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Quark mass differences, magnetic moments, and radiative decay widths
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Magnetic moments and transition 'moments of charmed hadrons and radiative decay widths of ordinary and
charmed vector mesons have been calculated using quark masses consistent with the gauge model of weak,
.electromagnetic, and strong interactions of De Rujula, Georgi, and Glashow.

Symmetry breaking in static and dynamic prop-
erties of hadrons will certainly have contributions
from the inequality of the masses of the various
kinds of quarks which are believed to be the ulti-
mate constituents of matter. To start with, a
small mass difference between neturon and pro-
ton is suggestive of a splitting in the mass degen-
eracy of up and down quarks, ' where the latter is
the heavier of the two. In this connection, it is
interesting to note that a comparison with the ac-
curately determined magnetic moments of neutron
and proton using the assumptions that the entire
contribution to these moments comes from the in-
trinsic quark moments and that quark moments,
in turn, are proportional to their charge-to-mass
ratio determines the up quark to be heavier than
the down quark. ' This result may, however, be
erroneous to some measure because of the neglect
of relativistic effects and orbital angular momen-
tum in the wave functions. But whatever the exact
nature of the mass splitting, the static properties
of neu. tron a,nd proton l,ead to a small: mass differ-
ence between up and down quarks. However, since
a small mass difference affects our results neg-
ligibly we prefer to work with nz„=m„. Similarly
attempts have been made to describe large mass
splittings between strange and nonstrange baryons
and mesons, in the first place, on the basis of the
mass difference between nonstrange and strange
quarks. ' Recently while analyzing the implications
of the standard gauge model of weak, electromag-
netic, and strong interactions for hadron spectro-
scopy, De Rujula, Georgi, and Glashow used m„
= pn„=336 MeV and m = 540 MeV, where nz„„,
stands for the masses of up, down, and strange
quarks, to obtain rather good agreement with ex- ~

perimental numbers for baryon magnetic moments.
Finally the interpretation of the narrow resonances
g and g' as states of charmonium inevitably leads
to.a rather large mass for the charmed quarks.
De Rujula, Georgi, and Glashow obtain m, =1660
MeV.

In this paper we calculate the magnetic moments
of charmed hadrons and the radiative decay widths

of ordinary and charmed vector mesons using the
quark mass differences, the principle of quark ad-
ditivity, and the stated assumption that quark mag-
metic moments are proportional. to their charge-
to-mass ratio. We use, to repeat, m„=nz„=336
MeV and m, =540 MeV and m, =1660 MeV, or al-
ternatively x = ~„im~= I, y = m „/m,= 0.62, and z
= m„/m, = 0.2. It may be remarked that Lichten-
berg' has calculated the magnetic moments of
charmed baryons in the above mechanism using
x=1, y=0. 62, x=0.2. However, we also calculate
magnetic moments of charmed mesons and esti-
mate the radiative decay widths of ordinary and
charmed vector mesons. We follow the notations
and method of calculation of Ref. 6.

The magnetic moments of charmed baryons
which carry the effect of up and down quark mass
difference are (in units of proton magnetic mo-
ment)
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Note that if one substitutes +=1 and ~=y=z=1
in the above expressions one recovers the results
of Lichtenberg (Ref. 6) and Singh (Ref. 6), respec-
tively. These expressions are also recovered if
one substitutes p,„=-', p~= && ps= y
p,,= -'z in the expressions obtained by Johnson
and Shah-Jahan. ' The magnetic moments of
charmed vector mesons and transition moments,
in the units of proton magnetic moment, are
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In obtaining these relations we have used
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These states in SU(6) notation are,

and

ju0u4 —utu0+ dfd0 —d4d0)
2

+ "~u4uk+uku4+dfdk+d4d0).

We have taken e~= 5' and 8„=45' as has been sug-
gested by the quadratic mass formula for mesons. '

Having obtained the transition moments, the cal-

culation of the radiative decay width is straight-
forward since'

I"= (p}V/3v,

where I is the decay width, p, is the transition
magnetic moment, and k, the photon momentum,
is given by (m„'—m~')/2m~ in the rest frame of
the decaying vector meson of mass m~. Here m~
is the mass of the pseudoscalar meson. The re-
sults for the decay widths are shown in the Table
I. The experimental values are obtained from
Ref. 10.

From Table I it is clear that by the introduction
of quark mass splittings the radiative decay widths
of K*' to K' alone are disturbed off the experiment
by a substantial amount. This mechanism ob-
viously also provides no answer to the decay pro-
cesses p-wy, &o-vy, and P-wy, particularly the
first one. On the other hand the agreement of the
decay widths of |d-qy, p-qy, and p'-rIy with
experiment is excellent. Particularly the agree-
ment in case of p - qy is a positive result of this
analysis since it has not been possible to recon-
cil.e" theory with, experiment for this case in the
framework of SU(3) or naive quark modeL of vec-
tor-meson dominance. The decay widths of K*'
to K'y and P, -q,y are also considerably im-
proved though the values are still off the experi-

TABLE I. Comparison of calculated radiative decay widths of ordinary and charmed vector
mesons with experiment.

Process

p

Q) ~7t' P

Q7

p

RY

xy

IC P

K "j/

Dg0 DO~

1254

1173

9.49

203.9

17.1

68. 3

273.5

5.19

100

2.9

46.8

Badiative decay widths in keV
x = 1,$ =0.62, s =2

1254

1173

9.49

76.8

74.4

130.2

179.4

1.87

36.1

0.14

18.7

Experiment

+10

880 + 60

30 g8

or 29

50 +13

or 76

64 +10

5.7+ 2.1

&80

74 +35

&3.5
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ment.
Thus in recognition of the s imple symmetry-

breaking mechanism employed in this analysis,
the rather good general agreement of the theoreti-
cal and experimental values for various radiative
decay widths is certainly interesting.
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