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ABSTRACT

The analytical review "Reaction Cross-Sections induced
by 14.5 MeV Neutrons and by Cf-252 and U-235 Fission
Spectrum Neutrons" presents evaluated values of threshold
activation reaction cross-sections for stable nuclides
induced by 14.5 MeV neutrons and by Cf-252 and U-235
fission spectrum neutrons.
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INTRODUCTION

In the course of the last few years there has been a growing need
for 14 MeV neutron data in the development of thermonuclear
reactors. Contrary to neutron energies encountered in fission
reactors, a considerable fraction of neutrons in the proximity of
a D-T fusion plasma is composed of neutrons in the 14 to 15 Mev
range. As a result, the prediction of fusion reactor parameters,
such as tritium breeding, the activation of reactor components,
nuclear heating, etc., depends to a significant extent on the
knowledge and accuracy of neutron induced reaction cross-sections
in that neutron energy range,.

In the consideration of construction materials for a projected
fusion reactor, the following nuclear data are of interest!

- nuclear reaction cross-sections for 14 MeV neutrons;

- type and energy of particles emitted in nuclear
reactions;

- type of decay, its energy and the half-life of the
reaction products, and

- neutron induced activation cross-sections for neutron
spectra characteristic of typical nuclear power plants.

1. REACTION CROSS-SECTIONS INDUCED BY 14.5 MEV NEUTRONS

Compilations of published experimental cross-section data induced
by 14 MeV neutrons, and associated recommended cross-section data
have been published in references [1-8].

The compilation presented in reference [1] consists of weight-
averaged cross-section values based on all known experimental
results which had been published before 1969; the authors of
reference [2] excluded from their compilation those data which
they considered doubtful.

Compilations presented in references [3-5], reflect the status of
the experimental data which had been measured up until 1980;
while the cross-sections considered in reference [4] include only
those which had been measured using the activation method;
references [3,5], as well as reference [1], include data for
those reactions which result in stable reaction products.

In the subsequent work, reported in reference [7], the above
listed compilations were critically analysed taking into account
new experimental data which had been published in the intervening
years. The data which the author of reference [7] includes in
his recommendation consist of weight-averaged 14 MeV reaction
cross-sections providing they are not in disagreement with
results of recent experiments. In those cases where there were
no new data, the author used recommended data published in
references [3] and [4].



The following should be said regarding the analytical approach
used in reference [7]:

1) The experimental data which were considered in
reference [7] were measured in the neutron energy
range of 14-15 MeV; however, the author recommends
the data at an energy of 14.7 MeV, which he does
not correct for the difference in energy; the
explanation being that the energy dependence of the
cross-section in the given energy interval was not
given in most cases, and that such corrections were
very minor.

2) The relative data measurements were not
renormalized with respect to their dependence on
new values of reference cross-sections used as
standards, and were not analysed with regard to the
decay schemes and half-lives.

The analysis of experimental results for a large number of
nuclides [5] can lead to a number of conclusions [9] regarding
the general status of the availability and quality of
experimental threshold reaction cross-sections:

In general, measurements are performed using the
activation method which leads to the formation of a
residual radioactive nucleus with a given decay
half-life. Less often, the coincidence method is
used, particularly for those reactions which result
in the emission of charged particles; these
measurements, however, are usually less accurate.
As a result, experimental information exists in
most cases for reactions which have a "convenient"
decay half-life.

Many measurements, particularly in the past, were
performed with monoenergetic neutrons from cascade
or electrostatic generators, which could accelerate
protons and deuterons up to an energy of 3 MeV,
using the D(d,n)'He, T(d,n)4He and T(p,n)3He
reactions. As a consequence of using the
aforementioned methods of neutron generation, the
following can be noted:

- for a large number of isotopes there is
an absence of experimental data in the neutron
energy range of 6-12 MeV which are important in
applied problems,

- because of the low reaction cross-section
values near the reaction threshold, which
requires a high intensity of monoenergetic
neutrons, the data in that energy region is
very sparse and generally of bad quality.

- and that most experimental data of varying
quality are available in the 13 MeV to
15 MeV energy range.



3) In the last few years, new accelerators which can
generate neutrons in the 6-12 MeV energy range for
neutron data measurements have become available in
the laboratories. Measurements for a number of
isotopes in the energy range of interest have been
performed at Chalk River (by D.S. Santry and J.P.
Buttler), at Geel (by H. Liskien and A. Paulsen) at
Los Alamos (by R.S.Preswood, B.P.Bayhurst, et al.)
at the Argonne National Laboratory (by D.S. Smith
and J.N. Meadows) and at Bruyere-le-Chatel (by
J.Frehaut and J. Mochinski).

During the last few years new experiments have been performed
which give the possibility to undertake more reliable cross-
section evaluations near 14 MeV. The results obtained by the
Japanese group have been most interesting. References [10-11]
describe the systematic measurements of threshold reaction cross-
sections for basic structural materials using a D-T neutron
energy points ranging between 13.3 MeV to 15 MeV, of (n,p),
nuclei having decay half-lives ranging from one minute to a year.
As reported by the authors, the experimental error is less than
± 5% for practically all measured data.

In view of these developments, time had come to make a new
evaluation of 14 MeV cross-sections for the (n,p), (n,a), (n,d),
(n,t), (n,3He), (n,2n), (n,n'p) and other threshold reactions.
Such an evaluation was performed for all of the aforementioned
threshold reactions in the 13 MeV to 15 MeV energy range on the
basis of a compilation of all experimental data which had been
published prior to January 1990. This compilation is based on
the international computerized library of experimental data
EXFOR, the bibliographic catalogue of neutron data publications
CINDA [13], as well as more recent publications [10-12] and
material presented at the September 1989 meeting at the Argonne
National Laboratory in the United States [41. All these
measurements have resulted in a tremendously large number of
experimental neutron nuclear data in the vicinity of
14 MeV [13]. However, in the evaluation process it became
apparent that data from different authors exhibited discrepancies
which exceeded the experimental errors quoted by these authors.

The main reason for the discrepancies of the experimental data is
apparently due to the following:

- the difference in the experimental conditions of the
various experimental groups (e.g. the method used to
measure the induced activity of the sample, the
characteristics of the neutron field, the method used to
monitor the neutron flux);

- the differences in the cross-section values used as
standards in the evaluation of relative measurements;

- the differences in the nuclear data, such as the gamma
ray yield, decay half-life and purity of the sample.

The experimental information that is needed by the evaluator to
take all factors listed above into consideration is not always
given in publications and in the EXFOR compilation. Also,



because of the large volume of data, such work becomes very time
consuming, particularly in view of the large number of reactions
involved. In view of these difficulties, only those measured data
which were considered by the evaluator to be the more reliable
were used in this critical analysis. As a result, preference was
given to those experiments which used enriched isotopic samples,
semi-conductor detectors, and to those whose results fell within
the limits of the experimental uncertainty. Also excluded from
consideration were data which differed substantially from the
results obtained by other authors.

The analysis of the experimental data showed that a large
fraction of the measured cross-sections was measured on 100-500
KeV deuteron accelerators using neutrons from the D-T reaction.
Under these conditions the energy range of the emitted neutrons
in line with the deuteron beam varies from 14.5 MeV to 15.8 MeV,
and from 14.0 MeV to 14.2 MeV at an angle of 900.

The evaluated threshold reaction cross-sections tabulated below
are given for a neutron energy of 14.5 MeV. The experimental
data were extrapolated to this energy on the basis of the energy
dependence of the cross-section of the analyzed reaction using
either theoretical calculations or information given in reference
[5].

2. DESCRIPTION OF TABULATED RESULTS

Values of the cross-sections at an energy of 14.5 MeV, as well as
cross-sections averaged over the spontaneous fission spectrum of
252Cf and over the thermal fission spectrum of n5U are tabulated
below. Also listed in the Table are the residual nuclei for each
reaction, the reaction energy, and the type of decay and decay
half-life for all cases in which the reaction results in the
production of a radioactive nuclide.

Unless indicated in the Table, all cross-section values are for
the total cross-section. Partial cross-sections which lead to
the formatiom of a specific state of the residual nucleus, as in
a reaction leading to the formation of an isomeric or ground
state, are designated by an asterisk. Accordingly, the ground
and metastable states of residual nuclei are indentified by the
letters g and m respectively.

Reaction cross-sections are given for all stable nuclides. The
abundances of the individual isotopes are taken from reference
[17], and the reaction energies from reference [18]. The
derivation of the recommended cross-section values at 14.5 MeV is
based on the work presented in references [1-16]. In those cases
where there were no experimental data, the recommended values
were derived from systematics based on the number of protons and
neutrons in the given nucleus [3]. Cross-section values derived
on the basis of existing experimental data are given with their
root-mean-square errors. Errors are not given when the
experimental data were not deemed to be reliable, or when the
cross-sections were derived from systematics.

The evaluated results of integral experiments aimed at the
determination of the 2S2Cf and 235U fission spectrum averaged



cross-sections, were determined in reference [19] on the basis of
data published in references [20-28] and [22, 29-31]
respectively. These evaluated data are given in the Table with
their root-mean-square errors;. In the absence of integral
experimental data, recommended values were obtained by
integrating the excitation functions of the given reaction with
the corresponding neutron fission spectrum. The 2b2Cf and '15U
fission spectra used in these calculations were those evaluated
by Grundl and Eisenhauer at the National Bureau of Standards,
USA, and given in references [34] and [35] respectively. In the
case of n5U, results published by Pearlstein [36] and Calamand
[30] were also used.

The decay data of all of the radioactive residual nuclei, namely
the half-lives, the types of decay and their relative
probabilities, were obtained from the computerized file of
evaluated nuclear structure data ENSDF [37] which is maintained
by the National Nuclear Data Center at the Brookhaven National
Laboratory in the USA. The ENSDF file is composed of
experimental data [38] for nuclei of mass numbers ranging from
A- 45 to 263, and experimental results published in Nuclear
Physics for nuclei for A<45. For those nuclides that were not
included in ENSDF, data were taken from reference [39].

TABLE CONTENTS

The indentification of the target nuclei and their natural
isotopic abundances are given in the first two columns; the
nuclides are listed in the order of ascending atomic number Z,
and in the order of their mass number A within each Z.

The nuclear reactions are listed in the third column; the
asterisk indicates that the cross-section for this reaction is a
partial cross-section.

The residual nucleus is given in the fourth column. The letters
m or g indicate whether the residual nucleus is in a metastable
or ground state respectively; if there is more than one
metastable state, they are designated by the sybols ml, m2, etc.

The half-lives of the radioactive residual nuclei are given in
the fifth column. The uncertainty in the half-life is given in
parentheses; thus 3.14(2)y is equivalent to (3.14±0.02) years.

The modes of decay of the radioactive nuclei and their relative
probabilities (if they are known) are given in the sixth column;
these are listed in the order of their decreasing probabilities
from left to right. If there is no competing decay mode, the
decay probability is not indicated. The various decay modes used
in this Table are as follows:

p beta decay

6 electron capture € or E+/3* or /Bf decay

IT isomeric transition (by y transition or
electron conversion)



n, p, a emitted neutron, proton or alpha particle

SF spontaneous fission

£~n, /3"p, p~a emission of delayed n, p, a,... accompanying
beta decay

€p, £ar,...,6SF emission of delayed p, a,..., or spontaneous
fission accompanying electron capture or
0" decay

The reaction energy , given in MeV, is listed in the seventh
column. The cross-section values in millibarns at 14.5 MeV are
given in the eighth column. The symbols used in this column have
the following meaning: F - a graphical representation of this
reaction will be given in reference [40]; C - the cross section
is derived from systematics on the basis of the number of protons
and neutrons in the target nucleus. Reaction cross-sections
averaged over the n5U and 252Cf fission spectra are given in
columns nine and ten. The symbol P indicates that the given
value was obtained by integrating the recommended excitation
function will be published in reference [40] with the fission
spectrum, and symbol C indicates that the values are taken from
systematics published in reference [30].
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stable

stable

stable

2.449(5) s

0.0202(2) s

stable

7.13(2) s

stable

122.24(16) s

stable

stable

4.173(4) s

5730(40) V

stable

P,P3a 1.58%

-

E

2a

p,P'n 0.28%

P
-

-

P~
-

e
-
-
-
-
p-

P ,03a 1.58%

-

p ,pa 0.0012%

-

e

-
-

p ,P'n 95%

fl"

-

-12.588

-5.7016

-18.723

-7.37

-12.654

-3.836

-4.946

-12.421

0.626

-0.157

-10.554

-5.326

-4.015

-7. 55

-2.62

-8.989

-7.622

-10.834

-9,638

-2.215

-15.669

-9.903

-12.11

-7.896

1. 189

-4.142

0. 19 F

80120

0

190

-

130

-

6,1

80115

125*5 F

7.311 F

49

29

46113

32

1614

18

-

4113 F

103120 F

0

150

15

35

2 50

-

2.26x10' P

0.37 C

(4. 2*1.4)10-'

-

<10"' C

3.3 C

10 C

-

-

91.3 P

9.8x10' P

-

-

-

-

0.001 C

0.012 C

0.024 C

0.01910.001

11.7 P

(5.312.4)10'

-

-

(8.610.8)10*

-

31 C

7.66x10' P

-

-

-

-

-

-

-

-

93.9 P

2.38x10"' P

-

-

-

-

-

-

-

0.0407

13.3 P

-

-

-

-

-

-



o>
Atomic
Number

Nuclide
Abund.
in %

Nuclear
Reaction

Resid.
Nucleus Half-life

0.200(12) (n,p)

<n,ot)

(n,2n)

100 (n,p)

(n,a)

(n,2n)

(n,t)

10 'Ne 90.51(9) (n,p)

(n,a)

(n,2n)

11

'Ne

'Ne

3Na

0.27(2) (n,p)

(n,a)

(n,2n)

9.22(9)

100

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,np)

12

12

'Mg 78.99(3) (n,p)

(n,a)

(n,2n)

!Hg 10(1) <n,p)

(n,a)

(n,2n)

(n,np)

0.624(12) s

2.449(5) s

stable

'0

'N

*F

7O

"F

"0

"Ne

26.91(8) s

7.13(2) 6

109.77(5) m

stable

11.00(2 ) s

stable

17.22(2) s

"0

"Ne

1 1

"F

"0

Ne

4.32(3) S

stable

stable

4.23(4) s

26.91(8) s

stable

"Ne

"F

"Na

"Ne

"Na

nNe

"Mg

37.24(12) s

11.00(2) s

2.602(2) y

stable

"Na

"Ne

"Mg

"Na

15.02(7) h

stable

11.317(11) s

59.6(7) 8

stable

stable

15.02(7) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (lib)

14 MeV 0-235
spectrum

Cf-252
spectrum

P'
P'

-

p- ,pa 0.0012%

E

-

-

e

p-

-

-

p-

P

-

P'

E

-

P

-

E

p-

-

-

p-

-13.274

-5.009

-8.0472

-4.036

-1.523

-10.431

-7.557

-6.244

-0.588

-16.866

-4.903

0.698

-6.761

-10.07

-5.711

-10.366

-3.596

-3.866

-12.418

-8. 79

-4.732

-2.553

-16.531

-3,053

0.480

-7.332

-

-

-

-

20±2 F

33±5 F

47.5±3 F

10

92

14 F

0

-

-

-

-

-

-

44*4 F

150110 F

33.513 F

18

186115 F

63

0

5515 F

100

-

17.612

<10 ' C

0.42 C

0.56 C

0.8310.02

15.110.2

(7.310.7)10°

-

0.078 C

12 C

18' C

0.05 C

26 C

2.5 C

3x10' C

0.056 C

0.064 C

1.4310.02

0.5310.02

(2.210.2)10'

-

1.5010.06

1.8 C

0.002

3.211.6

14 C

1.6 C

-

-

-

-

1.58 P

16.8 P

0.063

-

-

-

-

-

-

-

-

-

-

1.88 P

0.898 P

0.013 P

-

1.99810.048

-

-

-

-

-

-



Atoaic
Number

12

13

14

14

14

15

Muclide Abund.
in %

Nuclear
React. Resid.

Nucleus Half-life

'Al

•Si

'Si

•si

11.01(2) (n,p)

(n,a)

(n,2n)

"Sa

"Ne

"Hg

1O0 (n,p)

(n,a)

(n,2n)

(n,2n)*

(n,np)

"Mg

"Na

"Al

"•Al

"Mg

1.072(9) 8

37.24(12) s

stable

9.462(11) B

15.02(7) h

7.2(3)xl0s y

6.345(3) 8

stable

92.23(1) (n,p)

<n,orj

(n,2n)

(n,np)

"Al

!!Mg

"Si

"Al

2.2406(5) •

stable

4.16(2) B

stable

4.67(1) (n,p)

(n,or)

(n2n)

(n,np)

"Al

"Mg

"Si

"Al

6.56(6) a

stable

stable

2.2406(5) I

3.1(1] (n,p)

In,a)

(n,2n)

100 (n,p)

(n,ot)

(n,2n)

(n,d)

(n,He])

(n,np)

"Al

"Mg

"Si

"Si

"Al

3.p

"Si

"Al

"Si

3.60(6) 8

9.462(11) I

stable

2.62(1) h

2.2406(5) I

2.498(4) a

stable

6.56(6) a

stable

Decay
Mode

React.
Energy
(MeV)

Cross-sections (ab)

14 MeV
U-235

spectrum
Cf-252

spectrum

P'

p

p-

p

e
e

-7.92

-5.417

-11.094

2515

75110 F

-1.828

-3.132

-13.058

-8.27

74±5 F

118±5 F

7

0.12*0.5 F

50

5x10"' C

0.027 C

0.036 C

3.9510.20

0.70610.028

5x10° C

4.89

1.02

-3.860

-2.653

-17.177

-11.59

260125 F

13 F

0

27

6.410.8

0.56 C

10° C

10.4 P

-2.898

-0.0331

-8.474

-12.3337

115115

F

4001100

2013

3 . 3 1 0 . 2

7 . 9 C

0 . 59 C

P~

P~

P

P

e

- 7 . 7 6

- 4 . 2 0

- 1 0 . 6 1

- 0 . 7 0 9

- 1 . 9 4 4

- 1 2 . 3 0 7

- 5 . 0 7 3

-13 .086

- 7 . 3 0

5x10 ' C

87120 0 .15510 .020

7 x 1 0 ' C

8315 F 35.512.7 35.2 P

110110 F 1.910.6 2.74 P

12.513 F 1.07x10' 2.99x10' P

15

0.013

100



00

Atomic
Number

Nuclide
Abund.
in %

Nuclear
Reaction

Half-life
Resid.
Nucleus

Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV
U-235

spectrum
Cf-252
spectrum

16

16

16

16

17

17

18

18

"S

"S

"S

"S

"Cl

"Cl

"Ar

"Ar

95

0.

4.

0.

75

24

0.

0.

.02(9)

•75(1)

21(8)

02(1)

.77(5)

•23(5)

337(3)

063(1)

(n,p)

(n,a)

(n,2n)

(n,t)

(n,np)

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

<n,2n)

(n,2n)*

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,p)

in,a)

(n,2n)

"P

"Si

"Si

"p

"p

"p

"Si

"s

"p

"Si

"s

"p

"Si

"s

"s

"p

"Cl

"•ci

"s
"p

"Cl

"Cl

"s

"Ar

"Cl

"S

"Ar

14.26(4) d

stable

2.62(1) h

2.498(4) m

stable

25.34(12) d

stable

stable

12.43(8) s

2.62(1) h

stable

5.9 s

6.11(21) s

87.51(12) d

87.51(12) d

14.26(4) d

1.5262(25) s

32.23(14) m

5.05(2) E

12.43(8) S

3.01(2)xl05 y

3.01(2)xl0s y

stable

1.775(4) s

37.24(5) m

87.51(12) d

35.04(4) d

0'

-

0

e

-

0"

-

-

0-

0"

-

0"

0'

0'

0"

0"

£

£ 53.1%, IT 46.9%

0

0

0" 98.1%, £ 1.9%

0 98.1%, £ 1.9%

-

e

p~

0

e

-0.928

1. 526

-15.088

-12.689

-8.86

0. 534

3.492

-8.643

-4.32

-1.335

-11.415

-10.4

-4. 2

-9.892

0.615

0.938

-12.646

-

-4.072

-1. 29

10.311

0.0738

2.002

-15.25

-4.132

-0.222

-11.839

230*10 F

68*10 F

0 F

0 F

78

-

-

-

73*10 F

134*25 F

160

50

15

20

110*10

117*10 F

9*1 F

8.5*1 F

28*3 F

30.5*5 F

350

-

-

-

100±20

-

-

66.8*3.7

44.7 P

0.45X105 P

9.3x10' P

-

76*15

41 C

0.011

0.43*0.05

2.2*2

0.013

10' C

0.029 C

0. 17 C

78*23

8.8*4.6

0.77x10' P

1.26x10' P

0.38*0.19

1.2 C

0.065

320 C

12 C

8x10' C

0.54 C

2.9 C

0.025 C

1.

2

2.

1

72. 7

48. 5 P

57x10'

.98x10 •'

-

-

-

-

-

3.23 P

-

-

-

-

-

13. 1 P

19x10'

.4x10 '

-

-

-

-

-

-

-

-

-

P

P

P

P



Atomic
Nuaber Nuclide

Abund.
in %

Nuclear
Reaction Resld.

Nucleus
Half-life

Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV U-235
spectrum

Cf-252
spectrum

18

19

19

20

20

"Ar

"K

"K

"Ca

"Ca

99.60(3)

93.2581(30

6.7302(30)

96.941(13)

0.647(3)

(n,p)

In,a)

(n,2n)

(n,np)

<n,P)

(n,a)

(n,2n)

(n,2n)*

<n,2n)*

(n.np)

(n,na)

(n,p>

<n,a)

(n,2n)

(n,He')

(n,p)

(n,a)

(n,2n)

(n,t)

(n,np)

(n,na)

(n,He')

<n,p)

(n,et)

(n,2n)

"Cl

"S

"Ar

"Cl

"Ar

"Cl

"K

"•K

"•K

"Ar

"Cl

"Ar

"Cl

"K

"Cl

"K

"Ar

"Ca

"K

"K

"Ar

"Ar

"K

"Ar

"Ca

1.35(2) a

5.05(2) B

269(3) y

55.6(2) a

269(3) y

3.012x10' y

7.63~6<18) B

0.9246(15) s

7.636(18) a

stable

stable

1.827(7) h

37.24(5) B

1.277(8)xlO'y

55.6(2) a

1.277(8)xlO'y

35.04(4) d

0.8596(14) s

7.636(18) B

stable

stable

stable

12.360(3) h

269(3) y

1.03(4>xl0' y

P

P~

P

P

P

/3 98. 1%, £ 1.9%

e

e

£

-

-

p

P
P 89.3%, £ 10.7%

P
P~ 89.3%, £ 10.7%

£

£

£

-

-

-

P

P

t

-6. 72

-2.486

-9.871

-12.51

0. 217

1 . 363

-13.085

-

-

-6. 38

-7.22

-1.71

-0.111

-10.096

-12.616

-0.529

1. 748

-15.634

-12.933

- 8 . 33

-7.04

-6.9913

-2.734

0. 349

- i 1 . 4 7 3

18

11.3±3 F

570

1 . 7

179±60 F

115130 F

411 F

2.010.4

2.4410.27

180

30

4315 F

33.510.2F

400

(6l3)xl0'!

470130

320

0

0.027

200

23

i 0. 2

172.5110.F

50

150 C

0.01 C

0.11 C

0. 15

83.8 P

8.010.3

0.35x10' P

-

-

-

-

2.110.2

0.7610.05

0.16 C

-

77 C

1316

3x10 !

-

-

-

-

3. 58 P

2.7 C

0.04 C

-

-

-

-

88. 7

6.81

1.64x10

-

-

-

-

2.76

0. 76

-

-

-

-

-

-

-

-

-

4.58

-

-

P

P

"' ]

P

P

P



Atonic
Nuaber

20

21

22

Nuclide
Abund.
in %

Nuclear
React.

Resid.
Nucleus Half-life

'Ca

•Ca

•Ca

•Ca

'Sc

'Ti

0.135(3) (n,p)

(n,a)

(n,2n)

(npd)

<n,np)

"Ar

"Ca

"K

"K

2.086(5) (n,p)

(n,o)

(n,2n)

(n,np)

<n,d)

"K

"Ar

"Ca

"K

"K

0.004(3) (n,p)

(n,o)

(n,2n)

"K

"Ar

"Ca

0.187(3) (n,p)

(n,o)

(n,2n)

"K

"Ar

"Ca

100 <n,p)

(n,a)

<n,2n)

<n,2n)»

<n,2n)*

(n,He!)

(n,2p)

"Ca

41K

"Sc

<41Sc

"'Sc

"K

"K

8.00(1) (n,p)

(nra)

(n,2n)

(n,t)

"Sc

"Ca

"Ti

"Sc

22.3(1) h

stable

stable

12.360(3) h

12.360(3) h

22.13(19) a

1.827(7) h

stable

22.3(1) h

22.3(1) h

107(10) s

5.37(6) •

163.8(18) d

6.9(2) s

21.48(15)8

4.535(4) d

163.8(18) d

12.360(3) h

3.927(8) h

58.6(1) d

3.927(8) h

22.3(1) h

22.13(19) a

83.83(2) d

stable

3.08(1) h

3.927(8) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (ab>

14 MeV
U-235

spectrum
Cf-252
spectrum

p
-

-

p-

p-

p-

p-

-

p

p-

p-

p

p-

p-

p-

p-

p-

p-

e
IT 98.8%, 6 1.2%

e

P~

p-

p-

-

e

p-

-1.035

2.287

-7.933

-8.44

-10.67

-4.876

-2.751

-11.136

-12.171

-9.946

-6.93

-5.92

-10.404

-10.67

0.14

-9.951

0.526

-0.395

-11.321

-

-

-11.341

-9.65

-1.585

-0.080

-13.197

-13.190

92*10

37 C

400 C

1.3

20

39*4 F

27.1*0,2 F

600 C

2.37*0.40

3.5*0.2

11.5 C

5 C

900 C

3.7 C

1.6 C

767*75

58*6 F

55*5 F

293*20 F

118115 F

175*15

(8.6*4)xie'

0.21

242*30 F

91 C

39.4*5 F

0.123*0.025

2.3 C

10 C

1.5 C

-

-

0.075

0.061*0.009

0.050

-

-

5x10"' C

3x10"' C

0.13 C

< 10' C

< 10° C

0.36*0.04

15*12

0.182*0.012

0.041 P

0.012 P

-

-

-

11.6*0.4

0.29

(7.8*0.9)10'

-

-

-

-

-

-

0. 119

0.0952

-

-

-

-

-

-

-

-

-

15.6

0.618

0.103

0.032

-

-

-

14.2

-

0.0107

-

P

P

P

P

P

P

P



Atomic „„„,<,,,. Abund.
Nu-ber N u c l i d e

 i n t

Nuclear
Reaction

Res id.
Nucleus

Half-life
Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV
U-235

spectrum

Cf-252
spectrum

22

22

22

22

23

"Ti

"Ti

"Ti

"Ti

"V

7.3(1)

73.8(1)

5.5(1)

5.4(1)

0.25(2)

(n,p)

<n,«>

<n,2n)

(n,np)

<n,d)

(n,p)

<n,er)

(n,2n)

(n,np)

U,d)

(n,p)

(n,a)

<n,2n)

(n,np)

! n.- d)

(n,p)

(n,p)*

<n,a)

(n,2n)

<n,d)

U,p)

(n,ot)

(n,2n)

(n,t)

"Sc

"CtL

"Ti

"Sc

"Sc

"Sc

lsCa

4>Ti

"Sc

"Sc

"Sc

"Ca

"Ti

"Sc

"Sc

"Sc

"'Sc

"Ga

"Ti

"Sc

"Ti

"Sc

"V

"Ti

3.345(3) d

stable

stable

83.83(2) d

83.83(2) d

43.7(1) h

163.8(18) d

stable

3.345(3) d

3.345(3) d

57.4 II

Stable

stable

43.7(1) h

43.7(1) h

1.71(8) m

1.71(8) h

4.535(4) d

stable

57.4 a

stable

3.345(3) d

330(15) d

stable

P
-

-

P

P~

P

P

-

P

P

P

-

-

P~

P~

P

P

P

-

P

-

P

£

-

0. 182

2. 181

-8.875

-10.46

-8.2354

-3.208

-2.033

-11.628

-11.45

-9.2213

-1.223

0.228

-8.143

-11.351

-9.127

-6.106

-

-3.444

-10.948

-9.946

2.999

«.759

-9.332

-7.6098

129.5±8 F

47 C

340 C

53.5±5

60±7

60±3 F

31±8

550 C

12.612

11.511

29.5±5 F

13. 5 C

7 48 C

5.7±1

7il

13.5±2 F

1212

911

930 C

3.010.8

58 C

28 C

510 C

(77120) 10"!

17.710.6 19.4

1.4

0.48

0.012

-

0.30210.010 0.428

0.01310.006

0.016

0.0013

-

0.049 0.606 P

0.033

2.6

-

-

0.0089 P 0.0168 P

-

(4.612.3)10'

0.079 C

-

29

0.22

0. 29

-



Atomic
Number

2 3

2 4

24

24

24

Nuclide

S1V

slCr

" C r

" C r

s.Cr

Abund.
in %

9 9 . 7 5 ( 2 )

4 . 3 4 5 ( 9 )

8 3 . 7 8 9 ( 1 2 )

9 . 5 0 1 ( 1 1 )

2 . 3 6 5 ( 5 )

N u c l e a r
R e a c t i o n

( n , p )

( n , a )

( n , 2 n )

( n , n a )

(n ,He J )

( n , p )

( n , a )

( n , 2 n )

( n , t )

( n , n p )

( n , d )

( n , p )

( n , a )

( n , 2 n )

( n , n p )

( n , p )

( n , a )

( n , 2 n )

( n , n p )

( n , d )

( n , p )

( n , c r )

( n , 2 n )

(n ,d )

Res id .
Nucleus

s 'Ti

" S c

" V

" T i

" S c

S 'V

" T i

" C r

" V

" V

" V

S1V

" T i

!1Cr

S1V

" V

51Ti

!1Cr

" V

s'V

" V

s.T i

" C r

Half-life
Decay
Mode

5.76(1) m p

43.7(1) h a'

s t ab l e

s t a b l e

5 7 . 4 m p-

stable

stable

4 2 . 0 9 ( 1 5 ) m e

15 .974 (3 ) d e

330(15) d e

330(15) d e

3 . 7 5 ( 1 ) m p

s t a b l e

2 7 . 7 0 4 ( 4 ) d e

s t a b l e

1 .61(4) m p-

s t a b l e

s t a b l e

3 . 7 5 ( 1 ) m p-

3 . 7 5 ( 1 ) in p-

4 9 . 8 ( 5 ) s p-

5 . 7 6 ( 1 ) m p-

s t a b l e

1 .61(4) m

React.
Energy
(MeV)

- 1 . 6 7 6

- 2 . 0 5 5

-11 .052

- 1 0 . 2 9

-12 .505

-0 .257

0.320

- 1 2 . 9 4

-12 .664

- 9 . 5 9

- 7 . 3 6 4

-3 .196

- 1 . 2 1 1

-12 .041

- 1 0 . 5

- 2 . 6 4

1.797

- 7 . 9 4 1

- 1 1 . 4 5

-8 .9114

- 6 . 2 2

-1 .546

- 9 . 7 2

-10 .136

C r o s s - s e c t i o n s (mb)

14 MeV

33±3 F

16.5±2 F

660150

2

a 0 .188

300150

120110

22.814 F

0.066

150120

405165

78110 F

3513

315130

3 0

4013

4514

700 C

7

8 1 1

1513

1412

860 C

1.810.4

U-235
spectrum

Cf-252
spectrum

0.50310.024 0.718

.02411.0090 0.0430

0.21

8 . 7 x l 0 s

-

6 3

0.62 " -

( 6 1 D 1 0 1 5.0X101 P

-

0.04

-

1.0910.08 1.12 P

0.083

0.034 0.0877 P

0.005

0.62

0.29

1 . 6

0.001

-

0.0072

0.021

0.31

-



Atomic
Number

25

26

26

26

26

Nuclide
Abund.
in %

Nuclear
React.

Resld.
Nucleus

Half-life

'Mn 100

5.8(1)

(n,p)

(n,a)

(n,2n)

(n,He')

(n,t)

(n,p)

(n,a)

(n,2n)

(n,np)

(n,t)

"Cr

S1V

"Mn

"V

"Cr

"Mn

s'Cr

"Fe

"Mn

"Mr.

3.497(3) a

3.75(1) m

312.5(5) d

1.61(4) m

stable

312.5(5) d

27.704(4) d

8.51(2) a

3. 7(4}xl0' y

5.591(3) d

'Fe 91.72(30) (n.p)

(n,o)

(n,2n)

(n,t)

(n,np)

"Mn

"Cr

"Fe

"Mn

S!Mn

2.5785(6) h

stable

2.68 y

312.5(5) d

stable

'Fe 2.2(1] (n,p)

(n,a)

(n,2n)

(n,np)

(n,d)

•Fe 0.28(1] (n,p)

(n,p)*

(n,P)'

(n,o)

<n,2n)

"Mn

"Cr

"Fe

"Mn

"Mn

"Mn

!11Mn

"•Mn

"Cr

"Fe

1.45 B

stable

stable

2.5785(6) h

2.5785(6) h

65.3(7) s

3(1) S

65.3(7) s

3.497(3) D

stable

Decay
Mode

P
P~
e

P
-

e
e
e
e
e

p~

-

e
e
-

p-

-

-

p

p~

p

p~

p

P
-

React.
Energy
(MeV)

-1.806

-0.626

-10.224

-12.709

-9.3049

0.088

0.841

-13.382

-8.85

-12.425

-2.918

0.321

-11.203

11.931

-10.19

-1.78

2.395

-7.646

-10.56

-8.3397

-5. 32

-

-

-1.387

-10.043

Cross-sections (i

14 HeV

45110

29±2 F

809±35 F

0.8±0.3

0.98710.148

295±30 F

85±15 F

7±2 F

110

0.1211.030

110110 F

40 C

540140 F

(46112)10 !

35

80110

23. 5 C

630 C

15.213

11.012.4

2013

712

1312

14 C

800 C

U-235
spectrum

1. 2

0.1110.03

0.24410.015

-

-

80.512.3

0.610.2

.00501.0025

0.12

-

1.0910.04

0.39710.12

0.078 P

-

0.0051

1. 5

0. 54

2. 2

0.0025

-

0.051

-

-

0.01

0. 2

nb)

Cf-252
spectrum

-

-

0.408

-

-

87.3

0.887 P

3.92x10•' P

-

-

1.47

-

0.189 P

-

-

-

-

-

-

-

-

-

-

-

l\3
CO



. Nuclear _ . ,

Su^er »uclide T J ' R " C t i ° n M«V.«. »•»-!«••
Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV 0-235
spectrum

Cf-252
spectrum

27 'Co (n,p)

<n,a)

(n,2n)

(n,2n)*

(n,2n)*

<n,He')

(n,t)

"Fe

"Mn

"Co

'"Co

'"Co

"Mn

"Fe

44.496(7) d

2.5785(6) h

70.916(15) d

9.15(10) h

70.916(15) d

1.45 m

stable

E

IT

e

-0.783

0.320

-10.46

-11.47

-8.9306

46.5110 F

32.512 F

748150 F

498

250130

0.004710.0022

0.48210.123

1.4110.05

0.16110.007

0.20210.006

28 'Hi 68.27(1) (n,p)

(n,p)*

(n,a)

(n,2n)

(n,d)

(n,t)

(n,np)

(n,na)

"Co

"'Co

"Fe

"Hi

"Co

"Co

"Co

"Fe

70.916(15) d

9.15 h

2.68 y

36.08(9) h

270.9(6) d

78.76(12) d

270.9(6) d

stable

E

IT

E

E

E

E

E

0.395

2.89

-12.203

-5.9526

-11.073

-8. 18

-6.39

310125 F

175120

120115

3412 F

1815

0.09010.020

627135

30

108.515.4

35.412.2

3.010.9

0.004191.00022

0.21

1.4x10"'

1.69

0.222

0.406

118

8.97x10"'

28 'Mi 26.10(1) (nfP)

<n,p)*

<n,cr)

(n,2n)

(n,t)

(n,np)

"Co

•••Co

"Fe

"Hi

"Co

"Co

5.271(1) y

10.47(4) •

stable

7.5(13)xl04 y

70.916(15) d

stable

P

IT 99.75%,0" 0.25%

E

E

-2.041

1.351

-11.388

-11.511

-9.53

137115 F

95110

48.4 C

400 C

0.05410.018

68

2.310.4

2.110.3

0.21

0.038

7.1x10 '

28 'Hi 1.13(1] <n,p)

(n,er)

(n,2n)

"Co

"Fe

"Hi

1.650(5) h

stable

stable

-0.525

3.575

-7.819

95110

29.5 C

580 C

1.410.2

5.5

2.3

2.39



Atomic
Number

28

28

29

29

30

ro
Ol

30

Nuclide Abund.
in t

Nuclear
Reaction Resid.

Nucleus Half-life

'Ni

'Ni

3.59(1] (n,p)

<n,p)*

(n,p)*

(n,o)

(n,2n)

(n,np)

(n,d)

"Co

"•Co

"'Co

"Fe

"Ni

"Co

"Co

0.91(1) (n,p)

(n,a)

(n,2n)

<n,d)

"Co

"Fe

"Si

"Co

'Cu 69.17(2) (n,p)

(n,a)

(n,a)«

(n,2n)

(n.He1)

"Ni

"Co

"'Co

8!Cu

"Co

5Cu 30.83(2) (n,p)

(n,a)

(n,of

<n,2n)

(n,na)

"Ni

"Co

""Co

"Cu

"Co

*Zn 48.6(3) (n,p)

(n,a)

(n,2n)

< n, t)

"Cu

"Ni

"Zn

"Cu

'Zn 27.9(2) (n,p)

(n,o)

"Cu

"Ni

1.50(4) •

13.91(5) •

1.50(4) •

44.496(7) d

stable

1.6 50(5) h

1.650(5) h

0.30(3) s

5.98(6) a

100.1(20) y

27.4 s

100.1(20) y

5.271(1) y

10.47(4) B

9.74(2) •

1.650(5) h

2.520(2) h

1.50(4) •

13.91(5) •

12.701(2) h

1.650(5) h

12.701(2) h

stable

38.1(3) •

9.74(2) •

5.10(2) •

100.1(20) y

IT 99

P
E 62.

E 62.

Decay
Mode

P'
IT <

p-

P~
-

P~

P

P

p-

P~

p-

p-

P
•75%, p

E

$'

p-

P
, IT <

9%, p-

p-

9%, p-

-

E

E

P

p-

1%

-0.25%

1%

37.1%

37.1%

React.
Energy
(MeV)

-4.44

-

-

-0.435

-10.957

-11.12

-8.897

-6.220

-2.43

-9.66

-10.311

0.716

1.715

-

-10.854

-9.528

-1.349

-0.090

-

-9.905

-6.76

0.208

3.867

-11.856

-10.08

-1.852

2.274

Cross-sections (ab)

14 MeV

3715

1713

2013

2113

750 C

3.6

7.311.4

511

5.211.2

1060 C

3.510.7

120130

4518 F

25

551130 F

(3.811.9)10'

19.713 F

13 C

1.910.6

968120 F

1.710.3

176120 F

57.5 C

178115 F

(78116)10 !

6615 F

30 C

U-235
spectrum

0.19

-

-

0.0910.07

0. 17

1.5x10'

-

0.027

4.9x10'

0.5

-

9.8

0.50010.056

-

0.12210.012

-

0.4810.08

0.39

-

0.1 P

6.3x10 '

29.911.6

1. 1

0.0175 P

-

0.6210.11

0.28

Cf-252
spectrua

-

-

-

0.052 P

-

-

-

-

-

-

-

0.69

-

0. 187

-

0.701 P

-

-

0.706 P

-

40.5

-

0.0465 P

-

1.16 P

-



Atomic
Number

Nuclide
Abund.
in %

Nuclear
React.

Resid.
Nucleus

Half-life
Decay
Mode

React.
Energy
(MeV)

Cross Sections (>b)

14 MeV
U-235

spectrum
Cf-252

spectrua

30

30

30

30

31

31

"Zn

"Zn

"Zn

"Zn

"Ga

"Ga

27.9(2)

4.1(1)

18.8(4)

0.6(1)

60.1(2)

39.9(2)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,d)

(n,p)

(n,p)*

(n,p)*

<n,cr)

(n,2n)

(n,d)

(n,p)

(n,o)

(n,2n)

<n,2n)*

(n,na)

(n,p)

(n,p)*

(n,a)

(n,2n)

(n,p)

(n,p)*

(n,p)*

(n,a)

(n,2n)

(n,HeJ)

(n,na)

"Zn

"Cu

"Ni

"Zn

"Cu

"Cu

'"Cu

'"Cu

"Ni

"Zn

"Cu

"Cu

"Ni

"Zn

"•Zn

"Ni

"Zn

"•Zn

"Cu

"Ga

"Zn

'"Zn

'"Zn

"Cu

"Ga

"Cu

"Cu

243.9(1) d

61.92(9) h

stable

stable

5.10(2) m

31(1) s

3.75(5) m

31(1) s

2.52 h

stable

61.92(9) h

4.5(1) s

21(1) s

55.6(16) m

13.76(2) h

54.6(4) h

55.6(16) II

13.76(2) h

5. 10(2) to

68.1(3) m

2.45(10) m

3.94(5) h

2.45(10) ID

31(1) s

21.15(5) m

3.0(1) m

61.92(9) h

E

0"

-

-

P

P

IT 86%, p- 14*

P'

P~
-

P~

P'

P~

P'
IT 99.97%,0" C.03%

P~

P~
IT 99.97%,/T 0.03%

p-

e

p-

P

p-

p-

099.59%,E 0.41%

P'

P-

-11.052

0.208

4.879

-7.054

-6.681

-3.800

-

-

0.776

-10.199

-7.766

-6.3

-0.71

-9.215

-

-5.91

-0.124

-

2.584

-10.31

-2.«23

-

-

0.93

-9.304

-11.060

-5.26

690160 F

4515

14.8 C

870 C

7.813

1415

511

912

11.612 F

1030 C

2.110.3

8.7 C

4.3 C

12001120

448129

0.5610.10

3413

2512 F

1812

945150 F

1713

1111

611

6014

1146170 F

0.06610.02

2.510.5

0.123 P

1.0710.04

0.74

2.5

-

(15.612.5)10°

-

-

0.07410.006

0.35

-

6.7x10'

5. 5x10"'

0.55

-

2.7x10"'

1.5 C

0.49610.073

0.2

0.237 P

0.067

-

-

0.04

0.648 P

-

7.7x10"'

0.286 P

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.522 P

-

-

-

-

0.0128 P

-

-



Atomic
Muaber

32

32

32

32

32

33

Huclide
Abund.
In %

Nuclear
Reaction Resid.

Nucleus
Half-life

'Ge 20.5(5)

'As

(n,p)

(n,cr)

(n,2n)

(n,t)

'Ga"C

"Zn

"Ge

"Ga

'Ge 27.4(6) (n,p)

(n,o)

(n,o)*

(n,2n)

"Ga

"Zn

"•Zn

"Ge

"Ge 7.8(2) (n,p)

(n,a)

(n,2n)

'Ge 36.5(7) (n,p)

<n,a)

(n,o)*

(n,2n)

"Zn

"Ge

"Ga

"Zn

"•zn

"Ge

'Ge 7.8(2)

100

(n,p)

<n,o)

(n,2n)

(n,2n)«

(n,na)

(n,p)

(n,p)*

(n,a)

(n,2n)

<n,He')

"Ga

"Zn

"Ge

"•Ge

"Zn

"Ge

"•Ge

"Ga

"As

"Ga

21.15(5) •

stable

39.05(10) h

68.1(3) >

14.10(1) h

55.6(16) •

13.76(2) h

11.8(4) d

4.87(3) h

stable

stable

8.1(1) •

2.45(10) a

3.94(5) h

stable

32.6(6) s

23.5(10) B

82.78(4) B

47.7(7) s

46.5(1) h

82.78(4) n

47.7(7) s

14.10(1) h

17.78(3) d

4.87(3) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (nb)

14 MeV
U-235
spectrum

Cf-252
spectru*

P 99.59%, E 0.41*

e

E

-0.871

2.964

-11.533

-10.353

IT 99.97%, 0-0.03%

E

-3.211

1.482

-10.749

-0.77

3.913

-6.784

P

fi-

ts'

IT 99.97%,0 0.03%

-4.72

-0.443

-10.201

fi-

ll 99.S7%, fi- 0.03%

fi-

6 65.8%, fi 34.2%

fi

77tl0

28 C

605140 F

(42112)10':

1.3

0.39

1.840.9

31±3

1512

8.211

970 C

0.02210.006

0.041

0.02510.006'

0. 15

2213

8.3 C

1120 C

0.35

0. 19

4.9

1112

611

3.310.5

1220 C

0.47

4.8x10

0.17

0.188 P

-5.94 3.011.5 1.4x10"'

-2.4 2.7 C 8.4x10"'

-9.443 11481120 F 0.69 P 0.0136 P

7301100

-7.49 0.8010.17 1x10'

-0.406 19.212 F 0.4510.15 0.301 P

18 - -

1.205 11.611 7.4x10' P 0.0135 P

-10.243 1061160 F 0.3310.02 0.636 P

-10.15 0.0040510.00220

ro



ro
oo

Atoaic
Number

Nuclide
Abund.
in %

Nuclear
Reaction

Resid.
Nucleus Half-life

34 'Se 0.9(1) (n,p)

(n,a)

(n,2n)

<n,2n)*

"As

"Ge

"Se

SeTJI

17.78(3) d

11.8(4) d

7.15(8) h

39.8(13) •

34 'Se 9.0(2) (n,p)

(n,a)

(n,2n)

"As

"Ge

71'Se

26.32(7) h

stable

119.770(10)

34 'Se 7.6(2) (n,p)

<n,ct)

(n,2n)

<nrd)

"As

"Ge

"Se

"As

38.83(5) h

stable

stable

26.32(7) h

34 •Se 23.6(6) <n,p)

(n,o)

(n,2n)

<n,2n)»

"AS

"Ge

"Se

"•Se

90.7(2) •

82.78(4) •

stable

17.45(10) s

34 "Se 49.7(7)

(n,er)

(n,2n)

(n,2n)*

"Ge

'"Ge

'"Ge

"Se

"•se

15.2(2) a

11.30(1) h

11.30(1) h

52.9(6) 8

s 6.5x10* y

3.91(5) B

34 •Se 9.2(5) (n,p)

in,a)

(n,2n)

(n,2n)*

"AS

"Ge

"Se

"•Se

19 s

19.1(3) s

18.5(1) •

57.25(9) •

Decay
Mode

£ 65.81, p-

E

E

IT 73%, E

p-

-

e

P'

-

-

P'

p-

P'
-

IT

fi-

p-

p-

p- 79*, IT

P~
IT

P'

P~

P~
IT, fi- 0.

34.2*

27%

21%

07%

React.
Energy
(MeV)

-0.572

3.336

-12.071

-

-2.186

1.685

-11.161

0.098

4.468

-7.418

-7.3798

-3.49

0.461

-10.497

-

-5.22

-0.950

-

-

-9.896

-

-7. 17

-2.55

-9.272

-

Cross-sections (

14 HeV

147±30 F

34 C

320130 F

35

55*5

15 C

879±70 F

35*5

10.6 C

1070 C

12.1*2.«

18*4

7±1

993150 F

800

7.2 C

6.612

0.610.3

6.012

1132160 F

200

3.1 C

1.9 C

1050150 F

900

U-235
spectrua

6.613.3

0.29

0.031 P

-

0.18

0.043

0.142 P

0.62

0.18

3.9

-

0.027

6.6x10'

0.245 P

-

3.8X10-'

1.2x10'

-

-

0.453 P

-

7.4x10 '

1.2X10"'

1.03 P

-

•b)

Cf-252
spectrum

-

-

0.0812

-

-

-

0. 337

-

-

-

-

-

-

0.542

-

-

-

-

-

0.937

-

-

-

1.92

-

P

P

P

P

P



Atonic
Number

35

35

36

36

36

36

36

CO

Nucllde Abund.
in *

Nuclear
React.

Resid.
Nucleus Half-life

'Br

'Br

"Kr

'Kr

'Kr

!Kr

•Kr

50.69(5) (n,p)

(n,p)*

<n,a)

<n,2n)

49.31(5) (n,p)

(n,p)*

(n,a)

(n,2n)

(n,2n)*

<n,Hs])

"Se

7"Se

"AB

"Br

"Se

"•Se

"AB

"Br

"•Br

"As

s 6.5x10* y

3.91(5) a

26.32(7) h

6,46(4! a

18.5(1) a

57.25(9) a

90.7(2) a

17.68(2) a

4.42(1) h

3.01(15) a

0.35(2) (n,p)

in,a)

(n,2n)

2.25(2) (n,p)

in,or)

<n,2n)

(n,2n)*

"Br

"Se

"Kr

"Br

"Se

"Kr

•Kr7»

11.6(1) (n,p)

(n,cr)

<n,2n)

"Br

"Se

"Kr

6.46(4) a

119.770(10) d

74.4(6) a

17.68(2) a

stable

35.04(10) h

50(3) s

35.30(3) h

a 6.5x10* y

2.1(2)xl0! y

11.5(1) (n,p)

(n,a)

(n,2n)

"Br

"Se

"Kr

2.39(2) h

stable

stable

57.0(3) <n,p)

(n,o)

(n,2n)

"Br

"Se

nKr

31.80(8) a

IS.5(1) a

stable

Decay
Hode

React.
Energy
(MeV)

Cross-sections (ab)

14 HeV
U-235

spectrua
Cf-252
spectrua

IT

6*99.99%, B'30.01%

P

IT, p- 0.07%

B"91.7%, 6 8.3%

IT

6*99.99%, fi- 0.01%

6

6

1.859

-10.693

-0.805

0.430

-10.16

31 C

10

12.711.5 F

974150 P

2115

1512

512

1026130 F

665150 F

0.87

0.031

0.213 P 0.478 P

0.02410.005

0.014510.004

4.2x10 '

0.303 P

0.176 P

0.652 P

0.387 P

-11.148 3 11.5x10"'

0,089

3.665

-11.981

138 C

40 C

245120

2.6

0.37

0.048

fl 91.7%, 6 8.3%

6

IT

-1.228

2.352

-11.525

-2.306

0.988

-10.98

57 C

19 C

810160

415

0. 38

0.052

0.077

2314

9.2 C

1150 C

0.07

8.7x10-

0.21

P -0.187

3.417

-7.467

-3.92

-0.400

-10.518

15.5 C

6.6 C

1270 C

8.011.5

4.7 C

1290 C

0. 2

0.04

3.8

9.3X10"1

1.5x10 *

0.33



Atomic
Number

Nuclide
Abund.
in %

Nuclear
Reaction

Resid.
Nucleus Half-life

36 fKr 17.3(2) (n,p)

(n,o)

(n,2n)

<n,2n)»

"Br

1!Se

"Kr

"'Kr

37 'Rb 72.165(13) (n,p)

(n,2n)

(n,2n)*

<n,2n)»

"Kr

"•Kr

"Br

"Rb

"'Rb

"•Rb

37 Rb 27.835(13) (n,p)

<n,a)

(n,2n)

(n,2n)*

(n,2n)*

"Kr

"Br

"Rb

"'Rb

""Rb

38 'Sr 0.56(1) (n,p)

(n,p)*

(n,o)

<n,2n)

(n,d)

"Rb

"'Rb

#1Kr

"Sr

"Rb

38 'Sr 9.86(1) (n,p)

(n,o)

(n,2n)

(n,2n)*

(n,t>

"Rb

"Kr

"Sr

"•Sr

"Rb

38 7Sr 7.00(1) (n,p)

(n,o)

"Rb

"Kr

55.0(8) s

22.5(2) >

10.72(2) y

4.480(8) h

10.72(2) y

4.480(8) h

35.30(3) h

32.87(11) d

32.87(11) d

20.49(17) •

76.3(5) •

31.80(8) •

18.66(2) d

18.66(2) d

1.017(3) •

32.87(11) d

20.49(17) •

2.1(2)X10! y

32.4(2) h

86.2(1) d

18.66(2) d

stable

64.84(3) d

67.66(7) •

32.87(11) d

stable

stable

Decay
Mode

React.
Energy
(MeV)

Cross-sections (nb)

14 HeV
U-235
spectrum

Cf-252
spectrum

p-

P'

e

E

P

P

p-

P

/J"

79%, IT 21%

P~

79%, IT 21%

p-

96%,

96%,

IT

0"

P

•, e 0.

', 6 «.

IT>99.7%,

E

P

96%,

IT

E

E

E

", e 0,

-

E

IT 87.3%,

e 69%,

-

-

P~ «

0 4%

.005%

.005%

p <C.3%

/T 4%

.005%

E 12.7%

P- 4*

-6.52

-2.175

-9.86

-

0.0955

-

0.991

-10.6

-

-

-3.110

-1.210

-9.926

-

-

-0. 104

-

2.69

-12.013

-6.755

-0.989

1.124

-11.485

-

-11.635

0.509

3.214

4.4 C

0. 53 C

1400 C

350

18.3 C

5.010.5

5.911 F

11351100 F

500

635

1012

411

11951130 F

695

500

9618

4717

22.6 C

1054150 F

104116

44.512 F

11.4 C

10001100

340

21.5 C

8.2 C

2.4x10 '

1.8x10 '

0.44

-

0.26

-

5.3x10 '

0.3710.01

-

-

0.023

2.2x10°

0.394 P

-

-

0.7

-

0.058

0.103 P

-

0. 11 P

0.011

0. 15

-

-

0. 19

0.068

-

-

-

-

-

-

0.616 P

-

-

-

-

0.835 P

-

-

-

-

-

0.264 P

-

-

-

-

-

-

-

-



Atomic
Number

38

38

39

40

40

Nuclide
Nuclear

Reaction Resid.
Nucleus Half-life

"Sr

"Sr

7 . 0 0 ( 1 )

8 2 . 5 8 ( 1 )

100

Zr 45(2)

Zr 11.22(2)

( n , 2 n )

( n , p )

( n , 2 n )

( n , 2 n | *

( n , t )

"Sr

"Rb

lsKr

"Sr

"Sr

'Rb

( n , p )

( n , o )

( n , 2 n )

( n , p )

( n , p ) *

( n , o )

( n , 2 n )

( n , 2 n ) *

( n , 2 n ) *

( n , t )

( n , p )

( n , p ) *

( n , o )

( n , 2 n )

( n , n p ) *

( n , d )

" S r

"Rb

"•Rb

n Y

"Y

Illy

"Sr

"•Sr

"Zr

M 1 Z r

' " Z r

"Y

"Y

Illy

"Sr

"Zr

It! y

"Y

s t a b l e

1 7 . 8 ( 1 ) m

1 0 . 7 2 ( 2 ) y

s t a b l e

2 . 8 1 ( 1 ) y

1 8 . 6 6 ( 2 ) d

5 0 . 5 5 ( 9 ) d

1 8 . 6 6 ( 2 ) d

1 . 0 1 7 ( 3 ) m

1 0 6 . 6 4 ( 8 ) d

6 4 . 1 ( 1 ) h

3 . 1 9 ( 1 ) h

s t a b l e

2 . 8 1 ( 1 ) h

7 8 . 4 3 ( 8 ) h

4 . 1 8 ( 1 ) m

7 8 . 4 3 ( 8 ) h

1 0 6 . 6 4 ( 8 ) d

5 8 . 5 1 ( 6 ) d

4 9 . 7 1 ( 4 ) m

s t a b l e

s t a b l e

3 . 1 9 ( 1 ) h

6 4 . 1 ( 1 ) h

Decay
Mode

React.
Energy
(MeV)

Cross Sections (mb)

14 MeV U-235
spectrum

Cf-252
spectrum

-8.428

P -4.522

P -0.788

-11.113

IT 99,7%, £ 0.03%

P , E 0.005% -12.048

1200 C

15±2 F

6 C

1200 C

318±30 F

(63122)10"'

2.5

3.8x10"' P

5.9X10"1

0. 14

0.0451 P

p-, e 0.005%

IT > 99.7%

E

-0.707

0.699

-11.468

24.613 F

5.411 F

2.5

9661100 F

0.3110.06

8.3x10°

0.15610.011 0.319 P

p- -1.506 4513 F

IT, P' 0.002% - 12.3611

1.75 14 C

IT 99.7%, E 0.3% - 3.6410.3

E -11.983 730135

IT 93.76%,E 6.24% - 112.8

E - 618

£ -11.352 0.041

0.3810.02 0.497 P

0.014

0.10310.004 0.22210.066

IT,

IT

0.002%

-0.763

5.661

-7.203

6.4842

32.513 F

17.911

10. 1 C

1200 C

1.8210.3

6.211.5

0 . 13 C

2 . 2 C

5 . 5 C



CO
IV>

AtOBic
NuBber

Nuclide Abund.
in t

Muclear
React.

Resid.
Nucleus Half-life

40 'Zr 17.15(1) <n,p)

(n,o)

(n,2n)

<n,np)*

<n,<l)

(n,t)

"Y

"Sr

"zr
Illy

"Y

"Y

'Zr 17.38(2) (n,p)

<n,a)

(nr2n)

(n,np)

<n,d)

<n,He')

"Y

"Sr

"Zr

Illy

"Y

"Sr

40 'Zr 2.80(1) (n,p)

in,a)

(n,2n)

(n,He')

"Y

"Sr

"Zr

"Sr

41 >Nb 100 (n,p)

(n,a)

(n,<x)»

(n,2n)

(n,2n)*

(n,He3)

(nft)

"Zr

"Y

Itly

"Mb

"•Kb

"Y

"Zr

3.54(1) h

50.55(9) d

stable

49.71(4) B

58.51(6) d

64.1(1) h

18. 7 C D •

9.52(6) h

1.53(10)xl0' y

0.82 8

10.1(2) h

2.71(1) h

6.2(2) a

7.6(2) B

64.02(4) d

75.1(7) s

1.53(10)xl0' y

64.1(1) h

3.19(1) h

3.5(3)xl07 y

10.15(2) d

58.51(6) d

stable

Decay
Mode

P

p-

-

IT

P

P

P

P-

P'

IT

P

P

P

P~

P

P~

p-

P~

IT, P~ 0.002%

E

e
p~

-

React.
Energy
(MeV)

-2 .841

3.386

-8 .635

-

- 7 . 1 7 3

-8 .8617

- 4 . 2 2

2.067

-8 .191

-

-8 .074

-11 .200

- 6 . 0 2

0.17

-7 .832

-13 .540

0.719

4.914

-

-8 .826

-

-7 .719

-6 .192

Cross-sections (»b)

14 MeV

22±2

8.9±1 F

1300 C

1 . 0 7 1 0 . 3 0

3 . 0 1 1 . 2

( 2 6 . 5 1 7 ) 1 0 °

8 1 1

4 . 8 ± 0 . 5 F

1360 C

1 . 0 1 0 . 5

2 . 4 1 0 . 2

s 0 . 4 2

4 . 0 C

1 . 1 1 0 . 2

1500190

s 0 .1310.048

35 C

9.510 .5 F

5.1210.40

1375170 F

482120 F

(3 .111 . 5110-1

( 3 6 7 l 6 7 ) x l 0 !

U-235
spectrum

Cf-252
spectruB

0 . 1 0 C

0 .096 C

1.3 C

-

-

-

0 . 0 1 1 C

0 .015 C

2. 1 C

-

-

-

9x10"' C

9x10° C

3.1 C

-

1.0 C

0.097410.003

0.026710.017

1.09 P 2.07 P

0.47510.032 0.766 P

-

-



Atomic
Number

42

42

42

42

Nucllde Abund.
in %

Nuclear
Reaction

Resid.
Nucleus Half-life

'Ho 14.84(4) (nfp)

<n,p)*

(n,o)

(n,or)«

<n,a)»

(n,2n)

(n,2n)»

(n,t)

"Nb

•»Nb

"Zr

"'Zt

'••Zr

"MO

"•Mo

"Nb

3.5(3)210' y

10.15(2) d

78.43(8) h

78.43(8) h

4.18(1) •

15.49(1) •

65."2(8) s

14.60(5) h

*Mo 9.25(2) <n,p)*

(P-,P)

(n,er)

(n,2n)

(n,2n)'

'"Nb

"Zr

"Mo

"•MO

6.26(1) •

2,03(i6)xl0' y

stable

3.5(7)xlO! y

6.85(7) h

'Ho 15.92(4) (n,p)

(n,p)s

(n,a)

(n,2n)

"Nb

"•Kb

"Zr

"Mo

34.97(3) d

3.61(3) d

stable

stable

'Mo 16.68(4) (n,p)

(n,o)

(n,2n)

(n,np)

<n,np)«

(n,d)

"Nb

"Zr

"Mo

"Nb

"•Nb

"Nb

23.35(5) h

1.53(10)xl0' y

stable

34.97(3) d

3.61(3) d

34.97(3) d

Decay
Hode

React.
Energy
(MeV)

Cross-sections (ab)

14 HeV
U-235
spectrum

Cf-252
spectrum

0.427

3.69

IT 93.76%, E 6.24%

E -12.692

IT 50.1%, E 49.9%

E -11.036

137 C

6816

25.0*1.5

20t2

5.010.5

192120 F

14.615

(70121)X10~

9.1 C

7.010.6

0.0410.02

0.016 P

IT 99.5%, $' 0.5%

-1.263

5.13

-9.672

IT 99.88%, E 0.12%

33.619

61 C

16.6 C

1000 C

5.2510.4

0.73 C

0.54 C

0.435

IT S4,4%,0" 5.6%

-0.142

6.39

-7.45

4212

7.7610.70

12.3 C

1140 C

0.1410.01

3.4 C

3.45

0.0426 P

IT 94.4%, B- 5.6%

-2.405

3.995

-9.154

-9.2965

-7.0719

23.3511.50

9.1 C

1260 C

5.710.5

1.210.3

5.910.2

0.05810.008

0.11 C

0.767



CO

Atoaic
Nuaber

42

42

42

43

44

Nuclide Abund.
i n %

Nuclear
Reaction

Resid.
Nucleus H a l f - l i f e

'Mo 9.55(2)

"Mo 24.13(6)

"Mo 9 . 6 3 ( 2 )

'Tc 1 0 0

'Ru 5 . 5 2 ( 5 )

( n , p )

( n , p ) *

< n , a )

< n , 2 n )

( n , n p )

( n , d )

( n , p )

( n , p ) *

( n , a )

( n , 2 n )

( n , n p )

( n , n p )

< n , d )

( n , p )

(n,a)

( n , 2 n )

< n , p )

( n , a )

( n , 2 n )

( n , n a )

( n , H e ! )

( n , p )

( n , p ) *

( n , a )

( n , 2 n )

( n , d )

"Nb

' " N b

" Z r

"MO

"Nb

"Nb

"Nb

"•N b

" Z r

"Mo

"Nb

971Nb

"Nb

7 2 . 1 ( 7 ) D

6 0 ( 8 ) s

s t a b l e

s t a b l e

2 3 . 3 5 ( 5 ) h

2 3 . 3 5 ( 5 ) h

2 . 8 6 ( 6 ) s

5 1 . 3 ( 4 ) m

6 4 . 0 2 ( 4 ) d

s t a b l e

7 2 . 1 ( 7 ) m

3 . 6 1 ( 3 ) d

7 2 . 1 ( 7 ) n

'"Kb

"Zr

"MO

"MO

"Nb

" T c

"Nb

"Nb

" T c

" • T c

1!Mo

"RU

" T c

3 . 1 ( 3 ) s

1 6 . 9 0 ( 5 ) h

6 6 . 0 ( 2 ) h

6 6 . 0 ( 2 ) h

2 3 . 3 5 ( 5 ) h

4 . 2 ( 3 ) X 1 0 ' y

3 4 . 9 7 ( 3 ) d

7 2 . 1 ( 7 ) n

4 . 2 8 ( 6 ) d

5 1 . 5 ( 1 0 ) m

3 . 5 ( 7 ) X 1 0 ! y

1 . 6 4 ( 1 ) h

2 0 . 0 ( 1 ) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV U ~ 2 3 5

spectrum
Cf-252
spectrum

p~

I T

P~

P

P~

P

P'

I T 9 4 . 4 % , 0 5 . 6 %

P~

P~

P~

P~

P'

P'

P

P

P

e

IT 98%, 6 2%

e

e

e

- 1 . 1 5 3

5. 34

- 6 . 8 1 6

- 9 . 2 2 1

- 6 . 9 9 6

- 3 . 82

3 . 202

- 8 . 6 4 2

- 9 . 7 9 6

- 7 . 5 7 1

- 5 . 22

2. 394

- 8 . 3 0 1

1 6 . 8 + 1 . 0

4 . 4 ± 0 . 8

6 . 8 C

1350 C

3 . 8 ± 0 . 3

3 , 6 + 0 . 2

0 . 0 5 7 C

0 . 8 4 C

6. 10

11±4

5 . 5 + 0 . 6

5 . 6 ± 0 . 6

1370 C

1 . 8 4 ± 0 . 2

1 . 0 5 ± 0 . 8

2 . 1 5 + 0 . 1 0

0 . 0 1 5 C

1 . 3

5 . 2 + 1

2 . 8 + 0 . 3

1420*150

0 . 0 0 2 C

0 . 0 1 2 C

1.85

- 0 . 5 7 5

3 . 9 2 8

- 8 . 9 6 6

- 2 . 9 6 6

- 8 . 5 7 6

0 . 57

6. 383

- 1 0 . 6 9 4

- 5 . 1 2 5

12 + 3

7±1

1230+120

1 . 3 ± 0 . 2

s 6.8X10"3

150±20

62

36 C

7001100

535190

0. 10 C

0.065 C

1.02

8.1 C

1.7 C

0. 249



Atomic
Number

44

44

44

44

44

44

45

CO

Nuclide Abund.
in %

Nuclear
React.

Resld.
Nucleus Half-life

'RU

'RU

"RU

"RU

"RU

"Rh

1.88(5) (n,p)

(n,a)

(n,2n)

"Tc

"Mo

"Ru

4.2(3)xl0' y

stable

2.9(1) d

12.7(1) <n,p)

(n,p)*

(n,a)

(n,2n)

"Tc

"•Tc

"Mo

"Ru

12.6(1) (n,p)

(n,2n)

"'Tc

"Mo

"Ru

17.0(1) (nrp)

(n,o)

(n,2n)

'"Tc

"Mo

'"RU

31.6(2) (n,p)

( P. , p) *

<n,a)

(n,2n)

""Tc

"••Tc

"Mo

'"Ru

18.7(2) (n,p)

(n,o)

<n,2n)

100 (n,p)

(n,a)

(n,2n)

(n,2n)*

(n,2n)*

(n,HeJ)

(n,t)

"4Tc

'"Mo

'"Ru

"!Ru
1MTc

'"Rh

""Rh

""Rh

"'Tc

'"Ru

2.13(5)xl0! y

6.02(3) h

stable

stable

15.8(1) s

stable

stable

14.2(1) i

stable

stable

5.28(15) s

4.35(7) a

66.0(2) h

stable

18.3(3) a

14.6(1) B

39.26(2) d

39.26(2) d

15.8(1) s

2.9 y

207(3) d

2.9 y

14.2(1) n

stable

Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV
U-235

spectrum
Cf-252
spectrum

p~ -0.92

5. 137

-10.25

P'
IT,

0.49

6.822

-7.468

P

-98%, IT ~2\

P'

-2. 59

3.965

-9.674

-0.848

5.802

-6.805

-3.72

2.502

-9.216

6 75%,p- 20%,IT 5%

e

-4.52

1.057

-8.912

0.0198

3.48

-9.31

-8.55

-6.939

82 C

19. 6 C

1050*100

55.4 C

15

14.6 C

1100 C

37.5 C

11 C

1220 C

3614

8.3 C

1350 C

17.3 C

5.7

5±1

1390 C

7.211

2.6±1

14401100

1611

1112

13251100 F

600

725

(2.010.6)10 '

0.69210.208

0.87 C

0.27 C

0.264

0.45 C

3.1 C

3.2

0.069 C

0.057 C

0.493

0.067 C

0.75 C

6.24

0.012

0.007 C

0.802

4xl0! C

9x10 ' C

1. 14

0.10710.006

0.016 C

0.765 P

0.715

1.51



Atomic
Number

4 6

4 6

4 6

4 6

4 6

4 6

Nuclide Abund.
in *

Nuclear
Reaction Resid.

Nucleus Half-life

'Pd

«Pd

sPd

"'Pd

'Pd

•Pd

1 . 0 2 0 ( 1 2 )

( n r o )

( n , 2 n )

( n , t )

"Rh

Rui i

"'Pd

l"Rh

2 . 9 y

s tab le

8 .47(6) h

20 .8(1) h

11.14(8) (n,p)

(n,a)

(n,2n)

mRh

"'Ru

"'Pd

4 2 . 3 ( 4 ) s

stable

16.991(19) d

2 2 . 3 3 ( 8 ) (n,p)

(n,a)

(n,2n)

(n ,p)*

'"Rh

"'Rh

"4Pd

""Rh

35.36(6) h

s tab le

s ta b l e

45 s

2 7 . 3 3 ( 5 ) ( n , p )

( n , a )

<n.2n)

"'Rh

""Rh

""Rh

'"Ru

'"Pd

29.80(8) s

29.80(8) B

130(2) a

39.26(2) d

stable

26.46(9) <n,p)

( n , o )

( n , 2 n )

( n , 2 n ) «

( n , d )

"'Rh

'"Ru

"'Pd

"71Pd

"'Rh

6 . 0 ( 3 ) m

4 . 4 4 ( 2 ) h

6 . 5 ( 3 ) x l 0 * y

2 1 . 3 ( 5 ) s

2 1 . 7 ( 4 ) •

1 1 . 7 2 ( 9 ) ( n , p )

< n , a )

( n , 2 n )

( n , 2 n ) «

< n , 2 n ) «

"*Rh

"'Ru

'"Pd

"•'Pd

""Pd

2 8 . 5 ( 1 5 ) 8

3 . 7 5 ( 5 ) •

1 3 . 7 ( 1 ) h

4 . 6 9 ( 1 ) a

1 3 . 7 ( 1 ) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (mb)

14 MeV
U-235

spectrum

Cf-252
spectrum

- 0 . 3 6 7

5 . 3 4

- 1 0 . 5 8 7

- 9 . 2 1 4

110 C

23 C

11001100

( 6 4 1 2 2 ) 1 0 '

1.6 C

0. 18 C

0-99.55%, E 0 . 4 5 1

e

P~

-1 .685

4. 191

-10 .02

58114

13 C

1180 C

0.20 C

0.033 C

0.369

0.217

6.334

- 7 . 0 7 3

I T

3818

10 C

1300 C

23

0.22 C

0.77 C

4.96

P~

IT

p-

P

P~

P~

IT

P~

- 2 . 7 5 8

2.998

-9 .561

- 3 . 7 2

2.051

-9 .225

-7 .730

2513

1612

912

5.610.7

1400 C

912

2.510.5

1450 C

500

4.012 .0

0.04 C

7x10° C

6.11x10'

0.01 C

10 1 C

0.864

-4 .62

1.02

-8.806

5.5 C

2.7 C

18501120

500

13501100

0.002 C

4x10* C

1.3



Atomic
Number

47

47

48

48

48

CO
l

48

Nucllde Abund.
in %

Nuclear
Reaction

Resid.
Nucleus

Half-life

'Ag

"Ag

"Cd

"'Cd

•Cd

"Cd

51.839(5) (n,p)

(n,p)«

(n,ot)

(n,2n)

(n,2n)*

ll7Pd

""Pd

'"Rh

'"Ag

""Ag

48.161(5)

(n,a)

(n,2n)

{n,2njs

(n,HeJ)

m P d

""Pd

"'Rh

"'Ag

"!!Ag

"7Rh

1.25(3) <n,P>

(n,p)»

(n,o)

(n,2n)

(n,2n)*

(n,d)

<n,t)

"'Ag

"'•Ag

"]Pd

"5Cd

""Cd

"!Ag

Ag

0.89(1) (n,p)

<n,er)

(n,2n)

"'Ag

"'Pd

"'Cd

12.49(9)

12.80(6)

<n,p)

(n,p)*

{n,a)

(n,2n)

<n,P)

'"Ag

""Ag

"'Pd

"'Cd

'"Cd

6.5(3)xlO' y

21.3(5) s

42.3(4) 8

24.0(1) a

8.46(10) d

13.7(l)h

4.69(1) •

29.80(8) s

2.37(1) a

127(21) y

21.7(4) •

24.0(1) •

8.46(10) d

16.991(19) d

55.5(4) •

24 •

41.29(7) d

69.2(10) •

2.37(1) >

stable

6.50(2) h

24.6(2) s

249.76(4) d

6.5(3)xlO' y

462.9(20) d

7.45(1) d

0 99

e *

0 9 7 .

E 9 1

D e c a y
Mode

P'

IT

55%, E

99%, 0

E

P'

IT

P-

15%, E

. 3 % , IT

0-

£ *99%, 0-

0 9 7 .

0 9 9

0 9 8 .

E

E

e
-
E

e
15%, E

-

E

. 7 % , E

6 4 % , I T

0"

E

P~

0 . 4 5 %

31%

2 . 8 5 %

8.7%

51%

2 . 8 5 %

0 . 3 %

1.36%

React.
Energy
(MeV)

0.747

-

4. 182

-9.551

-

-0.333

-

3. 288

-9.188

-

-

0.581

-

5.98

-10.92

-

-5.117

-8.697

-0.86

4.812

-10.329

- 2 . 108

-

3.673

-9.879

-0.2455

Cross-sect ions

14 MeV

41 C

15

10.8 C

12601120

6 0 0

1413 F

9. 1

1 2 . 0 1 2 . 5

1440 C

27

( 1 0 . 5 1 5 ) 1 0 '

148 C

7 6

100140

13501200 F

876190 F

215150

( 8 6 . 5 1 1 5 ) 1 0 '

70 C

15.4 C

12901150

2715

2 0

9 .1 C

12201150

22.216 F

(Kb)

U-235
spectrum

0.47

-

0.025

0.601

-

0.095

-

0.007

0.880

-

3.310.

-

0. 14

0. 154

0.132

-

-

0.51

0.039

0.285

0.1010.

-

0.008

0.474

0.021

Cf-252
spectrum

C

-

C

-

-

c

c
-
-
-

3

-

c
p

0.325 P

-

-

C

c
-

0 5

-

c
-

0.0369 P



CO
00

Atonic
Kuaber

48

48

48

48

49

Nuclide
Abund.
in *

Nuclear
React.

Resid.
Nucleus Half-life

'Cd 24.13(11) (n,p)

(n,a)

(n,a)*

(n,2n)

<n,2n)*

"'Ag

'"Pd

""Pd

'"Cd

""Cd

'Cd 12.22(6) (n,p)

|n,a)

(n,2n)

"'Ag

"'Pd

'"Cd

'Cd 28.73(21) (nrp)

(n,a)

(n,a)*

(n,2n)

(n,2n)«

(n,t)

'"Ag

'"Pd

""Pd

"!Cd

'"•Cd

"•Ag

'Cd 7.49(9) <n,p)

(n,a|

(n,2n)

(n,2n)*

<n,2n)*

'"Cd

"JPd

"!Cd

""Cd

"!lCd

"'in 4.3(2)

(n,a)

(n,2n)

(n,2n)*

(n,2n)*

(n,nf)

lnCd

'"Ag

'"In

""In

'"•in

3.14(2) h

13.7(1) h

4.69(1) •

stable

48.6(3) •

5.37(5) h

stable

stable

2.68(1) a

98 s

53.64(10) h

44.6(3) d

53.46(10) h

4.6(2) s

23.4(2) B

5.5(1) h

9.3(19)xl0's y

13.7 y

3.14(2) h

9.3(19)xl015 y

24.6(2) s

14.4(2) m

14.4(2) •

20.9(2) •

1.658(1) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections(mb)

14 HeV
U-235

spectrum
Cf-252
spectrum

p~

fi-

ll

I T

-3.22

2.675

-9.397

1612

2.610.5 F

1.3

1460 C

700150

0.014 C

0.7x10"' P

0.752

0.4210.06

-1.228

4.942

-6.54

812

4.3 C

1480 C

0.022 C

0.046 C

9.18

p- - 4 . 2 2

P 1 .66

IT 73%, p- 27%

p- - 9 . 0 1 4

0 9 9 . 8 6 % , IT 0 .14%

p- -10.320

P~

P'

1012

0.6510.10

0. 13

1500 C

860

(3618)10°

0.003 C

5x10' C

1.07

-5.52

0.19

-8.696

2.510.3

0.5

15781100 F

800175

778175

5x10"' C

10"' C

2 . 0 7

P

0"99.7%, 6 0.03%

€ 56%, p 44%

6 56%, P~ 44%

IT

IT

0 . 4 8 6

3.76

- 9 . 4 2 4

27 C

7.7 C

16001100 F

300130

13001100

0 , 2 4 C

7 x 1 0 ' C

0 .767 P

3.87 P

1. 54 P

1 6 2 . 7 1 2 . 5



Atomic
Number

49

50

50

50

50

Nucllde Abund.
in %

Nuclear
Reaction

Resid.
Nucleus

Half-life

'In

'Sn

'"Sn

"Sn

•sn

95.7(2) (n,p)

(n,p)*

(n,o)

(n,2n)

<n,2n)*

(n,He])

(n,n')

"sCd

M11Cd

'"Ag

'"In

""In

m A g

""In

0.97(1) (n,p)

(n,a)

(n,2n)

(n,d)

(n,t)

'"In

'"Cd

'"Sn

'"In

"•in

0.65(1) (n,p)

(n,p)*

(n,a)

(n,2n)

<n,2n)*

'"In

""In

'"Cd

"!Sn

""Sn

53.46(10) h

44.6(3) d

3.14(2) h

71.9(1) s

49.51(1) d

5.37(5) h

4.486(4) h

14.4(2) •

462.9(20) d

35.3(8) n

2.83(1) d

69.1(5) m

71.9(1) s

49.51(1) d

stable

115.09(4) d

21.4(4) •

0.36(1) (n,p)

<n,or)

(n,2n)

'"In

'"Cd

'"Sn

4.41(25)xl014 y

stable

stable

1 4 . 5 3 ( 1 1 ) ( n , p )

( n , p ) *

( n , o )

( n r 2 n )

i ii In

""In
mCd

'"Sn

14.01(3) s

54.15(6) •

9 . 3 ( 1 9 ) x l 0 l s y

s tab l e

Decay
Mode

P'

P

P

099.5%, E 0.5%

IT 95%, 0" 5%

P'

IT 95%, 0- 5%

E 56%, p 44%

£

t

E

E

099.5%, E 0.5%

IT 95,7%, E 4.3%

-

E

IT 91.1%, E 8.9%

p-

-

-

0">99.94%, E<0.06%

p-

P

-

React.
Energy
(MeV)

0.668

-

2.68

-9.323

-

-9.34

-

0. 124

5.539

-10.802

-5.286

-9.110

-1.198

-

4.334

-10.32

-

0.296

6. 196

-7.534

-2,491

-

3. 169

-9.566

Cross-s Sections (a

14 MeV 1 U"235
spectrun

1515 0.041 C

7

2.510.5 10 -' C

1710180 T i.13 F

12621100 F 0.761

0.007

190.3*7.3

94.7 C 1.7 C

17.9 C 0.046 C

15001280 0.245 P

168159

(77.5113)10"'

45.5 C 0.22 C

18.615

10.8 C 0.01 C

1105150 0.305

1050

31.7 C 0.13 C

8.4 C 0.15 C

1450 C 3.59

2212 0.031 C

9.710.9

6.6 C 0.002 C

1470 C 0.635

b)

Cf-252
spectrum

-

-

-

2.16S P

1.551 P

-

198.112.6

-

-

0.557 P

-

-

-

-

-

-

-

-

-

-

-

-

-

-

CO
CD



Atomic
Nuaber

5 0

5 0

5 0

5 0

Nuclide Abund.
In %

Nuclear
Reaction Resid.

Nucleus Half-life

7Sn

•Sn

'Sn

•Sn

'Sn

"'Sn

4Sn

7 . 6 8 ( 7 ) ( n , p )

<n,p)*

( n , p ) *

( n , a )

<n,2n)

<n,np)»

'"In

""In

""In

"<Cd

'"Sn

""In

2 4 . 2 2 ( 1 1 ) ( n , p )

( n , p ) «

( n , a )

(n ,2n)

( n , 2 n ) *

'"In

""In

"sCd

'"Sn

"71Sn

8 . 5 8 ( 4 ) (n ,P)

<n,p)*

( n , o )

( n , 2 n )

'"In

" " I n

'"Cd

'"Sn

3 2 . 5 9 ( 1 0 ) ( n , p )

( n , a )

( n , a ) *

( n , a ) *

(n ,2n)

'"In

'"Cd

""Cd

""Cd

"'Sn

( n , 2 n ) l i t"Sn

4 . 6 3 ( 3 ) ( n , p )

(n ,2n)

'"In

"'Cd

"'Sn

5 . 7 9 ( 5 ) <n,p)

(n ,2n)

'"In

"'Cd

"3Sn

4 3 . 8 ( 7 ) i

1 1 6 . 5 ( 7 )

4 3 . 8 ( 7 ) I

s t a b l e

s t a b l e

5 4 . 1 5 ( 6 )

5 . 0 ( 3 ) s

4 . 4 5 ( 5 ) B

5 3 . 4 6 ( 1 0 ) h

s t a b l e

1 3 . 6 1 ( 4 ) d

2.4(1) •

18.0(3) a

stable

stable

3 . 0 8 ( 8 ) s

2 . 4 9 ( 4 ) h

3 . 3 6 ( 5 ) h

2 . 4 9 ( 4 ) h

s t a b l e

s t a b l e

1 0 . 0 ( 5 ) s

2 . 6 9 ( 2 ) n

2 7 . 0 6 ( 4 ) h

3 . 1 7 ( 5 ) s

1 3 . 5 ( 3 ) s

1 2 9 . 2 ( 4 ) d

Decay
Mode

React.
Energy
(MeV)

Cross-sections (nb)

14 MeV U-235
spectrum

Cf-252
spectrun

0-52.9%, IT 47.1%

- 0 . 6 8 1

5.268

- 6 . 9 4 2

1614

5 . 3 1 0 . 6

1 0 . 7 ± 0 . 7

5 .2 C

1500 C

1 . 1 4 1 0 . 3

0 .036 C

0.041 C

6.35

p-

p-

p-

-

IT

P~

P~ 9 7 . 5 % , IT 2 . 5 %

-

-

p-

P~

P~

P~

-

-

P~

P

P'

P~

- 3 . 4 2

-

2.089

-9 .327

-

-1 .565

-

4 . 3

- 6 . 4 8 5

- 4 . 8 2

0.96

-

-

-9 .104

?

- 5 . 9 2

-0.08

-8.805

-6.62

-1.98

-8.493

9 1 3

6

0.9410.10 F

1520 C

790145

1012

3

3 .3 C

1540 C

4.310 .7

0 . 4

0 .1910 .05

0 .20210 .080

1560 C

-

2.7 C

1.7 C

1600 C

1.3 C

1.1 C

1630 C

0.008 C

-

2 . 4 x 1 0 ' P

0.817

-

0.009 C

-

0.015 C

9.84

0.001 C

1 0 ' C

-

-

1.03

0.89 P

2x10 ' C

< 10° C

1.39

1 0 ' C

< 1 0 ' C

1.84

-

7x10 ' P

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



Atoalc
Nuaber

50

SI

51

52

52

52

52

Nuclide
Abund.
in t

Nuclear
React.

Resid.
Nucleus Half-life

'Sn
mSb

"Sb

"fTe

'Te

"Te

•Te

5.79(5) <n,2n)« •Sn

57.3(9) (n,p)

(n,ct)

(n,2n>

<n,2n)*

<n,2n)«

'"Sn

'"In

'"Sb

""Sb

""Sb

42.7(9) (n,p)

in,a)

(n,2n)

<n,2n)«

'"Sn

'"In

'"Sb

'"•Sb

0.096(2) (n,p)

(n,a)

(nr2n)

'"Sb

'"Sn

'"Te

2.60(10) (n,p)

(»,a)

(n,2n)

(n,2n)*

<n,2n)*

'"Sb

'"Sn

"'Te

""Te

" » T e

0.908(3) (n,p)

(n,a)

(n,2n)

'"Sb

in

•Sn

Te

4.816(8) (n,p)

(n,p)*

(n,o)

(n..2n)

(n,2n)*

'"Sb

""Sb

'"Sn

'"Te

""Te

40.08(7)

27.06(4) h

5.0(3) s

15.89(4) •

5.76(2) d

15.89(4) •

129.214) d

3.08(8) s

2.70(1) d

4.2(2) B

15.89(4) B

stable

16.05(5) h

2.70(1) d

stable

16.78(35) d

154(7) d

16.78(35) d

stable

stable

stable

60.20(3) d

93(5) s

27.06(4) h

1,3x10" y

119.7(1) d

Decay
Mode

React.
Energy
(MeV)

Cross-sections («b)

14 MeV
U-235

spectrua
Cf-252
spectrum

0"

0'

0"

e

e

e

0.395

3.51

-9.248

546*30

9.1 C

3.6 C

15001100 F

530150

10501100

0. 16 C

4x10"' C

0.846 P

0" -0.628 4.611.5

0" 1.92 2.3 C

097.62%, 6 2.38% -8.965 14201140 F

IT - 1000

0.032 C

3x10"' C

1.05 P

E -0.206 30.6 C 0.86 C

6.637 7.8 C 0.13 C

E -10.286 13001130 0.326

0.84

7.579

-6.93

10.7 C

4 C

1560 C

0.25 C

0.56 C

6.45

0"

IT 75%, $- 25%

6

IT

-2.117

-

4.335

-9,424

912

4.5

3.2 C

1570 C

850175

0.044 C

0.006 C

0.771

1.75 P

1.998 P

097.62%, E 2.38% 1.196 1212 0.17 C

5.404 4.9 C 0.024 C

E -9.79 15501100 0.417

IT 88.6%, E 11.4% - 850170

6 - 700170



Atoaic
Nuaber

Abund.
i n %

Nuclear
Reaction

Resid.
Nucleus Half-life

52
mTe 7.14(1) (n,p)

In,a)

(nr2n)

'"Sb

"JSn

'"Te

52 "'Te 18.95(1) (n,p)

(n,a)

(n,a)*

(n,2n)

"»Sb

Sn

"!Te

52 *Te 31.69(2) (n,p)

(n,p)*

(n,a)

<n,or)»

(n,2n)

(n,2n)«

(n,2n)»

(n,d)

"'Sb

'"•Sb
m S n

""Sn
117Te

""Te

"••Te

"'Sb

52 "Te 33.88(2) (n,p)

(n,p)»

<n,a)

(n,2n)

(n,2n)«

(n,d)

(n,He!)

'"Sb

n"Sb

'"Sn

'"Te

miipe

'"Sb

"'Sn

53 100 (n,p)

(n,p)*

(n,p)»

(n,o)

(n,2n)

'"Te

""Te

""Te

"'Sb

U«T

2.73(3) y

stable

stable

12.4(1) d

129.2(4) d

40.08(7) n

stable

9.01(3) h

10.4(2) •

9.64(3) d

9.52(5) B

9.35(7) h

109(2) d

9.35(7) h

3.85(5) d

38.4 a

6.3(2) m

2.10(4) h

69.6(2) m

33.6(1) d

17.7 a

59.1(5) m

9.35(7) h

109(2) d

9.35(7) h

60.20(3) d

13.02(7) d

Decay
Mode

React.
Energy
(MeV)

Cross-sections (lib)

14 MeV
U-235
spectrum

Cf-252
spectrum

p-

p-

P

0.018

6.555

-6.585

-2.95

3.39

-9.109

5.4 C

2.6 C

0.078 C

0. 13 C

8.95

5±1

2.110.6

0.6

1620 C

0.013 C

0.001 C

1.05

096.4%, IT 3.6%

IT 97.6%, 2.4%

-3.5

2.548

-8.772

-7.346

2.410.4

1.010.2

1.110.3

0.4

16901130

940

720160

0.6510.20

0.006 C

4x10"' C

1.37

P~

P~

IT 64%,p- 36%

-4.22

1.810

-8.413

-7.819

-10.797

1.810.3

0.6

0.4±0.1

17001120

100

0.6510.2

0.01410.008

0.002 C

2X10"' C

1.80

IT 97.6%, p- 2.4%

0.09

p- 4.279

£ 56.3%, p- 43.7% -9.139

913 F

612

1.410.2 F

14961100 F

0.068 C

0.01310.001

0.00910.0005

0.003 C

1.05010.065

2.257



Atomic
Number

Nucllde Abund.
In %

Nuclear
Reaction Resid.

Nucleus Half-life

«

Decay
Mode

React.
Energy
(HeV)

Cross-sections (mb)

14 MeV U-235
spectrua

Cf-252
spectrum

54

54

5 4

5 4

5 4

54

54

5 4

"*Xe

'"Xe

"'Xe

"'Xe

"«Xe

"'Xe

'"Xe

"'Xe

0 .

0 .

1 .

2 6

4 .

2 1

26

10

1 0 ( 1 )

0 9 ( 1 )

9 1 ( 3 )

• 4 ( 6 )

1 ( 1 )

. 2 ( 4 )

• 9 ( 5 )

. 4 ( 2 )

( n , p )

in,a)

(n,2n)

<n,p)

(n ,a )

(n,2n)

(n ,2n)*

(n,p)

(n ,o )

(n,2n)

(n ,2n)*

<n,P)

(n ,a)

(n ,2n)

<r.,P)

( n , a )

(n,2n)

< n , p )

in.a)

(n,2n)

(n ,p)

(n ,o )

(n ,2n)

(n ,2n)*

(n,p)

( n , a )

(n ,2n)

' " I

"'Te

"'Xe

" ' I

'"Te

"sXe

"s'Xe

' " I

"sTe

"'Xe

"71Xe

" ' I

'"Te

"'Xe

' " I

'"Te

"'Xe

' " I

"'Te

"'Xe

' " I

"'Te

"'Xe

""Xe

" ' I

'"Te
m X e

4 . 1 8 ( 2 ) d

1 6 . 7 8 ( 3 5 ) d

2 . 0 8 ( 2 ) h

1 3 . 0 2 ( 7 ) d

1 . 3 x 1 0 " y

1 6 . 9 ( 2 ) h

5 7 ( 1 ) s

2 4 . 9 9 ( 2 ) •

stable

3 6 . 4 { 1 ) d

6 9 . 2 ( 9 ) s

1 . 5 7 ( 4 ) x l 0 7 y

stable

s t a b l e

1 2 . 3 6 ( 1 ) h

9 . 3 5 ( 7 ) h

stable

8 . 0 4 ( 1 ) d

> 8x10" y

stable

2 . 3 0 ( 3 ) h

6 9 . 6 ( 2 ) B

stable

1 1 . 9 ( 1 ) d

5 2 . 6 ( 4 ) a

2 5 . 0 ( 1 ) m

5 . 2 4 5 ( 6 ) d

E

E

E

E 56.3%, P~ 43.7%

E

E

IT

P 93.1%, E 6.9%

-

6

IT

p-

-

-

p-

P~

-

P-

20"

-

P

P~

-

IT

P-

P'

P~

0 . 6 9

6 .79

- 1 0 . 2 3

- 0 . 4 6 8

5.644

- 1 0 . 0 9

-

- 1 . 3 4 2

4. 184

- 9 . 6 1 4

-

0 .592

7 .018

- 6 . 9 0 5

- 2 . 2 1

4 .055

- 9 . 2 5 8

- 0 . 1 8 8

6 .222

- 6 . 6 0 6

- 2 . 7 9 8

3 .372

- 8 . 9 3 6

-

- 3 . 3 7

2 .7 1 5

- 8 . 5 3 5

4 2 . 2 C

9 . 2 C

12001100

2 1 . 1 C

5.9 C

14001100

7 0 0

10 .7 C

3 . 8 C

155©ii50

8 4 0

7 .6 C

3 . 1 C

1600 C

9 1 2

2 .5 C

1630 C

6 1 1

2 C

1650 C

3 . 0 1 0 . 5

1.7 C

1670 C

7 7 0

2 . 0 1 0 . 5

1.1 C

17001170

2 .5 C

0.076 C

0.34 C

0.42 C

0.018 C

0 .352

-

0 . 1 1 C

6x10 ' C

0 . 6 2 3

-

0 .12 C

0.12 C

6 . 6 1

0 .029 C

2x10-' C

0.843

0.038 C

0.044 C

8.36

0.012 C

7x10'

1.068

-

5x18' C

3x10' C

1.52



Atomic
Nuaber

54

54

55

56

56

5 6

56

Nuclide
Abund.

in %
Nuclear
React. Resid.

Nucleus Half-life

19.4(2) ( n , 2 n ) ' !1Xe

'Xe 8 . 9 ( 1 ) ( n , p )

<n ,a )

( n , 2 n )

( n , 2 n ) *

' " I

'"Te
1!!Xe

""Xe

JCs 1 0 0 ( n , p )

< n , p ) *

( n r a )

(n,ot)«

<n,2n)

<n,d)

(n,He>)

'"Xe

" !1Xe

' " I

" ' C 8

"'Xe

'"I

"«Ba 0 . 1 0 6 ( 2 ) ( n , p )

( n , a )

( n , 2 n )

" ' C 8

"'Xe

'"Ba

'Ba 0 . 1 0 1 ( 2 ) ( n , p )

( n , o )

( n , 2 n )

'"Cs

"'Xe

"'Ba

'Ba 2 . 4 1 7 ( 2 7 ) ( n , p )

( n , a )

( n r 2 n )

( n , 2 n ) »

"'Cs

'"Xe

'"Ba

'"•Ba

sBa 6 . 5 9 2 ( 1 8 ) ( n , p )

( n , p ) *

( n , o )

( n , 2 n )

5 Cs"Jf

" ! 1CS

"'Xe

"'Ba

2 . 1 8 8 ( 8 ) d

8 4 ( 1 ) s

1 2 . 4 5 ( 2 8 ) B

9 . 0 9 ( 1 ) h

1 5 . 2 9 ( 3 ) •

5 . 2 4 5 ( 6 ) d

2.188"(8^ d

1 2 . 3 6 ( 1 ) h

9 . 0 ( 1 ) •

6 . 4 7 5 ( 1 0 ) d

s t a b l e

8 . 0 4 ( 1 ) d

2 9 . 2 •

3 6 . 4 ( 1 ) d

2 . 2 3 ( 1 1 ) h

6 . 4 7 5 ( 1 0 ) d

s t a b l e

1 1 . 8 ( 2 ) d

2 . 0 6 2 ( 5 ) y

s t a b l e

1 0 . 7 4 ( 5 ) y

3 8 . 9 ( 1 ) h

3x10' y

53(2 ) a

s t a b l e

s t a b l e

Decay
Mode

React.
Energy
(HeV)

Cross-sections (ab)

14 HeV
U-235

spectrua
Cf-252
spectrua

IT

0

P'

fi-

6 6 5

-6 .22

2. 12

-7 .992

l l , 0.004%

0.7 C

0.8 C

17501100

7 50

1 0 ' C

1 0 ' C

2.88

0

IT

0"

IT 83*, 0" 17*

E 98*, 0" 2*

0.355

4.448

-8 .979

-3 .87

-7 .503

11.3*2 F

4.810 .8

1.310.3 F

0.5410.08

16031100 F

0.9

(3.0510.5)10- '

0.081 C

0.003010.0008

1.043 P 2.02 P

E 98 .4* , 0- 1.6*

E

e

E 98*,

0.3418

6.667

-10 ,22

2* -0 .489

5.89

E -9 .803

29.3 C

6.9 C

1550 C

1.0 C

0.033 C

0.366

15.0 C

4.5 C

16001100

0.28 C

0.012 C

0.668

p-, E 0.0003* -1 .276 7.7 C

5.096 3 C

E -9 .464 1640 C

IT 99.99*,E 0 .01* - 820165

0.084 C

4X101 C

0.847

0"
IT

0. 573

7.057

-6 .975

5.6 C

0.29710.035

2.5 C

1675 C

0.095 C

0.06 C

4.9



Atomic
Mu«ber Huclide

5 6 'Ba

56 'Ba

56 'Ba

57 'La

58 •Co

58 '"Ce

Abund.
in %

Nuclear
Reaction Resid .

Nucleus Half-life

7.854(39) <n,p)

( n , a )

<n,2n)

( n , 2 n ) »

m X e

'"Ba

' " •Ba

13.16(3) d

5.245(6) d

stab le

28 .7 (2) h

11.23(4) <n,p)

(n ,a)

(n,2n)

<n,np)

'"Cs

"•Ba

'"Cs

30.17 y

stable

stable

13.16(3) d

7 1 . 7 0 ( 7 ) (n,p)

(n..s)

(n ,o)*

(n,2n)

(n,2n)*

" 'Cs

'"It

'»"Xe

'"Ba

""Ba

32 .2(1) •

9=09(1) h

15.29(3) •

s ta b l e

2.5513(7) •

0 .09(1) (n,P)

in ,a )

(n,2n)

"'Ba

'"Cs

" 'La

s table

3x10' y

6(2)xl0 4 y

57 '"La 99 .91(1) (n,p) '"Ba 84.63(34) •

(n,a) ' "Cs 13.16(3) d

(n,2n) ' "La 1 .28 (12 )x l0" y

0.19(1) <n,p>

(n ,a )

(n,2n)

'"La

"'Ba
119 Ce

9 . 8 7 ( 3 ) •

10.74(5) y

17.6 h

0.25(1) (n,p)

(n,a)

(n..2n)

(n r 2n)*

'"La

'"Ba

"'Ce

""Ce

1 .28(12)x l0" y

s tab le

9 ,0 (3 ) h

34 .4 (3 ) h

Decay
Mode

React.
Energy
(MeV)

Cross-sections (lib)

14 HeV
U-235
spectrua

Cf-252
spectrua

P'

P'

IT

IT, p- 0.004%

I T

P

E

-1 .765

4.403

-9.107

6.211.1

2 C

1690 C

920±75

0.04 C

1.5x10° C

0.828

-0 .391

6.036

-6.902

2.9 C

1.7 C

1710 C

8.6010.25

0.022 C

0.015 C

6.43

- 4 . 6 2

3.875

-

-8 .612

2.810.2

2.1610.2

0.55

1720 C

890150

5xl0"4 C

.001910.0003

1.71

2 .410 .3

2.577

6.826

- 7 . 3 2

4.8 C

2.2

1700

25 C

0.03 C

5.03

€ 66.7%,

-1 .478
4.817

33.3% -8 .778

4.810.4

1.810.3

1710 C

4x10' C

2x10' C

1.40

0.35

6.757

-10 .10

20.9 C

5.3 C

16001140

0.8 C

0.019 C

0.457

€ 66.7%, p- 33.3% -0 .274 10.9 C 0.28 C

5.979 3.6 C 7x10' C

6 -9 .57 19001200 0.703

IT 99.22%,6 0.78% - 970190



O)

Atoaic
Number

58

58

59

60

Kuclide
Abund.
in %

Nuclear
Reaction Resid.

Nucleus
Half-life

'Ce

'Ce

llPr

"Nd

'Nd

*Nd

88.48(10) (n,p)

(n,«)*

(n,2n)

(n,2n)»

(n,2n)*

'"La

>'"Ba

"•ce

ui. C e

1!"Ce

40.272(7) h

2.5513(7) B

137.66(13) d

56.4(5) 8

137.66(13) d

11.08(10) (n,p)

(n,o)

(nr2n)

(n,d)

<n,He>)

'"La

"*Ba

"'Ce

"'La

'"Ba

84.63(34) a

32.501(5) d

3.92(3) h

12.746(10) d

100 (n,p)

(n,or)

(n,2n)

(n,t)

"'Ce

'"La

'"Pr

"'Ce

32.501(5) d

1.28(12)xl0" y

3.39(1) a

137.66(13) d

27.13(10) (n,p)

(n,or)

(n,2n)

(n,2n)*

(n,2n)*

"'Pr

"fCe

"'Nd

""Nd

""Nd

19.12(4) h

137.66(13) d

2.49(3) h

62.4(9) s

2.49(3) h

12.18(5) (n,p)

(n,a)

(n,2n)

"JPr

'"Ce

'"Nd

13.58(3) d

stable

stable

23.80(10) (n,p)

(n,a)

(n,2n)

"'Pr

'"Ce

'"Nd

17.28(5) a

32:501(5) d

stable

Decay
Mode

React.
Energy
(MeV)

Cross-sections (ab)

14 MeV
U-235
spectrum

Cf-252
spectrua

P'
IT

e

I T

e

P'

P'

P'

-2.984

5.338

-9.203

-3.735

6.085

-7. 16

-6.582

-8.107

6.5*0.5

11.5*1 F

1963170 F

9631100 F

10001100

5x10"' C

3X10' C

1.38 P

0.46 P

2.61 P

0.928 P

411

5.511

1900170 F

1.310.2

(3.3*1.3)10'

2x10° C

8x10' C

7.55 P 11.66 P

£ 66.7%, 033.3%

E

€

0.201

6.146

-9.397

-5.948

9*1

3.2 C

16601200 F

(137131)10"'

0.035 C

7x10' C

1.16 P

-0.15

9.719

-6.125

1212

3.5 C

1720 C

0.017 C

0.71 C

15.2

-2.214

7.330

-7.817

8.11 C

2.9 C

17501120

0.013 C

0.027 C

3.63

2.23 P

0-99.98*, €0.02% -1.381 1412 0.042 C

6 6.642 7.110.8 0.01 C

6 -9.813 17701120 F 0.657 P 1.362 P

IT 99.97%, € 0.03% - 550150

6 - 12201120



Atomic
Number

60

60

62

62

62

62

Huclide Abund.
In %

Nuclear
React.

Resid.
Nucleus Half-life

llsNd 8.30(5) (n,p)

(n,a)

(n,2n)

II!Pr

m C e

m N d

5.98(2) h

> 5x10" y

2.I(4)xl0" y

'Nd

"Nd

*Nd

"SB

(n,p)

(n,o)

(n,2n)

14*Pr

">Ce

I4SNd

24.15(18) I

33.0(2) h

> 6x10" y

5.76(3) (n,p)

(n,ot)

(n,2n)

"'Pr

"'Ce

"'Nd

2.27(4) •

2.98(15) •

10.98(1) d

5.64(3) (n f P)

(n,2n)

'"Pr

H'Ce

141Nd

6.19(16) s

56.4(12) s

1.725(7) h

3.1(1) (n,p)

(n,a)

(P.,2P.)

(n,2n)«

(n,2n)«

Ulp_

"'Nd

" !S=

"!'S»

ln'Sm

363(4) d

2.49(3) h

8.83(1) 9

66(2) s

8.83(1) n

15.0(2) (n,p)

(n,o)

(n,2n)

'Fl"'I

m N d

m S m

2.6234(2) y

2.1(4)xl0" y

1.03(5)xl0' y

11.3(1) (n,p)

(n,p)*

<n,a)

(n,2n)

lll.p,

'"Nd

"'Sm

5.370(9) d

41.29(11) d

> 6x10" y

1.06(2)X10" y

13.8(1) (n,p)

(n,a)

(n,2n)

"'

'Nd

53.08(5) h

stable

7(3)xl01! y

Decay
Mode

-

a

P
P
a

P'
P-

P~

B-

P'

p-

E

6

€

IT 99.76%, € 0.24%

E

p-
a

a

B-

p- 95.4%, IT 4.6%

a

a

B-

-

a

React.
Energy
(MeV)

-1.023

8. 729

-5.76

-3.3

6.342

-7.565

-4.12

5.37

-7.324

-4.22

4.21

-7.357

0.22

7.918

-12.554

-

-

0.558

10.114

-6.373

-1.683

-

7.734

-8.141

-e.289

9.426

-5.873

Cross-sections

14 HeV

5.92 C

2.4 C

1760 C

4.710.6

4.410.5

18611150 F

3.510.8

1.4 C

18291150 F

1.2 C

1 C

19001150 F

40.3 C

7.2 C

17881128 F

6001100

11001120

15.6 C

4.1 C

1740 C

1011

5.810.8

3.4 C

17891150 F

S..3 C

2.8 C

1780 C

U-235
spectrum

5x10"'

0.2

22.

2x10"'

6x10 '

5.23

8x10*

2x10'

6.43

6xl«"4

3x10*

7.22

0.39

0.031

0.3SG

-

-

0.048

0.63

13.

0.023

-

0.024

3.43

0.013

0.2

20.

C

C

5

C

C

P

C

C

P

C

C

P

C

C

P

c

c

5

c

c

p

c

c

9

(Bb)

Cf-252
spectrum

-

-

-

-

-

8.52 P

-

-

10.25 P

-

-

11.33 P

-

-

8.85 P

-

-

-

-

-

-

-

-

5.83 P

-

-

-



p
00

Atomic
Nuaber

6 2

6 2

6 2

6 3

6 3

6 4

Nuclide

'SB

'Eu

"Eu

Abund.
in *

Nuclear
Reaction Resid.

Nucleus Half-life

' S B 7 . 4 ( 1 ) <n,p)

la,a)

<n,2n)

S I P B

' " SB

2 6 . 7 ( 2 ) ( n , p )

( n , a )

( n , 2 n )

' " P B

'"Nd

" ' S B

2 2 . 7 ( 2 ) ( n , p )

( n , o )

( n , 2 n )

"'PB
l l lNd

'"SB

4 7 . 8 ( 5 ) ( n , p )

( n , a )

( n , 2 n )

ISl SB

is*

•PB

Eu

5 2 . 2 ( 5 ) (n,p)

(n,a)

( n , 2 n )

( n , 2 n ) »

< n , 2 n ) *

"'SB

" ' P B

"'Eu

"'•'Bu

"'•'Bu

64 "'Gd 0 . 2 0 ( 1 ) ( n , p )

( n , o )

( n , 2 n )

" ' E u

"'SB

"'Gd

'Gd 2 . 1 8 ( 3 ) ( n , p )

in,a)

( n , 2 n )

" 'Bu

"'SB

"'Gd

64 '"Gd 14.89(5) (n,p)

<n ,o r )

( n , 2 n )

<»Eu

"'SB

"'Gd

2 . 6 8 ( 2 ) h

1 0 . 9 8 ( 1 ) d

> 2x18" y

4 . 1 ( 1 ) B

1 . 7 2 5 ( 7 ) h

9 « ( 6 ) y

1 . 7 ( 2 ) B

1 2 . 4 4 ( 7 ) B

4 6 . 7 ( 1 ) h

9 0 ( 6 ) y

5 . 3 7 0 ( 9 ) d

1 2 . 6 2 ( 1 0 ) h

4 6 . 7 ( 1 ) h

2 . 6 8 ( 2 ) h

1 3 . 3 3 ( 4 ) y

9 . 3 2 ( 1 ) h

9 6 ( 1 ) B

1 3 . 3 3 ( 4 ) y

> 2x10" y

120(20 ) d

8 . 8 ( 1 ) y

9 0 ( 6 ) y

2 4 1 . 6 ( 2 ) d

4 . 9 6 ( 1 ) y

stable

stable

Decay
Hode

React.
Energy
(MeV)

Cross-sections (ab)

14 MeV
U-235
spectrua

Cf-252
spectrua

P'

p

a

-2 .72

6.743

-7.986

7.2±1
3.510 .5

18031150 F

5x10 C

5x10° C

3.67 P

P'

P'

P~

-2 .62

5.275

-8 .267

3.710 .4
1.710.2

18551150 F

5x10
- i c

8 x 1 0 ' C

2 . 4 6

-3 .22

4.095

-7 .978

3.510 .4

0 .910 .1

1885*130 F

- i3x10

10"' C

4.09 P

P'

89%, E 11%

0 . 7 0 6

7.869

-7.982

9.9 C

3.1 C

18001100

0.049 C

0.021 C

3.55

E 72.08%, P' 27.92%

P~ 72%, € 28%

IT

-0.02

5.83

-8.555

611

2.210.3

19501200

5001100

70

0.015 C

1 0 } C

2.15

99.98%, 6 0.02%

P

e

- 1 . 2 9 6

6 . 5 0 9

- 8 . 6 5 7

8 . 6 C

2 . 8 C

19001150

0.038 C

2x10 ' C

2.02

p- 0.538

8.331

-6.446

6.3 C

2.3 C

18501100

0.032 C
0.024 C

12.9

6.18 P

4.34 P

6.83 P

6 72.08%, p~ 27.92% -1.045 - 0.05 C

a 8.074 4 C 0.018 C

€,aw -8 .597 18001200 2.14



Atonic
Huaber

64

64

64

64

65

66

66

66

CO

Nuclide

'"Gd

'Gd

'Gd

"Gd

'"Ib

'"Dy

'"Dy

"Dy

Abund.
in %

Nuclear
Reaction

Resid.
Nucleus Half-life

20.47(4) (n,p)

<n,a)

<n,2n)

'Bu

Gd

15.65(3) <n,p)

(n,a)

(n,2n)

'Bu

Gd

24.84(12) (n,p)

(n,o)

(n,2n)

Bu

"'Gd

21.86(4) <n,p)

(n,a)

(n,2n)

'"Bu

m S «

'"Gd

iee (n,p)

<n,a)

(n,2n)

(n,2n|*

(n,He')

'"Gd

'"Bu

m ? b

""Tb

"'Bu

0.06(1) (n,p)

<n,a)

(n,2n)

'"Tb

'"Gd

'"Dy

0.10(1) (n,p)

(n,o)

(n,2n)

'"Tb

'"Gd

"'Dy

2.34(5) (n,p)

(n,a)

(n,2n)

'"Tb

"'Gd

'"Dy

15.19(6) d

46.7(1) h

•table

15.15(4) h

stable

stable

44(4) •

22.1(2) i

stable

44(4) s

8.0(5) •

18.56(8) h

18.56(8) h

15.19(6) d

150(30} y

10.5(2) s

15.15(4) h

5.34(9) d

241.6(2) d

10.0(3) h

150(3) y

•table

8.1(1) h

72.3(2) d

stable

144.4(2) d

Decay
Mode

React.
Energy
(MeV)

Cross-sections («b)

14 MeV
U-235
spectrua

Cf-252
spactrua

p-

p-

82%, •' 18%

IT

6 82%, p- 18%

-1.67

5.666

-8.531

4.7 C

2 C

1800±100

0.021 C

6x10° C

2.21

-0.578

7.277

-6.368

5.411.1

1.7 C

1850*100

6x10 ' C

6x10° C

14.4

-2.65

5.16

-7.931

2.5 C

1.4 C

1850*100

4x10' C

3X10* C

3.76

-3.62

3.5

-7.453

1.4 C

1 C

1800*120

9x10"' C

< 10* C

6. 12

-0.168

6.215

-8.136

-6.903

4.710.7

1.8 C

18OO±12O

450165

(5.2±2.O)101

0.01 C

8x10"' C

3,«2

0.520

8.261

-9.442

22.3 C

4.6 C

18501150

0.42 C

0.01 C

0.651

-0.162

7.327

-9.061

12.1 C

3.3 C

19501170

0.13 C

3x10 ' C

1.66

-1.052

6.819

-8.582

7.011.2

2.3 C

20001200

0.039 C

10"' C

2.11



O1

o
Atonic
Number

66

66

66

66

67

68

68

68

Nucllde
Abund.
in %

Nuclear
React.

Resid.
Nucleus Half-life

"Dy 18.9(1) (n,p)

(n,a)

(n,2n)

'Tb

"Dy 25.5(2) <n,p)

(nro)

(n,2n)

in,

lslGd

'"Dy

'"Tb

'"Gd

"'Dy

6.90 d

stable

stable

7.76(10) a

18.56(8) h

stable

"Dy

"Dy

24.9(2)

28.2(2)

<n,p)

(n,o)

(n,2n)

(n,p)

(n,cr)

(n,2n)

'"Tb

"«Gd

'"Dy

'"Tb

'"Gd

'"Dy

19.5(3) a

stable

stable

3.0(1) a

3.66(5) a

stable

Ho 100 (n,p)

in,a)

(n,2n)

<n,2n)*

'"Dy

"'Tb

'"Ho

"••Ho

2.334(6) h

7.76(10) B

29(1) a

37.5(+15-5) :

"Br 0.14(1) (n,p)

(n,a)

(n,2n)

'"Ho

"'Dy

'"Er

15(1) a

144.4(2) d

3.21(3) h

Er

"Er

1.61(1) (nrp)

(n, a )

(n,2n)

'"Ho

'"Dy

'"Er

29(1) a

stable

75.0(4) U

33.6(2) (n,p)

(n,a)

(n,2n)

'"Ho

'"Dy

'Er"'

26.8(2) h

stable

10.36(4) h

Decay
Mode

P

-

-

p

P'

-

P

-

-

P'

r
-
P'

p-

6 58%, p- 42%

IT

e
e

e

£ 58%, fi- 42%

-

e

P"

-

e

React.
Energy
(MeV)

0.200

8. 299

-6.451

-1.68

6.049

-8.195

-0.900

7. 229

-6.272

-2.56

5.207

-7.655

-0.513

6.460

-7.989

-

0.464

8. 486

-9.21

-0.18

7.756

-8.856

-1.077

7.094

-8.474

Cross-sections (Bb)

14 MeV

5.610.5

2 C

1900 C

511

2.110.2

1910 C

311

1.4 C

1930 C

2.810.5

1.2 C

1950 C

3.2 C

1.5 C

2OOO12O0

12OO120O

17. 1 C

3.8 C

19001130

9.4 C

2.7 C

18201150

4.510.7

2 C

20001150

U-235
spectrum

Cf-252
spectrua

0.016 C

0.012 C

13.3

0.014 C

5x10 ' C

2.99

3x10"' C

3x10"' C

16.0

3x10"' C

2x10"' C

4.88

4x10"' C

6x10"' C

3.49

-

0.23 C

8x10"' C

1.22

0.083 C

3xl0"! C

1.78

0.022 C

10 ' C

2.25



AtOBlC
Nuaber

68

68

68

69

70

70

70

Nuclide

"'Br

'"Er

'"Er

"*TB

'"Yb

"#Yb

"'Yb

Abund.
in %

22.95(13)

26.8(2)

14.9(1)

100

0.13(1)

3.05(5)

14.3(2)

Nuclear
Reaction

(n,p)

(n,cr)

<n,2n)

<n,p)

in,a)

(n,2n)

(n,2n)*

(n,p)

(n,a)

(n,2n)

(n,d)

(n,t)

(n,p)

(n,o)

<n,2n)

<n,He!)

(n,p)

(n,a)

(n,2n)

(n,p)

(n,a)

(n,2n)

(n,p)

(n,o)

(n,2n)

Resld.
Nucleus

'"Ho

'"Dy

"'Er

'"Ho

"'Dy

"'Er

'""Er

'"Ho

"'Dy

"'Er

'"Ho

'"Ho

'"Er

'"Ho

" • T «

"'Ho

"'TB

'"Er

'"Yb

'"T»

'"Er

'"Yb

"'TB

"'Er

'"Yb

Half-life
Decay
Hode

3.1(1) h p

stable

stable

3.0(1) • p-

2.334(6) h p

stable

2.28(3) s I T

43 s „

6.2 B p

9.40(2) d p-

4.7(1) • p

3.0(1) • p

9.40(2) d p

26.80(2) h p-

93.1(1) d 6, « ?

3.1(1) h p-

93.1(1) d 6, fi?

10.36(4) h

17.5(2) • e

128.6(3) d ^ „ 8 5 % ( e ^ 1 5 %

stable

32.022(8) d e

1-92(1) y $-

stable

stable -

React.
Energy
(MeV)

-0.188

8.312

-6.436

-1.99

6.256

-7.771

-

-2.92

4. 58

-7.263

-6.410

-6.770

0.431

7.44

-8.06

-5.812

0.5

8.599

-9.055

-0.816

8,174

-8.469

0.686

9. 328

-6.617

Cross

14 MeV

3.4±0.4

1.7 C

19 50 C

2.5±1

1.4 C

1970 C

6001120

1.810.5

1 C

19301130

0. 1910.03

(12.713.2)10°

4.6 C

1.8 C

20711100 F

(7.5013.75)10°

13.3 C

3.1 C

19201150

7.4 C

2.3 C

19401150

5.5 C

2 C

1970 C

-sections tub)

U-235
spectrum

Cf-252
spectrua

6x10° C

6x10° C

13.8

6x10° C

4x10 ' C

4.39

-

2x10° C

10' C

7.07

-

-

0.014 C

10° C

3.75 P 6.43 P

-

0.18 C

5x10° C

1.53

0.063 C

3x10° C

2.23

0.016 C

0.013 C

10.3

Ol



Atomic
Number

70

70

70

70

Huclide

>yb

">Yb

"Yb

'"Vb

Abund.
In %

Nuclear
Reaction

RoBid.
Nucleus Half-life

21.9(3) (n,p)

(n,2n)

171Tm

'"Br

'"Yb

16.12(18) (n,p)

(nro)

(n,2n)

"'

Yb

31.8(4) (n,p)

(n,a)

(n,2n)

'"Tm

"'Br

'"Yb

12.7(1) (n,p)

<n,e)

<n,2n)

"•Tm

'"Br

'"Yb

Decay
Mode

React.
Energy
(MeV)

Cross-sections (Mb)

14 MeV U-235
spactruM

Cf-252
spectrum

63.6(2) h

9.40(2) d

stable

8.24(8) h

stable

stable

5.4(1) •

7.52(3) h

stable

1.9(1) a

1-4(1) •

4.19(1) d

-1.088

7.307

-8.024

4.2 C

1.7 C

1990 C

-0.538

8.202

-6.368

3.1 C

1.4 C

2000 C

-2.28

6.414

-7.469

3.5*1.0

1.210.2

2020 C

-3.36

5.58

-6.876

1.3 C

0.9 C

2150*230

0.017 C

7x10' C

3.11

2x10° C

3x10' C

12.8

3X10'1 C

2X10-' C

5.67

5xl0"4 C

10-' C

11.8



en
CO

Atomic
Nuaber

71

71

72

72

72

72

72

72

Nuclide
Abund.
in *

Nuclear
Reaction

Resid.
Nucleus Half-life

l7lLu 97.41(2) (n,p|

(n,a)

<n,2n)

(n,2n)»

(n,2n)*

">yb

'"T«

m L u

"«Lu

'"•Lu

4.19(1) d

63.6(2) h

3.31(5) y

142(2) d

3.31(5) y

'Lu 2.59(2) (n,p)

(n,a)

(n,2n)

"«Yb

'"Lu

stable

8.'24(8) h

stable

mHf 0.162(2) <n,p)

la,a)

(n,2n)

"'Lu

"'Yb

'"Hf

3-31(5) y

stable

23.6 h

"Hf 5.206(4) <n,p)

<n,er)

(nr2n)

'"Lu

1 MYb

"'Hf

3.6O(16)xl0" y

stable

70(2) d

'Hf 18.606(3) (n,P)

In,a)

(n,2n)

'"Lu

"«Yb

"«Hf

6.71(1) d

stable

stable

"Hf 27.297(3) <n,p)

In,a)

(n,2n)

'"Lu

"!Yb

177Hf

28.4(2) •

4.19(1) d

stable

"Hf 13.629(5) <n,p)

in,a)

(n,2n)

<n,2n)»

'"Lu

"•Yb

'"Hf

""Hf

4.59(6) h

stable

stable

4.0(2) a

"Hf 35.100(6) <n,pl

(n,a)

(n,2n)

1MLu

'"Yb

'"Hf

5.7(1) >

1.9(1) h

stable

Decay Mode

React.
Energy
(HeV)

Cross-sections (ab)

14 MeV U-235
spectrua

Cf-252
spectrum

0.314

7.867

-7.659

IT 99.35%, E e.65%

E

IT

3.710.5

1.6 C

20301200 F

550150

14801100

8x10' C

10"' C

5.03 P

0.897

8.491

-6.293

2.8 C

2.310.6

2040 C

0.33 C

3x10 ' C

16.9

0.584

9.174

-8.59

10.5 C

2.7 C

19001150

0. 16 C

5x10"' C

2.2 C

-0.406

8.623

-8.089

5.9 C

2 C

20501150

0.036 C

2X10' C

3.17

0.285

9.712

-6.381

4.5 C

1.7 C

2030 C

7x10' C

0.011 C

14.5

-1.470

7.905

-7.626

3.4 C

1.5 C

2050 C

7x10° C

9x10* C

5.11

-0.57

8.681

-6.099

2.5 C

1.3 C

2060 C

900

2x10° C

3x10' C

19.6

-2.S2

6.856

-7.388

1,9 C

1.1 C

2080 C

10' C

2x10* C

6.88

8.38 P



en

Atomic
Hu«ber Nuclide

Abund.
in %

Nuclear
React.

Resid.
Nucleus Half-life

72

73

"Hi 35.100(6) (n,2n)* ""Hf

'"Ta e.012(2) (n,p)

(n,o)

<n,2n)

"*Hf

"'Lu

"'Ta

73 '"Ta 99.988(2) <n,p)

(n,o)

(n,2n)

(n,2n)*

<n,He')

"'Hf

'"Lu

"'Ta

"••Ta

"'Lu

74 0.13(3) (n,p)

<n,o)

(n,2n)

(n,2n)«

'"Hf

'"W

""M

74 26.3(2) (n,p)

(nra)

(n,2n)

"'Ta

">'Ta

'"Hf

""Hf

"'H

74 14.3(1) (n,p)

(n,a)

(n,2n)

(n,np)

(n,d)

" !Ta

'"Hf

""Hf

'"W

""Ta

"Ta

18.68(6) 8

stable

6.71(1) d

664.9(42) d

42.39(6) d

28.4(2) •

8 . 1 ("l ) h

> 1.2x10" y

4.59(6) h

8.1(1) h

stable

37.5(5) •

6.4 •

114.5 d

15.84(10) •

stable

18.68(6) 8

120.98(12) d

5.1(1) d

stable

5.5(1) h

stable

114.5 d

114.5 d

Decay
Mode

IT

-

P

e

p-

P
£87*, p- 13*

e, p-

P

e 87*, p- 13*

-

E

IT 99.8*, 6 0.2*

p-

IT

-

IT

E

•a.

-

IT

-

P~

P~

React.
Energy
(MeV)

-

1.709

9. 178

-6.58

-0.240

7.41

-7.644

-

-6.56

-0.03

8.86

-8.49

-

-1.022

-

7.889

-

-8.054

-0.286

9.085

-

-6.191

-7.2132

-4.9885

Cross-sections (ab)

14 MeV

6001100

4.0 C

1.6 C

2060 C

4.510.5 F

1.4 C

2O90±100 F

1310180 F

(3.211.45)10"'

9 C

2.3 C

19001170

490150

6.010.5

0.1210.02

1.7 C

0. 1210.02

21501120

4.110.5

1.5 C

0.2210.03

19001150

1.310.5

1.310.5

U-235
spectrun

Cf-252
spectru«

-

0.72 C

4x10"' C

10.7

1.05X10* 0.0023 P

3x10"' C

5.21 P "8.61 P

2.77 P 4.56 P

-

0.049 C

0.002 C

2.5 C

-

(4.010.7)10"'

-

3xl04 C

-

3.91

2x10' C

2x10' C

-

18.5

-

-



Atoaic
Number

Nuclide Abund.
in *

nuclear
Reaction Resid.

Nucleus
Half-life

74 30.67(15) (n,p)

(n,2n)

(n,2n)*

(n,np)

(n,d)

"'Ta

'"HI

""W

" !Ta

"•Ta

74 '"W 28.6(2) <n,p)

<n,er)

(n,2n)

(n,2n>*

(n,np)

(n,d)

'"Ta

" JHf

1IS U

"5Ta

'"Ta

75 mRe 37.40(2) (n,p)

<n,cr)

(n,2n)

(n r2n)*

(n,He')

"W

m R e

"41Re

"]Ta

75 "Re 62.60(2) (n,p)

<n,<x)

<n,2n>

<n,He')

"W

'Ta

'Re

'Ta

76 •OB 0.02(1) (n,p)

<n,cr)

(n,2n)

(n,2n)*

'Re

"OS

'OS

8.7(1) h

?

42.39(6) d

stable

5.15(3) 6

5.1(1) d

5.Ml) d

10.5(5) B

64(1) B

75.1(3) d

i.67<3) a

49(2) B

49(2) n

75.1(3) d

114.5 d

38.0(5) d

165(5) d

5.1(1) d

23.9(1) h

8.7(1) h

90.64(9) h

49(2) •

38,0(5) d

120.98(12) d

13.0(5) h

9.9(3) h

13.0(5) h

uecay
Mode

React.
Energy
(HeV)

Cross-sections lab)

14 HeV U-235
spectrua

Cf-252
spectrua

IT

IT

P'

-2.248

7.369

7.411

-7.697

-5.472

4.011.0

2.6510.20

1.210.2

20001150

1600

0.710.2

0.6510.15

2x10 ! C

(2.010.5)10 '

6. 55

fi

IT

-3. 12

6.391

7.202

-8.380

-6.150

1.710.5

0.5510.07

19001150

600160

0.2510.05

0.4310.08

4x10' C

< 10 ' C

10.010.7

IT 74.7%,6 25.3t

P

0.353

8.276

-7.79

-

-5.375

4.3 C

1.6 C

1900 C

260

(413)10°

6x10"' C

6x10 ' C

4.610.4

0.6210.05

P~

93.5*, 6 6.5*

P~

-0.529

7.102

-7.371

-6.6

4.310.5

1.2 C

17001200

0.00410.003

2x10"' C

10' C

1016

E

E

E

E 89%, IT 11%

E

0.68

9.714

-8.86

11.9 C

2.6 C

20001150

5001100

15001100

0.02 C

3x10° C

1.8 C



en

Atomic
•umber •ucllde

76 "OB

76 '"OS

76 'OS

76 "Os

76 "OS

76

77 'ir

77 'Ir

Abuod.
in %

Nuclear
Reaction Resid.

nucleus Half-life

1. 58(10) <n,p)

(n,a)

(n,2n)

'"Re

'"W

'"OB

90.64(9) h

stable

93.6(5) d

1.6(1) (n,p)

(n,a)

(n,2n)

'"

'"

Re 5(2)xl0" y

> 3x10" y

OB 2.0(11)X10" y

13.3(2) (n,p)

(nro)

(n,2n)

1MRe

"'tf

'"OB

16.1(3) (n,p)

(n,o)

(n,2n)

'"Re

'"¥

'"08

26.4(4) (n,p)

(n,a)

(n,2n)

'"Re

'"W

'"OB

41.0(3) (n,p)

(n,a)

(n,2n)

<n,2n)«

(n,2n)»

'"Re

"•*

'"OB

'"•OB

" " O B

37.3(5) (n,p)

(n,o)

(n,2n)

<n,2n)«

'"OB

"'Re

'"Ir

'"•Ir

62.7(5) (n,p)

(n,a)

(n,2n)

'"OB

'"Re

'"Ir

16.98(2) h

75.1(3) d

stable

23.3 h

stable

Btable

3 .1 (3 ) •

23 .9 (1) h

Btable

16(1) s

11 .5 (3) •

15 .4(1) d

13.10(5) h

15 .4(1) d

15 .4(1) d

16.98(2) h

11.78(10) d

3 .3 (2 ) h

30 .5 (4 ) h

3 .1 (3 ) •

73.831(8) d

Decay
Mode

React.
Energy
(HeV)

Cross-sections («b)

14 HeV U-235
spectrum

Cf-252
spectrum

fl" 9 3 . 5 % , € 6 . 5 %

p-

P'

P'

p-

p-

IT

-0.294

9.016

-8.27

5.511.3

2 C

20001100

0.024 C
10' C

2.91

0.78

10.13

-6.297

5.2 C

1.7 C

2100 C

8X10' C

7x10"' C

16.9

-1.336

7.891

-7.989

712

1.5 C

2120 C

5x10' C

3X10* C

4.39

-0.228

9.169

-5.923

512

1.3 C

2140 C

2x10' C

2X101 C

21.1

-2.400

6.842

-7.793

2.010.5

0.510.1

2160 C

10' C

10"4 C

4 . 7 3

- 3 . 1 9

5 . 2 4

- 7 . 5 5 9

1 . 3 C

22001150

10001200

12001200

3x10' C

< 10-' C

5.40

0- 0.472 4.810.8

P 7.957 1.4 C

E -8.12 19601150 F

E 94.4%, IT 5.6% - 370

5x10' C

10* C

2.85 P

p- -0.350 3.810.5

p- 6.64 1.1 C

p- 95.4%, E 4.6% -7.772 2048H50 F

10° C

< 10' C

3.90 P

4.99 P

6.63 P



Atoaic
Nuaber

78

78

78

78

78

78

79

1

Huclide
Abund.
in *

Nuclear
React. Resid.

Nucleue Half-life

"Pt

'Pt

'"Pt

»Pt

"Pt

'Pt

'Au

0.01(1) (n,p)

(n,a)

(n,2n)

'"ir

'"Os

'"Pt

0.79(5) (n,p)

<n,cr)

(n,2n)

'"Ir

'"OB

"'Pt

32.9(5) (n,p)

(n,a)

(n,a)*

(n,2n)

'"Ir

"'OB

""OB

'"Pt

33.8(5) (n,p)

(n,o)

(n,2n)

'Ir'"I

'"OB

'"Pt

25.3(5) (n,p)

!nf«)

(n,2n)

<n,2n)«

'"Ir

"'OB

'"Pt

""Pt

7.2(2) (n,p)

(n,o)

(n,2n)

(n,2n)*

(n,2n)«

'"Ir

'"08

'"Pt

""Pt

""Pt

100 (n,p)

(n,cr)

(n,2n)

(n,2n)*

(n,2n)*

'"Pt

'"Ir

'"Au

'"'Au

'"'Au

11.78(10) d

stable

10.89(1) h

73.831(8) d

stable

2.9(1) d

19.15(3) h

15.4(1) d

13.10(5) h

50(9) y

2.8 h

stable

stable

52(2) 8

30. 5(4 ) h

stable

4.02(1) d

8(1) 8

6.5 •

18.3(3) h

94.4(8) •

18.3(3) h

18.3(3) h

19.15(3) h

6.183(10) d

9.7(1) h

6.183(10) d

p

IT

E

E

9 5

9 6

9 2 .

9 2 .

Decay
Hode

E

-

E

4 * , E

-

E

p-

P'

I T

E

fl"

-

-

fl"

p"

-

IT

P~

P-

P-

. 7 * , p

P-

P~

P'

5%, p-

I T

5%, p-

4 .

3

7 .

7 .

6%

. 3*

5%

5%

React.
Energy
(MeV)

0.110

9.537

-8.81

-0.674

8.343

-8.656

-1.457

7.276

-

-8.367

-0.153

8.711

-6.124

-2.39

6.373

-7.921

-

-3 .62

5.59

-7.563

-

-

0.036

6.979

-8 .08

-

-

Cross-sections (ab)

14 MeV

9.7 C

2.3 C

2100 C

5.6 C

1.7 C

20301100

4 . 0 1 0 . 5

1.3 C

1.26

2170 C

2 . 0 1 0 . 5

1.1 C

2190 C

1.410 .3

1.® C

2200 C

4 6 0

1.1 C

0.8 C

19501120

8001100

11501100

2 . 1 1 0 . 2 F

0 . 3 5 1 0 . 0 5 F

2254*200 F

2 3 0

1900

0-235
spectrua

Cf-252
spectrua

0 .032 C

1 0 ' C

1.98

0 . 0 1 C

2xl0"4 C

2.67

3x10° C " -

1 0 ' C

-

2.65

2X10"1 C

4x10 4 C

18 .5

8 x 1 0 ' C

< i«"4 C

3 . 9 8

-

10 4 C

< 1 0 4 C

5.53

-

-

2x10"' C

< 10"4 C

3.5010.13 5.53*0,09

-

1 0 0 -



enoo

Atomic
Number

79

80

80

80

80

81

Nuclide

'Au

'H,

'Hg

*Hg

*'Hg

'Hg

"Hg

4Hg

Abund.
in %

Nuclear
Reaction Resid.

Nucleus Half-life

100 (n,He') "Ir

0.14(10) (n,p)

(n,cr)

(n,2n)

"'Au

"'Pt

"'Hg

10.02(7) (n,p)

<n,ar)

(n,2n)

1MAu

'"Pt

'"Hg

16.84(11) (n,p)

(n,o)

(n,2n)

(n,d)

'"Au

'"Pt

1MHg

"'Au

23.13(11) (n,p)

(n,o)

(n,2n)

"'Au

"'Pt

"'Hg

13.22(11) (n,p)

(n,a)

(n,2n)

"'Au

'"Pt

"«Hg

29.80(14) (n,p)

<n,a)

(n,2n)

"'Au

"'Pt

'"Hg

6.85(5) <n,p)

(n,o)

(n,2n)

'"Au

"'Pt

"'Hg

29.524(9) (n,p)

(n,a)

(n,2n)

'"Hg

"'Au

"'Tl

2.8 h

6.183(10) d

50(9) y

9.5 h

2.696(2) d

stable

64.1(1) h

3.139(7) d

stable

stable

2.696(2) d

48.4(3) •

18.3(3) h

stable

26(1) •

stable

stable

28(2) s

30.8(4) •

stable

40(3) 8

2.5(1) •

46.60(2) d

46.60(2) d

48.4(3) •

12.23(2) d

Decay
Hode

React.
Energy
(MeV)

Cross-sections (mb)

14 HeV
U-235
spectrua

Cf-252
spectrum

p~ -6.170

E 92.5%, 0 7.5* 0.0983

E 8.248

E -8.75

P~
E

s 0.023

8.0 C

2 C

20501180

0.024 C

3x10"' C

1.72

-0.59

7.458

-8.3

4.610.3

1.5 C

20001150

9x10° C

< 10"' C

2.03

0.329

8.73

-6.649

-5.0143

3.510.6

1.3 C

2100 C

0.410.1

3x10' C

3x10"' C

11.3

-1.420

6.552

-8.029

3.611

1.2 C

2120 C

3x10' C

10-' C

3.49

0.72

7.89

-6.225

1.810.3

1.0 C

2140 C

5x10' C

< 10' C

16. 5

-2.72

5.706

7.756

1.6 C

0.9 C

2160 C

4x10"' C

< 10' C

4.45

-3.72

4.460

-7.491

0.9 C

0.7 C

21001150

10"' C

< 10"' C

5.63

0.291

7.2

-7.72

4.211.0

1.1 C

20651150 F

2x10 J C

< 10"' C

3.010.5 5.57



Atomic
Nuaber

81

82

82

82

82

83

CO

Huclide
Abund.
in *

Nuclear
Reaction

IST1

«Pb

'"Pb

TPb

"Pb

"Bi

Resid.
Nucleus Half-life

78.476(9) (n,p)

(n,cr)

(n,2n)

(n,t)

(n,He!)

'"Hg

"'Au

"'Tl

"'Hg

"'Au

5.2(1) •

28(2) B

3,78(2) y

46.60(2) d

53(2) s

1.4(1) <n,p)

(n,o)

(n,2n)

(n,2n)«

(n,t)

""II

'"Hg

"'Pb

""Pb

"'Tl

3.78(2) y

stable

51.88 h

0.48(2) s

12.23(2) d

24.1(1) (n,p)

(n,o)

(n,2n)

'"Tl

"'Hg

"'Pb

4.20(2) B

46.60(2) d

1.52(7)X10' y

22.1(1) (n,p)

(n,a)

<n,2n)

"'Tl

"'Hg

'"Pb

4.77(2) >

•table

stable

52.4(1) (n,p)

(n,o)

<n,2n)

<n,2n)*

'"Tl

"'Hg

"'Pb

""Pb

3.053 a

5.2(1) a

stable

0.796 s

100 (n,p)

(n,a)

(n,2n)

<n,t)

"'Pb

'"Tl

'"Bi

"'Pb

3.253(14) h

4.20(2) a

3.68(4)xl0! y

stable

90

92

'"Th

99.

100

2745(15)

(n,

(n,

2n)

2n)

"'Th

>"u
25

6.

•52(1)

75(1)

h

d

Decay
Hode

React.
Energy
(MeV)

Cress-sections (mb)

14 MeV
U-235

spectrua
Cf-252
spectrua

97.45*, 6 2.55%

-0.747

5.68

-7.541

-5.4234

-7.900

1.9±0.2

0.85 C

2006±200 F

(3318)xl0"]

3 0.07

5x10"' C

< 10"' C

5.61

97.45%,

e

IT

E

2.55%

P

P'
E

P'

P'

IT

0.0191

8.204

-8.401

-5.875

3.9 C

1.3 C

22321130 F

1200

(30±6)X10"'

0.019 C

10"' C

2.45*0.4

-0.751

7. 136

-8.081

2.010.4

1.010.5

20001100

6x10' C

< 10' C

3.58

-0.65

7.887

-6.741

1.610.3

0.9 C

20001100

5x10"' C

< 10 ' C

11. 1

-4.211

6. 186

-7.368

1.010.5

0.8 C

20001100

1282 F

< 10"' C

< 10"' C

6. 18

0.94

0. 135

9.634

-7.453

-2.6892

0.810.2

0.810.3

22611100 F

(284147)10"'

10"' C

3x10"' C

6.21 P

6.71

3.95 P

1.76 P

10.13 P

P'. aw

P

-6

-6

.434

.144

1259150

745130

F

F

15.

15.

710

710

.7

.8

23.

20.

41

99

P

P


