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LIFETIME MEASUREMENT IN THEYRAST BAND OF 119I�Yu.N. Lobaha, A.A. Pasternakb, J. Srebrny, Ch. Droste,G.B. Hagemannd, S. Juutinene, T. Morek, M. Piiparinene,E.O. Podsvirovab, S. Törmänene, K. Starosta, A. Virtanene,and A.A. WasilewskiaInstitute for Nulear Researh UAS, Kiev, UkrainebA.F. Io�e Physial Tehnial Institute RAS, St. Petersbourg, RussiaNulear Physis Division, IEP, University of Warsaw, PolanddNiels Bohr Institute, Roskilde, DenmarkeUniversity of Jyväskylä, Finland(Reeived August 7, 1998)The lifetime of levels in the yrast band of 119I were measured by DSAMand RDM using the 109Ag(13C,3n) reation at E = 54 MeV. The detaileddesription of data analysis inluding the stopping power determinationand estimation of side feeding time is given. A modi�ed method of RDMdata analysis � Reoil Distane Doppler Shape Attenuation (RDDSA) isused.PACS numbers: 21.10.Re, 21.10.Tg, 27.60.+j1. IntrodutionIn our previous investigation of 119I [1℄ 15 bands have been found. Fournegative parity bands named as 6,7,8 and 9 (Fig. 1) one an interpret asa result of h11=2 quasiproton oupling to an axially asymmetri ore. Theaim of the present work is a further investigation of the struture of thesenegative parity bands in 119I applying Doppler shift methods for lifetimemeasurement. In the present paper the measured lifetime of the levels inband 8 are presented.Speial attention was given to the analysis of the experimental data.In partiular, an estimation of side feeding time for high-spin states wasobtained from a preise line-shape analysis and the parameters of the nu-lear stopping power formula were estimated. For the RDM-experiment the� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1273)
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Fig. 1. Partial level sheme of 119I relevant to the present analysis. The bandnumbering is given aording to [1℄.shape of -lines at many target-stopper distanes were analyzed simultane-ously. The omplementary analysis of data from both experiments (RDMand DSA) allows for a determination of lifetimes for the number of exitedstates in band 8 and other bands in 119I.2. Experimental set-upThe experiment was arried out at the Niels Bohr Institute TandemAelerator Laboratory. The exited states of 119I were populated via the109Ag(13C,3n) reation at a bombarding energy of 54 MeV. Two kinds ofmeasurements were performed: the Doppler shift attenuation method(DSAM) and the reoil distane method (RDM). In the �rst method a thikself-supported target of 5.7 mg/m2 was used and in the seond two self-supported thin targets of 0.82 and 0.69 mg/m2. In both ases the data wereolleted with the NORDBALL detetor array ompleted with a plungerdevie. The oinidene spetra gated on -transitions below or above thetransition of interest were analyzed. The Doppler-broadened -lines mea-sured at 37Æ and 143Æ were used for the DSA-analysis. The RDM experimentwas performed at 16 target-stopper distanes ranging from 15�m to 8022�m.



Lifetime Measurement in the Yrast Band of 119I 12753. Data analysis3.1. General oneptsThe analysis of the experimental line shapes was arried out using thepakage of omputer odes COMPA, GAMMA and SHAPE [2℄. The veloityand diretion of reoils after the reation were alulated (COMPA) usinga statistial model of the nulear reation. The distribution of reoils wasalulated by the Monte-Carlo method whih takes into aount the hangeof motion of the reoils after evaporation of eah partile (proton, neutronor �-partile). The alulation had to be done for any depth in the target,taking into aount the slowing-down proess of the projetiles in the targetand baking. The output �le ontained at least 10000 reoil histories, i.e.the initial veloity and diretion of eah reoil, the depth in the target inwhih the reation ourred as well as the exitation energy and angularmomentum of the reoil. Suh an analysis did not require the use of anyapproximate funtions for desription of the reoil features in omparison toother known odes [3℄.As the next step the ode GAMMA simulated (by the Monte-Carlomethod) the slowing-down proess and multiple sattering of the reoilswhen they move through the target and baking. The slowing-down proesswas desribed by the expression [2, 10℄:d"d� = fek"1=2 + fn"1=20:67'n + 2:07" ;where " and � are the energy and range in the Lindhard's units, k is theeletroni Linhard's stopping power oe�ient; fe and fn are the orretionfators of the Lindhard's ross setions [4℄ for the eletroni and nulear stop-ping power, respetively. The additional fator 'n introdued in [2℄ orretedthe nulear stopping power formula whih approximates the LSS-theory [5℄.When 'n = 1 this expression approximates the energy dependene of thenulear stopping power with an auray better than 5% in the energy range0:3 � "1=2 � 10. In the present RDM experiment the target thikness waslose to the reoil range. A part of the reoils was stopped in the target andthe shape of stopped peak is in�uened by the slowing-down proess of thereoils. Therefore, the determination of the stopping power is important notonly for the DSA experiment but also for the RDM experiment. Multiplesattering of the reoils is desribed by a model funtion [2℄ whih is suitablefor low-angle sattering only. The large angle sattering is alulated by di-viding the reoil trajetory into 10�100 segments. This proedure gives anadequate shape of the -lines even when the Doppler e�et is aused mainlyby multiple sattering [6℄. When the reoil esapes from the target into thebaking or vauum the alulations are performed in the same way, when



1276 Yu.N. Lobah et al.the reoil moves through the vauum, the vauum is regarded as a �thirdmaterial�.The -line shapes (depending on the veloity of the reoils) for eah de-tetor angles were stored in �time-shape� matries with 20 time steps from0.01 to 10 ps and from 0.1 to 1000 ps for DSA and RDM experiments, re-spetively. Thus, eah matrix ontains the omplete set of -line shapesfrom fully shifted peaks to stopped ones. At the last stage of analysis theode SHAPE alulates the shape of lines for seleted -ray energy takinginto aount the asade and side feeding. This ode performs a least-square�t of the alulated shape to the experimental one regarding the level life-time as a variable parameter. The present analysis automatially takes intoaount a omplex feeding pattern up to 13 levels and 100 deay branhesfeeding the investigated level. In the ase of a single peak the ode performsthe least square �t regarding the lifetime and peak position as variable pa-rameters. For two and more overlapping -peaks there is a possibility fortheir simultaneous analysis. The reliability of this proedure depends on thedegree of overlap and loseness of orresponding level lifetimes. Examplesof this proedure an be found in [7�9℄.3.2. Determination of stopping power parametersIn the present work experimental information about the orretion fa-tors of the stopping power and the time of side feeding, � sf , was obtained.The stopping power was determined using the �semi-thik target� � method[10℄ whih an be applied when the target thikness is omparable with therange of the reoils. It means that the reoils move partly through the targetand partly trough the vauum. The lifetime � of the level should be muhlarger than a harateristi time, � st, for stopping of the reoils in the tar-get. The kinematis of the reation and target thikness should be known.With these onditions ful�lled the shape of the -line is fully determined bythe slowing-down proess and multiple sattering of the reoil in the target.Therefore, it is possible to get the orretion fators of the stopping powereven if the lifetime � is not known. This method was applied in COULEXexperiments [10℄ and ompound nulear reations with �-partiles and heavyions [11�13℄. In the present work the RDM target thikness (0.82 mg/m2)ful�l the requirement of the �semi-thik target� method. The shape of themost intensive -lines: 337 keV (� � 45 ps) and 462 keV (� � 8 ps) ob-served in a oinidene spetrum gated on the 590 keV line were analyzed ata distane of 8022 �m. The large distane between target and stopper as-sures that the intensity of the unshifted -line omponent from the stopperis negligible.



Lifetime Measurement in the Yrast Band of 119I 1277The value of the orretion fator for the eletroni stopping power wasdetermined as fe = 1.27�0.07 with the error mainly being due to the uner-tainty in the target thikness (�5%). This value agrees well with previousones for stopping of Cd reoils in a Cd target (1.28�0.10, [10℄) and for Inions in a Mo target (1.30�0.15 [14℄).
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1278 Yu.N. Lobah et al.is typial for light nulei (A � 60). The value ksf � (0.02-0.03) ps/MeV ismore suitable for heavier nulei [11, 15, 16℄.
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Lifetime Measurement in the Yrast Band of 119I 12793.4. DSA analysis of RDM-experiment � RDDSA methodThe main feature of the analysis of the present RDM-experiment onsistsin preise analysis of -line shapes whih is regarded as a partiular ase ofDSA. This method was used instead the usual analysis of deay urves.It was previously applied for �-partile indued reations when shifted andunshifted omponents of -lines were not well resolved as well as for heavy ionindued reations. In the present work the -lines from all distanes sensitiveto lifetimes were analyzed simultaneously using as the �tting parameters thelifetime of the state studied and lifetimes of states lying above.This method (alled RDDSA) allows to inrease the number of statesfor whih lifetime values an be estimated. Sine in this method shifted andunshifted peaks are regarded as omponents of one -line, even for aseswhen both omponents overlap, it is possible to get reliable lifetime values.For low-energy -lines where both omponents overlap and for the aseswhere target thikness is omparable with the reoil range the RDDSAM isthe only possible method. Using a thik target inreases the intensity of theradiation and improves the experimental onditions. The asymetri shapeof the shifted omponent an be alulated exatly at a large target-stopperdistanes. As an example of suh a alulation the 462 keV lineshape isshown in Fig. 2. The unshifted omponent of this -line is aused by reoilswhih are stopped in the target (not in the stopper).
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Fig. 4. Shapes of the 462 keV -line for di�erent target-stopper distanes and for atarget thikness 0.82 mg/m2. Solid lines are results of RDDSA �ts. Spetra aregated on the 590 kev -transition.The examples of the 462 keV line shape at some distanes sensitive formeasured lifetimes are shown in Fig. 4. The results of RDDSAM are pre-sented in Table I. One an see that the lifetime for the 590 keV -transitionobtained from both experiments are in a good agreement. The ompleteexperimental data inluding lifetimes evaluated for other bands in 119I willbe published elsewhere.
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