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r-process and Supernovae (SNe) – the extraordinary 
development of accelerator mass spectrometry (AMS) for 

identifying traces of interstellar origin
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Search for extraterrestrial radionuclides

1970
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ESA/NASA

Supernova (SN)-rate in our galaxy:
• 2 per century
• 1 SN per 3 Myr within 100 pc to Earth

diameter: 40,000 pc (130,000 Lyr)

galaxy
Can we find 
isotopic 
fingerprints of the 
ISM (interstellar 
medium) in 
terrestrial 
archives?
Radionuclides 
contain time 
information as 
they can serve as 
radioactive 
clocks!
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60Fe: t1/2 = 2.6 Myr

60Fe is rare on Earth

2.6 Myr

… is produced in massive stars
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Actinides – pure r process 
nuclides

80 Myr

244Pu is rare on Earth … is produced in the r process



r-process and supernova deposits in terrestrial archives      --- A Wallner ARIS 06/2023

ANU (15 MV) - Canberra

60Fe

VEGA (1 MV) – ANSTO/Sydney

244Pu

sensitivity: few 100 Pu atoms / Myr influx!
 sensitivity increase: 100×: 2010  2020 
 e.g. 10-21 – 10-22 g 244Pu / g crust (100 gram sample)

244Pu: detection efficiency: ~ %
background-free

60Fe: detection efficiency: ~ 0.5 ‰
abundance sensitivity: 60Fe/Fe ~ 2×10-17
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Archives – deep-sea on Earth

MIT Earth, Atmospheric and Planetary Sciences

ANSTO, Sydneydirect single atom counting using AMS
- accelerator mass spectrometry -
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Fe / Pu separation: 
M. Froehlich, D. Koll, S. Fichter
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60Fe-signal in a deep-sea crust

AMS measurement of 
60Fe content of crust at 

TU Munich

AMS at Munich

background level: ~ 2×10-16

• the only lab until 2014  ANU
60Fe: 2004  2023

 background: 10x lower (abundance sensitivity)
 measurement detection efficiency: 3 x higher

[note: on average still less than 1 count per hour.]
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60Fe from sediments and crusts Deep-sea:
 Sediments: Ludwig et al. 2016
 Sediments: AW et al. 2016, 2020
 Crust: K. Knie et al. 1999, 2004
 Crust: AW et al. 2016, 2021
 Crust: D Koll et al. 2023
 Nodules: AW et al. 2016

Lunar samples
 Fimiani et al. 2016
 Zwickel et al. 2023

Antarctic snow / ice
 D. Koll et al. 2020
 D. Koll et al. 2023

60Fe in cosmic rays: Binns et al. 2016

60
Fe

 fl
ux

AMS@ ANU & TUM: 2016 – … consistent

AW et al. Nature 2016
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60Fe-signal in a deep-sea crust

Peak at 2-3 Myr!

AMS measurement of 
60Fe content of crust at 

TU Munich

AMS at Munich

• since 2021  ANU the only lab 
for 60Fe

 Need for a new state-of-the-art 15MV+ AMS system?




AMS Measurement at Munich
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Interstellar 60Fe detected on Earth  – is there 
also some r-process 244Pu?
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Interstellar 244Pu -

How were the heavy elements from 
iron to uranium made?

60Fe - 2.6 Myr Supernovae, massive stars √
244Pu - 80 Myr r-process  - site unknown

… Supernovae?
… Neutron star merger?



r-process and supernova deposits in terrestrial archives      --- A Wallner ARIS 06/2023

Search for extraterrestrial radionuclides

1970

←→ 60Fe points to supernovae



r-process and supernova deposits in terrestrial archives      --- A Wallner ARIS 06/2023

r-process sites?

rates:    
~ 1000:1

neutron star mergers
© NASA

core collapse supernova
Hubble

244Pu (80 Myr) ? 244Pu (80 Myr) ?

time

244Pu

time

244Pu
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2017 …2023
Deep-sea archives for cosmic dust

sediments

crusts

nodules

crust

sediment
244Pu – Crust 3

244Pu – Crust 0

244Pu – Sed.

→244Pu / 60Fe: Crust-3
→244Pu / 60Fe: Crust-0 PhD D. Koll – ongoing
→244Pu / 60Fe: lunar soil PhD S. Zwickel - ongoing
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10 Myr

Summary – 60Fe & 244Pu 
in deep-sea archives

244Pu/ 60Fe: ~ 10-5
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Absolute 244Pu influx – 20 Myr

2015

Previous:
- C. Wallner + 2000, 2004
- M. Paul + 2001, 2007
- G. Raisbeck + 2007
- A. Wallner + 2015

244Pu influx too low for
Supernovae as major r 

process contributor



      

In progress: new crust Lunar Soil – 60Fe & 244Pu ….

Successful – first data
 10Be, 26Al
 53Mn, 60Fe
 244Pu, …

PhD S. Zwickel

Crust-0 (237KD Pacific) PhD 
D. Koll – ongoing

Antarctica – Epica ice core: 
D. Koll /A. Rolofs …- ongoing

10 Myr time profile of 60Fe & 244Pu 

Fe-60 profile at ANU



HAMSTER – a new state-of-the-art AMS system 

• ‘Compact’ 1-Megavolt (MV) accelerator coupled to an
• new type of laser/ion cooler particle-injection system.
• new building finished mid 2023

Example: 1-MV facility at ANSTO / Sydney

Helmholtz AMS for Tracing Environmental Radionuclides

244Pu, 247Cm, 53Mn, 10Be, 26Al, 182Hf … ?
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Crab nebula
Remnant of supernova 1054 AD
Distance = 6,300 ly, dia = 11 ly

Summary

Hubble

244Pu (80 Myr) - 60Fe (2.6 Myr) 

244Pu
• small influx of live 244Pu - but significant!
• abundance low -> SN production not sufficient
• r-element influx correlates with SN-60Fe
• production of 244Pu within the past few 100 Myr

60Fe
• clear extraterrestrial influx – points to recent SN 

activity close-by to Earth
• multiple events? – dynamic interstellar medium
• close-by (≤150 pc)
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More 60Fe data 2016 …

Antarctic snow (TUM) (D. Koll, PRL 2019)
& sediments (ANU) 60Fe influx continues 

until present times (PNAS 2020)

PNAS 2020
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