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POSSIBLE INTRUSION OF AGLUEBALL-CONFIGURATION IN THESCALAR�ISOSCALAR MESON SPECTRUM � ��T. Gutshe, M. Strohmeier-Pre²i£ek, Amand FaesslerInstitut für Theoretishe Physik, Universität Tübingen,Auf der Morgenstelle 14, 72076 Tübingen, Germanyand R. Vinh MauLPTPE, Université P. et M. Curie, 4 Plae Jussieu,75252 Paris Cedex 05, Frane(Reeived July 20, 2000)We determine the hadroni two-body deay modes of the salar�isosalar f0(1370); f0(1500) and f0(1710) states as resulting from the mix-ture of the lowest lying salar glueball with the isosalar states of the groundstate 3P0 quark�antiquark (Q �Q) nonet. In addition we study the produ-tion properties of the f0 states in proton�antiproton (p�p) annihilation re-ations of the type p�p ! �0f0. The quantitative preditions both for thedeay and the prodution emphasize the role of the gluoni omponents inthe f0 states and its observable onsequenes.PACS numbers: 13.25.Jx, 12.39.Mk, 14.40.Cs1. IntrodutionThe disussion on a possible evidene for the emergene of the glueballground state has been dominantly entered on the salar�isosalar resonanef0(1500) [1℄. This state has been learly established by Crystal Barrel atLEAR [2℄ in proton�antiproton annihilation, and is also seen in entral ppollisions and J=	 deays [3℄. The main interest in the f0(1500) as a andi-date re�eting the possible intrusion of a glueball state in the salar�isosalarmeson spetrum rests on several observations. The f0(1500) is produed� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.�� Supported by the BMBF under ontrat No. 06TU887 and the PROCOPE ooper-ation projet. (2657)



2658 T. Gutshe et al.in gluon rih prodution mehanisms, whereas no signal is seen in  olli-sions [3℄. Lattie QCD, in the quenhed approximation, predits the lightestglueball state (G0) to be a salar (JPC = 0++) lying in the mass range of1:4�1:8GeV [4℄. Although the deay pattern of the f0(1500) into two pseu-dosalar mesons is ompatible with a quarkonium state n�n � 1=p2 (u�u+d �d)in the salar Q �Q nonet, the observed total width of � � 120 MeV is in on-�it with naive quark model expetations of � � 500 MeV [1, 5℄. Moreover,it is now believed [2℄, that the f0(1370) state oupies the orrespondingposition in the salar nonet. In the analysis of the partial deay widths intotwo pseudosalar mesons, several shemes have been proposed to attribute atleast partial glueball nature to the f0(1500) state [1,6,7℄, although quantita-tive preditions for its glueball ontent di�er sizably. In a minimal senariooriginally proposed by Ref. [1℄ the pure glueball is mixed with the n�n and s�sstates of the salar 3P0 nonet leading to three salar states, identi�ed withthe f0(1370), f0(1500) and an additional state around 1700 MeV, whihan possibly be the fJ=0;2 (1710). One deisive test of the proposed mixingshemes is the full analysis of the strong deay modes of the observed f0states. 2. Deay modes and prodution ratesIn the deay analysis [5℄ we have taken into aount the oupling ofthe quarkonia (Q �Q) and glueball (G0) omponents of the f0 states to theQ �Q omponents of the two-meson �nal state, where the deay dynamis isguided by strong oupling QCD [1℄. The oupling of the Q �Q omponent ofthe f0 states is desribed in the framework of the 3P0 pair reation model(see Fig. 1). In next-to-leading order we obtain a diret oupling of the G0
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QQFig. 1. E�etive quark/gluon line diagrams for the deay of the Q �Q and G0 om-ponents into the �nal state M1M2.omponent of the f0 states to the quarkonia omponent of the deay hannel(see Fig. 1). The orresponding transition G0 ! (Q �Q) (Q �Q) is modelledby resorting to a salar digluonium wave funtion for G0 as given by avityQCD. Deay patterns resulting from the individual deay mehanisms ofFig. 1, that is oupling to the Q �Q and G0 omponents of the f0(1500),



Possible Intrusion of a Glueball-Con�guration in . . . 2659are qualitatively very di�erent. Whereas the Q �Q deay is in line with thetwo-pseudosalar deays of the f0(1500), the gluoni omponent stronglyin�uenes the deay hannels ��, ��, �?� and a1� feeding the 4� �nalstates. For example, the �� deay hannel is experimentally known to bestrongly suppressedin on�it with a pure Q �Q interpretation, and hints ata sizable in�uene of the G0 ontribution [5℄. Our full �t to the knownf0(1500) deays results in the state vetors0� jf0(1370) >jf0(1500) >jf0(1710) > 1A = 0� 0:94 0:07 �0:340:31 �0:58 0:750:15 0:81 0:57 1A 0� jn�n >js�s >jG0 > 1A ; (1)where the G0 strength is dominant in f0(1500).To further quantify the possible in�uene of the G0 omponent we esti-mate branhing ratios for the prodution of f0 states in N �N annihilation [9℄.With the e�etive graphs of Fig. 2 both the oupling to the Q �Q and the G0
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GFig. 2. E�etive quark line diagrams for N �N annihilation into the �nal states�(Q �Q) and �G0.omponents of the f0 states for the annihilation hannel �f0 are taken intoaount. The respetive strengths of the transitions are �xed by usual two-meson prodution (here p�p ! �0f2(1270)) and by the G0 deay graph ofFig. 1. For annihilation from atomi S-states we obtain for the ratioR � BR(p�p! f0(1500)�0)BR(f0 ! ��)BR(p�p! f0(1370)�0)BR(f0 ! ��) = 0:3 (Q �Q); 3:0(Q �Q +G0) ; (2)where R = 0:3 is obtained by taking into aount the Q �Q omponent of thef0 state only. The result R = 3:0 inludes the oupling to the G0 omponent,assuming maximal interferene between the prodution graphs. This shouldbe ompared to the experimental number of R � 1:6 [2℄. Similarly, for theprodution branhing ratio, inluding both annihilation graphs of Fig. 2, weobtain BR(p�p! f0(1500)�0)BR(f0(1500) ! ��) = 5:5� 10�4 ompared tothe measured result of (5:5� 1:3) � 10�4 [2℄.Known deay modes and p�p prodution rates of the f0(1500) state arequalitatively onsistent with the presene of a sizable glueball omponent



2660 T. Gutshe et al.and annot be explained by a pure Q �Q interpretation. In turn, the orre-sponding preditions [5℄ for the partner states f0(1370) and f0(1710) providea stringent test for the senario of Eq. (1) whih an be tested by futureexperimental results. REFERENCES[1℄ C. Amsler, F.E. Close, Phys. Rev. D53, 295 (1996).[2℄ C. Amsler, Rev. Mod. Phys. 70, 1293 (1998).[3℄ S. Godfrey, J. Napolitano, Rev. Mod. Phys. 71, 1411 (1999).[4℄ G. Bali et al., Phys. Lett. B309, 378 (1993); H. Chen et al., Nul. Phys. B(Pro. Suppl.) 34, 357 (1994); M. Teper, hep-ph/9711299.[5℄ M. Strohmeier-Pre²i£ek, T. Gutshe, R. Vinh Mau, A. Faessler, Phys. Lett.B438, 21 (1998); Phys. Rev. D60, 054010 (1999).[6℄ D. Weingarten, Nul. Phys. B (Pro. Suppl.) 53, 232 (1997).[7℄ L.S. Celenza et al., Phys. Rev. C61, 035201 (2000).[8℄ M. Strohmeier-Pre²i£ek, T. Gutshe, R. Vinh Mau, A. Faessler, in preparation.


