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THE E-MESON AND OTHER GLUEBALLCANDIDATES�Ulrike Thomarepresenting the Crystal Barrel CollaborationInstitut für Strahlen-und Kernphysik der Universität BonnNuÿalle 14-16, 53115 Bonn, Germany(Reeived August 9, 2000)The �(1440) also alled E-meson has been disussed as glueball an-didate sine many years. In �pp ! �+���+��� the �(1440) is learly ob-served but no evidene was found for the �(1295). The non-observation ofthe �(1295) in �pp-annihilation with the expeted yield questions its inter-pretation as radial exitation of the � and therefore also the nature of the�(1440). Another glueball andidate is the f0(1500). The investigation ofthe di�erent 4�-deay modes of the salar states may be ruial to lar-ify if a salar glueball exists below 2 GeV. In order to do so four di�erent5�-�nal states have been investigated. The data are learly dominated bythe salar isosalar interation. At least to salar states are needed, thef0(1370) and the f0(1500). The �rst state deays dominantly into 4�, whilethe 4�-deays of the f0(1500) represent about half of its total width.PACS numbers: 12.39.MkThe possibility that gluoni exitations of hadroni matter may exist isperhaps one of most fasinating topis in hadron spetrosopy. A parti-le whih has been disussed as glueball andidate sine many years is the�(1440) also alled E-meson. It was observed as a prominent peak in radia-tive J=	 deays [1℄ and was believed to be the �rst glueball. This onjeturewas supported by the masses of the �(1295) and of the �(1300) suggestingideal mixing and demanding the s�s state to have a mass of � 1550 MeV.The PDG suggests a 21S0 nonet onsisting of K(1460), �(1300), �(1295)and the �(1440), alled �(1440). But as s�s-state its mass is too low, and onedoes not understand why the �(1440) is produed with ��-beams but not� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2739)



2740 U. Thomawith K�-beams. In addition there is evidene for a splitting of the �(1440)into two states at 1405 and at 1480 MeV [2℄. Three states in mass regionof 200 MeV annot all be q�q-states. To larify the experimental situationthe reation �pp! �+���+��� has been investigated at LEAR by stoppingantiprotons in liquid H2 and by observing the �nal state with the CrystalBarrel detetor. The data (Fig. 1) evidene the f1(1285), deaying into 4�,the a0(980), the �0 and the �(1440), respetively. A partial wave analysis
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m(π+π-η)  [MeV]m(π+π-η)  [MeV]Fig. 1. Invariant masses of the �pp! �+���+��� data set. The shaded distributionwith the error bars shows the data, the line the phase spae distribution. The lastplot shows the �+��� invariant mass after an �0�anti-ut.



The E-Meson and Other Glueball Candidates 2741was performed within the isobar model. The following amplitudes have beenintrodued:�pp(1S0) ! f0(1370)�, f0(1370) ! (��)S(��)S , ��, �(1300)�, a1��pp(1S0) ! �(1440)(��)S , �(1440) ! a0(980)�, (��)S��pp(1S0) ! a0(1440)�, a0(1450) ! a0(980)(��)S�pp(3S1) ! f1(1285)�, f1(1285) ! a0(980)�, (��)S��pp(3S1) ! b1(1235)�, b1(1235) ! �(��)S�pp(3P1) ! f1(1285)�, f1(1285) ! ��For the �(1440) we found a mass of 1403�6MeV and a width of 57�9MeVin good agreement with the values given in the PDG [2℄. The loal variationin 2 ln(L) is shown in Fig. 2(a). A lear maximum is observed.The �(1440) is possibly split into a low-mass �(1405) and a high mass�(1480). A san searhing for an additional high mass state is shown inFig. 2(b). There seems to be some evidene for an �(1480), but the hangein 2ln(L) is small and we do not laim evidene for a splitting of the �(1440).We also searhed for further �-states in our data. The �(1295) has preiselyde�ned parameters. Mass and width are known with an auray of a fewMeV. Hene we tried to introdue this meson with its PDG values. Thelikelihood inreases by 24 for 4 additional parameters, a marginal hangeonly. The ontribution is less than (3 � 10�5), 30 times smaller than theontribution of the �(1405). Even if the f1(1285) is omitted, there is noevidene for the �(1295). Likelihood sans (Fig. 2(), (d) do not show anymaximum in mass and width. These observations lead us to onlude thatwe have no evidene for the �(1295). The non-observation of the �(1295) in�pp-annihilation is unexpeted if one assumes that the partile is the radialexitation of the �. The �(1295) was also never observed in radiative J=	 -deays. A omparison of the branhing frations for �pp ! �(1300)� and�pp! �(1295)� or �pp! �(1440)� shows that only �(1440)� is produed ata rate one would expet from �pp ! �(1300)� (BR � 3 � 10�3). This mayindiate that not the �(1295) but the �(1440) is the radial exitation of the�. This assignment also gives a natural explanation of its splitting into twostates: in the deay mode �(1440) ! a0(980)� two strutures appear; thetransition operator has a zero due to a node in the wave funtion [3℄. In thedeay mode �(1440) ! K�K only one peak is observed. Here the transitionoperator has no zero [3℄. This ould also give an explanation for the obser-vation of the �(1440) in experiments with �� beams and its non-observationin experiments with K�-beams even if the �(1440) deays dominantly inK �K�. The partile is dominant an (u�u+ d �d)-state but its deay into a0� issuppressed due to a node in the wave funtion. We interprete the �(1440)as radial exitation of the �; the �(1295) is supernumerous.
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() (d)Fig. 2. (a) san for a single 0+0�+-resonane, (b) san for an additional �-state ofhigher mass. (), (d) San for an additional 0+0�+ resonane at lower mass. In themass san () the PDG value for the width of the �(1295) is used, in the san ofthe width (d) two urves for two di�erent �-masses are shown (mPDG=1297 MeV).In lattie gauge theories the lightest glueball is predited to have salarquantum numbers and a mass of about 1:73GeV=2 [4℄. The existene ofmore salar isosalar mesons than the quark model an host has led to spe-ulations that a glueball has intruded into the spetrum of salar quarkoniaand mixes with them, thus produing the states observed in the mass rangebelow 2GeV=2 [5, 6℄. Di�erent mixing shemes e.g. [5, 6℄ allow an expla-nation of the observed deays of the f0(1500) into two pseudosalar mesonseven though the glueball ontent of the f0(1370), f0(1500) and f0(1710) arequite di�erent in these models. Experimental information on deay modesfor these states may be helpful to deide whih of these models is orret.Indeed, alulations exist whih show that the determination of the di�erent4� deay modes might be ruial to shed light on this mixing sheme [7, 8℄.



The E-Meson and Other Glueball Candidates 2743In order to investigate the di�erent 4� deay modes of the salar states,(��)S(��)S , ��, �(1300)� and a1�, we have investigated four di�erent 5�-�nal states: �pp! 5�0, �pn! ��4�0, �pp! �+��3�0, �pn! �+2��2�0.From these datasets we found an f0(1370) with a mass of 1395�40 MeV/2and a width of 275�55 MeV/2 and an f0(1500) with mass and width om-patible with previous �ndings. For the f0(1370) the 4�-deay modes learlydominate, while for the f0(1500) they represent about half of its total width.Assuming that all deay modes of the two states are known the partial deaywidths of the states an be alulated. They are given in Table I. To ourknowledge there is so far no model whih explains all the deay modes ofthe two salar states in a onsistent way. TABLE IPartial widths �i (in MeV) of f0(1370) and f0(1500) for deays into 2 pseudosalar partilesand into 4 pions assuming that all deay modes are observed (preliminary). The error of thetotal width is inluded in the errors for the partial widths. The pseudosalar branhing ratios toalulate the partial widths are taken from [9�11℄�tot �� �� ��� a1��� �� ��0 K �Kf0(1370) 275 � 55 120:5� 49:0 62:2� 28:8 41:6� 22:0 14:1� 7:221:7� 9:9 0:41� 0:27 (7:9 � 2:7) to (21:2� 7:2)f0(1500) 130 � 30 18:6 � 12:5 8:9� 8:2 35:5� 29:2 8:6� 6:644:1 � 15:4 3:4� 1:2 2:9� 1:0 8:1� 2:8REFERENCES[1℄ D.L. Sharre et al., Phys. Lett. 97B, 329 (1980).[2℄ C. Caso et al., Eur. Phys. J. C3, 396 (1998).[3℄ T. Barnes, F.E. Close, P.R. Page, E.S. Swanson, Phys. Rev. D55, 4157 (1996).[4℄ C.J. Morningstar, M. Peardon, Phys. Rev. D60, 034509 (1999).[5℄ C. Amsler, F.E. Close, Phys. Lett. B353, 385 (1995); Phys. Rev. D53, 295(1996).[6℄ J. Sexton, A. Vaarino, D. Weingarten, Phys. Rev. Lett. 75, 4563 (1995).[7℄ M. Strohmeier-Presiek et al., Phys. Rev. D60, 54010 (1999).[8℄ L. Burakovsky, P.R. Page, Phys. Rev. D59, 14022 (1998).[9℄ A. Abele et al., Nul. Phys. A609, 562 (1996).[10℄ Crystal Barrel Collaboration, A. Abele et al., Phys. Lett. B385, 425 (1996).[11℄ Crystal Barrel Collaboration, A. Abele et al., Phys. Rev. D57, 3860 (1998).


