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Magnetic moments of charmed baryons in the quark model*
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We compute the magnetic moments of charmed baryons using the gauge-theory quark model of De Rujula,

Georgi, and Glashow. We find that these moments are quite different (sometimes differing in sign as well as

magnitude) from those computed by Choudhury and Joshi, who used U(8) symmetry. The reason for the

difference is that in our calculation the heavy mass of the charmed quark badly breaks U(8) symmetry. Our
results reduce essentially to those of Choudhury and Joshi when all quark masses are set equal to one another.

In two recent papers, Choudhury and Joshi' '
have used U(4) and U(8) symmetries to calculate
the magnetic moments of charmed baryons in
terms of the magnetic moments of uncharmed
baryons. In the first paper, which makes use of
U(4} symmetry, the authors obtain expressions
for the charmed-baryon magnetic moments in
terms of the moments of the proton, neutron,
and A. In the second paper, which uses U(8) sym-
metry, the magnetic moments of all charmed
baryons are given in terms of the proton magnetic
moment.

In this note, we calculate the magnetic moments
of charmed baryons in the quark model. We as-
sume, following the gauge-theory model of De
Rdjula, Georgi, and Glashow, ' that the quark mag-
netic moments are proportional to their charge-to-
mass ratios. ' (For a discussion of the justifica-
tion for this assumption, we refer the reader to
Ref. 3.) We obtain values of the charmed-baryon
magnetic moments which are quite diff e r ent fr om
those found by Choudhury and Joshi. The dif-
ference between their results and ours arises
from the fact that in the model of De RQjula,
Georgi, and Glashow, U(4) and U(8) symmetries
are badly broken by the heavy mass of the charmed
quark. If we let all the quark masses be equal,
our results essentially reduce to those in the U(8}
work of Choudhury and Joshi. We should remark
that the groups U(8) and SU(8) lead to the same
results.

It will probably be a long time before there is any

hope that the magnetic moments of charmed bary-
ons can be measured. Nevertheless, we present
our results now because there may be other cal-
culations more accessible to experimental tests in
which the charmed-baryon magnetic moments are
needed. It therefore seems to us valuable to point
out that there exists a quite different alternative
to the charmed-baryon magnetic moments found by

Choudhury and Joshi.
To calculate the magnetic moments, we need to

assume something about the symmetry of the bary-
on wave functions. In the usual gauge-theory
model, ' quarks have color, and the baryon wave
functions are antisymmetric in the color indices
of any two quarks. It is usually assumed that, as
a consequence, the baryon wave functions are
symmetric under the interchange of all other in-
dices of any two quarks. However, we obtain the
same results with the weaker assumption that the
wave functions are invariant under isospin rota-
tions and are symmetric under the interchange of
the noncolor indices of any two identical quarks. '
As is usual in quark-model calculations of baryon
magnetic moments, we assume that the entire
contribution to these moments comes from the
intrinsic quark moments, neglecting any contri-
bution from any orbital angular momentum of the
quarks.

We use the symbols, u, d, s, c to denote the
quarks and m„, m„, nz„rn, to denote their masses.
Our notation for the charmed baryons is not the
same as that used by Choudhury and Joshi, but
instead follows that of our earlier work. ' Speci-
fically, we keep the usual symbol for a baryon
of a. given isospin except that we use a subscript
to denote the number of charmed quarks which
have replaced strange quarks in the baryon.
Thus, for example, the =' is composed of uss,
the ™y'of' Msc, and the =", of ucc. In this
note, we shall neglect the mass difference be-
tween the «and d quarks.

Once the wave functions are given, it is straight-
forward to write down expressions for the baryon
magnetic moments in terms of the proton mag-
netic moment and the two mass ratios x and y
given by

x =m„jm„y =m„/m, .
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We compute the magnetic moments of the mem-
bers of the 20, and 20 baryon multiplets as well
as the nonvanishing transition moments. The
20, and 20 refer to dimensionality and symmetry
of the representation (s = symmetric, m = mixed
symmetries} in an SU(4) classification scheme,
although SU(4) is of course badly broken. We
write down all these magnetic moments to facili-
tate comparison with the U(8) paper of Choudhury
and Joshi. ' We group the baryons for convenience
into SU(3) multiplets of given charm. For ex-
ample, (8, 0) means an SU(3) octet of charm
zero —in other words, the usual baryon octet.

With this notation, the magnetic moments of the
members of the 20 are (in units in which the
proton moment is unity)

(8, 0): p. (n) = —3,

p(Z') =
~9 (8+x), g(Z ) = 9' (-4+x),

p(~')=-,'(2+x). i (A) = ——.'x,
u(:-')= —-', (1+2x), ~("- )=-,'(1-4x),

(8, 1): p(F. 1') = 9(4 —y), p (F.;) = 9(1 —v),

u(F. ', ) = —-', (2+y),

t (:-;)= —,'(2 —x —y), V(=-", ) = —-', (1+x+y),

p, (Q', ) = —-', (2x+y),
(&, 1): p(A', ) = p(:-,")= p(:-I') =='y,

(3, 2): p(=~) =-,'(-1+4y), p(=;)=-,' (1+8y),

p.(Q', ) = —,
' (x+ Sy),

The absolute values of the nonvanishing transi-
tion moments among baryons of the 20 are

(AI pl~') =(A', I&I &i) = li'~3,

(:-';
I v I:-;)= (2+x)/(3v 3),

(:""
I vl ='}= (1 —x}/(3&3 }

Note that for two baryons B and B' we have

(&Ill&') =(&'fi I&)
Likewise, the magnetic moments of the mem-

bers of the 20, are (again in units of the proton
moment)

(10, 0): ~ap(a") = p(b,+) = —p(g ) = 1, p(~') = () t,

V(F.*')=-'(4-x), i (~*')=-'(1 -x), A&* ) =- l(2+x),
p(:-*')= '-, (1 —x), g:-* ) = — (1+2x),

g(G )= —x,

(»: A~*~') =3(2+y), A~*,') ='(1+2y), u(&*,o) =--,'(l-y),
p(=*,') =,'-(2 —x+ 2y), p(=,*') = ——,'(1+x —2y),

p(f1*,') =- -'. (x -y),
(3, 2): p.(=*, ) =-,'(1+2y}, p(=*,') =- —,'-(1 —4y),

p.(n,*') = ——,'-(x —
4 y),

(1, 3): u(fbi') = 2y

Lastly, in the same units, the absolute values of the nonvanishing transition moments are

V I i I
&') =(nil I

&') = V~,
(&'lpl&*') =

9 M2(2+x), (Z'I plZ*')=-,'v2 (1+2x),

g I p, I
Z * ) = -', M2 (1 —x),

(:-'I uf:-*') =
9 ~2 (x+2) (:-

I
~l:-' ) =

9 ~2 (1 —x),
+Pl ply. *i') =

~ &2 (1 —y} (~'il pf~~i') =-'~211 —4yl

(z',
I p, f

z *,') = -', M2(1+ 2v ),
(:-;Ip I:-*,') =

9 v 2I2 —x —4y I, (:-', I pf:-*,') = —,
' K2 (1+x+4y),

(:-l'I pl:-7'}=&2 (2+ x}«3&3), (:-l'I ul:-*,")=~2(1 —x)/(3~3),

(&', I u I &,*")= (&,'I u I &,*')= ', ~2(x+ 2y),

(=-,"Ipl:-*.")= l~2(l-y}, (=-;I ~l=-l') = l~2(1+2y) .
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In obtaining the transition moments, we have as-
sumed that the overlap integrals of the spatial
wave functions are all equal to unity. This is a
good approximation in the model, but is not strict-
ly true. Therefore, the transition moments ought
to be slightly smaller than the values given here.

If we set x=y =1 in these expressions, we obtain
SU(8)-invariant magnetic moments. These are
for the most part the same as the magnetic mo-
ments in the U(8) paper of Choudhury and Joshi. '
However, we do not get the same results as in
their original paper for the A and Z", magnetic
moments as well as for some transition moments.
These differences are attributable to misprints
in the original paper of Choudhury and Joshi,
corr ected in the Erratum. With x = y = 1 our re-
sults for the moments of uncharmed baryons re-
duce to the SU(6) results of Bdg, Lee, a.nd Pais'
and Thirring. '

But the main purpose of our note is not to point
out the few differences between our SU(8)-invari-
ant results and those of Choudhury and Joshi, but
to discuss the more important differences which
occur from the breaking of SU(8). Because we are
using the model of De Rdjula, Qeorgi, and Qlas-
how, we use their calculated quark masses. They
obtained'

m„=m, =336 MeV, m, =540 MeV, m, =1660 MeV.

The mass m„was obtained from the experimental
value of the proton magnetic moment, with the as-
sumption that quarks have Dirac moments. The
masses m, and m, were obtained from relations
among the baryon masses derived in the gauge-
theory model. These values of the masses give

x =0.62, y = 0.20.

Kith the above value of x, we obtain for the
baryon-octet moments approximately the same
values as those given in Table I of the paper of
De Rujula, Qeorgi, and Qlashow. ' In particular,
the value of the A magnetic moment is predicted
to be u(A) = —0.58 p. „where p, , is the nucleon
magneton. On the other hand, if x=1, p(A)
= —0.98 p, The experimental value p(A)
= (-0.6 "I + 0.06)p, , is somewhat closer to the pre-
dicted value with x= 0.62.

Turning to the charmed baryons, we see that,
because y =-,', the predictions change quite drasti-
cally from the SU(8) results. In fact, according to
the model, the approximation y =0 is much better
than y = 1. Let us point out some examples of the
differences in the two approximations. If y =1,
the charmed baryons belonging to the (3,1) re-
presentation have moments -', as large as the
proton moment, whereas in the model of De Ru-
jula, Georgi, and Qlashow, these moments are
close to zero (, the proton moment). Another ex-
ample is the moment of the =, . If y =1, this
moment is positive and large; with y =5, it is
negative and small. Also a number of transition
moments which vanish in the SU(8) limit are now

quite large. This could have an appreciable effect
on y-decay rates of charmed baryons. The reader
can easily obtain other examples from our equa-
tions, where setting y =-5 leads to quite different
results from setting y =1.

In conclusion, in the model of De RGjula, Georgi,
and Glashow, SU(8) symmetry is badly broken by
the heavy mass of the charmed quark. This sym-
metry breaking qualitatively changes the static
and transition magnetic moments of charmed
baryons compared to the values they would have
in an SU(8)-invariant theory.
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