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Introduction 

lhe nucleus 89 Nb belongs to the region of the mass table in which 

Z is near 38 and where a fairly strong subshell closure is observed. 

lhe neutron number approaches N=50, this being a strong shell closure 
88

(38Sr 50 core). 
Previously some leveIs were populated by the 92 Mo (p,r) /1/ and 

89 y (3He,3n~) /2/ reactions. Gàllagher et aI. have measured the 
1( + /3/ 89.decay of the J = 9/2 ground state of Mo to varlOUS leveIs of 

89 Nb and most recently Diano et aI. studied 89 Nb in 90 Zr (p,2n~), 
89 3 90 3 /4/ . 

y ( He,3n~), and Zr ( He,p3n~) reactlons. 

Results 

We studied this nucleus through the reaction 74 Ge(19 r,4nt). 

Standard in-beam gamma-rey spectroscopy methods have been applied: 

measurements of gemma-ray excitation functions (E19r = 50-70 MeV), 

gamme-rey angular distributions (E = 62 MeV),"and gsmma-gamma 

coincidences (E = 62 MeV) were performed with a heavy-ion beam 

eccelerated at the Bucharest rN tandem Van de Graaf. 

1ss.1f,fte
 
"'24
 rig. 1. Double ratios 

I.S 

~~~~:4,,---9':~i: 

i S.I
 "a<
 i 1/ (Et, Er ) i". (Ed,53 MeV) 
'tlloJ R /
161.'II'~ i a' (1003 keV,E r) ii1 (ID03keV,53MeV)

I.' 
751.6 

,,11 

,~o 

r~.l/IlII) 

In fig.l gemma-ray yields as functions of incident energy are 

shown for the trensitions ih 89 Nb obser~ed in the present reaction. 

lhe slopes of lhe yield curves increase with excitation energy of the 

leveIs involved. The entry stetes of residual nuclei. how8ver. are normally 

much higher in energy than the investigated leveIs so thal the latter 

are populaled mainly by c8scade feeding in heavy-ion induced fusion

evaporation reactions. lhu9 more detailed information con be derived 

from o plot of the excitation funclions of the direct feeding cross 

sections ifr(i, Ex, Er ) for e eet of reference lines bf the yrast 

leveIs, which are ehown in fig.2. lhe intensities are normalized 

to the ground etate transition. 

.,---. . 
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. 87 89 91Fig. 2. Excitation functions of the	 1) lhe systematic~ of positive parity states 39 Y48'~n Nb, Nb: 
feeding cross-section	 fT (:r/li) ()-Z 7Tir >=- -7 CJ' (~'!It TT caWz Jf í J > for 87 y , 
~F(i,Ex,EF) for a set of	 7T (~J _~_ 

for .9l Nb, reference lines of the yrast 11 >=? B<1' I (89/ 1. )rr' ('89/ ?' )TTJ ' j J /I ;> 
leveIs. 2) 'lhe systematics of negative parity states in 87 y , 89 Nb, 91 Nb: 

tt: L E lJI 1 ' )-~ 7T 

~l
 
for 87 y ,
Ij > = J' J' ( f,-;z Jrr • ( {/9fJ VJ' i J '> 

- ]) ((fI ~ 

r:1 
11	 for 9l Nb,

/ :: f J" I (f(h'k -(d911-)TrJ' ; J TT> 
3) lhe recent measurement of the high spin structure of 8?Zr /5/

In particular it appeara that the measurement of the excitation 
suggests that these configurations can be strongly mixed 

function of the direct feeding cross section to a leveI gives us r.-r J -2 -- 3( 11'Jf11. .( '(j9/1- ) and (IIJ'3f<- ) ). For the high-lying Le ve l a 
directly the spin of the leveI. lhe direct feeding is the population 

(E* >:2 3 •8 MeV) the interaction of five quasiparticles in the 1fJ9/Z
of the leveI by continuum gamma-rays from the primarily populated 

orbital (three-proton and tWo-neutron holes) must b~ considered. 
states. We obtain the direct feeding of a particular leveI as a 

difference between the sum of alI gamma-linea depopulating a particu .uu 
lar leveI and the sum of alI discrete gamma-transitions which popul?te 

that leveI. 
Fig. 3. LeveI scheme for 89 Nb 

Although 'side feeding intensity curves are associated with relati 
obtained in the present

vely large errors (the nuclear alignment may slightly change, with 
work. AlI indicated 

incident energy; the additional gamma-rays populating these leveIs, 
coincidencea were observed. 

which are not observed in the gamma-gamma coincidence measurement 
LeveIs for which no gamma

exist) they provide more reliable arguments for spin discrimination (lS/l'1 ~ 
'6l.9 44.J ~ rays are sho~n are taken 

than plots of total yields which may mainly reflect the cascade ~l1Ir).~ ~21'j.7 from the results of 
feeding. I mil I ,.1., 119//1 I 

990.& ,.., '20.S Gallagher et aI. /3/
2S1s'1 1---r-"Il" Ilhe ordering of transitions is base9 on singles and cofncidence 1.'.6	 

219inten~ities; 'the J~ assignments are based on the side feeding, 
17111', . '1""t nn.! 

angular distribution and branching ratio (fig.3). lransitions from 

the 35 and 830 keV leveIs were not observed in the present study ~ 
because of high angular momentum (16-Z0~) induced in our reaction; err T'"T 1101 

IS/l'I------W.....these leveIs were observed by Gallagher et aI., and are included to 

clarify the leveI scheme. 
11l-~"2. ........c
 DJ1 

Discussion	 " Nb~l 

An explanation of the states observed can be given on the basis 
On the other hand, the similarity of the strong o-ray cascade' inof the shell modelo 

89 Nb with the ground quasiband cascade in the neighbouring even-even•	 lhe leveIs in ~iNb48 can be explained either as due to the 
nuclei ~~Zr48 and ~~Mo48 suggeats that these states could be regarded 

.} 
seniority of three states 7TV·Z coupled .to ~~Zr50' eitheras due. to the 

as resulting from a weak coupling af a praton particle ar hale toseniority of five-states ~~.~ coupled to ~~Sr50' 
their core excitatians.lh; low-lying (positive and negative parity) leveIs have been 

We would like to express our sincere thanks to Academician G.N.Fletentatively identified as having the seniority of three structures 
, IT .1·,z ,.-,03.)-2- ~ rov and Prof. Yu.ls.Oganessian for their hospitality, and to V.V.Kama
( 11 11 or 1/ y ). 

nin for helpful discussions. 
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BepHHAe A., naB~ R., Tpaqe~. E1-86-359 
3aceneHHe HpaCT-COCToBHHA B I Nb 

Ha nytIKe TJI][em.IX HOHOB 19 F B XJl)' -KaHane peaJtIUIH Hccne
,Q,oBanaCI> CTpYKTypa ypaBHeHHA 81 Nb. HSMepeHHB npOBOAHllHCI> C 
rioMO~ Ce(Li)-cneKTpOMeTPOB. HSMepeHa t7HKqHR Bos8yz.Q,eHHR 
npBMoro 3aceneHHB ypoBHeA KBa3HpoTaQROHHYX nOROC B OanacTH 
9HeprHA HOHOB OT 50 MsB ,Q,O 10 M3B. HSMepeHY yrnOBHe pacnpe,Q,e
neHHB raMMa-KBaHTOB C HCnOnl>30BaHHeM TeXHHKH raMMa-raMMa COB
na,Q,eHHA. YKaSYBamTCH CnHHW H qeTHOCTH HOBHZ 3HepreTaqeCKHX 
ypoBHeA. B paMKax 080nOQeqHOA MO,Q,enH npoBe,Q,eHa HHTepnpeTaQRH 
nonyqeHHYX ,Q,aHHWX. 

Pa80Ta BHnOnHeHa B flaOopaTopHH B,Q,epHYX peaK~ DHHH. 

Coo&ueaBe OCiJ.eluaIeHHoro IItfC1'IIT)'Ta llAepHlolX IICCJlCJloBllUli. ~ 1986 

Berinde A., David I., Trache L. E1-86-359 
Feeding of Yrast States in 89 Nb 

The level structure of 81 Nb has. been investigated using 
the ( 11 F, XJl)' ) reaction and in-beam gaDllla-ray spectroscopy. 
The measurements were performed with the), -y coincidence 
nique using Ge(Li)-detectors. The direct feeding excitation 
functions of the quasirotational band levels and the angular 
distribution of gamma-rays have been measured in the ion 
energy range from 50 MeV to 10 MeV. Rev energy levels, their 
spins and parities are inducated.!he data are explained on 
the basis of the shell model. 

The investigation has been performed at the Laboratory 
of Nuclear Reactiona, JIHR. 
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