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Can we find isotopic 
fingerprints of the ISM 
(interstellar medium) in 
terrestrial archives? 
Radionuclides contain 
time information as they 
can serve as radioactive 
clocks! 
 
 
 

Extraterrestrial Radionuclides on Earth 
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Decay of radionuclides in the galaxy 

26Al 

60Fe 
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“recent” uptake into terrestrial archives 

Extraterrestrial Radionuclides on Earth 

oceanexplorer.noaa.gov deep-sea mangenese crusts & sediments 

§  extremely low growth rate (mm/Myr) 
§  integrate over tens of Myr 
§  efficiently enrich content of ocean water column 
§  remote locations – low terrestrial background 
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ESA/NASA 

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 
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http://www.astronomy.ohio-state.edu/~pogge/TeachRes/Ast162/
ISM/Local500pcAnn.gif 

‘Local’ interstellar environment 
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(182Hf, 244Pu...) 

(60Fe...) 

(10Be...) 

nearby supernova: < 100 pc, rate ~ 0.3 -10 (Ma)-1 

Supernova-produced radionuclides on Earth -
Live!  

Crab-nebula (SN from 1054 AD) 
Supernova Remnant  
at 2000 pc distance 

©TUM 

WHERE to look for: 
 
•  ice core 
•  sediments 
•  deep sea crusts 

Which isotopes: 
 
•  26Al, 53Mn, 60Fe, 146Sm,  
•  182Hf, 244Pu, 247Cm 
•  … 

e.g. 60Fe from SN: Korschinek, Knie et al., TU Munich 

e.g. 244Pu from SN: TU Munich,  & M. Paul Hebrew Univ. 
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ANU (15 MV) - Canberra 
VERA (3 MV) - Vienna 

60Fe 
244Pu 

Accelerator Mass Spectrometry = AMS   
= single atom counting 
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Actinides – pure r process nuclides 

80 Myr 
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Ø  NS-NS rate:  2-3×10-5 per year in our galaxy 
Ø  SN rate:  0.02 per year in our galaxy 
 

rate ratio SN : NS-NS   =    1000:1 

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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in collaboration with 

TU Munich: Korschinek, Knie 
et al. 

Hebrew Univ.: M. Paul et al. 

244Pu: t1/2 = 80 Myr   - AMS at VERA / Vienna 
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New crust sample for 244Pu 

Ø  Layer 1 (0-0.5 Myr), bomb test Pu 
Ø  Layer 2a (0.5-5 Myr) 
Ø  Layer 2b (5-12 Myr)  
Ø  Layer 3 (12-25 Myr)  
Ø  Layer 4: hydro-thermal → blank ? 

25 cm2 (110 g):            
1 detector event      
(TU Munich 2000) 

now: 
 →250 cm2 (1.8 kg): ?? 

+ sediment – M. Paul 2003 
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SN-isotope 244Pu- new results? 
  Possible „observatories“ of ISM on Earth: 
   

  1. Deep-sea sediments :               

  2. Deep-sea nodules and crusts :   
 

  AMS results for 244Pu-search: 

  TUM:  C. Wallner et al. 2000/03  Pacific ferromanganese nodules  1 ct 

  Rehovot: M. Paul et al. 2003  Pacific sediment    1 ct*       

 

  Rehovot / VERA    Pacific sediment    1 ct 

  TUM / VERA    Pacific ferromanganese crust  0 & 1+1 ct 

 

*fits to anthropogenic production 

new: 
new: 
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244Pu (t1/2=80 Myr) 

244Pu in terrestrial crust   
(+ AMS at Vienna): 
 
§  crust: dust collection 

over 25 Myr 
§  244Pu: time window - 

alive a few 100 Myr 
§  neutron star mergers or 

other rare process 

100:1	es'mated	vs	measured	

→ Actinides on Earth (U, Pu, 
… may be from a rare event! 

 
Other planets: 

x) Earth’s core heating! 
x) Nuclear technology 
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(182Hf, 244Pu...) 

(60Fe...) 

(10Be...) 

nearby supernova: < 100 pc, rate ~ 0.3 -10 (Ma)-1 

Supernova-produced radionuclides on Earth -
Live!  

Crab-nebula (SN from 1054 AD) 
Supernova Remnant  
at 2000 pc distance 

©TUM 

Which isotopes: 
 
•  26Al, 53Mn, 60Fe, 146Sm,  
•  182Hf, 244Pu, 247Cm 
•  … 60Fe (t1/2= 2.6 Myr)  
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60Fe-signal in a deep-sea crust 

Peak at 2-3 Myr! 

background level 

AMS measurement of 
60Fe content of crust at 

TU Munich 

AMS at Munich 

•  the only lab yet ! 
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Blank measurements (no 60Fe); 
commercial Fe 

blank level: 4x10-17  
(6 detector events last 3 years) 
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Deep-sea archives for cosmic dust 

+ TU Munich: other sediment samples 
+ TU Munich: lunar material 

sediments 

crusts 

nodules 

crust 

sediment 

10Be 
26Al 
53Mn 
60Fe, … 
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60Fe from sediments and crusts 

Ø  Deep-sea sediments 
Ø  Deep-sea crusts 
Ø  Deep-sea nodules 

60
Fe

 fl
ux

 

Knie et al. 2004 

 Nature 2016 
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More 60Fe data recently 
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More recent work on 60Fe 
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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)  

Atom counting using Accelerator Mass Spectrometry 

244Pu – AMS at Univ. of Vienna: 
•  100 times less abundant than expected 
•  rare production – neutron star mergers? 
60Fe – AMS at the ANU: 
•  new half-life confirmed 
•  clear extraterrestrial influx – points to 

recent SN activity close-by to Earth 
•  multiple events!? 
•  close-by (≤150 pc) 
•  impact on Earth ? – climate, temperature, … 
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The Chart of Nuclides 

Z	

N	

s & r process 

Neutron capture: 
§  slow neutron capture (s process) 
§  rapid neutron capture (r process) 

r process only 
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blank 

standard 

§  ENGE spectrograph in gas filled mode 
§  14UD tandem 
 

1.  Half life of 60Fe 
2.  Supernova-60Fe on Earth? 

60Fe ↔ 60Ni 
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ANU’s HIAF 
 -     AMS facility 

14C- ↔ 14N-  
but 60Fe ↔ 60Ni 
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1.  What is dark matter? 
2.  What is dark energy? 
3.  How were the heavy elements from iron to uranium made? 
4.  Do neutrinos have mass? 
5.  Where do ultrahigh-energy particles come from? 
6.  Is a new theory of light and matter needed to explain what happens at 

 very high energies and temperatures? 
7.  Are there new states of matter at ultrahigh temperatures and densities? 
8.  Are protons unstable? 
9.  What is gravity? 
10.  Are there additional dimensions? 
11.  How did the universe begin? 

11 Greatest Unanswered Questions in Physics 

Discover	2002;	US	Na1onal	Research	Council's	board	on	physics	and	astronomy	

	
3.	How	were	the	heavy	elements	
from	iron	to	uranium	made?	
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fundamental physics 
 
 
 
 
 

applied sciences 

 
  

 
                   55Fe                   2.7 years 

     3H                      12.3 
44Ti                   60 
63Ni                 100 
32Si                 140 
39Ar                 269 
14C              5 730 

59Ni            75 000 
41Ca          104 000 
81Kr          230 000 
79Se          280 000 

36Cl          301 000 
26Al          720 000 
10Be       1 388 000 
60Fe       2 600 000 
53Mn       3 600 000 
182Hf       8 900 000 
129I     17 000 000 
236U     23 000 000 
239-244Pu, 247Cm    - 81 000 000 

 
new: 55Fe, 68Ge, 202Pb, 210Bi, 229Th, stable… 

Some radionuclides 
measured with AMS 

atom counting of radionuclides via 
isotope ratio measurements 
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Nucleosynthesis yields 


