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THE LIFETIME OF THE �-HYPERON BOUND INHYPERNUCLEI PRODUCED BY p+U COLLISIONSP. Kulessaa;b, W. Cassing, L. Jarzykd, B. Kamysd, H. OhmaK. Pysza;b, Z. Rudyd, and H. StröheraaInstitut für Kernphysik, Forshungszentrum Jülih, 52425 Jülih, GermanybH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Craow, PolandInstitut für Theoretishe Physik, Justus Liebig Universität Giessen35392 Giessen, GermanydM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Craow, Poland(Reeived August 31, 2001)The nonmesoni deay of the �-hyperon has been investigated by ob-servation of delayed �ssion of heavy hypernulei produed in proton�Uollisions at Tp = 1:9 GeV. The lifetime of heavy hypernulei with massesA�220 obtained in the present work, i.e. ��=[138�6(stat:)�17(syst:)℄ ps,is the most aurate result for heavy hypernulei produed in proton andantiproton indued ollisions on a U target so far.PACS numbers: 13.30.�a, 13.75.Ev, 21.80.+a, 25.80.Pw1. Introdution�-hyperons bound in hypernulei do not deay in the same way as freehyperons beause the mesoni deay � ! � + N is strongly Pauli blokedfor all but the lightest hypernulei. This is due to the fat that the emergingnuleons have an energy smaller than the Fermi energy of the nuleons inthe hypernuleus. However, another type of weak hyperon deays beomespossible in the nulear medium due to the presene of nuleons, i.e. theproesses �+N ! N+N , or �+N+N ! N+N+N . The energy of the �nalnuleons from these reations is muh higher than the Fermi energy and thusthis �nonmesoni deay� is not Pauli bloked. The study of the nonmesonideay, whih proeeds via a weak interation only (the Coulomb and stronginterations preserve the strangeness), enables one to obtain information onthe weak baryon�baryon interation whih is not aessible by other means.For example, the nonmesoni deay allows to observe strangeness hanging�S = 1 weak deays whereas the weak nuleon�nuleon interation is limitedto �S = 0 proesses. (603)



604 P. Kulessa et al.The nonmesoni deay of � hyperons in heavy hypernulei is very inter-esting beause of two reasons: (i) it orresponds to the deay of the hyperonin in�nite nulear matter (the hyperon deays from the S-state for whih thewave funtion is well loalized in the enter of the hypernuleus and surfaee�ets are negligible), and (ii) the mesoni deay in heavy hypernulei isompletely negligible. In spite of this the available experimental data forthe deay of � hyperons in heavy nulei are sare and have large uner-tainties, whih is essentially due to the immense di�ulty in produing �hypernulei and subsequently deteting their deay produts. Most of themeasurements have been performed for light hypernulei, i.e. lighter than�Fe (see e.g. the review artile [1℄ or Refs. [2�4℄). An investigation of heavyhypernulei deays has been up to now performed only using Au [5℄, Bi [6℄,and U [7�10℄ targets in proton or antiproton indued reations [11,12℄ or �in ase of the Bi target � by eletrons [13℄.In the present work we report on an experiment devoted to the measure-ment of the lifetime of heavy hypernulei as produed in proton ollisionswith an uranium target. This experiment was performed with the aim toahieve an auray omparable to that obtained for heavy hypernulei pro-dued with Au and Bi targets. The outline of the paper is as follows: inSetion 2 the general onept of the experimental setup and the data anal-ysis is presented. The third Setion is devoted to a disussion of systematierrors arising from various soures while Setion 4 ontains a omparison ofour present results with the data from the literature as well as a summary.2. Experimental setup and data analysisThe lifetime of � hyperons in heavy hypernulei may be extrated fromthe delayed �ssion hannel of heavy hypernulei, i.e. �ssion indued bythe deay of a hyperon via the proess �N ! NN . Due to very di�er-ent time sales for the �ssion (� 10�18 s) and for the deay of hyperons(� 2� 10�10 s) it an be assumed that the delayed �ssion ours almost im-mediately after the hyperon deay. Thus the position distribution of delayed�ssion events from hypernulei, that move with known veloities in beam di-retion, provides unambiguous information on the lifetime distribution of thehyperon deays.The hypernulei have been produed in interations of protons from theCOSY-Jülih synhrotron at an energy Tlab=1.9 GeV with a U target. Avery thin target has been used suh that the hypernulei � produed withsome momentum distribution � an move out of the target area pratiallywithout distortions. Now the detetion of delayed �ssion fragments, i.e. theposition distribution of delayed �ssion events, allows to extrat informationon the lifetime of the hyperons if the veloity of the hypernulei in the



The Lifetime of the �-Hyperon Bound in Hypernulei : : : 605laboratory is known. It should be emphasized that, at the energy of 1.9 GeV,proton�nuleus ollisions lead to various proesses other than delayed �ssion,e.g. spallation, fragmentation, or � most importantly � a prompt �ssionof uranium nulei. The relative ross setions and survival probabilities areshown shematially in Fig. 1. The prompt �ssion ross setion (1.5 barn)was taken from Refs. [15,16℄ while the numbers at the bottom of the �gureare theoretial estimates of �-hypernuleus ross setion formation (410 �b),of PS � the average survival probability against prompt �ssion (12%), ofPf� � the �ssion probability of hypernulei indued by �N ! NN proess(85%)); the ross setion for delayed �ssion of hypernulei 42 �b = 410 �b� 12% � 85%.
PROMPT FISSION

p + U

1.50 b

410 µb

42 µb

Ps

Λ FORMATION

PROMPT FISSION

SPALLATION

 INDUCEDΛ
DELAYED FISSION

SPALLATION

P
   fΛ

12 %

85 %Fig. 1. Shemati view of the relative population of the delayed �ssion hannel andompeting reation hannels in p+U ollisions, see desription in the text.The detetion of hypernulei and a measurement of their lifetime via anobservation of delayed �ssion events in the presene of prompt �ssion events,that are more abundant by about �ve orders of magnitude, is a quite di�ulttask. This problem has been solved by an appliation of the reoil distanemethod as proposed by Metag et al. [14℄ for measurements of the lifetime oflong living �ssion isomers in the presene of a large bakground of prompt�ssion events. It should be mentioned that this method was suessfullyused by Polikanov [12℄ in his pioneering work onerning measurements oflifetime of heavy hypernulei.A shemati view of the experimental setup is shown in Fig. 2. Twoposition sensitive detetors � operating in oinidene � are plaed abovethe target parallel to the beam. Low pressure multiwire proportional ham-bers (MWPCs) have been hosen sine they are sensitive to heavy fragmentsonly. The MWPCs allowed, besides a measurement of the position of hits,



606 P. Kulessa et al.also to determine the Time-Of-Flight (TOF) of the fragments between thedetetors as well as the energy loss of the fragments. These detetors werepartly sreened by the target holder (f. magni�ation in Fig. 2) from theprompt �ssion fragments whih diretly emerge from the target. Thus, aswill be disussed below, the shadowed (left) region ould be irradiated onlyby delayed �ssion fragments or long living isomers. Furthermore, to pre-vent an overloading of the bright (right) part of the detetors by prompt�ssion fragments, a diaphragm was plaed below the bright region of thelower MWPC. Two slits, parallel to the beam diretion, were ut in the di-aphragm to allow for the registration of a redued yield from prompt �ssionfragments.

Fig. 2. Shemati view of the experimental setup and illustration of the reoildistane method (see text for a desription). The target holder and the shadowedge (dark dashed part of the holder) are shown on a magni�ed sale.



The Lifetime of the �-Hyperon Bound in Hypernulei : : : 607We now ome bak to the physial bakground proesses in the p+Ureation at 1.9 GeV. When a proton impinges on an uranium nuleus, thelatter undergoes prompt �ssion with a ross setion of�1.5 barn [15,16℄. Thereated �ssion fragments an (a) hit the bright part of a position sensitivedetetor (denoted by �MWPC� in Fig. 2) or (b) hit the shadow part of thetarget holder (f. magni�ation in Fig. 2) and be stopped; some of thefragments, however, may satter on the edge of the target holder and moveinto the shadowed part of the detetors. This proess was found to give thedominant bakground in the measurements to be presented below.On the other hand, also hypernulei an �ssion promptly in the targetgiving a ontribution to the bright part of the detetors, only. Suh eventsare of no interest for our lifetime measurements. The �old� hypernulei (af-ter deexitation by nuleon and  emission), that have survived the prompt�ssion stage, remain stable up to the time when the hyperon deays. Theexitation energy released in the � deay an indue a delayed �ssion ofthe residual nuleus. Sine the hypernulei move approximately in beam di-retion � due to the momentum transferred from the impinging proton �the latter �ssion ours in some distane from the target. Thus the delayed�ssion fragments an hit both, the bright (right) and shadowed (left) partof the detetors (f. Fig. 2). The position distribution of hits on the surfaeof the shadowed part of the detetor, measured from the shadow edge, thenis just a magni�ed distribution of the distane between the target and thepoints at whih the delayed �ssion ours. Thus the shape of the distribu-tion in the shadow region ontains the information on the lifetime of the�-hyperon folded with the veloity distribution of the hypernulei.The distane between the target and the target holder, whih de�nesthe shadow edge, is about a fator 27 smaller than the distane from thetarget holder to the detetors. This leads to a signi�ant magni�ation ofthe position sale on to the detetor and, therefore, allows for an auratemeasurement of the position distribution of �ssioning hypernulei.In the atual experiment thin (30 �g/m2) uranium targets � in theform of UO2 baked on a arbon foil of 28 �g/m2 thikness � were plaedin the internal proton beam. The details of the target onstrution as wellas other experimental tehniques are desribed in Ref. [17℄.In order to prove that the MWPCs detet the �ssion fragments from de-layed �ssion of hypernulei in the shadow region, but not lighter bakgroundpartiles, the following tests were performed:� The MWPCs were irradiated with minimum ionizing partiles (��);it was found that the ounting e�ieny for suh partiles is below10�11.



608 P. Kulessa et al.� A pure arbon foil was used as a target, leaving all the other experi-mental setups unhanged; the measured spetra in the shadowed partof the detetors were found to be empty.� A 252Cf soure was plaed in the target position and two�dimensionalenergy loss (�E) versus TOF spetra (between the two MWPCs) werereorded; the measured �E�TOF distributions were found to be in fullagreement with Monte Carlo alulations taking into aount the mass,harge and veloity of fragments aording to the Viola systematis [18℄for the �ssion of alifornium.Another type of bakground is expeted from hypernulei, whih undergoprompt �ssion in the target. The hyperon, whih is bound in one of the�ssion fragments, deays in �ight and an �kik� the fragment towards theshadow region. However, it has been shown by Monte Carlo simulations thatthese hyperfragments an hit the shadowed region of the detetors only in avery narrow region of 1�2 mm lose to the edge of the shadow region and,thus, do not ontribute to the distribution whih was used for the extrationof the lifetime of hypernulei.In this experiment speial preautions have been taken to derease thebakground, whih mainly stems from prompt �ssion fragments that satterat the edge of the target holder or in the entrane foils of the multiwireproportional ounters:The edge of the target holder, whih served as a diaphragm � de�ningthe shadowed region of the detetor as shown in Fig. 2 (the dark dashed partof the holder) � was shaped ylindrially in the present experiment. Thisgeometry assured that the prompt �ssion fragments, whih enter into thematerial of the holder at larger angles with respet to the diretion perpen-diular to the beam, were absorbed in the holder and ould not ontributeto sattering into the shadowed region. This modi�ed shape was found tobe partiularly important for measurements with an uranium target sinethe prompt �ssion ross setion reahes � 1.5 barn, whih is � 36000 timeslarger than the delayed �ssion ross setion (f. Fig. 1).A new data aquisition system has been applied allowing for the aep-tane of a higher event rate than in the previous experiments. This enabledus to ollet a higher number of delayed �ssion events before the internalstruture of the thin target beame distorted. Furthermore, the shape of thetarget was ontinuously reorded by a TV amera and photos of the targetwere stored every several minutes. This allowed for orretions in the o�-lineanalysis, whih were neessary beause the uranium targets hanged theirshape during irradiation.



The Lifetime of the �-Hyperon Bound in Hypernulei : : : 609The bakground of the position distribution of events in the shadowregion of the detetors has been estimated performing the measurementsat Tp=1.0 GeV, whih is muh lower than the threshold energy for the�-hyperon prodution in nuleon�nuleon ollisions. Thus at this energythe ross setion for hypernuleus formation is negligible (� 4 orders ofmagnitude smaller than at Tp=1.9 GeV) whereas the prompt �ssion yieldis about the same. The COSY aelerator was operated in the superylemode, i.e. there were three yles (eah of � 18 s duration) of aelerationand irradiation of the target; two of them at the higher energy of 1.9 GeVand one at 1.0 GeV. This allowed to study the e�et and the bakgroundalmost onurrently, i.e. for the same shape and thikness of the target.The distribution of hit positions of the �ssion fragments in the surfae ofthe detetor were projeted on to the beam diretion. These experimentaldistributions were then ompared with simulated distributions, whih havebeen evaluated from the veloity distribution of the hypernulei and the life-time of the �-hyperon in the hypernulei. In these simulations the lifetimewas treated as a free parameter whereas the veloity distribution was takenfrom a theoretial analysis performed in the framework of the oupled han-nel Boltzmann�Uehling�Uhlenbek model [19�21℄ (for the �rst � fast stageof the reation) and the Hauser�Feshbah model (for the seond � slowreation stage). It was not possible to determine experimentally the velo-ity distribution of heavy hypernulei beause this would involve oinidenemeasurements for the fragments. Suh measurements � in the preseneof prompt �ssion fragments being more abundant by about �ve orders ofmagnitude � would be ompletely obsured by random oinidenes.Sine the number of events in the position distributions was not verylarge, a Poisson (instead of Gaussian) probability distribution p(ni) has beenused to simulate the number of ounts ni for eah position bin:p(ni) = �nii exp(��i)ni! ; (1)�i(�) = �(�)li(�) + bi ; (2)where �i(�) is the expeted number of ounts in the bin �i� for the detetionof delayed �ssion events � depending on the lifetime � . In (2) li(�) is thenumber of events from the simulated (non normalized) distribution, �(�) isa normalization fator to be found from the �t proedure, whereas bi is thenumber of ounts of the bakground.The distributions measured at Tp=1.0 GeV were employed for an esti-mate of the bakground in the shadowed region of the detetor (after nor-malization to the same number of events in the bright part of the detetoras for Tp=1.9 GeV ). The searh for the normalization fator �(�) has beenperformed by means of the �maximum likelihood method�, whih amounts



610 P. Kulessa et al.to �nding a value of �(�) that maximizes the logarithmi likelihood funtionL(�), L(�) = ln(�i p(ni;�(�))) ; (3)for a given value of the lifetime � . Then the best lifetime � was extratedby the same � maximum likelihood � presription, whih allows also foran estimate of the error for � as the di�erene between the solution for �and its value � 0 orresponding to the likelihood funtionL(� 0) = L(�)� 12 (4)(see e.g. Ref. [22℄).The results of the �t are presented in Fig. 3 by the solid line in ompar-ison to the data for Tp=1.9 GeV (full dots with error bars). The trianglesshow the bakground events measured at Tp=1.0 GeV and normalized toTp=1.9 GeV data in the bright region of the detetor.
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The Lifetime of the �-Hyperon Bound in Hypernulei : : : 6113. Disussion of systemati errorsThe statistial error quoted in this result was determined from the max-imum likelihood method desribed above. It only depends on the statistisof the experimental position distributions. The systemati errors in additionhave various origins; they emerge from1. unertainties in the veloity distribution of hypernulei,2. an anisotropi emission of the �ssion fragments in their rest frame,3. a not uniform irradiation of the target by the proton beam,4. a modi�ation of the position and shape of the targets during themeasurements,5. the bakground treatment,6. the searh proedure for the best lifetime.These soures of errors will be separately disussed in more detail below.3.1. The veloity distribution of �old� hypernuleiA veloity distribution in v and a lifetime � enter the simulations ofthe position distributions via the produt v� , i.e. the relative error of thelifetime is approximately equal to the relative error in the average veloity.The veloity distributions in these investigations have been taken from ourtheoretial alulations [23℄ that are based on the transport ode of Wolfet al. [24℄ and Maruyama et al. [25℄. Thus it is extremely important tohek whether these alulations are reliable with respet to the momentumtransfer of the proton to the residual nuleus.We show in Fig. 4 the longitudinal momentum distribution of the residualnulei from our oupled hannel Boltzmann�Uehling�Uhlenbek (CBUU) +evaporation alulation (solid histogram) for p+238U at Tlab = 475 MeV [23℄in omparison to the data of Fraenkel et al. [26℄ (full dots). Of ourse, thereis no hypernuleus formation at the energy of 475 MeV. However, whensubtrating the kaon energy and the nuleon�hyperon di�erene in massfor the proton beam energy Tlab � 1200 MeV, this should lead to similarkinematial onditions as for the system onsidered.In the energy range up to 3.0 GeV the momentum transfer to the resid-ual nuleus in the reation p + 238U was measured by Kotov et al. [27℄. Aspointed out by these authors the average values for the momentum transfershow a very weak energy dependene. Also in Fig. 4 the CBUU + evapora-tion alulations [23℄ are presented for Tlab= 1.0, 1,5, 2.9 GeV and ompared



612 P. Kulessa et al.
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The Lifetime of the �-Hyperon Bound in Hypernulei : : : 6133.2. Anisotropi emission of the �ssion fragmentsThe angular distributions of �ssion produts show a rather small aniso-tropy (� 10�20 %) even when gating on mass and harge of �ssion fragmentsas shown in Refs. [28, 29℄. A twofold averaging is performed in our exper-iment, i.e. (i) over di�erent �ssioning hypernulei and (ii) over di�erent�ssion fragments. Thus, it is expeted that the assumption of isotropi an-gular distributions is well justi�ed. The in�uene of possible anisotropieson the lifetime was estimated by geometrial onsiderations to be approxi-mately 2 ps. 3.3. Non-uniform irradiation of the targetThe length of the ative part of the target, i.e. the UO2 layer, was about2 mm, whereas the full length of the target was 12 mm. The assumption ofa uniform irradiation of the ative part of the target is justi�ed by the fatthat the vertial radius of the beam was about 3 mm. The magni�ationof the position sale due to a di�erent distane from the ative part ofthe target to the target holder and from the target holder to the detetor(� 300 mm) thus was on average � 27. The di�erene between the averagemagni�ation fator, orresponding to a uniform irradiation of the target,and the smallest magni�ation, orresponding to an irradiation of the lowestpart of the target, is � 7% whih orresponds to a �10 ps deviation for thelifetime obtained in the present experiment. We note, however, that theaelerated proton beam has been moved upward on the target to ahievea uniform ounting-rate distribution over an irradiation yle. Taking thisexperimental boundary ondition into aount, the error arising from a non-uniform irradiation of the target in the present experiment is about 4 ps.3.4. Modi�ations of position and shape of the targetsThe uranium targets in form of UF4 (as used in the previous experiments)and UO2 (in the present work) were mehanially not very stable, i.e. theyhanged their shape during irradiation. Two high voltage eletrodes wereplaed losely to the target and used to straighten it. Due to the ontinuousontrol of the position and the shape of the target it was possible to introdueorretions in the o�-line analysis, if the position or shape of the targethad been hanged. In the �rst ase, i.e. a hange of the target position,suh a orretion was done in shifting the sale of the position distribution.This proedure involved a negligibly small error. The following methodswere used to orret for the hange of the target shape; (i) the simulateddistributions were alulated for several observed shapes of the target and theresulting theoretial distributions were averaged over the shapes to simulatethe experimental distribution, or (ii) the average shape of the target was



614 P. Kulessa et al.taken for the simulation. Both methods of orretion lead to almost thesame values of the lifetime and the inauray involved in this proedurewas � 4 ps. 3.5. Bakground treatmentIn the present work the data measured at Tp = 1.0 GeV served � afternormalization of the ounts to the 1.9 GeV data in the bright part of thedetetors � to estimate the bakground in the shadow region of the dete-tors. It was found that the inauray of bakground estimation, as arisingfrom the small statistis of the data at 1.0 GeV, might introdue an error ofabout 3 ps for the lifetime.3.6. Searh proedure for the lifetimeThe �tting proedure of the simulated distributions to the experimen-tal distribution ould be performed either with the minimum �2-method(normally related to the assumption of Gaussian statistis for the numberof events in the individual position bins) or with the maximum likelihoodmethod (whih is not limited to Gaussian statistis and an be used also fora Poisson distributions of events). It was heked that both methods workwell in the ase of high statistis data and lead to the same value for thelifetime. However, for a small number of events the maximum likelihoodmethod with a Poisson distribution of events is preferable [9℄. In this asethe reanalysis of the low statistis data [7℄ led to a signi�ant modi�ation(see Table I).The other problem, whih appears when �tting the simulated distribu-tion to the experimental one, is related to the position range of the detetorhosen for the �t proedure. Negleting the position bins, that are plaedlosely to the shadow edge, dereases signi�antly the statistis of events.However, these bins are most strongly a�eted by the bakground originatingfrom small angle sattering of prompt �ssion fragments on the diaphragmas disussed above. Thus, some ompromise had to be reahed, whih wasmost di�ult in the ase of uranium targets, that are plagued by the largestbakground (as ompared to Au and Bi targets). With good statistis databoth problems introdue a rather small error of 2 ps.In summary, the systemati errors disussed above sum up for the presentexperiment to 17 ps.



The Lifetime of the �-Hyperon Bound in Hypernulei : : : 615TABLE IThe lifetime of heavy hypernulei measured at COSY-Jülih with a proton beamand uranium targets.��/ps Ref. Comment240�60 [7℄ low statistis,Gaussian distribution in the number of events,�2 �t194�55 [9℄ reanalysis of the data from [7℄,Poisson distribution in the number of events,maximum likelihood method239�26 [8℄ moderate statistis, several targets,Gaussian distribution in the number of events,�2 �t218�35 [9℄ reanalysis of the data from [8℄,Poisson distribution in the number of events,maximum likelihood method152�10(stat.) [10℄ moderate statistis,�25(syst.) large bakground,Poisson distribution in the number of events,maximum likelihood method138�6(stat.) present good statistis,�17(syst.) work Poisson distribution in the number of events,maximum likelihood method4. Summary & onlusionsThe present work reports results on the lifetime measurement of veryheavy hypernulei produed in p+U ollisions. This lifetime is determinedalmost ompletely by the nonmesoni deay of the �-hyperon in the heavyhypernuleus. The lifetime �� obtained in the present experiment is om-pared in Table I with the results of previous experiments performed by theCOSY-13 ollaboration using the internal proton beam at COSY-Jülih andan uranium target.The statistial error of the present data is signi�antly smaller thanthose obtained in all previous experiments with uranium targets beausethe statistis ahieved in the present experiment is the best (around 3000events as ompared with several hundreds events in Ref. [8,10℄ and less thantwo hundred events in Ref. [7℄)The errors given in Ref. [9℄ were evaluated by adding squares of the sta-tistial and systemati errors. Using this method of error presentation theresult of Kulessa et al. [10℄ has an error of 27 ps and the lifetime measured



616 P. Kulessa et al.in the present work has a total error of 18 ps. Both values are signi�antlysmaller than the errors of the previous measurements, i.e. 55 ps and 35 ps,respetively. Sine the present data are obviously the most aurate, we re-ommend for future analysis to use as the lifetime of very heavy hypernulei,i.e. A > 200, the value from our present work:�� = [138 � 6 (stat:) � 17(syst:)℄ps:This result agrees very well with the lifetime found from experiments us-ing antiproton annihilation on U targets [11,12℄, where �� = 130 � 30(stat.)� 30(syst.)℄ ps was quoted. Sine the energy involved in antiproton anni-hilation is similar to the transfered energy in the present experiment, whihstudied p+U ollisions at Tp=1.9 GeV, one an expet that roughly the same(A;Z) range of hypernulei was produed in both experiments.We point out that proton indued hypernuleus prodution has a oupleof advantages in omparison to antiproton annihilation: (i) it was possibleto obtain a larger statistis of events, i.e. a smaller statistial error; (ii) dueto a larger momentum transfer in proton indued ollisions the hypernuleideay at a larger distane from the target than in the antiproton experi-ment, whih improves the spatial resolution; (iii) one an vary the kinetienergy of protons, i.e. swithing on and o� the prodution of hypernulei,whih is not possible in antiproton indued strangeness prodution sineeven for antiproton annihilation at rest the enter-of-mass energy is abovethe strangeness prodution threshold.The above points enabled us to more aurately observe the positiondistributions and thus � apart from a better statistis � to redue also thesystemati error. REFERENCES[1℄ J. Cohen, Prog. Part. Nul. Phys. 25, 139 (1990).[2℄ J.J. Szymanski, P.D. Barnes, G.E. Diebold, R.A. Eisenstein, G.B. Franklin,R. Grae, D.W. Hertzog, C.J. Maher, B.P. Quinn, R. Rieder, J. Seydoux,W.R. Wharton, S. Bart, R.E. Chrien, P. Pile, R. Sutter, Y. Xu, R. Hakenburg,E.V. Hungerford, T. Kishimoto, L.G. Tang, B. Bassalek, R.L. Stearns, Phys.Rev. C43, 849 (1991).[3℄ H. Noumi, S. Ajimura, H. Ejiri, A. Higashi, T. Kishimoto, D.R. Gill, L. Lee,A. Olin, T. Fukuda, O. Hashimoto, Phys. Rev. C52, 2936 (1995).[4℄ H.C. Bhang, S. Ajimura, K. Aoki, T. Hasegawa, O. Hashimoto, H. Hothi,Y.D. Kim, T. Kishimoto, K. Maeda, H. Noumi, Y. Ohta, K. Omata, H. Outa,H. Park, Y. Sato, M. Sekimoto, T. Shibata, T. Takahashi, M. Youn, Nul.Phys. A639, 269 (1998).
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