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Nuclei Formed in Fission: Decay Character!stics,
Fission Yields, and Chain Relationships

Issuep By THE PLutoNn1um ProjecT

Introduction

In the year that elapsed between the announce-
ment of the discovery of fission by Hahn and
Strassmann (H2) and the publication of the first
review article by Turner (T4) about 50 radioactive
fission products had been discovered and partl
identified. Continued interest in the fission prod-
ucts is shown by the large number of entries on
fission product nuclei in the most recent edition
of Seaborg’s Table of Isotopes (S19). ' '

The achievement of self-sustaining fission chain-
reactors and the operation of these at an indus-
trial level (S150) have increased greatly the scien-
tific significance of exact information on fission
products, and givesi unique technological impor-
tance to this class of radioactive nuclei. It is ob-
vious that a great deal of work on the identifica-
tion, decay cnergies, chain relationships, fission
yields, and mass assignments was required of re-
search groups associated with the Plutonium Proj-
ect. Studies have been made directly or indi-
rectly on nearly all of the 160 radioactive fission
products now recognized, and much of this work
represents new contribution to scientific knowl-
edge. This article presents in tabular form the re-
sults of a comprehensive survey of Project reports
and scientific journals available as of June 1, 1946,

(1) This survey was prepared by J. M, Blegel, based partly on -
previous oves circulated on the Plutonium Project prepared by
Coryell (C116), Coryell and Brady (C116), Brady and Turkevich
(B120), Winsberg snd Sugarman (W1321}, Clendenin, Siegel, and
Coryell (0140), asd Seaborg and Kohman (8149) besea on the un-
classificd general tables of Seaborg (819), Cartais refarsuces (G120,
T101) have beesn made availsble through courtesy of the Natioas!
Research Council of Casada. Reprints of this survey may be ob»
taloed by writisg: Plutonium Project Fils, The American Chemical
Bociety, 1165 16tk 8¢., Washisgton 6, D. C. ‘

Pub‘lic'a..ti'on of Project Information

The scientific contributions of the workers on
the Plutonium Project to this and other fields of -~ -
scientific knowledge are to be published in a series -
of volumes, many of which will be unrestricted in
circulation, to be known as the Plutonium Project
Record (PPR) of the Manhattan Project Techni.
cal Series (MPTS). "In particular, detailed sur-
veys of the nuclear properties of the fission iso-
topes, the techniques of radiochemistry, and the
special chemistry of the fission elements are to be
given b%various Project specialists in Volume 9A
of the Plutonium Project Record, Radiochemsis-
try and the Fission Products. The detailed ex-

imeatal work is to be given in the associated
Golume 98, Collected Pupers on Radiochemistry
and the Fission Products, based on material now
available only in the manifold secret reports of
various scctions of the Project.

The preparation of these two volumes for pub-
lication is a tremendous task since it includes ex-
tensive compilation, rewriting, and cross-com-
parison with other PPR volumes. Since this
work can hardly be completed before the spring
of 1947, it has been deemed advisable to make
the key information on the fission product nu-
clei available in advance of the main body of
information.

A fair distribution of credit to workers of the
Project presents a problem for this type of publi-

- cation since a large number of people in different

subdivisions of the Project have made direct con-
tributions of data for the table. Many more have
contributed indirectly in physical and chemical
studies that made the work significant or even
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ossible. It is not feasible, however, in this lim<:! The value of the fission yield of the nucleus in °
ited framework to indicate the indirect contric}: percentage for U® is given in column six. - It is
butions to the extent that will occur in the PPR.; defined as the percentage of the fissions leading to
In giving references, it seems advisable to follow: the nucleus in question by direct formation and

the pattern of a normal survey article, 4. e.; to*
" termined relative to the value of 6.19, for 12.8d

- list all results that prcsent a contribution to the

body of information, citing the names of those who
carried out this work and the Project report in .
which it is described most completely.” In addi- *
tion to giving references to Project reports, some "
references to the PPR papers are included, ...,

Description of Table I, Characteristics

In preparing the present survey an attempt was
made to evaluate critically the results of various
investigators published in the open literature and*

in the Plutonium Project reports. .. The values. ..

given in Table I (pp. 2416-36) are listed in order of . Yield will not be appreciably greater for succeed-

preference. Column one gives the atomic number
and mass number of the nucleus. . Parentheses
around the mass number indicate the mass assign-
ment is uncertain, and an asterisk (*) denotes
that the nucleus is in a metastable excited state,
decaying by isomeric transition, :

The half-life is listed in column two with the
following abbreviations: *s” for seconds, ““m"’ for
minutes, “h’’ for hiours, “’d” for days, and *'y" for
years. Insome casesan upper or lower limit to the
half-life has been established for a nucleus whose
radiations have not been directly observed. Half-
life values were selected on the basis of initial
purity of the activity and the number of half-
lives over which the intensity was measured, tak-
ing into consideration the estimated - precision
of individual measurements, S .

Column three gives the mode of decay and the
type of radiations emitted. The following sym-
bols are used: - for negative electrons emitted

4
‘e

from the nucleus, ¥ for gamma rays, ¢~ for in- .

ternal-conversion electrons, n for neutrons, and
“I.T.” for isomeric transition. In the cases in
which it has been established that the nucleus
emits little or no gam:1a radiation, this fact is
stated explicitly in column eight,

Column four refers to the investigators who
first isolated and identified the nucleus as a fission
product. As it was not always possible to estab-
lish absolute priority, the references serve mainly
as a guide for t!. approximate date of discovery
of each fission product nucleus. -

The *‘class’’ of a nucleus, given in column five,
refers to the degree of certainty in the atomic
number and 1nass assignment, The clusses are to
be interpreted as follows:

A = element certain, isotope certain
B = element certain, isotope probabfe;
C = element certain, isotope uncertain;
D = insufficient evidence, .

Parentheses around the class rating signify that
the corresponding nucleus has not been observed
in the fission of uranium, although it is very prob-
8bly formed in the process.
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decay of precursors. Most of the values were de-

Ba'® based on direct fission counting (F108).
Older fission yield values have been normalized -
to this value for Bal®, The majority of the fission
yield determinations were made on natural ura-
nium irradiated with pile neutrons. ‘In a few
cases, designated by the symbol (t), irradiations
were made in a column containing neutrons in
thermal equilibrium at room temperature; such
irradiations gave essentially the same values, A
fission yield is given only for the nucleus for which
it has been determined; in most c. .8 the fission

ing members of the decay chain (G147).

. The fission {ields of the delayed neutron emit-
ters Kr®, Xe(1?, and the last four nuclei listed in
Table I have not been determined directly. The
values in column six represent therefore the per-
centage of the fission neutrons emitted by the nu-
cleus in question, as indicated in the table. These
data can be trarsformed to the percentage fission
yield of the neutron-decay process by multiplica- .
tion by the value for », the number of neutrons per
fission. The value of » is given as 1-3 in the
Smyth report (S150). : ,

The energy values of both nuclear beta spectra
and conversion electrons are listed in column seven.
Only the maximum energy of a nuclear beta
spectrum is given, and in cases where only Kono-
pinski-Uhlenbeck extrapolated values (K8) are
reported they are designated *(K.U.).” In each
case the value is followed by a description of the
method employed in its determination using the
following abbreviations:

= magnetic spectrometer or spectrograph

Spect.
studies,
Abs AL F. = absorption of the particles in aluminum
(range eraluated according to the
‘ method of Feather (F4,F5,F6)),
Abs.Al = absorption of the particles in aluminum

(range estimated visually or from the
haif-thickness),

Abs.Al coinc, = absorption in aluminum of #-y coinci-

dences,
CLCh, = cloud chamber studies,

The selection of values for the maximum energy
of & beta spectrum or the energy of conversion
electrons is based primarily on the method used
in their determination. The various methods
employed are given preference as to their relia-
bility in the order listed above. In all cases where
the range in aluminum is given for a nuclear beta
component, the corresponding maximum energy
has recalculated using a revised range-energy
relationship (G145).

Gamma ray energies are listed in column eight,
Each valuc is followed by a description of the
method employed in its determination and the
following abbreviations are used:
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Spect. . , = magnetic spectrometer of - spectrograph
studies of secondary electrons, .5,z -
Spect. conv. = magnetic spectrometer or spectrograph
: studies of conversion electrons, .. 5.
Abs. Pb = absorption’ of radiations in lead - (when
. elements other than lead were they
are designated by their chemical sym-

Abs.Al conv, = absorption in shuminum of ‘conversion : .

electrons, - . .
Abs.A), coinc, = absorption in aluminum of
S electron cqincidencu. o

Only the first three methods listed above have:

been used extensively for the determination of
gamma ray energies. Of these, spectrometric
determinations are considered to be more reliable
than absorption measurements, * e
Column nine contains three related items, a list
of the nuclear reactions by which the nucleus has

been produced, its genetic relationships, and its .

mass assignment. : _

The nuclear reactions are given in the conven-
tional manner with target element listed first,
followed by the projectile and ejected particle in
parentheses.. Conventional symbols are used for
the various particles. :

The genetic relationships are included in the
item designated as fission, ‘‘fiss.,”” and only refer-
ences which contribute to the establishment of
the relationship are cited.
“prec.” signifies precursor of, ‘‘desc.” signifies de-
scendant of, and “hyp."” signifies hypothetical for
nuclei not directly observed.

In most cases the mass assignment follows di-
rectly from the reactions by which the nucleus
was produced and, for a limited number of nuclei,
by direct measurement with the mass spectro-
graph, designated ‘‘mass spect.”” In a few in-
stances the fission yicld of a nuclcus was used as
an index of its mass number, on the assumption
that the fission yield is a smooth function of mass
number (see Figure 1). This method is adaptable
only in regions of the mass spectrum where the
fission yield is changing rapidly with the mass
number. Mass assignments made on this basis
are designated as ‘‘fiss. yld,”” The term “ener.”
designates cases in which semi-quantitative use of
the Bohr-Wheeler equation for decay energy
(B10) has been made in arriving at the probable
mass-assignment. ‘

Column ten entitled “‘Other references’ lists
general references and those of lesser significance
which may be useful to an investigator making a
closer study.

Description of Table II, Chains and Yields

In Table II (pp. 2438-41) there is presented a
graphic summary of the chain relations of the fis-
sion products, their mass assignments, and fission
yields, The fission product chains are divided
into a light group and a heavy group, The former
contains fission products with mass numbers of
117 or less, and the latter contains those with

mass numbérs greater than 117, Parentheses

- Nucter qub:'”r;t Fraston

The abbreviation .
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‘around the mass number indicate that thie mass

.assignment is uncertain, O
.~ Genetic relationships of the fission products are

gshown by arrows. - A broken arrow indicates the

relationship has not.been.definitely established.
, Parentheses around the half-life of a nucleus mean
the nucleus is probably formed in fission but has
.not g'et been indentified as a fission product.

.. The fission yield values listed opposite the mass
numbers were generally determined for nuclei ap-
.pearing late in the fission product chain. Ina few
cases, however, the values apply to isomers.in an
excited state or to nuclei that can only be formed
directly in fission and not by beta decay. In
these cases, the fission yield value is only a frac-
‘tion of the chain yield (G147).

Description of Figure 1, Yield-Mass Curve

In Fig. 1 (p. 2437) there is plotted on logarith-
mic scale the total yields of the fission product
chains, formed in U2 fission, as a function of their
mass numbers on linear scale. Forty-two chains
-are shown in the figure.? The curve was drawn
first with the heavy group reflected upon the
light group at a plane of symmetry between the
two groups. This was done to permit the aver-
aging of the experimental data of both the light
and heavy groups. The curve was then unfolded
to its present form for greater graphical clarity.
A circle is used for the fission yield of a nucleus
when its mass number is certain, and a square
when its mass number is uncertain. The smooth
line drawn through the points corresponds to a
total area of 1979, which agrees very well with
the possible 2009, resuiting from two large frag-
ments per fission,

Description of the List of References

A list of the references is given on pp. 2414-15,
2438, and 244142, References are segregated
alphabetically by the initial of the last name of
the first atthoi, A number below 100 signifies
that the reierence is to open scientific literature.
A number above 100 signifies that the reference
is to a Project report or other Project publication.
Some of these, such as the well-known Smyth Re-
port (S150), have already been declassified and
given open printing; many others are in the

rocess of being declassified and will eventually
ge available through the Office of Technical
Services, Department of Commerce, Washington,
D. C., when listed in its weekly Bibliography of
Scientific and Industrial Reports. Many of the
references are to papers written for the collected

apers volume, tochemistry and the Fission

roducts, PPR Vol. 9B, the manuscript of which
is not at present available but is in the process of
being edited and declassificd for open publication
in the spring of 1947, The volumes of the Man-
hattan Project Technical Scries will be well ad-

(3) Ed, Nots: Crummitt rnd Wilk!nson of the National Reseatch

Council of Canada have recently published a similar yield-mass
curve for about 20 chalns (Noture, 188, 1638 (Aug. 3, 1046)),
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wvertised in advance of pubhcauon. Quenes»abou

this article may be addressed 'to the District:
Engmeer, P. O. Box E, Oak Rxdge. Tenn.. at-:

sy
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ports on fission product chemistry prepared by
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30 Za™  49h (S121) - (S120) A 15X10°% 0.3(~95%), ~1.6 ¥ (S121) fiss., prec. 14.25h Ga™? . .....
(s121) (~5%) (S121) abs. (s121)
AL F.
Zn" <2m (S121) - (B)  croereiinn eeenreeesecsstess aeeseesesseasans hyp. prec. 56 Ga™ (S121)  ......
51 Ga”  stable _
Ga™  14.25h (S121) [ Y (S120) A ciiieenns 0.8(~65%), ~3.1 0.64(~10%),0.84  Ga(d.p) (I.11) v it
14.1h (S1) (~35%) (S121)  (~45%), 2.25(~45%) Ga(n,y) (S1,S121) . -~ .
abs. A}, F. (M114) spect. Ge(n.p) (S10,8121) - -~ . . 7~ = & -
1.71(S3) cl.ch. (K.U.) 1.17,2.65(M2) spect. fiss., desc. 49h Zn'* ? R
’ 2.1(S121) abs. Pb . (s121) ;= - - A
Ga™  5h (S121) s (S118),(S121) B 1.0 X 10~¢ 1.4(S121) abs. AL, F. no v (S121) Ge(n.p) (S121) - ceiees S
(s121) fiss., desc. <2m Za™ (S121) & 2
' 73(S121) fiss. yld~ener. . . ; E
Ge? stable g <
- Getd stable : g ERR
Ge™  8m (S11) - P (A ceeerennn 1.2 (S11) abs. Al ¥ (S11) Ge(d.p) (S1,510,811)  ...... 8
1.1(S3, S10) cl. ch. Ge(n,7) (S1, S10) g
(K.U.) Ge(n,2n) (S10, S11)
As(n,p) (S10, S11) . 5’ .
Se(n,a) (S10, S11) 8
Ge(v,n) (H23) . 2
Ge™  12h (S11) . 5.y (S133) A 00037(S134) 2.0(S133, S134) abs. v (S134) Ge(d.p) (S1,510,S11)
111 (S134) Al Ge(n,v) (S1, S10) ‘
1.9(S3, S10) cl. ch. Se(m.a) (S11)
(KU) fiss., prec. 40h As™ (S134)
77 (S1, S11) not prod. As(n,p)
Ge™ 2.1k (S134) 8.7 (S133) C  0.020(S134) ~0.9(S134) abs. Al v (S134) fiss., prec. 90m As™ (S134) ......
33 As®  stable ' '
As"  40h (S134) (S133) B 0.0001(S151) 0.7(S134)abs. Al ....ceciiinnnnns fiss. (S151) dese. 120 ......
Ge (S134) ' ‘
As® 80m (C5) . (A)  ceeennns 1.4(S6) cl. ch. (K.U.) 0.27(S6) abs. Pb Se(n.p) (S6) ceeene 3
: 65m (S8, S22) Br(n.a) (S22, C5, S6)
As%™  Q0m (S5134) [ (S133) C  0.020(S134) 1.4(70%), 4.1(30%)  «cevevrennncnnnnn fiss, desc. 21h Ge™ ..., <
(S134) abs. AL F. (S133, S134) L
A <I0m(GLID) B enn... . B - ]

..................................

hyp prec. 17m Se® (G117)




£

Br#*

B

© 25m (G117)

<10m or 8
>7 X 10% (G122)
stable

59m (G117)

57m (S22, L2)

17m (G117) (.
19m (L2)

stable

5.7
30m (L2)

~2m (G117, .
E115)

stable
stable

34h (S22) 8.

2.4h (K115,G117) 8~
2.45h (522)
233h (L2)

30m (S25)
33m (K101)

5.y

1T, 7.6

---------

(G118)

(G108)

(G108)

(G117,
E11%)

(F112)

(L2, 525)

(D3)

A

---------

0.008(G117)

0.125(G117)

0.21(G117)

28 X 10°¢
(F112)

0.40 (G117)
0.30(K116)

0.65(K116)

-----------------

¢~ : 0.0868(80%),
0.0964(20%,) (H17)
spect.

¢~: 0.085(L2) spect.

1.5(G117, L2) abs. Al,
F.

1.5(G117) abs. Al F.

ooooooooooooooooo

0.465(R3) spect,

09(G117) abs. Al, F.
1.0(L2) abs. AL, F.
1.3 (522) abs. Al

5.3(K101) abs. Al, F.
4.5(B3) abs. Al

.................

0.099(H17) spect.
conv.

0.098(L2) spect.
conv.; abs.

no v (G117)

0.17,0.37,1.1(G11%)
abs. Pb

oooooooooooooooo

0.547, 0.787, 1.35
(R3, D10) spect.
1.0(R3) abs. Pb

no ¥ (522, G117)

¥ (K101)

79(G117) not mass 81

Se(n,v) (S22, H21)
Se(d.p) (522,12)
Se(v,n) (B7)
Br(n,p) (1.2)
fiss., prec. 17m Se¥t
(L2, G117)
Se(n,v) (S22, H21)
Se(d,p) (522, 12)
Se(y.m) (B7) -
Br(n,p) (L2)
fiss., 50m Semi* I.T.
. (L2, Gun -
81(G117) fiss. yld.-ener.

Se(m,v) (522,L2)

Se(d,p) (L2)

fiss., prec. 2.4h Br%
(S22, L2)

fiss., prec. 30m Br™
(G117, E115)

Br(d,p) (S22)

Br(n,7) (K7, S22)

Se(p.n) (BI, R4)

Se(d,2n) (S22)

Rb(n,«) (S22, P7)

fiss., (F112)

Se(d,n) (S22)

Se(d,p) desc. 25m Se¥ (L2)

Se(n,vy) desc. 25m Sesd
(S22, L2)

fiss., desc. 25m Se* (L2,
G117, §22); prec.
113m Kr%** (L2, E102)

Rb(n,a) (B2)

fiss,, desc, ~2m SeM (D3)

(W109)

oooooo

------

(M10,
S143,

G108)
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Br®  3.0m (S25) s (S25) ) fiss. prec. 4.5h Kr* (S18, B2).....
B® 50s (S25) - {S25) A i tiittt eeteeireesetereee i fiss,, prec. 75m K1¥ (S18, B2).....
Br™  556s (H111) £ (m) (BIL LIOS) © ciivvivins mevnennroenannnce eminvenenninnes fiss., prec. Ke®, inst. (S154, S126)

56¢ (1.105) » emitter (1.105) ’

Kr**  stable L. low (G147) _ -

E™*  113m (L2) LT..¢ (L2) A . €7:0.032,0.045,0.028 X-ray(E102) Se(am) (C1,C2) ~ = .........

(H17) spect. Kr(d,p)? (C1, C2)
6~:0.035 (L3) aba. air Kr(d,d)? (C1, C2)
desc. Se(s,v), (d.p) (L2)
fiss., desc. 2.4h B
m. EIW) .3’{" { N
K stable  ....... (1101) A taitieite eetesieecerenteee teeseeesinsenns fiss, (T101) mass spect. ,
desc, 2.4h Br% R

K stable = ....... (T101) A ciidiien secesasesenessate  seeresaasenie v.- fiss. (T101) mass spect.

desc.30mBr¥

Er®  45h (H108,S22) -, 9 (S18) A cecessese 0.04(HI08) abs. AL F. 0.17,0.37(H108) abs. Kr(d.p) (522,C1,C2) .........
4.6h (S18) 0.85(B3) abs. Al Pb Sr(w,a) (B2) ¢ .
4.0h (C2) : Rb(»,p) (B2)

fiss., desc, 3.0m Br%
(S18, B2).

K™  ~10y (H110) s (H104) A ~024 0.74(H110) abe. AL F. no vy (H110) Krix,y) (H108)  .........

(H110) fiss. (H104)
85(T101) mass spect. -

Kr» stable ... N (T101) A crecesesesccsesnre  sesesieeraeenss fiss. (T101) mass spect.

K™  75m (518) [ (S18) A ... ees ~4(B3)abs. Al .. ............. Kr(dp) (822) - .........
74m (S22) Rb(m.p) (B2)

87(B2) not prod. Sc(s,a)
fiss., desc. 50s Br¥
(S18, B2)

K%  instantaneous s (L105) L105) C 0028%of %:030(B125) cl. ch.  ....ivnnnnnnn.. fiss., desc. 55.6s Br™® (525, S128,
fission 0.25 (H111) abs, (L105) ‘ B2, R101,
neutrons paraffin ‘ S18)
(H111)

K  3h(L1) ' @ A ceesaces . 25(W2ecl.ch.(EU) ........... v--.. fiss, prec. 17.8m Rb® (H5)

2.8h (G2) (L1, A8, G1, G2,
H7, H22)

K™  26m (D109) s (GLSI) A ciiviine vennen vereeeeeenen Caveeceveaaaies fiss., prec. 15.4m Rb* (D103,
2.5-3m (S14) (G1, G2, S14, H7);  D108)
2-5m (G2) prec. 53d Sc* (G2,

G2, 0102, D109).
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IN

3

g

%

Rpn

Rbw

~33s (K119) 8

9.8s (D109) 8-
5.7s (0102)

3s (D109) . ot
2.0s (D109) [ o
1.4s (D109) s
short (A101) . o
stable

19.54 (326) 5. Y

6.3 X 10%y (S28) g, v, &
17.8m (G32) s
18m (H7)
17.5m (W2)
15.4m (G2) s
" 15.5m (H7) :
short (D103) s

short (HS, B118, 8~
0101, D103,
D109)

short (H15, B118, g~
D109)

(D103)

(H8)

(H5)

(H16, B118)

(H15)

(A101)

(F113)

(H4, 122)

(G1, S14)

{D103)

(H8)

(H5)

c

Cc

A .

(&)

A

..........................

..........................

--------------------------

A ~16X107* 1.60(H1) spect.
(F113) 1.56(H26) abs.
......... 0.132(L8) spect.
0.13(01) spect.
0.25(K3) spect,
vesssesae  4.6(G2) abs.
5.1(W2) cl. ch.
ceerseeaa 3.8(G2) abs.

A

c

.................

..........................

................

................
................

................

0.034, 0.053, 0.082,
0.102, 0.129 (01)
spect. conv.

................

................

fiss., prec. 25y S¢%
(DIQ3, K119)

fiss.,, prec., 9.7h &M
(D109);. prec. 57d
" (HS,. B118,
0102, D103)

fiss., prec. 3.5h Y
(H5, H6, H8, H15,
B118, D109) -

fiss., prec. 10n Y.O»
(H16, H13, Bl18,
D103, D109)

fiss., prec. 20m YOO ... .....
(H15, D109) -

fiss., prec. 17h Z"
(AIOI.,D‘IOQ)

.........

(DlOSi

(D108)

(H15, D108,
0102)

Y

Rb{x,y) (S22, S15)
Se(d,a) (H26) ..
Rb(y,») (H23) . -

fiss, (F113) ' ». o :

87(N1) mass spect. (T3, C6)
Rb(n,y) (P7, S22) (H5)"

fiss., desc. 3h Kr® (L1,
A8,H22, G1,G2, H7)

fiss., desc. 2.6m K™ (H13)
(G1, G2, S14, H7);
prec. 53d Sc® (G2)

fiss, desc. ~33s K%
prec. 25y S (D103)

fiss.,, desc. 9.8s KM
prec. 97h S
(D109); prec. 57d Y
(HS8, B118,0102, D103)

fiss,, desc, 3s KrO2;
- prec. 3.5h YW

.........

(H5, H6, H8, H15,
B118, D109)
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3 A Half-life Decay in? Clase %M' Partioe o rdiaton b e Tadiations ﬁ“ﬁ;ﬁ:‘: retecates
RbLO®  ghort (H16, H13, B8~ (H16, B118) C ... iiiih tetrsccccnencnoae  censaens Peeeennan fiss., desc. 2.0s Kr®®» ., ..,
B118, D103, prec. 10h YO®
D109) (H16, H13, H1S5,
B118, D103, D109)
RLOO  short (H15, D109) B~ (H15) ittt teessessesceanies sessesesesenes oo fiss, desc. 1.4s KeO0® . ...
prec. 20m YOO
(H15, D109)
Rb¥ short (A101) [ (A101) 7 fiss., desc. short Ke¥ ... ......
prec. 17h Z™
(A101, D109)
Rb 80s (HS5) [ o (H5) € ittt tetreeescccncsins wes ceeeae eesess. fiss. (HS)
38 S stable ... low (G147) :
S® stable
Sc stable
Sc» 55d (G138) . o (L9) A 4 6(N112) 1.50(W104) spect. no vy (G138, S23, Sr(n,v) (523, S24) (H5, H?,
54d (L9) 1.52(N101) spect. S24) Y(n,p) (S4) H1, P104)
55d (523, S24) 1.5(G131,B3) abs. Al; ' fiss., desc. 15.4m Rb* (G2)
(S24) cl. ch. 89 (L.108) mass spect.
S 25y (N110, G134) 8~ (H16, N108, A  ......... 0.6(G134) abs. Al, F. no vy (G134, G130) fiss., desc. short Rb™ (M113)
G130) (D103); prec. 65h
Y»® (H18, H13,
N108, G130)
90 (H101) mass. spect.
S 9.7h (K102) [ (G6) A 5.0(F103) 1.3(40%), 3.2(60%) ~1.3(K102) abs. Pb  Zr(n,«) (S17) (B115)
10h (H15) (K102) abs. AL F. fiss., desc. short Rb"
8.5h (G6) (D109); prec. 51m Yni*
(~40%), 57d Y
(~60%) (G8, F105)
Sct® 2.7h (G6) 8 (G6) C  51(HI03)  ieiviernernnnnes  arnencranaeeenes fiss., dese. short Rb (13, H15,
‘ (H5); prec. 3.5h B118,
Yo (G6) P102)
Sc»  7m (L9) 8~ (L9) < PP fiss., desc. short Kr0%  (H5)
' (L9,H16,H13,H15,
B118, D109); prec.
10h Y0¥ (H16, H13, H15)
S0 ~2m (H15) 5~ (H15) € rrriiiie eeieeeeneiee ereeeeeeiiaeaens fiss., desc. 1ds Kx®0 .. . .,
(H15, D109); prec.
) 20m Y% (H13, H15)
&> short (A101) . (A101) A it riiiieecieenaase esieseraneenees fiss., desc. short K% ... .....
prec. 17h Zt%
(A101,D109) -
.
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mme

Yyon

you

vouo

Zn
Zm
Z

stable

65h (N110)
62h (G130)
60h (S23, G134)

51m (F105)
50m (G6)

57d (H8, G6)

3.5h (L9, H15)
10h (B113)
11.5h (H15)

20m (H15, D104)

<3h (5114)

short (A101)

stable
stable
stable
2.5m (N104)
stable

LT, v, 6

B85y

[

8~ @)

(H16, N108, A
G130)

(G6) A
(H8) A
(L9) c

(H16, B101) C

(H15) c
(A101) A
......... (D)

e e s e v

5.9(N112)

esmceosas

~5(D104)

2.2(N101) spect.
2.45(G134) abs. AL, F.
2.55(N108) abs. Al
2.6(S23) cl. ch, (K.U.)

¢~ : ~0.5(F105) abs.
Al

1.53(L113) spect.
1.6(B3) abs. Al
1.7(M113) abs. AL, F,

3.4(G6) abs. Al
(H103) abs. Al, F.
3.6(B3) abs. Al

3.1(B113) abs. Al, F,

sssssevescccanse -

no v (G134, G130)

0.61(F105) abs. Pb
(~109% con-
verted)

no v (B101, M101)

0.6(G6) abs. Pb
0.7-1.1(K111) abs.
Pb

0.7(B113) abs. Pb

¥ (H15)

----------------

Yi(n,v) (823, $4)

Y(d.p) (S23)

Cb(n,a) (55,57, N104)

Zr(n,p) (59, G126)

Zr(d,e) (59)

fiss., desc. 23y Si®
(H18, H13, G130,
N110)

90(H101) mass spect.

Zr(n.p) (S17

fiss., desc. 9.7h S%
(~40%) (GS,
F105); prec. 57d
Y (F103)

Zr(n.p) (S17)

fiss., desc. 9.7h S
(~60%) (G8, F105);
desc. 51m Yn*
(~409%) (F105)
91(L108) massspect.

Zx(n,p) (S9, S17)
fiss., desc. 2.7h ScOD
(G6, H103)

fiss., desc. Tm Se®» (B115)
(H18, HI13, H15);
not mass 95 (S114)

Zr(n,p) (S17)

fiss., desc. ~2m S0
(H15, H13)

hyp. prec. 634 Z®
(S114)

fiss., desc. short St

prec. 17h Ze¥
(A101, D10

(B115)

Co(n.p) (?) (N104)

.........

(G131, P103)
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A o 65d (B117) £y (G128) A ~6.4(S128, 0.394(98%), 1.0(2%) 0.73, 0.92(?) (N103) Zr(n.v) (S9) (B121, K104 e
65.5d (P8) W101) {N103) spect. spect. conv, Zr(d,p) (S9, J101) H13,
63d (S9) ~0.35(98%).1.0(2%) 0.80(E108) abs. Pb  Mo(n,a) (59) G101)
(M113) abs. AL, F.; 0.88(M113) abs. Pb  fiss,, desc. <3h Y™
(E108) abs. Al (S114); prec, 90h Cb%*
¢~ : 0.71, 0.90 (?) (~2%), 35d CbM (~98%)
(N103) spect. (E108, 5131, J101)
95 (L107, N103) 35d
Cb* 8~ emitter
_ 95 (H102) mass spect.
™ stable )
" 17.0h (G8, K109) 8-, 7 (G8) A ... 2.1(K109) abs. ALLF. ~0.8(K109) abs. Pb Zr(n,v) (S9) (P105)
’ Mo(n,«) (S9)
fiss., desc, short Sc%
(A101); prec. 75m
Cb" (G8, H9, S0)
95,97 (J101) not prod.
by Cb(».p) (N104)
97(S9) not prod. by Zr(»,2n)
41 Cb» stable -
Cb™*  90h (S131) 1.T.,s, (E104) A L. 07 0.22,0.234(1.104) + highly conv. (?) fiss,, desc. 65d Z™® .........
80h (E108) X-ray spect.; 0.22 (S131) (S131) (~2%) (S131,
abs. Al X-ray: ~0.016(S131) E108); prec. 35d
abe. Al Cb* (S131, L104)
Ct*  35d (E108) 5.y (C128) A .. 0.15(N106) spect.  0.75(W104) spect.  Mo(d.a) (J101) (F110, N104,
36.5d (J101) 0.15(G128, E108, 0.77,(N106) spect.  Zr(d,p) desc. 654 Zr®  El117,
M113) abs. Al conv. (J101) E105,
0 : 0.75,0.77(27108) 0.79(J102) spect. fiss.,, desc. 654 Zr® N101)
spect. 0.75(E108) abs. Pb (~88%) (J101,
~40.7(G128) abs. Pb G128, E108); 90h
' Co%* 1. T. (~2%)
(S131, L104)
95(L107, N106) 354
Cb" g~ emitter
95(H102) mass spect.
Cbh®  75m (GS) ey (G8) A ... 1.4(K109) abs. A}, P 0.78(K109) aus. Ph  Mo(n,p) (S9) (P105)
fiss., desc. 17h Z®
(G8, 59, H9)
43 Mo™  stable g
Mo"  stable o
Mo®  stable ]




Mo™

Mow
MO.I

43m

43080
43m

43 wr)
Ru®*
Ru”‘

67h (S13,K103) 8-, v
stable

14.6m (M6) .
14m (H11)

12m (H11) s
short (B4) s

5.9h (G144) LT, . ¢,
6.6h (S13) X-ray
4 X 100y (M107) g~
~10% (L111)

~3 X 10% (S104)

> 3000y (G110)

>40y (S13)

14.0m (M6, H11) g-, v
<1lm (H10, H11) g~
shost (B4) 8-
<1.5m (B4) 8-
stable

stable

stable

(H3)

(H10)

(H10)

(B4)
(s21)

(L111, S104).

(H10)

sessscsss

A 62(F103,
S$153)

A L

c ... .

A Ll .

A ... .

A senrenves

A consseses

. .
A creneeses
C e

e nm—

e VU

1.2(K103) abs. Al, F.
1.4(S13) abs. Al

1.0, 2.2(M6) abs. Al
1.9(S9) abs.
1.8(S8) cl. ch. (K.U.)

¢ : 0.116(S13) spect.
0.12(S13) abs. Al

0.3(L111, S104,
M107) abs. Al

1.3(M8) abs. Al
1.2(M5, S9) abs. Al
1.1(S8) cl. ch. (K.U.)

seveesssccscscces

0.24, 0.75(M114)
spect.

0.4(S13) abs. Cu, Pb

0.3, 0.9(M6) abs. Pb

0.136(S13) spect.
cony.

0.129(K1) spect.
cony.

~0.18(513) abs. Cu,

Pb

X-ray (S13)

0.30(M6) abs. Pb

.......

prd

Mo(d,p) (S13)

Mo(n,vy) (54, S13)

Mo(n,2n) (S9)

Zr(a,n) (D5)

fiss., prec., 5.9h 43%*
(*~10%) (513,821);
prec. 4 X 108y 43
(~80%,) (513, M107)

(H24, B115)

Mo(n,v) (S8, S9, M5,
MS6)

fiss., prec. 14.0m 43W
(M5, M6, H10, H11, S8)

101(S9, M6) not prod.
by Mo(»,25)

fiss., prec. <1m 43w
(H10, H11)

fiss., prec. 4.5h Ru™(B4).......

Mo(n,y) dese. 67h Mo™ (G110)
(S13,59)

Mo(d.p) dese. 67h
Mo™ (S13)

fiss., desc. 67h Mo" (S13,
S21, G107); prec.
4 X 10%y 43" (S13, M107)

Mo(n,y) dese. 67h
Mo* (M107)

fiss.,, desc. 67h Mo"
~(90%)(S13); 5.0h 43n*
LI.T. {(~10%)(S13, H10)

Mo(n,y) desc, 14.6m
Mo (S8, S9)

fiss_, desc. 14.6m Mot
(M5,M6,H10,H11,S8)

fiss., desc. 12m Mo
(H10, H11)

fiss., desc. short Mos;
prec.4.5hRu'*(B4)

hyp.prec.4mRut™(B4) .........

essecsavas
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Ru™ 424 (S145,G143) £, v (N2,G120) A 3.7(58'32) 0.2(95%). 0.80(5%) 0.56(G127) abs. Pb  Ru(d,p) (L10, S145) (N6, Bl1l5,
45d (N2) (S145) abs. AL F.  0.54(S145) abs. Pb Ru(n,vy) (5145) G115)
. 0.2(97%), 0.8(3%) fiss., prec. 56m Rhi*
(G143) abs. AL, F. (G143, G127)
Ru™  stable .
Ru®  43h (S145) . (S20) A ~0.9(S145) 1.35(S145) abs. Al, F. 0.76(S145) abs. Pb Ru(d,p) (L10,S145)  .........
4h (L10, D2, N6) 1.5(B4) abs. Al Ru(n,y) (D2, 5145)
fiss,, desc. short 43¢
(B4); prec. 36.5h
Rh™ (N6, S145, 5122)
Ru™ 1.0y (G143) [ (G129) A 0.48(5132) ~0.03(?)(G143) abs. no ¥ (G143) fiss,, prec. 30s Rhw¢ (C105,S5123)
0.563(G121) Al (G127, G143) .
106(H102) massspect.
Rut™ 4m (B4, G116) . (B4) C serasenae ~4(B4)abs. Al ..., fiss.,, desc. <15m ,........
430M(B4); prec.24m
RhOs (B4, G116)

45 RhW* 56m (G127) 1T, ¢, (G127) A Lo ¢~ : ~0.03(G143) abs. X-ray: 0.020(G143) Rh(y,y) (W6) (5123, S145,
48m (F3) X-ray Al abs. Al _Rh(n,n) (F3) G115)
45m (W6) fiss., desc. 42d Ru?

(297%) (G143)
Rh*  stable
Rhw  36.5h (S5145) 8.y (N5) A L. 0.60(S145) abs. A1, F. 0.33(S145) abs. Pb  Ru(d,n)(?) (S145) seeresase
34h (N35) e~ : ~0.3(S145) abs. Ru(d.p), Ru(s,v),
Al desc, 4.5h
Ru* (S145)
fiss., desc. 4.5h Ruws
(N6, S122, S145)
Rhw  30s (G127) B8, (G127) A ... ~2.8(20%),2.9(80%) 0.3,0.8(G143) abs.  fiss, desc. 1.0y Ru™ ... ...,
(G143)abs. Al coinc. Pb (low intensity) (G127, G143)
~4.5(5123) abs. Al
Rho>  24m (B4) 8-, v(?) (B4) cC ... 1.2(B4) abs. Al +(?) (G116) fiss., desc. 4m Ru®end |
26m (G116) (B4, G116)
107(G116) fiss. yld.-ener. .
Rhw» <1h (5107) . S A il e feer  eeesesaiiresenan hyp. prec. 13.4h Pd*(S107) .....
Rh oh (B111) B8y {B111) ) » J ~13(B111) abs. Al  0.8(B111) obs. Pb  fiss. (B111)  .........
46 Pd#s  stable
Paw stable
Pdw very short or - St - (C112)
>3 X 100y (G119)

>8.6 X 10y (L115)

yve
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47

48

Pdw
Pdm

Pdll.
Pdlll

Pdll!

Agwes

Aglll

ABHS

Cdlll
Cdn!
Cdlll
Cdll‘
Cdws

stable

13.4h (S138) 8~
13.2h (L103)
13h (K4)

stable
26m (S20) 8-

21h (S107) 'n

stable

40.4s (W3)
40s (A7)

I1L.T,.e, 7
X-ray

stable

7.6d (S129)
7.5d (K4, P3)

8= ¥()

3.2h (P35, S107) 8.7

stable
stable
stable
stable

2.33d (C4, M111) 87,y
2.5d (G3)

(S109)

(N9)

(N9)

(N4)

(N4)

(N4)

A 0.028(t)
(E111)
A S

A 0.011(S107)

(A)  ceeencnns

A 0.018(t)
(E111)

A X ERRE RN LR

A 0.011(MI111)

1.1(S107) abs. Al F.
1.03(K4) cl. ch.

3.5(B4) abs,

0.2(S107) abs. Al

¢~ : 0.0664, 0.0896,
0.0915 (V1, H17),
spect.

~0.24(?), 1.0(5129)
abs. Al, F. '

~0.8(K4) cl. ch. (B3)

abs.

3.6(S107) abs. Al F.
2.2(P5) cl. ch.

~0.6, 1.13(L7) spect.

1.11(C4) spect.

0.56(60%), 1.20(40%)

(M111) abs. Al F.

no ¥ (S107)

................

no v (5107)

0.0426(V1, H17)
spect. conv.

0.092(H25) spect.
conv.

0.09(A7, H17) abs.

no v(?) (K4, P5)
~ (low intensity)
(S129)

0.86(S107) abs. Pb

0.65(M3) spu ..
0.55(L7) cl. ch.

Pd(d,p) (K4)
Pd(n,v) (A3, K4)
Ag(n,p) (F1)
fiss., prec. 40s Ag'¥*(S20)
109 (R103)mass spect.

Pd(d.p) (K4)

Pd(n,y) (A3, K4)

fiss., prec. 7.6 Ag'!!
(K4, S20)

fiss., prec. 32h Ag?
(N4, S107)

(820)

Ag(d2n) 5.7h Cd@*
K-capt. (A7, H25)

Ag(d,2n) 1584 Cdw*
K-capt. (H25)

Pd(s,y) desc. 13.4h
Pd (S20)

Ag(n,n) (A7, B8)

Ag(e,e) (W5)

Ag(v.y) (F3, W5)

Pd(d,») (K4, P5)
Pd(a.p), Cd(n,p) (P5)
fiss., desc. 26m P4t
(K4, S20)
Cd(n.p), In (n,a) (P5) (5105)
fiss., desc. 21h Pd?
(N3, N4, S107)

(N3)

Cd(d,p) (C4)

Cd(n,v) (M8, G3)

Cd(n,2%) (G3)

In(s,p) (S116)

fiss., prec. 4.5h In1u*
(C4, G3, N3, N4)

.........
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Discovery Fission yield, Eoergy of radiations in Mev Produced by and Other
z A Half-life Decay in fission Class LA icles . Gamma radiations mass assignment references §
Cd's 444 (G141) 8. v(?) (M109, A 00008 1.7(G141) abs. Al ~0.5(?) (S117) abs. Cd(d.p) (C4) . = .........
43d (S116, M118, G113) (M118)  1.8(M118)abs. ALLF." Pb Cd(», v) (S115, 5116)
S117) 1.5(S116, S117) abs. Al In(n,p) (S116)
40d (C4) fiss., (M109, G113)
- 115(C4) 444 Cdw
B~ emitter
Cd's  stable
Cduw' 283k (L7) s (N4) A 001(MI112) 13-1L.7(L7) spect.  veuernernennn... Cdd,p) (C4)
2.72h (M112) Cd(m,y) (M8, G3) ceeseecan
fiss., prec. 1.95h Int¥*
(G3,C4,L7, N3, N4)
117(C4), 1.95h In'v
8~ emitter .
Cd* 48.7m (W10) 1.T.. & (N4) (o} . ees  €:017(W10)abs. Al ... ............. Cd(s,x) (D7) ceremnans A
50m (D7) Cd(eie) (W10) =3
Cd(v,7) (F2,W10) E
fiss. (N3, N4) }
49 In'®* 453k (L6) 1T, v. ¢ (N4) A cececsses @1 0.308,0.332 (L5) 0.338(L7) spect. In(n,n) (G3) (M111) 3’
4.5h (L5, C4) spect. conv. In(p,p) (B1) E
4.1h (G3, B1) 0.43(G3) abs. Al ~A0.4(L7) abs. Pb In{e,a) (13) S
In(z,e) (W1) )
In(X-ray) (P4,C3,W1)
Cd(d.p) dese. 2.33d g
Cds (C4,L7)
fiss., desc. 2.33d Cd'\» g
(G3, C4, N3, N4)
Int¥$ stable
In'  1.95h (L6, L7) s (N4) A 1.73(C4) spect. no v (L8,L7) Cddm) @ ...l
1.9h (M112) 1.90(M112) abs. A, F. Cd(d.p) desc. 2.83h
. Cdw (C4,L7)
fiss., desc. 2.83h Cd?
(G3,C4, N3, N4, LD
50 Sawv stable
Sal® stable
Sa® stable
Sni® stable ‘
Safz)  §2h (S108) s (N2) C  0.014(5108) 0.76(S108) abs. Al, F. no v (S109) fiss. (N2, H14, S108)  .........
60h (N2)
~80h (H14) o-q
Sa€121:129 130d (L101) 8- (L101) C 00012 1.44-1.53(L101) abs. no v (L101) fiss.,noactive daughter ......... =
(L101) Al F. (L101) g

| . i

L




51

Sn13t
Sa 1123)

Snl“
Sal®

Sa®

Shn

Sbamw
S\

s)l’
Spim
S,l“
Shso
Tel®
Tel®
Te'®*

Te'?

stable

10d (S108)
11d (H14)

stable
9m (L13)

~20m (H14)
Y0m (N2, H14)

~32.7y (L102)

~60m (N2)
93h (S124)

80h (A2)

4.2h (A2)

~5m (A2)
<10m (A2)
<10m (A2)
stable .

stable

90d (S12, G135)

[ -
8-, v(?)

87 7, X-ray (C102, S124)

g v(D)
5.7

AR R

1.T., e,
X-ray

9.3h (S12, C103, 8~

G135)

(H14)

(H14)
(N%)

ooooooooo

---------

(G112)

(A2)

B

O>»0> PO

A

---------

0.1(S108)

0.023(8127)
0.018(L102)

.........

0.033 (G135) ¢~:0.055,0.082,0.085 X-ray: 0.028(G135)

2.6(S108) abs. Al F.

vese .S;(;-; .; .....
Shumw): 0.7(60%), -

2.7(40%) (S108)
abs. Al, P.

0.3(~65%). 0.7

(~35%)(S127)
abs. Al, F.

~0.6(C102, L102)

abs. Al

see 70m Sp W
1.15(S124) abs. Al

-----------------
.................
-----------------

-----------

(H17) spect.

abs. Al, F.

¥ (5108)

----------------

----------------

(70m Sn 0 +

~60m Shum):
1.2(S108) abs.

Pb

0.6(S127) abs. Pb
0.56(L102) abs. Pb
X-ray: 0.027(S127,

L102) abs. Al

see 70m SaoW
0.72(S125) abs. Pb

................
................
................

................

abs. Al

0.70(S12, C103,G135) no v (C103, S125,

G135)

Sn(d,p) (L13)
Sa(s.v) (L13)
fiss. (H14, S108)

Sa(d,p) (L13)

Sa(m,7) (L13)

125(L13) not prod.

" by Sa(s2s)

fiss. (H14)

fiss., prec. ~60m Sha®™ (S109)
(N2, H14)

desec. Sn(n..'y) (SI127) ceeveneen

fiss. (C102, S124,
S127, L102)
fiss., desc. 70m Sati® (N2) .......

fiss., prec. 9.3h Tel!¥®
(A2, C103)

fiss., prec. 70m Te®(A2) c..cenes
fiss., prec. 77Th TeW3)(A2) ........
hyp. prec. 60m Te!?¥(A2) ........
hyp. prec. 43m Tel13)(A2) .......

Te(d.p), Teln,y) (S12)

I(».p) (512)

fiss., prec. 9.3h Te'¥®
(S12, G135)-

Te(d.p) (T2, $12)

Te(n.v) (S12)

Te(n, 21) (T2)

I(n.p) (S12)

fiss., desc. 93h Sb»?
(A2, C103); 90d

© Tew* 1. T. (S512,G135)

.......

---------

---------

---------

---------
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Half-life

Decay

Discovery

in Bssion  Class

Fission yleld,
%

Energy of radiations in Mev

Particles

Gamma radiations -

Produced by and
mass assignment

Tel‘
Taws

Ter»

Ter®
Te"l"

TQ“‘

Tetis

Tel®?
Tetis)

Te!®

Y . )

stable
324 (512, G139)

70m (A2, G135)
72m (512)

stable ~
30h (A2)
20h (L12)

25m (S12)
30m (A2)

77h (A2)
66h (H3)

60m (A2, W9)

43m (A2)

<2m (D4, G123,

K108)

~1m (H14)

I1.T.,e”

(N111)

[ N xﬂ\y (Az)

LT, e

B—- ." c—'
X-ray

o

8-

-

8

(A2)

(A2)

(A8)

(A2)

(A2)

A

A

Cc

D

0.19(B119)

~0.5(K104)

svreoenas

3.6(E110)

---------
.........
---------

¢
spect.

1.8(W104) spect.

1.75(M113) abs. Al,
F.

1.7¢(G135) abs. Al F,

1.6(N111) abs. Al, F.

e~: 0.147,0.175(H17)

spect.

0.28(N115) abs. Al, F.
~0.3(B3) abs. Al
e~ (N115)

.................

.................

.................

.................

=: 0.070, 0.10(H17) X-ray (G133)

0.3, 0.8(G135) abs.
Pb

0.3, 0.7(M113) abs,

Pb
X-ray: ~0.030
(G135) abs. Al

esrscacasrcasene

0.22(N115) abs. Pb
X-ray (A2) abs.

................

Te(d,p) (S12)

Te(n,v) (812)

Te({n,2n) (T2)

fiss., prec. 70m Te!®
(S12, G135)

Te(d,p) (T2, S12)

Te(n,v) (S12)

Te(n,2n) (H12, T2)

Te(v.%) (B7)

fiss., desc. 4.2h Shi»
(A2); 32d Tern*
1. T. (812, G135);
prec. very long I'%
(S12, L112)

Te(d,p) (S512)

Te(n,v) (S12)

fiss., prec. 25m Tel¥
(512); prec. 8.0d
11 (A2, H4, 512)

Te(d,p) (S12)

Te(n,y) (S12)

fiss., desc. 30h Teln1*
I. T. (512); prec.
8.0d I'» (A2, S12)

fiss.,desc. ~5m Sb (132}
(A2); prec. 2.4h
I (A8 A2, H3,
H4, N115)

fiss., desc. <10m Sb¥?
(A2); prec. 22h
113 (A2, H4, W9)

fiss.,desc. <10mSb 130
(A2); prec. 5im
103 (A2, HY)

hyp. prec. 6.7h 1'%
(821, D4, G123,
K108, W9)

fiss. (H14)

i J;

.........

---------

---------

.........

74 44
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as

ns

jas

=

Q™
ns
10m

Xelt

Xein
xcuo

Xelas

stable

very long (L112)
8.0d (L12, G142)
7.9d (A2)

2.4h (A2)
2.3h (H3)

22h (A2, S21,
K108, W9)
18.5h (H4)

54m (A2)

6.7h (G123, K108)
6.6h (S21, D4, W9)

1.8m (S25)
30s (S25)

22.0s (H111)
23s (L105, R101)

stable
stable

stable

5.3d (E112)
5.4d (C2)

stable

8-
.ol N

8

8.7

8.

|- i

s
s
[ )

.......

.........

(A8)

(A2)

(A2)

(S21, D4)

(525)
(S525)
(B11, L105)

(T101)

(T10%)
(L)

(T101)

A

C

A

..........................

2.8(t) (E111) 0.595(D1, D6) spect.
0.60(M113)abs.Al, F.

0.367(D6) spect.,

0.36(S144, M113)

abs. Pb
0.4(L12) abs. Pb
......... 1.0(~50%), 2.1 0.6(~50%), 1.4
(~50%) (N115) (~50%) (N115)
abs. AL, F. abs, Pb

1.3(B3) abs. Al 0.85(B3) abs. Pb

~4.5(K108) 1.3(S144) abs. Al 0.55(S144) abs. Pb
1.1(P1) cl. ch.
~ST(K112) ceivieveracnennes >1(G123) abs. Pb
5.6(G123, 1.35(K108) abs. A1, F. 1.6(K108) abhs. Pb
K108) 1.5(S144) abs, Al 1.3(S144) abs. Pb
......... 0.35(E112) abs. AL F. 0.085(E112) abs. Cu,
0.33(E103) abs. Al Pb
0.32(B3, S16) 0.083(B3) abs.
0.26(W9) X-ray:0.03)(F"'?2)

e~ : 0.049(H18) spect. abs. Al; 0.04v

(E103) abs. Al

spect. conv.; 0.080
(D6) spect. conv.,
abs. Pt, Hg, coinc.

hyp.desc. 70m Te!®(S12) ........
Te(d,n) (L12, R2) (pP108, HH,
fiss., desc. 25m Teldl T1)
(L12, A2, S12)
fiss., desc. 77h Te(t (M116)
(A8, A2, H3, N115,
H4)
fiss., desc. 60m Te!¥? (W7, K113,
(A2, H4, W9); P107)
prec. 53d Xel¥?
(S21, D4, W9)
fiss., desc. 43m Tet13® (P2, P13,
(A2, H4) P106)
fiss., dese. <2m Te'® (W7, K110)
(D4, G123, K108,
W9); prec. 92h
Xe (~90%) (S21,
D4, W9); prec.
13mXe38*(~10%) (W9)
fiss. (S25) = .eeeene..
fiss., prec.3.4m Xe!?(S18) ........
fiss., prec. XeU®M jnst. (R5, S154)

n emitter (L.105)

fiss. (T101) mass spect.;
desc. 8.0d 1'%

fiss. (T101) mass spect.

Xe(d.p) (C2)

Xe(n,y) (R1)(D)

Te(a,n) (C2)

Ba(n,a) (W7, W9, C101)

Cs(n»,p) (W7, W9, C101)

fiss., desc. 22h ¥
(S21, D4, W9)

fiss. (T'101) mass spect.

‘9%61 ““AON
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z A Hall-life Decay Dlﬂma):sfor: F‘W‘.‘zkld' Bm’e? ot ndhmp'(;:m‘i.:ndiat ions P:::’u“c:fli‘::n:::t re(f)e'r‘:::“ E
Xe'®*  13m (N116) LT.. v, (GY) Y e: 0.50(N116) abs. 0.53(N116) abs. Al, Xe(n,y) (R1,S16)  ......... e
15.6m (R1, S16) Al; 0.6(S16) abs. Al conv, frss,, dese. 6.7h 1'%
10m (W9) ~0.5(W9) abs. Pb (~10%) (G4, S16);
0.6(S16) abs. Al, prec. 9.2h  Xe'¥
conv, (G1, W9)
Xe™  9.2h (H105) 8~ 7 (821, D4} A 5.9(H109) 0.94(H105) abs. A1, F.  0.25(W9) abs. Pb Xed,p) (C2) ...,
9.4h (S21, WT7) 0.96(\W9) abs. Al 0.26(5144) abs. Pb Ba(n,a) (W7, 516, W9)
9.5h (D) 0.92(B3) abs. Al fiss., desc. 6.7h I3
0.90-1.0(S144) abs. Al (~90%) (S21, D4, S186,
W0); 13m Xeld®
1.T. (W9); prec. >2.5
X 10%y Cs!¥ (E107)
Xe™  stable ... (T101) A s e fiss. (T101) mass spect. ‘
Xel® 3.4m (R], S16) (. (518) B ... ~4(S18, B3) abs. Al ... ... ..... . Xe(n,v) (R}, S16) (B2) 2
3.8m (S18) fiss., desc. 30s I@ g
(518); prec. 33y &
Cs'¥ (G123, T102) . :’
XeO'¥ jinstantaneous = (L105) (L105) C 017%offiss. #:067(B125) cl.ch. ...... . ... ... fiss., dese. 22.0s 10U | g
(L103) neutrons 0.56(H111) abs, (L103) ﬁ
(H111) paraffin . <
Xe's  17m (G2) s (H4)  : T fiss., prec. 32m Cs'™ (S16, H5) 2
16-15m (S14) (H4, G1, G2, S14) i
Xe'» 415 (D109) 8 (HE, H22) A iiiiir tveevmneennanasas  tinsnraransenonn fiss.,, pree. 7m Cs'™® .. ...,.. §
~30s (H22) (H22, - H4, H5) Q
prec. 85m  Ba'® 4
. (D109, H5, H22)
Xet®  16s (D109) . (H5) A L. . Ceerenansenes ceee  eeeesiesenes ves. fiss,, prec. 12.8d Ba'* (D108)
9.8s (0102) (H5, B118, 0102,
D103, D109)
Xet!  3s (D109) |- (B118) . cesenacesss  ssesssees ceeras fiss., prec. 3.5h Lalt | ... .,
1.7s (K119, 0102) (B118); prec. 28d
Cel41 (0102, D109)
Xe'® 15 (D109) .o (B118) A treetnens  sesenes teteessras  eesesesesesesses fiss., prec. 33h Cetd | ...
(B118, D109); prec.
. 13.8d Pr'# (0102)
Xei#  short (D103) . (D103) O e eesencseriises . fiss., prec. 275d Cet4(D103) (0102)
Xett®) (0.8s (D109) B (A103) C .. . Ceeeteesesavanase  esesasavecesesan fiss., prec. 1.8h Ce'%)(D109) .....
Xe 68m (C2) L T.(?) R, (0 T, ceerecesasnenes ceeccatesaeneans Xe(d.p)(?) (C2) cessesans
- (S16) Xe(n,n)(?) (S16)
55 Cs18

5

stable




>25X 104 (E107) A~ ..., P .. hyp. desc. 67h 1% CTTUUUUCC Z
>2 X 10% (G123, F106) - (G123, F106, E107) 3
CsO® 134 (F111,6G137) 8. v (F107) C  0.008(F111) ~028(F111) .u?u 12(F111) abs. Pb, fiss. (F111,G137)  ..cee-eee —
0.011(G137)  coinc. coinc. g
Cs'" 33y (G140) . (s27) A iieeee 0.5(50%), os(so%) 0.75(G136) abs. Pb  desc. Xe(n,v) (T102) (G104)
(G136) abs. Al, F. 0.7(M113) abs. Pb 137 (F106) not 135
~0.4(50%),0.8(50%) fiss., desc. 3.4m Xe!¥
(M113) abe. Al F. (T102, G123) 137
(L110) mass spect.
Cs® 32m (G2,G139) @&, v H4,H2) B ......... 2.6(G3) abe. Al 1.2(G139) abs. Pb  Ba(s.p) (S186) (H5, P109)
33m (A8, H4, fiss., desc, 17m Xel®
Ell14) (H4, G1, G2, S14)
Ca'®  7m (H5) s (o= (0 : ¢ Y fiss., desc., 41s Xe!® (HS, A6)
10m (H22) ) (H4, H22, H5); prec
. 85m Ba'® (H4, 1122)
Cst®  40s (H5) [ (H5) o fiss. (HS) e Z
Csi®  short (HS5, BLIS, g~ (H5) A eeeeein eeeens ereenee e, fiss., desc. 165 Xel®prec. .. vuu.es é
0102, D103, 12.8d Bal® (H5,H12, -
D109) , D118, 0102, D109, D103) o
Cs'a  short (B118,0102, £~ (B118) A it tiiittesecsrenteee teessisecrananes fiss., dese. 3s Xelt . ......0
D109) prec. 37h Laww
(B118); pree. 28d
_ Ce' (0102, D109) 2
Cs0®  ~1-2m (H12) s (H12) D iiiiiite tecesseasssecnses  eeeencecnneceeans fiss., prec. 6m Bat®(H12)........ E
Csl&®  short (B118, 0102, 8~ (B118) A ittt eiieeeesececesene eeeeieeesnnenenn fiss., desc. 1s Xeld (A103) .
D109) . prec. 33h Ce® S
(B118, D109); prec. -
13.84 Pr# (0102)
Cs!%  short (D103) I (D103) A ittt tiierereereetene eereeeseeeaaen .. fiss.,, desc.short Xel® .........
prec. 275d Ce¥¢4(D103)
CsU®  short (D10S) s (A103) C ittt tieeseeeesseneses eeeeeeenerenenns fiss., desc. 0.8s Xe® . ...,
prec. 1.8k Ce 19} (D109)

56 Ba'®  stable

Ba™ stable =000 L.l low (G147)

Bal®  stable

Ba'®  stable

Ba'®  85m (D107) f. i (H2) A 6.3(K113) 22(B3, K113) abs. Al 0.6(K2) abs. Pb, Cu Ba(d,p) (P8, K2) (H5, H6)
86m (PS, H6, H2) Ba(s,) (A3, P7)
87m (H22) . La(n,.p) (PS, P10)

Ce(»,a) (W3)
fiss., desc. Tm Cs'®*(H4, H22)




ST mame vy DT e TR SmpcindeeiMe . Dmtmm 2

Ba'®  12.84 (E116) 8y, (H2) A 6.1(F108) .  1.05(W105) spect. 0.542(W105) spect.  fiss., desc. short Cs'® (P110,L106

~12.5d4 (H2) 5.8(E110) ~0.4(25%),1.0(75%) 0.529(N101) spect. (H5, H12, BIl18, W103)
. (E106) abs. Al 0.5(E106) abs. Pb 0102, D103, D109)
1.0(C109) abs. Al; prec. 40h Lal® (H2,
(M113) abs. Al, F. C107, C109, M117)
& :0.50 (W105) spect.

Sa™ 18m (H12,G132) #-, v (H12) B 46(G133)  iiiiiiiennnennns v (G132) fiss., desc. short Cstét . _.....
(B118, 0102, D109)
prec. 3.7h Lalt (H12)

Satt®  gm (H12) s (H12) o Creseenee  eteensesemsetesee beceeeerannnaians fiss.,desc.1-2mCstt»> |
prec. 74m La s (H12)

W <0.5m (H132) [ o (H2) A teesees  seseesesessasssss  sesesasessecaens fiss., desc. short Cs™* | ... .... .
(B118, D109, 0102) ;
prec.19mLal% (H2, H12)

Bal  short {(D103) . o (D103) A ceenane ee  eetessicatecestis mmseseserseneens fiss. desc, short Cs'¢¢ .. ...,
prec.275d Ce* (D103)

Ba(® short (D109) . ot (A103) C asessacss  sesessesssesessat  secetecescesaeca fiss., desc.short Cst#®» | .

. prec. 1.8h Ce 14 (D109)
S La'™®  stable
1al® 40.0h (M9, W4) [ ) (H2) A eebrasens 0.90(20%%), 1.4(70%), 0.335(1%), 0.49 La(n,y) (M4, P10, (P111,L108,
40.2h (B106) 2.12(10%)(02) (7%, 0.83(14%,), M9, G5, W4) H12,
spect. 163(74%),2.3 . La(d.p)(P6,P10,M9, W107,
1.45, ~2.2 (low in- (4%) (M115) W4) S140)
tensity) (W106, spect. Ce(n,p) (W4)
W103) spect. 0.335(2%,), 0.49 fiss., desc. 12.8d Bal® .
1.41(W4) abs. Al, (5%). 0.87(10%), (H2, G2, Cl107,
spect. 1.65(77%), 2.3 C109, M117)
1.5(C107, C109, (6%) (W106) 140(L110) mass spect.
G131) abs. Al spect.
1.75(M113, B106) 0.333, 0.505, 0.832,
abs. Al, F. 1.61,2.52, (02) spect.
1.69(>97%,), 2.5
(<3%) (D102)
abs. Al, coine.
2.0(W4, M9) ab-
Pb; (M1, M2) spect.
2.1(C107,C109) abs. Pb

Laus 3.7h (K105) 5, y(1) (H12, B107) B cesesoass | 2.8(K105) abs. AL, F.  +4(?) (X105) fiss., desc. 18m Bamtr _.,......

3.5h (H12)

i

(H12); prec. 28d
Cet4 (B107, B109)

A/
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Lat

hl"

Lalte

Lati®

Celn
Celt

Cel®t
Cel

Cett

Celt®

Celi®)

74Am (H12)
77m (K105)

19m (G103)
20m (H12)
~15m (H14)

short (D103)
short (D109)
stable

284 (B122)
30d (P9)

stable

33h (B114)
32h {E113)
36h (P9)

275d (B124)
300d (H14, B3)

1.8h (B108)

14.6m (S103)
~15m (G7)

-

[

8

B

(H12)

(H12, G103)

(D103)

(A103)

(H8)

(5139)

(H8)

(B108,
B104)

(G7)

A

.......................... vy (K105)
D S ) ) A
5.7(5102) 0.55(B114, M113) 021(B114) abs. Pb
abs. A}, F. 0.22(M113) abs. Pb
0.65(P9) abs. Al 0.2(P9) abs. Pb
5.4(K114) 1.35(B114) abs. Al, 0.5(B114) abs. Pb

F.; (E113) abs. Al

5.3(R102) 0.348(N105) spect.
~0.3(W112) abs. Al,

F.; (N107_ abs. Al

no v (S111)

.............................

................

I

fiss., desc. 6m Ba(l41)
(H12)

fiss.,desc. <0.5mBa'? . _..., .o
(H12, H14, G103,
B118, A103); prec.
33h Ce!* {G103)

fiss., desc, short Baltt (0102)
prec. 275d Ce'44 (D103)

fiss., desc. short Balt® ., ...
prec. 1.8h Ce(1®) (D109)

Ce(d.p) (P9, B122)

Ce(n,v) (P9, B114)

Ce(n,2n) (P9, B114)

Ba(a,n) (P9)

Pr(n,p) (P9)

fiss., dese, 3.7h Lait
(B107, B109)

141(L110) mass spect.

(G131,
P114)

Ce(d,p) (P9) (Bl22,
B114)

Ce(n,y) (P9, B114)

fiss., desc. 19m Lalé?
(G103); prec. 13.84
Pri¢d (P9, B122, B114)

143(B114) not prod.
by Ce(n,2n)

143 (L110) massspect.

fiss., desc. short Lal#  (P115)
(D103, A101);prec.
17.5m Pri¢t (N107,
B122, H14, Sl111,
L110, G130}

144 (L110) massspect.

fiss., desc.short Lati#)  (B104)
(B109, D109); prec.
4.5h Pr# (B108, K106)

(B107,
P112)

fiss., prec. 24.6m
Pru« (G7, H14, S103)
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z A Hall.lile Decay ?-mww Pi‘b“:r.m' P-.rudus'w o ndhm(}:.:nz:vndhw muﬁ;,m:‘tl n%’::'cen
59 prwt stable
Priv 13.84 (M104) . (B10}, A .. 1.0(M104, B114) abs. no v (B114, M104) fiss., desc. 33h Ce?¥* (H14, B103,
144 (B102) B102) Al F. (P9, B122, Bl14) P113)
14.24 (0101) 0.95(P9) 143 (1.110) massspect.
13.5d (P9, C108)
Prive 17.5m (N107, [ A (N107, H14, A  ......... 3.07(N105) spect. 0.135, 0.145(?) fiss., desc, 275d Cerd [, ... ...
S111) G130) 3.0(W112) abs. Al, (N105) spect. (N107, B122, H14,
18m (G130) F.; (G130) abs. Al coav, G130, S111, L110)
17m (H14) 3.1(B3, H14) abs. Al 0.22,1.25 (low inten- 144(L110) massspect,
3.2(M113) abs. A, P. sity) (S111) abs.
2.8(N107, B122) Pb
e~: 0.001, 0.128,
0.103(?) (N105) spect.
Pras) 4 5h (K106) s (B101, cC ... 3.1(K106) abs. Al, F. no vy (K108) fiss., desc, 1.8h Ce?y ...
4.7h (B108) B108) (B108, K106) _
Pr(i%) 24 6m (S101) 8.7 (G7) C ~3(S101) abs. Al 1.4(S101) abs. Pb fiss., dese. 14.6m Cet® | | Ve
25m (G7) (G7, S103)
60 Nd4d“* stable
Nd*¢ stable
Nd®  stable
Nd'*®  stable
Nd'™® 11.0d (M119) B.7.6, (D101, A 2.6(M119) ~0.4(40%), 0.90 0.58(M119)abs. Pb  Nd(m,vy) (M122, (S110)
- X-ray M103) (60%) (M119) abs. X-ray: ~0.040 M103)
AL R, (M119) abs. Al fiss, prec. 3.7y 611¢
¢ : 0.03(M119) abs. (M120, M108)
Al 147(M 119, M103) fiss. yld.
147 (L110) mass spect.
Nd'® stable
NdOw 17h (M122) g,y ........ (o) 1.5(M122) abs. AL, F, vy or X-ray (M122) Nd(d,p) (P10) (M102)
2.0h (P10) X-ray Nd(n,v) (P10, M122)
Nd(»,2n) (P10)
Nd»  stable
Nds»)  short (M122) . 65 ) Nd(»,y) prec. 12m ....... .
61080 (M122)
61 614 3.7y (S113) . (B110, A ... 0.20(M120, S112)abs. no v (M120, S112)  Nd(»,y) desc. 11d ... .......
4y (B112)‘ G130, Al F.; (G130, Nd'+7 (M120)
22y (S113) - M103) B110, B112) abs. Al fiss., desc. 11d N4
(M120, M108)
147(L110, H102) mass spect.
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611,

61080

6118
61
&nlﬂ
&n\-
Sm (8D
Sm™
Sm™s

Smws
Smms

Smwe

Eust
Euns:

Eu

47h (M1213
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