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Βeta decay, nuclear structure, and neutron emission

• Sβ is determined by the nuclear structure in parent and 
daughter nuclei

• f (Z, Qβ - Εi) is the phase-space factor (Fermi integral)

• Iβ is strongly modulated by f, which follows ~(Qβ - Εi)5

• When states above neutron-separation energy (Sn) are 
populated, neutron emissions become the dominant 
decay process following beta decays

à Neutron spectroscopy becomes more and more 
important in reconstructing Sβ in more neutron-rich nuclei 
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A controversy in beta-delayed neutron emissions

134In 134Sn 133Sn
Strong g7/2àg9/2 Small spectroscopic overlap

β decay neutron emissions
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• The mismatch between initial and final wavefunctions was seen in beta-delayed neutron emission (J. Heideman, R. 
Grzywacz et al., submitted for peer review)

• Microscopic calculations such as the shell-model calculation are difficult
• Hauser-Feshbach statistical model [1] is used to predict inclusive neutron-emission branching ratios (e.g., Ref. [2])
à Exclusive neutron-emission branching ratios make a step forward and provide more insights

pfh shell pfh shell pfh shell
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Beta decay around 54Ca (52,53K)
Is 54Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

• How many neutrons occupy the f5/2 orbital above N=34 in 52,53K (i.e., 
is N=34  a strong shell gap)?
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Beta decay around 54Ca (52,53K)
Is 54Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

• How many neutrons occupy the f5/2 orbital above N=34 in 52,53K (i.e., 
is N=34  a strong shell gap)? 

• à Iβ is our probe to the shell gap
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Shell model with gxpf1a Shell model with gxpf1a 
(reduced N=34 shell gap)
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Beta decay around 54Ca (52,53K)
Is 54Ca (Z=20, N=34) a doubly magic nucleus, like 132Sn (?)

• How many neutrons occupy the f5/2 orbital above N=34 in 52,53K (i.e., 
is N=34  a strong shell gap)? 

• à Iβ is our probe to the shell gap
• à The exclusive neutron branching ratios around 54Ca provide 

another valuable input to the statistical-model calculation
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Beta decay around 54Ca (52,53K)

Previous work at ISOLDE Decay Stafon 
(MINIBALL+TONNERRE+LEND):
F. Perrot et al., Phys. Rev. C 74, 014313 (2006)

More stafsfcs are needed for a decisive conclusion for 53K (no 
β-γ-n analysis was performed in previous work)

This work:

• Remeasure the Iβ of 52K decay (confirmafon)
• Establish the Ιβ 53K for the first fme

52K

53K
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Experimental setup (IS599, PI: A. Gottardo, R. Grzywacz, M. Madurga)

beam

~1 meter flight path

At ISOLDE Decay Station (IDS)
Tape system to remove long-lived activities
Two β detectors (front and back) with 80% efficiency
4 HPGe clovers + 26 Neutron detectors (INDiE*)
2% γ and 10% neutron efficiency at 1 MeV

ISOLDE Decay Stafon (IDS)

GPS target and 
separation

Proton beam current ~ 2uA
Isotopes were separated by general-purpose separator (GPS)
~500k 53K were collected in 4 days of beamtime
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Data analysis with neutron & gamma spectra
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Data analysis with neutron & gamma spectra

ZA
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Data analysis with neutron & gamma spectra
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Ιβ and neutron exclusive branching 
ratios can be obtained from the 
simultaneous fits of nTOF-single and 
nTOF-γ spectra
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Experimental result: nTOF following the decay of 53K
53K, single

53K, 2563-keV γ

53K, 3152-keV γ
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0+

2+, 2563 keV
(1+), 3152 keV

3/2+

1/2-

Pn=75%
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The B(GT) distribution indicates a strong N=34 shell gap
53K, single

53K, 2563-keV γ

53K, 3152-keV γ
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Each narrow bar corresponds to a virtual state (in the
fitting analysis), of which the width is not yet included.



The B(GT) distribution indicates a strong N=34 shell gap
53K, single

53K, 2563-keV γ

53K, 3152-keV γ
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Shell model with gxpf1a
(without a quenched N=34 shell gap)



Exclusive neutron branching ratios matter
Non statistical neutron emissions were observed in
134In à 134Sn à 133Sn

J. Heideman, R. Grzywacz et al., submi<ed for peer review
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Exclusive neutron branching ratios matter
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Hauser-Feshbach calculation on 53K (3/2+) decay 

Ratio going to the 3152-keV state of 52Ca

Ra`o going to the 2563-keV state of 52Ca

Ratio going to the ground state of 52Ca
J=1/2+

J=3/2+

J=5/2+



Summary and outlook

• Beta decays of 52,53K were studied at ISOLDE Decay Station with a hybrid detection system (beta + gamma + 
neutron)

• Analysis methods were developed to obtain apparent beta feeding and neutron exclusive branching ratios 
simultaneously

• The results were compared with SM calculations, and we did not see the evidence of a reduced neutron 
shell gap at N=34 shell gap

• The comparison of the neutron exclusive branching ratios with the statistical model (HF) shows some spin-
dependency and the possibility of model-dependent spin assignment

• So far, only allowed Gamow-Teller strength distribution has been calculated in the SM, which will be 
extended to include First-Forbidden transitions soon.



Collaboration of IS599



Collaboration of IS599

Thanks for your attention!



Backup slides



Detector components

ü R7724: D= 5 cm

ü R374: D = 3 cm



Neutron efficiency curve
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Online calibration for INDiE

• Mono-energetic neutrons from GEANT4 (neutron 
scattering, time resolution)

• Convolution with the R-Matrix theory (with 
Lorentzian profile)

• Reproduce the nTOF spectra of 49K and 17N 
simultaneously

1-MeV neutrons in 
GEANT4

Without R-Matrix broadening

With R-Matrix broadening


