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Two-photon decay of the pseudoscalar glueball
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We derive two sum rules for the amplitudes for two-photon decays of the pseudoscalar
mesons including a glueball. The two-photon decay width of the pseudoscalar glueball
can be estimated with inputs of I (m~2y), I (g~2y), and I (g'~2y), assuming Ward
identities and two other conditions to be useful. If the t(1440) seen in the radiative decay
of J/g is the pseudoscalar glueball, then we obtain 1 li~2y)=10+26 keV, where the
large error comes mainly from the experimental ambiguity of I (g'~2@).

The discovery of glueballs seems to be one of the
interesting problems with respect to hadron physics
in the framework of QCD. But detailed informa-
tion on glueballs has not yet been obtained from
QCD alone, in contrast with the ordinary hadrons
which are composed of quarks. Therefore, many
phenomenological studies are necessary to clarify
the dynamics of glueballs. ' Then, in this note, we
will study the two-photon decay of a pseudoscalar
glueball based on the current-algebra approach.
Since quarks and gluons are strongly coupled, there
must exist some qq component in the glueballs.
Thus, the glueballs will be identified through the
interactions with ordinary hadrons and photons.
Especially, a pseudoscalar glueball (G) mixes with
g', so that it is important to investigate the two-
photon decay of the pseudoscalar glueball.

We consider the equations expressing the pres-
ence of the electromagnetic anomaly for the axial-
vector currents

BpAp
——D'+Saa, , a =3,8,0,

1/2
a — ~ 0 2 3as b -b

4m'

where 0,, =(a, l4tr)F&„F„'„,(S3, Ss, So)

=(V 3/18)(v 3,1,2v 2), and Gz, is the gluon field
tensor. Here Az is defined as the usual axial-
vector current with three quark flavors,

a
Ap =qypy5 q, a =3,8 0 .

2
(2)

We assume that D' can be expressed in terms of
the interpolating fields of p, p„, p„and pG (the
glueball field) and decay constants, i.e.,

D =m~ F ttt

8 2 2D =m„Fnttt„+m„Fn sP„,
D =m„F 0$„+mq F„Pq+mG FGPG,

7l

(3)

in which g-6 and m.-G mixings are neglected. So
we obtain

B„A„=rn F P +S36,

t) A =mn Fntttn+mn Fnstttn+Ssrt, , (4)

t)p+ p my dotty+ tnt' Fn'tlat'+mG FGPG+ ottem

Here, only the presence of the mG FGtttG term
differs from the previous analyses. By taking the
matrix elements of the above equations between the
vacuum and the 2y state and proceeding in the
standard way, we have

I 'F &2yfd I»+s3&2yfe. Io)=o,
mn'Fn&2y

I 4'n I p)+m„'F„s(2y
I p„ f 0)+S,(2y fe,

I
p) =p,

n Fno&2yI&nf»+m&'F, &2yIP„ I p)+mG'FG&2yfpG fo)+s, &2yfe, fo)=p.

These equations lead to the following sum rules among the amplitudes including G~2y:
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Fp&2r I n&= F-v'8&2yl n')+ 1

3

Fg &2r I
G &

= F—„&2r I
~'&+ F.&2r

I
~'& F—„p&2r I ~ &

2v2
3

(6)

(7)

Although it is difficult to estimate the amplitudes of G~2y from these sum rules under the present experi-
mental and theoretical situation, it is important to study how to evaluate (2y

I
G). Thus, assuming the

i, (1440) seen in the radiative decay of J/f to be the pseudoscalar glueball, we will try to investigate how far
the (2y

I
G ) can be determined with the presently available information.

In the sum rules (6) and (7) the decay constants Fz s, F„,Fp, and Fzp are unknown parameters except for
Fg(2y

I
6). The amplitudes (2y I

n ), (2y
I

rl ), and (2y
I
rt') are fixed from the experimental values as fol-

lows:

(2y I
ir):(2y

I rt ):(2y
I
rt') = I:(0 78+. 0 06).:(1 37+. 0 26). .

In order to estimate Fg (2y
I
G ), four unknown parameters mentioned above must be determined. For this

purpose, we perform an analysis of the broken SU(3) XSU(3) chiral Ward identities (WI's). Then we show
that these parameters are determined uniquely. The WI's relevant for us are expressed as

mv F„+mz Fzs , (4m'——F—x mF —), (9)

m„F„(F„+v2F„0)+m„F„s(F„s+v2F„=m F

mv (Fv+W2Fvp) +mz (Fz.s+v 2F&. ) 2S=3m—2F

where S is the surface term contributed by il, il', and G,

S=m& (F&0 Fvp) +—m&' (F&' Fv') +mg—Fg

(10)

(12)

and F =F~ are taken in the following. The decay
constants F„and F„are defined by

1/2
8 2 3$ g0 B~A@—

3 4m
Gp,Gp q '—:m~ F~p,

(13)

(
' 1/2

o 2 3a& 20 aP„—— G„'„G„'„Z —= „F„..

At this point, we cannot yet obtain a solvable set
of equations. Therefore, (6) should be added to
this set together with inputs of (2y

I
ir), (2y

I rl ),
and (2y

I
rl'). Moreover, two other conditions are

necessary to arrive at the solved set. One of these
is the ratio of I (p~ily) to I (/~gal'y) written in
the form

md —mu =0.29+0.01 .
md +mu

(16)

Solving (9)—(12), and (6), (14), and (15), six un-

known decay constants Fz, Fzp, F&p, Fz, Fz 8, and

F& are completely fixed. That is, F„and F„8 are
derived by solving (6) and (9) to be

I

where the m and g' are at zero momentum. We
use these equations as known input, although the
left-hand side of (15) was predicted in the analysis
of Milton et al. The experimental values of (14)
and (15) are, respectively, 0.26+0.03 in MARK II,4

and 0.11+0.02. The latter value is corrected at
zero momentum of ir The ratio .of quark masses
is given by Gross et al. from the electromagnetic
mass differences of pions and kaons, i.e.,

ny-qy) &,' m, ' (F,p F,p)'—
(14)

g'y) E, ' m„.' (E„,

which was derived by Novikov et al. The other is
given by Milton et al. :

F„={1.00+0.15)F,

F„s——( —0.15+0.06)F
(17)

Here the errors reflect the experimental uncertainty
of two-photon decay amplitudes of m. , il, and il'.
In order to evaluate S in (12), we must in addition
give a numerical value of mG FG . Then, we as-
sume the i,(1440) seen in radiative decay of J/f to
be the pseudoscalar glueball, and so

I
Fg

I
=0.3F(15)

1/2
g (rt~~+rr ~0) 2 md —mg F~ Fv-
+ (Y/'~ grr+rr ) 3 md ™g F~
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Fv ——(1.22+0. 11)F

Fqo ——(0.34+0.23)F~,

F~ (0.7——5+0.14)F

Fqo ——( —0.31+0.30)F

Putting these solutions into the left-hand side of
(7), FG(2y

~
6) is estimated as follows:

FG(2y i
6) =(—0.31+0.39)F (19)

From the value of
~
FG

~

=0.3F given above, the
decay width of 6~2y, as the final results of our
analysis, becomes

I (6~2y)=10+26 keV . (20)

The large error in (20) comes mainly from the ex-

perimental ambiguity of I (rl'~2y). This result

is taken as a reasonable value from the analysis of
the ratio I'(1(t~ty)/I (ttj~r)'y). Finally, by solv-

ing (10) and (11) subject to the conditions (12), (14),
and (15), we obtain

asserts that our sum rules given by (6) and (7) are
very delicate as to deriving I (6~2@)under the
presently experimental situation.

We have derived two sum rules for the ampli-
tudes of two-photon decays of the pseudoscalar
mesons including the glueball. Then, the magni-
tude of I (6~2y) can be predicted with inputs of
1 (m.~2y), I (r) —+2y), and I (r)'~2y), assuming
WI's and two other conditions (14) and (15). The
latter two conditions lead to the absolute value of
anomaly couplings of rl and r)'. In that case, the
a(1440) seen in the radiative decay of J/P is as-
sumed to be the pseudoscalar glueball. Unfor-
tunately, our result (20) involves a large error. If
more definite relations are available to derive the
anomaly coupling of g and g', and if the precise
experimental value of I'(rl'~2y) is given, we shall
obtain a more definitive prediction for 1 (6~2y).
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