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INTERACTION OF STRANGE PARTICLESWITH NUCLEONS�P. Kulessaa;b, Z. Rudya, W. Cassing
, M. HartmannbL. Jar
zyka, B. Kamysa, H.R. Ko
hb, H. Ohmb, K. PyszdH. Ströherb and A. StrzaªkowskiaaM. Smolu
howski Institute of Physi
s, Jagellonian University30-059 Cra
ow, PolandbInstitut für Kernphysik, Fors
hungszentrum Jüli
h52-425 Jüli
h, Germany
Institut für Theoretis
he Physik, Universität Giessen35-392 Giessen, GermanydH. Niewodni
za«ski Institute of Nu
lear Physi
s31-342 Cra
ow, Poland(Re
eived July 7, 2000)The intera
tion of the strange parti
les (�, K+) with nu
leons is inves-tigated. A 
omparison of 
al
ulated (within CBUU model) and measuredK+ spe
tra in proton�nu
leus rea
tions is made and shows good agreement.Experimentally determined produ
tion 
ross se
tions of heavy � hypernu-
lei in 
ollisions of protons with Bi and U targets, obtained at COSY-Jüli
h,are 
ompared with 
al
ulated values and agreement is obtained if res
at-tering of the � parti
les on nu
leons is taken into a

ount. The lifetimesof heavy � hypernu
lei produ
ed on Bi and U targets were measured. Thevalue obtained for Bi (161�7�14)ps (the most pre
ise value in literature)and the new value of the lifetime obtained for U (152�10�25)ps are 
on-sistent with possibility of the violation of �I = 1=2 rule for nonmesoni
 �de
ay.PACS numbers: 25.80.�e, 05.60.�k, 24.10.Cn1. Introdu
tionThe intera
tion of the � parti
les with nu
leons 
an be studied e�
ientlyonly via �N intera
tion in hypernu
lei be
ause there are no � beams and� targets available. In the present 
ontribution we would like to show thatit is possible to extra
t an information on strong and weak �N intera
tion� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2243)



2244 P. Kulessa et al.by studying produ
tion and de
ay of heavy hypernu
lei. The strong �Nintera
tion manifests itself in hypernu
leus produ
tion due to the fa
t thatres
attering of � parti
les on nu
leons signi�
antly in
reases the sti
kingprobability of the � parti
les. The weak intera
tion is responsible for de
ayof the � parti
le in the so 
alled nonmesoni
 de
ay: �+N ! N +N . Su
ha pro
ess dominates the de
ay of heavy hypernu
lei be
ause the mesoni
de
ay � whi
h prevails for free � parti
les � is then strongly prohibited bythe Pauli ex
lusion prin
iple.2. The K+ spe
tra in p+ A rea
tionsTo investigate the validity of the Coupled Channel Boltzmann�Uehling�Uhlenbe
k model (CBUU), K+ spe
tra were 
al
ulated and 
ompared withexperimental data. This is also a test for � produ
tion, sin
e K+ mesons areprodu
ed simultaneously with the � parti
les in the asso
iated strangenessprodu
tion pro
ess (p+N ! K+ +�+N or �+N ! K+ +�). The datasets for p+Pb [1℄, at 2.1 GeV were 
ompared with 
al
ulated values and verygood agreement was a
hieved (see Fig.1 � the 
al
ulations represented bya 
ontinuous line). Other data sets were also des
ribed a

urately [2, 3℄.
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Fig. 1. The 
al
ulated K+ spe
tra (lines) for p+208Pb 
ollisions at 2.1 GeV in
omparison to the data [1℄. The dotted, solid and dashed line are 
al
ulated forK+N elasti
 
ross se
tion values of 0 mb, 10 mb and 20 mb, respe
tively.



Intera
tion of Strange Parti
les with Nu
leons 2245An important aspe
t of the propagation of parti
les in nu
lear matter isres
attering. The K+ mesons are very good for res
attering studies be
ausethey are not absorbed in nu
lei. In �gure 1 CBUU 
al
ulations for di�erentvalues of K+N elasti
 
ross se
tion are presented. The best agreement withmeasured data is a
hieved for 
ross se
tion value about 10 mb what agreeswell with the data for K+N elasti
 s
attering [4℄.3. Res
attering of � parti
le on nu
leonsThe e�e
t of the �N elasti
 
ross se
tion on the produ
tion 
ross se
tionof hot hypernu
lei is presented in Fig. 2 for p+238U rea
tion as a fun
tionof proton energy [5℄.
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Fig. 2. Energy dependen
e of the produ
tion 
ross se
tion of heavy hypernu
lei inthe p+238U rea
tion with and without taking into a

ount �N res
atteringWithout taking into a

ount �N res
attering the expe
ted produ
tion
ross se
tion is almost 30 times smaller for energies above 1.5 GeV than in
ase with res
attering in
luded. Measured produ
tion 
ross se
tion agreewell with theoreti
al value if res
attering is taken into a

ount, see Table I.TABLE IComparison between 
al
ulated and measured produ
tion 
ross se
tions of hyper-nu
lei produ
ed by protons on U and Bi targets [5�7℄.theory experimentU(1.5 GeV) 110 �b 150+150�80 �bBi(1.9 GeV) 330 �b 350� 140 �b



2246 P. Kulessa et al.4. The � lifetime in nu
lei and �I = 1=2 ruleThe lifetime of hypernu
lei is determinated by the lifetime of the � parti-
le in the nu
lei. The mesoni
 de
ay of �-parti
le � whi
h dominates for free�� is strongly blo
ked in hypernu
lei due to Pauli prin
iple. Therefore thenonmesoni
 de
ay �+N ! N +N plays an important role for hypernu
lei.Su
h a de
ay of the � parti
le in heavy hypernu
lei 
an by indu
ed by itsintera
tion with protons or with neutrons. The measurement of the mass de-penden
e of the hypernu
leus lifetime gives the possibility to determine theratio of the � de
ay indu
ed by neutrons Rn and by protons Rp [8℄. A ratioRn/Rp larger than 2 implies a violation of the �I = 1=2 rule for nonmesoni
de
ay. The new experimental data for the lifetime of heavy hypernu
lei of([161�7(stat:)�14(syst:)℄ps for Bi [7℄ and [152�10(stat:)�25(syst:)℄ps forU target [9℄) are presented together with theoreti
al 
al
ulations in Fig. 3.They show that �I = 1=2 rule may be violated on the 
on�den
e level of0.85 for nonmesoni
 de
ay, more restri
tive than that found in Ref. [8℄.
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Fig. 3. Theoreti
al 
al
ulations of the lifetime of heavy hypernu
lei as a fun
tionof the mass together with experimental data for di�erent values Rn/Rp [8℄.The work was supported by the DLR International Bureau of the BMBF,Bonn (Grant POL99/007) and the Polish State Committee for S
ienti�
Resear
h (Grant No. 2P03B 16117).
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