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MEASUREMENTS OF THE � HYPERON LIFETIMEIN HEAVY HYPERNUCLEI AT COSY-JÜLICH�I. Zy
hora, W. Borgsb, W. Cassing
, M. Hartmannb, L. Jar
zykdB. Kamysd, H.R. Ko
hb, P. Kulessab;d, R. Maierb, M. MatobaeH. Ohmb, D. Prasuhnb, K. Pyszf , Z. Rudyd, O.W.B. S
hultbH.J. Steinb, H. Ströherb, A. Strzaªkowskid and Y. UozumieaThe Andrzej Soªtan Institute for Nu
lear Studies, 05400 �wierk, PolandbInstitut für Kernphysik, Fors
hungszentrum Jüli
h, 52425 Jüli
h, Germany
Institut für Theoretis
he Physik, Universität Giessen, 35392 Giessen, GermanydInstitute of Physi
s, Jagellonian University 30-059 Cra
ow, PolandeDepartment of Nu
lear Engineering, Kyushu University, Fukuoka 812, JapanfH. Niewodni
za«ski Institute of Nu
lear Physi
s, 31-342 Cra
ow, Poland(Re
eived November 11, 1999)At COSY-Jüli
h the lifetime of very heavy hypernu
lei, produ
ed in therea
tions indu
ed by protons, was measured for non-mesoni
 � de
ay bythe re
oil shadow method. The measurements were performed at protonenergies of 1.5 and 1.9 GeV and the ba
kground was determined at 1.0 GeV.The � hyperon lifetime of (211 � 30) ps was obtained in the p+U rea
tionsand (160 � 15) ps in the p+Bi rea
tions, respe
tively.PACS numbers: 21.80.+a, 14.20.Jn, 25.80.Pw, 25.85.�w1. Introdu
tionThe free � hyperon de
ay is a mesoni
 one with a lifetime of (263.2� 2.0) ps [1℄. On the 
ontrary, the de
ay of hyperons bound in heavyhypernu
lei is mainly non-mesoni
, due to the Pauli blo
king of emergingnu
leons, and then 
an serve as a unique approa
h for studying this pro
ess.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 rea
tion a lifetime of[2.7 � 0.5℄ ns was obtained in Refs. [3,4℄. We have measured in the COSY-13experiment in Jüli
h a lifetime of the � hyperon by the observation of delayed�ssion of the heavy � hypernu
lei using the re
oil shadow method in therea
tions indu
ed by protons on U and Bi targets.� Presented at the XXVI Mazurian Lakes S
hool of Physi
s, Krzy»e, PolandSeptember 1�11, 1999. (405)
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hor et al.2. Experimental methodVery thin targets were inserted in the 
ir
ulating beam in the COSY-Jüli
h storage ring whi
h was operating in a super
y
le (di�erent a

elerationramps 
ombined in arbitrary order and repetition rate [5℄). The use ofthis mode of operation eliminates the systemati
 errors, for example targetdeformation 
hanges between the ba
kground and hypernu
leus produ
tionruns, in the ba
kground subtra
tion.The ribbon targets had a sandwi
h stru
ture formed by three layers:the heavy material (U or Bi), 
arbon and again heavy material. The totalthi
kness was 20-30 �g/
m2 for the heavy material and 15-20 �g/
m2 forthe 
arbon ba
king. The heavy material had a dimension of 3 mm x 3 mmand a 
arbon ba
king length was between 12 and 17 mm.The COSY-13 dete
tion setup 
onsists of two multiwire proportional
hambers (MWPC) whi
h are position sensitive in both dire
tions (along andperpendi
ular to the COSY beam axis). This system allows measurementsof energy losses (�E) and time of �ight (TOF) of ea
h dete
ted �ssionfragments.During all experiments the COSY beam (up to �1010 protons in the ring)was moved to a position below the target during inje
tion and a

elerationand 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 ba
kground in all experiments was measured at1.0 GeV. At this energy the hypernu
leus produ
tion in rea
tions indu
edby protons on heavy targets is very small be
ause the energy is far belowthe free NN threshold for the K� produ
tion.The only interesting events related to the � hypernu
leus produ
tionare those 
onne
ted with �ssion fragments. To reje
t other events the twodimensional TOF-�E spe
tra were analyzed. The tra
k re
onstru
tion hasbeen performed to reje
t events not originating from the target [5℄.Adopting the momentum distribution of hypernu
lei from 
al
ulationsdone in the framework of a BUU plus Hauser�Feshba
h model [6, 7℄, thelifetime of the � hyperon was obtained from a �t to the event distributionin the shadow region obtained by subtra
ting the ba
kground (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 rea
tion indu
ed 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 subtra
ting theba
kground measured at 1.0 GeV. The full line presents the result of the �t ofdelayed �ssion fragments for a hypernu
leus lifetime of 161 ps. The dashed line isthe 
al
ulated distribution of prompt �ssion events. The plateau at wire numbers> 72 is 
aused by prompt �ssion fragments passing the narrow slit in the diaphragmwhi
h helps not to overload the dete
tors. The abs
issa is the distan
e (in 1 mmwide 
hannels) along the lower MWPC, parallel to the COSY beam dire
tion.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 s
attering of �ssion fragments in a window foil at the bottomof the experimental 
hamber.The following 
ontributions were in
luded to the systemati
 error of thelifetime (values are given for the 1.9 GeV p+Bi rea
tion [8℄): target deforma-tion: 2 ps, di�erent wire ranges during analysis: 3 ps, small angle s
atteringdes
ribed by the Gauss distribution: 5 ps, the error of measured lengthsand distan
es in the experimental set up: 6 ps, un
ertainty in the re
oil mo-mentum distribution and its modi�
ation 
aused by the absorption in thetarget: 8 ps, un
ertainty in the target rea
tion point in verti
al dire
tion:6 ps, di�erent 
uts in the event sele
tion during the tra
k re
onstru
tion:2 ps, normalizing and shifting of spe
tra 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 re
orded 1604events at 1.9 GeV and in the 
orresponding ba
kground at 1.0 GeV we mea-sured 146 events. This gives a statisti
al error in the lifetime determinationof 7 ps.



408 I. Zy
hor 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 in
lude both statisti
al and systemati
 un
ertainties addedin quadrature. In Ref. [11℄ slightly di�erent numbers are quoted for the �rstp + U rea
tion be
ause in the earlier analysis the least squares method wasused for a Gaussian distribution.Finally, the � hyperon lifetimes for the non-mesoni
 de
ay are:( 211 � 30 ) ps in the p+U rea
tions ,( 160 � 15 ) ps in the p+Bi rea
tions .4. Con
lusionsThe performed � hypernu
leus experiments have shown that the rea
-tions indu
ed by protons on heavy targets are useful to look for details ofstrangeness produ
tion. The 1.9 GeV p + Bi rea
tion has lead to the mostpre
ise value of the lifetime of � hyperons in very heavy nu
lei 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 ele
tron + Bi studies [3,4℄.The work was supported by the DLR-International Bureau of the BMBF,Bonn, and the Polish Committee for S
ienti�
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