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A b s t r a c t 

The f i s s i o n product separator O s t i s a t the 
I n s t i t u t Laue-Langevin a t Grenoble (France) was 
used f o r the i n v e s t i g a t i o n of the 3 -decays and the 
leve l schemes of s h o r t - l i v e d Rb, S r and Y i so topes 
with A = 95, 97 and 99. 

The s tud i e s in the mass chains 95 and 97 were 
made us ing a sur face i o n i z a t i o n source to provide 
Rb i so topes whereas the mass chain 99 was i n v e s t i 
gated u s ing an high temperature ion source. 

The study of these nuc le i c l o se to 9 8 S r and 
1 0 0 Z r where a shape coexis tence was evidenced i s 
of g rea t i n t e r e s t . S i n g l e y - r a y and convers ion 
e lec t ron spec t r a , and prompt and delayed y - y and 
3 - y co inc idences were measured. The leve l schemes 
of 9 5 S r , 9 5 Y , 9 7 S r and 9 7 Y were e s t a b l i s h e d or ex
tended and a pre l iminary level scheme i s g iven f o r 
9 9 y 

1. I n t roduc t i on 

Two t r a n s i t i o n a l reg ions around A = 100 and 
A = 146 are a c c e s s i b l e by the f i s s i o n proces s . The 
spectroscopy of even-even nuc le i revea l s a d i f f e 
rent behaviour : whereas in the heavier group a 
smooth t r a n s i t i o n from spher ica l to deformed sha 
pes i s observed, the l i g h t e r one i s charac ter i zed 
by an abrupt onset of l a r ge deformations and shape 
coex i s tence ( 1 0 0 Z r and 9 8 S r ) . 

Up t i l l now only few informat ion i s a v a i l a b l e 
f o r odd nuc le i around A = 100. Recently the sp i n s 
and moments of the ground s t a te s of Rubidium i s o 
topes have been measured by new spec t ro scop i c me
t h o d s 1 " 2 ) . The l a rge quadrupole moment observed 
f o r 9 7 R b 2 ) revea l s a l a r ge deformation comparable 
to the neigh bouring even-even n u c l e i . But these 
measurements do not a l low an unique N i l s s o n a s s i g n 
ment and more spect roscop ic data are needed f o r a 
bet ter understanding of t h i s whole t r a n s i t i o n a l 
r e g i o n . 

I n t h i s c o n t r i b u t i o n , r e s u l t s concerning the 
leve l schemes of odd Stront ium and Yt t r ium rang ing 
in mass from A = 95 to A = 99 are presented. 

2. Experimental Techniques 

Samples of mass separated f i s s i o n products 
were obta ined from the I so l - sy s tem O s t i s i n s t a l l e d 
a t an external neutron beam of the h igh f l u x reac 
to r o f the I n s t i t u t e Laue-Langevin in G r e n o b l e 3 ) . 
The separator can be equipped with two kinds o f ion 
sources : a thermoionizat ion source d e l i v e r i n g 
near ly i s o t o p i c a l l y pure samples of Rb and Cs i s o 
topes and a recent ly developed high-temperature 
source 1 4 ) which a l lows a l s o S r , Ba and rare earth 
elements to be i on ized . The measurements in the 
mass cha ins A = 95 and A = 97 were performed with 
the f i r s t source whereas 9 9 Y was s tud ied with the 
l a t e r one. The mass separated ions were depos i ted 

on a moving tape i n s t a l l e d between the d e t e c t o r s . 
By ad ju s t i n g the speed of the tape the d i f f e r e n t 
elements of a 3 -decay cha in could be enhanced. By 
performing y and convers ion e lec t ron s i n g l e s , y - y 
coinc idence as well as 3 - y and B -e~ delayed c o i n 
cidence measurements ra ther d e t a i l e d decay schemes 
were e s t a b l i s h e d . Standard G e ( L i ) , Ge(HP) and 
S i ( L i ) detectors were used f o r these measurements. 

3. Experimental Re su l t s 

Whereas some in format ion has been obta ined on 
the level schemes of 9 5 Y and 9 7 Y from r a d i o - a c t i v i 
ty and nul ear reac t ions very l i t t l e i s known about 
the schemes of odd Sr i so topes with mass A > 95 and 
on 9 9 Y . The new r e s u l t s of t h i s work w i l l b i p re 
sented below i sotope by i s o tope . 

3.1 9 5 S r Level Scheme 

The 3 decay of 9 5 R b has been reported by seve
ra l groups. A mean value f o r the h a l f - l i f e 
T i/o = 3 7 7 m s 1 S ob ta ined , but sparse and even con
t r a d i c t o r y in format ions have appeared in the l i t e 
rature on the level scheme o f 9 5 S r . I n the present 
work about 230 y - l i n e s could be a t t r i b u t e d to the 
decay of 9 5 R b . The co inc idence r e l a t i o n s h i p s a l l o 
wed the cons t ruc t i on of a scheme of 57 exc i ted 
l e v e l s compris ing about 97% o f the a c t i v i t y . 

The l a r ge number of t r a n s i t i o n s and the h igh 
dens i ty of l e v e l s cannot be d i s cu s sed in d e t a i l in 
the frame of a conference. A d i s c u s s i o n of the who
le scheme w i l l be g iven elsewhere. Only the charac 
t e r i s t i c features are d i sp l ayed F i g . 1 . The i n t e n s i 
ty of the 3 branches has been determined from a 
f i l i a t i o n measurement assuming the abso lu te i n t e n 
s i t y I y = 0.19 ± 0.02 f o r the 954.2 keV y - r a y o f 
9 5 Z r ( r e f . 5 ) and Pn = 8.9% ( r e f . 6 ) . 

The scheme i s charac ter i zed by the presence 
o f many exc i ted s t a t e s up to 4660 keV, more than 
the neutron b ind ing energy. Above 1439 keV one can 
d i s t i n g u i s h three well separated groups o f l e v e l s , 
two groups with rather low 3 feeding a t about 
2100 keV and 4200 keV and the t h i r d one a t about 
3500 keV with a s t rong 3 feed ing (^ 50% of the beta 
i n t e n s i t y } . The 1ogft c a l c u l a t e d wi th a Q 3 of 
9260 keV 7 ) i nd i ca te tha t the 3 branches feeding the 
l e v e l s of the groups a t 2100 and 4200 keV are f i r s t 
forbidden whereas the l e v e l s a t 3500 keV are fed by 
al lowed ones. With the sp i n and p a r i t y ass ignment 
I 7 1 = 5/2"found f o r the ground s t a t e o f 9 5 R b ( r e f . 1 " 2 ) 
we have to admit the ex i s tence of a group o f 13 ne
g a t i v e p a r i t y s t a t e s between 3366 and 3635 keV (the 
3 " s t rength func t ion deduced from these feed ings 
w i l l be compared to a t h e o r e t i c a l p r e d i c t i o n in the 
con t r i bu t i on of Kratz et a l . a t t h i s conference) . 

The measured K convers ion c o e f f i c i e n t f o r the 
204 and 352 keV y - l i n e s are in agreement with a 
m u l t i p o l a r i t y E2 and M l , r e s p e c t i v e l y . The h a l f -
l i f e o f the 204 keV y - l i n e was found to be 
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T, , ? = 22 ± 3 ns in agreement with F o g e l b e r g 8 ) . 
Tn l s va lue corresponds to the s i n g l e p a r t i c l e 
Weisskopf est imate f o r a E2 t r a n s i t i o n . Th i s E2-M1 
sequence f o r the deexc i t a t i on of the two f i r s t ex
c i t a ted s t a t e s corresponds to the one found in the 
i sotone 9 7 Z r ( r e f . 9 " 1 0 ) . These l e v e l s are i n t e r p r e 
ted as a r i s i n g from the neutron s t a t e s s-, ^2/2 
and g 7 / o . The higher exc i ted s t a t e s up to ' 
1439 Kev may then be in terpreted by the coupl ing of 
these neutron s t a te s with the f i r s t 2 + , 0 I + and 2' + 
exc i ted s t a t e s of the neighbour ing even Sr isotopes. 

3.2 9 7 S r Level Scheme 

A mean value fo r the h a l f - l i f e o f 9 7 R b 
T i / 2 = 171 ms i s obtained by several groups but no 
decay scheme was proposed. In the decay scheme 
shown F i g .2 near ly a l l the y - l i n e s observed were 
placed (about 94% of the y a c t i v i t y ) . Compared to 
the decay scheme of 9 5 S r we observe tha t the 3 de
cay feeds s t r o n g l y l e v e l s a t 650 keV ins tead of 
3500 keV and that the feeding o f s t a t e s above 
1.5 MeV seems to be n e g l i g a b l e . Some very weak 
y - l i n e s w e r e observed up to 2.5 MeV but could not 
be placed in the decay scheme. The i n t e n s i t y of the 
3 branches have been determined from a f i l i a t i o n 
measurement assuming the abso lu te i n t e n s i t y 
I y = 0.928 ( r e f . 1 1 ) f o r the 743.4 keV y - l i n e o f 
9 7 N b and Pn = 25.2% ( r e f . 1 2 ) . By delayed co inc iden 
ce techniques several l i f e - t i m e s g rea te r than 1 ns 
were detected. The h a l f - l i f e T 1 / 2 - 347 ± 12 ns of 
the 141 keV t r a n s i t i o n ( i n good agreement with 
C lark et a l . 1 3 ) f i t s in to the sy s temat i c o f E2 
t r a n s i t i o n deexc i t ing the 7 / 2 + s t a t e in 9 5 S r and 
9 7 > 9 9 z r ( F i g . 6 ) . This m u l t i p o l a r i t y was confirmed 
by the convers ion e lec t ron measurements. The h a l f -
l i f e of the 167.1 keV t r a n s i t i o n was found to be 
T ] / ? = 1.5 ± 0.7 ns in the 3 -de l ayed neutron decay 
of ^ R b . The two l e v e l s a t 644.6 keV and 713.8 keV 
have unexpected long h a l f - l i v e s o f 7.2 ns and 1.7ns, 
r e s p e c t i v e l y . The level a t 644 keV may correspond 
to the leve l a t 667 keV ( T 1 / 2 = 10.2 ns) in 9 9 Z r 
( R e f . 1 4 ) (see F i g . 6 ) . We can a l s o remark that the 
scheme of these two i so tones are very s i m i l a r . The 
l o n g - l i v e d level a t 830.8 keV was on ly populated 
in the f i s s i o n process and could be the 11/2" 
s t a t e 1 5 ) . 

For some intense y - l i n e s the K convers ion coef
f i c i e n t was measured. The va lues obta ined i nd i ca te 
M1/E2 character . Due to the small d i f f e r e n c e of the 
theore t i ca l a K f o r Ml and E2 t r a n s i t i o n s and poor 
s t a t i s t i c s above 400 keV no value f o r the E2 admix
tures can be g i ven . A spec i a l case i s the y - l i n e at 
600.5 keV. Compared with the c l o se in tense y - l i n e 
a t 585.2 keV of near ly pure Ml character the a|< ob
ta ined f o r t h i s l i n e seems to i n d i c a t e an E2 m u l t i -
p o l a r i t y . From these r e s u l t s a t e n t a t i v e sp in and 
p a r i t y assignment could be made f o r some o f the 
exc i ted s t a t e s . 

The l o g f t c a l cu l a ted with a Q 3 of 10.325 keV 
( r e f . 7 ) show that the 3 branches feeding the l e ve l s 
at about 650 keV are a l lowed and i n d i c a t e a p o s i t i 
ve p a r i t y f o r the ground s t a t e o f 9 7 R b . Th i s new 
r e s u l t combined with the sp in I = 3/2 and magnetic 
and quadrupole moments measured by T h i b a u l t et a l . 2 ) 
a l lows to f i x an unique N i l s s o n o r b i t a l [ 4 3 1 3 / 2 ] 
f o r the ground s t a te of 9 7 R b . 

3.3 9 5 Y Level Scheme 

The decay of 9 5 S r (ly? = 25.1 s ) has been s t u 
died by Herzog and Grimm 1 6 ) who proposed a decay 
scheme mainly based on sum ru le c o n s i d e r a t i o n s . In 
the present work 85 y - l i n e s represent ing about 90% 
of the y a c t i v i t y were placed in a scheme of 34 

exc i ted s t a t e s based on co inc idence r e l a t i o n s h i p s 
( F i g . 3 ) . The K convers ion c o e f f i c i e n t o f the 
260.6 keV y - l i n e i n d i c a t e a M2 m u l t i p o l a r i t y . Th i s 
y - l i n e has f i r s t been observed in delayed y - r a y s 
co inc idence with f i s s i o n fragments deexc i t ing an 
i somer ic leve l a t 1087.4 keV ( T i / 2 = 57 ± 2 y s ) 1 7 ) . 
As the 826.8 keV level has F = 5/2" ( r e f . 1 8 ) we 
can a s s i g n sp in and p a r i t y I71" = 9/2+ to t h i s i s o 
meric l e v e l , in analogy with the odd Y i s o tope s . 
The i n t e n s i t y of the 3 branches was determined 
from the f i l i a t i o n measurement used fo r the decay 
of 9 5 R b . To some l e v e l s with l o g f t < 6.0 ( c a l c u l a 
ted with Q 3 = 6060 keV 1 9 ) we can a t t r i b u t e p o s i 
t i v e p a r i t y . A t e n t a t i v e sp in ass ignment was d e r i 
ved from the l o g f t va lues and the y deexc i t a t i on 
to the known f i r s t exc i ted s t a t e s . 

3.4 9^Y Level Scheme 

The decay of 9 7 S r ( T 1 / 2 = 435 ± 30 ms) has 
a l ready been s tud ied with the separators Josef 
and L o h e n g r i n 1 0 ) . In the present work the level 
scheme of 9 7 Y was extended ( F i g . 4 ) . Some y - l i n e s 
in the energy range 2-3 MeV not seen in co inc idence 
must deexcite h igher l e v e l s to the ground s t a t e . 
Th i s represents about 10% of the y - i n t e n s i t y a r r i 
ving a t the ground s t a t e and was taken in to account 
in c a l c u l a t i n g the 3 feedinq of the l e v e l s . Contra
ry to the previous r e s u l t 1 0 ) no 3 feeding to the 
ground s t a t e was obta ined. Th i s can be expla ined 
by the d i f f e r e n t experimental condi t ions:whereas 
a t O s t i s a l l the elements o f the mass chain 97 are 
obtained by 3 decay from Rb, a t Josef and Lohengrin 
a l l the elements are c o l l e c t e d according to t h e i r 
independent f i s s i o n y i e l d . Th i s enters in to the 
c a l c u l a t i o n and int roduces add i t i ona l e r r o r s . The 
l e v e l s above 1900 keV are character ized by s t rong 
3 feeding and low l o g f t va lues (the l o g f t are c a l 
cu la ted with Q 3 = 745 0 keV ( r e f . 1 9 ) . These l e v e l s 
with p o s i t i v e p a r i t y are depopulated by s t rong E l 
t r a n s i t i o n s to the 1/2" ground s t a t e and by y - r a y 
cascades v i a the 652.2 keV E2 t r a n s i t i o n to the 
9 / 2 + i somer ic s t a t e a t 667.5 keV. In combining the 
l o g f t va lues and the convers ion e lec t ron measure
ments with the popu la t ion o f the 1/2" and 9 / 2 + s t a 
tes a t e n t a t i v e sp in and p a r i t y assignment can be 
proposed f o r severa l exc i ted s t a t e s . 

3.5 9 9 Y Level Scheme 

For the decay o f 9 9 S r a h a l f - l i f e of 
T 1 / 2 = 290 ± 40 ms ( r e f . 2 0 ) was measured but no 
in format ion on the decay scheme has been reported 
up t i l l now. With the new high temperature ion 
source about 25 y - l i n e s could be a t t r i b u t e d to the 
decay of t h i s nuc leus . The y - y co incidence measure
ments led to the es tab l i shment of the decay scheme 
shown F i g . 5 . ( A p re l im inary leve l scheme was g iven 
in 2 1 ) ) . Contrary to the other odd Y i so topes we 
observe a cons iderab le lowering of the exc i ted s t a 
tes i n d i c a t i n g a change in the s t ruc ture of 9 9 Y . 

In a prev ious paper 1 1 4 ) we proposed a sp in and 
p a r i t y I 7 7 = 1/2" f o r the ground s t a te of t h i s nu
c leus and a p o s s i b l e 9 / 2 + beta isomer from s y s t e 
matic of the odd Y i s o t o p e s . But a l l attempts to 
f i n d t h i s isomer f a i l e d . New f i l i a t i o n measurement 
performed at O s t i s and assuming the abso lute i n ten 
s i t y Iy = 56% ( r e f . 1 1 + ) f o r the 469.1 keV y - l i n e of 
9 9 N b g i ves a s t ronger ground s t a te 3 feeding of 
9 9 Z r (about 33%) than in l l + ) . Th i s i nd i ca te s an 
al lowed 3 branch to the l / 2 + and 3 /2 + s t a t e s . There
fore sp in and p a r i t y 1^= l / 2 + or 3 /2 + have to be 
as s i gned to the ground s t a t e of 9 9 Y . But by analogy 
with the i so tone 9 7 R b the sp in 3/2 seems the most 
reasonable cho ice. 
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From the abso lute i n t e n s i t y of the 125 keV 
y - l i n e found in the f i l i a t i o n measurement 
( lYabs = 0.19 ± 0.03) the ground s t a te 3 feeding o f 

Y i s c a l c u l a t e d as about 60%. This va lue i s cer 
t a i n l y overest imated due to the incomplete knowled
ge of the decay scheme but i t must be ra ther s t rong . 
The l o g f t ty 5.0 of t h i s 3 branch leads to the a s s i g n 
ment I 7 7 = 3/2+ or 5/2+ f o r the ground s t a t e of " S r . 

y y S r 
(3/2'5/r) 3 8 290 

dp* 

F i g . 5 - Level scheme of " Y . 

4. D i s cu s s i on 

4.1 Odd neutron nucle i 9 5 S r and 9 7 S r 

The ground s t a te and the two f i r s t exc i ted s t a 
tes o f 9 5 S r and 9 7 S r are analogous to the cor respon
ding ones in 9 7 Z r (see F i g . 6 ) , where they are i n t e r -

In c o n t r a s t , i someric s t a te s at about 600 keV were 
observed in 9 7 S r as well i n 9 9 Z r ( r e f . l l t ) . The 
s t r o n g l y hindered deexc i ta t ion of these s t a t e s to 
the low energy spher ica l ones shows these two groups 
o f s t a t e s are d i f f e r e n t in nature. I n analoqy with 
the even-even neighbouring nucle i 9 8 S r and Ï 0 0 Z r we 
could pos tu l a te these i someric s t a te s have a d i f f e 
rent shape as the spher ica l ground s t a t e . 
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The abrupt change in the coupl ing mode of the 
o r b i t ggyo with the core as a func t ion of deforma
t i on i s shown F i g . 7 . 

I f our assumption i s co r rec t t h i s would be the 
f i r s t r o ta t i ona l band observed in an odd mass nu
c leus in the A % 100 reg i on . But more spect roscop ic 
data would c e r t a i n l y be o f g reat i n t e r e s t to con
f i rm t h i s r e s u l t . F inna ly the sp in and p a r i t y 
assignment I ï ï = 3 /2 + or 5/2+ f ° r the ground s t a te 
of 9 9 S r (see sec t ion 3.5) may correspond to the 
N i l s s o n o r b i t s [411 3/2] or [413 5/2] r e s p e c t i v e l y . 
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The negat ive pa r i t y s t a t e s below 1 MeV in 9 5 Y 
and 9 7 Y can be placed in to the level sy s temat i c s of 
the l i g h t e r odd mass Yttr ium n u c l e i . 

In 9 7 Y a p o s i t i v e p a r i t y system based on the 
9 / 2 + i s observed. The level spac ing of these s t a t e s 
a t 667.5 keV (9 /2+ ) , 1319.6 keV (5/2+) and 1905.0 
keV (1 /2+, 3 /2 + ) i s c h a r a c t e r i s t i c o f the weak cou
p l i n g with a v i b r a t i o n a l core. 

By adding two neutrons a s t rong coup l ing of the 
gq/2 with the deformed core i s observed in 9 7 R b . 
The p o s i t i v e p a r i t y found f o r the ground s t a t e f i 
xes an unique N i l s s o n o r b i t a l ass ignment [431 3/2] . 
The l a r ge quadrupole moment measured b y 2 ) conf irms 
the l a rge deformation of the ground s t a t e o f 9 7 R b . 

Sp in and p a r i t y ass ignment I 7 1 = 3 / 2 + to the 
ground s t a te o f 9 9 Y (Cf sec t i on 3.5) sugges t s that 
the s t ruc ture of t h i s s t a te i s analogous with the 
one of 9 7 R b . This then leads to the assumption of a 
comparable deformation fo r both n u c l e i . The de for 
mation of 9 9 Y can be seen from the d i f f e r e n t f e a t u 
res of i t s decay scheme compared to the l i g h t e r odd 
Yttr ium i sotopes (See F i g . 3 , 4 ) . The leve l spac ing 
o f the two f i r s t exc i ted s t a t e s as well as the mode 
of deexc i ta t i on of the level a t 283 keV sugges t s the 
ex i s tence of a r o t a t i ona l band b u i l t on the ground 
s t a t e . In order to conf irm t h i s assumption we have 
ca l cu l a ted the r a t i o K(gi< - 9 R ) / Q O f r o m the bran
ching r a t i o of the deexc i t a t i on of the leve l a t 
283 keV to the ground and f i r s t exc i ted s t a t e in the 
framework of the ro ta t i ona l model. The obtained va 
lue o f 0.44 i s comparable with the number o f 0.70 
der ived from the magnetic and quadrupole moments 
measured in 9 7 R b ( r e f . 2 ) . The l a s t va lue of 0.70 was 
ca l cu l a ted under the assumption g^ = Z/A. 



5. Conc lus ion 

In t h i s c o n t r i b u t i o n new r e s u l t s on odd neu
tron and odd proton nuc le i near N = 60 a t the abrupt 
onset of deformation were presented. Although some 
of the r e s u l t s are p re l im inary a p o s i t i v e p a r i t y 
f o r the ground s t a t e o f 9 7 R b and the ex is tence o f a 
r o t a t i ona l band in the corresponding nucleus 9 9 Y 
could be sugges ted. I t i s a cha l lenge f o r the f u t u 
re to extend d e t a i l e d spec t roscop ic work fu r ther 
in to the reg ion Z < 40 and N % 60 with low f i s s i o n 
y i e l d s . 
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DISCUSSION 

W. Andrejtsoheff: 
1) P lease e labora te on your statement about p o s s i b l e 

shape coex is tence in 9 9 Z r . 

2) I f the 125 keV level in 9 9 Y i s of ro ta t i ona l type 
i t should have a l i f e t i m e in the reg ion of 1 n s . 
The attempt to measure the l i f e t i m e might provide 
some useful i n fo rmat ion . 

B. Pfeiffer: 
1) Bv comparing the f i r s t exc i ted s t a te s of 9 7 S r and 

9 ^ Z r with those o f 9 7 Z r we concluded on a s p h e r i 

cal nature o f the low exci ted s t a t e s . The rather 
long h a l f - l i v e s of M1/E2 t r a n s i t i o n s of 600 k-eV 
might a r i s e from d i f fe rences in the shape of the 
l e v e l s connected by these t r a n s i t i o n s . As 9 8 S r 
and 1 0 0 Z r , f o r which shape coexistence has been 
repor ted, are the neighbours one i s tended to 
r e l a t e these observa t ions . 

2) A f i r s t attempt has a l ready been made, but due to 
techn ica l problems no r e s u l t was obta ined. The 
experiment w i l l be repeated in the near fu tu re . 
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