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Kutschera et al., 1984

60Fe: spallation of Cu with 191 MeV p = ~ 10'° at

after 1 year: extraction of iron with a (remote) multi-
stage anion exchange separation; adding 1.4 mg of iron
Fe(OH)s3 |; weighing for determination of stable iron.

dilution of the sample material: 90% of 2ml solution
< 100 ml; deviation colorimetric vs. gravimetric 30%
monitor: *Fe (v activity, T1/2=44.5 d)

~-ray activity of the daugther %°Co:

first attempt - %°Co from direct production

— chemical separation of Co

< measurement of the grow-in of the °°Co activity
using a Ge(Li) low-level counting facility

= Fit of grow-in (only 1332 keV line used for analysis)

Determination of “Fe/Fe with AMS:

%OFe /Fe: (9.54 4 1.40) - 10~® (absolute measurement)
Neor, = (3.99 4+ 0.71) - 104 atoms

Result: Ty /o = 1.49 £ 0.29 - 10° yrs

= A New Attempt!



How to measure a long half-life?
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Multicollector inductively coupled plasma
mass spectrometry (MC-ICP-MS)




We need %°Fe nuclei!

°OFe:
Produced under stellar conditions !
Only ejected by SN |

But where to get It on earth ?



Injector 1

Injector 2

Ring Cyclotron

IP2: Isotope Production
Eye Treatment OPTIS
IP1: Isotope Production
Low Energy Areas

SUSI Pion Spectrometer
S Pion Therapy (closed)

10 SINDRUM I BMA-Target, Beam dump

11 LEPS Spectrometer

12 Spallation Neutron Source SINQ d H d

13 Proton Irradiation PIREX an Shlel Ing
14 NAZ3: Proton Therapy

15 Proton Irradiation PIF (PiOﬂ therapy Station, 590

16 NAZ: Proton Spectrometer

NAZ2: Neutron Spectrometer p )
& s Nt MeV protons
19 Neutron Guides

W~ ;s WN =

10 1 10
o ’mefers

o] 10

[I Accelerator Facilities

PAUL SCHERRER INSTITUT

|:| Particle Physics

Solid State Physics
& Materials Science

l Medicine

i Material:
Copper

Target_
Storage Area [ 222222 SINQ

NAA — Target
arge
Block Hall

Irradiated from
1980 to 1.09.1992

Experimental _ | control Room
Ha” | i | and Cooling
] | Plant Rooms

Car Lock

Hall
Services
Workshop

¥ | j 0

=]




- Copper beam dump (BMA1) from PSI (~ 10 kg)
590 MeV p, 160 mAh (3.6 x 1021 protons)

Zn64 Zn65 Zn66 Zn67

244.26 d
0+ 5/2- 0+ 5/2-
A% & C 770 4.1
Cu63 Cu64 Cu66
12.700 h 5.088 m
( 3/2- 1+
EC EC EC 69.17
Ni56 Nis7 Nis9 Ni60 Ni61 Ni62
6.077d 35.60 h 7.6E+4 v 100.1y
32 3/2- 0+ 3/2- 0+ 1/2-
: 26.223 1.140 3.634
Co56 Co59 Co60 Co61
77.27d 52714y 1.650 h

7/2- 5+ 7/2-

100

Fe58 FeS9 Fe60
44.503d | 1.5E+6y

FeS7
1/2- 0+

2.2
MnS56 MnS8

2.5785 h 3.0s

Mn53
3.74E+6 ¥
212

EC

3+ 5/2- 0+

Hot material: e.g. ®°Co ~ 7 x 10° Bg

Zn68

0+

18.8




Handling of the Copper Beamdump
at the hot chemlstry (PSI)




Chemical separation of °°Fe

Measurement of the grow-in of %°Co
— very good chemical separation from Co necessary

e Dissolution of 3.86 g Cu (beam dump) in 7 M HNO,

e Evaporation to dryness

e Dissolution in 7 M HCI

e +5mg Fe3 and 5 mg Co?* as carrier

e Extraction with diisopropylether

e Aqueous phase: Ni, Co, Cu, organic phase: Fe

e Back extraction with 0.1 M HCI, repetition of procedure
e Additional purification by precipitation of Fe(OH),

e Result (by July 2005): ~ 10%° ®OFe atoms, %°Co reduced by
more than 10

e Butstill: >>Fe (~36 MBq !); T,,, = 2.73 yr
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Calibration of the detector:

Avoliding geometrical corrections etc.
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A Build-up of the 69Co @RS
T=0
60Co ~ 0.2 Bq

Chemical
reduction at
least 107 |

Masterfit July 2008

A (1172.3keV) [Ba]

Saturation

al f(x)=B + C * (1-exp(-L*x)) i aCt i V i ty

B =0.165997
C=49.4123

49 Bq

| 1 |
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Asoc, = NeopAeop, - (1 — e~26000)

~ Neop, - A60pe * A60c, * T for t << T /9 60¢,0




ICP-MS measurement

isotopic abundance

O PSI sample

O nat abundance IRMM-014

>iFe >Fe >'Fe >8Fe

PSI sample ratios checked with model calculations
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MC-ICP-MS measurement

Isotopic dilution with a °’Fe spike:
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Line | L4 L3 L2 L1 C/SEM H1 H2 H3 H4 Comment
ICP-MS measurement 1 B TEa— _
- 55 5 57 58 60 61
2 - 58 - 60 61 - - - - | Ni-61 on SEM
3 - - 60 61 62 - - - - | Ni-62 on SEM
o A=60/Fe-56 0.00028
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Corrections for: isobar °°Ni, instrumental background;

350 500

measured in different samples, many runs
— consitent results!
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Eloriginal Probe PSI W aufbereitete Probe PSI Oaufbereitete Probe TUM
Fe-60in at. % Fe-60in at. % Fe-60 in at. %

skipped due to counting statistics

orginal korr 2. Aufbereitung 2. Aufoereltung 2. Aufbereitung 2. Aufbereiting  Probe TUM Probe TUM Prabe TUM Prabe TUM
13102 korr 13/02 korr 22/02 korr 04/03 korr  12/06 low signal  12/06 high 1306 13106 13/06 13/06
signal

ratio ®°Fe/Fe: 2.042 x 104




Combination
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Preliminary result:

2.7 X 106 yrs
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