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Constraints on t = yy Provided by the Topological Susceptibility
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The chirai Ward identities for the pseudoscalar nonet including the glueball candidate t, (1450),
together with the requirement that the topological susceptibihty be positive, imply that I (t, yy)
is typically small ( & I keV), in agreement with recent experimental values. The topological sus-
ceptibility is, as expected, much smaller than pure-gauge-field estimates.

PACS numbers: 13.40.Hq, 11.30.Rd, 11.40.Hs, 14.40.Cs

The status of the state ~(1450) remains unclear. '

There is a theoretical prejudice that it is a pseudoscalar
glueball, but experimental confirmation of this hy-
pothesis remains elusive. ' lt may be that this state is
the same as the E(1420), and that the apparent ab-
sence of the mode t —qsrm can be understood as an
interference effect." Measurements of decay modes,
such as t yy, should constitute good evidence for or
against the glueball hypothesis, but we must recognize
that mixing with the pseudoscalar nonet is strong, so
that the entire system must be dealt with as a whole
before theoretical predictions of such important signa-
tures can be extracted.

Let us consider the system consisting of the usual
pseudoscalar nonet, fr, K, 1), and fl', plus the pre-
sumed pseudoscalar glueball a(1450), which in any
case mixes strongly with the nonet. Some time ago we
presented an incomplete analysis5 based on the
anomalous chiral Ward identities. 6 s Given the uncer-
tain
not
ofs

on the parameters

b, = —",
ming F~ ——,

' m~F„—m„Fs„2 2 l 2 2 2 2

(2)x = (F~ F,)/(F-, F,),-&q' &q'

where the decay constants are defined by (P = pseudo-
scalar)

mp2F.p = (0lt)t'A„' I +&,

tttp2Fop= (0lt)t'A~o —(3 )il2 TfGGI~& (3)

For simplicity we had further used the U(3) values
, = 1.00. Crude typical constraints did

cmcrgc:

B(t KK7r) «30%, (4)

(5)I (t, ~ yy) «5 keV.

ties in the pseudoscalar decay constants, we could The limiting values are consistent with pole-model pre-
achieve a definite solution, but rather a continuum dictions.
olutions for the various decay constants, depending This analysis did not explicitly refer to the topologi-

cal susceptibility,

X, = —i ,'(dx)(—OIT(3ot,/4')TrGG(x)(3ct, /4~)TfGG(0)I0&, (6)

which is 6[d E/d8 ]tt=o in Witten's notation. Al-

though in Ref. 7 we recognized the important con-
straint that X, be positive, it was not imposed in Ref.
5, as pointed out by Williams. 'o Inclusion of this con-
straint leads to a much narrower space of solutions.

Here I wish to report on a systematic solution O$' the
chiral Ward identities with the condition X, ~0 im-

posed. We will see that this positivity requirement al-
most precludes any solution: X, naturally wants to be
large and negative. We do find a small space of al-
lowed solutions, most characterized by 1 (t, 7 y) & 1

keV. This is quite consistent with the recently pub-
lished value, "'2 I'(t, yy)B(t, KKm ) & 1.6 keV, but
apparently inconsistent with the observed'3 J/P

y(py) proceeding through the t, since then a sim-

ple vector-dominance calculation gives I (a yy)
= (15 keV) x B(~—KK~).14

Lct us flow tuftl to tllc details. Pole satllfatlotl of

(6) leads to

X, = X, —$p tttp(Fop Fop)2

where Xt is a contact term inserted to insure'5

X, ~0.

('7)

(8)

Xt = gp rrtP Fop(Fop Fop). —(10)

When this is inserted into (3) of Ref. 7 (where

In I we disregarded (8) and, therefore, incorrectly set
= 0 in (7). Now X, can be evaluated by pole sat-

uration provided we use the further Ward identityio

„(dx) &0l T e A o T GG Io& = 0. (9)

The result is
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X, = 0 and (Fgp+ J2Fop) = 0 (12)

for all the relevant pseudoscalars P. SU(3) symmetry
suggests that this is achieved as follows:

Fg„ = 1.0, F0„= —0.7,
(1 )

Fg„=Fg, = F@,= Fo, =0.

Supposing further that crudely F&,= 1.0, F0„=0,we

can deduce R =A(~~ yy)/A(q' yy) from I(2.15)
to be roughly

3

R —0.1/x

where Fo, = x —l.

5 = —X,), we see that I(2.7) is correctly written as

3~~2F~2 = Xp mp[(Fgp+%2Fop)2+2Fop(Fop Fo—p)].
The other equations of I are unchanged. By itself this
modification does not have a large impact; it is the
positivity requirement (8) which severely restricts the
space of solutions. The reason for this is clear: The
right side of (11) is small (in units where F =1,
which I will henceforth use, it is 0.054). In order to
achieve this either &, & 0 or

Armed with this expected qualitative behavior we
can seek solutions of the equations in I, as modified
[I(2.5), I(2.6), (11), 1(2.8), the chiral Ward identities;
I(2.10), I(2.12), based on l/g Py being mediated
by the anomaly operator TrGG, and I(2.15), I(2.16),
expressing mediation of P- yy through the elec-
tromagnetic anomaly], and as constrained by (8). I
will scale decay constants by F„, that is, set F =1,
and express masses in gigaelectronvolts. The allowed
region in the (h, x) plane is indicated in Fig. 1, for

F~ =1 00 For various fixed values of b the allowed

regions in the (F&„x) plane are shown in Fig. 2. The
allowed regions are small, and easy to miss in a nu-
merical search. B(~ KKm) (which is a function of
x only) and I'(~ yy) =18.6R2 keV [we assume
I"(q' yy) =5.5 keV'6] are shown as functions of x
for the same 5 values in Fig. 3. It will be noted that,
in each case, R [and I (~ —yy) ] has a zero in the al-

lowed region, but grows rapidly as x increases beyond
that point. In Table I, I present some typical solutions
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