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Abstract

The measured rate f@f — y fo(980) appears to be larger than allowed on rather general grounds. We show that mixing
between thefy(980) and ap(980), due to their dynamical interaction with the nearkyK thresholds, radically affects
some existing predictions of their production ¢nradiative decay. We predict thdt(¢ — y fo)/I (¢ — yag) ~ 3; that
S(b.r(¢ — yfo) + br.(¢ — yag)) <5 x 10~* with probable individual branching ratios 2 x 10~4 and 07 x 1074,
respectively] 2001 Elsevier Science B.V. All rights reserved.

The radiative decay of thg to the enigmatic scalar  could considerably alter some predictions in the liter-
mesons f5(980) and ap(980) has long been recog- ature forl" (¢ — f0(980)y) andI" (¢ — ao(980)y).
nised as a potential route towards disentangling their  The magnitudes of these widths are predicted to be
nature. Particular interest has focussed on the likeli- rather sensitive to the fundamental structures offihe

hood that these states contain significant ggneon- andag, and as such potentially discriminate amongst
tent, specifically beinguu + dd)ss. Such a configu-  them. For example, ifp(980) = s5 and the dominant
ration could either be confined withiR ~ A(S%ID as dynamics is the “direct” quark transitiog(ss) —

a “four-quark” state [1,2], or more spatially dispersed 0t (s5), then the predicted.r.(¢ — y fo) ~ 107,
into two identifiable colour-singlets: thié K molecule the rate top — yap(qq) being even smaller due to
scenario [3,4]. In more sophisticated pictures these OZI suppression [4]. FoK K molecules the rate was
states could be seeded by an underlyjiggor com- predicted to be highery (0.4-1) x 104 [4], while
pactgggg component, influenced by the S-wakiek for tightly compactyggg states the rate is yet higher,
and related thresholds in this mass region [5,6]. Fur- ~ 2 x 10~ [2,4]. Thus at first sight there seems to be
thermore, significant isospin mixing effects are antici- a clear means to distinguish amongst them.
pated (and seen) in the neutgal—ag states due to the In the KK molecule andgggg scenarios it has
nearness of th& t K~ and K°K © thresholds [7-9].  uniformly been assumed that the radiative transition
In this Letter we note that such isospin mixing effects Wwill be driven by an intermediat& * K~ loop (¢ —
KtK~ — yKTK~ — y0tt). Explicit calculations
in the literature agree that this implies [2,4,10,11]
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where F2(R) = 1 in point-like effective field theory

computations, such as Refs. [2,11]. The range of pre- like effective

dicted magnitudes for the branching ratios in Eq. (1)
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As shown in Ref. [4], the analytical results of point-
field theory calculations (e.g.,
Refs. [2,11]) can be recovered &— 0, for which

reflect the sensitivity to assumed parameters, such asF2(R) — 1. In contrast to the compact hadronic four
masses and couplings that vary slightly among these quark state, thek K molecule is spatially extended

references. By contrast, if th&®(980) andao(980) are
spatially extended K molecules (with r.m.s. radius
R > O(Aa(lzD)), then the high momentum region of
the integration in Refs. [4,10] is cut off, leading in ef-
fect to a form factor suppressiof2(R) < 1 [4,12].

with rm.s. R ~ 1/,/mge, wheree is the binding
energy andF2(R) < 1, the precise magnitude de-
pending on thek K molecular dynamics, which we
shall discuss later. It is clear also that the absolute
rate in Eq. (6) is driven by (i) the assumed value

The differences in absolute rates are thus intimately for g§K+K,/(4n') = 0.58 Ge\?, and (i) the further

linked to the model dependent magnitudeBi(R).

In any event, one would expect in such pictures
that the branching ratio in Eq. (1) will not exceed
2.5x 1074, Itis therefore tantalising that the measured

rate [13] (which is quoted as an average of the data

from Refs. [14,15]) appears to be large:

b.r(¢p— foy) =34+0.4x 1074 2)

Therefore, precision data on both andag produc-
tion, which are expected to be forthcoming soon from
DA®NE, will be most interesting. Whatever the data

may be, there are two particular items that we wish to
address concerning the current predictions. One con-

assumption that thgy andap are KK states with
I1=0,1, hence = /4.

There are reasons to question both of these assump-
tions.

The assumed valugfcomK,/(M) =058 Ge\2is
consistent with that used in the effective field theory
calculations of Refs. [2,11]. However, recent data raise
some doubts as to the reliability of this number, and
it is not always clear in the literature as to how this
coupling is being defined.

We define the coupling of a scalar to two pseudo-
scalars, as follows. For example, for th&®(980
which is above threshold for decay into pions,

cerns the absolute branching ratios, and the second

concerns the ratio of branching ratios where,fif

anda8 have common constituents (and hence are “sib-
lings”) and are eigenstates of isospin, then their affin-

ity for K+ K~ should be the same and so [2,4,11]

I'(¢p — foy) 1 3)
I'(¢p — agy) ’

2
8 -1 4m?2
I(f-ontn)= frix 1- mzn.
4w 4dmy m%

The determination of the actual magnitude of the
g%mK, coupling requires some care in view of the

subtle ways that unitarity can affect ther and K K

There are reasons to be suspicious of the predictionscouplings when thek K threshold is opening, for

in Egs. (1) and (3). We shall frame our remarks in
the context of thek K molecule, but they apply more
generally.

If in the K K molecule one has

| fo) = cosd| KK ™) + sing | K°K ©) (4)
and
|ad) = sino| K"K ~) — cosd| K °K °), (5)

then the branching ratiog — y fo(yao) as found in
Ref. [4] can be summarised as follows

b.r (¢ — yfo:yao)

20 g2 _/4r
—(4+1) x 1042 (SK*K > 2(R).
( ) % sirt9 \ 0.58 Ge\? FAUR)
(6)

which a coupled channel analysis is required.

Recently determinations of the couplings of the
fo to bothwz and to KK have been measured in
central production by the WA102 Collaboration at
CERN [17]. Their data are amenable to a coupled
channel analysis and Ref. [17] found

2
g _
2SR 0.24+ 0.04+ 0.05 Ge\2,
TT
gz. +r—
2SR 0.39+ 0.04+ 0.04 Ge\2.
JT

(Our convention related to that of Refs. [17,18] is
g?KE/(4n) =gk X 2m§. or g§K+K,/(4JT) GeV? ~
8K-)
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Thus, adopting this value, the predicted rates would
be correspondingly renormalised downwards by

2

gQﬂK /0.58=0.67+ 0.10 which would make an even
greater mismatch with the extant data. Moreover, an
analysis of Fermilab E791 [18] data, which studies the
f0(980) produced inDg decays, even suggests that
g? «+x—/(@4r) ~0.02+0.0440.03 Ge\?, hence con-
sistent with zero! However, it should be noted that only
therrw decay mode of thgp(980) has been studied in
this experiment and hence the couplingkd K ~ is
only measured indirectly. With such uncertainties in
the value of this coupling strength, predictions of ab-
solute rates fop — y f0(980) or ¢ — yap(980) via

an intermediate&k K loop must be treated with some
caution.

By contrast, in the ratio of branching ratios this un-
certainty is reduced, at least in the casekaf mole-
cules for which [4]?2“’%58}’:; ~ 1. Hence, a significant
deviation from equaﬁty would appear to be a rather di-
rect elimination ofK K molecules and, perhaps, other
models where a strong affinity of “siblings” to the in-
termediateK T K~ state is assumed. This also will be
important to test at D&NE as, within rather large er-
rors, the results from Ref. [15] in particular suggest
that

I'(¢ — foy)
I'(¢ — aoy)

in contrast to Eq. (3).

In this context, we draw attention to a potentially
dramatic effect upon the (relative and absolute) rates
for ¢ — yf0(980 and¢ — yap(980) due to signifi-
cant isospin mixing in thq‘o—ag system [8]. This ef-
fect, which appears to be due to the proximity to the
K K threshold [7,9] and the differing mass gaps to the
KK~ and K9K 9, could be amplified inp radia-
tive decays that proceedh an intermediate&k K loop
[2,4,10,11].

Traditionally in strong interactions isospin has been
believed to be a nearly exact symmetry, broken only
by the slightly different masses of the and d
quarks and/or electroweak effects. The small differ-
ence in mass betweek* and K9 is a particular
example. However, the nearness of theand the
£0(980) /a(980) to the K+ K~ and K°K © thresholds

~32+18 @)
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sult the dynamics of such strongly coupl&& states
[3,5,6,19] may be described better in a basis specified
by mass eigenstates. Such dynamics would give rise to
a violation of isospin and lead to mixing of states with
different G-parities.

The possibility of such an effect was suggested long
ago in Ref. [7] and has been studied phenomenologi-
cally in Ref. [9] and Refs. [20,21]. The former, in par-
ticular, has specifically drawn attention to the relation
between the existence & K molecular bound states
and large violations of isospin. These papers all con-
centrated on the production of thg(980) /ao(980) by
flavoured mesons or photons; in Ref. [4] we proposed
that rather clean tests of the mixing could be obtained
from their production by gluonic systems, such as the
P(Pomeron)-induced production in the central region
at high energypp — pp + f0(980)/a0(980).

Our analysis showed that new data from the WA102
Collaboration at CERN [16] are already consistent
with a significant mixing. Specifically: in (isoscalar)
P(Pomeron)-induced production in the central region
at high energy, production of th8(980) comes
dominantly from mixing with thefp(980) such that
the fo—ao are not good isospin eigenstates. In the
language of thek K molecule, at least, this would
translate intod # /4 in Eq. (6) and hence to
a significant difference in behaviour foF (¢ —
yfo)/ I (¢ — yao).

With the basis as defined in Egs. (4) and (5), the
ratio of production rates byPP(isoscalar) fusion in
central production will be

o(PP—ap) 1-sind
ocPP— fo) 1+sin®’

(8)

In Ref. [8] we found this to b€8 + 3) x 10-2. Hence,
if we assume that the production phase is the same for
the two, we obtain

cotd =18+02 (V= 30°+ 30) (9)

and hence predict that within this approximation the
relative rates will be

I'(¢ — v fo)
I'(¢ — yao)
This is far from the naive expectation of unity for ideal

=cofh=32+08. (10)

causes the relative mass gaps to the charged and neuisospin states and in remarkable agreement with data

tral thresholds to be substantially different. As a re-

(Ea. (7).
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This prediction, Eq. (10), is a rather direct conse- extremes, then a qualitative picture may emerge of a
guence of the isospin mixing obtained in Ref. [8]. In  compact structure, such ag or ¢qgq, which spends

order to use the data to abstract magnitudeBR), a sizeable part of its lifetime in a two meson state,
and hence assess how compact the four-quark state issuch ask K. Such a picture has also recently been
a definitive accurate value f@ﬁ.KK/(4n) will be re- suggested, based on QCD sum rules for an intrinsic
quired. ’ 55 “seed”, in Ref. [22].

If for orientation we adhere to the value used
elsewheregchK/(4n) ~ 0.6 Ge\?, and impose the
preferred, then the results of Ref. [4] are revisedto  Acknowledgements
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