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MEASUREMENTS OF THE � HYPERON LIFETIMEIN HEAVY HYPERNUCLEI AT COSY-JÜLICH�I. Zyhora, W. Borgsb, W. Cassing, M. Hartmannb, L. JarzykdB. Kamysd, H.R. Kohb, P. Kulessab;d, R. Maierb, M. MatobaeH. Ohmb, D. Prasuhnb, K. Pyszf , Z. Rudyd, O.W.B. ShultbH.J. Steinb, H. Ströherb, A. Strzaªkowskid and Y. UozumieaThe Andrzej Soªtan Institute for Nulear Studies, 05400 �wierk, PolandbInstitut für Kernphysik, Forshungszentrum Jülih, 52425 Jülih, GermanyInstitut für Theoretishe Physik, Universität Giessen, 35392 Giessen, GermanydInstitute of Physis, Jagellonian University 30-059 Craow, PolandeDepartment of Nulear Engineering, Kyushu University, Fukuoka 812, JapanfH. Niewodniza«ski Institute of Nulear Physis, 31-342 Craow, Poland(Reeived November 11, 1999)At COSY-Jülih the lifetime of very heavy hypernulei, produed in thereations indued by protons, was measured for non-mesoni � deay bythe reoil shadow method. The measurements were performed at protonenergies of 1.5 and 1.9 GeV and the bakground was determined at 1.0 GeV.The � hyperon lifetime of (211 � 30) ps was obtained in the p+U reationsand (160 � 15) ps in the p+Bi reations, respetively.PACS numbers: 21.80.+a, 14.20.Jn, 25.80.Pw, 25.85.�w1. IntrodutionThe free � hyperon deay is a mesoni one with a lifetime of (263.2� 2.0) ps [1℄. On the ontrary, the deay of hyperons bound in heavyhypernulei is mainly non-mesoni, due to the Pauli bloking of emergingnuleons, and then an serve as a unique approah for studying this proess.The measurements of the � lifetime performed with antiprotons on a bismuthtarget gave a value of [180 �40(stat.) �60(syst.)℄ ps and on a uranium target[130 �30(stat.) �30(syst.)℄ ps [2℄. From the e� + Bi reation a lifetime of[2.7 � 0.5℄ ns was obtained in Refs. [3,4℄. We have measured in the COSY-13experiment in Jülih a lifetime of the � hyperon by the observation of delayed�ssion of the heavy � hypernulei using the reoil shadow method in thereations indued by protons on U and Bi targets.� Presented at the XXVI Mazurian Lakes Shool of Physis, Krzy»e, PolandSeptember 1�11, 1999. (405)



406 I. Zyhor et al.2. Experimental methodVery thin targets were inserted in the irulating beam in the COSY-Jülih storage ring whih was operating in a superyle (di�erent aelerationramps ombined in arbitrary order and repetition rate [5℄). The use ofthis mode of operation eliminates the systemati errors, for example targetdeformation hanges between the bakground and hypernuleus produtionruns, in the bakground subtration.The ribbon targets had a sandwih struture formed by three layers:the heavy material (U or Bi), arbon and again heavy material. The totalthikness was 20-30 �g/m2 for the heavy material and 15-20 �g/m2 forthe arbon baking. The heavy material had a dimension of 3 mm x 3 mmand a arbon baking length was between 12 and 17 mm.The COSY-13 detetion setup onsists of two multiwire proportionalhambers (MWPC) whih are position sensitive in both diretions (along andperpendiular to the COSY beam axis). This system allows measurementsof energy losses (�E) and time of �ight (TOF) of eah deteted �ssionfragments.During all experiments the COSY beam (up to �1010 protons in the ring)was moved to a position below the target during injetion and aelerationand then bumped onto the target where it was used up in almost onstantrate.Further details of the experiments are given in [5℄.3. Lifetime determinationThe experiments were performed at three energies of the proton beam:1.0, 1.5 and 1.9 GeV. The bakground in all experiments was measured at1.0 GeV. At this energy the hypernuleus prodution in reations induedby protons on heavy targets is very small beause the energy is far belowthe free NN threshold for the K� prodution.The only interesting events related to the � hypernuleus produtionare those onneted with �ssion fragments. To rejet other events the twodimensional TOF-�E spetra were analyzed. The trak reonstrution hasbeen performed to rejet events not originating from the target [5℄.Adopting the momentum distribution of hypernulei from alulationsdone in the framework of a BUU plus Hauser�Feshbah model [6, 7℄, thelifetime of the � hyperon was obtained from a �t to the event distributionin the shadow region obtained by subtrating the bakground (at 1.0 GeV)from the data measured at higher energies. In the �t the maximum likelihoodmethod was applied for the Poisson distribution. In Fig. 1 the measured and�tted distributions are shown for the reation indued by 1.9 GeV protonson Bi.
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Fig. 1. Left: Position distributions obtained in the lower MWPC for ollisions of1.0 GeV and 1.9 GeV protons with a Bi target. Right: The experimental pointsshown for hannels < 55 (the shadow region) were obtained by subtrating thebakground measured at 1.0 GeV. The full line presents the result of the �t ofdelayed �ssion fragments for a hypernuleus lifetime of 161 ps. The dashed line isthe alulated distribution of prompt �ssion events. The plateau at wire numbers> 72 is aused by prompt �ssion fragments passing the narrow slit in the diaphragmwhih helps not to overload the detetors. The absissa is the distane (in 1 mmwide hannels) along the lower MWPC, parallel to the COSY beam diretion.The shape of the drop-o� around the shadow edge (wire numbers 55�63)is predominantly aused by absorption of �ssion fragments in the target andby small-angle sattering of �ssion fragments in a window foil at the bottomof the experimental hamber.The following ontributions were inluded to the systemati error of thelifetime (values are given for the 1.9 GeV p+Bi reation [8℄): target deforma-tion: 2 ps, di�erent wire ranges during analysis: 3 ps, small angle satteringdesribed by the Gauss distribution: 5 ps, the error of measured lengthsand distanes in the experimental set up: 6 ps, unertainty in the reoil mo-mentum distribution and its modi�ation aused by the absorption in thetarget: 8 ps, unertainty in the target reation point in vertial diretion:6 ps, di�erent uts in the event seletion during the trak reonstrution:2 ps, normalizing and shifting of spetra from di�erent (two hour) runs: 1 ps.Assuming independent ontributions from di�erent errors we get a total sys-temati error of 14 ps. In the wire range from 1 to 54 we have reorded 1604events at 1.9 GeV and in the orresponding bakground at 1.0 GeV we mea-sured 146 events. This gives a statistial error in the lifetime determinationof 7 ps.



408 I. Zyhor et al.Altogether, four experiments with U and Bi targets were performed andthe following � hyperon lifetimes were obtained [9℄:p +U: ( 194 � 55 ) ps and ( 218 � 35 ) ps ,p +Bi: ( 153 � 50 ) ps and ( 161 � 16 ) ps [10℄ ,where the errors inlude both statistial and systemati unertainties addedin quadrature. In Ref. [11℄ slightly di�erent numbers are quoted for the �rstp + U reation beause in the earlier analysis the least squares method wasused for a Gaussian distribution.Finally, the � hyperon lifetimes for the non-mesoni deay are:( 211 � 30 ) ps in the p+U reations ,( 160 � 15 ) ps in the p+Bi reations .4. ConlusionsThe performed � hypernuleus experiments have shown that the rea-tions indued by protons on heavy targets are useful to look for details ofstrangeness prodution. The 1.9 GeV p + Bi reation has lead to the mostpreise value of the lifetime of � hyperons in very heavy nulei known up tonow: (160 � 15) ps. The measured � hyperon lifetimes agree well within thelimits of errors with the lifetime obtained in antiproton experiments [2℄ butthey di�er signi�antly from the value obtained in eletron + Bi studies [3,4℄.The work was supported by the DLR-International Bureau of the BMBF,Bonn, and the Polish Committee for Sienti� Researh (Grant No. 2 PO3B161 17). REFERENCES[1℄ Partile Physis Booklet, July 1998, extrated from the Review of PartilePhysis, C. Caso et al., Eur. Phys. J. C3, 1 (1998).[2℄ T.A. Armstrong, J.P. Boquet, G. Erisson et al., Phys. Rev. C47, 1957(1993).[3℄ V.I. Noga, Yu.N. Ranyuk, N.Ya. Rutkevih et al., Yad. Fiz. 43, 1332 (1986).[4℄ V.I. Noga, Yu.N. Ranyuk, N.Ya. Rutkevih et al., Yad. Fiz. 46, 1313 (1987).[5℄ K. Pysz, I. Zyhor, T. Hermes et al., Nul. Instrum. Methods A420, 356(1999).[6℄ Z. Rudy, W. Cassing, L. Jarzyk et al., Z. Phys. A354, 445 (1996).[7℄ W. Cassing, Z. Rudy, L. Jarzyk et al., Pro. of the 8th Int. Conf. on NulearReation Mehanisms, Varenna, Italy, June 1997, ed. by E. Gadioli, p.142;nul-th/9709032.
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