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Summary and Outlook

 AMS as sensitive and efficient tool to provide new data  e.g. only few 

100 244Pu-atoms in sample needed for one significant detector event!

 Technique established for simultaneous extraction of multiple elements

 Some samples not yet saturated in 10Be, 26Al, and/or 53Mn 

 exposure time to cosmic rays

 Interstellar 60Fe found in agreement with literature and terrestrial data

 Total AMS detection efficiencies between 0.2 and 8‰

Work in progress

 More 60Fe measurements at HIAF, ANU


244Pu & 247Cm measurements at VEGA, ANSTO and HAMSTER, HZDR   

 interstellar r-process signatures in Lunar soil? 

Isotope Half-life

[Myr]

Main 

Production

Machine Expected

Ratios*

10Be 1.4  Cosmic Rays Dresden[6] 10–11-10–12 **

26Al 0.7  Cosmic Rays Dresden[7] 10–11

41Ca 0.1  Cosmic Rays Dresden[8] 10–12-10–13

53Mn 3.7  Cosmic Rays Canberra[9] 10–11 **

60Fe 2.6  Supernova + 

Cosmic Rays

Canberra[9] 10–14-10–15

15 mm

Sample Preparation

 Test different leaching/digestion procedures[4, 5]

 Chemical yields typically > 75 %

 ~ mg to ~ 50 mg sample necessary for all light elements

 Gram sized samples needed for 244Pu  ((244Pu/60Fe)terr = 10–5)[3]
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Astrophysical Motivation
Core collapse

supernova (SN)
Neutron star merger

and rare subset of SN

Astrophysical site of 

the r-process?

Pure r-process tracer[1]: 
244Pu (t1/2= 81Myr) & 
247Cm(t1/2 = 16Myr)

Rates ~1000:1

60Fe
 Focus of this work: Lunar soil

 Technique to extract simultaneously up to 9 elements from a single 

Lunar soil sample (Be, Al, Ca, Mn, Fe, Ni, Hf, Pu, Cm)

 Cosmogenic radionuclides for exposure time (10Be, 26Al, 41Ca and 53Mn)

 Confirm interstellar 60Fe in Lunar soil

Samples from all six Apollo missions 

integrating from ~ 1 Myr to ~ 200 Myr

Lunar:

 No time resolution

 Integrating up to 400 Myr

 Small samples (~ g)


60Fe[2], 244Pu, 247Cm

Terrestrial:

 Time resolution

 Look back ~ 20 Myr

 Large samples (~ kg) 


60Fe[3], 244Pu[3], 247Cm

Interstellar Radionuclides in the Solar System

Interstellar 60Fe and 244Pu in 

deep-sea ferro-manganese crust[3]

LunarTerrestrial

Wallner et al. (2021)[3]

Cosmogenic Radionuclides

 Leaching not sufficient for complete

radionuclide extraction

 Activity grows over time with

A(t) = P(d) * (1-e-λt)


41Ca (0.1Myr) always saturated

 exposure time > 0.5 Myr

Unsaturated

Is leaching already enough?  No! Exposure age on the Moon?

 Excess 60Fe above cosmogenic 

production  interstellar 60Fe!

 In agreement with literature and 

terrestrial data[2,3]

 More interstellar 60Fe in smaller grains

Interstellar Radionuclides

Actinides

 Tests at ANSTO on 242Pu-spike 

measurements in lunar simulants 

yielded total efficiencies ≥ 3 ‰ 

 ready for real samples

Supernova 60Fe


