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Outline

« Past Dreams at ERAWAST

« Work done

* Future DREAMS (DREsden AMS)
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ERAWAST — 1st Exploratory Workshop 15"-17%" Nov 2006

Status:
better than 1%

D2 L) ED

Already better In progress

than 4%

New value for the
half live of ¢OFe
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ERAWAST — 1st E)%oratory Workshop 15t-17t Nov 2006
N

rad

stable

ICP-MS (instrument: Nu Plasma)

FZ Karlsruhe Adding carrier
(dmg added at time of

o : i,jL iron extraction)

Absolute AMS measurement

AMS relative to a standard

Still high background At this workshop:

problems to measure iron Measurement at PSI
Isotopes R [T
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Motivation T,,, ¢°Fe

Nucleosynthesis in the Galaxy
see e.g. R. Diehl, MPA

GLON (deg)

History of the Early Solar System
e.g. A. Shukolyukov and G.W. Lugmair, Science 1993

T
. ! . -~ 8 ,'}
Matrix - L™

Deposits of supernova ejecta on Earth
e.g. K. Knie et al., PRL 2004;
C. Fitoussi et al., PRL 2008
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AGOFe = )\GOFe ' N60Fe

BMA-Target, Beam dump
and shielding

(Pion therapy station,
590 MeV protons, 0.1Ah)
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Drilling a hole into
central part:

3.86¢ copper

Activation measurement
of 2kg of the beamdump:

Date Activity 9Co [Bq] | ®°Co atoms

01.09.1992 7 x 109 1.8 x 1018

08.07.2005 1.4 x 10° 3.3 x 10"




Iron sample after the first chemical
separation steps (Okt 2004)
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2 B @ Neop
A60Fe )\GOFe : N60Fe — T, /2(60Fe) " Npe Nge

Volume: 4000 pnl
from master solution (- 1nHCl)
Weight: 4.036 g

+ 1000 pl H,0

— Germanium detector

Same material used for ICP-MS
(March 2008)




5 __In@2)  Neop,
AGOFe AﬁoFe-N(;oFe—Tl /2(60136)' Npo N

Efficiency calibration of the detector:

Avoiding geometrical corrections etc.

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

5ml 0.1 nHCL
102.0 (£ 1.5) Bg %°Co

(all uncertainties 1 sigma)

Germanium detector

P #” HELMHOLTZ
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'\ B  In(2) N60 g,
A60pe)~ 260, - N60g, = Ty 5(0Fe) N | NFe

Efficiency calibration of the detector:

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

5ml 0.1 nHCL
102.0 (£ 1.5) Bg %°Co

(all uncertainties 1 sigma)

— Germanium detector
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5 __in2  Neop,
AGOFe )\GOFe : N6()Fe — T, /2(60Fe) "Np, Nge

Efficiency calibration of the detector:

Avoiding geometrical corrections etc.

Calibration source (%°Co) with |
the same geometry: -

5ml 0.1 nHCL
102.0 (= 1.5) Bq ®°Co §

(all uncertainties 1 sigma)

Germanium detector
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5 __in2  Neop,
AGOFe )\GOFe : N6()Fe — T, /2(60Fe) "Np, Nge

Efficiency calibration of the detector:

Avoiding geometrical corrections etc.

Calibration source (®°Co) with N .
the same geometry:

5ml 0.1 nHCL
102.0 (£ 1.5) Bg %°Co

(all uncertainties 1 sigma)

Germanium detector [
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Build-up of the ¢°Co activity

Q, =2823.9

99.925% : ) 2505.765 () 3

<0.0022% >13.3. 2¥ T 1 IOQ @ 059 ps
02 2+ [ o%’-‘oj 1332.516 (713 ps
o+ - 0 stable
—A -t
Asocr, = NeopoAeope - (1 — e 60c0™)

~ Neop, - A60p, - A6ocry - T for t << T1/2,6000
for £ >> Ty 5 ¢
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L 2

TABLE 1. Efficieny used for the data analysis. The column days refers always to the mean of the

days after the chemical extraction. The uncertainty value given is only statistics.

efficiency [%] for distance
days 1.17 MeV line 1.33 MeV line comment
50-80 1.157(10) 1.000(10) close geometry
83-190 1.207(6) 1.065(5) close geometry mod.
217 0.229(7) 0.199(6) 7.55 cm; 2mm up
233-371 0.1546(4) 0.1365(4) 10 cm
410-606 0.1563(3) 0.1380(3) 10 cm
698-969 0.1565(2) 0.1383(2) 10 cm
976-1212 0.1564(2) 0.1384(2) 10 cm
HZDR # neLumnoirz
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' 5  In(2) N60p,
AGOFe )\GOFe . N6OFe - T1/2(60Fe) - Npe NFe

12710+130 cts 11450+120 cts

RUGEL FE60 061107 1437 dapy/~1 T\ Apr 29 16:02:31 2008 GASPAN, Version 11.03.2005
back. deg. 4. tails (var.): left, back.. 2 pe

/ AN

s, chisqr'f 1.198

2691.1
. 30563

Counts =
log
scale **
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' B  In(2) N60p,
AGOFe )\GOFe . N6OFe T (GOFe) - Npe NFe
Example of a 1/2

Background

spectrum < 0.5 mBq

RUGEL_blank_060213_1337 dat->1
back. deg. 2, tails (fixed): left, back., J/peaks, chisqr/f 09584

Fri Jul 25 11:35:36 2008 GASPAN, Version 11.03.2005
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ERAWAST — 1st Exploratory Workshop 15th-17t Nov 2006
Build-up of the %°Co activity

T=0
%0Co ~ 0.3 Bq

Chemical
reduction at
least 107 !

y=A + B x
A:0.438
B: 0.0166

Saturation
activity

46.1 Bq

>
Q
4
L0
o
)
!
-
S
S
=
=3
@,
o
80

0 50 100 150 200 250 300 350 400 450
days after chemical separation [d]

With T,,, (TOI)

~ Neop, - A60p, - A6ocry - T for t << T1/2,6000




Closer look to the decay of *“Fe

3
0" 2
2.62 Myr = 10.467 min
3 -
60Fe \2* & 586
1925.28 d .
60Co 99.88%
4+ 2505
0.0086%
X .
0.12% M 3 5 2159
0.24%
2 -
L 11732 keV
] (99.85%)
Data from:
Tuli NDS, 2003:
Yy | 1332 ’
Z, 1332.5 keV 4 Schmidt-Ott, 1963
/ (99.9826%) /
-+ (g ™ ]
o L 0 0 /n‘ ﬁHELMHDLTZ
G0N de | GEMEINSCHAFT
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2 BUild'Up In(2 N60 g,
of ¢°Co )\GOFG.N(SOFeTl /2((60)Fe>‘ Ny T

16

14 | g‘f‘w{_ =0
| s0co - 0.207 Bq

10 ,,/ i Chemical
Al / | reduction at
: | least 107!

A (1172.3keV) [Bq]

Saturation
2 i o [ ]
activity
0 ! | 1 !
0 200 400 600 800 1000
time since chemical separation [days] 49 ° 14:|:0 ° 08 Bq

Aeoc, = Neop oo, - (1 — e8¢0 )

for the 1172.3 keV line P 4 T e




Closer look to the decay of *“Fe

3
0" 2
2.62 Myr = 10.467 min
3 -
60Fe \2* & 586
1925.28 d .
60Co 99.88%
4+ 2505
0.0086%
X .
0.12% M 3 5 2159
0.24%
2 -
L 11732 keV
] (99.85%)
Data from:
Tuli NDS, 2003:
Yy | 1332 ’
Z, 1332.5 keV 4 Schmidt-Ott, 1963
/ (99.9826%) /
-+ (g ™ ]
o L 0 0 /n‘ ﬁHELMHDLTZ
G0N de | GEMEINSCHAFT
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Grow in of the ¢9Co activity

16 1 1 1 1

14 |

12 |

activity cal. from 1332.5 keV line —%—

60Co activity [Bq]
e 0]

activity cal. from 1173.2 keV line —a— =

data/fit

400 600 800 1000

time since chemical separation [days]

Combined result: 49.26+0.07 BC!;

HzR
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In(2) N60y:
A = . N, = s
601 = 260, ~ 1V60F, T1 /2(60Fe)

Determination of N

- -:’i Subsamples taken
gravimetrically after opening

Master Sample Multicollector - Inductively Coupled
(TUM) Plasma Mass Spectrometry MC-ICP-MS
transferred to D
PSI R .
o E:
=] NEPTUNE mom

ﬁ HELMHOLTZ
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Department of Nuclear Energy and Safety
Isotope and Elemental Analysis

ratio (Fe-60 / Fe-56)

0.000272
0.000271
0.000270
0.000269
0.000268
0.000267
0.000266

0.000235

0.000234

0.000233

60Ni interference correction

= NO correction

o corrected using Ni-61 » corrected using Ni-62
I v L) ) L) I L) L) L) L) | L) ) ) v I L) L) L) v l ) ) v L) l L) L) v L) l ) v
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Depaﬁ;me._nt of Nuclear Energy and Safety
Isot??e .%QQ. E_Ieme_m_al %galysw

0.0206 -
00205 : (2.0483+0.0035)x104
X 00204 3 E
8
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Department of Nuclear Energy and Safety
-EEI- Isotope and Elemental Analysis

isotope “Fe “Fe 5Fe "Fe

percentage [%] | -  3.11 95.10 1.79

Isotope Dilution MS

_ ___In(2)
A60Fe — )\60Fe : N6OFe _ T1/2(60Fe)

100 !

; |

(+)(2.662+0.009)mg

Abundance (at. %)

Blend £ vennoure ﬁHELMHOLTZ
| e | GEMEINSCHAFT




A — )\ . N, e .NGOFG.N
60pe = “60pe " *¥60pe w Np, ke

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

Rel. Uncertainty [%]

stat. syst.
Asop, (master sample)
%0Co standard 1.5%
fit 0.23%
Nre (ID sample)
weighing 0.18%
ID-ICP-MS 0.28%
Neoge/Nre (N sample)
ICPMS 0.18%
total 0.4% 1.51%
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Combination

_ N60p,

A60p, = M0, * V60R, = Np.  VFe
(2.62 +£0.04) x 106 yr

PRL 103, 072502 (2009) PHYSICAL REVIEW LETTERS

week ending
14 AUGUST 2009

New Measurement of the °Fe Half-Life

G. Rugel, T. Faestermann, K. Knie,” G. Korschinek, and M. Poutivtsev

Technische Universitit Miinchen, D-85748 Garching, Germany

D. Schumann, N. Kivel, I. Giinther-Leopold, R. Weinreich, and M. Wohlmuther

Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland
(Received 25 March 2009; published 14 August 2009)
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More details in: N. Kivel et al.
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60Fe half-life [106 years]

TOI: T,,,(°°Fe): (1.49 * 0.27) Myr
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AMS (Accelerator Mass Spectrometry)

Facility DREAMS (DREsden AMS)

Shavkat Akhmadaliev, Silke Merchel,
Stefan Pavetich, Georg Rugel (FWIA)
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DREsden AMS setup with a 6 MV Tandetron

AMS beam line 6 MV Tandetron AMS injector

= el QEEEEEEEEEEEEEEEN r
| ]

90°- AMS analyzing magnet

Faraday cuds for °Be, 12C,
. 13C’ 27A|’ 40C3;35C|, 37C|’ 127|’
m :

AMS sputter sources

Installed 2009-2010

Absorber f@il for isobar
suppression

35° ESA

Terminal voltage: 0.3 -6.0 MV

30° r:/ertical

magnet Maximum TV: 6.6 MV

: Gastionization Terminal voltage stability: ~ 10-°
ZssEsEssEEEEEEEEEEEESE " detector




Thank you for your attention!
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