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2010 marks the 25th anniversary of the first measurement of the half-life of the 
key waiting-point nucleus, 130Cd and the ~15th anniversary of the successful 
operation of the RILIS at ISOLDE aimed at 129Ag by Kratz et al.	





This special 25-year/15-year celebration also extends to the ISOLDE 
technical staff for their 25 years of innovative work and technical genius.	



It is one thing to have a vision for the solution of important scientific 
problems, but….another to actually find the technical means to 
accomplish the measurements.	





Journal of the American Chemical  Society 39, 856 (1917).

Chemists have long 
recognized the relationship 
between elemental 
abundances……measured by 
analytical chemists and by 
geochemists, and the structure 
of the nucleus, even before the 
neutron was discovered.	



Chicago:	


William Harkins	


Harold Urey	


Edward Anders	


Andrew Davis 	

CCC	





Phys. Rev.  78,  632 (1950)	



This paper laid the groundwork for the description of the s-process peaks as 
arising from closed shell nuclei “waiting” to capture neutrons. ….. And when two 
peaks were observed….. Perhaps a second “waiting spot”.	



This idea is “natural” for chemists who are familiar with the weak binding of the 
first electron beyond closed atomic shells, namely, the small ionization energy for 
the alkali metals.	





Al Cameron’s name is always listed along with Fowler and 
Hoyle in the development of the ideas about stellar 
nucleosynthesis.	



[	

 ]	


The ~1952 discovery of Tc in 
red giants instantly revealed 
ongoing nucleosynthesis, as 
the longest Tc half-life is only 
a few million years.	





1956 was an important year in the development of the understanding of 
the synthesis of elements, starting with the paper by Suess and Urey in 
January.  	


This paper provided a reliable, robust “target” at which to shoot!!!!!!	









This is a photograph of Charles Coryell taken in about 1954.  Charles’ group discovered 
element 61 during the war, and he named it Promethium, Pm, for the god of fire. 	



At Cal Tech, he remains famous for a paper… “Pauling and Coryell” that opened 
Pauling’s life-long study of hemoglobin and blood chemistry.   	



Surely, seeing those twin peaks near N = 82, coupled with his experience with beta 
decay and chemistry, it was a direct step to connect yields and neutron binding.	





This report came 
almost immediately 
after the Seuss and 
Urey paper.	



129Ag was deemed 
important on DAY 
ONE.  	



Coryell spent the war 
years studying fission 
and the properties of 
neutron-rich nuclei.	



In other words, there were two waiting points, one for capture of 
neutrons on a slow time scale on elements near stability, and one for 
nuclei much farther from stability that must be on a faster time scale	





The major BBFH paper appeared in 1957, but was preceded in 
1956 by an article in Science.	



Stated another way, BBFH were aware of the 	


Coryell work prior to this article and their seminal article in 1957.	





It was THIRTY years after Coryell, and BBFH 
before the first successful measurement for the 130Cd 
half life emerged here at ISOLDE.	





1992	







1994 data	



127Ag was difficult, I 
have another report 
showing a half-life of 
133 ms.  Below A = 127, 
there are no β delayed 
neutron emitters in the 
indium isotopes.	







1996	



A = 127	



A = 128	







25 August 1997	



These data are 
interpreted to mean that 
the low-spin isomer has a 
configuration involving a 
p1/2 proton with a small 
magnetic moment, 
whereas, the high-spin 
isomer has a configuration 
involving a g9/2 proton 
with a much larger 
magnetic moment.	
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These β-delayed neutron 
data support the presence 
of β-decaying ½- isomers 
in 125,127Ag, but not 
necessarily 123Ag, but Pn 
could be a factor.	



The search 
for 129Ag was 
performed at 
the “green” 
setting.	





The astrophysical impact was large as the short half life “removed” 129Ag as a major 
waiting-point nucleus, and also strongly suggested that the lower N = 82 isotones would also 
have shorter half-lives and also not be major waiting points.   Although it was a “theoretical 
surprise”, any look at the half-lives for the lighter Ag nuclei could see……   100 80 60….40.	





This drawing exhibits the difference between the measured mass of 130Cd and the value 
calculated by the FRDM, showing that 130Cd is 1.6 MeV less bound than expected.	



Also shown is the measured position of the 1+ level in 130In that is 740 keV higher in 
energy than the value calculated prior to the measurement.  The measured value can be 
fitted by a 30% reduction in the proton-neutron interaction strength.	



Hence, there is now evidence that some reduction in both “neutron-neutron” and “proton-
neutron” interactions may be needed.	





131Cd:   68(3) ms           132Cd   97 (10) ms         133Cd  57(10)	



The 68 (3) ms half-life and 3.5% Pn values for 131Cd remain 
somewhat anomalous and deserve more attention.	





Oliver Arndt:  diploma thesis and Ph. D. thesis	





The blue squares are Kratz’s calculations for the waiting points for 
neutron densities of 1026n/cm3, needed to produce U and Th.  These 
ISOLDE measurements are “in the waiting-point path” whereas, 
elsewhere, data are further from the path.	





During the past 15 years, the half-lives have been measured from 129Ag to 139Sb.  The work at N 
= 82 has improved the ability to extrapolate “down the N = 82 chain” to make better estimates for 
the other N = 82 “likely waiting-point isotopes”.  The IMPACT is that it is now possible to 
provide a “reasonable” model fit for the r-process yields!!!!  These data make it possible to 
account for the “steep” left slope of the peak owing to the shorter-than-expected half-lives up the 
N = 82 chain, and, perhaps, somewhat longer-than-expected half-lives for the Sn and Sb nuclei.	



123 to 139	





79(3) ms	


46 (5) ms	



162(7) ms	


68 (3)	


97(10)	


57 (10)	





The green dot is the 1986 point 
whereas the red dots are from 
the 1999 measurements 
performed with RILIS.  One 
observation is that, at that time, 
nearly all calculated half-lives 
were HIGHER the values 
eventually observed.	



Cd	





One major impact of 
these measurements 
has been the ability to 
identify model 
calculations that do 
not provide good fits 
to the data.   For 128Pd, 
the range is from 30 to 
50 ms. For 126Ru, the 
maximum is only 
about 20 ms…..not 
much waiting with 
that half-life.	





Again, the impact is to rid the literature of “bad” 
calculations.  You can see below how nice it would 
be to have smaller error bars for 130Cd and real 
data for 129Ag.	





Ylva’s thesis	





This is the KUL-LISOL Ion Guide Laser paper 
motivated by astrophysics to describe 78Ni 
decay.  Before this paper, there had been interest 
in  movement of single-particle levels, but no 
“smoking gun” where the ONSET of the 
monopole shift could be observed and an 
apparent “cause and effect” could be identified.  
Namely, adding high-j g9/2 neutrons to the 
nucleus.  	







Keeping with the topic of impact, here is the 1999 PRL…submitted in 1998 from the August 
1997 test run.  Lots of crabbing by the referees  “stating that these measurements and 
ideas… must be impossible”.  Ah, the ability to turn off the laser!!!!	





1999	



1997	



In 1997, Alex Brown’s calculations fit 
all of these data closely!!!  The 746-
keV 2+ energy for 64Fe could have 
been “ignored”, but not the 546-keV 
value for 66Fe.	



When the GANIL group published 
the lower value for 60Cr in 1999, it 
was consistent with the newer ideas 
about deformation and intruders.	





652 keV	


645 keV	



The word for the study of the neutron-rich Cd isotopes has been 
“frustration”.  It started with the first measurement that showed the 
small decline in the 2+ energy for 128Cd relative to 126Cd.	





Attempts to find a consistent way to describe these 
results in the shell model have proved frustrating.  
The frustration is shown at the right for the GSI 
calculation for 128Cd.  If the 10+, 6+ and 5- levels are 
fit, then the 2+, 4+, and 7- are not.	



There are unresolved issues for all of the Cd 
isotopes with A ≥ 125.  The ISOLDE 2+ energy for 
128Cd was “just the start”.	



128Cd…GSI	
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Summary… (but not the conclusion):	



Karl-Ludwig’s vision of a mechanism “for the selective ionization of an element via 
resonant laser excitation” that would permit the study of 129Ag decay has had major 
impacts on both nuclear astrophysics and nuclear structure physics, and was derived from 
knowledge of work by Mainz and GSI collaborators for the study of 101Sn.  Studies followed 
for Cd, In, Sn, and Sb.	



r-process nucleosynthesis: cleaned up the needed parameters for the A=130 abundance peak 	



nuclear structure: 128Cd,  identified low 2+ energy…still not understood	



	

 	

  66Fe, identified low 2+ energy…leading to intruders and deformation	



	

 	

 73Cu, via Leuven, identified low 5/2- level, monopole shifts, tensor idea	


	

 	

	


	

 	

135Sb, identified low 5/2+ level….reasons still debated…..there is a story	



	

 	

130In identified high 1+ level…….reasons still debated	





The observation that 
these old halo stars had 
abundance patters 
similar to the solar 
abundances has led to 
the idea that the r-
process which produces 
elements above Z = 55 
is a robust process.	





CP990, First Stars III, edited by B. W. O'Shea, A. Heger, and T. Abel,	


© 2008 American Institute of Physics 978-0-7354-0509-7/08/$23.00	



Sr, Y, Zr seed for the r-
process, NOT Fe and Ni 
isotopes!!!!!  To include Y 
means 89Y, and also 88Sr 
and 90Zr.  These elements 
are thought to be 
produced by a Light-
Element Primary Process, 
LEPP, whose details are 
elusive.  If these elements 
are the r-process seeds, 
then the waiting–points 
around 78Ni are “out of 
the loop”.	





Future challenge…..Ga, As, and Ge, decay around a possible double-
magic 90Se nucleus π(f5/2)6 • ν(d5/2)6	





Thank you for your attention.	




