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Uni Frankfurt

Constraining the r-process Ll

r-process scenarios -

= (Core-collapse supernovae

= Neutrino Driven Winds in CCSN
= Magnetorotational SN/Jets

= Collapsars (Hypernova)

= NS-NS merger (Kilonova)

= NS-BH merger

= And many more...
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Uni Frankfurt

Constraining the r-process
Pu-244 and Fe-60

r-process Pu-244
ti2 =81 Myr

Connect supernova Fe-60
with pure r-process Pu-244

50

Supernova Fe-60
(t1/2 =2.6 I\/Iyr)
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Uni Frankfurt

Constraining the r-process

Pu-244 and Fe-60
Supernova Fe-60
Regular near Earth, AMS
observation possible < 10 Myr Accelerator

Mass
r-process Pu-244 Spectrometry
Rare near Earth,
observation possible > 100 Myr
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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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **Ni and ®°Fe may be the most promising signatures of a nearby supernova*

»,The isotope °Fe is the most promising signature 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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (e etal- 1999)
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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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (e etal- 1999)

2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx (e etal- 2009)
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Pioneering work
Supernova Fe-60 with AMS in Munich

Knie et al., Phys. Rev. Lett. 93 (2004)

h (Korschinek et al, Ellis et al. 1996)

1996: Fe-60 propos

»The isotopes  3x10™" 4 2arby supernova“

1999: Indication of : 1 2ment Knieetal. 1900)

o 2x10774 3
2004: Detection of =
L
L

o
1x10™"° - -
: + F;M P “.LI*HLL
0 (5] a8 10 12 14
age (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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (Knieetal. 1999)
2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx (e etal- 2009)

2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar soil (Walneretal., Ludwig etal. Fimiani et al. 2016)
+ inﬂUX at 7_8 Myr (Wallner et al. 2016)
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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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (Knieetal. 1999)
2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx (e etal- 2009)

2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar soil (Waliner etal, Ludwig etal. Fimiani et al. 2016)
+ inﬂUX at 7_8 Myr (Wallner et al. 2016)

2019: Detection of recent interstellar Fe-60 in Antarctic snow *letal- 2019)
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Pioneering work

Supernova Fe-60 with AMS in Munich and Canberra

1996: Fe-60 proposed 10" :

» The isotopes %/

Koll et al., Phys. Rev. Lett. 123 (2019)

1072 =
1999: Indication of sug :

2004: Detection of sug ©_ ;5 _

Fe / *Mn

2016: Detection of suf

+influx at 7-8 Myr 54 _

2019: Detection of rec

10

0.
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Ni / Fe
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Earth (Korschinek et al, Ellis et al. 1996)

1 "a nearby supernova*“

1 asurement (Knie et al. 1999)
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Pioneering work
Supernova Fe-60 with AMS in Munich and Canberra

B T - . .
1996: Fe-60 proposed 1073 ' ' ' ' ] Earth (Korschinek et al, Elis et al. 1996)
] 1 "a nearby supernova“

107 l 3

1 Isurement (Knie et al. 1999)

» The isotopes %/

1999: Indication of suf

C

002 -

2004: Detection of sug®_ ;43 _
[ ]
LL
3

1 Iner et al., Ludwig et al., Fimiani et al. 2016)

2016: Detection of suf
+influx at 7-8 Myr 54 _

2019: Detection of rec
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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 (Kerschinek etal, Ellis et al. 1996)
» The isotopes °Al, “1Ca, **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 (Knieetal. 1999)
2004: Detection of supernova Fe-60 in VA13-237KD crust, 2-3 Myr influx (e etal- 2009)

2016: Detection of supernova Fe-60 in sediments, crusts, nodules and lunar soil (Waliner etal, Ludwig etal. Fimiani et al. 2016)
+ inﬂUX at 7_8 Myr (Wallner et al. 2016)

2019: Detection of recent interstellar Fe-60 in Antarctic snow *lletal- 2019)

2020: Confirmation of recent Fe-60 in deep-sea sediments (Walner etal. 2020)
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Pioneering work
r-process Pu-244 with AMS

2015: First large investigation with small AMS in Vienna, upper limit (alneretal. 2013)
= Time resolution only an integral over 25 Myr
= Sensitivity 1:10,000 atoms

.. . . ) g . ) . . . ] Australian  pRESDEN VA‘ - —
Mar 2022 Dominik Koll ~ Combined Search for Live Stellar Fe-60 and r-Process Synthesized Pu-244 in Terrestrial Archives = Uﬁit\'/g?gilty concept by I dm D n



18

Pioneering work

r-process Pu-244 with AMS

2015: First large investig %
= Time resolution onl N%
= Sensitivity 1:10,00( 5
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Wallner et al., Nat. Comm. 6 (2015)

1®m 24Py flux measured
E > 244py, flux upper limit (20)
| W 244p,, fiux 1SM-model

Previous work

20,000 - 160,000
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Pioneering work
r-process Pu-244 with AMS

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

2019: Improvement of sensitivity in Pu AMS with compact machine VEGA (Hotehkis etal. 2019)
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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 (Wallner etal. 2015)
= Time resolution only an integral over 25 Myr
= Sensitivity 1:10,000 atoms

2019: Improvement of sensitivity in Pu AMS with compact machine VEGA (Hotehkis etal. 2019)

2021: First detection of interstellar Pu-244 in ferromanganese crust (Valneretal. 2021)
= Time resolution : 4.5 Myr
= Sensitivity 1:200 atoms
= Fe-60 influx between 6-7 Myr, previously 7-8 Myr, exact timing?
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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

2015:

Sensitivity 1:10,000 atoms

Status report on AMS Measurements of Plutonium Isotopes using the 1MV Tandetron Accelerator at IFIN-HH

Tuliana Stanciu': 2, Doru Pacesila!”, Shawn Bishop?, Mihaela Enachescu!, Alex Petre!, Marian Virgolici!, Andreea Serban!:?, Florin Albota!, Ionuz Erhan!, Viorel Fugaru!, Decebal Iancu?, Vasile Mosu
1]

Horia-Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), Magurele, Romania, - fmc
B 5 5 Physik Depaitinent B, Tedhnische Universist Manihies Canching, Germiny o
. 3. Faculty of Physics, University of Bucharest, Bucharest, Romania, *doru.pacesila@nipne.ro 15 - 19 Novemnber 2021
= Sens |t|V|ty 1:200 atoms *Ac (U and Th particles)= Transmission/Detection Efficiency
XAcS+ (A)-t (5)/3-e (C) lon source - FC3 (Movable Faraday
= e=1.602 x 10-19C Cup)/ GIC
232Th (averaged for 2 cathodes) 1.43-107*+051-107*
Detection efficiency 0.4x10 2380 (averaged for 2 cathodes) 0.32-107*+0.03-10*
= Sensitivity 1:25,000 atoms 242Pu (averaged for 4 cathodes) 0.41-10~*+0.07-10~*
- J
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Pioneering work
Interstellar radionuclides with AMS

4 I I I ! I | I I |

354 A + --@-- incorporation rate
' Two supernova Fe-60 influxes and recent influx

Pu-244 detected, but only integral over Fe-60 influx

AMS at ANU for Fe-60, only facility

AMS at ANSTO for Pu-244

Wallner et al., Science 372 (2021)

60 N -
& | Large sample, characterization, high efficiency in
chemistry and measurement
2 & L & ] Time resolved influx of Fe-60 and Pu-244

O NNENENGS NN NG

N I IER .
1 2 5 6 7 8 9 10

age (Ma)

244py (atoms cm? Myr™)
N
=
|

0
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10 Myr time profile of Fe-60 and Pu-244

Characterization of the crust

|1||\|||’||

VA13-237KD

| l{l]l[lll]I|I|I||‘l|l|l|l|ll||||l

3.7 kg

2 drillcores for Be-10 dating
1 drillcore for Fe-60 profile
Layers for Pu-244
Characterization with

3D optical scan

3D x-ray scan
3D CNC model and print
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Mar 2022 Dominik Koll  Combined Search for Live Stellar Fe-60 and r-Process Synthesized Pu-244 in Terrestrial Archives :;,:; ﬁ%?\;é;éf:: D‘EE:CDeEp': :) e



— .
e |
.. e

| TN
wn

4

-
-

T

11 12 3" 16 17 18 19 20 21 2 23, o4y @5 06 17 AW 99 X
|J\I|\\I'\ll]vlvll\l‘l\\‘lll\l_LJ_Ll_Ll_LLL\—LLu—L

: IIJIII'III'IIIIIIIII'I'!I\|1|Il||\

Mar 2022 Dominik Koll  Combined Search for Live Stellar Fe-60 and r-Process Synthesized Pu-244 in Terrestrial Archives f Nayalan  DRESDEN 7 m mmm
& University concept Ry 4 | g I S D n




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

Characterization of the crust, Be-10 at HZDR

1011 - - r -rTrrrTrr-Tr-TrTr-Tr T 1r " 17
= '°Be Drillcore KC_a
v '°Be Drillcore KC_b

—_—
e
o

19Be (atoms/g)

/

" Koll et al., in preparation

1 08 L 1 L | L 1 L 1 L 1 L 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Depth (mm)
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10 Myr time profile of Fe-60 and Pu-244

Characterization of the crust, Be-10 at HZDR

1011 - rrrrr-Tr-Tr-T1r T 1r T 1r T 1 T 1
= '°Be Drillcore KC_a
v '°Be Drillcore KC_b

—_—
e
o

19Be (atoms/g)

/

" Koll et al., in preparation

1 08 L 1 L | L 1 L 1 L 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Depth (mm)
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 profile at ANU
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 profile at ANU
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 profile at ANU
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 2" peak
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Wallner 2016
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 2" peak
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10 Myr time profile of Fe-60 and Pu-244
Fe-60 2" peak
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10 Myr time profile of Fe-60 and Pu-244
Pu-244 outlook

Measurements finished at VEGA
Time resolution 1 Myr
eru =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

A i . =
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Outlook

Analysis of Pu-244 data, measurements to confirm

Further dating of drill cores into 10 Myr — 15 Myr region (up to 10 x ti)
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 and full uptake, crusts for statistics, lunar for
nuke free integral over more than 100 Myr
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