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It has been realized very recently (*2) that an useful approach to theoretically in-
vestigating the electromagnetic properties of charmed hadrons can be obtained by
introducing a new U, symmetry (%), built up by including u, 4, and ¢ quarks, In par-
ticular, it has been shown (2) that, in this scheme, one is able to recover the right mag-
netic moments of (nonstrange) charmed baryons, previously ecalculated in the frame-
work of SU, (®%). However, such a formalism does not allow, obviously, us to derive
the magnetic moments of hadrons with both charm and strangeness, It is the purpose
of this letter to show that suitable changes in our previous formalism can provide a
straightforward way to derive also the magnetic moments of the strange charmed
baryons.

Let us briefly review the basic features of the new U, scheme discussed by us in
ref. (3). We start from the « planar representation» (I, ¥ = ¥ -~ O)—introduced
in ref. (*)—of the SU, fundamental quartet {see fig. 1). After having got rid of the
s-quark and suitably shifted the ¥-axis (¥ —¥'= ¥ —2), one finds the u-, d- and
c-quark weight diagram of fig. 2, which has to be identified with the [3]-representation
of a new U, group (2).

(1} 8. Iwao: Kanazawa University preprint HPICK-042 (1977); Lett. Nuovo Cimento, 20, 522 (1977).
(*) G. DartroLi, R. MiacNANI and D. PROSPERI: Letf. Nuovo Cimento. 22, 147 (1978).

(*} L. Coouvnary and V. JossI: Phys. Rev. D, 13, 3115, 3120 (1976); D. B. LICHTENBERG: Phys.
Rev. D, 15, 345 (1977).

(*) G. DatTori, G. MATONE and D. PROSPERI: Nuovo Cimento, 45 A, 187 (1978).
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The Gell-Mann-Nakano-Nishijima formula now reads.(“?)

1 Y
(1) Q_§ IV s+\/@- os

where %, A arc the usual Gell-Mann-Ne'eman matrices and 2, = V21
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Fig. 1. Fig. 2.

Tig, 1. — Planar weight diagram of the SU, fundamental representation in the (I, I‘;)-plane.

Fig. 2. — Fundamental representation of the new U group built up with the u, 4 and ¢ quarks
in the (I;, ¥Y')-plane.

It is now straightforward to define an U’-spin (?) (also called L-spin (®)), acting
on the (u, ¢)-doublet, in analogy with the old U-spin (*%). By the U’-spin formalism
one is able to derive the following general formulae for the magnetic moments of the
charmed (nonstrange) baryons belonging to the [8]- and [I0]-multiplets (2) (*):

a) Baryon octet:

W 2[@—3p
w 3] 4

1
p 3 — ' {u 1) — } .
P

2
b) Baryon decuplet:

3) E_9.

Ko

Let us now apply a technigue similar to the previous one o the quark sector (c, d, s).
First of all, we define

(4) I'=21,+B, Z,=(Y—B)2

K. T. MauaNTaPPA and D. G. UNGER: Phys. Rev. D, 16, 32384 (1977).

8. Mgsugov, C. A. LeviNsox and H. J. LipgiIN: Phys. Rev. Lett., 10, 361 (1963).

§. P. ROSEN: Phys. Rev. Lett., 11, 100 (1963); R. J. OaxEs: Phys. Rev., 132, 2349 (1963).
M. A. Bre, B. W. Let and A. Pars: Phys. Rev. Lett., 13, 514 (1964).

Sece fig. 4, 5 and tables Ia), b) of ref. (*).
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so that @ = Z, + 1. The notation reflects the fact that I and Z, can be considered
as an hypercharge and a spin third component, respectively. The basic quartet of
quarks in terms of the new variables is shown in fig. 8, whereas the corresponding values
of Z, Z; and I are listed in table I.

Tasre L. — Values of Z, Z; and I for the basic quartet of quarks.

State z Z, I

d 0 0 —3
u 0 0 £
s 1 —1 0
c 3 1 0

By removing the u-quark in fig. 3, we arrive to the weight diagram of fig. 4.
It is easily seen that it coincides with the [3]-representation of a § U, group, whose
commuting operators are J and Z,. Clearly, the ¢ and s quarks constitute a Z-spin
doublet, while the d-quark is a singlet and, within the new SU, group, plays the role
of the « strange» quark.
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Fig. 3. Fig. 4.

Fig. 3. — Fundamental quartet of quarks in the (Zs, I~ )-plane.
Fig. 4. — Fundamental representation of the SU, group built up with the ¢, d and s quarks in
the (Z,, I)-plane.

Next, we can define an M-spin (similar to the U’-spin, but acting in the (c, d, s)-
sector), whose third component, 1I,, is given by

(5) My =32l —Q) = }[3(B + 2I,)— (8 + 0)].

The weight diagrams of the baryons belonging to the (e, d, s)-sector and to the [8]
and {10] representations in terms of the new variables I and Z, arve depicted in figs. 5a)
and b); the corresponding @, M and 1, values are reported in tables Ia) and b).
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Tig. 5. — Baryon octet (a) and decuplet (b) of the (¢, d,s) quark sector in the (Z,, f)-pla.ne.

Trom the standard definitions of the physical magnetic moment g, and by taking
into account the results of ref. (8), one finds, for the baryon octet:

© P _ E{(? X 1)2 — MM+ 1)}
H, S \2

and, therefore (°) (*)

Q) = 1(E3) = iy

- Q) = p(E) = py = — 3y,
#(Ey) = m{Zg) = — 3y,
n(EY) + w8 =0.

By the way, let us notice that 2} and H;" are not eigenstates of the M-spin (the same
happens ‘to A and I for the U-spin: See e.g. ref. (1)).
As to the « baryon decuplet », we have ¢):

4
(8) tuo 0,
Au'p
“and
pAT) = w(E3) = W(EF) = wQF) = — iy

p(QF) = p(E) = m(Z°) =0,
H(QFF) = W(ERY) = gy,

W@ = 21, .

9

(*) A. W. Hexpry and D. B. LICHTENBERG: Phys. Rev, D, 12, 2756 (1975); D. B. LICHTENBERG:
Lett. Nuovo Cimento, 13, 346 (1975); J. FRANKLIN: Phys. Rev. D, 12, 2077 (1975).

(*) In the following, we adopt, for the charmed baryon states, the nomenclature introduced in
vef. (°), shich, in our opinion, is the most clear and consistent with the standard SU, notation.
() H. J. LipxiN: Lie Groups for Pedestrians (Amsterdam, 1965); D. B. LICHTENBERG: Unitary
Symmetry and Elementary Particles (New York, N. Y., 1970).
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It ean be immediately checked that the above results coincide with those previcusly
derived by different approaches (*4) in the limit of an exact 8U, symmetry.

Lastly, let us consider the quark sector (u, ¢, 8) of fig, 1. By applying the procedure
of ref. (?) (*), we can construet the weight diagrams of fig. 6, 7a) and 7b) (where we
defined I’ = I — %), for the fundamental triplet, and the baryons of the (u, ¢, s)-sector
belonging to the usual octet and decuplet. Now, the u-quark plays the role of the
« charmed » quark in the Uj-scheme of ref. (2).

II

/
ALV

Fig. 6, — Fundamental representation of the U, group built up with the u, ¢ and s quarks in the
(Zy, I")-plane.

a) b)

Fig. 7. — Baryon octet (a) and decuplet (b) of the (u, ¢, 8) sector in the (Z,, I')-plane.

We can introduce an V-spin (acting on the (u, ¢)-doublet), with third component
given by (it is @' = @ — 2,/V6: see ref. (3)):

(10) Ny = 320'—@").

The values of ¢, N, N, for the baryons of the [8] and [10] representations are listed
in tables Ila), I1Ib). The formulae for the magnetic moments of baryons are quite

(*) Let us stress that, in this case, the quarks u, ¢, s belong to a [3] representation of U, (rather
than SU;). See ref. (*) for further details.
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TasrLt Ila). — Values of Q, M, iy jo. e waryons belongung o lar
SU, in the (e, d, s)-sector.

State Q M Ms
Qy 1 3 3
By 1 3 —1
QF 0 1 1
% () 0 . 1 0
91 () 0 0 0
= 0 1 —1
pory —1 b —3
=y —1 3 3

@ 14> =3(—IE> + VIED) M =1.
® lob = (V3IED +I1ED) (M =0).

Taprs 115). — Values of Q, M, My for the baryons belonging to the [10]-representation
of 8U, in the (c,q, s)-sector.

State Q
Qy —1

By~ —1
e —1
A” —1
o 0

*
=0

=10
Q%

=
-
i Lo | 5
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ekt
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=T

analogous to those valid in the (u, d, ¢)- quark sector (?) {egs. (2), (3) of ref. (®)) (*).
1t is therefore very easy to derive the following results:

P(EE) = WEF) = 31t
ME) = m(Q5)
W(ED = Q) = — 3y,
p(ED) 4+ ME) = 3u

f

Up s

(11)

(*) YFor instance, for the baryon octet eq. (2) must be used, with ' replaced by N. Moreover, one
has to introduce a ¢ fictitious » magnetic moment. See ref. (*).
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Tasre Illa). — Values of ¢', N, Ny for the baryons belonging to the [8]-representation
of U; in the (u, ¢, 8)-sector.
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=
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QF
=0
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@ b = 3(—~1F) +V3IED).
®) lph = H(V3IED +155).

Tarre II1b). — Values of @', N, N, for the baryons belonging to the [10]-representation
of SU, in the (u, c, s)-sector.

State Q'
At

Zf++

Eyt

=
2

+4
Q3
P
ait

QF . 0
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0y° —1
Q- —2
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for the octet (*), and

RAT) = w(EFT) = (B = pQit) = 2p,,
wmIFT) = w(E) = p@ity =p,,
(12) .
m(ES") = p(Q%) =0,
M(Q-ﬂ) = _—lup

for the decuplet (3).

(*) In this case, too, Ef and B{* are not eigenstates of the N-spin. See ref. (19).
1
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TabrLs iy, — The jour suigroups »f Sly and their additive quantum nuwmbers.

quark sector group structure additive
quantum numbers
1 u, d, 8 SU, 8
11 u, d, ¢ U, (o)
111 d, s ¢ ST, J—B=2I,=48
v u, 8, © U, I—B=2I,=C

In conclusion, let us make some final remarks, aimed to further clarify our for-
malism. In general, given a SU, subgroup, one can find #» STU,_; (or U,_;) subgroups
(e.g., in the case of SU,, we have 3 8U, subgroups, leading to the usual definitions (8-19)
of I-, U- and V-gpin). In our case, we obtain four subgroups (corresponding to dif-
ferent quark sectors): See table IV. The additive quantum numbers for Uy and Uy
are strangeness and charm, respectively, while, for 8Uyy and Uy, the following
quantities:

(13) (I — By = 2L,(I1T) = &'
and
(14) (I — Bl = 2L,(IV) = O’

play the role of quantum numbers « strangenesslike » and « charmlike », respectively.

Eventually, let us mention that, in a very recent paper ('), use has been made of
the restriction to the (e, d,s)- quark sector. However, the magnetic moments of the
charmed baryons have been caleulated by using an approach different from the present
one, and the whole philosophy is rather unlike ours.

% %k ¥

Thanks are due to P. Camiz for kind interest and useful discussions.

(1) 8, Iwao: Lelt. Nuovo Cimento, 21, 239, 245 (1978).
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