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FINE STRUCTURE IN THE ALPHA-DECAY OF THENEUTRON-DEFICIENT 191Po AND 191Bi ISOTOPESA.N. Andreyeva, N. Bijnensa, J.F. Coksb, K. Eskola,K. Helariuttab, M. Huysea, H. Kettunenb, P. Kuusiniemib,M. Leinob, W.H. Trzaskab, P. Van Duppena and R. WyssdaInstituut voor Kern- en Stralingsfysia, University of LeuvenB-3001 Leuven, BelgiumbDepartment of Physis, University of JyväskyläFIN-40351 Jyväskylä, FinlandDepartment of Physis, University of HelsinkiHelsinki, FinlanddRoyal Institute of Tehnology, Department of Physis FresatiKungl. Fresativ. 24, 104 05 Stokholm, Sweden(Reeived August 4, 1998)The �-deay properties of the neutron-de�ient 191Po and 191Bi nuleihave been investigated at the RITU gas-�lled separator using the 5n andp4n evaporation hannels of the 36Ar+160Dy!196Po� reation. In ontrastto previous studies two �-deaying isomeri states were observed in thedeay of 191Po. Evidene was found for �-deay to exited levels in the187Pb daughter nuleus. The tentative interpretation of these levels ouldbe a weak oupling of the odd neutron to an intruder 2p�2h deformed 0+state in the even-even ore. The di�erene in the redued � widths of the �transitions towards the ground state and exited state points to a deformed13/2+ isomeri state in 191Po. Branhing ratios of b�(187mPb)=12(2)% andb�(187gPb)=7(2)% have been experimentally measured. For 191Bi two newalpha-lines have been observed. A more preise half-life value of T1=2 =115(10)ms was determined for 191mBi.PACS numbers: 23.60.+e, 27.70.+q, 27.80.+w1. IntrodutionReently, in the framework of a long-term program to study shape o-existene and intruder states in the region near Z = 82, new data on thealpha-deay of the very neutron-de�ient 190Po nulei have been obtained [1℄.These data on�rmed the onlusion, made in [2℄, that in ontrast to heaviereven-even Rn and Ra nulei, the redued �-widths of ground state to ground(1255)



1256 A.N. Andreyev et al.state alpha deay of 190;192;194;196Po reah a saturation value of Æ2 � 55 keV.A possible explanation of suh a behavior ould be a mixing of the 0+ in-truder �(4p�2h) state into the normal �(2p) ground state in light Po iso-topes [1, 2℄ resulting in an onset of deformation in the ground state of thelightest Po isotopes. Reent studies of the �ne struture in the � deay of192Po seem to on�rm this onlusion [3℄ by revealing a strong feeding to aorresponding �(2p�2h) 0+2 state in 188Pb. This indiates that in 192Po theground state has a dominant �(4p�2h), probably, oblately deformed intruderon�guration. However, although presently suh deformed �(2p�2h) statesare known in even Pb isotopes from A = 208 down to A = 188 [3, 4℄, verylittle is know about suh states in odd-mass Pb-nulei.Reent in-beam studies of light odd-mass Pb and Po isotopes identi�edthe struture of the lowest exited states in the 187;189;191Pb [5, 6℄ and inthe 193;195;197Po isotopes [7℄ and gave further evidene that the struture ofthe �rst exited states in the odd-mass Pb and Po nulei an be interpretedas a weak oupling of the odd i13=2 neutron to the low-lying near-spherialstates of the even-even ore. A similar oupling of the odd neutron to themembers of the deformed band resulting from a proton-pair exitation arossthe Z = 82 losed shell has been observed in 191;195;197Pb [6, 8, 9℄.The main purpose of the present work is a detailed �-deay study ofodd-mass 191Po and its daughter 187Pb nuleus, through whih we aim toobtain information on the intruder states. In previous experiments on 191Poonly `one' �-deaying state was observed (E� = 7314(20) keV and T1=2 =(15:5+6:0�2:5) ms [10℄, E� = 7330(15) keV and T1=2 = (27+22�8 ) ms [11℄) inontrast to all heavier odd-mass Po isotopes with masses 193� A � 201 (seee.g. [2℄). 2. Experimental details2.1. 191mgPo and 187mgPb isotopesThe experiments have been performed at the gas-�lled reoil separatorRITU [12℄. A pulsed beam (2 ms ON/8 ms OFF) of 36Ar was used withan initial energy of 196 MeV on a 160Dy target (thikness = 500�g/m2,67.1% enrihed). As the exitation funtions behavior was important forthe identi�ation of the nulei, we performed the measurements at �ve beamenergies overing the range of Elab=175-193 MeV in the enter of the target.Nikel degrader foils were used to hange the beam energy. The evaporationresidues (EvRs), after passing through the separator, were implanted intoa position-sensitive silion detetor (PSSD), divided into sixteen indepen-dent strips. The identi�ation of the nulides has mainly been done by theobservation of genetially orrelated �-deay hains and by the exitationfuntions. Other tehnial details about the separator and the eletron-



Fine Struture in the Alpha-Deay of the Neutron-De�ient 1257is an be found elsewhere [1, 12℄. A high-purity germanium detetor wasinstalled 2 m behind the PSSD, outside the vauum hamber, giving thepossibility to take �- and �-X ray oinidenes.The alpha spetrum, olleted between beam pulses and summed overall �ve beam energies, is shown in Fig. 1.
6400 6600 6800 7000 7200 7400 7600

1

10

102

103

104

Eαα, keV

C
ou

nt
s

72
45

73
34

73
78

191gPo 191mPo
192Po

71
72

75
42

190Po

193m,gPo

195m,gPo 191mBi
190m,gBi

64
32

 
64

50
 

194Po

Fig. 1. An example of alpha-spetrum, observed in the 36Ar+160Dy!196Po� re-ation between beam pulses and summed over all �ve beam energies, used in thework.In the �-energy region where 191Po was expeted, two �-lines were ob-served with a similar intensity of � 1500 ounts. Their exitation funtionsare in agreement with a 5n reation hannel. The half-life behavior of thesetwo alpha-lines is given in Fig. 2. The � line at 7334(10) keV showed ahalf-life of 22(1) ms while the � line at 7378(10) keV showed a half-life of98(8) ms. Due to their di�erene in half-life values, these two �-transitionsare assigned to the � deay of two isomers in 191Po.Further proof for this assignment and establishment of the deay pat-tern is provided by the orrelations of these alpha-deays with known alpha-deays of the daughter 187m;gPb isotopes. Previous deay studies of 187m;gPb(see, [13℄ and Refs. therein) identi�ed two isomeri states with tentativespin assignments of 13/2+ (E� = 6073(10) keV, T1=2=18.3(3)s ) and 3/2�(E�1 = 5993(10) keV, I�1 = 40%, and E�2 = 6194(10), I�2 = 60%,T1=2 = 15:2(3) s). From the detailed analysis of the orrelation data wefound about 80 three-fold orrelations of the type EvR-�1(7378(10) keV)-�2(6070(15) keV) and about 60 three-fold orrelations of the type EvR-�1(7334(10) keV)-�2(6000-6260 keV). The broad energy interval for �2-deayin the latter ase was stipulated by summing of the energies of alpha-partilesfrom 187gPb with oinident onversion eletrons, resulting from highly on-verted transitions in 183Hg as disussed in [13℄. The deay sheme of 191Po,based on our data and on the data from [13, 14℄ for daughter ativities is
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Fig. 2. Deay urves for E� = 7334(10) keV and E� = 7378(10) keV �-linesin 191Po.shown in Fig. 3. It should be noted that not only three-fold (reoil-�1-�2)but also four-fold orrelations were observed where the fourth registeredevents were the gamma-deays of the exited levels, populated by the alpha-deay of 187gPb (see [13℄ and Fig. 3). Based on the systematis for heavierodd-mass Hg, Pb and Po isotopes and on the hindrane fators, a low spinvalue of 3/2� and a high spin value of 13/2+ have been tentatively assignedto the ground and to the isomeri states in 191Po, respetively. A weak�-line with the energy of 7254(15) keV (see Fig. 1) and a half-life value of22(6) ms has been assigned as a rossover transition from the low spin 3/2�ground state in 191Po to the high spin 13/2+ isomeri state in 187Pb (seeFig. 3).Fine struture �-lines in the deay of 191m;gPo were identi�ed from theanalysis of the prompt �- oinidene matrix, shown in Fig. 4. Exeptfor strong �- transitions orresponding to known ases of 190;192Bi [15℄one sees �- oinident pairs with E� = 6888(15) keV and E = 494(1)keV (T1=2(� � )<10 ns), and E� = 6960(15) keV and E = 375(1) keV.From the time di�erene for pairs of EvR-[�-℄ events the half-life value of116(30) ms has been dedued for the 6888-keV � line and a half-life value of15+8�4 ms for the 6960-keV � line. On the basis of the sum-energy balane,half-life values, and the behavior of the exitation funtions the �-line withE� = 6888(15) keV has been assigned to 191mPo. An admixture of anE0-omponent was found in the 494-keV transition based on �-Pb X-rayoinidenes. This results in a spin value of 13/2+ for the exited state at494 keV and a hindrane fator (HF) of HF=0.64(15) for the 6888-keV �line. The � line at 6960 keV has tentatively been assigned to the deay ofthe 191Po ground state on the basis of its half-life behavior and the sum-energy balane. By using similar arguments, this results in an 3/2� exited
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Fig. 3. Proposed alpha-deay sheme of 191m;gPo. Numbers near the arrows indi-ate the �-deay energies and hindrane fators. See text for details.
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1260 A.N. Andreyev et al.state at 375 keV and a HF of 1.9 for the 6960-keV �ne-struture � line. Thehindrane fator is de�ned as the ratio of the redued � width, using themethod of Rasmussen [17℄, of the transition relative to the redued � widthof the ground-state to ground-state transition in the even-even neighbouringnulei.In an earlier work [16℄ an alpha-branhing ratio of b� (187Pb, E� =6073 keV)= 2% was estimated in a rather model-dependent way from om-parison of the ross-setion values for di�erent Pb-Po isotopes. For the se-ond isomer in 187Pb no information on the alpha-branhing ratio was knownbefore our study. In our work these values ould be diretly measured byomparing the numbers of registered EvR-�1(191Po) and EvR-�1(191Po)-�2(187Pb) orrelations for eah �-line of 191Po. From these data we derivednew alpha-branhing ratios of b�(187mPb)=12(2)% and b�(187gPb)=7(2)%.It is important that our value of b�(187mPb)=12(2)% results in the hin-drane fator of HF=1.3 for 6070 keV alpha-deay in 187mPb thus providingexperimental evidene for favored harater of this transition and provingthe tentative onlusion of [13℄ that the orresponding states in 187mPb and183Hg have similar strutures. 2.2. 191m;gBiIn addition to three earlier known alpha-lines in the �-deay of 191Bi(see [18℄ and Refs. therein ) two new alpha transitions were identi�ed fromthe analysis of the �- prompt oinident spetrum, shown in Fig. 4. Thedeay sheme of 191m;gBi, based on the data from the literature and on ournew data is shown in Fig. 5 and will be disussed below.The sum of alpha and gamma deay energies for the group of eventswith E�=6342(15) keV and E=299(1) keV is equal to the �-deay energyof the 9/2�!1/2+ groundstate to groundstate E�=6640(10)keV alpha tran-sition in the 191gBi!187gTl deay hain. The exitation funtion for theE�=6342(15) keV �-line, built on the basis of �- events, is similar to theexitation funtions of the E�=6640(10)keV and E�=6311(10)keV �-lines.On these grounds we assign this deay as a transition from the 9/2� groundstate of 191Bi to the known 3/2+ exited state at E = 299 keV in 187Tl anda value of 0.78% for the relative intensity of this �-line ould be dedued.Half-life values of all these �-transitions are too long to be measured in ourexperiment (T1=2=(12�1)s [18℄).From the analysis of the time distribution between implantation of EvRsand their �rst �-deay with the energy of E�=6876 keV (see Fig. 1) wededued a more preise half-life value of 191mBi: T1=2 = 115(10) ms, om-pared to the previously reported value of T1=2 = 150(15) ms [19℄. A weak(I�=0.24%) � line at 6582(15) keV, oinident with gammas at E = 299(1)
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