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Motivation



Parent Nucleus: 129Cd
• 129Cd: Below doubly magic 132Sn

➡2π-hole and 1ν-hole relative to 132Sn
‣ Interest in nuclear structure

➡ r-process abundance peak at A ≈ 130
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Parent Nucleus: 129Cd
• 129Cd: Below doubly magic 132Sn

➡2π-hole and 1ν-hole relative to 132Sn
‣ Interest in nuclear structure

➡ r-process abundance peak at A ≈ 130
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• Ground state configuration

129Cd Open Question
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129Cd: 11/2- and 3/2+

• Both states have similar half lives 
 

T1/2(11/2-) = 147(3) ms
T1/2(3/2+) = 157(8) ms

   [Results from this campaign]
  R. Dunlop et al., PRC 93, 062801(R)(2016)

• Laser spectroscopy is necessary for detailed study
• Two states populate different excited states in  

129In via β-decay
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   T1/2(11/2-) =154(2) ms
   T1/2(3/2+) = 146(8) ms

 [Previous results from EURICA] 
J. Taprogge et al., PRC 91, 054324 (2015)



β-decay of 129Cd
• Previous Results on 129Cd Decay

➡Discrepancy between two level schemes
➡Unassigned spins

ISOLDE: O. Arndt et al.,  
Acta Phys. Pol. B40, 437 (2009).

EURICA: J. Taprogge et al. PLB 738 (2014)
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129In



Goals of This Study

8

• Detailed study of 129In nuclear structure
➡Resolve the discrepancy of level schemes
➡Search for new transitions and excited states
➡ Improved precision on experimental values
➡Spin assignment by γ-γ angular correlation  

➡Shell Model Calculation
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Experiment and Analysis



IG-LIS: Ion Guide Laser Ion Source 
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500 MeV p+

From H. Heggen.  
ISAC Operators Talk. Feb 6, 2014

: Laser On
: Laser Blocked995 keV

• IG-LIS - Isotope selective ionization and suppression  
of surface-ionized species (e.g. Cs, In)
➡Cleaner beam
➡Laser on/ blocked spectrum to identify transitions



Detectors

11

GRIFFIN 
Gamma-Ray Infrastructure For  

Fundamental Investigations of Nuclei

SCEPTAR  
SCintillating Electron-Positron  

Tagging ARray

γ rays β-tagging
129Cd

129In

β-

γ
in coincidence

Moving Tape  
Collector



• Beam implanted on a moving tape collector 
Data Collection
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• Transitions in a cascade are (usually) coincidental
➡  Gate on a transition  

Coincidence Analysis
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• New transitions observed & excited states established
• Generally agree with EURICA with improved 

uncertainties on intensities   

Level Scheme
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129InPreliminary



Isomer studies with GRIFFIN
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Isomer half-life
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• New transitions and excited states observed
• Intensities obtained with improved precision  

• Other experimental values to be determined
• Spin assignment by γ-γ angular correlation analysis
• Shell Model calculation

Summary and Outlook
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Summed Peak?
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995 keV + 2919 keV = 3914 keV
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possible γ-γ ang. correlation analysis

21
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FIG. 2. The γ -ray spectra in (a) prompt coincidence with
the the 1796.5 keV transition, (b) prompt coincidence with the
2155.6 keV transition, (c) coincidence (without time condition)
with the 334.1 keV transition, and (d) prompt coincidence with the
995.1 keV transition.

other and with the 995.1 keV transition. From the coincidence
information the only possible placement is on top of the
995 keV level, depopulating also the level at 3150 keV. The
order within the cascade is fixed by the intensities of the two
transitions.

Several other transitions (339.1, 391.7, 561.8, 731.0, 895.0,
1065.4, 1234.6, and 1457.0 keV) are observed in coincidence
with the 358.9, 995.1, and 1354.2 keV transitions [see
Figs. 2(c) and 2(d)] and can be placed in the level scheme
as several cascades starting from the level at 3150 keV and
ending in the 1354 keV level. The order of those cascades, as
presented in Fig. 3, is fixed by the coincidence information and
especially by the fact that β feeding is observed to all three
levels at 1693, 2085, and 2589 keV.

Arndt et al. [11] suggested the placement of the 1462 keV
transition on top of the 17/2− µs isomeric state. We agree
with this placement since the 1462.3 keV γ ray is observed
in delayed coincidence with the 334.1 keV transition, see
Fig. 2(c), and also with the 358.9, 995.1, and 1354.2 keV
transitions. According to the coincidence information two
more cascades can be placed on top of the 17/2− isomeric
state. The first one comprises of the transitions with energies
of 599.2 and 863.1 keV and the second the 589.1 and
873.0 keV transitions. Since the energy sum of both cascades
is 1462 keV this suggests that they are in parallel to the
1462.3 keV transition. Due to the fact that the relative
intensities of the transitions forming the cascades agree within
the uncertainties their order cannot be determined.

Another three transitions are observed in prompt coinci-
dence with only the 995.1 keV transition, having energies
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FIG. 3. Proposed level scheme of 129In established based on the intensities of and the coincidence relations between γ rays emitted
following the β decay of 129Cd.
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FIG. 2. The γ -ray spectra in (a) prompt coincidence with
the the 1796.5 keV transition, (b) prompt coincidence with the
2155.6 keV transition, (c) coincidence (without time condition)
with the 334.1 keV transition, and (d) prompt coincidence with the
995.1 keV transition.

other and with the 995.1 keV transition. From the coincidence
information the only possible placement is on top of the
995 keV level, depopulating also the level at 3150 keV. The
order within the cascade is fixed by the intensities of the two
transitions.

Several other transitions (339.1, 391.7, 561.8, 731.0, 895.0,
1065.4, 1234.6, and 1457.0 keV) are observed in coincidence
with the 358.9, 995.1, and 1354.2 keV transitions [see
Figs. 2(c) and 2(d)] and can be placed in the level scheme
as several cascades starting from the level at 3150 keV and
ending in the 1354 keV level. The order of those cascades, as
presented in Fig. 3, is fixed by the coincidence information and
especially by the fact that β feeding is observed to all three
levels at 1693, 2085, and 2589 keV.

Arndt et al. [11] suggested the placement of the 1462 keV
transition on top of the 17/2− µs isomeric state. We agree
with this placement since the 1462.3 keV γ ray is observed
in delayed coincidence with the 334.1 keV transition, see
Fig. 2(c), and also with the 358.9, 995.1, and 1354.2 keV
transitions. According to the coincidence information two
more cascades can be placed on top of the 17/2− isomeric
state. The first one comprises of the transitions with energies
of 599.2 and 863.1 keV and the second the 589.1 and
873.0 keV transitions. Since the energy sum of both cascades
is 1462 keV this suggests that they are in parallel to the
1462.3 keV transition. Due to the fact that the relative
intensities of the transitions forming the cascades agree within
the uncertainties their order cannot be determined.

Another three transitions are observed in prompt coinci-
dence with only the 995.1 keV transition, having energies
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FIG. 3. Proposed level scheme of 129In established based on the intensities of and the coincidence relations between γ rays emitted
following the β decay of 129Cd.
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