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ABSTRACT. The states bolonging to (4,1) irreducible ropresentations of 8U; have been
classified by their charge and U.spin. This classification has then been used to derive mass
relations. The probable valuo of spin J of a baryon-baryon system belonging to (4, 1) repre-
sentation has boen shown to bo 1. It has also been found that (JP - 5/2', B=1) baryon states
can only belong to (4, 0, 0, 0, 1) irroduciblo ropresentation of SU;. Some branching ratios in
the decays 3d— 8®27 are calculated.

INTRODUCTION

Recently Dashon and Sharp (1965) have used the static model of Abers’
el «l (1964) in conjunction with S-matrix perturbation theory of Dashen and
Frautschi (1964) to discuss the masses and docay of 35-plet of baryons J” = 5/2+
into (i) an octet of baryons and an octet of mesons and (ii) an octet of mesons and
a deciment of baryons. Zimerman and Fagundes (1966) have calculated cortain
sum-rulos among the coupling constants in the docay of 35-plot into octot of 0~
meosons and dociment of 3/2+ baryons. In the present papor the states belonging
to (4, 1) irreducible representations of SU, have heen classified according to their
charge and U-spin (introduced by Lipkin, Mesbkov and Levinson 1963). This
classification has been found usoful in deriving mass relations among the difforent
mombers of the multiplot. Tho relations obtained are in perfoct agreement with
the maeses calculated by Dashon and Sharp. The possible irriducible reprosen-
tation of 8U, into which this (4,1) multiplet can be accomodated has been ghown
to be (4,0,0,0, 1).

The results obtained by this analysis may be utilized with advantage to study
the properties of the 35-plet of dibaryons. Some attempts (Oakes 1963, Gorstein
1964 and Lipkin 1965) have already been made to classify the multi-baryonic
states according to irreducible ropresentations of SU,; with limited success.
Oakes (1963), for example, has shown that deuteron is a member of a 10-multi-
plot. The other members of this multiplet may, possibly, be produced in baryon-
baryon interactions. The possible multiplets that may arise in baryon-baryon
interactions are an ootet, & decimet, & 27-plet and a 35-plet. Some properties of
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this 35-plet have becn studied by the method presented in this papor. The pos-
sible spin values a1e specified and somo intercsting branching ratios in the decay
of the 35-plet into an octot and a 27-plet have been calculated.

USPIN EIGEi‘I-STATES OF 3P LET

In SU; multiplets like (3%, 0) and (0, 3¢) whero x is any integer, sinco thoro
is never more than one state at a given point on the I3—Y diagram the transfor.
mation from I-spin classification to U-spin classification of states chtainod
simply by a rotation of I;— Y diagram by an angle of 120°. In the multiplet
(4,1), however, one finds that thore are twenty points on I;—Y diagram whero
two states occur at the same point. Consequoently, in 35-plet the eigenfunctions
of I? are not tho cigen-functions of U2. The U-spin oigen-states can, howovor,
be expressed as linear combinations of isor pin eigun-states. In table 1 the U-spin
cigon-states, along with their charges, as linear combinations of isospin states aro
listod. The coefficients in theso combinations have been determined with tho help
of commutation relations betwoon raising and lowering operators U,, I, U_

and I_. For tho isospin cigen-states notations of Lipkin and Harari (1964) have

been used.

Table 1
U-spin eigen-statos
Charge Q U U, Notation
3 1/2 12 IpH
3 1/2 —1/2  Ng*+++
2 1 +1 It
2 1 0 1\76*++,—(_§)%Nat«+ 4-(%) N #++
2 1 —1 Yo+
2 0 0 ﬁs‘“’ = (3 )&Ng‘“-— (g_) Ng*tt
1 3/2 +3/2  I*
- *

1 32 412 N = (.;_) No*' (_;)‘Nau
1 32 —12 Tt = (.;_)* y2~++(%)* ¥,

1 3/2 —3/2 B
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Table 1 (contd.)

Charge Q 10) Uy
1 1/2 +1/2
1 1/2 —1/2
0 2 +2
0 2 +1
o 2 0
0 2 -1
0 2 -2
O 1 -4 1
0 1 0
0 1 —1
—1 5/2 -1-5/2
-1 5/2 +3/2
-1 5/2 -+1/2
-1 5/2 —1/2
-1 5/2 —~3/2
-1 5/2 —5/2
-1 3/2 +3/2
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Table 1 (contd.)

Change Q U Us Notation
s g\d 1\
— . - N - __ .-
1 3/2 1-1/2 Y, (10) Y, (10> Y,
- i $
—1 3/2 —1/2 =% _(g ) Ea* — (%) =
} 3P . 2\t
—1 3/2 —3/2 Q= (-5) Q.+ ~( 5) Qo*
—2 2 42 Ng*--
—2 2 +1 Yo*--
-2 2 0 Fa*
—2 2 —1 o Yhani
—2 2 —2 X,

MASS-RELATIONS

Tho above U-spin classification may be used to find relations am« ng the masses
of (4,1) multiplet. 1f the strong interactions wero fully invariant under SUj
all members of a given multiplet would have tho same mass provided that the small
mass splitting duo to olectromagnetic interaction be noglected. Since tho masses
of different particles ctassified in the same multipiet are difteront, the strong
interaction Hamiltonian operator may be written as

H = H,+H, LM

where H, is SU; invariant and H, is not. H,, novertheless, being a strong inter-
action Hamiltonian must not violate hypercharge an4 isospin conservation. The

simplest assumption, usually made, is that mass breaking operator H, transforms
a° 7-meson i.c.,

—V3m_1 9
=Y U 5 U0 - 2)

where U! is a U-spin vector operator and U° is scalar operator. From egs. (1)
and (2) one obtains the following matrix elements of mass breaking operator :

<L H s = V3 <0 > — <3100 >

<N+ |y | N> = —V3 o> <410°13 >
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<L HL> = V3 sy o LUo ) 1>

2

<N H | Hy | Fgrev> = — <1 o 11>
Y& P> = V8 o sy <oy 1s

<I*|H,[It> = :?3/: < T ls>—3 <o) >

Ve H B> = V3 <y sy g o>

4
ST H V> = =V oy s— g <y ooy >
<ESHIES = -2V g oas g < sy s

<L Hy|I0> = /3 <2 N2> — 3 <2 U9 2>

<Ngeo| 1y | By - VB o myas b<2put2>

<)‘;2*°]H1| 172"0>' = —F 2| U0)2>
< é3*°]II,|.=:.,*°> - — ‘-/-?; <2|2> - p<2)00)2>
<IN > = — B[N 2>— 3 <2 102>

<> =B ooy > —p<gve 8>
N B N> =B e s~y < gy g >
<Feo P> =B < vg> —p<gy o) §>

<E|H &> =YV <> —p <005 >

Y
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<O 00> - N> - p < U s>
<X X - = VE s g < g s>
< N |H | Nyp==> = V<2 U |2> — 3 <2 U0 2>

<Yy | H [ Yy* - > = ‘/:; <2 2>—p<2|0°2]>

<EMTH B> — — <200 2>
<Qr I |Qp > = V3 capmyzs - p<2 o)z
<XyTH X7 > = -4/3 <2 U 2> -3 <200°2> 0 (3)

where <<a || U || @ > is the reduced matrix clement hetween states with U spin
equal to «. These matrix elements lead to the following relations among the
masses of different particles :

M(I,)+M(Y,*) = § M(Ng*)+§M(Ng¥)

M(L)+M(Ez*) = } M(Ng*)+$M(Ng*)+3M(Y *)+-LM(Y,*)
M(I)+M(Q*) = } M(Y,*)+§M(Y %)

M(T)+M(Q*) = e M(Ng*) 4+ M(N,*) +3M(E;*)+-3 M(E,¥)

M) +MX) = JoM(Y )+ LMY *)+ I M(E*)+§ M(E*)
M(I)+M(X,) = FyM(Ng*) 438§ M(N*)+F M(Q*) 43 M(Qe*)
M(Y)+M(Qy*) = M(N*)4-M(X,) = 2M(E;*) oo @

These relations are found to be in porfect agreement with the masses given hy
Dashen and Sharp (1965).

SU; CLASSIFICATION AND PROBABLE
VALUES OF SPIN

In this section we find out the irreducible representations of SU, to which
the 35-plet of SU; may belong. Let us first considor the baryon states
having baryon number B = 1. These states will appear as resonances in meson-
baryon interactions at high energies. They will, therefore, by contained in on
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or more, of the irreducible representations of SU, that are obtained in the reduc-
tion of tho direct product 56@35. This reduction is given by Itzykson and
Nauenberg (1966)

56@)35 = T00@1134@70@56 .. (5)

Now if we oxamine the (SU;, SU,) contents of all the irreducible representations
occuring on the right side of equation (5) we find that there are (i) two 35-plets of
NU; with spins J = 5/2 and J == 3/2 respectively in the 700-dimensional repro-
sentation of SUg and (ii) two 35-plets with J = 3/2and J = 1/2 in 1134 dimensional
representation of SUg. No 35-plet oceurs in 70-dimensional and 56-dimoensional
representation.  We, therefore, find that JP = i harvons can ouly ho accomo-
dated in 70-dimensional representation of SUsg.

The baryon-haryon 35-plets (B = 2) will, similarly, be found in some irredu-
cible representations of SUg that are obtained in the reduction : (Itzykson and
Nauenbherg 1966)

5656 = 1050@D490@1134@162 .. (6)

The generalized Pauli principle allows only the two anti-symmetric ropresentations
490 and 1050 to be realized in nature. The 35-plets of SU, oceur in both these
representations.  In 490-dimensional irreducible reprosentation only those 35-plet
of SU, occur which have spin J =: 1 whils in 1050-dimensional represontation of
SUj there are throe 35-plets with spin values J == 1, 2 and 3. Thus tho low-
lying haryon-baryon states will have spin J = 1.

BRANCHING RATIOS IN THE DECAY OF 35-PLET

The decays of a 35-plet of single baryons JP = 5/2 into (i) a meson octet and
baryon octet and into (ii) a moson octot and a baryon docimeat have been discussed
by Dashen and Sharp (1965) and by Zimmerman and Fagundes (1966). Their
tesults could be used for di-baryon states also if we roplace the moson octot by
baryon octet. We want to discuss the decay of 35 di-baryon statos into an octet
of meson and & 27-plet of di-baryons. We assume that for highor dimensional
resonances the violation of unitary symmetry primarily affects the phase space
and form factors in the decay widths. The branching ratios may thon be predicted
from the following wave-functions :

[yt tb> = —(J)112 ] Kty y Xy 5> +(§)1 2|t X 2>
o> = —(3)12 | K4y j XN > ()12 | KO o X1yy> +(3)V2 | 7, X 2>

+ (@) 0 X, 2>
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[Hgv> = —(B)2| K*3,,X 15> —(3)V2| KOs XYy 0> + (512 |t X 12>
VR 70X P> +(3)2 X P>
[0 = — ()12 | Ktge X yp> — (312 | K=y X2y o> 4 (V3 | 70, X2, >
+@)2 | X P> (D

whero J‘X Ilf stand for & member of 27-plet having quantum numbors ¥ = Y,
3

I = I'"and I == I';. The other thirty-one wave-functions can be similarly written
down using the Clebsch-Gordon coefficients of SU;. The branching ratios are
then given by (Gasiorowics 1964) :

_Td,» M,,"B) (Pm, )2‘“ [ P24 A% N (8)
(I, M,+%¥B,) \PM P 2+A

Here M, and M, arc the membors of moson octet; *13, and 278, are members
of 27-plet of baryon-baryon states; P, and Py, are the momenta in the respoc-
tive docays, [ is the orbital angular momentum in the decay and A reflects the
source size. Thus, using wave-functions (7) we obtain :

R, = MUF+t— K4y, X1,)
N () o U o 2

M(I,++— K+ 4-3,X _1) 3

By = M-, X2 4

R. = MIt+— K044, X! Xlg)__ 1
3T TMI S 1 XE) 4

_ M1 > Kt+4,X X1, _

YO MIgrs X))

tQI w

R. = M, > K°+a/2X’1/g) —
8 M(I 5 1+, X 2)

ol W

R. = M1 Kt g, X Lag) _
¢ M(I,0— 7"+, X3_))

,;;»

R, = M(I,0— Ko"‘s/z i)
T T MISS X))

=3
i

The branching ratios in the decays of other particles of this plot can als) be simi-
larly found out.
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