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INVESTIGATION OF POMERON- AND ODDERONINDUCED PHOTOPRODUCTION OF MESONSDECAYING TO PURE MULTIPHOTON FINAL STATESAT HERA� ��Thomas BerndtFor the H1 CollaborationKirhho�-Institut für Physik, Rupreht-Karls-UniversitätShröderstr. 90, 69120 Heidelberg, Germanye-mail: berndt�kip.uni-heidelberg.de(Reeived June 21, 2002)In this ontribution the �rst searh at HERA for Odderon indued re-ations is presented and ontrasted with ross setion measurements forPomeron indued proesses. The searhes are performed in the hannelsp ! �0N�, p ! f2(1270)X and p ! a2X , where N� denotes an ex-ited nuleon state. The rates found are ompatible with the bakgroundalone, and the upper limits derived therefrom are onfronted with the ex-petations of a spei� non-perturbative QCD model. In ontrast, to these�ndings the ross setions for the Pomeron mediated proesses � p! !pand p ! !�0X � were found to be in perfet agreement with earliermeasurements and the expetations from Regge theory with soft Pomeronexhange. The mean p entre-of-mass energies were hW i = 200GeV and215GeV, respetively.PACS numbers: 11.55.Jy, 13.60.Le1. IntrodutionThis ontribution reports on a searh for Odderon [1℄ indued proessesand limits on the ross setions derived for the reations p ! �0N�,p ! f2X and p ! a2X, as well as on measurements of the Pomeron [2℄mediated proesses p ! !p and p ! !�0X, in the photoprodutionregime (Q2 < 0:01GeV2) at HERA. The outgoing baryoni system is in� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.�� Supported by the Bundesministerium für Bildung, Wissenshaft, Forshung undTehnologie, Germany, under ontrat no. 7HD27P.(3499)



3500 T. Berndtgeneral not observed and thus denoted by X, in ase of elasti proessesthe proton stays intat and is therefore denoted by p, and if a neutron wasdeteted in the Forward Neutron Calorimeter, it is assumed that this neu-tron stems from the deay of an I = 1=2 nuleoni state and the �nal statebaryon is denoted by N�. The Pomeron (P) � the Regge-trajetory [3℄that is thought to dominate the hadroni ross setion at high energies �exhanges only vauum quantum numbers and in partiular it is even underrossing i.e. has C-parity of +1. Its hypothetial partner that is odd underrossing i.e. C = �1, alled the Odderon (O ), has not been observed yet.
p XPC = +1 OC = �1C = �1e e0�0; f2; a2!; !�0

Fig. 1. Generi graph illustrating p interations via Pomeron- and Odderon ex-hange, respetively.The respetive proesses leading to the above �nal states are skethedshematially in Fig. 1. Only purely photoni �nal states of the mesons areanalysed, sine together with the C-parity of the inoming photon the num-ber of �nal state photons uniquely determines the C-parity of the exhangedtrajetory, viz. an even number of �nal states photons an only be produedif odd C-parity (O ) is exhanged from the proton side, and vie versa an oddnumber of �nal state photons an only produed by a C even (P) exhange.Vetor meson photoprodution an be well desribed in the frameworkof the Vetor Meson Dominane (VMD) model ombined with Regge pheno-menology [4℄.In order to desribe the Odderon indued prodution of the �0, the f2and the a02 a genuine non-perturbative QCD model is applied, namely theStohasti Vauum Model [5, 6℄ (SVM). In this model the proton is treatedas quark-diquark system and the photon as a quark-antiquark olour dipole.Both are onvoluted with appropriate wavefuntions of the initial and �nalstates, respetively. 2. Event seletionThe analyses are based on data samples taken in the years 1996 (!,!�0, f2 and a02), 1999 and 2000 (both for the exlusive �0). The integratedluminosities are 4:5 pb�1 for 1996 and 30:6 pb�1 for the years 1999 and 2000ombined, respetively.



Investigation of Pomeron- and Odderon Indued . . . 3501Eletrons of 27:6GeV were brought to ollision with protons of 820GeV1.Photoprodution events were seleted by demanding the sattered eletronto be deteted under very low angles in a small angle Eletron Detetor (ET)33 m downstream the eletron beam, resulting in a limited phase-spae ofQ2 < 0:01GeV2 and 0:3 < y < 0:7.Depending on the meson analysed the number of photons in the �nalstate varies from two to �ve: �0 ! , ! ! �0 ! 3, f2 ! �0�0 ! 4,a02 ! �0� ! 4, and !�0 ! (�0)�0 ! 5, respetively. These photonsare deteted in the bakward alorimeter(s) of the H1-detetor [7℄, sine themesons are produed with only little transverse momentum but large andnegative longitudinal momentum as the initial quasi-real photon is emittednearly parallel to the inident eletron with energies of � 8 � 20GeV. For1996 the analyses were restrited to the SpaCal [8℄ only and for the exlusive�0-measurement of the years 1999 and 2000 the VLQ-alorimeter [9℄ and theForward Neutron Calorimeter (FNC) [10℄ were inluded additionally.To ensure that the events seleted were indeed exlusive a variant ofenergy-momentum onservation was utilised, viz. 50(49)GeV< � < 60GeV,where � := PiE(i) � p(i)z , and the sum runs over all photons the SpaCal,the VLQ and the sattered eletron. The number in brakets refers to theexlusive pion analysis. If � is found to be equal (within the resolution)twie the beam energy of 55GeV the whole �nal state is deteted.For the mesons deaying via �0's and �'s appropriate mass windows forthe respetive -masses of 40MeV and 100MeV around the their nominalvalues of 135MeV and 547MeV, were hosen, aording to the resolution ofthe SpaCal, exept for the exlusive pion, where the window was determinedby means of the width of inlusive pions, namely 15MeV < m < 335MeV.For the ! it was further required that the interation ourred elastiallyby imposing uts limiting the mass of possible proton-exitations to less than1:6GeV, in ontrast to the exlusive �0 were it was expliitely demanded thatthe proton was exited into a state (N�) deaying into a leading neutron,whih was deteted in the forward neutron alorimeter. For the remaininganalyses no onstraints on the outgoing baryoni �nal state were imposed.3. Monte Carlo modelsIn order to desribe the proesses under studyDiffVM [12℄ and a deriva-tive of this generator alled OPIUM [13℄2 were used. In addition to theproesses based on Pomeron exhange ombined with VMD as implementedin DiffVM, OPIUM is apable to generate pseudosalar and tensor mesonsas desribed in [6℄. The bakground onsisting of inlusive p-interationsand mesons deaying via harged pions, was studied using Pythia [11℄.1 For the years 1999 and 2000 the proton energy was 920GeV.2 OPIUM is an aronym for Odderon, Pomeron Indued Uni�ed Meson Maker.



3502 T. Berndt4. ResultsFig. 2 shows the invariant mass spetra of the �0-, f2- and a02-searhes,respetively. Sine the distributions observed are ompatible with the bak-ground alone, 95% on�dene level limits on the ross setions are given.The preditions of the SVM are give in brakets for omparison.�a(p! �0N�) < 39 nb (200 nb) ;�(p! f2X) < 16 nb (21 nb) ;�(p! a02X) < 96 nb (190 nb) : (1)The top part of Fig. 3 shows the invariant �0-mass spetrum from whiha ross setion for elasti !-photoprodution of�(p! !p) = (1:3 � 0:2(stat)� 0:2(syst))�bwas derived. This result is in nie agreement with expetations from theVDM ombined with Regge extrapolations.
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 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4Fig. 3. Three (top) and �ve (bottom) photon invariant mass spetra, made up of�0- for the ! and !�0 �nal states.In addition the di�rative slope b, haraterising the di�erential rosssetion d�=djtj by an exponential funtion / exp(�bjtj), was extrated:b = (10:2 � 1:1(stat) � 2:0(syst)GeV�2 whih is in gross aordane withother measurements. The bottom part of the �gure shows the invariantmass of exlusive !�0-pairs for whih a ross setion of�(p! !�0X) = (1:0 � 0:2(stat)� 0:2(syst))�bwas found. This result mathes the expetation of resonant b1 photoprodu-tion, as shown by the �lled histogram, although due to the lak of a spinparity analysis, it annot be �rmly stated that the observed signal indeedstems from the deay b1 ! !�0. Subtrating a non-resonant ontribution of� 0:2 �b as taken from PYTHIA, one arrives at a ross setion for resonant!�0 photoprodution of � 0:8 �b, that an be ompared to a Regge extrap-olation of low energy measurements of b1-mesons that yields an expetationof 0:7 �b.
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