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HE following table represents a complete
list of all the artificial and natural radio-
active isotopes and stable isotopes, together with
a number of their important features covering
information available by approximately October,
1948, through publications, private communica-
tions, and almost all of the restricted distribution
reports of the U. S. Atomic Energy Commission,
the former ‘Manhattan District,” U. S. Army
Corps of Engineers, and the corresponding offices
of Great Britain and Canada. With very few
exceptions, the criterion for listing a radioactive
isotope has been the actual observation of its
radiation. A somewhat more extensive treatment
of fission product data available up to August
1946 may be found in a Plutonium Project com-
pilation ‘“‘Nuclei formed in fission,”” J. Am. Chem.
Soc. 68, 2411 (1946).

The first column lists the atomic numbers and
mass numbers of the isotopes. The superscript
“m"” following the mass number denotes a
metastable isomer of measured half-life of either
a stable or unstable ground state, but the isomeric
transition need not have been observed.

In the second column headed ‘class’” the
degree of certainty of each isotopic assignment
is indicated with a letter according to the fol-
lowing code:

A =isotope certain (mass number and ele-
ment certain),

B =isotope probable, element certain,

C=one of few isotopes, element certain,

D =element certain,

E =element probable,

F=insufficient evidence.

In most cases the class is determined by evalu-
ating the uniqueness of the assignment through
chemical separation, reaction type and yield con-
siderations, genetic relationships, and type of
radiation. In a few cases newer techniques have
been used. The term “m.s.” in the second column
refers to the identification of the mass number
by means of a mass spectrograph, and ‘‘res.n.act.”
(resonance neutron activation) refers to the
identification of a nuclear isomer by observing
both isomers upon irradiation with filtered
neutrons. With the mass spectrographic assign-
ment of mass numbers there are some instances
in which the mass number is known with greater
certainty than the element. Such cases are
assigned the appropriate code letter such as “E”
followed by “m.s.”

The percent abundance of the stable isotopes
is listed in column three.

The fourth column lists the type of radiation,
with the following meaning for the symbols:

B~ =negative beta-particles (negatrons),
B+ =positive beta-particles (positrons),
y=gamma-rays,
a=alpha-particles,
n=neutrons,
e~ =internal-conversion electrons,
K = K-electron capture (or in more general
terms, orbital electron capture),
1.T.=isomeric transition (transition from
upper to lower isomeric state).

In the cases where it is certain that no gamma-
rays are emitted, this fact is expressed explicitly
in column seven by the term “No v.” Annihila-
tion gamma-rays and x-rays are not listed. It
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may be assumed that x-rays have been observed
or actually identified in almost all cases of orbital
electron capture listed.

The half-life, followed by the relevant refer-
ence, is given in the fifth column. In most cases
the determination is direct, either by measuring
the decay rate, by weighing a long-lived isotope
of known purity, or by comparing the activity
with that of a genetically related isotope of
known half-life. A number of half-lives are known
only from the yield of activity resulting from a
nuclear reaction of known or estimated cross
section. Half-lives estimated in this manner are
indicated by the term ‘‘yield.” Usually for the
cases where more than one value for the half-
life has been reported, an attempt has been
made to list the best value (an experimental
value thought to be taken under the most favor-
able conditions) rather than a mean value; more
than one value is listed where a choice does not
seem obvious. Among the natural radioactivities
an average value is often used which was taken
from an international committee summary report
(C60).

In the columns headed ‘“‘energy of radiation,”
the energy value is followed by the corresponding
reference and by a description of the method used
for the energy determination. The beta-particle
energies correspond to the observed upper limits
of the spectra; in those cases where only the
Konopinski-Uhlenbeck (K32) extrapolated value
has been reported, this is listed, followed by the
designation “K.U.” For alpha-particles reported
only by a range the “mean range in air’’ ws.
energy relationship of Holloway and Livingston
(H81) was used. The methods used for the deter-
mination of the energy of the particles (alpha and
beta) are described in each case with the aid
of the following symbols:

abs. =absorption;

cl. ch.=cloud chamber (with magnetic field
in case of beta-particles);

spect. =magnetic deflection (magnetic spec-
trograph or spectrometer or counter with
magnetic field);

calor. = calorimetric measurements;

ion. ch. =measurement of pulse sizes in ioni-
zation chamber or proportional counter;

coincid. abs. =beta- and gamma-coincidence
counters with absorbers;

coincid. =beta- and gamma-coincidence
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counters (for information on decay scheme
—data not necessarily used in the table);

spect. coincid. =coincidence counters ar-
ranged with a magnetic field.

The alpha-particle energies listed, where more
than a single group exists in high abundance,
include the group of highest energy and those
groups with abundance greater than ten percent.
Conversion electron energies are listed only when
it is not known in which shell internal conversion
takes place or when no attempt was made to
relate the electrons with observed or unob-
servable gamma-rays; in all other cases entries
are made in the column for gamma-rays.

The symbols used to describe the methods
employed for the determination of gamma-ray
energies have the following meaning:

abs. =absorption;

cl. ch. recoil =secondary electrons in cloud
chamber with magnetic field;

cl. ch. pair =positron-electron pairs in cloud
chamber with magnetic field;

coincid. abs. =secondary electrons with coin-
cidence counters and absorbers;

spect. conv.=internal-conversion electrons
with magnetic spectrograph or spec-
trometer;

spect. =secondary electrons with magnetic
spectrograph or spectrometer;

cryst. spect. =direct measurement of gamma-
ray energy by diffraction in a crystal;

abs. of e~=absorption of internal-conversion
electrons;

abs. sec. e~ =absorption of secondary elec-
trons;

coincid. = measurements with gamma-gamma-
coincidence counters (for information on
decay scheme—data not necessarily used
in the table);

Be-y-n reaction =measurement of neutron
energy from Be-y-z reaction;

D-vy-n reaction =measurement of neutron
energy from D-y-z reaction.

When internal-conversion electrons are emitted,
the energy listed in this column is always that of
the corresponding gamma-ray transition. Only
the main gamma-rays are listed for the natural
radioactive isotopes. In a few instances in which
a very short-lived metastable state has been
identified  as the daughter of the isotope in
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question, the gamma-rays of the daughter may
be listed for both parent and daughter.

When a semicolon is used, it means that the
values listed on each side of it are independent
determinations of the same item, e.g., inde-
pendent determinations of the half-life or of the
energy of the radiation of a radioactivity. In
another usage the semicolon separates the
symbols in the “‘type of radiation’’ columns when
there is more than one type of decay (8-, 8%, «,
K, or I.T.) for the radioactivity.

The observed nuclear reactions (giving the
target element, projectile, and outgoing particle,
in order) by which the radioactive isotopes are
formed, and the corresponding references are
listed in the last column (p = proton, # =neutron,
a=alpha-particle, d=deuteron, ¢=tritium or
triton (H®), y=gamma-ray, e =electron). In
cases in which the target material is not the
naturally occurring element, but one enriched or
depleted in a particular isotope, that isotope is
indicated. No means for identifying the source
or energy of the projectile is given. For example,
deuterons varying from low energies to 200 Mev
have been used. In many cases, with high energy
projectiles, multiple particles are ejected. A reac-
tion such as (d-ap2n) is a formal presentation
showing what the outgoing particles might be
and does not mean that the order of leaving the
nucleus was determined nor that the «, p, and »
were identified.

In some cases where the path for reaching the
product nucleus can even less definitely be stated
the reaction is presented in the form (d-32z10a)
where ‘32" indicates that the product nucleus is
lower in atomic number than the compound
nucleus by three units and ‘“10a¢’’ means that it
is lower in mass number by ten units. Where the
same isotope has been made by spallation of
various target elements with high energy par-
ticles, this is indicated by the symbol ‘“‘spal.”
followed by the symbols for the target elements.

Stable product nuclei which have been iden-.

tified by means of the mass spectrograph are
indicated by “m.s.” following the reference. The
neutron-induced fission reactions of the heavy
elements are designated by such symbols as
U-n, Th-n, Pu-n, and Pa-#, while the gamma-ray,
deuteron, and alpha-particle-induced fission reac-
tions are designated by symbols such as U-vy,
U-d, and U-a. Usually, but not always, “U-#n"
will mean the slow neutron fission of U2 while
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“U-d” or “U-a” designated fission products
arise from U%8, In this last column the method
of production for each radioactive fission product
is described by these symbols (U-%, etc.) to-
gether with the designation of its radioactive
parent and its radioactive daughter when these
are known. Similarly, for the radioactivities of
the heavy natural and artificial families there are
listed the immediate parent and daughter iso-*
topes. The natural radioactivities without parents
are listed as produced by a ‘‘natural source,” fol-
lowed by a reference to the discovery.

Some of the data entered in this table were
taken from restricted distribution reports which
are not generally available. These have reference
numbers from 100-199. References to the open
literature have numbers below 100 or over 200.
No attempt has been made to list all of the
publications or restricted distribution reports
connected with a given radioactivity since it has

-been the aim to keep the table as compact as

possible. As a rule references to the original
papers are not given when bettér data are avail-
able in more recent publications. The references
which are listed usually give a key to the com-
plete literature.

Those references designated by “NNES-PPR”
refer to papers which will appear in the forth-
coming National Nuclear Energy Series—Plu-
tonium Project Record. Similarly, the symbol
“AECD?” refers to a declassified U. S. Atomic
Energy Commission Document bearing the
indicated number, and is used also to cover earlier
documents which were issued with the prefix
“MDDC.” Since it was not possible to check all
papers for numbering changes, the paper title is
being included in the bibliography to aid in
identification.

It is a pleasure to acknowledge the assistance,
through helpful discussions, of Dr. T. P. Kohman
and Dr. W. H Sullivan, and to thank many of
the authors whose work is cited for their aid in
evaluating data familiar to them. The selection
of isotopic abundances of the stable isotopes was
aided by compilations and communications from
Professors K. T. Bainbridge, A. J. Dempster,
A. O. Nier, and M. G. Inghram. We are also
grateful to Mrs. Lorraine Petch and Mrs. Jane
Waulf for their painstaking work in-the prepara-
tion of the manuscript. The compilation of this
table was sponsored by the Atomic Energy Com-
mission.
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Isotope Percent Type of Energy of radiation in Mev
Z A Class abundance radiation Half-life Particles y-rays Produced by
1 H 99.9844(H70)
H?2 0.0156(H70)
H3 A 8- 12.1 yr.(N46); 10.7 0.0185(P62) ion.ch.; No v(G133) D-n-v(Z101)
yr. (G60) 0.0169(C85) ion. D-d-p(A7,A16)
ch.; 0.015(03,N6) Hes-n-p(C132,H219)
abs., cl.ch.; 0.011 Li-n-£(04)
(W60) abs., (B92) Be-d-1(06,A16)
cl.ch. B-n-t(C15)
N-n-1(C15)
2 Hed 1.3 X107
(A7,A30) (F35,A34)
Het 99,9999(F 35,
A34)
Hes¢ A B8~ . 0.89 sec.(H120); 0.8 3.7(B1,B2) cl.ch.; No v(K76,S81) Li-y-p(B83)
sec.(B1); 0.85 sec. 3.7(K135) abs. Al; Li-n-p(K1)
(S81) 3.5(S81) abs. Al Be-n-a(B1,P1,B3)
3 Lis 7.39(1104)
Li7 92.61(1104)
Lis A B~ 2a 0.89 sec.(H78); 0.88 12(87)(B4) cl.ch.;12 No y(R25,B4) Li-d-p(C1,L1,R14,
sec.(L1,H107) (87)(013) abs. Al; D1)
distribution, mean Li-n-y(K1,H107,
at 2.0(«)(F18) P63,H78)
Li%-n-y(H78)
Be-y-p(013)
B-n-a(L24)
4 Be? A K, v 52.9 days(W76); 0.485(K73) spect.; Li-d-n(R1,R13,Z1)
43 days(R13,A18) 0.485(Z1) coincid.  Li-p-n(H30,H2)
abs.; 0.476(R44) B-p-a(R1,M1)
abs. Pb; 0.453 B-d-an(M63)
(S95) spect.;
0.474(Z5) spect.
Be? A 2a 10715 —10-17 sec. 0.055 (each « in Be-y-2(C53,H64)
(W61) cale. center of mass sys-
tem) (H64) ion.ch.
Be? 100(N30)
Belo A B8~ 2.5 X108 yr.(M85);  0.560(M65,M85) No y(M65,1.78) Be-d-p(M65,L.78)
(P48) 2.9 X106 yr.(H73) abs. Al; 0.58(H73) Be-n-v(B124,H73)
m.s. yield abs. Al; 0.65(L78) B-n-p(E35)
abs. Al C-n-a(H119)
5 B 18.83(15)
Bn 81.17(15)
B2 A B~ 0.027 sec.(J11); 12(B4) cl.ch. B-d-p(C2, F1,B5)
© 0.022 sec.(C2,B22) Nib.g-a(J11)
6 Cuw B B* 20 sec.(S202) ~2(S202) abs. B-p-n(S202)
B10_p-n(S202)
Cn A Bs* 20.5 min.(S8,T8); 0.95(D26) cl.ch.; 0.99 No v(S97) coincid. Be-a-2n(M128)
20.0 min (S83) (S82) spect. B-d-n(F1,C4,Y1)
) B-p-v(C3,B23)
B-p-n(B23)
C-y-n(B53)
C-n-2n(P2)
-C-d-dn(T41)
C-p-pn(C77)
C-a-an(M128,T41)
N-p-a(B23)
N-n-p32(K63)
N-y-p2n(B53)
O-y-an(?)(BS3)
O-n-a2n(M134,K63)
Cn2 98.9(N31)
Crs 1.1(N31) ‘
Cu A B-(K24) -5100 yr.(L.130,N45); 0.156(C82) spect.; No y(R21) C-d-p(R17,R21)
6400 yr.(H212); 0.154(S200) abs. C-n-y(L110)
4700 yr.(R50) Al; 0.154(1.89) N-n-p(R21,H108,
spect. L110)

O-n-a(H129,M71)
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Table of Isotopes— Continued
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Isotope

Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles ~-rays Produced by
7 NB A B+ 9.93 min.(W14,T8); 1.24(S98) spect.; No v(S97) coincid.; B-a-n(E1,R3)
10.13 min.(S98) 1.25(C83) spect.; No y(L79) spect. C-d-n(H3,Y1,C4,F1)
0.92, 1.20(1.22) C-p-v(H3,C4)
spect. N-n-2n(P2,H44)
N-d-t(B7)
N-y-n(B53)
O-n-p3n(K63)

N 99.62(V20)

Nis 0.38(V20) .

N1s A B~ v 7.35 sec.(B74); 7.5 3.5, 10(S81) abs. Al, 6.2, 6.7(B73) abs. N-n-v(H120)
sec.(H120); 7.3 Cu; 10(H120) sec. ¢~, cl.ch. N-d-p(F1)
sec.(S81); 8 sec. cl.ch.; 4, 10.3 pair; 4(S101) abs. O-n-p(C5, S101)
(C5,N1,N106) (B74) cl.ch., abs. Pb, Cu; ~6(S81) F-n-a(N1,P1,N4)

cl.ch. recoil

N7 A B-.n(K65, 4.14 sec.(K65), 3.7(87)(A43)016 re- Spal.(O,F,N,Mg,Al

(A36) A36) coil—B~ coincid. Si,P,S,CLK)(C75,
abs.; 0.9(mean) () K65)
(A43) O16 recoil in
ion. ch.; 1.0(mean)
(n)(H153) p recoil
in cl.ch.
8 Ou B B*,v(S216) 76.5 sec.(S216) 1.8(S216) abs. 2.3(S216) abs. N-p-n(S216)

(o2 A 8+ 126 sec.(M3,B20) 1.7(F1) cl.ch. C-a-n(K3)

' N-d-n(M3,F1)
N-p-v(D2)
O-y-n(B20,B53,H44)
O-n-2n(P2)

018 99.757(T101)

o 0.039(T101)

018 0.204(T101)

O A B~ v 29.4 sec.(F101); 4.5(30%), 2.9(70%,) 1.6(F101) abs. O-n-y(M103)

29.5 sec.(H120); (B75) abs. Al; F-n-p(N1,A1)
27.0 sec.(B75) 4.1(F101) abs.;
3.2(H90) abs. Al
9 Fu A st 70 sec.(N2) 2.1(K4) cl.ch. N-a-7(R3)
0-d-n(N2,F1)
O-p-v(D2)
F-y-2n(B53,P60)
K18 A st 112 min.(S1) 0.7(Y2) cl.ch.; 0.7 No y(K76); 1.4 O-a-pn(T36)
(K110) abs. Al; (H203) cl.ch. O-p-n(D2)
0.95(20%), 0.6 recoil 0-d-n(D22,Y2,W2)
(80%)(H203) 0-t-n(K110)
cl.ch. F-n-2n(P2)
F-d-t(B7,K2)
F-y-n(H44,B53)
Ne-d-a(S1)
Na-y-an(?)(B53)
F1e 100(A30)
F20 A B-, v(B50, 12 sec.(C1) 5.0(F1,B50) cl.ch. 2.2(B50) <l.ch. F-d-p(F1,C1)
C47) recoil F-n-y(N1)
Na-n-a(N1)
10 Ne™ A gt 20.3 sec.(W7) 2.20(WT7) cl.ch. F-p-n(W7)

Nez0 90.51(D66)

Ne2t 0.28(D66)

Ne 9.21(D66)

Nez A B~ 40 sec.(A1,B6); 40.7 4.1(P21) abs. Ne-d-p(P21,W24)
sec.(H61) Na-n-p(A1,N1,P1)

Mg-n-a(A1,B6)
11 Na2z B 23 sec.(C27) Ne-p-n(C27)
Ne-d-rn(P21)

: Mg-p-a(B90)

Naz A B81(~100%), 2.6 yr.(1L92); 0.58(L.3) cl.ch.; 1.3(02) spect.; F-a-n(L3,M4)

v, no K 3.0 yr.(L3) 0.575(G44) spect.; 1.30(G44) spect. Ne-d-n(L3)
(G44) coincid. (M72) Na-z-22(B131,S180)

Mg-d-a(L3)
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Table of Isotopes— Continued
Isotope Percent Type of Energy of radiation in Mev
Z A Class abundance radiation Half-life Particles y-rays Produced by
11 Naz 100(S61) }

Na2 A B~ v 14.8 hr.(V1) 1.390(S88,599) 1.380, 2.758(S88) Na-d-p(1.4,V1)
spect., coincid.; spect.; 1.4, 2.8 Na-n-y(Al)
1.4(1L21,549,S82) (E7,12,E8) spect.; Mg-d-a(H4)
spect. 2.87(G16), 2.74 Mg-n-p(Al)

(W64), Be-y-n Mg-v-p(BS53,H74)
reaction, D-y-n Al-n-a(Al)
reaction; 2.56, Al-d-pa(C65,C67)
2.68, 2.76, 2.89 Al-y-n2p(B53)
(K56) cl.ch. pair; Si-y-23p(?)(B53)
coincid. abs. (C56,
W65)
Na? B B, v(B75) 58.2 sec.(B75); 60 3.4(B75) abs. Al; Mg-y-p(H61,B53)
sec.(R47); 62 sec. 2.8(H54) abs. Al Mg-n-p(H61,B75)
(H54) Al-y-2$(B53,P60)
12 Mg A B* 11.6 sec.(W7) 2.82(WT7) cl.ch. Na-p-n(W7,D9)
Mg-v-n(H43,H44,
B53)

Mg2 78.60(W78)

Mg2s 10.11(W78)

Mg2 11.29(W78)

Mg?? A B8~ v 10.2 min.(H4); 9.6 0.79(20%), 1.80 1.01, 0.84(B86) Mg-d-p(HM

min.(E31) (80%,)(B86) spect.; spect., coincid.; Mg-n-v(A1)
1.8(C13,E31) 0.64, 0.84, 1.02(12) Al-n-p(A1l)
cl.ch.; coincid. spect.; 1.05(single
(B75) ¥)(E31) cl.ch.
recoil
13 Al A 8 sec.(B84); 7.3 sec. Mg?5-p-n(B84)
(B90)
Al A g+ 6 sec.(B84); 6.3 sec. = 2.99(W7) cl.ch.; 1.8 Na-a-n(M4,F2)
(B90); 7.0 sec. (F2) abs. Mg-p-n(W7,D9)
(W7,F2) Mg26-p-n(B84)
Mg-p-v(C29)
Al-y-n(H43,H44,
H58,B53)
Al 100(A31)
Al2s A B~ y(W17) 2.30 min.(E31); 2.4  3.01(B86) spect.; 1.80(B75) abs. sec. Mg-a-p(E2,R3)
min.(A1,M5,E2) 2.75(B7S) coincid. e~; 1.80(B86) Al-d-p(MS)
abs.; 3.3(C6) spect.; 1.8(12) Al-n-y(A1)
cl.ch.; 3.0(E31) spect.; 2.1(E31) Si-n-p(A1,B75)
cl.ch.; 3.10(D54) cl.ch. recoil Si-v-p(B53,H74)
abs. Al, coincid. P-n-a(Al)

Al2e A s 6.7 min.(B2S) 2.5(B25) cl.ch. and Mg-a-p(B25,H21,

abs. F3)
Si-n-p(F110)
Si-y-p(B53,H74)
P-y-2p(B53,P60)
14 Si¥7 A Bt 4.9 sec.(K10,C27) 3.74(M21) cl.ch.; Al-p-n(K8,M21,C27,
3.54(B8) cl.ch. B38)
Mg-a-n(K10)
Si-y-n(H62)

Sizs 92.28(15)

Si2e 4.67(15)

Siso 3.05(15)

Sist A B8~ 170 min.(N3,A13) 1.8(K4) cl.ch. No v(N3) Si-d-p(N3)

Si-n-y(A1)
P-n-p(A1,P2)
S-n-a(S2,C9)
15 P2 A 8 4.6 sec.(W11) 3.63(W11) cl.ch. Si-p-n(W11)
Si-d-2(D12)

P-y-22(2)(BS3)
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Percént Type of Energy of radiation in Mev

Isotope )
Z A Class abundance radiation Half-life Particles y-rays Produced by
15 Pp30 A Bt 2.55 min.(R3,B49) 3.0(B48,B49) cl.ch.; Al-a-n(R3,C7)
3.5(M26) spect. Si-p-n(B23,B49)
Si-He3-p(A7)
P-n-2n(P2)
P-y-n(B20,B53)
S-d-a(S2)
pst 100(A31) -
P32 A 8- 14.30 days(C8); 1.712(S88) spect.; No y(K4) Si-a-p(F3)
14.07 days(M39) 1.69(L5) spect. P-d-p(N3)
P-n-v(A1)
S-n-p(A1)
S-d-a(S2)
Cl-n-a(Al)
Cl-d-pa(T107)
Cu-d-15233a(M87)
P B B8-,v(Z4) 12.4 sec.(Z4) 5.1(75%), 3.2(25%) S-n-p(Z4)
(B42) coincid. Cl-»-a(Z4,H90)
abs.; 4.9(H90)
abs. Al
16 Su A g+ 2.6 sec.(B57); 3.2 3.85(W11,E4) cl.ch. Si-a-n(K10)
sec.(W11,K10) P-p-n(W11,V4)
S-y-n(H43,H44,HS58)
S 95.06(N32)
Sss 0.74(N32)
S3¢ 4.,18(N32)
S85 A 8- 87.1 days(HS53) 0.169(B82,C78) S-n-v(S102)
spect.; 0.167 S-d-p(C25,K13)
(S200) abs. Al; Cl-n-p(A3,L6,L58,
0.166(A40) spect.; K13)
0.17(0110) abs. Cl-d-o(K13)
Al
Sse 0.016(N32)
S7 B 8-y 5.04 min.(Z4); 5.0 4.3(10%), 1.6(90%) 2.6(B42) abs.; 2.75  S-n-y(H130)
min.(H130) (Z4); 4, 1.4(H130) (H130) abs. sec. Cl-n-p(Z4,H1130)
abs. Al e
17 Ci38 A 8t 2.4 sec.(W11); 2.8 4.13(W11) cl.ch. S-d-n(H31)
sec.(S209) S-p-n(Wi1)
Cla A B8ty 33 min.(S2,B21) 2.5(B21) abs.; 5.1, 3.4(H72) cl.ch. re- P-a-n(F2,R3,B21)
2.4(H72) cl.ch. coil S-d-n(S2)
S-a-p,n or
S-a-d(S45)
S-t-n(K110)
Cl-n-2n(P2)
Cl-y-n(B20,H44)
Cs 75.4(N33)
Chps A 8+ K; 8~ 2 X106 yr.(H135) 0.64(87)(G8) abs.; Cl-n-v(G8,0110)
(G8) yield g=,8+; ~108 0.66(8-)(0110) Cl-d-p(G8)
yr.(0110) yield; abs. Al
>108 yr.(G8,05)
vield
C7 24.6(N33)
Css A 8-y 38.5 min.(H75); 1.19(36%), 2.70 1.60(43%), 2.12 Cl-d-p(K4,V1)
37 min.(V1) (11%), 5.2(53%) (57%)(HT75) Cl-n-y(A1,K18,A15)
(H75) spect.; 1.1, spect.; 1.65, 2.15 K-n-a(HS)
2.8, 5.0(W16,W17) (C28,12) spect. Cu-d-13227a(M87)
spect.; (W17)
coincid. abs.
CiI39 B B~(M49) 1 hr.(M49,H213) Cu-d-13226a(M49)
Cu-a-14228a(M49)
As-d-17238a(H213)
18 A3 A ! 8+ 1.88 sec.(E4); 1.84 4.4(E4,W11) cl.ch. S-a-n(K10)
sec.(S209) Cl-p-n(W11)
Ass 0.307(N34)
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VA A Class abundance radiation Half-life Particles y-rays Produced by
18 A% A K(HS52,W54) 34.1 days(W54) No v(W54) S-a-n(W18,W54)
Cl-d-2n(W18,W54)
Cl-p-n(W18,W54)
K-d-a(W18,W54)
) Ca-n-a(W18,W54)
Ass 0.060(N34)
A3 F = 4 min.(P2) K-n-p(P2)
Aso 99.633(N34)
A4 A By 110 min.(S3); 109.4 1.18, 2.55(0.7%) 1.37(R8) cl.ch. re- A-d-p(S3)
min.(B76) (B76) abs. Al, co- coil; 1.3(B76) A-n-y(S3)
incid.; 1.5(K4) abs. of e~ K-n-p(HS)
cl.ch.(K.U.)
19 K# F 8+ 1.3 sec.(1.91) K-y-2n(1L91)
K38 A By 7.7 min.(I15,R3); 2.53(R52) abs. Al; 2.15(R53) coincid. Cl-a-n(H5,R3)
7.5 min.(R52) 2.3(R3) abs. abs. K-n-2n(P2)
K-v-n(H43,H44)
Ca-d-a(HS)
K30 03.3(N34)
K40 A 0.011(N34) B(r31,C61, 1.8 X10%yr. (uncorr. 1.9(B94) abs. Al; 1.54(with K)(H98) Natural source(T31,
(H188, S62) Ad1); for K)(B94); 1.7(F43) cl.ch.; coincid.; 1.55 Co61)
K (T30, 1.4 X10° yr. (un- 1.41(H98) abs. Al; (GS59) abs. Pb;
B80,A42); corr. for K)(G69); 1.35(DD37) spect. 1.5(with K)(M73)
K /B~ ratio 1.5 X10° yr. (un- coincid abs. Cu, Pb, coin-
~0.1(A42, corr. for K(M22) cid.
S204), 1.9
(B80), >1
(T30,A41);
v(K52)
(149 of
B7)(G69)
Ka 6.7(N34)
K+ A B~y 12.4 hr.(HS); 12.44 2.04(25%), 3.58 1.4, 2.1(B75) abs. A-a-pn(0109)
hr.(S65) (75%)(S65) spect.; sec. e”; 1.51(S65) K-d-p(HS5)
~1.8, 3.50(B75) spect., coincid. K-n-v(H5,A1)
abs. Al, coincid.; Ca-n-p(HS)
3.5(K4) cl.ch. Sc-n-a(HS5,B75)
K B B~y 22.4 hr.(0116) 0.24, 0.81(0116) 0.4(0116) abs. Pb A-a-p(0116)
spect.
K3 D B~ 27 min.(B138) Ca-n-p(B138)
K344 C B~ 18 min.(W1,W12) Ca-n-p(W1,W12)
20 Ca® F Bt 4.5 min.(P2,W12) Ca-n-2n(?)(P2,W12)
Ca3® I 1.06 sec.(H44) Ca-y-n(H44)
Cat0 96.96(N32)
Cat 0.64(N32)
Ca#3 0.15(N32)
Ca# 2.06(N32)
Cats A B~ 152 days(M74); 0.260(S58) abs. Al; No v(K116,P106) Ca-n-y(W12)
180 days(W12) 0.25(P106) spect.; Ca-d-p(W12,W5)
0.21(M74) Sc-n-p(W12,K116)
Ti-n-(C34,H216)
Bi-d(G62)
Sc-d-2p(H217)
Caits 0.0033(N32)
Cat? F By 5.8 days(M74} 1.1(M74) 1.3(M74) Ca-d-p(M74)
Cats 0.19(N32) )
Cat? A B~y 2.5 lir.(W12) 2.3(W12) abs. 0.8(W12) abs. Pb Ca-d-p(W12)
. . Ca-n-y(W12)
Ca#® B B 30 min.(W12) Ca-d-p(W12)
Ca-n-y(W12)
21 Sc# A Bt 0.87 sec.(K10) 4.94(E4) cl.ch. Ca-d-n(K10,E4)
Sc#s A Bty 3.92 hr.(H92); 4 hr.  1.12(H92) abs. Al, 1.65(H92) abs. Pb, Ca-a-p(F4,W10)

(W10)

spect.; 0.4, 1.4
{W10) abs.

Cu; 1.0(W10)
abs. Pb

Ca-d-n(W3)
Ca-p-n(D2,D9,H92)
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A A Class abundance radiation Half-life Particles y-rays Produced by
21 Sctim A I.T, ey 2.44 days(H92); 2.2 0.27(H9,S19) spect. K-a-n(W10,H1)
(W10) days(W10) conv.; 0.28(H92)  Ca-d-n(W3,S19,H1)
abs. of e~ Ca-p-n(D2,D9)
Sc-n-2n(B9,l92)
. . Ti-d-a(W4)
Sc# A B+, K(H92) 3.92 hr.(H92); 4.1 1.5(W10) abs., (S19) 1.33(H92) abs. Pb, K-a-n(W10,H1)
hr.(W10) spect.; 1.33(H92) Cu, Al Ca-d-n(W3,519,H1)
abs. Al Ca-p-n(D2,D9)
Sc-n-21n(B9,H1)
Sc-y-1(B20)
Sc#4m . T.(W10)
Ti-d-a(H60)
Scis 100(A31)
Sciém A(G67) I.T., v, e~ 20 sec.(G67) 0.18(G67) abs., abs.  Sc-n-y(G67)
res.n.act. (G67) of e~
Scis A By, K(W5) 85 days(WS) 0.36(87)(F36,M76, 0.88, 1.12(F36,M76, Ca-a-p(W10)
P49) spect.; 0.26 P49) spect.; (J15) Sc-d-p(W1,W5)
(B~)(M75) abs. Al, coincid.; 1.25 Sc-n-y(W1)
- coincid.; 0.4(87) (W10) abs. Pb; Ti-d-a(W1)
(K116) abs. Al; 1.5(M42) abs. Pb; Ti-n-p(W4,H216)
0.26, 1.5(87)(W10) 1.4(K116) abs. Pb
abs.; 1.49(87)
(weak)(P49) spect.
Sc4? B B~ 3.4 days(H1,H93) 0.46(1193) abs. Al No y(?)(H93) Ca-a-p(H93)
Ca-d-n(H93)
Ca-p-y(H93)
Ti-n-p(H216)
Scis A B-,v(W10), 44 hr.(W10,M2,H93) 0.64(S19) spect.; 0.98, 1.33(P45) Ca-p-n(H1)
K(?)(H93) 0.57(193) abs. Al spect.; 1.35(M2, Ca-d-2n(S19,M2,
M30) spect.; 1.33 H1,M30)
(H93) abs. Pb Ti-n-p(W4,P2,W10,
M30)
Ti-d-a(H60)
V-n-a(W4,P2,W10)
Sc#o A B~ 57 min.(W10) 1.8(W10) abs. No y(W10) Ca-d-n(W10)
Ti-n-p(W10)
Ti-y-p(H74)
Ca9(2.5 hr.)
B~-decay(W10)
Ca(30 min.)
B~-decay (S103)
22 Ti# E 0.58 sec.(S209) Ca-a-n(S209)
Ti4s A Bt 3.08 hr.(A17) 1.2(A17) cl.ch. Ca-a-n(A17)
Sc-p-n(A17)
! Sc-d-2n(A17)
. Ti-n-2n(A17)
Ti-y-n(H45,H62)
Cu-d-8220a(M97)
Ti4s D 21 days(DD101) Sc-p-n(D101)
Tise 7.95(N32)
Tie7 7.75(N32)
Tis 73.45(N32)
Ti4o 5.51(N32)
Tis0 5.34(N32)
Tism A B~ v(W4) 6 min.(S28) 1.6(S28) abs. Ti-d-p(W4)
Ti-n-y(W4,A1)
Tist B Y . 72 days(W5) 0.45(M89) abs. Al; 1.0(W5) coincid. Ti-d-p(W5) |
0.36(W5) abs. abs.; 1.02(M77) Ti-n-v(W8)
coincid. abs. Cu-d-82z14a(M97)
23 V4 B g+ 33 min.(W4,07) 1.9(W4,07) abs. Ti-d-n(W4,07)
Ti-p-n(D9,07)
Vs A g+ K,v(W5, 16 days(W4) 0.72(P45) spect.; 1.0 0.98, 1.33(P45) Sc-a-n(W6)
Ho60); B+ (W4) cl.ch.; 0.58 spect.; 1.05(R4) Ti-d-n(W4)
(58%), K (H60) cl.ch. recoil; 1.50  Ti-p-n(D9)
42%) (H60) abs. Pb Cr-d-a(W4,P45)
(G44) Cu-d-7z17a(M87)
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23 Ve B K 600 days(W5) No B or e~ (W5) No v(W5) Ti-d-n(W5)
Vst 100(A31)
V2 A B~y 3.74 min.(M40); 2.05(D24) abs.; 1.46(M93) abs. Pb,  V-n-y(W4,P2,A1)
3.9 min.(W4) 2.65(Y5) cl.ch. Fe, Cu; 1.3(G1) V-d-p(W4)
abs. Pb Cr-n-p(W4,P2)
Cr-y-p(H74)
Mn-z-a(W4,P2,A1)
24 Crt? A Bty 41.9 min.(07); 45 1.45(07) abs., cl.ch. 0.18, 1.55(07) abs. Ti-a-n(07)
min.(H62) Pb Cr-n-22(07)
Cr-v-n(H62)
Cu-d-6216¢ or
Cu-d-6218a(M87)
Crso 4.49(N35)
Crst A K,v,e~(W13); 26.5 days(W13) 0.32(single)(M120, Ti-a-n(W13)
no g+(B34) M67) spect. conv.; V-p-n(B34)
0.320(single)(K73) Cr-d-p(W13,A14)
spect.; 0.330, Cr-n-y(W13,M120)
0.237(B34) abs. Cr-n-2n(A14)
of e~ Cu-d-6214a(M87)
As-d-10226a(H66)
Cro2 83.78(N35)
Cr83 9.43(N35)
Crs¢ 2.30(N35)
Crss B 1.3 hr.(S104); 1.6- Cr-n-y(D14,A14)
- 2.3 hr.(A14,D14) Cr-d-p(A14)
25 Mndt A g+ 46 min.(L7) 2.0(L7) abs. Cr-d-n(L7)
Cr-p-y(D2,D4)
Cu-d-5z14a(M87)
Mnszm A B*v; LT.(?) 21 min.(L7) 2.66(012) spect.; 1.46(012) spect., Fe-d-a(D5,L7)
(0.05%) 2.2(H6,L12) cl.ch. coincid.; 1.2(H6); Cr-p-n(H6,H12)
(012) 0.39(I.T.2)(012)  Fe’ g+.decay(M87)
spect. conv.
Mns2 A B*(35%), K 5.8 days(M97); 0.58(P45) spect.; 1.0(H6); 0.73, 0.94,  Cr-p-n(H6,H12)
(65%) 6.5 days(L7) 0.77(H6,H12) 1.46(P45) spect., Cr-d-2n(P45)
(G44),y cl.ch.; 0.75(T108) coincid. abs. Fe-d-a(L7)
abs. Al Cu-d-5z13a or
Cu-d-5z15a(M87)
As-d-9z25a(H66)
Mnd A K,y(L7) 310 days(L7) 0.835(D35) spect., V-a-n(L7)
coincid.; 0.85(L7) Cr-d-n(L7)
abs. Pb Cr-p-n(D9)
Fe-d-a(L7)
Mn?55 100(S63)
Mn?36 A B~y 2.59 hr.(L7) 0.75, 1.05, 2.86(E12) 2.06(20%), 1.77 Cr-a-p(R3)
spect., coincid.; (30%), 0.822 Mn-n-v(Al)
1.04, 2.88(T8) (~100%)(S66) Mn-d-p(L7)
spect.; 0.75(20%,), spect.; 0.845, 1.81, Fe-d-a(L7)
1.04(30%), 2.81 2.13(E9,E12) Fe-n-p(A1)
(50%)(S66) spect. spect.; 2.7(K 1%) Fe-y-p(P60)
(W64,W124,1.131) Co-n-a(Al)
D-y-n reaction Cu-d-p2a or
Cu-d-p2a2n (M87)
As-d-9221a(H66)
26 Fed A g+ 7.8 hr.(M87) 0.55(M87) abs. Al Cu-d-4213a or
Cu-d-4z15a, parent
of Mnsm(M87)
Fess A st 8.9 min.(R3) Cr-a-n(R3)
Fe-n-2n(120)
Fe-vy-n(H43,H62)
Cu-d-4s12¢ or
Cu-d-4214a(M87)
Feb 5.81(W78)
Fess A K,noe",no ~4 yr.(V4) No y(P50) Mn-d-2n(H127)

B*(B46)

Mn-p-n(V4)
Fe-d-p(L23)
Coss g+-decay(L10)
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26 Fess 91.64(W78)

Fes? 2.21(W78)

Fess 0.34(W78)

Feso A B~y 46.3 days(S174); 0.26, 0.46(D16) 1.10, 1.30(D16) Fe-d-p(120,D16)

45.5 days(G45); spect., coincid. spect. Fg~n~v(Sl()5,W101)
47 days(L20) abs. Co-n-p(1.20,1100)
Co-d-2p(T46)
Cu-d-a2p or
Cu-d-2a(M87)
As-d-8218a(H66)
Bi-d(G62)
27 Coss A Bty 18.2 hr.(DS) 1.50(L21) spect. 0.16, 0.21, 0.8, 1.2 Fe-d-n(1L10)
(C20) cl.ch. recoil Fe-p-y(L9,1.10)
Cu-d-3210a or
Cu-d-3212a(M87)
As-d-7222a(H66)

Cosé A B*+,7,K(E9) 72 days(L10) 1.50(E9,E12) spect., 0.845, 1.26, 1.74, Fe-d-2n(L10,P3,J1)
coincid.; 1.2(L10) 2.01, 2.55, 3.25 Fe-a-np(L10)
abs., (C17) cl.ch.,, (E12) spect., coin- Ni-d-e(L10,C17)
coincid. cid.; 1.7(C17) abs. Cu-d-329a or

Pb, coincid.; 1.05 Cu-d-3311¢(T108)
(L10) abs. Pb
Cos7 A K,v.e"; 270 days(L10) 0.26(8+)(L10) 0.117, 0.130, 0.202, Fe-d-n(1.9,B24,P4,
B*(L10) 0.215(P3) spect. L10)
Fe-p-y(L10)
Coss A B+v(15%) 72 days(L10) 0.470(E13,D35) 0.805(D35) spect., Mn-a-z(L9,1.10)
(G44); K. spect.; (E13) coin- coincid.; 0.6(L10) Fe-d-n(1.9,B24,P4,
~(85%) cid.; 0.4(L.10) abs. abs. Pb 110)
(G44) Fe-p-n(L9)
Fe-a-np(1.10)
Fe-p-v(L10)
Ni-d-a(L11)
Ni-»-p(V5,L10)
Cu-d-ap2n or
. Cu-d-apdn(T108)

Cos® 100(M52)

Coso A By 5.3 yr.(L10) 0.31(D17,D36) spect. 1.16, 1.32(M78,J8) Co-d-p(L9,B24,1.10,
coincid. abs.; ~spect.; 1.16, 1.30 D17,N10)
0.23(D55) spect.; (P106) spect.; Co-n-v(R9,1.9,1.10)
0.310(M78) spect. 1.10, 1.30(D17, Cofom I.T. (L10,D17)

D36) spect., coin-  Ni-d-a(L10)
cid. Cu-n-a(M64)

Cotom A LT, v, e 10.7 min.(L10) 1.35(8-)(N10) spect.; 0.056(1.T.)(D17, Co-n-vy(H7,L8,L10,

(>90%) 1.25(87)(D36) D36) spect. conv.; D17)
(L10,D17, spect.; 1.56(87) 1.5(with ~)(N10, Co-d-p(N10)
D36,S103); (P106) spect. D36) abs. Pb; Ni-n-p(H8,L10)
By 1.32(with 87)
(<10%) (P106) spect.
(D17,D36, >
N10,5103)
Cott A B8~ 1.75 hr.(P51) 1.1(P51) abs. Al No y(P51) Co-t-p(K64)
(P51) Ni-y-»(P60)
m.s. Ni-d-an(P51)
Nitt-p-a(P51)
Nitl-z-p(P51)
Cu-n-na(P51)
Cu-v-2p(P60)
Cu-d-apn(M87)
As-d-7216a(H66)
Cos®2 B 8-v(P52) 13.8 min.(P52) 2.5(P52) abs. Al, 1.3(P52) abs. Pb Ni¢2-n-p(P52)

coincid.

Cu-n-a(P52)
Cu-d-ap(P52)
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28  Nis7

Niss

Nise

Nito
Niét
Nis2

Nis3

Nié4
Niss

Nis

29 Cust

Cubs

Cus®
Cuso

Cu®?

Cus?

Cuss

67.76(W78)

26.16(W78)
1.25(W78)
3.66(W78)

1.16(W78)

69.09(1104)

B+

K, no g~
(B96)

ﬁ#

ﬂ+
Bty

B*; K(A4)

Bty

36 hr.(L11); 34 hr.
(H66)

5 X10! yr.(B96)

yield; 16 yr.(C124)

yield

300 yr. (B96) yield;
long(F49) yield

2.6 hr.(L11)

56 hr.(G62)

7.9 min.(D4); 10
min.(L83)
3 sec. (A39)

81 sec.(D4)
24.6 min.(1.83)

3.4 hr.(T1,R3); 3.33
hr.(C80)

10.5 min.(H8); 10.1
min.(L.83)

0.67(1.11) abs.

~0.05(C102,C124)
abs. Al

0.05(F49) abs. Al;
(B96) abs. A, Al

1.9(L11,5161) abs.
Al

1.8, 3.3(<5%)(1.83)
abs. Al

1.205(C80) spect.;
0.9(R3) abs.; 1.23
(B36)

2.6(C13) cl.ch.; 2.5
(T108) abs. Al

1.1(L11) abs, Pb;
0.280, 0.65, 0.93
(G3) spect.

1.5(L.83) abs. Pb.

No v(G2,B36)

0.56(T108) abs. Pb

Fe-a-n(L11,N11,
D18)
Ni-n-2n(LL11,N11,
D18)
Ni-v-n(H45,H62)
Cu-d-2z8a or
Cu-d-2210a(M87)
As-d-6220a(H66)

Fe-a-n(C117)
Ni-z-v(C102,B96)
Ni-d-p(C102)
Co-d-2n(B96)

Ni-n-y(F49)
Ni62-2-v(B96)

Ni-d-p(L11,N11)
Ni-n-y(H8,N11,D18)
Ni%-n-v(G134,C55)
Cu-n-p(HS8)
Zn-n-a(HS)
Cubs-n-p(S87)
Cu-d-2p(M87)
As-d-6212a(H66)
As-d-6311a(H66)
Bi-d, parent of Cus¢
(G62)

Ni-p-n(D4)

Ni-p-n(A39)
Ni®-p-n(A39)
Ni-p-n(D4)
Ni-p-n(L80)
Ni60-p-2(L83)
Ni0-d-27%2(L83)
Nib8-a-pn(L83)
Cu-d-pan(M87)
As-d-5z17a(H66)

Ni-d-n(T1)
Ni-p-n(D4)
Nitt-p-n(1.83)
Ni-p-y(D4)
Ni-a-p(R3)
Cu-y-21(P60)
Cu-d-p3n or
Cu-d-p5n(M87)
As-d-55164(166)
Co-a-n(R3)
Ni-p-n(S18)
Ni-p-v(S18)
Cu-n-2n(HS8)
Cu-vy-7(B20,HH44,
H45,H62)
Cu-¢~—-¢~n(S59)
Cu-d-£(K22,K14)
Zn® K-decay(M87)
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29

30

31

Custé

Cuse
Cuse

Cud’

Zne2

Zn®?

Zntt
Znts

Znss
Zns?
Znos
Zntom

Znoe

Zn70
Zn7

Zn7?

Ga4
Gas®

Gass

A

K(54%);
B~(31%);
B*(15%)
(C86,B44);
v(1.5%)
(with K)

(B44)

30.91(1104)

K(?)(M87)

B*(93%);
K(7%),
~(H207)

48.89(L.88)

B*(1.3%), K
(98.7%)
(G46),v.e~

27.81(L88)
4.07(L88)
18.61(L88)

LT, y(K11)

0.620(1.88)

8-,v(H130)

B7.7(S149,
G120)

ﬂ*
K,e™

B8+

12.8 hr.(V2)

5 min.(A1)

56 hr.(G62); 61 hr.
(H66)

9.5 hr.(M87)

38 min.(D4,B20)

250 days(L12)

13.8 hr.(L12)

57 min.(L12)

2.2 min.(H130)

49 hr.(S149)

48 min.(B13)
15 min.(A4,L10)

9.4 hr.(B13,R3)

0.571(87), 0.657(8*)
(C73) spect.; 0.58
(87), 0.66(8*)(T6,
T11,T8) spect.;
0.57(87), 0.64(8%)
(P106) spect.

2.9(SS) cl.ch.(K.U. ;
2.58(G15)

0.56(H204) abs. Al

2.3(S18) abs., (T11,
T8) spect.; 2.36
(85%), 1.40(7%),
0.47(1%)(H207,
B45) spect.

0.32(8+)(P106)
spect.; 0.4(8%)
(D9) cl.ch.

1.0(1.12) abs.

2.1(H130)

~0.3(95%), ~1.6
(5%)(S149) abs.
Al’

3.1(M7) abs.

1.35(2.5%)(D62)
spect.; 1.34(weak)
(K73) spect.; 1.20
(weak)(B44) coin-
cid. abs.

1.32(M79) abs. Pb

0.96(weak), 1.9
(weak), 2.6(weak)
(B45,H207)

SN

.11(J8) spect.; 1.14

(D19,M34) spect.;

1.14(46% of K),
no v(54% of K)
(G46) x-ray-e~
coincid.; 0.45,
0.65, 1.0(W15,13)
cl.ch. recoil

0.439(H9,G3) spect.
conv.

No y(L12)

0.054, 0.117(D9)
spect. conv,

Ni-p-2(S18,D4)
Cu-d-p(V2) -
Cu-n-v(HS8)
Cu-n-2n(HS8)
Cu-p-pn(R45)
Cu-y-n(H45,H62)
Zn-d-a(B51)
Zn-n-p(H8)
As-d-5213a(H66)

Cu-n-y(Al)
Cu-d-p(L31)
Zn-n-p(H8)
Ga-n-a(C5)

Nist g--decay(G62)
As-d-5210a(H66)
Bi-d(G62)
Zn-vy-p(D68)

Cu-d-3n or Cu-d-5#,
parent of Cué
(M87)

As-d-4215a(H204)

Ni-a-7(R3)

Cu-p-n(S18,D4)

Cu-d-2n(L31,T8,
Ma87)

Cu-d-4n(M87)

Zn-n-2n(H8,P2)

Zn-y-n(B20)

As-d-4214a(H204)

Cu-d-2n(P4)
Cu-p-n(B12)
Zn-d-p(112)
Zn-n-v(S6)

Gasé K-decay(L10)

Zn-d-p(L12,K11,V7)
Zn-n-v(T2,L12)
Ga-d-a(L12)
Ga-n-p(L12)
As-d-2a(H66)
Zn-d-p(L12,K11,V7)
Zn-n-y(T2)
Ga-d-a(1.12)
Ga-n-p(L12)
As-d-2a(HG66)

Znsem T, (K11)

Zn-n-y(H130)

Ge-n-a(H130)

U-n, parent of Ga™
(G121)

Bi-d(G62)

As-d-425a(H66)

Zn-p-n(B13)
Zn-d-n(A4,1.10)
Zn-p-y(D9)
Cu-a-n(M7,R3)
Zn-p-n(B13)
As-d-3z11a(HG66)
Ges6 decay(H147)
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Isotope

Z A Class

Percent
abundance

Type of
radiation

Half-life

Energy of radiation in Mev

Particles

y-rays

Produced by

31 Ga% A

Ga®® A

Gaﬁl
Ga” A

Gan
Ga” A

Ga™ B

32 Gefo A

Get? A

Ge®8 A

Ge'lﬂ
GeTt A

Gent B

Gen2m A

Ge™2

K,v,e”

st

60.2(I17)

39.8(117)

B87(S150,
G121) |

B*(H147)

K(HG66)

20.55(I105)

K,e=(?)
(S30); K,
no g~ or
e~(S104);
BH(?)(M67)

+

8

78.3 hr.(M88); 83
hr.(A4)

68 min.(R3)

20.3 min.(B139); 20
min.(B20,A1)

14.3 hr.(M30,G121,
S$149); 14.1 hr.(S6)

5 hr.(S150,G121)

~140 min.(H147)
23 min.(H147)

250 days(H66);
~195 days(M8)

11 days(S30) 11.3
days(D101); 11.4
days(H66)

39.7 hr.(D101);
40 hr.(S30);
36 hr.(H62);
38 hr.(H66)

I.T., e~(B93) 5X1077sec.(B93)

27.37(1105)

1.9(R3,M7) abs.

1.68(S25) cl.ch.
(K.U.); 1.65
(H209) spect.; 1.62
(B139) abs. Al

0.64(40%), 0.955
(32%), 1.48
(10.5%), 2.52
(8%), 3.15(9.5%)
(H209) spect.;
~0.77, 2.3(M68)
coincid. abs.;
(M94) spect.;
0.8(~65%), ~3.1
(~35%)(S149)
abs. Al

1.4(S150) abs. Al

~0.6(8+2)(M67)

1.2(S30) abs.

0.68(e™)(B93) coin-
cid. abs.

0.094, 0.174, 0.187,

0.301(C21) spect.;
0.0925, 0.180,
0.297(H9) spect.
conv., spect.;
0.292(G3) spect.

0.63(24%), 0.84
(100%), 1.05
(4.5%), 1.59
(4.5%), 1.87
(7.8%), 2.21
(33%), 2.51
(26.5%)(H209) -
spect.; 0.64(~8%),
0.84(~46%),
2.25(~46%)
(M67) spect.; 2.50
(W64) D-v-n reac-
tion; (M94) spect.

No y(S150)

0.6(S30) abs. of e~

Zn-d-n(A4,G6,V7)
Zn-a-p(M8)
Zn-p-n(B13,V7)
As-d-3210a(H66)
Ge¢7 g*-decay(H147)

Cu-a-#(R3,M7)
Zn-p-n(D2,B13)
Zn-p-y(2)(D2)
Zn-d-n(G6,V7)
Ga-n-2n(P2)
Ga-y-n(B20)
Ge-y-pn(P61)
Ge-d-a(S29)
As-d-329a(H66)
Get8 K-decay(H66)

Zn-p-n(D2,V7)
Zn-a-p(M8)
Ga-n-y(A1)
Ga-n-2n(P2)
Ga-y-n(B20)
Ge-d-a(S29) -
Ge-n-p(S29,G121)

Ga-d-p(1.20)
Ga-n-v(S6,G121)
Ge-n-p(S29,G121)
As-d-ap(C130)
U-n, Zn™ B~-decay
(G121)
Bi-a(P56)
Tl-a(T109)
U-a(0115)

Ge-n-p(G121)
Ge-vy-p(P61)
U-n(S150,5149)

Ge-d-p5n, parent of
Gas6(H147)
Ge-d-p4n, parent of
Gas"(H147)
Zn-a-2n(M8,M99)
As-d-a57(H66)
Parent of Gast8(H66)

Ga-d-21(S30)
Ga-p-n(D101)
Ge-d-p(S30)
Ge-n-v(S104)
As-d-a2n(H66)
Zn-a-n(M8)
Ga-d-2n(S30)
Ga-p-n(D101)
Ge-n-v(S6,529)
Ge-d-p(S6,530,529)
Ge-n-2n(S25,S29)
Ge-y-n(H62)
As-d-a2n(H66)
Se-n-a(S29)
As™ B*-decay(?)
(H66)
Ga2 8~-decay(B93)
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Isotope Percent Type of Energy of radiation in Mev
zZ A Class abundance radiation Half-life Particles y-rays Produced by
32 Ge® 7.61(1105)
Ge™ 36.74(1105) B
GeTs A B8-,v(S30) 89 min.(S30) 1.1(825,529) cl.ch. Ge-n-v(S6,529)
(K.U.); 1.2(S30) Ge-d-(S6,529,530)
abs. Al Ge-n-21(529,S30)
Ge-y-n(H62)
As-n-p(S29,S30)
Se-n-a(529,S30)
Ge's 7.67(1105)
Ge™ A B8-(S29), 12 hr.(S30,S106) 2.0(S106) abs. Al; Ge-n-v(S6,529)
v(S152) 1.9(S25,529) cl.ch. Ge-d-p(S29,S30)
' (K.U.); 1.8(S152) Se-7-a(S30)
abs. Al U-n(S106) parent of
As™(S151,5152)
U2s-(S184)
GeTtm B B8~ 59 sec.(A37) 2.8(A37) abs.Al Ge-n-v(A37)
) Parent of As77(A37)
Ge™ D B~,v(S152) 2.1 hr.(S152) ~0.9(S152) abs. Al U-n, parent of As™
(S106,S152)
33 Asn B BH(H66) 52 min.(H66) As-d-p5n(H66)
Se g+-decay (H66)
Asnt A K(H213) 60 hr.(H213) Parent of Ge”
(11d.)(H213)
As™ B Bty 26 hr.(V4) 2.78(M80) abs. Al, 2.4(M80) coincid. Ga-a-n(M80)
coincid. abs. Ge-p-n(V4)
As-d-pan(H66)
Se-d-a(M99)
Se” K-decay(HG66)
As™ B K,e~(E10) 90 days(S26) 0.052(E10) spect. Ge-d-n(S26,E10)
conv. Ge™0-a-p(?)(M88)
As™ A B~.8%~v(S26) 17.5 days(M88); 1.3(87), 0.9(8+)(S26) 0.582(D15) spect. Ga-a-n(M88)
19.0 days(H66); cl.ch. (K.U.) As-n-21(S526,C11)
16 days(S26) As-d-p2n(H66)
Ge-d-n(S26,529,14)
Se-d-a(F8)
Ge-p-n(D9)
Bi-d(G62)
AsTs 100(N30)
AgT8 A B-yy;noB*t  26.8 hr.(W9,W19) 1.29(15%), 2.49 0.55, 1.20, 1.70(S67) Ge-p-n(V4)
(B81, (25%), 3.04(60%) spect.; 0.557, 1.22, As-d-p(C11,T3)
W70); 8+, (8~)(S67) spect.; 1.78(weak)(W70) As-n-y(C11)
K, v(S23) 1.1, 1.7, 2.7(87) spect.; 1.94, 0.83 Se-n-p(S26)
(S23,W9,W19) (M6) spect.; coin- Se-y-p(H74)
cl.ch.; 0.7, 2.6(8*) cid.(M35); 2.15 Se-d-a(F8)
(S23) cl.ch.; coin- (weak), 1.84 Br-n-a(C11)
cid.(M35) (weak), 1.25
(~30%), 0.57
(~70%)(M120,
M67) spect.; 3.2,
2.2, 1.5(S23) cl.ch.
pair
As?? A B~(S106) 40 hr.(S151) 0.8(S152) abs. Al U-n(S151), Ge™ B~-
decay(S152)
Th-a(N116)
Bi-d(G62)
Ge™(59 sec.) B~-
decay(A37)
As™ A 8-y 80 min.(C11); 65 1.4(S26) cl.ch.(K.U.) 0.27(S26) abs. Pb Br-n-a(S9,C11,S26)
min.(S9,526) Se-n-p(S26)
As™ D 8- 90 min.(S106,5152)  1.4(~30%), 4.1 U-n, Ge™ B--decay
(~70%)(S152) (S106,S152)
abs. Al
34 Se™t B B*(H66) 44 min.(H66) As-d-6n, parent of
As™(H66)
Se?2 B K(H66) 9.5 days(H66) As-d-5n(H66)

Parent of As™(H66)
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Z A Class abundance radiation Half-life Particles . y-rays Produced by
34 Sem B B*(H66, 6.7 hr.(H66) 1.29(C79) abs. Al Ge-a-n(C79)
C79); 7.1 hr.(C79) Ge™0-a-n(C79)
K(C79) As-d-4n(HG66)
Se™ 0.87(W78)
Se’s A K,v,e~ 127 days(C79); 0.077, 0.099, 0.124, As-p-n(D9)
125 days(G143); 0.139, 0.269, 0.281, As-d-2n(K30,5107)
115 days(F46); 0.405(J14,J131) Se-n-v(F46,B130)
120 days(H66) spect., spect.
conv.; 0.50(D9)
spect. conv.;
several <0.3(K30)
spect. conv.; 0.335,
0.18(B117); 0.22,
0.43(C79) abs. Pb
Se7s 9.02(W78)
Se™ 7.58(W78)
Se?mm A LT., v 17.5 sec.(A37) 0.135(¢™)(G71) abs. ~0.15(A37) Se-n-y(A37)
(D122,A37) Se?8-n-y(D122)
Se-x-rays(G71)
Ses 23.52(W78)
Ses0 49.82(W78)
Sestm B L.T., ¢~(L30) 59 min.(G125); 57 0.099(H9) spect. Se-d-»(S9,L30)
min.(S9,L30) conv. Se-n-v(S9,H10)
Ses0-5-y(L131)
Se-y-n(B20)
Br-n-$(S9,L30)
U-n, parent of Se#!
(G125)
Sest B 8- 17 min.(G125); 19 1.5(L30,G125) abs.  No v(G126) Se-d-$(S9,1.30)
min.(L30) Al Se-n-v(S9,H10)
Se-y-n(B20)
Sesim 1.T.(L30)
Br-n-p(1.30)
U-n, Sedm I.T.
(G125,G101)
Ses? 9.19(W78)
Setsm A B8-,v(A37) 67 sec.(A37) 3.4(A37) abs. Al Se-n-v(A37)
U-n(S177)
Sets A B8-,7(G120, 25 min.(M121,G125); 1.5(M121,G125) abs. 0.17, 0.37, 1.1 Se-d-p(1.30)
G125) 30 min.(L30) Al (G125) abs. Pb Se-n-v(L30)
U-n, parent of Br#
(G1o1)
Th-»(G101)
Sest A B~ ~2.5 min.(G125); U-n, parent of Br
<10 min.(E111) (E111)
35 Brs B BH;K(W77) 1.7 hr. (W77) 1.6(W77) abs. Al No ¥(W77) Se™-d-n(W77)
Se™-p-y(?)(W77)
Parent of Se’s(?)
(W77)
Bris D B*y.e” 15.7 hr.(H213) 3.15(8%), 0.18(e™) 2(H213) abs. Pb As-a-3n(H213)
(H213) (FH213) spect. )
Br7? B B K,y,.e” 57.2 hr.(H213); 58 0.36(8%)(H213) 0.7(H213) abs. Pb As-a-2n(H213)
(H213, hr.(W77) spect., (W77) abs. Se™-a-p(W77)
W77); Al, spect. Se78-d-n(W77)
K(95%), '
B*(5%)
(W77)
Bris A Bte vy 6.4 min.(S9) 2.3(8*)(S9) abs. 0.046, 0.108(V7) As-a-n(S9)
spect. conv. Se-d-n(S9)
Se-p-n(B13,V7)
Br-y-n(B20,C5)
Br-n-2n(H10)
Br7e 50.5(W63)
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Isotope
z A

Class

Percent

Type of
abundance

radiation Half-life

Energy of radiation in Mev

Particles

y-rays

Produced by

35 Brtm

Br#o

Brst
Br#2

Br#s

Brss

Brs?

Brs7

(G70)

Bras

36 Kr7

A

(S68)

LT, e, v
(S10,V3,
V7,G22)

4.4 hr.(B13)

B=v; B+(3%) 18 min.(S9,510)
(B81)

49.5(W63)
34 hr.(S9)

8- 2.4 hr.(G101); 140
min.(L30)

30 min.(S35); 33
min.(K104,K111)

B~ 3.00 min.(S205); 3.0
min.(S35,B29)
B(S35); 55.6 sec.(H220);
B,n(S60) 55.0 sec.(R51);
B8~ 56 sec.(S60)

B7.m(L125,
S68)

4.51 sec.(H131);
4.5 sec.(L125)

B8~ 16.0 sec.(R107)

K(70%),
B*(30%),
v(W75)

1.1 hr.(W75)

2.0(87)(A2) spect.;
0.73(8*)(B81)
spect., abs.

0.465(R6,D21) spect.;

(D23) coincid.

1.05(L30) abs.; 0.9
(G125) abs. Al

5.3(K111) abs. Al;
4.5(B30) abs.

2.5(S205) abs. Al

0.25(mean)(z)(H220)
abs. paraffin; 0.3
(mean)(n)(B134)
# recoil in cl.ch.

0.43(mean)(n)(H220)

abs. paraffin; 0.7
(mean)(n)(B134)
# recoil in cl.ch.

1.7(W75) abs. Al

0.049, 0.037, or 0.025
(V7) spect. conv.;
0.037(G22) abs. Al

<0.5(B13,S9) abs.

0.547, 0.787, 1.35
(R6,D15) spect.;
(D23) coincid.

No v(89,G101)

No v(S205)

Se-a-p(W77)
Se-p-n(B13,V7)
Br-n-v(S9,510,A2),
(~30%)(G137)
Br-d-p(S9)
Br-y-n(B20)
Br-n-2n(P2)
Th-n(?)(P12,P16)
Se-p-n(B13)
Br-n-v(S9),
(~70%)(G137)
Br-d-p(S9)
Br-y-n(B20)
Br-n-2n(P2)
Bresom 1,T.(S10,S31,
D20)

Se-p-n(B13,R7)

Se-d-21n(S9)

Br-n-v(X5,39)

Br-d-p(S9)

Rb-n-a(S9,P2)

U-n(F113)

Pb-a(P104)

Tl-a(T109)

Bi-a(P56)

Bi-d(P56)

U-a(0115)

Se-d-n(S9)

Se#® 8--decay(S9,
L30), parent of
-Krsm(1.30)

U-n, Se# B--decay,
parent of Krsm
(L30,M9,835,
G101)

U235 (S184)

Th:-n(B15,130,S108,
G101)

Th-a(N116)

Pu-n(F102,K72)

Bi-d(P56)

Pb-a(P104)

Bi-a(P56)

U-a(0115)

Rb-n-a(B29)

U-n(D6,H22,H57,
M9,S835,B29,
K104), Sett g--
decay(E111)

Th-z(P12,B101)

Bi-d(P104)

U-n, parent of Krss
(S35,B29,543)
U-n, parent of Krs?

(S35,B29,543,S60,
R51)
Pu-n(R51)

U-n(L125)

U-#, ancestor of Rbs®
(R107)

Se-a-n(W75)
Se™-a-n(W75)
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abundance radiation

Half-life

Particles

y-rays

Produced by

36 Kr®
Kr7o

Kr79.81

Kr79.81

Krso
Krs2
Krss
Krsim

Kirs4
K85

Kr8s

Krse

K87

Kr#

Krs9

Kroo

Krot

Kroz

Kros

Kro

Kr9?

(T43)
m.s.

0.342(L75)
B*(B41),
(2%)
(W75);
v(H109);
K(98%)
(W75s)
LT.(?)e™v;
no +(C41)
LT.(?).e"y;
no g+(C41)
2.223(L75)
11.50(L75)
11.48(L75)
1.T., e~(L30)

57.02(L75)
B~,v(H109)

8- (W113,
H114)

17.43(L75)

8-

34 hr.(B41, W75)

13 sec.(C41)

55 sec.(C41)

113 min.(1L30)

4.5 hr.(H109);
4.0 hr.(C22); 4.6
hr.(S43)

9.4 yr(T110); ~10
yr.(H114,T43);
>2.5 yr.(W113)

74 min.(S9)

3 hr.(L27,H28)

2.6 min.(D114); 2.5
min.(HS56)

~33 sec.(K124);
short(D108)

9.3 sec. (D114); 5.7
sec.(0101)

2.3 sec.(D114); <0.5

min.(H28)

2.2 sec.(D114); 2.0
sec.(A104)

1.4 sec.(A104)

Short(A105)

~0.9(30%), ~0.6
(70%)(H109) abs.
Al; 0.4(C41) cl.ch.

1.0(H109) abs. Al;
0.85(B30) abs.

0.74(H114) abs. Al;
~0.8(W113) abs.
Al

~4(B30) abs. Al

2.5(W19) cl.ch.
(K.U)

0.2(H109) abs. Pb

0.187(C41) spect.
conv.

0.127(C41) spect.
conv.

0.029, 0.046(H9)
spect. conv.

0.17, 0.37(H109)
abs. Pb

No y(H114)

Se-a-n(C45,C22)
Se?6-a-n(W75)
Br-d-2n(C64)
Br-p-n(B41,C41)
Kr-d-p(C45,59,C22)
Kr-n-y(H109)
Br-p-n(B41,C41)

Se-a-n(?)(K3)
Br-p-n(B41,C41)

U-n(T43) m.s.
Se-a-n(C45,C22)
Kr-d-p(C45,C22)
Kr-n-v(W57)
Kr-z-rays(W57)
U-n, Br# g--decay
(L30)
U-%(T43) m.s.
Kr-d-p(S89,C45,C22)
Kr-n-y(H109)
Rb-n-p(B29)
Sr-n-a(B29)
U-n, Br8 g--decay
(B29,543)
Kr-n-v(H109)
U-n(W113,H114)

U-#(T43) m.s.
Kr-d-p(S9)
Rb-n-p(B29)

U-n, Br8? B--decay
(B29,543)

Th-n(H29,A5,L27)

U-n, parent of Rbs
(H28,H11,G9,
G21,H46)

U-n, ancestor of Sras
(G9, G21,541,
H46,H47)

U-d(0101)

Pu-n(A105)

U-#n, ancestor of Sr9
(D108)

Pu-#(A105)

U-n, ancestor of Sro
(S110,D114), an-
cestor of Y91(S110,
D108)

U-2(0101)

Pu-n(A105)

U-n(H28,H46,H47)
ancestor of Y9
(D102)

Th-n(H29)

Pu-n(A105)

U-#%, ancestor of Y9
(S171)

U-2(0101,H102)

Pu-n(A105)

U-n, ancestor of Y%
(H56,A103)

U-n, ancestor of Zr%
(A105)

Pu-z(A105)
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Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles y-rays Produced by
37 Rb# A Bt v, e 5.0 hr. (R54) 0.9(8%), 0.2(¢™)(R54) 0.8(RS54) abs. Pb Br-a-2n(R54)
(R54) (R54) abs. Al, spect.
m.s
Rbs2 A B v(R54) 6.3 hr.(R54); 6.5 hr. 0.9(R54) abs. Al 1.0(R54) abs. Pb Br-a-n(R54,HS51)
(R54) (H51) Kr-d-2n(H51)
m.s.
Rb# D 20 min.(HS51) Br-a-n(H51)
Rb# B B*(B81) ~40 days(B81) Rb-n-22(B81)
Sr-d-a(B81)
Rbss 72.8(N34)
Rb F 42 min.(H51) Kr-d-n(HS1)
Rb F 200 hr.(H51) Kr-d-n(H51)
Rbse A B8-,v(H52) 19.5 days(H13); 1.82(80%), 0.716 1.081(Z6) spect., Rb-7-v(S9,520)
~17 days(H62) (20%)(Z6) spect., coincid.; (J15) Rb-y-2(H62)
coincid.; (J15) coincid. St-d-a(H13)
coincid.; 1.56(H13) Bi-d(G62)
abs.; 1.60(H32) U-n(F114,F117)
spect.; 1.80(F117)
abs. Al
Rbs? A 27.2(N34) B~(T31,C61), 6.3 X101 yr.(S74); 0.132(L6) spect.; 0.034, 0.053, 0.082, Natural source (T31,
(H89, 7,6~(030) 5.8 X101 yr.(E33); 0.25(K53); 0.13 0.102, 0.129(030) C61)
H84) 1.2 X101 yr,(M22) (030) spect.; spect. conv.
0.144(S64) spect.
Rbss A B8~ 17.5 min.(W19) 4.6(G21) abs. Al; Rb-n-v(S9,P2,520)
5.1(W19) cl.ch. Pa-n(G7)
U-n, Krs8 g=-decay
(H28,L.27,H11,
G21,W19,H46)
Th-n(AS)
Rbsse A B8-v(G21) 15 min.(G9,G21) 3.8(G21) abs. U-n, Kr$ B=-decay.
(G9,G21,S41,H46,
H47); parent of
Sr89(G21)
Rboe A B8~ Short(D108) U-n, Kr% g--decay,
parent of Sr9%
(D108)
Rbat A B8~ Short(H42,S110) U-z, Kr® 8=-decay,
ancestor of Y9
(S110,D105)
Rb>90 D 8~ 80 sec.(H28) U-n(H28,H46,H47,
H56)
Rbs® A B~ Short(D105,D104) U-n, Kr% g--decay,
ancestor of Y9
(D105,D104)
Rb# B B8~ Short(H56) U-n, Kr% g--decay,
ancestor of Y%
(HS56)
Rbo7 B 8- Short(A105) U-n, Kr% g--decay,
ancestor of Zr
(A105)
38 Sr# 0.56(N36)
Srsem A I.T., e, v 70 min.(D25) 0.170(D25) spect. Rb-p-#(D13,D25)
(D25) conv.
Srss A K, v(D13) 65 days(D13) 0.8(D13,D25) abs. Rb-p-2(D13,D25)
Pb Rb-d-22(0102)
Srsé 9.86(N36)
Sr8m A IT., e v 2.7 hr.(D11) 0.37(D11) spect. Rb-p-n(D11)
(D11) conv.; 0.386(H9)  Sr-n-n(D13,R15,
spect. conv. D25,R20)
Sr-x-rays(W56)
Sr-¢=-¢~(W56)
Sr-d-p(D11)

Sr-n-y(D11,R15,
F103)
Sr86-2-v(S69)
Sr-p-p(?)(D25)
Y# K-decay(D11,
D25)
Zr-n-a(S46)
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38  Sr8?
Srss .
Scso A
(L112,
H96)
m.s.

Sreo A
(H96)
m.s.

Srot A

Srs2 A

Sres A

Sred B

Sr9? B

39 Y&m B

Y81 A

Ysas A

7.02(N36)
82.56(N36)
8-

B-(N112)

I.T.,, e, »
(D25)

K(D13)

s+

53 days(G149); 55
days(S24)

25 yr.(G150); ~30
yr.(C113)

9.7 hr.(K117); 10
hr.(H47)

2.7 hr.(G13)

7 min.(.26)

~2 min.(H47)

Short(A105)

14 hr.(S24,D13)

80 hr.(D25)

2.0 hr.(S24)

1.50(S24) cl.ch.;
1.48(N102) spect.;
1.5(W102,R49)
spect.

0.61(M51) spect.;
0.6(G51,G150)
abs. Al

1.3(40%), 3.2(60%)
(K105,F111,K112)
abs. Al

1.65(0113) abs. Al;
1.2(S11) cl.ch.
(K.U.)

No v(G106,S24,
W112)

No v(G150,G122)

~1.3(K117) abs. Pb

0.5(D25) abs.

No y(?)(D25)

Sr-d-p(S11,S24)
Sr-n-y(S11,524)
Y-n-p(S12)
Zr-n-a(?)(S46)

U-n, Rb# B--decay
(G9,H28,G21,
H46,H47,G51)

U-d(0103)

U2-%(G65,5184)

Th-n(B101)

Th-a(N116)

Pu-z(F102)

Bi-a(T109)

Bi-d(G62)

Pb-a(P104)

Pt-a(T109)

U-n, Rb% B--decay,
parent of Y9(H47,
N112,D103,G122,
Gs51)

U1 (G65)

Th-a(N116)

Zr-n-a(S48)

U-n, Rb% 8--decay,
parent of Y9
(~60%)(F111)
and Y9m (~409,)
(F111), (HS6,
H47,G13,K105)

Th-n(B101)

Th-a(N116)

Pu-n(S111,F102,
K72)

Bi-a(P56)

Pt-a(T109)

Pb-a(P104)

Bi-d(P104)

U-n, parent of
(G13,H47,H56,
S110,K105)

Th-n(B101)

Th-a(N116)

U-y(L2)

U-n,Rb% B--decay,
parent of Y%
(H56,1.26,H28,
H47)

U-n, Rb% g~-decay,
parent of Y%
(H56,H47)

U-n, Rb9 g--decay,
ancestor of Zr¥’
(A105)

Y2

Sr-d-n(S24,D13,
D25)
Sr-p-#(D13,D25)
Rb-a-7(R18)
Sr-p-n(D13,D25)
Sr-d-n(D13,524,
D25)
Sr-d-n(S11,524)
Sr-p-n(D13,D25)
Y-n-2n(S11)
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Isotope
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Type of
radiation

Half-life

Energy of radiation in Mev
Particles y-rays

Produced by

39

40

VY88

youm

Zrs

Zrss

Zrso
Zro
Zr9
Zr%

A
(H211)
m.s.

(H211)
m.s

(L112,
H96)
m.s.

A(K72)

A(K72,
S171)

B(K72)

K,y(D2s,
H33);8*
(0.19%)
(P111)

100(D40)
B-(N112)

L.T., v, e~
(~9%)
(K112)

8-

B=,v(H56)

B y(B121)

B~y (H56)

e v, 1.T. or
K(D13,
D25)

B*(S12,D13)

51.46(W78)
11.23(W78)
17.11(W78)
17.40(W78)

105 days(1D25,0109)

62 hr.(G122); 65 hr.
(N118); 60 hr.
(St11)

51.0 min.(F111);
50 min.(G13)

57 days(H42,G13);
61 days(G51)

3.5 hr.(F56)

10.0 hr.(B121);
11.5 hr.(H47)

20 min.(H47)

Short(A105)

4.5 min.(D25)

80.1 hr.(0104); 78
hr.(D25)

0.83(8*)(P111) spect. 0.908,.1.853, 2.76
(P111) spect.;
0.908, 1.89(D28)
spect. coincid.;
0.95, 1.92(R12)
cl.ch.; 1.87(S32)
Be-y-n; 2.8(1%)
(G47)D-y-n

2.35(M59) spect.;
2.16(N102) spect.;
2.6(S11) cl.ch.
(K.U.); 2.5(G150)
abs. Al

No v(G150,G122)

0.61(F111) abs. Pb,

abs. Al of e~

1.53(L118) spect.;
1.6(B30) abs.

No y(B102)

3.5 (K105,1H112)
abs. Al; 3.6(B30)
abs. Al

~1(K105) abs. Pb

3.1(B121) abs. Al 0.7(B121) abs. Pb

1.07(0104) abs. Al;
1.0(8+)(S12) cl.ch.
(K.U.), (D25) abs.

No (D25)

Sr-p-n(D13,D25)

Sr-d-2n(P11,H33,
G47,0102)

Y-n-2n(H33,0110)

Y-d-p(S11)
Y-n-y(S11,512)
Zr-n-p(S46)
Zr-d-a(S46)
Cb-1-a(S42,513)
U-n, Sr% g--decay
(H47,G122,G51)
Bi-d(G62)
Bi-a(P56)
Pt-a(T109)
Tl-a(T109)
Zr-n-p(S48)
U-n, Sr% B--decay
(H47,G13)
Zr-n-p(S48)

.~ U-n, Sr9 g~-decay

(H47,G13); Yom
I.T.(G13,F111)
U2-2(G6S)
U-d(0101)
Th-2(B101)
Pu-n(F102)
Bi-d(G62)
Zr-n-p(546,548)
U-n, Sr9 g--decay
(G13,H47,H56,
K105)
Th-»(B101)
Pu-n(K72)
U-n, Sr¥ g8~—-decay
(H47,H56,B104)
Th-»(B101)
Pu-n(K72)
Zr-n-p(S48)
U-#n, Sr# g=-decay
(H47,H56,D110)
Pu-n(K72)
U-n, Sr97 B~-decay,
parent of Zr%7
(A105)

Y-p-n(D13,D25)
Zr-n-2n(?)(A19)

Y-d-2n(0104)
Y-p-n(D13,D25)
Zr-n-2n(S12,546)
Mo-n-a(S46)
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40 Zr% A B-v.e” 65 days(B105,G51); 0.394(98%), 1.0(2%) 0.73(93%), 0.23 Zr-n-y(S46)
65.5 days(P17); (N109) spect.; (93%), 0.92(7%)  Zr-d-p(S46,J105)
63 days(S46) 0.42(95%), 1.0 (N109) spect. Mo-n-a(S46)
(5%)(E101) abs. conv.; 0.80(E101) U-#n, parent of Cb9
Al abs. Pb (35 days) and Ch®s
(90 hr.)(?)(HSS,
G18, B104,S112,
G104,G51)
U2-1(G65,5184)
Pu-n(F102,K72)
U-a(0115)
Bi-d(G62)
Th-(N116)
Zros 2.80(W78)
Zrot B B~y 17.0 hr.(G18,K113) 2.2(K113) abs. Al; ~0.8(K113) abs. Pb  Zr-n-y(S46)
) 1(G18) abs. Mo-n-a(S46)
U-n, Sr97 B~-decay
(A105), parent of
Cb97 (G18,H39,
C105)
U-a(0115)
Th-a(N116)
Pu-n(K72)
Zr E 5 sec.(A19) Zr-n-y(?)(A19)
Zr E 8- 18 min.(S46) Zr-n-v(?)(S46,A19)
Zr F ' 90 min.(S12) ~1.5(S46) abs. Zr-d-?(S12,546)
Zr E 8- 70 hr.(S46) 1.17(846) cl.ch. Zr-n-2(S46)
(K.U.)
41 Cb E 4 min.(D9) Zr-p-n(?)(D9)
Cb E 12 min.(D9) Zr-p-n(?)(D9)
Ch E - 38 min.(D9) Zr-p-n(?)(D9)
Cboo B Bt v 15.6 hr.(B95); 18 hr. ~1(J121) abs. Al 1(B95) abs. Pb Zr-p-n(2)(D9)
(J121); 21 hr.(D9) Zr-d-2n(J121)
Mo®2-d-a(B9S)
Mo-d-a(J121)
Cbom A LT, e, 62 days(B95); 60 ~0.15(S46,M33) Zr-d-n(J121)
~v(B95) days(J121); ~55 abs. of e™; 0.94 Mo%-d-an(B9S)
days(S46) (M33)
Ch A B 10.1 days(K58); 11 1.38(S42) cl.ch. 1.0(M33,K58) Zr-p-n(M33)
days(S42,S13) (K.U.); 1.38(K58); Cb-n-2n(S42,513)
0.59(M33) Cb-d-t(K58,W62)
Mo-n-p(S46)
Mo%-d-a(B95)
Chbe2 A B~ 7(W62) 21.6 hr.(W62) 1.2(W62) abs. Al 0.6(W62) abs. Pb Cb-d-t(W62)
Mo#-d-a(B95)
Ch9 100(S63%
Cbom F I.T.(W56) 42 days(W56) Cb-x-rays(WS56)
Ch¥m A I.T..e- 6.6 min.(S42) 1.3(G138) coincid. 0.058(G138) abs. of Cb-n-y(S42,513,P2)
(~99.9%), abs. Al ¢~;1.0(C133) abs.  Cb-d-p(K57,W62)
B87(~0.1%) Pb
(G50,G138)
Cbh% A >10t yr.(G138) Cb-n-v,
Cb¥m 1.T.(G138,
G50)
Ch%m A I.T. e~ 90 hr.(L113,H151); 0.216(H151) spect.;  U-n, Zr% B-decay
(100%) 80 hr.(E101) 0.24(L.113,L114) (~2%)(E101,
(L113, spect. conv. C103,S112,H151)
H151) parent of Cb9%
(S162,L.114)
Mo97-d-a(B9S)
Chbes A B-(L103, 35 days(E101); 37 0.146(H151) spect.; 0.75(W112,R49) Zr9 B--decay(J121)
F104, days(J121) 0.15(G104,E101) spect.; 0.79(J101) Mo-d-a(J121)
E106)vy,e~ abs. Al; 0.154 spect.; 0.775 Mo?9-d-a(B95)

(N109) spect.

(N109) spect.
conv.; 0.92(M45)
coincid. abs., coin-
cid.

U-n, Zr% B~-decay
(~98%)(G104,
G51)
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41

42

43

Chbos

Chbhe7?

Cbes

Mo*?2
Mo

Mo

Mo
Mo
Moo
Mo??
Mo98
Mo?9®

Mot100
Motot

Motoz

Mol0s

Te9
Tc92.,98

Tcom

Tco

Tc9%

A B8~y 2.8 days(B95);
3 days(J121);

4 days(D9)

1.8(B95) abs. Al

68 min.(B95); 75
min.(G18)

1.4(K113) abs. Al

30 min.(B95)

15.86(W63)
B B*y 6.70 hr.(K57); 7 hr.

0.3, 0.7(K57)
(D9) ;

17 min.(B20,512) 2.65(S46) cl.ch.

(K.U.)

9.12(W63)
15.7(W63)
16.5(W63)
9.45(W63)
23.75(W63)
A B8~y 67 hr.(S14,K118);
66.0 hr.(S181)

1.3(K105) abs. Al;
1.5(S14) abs.; 0.24,
1.03(M90) coincid.
abs.

9.62(W63)

14.6 min.(M25) 1.0, 2.2(M38); 1.8

(S40) cl.ch.(K.U.)

12 min.(H41)

Short(B31)

B B*y
c B*,v(M95)

4.5 min.(M95)
2.7 hr.(D4)

4.3(M95) abs.
1.2(M95) abs.

B 1.T., e~(H67) 53 min.(G54)

B B8*; K(65%),
7(G54)

<53 min.(H67) 2.47(8*)(G54) spect.;
2.5(8+)(M96)
abs. Al
A K,y(E34), 0.4(8+)(H201) cl.ch.
e Bt
(~1%)
(H201)

56 days(B142); 52
days(E34); 62
days(C12)

1(B95) abs. Pb,
coincid. abs.

0.78(K113) abs. Pb

1.6(K57)

0.4(S14) abs. Cu,
Pb; 0.24(20%),
0.75(80%)(M120)
spect.; 0.77, 0.815,
0.84(S91) spect.;
0.71(M90) coin-
cid. abs.

0.3, 0.9(M38)

1.3(M95) abs.

2.4(M95) abs. Pb

0.0334(H67) spect.
conv.

0.380, 0.873, 1.48,
1.85, 2.74(H67)
spect.

0.25, 0.84(E34) abs.

Pb; 0.201, 0.57,
0.81, 1.01(H201)
spect., spect.
conv., coincid.

Zr-p-n(D9)
Zr-d-2n(J121)
Mo-d-a(J121)
Mo9%8-d-a(B9S5)
Mo-n-p(S46)
Mo-y-p(H74,P60)
Mo100-d-an(B9IS)
U-n, Zr% B8--decay
(G18,546,H39)
Mo100-d-a(B95)

Zr-a-n(KS7)
Cb-p-n(D9,KS57)
Cb-d-2n(K57,W62)
Mo-d-p(W62)
Cb-d-2n(W62)
Mo-n-2n(H10,S12,
S46)
Mo-y-r(B20)
Mo-d-p(W62)

Zr-a-n(D12,E32)
Mo-d-p(S14)
Mo-7-v(S14,S12)
Mo%-n-v(M139)
Mo-n-2n(S46)
U-n, parent of Tcm
(H23,H41,K105)
U2-(S184)
Th-»(H24,B101)
Th-a(N116)
Pu-n(F102,K72)
Bi-a(P56)
Bi-d(G62)
T1l-2(T109)
Pt-a(T109)

Mo-n-v(S40,522,
S46,M25)

Mo100--y(M139)

U-n, parent of Tciot
(H41,B28)

U-n, parent of Tc102
(H41)

U-n, ancestor of
Rut0s (B31)

Mo9-d-21(M95)
Mo9-d-22(M95)
Mo-p-n(D4)
Mo-d-n(S14)
Mo-p-n(G55,D4,E3)
Mo%-d-22(M96)
Mo-p-n(G55)
Mo%-d-22(M96)

Mo-d-n(C12,C24,
E32)

Mo-p-n(E34)

Mo?%-d-2n(MS57)
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43 Tc% A K,y.e~(E39) 20.0 hr.(E39) 0.762, 0.932, 1.071 Mo-p-n(E39)
(M438) spect. conv.; Mo-d-n(S14)
0.78(E39) abs. Pb; Mo9%-d-272(M96)
0.8(M96) abs. Pb Ru?% g+-decay(E39)
Tco% A K(E32),e~(?), 4.30 days(E34); 4.33 0.64(¢~)(E34) abs. 0.312, 0.771, 0.806, Ch-a-n(E32)
v(ES5) days(GS5S5) Al;noB-,noe-, 0.842, 1.119(M48) Mo-p-n(E3,E32)
(MS57); ~0.8(87?) spect. conv., Mo-d-n(E32,514)
(M48) spect. spect., coincid.; Ru-7-p{B132)
0.92(E32) spect.; Mo9%-d-22(MS7)
C.8(MS57) abs. Pb
Tc9m A I.T.(H9), 90 days(C12,M57); 0.097(H9) spect. Mo?7-d-2n(MS57)
e (E34) 93 days(M69); conv.; 0.108(E34)  Mo-d-z(C12,C24)
95 days(E34) abs. of e~ Mo-p-n(E34,G55)
Ru? K-decay(M130,
Mo69)
Tc9? A >100 yr.(B142) Mo97-d-2n, Tc¥m
1.T.(B142)
Tc9s B B K(?)y ) 2.7 days(G127); 2.8  1.3(M96) abs. Al; 0.9(M96) abs. Pb; Mo9-d-21n(M96)
(G127) days(M96) 0.75(G127) abs. Al 1.0(G127) abs. Pb  Ru-n-p(G127)
Tcoom A I.T.e )y 6.0 hr.(B127); 5.9 0.136(S14) spect. Mo?? B~-decay(S14)
(S14) hr.(G151); 6.6 hr. conv.; ~0.18 Ru-z-p(B132)
(S14) (S14) abs. Cu, Pb U-n, Mo? B~-decay
(H41,G110)
Th-z(B101)
Te9 A I’ 9.4 X105 yr.(M86); 0.32(M86) abs. Al; No v(S154,M386) Tc¥m 1.T.(S14)
(19) 4.7 X105 yr.(P107); ~0.4(L115) abs. U-n(S154,L.115)
m.s. ~3 X105 yr.(S154) Al; ~0.3(S154)
vield abs. Al
Tc1o0 B B8y 80 sec.(M95) 2.3(M95) abs. Al 0.6(M95) abs. Pb Tc99-n-v(B142)
Mo100-4-222(M95)
Tc=101 F B~ 36.5 hr.(D4) Mo-p-n(D4)
Tc=101 E B 18 sec.(D9) Mo-p-2(D3,D9)
Tc1o01 A B~y 14.0 min.(M25) 1.3(M38); 1.1(S40) 0.30(M38) Moot g=-decay (S40,
cl.ch.(K.U.) S46)
U-n, Mool g=-decay
(S22,H41,M25)
Ru-y-p(P60)
Tcioz D B8~ <1 min.(H41) U-n, Mol g--decay
(H41)
Te=104 F K(?), v(G127) 60 days(G127) Ru-n-p(G127)
Tclos B B~ Short(B31) U-n, Mo0s 8--decay,
parent of Rul0
(B31)
44 Ru% F 20 min.(D7) Ru-n-2#(?)(D7,P2)
Ru?’% A B+ K,y 1.65 hr.(E39) 1.1(8*)(E39) abs. Al 0.95(E39) abs. Pb Mo-a-n(E39)
(E39) Mo%2-a-n(E39)
Ru-n-2n(E39)
Parent of Tc%(E39)
Ru% 5.68(1220)
Ru?% A K,v,e~(S113, 2.8 days(S113,590); 0.23(S113,590) abs. Mo%-a-n(E39)
S90) 3.0 days(M130) Pb Ru-d-p(S113,590)
Ru-#-y(S113,M130,
S90)
Parent.of Tc%m
(M130,M69)
Ru 2.22(E20)
Ru? 12.81(E20)
Ru100 12.70(E20)
Rulot 16.98(E20) !
Ru1e2 31.34(E20)
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Isotope Percent Type of Energy of radiation in Mev
Z A Class abundance radiation Half-life Particles y-rays Produced by
44 Ru A By 42 days(S113,890);  0.25(G51); 0.3(95%), 0.56(G105,5113) Ru-d-p(1.13,5113)
41 days(B87); 0.8(5%)(8113) abs. Pb; 0.4(B87) Ru-n-y(S113)
45 days(N15); abs. Al; 0.75(B87) abs. Pb U-#(N12,N15,G104,
37 days(G51) abs. Al S113), parent of
Rh103m(G152)
U2s-2(G65,5184)
Th-n(B101)
Pu-z(F102)
Bi-d(G62)
Pb-a(P104)
Rulo 18.27(E20)
Rulos B By 4.5 hr.(S113); 4.4 hr. 1.4(S113) abs. Al; 0.76(S113) abs. Pb;  Ru-n-y(D7,S113)
(B87); 4 hr.(D7, 1.5(B31) abs.; 1.3 0.7(B87) abs. Pb Ru-d-p(L13,S113)
L13,N12) (B87) abs. Al * U-n, Tcl0s g=-decay
parent of Rh1
(B31,N12,D7,1.13,
S33,S113)
Th-n(S33,B101)
Bi-a(P56)
Pb-a(P104)
T1-a(T109)
Pt-a(T109)
Ru1os A 8- 1.0 yr.(G152); 290 ~0.03(G152) abs. No v(G152) U-n, parent of Rhioé
(H96) days (G51) Al; very soft(S133) (G106,5S113,G107,
m.s. G108,G104)
U2-(G65,5184)
U-d(0107)
Th-z(B101)
Th-a(N116)
Pu-n(F102)
Bi-d(G62)
Ru1o? D ' 4 min.(B31) ~4(B31) abs. Al U-n, parent of Rh107
(B31)
45 Rh1oo B K,v(S113), 19.4 hr.(L86); 21 hr. 0.6(e7), 3.0(8%)(1.86) 1.2(L86) abs. Pb; Ru-d-z(S113)
e~.Bt (S113) spect. 1.8(S113) abs.Pb Pdwo K-decay (L86)
(~5%)
(L86)
Rhio B K,y.e~ 4.3 days(L86); 0.35(1.86) abs. Pb, Ru-d-n(S113)
(S113) 5.9 days(S113) spect. conv. Pdiot K- and g*-de-
. cay (L86)
Rha1oz A B8t 210 days(M23); 1.04(87), 1.13(8*) 0.46(annih.?)(S113)  Ru-d-n(S113)
¥(M23), 215 days(H77) (H76) cl.ch.; abs. Pb Rh-n-2n(M23,H76)
K(S113) 1.3(S113) abs. Al;
1.1(87)(M23) abs.
Rhi0s 100(C50)
Rhi1osm A 1.T., e~(F31, 57 min.(G108,G107); 0.034(¢~)(H77) spect.; 0.040(W57) abs. Rh-n-n(F31)
S150,W57) 52 min.(F37); ~0.03(e~)(G152) argon of e~} Rh-¢~-e~(W57)
48 min.(F31); abs. Al 0.042(F37) abs. of Rh-x-rays(WS57)
45 min.(W57,W58) e Pd108 K-decay (B122,
M381)
U-n, Rul® g--decay
(S150,G107)
Rhiosm A C LT.ves 4.2 min.(P5); 4.4 0.069(09,H77) spect. Ru-p-n(D9)
(P5,A38) min.(F31); 4.7 conv.; 0.087 Rh-z-y(P5,A1,P2),
min.(C134) [(F37); 0.09(A38) (~10%)(G137)
abs. Al Pd-y-p(HT74)
Rh1o4 A B=,v(S50), 44 sec.(P5,A1) 2.3(C13) cl.ch.; 2.6  0.041, 0.18, 0.95 Ru-p-n(L13)
e~ (C134) (H77) spect.; 2.3 (C134) abs., abs. Rh-n-y(PS,Al1),
(S50) abs. Al of e~ (~90%)(G137)

Rhivm I.T.(PS)
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Isotope
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Type of
radiation

Percent

Class abundance

Energy of radiatibn in Mev

Half-life Particles

y-rays

Produced by

45 Rh1os A B7v.e”

Rh1os A

Rh E
Rh1o7 D

46 Pduwo B K,y(L86)

Pdtot B K(~90%);
BH(~10%)
(L86)

Pdroz

Pds 4

0.8(S63)
K(B129)

9.3(S63)
22.6(S63)
27.2(S63)
26.8(S63)

Pduo

) 13.5(S63)
Pdl!l A

Pduz A B8-(S33,N14)

47  Aglo2ae C B*; K(L87)
Aglos

Aglos

[SRS]

K.y

36.5 hr.(S113); 37
hr.(B87); 34 hr.
(N12,N13)

0.65(S113) abs. Al;
0.78(B87) abs. Al;
0.5(N13) abs.

30 sec.(G108,G107) 3.55(82%), 2.30
(18%)(P57) spect.,
coincid. abs.; 3.9
(80%), 2.8(20%)
(G152) abs. Al,
coincid. abs.; 4.5
(S133) abs. Al

~1.3(B128) abs. Al

1.2(B31) abs. Al

9 hr.(B128)
24 min.(B31)

4.0 days(L86)

9 hr.(L86) 2.3(B*)(L86) spect.

17 days(B129,M81)

13 hr.(K6) 1.03(X6) cl.ch.; 1.0
(S155,H95) abs.
Al; 1.1(S156) abs.

Al

26 min.(S33) 3.5(B31) abs.

21 hr.(S155) 0.2(S156) abs. Al

73 min.(E6)

16.3 min.(E6)
45 days(E6)

0.33(weak)(S113)
abs. Pb

1.25(1%), 0.73
(17%), 0.51(17%)
(P57) spect.; 0.3
(20%), 0.8(20%)
(G152) abs. Pb

0.8(B128) abs. Pb

0.090, 1.8(L86)
abs. Al, Ag, Pb

No y(1.86)

No v(S156)

No v(S156)

0.282, 0.345, 0.430,
0.650, >1.0(D19)
spect.; 0.29, 0.42,
0.50, 0.62(E6)
spect.

Ru-d-n(S113)

Rul0s 3~-decay
(S113)

Rh-£-p(K64)

Pd-y-p(P60)

U-z, Rul% g-.decay
(N12,D7,L13,
S113)

Th-z(B101)

Pu-n(K72)

U-z, Rul0s ﬂ"»decay
(G107,G108,GS51)

Pu-2(F102)

U-n(B128)
U-n, Rul0? g=-decay
(B31)

Rh-d-57(1L86)
Sb-d-6223a(L86)
Parent of Rh100(1L86)
Rh-d-4n(1.86)
Sb-d-6222a(L86)
Parent of Rh101(L86)

Rh-d-2n(M81)

Rh-p-n(M81)

Pd-n-v, parent of
Rhiosm (B129)

Pd-y-n(P55)
Pd-d-p(K6)
Pd-n-v(A1,K6)
Ag-n-p(F5)
Ag-d-2p(HIS5)
Ag-t-He3(K60)
U-n, parent of Aglosm
(S155)
U28.%(S184)
Pu-n(K72)

Pd-d-p(K6,A1)

Pd-n-v(K6,A1)

U-#n, parent of Agit
(S33,N14)

Th-#(S33)

U-n, parent of Agl?
(S33,N14,S155)

Th-»n(S33)

Th-a(N116)

Bi-d(G62)

Pu-n(K72)

Pd-p-n(E6)
Sb-d-21a5z(L87)
Pd-p-n(E6)
Pd-p-n(E6)
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Particles y-rays
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radiation Half-life

Produced by

47 Aglos

Aglos

Aglo?

Aglomm

Aglos

Aglosm

Agloo
Agto

Aglio

Agit

Agu2

51.35(W78)

48.65(W78)

B* 24.5 min.(P6,D2) 2.04(F5) abs. No y(FS)

K,e~,v(HS50,
P6,F5,A4)

8.2 days(P6,K6) 1.2(e")(F5) abs. 1.06, 0.69(E6) spect.;
1.63, 1.06, 0.72(?)

(D19) spect.

LT, e vy 44.3 sec.(B38,B77);

40 sec.(A12,H34)

0.093(V7,A12,H9)
spect. conv.; 0.094
(B37,B77) spect.
conv.

[ 2.3 min.(A1,B20); 2.8(N4) cl.ch.

2.4 min.(F31)

0.087(H34) spect.
conv.; 0.088(B37)
spect. conv.

LT, ey 40.4 sec.(W32); 40
sec.(H34); 39.2

sec.(B43)

B8-v(P6) 2.6(H97) abs.; 2.8

(G4) cl.ch.(K.U.)

24.2 sec.(H97);
22 sec.(A1,P6);
*28 sec.(F31)

K,v,e"(K15,
H59);
B-(X15,
D63)

225 days(L14,R10) 1.3(K15) abs. Al;
0.38(S115) abs. Al;

0.59(W112) spect.

1.40(9%),0.90(47%),
0.66(44%)(R49)
spect. conv.,
spect.; 0.650,
0.925, 1.51(D19)
spect.; 0.6(K15)
abs. Al

B~ 7.5 days(K6,P6, No v(X6,P6,S116)

S116)

~0.24(?), 1.0(S116)
abs., ~0.8(B30)
abs.

B~ v(S114) 3.2 hr.(P6) 3.6(S155) abs. Al;

2.2(P6) cl.ch.

0.86(S156) abs. Al

Rh-a-n(P6,K3)
Pd-d-n(P6)
Pd-p-y(D2)
Pd-p-n(D2,E6)
Ag-n-2n(P6)
Ag-d-1(K58)
Ag-y-n(B20)
Ag-e~-e~n(S59)
Ag-d-p2n(K15,K31)
Cd-n-p(P6)

‘Rh-a-n(P6)

Pd-d-»(P6,K6)
Pd-p-n(D2,E6)
Ag-n-2n(P6,K6)
Ag-d-p2n(?)(K23)
Cd-n-p(P6)
Sn-d-?(L123)

Ag-n-n(F31)
Ag-x-rays(F9,W32,
T35)
Ag-e—-e~(W32)
Cd107 K-decay (A12,
H34,B37,H95)
Pd-p-n(D2,E6)
Ag-n-y(A1,F31)
Ag-v-n(B20,P55)
Ag-¢~-¢n(S59)
Agl07-p-y(F33)
Ag-d-p(K12,K15)
Cd-n-p(P6)
Pd1oe g--decay(S33)
Ag-n-n(F31)
Ag-x-rays(F9,W32,
T35)
Ag-e-e~(W32)
Cd9 K-decay(H34,
B37,H95)

Ag-n-y(A1,F31)
Agl0%-n-y(F33)
Cd-n-p(P6)
Cd-y-p(H97,H74)
Ag-n-y(R10,L14,
A8,M12)
Agl-n-v(G134)
Ag-d-p(K12,K15,
HS59)

Pd-d-n(K6,P6)
Pd-a-p(P6)
Cd-n-p(P6)
Cd-y-p(H74)

U-n, Pdit g=-decay
(K6,S33,N14,
S$116,G51)

U28-%2(G65)

U-a(0115)

Th-a(N116)

Pu-#(F102)

Bi-d(G62)

Cd-n-p(P6)

Cd-y-p(H74)

In-n-a(P6)

U-n, Pduz g--decay
(N9,S33,N14,
S155)

U238-2(S184)

U-a(0115)
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47

48

49

Agi
Ag

C105,107
Cd10s
Cdror

Cdos
Cduoe

Cduo
Cdum

Cdm
Cduz
Cdms
Cdim
Cdi
Cdus

Cdusm

'Cdns
Cdur

Intos
In10®

Int1o

A ’ B~
E By

D B
1.215(L88)
A K(~100%),
v(4%), 8%
(0.3%)
(B38)

0.875(1.88)

12.39(1.88)

12.75(L88)
24.07(L88)
12.26(L.88)

28.86(1.88)

7.58(1.88)

E K(?), v(G68)
B(G68) K; BH(T37),
m.s. 4
A(G68) B*

5.3 hr.(T113,D68)

22 min.(T113)

33 min.(P2)

6.7 hr.(D4,R5)

330 days(B43)

48.7 min.(W30,W32)

2.3 min.(H206)

2.33 days(L57,
M123); 2.5 days
(GS)

43 days(S51); 44
days (G153); 40
days (C14)

170 min.(L57); 2.72
hr.(M126)

~5 hr (G68)

6.5 hr.(T37); 5.2 hr.
(G68)

65 min.(B17)

2.2(T113) abs. Al;
2.0(D68) abs. Al
~3(T113) abs. Al

No v(T113,D68)

0.32(8%)(B38) spect. 0.84(weak)(B38)
spect.; 0.53(V7)
abs. Pb; 0.7(H9)

abs.

0.148, 0.247(H144)
spect. conv.;
0.195(W30,W32)
abs. of ¢7; 0.145,
0.230(H2038)
spect. conv.,
spect.

0.6, 1.13(1L.57) spect.;
0.55, 1.25(M122)
abs. Al; 1.11(C14)
spect.

0.65(M34) spect.;
0.55(L57) cl.ch.
recoil

1.85(M123) abs. Al;
1.7(G153) abs. Al;
1.5(S51) abs. Al

0.5(S51) abs. Pb

1.3-1.7(1L57) spect.

0.65(G68)

2(B*)(T37) 0.5(G68)

1.6(B17) spect.

U-n(T113)
Cdity-p(D68)
U-n(T113)

Cd-n-2n(P2)

Ag-p-n(D4,R5,V7,
Wi1)
Ag-d-2n(K12,A12,
H34,K15)
Ag-a-p3n(HI5)
Cd106-5-y(1H95,G134)
Sh-d-16a4z or
Sb-d-18a42(1.123)
Sn-d-?(L123)

Ag-d-2n(H34,K15)
Ag-a-pn(HIS5)
Cdsy-y(H95,G134)
Sn-d-?(L123)
Sb-d-14a4z or
Sh-d-16a42(1.123)

Pd-a-2(H206)
Ag-a-pn(H2006)
Cd-n-nor
Cd-n-v(D8)
Cd-x-rays(F9,W30,
W32,T35)
Cd-e™-¢~(W30,W32)
Cduo-p-y(G144)
U-n(N9,N14)

Cd1B-5-n(H206)

Cd-d-p(C14)
Cd-n-v(G5,M10)
Cd-n-2n(GS)
In-n-p(S117)
Sb-d-2a2n(1.123)
U-n, parent of Intitm
(N9,N14,M104)
J23.7(S184)
Th-a(N116)
Cd-d-p(C14)
Cd-n-v(S51)
In-n-p(S51)
Sn-n-a(?)(S115)
U-n(M123)
U28-1(S184)
Pu-n(G153,F102)
Bi-d(G62)
Th-a(N116)

Cd-d-p(C14)

Cd-n-y(M10,GS)

U-#n, parent of In!?
(N9,N14,M104)

Ag-a-312(G68)
Ag-a-2n(T39,G63)

Ag-a-n(K9,T39,G68)
Cd-p-n(B17)
Cd-d-2n(L57)
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y-rays
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49 In

Init

Intizm

Ini2

Initam

Inis
Intim

Ini

Inlism

Intts
Inlté

Ini16

Int?

50 Sn

Snuz

D

A(G68)
m.s.

B+(L87)

K,vy.e~(L57)

I.T.v.e™
(S34,T39)

B*B=(?)(S34,
T39)

L.T.,v.e"
(B17)

4.23(W78)
L.T. e (L57,
148)

I.T.e vy
(L57)

95.77(W178)

8-

K(L87)

0.90(W78)

72 min.(L87)

2.7 days{B17,C14)

20 min.(B17); 23
min.(T37)

9 min.(T39)

105 min.(B17)

48 days(B17)

72 sec.(LL15,B17)

4.50 hr.(ID56); 4.53
hr.(L32); 4.1 hr.
(GSs,B18)

13 sec.(A1,C14)

54.31 min.(R103);
54 min.(A1,L15)

117 min.(L32);
- 1.90 hr.(M126)

4.5 hr.(L87)

2.2(1.85) abs. Be

1.5(8%)(S34) abs.;
1.7(B*)(1.57)
cl.ch.; 0.47(87?)
(S34) abs.

1.98(L32) cl.ch.;

1.98(1.132) spect.

2.8(C14) cl.ch.

0.85(C14,C44)
spect., cl.ch.

1.73(C14) spect.;
1.95(M126) abs.
Al

0.17, 0.25(B17,C14)
spect. conv.

0.16(B17) spect.
conv.; 0.12(S44)
abs. of e~

0.39(B17,1.57) spect.
conv.

0.19(B17,1.57) spect.
conv.; 0.186(1.132)
spect. conv.

0.34(L57) spect.
conv.; 0.3(M122)
abs. Al of e~

No y(M11)

2.32, 1.31, 1.12,
0.428(D19) spect.;
1.8, 1.4, 1.0, 0.6,
0.4, 0.2(C44) cl.ch.
recoil; 2.08
(~60%), ~1.8
(~40%)(J120)
Be-y-n reaction

No v(I.57)

Sn(4.5 hr.) K-decay
(L87)
Ag-a-2n(T39,L57,
G68)
Cd-p-n(B17)
Cd-d-n(L57)
In-n-32(C14)
Ag-a-n(T39)
Cd-d-n(L57)
Cd-p-n(B17)
In-n-2n(S34,T39)
Parent of In12(T39,
S34)
Ag-a-n(S34,T39)
In-n-2n(S34,T39)
Int2zm IT, (S34,T39,
G64)
Cd-p-n(B17)
Cd-d-n(L57)
In-x-rays(D111)
Sni8  K-decay(B17,
S22)

Cd-p-n(B17)
Cd-d-n(L57)
In-n-y(L15,M12)
In-d-p(L57)
In-n-2n(L57)
Sn-d-a(?)(1123)
Cd-p-n(B17)
Inlém 1T (1.48,1.57,
G64)
In-n-2n(L15,P2)
In-y-2(B11,C5)
IniB-x-y(G144)
Cd-d-n(L57)
In-n-2(G5)

In-p-p(B18)

In-a-a(L16)

In-x-rays(P7,C10)

In-e~-e~(W31)

U-n, Cdus (2.5 days)
B~-decay (G5,N14,
M104)

Cd-p-n(D9)
In-n-v(A1,1L15),
(25%)(G137)
In-d-p(L15)
Cd-p-n(B17)
In-n-y(A1,M11),
(75%)(G137)
In-d-p(1.15)
Sn-y-p(H74)

Cd-d-n(C14,L57)

Sn-y-p(H74)

U-n, Cdi7 g--decay
(G5,N14,M104)
Pu-n(K72)

Sh-d-?, parent of In
(70 min.)(L87)
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50 Snus A K.~y 105 days(C71,B17); 0.085(B17) spect. Cd-a-n(L17)
~70 days(L17) conv.; no y(C71)  In-p-n(B17)
In-d-2n(C71)
Sn-d-p(L17)
Sn-n-y(S103)
Sb-d-10a2z or Sb-d-
12a22(1.123)
Parent of Ini3m(B17,
S22)
Sni 0.61(W78)
Snlis 0.35(W78)
Snlié 14.07(W78)
Snu17 7.54(W78)
Snus 23.98(W78)
Sn<ie E 8- 25 min.(L17) Sn-n-v(G121)
Cd-a-n(L17)
Sn=ne E B~ 3 hr.(L17) Cd-a-n(L17)
Snltem D I.T.,v,e” 13 days(L17); 14 0.13(¢~)(L87) spect. 0.17(L87) abs. Pb. Cd-a-n(L17)
(1L87) days(L87) Sb-d-a(L87)
Sn11e 8.62(W78)
Sn120 33.03(W78)
Sn12t A B 28 hr.(L.85); 26 hr. 0.4(1L85) abs. Al No v(L85) Sn-d-p(117)
(L17) Sn-n-y(L17)
Sn120-d-H(L8S5)
Th-a(N116)
Sni,123 C B~ 130 days(L119); 136 1.5-1.6(L119) abs. No y(L119) U-»(L119,G51)
days(GS1) Al; 1.2(G51) U2s-1(G65)
Th-a(N116)
Sni22 4.78(W78)
Sn>120 D B~ ~80 hr.(H55); 60 hr. 0.76(S120) abs. Al U-#(HS5,N15,5120)
(N15) U-2(0115)
Sniz D B7,7(?)(S120) 10 days(L17,5164); 2.6(S164) abs. Al; Sn-d-p(L17)
11 days(HS5S, 2.5(C71) abs. Al Sn-n-y(L17)
$120); 9 days(C71) U-»(H55,5120)
U2s-(S184)
Sniz 6.11(W78)
Snizs B By 10 min.(S173): 9 ~2.2(S173) abs. Al  ~0.74(S173) abs. Pb  Sn-d-p(L17)
min.(L.17) Sn-n-y(L17,5173)
Sni D B8~ 40 min.(L17) ~3(N113) abs. Al Sn-d-p(L17)
Sn2-d-$(N113)
. Sn-n-2n(P2)
Snizt B 8- 36 min.(N113) 1.5(N113) abs. Al Sni20-d-p(N113)
Sn =126 D B~ ~400 days(L17) Sn-d-p(L17)
Sn-n-v(?)(S115)
Sn>120 E B8~ 17.5 days(G51) 1.7(Gs1) U-n(G51)
U-(G65)
Sn>120 E 8- 7.0 days(GS1) 1.8(G51) U-n(G51)
Sn126 D B-v 70 min.(N15,H55, 0.7 or 2.8(S164) abs. 1.2(S164) abs. Pb U-n, parent of Sbi
S120); 80 min. Al (N15,H55,5120)
(S164)
Sn>125 D B~ ~20 min.(HSS) U-n(H55)
51 Sbu? D K,e=(C71) 2.8 hr.(C71); 3 hr. 0.46(c™)(C71) abs. Sn-d-n(C71,L18)
(L18) Al Sn-p-n(C71)
Sbus D K,v,e~(C71) 5.1 hr.(C71) 0.20(e™)(C71) abs. 1.5(C71) abs. Pb In-a-n(C71)
Al Sn-d-n(C71)
Shus B st 3.3 min.(L.123); 3.6 3.1(L85) abs. Be In-a-n(L16,R16)
min.(R16) Sn-p-n(D9)
Tens K-decay(L8S)
Sb119 B K 39 hr.(C71,1.85) No v, no ¢~ (C71) Sn-d-n(C71)
Sn-p-n(C71)

Sb-d-p3n(1.85)
Telt? K-decay(L85)
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51 Sbio A B+ 17 min.(H10,L18) 1.53(A10) cl.ch. Sn-d-n(L18)
Sn-p-n(D9)
Sn20-d-2%(1L85)
Sb-z-2n(P2,H10)
Sb-y-z(B20,P55,
M98)
Sb-d-t(K14)
Sh-p-pn(R4S)
Sh120 B K,v,e~(L85) 6.0 days(L85) 1.1(L8S) abs. Pb Sni120-d-27(L85)
Sb-d-p2n(L85)
Shrat 57.25(W78)
Sh1zzm A I.T.e~(D59) 3.5 min.(D59) 0.14(D59) abs. of e~  Sb-n-y(DS59)
Sbt2t-z-v(D69)
Shrez 4 B v.e” 2.8 days(L.28) 1.36, 1.94(M120, 0.57(R49,M67) Sn-d-2r#(L18)
(M120) M67) spect.; 0.81, spect. conv.; 0.96  Sn-p-z(D9)
1.64(A10,M35) (M35) coincid. Sb-d-p(L18)
cl.ch., abs.; 1.19, abs.; 0.80(M34) Sb-n-y(A1,L.18)
1.77(M84) coincid. spect. Bi-d(G62)
abs., abs. Al
Sbiz 42.75(W78)
Shiz A B8~y 60 days(L18) 2.37,1.62, 1.00, 0.65, 2.04(weak), 1.708, Sb-d-p(1.18)
-0.48(K67) spect.; 0.732, 0.654, 0.608, Sb-n-y(L18)
(C76) spect.; 0.121(C76) spect., I-n-a(LL18)
(M91) coincid. spect. conv.; Sn-d-2n(1.18)
abs.; 0.74, 2.45 (K67) spect.; 1.72
(H35,H49) spect.; (W112,R49)
2.25, 0.53(M120, spect.; 1.82(M35)
M67) spect.; 1.53 coincid. abs.; 1.67
(M35) abs.; 0.654 (W64), 1.71(H138)
(J9) spect.; 0.67, Be-vy-n reaction;
2.45(W68) 1.70(K56) cl.ch.
coincid. abs. pair
Shizem A 1.T., 8, 21 min.(D59) 0.02(1.T.)(D59) Sb-n-y(D59)
v(D59) abs. of e~ SbiB-n-y(D59)
Shizem A 87v; LT. 1.3 min.(D59) 3.2(D59) abs. Al 0.014(1.T.)(D69) Sb-n-y(D59)
(D69) abs. of e~ Sbhi2%-z-v(D59)
Shizs A B8 2.7 yr.(1.120); several 0.3(65%), 0.7(35%) 0.55(L120) abs. Pb; Sn-n-vy, 8~-decay
yr.(G51) (S165) abs. Al; 0.6(S165) abs. Pb (S165), parent.of
0.56(G51) Tel2sm (F47)
Sn-d-n(L18)
U-n(S121,1.120)
U2-n(G65)
Th-a(N116)
Sh>128 o) B8~ 28 days(GS1) 1.86(G51) U-n(GS1)
Sh126 D B8~ 60 min.(N15) 2.8 or 0.7(S164) abs. U-n, Sn!? B-decay
Al (N15)
Sb2? A 87y 93 hr.(S121); 90 hr.  1.2(S121) abs. Al; 0.72(S122) abs. Pb U-n, parent of Tel2?
(G51) 0.8(GS51) (A6,5121,G51)
U2s-n(S184)
Pu-n(K72)
Sbi29 A 8- 4.2 hr.(A6) U-#n, parent of Tel2?
(A6)
Pu-n(K72)
Sbisz B B~ 5 min.(A6) U-n, parent of Tels2
(A6)
Shiss A B <10 min.(A6,W21) U-n, parent of Tels®
(A6,521,W21)
Th-n(S21,W21)
Sbst B 8- <10 min.(A6) U-n, parent of Tel¥
(A6)
52 Te-us D 8+(L87) 2.5 hr.(185) Sb-d-?(L85)
Telts B K(L85) 6.0 days(L85) No y(?)(L85) Sb-d-5n, parent of
Sb118(3.3 min.)
(L85)
Telt? B K,v,e (L85) . 4.5 days(L85) 0.2, 0.5(¢7)(L8S) 1.4(L85) abs. Pb Sb-d-4n, parent of
spect. Sb119(L85)
Bi-d(G62)
Te120 0.091(W78)
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52 Tet2tm A I.T.(E40), e~ 143 days(E40); 125 0.0365(?), 0.082, Sn-a-n(S15)
(S15,08), days(S15) 0.0885, 0.159, Sb-d-2n(S15)
v(Y6,E40) 0.213(H221) spect. Sb-p-n(S15)
conv.; 0.0820,
0.0883, 0.136.
0.1573, 0.2108
(K17) spect. conv.;
0.05(B47,B55)
spect. conv., abs.
Ag; 0.22(E40) abs.
Pb
Teltm A I.T.,v(B55) 5X10-8sec.(BS5) 0.23(B55) coincid. Tel2tm (143 days)
abs. I.T., parent of
Tet2 (BSS)
Tet A K,v(E40) 17 days(E40) 0.61(E40) abs. Pb; Sh-d-2n(E40)
0.615(K17) spect. Sh-p-n(E40)
conv. Tel2m (143 days,
5X107% sec.) L.T.
(E40,B55)
Te122 2.49(W78)
Tel 0.89(W78)
Te 4.63(W178)
Tel2s 7.01(W78)
Teom A I.T. e~ ~60 days(F47) ~0.12(e~)(F47) abs. Sb12s B~-decay (F47)
(F47) Al 1126 K-decay(?)
(F47,R48)
Te128 18.72(W178)
Tel2im A I.T., e~(S15) 90 days(S15) 0.086(H9) spect. Te-n-v(S15)
conv. Te-d-p(S15)
I-n-p(S15)
U-n, parent of Tel??
(N104,G51)
U28-%(G65,5184)
Tet2? A B~ 9.3 hr.(S15,C106) 0.76(C106) abs. Al No y(C106) Te-n-v(S15)
Te-d-p(S15,T4)
Te-n-2n(T4)
I-n-p(S15)
U-n, Tetzim 1. T.(S15,
N104)
U-n, Sb12? g--decay
(A6,C106)
Te2s 31.72(W78) )
Tel2om A L.T., e (S15) 32 days(S15,N103) 0.102(H9) spect. Te-n-y(S15)
conv.; no hard Te-d-p(S15,T4)
v(N103) Te-n-2n(T4)
U-n, parent of Tel2?9
(H55,N103,G51)
U23-2(G65)
Telz® A B~y 72 min.(S15,A6) 1.8(W112,R49) spect. 0.3, 0.8(G139) abs. Te-n-v(S15)
Pb Te-d-p(S15,T4)
Te-y-n(B20)
Te-n-2n(H10,T4)
U-n, Tel2sm I, T.(S15,
N104,GS1)
U-n, Sb'29 g--decay
(A6)
Th-z(B101)
Te10 34.46(W78)
Tesim A 1.T., e~(S15) 30 hr.(S15,A6) 0.177(H9) spect. Te-n-y(S15)
conv. Te-d-p(S15)
U-n, parent of Teldt
(A6,H22,515)
Tet A 8- 25 min.(S15) Te-d-p(S15)
Te-n-v(S15)

U-n, TeBim 1.T,,
parent of IBI(AG,
S15)
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V4

Isotope
A

Class

Percent
abundance

Type of
radiation

Half-life

Energy of radiation in Mev

Particles

y-rays

Produced by

52

53

Tel32

Tels8

Telst

Telss

T4

1125

128

1127
1128

1129
130

118t

112

115

113

B

B

100(N30)

By

8-

8~

s

-
ﬂ+

K, no 8%,
(R48,G56)
B8

B8~y

8-

B~y

B-mie”

Y

By

77 hr.(A6,N110)

60 min.(A6,W21)

43 min.(A6)

<2 min.(S135)
~1 min.(HS5)

4.0 days(L19,D9)

56 days(R48)

13.0 days(L19,T4)

24.99 min.(H36)

long(Ke61)

12.6 hr.(L19)

8.0 days(L.19)

2.4 hr.(A6)

0.36(N110) abs. Al;
~0.3(B30) abs,

~0.1 (weaic) (e7?)
(R48)
1.1(L19) abs.

1.59(7%)(by diff.),
2.02(93%)(S89)
spect.; 1.05, 2.10
(B14) cl.ch.(K.U.)

0.61, 1.03(R23)
spect. coincid.

0.595(D29,D30,D31)
spect., coincid.;
0.687(T7) cl.ch.

0.9 2.2(N110) abs.
Al; ~1.35(B30)
abs.

22 hr.(A6,W21); 20.5 1.4(S123) abs. Al;

hr.(B118)

54 min.(A6)

1.1(P13) cl.ch.

0.22(N110) abs. Pb

No v, no e~ (G56)

0.5(L19) abs. Pb

0.428(7%)(S89)
spect.; 0.4(L19)
abs. Pb

0.417, 0.537, 0.667,
0.744(R23) spect.
conv., spect.,
coincid.

0.367, 0.080(D30,
D31) spect., spect.
conv., coincid.;
0.65(15%)(D60)
abs.; 0.4(L19)
abs. Pb

0.6, 1.4(N110) abs.
Pb; 0.85(B30)
abs.

0.55(S123) abs. Pb;
0.528(P109) spect.

>1(G123) abs. Pb

U-n, Sb132 g--decay,
parent of I182(A6,
H22,N110)

Th-n(H24)

Th-a(N116)

Pu-n(K72)

U-n, parent of I133
(A6,H22,521,W21)

Pu-n(K72)

U-n, Sb1¥ g--decay,
parent of I34(A6,
H22)

Th-n(P12)

Pu-n(K72)

U-n, parent of 1135
(S21,W21)

U-n(HSS)

Sb-a-n(L19)
Te-p-n(D9)
Bi-d(G62)
Te-d-n(R48)
Bi-d(G62)
Sb-a-n(L19)
Te-d-n(L19)
Te-p-n(D9)
I-n-21(T4,1.19)
I-v-n(P61)
Bi-d(G62)

I-n-v(A1,T4)
Te-d-2n(1.19)
Te-p-n(D9)

U-n(K61) *
Te-d-2n(L_19)
Te-p-n(D9)

Cs-n-a(W21)

Th-2(?)(P15)

I120--y(K61)

Te-d-n(L19,R19)

U-n, Tewl g--decay
(S15,A6,H22,
G104,S123,K106,
G51)

Us-2(G65,5184)

U-a(F10,0115)

Th-a(N116)

Pu-n(F102)

U-n, Te®? g--decay
(A6,H22,P12,
M106,G51),
parent of Xeld2
(T104,T102)

U2-1(G65)

U-a(F10,0115)

Th-z(B101)

U-n, Tel g--decay,
parent of Xeld
(H22,A6,S21,W21,
K106)

U-«(F10,0115)

Pu-n(F102)

Pb-a(T109)

U-n, Tel¥ g--decay
(H22,A6,P12,P15,
K107)

Th-n(D6)

U-a(F10)

Pu-2(F102)
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53 I3 A B~y 6.7 hr.(G123,K119); 1.40(25%), 1.00 1.6(K119) abs. Pb; U-n, Tel¥s g--decay,
6.6 hr.(S21,D27, (40%), 0.47(35%) 1.3(S123) abs.; parent of Xel3s
W21) (P109) spect.; 1.4 1.27, 2.00(P109) (S21,W21,K106),
(K119) abs. Al; spect. parent of Xeldém
1.6(S123) abs. (~10%), Xe1ss
N (~90%)(W59)
Th-n(B101)
Pu-n(F102)
U-a(0115)
Jise By 1.8 min.(S35); 86 sec. 6.5(K126) abs. Al 2.9(K126) abs. Pb U-n(S35), patent of
(K126) Xe136(T104,T102)
J137 B, n 22.0 sec.(H131); 0.56(mean)(#x) U-n, parent of Xels?
(S60) 22.5 sec.(R51); (H220) abs. paraf- (S35,543,S60,R51)
18 sec.(R107) fin; 0.7(mean)(n) Pu-#(R51)
(B134) p recoil in
cl.ch.
138 D 8- 5.9 sec.(S205) U-n, ancestor of Cs138
(R107)
I8 D B~ 2.6 sec.(R107) U-n, ancestor of
Bat9(R107)
I 30 days(S124) - Xe-n-p(S124)
54 Xen 0.094(N30)

Xel2e 0.088(N30) .

Xel2? B LT.(2), e, 75 sec.(C41) 0.175, 0.125(C41) I-p-n(B41,C41)

v(C41) spect. conv.

Xe2? B e, v(C41) 34 days(C41) 0.9(C41) abs. of e~ Xe-n-y(C125)
1-p-n(C41)
1-d-22(0102)

Xel2s 1.90(N30)

Xel2o 26.23(N30)

Xe1s0 4.07(N30)

Xett 21.17(N30) U-%(T43) m.s.

Xets2 26.96(N30) U-n(T43) m.s.

Xem F I.T., e 11 days(C125) Xe-n-n(C125)

(C125)
Xelss A B-v.e” 5.3 days(E102, 0.34(E102) abs.; 0.085(E109) abs. Te-a-n(C22)
E103); 5.4 days 0.049(¢~)(E102) Cu,Pb Xe-d-p(C22)
(C22) abs.; 0.260(W109, ‘ Xe-n-y(R22,C125)
WS59) abs. Al; Cs-n-p(W21,C125,
0.42(E109) abs. Al Ws59)
Ba-n-a(W21,C125,
W59)
U-n, I8 g--decay
(S21,D27,W21,
B30,E102,W59)
Xe1st 10.54(N30) U-1(T43) m.s.
Xelss A B8-,v(B30), 9.2 hr.(H114); 9.4 0.93(P109) spect.; 0.247(P109) spect.; Xe-d-p(C22)
e~ (10%) hr.(S21,W21) 0.95(B30) abs. Al; 0.25(W109,W59) Ba-n-a(W21,547,
(M124) 0.9(W109,W59) abs. Pb W59)
abs. Al; 1.0(H114) U-n, 1135 B~-decay
abs. Al (S21,D27,W21),
Xewsm I T. (W59)
Xelsom A v(B30); I.T., 15.6 min.(R22); 0.52(P109) spect.;  Xe-n-y(R22)
v,e~(W59) 10 min.(W59) ~0.5(W109,W59) U-n, 13 g~-decay
abs. Pb; 0.6(S47) (G11,W59),parent
abs. Al of e~ of Xel35(W59)

Xelss 8.95(N30) U-n(T43) m.s.

Xens? D 68 min.(C22) Xe-d-p(C22)

Xew? B 8- 3.8 min.(S43,S205); 4(B30) abs. Al Xe-n-v(R22,5205)

3.4 min.(R22) U-n, 1137 8--decay
(S43), parent of
Cs137(G123)
Xeiss D B8~ 17 min.(G21) U-n, parent of Csi38

(H28,H22,G9,
G21,547)
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54 Xe A 8- 41 sec.(D102,D117); U-n, parent of Cs13®
~0.5 min.(H28) (H28,H22,H11,
D103)
Th-n(H29,A5)

Xeuo A 8- 16 sec.(D117); <0.5 U-n, ancestor of
min.(H28); 9.8 Bal0(H28,S110
sec.(0101) 0101)

Th-n(H29)
U-d(0101)
Xelat A 8- 1.7 sec.(0101) U-n, ancestor of Cel4!
(S110,0101)
U-d(0101)
Xewt A B~ ~1.3 sec.(D102) U-n, ancestor of Pri43
(S110)
Xelt 8- Short(DD108) U-n, ancestor of
Cel#4(D108)

Xeus D -t 0.8 sec.(D120); short U-#, ancestor of Pri4s

(S110) (S110)
55 Cst30 B 30 min.(R18) I-a-n(R18)

Csist B K(K62), v, 10.2 days(K62); No v(K62); 0.145 Batt  K-decay(K62,

e~ (Y7) 10.0 days(Y7) (Y7) abs. of e~ Y7) '

Cs192 B K,v.e~(C125) 7.1 days(C125) 0.6(¢™)(C125) abs. Al 0.62(C125) abs. Pb Cs-n-2n(C125)

Cs13 100(N30)

Cstaem A B (K26); 3.15 hr.(S92); 3 hr.  2.4(S92) abs. Al; 0.7(S92) abs. Pb; Cs-n-v(A1,M16,

v(S92); (K26) 1(X26) abs. 0.15(1.T.)(P106) K26)
1.T. e spect. conv.; 0.16  Cs-d-p(K26)
(P106, (L.T.)(M140)
G63) abs. of e~
Csts¢ A B~ v(K26), 2.3 yr.(G136); 1.7 0.09(25%), 0.66 0.57(25%), 0.60 Cs-n-v(A8,520,K26)
e (2.5%) yr.(K26) (75%)(E36) spect.;  (100%), 0.79 Cs-d-p(K26)
(W69) 0.65(S93) spect.; (100%)(E36,857) Ba-d-a(H103)
0.75(G136) abs. spect.; 0.58, 0.78,
Al; 0.64(P106) 1.35(weak)(S93)
spect.; 0.9(K26) spect., coincid.;
abs.; 0.8(W68) 0.61, 0.80(P106)
coincid. abs. spect.
Csus A [ 13.7 days(G140); ~0.28(F118) abs. 0.9(G140) abs. Pb;  Ba-n-p(C125)
13 days(F118); Al; ~0.35(G140) 1.2(F115) abs. Pb  La-#-a(C125,G140)
10.2 days(C125) abs. Al U28.2(G65)
Pu-n(F115)
) Th-a(N116)
Cs17 A I 37 yr.(E115) yield;  0.550(single)(T42) Xe-n-y, Xe 8~-decay
(H96) 33 yr.(G123) yield spect.; 0.57(E115) (T106)
m.s. abs. Al Parent of Bals’m
(E115,T45)
U-n(G111)
U2s-n(G65)
Pu-n(F102)
Th-a(N116)

Cstss D 8-y 33 min.(H28) 2.6(G21) abs. 1.2(G123) abs. Pb Ba-n-p(S47)

U-n, Xel38 g=-decay
(H28)

Pa-n(G7)

Th-n(A5,H29)

Cstt? A B8 9.7 min. (R109); U-n, Xel¥? g--decay.
7 min.(H28); 10 parent of Bals®
min.(AS5) ’ (H28,H22,H11,

H29,D103)
Th-n(AS)

Cslo D 8- 65 sec. (R109); 40 U-n(H28)
sec.(H28)

Csit A s~ Short(S110) U-n, Xelt g--decay,

ancestor of Celét
(S110)
Cstaz D B~ Short(H48) U-n, parent of Balé?

(H48)
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55 Csi3 A 8- Short(S110) U-n, Xels g=-decay,
ancestor of Pri
. (S110)
Csi# A 8- Short(D108) U-n, Xel4t g~-decay,
ancestor of Cel#
(D108)
Csl4s D 8- Short(S110) U-n, Xes g~-decay,
ancestor of Prits
(S110)
56 Bato 0.101(N36)
Baist B K,y(K62); 12.0 days(K62); 0.22, 0.50, 1.7(weak) Ba-n-v(K62,Y7)
no g8+ e~ 11.7 days(Y7) (Y7); 0.26, 0.5, Parent of Cs®1(K62,
(Y7) 1.2(weak)(K62) Y7)
abs. Pb, abs. of ¢~
Ba1s2 0.097(N36)
Batsm A I.T., ey 38.8 hr.(W28); 37.8 0.30(D9) spect. Cs-p-n(D9)
(C30)(?) hr.(0103) conv.; 0.276(C30) Cs-d-2»(C30)
spect. conv. Ba-n-2n(K26,W22)
Ba-d-p(W22)
Bi-a(P56)
Bi-d(G62)
Pb-a(P104)
Ba13 A K,v,e~(K62) >20 yr.(K62) 0.36(K62) abs. Pb, Ba-n-y(K62)
abs. of e~; 0.085, Bawm [.T.(Y9)
0.320(Y9) abs.,
abs. of ¢, cl.ch.

Bat# 2.42(N36)

Batsom D LT.v.e” 28.7 hr.(Y9) 0.28(¢~)(V9) abs. Al 0.34(weak)(W22) Ba-n-v(K26)

(W22) abs. Pb Ba-d-p(W22)
U-a(0115)

Bass 6.59(N36)

Bas 7.81(N36)

Basmm A LT.,v.e" 2.63 min.(T45); 0.626(¢~)(T45) spect., 0.663(T45) spect. Cs137 g--decay(E115,

(E115, 2.5 min.(E115) coincid.; 0.7(e™) conv., spect.; 0.75 T45)
T45) (E115) abs. Al (E115) abs. Pb Ba-n-y(A1,P2,K26)
coincid.

Baws7 11.32(N36)

Bass 71.66(N36)

Ba1s A B~y 84 min.(S217); 85 2.27(8S217) spect.; 0.163, 1.05(S217) Ba-d-p(P8,K26)
min.(D115); 86 2.3(B30) abs. spect. conv., abs.  Ba-n-v(A1,P2)
min.(P8,H28) Pb, coincid.; 0.6 La-n-p(P8)

(K26) abs. Pb, Cu Ce-n-a(W22)

U-n, Cs13® B--decay
(H29,H22,H11,
D103)

U-y(L2)

Th-n(B101,A5)

Pu-n(S111,F102,
K72)

Bato A B~ v.e” 308 hr.(S181); 1.05(R49) spect.; 0.529(N109) spect.; U-n, Xel0 (and
(H211) (W112) 12.8 days(E113); 0.4(25%), 1.0 0.54(R49) spect., Csl40) B~-decay,
m.s. 12.5 days(G104) (75%)(E104) abs. spect. conv.; 0.5 parent of Lal40

Al; 1.2(B30) abs.; (25%)(E104) (H28,H48,H22,
1.1(L104) abs. abs. Pb G21,S110,0101,
G51)
U2s-2(S184)
U-d(0101)
U-a(0115)
Th-n(B101)
Th-2(0115,N116)
Pu-n(S111,F102,
K72)
Bat A B~,v(G124) 18 min.(H48) U-n, Cs1 8~-decay,

parent of Lat!

(H48)
Th-n(H15,H14)
U-v(L2)
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56 Bal2 D B~ 6 min.(H48) U-n, Cs2 g~-decay,
parent of Lal2
(H48)
Th-n(H15,H14)
- ! U-y(L2)
Baus B B~ <1 min.(H14) U-n, parent of Lal43
(H14,H15)
Th-n(H15)
Baud A B~ Short(D108) U-n, descendant of
Xel, ancestor of
Cel44(D108)
Baus D B~ Short(S110) U-n, descendant of
Xelds, ancestor of
Pri4s(S110)
57 La<w® D p*(M47) . 10 min.(M47) 2.1(M47) abs. Al Ba-d-n(M47)
Latss B K,v(W23, 19.5 hr.(C74); 0.88(W23) abs. Pb Cs-a-2n(C74)
M24) 17.5 hr.(W23) Ba-d-n(W23,M24)
Ba-p-n(W23,W22)
Cetss g+-decay(C74)
Lalss B BH(C74) 2.1 hr.(C74) 0.84(C74) abs. Al No v(C74) Cs-a-n(C74)
Lal3? A(119) >400 yr.(C74) Ce¥? K-decay(C74,
m.s. 119)
La1s 0.089(114)
La® 99.911(I14)
Latio A B~y 40.4 hr.(S181); 40.0  0.90(20%), 1.40 0.335(2%), 0.49 Ba-d-vy(?)(W23)
(H96) hr.(W23); 39.5 hr. (70%), 2.12(10%) (5%), 0.87(10%), La-d-p(P8,W23,
m.s. (B85) (O11) spect.; 1.41 1.65(77%), 2.3 M24)
(W23) abs. Al, (6%)(R49) spect.; La-n-v(P9,M13,
spect.; 1.45(W112)  0.335(1%), 0.49 W23,M24,G14)
spect.; 1.8(L104) (7%), 0.83(14%,), Ce-n-p(W23)
abs. 1.63(74%), 2.3 U-n, Bal40 g=-decay

(4%)(M120,M67) (H28,H48,H22,
spect.; 2.49(weak) G21,G104,G51)

(W64)D-y-n U2-1(G65)
reaction Th-#(B101)
Pu-2(S111,F102)
Lat A B8~ 3.7 hr.(K120); 3.5 2.9(K120) abs. Al No v(?)(K120) U-n, Balit g--decay,
hr.(H48) parent of Celt
(H48)
Th-z(C16,B101)
Lau2 D B8-,v(K120) 74 min.(H48); 77 U-n, Bal%? g8--decay
min.(K120) (H48)
Th-n(H15)
Laus A B8~ 20 min.(B123); 15 U-n, Bal? g--decay
min.(HS5) (H14,H15), parent
of Ceu3(B123)
Lal A B~ Short(D108) U-n, descendant of
Xel#4, parent of
Cel4(D108)
Lans D B~ Short(S110) U-n, descendant of
Xels, ancestor of
Pris5(S110)
58 Cets B B+(C74) ~16 hr.(C74) La-d-6n, parent of
Las(C74)
Ce13s 0.193(114)
Cet37 B K,y,e"(C74) 36 hr. (C74) 0.28, 0.75(C74) abs. La-d-4n(C74)
Pb
Cel3s 0.250(114)
Cel39 B K,v,e"(M81) 140 days(P14) 0.18, 1.8(C74) abs. Ba-a-2n(P14)
Pb; 0.18, ~0.8 La-d-2n(P14)
(P58) abs. Pb Bi-d(G62)

Celt0 88.48(114)
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58 Cemt A
(H96)
m.s.

Celdz
CeMs A

Celut A
(H96)

Cews D

Celds D

59 Pruo A

Prit
Prie A

Pris A
(H96)
m.s.

Prisx A

Prus D

Prus D

60 Ndm B

Nduz
Ndus

By

11.07(114)

B¢~ (P106)

8-

8-

Bt

100(A31,116)

8-

B v

-
B~y
B*(3%);

K(97%).y
(W80)

27.13(116)
12.20(116)

28 days(B106); 30.6
days(P58)

33 hr.(E105,B85,

0103); 36 hr.(P14)

0.60(B108) abs. Al;
0.66(P58) abs. Al;
0.4(B85) abs. Al

1.36(B108) abs. Al;
1.3(B85) abs. Al

275 days(B119); 300 0.348(N109) spect.;

days(B30)

1.8 hr.(B110)

14.6 min.(S157); 11
min.(G57)

3.5 min.(P9)

19.3 hr.(D32); 19.2
hr.(B85)

13.8 days(M127);
13.5 days(P14,
P58); 14.2 days
(0103); 12.7 days
Js)

17.5 min.(N105);
17 min.(H55);
18 min.(G122)

4.5 hr.(B110)

24.6 min.(S166);
25 min.(G57)

2.42 hr.(W80); 2.5
hr.(K19)

0.25(N105) abs.;
0.30(P106) spect.,
0.075, 0.12(e™)
(P106) spect.

2.5(H90) abs. Al;
2.40(D32) cl.ch.

2.14(D32) spect.;
2.23(P106) spect.

0.95(B108) abs. Al;
1.0(M127) abs. Al;
0.83(P58) abs. Al

3.07(N107) spect.;
3.1(B30,H55) abs.;
2.99(P106) spect.

3.2(K121) abs. Al

~3(S166) abs. Al

0.78(K19); 0.7(W80)
abs. Al

0.21(B108) abs. Pb;
0.2(P14)

0.5(B108) abs. Pb;
0.6(P58) abs. Pb

No v(S158)

1.9(D32) abs. Pb;
~1.3, ~1.65
(P106) spect.

No v(B108,M127)

0.135(N109) spect.
conv.; 1.25, 0.22
(S159) abs. Pb
No y(K121)

1.4(S166) abs. Pb

1.05(W80) abs. Pb

Ba-a-n(P14)

Ce-d-p(P14)

Ce-n-y(P14)

Ce-n-2n(P14)

Pr-n-p(P14)

U-n, Lait g--decay
(G104,B106,0101,
B107)

Th-2(B101)

Pu-n(F102)

U-d(0101)

Ce-d-p(P14,B108)

Ce-n-v(P14)

U-n, La®® g—-decay,
parent of Pri#
(E105,B123,B108,
0103)

U-d(0103)

Th-n(B101)

Th-a(N116)

Pu-#(F102,K72)

U-n, descendant of
Xe4, parent of
Pri44(B30,HSS,
G104,N105,D103)

U28-2(G65,5184)

U-d(0106)

Pu-n(F102)

Th-a(N116)

U-n, descendant of
Xels, parent of
Pri45(B110,S110)

U-n, parent of Pris
(H55,G57)

Pr-n-2n(P9,A1,W23,
D32)
Pr-y-n(H90)

La-a-n(D32)

Ce-p-n(D32)

Pr-d-p(D32)

Pr-n-y(P9,P2,M13,
A1,W23,D32)

Nd-#-p(P9,P2)

Cel3. g~-decay
(B108,B85)

U-n, Ce¥s g--decay
(H55,P14,B111)

U-d(0103)

Pu-n(F102)

U-n, Cet B--decay
(H55,N105)

U-d(0106)

Pu-»(F102)

U-n, CeMs g--decay
(B110)

U-n, CeMs g--decay
(G57) '

Pr-p-n(K19,W80)
Nd-d-4(?)(P9,K19)
Nd-n-2n(P9,K19,
L25)
Nd-y-n(L25,K19)
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60 Ndw 23.87(116) ,
Ndus 8.30(116)
Ndus 17.18(116)
Nqu? A Bve” 11.0 days(M46, 0.4(40%), 0.9(60%), 0.58(40%)(M46) Nd-zn-v, parent of
M127); 11.1 days 0.03(e™)(MA46, abs. Pb coincid.; Pm17(M46)
(B85); 12.1 days M127) abs. Al; 0.45(M141) abs. U-n(G121,S160)
(M141) 0.76(M141) abs.
Ndus 5.72(116)
Ndue B B=(?) 1.7 hr.(M132,M46); 1.6(B85) abs. Al; Nd-7-y(M132,G121)
(M132) 2.0 hr.(B85) 1.5(M132,M46) Nd-d-p(P9)
abs. Al Nd-n-22(P9)
Parent of Pm9(?)
(M46)
Ndtse 5.60(I16)
Nq1so E B-(L34) ~5 X101 yr.(L34) 0.011(L34) abs. air Natural source(L34)
(K75) - :
Nqst E 8- 21 min.(P9) Nd-n-y(P9,M18)
Ndis F B8~ Short(M132) Nd-n-v, parent of
Pm1s1(M132)
61 PmM B K™y ~200 days(W25); 0.67(W25) abs. Pr-a-2n(W25,W125)
(W125) (W2s, ~1 yr.(W125) Nd-d-n(K20,K21)
w125
Pm E B~y 2.7 hr.(K20) 2(K20) Nd-p-7(X20,L25)
Nd-d-n(K20,L25)
Nd-a-p(L25)
Pm E By 16 days(K20) 1.7(K20) Nd-d-n(K20)
Pmn? A B-(G121, 3.7 yr.(S185); ~4 0.223(L124) spect.; No v(M127) U-%n(S159,B120,M46)
(L117, B120) yr.(B120); 2-3 yr. ~0.2(B120) abs. U2B-2(G65)
H96) (G121) Al; 0.20(M46) Nd-#n-y, NdW¥ g--de-
m.s. . abs. Al cay(M46)
Pmus A B~y 5.3 days(K20,P53) 2.5(P53) abs.; 2(K20) 0.8(P53) abs. Pm#47-5-y(P53)
(P53) Nd-p-n(K20)
m.s. Nd-d-22(K20,K21,
L25)
Nd-a-p(K21,L25)
Pmue A 8-y 47 hr.(W25,L25, 1.1(M121,B85,M46) 0.25(weak)(M133) Nd-n-v, Nd B~-decay
(I11) M46,M121); 47.5 abs. Al abs, Pb (M121,B85,M46)
m.s. hr.(B85); 55 hr. U-n(M121,M46)
(I11) _ Pu-n(K72)
Pm F 8- 12.5 hr.(P9) ! Nd-d-n(P9)
Pm1st F 8- 12 min.(M132,M46) Nd-n-y, Ndist 8--de-
cay (M132,M46)
62 Smw 3.16(I15)
Sms F >150 days(C81); 0.242, 0.95(C81) Sm-n-y(112)
(I12) >72 days (I12) spect. conv., abs.
m.s. Pb
Sm14? 15.07(115)
Sm148 11.27(I15)
Smue 13.84(I15)
Sm!1s0 7.47(115)
Sm1st A 8- ~20 yr.(I12) 0.06(P113) abs. Al No v(?)(P113) Sm-n-y(112)
(L117, U-n(L117)
H96)
m.s.
Sm1s2 26.63(115)
Sm162 B «(H85,L74) 1.0 X102 yr.(total 2.14(C35) photo- Natural source(H85,
(D61) Sm)(H86); 1.2 film track; 2.0 L74,B89)
m.s. X102 yr, (total (H86) cl.ch.

Sm)(W40)
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62 Smis? A B~ y(W115, 47 hr.(W115); 46 hr. 0.78(W116,B88) abs. 0.0695, 0.103(H202) Nd-a-#(K19)
(H99) W116); (P9) Al spect. conv.; 0.57 Sm-n-y(P9,H20,
m.s. ¢~(B140) (weak), 0.10 R11,H17,W25,
(W116) abs. Pb, L25)
Cu; ~0.6, 0.11 Sm-n-2n(P9,K19)
(M67) spect.; 0.61 Sm-d-p(L25,K19)
(weak), 0.11(B88) Sm-y-n(L25)
abs., coincid. abs. U-z(W116)
U2-5(S184)
Pu-n(W115)
Sm15¢ 22.53(115)
. Sm1ss B B8 .y 25 min.(W123); 1.9(W123) abs. Al; ~0.3(W123) abs. Nd-a-z(X19)
21 mn.(P9) 1.8(K19) Pb Sm-n-y(P9,A1,M13,
H17,L25)
Sm-d-p(L25,K19)
U-n(W123)
Sm1ss A B8 - ~10 hr.(W116) ~0.8(W119) abs. Al U-n, parent of Euls6
(W114)
63 Eul? D 53 days(M136); 40 Sm-d-n(K20,M136)
days(E20)
Eu D 14 days(M136) Sm-d-n(M136)
Euso E B8* 27 hr.(P9) Eu-n-2n(?)(P9,R11)
Eulst 47.77(H218)
Kyt A B~v.e (T6); 9.2 hr.(P9); 9.3 hr. 1.88(87)(T6) spect.; 0.123, 0.163, 0.725 Eu-n-y(P9,M13,
(H99) K(R2, (B85) 0.36, 1.8(8™) (T6) spect. conv.; H17, H20,F11)
m.s M142, (M142) abs. Al 1.0(M142) abs. Eu-n-21n(P9)
BSS) Pb Eu-d-p(F7,F11)
Euts2 A B y.e~ Long(I7) 0.75(87)(S214) spect. Eu-n-v(16)
(16,17) (S214)
m.s
Euls 52.23(H218) L
Euls¢ A B y(R11, >20 yr.(K70); 5-8 0.9(R11) spect.; 0.34, 1.1(M142) abs. Pb;  Sm-d-2n(?)(K20)
(17) F7); vr.(F11) 0.84(M142) abs. 0.040, 0.122, 0.247, Eu-n-y(S20,R11,
m.s. K(M142, Al; 0.62, 1.0(W68) 0.286, 0.343, 0.408, ¥7,F11)
B85) coincid. abs.; 1.4 1.23(C81,C72) Eu-d-p(F11,K70)
(K70) abs. Al; 1.0 spect. conv., abs.;
(B85) abs. Al 0.9(K70) abs. Pb
Eu1ss A By 2-3 yr.(W114), 0.18(P113) abs. Al;  0.084(W104) abs. Al, Sm-7n-vy,Sm!5 8~
(L117, 0.23(W126) abs. Al crit. abs. T1, Hg decay(112)
H96) U-n(W104)
m.s. Th-a(N116)
Eulss A B~y 15.4 dayvs{W104) 0.5(60%), 2.5(40%) 2.0(60%)(W104) Euiss-n-y(112)
(112) 1 {W104) abs. Al abs. Pb U-n(W105,W104),
m.s. Sm156 8--decay
(W114,W116)
Pu-n(¥102)
Th-a(N116)
Euls? D B~y 15.4 hr.(W1006) ~1.0(~75%), ~1.8 0.2, 0.6(W117) abs. U-2(W106)
(~25%)(W106, Pb Th-a(N116)
W114) abs. Al Pu-n(K72)
Ly~ D 8- 60 min.(W106,W114) ~2.5(W106,W114) U-n(W106)
abs. Al
64 Gd 0.20(H218)
Gd1ss B K.e=,v(H215) 155 days(H215); 0.22, 0.40(weak)(e™) 0.102(C81) spect. Eu-d-2#(F11,K70)
(I12) 155-170 days(F11); (H215) abs. Al conv.; 0.083,0.270 Gd-n-y(112)
m.s. ~110 days(C81) (H215) abs. Cu,
Pb
Gdrst 2.15(H218)
Gd1ss 14.78(H218)
Gdiss 20.59(H218)
Gd1s7 15.71(H218)
Gd1ss 24.78(H218)
Gqueo 21.79(H218)
Gdrst D B~,v(K66) 18.0 hr.(K70); 20 hr. 0.85(K66) 0.3(K66)

(S153)

Gd-n-v(S153,K66,
1103)
Gd-d-p(K66)
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64 Gd D 8.6 days(S153) Gd-n-v(S153,1103)
Gqaer B(K101) B-y(K101) 4.5 min.(I103) 1.5(K101) spect. 0.37(K101) Gd-n~y(1103)
65 Thbis2 D K(W125) 4.5 hr.(W125) Eu-a-32(W125)
Thiss D K,e(W125) 5.1 days(W125) 0.15, 0.4(e~)(W125) Eu-a-2n(W125)
abs. Al
Thiss B K,y.e~ 17.2 hr.(W125) 2.6(8%), 0.22, ~1(e~) 1.4(W125) abs. Pb Eu-a-3n(W125)
(W125) (W125) spect., Gd-p-n(W125)
abs. Al
Thbiss D K,e=(W125) ~1 yr.(W125) 0.1(e~)(W125) abs. Eu-a-27(W125,
Al
Th1s9 100(A33,
H218)
Thiso A B~ 3.9 hr.(H16,M13) Th-n-vy(H17,P9,
M13,H20)
Thieo A B-,v(B33) 73.5 days(B56); 77.3 0.546, 0.882(C81) 0.086, 0.195, 0.212, Gd-d-2n(K70)
(112) days(C81) spect.; 0.75(B56) 0.297, 1.15(C81) Tb-n-vy(B33)
m.s. abs. Al; 0.71(K70) spect. conv., abs.
abs. Al Pb
Thtet F B~y 420 days(H139) 0.23(H139) ~0.1, 0.5(H139) U-n(H139)
Thtet B(K101) B~y 5.5 days(K70) 0.5(K70) abs. Al 1.28(K70) abs. Pb Gd-d-n(X70)
66 Dy1ss 0.0524(118)
Dy F Bt 2.2 min.(P9) Dy-n-v(?)(P9)
Dy1s8 0.0902(118) )
Dyt1éo 2.294(118)
Dy161 18.88(118)
Dy162 25.53(118)
Dy1e3 24.97(118)
Dy164 28.18(118)
Dy1ésm A LI.T., e~(F32, 1.25 min.(F34) 0.13(e")(F32) abs. Al Dy-n-v(F32)
(G67) F34) Dy164.7-(18)
res.n.act.
Dy1ss A B~y 145 min.(S94); 140 0.42, 0.88, 1.25(S94) 0.091, 0.37, 0.78(S94) Dy-n-v(H17,H20,
(113) min.(S104,B56); spect.; 1.20(C31) spect. conv., spect.; P9,M13,M31)
m.s. 2.5 hr.(H17,P9, abs. coincid.; 1.18 1.1(C31) abs. Dy164-52- (I8)
M13) (D33) spect.; 1.40 coincid.; ~1,
(E11) cl.ch. 0.37(M67) spect.
67 Hot6o D K(?)(W125) ~20 min.(W125) Tb-a-3n(W125)
Hotst,162 C K(®),v.e” 60 days(W125) 0.6, 0.16(e~)(W125) Th-a-2n(W125)
(W125) abs. Al Dy-d-2n(W125)
Dy-p-n(W125)
Hot62,161 C BHK, 4.5 hr.(W125) 2.0(8%), 0.3(¢™) 1.1(W125) abs. Pb  Th-a-n(W125)
~¥(W125) (W125) spect., Dy-p-n(W125)
abs. Al
Hotss B K,e~ 7 days(W125) 0.4(e~)(W125) abs. Dy-p-n(W125)
(W125) Al
Hote4 D I:ad 35 min.(W125); 47 0.7(W125) abs. Al Ho-n-2n(2)(P9)
. min.(P9) Dy-p-n(W125)
Ho16s 100(A33)
Hot1s6 A Il 27.0 hr.(B135); 27.5 1.8(B56) abs. Al; Ho-n-y(H17,H20,
an hr.(17); 27.3 hr. 1.9(M31) abs.; P9,M31,S126)
m.s. (B56); 30 hr.(S126) 1.6(H20) abs.
68 Erie2 0.1(W42)
Eri64 1.5(W42)
Erl65 F s+ 1.1 min.(P9) Er-n-2n(?)(P9)
Er166 32.9(W42)
Er167 24.4(W42)
Eriss 26.9(W42)
Er169 B 8- 9.4 days(K74) 0.33(K74) spect. No y(K74) Er-n-y(B135,K74)
Er169,171 F 6 min.(B56); 7 min, Er-n-y(M13,M18)
’ (M13)
Er170 14.2(W42)
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68 Ern B Bv.e”
(K74)
Enn F By
69 Tmise B B+ K,v,e™
(W125)
Tmis? B K,v,e~
(W125)
Tm167.168 fol K(?), e~
(W125)
Tmieom B LT, v, e”
(D67)

Tm16? 100(A33)

Tm170 A B~y

Tml7m B LT. e

(D67)

Tmi B 8-

70 Ybies 0.06(W43)
Ybise B K,v(B56),
e=(?)
. (B133)

Ybtio 4.21(W43)

Ybint 14.26(W43)

Vb2 21.49(W43)

Ybis 17.02(W43)

Ybhin 29.58(W43)

Ybi7s A B-,v(B56)

(I13)
m.s.
Vhire 13.38(W43)
Y17 B B~
71 Lut’® B K,y,e~,8*
(W125)
Lutnt B K(®),v.e”
(W125)

I‘u17l A72 C

Lut7s 97.5(M54,

Lut’s A 2.5(M54) B~(H80,L70),
(H8o0, (33%)
M54) (F45),

v(F16); K
(67%)(F45)
Lutiem B 8-
Lum 4 " Bv(B56)
(113)
m.s.
72 Hfins 0.18(MSS5)
Hf1s B K,v,e~(W80)

7.5 hr.(K74); 5.7~
7.1 hr.(B56);
12 hr.(H17,P9)

20 hr.(B85)

7.7 hr.(W125)

9 days(W125)
~100 days(W125)

1 X10-% sec.(D67)

127 days(B56);
~125 days(B135);
105 days(H20)

2.5 X1076 sec.(D67)

500 days(K128)

33 days(BS56); 33.5
days(1105); 32.5
days(K133)

99 hr.(I6,B56); 100
hr.(A35); 102 hr.
(I13)

2.4 hr.(B56); 2.7 hr.
(I13); 3.5 hr.(H17,
M13); 1.9 hr.(A35)

2.15 days(W125)
9 days(W125)
>100 days(W125)

7.3 X101 yr.(uncorr.
for K)(L70); 2.4
X101 yr, (corr.
for K)

3.67 hr.(A35); 3.75
hr.(W125); 3.7 hr.
(B56); 3.4 hr.
(F16,D57)

6.8 days(B56); 6.6
days(F16,A35);
6.9 days(W125)

70 days(W80)

1.49(6%), 1.05(71%),
0.67(22%)(K127)
spect., coincid.

0.6(B85) abs. Al

2.1(8%), 0.24, ~1(e™)
(W125) spect., abs.
Al

0.21(e")(W125) abs.
Al

0.16, 0.5(¢~?)(W125)
abs. Al

0.12(e~)(D67) coin-
cid. abs.

0.98(K133) spect.;
1.1(B56) abs. Al

0.1(K128) abs. Al;
0.100(K133) spect.

0.50, 0.13(B56) abs.
Al; 0.45(A35)
cl.ch.

1.3(B56); 1.15(A35)
cl.ch.

1.7(8%), 0.1(e7)
(W125) spect., abs.
Al

0.17, 0.7(e~)(W125)
abs. Al

0.11, 0.22(¢™?)
(W125) abs. Al

0.215(L70) abs. Al,
spect.; 0.40(F16)
abs. Al

1.04(W125) abs. Al;
1.15(F16) abs. Al;
1.25(A35) cl.ch.

0.440(F16) abs. Al;

0.52(B56) abs. Al;
0.47(A35) cl.ch.

0.3(e~)(W80) abs. Al

0.81(22%), 0.31

(71%), 0.113(71%)

(K127) spect.,
spect. conv.

1.5(W125) abs. Pb

0.22, 0.95(W125)
abs. Pb

0.83(K101) spect.
conv., spect.

0.113(K74) spect.
conv.; 0.1(M143)
coincid. abs. of e~

0.2, 0.4(B56) abs.
Pb, coincid.

0.35(B56) abs. Pb,
coincid.

1.5(W125) abs. Pb

0.260(F16) abs. Pb

No v(B56,A35)

0.2(B56) abs. Pb;
0.2, 1.3(weak)
(W125) abs. Pb

0.3, 1.5(W80) abs. Pb

Er-n-y(H17,P9,
R24,B135)

Parent of Tm!7m
(70%), Tmt
(30%)(K74)

Er-n-v(B85)

Ho-a-3n(W125)

Ho-a-2#(W125)
Ta-d-5216a(W125)
Ho-a-2n(W125)

Yb1s® K-decay
(M143, D67)

Tm-d-p(K133)
Tm-n-y(H20,N7)

Erin(7.5 hr.) 8~-de-
cay(D67)

Ert1(7.5 hr.)
B~-decay(K74)

Tm-d-2n(K133)
Yb-n-y(B56,B133)

Yb-n-v(16)

Yb-n-y(H20,H17,
M13,P9)

Tm-a-32(W125)
Yb-d-27n(W125)
Ta-d-3313a(W125)
Tm-a-2n(W125)
Yb-d-2n(W125)
Ta-d-3212a(W125)
Tm-a-2n(W125)
Yb-d-2n(W125)

Natural source(H80)

Lu-d-p(W125)
Lu-n-y(H20,H17,
M13,M18,F16)
Lu-x-rays(D57)
Lu-n-y(H17,H20,
¥6,F16)
Lu-d-p(W125)
Hf-d-a(W125)

Lu-d-2n(W80)
Lu-p-n(W80) -
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72 Hfie 5.30(M55)
Hf117 18.47(M55)
Hfins 27.10(MSS)
Hf1 13.84(M55)
Hf1so 35.11(M55) . .
Hfm A 8-,v(D52) 46 days(S118); 0.460(B91) spect.; 0.485, 0.347, 0.134, Hf-n-v(H19)
55 days(H19) 0.45(M83) abs. 0.087(J14) spect. Parent of Taltim
Al; 0.42(D67) abs. conv.; 0.342, (D52)
Al; 0.28(N47) abs. 0.128, 0.472(B91)
Al, coincid.; 0.63 spect. conv., coin-
(V23) abs., coin- cid.; 0.52, 0.30
cid. (M83) abs. Pb;
1.4(N47) coincid.
abs.; 0.52, 0.13(V23)
abs., coincid. abs.
Hfm D LT, e (?) 19 sec.(F32) 0.19(¢~)(F32) abs. Al Hf-n-v(F32)
(F32,F34)
73 Tal’s B K,v,.e™ 8.0 hr.(W125) 0.12, 0.18, 1.2(e™) 1.7(W125) abs. Pb Lu-a-3n(W125)
(W125) (W125) abs. Al Ta-d-p6n(W125)
Tal? B K,e=(W125) 2.66 days(W125) 0.1(¢~)(W125) abs. Lu-a-2n(W125)
Al Hf-d-2n(W125)
Ta-d-p5n(W125)
Ta178.177 C K,e-,or g~ 16 days(W125) 1.1(e~?)(W125) abs. Lu-a-n(W125)
(W125) Al Hf-d-2n(W125)
Talse A K,e=,v(01); 8.2 hr.(O1) <0.5(¢~?)(01) abs. Ta-n-2n(01,P2)
B8-(?) Ta-y-n(M98)
Taltim A I.T., y,e~ 2.0 X105 sec.(B97); 0.12(e~)(D67) coin- 0.128, 0.472(B91) Hf18t g—-decay .
(D113, 2.2 X1075 sec. cid. abs. spect. conv., coin- (D113,D52,M83)
D52) (D67) cid.; 0.20, 0.49
(B97) coincid. abs.
Talst 100(D40, .
w78)
Tals A B=ry.e” 117 days(Z2,S52); 1.0(H37) abs.; 0.98, 1.22(57%), 1.13 Ta-n-y(01,F6,H37)
113 days(S213) 0.32, 0.050(Z2); (37%), 0.22(4%), Ta-d-p(01,22)
0.53(R49) spect.; 0.15(2%)(R49)
0.499(J9) spect.; spect., spect. conv.;
1.1(N47) abs. Al, 1.6(Z2); 0.23(N47)
coincid. abs. Pb
Tatem E L.T.(?)(C135) 0.40 sec.(C135) Ta-n-vy(C135)
Tals B B-v(?)(S52) 16.2 min.(S52) 0.2(S52) abs. Al Ta-n-y(S52)
74 Wrsams C K,e~yy 135 min.(W125) 0.15, 0.45(¢™)(W125) ~0.5, 1.2(W125) Ta-d-4n(W125)
(W125) abs. Al abs. Pb
Wi 0.122(15)
Wis B K,y.e™ 140 days(W66) ~0.14, 1.83(weak) Ta-d-2n(W66)
: (W66) abs. of e-,
abs. Pb
‘Wi 25.77(15)
wis 14.24(15)
Wis 30.68(15)
Wiss A B~ y(?)(M36) 73.2 days(S207); 0.428(S213,S214) No v(S84,C68) W-n-v(M36,F12)
74 days(F12); spect.; 0.430(P59) W-n-2n(M36,F12)
77 days(M36) spect.; 0.6(S84) W-d-p(F12)
abs. Al Re-d-a(F12)
Wise 29.17(15) .
W= D I.T., e~(D6S) 5.5 sec.(D65) ~0.080(¢~)(D65) abs. W-n-v(D65)
Al
Wi A B~,v(M36) 24.1 hr.(F12) 0.63(70%), 1.33 0.135, 0.101, 0.086 W-n-y(M14,A1,
e~ (30% )(P59) spect.; (V6) spect. conv.; M36,F12)
0.562, 1.35(L126) 0.135, 0.48, 0.69 W-d-p(F12)

spect.; 1.3, 0.6
(M67) spect.; 1.4,
0.6(S84) abs. Al

(M120) spect.
conv.; 0.90(C31)
coincid. abs., coin-
cid.; 0.14, 0.21,
0.48, 0.62, 0.69
(P59) spect. conv.

U-a-554202(032)
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75 Re E BH(C42) 30-55 min.(C32,D9) W-p-n(D9,C32)
Re E 13 min.(C42) W-p-n(C42)
Rels2 B K,v,e” 64 hr.(W125) 0.11, 0.27, 0.6(e™) 0.22, 1.52(W125) Ta-a-32(W125)
(W125) (W125) abs. Al abs. Pb W-p-n(W125)
Relss.184 C K,(?),e~ 13 hr.(W125) 1.6(W125) abs.Pb W-p-2n(W125)
(W125) Ta-a-n(W125)
Rels4,183 c K,y,e” ~80 days(W125) 0.1(e™)(W125) abs. 1.0(W125) abs.Pb Ta-a-n(W125)
(W125) Al W-p-n(W125)
Rels A B8~ K,y 50 days(S85); 52 0.22-0.26(S85); 0.1 0.17, 1.05(S85); W-p-2(D9,C42,C32)
(S85) days(F12) (e7),0.22, 0.86(e~?) 0.85(F12); 0.17, W-d-n(F12)
(C32) abs. Al 1(C32) spect. Re-n-2n(F12)
conv., abs. Pb
Relss 37.07(W78)
Relss A B~ 92.8 hr.(G52); 90 hr. 1.07(G52) abs. Al; No v(C42,S85) W-d-2n(F12)
(H79) (S16) 1.05(Y4) cl.ch. W-3-1(D9,C32)
m.s Re-y-n(P55)
Re-n-v(S16,K7,Y4,
F12)
Re-n-2n(S16,Y4,
F12)
Re-d-p(F12)
Rels’m A LT. e~y 0.65 X10-6 sec.(D58) K 0.13(e™)(D67) W87 g--decay (D58)
(D5s8) coincid. abs.
Rel87 62.93(W78) B (N44) 4 X102 yr.(N44,S215) 0.043(N44) abs. Al Natural source(N44,
S215)
Rel A B=v.e” 18.9 hr.(G52); 18 hr. 2.05(G52) abs. Al; 0.16, 0.48, 0.64, 0.94, Re-n-y(P2,K7,S16,
(H79) (P2,S85) 2.5(816) cl.ch. 1.43(M67) spect.; Y4,F12)
m.s. (K.U.); 2.5(S85) 0.7(S85) abs. Pb;  Re-d-p(F12)
abs.; 0.12(e7), 1.39(M45) coincid. U-a-19254a(032)
0.23(87)(M45) abs., coincid.
coincid. abs.
76 Oslst 0.018(N37)
Ost88 B K,v(G48) 97 days(K71); 94.7 0.75(X71) abs. Pb Re-d-2n(G48,K71)
days(G52) Os-n-y(K71)"
Ostss 1.59(N37)
Os187 '1.64(N37)
Ost88 13.3(N37)
Os189 16.1(N37)
Osto0 26.4(N37)
Osl91 B B-v.e” 15.0 days(K71); 0.142(S207) spect.; 0.039. 0.127(S207) Os-7n-v(S36,23)
(F48) 16.1 days(S207); <0.16(K71) abs. spect. conv.; U-a-18251a(032)
17 days(S36) Alj; 0.35(S36) abs. 0.13(K71) abs.
Al; 0.64(W68) Pb; 0.129(C72)
coincid. abs. spect. conv.
Osl92 41.0(N37)
Ost98 A B~,v(S36) 32 hr.(S36); 31.9 hr. 1.5(S36) abs. Al; 1.17(GS52) abs.Pb; Os-n-v(K7,836,23)
(F48) (G52); 30 hr. 0.95(G52) abs. Al; 1.58(M45) coincid. Os-d-p(G48)
(Z3,5104) 1.15(M45) abs. abs. Ir-d-2p(?)(G48)
Al; 0.14(e™)(M45)
coincid. abs.
77 Irte B K(®),e~(?),y 10.7 days(G52) 0.091(¢?)(G52) abs. 0.25(G52) abs. Pb Os-d-n(G52)
Al Ir-n-22(G52)
Ir-y-n(G48)
Ir191 38.5(S63)
Irtezm A LT.v.e" 1.5 min.(M15) 0.038(e7)(G146) 0.06(G58) abs. Al Ir-n-y(M15)
(G135) (G135, abs. Al of e~, abs. Pb
res.n.act. G58)
Ir192 A Byv.e” 70 days(F103); 60 0.67(L81) spect.; 0.307, 0.467, 0.603 Os-d-2n(G52)
(D116, (~30%) days(M15,F6); 0.68(W68) coincid. (D34) spect.; Ir-n-y(M15,F6,J4)
R46) (W69, 75 days(GS2) abs.; 0.56(M89) 0.137,0.209, 0.295, Ir-n-2n(G52)
m.s. S206) abs. Al; 0.59(G52) 0.307, 0.316, 0.468, Ir-d-p(GS2)
abs. Al 0.488, 0.591, 0.607, Ir-v-n(G48)

0.615(1.81,H65)
spect. conv.; 0.52
(G52) abs. Pb
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77 I 61.5(S63)
Irios A B~ 19.0 hr.(G52); 19 hr. 2.2(A2) spect.; 2.18  1.35(M34,M89) Ir-n-y(M15,A1,
(D116, (M15,A1); 20.7 (W29) spect.; spect.; 1.65, 0.38 P2,J4)
R46) hr.(S104,5153) 2.11(W29) abs. Al; (GS52) abs. Pb; Au-d-ap(?)(C18)
m.s. 2.07(G52) abs. Al; (M89) coincid. Ir-d-p(G52)
0.48(M89) coincid.
abs.
78 Pt B K,e=,vy(W67) 3.00 days(W67) 0.5(e")(W67) abs. Al 0.57,-1.5(W79) abs.  Pt-n-22(W67)
Pb Ir-d-2n(W67)
Aut K- or g*-decay
(W67)

Ptiez 0.78(1104)

Pt B K,v,e~(W67) 4.33 days(W67) 0.11(¢")(W79) abs. 0.18, 1.5(W79) abs.  Ir-a-pn(W67)
Al; 0.115(e~)(MS8)  of ¢~ abs. Pb Ir-d-2n(W67)
abs. Al Pt-n-y(MS58)

Pt-d-p(W67)
Pt-n-2n(W67)
Aul% K-decay(W67)

Ptis4 32.8(1104)

Pt1ss 33.7(1104)

Pt1os 25.4(1104)

Pt19sm D I.T..e” 80 min.(S37) 0.337(H214) spect. Pt-d-p(S37)

(S37),y conv. Hg-n-a(S37)

Pt1o7 B B~ 18 hr.(M15) 0.65(S37) abs.; 0.72 Pt-n-y(M15,S37)

. (K27) abs. Pt-d-p(C19,S37,
K27)
Pt-n-2n(S37)
Hg-n-a(S37)
Pt1o7 B By (K27) 3.3'days(M15) Pt-n-y(M15,P2)
Pt-d-p(K27)
Pt1es 7.23(1104)
P19 A B~ 31 min.(M15) 1.8(S37,K27) abs. Pt-n-y(M15,A1,
M14,S37)
Pt-d-p(C19,K27,837)
Hg-n-a(S37)
79 Au=19 F «(T116) ~5 min.(T116) 5.2(T116) ion. ch. Au-d-?(T116)
Auid D Kor+*(W67) ~1 day(W67) Ir-a-4n(W67)
Pt-d-3n(W67)
. Parent of Pt191(W67)

Aute2 B K,v,e~(W67) 4.7 hr.(W67) 0.4(¢~)(W79) abs. Al 2.3(W79) abs. Pb Ir-a-3n(W67)

Pt-d-2n(W67)
Auls B K,e~(W67) 15.8 hr.(W67) <0.2(e")(W79) abs. Ir-a-2n(W67)
Al Pt-d-3n(W67)

. Parent of Pt19%(W67)

Auls B K,v,e~(W67) 39.5 hr.(W67); 39 0.31, 1.8(e™)(W67) 0.329, 1.48, 0.286, Ir-a-3n(W67)

hr.(S208) abs. Al 0.46, 2.0(S20,8) Pt-d-2n(W67)
spect. conv., spect.; Pt-p-n(S208)
0.4, 1.8(W79)
abs. of ¢, abs. Pb
Aulss B K,v,e"(W67) 185 days(W79); 180 0.1(¢~)(W79) abs. Al 0.19, 1.6(W79) abs. Ir-a-2n(W67)
days(S208) of e~, abs Pb; Pt-d-2n(W67)
‘0.096(90%), 0.129  Pt-p-n(S208)
(10%,)(S208) spect.
conv., coincid.
Au19s B 873 Kor I.LT. 14.0 hr.(W79); 13 hr. Au-n-2n(M15)
(W79) (M15)
Au19s B B~ v.e” 5.55 days(W67); ~0.27, ~0.43(S208) 0.139, 0.358(with K), Au-z-2n(M15)
(K27); 5.6 days(L29,K27) spect., coincid.; 0.173, 0.334 (with  Pt-d-n(K27)
K(70%), 0.36(C43) B8-)(S208) spect. Pt-p-n(S208)
B8-(30%) conv., coincid.;
(S208) 0.41(C43); 0.41,
1.7(W67) abs. Pb
Auio? 100(D44)
Auemm A I.T.,e~(W56) 7.5 sec.(W56) 0.07(e™), 0.25(¢™) 0.273(H210) spect. Au-x-rays(W56)

(F38) abs. Al,
coincid.

conv. coincid.; 0.25
(W56) abs. of e~

Au-n-n(W56,F38)
Hg!97(25 hr.) K-
decay (4%)(F38)
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79 Aute A B v.e” 2.69 days(S213); 2.7 0.960(100%)(S201)  0.4112(D64) cryst.  Au-n-y(M15,A1,P2,
(4.7%) days(M15,A1); . spect.; 0.970 spect.; 0.408 D33)
(W69) 65.5 hr.(D38) (85%), 0.605 (100%), 0.157 Au-d-p(C18,K28)
(15%)(L.84) spect.;  (15%),0.208(15%) Hg-n-p(S37)
0.97(100%)(P59) (L84) spect., spect. Pt-p-7(S208)
spect.; 0.985(F41) conv.; 0.065(F41) U-a-15244a(032)
abs. Al, coincid.; abs., coincid.;
(J15) coincid. (C31,853,J15,R53)
coincid.
Aute A B~ v(K27) 3.3 days(M15) 0.38(M58) abs. Al, 0.18(M58) abs. Pb,  Pt19° g~-decay(M15)
coincid.; 1.01(K27)  coincid.; 0.45(K27) Pt-d-n(K27)
abs. abs. Hg-n-p(S37)
Au200,202 D 8- 48 min.(S37,M32) 2.5(S37) abs. Hg-n-p(S37,M32)
Tl-n-a(M32)
80 Hg=1% E «(T116) 0.7 min.(T116) 5.7(T116) ion. ch. Au-d-?(T116)
Hg19 0.15(N30) .
Hg197 A K,v,e~(F13) 23 hr.(F13); 25 hr. 0.161, 0.130(H38) Pt-a-n(S37)
(D101) spect. conv.; Au-d-2n(F13,W26,
0.125, 0.157(V8) K28)
spect. conv.; Au-p-n(D101)
0.165, 0.135(F38) Hg-n-2n(F13,W26)
coincid. abs., Hg-n-v(F13,W26,
(H210) spect. M15,A9)
conv, Hg-d-p(K29)
Hg1e7 A K,y,e~(F13) 64 hr.(F13,D101) 0.075(H38) spect. Au-d-2n(F13,W26)
conv.; 0.077(F38) Au-p-n(D101)
abs. of e~, (H210) Hg-n-2n(F13,W26)
spect. conv. Hg-n-v(F13,W26)
Hgieem F LT.,v.e™ ~0.3 X1076 sec. 0.4(M83)8--¢~ coin-  Aul®88--decay(MS83)
(M83) cid.(?)
Hgte 10.1(N30)
Hge® 17.0(N30)
Hgm D IT.e "y 43 min.(H10,M15); ~0.53(F13) abs. of  Pt-a-n(?)(S37)
(F13) 43.5 min.(H208) e~; 0.222, 0.362 Hg-n-2n(M15,H10,
(H208)(spect. P2)
conv.) Hg-n-n(?)(F13,W26)
Hg-d-p(K29)
Hg-x-rays(W56)
Hg200 23.3(N30)
Hg201 13.2(N30)
Hg202 29.6(N30)
Hg203,205 C B-,v(F13),e~ 45.8 days(S213); 0.205(S211) spect.; 0.286(S211) spect. Hg-n-v(F13,W26,
51.5 days(F13) <0.3(M120,M67) conv.; 0.30(F13) S37)
spect.; 0.46(F13) abs. Pb; 0.28 Hg-d-p(K29)
abs. Al; 0.11, 0.44 (M67) spect. Tl-n-p(M32)
(W68) coincid.
abs.
Hg2o4 6.7(N30)
Hg?s A B8 5.5 min.(K29,M32)  1.62(K29) abs. Al Hg-d-p(K29)
Hg-n-v(F13,W26)
Tln-p(M32)
Pb-n-a(M32)
81 Tl D K@®)e vy 10.5 hr.(K29) 1.0(K29) abs. Pb Hg-d-2n(K29)
(K29)
Tl D K(?),e~(K29) 44 hr.(K29) Hg-d-2n(K29)
Tl D K,y,e~(031) 1.8 hr.(031) 0.4(¢~)(031) abs. Al, 1.3(031) abs. Pb Au-a-32(031)
Be .
Tlee B K,v,~(031) 7 hr.(031); 7.5 hr. 0.5(¢~)(031) abs. Al, 1.5(031) abs. Pb Au-a-22(031)
(N117) Be Pb19 K-decay(N117)
T1z00 B K,v,e~(031) 27 hr.(031) 0.4(¢7)(031) abs. Al, Au-a-n(031)
Be Pb200 K-decay(N117)
T D K 75 hr.(N117) Pb20t K-decay(N117)
T1202 B K(@)yy.e™ 11.8 days(F14); 13 0.40(M32) Hg-d-2n(K29)
: (K29,M32) days(M32) Tl-n-2n(F14,M32)
Tlz20s 29.1(N36)
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Particles

y-rays

Produced by

81

82

Ti208

T208
Ti208

Acc”207

ThC208

Tie08

RaCa0

Phie

Ph200

Ph2ot

Ph20

Phoe
Pb20im

Pb28
Pb207
Ph20s
Pb20s

RaDaz2o

AcBat

ThBa

RaB2u¢

B

8-

70.9(N36)
B-(B116)

B8-v(C60)

B8-v(C60)

8-

8-

K,e~,v(H118)

LT.(?) or
K()e,y
(F14,K29,
L33,M32)

1.5(N38)
LT.,v,e™
(F14,M32,
T38)

23.6(N38)
22.6(N38)
52.3(N38)

B-,v(R40)

By (S71)

B~v(R40)

B-,7(R40)

2.7 yr.(V110); 3.5
yr.(F14)

4.23 min.(F17)

4.76 min.(C60,S70)

3.1 min.(C60)

2.2 min.(H146)

1.32 min.(C60)

1-2 hr.(N117)

18 hr.(N117)

8 hr. (N117);
~5 hr.(H118)

52 hr.(F17,F14); 54

hr.(D101)

68 min.(M32); 65
min.(F14)

3.32 hr.(F14)

22 yr.(C60)

36.1 min.(S70)

10.6 hr.(C60)

26.8 min.(C60)

0.80(H141) abs. Al;
0.87(F14) cl.ch.;
0.77(P106) spect.

1.65(F14) abs.; 1.77
(K29) abs. Al

1.47(S71) abs. Al

1.72(S99) spect.;
1.82(S72) abs.
paper

1.8(H146) abs. Al

1.80(L71) cl.ch.

0.70(X29,F14) abs.;
0.68(R49) spect.;
0.750(M32); 0.71
(L108) abs. Al;
0.70(L108) spect.

0.0255(LL72) spect.;
0.0292(S64) spect.

0.5, 1.40(S71) abs.
Al

0.36(S72) spect.

0.65(S72) spect.

No v(F14)

No y(F17)

2.62(R40)

~0.45(F17,F14,
K29) abs. of e,
(F14,M32,1.33)
abs. Pb, (L33)
spect., (M32)
spect, conv., 0,27
(L.33,M32) spect.
conv., abs. Pb

1.1(F14) abs. of e-,
abs. Pb; 0.90
(M32)

No v, no e~(W102);
no y(L108)

0.047(R40); 0.0472
(T44) spect. conv.;
several weak lines
of lower energy
(B35,F42,T32,T33)

0.8(S71) abs.

Tl-n-y(P10,P2,H10)
Tl-d-p(F17,K29)

Tl-n-v(P10,P2,H10)
Tl-d-p(F17,K29)
Pb-y-p(B53)
RaE20 ¢-decay(B78)
Pb-n-p(B16)
Natural source,
AcC2 q-decay
Natural source,
ThC22 a-decay

Bi?3 a-decay, parent
of Pb209(E108,
H143)

Natural source,
RaC24 @-decay,
parent of RaD210

Bi1% K-decay,
parent of T
(N117)

Bi20 K-decay,
parent of TJ200
(N117)

Tl-d-4n(H118)

Tl-d-2n(F14,K29,
F17,H118)
Tl-p-n(D101)
Pb-n-2n(M32)
Pb204-2-212(T38)
Pb-y-n(B53)

Tl-d-n(F14)
T1-d-3n(T38)
Pb-z-n(D10,M32)
Pb-x-rays(B53)
Bi2# K-decay(T38)

Pb-d-p(T5,K29,F14
F15)

Pb-n-y(M32)

Bi-n-p(M32)-

Po23 q-decay(H69,
E38)

Natural source,
RaC’’210 g~.decay,
RaC’24 o-decay,
parent of RaE210

Natural source,
AcA%S g-decay,
parent of AcCa1t

Natural source,
ThA¢ a-decay,
parent of ThC212

Natural source,
RaA28 a-decay
parent of RaCau
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Isotope Percent Type of Energy of radiation in Mev
VA A Class abundance radiation Half-life Particles y-rays Produced by
83 Bi7 E(N117) «(T40) 2 min.(T40). 6.2(N117) ion.ch. Pb-d-?(T40)
Bi198 D «;K(?)(T40) 9 min.(T40) 5.83(N117) ion.ch.; Pb-d-?(T40)
~5.5(a)(T40) ion.
ch.

Bil® B(N117) a;K(T40) 27 min.(T40) 5.47(N117) ion.ch., Pb-d-?(T40)

abs. mica; ~5.5(a)
(T40) ion.ch.
Bij200 B(N117) a;K(T40) 62 min.(N117); 5.15(N117) ion.ch.; Pb-d-?(T40)
~100 min.(T40) ~5.5()(T40) ion.
ch.
Biz04 B K,e~,v(T38) 12 hr.(T38) 0.2(e7), ~0.8(e™, Phb204-d-22(T38)
weak)(T38) spect., Tl-c-32(T38)
abs. Al Parent of Ph204m
(~4%)(T38)

Bi206 A K@®),e"y 6.4 days(K29) 0.74(K29) abs. of e7; Tl-a-3#(T38)

(L33) 0.93(F14) abs. of  Pb-d-2#(F14,F15,
e”; 1.1(F14) abs. K29)
Pb; ~0.4, 1.1 Pb207-d-3n(T38)
(T38) abs. Pb Po208 K-decay(T38)

Bi208 K(N117) short(N117) Bi-n-2n(N117)

Bi209 100(N36) .

RaE210 A B~(~100%); 5.0 days(C60) 1.17(8~)(F30,N40, No v(G23) Natural source,
(1074 176) spect.; 4.77 RaD20 g-.decay,
1075%) ' (a)(B78) calc. parent of Po20
(B116) and TI206(B78)

Bi-d-p(L13,C26,
H27)

Pb-a-pn(T38)

Bi-n-y(M29)

AcCat A «(99.68%)  2.16 min.(C60) 6.619(c,84%), 6.273 Natural source,
(C60), (,16%) (H81) AcB11 8~-decay,
v(R40); spect. parent of AcC’a
B7(0.32%) and AcC’207
(C60), At215 a-decay (G66)
v(C60)

ThC2a2 A «(33.7%) 60.5 min.(C60) 6.081(e,27%), 6.042 Natural source,
(K50), (,70%) (e, others, ThB22 8--decay,
v(R40); B~ 3%)(L73) parent of ThC’212
(66.3%) spect.; 2.20(87) . and ThC"208
(K50), (S72) spect. At26 g-decay
v(C60) (G66)

Bj2B A B85 a(2%) 47 min.(H69); 46 ~1.3(87)(E38) abs. At?7 a-decay, parent
(E38), min.(E38) Al; ~1.2(87) of Po3(169,E38)
(4%)(H69) (H69); 5.86(cx)

(E38) ion.ch.; 6.0
(a)(H69) ion.ch.

RaCaxm¢ A (0.04%) 19.7 min.(C60) 5.505(,45%), 5.444 1.8(R40) Natural source
(C60); 8~ (2,55%)(L73) RaB24  g--decay,
(99.96%) spect.; 3.15(87) At28 g-decay,
(C60), (S72) abs. Al, parent of RaC’214
¥(R40) spect. and RaC’/210

84 Po2 D «;K(K134) 40 min.(K134) 5.56(a)(K134) ion.ch. Pb-a-72(K134)

Po20s D o; K(K134) 4 hr.(K134) 5.35(a)(K134) ion.ch. Pb-a-52(K134)

Po206 A K(~90%), 9 days(T36) 5.2(a)(T36) ion.ch.  0.8(T36) abs. Pb Ph20t-q-2%2, parent of
v.e”; Bi206(T36)
a(~10%)

(T36) .

Poz207 A K(~100%), 5.7 hr.(T36) 5.1(a)(T36) ion.ch. 1.3(T36) abs. Pb Pb208--3(T36)

v;2(0.01%)
(T36)
Po20s8 B «(T36) 3 yr.(T36) 5.14(T36) ion.ch. No v(T36) Pb206.-212(T36)

Pb207-a-372(T36)
Bi-d-3n(T36)
Bi-p-2n(L111)
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Isotope Percent Type of Energy of radiation in Mev
Z A Class abundance radiation Half-life Particles y-rays Produced by
84 Poo A a,v(R40) 138 days(B141); 5.298(H81) spect.; 0.773(S54) spect. Natural source,
140 days(C60) 5.303(C66) spect. conv.; 0.8(weak) RaE20 g=-decay
(D53) abs. Pb (L13,C26,H27)
Pb-a-22(T36)
Bi-d-n(V4,C26,H27)
At210 K-decay(K132)
AcCrat A @ 5 X1073 sec.(C60) 7.434(L73) spect. Natural source,
AcCa1 g~-decay
At21 K-decay(C46,
C23)
ThC’212 A « 3.0 X1077 sec.(H205); 8.776(B70,HS81) Natural source,
3.4 X107 sec. spect. ThC22 8--decay
(J13); 2.6 X107 Em?16 o-decay
sec.(B51); 3 X107 (M145)
sec.(DS0)
Po218 A a(H69,E38) 4.2 X107 ¢ sec.(J13) 8.336(C84) ion.ch.; Bi23 8--decay,
8.30(H69) ion.ch. parent of Pb209
(H69,E38)
Em?27 g-decay
- (M145)
RaC’214 A @ 1.5 X104 sec.(D50,  7.680(B70,H81) Natural source,
R41,W50); 1.55 spect. RaC2 8--decay,
X104 sec. parent of RaD2t0
(J7); 1.4 X104 Em?28 a-decay(S146)
sec. (RSS)
AcAxus A a(~100%); 1.83X1073sec.(W50) 7.365(L73) spect. Natural source,
B8-(5 An?1® g-decay,
X10719%,) parent of AcB21
' (Ks5) and At215
ThA2s A a(~100%); 0.158 sec.(W50) 6.774(B70,H81)(x) Natural source,
B-(0.014%) spect. Th220 o-decay,
(K33) parent of ThB22
: and At
RaA28 A @(99.96%);  3.05 min.(C60) 5.998(x) (B70,H81) Natural source, Rn222
B8-(0.04%) spect. a-decay, parent of
(K51) RaB24 and At218
85 At207 D a;K(?)(T115) 1.7 hr.(T115) 5.76(a)(T115) ion. Bi-a-6n(T115)
ch.
At208 D a;K(?)(T115) 4.5 hr.(T115) 5.66()(T115) ion. Bi-a-4n(T115)
ch.
At20 A K,vy(K132) 8.3 hr.(K132) 1.0(K132) Bi-a-37, parent of
Po210(K132)
At A «(40%) 7.5 hr.(C46,C23) 5.89()(T115) ion. Bi-a-212(C46,C23)
(C46); ch.; 5.94(a)(C46) Th-a-25a72(0115)
K(60%) abs. U-a-31a92(0115)
(C46)
At A a(W74) 0.25 sec.(W74) : Bi-a-n(W74)
Atas B a(M145) Very short(M145) 8.78(M145) ign.ch. Fr218q-decay(M145)
Atas A «(K55,G66) ~10"¢sec.(G66); 8.00(G66) ion.ch.; Natural source,
(G66) short(K55) 8.4(K55) ion.ch. AcA5 8~-decay,
parent of AcCa
(K55)
JFre19 g-decay, parent
of AcC21(G66)
Atas A a(K33,G66) 3 X10™4sec.(M145); 7.79(G66) ion.ch.; Natural source,
(G66) ~1073 sec.(G66) ; 7.64(K33) ion.ch. ThA26  B--decay,
short (<54 sec.) parent of ThC22
(K33) (K33)
_ Fr220 a-decay, parent
of ThC2(G66)
A2t A «(E38,H69) 0.018 sec.(H69); 7.02(C84) ion.ch.; Fr22 o-decay, parent
0.021 sec.(E38) . 7.00(H69) ion.ch. of Bi213(E38,H69)
A28 F «a(K51) Several sec.(?)(K51) 6.72(K51) ion.ch. Natural source,

RaA28 g~.decay,
parent of RaC24
(K51)




634

G. T. SEABORG AND I. PERLMAN

Table of Isotopes— Continued

Isotope Percent Type of Energy of radiation in Mev
¥/ A Class abundance radiation Half-life Particles y-rays Produced by
86 Ema2s A a(M145) Very short(M145) 8.07(M145) ion.ch. Ra?0 a-decay,
parent of ThC’212
(M145)

Em217 A a(M145) ~1 X103 sec.(M145) 7.74(M145) ion.ch. Ra? ¢-decay, parent

of Po23(M145)

Em?218 A a(S146) 0.019 sec.(S169) 7.12(J12) ion.ch.; Ra22? a-decay, parent

S146) 7.1(S146) ion.ch. of RaC’214(S146)

An21® A a 3.92 sec.(C60) 6.824(82%), (others Natural source,
18%)(H81,L73) AcX23 g-decay,
spect. parent of AcAus

Tn220 A a 54.5 sec.(C60) 6.282(B70,H81) Natural source,
spect. ThX?4 a-decay,

parent of ThA2s

Rn?22 A a 3.825 days(C60) 5.486(B70,H81) Natural source, Ra226
spect. a-decay, parent of

RaAZlﬁ
87 Fr8 B a(M145) Very short(M145) 7.85(M145) ion.ch. Ac?2 g-decay, parent
of At24 (M145)

Frae A a(G66) ~0.02 sec.(M145) 7.30(G66) ion.ch. Ac?3 a-decay, parent

of At25(G66)

Fr22 A a(G66) 27.5 sec.(M145); 6.69(G66) ion.ch. Ac?% a-decay, parent

~30 sec.(G66) of At28(G66)

Fra A «(E38,H69) 4.8 min.(H69); 5 6.30(H69,C84) ion. Ac?2 a-decay, parent

min.(E38) ch. of At217(E38,H69)

Fras A B-,v(P41, 21 min.(P40,P43) 1.20(P42,P41) cl.ch.  0.090(L82) abs. Al Natural source,

(AcK) P43) ' Ac?? a-decay

(P40), parent of
. AcX2n
88 Ra0 A a(M145) Short(M145) 7.49(M145) ion.ch. Th?2 a-decay,
parent of Ema21¢
(M145)
Rat A a(M145) 31 sec.(M145) 6.71(M145) ion.ch. Th226 a-decay,
parent of Em27
(M145)

Ra?2 A «(S146) 38 sec.(S146) 6.51(J12) ion.ch.; Th?28 o-decay,

6.5(S146) ion.ch. parent of Em238
(S146)

AcX2s A a,v(R40) 11.2 days(C60) 5.717(55%),5.606 Natural source,
(36%), (others RdAc?? a-decay,
99%)(L73) spect. AcK23 g--decay,

Ac?8 K-decay

(M145), parent of

An219
U-a-19262(0115)
U-d-17a52(0115)

ThX22 A a 3.64 days(L71) 5.681(B70) spect.; Natural source,

) R 5.66(C120).ion.ch. RATh28 a-decay,
parent of Th220
U-a-18262(032)
U-d-16a52(0115)
Ac? K-decay(G147)
Ra2s A B~(E38,H69) 14.8 days(H69); 14 ~0.2(H69) abs. Al; Th22® a-decay,
days(E38) <0.05(E38) abs. parent of Ac22s
(E38,H69)
Ra26 A a,v(C60) 1622 yr.(A106,K125); 4.791(L73) spect. 0.19(R40) Natural source, 10290
1631 yr.(C123); a-decay, parent of
1590 yr.(C60) Rn222
Ra27 A B~ Ra-n-y, parent of
Ac27(P105)

MsTh2® A 8- 6.7 yr.(C60) <0.015(L90) cl.ch.; Natural source,
0.053(L72) spect., Th22 a-decay,
abs. Al parent of MsThs?28

89 Acm2 B a(M145) Short(M145) 6.96(M145) ion.ch. Pa? a-decay, parent

of Fr218(M145)
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89 Acm A «(99.9%); 2.2 min.(M145) 6.64(G66) ion.ch. Pa?’ a-decay, parent
K(0.1%) of Fr9(G66) and
(M145) AcX(M145)
Ac A a(~10%); K 2.9 hr.(M145);2.5 6.17(G66) ion.ch. Pa8 a-decay, parent
(~90%) hr.(G66) of Fr220 and ThX4
(G66) (G66)
Acus A «(E38,H69) 10.0 days(H69,E38) 5.80(H69,C84) ion.ch. Ra?s g--decay(E38,
H69)
Th2s K-decay
(M145)
Pam a-decay(H106)
Parent of Fr2 (E38,
H69)
U-d-15a42(0115)
Acae A B8~ 22 hr.(S186) U-a-16a5z, parent of
) Th?28(S186)
Acx? A a(1.2%) 21.7 yr.(C69); 13.5 4.94(«)(100%) 0.037(weak)(L82, Natural source, Paz!
(P40,P54), yr.(C60) (H148) ion.ch.; P54) abs. Al a-decay, parent of
(1.25%) 4.95()(85%), RdAc#? and
(P112); 4.6(a)(15%)(G61) AcK:
B=(99%) ion.ch.; 4.95() Ra?? g=.decay
(P40, (P112) ion.ch.; (P105)
P112),, <0.01(?)(87)(L82)
e~ (L82)
MsThe28 A B-,v(C60); 6.13 hr.(C60) 1.55(8-)(L6) spect.; Natural source,
a(?)(G40) 4.54(«)(G40) abs. MsTh;8 8--decay
air parent of RdThms
90 Th2 A a(M145) Short(M145) 7.20(M145) ion.ch. U228 q-decay, parent
of Ra20(M145)

Th22é A a(90%); 7.8 min.(M145) 6.57(M145) ion.ch. U2 a-decay, parent

K(10%) of Ra?! and Ac#s
(M145) (M145)

Th226 A a(S146) 30.9 min.(S146) 6.30(J12) ion.ch.; U20 g-decay, parent

6.3(S146) ion.ch. of Ra®(S146)
Acz¢ B--decay
(S186)

RdAc2? A a,v(C60) 18.6 days(P110); 6.049(20%), 5.988 Natural source, Ac??

18.9 days(C60) (25%), 5.764 B~-decay, parent
(20%), 5.717 of AcX2s
(15%)(others 20%) U-d-13a3z(0115)

. (L73) spect.

RdTh2s A a,7(C60) 1.90 yr.(C60) 5.418(83%,), 5.333 Natural source,
(17%)(L73) spect.; MsThs288--decay,
5.38(C120) ion.ch. parent of ThX2

U2 a-decay(G112)
Pa28 K-decay(G147)

Th22e A «(H69,E38) 7000 yr.(H69); 5.02, 4.94,4.85(J136) U3 @-decay, parent

~10* yr.(E38) ion.ch.; 5.05 of Ra25(H69,E38)
(~10%), 4.95
(~20%), 4.85
(~70%)(H123)
ion.ch.

Ioz0 A a,v(W53) 8.0 X104 yr.(H124); 4.66(G41) abs. air; Natural source,

8.3 X10% yr.(C60) 4.81(W51) calor.; Ul a-decay,
4.66(C119,C120) parent of Ra2$
ion. ch. Pa%0 K-decay(S187)

Uyt A B v.e” 25.65 hr.(J135); 25.5 0.21(K130); ~0.2 0.035(K130); 0.035, Natural source,

hr.(K130); 24.0 (E30,J133) abs. 0.065(J133) abs. AcU25 g-decay,

hr.(G43); 24.6 hr. Pb, Cu, Ag parent of Paxt
. (C60) Th-n-27(N5,5128)

Th2s2 A 100(D45) '3 1.39 X101 yr,(K50)  3.98(C120) ion.ch.; Natural source

4.20(S73) ion.ch. (C62,S76), parent
of MsThy2s '
A Il 23.5 min.(S128); 23  1.2(S128) abs. Al No v(S128) Th-n-v(M17,5128)

Th2s

min.(C12)

Th-d-p(G112)
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90 UX 2 A B=,v(M60, 24.10 days(K131); 0.11, 0.20(F40) abs. 0.092(M60)(1%) Natural source, Up28
F40) 24.1 days(S70); Al; 0.13(S72) abs. (F40); 0.092(J6) a-decay, parent of
24.5 days(C60) Al, spect.; 0.190 spect. conv.; UX24m
(J6) spect.; 0.205 0.093(20%,)(B52,
(B79) spect. B79) spect. conv.
91 Pa2t B a(M145) 1.7 min.(M145) 6.81(M145) ion.ch. Th-d-8n, parent of
Ac222(M145)
Pa2? A a(~80%); K 38 min.(G66) 6.46(G66) jon.ch. Th-d-7n, parent of
(~20%) Ac? and RdAc2?
(G66) (G66)
U-a-32152(032)
Np»t a-decay(G147)
Pa228 A a(~2%); K 22 hr.(G66) 6.09(G66) ion.ch. Th-d-6n, parent of
(~98%) Ac? and RdTh2s
(G66) (G66)
Pa29 A a(~1%); 1.5 days(H145); 5.69(M145) ion.ch.; Th20-d-3%(H106)
K(~99%) 1.4 days(H106) 5.66(H145) ion.ch. Parent of Ac225
(M145) (H106)
Pa0 A B~(S146), 17.7 days(0108); ~1.1(0108) abs. Al  0.94(0108) abs. Pb Parent of U20(S146)
~¥(0108); 17 days(S146) Th-a-p5172(S146)
K(M145, Th230-d-27%2(H106)
S187) Th-d-4n(S146)
(~90%) Pa-d-p21(0108)
(S187) Pa-a-an(0108)
U2s-d-an(H104)
Pa2t A «(C60), 3.43 X104 yr.(V101); 5.012(87%), 4.736 0.095, 0.294, 0.323 Natural source,
7(S152) 3.2 X104 yr.(G42) (13%)(C119) ion. (M70) spect. Uy g=decay,
ch.; 5.00(~85%), conv.; 0.308(S179) parent of Ac?27?
4.69-4.72(~15%) abs. Pb
(T34) ion.ch.; Th-d-31(S146)
5.049(R42) spect. Th-n-2n, UY2! g--
decay (S128)
Pa2i A B8-,v(G112), 1.32 days(J128); ~0.28(J134) abs. Al 1.05, ~0.23(J134) Th-d-2n(G112,S146)
e~(J134) 1.4 days(0108, abs. Pb; 1.0 Th-a-p31n(S146)
S146); 1.6 days (0108) abs. Pb Pa-d-p(0108)
(G112)
Pa2s3 A B~ v,.e (H40, 27.4 days(G12) 0.4(S38) abs. Al; 0.084, 0.298, 0.309, Th28 g--decay (S38,
S128, 0.23(H40) spect.; 0.337(L81) spect. G12,H39,5128)
M108, 0.5(S128) abs. Al; conv.; e~ lines at  Np%7?a-decay
F106) ~0.7(F106) spect. 0.063, 0.077, 0.192, (L106), parent of
0.293(H40) spect.; U233(S128,S55)
0.33(S147) abs. Pb  Th-d-n(G112,S146)
Th-a-p21(S146)
Uz A B~,v(F40) 6.7 hr.(C60) 0.56, 1.55(F40) abs. 0.70(F40) abs. Pb, Natural source,
Al; 0.45(B39) w UXq2m 1,T.(F40),
spect. parent of Ury4
UXg224m A B-y(M61);  1.14 min.(C60); 1.52(5%), 2.32(95%) 0.802(5%)(M61) Natural source,
L.T. 1.22 min.(H142) (M61) spect.; spect. conv.; 0.782, UXi24 g~-decay,
(0.15%) 2.32(S72) abs. Al 0.822(B32) spect. parent of UZ24
(F40, conv.; 0.396(1.T.) and Uy
B39) (B39) spect. conv.
92 U8 A a(80%); K 9.3 min.(M145) 6.72(M145) ion.ch. Th-a-8#%, parent of
(20%) Th224(M145)
(M145) Pu232 o-decay(J132)
1229 A a(~20%); 58 min.(M145) 6.42(M145) ion.ch. Th-a-71, parent of
K(~80%) Th225(M145)
(M145)
Uo A «(S146) 20.8 days(S146) 5.85(J12) ion.ch.; Pa20 g--decay (S146,

5.86(S146) ion.ch.

0108), parent of
Th226(S146)
Pu2¥ a-decay(P102)
Th-a-67(S146)
Pa-d-312(0108)
Pa-a-p4n(0108)
U-d-10a3(0115)
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92 U=t B K(0108) 4.2 days(0108) Pa-d-22(0108)
Pa-a-p312(0108)
Uz A a(G112) 70 yr.(J109); 30 yr.  5.31(J125) abs. Al; Th-a-4n(N115)
(G112) 5.27(K122) Pa2? g~-decay
(G112,0108)
Pu6 a-decay(J109),
parent of RdTh228
(G112)
Pa-d-»(0108)
Pa-a-p21(0108)
U A «(S128,555), 1.62 X105 yr.(H105); 4.823(C84) ion.ch.;  0.31, 0.080, 0.040 Pa23 g8--decay(S128,
v,e~(S168) 1.63 X105 yr. 4.80(C110) abs. (weak)(S168) abs. S55), parent of
(L121); 1.2 X108 air Pb, Cu, Al Th?29(H69,E38)
yr.(S128)
Uprz A 0.0051 a 2.35 X105 yr.(C126, 4.763(C119) ion.ch.; Natural source,
(W118) C54); 2.69 X105 4.78(S75) abs. air; UX24m and UZ®4
yr.(N41) 4.76(S77) ion.ch. B~-decay, parent
of Io230
AcU=s A 0.71(N39) o,v(S178, 8.91 X108 yr.(C119); 4.56(M144)(20%) 0.162(M144) abs. Natural source
M144) 7.07 X108 yr. (C119), 4.396 Pb; 0.187(S178) (D51), parent of
(N41); 8.52 X108 (80%)(C119) ion. abs.Pb Uyt
yr.(B113) ch.; 4.35(B113);
. 4.34(B114) ion.ch.
Ut A B~ y(M37), 6.8 days(W107); ~0.23(M50) spect.; 0.057, 0.204, 0.260, U-n-2n(M37,N8,
e~ (B115) 6.63 days(M50) 0.135, 0.35, (1.6?) 0.032(M50) spect, W107,A101),
(B115) abs. Al; conv.; 0.14, 0.23, parent of Np27
0.26(M37) abs.; 0.53(B115) abs. (W72)
0.17, 0.22(A101) Pb . U-d-t(B115,A101,
abs. Al, Cello- J109)
phane U-a-an(J109)
Pu?! a-decay (K109,
S144)
Uyps A 99.28(N39) a 4.51 X10° yr.(N41); 4.180(C119) ion.ch.; Natural source
4,498 X100 yr. 4.23(S75) abs. air; (B72), parent of
(C119) 4.21(S77) ion.ch. UXy234
Ue A B~,v,e~(F39) 23.5 min.(F107,F39); 1.20(F39,F44) abs. 0.076, >0.3(weak) U-n-v(H18,H14,11,
23 min.(11,54); Al; 1.2(W108, (F107,F39,F44) M19,S44), parent
23.2 min.(W108); M108) abs. Al; abs. Pb; 0.073, of Np29(M28,
23.54 min.(M109) 1.12, 2.06(weak) 0.92(S203) spect. S39,544)
(S203) spect. conv., abs. Pb U-d-p(S131)
93 Np2t A o, K(G147) 53 min.(G147) 6.2()(G147) ion.ch. U-d-9n, parent of
Pa227(G147)
Us-d-6n(G147)
U2s-d-4n(G147)
Np2 B K,v(J109) 4.40 days(H104); 1.9(H104) abs. Pb Pu24 K-decay(?)
4.4 days(0108) (P102)
U2s-d-n(H104)
Us-d-3n(J109)
Pa-a-7(0108)
U-a-p2n(H104,
P102)
UBS-a-pan(J109)
Us-p-2n(G131)
Npss B K(J109); & 435 days(J130); 5.06(a)(J130) ion.ch. No v(?)(J109) Us-d-2n(J109)
(~0.1%) 400 days(J109) Us-q-pn(H104)
(J130) Us.a-p3n(J109)
Np26é A B,v(J109) 22 hr.(J109) 0.5(M146) abs. Be Parent of Pu6

(J109)
Uss-d-n(J109)
U-d-4n(J109)
U2ssea-p (H104)
U5-a-p21(J 109)
Np-d-#(J110)
Np-a-an(J110)
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93 Np»7 A a(W107, 2.20 X108 yr.(M129, 4.77(G148) ion.ch.; U7 g--decay (W107,
W72) M92); 3 X106 yr. 4.75(G113) abs. W72), parent of
(W107,W72) air; 4.73(J102) abs. Pa3(L106)
Al; 4.72(L122) abs.
mica
Np2s A B8-,v(S79), '2.10(J126); 2.0 days 0.22, 1.39(J126) abs. 1.2,0.075(J126) abs. Parent of Pu2%(S80)
e~(J107) (S131) Al; 1.0(S131) abs. Pb, abs. of e~} U28-d-2n(K108)
Al - 1.1(S131) abs. Pb  U-d-22(S79,S131,
K108)
Am*? o-decay(S144)
U-a-p3n(J109)
U-a-(J109)
. Np-n-v(J107)
Np-d-»(J110)
Np2s? A B~v,e~(F107, 2.33 days(W108); 0.68, 0.33, 0.090 0.057, 0.061, 0.067, U2 B~-decay(M28,
W108, 2.3 days(M28, (H125) abs.; 0.47 0.206, 0.227, 0.275 S39,544,),
M108) M19); 2.35 days (M28) abs.; 0.14, (S203) spect. parent of Pu®?
(F107) . 0.40, 0.63(F107) conv.; 0.2094, (K69)
abs. Al; 0.78 0.2280, 0.2774, U-d-n(S79,5131,
(S131,W108) abs. numerous softer J109)
Al; 0.288, 0.403, ~'s(¥108) spect. U-a-p2n(J109)
0.673, 1.179(S203) conv.; 0.22, 0.27
spect. (H25) spect. conv.,
spect.
94 Pum B a(J132) 22 min.(J132) 6.6(J132) ion.ch. U2s-q-7n, parent of
) U28(J132)
Put A «; K(P102) 8 hr.(H104); 8.5 hr.  6.2(P102) ion.ch.; UBs-a-3n(H104,
' (P102) 6.0(H104) ion.ch. P102)
Parent of U0 and
Np24(?)(P102)
Pusss A «(J109) 2.7 yr.(J109) 5.75(G148) ion. ch.; Np2¢ g--decay
5.7(J109) ion.ch. (J109)
Cm#¢ a-decay(S142)
Parent of U22(J109)
Us-a-312(J109)
Un-a-n(H104,P102)
U-a-61(J109)
Np-a-p4n(J110)
Np-d-3n#(J110)
Puz? B K(J109) 40 days(J109) No v(J109) Us-a-21(J109)
U-a-52(J109)
Np-d-21(J110)
Pus A «(S80) 92 yr.(S142); 5.51(C110,C70) abs. Np28 g--decay(S80,
89 yr.(J123); air; 5.5(S131) abs. S131,K108)
40 yr.(S131) air, Al; 5.4(F109) Cm2? a-decay(S142)
abs. Al; 5.493 Np-d-2(J110)
(J10) ion.ch. U-a-47(J109)
Ub-a-n(J109)
Pune A a(K69),v,e” 2.411 X104 yr.(S56) 5.15(C110,C70) abs. 0.42, 0.2(weak) Np%? 8--decay(K69)
(G114) calor.; 2.44 X10¢ air; 5.1(K102) abs. (S170) abs. Pb; Natural source
yr.(W110) air; 5.16(P101) 0.05, 0.3(weak) (S134)
cl.ch.; 5.140(J10) (G114) abs. Pb, Al U-a-3#(J109)
ion.ch.; 5.159
: (C84) ion.ch.)
Pu2o A «(J109) ~6000 yr.(J109) 5.’1 (J109) ion.ch. U-a-272(J109)
yield
Pu2t A B~(S144); @  ~10yr.(S144) 10.01-0.02(87)(S144) U-a-n(S144,J109)
(B126) (K109, yield abs. hydrocarbon; Parent of Am#t
m.s. S144) 5.0(a)(S210) calc. (S144) and U»7
(~.002%) (K109,S144)
(S145)
95 Am2s D K(?)(J129) 1.5 hr.(J129) Pu-d-312(J129)
Am»9 B ‘K(~100%), 12 hr.(S144) 5.77(«)(J129) ion.ch. 0.285(S144) abs. Pb, Pu-d-2n(S144)
(J129) e, v; abs. of e~ Pu-p-n(J129)
a(~0.1%), Np-a-2#(S144)

(S144)
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95 Am?20 B K,v,e~(S144) 50 hr.(S144); 53 hr. 1.3(S144) abs. Pb, Pu-d-n(J129,S144)
(J129) (J129) abs. of e~ Np-a-n(S144)
Am?24 A a,v(S144) 490 yr.(C136); 5.48(G148) ion.ch.;  0.062(S144) abs. Pb  Pu?! 8--decay(S144)
510 yr.(C129) 5.45(S144) ion.ch.
Am22m A B-(A107) 16 hr.(A107); 17 hr.  0.8(S144) abs. Al Am-n-y(A107,S144)
(S144) Parent of Cm242
. (S142,A107)
Am242 A a(~0.2%), ~400 yr.(T114, ~0.5(87)(S144) abs. Am-n-v, parent of
B-(S144) S144) Al; 5.2(a)(S210) Cm22 and Np2s
calc. (S144)
96 Cm2s B «(S188) ~2.5 hr.(S188) 6.50(S188) ion.ch. Pu-a-57(S188)
Cm?240 A «(S142) 26.8 days(S142) 6.26(G148) ion.ch.; Pu-a-37(S142)
6.3(S142) ion.ch, Parent of Pu%6(S142)
Cm2t E K(S142) 55 days(S142) Pu-a-272(S142)
Cma2¢ A a(S142) 150 days(S142) 6.08(G148) ion.ch.; Pu-a-n(S142)
6.1(S142) ion.ch. Am?2 and Am2m
B~-decay(S142,
A107)
Parent of Pu2s
(S142)
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