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PRODUCTION OF �, �0, !, � AND a+0 MESONS INREACTIONS pn! dM AND pp! da+0NEAR THE THRESHOLD�V.Yu. GrishinaInstitute for Nulear Researh60th Otober Anniversary Prospet 7 A, 117312 Mosow, Russiae-mail: grishina�p.inr.a.ruand L.A. KondratyukInstitute of Theoretial and Experimental PhysisB. Cheremushkinskaya 25, 117259 Mosow, Russiae-mail: kondrat�heron.itep.ru(Reeived June 2, 2000)We disuss the near-threshold prodution of �, �0, !, � and a+0 mesons inthe reations pn! dM and pp! da+0 . The two-step model an reasonablydesribe the �- meson prodution. The preditions for the ross setionsof �0, !, � and a+0 prodution demonstrate that those reations an bedeteted at COSY (Jülih).PACS numbers: 25.10.+s, 13.75.�nUp to now most of measurements of the near-threshold meson produtionwere done in pp-ollisions. However, the orresponding meson prodution inpn is also quite interesting. It is known, for example, that the ross setionof �-prodution in pn-ollisions is essentially larger than that in pp-ollisions.The reation pn! d� is of speial interest beause the e�et of �d �nal stateinteration (FSI) might larify if the �d bound state an exist. The samestatement is also valid for the ase of ! prodution in the reation pn! d!.The ratio of � and ! yeilds in the reation pn! dM is interesting from thepoint of view of the OZI-rule violation and possible admixture of the hiddenstrangeness in the nuleon. Threshold onditions �x the spin of the initial� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2207)



2208 V.Yu. Grishina, L.A. Kondratyukstate. For example, in the reaton pn! d! the spins of the initial nuleonsare antiparallel (s12 = 0) and in the reation pp ! pp! they are parallel(s12 = 1). Therefore the unpolarized measurement of the pp ! pp! andpn! d! ross setions near the threshold is equivalent to the use of polar-ized beam and polarized target. In the ase of a0-prodution the reationpp ! dM is the isospin �lter for a �nal meson state. It makes possible tomeasure parameters of the harged a0 meson whih in ontrast to a neutrala0 mode an not be mixed with f0. The reations with a deuteron in a �nalstate an be experimentally observed at ANKE spetrometer (COSY).
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Fig. 1. (a) Cross setion of the reation pn ! d� as a funtion of the .m. exessenergy. (b) Enhanement fators �MS resulting from di�erent values of the �N -sattering lengths as a funtion of the .m. exess energy (the meanings of theurves as well as the data points in �gures (a) and (b) are desribed in the maintext).Our report is based on the results of Refs [3�6℄, where the the ross se-tions of the reations pn ! dM were alulated using the two-step model(TSM). This model an be desribed by a triangle graph with �-, �- and!-meson exhanges in the intermediate state. In Fig. 1(a) taken from [3℄we present the total ross setion of the pn ! d� reation as a funtionof the .m. exess energy. The data points are taken from Refs. [1℄ (openirles) and [2℄ (�lled irles). The dashed urve shows the result from the�-exhange ontribution alone whereas the dash-dotted urve is the sum of�, �, and ! exhange. The solid urve represents the results inluding allontributions (�, �, !) multiplied with a normalization fator N = 0:52.This fator whih takes into aount the initial state interations was on-sidered as free parameter. Very lose to threshold we see the enhanement ofexperimental data over the theoretial urve. The enhanement fator �MS



Prodution of �, �0, !, � and a+0 Mesons in Reations: : : 2209is presented in Fig. 1(b) (taken from Ref. [3℄) by blak and empty irles.The points were alulated deviding experimental points by the theoreti-al values presented by the solid urve in the previous �gure. To alulate�MS we used the Foldy�Bruekner adiabati approah withing the multi-sattering theory. Di�erent urves in Fig. 1(b) show the enhanement fatororresponding to di�erent values of the �-nuleon sattering lengths. Thesolid urves orresponds to the �N sattering length a�N = 0:291 + i 0:360fm derived from � photoprodution data [7℄. The dashed and dotted urvesorrespond to the values a�N = 0:3 + i 0:3 fm and a�N = 0:476 + i 0:279fm proposed in Refs. [8℄ and [9℄, respetively. The dash-dotted urve is theresult for a�N = 0:717 + i 0:263 fm, found in a reent analysis of Batini¢ etal. [10℄. The best agreement with the data we have in the ase of smallsattering lengths extrated from the � meson photoprodution data.Using TSM we have alulated also the ross setions of the reation pn!dM for �0, ! and � prodution. When the S-wave gives dominant ontribu-tion and FSI is negleted the ross setions of the reations pn ! dM anbe parametrized as follows �pn!dM ' DMpQ: (1)Here Q = ps �m3 �m4 is .m. exess energy in MeV. For � produtionthe oe�ient D� = 11 �b=pMeV an be found from the �t to Uppsaladata [1℄ and [2℄ at Q � 10 MeV. In the ase of �0, ! and � prodution theTSM gives the following preditions D�0 = 0:5� 0:1�b=pMeV, D! = 2:2�0:2 �b=pMeV, D� = 0:08�0:02 �b=pMeV. The ratio of the � to ! yields isequal to (34� 10)� 10�3. From the model for ! and � prodution throughombined � � �-exhange urrent we found that D���! ' 1:51 �b=pMeVand D���� ' 0:025 �b=pMeV. So the ratio of � and ! beomes abouttwo times smaller than that obtained in the former model with the sum ofindependent � and � exhange ontributions to pn ! d!(�) ross setion(see e.g. Ref. [5℄). Note that in TSM the ross setion for the reationpn! d�0 at Q ' 30 MeV should be about 1 �b or even more, and thereforeshould be measurable at new aelerator failities suh as COSY in Jülih.In the ase of a0 prodution there are no experimental data on elemen-tary �N ! a0N amplitude near the threshold. Therefore we onsidereddi�erent possible mehanisms of �N ! a0N transition. We found thatthe dominant ontribution omes from the u-hannel diagram [11℄. Theoupling onstant ga0NN = 3:68 is taken from paper [12℄. All other on-tributions like t-hannel diagrams with � and f1(1285)-exhanges as well ass-hannel ontribution with intermediate nuleon were found to be smallerthan u-hannel term. The results of our alulations in the framework ofTSM for the forward di�erential pp! da+0 ross setion as a funtion of pro-ton laboratory momentum are presented in Fig. 2. The experimental points
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Fig. 2. Forward di�erential ross setion of the reation pp! da+0 as a funtion of(plab � 3:29) GeV/ (see the main text).are taken from Lawrene Radiation Laboratory (Berkeley) data [13℄. Thedash-dotted urves show the �-exhange ontribution whih was obtainedusing only above mentioned u-hannel term for the �N ! a0N elementaryamplitude. The result depends on the uto� �N for a virtual nuleon (weonsidered �N = 1:2 � 1:3 GeV/). The best desription of LBL data anbe reahed at �N = 1:3 GeV/. Note that the �NN formfator is hosento be of monopole type with the uto� parameter �� = 1:3 GeV/. Thedashed urve shows that the f1(1285)-exhange model for �N ! a0N am-plitude leads to drasti underestimation of the data on pp! da+0 . We tookthe oupling of f1(1285) to the nuleon gf1NN = 14:6 dressed by monopoleformfator with uto� �f1 = 2 GeV/ (see Ref. [12℄). The alulated totalross setion of pp ! da+0 at 2.6 GeV whih is maximal energy for COSYis about 100 nb/sr. This value of the ross setion makes the orrespondingexperiment at COSY quite feasible.REFERENCES[1℄ H. Calén et al., Phys. Rev. Lett. 79, 2642 (1997).[2℄ H. Calén et al., Phys. Rev. Lett. 80, 2069 (1998).[3℄ V.Yu. Grishina, L.A. Kondratyuk, M. Büsher, C. Hanhart, J. Haidenbauer,J. Speth, Phys. Lett. B475, 9 (2000).
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