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Introduction:  Radionuclides with half-lives be-

tween 105 and 108 years that were synthesized shortly 
before, or simultaneously with the formation of the 
Sun and our Solar System, are used to study the time-
scale of accretion [1, 2] and the stellar environment of 
the Solar System’s formation [3, 4]. The time resolu-
tion of these “extinct” nuclide chronometers depends 
on the half-life of the parent radionuclide: the shorter 
the half-life, the finer the bits of time that can be re-
solved. Since the time span from the formation of the 
central protostellar object to the pre-main sequence 
(classical T Tauri) stage of stellar evolution and forma-
tion of the protoplanetary disk is less than one million 
years [5, 6], extinct radionuclides with the shortest 
half-lives, suitable for resolving the fine temporal 
structure of this period, have a special value in the 
studies of the early Solar System. 

41Ca has the shortest half-life, about 105 years, 
among the radionuclides commonly used as “extinct 
nuclide” chronometers, but due to the progress of ana-
lytical techniques, the uncertainty of its half-life is 
increasingly becoming a limiting factor in chronologi-
cal interpretations. 

Numerous determinations of the half-life of 41Ca 
were reported (Table 1). These data show that the half-
life of 41Ca is not reliably known: the values range 
from 7.7 to 19.0 × 104 years, and all values suffer from 
large uncertainties. Klein et al. [7] critically re-
evaluated the published data and came up with sub-
stantially larger values for the half-life, and also used a 
novel alternative approach by linking content and ac-
tivity to 36Cl in Antarctic meteorites. Their methodol-
ogy, however, also relies on critical assumptions about 
the process of 41Ca/36Cl production in the meteorites 
(i.e. saturation) and the sample history. Paul et al. [8] 
took one step closer to an analysis less parameter-
dependent by determining the number of 41Ca nuclei 
by mass spectrometry. However, they still carried the 
experimental drawbacks of X-ray measurements over 
into the result. As a result of methodological and ex-
perimental difficulties, all the reported values suffer 
from uncertainties as large as 10-30 %. Their low pre-
cision is an obstacle to the efficient use of this nuclide. 

Here we report a new determination of the 41Ca 
half-life with the set of techniques intended to achieve 
the best possible precision and accuracy. 

Methods: Radiochemically pure 41Ca was ex-
tracted from borosilicate glass from the absorber rods 
of a decommissioned pressurized water reactor. In or-
der to maximize the 41Ca/40Ca ratio, calcium was sepa-
rated without addition of inactive Ca carrier. The con-
centration of separated calcium and the 41Ca/40Ca ratio 
were measured by thermal ionization mass spectrome-
try with a 42Ca-48Ca double spike, exponential nor-
malization, and an independently determined absolute 
isotopic composition of Ca. The activity was measured 
by a liquid scintillation counting  technique exploiting 
the triple-to-double coincidence ratio method, using 
the counting efficiencies computed following [9].  

Results: The results of two independently proc-
essed and analysed samples of 41Ca are presented in 
Table 2, together with a breakdown of uncertainty 
components. These two determinations yielded statisti-
cally indistinguishable values. Their average value of 
(9.937±0.146)*104 y is proposed as the new half-life 
value. 

Discussion: The new half-life value overlaps the 
uncertainty interval of the previously accepted value of 
(10.2±0.7)*104 y [10], therefore it does not call for an 
immediate re-interpretation of the existing 41Ca-41K 
data. Furthermore, the 41Ca-41K method is still in the 
early stage of development and application, and the 
existing data are not particularly precise. With future 
refinements of the 41Ca-41K techniques, the signifi-
cance of a more precisely and accurately known 41Ca 
half-life will increase. 
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Table 1. The half-life values of 41Ca reported in literature. 

 
Table 2: Total uncertainty budget of the experimental data for calculation of the half-life of 41Ca. 

Component Rel. uncer-
tainty in %  Parameter Sample No. 1 Sample No. 

2 
LSC 1.46  Total activity A 41Ca in Bq 1529 ± 22 2076 ± 30 

TIMS/Isotope dilution 0.08  Total content Ca in mg 1.360 ± 0.001 1.844 ± 
0.001 

   Specific Activity a 41Ca in 
Bq/mg 1124 ± 16 1126 ± 16 

TIMS 0.14  
Isotopic concentration 
n41Ca in nmol/mg 8.452 ± 0.014 8.452 ± 

0.014 
Square root of the sum of 
quadratic components 1.47  Half-life in 104 yd 9.946 ± 0.146 9.929 ± 

0.146 
 

Reference Half-life in 
104 y 

Relative 
standard un-

certainty in %
Method 

Sailor and Floyd (1951)a --- --- First experiments with X-ray 
Brown et al. (1953) 11.0(30) 27.3 n.-irr. of 40Ca-enriched Ca (n41Ca

); X-ray (A41Ca
) 

Drouin and Yaffe (1962) 7.7(11) 14.3 n.-irr. of Ca (n41Ca
); X-ray (A41Ca

) 
Wahlin (1966)b 12.0 ---  
Emery et al. (1972) 13.0(20) 15.4  
Mabuchi et al. (1974) 10.3(4) 3.9g n.-irr. of 40Ca-enriched Ca (n41Ca

); X-ray (A41Ca
) 

Browne and Firestone (1986) 10.3(4) 3.9 Decay data evaluation 
Paul et al. (1991)c,#,§ 10.1(10) 9.9 „standard MS techniques“ (n41Ca

); X-ray (A41Ca
) 

Klein et al. (1991) 10.3(7) 6.8 Ratio 41Ca/36Cl in Antarctic meteorites 
Klein et al. (1991)d 19.0(60) 32 
Klein et al. (1991)e 16.0(25) 16 
Klein et al. (1991)f 11.4(5) 4.4g 

Updated values for neutron capture cross section of 
40Ca and fluorescence yield of X-rays 

Cameron and Singh (2001) 10.2(7) 6.9 Decay data evaluation 

This work 9.937
(146) 1.47 TIMS and LSC 

(a) declare only “several months” 
(b) this work is quoted by Emery et al. (1972) 
(c) additional re-evaluations of earlier results in accordance with Klein et al. (1991) 
(d) re-evaluation of Brown et al. (1953) 
(e) re-evaluation of Drouin and Yaffe (1962) 
(f) re-evaluation of Mabuchi et al. (1974) 
(g) according to an evaluation by Kutschera et al. (1989), at least 30 % are more realistic 
# a complete report of the study tentatively described by Kutschera et al. (1989) 
§ a recalculation by Kossert et al. (2009) yields 10.3 x 104 y 
n.-irr.: neutron irradiation 

n41Ca
: number of atoms of 41Ca 

A41Ca
: activity of 41Ca 
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