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Spontaneous fission half-lives for 
ground-state nuclides*
(Technical Report)

Abstract: Measurements of the spontaneous fission half-lives of nuclides of ele-
ments Z = 82 through 109 have been compiled (cutoff date of April 1998) and eval-
uated. Recommended values are tabulated along with total half-lives.

INTRODUCTION

Spontaneous fission (SF), a phenomenon exhibited by heavy nuclei, was discovered over 50 years agoa.
There is interest in spontaneous fission because it can be a major mode of decay of nuclei heavier than
thorium and can be a determining factor in their stability and will ultimately limit the number of new
chemical elements that can exist. It also provides the opportunity for studying the fission process with
no added excitation energy, and is more sensitive than induced fission to shell effects and relatively
small changes in nuclear structure in both the fissioning nucleus and the fission fragments. Although
SF half-lives generally decrease with increasing atomic number, there is an overlapping of half-life val-
ues. There are also large hindrance factors associated with the decay of odd-neutron or odd-proton
nucleib.  

Other important modes of decay for heavy nuclei are alpha- and beta-particle decay and electron
capture. In some of these nuclei, a decay mode called heavy fragment emissionc can also occur.  Where
possible, corrections have been made for heavy fragment emission but it will not be considered further
in this paper.  In addition, excited states of some heavy nuclei may decay via spontaneous fission. These
so-called fission isomers will not be discussed hered. Electron-capture (EC) or beta-delayed fission is a
process in which prompt fission of a sufficiently excited daughter state occurs following population by
EC or beta decay. The fission activity will appear to decay with the half-life of the parent and was ear-
lier confused in some cases with SF. This process has been discussed in detail in a previous reviewe and
will not be considered in this paper.

ANALYSIS

All of the various experiments have been reanalyzed, and recommended half-life values for spontaneous
fission are presented (see Tables I to CXXV) for over 100 nuclei of elements that range from lead (Z =
82) through meitnerium (Z = 109). An attempt has been made to revise values based on the latest param-
eters. If the α-particle to spontaneous fission decay ratio has been measured, the spontaneous fission
half-life is revised based on the latest value of the total half-life of that nuclidef; this may not agree with
that value as reported by the author. In cases where it is possible to do so, the uncertainty is calculated
from a weighted average of listed measurements using a variance weighting technique, either the recip-
rocal square of the author’s reported uncertainty or as revised. Exceptions to the weighted average rule
had to be made for some nuclides.

In such cases, recommendations were made using either a selected value considered superior to
other listed measurements, or a weighted average was calculated for each of the different experimental
techniques used and an unweighted average of these half-lives was recommended. All tables indicate
the particular method chosen. A summary of the recommended spontaneous fission and total half-lives
is presented in Table CXXVI.
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DISCUSSION OF RESULTS

For 238U, all measurements were performed and reported as specific activity for one gram of material.
The results have been converted to half-lives to be consistent with recommendations for all other
nuclides.

There is a special problem with the case of spontaneous fission in 238U. The measurements of fis-
sion tracks in mica-uranium, lexan uranium sandwiches or in ordinary glass, which is not dated, have
had problems. The half-life derived in these cases does not agree with the values derived from other
techniques. The specific activity, in general, is lower, and the half-life is larger than for other techniques.
There can be a number of reasons for the lower specific activity. These can include partial fission track
fading, poor thermal neutron dosimetry, and dating of samples of known age with the external detector
technique. Some details on the fission track fading problem, which was ignored in the first of the meas-
urements in the 1960s, are that the fading can now be established from the reduced size of the etched
tracks, but an unambiguous method for correcting the age reduction due to fading is not yet developed.

The determination of the 235U reaction rate often involves dating work using pre-irradiated NBS-
SRM glasses, which have poor dosimetry. In addition, the use of monitors other than Au or Co and fail-
ure to account for epithermal activation or neutron flux gradients in the irradiation facility are errors that
can lead to incorrect values.

Finally, using external detectors can be unreliable due to significant differences in the track rev-
elation efficiency between the mineral to be dated and the external detector used for registering the
induced tracks. In most dating work, a determination of the track revelation efficiency is not carried out.
As the detection efficiency of the external detector is commonly higher than that of the mineral to be
dated, too low a spontaneous fission 238U/235U induced track density ratio will be measured, which
needs to be compensated for by a lower 238U specific activity to find the right age of the sample.

The result is that although the larger half-life value is probably consistent for use in dating min-
erals and other materials, it is not useful for determining the correct spontaneous fission half-life of 238U
for Table XI.

NOTE

Half-life units in decimal notation for the tables are µs = 10–6 seconds, ms = 10–3 seconds, s = seconds,
min = minutes, h = hours, d = days and a = years.
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TABULATED RESULTS

Table I Spontaneous fission half-life of 208Pb.

Reference As Reported
Author (Year) t1/2 / 1019 a Comments

Zakharova1 (1995) ≥ 2 Mica track detectors
Recommended value t1/2 ≥ 2 × 1019 a Selected value

Table II Spontaneous fission half-life of 230Th.

Reference As Reported
Author (Year) t1/2 / 1018 a Comments

Segre2 (1952) > 0.15 Ionization chamber; not used
Tretyakova3 (1985) > 2. Corrected for cluster decay
Recommended value t1/2 > 2 × 1018 a Selected value

Table III Spontaneous fission half-life of 232Th.

Reference As Reported
Author (Year) t1/2 / 1021 a Comments

Segre2 (1952) > 0.0014 Ionization chamber
Podguskaya4 (1955) > 0.1 Ionization chamber
Flerov5 (1958) > 1. Fission fragment proportional chamber
Spadavecchia6 (1967) > 1.0 ± 0.3 Rotating bubble chamber
Emma7 (1975) > 0.7 Mica-thorium sandwich
Bonetti8 (1995) 1.22 ± 0.43 Nucl. track det. corrected cluster decay
Recommended value t1/2= (1.2 ± 0.4)× 1021 a Selected value

Table IV Spontaneous fission half-life of 231Pa.

Reference As Reported
Author (Year) t1/2 / 1017 a Comments

Segre2 (1952) > 0.11 Ionization chamber; not used
Sandulescu9 (1984) > 2. Fission fragment track detector
Recommended value t1/2 > 2 × 1017 a Selected value

Table V Spontaneous fission half-life of 230U.

Reference As Reported
Author (Year) t1/2 / 1010 a Comments

Spadavecchia6 (1967) >  4. Rotating bubble chamber
Recommended value t1/2 > 4 × 1010 a Selected value
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Table VI Spontaneous fission half-life of 232U.

Reference As Reported
Author (Year) t1/2 / 1015 a Comments

Jaffey10 (1951) 0.08 ± 0.055 Unpublished; quoted by Hyde10

Segre2 (1952) > 0.008 Ionization chamber; not used
Bonetti11 (1990) > 6.84 Solid-state track detection; corrected cluster decay
Recommended value t1/2 > 6.8 × 1015 a Selected value

Table VII Spontaneous fission half-life of 233U.

Reference As Reported
Author (Year) t1/2 / 1017 a Comments

Segre2 (1952) > 2.7 Ionization chamber
Aleksandrov12 (1966) 1.2 ± 0.3 No mention of correction for 232U. Just 0.03% of 

232U could account for the discrepancy with other 
measurements.

von Gunten13 (1981) > 2.7 97.11% enriched; rotating bubble chamber; 
corrected for the (α,n,f) reaction

Recommended value t1/2 > 2.7 × 1017 a Selected value

Table VIII Spontaneous fission half-life of 234U.

Reference As Revised
Author (Year) t1/2 / 1016 a Comments

Segre2 (1952) > 0.6 Ionization chamber; not used
Ghiorso14 (1952) 1.6 ± 0.7 Revised value; ionization chamber; not used
von Gunten13 (1981) 1.42 ± 0.08 99.36% enriched; rotating bubble chamber; 

corrected for the (α,n,f) reaction
Wang15 (1987) 1.9 ± 0.15 99.84% enriched; phosphate glass detector; 232U 

corrected for; revised uncertainty by 50% for 
overestimate of zenith angle of fission fragments

Recommended value t1/2 = (1.5 ± 0.2) × 1016 a Weighted average

Table IX Spontaneous fission half-life of 235U.

Reference As Reported
Author (Year) t1/2 / 1018 a Comments

Segre2 (1952) 0.18 Ionization chamber; not used
Aleksandrov12 (1966) 0.35 ± 0.09 Fission track detectors; not used
Grütter16 (1973) > 1.8 Rotating bubble chamber; no corrections; not used
von Gunten13 (1981) 9.8  ± 2.8 99.76% enriched; rotating bubble chamber; 

corrected for the (α,n,f) reaction
Recommended value t1/2 = (1.0 ± 0.3) × 1019 a Selected value
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Table X Spontaneous fission half-life of 236U.

Reference As Reported
Author (Year) t1/2 / 1016 a Comments

Jaffey17 (1949) 2. ± 1.6 Unpublished; quoted by Hyde17

Conde18 (1971) 2.7 ± 0.3 λ(238U) / λ(236U) = 0.30 ± 0.03
von Gunten13 (1981) 2.43 ± 0.13 99.68% enriched; rotating bubble chamber; 

corrected for the (α,n,f) reaction
Belenky19 (1983) 2.7 ± 0.4 Multiple neutron coincidence
Recommended value t1/2 = (2.5 ± 0.1) × 1016 a Weighted average

Table XI Spontaneous fission half-life of 238U.

Reference As Reported / (10-17 a-1)
Author (Year) Specific Activity Comments

Whitehouse20 (1950) 8.38 ± 0.52 Ionization chamber
Segre2 (1952) 8.60 ± 0.29 Ionization chamber
Fleischer21 (1964) 6.85 ± 0.20 Mica-uranium sandwich; not used
Roberts22 (1968) 7.03 ± 0.11 Mica-uranium sandwich; not used
Spadavecchia6 (1967) 8.42 ± 0.10 Rotating bubble chamber
von Gunten23 (1969) 8.66 ± 0.22 Fission products from 238U
Galliker24 (1970) 8.46 ± 0.06 Rotating bubble chamber
Storzer25 (1970) 8.49 ± 0.76 Fission tracks in dated uranium glass
Kleeman26 (1971) 6.8  ± 0.6 Lexan-uranium sandwich; not used
Thury27 (1971) 8.66 ± 0.43 Third order coincidence
Leme28 (1971) 7.30 ± 0.16 Mica-uranium sandwich; not used
Khan29 (1973) 6.82 ± 0.55 Mica-uranium sandwich; not used
Ivanov30 (1975) 7.12 ± 0.32 Mica-uranium sandwich; not used
Emma7 (1975) 7.2  ± 0.2 Mica-uranium sandwich; not used
Wagner31 (1975) 8.7  ± 0.6 Fission tracks in dated uranium glass
Thiel32 (1976) 8.57 ± 0.42 Fission tracks in dated uranium glass
Kase33 (1978) 8.22 ± 0.20 Ionization chamber
Popeko34 (1980) 7.9  ± 0.4 Multiple neutron coincidence
Spaggiari35 (1980) 9.26 ± 0.17 Mica-uranium sandwich; not used
Baptista36 (1981) 6.6  ± 0.2 Mica-uranium sandwich; not used
Hadler37 (1981) 8.6  ± 0.4 Mica-uranium sandwich; not used
de Carvalho38 (1982) 11.8 ± 0.7 Fission tracks in ordinary glass; not used
Belenky19 (1983) 8.35 ± 0.40 Multiple neutron coincidence
Vartanian39 (1984) 8.23 ± 0.43 Fission tracks (plastic, uranium foils); not used
Ivanov40 (1985) 8.29 ± 0.27 Double ionization chamber
Liu41 (1991) 7.03 ± 0.21 Solid-state track detectors; not used
Recommended half-life value t1/2 = (8.2 ± 0.1) × 1015 a Unweighted average of techniques

Table XII Spontaneous fission half-life of 237Np.

Reference As Reported
Author (Year) t1/2 / 1018 a Comments

Druin42 (1961) > 1. Nuclear photographic emulsion
Recommended value t1/2 > 1 × 1018 a Selected value
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Table XIII Spontaneous fission half-life of 236Pu.

Reference As Revised
Author (Year) t1/2 / 109 a Comments

Ghiorso14 (1952) 3.4  ± 1.2 Revised value; ionization chamber; not used
Selickij43 (1988) 2.09 ± 0.06 Two sources; fragment detection in 2πgeometry
Ogloblin44 (1990) 1.36 ± 0.20 Solid-state track detector; reported by Hussonnois45

Hussonnois45 (1995) 1.13 ± 0.1 Solid-state track detector; corrected cluster decay
Recommended value t1/2 = (1.5 ± 0.3) × 109 a Unweighted average value

Table XIV Spontaneous fission half-life of 238Pu.

Reference As Revised
Author (Year) t1/2 / 1010 a Comments

Segre2 (1952) 3.8 Revised value; ionization chamber; not used
Jaffey46 (1949) 4.7  ± 0.6 Revised value;
Druin42 (1961) 5.1  ± 0.6 Revised value; nuclear photographic emulsions
Hastings47 (1972) 4.77 ± 0.14 λα / λf = 5.43 × 108; silicon surface barrier 

detectors
Gay48 (1975) 4.63 ± 0.12 Fission fragment coincidences in mica
Selickij43 (1988) 5.01 ± 0.21 4 sources; fragment detection in 2πgeometry
Recommended value t1/2 = (4.75 ± 0.09) × 1010 a Weighted average

Table XV Spontaneous fission half-life of 239Pu.

Reference As Reported
Author (Year) t1/2 / 1015 a Comments

Segre2 (1952) 5.5 Ionization chamber; not used
Druzhinin49 (1985) 7.8 ± 1.6 λf / λα =  3.1 ± 0.6 × 10–12

Recommended value t1/2 = (8. ± 2.) × 1015 a Selected value

Table XVI Spontaneous fission half-life of 240Pu.

Reference As Revised
Author (Year) t1/2 / 1011 a Comments

Kindermann50 (1953) 1.314 ± 0.026 Low geometry α counting; not used
Barclay51 (1954) 1.225 ± 0.030 Low geometry α counting; not used
Chamberlain52 (1954) 1.20 Low geometry α counting; not used
Mikheev53 (1959) 1.20 α counting; gas scintillator; not used
Watt54 (1962) 1.34  ± 0.015 Low geometry α counting; not used
Malkin55 (1963) 1.45  ± 0.02 α counting; gas scintillator; not used
White56 (1967) 1.27  ± 0.05 No details available; not used
Fieldhouse57 (1967) 1.176 ± 0.025 Revised; spont. fiss. neutron emission rates
Budtz-Jorgensen58 (1980) 1.15  ± 0.03 Fragment spectra; ionization chamber
Androsenko59 (1984) 1.15  ± 0.03 Spontaneous fission neutron emission rates
Selickij43 (1988) 1.17  ± 0.03 2 sources; fragment detection in 2πgeometry
Dytlewski60 (1989) 1.12  ± 0.02 Neut.coincid. + low α geometry counting
Ivanov61 (1991) 1.15  ± 0.02 λf / λα in two 240Pu standards
Recommended value t1/2 = (1.14 ± 0.01) × 1011 a Weighted average
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Table XVII Spontaneous fission half-life of 241Pu.

Reference As Reported
Author (Year) t1/2 / 1016 a Comments

Druzhinin49 (1985) < 6. λα / λf ≈ 1011

Recommended value t1/2 < 6. × 1016 a Selected value

Table XVIII Spontaneous fission half-life of 242Pu.

Reference As Revised
Author (Year) t1/2 / 1010 a Comments

Studier62 (1956) 6.7 ± 0.7 Quoted by Mech62

Butler63 (1956) 6.65 ± 0.10 λα / λf, rel. total t1/2 = 3.73 × 105 a
Mech62 (1956) 6.79 ± 0.19 Revised value for t1/2(α) of 242Pu
Druin42 (1961) 6.6 ± 0.7 gas scintillator; relative to t1/2(α) of 238Pu
Malkin55 (1963) 7.45 ± 0.17 gas scintillator; specific activity
Meadows64 (1977) 6.74 ± 0.05 λα / λf rel. total t1/2 (239Pu) = 24 290. a
Khan65 (1980) 7.43 Mica fission track detector; not used
Selickij43 (1988) 6.86 ± 0.26 Fission fragment detection in 2πgeometry
Recommended value t1/2 = (6.77 ± 0.07) × 1010 a Weighted average

Table XIX Spontaneous fission half-life of 244Pu.

Reference As Revised
Author (Year) t1/2 / 1010 a Comments

Fields66 (1955) 2.5 ± 0.8 Ionization chamber; not used
Fields67 (1966) 6.67 ± 0.32 Revised value
Gokhberg68 (1977) 6.8 ± 0.8 No details
Khan65 (1980) 7.32 Fission track detector; not used
Moore69 (1982) 6.56 ± 0.30 Ionization chamber; α counting; α spectrometry
Recommended value t1/2 = (6.6 ± 0.2) × 1010 a Weighted average

Table XX Spontaneous fission half-life of 241Am.

Reference As Reported
Author (Year) t1/2 / 1014 a Comments

Segre2 (1952) > 0.14 Ionization chamber; not used
Mikheev53 (1960) > 2. Gas scintillator; not used
Druin70 (1961) 2.3 ± 0.8 Gas scintillator
Galliker24 (1970) 0.90 ± 0.04 Rotating bubble chamber
Gold71 (1970) 1.147 ± 0.024 Mica fission track detector
Paul72 (1986) 1.8 ± 0.4 Mica fission track detector
Moody73 (1987) 0.64 Phosphate glass track detector
Kukushkin74 (1993) 1.2 ± 0.6 Xe gas scintillator
Recommended value t1/2 = (1.2 ± 0.3) × 1014 a Unweighted average of techniques
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Table XXI Spontaneous fission half-life of 242mAm.

Reference As Revised
Author (Year) t1/2 / 1012 a Comments

Caldwell75 (1967) 1.0 ± 0.4 Revised; neut./fiss. frag. coincidence; not used
Zelenkov76 (1986) > 3.0 Silicon surface barrier detectors; λ f / λ α <10–8

Recommended value t1/2 > 3. × 1012 a Selected value

Table XXII Spontaneous fission half-life of 243Am.

Reference As Reported
Author (Year) t1/2 / 1014 a Comments

Aleksandrov77 (1966) > 0.33 ± 0.03 Glass fission track detector
Gvozdev78 (1966) 2. ± 0.5 Glass fission track detector
Recommended value t1/2 = (2. ± 0.5) × 1014 a Selected value

Table XXIII Spontaneous fission half-life of 240Cm.

Reference As Reported
Author (Year) t1/2 / 106 a Comments

Ghiorso14 (1952) 1.9 ± 0.4 Ionization chamber
Recommended value t1/2 = (1.9 ± 0.4) × 106 a Selected value

Table XXIV Spontaneous fission half-life of 242Cm.

Reference As Revised
Author (Year) t1/2 / 106 a Comments

Hanna79 (1951) 7.2  ± 0.2 Fission fragment counting, ionization chamber
Armani80 (1967) 6.82 ± 0.18 Revised value; Li-I fission neutron counting
Zhang81 (1979) 7.46 ± 0.06 Mica fission track detector
Raghuraman82 (1982) 7.15 ± 0.15 Solid state track detector
Umezawa83 (1982) 6.89 ± 0.17 Mica fiss track det.; not used see Usuda
Zelenkov76 (1986) 6.98 ± 0.33 Revised value; λ f / λ α = (6.4 ± 0.3) × 10–8

Silicon surface barrier detectors
Usuda84 (1989) 6.96 ± 0.18 Mica fission track detector
Recommended value t1/2 = (7.0 ± 0.2) × 106 a Selected value; uncertainty covers the range of 

the most recent measurements

Table XXV Spontaneous fission half-life of 243Cm.

Reference As Revised
Author (Year) t1/2 / 1011 a Comments

Polynov85 (1987) 5.5 ± 0.9 Mica fission track detector
Recommended value t1/2 = (5.5 ± 0.9) × 1011 a Selected value
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Table XXVI Spontaneous fission half-life of 244Cm.

Reference As Revised
Author (Year) t1/2 / 107 a Comments

Ghiorso14 (1952) 1.39 ± 0.20 Revised value; ionization chamber
Malkin86 (1963) 1.46 ± 0.05 Gas scintillator
Metta87 (1965) 1.346 ± 0.006 λ α / λ f = (7.43 ± 0.01) × 105

Armani80 (1967) 1.33 ± 0.03 Li-I fission neutron counter
Barton88 (1970) 1.250 ± 0.007 Low geometry fission fragment counting
Hastings89 (1972) 1.343 ± 0.006 Silicon surface barrier detector; λ α / λ f, rel. t1/2

(total) = 18.099 a
Pandey90 (1990) 1.263 ± 0.025 CR-39 fission track detector;λ α / λ f = 6.98 × 105

Recommended value t1/2 = (1.32 ± 0.02) × 107 a Weighted average

Table XXVII Spontaneous fission half-life of 245Cm.

Reference As Reported
Author (Year) t1/2 / 1012 a Comments

Druzhinin91 (1985) 1.4 ± 0.2 λ α / λ f ratio
Recommended value t1/2 = (1.4 ± 0.2) × 1012 a Selected value

Table XXVIII Spontaneous fission half-life of 246Cm.

Reference As Reported
Author (Year) t1/2 / 107 a Comments

Fields92 (1956) > 1.24 Estimated from λ α / λ f ratio; not used
Fried93 (1956) 2.0 ± 0.8 fission counting; estimated mass; not used
Metta94 (1969) 1.80 ± 0.01 2πchamber, semi-conductor; λ α / λ f = 3822 ± 10
MacMurdo95 (1971) 1.85 ± 0.02 λ α / λ f = 3833 ± 32
Recommended value t1/2 = (1.81 ± 0.02) × 107 a Weighted average

Table XXIX Spontaneous fission half-life of 248Cm.

Reference As Reported
Author (Year) t1/2 / 106 a Comments

Butler96 (1956) 4.6 ± 0.5 specific fission activity; not used
Metta94 (1969) 4.22 ± 0.12 2πchamber, semi-conductor; λ α / λ f = 11.0 ± 0.3
MacMurdo95 (1971) 4.20 ± 0.05 Relative activity to 244Cm
McCracken97 (1971) 4.115 ± 0.034 Specific fission activity; ionization chamber
Recommended value t1/2 = (4.15 ± 0.03) × 106 a Weighted average

Table XXX Spontaneous fission half-life of 250Cm.

Reference As Reported
Author (Year) t1/2 / 104 a Comments

Huizenga98 (1957) 2.3 Estimated value; not used
CRG99 (1966) 1.74 ± 0.24 Preliminary “Par” bomb shot results; not used
Metta100 (1967) 1.13 ± 0.05 Ionization chamber; “Par” bomb shot results
Recommended value t1/2 = (1.13 ± 0.05) × 104 a Selected value
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Table XXXI Spontaneous fission half-life of 249Bk.

Reference As Reported
Author (Year) t1/2 / 109 a Comments

Magnusson101 (1954) > 0.2 Ion chamber; λ β / λ f = 3.78 × 108; not used
Diamond102 (1954) > 0.01 Ionization chamber; not used
Ghiorso103 (1956) 0.6 Unpublished; quoted by Hyde103; not used
Eastwood104 (1957) > 1.4 Ionization chamber; not used
Milsted105 (1969) 1.87 ± 0.09 Parallel plate ion chamber
Vorotnikov106 (1970) 1.65 ± 0.17 Fission fragment glass detector
Recommended value t1/2 = (1.8 ± 0.1) × 109 a Weighted average

Table XXXII Spontaneous fission half-life of 237Cf.

Reference As Reported
Author (Year) t1/2 / s Comments

Lazarev107 (1995) ≈ 21. λ f / λ tot ≈ 0.1; t1/2 = 2.1 ± 0.3 s
Recommended value t1/2 ≈ 21. s Selected value

Table XXXIII Spontaneous fission half-life of 238Cf.

Reference As Reported
Author (Year) t1/2 / ms Comments

Lazarev107 (1995) 21. ± 2. λ f / λ tot ≈ 1.
Recommended value t1/2 = 21. ± 2. ms Selected value

Table XXXIV Spontaneous fission half-life of 240Cf.

Reference As Reported
Author (Year) t1/2 / min Comments

Lazarev107 (1995) ≈ 53. λ f / λ tot ≈ 0.02; t1/2 = 1.06 ± 0.15 min
Recommended value t1/2 ≈ 53. min Selected value

Table XXXV Spontaneous fission half-life of 242Cf.

Reference As Reported
Author (Year) t1/2 / d Comments

Lazarev107 (1995) ≥ 17.4 λ f / λ tot ≤ 0.00014; t1/2 = 3.5 min
Recommended value t1/2 ≥ 17. d Selected value

Table XXXVI Spontaneous fission half-life of 246Cf.

Reference As Reported
Author (Year) t1/2 / 103 a Comments

Hulet108 (1953) 2.1 ± 0.3 λ α / λ f = 5.2 × 105

Friedman109 (1963) 1.34 ± 0.16 Ion chamber; λ α / λ f = 3.3 × 105

Skobelev110 (1968) 2.0 ± 0.2 Au-Si det.; λ α / λ f = 4.9 × 105

Recommended value t1/2 = (1.8 ± 0.6) × 103 a Weighted average
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Table XXXVII Spontaneous fission half-life of 248Cf.

Reference As Reported
Author (Year) t1/2 / 104 a Comments

Hulet111 (1954) 0.9 λ α / λ f ≈ 104

Perelygin112 (1964) 3.4 ± 1.5 Ion chamber; quoted by Skobelev110

Skobelev110 (1968) 4.1 ± 0.4 Mica det.; λ α / λ f = 4.3 × 104

Hulet113 (1973) 3.2 ± 0.3 λ α / λ f = 3.5 × 104

Recommended value t1/2 = (3.2 ± 0.3) × 104 a Selected value

Table XXXVIII Spontaneous fission half-life of 249Cf.

Reference As Reported
Author (Year) t1/2 / 1010 a Comments

Magnusson101 (1954) ≥ 0.0005 λ α / λ f ≥ 1.2 × 104

Diamond102 (1954) > 0.0001 Ionization chamber
Ghiorso103 (1956) > 0.15 Unpublished; quoted by Hyde103

Eastwood104 (1957) > 0.045 Ionization chamber; λ α / λ f > 1.3 × 106

Milsted105 (1969) 6.87 ± 0.33 Parallel plate ion chamber; λ α / λ f = 2 × 108

Vorotnikov106 (1969) > 0.2 Ionization chamber
Tarantin114 (1987) 8.5 ± 0.5 Lavson + mica det.
Recommended value t1/2 = (8.± 1.) × 1010 a Selected value

Table XXXIX Spontaneous fission half-life of 250Cf.

Reference As Reported
Author (Year) t1/2 / 104 a Comments

Ghiorso115 (1954) 0.5 λ α / λ f = 400; not used
Diamond102 (1954) > 1.4 Revised
Magnusson101 (1954) 1.9 ± 0.6 Parallel plate ion chamber;λ α / λ f = 1460 ± 350
Phillips116 (1963) 1.73 ± 0.06 prop.ctr. λ α / λ f = 1330 ± 45
Metta87 (1965) 1.66 ± 0.08 λ α / λ f = 1260 ± 40
Recommended value t1/2 = (1.7 ± 0.1) × 104 a Selected value

Table XL Spontaneous fission half-life of 252Cf.

Reference As Reported
Author (Year) t1/2 / a Comments

Ghiorso115 (1954) 100. λ α / λ f = 42.; not used
Diamond102 (1954) 75. ± 15. Revised
Magnusson101 (1954) 79. ± 10. Parallel plate ion chamber; λ α / λ f = 30 ± 1
Eastwood104 (1957) 82. ± 6. Ionization chamber; λ α / λ f = 32. ± 2.
Sevier117 (1961) 98.9 Revised ; λ α / λ f = 36.45
Metta87 (1965) 85.5 ± 0.5 λ α / λ f = 31.3 ± 0.2
Aleksandrov118 (1970) 85.6 ± 0.4 Si det.; λ α / λ f = 31.5, 31.1
Pandey90 (1993) 86.2 ± 0.9 CR-39 fission track detector; λ α / λ f =31.56
Recommended value t1/2 = (86. ± 1.)  a Weighted average
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Table XLI Spontaneous fission half-life of 254Cf.

Reference As Reported

Author (Year) t1/2 / d Comments

Harvey119 (1955) 85. ± 15. No detectable α emission
Fields92 (1956) 55. No α or β emission
Bentley120 (1956) 60. ± 10. No details
Huizenga98 (1957) 60.5 ± 1.1 Ion chamber; rev. Metta87; λ f / λ tot from Bemis121

Phillips116 (1963) 60.7 ± 0.2 Corr. for 250Cf; rev. λ f / λ tot from Bemis121

Metta87 (1965) 62.1 ± 1.1 Ion Chamber; rev. λ f / λ tot from Bemis121

Recommended value t1/2 = (60.9 ± 0.9) d Weighted average

Table XLII Spontaneous fission half-life of 256Cf.

Reference As Reported
Author (Year) t1/2 / min Comments

Hoffman122 (1980) 12.3 ± 1.2 Ion chamber
Recommended value t1/2 = (12. ± 1.) min Selected value

Table XLIII Spontaneous fission half-life of 253Es.

Reference As Reported
Author (Year) t1/2 / 105 a Comments

Fields123 (1954) > 1. No details; not used
Jones124 (1956) 7. ± 3. Ion chamber
Metta87 (1965) 6.3 ± 0.2 λ α / λ f = 1.15 ± 0.03 × 107

Recommended value t1/2 = (6.3 ± 0.2) × 105 a Weighted average

Table XLIV Spontaneous fission half-life of 254Es.

Reference As Reported
Author (Year) t1/2 / 107 a Comments

Ghiorso103 (1955) 0.015 Unpublished; quoted by Hyde103

McHarris125 (1965)  0.068 Ionization chamber; quoted by Fields126

Fields126 (1967) > 2.5 Ion chamber; λ f / λ α < 3 × 10-8

Recommended value t1/2 > 2.5 × 107 a Selected value

Table XLV Spontaneous fission half-life of 254mEs.

Reference As Reported
Author (Year) t1/2 / a Comments

Fields123 (1954) > 10. λ f / λ tot < 0.00045
Recommended value t1/2 > 10. a Selected value

Table XLVI Spontaneous fission half-life of 255Es.

Reference As Reported
Author (Year) t1/2 / 103 a Comments

Fields126 (1967) 2.63 ± 0.14 Ion chamber; λ β / λ f = 2.22 ± 0.10 × 104

Recommended value t1/2 = (2.6 ± 0.1) × 103 a Selected value
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Table XLVII Spontaneous fission half-life of 242Fm.

Reference As Reported
Author (Year) t1/2 / ms Comments

Ter-Akopyan127 (1975) 0.8 ± 0.2 λ f / λ tot > 0.96
Recommended value t1/2 = 0.8 ± 0.2 ms Selected value

Table XLVIII Spontaneous fission half-life of 243Fm.

Reference As Reported
Author (Year) t1/2 / s Comments

Ter-Akopyan127 (1975) ≥ 50. Estimated from excitation function systematics
Recommended value t1/2 ≥ 50. s Selected value

Table XLIX Spontaneous fission half-life of 244Fm.

Reference As Reported
Author (Year) t1/2 / ms Comments

Nurmia128 (1967) 3.3 ± 0.5 Spontaneous fission assumed
Ter-Akopyan127 (1975) 4. λ f / λ tot > 0.97
Recommended value t1/2 = 3.3 ± 0.5 ms Selected value

Table L Spontaneous fission half-life of 245Fm.

Reference As Reported
Author (Year) t1/2 / h Comments

Ter-Akopyan127 (1975) > 1.1 Estimated from excitation function systematics
Recommended value t1/2 > 1.1 h Selected value

Table LI Spontaneous fission half-life of 246Fm.

Reference As Reported
Author (Year) t1/2 / s Comments

Nurmia128 (1967) 15. ± 5. Mica det., λ f / λ tot = 0.08;
Druin129 (1971) 27. ± 8. Solid-state det., λ f / λ tot = 0.045 ± 0.013;
Ninov130 (1996) 8. ± 3. λ f / λ tot = 0.15 ± 0.05
Recommended value t1/2 = 8. ± 3. s Selected value

Table LII Spontaneous fission half-life of 248Fm.

Reference As Reported
Author (Year) t1/2 / h Comments

Nurmia128 (1967) 10. ± 5. Mica det.; λ f / λ tot = 0.0010 ± 0.0005
Druin129 (1971) ≈ 53. Solid-state det.; λ α / λ f ≈ 6000
Recommended value t1/2 = 10. ± 5. h Selected value
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Table LIII Spontaneous fission half-life of 250Fm.

Reference As Reported
Author (Year) t1/2 / a Comments

Druin129 (1971) ≈ 9.5 Solid-state det.; λ f / λ α = 6 × 10−6

Lazarev131 (1989) 0.83 ± 0.15 λ f / λ tot = (6.9 ± 1.0) × 10−5

Recommended value t1/2 = 0.8 ± 0.2 a Selected value

Table LIV Spontaneous fission half-life of 250mFm.

Reference As Reported
Author (Year) t1/2 / a Comments

Lazarev131 (1989) ≥ 0.07 λ f / λ tot ≥ 8.2 × 10−7

Recommended value t1/2 ≥ 0.07 a Selected value

Table LV Spontaneous fission half-life of 252Fm.

Reference As Reported
Author (Year) t1/2 / a Comments

Friedman132 (1956) > 8.2 No details; not used
AHEG133 (1966) 115. ± 60. No details; not used
Ahmad134 (1984) 125. ± 8. λ f / λ α = (2.3 ± 0.2) × 10−5

Recommended value t1/2 = 125. ± 8. a Selected value

Table LVI Spontaneous fission half-life of 254Fm.

Reference As Reported
Author (Year) t1/2 / d Comments

Fields123 (1954) 220. ± 40. Ionization chamber
Choppin135 (1954) ≈ 135. λ α / λ f ≈ 103

Choppin136 (1955) 209. λ α / λ f = 1550
Jones124 (1956) 246. Ion Chamber
Fields126 (1967) 228. ± 1. 4πcounter λ α / λ f = 1695 ± 8

Si barrier det. λ α / λ f = 1664 ± 17
Recommended value t1/2 = 228. ± 1. d Selected value

Table LVII Spontaneous fission half-life of 255Fm.

Reference As Reported
Author (Year) t1/2 / 104 a Comments

Phillips116 (1963) 1.0 ± 0.4 Windowless prop. counter; λ f / λ tot = (2.4 ± 1.0) × 10−7

Recommended value t1/2 = (1.0 ± 0.4) × 104 a Selected value
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Table LVIII Spontaneous fission half-life of 256Fm.

Reference As Reported
Author (Year) t1/2 / min Comments

Choppin136 (1955) 180. to 240. λ α / λ f estimated to be 0.04
Phillips137 (1958) 160. ± 10. Windowless prop. counter
Sikkeland138 (1965) 167. ± 6. λ α / λ α+f = 0.028 ± 0.01
Hoff139 (1968) 171. ± 2. Ion Chamber; λ α / λ α+f = 0.081 ± 0.003
Recommended value t1/2 = 2.9 ± 0.1 h Selected value

Table LIX Spontaneous fission half-life of 257Fm.

Reference As Reported
Author (Year) t1/2 / a Comments

Hulet140 (1964) 100. ± 20. λ α / λ f = 468. ± 100.
Sikkeland138 (1965) ≈ 131. λ α / λ f = 600.
CRG99 (1966) 129. ± 45. λ α / λ f = 500. ± 175.
Wild141 (1973) 131. ± 3. λ α / λ f = 475. ± 10.
Recommended value t1/2 = 131. ± 3. a Weighted average

Table LX Spontaneous fission half-life of 258Fm.

Reference As Reported
Author (Year) t1/2 / s Comments

Hulet142 (1971) 380. ± 60. Fission tracks in mica; 3 standard deviation
Hulet143 (1986) 360. ± 20. Time correlation meas.; 1 standard deviation
Recommended value t1/2 = 0.37 ± 0.02 ms Weighted average

Table LXI Spontaneous fission half-life of 259Fm.

Reference As Reported
Author (Year) t1/2 / s Comments

Hulet144 (1980) 1.5 ± 0.3 λ f / λ tot = 1.0
Hoffman145 (1981) 1.5 ± 0.2 λ f / λ tot = 1.0
Somerville146 (1985) 1.6 ± 0.1 λ f / λ tot = 1.0
Recommended value t1/2 = 1.5 ± 0.2 s Selected value

Table LXII Spontaneous fission half-life of 260Fm.

Reference As Reported
Author (Year) t1/2 / ms Comments

Lougheed147 (1992) ≈ 4. λ f / λ tot = 1.0
Recommended value t1/2 ≈ 4. ms Selected value

Table LXIII Spontaneous fission half-life of 245Md.

Reference As Reported
Author (Year) t1/2 / ms Comments

Ninov130 (1996) 0.90 ± 0.25 12 fission events
Recommended value t1/2 = 0.9 ± 0.3 ms Selected value
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Table LXIV Spontaneous fission half-life of 247Md.

Reference As Reported
Author (Year) t1/2 / s Comments

Hofmann148 (1994) 0.23 (+ 0.19 / - 0.12) 2 fission events
Recommended value t1/2 ≈ 0.2 s Selected value

Table LXV Spontaneous fission half-life of 248Md.

Reference As Reported
Author (Year) t1/2 / h Comments

Gangrsky149 (1980) ≥ 3.9 λ f / λ tot ≤ 0.0005
Recommended value t1/2 ≥ 3.9 h Selected value

Table LXVI Spontaneous fission half-life of 255Md.

Reference As Reported
Author (Year) t1/2 / d Comments

Hoff150 (1971) ≥ 12.5 λ f / λ tot ≤ 0.0015; t1/2 = 27. min.
Recommended value t1/2 ≥ 12.5 d Selected value

Table LXVII Spontaneous fission half-life of 256Md.

Reference As Reported
Author (Year) t1/2 / d Comments

Hoff150 (1971) > 1.9 λ f / λ tot < 0.028
Recommended value t1/2 > 1.9 d Selected value

Table LXVIII. Spontaneous fission half-life of 257Md.

Reference As Reported
Author (Year) t1/2 / d Comments

Sikkeland138 (1965) > 2.9 λ f / λ tot < 0.077
Hoff150 (1971) > 6.1 λ f / λ tot < 0.036
Moody151 (1993) ≥ 23. λ f / λ tot ≤ 0.010
Recommended value t1/2 ≥ 23. d Selected value

Table LXIX Spontaneous fission half-life of 258Md.

Reference As Reported
Author (Year) t1/2 / 103 a Comments

Lougheed152 (1986) > 0.41 Erroneously reported 1.5 × 105 days as years.
Moody151 (1993) ≥ 4.7 λ f / λ tot ≤ 0.00003
Recommended value t1/2 ≥ 4.7 × 103 a Selected value
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Table LXX Spontaneous fission half-life of 258mMd.

Reference As Reported
Author (Year) t1/2 / min Comments

Moody151 (1993) ≥ 190. λ f / λ tot ≤ 0.30
Recommended value t1/2 ≥ 190. min Selected value

Table LXXI Spontaneous fission half-life of 259Md.

Reference As Reported
Author (Year) t1/2 / min Comments

Wild153 (1982) < 106. ± 12. λ f / λ tot > 0.97, t1/2 = 103. min.
Moody151 (1993) < 97.3 ± 3.6 λ f / λ tot > 0.987; t1/2 = 96.0 min.
Recommended value t1/2 < 1.62 ± 0.06 h Selected value

Table LXXII Spontaneous fission half-life of 260Md.

Reference As Reported
Author (Year) t1/2 / d Comments

Hulet154 (1986) 45.4 ± 0.7 λ f / λ tot ≈ 0.70
Lougheed147 (1992) 27.8 – 38.1 λ f / λ tot > 0.73
Recommended value t1/2 ≈ 27.8 – 38.1 d Selected value

Table LXXIII Spontaneous fission half-life of 250No.

Reference As Reported
Author (Year) t1/2 / ms Comments

Ter-Akopyan127 (1975) 0.25 ± 0.05 λ f / λ tot ≈ 1.0
Recommended value t1/2 = 0.25 ± 0.05 ms Selected value

Table LXXIV Spontaneous fission half-life of 251No.

Reference As Reported
Author (Year) t1/2 / s Comments

Ter-Akopyan127 (1975) ≥ 10. λ f / λ tot ≥ 0.08
Recommended value t1/2 ≥ 10. s Selected value

Table LXXV Spontaneous fission half-life of 252No.

Reference As Reported
Author (Year) t1/2 / s Comments

Ghiorso155 (1967) 4.9 ± 0.6 λ f / λ tot = 0.50; revised total t1/2, Wild158; not used
Bemis156 (1977) 9. ± 1. λ f / λ tot = (0.27 ± 0.02); revised total t1/2, Wild158

Andreyev157 (1993) 11. ± 3. λ f / λ tot = (0.216 ± 0.042) ; revised total t1/2, Wild158

Recommended value t1/2 = 9. ± 1. s Weighted average
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Table LXXVI Spontaneous fission half-life of 254No.

Reference As Reported
Author (Year) t1/2 / h Comments

Flerov159 (1967) > 26. λ f / λ tot < 0.0006
Somerville146 (1985) > 30.6 λ f / λ tot < 0.0005
Türler160 (1988) 6.1 ± 5.6 λ f / λ tot = 0.0025
Lazarev131 (1989) 8.9 ± 2.5 λ f / λ tot = (0.0017 ± 0.0005)
Wild158 (1994) 8.7 ± 3.3 λ f / λ tot = (0.0017 ± 0.0002); total t1/2= 53. ± 20. s
Recommended value t1/2 = 8. ± 2. h Weighted average

Table LXXVII Spontaneous fission half-life of 254mNo.

Reference As Reported
Author (Year) t1/2 / s Comments

Lazarev131 (1989) ≥ 140. λ f / λ tot ≤ 0.002
Recommended value t1/2 ≥ 2.3 min Selected value

Table LXXVIII Spontaneous fission half-life of 256No.

Reference As Reported
Author (Year) t1/2 / min Comments

Ghiorso155 (1967) 19.3 ± 3.3 λ f / λ tot = 0.0025; t1/2 = 2.9 s
Flerov161 (1968) ≈ 9.7 λ f / λ tot = 0.0050; t1/2 = 2.9 s
Hoffman162 (1990) 9.2 (+ 0.7 / – 1.2) λ f / λ tot = 0.0053; t1/2 = 2.9 s
Recommended value t1/2 = 9. ± 1. min Weighted average

Table LXXIX Spontaneous fission half-life of 257No.

Reference As Reported
Author (Year) t1/2 / min Comments

Lazarev163 (1996) > 28. λ f / λ tot = 0.015; t1/2 = 25 ± 4 s
Recommended value t1/2 > 28. min Selected value

Table LXXX Spontaneous fission half-life of 258No.

Reference As Reported
Author (Year) t1/2 / ms Comments

Nurmia164 (1969) ≈ 1.2 λ f / λ tot = 1.0
Hulet165 (1989) 1.2 ± 0.2 λ f / λ tot = 1.0
Recommended value t1/2 = 1.2 ± 0.2 ms Selected value

Table LXXXI Spontaneous fission half-life of 259No.

Reference As Reported
Author (Year) t1/2 / h Comments

Wild153 (1982) > 10. λ f / λ tot < 0.1
Recommended value t1/2 > 10. h Selected value
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Table LXXXII Spontaneous fission half-life of 260No.

Reference As Reported
Author (Year) t1/2 / ms Comments

Somerville146 (1985) 106. ± 8. λ f / λ tot = 1.0
Recommended value t1/2 = 106. ± 8. ms Selected value

Table LXXXIII Spontaneous fission half-life of 262No.

Reference As Reported
Author (Year) t1/2 / ms Comments

Lougheed166 (1988) ≈ 5. λ f / λ tot = 1.0
Recommended value t1/2 ≈ 5. ms Selected value

Table LXXXIV Spontaneous fission half-life of 252Lr.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian167 (1976) ≥ 100. λ f / λ tot ≤ 0.01
Recommended value t1/2 ≥ 100. s Selected value

Table LXXXV Spontaneous fission half-life of 253Lr.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian167 (1976) ≥ 130. λ f / λ tot ≤ 0.01
Hessberger168 (1985) > 7. λ f / λ tot < 0.20
Recommended value t1/2 ≥ 2.2 min Selected value

Table LXXXVI Spontaneous fission half-life of 254Lr.

Reference As Reported
Author (Year) t1/2 / h Comments

Oganessian167 (1976) ≥ 3.6 λ f / λ tot ≤ 0.001; Total t1/2, Hessberger168

Recommended value t1/2 ≥ 3.6 h Selected value

Table LXXXVII Spontaneous fission half-life of 255Lr.

Reference As Reported
Author (Year) t1/2 / h Comments

Oganessian167 (1976) ≥ 6. λ f / λ tot ≤ 0.001; t1/2 = 22 s. Eskola169

Recommended value t1/2 ≥ 6. h Selected value

Table LXXXVIII Spontaneous fission half-life of 256Lr.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov170 (1970) ≥ 8.4 × 104 Excitation function syst.; λ f / λ tot < 0.00033
Recommended value t1/2 ≥ 1. d Selected value
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Table LXXXIX Spontaneous fission half-life of 257Lr.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov170 (1970) ≥ 2 × 103 Excitation function syst.; λ f / λ tot < 0.00033
Recommended value t1/2 ≥ 0.55 h Selected value

Table XC Spontaneous fission half-life of 258Lr

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov171 (1971) > 20. If t1/2 (258No) < 20 seconds
Gregorich172 (1992) > 78. λ f / λ tot < 0.05
Recommended value t1/2 > 78. s Selected value

Table XCI Spontaneous fission half-life of 259Lr.

Reference As Reported
Author (Year) t1/2 / s Comments

Gregorich172 (1992) 28. ± 3. λ f / λ tot = (0.23 ± 0.02)
Hamilton173 (1992) 31. ± 4. λ f / λ α =  0.25 ± 0.03; λ f / λ tot = (0.20 ± 0.02)
Recommended value t1/2 = 31. ± 4. s Selected value

Table XCII Spontaneous fission half-life of 261Lr.

Reference As Reported
Author (Year) t1/2 / min Comments

Lougheed174 (1987) 39. ± 12. λ f / λ tot = 1.0
Recommended value t1/2 = 39. ± 12. min Selected value

Table XCIII Spontaneous fission half-life of 262Lr.

Reference As Reported
Author (Year) t1/2 / min Comments

Lougheed174 (1987) 2160. ± 150. λ f / λ tot < 0.10
Recommended value t1/2 > 1.5 d Selected value

Table XCIV Spontaneous fission half-life of 253Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov175 (1976) ≈ 3.6 × 106 λ f / λ tot ≈ 0.50
Hessberger176 (1997) 48. (+ 17. / – 10.) λ f / λ tot ≈ 1.0
Recommended value t1/2 ≈ 48. s Selected value
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Table XCV Spontaneous fission half-life of 254Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian177 (1975) < 3000. Production not detected
Ter-Akopyan127 (1975) 500. ± 200. λ f / λ α > 8.
Hessberger176 (1997) 23. ± 3. λ f / λ tot > 0.985
Recommended value t1/2 = 23. ± 3. s Selected value

Table XCVI Spontaneous fission half-life of 255Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov170 (1970) ≈ 4. λ f / λ tot ≈ 0.5, not used
Oganessian177 (1975) ≈ 8. λ f / λ tot ≈ 0.5, t1/2 = 4 s; not used
Münzenberg178 (1981) 3.1 ± 1.3 λ f / λ tot = 0.45, not used
Oganessian179 (1984) 3.4 ± 0.4 λ f / λ tot = 0.5, t1/2 = 1.7 s; not used
Hessberger180 (1985)   2.7 ± 0.5 λ f / λ tot = 0.52 ± 0.07; t1/2 = 1.4 s.
Hessberger176 (1997) 3.1 ± 0.4 λ f / λ tot = 0.45 ± 0.06; t1/2 = 1.4 s.
Recommended value t1/2 = 2.9  ± 0.4 s Weighted average

Table XCVII Spontaneous fission half-life of 256Rf.

Reference As Reported
Author (Year) t1/2 / ms Comments

Oganessian177 (1975) 5. λ f / λ tot ≈ 1.0; not used
Oganessian179 (1984) 6.7 ± 0.2 λ f / λ tot = 0.99; not used
Hessberger180 (1985) 7.4 ± 0.8 λ f / λ tot = 0.978; not used
Wild158 (1994) 6.6 ± 1.1 Kinetic energy distribution study
Hessberger176 (1997) 6.2 ± 0.2 λ f / λ tot = 0.9968
Recommended value t1/2 = 6.2  ± 0.2 ms Weighted average

Table XCVIII Spontaneous fission half-life of 257Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian181 (1984) ≈ 39. λ f / λ tot ≈ 0.12; t1/2= 4.7 s.
Somerville146 (1985) 34. ± 22. λ f / λ tot = 0.14 ± 0.09
Münzenberg178 (1981) 59. ± 37. λ f / λ tot = 0.08 ± 0.05
Hessberger180 (1985) > 134. λ f / λ tot < 0.035
Bemis182 (1988) 196. ± 25. λ f / λ tot = 0.024 ± 0.003
Hessberger176 (1997) > 336. λ f / λ tot < 0.014
Recommended value t1/2 > 5.6 min Selected value

Table XCIX Spontaneous fission half-life of 258Rf.

Reference As Reported
Author (Year) t1/2 / ms Comments

Ghiorso183 (1969) 13. ± 2. λ f / λ tot ≈ 0.87, Oganessian167

Somerville146 (1985) 15. ± 3. λ f / λ tot ≈ 0.87, Oganessian167

Wild158 (1994) 14. ± 2. Kinetic energy distribution study
Recommended value t1/2 = 14. ± 2. ms Weighted average

N. E. HOLDEN AND D. C. HOFFMAN

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525–1562

1546



Table C Spontaneous fission half-life of 259Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Druin184 (1973) ≈ 46. λ f / λ α ≈ 0.07
Bemis185 (1981) 48. ± 35. λ f / λ tot = 0.063 ± 0.037
Somerville146 (1985) 38. ± 23. λ f / λ tot = 0.09 ± 0.03
Recommended value t1/2 = 0.7 ± 0.4 min Selected value

Table CI Spontaneous fission half-life of 260Rf.

Reference As Reported
Author (Year) t1/2 / ms Comments

Flerov186 (1964) 300. ± 100. Excitation function systematics
Oganessian187 (1970) 100. ± 50. Excitation function systematics
Druin188 (1976) 80. ± 20. Excitation function systematics
Druin189 (1977) 76. ± 8. Excitation function systematics
Nitschke190 (1981) 23. ± 2. Excitation function systematics
Somerville146 (1985) 20.1 ± 0.7 Excitation function systematics
Hulet165 (1989) 25.6 ± 7. Excitation function systematics
Recommended value t1/2 = 20. ± 1. ms Selected value

Table CII Spontaneous fission half-life of 261Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Ghiorso191 (1970) ≥ 650. λ f / λ tot ≤ 0.10
Kadkhodayan192 (1996) ≥ 591. λ f / λ tot ≤ 0.11
Recommended value t1/2 ≥ 11. min Selected value

Table CIII Spontaneous fission half-life of 262Rf.

Reference As Reported
Author (Year) t1/2 / s Comments

Somerville146 (1985) 0.047 ± 0.005 λ f / λ tot = 1.0
Lazarev193 (1994) 1.2 (+ 1.0 / – 0.5) 266Sg(α) - SF coincidence
Lane194 (1996) 2.1 ± 0.2 λ f / λ tot > 0.992
Recommended value t1/2 = 2.1 ± 0.2 s Selected value

Table CIV Spontaneous fission half-life of 255Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov195 (1976) ≈ 8. λ f / λ tot ≈ 0.20
Recommended value t1/2 ≈ 8. s Selected value

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525–1562

Spontaneous fission half-lives for ground-state nuclides 1547



Table CV Spontaneous fission half-life of 256Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian196 (1983) ≥ 6.5 λ f / λ tot ≤ 0.40
Recommended value t1/2 ≥ 6.5 s Selected value

Table CVI Spontaneous fission half-life of 257Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian167 (1976) ≈ 25. λ f / λ tot ≈ 0.20, t1/2 = 5. s
Hessberger168 (1985) 8.2 ± 6.1 λ f / λ tot = 0.17 ± 0.11
Recommended value t1/2 = 8. ± 6. s Selected value

Table CVII Spontaneous fission half-life 258Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Hessberger168 (1985) ≥ 13. λ f / λ tot ≤ 0.33 + (0.09 / – 0.05), Hessberger176

Recommended value t1/2 ≥ 13. s Selected value

Table CVIII Spontaneous fission half-life of 260Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Ghiorso197 (1970) > 8. λ f / λ tot < 0.20, t1/2 = 1.6 s.
Bemis198 (1977) 15.8 ± 1.7 λ f / λ tot = 0.096 ± 0.006
Recommended value t1/2 = 16. ± 2. s Selected value

Table CIX Spontaneous fission half-life of 261Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Flerov170 (1970) ≈ 7. λ f / λ tot ≈ 0.25, t1/2 = 1.8 s
Ghiorso199 (1971) ≥ 3.6 λ f / λ tot ≤ 0.50
Lane200 (1998) > 10. λ f / λ tot < 0.18
Recommended value t1/2 > 10. s Selected value

Table CX Spontaneous fission half-life of 262Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Ghiorso199 (1971) > 67. λ f / λ tot < 0.60
Bemis201 (1977) 44. ± 7. λ f / λ tot = 0.78 ± 0.06
Druin202 (1979) ≈ 59. λ f / λ tot ≈ 0.60
Gregorich203 (1988) 69. λ f / λ tot = 0.49 ± 0.13
Kratz204 (1989) 67. λ f / λ tot = 0.51 ± 0.11
Kratz205 (1992) ≥ 102. λ f / λ tot ≤ 0.33, may be all or partially due to SF

of 262Rf  produced via electron capture
Recommended value t1/2 ≥ 1.7 min Selected value
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Table CXI  Spontaneous fission half-life of 263Db.

Reference As Reported
Author (Year) t1/2 / s Comments

Hulet206 (1988) ≈ 50. λ f / λ tot ≈ 0.55
Kratz205 (1992) 47. ± 12. λ f / λ tot = 0.57 ± 0.14; t1/2 = 27. s
Recommended value t1/2 = 0.8 ± 0.2 min Selected value

Table CXII Spontaneous fission half-life of 258Sg.

Reference As Reported
Author (Year) t1/2 / ms Comments

Hessberger176 (1997) 2.9 (+ 1.3 / – 0.7) λ f / λ tot = 1.0
Recommended value t1/2 ≈ 2.9 ms Selected value

Table CXIII Spontaneous fission half-life of 259Sg.

Reference As Reported
Author (Year) t1/2 / s Comments

Demin207 (1984) > 0.1 Excitation function systematics
Oganessian179 (1984) > 0.96 λ f / λ tot < 0.50, t1/2 = 0.48 s
Münzenberg208 (1985) > 2.4 λ f / λ tot < 0.20, t1/2 = 0.48 s
Recommended value t1/2 > 2.4 s Selected value

Table CXIV Spontaneous fission half-life of 260Sg.

Reference As Reported
Author (Year) t1/2 / ms Comments

Demin207 (1984) > 5. λ f / λ tot < 0.20 
Oganessian179 (1984) > 4.5 λ f / λ tot < 0.80, t1/2 = 3.6 ms
Münzenberg208 (1985) 7.2 ± 4.4 λ f / λ tot = 0.50, t1/2 = 3.6 ms 
Recommended value t1/2 = 7. ± 4. ms Selected value

Table CXV Spontaneous fission half-life of 261Sg.

Reference As Reported
Author (Year) t1/2 / s Comments

Demin207 (1984) > 0.4 Excitation function systematics
Münzenberg208 (1985) > 2.6 λ f / λ tot < 0.10, t1/2 = 0.26 s
Recommended value t1/2 > 2.6 s Selected value

Table CXVI Spontaneous fission half-life of 263Sg.

Reference As Reported
Author (Year) t1/2 / s Comments

Druin202 (1979) ≈ 1.1 λ f / λ tot ≈ 0.70, t1/2 = 0.8 s
Lazarev209 (1995) > 2.7 λ f / λ tot < 0.30, t1/2 = 0.8 s
Recommended value t1/2 > 2.7 s Selected value
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Table CXVII Spontaneous fission half-life 265Sg.

Reference As Reported
Author (Year) t1/2 / s Comments

Lougheed210 (1994) ≥ 4. – 60. λ f / λ tot ≤ 0.50
Türler211 (1998) ≥ 13. λ f / λ tot ≤ 0.35; authors used lower error limit 

t1/2 = 4.7 s
≥ 21. using reported t1/2 = 7.4 (+ 3.3 /  – 2.7) s

Recommended value t1/2 ≥ 13. s Selected value

Table CXVIII Spontaneous fission half-life 266Sg.

Reference As Reported
Author (Year) t1/2 / s Comments

Lougheed210 (1994) ≥ 20. – 60. λ f / λ tot ≤ 0.50
Schädel212 (1997) ≈ 55. λ f / λ tot ≈ 0.62; t1/2 = 34 s
Türler211 (1998) ≥ 11. λ f / λ tot ≤ 0.82; authors used lower error limit 

t1/2 = 9 s. 
≥ 26. using reported t1/2 = 21. (+ 20. / – 12.) s

Recommended value t1/2 ≥ 11. s Selected value

Table CXIX Spontaneous fission half-life of 261Bh.

Reference As Reported
Author (Year) t1/2 / s Comments

Oganessian167 (1976) ≈ 0.01 λ f / λ tot ≈ 0.20, t1/2 ≈ 2 ms
Münzenberg213 (1989) > 0.12 λ f / λ tot < 0.10, t1/2 = 12 ms
Recommended value t1/2 > 0.12 s Selected value

Table CXX Spontaneous fission half-life of 262Bh.

Reference As Reported
Author (Year) t1/2 / s Comments

Münzenberg213 (1989) > 0.9 t1/2 = 102 ms; λ f / λ tot < 0.12, Münzenberg214

Recommended value t1/2 > 0.9 s Selected value

Table CXXI Spontaneous fission half-life of 262mBh.

Reference As Reported
Author (Year) t1/2 / s Comments

Münzenberg213 (1989) > 0.07 t1/2 = 8 ms; λ f / λ tot < 0.12, Münzenberg214

Recommended value t1/2 > 0.07 s Selected value

Table CXXII Spontaneous fission half-life of 264Hs.

Reference As Reported

Author (Year) t1/2 / ms Comments

Oganessian215 (1984) > 1. Excitation function systematics
Ninov216 (1996) ≈ 2. λ f / λ tot ≈ 0.50
Recommended value t1/2 ≈ 2. ms Selected value

N. E. HOLDEN AND D. C. HOFFMAN

© 2000 IUPAC, Pure and Applied Chemistry 72, 1525–1562

1550



Table CXXIII Spontaneous fission half-life of 265Hs.

Reference As Reported
Author (Year) t1/2 / ms Comments

Demin217 (1984) > 20. t1/2 = 1.8 ms, Münzenberg218

Münzenberg218 (1984) > 5.6 t1/2 = 1.8 ms; λ f / λ tot < 0.32, Hofmann219

Hofmann220 (1995) > 4.8 t1/2 = 1.55 ± 0.20 ms; λ f / λ tot < 0.32, Hofmann219

Recommended value t1/2 > 4.8 ms Selected value

Table CXXIV Spontaneous fission half-life of 267Hs.

Reference As Reported
Author (Year) t1/2 / s Comments

Lazarev209 (1995) > 0.1 λ f / λ tot < 0.20; t1/2 = 19. ms
Recommended value t1/2 > 0.1 s Selected value

Table CXXV Spontaneous fission half-life of 266Mt.

Reference As Reported
Author (Year) t1/2 / ms Comments

Münzenberg221 (1988) > 11. t1/2 = 3.4 ms; λ f / λ tot < 0.32, Hofmann219

Hofmann222 (1997) > 5.3 t1/2 = 1.7 ms; λ f / λ tot < 0.32, Hofmann219

Recommended value t1/2 > 5.3 ms Selected value

Tables continued on next page
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NOTE ADDED IN PROOF

There have been a number of recent articles published on spontaneous fission half-lives, since this paper
was prepared. The impact of these new articles on the recommended half-life values that are presented
in this paper are noted below.

238U - Guedes reported a half-life value of (8.30 ± 0.24) × 1015 a. This value is in agreement with the
value of (8.2 ± 0.1) × 1015 a, that was recommended in this paper. There is no change needed.

238Pu - Kalsi reported a half-life value of (4.72 ± 0.25) × 1010 a. This value is in agreement with the
value of (4.75 ± 0.09) × 1010 a, that was recommended in this paper. There is no change needed.

240Pu - Kalsi reported a half-life value of (1.10 ± 0.10) × 1011 a. This value is in agreement with the
value of (1.14 ± 0.01) × 1011 a, that was recommended in this paper. There is no change needed.

232U - Bonetti reported a half-life value of (2.6 ± 0.5) × 1015 a. This paper recommended only an lower
limit to the half-life of > 6.8 × 1015 a, which was based on an earlier Bonetti measurement. The
recommended value should now be changed to (2.6 ± 0.5) × 1015 a, on the basis of this latest
Bonetti measurement.

226Ra - Mikheev reported a lower limit for this half-life of > 4. × 1018 a. This measurement should now
be recommended, since there has been no previous measurements reported for this half-life.
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