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Abs t rac t 

A ß-decay study of 23 s 1 4 6 T b sugges t s a (Trhn/ 2 

vá~3)2) 5" c o n f i g u r a t i o n fo r t h i s a c t i v i t y . In i t s 
decay we have i d e n t i f i e d a i h n / 2 + v h g / 2 GT decay 
branch which populates neutron p a r t i c l e - h o l e s t a t e s 
in l l + 6 G d . From the r e s u l t s we conclude that the N=82 
s i n g l e p a r t i c l e energy gap i s l e s s than 4 MeV. Neutron 
o n e - p a r t i c l e two-hole and two -pa r t i c l e one-hole s t a t e s 
in ^ 5 G d and 1 4 7 G d were i d e n t i f i e d in the ß-decays 
of 29 s 1 4 5 T b and 1.6 h 1 1 + 7 T b . 

There e x i s t s qu i te d e t a i l e d knowledge on the 
proton ph s t a t e s in 1 4 6 G d . These l e v e l s are s t r o n g l y 
populated in the y r a s t d e c a y 1 ) , and t h e i r e x c i t a t i o n 
energ ies are in accord with the - 3,5 MeV Z=64 energy 
gap as der ived from the d i f fe rence of the 1 4 7 T b and 
1 4 6 G d s i n g l e proton separa t ion energ ie s . On the other 
hand i t i s wel l known that p a i r i n g i s important a t 
Z=64, and from an a n a l y s i s o f s i n g l e proton q u a s i -
p a r t i c l e e n e r g i e s 2 ' 3 ) in the neighbouring 1 4 5 E u and 
l t + 7 T b i so tones a value of ^ 2.5 MeV was der ived f o r 
the energy gap in the s i n g l e p a r t i c l e spectrum 0 

From the s i n g l e neutron separat ion energ ies one 
obta ins f o r 1 4 6 G d an N=82 gap of * 3.7 MeV, but 
nothing so f a r i s known on the l l + 6 G d neutron p a r t i c l e 
hole e x c i t a t i o n s which should occur a t about tha t 
e x c i t a t i o n . Furthermore, the e x c i t a t i o n energ ies in 
the neighbour ing i sotopes with one neutron l i f t e d 
across N=82 (lp2h s t a t e s in 1 4 5 G d and 2plh s t a t e s in 
1 4 7 G d ) , which are c ruc ia l to determine the gap in the 
neutron s i n g l e p a r t i c l e energ ie s , are a l s o not known. 
These s t a t e s have in general low sp in and are there 
fore not populated in in-beam experiments. However, 
i t was p o s s i b l e to locate such neutron ph e x c i t a t i o n s 
in the three Gd i sotopes through ß-decay s t u d i e s of 
1 L f 5 T b , l l + 6 T b , and 1 4 7 T b , which we w i l l report here. 

The parent a c t i v i t i e s were produced through 
( a , x n ) reac t i ons (x = 8, 9, 10) in bombardments o f 
î 5 2 G d and 1 5 1 E u t a r ge t s with a - p a r t i c l e beams be t 
ween 90 and 130 MeV from our c yc l o t r on . Gamma-ray 
s i n g l e s and two-detector coincidence measurements 
with var ious coax ia l and p lanar Ge detectors were 
c a r r i e d out dur ing 20 to 40 sec beam pauses f o l l o w i n g 
s i m i l a r i r r a d i a t i o n periods during which the detec 
t o r were b locked. 

Our r e s u l t s fo r 1 4 6 T b decay are shown in F i g . 1. 
In con t r a s t to e a r l i e r s t u d i e s 4 ' 5 ) we f i n d n e g l i g i b l e 
feed to the 3" 1st exc i ted s t a te and the co inc idence 
r e s u l t s l oca te three new l e v e l s in 1 4 6 G d above 3 0 4 
MeV. 

From the she l l model one expects f o r the 1 4 6 T b 
parent nucleus a T T h n / 2 v d ^ c o n f i g u r a t i o n which can 
couple to I 7 7 = 4 " , 5 - , 6 " or 7", where the TTV res idua l 
i n t e r a c t i o n w i l l be repu l s i ve f o r the two_extreme 
s p i n s . The s t rong feeding of the7Th n/ 2 á^l/2 s t a t e s 
a t about 3 MeV e x c i t a t i o n proceeds through the 
al lowed 7 r d 5 / 2 -> v d ^ GT t r a n s i t i o n . Exce l l en t ag ree 
ment o f the ß-brancnings to the (irhn / 2 d _ 5 / 2 ) 4 " , 5 " , 
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and 6" s t a t e s with theore t i ca l r a t i o s unambigously 
c l a s s i f i e s the 1 L f 6 T b parent s t a t e as I 7 1 = 5 " . 

The c l e a r l y observed 1579 - 3140 keV c o i n c i 
dences e s t a b l i s h a new level a t 4719 keV. We a t t r i 
bute the feeding ß-branch to the other expected 
GT t r a n s i t i o n , ïïhn/2 -> v h 9 / 2 , which s y s t e m a t i c a l l y 
occurs with e s s e n t i a l l y equal log f t value in other 
Tb i sotopes in t h i s r eg i on . Th i s c l a s s i f i e s the 
4719 keV s t a te as ( h 9 / 2 d 3 / ) r

2 ) 4 - neutron p a r t i c l e hole 
e x c i t a t i o n . Only the 5" m u l t i p l e t member i s p r e d i c 
ted to be a l s o fed in ß decay, but 14 times weaker 
than the 4" s t a t e . 

A weak 1297 - 1844 keV p a r a l l e l decay branch 
proceeds from the 4~ s t a t e , where the t r a n s i t i o n 
order ing i s determined from l t + i + S m ( a , 2 n ) e x c i t a t i o n 
func t ion measurements 6) c l o se to th re sho ld . We i n t e r 
prete the intermediate 3423 keV level as v f 7 / 2 d 3 / 2 

s t a t e , which i s the lowest neutron p a r t i c l e hole 
e x c i t a t i o n in 1 I + 6 G d . I t s energy should be equal to 
the N=82 gap at Z=64, except f o r small c o n t r i b u t i o n s 
of c o l l e c t i v e or nucleon-nucleon i n t e r a c t i o n s . The 
nearagreement with the - 3.7 MeV N=82 gap as der ived 
from the neutron separa t ion energy d i f f e rence i s in 
accord with t h i s view. 

In our spectra we a l s o observe weakly the 
known 6) 1972 keV 2 + -> 0+ t r a n s i t i o n , and a 1059 keV 
l i n e in coincidence with i t . As no connect ing t r a n s i 
t i on s to any of the s t r o n g l y ß- fed l e v e l s could be 
found i t remains unc lear how the 2 + s t a t e i s f e d 0 

Most l i k e l y i t i s d i r e c t l y populated in ß decay of a 
low sp in 1 4 6 T b isomer i n v o l v i n g the d 3 / 2 (o r S i / 2 ) 
proton p a r t i c l e , which i s p o s s i b l y produced a t the 
present bombarding energ ies v ia precompound p a r t i c l e 
emi s s i on . Such a low sp in 1 4 6 T b a c t i v i t y has been 
i d e n t i f i e d 7 ) f o l l ow ing ß decay o f 1 4 6 D y . 

The 1 4 5 T b a c t i v i t y was p rev i ou s l y not known. 
The mass i d e n t i f i c a t i o n was der ived from e x c i t a t i o n 
funct ion and from X-ray co inc idence measurements, 
and the 1 4 5 T b h a l f l i f e was found as T ^ = 29 ± 4 
sec. This value i s in agreement with an independent 
determinat ion 8 ) reported in a recent a b s t r a c t . 

The 1 4 5 T b decay scheme i s shown in F i g 0 2. From 
sys temat ics we a t t r i b u t e 1 7 7 = 11/2" to i t s ground 
s t a t e . Levels in 1 U 5 G d have p rev i ou s l y been i n v e s t i 
g a t e d 9 ) through the l t + l + S m ( a , 3 n ) r e a c t i o n , but the 
energy l eve l s observed in t h i s study above 750 keV 
are not populated in 1 4 5 T b decay. However, most of 
the l e v e l s seen in ß decay have been observed in 
concurrent l l + I + S m ( 3 H e , 2 n ) y and e" measurements 1 0 ) 
which gave the s p i n - p a r i t y ass ignments shown in F i g 0 

2 f o r the l e ve l s between 1 and 2 MeV. The t r a n s i t i o n 
m u l t i p o l a r i t i e s quoted in the f i g u r e are a l s o from 
the in-beam work. Our ß-decay branchings are in 
accord with the 11/2" 1 4 5 T b parent s p i n . S t rong l y 
fed in ß-decay i s the 2382 keV l t + 5 G d l e v e l , and the 
log f t = 4o2 sugges t s a v h 9 / 2 J 5 2 c o n f i g u r a t i o n . 
The other lp2h s t a t e , the v f 7 / 2 j ö 2 level a t 1273 
keV i s known from the in-beam w o r k 1 0 ) . 
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F i g . 1: Decay scheme of 23 s 1I+6Tbo For feeding o f 1972 
keV 2 + s t a te see t e x t . 
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F i g . 2: Decay scheme of 29 s 1 L f 5 T b . 
The QEC va lue i s der ived from compa
r i s o n with 1 4 7 T b . I t i s assumed 
tha t the 0 + neutron hole pa i r of 
1 4 5 T b w i l l not a f f e c t the QEC {^ii/i' 
v h 9 / 2 ) va lue . The t r a n s i t i o n m u l t i -
p o l a r i t i e s are from the ( 3 He,3n) 
reac t i on s t u d y 1 0 ) . 
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F i g . 3: Decay scheme of 1.6 h 1 4 7 T b . 
The QEC value i s from Ref. 1 1 , 
assuming that the l / 2 + and 11/2" 
1 4 7 T b ß - a c t i v i t i e s l i e c l o s e 3 ) in 
energy. 
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Our data on 1.6 h 1 4 7 T b ß decay are g iven in 
F i g . 3 0 The energy l e v e l s are in agreement with those 
repo r ted 4 ) e a r l i e r , but the new l / 2 + a s s i gnment 3 ) 
f o r 1.6 h 1 4 7 T b , together with new data on t r a n s i 
t i on m u l t i p o l a r i t i e s lead to a r e v i s i o n o f 1 4 7 G d 
sp in p a r i t y a s s i gnments . In a d d i t i o n to the v p 3 / 2 

s t a t e a t 1152 keV now a l s o the v p i / 2 level i s i d e n t i 
f i e d a t 1847 keV. We i n t e r p r e t the 1292 and 1412 keV 
l e v e l s r e s p e c t i v e l y as vSij23o and v d ^ j 2 2plh e x c i 
t a t i o n s . 

In conc lu s i on , the present 13 decay s tud ie s have 
located neutron p a r t i c l e hole s t a t e s in 1 4 6 G d which 
sugges t a gap of l e s s than 4 MeV in the neutron s i n g l e 
p a r t i c l e e n e r g i e s . Although one would not expect that 
p a i r i n g a t N=82 i s equa l l y s i g n i f i c a n t as a t Z = 6 4 2 > 3 ) 
i t w i l l be i n t e r e s t i n g to ana lyse the present r e s u l t s 
f o r the three Gd i so topes w i th in the p a i r i n g theory. 
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