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LIFETIME MEASUREMENT IN THEYRAST BAND OF 119I�Yu.N. Loba
ha, 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. Wasilewski
aInstitute for Nu
lear Resear
h UAS, Kiev, UkrainebA.F. Io�e Physi
al Te
hni
al Institute RAS, St. Petersbourg, Russia
Nu
lear Physi
s Division, IEP, University of Warsaw, PolanddNiels Bohr Institute, Roskilde, DenmarkeUniversity of Jyväskylä, Finland(Re
eived August 7, 1998)The lifetime of levels in the yrast band of 119I were measured by DSAMand RDM using the 109Ag(13C,3n) rea
tion at E = 54 MeV. The detaileddes
ription of data analysis in
luding the stopping power determinationand estimation of side feeding time is given. A modi�ed method of RDMdata analysis � Re
oil Distan
e Doppler Shape Attenuation (RDDSA) isused.PACS numbers: 21.10.Re, 21.10.Tg, 27.60.+j1. Introdu
tionIn 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 stru
ture 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.Spe
ial attention was given to the analysis of the experimental data.In parti
ular, an estimation of side feeding time for high-spin states wasobtained from a pre
ise line-shape analysis and the parameters of the nu-
lear stopping power formula were estimated. For the RDM-experiment the� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1273)
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Fig. 1. Partial level s
heme of 119I relevant to the present analysis. The bandnumbering is given a

ording to [1℄.shape of 
-lines at many target-stopper distan
es were analyzed simultane-ously. The 
omplementary analysis of data from both experiments (RDMand DSA) allows for a determination of lifetimes for the number of ex
itedstates in band 8 and other bands in 119I.2. Experimental set-upThe experiment was 
arried out at the Niels Bohr Institute TandemA

elerator Laboratory. The ex
ited states of 119I were populated via the109Ag(13C,3n) rea
tion at a bombarding energy of 54 MeV. Two kinds ofmeasurements were performed: the Doppler shift attenuation method(DSAM) and the re
oil distan
e method (RDM). In the �rst method a thi
kself-supported target of 5.7 mg/
m2 was used and in the se
ond two self-supported thin targets of 0.82 and 0.69 mg/
m2. In both 
ases the data were
olle
ted with the NORDBALL dete
tor array 
ompleted with a plungerdevi
e. The 
oin
iden
e spe
tra 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 distan
es ranging from 15�m to 8022�m.



Lifetime Measurement in the Yrast Band of 119I 12753. Data analysis3.1. General 
on
eptsThe analysis of the experimental line shapes was 
arried out using thepa
kage of 
omputer 
odes COMPA, GAMMA and SHAPE [2℄. The velo
ityand dire
tion of re
oils after the rea
tion were 
al
ulated (COMPA) usinga statisti
al model of the nu
lear rea
tion. The distribution of re
oils was
al
ulated by the Monte-Carlo method whi
h takes into a

ount the 
hangeof motion of the re
oils after evaporation of ea
h parti
le (proton, neutronor �-parti
le). The 
al
ulation had to be done for any depth in the target,taking into a

ount the slowing-down pro
ess of the proje
tiles in the targetand ba
king. The output �le 
ontained at least 10000 re
oil histories, i.e.the initial velo
ity and dire
tion of ea
h re
oil, the depth in the target inwhi
h the rea
tion o

urred as well as the ex
itation energy and angularmomentum of the re
oil. Su
h an analysis did not require the use of anyapproximate fun
tions for des
ription of the re
oil features in 
omparison toother known 
odes [3℄.As the next step the 
ode GAMMA simulated (by the Monte-Carlomethod) the slowing-down pro
ess and multiple s
attering of the re
oilswhen they move through the target and ba
king. The slowing-down pro
esswas des
ribed 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 theele
troni
 Linhard's stopping power 
oe�
ient; fe and fn are the 
orre
tionfa
tors of the Lindhard's 
ross se
tions [4℄ for the ele
troni
 and nu
lear stop-ping power, respe
tively. The additional fa
tor 'n introdu
ed in [2℄ 
orre
tedthe nu
lear stopping power formula whi
h approximates the LSS-theory [5℄.When 'n = 1 this expression approximates the energy dependen
e of thenu
lear stopping power with an a

ura
y better than 5% in the energy range0:3 � "1=2 � 10. In the present RDM experiment the target thi
kness was
lose to the re
oil range. A part of the re
oils was stopped in the target andthe shape of stopped peak is in�uen
ed by the slowing-down pro
ess of there
oils. Therefore, the determination of the stopping power is important notonly for the DSA experiment but also for the RDM experiment. Multiples
attering of the re
oils is des
ribed by a model fun
tion [2℄ whi
h is suitablefor low-angle s
attering only. The large angle s
attering is 
al
ulated by di-viding the re
oil traje
tory into 10�100 segments. This pro
edure gives anadequate shape of the 
-lines even when the Doppler e�e
t is 
aused mainlyby multiple s
attering [6℄. When the re
oil es
apes from the target into theba
king or va
uum the 
al
ulations are performed in the same way, when
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oil moves through the va
uum, the va
uum is regarded as a �thirdmaterial�.The 
-line shapes (depending on the velo
ity of the re
oils) for ea
h de-te
tor angles were stored in �time-shape� matri
es with 20 time steps from0.01 to 10 ps and from 0.1 to 1000 ps for DSA and RDM experiments, re-spe
tively. Thus, ea
h matrix 
ontains the 
omplete set of 
-line shapesfrom fully shifted peaks to stopped ones. At the last stage of analysis the
ode SHAPE 
al
ulates the shape of lines for sele
ted 
-ray energy takinginto a

ount the 
as
ade and side feeding. This 
ode performs a least-square�t of the 
al
ulated shape to the experimental one regarding the level life-time as a variable parameter. The present analysis automati
ally takes intoa

ount a 
omplex feeding pattern up to 13 levels and 100 de
ay bran
hesfeeding 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 pro
edure depends on thedegree of overlap and 
loseness of 
orresponding level lifetimes. Examplesof this pro
edure 
an be found in [7�9℄.3.2. Determination of stopping power parametersIn the present work experimental information about the 
orre
tion fa
-tors of the stopping power and the time of side feeding, � sf , was obtained.The stopping power was determined using the �semi-thi
k target� � method[10℄ whi
h 
an be applied when the target thi
kness is 
omparable with therange of the re
oils. It means that the re
oils move partly through the targetand partly trough the va
uum. The lifetime � of the level should be mu
hlarger than a 
hara
teristi
 time, � st, for stopping of the re
oils in the tar-get. The kinemati
s of the rea
tion and target thi
kness should be known.With these 
onditions ful�lled the shape of the 
-line is fully determined bythe slowing-down pro
ess and multiple s
attering of the re
oil in the target.Therefore, it is possible to get the 
orre
tion fa
tors of the stopping powereven if the lifetime � is not known. This method was applied in COULEXexperiments [10℄ and 
ompound nu
lear rea
tions with �-parti
les and heavyions [11�13℄. In the present work the RDM target thi
kness (0.82 mg/
m2)ful�l the requirement of the �semi-thi
k target� method. The shape of themost intensive 
-lines: 337 keV (� � 45 ps) and 462 keV (� � 8 ps) ob-served in a 
oin
iden
e spe
trum gated on the 590 keV line were analyzed ata distan
e of 8022 �m. The large distan
e 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 
orre
tion fa
tor for the ele
troni
 stopping power wasdetermined as fe = 1.27�0.07 with the error mainly being due to the un
er-tainty in the target thi
kness (�5%). This value agrees well with previousones for stopping of Cd re
oils 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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feFig. 2. Dependen
e of the 462 keV 
-line shape on stopping power formula pa-rameters.The spe
trum was measured at 143Æ, at distan
e 8022�m and at targetthi
kness 0.82 mg/
m2. Left side: (a) line shape 
al
ulated with the optimal set ofparameters fe = 1:27, 'n = 1, fn = 0:77; (b) line shape 
al
ulated with fe = 1:07,'n = 1, fn = 0:77. Right side: an example of �tting of ele
troni
 and nu
learstopping power parameters for 'n=1The 
orre
tion fa
tors for the nu
lear stopping power were determinedunder two assumptions: (a) 'n=1 and (b) 'n = fn. The result for both 
ase(a) fn = 0:77 � 0:07 (Fig. 2) and for 
ase (b) 'n = fn = 0:70 � 0:07 agreewith the 
ase of stopping of Cd ions in a Cd target (0:62� 0:06). Both setsof 
orre
tion fa
tors agree with the systemati
s of stopping power [2℄ andgive equally good des
ription of the 
-line shapes3.3. Treatment of side-feeding problemsThe 
orre
tion for the side-feeding time (�sf) is the most di�
ult problemof the DSA method unless gating from above is possible. Nevertheless, formany 
ases when the maximum of the entry state spin distribution is 
loseto the spin values of the investigated states the side-feeding is 
omposedmainly of statisti
al dipole transitions and the in�uen
e of stret
hed 
as
adesis negligible. The �sf-value 
an be estimated as:�sf � ksf(E � �Elev) ;where E� is the ex
itation energy of the entry states of re
oils and Elev is theenergy of the observed level in MeV. The value of ksf �(0.01-0.02) ps/MeV
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al for light nu
lei (A � 60). The value ksf � (0.02-0.03) ps/MeV ismore suitable for heavier nu
lei [11, 15, 16℄.
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τs.f., psFig. 3. Shapes of the 996 kev 
-line and examples of the �2 
al
ulations for di�erentside-feeding times �sf . The �2 is divided by the number of degrees of freedom.The high-spin states of 119I for whi
h lifetimes were measured by DSAhave (E*-Elev)� 5-7 MeV and a small di�eren
e of the angular momentumfrom entry-states. Therefore, the stret
hed 
as
ades are absent and ksf notex
eeds 0.020-0.025 ps/MeV. When the lifetime is 
omparable with �sf theline shape be
omes sensitive to the later one and it gives in some 
ases anopportunity to determine the � sf value [17℄. For this purpose in the presentwork the intense 
-lines 996, 908 and 815 keV in band 8 were analysed.The results of the �sf evaluation for 996 keV line is shown in Fig. 3 withexamples of the 
-line shape. The value ksf =0.020 � 0.005 ps/MeV wasadopted. Examples of lifetimes measured by DSAM are presented in Table I.TABLE ILifetimes values(in pi
ose
onds) measured in the present experiment for band 8.E
 is the transition energy used for lifetime determination.Ji � Jf E
(keV) RDDSA DSA15/2�11/2 337 44.5�3.019/2�15/2 462 7.8�0.723/2�19/2 590 2.5�0.4 2.2(+0.6;-0.4)27/2�23/2 714 0.89�0.1531/2�27/2 815 0.42�0.0535/2�31/2 908 0.29�0.0439/2�35/2 996 0.21�0.04



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 pre
ise analysis of 
-line shapes whi
h is regarded as a parti
ular 
ase ofDSA. This method was used instead the usual analysis of de
ay 
urves.It was previously applied for �-parti
le indu
ed rea
tions when shifted andunshifted 
omponents of 
-lines were not well resolved as well as for heavy ionindu
ed rea
tions. In the present work the 
-lines from all distan
es 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 in
rease the number of statesfor whi
h lifetime values 
an be estimated. Sin
e 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 thi
kness is 
omparable with the re
oil range the RDDSAM isthe only possible method. Using a thi
k target in
reases the intensity of theradiation and improves the experimental 
onditions. The asymetri
 shapeof the shifted 
omponent 
an be 
al
ulated exa
tly at a large target-stopperdistan
es. As an example of su
h a 
al
ulation the 462 keV lineshape isshown in Fig. 2. The unshifted 
omponent of this 
-line is 
aused by re
oilswhi
h 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 distan
es and for atarget thi
kness 0.82 mg/
m2. Solid lines are results of RDDSA �ts. Spe
tra aregated on the 590 kev 
-transition.The examples of the 462 keV line shape at some distan
es 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 in
luding lifetimes evaluated for other bands in 119I willbe published elsewhere.
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