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Light scalar mesons in D* D/ decays into three pseudoscalars
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In response to recent experimental findings from the BES III and LHCb Collaborations concerning the
decay of open charm mesons into three pseudoscalars, we present evidence suggesting that the lightest
scalar mesons can be characterized as diquark-antidiquark states mixed with the next-to-light, ¢g, scalar
mesons through six-fermion, instanton-induced interactions.
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I. INTRODUCTION

Recently, BES III [1,2] and LHCDb [3,4] have provided
detailed data on D] and D", S-wave decays into three
pseudoscalar mesons

a) Df - KtK—n*
(a) Dj

(b) Df —» nta~zt (Cabibbo allowed) (1.1)
(¢) DT > atant
(d) Df - Ktz (Cabibbo suppressed)  (1.2)

interpreted as decays into one pseudoscalar and one scalar
meson, followed by the decay of the scalar into two
pseudoscalar mesons.

The final states of these decays have been analyzed in
terms of superpositions of pseudoscalar mesons and res-
onances, encompassing all meson resonances that undergo
two-body decays. The estimated fraction of two mesons in
the S-wave final state for (1.1)(a) is approximately 24%,
while for (1.1)(b) and (1.2)(c), it is 85% and 62%,
respectively. For (1.2)(d), the fraction is 46%.

Data provide valuable insights into the structure of the
scalar mesons and may contribute to the resolution of the
enigma surrounding the internal structure of the lightest
scalar nonet.

In this paper, we employ the experimental data on
decays (1.1) and (1.2) to assess the tetraquark hypothesis
for the composition of the light scalar mesons o, f, and .
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Furthermore, we investigate their mixing to the nonet of ¢g
scalar mesons proposed in [5-8].

In Sec. II we review the arguments for describing the
scalar meson multiplets as: (i) a heavier, P-wave qgq,
nonet and (ii) a light diquark-antidiquark nonet, the
two being mixed by interactions generated by QCD
instantons [9,10].

In Sec. III, we consider the quark diagrams describing
Cabibbo allowed decay, Eq. (1.1)(a). We introduce four
phenomenological amplitudes, estimating three of them
from the observed branching ratios of the D] — K"K~z
decay. In Sec. IV we give an upper bound to the missing
fourth amplitude from the nonobservation of ¢ production
in DY - ztz~x" decay, Eq. (1.1)(b), and predict the
branching ratios of the other decay modes. In Secs. V
and VI, we extend our considerations to the Cabibbo
suppressed decays, Eq. (1.2). In this scheme we are able
to reproduce the relative branching fractions of (1.1)(b)
and (1.2)(c) decays.

For the last decay, (1.2)(d), the comparison of our
predictions with the data from [2] is not so good. In part
this may be due to rather large experimental errors. Also,
unlike previous cases, BESIII fits the low energy K+z~
data by a continuum distribution, rather then the Breit-
Wigner corresponding to the x(700) resonance, as would
be required by our model.

A more conclusive statement will require larger statistics
and more precise data, fitted consistently with the two
nonets of scalar resonances assumed in the present analysis.

II. SCALAR MESONS
A. The higher gq nonet

Positive-parity gg scalar mesons are expected to occur in
P wave [11] and therefore be heavy. P-wave scalar mesons
have indeed been observed above 1 GeV, see Table I,
together with the other states required by the composition
of orbital and spin angular momenta [12].

Published by the American Physical Society
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TABLE I. Mass and widths of the heavier scalar mesons from
PDG 2024 [12].

PDG name M I Partial rates
fo(1370) 1200-1500 50-500 27 dominant
ay(1450) 1474 + 19 265+ 13

K(1430) 1425 4+ 50 270 4+ 80 e
fo(1500) 1522 £ 25 108 £ 33 Glueball?
fo(1710) 1733 £ 8 150 £ 11 KK dominant

J=s,+s;+L, L=1, JPC = ot

(ag(1450), ...), 17+ (a; (1260), ...),

147(b,(1235), ...), 2+ (a(1320). ...).  (2.1)

Scalar, gg, mesons can be classified in the SU(3),
representations 8 @ 1. In particular, f,(1370) and
fo(1710) are assumed to be associated to the i + dd
and s5 configurations, respectively. The additional singlet
in Table I, f((1500), has been proposed to be predomi-
nantly a glueball [13—16] and will not be considered in the
following.

The gg nonet is represented by the matrix

f/;g/o al+ K'/+
S'(qq) = | 4 I[=° o 2.2
(g0)=| o= =2 & (22)
K_/— ’—</0 f//

with the shorthand notation f’ = f(1370), f” = f,(1710);
when f, is found, we mean f, = f,(980), the lightest

OffO’f,’f”'

B. The lower tetraquark nonet

Following Jaffe [5] and successive developments [6—8],
we assume that the lightest scalar multiplet is made by spin
zero diquark-antidiquark bound states forming the SU(3)
nonet. We will define the spin-0 diquark as

[qcﬂ ia — eijkeaﬁy(EIc)jﬁySQky’ (23)
where Latin indices are for flavor, Greek for color and the
subscript ¢ is for charge conjugation.1 This ensures Fermi
statistics: the state is antisymmetric in color, spin and
flavor. The spin-0, 3, diquark with flavors a and b is
[¢°q®],. The connection between tetraquark states and
SU(3), matrices is given by the relations

8§ = ciape Mg where MG =[q°q"],[q.q4".  (2.4)

'Where 7,75q = —ig" (1 ® 6,)q.

For example, S} is the diquark combination [ds][d5] =

(fo— Cfo)/\/z’ 83 = [us)[as) = (fo + ap)/V2, and §} =
[ud][a d] with

V2
Sladlaa) = | o Bt o | @9)
K~ K ¢
The unmixed diagonal states are
o = [ud][i d| (2.6)
L (wsllas) £ @), (27)

So aO:\/i

When the mixing angle between the components
(S} +83)/v/2 and S3 is very small we have the structure
of an ideally mixed 4-quark nonet. If we had a mixing close
to 90° the scalars would be better described in terms ¢g
mesons: exchange f, <> ¢ in (2.5). The latter case however
is questionable because of the degeneracy f(s5) ~ ag(qq),
in addition to the fact that scalar mesons of the gg kind
should be P-wave states.

Associated with the chiral symmetry breaking SU(3), x
SU(3)x — SU(3),, we have an octet of pseudoscalar
mesons @ (pseudo-Goldstone bosons)2

’/q:/ri” + Kkt
Q= ,- nq\;;o KO (2.8)
K~ KY  p,

Scalar mesons interact with pseudoscalars with derivative
interactions including d,® = ®,. The terms in the inter-
action Lagrangian involving the scalar and pseudoscalar
mesons are

L = ATr(S®, %) + BTr(S)Tr(®,04) + CTr(S®, ) Tr(®*)
+ DTr(S)Tr(®,)Tr(d*). (2.9)

In general the parameters A, B can be determined by the
analysis of zz or zK scattering whereas C, D can be
determined in processes involving # and # particles
because of the explicit form of Tr(®,). In the tetraquark
picture we consider, for example, a transition like
[ds][d5] — (sd)(d5), where the d and d quarks are being
swapped, breaking the diquarks. Such a transition

*Where
_diysu+dysd

nq_ \/z

and 75, = §y5s.
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corresponds, in the notations given above, to
S} — (®,)3(®*)3. The interaction term Si(®,)3(P*)3
comes with 2B in the Lagrangian (2.9). With 2B we have
also the S}(®,)}(®*); interaction, which corresponds to
the subleading transition [ds][d 5] — (sit)(u5) where the dd
pair converts into a ui pair. In the following we will include
only the leading quark-swap amplitudes. In order to do this,
we note that S}(®,)}(P*)] comes also from the term
weighted by A in (2.9) and the combination 2B + A = 0,
which is satisfied for B = 1/2 and A = —1, removes this
term. So the leading quark swapping interaction in the
tetraquark model (subscript-f: flavor-swapping) corre-
sponds to

1
L,=C; (ZTr(S)Tr(tbﬂtbﬂ) - Tr(S(I)MCD”)) = C;0;.

(2.10)

Alternatively we can consider transitions in which
[ds][d5] — (dd)(s5), i.e. involving the pseudoscalar sin-
glet. This corresponds to S} — (®,)3(®,)3 which appears
with coefficient 2D in (2.9). The operator weighted by D
involves also terms like S} — (®,)}(®,); which are
canceled by those deriving from the operator weighted
by C, if we require C = —1 and D = 1/2. The transitions
[ds][d5] = (sd)(d5) and [ds][d5] — (dd)(s5) represent
two alternative quark swaps. In the first case, the d quarks
are swapped with the s§ pair being spectators, while in the
second case, a d and 5 (or vice versa) are swapped. Under
the assumption that there is no distinction between these
two quark swappings, the corresponding operators can be
grouped with the same effective coefficient

1
=C (—Tr(SCI)ﬂtl)”) + 5 Te($)Tr(@,P")

— Tr(S®,)Tr(®*) + ;Tr(S)Tr(QDH)Tr(@”)) (2.11)

where now O includes all the four terms in (2.9), with only
one phenomenological parameter C in place of A, B, C, D.

There is an additional interaction of the Tr(S®,®*)
type to be considered though. It is induced by QCD
instantons producing an effective interaction reducing the
U(N), x U(Ny)g global symmetry of the quark model
in the chiral limit to SU(N;); x SU(N;), times baryon
number. The effect can be described by the 't Hooft
6-fermion interaction [9,10]

L£; o det[(q;)i,(qr)] (2.12)

where i and j denote flavor indices. With three light quark
flavors, L; is proportional to the product of three quark and
three antiquark fields, antisymmetrized in flavor and color,
and it includes a term of the type

Tr(Ja j24)) (2.13)

where

4 =1gq1"laq)ia (PN} = Giq™. (2.14)
The two components of the effective Lagrangian (2.13) can
annihilate a tetraquark and create a gg and viceversa.
Therefore the interaction Lagrangian (2.11) can be
extended to include the instanton induced interaction as in
The second term induces transitions 4¢q <> 2¢g; notice
that the O, operator is itself of the form Tr(S®,d*).
This follows from the chiral realization of the currents
in (2.13) and

(PP|Tr(J144J24))|S) o Tr(SD, D) + ... (2.16)
where, as commented in [7] [Eq. (16)], the dots denote
higher-order terms in @ and in the chiral expansion. At low
energy, instanton effects are expected to be sizeable.

The instanton interaction induces the mixing of the two
nonet fields of the form

Lgg=7yTr(S'S) (2.17)
where S’ is the conventional scalar gg nonet.

The mixing provided by the effective QCD action,
Eq. (2.17), among other effects, is responsible for the
otherwise forbidden decay f,(980) — z"z~ of the f,
tetraquark [7]. Indeed the Zweig rule allowed decays are
fo — KK and f' — zz, but not f, — zr.

Mixing can go either way (1 < 1)

J0(980) = fo = foaq + 413, (2.18)

Fo(1370) = f" = =Afo44 + [2g (2.19)
where we mean that the mass eigenstate f, is essentially the
4-quark eigenstate f4, mixed with a 2-quark component
/3, (the prime makes reference to §'). Similarly the mass
eigenstate f’ is essentially f5 . Thanks to the mixing, it
acquires a tetraquark component and it displays the
corresponding decay modes, e.g. f” — z" x~ via its mixing
with o, and can be created by 4-quark operators, as we shall
discuss in Sec. III.

The ordering M[ay(1450)] > M[K,(1430)] can also be
attributed to the mixing with the corresponding light scalar
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FIG. 1. D, decay, Cabibbo allowed, tree-level diagram.

mesons a(980) and x(700) induced by the lagrangian
equation (2.17). This analysis provides the estimate
(see [17,18])

y ~0.7 GeV2. (2.20)

III. CABIBBO ALLOWED S-WAVE DECAY:
D} - K*K-n*

The relevant quark Feynman diagrams for Cabibbo
allowed Dj decays are reported in Fig. 1 and in Fig. 2,
when a quark pair is created from vacuum. Considering the
decay D} — K"K~ z*, we observe that

(1) Diagram (a) in Fig. 1 may produce the f” meson via

its gg component (amplitude Ay) and the ¢ meson
via its instanton mixing to the s5 meson (amplitude
Ap). The amplitudes A; and Ay comprise the weak
interaction pion production. The amplitudes A, and
A; are generated by interactions of the C;O; and
C;0; type, as in (2.15). However, A; cannot be
determined from the rates I'(D; — KKn) since o
cannot decay into KK.

(2) Diagrams (b) and (c) in Fig. 2 produce f( via its

dominant tetraquark component (amplitude B/) and
f' via its mixing generated tetraquark component,
with subsequent decays in K*K~ (amplitude B)).
The amplitudes B comprise the weak interaction
pion production. The amplitudes By and B, are

(b)

m(p3)

% K*(p1)

K~ (p2)

FIG. 3. Feynman diagram representation of the D, — (KK) Pz
decay amplitude.

generated by interactions of the C;O; and C,0,
type, as in (2.15).

The amplitudes As, By, B, are computed by comparison
to data as follows. We will evaluate the Feynman diagram
in Fig. 3 representing the D, — fn — KKn decay. Its
square amplitude is given by

oo 997 G)
(myTf)* + (m7 —mi,)?

M

and the rate I'(D; — fz — KKr) is computed applying the
standard 3-body phase space formula

1 1
dr = W32M3 |M|*dm?,dm3,

(3.2)

with the m3, and m3; variables to be integrated over the-
Dalitz plot surface. The parameters m; and I'; are the mass
and the total width of the intermediate scalar resonance.
The coupling g, is determined by the partial width of the
scalar meson to decay into K™K~, when this channel is
available

8xm2B(f — KK
w=¢””“ LY (3.3)

p*(my, mg. mg)
where p* is the decay momentum of the particle of mass M

into m, and m,, p* (M, m,, my) = \/A(M?*,m3,m3)/2M, %
being the Killén triangular function. The coupling g,

FIG. 2. D, decay, Cabibbo allowed, with a quark pair from vacuum. A uii is created in (b) and a dd pair is created in (c).
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TABLE II. Experimental parameters for the lightest scalar
meson decays [12]. In the BR column, the first figure is the
PDG branching ratio, which includes all charge states, to be
multiplied by the figure next to it to obtain the charge combi-
nation indicated in the first column.

Processes my MeV) Ty MeV) p* (MeV) BR
c—-nta” 475 275 192 1x2/3
kt = Kozt 845 468 253 1x2/3
foormtn 990 45 475 0.75%x2/3
fo— K"K~ 990 45 36 0.25/2
ag — 11 980 75 317 0.85
ay— KTK~ 980 75 87-33 0.15/2
TABLE III. Experimental parameters [12] for the next-to-light

scalar mesons. In the BR column, the first figure is the PDG
branching ratio, which includes all charge states, to be multiplied
by the figure next to it to obtain the charge combination indicated
in the first column.

Mg Ly p*
Processes MeV) (MeV) MeV) BR
fo(1370) - ztz~ 1345 350 672 0.26x2/3
fo(1370) - K*K~ 475 0.021/2
ad(1450) — 7' 1439 258 606 0.093
a®(1450) — =% (958) - -- e 383 0.033
ad(1450) > KK~ e e 523 0.083/2
K (1430) —» Koz* 1425 270 621 093 x2/3
K (1430) - K'n e e 490 0.086
fo(1710) - mta~ 1733 150 855 0.039 x2/3
fo(1710) - KTK~ 711 0.36/2

contains the aforementioned A ;, By ; amplitudes. We have
access to

go = (Bf\/i), /le\ for l)‘Y - foﬂ.' b Kf(ﬂ' (34)
g0 = (B)V2)/mp, for Dy — f'n — KKz (3.5)
go = Ap/mp. for Dy — f'n - KKz (3.6)

see the notation for scalar mesons introduced after (2.2).
The introduction of the | /m,_dependency allows I', A, B to

be pure numbers. The factors /2 on the first two equations
arise because the sum of diagrams (b) + (c¢) corresponds to
V2f,, for By and V2f', for B;, see the Appendix. The
physical parameters used in the previous calculation are
extracted from Tables II and III.

The experimental data to confront with are reported in
the following Table IV. Using Table IV and equating

TABLEIV. Branching fractions of resonant contributions to the
decay: D} — " (K*K™)g, from PDG 2024 [12].

D} - " KTK- BR(%) (100/5.45)-BR
atKtK- 5.45 100
fo(980)zt, fo = KTK~ 1.1 20.5
al(980)x*, a)(980) —» KK~ 0.055 1.0
fo(1370)x*, £,(1370) - K*K~ 7.1 x 1072 1.32
fo(1710)z*, fo(1710) - K*K~ 6.7 x 1072 1.24

[(Dy; — for — KKr) =20.5, T(D;— f'n - KKn) =
1.32, and (D, — f"7 — KKz) = 1.24 we obtain’ the
three parameters (expressed as pure numbers in the para-
metrization formulated above) Ay, By, B; which we will be
using to study the D,y — 3z decays

|Af| =46.1, |Bf| =552, |B;)|=96.7 (3.7)
showing that instanton interactions in this scheme are of the
same size of quark-swapping ones.

IV. CABIBBO ALLOWED S-WAVE DECAY:
D} > n*rxtr~

The quark diagrams are the same as (a), (b), (c) in Figs. 1

and 2. In this case, we observe that

(1) Diagram (a) is related to the production of f”
proportionally to the amplitude A;. The instanton
interaction allows the ¢ in diagram (a) so that we can
determine an upper value for the amplitude A; by
comparison to data on D, — 3z decays, which
indicate a very stringent upper bound on the ¢ in
D, — 3 decays.

(2) Diagrams (b) and (c) are related to the production of
fo through amplitude B;. The production of f” is
proportional to amplitude B;.

Differently from the case D, — KKz (see Fig. 3), in

D, — 3r there are two interfering amplitudes (see Fig. 4)

The amplitude M in (3.1) has to be substituted by the

sum of the two unstable particle propagators

M 1 1
_m]%—mfz—iy

m]% R —— (4.1)
where again y = mI';. This is included in (3.2) to
determine the rates of interest, with the integration measure
in (3.2) divided by 2, for the identical particles.

First of all we can determine A; by requiring that
I'(D, - o = 37):T(Dy, — for — 37) < 0.1 as reported
by LHCb [3]. The rate in the denominator is determined by
the B, amplitude determined in the previous section, and

*We will compute only ratios of widths in the following.
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7+ (ps)

7T+(P1)

7 (p2)

+ Ds(P)

7 (p3)

7 (p2)

FIG. 4. D, decay into three pions via scalar mesons.

TABLE V. Predicted rates, normalized to the rate of f,(980) —
"zt z~ and observed branching fractions.

Predicted rates/Rate

Channel (f0(980)) Experimental [12]
7t 6(500) < 0.1 assumed for A; Not reported
7" £,(980) 1 0.565 £ 0.043 4+ 0.047
7t fo(1370) 0.8 0.324 £0.077 £ 0.017
7t fo(1710) 1 x1072 Not reported
we obtain

|A;| <15.4. (4.2)

For the other channels of D; — 37, we predict, see
Table V,

(a)

D decay, Cabibbo forbidden.

FIG. 5.

U2
D+ C

(b)

['(Dy - f'n > 37): [(Dy - for - 37)~0.8 (4.3)

I'(D, - f'z — 3x): T(Dy — for - 37) ~0.01. (4.4)

The presence of a uii + dd meson such as f’ in the D,
Cabibbo allowed, decays with final states dominated by s5
quark pairs, is quite remarkable.

In our scheme, f’ production arises quite naturally from
the diagrams of Figs. 2(b) and 2(c) through its instanton
generated four-quark component, see Eqs. (2.17) and
(2.19). In the molecular model, it would require a sizeable
violation of the Zweig rule, similar to the violation required
to explain the large f, — 7z decay of the KK molecule.

V. CABIBBO SUPPRESSED S-WAVE DECAY:

DY > nta*tn~

We have a different set of quark diagrams for this case.
They are reported in Figs. 5 and 6. The basic features of
these diagrams are the following:

(1) In (a), f" is produced (amplitude A,) whereas f, is

produced via mixing (amplitude A;).

(2) In(b), o is produced (amplitude B) and, via mixing,
f" (amplitude B;).

(3) The amplitude in (c) is shared between f (ampli-
tude By) and ay, which, however, does not decay
inztx.

(4) The diagram in (c) gives rise to the most important
contribution to f’ (amplitude By).

u
ot
d
d
S
D+ C
S
d

©

FIG. 6. D decay, Cabibbo forbidden, with a quark pair from the vacuum. A ui# is created in (b) and a s5 pair is created in (c).
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TABLE VI. DT — 3z. Predicted rates, normalized to the rate of
6(500) - ztz"z~ and observed branching fractions.

Predicted rates/Rate

Channel (¢(500)) Expt. (1073) [12,19]
7+ 6(500) 1 1.38 £ 0.1

7+ £0(980) 0.17 0.157 4 0.032
7+ £o(1370) 0.07 0.08 £ 0.04
xtfo(1710) 0.02 Not reported

We will now use the effective couplings

gOZBf\/mD for ¢

goz(Bf/\/EiAI/\/E)\/m_D for f, (5.1)

(ay)

FIG. 7.

(d)

FIG. 8.

go = (Bi/V2£A;/V2)\/mp for f’

go = B]\/mD for f” (52)
where the amplitudes A, B have been determined in the
previous section. The following ratios are determined by
taking the four sign alternatives in (5.1) and (5.2). Taking
the — sign in both (5.1) and (5.2) we obtain

(D - for = 3n): T(D - onr = 37)~0.17 (5.3)
I'(D - f'n - 3xn): (D - or - 37) ~0.07 (5.4)
I'(D— f'zm—3n): (D - or - 37) ~0.01 (5.3)

(a2)

D, Cabibbo suppressed quark diagrams producing a z" in (a;) and a K in (a,).

D, Cabibbo suppressed quark diagrams with pair production from the vacuum.
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which happens to match very well the available exper-
imental determination based on CLEO [19] data, as
detailed in the following Table VIL.*

Recent Dalitz plots from the LHCb experiment [4]
suggest that the signals for ¢ and f; may have comparable
intensities. This observation could potentially lead to a
preference for a different sign choice in the Egs. (5.1) and
(5.2). Howeyver, as of now, there is no LHCb determination
available to replace the CLEO values in the Table VI.

VI. CABIBBO SUPPRESSED S-WAVE DECAYS
D} - K*n*tn~

The relevant quark diagrams are reported in Figs. 7
and 8. These are the main features to take into account

(1) (ay) produces K(1430) via Ay, and k via A;.

(2) (a,) produces f” via Ay and o via A,

(3) (b) produces k via By and K,(1430) via B;.

(4) (c),(d) produce f, via \/EBf and f’ via \/EB,—

compare to (3.4) and (3.5).

Using the same methods as in the previous sections

we find

I'(D - 6K — 7zK): T’y ~0.05 (6.1)
I'(D — kx — nnK): Ty ~0.28 (6.2)
I'(D— f'K - nzK): Ty ~0.43 (6.3)
I'(D - f"K — zzK): Ty ~0.001 (6.4)
I'(D - K((1430)r — zzK): Ty~ 0.31  (6.5)

where we have used, in the order

9o =Ar/mp_, (By—A;)/mp,
Blﬁ/szy Af,/m \ (B,—Af),/me. (66)

Ratios are taken with respect to Iy

Ih=T(D - foK - 7zznkK) (6.7)
where gy = By\/2mp . These results are compared to
experimental data from [2] in Table VII, employing the
same sign convention [see Eq. (6.6)] as utilized in the
preceding section. No alternative sign convention facilitates
a more favorable comparison to the data. We suspect that a
significant portion of this discrepancy may be attributable
to the fact that the x is not even incorporated into the
experimental fits.

“The (+, +). (+, =), (=, +), (=, =) sign choices correspond to
values (0.54, 0.56), (0.54, 0.07), (0.17, 0.56), (0.17, 0.07),
respectively.

TABLE VII. Predicted rates for D¥ — K+ 7" 2~, normalized to
the f, rate. The comparison of our predictions with data from
[2,12] is not good despite the rather large experimental errors.
Also, unlike previous cases, BESIII fits the low energy Kz~
data by a continuum distribution, rather then the Breit-Wigner
corresponding to the x resonance, as would be required by our
model.

Predicted rates/Rate Expt. BR(1074)

Channel (f0(980)) [2,12]
K*6(500) 0.05 45+3.0

K+ £,(980) 1 28+ 1.1

K+ f,(1370) 0.43 12+6
K*fo(1710) 0.001 Not reported
71k(700) 0.28 Not considered in fit
7+ Ko (1430) 031 94432

VII. CONCLUSIONS

In [7], it is proposed that 6-fermion instanton-induced
interactions can significantly contribute to the dynamics of
scalar mesons at low energies. We further investigate this
possibility within the context of recently obtained LHCb
experimental data on D and D, decays into three pseudo-
scalars. We substantially corroborate this picture, yet we
encounter difficulties with the Cabibbo suppressed S-wave
decays D — KTz"z~ that may be attributed to the
treatment of the x(700) resonance in data analyses or to
characteristics of the model beyond our control. We believe
that the present study represents a step in favor of a
tetraquark interpretation of the lowest scalar meson nonet.
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APPENDIX: RULES FOR AMPLITUDES

We summarize the rules for constructing the amplitudes
of different processes, from the basic amplitudes A s Ay,
By, B; defined in Secs. III and IV. Diagrams in Sec. III:

(1) Diagram Fig. 1(a): An f” is produced from an s3 pair

through the A, amplitude.

(2) Diagram Fig. 2(b): The quark combination [su][5 i]

produces a fo = ([su][5 @] + [sd][5 d])/+/2 through
the amplitude B/ /2. If the same quark combination is
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supposed to produce f” it will go through the instanton
amplitude B;/+/2. Same for diagram Fig. 2(c).
Diagrams in Sec. IV: Same quark diagrams of Sec. III,
same amplitudes to produce f” and f, f' but now also
o is produced in Fig. 1(a) with amplitude A;. Diagrams
in Sec. V
(1) Diagram Fig. 5(a): Gives f’ through A/ V2 and f,
through A;/v/2.
(2) Diagram of Fig. 6(b): The quark combination
[ud][ii d] produces the & through the B, amplitude
and f” through the amplitude B;.

(3) Diagram of Fig. 6(c): Gives f( through the ampli-
tude B;/v/2 and f’ through the amplitude B;/v/2.

Diagrams in Sec. VI:

(1) Diagram Fig. 7(al): Gives K(1430) via ds through
A and k via A;.

(2) Diagram Fig. 7(a2): Gives f” via A; and o via A;.

(3) Diagram Fig. 8(b): From [ud|[i 5] gives k via B and
K(1430) via B;.

(4) Diagram Fig. 8: (c) f,/v/2 through the amplitude
Bf/\/f and f'/+/2 through B;/+/2. Same for
diagram (d).
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