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Abs t rac t 

The ß~ decay of 1 0 2 Y to l e v e l s in 1 0 2 Z r was 
i n v e s t i g a t e d us ing the g a s - f i l l e d reco i l separator 
JOSEF. The s i n g l e s y spectrum,y-y and X-y co inc idences , 
and h a l f - l i f e were measured. Pre l iminary r e s u l t s 
from these measurements are reported. Only one isomer 
was observed wi th a l1/2 = 0.27 +0.07 s . The ß~ decay 
populated exc i ted s t a t e s in 1Q27r a t 151.9(2+) , 
478.4(4+) , 730.7 and 1242.1 keV. No evidence wasfound 
f o r the popu la t ion of a l o w - l y i n g 0 + s t a te of the 
type seen in 1 0 0 Z r . The r e s u l t s are compared with 
e a r l i e r f i s s i o n fragment s t u d i e s , and imp l i c a t i on s 
f o r the sy s temat i c s of even-even Zr nuc l ides are 
d i s cu s sed . 

1. I n t roduc t i on 

The neut ron - r i ch Zr i so topes are of spec ia l 
i n t e r e s t as they appear to e x h i b i t a very rap id t r a n 
s i t i o n from a spher i ca l to a deformed shape. The 
level s t ruc tu re f o r 9 6 Z r shows magic p roper t ie s in 
accordance with the spher i ca l she l l m o d e l 1 ) , whi le 
1 0 0 Z r appears to be de fo rmed 2 ) . The nucleus 9 8 Z r 
appears to be of a t r a n s i t i o n a l c h a r a c t e r 3 ) but more 
v i b r a t i ona l than r o t a t i o n a l in nature. The energy of 
the Zi s t a t e decreases by a f a c t o r of 6 in going from 

9 8 Z r to 1 0 0 Z r i n d i c a t i n g a sudden change to ro ta t i ona l 
behaviour s i m i l a r to that occur ing in the Sr i sotopes 
but more d r a s t i c than the change observed in the Sm 
i sotopes between 1 5 0 S m and 1 5 2 S m . The energy r a t i o 
E 4 + / E 2 + i s 1.6 f o r 9 8 Z r but r i s e s to 2.65 f o r 1 Q Q Z r 
and at 1 0 2 Z r where the r a t i o i s 3.14 approaches the 
r i g i d ro to r v a l u e 0 

In order to ga in a more de ta i l ed p i c tu re of the 
s t ruc ture of 1 0 2 Z r and the change from a spher ica l 
to a deformed s t ruc tu re in the Zr i s o tope s , an i n v e s t i 
ga t ion of l e v e l s in 1 0 2 Z r populated in the ß" decay 
of 1 0 2 Y was undertaken. Th i s nucleus cannot be reached 
by conventional reac t ion experiments and i s most 
r ead i l y a c c e s s i b l e through f i s s i o n . 

The on ly in format ion present ly a v a i l a b l e on the 
s t ruc ture o f 1 0 2 Z r was obta ined through observat ion 
of the prompt e lectromagnet ic decay of 1 0 2 Z r f i s s i o n 
fragments ) . The YRAST band up to 8+ was observed. 
The only in format ion a v a i l a b l e 5 ) on 1 0 2 Y i s a h a l f -
l i f e of 0.9 seco The JOSEF separator was well su i ted 
f o r a study o f s h o r t - l i v e d 1 0 2 Y due to the very shor t 
separa t ion time inherent in the system, but the low 
f i s s i o n y i e l d o f 1 0 2 Y i s a l i m i t i n g f a c t o r . 

2. Experimental Techniques 

2.1 The JOSEF separa tor 

The g a s f i l l e d separa tor JOSEF provides a beam 
of f i s s i o n products from the 2 3 5 U ( n , f ) r eac t i on . 
The separa t ion occurs accord ing to the mass o f the 
product and i t s average i o n i c charge a long the path 
in the g a s - f i l l e d magnet and i s e s s e n t i a l l y independent 
of the primary i o n i c charges and k i ne t i c energ ies 
o f i den t i ca l f i s s i o n product s . The JOSEF separator i s 
descr ibed in d e t a i l e l s e w h e r e 6 ) . The f i s s i o n product 
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beam impinged on a 3 cm wide tape of a tape t r an spor t 
device and measurements were ca r r i ed out a t the beam 
c o l l e c t i o n p o s i t i o n . The tape was p e r i o d i c a l l y moved 
to reduce in ter ference from l o n g - l i v e d products . The 
data were accumulated in the megachannel computer ana l y 
zer system MECCA 7 ) . 

2.2 I d e n t i f i c a t i o n of 1 0 2 Y 

Ear l y experiments on y rays from f i s s i o n f r a g 
ments 4 ) e s t a b l i s h e d that the 2+ s t a t e in 1 0 2 Z r 
occurred a t 152 keV. In i n i t i a l experiments a t JOSEF 
a search was made f o r t h i s y ray us ing a He- jet 
system without succes s . Subsequent measurements a t 
the in-beam p o s i t i o n revealed the presence of the 
152 keV y ray with a very shor t h a l f - l i f e . In a l l 
subsequent measurements the f i s s i o n product beam 
was c o l l e c t e d and counted s imu l taneous ly . The tape 
was moved every 2 seconds to minimize bui ldup of 
l o n g - l i v e d products with a tape t r a n s f e r time of 
0.4 seconds. 

The i d e n t i f i c a t i o n of the nuc l ide from which 
the 152 keV l i n e emanated was c a r r i e d out by measuring 
the i n t e n s i t y d i s t r i b u t i o n of the y ray as a func t ion 
of the magnetic r i g i d i t y Bp of the gas f i l l e d magnet. 
The p o s i t i o n o f the Bp maximum was that expected f o r 
1 0 2 Y . In t h i s measurement a 30 cc i n t r i n s i c Ge-detec-
to r wi th a r e s o l u t i o n FWHM of about 0.8 keV a t 160 
keV was used. Other l i n e s observed in the decay of 
1 0 2 Y were too weak and complex to g ive unambigious 
Bp maxima in a s i n g l e s y ray measurement. Bp c o i n c i 
dence measurements are in progress to e s t a b l i s h more 
f i r m l y the o r i g i n of these y r a y s . 

The f i s s i o n products l ö 5 M o , 1 0 1 + N b , a n d ' I 0 3 Z r 
have Bp maxima very c lo se to that f o r 1 0 2 Y . In order 
to e l im ina te these nuc l ides as sources of the 152 keV 
y ray a X-y co incidence measurement, which i s des 
cr ibed i n de t a i l below, was c a r r i ed out . D e f i n i t e 
co inc idences were observed between the Zr Ka X ray 
and y l i n e s from 1 0 2 Y decay a t 152 and 326 keV. 

2.3 y ray s i n g l e s measurements 

y ray s i n g l e s measurements were ca r r i ed out both 
with the 30 cc i n t r i n s i c Ge detector and a l a r ge volume 
150 cc Ge (L i ) detector with a r e so lu t i on of 2,0 keV 
f o r the 1332 keV y ray in 6 0 C o . A l so Bp measurements 
were made f o r both detec tor s . The f i s s i o n y i e l d f o r 
1 0 2 Y i s qu i te low f o r experiments a t JOSEF and the 
r e s u l t i n g y spectra are complex, y ray i n t e n s i t i e s 
f o r 1 0 2 Y are being determined by comparing r e s u l t s 
from severa l Bp measurements, y ray energ ies were 
determined in coincidence measurements and are d i s 
cussed below. 

2.4 The h a l f - l i f e of 1 0 2 Y 

A crude h a l f - l i f e f o r 1 0 2 Y was determined us ing 
the 150 cc Ge (L i ) detector . Because of the very shor t 
h a l f - l i f e f o r 1 0 2 Y i t was necessary to i n s t a l l a 
"chopper" to i n te r rup t the f i s s i o n product beam a t 
appropr ia te i n t e r v a l s . The f i s s i o n product beam i s 
concentrated a t the entrance to the separator magnet 
by a guide c o n s i s t i n g o f a wire a t a negat ive poten
t i a l o f from 5 to 20 kV. A second guide concentrates 
the beam coming out from the magnet a t the tape 
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c o l l e c t o r . The "chopper" a l t e r n a t i v e l y app l i ed a 
negat ive and a p o s i t i v e potent ia l to the second 
guide in order to i n te r rup t the f i s s i o n product beam. 

For the h a l f - l i f e measurement the ana lyzer was 
operated in the m u l f i s c a l e mode. The a c t i v i t y was 
c o l l e c t e d fo r 0.6 seconds and the decay fo l lowed f o r 
1.0 seconds. A f t e r movement o f the tape the cyc le 
was repeated. A n a l y s i s of the time s t ruc tu re f o r the 
152 keV y ray re su l ted in a p re l im inary h a l f - l i f e f o r 
1 0 2 Y of 0.27 ± 0,07 seconds. No evidence was seen fo r 
two d i f f e r e n t h a l f - l i v e s , thus i t appears that un l i ke 
9 8 Y and 1 0 0 Y only one isomer of 1 0 2 Y undergos ß" 
decay (the case of two isomers with very s i m i l a r 
h a l f - l i v e s cannot ab so lu te l y be ru led o u t ) . Measure
ments w i l l be c a r r i e d out with the h igh r e s o l u t i o n 
30 cc i n t r i n s i c Ge detector to obta in a more accurate 
h a l f - l i f e f o r 1 0 2 Y . 

2.5 y-ycoincidence measurements 

Two set s o f coincidence measurements were 
c a r r i e d out both us ing the 150 cc Ge (L i ) de tec to r . 
For the X-y co incidences the 30 cc i n t r i n s i c Ge detec 
tor was used and fo r the y-y co inc idences a 60 cc 
G e ( L i ) . The detectors were a t about 90° to each other . 
Two energy and one time de s c r i p to r were recorded 
in bu f fe r tape mode. 

In the y-y co incidence experiment events were 
accumulated over a per iod of about 170 hours. The 
r e s u l t s of t h i s measurement are g iven in Table 1 0 

Table 1: y-y co inc idences observed i n 1 0 2 Y decay 

Gating D e f i n i t e l y co inc ident 
t r a n s i t i o n (keV) y rays (keV) 

152 326, 579, 1090 
326 152 
579 152 

1090 152 

No co inc idences were observed with a y ray a t 486 
keV that would be the 6 + •> 4 + t r a n s i t i o n in 1 0 2 Z r . 

In the X-y co incidence experiment events were 
accumulated over a per iod of about 230 hours. The 
range of the 30 cc detector was se t from 0 to 220 
keV to take advantage o f i t s e x c e l l e n t r e s o l u t i o n , 
y rays a t 152 and 326 keV were observed in c o i n c i 
dence with the Ka X ray from Zr . A gate on the 
152 keV l i n e in the 30 cc detector spectrum revealed 
coinc idences with y rays a t 326, 579, and 1090 keV 
but the background was lower due to the sma l l e r Comp-
ton d i s t r i b u t i o n under the 152 keV peak 0 This spec
trum i s shown in F i g . 1 

700 800 900 1000 
E N E R G Y (keV) 

1100 1200 

F i g . 1: Spectrum of y rays in coincidence wi th the 152 keV y ray from 1 0 2 Y decay. 
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F i g . 2: Decay scheme fo r 1 0 2 Y from t h i s work ( l e f t ) , 
a n d 1 0 2 Z r l e v e l s from f i s s i o n fragment 
s t u d i e s ( r i g h t ) . 

2+9 1̂428.0 
'̂1408.2 

1242.1 

(2+) 

4+ 

0 + 

2 + 

878 . 5 

564.6 
331 .3 
212 .7 

( O 

2+ 

0+ 0 + 

iooz 

40̂ ' 60 
REF. 2 

102Z 40̂ ' 62 

730.7 

478.4 

151.9 
0 

THIS WORK 

F i g . 3: Comparison of the level s t ructure of 1 0 2 Z r 
and 1 0 0 Z r . 

Because of the complexity of the y ray s i n g l e s 
s p e c t r a , the energ ies f o r the 1 0 2 Y y rays were 
measured in the coincidence mode. A 1 5 2 E u source 
was placed in f ron t of the detectors and the 1 5 2 E u 
and f i s s i o n product spectra were measured s imul taneous 
l y . By choosing s u i t a b l e gates and in some cases 
developing secondary standards i t was p o s s i b l e to 
determine the 1 0 2 Y y ray energ ies which are g iven in 
Table 2. The r e s u l t s are compared with those from 
e a r l i e r f i s s i o n fragment expe r imen t s 4 ) . 

Table 2: y - r a y energ ies observed in 1 0 2 Y decay 

E Y (keV) 
t h i s work 

E y ( keV ) 
Ref. 4 

151.9 ± 0.1 151.9 
326.5± 0.2 326.6 

485.5 
578.8 ± 0.2 

1090.2± 0.2 

3. Decay scheme and d i s c u s s i o n 

3.1 The decay scheme of 1 0 2 Y 

The measurements descr ibed above have been used 
to cons t ruc t a pre l iminary f i r s t decay scheme f o r 
1 0 2 Y . The measured h a l f - l i f e of 0.27 ± 0.07 sec i s 
i n poor agreement with a range of va lues from about 
0.9 to 3 sec predicted by the Gross-Theory o f ß 
d e c a y 8 ) . Theoret ica l p red i c t i ons were s y s t e m a t i c a l l y 
t oo l a r ge fo r other lower mass odd-odd Y i s o t o p e s . 
The decay scheme i s shown in F i g . 2 and the l e v e l s 
in 1 0 2 Z r are compared with r e s u l t s from f i s s i o n f r a g 
ment s t u d i e s 4 ) . 

The level energ ies o f 151.9 ( 2 + ) and 478.4 ( 4 + ) 
keV are in good agreement with values of 151.9 and 
478.5 keV obtained in f i s s i o n fragment s t u d i e s 4 ) . 
The 6 + and 8 + members of the YRAST band in 1 0 2 Z r were 
not observed. This impl ies that J f o r 1 0 2 Y i s pro 
bably l e s s than 5. In add i t i on to the 4|-> 2 j -> 0 l 
cascade new l eve l s in 1 0 2 Z r a t 730.7 and 1242 0 1 were 
confirmed by coincidence measurements. 

Due to the complexity o f the s i n g l e s y ray 
spectra a n a l y s i s o f r e l a t i v e y ray i n t e n s i t i e s i s 
s t i l l i n p rog re s s , but pre l iminary r e s u l t s i nd i ca te 
s i g n i f i c a n t ß" feeding to both the 4 + and 2 + l e v e l s 
in 1 0 2 Y . Thus log f t s ' to both the above l e v e l s are 
probably l e s s than 5.5 thus favour ing a J 7 1 a s s i g n 
ment o f 3+ fo r the 1 0 2 Y ground s t a t e . 

Although isomerism i s well e s t a b l i s h e d f o r 9 6 Y , 
9 8 Y , and 1 0 0 Y we were unable to detect an isomer f o r 
1 0 2 Y . The reason fo r t h i s i s not c l e a r . Unfor tunate ly 
i f a l ow- l y i ng 0 2 s t a t e e x i s t s in 1 0 2 Z r i t would be 
d i f f i c u l t to populate by ß" decay from the 3 + 1 0 2 Y 
ground s t a t e . We see no evidence f o r popu la t ion of a 
0l~ s t a t e . 

3.2 Systemat ics o f even-even Zr i so topes 

As was pointed out above the energy r a t i o 
E1++/E2+ i s 1.6 fo r the nucleus 9 8 Z r which i s assumed 
to be spher ica l in nature but r a p i d l y r i s e s to 2.65 
f o r 1 0 0 Z r and 3.14 f o r 1 0 2 Z r i n d i c a t i n g a t r a n s i t i o n 
to a nucleus with a s i g n i f i c a n t deformat ion. In F i g . 
3 our level scheme f o r 1 0 2 Z r i s compared to that f o r 
1 0 0 Z r obtained in a s t u d y 2 ) o f the decay of 1 0 0 Y . The 
most obvious feature i s the lowering in energy of the 
YRAST band from A = 100 to 102.The feeding and decay 
pat terns f o r the 878 0 5 and 1408.2 keV l e v e l s i n 1 0 0 Z r 
are corresponding ly s i m i l a r to those of the 730.7 and 
1242.1 keV l e ve l s in 1 0 2 Z r . I f these l e v e l s prove to 
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be similar in structure then an appealing pattern 
emerges in which all the low-lying levels in 1 0 2 Z r 
are systematically lowered relative to those in 1 0 0 Z r . 
This is also true for the 6 + and 8 + members of the 
YRAST bands not observed in this study. 

The 730.7 keV level in 1 0 2 Z r is especially 
interesting. It could correspond to the 878.5 keV 
level in 1 0 0 Z r which seems to have the characteristics 
of the bandhead of a y-vibrational band 2) as far as 
its decay pattern to the 0{ , 2{, and 4Í states is 
concerned. If the 730.7 keV level in 1 0 2 Z r is actually 
a Y-vibrational bandhead, then both 1 0 0 Z r and 1 0 2 Z r 
would be axially asymmetric with softness in the y 
di recti on o 

3.3 Conclusion 

A first attempt has been made to study the 
structure of levels i n 1 0 2 Z r populated in the ß 
decay of 1 0 2 Y . No low-lying 0Í state was observed 
probably due to the J71 for 1 0 2 Y . Experiments are 
continuing in an effort to obtain accurate rela
tive Y ray intensities and search for new levels. 
Although only a few states in 1 0 2 Z r were observed 
due to the short half-life and low fission yield 
of 1 0 2 Y i t is evident that 1 0 2 Z r is well deformed 
but probably not axially symmetric. 
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