Explanation of the Chart of the Nuclides

General

In this chart each experimentally observed nuclide is
represented by a square containing the symbol of the
element and the number of nucleons A. In the chart the
nuclides are arranged such that the proton number Z is
given on the ordinate and the neutron number N = A— Z on
the abscissa.

In the present nuclide chart update, the 1998 edition of the
Karlsruhe Nuclide Chart was compared to the NUBASE
2003 evaluation [16] to establish a list of nuclides which
were not present in the 1998 evaluation. From this list we
have selected only nuclides which have been measured
experimentally. In particular, nuclides were selected where
the half-life or the mass has been determined or the
nuclide has been clearly identified. Where a nuclide has
been identified but the half-life has not been measured, a
detection limit for half-life is given (greater or lower than a
value).

Metastable states, which do not undergo a-, or B-decay, or
spontaneous fission, i.e. decay only by gamma emission,
are included only if their half-life is larger than 1 s. Where
emission of a particle results from a resonance state in
unstable nuclides, both the resonance width and
corresponding half-life are given using the relations:

22
rcvm'Tl/z ~h ln2, T]/z(S) ~4.562x 10 /Fc_m,(MeV)

For mass numbers in the range A = 266 — 294 we have
used the latest 2005 (till August 12, 2005) Nuclear Data
Sheets revision [17]. For the period not covered by
NUBASE, i.e. 2003 until summer 2006, nuclide information
has been taken from Nuclear Data Sheets 100 — 107. In
addition, original publications up to summer 2006 were
taken into account. A full list of new and updated nuclides
in the present chart is given later in this brochure.

Atomic weights of the elements and isotopic abundances
have been taken from J. R. De Laeter [18]. For isomers
which decay exclusively by spontaneous fission, no decay
data is given in the chart. A table of half-lives (all less than
0.1 s), from B. Singh [19], are given in the brochure. Chain
yields are from R. W. Mills [20] and neutron cross sections
are from N. E. Holden [21].
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Decay Modes: Colour and Symbols

Stable nuclide

Primordial radionuclides, i.e. those formed in the build-up
of terrestrial matter and still present today.

Decay modes are represented by specific colours.

p: Proton decay

o: Alpha decay

€: Electron capture

B*: Positron decay

ly: Isomeric transition

B: Negatron decay

sf: Spontaneous fission

ce: Cluster emission e. g. C 14, Ne 20
n: Neutron emission

The data given in the left part apply to the metastable state,
those in the right part to the ground state. Iy denotes y-
quanta due to the decay to the ground state of the same
nuclide (isomeric decay).

The assignment of decay properties to the metastable or
ground state is uncertain.

One or more short-lived states, for which only decay via
spontaneous fission has been observed (spontaneously
fissioning isomers) are indicated by a vertical green bar.

Emission of y-quanta; they are always listed together with
the respective parent nuclide.

Emission of the specified particles or spontaneous fission
from an excited level of the daughter nuclide, populated via
B-decay (“pB-delayed particle emission or fission”).

Simultaneous emission of two B-particles (“double B-
decay’, e.g. Te 130 — Xe 130).

Emission of the specified particles from a particle-unstable
nuclide. Simultaneous emission of two particles is indicated
only, if one-particle-emission is excluded for energetical
reasons (e.g. Be 6 — 2p).

Multiple Decay Modes and Branching Ratios

The branching ratios of the decay modes are indicated by 3
different sizes of the coloured sections and by the
sequence of the symbols. Pure decay modes are indicated
by a single colour (e.g. see previous section). Mixed decay
modes are indicated by the use of coloured triangles. A
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small coloured triangle in the top left or bottom right Ar25tod LIEtLCH a2lodAM Hols o 2 21Zo|Lt ofay
c . ) . o

indicates a branch!ng ratio for this mot_je of_s 5% o=zo| Ah2 M AZISS < 5y, HHAlO| H7|2S LIEHHC}
(conversely, the major mode has a branching ratio of > TETE AT T RTon SV omEl wAAESE =
95%) as shown in the figure. The small triangles (Moz, FE WAle B7|20| » 95%0|Ct) AR Lot
representing proton or alpha emission are always on the = e _ _

top left corner (first two boxes). The triangles for B~ YEE olilst= e HAESES Y W ol 25 74 (e
emission or spontaneous fission are always at the bottom 2709 &xhof UCt p-HEO|Lt ArHEQo| CHEE Azt
right. Triangles representing €/p" or ly may be at the top left SIAF O =2k ol M- = -

: . . . St o2 = EfLH= Atztsie
or bottom right depending on the major mode. For ¢/p”, the ee % ofeHoll RIch e/p” EE Iy & UEIE 4T
red triangle is at the bottom right if the main mode is alpha FE Aol mek 1% QL 2E% ofgfoll LEFY == It
or proton emission. *o| 74 = utAlQ| otm} [ES= QEAR} HWHEO| ZHo
Otherwise, the red triangle is at the top left corner. For gpol B9, F FHO| gu E= F9K FE B2, W
isomer transition Iy, the white triangle is at the bottom right &Zeol 2LEZ otelof RUACt.
if the main mode is a- or p- emission or €/f*, otherwise it is
at the top left corner. Cluster emission is always indicated 2IX| OFS 7O w7} AFZFSIS 9|m Moj| 9ich. 0]Ad
with a small triangle in the top right corner. Hence the AR BE B, W HAEE 21F 2| 7ol Ao ol 8H
location of the small triangles is as follows: ™ol woll chall, & 2E7 ot £ EA E1/0[7HLt e/pEtH
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50% (implying a branching ratio for the major mode in the Lol o= - L oo o -
range 50 — 95%), the box is divided into two by a diagonal ZE 27|28 22l F0l, 4Rt 2EZ 9l o 2% of2E
connection the lower left and top right corners. The location iz Moz odzZdsio] &= 72 2stat=ct 2 Aztsio| Qx|
of the large triangles is similar to that described above.
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The symbols for the particle emitting decay modes are
arranged according to branching ratio with the highest
branching ratio first, followed by y-quanta and
conversion electrons. The data for the isomeric decay
have been arranged corresponding to the branching
ratio of the decay mode. B-delayed particles or fission
(Bn, Bp, Bsf) precede or follow the y-quanta according to
the relative intensities.

For a given type of radiation the sequence of the
energies corresponds to the relative intensities (in
decreasing order) of the respective radiation. In case of
B-decay a slightly different rule is used (see below).

Points indicate further transitions of the same type with
lower intensities.

Energies are given in keV for y-quanta, in MeV for all
kinds of particles. A radiation symbol without energy
value indicates that the radiation occurs but the energy
has not been measured.

Endpoint energy of the most abundant B-transition. In
case further transitions with higher energies exist, the
second number corresponds to the hightest endpoint
energy observed.

B-transitions with known energies, for which the sum of
their abundances is less than 1%.

Electron capture is specified only, if it is more probable
than B'-decay.

Particle energies listed according to decreasing
probabilities of the respective transitions. At least one
energy is given, even if the abundance of the most
prominent group is less than 1%.

Energies of the strongest y-quanta arranged in order of
decreasing intensities. Intensities less than 1% are given
in brackets.

y-Energies followed by an asterisk denote transitions
after B-delayed particle emission.

Several y-quanta of unknown intensities within the
energy interval 291-1319 keV.

Conversion electrons are specified only if they are more
abundant than the y-quanta. Energies are not quoted.

Cross Sections
Al cross sections are given in barn (107*cm?) and refer
to reactions with thermal neutrons (0.0253 eV).

Cross section for the (n, y) reaction. If two values are
given, the first refers to the formation of the product
nucleus in the metastable, the second to the formation in
the ground state.

Fission cross section

(n, p) cross section

(n, o) cross section
Absorption cross section

Additional Symbols and Abbreviations
Chain yield (%) for the thermal neutron fission of U235
(above) and Pu239 (below) the arrowed line.
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Nuclides with a closed neutron or proton shell are
characterized by heavy horizontal or vertical lines.

o

The symbols “m” and/or “g” indicate that the metastable
and/or ground state of the daughter nuclide is populated,
respectively. The symbols are presented in order of
decreasing probability. Branches with probabilities less
than 5% are not shown. Subscripts on “m”, e.g. my, my,
are used to denote different metastable states (with m,
being a higher energy state than my).

Data or assignment uncertain.

Nanosecond, microsecond, millisecond, second, minute,
hour, day, year.

ns, ps, ms, s,
m,h,d, a

TERlE BAN EE YMR WIS T #Ze =e
£EMI 4 THoE S5 EAIR

'™ BLES g 7lEE @ BB Ford dEl/EE 71K
Meh 24z SHEEISS Uetdch o Jlzse #Eo|
Hasts MOZ Ui 5% Oigtel HEg IHE
XIS S EAISHR| obotrt Holgt FovE Nels S BT
QI8 "mrol of2f X, I mi, mB AHSHCL (miEcHs

my7t oI X| 4 EN7} o EC})
= 4E Ktz AR ofo E EX

Lt MIZiE, olo|3 2 MIZiE, LE|MZAHE, =

B Azt o, 4



Arrangement of Symbols and Data

Elements

symbol of the element
standard atomic weight based on C 12 = 12

absorption cross section for thermal neutrons (barn)

Stable Nuclides

symbol of the element, number of nucleons
abundance in naturally occuring element (atom %)

(n, y)-cross sections for the formation of the metastable
and the ground state of Te 127 by thermal neutrons (barn)

symbol of the element, number of nucleons

left hand side: half-life of metastable state;
y-energy (keV) of the isomeric transition

right hand side: abundance in the natural element (atom %)
(n, y)-cross sections for the thermal neutrons (barn)

Unstable Nuclides

symbol of the element, number of nucleons
half-life

modes of decay, endpoint energy of 3 -radiation (MeV)
y-energy (keV), conversion electrons,
(n, y)-cross section (barn)

symbol of the element, number of nucleons
half-lives

both states decay by electron capture; the metastable
state decays to the ground state
with a branching ratio for Iy in the range of 50% — 95%

symbol of the element, number of nucleons
left hand side: spontaneous fission isomer, T <0.1 s

right hand side: decay data of the ground state

g” indicates that the daughter Pu 240g is formed to at least
95 %; a population of Pu 240m up to 5% cannot be
excluded

where emission of a particle results from a resonance
state in an unstable nucleus, both the resonance
width T" (MeV) and the half-life T4, are given
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