\_‘ f E1 5 Chd AZtropraprtl Impr:\rI Eshy

@
e MLL
bl
|
Half-Life of 5Fe

Georg Rugel
supported by DFG (EXC 153)

PAUL SCHERRER INSTITUT

=

Nuclei in the Cosmos XI, July 19t-23t 2010, Heidelberg



!;EﬁTRo!_Ti E{Ulc{lllsEngﬂolr‘,;ﬁeLl D KA RTE 7. Auflage 2006 S t at u S T 1/2

CARTE DES NUCLEIDES, 7:™ Edition 2006
CARTA DE NUCLEIDOS, 7° Edicién 2006
Tabnuuya paguoHyKnMgoB, 7-e uagaHuve 2006

BEE BT
J. Magill', G. Pfennig?, J. Galy"

' European Commission — DG Joint Research Centre — Institute for Transuranium Elements
P.O. Box 2340, 76125 Karlsruhe, Germany

formerly Forschungszentrum Karlsruhe in der Helmholtz-Gemeinschatft

P.O. Box 3640, 76021 Karlsruhe, Germany

© European Communities, 2006

Zn 57 Zn 58 Zn 59 Zn 60 Zn 61 Zn 62 Zn 63

Zn 64 Zn 66 |
48.268 . 27.975

#0.74 1115...
an o 1.1E-5 6.9
on p<1.2E-5 a2 on, a <265 n. « 0.0004

40 ms 84 ms 182 ms 24m 1.5m 9.13 h 38.1m
gt B+81.. €
Bp 1.92; 2.53; (g v491; 914 P25 a4, pta4.. gto.7 pt2a..
4.57 vy 203; 848 Bp 1.78; 2.09; y670; 61; 273; | y475; 1660; y41; 597; 548; | v670; 962;
¥2701* Bp? 1.82;1.38... 334... 970... 508... 1412...

Cu 56 Cu 57 Cu 58 Cu 59 Cu 60 Cu 61 Cu 62

78 ms 199 ms 3.20s 82s 23 m 34h 974 m

e B*75...
y2701; 1225; QB*7.7.. ~ 1454; 1448; Bt29..
2506; 5783 y1112 40... v (1173..)

Ni 55 Ni 56 Ni 57 Ni 59 Ni 61
209 ms 6.075d 36.0 h 68.0769 EERINMEN 26.2231

1Bt ...

e st
WA €; nopt p*0.8.. novy; o 77.7
v(2919;2976; [ y158: 812; 750; § 71378; 1920; [CEAd O, o 14: 00, p 2
3303) 480; 270... 127... On,« <0.00003 [PURRLTY
Co 54 Co 55 Co 56 Co 59

148m [1982ms] 17.54 h 77.26d g X 100

pt4a

: BH1.5...
1130; pr7a.. | y931.477;
1407 v(2561) J§ 1409...

#20.7 +16.5

Cu 63 Cu 64 Cu65
69.15 12.700 h 30.85

0272009

Fe 60

B~ 0.1
m

1.5-10°a

Zn 67
4.102

Cu 66
5.%m

08
+1039; (834...
o 140

Zn 68
19.024

¢0.072+ 0.8
o, a <2E-5

Cu 67

Ni g8
2 h

21
v 1482; 1115;
o 22

(1.49 £ 0.27) Myr

(“Fe)

Ni 66 8
546 h
p~0.2 25
noy

140m | 15
BT 29.. | g1...

; B~ 386...
1129, y87;982...

Co 64
03s

B 70...
v 1348; 931

F6.0...
Y1142;311;

50Fg half-life [108 years]

T T T

T

Kutschera
et al. 1984

Roy and
Kohman

1957,
1968

Fe 53 Fe 54 Fe 61 Fe 62 Fe 63 Fe 64
851m 5.845 6.0m 68s 6.1s 20s
~26;28... - 25 =670 L
5333“ 23 51205; 1027; Ssoe ssss; 1427; B L
REZN |0, o« 1E-5 208... g 1209... 311
52 Mn 53 Mn 60 Mn 61 Mn 62 Mn 63
56d | 3.7-10°a 2.58 h 1.5m 6538 | 308 46s 1775 | 0285 0.71s 92 ms | 625ms 025s 05 -
vae | ProE 29, o 4.4;48. pas. e
St b Saiian, | a-26.. e mac | 2008 |12 1@ |ees. | |eo>37
378 T44... 2113... y14; 122; 692... | y72;¢ | 2433... Her2 1532 v 629; 207... 4815 1299... v 366 0
Cr 51 Cr 55 Cr 56 Cr57 Cr 58 Cr 59 Cr 60 Cr 61 Cr 62 e
27.70d 3.50m 59m 253:8 70s 1.05s 0.49s 0.27s 209 ms
e E A 5 683; 126; B B=87.. 52&5; 355;
v 320 B~ 26 B=15 v 83; 850; 290; 620... Y1238; 1900; | ¥349; 410; 758 640...
0 <10 v(1528...) v83; 26 1752;1536... |m 112; 663... g m m

L
1960

1970 1980 1990
PUBLICATION DATE

2000

2010



Motivation T,,, ®°Fe

e Nucleosynthesis in the Galaxy
see e.g talk NIC_XI_333 R. Diehl =

e History of the Early Solar System

e.g. A. Shukolyukov and G.W. Lugmair, Science 1993

e.g: S. Mostefaoui et al., 2005 ’ (roli
e Deposits of supernova ejecta on Earth

e.g. K. Knie et al.,
C. Fitoussi et al.,

PRL 2004;
PRL 2008
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Drilling a hole into
central part:

3.86Q copper

Activation measurement
of 2kg of the beamdump:

Date Activity 60Co [Bqg] | ®°Co atoms

01.09.1992 7 x 10° 1.8 x 1018

08.07.2005 1.4 x 10° 3.3 x 10Y/




* B 1In(2) N60p,
A60pe)= 2605, * N60F, = i /2(60Fe) ' Np, - Npe

Volume: 4000 ni
from master solution (~ 1nHCI)
Weight: 4.036 g

+ 1000 pl H,0

—— | Germanium detector

Same material used for ICP-MS
(March 2008)




In(2) N6og
A = A - N = : C. N
60Fe 60Fe ~ 60T T, / 2(60Fe) N e Fe

Efficiency calibration of the detector:

Avoiding geometrical corrections etc.

Calibration source (°°Co) with
the same geometry:

5ml 0.1 nHCI
102.0 (+ 1.5) Bg *°Co

(all uncertainties 1 sigma)

Germanium detector
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* - - In(2 N0
Build up A60pe * N60Fe = TI/Q((63F6) | NFEG VFe
of ®°Co _ | .

14 | Mj T: O
. | 60Co ~ 0.2 Bq
Chemical

reduction at
least 107 !

12 :

A (1172.3keV) [Bq]

Saturation
activity

0 200 400 600 80D 1000 49.14+0.08 Bq

time since chemical separation [days]

Ao, = NeopoAeop, « (1 — e_AGOCo't)

~ Neop, * A60pe * A60crg * T for t << T /9 60¢q




Lower Data Normalized to the Fit ®
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(e}

activity cal. from 1332.5 keV line —%—

activity cal. from 1173.2 keV line —a— -
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data/fit
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Combined result: 49.19+0.11 Bqg



In(2) Neog
A = \ . N, N e
60Fe ~ A60p, * V60p. ~ 7 /2(60Fe)

Determination of N

e ;;.-*"1 Subsamples taken
== gravimetrically after opening

Master Sample Multicollector - Inductively Coupled
(TUM) Plasma Mass Spectrometry MC-ICP-MS
transferred to -
PSI
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Department of Nuclear Energy and Safety

aESle

ratio (Fe-60 / Fe-56)

0.000272
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Isotope and Elemental Analysis
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Depal;;ment of Nuclear Energy and Safety

Isotope and‘ Elemental Analysm

|Isotopic composition

A60pe = A60p * V60, = T /2(60Fe)

0.0208 3 E
0.0207 3 3
0.0206 3 T T 7 3
| (2.0483+0.0035)x10
= 00204 L 3
)
= 0.0203 3 3
©
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Depafﬁcment of Nuclear Energy and Safety
-Esl- Isotope and Elemental Analysis

isotope MFe “Fe 5"Fe ®Fe

percentage [%] | -  3.11 9510 1.79

Isotope Dilution MS

AGOFe - A60Fe ' N60Fe - T1/2(60Fe)

100 !

()(2.662+0.009)mg

Abundance (at. %)

Spike Blend



Age = Mg+ Negr, — bl N0
60Fe 60pe * Y60 w NFe e

TABLE II: The various contributions to the uncertainty (1 o)
of the three measurements are listed.

Rel. Uncertainty [%]

stat. syst.
Asop, (master sample)
%YCo standard 1.5%
fit 0.23%
Nre (ID sample)
weighing 0.18%
ID-ICP-MS 0.28%
Neoope/Nre (N sample)
ICPMS 0.18%

total 0.4% 1.51%
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Combination

. N60g,

A60p, = A607, * V60R, ' Ng,  VFe
(2.62 + 0.04) x 10° yr

eek ending
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Fe 60
2.62 - 10% a
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