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ABSTRACT

The analytical review "Reaction Cross~Sections induced

by 14.5 MeV Neutrons and by Cf-252 and U-235 Fission
Spectrum Neutrons" presents evaluated values of threshold
activation reaction cross-sections for stable nuclides
induced by 14.5 MeV neutrons and by C£f-252 and U-235
fission spectrum neutrons.

Reproduced by the IAEA in Austria
January 1991

91-00364



Table of Contents

INtrodUCEion v.ves it ieieereteceesoaoesossosananssscsnosasvencnsssonus

1. Reaction-Cross Sections induced

by 14.5 MeV Neutrons ........ccceesee- it teerercevsatsenraenaecas
2. Description of the Tabulated Resulte .........cic0ivevveennns
Blbliography t.ciiiiiireeeesesesocsosnsssessioensnsssoosonssanenvnnss

Tabulated Results ............. s et eesnesessiesereescenetoesessrennan

10

14






INYRODUCTION

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

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

- nuclear reaction cross-sections for 14 MeV neutrons;

- type and energy of particles emitted in nuclear
reactions;

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

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

1. REACTION CROSS-SECTIONS INDUCED BY 14.5 MEV NEUTRONS

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

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

Compilations presented in references [3-5], reflect the status of
the experimental data which had been measured up until 1989;
while the cross-sections considered in reference [4] include only
those which had been measured using the activation method;
references [3,5], as well as reference [l1], include data for
those reactions which result in stable reaction products.

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



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

1)

2)

The analysis
nuclides [5]
the general

experimental

1)

2)

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

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

of experimental results for a large number of

can lead to a number of conclusions [9] regarding
status of the availability and guality of
threshold reaction cross-sections:

In general, measurements are performed using the
activation method which leads to the formation of a
residual radiocactive nucleus with a given decay
half-1life. Less often, the coincidence method is

used, particularly for those reactions which result
in the emission of charged particles; these

measurements, however, are usually less accurate.
As a result, experimental information exists in
most cases for reactions which have a "convenient”
decay half-1life.

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

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

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

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



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

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

+ 5% for practically all measured data.

In view 0f these developments, time had come to make a new
evaluation of 14 MeV cross-sections for the (n,p), (n,a), (n,d),
{(n,t), (n,'He), (n,2n), (n,n’p) and other threshold reactions.
Such an evaluation was performed for all of the aforementioned
threshold reactions in the 13 MeV to 15 MeV energy range on the
basis of a compilation of all experimental data which had been
published prior to January 199@. This compilation is hased on
the international computerized library of experimental data
EXFOR, the bibliographic catalogue of neutron data publications
CINDA [13], as well as more recent publications [10-12] and
material presented at the September 1989 meeting at the Argonne
National Laboratory in the United States [41. All these
measurements have resulted in a tremendously large number of
experimental neutron nuclear data in the vicinity of

14 Mev [13]. However, in the evaluation process it became
apparent that data from different authors exhibited discrepancies
which exceeded the experimental errors quoted by these authors.

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

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

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

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

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



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

The analysis of the experimental data showed that a large
fraction of the measured cross-sections was measured on 100-500
KeV deuteron accelerators using neutrons from the D-T reaction.
Under these conditions the energy range of the emitted neutrons
in line with the deuteron beam varies from 14.5 MeV to 15.8 MeV,
and from 14.0 MeV to 14.2 MeV at an angle of 90Qo.

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

[5].

2. DESCRIPTION OF TABULATED RESULTS

Values of the cross-sections at an energy of 14.5 MeV, as well as
cross-sections averaged over the spontaneous fission spectrum of
1510f and over the thermal fission spectrum of ?’’U are tabulated
below. Also listed in the Table are the residual nuclei for each
reaction, the reaction energy, and the type of decay and decay
half-life for all cases in which the reaction results in the
production of a radioactive nuclide.

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

Reaction cross-sections are given for all stable nuclides. The
abundances of the individual isotopes are taken from reference
[17], and the reaction energies from reference [18]. The

derivation of the recommended cross-section values at 14.5 MeV is
based on the work presented in references [1-16]. In those cases
where there were no experimental data, the recommended values

were derived from systematics based on the number of protons and

neutrons in the given nucleus [3]. Cross-section values derived
on the basis of existing experimental data are given with their
root-mean-square errors. Errors are not given when the

experimental data were not deemed to be reliable, or when the
cross-sections were derived from systematics.

The evaluated results of integral experiments aimed at the
determination of the ¢f and U fission spectrum averaged



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

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

TABLE CONTENTS

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

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

The residual nucleus 1s given in the fourth column. The letters
m or g indicate whether the residual nucleus is in a metastable
or ground state respectively; if there is more than one
metastable state, they are designated by the sybols ml, m2, etc.

The half-lives of the radioactive residual nuclei are given in
the fifth column. The uncertainty in the half-life is given in
parentheses; thus 3.14(2)y is equivalent to (3.14:2.02) years.

The modes of decay of the radioactive nuclei and their relative
probabilities (if they are known) are given in the sixth column;
these are listed in the order of their decreasing probabilities

from left to right. If there is no competing decay mode, the
decay probability is not indicated. The various decay modes used

in this Table are as follows:

B beta decay
€ electron capture € or €+8' or B' decay
IT isomeric transition (by y transition or

electron conversion)



n, p, « emitted neutron, proton or alpha particle
SF spontaneous fission

Bn, Bp, Ba emission of delayed n, p, a,... accompanying
beta decay

€p, €a,...,ESF emission of delayed p, a,..., Or spontaneous
fission accompanying electron capture or
B~ decay

The reaction energy , given in MeV, is listed in the seventh
column. The cross-section values in millibarns at 14.5 MeV are
given in the eighth column. The symbols used in this column have
the following meaning: F - a graphical representation of this

reaction will be given in reference [408]; C - the cross section
is derived from systematics on the basis of the number of protons

and neutrons in the target nucleus. Reaction c¢ross-sections
averaged over the U and '*'Cf fission spectra are given in
columns nine and ten. The symbol P indicates that the given
value was obtained by integrating the recommended excitation
function will be published in reference [40] with the fission
spectrum, and symbol C indicates that the values are taken from
systematics published in reference [30].
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Cross-sections (mb)
:E:;: (z:‘ Ruclide M;::m: ) NRuecalceta'r NRuecsliedu.s Half-life DMeocdaey g:: i ;y
(MeV) U-235 C£-252
B 14 Mev spectrum spectrum
1 4 - (n,2n) 'H stable - - 185 5.59 P 6.79
3 ‘1.1 7.5(2) (n,p) ‘He 0.8067(15) s o p - ;2.73 8.-76:2 F 4.30 P s.70p
(n,a) 'H 12,.33(6) y 4.78 253 - -
{n,2n) ‘Li - p.a -3.7 7215 F ©.166 P ©0.267 P
(n,np) ‘He - n,a ~4.65 170 - -
(n,na) H stable - ~1.47 400 - -
(n,t) ‘He stable - 4.785 2523 - T -
s "Li 92.5(2) (n,2n) ‘Li stable . ~7.25 555 F ‘0.37 ¢ -
(n,np) ‘He ©.8067(15) s 8 -10.0 105 - -
(n,na) H 12.33(6) vy 8 -2.47 340 - -
(n,d) ‘He ©.8067(15) s B -7.76 10 - -
{n,t) 'He - n,a -3.42 55 - -
(n,3n) ‘Li - p.a -12.92 0.2 - -
{(n,2na) H stable - -8.72 33 - -
s 'Be 100 (n,p) ‘Li stable - -12.836 <4 <107 ¢ - B
(n,a) ‘He 0.8067(15) s 'y -0.6022 1041 32.8:3.8 -
(n,2n) ‘Be - 2a -1.665 52425 F 14416 155 P
(n,t) 'Li stable - -10.439 20 - -
5 g 19.9(2) (n,p) ""Be 1.6x10'(2) y B -0.2266 3.510.5 F - -
{n,2n) 'B - p2a -8.4352 23.622 F 0.18 ¢ -
(n,t) ‘Be - 2a 0.2318 94220 F 26.4 P ©.265 P
{n,np) ‘Be stable - -6.59 75 - -
3 '8 e.1(2) (n,p) "Be 13.81(8) s B ,Ba 3.1% -10.726  3.310.7 <10” ¢ -
(n,a) 'Li ©.838(6) s B 2a ~6.633  30.5¢3 F  ©.14:0.07 -
(n,2n) B stable - -11.456 19 ©.008 C -
(n,t) 'Be stable _ -9.559 15 _ -
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Cross-sections (mb)

:3:;:5 Nuclide A::ne. ;2?2::;1 ;323215 Half-life ﬂﬁ:ﬁ: :::z;;
(MeV) 14 Mev U-235 Cf-252
- spectrus spectrum
6 e 98.90(3) {n,p) ‘g 0.0202(2) s B ,B3a 1.58% -12.588 .19 F 2.26x10'' P 7.66x10"' P
(n,a) ‘Be stable ~ -5.7016 80120 @.37 ¢ -
(n,2n) e 20.385(20) = € -18.723 Q (4.221.4)107 -
(n,na) ‘Be - 2a -7.37 190 - -
6 Be 1.10(3) (n,p) i -] 0.01736(16) s B ,Bn @.28% -12.654 - <10’ ¢ -
(n,a) ' 1.6x10%(2) y B -3.836 130 3.3 ¢ -
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(n,2n) ] 9.965(4) m € -10.554 7.3t1 F 9.8x10' P 2.38x10° P
{n,d) Ve stable - -5.326 49 - -
(n,t) e stable - -4.015 29 - -
(n,np) be stable - -7.55 46213 - -
{n,2q) Li stable - -2.62 32 - -
7 BN 0366(9) (n,p) 1h) 2.449(5) s B -8.989 1614 0.001 C -
(n,a) 1g 0.0202(2) = B ,B3a 1.58% -7.622 18 0.012 C -
. (n,2n) N stable - -10.834 - 0.024 C -
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(n,2n) *0 122.24(16) s € -15.669 ° (5.3t2.4)10°" -
(n,d) N stable - -9.903 150 - -
B (n,np) N stable - -12.11 15 - -
8 ‘o 0.038(3) {n,p) i 4.173(4) 8 B ,Bn 95% -7.896 as (8.610.8)10°" ~
(n,a) e 5?30(40) Y g 1.189 25@ - -
(n,2n) Yo stable - -4.142 - 31 ¢ -




-
o»
ALOmIC  Nuclide Abund. Reastion pestd.  Half-life
8 o ©.200(12) (n,p) ‘"N 0.624(12) s
(n,a) ¢ 2.449(5) s
{n,2n) o stable
é_ YE o 100 i (n,p) Yo 26.91(8) ;WM
(n,a) YN 7.13(2) s
(n,2n) "p 109.77(5) m
{n,t) o stable
1@ e 90.51(9) (QTE;W Hp 11.00(2) s
(n,a) e stable
(n,2n) YNe 17.22(2) s
10 “Neﬂﬁ 6127(2) (n:;;' Hp 4.32(;} 8
(n,a) "o stable
(n,2n) HNe stable
10 Ne 9.22(9;“ (;:;;m_"- g 4.23(4) s
(n,a) "o 26.91(8) s
{n,2n) Ne stable
11 BNa 100 (n,p) YNe 37.24(12) s
(n,a) NF 11.00(2) s
(n,2n) YNa 2.602(2) ¥
(n,np) Ne stable
- 12 Mg - 78.99(3) (n,p) HNa 15.02(7) h
(n,a) tNe stable
(n,2n) VMg 11.317(11) s
12 Mg 1e(f; (n,p) YNa 59.6(5) s
(n,a) HNe -stable
(n,2n) Mug stable
HNa 15.02(7) h

(a,np)

Decay React. Cross-sections (mb)
Mode Energy

(Hevy 14 Mev sg;zziun :;::§til

B -13.274 - <10’ ¢ -

B -5.009 - @.42 C -

- -8.0472 - 0.56 C -

B -4.036 2042 F 0.8310.02 1.58 P

B .Ba 0.0012% -1.523 33%5 F 15.120.2 16.8 P

€ -10.431 47.5t3 F  (7.310.7)10"° 0.063

- -7.557 10 - B

B -6.244 92 @.078 C -

- -0.588 14 F 12 ¢ -

€ -16.866 '] 10!’ ¢ -

B -4.903 - 0.05 C -

- ©.698 - 26 C -

- -6.761 - 2.5 ¢ -

B -10.07 - ax1e! ¢ -

B -5.711 - 0.056 C -

- -10.366 - 0.064 C -

B -3.596 444 F 1.4310.02 1.88 P
-3.866 150:1@ F @.5310.02 ©.898 P

€ -12.418 33.5¢3 F (2.220.2)10"° @.013 P

- -8.79 18 - -

B -4.732 18615 P 1.5010.06 1.99810.048

- -2.553 63 1.8 ¢ -

€ -16.531 "] 0.002 -

B -3,053 5515 F 3.2¢1.6 -

- @.480 100 14 C -

- -7.332 - 1.6 C -

B - 17.6%2 - -




Nuclear Decay React. Cross-sections (mb)
:E:;ii MNuclide A?:n:' React. "Rue:liedu" Half-life Mode Energy
(MeV) U-235 cf-252
i 14 Mev spectrum spectrum
12 Mg 11.01(2) (n,p) YNa 1.072(9) s B -7.92 2515 5x10 C -
(n,a) e 37.24(12) s g -5.417 75t10 F 0.027 C -
(n,2n) Mg stable - -11.094 - 2.036 C -
13 Al 100 (n,p} Mg 9.462(11) m - B -1.828 7415 F 3.9510, 20 4.89
(n,a) HNa 15.02(7) h B -3.132 11815 F 0.70610.028 1.02
{n,2n) Al 7.2(3)x10' y € -13.058 7 5x107° C -
(n,2n)* 1ap) 6.345(3) = € - 0.1210.5 F - -
{n,np) Mg stable - -8.27 50 - -
14 ngi 92.23(1) {n,p} a1 2.2406(5) = g -3.860 260125 F 6.410.8 10.4 P
{(n,a) *Mg stable - -2.653 13 F @.56 C -
(n,2n) gy 4.16(2) = € -17.177 o 10 ¢ -
(n,np) Al stable - -11.59 27 - -
14 Mgy 4.67(1) {(n,p) Al 6.56(6) m B -2.898 115¢15 3.310.2 -
(n,a) YMg stable - -0.0331 F 7.9 € -
(n2n) ngy stable - -8.474 4001100 0.59 € -
{n,np) Al 2.2406(5) = B -12.3337 2013 - -
14 s 3.1(1) (n,p) Al 3.60(6) s B -7.76 - sx10 C -
(n,a) Mg 9.462(11) m B -4.20 87120 0.15510.020 -
(n,2n) Mgy stable - -10.61 - 7x10°* C -
15 p 100 (n,p) Mgt 2.62(1) h - B -0.709 8315 F 35.5t2.7 35.2 P
(n,a) a1 2.2406(5) = B -1.944 110¢10 F 1.910.6 2.74 P
{n,2n) sp 2.498(4) m € -12.307 12.5:3 F 1.07x10°° 2.99%10 P
(n,d) st stable - -5.073 15 - -
(n,He’) baj 6.56(6) n B -13.086 2.013 - . -
{n,np} gy stable - -7.30 100 - -

Ll



8l

Atomic Abund. Nuclear — p.gyq. Half-life Decay React. Cross=sections (mb)
Number Nuclide in % Reaction Nucleus Mode Energy
(MeV) 14 MeV U-235 Cf-252
- spectrum spectrum
16 '8 95.02(9) {(n,p) e 14.26(4) 4 B -0.928 23010 F 66.8£3.7 72.7
(n,a) Bgy stable - 1.526 68t10@ F 44.7 P 48.5 P
(n, 2n) Mgy 2.62(1) h B -15.088 @ F @.45x10° P 1.57x10°° P
(n,t) "p 2.498(4) m € -12.689 ") F 9.3x10"' P 2.98x10°°P
(n,np) ‘ip stable - ~-8.86 78 - -
16 Mg @.75(1) (n,p)” Yip - 25.34(12) d _ B a534 - _ 7615 -
(n,a) Mgy stable - 3.492 - 41 C To-
(n,2n) g stable - -8.643 - 0.011 -
16 m;"s 4.21(8) “(ﬁ,p) m;‘p 12.43(8) s —4.;; 75:";6 F 0.43:0.05 -
(n,a) Y54 2.62(1) h B -1,335 134$25 F 2,212 3.23 P
{n,2n) Vg stable - -11.415 160 0.013 -
16 g 0.02(1) (n,p) ) Mp 5.9 8 B -10.4 5@ 10 ¢ -
(n,a) g4 6.11(21) s B -4.2 15 @.029 C -
(n,2n) g 87.51(12) d B’ -9.892 20 .17 cC -
17 ser 75.77(5) (n,p) ) ¥s 87.51(12) d 3 0.615 110t1e@ 78¢23 -
(n,a) ip 14.26(4) d B 2.938 11710 F 8.8t4.6 13.1 P
(n,2n) Hel 1.5262(25) 8 € ~12.646 9¢1 F 0.77x1@e' P 2.19x10’ P
(n,2n)* el 32.23(14} m € 53.1%, IT 46.9% - 8.5t1 F 1.26x10°! P 1.4x10° P
17 el 24.23(5) (n,p) Vg 5.05(2) s B -4.072 28¢3 F ©.38:0.19 -
(n,a) Mp 12.43(8) 8 B -1.29 30.55 F 1.2 C -
(n,2n) Yol 3.01(2)x10° v B 98.1%, € 1.9% 10.311 350 0.065 -
s “Ar 0.337(3) (np) el 3.e1(2)x10' vy B° 98.1%, € 1.9% 0.0738 - 320 ¢ -
(n,a) Vs stable - 2.002 - 12 ¢ -
(n,2n) Bar 1.775(4) = € -15.25 - 8x10” ¢ -
18 Wpp 0.063(1) (n,p) ey 37.24(5) m B -4.132 100120 @.54 C -
(n,a) s 87.51(12) d p @.222 - 2.9 ¢ -
YAr € -11.839 - ©.025 C -

(n,2n)

35.04(4) 4




61

Nuclear

:::;:i Nuclide A?:“g' Reaction ;:2?21} Half-life

18 “Ar 99.60(3) (n,p) ‘el 1.35(2) m
(n,a) s 5.05(2) m
(n,2n) YAr 269(3) vy
(n,np) el 55.6(2) m

19 VK 93.2581 (30 (n,p) VAr 269(3) vy
(n,a) “cl 3.e12x10° y
{n,2n) K 7.636(18) m
(n,2n)* ey ©.9246(15) 8
(n,2n)* i 7.636(18) m
(n.np) Mar stable
(n,na) *el stable

19 ‘g 6.7302(30) (n,p) YIAr 1.827(7) h
(n,a) el 37.24(5) m
(n,2n) K 1.277(8)x1@'y
{n,He') el 55.6(2) m

20 ‘"ca 96.941(13) (n,p) ‘K 1.277(8)x1@%
(n,a) YAr 35.04(4) 4
(n, 2n) “ca @.8596(14) =8
(n,t) i ¢ 7.636(18) =
(n,np) MK stable
(n, na) MAr stable
(n,He') MAr stable

20 fica ©.647(3) (n,p) i 12.36@(3) h
(n,a) MAr 269(3) y
{(n,2n) ‘ica 1.é3<4)x19’y

?m

-11.47:

15¢ C

Decay React. Cross-sections (mb)
Mode Energy - e
(MeV) 16 MeV sg;zzium sCpfe-ch‘SrZum
B -6.72 18 .01 C -
B -2.486 11.3t3 F .11 ¢ -
B -9.871 570 2.15 -
B -12.51 1.7 -
B 0.217 179t6@ F ' 83.8 P 88.7 émn_
B 98.1%, € 1.9% 1.363 115+30 F 8.0:0.3 6.81 P
€ -13.085 41 F 2.35x10° P 1.94x10" P
€ - 2.0:t0.4 - -
€ - 2.4410.27 - -
- -6.38 180 - -
- -7.22 30 - -
p" '—1.51 ‘4315. r"muué;i;e.z 2.76 P
B -0.111 33.5t0.2F 0.76:0.05 0.76 P
B 89.3%, € 10.7% ~-10.096 400 @.16 C -
B -12.616 (6t3}x10@°’ - -
.B; 35,3%,75'10.7i'“>:elsé§ m.m_é;é;ad“.ﬂ,“m.;;mmém.”““. S
€ 1.748 320 13t6 -
€ -15.634 "] 3x10°* -
€ ~12.933 @.027 - -
- -8.33 200 - -
- -7.04 23 - -
- -6.9913 2 0.2 - -
i ' [} "Lé.734 'm172.5:1e.r 3.58 P 4.58 P
B 0.349 50 2.7 ¢ -
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Atomic Abund. Ruclear  p..4q, Decay React. Cross-sections (mb)
Nusber Nuclide in % React. Nucleus Half-1life Mode Energy
(MeV) U-235 Ccf-252
R 14 Mev spectrum spectrum
20 Sca ©.135(3) (n,p) YK 22.3(1) h '3 -1.035 92110 2.3 ¢ -
(n,a) ‘““Ar stable - 2.287 37 ¢ 16 C -
(n,2n) ica stable ~ ~7.933 400 C 1.5 ¢ -
(n,d) R 4 12.360(3) h B -8.44 1.3 - -
(n,np) ‘g 12.360(3) h B -10.67 20 - -
20 Yea 2.086(5) (n,p) “K 22.13(19) m B -4.876 394 F 0.075 ©.119 P
(n,a) ‘“Ar 1.827(7) h B -2.751 27.110,2 F 0.06110.009 0.0952 P
(n,2n) Yica stable ~ -11.136 600 C 0.050 -
(n,np) b 4 22.3(1) h B ~12.171 2.3710.40 - -
(n,d) bR 4 22.3(1) h B -9.946 3.5:0.2 - -
20 ca ?.004(3) (n,p) b 107(10) = B -6.93 11.5 ¢ sx1e”’ ¢ -
(n,a) SAr 5.37(6) m B -5.92 5 C 3x10’ ¢ -
(n,2n) *ca 163.8(18) d B -10.404 9%0¢ C 0.13 ¢ -
20 “'ca 0.187(3) (n,p) 'K 6.9(2) = 'y -10.67 3.7 ¢ <10 ¢ -
(n,a) “ar 21.48(15)s g 0.14 1.6 ¢C < 10 ¢ -
(n,2n) ica 4.535(4) d B -9.951 76775 0.3610.04 -
21 8¢ 100 (n,p) 5Ca 163.8(18) d B 0.526 5816 F 15112 15.6 P
(n,a) b ¢ 12.360(3) h B ~-@.395 555 F ©0.182:0.012 ©.618 P
(n,2n) e 3.927(8) h € ~11.321  293:20 F @.041 P @.103 P
(n,2n)* ga 58.6(1) d IT 98.8%, € 1.2% - 118215 F 0.012 P 9.032 P
(n,2n)* se 3.927(8) h € - 175%15 - -
(n,He’) b ¢ 22.3(1) h B -11.341 (8.6%4)x10"° - -
(n,2p) "k 22.13(19) m g -9.65 .21 ~ -
22 6py 8.00(1) (n,p) “sge 83.83(2) d 8 -1.585 242130 F 11.610.4 14.2
(n,a) ica stable - -0.080 91 ¢ .29 -
(n,2n) ey 3.08(1) h € -13.197 39.425 F (7.810.9)10°° @.0107 P
(n,t) 's¢ 3.927(8) h B -13.190 ©@.123:0.025 - -




(¥4

Atomi b Nuclear ‘a Decay React. Cross-sections (mb)
Nul:ei Nuclide Ai:n;l. Reaction NR:csleuls Half-1ife Mode Energy [~
(MeV) U-235 Ccf-252
14 MeV spectrum spectrum
22 il 7 7.3(1) {n,p) V'sc 3.345(3) 4 B @.182 129.5%8 F 17.710.6 19.4
(n,a) Y“ca stable - 2.181 47 C 1.4 -
(n,2n) 31 stable - -8.875 340 C .48 -
(n,np) Hsc 83.83(2) d B -10.46 53.5¢5 0.012 -
(n,d) Yse 83.83(2) d B -8.2354 6017 - -
22 it 31 73.8(1) (n,p) “s¢ 43.7(1) h " B -3.208 6;:3 F ©.30210.010 @.428
(n,a) ca 163.8(18) d B -2.033 3118 ©.01310.006 -
(n,2n) Yry stable - -11.628 550 C ©.016 -
(n,np) sc 3.345(3) d ' -11.45 12.612 0.0013 -
(n,d) Y1sc 3.345(3) d IS -9.2213 11.521 - -
22 ry 5.5(1) (n,p} "'sc 57.4 = B -1.223 29.5¢5 F 0.049 0.606 P
(n,a) Yica stable - 0.228 13.5 C 2.033 -
(n,2n) i stable - -8.143 740 C 2.6 -
(n,np) Ysc 43.7(1) h 'S -11.351 5.7¢1 - -
(n,d) '8¢ 43.7(1) h B -9.127 7ti - -
22 31 5.4(1) (n,p) Msc 1.71(8) m B -6.106 13.5:2 F 0.0089 P ©.0168 P
(n,p)" *sc 1.71(8) h B - 122 - -
(n,a) ‘'Ga 4.535(4) d B -3.444 9t1 (4.622.3)10" -
(n,2n) ey stable - -10.948 930 ¢ 2.079 C -
(n,d) 'sc 57.4 B B -9.946 3.010.8 - -
23 sy 0.25(2) (n,p} sopy stable o T 2.999 58 C 29 -
(n,al Y'sc 3.345(3) d B ?.759 28 ¢ 0.22 -
(n, 2n) v 330(15) d € -9.332 510 C @.29 -
(n,t) b 51 stable - {77t20)10" - -

~-7.6098
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Nuclear

:E;gii Nuclide A?zng. Reaction ;r:?:ts Half-life
23 sty 99.75(2) {n,p) Sri 5.76(1) m
(n,a) “!sc 43.7(1) h
(n,2n) sty stable
(n,na) Ti stable
(n,He') Y'sc 57.4 m
""5;”””“””“' 'HMAtgiéiéfm" .(;;é;.m" “v' . ;ﬁgbign
(n,a) i stable
(n,2n) Yer 42.09(15) m
(n,t) ity 15.974(3) d
(n,np) Yy 330(15) d
(n,d) '/ 330(15) d
- ﬁér 83.789(;2) (n,p;um.k ‘“hv'“' 3'75(1)m;m_
(n,a) YTy stable
(n,2n) ‘ler 27.704(4) d
(n,np) fy stable
" s S rer it o _.qum“mmuijéi(4;m;””
(n,a) B &1 stable
(n,2n}) Ster stable
(n,np) sty 3.75(1) m
(n,d) Sty 3.75(1) m
i - 2.355(5; (;j;fﬂ - “Vm," 49'8(5)””$
(n,a) Stpy 5.76(1) m
(n,2n) Sier stable
(n,d) Sy 1.61(4) m

Cross-sections (mb)

Decay React.
Mode Energy
(Hev) 14 Hev sggiziun :?:;iihl
-1.676 333 F 9.50310.024 0.718
B -2.055 16.5%2 F .02414.0090 ©.0430
- ~11.052 660150 .21 -
- -10.29 2 8.7x1@"* -
B ~12.505 s 0.188 - -
- -90.257 300150 63 -
- ©.320 120t10 .62 To-
€ -12.94 22.8t4 F (6t1)10 s.ox10"!
€ ~12.664 0.066 - -
€ -9.59 150120 .04 -
€ ~7.364 405165 - -
B -3.196 78110 F 1.0910.08 1.12 P
- -1.211 3523 ©0.083 -
€ ~12.041 315130 ©.034 ©.0877 P
- -10.5 30 ©.005 -
B -2.64 4013 0.62 -
- 1.797 4514 @.29 -
- -7.941 700 ¢ 1.6 -
B -11.45 7 0.001 -
B ~-8.9114 8t1 - -
B -6.22 1543 0.0072 -
B -1.546 1422 0.021 -~
- -9.72 860 ¢ .31 ~
B ~10.136 1.810.4 - -
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Nuclear Decay React. Cross-sections (mb)
:E:;if‘ Nuclide M:I).:n:' React. NRuecsliedu.s Half-life Hode v
(MeV) U-235% Cf-252
) 14 HeV spectrum spectrum
25 **Mn 100 (n,p) “cr 3.497(3) m B -1.806 45¢10 1.2 -
(n,a) Sty 3.75(1) = [N -@.626 29t2 F ©.1110.03 -
(n,2n) *'Mn 312.5(5) d € -10.224 80935 F 0.244:0.015 0.408
(n,He’) Sy 1.61(4) m B -12.709 ©.8:0.3 - -
(n,t) Yicr stable - -9.3049 ©.987:0.148 - -
26 re 5.8(1) (n,p) *Mn 312.5(5) d € 0.088 295:30 F 80.5%2.3 87.3
(n,a) Slier 27.704(4) d € 0.841 85215 F 0.610.2 ©.887 P
{n,2n) ‘e 8.51(2) m € -13.382 7t2 F .0050t.0025 3.92x10' P
(n,np) *'Mn 3.7(4)x10' y € -8.85 110 0.12 -
{n,t) *Mn 5.551(3) d € -12.425 ©.121:.630 - -
26 *Fe 91.72(30) (n.p) *'Mn 2.5785(6) h B -2.918 11010 F 1.09:0.04 1.47
(n,a) icr stable - 0.321 40 C 0.397:0.12 -
(n,2n) Fe 2.68 y € -11.203 540t40 F e.078 P ©.189 P
(n,t) **Mn 312.5(5) d € 11.931 {46¢12)10°} - -
i{n,np) *Mn stable - -i@.19 35 @.0051 -
26 ‘Fe 2.2(1) (n,p) *"Mn 1.45 m B -1.78 8oz10 1.5 -
(n,a) Scr stable - 2.395 23.5 ¢C @.54 -
(n,2n) ‘Fe stable - -7.646 630 C 2.2 -
(n,np) **Mn 2.5785(6) h B -10.56 15.21:3 0.0025 -
(n,d) $Mn 2.5785(6) h B -8.3397 11.0:2.4 - -
26 “'Fe 0.28(1) (n,p) *'Mn 65.3(7) s B -5.32 20:3 @.051 -
{n,p)* S*Mn 3(1) s B - 72 - -
(n,p)* *“Y¥n 65.3(7) s - - 1322 - -
(n,a) sSCr 3.497(3) m B -1.387 14 ¢ e.01 -
{n,2n) i siable - -10.9843 8eo ¢ 0.2




ve

Cross-sections (mb)

Atomic Nuclide Abund. ;tﬁzifg; Resid. Half-life 2zﬁ;: :::2;;
Number in % Nucleus (MeV) la Hev U-235 Cf-252
- spectrum spectrum
27 Yico 100 {(n,p) Fe 44.496(7) d - -0.783 46.5¢10 F 1.41£0.05 1.69
{n,a) SMn 2.5785(6) h B @.320 32.5¢2 F ©.161:0.007 @.222
(n,2n) Sco 70.916(15) d € -10.46 748t5@0 F 0.202:0.006 0.406
(n,2n)* Sco 9.15(10) h IT - 498 - -
(n,2n)* Meo 70.916(15) d € - 250430 - -
{n,He') *TMn 1.45 m B -11.47 @.004710.0022 - -
{(n,t) YFe stable - -8.9306  ©.482:0.123 - i -
28 N1 68.27(1) (n,p) *co 70.916(15) d € @.395 310t25 F 108.515.4 118
(n,p)* Seco 9.15 h IT - 175%20 35.412.2 -
(n,a) ‘pe 2.68 y € 2.89 120+15 3.0:0.9 -
(n,2n) YING 36.08(9) h € -12.203 3412 F ©0.00419:.00022 8.97x10°}
(n,d) Moo 270.9(6) d € -5.9526 1815 - -
(n,t) *co 78.76(12) 4 € -11.073 0.09010.020 - -
(n,np) Yico 270.9(6) 4 € -8.18 627135 0.21 -
(n,na) YFe stable - -6.39 30 1.4x10”! -
28 N1 26.10(1) (n,p) co 5.271(1) y B -2.041 137¢15 F 2.3:0.4 2.39
(n,p)* taco 10.47(4) ®» IT 99.75%,B ©.25% - 95$10 2.110.3 -
(n,a) b stable - 1.351 48.4 C 0.21 -
(n,2n) N1 7.5(13)x10' y € ~11.388 00 C 0.038 -
(n,t) Yco 70.916(15) 4 € -11.511 ©.05410.018 - -
(n,np) Yco stable - -9.53 68 7.1x10°° -
28 SINg 1.13(1) (n,p) ‘ico 1.650(5) h B -9.525 9510 1.410.2
(n,a) ‘Fe stable - 3.575 29.5 C 5.5 -
{n,2n) N1 stable - -7.819

580 ¢ 2.3 -




Ge

Atomic  yyc)ide Abund. Rueuacclr.eiaorn Resid. . 1f-1ife Node Energy Fronersection M
Number in % Nucleue ode BEnergy
(MeV) 14 MeV U-235 Cf-252
spectrum _spsctrum
28 YINg 3.59(1) (n,p) ‘Ico 1.50(4) m B -4.44 3715 Q.19 -
(n,p)* ‘i"co 13.91(5) = B, IT < 1% - 1723 - -
(n,p)* heo 1.50(4) m B - 2013 - -
(n,a) V'Fe 44.496(7) 4 B -@.435 2113 0.09:0.07 ©.052 P
(n,2n) N stable - -10.957 7% C .17 -
(n,np) ti'co 1.650(5) h B -11.12 3.6 1.5x10°! -
(n,d) ‘ico 1.650(5) h B -8.897 7.3:1.4 - ) -
28 YN 0.91(1) (n,p) “ico @.30(3) & B -6.220 5¢1 0.027 -
(n,a) ‘'Pe 5.98(6) m B -2.43 5.2$1.2 4.9x10° -
{n,2n) Oni 180.1(20) y B -9.66 1666 C .5 -
(n,d) Yico 27.4 8 B -10.311 3.5:0.7 - -
29 Ycu 69.17(2) (n,p) ONL 100.1(20) y B Q.716 120:30 9.8 -
(n,a) “'co 5.271(1) y B 1.715 458 P 0.50010.056 0.69
(n,a)* co 10.47(4) m IT 99.75%, p@.25% - 25 - -
{n,2n) ficu 2.74(2) » € -10.854 551:30 F 0.122:0.012 0.187
(n.He’) ‘ico 1.659(5) h B -9.528 (3.8t1.9)107° - -
29 “cu 30.83(2) (n,p) N1 2.520(2) h B ~1.349 19.7¢3 F 0.48:0.08  ©0.701 P
(n,a) ‘co 1.50(4) = B -3.090 13 ¢ 0.39 -
(n,ao)* ‘hco 13.91(5) m B, IT < 1% - 1.9%0.6 - -
(n,2n) ‘'cu 12.701(2) h € 62.9%, B 37.1% -9.905 968:20 F 0.1 P 0.706 P
(n,na) ‘'co 1.650(5) h I’y -6.76 1.7:0.3 6.3x10°" -
30 “zZn 48.6(3) (n,p) Heu 12.701(2) h € 62.9%, B 37.1% @0.208 176120 F 29.921.6 40.5
(n,a} R1 stable - 3.867 §7.5 € 1.1 -
(n,2n) “3Zn 38.1(3) m € -11.856 178215 P @.0175 P 9.0465 P
{n,t} Heu 9-.74(2) = € -10.08 (78t16)10°° - -
30 “2Zn 27.9(2) (n,p) f‘cu 5.10(2) m B -1.852 6635 F ©.6210.11 1.16 P
(n,a) INY 100.1(20) vy B 2.274 3@ ¢ 0.28 -
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. Nuclear Decay React. Cross Sections (mb)
oomle  Nuclide Abund. React. g% Half-life Mode Energy :
(MeV) U-235 C£-252
A 14 Mev spectrum Bpectrum
30 “Zn 27.9(2) (n,2n) “zZn 243.9(1) d € ~11.052 690:60 F @.123 P 0.286 P
30 “Zn 4.1(1) (n,p) “Icu 61.92(9) h o p 0.208 45354_ 1.07:0.04 -
(n,a) “NL stable - 4.879 14.8 0.74 -
(n,2n) ““Zn stable - -7.054 870 C 2.5 -
(n,d) SCu 5.10(2) m B -6.681 7.843 - -
''''' 30 “zn 18.8(4) (r,p) “cu 31(1) s 'y -3.800 1415 (15.6%2.5)10°’ -
(n,p)* ey 3.75(5) m IT 86%, B lat - 511 - -
(n,p)* ey 31(1) s B - 92 - -
{n,a) UNi 2.52 h B 0.776 11.6:2 F 0.07410.006 -
{n,2n) “Zn stable - -10.199 1030 ¢ @.35 -
(n,d) “cu 61.92(9) h 'y -7.766 2.1:0.3 - -
i 30 "Zn 2.6(1) (n,p) cu 4.5(1) s 's 6.3 8.7 ¢ 6.7x10" -
(n,a) YN 21(1) s B -0.71 a.3 ¢ 5.5%x10"" -
(n,2n) YZn 55.6(16) m 'y -9.215 1200120 0.55 -
{n,2n)* “"Zn 13.76(2) h IT 99.97%,8 ©.03% - 448429 - -
(n,na) YN 54.6(4) h B -5.91  0.56:0.10 2.7x10"" -
31 YGa 60.1(2) (n,p) “Zn 55.6(16) m B -0.124 3483 1.5 ¢ -
(n,p)* “%Zn 13.76(2) h IT 99.97%,8 0.03% - 2542 F ©.49610.073 -
(n,a) $cu 5.10(2) m B 2.584 1842 0.2 -
(n,2n) “Ga 68.1(3) m € -10.31  945i5@ F ©.237 P 0.522 P
31 "'Ga 39.9(2) (n,p) "'Zn 2.45(10) m B -2.023 17+3 0.067 -
(n,p)* "*Zn 3.94(5) h B - 1121 - -
(n,p)* ™MZn 2.45(10) m B - 6%1 - -
(n,a) Hcu 31(1) s B 0.93 60t4 .04 -
(n,2n) "Ga 21.15(5) m B99.59%,€ 0.41% -9.304 1146t70 F 0.648 P 0.0128 P
(n,He’) ey 3.0(1) m B -11.060 ©.06610.02 - -
{n,na) Yicu 61.92(9) h B -5.26 2.5%0.5 7.7x10°" -




Nuclear Decay React. Cross-sections (mb)
:\:—:;:i Nuclide A?:ns. Reaction NRuecsliedu.s Half-life Hode By
(MeV) 18 MeV U-235 Cf-252
. spectrusn spectrum
32 "Ge 20.5(5) (n,p) "Ga 21.15(5) = B 99.59%, € 0.41% -0.871 77t10 1.3 -
(n,a) 2n stable - 2.964 28 C .39 -
(n,2n) Yge 39.05(10) h € ~11.533 605t40 F 1.810.9 @.188 P
(n,t) “Ga 68.1(3) m € -10.353 (42t12)10°} - -
) 32 Ge 27.4(6) (n,p) Ga 14.10(1) h B -3.211 3113 0.02210.006 -
(n,a) “2n 55.6(16) m B 1.482 1512 0.041 -
(n,a)* LLLY 3 13.76(2) h IT 99.97%, B 0@.03% - 8.2¢t1 0.025:0.006" -
(n,2n) Ge 11.8(4) 4 € -10.749 s7¢ ¢ Q.15 -
32 Ge 7.8(2) (n,p) ga 4.87(3) n B -0.77 2213 .35 -
(n,a) "zn stable - 3.913 8.3 ¢ 0.19 -
(n,2n) Ge stable - -6.784 1120 C 4.9
32 "Ge 36.5(7) (n,p) "Ga 8.1{(1) m B -4.72 >11zz 0.47 -
(n,a) "zZn 2.45(10) = B -0.443 611 4.8x10°" -
(n,a)* '"Zn 3.94(5) h B - 3.310.5 - -
(n,2n) Ge stable - -10.201 1220 C 0.17 -
32 Tige 7.8(2) (n,p) "Ga 32.6(6) B B -5.94 3.011.5 1.4x10"° -
(n,a) Ngn 23.5(10) B g -2.4 2.7 ¢ 8.ax10°"! -
(n,2n) Ge 82.78(4) » B ~9.443 1148+120 F @.69 P @.0136 P
(n,2n)* LALT P 47.7(7) s IT 99.97%,8 @.03% - 7301100 - -
(n,na) "zZn 46.5(1) h B -7.49 0.8010.17 ixl1e’’ -
— 33 as 100 (n,p) Ge 82.78(4) m I:h -2.406 19.2¢2 F 0.4510.15 @.301 P
(n,p)* "iGe 47.7{7) s IT 99.57%, B8 0.03% ~- 18 - -
(n,a) "Ga 14.10(1) h B 1.205% 11.6¢1 7.4x10° P ©.0135 P
(n,2n) ag 17.78(3) d € 65.8%, B 34.2% -1@.243 1061t60 F 0.33:0.02 0.636 P
(n,He®) Ga 4.87(3) h 8 -10.15% 2.0040510.00220 - -

e




8¢

Atomic Abund. Nuclear Resid. Decay React. Cross-sections (mb)
Number Nuclide in % Reaction Nucleus Half-1life . Mode Energy
(MeV) 14 MeV U-235 Cf-252
. spectrum spectrum
34 ge 0.9(1) (n,p) "as 17.78(3) 4 € 65.8%, B~ 34.2% -0.572 147130 F 6.613.3 -
(n,a) "Ge 11.8(4) 4d € 3.336 34 ¢ 0.29 -
(n,2n) ge 7.15(8) h € ~12.071 320%30 F @.031 P @.0812 P
(n,2n)* Nige 39.8(13) m IT 73%, € 27% - 35 - -
34 Mse 9.0(2) (n,p) "As 26.32(7) h B ~2.186 5515 0.18 -
(n,a) Ge stable - 1.685 15 ¢ 0.043 -
(n,2n) - 119.770(10)} € -11.161 879:78 F e.142 P 6.337 P
34 Vge 7.6(2) (n,p) VAs 38.83(5) h B 0.098 3515 0.62 -
(n,a) "Ge stable - 4.468 10.6 ¢ @.18 -
(n,2n) 'ige stable - -7.418 1070 C 3.9 -
{n,d) A8 26.32(7) h B -7.3798 12.112.0 - -
34 "se 23.6(6) {n,p) "As 90.7(2) m 5 -3.49 1814 8.027 -
(n,a) "Ge 82.78(4) = B 0.461 711 6.6x107° -
{n,2n) ge stable - -10.497 993t50 F ©.245 P ©.542 P
(n,2n)* Mige 17.45(10) = IT - 800 - -
34 "3e 49.7(7) (n,p} “as 15.2(2) = 8 -5.22 7.2 € 3.8x10" -
(n,a) "Ge 11.30(1) h B -0.950 6.612 1.2x10°!? -
(n,a)* Mge 11.30(1) h B - 0.610.3 - -
(n,a)* "Ge 52.9(6) s B~ 79%, IT 21% - 6.0t2 - -
(n,2n) "se s 6.5x10' y 8 -9.896 1132260 P 9.453 p ©.937 P
(n,2n)* "ige 3.91(5) = IT - 200 - -
34 ‘ige 9.2(5) (n,p) ‘ips 19 s B -7.17 3.1 ¢ 7.4x10°" -
(n,a) Ge 19.1(3) s B -2.58 1.9 ¢ 1.2x10" -
(n,2n) tige 18.5(1) = 8 -9.272 1050150 F 1.3 p 1.92 P
{n,2n)* i*se §7.25(9) m IT, B 0.07% - 900 - -
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Croes-sections (mb)

:E::ig Nuclide A?:":' ﬁiﬁiﬁ:t ;E?izts Half-1life 2:5;3 :z:i;;
(MeV) U-235 Cf£-252
14 Mev spectrum spectrum
35 "Br 50.69(5) (n,p) "se s 6.5x10' y B 0.641 31 ¢ 0.87 -
(n,p)* "5e 3.91(5) m IT - 10 - -
(n,a) "As 26.32(7) h B 1.859 12.7¢1.5 F 0.031 -
{n,2n) "y 6.46(4) m €299.99%, £'s50.01% -10.693 974150 F ®.213 P 0.478 P
35 Yipr 49.31(5) (n,p) Vige 18.5(1) m B -9.805 2115 0.02410.005 -
(n,p)* 1ge 57.25(9) m IT, B ©0.07% - 1522 9.014510.004 -
(n,a) pg 90.7(2) = 8 0.430 5$2 4.2x107} ) -
(n,2n) gy 17.68(2) m 891.7%, € 8.3% -10.16 1026130 F ©.303 P ©.652 P
{n,2n)* tap, 4.42(1) h IT - 66550 F @.176 P ©.387 P
{n, He’) "as 5.01(15) m g -11.14¢ s 11.5x187 - -
36 "Kr 9.35(2) (n,p) "Br 6.46(4) m €299.99%, B 0.01% 0,089 138 ¢ 2.6 _
(n,a) "Se 119.770(10) d € 3.665 @ ¢ 0.37 -
(n,2n) Kr 74.4(6) m € ~11.981 245120 0.048 -
36 YKr 2.25(2) (n,p) ‘'Br 17.68(2) m B 91.7%, € 8.3% -1 228_ 57 C Q.38 -
{n,a) 'Se stable - 2.352 19 ¢ 9.052 -
(n,2n) YKy 35.04(10) h € ~11.525 810160 0.077 -
(n,2n)* MeKr 50(3) s IT - 415 - -
36 Vigr 11.6(1) (n,p) ‘'Br 35.30(3) h B’ -2.306 23:4 0.07 -
(n,a) Yse s 6.5x10' y 8 0.988 9.2 ¢ 8.7x10°} -
(n,2n) YKr 2.1(2)x10' y € -10.98 1150 ¢ 0.21 -
36 YKr 11.5(1) (n,p) “Br 2.39(2) h B -0.187 15.5 ¢ Q.2 -
(n,a) se stable - 3.417 6.6 C 0.04 -
(n,2n) Ykr stable - -7.467 1270 ¢ 3.8 -
36 YKr 57.0(3) (n,p) ““Br 31.80(8) m B -3.92 8.0%1.5 9.3x10"" -
(n,a) Vige 18.5{1}) = B -0.4060 4.7 ¢ i.5x10" -
(n,2n) YKr stable - -10.5i8 i290 ¢ .33 -
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Nuclear Decay React. Cross-sections (mb)
Atomic L oiide Abund. Reaction  Re51d-  najriife Mode Energy
Number in % Nucleus (MeV) U-235 cf-252
i 14 Hev spectrum spectruam
36 “Kr 17.3(2) (n,p) tpr 55.0(8) s -6.52 4.4 ¢ 2.4x10"° -
(n,a) Yse 22.5(2) m -2.175 .53 C 1.8x10" -
{n,2n) “Kr 10.72(2) vy B -9.86 1400 C 0.44 -
(n,2n)* oKy 4.480(8) h B 79%, IT 21% - 3se - -
37 “Rb 72.165(13) (n,p) “Kr 10.72(2) y o 5 0.0955 18.3 ¢ 0.26 -
(n,p)* "*Kr 4.480(8) h B 79%, IT 21% - 5.0:0.5 - -
(n,a) "'Br 35.30(3) h B 0.991 5.9¢1 F 5.3x10° -
(n,2n) “Rb 32.87(11) 4 € 96%, B 4% -10.6 1135:100 0.37:0.01 @.616 P
(n,2n)* '“Rb 32.87(11) 4 € 96%, g 4% - 500 - -
(n,2n)* '“"Rb 20.49(17) = IT - 635 - -
37 ‘'"Rb 27.835(13) (n,p) YK 76.3(5) m '3 -3.110 102 0.023 -
(n,a) ‘Br 31.80(8) = 8 -1.210 atl 2.2x10"! -
{n,2n) “‘Rb 18.66(2) d B, € 0.005% -9.926  1195%130 F 0.394 P 0.835 P
(n,2n)* ‘“Rb 18.66(2) d 8, € 0.005% - 695 - -
(n,2n)* **Rb 1.017(3) = IT>99.7%, B <@.3% ~ see - -
as Msr ©.56(1) (n,p) *'Rb 32.87(11) 4 € 963, g 4t -0.104 9618 0.7 -
(n,p)* VRb 20.49(17) = IT - 4717 - -
(n,a) Y'Kr 2.1(2)x10* y € 2.69 22.6 ¢C @.058 -
(n,2n) ’sr 32.4(2) h € -12.013 1054150 0.103 P 0.264 P
(n,d) *Rb 86.2(1) 4 € -6.755 104t16 - -
asg ‘'sr 9.86(1) (n,p) ‘Rb 18.66(2) d B, € 0.005% -0.989 44.5¢2 @.11 P -
(n,a) “’Kr stable - 1.124 11.4 ¢ 0.011 -
(n,2n) “sr 64.84(3) 4 € -11.485 1000100 0.15 -
(n,2n)* tesr 67.66(7) =m IT 87.3%, € 12.7% - 340 - -
(n,t) “Rb 32.87(11) 4 € 69%, B 4% -11.635 - -
ag Y'sr 7.00(1) (n,p) ‘'Rb stable - 0.509 21.5 ¢ 2.19 -
(n,a) “Kr stable - 3.214 8.2 ¢ 0.068 -
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Cross Sections (mb)

:tomic Nuclide Abund. ;222:?2; Resid. Half-life ﬂ:;;g :::i;;
umber in % Nucleus (MeV) le N U-235 Ct-252
ev spectrum spectrum

38 ''sr 7.00(1) (n, 2n) "sr stable - -8,428 120 C 2.5 -

38 "sr 82.58(1) (n,p) “'Rb 17.8(1) m -4.522 1522 F 3.8x1e’ P -
(n,a) “Kr 10.72(2) y -@.788 6 C 5.9x10"* -
(n,2n) Y'sr stable - -11.113 1200 C 0.14 -
(n,2n)* ‘""sr 2.81(1) vy IT 99,7%, € 0.03% - 3i8t30 F ©.0451 P -
(n,t) ‘‘Rb 18.66(2) d B, €E 0.005% -12.048 (63122)10°° - -

39 vy 100 (n,p) Ysr 50.55(9) d B -0.707 24.6t3 F 0.3110.06 -
(n,a) “Rrb 18.66(2) 4d B, € 0.005% 0.699 5.4t1 F 8.3x10°° -
(n,a)* Y"pb 1.017(3) m IT > 99.7% - 2.5 - -
{n,2n) vy 106.64(8) d € -11.468 9661100 F ©0.15610.011 ©.319 P

40 zr a5(2) (n,p) "y 64.1(1) h B -1.506 45¢3 F 0.3810.02 0.497 P
(n,p)* My 3.19(1) h IT, 8 ©.002% - 12.36¢1 - -
(n,a) ''sr stable - 1.75 14 ¢ 0.014 -
(n,a)* ‘"™sr 2.81(1) h IT 99.7%, € @.3% - 3.6410.3 - -
{n,2n) “zZr 78.43(8) h € -11.983 730135 0.103t0.004 0.22220.066
(n,2n}* Vrzy 4.18(1) m IT 93.76%,€ 6.24% - 112.8 - -
(n,2n)* zr 78.43(8) h € - 618 - -
(n,t) Yy 106.64(8) 4d € -11.352 0.041 - -

40 4 11.22(2) (n,p) 'y 58.51(6) d B -0.763 32,5¢3 F .13 ¢ -
(n,p)* tiry 49.71(4) m IT - 17.9¢1 - -
(n,a) "'sr stable - 5.661 10.1 € 2.2 ¢ -
(n,2n) zr stable - -7.203 1200 C 5.5 C -
(n,np)* seey 3.19(1) h IT, B 0.002% - 1.82:0.3 - -
(n,d) "y 64.1(1) h B 6.4842 6.2¢1.5 - -
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A Nuclear Decay React. Cross-sections (mb)
,ﬁ:;ti Nuclide Ag:n:. React. ;tﬁf:ts Half-1life | Mode Energy
(MeV) U-235 Cf-252
. 14 Hev spectrum spectrum
40 Yzr 17.15(1) (n,p) "y 3.54(1) h -2.841 2242 .10 ¢ -
(n,a) s 50.55(9) d B 3.386 8.9t1 F 0.096 C -
(n,2n) "'zr stable - -8.635 1300 C 1.3 ¢ -
(n,np)* Sy 49.71(4) m IT - 1.0740. 30 - -
(n,d) y 58.51(6) d B -7.173 3.021.2 - -
(n,t) "y 64.1(1) h B -8.8617 (26.5:7)10"’ - -
40 “zr 17.38(2) {n,p) "y 18.7(1) = 8 -4.22 811 e.011 ¢ -
(n,a) Yisr 9.52(6) h B 2.067 4.8:0.5 F @.015 ¢ -
(n,2n) Yzr 1.53(10)x10' y B -8.191 1360 C 2.1 ¢ -
(n,np) Ney 0.82 s IT - 1.040.5 - -
(n,d) Iy 10.1(2) h B -8.074 2.420.2 - -
(n,He') 'gr 2.71(1) h B -11.200 s 0.42 - -
40 Yzr 2.80(1) (n,p) "y 6.2(2) m B -6.02 4.0 C 9x10* ¢ -
(n,a) Ysr 7.6(2) m B 0.17 1.1%0.2 9x10’' ¢ -
{n,2n) $zr 64.02(4) d 'y -7.832 1500190 3.1 ¢ -
(n,He’) Hsr 75.1(7) s B -13.540 s 0.13:0.048 - -
41 'Nb 100 (n,p) Yzr 1.53(10)x10' y B 0.719 35 ¢ 1. ¢ -
(n,a) "y 64.1(1) h Iy 4.914 9.5%0.5 F ©.097410.003 -
(n,a)* vy 3.19(1) h IT, B @.002% - 5.1210.40 0.0267t0.017 -
{n,2n) "'Nb 3.5(3)x10" y € -8.826 1375:70 F 1.09 P 2.07 P
(n,2n)* '"Nb 10.15(2) 4 € - 482:20 F ©.475:0.032 ©.766 P
(n,He’) "y 58.51(6) 4 I’y -7.719 (3.1%1.5)10"’ - -
{n,t) 'Zr stable - -6.192 (367t67)x10" - -
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Cross-sections (mb)

Atomic  Nuclide ”1’:“‘:' Reaction Resld.  Half-life Fivnd :::f-:} -
(MeV) U-235 Cf-252

. 14 Mev spectrum _spectrum
42 Mo 14.84(4) (n,p) YINb 3.5(3)x10" y € Q.427 137 ¢ 9.1 ¢ -
(n,p)* ) 10.15(2) 4 € - 6816 7.010.6 -
(n,a) “zr 78.43(8) h € 3.69 25.0%1.5 2.0410.02 -
(n,a)* Wzr 78.43(8) h € - 2012 - -
(n,a)* "ezr 4.18(1) m IT 93.76%, € 6.24% - 5.0t0.5 - -

(n,2n) *'Mo 15.49(1) = € -12.692 192220 F 0.016 P 0.0426 P
(n,2n)* V%Mo 65.2(8) s IT 50.1%, € 49.9% - 14.615 - ) -
(n,t) ""Nb 14.60(5) h € -11.036 (70t21)x10’! - -
42 YMo 9.25(2) (n,p)* iNp 6.26(1) m IT 99.5%, g~ 0.5% - 33.629 - -
(n,p) *Nb 2.03(16)x10" v ) -1.263 61 ¢C .73 ¢ -
(n,a) Yzr stable - 5.13 16.6 C .54 ¢ -
(n,2n) Mo 3.5(7)x10' y € -9.672 1000 ¢ 0.435 -
(n,2n)* Mo 6.85(7) h IT 99.88%, € 9.12% - 5.2510.4 - -
42 "*Mo 15.92(4) (n,p) YNb 34.97(3) 4 B -0.142 4212 0.1420.01 -
{n,pi* " E b 3.61(3) 4 IT 24,4%,2 S5.6% - 7.7622.7@ - -
(n,a) Yizr stable - 6.39 12.3 ¢ 3.4 ¢ -
(n,2n) Mo stable - -7.45 1140 ¢ 3.45 -
42 Mo 16.68(4) {n,p) *Nb 23.35(5) h '3 -2.405 23.35¢1.50 9.05810.008 -
(n,a) Yzr 1.53(10)x10" y F 3.995 9.1 ¢ 0.11 ¢ -
{n,2n) “'Mo stable - -9.154 1260 ¢ 0.767 -
{n,np) "*Nb 34.97(3) 4 '3 -9.2965 5.7£0.5 - -
(n,np)* " Nb 3.61(3) a IT 94.4%, B 5.6% - 1.2t0.3 - -
{n,d) YRb 34.97(3) a 'S -7.0719 5.910.2 - -
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Atomic Abund Nuclear . Decay React. Cross-sections (mb)
Romlc  Nuclide pune.- Reaction 810~ haig-1ife Mode Energy
(MeV) 14 MeV U-235 Cf-~252
B spectrum spectrum
42 Mo 9.55(2) (n,p) '"Nb 72.1(7) m B -1.153 16.8%1.0 0.057 C -
(n,p)* ‘™"Nb 60(8) 8 IT - 4.4:0.8 - -
(n,a) Yzr stable - 5.34 6.8 C e.84 C -
(n,2n) Mo stable - -6.816 1350 C 6.10 ' -
(n,np) Y*Nb 23.35(5) h B -9.221 3.8:0.3 - -
(n,d) 'Nb 23.35(5) h B ~6.996 3,60,2 - -
42 Mo 24.13(6) (n,p) *'Nb 2.86(6) s - B ” -3.82 11:4'"7' @.015 C --
(n,p)* ""Nb 51.3(4) m 8 - 5.5t0.6 - -
(n,a) YZr 64.02(4) 4 8 3.202 5.610.6 - -
(n,2n) "Mo stable - -8.642 1370 C 1.3 -
(n,np) Y'Nb 72.1{(7) m B -9.796 1.8410.2 - -
{n,np) ‘"Nb 3.61(3) d IT 94.4%, B 5.6% - 1.05:0.8 - -
{n,d) Y'Nb 72.1(7) m B -7.571 2.15¢0.10 - -
42 "o 9.63(2) (n,p) 'Nb 3.1(3) s B -5.22 5.2¢1 0.002 C -
(n,a) 'zr 16.90(5) h B 2.394 2.8:0.3 @.012 C -
(n,2n) Mo 66.2(2) h B -8.301 14201150 1.85 -
43 Nre 100 (n,p) Mo 66.0(2) h -3 ) -0.575 12¢3 0.1¢ C -
(n,a) Y'Nb 23.35(5) h % 3.928 7¢1 0.065 C -
(n,2n) Spe 4.2(3)x10' v B -8.966 12301120 1.02 -
(n,na) *Nb 34.97(3) d -2 -2.966 1.3:0.2 - -
{n,He") '"Nb 72.1(7) m B -8.576 = 6.8x1@"° - -
44 *Ru 5.52(5) (n,p) Yre 4.28(6) d € e.s'i" 15020 8.1 ¢ -
(n,p)* tipg 51.5(10) m IT 98%, € 2% - 62 - -
(n,a) Mo 3.5(7)x10° y € 6.383 36 C 1.7 ¢ -
(n,2n) *Ru 1-.64(1) h € -10.694 700t100 Q.249 -

(n,d) Vipe 20.0(1) h € -5.125 535:90 - -




SE

Cross-gsections (mb)

:5:;:? Nuclide A?:“:' ﬁ::ﬁ;ir ;:?T:ts Half-life 2ﬁiﬁ§ 2::;;§ e
(MeV) 16 Hev U-235 Cf-252
. Bpectrum SBpectrum
44 YRy 1.88(5) (n,p) 're 4.2(3)x10' y B -0.92 82 ¢ 0.87 ¢ -
(n,a) Mo stable - 5.137 19.6 ¢ .27 ¢ -
{n,2n) "Ry 2.9(1) d € -1@.25 10501100 ?.264 -
44 YRu 12.7(1) (n,p) Ve 2.13(5)x10" y ,,,;_ A 0.49 ss.a c 2.45 C -
(n,p)* Heire 6.02(3) h IT, B - 15 - -
(n,a) Mo stable - 6.822 14.6 ¢C 3.1 ¢ -
(n,2n) ""Ru stable - -7.468 1100 ¢ 3.2 -
44 'YRu 12.6(1) (n,p) Wipe 15.8(1) s B’ -2.59 37.5 ¢ 0.069 C -
(n,a) Mo stable - 3.965 11 ¢ 0.057 ¢ -
(n,2n) "Ru stable - -9.674 1220 ¢ @.493
44 YR 17.0(1) (n,p) Wipe 14.2(1) = -8 -9.848 3614 0.067 C -
(n,a) Mo stable - 5.802 8.3 ¢ .75 ¢ -
(n,2n) Y'Ru stable - -6.805 1350 ¢ 6.24 -
44 i U 31.6(2) (n,p) e 5.28(15) s B -3.72 17.3 ¢ @.012 C -
{n,p)* LD &2 4.35{(7) = =92% IT =2% - £.7 - -
(n,a) Mo 66.0(2) h B 2.502 5t1 0.007 C -
(n,2n) Y'Ru stable - -9.216 1399 C 0.802 -
44 1“Ru 18.7(2) (n,p) Wre 18.3(3) m i B -4.52 0'_7.2:1 4x10? ¢ -
(n,a) Mo 14.6(1) = N 1.057 2.6t1 9x10* ¢ -
(n,2n) MRu 39.26(2) d B -8.912 14401100 1.14 -
45 19pp 100 (n,p) ISRy 39.26(2) d B - @.0198 - 16¢1 0.10710.006 -
(n,a) Mpe 15.8(1) s B 3.48 11¢2 0.016 C -
(n,2n) mgp 2.9 vy € -9.31 13252100 F ©.765 P 1.51 P
(n,2n)* gy 207(3) d € 75%,8 20%,IT 5% - 600 @.715 -
(n,2n)*  '“URh 2.9 y € } 725 - .
(n,He") Npe 14.2(1) m B -8.55 (2.010.6)10"° - -
(n,t) iRu stable - -6.939 0.692:0.208 - -




3
Atomic  yic1ide Abund. Resction Resid et Reade Enere: proseeeeHon
Number in % Nucleus (n,f:vq)y U-235 CE-252
] 14 Mev spectrum spectrum

46 41pg 1.020(12) (n,p) "*'Rh 2.9y € -0.367 11¢ ¢ 1.6 ¢ -
(n,a) *'Ru stable - 5.34 23 ¢ e.18 ¢ -

(n,2n) tpd 8.47(6) h € -10.587 11001100 - -

(n,t) "*'Rh 20.8(1) h € -9.214 (64%22)10° - -

46 Wpg 11.14(8) {n,p) "‘Rh 42.3(4) = p99.55%, € 0.45% -1.685 58¢14 .20 ¢ ~
{n,a) *'Ru stable - 4.191 13 ¢ 0.033 ¢ -

(n,2n) ipd 16.951(19) d € -10.02 1186 C @.369 -

46 1%pq 22.33(8) (n,p) 'Rh 35.36(6) h '3 0.217 3818 @.22 ¢ -
(n,a) 1ph stable - 6.334 10 ¢ .77 ¢ -

(n,2n) '*pd stable - -7.073 1300 C 4.96 -

(n,p)* '**Rh 45 = Ir - 23 - -

46 ipq 27.33(5) (n,p) 1ph 29.80(8) = 'S -2.758 25%3 .04 C -
(n,p)* 1Rh 29.80(8) 8 B - 1642 - -

(n,p)* '4*Rh 130(2) m F - 912 - -

(n,a) 'Ru 39.26(2) d B 2.998 5.610.7 7x10 ¢ -

(n,2n) '**pd stable - -9.561 1400 ¢ 6.11x10"! -

46 Wipg 26.46(9) (n,p) 'Rh 6.0(3) m B -3.72 912 e.01 ¢ -

‘ (n,a) 18Ry 4.44(2) h B 2.051 2.5¢0.5 18° ¢ -

{n,2n) pd 6.5(3)x10' y B -9.225 1450 C 0.864 -

(n,2n)* 17ipq 21.3(5) = IT - 500 - -

(n,d) "'Rh 21.7(4) m '3 -7.730 4.0:2.0 - -

46 1"pq 11.72(9) (n,p) '"Rh 28.5(15) = B -4.62 5.5 ¢C @.002 C -
(n,a) "Ry 3.75(5) m B 1.02 2.7 ¢ axie* ¢ -

(n,2n) 9pq 13.7(1) h B -8.806 1850¢120 1.3 -

(n,2n)* t¢ipg 4.69(1) m IT - 500 - -

(n,2n)* 1pg 13.7(1) h B - 1350100 - -




lE

Cross-sections (mb)

Nuclear .
:3:;:;’_ Nuclide “1’:":' Reaction NRuec“liedu's Half-life Node :(sﬁ:eiv;)y . py—
: 14 Mev spectrum spectrum
47 Wag 51.839(5) (n,p) "pa 6.5(3)x10' y B 0.747 41 € .47 C -
(n,p)* 171pq 21.3(5) 8 IT - 15 - -
(n,a) 'Rh 42.3(4) s B 99.55%, E @.45% 4.182 10.8 € 0.025 ¢ -
(n,2n) Wag 24.0(1) = € z99%, B s1% -9.551 12601120 @.601 -
(n,2n)* HWitpg 8.46(10) d € - 600 - -
a7 'Ypg 48.161(5) (n,p) 19pq 13.7(1)h B -@.333 143 F 0.095 ¢ -
(n,p)* 198pg 4.69(1) m ir - 9.1 - - -
(n,a) HRh 29.80(8) s B 3.288 12.0:2.5 @.007 C -
(n,2n) "ag 2.37(1) = p'97.15%, € 2.85% -9.188 1440 C 0.880 -
{n,2n)* ***Ag 127(21) y € 91.3%, IT 8.7% - 27 -
(n,He') "Rrh 21.7(4) ®» 8- - (10.5¢5)10"! - -
48 Hicd 1.25(3) (n,p) Wag 24.0(1) m € z99%, B =1t @.581 148 C 3.3t0.3 -
(n,p)* HWiipg 8.46(10) d € - 76 - -
(n,a) pq 16.991(19) d € 5.98 100140 e.14 ¢ -
(n,2n) %ed 55.5(4) m € -10.92 13501200 F 9.154 P -
(n,2n)* S of:| 24 m - - 876190 F 0.132 ©.325 P
(n,d) $ag 41.29(7) d € -5.117 215250 - -
(n,t) Wag 69.2(10) m € -8.697 (86.5:15)10" - -
a8 t'ca e.89(1) (n,p) 'ag 2.37(1) » B97.15%, € 2.85% -0.86 7¢ ¢ .51 ¢ -
(n,a) 1"pg stable - 4.812 15.4 ¢ @.039 ¢ -
(n,2n) 7ca 6.50(2) h € -10.329 12901150 0.285 -
48 Hca 12.49(9) (n,p) "ag 24.6(2) = B99.7%, € 0.3% -2.108 2745 2.100.05 -
(n,p)* Hthag 249.76(4) d B98.64%,IT 1.36% - 20 - -
(n,a) ''pd 6.5(3)x10 y B 3.673 9.1 ¢ 0.008 C -
{(n,2n) '"'ca 462.5(20) 4 € -9.879 12204150 0.474 -
48 Hicg 12.80(6) (n,p) Hicd 7.45(1) d B -9.2455 22.2t6 F 0.021 ©.2369 P
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Nuclear Decay React. Cross-sections(mb)
:E:::i Nuclide Al;:nctl. React. NRuecslied\;s Half-life Mode Energy
(MeV) u-235% Cf-252
. 14 MeV spectrum sgectrun
as g 24.13(11) (n,p) pg 3.14(2) h B -3.22 1612 e.014 C -
(n,a) pq 13.7(1) h 2.675 2,6t0.5 F @.7xle’ P -
(n,a)* tepgq 4.69(1) m IT - 1.3 - -
(n,2n) Heq stable - -9.397 1460 C @.752 -
(n,2n)* tHeeq 48.6(3) m IT - 70050 0.42:0.06 -
48 Beq 12.22(6) (n,p) iag 5.37(5) h B -1.228 8t2 0.022 C -
(n,a) pg stable - 4.942 4.3 ¢ 0.046 C To-
(n,2n) Hieg stable _ -6.54 1480 ¢ 9.18 -
48 eq 28.73(21) (n,p) Hag 4.6(2) s B -4.22 10t2 @.003 C -
(n,a) pg 23.4(2) = B 1.66 9.65:0.10 sxie' ¢ -
(n,a)* 1epq 5.5(1) h IT 73%, B 27% - 0.13 - -
(n,2n) Meq .3(19)x10" y B -9.014 1500 C 1.07 -
(n,2n)* g 13.7 y g99.86%, IT @.14% - 860 - -
(n,t) ipg 3.14(2) h B -10.32¢ (36t8)10° - -
48 g 7.49(9) (n,p) Hicg 2.68(1) m B -5.52 2.5:0.3 5x1e' ¢ -
(n,a) Hpq 98 8 B .19 0.5 10! ¢ -
(n,2n) Wed 53.64(10) h B ~-8.696 1578:100 F 2.07 3.87 P
(n,2n)* Hsneg 44.6(3) d B - 80075 - -
(n,2n)* hieq 53.46(10) h B - 778475 - -
49 '"Vin 4.3(2) (n,p) egq 9.3(19)x10' y B 0.486 27 ¢ 9,24 ¢ -
(n,a) '"ag 24.6(2) 8 B99.7%, € 0.03% 3.76 7.7 ¢ 7x10? € -
(n,2n) Myp 14.4(2) m € 56%, B 443 -9.424 1600:100 F @.767 P 1.54 P
(n,2n)* utgn 14.4(2) = € 56%, B 443% - 300130 - -
(n,2n)* IRTE % 20.9(2) = IT - 1300:100 - _ -
(n,n’) gy 1.658(1) h IT - - - 162.722.5
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Atomic Abund. Nuclear Resid. Decay React. Cross-e Sections (mb]
Number Nuclide in % Reaction . O " Half-1life Mode E(';(eel;lq)y U-235 Ct-252
14 Hev spectrum spectrum
49 ""In 95.7(2) (n,p) ca 53.46(10) h 0.668 1515 e.041 ¢ -
(n,p)* o] | 44.6(3) d - 7 -~ -
(n,a) 'ag 3.14(2) h B 2.68 2.5:0.5 10! ¢ -
(n,2n) M1n 71.9{1} = B99.5%, € 0.5% -8.3253 1710:80 F i.13 P 2.165 P
(n,2n)* tiaayn 49.51(1) d IT 95%, B 5% - 1262:100 F 0.761 1.551 P
(n,He’) Npg 5.37(5) h B -9.34 0.007 - -
(n,n") Hsayp 4.486(4) h IT 95%, B8 5% - - 190.3%7.3 198.1:2.6
50 Hign 0.97(1) (n,p) iy 14.4(2) m E 56%, B 44 0.124 94.7 C 1.7 ¢ -
(n,a) el | 462.9(20) d € 5.539 17.9 ¢ 0.046 C -
{(n,2n) tgn 35.3(8) m € -10.802 15001280 0.245 P 0.557 P
(n,d) Uign 2.83(1) € -5.286 168159 - -
(n,t) te1n 69.1(5) m € -9.110 (77.5:13)10°° - -
50 'Ygn ©.65(1) (n,p) "1n 71.9(1) s B99.5%, € 0.5% -1.198 45.5 ¢ e.22 ¢ -
(n,p)* Hi'Tn 49.51(1) d IT 95,7%, € 4.3% - 18.615 - -
(n,a) g stable - 4.334 10.8 C .01 ¢ -
(n,2n) ''sn 115.09(4) d € -10.32 1105:50 e.305 -
(n,2n)* Hiagn 21.4(4) n IT 91.1%, € 8.9% - 1050 - -
50 *Sn 0.36(1) (n,p) ¥In 4.41(25)x10" y B 0.296 31.7 ¢ .13 ¢ -
(n,a) Yol | stable - 6.196 8.4 ¢ 0.15 ¢ -
(n,2n) t4gn stable - -7.534 1450 C 3.59 -
s0 iegn 14.53(11) (n,p) ern 14.01(3) s B>99.94%, €<0.06% -2,491 22¢2 0.031 C -
(n,p)* ttéxgp 54.15(6) m B - 9.7:0.9 - -
(n,a) Mea 9.3(19)x10' y B 3.169 6.6 C 0.002 C -
(n,2n) Higp stable - -9.566 147¢ ¢ 9.635 -




oy

Cross-sections (mb)

:tolic Nuclide Abund. ;t:?:f:; Resid. Half-life ﬂﬁﬁﬁg :::i;;
umber in % Nucleus (MeV) 14 MeV U-235 Cf-252
. spectrum spectrum
50 "sn 7.68(7) (n,p) "In 43.8(7) m B -0.681 1614 ©.036 C -
(n,p)* """"In 116.5(7) = B52.9%, IT 47.1% - 5.310.6 - -
(n,p)* H1n 43.8(7) m 'y - 10.710.7 - -
(n,a) ed stable - 5.268 5.2 ¢ .041 ¢ -
(n,2n) 'sn stable - -6.942 1500 ¢ 6.35 -
(n,np)* M In 54.15(6) m B - 1.1410.3 - -
50 ''sn 24.22(11) (n,p) N1n 5.0(3) s B -3.42 9¢3 @.008 ¢ T
(n,p)* 11%In 4.45(5) m B - 6 - -
(n,a) ed 53.46(10) h B 2.089 ©@.9410.10 F 2.4x10"' P 7x10' P
(n,2n) "sn stable - -9.327 1520 ¢ 0.817 -
(n,2n)* tthagn 13.61(4) d IT - 790145 - -
50 '9'sn 8.58(4) {(n,p) 1n 2.4(1) m g ~1.565 1012 0.009 ¢ -
(n,p)* R € 18.0(3) = B 97.5%, IT 2.5% - 3 - -
(n,a) cq stable - 4.3 3.3 ¢ e.015 C -
{n,2n) "''sn stable - -6.485 1540 C 9.84 -
50 1sn 32.59(10) (n,p) *In 3.e8(8) s g -4.82 4.310.7 0.001 C -
(n,a) Heqd 2.49(4) h B @.96 °.4 10" ¢ -
(n,a)* o] 3.36(5) h g - ©.1910.05 - -
(n,a)* "tcq 2.49(4) h g - ©.202:0.080 - -
(n,2n) '"sn stable - -9.104 1560 C 1.03 -
5@ 'tign (n,2n) 50 stable - ? - .89 P -
50 '*sn 4.63(3) (n,p) ‘"'In 10.0(5) s B -5.92 2.7 € 2x10' ¢ -
(n,a) 'Mcd 2.69(2) m B -0.08 1.7 ¢ <10’ ¢ -
(n,2n) 18n 27.06(4) h B -8.805 1600 ¢ 1.39 -
50 1tgn 5.79(5) (n,p) MIn 3.17(5) s g -6.62 1.3 ¢ 10' ¢ -
(n,a) '"'ca 13.5(3) s B -1.98 1.1 C <10’ ¢ -
(n,2n) 'tign 129.2(4) d B -8.493 1630 C 1.84 -
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Nuclear

:3:;:: Nuclide AE:":' React. ;S:?:ts Half-life
50 Mgn 5.79(5) (n,2n)* t*gn 40.08(7) =
51 igp 57.3(9) (n,p) t'sp 27.96(4) h

(n,a) 1n 5.9(3) s
(n,2n) Htgh 15.89(4) =
(n,2n)* t1egh 5.76(2) d
(n,2n)* 1141gh 15.89(4) m
51 '1igp 42.7(9) (n,p) 135n 129.274) 4
(n,a) 1n 3.08(8) s
(n,2n) High 2.70(1) 4
{n,2n)* tagy 4.2{2) =
52 Hipe 0.096(2) (n,p) Msb 15.89(4) m
(n,a) "sn stable
(n,2n) re 16.05(5) h
52 iipe 2.60(10) (n,p) 111gh 2.70(1) 4
{n,a) ""*sn stable
(n,2n) tire 16.78(35) d
(n,2n)* e 154(7) 4
(n,2n)" 11i91e 16.78(35) d
52 i @.908(3) (n,p) ligh stable
(n,a) ‘sn stable
(n,2n) 1pe stable
52 Hire 4.816(8) (n,p) gp 60.20(3) d
(n,p)* g 93(5) 8
(n,a) tgn 27.06(4) h
{n,2n) re 1.3x10" y
(n,2n)* thipe 119.7(1) 4

Decay React. Cross-sections (mb)
Mode Energy
(MeV) U-235 cf-252
14 MeV spectrum spectrum
B - 546130 - -
B @.395 9.1 ¢ 0.16 ¢ -
B 3.51 3.6 ¢ ax10' ¢ -
€ -9.248 1500:100 F 0.846 P 1.75 P
€ - 53050 - -
€ - 1050¢100 - -
B -0.628 4.6t1.5 0.032 C T -
B 1.92 2.3 ¢ 3xi10' ¢ -
B97.62%, € 2.38% -8.965 1420t140 F 1.05 P 1.998 P
Ir - 1229 - -
€ -0.206 30.6 ¢ ®.8 ¢ -
- 6.637 7.8 ¢ .13 ¢ -
€ -10.286 1300t130 @0.326 -
B97.62%, € 2.38% 1.196 1212 .17 ¢ -
- 5.404 .5 C ©.924 C -
€ -9.79 15501100 0.417 -
IT 88.6%, € 11.4% - 850t70 - -
€ - 700t70 - -
- .84 10.7 ¢ .25 C -
- 7.579 4 C 0.56 C -
- -6.93 1560 ¢ 6.45 -
B -2.117 912 0.044 ¢ -
IT 75%, B~ 25% - 4.5 - -
B 4.335 3.2 ¢ 0.006 C -
E -9.424 1579 ¢ 0.771 -
IT - 85075 - -
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Cross-sections (mb)

:E::ig Nuclide A::n:. ;tﬁﬁsz; ;E:T:ts Half-life 225;3 ;::i;&
(MevV) 14 Mev U-235 Cf-252
. spectrum spectrum
52 e 7.14(1) (n,p) *sp 2.73(3) y B 0.018 5.4 0.078 ¢ -
(n,a) ign stable ~ 6.555 2.6 0.13 ¢ -
(n,2n) e stable ~ -6.585 8.95 -
52 S 18.95(1) (n,p) Hsp 12.4(1) & B -2.95 521 0.013 ¢ -
(n,a) sn 129.2(4) d B 3.39 2.110.6 0.001 C -
(n,a)* 1agp 40.08(7) n B - Q.6 - -
(n,2n) 1137 stable - -9.109 1620 ¢ 1.05 -
52 Iite 31.69(2) (n,p) 'sp 9.01(3) h B -3.5 2.410.4 0.006 C -
(n,p)* 1tagp 10.4(2) m B96.4%, IT 3.6% - 1.010.2 - -
(n,a) *sn 9.64(3) d B 2,548 1.1%t0.3 axi10t ¢ -
(n,a)* 1585 9.52(5) m B - 0.4 - -
(n,2n) re 9.35(7) h B -8.772 16901130 1.37 -
(n,2n)* 1Here 109(2) d IT 97.6%, B 2.4% - 940 - -
{(n,2n)* e 9.35(7) h B - 720460 - -
(n,d) 1gp 3.85(5) d B -7.346 ©.65t0.20 - -
52 Hire 33.80(2) (n,p) gp 38.4 m B -4.22 1.820.3 0.002 C -
(n,p)* iigp 6.3(2) m B - 0.6 - -
(n,a) Mgn 2.10(4) h B 1.810 0.4%0.1 2x10' € -
(n,2n) Mre 69.6(2) m B -8.413 1700120 1.80 2.257 P
(n,2n)* iage 33.6(1) d IT 64%,8 36% - 100 - -
(n,d) ) ) 17.7 w N -7.819 ©.6510.2 - -
(n,He’) %sn 59.1(5) m /-2 -10.797 ©.01410.008 - -
53 My 100 (n,p) ne 9.35(7) h B 2.09 9¢3 F 0.068 C -
(n,p)* ape 109(2) d IT 97.6%, B 2.4% - 612 0.01310.001 -
(n,pj* Hitre 9;35(7) h B - - 0.009t0.0005 -
(n,a) 1Hsh 60.20(3) d B 4.279 1.4t0.2 F 0.003 C -
(n,2n) | 13.02(7) d € 56.3%, B 43.7%  -9.139 1496t100 F  1.050:0.065 -
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Ato Nuclear Decay React. Cross-sections (mb}
Nu-::: Nuclide Mi’;:ng' Reaction NRuecsliedu.s Half-life Mode Energy f{-———
(MeV) 14 MeV U-235 Cf-252
) spectrum spectrum
54 1y e 0.10(1) (n,p) My 4.18(2) d € .69 42.2 ¢ 2.5 ¢ -
(n,a) 'lpe 16.78(35) 4 € 6.79 9.2 C 0.076 C -
(n,2n) xe 2.08(2) h € -10.23 12001100 .34 ¢ -
54 b O 2.09(1) {n,p) ey 13.02(7) 4 _E_563t B 43“.7t -0.468 21.1 ¢ .42 ¢ -
(n,a) Mire 1.3x10" y € 5.644 5.9 ¢ 0.018 ¢ -
(n,2n) s O 16.9(2) h € -10.09 14001100 0.352 -
(n,2n)* 1y e 57(1) s Ir - 100 - To-
54 itixe 1.91(3) (n,p) b ¢ 24.99(2) m B 93.1%, € 6.9% -1.342 10.7 ¢ .11 ¢ -
(n,a) 're stable - 4.184 3.8 ¢ 6x10° ¢ -
(n,2n) "Ye 36.4{1) 4 € -5.614 15502156 ©.623 -
{n,2n)* iy e 69.2(9) s IT - 840 - -
54 e O 26.4(6) (n,p) ¢ 1.57(4)x10" y B 0.592 7.6 ¢C .12 ¢ -
(n,a) ttire stable - 7.018 3.1 ¢ .12 ¢ -
{n,2n) xe stable - -6.905 1600 C 6.61 -
54 Mxe 4.1(2} {n,p} 1 i2.36(1) h P -2.21 912 2.029 C -
(n,a) re 9.35(7) h '3 4.055 2.5 ¢ 2x10” ¢ -
(n,2n) 'Mxe stable - -9.258 1638 C 0.843 -
54 Dige 21.2(4) (n,p) r 8.04(1) 4 B -@.188 621 0.038 C -
(n,a) e > 8xi10!' y 28 6.222 2 ¢ 2.044 C -
(n,2n) D'xe stable - -6.606 1650 C 8.36 -
54 ige 26.9(5) (n,p) S ¥ 2.30(3) h B -2.798 3.010.5 e.212 ¢ -
(n,a) Mre 69.6(2) m B 3.372 1.7 ¢ 7x10°" -
(n,2n) Dige stable - -8.936 1670 C 1.068 -
(n,2n)* lirge 11.9(1) d IT - 770 - -
54 xe 10.4(2) (n.p) H 5'2-5(4) B g -3.37 2.0:0.5 sx18! ¢ -
(n,a) Dire 25.0(1) m 8 2.715 1.1 ¢ 3x1e! ¢ -
(n,2n) Vxe 5.245(6) d B -8.535 1700170 1.52 -
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Nuclear Decay React. Cross-sections (mb)
:::::i Nuclide A?:n:. React. NRuecsliedu.s Half-life Mode Enexgy
(MeV) 14 HeV U-235 Cf-252
spectrum | spectrum
54 e ¢ 10.4(2) (n,2n)* ye 2.188(8) 4 IT - 665 - -
54 iye 8.9(1) (n,p) by 84(1) = B -6.22 0.7 ¢ 10! ¢ -
(n,a) Wire 12.45(28) m . 2.12 .8 ¢ 10" ¢ -
(n,2n) 3iYe 9.09(1) h B -7.992 17504100 2.88 -
(n,2n)* 18y . 15.29(3) = IT, B 0.004% - 750 - -
55 Moy 100 (n,p) Diye 5.245(6) d B @.355 11.3x2 F 0.081 C -
(n,p)* iye 2.1881(8) d 1T - 4.820.8 - -
(n,a) vy 12.36(1) h B 4.448 1.310.3 F 0.003010.0008 -
(n,a)* 1y 9.0(1) m IT 83%, A 17% - 0.5410.08 - -
(n,2n) g 6.475(10) d € 98%, B 2% -8.979 1603100 F 1.043 P 2.02 P
(n,d) Niye stable - -3.87 0.9 - -
(n,He?) 1y 8.04(1) d B -7.503 (3.05:0.5)10" - -
56 'MBa 9.106(2) (n,p) Moy 29.2 m € 98.4%, B 1.6% Q.3418 29.3 ¢ 1.0 ¢ -
(n,a) Ny 36.4(1) d € 6.667 6.9 ¢ 9.033 C -
(n,2n) g, 2.23(11) h € -10,22 1550 ¢ 9.366 -
56 1ga @.101(2) (n,p) Diag 6.475(10) d € 98%y, B 2% -0.489 15.0 ¢ .28 ¢ -
(n,a) ye stable - 5.89 4.5 ¢ 0.012 C -
(n,2n) 1iga 11.8(2) 4 € -9.803 16001100 0.668 -
56 14ga 2.417(27) (np) e 2.062(5) y B, € 0.0003% -1.276 7.7 ¢ 0.084 C -
(n,a) Bige stable - 5.096 3 c axie’ ¢ -
(n,2n) Mpa 10.74(5) y € -9.464 1640 C 0.847 -
(n,2n)* TN 38.9(1) h IT 99.99%,€ 0.01% - 820165 - -
56 13580 6.592(18) (n.p) hicg 3x10' y B 9.573 5.6 C 9.095 C -
(n,p)* gy 53(2) = IT - 0.29710.035 - -
(n,a) ige s'“ble - 7.057 2.5 ¢ 0.06 C -
(n,2n) Nga stable - -6.975 1675 ¢ 4.9 -




Cross-sections (mb)

:tonic Nuclide Abund. ;::2:T3; Resid. Half-1life 2::;! 2::?:;
umber in % Nucleus (HeV) la N U-235 C£-252
. eV spectrum spectrum
56 1¥Ba 7.854(39) (n,p) Bics 13.16(3) 4 -1.765 6.2t1.1 0.0 C -
(n,a) Mye 5.245(6) 4d B 4.403 2 ¢ 1.5x10' ¢ -
(n,2n) 1*Ba stable - -9.107 16920 C 0.828 -
(n,2n)* e : 1.1 28.7(2) h IT - 920175 - -
56 Yga 11.23(4) (n,p) Ncs 30.17 y B -2.391 2.9 ¢ 0.022 C -
(n,a) ixe stable - 6.036 1.7 ¢ @.015 ¢ -
(n,2n) 14ga stable - -6.902 1710 ¢ 6.43 -
(n,np) Nicy 13.16(3) 4d 8 - 8.6010.25 - -
56 'Ba 71.70(7) (n,p) Pics 32.2(1) = B -4.62 2.810.2 5x10°' C -
{n.a) e O 9.09(1) h 8 3.87s 2.16:2.2 ©0.0019:0,0003 -
(n,a)* ige 15.29(3) m IT, B ©.004% - @.55 - -
(n,2n) 17Ba stable - -8.612 1720 ¢ 1.71 -
(n,2n)* 13184 2.5513(7) m» IT - 890150 2.410.3 -
57 PiLa 0.09(1) (n,p) Ba stable - 2.577 4.8 ¢ 25 ¢ -
{n,a) s 3xi0 y B 6.826 2.2 .83 C -
(n,2n) "La 6(2)x10* y € -7.32 1700 5.03 -
57 YLa 99.91(1) (n,p) ”’B? 84.63(34) m P -1.478 4.810.4 ax10? ¢ -
{n,a) Yes 13.16(3) 4 B 4.817 1.8:0.3 2x10”' ¢ -
o {n,2n) YLa 1.28(12)x10" y € 66.7%y, p 33.3% -8.778 1710 1.40 -
58 1¥ce 2.19(1) (n,p) 11a 9.87(3) m € .35 20.9 ¢C 0.8 ¢ -
{n,a) '¥pa 10.74(5) y € 6.757 5.3 ¢ 0.019 ¢ -
{n,2n) ce 17.6 h € -10.10 16001140 @.457 -
58 Hice @.25(1) {n,p) MLa 1.28(12)x10" y € 66.7%, B 33.3% -0.274 10.9 ¢ 0.28 ¢ -
(n,a) 1¥Ba stable - 5.979 3.6 ¢ 7x107? C -
(n,2n) Wige é,o(ap h € -9.57 19001200 0.703 -
(n,2n)* 13180 e 34.4(3) h IT 99.22%,€ ©.78% - 970190 - -

14
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Cross-sections (mb)

RooBiC Nuclige  Adund. React ton qestd. Half-life ode Emergy —
(MeV) U-235 Ccf-252
) 14 Mev spectrum Bpectrum
58 Hice 88.48(10) (n,p) "'La 40.272(7) h 'y -2.984 6.5:0.5 sx1e® ¢ -
(n,a)* 1Ba 2.5513(7) » I7 5.338 11.5¢1 F ax1e? ¢ -
(n,2n) Mce 137.66(13) 4 € -9.203 196370 F 1.38 P 2.61 P
(n,2n)* hce 56.4(5) s IT - 963:100 F 0.46 P ©.928 P
(n,2n)* 1%1ce 137.66(13) 4 € ~ 10001100 - -
58 Wice 11.08(10) (n,p) La 91.1(5) m 8 -3.735 4zl 2x10? ¢ -
(n,a) pa 84.63(34) m B 6.085 5.521 8x10! ¢ -
(n,2n) Hice 32.501(5) d g -7.16 1900270 F 7.58 P 11.66 P
(n,d) ira 3.92(3) h g -6.582 1.3:0.2 - -
(n,He') WUpa 12.746(10) 4d [ -8.107 (3.3t1.3)10"° - -
59 pp 100 (n,p) Hice 32.501(5) d B 2.201 91 0.035 ¢ -
(n,a) S - 1.28(12)x10'" y € 66.7%, B33.3% 6.146 3.2 ¢ 7x10”} ¢ -
(n,2n) Wpr 3.39(1) = € -9.397 16601200 F i.16 P 2.23 P
(n,t) e 137.66(13) d € -5.948 (137t31)10°} - -
60 HiNg 27.13(10) (n,p) Wpp 19.12(4) h £99.98%, €0.02% -1.381 1422 0.042 ¢ -
(n,a) ice 137.66(13) d € 6.642 7.1t0.8 0.01 ¢ -
(n,2n) HiNd 2.49(3) h € -9.813 1770%120 F @.657 P 1.362 P
{n,2n)* 1Ng 62.4(9) s IT 99.97%, € 0.03% - 550150 - -
(n,2n)* HIIRd 2.49(3) h € - 12202120 - -
] "iNd 12.18(5) (n,p) Wpr 13.58(3) d B -9.15 1222 @.017 ¢ -
(n,a) Hice stable - 9.719 3.5 ¢ .71 ¢ -
(n,2n) HiNg stable - -6.125 1720 C 15.2 -
6@ iRa 23.80(19) {n,p) ey 17.28(5) m . -2.214 8.11 ¢ 0.013 C -
(n,a) Hice 32;501(5) d - 7.330 2.9 ¢C 0.027 C -
(n,2n) INg stable - -7.817 17501120 3.63 -
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Cross-sections (mb)

szgii Nuclide A?:n:. 1a:i;:r ;::?::B Half-life 2:§;3 gﬁ:i;;
(MeV) U-235 Ccf-252
3 14 Mev spectrum spectrum
60 'Nd 8.30(5) (n,p) pr 5.98(2) h B -1.023 5.92 ¢ sxie? ¢ -
(n,a) Hice > 5x10't y - 8.729 2.4 ¢ 0.2 ¢ -
(n,2n) NG 2.1(4)x10" y a -5.76 1760 ¢ 22.5 -
60 HNa 17.19((8) (n,p) pr 24.15(18) m B -3.3 4.7£0.6 2x10 ¢ -
(n,a) 3ce 33.@(2) h B 6.342 4.410.5 6x10’ ¢ -
(n,2n) "'Nd > 6x10' y a -7.565 1861150 F 5.23 P 8.52 P
60 HiNd 5.76(3) (n,p) Wpr 2.27(4) m 8 -4.12 3.5t0.8 sxi1et ¢ T
(n,a) Wice 2.98(15) m B 5.37 1.4 C 2x107 € -
(n,2n) Na 10.98(1) d B -7.324 1829¢150 F 6.43 P 10.25 P
60 N4 5.64(3) (n,p) B 2 6.19(16) = g -4.22 1.2 ¢ 6x10' ¢ -
(n,a) Hice 56.4(12) = B 4.21 1 C 3x10°t ¢ -
(n,2n) 'Nd 1.725(7) h '3 -7.357 19001150 F 7.22 P 11.33 P
62 Msa 3.1(1) (n,p) “pm 363(4) d € 0.22 40.3 C .39 C -
(n,a) ''Nd 2.49(3) h € 7.918 7.2 ¢ 0.031 C -
{n,2n) Wigm 8.83(1) = € -18.554 17@e:128 P ¢.386 p .85 P
(n,2n)* 1 | 66(2) s IT 99.76%, € 0.24% - 6001100 - -
(n,2n)* Hiigm 8.83(1) m € - 11002120 - -
62 Wgm 15.0(2) (n,p) "“'pm 2.6234(2) v B ©.558 15.6 C 0.048 C -
(n,a) "'Na 2.1(4)x10" y a 10.114 4.1 ¢ .63 C -
(n,2n) Hism 1.03(5)x10' y a -6.373 1740 C 13.5 -
62 Higm 11.3(1) (n,p) pm 5.370(9) d B -1.683 1011 @.023 C -
(n,p)* '*pa 41.29(11) d B 95.4%, IT 4.6% - 5.810.8 - -
(n,a) “*Nd > 6x10'' y a 7.734 3.4 ¢ 0.024 C -
(n,2n) ‘'sm  1.e6(2)x10' y a -8.141 17892150 F  3.43 P 5.83 P
62 Wsm 13.8(1) (n,p) “pm 5§3.08(5) h a8 -9.289 8.3 ¢ e.013 C -
(n,a) HNd stable - 9.426 2.8 ¢ 0.2 ¢ -
(n,2n) 'sm 7(3)x10" y a -5.873 1780 ¢ 20.9 -




&
Atomic  u 1ide Abund. Resstion  Resid. Half-life D Energy froveTeeTo ™Y
Number in % Nucleus ecay Energy
Mode (MeV) 14 MeV u-235 Cf-252
. spectrum _spectrum
62 $sm 7.4(1) (n,p) pn 2.68(2) h - -2.72 7.2%1 5x10” ¢ -
(n,a) HINd 10.98(1) 4 B 6.743 3.510.5 5x10° € -
(n,2n) gm > 2x10" y a -7.986 18031150 F 3.67 P 6.18 P
62 1sigg 26.7(2) (n,p) ipy 4.1(1) m B -2.62 3.710.4 5x10’ ¢ -
(n,a) g [} 1.725(7) h B 5.275 1.7t0.2 8x10™' ¢ -
(n,2n) Wism 90(6) y B -8.267 18551150 F 2.46 4.34 P
62 gy 22.7(2) (n,p) 154py 1.7(2) = B -3.22 3.510.4 x1e? ¢ -
(n,a) BiNd 12.44(7) = B 4.095 .920.1 10t ¢ -
(n,2n) ] 46.7(1) h B -7.978 1885t130 P 4.09 P 6.83 P
63 Bigy 47.8(5) (n,p) *igm 90(6) y B Q.706 9.9 C 0.049 C -
(n,a) py 5.370(9) d 8 7.869 3.1 ¢ 90.021 C -
(n,2n) gy 12.62(10) h B 89%, E 11% -7.982 18001100 3.55 -
63 i A 52.2(5) (n,p} Ysm 46.7(1) h B -0.02 611 @.015 C -
(n,a) pm 2.68(2) h B 5.83 2.2:0.3 10’ ¢ -
(n,2n) 1By 13.33(4) vy € 72.08%, B 27.92% -8.555 19501200 2.15% -
(n,2n)* Binigy 9.32(1) h B~ 72%, € 28% - 5001100 - -
(n,2n)* Bigy 96(1) m 1T - 70 - -
64 'gq 0.20(1) (n,p) S1gy 13.33(4) v € 72.08%, B 27.92%  -1.045 - .05 ¢ -
(n,a) s > 2x10" y a 8.074 4 C 0.018 C -
(n,2n) 3gd 120(20) 4d €,aw -8.597 18001200 2.14 -
64 1%cd 2.18(3) (n,p) s 111 8.8(1) y B 99.98%, € 0.02% -1.296 8.6 C 0.038 ¢ -
(n,a) igm 50(6) y B 6.509 2.8 C 2x10 ¢ -
(n,2n) 19364 241.6(2) a € -8.657 19001150 2.02 -
64 1*5Ga 14.89(5) (n,p} 1858 4.96(1) y B 9.538 6.3 C 0.032 C -
(n,a) igm stable - 8.331 2.3 ¢ 0.024 C -
{n,2n) *iea stable - -6.446 18501100 12.9 -
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Nuclear Decay React. Cross-sections (mb)
Atomic . c11de Abund. Reaction Re81d:  Lo1f 1ife Mode Energy
Number in % Nucleus (MeV) 16 Mev U-23% Cf£-252
. spectrum | SPectrum
64 e | 20.47(4) (n,p) gy 15.19(6) d B -1.67 4.7 C 0.021 ¢ -
(n,a) igm 46.7(1) h 5.666 2 C 6x10' C -
(n,2n) g stable - -8.531 18001100 2.21 -
64 Wigd 15.65(3) (n,p) i -1 15.15(4) h B -0.578 5.421.1 6x10' ¢ -
(n,a) A7 stable - 7.277 1.7 ¢ 6x10’ C -
(n,2n) %ga stable - -6.368 18501100 14.4 -
64 %1ga 24.84(12) (n,p) gy 44(a) n -2.65 2.5 ¢ 4x10’ i -
(n,a) iga 22.1(2) m B 5.16 1.4 ¢ 3x10!' ¢ -
(n,2n) M6a stable - -7.931 18501100 3.76 -
64 'a 21.86(4) (n,p) s -1} 44(e) = T -3.62 1.4 ¢ 9x10"* ¢ -
(n,a) Yige 8.0(5) m B 3.5 1 C <10t ¢ -
(n, 2n) 1Ga 18.56(8) h B -7.453 18001120 6.12 -
65 1pp 100 (n,p) 1964a 18.56(8) h B -0.168 4.720.7 .01 C -
(n,a) ey 15.19(6) 4 B 6.215 1.8 C sxi1e" ¢ -
{n,2n) Wien 158(30) v € 82%, & 18% -8.136 18002120 3.02 -
(n,2n)* $herp 10.5(2) s Ir - 450165 - -
(n,He') MEy 15.15(4) h B ~6.903 (5.2¢2.0)10" - -
66 Wpy 0.06(1) (n,p) Wepp 5.34(9) d € 0.520 22.3 ¢ 0.42 ¢ -
(n,a) tigq 241.6(2) 4 € 8.261 4.6 C .01 [o] -
(n, 2n) Wpy 10.0(3) h € -9.442 18501150 @.651 -
66 py 0.10(1) (n,p) Wb 150(3) y € 82%, g 18% -0.162 12.1 ¢ .13 ¢ -
(n,a) 1Ga stable - 7.327 3.3 ¢ axie! ¢ -
(n, 2n) Wipy 8.1(1) h € -9.061 19501170 1.66 -
66 Ypy 2.34(5) (n,P) 1o 72.3(2) d [N -1.052 7.01.2 0.039 ¢ -
(n,a) 191gq .gt.blg - 6.819 2.3 ¢ 10’ ¢ -
(n, 2n) Mpy 144.4(2) 4 € -8.582 20001200 2.11 -
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Cross-sections (mb)
Atomic Abund. Nuclear Resid. Decay React.
Number Yuclide in React.  pNucleus Half-life Hode E(n;:vq)y U-235 Cf-252
i 14 MeV spectrum spectrum
66 Yipy 18.9(1) (n,p) Hipp 6.90 d B Q.200 5.610.5 9.016 C -
(n,a) 3'Gd stable - 8.299 2 C 0.012 ¢ -
{(n,2n) py stable - -6.451 1900 C 13.3 -
______ ;éw— '-”Dy 25.5(2) (n,p) Hirp 7.76(10) m B -1.68 5t1 0.014 C -
(n,a) 1964 18.56(8) h B 6.049 2.1%0.2 sxi0' ¢ -
(n,2n) 'py stable - -8.195 1910 ¢ 2.99 -
66 py 24.9(2) (n,p) irp 19.5(3) = o B -0.900 311 3x10”’ ¢ -
(n,a) YT | stable - 7.229 1.4 ¢ 3x1e? ¢ -
(n,2n) 'ipy stable - -6.272 1930 C 16.0 -
66 Yy 28.2(2) {n,p) rp 3.0(1) m 8 -2.56 2.810.5 3x1e’ ¢ -
(n,a) tigd 3.66(5) m B 5.207 1.2 ¢ 2x10°' ¢ -
(n,2n) Yoy stable - -7.655 1950 C 4.88 -
67 1$Ho 100 (n,p) "Dy 2.334(6) h o X -0.513 3.2 ¢ axi1e’ ¢ -
(n,a) irh 7.76(10) m B 6.460 1.5 ¢ 6x10' ¢ -
{n,2n) '"'Ho 29(1) = € 58%, B 42% -7.989 20001200 3.49 -
(n,2n)* HiHo 37.5(+15-5) m IT - 12004200 - -
68 gy ©.14(1) (n,p) '“'Ho 15(1) = € 0.464 17.1 ¢ 0.23 ¢ -
(n,a) "*'py 144.4(2) d € 8.486 3.8 ¢ 8x10’ ¢ -
(n,2n) 'Y'Er 3.21(3) h € -9.21 19001130 1.22 -
68 '“Er 1.61(1) (n,p) '**Ho 29(1) = € 58%, g 42% -0.18 9.4 ¢ 0.083 ¢ -
(n,a) "oy stable - 7.756 2.7 ¢ ax1e® ¢ -
(n,2n) '"“"Er 75.0(4) m € -8.856 18201150 1.78 -
68 '“Er 33.6(2) (n,p) '*Ho 26.8(2) h e ilen 4.510.7 0.022 C -
(n,a) oy stable - 7.094 2 ¢ 107 ¢ -
(n,2n) gy 10.36(4) h "

€ -8.474 20001150 2.25 -
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Cross-sections (mb)

Noomlc  Nuclide Adund. n"euacclr.e;orn pestd.  Half-life Node :;::';y —
(MeV) 14 MeV U-235 Cf-252
3 spectrum spectrum
68 “Er 22.95(13) (n,p) "“"Ho 3.1(1) h g -@.188 3.4:0.4 6x10’ ¢ -
(n,a) Yoy stable - 8.312 1.7 ¢ 6x10' C -
{n,2n) ‘“er stable - -6.436 195¢ C 13.8 -
68 ‘“er 26.8(2) (n,p) '*Ho 3.0(1) m N -1.99 2.521 6x10° C -
(n,a) py 2.334(6) b 6.256 1.4 ¢ ax10' ¢ -
(n,2n) "“'Br stable - -7.7711 1970 ¢ 4.39 -
(n,2n)* gy 2.28(3) s IT - 600120 - -
68 Mgr 14.9(1) {(n,p) '"Ho 43 s 8 -2.92 1.8t0.5 2x10 ¢ -
(n,a) "Dy 6.2 m ' 4.58 1 ¢ 16" ¢ -
(n,2n) 'YEr 9.40(2) 4 8 -7.263 1930130 7.07 -
{n,d) '“"Ho 4.7(1) m 'y -6.410 ©.19:0.03 - -
(n,t) ' Ho 3.0(1) = 8 -6.770  (12.7:3.2)10"° - -
€9 19y 100 (n,p) 'Epr 9.40(2) 4 ' @.431 4.6 C 0.014 C
(n,a) "*Ho 26.80(2) h 8 7.44 1.8 ¢ 107 ¢ -
(n,2n) e 93.1(1) d , 82 -8.0¢ 20712100 F 3,75 P 6.43 P
(n,He') "Ho 3.1(1) h B -5.812 (7.50:3.75)10° - -
70 () ©.13(1) (n,p) ‘'rm 93.1(1) d €, B ? 0.5 13.3 ¢ .18 ¢ -
(n,a) ‘CEr 10.36(4) h € 8.599 3.1 ¢ 5x10°° C -
(n,2n) *'Yb 17.5(2) = € -9.055 1920:150 1.53 -
70 b 3.05(5) (n,p) 7iTa 128.6(3) 4 B 99.85%, € @.15% -0.816 7.4 ¢ 0.063 ¢ -
(n,a) "Er stable - 8,174 2.3 ¢ ax1e' ¢ -
(n,2n) 'Yb 32.022(8) 4 € -8.469 19402150 2.23 -
70 typ 14.3(2) (n,p) e 1.92(1) v B 0.686 5.5 ¢ 0.016 C -
(n,a) "“'Ex stable - 9.328 2 ¢ 0.013 ¢ -
(n,2n) '"'Yb stable - -6.617 1970 ¢ 10.3 -
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Cross-sections (mb)

Atomic  gue1sqe  ABURY Reaction mosid.  Half-11tfe Tode Energy
(MeV) 18 MeV U-235 C£-252
. spectrum spectrum
70 Nyp 21.9(3) (n,p) gy 63.6(2) h - -1.088 4.2 C e.017 ¢ -
(n,a) Mgy 9.40(2) d : 7.307 1.7 ¢ 7x10°' ¢ -
(n,2n) Myb stable - -8.024 1999 ¢ 3.11 -
70 Myb 16.12(18) (n,p) AL 8.24(8) h B -0.538 3.1 ¢ 2x107 ¢ -
{n,a) MEr stable - 8.202 1.4 ¢ ax1e? ¢ -
{n,2n) yb stable - -6.368 2000 C 12.8 -
70 Myb 31.8(4) (n,p) Tirm 5.3(1) = B -2.28 3.5:1.0 3x10? ¢ -
(n,a) "Er 7.52(3) h B 6.414 1.2120.2 2x10™* ¢ -
{(n,2n) "yYb stable - -7.469 2020 ¢ 5.67 -
70 4yp 12.7(1) (n,p) irm 1.9(1) = 'y -3.36 1.3 ¢ sx10™* ¢ -
(n,a) Mgy 1.4(1) m - 5.58 .9 ¢ 10' ¢ -
(n,2n) "yb 4.19(1) 4 -6.876 21502230 11.8 -
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Atomic Abund Nuclear Resid React. Cross-sections (mb)
Number Nuclide in ‘- Reaction Nucle\;s Half-1life Decay Mode E(n;er‘;;)y U-235 Cf-252
i 14 MeV spectrum spectrus
71 'Lu 97.41(2) (n,p) Yb 4.19(1) 4 @.314 3.7t0.5 ax1e’ ¢ -
(n,a) Mpg 63.6(2) h 7.867 1.6 ¢ 107 ¢ -
(n,2n) "Lu 3.31(5) y € -7.659 20302200 F 5.03 P 8.38 P
(n,2n)* 11484 142(2) 4 IT 99.35%, € @.65% - 550150 - -
(n,2n)* R A1 3.31(5) y € - 14801100 - -
71 L AN 2.59(2) (n,p) 1"Yb stable - @.897 2.8 ¢ .33 ¢c -
(n,a) Tm 8.24(8) h B 8.491 2.310.6 axi1e? ¢ -
{n,2n) ‘Lu stable - -6.293 2040 C 16.9 -
72 e 0.162(2) {n,p) MLy 3.31(S) ¥ € @.584 1.5 ¢ .16 C -
(n,a) 'Yb stable - 9.174 2.7 ¢ 5x10’ C -
{n,2n) . ¢4 23.6 h € -8.59 19001150 2.2 C -
72 Mut 5.206(4) {n,p) Y¢Lu 3.60(16)x10" y I3 -0.406 5.9 ¢ 0.036 C -
(n,a) "'Yb stable - 8.623 2 ¢ 2x10? ¢ -
{n,2n) ‘HE 70(2) a € -8.089  2050:150 3.17 -
72 Miyg 18.606(3) {n,p) " 6.71(1) 4 'S 2,285 4.5 ¢ 7x10) ¢ -
(n,a) Yp stable - 9.712 1.7 ¢ 0.011 C -
{n,2n) U HE stable - -6.381 2030 C 14.5 -
72 1y 27.297(3) (n,p) "'Lu 28.4(2) m 8 -1.470 3.4 ¢ 7x10’ ¢ -
(n,a) s { ] 4.19(1) 4 B 7.905 1.5 ¢ 9x10"* ¢ -
(n,2n) 'HE stable - -7.626 2050 C 5.11 -
72 e 13.629(5) (n,p) "Ly 4.59(6) h Fy -0.57 2.5 ¢ 2x10” ¢ -
(n,a) '1*Yb stable - 8.681 1.3 ¢ 3x1e} ¢ -
(n,2n) 'He stable - 6.099 2060 C 19.6 -
{n,2n)* iy 64 4.0(2) s 1T - 900 - -
72 "yt 35.100(6) (n,p) My §.7(1) m 8 -2.82 1.9 ¢ 10 ¢ -
(n,a) 'Yb 1.9(1) b Fy 6.856 1.1 ¢ 2x10' ¢ -
(n,2n) "HE stable - -7.388 2080 C 6.88 -
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Nuclear Decay React. Cross-gections (mb)
:::;::_ Nuclide m;_::m:' React. "Ruec'liedu" Half-1life Mode Energy 7
(MeV) U-235 cf-252
. 14 Hev spectrum | spectrum
72 MyE 35.100(6) (n,2n)* ey e 18.68(6) s IT - 6002100 - -
73 Wira 0.012(2) (n,p) ""ye stable - 1.709 4.0 C @.72 ¢ -
(n,a) LS AT 6.71(1) d B 9.178 1.6 C 4x10 C -
(n,2n) Mra 664.9(42) a € -6.58 2060 C 10.7 -
73 ttipa 99.988(2) (n,p) HE 42.39(6) d I -0.240 4.520.5 F 1.05x10"’ 0.0023 P
(n,a) MLy 28.4(2) = B 7.41 1.4 C ax1e* ¢ -
(n,2n) 1a 8.1(1) h €87%, B 13% -7.644 20901100 F 5.21 P T 8.61 P
(n,2n)* s > 1.2x10" y €, B - 1310280 F 2.77 P 4.56 P
(n,He’) MLy 4.59(6) h B -6.56 (3.2t1.45)10°° - -
74 iy 9.13(3) (n,p) 'Mra 8.1(1) h € 87y, B 13% -0.03 9 C 2.049 C -
(n,a) HE stable - 8.86 2.3 ¢ 0.002 C -
(n,2n) "y 37.5(5) m € -8.49 19001170 2.5 C -
(n,2n)* 1y 6.4 m IT 99.8%, € 0.2% - 490150 - -
74 1y 26.3(2) (n,p) ad I 114.5 d B -1.022 6.010.5 (4.010.7)10°° -
(n,p)"* 18 a 15.84(10) m IT - 0.1210,02 - -
(n,a) MY stable = 7.889 1.7 ¢ 3x10™t ¢ -
(n,a)* ity § 4 18.68(6) B IT - 0.1210.02 - -
(n,2n) Ny 120.98(12) 4d € -8.054 2150¢120 3.91 -
74 Wy 14.3(1) (n,p) Mpa 5.1(1) 4 B -0.286 4.110.5 2x10”} ¢ -
(n,a) ye stable - 9.085 1.5 ¢ 2x10' ¢ -
(n,a)* eyt 5.5(1) h IT - ©.2210.03 - -
(n,2n}) My stable - -6.191 1900:150 18.5 -
(n,np) Lt I 114.5 d 8 -7.2132 1.3t0.5 - -

(n,qd) ita 114.5 d B -4.9885 1.3t0.5 - -




SS

- = ] Cross-sections (mb)
Atomic Nuclide Abund. R“euacclteiaorn Resid. Half-life UHeocdaeY ::::‘;y
Number in % Nucleus (MeV) 14 Mev U-235 cf-252
spectrum spectrum
74 (i 30.67(15) (n,p) Mra 8.7(1) h 8 -2.248 4.01.0 2x10”? ¢ -
(n,p)* 'ra ? IT - 2.6510.20 - -
(n,a) "HE 42.39(6) d B 7.369 1.210.2 (2.010.5)10"* -
(n,2n) W stable - 7.411 20002150 6.55 -
(n,2n)* iy 5.15{3} & 1T _ 1600 - -
(n,np) ’ra 5.1(1) d B -7.697 0.710.2 - -
(n,d) ’ra 5.1(1) d B -5.472  ©.65%0.15 - -
74 w 28.6(2) (n,p) *'Ta 10.5(5) = 5 -3.12 1.7t0.5 ax1e!' ¢ -
(n,a) HE 64(1) = B 6.391  ©.5510.07 <10' c -
(n,2n) W 75.1(3) d B 7.202 19001150 10.0t0.7 -
(n,2n)* W 1.67(3) m IT - 600160 - -
(n,np) "ra 49(2) = ) -8.380  ©.25:0.05 - -
(n,d) "'Ta 49(2) m B -6.150  ©0.43:0.08 - -
75 1"Re 37.40(2) {n,p) w 75.1(3) d PE 0.353 4.3 C 6x10 ¢ -
(n,a) "'Ta 114.5 4 B 8.276 1.6 ¢ éx1e' ¢ -
(n,2n) ""'Re 38.0(5) 4 € -7.79 1900 C 4.6:0.4 -
(n,2n)* """"Re 165(5) d IT 74.7%,€ 25.3% - 260 0.6210.05 -
(n,He’) "'ra 5.1(1) d B -5.375 (4:3)10”° - -
75 1MRe 62.60(2) (n,p) W 23.9(1) b B -0.529 4.310.5 2x10? ¢ -
(n,a) "1a 8.7(1) h B 7.102 1.2 ¢ 10 ¢ -
{n,2n) ""‘re 90.64(9) h B 93.5%, € 6.5%  -7.371 17001200 1016 -
(n,He') "*1a 49(2) = B -6.6 ©0.00410.003 - -
76 Mog 0.02(1) (n,p) "!'Re 38.0(5) 4 € 0.68 11.9 ¢ 0.02 ¢ -
(n,a) " 120.98(12) d € 9.714 2.6 ¢ ax10' ¢ -
(n,2n) "os 13.e(5) b € -8.86 2000150 1.8 ¢ -
{n,2n}* os 5.3{3) h € 89%, IT 11% - 5001100 - -
(n,2n)* Mos 13.2(5) h € - 15001100 - -
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Nuclear

Cross-sections (mb)

:::::g Nuclide A::n:. Reaction :::?::; Half-life
76 %08 1.58(10) (n,p) "Re 90.64(9) h
(n,a) hy stable
(n,2n) Mog 93.6(5) 4
76 og 1.6(1) (n,p) '"'Re §(2)x10" y
(n,a) Wy > 3x10" y
(n,2n) Wos 2.0(11)x10" y
76 og 13.3(2) (n,p) 1"'Re 16.98(2) h
(n,a) Iy 75.1(3) 4
(n,2n) gy stable
76 Wos 16.1(3) (n,p) "Re 23.3 h
(n,a) Wiy stable
{(n,2n) og stable
76 "%0g 26.4(4) (n,p) 'Re 3.1(3) =
(n,a) "y 23.9(1) h
(n,2n) Mog stable
76 Bigg 41.0(3) (n,p) "ipe 16(1) s
(n,a) Wy 11.5(3) =
(n,2n) "o 15.4(1) 4
(n,2n)* tisgg 13.10(5) h
(n,2n)* Wigg 15.4(1) 4
77 ks ¢ 5 37.3(5) (n,p) Wigg 15.4(1) 4
(n,a) "Re 16.98(2) h
(n,2n) "rr 11.78(10) 4
(n,2n)* Wyy 3.3(2) h
77 ryp 62.7(5) (n,p) iog 30.5(4) h
(n,a) "Re 3.1(3) »
(n,2n) Miyp 73.831(8) d

Decay React.
Mode Energy
M| e | BB | e
B 93.5%, € 6.5% -0.294 5.5:1.3 0.024 C -
- 9.016 2 ¢ 10’ ¢ -
€ -8.27 20001100 2.91 -
[y .78 5.2 ¢ 8x10’ ¢ -
- 10.13 1.7 ¢ 7x10° ¢ -
a -6.297 2100 C 16.9 -
g ~1.336 712 sxie} ¢ oo~
g 7.891 1.5 ¢ 3xi1et ¢ -
- -7.989 2120 ¢ 4.39 -
B -0,.228 522 2x10? ¢ -
- 9.169 1.3 ¢ 2x10? ¢ -
- -5.923 2140 C 21.1 -
g -2.400 2.0:0.5 10’ ¢ -
B 6.842 0.5%0.1 1e' ¢ -
- -7.793 2160 C 4.73 -
B -3.19 1.3 ¢ 3x10* ¢ -
B 5.24 - <10t ¢ -
'} -7.559 22001150 5.40 -
Ir - 10001200 - -
'y - 12001200 - -
B 0.472 4.810.8 sxie? ¢ -
I 7.957 1.4 ¢ 1! ¢ -
€ -8.12 1960150 F 2.85 P 4.99 P
€ 94.4%, IT 5.6% - 370 - -
B -0.350 3.810.5 1! ¢ -
B 6.64 1.1 ¢ < 10! ¢ -
B~ 95.4%, € 4.6% -7.772 2048s15¢ F 3.90 P 6.63 P




LS

Cross-sections (mb)

Atomic Nuclide Abund. 1;ii;:r Resid. Half-life ﬂ:ﬁ;} :::i:;
Number in % Nucleus (HeV) U-235 ct-252
i 14 MeV spectrum seectrul
78 Wpe 0.01(1) {n,p) Mrr 11.78(10) d € 0.110 9.7 ¢ 0.032 ¢ -
(n,a) 'os stable - 9.537 2.3 ¢ 10 ¢ -
{n,2n) Ype 10.83(1) h € -8.81 2100 C 1.98 -
78 "ipt 0.79(5) {n,p) B % 73.831(8) d B 95.4%, € 4.6%  -0.674 5.6 C e.01 ¢ -
(n,a) Mos stable - 8.343 1.7 ¢ 2x10t ¢ -
{n,2n) B 24 2.9(1) 4 € -8.656 20301100 2.67 -
78 ipe 32.9(5) (n,p) Mrr 19.15(3) h Iy -1.457 4.010.5 3x10' ¢ T -
(n,a) “los 15.4(1) d ' 7.276 1.3 ¢ 10! ¢ -
(n,a)* ios 13.10(5) h IT - 1.26 - -
{n,2n) "pt 50(9) y € -8.367 2170 ¢ 2.65 -
78 et 33.8(5) {n,p) "Ir 2.8 h P -0.153 2.0:0.5 2x10 ¢ -
(n,a) Mos stable - 8.711 1.1 ¢ axie* ¢ -
{n,2n) "'pe stable - -6.124 2190 ¢ 18.5 -
78 Wpe 25.3(5) (n,p) Sab ¢ 3 52(2) s 8 -2.39 1.4:20.3 axie!' ¢ -
(n.a) Mos 30.5(4) h B 6.379 1.6 C < 1@ ¢ -
(n,2n) e 2 stable - -7.921 2200 C 3.98 -
(n,2n)* t"epe 4.02(1) d Ir - 460 - -
78 Mpe 7.2(2) (n,p) Wrr 8(1) s PE -3.62 1.1 ¢C 10t ¢ -
(n,a) o8 6.5 m Pe 5.59 .8 C < 10' ¢ -
(n,2n) "pt 18.3(3) h B -7.563 19502120 5.53 -
(n,2n)* Pt 94.4(8) m IT 96.7%, 8 3.3% - 8001100 - -
(n,2n)* Phpe 18.3(3) h 'S - 11501100 - -
79 MAu 100 (n.p) "pt 18.3(3) h Ps 0.036 2.120.2 P  2x10° ¢ -
(n,a) "Ixr 19.15(3) h B 6.979 ©.352¢0.05 F < 10" C -
(n,2n) ""'au 6.183(10) 4 € 92.5%, A 7.5% -8.08 22542200 F 3.50:4.13 5.5310.09
(n,2n)* Hau 9.7(1) h e - 239 - -
(n,2n)* Au 6.183(10) 4 € 92.5%, B 7.5% - 1900 100 -
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Cross-sections (mb)

:E:::i Ruclide Ag:n:. ;:iigﬁﬁ; ;t:ﬁi:s Half-life
79 Yiau 100 (n, He’) Wrr 2.8 h
80 Myg @.14(10) (n,p) "au 6.183(10) d

(n,a) pt 50(9) vy
{n,2n) Hyg 9.5 h
80 Wiy 10.02(7) (n,p) " An 2.696(2) d
(n,a) "ipt stable
{(n,2n) M Hg 64.1(1) h
80 WHg 16.84(11) (n,p) " au 3.139(7) d
(n,a) Hipe stable
{n,2n) Hg stable
(n,d) A 2.696(2) d
8o Wyg 23.13(11) (n,p) Man 48.4(3) m
(n,a) Wpe 18.3(3) h
(n,2n) Myg stable
80 Mg 13.22(11) (n,p) an 26(1) =
(n,a) ipe stable
(n,2n) MHg stable
80 Mg 29.80(14) (n,p) Miay 28(2) s
(n,a) Mpe 30.8(4) m
{n,2n) yg stable
8e tyg 6.85(5) (n,p) an 40(3) 8
(n,a) Hpe 2.5(1) =
(n,2n) W Hyg 46.60(2) d
81 1071 29.524(9) (n,p) WHg 46.60(2) d
(n,a) A 46.4(3) n
(n,2n) iy 12.23(2) d

Decay React.
Hode Enerqy
L T R A [
B -6.170 5 0.023 - -
€ 92.5%, B 7.5% 9.0983 8.0 C 0.024 C -
€ 8.248 2 ¢ ax10t ¢ -
€ -8.75 20501180 1.72 -
B -0.59 4.610.3 9x10’ ¢ -
- 7.458 1.5 ¢ < 10! ¢ -
€ -8.3 2000:150 2.03 o=
B @.329 3.510.6 3x10? ¢ -
- 8.73 1.3 ¢ ax10! ¢ -
- -6.649 2100 ¢ 11.3 -
8 -5.0143 0.410.1 - -
B -1.420 3.6121 axie!' ¢ -
B 6.552 1.2 ¢ 10t ¢ -
- -8.029 2120 ¢ 3.49 -
B .72 1.810.3 sx10™' ¢ -
- 7.89 1.0 ¢ < 10! ¢ -
- -6.225 2140 C 16.5 -
B -2.72 1.6 C ax10™!' ¢ -
B 5.706 0.9 ¢ <10t ¢ -
- 7.756 2160 C 4.45 -
B ~3.72 .9 ¢ 10t ¢ -
B 4.460 .7 ¢ < 10! ¢ -
B -7.491 21001150 5.63 -
B 0.291 4.2:1.0 2x107° ¢ -
B 7.2 1.1 ¢ <10' ¢ -
€ -7.72  2065:150 F 3.010.5 §.57 P
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Creose-sections (mb)

:l‘l:::‘; Nuclide Abund. R“euacclteiaorn “Ruec’liedu's Half-life Dueoca:y ::::-:y
(MeV) 14 Mev U-235 Cf-252
; spectrum _spectrum
81 1) 70.476(9) (n,p) "Hg 5.2(1) = -0.747 1.910.2 5x10°' ¢ -
(n,a) iy X' 28(2) s 5.68 .85 € < 10! ¢ -
(n,2n) B 3.78(2) vy B 97.45%, € 2.55% -7.541 20061200 F 5.61 6.71 P
(n,t) *'Hg 46.60(2) d '3 -5.4234 (3318)x10" - -
(n,He') *Au 53(2) = B -7.900 s 0.07 - -
82 *pb 1.4(1) {n,p) el 3 3.78(2) y B 97.45%, € 2.55%  0.0191 3.9 ¢ 0.e19 -
(n,a) M'Hg stable - 8.204 1.3 ¢ 10' ¢ - -
(n,2n) "Mpp 51.88 h € -8.401 2232t130 F 2.4510.4 3.95 P
(n,2n)* 1eph 0.48(2) =& IT - 1200 - -
(n,t) Bt 31 12.23(2) 4 € -5.875 (30t6)x10"° - -
82 pp 24.1(1) (n,p) Hép) 4.20(2) m B -9.751 2.0:0.4 6x10”' ¢ -
(n,a) Y Hg 46.60(2) d 'Y 7.136 1.010.5 <10' ¢ -
(n,2n) Wipp 1.52(7)x10" y € -8.081 20001100 3.58 -
82 "ipp 22.1(1) (n,p) Tl 4.77(2) m 3 -0.65 1.6:0.3 s5x10”' ¢ -
(n,a) 'Hg stable - 7.887 0.9 ¢ < 10! ¢ -
(n,2n) ey 2 ) stable - -6.741 20001100 11.1 -
82 *'pb 52.4(1) (n,p) el 3 3.053 m 'S -4.211 1.010.5 < 10! ¢ -
(n,a) 'Hg 5.2(1) = 3 6.186 0.8 ¢ <10 ¢ -
{n,2n) "Pb stable - -7.368 20001100 6.18 -
(n,2n)* '"Pb 0.796 s IT - 1282 E 0.94 1.76 P
83 i 31 100 (n,p) pb 3.253(14) h - @.135 0.810.2 1070 ¢ -
(n,a) Wl 4.20(2) m - 9.634 0.810.3 axie' ¢ -
(n,2n) "Bi  3.68(4)x10' y € -7.453 22611100 F 6.21 P 10.13 P
(n,t) "'Pb stable - -2.6892 (284:47)10° - -
90 Bipp 100 {n,2n) BiTh 25.52(1) h B, aw -6.434 125950 F 15.7:0.7 23.41 P
92 Mty 99.2745(15) (n,2n) Py 6.75(1) 4 B -6.144 745:30 F 15.7t0.8 20.99 P




