
0 + - STATES IN 1 Q 2 P d AND 1 Q 8 C d . 

Abstract Introduction 

A presentation is made of an angular 
correlation experiment by wich we could 
identify the two fonon 0 + - states in 1 0 2 P d 
and Cd. In the case of Pd a comparison is 
shown with IBA calculations and a levelstruc-
ture calculated with a asymmetric rotor vi­
bra tormodel . 

The even-even Pd and Cd-nuclei have for 
many years been interpreted as having an an-
harmonic vibrational structure. A two fonon 
multiplet can be seen from N=60 for Cd-nu­
clei and from N=58 for Pd-nuclei (fig. 3 . 4 . ) . 

In order to extend the systematics in the 
behaviour on those multiplet states we loo-
ked for the O - states in Pd and Cd. 

TT + + 

fig.l. Angular correlation patern of some x +2 +0 cascades. 
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Therefor we performed a y-y angular correla­
tion experiment on the(3 ++ E C ) - decays of 
102m,. -, 108m_ , . _ 102 , Ag- and In nuclei. In Pd we found 
a 0 + state very close to the long living 
anomalous 0 + on wich we reported earlier 1^. 
The electromagnetic features of the new 0 + -
state are more in agreement with a two fonon 
description whereas the other 0 + - state seems 
to be some kind of intruder which can not 
be acounted for in a normal collective (IBA, 
triaxial rotor vibrator etc.) model. The 0 + -

108 
state in Cd is lower in energy than the 
expected trend, but seems to have normal 
electromagnetic properties. 

2. The angular correlation expe­
riment. 

The produced radio activity and the avai­
lable measuring time for a ISOL setup at a 
cyclotron are normally not sufficient to per­
form a decent y-y angular correlation expe­
riment. However, the huge anisotropy of a 
0 ++2 +-*0 + cascade makes it possible to dis-
tinguish it from other x ->2 -> 0 cascades, 
even with poor statistics as can be seen in 
fig.l. This means that the angular correla­
tion technique can still be a usefull tool 
when looking for 0 + - states in low activity-
and short living sources. 

In our experiment we only measured the 
correlation at the three crusial angles 0° 
(180°), 50° and 90°. The 1 0 2 m A g and 1 0 8 M I n 
sources were produced with a 
n a t M o ( ( 9 0 M e v ) , xpyn) reaction and mass-
separated using the LISOL facility at Lou-

2) 
vain-la-Neuve . An example of the resul­
ting spectra gated on the 2+-K)g transition 
is shown in fig.2. The spectrum at 180° 
shows the (1101.7 + 0.5)keV gamma which pro­
ved to have the good anisotropy for a O +2 -> O cascade. From the coincidences 
we could also deduce that the O level at 
1658 keV is almost completely fed by a 
72 9 keV gamma coming from a known level at 
2390 keV (J7" 1,2 ±) 

In the same way we observed a 0 + state 
at (1375.0 ± 0.9) keV which is mainly fed 
by 1244, 1306 and 827- keV transitions 
depopulating known levels in 1 0 8 C d 3^. 
Also mini-orange spectra were taken from 
both sources in order to measure the 
EO(0 Og) transition strength. From these 

spectra only an upper limit could be de­
duced for the parameter. 

X = 
B(E0, 0 + -> 0*) 

B(E2, 0 

For 1 0 2 P d we have X ^ 2.7.10 1 and for 
108 Cd X 4. 
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fig 2. Spectra at 50° and 180° gated on 
the 2 0 transition 
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I n t h i s c a l c u l a t i o n t h e e x p e r i m e n t a l e n e r ­

g y o f t h e 0 + - s t a t e w a s n o t u s e d i n f i t t i n g 

t h e m o d e l p a r a m e t e r s , h o w e v e r , t h e a g r e e ­

m e n t w i t h e x p e r i m e n t i s e x c e l l e n t . 

T h e f i r s t e x c i t e d 0 + - s t a t e i n 1 0 ^ C d 

( f i g . 5 ) d o e s n o t s e e m t o f o l l o w t h i s s y s ­

t e m a t i c a l t r e n d o f r i s i n g w h e n g o i n g m o r e 

n e u t r o n d e f i c i e n t . I n t h i s c a s e i t w o u l d b e 

i n t e r e s t i n g t o f i n d t h e s e c o n d e x c i t e d 0 + -

s t a t e w h i c h a p p e a r s t o b e l o w i n t h e h e a ­

v i e r C d i s o t o p e s . T h e s e 0 + - s t a t e s c a n 

p r o p a b l y b e e x p l a i n e d i n t e r m s o f 2 - p r o t o n 

p a r t i c l e - 2 h o l e e x c i t a t i o n s t h r o u g h t h e 

Z = 5 0 s h e l l c l o s u r e a s i n t h e c a s e o f t h e 
„ 6) 

e v e n S n i s o t o p e s 

I* E x p . ( k e V ) T h e o r y : E I N n I N n 

0 + 0 0 O i l 

2 + 5 5 6 5 5 2 2 1 1 

4 + 1 2 7 5 1 3 3 3 4 1 1 

2 + 1 5 3 4 1 4 9 2 2 1 1 

0 + 1 6 5 8 1 6 5 8 0 1 2 

6 + 2 1 1 1 2 1 1 9 6 1 1 

4 + 2 1 3 8 2 1 7 7 4 2 1 

3 . D i s c u s s i o n . 

E(MeV) 
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1.0-

46 
P d 

05-

o -
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f i g . 3 P o s i t i v e p a r i t y s t a t e s i n e v e n P d n u c l e i . 
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I n f i g . 3 we c a n s e e t h a t t h e 0 + - s t a t e 

i n 1 0 2 P d i s f o l l o w i n g t h e s y s t e m a t i c a l t r e n d 

o f r i s i n g w h e n g o i n g t o l e s s e r n e u t r o n s . 

T h e 2 * a n d 4 * d o n o t g o u p a s f a s t a n d i n 
1 0 2 

P d t h e t w o f o n o n t r i p l e t i s c o m p l e t e l y 

b r o k e n . T h e s ame s y s t e m a t i c a l b e h a v i o u r 
4) 

c a n b e r e p r o d u c e d b y I B A - 2 c a l c u l a t i o n s 
a s s h o w n i n f i g . 4 . 

I n t a b l e 1 a c o m p a r i s o n i s s h o w n o f t h e 
1 0 2 

l o w e n e r g y l e v e l s i n P d a n d a t h e o r e t i c a l 

c a l c u l a t i o n w i t h a n a n h a r m o n i c v i b r a t o r 

m o d e l ^ . 
T a b l e 1 . 
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f i g . 4 I B A - 2 c a l c u l a t i o n o f t h e P d i s o t o p e s . 
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¿s C d 

E(MeV) 

1.5-

2 -
( 0 ) -

u -
2 ^ 
0 ' 

1.0-

2 -
CK_ 

2 -
0 -

2~ 
(or 

( 2 ) -
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f i g . P o s i t i v e p a r i t y s t a t e s i n e v e n C d n u c l e i 
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DISCUSSION 

J. Kantete: I have some complementary informat ion 
to g i v e : w i th in the Jyvä sky l ä -Uppsa l a c o l l a b o r a t i o n , 
we have s tud ied 1 0 2 P d l ow- sp in s t a t e s us ing ( p p ; ) 
and double Coulomb e x c i t a t i o n . The 1648 keV s t a te 
i s seen in the l a t t e r r eac t i on which i nd i ca te s a 
c o l l e c t i v e character f o r t h i s s t a t e ; i t probably 
conta ins some two-phonon s t r e n g t h . The 1592 keV 
level does not seem to be connected to the 2 + s t a t e , 
which y i e l d s the l a r g e s t known X - va l ue , over 400. 
Thus the 1592 keV 0 + s t a t e has a s t ruc ture com­
p l e t e l y d i f f e r e n t from that of the 0 + one a t 1648 keV; 
the wave func t ion i s probably dominated by some two-
q u a s i p a r t i c l e component. 

V. Paar: How many parameters do you have in f i t t i n g 
spectra in your f i g u r e ? Do you f i t to each nucleus 
parameters sepa ra te l y ? 

K. Cornells: The parameters in t h i s f i t were 
al lowed to vary in the f i t . 

J. Stachel: I n p r i n c i p l e the f u l l IBA-2 Hamiltonian 
has ~ 12 f ree parameters. The c a l c u l a t i o n s re ferred 
to here (P . Van I s a c k e r , G. Puddu, Nuc l . Phys. 1980) 
are a s imultaneous f i t to a l l neutron- r i ch 
(N = 50-66) Pd- and Ru - i so topes . Some of the para ­
meters were se t = 0 in t h i s f i t , a l l parameters i n ­
v o l v i n g on ly protons were kept constant over the 
whole i so tope c h a i n , some were taken equal fo r Ru-
and P d - i s o t o p e s . So i t i s e s s e n t i a l l y the change 
in three parameters de sc r i b ing the change in ex­
c i t a t i o n energ ies and decay propert ies a long each 
i so tope cha in . 

D.S. Brenner: In your IBA-2 c a l c u l a t i o n s which 
parameters d id you vary to obta in your f i t s to the 
Pd and Cd i s o topes ? What c r i t e r i a were used to 
determine the " b e s t " f i t to these data? 

K. Cornells: For t h i s quest ion I re fe r to 
P. Van I s a c k e r , f o r he has been doing the c a l c u l a ­
t i o n s . He c e r t a i n l y can t e l l you more about the 
d e t a i l s . 
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