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Pioneering work
Supernova Fe-60 with AMS in Munich

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and ®°Fe may be the most promising signatures of a nearby supernova“
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Pioneering work
Supernova Fe-60 with AMS in Munich

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and ®°Fe may be the most promising signatures of a nearby supernova“

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *
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Pioneering work
Supernova Fe-60 with AMS in Munich

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and ®°Fe may be the most promising signatures of a nearby supernova“

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *

2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx *
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Pioneering work
Supernova Fe-60 with AMS in Munich

Knie et al., Phys. Rev. Lett. 93 (2004) [N
\arby supernova

1996: Fe-60 propos
,The ijsotopes  3xio " -

11

1999: Indication of : 1>ment ?

ax10"" o

2004: Detection of :E

*Fe /

ﬁ‘%? ﬂ[k}l}:i%%‘%%ﬁ%ﬁ‘* ______ |

& ' T L— d T T 1
0 2 4 ] 8 10 12 14
age (Myr)

li g ™
6 13.10.2021 Dominik Koll Single Atom Counting of Stellar and r-Process Nuclei in Time-Resolved Deep-Sea Archives v;;,‘ ﬁg_’figgal D'EE:CDeEp': :) .—i z: 'n



Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and ®°Fe may be the most promising signatures of a nearby supernova“

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *

2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx *

2009-2015: Update Fe-60 ti, from 1.5 Myr to 2.6 Myr (AMS groups in Munich and Canberra in collaboration with PSI)
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and °Fe may be the most promising signatures of a nearby supernova

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *

2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx *

2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar rock 7 + influx at 7-8 Myr °
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and °Fe may be the most promising signatures of a nearby supernova

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *
2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx *

2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar rock 7 + influx at 7-8 Myr °

2019: Detection of recent interstellar Fe-60 in Antarctic snow 8
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra

1996: Fe-60 proposed to be an excellent tracer for the study of supernova traces on Earth "2
, The isotopes %°Al, 4'Ca, **Ni and °Fe may be the most promising signatures of a nearby supernova

1999: Indication of supernova Fe-60 in deep sea ferromanganese crust, integral measurement *
2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx *
2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar rock 7 + influx at 7-8 Myr °

2019: Detection of recent interstellar Fe-60 in Antarctic snow 8

2020: Confirmation of recent Fe-60 in deep-sea sediments °
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Pioneering work
r-process Pu-244 with AMS

Where are the heaviest elements I
formed in the universe? ol

Connect supernova Fe-60 with
a r-process nuclide
Best candidate: Pu-244 (t1, = 80 Myr)
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Pioneering work
r-process Pu-244 with AMS

2015: First large investigation with small AMS in Vienna, upper limit ™
= Time resolution only an integral over 25 Myr
= Sensitivity 1:10,000 atoms
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Pioneering work
r-process Pu-244 with AMS
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Pioneering work
r-process Pu-244 with AMS

2015: First large investigation with small AMS in Vienna
= Time resolution only an integral over 25 Myr
= Sensitivity 1:10,000 atoms

2019: Improvement of sensitivity in Pu AMS with compact machine VEGA ™
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Pioneering work
r-process Pu-244 with AMS
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Pioneering work
r-process Pu-244 with AMS

2015: First large investigation with small AMS in Vienna
= Time resolution only an integral over 25 Myr
= Sensitivity 1:10,000 atoms

2019: Improvement of sensitivity in Pu AMS with compact machine VEGA ™
2021: First detection of interstellar Pu-244 in ferromanganese crust '
= Time resolution : 4.5 Myr, integral over Fe-60 influx

= Sensitivity 1:200 atoms
= Fe-60 influx between 6-7 Myr (previously 7-8 Myr)
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Pioneering work
r-process Pu-244 with AMS

2015:

= Sensitivity 1:10,000 atoms

2021:

= Sensitivity 1:200 atoms
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Pioneering work

r-process Pu-244 with AMS
Wallner et al., Science 372 (2021)
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Pioneering work
r-process Pu-244 with AMS

4 I I I I I I I I I
<354 A + --@-- incorporation rate -
> 5 Tt 1
e 2;2 + 1 Two supernova Fe-60 influxes and recent influx
® 2] e , ]
E 15 ” ++ + + : Pu-244 detected, but only integral over Fe-60
% 11 ¢ s 5 +
& 05 -. ¢‘ h ¢ I AMS at ANU for Fe-60, only facility, ®°Fe/Fe = 2x10-""
120 1 1 1 1 . "
1004 B i AMS at ANSTO for Pu-244, only facility, €r. = 1/ 200 at
3 80 - .
E . N |
é o0 & The goal:
& 95 - Ti Ived infl f Fe-60 AND Pu-244
g &x\\,\\\\,\\\,\\\\}\\\,‘*\,\\\\}‘. | ime resolved influx of Fe u
E 0 1 2 3 4 5 6 7 8 9 10

age (Ma)

Australian DRESDEN (A‘ - =
% National t ™ i 'R
= University =~ conce Pl s

21 13.10.2021 Dominik Koll Single Atom Counting of Stellar and r-Process Nuclei in Time-Resolved Deep-Sea Archives



10 Myr time profile of Fe-60 and Pu-244

Characterization of the crust

VA13-237KD

3.7 kg
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Layers for Pu-244

Characterization with
3D optical scan

3D x-ray scan

3D CNC model and print
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10 Myr time profile of Fe-60 and Pu-244

Characterization of the crust
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10 Myr time profile of Fe-60 and Pu-244

Characterization of the crust
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 profile
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 profile
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10 Myr time profile of Fe-60 and Pu-244
Pu-244 profile

Measurements finished early October 2021
Time resolution 1 Myr
gy =1:100 at

Lower Pu-244 compared to Wallner 2021

Confirm previous results, differences
between samples

PRELIMINARY:
Pu-244 follows Fe-60 for first peak
BUT unexpected older influx pattern
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Outlook

Analysis of Pu-244 data

Further dating of drill cores into 10 Myr — 15 Myr region (up to 10 x t42)

Chemistry development for Cm-247 in same sample

Chemistry development for Hf-182, lead by University of Vienna, ILIAMS

New samples for Pu-244 investigations:
Sediments/ice for less diffusion, crusts for statistics, lunar for nuke free integral
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