 1,1
D(0,15) 136 (0,10),(4,9),--+,(15/2,-5) B! 0,0 9323.9  ,Be'® 4,-} 9499.3:0.6 3"
T ABY 44 9498.2 1.0
D(1,16) 323 (3,11),(1,10),--+,(17/2,-5) B! §,—§ 10251.9 ,B" 0,0 10429.4:0.6 §
(0,10),($,9),*--,(8, —6) c'' 3,4 10233.4
D(0,18) 190 (0,12),(§,11),+ -+, (9, —6) c'? 0,0 11174.2 ,BY? §,-§ 11357.0%0.3 0F
T c2 14 11356.0d
D(1,19) 440 ($,13),(1,12),+ -+, (10, —6) c® §,-4 12109.7 ,C% 0,0 12278.8%0.5 4
0,12),(4,11), -+, (19/2, -1y  N® 11 12111.4
D(0,21) 253 (0,14),(4,13),--+,(21/2,-7) N'" 0,0 13040.4 ,Cc" § -} 13212.0:0.7 1F
T N* 43 13215.2:0.5

2The isobaric multiplets (/, Y) which are underlined are nuclei and hyperfragments which are listed in the next
columns. For multiplets of the same row there holds the relation I+ 4Y = const.
bUse is made of the tables in references 5 and 6.
CCalculated from the table in reference 7.
Calculated from the data of A. Z. M. Ismail, I. R. Kenyon, A. W. Key, S. Lokanathan, and Y. Prakash,
Phys. Letters 1, 199 (1962).

(g) pn® and ,H® are likely to be unstable,' to determine the masses of all the others. |
while the existence of stable ,He® and ,Li® are (i) Hypernuclei with s = [S| >2 may be produced
uncertain.’® The mass of ,Li'*, a member of by reactions such as
an isobaric triplet, is to be just near the sum A A A,
of the masses of Li® and A. (7 or z )+Zl l _.SZZ vk,

(h) Since for isobaric multiplets placed in the A A
same row of column 3 in Table I there holds a (K or ©) +Z1 1 -»SZ2 2+(s-1D)K+---, etc.,
relation I+ 3Y = const, their masses are equally
spaced, according to the Gell-Mann-Okubo mass where SZA stands for a hypernucleus with the
formula.!»® Therefore, all the masses of iso- designated quantum numbers. Most hypernuclei
baric multiplets in the representations D(0, 6), belonging to the unitary multiplets which were
D(0,9), D(1,10), D(0,12), D(1,13), D(0,15), explicitly mentioned in (h) are stable. Some
D(0,18), and D(0,21) can be predicted. [For preliminary reports!* have been made on the
D(1,10) and D(1,13), the masses of three iso- existence of hypernuclei with S=-2,
baric multiplets are known. This is sufficient It would be interesting to investigate heavier
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hypernuclei with large nucleon number and hyper-
nuclei which correspond to the excited states of
nuclei. They not only afford an enormous num-
ber of experimental tests of the unitary sym-
metry model, but also constitute a chart of
hypernuclear spectroscopy.'®

It is a pleasure to thank Professor J. R. Oppen-
heimer for the hospitality extended at the Insti-
tute for Advanced Study.
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1. The purpose of this note is to discuss some
properties of the electromagnetic vertex of bary-
ons under the assumption that the effective elec-
tromagnetic current associated with the strongly
interacting particles transforms according to the
adjoint representation of the group'™2 SU(6). In
particular we show that, in the limit where SU(6)
is broken by electromagnetism only, all of the
following quantities can be expressed uniquely in
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terms of the proton magnetic moment w(p):

(a) the magnetic moments of all baryon octet
members, (b) those of the spin-2 decuplet, (c) all
allowed transition moments between octet and
decuplet. We recall'»? that the octet and the de-
cuplet are united in the 56-dimensional represen-
tation of SU(6) and that 56*®56 contains 35 only
once. All our results about baryons stem from
this single occurrence of 35.



