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The hyperon magnetic moments and the magnetic transition moment pyo, have been calculated under
various assumptions for the electromagnetic current operator within the spectrum-generating SU(3) approach.
None of these assumptions, including the conventional ones using the Gell-Mann-Nishijima formula and
SU(3) symmetry, lead to an acceptable fit to the experimental data.

Several experiments have provided the values
for the magnetic moments of hyperons.! However,
their theoretical understanding within the SU(3)
scheme has so far caused difficulties.? It also ap-
pears that no reasonable assumption of SU(3)
breaking can account for the discrepancies be-
tween the experimental and group-theoretical
values calculated from the Gell-Mann—Nishijima
formula

v =V§°+% Vi 6

for the electromagnetic current, where V,"O and
V,are the (=1, I,=0, Y=0)and (=0, 1,=0, Y=0)
components of an SU(3) octet operator, respec-
tively.

Recently,® in connection with the calculation of
the radiative decays of vector mesons V - Py with-
in SU(4), it was suggested that in addition to a
symmetry-breaking factor one should also con-
sider an SU(3) scalar term in the electromagnetic
current operator. In particular it was argued that
if the experimental value® I'(p—~ 7y) =35+ 10 keV is
correct, then it is inevitable to generalize Eq. (1).
The generalization which is, among others, cap-
able of explaining the radiative decays of vector
mesons is®

yd =V,:°+% VieVS, (2)

where VS is an SU(3)-scalar operator.

In the present paper, Eq. (1) as well as Eq. (2)
will be used for a fit of the experimental values of
the hyperon magnetic momenta. The breaking of
SU(3) will be taken into account in the form of the
spectrum-generating SU(3)g approach® in which
coupling constants and form factors are not only
given by the Clebsch-Gordan coefficients but are
also functions of the masses. Within this spec-
trum-generating SU(3)z approach we shall also
use the same particular assumptions that were
used for the calculations of V- Py. It will be
shown that with Eq. (1), any symmetry-correc-
tion factor will give a rather poor fit of the ex-

perimental hyperon magnetic moments. Using
Eq. (2) the agreement between experimental data
and theoretical predictions seems to be better;
however, taking all the experimental values seri-
ously, the fit does not really improve.

The magnetic moment of the hyperon « is writ-
ten as (e/2m,)p,, where u, is the value of the
magnetic moment in units of the nuclear magne-
ton and m, is the proton mass. Expressed in
terms of the conventional form factors this is
given by

e e
mua=m(ff’+2maf§'), (3)

where f{ and f; are defined by

(Pl VEap) =ta(P IS Tvu+ Foi0,,a Wa(p). (4)

Usually f¥ and f3 or m,f5 are written as

fE=2.Cly, ael, a)f{7, (5)
b4

where C(y, a, el, @) are the antisymmetric (for y
=F) and the symmetric (for y =D) SU(3) Clebsch-
Gordon coefficients; and the fﬁ’) are supposed to
be SU(3)-invariant form factors. However, if one
takes SU(3) breaking into account by considering
SU(3) as a spectrum-generating group, one obtains

FE=2my"t ZC(‘y, a, el, a)Fl(” , (6)
¥

fe=2m,"2 )" Cly, a,el, ) F{", ("M
[4

where the F,"') are the form factors invariant with
respect to SU(3)g, which is now considered not as
a symmetry group but just as a particle-classify-
ing group. Except for the suppression factor
my®™, Egs. (6) and (7) are an immediate conse-
quence of the Wigner-Eckart theorem for the ir-
reducible tensor operator V,',l . A derivation of (6)
and (7), i.e., essentially of the suppression factor
ma®"t, from the assumption that SU(3) is a spec-
trum-generating group, SU(3)g, is given in the
Appendix and makes use of results obtained in
Refs. 6 and 7. The value of ¢ depends upon the
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particular symmetry-breaking assumption. From
the radiative decays of vector mesons ¢ was de-
termined empirically to be g =1, %, or £3® of
which ¢ =1 was the theoretically preferred value.®

If one uses Eq. (1) for the electromagnetic in-
teraction operator, then the Clebsch-Gordan co-
efficients in Eqs. (6) and (7) are C(F, a,¢el, a),
the antisymmetric octet-octet-octet coefficients
which are proportional to the charges and
C(D, a,el, @), the symmetric (D-type) octet-octet-
octet coefficients. If one uses Eq. (2) one has in
addition to these two terms a term proportional to
the octet-single-octet coefficient C(S, a, €l, @)
~8q4q =1 coming from the SU(3)-scalar operator
V3. Thus one has four [in case of Eq. (1)] or
six [in case of Eq. (2)] arbitrary parameters
FO pP  pS g O pS) to fit from the
charges and magnetic moments of the baryons.

In any case as f| [or the factor of y, in Eq. (A3)]
must be proportional to the charges, one obtains

fE=2m,""'C(F, a,el, a)Fl(F) s (8)
i.e.,
F® =0, F$ -o0. 9)

For f§ one obtains explicitly
fE=2m, ?[C(F, a, el, @)FF
+C(D, a, el, a)FP ], (10)
for case (1), and
fE=2my*2[C(F, a, el, @) FF
+C(D, &, el, a)FS+ FS)], (10%)

for case (2).
Inserting Egs. (8), (9), and (10) into Eq. (3) one
obtains

ha= 22 2m T [CF, @y el, )(ES) +25L)
a
+C(D, a,el, @)2FP], 11
Ba= 22 2m, U C(F, @, el, )(F +2F )
3

+C(D, ayel, @)2FP +2F[],
(11")

For the comparison with the experimental data we
define new parameters,

f=2m,,"'1(F1(F) + ZFz(F)) s
d=2m," 12F® | (12)
s =2m, 2R

in terms of which the magnetic moments in units
of the nuclear magneton, u,, are expressed for
case (1):

b

Q-2
P = <%> [C(F, a,el, a)f +C(D, a, el, a)d]
»

(13)

or for case (2):

a-2
g = (}n"_g.) [C(F, a,el, a)f+C(D, a,el, a)d +s].
»

(137)
The factor m,/m, in Eq. (13), arises from the
use of nuclear-magneton units; the factor (m,/
m,)*"! is the suppression factor describing the
SU(3)-symmetry breaking; and the third factor in
brackets is the effect that arises from the property
of the SU(3) group.

For the Z°-A magnetic transition moment gyo,
(in nuclear-magneton units) the expression is
slightly more complicated but obtained in a simi-
lar way from the formulas in the Appendix. It is
given by

m, My +mpo? m,

0p =
Hooa My +Mgo mp? (m pmgo)2

X [C(F,2° el, A)f+C(D, =% el, A)d +s].
(14)

As the suppression factor (m,/m,)* ™ with arbi-
trary q is very general for the magnetic moments
(o’ = a), but a consequence of the specific assump-
tion (A6) in the Appendix for the transition mo-
ment (a’ # ), we will consider arbitrary values
of g for the magnetic moments. For the transition
moment we shall then consider only the value
g =1, which will turn out to be the best value for
the hyperon magnetic moments. In this case Eq.
(14) will be given by

#:OA:(-%%’;W <—%1—5d+8> , (15)
where we have already inserted the values of the
Clebsch-Gordan coefficients.

After the value of ¢ (g =1 is the theoretically
preferred value and is also obtained empirically
from the application of the spectrum-generating
group approach to other processes® *¢) has been
chosen there are two [in case of Eq. (1)] or three
[in case of Eq. (2)] arbitrary parameters, essen-
tially reduced matrix elements. The Clebsch-
Gordan coefficients are listed in Table I.

In case (1) the two parameters f and d will be
determined from the value of neutron and proton
magnetic moments and are obtained to be

f=Vv3x1.86, d=-vy15x0.98.

The predictions of Eq. (13) for the magnetic mo-
ments are listed in columns 3-7 of Table II for
various values of g. [The prediction for pgo, in



TABLE I. SU(3) Clebsch-Gordan coefficients occurring in the
matrix elements of the electromagnetic current operator.

aa’ C(F, a,el o) C(D, a,el ")
p 1N3 -1MT5

n 0 2NTS

A 0 IA/15
z* 1V3 -1A/T15
z -1N/3 -1N/T5
=" -1K/3 -1INT5
z° 0 -1IANT15

= 0 2R/15
Z°A 0 -1A/5

the 6th column is not for ¢ =2 but is the value of
C(F,Z%el,A)f+C(D,=° el, A)d, which is the con-
ventional prediction without the SU(3)-breaking
correction factor and which is identical with the
prediction of Eq. (13’) with ¢ =2 for the u,4.] The
experimental values, as far as they are known,
are given in column 2 of Table II.° [The number
for the Z°A magnetic transition moment is the
absolute value.) Comparison of the predictions
and the experimental values shows that there is
no value of ¢ which leads to agreement between
the predictions of Eq. (1) and the experimental
data. The best predictions are obtained for ¢ =1,
but even for this value the predictions are off from
the experimental values by 1 or 2 standard devia-
tions for each value. Already the prediction for
Wg+/g-, which is independent of any symmetry-
breaking effect, differs from the experimental
value by 2 standard deviations.

For case (2) we proceed in two ways: First we
determine the three free parameters f, d, and s
from p,, u,, and the ratio of the experimental
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values [p+/ug-, because these three quantities
are independent of the value of ¢, which depends
upon the particular symmetry-breaking assump-
tion. We will see that the agreement between the
experimental and theoretical values is again poor,
even in the best case, which turns out to be again
¢ =1. In order to investigate the cause of the dis-
agreement, we will then in a second step fix f and
d from the experimental values of Kp and p, and
determine s from the values of the hyperon mag-
netic moments and |0, |; and we will see that
pa and |ppoa| will require a positive value for s
and ug- and px- will require a negative value for s.
From (13’) and the Clebsch-Gordan coefficients
in Table I, one obtains with the experimental values
Of Upy Hp, ihpe/Hp-:

1 1
“’-2'79_J?§f_—\/—1——5—d+s’

un=-1.91=%d+s,

and
gt/ wp-=-1.91+28%

_ (V3 f-(1/VIB)d +s
T -3 f-(/NIB)d+s

~ 2.79
T (/N3 f-(1/VIB)d+s

From these three equations one determines
s =-0.23+0.15,

%d =-0.84+0.08,

(16)

%f=2.18t 0.17.

The values that one obtains for C(F, a, el, a)f
+C(D, a, el, a)d +s with these values of the param-

TABLE II. Comparison between the experimental values of the magnetic moments and the predictions
from the Gell-Mann-Nishijima current operator for various cases of SU(3)-symmetry breaking.

2-q
%) [C(F, a,el,a)f + C (D, a,el,a)d
(3

« g P q=0 a=3 q=1 q=2 q=3
p 2.79 input input input input input
n -1.91 input input input input input
A -0.67 £0.06 -0.68 -0.74 -0.81 -0.96 -1.14
z* 2.83+0.25 1.73 1.95 2.20 2.79 3.53
z" -1.48 +0.37 -0.53 -0.60 -0.68 -0.87 -1.12
- -1.85 +£0.75 -0.44 -0.51 -0.62 -0.87 -1.23
Z°A 1.82 102 +1.38 1.66
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TABLE III. Comparison between the experimental values of the magnetic moments and the predictions
from the generalized electromagnetic current operator for various cases of SU(3)-symmetry breaking.

2 -
2-q
My
mﬂ

[C(F, ael,a)f+ C(D, a,el,a)d + 5]

« q=2 g=1 q=3 q=0 [T
A -1.07 £0.17 -0.90+0.14 -0.82£0.13 -0.76 +0.12 -0.67 + 0.06
= 2.79 221 1.95 1.73 2.83%0.25
bou -1.59 4 0.46 -1.24£036 -1.10£0.32 -0.97 +0.28 -1.48 £ 0.37
= -1.59 + 0.46 -1.13+0.33 -0.94 1 0.27 -0.080 +0.23 -1.85+0.75
z° +0.84 + 0.07 +0.66 + 0.06 +0.59 + 0.05 +0.52 +0.04
=0 -1.67 £ 0.15 -1.19 +0.i1 -1.00 + 0.09 -0.85 +0.08
E°A 1.22+015 1.00 £ 0.12 1.82 102

eters s, d, and f are given in column 2 of Table
III. They are for the magnetic moments the pre-
dictions in the case ¢ =2 and for uzo, the predic-
tion without the SU(3)-breaking correction factor.
Columns 3-5 of Table III contain the predictions
of 4 for other values of g. Column 6 gives again
the experimental values of u, for comparison.
Except for the value of u,, the case ¢ =2 would
give a good fit to the experimental data, but g =1
is again the case which leads to least disagree-
ment with all experimental data; however, it also
gives a rather poor fit.

We shall now show that the cause for this poor
fit is the discrepancy between the value for the
scalar term s required by u, and ugo, on the one
hand and the value for s required by ug- and px-
on the other. Using the Clebsch-Gordan coeffici-
ents of Table I and expressing the hyperon mag-
netic moments and the magnetic transition mo-
ment in terms of y,, u,, and s one obtains:

(M 2Ky S
Ha (m,) (2 +2)’

e = (m ~)

( >2 q( “n—up+3) (17)
=< ) (~Hn =1y +35),
_m [V (@ )]
Heoa m;‘m[ g Fat\g s
for ¢ =1 only

The experimental value of ug+/ug- rules out all
values of ¢ except for ¢ =1, 3, and 2. We shall
restrict ourselves to g =1 and ¢ =2. The values
of s obtained from the experimental data using

(17) are given in Table IV. For example, for

q =1, the values from pug- and pz- combine to give
s ==0.37+0.15 and the values from p, and pgo,
combine to give s =+0.32+0.11.

To summarize the results, it has been shown
that the present experimental values of the hyper-
on magnetic moments cannot be explained by the
Gell-Mann-Nishijima formula (1) and SU(3), even
when SU(3) is considered as a spectrum-generating
group and the symmetry breaking is taken into
account. If an SU(3) scalar term is included in the
electromagnetic current, as given by (2), the
situation for the hyperon magnetic moments im-
proves slightly, especially if one excludes some
of the experimental data for pu,. However, if all
data are taken into account, including the mag-
netic transition moment |iz0|, a discrepancy be-
tween the predictions for u, and pgo, on the one
hand and pug- and pxz- on the other becomes ap-
parent. Equation (1), as well as (2), under the
assumption of a spectrum-generating SU(3) with
all possible SU(3)-breaking assumptions (including
SU(3) as a symmetry group) do not lead to a rea-
sonable fit of the experimental data. Besides an
SU(3)-scalar term, a modification of (1) by some
other new SU(3) irreducible tensor operators may
be possible. However, already the present results

TABLE IV. Values of s forg =1 and g = 2.

q=2 q=1
-0.20+0.12 -0.33+0.16 from u, -
-0.32+0.25 -0.58 +0.35 from pw~
0.58 £0.12 +0.32 £0.14 from u,
0.10+0.14 +0.32+0.16 from lpgo, |
with the choice
of sign gy, =1




should be sufficient to show that the common
practice of using F;‘F) and sz) determined from
the experimental values of u, and u&, in the fits of
the hyperon semileptonic decays (Cabibbo fits) is
very questionable® as such a procedure does not
even provide an explanation of the magnetic mo-
ments.

Discussions with A. Garcia, R. B. Teese, and
J. Werle have been very valuable for the conclu-
sion reached in this paper. Part of the work was
done while at the International Centre for Theo-
retical Physics, Trieste and the author is grate-
ful to the Centre and to Professor A. Salam for
the hospitality extended to him.

APPENDIX

In this Appendix the formulas (6) and (7) will be
derived with the help of results obtained in Refs.
6 and 7. Since the group-theory part of (6) and
(7) is obvious, all that will be done here is to
give a justification for the suppression factor.

If SU(3) is not a symmetry group but is con-
sidered to be a spectrum-generating group SU(3)g
that commutes with the 4-velocity operator 13“
=P, /M (P,=hadron momentum operator, M
=hadron mass operator), then the form factors
£ for the matrix element of an SU(3) tensor
operator V2 appearing in

(@p'|VElpay =T (p)f 2%t 210,08 Ma (D),
(A1)
with
=3 "Cl, a,8,a)fY
[3
and a, a’, B denoting the SU(3); labels, are not
SU(3)g-invariant reduced matrix elements. In-

stead of (A1) one has to consider the following
matrix elements of an SU(3); tensor operator V4:

('’ |VE| p oy

T <5'>(Z Cly, @, B, a)F Py,
Y

+3 Cly,a, B, a’)Fé’)ivupci") ua(p),

(A2)

where Iﬁ, a) are generalized eigenvectors of the
velocity operator 2,, and

Ziu =£L_§u=(pl/ma"'p/mm)u~

If V% is an SU(3)z-octet operator, then (A2) is a
consequence of the Wigner-Eckart theorem and
the F,-(”(ciz) are SU(3)g-invariant form factors and
functions of the SU(3)g-invariant parameter §2.
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The matrix element of an operator H%, which is a
function of an octet operator 72 and the mass oper-
ator M, has the form

(a'p’|HE| p o)

= (5’)¢“'“< > Clr, o, 8, & )FPy,

- 3 Ol o, 8, @ VN0 T ) wal),

(A3)
where ¢*® is a function of the masses My My,
The connection between the conventional form fac-
tors £{'®* and the SU(3)g-invariant form factors
F{” and suppression factors ¢%* is given by Egs.
(23) and (24) in Ref. 7:

a’a

woa___ @ 3 Ctryap @)
r=F,D

(mamg)*®

x [pfr) . (2 - <_'Z£_+ﬂ_>> Fzm] ,

2MaMy:
(A4)
fe =—¢fa—r Cly, a, B, a')(mg +ma)FY
2 2(’,”"‘,%0")3;2r= ‘b y Ky Py « '/t .

The particular form of the suppression factor
»“* depends upon the particular assumption for
H®. A very general assumption is that

G =2m, %% q=1, %, 3.... (A5)

For example, one may take for H: the electromag-
netic interaction operator H;l (corresponding to the
electromagnetic current) and assume for it the
same properties that were assumed in the calcu-
lation of the radiative decays®:

ay =M {m, vl
(A6)
V8 ={M V8} =irreducible tensor operator,
(B denotes the component of the SU(3)-tensor oper-
ator and may be 7% #*, K° K*, K° K~, S, or el

if the linear combinations of (1) and (2) are meant).
Then

(@B’ B ay = (mg +ma)ma® + mo®a'p' Vi | o)
=MaMa (Mo +ma K a'p' |V pay .
(AT)
Comparison of this with (A3) and (A2) then shows
that
O¥E =My (my® +my) . (A8)

For a=a' this leads to (A5) for the suppression
factor. However, for a=a’ the expression (A5)
is also obtained under many more and very general



2552 A. BOHM 18

assumptions of HY as a function of an SU(3); ten-
sor operator and the mass operator.

If one inserts (A5) into (A4) for the case a’=aq,
B=el, one obtains

fE=fe®=om 2t Y=Z; . Cly, a,el, a)Fl(” , (8)

FE=f8*=2m"2 Y Cly, a, el, )F . (7
k4

A comparison of this with (5) shows that ¢ =1 is
also the case of SU(3) symmetry, or more pre-
cisely the case in which the conventional form
factors f{ and f; [in the normalization of (4)] are
proportional to the Clebsch-Gordan coefficients.
The case in which the magnetic moments pu, in
units of the nuclear magneton are proportional
to the Clebsch-Gordan coefficients is g =2.
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