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Formation of rare-earth
peak

M. R. Mumpower et al., 

PRC 85, 045801 (2012) 

& APJ 752, 117 (2012)

S. Goriely et al., PRL 

111, 242502 (2013)
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Experimental setup

Detection of:

140 3He filled

proportional counter

3He + n → 1H + 3H + 764 keV

2 clover HPGe 

detectors

AIDA: 6 DSSD implantation, β-events

γ-photons

neutrons

+ Veto detector

+ Shared time stamps

A. Tolosa-Delgado, 

NIMA 925, 133 (2019)

H. Okuno et al., PTEP 2012, 03C002 (2012)

https://doi.org/10.1016/j.nima.2019.02.004


Determination of half life
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H. Bateman, PCPS 

15, 423 (1910)

+ Validation with implant-β-γ correlations



Determination of Pn value

3He + n → 1H + 3H + 764 keV

P𝑛 ≅
1

n det. efficiency
∙

i−β−n events

𝛽−events A. Tolosa-Delgado et al., 

NIMA 925, 133 (2019)

https://doi.org/10.1016/j.nima.2019.02.004
https://doi.org/10.1016/j.nima.2019.02.004


Results

G. G. Kiss et al., 

APJ 936, 107 (2022)

• Measured the β-decay properties of 28 neutron-rich Pm, 

Sm, Eu and Gd isotopes

• β-delayed neutron-emission probabilities (Pn) were 

derived for the first time in this mass region

• Nuclear reaction network calculations for the r-process

employing a neutron-star merger and a hot wind scenario 

• Identification of critical isotopes (e.g. 168Sm) for

abundance pattern uncertainty
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https://doi.org/10.3847/1538-4357/ac80fc


Thank you for your attention!

This work was granted by ÚNKP-22-2-I-DE-75.

https://doi.org/10.3847/1538-4357/ac80fc


Possible astophysical sites

Artist’s impression of two neutron stars

GW170817: Observation of Gravitational Waves from a 
Binary Neutron Star Inspiral

Successful r-process site characteristics:

• very large neutron densities > 1022
1

cm3

• sufficiently high temperatures, but not too high (~ GK)

• rapid expansion time scales (~1s)

Cassiopeia A

Fingerprints of the r-process

nucleosynthesis:

▪ Metal poor stars

▪ Gravitational wave and 

optical signals

Cowan, J., Sneden, C., Nature 440, 1151

Ji, A. et al., Nature 531, 610

Siegel, D.M.et al., Nature 569, 241

D.Watson et al., Nature 577, 497

B. P. Abott et al., Phys Rev. Lett. 119, 161101

https://doi.org/10.1103/PhysRevLett.119.161101
https://www.nasa.gov/mission_pages/chandra/multimedia/exploring-cassiopeiaA.html


Nucleosynthesys beyond the iron peak

s-process

▪ Low neutron density 

106 − 1012
1

cm3

▪ Along the valley of 

stability

▪ Slow (~10000 years)

r-process

▪ High neutron density 

> 1022
1

cm3

▪ Away from the stability 

valley, near the neutron 

drip line

▪ Rapid (< 1 s)N
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32 72Ge 73Ge 74Ge 75Ge 76Ge

75As 76As

76Se 77Se 78Se 79Se 80Se 81Se34

36 80Kr 81Kr 82Kr 83Kr 84Kr 85Kr 86Kr 87Kr

79Br 81Br80Br 82Br

(𝑛, 𝛾)

𝛽−

(𝑛, 𝛾)

𝛽−-decay

18,45 min3,26 ∙ 105 yr

17,68 min 35,282 h

1,094 day

82,78 min

76,3 min2,29 ∙ 105 yr 10,739 yr

electron capture

neutron capture

or 𝛽+-decay

82Se

76Ge

78Kr

Neutron capture

• s-process

• r-process

p-process, i-process etc.
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Binding energy per nucleon

Important isotopes in 

rare earth peak formation

Adamian, G.G. et al.

Eur. Phys. J. A 56, 47



The r-process path

Erika M. Holmback

https://eholmbeck.github.io/slides/ND_Seminar.html#/r-process-movie


A/Q

BigRIPS

separator

• ToF → v

• 𝐵𝜌 → A/Q

•
𝑑𝐸

𝑑𝑥
→ Z

Z

Cocktail beam

↓

Simultaneous measurement
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RIKEN Nishina Center-RIBF

Be-target + 238U

primary beam energy: 

345MeV/u

BigRIPS separator

• ToF → v

• 𝐵𝜌 → A/Q

•
𝑑𝐸

𝑑𝑥
→ Z

Ion source
Multi-stage

accelerator

AIDA and BRIKEN

detectors

A. Tolosa-Delgado, 

Physics Research, A 925


