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STRONG DECAYS OF � RADIAL EXCITATIONS �Burkhard Pikrepresenting the Crystal Barrel CollaborationInstitut für Strahlen- und Kernphysik der Universität BonnNuÿallee 14-16, 53115 Bonn, Germany(Reeived July 13, 2000)We have searhed for �0 deays in �pN annihilation at rest. They mayprovide information on the nature of the �0 states; are they hybrids orq�q states? A omparison between data and theoretial alulations givesambiguous results. Furthermore, we have found hints for a radial exitationof the b1(1235) at 1610MeV.PACS numbers: 13.25.Jx 1. IntrodutionIn 1987, evidene emerged that the 1600MeV region atually ontainstwo �-like resonanes. This was the result of the analysis of e+e� annihi-lation into 2� and 4� [1℄. In the following years, these analyses have beenextended and new data have been inluded. In a review, Clegg and Don-nahie on�rmed the evidene for at least two �0 states and laimed that the�0s annot be part of nonets of pure qq states [2℄. Mixing with additionalstates seems to be required.These results were interpreted by Close and Page [4℄: the �(1450) deaysfavour a hybrid interpretation while the �(1450) mass would suggest a 23S1qq state. 2. Theoretial alulationsTable I shows results of theoretial alulations on the �0 deays. Usingthe 3P0 model, the 23S1 and the 13D1 q�q states show very harateristidi�erenes in their ouplings to the 4� �nal states. The 23S1 state ouples� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2599)



2600 B. Pikvery weakly to all of them whereas the 13D1 state ouples strongly to both�a1 and �h1. Both states have moderately large ouplings to �� and �!.Within the �ux-tube model the suppression of �h1 relative to �a1 is aruial test of a hybrid �0 state. The deay into 2� is predited to vanish.TABLE IPartial deay widths for �0 states. A �-� denotes a deay not yet alulated.Deay mode �� �! �a2 �a1 �h1 �� ��� �� KKCalulated partial widths in the 3P0 model [3℄:23S1 �(1465) 74 122 0 3 1 0 - - 3513D1 �(1700) 48 35 2 134 124 0 14 - 3633S1 �(1900) 1 5 46 26 32 70 16 - 1Calulated partial widths in the �ux-tube model [4℄:Hybrid �(� 1500) 0 5�10 � 0 140 0 0 0 - -3. �(1450) and �(1700) deays observed by Crystal BarrelIn the following subsetions di�erent hannels of �pd-annihilation at restinto �0 and a reoiling pion will be presented. For all these hannels, a ut onthe proton spetator momentum of 100MeV ensures that the annihilationtakes plae on a quasi-free neutron.3.1. �pd! ���0�0pspetatorFigure 1(a) shows the symmetrized Dalitz-plot for �pd-annihilation into���0�0 plus spetator proton [5℄. The most prominent strutures are ver-tial and horizontal bands due to the ��(770) deay into ���0. In thediagonal, a band arises from the f2 deaying into �0�0. Furthermore, aband-struture due to the f0(1500) also deaying into �0�0 is visible.The desription of the enhanement on the right upper side of the phasespae requires a �0 state at 1410MeV. The high-mass region requires a1780MeV �0 state.3.2. �pd! KSK��0pspetator (KS ! �+��)The main struture in the Dalitz-plot (Fig. 1(b)) for �pd! KSK��0pspeare the rossing K�(892) bands. A good desription of the data requires two�0 states � the �(1450) and the �(1700).
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Fig. 1. (a) �pd ! ���0�0pspe: symmetrized Dalitz-plot; (b) �pd ! KSK��0pspe(KS!�+��): Dalitz-plot � a ut for slow K� momenta has been applied due toproblems in the Monte Carlo simulation for this kinematial region [6℄; () �pd !!���0pspe: invariant �+���0 mass.3.3. �pd! �+�����0�0pspetator and �pd! ���0�0�0�0pspetatorA simultaneous analysis of two di�erent 5� �nal states from �pd-annihi-lation at rest has been used to study the deays of both the �(1450) and the�(1700) into 4� [7℄. Table II illustrates the deay rates of the �0 states. Thenormalization does not inlude the �! hannel. TABLE II�0 deay rates normalized to all 4� deays without �!.�pn! �(1450)� �pn! �(1700)�m = 1435MeV � = 325MeV m = 1700MeV � = 235MeV
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3.4. �pd! !���0pspetator (! ! �+���0)An important hannel for the study of the �0 deays is �pd-annihilationinto !���0pspe. Sine the ! deays into �+���0, this data is part of�pd ! �+�����0�0pspe as shown in Fig. 1(). Sine the 5� bakground



2602 B. Pikbelow the !-signal is well known, a partial wave analysis for this hannelan be performed.A san for one �0 with �xed mass and width for every san-point yieldsa lear optimum at 1760MeV. A san with two �0 states, one with the �xedmass of 1700MeV and the other one varied, shows no evidene of a ouplingof �(1450) to �!.4. Comparison between theory and experimental resultsThe results will now be ompared to the theoretial partial deay widths(in MeV) shown in Table I. The ratios of 2� : 4� : �! are listed in Table III.The interpretation of the �(1450) as a 23S1 state is in on�it with data.The theoretial predition demands a large oupling to �� and �! and smalloupling to 4�. The hybrid interpretation needs a large deay width to �a1supported by data; but the �� oupling is not small. TABLE IIIComparison between theory and experimental results (preliminary).2� 4� �!hybrid 0 28 1�223S1 �(1465) 1 0.05 1.713D1; �(1700) 1 5.7 0.733S1 �(1900) 1 190 0.2�(1450) Crystal Barrel 1 3:8� 0:3 weak(?)�(1700) Crystal Barrel 1 4:3� 0:2 seenThe �(1700) deays strongly to �a1 like the hybrid or the 13D1 state.The �� deay and its mass prefer the 13D1 interpretation.Within the model preditions, the date are in on�it with a pure qqor hybrid interpretation. Mixing an our and my possibly explain theobserved deay rates. But then a third state in this mass region should bepresent. 5. Radial exitation of b1(1235) � the 2P b1(1600)A san for a additional b1 state yields a strong signal in 2 ln(L) at a massof 1610MeV. Likely, this evidenes a radial exitation of the b1(1235) groundstate. Reent observations of a01(1700) at CLEO, VES and E852 (BNL) [8℄



Strong Deays of � Radial Exitations 2603and h1(1600) at E852 [9℄ support the onjeture that the radial exitationshave lower masses than expeted.REFERENCES[1℄ A. Donnahie, H. Mirzaie, Z. Phys. C33, 407 (1987).[2℄ A.B. Clegg, A. Donnahie, Z. Phys. C62, 155 (1994).[3℄ T. Barnes, F.E. Close, P.R. Page, E.S. Swason, Phys. Rev. D55, 4157 (1997).[4℄ F.E. Close, P.R. Page, Nul. Phys. B443, 233 (1995).[5℄ A. Abele et al., Phys. Lett. B391, 191 (1997).[6℄ K. Wittmak, Messung der Reaktionen �pn ! KsK��0 und �pn ! KsKs��,thesis, Bonn 2000, in preparation.[7℄ Crystal Barrel Collaboration: to be published in Phys. Lett.[8℄ T. Barnes, Radial Exitation, Pro. of the Workshop on Hadron Spetrosopy,Frasati, Marh 8-12, 1999.[9℄ H. Willutzki, Ata Phys. Pol. B31, 2615 (2000)


