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Compilation of the data on nuclear reactions and subsequent radioactive decays induced by
14-MeV neutrons is presented in tabular form for most of the isotopes available in nature and
for some of the artificially-produced isotopes, including the following items:

Nuclide (isotopic abundance), type of nuclear reaction, reaction Q-value, reaction product, type
of decay, decay Q-value, half-life of reaction product, decay product, maximum reaction cross
section, neutron energy for maximum cross section, reaction cross section for 14 MeV neutrons,
saturated radioactivity induced by irradiation of a neutron flux of 1 n/cm2sec for a mol of
atoms, and reference for the cross section.

The mass number dependence of {n, 7), {n, 2n), (n, p), {n, d), {n, t), {n, 3He) and {n, a) reaction
cross sections for 14-MeV neutrons is given in figures to show general trends of the cross sections.

Keywords: Nuclear Data Compilatin, 14-MeV Neutrons, Neutron-induced Nuclear Reactions,
Reaction Q-velue, Reaction Product, Type of Decay, Decay Q-value, Half-life, Decay Product,
Cross Section, Saturated Radioactivity.
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1. Introduction

One of the most important factors to be considered in choosing structual materials for design

of a possible nuclear fusion reactor is the nuclear reactions by 14 MeV neutrons and subsequent

radioactive decays. The nuclear data of interest from this view point are:

(1) Nuclear reaction cross sections by 14 MeV neutrons, and also by degraded neutrons due

to slowing-down in the materials,

(2) Type of the particle and its kinetic energy emitted from the nuclear reaction, and

(3) Type of decay, decay energy and half-life of the reaction product.

In this report, these data are compiled for most of the isotopes available in nature and also

for some of the artificial isotopes. The intensity of the saturated radioactivity induced by irradi-

ation of a neutron flux of 1 n/cm2 sec for a mol of atoms is also tabulated. From these data it

is easy to estimate the radiation level due to the residual radioactivities after some period of

irradiation and cooling. These data are also useful for the activation analysis by using the 14

MeV neutrons. Some of these data have been compiled in JAERI-M 6354 (1976)61).

2. Nuclear Reaction Cross Section

Reaction cross sections by 14 MeV neutrons have hitherto been reported in a large number

of published papers. The discrepancies among the reported data are, however, very large and in

some cases much larger than the errors quoted by the authors of the papers. The cross sections,

sometimes, fluctuate by an order of magnitude or larger. It is very difficult to evaluate these

cross sections, because the origins of the discrepancies are not clear in most cases. One of the

origins may be ambiguity in decay scheme of the products. In the present compilation, plural

numbers of the data if available are presented for some cases, being quoted from the papers of

experiments, compilations, evaulations and/or theoretical estimations. In the section of References,

titles of the papers and the above classification are shown for information. Figures in the table

are limited to one or two significant digits in most cases, and any error of the cross section is not

quoted.

Most of the cross sections have been measured by using the D-T neutrons from accelerators

of 100-500 keV. In this case neutron energies range from 14.5 to 15.8 MeV at forward angle,

and from 14.0 to 14.2 MeV at 90°. Energy dependence of the data between 14 and 15 MeV is

neglected in the present compilation considering the scattering of the reported values.

One more remark which should be added is that, since in many measurements the activation

method is adopted, the sum of the reported cross sections to the ground state and to the isomeric

states is not necessarily equal to the total cross section of the reaction.

Type of reactions induced by the 14-MeV neutrons are mostly (n, y), (n, n'), (n, 2n), (n, p),

(n, d), (n, np), {n, t), (n, zHe), (n, a) and (n, na) in addition to the elastic scattering which is ex-

cluded in the present compilation.

The {n, y), (n, 2n), (n, p), (n, d) and (n, t), (n, 3He) and (n, a) reaction cross sections for each

isotope are plotted with mass number A in Figs. 1 through 6, respectively. Symbols in the figures

designate respective isotopes, and, plural data for the same nuclide are plotted in the figures when
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they are available. In Fig. 1 the isotopic symbol with prime means the case of (n, y*) reaction

which leads to isomeric states. In Figs. 2,3 and 6, the isotopes with abundance of more than

about 30% are shown by concentric circles, and a group of points for the same element are con-

nected to one another with a solid line and labeled by the isotopic symbol. Here the maximum

values of the data are chosen for the connection in most cases.

The general tendencies of the cross sections with the mass number and/or the neutron energy

are as follows.

(1) The («, 7) reaction cross sections at 14 MeV have a tendency to increase from 0.1 to 10 mb

with mass number A as seen in Fig. 1. The cross sections seem to be depressed around

neutron-magic nuclei, though scattering of the data is too large to draw any definite con-

clusion.

(2) The (n, n') reaction cross sections become flat above a few MeV, and their magnitudes are

of about one barn.

(3) The {n, 2ri) reaction cross sections become maximum around 14 MeV, and their magnitude

amounts to a few barns. They generally increase with mass number A, and within the

same element they rapidly increase with A except for heavy nuclei as seen in Fig. 2.

(4) The {n, p) and (n, a) reaction cross sections are less than those of the {n, 2n) reactions

except for light nuclei. They decrease with A, and within the same element they rapidly

decrease with A as seen in Figs. 3 and 6. The (n, a) reaction cross sections are smaller

than those of the (n, p) reactions by a factor of 2.5. Both cross sections approximately

vary with A, atomic number Z, and neutron number N as in the followings27) :

o(n,p)=0.73onexp{-33{N-Z)/A}, (1)
and

o(n, a)=0.29 an exp (-33 (N-Z)(A}. ( 2 )
(Z>20)

Here,

with

ro=1.4xl0-13cm.

Eq. (1) is reported27) to predict <r(n,p) within the limits of 20—30%. Disagreement be-

tween the observed values and the calculations by a factor of 1.5—2 is observed in only

10% of the cases. The situation for Eq. (2) is nearly the same.

(5) The (n, d), (n, t) and (n, 3He) reaction cross sections generally decrease with A as seen in

Figs. 4 and 5. The following {N—Z)/A dependence of the (n, t) reaction cross sections

has been proposed for the medium and heavy target nuclei by Qaim et al.,6i) though the

dependence of the (n, t) reactions is significantly weaker than those of the (n, p) and (n, a)

reactions.

a(n, t) = 0.74 x lO-'ff, exp {-10 (N-Z)/A]. ( 3)

The cross sections of the (n, d) reactions are about ten times as large as those of the (n, t)

reactions.
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Fig. 1 a{n,y) vs. A
Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when

they are available. The symbol with prime means the case of (n, 7*) reaction which leads to the isomeric
states. If the masses and cross sections coincide between two elements, respectively, they are shown by
concentric circles.
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Fig. 2 a(n,2n) vs. A

Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
they are available. The isotopes with abundance of more than about 30% are shown by concentric circlee,
and points for the same element are connected to one another by a solid line and labeled by the isotopic symbol.
Here the maximum values among the data are chosen for the connection in most cases.
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The explanation of the figure is the same as in Fig. 2.
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Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
they are available.
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Fi8. 5 o(n,3He) vs. A

Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
they are available. The point with arrow directed downward showes upper limit value.
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The explanation of the figure is the same as in Fig. 2.
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3. Nuclear-reaction Q-value and Kinetic Energy of an Emitted Particle

The relation between the reaction Q-value in the third column of the table and the kinetic
energy E of an emitted particle is given in the classical approximation84' as follows.

Here,

wn : neutron mass,
M: mass of the residual nucleus,
m : mass of the emitted particle,

En : incident neutron energy, and
0: outgoing angle of the emitted particle in laboratory system.

If mn and m<^M and (9 = 90°,

The forward threshold energy841 of the reaction is
-Eihres=(l+Wn/M,)( — Q), (6)

if the Q-value is negative,
where

Mt: mass of a target nucleus.

4. Induced Radioactivity of a Reaction Product

Radioactivity R of a reaction product induced by a neutron flux F after irradiation time T
is given as follows, if decrease rate of number of target atoms {Fe~aN>) is neglected.

\

(7)

Here,
a : relevant reaction cross section of a nucleus,
A: decay constant of the product,

ti/2- half life of the product, A=0.693/tu2, and
No: number of the relevant nuclei per cm2.

In the case of appreciable decrease of the atoms due to the flux, a term — F2ae~'N'{T~ 1/̂ (1 — e~iT))
should be added to the right side of Eq. (7). If a mol of the atoms are irradiated by a neutron
flux of 1 n/cm2 sec,

R (curie/mol) = 16.28 x 10"15 o{\ -e~°- <*W'»). (8)
{a in mb)

This formula reduces to
R (curie/mol) = 16.28 xlO~15 a for <l/2< T {a in mb)



10 Table of Nuclear Reactions and Subsequent Radioactive Decays Induced by 14-MeV Neutrons JAERI 1252

and

R (curie/mol) = 3.74 ff/tl/2 f o r^ i / 2 >T (10)

(a in mb and ty2 in year)

= 0.693 .̂ saturated T/ti/2.

For the case of serial decays, the first and second product nuclei decay as e~*it and - — ~

x(e~*'' — e~Xi'), respectively. Then, in the case of irradiation of the neutron flux of In/cm2sec

for a mol of atoms,

and

2 *-\jttj\j /N d.\j v i J. Cr i 7 5 / * V /

\ «2 "1 "2 "1 '

Here,

/ii : decay constant of the first product,

A2: decay constant of the second product,

i?i : radioactivity of the first product, and

R2: radioactivity of the second product.

5. Explanation of the Table

From the left to the right of the table, the following items are tabulated.

Nuclide (Isotopic abundance): the natural abundance is quoted from ref. 32.

Type of nuclear reaction:

Reaction Q-value (MeV) -. quoted from ref. 4 and ref. 33 except for Li, Q-values of which

are quoted from ref. 12 and ref. 10.

Reaction product: suffixes g and m designate ground and metastable states, respectively.

Type of decay : the reaction product leads to the decay product via IT (isomeric transition),

/8~ decay, /9+ decay and/or EC (electron capture) (ref. 3 and ref. 34).

Decay Q-value (MeV) : level energy for IT, maximum energy for J3~ decay, and Q-value of

electron capture for /3+ decay and/or EC (ref. 3 and ref. 34).

Half-life: quoted mainly from ref. 3 and ref. 34.

Decay product: including the successive decay products, if they exist. Number in parentheses

shows the half-life of the second decay product (ref. 3).

Maximum reaction cross section (barns): plus or minus sign denotes the cross section increas-

ing or decreasing with energy around 14 MeV, respectively.

Neutron energy for the maximum cross section (MeV) : "thermal" means thermal neutron

energy

Reaction cross section a for the 14-MeV neutrons (barns):

Saturated radioactivity (curie/mol.unit flux): induced after irradiation of a mol of |the

atoms by the 14-MeV neutron flux of 1 n/cm2sec, which is given by Eq. 9.

Reference : for reaction cross section for the 14-MeV neutrons and, also, for the maximum

reaction cross sections in parentheses.
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Nuclide
(Abun-
dance)

6Li
(7.52%)

7Li
(92.48%)

Type of
reaction

(n, n'-y)

(n, 2n)

(n,p)

(n,a)

(n, np)

(n, na)

nonelastic

(n,7)

(n,n'7)

(n,2n)

(n, 3n)

(n.d)

(n,t)

(n, np)

(n, na)

(n,2np)

(n, 2na)

nonelastic

Reaction Q-value
(MeV)

7.25

- 2 . 1 8

- 3 . 7 0

- 2 . 7 3

4.78

- 4 . 6 5

- 1 . 4 7

2.03

- 0 . 4 8

total n '

- 7 . 2 5

-12 .92

- 7 . 7 6

- 3 . 4 2

- 1 0 . 0

- 2 . 4 7

-11 .91

- 8 . 7 2

Reaction
product

7Li

'Li

6He

t

5He

d

8Li

'Li

«Li

5Li
6He
5He

«He

t

6He

d

Type of
decay

P

fi-
iS"

n

(n

P

fi~
n

fi~
/8-

n

Decay
Q-value
(MeV)

1.967

3.51

0.019

0.957

16.002
- 2 . 032)

1.967

3.51

0.957

3.51

0.019

0.957

Half life

10"21s

0.8s

12.3y

0.84s

10"21s

0.8s

0.8s

12.3y

Decay product

a

•Li

3He

<He

8 Be-2a
(2xl0"16s)

a

6Li

<He

6Li

3He

a

max. a
(barns)

0.045

+

0.038

3

0.68

0.78

0.035

0.29

+

+

+

0.45

+

flat >8

Energy for
max. a
(MeV)

thermal

4

0.25

6.0

5.0

thermal

4.5

8

a at 14 MeV
(barns)

0.020

0.078

0.1

0.008

0.025

0.17

0.40

0.3

0.53

0.08

0.42

0.049

0.022

0.0002

0.01

0.055

0.105

0.34

0.033

0.47

/ curie \
\mol. unit flux/

130

407

160

1710

8500

Reference

(5)

12

9

5

7,12

5

73

12

5

12

(5)

(10,11), 71

71

9

10

9

5,10, 71

73

73

5,10,11,71

10

10

2



Nuclide
(Abun-
dance)

9Be
(100%)

lOg

(18.5%)

"B
(81.5%)

Type of
reaction

(n,7)

(n.2n)

(n,p)

(n.d)

(n,t)

(n,a)

nonelastic

(n,7)

(n, 2n)

(n,p)

(n,d)

(n,t)

(n, ao+Qi)

(n, ai7)

(n, np)

(n, nd)

nonelastic

(n,7)

(n,n')

(n,2n)

(n.P)

Reaction Q-value
(MeV)

6.81

-1.66

-12.83

-14.66

-10.44

-0.60

11.45

-8.44

0.23

-4.36(g)

0.23

2. 79 for a0

-6.59

-6.03

3.37

total

-11.46

-10.73

Reaction
product

10Be

8Be

9Li

8Li

7Li

'He

•>B

9B

"Be

'Be—

8Be

'Li

Hi- . .

9Be

«Be

12g

lOg

"Be

Type of
decay

a

fi~

fi-

P

fi-

a

a

(n

Decay
Q-value
(MeV)

0.555

0.095

13.61

16.002

3.510

0.185

0.555

0.095

0.4774

0.095

13.370
-3.369)

11.51

Half life

2.7xl06y

2 x 10"16s

0.17s

0.84s

0.8s

8xlO"19s

2.5xl06y

2xlO"16s

2xlO"16s

0.0203s

13.65s

Decay product

lOg

a

9Be«
9Be-*8Be + n

8 B e - - * 2 «

«Li

*Be^2a

log

a

a

"°

"B

max. o
(barns)

0.01

0.6

+

+

0.11

6

0.5

3837

0.056
at 100 keV

0. 0055

Energy for
max. a
(MeV)

thermal

6

3

~ 4

thermal

thermal

thermal

a at 14 MeV
(barns)

lxlO"6

0.5

<0. 004

0.006
at 18. 5 MeV

0.02

0.01

0.5

0.027

0.003b/sr at 15°

0.014b/sr
(tfm.,) at 20°

0.102

0.060

0.085

0.075

0.004b/sr at 15°

0.56

0.19

0.019

0.03

/ curie \
\mol. unit flux/

0.02

8100

<65

160

1660

977

1380

490

Reference

1

5

7

69

1,93

7

96

(38)

9

52

67

Iref. in 93

J
(38)

(39)

73

52

96

(38)

68

9

7

a.

n

fa



"C

12C

(98.89%)

I3C
(1 108%)
\ - * " • * ' • " " ' /QJ

" N

(n,d)

(n.t)

(n.a)

nonelastic

(n,p)

{•a, a)

(n.r)

(n,n')

(n,2n)

(n,p)

(n.«)

(n,a*)

(n. na)

nonelastic

(n,7)

(n.p)

(n.t)

(n.a)

(n.p)

(n.a)

-9.00

-9.56

-6 .63

2.76

11.35

4.95

total

-18.72

-12.59

-5.70

-7.37

8.18

-12.65

-12.42

-3.84

3.00

-1.06

• o B e ,

9Be

8Li

"B

"Be

13C

"C

1 2 B

'Be

9Be«ci,

8Be

1 3 B

"B
10Be

"C

i o B

ifl"

(n

(n

a

(f

n

all process to
(3a+n)

/s-

0.555

-1.665

16.002
-2.032)

0.095

1.981

13.370
-3.369

0.768

0.156

13.437

0.555

2.5xl06y

0.84s

2xl0"16s

20.3m

0.0203s

5730y

0. 019s

2.7xl0 sy

.0B

8Be)
8Be^2a

a

»B

12C

»B

8Be^2a

14N

1 3 C

+

0.03

0.0034

0.018

0.018

0.08

0.001

flat >10

- 1 4

thermal

33

18

8.1

thermal

0.003

0. 0021 b/sr
(«.,,) at 20°

0.015

0.03

0.46

0.88

0.23

0.33

0

0.023

0.002

0.062

0.082

0.19

0.6

lxlO"10

0

0. 0061

0.13

0.075

0.078

0.11

49

490

0

0

0

2120

1220

5

67

1

7

68

20

19

(5)

81

5,7

20

7

5

5

81

96

1

20

96

1

19

20

19



Nuclide
(Abun-
dance)

14N

(99.63%)

15N
(0.365%)

"N

i s O

Type of
reaction

(n.7)

(n,2n)

(n,p)

(n.d)

(n, do)

(n.t)

(n, to)

(n, t.)

(n,a)

(n, np)

(n, 2a)

nonelastic

(n, n')

(n,p)

(n.d)

(n.p)

(n,o)

(n,p)

Reaction Q-value
(MeV)

10.83

total

-10.55

0.63

-5.33

-4.01

-8.45

-0.16

-7.55

-2.62

-8.99

-7.98

-7.63

-5.24

3.54

Reaction
product

15N

13N

»C

"C

12c

"B

13C

7Li

"C

12B

I 6C

13B

15N

Type of
decay

IP
\P

\

P

Decay
Q-value
(MeV)

2.221
-1.944

0.156

9.773

0.1561

13. 370

8.00

13.437

Half life

10m

5730y

2.4s

5730y

0. 0203s

0.74s

0.019s

Decay product

] 3 C

12C

14N

15N

" N

12C

8Be + a

(7.1s)

max. o
(barns)

0.075

0.018

1.81

2

Energy for
max. a
(MeV)

thermal

18

thermal

1.4

a at 14 MeV
(barns)

0.40

0.006
0. 003~6

0.08

0.032

0.049

0.020

0.029

0.0065

0.021

0.1

0.092

0.046

0.032

0.72

0.64

0.0031

0.0033b/sr
(<r».,) at 20°

0.018

0.016

0. 0022

0.20

0.90

/ curie \
Vmol. unit flux/

1300

521

51

293

260

35

3260

Reference

(5)

43

5
7

5,7

20

43

40

43

40

40

6

19

73

43

62

43

20

67

19

96

20

19

20

c

W
a.

o

70



16Q

(99. 76%)

I70
(0. 037%)

1BQ

(0.204%)

isp

(100%)

in, a)

(n.7)

(n.7*)

(n.n')

(n,2n)

(n.p)

(n.d)

(n,«)

(n, np)

(n, nay)

nonelastic

(n.P)

(n,7)

(n,p)

in, a)

(n.7)

(n, n')

(n,2n)

(n, 2n*)

(n,p)

(n.d)

8.50

4.14

total

-15.67

-9.64

-9.90

-2.22

-12.11

-11.59
£T=4.439MeV

-8.00

1.82

3.96

-13.27

-5.04

6.60

-10.43

-4.04

-5.77

"C

17O

17Qexcit

—

15Q

1 6 N

1 5 N

13C

1 5 N

14C

19Q

• I N

I5C

2 0 F

up

18pm

1 9 Q

1 8 Q

n

/?+

P~

e-

P-

P-

P-

/3+,EC

P-

-4.142

2.760

10.422

17.36

8.68

0.1561

4.819

13.9

9.773

7.030

1.655

4.819

124s

7.2s

0.0110s

4.13s

5730y

29s

0.63s

2.4s

11.4s

109.7m

138ns

29s

1 6 Q

12C

»Be + a

" 0

»N

,.F

ISNS

2 ° N e

1SQ

(87ns)

1.78X10-1

0.018

0.045

0.08

0.16

0.35

+ (peak 80mb
at 11.8 MeV)

0.15

+

0. 0098

0.1

0.045

0.07

thermal

- 1 4

32

13.5

12

13~14

16

18

thermal

18

9

7.5

1.05

0. 46 (0.26)

0

0.04

0.046

0.15

0.3

0.015

0.020

0.73

0.65

0.8

0.035

0.25

6xlO-5 at lMeV

0.65

0.13

0.99

0.047

0. 0027

0.02

0.023

0. 024b/sr at 0°

0

650

749

326

570

4070

1060

2120

765

44

320

374

19

(38)

50

5

7

20

50

5

73

50

62

50

96

20

19

96

20

19

(5)

73

7

7

7

20

52

2



Nuclide
(Abun-
dance)

19F

(100%)

2 0 F

2°Ne
(90. 92%)

22Na

23Na
(100%)

24Na

Type of
reaction

(n,t)

(n,a)

nonelastic

(n,p)

(«.«)

(n, p)

(n,a)

(n.p)

(n,a)

(n,7)

(n.7*)

(n, 2n)

(n.p)

(n.d)

(n,«)

(n, np)

(n, nd)

(n,p)

Reaction Q-value
(MeV)

-7.56

-1 .52

-2 .34

-6 .24

-0.59

3.62

1.92

6.96

-12.42

-3.60

-6.57

-3 .87

-8.79

-10.50

-1 .67

Reaction Type of

17O

1 6 N

20Q

1 7 N

17O

2 2Ne

. 9 F

"Na

2 4 Na»

2 2Na

2 3 N e

22 N e

20f

2 2Ne

1 9 F

0~

C/3-)

f>-

"~

0-

/IT

1/3-
/3\EC

0-

0-

Decay
Q-value
(MeV)

0.422

3.81

8.68

7.030

5.515

0.473
5.988

2.843

4.380

7.030

2.47

Half life

7.2s

14s

4.16s

11.4s

15h

20ms

2.6y

37.6s

11.4s

3.38m

Decay product

16Q

(lMs)
17O

20 N e

2 4 Mg

3(15h)
2 4 Mg

2 2Ne

2 3Na

20 N e

^Na™ —•^Ns'—*-^*M GJ
(0.20s) (15.0h)

max . a
(barns)

0. 2~0. 3

0.13

0.40

~0.1

~0.1

-

~0.2

+

Energy for
max. a
(MeV)

6

thermal

thermal

- 1 9

- 1 0

- 1 4

a at 14 MeV
(barns)

0.010

0.015

0.027

0.83

0.015

0. 0091

0.092

0.15

0.15

0.31

3.5X10-4

2.4xlO-4

<10"4

0.025

0.043

0.04

0.010

0.12

0.088

0.018

~ 0 . 020

0.12
at 18MeV

0.036

/ curie \
\mol. unit flux/

244

439

244

148

1500

5.7

3.9

<1.6

407

700

50

1950

1430

586

Reference

ref. in 55

5,7

19

96

20

19

20

19

20

19

92

(5), 74

5

1

23

7,20

64

7

19

73

52

64

20

•z,

I

ca



24Mg
(78.6%)

(10. lf%)

(11.17%)

26A1

27A1
(100%)

(n,«)

(n.7)

(n,n')

(n,2n)

(n,p)

(n,P*)

(n,«)

(n,2n)

(n.p)

(n.a)

(-.7)

(n, 2n)

(n.p)

(n.a)

(n.p)

(n.a)

(n.7)

(n.n')

(n. 2n)

-2.77

7.33

1.37

-16.53

-4.73

-2.55

-7.33

-3.05

0.48

6.44

-11.09

-7.92

-5.42

4.80

2.95

7.73

total

-13.06

2 i p

«Mg

24M gm

2 3 Mg

2<Na

2 4Nam

2 1 N e

2 4 Mg

2 5Na

"Ne

2 7 M g

«Mg

2 6Na

2 3Ne

2 6 M g

2 3 Na

28A1

26A1

P-

IT

P*
/3"

/IT

fi-

*-

/>"

P-

/3+,EC

5.68

1.368

4.056

5.515

0.473
5.988

3.83

2.843

2.614

8.5

4.380

4.635

4.003

4.4s

0. 9ps

12.1s

15. Oh

20ms

60s

2.6y

9.5m

1.0s

37.6s

2.31s

7 .4x l0 5 y

21Ne

24Mg

23Na

a(i5h)
24Mg«

25Mg

22Ne

(0.02ns)

26Mgm—26Mg«
(0.4ps)

23Na

(0.5PS) '

26Mgm—!6Mg
(0.4ps)

~0.7

0.22

0.20

0.027

-

0.235

+

~ 4

13.5

14

thermal

thermal

0.051

2.5xlO"4

at 4MeV

0.55

0.18

0.20

0.20

0.063

0.04

0.05

0.10

2xlO"4

0.02

0.03

0.084

0.015

0.26

0.54

5.6xlO-4

0.52

0.83

0.007

830

9000

2900

3200

3300

103

651

814

1630

3.3

330

490

1370

244

9.1

110

19

96

5

29

2,7

7

19

5

7,20

19

1.(6)

5,20

7

7

19

20

19

5,74

72

95

1



Nuclidc
(Abun-
dance)

27A1
(100%)

28A1

28Si
(92. 27%)

(4. 68%)

Type of
reaction

(n.p)

(n,d)

( n , t )

(n,a)

(n,a*)

(n, na)

(n, np)

total
n emission

total
p emission

nonelastic

(n.p)

(n,«)

(n,2n)

(n,p)

(n,a)

(n, a + a*)

(n, np)

(n,2n)

Reaction Q-value
(MeV)

- 1 . 8 3

- 6 . 0 2

- 1 0 . 8 8

- 3 . 1 3

- 1 0 . 0 9

- 8 . 2 7

- 1 . 0 6

- 1 . 8 1

8.47

- 1 7 . 1 8

- 3 . 8 6

- 2 . 6 5

- 1 1 . 5 9

- 8 . 4 7

Reaction
product

27Mg

26Mg

25Mg

24Na

24Na»

23Na

2 6 M g

2 8 M g

2 5 Na

29Si

27 S i

28A1

2 5 M g

2 5 Mg

27A1

2 8 S i

Type of
decay

/IT
1/3"

fi-

Decay
Q-value
(MeV)

2.614

5.515

0.473
5.988

3.83

4.810

4.635

Half life

9.5m

15. Oh

20ms

60s

4.2s

2.31m

Decay product

«A1--.»AI.

2 4 Mg

(0.02s)
24Mg«

" M g

27Al

2 8 Si"- 2 8 Si
(0.5ps)

max. a
(barns)

0.10

0.032

+

0.12

+

0.83

1.1

0.4

~0. 2

~0. 3

Energy for
max. 0
(MeV)

12.0

16

13.5

8-11

15

10

~ 8

~ 8

a at 14 MeV
(barns)

0.08

0.055

0.023

0.003 at 16MeV

0.00173

0.12

0.10

0.04

0. 05 at 16MeV

0.05

0.72

0.19

1.0

0.046

0.074

4. 5xlO-4

0

0.19

0.18

0.013

0.03

0.027

0. 40±0.10
(fluctuation)

/ curie \
\mol. unit flux/

1300

900

1950

1630

651

1200

0

3100

2900

Reference

2, 7, 20, 92

45

72

72

93

2, 7,92

63

5

72

5

72

70

96

20

19

75

5

1,7,20

63

5

5

73

16

a
3
a.

c

sr

3
a*co

a.

a

s



30Si
(3.09%)

Sip
(100%)

(n,p)

(n,a)

(n,2p)

(n,7)

(n,2n)

(n, P*)

(n,o)

(n,7)

(n,n')

(n,2n)

(n,p)

(n,d)

(n, 3He)

(n,a)

(n, np)

nonelastic

-2.90

-0.03

-14.63

6.59

-10.61

(-7.76)

-4.20

7.94

-12.31

-0.71

-5.07

-13.08

-1.94

-7.30

2 6 Mg

2«Mg

"Si

29S i

" M g

32p

30p

"Si

30S;

29A1

28A1

30S i

fi-

IT

t

/8-

fi~

P-

3.68

1.836

1.48

2.614

1.710

4.24

1.48

3.68

4.635

6. 6m

21 h

2.62h

72s

9.5m

14.3d

2.50m

2. 62h

6.6m

2.31m

"Si

2BAl«<it_2«A]«—"Si
(2. 3ns) (2.31m)

3 i p

30Al«-3»Si
(3.3s)

27A lm^27A l8

(0.02ns)

3 2 S

30Si

3 i p

29Si"cil-29Si«

(0. lps)

^Sim^28Sis
(0.5ps)

0.39

0.11

0.19

+

0.14

1.4

1.5

9

thermal

thermal

8

11

11

0.23

0.13

0.13

<5xlO"4

4.8X10-4

7x10-"

0.18

0.07

0.050

3.4x10-"

lxlO-6

0.92

0.007

0.011

0.09

0.067

0.0145

2.22X10"4

<1.3xl0- 5

0.12

0. 11

0.1

0.95

3700

2100

<8.1

7.8

11

2900

113

810

5.5

0.02

110

180

1460

1090

3.6

£0.21

2000

1800

1

7,20

19

73

(6), 74

1

5

7

19

(5), 74

1

95

1

23

2

20

52

54

56

1,27

7

(19)

5

96



Nuclide
(Abun-
dance)

32S

(95. 018%)

(4. 125%)

36S

(0.017%)

»C1
(75. 4%)

Type of
reaction

(n,7)

(n,2n)

(n.p)

(n,d)

(n,t)

(n,«)

(n, np)

total
p emission

nonelastic
for S

(n.7)

(n, 2n)

(n.p)

In, a)

(n.7)

(n.2n)

(n,p)

(n,«)

(n.7)

Reaction Q-value
(MeV)

8.63

-15.09

-0.93

-6.64

-12.69

1.53

-8.86

6.99

-11.41

-4.32

-1.33

4.31

-9.89

-4.69

8.58

Reaction
product

33S

J'S

32p

3ipg

30 p

29Si

3ip

3SS

33S

34p

31Si

37S

35S

36p

33Si

36C1

Type of
decay

/3+

/3-

/3-

fi~

P-

P-

(EC, /3*

Decay
Q-value Half life
(MeV) j

5.44

1.710

4.24

0.1678

5.1

1.48

4.8

0.1674

0.712
1.14

2.7s

14.3d

2.50m

88d

12.4s

2.62h

5.06m

88d

3.1 x 105y

Decay product

3ip

32g

30S |

35C1

3<S

3ip

" C l

35C1

36 A r

36S

max. a
(barns)

0.4

+

~0.25

~1.2
0.26

+

0.3

30

Energy for
max. a
(MeV)

11

~4

~10

thermal

thermal

thermal

a at 14 MeV
(barns)

5.0x10-"
4X10-1 at
16 MeV

0.20

0.015

1.54X10-1

lxlO"5

7.2xl0"6

0.10

0.31

0.078

0.400

1.1

1x10-"

0.16

0.08

0.069

0.125

0.085

1 x 10"<

0.02

0.050

0.050

0.015

0.001

1015R.M.
/ curie \
Iraol. unit flux/

3300

2.5

0.2

0.12

1.6

1300

1120

2030

1380

1.6

320

810

16

Reference

75

5

7,20

78

54

5

83

5

19

73

79

96

1,(6)

8

7

20

1

19

1

1

20

20

19

1,(6)

k
n



(0.337%)

38 A r

(0. 063%)

37C1
(24. 6%)

<°Ar
(99. 6%)

(n, 2n)

(n,2n*)

(n,p)

(n.p)

(n,a)

(n,p)

(n.a)

(n,7)

(n,2n)

(n,p)

(n,o)

(n,7)

(n,2n)

(n.p)

(n,d)

(n,a)

(n, np)

-12. 65

0.62

0.94

0.07

2.00

-4 .13

-0 .22

10.31

-8 .58

1.93

2.46

6.09

-9.87

-6.72

-10.29

-2.49

-12.51

3<C1

3 5 S

3«C1

3 3 S

3«C1

3 5 S

3 8 C 1

"Cl

3 7 S

3<p

" A r

39 A r

«C1

39C1

37 S

3 9C1

IP*
llT

(EC, J3+)

0-

P~

(Pr
\/S+, EC

P~

P~

P-

P~

P~

P~

>-

5.482

5.627
0.145

0.1674

1.710

0.712
1.14

4.91

0.1674

4.91

0.712
1.14

4.8

5.1

2.491

0.565

7.5

3.44

4.8

3.44

1.57s

32.0m

88d

14.3d

3. lx l0 5 y

37.3m

88d

37.5m

3.1 x 105y

5.06m

12.4s

1.83h

269y

1.4m

55. 5m

5.06m

55. 5m

3«S

(32. 0m)
3JC1S-»34S«

(1.56s)
35C1
32S

3 6 A r

36S

3sAr

35C1

3S A r

36 A r

'7C1

3 4 S

"K

3 9 K

«Ar

(269y)
37C1

(269y)

0.05

0.5

<5xlO"5

0.56

+

H-

-

19

thermal

thermal

thermal

0.005

0.005

0.14

0.12

0.14

0.60

0.30

0.075, 0.11

0.14

0.11

1 x 10-7

0.35

0.018

0.02

0.12

0.055

0.024

0.036

0.001 at lMeV

0.57

0.018

0.072

0.0029

0.013

0.031

0. 0017

81

81

2280

1940

2280

9770

1790

0

5700

292

320

1950

891

389

583

9300

290

1170

47

210

502

28

7

1

1,20

1,27

19

20

19

96

20

19

1,(6)

1

1

7

7

19

20

27

96

8

7

20

96

7.26

21

96



Nuclide
(Abun-
dance)

(93. 08%)

(6.91%)

4°Ca
(96. 97%)

Type of
reaction

(n,7)

(n, 2n)

(n, 2n*)

(n.p)

(n.t)

(n.a)

(n,2a)

(n, np)

(n,na)

(n.7)

(n,2n)

(n,2n*)

(n.p)

(n, 3He)

(n.a)

(n.7)

Reaction Q-value
(MeV)

7.80

-13.09

-13.09

0.22

-9.74

1.36

-8.99

-6.38

-7.22

7.53

-10. 10

-1.71

-12.60

- 0 . 11

8.36

Reaction
product

4°K

3 8 K

3 8 K -

MAr

3 7Ar

*ci

32p

38 A r

35C1

«K

<'Ar

39C1

3aC1

41Ca

Type of
decay

(lc.fi*
/J-.EC

P-

EC

\P\ EC

(?:

Decay
Q-value
(MeV)

1.314
1.505

5.93

6.06

0.565

0.814

0.712
1. 14

1.710

3.52

1.314
1.505

ft- ! 2 .491

3.44

/3- 4.91

EC 0.427

Half life

1.26xl09y

7.71m

0.95s

2.69xl0 2y

35d

3.1 x 105y

14.3d

12. 4h

1.26xlO'y

294ns

1.83h

66m

37.3m

8 x l 0 4 y

Decay product

40Ar

3 8 A r " C ^ M A r 8

38Ar«

»K

37C1

36S
r

3 2 S

40Ca
40 A r

41K

(269y)

38 A r

4>K

max. a
(barns)

~ 3

~ 0 . 025

0.012

0. 16

1

+

0.09

0.033

2

Energy for
max. cr
(MeV)

thermal

~ 2 0

2. 1

flat >18

8

thermal

10

- 1 0

12

thermal

a at 14 MeV
(barns)

9xlO"5

0.002

0. 0047

0. 0035

8xlO"4

0.35

0.21

1.84X10"4

0.11

0.08

1.27x10-*

0.18

0.03

0.005

0.4

0.036

0.08

0. 11

0.05

8.48x10-"

0.031

0.067

5.2X10-1

0.001

1015Rs,,
/ curie \
\mol. unit flux/

1.5

33

76

57

13

5700

3420

3.0

1800

1300

2.1

81

6500

1300

1780

810

13.8

502

1090

8.5

16

Reference

1.(6)

7

97

1

7

1

20

93,96

1, 19

7

96

5

5,85

1

1

7

1

20

7

54

1,27

19

75

1

T

3

co
2-

2
to
to



(0. 64%)

(0.145%)

44Ca
(2. 06%)

(n,2n)

(n,p)

(n,t)

In, a)

(n, np)

(n, na)

nonelastic

(n,2n)

(n.p)

(n,a)

(n,2n)

(n,p)

(n.d)

(n.a)

(n, np)

(n,7)
(n,2n)

(n,p)

-15.63

-0.53

-12.94

1.75

-8 .33

-7.04

-11.47

-2 .73

0.35

-7.93

-1.04

-8.44

2.29

-10.67

7.41

-11.14

-4.88

39Ca

4°K

3 8 K

" A r

3 9 K

"At

—

41Ca

«K

39 A r

«K

4 2 K

4 0 Ar

4 2 K

45Ca

"Ca

4 4 K

P*

(?
/3+,EC

EC

EC

/3"

P~

P~

P-

P-

P~

P~

6.50
1.314
1.505

5.93

0.814

0.427

3.52

0.565

1.82

3.52

3.52

0.252

5.2

0.87s

1.3xl0 9 y

7.71m

35. Id

7. 7 x l 0 4 y

12.4h

2. 7 x l 0 2 y

22. 4h

12. 4h

12. 4h

165d

22m

3 9 K

40Ca

38 A r«c-,_38 A r !

37C1

41K

«Ca

3 9 K

43Ca

42Ca

«Ca

45Sc

44Ca

0.75

0.8

+
0.17

+

0.16

+
0.67

0.041

12

10

12

14

thermal

12

0.68

0.23

2. 7xl0" 5

3. lxlO"4

0.5

0.55

0.20

0.023

1.3

0.13

0.16

0.11

0.18

0.09

0.30

0.47

0.16

0.097

0.085

0.0013

0.23

0.02

0.002

0.54

0.4

0.035

0.040

0.046

11000

3700

0.44

5.1

8140

8950

2100

2600

1800

2930

1500

4900

2590

1570

1380

21

330

33

569

651

750

1

20

55,83

54

1

19

5

96

96

1

1

15

27

1

19

15

1

7,27

20

96

19

1

1,(6)

15

8

1,20

27

98



Nuclide
(Abun-
dance)

•"Ca
(2. 06%)

«Ca
(0. 0033%)

48Ca
(0. 0185%)

«Sc
(100%)

46T i

(7. 95%)

Type of
reaction

(n,a)

(n,7)

(n,2n)

(n,a)

(n.7)

(n,2n)

(n.P)

(n,a)

(n.7)

(n,2n)

(n, 2n*)

(n,p)

(n, 3He)

(n,o)

(n,2p)

(n,n'7)

Reaction Q-va'.ue
(MeV)

-2 .75

7.28

-10.40

5.14

-9 .95

-10.67

8.77

-11.32

0.53

-11.59

-0 .40

-9 .65

-0.8894
1st (2+) level

Reaction
product

" A r

47Ca

45Ca

43Ar

«Ca

47Ca

«K

<5Ar

«Sc

"Sc

«Scm

45Ca

43K

4 2 K

"K

«Ti

Type of
decay

/3"

/3-

/3*,EC

IT

/3-

/3"

i8"

Decay
Q-value
(MeV)

2.491

1.979

0.252

5.26

1.979

2.367

3.647

0.271

0.252

1.82

3.52

5.2

Half life

1.83h

4.53d

1.65X10M

8.8m

4.53d

83. 9d

3. 92h

2.44d

1.65xl02d

22. Oh

12.4h

22.0m

Decay product

4IK

«Sc-"7Ti
(3. 43d)

«Sc

49Sc_»497i

(57. 5m)

«Sc-"Ti
(3.43d)

4STiell<:it—•^Ti*

" C a

«Sc»-»"Ca
(3.92h)

«Sc

43Ca

42Ca

" C a

max. <7
(barns)

+

0.5

+

1

+

25

~ 0 . 32

~ 0 . 19

0.11

0.055

Energy for
max. a
(MeV)

thermal

thermal

thermal

—18

~18

8

14

a at 14 MeV
(barns)

0.045

0.032

0.002

0.65

0. 0042

0.002

2.6xlO"4

0.8

0. 0052

0.00014

8x l0 - 4

0.003

0.0023

0.14

0.11

0.06

0.05

0.12

8. 6xlO-6

0.055

0.11

2. lxlO"4

0.602

10'5R..,.
/ curie \
\mol. unit flux/

732

518

33

10600

33

4.2

13000

13

49

38

2270

1780

980

810

1980

0.14

895

1780

3.4

9800

Reference

1,19

7,27

1

1,15

19

1

74

1

20

19

58

5

74

1,7

1,7

1,27

7

20

55,56

1,7,27

19

96

47

c
D

ai

2



4 7Ti
(7.75%)

48T i

(73.45%)

(5.51%)

(n,2n)

(n.p)

(n, p*)
(n,t)

(n,t»)

(n,a)

(n,2n)

(n.p)

(n.a»)

(n, np)

(n,n'7)

(n,2n)

(n,p)

(n.o)

(n, np)

(n,7)

(n, 2n)

-13.20

-1 .58

-1 .73
-13.19
-13.46

-0 .08

-8 .88

0.18

(2.18)

-10.46

8.14

-0 .98
1st (2+) level

-11.63

-3 .21

-2 .03

-11.45

10.95

-8 .14

«Ti

"Sc

4 4Scm

44Sc«

"Sc™

43Ca

46T i

47Sc

4 4 C a " e "

«Sc

«Ti

4«T ;

4 'T>

4SSc

45Ca

47Sc

soTi

48T i

/3+,EC

IT
EC
EC

IT

(<8\EC)

/3-

P-

2.509

2.367

2.507
3.647
3.918

0.600

1.156
2.367
1.38

3.98

0.252

0.600

3.09h

84d

18.7s
4. Oh
2.44d

3.43d

4ps

84d

44h

165d

3.43d

4SSc

4 6 Ti ' x e i ' - * 4 6 Ti 8

(4DS1

46Sc«—46Ti (83.9d)
44Ca

44Sc«—44Ca
(4. Oh)

4 7Ti

«Ca

(4p*s)

48Ti,,.lt_48Ti.

45Sc

47T i

+

0.3

0.27

+
0.14

+

0.0083

0.065

0.063

+

0. 0019

35

12

11

thermal

14

14

thermal

0.02
0.01
0.051
0.3

0.25
0.166
0.22
0.048

1.15xlO-4

<2xlO"5

0.17

0.39

0.11

0.12

0.17

0. 0016

0.03

0.591

0.37

0.065
0.6

0.12
0.053
0.063

0.039

0.01

0.61

326

163

830

4900

4080
2700
3580

780

1.87
<0. 3

1780

1950

2750

26

488

1050
10000
1950
860

1030

635

162

1

7

23

2, 7, 92

53

98

20,27
98

65

65

19

15

2,7,27, 98

53

20

17

1

(6)

47

8,15

2,27
7

20,92
98

53

21.27

1

(6)

15

2
8?
ho



Nuclide
(Abun-
dance)

«Ti
(5.51%)

50T i

(5.34%)

soy
(0. 24%)

511/

(99. 76%)

Type of
reaction

(n,p)

(n,o)
(n, np)

(n,7)

(n, n'7)

(n,2n)

(n.p)

(n.o)

(n,2p)

(n, 2n)

(n,p)

(n,«)

(n,7)

(n.ni')

(n, n2')

Reaction Q-value
(MeV)

-1.22

0.23
-11.35

6.38

-1.55
1st (2+) level

-10.95

-6.11

-3.44

-17.22

-9.33

2.99

0.76

7.31

-0.319

-0.929

Reaction
product

*9Sc

<6Ca
48Sc

" T i

soTi

49T ;

"Sc

*7Ca

*<Ca

50Tj

4 7Sc

siy

siy

Type of
decay

/ 3 "

/ 3 "

/ 3 "

/ 3 -

fi-

EC

/5"

Decay
Q-value
(MeV)

2.008

3.98

2.46

6.5

1.979

5.26

0.60

0.600

3.97

Half life

57.5m

1.83d

5.8m

1.72m

4.53d

8.8m

330d

3.43d

3.76m

Decay product

49T i

«Ti«c"-»"Ti«
(3ps)

5iv«e''_»5iy«
(0. 2ns)

5OXi«cl._»50Ti«
(0. 7ps)

47Sc-47Ti
(3.43d)

«Sc-«Ti
(57. 5m)

49T i

52Cr"ci'^52Cr«
(0.7ps)

max. a
(barns)

0.033

+

0.004

+

+

+

4.9
(0. 001

Energy for
max. a
(MeV)

15

thermal

thermal
3)

a at 14 MeV
(barns)

0.033
0.03
0.023
0.10
0.039
0.005

0.003

3xlO~*

0.488

0.54

0.02
0.012

0.040

0.009

0.013

2x10-*
at 14. 7MeV?

0.54

0.074

0.074

0.028

0.048

0.002

2.7x10"*

3.7x10-*

0.006

0.006

1015Rial.
/ curie \
\mol. unit flux/

535
490
374

1600
640
81

49

5

324
195

648

145

210

8790

1200

454

778

33

4.4

6.0

Reference

1,27
7
98
20
19
1

5

74

47

15

1,7,27
98

20

1,21

17,27

96

1

20

20

1

19

1,(5), 97

75

74

51

51

or

z

I*

2.

k
o>



6 2 V

(4. 31%)

51Cr

(n,n')

(n,2n)

(n,P)

(n,d)

(n, 3He)

(n.a)

(n, na)

(n,P)

(n,«)

(n, n')

(n,2n)

(n.p)

(n,t)
(n,a)
(n, np)

(n,p)

(n,o)

total

-11.05

-1 .68

-5 .82

-12.60

-2 .06

-10.29

0.67

9.26

-12.94

-0 .26

-12.86
0.32

-9.59

1.53

2.70

51V

soy

"Ti

T i

«Sc

48Sc

4 ' Sc

B2Ti

«Sc

5 l C r

4 9Cr

soy

4sy

47T i

49y

"V

<8Ti

(Ic

P~

fi-

P~

P~

P-
EC

/3 + , (EC)

(EC

EC./3+

EC

1.033
2.215

2.46

2.008

3.98

0.600

2.008

0.752

2.56

1.033
2.215

4.013

0.60

6xl015y

5.8m

57.5m

1.83d

3.43d

57.5m

27.8d

42m

6xl015y

16. 2d

330d

(6ps)

(o!Tps) '

(0.2ns)

4 T i

(3ps)

47T i

49T i

s i y

49V—»49Ti
(330d)

r(6ps)
50Tim-»50Ti8

(0. 7ps)

48T i

+

0.037

0.035

+

13.5

0.09

13

17

thermal

20

0.60

0.65

0.47

0.036
0.033

0.028
4.8xlO-4b/sr

at 15°
< 3.3x10-*

0.022

0.042

0.018

0.002

0.005

0.018

0.055

0.002

0.74

0.009
0.024
0.029

0.36

0.28

6.6xlO"5

0.16
0.15

0.29

0.16

10600

7650

583
536

454

<5.4

356

680

292

33

81

895

33

146
390
470

5860

4560

1.1

2440

51,95

1

15

1,7,27
98

20

ref. in 59

73

1,5,7

19

27

1

85

20

19

1,(6)

73

7,17
97
23

20

27

55,83
19
1

20

19



Nuclide
(Abun-
dance)

"Cr
(83. 76%)

63Cr
(9.55%)

MCr
(2.38%)

Type of
reaction

(n,7)

(n, n'7)

(n, 2n)

(n.p)

(n,d)

(n,a)

(n, np)

(n,2n)

(n.p)

(n, 'He)

(n,a)

(n, np)

(n,7)
(n,2n)

(n,p)

Reaction Q-value
(MeV)

7.94

-1.4336
1st (2+) level

-12 .04

- 3 . 2 0

- 8 . 2 9

- 1 . 2 1

- 1 0 . 5

- 7 . 9 4

- 2 . 6 4

-12 .42

1.80

-11 .15

6.26

- 9 . 7 2

- 6 . 2 2

Reaction
product

"C,

"Cr

51Cr

5 2 V

3 , V

«Ti

5 1 V

62Cr

53V

51 T i

son

52V

6 5Cr
5 3Cr

54V

Type of
decay

EC

fi~

P~

fi-

Decay
Q-value
(MeV)

0.752

3.97

3.4

2.46

3.97

2.59

7.3

Half life

27.8d

3.77m

2.0m

5.8m

3.76m

3.5m

55s

Decay product

51V

(0. 7ps) r

H C r . . . i . _ U C l «

5 1 V

52Cr

5 5Mn

5<Cr"clt—"Cr«
(12ps)

max. a
(barns)

- 1 . 0

0.50

0.13

+

0.38

Energy for
max. a
(MeV)

~ 3

18

11

thermal

a at 14 MeV
(barns)

9. OxlO-1

0.724

0.25

0.27

0.35

0.28

0.10

0.080

0.12

0.0011 b/sr at 14°

0.054

<0. 012

1.05

0.85

0.04

0.044

0.048

0.064

<3x l0" 4

0.095

0. 0071

0.002

1.19

0.76

0.016

0. 0135

0.018

10I5R,M.

/ curie \
\mol. unit flux/

4070

4400

5700

4500

1620

1300

1950

648

715

780

1050

<4.9

116

33

259

220

293

Reference

75

47

1

7

23

88

20, 27, 97

98

7,90

52

19

52

15

8

1,97

90

98

20

73

19

90

1.(6)
15

8

20,97

90

98

3

I

a

at

c
3
g

w
i—i

Si
^3



55Mn
(100%)

(n,d)

( M )

(n,p)

(n,a)

(n,y)

(n, n')

(n,2n)

(n,p)

(n,d)

(n, 3He)

(n, a)

(n, np)

(n, 0 +
(n.n't)

-10.14

-1.55

2.16

2.27

7.27

-10.22

-1.81

-5.82

-12.702

-0.63

-8.06

s 'Ti

MCr

51V

5eMn

"Mn

5<Cr

siy

5 2 y

/S"

E C

(£-)

0-

3.5

2.46

3.702

1.379
0.69

2.59

3.5

3.97

2.0m

5.8m

2. 576h

303d

3.5m

2.0m

3.77m

"Cr

6iynt]t_,5]yj

(0. 2ns)

5 6Fe

5<Cr"c i I-»5 4Cr«
(12us)

5 5Mn

S3CT

52Cr«eit_52Cr«
(0. 7ps)

+

13

1.0

0.090

0.034

thermal

17

15

14

0.044

4. 8xlO-4b/sr
at 15°
0.013

0.007
0.047

0. 0125

0.15

0.059

7.6X10"4

0. 0012

0.355

0.8

0.9

0.84

0.083

0.04

0.036

0.043

3. 5xlO-4b/sr
at 14°

1.4xlO-4b/sr
at 15°

0.003

8. OxlO"4

0.034

0.046
<0. 008 b/sr

at 15°
0. 0049

at 22. 5MeV

720

211

111

765

204

12

20

13000

15000

13700

1340

650

583

49

13

551

745

27

ref. in 59

1,27, 90

97

19

90

20

19

(5), 42

74

95

2

7

23

1

7

27

42

52

59

42

54

1, 7, 27

19

52

60

t 3



Nuclide
(Abun-
dance)

55Mn
(100%)

sfMn

54F e

(5.84%)

55 F e

5«Fe
(91. 68%)

Type of
reaction

(n, 2p)

nonelastic

(n.p)

(n,a)

(n,7)

(n, n'7)

(n, n')

(n, 2n)

(n,p)

(n,t)

(n, t*)

(n,a)

(n, np)

(n,p)

(n,a)

(n.7)

(n, n'7)

(n,n')

Reaction Q-value
(MeV)

9.30

- 1 . 4 0 9
1st (2*) level

- 1 3 . 3 8

0.09

- 1 2 . 4 3

0.84

- 8 . 8 5

1.00

3.58

7.65

-0 .8469
1st (2+) level

Reaction
product

54V

=«Cr

53 V

55Fe

54Fe

"Fe

53Fe

MMn

52Mn

52M nm

5'Cr

"Mn

«Mn

*2Cr

"Fe

»«Fe

sepe

Type of
decay

fi-

fi-

EC

/3+,(EC)

EC

EC, j8+

/3+, (EC)

EC

EC

Decay
Q-value
(MeV)

7.3

1.6

3.5

0.232

3.98

1.379

4.708

5.091

0.752

0.598

Half life

55s

5.9m

2.0m

2.6y

8.5m

303d

5.7d

21m

27.8d

2xl0 6y

Decay product

5< C re Ici._H .54C r E

(12ps)

56Mn—MFe
(2. 576h)

"Cr

»Mn

"Mn-*53Cr
(2xl06y)

54C r".-*54C r ,

(12ps)

52Cr°—52Cr"
(0.7ps)

52Crm-*52Cr«
(0. 7ps)

5 1 V

=3Cr

max. a
(barns)

2.5

~0.08

0.55

+

+

+

+

~2.7

Energy for
max. a
(MeV)

thermal

18

9

thermal

a at 14 MeV
(barns)

2xlO"4

1.6 at 8 MeV

0.033

0.041

0.002

0.480

0.600

0.01

0.014

0.35

0.44

5xlO"5

1.0x10-'

4xlO-4

9.5xl0 ' 5

0.09

0.11

0.11

0.23

0.16

0.584

0.950

10"R..,.
/ curie \
Vmol. unit flux/

3

537

667

33

162

227

5700

7160

0.81

0.16

6.5

1.5

1470

1790

1790

Reference

96

96

20

19

1.(6)

47

96

1,7

23

2, 7, 27,92

20

1

83

1,54

83

1,7

19,27

1

20

19

(6)

47

96

a

I



57Fe
(2.17%)

58Fe
(0.31%)

"Co

(n,2n)

(n,p)

(n.d)

(n,t)

(n,a)

(n, np)

nonelastic

(n, 2n)

(n,p)

(n,a)

(n, np)

(n,7)

(n,2n)

(n,p)

(n,a)

(n,p)

(n,o)

-11.20

-2.92

-7.97

-11.93

0.32

-10.19

-7.65

-1.78

2.40

-10.56

6.59

-10.04

-5.32

-1.39

3.09

3.54

56F e

wMn

5fMn

MMn
53Cr

S5Mn

a F e

5 'Mn

"Cr

*Mn

59Fe

57Fe

58Mn

65Cr

MFe

BSMn

EC

fi-

EC

fi~

fi-

fi-

P-

0.232

3.702

1.379

2.7

3.702

1.573

6.5

2.59

2.6y

2.58h

303d

1.7m

2.58h

46d

1.1m

3.5m

5SMn

56F e

"Cr ls '^"Cr«

57Fe

66F e

59Co

5«Fe

5SMn

+

0.12

0.10

+

0.98

+

+

13.5

15

thermal

0.34

0.49

0.12

0.098

0.11

5.1 x lO"4 b/sr
at 15°

4. 5xlO"5

0. 0023

0.09

0.035

~1.3

0.87

0.09

0.054

0.070

0.004

0.0061

0.002

1.0

0.015

0.007

0.019

0.012

0.017

0.022

0.14

0.081

5540

7980

1940

1590

1800

0.73

1460

875

64

33

243

111

308

194

275

356

1

23

2,20, 27,
45,85,92

98

7

ref. in 59

65

17

19

73

96

15

1

20, 27, 98

19

1

52

1.(6)

15

1

98

20

1

19

27

20

19

2
S



Nuclide
(Abun-
dance)

59Co
(100%)

MCo

Type of
reaction

(n,7)

(n, n')

(n, 2n)

(n, 2n*)

(n,p)

(n,d)

(n,t)

(n, 3He)

(n,a)

total
p emission

nonelastic

(n,p)

(n.«)

Reaction Q-value
(MeV)

7.49

-10.46

-0 .78

-5 .18

-8 .93

-11.61

0.32

1.44

Reaction
product

60Co

M Co

58Co

^Co™

59Fe

5 8Fe

S7Fe

57Mn

56Mn

«°Fe

"Mn

Type of
decay

fi-

EC,/3*
(/S-)

IT

/3-

fi-

fi-

C/3-]

fi-

Decay
Q-va!ue
(MeV)

2.819

2.309
0.39

0.025

1.573

2.7

3.702

0.14

2.7

Half life

5.26y

71d

9h

45d

1.7m

2.58h

3 x 1 0 ^

1.7m

Decay product

(10. 7ps)

58F e

58Co»—58Fe
(71. 3d)

MCo

57F e

56F e

60Com—«°Co«—'"Wi
(10.5m) (5.26y;

57F e

max. a
(barns)

20

+

+

0.85

±

+

0.029

Energy for
max. a
(MeV)

thermal

~ 1 8

4

14

a at 14 MeV
(barns)

0.003

0.78

0.25

0.508

0.65

0.38

0.42

0.08

0.534

0.072

0.06

1.5xlO-4b/sr
at 15°

0. 0018

6.2xlO-5

0.029

0.065

0.053

0.026

0.0011

0.10

1.4

0.028

0.019

1015R,.,.
/ curie \
\mol. unit flux/

49

4070

8270

10600

6160

6840

1300

8700

1170

980

1.0

470

1060

860

420

18

456

309

Reference

1

95

1

63

7

1

7

1

63

20,27

7

ref. in 59

1

54

2,7, 27

93

19

63,92

17

70

96

20

19

Ha

c-

<
a
O

3
O-

c

°<



(67. 76%)

69N i

(n.p)

(n,«)

(n,T)

(n. n'7)

(n, n')

(n, 2n)

(n.p)

(n, P*)

(n,d)

(n,t)

(n, 3He)

(n.a)

(n, a*)

(n, np)

(n, na)

total
p emission

(n.p)

(n.a)

4.02

5.54

9.00

- 1 . 4 5
1st (2+) level

- 1 2 . 2 0

0.39

- 5 . 9 5

11.08

- 6 . 4 7

2.89

- 8 . 1 8

- 6 . 3 9

1.86

5.09

67Co

"Fe

»Ni

•Ni

5 7Ni

«Co

"Co™

67Co

"Co

"Fe

5 5Fe

57Co

*Fe

"Co

56F e

EC

EC

EC, fi*

EC,/3+

IT

EC

EC,/3+

EC

IT

EC

0.837

1.073

3.24

2.309

0.025

0.837

4.57

0.232

1.322
1.412

0.837

270d

8xl04y

36h

71d

9. Oh

270d

77d

2.6y

270d

57F e

59Co

(270d)

58F e

58Cog_^MFe

(71.3d)

S7Fe

(7p») e

«Mn

(2.~6y)

5 7Fe

•—4.4

+

0.65

0.41

0.55

0.11

+

thermal

8

11

14

12

0.60

0.30

lx lO- 1

0.218

0.36

0.023

0.039

0.034

0.45

0.122

0.37

0.19

0.55

9.2x10-=

0.11

0. 0014

0.0044

0.24

0.32

0.030

0.036

0.42

0.26

0.23

9770

1.6

373

7330

1980

6000

3100

8950

1.5

1790

23

72

3910

5200

20

19

1.(6)

47

96

1,7

63

23

1, 7, 92

63

1

7

1

65

2

17

17

1

73

96

79

70

20

19



Nuclide
(Abun-
dance)

eoNi

(26. 16%)

6iN i

(1.25%)

62N i

(3. 66%)

Type of
reaction

(n.n'-y)

(n,2n)

(n.p)

(n, p*)

(n,d)

(n.t)

(n,o)

(n, np)

(n,2n)

(n,p)

(n,a)

(•>,«*)

(n, np)

(n.np*)

(n,7)

(n,2n)

(n.p)

(n.p*)

(n,a)

Reaction Q-value
(MeV)

-1.3325
1st (2+) level

-11 .39

- 2 . 0 4

- 7 . 3 1

-11 .51

1.35

- 9 . 5 3

- 7 . 8 2

- 0 . 5 3

3.57

- 9 . 8 6

6.84

-10 .60

- 4 . 4 4

- 0 . 4 4

Reaction
product

eoNi

59Ni

6 0Co

*>Co™

5 9Co
5 8Co
5 7 Fe

5 9Co

60N i

6 1Co

5!F e

58Fe«ci,

6°Co

eoco^

63 N i

6 1 N i

6 J Co

"Co™

5,F e

Type of
decay

EC

fi-

IT

EC, /3+

0-

IT

P-

IT

/3-

fi-

P-

0-

Decay
Q-value
(MeV)

1.07

2.819

0. 0586

2.309

1.29

0.810

2.819

0. 0586

0.062

5.22

1.573

Half life

8xl0 4 y

5.26y

10.5m

71.3d

99m

7ps

5.26y

10.5m

92y

13.9m

1.6m

45d

Decay product

59Co

60M|

(5. 3y)

58Fe

6 1 N i

5 8 F e ,

' (O.Tps) '

(5^3y) '

63Cu

62Ni

62 N ;

59Co

max. a
(barns)

+

0.14

0.014

+

20

0.022

0.022

+

Energy for
max. c
(MeV)

13

13

thermal

14

14

a at 14 MeV
(barns)

0.515

0.24

0.36

0.13

0.112

0.013

0.095

0.03

0. 0019 b/sr at 15°

6.1X10-5

0.0043

0.091

0.068

0.46

0.80

0.096

0.088

0. 0007

0.0011

0. 0033

0. 0033

0.003

0.81

0.022

0.022

0.017

/ curie \
\mol. unit flux/

3910

5900

2120

1820

211

1540

500

1.0

1560

1430

18

54

54

49

356

356

277

Reference

47

1

15

1, 7, 92

98

1

98

7

ref. in 59

65

17

19

73

15

8

27,98

19

17

17

1

1

1

15

1,98

1

1,27

0)

cr

s.

3a.
c

f*"



64N;

/1 1 a 0/1
(1. lo%)

63Cu
(69.1%)

(n, np)

(n,7)

(n,2n)

(n,p)

(n, P*)

(n,a)

(n, np)

(n,7)

(n.n')

(n,2n)

(n,p)

(n, 3He)

(n.o)

(n.a*)

(n, np)

-11 .12

6.10

- 9 . 6 6

- 6 . 2 2

- 2 . 4 3

-12 .54

7.92

-10 .85

0.72

- 9 . 5 1

1.72

- 6 . 1 2

"Co

65Ni

63 N i

"Co

" C o "

6 1Fe

6 3Co

"Cu

6 2Cu

"Ni

61Co

6°Co

eoCo"

62N i

fi-

t

(/3\EC

fi'.EC

t

P~

IT

1.29

2.13

0.062

3.8

3.6

0.573
1.678

3.98

0.067

1.29

2.819

0.0586
2.877

99m

2.56h

92y

7.8m

2.0m

6.0m

52s

12.8h

9.8m

92y

1.65h

5.26y

10.5m

' (5. 2ns)

65Cu

63Cu

(99m)

(92y) "

MZn

62Ni

"Cu

(5. 2ns)

60Ni

60CoK—*60Ni
(5. 26y)

+

1.6

+

+

+

44

1.0

0.12

+

0.050

0.027

thermal

32.4

thermal

19

14

11

12

0.022

0. 0036

0.003

1.0

1.2

0.002

0.005

0.002

0.001

0. 0045

0.005

0. 0035

0.004
0.0025

0.650

0.5

0.535

0.56

0.12

0.077

0.0016

1.13X10"4

0.038

0.0028

0.025

0.15

358

58

49

16300

19600

32

81

32

16

73

81

56

65
40

8100

8700

9120

1950

1250

26

1.8

619

46

405

19,21

1

1.(6)

1

15

1

7

1

1

19

7,27

1

92
6

96

2,7,85

97

23

1,27, 98

20

1

54

2,7,27,92

17

1

5



Nuclide
(Abun-
dance)

65Cu
(30.9%)

6<Zn
(48.39%)

Type of
reaction

(n,7)

(n,2n)

(n.p)

(n, 3He)

(n,a)

(n, a*)

(n, na)

(n.7)

(n,n'7)

(n,2n)

(n,p)

(n,d)

(n,t)

(n,a)

(n, np)

Reaction Q-value
(MeV)

7.07

- 9 . 9 0

- 1 . 3 5

-12 .26

- 0 . 0 9

- 6 . 7 7

7.98

-0 .992
1st (2*) level

-11 .86

0.21

- 5 . 4 8

-10 .21

3.87

- 7 . 7 1

Reaction
product

66Cu

"Cu

65 N i

"Co

62Co

«Co»

61Co

«5Zn

«Zn

"Cu

"Cu

62Cu

6 1 N i

63Cu

Type of
decay

fi-

\P\ EC

P-

P-

P-

P-

P-

P+, EC

(P-
IEC, p*

P\ (EC)

Decay
Q-value
(MeV)

2.63

0.573
1.678

2.13

3.6

5.22

1.29

1.35

3.366

0.573
1.678

3.94

Half life

5.1m

12. 9h

2.56h

52a

13.9m

1.6m

1.65h

245d

38m

12. 8h

9.76m

Decay product

66Zn

"Zn

65Cu

(92*y)

"Ni

62Ni

6iN i

65Cu

"Cu

"Zn
"Ni

62N i

max. 0
(barns)

2

1.1

0.021

+

0.038

+

+

0.5

0.4

0.29

Energy for
max. a
(MeV)

thermal

18

14

14

thermal

18

11.5

a at 14 MeV
(barns)

0.006

0.380

0.9

0.97

0.021

0.027

0.029

~ 0 . 001

0.011

0.038

0. 0018

0. 0018

0.006

0.003

0.451

0.125

0.191

0.018
0.160
0.20
0.211
0. 0026

l.OxlO-4

3. 4X10-5

0. 0066

0.077

0.4

1015R..,
/ curie \
Imol. unit flux/

97

14600

15700

340

430

470

- 1 6

178

620

29

29

49

2030

3100

293

2450
3240
3420

1.6

0.54

Reference

6

76

2

23

1,66

98

20,27

5

1

66

1

1

85

1

47

1,7

23,97

13,27
98

20

97

96

55,96

54

17

19

5

-J

to
to



66Zn
(27.81%)

67Zn
(4.11%)

68Zn
(18. 56%)

(n, n'7)

(n.2n)

(n,p)

(n,a)

(n, np)

(n,2n)

(n,p)

(n,a)

(n, np)

(n.7)

(n, 7*)

(n,n'7)

(n, 2n)

(n.p)

(n.o)

-1.039
1st (2+) level

-11.05

-1.85

2.27

-8.92

-7.05

0.21

4.88

-8.91

6.48

-1.078
1st (2*) level

-10.20

-3.80

0.78

66Zn

6SZn

66Cu

63 N i

MCu

66Zn

6 7Cu

MNi

6 6Cu

69Zn

6 9Znm

68Zn

67Zn

<*Cu

65 N i

EC,/3+

/?"

fi-

P-

IT

fi-

P-

1.35

2.63

0.067

0.57

2.63

0.90

0.439

4.6

2.13

245d

5.1m

92y

59h

5.1m

57m

13.8h

30s

2.56h

65Cu

66Zn

63Cu

67Zn

66Zn

69Zn»-69Ga«
(245d)

68Zn

+

0.076

+

0.58

+

0.1

1.0

0.01

0.1

+

13

14

thermal

thermal

thermal

thermal

0.673

0.53

0.74

0.8

0.076

0.072

0.078

0.043

0.025

0.05

0.91

1.0

0.058

0.065

0.140

0.042

0.032

0.01

0.003

3xlO- 4

0.440

1.0

0.73

0.025

0.011

0.017

0. 0098

0.010

8630

12000

13000

1230

1170

1260

700

407

940

1050

2280

680

162

48

5

405

179

275

159

162

47

1

23

7

1,7,27,97

98

5,20

1

19

5

15

8

1

20

97

27

19

1

1

(5)

1

(5)

47

15

8

5,20

97

27

98

13,27, 97

g
50

8



Nuclide
(Abun-
dance)

/ i n cfio/'\
(18. 5b%)

70Zn
(0. 62%)

69Ga
(60.2%)

71Ga
(39.8%)

Type of
reaction

(n,a)

(n, np)

(n,7)

(n,2n)

(n,2n*)

(n,p)

(n.«)

(n, na)

(n,7)

(n, 2n)

(n.p)

(n,P»)

(n,a)

(n,7)

(n,2n)

Reaction Q-value
(MeV)

0.78

-9.99

5.84

-9.22

-5.067

-0 .71

-5 .93

7.65

-10.31

-0.12

2.58

6.52

-9.30

Reaction
product

65N i

"Cu

7 1Zn

6 'Zn

6 9Znm

7°Cu

67N i

»Ni

70Ga

68Ga

69Zn

69Zn™

66Cu

72Ga

70Ga

T y p e of
decay

0-

fi-
0-

0-

IT

0~

0-

(/3\EC)
0\ EC

0-

IT

0-

0-

0-
{0\ EC)

Decay
Q-value
(MeV)

2.13

0.57

2.61

0.901

0.439

4.1

0.20

1.66
0.653

2.920

0.901

0.439

2.63

4.00

1.66
0.653

Half life

2. 56h

59h

2.4m

57m

13. 8h

50s

55h

21.1m

68.3m

57m

13. 8h

5.1m

14. lh

21.1m

Decay product

65Cu

«Zn

71Ga

69Ga

(57m)

(59h) "

(51m)

70Ge

68Zn

69Ga

(57m)

66Zn

72Ge

70Ge

max. a
(barns)

+

0.1

0.61

+

2

1.2

0.046

0.046

5

Energy for
max. a
(MeV)

thermal

18

thermal

17

12

12

thermal

a at 14 MeV
(barns)

0. 0078

5 X 1 0 -

0.002

0.3

1.3

0.9

0.57

0. 0070

0. 0095

0. 0017

8xlO"4

8.9x10-*

0.002

0.9

0.82

0.10

0.043

0.017

0.036

0.043

0.026

0.021

0.018

0.002

0.9

/ curie \
\mol. unit flux/

126

8

32

4860

21100

14600

9280

154

27

13

32

14600

13300

1620

697

275

583

696

422

340

292

32

14600

Reference

19

1

1,5

1

7

1

13

20

1

19

1

73

1,5

1,7

97

23

1

7

27

1,85

98

7

7,27

1,5

1



'°Ge
(20. 55%)

"Ge
(27. 37%)

"Ge
(7.76%)

(n,p)

(n, P*)

(n, 3He)

(n,a)

(n, na)

(n,7)

(n, n'7)

(n,2n)

(n,p)

(n,t)

(n.n'7)

(n,2n)

(n,p)

(n,o)

(n,a*)

(n,2n)

-2 .02

-2 .15

-11.04

0.93

-5 .26

7.42

-1.040
1st (2+) level

-11.53

-0.87

-10.48

-0.835
1st (2+) level

-10.75

-3 .21

1.48

- 6 . 7 8

71Zn

"Zn"1

59Cu

68Cu

67Cu

"Ge

7°Ge

69Ge

7°Ga

MGe

72Ge

"Ge

"Ga

69Zn

69Zn-

"Ge

/3-

/3+,(EC)

/3"

/3"

EC

EC, ,3*

(y3+,EC)

i8+,EC

EC

fi-

/9"

IT

2.61

2.9

4.8

4.6

0.57

0.23

2.225

1.66
0.653

2.920

0.234

4.00

0.901

0.439

2.4m

4. Oh

3m (81s?)

30s

59h

11.4d

38h

21.1m

68m

11.4d

14. lh

57m

13.8h

"Ga

71Ga

59Ni-*59Co
(8x10^)

68Zn

67Zn

71Ga

69Ga

70Ge

68Zn

7IGa

"Ge

69Ga«
6 9 Zn^ 6 9 Ga"

(57m)

0.033

0.021

+

3.4

0.9

0.17

+

0.068

0.008

0.008

13

13

thermal

18

10

13

14

14

1.1

0.032

0.008

0.005

0.020

0.0125

0.01

6. 6x lO" 5

0.06

0.004

0.003

0.80

0.54

0.575

0.65

0.10

0.077

4xl0" 5

0.42

0.73
0.84
0.065
0.031
0.04
0.042
0.008

0.008

0.011

1.2

1.05

17800
518

130

81

324

203

162

1.1

972

64

48

8750

9350

10500

1620

1250

0.7

11800
13600

1050
553

650

682

130

130

179

23

1

98

7

1

98

7

54

7

1

1,5

47

1,7

97

23

1,20

27

55,83

47

1

15

1

98

7,27
97

1

1

97

8

15

>w
2



Nuclide
(Abun-
dance)

73Ge
(7.76%)

74Ge
(36.74%)

76Ge
(7.67%)

"As
(100%)

Type of
reaction

(n,p)

(n,a)

(n,n'7)

(n, 2n)

(n.p)

(n, 3He)

(n.a)

(n, np)

(n,7)

(n, n'7)

(n,2n)

(n.2n*)

(n.p)

(n, na)

(n,7)

(n, n'7)

(n.2n)

Reaction Q-value
(MeV)

-0.77

3.91

6.49

-0.5960
1st (2+) level

-10.20

-4 .72

-12.15

-0 .44

-10.87

6.02

-0.5632
1st (2+) level

-9 .44

-5.94

-7 .51

7.33

-10.24

Reaction
product

73Ga

7°Zn
75Ge

74Ge

73Ge

74Ga

72Zn

71Zn

71Zn»

73Ga

77Ge

7«Ge

75Ge

76Ga

72Zn

76As

75 As"

74As

Type of
decay

fi-

IT

03*. EC)

IT

Decay
Q-value
(MeV)

1.55

1.20

5.5

0.45

2.61

2.91

1.55

2.75

1.20

0.139

0.45

2.97
0.92

0.304

2.564
1.36

Half life

4.9h

82.0m

7.9m

46.5h

2.4m

4. Oh

4.9h

1.3h

82m

48s

32s

46. 5h

26. 5h

17ms

17.9d

Decay product

(0. 53s)

"As

74Ge

72Ga-»72Ge
(14. lh)

71Ga

71Ga

73 G e m_ > 73 G e B

(0. 53s)

77As-*77Se
(38.7h)

75As

(82m)
76Ge

72Ga-*"Ge
(14. lh)

76Se

75As
74Ge

max. a
(barns)

0.5

0.1

1.3

1.1

5

1.2

Energy for
max. a
(MeV)

thermal

thermal

15

15

thermal

17

o at 14 MeV
(barns)

0.02

0.027

0.030

0.016

0.00012

0.003

0.477

1.13

0.01

0.012

<lx lO" 4

0.015

0. 0035

0.020

6.7xlO"4

0.001

0.204

1.2

1.0

0.0049

0. 0031

7xlO"4

0.0010

0.003

0.13

1.1

/ curie \
\mol. unit flux/

320

439

486

260

48

162

195

243

56

325

11

16

19400

16200

79.4

50.4

11.3

16

48

2110

17900

Reference

7,27

98

20

97

18

1,5

47

15

7,20,27

97

73

1

1

P7

96

1,5

47

1,7

7

20

97

1

96

1,6

5,57

1.7

8.

I
n

8.

2



74Se
(0.87%)

"Se
(9.02%)

"Se
(7. 58%)

(n,p)

(n, P*)

(n,3He)

(n,a)

(n,2p)

(n.7)

(n, 2n)

(n,2n»)

(n.p)

(n,n"y)

(n,2n)

(n.p)

(n,2n)

(n.p)

- 0 . 4 1

-10 .148

1.20

- 1 1 . 6 2

8.02

- 1 2 . 0 7

- 0 . 5 7

-0 .5593
1st (2+) level

- 1 1 . 1 6

- 2 . 1 9

- 7 . 4 2

0.10

75Ge

"Gem

"Ga

"Ga

74Ga

"Se

"Se

" S e m

7 4As

76Se

75Se

76As

"Se

" A s

IT

P~

P~

P~
EC

EC./3+

EC/3*

//9\EC
1/3-

EC

03*, EC)

/9-

1.20

0.139

1.35

4.00

5.60

0.865

2.75

2.8

2.564
1.36

0.865

2.97
0.92

0.68

82m

48s

4.9h

14. lh

7.9m

120d

7.1h

42m

17. 9d

120d

26.5h

38.7h

75 As

75G e ,_75A s

(82m)

(0. 53s)

72Ge

74Ge

" A s

(80.3d) (0.53s)

"As—73Gem—73Ge«
(80.3d) (0.53s)

74Ge
" S e

" A s

76Se

"Se

0.02

0.02

0.012

30

~0.6

+

0.1

+

0.06

14

14

15

thermal

- 1 4

14

1.02

1.11

0.02

0.029

0.018

5. 78xlO"4

3.5X10"6

0.011

0.51

0.003

0.26

0.035

0.2

0.1

0.13

0.483

0.73

0.06

0.059

0.075

0.93

0.04

0.055

0.036

16600

18100

324

472

291

9.4

0.06

178

8300

48

4210

569

3240

1600

2090

5970

970

960

1220

650

891

583

88

23

1,7,27

98

7

54

55,56

1,7,27

96

1,6

1,7

1

7

1,7

20,27,98

47

1

1

20,27

98

15

7

20

27,98

s



Nuclide
(Abun-
dance)

78Se
(23. 52%)

«°Se
(49.82%)

Type of
reaction

(n,7)

(n.7*)

(n, n'7)

(n,2n*)

(n,p)

(n, P*)

(n,a)

(n.a*)

(n,7)

(n,n'7)

(n,2n)

(n,2n*)

(n.p)

(n,a)

(n,a*)

(n,d)
+ (n,np)

Reaction Q-value
(MeV)

6.98

-0.6142
1st (2+) level

(-10.50)

-3.49

0.46

0.46

6.70

-0.6662
1st (2+) level

-9.90

-5.22

-0.95

-9.23
-11.5

Reaction
product

79Se

7 9Sem

78Se

77Se»

7 8As

7 8 A s "

7 5Ge

- G e -

81Se

8°Se

7»Se

79S em

""As

77Ge

"As

Type of
decay

/3"

IT

IT

0-

0-

IT

0-

0-

IT

0-

t

/IT
1/9-

0-

Decay
Q-value
(MeV)

0.154

0.096

0.161

4.3

1.20

0.139

1.58

0.154

0.096

6.0

2.75

0.159
2.91

2.2

Half life

6. 5x l0 4 y

3.9m

17.5s

91m

6m

82m

48s

1.86m

6. 5x l0 4 y

3.9m

15.3s

1.3h

54s

9.0m

Decay product

79Br

(<6 . 5xl0 4 y)

77Se

78Se

"As

75Ge«—"As
(82m)

8IBr

79Br«

(6 .5xl0 4 y)

80Se

(38. 7h)

77 G e B _ > 77 A s _ > 77 S e

(38.7h)

79Qgm ^79Cpg >79P-.g

(3.9m)(^6.5xl04y)

max. a
(barns)

0.06

0.4

1.2

+
+

0.53

+

+

1.4

+

Energy for
max. a
(MeV)

thermal

thermal

16

thermal

15

a at 14 MeV
(barns)

7xlO-4

0.002

0.617

0.8

1.0

0.021

0.017

0.031

8xlO"4

0.006

0.0076

0.002

0.444

0.27

1.2

0.09

0.8

0.016

0.0081

0.037

0.006

0.006

<8xlO"4

1015R,.,
/ curie \
\mol. unit flux/

11

32

13000

16200

340

276

502

13

97

123

32

4400

19500

1460

13000

259

131

599

97

97

<13

Reference

1

1,5

47

7

15

1,27

98

20

1

1

7

1,5

47

1

15

1

7

7

20

1

7

7

52

o

a.

2
<:

c



82Se
(9.19%)

79Br
(50. 52%)

81Br
(49. 48%)

(n,7)

(n, 7*)

(n,2n)

(n,2n«)

(n,7)

(n,7*)

(n,2n)

(n.P*)

(n.o)

(n.7)

(n,7*)

(n,2n)

(n. 2n*)

fn,p)

(n, P*)

(n,o)

(n, na)

5.93

-9 .27

7.88

-10.69

(0.64)

1.86

7.60

-10.16

-0 .81

-0 .90

0.43

-6 .48

83Se

" S e -

81Se

8 'Sem

80Br

80Brm

78Br

7>Se»

76 As

8JBr

82Brm

80 B r

81Se

81Sen,

78As

77 As

fi-

IT

fi-

IT

/3+,EC

IT

/5-

/3-

IT

(EC, fi*)

IT

fi-

IT

fi-

fi-

3.6

3.82

1.58

0.103

1.871
2.01

0.086

0.70
3.57

0.096

2.97

3.092

0.046

1.87
2.01

0.086

1.58

0.103

4.3

0.68

25m

70s

18.6m

57m

17.6m

4.38h

6. 5m

3.9m

26.5h

35.3h

6.1m

17.6m

4.38h

18.6m

57m

91m

38.7h

(2.41h)(1.9h)

(24. l h K l . 9h) r

81Br

81Se«-H-81Br
(18.6m)

8°Se
8°Kr

(17.6m) x 8 ° K r

76Kr
78Se

"Se«—79Br«
(<6 .5x l0 6 y)

76Se

82Kr

82Brg_82Kr

(35. 34m)

80Se
80Kr

(17 6 m ) < : ^

8lBr

(18. 6m)

78Se

77Se

0.004

0.05

+

+

10

2.7

0.0135

0.26

3.0

+

0.8

+

+

+
. j

thermal

thermal

thermal

thermal

14.5

thermal

thermal

16

2xlO"«

0.002

0.09

0.3

1.45

0.001

0.001

0.77

0.90

0.955

1.07

0.01

0.013

3xlO-4

0.003

0.44

0.7

0.022

0.022

0. 0153

0.007

0.005

6

32

1460

4860

23500

16

16

12500

14600

15500

17400

160

211

5

50

7200

11000

360

360

249

110

81

1

1

1

7

1

1,5

1,5

1

7

97

23

7

1,7,27

1,5,97

1,5

1,89

1, 7,89

1

1

98

1,27

1



Nuclide
(Abun-
dance)

78Kr
(0. 354%)

83Kr
(2.27%)

84Kr
(56.9%)

82Kr
(11.56%)

86Kr
(17.37%)

85Rb
(72.15%)

Type of
reaction

(n,2n)

(n,p)

(n, 2n)

(n,2n»)

(n, P*)

(n,7)

(n,2n)

(n,p)

(n, 2n)

(n.p)

(n,2n)

(n,2n»)

(n.a)

(n,7)

(n.7*)

(n,2n)

Reaction Q-value
(MeV)

-11.98

0.09

-11.53

-1 .23

7.11

-10.52

-3 .92

-10.98

-2 .31

-9 .86

-2 .18

8.65

-10.48

Reaction
product

"Kr

78Br

"Kr*

7 9Krm

soBrm

8 5Kr

83Kr

M Br

I'Kr™

82Br«

85Kr

85Krm

83Se

86Rb

8«Rbm

w R b

Type of
decay

/3+,EC

/3+,EC
(/3")

EC,/S+

IT

IT

I T

/>"

/3"

llT

/ S "

/S-
(EC)

IT

/EC, 18
+

Decay
Q-value
(MeV)

2.9

3.57
0.70

1.62

0.127

0.086

0.97
0.67

4.7

0.190

3.092

0.67

0.97
0.305

3.6

1.78
0.54

0.56

2.680
0.886

Half life

1.2h

6.5m

34. 9h

55s

4.4h

4.4h
10. 76y

31.8m

13s

35.4h

10. 76y

4. 4h

25m

18. 7d

1.04m

33d

Decay product

"Br~"Se
(57h)
78Se
78Kr

" B r

79Kr^«Br
(34. 9h)

(17.6m) N s e

85Rb

8<Kr

81Kr«^81Br«
(2.1 x 105y)

82Kr"< i '-82Kr»

86Rb

«5Rb"-^85Rb
85Kr«-*85Rb

(10y)

« 3 Br^ f B Kr"^«Kr
(2.41h)(1.86h)

86Sr

86Rb«-8«Sr
(18d)

"Kr
MSr

max. a
(barns)

0.10
~0.06

2

0.2

~1.2

Energy for
max. a
(MeV)

thermal

5xlO"4

5X10-1

16

10'5R,.t
a at 14 MeV i / c u r I e ' ^

(barns) - .
\mol. unit nux/

0.245

0.072

0.810

0.415

0.055

0.037

1.1

0.009

0.0073

0.160

0.023

1.3

0.35

0. 0012

0.002

2X10-1

1.0

0.7

0.62

3990

1170

13200

6760

895

602

150

118

2600

374

21200

5700

19

32

3

16300

11000

10100

Reference

96

20

96

7

7

20

(6)

15

7

20

7

96

15

7

7

1,6

1

7

1

88

•pa

CO

<

2

1



87Rb
(27.85%)

(0. 56%)

(n, 2n*)

(n,P*)

(n,a)

(».«•)

(n,7)

(n,2n)

(n, 2n*)

(n.p)

(n,a)

(n,a*)

(n, na)

(n,7)

(n,7*)

(n,2n)

(n.p)

(n, P*)

-0.20

0.99

6.08

-9.93

-3.11

-1.21

-8.00

8.53

-12.01

-0.10

-0.57

M R b m

8 5Kr»

82Br

82Brm

8«Rb

86Rb

•eRb-

-K,

8«Br

84Br=

83Br

85Sr

83Sr

8 4Rb

8<Rb™

IT

(IT

(EC)

IT

(EC)

IT

fr

fi~

P-

EC

/IT
\EC

EC,/9+

IT

0.464

0.97
0.3050

3.092
0.09

0.046
3.138

5.2

1.78
0.54

0.56

3.89

4.7

~0.5

0.97

1.11

0.237
1.34

2.21

2.680
0.886

0.464

20m

4.4h

35.3h

6.1m

17.8m

18.7d

1.04m

76m

31.8m

6m

2.41h

64d

70m

32.4h

34. 5d

21m

-Rb<:i/

85Rb

(10y)
8*Kr

82Br«—82Kr
(35h)

88Sr

86Sr

(18d)

"Rb-'-^Sr'
(5xl010y)

wKr

8<Kr

83Kr™—83Kr«
(1.9h)

85Rb

(64dT85Rb
8 3Rb-8 3Kr

(83d)

8<Kr

8 4 R b ,^«^Kr

(34.5d)X 8 < S r

+

0.5

0.005

+
0.01

+

0.12

+

1.2

+

+

+

+

+

0.4

0.65

+

1.5

18

15.5

18

thermal

16

thermal

thermal

18

0.7

. 0.34

0.35

0.004

0. 0047

0.06

0.007

0.06

5x10-*

0.58

1.1

0.58

0.0048

0.012

0. 0019

0.023

0.002

0.023

0.002

0. 0012

0.001

0.001

0. 13

0.9

0.096

0.047

11000

5500

64

76

970

113

972

8

9440

17900

9400

78

195

30

373

32

373

32

19

16

16

2110

15000

1560

764

1

88

7

7

98

1

7,27

1

1,6

1

7

1

1

98

20

1

7

1

7

1

1,5

1.5

1

7

98

98

fe
w



Nuclide
(Abun-
dance)

86Sr
(9.86%)

87Sr
(7.02%)

88Sr
(82.56%)

89Y

(100%)

Type of
reaction

(n,7*)

(n,2n)

(n,2n*)

(n.p)

(n,P*)

(n,n')

(n,7)

(n, n'7)

(n, 2n*)

(n.p)

(n,t)

(n,a)

(n.a*)

(n.7)

Reaction Q-value
(MeV)

(8.43)

-11.49

-0 .99

6.36

-1.8362
1st (2+; level

(-11.11)

-4 .52

-12.05

-0 .79

6.86

Reaction
product

8'Srm

85Sr

"Sr»

86Rb

"Rb»

8 7 Sr-

8 'Sr

-S r

« & -

88Rb

8«Rb

85Kr

8 5 K r -

9 0 Y

Type of
decay

IT

EC

/IT

fi-

IT

IT

IT
(EC)

/3"

/8-

fi-

IT

fi-

Decay
Q-value
(MeV)

0.388

1.11

0.237
1.34

1.78

0.56

0.388

1.463

0.388

5.2

1.78

0.67

0.305

2.27

Half life

2. 83h

64d

70m

18.66d

1.04m

2.8y

52d

2.83h

17.8rr.

18. 7d

10. 8y

4.4h

64h

Decay product

87Sr

85Rb

"Sr '—^Rb
(64d) 85Rb

-Sr

(18. 66d)

»7Sr

89Y .

87Sr

(5xl01 0y)
88Sr

86Sr

85Rb«

85Kr«-85Rb
(lOy)

9"Zr«

max. a
(barns)

0.8

+

0.75

+

+

+

0.33

1

0.005

0.28

+

+

+

1.28

Energy for
max. a
(MeV)

thermal

17

5

thermal

thermal

17

thermal

a at 14 MeV
(barns)

0.002

0.34

0.55

0.34

0.02

0.044

0.04

0.02

0.009

0.1

0.002

0.84

0.20

0.018

0. 0135

0. 0037

6 .3x lO- 5

0.2

0.087

0.065

0.002

0. 0014

/ curie \
\mol. unit flux/

32

5500

8900

5510

324

716

650

324

146

1620

32

3240

299

220

60

1.0

3300

1420

1050

32

24

Reference

1,5

1

7

1

7

1

98

7

1

7

1

1

(6)

47

1,7

1,7,27

98

20

65

1

36

1

1

58,74

3

a.

n
V

I



89Zr

90Zr
/ r i ARO/ \
(51.4b%)

(n,7*)

(n,n'7)

(n,2n)

(n.p)

(n, t*)

(n.a)

(n.a*)

(n,2p)

nonelastic

(n,p)

(n,7)

(n,2n)

(n, 2n*)

(n,p)

(n, p*)

(n,t)

(n,a*)

-0 .91

-11.47

-0.71

-10.20

0.70

-11.59

3.64

7.20

- 1 1 . 9 8

- 1 . 5 1

- 1 1 . 3 8

(1. 75)

90Y»

89 Y m

8 8 Y

89Sr

87Srm

86Rb

86Rl,»

«»Rb

8 9 Y

9 IZr

89Zr

9 0 Y

90Y™

88Y

" S r m

IT

IT

EC,/9+

fi-

IT
(EC)

(EC)

IT

/?"

EC,/3+

IT
(EC, /3+)

/3-

IT

EC, ,8+

IT

0.685

0.91

3.621

1.463

0.388

1.78
0.54

0.56

5.2

2.834

0.588
3.41

2.27

0.685

3.621

0.388

3. lh

16.1s

108d

52d

2.83h

18.7d

1.04m

17.8m

78.4h

4.18m

64.2h

3.1h

108d

2.8h

(64h) r

89Y«

8«Sr

89Vg

(5xl01 0y)

86Sr

(18d)

8«Sr

(lfe)

(78h) 89Y

90 Z r «

(64h) r

88Sre» = it_>88Sr«

87Sr«

0.001

1.2

0.023

+

+

0.064

1.2

+

+

+
flat

+

thermal

17

14.5

4.5X10"3

18

5xlO"4

0.40

0.497

0.75

1.06

0.023

0.026

3.8xl0"6

1.5X10"6

0. 0025

0. 0035

0. 0025

4xlO-<

<1.05

0.46

0.56

0.06

0.033

0.045

0.011

0.012
3.1X10-5

4.1X10"5

0. 0032

8

6510

8090

12200

17300

374

422

0.06

0.02

40

57

40

6.5

9120

980

535

730

178

195

0.50
0.67
92

1

57,76

73

1,7

23

1,7

20,27

83

54

1

7

1

96

76

20

(5)

1,7

1

1

7

1

7,82
55

65

1



Nuclide
(Abun-
dance)

90Zr
(51. 46%)

91Zr
(11.23%)

92Zr
(17.11%)

S4Zr
(17. 40%)

Type of
reaction

(n, np)

(n, np*)

(n,2n)

(n,p)

(n, P*)

(n, np)

(n.np*)

(n,7)

(n,2n)

(n,p)

(n,a)

(n, np)

(n, np*)

(n.7)

(n,2n)

Reaction Q-value
(MeV)

-8.10

-7.20

-0.76

- 9

6.76

-8 .64

-2 .84

3.39

-9.40

6.48

-8 .19

Reaction
product

89y

89Vm

90Zr

9 i y

9 l Y m

9oy

9iym

9 3Zr

9 1Zr

nY

89Sr

9 i y

9 5Zr

"Zr

Type of
decay

IT

/3"

IT

IT

fi-

fi-

P-

IT

fi-

Decay
Q-value
(MeV)

0.91

1.545

0.551

2.27

0.685

0.090

3.63

1.463

1.545

0.551

1.121

0.090

Half life

16.1s

59d

50m

64. 2h

3. lh

1.5xl06y

3.53h

50. 4d

59d

50m

65d

1.5xl06y

Decay product

89Y«

9IZr»

(58d) r

90Zr«

(64h) r

(13^6y)

«Zr

89Y«

"Zr«

(SSd) '

95Nb—95Mo
(35d)

93Nbm—•93NbB

(13. 6y)

max . a
(barns)

+

+

+

0.2

+

0.01

+

0.08

Energy for
max. a
(MeV)

thermal

16

thermal

a at 14 MeV
(barns)

0.041

0.027

1.4

1.3

0.034

0.05

0.05

0.018

0.004

0.004

0.003

1.3

1.4

1.5

0.019

0.022

0.024

0.009

5xlO-4

0.002

0.004

1.4

1015R,at.
/ curie \
\mol. unit flux/

440

554

810

810

292

64

64

48

308

356

389

47

Q

33

85

22800

Reference

73

48

8,14

15

27

1

1

7

1

1

1

8

14

15

22,27

1

20

1, 7,27

1

1

1,5

14

.a
c

S.

2



MZr
(2.80%)

92Nb

(n,p)

(n,d)

(n, 3He)

(n,«)

(n, np)

(-.7)

(n, 2n)

(n,p)

(n, 3He)

(n,a)

(n, na)

(n, p)

(n, 3n)

(n, pn)

-4.22

-8.32

-11.14

2.07

-10.30

5.58

-7.83

-6.02

-13.47

0.17

-4.78

2.72

-5.93

94V

93V

92Sr

"Sr

93Y

9 7Zr

"Zr

9 6 Y

94Sr

93Sr

9 2 Nb

72Zr

9»Nb

9»Zr

P~

P-

P-

P-

fr

P-

P-

*-

P-

P-

EC, /3+

5.0

2.89

1.9

2.67

2.89

2.67

1.12

6.9

3.5

4.8

1.9

6.11

20.3m

10. 2h

2.71h

9.7h

10. 2h

17h

65d

2.3m

1.35m

8m

2.71h

14. 6h

94Zr

(1.5xl05y)(13.6y)

(3.53h)

(58d) r

(1.5xl0 6y)(13. 6y)

(lm) (72m)

(35d)

«Zr

(20. 3m)

(10.2h) ^9 3Nb«

(3. 53h)

90 Z r e , c i t ^90 Z r 8

-h

+

0. 0065

+

0.05

1.3

+

+

16

thermal

14

1.5

1.8

0.005

0.0085

0.01

9x10"*

<4xlO-4

0. 0046

0. 0050

0

<8xl0" 4

0.004

1.6

1.46

0.012

1.36X10-*

0. 0035

0. 0026

0. 0026

0.44

0.18 at 19Mev

0.336

24400

29300

81

137

162

15

<6. 5

74

81

0

<13

65

26000

23800

194

2.21

57

42

42

1

15

1

20

7,27

96

ref. in 56

1, 7, 27

22

1

73

1,5

1,14

23

1

54

1

27

96

20

35

35

>
2



Nuclide
(Abun-
dance)

93Nb
(100%)

94Nb

"Mo

92Mo
(15. 86%)

Type of
reaction

(n.7)

(n, 7*)

(n, n')

(n,2n + 2n*)

(n, 2n*)

(n,p)

(n, 3He)

(n, 3He*)

(n, 2p)

(n.a)

(n, a*)

(n, t) + (n, nt)

(n, no ' )

nonelastic

(n.P)

(n,p)

(n.7)

Reaction Q-value
CMeV)

7.23

(-8.83)

0.72

-7.72

-8.27

-8.88

4.91

(-1.95)

1.72

5.20

8.07

Reaction
product

9 4 Nb

94Nb™

9 3 N b m

"2Nb«+ m

9 2 N b "

93Zr

.iy.

9iym

9 2y

90y

90ym

8 9 Y m

94Zr

91Nb

93Mo

Type cf
decay

P-

IT

IT

ECS*

P~

0-

IT

P-

P-

IT

IT

EC
(EC)

EC

Decay
Q-value
(MeV)

2.06

0. 0407
2.10

0. 0304

2. 15
0.49

0.090

1.545

0.551

3.63

2.27

0.685

0.91

1.2
1.1

0.42

Half life

2xlO*y

6.3m

13. 6y

10.16d

1.5xl06y

58. 8d

50.3m

3. 53h

64.2h

3. lh

16s

62d
long

>100y

Decay product

'4Mo

94Nb«—94Mo
(2xl0 4 y) 9 4 Mo

93Nb«

92Zr

(13T*6y)

91Zr«

91Y«-»91Zr"
(58.8d)

92Zr

9°Zr<

(64h)

»9Y«

91Zr

(14y)
93Nb*(15%)

max. a
(barns)

0.1

1

1.2

0.41

0.045

0.009

+

0.01

0.3

Energy for
max. a
(MeV)

thermal

thermal

8

14

14

15

15

thermal

a at 14 MeV
(barns)

5X10-5

4. 4xlO- 4

5xlO"4

0.3

0.90

1.24

0.41

0.040

0.045

3xlO"«

3. l x lO" 6

1.79xlO-5

< 5 x l O - 4

0.009

0.005

0.006

0. 0042
at 22. 5 Mev

0. 0025

2.0

0.025

0.90

0.002

/ curie \
\mol. unit flux/

0.8

7.2

8

5000

15000

20200

6640

651

732

0.05

0.050

0.29

< 8

146

81

98

40

14700

33

Reference

1

73

1

1

95

35

1,7

26

1

55

56

54

5

1, 7, 27

1, 22, 82

7

60

5

96

20

20

1

o
3
a
3a.

v

k

z



93Mo

9<Mo
(9.12%)

(n,7*)

(n,2n)

(n.2n*)

(n,p*)

(n,t)

(n.o)

(n,a*)

(n, np«)

(n, t) + (n, nt)

(n.P)

(n,2n)

(n, 2n*)

(n,p)

(n. P*)

(n,«)

-12.69

(0. 43)

-11.26

3.69

(-7.47)

1.26

-9.67

-1.26

5.13

9 3 M o m

9'Mo

91Mo™

92Nbm

9°Nb

89Zr

89Zr»

9>Nb™

93Nb

9 3 M O

• 3 M o "

9<Nb

91Zr

IT

P\ (EC)

( F T C > / 3 +

EC, /3+

EC, ,S+

EC,/3+

/IT

IT
(EC)

EC

IT

(EC)

IT

2.428

4.46

5.11
0. 658

2.15
0.49

6.11

2.834

0.588
3.41

0.1045
1.2

0.42

2.428

2.06
0.92

0. 0407

6.9h

15.5m

66s

10.16d

14.6h

78. 4h

4.2m

62d

>100y

6.9h

2xl04y

6.3m

(>100y) (13. 6y)

(long)

91Nb—9'Zr
91Mo8—*-91Nb—*-91Zr

(15. 5m) ( long)

9 2Mo

*Zr

(16s)

89Zr8—•8 '>Ym-»89Y8

(78 .4h) 89Y«

(long) 9 1Zr

(13. 6y) 93Nb«

«Mo«(^^'JNb'
(>100y)

9 4Mo

(2xl04y)

0.006

+

—1.0

+

+

+

+

+

+

+

thermal

~ 2 0

3xlO"5

0.145

0. 158

0.15

0.1

0. 0145

0.06

0.15

5.0X10-5

0.016

0.019

0. 0054

0. 0094

0.038

0.112

0. 0041
at 22. 5 MeV

0.095

0.56

0.56

0.003

0. 0054

0. 0054

(0. 05)

0.48

2350

2560

2400

1600

235

972

2430

0.81

259

308

87

152

619

1820

9120

9120

48

89

87

1

1

28

57

7

1

1

20

55,83

1

22

1

22

1

73

60

20

1

1

7

1

1

31



Nuclide
(Abun-
dance)

95Mo
(15. 70%)

96Mo
(16. 50%)

"Mo
(9.45%)

"Mo
(23. 75%)

Type of
reaction

(n,2n)

(n,p)

(n, P*)

(n.«)

(n, np)

(n, np*)

(n, 2n)

(n,p)

(n,a)

(n. np)

(n, np*)

(n, 2n)

(n,p)

(n. P*)

(n,a)

(n.np)

(n,7)

(n, 2n)

(n,p)

Reaction Q-value
(MeV)

-7.38

- 0 . 14

6.39

-8.64

- 9 . 15

-2.41

3.99

-9.30

-6.82

- 1 . 15

5.37

-9.22

5.92

-8.64

-3.82

Reaction
product

94Mo

9 5Nb

9 5 N b m

92Zr

94Nb

"Nb m

9 5 M o

96Nb

93Zr

95Nb

"Nb"1

96Mo

97Nb

97Nbn,

9<Zr

96Nb

99Mo

97Mo

9eNb

Type of
decay

/3-

IT

fi-

IT

P-

fi~

/9-

I T

/3"

IT

/3"

fi-

fi-

Decay
Q-value
(MeV)

0.925

0.235

2.06

0. 0407

3. 15

0.090

0.925

0.235

1.93

0.747

3.15

1.37

4.6

Half life

35d

90h

2xl04y

6. 3rn

23. 4h

1.5xl06y

35d

90h

72m

1.0m

23. 4h

67h

51.5m

Decay product

95Mo

ssNb '^Mo
(35d)

94Mo
94Nb«^94Mo

(2xl04y)

96Mo

93Nb™-.93Nb«

(13. 6y) 93Nb«

95Mo
9 5 N D « ^ 9 5 M o

(35d)

97Mo

97Nb«—97Mo
(72m)

96Mo

99Tc—99Ru
(2xl05y)

98Mo

max. o
(barns)

+

+

+

+

+

+

+

+

+

+

+

4.0

+

Energy for
max. a
(MeV)

1. 2xlO"4

a at 14 MeV
(barns)

1.2

0.024

0.024

(0. 0018)

0.003

0.0025

1.4

0.016

0.024

0.021

0.01

0.002

5xlO-4

1.5

0.07

0.016

0.007

8xlO"4

0.005

1.66

0. 0067

0.01

1015R,.,.
/ curie \
Vmol. unit flux/

390

390

49

40

359

389

340

160

33

8

1130

260

113

13
81

109

162

Reference

15

1

1

31

1

1

15

28

22.27

1

1

15

1

7,22, 27,28

1

1
1.5

15

28

1

z



"Mo

iooMo

(9. 62»/0)

99Tc

96Ru
(5. 7%)

(n,a)

(n, np)

(n, np*)

(n,p)

(n,7)

(n.2n)

(n,a)

(n, n'7)

(n.2n)

(n.p)

(n, 3He)

(n,«)

(n, 2p)

(n, na)

(n,7)

(n,2n)

3.20

-9 .44

5.39

-8 .30

2.39

8.04

-10.69

95Zr

9 7Nb

9 7Nbm

"Nb

I 0 1Mo

"Mo

"Zr

iooTc

99T c

9 8Tc

"Mo

9 7Nb

9 6Nb

9 8Nb

9 5Nb

97Ru

9 !Ru

fi-

fi-

IT

fi-

fi-

P-

fi-

P-

fi-

fir

fi-

P-

fi-

fi-

EC

EC,/9 +

1.121

1.93

0.747

3.1

2.82

1.37

2.67

3.4

0.292

1.7

1.37

1.93

3.15

4.6

0.925

1.2

2.35

65d

72m

lm

10s
2.4m

14.6m

67h

17h

17s

2.12x10^

1.5xl06y

67h

74m

23.4h

<2m
51m

35d

2.9d

1.7h

95Nb«—95Mo
(M5 d ) ,

(90h)(35d)

97Mo

(72m)

(67h)(2.12xlO=y)

miTc—l01Ru
(14m)

(2X10=7)

(72m)

100Ru

"Ru

">°Ru""L'->-100Ru«

(2.12xl05y)

"7Mo

96Mo

"Mo

95Mo"fil-»95Mo»

(2xl05y)

°(20h)

+

+

2.0

2.3

+

0.2

1.0

4x10-*

14

thermal

17

0. 0094

0. 0081

1x10-*

1x10-*

0. 0075

0.006

2.3

1.4

1.7

0.011

0.025

0.009

0. 0413

1.23

0. 0071

<7xlO"6

0.002

1.4x10-*

0. 0011

0.002

0.63

152

132

1.6

1.6

122

97

37300

22800

27500

178

405

147

672

20000

116

<0.11

33

2.3

18

32

10200

20

22

1

1

20

1,5

1

7,28

23

1

7,28

96

73

96

20

55

73

96

96

1

1

90



Nuclide
(Abun- Type of

dance) ' « " • " " "
96Ru

(5. 7%)

98Ru
(2.2%)

"Ru
(12. 8%)

ioo R u

(12. 7%)

"»Ru
(17. 0%)

102Ru
(31.3%)

(n,2n)

(n,p)

(n, p*)

(n, np)

(n. np*)

(n,2n)

(n,p)

(n,p)

(n, P*)

(n,2n)

(n,p)

(n,2n)

(n,p)

(n,7)

(n,2n)

Reaction Q-value
(MeV)

-10.69

0.57

-7 .35

-10.25

-0 .92

0.49

-9 .67

-2 .59

-6 .81

-0 .85

6.23

-9 .22

Reaction
product

95Ru

•KSTc

96Tc»

«Tc

95'J'c"1

9 7Ru

98 T c

9 9 Tc

99Tcn,

9 9Ru

lOOTc

100Ru

lOIXe

">3Ru

>°>Ru

Type of
decay

EC, ft*

EC
03")

IT

EC

EC,/9+

EC

(EC, 0+)

0"

IT

P~
(EC)

P-

Decay
Q-value
(MeV)

2.35

2.9
0.2

0. 0344

1.66

1.70

1.2

1.7
1.6

0.292

0.1427

3.4
0.3

1.63

0.74

Half life

1. 7h

4.3d

52m

20h

61d

2. 9d

1.5xl06y

2.12x10^

6h

17s

14m

39.6d

Decay product

95T c«^s5M o

(20h)

96Mo

967cg^96Mo

(4.3d)
95Mo

95Mo

9 7 Tc-"Mo
(2xl06y)

9 8Ru
9 8Mo

9 9Ru

99T c«_99R u

(2xl05y)

ioo R u

101Ru

103Rhm^l03Rh

(57m)

max. a
(barns)

+

+

+

+

+

+

+

+

1.44

Energy for
max. a
(MeV)

thermal

a at 14 MeV
(barns)

0.75

0.64

0.062

0.15

0.062

0.45

0.48

0.052

0.9

1.17

0.024

0.015

0.015

1.2

0. 0074

0.015

1.3

0.035

0. 0082

0.005

1.5

1015R..,
/ curie \
\mol. unit flux/

15500

10400

1000

2430

1000

7330

7810

847

14600

19000

390

243

243

120

244

569

133

79

Referenca

7

23

1

7, 22, 27

1

1

22

1,22

1

23

20

1

15

20

73

15

1

20

1,6

15

3

C



104Ru
(18. 3%)

103Rh
(100%)

(n,p)

(n.P*)

(n,a)

(n,7)

(n,2n)

(n,p)

(n,a)

(n,7)

(n, 7*;

(n,n')

(n, 2n)

(n,2n*)

(n,p)

(n,d)

(n,t)

-3.72

2.50

5.91

-8.91

-4.52

1.06

7.00

-9.31

0.02

-4.05

-6.94

102Tc

"Mo

105Ru

103Ru

!04Tc

1 0 1Mo

- R h

,O4Rh»

103Rhn,

>02Rh

102Rhn,

103Ru

102Ru

101Ru

p~
p-

p-

p-

0-

p-

p-

p-
(EC)

IT

IT

EC, 13*

EC.P*

P-

4.4

~4. 6

1.37

1.87

0.74

5.8

2.82

2.47
1.15

0.1290
2.60

0. 0400

2.32
1.15

~ 2 . 32
~ 1 . 15

0.74

5s

4.5m

67h

4. 44h

39. 6d

18m

14.6m

43s

4.41m

57m

206d

2. 9y

39. 6d

I 0 2Ru

102Ru

99Tc—"Ru
(2xl05y)

1<>3Rh

1 0 4 Ru

I 0 1 T c — I 0 1 R u
(14m)

104Pd
104Ru

(43s) 1 M Pd

1 0 3Rh

I 0 2Ru

102Ru

1 0 3Rh

+

0.211

+

1.5

+

+

320

30

1.4

+

0.65

0.55

+

thermal

15

1.3x10"'

1.3X10"6

6.5

15

18

0.002

0. 0057

0. 0021

0.008

0. 0025

2.3

2.5

1.4

0. 0063

0. 0072

0. 0025

0.010

0.014

0.003

0.3

0.20

0.38

0.65

0.38

0.015

0.011

0.017

0. 0093

> 0.0089

7.3xlO-4

32

92

34

130

41

31400

40700

22700

102

117

40

162

228

48

4860

3250

6190

10600

6190

244

179

278

152

7

1

37

1,5

73

1

73

7,23

1

27

1,27

5

74

1

2

44

1

7

1,7

1

45

22,27

20

52

93

>
m
2



Nuclide
(Abun-
dance)

103Rh
(100%)

102Pd

(0. 8%)

10<Rd
(9. 3%)

10BP d

(22. 23%)

Type of
reaction

(n, 3He)

(n,a)

(n,2p)

(n, no)

(n, na*)

(n,7)

(n,2n)

(n.P)

(n,2n)

(n,p)

(n,P*)

(n,2n)

Reaction Q-value
(MeV)

-8.55

3.48

-9 .93

-3.11

7.61

-10.59

-0.37

-10.02

-1.69

-7.07

Reaction
product

101Tc

ioo T c

102Tc

99Tc

99Tcm

103pd

loipj

>02Rh

103Pd

104Rh

•o'Rh™

104PJ

Type of
decay

/?-

iS"

0-

/IT
1/3-
EC

EC,/3+

\EC, /3*

EC

/9"
(EC)

IT

Decay
Q-value
(MeV)

1.63

3.4

4.4

0.292

0.1427
0.434

0.56

1.99

1.15
2.32

0.56

2.47
1.15

0.129

Half life

14m

17s

5s
4.5m

2.12x10^

6. Oh

17d

8.4h

2. 9y
206d

17d

43s

4.41m

Decay product

I0IRu

100Ru

102Ru

'9Ru

99Tc ,_^99Ru

"Ru

103Rh»_^103Rhg

(57m)

ioiRhD./ lo lRu

(4 5d) ^""R1 1 ' -*1 0 1 1^1 1

102Pd
102Ru

1 0 3Rhm-»1 0 3Rh«
(57m)

104P(J

I0<Ru

-Rh<;:id
u

(438)^ K u

max. a
(barns)

4.8

1.2

1.2

+

0.13

Energy for
max. o
(MeV)

thermal

16

16

14

a at 14 MeV
(barns)

1.6xlO-5

2. OxlO"6

0.01

3xlO"5

7xlO-6

1.08X10-1

6.5xlO"5

0.003

1.05

1.23

0.9

0.64

0.046

1.3

1.1

0.003

0. 0027

0.13

0.03

0.031

1.2

10I5R,a,.
/ curie \
\mol. unit flux/

0.26

0.03

160

0.5

0.11

1.76

1.06

49

17000

20000

15000

10400

749

21200

17900

48

43

2110

490

501

Reference

54

91

7,27

96

91

73

91

1

1

99

7

23

20

1

15

7

94

1

7

94

15

t
V)
c
CT"
n

Xl
c



(27.2%)

108Pd

(26 8%)

(n,p)

(n, P*)

(n,2n)

(n,p)

(n, P*)

(n,a)

(n,7)

(n.7*)

(n,2n*)

(n.p)

(n,d)

(n.a)

(n, np)

0.22

6.54

-9.56

-2.76

3.00

6.15

(-9.23)

-3.72

-7.73

2.05

-9.95

105Rh

iosRh™

107Pd

iospd

i°«Rh

•°«Rh«

I 0 3Ru

i<«Pd

109p,jm

1 07p d .

I 0 8Rh

107Rh

i o s R u

I 0 7Rh

IT

fi-

fi~

/»"

IT

IT

fi-

/»-

0.565

0.1294

0.035

3.54

3.63

0.74

1.115

0.188

0.21

4.5

1.51

1.87

1.51

35.9h

45s

7 x 106y

30s

130m

39. 5d

13.5h

4.7m

22s

17s

22m

4.44h

22m

10'Pd

105Rh«->105Pd
(35.9h)

107Ag,

io6pd

10«pd

103Rh

109Ag

(13h) S(40s)

(7x l0 6 y)

">«Pd

107Pd—107Ag

(7 x106y)

(4. 44h)

(7xl06y)

0.292

+

10

0.3

+

+

thermal

thermal

thermal

0.05

0.028

0.037

0.023

1.3

0.016

0.014

0.024

0.0057

0. 0056

0.0055

0.006

2xlO-4

0.5

0.008

0. 0083

0.0018

0. 0025

0.0027

0. 0023

0.0035

810

460

600

373

259

228

389

82

91

90

97

33

8100

130

134

29

40

43

37

56

7

94

22

7

(5)

15

7

94

22,27

1

7,22

27

1

1

7

7

22

1

1

27

94

1



Nuclide
(Abun-
dance)

liopj

(13. 5%)

107 Ag
(51. 35%)

Type of
reaction

(n,7)

(n,7«)

(n,2n)

(n, 2n*)

(n,«)

(n,7)

(n,7»)

(,n, n j

(n, 2n)

(n, 2n»)

(n, P*)

(n,o)

(n, na*)

Reaction Q-value
(MeV)

5.76

-8.81

1.02

7.27

-9.55

(0. 75)

4.18

-2.82

Reaction
product

' "Pd

•"Pd™

109Pd

io,Pd»

I 0 7Ru

108Ag

. « A g -

106Ag

,osA g m

, 0 7 P d m

J04Rh

'"Rh™

Type of
decay

/5"

/IT
\8-

8-

IT

/3"

(/3+, EC)
0-
EC
(IT)

TT
1 1

EC, fi*

EC./3*

IT

(EC)
IT

Decay
Q-value
(MeV)

2.2

0.17
2.4

1.115

0.188

3.2

1.92
1.64

2. 03
o!no
A AQQ1
u. uyoi
2.96
0.19

~3.3
~0. 5

0.21

2.47
1.15
0.040

Half life

22m

5. 5h

13. 5h

4.7m

4.2m

2.42m

>0.5y

A A *5(.
44. OS

24m

8.4d

22s

43s

57m

Decay product

111 An01 >H1 At7B

(74s)-»inCd

i»Pd«-."'Ag-."'Cd
(22m) (7.5d)

(7."5d)
109A g

(13h)

(22m) (7xl0«y)

m'Cd
108Pd (90%)
108Ag,_I08Cd

(2. 42m)
107 A r*BIU 'Ag'
iospd

106pd

(7xl06y)

104Pd

103Rh«

max. a
(barns)

0.3

0.03

1.5

3.8

0.5

35

1

0.72

+

0. 0035

+

Energy for
max. a
(MeV)

thermal

thermal

14

17

16

thermal

thermal

15

- 1 2

a at 14 MeV
(barns)

0.002

3xlO"4

1.9

1.46

1.5

0.95

0.5

0.46

0.014

0.003

0. 0012

0.005

2xlO-4

0. 312

0.79

0.70

0.664

1.0

0.49

0.4

0.015

0.030

0. 0030

0. 0018

/ curie \
Vmol. unit flux/

33

5

30800

23800

24400

15400

8100

7500

227

50

19

81

3.3

5080

12900

11400

10800

16200

7940

6500

243

486

49

29

Reference

1

1

1

99

7

1

7

99

7

5

27

1,5

1

77

1

97

77

7

1

7

7

20

18

1

2

2.

>
m
w



109Ag

(48.65%)

106Cd
(1.215%)

(n, 3n)

(n, y*)

(n,n')

(n,2n)

(n,2n«)

(n,p)

(n. P*)

(n.'He)

(n, a*)

(n, na)

(n,7)

(n, 2n)

(n,2n»)

(n,p)

(n. P*)

-17.47

(6.81)

-9.19

-0 .33

-8.72

(3.29)

-3.30

7.93

-10.92

0.58

iosA g

uoAgm

109 A g m

108 A g

108Agm

ios>pd

109p(]m

1 M Rn m

1 0 5Rh

I 0 7Cd

105Cd

105Cd

106Ag

EC

(IT)

IT

(EC, ,S+

EC
(IT)

fi-

IT

P-

0-
0r

EC,/3+

/3+,EC

EC,/3+

EC,/3+

1.3

2.98
0.116

0. 0877

1.92
1.64

2.03
0.110

1.115

0.188

1.51

3.63

0.565

1.417

2.8

2.96
0.19

3.3
0.5

40d

253d

40.0s

2.42m

>5y

13. 5h

4.7m

21.7m

130m

35. 9h

6.5h

55m

24m

8.4d

- P d

"°Cd

109 A g ,

108Ag,_108Cd

(2m)

B(4"0s)

(13h)

107p(J_>107Ag

(7xl06y)

loepd

lOSpj

105Ag_105Pd

(40d)

ioepd

.oepd

3.5

+

thermal

flat around 17

+

+

+

1

1.3

0.85

+

flat

thermal

16

14

- 1 8

0.056
at 19.5MeV

2xlO-4

0.419

0.75

0.9

1.186

0.027

0. 0068

0.013

0.0068

0. 0091

2. 3xlO-5

0.023

5xlO-4

0.005

0.9

0.7

1.36

0.89

0.85

0.038

0.08

0.038

912

3.3

6820

12200

14600

19300

439

110

220

110

150

0.37

374

8

81

15000

11000

22100

14500

616

1300

616

96

1,5

77

7

1

77

1

1

7

1

77

54

1,5

1

1,6

7

1

88

23

7

1

7

1

s
i—i

to

8



Nuclide
(Abun-
dance)

>°»Cd
(0.875%)

. - "°Cd
(12. 39%)

'"Cd
(12.75%)

"2Cd
(24.07%)

Type of
reaction

(n,7)

(n,2n)

(n.p)

(n,7*)

(n.2n)

(n,p)

(n,P*)

(n,2n)

(n,p)

(n.P*)

(n.7*)

(n, 2n*)

Reaction Q-value
(MeV)

7.36

-10.33

-0 .86

(6.98)

-9 .88

-2 .11

-6 .98

-0 .25

(6.54)

(-9.40)

Reaction
product

1 < ) 7Cd

108 A g

i "Cd m

- C d

"°Ag

"°Ag"

"°Cd

'"Ag

'"Ag"

"•Cd-

i"Cdm

Type of
decay

EC

EC, /3+

(EC,/!*)

IT

EC

(IT)

IT

jS"

IT

P-
IT

Decay
Q-value
(MeV)

0.168

1.417

1.62
1.92

0.396

0.17

2.87

2.99
0.12

0.396

1.05

0.07

0.57

0.396

Half life

453d

6.5h

2.42m

48.6m

453d

24.4s

253d

48.6m

7.5d

74s

14y

48.6m

Decay product

g(40s)

(44s)

•°«Cd
>°»Pd

" ' C d '

109 Agm—>I0 'Ag«
(40s)

110Cd

"°Cd

"'Cd«

'"Cd

'"Ag->"1Cd
(7.5d)

"3In

">Cd»

max. o
(barns)

2

+

0.1

+

+

0.33

+

+

5xlO"2

0.82

0.7

Energy for
max. a
(MeV)

thermal

thermal

4

thermal

15

15

a at 14 MeV
(barns)

0.006

1.2

0.50

0.87

0.030

2xlO"4

1.45

1.32

0.008

0. 0173

0.014

0.02

0.027

0.15

1.3

0.013

0.014

0.022

0.016

0.013

2xlO-4

0.82

0.675

/ curie \
\mol. unit flux/

98

19400

8100

14100

486

3.3

23600

21500

130

281

227

320

440

2430

21100

211

227

358

259

211

3.3

13300

11000

Reference

1,5

1

21

23

20

1,5

1

23

7

80

20

1

21

1

15

1

21

7

20

1

1

1

99

co

a.

to



»'Cd
(12 26%)

»<Cd
(28.86%)

116Cd
(7. 58%)

(n,p)

(n.o)

(n,«*)

(n,n')

(n,2n)

(n,p)

(n,7)

(n,7*)

(n,2n»)

(n.p)

(n.a)

(a, a*)

(n,7)

(n,7*)

(n,2n)

(n,2n*)

-3.22

2.68

-6.54

-1.23

6.15

(-9.04)

-4.22

1.66

5.77

- 8 . 7 0

"2Ag

u-Pd

1 M P d °

»3Cd-

112Cd

" ' Ag

115Cd

used"

used"

i » A g

'»Pd

Uipdm

" 7 C d

" 7 Cd»

115Cd

" 5 C d m

fi-

IT

/9"

fi~

fi~

/IT
1/8-

4.01

1.115

0.188

0.57

2.00

1.45

1.65

0.57

4.6

2.2

0.17
2.4

2.52

2.65

1.45

1.65

3.2h

13. 5h

4.7m

14y

5. 3h

53. 5h

43d

14y

4.5s

22m

5.5h

2. 4h

3.4h

53. 5h

43d

' "Cd

8(40s)

(13.^7h) 8

I13In

113Cd

(4.5h)(6xl0 1 4y)

(6xl0 1 4y)

113In

l l4Cd

•"Ag"—"'Ag'—»»Cd
(74s) (7.5d)

"ipd«—»»'Ag—"»Cd
(22m) (7.5d)

(7."id)

(44m)

(44m)

(4.5h) (44m)

(6xK)'V)n

+

+

+

0.58

+

0.3

0.14

+

+

+

2

0.05

0.83

0.83

4

thermal

thermal

thermal

thermal

14

15.5

0.011

0.015

0.0013

0.0025

0.0013

0.17

1.5

0.008

0.013

0.005

0.001

0.86

0.003

0.005

5X10-1

1.3X10-4

2xlO"4

0.005

lxlO" 4

0.83

0.86

0.82

178

243

21

40

21

2770

24400

130

211

81

16

14000

48

81

8

2.1

3.3

81

2

13400

14000

13300

1,21

22,27

1

7,21

1

1

15

1,20,21

27

1,5

1,6

1

7,20

80

1,21

1

21

1,6

1

1

21

1

to
en



Nuclide
(Abun-
dance)

lieCd
(7. 58%)

113In
(4. 23%)

115In
(95.77%)

Type of
reaction

(n.2n»)

(n,p)

(n,a)

(n,7)

(n,7')

(n,n')

(n,2n)

(n.2n-)

(n,p)

(n. 7*)

(n.n')

(n,2n)

(n,2n*)

(n,p)

Reaction Q-value
(MeV)

-5.52

0.905

7.31

-9.42

0.49

(6. 78)

-9.03

-0.67

Reaction
product

"6Ag

M3P (J

114In

' " I n "

-In™

112In

112Inn,

113Cd

116Inm

- I n

' " I n ™

115Cd

Type of
decay

fi-

(EC, /9+)

IT
(EC)

IT

( E C / +

IT

fi-

IT

(EC, p)

IT
(EC)

Decay
Q-value
(MeV)

1.65

6.1

«3.5

1.44
1.986

0.1916
1.63

0.393

2.59
0.66

0.156

3.39

0.335
0.82

1.44
1.986

0.1916

1.45

Half life

43d

2.5m

1.4m

72s

50d

100m

14m

20.7m

54m

4.5h

1.2m

50d

53. 5h

Decay product

u 5In"-»"5Sn
(6xl0 1 4y)

116Cd

(5.3h)

»4Sn

" ( 7 2 ^ "

- I n .

"2Cd
112Sn

llfiSn

(6xl01 4y)
I15Sn (5%)

114Sn

(6xl0 1 4 y)
114Cd

(4 .5h) (6xl0 l 4 y)

max. a
(barns)

3

8.1

1

12

0.7

157

0.33

0.38

1.55

-

Energy for
max. o
(MeV)

thermal

thermal

5

—15

15

thermal

6

14.5

14.5

a at 14 MeV
(barns)

0.73

0.005

0. 0014

2xlO"4

5xlO"4

0.0011

0.001

0.003

0.33

0.79

0.2

0.79

0.7

0.51

0.002

0.0021

0.06

0.38

1.5

0.007

/ curie \
\mol. unit flux/

11900

81

22

3

8

17

16

49

5350

12800

3300

12800

11000

8300

33

34

972

6180

24400

113

Reference

21

7

20

21

21

27

1.5

1,5

1

1

7,89

1

7,89

20

1,5

49

2,46,92

1,7

1,7

1

a
3
O-

a.

I
cr



112Sn
(0.95%)

"<Sn
(0.65%)

(n,P*)

(n, 3He)

(n,a)

nonelastic

(n,7)

(n.7*)

(n,2n)

(n.p)

(n,P»)

(n.d)

(n,a)

(n,2n)

(n, 2n*)

(n.p)

-9.34

2.68

7.74

-10.80

0.12

-5.29

5.54

-10.32

-1.20

«.Cd-

'"Ag

112 A g

"3Sn

"3Sn»

'"Sn

"2In

112Inm

' " In

« C d

"3Sn

"3Sn»

"4In

t

fi~

EC

IT
(EC)

EC/9*

/EC, /9+

I fi-

ll

EC

EC

EC

IT
(EC)

(EC,_/9*)

1.65

2.00

4

1.02

0.079
1.10

2.52

2.59
0.66

0.156

1.1

0.16

1.02

0.079
1.10

1.44
1.986

43d

5. 3h

3.2h

115d

20m

35m

14m

20.7m

2.81d

453d

115d

20m

1.2m

"5In«—115Sn
(6xl0 :<y)

"3Cd—"3In
(>10I5y)

"2Cd

'"In"—»3In«
(100m)

1 1 3 Sn«—• 1 1 3 In

' " I n - ' "Cd»- 1"Cd
(2.81d) (48. 6m)

"2Cd
"2Sn

(14m)

'"Cd

109Agm—*-109AgB

(40s)

" 3 In m —•'"In 8

(100m)

" 3 Sn«—" 3 In
(115d)

" 3 In«

' " S n

+

0.9

0.4

13

+

+

thermal

thermal

16

0.015

0.007

3.3X10-5

<7xlO- 6

0.0025

^2 .0

0.004

0.002

1.35

1.11

1.49

0.12

0.12

0.19

0. 0026

0.35

1.5

1.55

1.05

0.058

244

110

0.54

<0.11

40

65

33

21900

18000

24300

1940

1940

3090

42

5700

24400

25200

17100

944

7

1

54

56

1,27

76

1,5

1,5

1

7,88

23

1

1

96

1

1

7

23

1

20

6
2



Nuclide
(Abun-
dance)

116Sn
(14. 24%)

ll7Sn
(7. 57%)

118Sn
(24.01%)

Type of
reaction

(n,7*)

(n,2n)

(n,p)

(n, P*)

(»,«•)

(n,2n)

(n.p)

(n, P*)

(n.a)

nonelastic

(n,7*)

(n, 2n*)

(n. P*)

(n.«)

(n. a*)

(n, np)

(n, np*)

Reaction Q-value
(MeV)

(6. 94)

-9.57

-2.49

(3. 17)

-6.94

-0.68

5.27

(6.49)

(-9.33)

(-3.42)

2.09

-10.01

Reaction
product

117Snm

" 5 S n

116In

>"In-

"3Cd"

117Sn»

I16Sn

n 7In

» 1 n -

114Cd

119Snm

117Snm

118Inm

115Cd

n s c d m

117In

T y p e of
decay

IT

fi~

P-
IT

$~

llT

IT

IT

/3"

"-

fi-

/IT
1/3-

Decay
Q-value
(MeV)

0.317

3.33

3.4

0.27

0.317

1.47

1.78
0.314

0.089

0.317

4.3

1.45

1.63

1.47

0.314
1.78

Half life

14d

14s

54m

14y

14. Od

44m

1.93h

250d

14d

4.4m

53. 5h

43d

44m

1.93h

Decay product

n7Sn«

116Sn

I 1 6Sn

I 1 3In

" 7 S n

" 7 S n

117Sn
" 7 I n - . 1 1 7 S n

(44m)

1I9Sn<<

117Sn«

u » S n

(4.50h) ( 6 x l 0 i 4 y )

(6xl014y)

"•Sn
117InB_117Sn

(44m)
117Sn

max. a
(barns)

0.006

+

+

+

+

0.01

+

+

+

+

Energy for
max. a
(MeV)

thermal

thermal

o at 14 MeV
(barns)

1.5X10"4

1.3

0.011

0. 0095

0.011

0. 0027

0.30

1.4

0.013

0.016

0. 0098

0.024

0. 0065

0. 0039

^2 .0

6xlO"5

1.2

0. 0075

0. 0054

8.5xl0"4

8. 5xlO-4

3xlO"4

7. 5xlO"4

4xlO-4

/ curie \
\mol. unit flux/

2.4

178

154

179

44

4880

211

259

160

389

105

64

1.0

19400

122

88

13.8

13.8

5

12.2

6

Reference

1,6

15

7

1

80

1

76

15

1

22,27

80

20

1

80

76

1,6

1

1

80

1,7

1

7

1

1

73

90



ll9Sn
(8. 58%)

120Sn
(32.97%)

(4.71%)

124Sn
(5. 98%)

(n,2n)

(n,p)

(n, p*)

(n, np»)

(n,7*)

(n,2n»)

(n,p)

(n, P*)

(n,a)

(n,7)

(n, 7*)

(n, 2n)

(n, 2n*)

(n.p)

(n,7)

(n, 7*)

(n, 2n)

(n, 2n*)

-6.94

-1.57

(-9.90)

6.18

(-9.10)

-4.82

0.96

5.95

-8.80

-5.92

5.73

-8.49

118Sn

I 1 9In

" 9 I n m

»8In">

1 2 ISn

121Snn,

"'Sn-

120In

>2°In»

117Cd

I23Sn

123Snm

121Sn

>«Sn-

122In

125Sn

1 2 5Sn"

123Sn

Pr

(IT)

P-

Pr

IT

P~

P~

0~

0-

P~

P~

P~

0~

P-

P-

P-

2.5

2.8
0.30

4.3

0.383

0.45

0.089

5.3

5.6

2.52

1.42

1.45

0.383

0.45

6.7

2.34

2.36

1.42

1.45

2.1m

18m

4.4m

27h

76y

250d

46s

3.2s

2.4h
3.4h

125

40m

27h

76y

7.5s

9.4d

9.7m

125d

40m

119Sn

119Sn
i»In'-»"*Sn
(2. lm) (5%)

1I8Sn

'2'Sb«

mgjj™—»i2isb'
(3. 5ns)

"9Sn«

120Sn

I20Sn

(44m)

123Sb

12ISb

121Sb

I22Sn

(2^7y) 6

(2. 7y)

123Sb

+

*

+

0.14

0.001

+

0.001

0.16

+

+

0.004

0.2

0.92

0.92

thermal

thermal

thermal

thermal

thermal

thermal

14

14

1.8

1.6

0.0065

0.003

0. 0065

0.003

0.009

0.005

0.003

4xlO~5

1.4

0.004

0. 0031

~ 0 . 001

0. 0014

7xlO-5

0.003

0.9

0.9

0.00106

8xlO"5

0.002

0.92

0.92

105

49

105

49

146

81

49

0.8

22800

65

51

- 1 6

23

1.1

48

14600

14600

17.3

1.3

33

15000

15000

8

15

1,27

7

1

7

1

5

1,6

1.6

1

7,27

80

5

80

1,6

1,6

1

1

80

1,6

1,6

1

1

2

CO



Nuclide
(Abun-
dance)

121Sb
(57. 25%)

1?3Sb
(42. 75%)

Type of
reaction

(n,7)

(n,7*)

(n, 2n)

(n,2n*)

(n,p)

(n,7)

(n, 7*)

(n,2n)

(n, 2n*)

(n,p)

Reaction Q-value
(MeV)

6.81

-9 .25

0.40

6.47

-8 .97

-0 .63

Reaction
product

'2 2Sb

•2°Sb

1 2 o S b m

121Sn

12<Sb

- S b

- S b »

I23Sn

Type of
decay

(EC, /3*)

IT

/ 3 \ EC

EC

/3"

(EC)

IB-
llT

(EC._/9*)

IT

Decay
Q-value
(MeV)

1.62
1.972

0. 162

2.69
0.99

«3.4

0.383

2.916
0.65

2.92
0.010

1.62
1.972

0.162

1.42

Half life

2. 8d

4.2m

15.9m

5.8d

27h

60d

93s

2.8d

4.2m

125d

Decay product

122Sn
122Te

( 2 . 8 d ) X ' 2 2 T e

12°Sn
i2o T e

120Sn

121Sb

- T e

124je

(60d)

I22Sn

«3Sb

max. a
(barns)

6.5

0.055

1.1

+

0.7

3

0.035

1.4

+

Energy for
max. a
(MeV)

thermal

thermal

15

17

thermal

thermal

16

a at 14 MeV
(barns)

0.003

3xlO"5

1. 1

0.94

1.1

0.61

0.5

0. 0022

0.003

0.015

2 x 10-5

1.3

0.92

1.3

0.55

0.6

0. 0046

0.0028

0.0018

/ curie \
\mol. unit flux/

48

0.5

17800

15300

17800

9900

8100

35

49

244

0.32

21100

15000

21100

8950

9700

75

46

29

Reference

1,5

1,5

1

88

1

88

7

7,94

1

74

1.5

1,7

88

1

88

7

27

94

7

3
O-
'Ji
C

-

o
s
aa-c

fD



(0.089%)

122Te

(2.46%)

124Te

(A C1 0 / \
(4.61%)

(n,7)

(n,7*)

(nr 2n)

(n, 2n*)

(n, 7*)

(n,2n)

(n, 2n»)

(n,p)

(n,7»)

(n, 2n*)

(n,P)

(n, P*)

(n,«)

(n, «*)

7.26

-10.29

(6.93)

-9 .79

-1 .20

(6.58)

(-9.42)

-2 .12

4.34

121Te

U 9 T e

119Ten,

121Te

- S b

i«Te™

I 2 3 Te m

12"Sb

...5b-

1 2 1Sn

121Sn™

E C

/ IT

EC./3*

EC

IT

EC

/ IT

(EC)

IT

EC

(EC)

(?

P~

1.29

0. 2939
1.58

2.294

2.5

0.2475

1.29

0. 2939
1.58

1.972
1.62

0.1449

0.06

2.916
0.65

0.010
2.92

0.383

0.45

17d

154d

15.9h

4.7d

117d

17d

154d

2.68d

58d

117d

60 d

1.55m

27h

76y

(17d)
I21Sb

(38h)

(38h)

(1.2xl013y)
1?1Sb

i2i-pe«_i2isb
(17d)

121Sb

122Te

122Sn

125Teg

.23 T e 8

124Te

124St«-'12'1Te
(60d)

124Te

121Sb

I21Sb

2.0

0.34

1

+

0.04

+

+

+

thermal

thermal

thermal

thermal

0.004

8xlO" 4

0.8

0.8

0.001

0.32

0.7

1.3

0.7

0.014

0. 0106

1 x 10"4

0.87

0.14

0. 0080

0.009

0. 0043

<6X1O-4

0. 0032

7. 6X10-4

0. 0032

65

13

13000

13000

16

5200

11000

21000

11000

227

173

1.6

14200

2300

130

150

70

<9.7

52

12.3

52

1,5

1,5

1

1

1

1

7

1

7

7,27,94

80

1,5

1

1,5

80

7,27

1,5

7

1,5

7

1



Nuclide
(Abun-
dance)

126Te

(18.71%)

128Te

(31.79%)

Type of
reaction

(n,7)

(n, 7*)

(n,2n*)

(n,p)

(n, P*)

(n,a)

(n. «*)

(n,7)

(n,7*)

(n, 2n)

(n. 2n»)

(n,p)

(n, P*)

(n.a)

Reaction Q-value
(MeV)

6.30

(-9.11)

-2 .95

3.39

6.09

-8 .77

-3 .50

2.55

Reaction
product

127Te

1 2 5Tem

126Sb

™ S b -

123Snm

1 2 9 T e

129-J-gin

1 2 7 T e

1 ? 7 T e m

128Sb

12PgJ,m

125Sn

Type of
decay

IT

IT

0-

(IT)

0-

0-

P-

0-

0-

IT

0-

0-

0-

Decay
Q-value
(MeV)

0.69

0. 0887

0. 1449

3.7

~3.7

1.42

1.45

1.48

1.58

0.69

0.0887

4.3

4.4

2,34

Half life

9.4h

109d

58d

12. 4d

19m

125d

40m

69m

34d

9.4h

109d

9h

l l m

9.4d

Decay product

127!

(9e 4h)

125Teg

126Te

»«Te

»>Sb

•23Sb

(1.7xl07y)

129I_.29Xe

127!

(9£ 4h)

128Te

128Te

(2~7y)

max. a
(barns)

0.9

0.135

+

+

+

0.155

0.014

0.8

0.9

0.8

0.9

+

+

0.42

Energy for
max. a
(MeV)

thermal

thermal

thermal

thermal

13

15

13

14

14

a at 14 MeV
(barns)

0.003

2x10-"

0.9

0. 0016

6. OxlO"1

0. 0045

0. 0027

4.8x10-"

0.0011

4.8x10""

0. 0010

0.002

2xlO"4

0.79

0.85

0.79

0.9

0. 0023

0.00108

0. 0013

0.065

0. 00108

0.001

0.42

/ curie \
\mol. unit flux/

49

3

15000

26

9.8

73

44

7.8

18

7.8

16

32

3

12800

13800

12800

15000

37

17.6

21

1050

17.6

16

6800

Reference

1,5

1,5

1

7,94

80

7,94

80

1

94

1

94

1,5

1,5

1

7

1

7

1,27

80

7,94

1

80

7,94

1

c
o*
%
.o
c

<



130Te

(34.49%)

(n, np)

(n,7)

(n, 7*)

(n, 2n)

(n, 2n*)

(n,p)

fn. P*)

(n, 3He)

(n,a)

(n,a*)

(n, np)

-9.57

5.92

-8.41

-4.22

-10.80

1.81

-10.04

- S t a -

127Sb

13»Te

»Te-

i29-r;e

1 29 T e «

13°Sb

.»sb»

12SSn

127Sn

" S n -

P-

P-

*"

fi-

P-

P-

P-

P-

P-

?-

P-

2.36

1.6

2.28

2.46

1.48

1.58

~ 5

1.3

3.1

3.1

2.5

9.7m

93h

25m

30h

69m

34d

33m

7m

59.0m

2. lh

4m

4.3h

(2T*7y) 6

(9e4h)

(8d)

(8d)

(1.7xl07y)

129 I_129X e

(1.7xl07y)

130Te

i M T e

(llm)

(93h) (9. 4h)

127QK • ' ^ ^ T c • ^ 7 7

(93h) (9.4h)

(69mj(1.7xl07y)

0.42

+

0.22

0.04

0.6

0.8

0.6

1.0

+

+

+

+

14

thermal

thermal

14

14

14

14

5.3x10""

0.0011

0.42

2.4x10-"

6.9x10""

0.002

3x10""

0.60

0.8

0.60

1.0

0.0024

6x10-*

8.1 x 10-"

0.014

8.8x10-"

6x10""

1.5x10"'

3.0x10""

3.9x10""

3.0X10-"

1.5x10""

6.7x10""

8.6

17

6800

3.9

11.2

32

5

9770

13000

9770

16000

39

10

13.2

228

14

10

0.24

4.8

6.4

4.8

2.4

10.9

94

27

1

1

94

1,5

1

1

7

1

7

1,5

7,94

80

1,5

80

7,94

54

1

94

1

1

94

2
to



Nuclide
(Abun-
dance)

127J

(100%)

(0. 096%)

126Xe
(0. 090%)

128Xe

(1.919%)

Type of
reaction

(n,7)

(n,2n)

(n,p)

(n. P*)

(n,d)

(n,a)

(n, a*)

(n, np)

(n, no)

(n,3n)

nonelastic

(n.2n)

(n,2n)

(n,2n*)

(n,2n)

(n,2n*)

Reaction Q-value
(MeV)

6.83

- 9 . 14

0.09

0.008

-3 .98

4.28

-6 .25

-2 .19

-16.25

-1 .02

-1 .01

-9 .61

Reaction
product

128J

126J

127Te

127Tem

U 6 T e

124Sb

12<Sb"

126Te

123Sb

125J

123Xe

" 5 Xe«

125Xen>

l ? 7 X e 8

1 2 7 X e »

Type of
decay

(EC, ft*)
/3-

/EC./S*
{ ft~

IT

/IT
1/9-

IT

EC

EC,/3+

EC

IT

EC

IT

Decay
Q-value
(MeV)

1.26
2.14

2. 150
1.251

0.69

0. 0887

2.916

0.010
2.926

0.035

0.149

2.8

1.9

~0.2

0.44

~0 . 3

Half life

25m

13d

9.4h

109d

60d

1.55m

20m

60d

2. lh

16.8h

55s

36.4d

70s

Decay product

128Te

128Xe

>26 T e

126Xe

127T

127Xeg_,127J

(9.4h)

124Te

l»4Sb_124Te

(60d)

12<Te

124Sb_>l?4Te

(60d)

(1.6ns)

123J_»123-T4
e

(13.3h)

125I-*I25Te
(60d)

125Xe^125I^ I25Te
(16.8h)(60d)

127!

127Xe«—127I
(36.4d)

max. CT
(barns)

60

1.5

+

+

+

+

+

Energy for
max. a
(MeV)

3.6xlO"5

16

a at 14 MeV
(barns)

0.0071

0.0012

1.3

1.66

0.016

0.016

0.008

0.005

9X10-4

5. 5X10"4

0.0015

6.3x10-"

0.0015

0.0013

2xl0" 5

0.040 at
14. 7 MeV?

2.0

1.13

1.36

0.70

1.53

0.84

1015R,.,.
/ curie \
\mol. unit flux/

116

20

21100

26900

259

259

130

81

9.0

24

10.2

24

18400

22100

11400

24900

13700

Reference

96

75

1,2,7

23

1,7

1

98

7

96

1

7,27

1

7

52

96

96

96

7,96

7,96

7

7,96

7

cr

a
c

>
CD
73



130Xe
(4.08%)

132Xe
(26. 9%)

131Xe
(21.18%)

134Xe

(10. 44%)

136Xe

(8.87%)

133Cs
(100%)

(n, 2n»)

(n.p)

(n, 2n*)

(n,p)

(n,p)

(n,2n)

(n, 2n*)

(n,p)

(n,2n)

(n, 2n*)

(n.7)

(n.7«)

(n.2n)

(n.p)

(n. P*)

(-9.26)

-2.21

(-8.94)

-2.80

-0.19

-8.54

-3.37

-8.00

6.89

-8.98

0.36

1301

132!

131!

1 3 3 X 6 8

133X em

134!

13SXe«

I 3 5 X e -

« c

134Csm

132Cs

1 3 3Xe

133 X e r o

IT

fi-
IT

fi-

IT

IT

(EC)

IT

EC

fi-

IT

0.2361

2.99

0.16398

3.56

0.970

0.427

0.2328

4.2

1.16

0.527

2.062
1.33

0.138

2.09
1.2

0.427

0.2328

8.0d

12. 3h

11.8d

2.3h

8.05d

5.65d

5.2d

52m

9.15h

15.6m

2.05y

9.2h

6.5d

5.27d

2.26d

»»Xe<
130Xe

131Xe«

I 3 2Xe

131Xe

133Cs

(5. 65d)

I 3 4Xe

(3xl06y)

(9.15h)(3xl06y)

134Ba

S(2y)

I 3 2Xe
132Ba

133Cs

(5d)

90

10

1.45

+

+

6xlO-«

6xl0" 6

15

1.44

0.0067

0.77

0. 0025

0.0067

0.0053

2.36

0.665

0.0022

1.70

0.75

0.002

0.0071

2x l0 - 4

0. 00182

1.4

1.3

1.57

1.62

0.0085

0.0105

0.015

0.0085

0.0048

23400

109

12500

40

109

86

38400

10800

36

27700

12200

33

116

3.3

80

22700

21200

25400

26400

138

171

244

138

78

7

96

7

7

27

96

7,96

7

96

96

7

1,5

86

1

86

1,7

85

23

86

1

86

7

1

86

>m
73



Nuclide
(Abun-
dance)

133Cs
(100%)

13°Ba
(0.10%)

i32Ba

(0. 097%)

13<Ba
(2.42%)

Type of
reaction

(n,d)

(n,3He)

(n,a)

(n, a*)

(n, np)

(n, na)

(n,2p)

(n, 3n)

(n,7)

(n,Y»)

(n,2n)

(n,7)

(n,7»)

(n,2n)

(n, 2n*)

(n,7*)

(n, 2n)

(n,2n»)

Reaction Q-value
(MeV)

-3 .87

-7 .50

4.45

-6 .10

-2 .01

-8 .90

-16.17

7.49

-10.22

7.19

-9 .80

-9 .80

(6.98)

-9 .46

Reaction
product

132Xe

131J

130J

l30Jm

132Xe

129!

132!

131Cs

131Ba

131Bam

129Ba

133Ba

133Bam

131Ba

131Ban,

135gam

1 3 3Ba

' 3 3 B a m

T y p e of
decay

JB-

fi-

fi-

P-

EC

IT

EC./9+

EC

IT

EC

IT

IT

EC

IT

Decay
Q-value
(MeV)

0.970

2.99

0.189

3.56

1.16

0.18

2.45

0.488

0.288

1.16

0.18

0.268

0.488

0.288

Half life

8.05d

12.4h

9.2m

1.7xl07y

2.3h

12d

15m

2.5h

7.2y

38. 9h

12d

15m

28. 7h

7.2y

38.9h

Decay product

13>Xe

130Xe

13°Xe

129Xe

132Xe

1 3 1Cs-1 3 1Xe
(9. 7d)

131Ba^131Cs—131Xe
(12d) (9.70d)

"»Cs—12»Xe
(32h)

I33Cs

133Ba« — 133Cs

(7y)

" 'Cs- ' ^Xe
(9.7y)

"'Ba-H-131Cs->l3IXe
(12d) (9.70d)

issBa.

133Cs

i33Ba«—i33Cs
(7.2y)

max. a
(barns)

+

1.1

2.52

+

8.5

0.3

+

0.16

+

+

Energy for
max. o
(MeV)

thermal

thermal

thermal

thermal

thermal

a at 14 MeV
(barns)

9x10-"

3. 2xlO-«

0. 0012

0.002

5.4x10"'

0.003

0.0013

2xlO"5

2x10-*

^1.2xlO" 5

0.66 at 19.5 MeV

0.002

5X10-"

1.6

1.37

0.002

8xl0" 5

0.89

0.16

0.89

5xl0" 5

0.85

0.85

1015R,.,.
/ curie \
\mol. unit flux/

0.05

19

32

8.8

49

21

0.3

3.3

^0.20

32

8

25900

22200

32

1.3

14400

2590

14400

0.81

13800

13800

Reference

96

55,86

1

22,27

86

5

52

96

96

86

96

1,5

1,5

1

23

1,5

1

1

7

1

1,5

1

1 to
en
to



135Ba

136Ba
(7.81%)

(11.323%)

13eBa
(71.86%)

138La
(0. 0089%)

(n.p)

(n,P*)

(n,2n)

(n,7*)

(n,2n«)

(n,p)

(n,a)

(n,2n)

(n,p)

(n.7)

(n, 2n*)

(n,p)

(n,a)

(n,a*)

(n.2n)

1.28

-6.95

(6. 90)

(-9.11)

-1.77

4.40

-6.90

-0.39

4.72

(-8.61)

-4.62

3.88

-7.32

134Cs

1 3 4 Cs"

- B a

137Ba™

135Ban.

136Cs

133Xe

136Ba

137Cs

139Ba

137Ba».

13»Cs

135Xe

135Xe»

137La

IT

IT

IT

fi~

Pr

IT

IT

i8"

iS-

IT

EC

2.059

0,138

0.6616

0.268

2.54

0.427

0. 6616

1.176

2.30

0.6616

4.83

1.16

0.527

0.5

2.05y

2.9h

2.55m

28. 7h

13d

5.27d

2.55m

30y

82.9m

2.55m

32.2m

9.2h

15.6m

6xl04y

134Qeg ».134gQ

(2y)

137B a«

"»Ba«

136Ba

133Cs

(2 .6h )

139La

>37Ba«

I 3 eBa

i35Cs—135Ba
(3x l0 6 y)

(9h) (3x l0 6 y)

137Ba

+

0.012

+
+

0.60

+

0.5

0.35

+
+

+

+

1.95

thermal

3.5

thermal

thermal

14.5

0.03

0.03

1.62

5xlO"5

0.68

0.042

0.008

0.30

1.74

0.06

lxlO"6

0.0013

1.2

0.0019

0.0038

0. 0125

0. 0036

0. 0020

0. 0125

5.5X10-1

1.95

490

490

0.81

11000

680

130

4860

980

0.02

21

19400

30

82

202

58

32

203

8.9

31700

1

1

15

1,5

1

1

27

1

15

1

1,5

5

1

1

22,27

1

7

22

1

7,22

1



Nuclide
(Abun-
dance)

139La
<99. 911%)

isece
(0.193%)

13eCe
(0. 250%)

I40Ce
(88.48%)

Type of
reaction

(n,7)

(n,2n)

(n.p)

(n. t*)

(n,«)

(n,7)

(n,7*)

(n,2n)

(n,7)

(n,2n)

(n, 2n*)

(n,7)

(n, 2n)

(n, 2n*)

(n.p)

(n, a*)

Reaction Q-value
(MeV)

5.16

-8.78

-1.48

-7.12

4.82

7.64

V

-10.01

7.45

-9.57

5.43

-9.20

-2.98

(5. 34)

Reaction
product

140La

138La

139Ba

>"Bam

l M Cs

137Ce

i3?Ce»

135Ce

139Ce

l 37Ce

137Ce">

14ICe

139Ce

i39Ce»>

""La

137Bam

Type of
decay

0-

0~

IT

EC,(/3*)

IT

EC

EC

EC,(/9*)

IT

0r
EC

IT

0-
IT

Decay
Q-value
(MeV)

3.760

0.99
1.78

2.30

0. 6616

2.54

1.2

0.255

2.1

0.27

1.2

0.255

0.581

0.27

0.746

3.769

0. 6616

Half life

40.22h

1.12xl0ny

82.9m

2.5m

13d

9h

34.4h

17. 2h

140d

9h

34. 4h

33d

140d

55s

40. 22h

2.55m

Decay product

140Ce

13«Ce
l38Ba

139La

'37Ba«

136Ba

137La->137Ba
(6xl04y)

137Ce«—137La—137Ba
(9h) (6xlO'y)

»*La-» 5 Ba
(19h)

139La

I37La-*I37Ba
(6xl0 4 y)

137Ce<"-»137La—137Ba
(9h) (6xlOV)

mp r

139La

i3»ce^i3'U
(140d)

»0Ce

137Ba«

max. a
(barns)

8.2

+

+

8

1

+

1. 1

+

+

0.6

+

1.4

+

Energy for
max. a
(MeV)

thermal

thermal

thermal

thermal

thermal

13.5

a at 14 MeV
(barns)

0.002

0. 0014

1.7

0. 0033

0.0048

2.1 x 10-5

0.002

0.002

2xlO-4

1.7

1.32

0.002

0.90

0.90

0.003

2.5

1.8

0.4

1.2

0. 0095

0. 0095

0.013

1015R,...
/ curie \
\mol. unit flux/

33

23

27700

53

78

0.34

32

33

3

27600

21400

33

14600

14600

49

41000

29000

6500

19400

154

154

211

Reference

1,5

74

15

1

27

83

1,27

1

1,5

1

23

1,5

1

1

1,5

1

88

7

7

1

1

7

2,

t

50
S.

nc

3



142Ce
(11. 04%)

i4iPr

(100%)

142Nd
(27.13%)

(n.7)

(n,2n)

(n,p)

(n,«)

(n, np)

(n,7)

(n,2n)

(n,p)

(n,t)

(n,«)

(n,2p)

(n, 3n)

(n,7)

(n,2n)

(n,2n«)

(n,p)

(n,or)

(n,«*)

5.18

-7.16

-3.74

6.09

-8.81

5.84

-9.40

0.20

-5.79

6.15

-8.211

-17.33

6.13

-9.81

-1.38

6.64

143Ce

141Ce

142La

139Ba

141La

142Pr

I40Pr

141Ce

139Ce

138La

140La

139Pr

143Nd

141Nd

i « N d -

142pr

139Ce

«Ce-

P-

P~

(EC)

EC./3*

EC

/EC

EC.,8*

EC./3+

IT

fi~
EC

IT

1.44

0.58

4.51

2.30

2.43

2.16
0.118

3.34

0.581

0.27

1.78
0.99

3.769

2.11

1.80

0.755

2.16

0.27

0.746

33h

33d

92m

82.9m

3.9h

19. 2h

3.39m

33d

140d

1. 12xl0"y

40. 22h

4. 5h

2.5h

1.05m

19. 2h

140d

55s

(13. 6d)
14ipr

I42Ce

1MLa

' 4 1Ce-* 1 4 'Pr
(33d)

142Nd

I4°Ce

14ipr

"'La111—IMLa«
(1.5ns)

I38Ba
138Ce
140Ce

(140d)

14ipr

(2. 5h)
142Nd

I39La

(9. 5m)

0.95

2.05

1.7

+

+

+

12

1.9

1.7

+

- 1 8

+

1.7

+
+

+

thermal

12.5

14

thermal

15

15

thermal

17

0.008

1.8

1.7

0.006

0. 0065

0. 0060

8. 5xlO"4

0. 0033

9.8xlO"4

1.75

1.59

1.61

0.010

0. 0033

0. 0063

5.0X10"5

3. OxlO"5

0.003

8. 4 x 10"4

0. 010 at
14. 7MeV?

2.2

1.5

0.65

0.011

0.002

0.01

130

29300

27700

97

105

97.7

13.8

54

16

24500

25400

26200

160

54

103

0.81

0.49

49

13

35600

24400

10500

178

32

160

1,5

1,23

7,88

1

1

22

1

1,5,74

58

1,23

97

7,88

27

1

22

65

55

5

96

96

(6)

5

7

1

1

5

5

2
CO



Nuclide
(Abun-
dance)

143Nd
(12.20%)

144Nd
(23.87%)

145Nd
(8. 30%)

»«Nd
(17.18%)

148Nd
(5. 72%)

15°Nd
(5.60%)

Type of
reaction

(n,2n)

(n,p)

(n,7)

(n,2n)

(n,p)

(n.a)

(n,2n)

(n,p)

(n,7)

(n,2n)

(n,p)

(n,a)

(n.7)

(n,2n)

(n,p)

(n, 3He)

(a, a)

(n,7)

(n,2n)

Reaction Q-value
(MeV)

-6.13

-0.15

5.76

-7.82

-2.21

7.33

-5.76

-1.02

5.30

-7.57

-3.30

6.34

5.07

-7.32

-4.12

-8.53

5.37

5.31

-7.36

Reaction
product

142Nd

143Pr

145Nd

' " N d

>"Pr

I4 'Ce

' " N d

145pr

I 4 7Nd

>45Nd

H6pr

'«Ce

'"Nd

'"Nd

»'Pr

146Ce

145Ce

151Nd

" 9 N d

Type of
decay

/3"

0-

P~

a

fi~

P~

P-

p -

P~

P~

P~

P~

P-

P-

P~

Decay
Q-value
(MeV)

0.933

2.989

0.581

1.90

1.80

0.90

42

1.44

1.67

0.90

4.5

1.0

2.6

2.4

1.67

Half life

13. 6d

17.3m

33d

2.4xlO»5y

5. 98h

11. Id

24.0m

33h

1.8h

11. Id

2m

14m

3m

12m

1.8h

Decay product

143Nd

' " N d

14ipr

1<0Ce

145Nd

"'Pin

'«Nd

143P r^143N d

(13. 6d)

149pm^149S m

(53h)

'«Pm-'4 7Sm
(2.62y) (a)

"•Nd

146Pr_146N(J
(24. 0m)

145Pr_145N(J

(6h)

151Pm—151Sm—151Eu
(28h) (»87y)

149Pm—'«Sm
(53h)

max. a
(barns)

+

~5. 0

+

1.8

+

3

3.1

+

+

1.8

3.1

Energy for
max. a
(MeV)

thermal

thermal

thermal

12

thermal

12

a at 14 MeV
(barns)

10I5R,.,
/ curie \
\mol. unit flux/

1.5 i

0.01 160

1.7

0. 0098

0.013

1.81

1.77

0. 0069

0.006

2.0

0. 0053

0.004

0.003

2.6

1.6

1.95

0. 0026

(6~8)xlO"4

0. 0040

0.005

2.7

159

212

29500

28800

112

97

86

64

48

42100

25900

31600

42

11

65

81

43900

Reference

15

1

(6)

15

27

1

15

23

27

1,6

15

27

1

1,5

1

7

23

1

ref. in 54

1

1,5

1

•2,

n
<

2



1.7

2.01

27500

32600

7

23

Pm

"4Sm
(3.16%)

147Sm
(15.07%)

»«Sm
(11.27%)

149Sm
(13.8%)

1MSm
(7.47%)

152Sm
(26. 63%)

(n,7)

(n, 2n)

(n,2n)

(n.a)

(n, 2n)

(n,p)

(n. 2n)

(n.P)

(n,2n)

(n,7)

(n,2n)

(n,7)

(n.2n)

(n,p)

(n,«)

6.76

- 1 0 . 5 5

- 1 0 . 5 5 4

7.92

- 6 . 3 7

0.56

- 8 . 1 4

- 1 . 6 8

- 5 . 8 7

5.59

- 7 . 9 9

5.87

- 8 . 2 7

- 2 . 6 2

5.28

145Sm

»3Sm

143Sm ra

»'Nd
146Sm

147Sm

147Sm

'«Pra

148Sm

151Sm

149Sm

I53Sm

151Sm

152Pm

I49Nd

EC

EC,/3+

IT

EC,(/3+)

yS"

a

/3"

/S-

/3"

0.65

3.3

0.748

1.80

0.225

2.314

2.48

0.076

0.801

0.076

3.5

1.67

340d

8.9m

64s

2.5h

2.62y

1.05xl07y

5.4d

87y

47h

87y

6m

1.8h

"5Pm-»145Nd
(17y)

"3pm_»143Nd
(0.73y)

I43Srn«^143Pm^143Nd
(8.9m) (0. 73y)

14ipr

147Sm
(a emitter)

i«Nd

148Sm

15IEu

153Eu

151Eu

152Sm

149Pm—149Sm
(53h)

0.7

+

1.8

+

+

102

210

2.05

+

thermal

18

thermal

thermal

14

0.002

0.68

1.37

1.3

0.68

0.011

1.3

0.012

1.52

1.62

0.0143

1.64

1.59

0.008

1.8

0.009

2.05

0.003

0.008

33

11000

22300

21200

11000

178

195

24700

26400

233

130

146

33400

49

130

1,5

1,89

88

7,97

1,89

7

15

1

15

23

73

15

23

1,5

15

1,5

1

1

1



Nuclide
(Abun-
dance)

154Sm
(22.53%)

151Eu
(47. 77%)

153Eu
(52.23%)

152Gd
(0.20%)

I54Gd
(2.15%)

Type of
reaction

(n,7)

(n,2n)

(n.p)

(n,a)

(n,7)

(n,7*)

(n,2n)

(n,2n»)

(n,a*)

(n,7)

(n,2n)

(n,2n*)

(n.p)

(n.«)

(n,7)

(n, 2n)

(n,2n)

Reaction Q-value
(MeV)

5.81

-7.98

-3.22

4.10

6.31

6.31

-7.98

(7.87)

6.44

-8.56

-0.02

5.83

6.49

-8.60

-8.66

Reaction
product

155Sm

153Sm

154Pm

151Nd

I 5 2 Eu

152Eum

isoEu

150£um

nepmn,

154Eu

1 5 2Eu

152E um

1!3Sm

1!°Pm

153Gd

151Gd

153Gd

Type of
decay

/3-

fi-

P~

/EC, /3+

\ t
/EC, /3+

v n-
EC

ev
•p

(V
/EC, /3+

I /3"
/ 3 "

i 8 -

EC

EC

EC

Decay
Q-value
(MeV)

1.65

0.801

= 2.2

2.4

1.857
1.82

1.90
1.87

=2.3

2.25
1.010

0.1372
2.62

1.978

1.857
1.82

1.90
1.87

0.80

3.43

0.243

0.4

0.243

Half life

23m

47h

2.5m

12m

12y

9.3h

5y

12. 6h

42d

16y

12y

9.3h

47h

2.7h

242d

120d

242d

Decay product

155Eu^155GcJ

(1.8y)

>53Eu

154Sm

'S'Pm-^'s'Sm-^'s'Eu
(28h) (87y)

I52Sm
152Gd

(l . lxl0 I 4y) (a)

152Sm
152Gd

I50Sm

150Sm
150Gd

(a emitter)

">Sm

154Gd
152Sm
152Gd

(a emitter)
I52Sm
152Gd

"3Eu

150Sm

153EU

I5lEu

'«Eu

max. a
(barns)

5.5

2.1

+

+

6000

3100

0.61

0.61

390

+

+

+

+

100

2.0

2.05

Energy for
max. a
(MeV)

thermal

13.5

thermal

thermal

14

14

thermal

thermal

14

14

a at 14 MeV
(barns)

0.008

(3~9)xlO-4

2.0

1.63

0. 0028

0. 0075

0.005

0.002

0.61

0.61

0.019

0.009

0.76

0.76

0. 0065

0. 0075

0.008

2.0

1.3

2.05

1.90

10'5R,.,.
/ curie \
Vmol. unit flux/

130

5—15

32400

26400

45

122

81

33

9900

9900

309

147

12300

12300

106

122

130

32600

21200

33400

30900

Reference

1,6

97

1

23

1

1

1

5

1

1

7

1,5

1

1

1

1

1,5

1

15

1

23

3
O-

if
2

3

C



155Cd
(14. 73%)

156Gd
(20. 47%)

157Gd
(15. 68%)

I58Gd
(24.87%)

16°Gd
(21. 90%)

(100%)

(n, 2n)

(n,p)

(n,7)

(n,2n)

(n,p)

(n.a)

(n,2n)

(n,P)

(n, 2n)

(n,p)

(n,a)

(n,7)

(n, 2n)

(n,a)

(n,2n)

(n,2n*)

(n.P)

-6 .45

0.54

6.37

-8.53

-1.67

5.67

-6.37

-0.58

5.95

-7 .93

-2 .65

5.16

5.63

-7.45

4.63

6.38

-8.14

-0.17

-Gd

i»Eu

157Gd

155Gd

«"Eu

153Sm

156Gd

157Eu

1 MGd

1 ! 7Gd

1 M Eu

155Sm

l 6 1Gd

159Gd

157Sm

.60T b

1 5 8Tb"

I59Gd

/3"

fi~

P-

fi-

fi-

e-

/EC

1/3-
IT

/3-

0.248

2.45

0.801

1.34

0.95

3.5

1.64

2.0

0.95

2.83

1.827

1.20
0.95

0.110

0.95

1.81y

15d

47h

15.2h

18h

46m

23m

3.7m

18h

30s
(83s)

72. Id

1.2xl03y

11s

18h

155Gd

156Gd

»»Eu

157Gd

i 5 9 T b

I58Gd

I 5 5 f iU i iy)G d

(eld)

159Tb

157Eu—157Gd
(15h)

158Gd

+

11.5

+

3.5

0.77

2.2

50

+

thermal

thermal

thermal

12.5

thermal

2.1

1.8

0.012

2.1

2.0

0.0029

0.0085

2.1

2.0

0.0095

0.004

2.2

0. 0015

0.0024

0.010

(4~10)xl0-4

1.9

1.53

0.0017

0.01

0.26

0.16

0. 00185

195

47

138

154

64

24

39

162

7~16

30800

24800

27

160

4230

2590

30.1

8

15

1

(5)

8

15

1

7

8

15

1

1,5

8,15

26

7

1,5

97

1

23

1

1

1

5

1

to
to



Nuclide
(Abun-
dance)

159T b

(100%)

156£)y

(0. 0524%)

158Dy

(0. 0902%)

160£)y

(2. 294%)

•6'Dy
(18. 88%)

162Dy

(25. 53%)

163£>y

(24. 97%)

Type of
reaction

(n, 3He)

(n,a)

(n,2p)

(n,7)

(n,2n)

(n,7)

(n, 2n)

(n, 2n)

(n, 2n)

(n,7)

(n, 2n)

(n.o)

(n,7)

(n,2n)

(n,p)

(n, p*)

Reaction Q-value
(McV)

-6.90

6.22

-8 .76

6.98

-9 .44

6.83

-9.06

-8 .58

-6 .45

6.27

-8.19

6.05

7.65

-6 .27

-0.90

Reaction ' Type of
product . decay

157Eu

156Eu

155Dy

159Dy

157Dy

"»Dy

160£)y

>«Dy

161Dy

159Gd

16?Dy

163T b

lerrbm

/S-

P-

fi~

EC

EC

EC

EC

EC

/s-

/3"

Decay
Q-value
(MeV)

1.34

2.45

3.5

1.1

0.9

0.38

1.1

0.38

0.95

1.68

~1 .7

Half life

15.2s

15d

46m

8. lh

10. 2h

144d

8. lh

144d

18h

6.5h

7m

Decay product

157Gd

156Gd

I58Gd

157Tb_^157Gd

(150d)

155Tb^l55G(J

(5. 6h)

159Tb

157Xb_157Gd!

(150y)

is'Tb

159Tb

163£)y

i«3Dy

Max. a
(barns)

+

+

96

+

2.1

160

+

125

+

+

Energy for
max. a
(MeV)

thermal

14.5

thermal

thermal

a at 14 MeV
(barns)

9xlO"6

0. 00185

8x10-"

0.01

1.8

1. 1

1.9

0.01

2.0

2.1

2.06

2.2

2.0

2.1

0.003

2.2

2.1

0. 0024

0. 0024

1015R..,.
/ curie \
\mol. unit flux/

0.15

30.1

13

163

29300

17800

30800

160

32400

34200

33500

49

39

39

Reference

55

1

96

ref. in 75

15

7

1,5

1

1

23

8

15

(5)

8,15

1

(5)

8

15

1

1

H

3a.
c

>
m
S
8
CO



i««Dy
(28.18%)

165Ho
(100%)

162Er
(0. 136%)

>64Er
(1.56%)

166Er

(33. 41%)

(n.7)

(n.7*)

(n.2n)

(».«)

(n.7)

(n, 2n)

(n, 2n*)

(n.p)

(n.p*)

(n,a)

(n,7)

(n.2n)

(n,7)

(n, 2n)

(n.7)

(n.7*)

(n,2n)

(n.p)

(n,a)

5.72

-7.65

5.21

6.24

-7.99

-0.51

6.46

6.91

-9.21

6.66

-8.86

6.44

-8.47

-1.08

7.09

i«Dy

'»Dy»

163Dy

l c lGd

166Ho

i e 4Ho

164Hom

165D y

165Dyr,

162T b

163Er

161Er

165Er

163Er

167Er

167Ern,

165Er

'"Ho

163Dy

/5-
IT

G8-)

fi-

0-

jEC

0~
IT
tf")
0~

EC, /3*

EC

EC, ,9*

IT

EC

1.30

0.10816
1.40

2.0

1.847

1.11
1.03

1.30

0.108

2.8

1.21

2.4

0.37

1.2

0. 2078

0.37

1.847

139. 2m

1.26m

3.7m

26. 9h

37m

24m

139.2m

1.26m

7.5m

75m

3. lh

10. 3h

75m

2.3s

10.3h

26.9h

165Ho

(139. 2m)

leifb—»16IDy
(6. 9d)

166Er

164Er

165Ho

(139. 2m)

"*Dy

>«Ho
(>103y)

163Ho«

1 6 7Er

. 6 5 H o 8

166Er

600

2200

+

64

0.7

1.0

+

+

10

2.05

10

2.1

45

15

+

thermal

thermal

thermal

14

14

io-4

14.5

10"4

14.5

thermal

thermal

0.010

0.001

2.2

2.3

0. 0036

9. 4xlO-«

0.009

0.0088

2.3

0.7

1.0

1.78

0.04

0.001

0. 0012

0.010

2.05

1.95

0.010

2. 1

0.96

2.0

0.011

162

16

58

15.3

150

143

37300

11000

16200

29000

648

16

19.5

162

33200

31600

162

34000

15600

32400

179

1,5

1,5

8

15

1

58

1,5

74

1

7

7

88

1,24

1

7

1

1

23

1

1

(5)

(5)

1

7,23

26

2
to



Nuclide
(Abun-
dance)

167Er
(22. 94%)

168Er

(27. 07%)

170Er

(14.88%)

"Tin
(100%)

168Yb
(0.140%)

Type of
reaction

(n,7)

(n,2n)

(n,p)

(n.T)

(n,2n*)

(n,p)

(n,a)

(n, a*)

(n.7)

(n,2n)

(n.p)

(n.o)

(n,7)

(n,2n)

(n,p)

(n,7)

(n,2n)

Reaction Q-value
(MeV)

7.77

-6.44

- 0 . 19

6.00

(-7.77)

-1.99

6.26

5.68

-7.26

-2.92

5.73

6.59

-8.06

0.43

6.87

-9.06

Reaction
product

168Er

166Er

167Ho

1 6 9Er

167Erm

168Ho

"«Dy

l « 5 D y m

1 7 1Er

I 6 9Er

17°Ho

is'Dy

170Tm

'«Tm

I69Er

169Yb

167Yb

Type of
decay

/3"

IT

P-

P-

IT

fi~

/3 -

/8-

/ E C

1/9-
EC

iS"

EC

EC, ,8*

Decay
Q-value
(MeV)

1.0

0.340

0. 20780

3.3

1.3

0.10816
1.4

1.490

0.34

4.2

3.3

0.5
0.967

1.72

0.340

1.2

1.96

Half life

3. lh

9. 4d

2.3s

3.3m

139.2m

1.26m

7. 52h

9.4d

45s

4.4m

130d

85d

9.4d

32d

18m

Decay product

I67Er

169Tm

167Er*

168Er

165Ho
165rjyg_165Ho

(139. 2m)

» 'Tm- . 171Yb
(1.92y)

" T m

I70Er

167Ho—167Er
(3. lh)

17°Er

170Yb

I68E r

1 6 9Tm

1 6 9Tm

167Tm^167Ern,^167Er8

(9.6d) (2.3s)

Max. a
(barns)

650

+

5

1.0

+

+

+

10

2.2

+

130

~1 .0

5500

2.2

Energy for
max. a
(MeV)

thermal

10"1

14

thermal

12.5

thermal

~14

thermal

14

a at 14 MeV
(barns)

2.0

0. 0024

0.010

1.0

0. 19

0. 0017

5xlO-4

9xlO-4

0.010

(8~9)xlO-4

2.0

1.86

0.0018

9xlO-<

0.010

1.0

2.05

0.010

0.010

2.2

1.5

1015R,.,.
/ curie \ ; Reference
\mol. unit flux/

39

162

16200

3080

27

8

14

162

13~15

32400

30100

29

14

162

16200

33400

162

162

35600

24300

(5)

15

1,27

1

7

5

1

1

1

1,5

97

1

23

5,27

1,27

1,6

1,7

23

26

1

1

15

w.
c
a-
•n
d

m



170Yb
(3. 03%)

171Yb
(14.31%)

172Yb
(21.82%)

173Yb
(16.13%)

174Yb
(31.84%)

176Yb
(12. 73%)

175Lu
(97. 40%)

(n.2n)

(n, 2n*)

(n,2n)

(n,2n)

(n.p)

(n.2n)

(n.p)

(n,7)

(n,2n)

(n.p)

(n.o)

(n,7)

(n,2n)

(n.p)

(n.a)

(n, 7*)

(n,2n)

(n, 2n*)

(n.p)

(n.a)

-8 .47

-6 .62

-8.02

-1.09

-6.37

-0.54

5.82

-7.47

-2 .28

6.41

5.56

-6 .88

-3.36

5.58

(6.29)

-7 .66

0.31

7.87

169Yb

woYb

17 'Yb

172Tm

173Tm

175Yb

174Tm

171Er

177Yb

175Yb

176Tm

l73Er

176Lu

174Lu

.75Yb

172Tm

EC

IT

fi-

P~

P~

P~

P-

P~

P-

P-
EC

/EC
UT

P~

P~

1.2

0.0243

1.88

1.32

0.467

2.5

1.490

1.40

0.467

4.2

2.5

1.31

1.5

1.7
0.1708

0.467

1.88

32d

46s

63. 6h

8.2h

lOlh

5. 5m

7.52h

1.9h

lOlh

1.5m

1.4m

3.7h

3.6y

140d

lOlh

63.6h

169Tm

(32d)

172Yb

, 7 3 Y b

175Lu

I74Yb

171Tm—171Yb
(1.92y)

(6/7d)

175Lu

- Y b

(8.~2h)

176Hf

174Yb

I 7 4Yb

(3.6y)

175Lu

>«Yb

1.6

0.54

55

20

2.1

23

1.6

1.6

+

14

14

thermal

thermal

13

thermal

14.5

14.5

1.6

0.54

1.9

2.0

0. 0063

2.1

0. 0042

0.01

2.2

0.002

8. 2X10"4

0.009

(3~10)xl0-4

1.75

1.78

5. 5X10"4

3.3x10-*

0.002

1.6

1.6

0.65

0.002

26000

8730

102

68

162

32

13.3

146

5~16

28400

28800

8.9

5.3

32

26000

26000

10600

32

1

1

15

15

30

15

30

1,5

15

26,30

30

1,5

97

1

23

30

30

1,5

1

1

7

1

2



Nuclide
(Abun- Type of

dance) : ' — - " " "

176Lu
(2.60%)

174Hf
(0.18%)

176Hf

(5.15%)

177Hf

(18. 39%)

178Hf

(27. 08%)

179Hf

(13. 78%)

(n,7)

(n,7*)

(n,n')

(n,2n)

(n,3n)

(n,3n*)

(n,7)

(n,2n)

(n,2n)

(n, 2n)

(n,7)

(n,2n)

(n,p)

(n, P*)

(n,a)

(n, 7*)

(n, 2n*)

Reaction Q-value
(MeV)

7.07

-6.29

-13.95

6.85

-8.59

-8.09

-6.38

(6.10)

-7.63

-1.47

7.91

(7. 39)

(-6.10)

Reaction
product

177Lu

I77Lum

176Lum

175Lu

174Lu

"<Lum

I75Hf

173Hf

175Hf

176Hf

I79H f m

177Hf

I78Lu

178Lu-n

175Yb

ieo H f m

178Hf".

Type of
decay

/3-

l lT

fi-

EC

/EC
llT

EC

EC

EC

IT

fi-

/s-

IT

IT

Decay
Q value Half life
(MeV) !

0.497

1.467
0. 9702

1.31

1.5

1.7
0.1708

0.59

> 2

0.59

0.378

2.25

2.65

0.467

1.1422

1.148

6. 7d

155d

3. 7h

3.6y

140d

71d

23.6h

70d

18.6s

30m

20m

lOlh

5.5h

4.3s

Decay product

I77Hf

177Lug^177Hf

(6. 7d)
I77Hf

"«Hf

174Yb

174Yb
174Lu«—I74Yb

(3.6y)
175Lu

1 7 3Lu^ 1 7 3Yb
(1.4y)

175Lu

179Hf8

178Hf«

178Hfm_178H{ 8

(4. 3s)
175Lu

180Hf«

178Hf8

Max. a
(barns)

2100

1

0.29

+

+

390

+

2.2

50

+

0.34

Energy for
max. a
(MeV)

thermal

thermal

4

thermal

14

thermal

thermal

(7 at 14 MeV
(barns)

0.01

lxlO" 5

0.08

2.3

0. 15

0.15

0.01

1.6

0.86

2.2

2.27

2

2.3

1.9

2.3

2.1

0.0017

0.0010

0.0016

0.002

lxlO" 4

0.9

1015R,B,
/ curie \
\mol. unit flux/

162

0.2

1300

2440

2440

162

25900

13900

35800

37000

32000

27

16

26

32

1.6

15000

Reference

1,5

1,5

1

8

1

1

1,5

5,7

1

23

5

8

15

(5)

8

15

37

37

1

5

1,5

7



180Hf
/o r A A 0/ \

(35. 44%)

isoTa

isiTa

(100%)

180W

(0.135%)

(n,7)

(n,n')

(n, 2n*)

(n,p)

(n.«)

(n.n')

(n,2n)

Tn')
(n,2n)

(n, 3n)

(n,p)

(n, 3He)

(n.a)

(n,a*)

(n,t) +
(n,nt)

(n,a) +
(n,na)

(n,7)

(n,2n)

5.69

(-7.39)

-2.52

6.86

-9.44

6.06

(-7.64)

-14.22

-0.24

-6 .56

7.41

6.65

-8.44

181Hf

180Hfm

179Hfm

>8°Lu

177Yb

>7 'Ta

i«T.

I 8 0 X a m

1 7 9Ta

181Hf

179Lu

178Lu

» . L u -

181W

179V/

P~
IT

IT

f>-

P-

EC

fi-

/EC
1/9-

EC

0-

P-

P~

P-

EC

EC

1.023

1.1422

0.378

3.3

1.40

0.115

1.811

0.9
0.70

0.115

1.023

1.34

2.25

2.6

0.19

1.2

42.5d

5. 5h

18.6s

2.5m

1.9h

600d

115d

8. lh

600d

42. 5d

4.6h

30m

20m

140d

38m

181Ta

ieoHfg

179Hfj

180Hf

(6. 7d)

179Hf

,82W

180Hf
180\V

179Hf

1 8 1Ta

179Hf

178Hfg

"»Hfm-*l7>Hf«
(4.3s)

18ITa

(600d)

12.6

0.07

+

3.5

2.3

2000

1.1

-

+
+

+

+

20

thermal

5

5

12

3.8xl0"5

13

thermal

0.008

0.02

0.6

0.0014

0. 0021

0. 0022

1.0

2.25

0.48

1.1

1.9

0.2

0.002

0.005

3.4xlO"6

0.001

0.0003

0. 0012

0.00014

0.0045 at
22.5MeV

0.002

0.009

1.3

1.87

130

320

9720

22

34

35

36600

17800

30900

3300

32

81

0.06

16

4.8

19

2.2

146

21100

30400

1,5

1

7

26

1

5

1

1

(1)

95

1,88

7

1,7

1,27

41

55,56

1

37

7,18

37

60

41

1

1

87



Nuclide
(Abud-
dance)

180 Y/

(0. 135%)

182W

(26.4%)

183W

(14.4%)

184W

(30. 6%)

Type of
reaction

(n,2n*)

(n,P»)

(n,7)

(n,2n)

(n,p)

(n.p*)

(n,a)

(n,7)

(n,2n)

(n,3n)

(n,p)

(n,a*)

(n,np)

(n,7)

(n,7*)

(n, 2n*)

(n.p)

Reaction Q-value
(MeV)

(-0.06)

6.19

-8 .05

-1.02

(-1.54)

7.39

7.41

-6.19

-14.25

-0.29

(-7.78)

-7 .21

5.75

(-7.41)

-2 .25

Reaction
product

179 Wm

180T a m

183W

181\V

182Ta

182Tam

179Hf°>

18<W

18?W

181\V

183T a

180pjfm

1 8 2 T a

185W

185Wm

1B3W"

>MTa

Type of
decay

IT

/EC
1/9-

EC

P~

IT

EC

p-

IT

P-
fi~

IT

IT

P'

Decay
Q-value
(MeV)

0. 2218

0.9
0.7

0.19

1.811

0.503

0.19

1.07

1.1422

1.811

0.429

0.368

0.309

2.75

Half life

5.2m

8. lh

140d

115d

16m

18.6s

140d

5. Id

5.5h

115d

75d

1.6m

5.3s

8. 7h

Decay product

i"V/«—179Ta—"9Hf
(38m) (600d)

]80Hf
180W

i s i T a

182W

182Xag_>182W

(115d)

181T a

183^/

180Hf

182W

>e5Re

i85-vyi'-i.185Re

(75d)

isswe

184W

max. a
(brans)

+

20

2.3

1X103

+
+

1.8

0.02

1.6

+

Energy for
max. <J
(MeV)

thermal

14

8xlO"6

thermal

thermal

13.5

a at 14 MeV
(barns)

0.42

0.49

0. 0096

2.3

2. 17

2.23

0. 0023

0. 0059

1.2X10"4

1.2X10"4

2.35

2.0

0.4

0. 0028

0.0041

2. 2X10-1

0.0013

0.005

3xlO"5

1.6

0. 0056

0.0029

1015R,.,
/ curie \
\mol. unit flux/

6800

7980

156

37000

35300

36300

37

96

2.0

2.0

6500

45

67

3.6

21

81

0.5

26000

91

47

Reference

1

87

87

(5)

1

87

23

7

87

87

87

(96)

8

15

1

1

87

87

87

1,5

1,5

7

1

87

H

SO

3a-
c



186W

(28.4%)

185Re
(37. 07%)

(n,o)

(n, d + pn)

(n.7)

(n,2n)

(n,2n*)

(n,p)

(n.o)

(n, np)

(n.7)

(n.2n)

(n, 2n*)

(n,2n**)

(n.a)

7.37

5.47

-7.58

-3.12

6.39

-8 .43

6.18

-7.79

8.28

"»Hf

iwra

187W

185W

I85W»

186Ta

lB3Hf

185Ta

186Re

184Re

, 8 4 ^

184Rem

« T .

P-

fi~

IT

fi-

P-

(EC)

EC

/EC
llT

1.023

1.07

1.31

0.429

0.368

3.7

2.2

2.0

1.071
0.54

1.6

0. 1880

1.811

42.5d

5. Id

23. 9h

75d

1.6m

10m

65m

50m

90h

38d

169d

2.2d

115d

181Ta

183W

I 8 7Re

185Re

(75d)

186W

183^"a_»183W

(5. Id)

(75d)

I86Os
186W

18 < W

184W

(38d)

182W

+

38

1.1

1. 1

+

~0. 025

+

+

105

2.25

0.047

thermal

12

12

~ 2 0

thermal

12

12

0.0034

0.0015

0. 0018

6.5xlO"4

0.005

(4~ll)xlO-4

0.8

2.3

0.8

0.64

0.5

0. 0014

0.001

0.0012

5. 5xlO"4

3xlO-4

2. 5xlO"4

0.008

2.25

1.91

0.046

0.26

1.1

0 mb

55

16

29

10.6

81

7-18

13000

37000

13000

10400

8100

22

16

20

9.0

5

4.1

130

36600

31100

749

4200

17300

1

87

5

87

1,5

97

1

7,87

1

87

7

1,87

7

1

87

1

87

1,5

1

5

1

7

5

NP-11571
(1962)

>m
70



Nuclide
(Abun-
dance)

187Re
(62. 93%)

184Os
(0. 018%)

186Os
(1. 59%)

187Os
(1. 64%)

>88Os
(13.3%)

189Os
(16.1%)

Type of
reaction

(n,7)

(n,7*)

(n,2n)

(n,p)

(n, 3He)

(n,a)

(n,7)

(n,2n)

(n,2n*)

(n,2n)

(n,P)

(n,2n)

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

(n,P*)

(n, 7*)
(n, n')
(n, 2n)
(n,p)

Reaction Q-value
(MeV)

5.87

-7 .37

-0 .59

-6.600

7.10

6.67

-8 .86

-8 .27

-0 .32

-6.30

(5. 92)
-7 .99
-1 .34

(7. 79)

-5 .92
-0 .22

Reaction
product

188Re

188Rem

186Re

1S7W

1 8 5Ta

ie4Ta

I 8 5Os

183Os

183Os™

185Os

186Re

l s s O s

189Osm

l 8 7Os
188Re

I 8 8 Re m

" ° O s m

189Qsm

188Os

>8'Re

T y p e of
decay

/3-

IT

/5"
(EC)

fi-

fi-

fi-

EC

EC

/IT
IEC

EC

/8-
(EC)

IT

/3"

IT

IT
IT

0-

Decay
Q-value
(MeV)

2.116

0.172

1.071
0.54

1.31

2.0

2.75

0.982

2.0

0.1707
2.2

0.982

1.071
0.54

0. 03081

2.116

0.1720

1.706
0. 03081

1.00

Half life

16. 7h

18.7m

90h

23. 9h

50m

8. 7h

94d

12h

9.9h

94d

90. 6h

5. 7h

16. 7h

18.7m

9.9m
5. 7h

24. 3h

Decay product

'88Os

1 8 8 R e l _ 188QS

186OS
186W

I87R e

185W

1 M W

185Re

(71d)
183Os_183Re^183W

(12h) (71d)
1 8 3Re—1 8 3W

(71d)

185Re

186W

189Os»

188Os

188Re«—18SOs
(16. 7h)

190Os«

189Os

max. a
(brans)

73

1.3

1.7

+

+

200

+

+

2.25

0.9

+

-)-

0.01
3.5

Energy for
max. a
(MeV)

thermal

thermal

13

thermal

14

io-4

lO"4

4

a at 14 MeV
(barns)

0.005

3x10-"

1.7

1.43

0. 0033

0. 0039

4xl0" 6

9. 2X10-1

9. 4xlO"4

0.008

1.3

0.43

2.25
1.8
0. 0055

1.9

5X10-1

2.0
0. 0042
0. 0074

0. 0042

5xl0" 6

1.0
2.1
0.005

10'*R.,,.
/ curie \
\mol. unit flux/

81

5

27500

23200

53

63

0.1

14

15

130

21100

7000

36600
29000

90

8

68
120

68

0.08
16200

80

Reference

1,5

1.5

1

23

1

5,27

54

1

5,27

1

1

1

1
15
98

15

1
15
1
98

1

1
1
15
98



190Os
(26. 4%)

192Os
(41.0%)

191 I r

(38. 5%)

"3Ir
(61. 5%)

(n, P*)

(n,7)

(n,n')

(n,2n*)

(n,p)

(n,o)

(n,7)

(n,2n)

(n,2n*)

(n.p)

(n,7)

(n,7*)

(n,2n)

(n, 2n*)

(n,p)

(n,«)

(n, a*)

(n,7)

(n,n')

(n,2n)

(-2.23)

5.76

(-7.79)

-2.40

6.84

5.59

-7.56

-3.09

6.20

-8.12

0.47

7.96

6.07

-7.77

185Re™

I 9 I Os

I 9 1Osm

19OQS">

18,0s-

190Re

187W

193Os

191Os

192Re

192Ir

190Ir

190Jrm

191Os

I 8 8Re

. - R e -

194Ir

193Irm

192Ir

IT

IT

IT

0-

0-

0-

IT

0-
/EC
\0-
IT

EC

IT

0-

0-
IT

0-
IT

/EC
1/3-

0.310

0. 0742

1.706

0. 0308

3.1

1.31

1.132

0.310

0. 0742

3.1

1.2
1.453

0. 0580

2.1

0. 0263

0.310

2.116

0.1720

2.24

0. 0802

1.2
1.453

2.8h

15d

13h

9.9m

5.7h

2.8m

23. 9h

31h

15d

13h

6s

74. 2d

1.4m

lid

1.2h

15d

16. 7h

18.7m

17. 4h

12d

74. 5d

191Ir

(lid)

'9°Os«

>89Os«

19°Os

(4xl010y)

193Ir

191Ir

s(i5d) r

»2Os

192Os
192Pt

(74d) N l 9 2 ° s

19°Os

'(ad)

"'Ir

>8«Os

•88Re«—188Os
(16. 7h)

194 P t

193Ir«

192Os
192Pt

6

8.5

0. 0175

1.15

+

1.6

1.15

2.2

1.15

300

610

2.0

0.37

+

+

110

1.15

1.15

thermal

thermal

5

13

thermal

14

14

14

thermal

thermal

14

- 1 5

thermal

5

14

0.002

0.003

0.003

0.005

1.15

0. 0020

4. 7xlO"4

0.005

1.15

1.26

2

1.15

1.07

7xlO-4

0.002

0.002

2.0

0.37

0. 0048

0. 0018

2xlO"4

0.005

0.3

1.15

2.1

32

48

48

81

18600

32

7.6

81

18600

20500

33000

18600

17400

11

32

32

32000

6000

78

29

3

81

4860

18700

34000

7

1,5

1,5

1

1

27

1,27

1,6

1

99

7

1

99

26

1,5

1,5

1

1

98

1

1

1,5

1

1

7

2



Nuclide
(Abun-
dance)

193Ir

(61. 5%)

190pt

(0. 012%)

192Pt

(0. 78%)

1MPt
(32. 8%)

195Pt

(33. 7%)

Type of
reaction

(n,2n*)

(n,p)

(n,7)

(n,2n)

(n,7)

(n,7»)

(n,2n)

(n,7»)

(n,2n)

(n,2n»)

(n,p)

(n,«)

(n, a*)

(n,7)

(n,n')

(n,2n)

(n,p)

Reaction Q-value
(MeV)

-0 .35

6.45

-8 .81

6.25

-8.66

(6.12)

-8 .37

-1.46

7.28

7.92

-6 .12

-0 .15

Reaction
product

192Jrra

193Os

19iPt

189Pt

193pt

193p(m

19ipt

195ptm

193pt

I93Pt«

1 M I r

191Os

191Os™
196Pt

195P r

194Pt

">5Ir

Type of
decay

IT

fi-

EC

EC

EC

IT

EC

IT

EC

IT

fi~

0-

IT

IT

Decay
Q-value
(MeV)

0.161

1.132

0.8

1.6

0.05

0.1481

0.8

0. 2593

0.05

0.1481

2.24

0.310

0. 0742

0. 2593

1.0

Half life

>5y

31h

3.0d

10.9d

<500y

4.3d

3.0d

4. Id

<500y

4.3d

17. 4h

15d

13h

4. Id

4.2h

Decay product

192Ir./"
92Os

(74d)^'92Pt

193Ir

191Ir

189Ir_^l(K.Os

(13d)

193Ir

"Spfj^lSSJj.

«500y)

191Ir

195pt,

193Ir

(<500y)
1MPt

191Ir
191Os«—191Ir

(1.5d)

195pt,

195Pt

max. a
(barns)

0.59

+

200

2.25

10

10

2.3

0.2

+

+

+

+

+

27

0.29

+

Energy for
max. a
(MeV)

14

thermal

14

thermal

thermal

~15

10-4

thermal

4

a at 14 MeV
(barns)

0.59

0. 0027

0. 0049

0.008

2.25

1.7

0.003

0.003

2.3

2.0

5xlO-4

1.15

1.15

0. 0034

0. 0039

0.0043

5x10-"

5x10-"

0.08

2.4

2.1

0. 0026

0. 0029

1015R..,.
/ curie \
\mol. unit flux,/

9600

44

80

130

36400

27500

48

48

37300

32600

8

18700

18700

55

63

70

8

8

1300

42

47

Reference

1

1,27

98

1

1

15

1

1

1

25

1

1

1

1

98

25

1

1

(6)

1

8

15

1

5,27

n

2
c

3
O.
CO

cr
VI

.£>

c

1
n
3.

(T)

•z

SI
to



196Pt

(25.4%)

i»«pt

(7.23%)

197Au
(100%)

(n,7)

(n.7*)

(n. 2n*)

(n.p)

(n,o)

(n.7)

(n.2n)

(n.2n»)

(n.7)

(n,n')

(n.2n)

(n.2n«)

(n.p)

(n,P*)

(n.t)

5.85

(-7.92)

-2.39

6.38

5.58

-7.56

6.51

(En'=9~
HMeV)

-8.08

0.04

-5.38

197Pt

,«p t .

196Pto

•93Os

199Pt

197Pt

197ptm

1 M Au

1 9 7 A u -

1 M Au

196Au«

'"Pt

1WPt"

'"Pt»

IT

on
IT

/3"

/>"

fi-

fi-

IT

(EC)

IT

/EC. 0+
\ /8-

IT

/»-

IT
09")

IT

0.75

0.399
1.15

0.2593

3.40

1.132

1.68

0.75

0.2593
1.15

1.374
0.31

0.4095

1.48
0.684

0.5955

0.75

0.399
1.15

0.2593

18h

80m

4. Id

120m

31h

30m

18h

80m

2.7d

7.2s

6.18d

9.7h

18h

80m

4. Id

"'An

(18h)
197Au

19BPt,

196Pt

l«3Ir

(3?2d)

1!"Au

(lMi)
l t 7Au

19"Hg

197Au«

196Pt

- A u

U(7^2s)

»»Pt

1

0.06

1.2

+

5

2.8

1.2

1.4

1.2

26000

2.25

0.17

+

0.006

thermal

thermal

- 1 5

thermal

14

15

14

14

5x10"'

14

16

18

0.0013

0.003

3xlO"4

1.2

0.46

0.0011

5.2X10-4

0.002

2.8

1.1

1.4

1.2

1.0

0. 0020

0.2

0.3

2.25

0.15

0.0018

0.0015

1.8xlO-4

<6xlO"»

21

48

5

19400

7450

17

8.4

32

45400

17800

22700

19500

16200

32.5

3300

4900

36500

2430

29

24

2.9

<0.10

98

1

1

1

7

25,98

1,27

1

1

7

1

7

25

(1.5), 49

1

96

1

1,25

1

7

1

83



Nuclide
(Abun-
dance)

»"Au
(100%)

m H g
(0.146%)

198Hg

(10. 02%)

i»Hg
(16.84%)

Type of
reaction

(n, 3He)

(n,a)

(n, 3n)

(n, na)

(n, t) + (n, nt)

nonelastic

(n.7)

(n, 7*)

(n,2n)

(n, 2n*)

(n,7»)

(n,2n)

(n, 2n*)

(«.P)

(n, n')

Reaction Q-value
(MeV)

-6 .03

6.98

-14.75

0.91

6.98

-8 .75

(6. 65)

-8 .30

-0 .59

Reaction
product

195Ir

»4Ir

195Au

193Ir

197Hg

«Hg-

195Hg

199Hg»

19'Hg

197 H g -

198Au

199Hg»

Type of
decay

EC

EC

/IT
lEC

EC

/EC

IT

EC

/IT

fir

IT

Decay
Q-value
CMeV)

1.0

2.24

0.226

0.42

0.2993
0.72

1.5

1.7
0.176

0.533

0.42

0.2993
0.72

1.374

0.533

Half life

4.2h

17.4h

183d

65h

24h

9.5h

40h

43m

65h

24h

2.70d

43m

Decay product

195Pt

194pt

195Pt

197Au

1 9 7Hg«->"Au«
(65h)97

P.ls)

(183d)

195Hg'—»196Au—»19BPt
(9.7h) (183d)

199Hg«

197Au

197Hg«_197Au,

(7.~2s)

"«Hg

199Hgi

max. a
(barns)

+

2.8

2900

125

+

+

0.2

+

+

0.25

Energy for
max. a
(MeV)

5

thermal

thermal

10"4

3

a at 14 MeV
(barns)

2x10- '

2. 5xl0" 4

5xlO-4

3xlO"4

0.071

4X10"4

0. 0039

2.4

0.005

2xlO-4

0.58

0.36

1.75

4xl0" 4

0.47

1.0

1.9

0.90

0. 0046

0.20

0.13

/ curie \
\mol. unit flux/

0.8

4.0

8

5

81

3

9400

5830

28400

6

7610

16200

30800

14600

75

3240

2110

Reference

ref. in 54

1

18,27

7

96

96

60

96

1,5

1.5

1

25

1,25

1

1

7,25

1

7,25

7, 25, 27

1

25

t

3

a.

s?

z



200H g

(23 13%)\fj%j. i u /O/

2 0 1 H g

(13 12%)

(29.80%)

2 M H g

(6 85%)
\ w * w w /U/

203X1

(29. 50%)

(n, 2n)

(n.p)

(n.7)

(n, 2n»)

(n,p)

(n,a)

(n.o*)

(n, 2n)

(n,p)

(n, 2n)

(n.a)

(n,7)

(n.2n)

(n.7)

(n,2n)

(n.p)

(n,a)

-6.65

0.32

6.23

(-8.03)

-1.42

6.55

-6.23

-0 .72

5.99

-7.76

5.71

5.67

-7.49

6.66

-7.72

0.29

7.20

198H g

IMAu

""Hg
1MHg»

2ooAu

" T t

197pt»

l» H g

201 Au

2 0 1 H g

« P t

205H g

*>*Hg

20 < T ]

202T1

203Hg

2MAu

fi-

IT

fi~

flT

fi-

fi-

(EC)

EC

fi~

0-

0.46

0.533

2.2

0.75

0.399
1.15

1.5

0.492

1.68

1.6

0.492

0.765
0.34

1.22

0.492

2.2

3.15d

43m

48.4m

18h

80m

26m

46. 9d

31m

5. 5m

46.96

3.8y

12d

46.9d

48.4m

199H g

199Hg8

200H g

197Au

(18h)
197Au°—»'Au«

(7. 2s)

201Hg

203TJ

(3L2d) g

2OJT1

2 0 3XJ

202H g

203-n

200H g

<60

+

+

+

+
4.5

0.5

2.4

2.0

40

1.35

+

thermal

thermal

thermal

14

14

2.5X10"4

14

2.0

0. 0023

1.2

0.79

0.0038

0. 0018

2xlO"4

0. 0018

2.2

0.0019

0.003

2.3

0.001

2xl0"4

2.4

2.0

2.18

2.08

0.003

1.35

1.75

0.027

0.0042

0.0022

3.7X10"4

37

19400

12800

61

29

3

29

31

48

16

3

39000

33000

35500

33900

48

21900

28400

440

68

35

6.0

15

25

(6)

1

25

1.27

1,27

7

1

15

1,27

1,5

15

7,27

1

1

7

23

25

1,5

1

23,25

1

98

7,25

5



Nuclide
(Abun-
dance)

203X1

(29.50%)

(70.50%)

(1.48%)

2oePb

(23.6%)

(22.6%)

Type of
reaction

(n, 3n)

(n, no)

(n.7)

(n,2n)

(n.p)

(n, 3He)

L_(n.a)

(n.7)

(n. n')

(n,2n)

(n, 2n*)

(n.t)

(n.7)

(n,2n)

(n, 2n*)

(n.o)

nonelastic

(n.7)

(n. n'7)

Reaction Q-value
(MeV)

-14.65

0.20

6.50

-7.54

-0.75

-7.90

5.68

6.73

-8.40

-5.86

6.74

-8.08

7.14

7.37

Reaction
product

2oiTi

" 9 Au

206X1

204X1

2 0 3 A u

2 0 2Au

20Spb

204pbm

203P b

203pbn.

202X1

207P b

2O6pb

205pbm

2 0 3 H g

20?pbm

Type of
decay

EC

0-

0-
0-

(EC)

0r

0-

0-
EC

IT

EC

IT

EC

EC

IT

0-

IT

Decay
Q-value
(MeV)

0.41

0.46

1.524

0.765
0.34

1.6

2.1

3.5

0.035

2.186

0.96

0.8252

1.22

0.035

1.0138

0.492

1.6331

Half life

73h

3.15d

4.19m

3.9y

5. 5m

55s

29s

3 x l 0 7 y

66.9m

52. lh

6.1s

12.4d

3 x l 0 7 y

4ms

46. 9d

0.8s

Decay product

2O'Hg

199Hg

2<*Pb

204 H g

205T1

203Hg—203X1

(46.9h)
202 H g

205X1

204P b ,

203X1

(52. lh)

202 H g

205X1

205P b ,

203X1

207Pb

max. a
(barns)

0.5

2.5

+

0.8

0.27

1.8

1.3

0.038

+

+

0.709

Energy for
max. a
(MeV)

3X10"3

14

thermal

8

14~17

14.5

1.7X10"2

thermal

a at 14 MeV
(barns)

0.01

<1.2xlO-5

1.2xlO"4

0.002

2.45

1.93

0. 0025

0. 0019

5. 7xlO"5

<lx lO- 5

0.001

0.003

0.18

0.051

1.8

1.2

3.2x10"'

2.4

2.7

1.1

0.0023

2.5

0.20

/ curie \
\mol. unit flux/

<0.20

2.0

3

39900

31400

40

31

0.93

<0.16

16

50

2920

826

29200

19400

0.52

39000

44000

17800

37

3300

Reference

96

73

96

1,5

1

23

1

98

25

73

7

1

1

25

1, 7,25

7

65

(5)

1

21

7

1

5

(5)

57

t

2

I

I
o

a.

c

SO



(52.3%)

(100%)

(n,2n)

(n,7)

(n, 2n»)

(n.p)

(n.«)
nonelastic

(n,7)

(n.7«)

(n,nO

(n,2n)

(n.p)
(n,«)

(n, t)+
(n, nt)

nonelastic

-6.74

3.94

(-7.37)

-4.21

6.19

4.60

(En'=9~
14MeV)

-7 .45

0.14

9.63

**Pb

209P b

»Tb»

«"T1

205Hg

—

210Bi

« B i

2O.pb

»«T1

IT

0r

0r

&

a

EC

0-

0-

0.64

1.633

4.994

1.6

1.160
5.044

5.312
1.428

2.87

0.64

1.524

3.3h

0.80s

3.1m

5. 5m

5. Old

3xlO»y

3.7xlO»y

3.30h

4.19m

(>2xlO'»y)(a)

M'Pb«

200pb

205T1

(a emitter)

anrn
210P o

?08pk

206pU

0.008

1.8

+

0.06

0.06

2.5

fiat
6~15MeV

1 0 -

15

1 0 -

1 0 -

13.5

2.5

2.2

0.003

0.001

1.5

9. 5xl0-<

4.6X10-1

0. 0015

2.6

0.0015

0.0012

0.0015

0.14

0.17

2.5

2.2

0.001

0.001

0.0037 at
22.5MeV

2.5

50

16

24400

15.4

7.4

24

24

20

24

2300

2800

41000

36000

16

16

8

15

1

74

7

1

25

24

5

1

74

1

5

96

1

23

7

7,18

60

5
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(52.3%)

209Bi

(100%)

(n,2n)

(n,7)

(n, 2n»)

(n,p)

(n,a)

nonelastic

(n,7)

(n,7*)

(n,n')

(n.2n)

(n(P)

(n,«)

(n. t)+
(n, nt)

nonelastic

-6.74

3.94

(-7.37)

-4.21

6.19

4.60

(En'=9~
14MeV)

-7.45

0.14

9.63

2«pb

*»Pb

2O7pt,m

M 8T1

205Hg

210Bi

210Bi»

2O9gjeielt

OT«Bi

20.pt)

0-

IT

/9"

/3-

/S-
(«)

a
G8-)

EC

fi-

0.64

1.633

4.994

1.6

1.160
5.044

5.312
1.428

2.87

0.64

1.524

3. 3h

0.80s

3.1m

5. 5m

5. Old

3xlO«y

3.7X10^

3.30h

4.19m

209Bi

(>2xl019y)(a)

207pb«

20«pb

2OBT1

2 1 0 P o

(a emitter)

200X1
2ioP o

™«Pb

K»B i

20«pb

0.008

1.8

+

0.06

0.06

2.5

flat
6~15MeV

10-'

15

io-2

io-2

13.5

2.5

2.2

0.003

0.001

1.5

9.5 x 10™1

4. 6xlO"4

0.0015

2.6

0.0015

0.0012

0.0015

0.14

0.17

2.5

2.2

0.001

0.001

0.0037 at
22. 5 MeV

2.5

50

16

24400

15.4

7.4

24

24

20

24

2300

2800

41000

36000

16

16

8

15

1

74

7

1

25

24

5

1

74

1

5

96

1

23

7

7,18

60

5
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Nuclide
(Abun-
dance)

Type of
reaction

Reaction Q-value
(MeV)

Reaction
product

Type of
decay

Decay
Q-value
(MeV)

Half life Decay product max. a
(barns)

Energy for
max. a
(MeV)

a at 14 MeV
(barns) / curie \

\mol. unit flux/
Reference

232Th
(100%) (n.7)

(n,2n)

(n,a)

(n, 3n)

nonelastic

4.79

-6 .43

8.08

11.56

233 T h

231 T h

229Ra

2 3°Th

1.246

0.38

22.2m

25. 5h

233Pa—233U
(27d)

J3ipa

(3.25xl0'y)(a)

1000

1.85

1.9

2X10"1

10

10

0.005

1.5

1.16

1.3

0. 0046

0.85

2.8

81

24300

18800

21000

75

13800

23

7

73

96

96

o

Pa

(99.28%)

(n, 2n)

(n,p)

(n.t)

(n.a)

(n, 3n)

(n, np)

4.80

-6.14

-3 .18

-5.10

9.07

-11.27

-7.66

239JJ

237U

23«Pa

2 3 6Pa

23! T h

236TJ

237Pa

fi-

a

fi-

1.28

0.517

2.9

4.573

2.30

23.5m

6. 75d

12m

2.39xl0 7 y

39m

239Np—239Pu
(2.4d)

2 "Np
(2.14xlO«y)(a)

(2 .39xl0 7 y)(a)

(6. 75d)

10000

1.65

8xl0" 6

10

0.001

0.9

0.70

0.0015

2xlO-6

0.0015

0.50(1.1)

2.3x10-"

16

14600

11300

24

0.33

24

8140

3.7

1

1

23

96

ref. in 55

73

96

96

D
8

S.
Cn

2.

k
n


