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Why nuclear mass?

• Equivalence to total energy of nucleus: E = mc2
➡ Governing nuclear reaction and decay modes
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atomic number Z and mass number A, Zp ¼ 32 and Ap ¼
76. The Qg function depends on the relative binding en-
ergies of the projectile fragments without regard to the
target nucleus and is a plausible basis for comparison of
products from a process that creates a set of highly excited
intermediate nuclei that then statistically populate the mass
surface.

Figure 2 shows that the Qg function using masses from
Ref. [16] (a representative calculation selected from among
many others that give similar results) provides an excellent
systematization of the new data with the logarithm of the
cross sections for each isotopic chain falling on an ap-
proximately straight line. The isotopic chains with 15 "
Z " 24 can be fit with a single exponential slope of
1=1:8 MeV, as shown by the dashed lines. However, closer
inspection shows that the heaviest members of the isotopic
chains with Z ¼ 19, 20, 21, and 22 break away from the
uniform fit and the heaviest four or five isotopes have a
shallower slope or enhanced cross sections. Recall that the
masses of these most neutron-rich nuclei are not fit in the
model but are extrapolated. This might indicate that these
nuclei are more bound (i.e., less negative Qg) than current
mass models predict. One reason for a stronger binding can
be deformation. In a shell-model framework, the wave

functions of the ground and low-lying excited states of
nuclei in the new island of inversion around 62Ti would
be dominated by neutron particle-hole intruder excitations
across the N ¼ 40 subshell gap, leading to deformation
and shape coexistence.
In summary, 15 new neutron-rich isotopes were ob-

served by fragmentation of a 76Ge beam provided evidence
for the general decline of the cross sections for the pro-
duction of all of the observed neutron-rich isotopes with
increasing mass number is consistent with the well-known
EPAX parametrization and with the recently established Qg

systematics. The new data show a smooth exponential
dependence with the mass excess of the observed fragment
with a few exceptions. The fact that the cross sections of
the most neutron-rich nuclei with Z ¼ 19 to 22 are en-
hanced relative to the lighter isotopes may indicate that
these nuclei and their precursors are more bound than
predicted and is reminiscent of the discovery of the island
of inversion at N ¼ 20.
The authors would like to acknowledge the work of the

operations staff of the NSCL to develop the intense 76Ge
beam necessary for this study. This work was supported by
the U.S. National Science Foundation under Grant
No. PHY-06-06007.
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[24] K. Sümmerer and B. Blank, Phys. Rev. C 61, 034607

(2000).

NSCL (2007)

present work

measured prod.
cross section

possible island
of inversion

deviating from 
systematics KTUY

FIG. 3 (color online). The region of the chart of nuclides under
investigation. The solid line is the limit of bound nuclei from the
KTUY mass model [16]. Nuclei in the green (or dark gray)
squares were recently discovered [6,17,18], those in red (or gray)
squares are new in this work, and the cross sections for those in
dashed boxes are shown in Fig. 2. The center of the new
proposed island of inversion at 62Ti [19] is highlighted.
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II. Bulk properties of nuclear mass

Trend in MeV-order

From the ‘exp.’ shell energy:
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GK type mass formula:
Comay-Kelson-Zidon (CKZ1988)
Jänecke-Masson (JM1988)
Masson-Jänecke(MJ1988)
 (ADNDT39, 1988) 

Shape transition

< +
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< +

ʜ�� proton
neutron

A consideration of cancellation 
of core + valence nucleons 
(based on the shell model)

•Assumption: Cores among 
related six nuclei are the same.

In heavy region, the GK sys. gives some 
transition as changes of structures, especially  
nuclear shape. 

Trend in 100 keV-order
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• Bulk properties of mass surface:
-Volume energy, surface energy, symmetry energy, ...

• Shell gaps:
-N, Z=20, 28, 50, 82,126(only N) and a change of magicities (ex. N=14 to 16) 

• Transition of sphere to deformation:
-Discontinuity of derivatives at N=88 to 90 near the β-stable region.

• Wigner term:
-Discontinuity at N=Z.

• Averaged even-odd effect:
-Staggering change of masses alternates even and odd-N/Z.

Summary: Some properties of nuclear masses

10
13年5月24日金曜日



• Systematics:
-Construction by focusing mass relation  

• Mass Model, Apploximation:
-Macro-micro, Hybrid, or micro-like framework

11

Only mass data available to obtain are adopted.
(RMF, EDF mass formula are not included.)

III. Nuclear mass formulae
There are many and various mass models.
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・Garvey-Kelson-type mass systematics
         focusing on relation between mass values and Z, N

        Comay-Kelson-Zidon, Jänecke-Masson (1988)

・Empirical shell term
        focusing on Bulk part (WB-like)+deviation（Shell term）

        Tachibana-Uno-Yamada-Yamada (1988)

・Phenomenological shell model calculation
        Polynomials of particle and hole numbers, 
        obliged to assume magic numbers in advance.

        Liran-Zeldes (1976), Duflo-Zuker (1995)
・...

+
+

+
+

−

−
≈ 0

N

Z

100

50

0
150100500

Properties
・Good reproduction of masses for known nuclei + good prediction for unknown nuclei (quite) 
near mass-measured nuclides. (300-600 keV)
・No predictable power for superheavy nuclei (next magic number, etc.)
・No deformation is obtained.

12

Systematics・Phenomenology
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・Hartree-Fock method with Skyrme force
           Strong short-range force => δ-function => HF calc.
           ETFSI (1995), HFBCS (2001), HFB (2002-)

・Liquid-drop model
            Deformed liquid-drop part+Micro. (folded Yukawa)
           FRDM (1995), FRLDM (2002),

・Mass formula with spherical-basis shell term
           Phenom. gross (WB-like)+spherical-basis shell part
           KUTY (2000), KTUY (2005) Koura, Uno, Tachibana, Yamada

Recent mass formulas:
・are designed for nuclei with Z, N=8 to 310[126]184 or more

・have the RMS dev. from exp. masses. of 600-800 keV
・give deformation parameters β2, β4... and fission barriers

micro
(-like)

macro+
micro

phenom.
13

by S.Goriely et al.

by P.Möller et al.

・Density functional theory  <- recent project
by Dobaczewski et al.

by H. Koura et al.

Mass model, Approximation
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Skyrme-Hartree-Fock-Bogoliubov mass formula 
(2002-2010)

BSk21 force parameter set:
t0=-3961.39 MeV fm3, t1=396.131 MeV fm5

t2=0 MeV fm5, t3=22588.2 MeV fm3+3α
t4=-100.000 MeV fm5+3β, t5=-150.000 MeVfm5+3γ
x0=0.885231, x1=-0.0648452, t2x2=1390.38 MeV fm5

x3=1.03928, x4=2.00000, x5=-11.0000
W0=109.622 MeV fm5, α=1/12, β=1/2, γ=1/12
f+n=1.00, f+p=1.07, f-n=1.05, fp=1.13
VW=-1.80 MeV, λ=280, V'W=0.96, A0=24

14

Etot = EHFB+ Ewigner The long road in the HFB mass model development

HFB-2 : Possible to fit all 2149 exp masses Z!8 659 keV

HFB-3: Volume versus surface pairing 635 keV

HFB-4-5: Nuclear matter EoS: M*
s=0.92 660 keV

HFB-6-7: Nuclear matter EoS: M*
s=0.80 657 keV

HFB-8: Particle-number projection  635 keV

HFB-9: Neutron matter EoS 733 keV

HFB-10-13: " Low pairing & NLD 717 keV

HFB-14: Collective correction and Fission Bf 729 keV

HFB-15: Coulomb correlations / CSB 678 keV

HFB-16: Pairing constrained to NM 632 keV

HFB model: a weapon of mass production
Accuracy
$rms (2149 nuc)

Maximum Constraints on both Nuclei and Infinite Nuclear Matter

including fission barriers, shape isomers, NLD, GR for applications !

Current version: HFB-21 (2010)
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Mass SnHFB21 gives a 
less than 600 

keV of the RMS 
dev.

In the light region 
there is some 
discrepancy in 

derivatives as Sn. 

Referred mass 
data:AME03

by S. Goriely et al.
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• All the HFB calc. violate the GK summation everywhere!

G-K sys. check for HFB formulae
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• Deformation, fission barrier is obtained
• Good prediction on fission properties.

Finite-Range-Droplet Model (FRDM) mass formula 
(1995)

16
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FRDM(1995)

Mass Sn

E(Z, N, shape)=Emacro(Z, N, shape)+Emicro(Z, N, shape)
Emacro: Droplet part as a function of Z and N 
Emicro: Folded Yukawa-type potential + Nilsson-Strutinsky method 

Current version is FRLDM (2003-)

Good for the 
heavier mass 

region. Some large 
discrepancies 

appear in the light 
region.

Referred mass 
data:AME93

by P. Möller et al.
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Mgross smooth function of N and Z. (same as the TUYY formula)
Mshell: modified Woods-Saxon pot.+BCS+deform. config.

Spherical-Basis (KTUY) mass formula (2005)
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M(Z, N)=Mgross(Z, N)+Meo(Z, N)+Mshell(Z, N)

Derivatives of mass 
like Sn ,Qα, Qβ, 
gives a good 
reproduction.

Mass Sn

Referred Mass 
data:AME03

• Deformation, fission barrier is obtained
• Change of magicties in the n-rich nuclei is predicted. 

(N=20 -> 16, etc.)
• Topic: decay modes for superheavy nuclei are applied for.

by H. Koura et al., 
PTP113 (2005)
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Mgross smooth function of N and Z. (same as the TUYY formula)
Mshell: modified Woods-Saxon pot.+BCS+deform. config.

Spherical-Basis (KTUY) mass formula (2005)
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• Deformation, fission barrier is obtained
• Change of magicties in the n-rich nuclei is predicted. 

(N=20 -> 16, etc.)
• Topic: decay modes for superheavy nuclei are applied for.
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Mgross smooth function of N and Z. (same as the TUYY formula)
Mshell: modified Woods-Saxon pot.+BCS+deform. config.

Spherical-Basis (KTUY) mass formula (2005)
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-Check the mass formulae as astrophysical data-

S2n for equilibrium eq. (determine the path) and Q
β
 for λβ: 

estimated from mass formulae (TUYY, KUTY, FRDM)

Steady flow +Waiting point Approximation

Neutron-number density (Nn) and temperature (T9) are constants 
(n,γ)-(γ,n) equilibrium is established over an irradiation time τ

• Canonical model

Nn,T9,τ: chosen to reproduce the abundance peak at A=130 (obs.)

R-process nucleosynthesis
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R-process nucleosynthesis

13年5月24日金曜日



A=130peak A=130peak A=130peak A=130peak

15

10

5

0

S 
2n

/2
 [M

eV
]

908070605040
Neutron number N

Experiment
(1995 Audi & Wapstra)

Z=40

Z=50
Z=60

Z=36 Z=38

908070605040
Neutron number N

Z=36

Z=38

KUTY

Sa
0=3.0

908070605040
Neutron number N

Z=36

Z=38

TUYY

Sa
0=2.75

908070605040
Neutron number N

FRDM

Z=60

Z=50

Z=40

Z=36
Z=38

Sa
0=3.1 MeV

S2n systematics

Experiment TUYY KUTY FRDM22

13年5月24日金曜日



A=130peak A=130peak A=130peak A=130peak

15

10

5

0

S 
2n

/2
 [M

eV
]

908070605040
Neutron number N

Experiment
(1995 Audi & Wapstra)

Z=40

Z=50
Z=60

Z=36 Z=38

908070605040
Neutron number N

Z=36

Z=38

KUTY

Sa
0=3.0

908070605040
Neutron number N

Z=36

Z=38

TUYY

Sa
0=2.75

908070605040
Neutron number N

FRDM

Z=60

Z=50

Z=40

Z=36
Z=38

Sa
0=3.1 MeV

S2n systematics

Experiment TUYY KUTY FRDM22

Kink

13年5月24日金曜日



A=130peak

Experiment TUYY KUTY FRDM23

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME95)
(even-N)

Z=38 Z=40

N=50

N=82

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME11)
(even-N)

N=50

N=82

Z=38 Z=40

A=130peak A=130peak A=130peak

S2n systematics

605550454035

Proton number Z

TUYY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

KTUY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

FRDM
(even-N)

Z=38 Z=40

N=82

N=82

N=70

13年5月24日金曜日



A=130peak

Experiment TUYY KUTY FRDM23

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME95)
(even-N)

Z=38 Z=40

N=50

N=82

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME11)
(even-N)

N=50

N=82

Z=38 Z=40

A=130peak A=130peak A=130peak

S2n systematics

605550454035

Proton number Z

TUYY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

KTUY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

FRDM
(even-N)

Z=38 Z=40

N=82

N=82

N=70

Bunched (Twisted)

13年5月24日金曜日



A=130peak

Experiment TUYY KUTY FRDM23

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME95)
(even-N)

Z=38 Z=40

N=50

N=82

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME11)
(even-N)

N=50

N=82

Z=38 Z=40

A=130peak A=130peak A=130peak

S2n systematics

605550454035

Proton number Z

TUYY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

KTUY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

FRDM
(even-N)

Z=38 Z=40

N=82

N=82

N=70

Bunched (Twisted)To measure S2n of 108,110Sr, 110,112Zr, etc. is required.

112Zr
112Zr112Zr

112Zr

13年5月24日金曜日



A=130peak

Experiment TUYY KUTY FRDM23

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME95)
(even-N)

Z=38 Z=40

N=50

N=82

30

25

20

15

10

5

0

S 2
n (

M
eV

)

605550454035

Proton number Z

Exp.(AME11)
(even-N)

N=50

N=82

Z=38 Z=40

A=130peak A=130peak A=130peak

S2n systematics

605550454035

Proton number Z

TUYY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

KTUY
(even-N)

Z=38 Z=40

N=82

N=50

605550454035

Proton number Z

FRDM
(even-N)

Z=38 Z=40

N=82

N=82

N=70

Bunched (Twisted)To measure S2n of 108,110Sr, 110,112Zr, etc. is required.

112Zr
112Zr112Zr

112Zr

T1/2 of 110Zr was measured 
by Nishimura et al.

13年5月24日金曜日



100

80

60

40

20

Pr
ot

on
 n

um
be

r Z

14012010080604020
Neutron number N

100

80

60

40

20

Pr
ot

on
 n

um
be

r Z

14012010080604020
Neutron number N

Exp.(AME11)
AveGK=−3.53 keV
RMSGK=341.6 keV

20 40 60 80 100 120 140

100

80

60

40

20

Neutron number N

KUTY
AveGK  =−0. 47 keV
RMSGK=270 keV

20 40 60 80 100 120 140

100

80

60

40

20

Neutron number N

FRDM
AveGK  =−2. 75 keV
RMSGK=599 keV

−

−
−
+

+
+

N

Z
≡ΔGK

≈ 0

 Garvey-Kelson eq.

0 250 500 750 1000
|ΔGK| [keV]

Garvey-Kelson mass relationship

24

(unknown)

no indication

no indication

13年5月24日金曜日



100

80

60

40

20

Pr
ot

on
 n

um
be

r Z

14012010080604020
Neutron number N

100

80

60

40

20

Pr
ot

on
 n

um
be

r Z

14012010080604020
Neutron number N

Exp.(AME11)
AveGK=−3.53 keV
RMSGK=341.6 keV

20 40 60 80 100 120 140

100

80

60

40

20

Neutron number N

KUTY
AveGK  =−0. 47 keV
RMSGK=270 keV

20 40 60 80 100 120 140

100

80

60

40

20

Neutron number N

FRDM
AveGK  =−2. 75 keV
RMSGK=599 keV

−

−
−
+

+
+

N

Z
≡ΔGK

≈ 0

 Garvey-Kelson eq.

0 250 500 750 1000
|ΔGK| [keV]

Garvey-Kelson mass relationship

24

Change of shape?

(unknown)

no indication

no indication

13年5月24日金曜日



40 50 60 70 80 90

40 50 60 70 80 90
60

50

40

60

50

40

Neutorn number N

Pr
ot
on
 n
um
be
r Z

40 50 60 70 80 90

40 50 60 70 80 90
60

50

40

60

50

40

Neutron number N

Pr
ot
on
 n
um
be
r Z

-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3
α2

Z=38

Z=38

Deformation parameter α2

KUTY

FRDM

Pr
ot

on
 n

um
be

r Z
Pr

ot
on

 n
um

be
r Z

dip of S2n <=> change of α2
                                 (FRDM)

A=130

25

Discontinuous change of shape 
would gives kink of Sn. (FRDM case)

Theoretical (numerical) problem?

13年5月24日金曜日



42 B. Chen et al. /Physics Leners B 355 (1995) 37-44 

N=81 N=83 
I I I I 

50 - - FRDM 

-.- ETFSI 

N @ - 
i 

; 46 - 
2 
= 44 - B 
e 
Q- 42 - 

40 - 
I I I I I I I I, I I I I I I I 
6 5 4 3 2 1 0 -1 

Neutron separation energy, S, [MeV] 

Fig. 4. Comparison of .S, values for the isotones N = 81 and 83 as 
predicted by different mass models. The difference SS, = [S, (N 
=81)-S,(N=83)]isameasureoftbeN=82shellstrengthand 
is shaded for SIII (light) and SkP (dark). The shell quenching 
with distance from stability for SkP, in contrast to SIII, can be 
recognized. Masses of odd-odd nuclei have not been calculated in 
our SIII study. 

the shell quenching is shown in Fig. 4 with the aid of 
the S, values of the N = 81 and 83 isotones below 
‘$$nsz.Theenergychange&S,= [,(N=81)-S,(N 
= 83) 1, i.e. the sudden drop in S, when crossing the 
magic shell, is a measure for the N = 82 shell strength. 
Within the four approaches used here, this drop is 
from S,(N = 81) 1( 5-6 MeV in r31Sn to S,(N = 
83) N l-3 MeV in ‘33Sn. From the plot it is evident 
that the two empirical models, FRDM and ETFSI, as 
well as the HFfBCS model with the SIB interaction 
show a very strong N = 82 shell effect, nearly inde- 
pendent of proton number. In these models, ‘~$Zrsz 
is as neutron-magic as l$$Snsz. Only the HFB model 
with the SkP force, results in a quenching of the N = 
82 shell. This quenching effect is due to the pairing 
coupling between the bound and continuum states. 
Since the SIII interaction overestimates the sizes of 
shell gaps, for this force a similar pairing coupling 
does not result in a strong quenching, even when 
consistently treated within the HFB method [ 191. 

As can also be seen from Fig. 4, the quenching of 
the shell gap in the HFB calculation leads to notice- 
ably different predictions for the neutron separation 
energies of the r-process nuclei close to N = 82 in 
comparison to the HF+BCS study with SIII force and 
the mass models FRDM and ETFSI. It should be noted 
here that “below” 13’ &ns2, so far no experimental data 
on nuclear masses, respectively S, values, exist. For 

example, the last known isotopes in the zirconium and 
niobium chains are ‘izZr65 and ‘zTNb66. Hence, with 
the accelerator facilities existing today or in the near 
future it is questionable whether their N ? 82 iso- 
tones will be accessible. Therefore, one should look 
for other ways of testing the above model predictions. 
The search for nuclear-structure signatures of neutron 
drip-line nuclei synthesized in stellar laboratories, i.e. 
in stars, is a promising one if these signatures have 
been preserved in astrophysical observables, such as 
the N,,o composition. 

4. Application to r-process calculations and 
conclusions 

We have performed static (steady-flow) and time- 
dependent r-process calculations for the same n, - 

T( -7) conditions which gave best fits to the r-process 
abundances for the previous mass model approaches 
[ 10,121, but now including also the mass predictions 
of the HE-calculations with the SIII and the HFB- 
calculations with the SkP Skyrme force. We expect 
the best improvements for the “pathological” A N 120 
mass region with the promising features of the HFB 
calculations with the SkP force. Since so far this ap- 
proach is limited to nuclei with spherical shape, we 
only replaced the mass predictions of the global mod- 
els by the new masses in the vicinity of the N = 82 shell 
closure, where the FRDM, ETFSI and HF-calculations 
with SIII predict sphericity. 

As already expected from Fig. 4, where HF+BCS 
with SIII showed the same behavior as FRDM and 
ETFSI, i.e. no decreasing shell strength with the dis- 
tance from stability, we see that with this Skyrme force 
the gap in the r-process path remains. On the other 
hand HFB with SkF’, which showed decreasing shell 
strength, leads to a vanishing of the gap in the r-process 
path (see lower part of Fig. 3)) and one may expect 
a better agreement with the NT,@ composition. The 
lower part of Fig. 2 shows the resulting r-abundances 
when including the HFB with SkP mass predictions. 
The calculations are performed for the same condi- 
tions as in the upper part with purely FRDM masses. 
The large troughs at A N 120 and 140 vanish almost 
completely. The changed path also avoids nuclei with 
long half-lives, which acted as bottle necks in the A N 
135 region. Thus, even the heavy mass region is bet- 

B. Chen et al. /Physics Letters B 35.5 (1995) 37-44 39 
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Fig. 1. Three r-process components which reproduce the solar 
system r-process composition are indicated as open and filled dots. 
For a temperature of T = 1.35 x 10’ K the required conditions are 
represented by neutron densities n,, from 10zo cmm3 to 10% cmV3, 
process duration times r from 1.2-2.3 s, and relative statistical 
weights in a superposition p( nn) of 93 : 31 : 9 or roughly 
10 : 3 : 1. This temperature is chosen as a representative case, 
because it is close to the typical freeze-out temperature from 
an (n,r) = ( y, n) -equilibrium. The components are located on 
straight lines, which suggests that a finer grid of components along 
these lines leads even to a slightly improved agreement [ 81. 8 
shows the corresponding average neutron separation energy of the 
r-process path for the given n,-T combinations. 

-I 
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Mass number A 

the longest P-decay half-lives. 
Within this framework, one can therefore deduce 

conditions responsible for the production of r-process 
nuclei without assuming a particular astrophysical site 
or model, by making use of: (i) the “measured” Nr,@ 
composition [ 91, and (ii) the nuclear properties S,, 
Tip and P, for nuclei between stability and the neu- 
tron drip line. Whether this framework (with condi- 
tions constant over durations r and a sudden freeze- 
out thereafter) has a one-to-one mapping to “realistic” 
astrophysical environments with time variations will 
be discussed in Section 4. 

Fig. 2. r-process abundance fits obtained with ten equidistant 
neutron-density components from 10zo cmp3 to 3 x 10% cm-3 
according to fig. 1. In the upper part, the result is presented for 
FRDM [lo] masses with the Tr/a and Pn values from the QRPA 
calculations according to Ref. [ 111. In the lower part, masses 
of spherical nuclei around N = 82 have been replaced by masses 
from HFB calculations with the Skyrme force SkP. The quenching 
of the N = 82 shell gap (see Fig. 4) leads to a filling of the 
abundance troughs around A N 120 and 140, and to a better 
overall reproduction of the heavy-mass region. 

ponents from the continuum shown in Fig. 1. Thus, 
within this framework the successful reproduction of 
the NT,0 peaks, as well as the remaining deficiencies, 
are signatures of nuclear-structure very far from sta- 
bility. When using the extended Thomas Fermi mass 
model (ETFSI [ 121) instead of the FRDM predic- 
tions, a similar picture is obtained with even more 
pronounced abundance troughs before both the A N 
130 and 195 Nr,o peaks (see Refs. [7,8] ). 

The upper part of Fig. 2 shows the abundance In the following, we will focus on the deficiencies 
curve obtained with nuclear masses from a global around A N 120 and 140. Among the components of 
macroscopic-microscopic theory, i.e. the finite-range the superposition, each of them dominates the abun- 
droplet model (FRDM [ lo] ) , and P-decay properties dances of a specific mass range, as mentioned in the 
from a quasi-particle random-phase approximation discussion of Fig. 1. In the upper part of Fig. 3 we 
(QRPA [ 111) . The calculated IV, curve is a ten- show a representative r-process path in the 90 5 A 
component superposition and does not change in any 5 140 region for the FRDM mass model. Besides the 
significant way by taking a larger number of com- nuclei in the valley of stability (full squares) the pop- 

Sn:FRDM+SkP

SkP

N=81 N=83

Kink of S2n, or shell quenching?

shell-quenching
=> decreasing of dips 
     around the peaks
            (Chen et al. 1995)

Sn

Z

26

Chen, Dabaczewski, Kratz, Langanke,Thieleman, 
Vogt, Phys. Lett. B355 (1995)37-44

Another possibility: Influence of shell-quenching far from stability

It would be artificial?
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Why is direct mass 
measurement?
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Why is direct mass 
measurement?

To obtain ground-state energies (essentially important!)◎
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Example: ground to excited states for odd-A
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 88Ra ≈

1.0% 2430

0.32% 6490

9.2% 65

52.6% 7.9

25.7% 4.5
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1.00% 33
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~0.0003% ~472

~0.0002% ~469
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~0.00064% ~96
~0.00045% ~115

3/2+ 0
11.435 d

Qα=5979.31
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223Ra ー(α)→ 219Rn

excited
(3/2+,5/2+)

ground
(5/2+)

ground (3/2+)
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Alpha decay chains in SHE

324 325 326 327 328
42.5 as f 118 fs f 16.5 as f 38.9 fs f 18.7 as

323 324 325 326 327
f 290 fs f 1.11 ps f 167 fs f 387 fs f 197 fs

317 318 319 320 321 322 323 324 325 326 327
197 ms f 542 fs f 40.3 ps f 2.20 fs f 4.27 ps f 483 as f 826 fs f 160 as f 386 fs f 116 as f 480 fs

316 317 318 319 320 321 322 323 324 325 326
266 ms f 18.0 ns

��3.08 ns
f 1.39 ns f 54.7 ps f 82.0 ps f 7.55 ps f 11.0 ps f 2.83 ps f 4.89 ps f 1.88 ps f 10.6 ps

310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326
��218 ns � 22.1 ns f 1.40 m

567 ms
� 1.18 ns f 237 ns 603 ms f 3.77 ps f 1.17 ns f 94.8 fs f 230 ps f 25.1 fs f 13.1 ps f 5.92 fs f 13.3 ps f 1.43 fs f 4.18 ps f 998 as

311 312 313 314 315 316 317 318 319 320 321 322 323 324 325
� 3.97 ns ��24.0 ns 858 ms 749 ms 1.11 s f 25.6 ns f 3.40 ns f 1.07 ns f 199 ps f 115 ps f 48.9 ps f 155 ps f 16.3 ps f 57.5 ps f 15.6 ps
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244 ms
� 1.11 �s

240 ms
6.04 �s

374 ms
� 1.61 �s

372 ms
� 7.23 �s

1.61 s
� 3.95 �s

��337 ns ��3.34 ns ��21.8 ns 2.65 s 2.82 s f 388 ps f 42.6 ns f 1.80 ps f 979 ps f 116 fs f 237 ps f 23.2 fs f 76.4 ps f 32.5 fs f 65.6 ps f 16.4 fs

303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323
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� 13.6 �s
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� 80.0 �s

494 ms
� 27.0 �s
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135 �s

1.89 s
��45.9 �s

1.59 s
��3.92� �s

��37.8 ns � 318 ns 4.31 s 4.38 s 5.64 s f 361 ns f 23.1 ns f 3.30 ns f 556 ps f 719 ps f 248 ps f 820 ps f 117 ps f 798 ps f 56.9 ps
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��106��s
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1.17 s
� 28.0 �s
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6.24 s
��42.1 �s

� 2.74 �s � 22.9 ns � 364 ns 34.4 s 26.2 s f 1.42 ns f 87.7 ns f 10.4 ps f 3.11 ns f 935 fs f 3.85 ns f 764 fs f 1.43 ns f 16.1 fs f 52.8 ps f 6.03 fs
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� 47.9 �s
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f 107 �s f 1.57 ms f 12.5 m f 35.9 ms f 2.81 s f 1.07 m f 1.37 d f 5.49 h f 68.9 ms
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1.02 s
� 4.78 ms

953 ms
� 55.3 ms

1.96 s
� 43.1 ms

1.84 s
��133 ms

3.25 s
14.3 ms

��
 �
	443 ms
� 2.90 ms

621 ms
� 1.14 ms

626 ms
� 9.95 ms

f 54.7 ns f 23.8 ns f 5.68 ns f 391 ps f 705 ps f 44.4 ps��935 ns ��9.20 �s ��5.69 �s 1.02 m f 1.35 �s f 121 ns934 ms
� 438� �s
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0.03 s

288
0.09 s
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15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

f 11.8 ms f 29.8 �s f 2.82 s f 66.8 ms f 1.08 h f 32.9 m
3.26 s 6.04 s 6.00 s 11.1 s 10.2 s � 10.7 m

��94.2 �s 173 �s � 11.0 ms � 92.5 ms � 4.13 s � 2.81 m

272 273 274 275 276 277 279 280 281 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301
f 942 ns f 1.72 �s f 26.4 �s f 10.6 �s f 19.1 �s f 5.19��s f 8.12 h f 8.93 h
598 ms 916 ms 1.00 s 1.89 s 3.99 s 4.35 s 22.0 s 15.8 m
� 53.8 �s � 20.2 �s ��138 �s � 57.4 �s � 279 �s � 1.70 ms � 29.7 s ��8.41 m

268Cn 269Cn 270Cn 271Cn 272Cn 273Cn 274Cn 275Cn 276Cn 278Cn 279Cn 280Cn 281Cn 286Cn 287Cn 288Cn 289Cn 290Cn 291Cn 292Cn 293Cn 294Cn 295Cn 296Cn 297Cn 298Cn
f 7.31 �s f 213 �s f 29.7 s f 7.81 h

1.36 s 3.15 s 23.1 s � 3.68 h
� 44.1 �s � 197 �s � 12.4 ms � 22.0 m

267Rg 268Rg 269Rg 270Rg 271Rg 273Rg 275Rg 276Rg 277Rg 281Rg 282Rg 283Rg 284Rg 285Rg 286Rg 287Rg 288Rg 289Rg 290Rg 291Rg 292Rg 293Rg 294Rg 295Rg
f 1.15 �s f 1.82 �s f 18.5 �s f 31.3 �s f 312 �s f 179 �s f 570 �s f 120 �s f 37.6 m f 13.9 s f 9.72 m f 65.2 d f 112 d
671 ms 1.04 s 1.03 s 1.76 s 4.12 s 8.48 s 8.70 s 19.8 s 1.88 m 1.10 m 7.91 m 3.62 m 2.74 h
� 80.4 �s � 33.3 �s � 210 �s � 96.8 �s � 615 �s � 1.92 ms � 16.0 ms � 5.57 ms ��1.42 s � 4.00 m � 13.0 m � 2.20 d � 1.28 d

263Ds 264Ds 265Ds 266Ds 268Ds 274Ds 275Ds 276Ds 277Ds 278Ds 282Ds 283Ds 284Ds 285Ds 286Ds 287Ds 288Ds 289Ds 290Ds 291Ds
f 1.07 ms f 6.99 h f 1.73 y

41.9 s � 33.8 m � 7.63 h
��17.6 ms � 16.4 h � 14.3 d

262Mt 263Mt 264Mt 265Mt 267Mt 269Mt 271Mt 272Mt 273Mt 277Mt 278Mt 279Mt 280Mt 281Mt 282Mt 283Mt 284Mt 285Mt 286Mt 287Mt 288Mt 289Mt
f 2.47 �s f 5.47 �s f 57.1 �s f 84.3��s f 889��s f 4.35 ms f 17.3 ms f 30.4 ms f 5.00 ms f 21.2 h f 55.8 m f 8.76 h f 7.38 s f 2.98 h f 2.54 d f 150 d f 18.7 y f 46.7 y
728 ms 1.12 s 1.13 s 1.81 s 3.74 s 8.62 s 20.4 s 19.4 s 54.1 s 4.16 m 2.42 h 10.5 m � 27.5 m � 26.2 m � 5.09 h � 1.22 h � 23.6 m � 7.71 h
� 158 �s � 60.4 �s ��437 �s ��156 �s � 418 �s ��3.28 ms � 16.2 ms � 113 ms � 55.6 ms � 7.15 s � 45.5 s � 41.7 m � 4.43 h � 14.8 d � 37.4 d ��4.24 y � 22.1 y � 12.9 y

254Hs 255Hs 256Hs 257Hs 258Hs 259Hs 260Hs 261Hs 262Hs 263Hs 268Hs 271Hs 272Hs 273Hs 274Hs 276Hs 278Hs 279Hs 280Hs 281Hs 282Hs 283Hs 284Hs 285Hs 286Hs
f 2.97 �s f 42.2 �s f 522 �s f 37.8 ms f 9.00 ms f 21.2 h f 2.21 y

1.01 s 1.62 s 2.67 s 2.83 m 50.8 m � 7.27 h � 14.1 m
� 54.0 �s � 187 �s ��398 �s � 189 ms � 914 ms ��2.37 h ������ y

253Bh 254Bh 255Bh 256Bh 257Bh 258Bh 259Bh 263Bh 268Bh 269Bh 271Bh 273Bh 274Bh 275Bh 276Bh 277Bh 278Bh 279Bh 280Bh 281Bh 282Bh 283Bh 284Bh
f 8.75 �s f 33.4 �s f 86.7 �s f 284 �s f 394 ms f 7.23 s f 895 ms f 525 ms f 4.55 ms f 17.4 h f 49.0 d f 25.7 m f 3.19 h
796 ms 1.26 s 1.25 s 1.94 s 8.78 s 54.2 s 4.10 m 39.6 m � 18.8 m � 10.6 h � 1.16 h � 36.7 m � 9.20 d
� 396 �s � 158 �s � 1.07 ms � 438 �s � 7.83 ms ��1.07 s � 692 ms � 5.00 s � 2.25 m � 35.3 m � 3.21 d � 6.52 y ��30.3 y

247Sg 248Sg 249Sg 250Sg 251Sg 252Sg 253Sg 254Sg 255Sg 256Sg 257Sg 268Sg 270Sg 272Sg 273Sg 274Sg 275Sg 276Sg 277Sg 278Sg 279Sg 280Sg 281Sg
f 40.1 ns f 18.8 ms

1.78 s 2.88 s
� 469 �s � 1.25 ms

247Db 248Db 249Db 250Db 251Db 252Db 253Db 254Db 258Db 264Db 265Db 266Db 269Db 270Db 271Db 272Db 273Db 274Db 275Db 276Db 277Db 278Db
f 37.7 �s f 179 �s f 14.0 ms f 36.8 m f 13.0 m f 48.2 m f 5.13 s f 1.91 s

1.37 s 2.19 s 2.17 s 2.72 m 35.2 m 9.04 m � 3.36 h � 1.39 h
� 4.38 ms � 1.84 ms ��13.5 ms ��14.9 s � 7.38 s � 1.41 m � 8.61 m � 1.40 h

241Rf 242Rf 243Rf 244Rf 245Rf 246Rf 247Rf 248Rf 249Rf 250Rf 251Rf 252Rf 264Rf 266Rf 267Rf 268Rf 269Rf 270Rf 271Rf 272Rf 273Rf 274Rf 275Rf 276Rf
f 16.2 �s f 442 �s f 21.4 �s f 2.92 m

2.01 s 3.32 s 5.71 s � 52.0 d
� 1.87 ms � 7.33 ms � 2.97 ms ��41.5 m

241Lr 242Lr 243Lr 244Lr 245Lr 246Lr 247Lr 248Lr 249Lr 250Lr 251Lr 262Lr 263Lr 264Lr 265Lr 266Lr 267Lr 268Lr 269Lr 270Lr 271Lr 272Lr 273Lr 274Lr
f 17.8 �s f 31.5 �s f 51.8 ms f 73.6 ms f 7.93 s f 3.04 m f 14.9 h f 17.9 h f 2.53 h f 5.23 h f 1.91 h f 1.28 m

1.52 s 2.48 s 2.43 s 4.09 s 4.08 s 7.26 s � 2.97 h � 1.53 h � 83.3 d � 1.12 h � 17.0 m � 4.40 h
� 14.5 ms � 6.44 ms � 49.2 ms � 24.4 ms � 191 ms � 100 ms � 24.8 m � 5.28 h ��2.98 h � 2.22 d � 14.3 d � 37.7 d

237No 238No 239No 240No 241No 242No 243No 244No 245No 246No 247No 248No 261No 263No 264No 265No 266No 267No 268No 269No 270No 271No
f 2.97 �s f 2.88 ms f 11.6 �s f 9.12 s f 17.219 ms f  14.4 d f 2.58 h

2.15 s 3.70 s 6.34 s 6.38 s 12.090 s � 51.7 d � 1.81 h
� 7.05 ms � 24.7 ms � 10.5 ms � 85.7 �ms � 41.3 ms ��1.80 h � 1.11 y

236Md 237Md 238Md 239Md 240Md 241Md 242Md 243Md 244Md 252Md 253Md 254Md 261Md 262Md 263Md 264Md 265Md 266Md 267Md 268Md 269Md
f 1.63 ms f 7.38 ms f 1.73 s f 2.33 y f 29.1 d f 22.2 d f 2.29 d

2.65 s 4.54 s 4.44 s � 20.5 m � 3.45 h 43.2 m 2.91 d
� 152 ms � 80.4 ms � 724 ms � 148 d � 176 d � 17.3 y ��32.6 y

231Fm 232Fm 233Fm 234Fm 235Fm 236Fm 237Fm 238Fm 239Fm 240Fm 261Fm 262Fm 263Fm 264Fm 265Fm 266Fm
f 7.02 �s f 120 d f 6.06 d

3.78 s � 2.74 h 22.0 h
� 57.8 ms ��6.07 y 366 y

230Es 231Es 232Es 233Es 234Es 235Es 236Es 237Es 238Es 239Es 240Es 256Es 257Es 258Es 259Es 260Es 261Es 262Es 263Es
f 43.4 �s f 2.97 ms f 105 ms f 30.8 s f 28.0 y f 13.8 y

4.95 s 4.83 s 8.72 s 8.21 s 40.1 m 6.78 d
� 184 ms ��1.92 s � 1.10 s � 8.19 s � 70.8 y ��134 y

227Cf 228Cf 229Cf 230Cf 231Cf 232Cf 233Cf 234Cf 235Cf 236Cf 247Cf 255Cf 257Cf 258Cf 259Cf 260Cf 261Cf 262Cf
f 184 �s f 278 y
7.15 s 2.39 d
300 5780

f 150 fs f 29.6 ns f 906 ps f 1.30 �s 3.11 h 1.4 h

3.38 m 15.3 m 32.7 s 1.44 m


	
1.18 s f 72.6 fs f 2.45 ps f 79.8 as f 13.1 ps

f 16.3 ps f 1.96 ns f 14.2 ns f 2.22 �s �7.6 h
25.4 m

7.7 d


 ��� ���

f 782 as f 4.29 fs f 764 fs

f 110 as f 8.09 ps f 108 fs f 4.54 ns f 101 ps f 53.8 ns

2.22 m
f 1.51 m
11.3 m

f 5.76 d
� 7230 y 14.8 m 35.0 m 1.56 m 1.82 m

��� ��� ��	
f 79.1 as f 70.6 zs f 5.98 fs

f 653 ns f 1.84 �s 4.8 m 12 m
�28 m
�10 m

f 1.88 y
� 7.84 d

f 56.1 ms
f 11.6 s
5.54 h f 457 �s

f 29.5 m
��16.9 y

f 40.3 s
� 11.2 d

9.83 m
f 46.2 ms

31.4 m

f 605 ms
21.2 m

��� ��

f 1.44 ps f 12.7 ps f 904 ps f 5.52 ns

f 17.5 ps f 10.1 ns
f 16.2 d
� 21.0 h

f 18.1 m
� 1.12 d

f 3.67 d
� 16.0 d

f 47.5 s
� 17.0 d

f 838� �s
f 5.12 s
1.44 m

��� ��� ���
f 14.5 fs f 137 as f 7.06 ps f 23.1 fs f 3.62 ns

f 330 ns 3.6 h
f 3.71 h
� 1.89 d

f 27.2 s
28.5 m

f 373 ms
2.44 d

f 281 ms
2.13 m

34.8 s
f 5.50 s
2.87 m

��� ���
f 4.07 ps f 338 ps f 1.95 ns f 47.2 ns

f 257 ms
� 2.02 m

f 30.5 ms
��29.2 m

f 8.61 s
� 2.93 h f 1.09 ms

f 468 ms
� 3.20 d f 144 �sf 1.41 ns f 1.18 ps f 21.4 ns f 161 ps f 9.73 ns

f 5.94 s
� 23.0 s

��� ���
f 25.4 fs f 92.3 as f 4.91 ps f 24.5 fs

f 865 ns �20 s
4.3 s

f 374 ms
� 48.5 m

f 27.7 ms
� 59.2 m

f 24.4 ms
f 29.0 ms
� 20.6 m

f 4.81 m
� 1.32 d

f 24.3 ms
� 2.07 h

f 298 ns
f 48.2 ms
� 15.3 m

f 2.02 ms

���

���

��� ���
f 186 ps f 4.73 ns f 10.3 ns f 117 ns

f 3.17 ms f 537 ns f 637 �s f 326 ns f 21.3 ms f 92.3 �sf 791 ns f 1.01 ns f 100 ns
f 494 �s
� 1.14 s

f 675 �s
��12.0 s f 13.2 �s

f 9.71 ms
f 16.4 ms
� 8.21 m

f 385 ms
� 25.6 m

� 2.72 m

��� ���
f 723 fs f 1.53 fs f 29.9 ps f 76.2 fs f 1.76 ns f 4.99 ps

f 21.3 ms f 538 �s f 977 �s f 1.01 s � 9.80 m � 23.1 m

f 10.2 m
� 25.3 d

f 21.3 s
� 96.7 d

f 4.59 d
� 35.8 y

f 55.6 m
� 4.62 y

f 1.35 s � 54.1m

f 4.24 h
��27.2 y

��� ��	
f 760 ps f 39.2 ns f 106 ns

f 20.5 �s f 13.6 �s
f 2.09 �s
� 347 ms f 17.5 ns

f 5.24 s
� 1.11 m

f 26.8 m
� 5.11 h

��	 ��
 �	�
f 10.4 fs f 374 ps f 718 fs f 16.2 ns f 45.8 ps f 3.72 ns f 46.9 ns

8.60 m

��
 �	�
f 62.4 �s

f 8.55 y
� 2.28 y � 5.13 m � 20.6 m

f 3.17 m
� 2.20 d

f 1.05 d
��10.5 d

f 117 y
� 93.4 d

f 11.8 d
� 93.6 d

f 5.91 � 103y
��1.22 y

f 331 y
��4.05 yf 11.5 ns f 359 ns f 57.9 ns f 30.8 �s f 6.15 ns

f 4.24 ms
� 17.2 m

��� �	� �	� �	�
f 22.4 ns f 25.1 ps f 444 ns f 729 ps

� 32.8 m
� 24.0 d

� 6.18 d
� 17.3 d

� 40.1 m
� 1.15 y

��2.07 y � 15.0 m � 2.13 h
� 40.3 y

� 4.85 y
� 4.14 y

� 2.42 y

� 4.09 h
� 287 y

f 6.26 m
� 4.79 s

���

1.06 h
��2.57 d

� 1.63 d
��2.33 m

��� �	� �	�
f 83.4 ns

12.6 m
� 8.74 d

� 35.5 m
� 4.16 d

� 42.9 m
��21.1 h

f 240 y
� 2.14 d

� 5.85 d
� 19.3 d

f 6.24 � 104y
� 27.4 d

� 2.97 y � 314 d
�		

f 681 fs f 7.38 ns f 34.2 ps f 247 ns f 396 ps f 15.5 ns f 19.4 ns f 14.6 ns f 5.45 �s

� 3.83 m � 8.38 m

f 14.7 ns f 23.1 ps f 316 ns f 99.5 ps f 1.09 �s f 612 ps

� 1.99 y
� 36.9 m

� 1.11 y
2.79 m
��1.24 d

1.53 h
� 1.21 m

1.16 m
��12.1 m

� 11.1 d � 11.9 d � 49.8 m � 1.29 s � 1.07 h
� 11.1 s

10.5 m
� 8.93 m

11.0 m
� 5.15 h � 1.52 d

6.25 d
��8.40 d

��� �	�
f 538 ps

3.08 h
� 6.45 h

f 87.0 d
��2.62 h

3.98 m
� 2.49 d

9.79 d
� 7.42 d

� 12.4 m
� 79.2 d

� 1.46 h
� 37.2 d

� 48.1 m
� 259 d

� 111 d

��� �
� �
�
f 242 ps f 4.70 ps

�	

f 24.9 ns f 40.6 ns f 592 ns

21.3 s
� 12.0 m

1.12 m
��8.53 m

1.10 m
� 59.5 m

18.9 m
� 1.96 h

��1.08 d� 12.0 h � 1.20 h
� 3.03 d

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

� 300 ms � 5780 y

226Bk 227Bk 228Bk 229Bk 230Bk 231Bk 232Bk 233Bk 234Bk 235Bk 236Bk 237Bk 238Bk 239Bk 240Bk 241Bk 242Bk 244Bk 246Bk 249Bk 250Bk 251Bk 252Bk 253Bk 254Bk 255Bk 256Bk 257Bk 258Bk
f 137 �s f 873 �s f 80.7 ms f 479 ms f 3.95 m f 21.2 m f 206 d
4.81 s 8.69 s 8.23 s 15.6 s 15.5 s 34.8 s 1.51 m

� 552 ms � 873 ms ��8.57 s � 4.25 s ��48.9 s � 32.4 s � 4.30 m

221Cm 222Cm 223Cm 224Cm 225Cm 226Cm 227Cm 228Cm 229Cm 230Cm 231Cm 232Cm 233Cm 235Cm 236Cm 237Cm 239Cm 249Cm 251Cm 252Cm 253Cm 254Cm 255Cm
f 931 �s f 23.1 �s f 3.68 ms f 3.04 s f 5.93 h f 5.52 m
4.83 s 7.30 s 13.4 s 26.7 s 1.13 m 3.81 m

��7.21 �s � 802 �s � 207 ms � 11.4 s � 1.31 m ��56.6 s

220Am 221Am 222Am 223Am 224Am 225Am 226Am 227Am 228Am 229Am 230Am 231Am 234Am 236Am 237Am 238Am 239Am 240Am 244Am 245Am 246Am 247Am 248Am 249Am 250Am 251Am 252Am 253Am
f 20.6 s f 653 ms f 210 ms f 1.02 s f 7.45 s f 56.2 s 10.1 h
6.91 s 9.80 s 10.4 s 17.1 s 14.9 s 31.8 s �26 m

� 72.3 �s � 286 �s ��14.9 ms � 74.1 ms � 2.03 s � 3.24 s 0.90 ms

215Pu 216Pu 217Pu 218Pu 219Pu 220Pu 221Pu 222Pu 223Pu 224Pu 225Pu 226Pu 227Pu 235Pu 237Pu 241Pu 243Pu 245Pu 246Pu 247Pu 248Pu 249Pu 250Pu 251Pu
f 4.29 s f 2.38 s f 78.3 ms f 1.71 m
626 ms 797 ms 25.5 s 28.9 s
� 196 �s � 128 �s � 137 �s � 11.7 ms

214Np 215Np 216Np 217Np 218Np 219Np 220Np 221Np 222Np 223Np 224Np 225Np 232Np 233Np 234Np 235Np 238Np 239Np 240Np 241Np 242Np 243Np 244Np 245Np 246Np 247Np 248Np 249Np
758 ms
��4.06 ms

972 ms
� 2.08 ms

862 ms
� 58.2 ms

1.31 s
� 351 ms

1.53 s
� 18.6 s

10.8 s
� 4.38 s

11.4 s
� 123 �s

� 18.1 ns � 957 ns � 3.78 �s 25.9 s
� 333 �s

34.6 s
��817 �s

14.7 m 36.2 m 4.4 d 396.1 d 2.117 d 2.356 d
1.032 h
�7.22 m

13.9 m �5.5 m
2.2 m

1.85 m 2.29 m 2.29 m 14.5 s 27.7 s 6.11 s 7.24 s

209U 210U 211U 212U 213U 214U 215U 216U 220U 221U 231U 237U 239U 240U 241U 242U 243U 244U 245U 246U 247U
692 ms 931 ms 978 ms 1.37 s
� 518 �s � 252 �s � 2.36 ms � 1.30 ms
f 199 �s f 53.2 �s f 34.4 s f 4.08

208Pa 209Pa 210Pa 211Pa 230Pa 232Pa 233Pa 234Pa 235Pa 236Pa 237Pa 238Pa 239Pa 240Pa 241Pa 242Pa 243Pa 244Pa 245Pa
833 ms 1.10 s
� 17.1 ms � 3.66 ms

f 3.30 s f 2.48 m

204Th 205Th 206Th 207Th 208Th 231Th 233Th 234Th 235Th 236Th 237Th 238Th 239Th 240Th 241Th 242Th
998 ms
� 5.61 ms

1.03 s
� 36.9 ms

1.47 s
� 11.7 ms

1.55 s
� 47.2 ms

2.09 s
��9.27 ms

1.063 d 22.3 m 24.10 d 7.1 m 37.3 m 4.7 m 9.4 m 35.4 s 33.0 s 7.08 s 5.76 s

203Ac 204Ac 205Ac 226Ac 228Ac 229Ac 230Ac 231Ac 232Ac 233Ac 234Ac 235Ac 236Ac 237Ac 238Ac 239Ac 240Ac
1.23 s

� 101 ms
1.25 s

� 778 ms
1.85 s

��455 ms
29.37 h 6.15 h 1.05 h 2.03 m 7.5 m 1.98 m 2.42 m 44 s 49.0 s 7.51 s 10.5 s 2.87 s 3.05 s 1.14 s

198Ra 199Ra 200Ra 225Ra 227Ra 228Ra 229Ra 230Ra 231Ra 232Ra 233Ra 234Ra 235Ra 236Ra 237Ra
1.00 s
� 165 �s

1.05 s
� 9.73 ms

1.47 s
� 21.1 ms

14.9 d 42.2 m 5.75 y 4.0 m 1.55 h 1.72 m 4.2 m 30 s 30 s 9.25 s 8.63 s 3.09 s

197Fr 198Fr 222Fr 223Fr 224Fr 225Fr 226Fr 227Fr 228Fr 229Fr 230Fr 231Fr 232Fr 233Fr 234Fr 235Fr
1.22 s

��5.35 ms
1.23 s

� 655 ms
14.2 m 22.00 m 3.33 m 4.0 m 49 s 2.47 m 38 s 50.2 s 19.1 s 17.6 s 5.5 s 3.54 s 1.35 s 1.48 s

191Rn 192Rn 223Rn 224Rn 225Rn 226Rn 227Rn 228Rn 229Rn 230Rn 231Rn 232Rn
896 ms
� 8.73 ms

1.22 s
� 1.39 ms

24.3 m 1.78 h 4.66 m 7.4 m 20.8 s 1.08 m 13.2 s 8.57 s 3.52 s 2.84 s

190At 200At 220At 221At 222At 223At 224At 225At 226At 227At 228At 229At
�47 s

43 s
�3.5 s

184Po 185Po 186Po 205Po 207Po 219Po 220Po 221Po 222Po 223Po 224Po 225Po 226Po
� 29.0 ns � 242 ns � 114 ns 1.74 h

5.80 h
�2.79 s

1.90 m 1.51 m 26.2 s 28.6 s 9.62 s 8.23 s 3.63 s 2.61 s

181Bi 182Bi 183Bi 196Bi 197Bi 198Bi 199Bi 200Bi 201Bi 202Bi 203Bi 204Bi 205Bi 206Bi 207Bi 208Bi 214Bi 215Bi 216Bi 217Bi 218Bi 219Bi 220Bi 221Bi 222Bi 223Bi 224Bi
5.13 m �11.6 m 36.4 m 11.22 h
�4.0 m 10.3 m �31 m �13.0 ms
�0.6 s �7.7 s �0.40 s �1.07 ms

177Pb 179Pb 191Pb 192Pb 193Pb 194Pb 195Pb 196Pb 197Pb 198Pb 199Pb 200Pb 201Pb 202Pb 203Pb 205Pb 206Pb 207Pb 208Pb 209Pb 210Pb 211Pb 212Pb 213Pb 214Pb 215Pb 216Pb 217Pb 218Pb 219Pb 220Pb
2.16 d
�6.21 s
�0.48 s

183Tl 185Tl 186Tl 187Tl 188Tl 189Tl 190Tl 191Tl 192Tl 193Tl 194Tl 195Tl 196Tl 197Tl 198Tl 199Tl 200Tl 201Tl 202Tl 203Tl 204Tl 205Tl 206Tl 207Tl 208Tl 209Tl 210Tl 211Tl 212Tl 213Tl 214Tl 215Tl 216Tl 217Tl 218Tl 219Tl

5.10 s 2.68 s10.2 m 26.8 m 36 s 1.27 m 24.0 s 16.7 s
22.1

�0.806 s
52.4 3.253 h 22.20 y 36.1 m 10.64 h

1.5 h
�12.2 m

21.5 h
9.33 h
�61 s

5.25 � 104y
�3.54 h

1.73 � 107y
�5.55 ms

24.1�5.8 m 12.0 m �15.0 m
~ 15 m

37 m �43 m
8 m

2.4 h

1.53 s 767 ms

	� ��
 ��� ���663 ms
� 246 ms

1.12 s
��14.8 s

�2.18 m
1.33 m

3.5 m

1.55 m 33 s 7.50 s 3.12 s 3.75 s 1.49 s32.9 y
3.68 � 105y
�2.58 ms

19.9 m
7.7 m
�36.4 s

2.25 m
27 m

�24.70 m
1.7 h
�59.1 m

1.71 h
11.76 h
�305 ns

15.31 d 6.243 d

1.44 s

	� ��� ���

	� ���237 ms
� 37.1 �s

244 ms
� 540 �s

416 ms
� 352 �s

9.33 m
�5.04 m

50 s 8.58 s 11.7 s 4.17 s 3.83 s 1.82 s

	� ��� ��	

	� ��� ���1.10 s
��68.9 ms 3.71 m 2.3 m 54 s

	
 ���

		 ��� ���

	� ��


6.77 s 7.18 s 2.59 s 2.77 s


� ��� ���

9.1 m 8.7 m 2.3 m 1.8 h 20.1 s 32.3 s

7.54 s


� ���1.18 s
� 52.0 ms

1.65 s
� 30.6 ms

17.4 d 1.32 d 26.975 d
6.70 h
�1.159 m

24.1 m

45.6 m 16.8 m 3.04 m 2.67 m 29.2 s 22.6 s� 8.75 ns � 463 ns 4.2 d 6.75 d 23.45 m 14.1 h

1.80 m 25.3 s


� ���


� ���1.36 s
� 5.77 ms

1.78 s
��2.77 ms

1.76 s
� 52.5 ms

2.78 s
� 444 ms

4.956 h 10.5 h 10.84 d 2.27 d 48.3 m 1.58 m� 127 ns ��533 ns
19.5 s

��35.9 �s 25.3 m
45.2 d
�0.18 s

14.290 y

� ��	734 ms

� 4.34 ms
985 ms
� 15.9 ms

1.22 s
� 776 ms

6.89 s
� 68.5 ms � 5.94 �s ��1.37 ns

39 m
�25.0 m

23.0 m 3.14 m 44.1 m 43.9 s 1.44 s
3.6 m
�2.9 m

1.23 h 1.63 h 11.9 h
2.12 d
�0.91 ms

2.05 h

� ��
678 ms

� 738 ms
3.29 s

� 109 ms
3.08 s

� 10.3 �s ��3.90 ns � 191 ns � 1.01 �s 2.32 m

2.9 h 1.069 h 16.8 m
f 32.3 y

� 1.63  � 106y
23.5 m 42.9 m��28.6 ns 4.05 s f 46.2 ns f 63.4 ns f 25.5 �s

3.97 m
� 12.4 m

12.6 s 21.1 s


� ��� ���556 ms
� 46.2 ms

2.46 s
� 10.3 ms � 1.46 �s

f 31.7 s
3.02 s

3.212 h 55.6 m 1.8 m
1.60 d
� 1190 y 3.70 m 23.4 m4.8 m 4.6 m 7.0 m 4.35 h 1.80 d 320 d1.83 s f 58.7 ns f 20.8 ns f 17.6 ns f 448 ns 2.4 m

1.66 m


� ��� ��� ���
1.49 s 39.7 s 1.63 m 12.8 s

� 7230 y

178Tl176Tl 177Tl 181Tl179Tl 180Tl 182Tl 184Tl

178Pb
230 �s

182Pb
55 ms

180Pb
4.4 ms

181Pb
45 ms

185Pb
6.3 s
4.3 s

183Pb
535 ms
415 ms

184Pb
490 ms

188Pb
25.1 s

186Pb
4.83 s

187Pb
18.3 s

15.2 s

189Pb
51 s

190Pb
1.2 m

186Bi
14.8 ms
9.8 ms

184Bi
13 ms
6.6 ms

185Bi
58 �s

189Bi
674 ms
5.0 ms

187Bi
32 ms
290 �s

188Bi
265 ms
60 ms

192Bi
39.6 s

34.6 s

190Bi
6.3 s
6.2 s

191Bi
12.3 s
150 ms

195Bi
3.05 m
1.45 m

193Bi
1.12 m
3.2 s

194Bi
2.08 m
1.92 m

1.58 m
204Pb

1.4
�1.4 �1017y
67.2 m

210Po
138.376 d

208Po
2.898 y

209Po
102 y

195Po
4.64 s
1.92 s

193Po
0.42 s
0.24 s

194Po
0.392 s

189Po
3.5 ms

187Po
1.40 ms

188Po
0.30 ms

192Po
33.2 ms

190Po
2.45 ms

191Po
98 ms

22 ms

198Po
1.77 m

196Po
5.73 s

197Po
53.6 s
25.8 s

201Po
15.3 m
8.9 m

199Po
5.48 m
4.17 m

200Po
11.5 m

204Po
3.53 h

202Po
44.7 m

203Po
36.7 m
45 s

206Po
8.8 d

213Po
4.2 �s

211Po
25.2 s
0.516 s

212Po
45.1 s
0.299 �s

216Po
145 ms

214Po
164.3 �s

99 ps

215Po
1.781 ms

217Po
1.46 s

218Po
3.098 m

193At
28 ms
27 ms
21 ms

191At
2.1 ms

1.7 ms

192At
88 ms
11.5 ms

196At
253 ms

194At
250 ms
40 ms

195At
328 ms
147 ms

199At
7.03 s

197At
2.0 s
388 ms

198At
4.1 s
1.03 s

202At
3.07 m
3.03 m
0.46 s

201At
85.2 s

205At
26.9 m

203At
7.4 m

204At
9.22 m
108 ms

208At
1.63 h

206At
30.6 m

207At
1.80 h

211At
7.214 h

209At
5.41 h

210At
8.1 h

214At
558 ns

212At
0.314 s
0.119 s

213At
0.125 �s

217At
32.3 ms

215At
0.10 ms

216At
0.30 ms

218At
1.5 s

219At
56 s

201Rn
7.1 s
3.8 s

199Rn
0.59 s
0.31 s

200Rn
0.96 s

195Rn
6 ms
5 ms

193Rn
1.15 ms

194Rn
0.78 ms

198Rn
65 ms

196Rn
3 ms

197Rn
66 ms
21 ms

204Rn
1.23 m

202Rn
10.0 s

203Rn
44 s
26.9 s

207Rn
9.25 m

205Rn
2.83 m

206Rn
5.67 m

210Rn
2.4 h

208Rn
24.35 m

209Rn
28.5 m

213Rn
25.0 ms

211Rn
14.6 h

212Rn
23.9 m

216Rn
45 �s

214Rn
0.27 �s

215Rn
2.30 �s

219Rn
3.96 s

217Rn
0.54 ms

218Rn
35 ms

222Rn
3.8235 d

220Rn
55.6 s

221Rn
25.7 m

207Fr
14.8 s

205Fr
3.92 s

206Fr
16 s
0.7 s

216Fr
0.70 �s

214Fr
5.0 ms
3.35 ms

215Fr
86 ns

201Fr
67 ms
19 ms

199Fr
12 ms

200Fr
0.57 s

49 ms

204Fr
1.7 s
1.6 s
0.8 s

202Fr
300 ms
290 ms

203Fr
0.549 s

210Fr
3.18 m

208Fr
59.1 s

209Fr
50.0 s

213Fr
34.6 s

211Fr
3.10 m

212Fr
20.0 m

219Fr
20 ms

217Fr
19 �s

218Fr
22.0 ms

1.0 ms

220Fr
27.4 s

221Fr
4.9 m

209Ra
4.7 s

207Ra
1.2 s
53 ms

208Ra
1.3 s

221Ra
28 s

219Ra
10 ms

220Ra
18 ms

203Ra
31 ms
24 ms

201Ra
1.6 ms

202Ra
0.7 ms

206Ra
0.24 s

204Ra
57 ms

205Ra
210 ms
170 ms

212Ra
13.0 s

210Ra
3.7 s

211Ra
13 s

215Ra
1.55 ms

213Ra
2.74 m
2.1 ms

214Ra
2.46 s

218Ra
25.2 �s

216Ra
182 ns
7 ns

217Ra
1.6 �s

224Ra
3.66 d

222Ra
36.17 s

223Ra
11.435 d

226Ra
1600 y

214Ac
8.2 s

212Ac
0.93 s

213Ac
0.80 s

208Ac
95 ms
25 ms

206Ac
33 ms

22 ms

207Ac
27 ms

211Ac
0.25 s

209Ac
98 ms

210Ac
350 ms

217Ac
69 ns

215Ac
0.17 s

216Ac
441 �s

440 �s

220Ac
26.4 ms

218Ac
1.08 �s

219Ac
11.8 �s

223Ac
2.10 m

221Ac
52 ms

222Ac
1.05 m

5.0 s

224Ac
2.78 h

225Ac
10.0 d

227Ac
21.772 y

211Th
37 ms

209Th
3.8 ms

210Th
9 ms

214Th
100 ms

212Th
30 ms

213Th
140 ms

217Th
251 �s

215Th
1.2 s

216Th
26.0 ms

220Th
9.7 �s

218Th
117 ns

219Th
1.05 �s

223Th
0.60 s

221Th
1.73 ms

222Th
2.237 ms

226Th
30.57 m

224Th
1.05 s

225Th
8.72 m

229Th
7340 y
13.9 h

227Th
18.68 d

228Th
1.92 y

230Th
7.538 �104y

232Th
100

1.405 �1010y

229Pa
1.50 d

227Pa
38.3 m

228Pa
22 h

214Pa
17 ms

212Pa
5.1 ms

213Pa
5.3 ms

217Pa
3.6 ms
1.5 ms
1.2 ms

215Pa
14 ms

216Pa
167 ms

220Pa
0.78 �s

218Pa
113 �s

219Pa
53 ns

223Pa
5.1 ms

221Pa
5.9 �s

222Pa
2.9 ms

226Pa
1.8 m

224Pa
0.79 s

225Pa
1.7 s

231Pa
3.276 �104y

219U
0.08 ms

217U
16 ms

218U
0.51 ms

224U
0.7 ms

222U
1.0 �s

223U
18 �s

227U
1.1 m

225U
61 ms

226U
0.35 s

230U
20.8 d

228U
9.1 m

229U
58 m

234U
0.0055

2.455 �105y

232U
68.9 y

233U
1.592 �105y

235U
0.720

7.038 �108y
25 m

236U
2.342 �107y

238U
99.2745

4.468 �109y

236Np
1.54 �105y
22.5 h

237Np
2.144 �106y

228Np
1.02 m

226Np
35 ms

227Np
510 ms

231Np
48.8 m

229Np
4.0 m

230Np
4.6 m

230Pu
1.7 m

228Pu
1.1 s

229Pu
2.0 m

233Pu
20.9 m

231Pu
8.6 m

232Pu
34.1 m

234Pu
8.8 h

236Pu
2.858 y
30 ps

240Pu
6561 y

238Pu
87.7 y

239Pu
2.4110 �104y

242Pu
3.735 �105y

244Pu
8.11 �107y

232Am
1.32 m

233Am
3.2 m

235Am
9.9 m

243Am
7370 y

241Am
432.6 y

242Am
141 y
16.02 h

51 s

234Cm 238Cm
2.4 h

242Cm
162.94 d

40 ps

240Cm
27 d

241Cm
32.8 d

245Cm
8500 y

243Cm
29.1 y

244Cm
18.11 y
34 ms

248Cm
3.48 �105y

246Cm
4760 y

247Cm
1.56 �107y 9700 y

250Cm

243Bk
4.5 h

245Bk
4.94 d

247Bk
1380 y

248Bk
> 9 y
23.7 h

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

212Bi
1.009 h
25.0 m
7.0 m

210Bi
3.04 �106y

5.012 d

211Bi
2.14 m

213Bi
45.59 m

209Bi
100

1.9 �1019y

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl Tl
6.9 s
�60 ms

19.5 s
�1.93 s

�27.5 s
�2.9 s

51 s
�15.60 s �1.18 m

2.3 m
�1.4 m

�3.7 m
�2.6 m

�5.22 m
�10.8 m
�9.6 m

21.6 m
�2.11 m

33.0 m
�32.8 m

1.16 h
�3.6 s

1.84 h
�1.41 h

2.84 h
�0.54 s

5.3 h
�1.87 h

7.42 h
�28.4 ms

1.09 d
�34.0 ms

3.0421 d
�2.01 ms

12.31 d 29.524 3.78 y 70.476
4.202 m
�3.74 m

4.77 m
�1.33 s

3.053 m 2.20 m 1.30 m 5.38 s 2.38 s 2.33 s 1.21 s 1.15 s 689 ms 629 ms 406 ms 407 ms

186Hg 187Hg 188Hg 189Hg 190Hg 191Hg 192Hg 193Hg 194Hg 195Hg 196Hg 197Hg 198Hg 199Hg 200Hg 201Hg 202Hg 203Hg 204Hg 205Hg 206Hg 207Hg 208Hg 209Hg 210Hg 211Hg 212Hg 213Hg 214Hg 215Hg 216Hg
1.38 m

2.4 m
�1.9 m

3.25 m �8.6 m
7.6 m

20.0 m �50.8 m
49 m

4.85 h �11.8 h
3.80 h

444 y �1.73 d
10.53 h

0.15
2.6725 d
�23.8 h

9.97
16.87

�42.67 m
23.10 13.18 29.86 46.594 d 6.87

5.14 m
�1.09 ms

8.32 m 2.9 m 41 m 35 s 3.47 s 2.17 s 1.81 s 1.29 s 1.02 s 728 ms 580 ms

184Au 185Au 186Au 187Au 188Au 189Au 190Au 191Au 192Au 193Au 194Au 195Au 196Au 197Au 198Au 199Au 200Au 201Au 202Au 203Au 204Au 205Au 206Au 207Au 208Au 209Au 210Au 211Au 212Au 213Au 214Au 215Au
1.584 d 6.1669 d
�0.60 s �9.76 h
�0.42 s �8.1 s

165Pt 181Pt 182Pt 183Pt 184Pt 185Pt 186Pt 187Pt 188Pt 189Pt 191Pt 192Pt 193Pt 194Pt 195Pt 196Pt 197Pt 198Pt 199Pt 200Pt 201Pt 202Pt 203Pt 204Pt 205Pt 206Pt 207Pt 208Pt 209Pt 210Pt 211Pt
396 ms
� 6.35 ms

52 s 2.6 m
6.5 m
�43 s

17.3 m
1.01 ms

1.18 h
�33.0 m

2.08 h 2.35 h 10.2 d 10.87 h 2.802 d 0.782
50 y
�4.33 d

32.967
33.832
�4.010 d

25.242
19.892 h
�1.59 h

7.163
30.80 m
�13.6 s

12.5 h 2.5 m 1.8 d 2.96 m 1.55 m 1.39 s 1.23 s 841 ms 706 ms 510 ms 383 ms 286 ms

177Ir 178Ir 179Ir 180Ir 181Ir 182Ir 183Ir 184Ir 185Ir 186Ir 187Ir 188Ir 189Ir 190Ir 191Ir 192Ir 193Ir 194Ir 195Ir 196Ir 197Ir 198Ir 199Ir 200Ir 201Ir 202Ir 203Ir 204Ir 205Ir 206Ir 207Ir 208Ir 209Ir
13.2 d 11.78 d 37.3 �241 y
�13.3 ms �3.087 h �5.5 s 73.827 d

3.7 ms �1.120 h �4.899 s �1.45 m
160Os 161Os 173Os 174Os 175Os 176Os 177Os 178Os 179Os 180Os 181Os 182Os 183Os 184Os 185Os 187Os 188Os 189Os 190Os 191Os 192Os 193Os 194Os 195Os 196Os 197Os 198Os 199Os 200Os 201Os 202Os 203Os 204Os 205Os

436 ms
��212 �s

566 ms
� 17.0 ms

22.4 s 44 s 1.4 m 3.6 m 3.0 m 5.0 m 6.5 m 21.5 m
1.75 h
�2.7 m

22.10 h
13.0 h
�9.9 h

0.02 93.6 d 1.96 13.24
16.15
�5.81 h

26.26
�9.9 m

15.4 d
�13.10 h

40.78
�5.9 s

1.255 d 6.0 y 6.5 m 34.9 m 1.27 m 2.80 m 35.1 s 38.0 s 10.6 s 6.28 s 333 ms 273 ms 209 ms

168Re 169Re 170Re 171Re 172Re 173Re 174Re 175Re 176Re 177Re 178Re 179Re 180Re 181Re 182Re 183Re 184Re 185Re 186Re 187Re 188Re 189Re 190Re 191Re 192Re 193Re 194Re 195Re 196Re 197Re 198Re 199Re 200Re 201Re 202Re 203Re 204Re
�6.6 s

4.4 s
�15.1 s

8.1 s
9.2 s 15.2 s �55 s

�15 s
1.98 m 2.40 m 5.89 m 5.3 m 14 m 13.2 m 19.7 m 2.44 m 19.9 h

2.67 d
�12.7 h

70.0 d
�1.04 ms

�169 d
35.4 d

37.40 �2 � 105y
3.7183 d

62.60
4.35 � 1010y

17.040 h
�18.59  m

1.013 d �3.2 h
3.1 m

9.8 m 16 s 1.57 m 14.8 s 19.5 s 5.47 s 11.4 s 3.79 s 3.73 s 1.42 s 1.09 s 116 ms 111 ms 91.0 ms

155W 156W 157W 165W 166W 167W 168W 169W 170W 171W 172W 173W 174W 175W 176W 177W 178W 179W 180W 181W 182W 183W 184W 185W 186W 187W 188W 189W 190W 191W 192W 193W 194W 195W 196W 197W 198W 199W 200W
96.1 ms 707 ms 868 ms

� 9.52 d
5.1 s 19.2 s 19.9 s 53 s 1.23 m 2.42 m 2.38 m 6.6 m 7.5 m 33.2 m 35.2 m 2.5 h 2.2 h 21.6 d

37.05 m
�6.40 m

0.12
�5.47 ms

121.2 d 26.50
14.31
�5.2 s

30.64
75.1 d
�1.67 m

28.43 23.72 h 69.78 d 10.7 m 30.0 m 1.55 m 1.02 m 16.1 s 13.4 s 5.86 s 7.98 s 3.55 s 2.26 s 1.30 s 801 ms

162Ta 164Ta 165Ta 166Ta 167Ta 168Ta 169Ta 170Ta 171Ta 172Ta 173Ta 174Ta 175Ta 176Ta 177Ta 178Ta 179Ta 180Ta 181Ta 182Ta 183Ta 184Ta 185Ta 186Ta 187Ta 188Ta 189Ta 190Ta 191Ta 192Ta 193Ta 194Ta 195Ta 196Ta 197Ta 198Ta 199Ta
2.36 h 1.82 y 0.012 114.43 d
�9.31 m �52 ms > 1.2  � 1015 y �15.84 m
�290 ms �9.0 ms 8.154 h �0.283 s

150Hf 151Hf 152Hf 153Hf 154Hf 155Hf 162Hf 163Hf 164Hf 165Hf 166Hf 167Hf 168Hf 169Hf 170Hf 171Hf 172Hf 173Hf 175Hf 176Hf 177Hf 178Hf 179Hf 180Hf 181Hf 182Hf 183Hf 184Hf 185Hf 186Hf 187Hf 188Hf 189Hf 190Hf 191Hf 192Hf 193Hf 194Hf 195Hf
18.60 27.28 13.62
�51.4 m �31 y �25.05 d
�1.09 s �4.0 s �18.67 s

152Lu 153Lu 154Lu 159Lu 160Lu 161Lu 162Lu 163Lu 164Lu 165Lu 166Lu 167Lu 168Lu 169Lu 170Lu 171Lu 172Lu 173Lu 174Lu 175Lu 176Lu 177Lu 178Lu 179Lu 180Lu 181Lu 182Lu 183Lu 184Lu 185Lu 186Lu 187Lu 188Lu 189Lu 190Lu 191Lu 192Lu 193Lu 194Lu
�1.9 m 2.65 m 2.59
�1.5 m �2.12 m 3.76 � 1010 y

1.37 m �1.41 m 3.664 h

146Yb 147Yb 148Yb 149Yb 150Yb 151Yb 152Yb 158Yb 159Yb 160Yb 161Yb 162Yb 163Yb 164Yb 165Yb 166Yb 167Yb 168Yb 169Yb 170Yb 171Yb 172Yb 173Yb 174Yb 175Yb 176Yb 177Yb 178Yb 179Yb 180Yb 181Yb 182Yb 183Yb 184Yb 185Yb 186Yb 187Yb 188Yb 189Yb 190Yb
229 ms
� 45.8 s

317 ms 430 ms 700 ms 593 ms
1.6 s
�1.6 s

3.04 s 1.49 m 1.67 m 4.8 m 4.2 m 18.87 m 11.05 m 1.26 h 9.9 m 2.36 d 17.5 m 0.13
32.018 d
�46 s

3.04 14.28 21.83 16.13 31.83
4.185 d
�68.2 ms

12.76
�11.4 s

1.911 h
�6.41 s

1.23 h 8.0 m 2.4 m 19.6 s 10.9 s 4.32 s 3.88 s 2.19 s 1.88 s 876 ms 803 ms 425 ms 384 ms

148Tm 149Tm 150Tm 151Tm 152Tm 156Tm 157Tm 158Tm 159Tm 160Tm 161Tm 162Tm 163Tm 164Tm 165Tm 166Tm 167Tm 168Tm 169Tm 170Tm 171Tm 172Tm 173Tm 174Tm 175Tm 176Tm 177Tm 178Tm 179Tm 180Tm 181Tm 182Tm 183Tm 184Tm 185Tm 186Tm 187Tm 188Tm 189Tm
0.7 s 0.9 s

2.20 s
�5.2 ms

�6.6 s
4.17 s

8.0 s
�5.2 s

1.397 m
�19 s

3.63 m 3.98 m 9.13 m
9.4 m
�1.24 m

30.2 m
21.7 m
�24.3 s

1.810 h �5.1 m
2.0 m

1.253 d
7.70 h
�340 ms

9.25 d 93.1 d 100 128.6 d 1.92 y 2.65 d 8.24 h 5.4 m 15.2 m 1.9 m 1.50 m 6.95 s 6.31 s 2.36 s 1.98 s 992 ms 934 ms 522 ms 489 ms 279 ms 261 ms 166 ms 175 ms

141Er 142Er 143Er 144Er 145Er 146Er 147Er 148Er 149Er 150Er 151Er 155Er 156Er 157Er 158Er 159Er 160Er 161Er 162Er 163Er 164Er 165Er 166Er 167Er 168Er 169Er 170Er 171Er 172Er 173Er 174Er 175Er 176Er 177Er 178Er 179Er 180Er 181Er 182Er 183Er 184Er 185Er
294 ms
� 32.5 m

462 ms
� 28.4 m

667 ms
��9.24 h

688 ms
� 16.5 h 0.9 s 1.7 s

2.5 s
�~ 2.5 s

4.6 s �8.9 s
4 s

18.5 s
23.5 s
�0.58 s

5.3 m 19.5 m
18.65 m
�76 ms

2.29 h 36 m 1.191 d 3.21 h 0.14 1.25 h 1.61 10.36 h 33.61
22.93
�2.269 s

26.78 9.392 d 14.93 7.516 h 2.05 d 1.4 m 3.2 m 1.2 m 20.4 s 6.80 s 4.42 s 2.20 s 1.56 s 869 ms 625 ms 432 ms 375 ms 263 ms

142Ho 143Ho 144Ho 145Ho 146Ho 147Ho 148Ho 149Ho 150Ho 154Ho 155Ho 156Ho 157Ho 158Ho 159Ho 160Ho 161Ho 162Ho 163Ho 164Ho 165Ho 166Ho 167Ho 168Ho 169Ho 170Ho 171Ho 172Ho 173Ho 174Ho 175Ho 176Ho 177Ho 178Ho 179Ho 180Ho 181Ho 182Ho 183Ho 184Ho
�9.59 s �28 m �5.02 h

2.2 s �21.3 m 25.6 m
2.35 ms 11.3 m �3 s

137Dy 138Dy 139Dy 140Dy 141Dy 142Dy 143Dy 144Dy 145Dy 146Dy 147Dy 148Dy 149Dy 152Dy 153Dy 155Dy 156Dy 157Dy 158Dy 159Dy 160Dy 161Dy 162Dy 163Dy 164Dy 165Dy 166Dy 167Dy 168Dy 169Dy 170Dy 171Dy 172Dy 173Dy 174Dy 175Dy 176Dy 177Dy 178Dy 179Dy 180Dy
426 ms 700 ms

� 2.85 d
600 ms �7.0��s 0.9 s 2.3 s

5.6 s
�3.0 s

9.1 s �14.1 s
6 s

29 s
�150 ms

�55 s
40 s

3.3 m
4.20 m
�0.490 s

2.38 h 6.4 h 9.9 h 0.06
8.14 h
�21.6 ms

0.10 144.4 d 2.34 18.91 25.51 24.90 28.18
2.334 h
�1.257 m

3.40 d 6.20 m 8.7 m 39 s 41.2 s 12.4 s 8.11 s 3.23 s 2.00 s 1.02 s 705 ms 415 ms 321 ms 232 ms 187 ms

136Tb 137Tb 138Tb 139Tb 140Tb 141Tb 142Tb 143Tb 144Tb 145Tb 146Tb 147Tb 148Tb 150Tb 151Tb 152Tb 153Tb 154Tb 155Tb 156Tb 157Tb 158Tb 159Tb 160Tb 161Tb 162Tb 163Tb 164Tb 165Tb 166Tb 167Tb 168Tb 169Tb 170Tb 171Tb 172Tb 173Tb 174Tb 175Tb 176Tb 177Tb 178Tb
�23 s �22.7 h 5.35 d 180 y

8 s 21 5 h �24 4 h �10 70 s 531 ms 301 ms 233 ms 156 ms 133 ms 101 ms19 4 s 8 2 s 4 43 s 2 00 s 1 53 s 690 ms6 906 d 7 60 m 19 5 m 3 0 m 2 11 m 25 1 s
17.5 h

2 34 d 5 32 d 71 y 100 72 3 d�4.25 s 30 9 s
1.7 h 1.0 h 3.48 h 17.609 h�� ���

713 ms 1 30 s 1 47 s 1 6 s 2 4 s �7.9 s 597 ms �21 s

169 ms 156 ms 120 ms

�� ��� ��� ���

1.25 s 1.08 s 548 ms 440 ms 271 ms 227 ms
2.76 m
�43 s

53 s 25 s 11.1 s 3.42 s 3.04 s�37.5 m
29 m

100 �1200 y
1.12 d

3.1 h
2.99 m
�2.2 m

4.72 m
56 m
�9.5 s

12.6 m
33.05 m
�8.30 s

2.48 h
�6.76 s

�1.117 h
15.0 m

4570 y
�1.09 s

3.9 s 5.8 s �56 s
21.1 s

1.2 m
�23.3 s

11.76 m
�3.10 m

48 m

�


�	 ��	 ��
 ���

��
400 ms 1.10 s 0.7 s 2.4 s

358 ms 236 ms

�� ��� ��� ���

2.76 s 1.18 s 1.16 s 524 ms 467 ms 338 ms3.5 m 2.0 m 58 s 20 s 5.56 s 2.39 s
3.31 y
�142 d

97.41 �160.44 d
6.647 d

28.4 m
�23.1 m

4.59 h
3.1 ms 5.7 m�6.7 m

5.5 m
1.42 d
�2.7 m

2.012 d
�0.67 s

8.24 d
�1.32 m

6.70 d
�3.7 m

1.37 y�40 s
36.1 s

1.3 m
�7.3 ms

3.97 m 3.14 m �12 m
10.74 m

51.5 m

2.20 s 1.76 s 1.01 s 1.05 s 657 ms

��
0.7 s 0.9 s 1.12 s 12.1 s

3.5 m 2.6 m 17.7 s 16.5 s 6.42 s 4.98 s5.26
35.08
�5.5 h

42.39 d
�1.6 ms

8.90 � 106y
�1.03 h

1.018 h
4.12 h
�48 s

3.24 m 16.01 h
12.1 h
�29.5 s

1.87 y 23.6 h 70 d40.0 s 1.85 m 1.267 m 6.77 m 2.05 m 25.95 m183 ms 210 ms 246 ms 2 s 0.89 s 39.4 s

1.51 s 759 ms 597 ms 402 ms 295 ms

�� ��� ��� ���
174 ms

24.6 s 6.04 s 6.12 s 2.36 s 2.55 s 1.21 s5.1 d 8.7 h 49.4 m
10.5 m
�1.54 m

2.64 m 15.6 s3.14 h 1.14 h 10.5 h 8.09 h 2.357 d 99.9881.33 m 2.0 m 4.9 m 6.76 m 23.3 m 36.8 m

��

�� ��� ��	 ��


��
3.57 s 14.2 s 31.0 s 34.4 s

162 ms 150 ms

�� ��� ��� ���

9.92 s 8.70 s 435 ms 399 ms 267 ms 234 ms�1.40 h
52 s

�8.9 m
5.8 m

8 s 3.62 m 24.7 s 45.0 s
16.64 h
�1.90 h

10.5 h
�30.3 ms

1.73 d
�4.2 ms

62.7
�10.53 d

�171 d
19.28 h

�3.8 h
2.5 h

1.5 m 4.90 m 15 m 58 m 3.09 h 14.4 h

208 ms

�	 ��� ��� ���

�� ���
30 s 12 s 1.32 m

886 ms 623 ms 602 ms 376 ms 330 ms 244 ms1.0 m 39.8 s 31 s 1.45 s 1.60 s 920 ms
100
�7.73 s

2.69517 d
�2.27 d

3.139 d �18.7 h
48.4 m

26.0 m 28.4 s
28.7 m
�4.59 m

42.8 m
�125 ms

3.18 h
�0.92 s

4.94 h
�160 ms

17.65 h
�3.9 s

186.098 d
�30.5 s

�
 53.0 s
�47.6 s

�6.8 m
4.25 m

10.7 m
8.4 m
�2.3 s

8.84 m

	�

	� ��� ��	

135Tb
940 �s

140Ho
6 ms

141Ho
4.1 ms

8 �s

147Tm
560 ms

145Tm
3.1 �s

146Tm
198 ms

68 ms

150Lu
49 ms

151Lu
80.6 ms

149Tb
4.118 h
4 16 m

151Dy
17.9 m

150Dy
7.17 m

154Dy
3 �106y

153Ho
9.3 m
2.01 m

151Ho
47.2 s

35.2 s

152Ho
2.70 m
50.0 s

154Er
3.7 m

152Er
10.3 s

153Er
37.1 s

155Tm
45 s
21.6 s

153Tm
2.5 s
1.48 s

154Tm
8.1 s
3.30 s

155Yb
1.793 s

153Yb
4.2 s

154Yb
0.409 s

156Yb
26 s

157Yb
38.6 s

157Lu
6.8 s
4.79 s

155Lu
138 ms

68 ms
2.69 ms

156Lu
494 ms
198 ms

158Lu
10.4 s

158Hf
2.85 s

156Hf
23 ms
0.52 

157Hf
110 ms

161Hf
18.2 s

159Hf
5.20 s

160Hf
13.6 s

155Ta
12 �s

156Ta
144 ms
360 ms

159Ta
0.83 s
515 ms

157Ta
10.1 ms
4.3 ms
1.7 ms

158Ta
55 ms
36.0 ms

160Ta
1.7 s
1.55 s

161Ta
2.89 s

163Ta
10.6 s

160W
91 ms

158W
1.25 ms
0.143 

159W
8.2 ms

163W
2.8 s

161W
0.41 s

162W
1.36 s

164W
6.0 s

161Re
15.6 ms

370 �s

159Re
20 �s

160Re
0.82 ms

164Re
0.53 ms

162Re
107 ms
77 ms

163Re
390 ms
214 ms

167Re
6.2 s

3.4 s

165Re
2.61 s
2.32 s

166Re
2.24 s

164Os
21 ms

162Os
2.0 s

163Os
5.5 ms

167Os
0.84 s

165Os
71 ms

166Os
215 ms

170Os
7.37 s

168Os
2.10 s

169Os
3.4 s

171Os
8.3 s

172Os
19.2 s

174Hf
0.16

2.0 �1015y

166Ir
15.1 ms

10.5 ms

164Ir
94 �s

165Ir
300 �s

169Ir
0.353 s
0.281 s

167Ir
35.2 ms
30.0 ms

168Ir
161 ms

125 ms

172Ir
4.4 s
2.0 s

170Ir
0.87 s
811 ms

171Ir
1.46 s

175Ir
9 s

173Ir
9.0 s
2.20 s

174Ir
7.9 s
3.81 s

176Ir
8.3 s

171 Pt
34 ms

169 Pt
7.0 ms

170 Pt
13.93 ms

168 Pt
2.0 ms

166 Pt
0.3 ms

167 Pt
0.7 ms

174 Pt
0.870 s

172 Pt
0.096 ms

173 Pt
382 ms

177 Pt
11 s

175 Pt
2.54 s

176 Pt
6.3 s

180 Pt
56 s

178 Pt
21.1 s

179 Pt
21.1 s

186Os
1.59

2.0 �1015y

190Pt
0.014

6.5 �1011y

172Au
4 ms

170Au
0.62 ms

0.29 ms

171Au
1.02 ms

17 �s

175Au
160 ms

173Au
25 ms
14.0 ms

174Au
120 ms

178Au
2.6 s

176Au
1.08 s

177Au
1.462 s
1.18 s

181Au
13.7 s

179Au
7.1 s

180Au
8.1 s

182Au
15.6 s

183Au
42.0 s

173Hg
0.7 ms

171Hg
59 �s

172Hg
320 �s

176Hg
18 ms

174Hg
1.9 ms

175Hg
10.8 ms

179Hg
1.05 s

177Hg
127.3 ms

178Hg
266.5 ms

182Hg
10.83 s

180Hg
2.58 s

181Hg
3.6 s

185Hg
49.1 s
21.6 s

183Hg
10.7 s

8.8 s

184Hg
30.75 s

178Tl
254 ms

176Tl
5.2 ms

177Tl
18 ms
230 �s

181Tl
3.2 s
1.4 ms

179Tl
0.23 s
1.5 ms

180Tl
1.5 s

182Tl
3.1 s

184Tl
11 s

178Pb
230 �s

182Pb
55 ms

180Pb
4.4 ms

181Pb
45 ms

185Pb
6.3 s
4.3 s

183Pb
535 ms
415 ms

184Pb
490 ms

188Pb
25.1 s

186Pb
4.83 s

187Pb
18.3 s

15.2 s

189Pb
51 s

190Pb
1.2 m

186Bi
14.8 ms
9.8 ms

184Bi
13 ms
6.6 ms

185Bi
58 �s

189Bi
674 ms
5.0 ms

187Bi
32 ms
290 �s

188Bi
265 ms
60 ms

192Bi
39.6 s

34.6 s

190Bi
6.3 s
6.2 s

191Bi
12.3 s
150 ms

195Bi
3.05 m
1.45 m

193Bi
1.12 m
3.2 s

194Bi
2.08 m
1.92 m

1.58 m
204Pb

1.4
�1.4 �1017y
67.2 m

210Po
138.376 d

208Po
2.898 y

209Po
102 y

195Po
4.64 s
1.92 s

193Po
0.42 s
0.24 s

194Po
0.392 s

189Po
3.5 ms

187Po
1.40 ms

188Po
0.30 ms

192Po
33.2 ms

190Po
2.45 ms

191Po
98 ms

22 ms

198Po
1.77 m

196Po
5.73 s

197Po
53.6 s
25.8 s

201Po
15.3 m
8.9 m

199Po
5.48 m
4.17 m

200Po
11.5 m

204Po
3.53 h

202Po
44.7 m

203Po
36.7 m
45 s

206Po
8.8 d

213Po
4.2 �s

211Po
25.2 s
0.516 s

212Po
45.1 s
0.299 �s

216Po
145 ms

214Po
164.3 �s

99 ps

215Po
1.781 ms

217Po
1.46 s

218Po
3.098 m

193At
28 ms
27 ms
21 ms

191At
2.1 ms

1.7 ms

192At
88 ms
11.5 ms

196At
253 ms

194At
250 ms
40 ms

195At
328 ms
147 ms

199At
7.03 s

197At
2.0 s
388 ms

198At
4.1 s
1.03 s

202At
3.07 m
3.03 m
0.46 s

201At
85.2 s

205At
26.9 m

203At
7.4 m

204At
9.22 m
108 ms

208At
1.63 h

206At
30.6 m

207At
1.80 h

211At
7.214 h

209At
5.41 h

210At
8.1 h

214At
558 ns

212At
0.314 s
0.119 s

213At
0.125 �s

217At
32.3 ms

215At
0.10 ms

216At
0.30 ms

218At
1.5 s

219At
56 s

201Rn
7.1 s
3.8 s

199Rn
0.59 s
0.31 s

200Rn
0.96 s

195Rn
6 ms
5 ms

193Rn
1.15 ms

194Rn
0.78 ms

198Rn
65 ms

196Rn
3 ms

197Rn
66 ms
21 ms

204Rn
1.23 m

202Rn
10.0 s

203Rn
44 s
26.9 s

207Rn
9.25 m

205Rn
2.83 m

206Rn
5.67 m

210Rn
2.4 h

208Rn
24.35 m

209Rn
28.5 m

213Rn
25.0 ms

211Rn
14.6 h

212Rn
23.9 m

216Rn
45 �s

214Rn
0.27 �s

215Rn
2.30 �s

219Rn
3.96 s

217Rn
0.54 ms

218Rn
35 ms

222Rn
3.8235 d

220Rn
55.6 s

221Rn
25.7 m

207Fr
14.8 s

205Fr
3.92 s

206Fr
16 s
0.7 s

216Fr
0.70 �s

214Fr
5.0 ms
3.35 ms

215Fr
86 ns

201Fr
67 ms
19 ms

199Fr
12 ms

200Fr
0.57 s

49 ms

204Fr
1.7 s
1.6 s
0.8 s

202Fr
300 ms
290 ms

203Fr
0.549 s

210Fr
3.18 m

208Fr
59.1 s

209Fr
50.0 s

213Fr
34.6 s

211Fr
3.10 m

212Fr
20.0 m

219Fr
20 ms

217Fr
19 �s

218Fr
22.0 ms

1.0 ms

220Fr
27.4 s

221Fr
4.9 m

209Ra
4.7 s

207Ra
1.2 s
53 ms

208Ra
1.3 s

221Ra
28 s

219Ra
10 ms

220Ra
18 ms

203Ra
31 ms
24 ms

201Ra
1.6 ms

202Ra
0.7 ms

206Ra
0.24 s

204Ra
57 ms

205Ra
210 ms
170 ms

212Ra
13.0 s

210Ra
3.7 s

211Ra
13 s

215Ra
1.55 ms

213Ra
2.74 m
2.1 ms

214Ra
2.46 s

218Ra
25.2 �s

216Ra
182 ns
7 ns

217Ra
1.6 �s

224Ra
3.66 d

222Ra
36.17 s

223Ra
11.435 d

226Ra
1600 y

214Ac
8.2 s

212Ac
0.93 s

213Ac
0.80 s

208Ac
95 ms
25 ms

206Ac
33 ms

22 ms

207Ac
27 ms

211Ac
0.25 s

209Ac
98 ms

210Ac
350 ms

217Ac
69 ns

215Ac
0.17 s

216Ac
441 �s

440 �s

220Ac
26.4 ms

218Ac
1.08 �s

219Ac
11.8 �s

223Ac
2.10 m

221Ac
52 ms

222Ac
1.05 m

5.0 s

224Ac
2.78 h

225Ac
10.0 d

227Ac
21.772 y

211Th
37 ms

209Th
3.8 ms

210Th
9 ms

214Th
100 ms

212Th
30 ms

213Th
140 ms

217Th
251 �s

215Th
1.2 s

216Th
26.0 ms

220Th
9.7 �s

218Th
117 ns

219Th
1.05 �s

223Th
0.60 s

221Th
1.73 ms

222Th
2.237 ms

226Th
30.57 m

224Th
1.05 s

225Th
8.72 m

229Th
7340 y
13.9 h

227Th
18.68 d

228Th
1.92 y

230Th
7.538 �104y

232Th
100

1.405 �1010y

229Pa
1.50 d

227Pa
38.3 m

228Pa
22 h

214Pa
17 ms

212Pa
5.1 ms

213Pa
5.3 ms

217Pa
3.6 ms
1.5 ms
1.2 ms

215Pa
14 ms

216Pa
167 ms

220Pa
0.78 �s

218Pa
113 �s

219Pa
53 ns

223Pa
5.1 ms

221Pa
5.9 �s

222Pa
2.9 ms

226Pa
1.8 m

224Pa
0.79 s

225Pa
1.7 s

231Pa
3.276 �104y

219U
0.08 ms

217U
16 ms

218U
0.51 ms

224U
0.7 ms

222U
1.0 �s

223U
18 �s

227U
1.1 m

225U
61 ms

226U
0.35 s

230U
20.8 d

228U
9.1 m

229U
58 m

234U
0.0055

2.455 �105y

232U
68.9 y

233U
1.592 �105y

235U
0.720

7.038 �108y
25 m

236U
2.342 �107y

238U
99.2745

4.468 �109y

236Np
1.54 �105y
22.5 h

237Np
2.144 �106y

228Np
1.02 m

226Np
35 ms

227Np
510 ms

231Np
48.8 m

229Np
4.0 m

230Np
4.6 m

230Pu
1.7 m

228Pu
1.1 s

229Pu
2.0 m

233Pu
20.9 m

231Pu
8.6 m

232Pu
34.1 m

234Pu
8.8 h

236Pu
2.858 y
30 ps

240Pu
6561 y

238Pu
87.7 y

239Pu
2.4110 �104y

242Pu
3.735 �105y

244Pu
8.11 �107y

232Am
1.32 m

233Am
3.2 m

235Am
9.9 m

243Am
7370 y

241Am
432.6 y

242Am
141 y
16.02 h

51 s

234Cm 238Cm
2.4 h

242Cm
162.94 d

40 ps

240Cm
27 d

241Cm
32.8 d

245Cm
8500 y

243Cm
29.1 y

244Cm
18.11 y
34 ms

248Cm
3.48 �105y

246Cm
4760 y

247Cm
1.56 �107y 9700 y

250Cm

243Bk
4.5 h

245Bk
4.94 d

247Bk
1380 y

248Bk
> 9 y
23.7 h

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

212Bi
1.009 h
25.0 m
7.0 m

210Bi
3.04 �106y

5.012 d

211Bi
2.14 m

213Bi
45.59 m

209Bi
100

1.9 �1019y

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

8 s 21.5 h �24.4 h �10.70 s
�150 ms 9.4 h �5.3 h �0.4 ms

131Gd 132Gd 133Gd 134Gd 135Gd 136Gd 137Gd 138Gd 139Gd 140Gd 141Gd 142Gd 143Gd 144Gd 145Gd 146Gd 147Gd 149Gd 151Gd 153Gd 154Gd 155Gd 156Gd 157Gd 158Gd 159Gd 160Gd 161Gd 162Gd 163Gd 164Gd 165Gd 166Gd 167Gd 168Gd 169Gd 170Gd 171Gd 172Gd 173Gd 174Gd
210 ms 368 ms 580 ms 1.10 s 1.1 s 2.17 s 2.2 s 4.7 s

5.8 s
�4.8 s

15.8 s �24.5 s
14 s

1.17 m �1.83 m
39 s

4.47 m
23.0 m
�1.42 m

48.27 d 1.588 d 9.28 d 124 d 240.4 d 2.18
14.8

�31.97 ms
20.47 15.65 24.84 18.479 h 21.86 3.66 m 8.4 m 1.13 m 45 s 10.3 s 4.8 s 4.58 s 3.46 s 1.54 s 966 ms 512 ms 351 ms 235 ms 177 ms

132Eu 133Eu 134Eu 135Eu 136Eu 137Eu 138Eu 139Eu 140Eu 141Eu 142Eu 143Eu 144Eu 145Eu 146Eu 147Eu 148Eu 149Eu 150Eu 151Eu 152Eu 153Eu 154Eu 155Eu 156Eu 157Eu 158Eu 159Eu 160Eu 161Eu 162Eu 163Eu 164Eu 165Eu 166Eu 167Eu 168Eu 169Eu 170Eu 171Eu 172Eu 173Eu
13.537 y
�9.3116 h
�96 m

125Sm 126Sm 127Sm 128Sm 129Sm 130Sm 131Sm 132Sm 133Sm 134Sm 135Sm 136Sm 137Sm 138Sm 139Sm 140Sm 141Sm 142Sm 143Sm 144Sm 145Sm 149Sm 150Sm 151Sm 152Sm 153Sm 154Sm 155Sm 156Sm 157Sm 158Sm 159Sm 160Sm 161Sm 162Sm 163Sm 164Sm 165Sm 166Sm 167Sm 168Sm 169Sm
8.75 m
�66 s
�30 ms

124Pm 125Pm 126Pm 127Pm 128Pm 129Pm 130Pm 131Pm 132Pm 133Pm 134Pm 135Pm 136Pm 137Pm 138Pm 139Pm 140Pm 141Pm 142Pm 143Pm 144Pm 145Pm 146Pm 147Pm 148Pm 149Pm 150Pm 151Pm 152Pm 153Pm 154Pm 155Pm 156Pm 157Pm 158Pm 159Pm 160Pm 161Pm 162Pm 163Pm 164Pm 165Pm 166Pm 167Pm 168Pm
�13.8 m
�7.52 m

4.12 m

120Nd 121Nd 122Nd 123Nd 124Nd 125Nd 126Nd 127Nd 128Nd 129Nd 130Nd 131Nd 132Nd 133Nd 134Nd 135Nd 136Nd 137Nd 138Nd 139Nd 140Nd 141Nd 142Nd 143Nd 145Nd 146Nd 147Nd 148Nd 149Nd 150Nd 151Nd 152Nd 153Nd 154Nd 155Nd 156Nd 157Nd 158Nd 159Nd 160Nd 161Nd 162Nd 163Nd 164Nd
61.9 ms 99.6 ms 193 ms 315 ms 610 ms 0.65 s 2.06 s 1.8 s 6.37 s 4.9 s 13 s 27 s 1.56 m

1.2 m
�~ 1.2 m

8.5 m
12.4 m
�5.5 m

50.65 m
38.5 m
�1.60 s

5.04 h �5.50 h
29.7 m

3.37 d
�0.60 ms

2.49 h
�62.0 s

27.2 12.2 8.3 17.2 10.98 d 5.7 1.728 h 5.6 12.44 m 11.4 m 31.6 s 25.9 s 8.9 s 5.49 s 5.43 s 2.73 s 1.43 s 503 ms 307 ms 204 ms 147 ms 108 ms

119Pr 120Pr 122Pr 123Pr 124Pr 125Pr 126Pr 127Pr 128Pr 129Pr 130Pr 131Pr 132Pr 133Pr 134Pr 135Pr 136Pr 137Pr 138Pr 139Pr 140Pr 141Pr 142Pr 143Pr 144Pr 145Pr 146Pr 147Pr 148Pr 149Pr 150Pr 151Pr 152Pr 153Pr 154Pr 155Pr 156Pr 157Pr 158Pr 159Pr 160Pr 161Pr 162Pr 163Pr
113 ms 179 ms 534 ms 1.14 s 1.2 s 3.3 s 3.14 s 4.2 s 2.85 s 30 s 40.0 s

1.51 m
�5.71 s

1.6 m
6.5 m
�1.1 s

17 m
�~ 11 m

24 m 13.1 m 1.28 h �2.12 h
1.45 m

4.41 h 3.39 m 100
19.12 h
�14.6 m

13.57 d
17.28 m
�7.2 m

5.984 h 24.15 m 13.4 m
2.29 m
�2.01 m

2.26 m 6.19 s 18.90 s 3.63 s 4.28 s 2.3 s 2.59 s 1.22 s 554 ms 292 ms 175 ms 142 ms 87.9 ms 64.2 ms 53.1 ms

117Ce 118Ce 119Ce 120Ce 121Ce 122Ce 123Ce 124Ce 125Ce 126Ce 127Ce 128Ce 129Ce 130Ce 131Ce 132Ce 133Ce 134Ce 135Ce 136Ce 137Ce 138Ce 139Ce 140Ce 141Ce 142Ce 143Ce 144Ce 145Ce 146Ce 147Ce 148Ce 149Ce 150Ce 151Ce 152Ce 153Ce 154Ce 155Ce 156Ce 157Ce 158Ce 159Ce 160Ce
124 ms 257 ms 413 ms 816 ms 1.1 s 2.84 s 3.8 s 6 s 10.2 s 51.0 s �34 s

31 s
3.93 m 3.5 m 22.9 m

10.3 m
�5.4 m

3.51 h
�9.4 ms

�4.9 h
1.62 h

3.16 d
17.7 h
�20 s

0.185 �1.433 d
9.0 h

0.251
�8.65 ms

137.641 d
�54.8 s

88.450 32.508 d 11.114 1.377 d 284.91 d 3.01 m 13.52 m 56.4 s 56 s 5.3 s 4.0 s 1.76 s
�1.02 s

1.4 s 2.36 s 974 ms 445 ms 226 ms 175 ms 112 ms 92.3 ms 64.0 ms

116La 118La 119La 120La 121La 122La 123La 124La 125La 126La 127La 128La 129La 130La 131La 132La 133La 134La 135La 136La 137La 138La 139La 140La 141La 142La 143La 144La 145La 146La 147La 148La 149La 150La 151La 152La 153La 154La 155La 156La 157La 158La
5.23 m
�2 m
�1.4 m

112Ba 113Ba 115Ba 116Ba 117Ba 118Ba 119Ba 120Ba 121Ba 122Ba 123Ba 124Ba 125Ba 126Ba 127Ba 128Ba 129Ba 130Ba 131Ba 132Ba 133Ba 134Ba 135Ba 136Ba 137Ba 138Ba 139Ba 140Ba 141Ba 142Ba 143Ba 144Ba 145Ba 146Ba 147Ba 148Ba 149Ba 150Ba 151Ba 152Ba 153Ba 154Ba 155Ba 156Ba
95.0 ms
��326 ms

172 ms
� 2.39 m

400 ms 1.3 s 1.75 s 5.2 s 5.4 s 24 s 29.7 s 1.95 m 2.7 m 11.0 m 3.5 m 1.67 h
12.7 m
�1.9 s

2.43 d
2.23 h
�2.16 h

0.106
�9.4 ms

11.50 d
�14.6 m

0.101
10.52 y
�1.62 d

2.417
6.592
�28.7 h

7.854
�0.3084 s

11.232
�2.552 m

71.698 1.384 h 12.7527 d 18.27 m 10.6 m 14.5 s 11.5 s 4.31 s 2.22 s 0.893 s 612 ms 344 ms 0.3 s 179 ms 123 ms 97.0 ms 67.6 ms 54.7 ms 40.3 ms

111Cs 114Cs 115Cs 116Cs 117Cs 118Cs 119Cs 120Cs 121Cs 122Cs 123Cs 124Cs 125Cs 126Cs 127Cs 128Cs 129Cs 130Cs 131Cs 132Cs 133Cs 134Cs 135Cs 136Cs 137Cs 138Cs 139Cs 140Cs 141Cs 142Cs 143Cs 144Cs 145Cs 146Cs 147Cs 148Cs 149Cs 150Cs 151Cs 152Cs 153Cs 154Cs
�3.70 m
21.18 s
�360 ms

108Xe 113Xe 114Xe 115Xe 116Xe 117Xe 118Xe 119Xe 120Xe 121Xe 122Xe 123Xe 124Xe 125Xe 126Xe 127Xe 128Xe 129Xe 130Xe 131Xe 132Xe 133Xe 134Xe 135Xe 136Xe 137Xe 138Xe 139Xe 140Xe 141Xe 142Xe 143Xe 144Xe 145Xe 146Xe 147Xe 148Xe 149Xe 150Xe 151Xe
115 ms
��59.6 �s

2.74 s 10.0 s 18 s 59 s 61 s 3.8 m 5.8 m 46 m 40.1 m 20.1 h 2.08 h 0.09
16.9 h
�56.9 s

0.09
36.4 d
�1.15 m

1.92
26.44
�8.88 d

4.08
21.18
�11.84 d

26.89
�8.39 ms

5.243 d
�2.19 d

10.44
�0.290 s

9.14 h
�15.29 m

8.87
> 9.3  � 1019y

3.818 m 14.08 m 39.68 s 13.60 s 1.73 s 1.22 s 0.30 s 388 ms 188 ms 146 ms 100 ms 58.8 ms 57.4 ms 36.8 ms 35.4 ms

107I 111I 112I 113I 114I 115I 116I 117I 118I 119I 120I 121I 122I 123I 124I 125I 126I 127I 128I 129I 130I 131I 132I 133I 134I 135I 136I 137I 138I 139I 140I 141I 142I 143I 144I 145I 146I 147I 148I 149I
202 ms
� 418 �s

2.5 s 3.42 s 6.6 s �6.2 s
2.1 s

1.3 m 2.91 s 2.22 m
13.7 m
�8.5 m

19.1 m
1.36 h
�53 m

2.12 h 3.63 m 13.2234 h 4.1760 d 59.400 d 12.93 d 100 24.99 m 1.57 � 107 y
12.36 h
�8.84 m

8.0252 d
2.295 h
�1.387 h

20.8 h
�9 s

52.5 m
�3.52 m

6.58 h
1.39 m
�46.9 s

24.5 s 6.41 s 2.280 s 0.86 s 0.43 s 0.2 s 107 ms 84.0 ms 56.4 ms 46.4 ms 31.3 ms 29.7 ms 20.8 ms

103Te 104Te 110Te 111Te 112Te 113Te 114Te 115Te 116Te 117Te 118Te 119Te 120Te 121Te 122Te 123Te 124Te 125Te 126Te 127Te 128Te 129Te 130Te 131Te 132Te 133Te 134Te 135Te 136Te 137Te 138Te 139Te 140Te 141Te 142Te 143Te 144Te 145Te 146Te
0.89

> 9.2  � 1016y
�119.2 d

102Sb 103Sb 104Sb 105Sb 106Sb 107Sb 108Sb 109Sb 110Sb 111Sb 112Sb 113Sb 114Sb 115Sb 116Sb 117Sb 118Sb 119Sb 120Sb 121Sb 122Sb 123Sb 124Sb 125Sb 126Sb 127Sb 128Sb 129Sb 130Sb 131Sb 132Sb 133Sb 134Sb 135Sb 136Sb 137Sb 138Sb 139Sb 140Sb 141Sb 142Sb 143Sb
2.7238 d 60.20 d 12.35 d
�4.191 m 20.2 m �19.15 m
�0.53 ms 1.55 m �11 s

96Sn 97Sn 98Sn 99Sn 100Sn 101Sn 102Sn 103Sn 104Sn 105Sn 106Sn 107Sn 108Sn 109Sn 110Sn 111Sn 112Sn 113Sn 114Sn 115Sn 116Sn 117Sn 118Sn 119Sn 120Sn 121Sn 122Sn 123Sn 124Sn 125Sn 126Sn 127Sn 128Sn 129Sn 130Sn 131Sn 132Sn 133Sn 134Sn 135Sn 136Sn 137Sn 138Sn 139Sn 140Sn 141Sn
6.17 ms 7.36 ms 14.5 ms 30.9 ms 1.0 s 1.7 s 4.5 s 7.0 s 20.8 s 34 s 1.92 m 2.90 m 10.30 m 18.0 m 4.173 h 35.3 m 0.97

115.09 d
21.4 m

0.66 0.34 14.54
7.68

13.60 d
24.22

8.59
293.1 d

32.58 43.9 y
1.13 d

4.63
129.2 d
40.06 m

5.79
9.64 d
9.52 m 2.30 � 105y

2.10 h
4.13 m

59.07 m
6.5 s

6.9 m
2.23 m

3.72 m
1.7 m

58.4 s
56.0 s

39.7 s 1.45 s 1.050 s 530 ms 250 ms 190 ms 66.9 ms 58.4 ms 41.6 ms 32.9 ms

95In 96In 97In 98In 99In 100In 101In 102In 103In 104In 105In 106In 107In 108In 109In 110In 111In 112In 113In 114In 115In 116In 117In 118In 119In 120In 121In 122In 123In 124In 125In 126In 127In 128In 129In 130In 131In 132In 133In 134In 135In 136In 137In 138In 139In
4.167 h �49.51 d 95.71 �54.41 m �4.45 m �47.3 s �10.8 s �3.67 s �1.23 s �542 ms �0.35 s
�1.34 m 1.20 m 4.41 � 1014y 14.10 s 5.0 s �46.2 s �10.3 s 1.09 s 610 ms �540 ms �0.32 s
�0.209 s �43.1 ms �4.486 h �2.18 s �8.5 s 3.08 s 1.5 s 1.04 s 110 ms 290 ms 0.28 s

93Cd 94Cd 95Cd 96Cd 97Cd 98Cd 99Cd 100Cd 101Cd 102Cd 103Cd 104Cd 105Cd 106Cd 107Cd 108Cd 109Cd 110Cd 111Cd 112Cd 113Cd 114Cd 115Cd 116Cd 117Cd 118Cd 119Cd 120Cd 121Cd 122Cd 123Cd 124Cd 125Cd 126Cd 127Cd 128Cd 129Cd 130Cd 131Cd 132Cd 133Cd 134Cd 135Cd 136Cd

140 ms 92 ms 16.2 ms 12.2 ms 10.4 ms 7.39 ms3.7 s
3.12 s

12.2 s
2.36 s

1.64 s
1.53 s

840 ms
720 ms

207 ms 165 ms20.56 m
14.97 m

4.29
1.6579 h

1.94 h
43.2 m

18.0 m
2.4 m

3.88 m
23.1 s

47.4 s
6.17 s

5.07 m
48 s

6.2 m
5.2 m

32.4 m
50.4 s

58.0 m
39.6 m

4.9 h
1.15 h

2.8047 d
7.7 m

3.1 s 6.1 s 16 s 22 s
1.00 m
34 s

1.80 m
15.7 s

39.9 ms 27.4 ms

�� 
�

�
 
�
7.57 ms 7.18 ms 36.6 ms

1.7 s
45 ms

0.923 s 169 ms 126 ms 88.7 ms 70.2 ms 47.8 ms
39.5 m
�6.3 m

23.03 m �4.10 m
2.79 m

2.5 m �10.07 s
0.78 s

1.68 s57.21 42.79 2.75856 y 3.85 d
9.01 h
�10.4 m

4.40 h
�17.7 m

32.1 m �60.3 m
15.8 m

2.80 h �5.00 h
3.6 m

1.59 d �5.76 d
15.89 m

17.0 s 23.0 s 1.25 m 51.4 s 6.67 m 3.49 m
�� 
� 
�

87.8 ms 235 ms 440 ms 1.3 s 600 ms 4.0 s 7.4 s

115 ms 75.0 ms 63.8 ms 43.6 ms 37.9 ms 26.1 ms19.0 s 17.63 s 2.49 s 1.4 s 311 ms 149 ms�33.6 d
1.16 h

34.08
2.7 � 1021y

�1.39 d
25.0 m

3.204 d �55.4 m
12.5 m

41.8 m2.55 4.74
7.07

�57.40 d
18.84 �109 d

9.35 h
31.74

7.7 � 1024y
2.49 h

62 m
�103 ms

6.00 d �4.70 d
16.05 h

0.09 �154 d
19.16 d

18.6 s 19.3 s 2.0 m 1.7 m 15.2 m
5.8 m
�6.7 m

�� 
� 
�
27.1 ms

143 ms
� 1.68 �s

�� 
	 



�� 
�

0.235 s 146 ms 94.2 ms 85.0 ms 56.2 ms 50.6 ms24.84 s 1.684 s 1.791 s 0.994 s 0.587 s 321 ms
2.3 � 106y
�53 m

13.16 d
�19 s

30.08 y
33.41 m
�2.91 m

9.27 m 1.06 m1.336 d
29.21 m
�3.46 m

9.689 d 6.480 d 100
2.0652 y
�2.912 h

5.88 m
�1.64 s

�3.85 s
0.70 s

�8.4 s
�6.5 s

48.2 ms

�� ���

�� ���183 ms
� 1.19 s 570 ms 1.4 s

390 ms 206 ms 137 ms 104 ms 76.9 ms 59.2 ms�10.0 s
6.27 s

4.015 s 1.26 s 1.05 s 0.51 s

34.4 ms 30.7 ms

14.23 m 40.8 s 24.8 s6.45 m 19.5 h
11.6 m
�0.56 s

8.7 m 59 m
4.8 h
�24.3 m

3.912 h

30.8 s
�6.3 s

46.7 m 1.64 m 6.25 h 3.62 m

5.3 s 8.6 s 17 s
�29.21 s
�21 s

1.08 m
�390 ms

�54 s
�< 50 s

�17 s
14 s

43.0 s
�30.4 s

61.3 s
�57 s

2.58 m
�2.03 m

�� ���
233 ms 712 ms 1.58 s 2.8 s

152 ms
�49 s
�45 s

�1.783 m
�47 s

2.4 m �3.24 m
10 s

4.15 m
�180 ms

1.0 s 2.4 s 2.6 s 6.3 s 6.2 s 15 s

982 ms1.67855 d 3.92 h 1.518 h

��
143 ms 286 ms 439 ms 893 ms

9.87 m
�114 ms

6 � 104 y
0.090

1.02 � 1011y
99.910

5.1 m
�3.7 m

5.53 y 2.6234 y �41.29 d
5.368 d

2.212 d 2.68 h 1.183 d�5.95 m
9.2 s

20.90 m
40.5 s
�2.0 ms

265 d 363 d 17.7 y�22 s
~ 5 s

�


�	 ��� ���

1.64 s
1.928 d
�10.6 ms

22.75 22.3 m 9.4 h 8.0 m 5.30 m3.07 340 d 13.82 7.38 90 y 26.75

98.6 ms 81.5 ms 60.5 ms

�� ��� ��� ���

1.47 s 2.55 s 1.33 s 567 ms 320 ms 192 ms5.25 m
2.68 m
�1.73 m

41.5 s 26.70 s 10.56 s 4.8 s

45 s 3.1 m
2.57 m
�10.7 s

14.82 m �22.6 m
10.2 m

1.208 h1.2 s 4.0 s 2.9 s 9.5 s 10.3 s 47 s
�� ��	 ��
 ���

79.8 ms 153 ms 260 ms 490 ms 550 ms 1.56 s 660 ms 456 ms 269 ms 196 ms 134 ms11.37 s 9.6 s 4.8 s 2.4 s 3.07 s

365 ms 264 ms 163 ms 135 ms 96.4 ms 77.4 ms10.6 s 10.8 s 3.03 s 2.76 s 1.02 s 773 ms15.19 d 15.18 h 45.9 m 18.1 m 38 s 26 s93.1 d
36.9 y
�12.8 h

47.81
�600 ms

52.19
8.593 y
�46.0 m

4.753 y2.59 m 10.2 s 5.93 d 4.59 d 24.1 d 54.5 d11 s 12.1 s 17.9 s
1.51 s

125 ms
40.7 s
�2.7 s

�1.223 m
2.34 s

�� ��� ��� ���

��
1.02 s 2.09 s 0.5 s 1.5 s �3.3 s

531 ms 301 ms 233 ms 156 ms 133 ms 101 ms19.4 s 8.2 s 4.43 s 2.00 s 1.53 s 690 ms6.906 d 7.60 m 19.5 m 3.0 m 2.11 m 25.1 s
�4.2 m

2.34 d 5.32 d 71 y 100 72.3 d
1 s

30.9 s
�1.83 m �2.20 m �5.8 m �25 s

713 ms 1.30 s 1.47 s 1.6 s 2.4 s
3.5 s �303 ms 12 s

117La
24 ms
10 ms

121Pr
10 ms

130Eu
0.90 ms

131Eu
17.8 ms

135Tb
940 �s

140Ho
6 ms

141Ho
4.1 ms

8 �s

147Tm
560 ms

145Tm
3.1 �s

146Tm
198 ms

68 ms

150Lu
49 ms

151Lu
80.6 ms

144Nd
23.8

2.29 �1015y

147Sm
14.99

1.06 �1011y

148Sm
11.24 

7 �1015y

146Sm
1.03 �108y

148Gd
74.6 y

150Gd
1.79 �106y

152Gd
0.20

1.08 �1014y

149Tb
4.118 h
4.16 m

151Dy
17.9 m

150Dy
7.17 m

154Dy
3 �106y

153Ho
9.3 m
2.01 m

151Ho
47.2 s

35.2 s

152Ho
2.70 m
50.0 s

154Er
3.7 m

152Er
10.3 s

153Er
37.1 s

155Tm
45 s
21.6 s

153Tm
2.5 s
1.48 s

154Tm
8.1 s
3.30 s

155Yb
1.793 s

153Yb
4.2 s

154Yb
0.409 s

156Yb
26 s

157Yb
38.6 s

157Lu
6.8 s
4.79 s

155Lu
138 ms

68 ms
2.69 ms

156Lu
494 ms
198 ms

158Lu
10.4 s

158Hf
2.85 s

156Hf
23 ms
0.52 

157Hf
110 ms

161Hf
18.2 s

159Hf
5.20 s

160Hf
13.6 s

155Ta
12 �s

156Ta
144 ms
360 ms

159Ta
0.83 s
515 ms

157Ta
10.1 ms
4.3 ms
1.7 ms

158Ta
55 ms
36.0 ms

160Ta
1.7 s
1.55 s

161Ta
2.89 s

163Ta
10.6 s

160W
91 ms

158W
1.25 ms
0.143 

159W
8.2 ms

163W
2.8 s

161W
0.41 s

162W
1.36 s

164W
6.0 s

161Re
15.6 ms

370 �s

159Re
20 �s

160Re
0.82 ms

164Re
0.53 ms

162Re
107 ms
77 ms

163Re
390 ms
214 ms

167Re
6.2 s

3.4 s

165Re
2.61 s
2.32 s

166Re
2.24 s

164Os
21 ms

162Os
2.0 s

163Os
5.5 ms

167Os
0.84 s

165Os
71 ms

166Os
215 ms

170Os
7.37 s

168Os
2.10 s

169Os
3.4 s

171Os
8.3 s

172Os
19.2 s

174Hf
0.16

2.0 �1015y

166Ir
15.1 ms

10.5 ms

164Ir
94 �s

165Ir
300 �s

169Ir
0.353 s
0.281 s

167Ir
35.2 ms
30.0 ms

168Ir
161 ms

125 ms

172Ir
4.4 s
2.0 s

170Ir
0.87 s
811 ms

171Ir
1.46 s

175Ir
9 s

173Ir
9.0 s
2.20 s

174Ir
7.9 s
3.81 s

176Ir
8.3 s

171 Pt
34 ms

169 Pt
7.0 ms

170 Pt
13.93 ms

168 Pt
2.0 ms

166 Pt
0.3 ms

167 Pt
0.7 ms

174 Pt
0.870 s

172 Pt
0.096 ms

173 Pt
382 ms

177 Pt
11 s

175 Pt
2.54 s

176 Pt
6.3 s

180 Pt
56 s

178 Pt
21.1 s

179 Pt
21.1 s

186Os
1.59

2.0 �1015y

190Pt
0.014

6.5 �1011y

172Au
4 ms

170Au
0.62 ms

0.29 ms

171Au
1.02 ms

17 �s

175Au
160 ms

173Au
25 ms
14.0 ms

174Au
120 ms

178Au
2.6 s

176Au
1.08 s

177Au
1.462 s
1.18 s

181Au
13.7 s

179Au
7.1 s

180Au
8.1 s

182Au
15.6 s

183Au
42.0 s

173Hg
0.7 ms

171Hg
59 �s

172Hg
320 �s

176Hg
18 ms

174Hg
1.9 ms

175Hg
10.8 ms

179Hg
1.05 s

177Hg
127.3 ms

178Hg
266.5 ms

182Hg
10.83 s

180Hg
2.58 s

181Hg
3.6 s

185Hg
49.1 s
21.6 s

183Hg
10.7 s

8.8 s

184Hg
30.75 s

178Tl
254 ms

176Tl
5.2 ms

177Tl
18 ms
230 �s

181Tl
3.2 s
1.4 ms

179Tl
0.23 s
1.5 ms

180Tl
1.5 s

182Tl
3.1 s

184Tl
11 s

178Pb
230 �s

182Pb
55 ms

180Pb
4.4 ms

181Pb
45 ms

185Pb
6.3 s
4.3 s

183Pb
535 ms
415 ms

184Pb
490 ms

188Pb
25.1 s

186Pb
4.83 s

187Pb
18.3 s

15.2 s

189Pb
51 s

190Pb
1.2 m

186Bi
14.8 ms
9.8 ms

184Bi
13 ms
6.6 ms

185Bi
58 �s

189Bi
674 ms
5.0 ms

187Bi
32 ms
290 �s

188Bi
265 ms
60 ms

192Bi
39.6 s

34.6 s

190Bi
6.3 s
6.2 s

191Bi
12.3 s
150 ms

195Bi
3.05 m
1.45 m

193Bi
1.12 m
3.2 s

194Bi
2.08 m
1.92 m

1.58 m
204Pb

1.4
�1.4 �1017y
67.2 m

210Po
138.376 d

208Po
2.898 y

209Po
102 y

195Po
4.64 s
1.92 s

193Po
0.42 s
0.24 s

194Po
0.392 s

189Po
3.5 ms

187Po
1.40 ms

188Po
0.30 ms

192Po
33.2 ms

190Po
2.45 ms

191Po
98 ms

22 ms

198Po
1.77 m

196Po
5.73 s

197Po
53.6 s
25.8 s

201Po
15.3 m
8.9 m

199Po
5.48 m
4.17 m

200Po
11.5 m

204Po
3.53 h

202Po
44.7 m

203Po
36.7 m
45 s

206Po
8.8 d

213Po
4.2 �s

211Po
25.2 s
0.516 s

212Po
45.1 s
0.299 �s

216Po
145 ms

214Po
164.3 �s

99 ps

215Po
1.781 ms

217Po
1.46 s

218Po
3.098 m

193At
28 ms
27 ms
21 ms

191At
2.1 ms

1.7 ms

192At
88 ms
11.5 ms

196At
253 ms

194At
250 ms
40 ms

195At
328 ms
147 ms

199At
7.03 s

197At
2.0 s
388 ms

198At
4.1 s
1.03 s

202At
3.07 m
3.03 m
0.46 s

201At
85.2 s

205At
26.9 m

203At
7.4 m

204At
9.22 m
108 ms

208At
1.63 h

206At
30.6 m

207At
1.80 h

211At
7.214 h

209At
5.41 h

210At
8.1 h

214At
558 ns

212At
0.314 s
0.119 s

213At
0.125 �s

217At
32.3 ms

215At
0.10 ms

216At
0.30 ms

218At
1.5 s

219At
56 s

201Rn
7.1 s
3.8 s

199Rn
0.59 s
0.31 s

200Rn
0.96 s

195Rn
6 ms
5 ms

193Rn
1.15 ms

194Rn
0.78 ms

198Rn
65 ms

196Rn
3 ms

197Rn
66 ms
21 ms

204Rn
1.23 m

202Rn
10.0 s

203Rn
44 s
26.9 s

207Rn
9.25 m

205Rn
2.83 m

206Rn
5.67 m

210Rn
2.4 h

208Rn
24.35 m

209Rn
28.5 m

213Rn
25.0 ms

211Rn
14.6 h

212Rn
23.9 m

216Rn
45 �s

214Rn
0.27 �s

215Rn
2.30 �s

219Rn
3.96 s

217Rn
0.54 ms

218Rn
35 ms

222Rn
3.8235 d

220Rn
55.6 s

221Rn
25.7 m

207Fr
14.8 s

205Fr
3.92 s

206Fr
16 s
0.7 s

216Fr
0.70 �s

214Fr
5.0 ms
3.35 ms

215Fr
86 ns

201Fr
67 ms
19 ms

199Fr
12 ms

200Fr
0.57 s

49 ms

204Fr
1.7 s
1.6 s
0.8 s

202Fr
300 ms
290 ms

203Fr
0.549 s

210Fr
3.18 m

208Fr
59.1 s

209Fr
50.0 s

213Fr
34.6 s

211Fr
3.10 m

212Fr
20.0 m

219Fr
20 ms

217Fr
19 �s

218Fr
22.0 ms

1.0 ms

220Fr
27.4 s

221Fr
4.9 m

209Ra
4.7 s

207Ra
1.2 s
53 ms

208Ra
1.3 s

221Ra
28 s

219Ra
10 ms

220Ra
18 ms

203Ra
31 ms
24 ms

201Ra
1.6 ms

202Ra
0.7 ms

206Ra
0.24 s

204Ra
57 ms

205Ra
210 ms
170 ms

212Ra
13.0 s

210Ra
3.7 s

211Ra
13 s

215Ra
1.55 ms

213Ra
2.74 m
2.1 ms

214Ra
2.46 s

218Ra
25.2 �s

216Ra
182 ns
7 ns

217Ra
1.6 �s

224Ra
3.66 d

222Ra
36.17 s

223Ra
11.435 d

226Ra
1600 y

214Ac
8.2 s

212Ac
0.93 s

213Ac
0.80 s

208Ac
95 ms
25 ms

206Ac
33 ms

22 ms

207Ac
27 ms

211Ac
0.25 s

209Ac
98 ms

210Ac
350 ms

217Ac
69 ns

215Ac
0.17 s

216Ac
441 �s

440 �s

220Ac
26.4 ms

218Ac
1.08 �s

219Ac
11.8 �s

223Ac
2.10 m

221Ac
52 ms

222Ac
1.05 m

5.0 s

224Ac
2.78 h

225Ac
10.0 d

227Ac
21.772 y

211Th
37 ms

209Th
3.8 ms

210Th
9 ms

214Th
100 ms

212Th
30 ms

213Th
140 ms

217Th
251 �s

215Th
1.2 s

216Th
26.0 ms

220Th
9.7 �s

218Th
117 ns

219Th
1.05 �s

223Th
0.60 s

221Th
1.73 ms

222Th
2.237 ms

226Th
30.57 m

224Th
1.05 s

225Th
8.72 m

229Th
7340 y
13.9 h

227Th
18.68 d

228Th
1.92 y

230Th
7.538 �104y

232Th
100

1.405 �1010y

229Pa
1.50 d

227Pa
38.3 m

228Pa
22 h

214Pa
17 ms

212Pa
5.1 ms

213Pa
5.3 ms

217Pa
3.6 ms
1.5 ms
1.2 ms

215Pa
14 ms

216Pa
167 ms

220Pa
0.78 �s

218Pa
113 �s

219Pa
53 ns

223Pa
5.1 ms

221Pa
5.9 �s

222Pa
2.9 ms

226Pa
1.8 m

224Pa
0.79 s

225Pa
1.7 s

231Pa
3.276 �104y

219U
0.08 ms

217U
16 ms

218U
0.51 ms

224U
0.7 ms

222U
1.0 �s

223U
18 �s

227U
1.1 m

225U
61 ms

226U
0.35 s

230U
20.8 d

228U
9.1 m

229U
58 m

234U
0.0055

2.455 �105y

232U
68.9 y

233U
1.592 �105y

235U
0.720

7.038 �108y
25 m

236U
2.342 �107y

238U
99.2745

4.468 �109y

236Np
1.54 �105y
22.5 h

237Np
2.144 �106y

228Np
1.02 m

226Np
35 ms

227Np
510 ms

231Np
48.8 m

229Np
4.0 m

230Np
4.6 m

230Pu
1.7 m

228Pu
1.1 s

229Pu
2.0 m

233Pu
20.9 m

231Pu
8.6 m

232Pu
34.1 m

234Pu
8.8 h

236Pu
2.858 y
30 ps

240Pu
6561 y

238Pu
87.7 y

239Pu
2.4110 �104y

242Pu
3.735 �105y

244Pu
8.11 �107y

232Am
1.32 m

233Am
3.2 m

235Am
9.9 m

243Am
7370 y

241Am
432.6 y

242Am
141 y
16.02 h

51 s

234Cm 238Cm
2.4 h

242Cm
162.94 d

40 ps

240Cm
27 d

241Cm
32.8 d

245Cm
8500 y

243Cm
29.1 y

244Cm
18.11 y
34 ms

248Cm
3.48 �105y

246Cm
4760 y

247Cm
1.56 �107y 9700 y

250Cm

243Bk
4.5 h

245Bk
4.94 d

247Bk
1380 y

248Bk
> 9 y
23.7 h

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

109I
100 �s

110I
0.65 s

108I
36 ms

107Te
3.1 ms

105Te
0.70 �s

106Te
60 �s

108Te
2.1 s

109Te
4.6 s

112Cs
0.5 ms

113Cs
16.7 �s

114Ba
430 ms

111Xe
740 ms

112Xe
2.7 s

110Xe
105 ms

109Xe
13 ms

212Bi
1.009 h
25.0 m
7.0 m

210Bi
3.04 �106y

5.012 d

211Bi
2.14 m

213Bi
45.59 m

209Bi
100

1.9 �1019y

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

93Cd 94Cd 95Cd 96Cd 97Cd 98Cd 99Cd 100Cd 101Cd 102Cd 103Cd 104Cd 105Cd 106Cd 107Cd 108Cd 109Cd 110Cd 111Cd 112Cd 113Cd 114Cd 115Cd 116Cd 117Cd 118Cd 119Cd 120Cd 121Cd 122Cd 123Cd 124Cd 125Cd 126Cd 127Cd 128Cd 129Cd 130Cd 131Cd 132Cd 133Cd 134Cd 135Cd 136Cd
12.22

8.04 � 1015y
�14.1 y

92Ag 93Ag 94Ag 95Ag 96Ag 97Ag 98Ag 99Ag 100Ag 101Ag 102Ag 103Ag 104Ag 105Ag 106Ag 107Ag 108Ag 109Ag 110Ag 111Ag 112Ag 113Ag 114Ag 115Ag 116Ag 117Ag 118Ag 119Ag 120Ag 121Ag 122Ag 123Ag 124Ag 125Ag 126Ag 127Ag 128Ag 129Ag 130Ag 131Ag 132Ag
�0.55 s 1.74 s
�0.40 s �< 500 ms

26 ms < 40 ms
89Pd 90Pd 91Pd 92Pd 93Pd 94Pd 95Pd 96Pd 97Pd 98Pd 99Pd 100Pd 101Pd 102Pd 103Pd 104Pd 105Pd 106Pd 107Pd 108Pd 109Pd 110Pd 111Pd 112Pd 113Pd 114Pd 115Pd 116Pd 117Pd 118Pd 119Pd 120Pd 121Pd 122Pd 123Pd 124Pd 125Pd 126Pd 127Pd 128Pd
8.34 ms 15.4 ms 48.1 ms 1.1 s 0.79 s 9.0 s 13.3 s 2.03 m 3.10 m 17.7 m 21.4 m 3.63 d 8.47 h 1.02 16.991 d 11.14 22.33 27.33 6.5 � 106y

21.3 s
26.46

13.7012 h
4.69 m

11.72 5.5 h
23.4 m

21.03 h
1.55 m
0.3 s

2.42 m 50 s
25 s

11.8 s
4.3 s

19.1 ms
1.9 s 0.92 s 0.5 s 1.44 s 519 ms 230 ms 99.4 ms 86.1 ms 64.6 ms 62.5 ms 44.9 ms

88Rh 89Rh 90Rh 91Rh 92Rh 93Rh 94Rh 95Rh 96Rh 97Rh 98Rh 99Rh 100Rh 101Rh 102Rh 103Rh 104Rh 105Rh 106Rh 107Rh 108Rh 109Rh 110Rh 111Rh 112Rh 113Rh 114Rh 115Rh 116Rh 117Rh 118Rh 119Rh 120Rh 121Rh 122Rh 123Rh 124Rh 125Rh 126Rh 127Rh
9.38 ms 56.1 ms 1.1 s

15 ms
1.47 s 4.66 s

0.53 s
11.9 s

1.18 m
25.8 s

5.02 m
1.96 m

9.90 m
1.51 m

46.2 m
30.7 m

8.72 m
3.6 m

16.1 d
4.7 h

20.8 h
4.6 m

3.3 y
4.34 d

3.742 y
207 d

100
56.114 m

4.34 m
42.3 s

1.47 d
~ 40 s

2.18 h
30.07 s

21.7 m 6.0 m
16.8 s

1.33 m 28.5 s
3.2 s

11 s 6.8 s
3.8 s

2.80 s
1.85 s
1.85 s

990 ms
0.68 s
0.57 s

0.44 s 266 ms 467 ms 202 ms 101 ms 67.8 ms 51.7 ms 45.1 ms 35.0 ms 32.8 ms 24.5 ms

84Ru 85Ru 86Ru 87Ru 88Ru 89Ru 90Ru 91Ru 92Ru 93Ru 94Ru 95Ru 96Ru 97Ru 98Ru 99Ru 100Ru 101Ru 102Ru 103Ru 104Ru 105Ru 106Ru 107Ru 108Ru 109Ru 110Ru 111Ru 112Ru 113Ru 114Ru 115Ru 116Ru 117Ru 118Ru 119Ru 120Ru 121Ru 122Ru 123Ru 124Ru
7.95 ms 9.14 ms 18.1 ms 59.5 ms 1.3 s 1.2 s 11 s

9 s
7.6 s

3.65 m
59.7 s
10.8 s

51.8 m 1.643 h 5.54 2.9 d 1.87 12.76 12.60 17.06 31.55
39.26 d
1.69 ms

18.62 4.44 h 1.021 y 3.75 m 4.55 m 34.5 s 11.6 s 2.12 s 1.75 s
0.9 s
510 ms

0.53 s 0.74 s 694 ms 326 ms 130 ms 81.3 ms 62.3 ms 50.1 ms 37.2 ms 33.7 ms 25.1 ms

83Tc 84Tc 85Tc 86Tc 87Tc 88Tc 89Tc 90Tc 91Tc 92Tc 93Tc 94Tc 95Tc 96Tc 97Tc 98Tc 99Tc 100Tc 101Tc 102Tc 103Tc 104Tc 105Tc 106Tc 107Tc 108Tc 109Tc 110Tc 111Tc 112Tc 113Tc 114Tc 115Tc 116Tc 117Tc 118Tc 119Tc 120Tc 121Tc
10.6 ms 10.8 ms 73.1 ms 54 ms 2.18 s

6.4 s
5.8 s

12.9 s
12.8 s

49.2 s
8.7 s

3.3 m
3.14 m

4.25 m
2.75 h
43.5 m

4.88 h
52.0 m

61 d
20.0 h

4.28 d
51.5 m

2.6 � 106y
90.1 d

4.2 � 106y
2.11 � 105y
6.015 h

15.46 s 14.2 m 4.35 m
5.28 s

54.2 s 18.3 m 7.6 m 35.6 s 21.2 s 5.17 s 0.86 ms 920 ms 290 ms 0.28 s 170 ms 150 ms 136 ms 72.7 ms 48.5 ms 40.4 ms 32.5 ms 27.0 ms 20.5 ms

79Mo 80Mo 81Mo 82Mo 83Mo 84Mo 85Mo 86Mo 87Mo 88Mo 89Mo 90Mo 91Mo 92Mo 93Mo 94Mo 95Mo 96Mo 97Mo 98Mo 99Mo 100Mo 101Mo 102Mo 103Mo 104Mo 105Mo 106Mo 107Mo 108Mo 109Mo 110Mo 111Mo 112Mo 113Mo 114Mo 115Mo 116Mo 117Mo 118Mo
6.56 ms 9.16 ms 10.6 ms 22.9 ms 23 ms 3.8 ms 3.2 s 19.6 s

13.4 s
3.6 s

8.0 m
2.11 m
190 ms

5.67 h
15.49 m
64.6 s

14.84 4.0 � 103y
6.85 h

9.25 15.92 16.68 9.55 24.13 2.7475 d
9.63

7.3 � 1018y
14.61 m 11.3 m 1.13 m 1.00 m 35.6 s 8.73 s 3.5 s 1.09 s 530 ms 0.30 s 449 ms 186 ms 96.9 ms 57.2 ms 47.0 ms 34.5 ms 30.0 ms 23.0 ms

78Nb 79Nb 80Nb 81Nb 82Nb 83Nb 84Nb 85Nb 86Nb 87Nb 88Nb 89Nb 90Nb 91Nb 92Nb 93Nb 94Nb 95Nb 96Nb 97Nb 98Nb 99Nb 100Nb 101Nb 102Nb 103Nb 104Nb 105Nb 106Nb 107Nb 108Nb 109Nb 110Nb 111Nb 112Nb 113Nb 114Nb 115Nb 116Nb 117Nb
8.54 ms 12.6 ms 12.4 ms 93.2 ms 50 ms 4.1 s 9.5 s

20.9 s
12 s

1.47 m
56.3 s

3.75 m
2.6 m

14.55 m
7.8 m

2.03 h
1.1 h

14.60 h
18.81 s

680 y
60.86 d

3.47 � 107y
10.15 d

100
16.13 y

2.03 � 104y
6.263 m

34.991 d
3.61 d

23.35 h
1.20 h
52.7 s

51.3 m
2.86 s

2.6 m
15.0 s

2.99 s
1.5 s

7.1 s 4.3 s
1.3 s

1.5 s
4.8 s
0.94 s

2.95 s 0.93 s 300 ms 0.193 s 190 ms 170 ms 54.6 ms 40.3 ms 30.3 ms 24.9 ms 19.3 ms 16.7 ms 12.7 ms

74Zr 75Zr 76Zr 77Zr 78Zr 79Zr 80Zr 81Zr 82Zr 83Zr 84Zr 85Zr 86Zr 87Zr 88Zr 89Zr 90Zr 91Zr 92Zr 93Zr 94Zr 95Zr 96Zr 97Zr 98Zr 99Zr 100Zr 101Zr 102Zr 103Zr 104Zr 105Zr 106Zr 107Zr 108Zr 109Zr 110Zr 111Zr 112Zr 113Zr 114Zr
6.57 ms 7.69 ms 11.0 ms 13.0 ms 27.2 ms 56 ms 4.6 s 5.5 s 32 s

41.6 s
6.0 s

25.9 m
7.86 m
10.9 s

16.5 h
1.68 h
14.0 s

83.4 d
3.27 d
4.161 m

51.45
809.2 ms

11.22 17.15 1.53 � 106y 17.38 64.032 d
2.80

3.9 � 1019  y
16.744 h 30.7 s 2.1 s 7.1 s 2.3 s 2.9 s 1.3 s 1.2 s 600 ms 263 ms 164 ms 79.8 ms 56.0 ms 35.8 ms 28.6 ms 21.4 ms 18.3 ms 13.9 ms

73Y 74Y 75Y 76Y 77Y 78Y 79Y 80Y 81Y 82Y 83Y 84Y 85Y 86Y 87Y 88Y 89Y 90Y 91Y 92Y 93Y 94Y 95Y 96Y 97Y 98Y 99Y 100Y 101Y 102Y 103Y 104Y 105Y 106Y 107Y 108Y 109Y 110Y 111Y
3.75 s
�1.17 s
�142 ms

69Sr 70Sr 71Sr 72Sr 73Sr 74Sr 75Sr 76Sr 77Sr 78Sr 79Sr 80Sr 81Sr 82Sr 83Sr 84Sr 85Sr 86Sr 87Sr 88Sr 89Sr 90Sr 91Sr 92Sr 93Sr 94Sr 95Sr 96Sr 97Sr 98Sr 99Sr 100Sr 101Sr 102Sr 103Sr 104Sr 105Sr 106Sr 107Sr 108Sr 109Sr 110Sr
4.98 ms 7.57 ms 9.30 ms 13.4 ms 15.9 ms 35.5 ms 88 ms 8.9 s 9.0 s 2.5 m 2.25 m 1.772 h 22.3 m 25.55 d

1.35 d
�4.95 s

0.56
64.84 d
1.13 h

9.86
7.00

2.815 h
82.58 50.53 d 28.79 y 9.63 h 2.71 h 7.423 m 1.26 m 23.90 s 1.07 s 426 ms 653 ms 269 ms 202 ms 118 ms 69 ms 84.5 ms 49.8 ms 37.8 ms 24.5 ms 19.4 ms 13.3 ms 12.0 ms 8.78 ms

69Rb 70Rb 71Rb 72Rb 73Rb 74Rb 75Rb 76Rb 77Rb 78Rb 79Rb 80Rb 81Rb 82Rb 83Rb 84Rb 85Rb 86Rb 87Rb 88Rb 89Rb 90Rb 91Rb 92Rb 93Rb 94Rb 95Rb 96Rb 97Rb 98Rb 99Rb 100Rb 101Rb 102Rb 103Rb 104Rb 105Rb 106Rb 107Rb 108Rb 109Rb
10.8 ms 13.0 ms 19.1 ms 18.8 ms 150 ms 64.776 ms 19.0 s 36.5 s 3.77 m

17.66 m
5.74 m

22.9 m 34 s
4.572 h
30.5 m

6.472 h
1.273 m

86.2 d
32.77 d
20.26 m

72.17
18.631 d
1.017 m

27.83
4.81 � 1010y

17.773 m 15.15 m 4.30 m
2.63 m

58.4 s 4.492 s 5.84 s 2.702 s 377.5 ms 201.3 ms 169.9 ms
114 ms
96 ms

50.3 ms 51 ms 32 ms 37 ms 23.8 ms 18.6 ms 12.5 ms 10.5 ms 7.70 ms 6.90 ms 5.26 ms

66Kr 67Kr 68Kr 69Kr 70Kr 71Kr 72Kr 73Kr 74Kr 75Kr 76Kr 77Kr 78Kr 79Kr 80Kr 81Kr 82Kr 83Kr 84Kr 85Kr 86Kr 87Kr 88Kr 89Kr 90Kr 91Kr 92Kr 93Kr 94Kr 95Kr 96Kr 97Kr 98Kr 99Kr 100Kr 101Kr 102Kr 103Kr 104Kr
9.03 ms 11.1 ms 17.2 ms 32 ms 52 ms 64 ms 17.2 s 27.3 s 11.50 m 4.29 m 14.8 h 1.24 h

0.35
�2.0 � 1021y

1.46 d
50 s

2.28 2.29 � 105y
13.10 s

11.58
11.49
1.83 h

57.00
10.756 y
4.480 h

17.30 1.27 h 2.84 h 3.15 m 32.32 s 8.57 s 1.840 s 1.286 s 0.20 s 0.78 s 80 ms 63 ms 46 ms 40 ms 31.6 ms 24.3 ms 15.0 ms 12.2 ms 8.59 ms

65Br 66Br 67Br 68Br 69Br 70Br 71Br 72Br 73Br 74Br 75Br 76Br 77Br 78Br 79Br 80Br 81Br 82Br 83Br 84Br 85Br 86Br 87Br 88Br 89Br 90Br 91Br 92Br 93Br 94Br 95Br 96Br 97Br 98Br 99Br 100Br 101Br
13.3 ms 16.0 ms 25.1 ms 24.8 ms 192 ms 2.2 s

79.1 ms
21.4 s

1.31 m
10.6 s

3.4 m 46 m
25.4 m

1.61 h
16.2 h
1.31 s

2.38 d
4.28 m

6.46 m
50.69
4.86 s

4.4205 h
17.68 m

49.31 1.47 d
6.13 m

2.40 h
31.80 m
6.0 m

2.90 m 55.0 s 55.60 s 16.5 s 4.40 s 1.92 s 541 ms 343 ms 102 ms 70 ms 63.5 ms 49.3 ms 32.3 ms 23.6 ms 15.1 ms 11.6 ms 8.17 ms

62Se 63Se 64Se 65Se 66Se 67Se 68Se 69Se 70Se 71Se 72Se 73Se 74Se 75Se 76Se 77Se 78Se 79Se 80Se 81Se 82Se 83Se 84Se 85Se 86Se 87Se 88Se 89Se 90Se 91Se 92Se 93Se 94Se 95Se 96Se 97Se
10.4 ms 13.4 ms 22.5 ms 27.2 ms 33 ms 136 ms 35.5 s 27.4 s 41.1 m 4.74 m 8.40 d

7.15 h
39.8 m

0.89 119.79 d 9.37
7.63

17.36 s
23.77 2.95 � 105y

3.92 m
49.61 57.28 m

18.45 m
8.73

0.83 � 1020y
22.3 m
1.17 m

3.1 m 31.7 s 15.3 s 5.29 s 1.53 s 0.41 s 160 ms 0.27 s 74.8 ms 58.1 ms 41.1 ms 31.7 ms 19.4 ms 14.1 ms

61As 62As 63As 64As 65As 66As 67As 68As 69As 70As 71As 72As 73As 74As 75As 76As 77As 78As 79As 80As 81As 82As 83As 84As 85As 86As 87As 88As 89As 90As 91As 92As 93As 94As 95As 96As
15.7 ms 20.5 ms 34.2 ms 18 ms 128 ms 95.77 ms 42.5 s

2.53 m
1.85 m

15.23 m 52.6 m 2.72 d 1.08 d 80.30 d 17.77 d 100 1.093 d 1.62 d 1.51 h 9.01 m 15.2 s 33.3 s
19.1 s
13.6 s

13.4 s 4.5 s 2.028 s 0.945 s 0.48 s 92.1 ms 66.0 ms 47.7 ms 34.3 ms 26.5 ms 18.6 ms 13.0 ms 8.81 ms 7.07 ms

58Ge 59Ge 60Ge 61Ge 62Ge 63Ge 64Ge 65Ge 66Ge 67Ge 68Ge 69Ge 70Ge 71Ge 72Ge 73Ge 74Ge 75Ge 76Ge 77Ge 78Ge 79Ge 80Ge 81Ge 82Ge 83Ge 84Ge 85Ge 86Ge 87Ge 88Ge 89Ge 90Ge 91Ge 92Ge
8 51 10 9 30 4 40 129 142 1 062 30 9 2 26 h 18 9 270 95 d 1 63 d 20 84

11.43 d
27 54

7.73
36 28

1.38 h
7 61

11.30 h
1 47 h 39.0 s 29 5

7.6 s
4 55 1 85 947 535 87 8 62 3 43 0 32 7 21 4 16 0 10 4

8.3 s
7.08 m
2.85 m

40 m
4.6 s

4.86 h
2.68 h
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8.82 ms 10.1 ms 15.3 ms 16.0 ms 63 ms

50 ms
5.7 s

14.8 s 12.0 ms

�	
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�� �
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88.8 ms

�� �� �	

��

�� �� ��

180 ms3.54 h
10.18 h
0.82 s

18.7 m 10.3 m 9.6 s
5.34 s

2.0 s
548 ms

14.74 h
48 m

3.33 d
13.37 h

106.626 d
100

15.663 s
2.67 d
3.19 h

58.51 d
49.71 m

30.1 s
4.8 s

1.17 m 57.8 ms 36.0 ms 27.2 ms 18.9 ms 16.0 ms1.478 s 940 ms
735 ms

0.45 s
360 ms
300 ms

230 ms

��

�� 	� 	�

�� �
 	�

50 ms 12.5 ms 11.4 ms

�� 	� 	� 	�

0.172 s 0.166 s 107 ms 109 ms 58 ms 44 ms
3.76 s
2.0 s

6.0 s
2.1 s

1.23 s
0.32 s

780 ms 0.529 s 296 ms3.130 h
5.37 h
1.15 m

4.6 s
1.50 ms

20.0 m
18.0 s

2.68 m
8.6 s

1.21 m
5.34 s

8.28 d
23.96 m

51.839
44.3 s

438 y
2.382 m

48.161
39.6 s

249.76 d
24.6 s

7.45 d
1.08 m

2.24 m
2.01 m

11.1 m
3.10 s

12.9 m
7.7 m

1.10 h
5.7 s

1.15 h
33.5 m

41.29 d
7.23 m

�� 	� 	� 		
7.48 ms 45.8 ms

6.9 s
4.40 s 25.3 s 46.7 s

2.07 m
10.5 s

68 ms 97 ms 18.4 ms 14.3 ms 12.8 ms 9.25 ms
650 ms
0.48 ms

0.515 s 0.43 s 340 ms 270 ms 162 ms
2.69 m
2.20 m

50.80 s
13.5 s
8.3 s

5.24 s
2.10 s
1.82 s

1.25 s24.13 28.73 �44.56 d
2.23 d

7.49
2.9 � 1019y

3.36 h
2.49 h

50.3 m1.25 6.50 h 0.89 1.267 y 12.49
12.80

48.54 m49.1 s 1.36 m 5.5 m 7.3 m 57.7 m 55.5 m
�	 	
 
�

7.12 ms 12.4 ms 39.0 ms 1.03 s 3 s 9.2 s 16 s

8.51 ms 10.9 ms 30.4 ms 40 ms 129 ms 142 ms 1.062 m 30.9 s 2.26 h 18.9 m 270.95 d 1.63 d 20.84
. 3 d

20.40 ms
27.54

7.73
0.499 s

36.28
.38
47.7 s

7.61
.30

52.9 s
1.47 h 39.0 s

18.98 s
29.5 s

7.6 s
7.6 s

4.55 s 1.85 s 947 ms 535 ms 87.8 ms 62.3 ms 43.0 ms 32.7 ms 21.4 ms 16.0 ms 10.4 ms

57Ga 58Ga 59Ga 60Ga 61Ga 62Ga 63Ga 64Ga 65Ga 66Ga 67Ga 68Ga 69Ga 70Ga 71Ga 72Ga 73Ga 74Ga 75Ga 76Ga 77Ga 78Ga 79Ga 80Ga 81Ga 82Ga 83Ga 84Ga 85Ga 86Ga 87Ga 88Ga 89Ga 90Ga 91Ga
13.3 ms 16.7 ms 46.0 ms 70 ms 116.18 ms 116.121 ms 32.4 s 2.627 m 15.2 m 9.49 h 3.2617 d 1.1285 h 60.108 21.14 m 39.892

14.10 h
39.68 ms

4.86 h
8.12 m
9.5 s

2.10 m 32.6 s 13.2 s 5.09 s 2.847 s 1.697 s 1.217 s 0.599 s 0.31 s 85 ms 38.8 ms 28.1 ms 19.4 ms 14.2 ms 9.52 ms 7.70 ms 5.62 ms

54Zn 55Zn 56Zn 57Zn 58Zn 59Zn 60Zn 61Zn 62Zn 63Zn 64Zn 65Zn 66Zn 67Zn 68Zn 69Zn 70Zn 71Zn 72Zn 73Zn 74Zn 75Zn 76Zn 77Zn 78Zn 79Zn 80Zn 81Zn 82Zn 83Zn 84Zn 85Zn 86Zn 87Zn 88Zn
3.2 ms 19.8 ms 30.0 ms 40 ms 84 ms 182.0 ms 2.38 m

1.49 m
140 ms

9.26 h 38.47 m 48.6 244.06 d 27.9 4.1 18.8 13.76 h
56.4 m

0.6 3.96 h
2.45 m

1.94 d
23.5 s
5.8 s

1.59 m 10.2 s 5.7 s
2.08 s
1.05 s

1.47 s 995 ms 545 ms 290 ms 57.6 ms 43.6 ms 25.3 ms 19.4 ms 13.3 ms 10.6 ms 7.04 ms

54Cu 55Cu 56Cu 57Cu 58Cu 59Cu 60Cu 61Cu 62Cu 63Cu 64Cu 65Cu 66Cu 67Cu 68Cu 69Cu 70Cu 71Cu 72Cu 73Cu 74Cu 75Cu 76Cu 77Cu 78Cu 79Cu 80Cu 81Cu 82Cu 83Cu
44.5 s
�33 s
�6.6 s

47Ni 48Ni 49Ni 50Ni 51Ni 52Ni 53Ni 54Ni 55Ni 56Ni 57Ni 58Ni 59Ni 60Ni 61Ni 62Ni 63Ni 64Ni 65Ni 66Ni 67Ni 68Ni 69Ni 70Ni 71Ni 72Ni 73Ni 74Ni 75Ni 76Ni 77Ni 78Ni 79Ni 80Ni 81Ni 82Ni
2.96 ms 7.78 ms 12 ms 17.2 ms 23.8 ms 38 ms 45 ms 104 ms 204.7 ms 6.075 d 35.60 h 68.077 7.6 � 104y 26.223 1.140 3.634 100.1 y 0.926 2.51719 h 2.28 d 21 s 29 s

11.4 s
3.5 s

6.0 s 2.56 s 1.57 s 840 ms 0.68 s 344 ms 238 ms 128 ms 110 ms 24.9 ms 15.8 ms 12.3 ms 8.74 ms

46Co 47Co 48Co 49Co 50Co 51Co 52Co 53Co 54Co 55Co 56Co 57Co 58Co 59Co 60Co 61Co 62Co 63Co 64Co 65Co 66Co 67Co 68Co 69Co 70Co 71Co 72Co 73Co 74Co 75Co 76Co 77Co 78Co 79Co
4.88 ms 12.6 ms 16.4 ms 29.1 ms 38.81 ms 68.8 ms 115 ms

240 ms
247 ms

1.48 m
193.28 ms

17.53 h 77.233 d 271.74 d
70.86 d
9.04 h

100
5.271 y
10.467 m

1.650 h 13.91 m
1.50 m

27.4 s 0.30 s 1.20 s 0.233 s 425 ms 1.6 s
0.199 s

216 ms �500 ms
119 ms

79 ms 90 ms 41 ms 36.7 ms 24.7 ms 17.5 ms 11.4 ms 4.84 ms 3.70 ms

44Fe 46Fe 47Fe 48Fe 49Fe 50Fe 51Fe 52Fe 53Fe 54Fe 55Fe 56Fe 57Fe 58Fe 59Fe 60Fe 61Fe 62Fe 63Fe 64Fe 65Fe 66Fe 67Fe 68Fe 69Fe 70Fe 71Fe 72Fe 73Fe 74Fe 75Fe 76Fe 77Fe 78Fe
5.42 ms 13.0 ms 21.8 ms 44 ms 70 ms 150 ms 305 ms

8.275 h
45.9 s

8.51 m
2.526 m

5.845 2.744 y 91.754 2.119 0.282 44.495 d 1.5 � 106y 5.98 m 1.13 m 6.1 s 2.0 s 1.32 s 440 ms 470 ms 132 ms 170 ms 94 ms 58.6 ms 38.0 ms 25.8 ms 14.0 ms 10.4 ms 7.43 ms 3.66 ms 2.78 ms

43Mn 44Mn 45Mn 46Mn 47Mn 48Mn 49Mn 50Mn 51Mn 52Mn 53Mn 54Mn 55Mn 56Mn 57Mn 58Mn 59Mn 60Mn 61Mn 62Mn 63Mn 64Mn 65Mn 66Mn 67Mn 68Mn 69Mn 70Mn 71Mn 72Mn 73Mn 74Mn 75Mn
9.87 ms 13.9 ms 37.1 ms 36.2 ms 100 ms 158.1 ms 382 ms 1.75 m

283.10 ms
46.2 m

5.591 d
21.1 m 3.74 � 106y 312.05 d 100 2.5789 h 1.42 m 1.09 m

3.0 s
4.59 s 1.77 s

0.28 s
0.67 s

0.88 s
92 ms

275 ms
90 ms
0.50 ms

92 ms 66 ms 42 ms 28 ms 14 ms 24.2 ms 13.2 ms 9.04 ms 5.94 ms 5.39 ms 4.00 ms

40Cr 41Cr 42Cr 43Cr 44Cr 45Cr 46Cr 47Cr 48Cr 49Cr 50Cr 51Cr 52Cr 53Cr 54Cr 55Cr 56Cr 57Cr 58Cr 59Cr 60Cr 61Cr 62Cr 63Cr 64Cr 65Cr 66Cr 67Cr 68Cr 69Cr 70Cr 71Cr 72Cr
4.89 ms 7.73 ms 13.4 ms 21.6 ms 53 ms 50 ms 260 ms 500 ms 21.56 h 42.3 m

4.345
> 1.8  � 1017y

27.7010 d 83.789 9.501 2.365 3.497 m 5.94 m 21.1 s 7.0 s 0.46 s 0.49 s 251 ms 209 ms 113 ms 43 ms 27 ms 10 ms 31.1 ms 17.2 ms 11.6 ms 7.14 ms 6.07 ms 4.12 ms

39V 40V 41V 42V 43V 44V 45V 46V 47V 48V 49V 50V 51V 52V 53V 54V 55V 56V 57V 58V 59V 60V 61V 62V 63V 64V 65V 66V 67V 68V 69V
8.98 ms 14.0 ms 32.1 ms 45.7 ms 79.3 ms

111 ms
150 ms

547 ms
422.50 ms
1.02 ms

32.6 m 15.9735 d 330 d
0.250

1.4 � 1017y
99.750 3.743 m 1.61 m 49.8 s 6.54 s 216 ms 350 ms 185 ms 97 ms

122 ms
40 ms

41 ms 33.5 ms 17 ms 24.2 ms 14.3 ms 10.0 ms 6.67 ms 5.51 ms 3.80 ms

37Ti 38Ti 39Ti 40Ti 41Ti 42Ti 43Ti 44Ti 45Ti 46Ti 47Ti 48Ti 49Ti 50Ti 51Ti 52Ti 53Ti 54Ti 55Ti 56Ti 57Ti 58Ti 59Ti 60Ti 61Ti 62Ti 63Ti 64Ti 65Ti 66Ti 67Ti 68Ti
6.99 ms 16.5 ms 26 ms 53.3 ms 80.4 ms 199 ms 509 ms 58.9 y 3.08 h 8.25 7.44 73.72 5.41 5.18 5.76 m 1.7 m 32.7 s 1.5 s 1.3 s 200 ms 98 ms 59 ms 30 ms 22 ms 29.1 ms 17.2 ms 12.5 ms 7.69 ms 6.39 ms 4.49 ms 3.72 ms 2.53 ms

36Sc 37Sc 38Sc 39Sc 40Sc 41Sc 42Sc 43Sc 44Sc 45Sc 46Sc 47Sc 48Sc 49Sc 50Sc 51Sc 52Sc 53Sc 54Sc 55Sc 56Sc 57Sc 58Sc 59Sc 60Sc 61Sc 62Sc 63Sc 64Sc 65Sc
13.2 ms 32.6 ms 51.3 ms 121 ms 182.3 ms 596.3 ms 62.0 s

680.8 ms
3.891 h 2.44 d

3.97 h
100

318 ms
83.79 d
18.75 s

3.3492 d 1.82d 57.18 m
1.708 m
0.35 s

12.4 s 8.2 s > 3 s 292 ms 105 ms 80.9 ms 13 ms 12 ms 18.0 ms 13.4 ms 8.83 ms 6.41 ms 4.29 ms 3.49 ms 2.37 ms

34Ca 35Ca 36Ca 37Ca 38Ca 39Ca 40Ca 41Ca 42Ca 43Ca 44Ca 45Ca 46Ca 47Ca 48Ca 49Ca 50Ca 51Ca 52Ca 53Ca 54Ca 55Ca 56Ca 57Ca 58Ca 59Ca 60Ca 62Ca 64Ca
18.0 ms 50 ms 100 ms 175 ms 440 ms 859.6 ms 96.941 1.02 � 105y 0.647 0.135 2.086 162.61 d 0.004 4.536 d

0.187
1.9 � 1019y

8.718 m 13.9 s 10.0 s 4.6 s 90 ms 86 ms 22 ms 11 ms 19.3 ms 12.3 ms 10.0 ms 6.75 ms 3.00 ms 1.74 ms

33K 34K 35K 36K 37K 38K 39K 40K 41K 42K 43K 44K 45K 46K 47K 48K 49K 50K 51K 52K 53K 54K 55K 56K 57K 58K 59K 61K 63K
38.6 ms 70.2 ms 190 ms 342 ms 1.226 s

7.636 m
924.0 ms

93.2581
0.0117

1.25 � 109y
6.7302 12.360 h 22.3 h 22.13 m 17.81 m 1.75 m 17.50 s 6.8 s 1.26 s 472 ms 365 ms 105 ms 30 ms 10 ms 7.58 ms 6.02 ms 3.99 ms 3.18 ms 2.21 ms 1.27 ms 913 �s

30Ar 31Ar 32Ar 33Ar 34Ar 35Ar 36Ar 37Ar 38Ar 39Ar 40Ar 41Ar 42Ar 43Ar 44Ar 45Ar 46Ar 47Ar 48Ar 49Ar 50Ar 51Ar 52Ar 53Ar 54Ar 56Ar 58Ar 60Ar
10.4 ms 15 ms 98 ms 173.0 ms 0.8445 s 1.775 s 0.3365 35.04 d 0.0632 269 y 99.6003 1.8268 h 32.9 y 5.37 m 11.87 m 21.48 s 8.4 s 1.23 s 475 m 170 ms 85 ms 14.1 ms 8.72 ms 7.09 ms 4.69 ms 2.44 ms 1.412 ms 896 �s

29Cl 30Cl 31Cl 32Cl 33Cl 34Cl 35Cl 36Cl 37Cl 38Cl 39Cl 40Cl 41Cl 42Cl 43Cl 44Cl 45Cl 46Cl 47Cl 48Cl 49Cl 50Cl 51Cl 52Cl 53Cl 55Cl
24.0 ms 41.5 ms 150 ms 298 ms 2.511 s 32.00 m

1.5264 s
75.78 3.01 � 105y 24.22

37.230 m
715 ms

55.6 m 1.35 m 38.4 s 6.9 s 3.07 s 0.56 s 400 ms 223 ms 101 ms 17.5 ms 10.3 ms 6.44 ms 4.00 ms 3.305 ms 2.22 ms 1.30 ms

26S 27S 28S 29S 30S 31S 32S 33S 34S 35S 36S 37S 38S 39S 40S 41S 42S 43S 44S 45S 46S 47S 48S 50S 52S
12.0 ms 21 ms 125 ms 187 ms 1.178 s 2.572 s 94.93 0.76 4.29 87.51 d 0.02 5.05 m 2.838 h 11.5 s 8.8 s 1.99 s 1.013 s 220 ms 100 ms 68 ms 50 ms 10.9 ms 6.32 ms 2.68 ms 1.48 ms

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 49

1.27 s
0.641 s 469 ms 342 ms 188 ms 39.2 ms3.75 m

31.1 s
2.85 m 19.5 s 6.63 s 4.2 s
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21.5 ms 27 ms
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25.8 ms 18.8 ms 12.2 ms
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1.224 s1.63 s9.673 m 69.17 12.701 h 30.83 5.120 m 2.58 d93 ms 196.3 ms 3.204 s 1.36 m 23.7 m 3.333 h

��

117La
24 ms
10 ms

121Pr
10 ms

130Eu
0.90 ms

131Eu
17.8 ms

135Tb
940 �s

140Ho
6 ms

141Ho
4.1 ms

8 �s

147Tm
560 ms

145Tm
3.1 �s

146Tm
198 ms

68 ms

150Lu
49 ms

151Lu
80.6 ms

144Nd
23.8

2.29 �1015y

147Sm
14.99

1.06 �1011y

148Sm
11.24 

7 �1015y

146Sm
1.03 �108y

148Gd
74.6 y

150Gd
1.79 �106y

152Gd
0.20

1.08 �1014y

149Tb
4.118 h
4.16 m

151Dy
17.9 m

150Dy
7.17 m

154Dy
3 �106y

153Ho
9.3 m
2.01 m

151Ho
47.2 s

35.2 s

152Ho
2.70 m
50.0 s

154Er
3.7 m

152Er
10.3 s

153Er
37.1 s

155Tm
45 s
21.6 s

153Tm
2.5 s
1.48 s

154Tm
8.1 s
3.30 s

155Yb
1.793 s

153Yb
4.2 s

154Yb
0.409 s

156Yb
26 s

157Yb
38.6 s

157Lu
6.8 s
4.79 s

155Lu
138 ms

68 ms
2.69 ms

156Lu
494 ms
198 ms

158Lu
10.4 s

158Hf
2.85 s

156Hf
23 ms
0.52 

157Hf
110 ms

161Hf
18.2 s

159Hf
5.20 s

160Hf
13.6 s

155Ta
12 �s

156Ta
144 ms
360 ms

159Ta
0.83 s
515 ms

157Ta
10.1 ms
4.3 ms
1.7 ms

158Ta
55 ms
36.0 ms

160Ta
1.7 s
1.55 s

161Ta
2.89 s

163Ta
10.6 s

160W
91 ms

158W
1.25 ms
0.143 

159W
8.2 ms

163W
2.8 s

161W
0.41 s

162W
1.36 s

164W
6.0 s

161Re
15.6 ms

370 �s

159Re
20 �s

160Re
0.82 ms

164Re
0.53 ms

162Re
107 ms
77 ms

163Re
390 ms
214 ms

167Re
6.2 s

3.4 s

165Re
2.61 s
2.32 s

166Re
2.24 s

164Os
21 ms

162Os
2.0 s

163Os
5.5 ms

167Os
0.84 s

165Os
71 ms

166Os
215 ms

170Os
7.37 s

168Os
2.10 s

169Os
3.4 s

171Os
8.3 s

172Os
19.2 s

174Hf
0.16

2.0 �1015y

166Ir
15.1 ms

10.5 ms

164Ir
94 �s

165Ir
300 �s

169Ir
0.353 s
0.281 s

167Ir
35.2 ms
30.0 ms

168Ir
161 ms

125 ms

172Ir
4.4 s
2.0 s

170Ir
0.87 s
811 ms

171Ir
1.46 s

175Ir
9 s

173Ir
9.0 s
2.20 s

174Ir
7.9 s
3.81 s

176Ir
8.3 s

171 Pt
34 ms

169 Pt
7.0 ms

170 Pt
13.93 ms

168 Pt
2.0 ms

166 Pt
0.3 ms

167 Pt
0.7 ms

174 Pt
0.870 s

172 Pt
0.096 ms

173 Pt
382 ms

177 Pt
11 s

175 Pt
2.54 s

176 Pt
6.3 s

180 Pt
56 s

178 Pt
21.1 s

179 Pt
21.1 s

186Os
1.59

2.0 �1015y

190Pt
0.014

6.5 �1011y

172Au
4 ms

170Au
0.62 ms

0.29 ms

171Au
1.02 ms

17 �s

175Au
160 ms

173Au
25 ms
14.0 ms

174Au
120 ms

178Au
2.6 s

176Au
1.08 s

177Au
1.462 s
1.18 s

181Au
13.7 s

179Au
7.1 s

180Au
8.1 s

182Au
15.6 s

183Au
42.0 s

173Hg
0.7 ms

171Hg
59 �s

172Hg
320 �s

176Hg
18 ms

174Hg
1.9 ms

175Hg
10.8 ms

179Hg
1.05 s

177Hg
127.3 ms

178Hg
266.5 ms

182Hg
10.83 s

180Hg
2.58 s

181Hg
3.6 s

185Hg
49.1 s
21.6 s

183Hg
10.7 s

8.8 s

184Hg
30.75 s

178Tl
254 ms

176Tl
5.2 ms

177Tl
18 ms
230 �s

181Tl
3.2 s
1.4 ms

179Tl
0.23 s
1.5 ms

180Tl
1.5 s

182Tl
3.1 s

184Tl
11 s

178Pb
230 �s

182Pb
55 ms

180Pb
4.4 ms

181Pb
45 ms

185Pb
6.3 s
4.3 s

183Pb
535 ms
415 ms

184Pb
490 ms

188Pb
25.1 s

186Pb
4.83 s

187Pb
18.3 s

15.2 s

189Pb
51 s

190Pb
1.2 m

186Bi
14.8 ms
9.8 ms

184Bi
13 ms
6.6 ms

185Bi
58 �s

189Bi
674 ms
5.0 ms

187Bi
32 ms
290 �s

188Bi
265 ms
60 ms

192Bi
39.6 s

34.6 s

190Bi
6.3 s
6.2 s

191Bi
12.3 s
150 ms

195Bi
3.05 m
1.45 m

193Bi
1.12 m
3.2 s

194Bi
2.08 m
1.92 m

1.58 m
204Pb

1.4
�1.4 �1017y
67.2 m

210Po
138.376 d

208Po
2.898 y

209Po
102 y

195Po
4.64 s
1.92 s

193Po
0.42 s
0.24 s

194Po
0.392 s

189Po
3.5 ms

187Po
1.40 ms

188Po
0.30 ms

192Po
33.2 ms

190Po
2.45 ms

191Po
98 ms

22 ms

198Po
1.77 m

196Po
5.73 s

197Po
53.6 s
25.8 s

201Po
15.3 m
8.9 m

199Po
5.48 m
4.17 m

200Po
11.5 m

204Po
3.53 h

202Po
44.7 m

203Po
36.7 m
45 s

206Po
8.8 d

213Po
4.2 �s

211Po
25.2 s
0.516 s

212Po
45.1 s
0.299 �s

216Po
145 ms

214Po
164.3 �s

99 ps

215Po
1.781 ms

217Po
1.46 s

218Po
3.098 m

193At
28 ms
27 ms
21 ms

191At
2.1 ms

1.7 ms

192At
88 ms
11.5 ms

196At
253 ms

194At
250 ms
40 ms

195At
328 ms
147 ms

199At
7.03 s

197At
2.0 s
388 ms

198At
4.1 s
1.03 s

202At
3.07 m
3.03 m
0.46 s

201At
85.2 s

205At
26.9 m

203At
7.4 m

204At
9.22 m
108 ms

208At
1.63 h

206At
30.6 m

207At
1.80 h

211At
7.214 h

209At
5.41 h

210At
8.1 h

214At
558 ns

212At
0.314 s
0.119 s

213At
0.125 �s

217At
32.3 ms

215At
0.10 ms

216At
0.30 ms

218At
1.5 s

219At
56 s

201Rn
7.1 s
3.8 s

199Rn
0.59 s
0.31 s

200Rn
0.96 s

195Rn
6 ms
5 ms

193Rn
1.15 ms

194Rn
0.78 ms

198Rn
65 ms

196Rn
3 ms

197Rn
66 ms
21 ms

204Rn
1.23 m

202Rn
10.0 s

203Rn
44 s
26.9 s

207Rn
9.25 m

205Rn
2.83 m

206Rn
5.67 m

210Rn
2.4 h

208Rn
24.35 m

209Rn
28.5 m

213Rn
25.0 ms

211Rn
14.6 h

212Rn
23.9 m

216Rn
45 �s

214Rn
0.27 �s

215Rn
2.30 �s

219Rn
3.96 s

217Rn
0.54 ms

218Rn
35 ms

222Rn
3.8235 d

220Rn
55.6 s

221Rn
25.7 m

207Fr
14.8 s

205Fr
3.92 s

206Fr
16 s
0.7 s

216Fr
0.70 �s

214Fr
5.0 ms
3.35 ms

215Fr
86 ns

201Fr
67 ms
19 ms

199Fr
12 ms

200Fr
0.57 s

49 ms

204Fr
1.7 s
1.6 s
0.8 s

202Fr
300 ms
290 ms

203Fr
0.549 s

210Fr
3.18 m

208Fr
59.1 s

209Fr
50.0 s

213Fr
34.6 s

211Fr
3.10 m

212Fr
20.0 m

219Fr
20 ms

217Fr
19 �s

218Fr
22.0 ms

1.0 ms

220Fr
27.4 s

221Fr
4.9 m

209Ra
4.7 s

207Ra
1.2 s
53 ms

208Ra
1.3 s

221Ra
28 s

219Ra
10 ms

220Ra
18 ms

203Ra
31 ms
24 ms

201Ra
1.6 ms

202Ra
0.7 ms

206Ra
0.24 s

204Ra
57 ms

205Ra
210 ms
170 ms

212Ra
13.0 s

210Ra
3.7 s

211Ra
13 s

215Ra
1.55 ms

213Ra
2.74 m
2.1 ms

214Ra
2.46 s

218Ra
25.2 �s

216Ra
182 ns
7 ns

217Ra
1.6 �s

224Ra
3.66 d

222Ra
36.17 s

223Ra
11.435 d

226Ra
1600 y

214Ac
8.2 s

212Ac
0.93 s

213Ac
0.80 s

208Ac
95 ms
25 ms

206Ac
33 ms

22 ms

207Ac
27 ms

211Ac
0.25 s

209Ac
98 ms

210Ac
350 ms

217Ac
69 ns

215Ac
0.17 s

216Ac
441 �s

440 �s

220Ac
26.4 ms

218Ac
1.08 �s

219Ac
11.8 �s

223Ac
2.10 m

221Ac
52 ms

222Ac
1.05 m

5.0 s

224Ac
2.78 h

225Ac
10.0 d

227Ac
21.772 y

211Th
37 ms

209Th
3.8 ms

210Th
9 ms

214Th
100 ms

212Th
30 ms

213Th
140 ms

217Th
251 �s

215Th
1.2 s

216Th
26.0 ms

220Th
9.7 �s

218Th
117 ns

219Th
1.05 �s

223Th
0.60 s

221Th
1.73 ms

222Th
2.237 ms

226Th
30.57 m

224Th
1.05 s

225Th
8.72 m

229Th
7340 y
13.9 h

227Th
18.68 d

228Th
1.92 y

230Th
7.538 �104y

232Th
100

1.405 �1010y

229Pa
1.50 d

227Pa
38.3 m

228Pa
22 h

214Pa
17 ms

212Pa
5.1 ms

213Pa
5.3 ms

217Pa
3.6 ms
1.5 ms
1.2 ms

215Pa
14 ms

216Pa
167 ms

220Pa
0.78 �s

218Pa
113 �s

219Pa
53 ns

223Pa
5.1 ms

221Pa
5.9 �s

222Pa
2.9 ms

226Pa
1.8 m

224Pa
0.79 s

225Pa
1.7 s

231Pa
3.276 �104y

219U
0.08 ms

217U
16 ms

218U
0.51 ms

224U
0.7 ms

222U
1.0 �s

223U
18 �s

227U
1.1 m

225U
61 ms

226U
0.35 s

230U
20.8 d

228U
9.1 m

229U
58 m

234U
0.0055

2.455 �105y

232U
68.9 y

233U
1.592 �105y

235U
0.720

7.038 �108y
25 m

236U
2.342 �107y

238U
99.2745

4.468 �109y

236Np
1.54 �105y
22.5 h

237Np
2.144 �106y

228Np
1.02 m

226Np
35 ms

227Np
510 ms

231Np
48.8 m

229Np
4.0 m

230Np
4.6 m

230Pu
1.7 m

228Pu
1.1 s

229Pu
2.0 m

233Pu
20.9 m

231Pu
8.6 m

232Pu
34.1 m

234Pu
8.8 h

236Pu
2.858 y
30 ps

240Pu
6561 y

238Pu
87.7 y

239Pu
2.4110 �104y

242Pu
3.735 �105y

244Pu
8.11 �107y

232Am
1.32 m

233Am
3.2 m

235Am
9.9 m

243Am
7370 y

241Am
432.6 y

242Am
141 y
16.02 h

51 s

234Cm 238Cm
2.4 h

242Cm
162.94 d

40 ps

240Cm
27 d

241Cm
32.8 d

245Cm
8500 y

243Cm
29.1 y

244Cm
18.11 y
34 ms

248Cm
3.48 �105y

246Cm
4760 y

247Cm
1.56 �107y 9700 y

250Cm

243Bk
4.5 h

245Bk
4.94 d

247Bk
1380 y

248Bk
> 9 y
23.7 h

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

45Fe
4.0 ms

109I
100 �s

110I
0.65 s

108I
36 ms

107Te
3.1 ms

105Te
0.70 �s

106Te
60 �s

108Te
2.1 s

109Te
4.6 s

112Cs
0.5 ms

113Cs
16.7 �s

114Ba
430 ms

111Xe
740 ms

112Xe
2.7 s

110Xe
105 ms

109Xe
13 ms

212Bi
1.009 h
25.0 m
7.0 m

210Bi
3.04 �106y

5.012 d

211Bi
2.14 m

213Bi
45.59 m

209Bi
100

1.9 �1019y

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

25P 26P 27P 28P 29P 30P 31P 32P 33P 34P 35P 36P 37P 38P 39P 40P 41P 42P 43P 44P 45P 46P 47P 49P
36.8 ms 43.7 ms 260 ms 270.3 ms 4.142 s 2.498 m 100 14.263 d 25.34 d 12.43 s 47.3 s 5.6 s 2.31 s 0.64 s 0.28 s 153 ms 150 ms 110 ms 33 ms 18.5 ms 6.10 ms 4.72 ms 3.05 ms 1.52 ms

22Si 23Si 24Si 25Si 26Si 27Si 28Si 29Si 30Si 31Si 32Si 33Si 34Si 35Si 36Si 37Si 38Si 39Si 40Si 41Si 42Si 43Si 44Si 46Si
29 ms 42.3 ms 140 ms 220 ms 2.234 s 4.16 s 92.2297 4.6832 3.0872 2.622 h 153 y 6.18 s 2.77 s 0.78 s 0.45 s 90 ms 102 ms 47.5 ms 33.0 ms 20.0 ms 12.5 ms 5.65 ms 3.52 ms 1.95 ms

21Al 22Al 23Al 24Al 25Al 26Al 27Al 28Al 29Al 30Al 31Al 32Al 33Al 34Al 35Al 36Al 37Al 38Al 39Al 40Al 41Al 42Al 43Al
42.8 ms 91.1 ms 446 ms

2.053 s
131.3 ms

7.183 s 7.17 � 105y
6.3452 s

100 2.2414 m 6.56 m 3.60 s 644 ms 33.0 ms 41.7 ms 56.3 ms 150 ms 90 ms 10.7 ms 7.6 ms 7.6 ms 3.74 ms 2.20 ms 1.46 ms 989��s

19Mg 20Mg 21Mg 22Mg 23Mg 24Mg 25Mg 26Mg 27Mg 28Mg 29Mg 30Mg 31Mg 32Mg 33Mg 34Mg 35Mg 36Mg 37Mg 38Mg 39Mg 40Mg
4.0 ps 90.8 ms 122 ms 3.8755 s 11.317 s 78.99 10.00 11.01 9.458 m 20.915 h 1.30 s 335 ms 230 ms 86 ms 90.5 ms 20 ms 70 ms 3.9 ms 4.83 ms 2.59 ms 1.97 ms 1.22 ms

18Na 19Na 20Na 21Na 22Na 23Na 24Na 25Na 26Na 27Na 28Na 29Na 30Na 31Na 32Na 33Na 34Na 35Na 37Na
34.7 ms 435 ms 447.9 ms 22.49 s 2.6027 y 100

14.997 h
20.20 ms

59.1 s 1.077 s 301 ms 30.5 ms 44.9 ms 48 ms 17.0 ms 13.2 ms 8.0 ms 5.5 ms 1.5 ms 1.318 ms

16Ne 17Ne 18Ne 19Ne 20Ne 21Ne 22Ne 23Ne 24Ne 25Ne 26Ne 27Ne 28Ne 29Ne 30Ne 31Ne 32Ne 34Ne
109.2 ms 1.6656 s 17.22 s 90.48 0.27 9.25 37.24 s 3.38 m 602 ms 197 ms 32 ms 19 ms 14.8 ms 7.3 ms 3.4 ms 3.5 ms 1.70 ms

15F 17F 18F 19F 20F 21F 22F 23F 24F 25F 26F 27F 29F 31F
140 ms 1.075 m 1.830 h 100 11.163 s 4.158 s 4.23 s 2.23 s 390 ms 50 ms 9.6 ms 5.2 ms 2.4 ms 1.56 ms

12O 13O 14O 15O 16O 17O 18O 19O 20O 21O 22O 23O 24O 26O
8.58 ms 1.177 m 2.037 m 99.757 0.038 0.205 26.88 s 13.51 s 3.42 s 2.25 s 97 ms 61 ms 5.35 ms

11N 12N 13N 14N 15N 16N 17N 18N 19N 20N 21N 22N 23N
90.0 ms 11.000 ms 9.965 m 99.632 0.368 7.13 s 4.173 s 619 ms 271 ms 130 ms 95 ms 24 ms 14.1 ms

8C 9C 10C 11C 12C 13C 14C 15C 16C 17C 18C 19C 20C 22C
126.5 ms 19.310 s 20.39 m 98.93 1.07 5700 y 2.449 s 0.747 s 0.193 s 92 ms 49 ms 14 ms 6.1 ms

8B 10B 11B 12B 13B 14B 15B 17B 19B
770 ms 19.9 80.1 20.20 ms 17.36 ms 12.5 ms 10.5 ms 5.08 ms 2.92 ms

7Be 9Be 10Be 11Be 12Be 14Be

6Li 7Li 8Li 9Li 11Li

3He 4He 6He 8He

1H 2H 3H

1 n
� �

10.23 m

� �

� � � � �
99.9885 0.0115 12.32 y

� � 	
0.000137 99.999863 806.7 ms 119.1 ms

� 
 ��
7.59 92.41 839.9 ms 178.3 ms 8.7 ms

�� ��
53.22 d 100 1.51 � 106 y 13.81 s 21.3 ms 4.84 ms

�

� �� �� �� ��

� �� �	 �
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8Be
6.7 �10-17s

8.5 �10-19s

9B

16F
1.0 �10-19s

117La
24 ms
10 ms

121Pr
10 ms

130Eu
0.90 ms

131Eu
17.8 ms

135Tb
940 �s

140Ho
6 ms

141Ho
4.1 ms

8 �s

147Tm
560 ms

145Tm
3.1 �s

146Tm
198 ms

68 ms

150Lu
49 ms

151Lu
80.6 ms

144Nd
23.8

2.29 �1015y

147Sm
14.99

1.06 �1011y

148Sm
11.24 

7 �1015y

146Sm
1.03 �108y

148Gd
74.6 y

150Gd
1.79 �106y

152Gd
0.20

1.08 �1014y

149Tb
4.118 h
4.16 m

151Dy
17.9 m

150Dy
7.17 m

154Dy
3 �106y

153Ho
9.3 m
2.01 m

151Ho
47.2 s

35.2 s

152Ho
2.70 m
50.0 s

154Er
3.7 m

152Er
10.3 s

153Er
37.1 s

155Tm
45 s
21.6 s

153Tm
2.5 s
1.48 s

154Tm
8.1 s
3.30 s

155Yb
1.793 s

153Yb
4.2 s

154Yb
0.409 s

156Yb
26 s

157Yb
38.6 s

157Lu
6.8 s
4.79 s

155Lu
138 ms

68 ms
2.69 ms

156Lu
494 ms
198 ms

158Lu
10.4 s

158Hf
2.85 s

156Hf
23 ms
0.52 

157Hf
110 ms

161Hf
18.2 s

159Hf
5.20 s

160Hf
13.6 s

155Ta
12 �s

156Ta
144 ms
360 ms

159Ta
0.83 s
515 ms

157Ta
10.1 ms
4.3 ms
1.7 ms

158Ta
55 ms
36.0 ms

160Ta
1.7 s
1.55 s

161Ta
2.89 s

163Ta
10.6 s

160W
91 ms

158W
1.25 ms
0.143 

159W
8.2 ms

163W
2.8 s

161W
0.41 s

162W
1.36 s

164W
6.0 s

161Re
15.6 ms

370 �s

159Re
20 �s

160Re
0.82 ms

164Re
0.53 ms

162Re
107 ms
77 ms

163Re
390 ms
214 ms

167Re
6.2 s

3.4 s

165Re
2.61 s
2.32 s

166Re
2.24 s

164Os
21 ms

162Os
2.0 s

163Os
5.5 ms

167Os
0.84 s

165Os
71 ms

166Os
215 ms

170Os
7.37 s

168Os
2.10 s

169Os
3.4 s

171Os
8.3 s

172Os
19.2 s

174Hf
0.16

2.0 �1015y

166Ir
15.1 ms

10.5 ms

164Ir
94 �s

165Ir
300 �s

169Ir
0.353 s
0.281 s

167Ir
35.2 ms
30.0 ms

168Ir
161 ms

125 ms

172Ir
4.4 s
2.0 s

170Ir
0.87 s
811 ms

171Ir
1.46 s

175Ir
9 s

173Ir
9.0 s
2.20 s

174Ir
7.9 s
3.81 s

176Ir
8.3 s

171 Pt
34 ms

169 Pt
7.0 ms

170 Pt
13.93 ms

168 Pt
2.0 ms

166 Pt
0.3 ms

167 Pt
0.7 ms

174 Pt
0.870 s

172 Pt
0.096 ms

173 Pt
382 ms

177 Pt
11 s

175 Pt
2.54 s

176 Pt
6.3 s

180 Pt
56 s

178 Pt
21.1 s

179 Pt
21.1 s

186Os
1.59

2.0 �1015y

190Pt
0.014

6.5 �1011y

172Au
4 ms

170Au
0.62 ms

0.29 ms

171Au
1.02 ms

17 �s

175Au
160 ms

173Au
25 ms
14.0 ms

174Au
120 ms

178Au
2.6 s

176Au
1.08 s

177Au
1.462 s
1.18 s

181Au
13.7 s

179Au
7.1 s

180Au
8.1 s

182Au
15.6 s

183Au
42.0 s

173Hg
0.7 ms

171Hg
59 �s

172Hg
320 �s

176Hg
18 ms

174Hg
1.9 ms

175Hg
10.8 ms

179Hg
1.05 s

177Hg
127.3 ms

178Hg
266.5 ms

182Hg
10.83 s

180Hg
2.58 s

181Hg
3.6 s

185Hg
49.1 s
21.6 s

183Hg
10.7 s

8.8 s

184Hg
30.75 s

178Tl
254 ms

176Tl
5.2 ms

177Tl
18 ms
230 �s

181Tl
3.2 s
1.4 ms

179Tl
0.23 s
1.5 ms

180Tl
1.5 s

182Tl
3.1 s

184Tl
11 s

178Pb
230 �s

182Pb
55 ms

180Pb
4.4 ms

181Pb
45 ms

185Pb
6.3 s
4.3 s

183Pb
535 ms
415 ms

184Pb
490 ms

188Pb
25.1 s

186Pb
4.83 s

187Pb
18.3 s

15.2 s

189Pb
51 s

190Pb
1.2 m

186Bi
14.8 ms
9.8 ms

184Bi
13 ms
6.6 ms

185Bi
58 �s

189Bi
674 ms
5.0 ms

187Bi
32 ms
290 �s

188Bi
265 ms
60 ms

192Bi
39.6 s

34.6 s

190Bi
6.3 s
6.2 s

191Bi
12.3 s
150 ms

195Bi
3.05 m
1.45 m

193Bi
1.12 m
3.2 s

194Bi
2.08 m
1.92 m

1.58 m
204Pb

1.4
�1.4 �1017y
67.2 m

210Po
138.376 d

208Po
2.898 y

209Po
102 y

195Po
4.64 s
1.92 s

193Po
0.42 s
0.24 s

194Po
0.392 s

189Po
3.5 ms

187Po
1.40 ms

188Po
0.30 ms

192Po
33.2 ms

190Po
2.45 ms

191Po
98 ms

22 ms

198Po
1.77 m

196Po
5.73 s

197Po
53.6 s
25.8 s

201Po
15.3 m
8.9 m

199Po
5.48 m
4.17 m

200Po
11.5 m

204Po
3.53 h

202Po
44.7 m

203Po
36.7 m
45 s

206Po
8.8 d

213Po
4.2 �s

211Po
25.2 s
0.516 s

212Po
45.1 s
0.299 �s

216Po
145 ms

214Po
164.3 �s

99 ps

215Po
1.781 ms

217Po
1.46 s

218Po
3.098 m

193At
28 ms
27 ms
21 ms

191At
2.1 ms

1.7 ms

192At
88 ms
11.5 ms

196At
253 ms

194At
250 ms
40 ms

195At
328 ms
147 ms

199At
7.03 s

197At
2.0 s
388 ms

198At
4.1 s
1.03 s

202At
3.07 m
3.03 m
0.46 s

201At
85.2 s

205At
26.9 m

203At
7.4 m

204At
9.22 m
108 ms

208At
1.63 h

206At
30.6 m

207At
1.80 h

211At
7.214 h

209At
5.41 h

210At
8.1 h

214At
558 ns

212At
0.314 s
0.119 s

213At
0.125 �s

217At
32.3 ms

215At
0.10 ms

216At
0.30 ms

218At
1.5 s

219At
56 s

201Rn
7.1 s
3.8 s

199Rn
0.59 s
0.31 s

200Rn
0.96 s

195Rn
6 ms
5 ms

193Rn
1.15 ms

194Rn
0.78 ms

198Rn
65 ms

196Rn
3 ms

197Rn
66 ms
21 ms

204Rn
1.23 m

202Rn
10.0 s

203Rn
44 s
26.9 s

207Rn
9.25 m

205Rn
2.83 m

206Rn
5.67 m

210Rn
2.4 h

208Rn
24.35 m

209Rn
28.5 m

213Rn
25.0 ms

211Rn
14.6 h

212Rn
23.9 m

216Rn
45 �s

214Rn
0.27 �s

215Rn
2.30 �s

219Rn
3.96 s

217Rn
0.54 ms

218Rn
35 ms

222Rn
3.8235 d

220Rn
55.6 s

221Rn
25.7 m

207Fr
14.8 s

205Fr
3.92 s

206Fr
16 s
0.7 s

216Fr
0.70 �s

214Fr
5.0 ms
3.35 ms

215Fr
86 ns

201Fr
67 ms
19 ms

199Fr
12 ms

200Fr
0.57 s

49 ms

204Fr
1.7 s
1.6 s
0.8 s

202Fr
300 ms
290 ms

203Fr
0.549 s

210Fr
3.18 m

208Fr
59.1 s

209Fr
50.0 s

213Fr
34.6 s

211Fr
3.10 m

212Fr
20.0 m

219Fr
20 ms

217Fr
19 �s

218Fr
22.0 ms

1.0 ms

220Fr
27.4 s

221Fr
4.9 m

209Ra
4.7 s

207Ra
1.2 s
53 ms

208Ra
1.3 s

221Ra
28 s

219Ra
10 ms

220Ra
18 ms

203Ra
31 ms
24 ms

201Ra
1.6 ms

202Ra
0.7 ms

206Ra
0.24 s

204Ra
57 ms

205Ra
210 ms
170 ms

212Ra
13.0 s

210Ra
3.7 s

211Ra
13 s

215Ra
1.55 ms

213Ra
2.74 m
2.1 ms

214Ra
2.46 s

218Ra
25.2 �s

216Ra
182 ns
7 ns

217Ra
1.6 �s

224Ra
3.66 d

222Ra
36.17 s

223Ra
11.435 d

226Ra
1600 y

214Ac
8.2 s

212Ac
0.93 s

213Ac
0.80 s

208Ac
95 ms
25 ms

206Ac
33 ms

22 ms

207Ac
27 ms

211Ac
0.25 s

209Ac
98 ms

210Ac
350 ms

217Ac
69 ns

215Ac
0.17 s

216Ac
441 �s

440 �s

220Ac
26.4 ms

218Ac
1.08 �s

219Ac
11.8 �s

223Ac
2.10 m

221Ac
52 ms

222Ac
1.05 m

5.0 s

224Ac
2.78 h

225Ac
10.0 d

227Ac
21.772 y

211Th
37 ms

209Th
3.8 ms

210Th
9 ms

214Th
100 ms

212Th
30 ms

213Th
140 ms

217Th
251 �s

215Th
1.2 s

216Th
26.0 ms

220Th
9.7 �s

218Th
117 ns

219Th
1.05 �s

223Th
0.60 s

221Th
1.73 ms

222Th
2.237 ms

226Th
30.57 m

224Th
1.05 s

225Th
8.72 m

229Th
7340 y
13.9 h

227Th
18.68 d

228Th
1.92 y

230Th
7.538 �104y

232Th
100

1.405 �1010y

229Pa
1.50 d

227Pa
38.3 m

228Pa
22 h

214Pa
17 ms

212Pa
5.1 ms

213Pa
5.3 ms

217Pa
3.6 ms
1.5 ms
1.2 ms

215Pa
14 ms

216Pa
167 ms

220Pa
0.78 �s

218Pa
113 �s

219Pa
53 ns

223Pa
5.1 ms

221Pa
5.9 �s

222Pa
2.9 ms

226Pa
1.8 m

224Pa
0.79 s

225Pa
1.7 s

231Pa
3.276 �104y

219U
0.08 ms

217U
16 ms

218U
0.51 ms

224U
0.7 ms

222U
1.0 �s

223U
18 �s

227U
1.1 m

225U
61 ms

226U
0.35 s

230U
20.8 d

228U
9.1 m

229U
58 m

234U
0.0055

2.455 �105y

232U
68.9 y

233U
1.592 �105y

235U
0.720

7.038 �108y
25 m

236U
2.342 �107y

238U
99.2745

4.468 �109y

236Np
1.54 �105y
22.5 h

237Np
2.144 �106y

228Np
1.02 m

226Np
35 ms

227Np
510 ms

231Np
48.8 m

229Np
4.0 m

230Np
4.6 m

230Pu
1.7 m

228Pu
1.1 s

229Pu
2.0 m

233Pu
20.9 m

231Pu
8.6 m

232Pu
34.1 m

234Pu
8.8 h

236Pu
2.858 y
30 ps

240Pu
6561 y

238Pu
87.7 y

239Pu
2.4110 �104y

242Pu
3.735 �105y

244Pu
8.11 �107y

232Am
1.32 m

233Am
3.2 m

235Am
9.9 m

243Am
7370 y

241Am
432.6 y

242Am
141 y
16.02 h

51 s

234Cm 238Cm
2.4 h

242Cm
162.94 d

40 ps

240Cm
27 d

241Cm
32.8 d

245Cm
8500 y

243Cm
29.1 y

244Cm
18.11 y
34 ms

248Cm
3.48 �105y

246Cm
4760 y

247Cm
1.56 �107y 9700 y

250Cm

243Bk
4.5 h

245Bk
4.94 d

247Bk
1380 y

248Bk
> 9 y
23.7 h

239Cf
39 s

237Cf
2.1 s

238Cf
21 ms

242Cf
3.49 m

240Cf
0.96 m

241Cf
3.78 m

245Cf
45.0 m

243Cf
10.7 m

244Cf
19.4 m

246Cf
1.49 d

250Cf
13.08 y

248Cf
333.5 d

249Cf
351 y

253Cf
17.81 d

251Cf
898 y

252Cf
2.645 y

254Cf
60.5 d

256Cf
12.3 m

243Es
21 s

241Es
8 s

242Es
13.5 s

246Es
7.7 m

244Es
37 s

245Es
1.1 m

249Es
1.7 h

247Es
4.55 m

248Es
27 m

252Es
471.7 d

250Es
8.6 h
2.22 h

251Es
1.375 d

255Es
39.8 d

253Es
20.47 d

254Es
275.7 d
1.638 d

247Md
1.12 s
260 ms

245Md
0.35 s
0.90 ms

246Md
1.0 s

250Md
52 s

248Md
7 s

249Md
24 s
1.9 s

251Md
4.0 m

257Md
5.52 h

255Md
27 m

256Md
1.283 h

260Md
27.8 d

258Md
51.5 d
57.8 m

259Md
1.60 h

251No
0.93 s

0.80 s

249No
54 �s

250No
5.6 �s

254No
51 s
0.28 s

252No
2.27 s

253No
1.62 m

257No
24.5 s

255No
3.1 m

256No
2.91 s

260No
106 ms

258No
1.2 ms

259No
58 m

262No
5 ms

254Lr
13 s

252Lr
0.36 s

253Lr
1.49 s

0.57 s

257Lr
0.646 s

255Lr
22 s

256Lr
27 s

260Lr
3.0 m

258Lr
4.1 s

259Lr
6.2 s

261Lr
39 m

255Rf
1.68 s

253Rf
13 ms

254Rf
23 �s

258Rf
12 ms

256Rf
6.4 ms

257Rf
4.7 s
3.9 s

261Rf
78 s
3.1 s

259Rf
3.2 s

260Rf
20.1 ms

262Rf
2.1 s

263Rf
15 m

265Rf
13 h

267Db
1.2 h

268Db
16 h

257Db
1.50 s
0.76 s

255Db
1.6 s

256Db
1.6 s

261Db
1.8 s

259Db
0.51 s

260Db
1.52 s

262Db
35 s

263Db
27 s

260Sg
3.6 ms

258Sg
2.9 ms

259Sg
0.48 s

263Sg
0.82 s

261Sg
0.23 s

262Sg
6.9 ms

266Sg
21 s

264Sg
27 ms

265Sg
8 s

267Sg
19 ms

269Sg
22 s

271Sg
2.4 m

262Bh
102 ms
8.0 ms

260Bh
35 ms

261Bh
12 ms

266Bh
10 s

264Bh
0.44 s

265Bh
0.94 s

267Bh
17 s

270Bh
60 s

272Bh
10 s

266Hs
2.3 ms

264Hs
0.8 ms

265Hs
2.0 ms
0.75 ms

267Hs
0.80 s

50 ms

269Hs
13 s

270Hs
3.6 s

275Hs
0.15 s

277Hs
11.4 m

266Mt
6 ms
1.7 ms

268Mt
0.07 s

270Mt
5.0 ms

276Mt
720 ms

274Mt
0.45 s

275Mt
10 ms

267Ds
3 �s

271Ds
69 ms
1.63 ms

269Ds
170 �s

270Ds
6 ms
100 �s

272Ds
8.6 ms

273Ds
120 ms
0.17 ms

281Ds
9.6 s

279Ds
180 ms

280Ds
11 s

272Rg
3.8 ms

274Rg
6 ms

280Rg
3.6 s

278Rg
4.2 ms

279Rg
170 ms

277Cn
0.69 ms

284Cn
98 ms

282Cn
1.0 ms

283Cn
4.0 s

285Cn
34 s

278
0.2 ms

284
480 ms

282
73 ms

283
100 ms

288
0.80 s
630 ms

286
0.16 s

287
0.51 s

289
2.7 s

287
0.03 s

288
0.09 s

290
15 ms

291
6 ms

292
18 ms

293
53 ms

294
1.8 ms

45Fe
4.0 ms

109I
100 �s

110I
0.65 s

108I
36 ms

107Te
3.1 ms

105Te
0.70 �s

106Te
60 �s

108Te
2.1 s

109Te
4.6 s

112Cs
0.5 ms

113Cs
16.7 �s

114Ba
430 ms

111Xe
740 ms

112Xe
2.7 s

110Xe
105 ms

109Xe
13 ms

212Bi
1.009 h
25.0 m
7.0 m

210Bi
3.04 �106y

5.012 d

211Bi
2.14 m

213Bi
45.59 m

209Bi
100

1.9 �1019y

244Fm
3.3 ms

242Fm
0.8 ms

243Fm
0.18 s

247Fm
4.3 s

29 s

245Fm
4.2 s

246Fm
1.1 s

250Fm
33 m
1.8 s

248Fm
36 s

249Fm
1.6 m

253Fm
3.00 d

251Fm
5.30 h

252Fm
1.058 d

256Fm
2.627 h

254Fm
3.240 h

255Fm
20.07 h

259Fm
1.5 s

257Fm
100.5 d

258Fm
370 �s

260Fm
4 ms

241Fm
0.73 ms

• Almost energies are 
obtained from alpha-decay 

chains.
• No relations of other 

directions are obtained. 
• Direct mass-measurements 

are required.
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Beam energy from (predicted) excitation energy

2018161412108

Eex (MeV)

KUTY00
FRLDM95
HFBCS01
LZ76
MS96
FRDM95
sys
 numKUTY00

50Ti+208Pb->257Rf+n
58Fe+208Pb->265Hs+n
58Fe+209Bi->266Mt+n
62Ni+208Pb->269110+n
64Ni+207Pb->270110+n

64Ni+208Pb->271110+n
64Ni+209Bi->272111+n

70Zn+208Pb->277112+n

(Ehigher)

(Ehigher)+2

RIKEN02

70Zn+209Bi->278113+n (261MeV)

Energy at maximum cross section
(derived from injected beam energy with Q of mass formulas)

Estimation of absolute values of beam energy depends on 
(unknown) masses of compound nuclei
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Long-lived

Closed-shell

Closed shell
Long-lived
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log10(Ttotal/(s))

Theoretical total half-lives (α,β,p,sf)

354[126]228

(T1/2~100yr)

294Ds
(T1/2~300yr)

298[114]
(T1/2~10d)

310[126]
(T1/2~10-7s)

(Long-lived superheavy nuclei are located near the β-stability line)

1yr≈3X107s
finiteness of 
direct mass 

measurements

KTUY+decay models
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      (2008)
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Mexp−MWB2012

Total half-lives (α,β,p,sf)

Th. T1/2
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1ms

103s

Shell energy

=

Nuclei along the red line (1 sec) are  
experimentally-provable candidates 

for RIKENTRAP or SHIPTRAP.

‘Exp.’ shell Energy
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Z=28, 50, 82 shells 
as a gap
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(Also for N=152)

13年5月24日金曜日



20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130
Neutron number N

Qα from KTUY(2005)
(Z=even)

Z=82

Z=114

Z=126

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130
Neutron number N

Qα from FRDM(1995)
(Z=even)

Z=82

Z=114

α-decay Q-value of superheavy nuclei => Prediction of 
structure for SHE

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130

N-Z=48

N-Z=58

N-Z=47

Z=82

Z=92

Z=106Z=102

stable for β− decay
    and elecrton capure

238U232Th

235U

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130

N-Z=48

N-Z=58

N-Z=47

Z=82

Z=92

Z=106Z=102

stable for β− decay
    and elecrton capure

238U232Th

235U

Search for N=162 deformed 
shell in the ground-state 

is required.

37

(Also for N=152)

13年5月24日金曜日



20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130
Neutron number N

Qα from KTUY(2005)
(Z=even)

Z=82

Z=114

Z=126

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130
Neutron number N

Qα from FRDM(1995)
(Z=even)

Z=82

Z=114

α-decay Q-value of superheavy nuclei => Prediction of 
structure for SHE

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130

N-Z=48

N-Z=58

N-Z=47

Z=82

Z=92

Z=106Z=102

stable for β− decay
    and elecrton capure

238U232Th

235U

20

16

12

8

4

Q
α
 (M

eV
)

180170160150140130

N-Z=48

N-Z=58

N-Z=47

Z=82

Z=92

Z=106Z=102

stable for β− decay
    and elecrton capure

238U232Th

235U

Search for N=162 deformed 
shell in the ground-state 

is required.

37

(Also for N=152)

13年5月24日金曜日



•We give a short review of systematical properties of experimental nuclear masses.

-Mass-systematics like G-K is a good tool to check mass values.

•We survey various mass formulae: 

-Old-parametrized mass formulae (in 1976, 88) generally fail to extrapolation.

-HFB type mass formulae sometimes give anomaly on GK-sys or alpha-chain sys.

•At the n-rich, A=130 and 195 related to the r-process, there is poor exp. mass data.

• In the neutron-rich heavy mass region and superheavy mass region, mass 
measurements is required for ground-state information.

Conclusion

38
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