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Symmetry Breaking Two-Body Photonic Decay of Vector Mesons
and Unitary Symmetry*)

by S. Iwao
Institut für theoretische Physik der Universität Bern

(23. XII. 64)

Abstract: Two-body photonic decay of vector mesons is investigated in the symmetry-breaking
unitary-symmetry model of Gell-Mann and Ne'eman. We derive three equations from nine
decay amplitudes under charge conjugation invariance. The above relations will allow us to
determine the ca-tj> mixing angle when enough experimental information is available. A method
to study this problem is suggested.

I. Introduction

Two-body photonic decay of the known vector mesons is to be investigated by
the unitary-symmetry model of Gell-Mann1) and Ne'eman2). There are several
papers3^5) on this problem but none of them considered the effect of symmetry breaking.

The symmetry breaking due to the medium-strong interaction (which transforms
as an isosinglet and a hypercharge zero member of the octet) for the current operator
was discussed in a previous paper6). In our present approach there arise six independent

parameters under charge conjugation invariance and nine amplitudes, so we get
three relations which will be compared with the experimental data. In the actual
problem an amplitude for K*+ -> K+y decay remains uncoupled with the other ones.

It is very important to consider the symmetry breaking when discussing the
co — cf> mixing angle7). The result obtained in this paper is exact and may be used for
this purpose when we get enough experimental information.

Since the space-time structure of the above problem is known, the invariant
phase volume which allows us to separate the absolute value of the amplitude derived
by the St/(3) group postulate can be given. At this moment the problem solved here
is one of the few studies which include the effect of the symmetry breaking on the
vectormeson decays8). Therefore it is very important to study the decay rate of the
suggested rare decay modes experimentally. We hope that our approach gives a
useful tool for determining the co — <f> mixing angle.

In Section II we shall derive the two-body photonic decay amplitude of vector
mesons. In Section III three relations between amplitudes will be given together with

*) This work is supported by the Swiss National Science Foundation.
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the invariant phase volume. In the last section we shall discuss our result in connection

with the available experimental information.

II. Photonic Decay Amplitudes for Vector Mesons

The electromagnetic current E (1) in the first order of the symmetry breaking
medium-strong interaction6) is, in de Swart's notation9), equal to

Efl) -'0,0,0 + ~2 '0,0,0 '0,0,0 A v0,0,0

!/3 (r$>0 + V%\ + V[%) + VW + nXo',
(1)

where T and V are the symmetry nonbreaking and the breaking current respectively
Let us define the co — tf> mixing angle Ö by

<£ (£0 coso — ca° sino 1

(2)
co c/>° sine +co°cos6 j

where cj> and m are the corresponding vector meson fields and those with zero superscript

are the ones for the octet and the singlet member of the irreducible representation

of the SUfS) group. Calculation of the decay amplitude is straightforward9).
Defining the reduced matrix elements

a Ç- (8 I J'8' |! 8)1 b H (8 || f/<27> I 8) c -Ç- (8 || V^ || 8)

d (8 || Vm f 8) e (8 I T(8> I 1) and / (8 || F(8>> | 8)1

(aU other reduced matrix elements are zero under the charge conjugation invariance)
we obtain the two-body photonic decay amplitudes of the vector mesons tabulated
in Table 1. The parameters a, b, c, d and e,/in the Table must be multiplied by sine
and cose for the m decay and cose and — sine for the tf> decay respectively. The
symmetry-nonbreaking solution of Tanaka5) is, of course, obtained by equating
b c d=f=0.

III. Relation between Amplitudes

There are nine decay modes and six independent form factors (see Table 1). We
get three relations between amplitudes ^4's, i.e.,

AfQ+->Ti+y) =AfQ0rrTfy) (3)

sin6 Afai-^ ti° y) + cose Afcf> -> ti° y) Afoa r-rj y) (4)
and

3 sine Afm -> rj y) + 3 cosd Afcf> -> rj y) + Afg+ -> tA y) j

-2Y3AfQ»^r]y) 4 AfK*°-+K°y) J
(5)

Note that A fK* + -» K+ y) remains uncoupled with the other amplitudes. These

equations contain the solution obtained from the symmetry nonbreaking as a special
case (see reference 5)).
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Table 1

Two-body photonic decay amplitude for vector mesons

Process coefficients of

a b c d e f

q+ -*¦ n+y

eo^ 71° y

<?^ vy
CO -*¦ n"y
CO -> VY

*- 71° y

*- VY

K*+ -> K+y
K*o -+K°y

1 - 1 - 1 1 — —

1 - 1 - 1 1 - -
)/3 - 4 J/3 1/3 - - -
P - 4 j/3 1/3 - J/3 J/3

- 1 - 9 1 1 1 - 1

ys - 4 |/3 |/3 - 1/3 1/3

-1 - 9 1 1 1 - 1

i 7 2 1 - -
- 2 - 1 - 1 1 _ —

The invariant R-matrix element in momentum space is given by e^yi Ça sß ky Xä

where eaßyd is a completely antisymmetric Levi-Civita tensor, e and X are the polarization

vectors of the vector meson and the photon respectively and Q and k are the
corresponding four-momenta. Making use of the above expression the invariant
phase volume (in the rest system of the vector meson) is equal to fM2 — m2)3jM2
where M and m axe the masses of the vector meson and the pseudoscalar meson
respectively. The partial decay rate W for each decay is expressed as

W const. ^^-\\A\2, (6)

where the constant is common for all the decay rates discussed in this paper. We can
estimate the absolute value of A from the experimental data by making use of
Equation (6). Generally speaking we shall obtain only the information for the absolute
size of A which will be inserted in Equations (3, 5) after reducing them to relations
between absolute values. We shall get a triangular relation and a multiangular relation

(a closed polygon) for the complex functions ^4's in the momentum space;
'inequalities' for the absolute value of the amplitudes. However, if the amplitudes are
real within a sufficient accuracy*) we can determine the co — cf> mixing angle directly
from Equations (4) and (5), otherwise they will serve as a tool for an inconsistency
check.

IV. Discussion

The relations obtained in this paper are exact and can be applied to the determination

of the m — cf> mixing angle, or for the inconsistency check.

*) This condition is satisfied if, for instance, the pole approximation model holds.
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Unfortunately experimental information10;11) is too poor to estimate the above
angle. There is some information for m -> ti0 y decay rate11). It is necessary to measure
the <f>^-7i°y and q° -*¦ rj y decay rates in order to use Equation (4). The latter decay
will be masked by ti° y mode and/or suffer from the difficulties associated with the
measurement to distinguish between q" and co10). We should like to point out how to
solve this question experimentally. In the symmetry nonbreaking case5) we have
A (q° -> rj y) — j/3 A (q° -^-jfy) j/3 A (q+ -> n+ y) (a second equality which is exact ;

see, Equation (3)). According to reference 10) the relative decay rate of the rare decay
mode of q varies between IO-2 — IO-5. If the g+ -> 7i+y decay rate turns out to be

very small we can neglect A (q° -> rj y) in Equation (4) in virtue of the above relation*).
If this is really the case a single measurement on <f> -> n°y decay rate will be sufficient
for determining the co — cf> mixing angle. A detailed discussion of this type is a problem

for experimental physicists. For a theoretician a road is open to another
investigation8).

We hope that our approach eventually gives a consistent and a reliable answer
to all the related questions.
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