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ShortShort--lived radionuclides in meteoriteslived radionuclides in meteorites

An important result concerning the formation of the solar system is the discovery 
of several short-lived nuclides (with half-lives varying from ~105 to ~108 years) in 
meteorites (10Be, 26Al, 36Cl, 41Ca, 60Fe, 53Mn…..) 

There are 2 generally accepted possible models for the production of short-lived 
radionuclides at the formation of Calcium-Aluminium-rich inclusions (CAIs). 

They either originated from the 
ejecta of a nearby supernova

They originated in the in-situ irradiation 
of nebular dust by energetic particles 
(mostly, p, α, 3He:  X-wind irradiation 
model

0.0E+00

5.0E-16

1.0E-15

1.5E-15

2.0E-15

2.5E-15

3.0E-15

3.5E-15

0 2 4 6 8 10 12 14

age [Myr]

60
Fe

/F
e_

m
ea

su
re

d

K. Knie et al., Phys. Rev. Lett. 93(2004)171103

Provides a model for the formation 
of both CAIs and Chondrules in 
primitive solar nebula
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The XThe X--wind modelwind model

Shu et al. ApJ 548:1029-1050, 2001



Short lived Short lived 3636Cl in CAICl in CAI--rich inclusions from the rich inclusions from the 
NingqiangNingqiang Carbonaceous Carbonaceous chrondritechrondrite

36Cl: t1/2= 0.3Myr decays to 36S

Excesses of sulfur-36 in sodalite, a chlorine-rich mineral, in a calcium- and 
aluminum-rich inclusion from the Ningqiang carbonaceous chondrite linearly 
correlate with chorine/sulfur ratios, providing direct evidence for the presence 
of short-lived 36Cl in the early solar system.

Lin et al Proc. Natl. Acad. Sci. 102, 
(2005)1306



Lin et al. 2006Lin et al. 2006

Lin et al Proc. Natl. 
Acad. Sci. 102, 
(2005)1306



Production of Production of 3636ClCl

In a first step we will study the 
36S(p, n)36Cl and 33S(α, p) 36Cl 
reaction at energies < 10MeV/A 
and down

Adopted nuclear cross section from 
Hauser-Feshbach codes

From Gounelle et al., Astro. Phys. J. (2006)



ND AMS systemND AMS system
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Detection SystemDetection System

PPAC

PPAC and Ionisation Chamber (IC) for 
position and energy determination

Both containing Isobutane gas

Thin Mylar windows, low energy loss 

TOF can aid in particle identification

PPAC
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Negative Sputter Ion Source

90 degree Injector Magnet

Stripper Foil

90 degree Analyzing Magnet

F.C

F.C

F.C

F.C

Wein Filter

11MV FN Tandem 

Experimental layoutExperimental layout



First AMS MeasurementsFirst AMS Measurements



Implantation and AMS measurementImplantation and AMS measurement

36Cl

36S

Chemical extraction of the 
Chlorine from the catcher



RaytraceRaytrace predictions (predictions (GFmodeGFmode))

Runs 638-640
Labelled Cl36Run1

S36Run1
E = 90MeV
B = 0.48T
N2 press = 3.0 Torr

36Cl
36S



Search for Search for 9393Zr in carbonaceous Zr in carbonaceous chondriteschondrites

Like 60Fe, 93Zr is produced by neutron capture and has approximately the same half-life 
however unlike 60Fe it is mainly an s-process isotope. We are developing in collaboration 
with the research group of Michael Paul from the Hebrew University in Jerusalem an 
AMS detection method at ND that would enable us to measure 93Zr in sediment samples. 
This program is driven by a number of reasons : 

(a) It is the most promising isotope a priory, after 53Mn and 60Fe to be 
detected in sediments, 

(b) It is expected t be produced by the same processes and in the same 
locations in massive stars as 60Fe, 

(c) There are a number of sediment samples available.

(d) This will privide an opportunity to measure 92Zr(n, g)93Zr using activation 
followed by AMS

93Zr: t1/2=1.53 Myr
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