
Nuclear Phystcs A l l 3  (1968) 598--602; (~) North-Holland Publishing Co., Amsterdam 

Not to be reproduced by photoprint or microfilm without written permission from the publisher 

S O M E  N E W  F E A T U R E S  I N  T H E  D E C A Y  O F  142Pr 

JOHN C. HILL and M. L. WIEDENBECK 
Department of Physics, University of Michigan, Ann Arbor, Michigan t 

Received 8 March 1968 

Abstract: The ~4~Pr ~ 142Nd decay was investigated, and a new gamma ray at 508 keV was found 
depopulating a level at 2084 keV. On the basis of energy, intensity and coincidence measure- 
ments using a Ge(Li) detector, a new decay scheme is proposed. The new level is probably 
identical to a 3- level seen in reaction studies. 

E[ RADIOACTIVITY la2Pr [from 141Pr(n,7)]; measured Er, 17, 7:F-coin. 
~42Nd deduced levels, log ft. Natural target. 

I. Introduction 

The decay of  142pr to levels in ~4ZNd has been s tudied by several  invest igators  1-4) ,  

but  only one g a m m a  t rans i t ion  has been observed.  The levels of  142Nd have also been 

invest igated th rough  nuclear  react ions  5-8) .  Levels a t  1970 and  2090 keV have been 

p roposed  9) which are be low the be ta  Q-value of  2163 .2_1 .8  keV. As  par t  o f  a 

p r o g r a m  to invest igate the level s t ructure  of  the N = 82 isotones,  we have res tudied  

the decay of 142pr in o rder  to observe g a m m a  de-exci ta t ion  t r om the above  levels. 

2. Source preparation 

Several  mg of  P r 2 0  3 were i r r ad ia ted  in the the rmal  neu t ron  flux of  The Univers i ty  

of  Mich igan  Fo rd  Reac to r  for  a b o u t  24 h. The  p r a s e o d y m i u m  was chemical ly  sep- 

a r a t ed  f rom all o ther  e lements  using the p rocedure  of  Stevenson and Nerv ik  10). 

The  p H  of  the  1M lact ic  acid  e lu tan t  used in the  ra re -ear th  separa t ion  was 3.8. N o  

interfer ing activit ies were observed in sources less than  3 d old. 

3. Gamma-ray energies and intensities 

The g a m m a  spec t rum was observed with a 17 cm 3 coaxia l  l i th ium-dr i f ted  ger- 

man ium spect rometer .  The  reso lu t ion  (fwhm) for  the 662 keV g a m m a  ray  o f  137Cs 
was 3.1 keV. A typical  g a m m a  spec t rum for 142pr is shown in fig. 1. The  peak  a t  

a b o u t  509 keV is shown in deta i l  in the inset  in fig. 1. I t  consists of  a new g a m m a  ray  

at  508 keV plus ann ih i la t ion  rad ia t ion .  The  intensi ty  o f  the compos i te  peak  was 

t Work supported in part by U.S. Atomic Energy Commission. 
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monitored for three half-lives in order to unambiguously identify it with 142pr decay. 
In spectra of mixed sources of ~42pr and 22Na, a shift of the 509 keV peak to the 
high-energy side was observed further verifying the composite nature of the peak. 

The energies and errors of all gamma rays were determined as in earlier work 1~) 
using standard gamma rays from 7Be, 137Cs, 54Mn, 6°C0 and 88y [ref. 12)]. The 
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Fig .  1. T h e  p u l s e - h e i g h t  s p e c t r u m  o f  g a m m a  r a d i a t i o n  a c c o m p a n y i n g  the  d e c a y  o f  142pr. T h e  s o u r c e  
d i s t a n c e  to  the  17 c m  3 c o a x i a l  G e ( L i )  d e t e c t o r  w a s  5 cm.  N o  a b s o r b e r  w a s  used;  S .E.P.  a n d  D . E . P .  

r epresent  s ing le  a n d  d o u b l e  e s c a p e  p e a k ,  re spec t ive ly .  A l l  energ ies  are  in  k e V ,  

energy of the gamma ray depopulating the first excited state was determined to be 
1575.9__+0.2 keV in agreement with the value of 1575.4___0.4 keV measured with the 
curved-crystal spectrometer at this laboratory by Baer ~ 3). A value of 508.1 _ 0.8 keV 
was obtained for the low-energy gamma ray. The large error represents uncertainty in 
unfolding the 508 and 511 keV gamma rays. 
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The intensity of  the 508 keV gamma ray was found to be 0.67 +0.3 relative to an 
intensity of  100 for the 1576 keV gamma ray. Methods from earlier work 11) were 

used. Most of the error resulted from uncertainty in peeling apart  the composite peak. 
A search was made for gamma transitions to the ground state depopulating levels at 
1970 and 2084 keV. An upper limit of  0.06 was placed on the intensity of  each tran- 
sition. 
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Fig .  2. T h e  p u l s e - h e i g h t  s p e c t r u m  o f  g a m m a  r a d i a t i o n  in  c o i n c i d e n c e  w i t h  the  1576 keV  g a m m a  ray.  
A l l  energ ies  a re  in  keV.  

4 .  G a m m a - g a m m a  c o i n c i d e n c e  m e a s u r e m e n t s  

G a m m a - g a m m a  coincidence studies were carried out using a 7.6 c m x  7.6 cm 
NaI(T1) detector and the Ge(Li) detector. The coincidence resolving time was about  
50 nsec. The spectrum observed in coincidence with the 1576 keV gamma ray is 
shown in fig. 2. The multi-channel analyser was gated from the NaI  spectrometer and 
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a true-to-chance ratio of  2 was used. The spectrum is corrected only for chance 
coincidences. 

Coincidences were observed only with the 508 keV gamma ray. Comparison with 
a single spectrum taken under identical conditions proved that the coincidence peak 
originated from the 508 keV gamma ray and not annihilation radiation. A search was 
made for gamma rays depopulating a level at 1970 keV. From our coincidence data, 
an upper limit of 0.05 was placed on decay from the above level to the 1576 keV level. 

5. Decay scheme and discussion 

The decay scheme based on the results of  this investigation is shown in fig. 3. 
The energy of the first excited state was determined to be 1575.9+0.2 keV in dis- 
agreement with the value of 1572 keV recently accepted by the nuclear data group 9). 
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Fig. 3. T h e  decay scheme o f  142Pr f r o m  the  presen t  studies.  

A new gamma ray at 508 keV was observed in coincidence with the gamma ray at 1576 
keV. We thus propose a new level with an energy of 2084.0_+0.9 keV. No evidence 
was seen for population of a level at 1970 keV observed in (d, d ')  scattering 7). 
The relative intensity of  beta rays feeding the ground and first excited states was ob- 
tained from the work of Langhoff  et al. 4). The log f t  assignment for the 2084 keV 
level was calculated f rom our intensity measurements and found to be 6.6. A lower 
limit for the logf t  of  beta decay to the 1970 keV level was determined to be 8.8. 

The assignment of the 1576 keV level is shown to be 2 + from Coulomb excitation 8), 
and the assignment of  the 142Pr ground state is known to be 2 -  from a direct spin 
measurement 14) and the first-forbidden unique character 2) of the beta transition 
feeding the 142Nd ground state. The spin of the 2084 keV level is thus limited to 1, 2 
or 3. The absence of a transition from this level to the ground state favors a spin of 3, 
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and  the low l o g f t  value weakly favors a negative parity. Our  2084 keV level is prob-  

bably  identical to the 3 - level observed in (a, a ' )  [ref. 5)] and (d, d ' )  [ref. 7)] scattering 

and  a level observed by Krehbiel  6) in the decay of a 16.5/zsec isomeric state in 142Nd. 

The energy of the gamma  ray seen by Krehbiel  was 525 keV in compar ison  with our  

value of 508 keV. The possibility thus exists that  our  state at 2084 keV is not  the same 

as the one seen by Krehbiel  6). 

The authors  wish to thank  Professor J. J. Reidy for help dur ing  the course of the 

experiments.  
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