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THE STRUCTURE OF THE LIGHT SCALAR MESONSAND QCD SUM RULES �V.E. MarkushinPaul S
herrer InstituteCH-5232 Villigen PSI, Switzerland(Re
eived June 29, 2000)The stru
ture of the light s
alar mesons is elu
idated by the investiga-tion of the S-matrix poles and the q�q spe
tral density in a 
oupled 
hannelmodel that in
ludes ��, K �K and q�q 
hannels. It is shown that the dy-nami
al origin of the � and f0(980) mesons is 
onsistent with the observedspe
trum of the s
alar states. The K �K mole
ular pi
ture of the f0(980) isin good agreement with re
ent experimental data on the de
ay ' ! 
��from Novosibirsk.PACS numbers: 12.39.�x, 12.39.Pn, 13.40.Hq1. Introdu
tionThe stru
ture of the light s
alar mesons addresses di�erent problems inhadron spe
tros
opy: strong 
hannel 
oupling, the OZI rule violation, ex-oti
 states (glueballs, q2�q2), and the properties of the QCD va
uum. Re
enttheoreti
al studies (see [1�4℄ and referen
es therein) have demonstrated thatthe appearan
e of dynami
al states 
an naturally explain the striking di�er-en
e of the observed spe
trum of the JPC = 0++ states [5℄ from the othermultiplets. The goal of this paper is to investigate the properties of the lights
alar mesons in a 
oupled 
hannel model where both the � meson and thef0(980) arise as dynami
al states due to strongly attra
tive intera
tions inthe �� and K �K 
hannels.2. The �� �K �K � q�q 
oupled 
hannel modelOur approa
h is based on an exa
tly solvable Coupled Channel Model(CCM), whi
h is an extended version of the one studied in [2℄; it 
ontainsthe ��, K �K, and q�q 
hannels (JPC = 0++, IG = 0+), and the intera
tions� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2665)



2666 V.E. Markushinare approximated by separable potentials. The model parameters were de-termined by �tting the �� s
attering amplitude together with the �� massdistribution in the de
ay ' ! 
(��)J=0 [6, 7℄. The detailed des
ription ofthe model is given in [8℄.
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Fig. 1. The traje
tories of the S-matrix poles in the 
omplex mass plane (GeV) onthe sheets II and III for the K �K � �� and q�q � �� 
ouplings in
reasing from zeroto the physi
al values.The poles of the S-matrix in the 
omplex mass plane are shown in Fig. 1.The f0(980) resonan
e 
orresponds to one S-matrix pole MA = (0:975�i0:017) GeV 
lose to the K �K threshold; this pole has a dynami
al ori-gin and represents the mole
ular-like K �K state. There are two poles 
or-responding to the � meson: MB = (0:46 � i0:24) GeV on sheet II andMD = (0:67 � i0:23) GeV on sheet III. The dynami
al origin of the �meson is related to the attra
tive 
hara
ter of the e�e
tive �� intera
tionwhi
h has a partial 
ontribution from the 
oupling via the intermediates
alar q�q states. Two poles at MC = (1:42 � i0:26) GeV (sheet II) andME = (1:40 � i0:25) GeV (sheet III) originate from the bare q�q state. Thepole traje
tories plotted in Fig. 1 were 
al
ulated for the K �K � �� andq�q � �� 
ouplings 
hanging from zero (the de
oupled 
hannels) to theirphysi
al values.
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tral density of the q�q state. (b) The �� invariant mass dis-tribution in the de
ay ' ! 
�0�0. The 
urve is the result of our CCM model.The experimental points are from [6℄ and [7℄.The mixing between the q�q and the two�meson 
hannels is illustrated inFig. 2(a) showing the 
al
ulated spe
tral density �(M) of the q�q state. Inthe weak�
oupling limit, there would be a single peak 
orresponding to thebare q�q state with mass M (0)q�q = 1:11 GeV. As a result of the strong ��� q�q
oupling a substantial fra
tion of the q�q spe
tral density is present in the �meson region. The peak around 1:3 GeV 
orresponds to the broad resonan
eoriginating from the q�q state. This peak and the 
orresponding poles MCand ME 
an be asso
iated with the f0(1370) meson.The mole
ular pi
ture of the f0(980) meson was found to be fully 
onsis-tent with the data on the '! 
�� de
ay. Fig. 2(b) shows the result of theCCM 
al
ulations of �� invariant mass distribution in the de
ay '! 
�0�0(see [8℄ for detailed dis
ussion). The 
al
ulated bran
hing ratio BR(' !
�0�0) = 0:5 BR('! 
(�+��)J=0) = 1:2 10�4 is in good agreement withthe experimental data BR(' ! 
�0�0) = (1:14 � 0:10 � 0:12)10�4 [6℄ andBR(' ! 
�0�0) = (1:08 � 0:17 � 0:09) 10�4 [7℄ and with the re
ent 
al
u-lation in 
hiral perturbation theory BR('! 
�0�0) = 0:8 10�4 [9℄.3. Con
lusionThe stru
ture of the S�matrix poles in our 
oupled 
hannel model showsthe dynami
al origin of the � and f0(980)mesons: both of them are produ
edby strongly attra
tive intera
tions in the �� and K �K 
hannels. The distin
-tion between genuine q�q states and dynami
al resonan
es, � and f0(980),
an be demonstrated in the limit N
 !1, whi
h implies vanishing meson�



2668 V.E. Markushinmeson intera
tion, where the q�q states turn into in�nitely narrow resonan
eswhile the dynami
al states disappear altogether. Our 
al
ulation of the de-
ay '! 
�� shows that the K �K mole
ular pi
ture of the f0(980) is in goodagreement with the re
ent experimental data.The stru
ture of the q�q state embedded into the mesoni
 
ontinuumhas been analyzed using the 
al
ulated q�q spe
tral density �(M). Whilethe high�energy part of �(M) is related to the f0(1370) resonan
e, thereis also a signi�
ant 
ontribution to �(M) in the region of � meson, whi
hdemonstrates the strong 
oupling between the �� and q�q 
hannels. Thesame approa
h 
an also be used for studying the QCD sum rules relatedto the gluon 
ondensate by in
luding the mixing with the s
alar glueballsin an extended 
oupled 
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