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The relations between the masses of charmed baryons and uncharmed baryons are derived from the I-, U-,

and L-spin properties of the mass-splitting interactions.

The discovery of resonances ¥(3.1) and ¥’(3.7)
(Ref. 1) led to the study of theories with charmed
quarks in the framework of SU4).? The subsequent
discovery of some new particles carrying charm?
lends credence to these ideas. In looking for
charmed baryons, it will be of much help to know
any sum rules between the masses of charmed and
uncharmed baryons.

In a recent paper,* we studied the mass splitting
of charmed baryons using the SU(2) subgroups of
SU(4), namely, I, U, V, R, P, and L spin.®
Values of L spin for quarks and £* baryons are
given in Ref. 6 and for 3* in Ref. 4. We have
ertten a parallelogram law both for 3* baryons®
and 3* baryons.* Application of the parallelogram
law to the parallelogram 7, 6, 5, and 12 (Fig. 2,
Ref. 4) gives

Cl—z +E -S°+ V3 (SPA%) =0, )

and to the parallelogram 8, 9, 10, and 12 (Fig. 2,
Ref. 4) yields

T - X} + X} —S°+3(SPA) =0, @)

where (S°A°) and (SYAY) are the transition masses
in I-spin and U-spin representations respectively,
and

So=3S°+37A° - ‘/—f—(s"A") . ®)

Now if the medium-strong interaction is re-
stricted to first order in H_  (where H_, is the
Hamiltonian of “medium-strong interaction,” then
for any U-spin multiplet the mass operator may
be expressed as

a, +a,U,. - “)

This will then imply the equality of first differ-
ences between the masses within any U-spin
multiplet. For the 3* baryon multiplet we will have

AT TF =Tk mER=ER QT (5)
— DA =T A0 om0 6)
A? A*° AXO -39, (7)

For 3* baryon 20-plet we will have

Nep+ECHET =T 1B =204 3A, (8)
co -80=8%-1°, ‘ . 9)

From (3) and (9) we have
2(CY+ T°) = 5°+ 3A° — 2/ 3(S°A°)

which upon combining with (1) and (2) yields
Co+T+37+ X, =E" +X; - S°+3A°, (10)

Similarly for any L-spin multiplet the mass
operator may be expressed as

B, +B,L,

Then for %" baryons we will have

A A‘” A«H - E++ 24-1» :::c , (11)
AT - AL= AL -2, . (12)
DR AR =AF_ED. (13)

And for 3* baryons we have ;
p=Chi=Chi-Xg, (14)
TV oS, =S - X2, (15)

where again (C71C%0) and (S; A7) are the transition
masses in the L-spin representation.

Application of the parallelogram law to the
parallelogram 1, 13, 14, and 6 (Fig. 2, Ref. 4)
ylelds

T =n+Cit =S +y(S*AY)
=B —n+Cl =S+ (SLAL)
=0, (16)
where

S, =18"+3A" - 3(s*A*). (17)

Similarly for parallelogram 4, 5, 15, and 13
(Fig. 2, Ref. 4), we have
Cl"=E°+E"~C}+6(CiCp)
=Cy" =E°+E"=C;1+0/(C11Co)
=0, (18)
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where

+ +* '+ l‘/— +* *
Chi= icl+%co_—2i(clco). (19)

The identities are satisfied for
Y=7v" and 6=0'.
A comparison of (14), (18), and (19) yields
2p + 2X}+ 25" = 2E°=2C"* = C* + 3C}, (20)
and a comparison of (15), (16), and (17) yields
2n+2X,; + 22" =227 =2C}" - S* + 3A*. (21)

If electromagnetic splitting is neglected then from
(20) we will have '

2p+2X,;=3C,+C,. (22)

C, has a mass of 2430 MeV and C, has a mass of
2260 MeV.® Taking the proton mass to be~938
MeV, the mass of X, will be~3667 MeV.

Applying the parallelogram law to the parallelo-
gram 2, 3, 9, and 8 (Fig. 2, Ref. 4) we have

peX;=T 4 X5,

which yields X} =3927 MeV.
Combining (10) and (21) and neglecting the
electromagnetic splitting we have

T°=2+X,+X,+E-3C,~Z

or
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T°~ 2301 MeV .

Finally if the electromagnetic interaction is also
restricted to first order in H,, (where H,,, is the
Hamiltonian of electromagnetic interaction), then
within an I-spin multiplet the masses of any order
in H 4 can be written as ’

Y+ 7215

Then for 3* baryons we have

TH DA = DA _mxe (23)
Ay - Aj= 4 - a2, 29

and for 3 baryons we have

T -20=20-2", (25)
Crr=-Cy=C,=C0. (26)

Thus using an restrictive assumption that H
and H,, can be taken to first order only, we have
been able to derive sum rules concerning the mass
splitting of charmed baryons. In the above re-
lations, those concerning only the uncharmed
baryons are satisfied to a reasonable extent, thus
lending credence to other relations as well.
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