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Radiative decays of vector mesons
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The effect of meson masses on the transition moments for V~Py decays is investigated. We find that this

additional symmetry-breaking assumption fits the experimental data well, except for the decay P—+y,y.
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where for ~&g,*„we are guided by the theoretical
prediction of Ref. 8. Using Eqs. (l) and (2), we
determine the transition moments in the units of
proton magnetic moment for various 1 0 y de-
cays by evaluating the matrix elements
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where

It is well known that the simple additive quark
model' does not explain accurately the experi-
mentally known values of magnetic moments of

baryons and radiative decay widths of 1 me-
sons. De Rujula, Georgi, and Glashow' (DGG)
and I.ipkin' successfully predicted the magnetic
moment p(A) by incorporating the symmetry-
breaking effects due to the difference in quark
masses, but did not succeed in reproducing p(Z'),
p, (:"'), and p(:" ). Also, using the same quark-
mass-ratio parameters, 4 the radiative decay widths
of vector mesons cannot be fitted. Several au-
thors' have attempted to resolve these discrep-
ancies by considering additional symmetry viola-
tions which may arise due to strong-interaction
effects. ' In particular, Teese and Settles' have
demonstrated that magnetic moments are hadron-
mass dependent. Employing a mass-correction
term (mplms)'~', they have obtained a reasonably
good fit. Recently, ' by using a different value for
the quark-mass-ratio parameter y (= m„/m, ), and
then applying the mass correction, the gap between
theory and experiment has further been lessened.

'The purpose of this paper is to investigate the
meson-mass dependence of the transition moments
for V -I'y processes. As before, 4" we use the
principle of quark additivity and assume that the
quark magnetic moments are proportional to
their charge-to-mass ratio. For the quark-mass-
ratio parameter y, we have'

For the processes Q-vy and Q-qy, we use
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(b) 0 = (Ep/mv) I() ~ (8)

where en~ and E~ are the mass and the energy of
the emitted pseudoscalar meson, respectively, and

nz~ is the mass of the decaying vector meson. The
radiative decay widths are then calculated using the
expression'

(9)

where k is the photon momentum in the rest frame
of the decaying vector meson and is given by
(m„' —mp')/2m'. Our results, along with the ex-
perimental data, are displayed in Table I.

From the table, we find that the mass correc-
tion (b) to the transition moments gives an overall
better fit for the decay widths, while the mass
correction (a) yields lower values for the pro-
cesses where a pion is emitted. 'This may be be-
cause pions are comparatively lighter and so rela-
tivistic effects may play a role (E,» m, ). It is
noticed that both (a) and (b) give almost similar
resul. ts for the decays where heavier mesons are
emitted (Ep=mp). There seems to be a strong
disagreement for the decay g q,y; it may be at-
tributed to the additional contribution from the
gluon annihilation' which cannot be ignored for

where e~ = 45 and e~ = 5', as has been suggested
by the quadratic mass formula for mesons. '

7o investigate the mass dependence of the tran-
sition moments, we examine two mass-correction
terms: (a) (mp/m„)'~' and (b) (Ep/mv)'~', so that
the transition moments can now be expressed as

(a) g= (m /pm)'~'p,
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TABLE I. Radiative decay widths {in keV) for 1 -0 transitions. x=m„/m~=1.

Process
Matrix

elements

Transition moments in nm Radiative decay widths
with mass corrections (theoretical)

(a) (b) (a) (b)

Experimental
values
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3
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1
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-0.39

-1.17

-0.08

1.61

0.56

—0.67

—2.00

-0.16

1.64

0.58

22.2 66.3

2.34 8.9

51.8 54.2

6.82 7.32

205.8 602.].

67 +7 {Ref.11)

789+ 92 {Ref.12)

6.5+ 1.9 (Ref. 13)

52+ 13.7 {Ref.14)

3.2+2) eg (Ref. 14)
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0.62

—0.92
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69.2
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79.2

65+ 15 (Ref. 13,14)
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1.16

-0.48

-2.21

-0.21

0.72

1.26

-0.48

2 Q2 1

-0.21

0.72

35.2

0.12

35.2

0.12

23.6 23.6

108.8 127.3

1.59 1.59

75+ 35 (Ref. 16)

1.2

'The factor 0.08 in g decays occurs because of the mixing. Also see the text.

the processes having no net flavor.
It is known that the calculation of the matrix

elements for the 1 - 0 transitions involves the
evaluation of a spatial-overlap integral 0' of the
initial and final wave functions. In earlier cal-
culations, "the value of 0' was taken to be unity.
However, Isgur" pointed out that due to strong-
interaction effects, it should always be &1. He
used the value 0'= 0.6 and took it to be flavor in-
dependent (i.e. , the same for all the V-Py de-
cays). However, such effects may not be the same
for all the decays. With this aspect in view, we

introduce the mass dependences of the type
(mz/m„)'~' and (E~lm„)'~' (which are also &i).
'This ansatz of replacing the overlap integral by
such mass-correction terms, though gd hoc,
yields comparatively a much better overall fit,
except for the decay P q,y.
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