Nuclei Formed in Fission: Decay Characteristics,
Fission Yields, and Chain Relationships

Issvep BY THE PLuTOoNIUM 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 partly
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 given 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 energies, 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. Siegel, based partly on
previous ones circulated on the Plutonium Project prepared by
Coryell (C115), Coryell and Brady (C116), Brady and Turkevich
(B120), Winsberg and Sugarman (W121), Glendenin, Siegel, and
Coryell (G148). and Seaborg and Kohman (5149) based on the un-
classified general tables of Seaborg (S19). Certain references (G130,
T101) have been made available through courtesy of the National
Research Council of Canada. Reprints of this survey may be ob-
tained by writing: Plutonium Project File, The American Chemical
Society, 1155 16th St., Washington 6, D. C.

Publication 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 Plutoniun: 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 by various Project specialists in Volunie 9A
of the Plutonium Project Record, Radiochemis-
try and the Fission Products. The detailed ex-
perimental work is to be given in the associated
Volume 9B, Collected Papers on Radiochemistry
and the Fission Products, based on material now
available only in the manifold secret reports of
various sections of tlie 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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possible. It is not feasible, however, in this lim-
ited framework to indicate the indirect contri-
butions to the extent that will occur in the PPR.
In giving references, it seems advisable to follow
the pattern of a normal survey article, 4. e., to
list all results that present 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
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 inetastable 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 hours, “‘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 cousideration the estimated precision
of individual measurements.

Column three gives the mode of decay and the
type of radiations emitted. The following sym-
bols are used: B~ for negative electrous emitted
from the nucleus, ¥ for gamma rays, e~ for in-
ternal-conversion electrons, » for neutrous, and
“I.T.” for isomeric transition. In the cases in
which it has been established that the nucleus
emits little or no gamma 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 the 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 mass assigient. The classes are to
be interpreted as follows:

A = element certain, isotope certain;
B = clement certain, isotope probable;

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-
ebly formed in the process.
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The value of the fission yield of the nucleus in
percentage for U is given in column six. It is
defined as the percentage of the fissions leading to
tlie nucleus in question by direct formation and
decay of precursors. Most of the values were de-
termined relative to the value of 6.19, for 12.8d
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 cases the fission
yield will not be appreciably greater for succeed-
ing members of the decay chain (G147).

The fission ?'ields of the delayed neutron emit-
ters Kr®, Xel13 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 i1 question, as indicated in the table. These
data can be transfornied 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 arelisted 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:

Spect. = maghetic spectrometer or spectrograph
studies,
Abs.AlL F, = absorption of the particles in aluminum

(range evaluated according to the

method of Feather (F4,F5,F6)),
absorption of the particles in aluminum

(range estimated visually or from the

half-thickness),

Abs.Al, coinc, = absorption in aluminum of 8-y coinci-

dences,

CLCh. = cloud chamber studies.

The selection of values for the maximum energy
of a beta spectrum or the energy of conversion
electrons is based primarily on the method used
in tleir determination. The various methods
cmployed 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 been recalculated using a revised range-energy
relationship (G145).

Gamma ray energies are listed in columu eight.
Each value is followed by a description of the
method employed in its determination and the
following abbreviations are used:

Abs.Al
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Spect. = magnetic spectrometer or spectrograph
studies of secondary electrons,

Spect. conv. = magnetic spectrometer or spectrograph
studies of conversion electrons,

Abs Pb = absorption of radiations in lead (when
elements other than lead were used they
are designated by their chemical sym-
bols),

Abs.Al conv. = absorption in aluminum of conversion
electrons,

Abs.Al, coinc. = absorption in aluminum of secondary
electron coincidences.

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.

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 relatiouships are included in the
item designated as fission, “fiss.,”” and only refer-
ences which contribute to the establishment of
the relationship are cited. The abbreviation
‘“‘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 yield of a nucleus 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
vields. 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 numbers greater than 117. Parentheses
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around the mass number indicate that the mass
assignment is uncertain.

Genetic relationships of the fission products are
shewn 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 yet 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. In afew
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 U?% 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, resulting from two large frag-
ments per fission.

Description of the List of References

A list of the references is giveu ot pp. 2414-15,
2436, and 2441-42. References are segregated
alphabetically by the initial of the last name of
the first author. A number below 100 signifies
that the reference 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
process of being declassified and will eventually
be 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
papers volume, Radiochemistry and the Fission
Products, PPR Vol. 9B, the manuscript of which
is not at present available but is in the process of
being edited and declassified for open publication
in the spring of 1947. The volumes of the Man-
hattan Project Technical Series will be well ad-

(2) Ed.Note: Grummitt and Wilkinson of the National Research
Council of Canada have recently published a similar yield-mass
curve for about 20 chains (Nature, 168, 163 (Aug. 3, 1946)).
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vertised in advance of publication. Queries about
this article may be addressed to the District
Engineer, P. O. Box E, Oak Ridge, Tenn., at-
tention Information Branch.

The advice and criticism of L. E. Glendenin,
C. D. Coryell, N. Sugarman, and W. H Sullivan
in the preparation of this survey article are grate-
fully acknowledged. The preparation of the
survey was facilitated by use of an index of re-
ports on fission product chemistry prepared by
L. Winsberg (W120). Thanks are due Miss June
Babbitt for assistance in the preparation of the
manuscript.
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TABLE I
TaBLe or FissioN ProbucTs: CHARACTERISTICS
Nucleus Discovery Fission yield, Energy of radiations in Mev Produced by and Other
z A Half-life Decay in fission Class % Particles Gamma radiations mass assignment references
30 Zn™? 49h (S121) [ (S120) A 1.5 X 10~%*  0.3(~95%), ~1.6 v (S121) fiss., prec, 14 25h Ga™ | ...
(8121) (~5%) (S121) abs, (S121)
Al F.
Zn™ <2m (S121) 8~ . 1102 hyp. prec. 5h Ga?® (S121)  ......
31 Ga” stable
Ga’? 14.25h (S121) 8,y (5120) A L 0.8(~65%), ~3.1 0.64(~10%), 0.84 Ga(d,p) L11; ...,
14.1h (S1) (~35%) (8121) (~45%), 2.25(~45%) Ga(n,y) (S1, S121)
abs. Al, F. (M114) spect. Ge(n,p) (S10, S121)
1.71(83) cl.ch. (K.U.) 1.17,2.65(M2) spect. fiss., desc. 40h Zn"®
2.1(S121) abs. Pb (s8121)
Ga™? 5h (S121) [ (S118), (S121) B 1.0 X 10—¢ 1.4(S121) abs. AL F. no v (S121) Ge(n,p) (S121)  .....
(S8121) fiss., desc. <2m Zn'* (S121)
73(S5121) fiss, yld.-ener.
32 Gen stable
Ge?? stable
Get stable
Ge™ 89m (S11) - 2 (A) ... 1.2 (S11) abs. Al ¥ (S11) Ge(d,p) (S1,810,811)  ......
1.1(83, S10) cl. ch. Ge(n,y) (S1, S10)
(K.U) Ge(n,2n) (S10, S11)
As(n,p) (S10, S11)
Se(n,a) (S10, S11)
Ge(v,n) (H23)
Ge™ stable
Ge? 12h (S11) [ (S133) A 00037(S134) 2.0(S133, S134) abs. v (S134) Ge(d,p) (S1,810,811)  ......
11h (S134) Al Ge(n,y) (S1, S10)
1.9(S3, S10) cl. ch. Se(n,a) (S11)
(K.U.) fiss., prec. 40h As7 (S134)
77 (81, S11) not prod. As(n,p)
Ge™  2.1h (S134) 8-, v (S133) C  0.020(S134) ~0.9(S134) abs. Al (S134) fiss., prec.90m As¥® (S134) ......
B As™ stable
As™ 40h (S134) (5133) B 0.0091(S151) 0.7(S134) abs. Al  ..........o.n... fiss. (S151) desc. 120 ......
Ge™ (S134)
As™ 80m (C5) B~y A ... 1.4(S6) cl. ch. (K.U.) 0.27(S6) abs. Pb Se(n.p) (S6) ...
65m (S6, S22) Br(n,a) (522, C5, S6)
As™®  90m (S134) [ (5133) C  0.020(S134) 1.4(70%),4.1(30%)  «vvvrvnenenen-n. fiss., desc. 2.1h Ge™ ..
(S134) abs. Al, F, (8133, S134)
AsH <10m (G117) - 2 2 hyp prec. 17m Se?! (G117) ......

NOISSI NI QAWAO IATOAN 91%¢

80 '[OA



35

Sell

Ses?

Sess

Sesi

Br*
Bt
Br#?

Br%

Brs«

stable

stable

<10m or

>7 X 10% (G122)
stable

59m (G117)
57m (S22, L2)

17m (G117)
19m (L2)

stable

256m (G117)
30m (L2)

~2m (G117,
El15)

stable

stable

34h (S22)

2.4h (K115, G117)
2.45h (S22)
2.33h (L2)

30m (S25)
33m (K101)

8-

I.T., v, e~

8-

6

[ s

8-

[

(G118)

(G108)

(G108)

(G117,
E115)

(F112)

(L2, S25)

(D3)

0.008(G117)

0.125(G117)

0.21(G117)

2.8 X 10~
(F112)

0.40 (G117)
0.30(K115)

0.65(K116)

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

e~ : 0.0868(80%),
0.0964{20%,) (Hi7)
spect.

e~: 0.085(L2) spect.

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

1.5(G117) abs. Al F.

0.465(R3) spect.

0.9(G117) abs. A}, F.
1.0(L2) abs. Al F.
1.3 (§22) 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(G117)
abs. Pb

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

no vy (S22, G117)

v (K101)

79(G117) not mass 81

Se(n,y) (S22, H21)
Se(d,p) (822, L2)
Se(y,n) (B7)
Br(n,p) (L2)
fiss., prec. 17m Se8*
(L2, G117)
Se(n,v) (822, H21)
Se(d,p) (522, L2)
Se(y,n) (B7)
Br(n,p) (L2)
fiss., 59m Sed1* I.T.
(L2, G117)
81(G117) fiss. yld.-ener.

Se(n,vy) (822, L2)

Se(d,p) (L2)

fiss., prec. 2.4h Br8
(822, L2)

fiss., prec. 30m Br#
(G117, E115)

Br(d,p) (S22}
Br(n,v) (K7, S22)
Se(p,n) (B9, R4)
Se(d,2n) (522)
Rb(n,a) (S22, P7)
fiss., (F112)
Se(d,n) (S22)

Se(d,p) desc. 25m Seb® (L2)

Se(n,vy) desc. 25m Ses*
(822, L2)

fiss., desc. 25m Se$? (L2,
G117, S22); prec.

113m Kr#* (L2, E102)

Rb(n,a) (B2)

fiss., desc. ~2m Se# (D3)

(W109)

(D8, D4)

(M10,
S143,
G108)
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Nucleus Discovery Fission yield, Energy of radiations in Mev Produced by and Other
z A Half-life Decay in fission Class % Particles Gamma radiations mass assignment references

Br% 3.0m (S25) 8- (825) A fiss. prec. 4.5h Kr% (S18, B2).. ...

Br¥ 50s (S25) 8~ (525) A e e fiss., prec. 75m Kr% (S18, B2).....

Br®  55.6s (H111) 8 (m) (B11, L105) € i et e fiss., prec. Kr® inst. (S154, S126)

56s (L105) n emitter (L105)
36 Kirs? stable L. low (G147)
Kr#*  113m (L2) LT, e (L2) A Ll €¢~:0.032,0.045,0.028 X-ray(E102) Se(a,m) (C1,C2) ... ...,
(H17) spect. Kr(d,p)? (C1, C2)
¢~ :0.035 (L2) abs. air Kr(d,d)? (C1, C2)
desc. Se(n,y), (d.p) (L2)
fiss., desc. 2.4h Br®?
(L2, E102)

K% stable ..., (T101) . o fiss. (T'101) mass spect.

desc. 2,4h Br®

Kr#t stable ... (T101) 7 ... fiss, (T101) mass spect.

desc. 30m Br#¢

Kr# 4.5h (H108, 822) 8-, v (S18) A ... 0.94(H108) abs. AL, F, 0.17,0.37(H108) abs. Kr(d,p) (822,C1,C2) .........

4.6h (S18) 0.85(B3) abs. Al Pb Sr(n,a) (B2)
4.0h (C2) Rb(n,p) (B2)
fiss., desc. 3.0m Bré
(S18, B2)

Kr# ~10y (H110) .. (H104) A ~10.24 0.74(H110) abs. ALLF. no vy (H110) Kr(n,v) (H108)  .........
(H110) fiss. (H104)

85(T101) mass spect.

Kr stable ... . (T101) 7 fiss. (T101) mass spect.

Kr¥ 75m (S18) ‘. (S18) A ... ~4(B3)abs. Al ..., ... Kr(d,p) (822)  .........

74m (S22) Rb(n,p) (B2)
87(B2) not prod. Sr(n,a)
fiss., desc. 50s Br?¥
(S18, B2)

Kr®  instantaneous » (L105) (1.105) C  0.0269% of 7:0.30(B125) el. ¢ch. ................ fiss., desc. 55.6s Br® (825, S126,
fission 0.25 (H111) abs, (L105) B2, R101,
neutrons paraffin S18)
(H111)

Kr® 3h (L1) B8~ (L1) A L 2.5(W2)cl.ch. (K.U) ..ovvvvvnnnnn, fiss., prec. 17.8m Rb# (HS5)

2.8h (G2) (L1, A6, Gl, G2,
H7, H22)
Kr® 2.6m (D109) 8~ (G1, S14) 7 N fiss., prec. 15.4m Rb%® (D103,
2.5-3m (S14) (G1, G2, S14, H7); D108)
2-5m (G2) prec. 53d Sr* (G1,

G2, 0102, D109)

81%¢
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Ko

K‘-ﬂl

Kromn

Kr0

Kroo

Kr¥

Rb#
Rb

RbL*

Rb®

Rb%?

Rb»

Rb"

Rb®

~33s (K119) 8~
9.8s (D109) 8~
5.7s (0102)

3s (D109) 8-
2.0s (D109) 8~
1.4s (D109) 8~
short (A101) .
stable

19.5d (H26) [: P

6.3 X 10y (S28) 8=, v. ¢
17.8m (G2) '

18m (H7)

17.5m (W2)

15.4m (G2) -
15.5m (H7)

short (D103) B8~

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

short (H15, B118, B8~
D109)

(D103)

(H8)

(H5)

(H16, B118)

(H15)

(A101)

(F113)

(H4, H22)

(G1, S14)

(D103)

(H8)

(H5)

A

~1.6 X 10~*
(F113)

1.60(H1) spect.
1.56 (H26) abs.

. 0.132(L8) spect.
0.13(01) spect.
0.25(K3) spect.
4.6(G2) abs.
5.1(W2) cl. ch.

3.8(G2) abs.

0.034, 0.053, 0.082,
0.102, 0.129 (O1)
spect. conv,

fiss.. prec. 25y Sr%
(D103, K119)

fiss., prec. 9.7h Sr!
(D109); prec. 57d
Yt (H8, B11S,
0102, D103)

fiss., prec. 3.5h YO
(H5, H6, HS8, H15,
B118, D109)

fiss., prec. 10h YO®
(H16, H13, B118,
D103, D109)

fiss., prec. 20m Y @9
(H15, D109)

fiss., prec. 17h Zr%
(A101, D109)

(D108)

(D108)

(H15, D108,
0102)

Rb(n,) (S22, S15)
Sr(d,a) (H26)
Rb(vy,n) (H23)
fiss. (F113)

87(N1) mass spect.

(T3, C6)

Rb(n,v) (P7, S22)
fiss., desc. 3h Kr® (L1,
A6, H22, G1, G2, HY)

fiss., desc. 2.6m Kr#
(G1, G2, S14, H7);
prec. 53d Sr¥ (G2)

fiss., desc. ~33s Kr%
prec. 25y Sr* (D103)

fiss., desc, 9.8s Kri!
prec. 97h  Sr%!
(D109); prec. 57d Y"
(H8, B118, 0102, D103)

fiss., desc. 3s Kr®»;
prec. 3.5h Y62
(H5, H6, H8, H15,
B118. D109)

(H5)

(H13)
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z NucleAus Halif-life Decay Ii)t:sg:svi(e);y Class Ftssio(t%yxeld, Parg’clleersgy of mdmnoné;;g:‘;adiations Ix::gsu:segg':l’;nzﬂe refce)trz:l'cu
RbO®»  short (H16, H13, g~ (H16, B118) € ... i ittt e fiss., desc. 2.0s Kr®» ...
B118, D103, prec. 10h Y®?
D109) (H16, H13, H15,
B118, D103, D109)
Rb®Y  short (H15, D109) 8~ (H15) i e it e et fiss., desc. 1.4s Kr®v . ..
prec. 20m YOO
(H15, D109)
RbY short (A101) 8 (A101) 7 P fiss., desc. short Kr¥7 .........
prec. 17k Zr¥
(A101, D109)
Rb 80s (H5) 8~ (H5) G e it e et fiss. (H5)
38 Srte stable ... low (G147)
Sr¥ stable
Sres stable
S 53d (G138) 8~ (L9) A 4.6(N112) 1.50(W104} spect. no y (G138, $23, Sr(n,v) (823, S24) (H5, H7,
54d (L9) 1.52(N101) spect. S24) Y (n,p) (S4) H1, P104)
55d (S23, S24) 1.5(G131, B3) abs. Al; fiss., desc. 15.4m Rb# (G2)
(S24) cl. ch. 89 (L.108) mass spect.
Sr# 25y (N110, G134) g~ (H16, N108, A  ......... 0.6(G134) abs. Al, F. no y (G134, G130) fiss., desc. short Rb® (M113)
G130) (D103); prec. 65h
y® (H16, HI13,
N108, G130,
90 (H101) mass. spect,
Srit 9.7h (K102) [: (G6) A 5.0(F103) 1.3(40%), 3.2(60%) ~1.3(K102) abs. Pb  Zr(n,a) (S17) (B115)
10h (H15) (K102) abs. Al, F. fiss., desc. short Rb?!
8.5h (G6) (D109); prec. 51m Y*1*
(~40%), 57d Y"1
(~60%) (G6, F105)
Srt ) 2.7h (G6) 8~ (G6) C  BA(HI0B) i et fiss., desc. short Rb (HI13, H15,
(H5); prec. 3.5h B118,
Y2 (G6} P102)
Sre®  7m (L9) [: (L9) G e e e e fiss., desc. short Kr®3 (H5)
(L9,H16,H13,H15,
B118, D109); prec.
10h Y ®» (H16, H13, H15)
Sr® ~2m (H15) 8~ (H15) e e e e e e fiss., desc. 145 Kr®» ...
(H15, D109); prec.
20m Y @4 (H13, H15)
Srv short (A101) 8~ (A101) 7 fiss., desc. short Kr¥%7 .. ... ...

prec. 17h Zr%
(A101, D109,

0gve
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2

e

yn+

yon

yon

Yoo

Y%

h'ed

Zrw
Zen
Zr9
A

Zr%

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 (S114)

short (A101)

stable
stable
stable
2.5m (N104)
stable

8-
LT, v, e
s

(-

(-
[

8-

-

8~ (2

(H16, N108, A
G130)

(G6) A
(H8) A
(L9) C

(H16, B101) C

(H15) c
I A
(A101) A

2.2(N101) spect.
2.45(G134) abs. AL, F.
2.55(N108) abs. Al
2.6(S823) cl. ch. (K.U.)

......... e~: ~0.5(F105) abs.
Al

59(N112) 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.

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

Y(n,v) (823, S4)

Y(d.p) (S23)

Cb(n,a)(S5,57,N104)

Zr(n,p) (S9, G126)

Zr(d,a) (S9)

tiss., desc. 23y Sr#®
(H16, H13, G130,
N110)

90(H101) mass spect.

Zr(n,p) (S17)

fiss,, desc. 9.7h Sr®!
(~40%) (G6,
F105); prec.
Y*! (F103)

Zr(n,p) (S17)

fiss., desc. 9.7h Sr%!
(~60%) (G6, F105);
desc. 51m Yo1*
(~40%) (F105)
01(L108)massspect.

Zr(n,p) (89, S17)
fiss., desc. 2.7h Sr®
(G6, H103}

fiss,, desc. T Sr0¥
(H16, H13, H15);
not mass 95 (S114)

Zr(n,p) (S17)

fiss., desc. ~2m Sr¢®
(H15, H13:

hyp. prec. 654 Zr%
(S114)

fiss., desc. short Sr%
prec. 17h Zr%
(A101, D102

57d

(G131, P103)

(B115)

(B115)

Ch(n,p) (?) (N104)

9¥G1 “AON
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Nucleus A - Discovery Fission yield, Energy of radlations in Mev Produced by and Other
zZ A Half-life Decay in fission Class o Particles Gamma radiations mass assignment references
Zr% 65d (B117) [: P (G128) A ~6.4(S128, 0.394(98%), 1.0(2%) 0.73, 0.92(?) (N103) Zr(n,v) (S9) (B121, N104
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) (S9) G101)
(M113) abs. AL, F.; 088(M113) abs. Ph  fiss,, dese. <3h Y%
(E108) abs. Al (S114); prec. 90h Ch%*
e”:0.71,0.90 (?) (~2%), 35d Cb¥ (~989,)
(N103) spect. (E108, S131, J101)
95 (L107, N103) 35d
Cb% 8~ emitter
95 (H102) mass spect.
Zr™ stable
Zv 17.0h (G8, K109) 8-, v (G8) A Ll 2.1(K109) abs. A, F. ~0.8(K109) abs. Pb Zr(n,v) (S9) (P105)
Mo(n,a) (S9)
fiss., desc. short Sr¥
(A101); prec. 756m
Cb¥ (GS8, H9, S9)
95,97 (J101) not prod.
by Cb(n,p) (N104)
97(S9) not prod. by Zr(n,2n)
41 Cb» stable
Cbh**  90h (S131) I.T, e, (E104) A L. e~ : 0.22;,0.234(1L104) + highly conv. (?) fiss.,, desc. 65d Zr®% .........
80h (E108) X-ray spect,; 0.22 (S131) (S131) (~2%) (8131,
abs, Al X-ray: ~0.016(S131) E108); prec. 35d
’ abs. Al Cb#® (S131, L104)
Ch» 35d (E108) B8,y (G128) A L. 0.15((N106) spect. 0.75(W104) spect. Mo(d,a) (J101) (F110, N104,
36.5d (J101) 0.15(G128, E108, 0.774(N106) spect. Zr(d,p) desc. 65d Zr* E117,
M113) abs. Al conv. (J101) E105,
e : 0.75,0.77(N106) 0.79(J102) spect. fiss., desc. 65d Zr% N101)
spect. 0.75(E108) abs. Pb (~98%) (J101,
~0.7(G128) abs. Pb G128, E108); 90h
Cb%* I. T. (~2%)
(8131, L104)
95(L107, N106) 35d
Cbh"™ 8~ emitter
95(H102) mass spect.
Cb¥ 75m (G8) B8,y (G8) A L 1.4(K109) abs. Al, F 0.78(K109) abs. Pb  Mo(n,p) (S9) (P105)
fiss., desc. 17h Zr¥
(GS8, 89, H9)
42 Mo™ stable
Mo” stable
Mo" stable
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prec.90b.Cb%22*

43

44

Mo*®

Mol
Moot

Mof1em

Molos
439*

43w

43101

430101

43108

43100
Ru®

Rulo!l
Ru 102

67h (S13, K103)

stable

14.6m (M6)
14m (H11)

12m (H11)

short (B4)

5.9h (G144)
6.6h (S13)

4 X 10% (M107)
~10%y (L111)

~3 X 10% (S104)
> 3000y (G110)

> 40y (S13)
14.0m (M6, H11)

<1m (H10, H11)
short (B4)

<1.5m (B4)
stable
stable
stable

- s

[

8-

8-

I.T, v, ¢,
X-ray

8-

g~

8-

(H3)

(H10)

(H10)

(B4)
(s21)

(L111, S104)

(H10)

A

6.2(F103,
S153)

1.2(X103) 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.)

e~ : 0.116(S13) spect.
0.12(S13) abs. Al

0.3(L111, S104,
M107) abs. Al

1.3(MS6) abs. Al
1.2(M5, S9) abs. Al
1.1(S8) cl. ch. (K.U.)

0.24, 0.75(M114)
spect.
0.4(S13) abs. Cu, Pb

0.3.0.9(M6) abs. Pb

0.136(S13) spect.
conv.

0.129(K1) spect.
conv.

~.18(S13) abs. Cu,
Pb

X-ray (S13)

0.30(M6) abs. Pb

Mol(d,p) (813) (H24, B115)
Mo(n,v) (S4, S13)
Mo(n,2n) (59)
Zr(am) (DB)
fiss., prec. 5.9h 43%*
(*~10%) (S13,821);
prec. 4 X 1(%y 43%
(~90%) (813, M107)

Mo(n,v) (S8, 89, M5, .........
MS6)

fiss., prec. 14.0m 43101
(M5, M6, H10, H11, S8)

101(S9. M6) not prod.
by Mo(n,2x1)
fiss., prec. <1lm43@® |
(H10, H11)
fiss., prec. 4.5h Ru'*(B4) .......
Mo(n,v) desc. 67h Mo* (G110)
(813, S9)
Mo(d.p) desc. 67h
Mo® (S13)

fiss., desc. 67h Mo* (S13,
S21, G107); prec.
4 X 10%y 43% (S13, M107)
Mo(n,v) desc. 67h .........
Mo* (M107)
fiss., desc. 67h Mo*
~(909%)(S13); 5.9h 43%*
I.T. (~109%)(S13, H10)
Mo(n,v) desc. 14.6m  .........
Moo (S8, S9)
fiss., desc. 14.6m Mol0!
(M5,M6,H10,H11,S8)
fiss.,desc. 12m Mo @92, .,
(H10, H11)
fiss., desc. short Mol%; . ........
prec.4.5h Ru% (B4)

hyp. prec.4m Ru@(B4) .........

9%61 “AON

NOISSI,] NI QERHEO] IFTOAN



Nucleus Discovery Fission yield, Energy of radiations in Mev Produced by and Other
A Half-life Decay in fission Class % Particles amma radiations mass assignment references
Rul®®  42d (S145,G143) 8-, v (N2, G129) A 3.7(8132) 0.2(95%), 0.80(5%) 0.56(G127)abs. Pb  Ru(d,p) (L10, S145) (N6, B115,
45d (N2) (S145) abs. Al F. 0.54(S145) abs. Pb Ru(n,y) (S145) G115)
0.2(97%), 0.8(3%) fiss., prec. 56m Rh103*
(G143) abs. Al F. (G143, G127)
Rule stable
Rul®  4.5h (S145) 8, v (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,v) (D2, S145)
fiss., desc. short 43198
(B4); prec. 36.5h
Rh195 (N6, S145, $122)
Ru' 1.0y (G143) [ (G129) A 0.48(5132) ~0.03(?)(G143) abs. no v (G143) fiss., prec. 30s Rh'% (C105,S123)
0.53(G121) Al (G127, G143)
106(H102) mass spect.
Ru()  4m (B4, G116) I\ (B4) C ~4(B4) abs. A1 ...l fiss., desc. <15m .........
43(1D(B4); prec.24m
Rh(9" (B4, G116)

45 Rh%*  56m (G127) 1T, e, (G127) A Ll e~ ~0.03(G143) abs. X-ray: 0.020(G143) Rh(y,y) (W6) (S123, S145,
48m (F3) X-ray Al abs. Al Rh(n,n) (F3) G115)
45m (W6) fiss., desc. 42d Ru!%?

(297%) (G143)
Rh!®®  stable
Rh!s  36.5h (S145) B8~ v (N5) A L. 0.60(S145) abs. Al, F. 0.33(S145) abs. Pb Ru(d,z)(?) (S145) .........
34h (N5) e~ : ~0.3(S145) abs. Ru(d,p), Ru(n,v),
Al desc. 4.5h
Rul (5145)
fiss., desc. 4.5h Rul%
(N6, S122, S145)
Rh 30s (G127) 8=, v (G127) A .. ~2.8(20%),3.9(809%) 0.3, 0.8(G143) abs. fiss., desc. 1.0y Rul® ., ., ...
(G143)abs. Al coinc. Pb (low intensity) (G127, G143)
. ~4.5(S123) abs. Al
Rh(10)  24m (B4) 8=, v(?) (B4) C . 1.2(B4) abs. Al v(?) (G116) fiss., desc. 4m Ru@o» = .
26m (G116) (B4, G116)
107(G116) fiss. yld.-ener.
Rh1® <1h (8107) 8~ 7 hyp. prec. 13.4h Pd®(S107) .....
Rh oh (B111) B8, v (B111) D ... ~1.3(B111) abs. Al 0.8(B111) abs. Pb fiss. (B111)  .........
46 Pd1  stable
Pqus stable
P4 very short or 8~ .. A e e e e (C112)

>3 X 10ty (G119)
>86 X 107y (L115)
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47

48

Pdos
Pdtoe

Pdue
Pdmt

Pdn?

Agw?
Agws*

Agl('q
Aglll

Ag?

Cdlll
Cdu2
Cds
Cdu4
Cdis

stable

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

stable
26m (S20) ;i

21k (S107) '

stable

40.4s (W5)
40s (A7)

LT, e . v,
X-ray

stable

7.6d (S129)
7.5d (K4, P5)

B8, ¥(?)

3.2h (P5, S107) [ 4

stable
stable
stable
stable

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

[- Y

(S109)

(N4)

(N4)

(N4)

(N4)

(N4)

A

A

A

A

0.028(t)
(E111)

0.011(S107)

0.018(t)
(E111)

0.011(M111)

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

3.5(B4) abs.

0.2(S107) abs. Al

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

~0.24(?), 1.0(S129)
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 v (S107)

no vy (8107)

0.0426(V1, H17)
spect. conv.

0.092(H25) spect.
conv.

0.09(A7, H17) abs.

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

0.86(S107) abs. Pb

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

Pd(d,p) (K4)
Pd(x,v) (A3, K4)
Ag(n.p) (F1)
fiss., prec. 40s Ag'®*(S520)
109 (R103) mass spect.

Pd(d,p) (K4)

Pd(n,v) (A3, K4)

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

fiss., prec. 3.2h Ag!!?
(N4, S107)

(520)

Ag(d.2n) 5.7h Cd®
K-capt. (A7, H25)
Ag(d,2n) 1584 Cdw®
K-capt. (H25)
Pd(n,y) desc. 13.4h
Pd® (S20)
Ag(n,n) (A7, B8)
Ag(e,e) (W5)
Ag(v,7) (F3, W5)

Pd(d,n) (K4, P5)

Pd(a,p), Cd(n,p) (P5)

fiss., desc. 26m Pd!!
(K4, S20)

Cd(n,p), In (n,a) (P5)

fiss., desc. 21h Pd112
(N3, N4, S107)

(N3)

(S105)

Cd(d,p) (C4)

Cd(n,v) (M8, G3)

Cd(n,2n) (G3)

In(n,p) (S116)

fiss., prec. 4.5h Inlu*
(C4, G3, N3. N4)
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Nucleus Discovery Fission yield, Energy of radiations in Mev Prodnced by and Other
A Half-life Decay in fission Class %% Particles amma radiations mass assignment references
cdis  44d (G141) 8=, v(?) (M109, A 0.0008 1.7(G141) abs. Al ~0.5(?) (S117) abs. Cd(d,p) (C4) ...
43d (S116, M118, G113) (M118) 1.8(M118) abs. Al, F. Pb Cd(n, v) (8115, S116)
S117) 1.5(S116, S117) abs. Al In(n,p) (S116)
40d (C4) fiss., (M109, G113)
115(C4) 444 Cdm»
8~ emitter
Cdi¢  stable
Cdw  2.83h (L7) 8- (N4) A 001(M112) 13-1.7(L7) SPECt.  vvveeernnn. Cdd,p) (C)
2.72h (M112) Cd(n,y) (M8,G3)  .........
fiss., prec. 1.95h Inl?
(G3, C4, L7, N3, N4)
117(C4), 1.95h In'V?
#~ emitter
Cd* 48.7m (W10) IT., e (N4) C e:0.17 (W10) abs. Al  ........... Cd(mn) (D7) ...
50m (D7) Cd(e,e) (W10)
Cd(y,7) (F2,W10)
fiss. (N3, N4)
49 In'5*  4.53h (L6) 1T, v, e (N4) A L. e=: 0.308, 0.332 (L5) 0.338(L7) spect. In(n.n) (G3) (M111)
4.5h (L5, C4) spect. conv. In(p,p) (B1)
4.1h (G3, B1) 0.48(G3) abs. Al ~0.4(L7) abs. Pb In(a,a) (L3)
In(e,e) (W1)
In(X-ray) (P4,C3,W1)
Cd(d,p) desc. 2.33d
Cdus (C4, L7)
fiss., desc. 2.33d Cd!1®
(G3, C4, N3, N4)
Inle stable
In  1.95h (L6, L7) 8- (N4) A 1.73(C4) spect. no v (L6, L7) Cddn) LT ...
1.9h (M112) 1.90(M112) abs. Al F. Cd(d,p) desc. 2.83h
Cd1? (C4, L7)
fiss., desc. 2.83h Cd!1?
(G3, C4, N3, N4, L7)
50 Snv stable
Sn118 stable
Snlte stable
Snl® stable
Sn2)  62h (S108) [ (N2) C 0.014(S108) 0.76(S108) abs. Al, F. no v (S109) fiss. (N2, H14, S108) .........
60h (N2)
~80h (H14)
Sn (121.123) 130d (L101) [ (L101) C  0.0012 1.44-1.53(1.101) abs. no v (L101) fiss., no active daughter ... ... ..
(L101) Al F. (L101)
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51

52

Sn 122

Spzy)

Sn 124

Spl2s

Sn
Sp(126)

Sh121
Sbhlas
Sblll

Sbam
Sbl,7

Sb1#
Sh(13n)
Sb133
Shs
Tel2s
Tel®

Telzi*

Tel??

stable

10d (S108)
11d (H14)

stable
9m (L13)

~20m (H14)
70m (N2, H14)

stable
stable
~2.7y (1.102)

~60m (N2)
93h (S124)

80h (A2)

4.2h (A2)

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

stable

90d (S12, G135)

9.3h (S12, C103,

G135)

8,y (H14)
R
8~ (H14)

8-, v(?) (N2)

8-, v, X-ray (C102, S124)

8. v(?) (N2)

8-, v (A2)

8~ (A2)

8- (A1)

B~ e
B8~ L
I.T., e, (G112)

X-ray
8~ (A2)

C  0.0044
(S108)
(B)  eriinn..
C e,
C  0.1(S108)

B 0.023(S127)
0.018(L102)

> 0

o> 0>

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

»

2.6(S108) abs. Al, F,

(70m Sn(2) 4 ~60m
$baM): 0.7(60%),

2.7(40%) (S108)
abs. AlL F.

0.3(~65%), 0.7

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

~0.6(C102, L102)

abs. Al

see 70m Sn (120)
1.15(S124) abs. Al

(H17) spect.

abs. Al, F.

v (5108)

(70m Sna® 4
~60m Sbm) ;
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 Sn(12)
0.72(S125) abs. Pb

abs. Al

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

G135)

Sn(d,p) (L13)  eerrrrnns

Sn(n,vy) (L13)
fiss. (H14, S108)

Sn(d,p) L13) .........

Sn(n,v) (L13)
125(L13) not prod.
by Sn(n,2n)
fiss. (H14) -
fiss., prec. ~60m Sbam®
(N2, H14)

desc. Sn(n,vy) (S127) ..
fiss. (C102, S124,
S$127, L102)

fiss., desc. 70m Sn 126 (N2)

fiss., prec. 9.3h Tel® |
(A2, C103)

fiss., prec. 70m Tel®(A2) ..

fiss., prec. 77h Te(13D)(A2) .,

hyp. prec. 60m Tel33(A2) .

hyp. prec. 43m Te (139 (A2)

Te(d,p), Te(n,vy) (S12) ..

I(n,p) (S12)

fiss., prec. 9.3h Te!¥
(812, G135)

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

Te(n.y) (S12)

Te(n, 2n) (T2)

I(n,p) (S12)

fiss., desc. 93h Sb1#
(A2, Cl103); 90d
Tel™* 1. T. (812,G135)

(S109)
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Nucleus
¥4 A

Half-life

Discovery

Decay in fission Class

Energy of radiations in Mev

Fission yield, n .
% Particles Gamma radiations

Produced by and
mass assignment

Other
references

Telz

Tel2e*

Tel2

Teld

Teldt*

Teldl

Te(132)

Tels?

Te(lzé)

Tel%

Te

stable
32d (S12, G135)

70m (A2, G135)
72m (S12)

stable

30h (A2)
20h (L12)

25m (S12)
30m (A2)

77h (A2)
86h (H3)

60m (A2, W9)

43m (A2)

<2m (D4, G123,

K108)

~1m (H14)

I.T. e (N111) A

87, v, Xray (A2) A

(A2) A

[ (A2) A

8~, v, e, (A8) C

68~ (A2) A

68~ (A2) C

0.19(B119) e~: 0.070, 0.10(H17) X-ray (G135)

spect.

1.8(W104) spect. 0.3, 0.8(G135) abs.
1.75(M113) abs. Al, Pb

F 0.3, 0.7(M113) abs.

1.7(G135) abs. Al, F. Pb
1.6(N111) abs. Al, F. X-ray: ~0.030
(G135) abs. Al

e~: 0.147,0.175(H17)
spect,

~0.5(K104)

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

3.6(E110)  0.28(N115)abs. AL F.

~0.3(B3) abs. Al
e~ (N115)

Te(d,p) (S12)

Te(n,v) (812)

Te(n,2n) (T2)

fiss., prec. 70 Te!?
(812, G135)

Te(d,p) (T2, S12)

Te(n,v) (812)

Te(n,27) (H12, T2)

Te(vy,n) (B7)

fiss., desc. 4.2h Sbh!#
(AZ2); 32d Teln*
I. T. (S12, G135);
prec. very long I#
(S12, L112)

Te(d,p) (S12)

Te(n,v) (512)

fiss., prec. 25m Tel3!
(S12); prec. 8.0d
1131 (A2, H4, S12)

Te(d,p) (S512)

Te(n,y) (S12)

fiss., desc. 30h Teld1*
I. T. (S12); prec.
8.0d I31 (A2, S12)

fiss., desc. ~5m Sb (132
(A2); prec. 2.4h
1432 (A8, A2, H3,
H4, N115)

fiss., desc. <10m Sh13s
(A2); prec. 22h
1133 (A2, H4, W9)

fiss.,desc. < 10mSh (131
(A2); prec. Him
1439 (A2, H4)

hyp. prec. 6.7h J13
(821, D4, G123,
K108, W9)

fiss. (H14)

8%¥C
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53 Iw
1120
I 131

(32

1183

J(130)

11%

113
187

1)

54 Xel¥
Xelat

Xels?
Xelss

Xeldt

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-

B8, v, e~

[

[-

o,y

[

P
e
8, (m)

(A8)

(A2)

(A2)

(821, D4)

(S25)
(S25)
(B11, L105)

(T101)

(T101)
(L1)

(T101)

2.8(t) (E111) 0.595(DI1, D6) spect.

~4.5(K108)

~5.7(K112)

5.6(G123,
K108)

0.60(M113)abs.Al, F.

1.0(~50%), 2.1
(~50%) (N115)
abs. Al, F.

1.3(B3) abs. Al

1.3(S144) abs. Al
1.1(P1) cl. ch.

1.35(K108) abs, Al, F.
1.5(S144) abs, Al

0.35(E112) abs. Al, F.
0.33(E103) abs. Al
0.32(B3, S16)
0.26(W9)

e~ : 0.049(H18) spect.

0.367(D6) spect.,
spect. conv.; 0.080
(D86) spect. conv.,
abs. Pt, Hg, coinc.

0.36(S144, M113)
abs, Pb

0.4(L12) abs. Pb

0.6(~50%).1.4
(~50%) (N115)
abs. Pb

0.85(B3) abs. Pb

0.55(S144) abs. Pb

>1(G123) abs. Pb

1.6(K108) abs. Pb
1.3(S144) abs. Pb

0.085(E112) abs. Cu,
Pb

0.083(B3) abs.

X-ray: 0.031(E112)
abs. Al; 0.040
(E103) abs. Al

hyp. desc. 70m Tel#(S12) ........
Te(d,n) (L12, R2) (P108, H4,
fiss., desc. 256m Tel3! T1)

(L12, A2, S12)

fiss., desc. 77h Te@32) (M116)
(A8, A2, H3, N115,
H4)

fiss., desc. 60m Te?? (W7, K113,
(A2, H4, W9); P107)
prec. 5.3d Xel3?

(821, D4, W9)
fiss., desc. 43m Te (134 (P2, P13,
(A2, H4) P106)

fiss., degsc. <2m Tel¥% (W7, K110)
(D4, G123, K108,
W9); prec. 9.2h
Xel3 (~90%) (821,
D4, W9); prec.
13mXel3* (~10%)(W9)
fiss. (8256) ...
fiss., prec.3.4mXel¥(S18) ........

fiss., prec. Xe13 jnst. (R5, S154)
»n emitter (L105)

fiss. (T101) mass spect.;
desc. 8.0d 1181

fiss. (T101) mass spect.

Xe(d,p) (C2) ...,
Xe(n,y) (R1)(?)
Te(a,n) (C2)
Ba(n,a) (W7, W9, C101)
Cs(n,p) (W7, W9, C101)
fiss., desc. 22h 133
(821, D4, W9)

fiss. (T101) mass spect.
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Nucleus Discovery Fission vyield, Energy of radiations in Mev Produced by and Other
A Half-life Decay in fission Class Yo Particles CGatnma radiations mass assignment references
Xel#* 13m (N116) I.T., v, e (GY) A Ll e: 0.50(N116) abs. 0.51(N116) abs. Al, Xe(n,v) (R1, S16) e
15.6m (R1, S16) Al; 0.6(S16) abs. Al conv. fiss., desc. 6.7h 13
10m (W9) ~0.5(W9) abs. Pb (~10%) (G4, 816);
0.6(516) abs. Ai, prec. 9.2h  Xel®
conv. (G+. W9)
Xel3  9.2h (H105) 8=,y (S21, D4) A 5.9(H109) 0.94(H105) abs. A1, F.  0.25(W9) abs. Pb Xe(d,p) (C2) ...
9.4h (S21, W7) 0.96(W9) abs. Al 0.26(S144) abs. Pb Ba{n.«) (W7, S16, W9)
9.5h (D4) 0.92(B3) abs. Al fiss., desc. 6.7h I35
0.90-1.0(S144) abs. Al (~90%,) (S21, D4, S16,
W) ; 13 Xelds*
I.T. (W9); prec. >25
X 10y Cs13 (E107)
Xe1%®  gstable 000000 ....... (T101) A e fiss. (T101) mass spect.
Xe!¥?  3.4m (R1, S16) 8- (S18) B ... ~£(S18, B3) abs. Al . Xe(z.v) (R1, S16) (B2)
3.8m (318) fiss.,, desc. 30s I'%
(S18); prec. 33y
Cs137 (G123, T102)
Xe(13 instantaneous n (L105) (L105) C 0.179% of fiss. n:0.67(B125) ¢l. ch. ... ......... ... fiss., desc. 22.0s I3 .
(L105) neutrons 0.56(H111) abs. (L105)
(H111) paratfin
Xelss 17m (G2) 8- (H4) B e e fiss., prec. 32m Cs!® (816, H5)
16-18m (S14) (H4, G1, G2, s14)
Xe!®*®  41s (D109) [ (H4, H22) 7 fiss.,, prec. Tm Cs'® .
~30s (H22) (H22, H4, H5)
prece. 8im  Bal®
(D109, H5, H22)
Xelio 16s (D109) 8 (H5) 7 fiss., prec. 12.8d Bal® (D108)
9.8s (0102) (H5, B118, 0102,
D103, D109)
Xelt 35 (D109) 8~ (B118) 7 O fiss., prec, 3.5h Lattt . ., .,
1.7s (K119, 0102) (B118); prec. 28d
Cel4 (0102, D109)
Xel4d 1s (D109) 8~ (B118) 7 P fiss., prec. 33h Ce3 . ...,
(B118, D109); prec.
13.8d Prl4 (0102)
Xel4s  short (D103) [ (D103) 7 N fiss., prec. 275d Ce'44(D103) (0102)
Xe#) (.85 (D109) [ (A103) C et e fiss., prec. 1.8h Ce1¥)(D109) .....
Xe 68m (C2) LT ... (0 OO Xe(d.p)(?) (C2) ...,
(S16) Xe(n.n)(?) (S16)
55 Csl1s stable

0€3¢
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Csis

Csamw

Csl¥

Csine

Csls®

Cs(140)
Csi®

Cstu

Cs(1®
Cgl#

Cglés

Csaw

Balu
Balw
Bal¥
Balss
Bal®

>2.5 X 104 (E107) 8~
>2 X 10% (G123, F106)

13d (F111, G137)

33y (G140)

32m (G2, G139)

33m (A6, H4,
E114)

7m (HS5)

10m (H22)

40s (H5)

short (H5, B118,
0102, D103,
D109)

short (B118, 0102,
D109)

~1-2m (H12)
short (B118, 0102,
D109)

short (D103)
short (D109)

stable
stable
stable
stable

85m (D107)
86m (P6, H6, H2)
87m (H22)

(-

8,y

g~

g~

8-

(F107)

(527)

(H4, H22)

(H4, H22)

(H5)
(H5)

(B118)

(H12)
(B118)

(D103)

(A103)

.........

C

A

0.008(F111)
0.011(G137)

low (G147)

6.3(K113)

hyp. desc. 6.7h I
(G123, F106, E107)

~0.28(F111) abs. Al 1.2(F111) abs. Pb, fiss. (F111,G137) = .........
coinc. . coinc,
0.5(50%), 0.8(50%) 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 Xel¥
(M113) abs. Al, F. (T102, G123) 137
(L110) mass spect.
2.6(G2) abs. Al 1.2(G139) abs. Pb Ba(n,p) (S16) (H5, P109)
fiss., desc. 17m Xe!l®
(H4, G1, G2, S14)
fiss., desc., 41s Xe!® (H6, A8)
(H4, H22, H5) ; prec.
85m Bal® (H4, H22)
................................. fiss. (H5)
fiss., desc. 16s Xel®prec. .........
12.8d Bal% (H5, H12,
D118, 0102, D109, D103)

fiss., desc. 3s Xelt .. ......
prec. 3.7h Lalt
(B118); prec. 28d
Cel4 (0102, D109)

fiss., prec. 6m Ba (P (H12)........

fiss., desc. 1s Xel®¥ (A103)
prec. 33h Cel4d
(B118, D109); prec.
13.8d Pr4? (0102)
fiss., desc. short Xel® ., .. .....
prec.275d Ce!*¢(D103)
.............. vereerecenvan.., fiss, desc.0.8s Xet® ...,
prec.1.8h Ce14)(D109)

2.2(B3, K113) abs. Al 0.6(K2) abs. Pb, Cu Ba(d,p) (P6, K2) (H5, H6)
Ba(n,v) (A3, P7)
La(n,p) (P6, P10)
Ce(n,a) (W3)
fiss., desc. 7m Cs1¥(H4, H22)
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HNwoleus Discovery Fission yield, Energy of radiations in MEV Produced by and Other
T A Hali-life Decay in fission Class % Particles Gamma radiations mass assignment references
Bal® 12.8d . (E116) 8-, v, e (H2) A 6.1(F108) 1.05(W105) spect. 0.542(W105) spect. fiss., desc. short Cs!# (P110, L106

~12.5d (H2) 5.8(E110) ~0.4(25%),1.0(756%) 0.529(N101) spect. (H5, HI12, BI118, W103)

(E106) abs. Al 0.5(E106) abs. Pb 0102, D103, D109)

1.0(C109) abs. Al; prec. 40h La'% (H2,

(M113) abs. Al, F. C107, C109, M117)

e~ :0.50 (W105) spect.

Data 18m (H12, G132) 8-, v (H12) B 46(G133) et v (G132) fiss., desc. short Cs1¢1 |, .. ...
(B118, 0102, D109)
prec. 3.7h Lalé! (H12)

Ba  6m (H12) (H12) L fiss.,desc.1-2m CsM42> |
prec. 74m La14® (H12)

Balsd <0.5m (H12) [ (H2) 7 O fiss., dese. short Cs4¢ | . . ..,
(B118, D109, 0102);
prec.19mLal+ (H2, H12)

Balst short (D103) (. (D103) 7 U fiss. desc, short Csl44
prec. 275d Ce!* (D103)

Bal#®) short (D109) 8~ (A103) C eeeeie e eraeeeeeiraraenae eeeeereeeae e, fiss., desc.short Cs48) |
prec. 1.8h Ce149) (D109)

57 Lal® stable
Lal® 40.0h (M9, W4) I (H2) A TN 0.90(20%), 1.4(70%), 0.335(1%),0.49 La(n,v) (M4, P10, (P111,L106,
40.2h (B106) 2.12(10%)(02) (7%), 0.83(14%,), M9, G5, W4) H12,
spect. 1.63(74%),2.3 . La(d.p) (P6,P10, M9, w107,
145, ~22 (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, (O2) spect.
1.69(>97%),2.5
(<3%) (D102)
abs. Al, coinc.
2.0(W4, M9) abs.
Pb; (M1, M2) spect.
2.1(C107, C109) abs. Pb

Lalst 3.7h (K105) 8=, v(?) (H12,B107) B ......... 2.8(K105) abs. Al, F. ~(?) (K105) fiss., desc. 18m Bal#t |, , .. . ..

3.5h (H12) (H12); prec. 28d

Cel1 (B107, B109)
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La(lli)

Lal4s

Lalt¢

La(1e)

Cel®

Celll

Celli

Celts

Celds

Ce(14)

Cel®)

74m (H12)
77m (K105)

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

short (D103)
short (D109)
stable

28d (B122)
30d (P9)

stable

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

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

1.8h (B108)

14.6m (S103)
~15m (G7)

8,y

8-

- s

- s

o

8-

8-

(H12) c

(H12, G103) A

(D103) A
(A103) c
(H8) A
(S139) A
(H8) A
(B108, c
B104)
(G7) c

5.7(5102)

5.4(K114)

5.3(R102)

0.55(B114, M113)
abs. Al, F,
0.65(P9) abs. Al

1.35(B114) abs. Al
F.; (E113) abs. Al

0.348(N105) spect.
~0.3(W112) abs. Al,
F.; (N107) abs. Al

0.21(B114) abs. Pb
0.22(M113) abs. Pb

0.2(P9) abs. Pb

0.5(B114) abs, Pb

no vy (S111)

fiss., desc. 6m Ba(142)
(H12)

fiss., desc. <0.5m Bal4?
(H12, H14, G103,
B118, A103); prec.
33h Ce! (G103)

fiss., desc. short Ba'# (0102)
prec. 275d Cel44 (D103)

fiss., desc. short Ba(14®
prec. 1.8h Ce %) (D109)

(G131,
P114)

Ce(d,p) (P9, B122)

Ce(n,7) (P9, B114)

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

Ba(a,n) (P9)

Pr(n,p) (P9)

fiss., desc. 3.7h La'#!
(B107, B109)

141(L110) mass spect.

(B107,
P112)

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

Ce(n,v) (P9, B114)

fiss., desc. 19m Lal43
(G103); prec. 13.8d
Prl43 (P9, B122, B114)

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

143 (L 110) mass spect.

fiss., desc. short Lal# (P115)
(D103, A101); prec.
17.5m Pr!¢ (N107,
B122, H14, Si11,
L110, G130}
144 (L110) mass spect.

fiss., desc. short La(14) (B104)
(B109, D109); prec.
4.5h Pr(145) (B108, K106)

fiss., prec. 24.6m
Pr4® (G7, H14, S103)

9¥61 “AON
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Produced by and

Nucleus Discovery Fission yield, Energy of radiations in Mev Other
z A Half-life Decay in fission Class % Particles Gamma radiations mass assignment references
59 Prist stable
Priss 13.8d (M104) 8- (B101, A L. 1.0(M104, B114) abs. no v (B114, M104) fiss., desc. 33h Cel® (H14, B103,
14d (B102) B102) AlL F. (P9, B122, Bl14) P113)
14.2d (O101) 0.95(P9) 143 (L.110) massspect.
13.5d (P9, C106)
Priss 17.5m (N107, B8, v, e (N107, H14, A  ......... 3.07(N105) spect. 0.135, 0.145(?) fiss., desc. 275d Cel4t . . .. ...
S111) G130) 3.0(W112) abs. Al, (N105) spect. (N107, B122, H14,
18m (G130) F.; (G130) abs. Al conv, G130, S111, L110)
17m (H14) 3.1(B3, H14) abs. Al 0.22,1.25 (low inten- 144 (LllO) massspect.
3.2(M113) abs. Al F. sity) (S111) abs.
2.8(N107, B122) Pb
e~: 0.091, 0.128,
0.103(?) (N105) spect.
Pr4) 4 5h (K106) 8- (B101, C Ll 3.1(K106) abs. Al, F. no vy (K106) fiss., desc. 1.8h CeQ4® .
4.7h (B108) B108) (B108, K106)
Pra 24 6m (S101) 87, v (G7) cC ol ~3(S101) abs. Al 1.4(S101) abs. Pb fiss., desc. 14.6m Ce@t® |
25m (G7) (G7, S103)
60 Nd4* stable
Nd#¢  stable
Nd'#  stable
Ndi4#  stable
Nd 11.0d (M119) B8, v, e, (D101, A 2.6(M119) ~0.4(40%), 0.90 0.58(M119)abs. Pb Nd(n,v) (M122, (S8110)
X-ray M103) (60%) (M119) abs. X-ray: ~0.040 M103)
AL F. (M119) abs, Al fiss., prec. 3.7y 61147
e~: 0.03(M119) abs. (M120, M108)
Al 147(M119, M 103) fiss. yld.
147 (L110) mass spect.

Nd4®  stable :
Nda® 1.7h (M122) g, yor ... <y oo 1.5(M122) abs. Al, F. y or X-ray (M122) Nd(d,p) (P10) (M102)
2.0h (P10) X-ray Nd(n,y) (P10, M122)

Nd(n,2n) (P10)
Nd 1o stable
Nd@  short (M122) - (D) i e e Nd(n,y) prec. 12m .........
61151 (M122)
681 61 3.7y (S113) [ (B110, A L. 0.20(M120, S112)abs. no vy (M120, S112) Nd(#n,y) dese. 11d .........
4y (B112)_ G130, Al F.; (G130, NdE (M120)
2.2y (S113) M103) B110, B112) abs. Al fiss., desc. 11d Nd¥7

(M120, M108)
147(L110. H102) mass spect.
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62

81149

61 (151)

61188
611
Sm7
Smle
Sm(161)
Sm1st
Sm 158

Smis

Sm 186

Smlss

Eus!
Ey 153

Eulss

Eulss

47h (M121}

12m (M122)

<5m (W118)
<5m (W118)
stable

stable

long (L110)
stable

47h (W116, L4,

K5, M102)

stable

25m (W118)
21m (P10)

~10h (W116)

stable
stable
2y (W117)

15.4d (W110)

8.,
X-ray(?)

8-

[
I. T.(?)(W8)

(-

8-

87, 7

(-

(M105)

(W115)

(W118)

(W113)

(W110)

(W108)

B

A

B

1.4(M121)

0.15(t)
(E111)

0.031(W118)

B ~0.016(W119)

~0.03
(W113)

0.013(W113)

1.1(M121) abs. AL, F. 0.25 (low intensity) Nd(»,y) desc. Nd
(M121) abs Pb
X-ray(?) (M121)

0.73(W118) abs, Al,

0.7(M102) abs. Al, F.
spect,

X-ray(?) (W8)

1.9(W118) abs. Al, F.
1.8(K5) abs. Al

~0.8(W119) abs, Al

~0.23(W110) abs. Al 0.0844(W110) criti-
cal abs. in Pt, Au,
Hg, T1, Pb

~0.5 (609,), 2.4
(409%,)(W110) abs.
AlL F.

0.10, 0.67(W116)
F abs. Cu, Pb
0.11, ~0.6(M114)

~0.3(W118) abs. Pb

2.0(W110) abs. Pb

(M108)
(M122, M106, M102)

fiss., desc. 1.7h Nd e (?) (M122)

149(M102, M105) fiss. yld.

Nd(»,y) desc. short
Nd s (M122)

hyp. prec. 47h Sm!% (W118)

hyp. prec. ~10h Sm1% (W118)

fiss. (L110) massspect. .........

Sm(d,p) (L4, K5)
Sm(n,v) (H19, H20,
P10, L4, W8, M102)
Sm(n,2n) (P10, K5)
Sm(y,n) (L4); Nd(a,n) (K5)
fiss., dese. <5m 61163 (W118)
153 (W1186) fiss. yld.
153(H113) mass spect.

Sm(d,p) (L4, K5)
Sm(n,y) (A3, M4,

H19, P10, L4)
Sm(n,2n) (?) (P10, K5),
Sm(y, n) (L4); Nd(a,n) (K5)
fiss., prec. 2y Eu!® (?) (W118)
155 (W118) fiss. yld.-ener.

fiss., hyp. prec. 15.4d

Eu® (W113, W116)
hyp. desc. < 5m 6115 (W118)
156 (W119) fiss. yld.

Sm(d,n)(?) (K6)

fiss. (W110)
155(W113) fiss. yld.
155 (L110) massspect.
fiss., desc. ~10h

Sm (W113, W116)
156(W113) fiss. yld.-ener.
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2436

Other
references

mass assignment
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Particles

ield,

1on yiel
‘0

Fissi

Class
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in fission

Decay

B, v

Half-life
15.4h (W113)

Nucleus
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B

(W111)

Euls
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fiss. (W113)

Pb
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(W113)

C

(W111)

60m (W113)
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1.8s (L114)

@

(B12)

fiss. (L114, H111)

(L114)

8~ (n)

0.43s (H111)
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Fig. 1.—Yields of U%S fission product chains as a function of mass: @, certain mass assignment; [, uncertain mass
assignment (mass 153 is now certain (H113)).



Mass
No.

71
72
73
74
75
76
77
78
(78)

79
80

81

82

91

(92)

A ey e e

30 31 32 33 34 35 3 37 38
Zn Ga Ge As Se Br Kr Rb Sr
. stable . . . . . . .
49h—>-14.3h-»stable 4 hd hd hd 4 L4
<2m—)»5h——p-stable 4 L4 . . L4 L4

. . stable . . . . . .

. . (89m)-»stable d d d d hd

. . stable . . . . . .

. . 12h-~ »40h—~—pstable * . . .

. b4 b4 (80m)—>-stable . . .

. J 2.1b—>»90m—» ? d b4 b4 .

<10

. . . . { >7 xniogyr } —»stable ® . '

. . . . stable . . .

. . . . 59m . . . .

Ay

L4 L4 hd <10m-»17m——pstable L4 . .

. 4 4 d stable 34h—)-stable . .

4 d b4 d 26m-—y2.4h~->113m L4 L4

. . . . . . stable . .

d 4 4 b4 ~2m-—)»30m—)-stable © b4

L4 . L4 L4 L4 3.0m—»4.5h——)>stable ®

. . . . . " S 10y .

. . 4 . . 4 stable 19.5d-»stable

. . . . . 55.8s——)instant.d ®

. . [} [} [} [} ? . .

. L4 L4 4 4 50s—»-75m—>-6.3 X 100y—p-stable

. 4 . b4 d d 3h—)-17.8m-pstable

. 4 . d d 4 2.6m~»15.4m-—»53d—>-stable
. . . 4 4 4 ~33s—»short—»25y—»-65h—»-stable
. . . . . . . . .

. . . L4 L4 L4 9.8s->»short—»9.7h—»57d—»stable
. L4 L4 4 4 L4 3s--»short——»2 . 7Th—>»3.5h->stable
. . . . . . . 808—— >

39
Y

51m (~40%)

TABLE II
TABLE OF FISSION PrRODUCTS!

Part 1.

40
2r

.

41
Cb

42
Mo

'S
<

CHAINS AND VIELDS
Light Group

'S
=

e ¢ o & & 0 o ¢ o W

»
n.(ll

e 0 ¢ o o 0 0 ¢ o W

46
Pd

47
Ag

48
Cd

49
In

30
Sn

Fission
yield, %

1.5 X 10-%
1.0 X 10-¢

0.0091

0.02

0.008

0.125
2.8X 10-ss
0.40

~0.24
2 X 1058

0.026¢

4.6

5.9
5.1

8EYa
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Mass 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 Fission
No. Zu Gs Ge As  Se  Br Kr Rb S Y zr Cb Mo Ru  Rh Pd Ag Cd In  Sn yield. %
@3 * . . . . . 2.0s—pshort—»7m—>10h——)?—>stable  ® . . . . . * ® *

(o9 . . . . . 1.4s—>short—> ~2m—>20m—pstable ~ ® . . . . . . . * * 5
e e ° L] [ ® [ e [ . [ 90k {~2%) ) . . . . L] L] .
95 { r
. . . . . . . . *  <15h>65d"—>35d—pstable . . . . . . * *  ~64
98 . . . . . . . . . . stable . . . [y Y . . . . d
97 . J J J . J short—>short—yshort-y-short—y»17.0h-»75m—ystable . . 4 b4 hd * * *
98 . . . . . . . . . . . . stable . . . . . . . 4
{ . . . . . . . . . . . . . 5.9h (~10%) . . . . . d
99
. . . . . .. . . . . . . 67094 X 10%y->-stable . . . . hd * 6.2
100 . . . . . . . . . . . ®  stable . . . . . . . *
101 . . . . . . . . . . . *  14.6m—>14.0m—>stable ® . . i * *
(102) o 4 b4 b4 b4 4 . . . b4 b4 4 12m-— < 1m—)-stable b4 o * * * °
. . . . . . . . . . . . . . . >9 . . J . .
103 56m (2> J%)
. . . . . . . . . . . . . . 42d--p»stable ® . [ J 4 3.7
104 . . . . . . . . . . . . . . stable . . . . 4 d
105 . . . . . . . . . . . ®  short——}short—>4.5h—»36. 5h—>stable . . ¢ ¢ ~0.9
106 . . . . . . . . . . . . . . 1.0y—>»30s—»stable . . . * 0.5
107 [ ] [ [ ) [ ) [ ] [ ) [ ] [ ) [ [ ] [ ) [ ) [ 3 <1. 5m—Mm—>24m- _) { v.short or } —-)stable [ 3 [ ) [ )
>3 X108y
108 . . . . . . . . . . . . . . . . stable . . [ J
[ ° [} ] . ] [} [} ] ] [ [} [} [} (40.4s) . . .
108 {
. . . . . . . » . . . . . . . <1h—>13.4h-»stable . hd o 0.028
110 . . . . . . . . . . . L) . . . . stable L] . L4 L4
111 . . . . . . . . . . . . . . . . 26m—>7 .6d->stable d d 0.018
112 . . . . . . . 3 . . ] . . . . . 21h—>3.2h->stable L4 L4 0.011
113 ] . . . . . . 3 . e . . . . . . . (] stable L4 L4
114 . . . . . . . . . . . . . . . . . L] stable . .
. . . . . . . . . . . . . . . . . . 2.33d-»4.53h d 0.011
115
{ . . . . . . . . . . . . . . . . . . 44d—»stable 4 0.0008
116 . . . . . . . . . . . . . . . . . . stable 4 d
117 . . . . . . . . . . . . . . . . . (] 2.83h->1,93h-»stable 0.01
[} . . . [} . [} [ [} [} [} [} [} [} [} [} [} [ 48.7m . .
{ . . . . . . . . . . . . . . . . . . stable . .
Zn Ga Ge As Se Br Kr Rb St Y Zr Cb Mo 43 Ru Rh Pd Ag Cd In Sn

s Yield of 34h Br® formed directly iu fission; not representative of total chain yield. ® Yield of 19.5d Rb%* formed directly in fission; not representative of total
chain yield. ¢ Delayed neutron yield based on fission neutrons rather than on fissions. ¢ Instantaneous, via delayed neutrons.
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TABLE OF F18s1oN PropucTs: CHAINS AND YIELDS (Continued)

Part 2. Heavy Group

Mass 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 Fission
No. Sn Sb Te I Xe Cs Ba La Ce Pr Nd Sm Eu Gd yield, %
118 stable . . . . . . . . . . . . . .
119 stable . L] . . . . . . L] L] L L] . L]
120 stable . . . . . . . . . . . . . .
(121) 62h —»stable d d d b4 b4 b4 b4 b4 b4 b4 d b4 d 0.014
(121, 123) 130d——-stable o o . . . . * . . hd hd . o 0.0012
122 stable . . . . . . . . . . . . . .
(123) 10d——>stable b . . . * . * . . * . ° . 0.0044
124 stable . . . . . . . . . . . . . .
125 (9m)—)p ~2.7y—)stable o o * o * o * * * * * o 0.023
(125) ~20m————>? . . . . . . . . . . . . .
(126) §#70m———>60m——>-stable . d . . . [ . . . . . . 0.1
127 { [ o ’-’-_790‘1 [ ) [ ) o . . [ ) [ ) [ ) L [ ) o [ ) 0.033
. 93h——>9.3h——~)stable L4 . . L] L L] . . . . °
128 . L] stable L] L] L] L] L] L] L] L] L] .
° . ’3’32 d . . . . . . . . . . . . 0.19
129 Prie
{ . 4.2h——>70m—)v. long——)stable . L) . . - . . - . -
130 . . stable . . . . . . . . . . . .
. . 30h . . . . . . . . . . - ° ~0.5
131 { Y
. ° 25m-~——>-8.0d————>stable d ° d b4 . . . . . . 2.8
(132) . ~5m~—>7Th———>2.4h———)stable d 4 L4 L4 L] L] L] . - - 3.6
133 . < 10m—>60m——>»-22h——»-5, 3d—————>stable L4 . . - (] . . . . ~4.5
(134) ] <10m—>43m——>»54m~———)stable o . o o L L . ] . . ~5.7
. . ~lm————3? . . . . . . . . . . -
o - . . . 13m (~10%) . . . . - . . . . .
138 { . . <2m—»6.7Th——»9.2h———>> 2.5 X 104y——>stable b4 d . . . . . . 5.9
(136) ] . . 1.8m-———stable<~- - -~ == 13d ~~~———)stable o o . . . . . . 0.01a
. i ¢ . . . . . . .
(137) { : : . 22.25_)\m;ta:t' . . . . . . . : : : 0.17%
137 . (] . 30s——>»3.4m ~»33y >stable 4 4 L4 L4 . . . .
138 - . L 17m———————>32m————)stable L4 L4 . . . L] L] .
139 . . . . 41ser———>Tm—————>85m———>-stable 4 . . . . . . 6.3
140 . . . . 165——————)5110!1———.}12 8d——>»-40. 0h—-——>stable . . . . . . 6.1
. . . 405> . . . . . . .
141 . . . . 3s-———-——~—+short—-——-—)18m——>3 7h———>28d——>stable 4 . . . . 5.7
(142) . . . . ~l-2m———>-6m————>74m—-stable . 4 J . . .
143 . L] . . 1s——————>short————> <0. 5m~—~» 19m—>33h——>» 13, 8d——>stable L4 . . . 5.4
144 . L] . * short————pshort————Fshort——>»short—»275d—>17 . 5m——y-stable . L] . . 5.3
(145) . L] . . 0. Ss—————-)short————-——)short—-)short————}l 8h——>4 5h-———>stable . . L] .
- ™ ° ] (68m) ] ° ' °
(14(‘0 . . . . 4 ° 14.6m-——>246m—-}stable 4 . . .

0¥%2
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