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Sum rules relating the masses of the 1/2+ charmed and uncharmed. baryons are derived using weight
diagrams.

Kith the discovery of narrow resonances at 3.1
and 3.7 GeV' and with the introduction of theories
with charmed quarks, ' the search for the charmed
baryons was begun. ' lt is therefore of interest to
know any sum rules between the masses of the
charmed and uncharmed baryons.

In a recent paper, ' the present authors derived
some relations between the masses of ~" charmed
and uncharmed baryons from weight diagrams.
The purpose of the present note is to derive rela-
tions between the masses of & charmed and un-
charmed baryons using the same technique.

There are six SU(2) subgroups of SU(4}, . namely,
X, U, V, L, P, and R spin. ' The magnetic mo-
ments of hadrons are assumed to depend on I.
spin. ' The values of L spin for quarks are given
in Table I and for & baryons in Table II. We plot
two weight diagrams, one between X„Yand C
(charm) (see Fig. 1), and the other between U„Q,
and Ls (see Fig. 2). Figure 1 gives the I-spin
multiplets and Fig. 2 gives the U-spin multiplets.

The Hamiltonian of the hadrons is supposed to
consist of the terms

TABLE I. Quantum numbers of the barks.

Label L3

2

2 2

0

2

2

2

2

H =H„, +H, +H~+H~,

where H„ is the Hamiltonian of the very strong
interactions, H, is the Hamiltonian of the med.-
ium-strong interactions, H, refers to the electro-
magnetic interactions, and EI refers to the weak
interactions. It is assumed that II„ is SU(4) in-
variant and H„can be neglected.

Now H, conserves X spin and H, conserves I.
spin, Thus we can write a parallelogram law. 4''
This law gives good results for & baryons. In the
case of & baryons it is difficult to apply the para-

llelogram law because the center is doubly occu-
pied. For the parallelogram 1, 2, 3, and il, the
point 11 is doubly occupied and we have (the par-
ticle label stands for the mass of the particle)

n-P+& -&o+P(»A) =0,

TABLE II. Quantum numbers of the &' baryons.

Quark
Label content I I3 U U3 I L, 3 C

QQd

+dd

s(Qd)a t, 0 0 1 Q

~~s 1 1 ~2 -~2 1

s(~d)~ 1 0 1 0

dds 1 -1 ~2 ~2 0

emu 1 1 0 0

c(ud) ~~ 1 0 2 2 1

1 -1 1 1

0 0 + + 1

1,
2 2

1 0

2 2

0 0

0 0 1 -1
0 0

2 2

y0

gss

dss

C+
1

CO
1

C+
0

S+

cdd

c(+d) anti

c(s+)sym

C(Sd)sym

C(s+)anti

c(sd)a t,.

2 2

2 2

1.
2 2

2 2

SO

g0 css
1.
2 2

1.
2 2

X++ ccu
Q

CCd 2 2

. Xs ccs 0 0

p

0

0 0

0

0 0

0 1

1

0 1

0 1

0 1

1
i.

-1 2

~1 2

where (&cA) is the transition mass (i.e., the off-
diagonal element of the mass operator} and P is a
constant. Similarly, for the parallelogram 4, 5,
6, and 11 we have

+Z —Zc+ p(&'A} =0
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FIG. 1. The weight diagram with I3, F, and C as the
three axes, giving the I-spin multiplets.
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FIG. 2. The weight diagram between U3, Q, and L3.

Subtraction of (2) from (1) yields

n -p+Z' - Z +" — 0=0,

which is the Coleman-Glashow relation. '
Applying the same technique to the parallelo-

grams 7, 6, 5, 12 and 8, 9, 10, 12, we have

Co, —g +" -Sa+&(SOAO) =0

and

T'-X' +X; -S'+y(S'A') =0 .
Subtracting (5}from (4}, we have

X;-Xq —T +C, —& +" =0.

(4)

(6)

From (6) and (7) we get the following two sum
rules for —,

' baryons:

Xs Xu =~ + ~

(6)

(9)

In the literature there are a number of methods'
for finding the mass splitting of charmed baryons,
and a comparison shows that the above two sum
rules have been derived by Okubo et a/. " How-

ever, the advantage of the above technique is that
it is more simple and efficacious in its applica-
tions.

Applying the parallelogram law to the parallelo-
gram 1, 4, 10, and 7, we have

++7 =C +"
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