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Radiative decay of the J (Q) in a spectrum-generating SU(4) *
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The radiative decay rates of the "old" vector mesons are used to determine the suppression factor for the
spectrum-generating SU(4) group. From the suppression factor the decay rate for J (Q)-~y(2. 75)+ y is
predicted.

In view of the recent discovery of the radiative
decay of the J (g) (see Refs. 1 and 2), which may
be interpreted as J (g) -pseudoscalar }((2.75)
+y, it is interesting to obtain an estimate of the
decay rate for this process. We shall do this
under the assumption that SU(4) is the spectrum-
generating group for the vector and pseudoscalar
mesons, where J (() belongs to an ideally mixed
16-piet with the other "old" vector mesons and

X(2.75) belongs to a 15-piet with the "old" pseudo-
scalar mesons. ' Since the process J (g) -X +y is
not suppressed as the consequence of an SU(4)
property, it is a major task to explain the small-
ness of the decay rate. We will show in this com-
munication that the suppression is explained
naturally in a framework which has already been
applied successfully to other processes in which
the deviation from the symmetry limit is essential.

The small deviation from ideal mixing by a few
degrees in mixing angle, which in fact exists, has
an effect of only a few percent upon the radiative
decay data. , except for the cases (I) —my, iI)-my,
and g-qy, which have zero amplitude in the ideal
mixing limit. This small deviation will explain the
existence of these decays [e.g. an increase by 4—
5 from the ideal Q-u mixing angle will predict a
decay rate of I'(P- vy)= 10 keV (see Ref. 4)]. At
the present time the experimental data are not suf-
ficient to warrant consideration of these small de-
viations, and as they have no effect upon the prob-
lem of our principal interest in this paper we
shall ignore them.

As we shall see below, the assumption that SU(4)
be a symmetry group of the amplitude, i.e. , that
the mass differences are only taken into account in

the phase space, will not be able to explain the
experimental data even of the old mesons for any
reasonable assumption about the electromagnetic
current operator. Therefore, SU(4) must be a
genuine spectrum-generating group. We had al-
ready arrived at the same conclusion from the
leptonic decays of the vector mesons p, &, (I), iI'j,"
and in still earlier papers' it was shown that
there are considerable advantages to treating also
SU(3) in the leptonic and semileptonic weak decays

as a genuine spectrum-generating group. Then,
in addition to the Clebsch-Gordan coefficients, the
amplitude contains a symmetry-breaking factor
(suppression factor) Q(Mv, Mr).

This suppression factor arises from the follow-
ing theoretical considerations, which are de-
scribed in full detail in Ref. 8b and which are also
applied in Ref. 8a: As SU(4) [or SU(3)] is not a
symmetry group the momentum operator P„can-
not commute with it, but we assume that [P„,SU(4)]
=0, where P =P M ' withM the mass operator.

[1

Then the vector currents V„(P =1, . . . , 16) need
not be regular tensor operators, but it may as
well be that functions of them which also contain
the mass operator, e.g. , (V„,M j, are. As a con-
sequence of these assumptions one has to use
eigenvectors of P„(velocity eigenvectors) instead
of the usual momentum eigenvectors. The Wigner-
Eckart theorem for matrix elements of regular
tensor operators between velocity eigenvectors
holds exactly, and the usual amplitude which is
not SU(4) invariant is related to the SU(4)-invari-
ant amplitude through a symmetry-breaking factor

The precise form of Q depends upon the par-
ticular transformation property assumed for the
currents, as is discussed in detail in Ref. 8. One

aim of our research program is to conjecture
these transformation properties from the experi-
mental data. We shall therefore proceed by de-
termining the symmetry-breaking factor P(mv, mp)

(see Ref. 8) from the radiative decay rates of the
old vector mesons [essentially from I'(u-tt y)
= (870+ 61) keV, "I'(P-qy) = (74+ 15) keV, '
I'(P-vy) =(35+ 10) keV, " 1(K *-K'y) =(75+ 35)
keV"], and then use it to predict I'(g-X(2.75) +y).

The decay rate for the process V- P+@ is writ-
ten as

I'(V- Py) =
I gvzl' 2'4 & wv'[I —(mr/~)']', (1)

with

g„=g(PIv"Iv)4(m„, m ).
Here g is an overall constant expressing the
strength of the electromagnetic decay [the Sommer-
feld constant n has been used in (1) just for con-
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venience], (PIV'IV& is the SU(4) matrix element of
the SU(4) part of the electromagnetic current V„",
and &j)(mv, m~} is a symmetry-breaking factor. ln
the SU(4)-symmetry limit P(mv, mr) = 1 and (1) is
the familiar expression for the radiative decay
rate.

For ideal mixing the SU(4} part of the vector-
meson states

I V& is given by

lu» =(-')"lt},&+(12) "Ixv& -kl~v&,

lou&
= —3 'I'ltl ) +6 'I'lx ) —2 'I'lg )

le& =(-:)"Ixv&+ll~v&

I p& =lv;&.

(3)

Vs'= Vq +
~3 Vq -Xvq —Vq, (4)

where V„",V„", V"„are the m', q, X components of
the SU(4) regular tensor operator, V„' is an SU(4)-
scalar operator, and&is a. number for which the
valuesX=( —',)' ', X=-1/V6, and X= —2(-';)' ' have
obtained favorable consideration in the litera-

9-12
~

If the E-type reduced matrix element of the
SU(4) regular tensor operator V" between the

pseudoscalar- and vector-meson states is taken
to be zero (as a, consequence of the transformation

Here Ittvo& denotes the SU(3)-octet SU(2)t-triplet
state with I, = Y= charm =0, Igv& denotes the SU(3)-
octet SU(2)t-singlet state with I, = Y= charm =0,
lx„) denotes the SU(3)-singlet state with I, = Y
=charm=0, and Igv& denotes the SU(4)-singlet
state.

The cor responding p seudosc alar —me son s tates
are denoted Itt'&, Itl&, and lx), respectively.

For the electromagnetic current operator we
take

&nl v"I p'& =D/3,

(xl v'
lid&

= (D/W6 ——,A)x-v 3 s/2,

&s'I v"lq& = -(s'I v"I y&

= a (D/&6+A).

(5f)

(5g)

(5h)

(5i)

Without any further assumption we have the three
arbitrary parameters D,A, S to fit the experiment-
al decay rates. Such a fit will lead to the empiri-
cal relation A= D/W6 because -I'(Q- way) is orders
of magnitude lower than the decay rate for other

property of the pseudoscalar- and vector-meson
states under charge conjugation), then all SU(4)
matrix elements (Pl V"I V) can be expressed in

terms of two reduced matrix elements of the regu-
lar tensor operator,

D =-&P, »II v"II», v&,

A =&»»Ilv"lll, v)

=-(»& "&v, lllv"II», P&,

the matrix element of the scalar operator S
=(P, 15II V'II15, V), and the SU(4) Clebsch-Gordan
coefficients. " The results are the following:

&"I
v'-'l~& =D/2~3-A/~2, (5a.)

(tl I V"IQ&
= (v 2/9)[g —(

—', )'I'X]D -(s)'I'S —A/2v 3,
(5b)

(s"
I
v"I p"& = —(27) ' '(1+ (

—)' 'x)D —s, (5c)

(K'I v "IK'*) = (27)
- 'I'[2 - (-') 'I'x]D - s, (5d)

(K'IV'IK+
& =(27) ' '[-1 —( ')'I'X]D ——S, (5e)

(tll V"I(u& = —(16) '(1 v6 X)D +S—/&3-A/vY,

TABLE I. The strength constant gd, with g given by Eq. (2), d =D/v 3, and X=(3) ~, for
various decays and theoretical assumptions. Experimental values are shown in the form
Igvpl using Eq. (11. The percentage errors for gd are roughly the same as those for gvz.

Decay lgvp~
(experimental I' (GeV ')

in keV)
S =S+ S=S

SU(4) matrix element

g ~v"~v)
/=1
SU(4)

symmetry
S =S+

P=0 P= —'

S=S

P=1

S=S

CO~~
(870+ 61)

0-nv
(74 ~ 15)

2.56+ 0.10

0.80 + 0.08 —
(
—

) d

2.56

1.23

0.14

0.23

0.22

0.26

0.29

0.29

P 7t'Y

{35~10)

Z'*-Z'q
(75+ 35)

0.51+0.07

1.03 + 0.24

-d/5

4d/5

d/5

6d/5

2.56

1.30

0.13

0.19

0.21

0.23

0.29

0.27
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radiative decays. "Therefore, we make the as-
sumption that the reduced matrix elements of t/'"

are not independent but fulfills = D/-v6 and de-
scribe the deviation of I'(Q-vy) [and 1 (g vy),
I'((- qy)] from zero by a deviation from the ideal
mixing situation. This condition is equivalent to
assuming the continuity of quark lines. "

With the assumption A = D/v 6-all of Eqs. (5)
are not independent, and they impose with (2)
conditions such as

Iy '(m~, m„)g~, I

=(-', )'~'Iy '(mp, m, ) g, + (p "(m, m„)g, I.

For the symmetry limit p(mv, m~) =1 using the

gv~ data of Table I, (6) predicts a. value of g&„
about five standard deviations above the new world
average, and over ten above the Orsay average. '
This is evidence that (for anyX), the symmetry
limit is inadequate, and so the symmetry-breaking
suppression factor appears necessary. This can
also be seen in particular symmetry limit fits.
The best such fit is shown in Table I.

We have tried various possible suppression
factors, according to the considerations in Ref. 8.
The most reasonable appears to be

TABLE II. Predictions of I' in keV.

Decay SU(4) matrix
elements
(s' Iv.i Iv )

S=S
(2) i/2

p=—1

Best I'
S=S

(2)f /2

Best I'
S=S

~ —(2) 1 /2

g+ 4 rP~

c0 ~ fig

P '07

0-xv

d/5 1.82 + 0.55 2.47+ 0.74

0.172 + 0.052 0.21 *0.06

3.75 +0.37

1.73 ~0.17

4.64 + 0.46

9.35 + 0.93

of Igv+I in the first column of Table I for various
values of P and X, and the two possibilities S,. The
best fits we obtained are shown in columns 6-8 of
Table I. The value of gd must be the same con-
stant for all the known processes. We see that this
is the case within the experimental errors only
for the P =

& and P = 1 suppression factors. With

the value of gd determined in this way for X = (
—', )'~'

we calculate the predictions for the unknown decay
rates which are listed in Table II. For the old vec-
tor mesons our predictions are well within the ex-
perimental upper limits: I'(K' -K'y)& 80 keV, "
I'(v —7ly)& 50 keV, "and I (p- qy)& 152 keV. " For
P- gy we predict

which is also supported by the results of Ref. 8.
The results are in Table I. The first column gives
g~~ calculated from the experimental rates and

Eq. (1). As P(mz, m)= g( m, m), we use Ig~, I/
Ig~, I

to determine the relation between D and 8,
2nd then express all the matrix elements in terms
of d =Dt'u 3 . Two values of 8 are allowed for each
D:

(8)

We have calculated gd [using (2)] from the values

I'(P-yy) =I.'73+ 0.17 keV for P =-,', X =(—', )'~',

(9)

I'(g-yy) =9.35+0.93 keV forP =1, X =(-')'~'

Note added. %'e have been informed that the
DESY-Heidelberg collaboration has doubled their
statistics and obtained the result that the accumu-
lation of events observed at a mass mx =2.75 Qeg
in (3.1)-yX, X- yy, is not a statistical fluctuation.
We are grateful to J. Heintze for his communica-
tion.
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