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It is shown within the framework of the naive quark model that the measured rates I (p-+my) and
I (Xs'0~X y) can be explained if the quarks have anomalous magnetic moments. However, one is led to
contradictions with the measured baryon magnetic moments and other measured radiative rates. .

I. INTRODUCTION

It is well known that the measured rates for p
-tty (Ref. 1) and K* -Koy (Ref. 2) are well below
the SU(3) sym-metry predictions. ' Edwards and
Kamal' have investigated the radiative decays in
various broken-SU(3) schemes and demonstrated
that the p-my rate cannot be fitted simultaneously
with the other known radiative rates.

one possible way to explain the measured p-zy
rate would be to assign to the quarks an anomalous
magnetic moment. However, such an explanation
will have repercussions for other radiative rates.
The naive quark model also provides a connection
between the M1 transition operator in meson de-
cays of the kind 1 0 y and the baryon magnetic
moments. The purpose of this note is to investi-
gate the compatibility of the assumption of anoma-
lous magnetic moments of the quarks with the bar-
yon magnetic moments and other measured radia-
tive rates. The connection between the present
scheme and the general schemes discussed by
Edwards and Kamal' is elucidated in Sec, IV.

II. THE MODEL

Restricting ourselves to SU(3) only, the electro-
magnetic current of the fractionally charged quarks
ls

em
cfp

= ~ &~g]Pp g] ~
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The M1 transition operator for 1 -0 y meson ra-
diative decays is

to be of form Jss& +(I/W)Js"&, as it is in Eq. (1),
then in the SU(3)-symmetry limit the anomalous
moments will also be of the form 8„'s& +(I/W) J„"&.
In particular, no SU(3) singlets will be allowed un-
less the current itself has an SU(3)-singlet part.
Thus in the SU(3)-symmetry limit one would have
the anomalous moments of the u, d, and s quarks
in the ratio g, . g, . &„=2:-1:-1 and the usual naive
quark-model results would be recovered. Con-
sider, however, a picture in which the anomalous
moments arise from the electromagnetic vertex
modification due to pseudoscalar mesons where the
photon interacts with the meson and the quark cur-
rents. If one assumes that the meson octet is de-
generate in mass and the qua, rks are also degener-
ate in mass then the SU(3) limit of the ratio of the
quark anomalous moments, just alluded to, is ob-
tained. However, if SU(3) symmetry is broken by
having nondegenerate meson octet masses and also
nondt. generate quark masses, then one can show
(see Appendix) that the SU(3) limit on the ratios of
the quark anomalous moments is violated. The
view we adopt is that the anomalous moment of the
quarks transforms like an arbitrary combination
of the generators ~, and g, . Rather than estimate
the anomalous moments evpn qualitatively we dem-
onstrate that such a freedom can explain the p-my
rate. We then investigate other predictions that
follow from such an assumption. Labeling the
quark anomalous moments as g&, the last two equa-
tions become

8= I +K(ll)tT) (tX%&
i

ttt (e & k), (2)

where i and k are the photon polarization vector
and momentum vector. The magnetic-moment op-
erator is

In Eqs. (2) and (3) the entire magnetic moment is
assumed to arise from the Dirac moment of the
quarks. If we assume the electromagnetic current

where g, LLEW,
is the anomalous magnetic moment of

the ith quark and tt =e/2r&t„. We shall also assume
throughout that m„= m„. Using the last two equa-
tions, one obtains for the ratio of decay amplitudes

&(to - t&y) 3(1+&c, —to )
A(p-sty) (1+3&t, +3&cs)

Y (6)

A(K*' -K'y) I I + g —3(&t, + &c, )
A(to- tty) 3 1+&c, —

&cs
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A(K*'-K'y) I+ )-3(~,+~,)
A(p-vy) 1+3(g, +z, )

(8)

III. IMPLICATIONS

A. Baryon magnetic moments

l. Equation (4) leads to the ratio of proton to
neutron magnetic moments

where g = m„/m, . Experimentally, ' r is x(4.9
+0.75). Clearly, given the freedom of z, and w„ it
is possible to accommodate this value of r. One
notices from Eq. (7) or (8) that the K*0-Koy rate
can also be explairied with a suitably chosen &,. In
the next section we investigate the consequences
of sich an explanation.

A(u-gy) 1 (1+3&,+3&2) 1 2
A(~-wy) 3 (1+~,—~, ) W 3

1 1 y'2

cos g~ —— sin6I~
3

0.71
(8~ = -10' ) . (13)

Equation (13) results in

' "-~» =O.O76' -"y =(3.0+0.8)X10 '. (l4)I (~-vy) ' I'(~- wy)

Experimentallya this ratio is (3.5 +2'8, )10 ', con-
sistent with Eq. (14). Thus no problems result
here.

2. Using Eq. (4) one obtains

(3+4m, —g, ) 3+ 5r
(2+~, —4a, ) 3-5r ' (9)

A(q'- py)
A(q'- ~)

and

(15)

The SU(3) limit -a, results on using r =3. If we use
r = (4.9 + 7.5), we get —(1.28 + 0.05) for the ratio
p~/g„; r=(4.-9+0.75) leads to -(0.8~.03), both
well away from experimental value of -1.46.

2. One can also evaluate the ratio

]+3a, (2t+r —1)
3+4m, —e, (3+5r)

If we use r =3 and t =-2, the SU(3) limiting values,
one gets gA/g&= —,. Using the rates'for K* -K'y
and p-vy one finds t=-(1.97+0.53) [notice that
both rates are lower than the SU(3) limiting values
in such a way that the ratio is consistent with'the
SU(3) limit]. Using r =(4.9+0.075), one finds

A =+(0.004+0.03).
jap

The experimental world average for p, A is
(-0.67+0.06)ps or t4A/g~=(-0. 24+0.02). Both p, ~/
g„and pA/p, ~ are consistent with zero ~,. or at most
very small values of anomalous moment with $
=0.7. The radiative rates for p-my and K* -K y,
on the other hand, require substantial anomalous
magnetic moments.

B. Other radiative decays

Py) =1.11 ( " ) =(28+8.2),
I'(rt '- ~) I'( p - ny)

which is inconsistent with the measured value'
(9.9 a 2).

3. From Eq. (4) one can derive

A(y -7iy) X/2

~ cos8~+ — sin8~

' 2t-1+r
X 2r

Therefore, with g~ =-10',

(16)

(17)

2t-1+r 2

=1.71X =(0.3+2.4)10 4. (18)I'(& vy)
' 2r

Equation (18) results in I'(p -qy) =0.2 keV in gross
contradiction with the world average of (64+ 10)
keV. Note that t=-2 and r =3 yield 0.19 for the
ratio in Eq. (18), resulting in the SU(3) prediction
of I'(P -qy) =165 keV.

4. From Eq. (4) one gets

A(p-riy) 1 2 '~' .cosg~ —— sing~ = 0.71,A& wy vd

(19)
which yields

Introduction of anomalous quark moments not in
the ratio 2:-1:-1 is equivalent to a symmetry-
breaking scheme which preserves the Okubo-
Zweig-Iizuka (OZI) rule

1. With

or

"y) =o.o65
I'(&o - vy)

r(p-qy) =(57+4) keV

(20)

(21)

and

( ri) = cos8~) 8) —sin8~~ 0)

(12)

in agreement with the lower solution (50 +13) keV
of Ref. 6.

5. Equation (4) yields
( &u) =cos8r (0) + sin8r(8),

one finds from Eq. (4), with 8v ideal,
A(p q'y) (2W sin8~ —2 cos8~)
A(Q -sty) (2 sin8~+cos8~)

(22)
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which results ln

&'y) =4.65 x10-3.
I'(y -qy) (23)

A(K*' -K'y) t+r
A(K*' K y) t (24)

'Using r = (4.9 + 0.75) and t =-( I. 97+ 0.53), one ob-
tains

= 2.8 +'2.2 .I '--go Ko (25)

The central value of 2.8 would result in I'(K*'
-K'y)= 200 keV well outside the experimental up-

per bound"- of 80 keg.

Using Eq. (18) one obtains I"(jt -q'y) = 1 eV. There
are no measurements on this rate, but other cal-
culations' yield a rate 2-3 orders of magnitude
larger.

6. Equation (4) results in

It is the violation of 2:-1:-1 ratio of the anoma-
lous moments that allows the first term of Eq. (27)
to survive and allows us to violate the naive quark-
model value for the ratio A(~-wy)/A(p- jjy).
Note that, as it is linear in d, „, the amplitude
preserves the QZI rule. '

Our experience' from the past has been that SU(3)
breaking schemes successfully explain the E*'

K y rate but the p-my rate could not be fitted
simultaneously with other measured rates. The
K* -K y rate is not very problematic; simply us-
ing I„/m, = 0.7 alone brings the rate down from
the SU(3) value of =200 keV to 145 keV. It is the

p my rate which poses the problem. In this note
we have shown that if one were to invoke anomal-
ous moments of the quarks to explain the p -zy
rate one runs into problems with p, /p„, tjA/tj,
I'(ji'-py)/r(q'- ~), and I"(Q july). Thus once
again we would emphasize the need for a new mea-
surement of the p -wy rate.

IV. DISCUSSION AND CONCLUSIONS

The decay amplitude for V -P'y in a ~,-symme-
try-breaking scheme which treats singlets and

octets on equal footing (strong nonet symmetry of
Edwards and Kamal'), may be written as (n refers
to the internal symmetry index of the photon)

A„,„=f,d„,„+f~d8 j,d, ~„+f,ds~j, dj,j„+f4d, „jdj,j„
+f,5„6„„+f,6,„fjj„+f,5,„5,„(tj,=0, ... . , 8).

(26)

This amplitude is not symmetric under (m n).
However, if the photon interacts like a hadron, as
in vector-meson dominance, then the amplitude
will display symmetry under (m =n) which will de-
mand that f, =f~ and f6 =f„ thereby reducing the
number of independent parameters to five. One
should also bear in mind that the first term in Eq.
(26) obeys the OZI rule. '

The scheme proposed in this paper is summar-
ized' by writing the V -P'y decay amplitude in the
form

It' 2 1/2

g 'I (jjj + IC2 + ICB)dmjo ( Ijl jja)dmjsmjn

+(I/v 3 )(1+jj, +e, —2jj,)d„js (27)

Note that if g,. =0 then one is led to the first term
of Eq. (26) with n=(3)+(I/v 3)(8) which would be the
naive quark-model picture. If g, : g, . g. =2:-1:-1
the first term in Eq. (27) is absent and one is still
led to the first term of Eq. (26) with n =(3)
+ (1/W)(8), though with an overall coupling con-
stant which depends on the anomalous-moment pa-
rameter. The ratio A(jjj-wy)/A(p- jjy) is still 3.
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APPENDIX

We evaluate here the induced anomalous moment
of the quarks in a model where quarks interact di-
rectly with 0 mesons. The interaction Lagrangian
takes the form

2 =tgg qjy, M'jq&,
f~f

where M is the 0 octet matrix. In order to satisfy
gauge invarianee it is necessary to consider, in
the lowest orderall , the O(g') graphsthat , is, the
vertex modification graphs where the photon inter-
acts with the meson current and the quark current
and also the graphs associated with the self-energy
insertions and mass renormalizations. This is
necessary for charge renormalization. The anom-
alous moment, however, is generated only through
vertex-modification graphs in which the photon in-
teracts with the meson and the quark currents.

In the following calculation, to illustrate how

symmetry breaking may induce anomalous mag-
netic moments which do not obey the g„'. g„.g,
=2:-1:-1 rule, we shall allow a nondegenerate
0 octet but a degenerate quark triplet, for sirn-
plicity.

Meson-current contribution

The anomalous magnetic moment of the u quark
arises from m' and K' currents while that of the d
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quark comes from the m current and that of the s
quark from the ~K current.

The S matrix for q( p)+y(q)- q(p') has a structure

t=+et't'(t'-t-t)ru, , t, / 1) t,
(2)'2+ q)„e" d'%

X
(u+ q)' —m' k2 —m2 Q

(A2)

where the minus sign is used for the u quark and
the plus sign for d and s quarks. m is the 0 me-
son mass, in this case w's and K's. Extracting the
static anomalous term at q2 =0 from the above of
form e&o""q„one gets (using o""=(i)/2)[y", y"])

S (anomalous part from meson currents) =+eg21/'m, u2, e.„o"'q„u2I5 (p'- p —q),

where

JB 8 [m2(1 —yz)+ m, 'y'z']

4 2 2

'(4 ' ')~2 m(4m ' -m')' ' (4112 ' —121 )'
tan + tan

2m. ' 2m'- m' m

B(4~ 2 F12)1/2
I (4111 2 1122)1/2 1t1(4m 2 2112)1/2 t

where m=m„or m~. We shall label I as I, or I~ when m=m, or m=m~, respectively.

(A3)

The S matrix for q(p)+y(q)-q(p') is
Quarkwurrent contribution

(A4)
1 1 d k

S = -eg 6 (p —p —q)C1C2 Qt) y8 g y
y2 g y8 (p 1 )2 m2 t)

where C, =-a if the struck quark is u t)/pe and ——,
' if it is d or s type. C, =+1 if the meson involved is w' or

K', C, = —,
' if it is n', C, =~6 if the meson involved is q' coupling to uN or dd, and C, =—', if the meson is g'

coupling to ss.
Extracting the static anomalous moment term again we get

ydy(1 —zy) 'dz

[m,2(1 —zy)'+ m2zy]

1 2m' m m ' m'(4m ' —m')' ' (4m ' m')' '
1 — + 61n '2 + tan '

m(I/22 —2 m,2)
4(4 2 2)1/2

m(4m '- m2)1/2
—tan

m -2m.2 2

(4 2 ~2 )1/2 y
y 211(4211 2

)t/1
2 )1/2

S (anomalous part from quark currents) = —eg'C, C21/2m, 1/2, e„o""q„u2J5 (p+ q- p'),

where

(A5)

(A6)

The anomalous moments can now be obtained from
(A3) and (A6), resulting in

2eg ma & 2
K81 = —

&2 ~ (-IK+ 8JK-—BJ.) ~ (A 9)

2

K1g 2 (It) +IK 8 JK+ 2 jt)) t
eg mq

m

2eg m,
K2 P32 2 ( 'tt 2 Jtt 18 Jt) 8 JK) tg

(A7)

(A6)

Note that if m„= m~= m„ then

Ky: K2: K3 =2:

which is the SU(3)-symmetry limit. The same lim-
it is also obtained if m, » m.
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