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PHOTOPRODUCTION OF BARYON RESONANCESFIRST RESULTS OF THE CRYSTAL BARRELEXPERIMENT AT ELSA�J. Junkersfeldfor the CB-ELSA CollaborationInstitut für Strahlen- und Kernphysik, Universität BonnNussallee 14�16, 53115 Bonn, Germanye-mail: junkersfeld�iskp.uni-bonn.de(Reeived February 11, 2002)Photoprodution data on various �nal states involving neutral mesonshave been taken by the CB-ELSA-experiment at the Eletron StretherAelerator ELSA (Bonn). The data show lear strutures due to resonaneprodution. Evidene for suessive deays of high-mass nuleon resonanesvia �(1232)�0, �(1232)� and N(1535)S11�0 have been observed. There isevidene for prodution of a0(980)-mesons in their �0� deay.PACS numbers: 14.20.Dh 1. IntrodutionIt is widely believed that QCD is the orret theory of strong intera-tion. Nevertheless, a quantitative desription of the quark on�nement hasnot been ahieved. Instead, onstituent quark-models have been developed,whih desribe the baryon spetrum with good suess. However, they pre-dit a larger number of resonanes than have been experimentally observed.There are at least two � very di�erent � explanations for this disrepany:� The missing resonanes do not exist. The baryon resonanes ouldhave a quark-diquark struture, as proposed by Lihtenberg [1℄, whihwould redue the degrees of freedom and therefore the number ofstates.� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(941)



942 J. Junkersfeld� The missing states do exist but they have not yet been establisheddue to the lak of high quality data in hannels other than �N . Mostexperiments have investigated �N -sattering, therefore it is likely thatstates whih have only a weak oupling to �N have not been disov-ered. Several quark model preditions support this hypothesis [2, 3℄.A good overview of the urrent status of the missing resonanes wasgiven by Bennhold on this workshop. If the missing states exist, they areexpeted to ouple to hannels like �N , �0N , !N , �� or �N , whih areprodued in photoprodution. Therefore photoprodution experiments in-vestigating these hannels have a large potential for the disovery of thesestates. The investigation of di�erent �nal states is the topi of severalCB-ELSA-proposals [4�7℄.Another interesting aspet of the baryon spetrum is the very seletivedeay of resonanes into their ground state and an �-meson. Among the�ve nuleon-resonanes with angular momentum L = 1 and negative parityonly one, the N(1535)S11, ouples strongly to N�; the others (N(1520)D13,N(1650)S11, N(1700)D13 and N(1675)D15) ouple only with a branhingratio of a few perent to this �nal state.The situation is similar for the � - and �-resonanes with negative par-ity and L = 1; only the �(1670)S01 and the � (1750)S11 ouple strongly todeays into �� and ��, respetively. The question arises what the situationin the orresponding �-resonane setion is, whih is partly not well estab-lished. An investigation of this would allow to extend the pattern and wouldgive further insight in a possible hidden symmetry [7℄.2. The CB-ELSA detetor

Fig. 1. Setup of the CB-ELSA detetor during the �rst data taking period.



Photoprodution of Baryon Resonanes : : : 943The setup of the CB-ELSA experiment whih was used during the �rstdata taking period between Otober 2000 and May 2001, is shown in �g-ure 1. The experiment is loated at the eletron strether aelerator ELSAin Bonn, whih has a maximal eletron energy of 3.5 GeV. The extratedeletron beam produes bremsstrahlungs-photons at a radiation target. Thede�eted eletrons are measured by a tagging system, resulting in a taggedphoton beam with energies between 22 and 93 % of the inoming eletronenergy. This allows to reah nuleon resonanes up to a mass of 2.7 GeV.The target onsists of liquid hydrogen and is surrounded by an inner de-tetor onsisting of three layers of sintillating �bres. The inner detetor issurrounded by the Crystal Barrel alorimeter, an eletro-magneti alorime-ter onsisting of 1380 CsI(Tl)-rystals in a ylindrial-symmetri setup; itovers 98 % of the 4� solid angle in the laboratory system. Loated in theforward diretion is a Time-of-Flight spetrometer.The experiment uses a two-level trigger system. The �rst-level trigger isprodued by a oinidene of an eletron in the tagging system and a hargedpartile in the inner detetor or the ToF-spetrometer; in the seond levelthe number of eletro-magneti showers in the rystal barrel alorimeter isounted by a Fast Cluster Enoder.The setup has been hanged sine May 2001 and the TAPS detetor hasbeen installed between the alorimeter and the ToF-walls. The setup andthe shedule for this modi�ation was presented in a talk by Shadmand [8℄.3. First preliminary resultsData have been taken with eletron-beam energies of 1400 MeV, 2600 MeVand 3200 MeV. For the following spetra, around 60 % of the data from the3200 MeV-beamtime have been evaluated. The ToF-spetrometer was notyet inluded in the analysis therefore the used statistis is further dereased.The spetra are preliminary and no �ux normalization or aeptane orre-tion has taken plae. The hannels have been kinematially �tted, with theenergy of the proton and the energy of the bremsstrahlungs-photon as freeparameters.The eletron energy of 3200 MeV orresponds to an energy spetrumfor the tagged bremstrahlungs-photons from 700 to 2980 MeV or invariantmasses between 1480 and 2540 MeV.Here, events with four photons and a proton in the �nal state will bedisussed. The �gures 2(a) and (b) ontain the -invariant mass ombi-nations and they show strong signals for p�0�0 and p�0� �nal states; theyontain approximately 150000 p�0�0 and 20000 p�0� events, respetively.Events have been seleted by a on�dene level ut of 10%, respetively.
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Fig. 2. Final state with 4 photons and a proton in the �nal state, all -ombinations are displayed. In (a) a linear and in (b) a logarithmi sale hasbeen used; the inset in �gure (b) shows the projetion of the marked region.3.1. The hannel p�0�0In �gure 3(a) the p�0�0-invariant mass spetrum is displayed. It showsa strong resonane struture at around 1700 MeV. In plot (b) the p�0�0-invariant mass is plotted against the p�0-invariant mass; this shows thatdeays into �(1232)�0 are strong in the whole mass range. The diagonalenhanement in this plot is a kind of re�etion, due to the fat that weannot distinguish between the two �0. If the proton and one of the pionsstem from the �-resonane, then the other �0 and the proton, due to thekinematial onstraints, lie on this diagonal.
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Fig. 3. (a) p�0�0 invariant mass spetrum, (b) p�0�0 versus p�0 invariant mass,() p�0 invariant mass for a p�0�0 mass between 2000 and 2100 MeV.



Photoprodution of Baryon Resonanes : : : 945In plot () the invariant p�0-mass is shown for a p�0�0-mass between2000 and 2100 MeV. At 1232 MeV the signal for resonanes deaying into��0 is visible and at around 1700 MeV the orresponding re�etion an beseen. At around 1550 MeV another struture in the spetrum is visible,probably the N(1520)D13 .3.2. The hannel p�0�For �gure 4, the events with a p�0� �nal states have been seleted. Inplot (a) the invariant mass spetrum is shown. Plot (b) presents the p�0mass for a p�0�-mass between 1800 and 2000 MeV and plot () for a massbetween 2200 and 2350 MeV; it is evident that a large part of the produedresonanes deay via the ��-hannel. In �gure 5(a) and (b) the Dalitz-plotsfor p�0�, with p�0 on the horizontal and p� on the vertial axis are shown.The plots over the same p�0� mass regions as �gures 4(b) and (). In thep�0� mass region between 2200 to 2350 MeV � besides the �� signal �the hannel N(1535)S11�0 is well visible.
0

50

100

150

200

250

1500 1750 2000 2250 2500 2750
Invariant pπ0η mass [ MeV/c2 ]

a) (

Invariant pπ0η mass 1800 - 2000 [ MeV/c2 ]

0

100

200

300

1000 1200 1400 1600
Invariant pπ0 mass [ MeV/c2 ]

b) (

Invariant pπ0η mass 2200 - 2350 [ MeV/c2 ]

0

20

40

60

1000 1200 1400 1600 1800
Invariant pπ0 mass [ MeV/c2 ]

c) (

Helv Times2 H
α

Fig. 4. (a) p�0� invariant mass spetrum, (b) p�0 invariant mass for a p�0� massbetween 1800 and 2000 MeV and () between 2200 and 2350 MeV (�(1232)-massmarked by a line).
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Fig. 5. p� versus p�0 invariant mass squared for a p�0� mass between (a) 1800 and2000 MeV and (b) between 2200 and 2350 MeV3.3. The hannel pa0In �gure 6 the �0� invariant mass is plotted for di�erent p�0� massregions. In (a) an enhanement in the region around 1000 MeV an beseen. In the region of the a0-threshold around 1920 MeV (b) no signal foran a0-prodution is visible, but in the region 100 to 300 MeV above thethreshold () a strong signal for a0 prodution seems evident.
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Fig. 6. �0� invariant mass spetrum (a) for the whole mass range, (b) for p�0�mass between 1800 and 2000 MeV and () between 2000 and 2200 MeV (a0-massmarked by a line) 4. ConlusionThe p�0�0 �nal state ontains strong signals for �(1232)�0-produtionover the whole energy range investigated and also signals for the produtionof resonanes deaying into the �0 and, probably, the N(1520)D13.



Photoprodution of Baryon Resonanes : : : 947In the p�0� �nal state deays into �(1232)� and into N(1535)S11�0 arelear to see and also a signal for a0-prodution.The data olleted in the �rst data taking period of the CB-ELSA ex-periment look very promising; already in this early stage of the analysis, thehigh quality of the data is obvious. It an be expeted that some light willbe shed on the problem of the missing resonanes and on some other openquestions of baryon physis. REFERENCES[1℄ D.B. Lihtenberg, Phys. Rev. 178, 2197 (1969).[2℄ S. Capstik, W. Roberts, Phys. Rev. D47, 1994 (1993).[3℄ S. Capstik, W. Roberts, Phys. Rev. D49, 4570 (1994).[4℄ A. Fösel et al., Photoprodution of � and �0-Mesons. Proposal to the PAC.[5℄ U. Thoma et al., Study of Baryon Resonanes Deaying into �(1232)�0 in theReation p! p�0�0 with the Crystal Barrel Detetor at ELSA. Proposal tothe PAC.[6℄ M. Ostrik et al., Prodution of !-Mesons with Linearly Polarised Photons.Proposal to the PAC.[7℄ J. Smyrski et al., A Searh for the Exoti Meson �̂(1380) and for New Bary-oni Resonanes in the Reation p! p�0� Using the CB-ELSA Detetor atELSA. Proposal to the PAC.[8℄ S. Shadmand, Ata Phys. Pol. B33, 873 (2002).


