
 

ah e+ ote. ts
ee +

ae an fee, ik
- : :

way se + - ot pee “te pee ‘mre Pett aey ‘ : Pa ‘4s ” a fey ae Tae *

toa hort iO Fe S
+. : veep Stes ..vREPOSITORY,* is : * fe ort age eT . 4 ‘bran fy 4

sate . ‘ . mo ~~ ‘

whe

COLLEGTION 2A GES
‘

*   rae . 4

“yop tes

 

.i
fele

. ,

"hs
ty

»
F
g

1

ayer
Cost pel ‘

   

   

   
7 Pa a net ed

i z ' as ’ ; os “y te ” , , 4

2BORNE. jos
ce TO, i al Meee ste:

St ‘ROLeER- bye: Penal “im gle
Te eeREE es

 

: te

PE BALERS

Fest.
wig

i ae

  
‘3 . on Aho gtihfocc ca

A CURCAC R.
Uipisege De.eo oo
*

*

Aad

i ht ate “at,Ra Ra eat wit .
, vo a , ’ me

» t Sod eal,

: ee
vate dt pee

ATES ej. *

 

vroag : .
yimet wt, i,

NucleiFormed in Fission: DecayCharacteristics,
Fission Yields,and ChainRelationships

IssvuED BY THE PLutoNIUM 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 numberof entries on
fission product nuclei in the most recent edition
of Seaborg’s Table of Isotopes (S19). |
The achievementofself-sustainingfission 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 ail 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 there-
sults of a comprehensive survey of Project reports
and scientific journals available as of June 1, 1946.

(1) This survey wae prepared by J. M. Begel, based partly on .
previous oves circulated on the Plutoninm Project prepared by
Coryell (C116), Coryell and Brady (C116), Brady and Turkevich
(8120), Winsberg aod Sugarman (W121), Cleodenio, Siegel, and
Coryell (146), aad Seaborg and Kobman (8140) basea on the un-
classified general tables of Beaborg (619), Certain refereuces (129,
T101) have bees made available through courtesy of the National
Research Council of Casada. Reprints of this survey may be ob-

taloed by writing; Plutonium Project File, The American Chemical
Society, 1165 16th &., Washington 6, D. C.
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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 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 by various Project specialists in Volume 9A
of the Plutonium Project Record, Radtochemts-
iry and the Fission Products. The detailed ex-

imcutal work is to be given in the associated
Volume OB, Collected Papers on Radiochemistry
and the Fission Products, based on material now
available only in the manifold secret reports of
various sections 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 PPRvolumes. 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 thislim::? Thevalueof the fission yield of the nucleus in
ited framework to indicate the indirect contri-*:percentage for U™ is given in column six. . It is
butions to the extent that will occur in the PPR.’ defined as thepercentage of the fissions leading to .
In giving references, it seems advisable to follow: thenucleus in question by direct formation and
the pattern of a normal survey article, 4. ¢.,; to®'

’ termined relative to the value of 6.1% for 12.8d‘list all results that present a contribution to the
bodyof information,citing the names of those who-
carried out this work and the Project report in:
whichit is described most completely."In addi- >

' yield determinations were made onnatural ura- '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)arelisted 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 numberindicate 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 hours, “d’”’ for days, and “y”’ for
years. In some cases an upperor lowerlimit 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 theactivity and the number of half-
lives over which the intensity was measured, tak-
ing into consideration the estimated : precision
of individual measurements. ae .
Column three gives the mode of decay and the

type of radiations emitted. The following sym-
bols are used: §~ for negative electrons emitted
from the nucleus, y for gamma rays, e~ for in- .
ternal-conversion electrons, 2 for neutrons, and
“LT.” for isomeric transition. In the cases in
which it has been established that the nucleus
emits little or no gamzna radiation, this fact is
stated explicitly in columneight.
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 tl. 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 inass assigninent. The clusses are tu
be interpreted as follows:

A = element certain, isotope certain;
B = element certain, isotope proba fe;
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, althoughit is very prob-
Bbly formed in the process.

a
.

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 Ba’, The majority of the fission

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-.s the fission

ing members of the decay chain (G147).
Thefission yields of the delayed neutron emit-

ters Kr, Xe(™, 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 trarisformed to the percentagefission
yield of the neutron-decay process by multiplica- .
tion by the value for y, 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 electronsarelisted 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 spectrographSpect.
studies,

Abs.Al FP. = absorption of the particles in aluminum
{range evaluated according to the
method of Feather (F4,F5,F6)),

Abs.Al = absorption of the particles in aluminum
(range estimated visually or from the

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

CLCh. = cloud chamber studizs,

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 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).
Gammaray energiesare listed in column eight,

Each value is followed by a description of the
method employed in its determination and the
following abbreviations are used:
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Spect.. , m= magnetic spectrometer or._spectroggaph
studies of secondary electrons, 242+...

Spect. conv. = magnetic spectrometer or spectrograph
. studies of conversion electrons, «.7’;-

Abs.Pb = absorption of radiations in lead . (when
. elements other than lead were they
iydesignated by their chemical sym-

Abs.Al conv, == absorption in aluminum of conversion 7
electrons,

Abs.Al, coine. = absorption in aluminum of secondary ;
electron coincidences, tot

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 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 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 methodis 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 anda 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,

gy‘NocstFominynN Frssron-

The abbreviation .

Parentheses
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2413.

around: the mass ‘numberindicate that the mass
-assignment is uncertain.
_ty Genetic relationships of thefission productsare

. shown 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
Mot yet been indentified as a fission product.

. The fission yield values listed opposite the mass
numbers were generally determined for nuclei ap-
pearinglate in the fission product chain. Ina few
cases, however, the values apply to isomersin an
excited state or to nuclei that can only be formed
directly in fission and not by beta decay.
these cases, the fission yield value is only a trae
‘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 nttmbers 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 graphicalclarity.
A circle is used for the fission yield of a nucleus
when its mass number is certain, and a square
when its mass numberis uncertain. The smooth
line drawn through the points corresponds to a
total area of 197% which agrees very well with
the possible 200% resulting from two large frag-
ments perfission.

Description of the List of References
A list of the references is given on pp. 2414-15,

2436, and 2441-42, References are segregated
alphabetically by the initial of the last name of
the first atrthor, 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
rocess 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
Produ 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 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: Grummlttand Wilkinson of the National Research

Council of Canada have recently published a similar yield-masa

curve for about 20 chains (Noiare, 168, 163 (Aug, 3, 1946)),  
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vertised in advance of publication:“Queriesabout

tention Information Branch, mMa ahr THA

The advice and criticism‘ of L.'E. Gleadedin,

fully acknowledged.
survey was facilitated by use of an index ‘of re-
ports on fission product chemistry prepared by
L. Winsberg (W120). Thanks are due Miss une
Babbitt for assistance in the preparation\oO
manuscript.
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xwclems Half-life Decay Desovery Clase Fissionyield, Partie” “ radiationsMevsiations Producedbyand releitnces

30 Zo™ 49h (S121) Sy (S120) A 18%X107* 0.3(-95%), ~1.6 + (S121) fiss., prec.14.25hGa™? sw...
(S121) (~5%) (S121) abs. (S121)

Al, F.

Zn" <2m (S121) |;Snhyp. prec. 5h Ga"(S121) ik. ee

31 ~Ga" stable

Ge™ 14.25h (S121) B. 7 (S120) A caseoeece 0.8(~65%), ~3.1 0.64(~10%), 0.84 Ga(d,p) (L11) ped eee!
14.1b (S1) (~35%) (S121) (45%), 2.25(~45%) Galn,y) (S1,S121)--

abs, Al, F. (M114) spect. Ge(#,p) (S10,S121).- . - EE
1.71(S3) cl.ch. (K.U.) 1.17, 2.65(M2) spect. fiss., desc. 49h Zn”? a

. 2.1(S121) abs. Pb - (S121) .-. st

Ge 5h (S121) s~ (S118), (S121) BB 1.0% 10-¢ 1.4(S121) abs. Al, F. no y (S121) Ge(,p) (S121) a eesece.
(S121) fiss., desc. <2m Zo"? (S121). =:

73(S121) fiss. yid-ener. 28
32 Ge stable oY oe

Ge? stable “Tpke
Ge stable
Ge* 89m (S11) a (A) vce ceees 1.2 (S11) abs. Al + (S11) Ge(d,p) (S1,S10,S11) we ee ee

1.1(S3, $10) el. ch. Ge(n,-7) (SI, $10)
(K.U.) Ge(s,2n) (S10, S11)

As(n,p),(S10, S11) .
Se(#,a) (S10, S11)
Ge(y,) (H23) .

Ge” 12h (S11) a7 (S133) A _0.0087(S134) 2.0(5133, S134) abs. —-y (S134) Ge(d,p) (S1,$10, $11) eesee
11h (S134) Al Ge(n,y) (S1, $10)

1.9(S3, S10) cl. ch. Se(n,a) (S11)
(K.U.) fiss., prec. 40h As” (S134) .

77 (S1, $11) not prod.As(#,p)

GeO 2.1h (S134) B-.7 (S133) C 0.020(S134) ~0.9(S134) abs. Aly (S134) fiss., prec. 90m As™(S134) ......|
33 As™ stable

As™ 40h (S134) (S133) B  0.0091(S151) 0.7(5134) abs. AD ke wee e eee fiss. (SI51) dese. 12h
Ge” (S134)

As™ 80m (C5) are 7.) 1.4(S8) cl. ch. (K.U.) 0.27(S6) abs. Pb Se(n,p) (S6) eesece

65m (S6, S22) Br(x,a) (S22, C5, S6)

As™) 90m (S134) B- (S133) C 0.020(S134) 1.4(70%), 4.1(180%) wwe ee ence ee nee fiss., dese. 2.1hGe'™ ..,..,
(S134) abs. Al, F. (S133, $134) oe

As? <10m (G117). |© BB cdvececne ceeeecceeeececesMo pene ete nese eeees hyp prec. 17m Se" (G117) .....2
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Br*

Br*

~ 25m (G117)

<10m or B-
>7 X 10ty (G122)

stable

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

I.T., +, @7

17m (G117) &-

19m (L2)

stable

a.

30m (L2)

n2m (G117, a
E115)

stable

stable

34h (S22) &.47

2.4h (K115,G117) 87
2.45h (S22)
2.33h (L2)

30m (S25)
33m (K101)

a7

eevee seven

(G118)

(G108)

(G108)

(G117,
E115)

(F112)

(L2, S25)

(D3)

 

@enneseasea

0.008(G117)

0.125(G117)

0.21(G117)

ese aeeeene

2.8 X 10-*
(F112)

0.40 (G117)
0.30(K115)

0.65(K116)

aeeereneeeeeeaeeeae

e~: 0.0868(80%),

0.0964(20%) (H17)
spect.

e~: 0.085(L2) spect.

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

1.5(G117) abs. Al, F.

eee eeenteee #2 BeBe

0.465(R3) spect.

0.9(G117) abs. Al, F.
1.0(L2) abs. Al, F.
1.3 (S22) abs. Al.

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

Seesestseeennnennnre’

0.099(H17) spect.

conv.
0.098(L2) spect.

conv.; abs.

no + (G117)

0.17, 0.37, 1.1(G117)
abs. Pb

eeoesv enue eaeetbenn ee

0.547, 0.787, 1.35
(R3, D10) spect.

1.0(R3) abs. Pb

no y (S22, G117)

¥ (K101)

79{G117) not mass 81

Se(n,y) (S22, H21)

Se(d,p) (S22, L2)
Se(-y.n) (B7)
Br(2,p) (L2)
fiss., prec. 17m Se*#

(L2, Gi17)

Se(n,y) (S22, H21)
Se(d,p) (S22, L2)
Se(7.2) (B7) —
Br(#,p) (L2)
fiss., 59m Se®!* LT.
. 12,GU7 ° |
81(G117) fiss. yid.-ener.

eereee

seen ee

Se(s,7) (S22, L2)
Se(d,p) (L2)
fiss., prec, 2.4h Br%¥

($22, L2)
fiss., prec. 30m Br™

(G117, E115)

Br(d,p) (S22)
Br(n,7) (K7, S22)
Se(p,») (B9, R4)
Se(d,2n) (S22)
Rb(n,a) (S22, P7)

fiss., (F112)

Se(d,n) (S22)
Se(d,p) dese. 25m Se™ (L2)
Se(n,-y) dese. 25m Se*¥

(S22, L2)
fiss., desc. 25m Se* (L2,
G117, S22); prec.
113m Kr*** (L2, E102)

Rb(#,a) (B2)
fiss., desc, ~2m Se* (D3)

(D8, D4)

(M10,
$143,
G108)

9F
61
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A Balf-Die Decay ee Class Fiasiog.yield, Parties” ofFoeeeadiations Producedbynae relerrncee

Br® 3.0m (S25) a- (S25) Ae cc cence cence ce ente eee ces cea eeeueseeueaes fiss. prec. 4.5h Kr (S18, B2).....
Br® 50s (S25) s~ (S25) Aueeee eect teen eee cnet ee bee eeeeceneenees fiss,, prec. 75m Kr® (S18, B2).....
Br®? 55.6s (H111) & (n) (BIL, L105) Co cccete cece eee e cece ee tebe eteaeeeceees fiss., prec. Kr@), inst. (S154, S126)

56s (L105) # emitter (L105)

Kr*® stable eww ees low (G147) co

Kr* 113m (L2) 1.T.,e7 (L2) | e-: 0.082, 0.045, 0.028  X-ray(E102) Selon) (C1,C2) eee eee
(1117) spect. Kr(d,p)? (C1, C2)

e~: 0.035 (L2) abs.air Kr(d,d)? (C1, C2)
desc. Se(n,y), (d,p) (L2)
fiss., dese. 2.4h Br*?

(L2, £102)ao

Kr stable eee eee (T101) Daaee cee neeteeeeeeenee teeeeeseeeeenees fiss. (T101) mass spect. .
dese. 2.4h Br? ‘

Kr™ stable wees (T101) Boda c cece tect ete c enc ce nee ten teeneeeare ,--  fiss. (T101) mass spect. ©
dese. 30mBr4¥

Kr* 4.5h (H108,S22) fs", (S18) A eeceseece  0.04(H108) abs. Al, FP. 0.17, 0.37(H108) abs. Kr(d.p) (S22,C1,C2) .... 0.08,
4.6h (S13) 0.85(B3) abs. Al Pb Sr(n,a) (B2)°*
4.0h (C3) Rb(#,p) (B2)

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

Kr ~10y (H110) a (1104) A OM 0.74(H110) abe. Al, F. no + (H110) Kr(s,y) (H108) iw eee
(H110) fiss. (H104)

85(T101) mass spect. -

Kr* stable ls eee e (T101) Po dw cer ce te eter ec cece scene caeeeneeseccetes fiss. (T101) mass spect.

Kr=¥ 75m (S18) a (S18) A ocaaeee eee wA(B3) abe,ADecco Kr(é.p) (S22) wee
74m (S22) Rb(s,p) (B2)

87(B2) not prod. Sxr(s,a)_
fiss., dese. 50s Br®

(S18, B2)
Kr® instantaneous # (1.105) (L102) C 0.026% of #:0.30(B125) cl. ch. ww... eee fiss., dese. 55.63 Br™ (S25, S126,

fission 0.25 (H111) abs. (L105) . B2, R101,
neutrons paraffin $18)

(4111)
Kr* 3h (L1) s (L1) A weeceess .  BECW2)eh ch. (E.0.) 0.0... eee fiss., prec. 17.8m Rb™ (H5)

2.8h (G3) (L1, A6, G1, G2,
H7, H22)

Er 26m (D109) s- (G1,S14) Acccc cece cent te cn ee ten ce ceeeeeeeseseas fiss., prec. 15.4m Rb* (D103,
2.5-3m (S14) (G1, G2, S14,H7); D108)
2-5 (G2) prec. 53d Sr (G2,

G2, 0102, D109).
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5

Rb?!

Rb

~33s (K119) &-

9.8s (D109) s-

§.7s (0102)

3s (D109) &

2.0s (D109) &

1.4s (D109) &

short (A101) s-

stable

19.5d (26) a.

6.3 X 10y (S96) 8. 7, 67

17.8m (G2) B-
18m (H7)
17.5m (W2)

15.4m (G2) &
' 15.5m (7)

short (D103) s

short (H8, B118, s- |
0101, D103,
D109)

short (H15, B118, §-
D109)

(D103)

(H8)

(H5)

(116, B118)

(715)

(A101)

(F113)

(H4, 1122)

(G1, 314)

(D1¢3)

(H8)

(H5)

c

Cc

A

A ~16%X10-*

A

A

Cc

eee eee ee 00lmlUmuCl

*#e ee ees ee see mares e seen enenere

eeepeeeseae sea 2» ee eee ese eaenetare

Cr

oOseeeee ee iss eee se eeseeasetee eae

1.60(F11) spect.

(F113) 1.56(H26) abs.

0.132(L8) spect.
0.13(O1) spect.

0.25(K3)} spect.

4.6(G2) abs.
§.1(W2) cl. wh,

3.8(G2) abs.seeepeene

eee eaeees 2 esa vaeveaee nee enstununenes

eseeeeneee jee her eevaesneeaee

See tee eee

ese weer eta e see ee

ee ee ee eee

eee eee meee eater

cet eae emer e ere eee ee

*#eeeer eee eae senves

0.034, 0.053, 0.082,

0.102, 0.129 (01)

spect. conv.

teeeesesnaenseeeeas

ee

seeeeeenantseean eas

Seer e ee Beton teen

eae meee eee ee

fiss., prec. 25y Sr®

(D103, E119)

fiss., prec. 9.7h Sr®
(D109);. prec. 57d
y" (H8,. B118,

0102, D103)

fiss., prec. 3.5h Yt?)

(H5, H6, H8, H15,
B118, D109) ©

fiss., prec, 10h Y¥.%)

(H16, H13, B118,
D103, D109):

fiss., prec. 20m YO)
(H15, D109)

fiss., prec. 17h Zr™
(A101, D109)

eeererrtrernes

(D108)

(D108)

(H15, D108,
102)

Rb(#,7) (S22, S15)
Sr(d,a) (H26)
Rb(7,7) (H23)° “oF

fiss. (FI13)° °°

87(N1) mass spect. (T3, C6)

Rb(m,7) (P7, S22) (H5)°
fiss., desc. 3h Kr®™ (L1,

A6, H22, G1, G2, H7)

fiss., dese. 2.6m Kr® (H13)
(G1, G2, $14, H7):
prec. 53d Se*® (G2)

fiss., dese.~33s Kr™
pree. 25y Sr (D103)

fiss., desc. 9.8s Kr®!
Pree. 9.7h Sr!

(D109); prec. 57d Y"!
(H8, B118, 0102, D103)

fiss., dese. 3s Kr),

-pree. 3.5h YO

esse eseene

(H5, H6, H8, H15,
B118, D109)
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z a Half-life Decay Boole Clase raanal Parte’ Feasonecameradiations weeeeevent references

Rb® short (H16, H13, 6- CH16, BLISS) Cc cece cerns cee eee rece nee fiss., desc. 2.03 Kr®) 2.0...
B118, D103, prec. 10h YO
D109} (H16, H13, H15,

B118, D103, D109)

Rb®™ short (H15, D109) Am (H15)a. fiss., desc. 1.43 Kr) od.
prec, 20m YC)

(H15, D109)

Rb*® short (A101) s~ (A101) Rca cc ccc e ewe c emcee teens tent n teen eeeees fiss., desc. short Kr¥  .........
prec. 17h 3Zr¥
(A101, D109)

Rb 80s (H5) & (H5) ,oeeeee eessees  fiss. CH5)

33) Sx Stable ns wees low (G147)

Sr stable

Sr stable

Sc 55d (G138) 8 (L9) A 4.6(N112) 1.50(W104) spect. no y (G138, $23, Sr(a,y) (S23, S24) (H5, H7,
54d (L9) | 1.52(N101) spect. $24) Y(s,p) (S4) H1, P104)
55d (S23, S24) 1.5(G131, B3) abs. Al; fiss., desc. 15.4m Rb* (G2)

(S24) el. ch. 89 (1.108) mass spect. a:

Sc* 25y (N110, G134) 8- (H16,N108, Aw... eee 0.6(G134) abs. Al, F. no -y (G134,G130) _fiss., dese. short Rb™ (M113)
G130) (D103); prec. 65h

Y* (His, #H13,
N108, G130)

90 (H101) mass. spect.

Sx*! 9.7h (K102) BY (G6) A 5§.0(F103) 1.3(40%), 3.2(60%) ~1.3(K102) abs. Pb Zr(n,a) (517) (B115)
10h (H15) (K102) abs. Al, F. fiss., desc. short Rb*!
8.5h (G6) (D109); prec. 51m Y"*

(~40%), 57d Y™!
(~60%) (G6, F105)

Sct ® 2.7h (G6) &- (G8) OR > 0 ¢>(0)nn fiss., desc. short Rb (2713, H15,
(H5); prec. 3.5h B118,
Y) (G6) P102)

Sc 7m (L9) &- (L9) Clk cece cee cect ence cece nee ee eee eee ees fiss., desc. short Kr®) (35)
. (L9,H16,H13,H15,

B118, D109); prec.
10hY*) (H16, H13, H15)

Sit 2m (H15) 8 (H15) Clk cece cece t eee reece tee tenet eneeee fiss., desc. 14s Rx® 12.0...
(H15, D109); prec.

. 20m Y*) (H13, H15)

nad short (A101) &- (A101) Acne w eee nee eee eee eee e eee ee tee eee cece nes fiss., desc. short Kr®¥ 1... 1...
prec. 17h Zr™

(A101, D109) ~
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yue

you

you

Foe)

Zyxt

zx”

Zr?

stable

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

51m (F105)

50m (G6)

57d (H8, G8)

3.5m (L9, H15)

10h (B113)
11.5h (A115)

20m (H15, D104)

<3h (S114)

short (A101)

stable

stable

stable

2.5m (N104)

stable

&

I.T., +, «”

&.7

SY

&.7

A (?)

(H16,N108, A .........
G130)

(G6) A oencecees

(Hs) A 5.9(N112)

(L9) Chace cease

(H16,6101) C ......eee

(#15) Cc  ~5(D104)

eeeraeaaneet A eeetgen ana

(A101) A deasacece

bececseee (D)  ...eeeeee

ateetretegt

2.2(N101) spect.

2.45(G134)abs. Al, F.

2.50(.N108) abs. Al

2.6(S23) cl. ch. (K.U.)

é~; ~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.

eG@eteteustate eee ue

eee ten eeeereaeneanaee

oN

no > (G134, G130)

0.61(F105) abs. Pb

(~10% con-

verted)

no y (B101, M101)

0.6(G6) abs. Pb

0.7-1.1(K111) abs.

Pb

0.7(B113) abs. Pb

aeueseeeeeer ee ees

ees ee eae s ate en nnd

 

were ne eeeY(n,7) (S23, S4)
¥(d,p) (S23)
Cb(2,a) (S5,S7,N104)

Zr(n,p) (S9, G126)

Zr(d,a) (S9)

fiss., dese. 25y Sr®
(H16, H13, G130,

N110)

90(H101) mass spect.

Zr(n,p) (S17)

fiss., desc. 9.7h Sr*}

(~40%) (G6,
F105); prec. 57d

YY" (F105)

Zr(#,p) (S17)
fiss., desc. 9.7h Sr®

(~60%) (G6, F105);
dese. 51m Y™*
(~4097%) (F105)

91(L108) massspect.

Zr(n,p) (S9, S17)

fiss., dese. 2.7h Sr®D
(G6, H103)

fiss., desc. 7m Sr

(H16, H13, H15);
not mass 95 (S114)

Zr(n,p) (S17)
fiss., dese. ~2m Sr)

(H15, H13)

hyp. prec. 65d Zr

(S114)

fiss., desc. short Sr?

pree. 17h Zr*

(A101, D109:

epeeavencee

(G131, P103)

(B113)

(B115)

Co(m,p) (?) (4104)
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io, Hal!-fe Decay ey Fissiogvkid, Particles’ ot Faene’diations Feesayeect references

Zr™ 65d (B117) &.Y (G128) A -~64(S128, 0.394(98%), 1.0(2%) 0.73, 0.92(?) (N103) Zr(#,-7) (S9) (B121, N104

65.5d (P8) W101) (N103) spect. spect. conv. Zr(d,p) (S9, J101) H13,
63d (S9) ~.35(98%), 1.0(2%) 0.80(E108) abs. Ph Mo(n,a) (S9) G101)

(M113) abs. Al, F.; 0.88(M113) abs. Pb fiss., desc. <3h Y™

(E108) abs. A! (S114); prec. 90h Cb**

s~: 0.71, 0.90 (?) (~2%), 35d Cb” (~98%)
(N103) spect. (E108, $131, J101)

95 (L107, N103) 35d

Cb™ B~ emitter

95 (H102) mass spect.

ar stable

Zr 17.0b (G8, K109) A. 7 (G8) Ane ee ees 2.1(K109) abs. Al, F. ~0.8(K109) abs. Pb Zr(n,-y) (S9) (P105)

Moln,a) (S9)

fiss., dese. short Sr*

(A101); prec, 75m

Cb" (G8, H9, S9)

95, 97 (J101) not prod.

by Cb(x,p) (N104) |

97(S9) not prod. by Zr(,2n)

41 Ch stable —

Cb*™* 90h (S131) I. T.,e7, (E104) | o-: 0.22%,0.23e(L104) y highly conv. (?) fiss., dese. 65d Zr™ .........

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)

Cb" 35d (E108) a4 (G128) Aone eeeenes 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) dese. 65d Zr* = E117,

M113) abs. Al conv. (J101) E105,

o~: 0.75, 0.77(13106) =—.0.79(J102) spect. fiss., dese. 65d Zr N101)

spect. 0.75(E108) abs. Pb (~88%) (J101,

~0.7(G128) abs. Pb G128, E108); 90h

. Cb™* 1. T. (~2%)

(S131, L104) ©

95(L107, N106) 35d

Cb" g- emitter

95(31102) mass spect.

Ch? 75m (G8) ao.7 (G8) A naeeeces 1.4(K109) abs. Al, FF 0.78(K109) avs. Ph Mo(#,p) (S9) (P105)

fiss., desc. 17h Zr®

(G8, $9, H9)

42 Mo" stable

Mo* stable

Mo" stable

 

C
O
P
E

NO
IS
SL
J
NI
G
A
W
M
O
1
Z
7
0
N

 

89
‘
P
A



Mo™

Mow
Mo™

43™1

430)

436

4300

Ru”

Ruwi

 

67h (S13, K103) a7

stable

14.6m (M6) &.7
14m (H11)

12m (H11) &-

short (B4) &

5.9h (G144) LT., 7, «7,
6.6h (S13) X-ray

4X 10*y (M107) p>
~10ty (L111)
~3 X 10*y (S104)
>3000y (G110)
>40y (S13)
14.0m (346, H11) 87, 7

<lm (H10,H11)  s-

short (B4) B-

<1.5m (B4) B-

stable

stable
stable

(H3)

(#10)

(H10)

(B4)
(S21)

(1111, S104).

(H16)

worereces

A 6.2(F103,
$153)

A Lee eee

Cas eaaee ee

Aone cee eee .

A nneweee e

A peecceces

A soerecees

Cnweeees .

A seneeeees

Cnn ee wees

i

1.2(K103) abs. Al, F.
1.4($13) abs. Al

1.0, 2.2(M6) abs. Al

1.9(S9) abs.

1.8(S8) el. ch. (K.U.)

e~: 0.116(S13) spect.

0.12(S13) abs. Al

0.3(L111, S104,
M107) abs. Al

1.3(M6) abs. Al
1.2(M5, SQ) abs. Al

1.1(S8) cl. ch. (K.U.)

Poreceseneseseces

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

wee emrcoras

o
e

Mo(d,p) (S13)
Mo(s,7) (S4, $13)

Mo(n,2n) (S9)

Zr(a,n) (D5)
fiss., prec. 5.9h 43%*

(~10%) ($13,821);
prec. 4 X 10#y 43
(~80%) (S13, M107)

(H24, B115)

Mo(n,7) (S8, S9, M5,

M6)

fiss., prec. 14.0m 43™!

(M5, M6, H10, H11, $8)

101(S9, M6) notprod.

by Mo(s,2)

fiss., prec. < 1m 432)
(H10, H11)

fiss., prec. 4.5h Ru™(B4).......

Mo(n,7) dese. 67h Mo™ (G110)

(S13, S9)

Mo(d,p) dese. 67h

Mo* (S13) sy

fiss., dese. 67h Mo* (S13,

$21, G107); prec.
4X 10*y 43% (S13, M107)

Mo(s,y) dese. 67h

Mo* (M107)

fiss., dese. 67h Mo

o~(90%)(S13); 5.9h 43%*

LT. (~10%)($13, H10)

Mo(a,y) dese, 14.6m

Mo!(S8, S9)

fiss., desc. 14.6m Mo!

(M5,M6,H10,11,88)

fiss., dese. 12m Mo»

(H10, H11)

fiss., dese. short Mo™;

prec.4.55Ru(B4)

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

eeeecnere
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2 Half-life Decay eee Clase Fiselogyield, ticles a Feateoeydiations Produce’pyane references

Ruo™ 42d (S145,G143) fs17 (N2, G128) A 3..7(8"32) 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 Rur(s, 7) (S145) G115)
0.2(97%), 0.8(3%) fiss., prec. 56m Rh?*

(G143) abs. Al, F. (G143, G127)

Ru™ stable
.

Rus 45b (S145) &.7 (S20) A ~~0.9(S145) 1.35(S145) abs. Al, F. 0.76(S145) abs. Pb Ru(d,p) (L10,S145) ws. eee

4h (L10, D2, N6) 1.5(B4) abs. Al Ru(n,7) (D2, $145)

fiss,, dese. short 43!

(B4); prec. 36.5b

Rh(N6, $145, $122)

Ru™ 1.0y (G143) a (G129) A 0.48($132) ~40.03(?)(G143) abs. no y (G143) fiss., prec. 30s Rh (C105,S123)

0.53(G121) Al (G127, Gi43)

106(H102) massspect.

Ru4m (B4, G1il6) a (B4) Or ~w4(B4) abs. AL ae eee eee ee fiss, dese. <l.bm_.........

430™(B4); prec. 24m

RhO*(B4, G116)

45 Rh®* 56m (G127) I.T., e, (G127) . e~: ~0.03(G143) abs. X-ray: 0.020(G143) Rh(y,-7) (W6) ($123, S145,

48m (F3) X-ray Al abs. Al _Rh(#,n) (F3) G115)

45m (W6) fiss., desc. 42d Ru

(297%) (G143)
Rh* stable

Rh™ 36.5h (S145) a. (N5) Ao... e eee 0.60(S145) abs. Al, F. 0.33($145) abs. Pb  Ru(d,n)(?) (S145) eben encee

34h (N5) e—: ~40.3(5145) abs. Ru(d,p), Ru(s,7),

Al dese, 4.5h

Ru™ ($145)

fiss., desc. 4.5h Ru

(N6, Si22, $145)

Rh™* 30s (G127) B-.+7 (G127) Aon cea eee ~2.8(20%), £.9(80%) 0.3, 0.8(G143) abs. fiss., desc. 1.0y Ru ........,

(G143)abs.Al coinc. Pb (lowintensity) (G127, G143)

-~4.5(S123) abs. Al

Rho 21m (B4) B-, 7) (B4) Conse eee. 1.2(B4) abs. Al ¥(?) (G116) fiss., desc. 4m Ru .........

26m (G116) (B4, G116)

107(G116) fiss. yld.-ener. ‘

Rh” <ih (S107) Br de eee Acc cece kee e eee e eens bees tee eee tana eeee hyp. prec. 13.4h Pd'(S107) .....

Rh 9h (B111) 8.7 (B111) Dae eeeee -~~1.3(B111) abs. Al 0.8(B111) abs. Pb fiss. (B11]1) eee eee

46 Pd™ _stable

Pa™ stable

Pa® very short or B cee Accentc eee cee net e ee tact ee ens beter eeeteneeeees (C112)

>3 X 10*y (G119)

>86 X 10’y (L115)
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47

48

Pa“

Pa*

Pave

Pa™

Pq

Ag™*

Ag™

Agi

Cam

Ca?

Cd}?

Cdl4

Cds

stable

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

stable

26m (S20) a

21h (S107) s—

stable

40.4s (W5)
40s (A7)

I.T., €". 7.
X-ray

stable

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

Bo. vf?)

3.2h (P5, $107) 8.7

stable

stable

stable

stable

2.33d (C4,M111) 8.7

2.5d (G3)

(S109)

(N4)

(N4)

(N4)

(N4)

(N4)

A

A

(A)

A

A

A

0.028(t)
(E111)

0.011(S107)

eeeeuee ee

0.018(t)

(E111)

eeeeeseue

0.011(M111)

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

3.5(B4) abs,

0.2($107) abs. Al

e- : 0.0664, 0.0896,

0.0915 (V1, H17),

spect.

~0.24(?), 1.0(5129)

abs. Al, F. ,

~A.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)

eounpamnneeeeoeeatre

no (S107)

0.0426(V1, H17)
spect. conv.

0.092(H25) spect.
conv.

0.09(A7, H17) abs.

no +(?) (K4, P5)
+ (low intensity)

(S129)

0.86(S107) abs. Pb

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

 
 

Pd(d,p) (K4)

Pd(n,y) (A3, K4)

Ag(n,p) (F1)
fiss., prec. 40s Ag'?*(S20)

109 (R103) mass spect.

QF
6T

“
A
O
N

Pd(d,p) (K4)
Pd(n,+) (A3, K4)
fiss., prec. 7.6 Ag!!!

(K4, S20)

fiss., prec. 3-2h Ag'?

(N4, $107)

(S20)

eenevreeanareAg(d,2n) 5.7h Ca

K-capt. (A7, H25)
Ag(d,2n) 158d Cd”

K-capt. (H25)

Pd(x,7) dese. 13.4h

Pd(S20)

Ag(n,») (A7, B8)
Ag(e,e) (W5)
Ag(7-7) (F3, W5)

 
Pd(d,n) (K4, P5)
Pd(a,p), Cd(n,p) (P5)
fiss., dese. 26m Pd}

(K4, S20)

Cd(n,p), In (n,a) (P5) (S105)
fiss., desc. 21h Pd"?

(N3, N4, $107)

(N3)
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 Cd(d,p) (C4)
Cd(n,7) (M8, G3)
Cd(n,2n) (G3)

In(#,p) (S116)
fiss., prec. 4.5h In™* S

(C4, G3, N3, N4)

 



 

Fission yield Energy of radiations in Mev Produced by and Other
z A Half-life Decay im fission Clase % icles . Gamma radiations mass assignment references

Ca" 44d (G141) 8", 7?) (M109, A 0.0098 1.7(G141) abs. Al _ 0.5(?) (S117) abs. Cd(d.p) (C4) ae

43d (S116, M118, G113) (M1118) 1.8(M118) abs. Al, F. Pb Cd(s, 7) (S115, S116)

$117) 1.5(S116, S117) abs. Al In(#,p) (S116)

40d (C4) fiss., (M109, G113)
: 115(C4y 44d Cd1

&~ emitter

Cd™ stable

Cd¥t 2.83h (L7) é- (N4) A O.01(M132)  (1.3-1.7(L7) spect. weeeee Cd(d,p) (C4)
2.72h (M112) Cd(n,vy) (M8,G3) sigs eee

fiss., prec. 1.95h In!”

(G3, C4, L7, N3, N4)

117(C4), 1.95h In’?

8 emitter

Cd* 48.7m (W10) 1.T., « (N4) Cc eeeeees oe OT :70.17(W10) abs. Al oo... eee Cd(s,2) (D7) ee teeeeee

50m (D7) Cd(e,e) (W10)
Cd(y,7) (F2, W10)

fiss. (N3, N4)

49 In'™* 4.53b (16) L.T., ¥, «7 (N4) A eeseceess  €7: 0.308, 0.332 (L5) 0.338(L7) spect. In(n,n) (G3) _ (M1i1)

4.5h (L5, C4) spect. conv. In(p,p) (Bi)
4.1h (G3, Bl) 0.43(G3) abs. Al ~4).4(L7) abs. Pb In(e@,a) (L3)

In(z,e) (W1)

In(X-ray) (P4,C3,W1)

Cd(d,p) dese. 2.33d

Cd! (C4, L7)

fiss., dese. 2.33d Cd's

(G3, C4, N3, N4)
Tnts stable

Int? 1.95h (L6, L7) & (N4) A cee senees 1.73(C4) spect. no + (L6, L7) Cd(d.m)(L7) kee eee

1.9h (34112) 1.90(M112) abs. Al, F. Cd(d,p) dese. 2.83h

. Cd(C4, LZ)

fiss., desc. 2.83h Cd!

(G3, C4, N3, N4, L7)

50 Sal” stable

Sal stable

Sats stable

Sais stable

Sat) 62h (S108) 8 (N2) C  0.014(S108)  0.76(S108) abs. Al, F. no y (S109; fiss. (N2, H14, S108) .........

60h (N2)

~80h (H14)

Sn21123) 130d (L101) s- (L101) C 0.0012 1.44-1.53(L101) abs. no y (L101) fiss.,noactivedaughter .........

(L101) Al, F. (L101)

. .
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51

So'3

Sa (123)

Sa14

Sal

Sae™

Sb™

Sbus

Spur

Sb!”

Spi)

Siu

Shaw

Te!™

Te'™

Te'™*

10d. (S108)
lid (H14)

stable

9m (L13)

~20m (H14)

70m (N2, H14)

w2.7¥ (L102)

~60m (N2)

93h (S124)
80h (A2)

42h (A2)
~5m (A2)

<10m (A2)

<10m (A2)

stable -

stable

90d (S12, G135)

&-

B~, x(?)

&. 7. X-ray (C102, $124)

A-. y(?)

&.7

B
P
W

I. T.,e,
X-ray

9.3h (S12, C103, Aq

G135)

(H14)

(H14)
(Ns)

@eeee or nre

esneaneee

(G112)

(A2)

C 0.0044
(S108)

(B) waeeeeeee

Cnneeeeeee
C 0.1{S108)

B 0.023(S127)
0.018(L102)

set eoanteee

O
F
r
O
o
p
r

F
P
O

ereeeenee

A (0.033 (G135) «7: 0.055, 0.082,0.085 X-ray: 0.028(G135)

2.6(S108) abs. Al, F.

wee -on;seees

SHO) : 0.7(60%), -
2.7(40%) (S108)
abs. Al, F.

0.3(~65%), 0.7

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

-~4.6(C102, L102)
abs. Al

see 70m Sn (139)

1.15(S124) abs. Al

ee eeoeoseeanenheeeee

eure reevueeeoeneesea

eee ee esos ecastnee

reas eeeegene

(H17) spect.

abs. Al, F.

 

+ (S108)

eeneeeve eevee anene

Seeheeeeeeeen anaes

(70m Sn) +

~60m Sb@™)):
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 Sol™

0.72(S125) abs. Pb

eeeneennenentee eee

eevee eee nsnseene

Seeseenweaeebe seas

eee eee ee eases eenen

abs. Al

0.70($12, C103,G135) no -y (C103, S125,
G135)

Sn(¢,p) (L13)
Sa(x,7) (L13)
fiss. (H14, S108)

eee eonene

Sa(d,p) (L13)
Sa(n,7) (E13)
125(L13) not prod.

by So(s,28)
fiss. (H114)

fiss., prec. ~60m SbU™)
(N2, H14)

eaeeeeeeone

(S109)

desc. Sn(x,y) (S127)
fiss. (C102, S124,

$127, L102)

fiss., dese. 70m Sn) (N2) .......
fiss., prec. 9.3h Te!”

(A2, C103)
fiss., prec. 70m Te!™(A2) ..... 6506
fiss., prec. 77h Te")(A2) .....---
hyp. prec. 60n Te!*(A2) «2.2.06.

hyp. prec. 43m Te“#(A2) .......

eeeeee ene

Te(d,p), Te(2,7) (S12)

I(n,p) (S12)
fiss., prec. 9.3h Te!”

($12, G135).

Te(d,p) (T2, $12)
Te(a,y) (S12)

Te(s, 2") (T2)

fiss., desc. 93h Sb!”

(A2, €103); 90d

 Tel™® 1. T. ($12,G135)

@eatseanns
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Tel™

Tele

Te™

Te'™*

Tel

Tel}

Telit)

Te?#

Tell®)

Tel™

Malf-lile

stable

32d ($12, G135)

70m (A2, G135)
2m (S12)

Stable -

30h (A2)

20h (12)

25m (S12)
20m (A2)

77h (A2)
66h (H3)

60m (A2, W9)

43m (A2)

<2m (D4, G123,
K108)

~1m (H14)

Decay

1. T., e7

8-, Te X-ray

I. T.,e7

B-

8. ae

A-Tay

p-

a7

g-

Discovery
ja Gssion

(N111)

(A2)

(A2)

(A2)

(A8)

{A2)

(A2)

e@eeeve eee

Fission yield,
ve

0.19(B119)

are ee nr ned

~0.5(K104)

3.6(E110)

ee eee weve

sewer eeee

oe ee eee ee

eee ee eee

Energy of radiations ia Mev
Particles mma radiations -

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.
aeeaeteeeeneereertboer se

eee eteceene ne eae

0.28(N115) abs. AI, F. 0.22(N115) abs. Pb

~0.3(B3) abs. Al X-ray (A2) abs.
e~(N115)

etree tea nestor tae eee streets aaeeeneoeneas

eeeeeeey

ee eee ee eee meee eee were eee rere ences

eee ee eee wee ee eee lUlUmUlClUlUlUCU Chl hlCh

Produced by and
mass assignment

Te(d,p) (S12)
Te(n,y) (S12)

Te(n,2n) (T2)

fiss., prec. 70m Te'**

(S12, G135)

Te(d,p) (T2, $12)
Te(n,y) ($12)

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

Te(y,") (B7)
fiss., desc. 4.2h Sb!*

(A2); 32d Te'#*
I. T. (S12, G135);
prec. very long I'*
(S12, L112)

Te(d,p) (S12)

Te(n,y) (S12)

fiss., prec. 25m Tel?!

(S12); pree. 8.0d

12) (A2, H4, S12)

Te(d,p) (S12)

Te(,7) ($12)
fiss., desc. 30h Te?#!*

I. T. (S12); prec.

8.0d I!! (A2, $12)

fiss., dese. ~5mSb (32)
(A2); prec. 2.4h

10%) (A8, A2, H3,
H4, N115)

fiss., dese. <10m Sb1??
(A2);  pree. 22h

I*33 (A2, H4, W9)

fiss.,dese. <10mSb(3")
(A2); prec. 54m

130 (A2, H4)

hyp. prec. 6.7h [4%

(S21, D4, G12,
K108, W9)

ose ane eone

eee ese tet

ee eee eeoes
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pas)

yi

yous

[]3

yam

yi

yan

Xe!

Xe
Xess

Xe

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 (S2i, D4,W9)

1.8m (525)

30s (S25)

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

stable

stable

stable

5.3d (E112)
5.4d(C2)

stable

a

a

a.

BY

a7

ay

&-

B-

B-, (=)

eee eeeen

een teos

ee ecenaneas

(A8)

(A2)

(A2)

(S21, D4)

(S25)
(S25)
(B11, L405)

(T101)

(T10!)

(Ll)

(T1015 A

een eaerere eae ee entree eee eelc

2.8(t) (E111) 0.595(D1, D6) spect. 0.367(D6) spect.,

~™4.5(K108)

~5.7(K112)

§.6(G123,
K108)

ereevee ee

0.60(M113)abs.Al, F.

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

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

0.85(B3) abs. Pb

0.55(S144) abs. Pb

ae eee een este anes > 1(G123) abs. Pb

1.35(K108) abs. Al, F. 1.6(K108) abs. Pb

1.5(S144) abs, Al 1.3(S144) abs. Pb

eee esas eneeanee ne Sees ee eene nee anoe

ee esas eeeen ne neces

eaenemeanee ee eee ese es em eee ere e eee eee

ee

ee ee eeee

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; 0.04u

(E103) abs. Al

eeee

 
 

spect. conv.; 0.080

(D6) spect. conv.,

abs. Pt, Hg, coinc.

hyp. dese. 70m Te!9(S12) .....26+

Te(d,n} (L12, R2) (P108, H4,

fiss., Cesc. 25m Tel?! Tl)

(L12, A2, $12)

fiss., desc. 77h Te) (M116)

(A8, A2, H3, N115,
#4)

fiss., desc. 60m Te™? (W7, K113,

(A2, H4, W9); P107)
prec. 53d Xe?
(S21, D4, W9)

fiss., desc. 43m Te] (P2, P13,

(A2, H4) P106)

fiss., dese. <2m Te™ (W7, K110)

(D4, G123, K108,
W9): prec. 92h

Xe(~90%) (S21,
D4, W9); prec.

13mXe8*(~10%)(W9)

fiss. (S25) nee ees

fiss., prec. 3.4m Xe!"(S18) .......-

fiss., prec. Xe@*) inst. (R5, S154)

n emitter (L105)

fiss. (T101) mass spect.;

desc. 8.0d 24

fiss. (T101) mass spect.

Xe(d,p) (C2)
Xe(n,y) (R1)(?)
Te(a,m) (C2)
Ba(n,a) (W7, W9, C101)

Cs(n,f) (W7, W9, C101)

fiss., desc. 22h T)*

(S21, D4, W9)

fiss. (T101) mass spect.
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Nucleus

 

. -asion vi : M
z A Half-life Decay repatats F ssionyield, Parodie of radiations omanradiations reascasigyueat eclerences

Xe™* 13m (N116) L.T., y, e7 (G4) A onaeeeceae e-: O.50(N116) abs. 0.54(N116) abs. Al, Xe(n,7y) (R1,S16) =... eee

15.6m (Rt, $16) Al; 0.6(S16) abs. Al conv. fiss., dese. 6.7h I!

10m (W9) ~).5(W9) abs. Pb (~10%) (G4, S16);

0.6(S16) abs. Al, pree. 92h Xel¥

conv. (G4, W9)

Xe'™ 92h (H105) B-.7 (S21, D4} A 5.9(H109) 0.94{H105) abs. Al, F. 0.25(WW9) abs. Pb Xe(d,p) (C2) a ee eee

9.4h (S21, W7) 0.96(W9) abs. Al 0.26(S5144) abs. Pb Ba(n,a) (W7, 516, W9)

9.5h (D4) 0.92(B3) abs. Al fiss.. desc. 6.7h [4

0.90-1.0(5144) abs. Al (~90%%) (S21, D4, 516,

W9); 13m Xe'**

I.T. (W9); prec. > 2.5

X 10ty Cs! (E107)

Xe™ stable nn caaee (T101) A ccc ccc ewe e cee e eect eee beeen eee fiss. (T101)mass spect.

Xe? 3.4m (R1, $16) B- (S18) : ~1(S18, B3) abs. AL oo... cece ees Xe(n,y) (R1, S16) (B2)

3.8m (S18) fiss., desc. 30s I)

(S18); prec. 33y

Cs!” (G123, T102) .

Xe“ instantaneous v2 (L105) (L105) C 0.17% of fiss. =:0.67(B125) ch ch. .......-....0... fiss., dese. 22.0810 oo...
(L105) neutrons 0.56(H111) abs. (L105)

(H111) paraffin

Xe'™ 17m (G2) s& (H4) Bcc cece sete eect w ee ees beet eee teens fiss., prec. 32m Cs'™ (S16, H5)

16-18m (S14) (H4, Gi, G2, $14)

Xe'*™ 41s (D109) f- (H4, H22) Bcd cece eee ce et cece cece eee ee beet cee ee eee eee fiss., prec. 7m Cs'® ......,...
~30s (H22) (H22, _H4, H5)

pree. 85m Ba'®.

. (D109, H5, H22)

‘Xe! 16s (D109) s&- (H5) BR deaennece ce enananeeece gene tween eee eeeees fiss., prec. 12.8d Ba'* (D108)

9.8s (0102) (H5, B118, 0102,
D103, D109)

Xe™ 3s (D109) & (B118) A kewewneee cere ence sence wee hee e sees eeeaes fiss., prec. 3.5h Lal™t ooo...

1.7s (K119, 0102) (B118); prec. 28d
Ce!(0102, D109)

Xe!*® 1s (D109) 6 (B118) BR ecccceee  ceeateesateeeeeee teeeteeeeesceees fiss., pree. 33h Ce™# oo...
(B118, D109) ;prec.

° 13.8d Pr'3 (0162)

Xei# short (D103) s- (D103) BR kn ccc nce cece tee cee meee eee renee eeeeeenee . fiss., prec. 275d Ce!(D103) (0102)

Xe0.88 (D109) a (A103) Cdnenneee eee ccc cee e tate tees ease ecenes fiss., prec. 1.8h Ce™)(D109) .....

Xe 68m (C2) I. T.(?) een ecree (C) ..... eerste eee eees acme eee ewer e ene eseneees Xe(d.p)(?) (C2) wenceceee

“ (S16) Xe(n,»)(?) (S16)

§5 Cs'*# stable

O
f
f
s
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Cs) >25K 104 (E107) Cee eee A kicacccce  wncencseececececs cecccstsesenes..obyp. dex. 67h DS TS z
>2 > 10*y (G123, F106) (G123, F106, E107) 3

CsO™ 13d (F111,G137) A>. 7 (F107) C  0.008(F111) ~0.28(F111) abe, Al 1.2(F111) abs. Pb, fiss. (F111,G137) ws ee 1
0.011(G137) _coine. coinc, =

Cs'*¥—-33y (G140) a. 7 (S27) A dcceneeee 0.5(50%), 0:3(60%) 0.75(G136) abs. Pb dese. Xe(n,7) (T102) (G104)
(G136) abs. Al, ¥. 0.7(2113) abs. Ph =—s-:137 (F106) not 135

~0).4(50%),0.8(50%) fiss., dese. 3.4m Xe!™
(M113) abe. Al, F. (T102, G123) 137

(L110) mass spect.

Cs*™ 32m (G2,G139) 8.7 (84,822) Bo ......... 2.6(G32) abe. Al 1.2(G139) abs. Pb Ba(w,p) (S18) (H5, P109)
33m (A6, H4, fiss., dese, 17m Xe'*
E114) (H4, G1, G2, $14)

Cs’*¥ 7m (45) s- (04,522) Acecece cece cece cee see es  ccneceeansceeces fiss., dese., 41s Xe!™ (H6, A6)
10m (H22) ; (H4, H22, H5); prec.

85m Ba'* (H4, H22)
Cs@@ 4s (H5) s- (H5) fiss. (H5) eeeee Z,
Cs'@ short (H5, BIS f- (H5) Bo ciccceces ceeeee kigecceecee  seeeceeeueseees fiss., desc. 16sXe!prec... .....05 E

0102, D103, 12.8d Ba!@(H5,H12,
D109) D118, 0102, D109, D103) by

Cs" short (B118,0102, @~ (B118) BD kccceene caceececccecececs veceescctcereces fiss., dese. 3s Xe™™! ..,.....5
D109) prec. 3.7h Lal

(B118); pree. 28d
Ce™ (0102, D109) |

CsQ@ ~]-2m (H12) s- (A112) Do kiecesnce cacenccesccccsees secrcccccuaceccs fiss., prec. 6m Ba?(H12)........

Cs!4 short (B118, 0102, 7 (B118) Dace c nce cece ween ncen aces cececeesasceeces fiss., desc. Is Xe'™# (A103) .

D109) , prec, 33h Cel 9
(B118, D109); prec.-

13.84 Pr*#3 (0102)

Csi short (D103) s- (D103) A kee ccnnee cecncscececccncns  vacveccucceccs ..  fiss., dese. short Xe! se
prec. 275d Ce!**(D 103}

Cs) short (D108) &- (A103) Clee nee wee ewenecesetcces seccacevaceecees fiss., desc.0.8sXeO# .........
prec. 1.8h Ce™4)(1D109)

Ba™ stable
Bal™ stable wweeseeee low (G147)

Ba! stable

Ba’™ stable

Ba’ 85m (D107) &7 (H2) A  6.3(K113) 2.2(B3, K113) abs. Al 0.6(K2) abs. Pb, Cu Ba(d,p) (P6, K2) (H5, H6)
86m (P6, H6, H2) Ba(x,7) (A3, P7)
87m (H22) . La(s,p) (P6, P10)

Ce(x,a) (W3) S4
, fiss., desc. 7m Cs™"(H4, H22) 2

 



 

eT nan peer ETS causAREYcome eet
Ba'® 13.80(E116) a (H2) A 6.1(F108). —1.05(W105) spect. 0.542(W105) spect. _fiss., desc. short Cs" (P110,L106 ~~

~12.5d (12) 5.8(B110)  ~0.4(25%),1.0(75%) 0.529(N101)spect. (H5, Hi2, B118, 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.

Ba 18m (H12,G133) p-,y (712) B 4.6(G133) kee sees eee eee y (G132) fiss., desc. short Cs...
(B118, 0102, D109)
prec. 3.7h Lal" (H12)

Bat® 6m (H12) o (112)afiss.,dese.1-2mCs@*) ss...
prec. 74m La(43) (H12)

Hat? <0.5m (H12) (H2) BA ceeaeeee 5 weet an eeeetenctee  teeeeueeeeueeacs fiss., desc. short Cs™# 0.2.2... .
(B118, D109, 0102);
prec. 19mLal(H2,H12) 2

Za* short (D103) &- (D103) | rewe ceeeeteeeeeceesee caneeeeeseeeeees fiss. desc, short Cs!#4 0... 6... a
prec. 275d Ce!4 (D103) 5

BaG®) short (D109) - (A103) Co kecseceee teteeaeeteeececes  suceeceeceeseees fiss.,desc.shortCs@) .......,. 7
. prec. 1.8hCe) (D109) 3

J La” stable 5 ,
La® 40.0h (M9,W4)) Ly (H2) A veteceeee 0.90(20%), 1.4(70%), 0.335(1%), 0.49 La(n,y) (M4, P10, (P111,L106, 2

40.2h (B106) 2.12(10%) (02) (7%), 0.83(14%), M9, G5, W4) H12, Z
spect. 1.63(74%),2.3  . La(d.p)(P6,P10,M9, W107, a

1.45, ~22 (low in- (4%) (M115) W4) $140) a
tensity) (W106, spect. Ce(n,p) (W4) 3
W103) spect. 0.335(2%), 0.49 fiss., desc. 12.8d Bal®  «

1.41(W4) abs. Al, (5%), 0.87(10%), (H2, G2, C107,
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, coinc.

2.0(W4, M9) abe
Pb; (M1, M2) spect.

2.1(C107, C109) abs. Pb

Ta! 3.7h (K105) B-, 7(?) (H12,B107) Bs cseeeaees 2.8(K105) abs. AI, F. -(?) (K105) fiss., desc. 18m Ba! ......... S$
3.5h (1112) (H12); prec. 28d =~

Ce™(B107, B109) 2

\/ "\  



Lacm

Lai#

Lal
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74m (H12)

Tim (K105)

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

short (D108)

short (D109)
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28d (B122)
30d (P9)

stable

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

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

1.8b (B108)

14.6m (S103)

~15m (G7)

B-.7

B-

B-

(H12)

(H12, G108)

(D103)

(A103)

(H8)

{S139)

(H8)

(B108,
B104)

(G7)

A

A

Cc

Lace e eee cece eee e eee eeeas y (K105)

PeeSCs) 0:Y-)

§.7(S102) 0.55(B114, M113) 0.21(B114) abs. Pb

abs. Al, 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 7 (S111)

peewee enzrereee eterna et en s@#e#*# se wee euteea
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fiss., desc. 6m Balls)

(H12)

fiss., desc. <0.5mBa!*? .........

(H12, H14, G103,

B118, A103); prec.

33h Cel? (G103)

fiss., desc. short Bal44 (0102)

prec. 275d Ce™4 (D103)

fiss.,dese.short Bal") ole.

prec. 1.8h Ce!) (D109)

Ce(d,p) (P9, B122)

Ce(s,7) (P9, B114)

Ce(n,22) (P9, B114)

Ba(a,n) (P9)

Pr(2,p) (P9)
fiss., dese, 3.7h Lat!

(B107, B109)

141(L110) mass spect.

(G131,
P114)

Ce(d,p) (P9) (B122,
B114)

Ce(s,7) (P9, B114)

fiss., desc. 19m La'#
(G103); prec. 13.8d

Pr*43 (PO, B122, B114)
143(B114) not prod.

by Ce(s,2n)

143 (L110) massspect.

fiss., desc. short La’ (P1115)
(D103, A101); prec. ,

17.5m Pri! (N107,

B122, Hi4, S111,

L110, G130)
144 (L110) mass spect.

fiss., dese. short La") (B104)

(B109, D109); prec.

4.5hPr) (B108, K106)

(B107,
P112)

fiss., prec. 24.6m

Pr(G7, 714, $103)
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59° Pr™ stable

Pri# 13.84 (M104) s (B101, ), 1.0(M104, B114) abs. no y (B114, M104) _fiss., desc. 33h Ce! (H14, B103,

14d (B102) B102) Al, F. (P9, B122, B114) P113)

14.24 (0101) 0.95(P9) 143 (L110) mass spect.

13.5d (P9, C106)

Pr4 17.5m (N107, sf". 7,8 (N107,H14, A ......eee 3.07(N105) spect. 0.135, 0.145(?) fiss., desc. 275d Ce! 0...

$111) G130) 3.0(W112) abs. Al, (N105) spect. (N107, B122, H14,

18m (G130) F.; (G130) abs. Al conv, G130, $111, L110)

17m (H14) 3.1(B3, H14) abs. Al 0.22,1.25 (lowinten- 144(L110) mass spect,

3.2(M113) abs. Al, F. sity) (S111) abs.

2.8(N107, B122) Pb

e-: 0.091, 0.128,

0.103(?) (N105) spect.

PrO®) 45h (K106) & (B101, ln evacuees 3.1(K106) abs. AJ, F. no > (K106) fiss., dese. 1.8h Ce] 2...

4.7h (B108) B108) (B108, K106)

PrO® 246m (S101) &.Y (G7) Conan eee, -~3(S101) abs. Al 1.4(S101) abs. Pb fiss., dese. 14.6m Ce|®) 32....

25m (G7) (G7, $103)

60 Nd™ stable

Nd'** stable

Nd'* stable

Nd! stable

Nd!* ~—s.111.0d (M119) a (D101, A 2.6(M119) r.4(40%), 0.90 0.58(M119)abs. Pb  Nd(x,¥) (M122, (S110)

: X-ray M108) (60%) (M119) abs. X-ray: ~0.040 M103)

Al, F. (M119) abs. Al fiss., pree. 3.7y 6114

e~: 0.03(0M119) abs. (M120, M108)

Al 147(M119, M103)fiss. yld.

147 (L110) mass spect.

Nd!* stable

Nd@®) 1.7b (M122) BO, YO neces (0) 1.5(M122) abs. Al, F. y or X-ray (M122) Nd(d,p) (P10) (M102)

2.0b (P10) X-ray Nd(n,7) (P10, M122)

Nd(#,2n) (P10)

Nd™ stable

Nd) short (M122) Bm dag eee ©©)Nd(m,y) prec. 12m ........ .
6105)) (M122)

61 61:4 3.7y (S113) s- (B110, Aine eaeeese 0.20(M120, S112)abs. no y (M120, $112) Nd(m,y) dese. id .........
4y (B112) G130, Al, F.; (G130, Nd!4? (M120)

2.2y (S113) - M103) B110, B112) abs. Al fiss., dese. 1Jd Nd?

se

(M120, M108)
147(L110, 102) mass spect.
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6100

ge
6118

Sm)4

Sm

Sm(4p

Sm™9

Sm™

Sm™

Sm™

Sm

Eu™'*

Eu™

Eu™

47h (M121§

12m (M122)

<5m (W118)

<5m (W118)
stable

stable

Jong (1.110)
Stable

47b (W116, LA,
K5, M103)

stable

25an (W118)
21m (P10)

~10h (W116)

stable

2y (W117)

15.4d (W110)

a7. (M105)
X-ray(?)

|

|

Bldeee eee

wee aeeces (L109)

&.7 (W115)

I. T.(?) (W8)

a7 (W118)

&- (W113)

B.7 (W110)

8.7 (W108)

 

m

B  1.4(M121) 1.1(M121) abs. Al, F. 0.25 (low intensity) Nd(#,7) desc. Nd (24108)

{D) eeeevene oe s8 ee eeesee ee meew ae

A cececccee sueetuveeseueeaus
ee

Do cecececee cuveceeeueusceuas

A 0.15(t) 0.73(W116) abe. Al,
(E111) F.

0.7(34102) abs, Al, F. 0.11, ~0.6(M114)

B_ - 0.081(W118) 1.9(W118) abs. Al, F. ~0.3(W118) abs. Pb
1.8(K5) abs. Al

B ~0.016(W119) ~0.8(W119) abs. Al

A “0.68
(W113)

B 0.013(W113) ~0.5 (60%), 2.4
(40%) (W110) abs.
Al, F.

(M121) abs. Pb
_ X-ray(?) (M121)

0.10, 0.57(W116)

X-ray(?) (W8)

ee

-~0.23(W110) abs. Al 0.0844(W1i0) criti-

eal abs. in F’

2.0(W110) abs. Pb

 

 

(M122, M106, £102)
fiss., desc. 1.7h Nd@(?)(M122)
349(M102, M105)-fiss. yld.

Nd(m,y) dese. short ....-..55
Nd) (M122)

byp. prec. 47h Sm'*4 (W118)

hyp. prec. ~10hSm (W118)

fiss. (L110) mass spect. .......-.-

-Sm(d,p) 4, K5) wee eee
Sm(n,7) €H19, H20,

P10, L4, W8, M102)

Sm(n,2") (P10, K5)

Sm(y,") (L4); Nd(a,") (K5)
fiss., dese, <5 6125 (W118)
153 (W116)fiss. yid.
153(H1113) mass spect.

Sm(d,p) (L4, K5) wae eee eee

Sm(s,7) (A3, M4,
H19, P10, L4)

Sm(n,2n) (?) (P10, K5),
Sm(y, #) (L4); Nd(e,s) (K5)
fiss., prec. 2y Eu™ (?) (W118)
155 (W118)fiss. yld.-ener.

fiss., hyp. prec. 15.4d wee eeeees

Eu™ (W113, W116)

hyp. desc. <5m 61)" (W118)

156 (W119) fiss. yid.

Sm(d,s)(?) (K6) si... a see ws

fiss. (W110)

155(W113)fiss. yld.

155 (L110) mass spect.

fiss., desc. ~10h

Sm™ (W113, W116)

156(W113)fiss. yld.-ener.
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