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Extraterrestrial Radionuclides on Earth
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Decay of radlonuclldes in the galaxy
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Extraterrestrial Radionuclides on Earth

INPC 2016, Adelaide, 12/09/16

“recent” uptake into terrestrial archives

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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SN-rate in our galaxy:
« 2 per century

. ".
- %] \.‘
.o Ly
- ¥
-
»

. - » . - »,
r a3 ‘.r .:.’\'
a4 -
).

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

ESA/NASA



oca ln ers e ar

/k’ Upper-Scorpius OB Associa

+ «PiScorpl
~Sigma Scorpil

yumbbeli Nebula A
o ‘Rho @phiug

Rho Ophiuchi Dark Cloud

Sadalsuud Zeta Ophiuchi ™ .

S27

Igeth
Beta Sagittae Hmeignn

e Pi Sagittarii
Hellx Nebuita . Pe
Pi Herculls Phi Sagittari
Nu Coronae Borealls =~ Zeta goronlac ¢
Albireo orealis \m
Enif Alpha Ar R Hycvree
Gam - Gamma Lupi Beta Crucis
ma Cyoni zeta Cygni Sulaphat pspm
Rastaban R Aquaril ’
RR Lyrae _Avlor

The Sun._ ' Achernar
Alpha Reticull

Alkald Sirius Supercluster

Sadalmelik

SS Cygni Scheat

<
o)
Op "

Beta Cephel

Algenib

Eta Aurigage

Deita Mei i wn
Lambda Tauri Bellatrix
Epsilon Casslopeiac Pleiades

T Tauri
Taurus . HL Tauri

Dark CM|(|>r:d Taur
Zotii:rigae :
Medusa Nebula °

Mebsuta

> %%
://www.astrono:)f.ohio-state.edu/~oe/Teact162/

ISM/L ocal500pcAnn.gif

7
o

' -

- “if‘. 54
Nu e & - _;.-'/

TR S
rr e A

.Hyades 4 v. » | 2 > »
&gr cluster — ,.-. ‘“
Ve R

Su:fus _
Procyon’ —
o Centaurr

' Arcturus ?'“,.*n ]
G Ly
. > .& . s

. \Vega

ntaurus el
2 To Galactlc .




Supernova-produced radionuclides on Earth -
Live!
nearby supernova: < 100 pc, rate ~ 0.3 -10 (Ma)™’

ISM

(182HF, 244Pu...)

Solar system

£ {(Q )\\ : AR Ty i e
“ WHERE to Iook for: DSmn_ ~— Which |sotopes

e.g. “%Fe from SN: Korschinek, Knie et al., TU Munich
e.g. ?4Pu from SN: TU Munich, & M. Paul Hebrew Univ.

* deep sea Crusts
OTUM

INPC 2016, Adelaide, 12/09/16 A. Wallner



ANU (15 MV) - Ccanberra
VERA (3 MV) - Vienna,

ANU HEAVY ION
ACCELERATOR
FACILITY

Focus Cs-Boam Sputter
75KV
Prearaion Nm&“;g; for VERA
Insertable Vienna Environmental Research Accelerator : |
Faraday Cup </i\. .-
Electrostatic NXy-Silts  Einzel Lens E =1
Analyzer + + >
E/q=90 keV 4 N orofi + =
=0.300 m eam Profile
y-Steerer  Monitor xy-Steerer g, Focus =
Beam-Switch Preacceloration = 14 UD
Analyzing Magnet =
Magnetic ¥2 =
Quadrupie . +3MV Tandem Accelerator  Wienfilter M e amu 22 m PELLETRON
Doublet c ExBe35kV/iemx 0.4 T <
Mutt Beam e TANDEM
Switcher 2 —_— E
. Offset vz
Injection Magnet Faraday Cups xly-Steerer oo o Foii CPAMOING | xy-Steerer
ME/q*=17 MeV amu & e o' Chain -Steerer - 1
=0.457 m inzelLens  Stripper Electrostatic v -
‘o CH + CH L Quadrupole Triplet -
no N1 Offset =
W lon Production and Detection g v (i Faraday Cups -
Eloctrostatic Components mnmm; > 3~/ Stable Isotope = 60
® Magnetic Components Faratoy Cop- Measurement = e
— Beamline e =3
TOF-Detector Beam Profile ‘e LB 3
Monitor -
JE
AE/E-DetectoD |\ e )} =
Quadrupole \ | —
S Doublet with
Magnatic xly-Steerer C Electrostatic s

Quadrupole w Analyzer
Doublet Elq=4.4 MeV AMS
244 Gas Absorber ot 2,000 DETECTION ::::::g:wcrme
+ E-Detector Switching E-Detector SYSTEM

ENGE
Dot o 1 2 3 4 sm / k SEECTROMETER SPECTROMETER
. d _—

-t ,,_'

—
180 ACHROMAT

RETURN LINE e

—A 14UD TARGET AREA

2 METRE
SCATTERING CHAMBER

CAESAR GAMMA-RAY ARRAY

" i e
D o } U ' FISSION
C - SPECTROMETER
SOLITAIRE
MEGHA CHARGED

Accelerator Mass Spectrometry = AMS

= single atom counting

PARTICLE ARRAY




Actinides — pure r process nuclides
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r-process sites?

244Py (80 Myr) ?

Hubble © NASA

core collapse supernova neutron star mergers
- T T T at in ocr _________
| 244Pu " rates: | P |
W_
: 1 ~1000:1 : |
_________ d _ g ———|
time— rate ratio SN : NS-NS = 1000:7" time— -
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244py: t,., = 80 Myr - AMS at VERA / Vienna
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New crust samp

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

now.
250 cm? (1.8 kg): ??

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

+ sediment — M. Paul 2003
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SN-isotope **Pu- 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
Rehovot: M. Paul et al. 2003

new: Rehovot/ VERA
new: TUM/VERA

*fits to anthropogenic production

Pacific ferromanganese nodules

Pacific sediment

Pacific sediment

Pacific ferromanganese crust

1ct
1 ct*

1ct
0& 1+1 ct
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244p g (t1/2=80 Myr) 100:1 estimated vs measured

[ ] 244py flux measured
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— Actinides on Earth (U, Pu,
. may be from a rare event!

| flux at Earth orbit (at/cm*My)

= 244py: time window - 10° 5
alive a few 100 Myr Et(u\ra/ Other planets:

COMMUNICATI

x) Earth’s core heating!

" neutron star mergers or
x) Nuclear technology

other rare process ARTICLE
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LETTERS ;ﬁ;gics Abundance of live #*Pu in deep Sea reservoirs on
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Earth points to rarity of actinide nucleosynthesis
Short'IiVEd 244Pu pOintS to Compact binary Mergers A wallner'?, T. Faestermann?, J. Feige?, C. Feldstein®, K. Knie>®, G. Korschinek3, W. Kutschera?, A. Ofan?,
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Supernova-produced radionuclides on Earth -
Live!
nearby supernova: < 100 pc, rate ~ 0.3 -10 (Ma)™’

ISM

(182HF, 244Pu...)

Solar system
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%0Fe-signal in a deep-sea crust
AMS at Munich
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{f 14«&4:% %’% ’; ; ] TU Munich
e e background level
0 2 4 6 14
age (Myr)
 the only lab yet!
VOLUME 93, NUMBER 17 PHYSICAL REVIEW LETTERS 22 gg%?&ngzom

0Fe Anomaly in a Deep-Sea Manganese Crust and Implications
for a Nearby Supernova Source

K. Knie,! G. Korschinek,"* T. Faestermann.' E. A. Dorfi.,> G. Rugel,"* and A. Wallner'"
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Deep-sea archives for cosmic dust

~ 4 sediment

-

)
«

@ nodules sediments

&

+ TU Munich: other sediment samples

+ TU Munich: lunar material
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60Fe from sediments and crusts
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Recent near-Earth supernovae probed by global
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deposition of interstellar radioactive ®°Fe

A. Wallner!, J. Feige?+, N. Kinoshita?, M. Paul?, L. K. Fifield!, R. Golser?, M. Honda®, U. Linnemann®, H. Matsuzaki’, S. Merchel?®,

G. Rugel®, S. G. Tims!, P. Steier?, T. Yamagata® & S. R. Winkler?
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More %9Fe data recently

PRL 116, 151104 (2016) PHYSICAL REVIEW LETTERS 15 APRIL 2016
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More recent work on %Fe

Signatures of a two million year old supernova in the spectra of cosmic ray protons,
antiprotons and positrons

I\I.71‘{21(?11{'11'i{’ﬁl. A. Neronov?, and D. V. Semikoz®

- = n . A A
Time-resolved 2-million-year-old ... ————""""""

] n I n - | . C(;rr? 823:°F9/Fe i
discovered in Earth’s microfossil -° LEEED)
Peter Ludwig?®, Shawn Bishop®', Ramon Egli®, Valentyna Chernenko?, B« g 49 _H. !
Nicolai Famulok?, Leticia Fimiani®, José Manuel Gomez-Guzman?, Karin H. ¢ .| {4} '{‘
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ASTROPARTICLE PHYSICS

Observation of the ®’Fe
nucleosynthesis-clock isotope in
galactic cosmic rays —

W. R. Binns,'* M. H. Israel,'* E. R. Christian,” A. C. Cummings,” G. A. de Nolfo,>
K. A. Lave,! R. A. Leske,” R. A. Mewaldt,” E. C. Stone,”
1 —_— . K <2 = E
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Summary ..

P P
244py — AMS at Univ. of Vlenna
100 times less abundant than expected

* rare productlon neutron star mergers?
Seras” EPET O o RN

L60Fe _ AMS at the ANU:
 new half-life confirmed
j© clear extraterrestrial influx — points to

recent SN activity close-by to Earth
 multiple events!?

» close-by (=150 pc)

 jmpact on Earth ? — climate, temperature, ...
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The Chart of Nuclides

Neutron capture:
= slow neutron capture (s process)
= rapid neutron capture (r process)
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» ENGE spectrograph in gas filled mode
» 14UD tandem
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11 Greatest Unanswered Questions in Physics

What is dark matter?
What is dark energy?_ _ _ _ _ _ _

1.

2.

3. f’—_ ~~“\
-~ ~

4. » N

«« 3. How were the heavy elements >

6.~ _ from iron to uranium made? _ #pens at
~ ~ -

~~- _——

Are tnere new states OT matter at uitranign temperatures ana densities?
Are protons unstable?

What is gravity?

10. Are there additional dimensions?

11. How did the universe begin?

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

o o N
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SFKe 2.7 years

Some radionuclides 123
measured with AMS 100
MAr 269
14C 5730
S9Nji 75 000
fundamental physics 41Ca 104 000
SIK 230 000
9Se 280 000
36Cl 301 000
26A] 720 000
10Be 1388 000
v o 2 600 000
S$3Mn 3 600 000
applied sciences 182 f 8 900 000
1291 17 000 000

atom counting of radionuclides via
isotope ratio measurements
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Nucleosynthesis yields
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