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FOREWORD

This Handbook contains data on cross-sections for thermal, epithermal
and fast neutron induced nuclear reactions as well as for those induced by
charged particles and photons, It is issued for users in various nuclear
application fields, with the main emphasis on activation analysis, but also
with an eye to radioisotope production and radiobiological protection, To
some extent the compilations are also useful in reactor technology.

Activation analysis, which has made rapid progress during the last
decade, is widely used in such spheres as medicine and biology, environ-
mental control, industry, agriculture and forensic investigations, Thus
the main part of this collection consists of cross-section data needed for
these purposes,

In the early days of activation analysis the thermal neutron played the
most predominant role as the bombarding particle responsible for inducing
radioactivity, Today the thermal neutron is probably still the particle
most used for such purposes, However, epithermal and fast neutrons are
becoming increasingly important as projectiles in nuclear analytical
chemistry.

Thermal and epithermal neutrons are usually produced in reactors,
whereas fast neutrons are emitted from isotopic sources (e. g. 252Cf-sources)
or generated in 14-MeV neutron generators of the Cockeroft-Walton or
neutron generators of the Van de Graaff type.

For photon activation analysis, various electron accelerators producing
bremsstrahlung in heavy materials are used. 1ln some instances a hospital
betatron can be used for such studies.

Neutron and photon activation analysis is mainly used for bulk analysis
inasmuch as the intensity or energy of the bombarding particles or radia-
tions is usually nct changed in any essential way when passing the sample,
On the other hand, charged particles at low or intermediate energies are
stopped in a metal surface. For this reason charged particles are mainly
used for surface analysis, i.e. the determination of an element in a sur-
face or of its concentration profile just below a surface, ln charged par-
ticle activation analysis, accelerators of various types are used, the
Van de Graaff type being perhaps the most common,

As a rule of thumb, reactions induced with photons, charged particles
or 14-MeV neutrons are mainly used for the analysis of light elements,
whereas thermal and epithermal neutrons are applied in the analysis of
intermediate or heavier elements.

With a specific analytical problem in mind, the analytical chemist has
to select the most suitable nuclear reaction for solving his problem, and a
knowledge of crossz-section values or excitation functions is essential, A
handbook containing the various types of cross-section values is thought to
be valuable for a first survey, particularly for scientists and technicians
in developing countries who may not always have easy access to the desired
information,



Many scientists have contributed to the preparation of this Handbook.
The editors, Mr. D. Brune of Aktiebolaget Atomenergi, Studsvik, Sweden,
and Mr., J.J. Schmidt of the JAEA Nuclear Data Section, Vienna, wish to
express their sincere gratitude to these scientists for their valuable contri-
butions and co-operation,
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2200 m /s NEUTRON ACTIVATION
CROSS-SECTIONS

R. SHER

Stanford University,
Stanford, Calif.,

United States of America

ABSTRACT. 2200 m/s neutron activation cross-sections for a large number of isotopes of interest to
neutron activation analysis are presented. In addition to the cross-sections, values are given for the half-lives
of the activities formed and ths cross-sections for activation of isomeric and ground-states, if these are both
of interest.

INTRODUCTION

The following table of thermal cross-section values is based primarily
on recent compilations by N. Holden [1] and D.T., Goldman et al, [2]. Only
isotopes of potential interest in thermal neutron activation analysis are
included, but these fall into two classes: those of intrinsic interest because
they are likely to be the materials being analysed, and those whose activa-
tion is likely to be an important source of background. Of course, many
elements can fall into either class,

All entries are cross-sections at a neutron energy of 0.0253 eV (neutron
velocity of 2200 m/s). In most cases, the values are based on measurements
of the activation cross-section, but occasionally values inferred from
absorption cross-sections are used.

In many cases, Holden's values differ somewhat from those of Goldman
et al., partly because of the inclusion of later data, and partly because of
differing judgements as to best values of the mean and error spread of
several measurermen:s. As a general rule, when later data made the values
of Goldman et al. obsolete, Holden's values were given greater weight; when
differences between the two sets were due to different evaluations of the
same data, those of Goldman et al. were used for the most part. This simply
reflects the present zuthor's greater familiarity with the latter. In some
cases the data were re-evaluated.

The error lirnits should not be taken too literally in most cases. Often
a set of several measured values falling far outside their individually quoted
limits of error had tc be reconciled, and in the spirit of Goldman et al.
many of the quoted error limits simply represent a rough indication of the
spread of the individual measurements, Because of this, they are often
considerably larger thanthe uncertainties claimed by individual experimenters,

To include a complete bibliography of the original cross-section measure-
ments would have encumbered an already lengthy table, Measurements up
to about 1966 are referenced in BNL-325 [3]; references to more recent
results can be found in bibliography and data compilations such as CINDA [4]
and the NEA Neutron Dasta Compilation Centre Newsletter [5], or can be
obtained from the various neutron data centresl,

! National Neutron Cross-Section Center, Brookhaven National Laboratory, Upton, L.I., N.Y. 11973, USA.
NEA Neutron Data Compilation Centre, F-91190 Gif-sur-Yvette, B.P. No 9, France.
Centr po Jadernym Dannym, F.ziko-Energeticheskij Institut, Obninsk, Kaluga oblast, USSR.
Nuclear Data Section, IAEA, 1010 Vienna, Austria.
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Table I lists, in addition to the cross-sections, the half-lives of the
activities formed and the cross-sections for activation of isomeric and
ground-states, if these are both of interest.

Unless otherwise noted, cross-section values refer to the effective
activation of the state, not its direct formation. Thus, for example, in
164Dy, where the 1.25-min isomer decays to the 2. 3-hour ground-state,
the cross-section value for the ground-state listed is the sum of the formation
cross-sections to the two levels. In a few cases, the isomeric state has
other modes of decay besides the transition to the ground-state; for those
the contribution to the ground-state activation cross-section is corrected
by the branching ratio. The principal cases for which the ground-state
activation cross-section is not given by the sum of its direct-formation
cross-section plus the isomeric-state cross-section are those in which the
half-life of the isomeric state is comparable to or longer than that of the
ground-state, and those in which the isomeric state does not decay to the
ground-state. These instances. carry the notation ''direct formation', if
there is possible ambiguity.

Not all of the entries in the table are of equal importance, of course,
However, the increasing use in neutron-activation analysis of high-resolution
detectors and the increasing sophistication of sample preparation and sepa-~
ration techniques make it desirable to include many isotopes whose activities
admittedly will be seldom seen,

No attempt has been made to list the radioactive properties of the activa-
tion products other than half-lives, since these are easily available in
sources such as Lederer et al. [8].
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THERMAL NEUTRON CROSS-SECTIONS

TABLE I. THERMAL CROSS-SECTION VALUES
Abundance Product o (barns)
Element Isotope (Percent) Half-Life n,y
Carbon 13C 1.11 5730 years (0.9 + 0.2) x 1073
. 14 14 =
Nitrogen N 99.63 5730 years (' 'C) (on p° 1.82 + 0.03)
15y 0.37 7.2 sec (24 + 8) x 10°°
Oxygen 18, 0.204 26.8 sec (0.16 + 0.01) x 10
) 19, -3
Fluorine F 100 11.2 sec (9.8 £ 0.7) x 10
Sodium 232 100 15 hours 0.528 + 0.005
) 26 : -3
Magnesium Mg 11.17 9.5 min (38 + 3) x 10
ATumi num 2773 100 2.3 min 0.232 + 0.003
Silicon 305 3.09 2.62 hours  0.105 + 0.005
Phosphorus 3, 100 14.3 days 0.190 + 0.010
Sulfur 345 4.22 88 days 0.034 + 0.005
364 0.014 5,06 min 0.15 + 0.03
Chlorine 3¢y 24.47 0.7 sec 38c1™ (5 £ 3) x 1073
37 min 3819 0.43 + 0.01
36
Argon Ar 0.337 34 days 6+ 2
Brr 0.063 269 years 0.8 + 0.2
40y 99.6 1.83 hours  0.65 * 0.03
Potass ium 4 6.88 12.4 hours  1.48 * 0.03
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TABLE I (cont.)

Abundance Product

Element Isotope (Percent) Half-Life On.y (barns)
. 44
Calcium Ca 2.06 165 days 1.1 + 0.3
46¢, 0.0033  4.53 days 0.7 + 0.2
48, 0.18 8.8 minutes 1.1 £ 0.1
Scandium 454, 100 20 sec s 10 :4
83.8 days?0scd 25 : 2
Titanium 50r; 5.34 5.8 minutes 0.179 + .003
Vanadium Sy 99.76  3.76 minutes  4.90  0.05
Chromium 50¢y. 4.31 27.8 days 16.0 + 0.5
Ser 2.38 3.5 minutes 0.38 + 0.04
Manganese SMn 100 2.58 hours 13.3 + 0.1
54
Iron Fe 5.82 2.6 years 2.5 0.4
58rq 0.33 45 days 1.14 + 0.05
Cobalt %o 100 10.5 min %%o™  19.9 : 0.91
5.26yrs 80009 37.5 + 0.2
(60Com 10.5 min 99 minutes 58 + 8)
(60co8 5.26 yrs 99 minutes 2.0 + 0.2)
Nickel 64y 1.16  2.56 hours 1.50 + 0.05
Copper 63¢, 69.09  12.8 hours 4.4 + 0.2
65

Cu 30.91 5.1 minutes 2.20 + 0.05
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TABLE I (cont.)

Element Isotope ?ggggg:g? qutf)?ﬁe On,y (barns)
Zinc 644 48.89 245 days 0.82 ¢ 0.0
68, 18.57  13.8 hrs %™ 0.07 £ 0.07
57 min 89209 1.0 + 0.2 (dir. formation)
0n 0.62  3.97 hrs 1'za™ (9 1) x 1073
2.4 min "'zn% (90 * 10) x 1073 (dir. form.)
Gallium %a 60.4 21.1 minutes 1.7 £ 0.2
Nea 39.6 36 usec '26a™  0.15 + 0.05
14 hrs %629 4.7+ 0.3
Germanium 70e 20.52 20 msec ''Ge™  0.28 + 0.07
11.4 days’'Ged 3.5 £ 0.13
e 36.54 48 sec /%Ge™  0.16 + 0.03
82 min "%6e9  0.52 * 0.06
766e 7.76 54 sec '76e™  0.09 + 0.02
1 hrs 776e9  0.07 + 0.02 (dir. formation)
Arsenic 75As 100 26.5 hours 4.4 0,2
Selenfum e 0.87  120.4 days 55 ¢ 5
76e 9.02  17.5sec 'se" 21t 2
Be 23.52 3.9 min Ose™  0.33 + 0.04
80¢q 49.82 57 min Slse™  0.08 + 0.01
18.6 min 8Vse9  0.54 + 0.04 (dir. formation)
82¢q 9.19 70 sec 8se™ (6 +1) x 1073

sed (39 + 3) x 1073 (dir. form.)
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TABLE I (cont.)
onert_isotpe s st o, (o)
Bromine 79,. 50.54  #.38 hrs °%Br™ 2.6 * 0.2
17.6 min 8%rS 8.4 4 0.3 (direct formation)
8p, 49.46 6.1 min 5%y™ 2.7 + 0.3
35.34 hrs 528r9 3.0 t 0.3
Krypton 78Kr‘ 0.35 55 sec 78Kr‘m 0.2 * 0.05
34.9 hrs 8ked 4.7 : 0.7
80¢ 2,27 13sec k™ 4.6 % 0.7
82y, 11.56  1.86 hrs 83kr™ 20 t 4
By 56.90 4.4 hrs 5ke™  0.10 * 0.03
10.76 yrs SOxrd (42 £ 4) x 1073 (dir. form.)
86y, 17.37 76 minutes (60 * 20) x 1073
Rubidium 852p 72,15 1.05 min SGRb™ (50 t5) x 1073
18.65 daysSORbY 9.45 * 0.02
8
(5 x 10'0rs) 27.85  17.8 minutes 0.12 * .03
Strontiam 84, 0.56 70 min B 0.57 +0.05
64 days 8559 0.3 * 9.1 {direct formation)
86g,. g:86  2/83 hrs V™ 0.8 * 0.1
88, 82.56 52 days. 5 ) x 107
Yetrium 89y 100 3.0 hrs %™ (1.0 %0.2) x 1673
64 hours 20Y9 1.2 * 0.1
. 94 . -3
Zirconium Ir 17.40 65 days (75 £ 8) x 10
97, 2.80 17 hours 0.05 * 0.0
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TABLE I (cont.)
Element Isotope ?gg:gi:ii Hap'{gt_jﬁf:e %n,y (barns)
Niobium 93y 100 6.3 min W™ 0.15 £ 0.10
Molybdenum  “SMo 23.78 67 hours 0.14 + 0.02
100y, 9.63  14.6 minutes  0.20 ¥ 0.05
Ruthenium %6y 5.5 2.9 days 0.21 +0.02
102y, 31.61 39.6 days 1.3 + 0.1
104, 18.58  4.44 hours 0.47 *0.20
Rhodiium 103, 100 4.8 min' PRe™ 17 £
43 sec 19%Rn9 139 + 5 (direct formation)
palladium  190pg 27.33 22 sec'9%pd™ (13 £ 2) x 1073
1084 26.717 4.7 min %™ 0.17 + 0.02
13.47hrs19%q8 12 £ 2
N0,y 11.81 5.5 hes 11 1pd™ (20 = 15) x 1073
22 min '1lpd9  0.36 + 0.05 (dir. form.)
Sitver 107y 51.82 2.42 min g9 37 22
1094 48.18 253 days |1OAg™ 4.7 + 0.4
24.2 sec Wag9 89 + 4
) 106,. |
Cadmium Cd 1.22 6.5 hours 1.0 0.5
Nay 28.86 43 days 11°cd™ (36 + 7) x 1073
53.5 hrs 119¢d9 0.300 + 0.015
T4 7.58 3.4 hrs Vcd® (27 +5) x 1073
2.4 hrs 137cd9 (50 £ 8) x 1073

ot 4 ot et . e . o i P St e o o, A T R Mt 2 e = T mr = - — — — o
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TABLE I (cont. )
Qomne e fonin  fmet o, ()
Indium M3, 4.28 50 day 1" 7.8% 2.0
72 sec141n9 3.0 £ 1.0
M5y, 95.72 2.2 sec O™ 91 %10
54 min 161" 161 * 5
14 sec ”6Ing 42 + 4
Tin N2g, 0.96 20 min ''3sq® 0.35 * 0.08
115 day 'snd  0.71 £ 0.10
116, 14.30 14 day Vg™ (6+2) x 1073
118, 24.03 250 day 'sn™ (8 %2) x 1073
1205, 32.85 27 hours 0.14 ¢ 0.03
1225, 4.72 40 min 'Bs" 0.15 £ 0.02
124, 594 9.7 min 2™ 0.14 % 0.02
9.4 day'%sn9 4+2
Antimony 121g), 57.25 4.2 min 225" (55 % 10) x 1073
2.8 days '22sp9 6.2 £ 0.2
1234y, 42.75 21 min 2™ (15 £4) x 1073
93 sec '2sp™ (30 £ 8) x 1073
60 day '2%spd 4.0 £ 0.2
Tellurium  '207e 0.089 154 day 'Z'1e™  0.34 * 0.06
17 day '2'7e9 2.0 £ 0.3
1227, 2.46 117 day 131" 1.1 £ 0.5
1241, 1.61 58 day 257" (40 + 25) x 1073
1267, 18.71 109 day '2'1e™  0.125 * 0.023
9.4 hour '71e9 0.9 £ 0.15
1287, 31.79 34 day 101" (15 £ 2) x 1073
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TABLE I (cont.)

Abundance Product o} (barns)
Element Isotope (Percent) Half-Life N>y
Tellurium 3¢ 34.48 30 hour 3Te™  0.02 :+ 0.01
(cont.)
25 min 1317e9 0.2 + 0.1
Iodine 1271 100 25 minutes 6.2 + 0.2
Xenon ]24Xe 0.096 17 hours 100 + 20
128y, 1.92 8 day 129%e™ 0.43 + 0.10
130y, 2.08  11.8 day 3xe™  0.34 + 0.08
132y, 26.89  2.26 day '33%e™  0.53 £ 0.10
5.27 day 133%e9  0.05 + 0.02 (dir. form.)
1340 10.44 9.2 hours 0.23 + 0.02
136y, 3.87 3.9 minutes 0.16 + 0.05
Cesium ]33Cs 100 2.9 hour 134Csm 2.6 + 0.2
2.05 year 13%s9  30.0 + 1.5
Barium 130, 0.101 15 min 13'ga" 2.5 + 0.3
12 day 131g,9 11 +£3
132g, 0.097 7.2 year 33829 8.5 + 1.0
134, 2.42 29 hour 13%Ba™  0.16 + 0.02
1365, 7.81  2.55min 13" (10 £ 1) x 1073
1383, 71.66  82.9 minutes 0.35 + 0.15
Lanthanum ]39La 99.911 40.2 hours 9.0 + 0.3
Cerium 136¢, 0.193  34.4 hour '37ce™  0.95 : 0.25
9.0 hour ]37Ceg 6.3 + 1.5 (dir. formation)
138¢, 0.250 55 sec '3%e" (15 + 5) x 1073
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TABLE I (cont.)

Abundancé Product o (barns)
Element Isotope (Percent) - _Half-Life n»Y
Cerium 140¢¢ 88.48 33 days 0.58 + 0.06
(cont.) 142
Ce 11.07 33.7 hours 1.1 £ 0.3
Praseodymium % 1pr 100 14.6 min 42" 3.9 0.5
19.2 hour '%2pr9  11.5 + 1.0
. 146 ; L
Neodymium Nd 17.22 11.71 days 1.4 + 0.2
1484 5.73 1.8 hours 2.5 + 0.2
1504 5.62 12 minutes 1.3+0.3
X 144
Samarium Sm 3.09 340 days 0.7 = 0.3
150¢, 7.44 87 years 02 £ 5
152, 26.72 47 hours 210 + 10
154, 22.71 23 minutes 5.5+ 1.7
Europium 151g, 47.82 96 min "2%E™ 3.8 £ 1.9
9 hour "PZE¢™ 2800 + 300
12 year 9209 5300 + 300
153, 52.18 16 years 400 £ 100
Gadolinium  '°%cd 0.20 242 days 1100 + 100
15864 24.87 18 hours 3.5 +1.0
1604 21.90 3.7 minutes 0.77 + 0.04
. 159
Terbium Tb 100 72.1 days 25 + 8
Dysprosium 128Dy 0.090 144 days 96 + 20
164y, 28.18  1.26 min '95Dy™ 2100 + 400
139 min '%%y9 2600 + 200
Holmium 165, 100 26.9 hr %6408 515 2 2.0
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Abundance Product o] (barns)
Element Isotope  (papcent) Half-Life n
Erbium 162, 0.136 75 minutes 160 * 30
164, 1.56  10.3 hours 13¢5
168, 27.07 9.4 days 1.9 % 0.2
170, 14.88  7.52 hours 6+ 1
Thulium 169, 100 130 days 106 + 5
Ytterbium 198y 0.135 32 days 3200 + 400
174y, 31.84 101 hr 759 65 * 5
176y, 1273 1.9 he 1779 5.5 1.0
Lutetium 5.4 97.41 3.60 hr VO™ 183
176, , 2.59 155 day VL™ 7 %2
6.7 day V77Lu9 2050 * 50
Hafnium 78 0.18 70 days 390 * 55
177y 16.50 4.3 sec V8™ 1.1 :0.
178y¢ 2714 18.6 sec VO 52 : 6
179¢ 3.75 5.5 hour 'S0ufM  0.34 + 0.03
180y 35.24  42.3 days 12.6 + 0.7
Tantalum 181y, 100 16.5 min ‘827" (10 + 2) x 1073
115 day '8%7a9 22 + 1
Tungsten 184, 30.64 1.6 min 1S (2.4 + 0.8) x 1673
75 day 1899 1.8+ 0.2
186, 38.4 23.9 hours 37 %2
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TABLE 1 (cont.)

ot sowpe [ faer oy, )
Rhenium 1850¢ 37.07 90 hours 110 + 5
187ge 62.93  18.7 min '%%Re™ 2.0 + 1.0
16.7 hour '%8Re9 75 1 4
Osmium 18405 0.02 94 days 3000 + 600
189, 6.1 9.9 min '%%s™  (0.26 + 0.03) x 1073
1904 26.4 13 hour o™ 12 :6
15 day '°Tos9 16 + 6
19255 9.0 31 hours 1.6 + 0.4
Iridium 191y, 37.3 75 year 1921¢™ 0.4 1 0.2
1.4 min 192™ 610 + 60
74 day 92149 925 + 50
193y, 62.7  17.4 hours 110 + 15
Platinum 192Pt 0.78 4.3 day ]93Ptm 2 +1
194p¢ 32.9 4.1 day '™ (87 £ 13) x 1073
19654 25.3 80 min '97pt" (60 + 20) x 1073
18 hour '¥7pt9 0.8 £ 0.1
198py 7.21 30 minutes 3.7 £ 0.2
Gold 19704 100 2.7 days 98.8 + 0.3
Mercury 196, 0.146 24 hour 27Hg™ 120 :+ 15
65 hour "°7Hg9 3000 + 100 (dir. form.)
1984 10.02 43 min 1 9%g" 9.02 + 0.01
202y, 29.80  46.9 days 4.9 + 0.2
204

Hg 6.85 5.5 minutes 0.43 + 0.10
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Abundance Product o (barns)

Element Isotope (Percent) Half-Life n
Thallium 2034 29.50 3.8 years 10 + 1

205+ 70.50  4.19 minutes 0.5 + 0.2
Lead 208, 52.3  3.30 hours (20 + 10) x 1073
Bismuth 209y 100 5.0 days (19 + 2) x 1073
Thorium 2327, 100 22.2 minutes 7.4 % 0.1
Uranium 235U 0.72 (of = 580 * 2)

238, 99.27  23.5 minutes 2.720 + 0.025
Plutonium 239F‘u

(of = 742 + 3)







INFINITE-DILUTION RESONANCE INTEGRALS

H. ALBINSSCN
The Swedish Research Council' s Laboratory,
Studsvik, Nykoping, Sweden

ABSTRACT. A compilation is given of infinite~dilution resonance integrals (1/v contribution included).
Most results have been obtained from experiments, although in some cases evaluated data have also been
included. The resonance -integral values have been normalized to eonform to various standards, maml—y thase
from 197 Au and % Co.

INTRODUCTION

The present compilation of values of infinite-dilution resonance integrals
is based on two sources: (1) a print-out of resonance-integral referen-
ces from the NEA Neutron Data Compilation Centre, and (2) a listing of
IAEA references. For most nuclei new resulis have been added to those
presented earlier by Drake [1]. References to some older papers have not
been included, however, if newer and more precise data were available.
Generally, progress reporis or laboratory reports have not been considered,
unless they were presented by Drake or as references in journals. Some
earlier resonance-integral values given in journals have also been omitted
if they were supersedad by more recent data in laboratory reports. If these
were not of official character, however, such information has not been used
in the present compilation.

Readers interested in a full coverage are, of course, referred to
CINDA 73 and its supplement [2].

Presentation of data in the table

The compilation is presented in the form of a table, which is arranged
as follows:

Column 1 (Isotope): The relevant target nucleus is presented in a standard
manner, such as 52Cr, which stands for the element chromium of mass 52.
If the mass number is not given, the notation stands for natural chromium.
m and g attached to an element symbol indicate a metastable state and the
ground-state of the nucleus, respectively. As far as a metastable state is
concerned it is further specified in the last column (Comments) if necessary.

Column 2 (Ref.): The resonance integrals are taken from bibliographical
references, a list of which follows the table.

Column 3 (Symbol): Symbol refers to the resonance integral quantity, the
value of which is given in column 4. The following notations have been used:

1 = Reduced resonance integral, i, e, with the 1/v component sub-
tracted, taken over the whole epi-Maxwellian spectrum

RI = Resonance integral above the cadmium cutoff, i.e. normally
above 0.5 eV,

15
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Column 4 (Value): Here are given the values of I or RI, depending on the
notation in column 3, expressed in units of barns.

Column 5 (Method): The following notations are used to indicate the method
for obtaining the resonance integral:

act = activation, with or without the cadmium method, absolute
activation, or cadmium ratio relative to thermal activation

abé = absorption

react = from reactivity measurements

pile osc = comparison of pile-oscillator reactivity to a standard

mass spec = comparison of irradiated and non-irradiated material
using the mass-spectrometer method

cale = calculated from measured capture cross-sections

tof f = from time-of-flight measurements using a fast chopper
rec = recommended in the reference

eval = evaluated in the reference

Column 6 (Comments): As the standards for the resonance integrals may vary
from one experiment to another, most of them are presented. This is done

in a way similar to that used by Drake [1], i.e. Au (1558) means that in the
particular experiment presented in the reference the standard for RI was

gold with the value of 1558 barns (see also below). If the RI or I values in the
literature are not given in a direct form, as presented in column 4, but for
example as the ratio of RI/o,, this is mentioned here. For simplicity, o,
stands for the absorption cross-section at the energy of 0.0253 eV. The RI
(or I) value given in column 4 is then the one obtained by multiplying the RI/g
(or I/g,) ratio by the relevant cross-section value found in Sher's article {3]
in this Handbook. In a few cases the results of the experiments are expressed
as Westcott S, values [4], i.e. 8= 2/~/;r- 1/00, where I is the reduced resonance
integral and o, is the absorption cross-section at the energy of 0.0253 eV.

The RI andIvalues are also obtained here by usingthe pertinent value of o, given
by Sher [3].

Standards used in the table

Unless otherwise stated in column 6, the resonance-integral values are
given so as to conform to the conventions used by Drake [1], namely:

(1) The resonance integral is defined by

RI =/0(E) EEE
£

(2) The cadmium cutoff energy, E_, is set at 0.5 eV.

c?

(3) The 1/v contribution is taken from Macklin and Pomerance [5] as 0.44 o,.
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(4) Normalization standards for the resonance integrals of ¥TAu and %¥Co
are respectively:
RI (*Au) = 1550 b
RI (*°Co) = 75.0 b

The corresponding 2200-m/s cross-sections have been chosen from Sher [3]
as:

"

o, (1¥7Au)

a9
o, (TCo)

88.8 b
37.5b
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TABLE OF INFINITE-DILUTION RESONANCE INTEGRALS

Isotope Ref. Symbol Value (b) Method Comments
Li 1 RI 28 pile osc  Au (1558)
2 RI 32.2 react Li (32.2). Reactor meas~
urements, not corrected
for deviation from 1/E
B 2 RI 280 + 40 react Li (32.2). Reactor meas—
urements, not corrected
for deviation from 1/E
14 .
N 2 RI 4.8 + 2.4 react Li (32.2). Reactor meas-
urements, not corrected
for deviation from 1/E
18 -4
0 3 RI (8.5 + 0.4) x 10 cale Calculated from measured
cross-section relative to
23
co (""Na)
191? 2 RI 2.3 +* 0.5 react Li (32.2). Reactor meas-
urements, not corrected
for deviation from 1/E
4 RI 0.041 £+ 0.001 act Au (1551). RI/GO measured
RI 0.023 + 0.005 act Resonance parameters 2.7
to 1 500 keV
L s | RT 203000 : 27000 act Co (69.9). Cd thickness
coefficient 2.293
23 .
Na 1 RI 0,251 pile osc  Au (1588)
4 RI 0.37 * 0,01 act Au (1551). RI/co measured
6 RI 0.291 £+ 0.012 act Au (1550)
7, 11 I 0.07 + 0.01 act Au (1490). RI = 0.312
8 I 0.07 * 0.01 act Au (1490). RI = 0.311
9 RI 0.514 act Au (1607)
10 I 0.080 + 0.012 act Au (1514). RI = 0.317
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Isotope Ref. Symbol Value (b) Method Comments
2Na 0 | w1 0.32 + 0.03  act Au (1551). E_ = 0.2 eV
(cont,) ¢
RECOMMENDED VALUE RI = 0.31 FOR 23Na
Mg 1 R1 0.92 pile osc  Au (1558)
12 I 0.045 * 0.020 pile osc Au (1513). RI = 0.07
26 o | w 0.0% + 0.002 act Au (1551). RI/c_ measured
10 I 0.008 + 0.012 pile osc Au (1513). RI = 0,025
RECOMMENDED VALUE RI = 0.030 FOR 26Hg
27 .
Al 1 RI 0.19 pile osc Au (1558)
1 RI 0.17 act Au (1558)
12 I <0,08 pile osc  Au (1513)
4 RI 0.25 act Au (1551). !lI/c!o measured
10 I 0.066 * 0.009 act Au (1514). RI = 0,17
13 RI 0.159 act Cd-ratio and 9 used to
calculate RI
RECOMMENDED VALUE RI = 0.17
Si 1 RI 0.58 pile osc  Au (1558)
4,7 RI 0.69 act Au (1551). RI/OO measured
RECOMMENDED VALUE RI = 0.6
31 .
P 1 RI <2 pile osc  Au (1558)
1 RI 0.092 act Au (1558)
S 1 RI 0.64 pile osc Au (1558)
Ccl 1 RI 12.1 pile osc Au (1558)
2 RI 12.8 + 1.7 react Li (32.2). Reactor meas-

urements, not corrected

for deviation from 1/E
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Isotope Ref. Symbol Value (b) Method Comments
Cl 14 RI 14.0 * 0.7 calc Calculated from measured
(cont.) capture cross-section
35
Ccl 15 RI <20 act Co (69.9)
3 4 | R 0.213 + 0.009 act Au (1551). RI/o_ measured
79 I 0.35 + 0.10 act Au (1510). RI = 0.37
10 I 0.12 # 0.06 act Au (1514). RI = 0,31
37

RECOMMENDED VALUES: RI = 0.17 FOR ~'Cl AND

0.12 FOR Cl1

40, 16 | RI 0.42 act Au (1534)
K 1 RI 1.13 pile osc  Au (1558)
2 RI 3.5 * 1.1 react Li (32.2). Reactor meas-
urement, not corrected for
deviation from 1/E
4y 4 | 1 1.37 + 0.06  act Au (1551). R/ measured
17 RI 1.35 £+ 0,06 cale
18 RI 1.09 act Ec = 0.68 eV
00 =1.2 + 0.1
10 I 0.77 = 0.15 act Au (1514). RI = 1.40
RECOMMENDED VALUE RI = 1.28 FOR 411(
Ca 1 RI 1.87 - pile osc  Au (1558)
44cq 19 | &1 0.56 + 0.0l act Co (69.9)
46
Ca 6 RI 0.32 + 0.12 act Au (1550)
48Ca 4 RI 0.90 z 0.01 act Au (1551). RI/oo measured
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Isotope Ref. Symbol Value (b) Method Comments
435¢ 1 | ® 10.2 act Au (1558). Cd ratio rela-
tive to thermal activation
4 RI 13 + 1 act Au (1551). RI/(‘Jo measured
6 | RI 16,7 * 0.9 act Au (1550) '
RECOMMENDED VALUE RI = 11
Ti 1 RI 3.2 pile osc  Au (1558)
2 RI 3.8 + 0.9 react Li (32.2). Reactor meas=-
urement, not corrected for
deviation from 1/E
303 4 | mI 5.5 + 0.4  act Au (1551). RI/o_ measured
10 I 0.038 0.011 act Au (1514). RI = 0,12
3y 2 | RI 3.3+ 0.8  react Li (32.2). Reactor meas-
) urement, not corrected for
deviation from 1/E
12 I <l.6 pile osc¢  Au (1513). RI < 2,1
1 RI 2.15 act Au (1558)
4 RI 3.0 + 0.1 act Au (1551). RI/(‘Jo measured
50 RI 2.45 + 0,03 act Neutron energy range
1 - 50 000 eV
20 I 0.3 = 0.10 act Ec = 0,68 eV. RI = 2,52
10,7{ 1 0.48 * 0.09 act Au (1514). RI = 2,64
23 RI 4.10 * 0.40 act
18 RI 2.62 act Ec = 0.68 eV
o = 4.5+ 0.5
]

RECOMMENDED VALUE RI = 2,7
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Isotope Ref., Symbol Value (b) Method Comments
Cr 1 RI 2.04 pile osc  Au (1558)
2 RI 2.6 *+ 1.1 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E.
21 RI 1.5 * 0.1 cale
23 RI 1.58 + 0.16 Calculated from data from
pure isotopes
30, 21 | RI 7.4+ 0.4 calc
22 RI 10,4 * 0.4 act Co (69.9)
4 RI 7.8 * 0.4 act Au (1551). RI/co measured
23 RI 8.58 + 0.86 act
52Cr 21 RI 0.43 * 0.04 cale
23 RI 0.22 * 0.03 act
33¢r 21 | RI 8.4 * 0.7  cale
23 RI 10.75 * 1.00 act
5I.Cr 23 RI 0.03 * 0.01 act

RECOMMENDED VALUES RI = 2.0 FOR Cr

55,

24

25

RI = 8.5 POR UCr
RI 14 abs
I 10.3 pile osc
RI 10.7 pile osc
RI 11.7 =+ 1.5 react

I 4.5 * 2.5 pile osc

Au (1558)

Au (1540). RI = 16

Au (1558)

Li (32.2)

Au (1513). RI = 10.5
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Isotope Ref. Symbol Value (b) Method Comments
%%Mn 4 | rr 13.8 + 0.8  act Au (1551). RI/0_ measured
(cont. ) o
74 I 7.8 abs Au (1525). RI = 13.7
28, 7| R 14.2 E, =0.55 eV
26 RI 15.0 % 1.4 act
8 RI 14.1 act Au (1490)
27 RI 14.6 act Au (1500)
147 RI 18.1 2 1.2 act Au (1530)
13 RI 15.6 act Cd-ratio and % used to
calculate RI
9 Rl 17.6 act Au (1607)
29 RI 13,9 * 0.7 act Au
40 RI 12.8 + 1.1 act Au (1551) Ec = 0.2 eV
18 RI 13.4 % 0.5 act Ec = 0.68 eV
148 I 5.7 + 1.7 RI = 11,6, Mn bath method
RECOMMENDED VALUE RI = 14
Fe 1 RI 2,17 pile osc  Au (1558)
2 RI 2.3 * 0.4 react Li (32.2). Reactor meas-
urements, not corrected
for deviation from 1/E
12 RI 1.86 pile osc  Au (1513)
25 I 1.0 pile osc Au (1540). RI = 2,14
58Fe 4,7 | RI 1.7 + 0.1 act Au (1551). RI/o° measured
6 RI 1.18 + 0.07 act

Au (1550). o, = 1.23
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Isotope Ref. Symbol Value (b) Method Comments
S8pe 30 | 1 0.58 + 0.16  act Au (1490). RI = 1.15
(cont.)
RECOMMENDED VALUE RI = 1.2 FOR 58Fe
58 5
Co 31 RI 2.5 x 10 act Co (75). Measured 9.0 h
isomer only
150 RI (5.5 £ 2.2) x 105 act 9.1 h isomer
149 1 (7.6 + 1.6) x 105 act T = 13.3 h for the decay
curve (T1/2 = 9.4 h)
59Co 4 RI 76.1 act Au (1551). RI/GO measured
6 RI 77 * 4 act Au (1550)
7 RI 70 + 6 rec
67 I 50 + 5 pile osc  Au (1540). RI = 66.7
24 RI 74.6 abs Au (1558)
32 RI 72.1 act Au (1535)
33 RI 73.2 act Au (1565)
RECOMMENDED VALUE RI = 75.0 FOR 59Co
Ni 1 RI 4.03 pile osc  Au (1558)
2 RI 3.2 + 0.5 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
25 I 1.0 pile osc Au (1540). RI = 1.04
60Ni 23 RI 2,10 * 0.21 act
62y; 19 | rt 9.6 * 3.5  act Co (69.9)
61‘Ni 4 RI 0.77 + 0.03 act Au (1551). RI/cro measured
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Isotope Ref. Symbol Value (b) Method Comments
B4y 10,7 1 0.44 + 0.14  act Au (1514). RI = 1.1
(cont.)
RECOMMENDED VALUE RI = 0.9 FOR 64Ni
Cu 1 RI 4,15 pile osc Au (1558)
2 RI 3.7 * 0.8 react Li (32.2). Reactor meas-—
urement, not corrected
for deviation from 1/E
25 I 2,2 pile osc  Au (1540). RI = 3.85
12 I 1.2 * 0.5 pile os¢  Au (1510). RI = 3,07
35 I 2.6 + 0.3 cale RI = 4,31
112 RI 3.3 * 0.3 react B std
1 RI 3.82 act Au (1558)
63
Cu 1 RI 4,68 act Au (1558)
8 I 3.09 = 0.15 act Au (1490). RI = 5,12
11 I 3.17 = 0.18 act Au (1490). RI = 5,42
4 RI 5.7 * 0.3 act Au (1551). RI/c° measured
10, 7| 1 2.5 4 0.2 act Au (1514), RI = 4.4
40 RI 5.6 b5 0.5 act Au (1551). Ec = 0.2 eV
151 RI 4,2 act Au (1555)
65
Cu 1 RI 2.42 act Au (1558)
8 I 1.38 = 0.40 act Au (1490). RI = 2.64
11 I 1.39 =  0.22 act Au (1490). RI = 2,63
4 RI 2.6 + 0.2 act Au (1551). RI/a° measured
10 1 1.17 = 0.12 act Au (1514). RI = 2.2
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Isotope Ref. Symbol Value (b) Method Comments

RECOMMENDED VALUES RI = 3.8 FOR Cu

RI = 5.0 FOR 63Cu
RI = 2.5 FoR ®3cu
Zn 1 RI 2 pile osc  Au (1558)
2 RI 3.4 + 0.8 react Li (32.2). Reactor meas-
urements, not corrected
for deviation from 1/E
36 I 1.6 + 0.2 pile osc Au (1510). RI = 2,2
6I‘Zn 4 RI 1.8 + 0.1 act Au (1551). I(I/uo measured
6 RI 1.43 ¢ 0.10 act Au (1550)
30 1 0.67 + 0.14 act Au (1490). RI = 0,91
37 I 1.50 act Measured So = 2,06 + 0,03.
So (Au) = 17.7. RI = 1.8
42 RI 1.36 + 0,06 act Co (37.5)
68, m
Zn 4 RI 0.22 # 0.02 act Au (1551). RI/uo measured
6 RI 0.25 + 0.03 act Au (1550)
30 I 0.17 + 0,03 act Au (1490). RI = 0,24
68, g
Zn 37 I 3.30 act Measured So = 3.72 £+ 0.14
So (Au) = 17.7. RI = 3.74
72Zn 38 RI 0.07 eval

RECOMMENDED VALUES RI = 2.8 FOR Zn
RI = 1.6 FOR %%2n
RI = 0.24 FOR 9820

Ga 2 RI 11.7 * 2.7 react Li (32.2). Reactor meas-
urements, not corrected
for deviation from 1/E
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Isotope Ref. Symbol Value (b) Method Comments
9%a 1 | Rt 12.3 act Au (1558)
4 RI 10,5 * 1.9 act Au (1551). RI/oo measured
45 1 4.8 *+ 1.5 act Au (1514), RI = 15.5
"ga 1 | R 21.6 act Au (1558)
4 R 12,7 * 0.3 act Au (1551). RI/oo measured
45 1 29.1 + 2.9 act Au (1514), RI = 31.2
72Ga 38 RI 25.7 eval
RECOMMENDED VALUE$ RI = 13 FOR 69Ga

RI = 25 FOR 'lca

Ge 2 Rl 3.5 *+ 2.9 react Li (32.2). Reactor meas~-
urements, not corrected

for deviation from 1/E

26e 38 | RI 0.55 eval
3ce 8 | R 3.1 eval
Thge 38 | m1 0.36 eval
4 Rl 0.83 * 0.03 act Au (1551). RI/ao measured
39 I 0.79 act Measured I/ao RI= 1,02
76ge 8 | m 0.18 eval
76 g
Ge 4 RI 0.8 * 0.1 act Au (1551). RI/ao measured
76, m
Ge 39 1 1.99 + 0.36 act Measured I/ao. RI = 2.1
77Ge 38 RI 7.01 eval

RECOMMENDED VALUE RI = 0.9 FOR 740&
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Isotope Ref, Symbol Value (b) Method Comments
75As 41 I 63 + 7 pile osc RI = 65 + 7
108 RI 61.5 act Au (1558)
38 RI 60.53 eval
4 RI 42 + 1 act Au (1551). RI/oO measured
40 RI 68 + 15 act Au (1551). Ec =0.2 eV
45 I 59 + 6 act Au (1514). RI = 61
76As 38 RI 216.1 eval
77As 38 RI 68.25 eval
75

RECOMMENDED VALUE RI = 63 FOR "~“As

Se 2 RI 9.6 * 1.2 react Li (32,2). Reactor meas-
urements, not corrected

for deviation from 1/E

4se a2 | I 589+ 12 act Co (37.5)
43 I 504 act Measured SO = 10.3 *+ 0.1
RI = 528
4 RI 451 act Au (1551). RI/oo measured
768e 38 RI 42.08 eval
Mse 38 | R 28.89 eval
46 I 14 eval
785e 38 RI 7.09 eval
43 |1 3.6 * 0.1 act 3.9 min /°Se®. Measured

S: = 12.3 + 0.3. RI = 3.7
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Isotope Ref. Symbol Value (b) Method Comments
se 38 | R 55.48 eval
808e 38 RI 1.000 eval
43 I 1.30 #* 0.02 act Measured So = 2,65 + 0.02
RI = 1.31
46 I 1.3 rec
4 RI 0.50 * 0.02 act Au (1551). RI/OO measured.
57 min Slge™
RECOMMENDED VALUES RI = 500 FOR 748&
RI = 1.30 For se
Br 2 RI 118 + 14 react Li (32.2). Reactor meas—
urements, not corrected
for deviation from 1/E
79
Br 1 RI 153 act Au (1558)
4 RI 155 4 act Au (1551). RI/CIO measured
10 I 92 + 10 act Au (1514). RI = 96
108 RI 98.8 act Au (1558)
81, 38 | RI 59.61 eval
43 1 65 + 10 act Measured So = 24,3+ 0.4
RI = 66
4 RI 45 + 1 act Au (1551). RI/co measured
44 RI 56 + 5 eval
10 I 50 + 5 act Au (1514). RI = 51
108 RI 50.6 act Au (1558)
34 RI 41.3 + 1.0 act Au (1558)
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Isotope Ref. Symbol Value (b) Method Comments
8231: 38 RI 90.46 eval
RECOMMENDED VALUES RI = 125 FOR 7931‘
RI = 50 FOR 8131‘
8Ol(r: 47 RI 58.8 + 2.8 mass spec Ec = 0.4 eV
82 38 | I 191.5 eval
46 I 190 eval Absorption. RI = 200
83!(1‘ 38 RI 217.3 eval
46 I 150 eval Absorption. RI = 240
841(1‘ 38 RI 3.60 eval
46 |1 6 eval 4.4 hrs g™
46 I 2 eval 10.76 yrs 83](1'9
85](1‘ 38 RI 8.16 eval
48 RI 1.8 + 1.0 mass spec Ec = 0.54 eV
861(1: 38 RI 0.48 eval
46 I 0 eval
Rb 2 RI 9.0 + 2.3 react Li (32.2). Reactor meas-—
urement, not corrected
for deviation from 1/E
85pp 38 | RI 7.00 eval
37 I 7.36 + 0.68 act Measured So = 18.4 + 0.6.
So (Au) = 17.7. RI = 7.5
4 RI 3.56 + 0.20 act Au (1551). RI/o measured.
86,8 °
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Isotope Ref. Symbol Value (b) Method Comments
85Rb 4 | rt 0.97 * 0.03  act Au (1551). RI/o, measured.
(cont,) “Rbm
6 RI 8.0 =+ 0.9 act Au (1550)
42 RI 24,7 % 1.7 act Co (37.5)
861, 38 | RI 43.6 eval
87 38 | m 2.47 eval
4 RI 1.9 =+ 0.1 act Au (1551). RI/UO measured
46 I 2.3 rec
RECOMMENDED VALUES RI = 7 FOR 85
RI = 2.3 FoR &
Sr 1 RI 17.1 pile osc Au (1558)
2 RI 10.0 * 2.6 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
8hgy 49 |1 6.7 + 1.3  act RI = 7.0
4 RI 7.8 =+ 0,8 act Au (1551). RI/oo measured
6 RI 7.6 + 1.0 act Au (15590). Uo = 0,80
86Sr as RI 3.35 eval
4 RI 4,56 * 0.24 act Au (1551). RI/ao measured
46 I 3.0 rec
875¢ 46 |1 100 rec
88, 8 | Rt 0.05 eval
46 1 0.06 rec
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Isotope Ref. Symbol Value (b) Method Comments
8¢, 38 | RI 0.36 eval
9051‘ 38 RI 0.41 eval
g, 38 | RI 0.62 eval
84
RECOMMENDED VALUE RI = 7.5 FOR Sr
89,
Y 1 R1 0.84 act Au (1558)
38 RI 0.68 eval
4 R1 0.89 act Au (1551). RI/GO measured,
3.1 hrs 20%®
46 I 0.3 rec
45 1 0.44 ¢ 0.06 act Au (1514). RI = 0.97.
64 hrs 90Y9
91Y 38 R1 2.61 eval
38 RI 1.94 eval
38 R1 0.99 eval
RECOMMENDED VALUE RI = 0.9 FOR Y (3.1 hrs ~Oy%)
Zr 1 RI 2.9 pile osc Au (1558)
2 RI 3.7 £ 0.5 Teact Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
36 1 0.60 =+ 0.06 pile osc  Au (1510). RI = 0.65
25 I 1.06 pile osc Au (1540). RI = 1.08
50 RI 1.1 ¢ 0.2 act Neutron energy range
1 - 50 000 eV
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Isotope Ref. Symbol Value (b) Method Comments
Zr 152 RI 0,92 *+ 0.10 pile osc  Au (1540)
(cont.)
902: 38 RI 0.085 eval
50 RI 0.20 * 0,03 act Neutron energy range
1 - 50 000 ev
46 I 0.15 eval
1y 8 | R 7.81 eval
51 RI 5.0 * 1.5 react
50 RI 7.3 + 0.8 act Neutron energy range
1 - 50 000 ev
46 I 6.5 eval
922: 38 RI 0.297 eval
46 I 0.5 eval
9321’ 38 RI 26.0 eval
46 I 22 eval
942: 38 RI 0.21 eval
4 RI 0.57 + 0.03 act Au (1551). RI/co measured
50 K1 0.23 + 0.03 act Reutron energy range
1 - 50 000 eV
52 RI 0.30 + 0,03 act
53 RI 0.398 act Measured s, = 6.62 + 0.06.
I =0.369 + 0.037
44 1 0.37 = 0.04 eval
46 I 0.26 eval
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Isotope Ref. Symbol Value (b) Method Comments
93¢ 38 | RI 5.42 eval
9E'Zr 38 RI 5.30 eval
52 RI 5.0 + 0.4 act
53 1 4,97 + 0.05 act Measured So = 945 £ 40,
RI = 4,97
46 I 6.0 eval
44 I 5.0 + 0.5 eval
97Zr 38 | RI 1.55 eval
RECOMMENDED VALUES RI = 0.95 FOR Zr
RI = 0.38 FOR ~*zr
RI = 5.0 FOR 9621‘
93 .
Nb 1 R1 8.5 pile osc  Au (1558)
12 I 13 + 5 pile osc  Au (1513). RI ~'12.7
Au (1558)
54 1 8.15 * 0.65 pile osc  Au (1500). RI =~ 8,73
108 RI 5.8 act
1 RI 4 act Au (1558)
4 RI B.4 t 2.6 act Au (1551). RI/(:o measured.
o, = 1.15
45 I 6.2 + 1.4 act Au (1514). RI = 6.7
95Nb 38 RI 25.1 eval
RECOMMENDED VALUE RI = 8.0 FOR 93Nb
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Isotope Ref. Symbol Value (b) Method Comments
Mo 2 RI 13.8 + 1.7 react Li (32.2). Reactor meas-—
urement, not corrected
for deviation from 1/E
12 I 19.0 * 2.5 pile osc  Au (1513), RI = 19.5
35 I 25 + 1 calc RI = 26,2
55 R1 32,1 *+ 3.1 pile osc  Au (1558)
25 I 22,5 pile osc Au (1540). RI = 23,1
56 RI 27 + 2 t of £ Calculated from resonance
parameters
57 RIeff 29,23 react RI calculated as a func-
tion of plate thickness
95Ho 38 RI 106.3 eval
12 I 100 + 20 pile osc  Au (1513). RI = 101
46 I 100 eval
9o 38 | RI 26.11 eval
46 I 25 eval
o 8 | RI 15.05 eval
46 I 15 eval
98y, 38 | RI 6.698 eval
35 I 6.3 calc RI = 6.37
58 RI 6.69 * 0,13 react Au (1558)
8 I 10.7 *+ 2.3 act Au (1490), RI = 9,1
11,3 |1 9.9 *+ 1.1 act Au (1490). RI = 8.9
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Isotope Ref., Symbol Value (b) Method Comments
%Mo 4 | mI 1.3 ¢t 0.1 act Au (1551). RI/o_ measured
(cont.)
6 RI 7.1 ¢+ 1.0 act Au (1550)
44 I 7 1 eval
46 I 8.0 eval
42 RI 6.79 * 0.42 act Co (37.5)
59 1 6.38 * 0.15 RI = 6.4
108 RI 21.0 act Au (1558)
99140 38 RI 24.8 eval
004 | 38 | m 4.00 eval
35 I 1.1 ¢ 0.2 cal RI = 1.19
60 RI 3.73 ¢+ 0.20 act Au (1558)
11 I 4.06 + 0.23 act Au (1490). RI = 4,15
108 RI 3.29 act Au (1558)
37 I 3.8 * 0.2 act Measured 5, = 21.7 + 0.8
So (Au) = 17.7, RI = 3.9
4 RI 4.2 + 0.2 act Au (1551). RI/UO measured
46 I 3.9 rec

RECOMMENDED VALUES RI = 25 FOR Mo
RI = 7.5 FOR 98}10
RI = 3.9 FOR 100140

Tc 38 RI 197.9 eval

12 I 60 + 20 pile osc  Au (1513). RI = 92
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Isotope Ref. Symbol Value (b) Method Comments
b O 46 |1 200 rec
(cont. )
RECOMMENDED VALUE RI = 200
96 Ru 61 | RI 5.51 t 0.40  act Mo (13.1)
4 RI 4,6 * 0.2 act Au (1551). RI/c7o measured
49 1 6.67 + 0,11 act Rl = 6.7
9%u 61 RI 195 + 20 mass spec Co (75)
100, | 38 | mr 11.57 eval
61 | RI 11.3 2.6 act Co (15)
Wl | 61 | mr 79.2 + 8.0  act co (75)
38 RI 79.6 eval
46 I 76 eval
lozku 38 RI 4,266 eval
3?7 1 4,19 + 0.04 act Measured So = 3,76 + 0.03
So (Au) = 17.7, RI = 4.8
4 RI 4.3 = 0.4 act Au (1551). RI/co measured
46 1 4,2 rec
61 RI 4.16 = 0.4l act Co (75)
103Ru 38 RI 66.0 eval
ml'Ru 38 RI 5.43 eval
49 1 4.36 act RI = 4.6
4 RI 6.1 * 0.3 act Au (1551). RI/oo measured
62 | BRI 4.6 * 0.4 act Co (75)
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Isotope Ref. Symbol Value (b) Method Comments
104Ru 46 1 4.4 rec
(cont.)
105Ru 38 RI 5.10 eval
10654 38 |RI 1.28 eval
63 RI 0.6 act Co (75)
64 |RI 2.0 + 0.6 act Co (72.7)
RECOMMENDED VALUES RI = 5.5 FOR 96Ru
RI = 11 FoR %%,
RI = 4.2 FOR 0%y
RI = 5.2 For 03y
RI = 1.0 For %Ry
03:, | 1 |ut 592 pile osc  Au (1558)
65 |RI 1 200 + 100 react Au (1558)
1 RI 675 act Au (1558)
66 1 1 080 + 40 act In std
4 RI 610 + 24 act Au (1551). RI/oo measured.
4.4 min 1O%"
59 |1 78 + 7 act 4.4 min O™, R1 = 85
59 |1 105 . ¢ 74 act 104018, BT « 1 120
38 |RI 1 013.7 eval
46 I 1 100 rec
1050, | 38 [rt 1.7 x 10* eval
62 R  1.65 x 10° ' act

RECOMMENDED VALUES RI = 1 100 FOR 103Rh

RI = 17 000 For 1%%mn
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Isotope Ref. Symbol Value (b) Method Comments
Pd 1 RI 22.3 pile osc  Au (1558)
loan 38 RI 22.9 eval
10559 | 38 | m 74.8 eval
46 I 85 rec
0655 | 38 | mt 5.601 eval
62 RI 5.96 + 0,57 act
46 I 5.6 rec
107Pd 38 RI 80.4 eval
1085y | 38 | mt 215.2 eval
4 RI 186 + 9 act Au (1551). RI/oo measured.
13.47 hrs 1%%pq8
46 I 240 rec
09,4 | 38 | mt 60.9 eval
110l’:‘l 38 RI 7.10 eval
4 RI 4.6 * 0.6 act Au (1551). RI/c:o measured.
22 min pad
46 I 6.0 rec
U2 | 38 | m 1.99 eval
RECOMMENDED VALUE KI = 5.8 POR %%pg
Ag 1 RI >650 pile osc¢  Au (1558)
2 RI 466 + 70 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
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Isotope Ref. Symbol Value (b) Method Comments
Ag 12 I 810 + 50 pile osc  Au (1513). RI = 835
(cont,)
67 I 670 + 20 pile osc  Au (1540). RI =~ 698
68 RI 780 + 20 pile osc  Au (1540)
115 I 715 + 30 pile osc  Au (1550). RI = 740
71 RI 755 rec
116 RI 750 + 40 act Au (1565)
107,¢ 1 | Rt 87.2 act Au (1558)
4 RI 144 * 6 act Au (1551). RI/co measured
45 I 77 * 5 act Au (1514). RI = 90
109 .
Ag 12 1 1 870 + 200 pile osc  Au (1513). RI = 1 910
1 RI 1 240 act Au (1558)
110, m
69 RI 47.5 + 6.6 act Au (1549). 253 days Ag
38 RI 1 444.2 eval
4 RI 1118 + 68 act Au (1551). RI/UO measured
4 RI 57 + 1 act Au (1551), RI/co measured.
253 days qugm
110, m
22, 7| RI 81.1 + 2,2 act Co (69.9). 253 days Ag
44 I 1 500 + 200 eval
10 | Rt 3 0+ 8 act 249 days 110xg®
70 RI 57.0 + 16.4 act 80 (Au) = 17.88 * 0.50.
I/co = 16.28 + 0,45
46 I 1 450 rec
46 | 1° 50 rec
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Isotope Ref. Symbol Value (b) Method Comments
M. | 38 | =&t 105.8 eval
46 I 100 rec

RECOMMENDED VALUES RI = 755 FOR Ag

RI = 1 400 FOR 10%ag

cd 71 RI 102.2 rec Absorption
Moy | 38 |m1 51.11 eval
4 |RIfo, 19.7 + 0.9 act 1o gm
46 I 37 rec
ey | 38 | m 45.88 eval
46 I 47 rec
usz 38 RI 14.18 eval
46 I 17 rec
34 | 38 |rr 365.6 eval
1 ll‘Cd 38 RI 16.45 eval
72 RI 23.3 = 2.0 act
4 lI/'uo 11.4 * 0.6 act Au (1551). RI/ao measured
53.5 hrs '1ca®, RI = 3.4
w6 | I® 3 rec 43 days Pcd®
46 |18 20 rec 53.5 hrs 13cq®
Wey | 38 |m1 79.9 eval
ey | 38 |m 1.29 eval
RECOMMENDED VALUES RI = 3 FoR ‘l4ca (113cd™)

11

RI = 20 FOR ‘.Cd (115

ca®)
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Isotope Ref, Symbol Value (b) Method Comments
In 2 RI 2 220 + 300 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
12 I 3 600 + 350 pile osc Au (1513). RI = 3 740
67 1 3 140 + 70 pile osc Au (1540). RI = 3 290
113
In 37 I 158 + 4 act Measured So = 24,7 + 0,5
So (Au) = 17.7. RI = 160
50 days 11I‘Inm
4 RI 213 + 10 act Au (1551). RI/c_ measured
50 days IMInm
Wm | 38 | Rt 322101 eval
1 RI 2 640 act Au (1558)
9 I 2 886 act Au (1490). RI = 3 440
11 I 3 200 t 100 act Au (1530). RI = 3 280
73 RI 2 500 + 85 act Au. RI/o, = 15,37 + 0.47
54 min ]']'6Inm
74 I 3 530 + 100 act Au (1525). RI = 3 620
I/cso =17.3
4 RI 2 190 + 30 act Au (1551). RI/o_measured
54 min 11615®
10, 7 I 2 710 + 200 act Au (1514). RI = 2 800
29 RI 3 350 + 150 act Au
115
RECOMMENDED VALUE RI = 2 600 FOR In
Sn 1 RI 4.56 pile osc  Au (1558)
2 RI 5.7 * 0.7 react Li (32,2). Reactor meas—

urement, not corrected

for deviation for 1/E
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Isotope Ref. Symbol Value (b) Method Comments
sn 12 1 8.5 * 2.0 pile osc  Au (1513). RI = 8.7
(cont,)
12, 4 | mr 274 ¢ 2.1 act Au (1551). RI/o_ = 13.6
Wen | 38 | &t 27.16 eval
116Sn 38 RI 17.5 eval
4 RI 0.49 + 0.02 act Au (1551). RI/ao measured
46 1 15 rec
117Sn 38 RI 16.57 eval
46 I 12 rec
118Sn 38 RI 7.41 eval
46 I 8 rec
119Sn 38 RI 5.32 eval
46 1 3.5 rec
12°Sn 38 RI 1.31 eval
46 I 1.5 rec
1215n 38 RI 26.29 eval
122, | 38 | mt 0.893 eval
4 RI 0.83 + 0,02 act Au (1551). RI/GO measured
46 1 0.6 rec
1238n 38 RI 2.39 eval
124811 38 RI 11.34 eval
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Isotope Ref, Symbol Value (b) Method Comments
124gq 49 | 1 7.5 act RI = 7.6
(cont.)
4 RI 8.7 0.4 act Au (1551). RI/co measured
46 1 9 rec
1250 | 38 | ®t 13.89 eval
126, | 38 | =t 0.232 eval
RECOMMENDED VALUE RI = 9 FOR 12%sy (9.7 min 22°sn®)
Sb 2 RI 106 + 13 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
112 RI 115 + 12 react B std
g, | 38 | m 205.5 eval
49 1 168 + 26 act RI = 170
4 RI 129 + 5 act Au (1551). RI/co measured
6 RI 169 + 9 act Au (1550)
108 RI 134 act Au (1558)
1 RI 143 act Au (1558)
10 1 206 + 15 act Au (1514). BRI = 210
29 RI 200 + 17 act Au
46 1 200 rec
122, | 38 | &t 159.0 eval
123 | 38 | m 125.6 eval
37 1 97 + 8 act Measured So = 28,3 + 2,1
So (Au) = 17.7. RI = 100
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Isotope Ref. Symbcl Value (b) Method Comments
123gp s | m1 219 + 11 act Au (1551). RI/o_ measured
(cont, ) o

44 I 120 + 10 eval

22 RI 140 + 4 act Co (69.9)

46 I 130 rec

108 RI 58,2 act Au (1558)

29 RI 116 + 10 act Au

10 I 120 + 12 act Au (1514). RI = 122
12451) 38 RI 19.25 eval
1253b 38 RI 19.05 eval
1263b 38 RI 64.5 eval
127Sb 38 RI 14.7 eval
128Sh 38 RI 15.9 eval
RECOMMENDED VALUES RI = 180 FOR 1218b

RI = 120 FoR 123sp
Te 1 RI 37 pile osc  Au (1558)
2 RI 50 + 6 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E

12 I 72 pile osc Au (1513). RL = 74
122Te 38 RI 46.87 eval

46 I 66 rec
12306 | 38 | RT 5661 eval
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Isotope Ref. Symbol Value (b) Method Comments
123T¢ 46 I 5 400 rec
(cont.)
lzaTe 38 R1 7.94 eval
125Te 38 RI 17.53 eval
46 1 18 rec
1260 | 38 | RI 8.18 eval
4 RI 8.0 + 0.7 act Au (1551). RI/co measured
46 I 9 rec
127Te 38 RI 48.7 eval
1280, | 38 | m1 1.558 eval
4 RI 1.2 + 0.1 act Au (1551). RI/oo measured
69 min 12971e8
75 RI 1.55 = 0,13 act Au (1543). o (Te) = 0.20
69 min 129Te
129, m
75 RI 0.077 £+ 0.006 act Au (1543). 34 days Te
46 I 1.5 rec 69 min ]'zg're8
46 | 1 0.08 rec 34 days 121"
1290 | 38 | m1 7.41 eval
130Te 38 RI 0.184 eval
43 1 0,47 0.14 act Measured So =2,10 * 0.17
So (Au) = 17.7. RI = 0,48
4 RI 0.34 + 0.04 act Au (1551). RI/oo measured
46 I 0.36 rec
Bly, | 38 | m 0.05 eval
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Isotope Ref., Symbol Value (b) Method Comments
132p, | 38 | & 0.007 eval
RECOMMENDED VALUES RI = 1.5 FOR 128Te (69 min 129Tes)
RI = 0.08 FOR '2%Te (34 days 12°1e™
RI = 0.4 FOR 130Te
125, 76 | RI 13 730 act Co (75)
127 38 | R 151.8 eval
112 RI 130 + 18 react B std
108 RI 132 act Au (1558)
2 RI 106 + 12 react Li (32.2). Reactor meas~
urement, not corrected
for deviation from 1/E
12 I 180 + 30 pile osc  Au (1513). RI = 177
43 1 145 6 act Measured S° = 27.8 + 0.5
S° (Au) = 17.7. RI =~ 150
4 RI 95 + 5 act Au (1551). RI/t‘!° measured
10 1 145 + 9 act Au (1514). RI = 150
13 RI 146 x 7 act Cd-ratio and o, used to
calculate RI
79 I 227 45 act Au (1510). RI = 230
46 1 150 rec
111 RI 140 + 20 t of f
129, 8 | R 25.97 eval
77 RI 50 act Co std
111 RI 22 * 7 t of £
46 1 23 rec
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Isotope Ref. Symbol Value (b) Method Comments
130, 8 | RI 173.3 eval
131, 8 | m 10.0 eval
78 RI 8 act
46 I 8 rec
1331 38 RI 0.005 eval
135, 38 | R 0.03 eval
RECOMMENDED VALUE RI = 150 FOR 1271
1260|153 | wt 38.0 *+ 3.8  act Co (75)
128Xe 38 RI 110.0 eval
46 I 100 rec
129Xe 46 1 220 rec
13OXe 38 RI 17.29 eval
46 I 12 rec
3% | 38 | &t 789.9 eval
46 1 830 rec
1321e 38 RI 2.46 eval
46 I 2.4 rec
1 33Xe 38 RI 52.25 eval
13l°Xe 38 RI 4.604 eval
46 1 6 rec
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Isotope Ref. Symbol Value (b} Method Comments
135Xe 38 RI 7 262 eval
136Xe 38 RI 0.120 eval
138 | 12 |1 40  t 80 pile osc  Au (1513). RI = 550
67 I 450 + 15 pile osc  Au (1540). RI = 465
80 RI 370 + 50 act Co (74)
38 RI 460.3 eval
22 RI 495 + 17 act Co (69.9)
6 RI 437 + 26 act Au (1550)
10 I 30 + 6 act Au (1514). RI = 30
29 n 134"
4 RI 360 + 90 act Au (1551). RI/GO measured
81 RI 461 + 25 act Co (75)
46 I 450 rec
13I‘Cs 38 RI 87.97 eval
135Cs 38 RI 61.99 eval
82 RI 80 act Co std
46 I 58 rec
136Cs 38 RI 15.55 eval
3¢ | 38 | &t 0.414 eval
RECOMMENDED VALUE RI = 465 FOR 133Cs
Ba 1 RI 7.4 pile osc  Au (1558)
2 RI 12.6 1.7 react Li (32.2). Reactor meas-

urement, not corrected

for deviation from 1/E
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Isotope Ref. Symbol Value (b) Method Comments
1305, 6 | R 270 £ 70 act Au (1550)
4 RI 276 + 10 act Au (1551). RI/GD measured
134Ba 4 RI 24 + 2 act Au (1551). RI/co measured
38 RI 37.80 eval
46 I 10 rec
1353& 46 I 100 rec
136Ba 38 RI 17.07 eval
46 I 17 rec
4 RI 0.7 act Au (1551). RI/c measured
2.5 min 1¥pa®
78 | 38 | 4.916 eval
46 I 2 rec
138Ba 38 RI 0.219 eval
4 RI 0.31 * 0.02 act Au (1551). RI/co measured
43 I 0.20 +* 0.09 act Measured So = 0.649 * 0,04
So (Au) = 17.7. RI = 0.35
46 I 0.2 rec
1405, |38 | mt 13.59 eval
46 I 13 rec
RECOMMENDED VALUE RI = 0.3 FOR 138Ba
1% |38 | m 15.63 eval
6 R1 11.8 + 1.2 act Au (1550)
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Isotope Ref. Symbol Value (b) Method Comments
139, 45 11 7.5 + 0.8 act Au (1514). RI = 12
(cont.)
1 RI 10.7 pile osc Au (1558)
83 RI 14.1 * 0.9 calc
4 RI 11.5 + 0.8 act Au (1551). I(I/c!o measured
29 RI 10.8 * 1.1 act Au
154 RI 11.2 + 0.6 act
84 RI 12,1 % 1.0 abs
46 I 11 rec
MOLa 38 RI 70.68 eval
154 RI 69 + 4 act
46 I 70 rec
. 139
RECOMMENDED VALUES RI = 11 FOR La
RI = 70 FOR IAOLa
Ce 2 RI 3.7 1.7 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
MOCe 38 RX 0,507 eval
85 RX 0.49 * 0.05 act Au (1558)
6 RIL 0.48 = 0.05 act Au (1550)
86 RI 0.49 = 0.05 act Au (1558)
43 I 0.23 0.01 act Measured So = 0.476 + 0.003
So (Au) = 17.7. RI = 0.48
4 RI 0.44 * 0.03 act Au (1551). I(I/ao measured
46 I 0.24 rec
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Isotope Ref. Symbol Value (b) Method Comments
Wle, | 38 | r1 28.73 eval
1['ZCe 38 RI 1.514 eval
85 RI 1.6 + 0.2 act Au (1558)
43 I 0.81 * 0.10 act Measured So = 0.865 * 0.005
So (Au) = 17,7. RI = 1.3
4 RI 1.20 act Au (1551). RI/GO measured
46 I 1,0 rec
143Ce 38 RI 42,66 eval
1M‘Ce 38 RI 2,602 eval
87 RI 2.62 * 0.26 act Co (75)
46 I 2,2 rec
140
RECOMMENDED VALUES RI = 0.49 FOR Ce
RI = 1,40 FOR 142Ce
1411’: 38 RI 17.52 eval
6 RI 14,1 * 0.2 act Au (1550)
4 RI 20.7 * 3.0 act Au (1551). RI/CSO measured
1 RI 12,1 act Au (1558)
83 RI 18 calc
46 RI 13 rec
1421’: 38 RI 143.8 eval
143Pr 38 RI 190.0 . eval
88 RI 190 + 25 Co std
46 I 150 rec




INFINITE-DILUTION RESONANCE INTEGRALS 53

Isotope Ref. Symbol Value (b) Method Comments
13, | 38 | ®t 445.1 eval
141
RECOMMENDED VALUE RI = 14 FOR Pr
Nd 89 RI 43 + 4 react Au (1558)
112 RI 40 + 6 react B std
14ZNd 38 RI 8.84 eval
46 I 0,2 rec
143Nd 38 RI 64,47 eval
10 1 <50 pile osc  Au (1513)
46 1 60 rec
IM‘Nd 38 RI 7.64 eval
46 1 3.6 rec
145Nd 38 RI 271.3 eval
10 I 130 + 15 pile ose Au (1513). RI = 154
46 1 250 rec
146Nd 38 RI 2,36 eval
6 RI 3.2 ¢+ 0.5 act Au (1550)
85 R1 3.0 + 0.3 act Au (1558)
17 RI 2,60 + 0.18 calc
4 RI 2.8 * 0.18 act Au (1551). RI/GO measured
46 1 2.0 rec
1"7Nd 38 RI 649.8 eval
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Isotope Ref. Symbol Value (b) Method Comments
48ys | 38 | m 14.01 eval
85 RI 14 * 2 act Au (1558)
17 RI 13.8 % 1.0 cale
4 RI 14.0 £ 0.7 act Au (1551). RI/ao measured
90 RI 18.7 + 0.5 act Au (1558)
46 1 20 rec
150Nd 38 RI 2.59 eval
85 RI 14 + 4 act Au (1558)
17 RI 12,6 * 0.2 calc
4 RI 20.5 + 0.7 act Au (1551). RI/ao measured
46 1 14 rec
RECOMMENDED VALUES RI = 2.8 FOR 11‘6Nd
RI = 17 FOR ll‘aﬂd
RI = 14 FOR 15oNd
147Pm 38 RI 2178 eval
44 1 2 400 + 300 eval
91 | 1 1274  t 66 act RI = 1 320. 5.4 day ““®pm
92 | RT 1700 250 act 5.39 day 48po®
92 | RT 1520  +230 act 40.6 day *8pg®
92 RI 3 220 act Total activation RI
93 1 2 280 + 200 t of £ 00-19818.1(1-21400

94 I 2 192

"

100 t of £ 00-200t7. RI = 2 300
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Isotope Ref. Symbcl Value (b) Method Comments
147pm 95 RI 720 + 200 mass spec 40,6 day ll‘aPmm
(cont, )
95 | RI 800  + 250  mass spec 5.39 day 48"
46 | I 1050 rec 40.6 day 48pg®
46 | 1 1150 rec 5.39 day 148"
148, | 38 | RI 43 980 eval 5.39 day “%pm
93 I 3 600 + 2 400- t of £ co = 10 600
38 | RI 31 990 eval 40.6 day 148pg®
Wy | 38 | m 927.7 eval
151Pm 38 RI 1 210 eval
RECOMMENDED VALUES RI = 1 300 FQR 11‘7Pm (5.39 day 1l‘al’mm)
RI = 1 200 FOR **'Pm (40.6 day 1*®p®)
Sm 2 RI 1 790 + 270 react Li (32.2). Reactor meas-—
urement, not corrected
for deviation from 1/E
Le7g, 38 RI 566.2 eval
44 I 646 * 60 eval
95 RI 640 + 200 mass spec Co std
107 RI 646 S 60 mass spec
103 RI 714 + 50 t of £
46 I 600 rec
]'I‘BSm 38 RI 18.51 eval
lgi RI 27 4 14 mass spec
1l‘gsln k! RL 3 705 eval
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Isotope Ref. Symbol Value (b) Method Comments
149gm 96 RI 4 400 mass spec Co (72.3)
(cont.)
139, | 38 | & 257.1 eval
97 RI 227 + 23 act Co (75)
103 RI 310 + 15 t of £
46 I 240 rec
Blep | 38 |’ 2178 eval
111 | RT3 300 + 700 t of £
46 I 3 100 rec
1523m 38 RI 3 240 eval
98 RI 2 644 + 604 t of £
99 I 3 050 + 200 act Au std. RI = 3 150
100 RI 3 200 + 100 act Au (1540)
12 I 2 850 + 300 pile osc Au (1510). RI = 2 950
6 RI 2 530 + 150 act Au (1550)
4 RI 3 270 + 170 act Au (1551). RI/oo measured
46 I 3 000 rec
108 RI 2 920 act Au (1558)
33n | 38 | T 1137 eval
1545m 38 RI 38.21 eval
98 RI 31 + 6 t of £
4 RI 23.0 * 1.0 act Au (1551). RI/co measured
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Isotope Ref. Symbol Value (b) Method Comments
565 | 38 | mr 331.9 eval
. 147
RECOMMENDED VALUES RI = 660 FOR Sm
RI = 270 FOR 1505!11
152
RI = 2 900 FOR Sm
RI = 27 FOR 1545!11
Ble, | 98 | R 3265  + 310 t of £
108 RI 3 420 act Au (1558)
101 | RL 1400 * 40 9.3 hrs 2g,"
7
4 RI 3 550 + 160 act Au (1551). RI/UO measured
12 year 152Eug
4 RI 2 580 + 130 act Au (1551). RI/chJ measured
9.3 hour 152Eum
102 | RI 11 410 + 450 act 12 year 28
102 |RL 387  x 270 act 9.3 h %2
153Eu 98 RI 1 632 + 195 t of £
12 1 1 280 + 100 pile osc  Au (1513). RI = 1 430
4 RI 1 520 + 80 act Au (1551). RI/UO measured
102 RI 3 887 + 62 act
154Eu 38 R1 1 240 eval
155Eu 38 R1 1 223 eval
156Eu 38 R1 1 258 eval
L7, | 38 |m 826.4 eval
RECOMMENDED VALUES RI = 2 600 FOR “>lEu (9.3 hour >2Eu®)
RI = 7 000 FOR gy (12 year '°ZEu®)
RI = 1 500 FOR 153Eu
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Isotope Ref. Symbol Value (b) Method Comments
Gd 2 RI 67 + 8 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
104 RI 393 cale
15264 6 | R 3000  + 300 act Au (1550)
154Gd 98 RI 177 + 17 t of £
107 RI 335 + 50 mass spec
105 RI 530 mass spec
46 I 250 rec
ISSGd 38 RI 1 563 eval
104 RI 1720 cale
13664 | 38 | m1 90.0 eval
107 RI 100 + 30 mass spec
104 RI 95 calc
46 I 90 rec
105 RI 23 mass spec
157Gd 38 RI 3 410 eval
104 RI 711 cale
1585 | 38 | kT  97.9 eval
98 RI 60.5 * 6.0 t of £
104 RI 72 cale
6 RI 84 + 20 act Au (1550)
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Isotope Ref. Symbol Value (b) Method Comments
18864 4 | Rt 16 + 6 act Au (1551). RI/0_ measured
(cont.) °
1596d 38 RI 186.7 eval
16064 | 38 | m1 1.445 eval
98 RI 6.9 * 1.0 t of £
104 RI 4.8 cale
46 I 7.0 Tec
RECOMMENDED VALUES RI = 300 FOR 15l‘(;cl
RI =~ 80 FOR ISSGd .
1% | 38 | m 376.4 eval
49 I 343 + 35 act I/oo = 15.6 * 0.8
So (Au) = 17.7. RI = 365
6 RI 365 + 40 act Au (1550)
85 RI 450 + 50 act Au (1558)
4 RI 403 + 20 act Au (1551). RI/c!o measured
108 RI 780 act Au (1558)
46 I 420 Trec
16oTb 38 RI 1 140 eval
6l | 38 | mr 655.9 eval

RECOMMENDED VALUE RI = 400 FOR 159'1'b

Dy 106 RI 1 840 + 180 react
16oDy 106 RI 1 160 + 130 react
38 RY 1 160 eval
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Isotope Ref. Symbol Value (b) Method Comments
160Dy 107 RI 915 + 90 mass spec
(cont.)
1610y 38 RI 1 670 eval

107 RI 1 060 + 80 mass spec
46 I 1 200 rec
106 RI 1 670 + 167 react
16ZDy 38 RI 2 550 eval
46 I 2 800 rec
106 RI 3 324 + 400 react
107 RI 1170 + 80 mass spec
163Dy 38 RI 1 650 eval
106 RI 1 962 + 176 react
107 RI 1 380 + 100 mass spec
46 I 1 900 rec
164y, 8 | &1 795 eval
106 RI 377 + 34 react
7 RI 332 + 10 rec
4 RI 780 + 60 act Au (1551). RI/co measured
RECOMMENDED VALUES RI = 1 200 For “60py
RI = 1 300 For 1%py

RI = 2 600 For ‘6%py
163

RI = 1 900 For ‘&3py
164

RI = 800 FOR ~°'Dy
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Isotope Ref. Symbcl Value (b) Method Comments
165 | 38 | mt 678 eval
108 RI 628 act Au (1558)
4 Rl 620 + 90 act Au (1551). RI/oo measured
6 R1 710 * 30 act Au (1550)
46 I 700 rec
RECOMMENDED VALUE RI = 660
1G'G'EI: 98 RI 122 * 13 t of £
107 RI 57 * 16 mass spec
167Er 98 RI 3177 * 325 t of £
168, | 98 | mt 35.5 £+ 7.0 toff
170Er 98 RI 44 + 7 t of £
108 RI 32.2 act Au (1558)
4 RI 25.2 # 3.0 act Au (1551). RI/c:o measured
RECOMMENDED VALUE RI = 35 FOR '7CEr
169Tm 6 RI 1 550 t 200 act Au (1550)
4 RI 1 450 + 65 act Au (1551). RI/oo measured
19 RI 2 240 + 130 act Co (69.9)
RECOMMENDED VALUE RI = 1 700
b 109 RI 177 b 24 calc
168Y'b 109 RI 30 950 calc
19 RI 21 000 + 4 200 act Co (69.9)
98 RI 31 900 + 4 500 t of f
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Isotope Ref, Symbol Value (b) Method Comments
168y 6 | RI 146700  + 1900  act Au (1550)
(cont,)
4 RI 23 000 + 5 000 act Au (1551). RI/OO measured
49 1 35 706 + 17 139 act I/<7o =6.49 * 0,13
So (Au) = 17.7. RI = 37 000
70, | 109 | m 326 calc
98 RI 211 + 20 t of £
107 RI 270 + 30 mass spec
g 1109 | m 313 cale
98 RI 344 + 39 t of £
107 RI 332 S 30 mass spec
U2 | 109 | &1 23.5 cale
98 RI 2.2 6.0 tof f
107 RI 25 * 7 mass spec
13, | 109 | RI 394 cale
107 RI 410 + 40 mass spec
e | 109 | mr 33.8 calc
19 RI 68.6 7.2 act Co (69.9)
98 RI 26 + 6 tof f
6 RI 30 * 3 act Au (1550)
4 RI 37.6 1.5 act Au (1551). RI/OO measured
176Yb 109 RI 7.6 calc
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Isotope Ref. Symbol Value (b) Method Comments
176y 98 RI 8 + 2 t of £
(cont.)
4 RI/ao 2.4 + 0,2 act Au (1551)
168
RECOMMENDED VALUES RI = 25 000 FOR Yb
RI = 270 FOR 170Yb
RI = 330 FOR 17
RI = 25 FOR 172Yb
RI = 31 FOR 174Yb
RI = 7 FOR 176Yb
Lu 112 RI 720 + 70 react B std
101 :
175Lu " RI 405 + 15
98 RI 1 158 + 280 t of £
4 RI 550 + 75 act Au (1551). RI/cJo measured
176
Lu 4 RI 1 060 + 45 act Au (1551). RI/OO measured
7 RI z 400 + 250 rec
, 175
RECOMMENDED VALUE EKI = 600 FOR Lu
Hf 1 RI 1 160 pile osc Au (1558)
2 RI 1 470 + 200 react Li (32.2). Resctor meas-
urement, not corrected
for deviation from 1/E
36 I 2 850 + 350 pile osc Au (1510). RI = 2 280
112 RI 2 800 + 600 react B std
67 I 2 080 + 50 pile osc  Au (1540). RI = 2 130
65 RI 2 130 + 60 react Au (1558)
1 RI 1 750 act Au (1558)
113 RI 2 300 + 60 react
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Isotope Ref. Symbol Value (b) Method Comments
Hf 114 RI 2 280 + 180 abs
(cont.)
174Hf 4 RI 300 + 200 act Au (1551). RI/UO measured
176Hf 113 RI 880 + 40 react
65 R1 400 + 20 react Au (1558)
177Hf 113 RI 7 000 + 240 react
784 |13 | Rt 1710 + 50 react
9% fus | w 595 S5 react
4 RI 3.9 * 0.2 act Au (1551). RI/co measured
5.5 hr 1804¢®
1804¢ (113 | mt 52+ 7 react
1 RI 21.6 act Au (1558)
6 RI 32 + 3 act Au (1550)
4 RI 32,5 & 1.5 act Au (1551). RI/GO meagsured
37 1 24,3 + 1.6 act Measured So = 2,17 * 0.09
So (Au) = 17.7. RIL = 30
RECOMMENDED VALUES RI = 2 100 FOR Hf
RI = 28 For ‘804
181 .
Ta 2 RI 474 + 62 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
12 I 1 100 + 400 pile osc Au (1513). RI =1 220
1 RI 578 pile osc Au (1558)
6 RI 750 + 50 act Au (1550)
115 I 690 + 25 pile osc  Au (1550). RI = 700
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Isotope Ref. Symbol Value (b) Method Comments

1817, 116 | RI 690 + 40 act Au (1565)

(cont.,)
108 RIL 800 act Au (1558)
4 RI 715 + 70 act Au (1551). RI/o0 measured
71 RI 660 rec

1820, | 155 | ms 943 = 50 t of £

181

RECOMMENDED VALUE RI = 700 FOR Ta

W 2 | R1 290 + 35 react Li (32.2). Reactor meas-
urement, not corrected

for deviation from 1/E

12 1 330 + 60 pile osc  Au (1513). RI = 340
112 RI 170 £ 20 react B std
119 RI 372 eval
35 I 325 + 20 calc RI = 335
117 RI 367 + 33 react Au (1558)
118 RI 360 + 70 react Au (1558)
71 RI 373 rec
57 RI 338 react RI calculated as a func-
tion of plate thickness
182»1 98 RI 592 + 60 t of £
119 RI 591 eval
183, 98 | RI M 42 t of £
119 RL 387 eval
184
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Isotope Ref. Symbol Value (b) Method Comments
184y 119 | RI 13.5 eval
(cont.)
118 RI 8.4 ¢ 2.0 react Au (1558)
120 RI 14,9 1.6 act
4 RI 22,0 * 1.0 act Au (1551). RI/co measured
186, 98 | RI 48 & 50 t of f
119 | RI 551 eval
108 RI 345 act Au (1558)
12(7’ RI w1 s 22 act
118 RI 490 + 100 react Au (1558)
11 1 476 + 50 act Au (1490). liI = 560
1 RI 390 act Au (1558)
121 RI 450 + 36 act
122 RI 318 act
4 RI 420 + 45 act Au (1551). RI/cvo measured
40 RI 380 + 84 act Au (1551). Ec = 0,2 eV
187 l12 { rt 2760 act

RECOMMENDED VALUES RI = 370 FOR W

RI = 15 FOR 184‘1
RI = 420 FOR 186W
185pe 1| RT 1100 act Au(1558)
123 RI 1726 + 68 cale Calculated from resonance
parameters
124 RI 1 650 + 90 capt Moxon—Rae detector
124 RI 1753 £ 90 act
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Isotope Ref. Symbol Value (b) Method Comments
185, 125 | BRI 1 828 + 120 act
(cont.)
4 RI 1 250 act Au(1551). RI/O’O measured
187Re 123 EI 308 + 20 calc Calculated from resonance
parameters
125 RI 312 + 22 act
1 RI 288 act
4 RI 315 + 35 act Au(1551). RI/cJo measured
RECOMMENDED VALUES RI = 1700 FOR ‘S7Re
RI = 310 FOR 87Re
0s 2 RI 180 + 20 react Li(32.2). Reactor measure-
ment, not corrected for
deviation from 1/E.
184, 4 | Rt 600 120 act Au(1551). RI/6, measured
18344 4 | Rt 0.013 act Au(1551). RI/o_ measured
190 .
Os 4 RI 39 + 18 act Au(1551). RI/GO measured
15 day 191053
4 RI 29 + 15 act Au(1551). RI/cJo measured
13 hour 19108|Il
192 .
0s 4 RI 3.6 = 1.0 act Au(1551). RI/co measured
Ir 2 R1 2 000 * 490 react Li(32.2). Reactor measure-
ment, not corrected for
deviation from 1/E.
191y, 1 { RT 3500 act Au(1558)
22 RI 4 800 + 240 act Co(69.9)
59 [ 1 4074 s 28 RI = 4500. 74 day'®%1:8
59 |1 940 £ 160 RI = 1200. 1.4 minl??1:®
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Isotope Ref. Symbol Value (b) Method Comments
191y, 4 | RT3 400 % 400 act Au(1551). RI/0_ measured
(cont.) 74 day 1921rg
1931, 1| RI 1370 act Au(1558)
4 RI 1 390 + 200 act Au(1551). RI/oo measured
»
RECOMMENDED VALUE RI = 4000 FOR 'Ol
Pt 1 RI 81.5 pile osc  Au(1558)
12 I 185 pile osc Au(1513). RI = 200
196
Pt 45 I 8 1 2 act Au(1514). RI = 12
4 RI 5.6 £ 0.6 act Au(1551). RI/O° measured
1985, 1108 | RI 55.3 act Au(1558)
45 I 54 H 6 act Au(1514). RI = 55
4 RI 48 + 4 act Au(1551). RI/o° measured
RECOMMENDED VALUE RI = 53 FOR 198Pt
1970y 1| RT 1558 act
71 RI 1 550 rec Absorption. Cd cutoff = 0.5 eV
40 RI 1 551 + 20 act
156 I 1 510 + 40 act RI = 1 553
RECOMMENDED VALUE RI = 1 550
Hg 1 RI 31 pile osc  Au(1558)
2 RI 72.4 F 8.0 react Li(32.2). Reactor measure-
ment, not corrected for
deviation from 1/E.
112 RI 73 + 5 react B std
196
Hg 4 RI 1 230 + 130 act

Au(1551). RI/OO measured
65 hour 197Hgg
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Isotope Ref. Symbol Value (b) Method Comments
196y 126 | RI 413 £ 15 act Au(1550). Co(75)
(cont,) 65 hour 197“33
4 RI 47 + 5 act Au(1551). RI/Uo measured
24 hour ]'97Hgm
126 RI 58.9 2.4 act Au(1550) . Co(75)
24 hour 197Hgm
198“8 4 RI 2,00 £+ 0.15 act Au(1551).. RI/(Jo measured
202y, 0 | 1 2.1 & 0.5  act Au(1490). RI = 4.1
126 RI 4.99 = 0.19 act Au(1550). Co(75)
22 RI 3.94 + 0.08 act C0(69.9)
4 RI 3.98 & 0.25 act Au(1551). RI/(Jo measured
204y, 4 | RI 0.85 ¢+ 0.06 act Au(1551). RL/o_ measured
RECOMMENDED VALUES RI = 73 FOR Hg
RL = 4.3 FoR 20%mg
Tl 157 RI 12 E 2 abs Neutron slowing-down technique
2037, 19 | RI 9 2 17 act Co(69.9)
1 RI 129 act Au(1558)
157 RI 40 t 5 abs Neutron slowing-down technique
25y 1| Rr 0.5 act Au(1558)
157 RI 0.7 ¢ 0.1 abs Neutron slowing-down technique
Pb 1 RI 0.094 pile osc  Au(1558)
12 I 0.05 = 0.03 pile osc Au(1513). RI = 0.12
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Isotope Ref. Symbol Value (b) Method Comments
209g; 1| mrr 0.53 pile osc  Au(1558)
36 I 0.050 * 0.012 pile osc  Au(1510). RI =~ 0,062
208 | 127 | w1 0.20 ¢  0.02 act Mn(13.1)
20, 128 | &1 996 % 40 act Co(74)
129 RI 1 020 £ 30 act
158 RI 1 035 + 85 t of £
232y, 6 | R 88 &+ 3 act Au(1550)
4 RI 72.6 % 5.0 act Au(1551). RI/Oo measured
13 RI 89.8 % 4.0 act
13 RI 93 % 6 abs
2 RI 61.8 £ 12.0 react Li(32.2). Reactor measure-
ment, not corrected for
deviation from 1/E
67 I 84 t 4 pile osc  Au(1540). RI = 85
130 RI 81.2 + 3.4 react Au(1579)
1 RI 71.4 pile osc  Au(1558)
131 RI 83.3 + 3.0 act Au(1555)
132 RI 86 + 6 cale
44 I 82 eval RI = 85
133 RI 82.7 S 1.8 act Au(1561)




INFINITE-DILUTION RESONANCE INTEGRALS 71

Isotope Ref. Symbol Value (b) Method Comments
2321y 134 RI 79 * 4 calc RI calculated from reso-
(cont.) nance parameters

135 RI 84 * 1 act Au (1565)
136 I 83 * 6 act Au (1510). RI = 84.4
142 RI 82.5 * 3.0 act Au (1555)
71 RI 84 rec
233
Th 135 RI 386 * 100 act Au (1565)
232
RECOMMENDED VALUE RI = 82 FOR Th
231Pa 71 RI 480 rec
237
174 RI 11 820 abs Np (945) for capture
3%, |13 | 470 + 90 act Co (75). 1.2 min 234pa™
137 | R 460 = 100 act Co (75). 6.7 hrs 23%pa™
137 RI 930 + 135 act Co (75)
138 RI 920 + 90 act Co (75)
71 RI 820 rec
159 RI 842 + 35 act Co (72.0)
44 1 860 eval RI = 875
160 901 * 45 t of £ RI = 920
RECOMMENDED VALUE RI = 880 FOR 233Pa
] 2 RI 224 + 40 react Li (32.2). Reactor meas-
urement, not corrected
for deviation from 1/E
232
] 139 RI 280 mass spec Capture. Co (75)
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Isotope Ref. Symbol Value (b) Method Comments
232y 71 RI 540 rec Absorption
(cont.)
71 RI 320 rec Fission
71 RI 220 rec Capture
233U 44 RI 750 + 20 eval Fission
140 RI 837 + 40 act Fission. Co (75)
141 R1 743 + 36 Fission. In std Cd ratio,
fiss prod gammas.
141 RI 743 + 24 Fission. Au (1535). Cd ratio,
fiss counter detect
142 RI 792 + 27 Fission. Au (1555). Cd ratio,
fiss counter detect
161 RI 771 + 49 Figsion. Co std
143 RI 821 + 59 act Fission. Au (1555)
144 RI 838 + 40 Fission
o . . 137
145 R1 830 + 60 Fission. Analysis of Cs
162 RI 765 Fisgion. Pulsed n source
163 RI 780 40 eval Fission
164 RI 850 + 90 Fission
71 RI 780 rec Fission
140 RI 981 * 45 Absorption
146 RI 899 + 50 Absorption
143 RI 965 + 65 Absorption
71 RI 917 rec Absorption
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Isotope Ref. Symbol Value (b) Method Comments
233y 161 | R 135 t 8 act Capture. Co std
(cont.)
163 R 137 + 7 eval Capture
71 R 137 rec Capture
145 RI 146 * 8 mass spec Capture
140 RX 144 * 7 mass spec Capture
23['U 71 RI 665 rec Absorption
44 I 600 rec Capture. RI = 645
166 RI 700 rec Capture
235U 1 RI. 271 act Fission
161 RI 275 + 16 Fission. Co std
167 RI. 278 + 9 Fission. Cd and B filters
164 RI 274 + 11 Fission
. s . . 137
145 RI 292 + 14 Fission. Analysis of Cs
163 RI 280 + 11 eval Fission
168 RI 275 + 4 Fission. Pulsed n source
44 Rl 270 + 10 rec Fission
11 RI 263 + 12 Fission. Cd ratio, tot
fiss prod gammas
141 RI 265 + 8 Fission. Au (1535). Cd
ratio, fiss counter detect
141 Rl 269 + 8 Fission., Au (1535). Cd
ratio, tot fiss prod
gaumas
141 R1 291 + 14 Figsion. In std Cd ratio,

tot fiss prod gammas
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Isotope Ref. Symbol Value (b) Method Comments
235y 71 RI 280 rec Fission
(cont.)
175 RI 300 + 50 rec Fission
175 RI 450 + 100 rec Absorption
71 RI 420 rec Absorption
161 RI 136 + 8 act Capture. Co std
169 RI 143 + 7 mass spec Capture
163 RI 140 + 8 eval Capture
145 RI 150 + 6 mass spec Capture
168 RI 140 + 5 Capture. Pulsed n source
71 RI 140 rec Capture
175 RI 150 * 50 rec Capture
23611 170 RI 417 £ 25 act Capture
171 RI 350 + 25 cale Capture
172 RI 397 + 34 act Capture
71 RI 320 rec
44 RI 415 eval
173 RI 419 + 25 Capture. Au (1550)
23811 36 1 285 + 25 pile osc  Absorption. RI = 286
6 RI 267 + 5 act Absorption
44 1 269 rec Absorption. RI = 270
11 1 280 + 10 act Absorption. RI = 281
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Isotope Ref. Symbol Value (b) Method Comments
238y 1 RI 281 act Absorption
(cont.)
71 RI 278 rec
175 RI 280 £ 15 rec Capture
176 RI 279 + 20 t of £ Capture

RECOMMENDED VALUES RI = 320 FOR 2:‘IZU FISSION
RI = 220 FOR 232(1 CAPTURE

RI = 540 FOR 2320 ABSORPTION

RI = 790 For 233y FIssION
RI = 140 FOR 233y capTURE

RI = 930 FOR 2330 ABSORPTION

RI = 675 FOR 234(1 ABSORPTION

RI = 275 FOR 235!1 FISSION

RI = 140 FOR 2%y CAPTURE

RI = 415 FOR 2350 ABSORPTION

RI = 410 FOR 236(1 CAPTURE

RI = 280 FOR 238U ABSORPTION
237Np 173 RI 850 Capture
44 I 870 rec Capture, RI = 950
36 I 870 + 130 pile osc  Capture. Au (1510).
RI = 950
44 I 6 rec Fission. RI = 6
28 | 44 |1 510 rec Fission. RI = 1 500
173 RI 1 500 + 500 Fission
44 I 10 rec Capture. RI = 12

RECOMMENDED VALUES RI = 920 FOR 2°/Np CAPTURE
RI = 1 500 POR 238yp pIssion
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Isotope Ref. Symbol Value (b) Method Comments
238 ..
Pu 166 RI 25 rec Fisgion. Measured

44 I 16.7 eval Fission. RI = 23.9

189 RI 26 * 5 act Fission

177 R1 164 *r 15 t of £ Absorption

44 RI 164 eval Absorption

173 RI 169 eval Absorption

166 RL 150 rec Capture

178 RI 3420 act Absorption

239 P .
Pu 167 RI 301 + 10 Fission. Cd and B filters

179 RI 327 + 22 fission, Cd ratio, tot fiss
prod gammas

141 R1 289 + 9 Fission. Au (1535). Cd ratio,
fiss count detect

164 RI 330 + 30 Fission

146 RI 310 + 20 rec Fission

163 RI 301 eval Fission

44 RI 300 + 10 eval Fission

180 RI 366 + 26 Fission

181 | g1 300 + 10 Fission

1

141 RI 360 + 18 Fission. In std Cd ratio,
tot fiss prod gammas

71 RI 288 rec Fission

190 RI 230 + 5 t of f Fission. Ec = 1 eV. Not

evaluated for lower cutoff
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Isotope Ref. Symbol Value (b) Method Comments
23%py 71 RI 472 rec Absorption
(cont.)
71 RI 134 rec Capture
190 RI 188 * 17 t of £ Capture. Ec =1 eV
240Pu 44 RI 8220 rec Absorption
36 I 11 300 + 000 pile osc  Absorption. RI = 11 500
182 RI 10 000 + 800 pile osc  Absorption
74 I 3 780 * 550 act Absorption. RI = 8850
183 RI 3 607 + 700 react Absorption
184 RI 11 000 * 000 react Absorption
185 I 8 270 + 500 react Absorption. Au (1513)
RI = 8420
186 RI 9 000 * 000 act Absorption
187 RI 8 850 b4 800 act Activation
71 RI 8 280 rec Absorption
175 RI 9 000 S 500 rec Capture
166 RI 8 000 rec Capture
192 RI 8 650 abs Absgorption
241 R
Pu 179 RI 581 + 33 Fission. Au (1555).
Cd ratio, tot fiss prod
gammas
141 RI 532 % 16 Fission. Au (1535). Cd ratio,
tot fiss prod gammas
71 RI 573 rec Fission
164 RI 550 -1 40 Figsion
166 RI 545 rec Fission




78 ALBINSSON
Isotope Ref. Symbol Value (b) Method Comments
241 c
Pu 145 RI 569 + 37 Fission, E, = 3.0 eV
(cont.) c
44 RI 580 + 40 eval Fission
163 RI 617 Fission
71 RI 712 rec Absorption
71 RI 139 rec Capture
145 RI 162 + 8 rec Capture. Ec = 0.2 eV
166 RI 260 rec Capture
242 .
Pu 178 RI 310 act Absorption. Co (48.6)
U-238 (282)
188 RI 280 + 60 act Absorption. Co (75)
71 RI 100 rec Absorption
166 RI 150 Tec Capture
175 RI 300 + 200 rec Capture
191 RI 055 + 170 t of £ Capture
193 R1 110 + 60 t of £ Absorption

RECOMMENDED VALUES

RI
RI

RI
RI
RI

RI

RI
RI
RI

25 por 238p, FIssion
160 FOR 238py ABSORPTION

310 FOR 23%py FISSION
140 FOR 23%y CAPTURE
450 POR 23%y ABSORPTION

9 000 FoR 240y assorpTION

570 For 2%lpy FISSION

140 FOR 241py CAPTURE

710 For 2%lpy ABSORPTION

242

1 200 FOR Pu ABSORPTION
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Isotope Ref. Symbol Value (b) Method Comments
ZALAN 166 RI 8.5 rec Fission
194 RI 21 * 2 act Fission
164 RI 21 * 2 act Fission
. . 242
65 RI 900 act Activation. (16 hour Am)
166 RI L 600 rec Capture
194 RI 2 100 + 200 act Capture. (242Am8)
196 | RI 300 + 30 act capture. (**%an™)
242Am 194 RI <300 act Fission
195 RI 1l 570 t of £ Fission
196 RI 1. 570 + 10 t of £ Fission
243 . .
Am 178 RI 2 340 + 50 act Absorption. Co (48.6)
U-238 (282)
166 RI 1 400 rec Capture
191 RI 1 480 + 135 t of £ Capture
194 RI 2 300 + 200 act Absorption
241
RECOMMENDED VALUE RI = 20 FOR An FISSION
243 . s
Cm 199 Rl 1 860 + 400 act Fission
197 Rl 2 345 + 470 t of £ Absorption
2“Cm 198 RI 19 + 1 act Fission
199 RI 13.0 + 2.5 act Fission
166 RI 650 rec Capture
199 | RI 650 + 50 act Capture
197 RI 550 + 40 t of £ Absorption
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Isotope Ref. Symbol Value (b) Method Comments
3cn | 198 | w1 900 + 50 act Fission
199 RI 770 + 150 act Fission
200 RI 1 140 + 100 Fission
201 RI 105 Capture
199 RI 100 + 20 Capture
197 RI 810 + 180 t of £ Absorption
246cm 198 RI 11.0 ¢ 0.5 act Fission
199 RI (low) act Fission
199 RI 120 + 25 act Capture
201 RI 120 Capture
204 RI 260 Absorption
247Cm 198 RI 800 + 50 act Fission
199 RI 950 + 190 act Fission
200 RI 1 060 + 110 Fission
199 RI 810 + 400 act Capture
248Cm 198 RI 13.5 % 0.8 act Fission
199 RI 275 + 75 act Capture
202 RI 350 + 40 act Capture. Mn (13.1)
249
Bk 204 | RI 1 240 Absorption. Co (75)
249Cf 198 RI 2 200 + 70 act Fission
200 RI 2 940 + 280 Fission
204 RI 2 750 Absorption
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Isotope Ref. Symbol Value (b) Method Comments
20ce |04 | RT 5 300 Capture
205 RI 4 975 Absorption
Blce 205 RIL 1 370 Fission
204 RIL 980 Capture
205 RI 2 100 Absorption
2526 1205 | Rt 12 Fission
203 RI 43.5 + 2.0 Capture
204 RI 42 Capture
205 RI 58 Absorption
233¢e 205 RI 2 235 Fission
205 R 2 250 Absorption
2hcg 205 RI 100 Absorption
245 206 | RT 2300 + 90 Fission. Cf std
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TABLES AND GRAPHS OF CROSS-SECTIONS
FOR (n,p), (n,a¢) and (n, 2n) REACTIONS
IN THE NEUTRON ENERGY REGION 1 - 37 MeV

M. BORMANN, H. NEUERT, W. SCOBEL

L. Institut fiir Experimentalphysik,
Hamburg University,
Hamburg, Federal Republic of Germany

Part 1

TABLES OF CROSS-SECTIONS

(Range: 13.9-15.1 MeV)

ABSTRACT. The tables of recommended cross-sections are intended mainly to be of practical use in
activation analysis and also in nuclear chemical research or systematic nuclear physical analysis. Therefore the
compilation is not extended to the reaction types (n, d), (n,y), (n, 7) and (n, t), whichare usually of minor practical
interest. The literature bzfore 1 March 1972 has been considered. The recommended values were deduced
from the data by preferentially using series of newer publications. The mean values are characterized by typical
errors it was not possible o calculate weighted mean values because the information given in the literature is
sometimes too incomplets to be treated consistently. Occasionally the well-known semiempirical formulae
were applied. In some cases nc recommendation could be given because of lack of a sufficient number
of reliable measurements. The interval of the excitation functions is divided into three groups:

13,9 - 14,29 MeV, 14.3-14,69 MeV and 14,7 - 15,09 MeV neutron energy. Usually one recommended value
for each interval is given. Special attention should be paid to the original literature because in several cases the
main sources of errots are the use of different standard values of cross-sections and the incomplete knowledge

of the decay scheme of the radinactive isotope considered.

INTRODUCTION

The following tables are the result of a compilation of all data on cross-
sections of neutron-induced reactions of the types (n,p), (1,¢) and (n, 2n) in
the neutron energy range from 13,9 to 15.1 MeV that were available to us in
the literature. The tables are restricted to reactions leading toa-, 3- or
y-active residual nuclei with experimentally manageable half-lives so that
activation techniques can be used,

From this pool of data, mean values were deduced for each reaction as
far as possible, taking into account considerations as mentioned below, These
mean values are recommended for further applications, e.g. in nuclear
chemical research or in systematic nuclear physical analyses, as they were
calculated repeatedly for all three reaction types [1-6] . However, these
recommended data are intended mainly to be of practical use in activation
analysis, Therefore, this compilation was not extended to the reaction types
(n,d), (n,v), (n,7) and (n,t)1 that are usually of minor practical interest, As
regards (n,t) reactions, thereaderisreferredtoanarticle by Qaimetal, [7].

! (n,1) = (n,%Hey; (n, 1) =(n, IH).
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Procedure of recommendation

This compilation includes experimental cross-section data available
in the literature up to 1 March 1972, Of great help for the preparation of
it was an older compilation [8] and the CINDA report of literature on
neutron data [9].

The original papers often contain no complete information on the details
of the experiments and the evaluation of the measured quantities, Especially
the comments on the half-lives or the nuclear level schemes and branching
ratios or the isotopic abundances used, on the method of neutron flux measure-
ment and the behaviour of the neutron flux as a function of time, and on the
determination of the counting efficiencies are sometimes incomplete,
Therefore the available data cannot be treated consistently and also cannot
be brought to a comparable state, so that a part of them may contain systematic
errors,

Furthermore the errors, if there are any given, often are not specified
as to their meaning (statistical or maximum error, standard deviation, etc.).
Thus it is not possible to perform the calculation of a weighted mean value
in a clear-cut way using, e, g,, the reciprocal square of the errors, as has
been done for (n, 2n) reactions only [10,11].

Therefore we have tried to deduce recommended values from the available
data by preferentially using series of newer publications, especially those
which contain a greater number of cross-sections that were measured for
different target nuclei with similar methods, and other publications that
present extraordinarily thorough measurements, The accuracy of these
mean values is characterized by typical errors (standard deviations),
Measured cross-sections showing large deviations from the majority of the
other results on the same reaction were not taken into consideration,
Occasionally the well-known semiempirical formulae [1,2,12] were
applied so as to get information on the general trend of the cross-section
values,

In some cases no value could be recommended, either because of lack
of reliable measurements or because only a very small number of contra-
dicting results was available, These cases are marked in the tables with
a dagger (1).

The recommendations are given for neutron energies from 13.9 to
15,1 MeV,. In this interval the excitation functions of some of the reactions
change rapidly, The typical neutron energy spread is about + 200 keV,
Therefore it seemed to be reasonable to divide the published data into three
groups according to the incident neutron energy. These groups correspond to
the energy intervals 13,9 - 14,29 MeV, 14, 3~ 14,69 MeVand 14,7 - 15. 09 MeV,
respectively, For many reactions recommended values are given only for
two or one of these intervals, If an excitation function of the reaction is
available (see Part 2), the missing value should be interpolated.

Structure and notation of the tables

For each type of reaction — (n, p), (n, @) and (n, 2n) — a table is
given (TablesI, Iland III), The reactions are arranged according to increas-
ing atomic number Z of the target and, within one element, according to
increasing mass number A, The following items are given:
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Nuclear reaction, If not otherwise specified, the total cross-
section of the reaction (¢'°!) ispresented. The additional symbol m
in the nuclear reaction scheme indicates that the cross-section
o™ for that part of the reaction leading to the residual nucleus in
a metastable state is given, The symbol g instead of m in the
reaction scheme characterizes the part of the reaction leading

to the forrnation of the residual nucleus in the ground-state prior
to further decay (0%). In this case the metastable state is not
involved, —-—

If the metastable state of a residual nucleus decays totally, with
an isomeric transition to the ground-state and if, furthermore,
for the half-lives the relation T® » T™is valid, the total cross-
section ¢! can be measured by :)bserving the cumulative decay

of the ground-state (08°) occurring with the half-life T® , This
case is characterized by the symbols 8R* at the residual nucleus
named R. Figure 1 illustrates the symbolism,

m i‘T"‘
/ }1/2

case {a) case {b)

Residual nucleus
{Asn-p)=B

Target nucleus A

{A+n)

FIG.1. Reaction A(n, p)Bwithmetastable state in the residual nucleus. The event in case (a) contributes

to the cross-section o™, in case (b) to o8, oot = oM + o8, If ng »TE and if the metastable state m decays

Vi

in an isomeric transition with 100% to the ground-state, then og*, the cross-section corresponding to the

cumulative decay with half-life T%z, is equal to o™ + o8,
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In those cases where no value could be recommended the symbol t
is added. The symbol @ indicates that there are, according

to the tables of Lederer et al, [13] that have been used here,
uncertainties in the decay scheme of the reaction or that special
attention should be paid to the scheme,

Column 2: Isotopic abundance (in per cent) of the target nucleus in atomic

abundance, The values listed are taken from Ref. [14].
Uncertainties are characterized by the symbol #.

Column 3: Half-life (Ty) of the residual nucleus, These data are taken

from Ref, [14] if not otherwise indicated.

Columns  Cross-sections (in mb) for the energy intervals 14,1+ 0,2 MeV,

4-6: 14,5+0,2 MeV, 14,91 0.2 MeV, respectively, Usually one
recommended value is given, Further values listed in square
brackets [ ] are experimental results that show unexplainable
deviations from the recommendation, If only values in square
brackets are given, a recommendationis not possible and no
experimental result can be preferred,

Column 7; List of reference numbers., References in square brackets [ ]

are those for the corresponding values given in columns 4 - 6,
References in round brackets ( ) were excluded from considera-
tion because they show strong deviations or are improbable for
physical reasons,

Table II is followed by a list of comments, The handwritten numbers

throughout the table refer to this list,

[1]
[2]
(3]
[4]
[5]
[6]
{7

[8]
[9]

{10]
[11]

[12]
{13]
[14]
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TABLE I. 14-MeV (n, p) CROSS-SECTIONS
. Cross-sections (mb)
Isotopic
Reaction abundance Ti 14. 1 MeV 14. 5 MeV 14,9 MeV References
(%)
6 6 .
Li(n,p)’ne 7.42 0.8 8 8+ 2 390; 399
8.5 + 2 21; 401
9Be(n,p)oL1 100 0.17 & ) 402; (10} (403)
p(n,p) ' be 80.39 13.655  [5] [x04]
25 + 4 401; (159)
12¢(n,p)1%8 98.893  2.0203 & 1.93 + 0.25 177
(19 + &) {s05)
14 14 .
N(n,p)""C 99.6337 53730 yr 77 & 14 400; 406
%(n,p)15%c 0.3663  2.25 » 16 + 4 351; 401
16 16
o(n,p) "N 99.759 7.1 8 41 + & 41; 63; 158; 279; 409; (193)
39 + 4 a1; 63; 279; 407; (221)
34+ & 41; 63; 158; 159; 279; 351;
401; 408; 410; (193)
19¢(n,p) 1% 100 27 8 20 + 2 37; 236; 406
19 + 6 411; (221)
18 +5 159; 225; 401; 408; (236)f551)
Bya(n,p)Pne 100 18 a A3+ 8 236; 406; 412
{34 + 15) [221)
43 ¢+ 5 225; 227; 236; 338; 351;
401; 408
bug(n,p)?*®a* 76.70  15.05h 200 + 20 56; 74; 105; 114; 151; 223;
(293; 412)
190 + 19 56; 7a; 114; 221; 223; (116)
180 + 18 56; 7a; 114; 151; 223; 225;
287; 307; 413; (401)
2hmy, 0.020 & 138 + 14 384
2ug(n,p)25Na  10.13 59.6 o 49 + 5 a1;[a12)
{63 = 10}
44 + 5 41; 221
40 + & a1; [225; 2a7; 385; 401}
[59 = 6]
pg(n,p)20na  11.17 1.0 e 27+ 7 a2
(50 ¢+ 5) [385)

* m decays with 100% to g ('\'g”2 » TT/Z)'
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Reaction

Isotopic
abundance

(%)

T

Cross=sections (mb)

14.1 MeV

14.5 MeV 14. 9 MeV

References

2751(n,p)?7Me

100

9.46 min

78 + 7

9; 93; 110; 147; 196; 228;
241; 270; 295; 323; 327;
367; 412; 416; 418; (105}
f164% (196)

67; S84; 93; 147;
388; (114 (221)
36; 147; 149; 159; 196; 214;
287; (238); (401); (w08); (417)

159; 261;

2851 (n,p)28a1

92,21

2.3 min

250 + 30

230 + 30
210 + 20

74; 4125 (155) (163F (405)

74; 221; 261; (163)

74%; 155; 225; 287; 338; 401;
508; (82) (163)

29Sl(n,p)ngl

4.70

6.6 min

120 + 20

221; 261
401; (225)

3051 (n,p)3%™n1

3.09

72 s

<7

419
261

3p(n,p)3lst

100

2,62 h

41+

83
[52 = 10]

110, 124; (412)
(221) (414)
128; 159; [225; 401]

32s(n,p)>%p

14,3 4

225 + 25

225
[380

12
30]

I+1+

212 + 15

8; 271; 348; 412; 421; (420)
8; [221; a22]

8; 26; 225; 271; 340; (338)

34s(n,p)>*p

4.22

12,4

78 £+ 7.5

[s5 + 39]

@ ~3

1+1+

73
(32

41
f221]
41; [247; s01]

35¢1(n,p)%5s

75.529

107 + 38

120 + 20

412
216; 423

e1(n,p) s

24,471

5.1 min

33+ 6
41 + 4

75, 20t
74; 221
74; 338; 401; (225); (275); (v08)

385r(n,p)>%c1

0,063

37.3 min

75 + 20
110 + 22

377
148

.oAr(n N p)'°c1

99.600

1.4 min

15.7 + 2

59K(n,p)59Ar
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TABLE I (cont.)
tsotopic Cross-sections (mb)
Reaction abundance Ty 14.1 MeV 14.5 MeV 14.9 MeV References
(%)
"lg(n,p)" ar 6.88 283 i 50 + 5 44; 295
(81 + 33} [221})
48 + 10 44; 49; 401; (225) (338} (340)
“2ca(n,p) % 0.64 12,36 h 175 + 10 216; 295; 348
182 + 22 216
180 + 10 207; 340; (145)
“Sca(n,p)*3x 0.145 22 h 97 + 10 295; 406
110 + 13 216
{501 + 24] {207]
“ica(n,p)'c 2,06 22.0min 35+ 7 295; 348; 406
36 & 7 53 ;145; 207; 340;(338)
“Sse(n,p)*%ca 100 165 d 55 4+ 5 18; 406
56 + & 18
53 + 6 18; 340
‘.6T1(n,p)"65c 7.93 84 d 290 + 20 38; 185; (348); (412)
280 + 20 81; 185
270 + 25 38; 185; 224; 345; 426; (2138)
Tri(n,p)" 50 7.28 3.35 d 120 + 20 a12; (348)
120 + 20 81; 139
120 + 20 224; (238} (345)
“Bpi(n,p)*Bse - 73.94 44,1 h 61 + 6 38; 114; 348; (412)
61 + 6 81; 1i4; 139; (221)
61 + 6 38; 114; 224; 238; 345; 401;
426; (82)
Ori(n,p) 50 5.51 $7.5min 30+ 2 348 (164)
35 + 4 81
39 + 6 224; 345; 401; (238)
5%71(n,p)%%c  5.34 1.7mim [147 » 13) [168)
17 + 3 81
24+ 5 49; 224; 238; 345; 401; (426)
51 51 . R
V{n,p)’ Tt 99.76 5.8 min 35 + 5 35; 348; 412
[27 + a.5) [221)
36 + 3 35; 82; 345; A01; (49 (239

(338); (s08)
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Reaction

Isotopic

abundance

(%)

T

Cross-sections (mb)

14,

1 MeV 14.5 MeV 14.9 MeV

References

52¢r(n,p)3%v

83.76

3.75 min

90

+13
9 + 10
96 + 10

163; 348; 412
163; 221

66; 163; 214;
408; (401)

338; 405;

chr(n,p)sxv

9.55

2,.0min

45

36 + 6

348; 412
66; 401

SSHn(n,p)SSCr

100

3.6 min

45

i+
~3

37 £ 7

348; 412;(179)
370; 401

5"l’e(n,p)s"'nn

5.82

303 a

350 + 30

310 + 25
315 + 25

80; 273; 348; 417; (9} (241}
{a125 (a28)

79; (363)

26; 254

56¢e (n,p)>Cmn

91,66

2.57h

112 + 6

+
-]

103
103 + 6

80; 110; 184&; 241; 272; 291;
323; 348; 429; 430; (9); (412}
17k (31)

79; 184; 221; 272; 383

26; 36; 80; 184; 254; 272;
291; 340; 383; 432; (65} (952
(163} (x05)

57Pa(n,p)57Hn

2.19

1,7 min

{55 + 6]

75 + 8
71 +7

{2a1; 348)
81
65

58pe(n,p) M

0.33

1.1 min

23 &

+
-

23 + 3.5

348
65

59Co(n,p)sgro

100

45 d

78

80 + 23

412; 417
311
367; (340 (a34)

5851 (n,p)°%%co”

58‘00

67.88

714

9.15 b

410 + 30

330 + 30

160 + 15

41; 68; 80; 119; 348; 417;
(9% (975 (251); (817)

Al; 79; 119; (a1s)

20; 26; A1; 49; 68; 80; 119;
287; 345; 367; A33; (97)
219

219

219; 345; (367)

6°N1(n.p)6°!Co‘

60‘00

26.23

5.26 yr

10.5 min

118 + 8
109 + 8

25 + 6

— e - — - —— - . -

227; 348; a12; u17; (9)
227; (79)
227; 345

401; (367)
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TABLE 1 (cont.)
lsotopic Cross-sections (mb)
Reaction abundance T, 14.1 MeV 14. 5 MeV 14.9 MeV References
(%)
6151 (n,p) 80" 1.19 1.6 n 85 + 3 3485 435
103 + 10 79; (221)
98 + 10 345; (367)
62y (n,p)%%8ca  3.66 13.9min 19 + & 101; 435 1)
24 + 6 79
21 +3 345; (240)
62uc, 1.5min 34 42 435
{15 + 3} [79]
23 + & 345; (240)
64%1(n,p)%8co  1.08 7.86min 5+ 1 35 1)
A1+ 0,05 240
6smc, 2 min 2.4 1 435
[o.43 + 0.02] [240]
Scu(n,p)®%1  69.09 9 2yr 118 » 20 348; 412; 417
65cu(n,p)®5N1 30.91 2.56 h 24 4 4 35; 110; 241; 274; 348; 368;
817; 437
21 45 35; 274
23 +3 36; 49; 95; 214; 238; 274;
275; 365; 368
%20 (n,p)%cu 48,89 12.8 h 200 + 15 355 44; 114; 312; 348; 412;
436; 437
185 + 20 312; 438; (221)
170 + 15 N4; 118; 3125 362; 365; 401;
(49 (245)
66Zn(n.p)“Cn 2‘7.81 5.1 mir 75 + 20 348; (412)
65+ 6 261; (221)
70 + 7 37; 365; 367; 401
72n(n,p)%cu .11 61.9n 39+ 6 348; 412
43 ¢+ 10 365
%82n(n,p)%cu 18,57 30 . 25 348
8 + 1] f261])
19 + & 240; 401
%9Ga(n,p)%%%zn  60.4 57 min 175 4 97
10 + 1.5 365
69%n 13.9 n 2143 97
23.6 + 3.0 365; (33)
1) Association of decay to g d-state or state not y known.
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TABLE I (cont.)
Isotopic Cross-sections (mb)
Reaction abundance T, 14. 1 MeV 14. 5 MeV 14.9 MeV References
(%o}
ga(n,p)" 820 39.6 2.4 min < 440
5.4+ 1.2 365
7mg, 3.9 h 12 + 4 &ko
11 + 1,5 365
7%e(n,p)’%a  20.52 20.imin 110 + 20 348
[129 + 65) [221]
[70 + 10] [338; 365)
726e(n,p)7%6a  27.43 t4.10 h 32 348
{47 + 5} {221; 321)
31 4 4 365
6e(n,p) ca  7.76 4.8 h 21 348
26 + 3 321; (221)
20 + 4 365
PGe(n,p) "ca  36.54 7.9 min 13,2 + 1.3 321
10 + 3 365
75x8(n,p) " 86e * 100 83 min 21 + 3 18; &1;t01; 111; 183; 219;
445
20 + 3 18; 219; 512; (221)
19 +3 18; 41; 219; 303; (401)
7586e 48 s 18 + 2 1; 101; 111; 445
16 + 1.5 1
14.5 + 1.3 1
T4se(n,p)" a8 o0.87 17.7 6 135 + 20 W15 145
{108 + 20) [u1; 363)
134 + 20 h1; 145; 1545 (303)
765e(n,p)0as  9.02 26.4 h 56 + 5.6 363
56 + 5 153; 154; 303; 364
s5e(n,p)?Tas  7.58 38.8 h 45 348
35 + 10 221; 1363
36 + 10 303
78se(n,p)"%%a8" 23.52 1.5 h 24 + 2.4 363
22 +3 154; 364; (303)
78myy 6 min 0.93 + 0,09 364
8056(n,p)%%e  49.82 15 8 16 + 2 208



FAST NEUTRON CROSS-SECTIONS 97

TABLE I (cont.)

Cross-sections (mb)

Isotopic
Reaction abundance Ti 14. 1 MeV 14. 5 MeV 14.9 MeV References
(%)
798r(n,p)7%™se  50.537 .9 min 10 + 3 362
81gr(n,p)88se  149.463  :Bmin 25 + 6) [286)
7415 303; 362
Bimge 57 mir. 22 + 7 286; 512
20 + 5 128; 209; 303; 362
80kr(n,p)8%™pr 2.27 Y 55 + 9 175
82¢r(n,p)%Br  11.56 15.4 h 23 + 4 175
BUyr(n,p)®*8Br  56.90 12 mir 8.5 + 1.5 175
85rb(n,p)85"kr 72.15 4.4 n 4.3 + 0.3 41
4.1 + 0.4 512
4.7 + 0.5 41; 149
'
87Rb(n,p)®7kr  27.85 76 min (4.9 + 0.5} {512)
{10 + 2} {149; 401)
865r(n,p)5mp"  9.86 18.7 ¢ 41 s+ 4 18; 348
42 + 4 18; (286)
45 + 4 18; 340
86wp;, 1.0 min 941 149
885r(n,p)®%p  B82.56 17.6min 17 &+ 1.5 74; 348
17 + 2 74; 221; 512; (286)
17 + 2 74; 149; 340; (354); (401)
89 (n,p)®9sr 100 50.5 d 23 + 1.5 18; (293} (406)
24 + 1.6 18
24 + 2 18; 340
90%r(n,p)9%8Y"  51.46 64,1 h G4+ 4 18; 262; 348
§5 + 4 18; 221; 286; 333
46 + 4 18; 61; (345)
9omy 3.18 h 12.9 + 1.0 189
12 149; 345; 352

1 No value recommended.
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TABLE I (cont.)

Cross=-sections (mb)

Isotopic
Reaction abundance Ty 14. 1 MeV 14.5 MeV 14.9 MeV References
(%)
Mor(n,p)?18v* 11,23 56.8 d 3242 262
40 + 8 348; (286)
3+ 7 3455 (354)
91im
Y 50 min 17.5 + 0.8 262
18.6 + 1.9 189
925 (n,p)%% 17.11 3.5 h 21+ 1 262; 348
19 + 2 189; 333; (286)
21 + 2 49; 345; 354; 401
9"Zr(n,p)9l'y 17.40 20 min 11 + 2 262; 348
8 +3 221; 333; (286)
7+2 49; 345; 354; 401
96, r(n,p)%6y 2,80 2.3min 13 + 4 443
9240(n,p)?% b 15.84 10.2 d 62,5 + 4.0 189; (221); (286)
60 + 10 49; 254
Mo(n,p)?*®Nb  9.04 6.3min 6.0 + 1.5 49
9mo(n,p)®?Nb  15.72 354 37+ 6 254
%ma(n,p)%p 16,53  23.4n 16+ 3 92
21 + 7 286
19 + 4 254; (49)
9Mo(n,p)978Nb"  9.46 74 min 17.7 + 1.5 92
15.9 + 1.3 189; (221; 286)
11,7 + 2.3 254
970\ 1.0 min 7.4+ 0.8 189
9Buo(n,p)?®8nb" 23,78 1.5min {2+ 1) foz) )
ELLIN 51 min [6.7 + 0.6) {92)
(4.1 + 0.5) {189}
13 + 3) f49; 92; 254; 4o1
2.67+0.7) ' }
99Tc(n,p)99Mo 66.7 h 7+1 122
%Ru(n,p)%10  5.51 4.3 4 146 » 7 189
170 + 30 130

2) Decay sch and i of Ty /2 to ground-state and metastable state not known.
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Cross-sections (mb)

Isotopic
Reaction abundance Ty 14. 1 MeV 14.5 MeV 14.9 MeV References
(%)
P%u(n,p)?™re  12.72 6.0 n <16 + 4 130
1000, (n,p) 1%  12.62 17 s 17+ 6 247; &0t
101gu(n,p) 1% 10’ 17.07 14.0 min {2 + 1.5) [221)
{36 + 3) {130]
10200 (n,p)1%1c  31.61 s 2 +0.5 351; a01; (130)
10%u(n,p} % e 18.58 18 min 7.2+ 1.0 130
103gn(n,p)1Pru 100 39.5 d 16.9 + 1.5 189
10%p4(n,p)1%*8rn 10,97 42 8 2.7+ 8 346; (221)
104mp, 4.4 min 31 + 6 346
10554 (n,p)1%58Rn" 22,23 35.5 b (37.6 + 2.0} fis9; 221)
(50 + 6) {346; 401}
105mp), 45 » 23 + 8 401
106p4(n,p)1%8mn 27,13 30 16 + 4 189
16 + 4 346
106mg), 2.2 h 6.0 + 2 189
923 346; 401
108pg (n,p)1%nn 26,71 17 s 8.3 + 1.5 189
9+ 2 401
10744 (n,p)1°7"pa 51,35 21 s 15+ 2 401
109, ¢ (n,p)1%% 4  48.65 13.5 b 112 18; 347; 348
13+ 2 18; 329
15 + 2 18; 345; (214; 401)
10604 (n,p)1%g 1.215 2%.0min 80 s 20 43; 348; 446
102 + 16 43
10%4(n,p) 1 %g 12,39 244 8 27 324
B+2 s01
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Cross-sections (mb)

Isotopic
Reaction abundance T, 14.1 MeV 14.5 MeV 14.9 MeV References
(%)
Meg(n,p)tag 12.75 7.5 d F s 4 3245 348; 446; (18]
2275 + 1,1)
[28.7 + 1.4] (18]
[31 + 1.5) {18)
U204 (n,p)112%4g 24,07 3.2h 1143 324; 348; 446
15 + 1.3 189
U3cq(n,p) 348 12.26 5.3 h 8 +2 324; 348; 446 3)
ey (n,p)i g 28.86 5.2 8 3+ 1.6 401
16040, p)1182g 7.58 2.5 min {o.2 + 0.1) [324)
5.4 ¢+ 1.5 67
50n(n,p)115%%ca 95,72 53.5h 17 + 3 348; (448)
15.5 + 4.0 329
12.5 + 1.5 345
15mey 43 ¢ 3.5 + 0.2 187
7.7 5 1.2 345
Y26 (n,p) 1281 0.96 14.4min  [35) {4471
13 + 0,7 187
12mp, 21 min 9+ 2 67; 187
155 (n,p) 117" 0.35 4.50 h 3.5 + 0.2 187
11650 (n,p) 15810 14.30 14 o 11 +4 51
116my, 54,0 min 8+ 1 187; 189; (67)
11 s+ 2 51
Usnn,p)' 1781 7.61 38 min 9.2 + 2.7 442
9.8 + 1.6 189; (187)
13.6 + 3 50, 134
ey, 1.15 h 2.8 + 0.8 42
4.7+ 1.0 187; 189
5.1 + 1.6 51; (134)
185,15 p)1188,@ o o5 5 0.4 + 0.2 51
116e,, @ 4.4 min 11 42 67; 187
5.8 + 0.2} {51}

3) Association of measured Ty /2 not known.

® Checking of decay scheme is urgently recommended.
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TABLE I (cont.)
. Cross-sections (mb)
Isotopic
Reaction abundance Ty 14.1 MeV 14,5 MeV 14. 9 MeV References
(7}
119 (n,p)!1%81n  8.58 2.3 rmin 2.6 + 0.3 187; (67)
4.3 + 1.5 51
119a;, 18 min 2.6 + 0.3 187; (67)
4.3 + 1.4 51
12°Sn(n,p)1201n 32.85 44 8 b1 67; 400
2.8 +1.0 239
264 (n,p) 12 80 57.25 27 h 2.2 + 0.4 346
12364 (n,p)1238sn 42,75 129 ¢ 1.8 + 0.4 346
123eg, 40 min 2.8 + 0.9 346
12200 (n,p)12%s0  2.46 2,68 d 14 + 2 346
12400 (n,p) 12285y, 4 61 60.3 4 9+ 2 51; 346
124ug), 1.6 min <0.6 346
12600 (n,p)1268s, 18,71 12.4 d 1.6 + 0.3 346
126mg, 19 min 4.5 + 0.6 346; (146)
12840 (n,p) 12885, 31,79 9.32h 1.3 + 0.3 148; 346; (51)
128mg,, 10 min 1.0 + 0.2 148; 346; (51); (134)
‘3°Te(n,p)‘5°55be 34.48 6 min 0.55 + 0,18 346; (51); (134)
130m,® %7 min 0.61 + 0,09  346; (51)
127 1(n,p)'%787¢ 100 9.4 h 11,7 s 1.2 329; (221)
.8 +1,0 252; {345]
3.8 + 0.4)
127m,, 109 a 5.3 ¢ 1 345
130xe(n,p)13%1 4.08 12.3 h 6.7 + 0.8 175
lye(n,p)3 s 21.18 8.05 d 5.3 + 0.6 175
132 (n,p)t301 26.89 2.4 h 2.5 + 0.3 175
hye(n,p)t3*1 10. 44 52 min 2.2 + 0.5 175
133¢s(n,p) 13%8xe® 100 £.65 d 5.70 & 2.35 2533 (180)
1353mye z.24 4.80 + 0.75 253
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TABLE I (cont. )
. Cross-sections (mb)
Isotopic
Reaction abundance TQ 14.1 MeV 14. 5 MeV 4.9 MeV References
(%)
1360 (n,p) 30 7.61 12.9 h 43 + 10 348
35.3 + 3.8 329
49 + 10 317 (340)
1388a(n,p) % 71.66 32.3min 2.3 = 0.3 348
3+ 0.5 159; 329
2.4 4 0.4 317; 340
13%a(n,p)!3%a  99.911  b2.9min 5«1 317; 406
541 221; 400; (329)
4.7 + 0.5 132; 317; 340
W0co(n,p)1*0a  s8.48 40.2 h 12 348
9.5 + 2.5 189; 329
8 +2 132; 317
18200 (n,p) 1 *%La 11,07 92.5min 7 + 2 148
9.5 + 0.9 329
8+ 2 317; 401
lpr(n,p)tlce 100 32.5 d 4.5+ 1,0 400
4.5 + 1.0 317; (132)
Ye2yq(n,p) %P 27.11 19.2 h 13 + 3, 346
13.5 » 2.7 329
Y3ha(n,p)t*3pr 12,17 13.6 d 11+ 2 348
11.5 + 2.3 329
148ya(n,p) M %pr  5.73 1.98min 3.5 + 1 348
3.5 + 0.8 317
148 5n(n,p) *58pn 11,24 5.4 4 14,3 + 2.3 336
Labopy 41,8 d 18.8 + 4.4 336
15250(n,p) %% 26.72 6 min 3.7 + 0.2 500
3.7 + 0.2 316; 317
5hgu(n,p) %P 22,71 1.6 min 3.5 + 0,2 316; 317
153gu(n,p)!%%sa  52.18 46.8 h 7.4 + 0.7 329
156Gd(n,p)‘s(’su 20,47 15.1 d <15 132
15763 (n,p)%7Ew  15.68 15.1 n 11.3 + 1.7 329
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TABLE I (cont.)
. Cross-sections {mb}
Isotopic -
Reaction abundance T{ 14.1 MeV 14.5 MeV 14.9 MeV References
(%)
1584 (n,p) %% 24.87 46 min 2.6 + 0.6 132
15944 (n,p) 1% %4 100 18.56 h {15.8 + 2.5] [336)
3.4 4 1,5 49; 132
160y (n,p) 16010 2.204 72.1 4 <31 132
‘63Dy(n,p)‘63"l‘b 24,97 7 min 3+1 317
16580(n,p) 6580y T 100 2.35 h {40 + 10) {111)
165w, 1 1.3 1mnin <1 111
167gr(n,p) %700 22.94 1.1 h 44t 317; a0t
168pr(n,p) %80 27.07 3.3rain 2.5 + 1.0 317
70 (n,p) 7% 0  14.88 45 o 1.8 + 0.5 317
50m, )P 97.81 §.2¢ 3.42 ¢ 0.52 329
‘76Hf(n,p)‘7B!Lu® 27.1 30 m:n 1.72 + 0,17 334
176m, 20 min 1.02 + 0.10 334
"®lra(n,p)'%tat 99,9877 42.5 ¢ 34005 333; 400
*624(n,p)!%%1a 26.41 115 d 2.3 + 0.23 449
183y(n,p)18%1a 14,40 5.0 d 2.8 + 0.3 449
184 (n,p) 8% 30,64 8.7. b 4.8 + 1.0 329; 333, (400)
{14 + &) {250}
186y (n,p)!1861s 26,41 10 min 2.3 + 0.5 17; 329; 333; (240)
18750 (n,p) 187w 62.93 23.8 h 3.9 + 0.4 329
18800 (n,p)1%Re  13.3 16.8 h 7.4+ 1.9 406
8.7 + 1.3 216
1900g(n,p)1%%pe  26.4 2.8 h 2.0 + 0.5 406
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Isotopic

Cross-sections (mb)

Reaction abundance Ti 14. 1 MeV 14. 5 MeV 14. 9 MeV References
(%)
193¢ (n,p)'%%s  62.7 31 h 2,7 + 0.6 329
19%¢(n,p) %" 1r 3209 17.4 h 4.2 3 0.5 135; 329
19504 (n,p) 19 1:®" 338 4.2 h {2.9 + 0.3) {329]
19654 (n,p)1%1r  25.3 1.4 1 1.68 + 0.25 450
1.1 + 0.2 135
197 au(n,p)197pt 100 18 n 2.0+ 1 18; (293)
2.3 + 0.2 18; 329
2.4 40 18
198h4(n,p) %%u  10.02 2,70 d 4.7 + 0.3 294
4.5 + 0.5 135
199%g(n,p)1%%u  16.84 3.15 d 4.6 + 0.6 294
2.3 + 0.3 135
20044 (n,p)2%%u  23.13 48.4min <12 294
3.63 + 0.36 329
201y (n,p)2%%0  13.22 26 min 1.5 + 0.7 294
2.1+ 0.3 329
20313 (n,p)2%Hg  29.50 ¥6.9d {30 + 0] (240]
20501 (n,p)2%%Hg  70.50 5.5 min 3+ 1.6 221; (135; 329)
3 +0.3 240
208pp(n,p)2%m  s2.3 3.10 min 0.46 + 0.06 135; [221; 400
(1 %1}
20995 (n,p)2%Pb 100 3.30 h 1.3 + 0.3 329
0.75 + 0.30  214; 238; 329
235y(n,p)235pa 0.7205  24.4 min 1.86 + 0.38 329
Bp(n,p)23Ty 6.75 4 1303 329
238(n,p)238pa 99.2739 2.3 min 1.5 £ 0.4 328
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TABLE II. 14-MeV (n,a) CROSS-SECTIONS

Cross-sections (mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14. 5 MeV 14.9 MeV References
(%)
9 6
Be(n,®X) He 100 0.8 8 10 + 1 390
p(n,a)8L1 80.39 0.84 8 30 389
31 + 6 13
’QF(n,a)’GN 100 7.1 8 15 + 5 236
26 + 6 159; 351
23Na(n, )2 100 11.2 8 150 + 20 236; 322; 344; 386
150 + 20 65; 322; (214)
26y (n, ) PNe 11.17 58 8 84 s 10 39;
77 + 8 39:
72 + 10 39; 225; 351
27h1(n,0)%48Na" 100 15,05 b 1205 + 2 83; 124 196; 309; 393; (93)
116 + 3 18; 56; 114; 116; 141; 196;
223; 286; 309; 321; (382);
11 + &4 18; 36; 56; 93; 114; 155;
196; 205; 223; 238; 276;
309; (382); (383);
2oy 100 20 me 65 + 6 384
30 27 .
Si(n,a) Mg 3.09 9,46 rain 70 + 10 261; 361; 381; (221)
[~150) {225 ; 338)
31P(n,d,)zaAl 100 £.3m:n 119 + 16 35
1168 + 15 35; 114; (232)
115 + 12 35; 114; (128); (159); (225)
345 (n,d)3's1 4,22 2.62 h 126 + 7 8;
138 + 35 221;
163 + 15 225; 338
3501 (n,q,)3% 75.53  14.3d 100 3 20 348
117 + 15 216; 380
122 + 20 275
37c1(n,0)3"p 24,47 12,4 o 120 + 13 1
112 + 12 1
90 + 10 1; (275); (351)
804+ (n,4)>7s 99.6 S.min 13 + 1.5 269; (324)
10 + 1.5 376; 377
10 + 1.5 3745 (379)

- . g m
m decays with 100% to g (T1/2 >Typ)
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TABLE II (cont. )

Cross=-sections {mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14. 5 MeV 14.9 MeV References
(%)
3“’)((u,a(,)“’m 93.10 3.1X10°yr 84 + 12 34
“x(n,d)%c1  6.88 37.3min 46 + 6 340
39 +8 221; 232
31 +5 49; 225; 338; 340
“Sca(n, )" 'ar  2.06 1.83 b 35 45 295
35 + 8 232
35+ 8 138; 335; (338); (341);
~SStb(n'd_)‘.zl( 100 12.36 h 55 + 2.8 18
56 + 3 18
54 + 6 18; 49; 214; 340
“Cri(n,d)"%ca  73.94 165 a 39+ 6 324;
23+ 6 345
3% (n,x)7ca  5.34 4.54 @ 9.4 + 1.5 324
9.5+ 2 139; 375
10 + 2 345
Sly(n,d)*%se  99.76 44,1 h 15 + 2 71; 307
17 + 3 139; 307
19 + 4 49; 82; 345
mn(n,2)?3v 100 3.75min 32+ 5 37
3245 37; 114; 232; 311
3245 37; 370; 397; (338); (372)
5%e(n,d)%'cr 5.82 27.8 4 100 + 20 80; 241; 273
98 + 15 79; 363;
96 + 10 80
58re(n,)%cr  0.33 3.6 min 21.5 + 2 65
59%o(n,dd5%mn 100 2.57 h 30+ 3 32; 38; 114; 184; 273; 343
30 + 2 184; 273; 311
29 + 3 114; 184; 273; 328; 340;
367
58N1(n,d)%%pe  67.88 2.6 yr 125 + 16 392
6241 (n,4)%%e  3.66 45 @ 22 + 3.5 324
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Cross-sections (mb)

Isotopic
Reaction abundance T9 14. 1 MeV 14.5 MeV 14.9 MeV References
(%}
6451 (n o) Fe  1.08 6.1 min 5.2 + 1.2 340
63cu(n,)%%co 69.09  5.26yr  39.1 s 2.7 227; (378)
35.7¢ 2.5 227;
32,7 + 2.5 227; 369; (159);(398)
60m, 10.5 min 23 + 3 369
65cu(n,d)®%%co  30.91 13.9min 4.8 + 1.8 101;
{20 + 10) {356)
10+ 5 49; 159; (368)
62mc, 1.5 min 1.9 + 0.6 49
6570 (n,0)%%N1  18.57 2.56 h 7.6 + 0.8 357
9+1 261; 361
10 + 1 365; (49); (367)
7%n(n,a)%7N1  0.62 508 7.8 + 2.2 366
696a(n,4)%0cu  60.4 5.1 min 18 + 2 365
6a(n,4)%cu’ 39.6 308 60 + 4) {351)
260 (n,)%%2n 27.43 55 min 7+ 1.5 321; 365
69wy, 13.9 h 8+1.,5 321, 365
74Ge(n,d)7182n  36.54 2.4 min {10 + 1.5) Tisa);
[2.5 + 0.6]  [365)
Timgp 4 n 3.32 + 0.33 321
3.3 + 0.5 365
75a8(n,)’%6a 100 1h.1 h 12 + 2 18; &1; 101; 250
1252 18; 358
11 « 2.5 18; 41; 49; 243; 303
78se(n,1)7%e’ 23.52 83 min [7 + 1] {303 ; 363): (154); (364)
758G 48 o 7.6 + 0.9 364
80se(n,o)778ce  49.82 11,3 b 6+2 364; (153); (154); (303)
1Tmge 54 8 6+ 2 364
98r(n,d)76as  50.54 26.4 h 14 + 5 35; 343
16 + 6 35; 358; 360
15 + 6 49; 128; 209; 303; 362

1 No value recommended.
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TABLE II (cont.)
: Cross-sections (mb)
Isotopic
Reaction abundance Ty 14.1 MeV 14.5 MeV 14.9 MeV References
(%}
81pr(n,a)7% e 49.46 1.5 h (19 + 2) [358)
6+3 49; 128; 303; 362; (209);
(363)
86kr(nw)®385cP17.37 23min 1.2 + 0.1 175; 361
85an(n,x)%2Br  71.15%  35.4 n 7+2 41; (286)
{4.9 + 0.5) [358]
7+2 41; 340
87ab(n,2)% 8y 27.85%  31.8 min 1.8 + 0.2 360; (358)
2.1 + 0. 340
Shmp, 6 min 1.9 + 0. 340
88sr(n,d)5%%r " 82.56 4.4 n (75 « 30} {221 ; 286)
89%(n,o)%%8Rb* 100 18.7 4 5+ 0.5 18; (293)
541 18
5.5 + 1 16; 340; (286)
86mpy, 1.0 min 0.91 + 0,45 49
902r(n, )%™ sr 51.46 2.8 h 3.2 + 0.3 262; 355; 357
2.8 + 0.4 356; (333)
2.8 + 0.3 49; 243; 355; (149)
92zr(n,)8%r 17.11 50.5 d 10 + 1 18; 345; 348
10 + 1.2 18; 345
zr(n,)¥sr  17.40 9.7 h 4.8+ 1 18; 262; 348; 355
5+ 1 18; 189; 333; 343
5.5 + 1.5 18; 49; 345; 355
92r(n,)?sr 2.8 8 min 341 262; 348; (333)
341 49; 345; 354
nb(n,)9%8%" 100 64.1 h 9+ 1 18; 293; 343
9+ 1 18; 293; 353
941 18; 391; (345)
90y 3.19 h 5.5 + 0.5 189
5.8 + 1 49; 14%9; 352; (345)
92yo (n, &) %%%2:® 15,64 78.4 h 18 + 2 189
20 + 8 48; 92
89m, & 4.2 min 2.5 + 0.3 134; (189)

® Checking of decay scheme is urgently recommended.
# Isotopic abundance not accurately known.
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Cross-sections (mb)

Isotopic
Reaction abundance Ti 14. 1| MeV 14.5 MeV References
(%)
PBuo(n,d)?5zr  23.78 65.5 d 8.1+ 1 189
1000, (n,d)%72r 9.63 16.8 h 25 + 15 92
[14 + 6) {286)
9970 (n o) 96N 23.4 h 2,02 + 0.22 122
1c"'llu(n,d')“:’lm': 18,58 14,6 min 130
103 gh (n,&)1%%Te 100 17 8 350; (351)
1%pa(n, )%k 27,33 3054 5.6 + 0.7 189
108p4 (n ) 1%y 26.71 4.4 b 2.6 + 0.4 343
2.6 + 0.4 189; 333
2.6 + 0.5 346
1% (1) %7Ru 11.81 4.2 min 13.8 + 6.2 221
109, e (n.x)1%nn s8.65% 2.2 n 12 + 3 214; (164)
10604 (n,x)1%%pa" 1,22 17 9 {100 + 40} {324]
11204 (n,d)1%%a 24.07 14 n 2.6 + 0.3 18; 324; (348)
3.1+ 0.3 18;
3.3 + 0.2 18
a0y n,0) 118pd® 25,66 22 min 0.5 + 0.1 3245 347; 348
111mp,® 5.5 h 0.15 + 0,05 324; 347
Win(n,g)!1%g 95.72 3.2 1 2.8 + 0.5 216; 329; (32%)
2.6 + 0.3 345
13850 (n,0)1198ca 24.03  53.5 n 0.95 + 0.06 18
1.1 + 0,08 18
1.15 + 0.1 18; 345
115mp, 43 4 0.3 + 0.1 345

1247 (n, ) 12850 4,61 27 n 0.76 + 0.15  346; (198)

1260 (n o) 2380 18,71 120 4 0.8 + 0.1 148

123mg
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TABLE II (cont, )

Cross-gections {mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14. 5 MeV 14.9 MeV References
(T}
1287e(n, ) !2%®50® 31,79 9.4 0 0.53 + 0.11 324
125m5,9 9.7 min 0.45 + 0.1 148; 198
1300 (n, ) 127855° 34.48* 2.1 1 0.39 + 0.08  329; 346; (198)
127 100,00 12485 ® 100 60.3 d 1.5 + 0.5 132; S4h; 345
124mg), 20 min 1.5 + 0.2 252;
33ce(n,d)!?°1 100 12.3 n 1.0 + 0.3 342; 343
1.9 2 0.3 189; 329
2+ 0,5 1325 340; (49)
13884 (n,q)17%8xe* 71.66 9.15 h 3.6 + 10 91; (111)
{2.0 + 0.23 [189])
135mye 15.6 min 0,55 + 0.05 189; (111)
13908 (n,d)13%ce 99,91 12.9 d 2,0 + 1 329; 330
1.45 + 1 132; 317
140ce(n,d)13™pa 88,48 2.55min  12.1 & 1,15 39
11 + 1.1 39; 221
10.5 + 1.1 39; 3175 (132)
14920e(n,q)13%a 11,07 82.9 min 6.5+ 1 189; 329
6+ 2 317; 340
19204 (n, ) 3%8ce 27,11 140 d 104+ 2 317; (219)
139w, 56.5 s 2+t 317
tabya(n,g)ttce  23.85 32,5 4 9+2 336
<15.5 132
1464 (n, )1 7ce”  17.22 33.4 h [2.6 s 0.3) [320}
{8.3 + 2.0) (317)
14844 (n,a)t5ce  5.73 3.0 min 541 317
Whog(n,g)tna  3.09 2.5 b 11 339
1525u(na) 490 26.72 1.7% n 943 221; 317

15%m(n,4)5Ng 22,71 12 min 943 317
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TABLE II (cont.)

Cross-sections (mb)

Isotopic
Reaction abundance T, 14. 1 MeV 14. 5 MeV 14.9 MeV References
(%)
148m, D
151g,{nal)” TP 4o gp x1.8 4 19.1 + 3.6 336
153gu(n ,d) 3%n s52.18 2.7 942 338
15660 (n,d)*%3se 20,47 46.8 b 8.5 + 1.3 336; (329)
158ca(n,d)1%5se  24.87 22.4min  P.4 + 0.4 336
2.18 + 0.52 132
160ca(n,0)*57sm  21.90 3.5 min 241 317
159 15(n ) 5%8u 100 5.1 d 2.2 + 0.5 330
162p (n,) %% 25.53 18.56 h 3.56 + 0.36 329
164n (n, o) %60 28,18 .6 min (0.9) {220}
64 1.5 132; 317; 338
l65“0(“,«(,)162‘1‘\9 100 7.5 min 1.2 + 0,4 336
68 (n, ) 19%B0y® 27,07 235 m 0.5+ 0.2 317
165y, 1.26 min 1.0 + 0.2 317
7% (n,4)1%7Dy  14.88 4.4 min 1.0 + 0.2 317
176yn(n, 1M %er  12.73 12 min 0.2 + 0,05 337
8, (n, )17 27,14 §,2 ¢ 2,14 0.2 141; 329
1804 ¢ (n, 31771 35.24 1.9 n 2.2 + 0.2 1a1;
184 (n, ) 78u 99.99  30min 0.5 + 0.3 333
[0.14 + 0.04) [33a)
1768, 4 20 min 1.2 + 0.2 333
{0.3 + 0.1} [334)
186y (n,a)18%ne'  28.m1 63 min {0.85]) 0333)
fz.5 1) [e40]
187he(n, ) % s 62.93 8.7 h 0.9% + 0.15 329
190 (n,x)1%7w  26.4 23.8 h 0.5 ¢ 0.1 216; 329
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Cross-sections (mb)

Isotopic
Reaction abundance T! 14. 1 MeV 14,5 MeV 14. 9 MeV References
(%)

199 (n ) %% 37.3 16.8 h 2.43 + 0.3 329
19%pt (n,d) %08 32.9 15 a 1.26 + 0.25 329
19654 (n,q)1%%00  25.3 31 h 0.55 + 0.11 329
197 su(n. ) 1%1r 100 17.4 b 0.27 + 0,02 18

0.35 + 0,02 18; 329

0.45 + 0.02 18

2°°Hg(n,¢)197n® 23.13 18 b 0.2 + 0.1 294

1.77 + 0.4 329
20240 (n,o)19%t  29.8 31 min 1.0 + 0.4 329
20341 (n,a)%%%u  29.5 48.4 min 2,2 + 0.4 135; 331; 332; (329)
20501 (n,o)2°%au  70.50 30 s 0,75 + 0.35 240
2065y (n,)2%%Hg  23.6 46.9 d 2.7 + 0,04 324
208py(n,d)2%%ng  52.3 5.5 min 1.58 + 0.2 329
20983 (n 5)2% M1 100 4.3 min 14+0.5 330; (329)
230 (n,0)%%7Ra - 41min 0.6+ 1.2 329
238y(n, ) 2%’ 99.27 6.9 min {1.5 + 0.3] (329)

fo.6 + 0.15]

{328)
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TABLE III. 14-MeV (n, 2n) CROSS-SECTIONS
Isotopic Cross-sections {mb)
Reaction abundance ".‘k 14.1 MeV 14.5 MeV 14. 9 MeV References
(%)
n, 201N 99.6337 9.9%mln 6.1 £ 0.4 373 473 643 783 1223 (15); (103)
7.0% 0.5 475 78; 87; 88; 2215 257
8.2 2 0.6 78; 104; 128, 225
19p(n, 2n) 188" 100 109.7 min 47E4 15; 37; 64 78; 88; 216; 236; 2824
321;
55+ 4 87; 2215 2573 258; 2825 319°
60%5 703 78; 825 205; 282; (307)
18m, 13810 s ?) 27%03 s
2ha(n, 1) %%Na 100 262y 28%2 1853
{13.8) 2Ll
ot 3 [185)
sh ts 185; 205
2Tp1 (n, 2n)26M 200 6.4 8 € 0.17 84
3p (n,2n)P% 100 &5min 5.1 6us
' [12.43 ey 9
10.9 % 0.8 257
10,0 1 1043 1273 1283 159; 225; 247y 466)
3501(".2")}“501' 75.529 1.57 s {1.7 £ 0.3) Ta61)
{2.8 f 0.5) {2751
EG.O = 0.6] 1)
7.3 %4 247
gy 92.0 min [3.47 2 1,56) 221]
f5.42 £ ).11) 7]
612 275
0.2 227)
7.6 5 0.7} Fsﬂ
1 2 165; 248)
3%(n, 2n) 88 93.10 7.7min  2.5%0,3 24; 373 295; 464
3.5 20,3 232; 2573464
5.1 = 0.5 375 1613 165; 225
30, 0.5 8 0.8 L 0.2 161
i (n, 2n) 10 6.8 204%23mm? % %6 5
40¢a (n,2n)3%a %.97 0.8 s 6y 63
8ca(n, 2 Tca 0.185 4.sta 900 & 108 25
920 £ 180 139
1070 2 360 138} (207)

* m decays with 100% to g (T'}/2 > T’,“/z)‘
t+ No value recommended.

Note: Handwritten numbers 1) ta 21) cefer to the List of comments which follows this table (page 129).
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TABLE III (cont.)

Cross-sections {mb)

Isotopic
Reaction abundance T, 14. 1 MeV 14.5 MeV 14. 9 MeV References

(%)

Benom™Be ?) 10 won w0l 145 643 164, 246
182215 143 246
199 + 20 145 49; 2143 (165); (2u8)
Mg 2.4 4 127 2 12 145 2463 (231)
149 ¥ 12 145 2465 257; (231)
155 £ 15 145 2143 (231)

1+

1 38; 643 246
02 2465 257; (87)
50 - 4 38; B2; 22h; 238; 246

U6y (n, 2n) 4504 7.93 3.08h 135

50cr(n, 2n)49%cr 431 42 min 1015 61
[26.4 2 2,2) {7}
PR 165; 2143 26555 287; 461, (66)

52cr(n, 2n)%cr 83.76 27,84 218 ¢ 20 433 314
8L u3; 255

55(n, 2n) 5% 100 3034 855 £ 60 27; bh; 223 308; (126); (314)
890 = 60 2233 11
850 £ 60 26; 205; 223

54Fe (n, 2n)5%Ere" 5.82 8.5min 10,5 %1 9; 123 59; 14k 213 (273)
155%1 12; 81; 87; 144; 257;
222 1443 (65); (95); (255)

e 2.5 min fo.84 2 0.15) [255) %)

56Fe (n,2n)7%re 91.66 2.6 yr 440 £ 90 34

"~

5%o(n, 2n) 580" 100 714 655 % 50 32; B0 60; 693 973 126; 223; 305; 312;

13 @n;’aid); (an’
7202 50 69; 97; 223; 312 (112); (219); (311)

735 : 55 695 97; 223° 312; (112); (155): (219):
€. HE 5 ’ * '

Somg, 9.15 h w283 4oy 973 (219); (367)
402 & 5 973 3113 (81); (219)
b3ty 97; (219)
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Isotopic Cross-sections (mb)

Reaction abundance Ty 14. 1 MeV 14. 5 MeV 14.9 MeV
(%}

References

5841 (n,20)5 Tt 67.88 3.0 h a5t2
31.0 22,5

923

39; 85; 119; 222; 2863465 ;
(251)

85; 87; 119, 222; 246; 257
ug3; U65 3 (19); (221)

263 39; 119; 222;
Sibiueh 1 tasads Chroesen

63cu(n, 2n)6%cu 69.09 9.76min 480 % 20

522t 20

585 1 25

33; U3 74; 85; 88; 9}. 110,
119- 171' 18}, 18u-
2"1- 259- 2703 32}'
(610; 783 109)

T4s 87y 93; 1195 184; 221
228; 310; h10; (u6; 78)

T4 76é 83; 85; 93; 119;
128; 1845 2283°256; 287;
(78- j04; 2259

¥

27.

50u(n, 2n)8%u 30.91 12.8 b 913 ¢ 50

975 ¢ 50

35; 4h; 85; 93; 110; 216;
217; 2b2; 2u1; 2u6; 2Td;
327; (78} 323

85; 87; 93; 216; 222;
8 257- 358; 2705 3113

85 %; 119 222;
236 8; 255; 2743 267,
3063 307,

642n(n, 2n)632n 48.89 B.hmin  119%9

165 * 13

35; 44; 643 113; 170; 222,
282; 312; 323; (74)

87; 113; 222; 257; 259;
251' 282; 312

493 883 2223 255, 282;

né 3875 (1u;486

662n(n, 2n)852n 27.81 245 a4 620 X 60
650 £ 60

44y 313
883 261
4u; 255; 308

T02n(n, 2n)6%zn" 0.62 57 min 1307 £ 130
697y, 13.5h 600 £ 40

T84 2 100

88; 161
261
161; 255

6304 (n, 2n)5%a 60.4 68.2min 850 £ 80

1070 £ 90

37; 643 473
313 57; (221)
37; 88; 165; 466

Tl0a(n,2n)"%a 39.6 21.1 min fro0 * 1006)

{221]
(881; (165)
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TABLE III (cont,)

. Cross-sections (mb}
Isotopic

Reaction abundance T, 4.1 MeV 14. 5 MeV 14.9 MeV References
(%)

7%e (n, 2n)65%e 20.52 39 h 508 £ 4o 246
610 2 50 221; 246; 255; 257; 321
700 £ 50 2463 (165)

"2e(n, 2n) e Z7.43 2w Y 487 £ 50 458

Tége(n, 2n)T5%ce* 7.76 83 min 1157 £ 100 219; 288
1210 ¥ 100 219; 3215 (221)
1232 ¥ 100 165; 199; 219; 288
e 18s o1t * 8o 1; 219
%7 % 80 1; 219
1042 ¥ 8o 3 219; (199)

[Ty

75As(n,ai)7“5As:e 100 17.74 1020275 395 U3; 1265 145; 2463(250)
1060 £ 75 2u6; 302; (221)
1085 ¢ 75 39y 43; 88; 145; 2u6; 255

e (ny2n)8se ©) 0.87 7.4h 140 * 20 2; 4oy b
185 £ 30 27; 301
20t 2; 4Oy 1443 (154)3 (226)
T, §) 42 min 165 * 4o 23 403 144
210 = 50 257; 301
2% ¢ 55 2; 403 1045 (226)

T6se(n, 2n)T%se 9.02 120 d 845 £ 60 105
808 % 81 301
94 2 65 1455 (226)

Bge(n,2n) e ©) 2.5 175 760 £ 70 63; 2265 268
8ok £ 70 63; 226;
885 * 70 63; 2263

g R

805e (n, 2n) T90se 4g.82 3.9 min [s80 * 100) £301); (1)

(125 § 10) {200)
{255 = 20) {22613 (1)

82e (n, 2n) 8185 9.19 18 min 225 % 45 301
M55 28; 134; 226; (200)
8img, 57 min 89t £ 89 3013 (221)
960 2 50 1343 226; (154); (200)

@ Checking of decay scheme is urgently recommended.
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TABLE III (cont.)
Isotopic Cross-sections (mb)
Reaction abundance Ti 14.1 MeV 14.5 MeV 14.9 MeV References
(%)
T98r(n,2n) 88 50,337 6.4 min 862 & 50 1; 64; 1715 219; (59)
932 60 1; 219; 2573 (221); (302)
1010 £ 50 13 128; 209
815 (n, 2n)3%er 19,463  17.6 min 390 £ 39 115 219
410 2 41 219; 286
w30 ¥ 43 943 128; 209, 219
80mg,. 4t n 719 £ 94 335 (111); (219)
730 % 80 33; 257; 286; 302
750 £ 50 1283 209; (219)
e, 2n) T Tke 0.354  1.2h 245 £ 20) [175)
80%r(n, 2n) "9kr* 227 W.9h 810 £ 60 175
™ 55 8 5 * 50 175
82r(n, 2n)81mKr 11.56 138 160 ¢ 15 175
88xr(n, 2n)85m%r 17.31 "R 350 ¢ 3% 175
8580 (n, 2n) 848" 72.15 334 [y £ 72) {2461
L3
g 1 {64 ¢ 58] [437; (88); (293)
{1093 ¢ 79} {310)
1509 * 763 (2u63; (286); (293); (302)
L1530 £ 77} 246)
Eaily B
ik B
1
By, 21 min [ 2 21) )
78 £ 48) 302)
I (310)
74 T 28) 43)
926 & 61 210)
[714 £ 50 149)
87Rb(n, 2n)B68m>" 27.85 18.74 1170 £ 503 L246
t N )]
1394 ¢ 139) f2641; (293)
1202 ;' 60) {246)
[1832 t 276) [310); (286); (293); (302)
baie, [
6! 1.0 min Eﬂm 172 E1H9J; (210)
f 932 2 150) 210)
584 £ 1) 149)
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TABLE III (cont.)

. Cross-sections (mb)
Isotopic

Reaction abundance Ti 14. 1 MeV 14. 5 MeV 14. 9 MeV References
(%)
845p(n,2n)83 1 0.56 3h fw2 2 7y 24635 (39)
[u82 * 80) (502}
£330 ¢ 50 (286
[166 £ “8) . [2u6)
{395 H 153 (149)
(140 803 Ezug
(181 = 9) 24635 (39)5 (165)
865 (n, 2n)B5m*gsr 9.86 65 a 4) 787 ¥ 50 213; 2645 4563 (88); (286)
1060 ¢ 105 210; 264
85mg. 70 min 20t U563 (213)
aur i 302; (286)
216 2 %0 149; 210; 264;
885y (n, 2875 &) 82,56 2.8 h 222 %15 37; 456
(225 t 2u) (2863 302)
354 2 3 149; 2103 (354)
89y(n,2ny88y 1°) 100 108 d 850 % 15 202; 2643 425; (126)}
(213); (293)
930 % 8y 456; (286); (118)
1015 £ 70 88; 1615 254; 264; 459
Pzr(n,2n)®%2e" M) 5186 78 n 630 & 15 25 2463 262; 264
714 £ 50 2; 2u6; 257; 315; (286)
790 % 50 2; 1613 2103 246; 2543 2643
(149);" (199); (210)
Bomp, ¥ s2mm iy
. s 262}
nzsg fz)
179.5 £ 5.6) [221; 315)
[138) 2
By 12 493
Egg 115 fz; 149; 1615 264)
= 20 [1993; (210)
%zr(n, 2n)%2r 2.80 65.5 d 1456 * 8o 35
1529 % 141 4
I
B (n, )92 ) 100 10.2 4 4o £ 30 229 2643 293; 304
480 * 30 118; 229; 293; 315; (286)
450 & 30 30& 493 149; 1717 229; 254;
45 473
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TABLE III (cont, )

Croes-sections (mb)

Isotopic
Reaction abundance T, 14. 1 MeV 14. 5 MeV 14. 9 MeV References
(%)
Py, 20) TN © 1586 15.5min 135 £ 10 2; 873 92; 1445 323
170 £ 13 23 8Ty 144y 2213 315; (46)3
(257)
155 % 15 2; 4g; 83; 2105 2483 255;
(138); (181); (s1)
imy, 658 7.8%1 2
13212 25 315
1715 2;7161; 2553 295; (94); (134)
(510); " (208}
Fmotn,2n) o 9.04 6.9 h 3%y 115
10015(n, 2n) M0 9.63 66,7 h 1510 £ 180 92
{203 1 210} 1286)
1389 = 84 315; (221)
{1910 $ 1013 [165)
1762 ; 200  {88)
1390 X 60 255
%Ru(n, 21) %R 5.51 1.65 h 774 £ 66 b
[610 2 50) [189; 257}
870 ¥ 50 303 2643 (130); (221)
%BRu(n, 2n)9Tru 1.87 2.9d 1169 £ 95 35
%% (n,20) 193y 18.58 .54 1460 % 145 »
1440 * B0 315; (130)
101 o
3Rt(n, 2n) 102, 100 206 @ 563 £ 4p 229; (293)
530 % 40 229; 315
® “ (6% * 67) t3od; " 203
102n, 2.9yr 832 30 229
800 ¢ 27 229; 315
102py(n, 2n)1%%py 0.96 8.3h . {637 £ 15) f315]
1030 £ 105 30
108py (1, 2n) 1070y 2.7 2 517 & 80 210
1 109g.4* )
Opa(n, 2n) 1090 181 13.5n 1975 & 140 % §21; 315; (36); (199)s
10955y 4.7 min 498 % b5 30; 315
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TABLE III (cont, )

BORMANN et al.

Isotopic
abundance T,

(%)

Reaction

Cross-sections {mb}

14.1 MeV

14.5 MeV 14.9 MeV

References

107g(n, ) 206805 * 2 min

51.35

1050 4‘*) 8.34d

{1000 £ 1001

[852 £ 80}
818 2 75)

1000 * 100}
(889 ¥ 66}
{5200

601 3 90}
870 + 40)
(657 7 1002
{662 - 66]

6% m

{931

[2

[53?3 (64)3 (110)3(179)5(306);
g’ag 3 (221); (293); (323)

93

{257)
{6733 (221)
EIISS]

3073 (293)
2103 306; 307; (214)

1095(n, 2n) 19%8pg 18,65 2.4 min

80 2 B0

740 £ 80
740 2 80

93; 164; 306; 323;
(110); (179)

93; (67); (221)
93; 165; 2103 214

106ca(n, 2n)195ca 1.215 55 min

640 & 60

928 2 85
980 £ 1003

(260); (43)
188; 257; 260;
f260}; (43)

108cd(n,2n)1%ca 0.875 6.5n

{504 * 4g)

95 * 85

[324)
3155 349

110c4(n, 2n)1%9%a 12,39 453 d

1221 ¢ 150

315; 349

11204(n, 20) 11 g 24,07 49 min

624 L 75

fr2s £ 503 ©)
576 £ 69

65
315}
465

16c4(n, 2n)115%8ca 7.8  53.5h

115111{”

434

850 < 70

760 % 60

790 ¥ 80
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TABLE III (cont, )
. Cross=~sections {mb)
Isotopic
Reaction abundance Ti 14. 1 MeV 14. 5 MeV 14. 9 MeV References
(%)
1131n(n, 2n) 112810 ) 4,28 14,4 min 316 £ 40 4623 (131)
3202 25 2113 2673 (176)
4
112m, ¥y 21 min 1317 ¢ 62; (1318 (gu)
1450 £ 100 211; 267; (176)
112m+gr, 1527 £ s6) [131)
1633 & 213 62}
{1790 £ 150) 267)
1753 £ 110) 211}
1540 ¥ 140] 176)
1151n(n, 2n) 11481 %5.72 728 25 131
323 ¢ 50 2113 247; 2485 267; (176)
tkmy, 50.0 ¢ 1557 * 100 246
1515 2 100 1313 2463 (116)
1515 £ 100 265 211; 2u6; 2M8; 267;
(176 )H (205)
U250, 20)1Men %) 0.6 % min {1200 ¢ 150} [u3; 88; 260);
(1673 (293)
{1300 2 150) [187; 2573463 )
{1400 * 150) {435 260)
114gn(n,2n) 115850 * 0.66 1154 Fzsg ¥ 130] 15)
) 1800 = 100) 87}
118gn(n, )11, &) 24,03 1 a 966 * 100 1875 315
{1230 = 340) t51]
1208n(n, 2n) 1%, 8.5 25 a 14y £ 210 167
1225, (n, 2n) 121850 b,72 ZTh 875 £ 135 187
1245n(n, 2n) 12560 5.94 129 4 900 £ 180 167
123ng, 40 min 547 & 23 187
12154(n, 2n) 12080 *’) 571.%5 15.9min 1010 £ 80 435 1625 1713 259;
(39)5 (F8); lash)
1080 £ 90 1713 257. 259; 315;
(18); (221)
1110 £ 90 43; 1623 1655 2113 (78)
120mg,* 5.8a 432 % 4 162]
Esn : gﬁ; E‘m
tuzr t 203 o151
g 211]
64 1 1321 62)
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TABLE III (cont,)

Cross-sections (mb)

Isotopic
Reaction abundance T‘ 14. 1 MeV 14. 5 MeV 14. 9 MeV References
(%)
Bsy(n, 2128”1 w275 2.68 @ 1706 £ 120) Em
10) 1263 & 1}5] 3)
qus %312 221}
1542 < 80} 315)
f1z70 2 100 43, 457, (165,211)
122ng, 42min 4T %79 u3
™in %8
686 ¥ 60 217
f1013) {199)
1207 (n, 2n)11%re 0.089 16 h 685 £ 100 148
119 574 535 £ 85 148
1227¢(n, 2n)12g7e 2.46 174 725 £ 40 315
750 ¥ 100 148
121mpe 154 d 890 ¢ 100 315
530 £ 80 148
1287 (n, 2n) 1237 &) .61 114 980 £ 100 15
1287e(n,2n)127eTe 31.79 9.4 h 780 % 60 30; 2215 315
660 ¥ 50 36; 1343 148; (198)
Im'ne 109 4 940 2 100 305 3153(148)
30t (n, 201 £ 120y o
1 2n 48 69 min 99 = 120,
(n2) H " %12 § 501 0]
570 = 30 15)
564 £ up 34)
Esso s ; Eﬁ:
(i35 2 507 4835 (198)
1230y, t 34 4 {1000 £ 61 303 (51)
Tsss 2 Msg 153

528 % 1003 {198); (148)

(33); (192)
127 (n, 2n) 1% 100 12.8 4 1649 & 8o 3155 (221)} (310)

1650 & 140 263 132; (252)

124 (n, 2n)123%e 0,096 21n 1130 £ 110 175

12640 (n, 2n)1%%xe" 0.00 16,8h 1355 £ 165 175
12y, 558 700 £ 200 175

e e e G S e G e e e e e W . e mm e e e e e o e e e e e e e e e A e
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TABLE III (cont, )

Cross-sections (mb)

Isotopic
Reaction abundance T, 14.1 MeV 14. 5 MeV 14. 9 MeV References
(%
1284e (n, 2n) 1 27eye" 1,919 6. a 153 % 170 175
12Tmye 70 e 8u0 £ 65 175
130xe (n, 2n)129mxe &) 4.08 8.0 d 1435 & 130 175
Ve, i3ime ) .80  11.84 5 £ 65 175
134%e (n,2n)1338xe" 10.41 5.65 d 2360 £ 2u0 175
133mye 2.2 d 665 % 80 175
1byg(n, 2n)1358xe" 8.87 9.15 b 1700 £ 100 175
135my, 15.6 min 750 £ 50 175
1
133cq(n, 2n) 1325 100 6.5 4  [1450 & 130) [53; 3043; (216); (241)
1520 110 216; 310; 315
1600 £ 110 132; 253
B, P 6) 0o’ 22 n 135, ™) 1371 £ 70 315
13284 (n, 2n)131pa com? 124 1574 £ 100 315
14 (n, 2n) 13308 2427 891 783 & 56 35
940 £ 8o 317
1%pa(n,n)1%5me 6)  7.81" 8.7 {1149 * 8o} 5)
[700 2 80) 3173
1384 (n, 20)13Tmpg ©) n.6" 2.5 min 1020 % 70 %
1048 100 28
1250 £ 100 317
136ce(n, 2n)1%ce 0.193  17.2h 1318 £ 90 315
138ce(n, 2n)137mce 0.250 MM h 958 £ 100 ns

ST e e e e e e e ot m e e e e o e e e mE e e - o o e e - - -

# Isotopic abundance not accuratcly known.



124 BORMANN et al,

TABLE III (cont.)

Cross-sections (mb)

Isotopic
Reaction abundance Tg 14,1 MeV 14. 5 MeV 14,9 MeV References
(%)
140ce (n, 2n)13%8ce" 88.48 140 d 1600 % 120 435 4535 (91)
[1593 130 [315)
1760 * 110 u3; 993457 3 (317)
1390, 56.5 s 1240 ¥ 120 39; 915 24
1200 % 110 39; (206)5 (315)
1160 T 120 39; 2475 317
142¢¢ (n, 2n)141ce 11.07 32.5d 1695 £ 102 u3
1730 170 315
1850 ¥ 160 433 993 317; 457
141pn(n, 2n)140pr 100 3.4min 1800 ¢ 140 43; 913 171; 260; (64)
1840 % 140 1713 2213 257; 2603 (206)
1860 * 150 b3: 1045 2605 327466 ;
(185)
14244(n, 2n) 14 080" 27,11 2.5h 1640 ¥ 130 5(91)
[2015] . e
1640 = 130 30; 206
Gu11} [257]
1640 2 130 3 129
(2060 173
1l
N 64 s 670 % 60 913 452
610 % 60 50; 206
674 X 70 129
1484 (n, 2n)14Tna 5.73 1.14 1626 £ 200 us2
[2160 200} [317]
15084 (n, 2n)149Na 5.62 1.73h 1728 £ 276 206
[2200 % 3007 £517)
g (n, 2n)1438an" 3.09 8.83min 1380 ¢ 138 43; 91; 260; 452
1478 £ 148 206; 257; 260
1620 £ 162 20; 43; 1635 260; (326)
Wing, 6 s 550 £ 50 u3; 4523 (91)
540 £ 70 50; 206
(800 * 200} (10; 94; 1613
15%sn(n, 2n)1535m 2.1 46,8 n f2250) [221]

1500 = 300 316; 317
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TABLE III (cont.)

Cross-sections (mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14.5 MeV 14, 9 MeV References
(%)
151pu(n, 2n)150mgy, 47.82 12.6 h 540 X 70 165; 284; 317
153Bu(n, 2n) 15201y, " 52.18 9.3 h [652 £ 90) (452
[164 % 25) [165)
f750 & 200) (317}
5
%2, %min (o1 12] tis2)
15464(n, 2n)15304 2.15 %2 g 1855 £ 140 99
16964(n, 21)15%a 21,90 13,56 h 1675 £ 160 us2
[1470) f221)
1660 £ 170 132; 165; 317
15975 (n, 201580y, 100 10,5 8 [524  70) {452)
{160 & 19) {50]
{1250 £ 300) {au7]
156py(n, 2n) 1550y o.osz4? 1c.2n 1943 £ 194 220
158py (n, 2n)157ny 0.002% 8.6 n 2047 £ 205 2
160py (n, 2n)15%y 2.294 144 d 2015 £ 120 9
16555, 216, D 100 Bmin D 1050 ¢ 100 280
® 1120 ¥ 150 99; 205; 288
16lamgyy; 2imin(g) 1780 % 140 280
) 1740 § 200 43; 268;
{2110 = 300) 993; 165); (36)
16265 (n, 2n) 161k 0.13 3h 1870 £ 300 us52
1750 £ 120 132
166pr(n, 2n) 165 3.8 10.3 h 1965 ¢ 155 99
1000 £ 4001 i
1685 (n, 2n) 167y YY) aam 238 {1080 % 100} ts33
{190 £ 21) [50;
1125  92] {63,
103 - o} (268)
{6% % 110) 47}
973 ¥ 120] 63)
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TABLE III (cont.)

Cross-sections (mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14.5 MeV 14.9 MeV References
(%
10%r (0, 2n)16%r 14,88 9.5d 1895 ¢ 133 284
{1200 ¥ 500} 17}
169mm(n, 2n)168m 100 93.14d 1030 * 400} [293)
2000 t 115 %
170¢p(n, 2n) 1690 3,03 324 2080 £ 110 9
1765 (n, 20) 1750 12.73 101 h 1810 £ 130 2843 (165); (317)
M5, 20t Pen®  grm 3.6 yr 250 9
17k, 140 d 655 £ 55 993 (317)
1T40(n, 20) 1 0r 0.18*  23.6n {860 £ 60]) [141)
1764¢ (n, 2n)175ur 5.20 70d 2000 £ 100 141
2220 £ 115 99
e (n,an) 0 6) 13,75 438 %80t 100] [}
Whe(n, )19 ©) 3520 18,68 f690 £ 70) £268)
(570 2 503 tau7)
8o, %) s
1814 (n, 2n)1800py 99.9877 8.1 h 140 ¥ 80) f"" 263
2074 < 47} 327)
1825 2 90] {54)
1130 3 80) {u3; 246)
1810 £ 100} [s4d; (221
1820 £ 100) B (239
182y(n, 2n) 181y 26,41 130 ¢ 223 * 150 99; 102
B, 183w &) 0.6 538 0t} (A7) (325)
186w(n, 20) 18584 28,41 74 2200 230 102

185my 1.6 min 540 8o 2405 247
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Cross-sections (mb)

Isotopic
Reaction abundance T! 14, 1 MeV 14, 5 MeV 14.9 MeV References
(%)
185Re (n, 2n)184ERe 37.07 8d  [1910 ¢ 6og™) [160]
1430 & 220 468
184 1654 %) [zt g™ f160]
260 £ 100 468
187Re (n, 2n)186pe 62,93 % h 1440 £ 410 160
1580 * 160 165; 468
19208 (n, 2n)19180s" 41.0 15 d 2233 ¢ 199 30
1993 ¢ 200 135
2120 £ 220 320
1
Mg 13n 831 £ 116 320; (A7W)
91n(n, 2n) 1902y 3.3 n2n 164 £ 1 30
204 ¢ 20 s 2653 (16
. . 30; 255; (165)
Feom 11.0 & (g) 1960 2 230 30
1723 2 130 99; 255
19310(n, 20192 M) g2y ™2 d 2062 t 121 25
192pt (n, 2n) 191py, 0.78 3.0 d 2035 £ 150 135
2026 L 168 =5
1%6pe(n, ) 15B% &) 55 414 %0t 55 135
198py(n, 2n)197Epe .2 18 h 1128 ¥ 125 3 (135); (221)
1030 ¢ 160 255; 320; (200)
197mpy, 86 min 1080 £ 90 30; 135
980 ¥ 100 200; 255; 320
197 putn, 2n) 196600" 100 €.24a 2503 & 120 2063 (155 1233 293); (469)
2270 ¢ 120 1353 2u6; (2213 293)
2250 £ 120 99; 2463 255; 307; (200)
1%, 5.7h 1367 2463
[175) 293}
13 £ 10 135; 246
210 Boh
7 %10 ; 246
Fosed 5



128

TABLE III (cont.)

BORMANN et al,

Cross-sections (mb)

Isotopic
Reaction abundance Ty 14.1 MeV 14.5 MeV 14. 9 MeV References
(%)
1968g(n, 2n) 1958 0.146 9.5n  [<1100} [294)
363 L 54 135
195y, 10 n {2060 * 70) [294)
1617 ¥ 160 135
19840t 2019780 10.02 64,14 h g40 2 100 294
1125 £ 100 135
1010 ¥ 140 255, (99)
19Ty 23.8 h 900 £ 70 294
885 ¥ 8o ) 135
910 £ 85 255
3
0 (n,2n) 199 ) 23.13 ¥3min 880 %60 294
789 * 120 135
20%g(n, 2n) 203 6.85 46,9 d 2060 £ 190 204
2050 £ 160 135; 456
2190 £ 150 99; 233; 55
20311 (n, 2n)202m 29.50 12,4 & {1350 ¢ 150) T246; 277; 293)
1950 £ 200 1355 (2u6; 293)
1850 £ 180 99; 2263233 ; (240)
2051 (n, 20)20%11 70.50 3.8yr 1990 £ 140 284
204pp¢n, 2n)203epp 1,48 52.1 h 1840 % 120 98; 202; 300
1740 £ 140 135
1840 * 130 88; 99; 161;226 ; 470
203gy, 6s [1260 £ 270) [¢h]
{1330 ¢ 2203 (€8]
1340 £ 120} ¢}
(860 * 180) [161)
206y (1, 2n) 205y, 23.6 4ms 1100 £ 200 17
208p(n, 20) 070, 8) 52,3 0.80s  1usk 100 £3; 281
1631 ¢ 150 633116
1700 T 150 €33 118; 161; (247)
209py (n, 2n)208p1 100 3.7109yr 2220 & 150 4; 15; 1063 123; 1823 266
[2420} [108)
208mpy * 2.6 ms Ez9o $30) 4T1)
630 = 120) 163 118)
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TABLE III (cont.)
Tsotopc Cross-sections (mb)
Reaction abu?;)ar.ce T, 14.1 MeV 14.5 MeV  14.9 MeV References
226Ra(n,2n)2%5Ra unstable 4.8 4 1600 £ 200 218
232 (n,2n)231m 100 5.6 h 1390 2 130 2305 2463 292
1320 ¢ 130 555 2U63 292
1210 £ 120 234; 2463 (326)
238y(n, 2n)237Ty 99.2729  6.754 750 * 50 125; 237; U543
680 * 4o 1255 230; u72
640 * 150 125; (11)
BTp (n, 2n) By unstable 2n 390 ¢ 70 2%
LIST OF COMMENTS TO TABLE III
1) Taken from Ref. 5.
2) Threshold energy exceeds projectile energy by more than 1 MeV!
3) See also Refs 88, 257 and 290,
4) Ref. 458,
5) Cross-sections are renormalized, taking into account the 73% isomeric transition of 42 min ™ Mge (see
Ref. 460).
6) Including that part of the (n,n'y) reaction with the neighbouring isotope that populates the same metastable
state,
T) See also Ref, 169.
8) Assuming 100% isome:ic transition,
9) Half-life of the cumulative o8 + 0,86 o™ decay.
10) See also Ref, 246,
11) Cumulative ground-state cross-~section: o8 +0.94 0™,
12) See also Ref. 133 (c™*8 = 1,35 b) and Ref, 246,
13) Half-life not accurately known.
14) See also Refs 87, 246.
15) The references cited mainlv differ in the separation of 0™ and o8 due to the similar half-lives.
16) See also Refs 246, 31¢.
17) Cumulative ground-state cross-section: of + 0,91 o™,
18) Contribution from '8 T'a(n, n* )18 M3 negligible. For Sm+g) see also Refs 15, 266.
19) Cross-section for the production of 2,2=d !*MRe.
20) Cross-section for the production of 50-d **8Re,
21) Without decay of the 161-keV 9211 isomer (half-life = 650 yr).
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Part 2
GRAPHS OF EXCITATION FUNCTIONS

(Range: 1 - 37 MeV)

ABSTRACT. Thecompilationisrestricted toexcitation functions that can be measured by actjvation techniques.
For practical purposes, mainly absolute cross-sections are needed; therefore, excitation functions given
only in relative units were excluded, As the excitation functions given in the literature frequently differ
for several reasons, less in shape but more in the absolute cross-section values, we desisted from deducing
mean excitation functions by averaging over the published data. Where there are significant differences in
the absolute values, the excitazion functions should be renormalized by using the 14-MeV cross-section
values given in Part 1,

INTRODUCTION

The last survey cn excitation functions of neutron-induced reactions
was published in 1965 [1]. In the meantime, a considerable number
of precise measurements on these topics has been performed, mainly with
neutrons of the 12- to 20-MeV region,

The following cornpilation is restricted to excitation functions that can
be measured with activation techniques, In particular, the excitation
functions of react.on transitions leading to single-energy states of the
residual nucleus — e.g. (n,ay, (n,a;) transitions — are excluded from
this compilation.

As to the intention of this compilation, the user is referred to the
introductory comraents of Part 1. The same applies to the nomenclature
of the reaction types and abbreviation symbols. In contrast to the procedure
used in the tables to derive the set of recommended cross-section values
for neutron energies of about 14 MeV, we did not want to deduce mean
excitation functions by averaging over or calculating from the published data,

The totality of the excitation functions presented here is to be under-
stood as a critical compilation that has been worked out in the following way.
Starting from some older compilations (Refs {1-3]) and using the CINDA
Report [4], all available published excitation functions were gathered
together. Often the excitation functions are published in graphic form only;
therefore, the graphs given here may contain small errors which arise
when estimating the values from the original graphs.

From this stock, first all those excitation functions were excluded
that were given in relative units only, This concerns mainly the papers
of Prestwood and Bayhurst [5] and Ferguson and Albergotti [6]. Second,
those excitation functions were omitted that showed strong and unexplainable
deviations from the majority of the other measurements for the same
reaction or that were in contrast to reliable theoretical calculations or
predictions (this applies mainly to some (n, 2n) excitation functions compared
with statistical model calculations). Third, excitation functions for the
small neutron energy interval 13,5 - 15 MeV were excluded because this
information is already contained in the tables of Part 1.
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The remaining excitation functions are included in the following
compilation, If more than one excitation function is given for a reaction,
these mostly concentrate around a mean value. In rare cases great
differences between two excitation functions can be found, usually, however,
not in the form but in the absolute magnitude. These excitation functions
should be renormalized by using the recommended 14-MeV cross-~-section
values given in the tables.

ACKNOWLEDGEMENT

The authors would like to thank Miss M. Brauer for her help in pre-
paring the graphs and tables.

REFERENCES TO INTRODUCTION

[1] JESSEN, P., BORMANN, M,, DREYER, F., NEUERT, H,, Nucl. Data_lé (1965) 103.

f2) LISKIEN, H,, PAULSEN, A., EURATOM Rep, EUR 119e (1968),

[3] BROOKHAVEN NATIONAL LABORATORY, Neutron Cross Sections, Rep, BNL-325, 2nd Edn (1966).

[4] CINDA 71, An Index to the Literature on Microscopic Neutron Data, published by the JAEA on behalf
of the four CINDA centres, IAEA, Vienna (1971).

[5] PRESTWOOD, R.]J., BAYHURST, B.P., Phys, Rev, 121 (1961) 1438,

[6] FERGUSON, J.M., ALBERGOTTI, J.C., Nucl, Phys. A98 (1967) 65,



FAST NEUTRON CROSS-SECTIONS 141

GRAPHS OF
(n, p) CROSS-SECTIONS

Excitation functions of (n, p) reactions for the target nuclei:

3He, 6Li, 12C, 160’ 19F, 23Na, MMg, 25Mg, 27A1, 2881, 31P,
32S, 345, 37(:1’ 39K, 41K, 4°Ca, 42Ca, 44Ca, 458(:, 46Ti,
47y, 48rpg 49y 50y Sly, 52Cr, Spe, 56Fe’ 59C0’ 58N-1'
60Ni, 65Cu, 64Zn, 66Zn, 69Ga, 75As, 74Se, 85Rb, BSSr, SBS!.’
89y, QOZr, 109Ag’ 106Cd’ lqu, 1271, 133Cs, 186W’ 1974 4
(The abbreviations of references (e.g. CO 50) are constructed

fiom the name of the first author and the year of publication,
A list of references is given on pages 270-272.)
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GRAPHS OF
(n,e) CROSS-SECTIONS

Excitation functions of (n, @) reactions for the target nuclei:

gBe’ HB, IQF, 23Na, 26Mg, 27A1, SIP, 345) 35C1, 37C1, 40AI‘, 39K,

41g, Oca, #Ca, 45Sc, S5V, 5Mn, “Fe, 5%Co, BCu, "As, Br,

85Rb, 89Y, 92Zr, %Zr, 93Nb, 112Cd, IISSn, 1271, ISSCS, 140Ce, 197Au
(The abbreviations of references (e.g. ST 57) are constructed

from the name of the first author and the year of publication,
A list of references is given on pages 270-272.)
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GRAPHS OF
{n, 2n) CROSS-SECTIONS

Excitation functions of {n,2n) reactions for the target nuclei:

12C, 14N, 160’ 19F, 23Na, 27A1, 31]?, 328, 35C1, 39K, 4580, 46Ti,

50 52 55 5 5 58.y: 63 65
Cr, "°Cr, "Mn, ‘Fe, °Co, %°Ni, ®cu, ®cu, %zn, %zn, *°Ga,

%Ge, ®Ge, ®As, “Se, "®Se, 0Se, "®Br, ¥Br, ®Rb, 8’'Rb, #Sr,
865y, B85y, 89y, 90y 9Ny, 9o Mo, %Ru, 14Ru, l03Rn,
l02pq, 110pq, 107ag, 10974 106Cd, 116Cd, 118In, 1151, 1125p,

lolgy, 123Gy, 1287 1307 127] 133Cg, 140Ce, M2Ce, Mlpr,
UoNg g, 1655, 168Ry, 1697y, 18lpa, 184y 19%0g, 1911,

198 197

Pt, Au, 203T1, 204Hg, 204Pb, 208Pb, 232Th, 238

U
(The abbreviations of references {e, g. BR 52) are constructed

from the name of the first author and the year of publication,

A list of references is given on pages 270-272.)
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NEUTRON SPECTRUM INDUCED REACTIONS
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ABSTRACT. A review is given of cross-sections averaged in a uranium-235 fission neutron spectrum,
The review extends to all integral measurements available in the literature up to April 1973 for (n, p), (0, ),
(n,2n) and (n,n") reactions. Whenever possible, the cross-sections have been renormalized to a standard value
of 1250 + 70 mb for the uranium-235 fission cross-section averaged in the thermal fission neutron spectrum of
wanium-235. Recommended values have been atmibuted. Furthermore, averaged (n, p), (n,o) and (n,2n)
cross-sections have been estimated for all stable and a few long-lived isotopes and are compiled in a separate
table.

INTRODUCTION

The fast component of a reactor neutron flux induces activity which
can be used for neutron activation analysis, but which can also interfere
with activity induced by thermal neutrons.

In both cases, a knowledge of the cross-sections averaged in the fast
neutron spectrum -s required. Since the shape of this fast neutron spectrum
changes from one reactor to another, and even from one position in the
reactor to another, one must refer to a precisely defined averaged cross-
section., For this the cross-section averaged in the uranium-235 thermal
fission neutron spectrum is used:

o

g =fcr(E) x(E) dE
0

where o (E) is the activation cross-section and x(E) the normalized flux
density distribution of the fission neutron spectrum ([ x(E) dE = 1),
Estimates of @ are made either by integral or differential measurements,
In integral measurements, the samples are exposed to fission neutrons, and
G is deduced from the measured induced activity and the determined fission
neutron flux, In differential measurements, o(E) is measured and G is
computed using various representations of x(E).
In the following, a review of integral measurements for (n, p), (n,a),
(n, 2n) and (n, n'") reactions, and an estimation of (n, p), (n,a) and (n, 2n)
averaged cross-sections for the stable and long-lived isotopes of the elements
from lithium to bismuth are given,

REVIEW OF INTEGRAL MEASUREMENTS FOR (n, p), (n,a), (n,2n) AND
(n, n') REACTIONS

In this review, we are interested in the compilation of all available data
rather than in a very precise assessment of a few reactions important for
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neutron dosimetry and/or fast reactor technology. This means that we shall
not discuss or analyse the discrepancies between differential and integral
measurements. For most reactions, the agreement between the results of
each method is adequate for our purpose,

We have chosen to review only the integral measurements, simply
because they are more numerous than the differential ones while at the same
time including practically all of them. Therefore, if not otherwise indicated,
the original values quoted in the tables are derived from integral measure-
ments. In some rare cases, where integral measurements are not available
or are too discrepant, we have used differential or calculated data.

In some integral measurements, great care was exercised in exposing
the samples to a neutron flux that was as close as possible to a thermal
neutron induced uranium-235 fission neutron spectrum. This was achieved
using fission plate or converter techniques, In most other cases, it was
simply checked that the reactor spectrum did not deviate ''significantly"
from a pure fission spectrum. This spectrum equivalence is true in general
for the energy range above about 1,5 MeV, Therefore, for threshold
reactions, the fission neutron spectrum is used as zero-order approximation
to the true spectrum, independent of reactor type and irradiation position,

Most of the integral measurements were made relative to a standard
reaction and have therefore to be renormalized for intercomparison. Table [
gives the most commonly used standard reactions and the values adopted in
this review, These values are taken from a report by A, Fabry (Ref.FA72),
which is an evaluation of experimental microscopic integral cross-sections
measured in the thermal fission neutron spectrum of uranium-235 for
29 nuclear reactions relevant to neutron dosimetry and fast reactor technology.

Renormalization

Whenever possible and if not already renormalized by Fabry, the original
data have been renormalized according to the standard values given in Table I,
For some less common standards, recommended values from Tables II, III
and IV have been used.

The renormalization is done by multiplying, for each reaction, the
original data by the ratio of the new standard value to the old one. Branching
ratios have not been taken into account in this renormalization. Errors have
been considered as standard deviations. Renormalized errors always include
the uncertainty in the standard cross-section used for renormalization.

In Fabry's evaluation a least-squares method is used to produce a
recommended set of fission spectrum integral data scaled to a unique
standard, which has been chosen to be the uranium-235 fission cross-section
averaged in the uranium-235 thermal fission neutron spectrum and for which
a value of 1250 mb has been accepted.

Fabry first renormalized experimental data sets of various authors to
his own experimental data set, for which a uranium-235 standard value of
1335 mb had been accepted. All the renormalized data sets, together with
Fabry's data set, were then scaled to a value of 1250 mb for the fission
spectrum averaged uranium-235 fission crosg-section.

Consequently, all renormalized values appearing in the tables are linked
to the uranium-235 standard value., Except for the values renormalized by
Fabry, the absolute errors on renormalized values include an absolute error
of 70 mb on the uranium-235 standard value.
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Determination of recommended values

Keeping in mind the practical use of these tables, we have decided to give
a "recommended' value for each single reaction appearing in the tables, even
if some values arzs of doubtful quality.

For the reactions which he has evaluated, Fabry recommends values
that are a weighted average of his renormalized and then scaled values., In
most cases, Fabry's recommended values are also ours, except for the
errors which, in our case, always include the error in the uranium-235
standard. These values are strongly recommended.

For the cross-sections not evaluated by Fabry a selection has been made
among the available renormalized values, A weighted average of the selected
values was then performed using the inverse of the squared errors as weight,
Averaged values of at least three renormalized values agreeing within 15% are
also strongly recommended. Both these values and Fabry's recommended
values appear underlined in the tables.

Other '"recommended" values are: either the average of discrepant values,
or the average of only two agreeing values, or no average at all for single
measurements,

Structure of Tables II, III, IV and V

Tables 1I, III, IV and V summarize the status of integral measurements.
For each reaction all data available in the common literature up to April 1973
are given, together with the standard used, if this is known or relevant, The
first column gives the reactions. In the second column appear the references
to the original values, which are given in the third column. The fourth
column gives the standard used by the author. The numbers in parentheses
refer to notes, a list of which is given following Table V, Renormalized
values are given in the fifth column and recommended values in the sixth,

The boxes drawn within the tables for some reactions contain the original
data and their renormalized values used by Fabry in his evaluation. The
result of the evaluation, Fabry's recommended value, given in the third
column, appears .n the last line of the box, attached to the underlined
reference FA72, Our recommended value, which is identical to Fabry's
value except for the error as explained previously, is given in the last
column, The dotted line within the box separates the measurements
performed with fission plates or converter (upper part) from the ones done
by exposure to pile n€éutrons (lower part).

The renorma.ized values selected for averaging are marked with a short
line on the right-hand side. The brace } collects the renormalized values
in an average recommended value, Absolute errors given in parentheses are
those that have been arbitrarily chosen when no error had been given by the
author,

ESTIMATED AVERAGE FISSION NEUTRON CROSS-SECTIONS FOR
(n,p), (n,a) AND (n, 2n) REACTIONS

Tables II to V are far from being complete and numerous cross-sections
required by the experimentalist are unknown, hence the need for a complete
estimation, Some publications give cross-sections which have been theoreti-
cally calculated (see, for example, Pearlstein's calculations (Ref, PL73)
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using an empirical model based on statistical theory for nuclides having 21
to 41 protons) or evaluated (see, for example, the evaluation by Pope and
Story (Ref.PO73) using the United Kingdom Nuclear Data Library for 64 data
files). But, so far, only Roy and Hawton (Ref, RO60) have attempted an
estimation covering all stable isotopes and a few long-lived radionuclides
from lithium to bismuth. Since the number of available measurements on
which the estimation is based has nearly doubled since 1960, we thought it
to be useful to review the values estimated by Roy and Hawton,

Basis of the estimation

Hughes (Ref, HU53) has defined a useful quantity E.;, called the effective
energy, assuming that the cross-section ¢(E) is proportional to the pene-
trability P(E) of the Coulomb barrier which confronts the charged particle
leaving the compound nucleus. In this case, the reaction rate, as a function
of the energy E of the incoming neutrons, is proportional to the product of
P(E) and x(E). Thus the spectrum-averaged cross-section is proportional
to the area under the curve x(E) P(E) in Fig. 1.

L I(E)
P(E)
FISSION SPECTRUM 1 (E}
PENETRABILITY CURVE PI(E)
/ 1
WEIGHTED PENETRABILITY

CURVE % (E) P(E)

0

Er Eett E
NEUTRON ENERGY

FIG.1. Egfs is defined in such a way that area A is equal to area B.
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As shown in Fig. 1, Ees is defined as the energy for which the area
marked A is equal to the area marked B, so that the area under the curve
x(E) P(E) is the same as the one delimited by x(E) and a vertical dotted line
drawn at Egf. At unit penetrability, the cross-section ¢(E) becomes constant
and equals oy, which Hughes' measurements have shown to be roughly
proportional to the surface of the nucleus. The cross-section o(E) can then
be written o(E) = a P(E) A%3, where A is the mass number and a is a constant,
The spectrum-averaged cross-section can then be written:

5 =f o(E) x(E) dE = a A%3 fP(E) x(E) dE
0 . 0
= g Az/an(E) dE
Eeff

The quantity §/A%/3 is proportional to the integral of the fission neutron
spectrum from Eeff to infinity, and it is then possible to predict an average
cross-section if the effective energy of a given reaction is known, The

1000.

(np) CROSS-SECTIONS

PRESENT WORK
—————— ROY & HAWTON

©7% CONFIDENCE  INTERVAL

O EVEN - A TARGET
® 000 - A TARGET

{mb}

F25
i

o 4

0.001

2 3 3 5 L] 7 L]

Eenr (MeV}

FIG.2. (m,p) cross-sections averaged in a fission neutron spectrum.
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FIG.3. (n,a) cross-sections averaged in a fission neutron spectrum.

validity of this very simple model was tested by Hughes' old measurements.
Later on, large discrepancies with more recent measurements have shown
the inadequacy of Hughes' model to predict average cross-sections,

Rather than trying to refine the previous theory, Roy and Hawton
(Ref.RO60) have looked for an empirical correlation between @ and E 4. For
each measurement, they have plotted the quantity G- 25/A2/3 versus Eef (Eeff
being obtained from Hughes' plots (Ref, HU53, Fig. 4-3)). The number 25
means that the cross-sections have been renormalized arbitrarily to a nucleus
of mass A = 125, for which A%?/3 = 25  The (n, 2n) cross-sections have been
plotted versus the threshold energy Er. From the line giving the best fit of
the experimental points, Roy and Hawton have then tabulated the estimated
cross-sections, The lines fitted by Roy and Hawton have a steeper slope
than the ones given by the integral of the fission neutron spectrum from
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FIG.4. (m,2n) cross-sections averaged in a fission neutron spectrum.

Hughes' model. Moreover, for (n, p) cross-sections, the data split along
two parallel lines, the odd-A nuclei having much lower cross-sections than
the even-A nuclides,

This compilation assumes the approach by Roy and Hawton to the measure-
ments presently available, All recommended values of Tables II, III and IV
have been used for the fit, except for the data marked with +, Relative errors
on data from a single measurement or on data averaged over two measure-
ments have been increased arbitrarily up to 20% whenever they were lower
than this value, This was done in order to give lower weight to the
unsupported measurements. The 20% arbitrary errors appear in Figs 2, 3
and 4 as dotted error bars,

Threshold energies Et have also been recalculated using the latest
Q-value evaluation (Ref, GV72); for exoergic reactions E1 = -Q, for endoergic
reactions Ey = -Q(A+1)/A, where A is the mass number of the target nuclide.
Several threshold values, for which Q was not evaluated, have been taken
from Ref, HW70. These changes in the threshold values resulted in corrected
effective energies,

Figures 2, 3 and 4 show the results, The shaded areas define a 67%
confidence interval, It can be seen that our best fits have consistently greater
slopes than the ones of Roy and Hawton, Except for (n, p) cross-sections of
odd-A nuclei, the dispersion of which is large anyway, our fit is not very
much different from that of Roy and Hawton.
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Table of estimated values (Tab.VI)

The fission neutron spectrum averaged cross-sections are estimated
from the solid lines in Figs 2, 3 and4, giving the best fits to the experimental
data, and are compiled in Table VI, together with their estimated relative
errors (one standard deviation), For those reactions where G is less than
0.1 pub, @ is simply given as < 0,0001 mb. No value is given for the few
reactions for which Eeff is less than 2 MeV, the validity of the estimation
being doubtful in this case. The recommended values of & given in Tables II,
III and IV should of course be preferred to the estimated ones.
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TABLE I, ADOPTED STANDARDS

Reactions G + AG (mb)
% Mg (n, p)*“Na 1,53 + 0,09
2 Al(m, )**Na 0.725 £ 0.045
$25(n, p)3?P 69+ 4
48Ti(n, p)*©sc 12,5 £ 0.9
Fe(n,p)™ Mn 82,5+ 5
®Ni(n, p)*co 113 £ 7
B yU(n, f)F P 1250 £ 70
28 (n, f)F P 3928 £ 10
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Explanation of symbols used in
Tables II, III, IV and V

( )* The reaction has been used as standard with the numerical value
given in parentheses,

(0. 05) The error given in parentheses has been arbitrarily chosen.

- Marks the data selected for use in the averaging process.,

} Collects renormalized values in an averaged recommended value,
+ Marks the data not accepted for the fit of the estimated values.
1,53+0,09 Underlined data are strongly recommended,

'

FAT72 Refers to Fabry's recommended values (reported in the loriginal

values' column of the tables).

The boxes drawn within the tables for some reactions include the original data
and their renormalized values used by Fabry (FA72) in his evaluation.

————— Separates within the box the measurements performed with fission
plates or converter (upper part) from the ones done by exposure

to pile neutrons (lower part).

(1), (2)...(29) Reafer to Notes to Tables II-V, a list of which follows Table V,
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TABLE II. INTEGRAL (n,p) CROSS-SECTIONS AVERAGED IN THE
URANIUM-235 THERMAL FISSION NEUTRON SPECTRUM
Reactione g Original values | Standards2 Renormalized Recommended
E (mb) values values
€ Trac (m) Tt AF (M) |5 AT (ad)
160(n,p ) 165 Hs3 | 0.014 (1) 0.022
RYS8 | 0.019+25% 2751 (n,00=0.6420% | 0,02340.003 {10.019+0.001 +
HES8 (1.8540.11)2073 (2) 0.018+0.0011
1T0(n,p )18 RYS8 0.0052+30% 2741 (n 0=0.6+20% 0.0063+0.0013 -
RSB | (9.320.9) 1073 ) 040093:0.0009 10.0086+0.0008 +
AN64 | (7.440.6)1073 | 2Ta1(n,oX 0.6 0.0089+0.0009
19 (n,p)1% HE53 0.5 (1) 0.8 ‘]1.35+o.8
s | 0.99 3p(n,plely 1.9 .
238 (n,p )23Ne HUS3 0.7 Q) 1.1 -
8459 1.0 31p(n,p)=19 1.9 -}1'5‘-0'6
2xg(n,p)%Na HUS3 1.0 (1) 1.6
WA62 1,0540.25 unknown
BO64 1.3140.06 325(n,p)=60 1.5340.07
BR67,70 | 1.443+0.05 (3) 1.5320.053
NJ70 1.3140.05 2Ta1(ny oc )= 0.61 1.58+0.06
KImn (1.4)% (4) 1.56
PAT2 | 1.6240.07 2359(n,)~1335 (1) | 1.52:0.045
R1sT | 1.9 23By(n,e)mz08 1.5 |
PA61 1,2 2Tp1(n, o )0 .60 1.51
062 1.1 2Ta1(n, X )=0.57 1.4
§s68 1.3040.17 (5) 1.5340.20
KI7l (.40 (4) 1.56
McT2 (6) 1.5140.12
FAT2 1.5320.03 235U(n,t )=1250 1.53+0.09 ~1.53+0.09

2 Numbers in parentheses refer to notes, a list of which follows Table V.
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TABLE II (cont.)
]
Reactions 8 Original Standards Renormalized Recommended
4 values valuea values
;3 & £ AT (mb) (mb) T £ AF (wb) & + NG (mb)
25Mg(n,p)258a | HUS3 | 2.0 Q) 3.2 3.2(+1.6) +
2N1(n,p)2Tg | EUS3 | 2.8 1) 4.5
BO64 | 2.9+0.5 325(n,p )=60 3.420.6
CRE8 | (8) 4.7:0.3
NI70 | 2.9:0.3 2731 (n,o¢ )=0.61 3.5+0.35
FAT2 | 4.3540.20 2359(n,)=1335 (1) 4.0740.15
RIST | 343 “BG,0e08 |2
w2 | (6) 4.1710.33
l&_ 4.0 +0.4 2350(n,f )=1250 4.040.45 -| 4.040.45
FH64 | 3.40+0.38 unknown
283i (n,p)2801 | 53 | 4 ) 6.4
B0 | 6.68:0.08 328(n,p)m65 7.140.4 -} 6.450.8
KIT1 | 4.9040.32 (4) 5.4+0.5 -
2931tn,p)2%1 | US| 2.7 (1) 4.3
NS68 | 2.40+0.18 (5) 2.8+0.3 -\ 3-320.2
BU70 | 3.4130.04 328(n,p )=65 3.640.2 -
KIT1 | 2,98:0.17 (4) 3.310.3 -
Mptap)les |mus3 |19 Q) 30
m60 | (23) 328(n ,p)=6924 3543
BO64 | 30.5+1.2 323(n,p)=b0 35.5+1.4
Gré68 | (8) 38.6+2.5
Rrs7 7|30 T 7T “B&n,e)=08 (365
Fa72 | 3622 || 2350(a,)m1250 3643 - 268
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TABLE II (cont.)
2
Reactions g Original values] Standards Renormalized Recommended
[ values values
< &+ AF (ub) (mb) % AF () |TLAT (ub)
"
325(n,p)3% HUS3 30 (1) 48
SA59 21 31p(n,p)=19 40
weé2 58+15% 238y(n,£)=310 6149
DES2 65+3 )
FH64 61+5 unknown
LW66,68 | 41 54Pe(n,p)=60 56
B0O64 (60)#s1.2 325(n,p)=60 70+1.4
T £ E B7u(neg)1335 (1) | 6832 _ _ _ _
RIST 60.3 238y(n,£)a304 1.2
PA6L 58 (16) 2TA1(n, ek )=0.6 87
Ma64/1 | 65 (17) 325(n,p)=65 68.5
M72 (6) 70.55.6
FAT2 6912 ] 235y (n,£)=1250 6944 -l 6944
33s(n,p)33p KO66/2 | 376£20 323(n,p)=66 383431
LH66,68 | 55 54Fe (nyp)=60 16 4 16(m15)  «
345(n,p)34p RA6T/1 | 0.36+0,032 5881 (n,p)=95 0.43#0.05 | 0.43:0.05
35¢1(n,p)35s HUS3 16 (1) 26
GI66 ~810440 unknown
RA6T/1 | 78.3(calo.) (24) ~ 78 (+23) +
3Tc1(n,p)378 HUS3 0.24 (1) 0.38 0.38(10.19) +
Ag(n,p)ar 1465 2.73£0.41 unknown
RA6T/1 | 1.78:0.14 5883 (n,p)=95 2.140.2 - 2.110.2
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TABLE II (cont.)
2
Reactione 2 Original values| Standards Renormalized Recommended
E values anues
s &+ AT (ub) (mv) T+ AT () | § 2 AF (nb)
43ca(n,p)43x oI6€ 0.3 unknown 0.3(+0.15) +
4580 (n,p)45ca W61 941 323(n,p)=66 9.441.2 i
RG68/2 | 34.640.5 323(n,p)ab0 39.8+2.4 -} 15112 +
4671 (n,p)46sc eSS | 4.1 325(n,p)=30 9.4
we2 | 10415 28y(n,£)-310 10.6+1.6
FL63 1542 58Ni (n,p)=101 1742
NI63 1743 56W1 (n,p )=92 2144
27 12,8 271 (n p0=0.608 1543
W66/1 | 12.6:0.4 325(n,p )=66 13.240.9
D967 | B.6:l.4 unknown
BO64 12.840.6 325(n,p)=60 15
BR67,70 | 11.640.5 3) 12.340.5
KIT1 10.840.61 (4) 12.040.7
FAT2 13,040.6 2350(n,£)=1335 (7) | 12.2:0.4
mos2 |50 | Aimpdeo.s7 |14
D064 8.0+0.6 58N1 (nyp )=90 9.3
W64/2 | 8.20.8 581 (n,p =107 8.45+0.85
RASTAL | (12.6)* 4614 (n,p)=12.6 12.3
F368 | 9.3040.73 (5) 10.9£0.9
3069 10.940.7 2741 (n o0)=0.767 10.640.7
KIT1 11.240.63 (4) 12,5047
w72 (6) 13,041
P72 | 12.540.5 J 2350(n,¢ )m1250 12.5:0.9 4 12.5:0.9
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TABLE II (cont.)

CALAMAND

]
Reactions § Original values | Standards Renormalized Recommended
E values values
€ G £ AT (mb) (mb) G+ AT (mb) [& & AF(wd)
4774 (n,p)4Tsc W8 |o.21 325(n,p )=30 0.48
weé2 184154 238y(n,£)m310 1943
NI63 | 1843 5881 (n,p)=92 2244
K066/1 | 13.2+1 323(n,p)=66 13.8+1.3
DS67 18.242.6 unknown
BO64 2241.5 325(n,p )=60 25.6+1.7
KITL 17.3+0.90 (4) 19.3+1
[ mosz | ;5 ________ 2 (; ;():o-.s; o —1; ; -----
K568 26#3.1 (5) 30.5¢3.6
SC69 19.8+1.2 2Ta1 (n X)=0.767 19.2+1.1
KIT1 19.041.2 (4) 21.2+1.3
FAT2 2042 || #3%u(n,t)=1250 2042.3 14 20+2.3
484 (n,p )48sc MESS | 0.077 325(n,p =30 0.18
w62 | 0.53415% 238y(n,£)=310 0.56+0.09
NI63 0.44+0.08 5881 (n,p )=92 0.54+0.10
K066/1 | 3.310.2 32g(n,p)=b6 3.45:0.3
DS67 0.11+0.01 unknown
BO64 0.21+0.016 323(n,p)=60 0.24540.002
KITL 0.27240.052 (4) 0.30340.058
“Hos2 | 0.5 | Afi(ngodm0.57 | 032
Ns68 0.240+0.054 (5) 0.28240.063
SC69 0.33410.02 2121 (n,0)=0.767 0.32440.02
KIT1 0.29440.025 (4) 0.328+0.028
FAT2. | 0.31540.02 2350(n, £ )=1250 0.31540.027 ~-| 0.31540.027
51¥(n,p )5lmy FS68 | 0.74:0.08 (5) 0.87+0.11 0.87:0.11
5%r(nyp)5% RA6T/1 | 0.92+0.037 58K1(n,p)=95 1.0920.08 1.09+0,08
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TABLE II (cont.)

Reactions § Original values| Standards Renormalized Recommended
2 (ab) values values
;E &+ AS (mb) i AT (m) |5+ &5 (ab)
53cr(n,p)53v RAGT/1 | 0.37+0.026 5881 (n,p)=95 0.4430.04 0.4430.04
54¢r(n,p)54v RA6T/1 | (4.9:0.8)20°3 | 5BFi(n,p)e9s (5.841.0)10-3 | 0.0058+0.001
54pe (n,p) >4 sC57 15 (10) 46
w8 | 23 323(n,p J=30 53
RCH9 56 2741 (ngo)=0.6 68
we2 | 5945 238y(n,t 310 62410
BAGS 59.8+14% unknown
smo | 63a 5%g1 (n,p =105 6814
BOE4 6643.5 323(n,p)=60 T7+4
BRET,T0] 76.5+3.0 (3) 81.5+3.2
RO I layt)=1335 (1) | 855205 |
PAE1 54 2741 (n yet}=0.60 73
HOE2 65 2751 (n,at)=0.57 8
Me4/3 | 1643 58R1 (nyp)=107 83.34 3.3
§3€8 6749 (5) 84.7+10.5
w72 (6) 81.5+4.5
| FAT2 | 82.5#2 I 2350(n,t )=1250 82,545 -| 824545
" 56re(n,p)6wn | Mes8 | 0.4 328(n,p)=30 1.0
(see slso next | DU62 | 1.2:15% 238y(n,r)a310 1.330.2
page) [ posa 0.9040.05 323(n,p a0 1.05+0,06
GR6B (a) (8) 1.0710.07
BR67,7q 1.06+0.04 (3) 1.1340.043
BI70 | 0.85:0.05 2741 (n ph}=0. 61 1.025+0,06
FAT2 | 1.1510.04 235u(n,£)=1335 (7) | 1.08+0.035
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TABLE II (cont,)
a
Reactions § Original values| Standards Renormalized Recommended
4 values values
::3 G+ A5 (mb) (mb) G+ AG (md) | & £ b5 (mb)
56Pe(n,p)°%M || Pa61 0.82 2741 (n p{)=0.60 1.03
(contrd) 062 0.7 2741 (n p)=0.57 0.91
Ns58 0.96+0.09 (5) 1.1340.11
M72 (6) 1.29+0.10
Fa72 1.07:0.06 j 235y(n,£)-1250 1.0740.08 4 1.0740.08
59¢o(n,p )59Pe S¢57 0.25 (10) 0.77
ME58 5.7 325(n,p)e=30 13
RC59 ~0.3 2731 (n,0t)=0.6
weé2 1.4415% 238y (n,£)~310 1.5¢0.2 4
WAG3 0.5 unknown 1.4240.14
BAG8 1.46+23% unknown
Ns68 1.1540.15 (5) 1.3540.2 -
5851 (n,p)58%0 | ME58 15 325(n,p)=30 103.5
(see also next | KBSY 225 325(n,p =30 517.5
page) RC59 140 2741 (nyo)=0.60 169
w62 97+15% 238y(n,r)m310 103416
2363 120 2721 (n ,)=0.608 143
BA6S 75.7412% unimown
3064 10545 325(n,p)=60 122,546
BR6T,T0( 104.5:4.0 (3) 113.344.3
K171 (104)* (4) 116
PAT2 12046 235y(n,£)=1335 (7) | 112.5¢3.5
past | 92 | 2Mi(mpde0.60 | 115.5
R062 90 2741 (n y)=0.57 115
Ma64/1 | 107 (17) 325(n,p )=65 113
RAET/L | (95)% 5881 (n,p )=95 m
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TABLE II (cont,)

aQ
Reactions § Original values| Standards Renormalized Re ded
® values values
< G+ A (mb) (mb) &+ AF (mb) | &+ AF(mb)
-5
581 (n,p)%8%o || NS68 96413 (5) 113415
(cont'd) SC69 11447 2TA1(n,)=0.767 110.5+7
KI71 (104)»* (¢) 116
McT2 (6) 11045.7
| FAT2 11342.5 235y (n,£)e1250 11347 4 11347
5881 (n,p)50mco | MESS 13 325(n,p)=30 30
B064 3047 325(n,p)=60 35:8
BR67,70| 33.7tl.1 (3) 35.841.2
[FAT2 _ | 3135 | 230(ny£)-1335 (1)_|_35.181.1_
PA6L 28 2741 (n ,0)=0.60 35
HO62 30.5 241 (n,&)=0.57 39
PATZ. 35.441.0 235y(n £ )=1250 35.442.2 J 35.442.2
60Ki(n,p)%%o | mBSY | <4.5 325(n,p )u30
5C57 0.56 (10) 1.72
MESS 3-7 325(n,p)=30
RC59 <2 2741 (n,ol)=0.60
we2 3.24156 238y(n,r)=310 3.440.5 .
HO62 0. 2y 0.
<£0.5 (ne)=0.57 2.340.4
Ns68 1.69+0.18 (5) 2.040.2 <
BAT2 48410 5881 (n,p)w105 4.741.1 4
6084 (n,p)60mgo | maT2 1.98+0.20 584 (n,p )=105 2.110.3 2.140.3
618i(n,p)6%o0 | sc69 1.350.1 2721 (n4a)=0.T67 1.2310.12 -J}
1.440.2
RAT2 1.6350.12 5851 (n,p)=105 1.7550.17 o
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TABLE II (cont.)
-]
Reactions § Original values| Standards Renormalized Recommended
[4 values values
< 7+ AT (ud) {mb) Tt as (@) |& A5 (m)
-5
62xi(n,p)620 | maT2 (913)10-3 5881 (n,p)=105 (9.743.4)10°3 | 0.,009740.0034
656u (n,p )6Fi PA61 0.36 Al(ne)=0.6 0.435(+10%) -}
§s68 0.52+£0.05 (5) 0.61+0.07 ~|J0-4820.08
64zn(n,p)b4u | MESS 22 325(n,p)e30 s1
RCS9 35 2731 (n LA)=0. 60 42
W62 31415% 238y(n,£)=310 3345
BO64 27+1.6 325(n,p)=60 31.5+1.9
NJT0 25.2+1.3 2741 (n ox)=0.61 30.41.6
KIT1 37.433.0 (4) 41,7433
PAT2 32+1.7 2350(n,£)=1335 (7) | 30+1.2
PA6L 28 2741 (n o()=0.60 35
HO62 25 2121 (n,x)=0.57 32
RAGT/1 | 26.9+1.2 58N1(n,p)=95 31.451.3
NS68 27.0+4.1 (5) 31.7+4.8
sC69 3242 2741 (nyox)=0.767 3142
KIT1 35.5+2.8 (4) 39.623.1
FAT2 3141.5 || 2350(n,£)m1250 3132.3 4 31:2.3
667n(n,p)5cu | RA67/1 | 0.56+0.034 5881 (n,p)=95 0.67+0.06 -}
NS68 0.3240.11 (5) 0.38:+0.13 Jjo-620.11
672n(n,p)6Tcu | MESS 0.27 323(n,p J=30 0.62
(see also mext PA6L 0.57 2751 (n pX)=0.60 0.869
page) w62 0.88+156 238y(n,£)a310 0.9330.14 ]
BO64 0.940.1 325(n,p)=60 1.04+0.13 -
]
1
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TABLE II (cont.)

@
Reactions § Original values{ Standards Renormalized Recommended

] values values

$ o+tAs (ab) (mb) Gt AT (md)  |FLAT (mb)

o~

]
672n(n,p)7cu | mI6:/2 | 0.8840.11 58Ki(n,p)=92 1.08+0.15 H
(cont'a) RA6T/1 | 0.96£0.067 58K1(n,p)=95 1.14+0.11
1.0740.04

0B6¢! 0.8240.04 54Pe (n,p)=61 1.1130.09 —_—

HP6C 0.8 unknown

SC6¢ 1.1140.08 2741 (n p()=0.767 1.05£0.10
682a(n,p)68u | RA6T/L | (13.1£1.9)10-3 | 58Fi(n,p)=95 0.0156+0.0025 | 0.0156+0.0025
69Ga(n,p)69mzn | WP6C 0.496+0.073 unkmown 0.49640.073 +
T2 (nyp)7%Ga RC5¢  |<0.01 2741 (nex)e0.6

RA67/1 | 0.0218 (22) 0.022(+0.006)+
"48(nyp)75%ce | WS6E | 0.45 (cal.val) (19) 0.45(+0.15) +
T45q(n,p)T4as GI6€ 6.6 unknown 6.6(x3.3)  +
81pr (n,p)BlEse | sT67 0.02040.004 2151 (nx)=0.6 0.024+0.005 0.024£0.005
B1pr(n,p)Blmge | sT67 0.012+0.003 2751 (n,X)=0.6 0.014540.004 | 0.0145:0.004
883r(n,p) 88y NS68 0.01 (cal. val) (19) 0.01(+0.003) +
89%(n,p)Psr BA6E | 0.31419% unknown 0.3140.06  +
90z2r(n,p )90¢ N368 | 0.18 (cal.val) (19) 0.18(+0.06) +
92Mo(n,p)92yy | Ese | 1.3 325(n,p)=30 3
(see algo next | GO62 | 7.43:10% 5854 (n,p Jw105 8.040.9
page)




292 CALAMAND
TABLE II (cont,)

)
Reactions 2 Original values | Standards Renormalized Recommended

§ values values

2 F+AT (mb) (mb) S 2 AS (mb) | T £ AT (mb)
92Mo(n,p)92™m, || BO64 6.240.4 325(n,p )=60 7.2340.5
(cont'd) BR67,70 | 6.57+0.28 (3) 7.0040.30

KIT1 6.04+0.45 (4) 6.7310.05

FAT2 7.780.5 235U(n1f2-]_.325_(1) _ 7.2:0.3

HO62 6.0 2741 (n,00=0.57 7465

RA6T/L | 6.74:0.27 4674 (n,p)=12.6 6.58+0.26

NS68 6.70+0.63 (5) 7.87+0.74

KIT1 6.00+0.43 (4) 647040447

FAT2 7.040.4 235y(n,f)=1250 7.040.6 4 7.0+0.6
95Mo (nyp )27Nb MES8 <0.1 325(n,p)=30

6062 0.78£10% 92Mo (nyp )= 7.43 0.730,08

HO62 <0.1 2741 (n X)=0.57

BO64 0.1310.02 325(n,p)=60 0.15040,02 -}0.14:0.01

RA67/1 | 0.138+0.006 4604 (n,p)=12.6 0.137+0.012
960 (n,p)%%m> co62 0.24+10% 920 (nyp )=7.43 0.2310,03 0.2310.03 +
103rn(n,p )103pu | FRE7 0.09320.001 325(n,p)=60 0.10740.006 | 0.107+0.006
1092¢(n,p) %4 | Fs68 0406 (cal.val) (19) 0.06(+0.02) +
106ca(n,p)1%ag | sT67 2.740.2 2731 (no0)=0.6 3.3+0.3 3.3:0.3
11004(n,p) 10 g | RCS9 | Av0.1 2741 (n X)=0.6 0.1(+0.05) +
1271 (n,p)12Toge | RG6S/L | (11.140.2)10-3] 325(n,p)m60 (12.840.8)10%| 0.0128+0.0008
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TABLE II (cont.)

o
Reactions g Original valued Standards Renormalized | Recommended

4 values values

G &L AT (ud) (mb) T A5 (@) | & 2ATab)

-5
1271(n,p)12781¢ | RE6E/1 | (T.62:0.11)1073( 325(n,p)=60 (8.8:0.5)10~3 | 0.0088+0.0005
132pa(n,p)!3%s | RBSS 5.3 325(n,p)w30 12 12(+6) +

m

136pa(n,p)136cs | RBS9 | 0.0015 325(n,p)e30 0.0035 0.0035(+0.0017)
140Ge (n,p)1%01a | DS68 | 3.5:0.9 58Ki (ny2n)w0.004 | 4.3+1.6 4.3¢1.6 +
14pr(n,p)t4%e | oB67 | 0.12 unknown 0.12(+0.06) +
182(n,p)2820s | RV6T | (3.840.6)1073 (11) (4:040.7)10~3 | 0.00420.0007
1834(n,p) 1831 | V67 (2.840.5)1073 (11) (3.0+0.6)1073 | 0.003+0.0006
20371 (n,p)?3Hg | MESS 0.004 328(n,p)e30 0.009 0.009(+0.004)+
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TABLE III.

CALAMAND

INTEGRAL (n, o) CROSS-SECTIONS AVERAGED IN THE
URANIUM-235 THERMAL FISSION NEUTRON SPECTRUM

Reactions § Original values| Standards? Renormalized Récommended
§ values values
é: FtAF (m) (md) &t aF (m) (52 AF(mb)
9Be (n x)Bre W53 |10 ) 16
av68 | 38.243.8 (15) 4 3e.83.8
11p(n,008L1 HU53 | 0.085 ) 0.14 0.14(+0.07) +
98 (n o) 165 HO53 | 4.5 (1) 7.2 {
@59 | 4.5 3p(n,p)=19 8.5 -} 785209
235a(n ()20 HU53 0.4 (1) 0.64 -} 0.765:0.17
259 | 0,47 31p(n,p)=19 0.89 .
2741 (n x)2%8a HUS3 0.6 Q) 0.96
(see also next SA59 0.44 31P(n,p)-19 0.83
page)
MESO | 0.48 325(n,p)=60 0.55
DES2 046310.03 (9)
wé2 | 0.85+15% 238y(n, ¢ )=310 0.90+0.14
FH64 0.6240.03 unknown
BO64 0.6040.03 323(n,p)=60 0.7040.035
GR68 (8) 0.75x0.0045
BR67,70| 0.695:0.02 3) 0.74+0.02
NITO (0.61)» 2TR1(n,o)=0,61 0.735
KI71 (0.63) () 0.70
FAT2 0.78:0.03 235_U£n,f)-13_35 (1) _|o.ms0.02_
s oo~ 1 Bhenon fom 7]
PAG1 (0.60)* 2741 (n ,x)=0.60 0.755
HO62 (0.57)= 2751 (n o()=57 0.73
RA67/1 | 0.61+0.028 5854 (n, p )=95 0.7140.03
Ns68 0.58+0.07 (5) 0.68:0.08

& Numbers in parentheses refer to notes, a list of which follows Table V,
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TABLE III (cont,)
w
Reactions 8 Original values{ Standards Renormalized Recommended
E values values
& &+ AT (mb) (mb) S+ AT (mb) & £ AT(ub)
&
2151 (n,a)2¥a scée | (0.767)% 2741 (n=)=T767 0.744+0.045
(cont'a) K17 [ (0.63)* (4) 0.70
MC72 (6) 0.73£0.015
FATZ 0.72540.02 235y(n,f)=1250 0.725+0.045 0.725+0.045
3051 (n )2 Tig NI6t 0.1540.02 2751 (n,p)=3.43 0.175:0.03 }
KIT 0.130+0:020 (2) 0.14450.023 ] 0+193£0-02
31p(n,0)2801 HUS3 | 1.43 (1) 2.29 -}
1.940.6
SA59 0.75 31p(n,p)=19 1.44 .
343(n,x)31s1 HU53 3.0 (1) 4.8
8459 1.2 31p(n,p)=19 2.3
BL65 2,23 (calc.) (18) 2.2(x0.2)
35¢1(n,x)32P HUS3 3.0 (1) 4.8
SAS9 4.1 31p(n,p)=19 7.8
b i3] 15 unknown 8.6+4.6
¥I65/1 | 12.4 323(n,p)=62 13.8
66,68 32 54pe (n,p)=60 44
3601 (n,0033p LW66,68| 52 54pe (n,p )60 72 72(+36) +
39k (n,003661 ¥S68 | 8.0 (calc.) (19) 8.0(40.3) +
4 (n 2381 RA6T/1 | 0.61:0.032 5841 (nyp )95 0.7320.06
J068 | 0.68+0.05 2Tp1 (n X)=0.6 0.82:0.08 0.76£0.05
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TABLE III (cont.)

o
Reactions 2 Original values| Standards Renormalized Recommended

E values values

e F+ Ag (mb) (mb) F+AF () [& A5 (md)

(]

-5
40¢a (n Q42K GI66 13.2 unknown 13(x6) +
Mea(n,0)Mar 1465 (61.149.2)1073 | unimown 0.0611+0,0092+
458c(n,004% RC59 | <5 2781 (np=0.6

RG68/2 | 0.158+0.004 325(n,p )=60 0.18240.012 .T 0.18240.,012
2815 (n,0045Ca ME58 0.0055 325(n,p)e30 0.013 0.013(+0.006)+
0% (n,0047ca | MEs8 | 0.0002 325(n,p)e30 0.00046 (4.6(22.3)15"
51y (n 4850 HUS3 | 0.08 (1) 0.13

SA59 0.0099 31p(n,p)=19 0.0187

NS68 (15.332.7)1073 (5) 0.018:0.003

KI71 | 0.0217+0.0015 {4) 0.02450.002  |f 0-022£0-003
55Mn (n o2 NS68 0.11 (calc.) (19) . 0.11(+0.03) +
54Fe (ny951cr MES8 0.37 325(n,p)=30 0.85

BAGS 0.79+15% unimnown

NS68 0.5040.15 (5) 0.640.2 4 0.640.2
56pe (nyo0) Fer BY65 | 0.397:0.12 unknown 0.3970.12 +
59¢0 (n ) 3n sa59 | 0.14 31p(n,p) 0.265
(see also mext | g8 | 0.32:18% unknown
page)

Ns68 0.13140,011 {5) 0,154+0.016 \

»
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TABLE III (cont.)
w
Reactions E Original values| Standards Renormalized Recommended
& values values
& F: A (mb) (mb) G + AS (b)) |G AT (mb)
-~
- 1
5900(n,o()56Hn R0 0.147+0.005 (3) 0.156+0.006 ' .o 156+0.009
(cont?d) a2 [0.156:0.006  [| B5u(n,z)-1250 0.156:0.011 - _}_"“"‘—
8R4 (n o) 55Fe ses7 | 0.17 (10) 0.52
BAGS 2.95£32% unknown - 3+0.9 +
62y (n,0)59re sc57 0.013 (10) 0.04 -
MES8 0.025 325(n,p)=30 0.0575 -|$0.09£0.07  +
RCH9 0.14 2781 (n gX)=0.6 0.17 -
63cu(n,e)%co RCY9 0.72 2741(n,0{=0.6 0.87
NL63 [ 0.5440.07 58R1 (n,p)=101 0.60+0.09
LL&S 0.44 unknown
FAT2 0.66+0.06 235y(n,£)=1335 (7) | 0.62:0.04
Hoo2  [o.a2 " 2 (n,0=0.57 ] 0.535
1wma6a/4 | 0.45+0.05 54pe(n,p)=16 0.47520.05
NS68 0.3824+0.036 (s) 0.449+0.042
w2 (6) 04495+0.05
FA72 0.50:0.05 || 235u(n,£)=1250 0.504+0.06 4 0.504+0.06
6825 (n 4008581 sA%9 | 0.020 3p(n,p)el9 0.038
RA6T/1 | (6.340.4)1072 | 58Wi(n,p)=95 0.075+0.007 <
569 0.077:0,01 2151 (n pX)m0.767 0.073:0.011 4 0207410006
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TABLE III (cont,)

o
Reactions g Original values{ Standards Renormalized Recommended

o values values

& Gt o (m) (mb) TL AT (mb) | T 245 ()

[
72Ge (n o) $9mzn RC59 <1 31p(n,p)=19

NI63 0.02040.005 58m1 (n,p )92 0.02540.006 —| 0.025+0.006 +
T4ge (n,e) 1120 | NI63 0.002+0.001 5881 (n,p Jm92 0.0025+0.0013 | 0,0025:0.0013+
198r(n, o) 1645 NS68  |0.02 (cal.) (19) 0,02(+0.006) +
89%(n ;o) ¥sr BA68 | 0.002+27% unknown 0.00240.0006 +
9222 (ny00) P FS68 | 0.014 (calc.) 19) 0.014(+0.004 )+
938b(n, 009087 RGT2 0.0585:0.0022 | 27a1(nyp()0.6 0.070740.0051 | 0,0707+0.0051
93N (n 0900y RG72 | 0.022140.0003 | 2TAL(n,X)=0.6 0.026740.0017 | 0.0267+0.0017
92Mo (n ()20 MES8 0.017 323(n,p )x30 0.04 0.04(+0.02) +
980 (n,)952r RA6T/1L | (14.041.3)1073 | 461i(n,p)w12.6 0.0139+0.0016 | 0.0139+0.0016
133¢g(n,e)1301 SA59 2.4x104 31p(n,p)=19 0.00045

MEs8 | 0.0005 325(n,p)=30 0.0012

ST67 0,002740.0006 | 27a1(no{=0.6 0,003340.0008 - 0,003340,0008
1383a(ng)135% | 1465 | (1.940.3)1073 | uninown 0.0019+0.0003 +
18log(n,o) 178w | sasg | 8.5x10°5 31p(n,p)=19 1.6x10-4 (1.8(0.8))10°¢ +
184y (no)181pe RV6T | (0.19:0.04)1073 (11) (0.20£0,05)10°% | (2:0.5)10-4
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2 Numbers in parentheses refer to notes, a list of which follows Table V.

TABLE IV, INTEGRAL (n, 2n) CROSS-SECTIONS AVERAGED IN THE
URANIUM-235 THERMAL FISSION NEUTRON SPECTRUM
Reactions g Original values Standarde 2 Renormalized Recommended
] values values
Q@
2 |#:oF @ (mb) F:OFm) | 718 ()
9%e (n2n)8Be D857 | 73220 (12)
ZH63 | 70-140 (13)
FE66 | 116.2413¢ (14) 148+19 .
cNé8 | 14446 (15) _}144:6
12¢(n,2n)1c Ros0 | 3x1076 325(n ,p )=60 3.5x10~6
Ns68 | (3.641.2)1077 (5) (4.281.0)10°7 4 (4.241.4)10°7
16p(n,2n)15 ¥S68 | (4.5+2.0)10~6 (5) (5.3:2.40078 | (5.3.2.4)107
19 (n,2n)18F LE6 | (8.6+1.3)1073 325(n,p )ub9 (8.6+1.4)1073
RE67 | 7.l0x10~3+20% 58¥1 (nyp )=85 (9.4+2.0)1073 A
Fs68 | (7.241.0)1073 (5) (8.5:1.301073  J4(7.340.701073
8370 | (5.3+0.5)1073 2721 (nyo)=0.61 (6.310.701073
2Na(n,2n)2%Fa | BEST 6.1073 unknown
WAG2 0.0012 unknown
Ns68 | (2.7+0.701073 (5) (3.2+0.8)1073
(2.240.2)10"3
5170 | (2.040.1)1073 5881 (n,p =105 (2.15£0.2)1073
48ca(n,2n)47ca | K065 | 0.330.03 2751 (n,«)=0.6 0.361+0.04 0.36+0.04
4604 (n,20)4511 | RO6O | 0.0063 325(n,p b0 0.0072(+20%)
27 0.0078+0.0009
5c69 | 0.0087+0.001 Al(n,ot)=0.767 | 0.00821+0.0011
0cr(n,2n)¥9%r | a1 | 0.0054+0.0008 (20) 0.006+0.001 0.006+0.001
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TABLE IV (cont.)
Q
Reactione § Original values Standards Renormalized Recommended
] values values
@
L
2 G+ HF (mw) (wb) Frtpa (™) | £+ 4F (mv)
55Mn (ny2n)5%Mn scs7 | 0.05 (10} 0.15
RO60 | 0.19 325(n,p)et0 0.22
Ho62 | o.18 2701 (npt)=0.57 | 0.23
NS68 04202+40.018 (s5) 0.24+0.025 -
sT70 | 0.26+0.02 581(n,p)=105 | 0.28:0.03 ~
QATL | 0.258:0.03 (20) 0.285:0.04 =) 0.258+0.013
FA72 | 0.27:+0.015 235(n,£)=1335(D] 0.2530.00 |
Fa72 | 0.253:0.01 235y(n,r)=1250 | 0.253:0.02  —f
5476 (n,2n)3Fe 53 | 0.0032 (1) 0.005 —0.005(+0.0025) +
BEST | 0.140.02 wnknown
59¢o(n,2n)58co NS68 | 0.340+0.0030 (5) 0.40+0.04 0.40+0.04
58¥1(n,2n)5Tm | ses7 | o.o0012 (10) 0.0037
RO60 | 0.006 32g =60 0.007(+20 -
(nyp) 7(£20%) 0.004950.0014
BAGB 0,004+0.0009 unknown ' -
83cu(n,2n)6%u 2 ) 0.12450.005 | ,
FA72 | 0.124+0.009 SU(n,e)m1250 | 0.124+0.011 o 0,124:0.011.
6620(n,2n)%5zn | mO62 | <4 Mnm)=0.57 <5 <5 +
T%e(n,2n)%%e | Rres9 | 1.5 2MN1(nx)=0.6 1.8 1.8(:0.9)  +
548 (n,2n)T%s ro60 | 0.29 325(n,p)=60 0.33(+20%) -
Ns68 | 0.304+0.036 (5) 0.3640.05 44 0.33:0.02
ST70 | 0.30:0.01 58i(n,p)=205 { 0.32:0.02 —
TB3e(n,2n)TTmse | KmE5 | <1 (21) <1 <1 +
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TABLE IV (cont.)

Reactions E Original values| Standards Renormalized R ded

E values values

K ot A (mb) (mb) F+ AT (nb) T+ AT (mb)

£
805e (n,2n) 1985, | KkRé: <10 (21) <10 <10 +
85Rb(n,2n)84my | mNEE 0.2 unknown 0.2(+0.1)  +
883r(n,2n)8Tosr | Kmé6: <10 (21) <10 <10 +
B9Y(n.2n)aar RO&C 0.12 325(n,p )=60 0.14+(20%) 4

BAGE 0.22+23% unknown

RA67/2 | 0.240.01 460i(n,p)a12.6 | 0.20:0.02 4% 0.156:0.011

ST7C 0.137+0.005 53Ni(n,p)=1o5 0.147+0.010 -

GAT1 0.14440.02 (20) 0.16+0.024 E
902z (ny2n)®zr | cam1 0.068740.01 (20) 0.076+0.01 0.076x0.01
93b(n,2n )90, | HoE6 ~0.4 unknown

KITL 0.402+0.034 (4) 0.448+0.038

FAT2 0.52+0.03 2350(n,£)=1335 (7] 0.48740.02 _

NS68 i 0.370+0.030 (5) 0.435£0.035

XIT1 0.432+0.033 (4) 0.482:0.037 ||} 0-48+0.04

FAT2 0.47+0.03 25y(n,t)=1250 | 0.47:0.04

RGT2 0.42040,007 2741 (nel)=0.6 0.51+0.03 -
1074g(n,2n)106md w563 0.39£0.07 (5) 0.46+0.09 0.46+0.09
11264(n,2n) 1184 KR6S 0.35:0.4 (21) 0.4240.06 0.4240.06
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TABLE IV {cont,)
Reactions § Original valued Standards Renormalized Recommended
£ values values
s Fr A& (m) (mb) TrAF () |&2AS(ub)
&
1271(n,on)}261 RO60 1.7 325(n,p =60 2,0(+20%)
w72 (6) 1,09+0.05
FAT2 1.09+0.05 2350(n,£)m1250 "1,09+0,08 4 040.1
¥s68 1.62+0.24 5) 1.9+0.3 -
RG68/1 | 0.647+0.010 325(n,p )u60 0.74440.044
sT70 1.02+0.0L 5844 (n,p)=105 1.1040.07
138g(n,2n)1370p, | xmes 2.0410% (21) 2.420.3 2.440.3
186y(n,2n)1 85 R66 10.040.7 197hu(n, ¥=133+10 10.040.7
(22)
185Re (n,2n)184pe | sT70 4.310.3 5881 (n,p )=105 4.640.4 4.6:0.4
185ge (n, 2n) 18415, | sT70 0.58+0.03 58%i (n,p )=105 0.6240.05 0.6240.05
187ge (n,2n)186Re | DRET 1046 19740 (n,¥)=190+19 1046
(22)
1974 (n,2n )90 | scé9 3.14+0.2 2721 (n,e)=0. 767 2.97+0.26 3.083
20371 (n,2n)?0%m | ROGO 4.0 325(n,p)-60 4.65(20%)
Ks68 2.75£0.55 (5) 3.2340.67 3.040.5
Q71 2.4140.35 (20) 2.64340.42
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TABLE IV (cont.)
Reactions § Original values| Standards Renormalized | Recommended
g values values
; x AT (ov) (ab) 52 A5 (m) | 5 £AT (mb)
g
204py(n,2n)23pp | w060 | 3.3 325(n,p)=60 3.8:(20%)
R 23 - 340, p
w62 5.0+15% 8(n,f)-310 5.3¢0.8 20455004
KIT1 1.904+0.18 (4) 2.1110.23 4
AT 2.1940.30 (20) 2.4110.36 4
232t (n,2n)231m PHS8 12.4+0.6 325(n,p)=60.3 14.241.1 14.241.1
669 | ~10 2131 (no()=0.767
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TABLE V. INTEGRAL (n,n'y CROSS-SECTIONS AVERAGED IN THE
URANIUM-235 THERMAL FISSION NEUTRON SPECTRUM
2
Reactions 2 Original values| Standards?® Renormalized | Recommended
E values values
3 SLAF (mb) (mb) Tt AT (md) | &+ AT (ad)
T7se(nyn*)TTmge KR65 600+60 (21) 725486 -
K067 652430 ¥i(n,p)=100 737457 733446
87sr(n,n’ )87nsn KR65 120412 (21) 145517 -
X067 9145 583 (n yp )=100 10349 112417
89¢(n,n*)B9my D168 128.4+25% (25) 128432
93K0(n,n' )93, HGT1 97435 (cale.) | 103Rh(n,n')=595+150(26] 87+14 87414
103gh(n,n* 10385y | ROGY 535.8 (calc.) (27)
K067 403440 5841 (n,p )=100 455453 .
BT68 716440 (calc.) (28) 533433
X169 558+32 (calc.) (29) 4
HGT1 595+150(calc.) (26) 4
Nley(n,nt ) mcq | km6s 140414 (21) 169420 4
K067 289+15 58y (n,p)=100 327426 228476
115 (nynt )15 | k067 181410 5881 (n,p )=100 205415
BR67,70 | 177+6.0 (3) 188,5+6.4
J70 15645 2131 (n,0=61 18846
a2 | 20088 | Zuln,t)a1335 (1) [187.586
AT2 18844 | 2350(n £ )a1250 188411 4188111
13TBa(n,n")13™mg, |xmes 220422 (a1) 266232 -
225422
K067 189410 58N1 (n,p )=100 214317 4

2 Numbers in parentheses refer to notes, a list of which follows this table.
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TABLE V (cont.)

w
Reactions § Original values| Standards Renormalized|{ Recommended
¢ values values
< T+ AT (mp) (ab) sz A ()| & £ ps(ad)
-5
197au(n,n' )197man | DIGS 379.8+25¢ (25) 380195
204py(n,nt )204mpy, | piyso 22415 238y(n,¢)=310 23.313.5 -
KOGT 15,3047 58N1 (n,p)=100 17.3:1.3  -[|}18.641.5
KITL 18.942.0 (4) 21.0+2.5 -

NOTES TO TABLES II-V

(1) The fission flux was determined by comparison with another fission flux produced in a simpler geometry
such as a converter. Hughes' old data set could not be ignored since some of his measurements are still unique
or among the few. It was then necessary to perform an empirical renormalization. This was done by comparing
Hughes' values with well established ones whenever possible. Hughes® data were found to be consistently too
low by an average factor of 1.6,

(2) The fission flux was ceduced from the power generated in the wanium rod. This power was calculated
from the flow and temperzture rise of the cooling water. No renormalization was performed.

(3) Bresesti’s data were first reported relative 1o a value of 0,61 mb for *’Al(n, «)** Na (Ref. BR67). After
comparison with data obtained by integration of excitation functions over various spectral representations for the
fission spectrum, these data were rescaled by a factor of 1.14, The values for **Ti(n, p)*se, **Ni(n, p)*™co
and **Mo(n, p) **Nb which do not appear in Ref. BR70 were multiplied by 1, 14 by Fabry (Ref. FA72) and included
in his evaluation.

(4) The fast neutron flux was monitored using the following standards: 104 mb, 1.4 mb and 0,63 mb for
®Ni(n,p)*®Co, ¥Mg(n, p)1**Na and 7Al(n, @)?**Na, respectively. New values for these standards (see Table 1)
lead to an average renormalization factor of 1.11,

(5) The fission spectrum averaged cross-sections 6 were found by correcting the average cross-sections o,
measured in a critical assembly of enriched uranium. In this case, ow renormalized values were obtained by
multiplying Nasyrov’s data by Fabry's rescaling factor, which is 1,175 for these data,

(6) The core centre reacrion rate measurements of McElroy have been wansformed by Fabry (see Ref.FA72)
into fission spectrum averzged cross-sections, Fabry’s scaling is selative to a value of 0.73 = 0.015 for the
1Al (n, ) cross-section,

(7) Fabry’s data were directly quoted from Ref.FA72, although practically ail of them were reported in

Ref. FA70/1. Although they result from absolute measurements, using the technique described in Ref. FA67

(see Note (9) for description of a similar technique), they are all consistently scaled to the uranium-235 average
fission cross-section value of 1335 mb, which can therefore rightly be considered as the standard,

(8) The double ratio measurements of Grundl (Refs GR67, GR68) have been converted to fission spectrum
averaged cross-sections by Fabry. All details can be found in Ref.FA72.
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(9) Depuydt et al. (Ref. DE62) have used the converter technique for their measurements. The absolute value
of the fast flux ®¢ was determined from the absolute value of the thermal flux €., by means of the relation :

‘1){ =y 2{ chG fcor

where v = 2,43 ¢ 0.02 is the mean number of neutrons emitted per thermal fission of uranium-235

Ig=23.8 + 0,2 cm™' is the macroscopic fission cross-section of the converter, computed for a

microscopic thermal fission cross-section of (587 + 6) b for uranium-235
G is a geometrical factor
fcor takes into account the secondary processes in the facility
&t is determined using (98.8 & 0.3) b for the thermal capture cross-section of gold-197
We have not renormalized in this case.

(10) The data are based on the assumption that the fission-neutron flux inside the uranium receptacle slug
equals the thermal neutron flux outside the slug; they were renormalized by multiplying by 69/22.5 as shown
by Mellish (see Ref. ME60).

(11) Two standards were used for the neutron flux determination: 0.54 mb and 10,6 mb for **Cu(n, a) and
4€Ti(n, p) cross-sections, respectively,

(12) Neuwon multiplication was measured in beryllium spheres. The quantity 6, 9 - By  was determined
and 8, ¢, was deduced taking 10 mb for the ®Be(n, &) cross-section. No renormalization,

(13) The same method as in Note (12) was used with the same value of 10 mb for the %Be(n, @) cross-section,
No renormalization.

(14) Three standards were used for the neutron flux determination: 95+ 6 mb, 61 + 8 mb and 9.8 + 1,1 mb
far the ® Ni(n, p), *Fe(n,p) and “Ti(n,p) cross-sections, respectively.

(15) Green has used a manganese sulphate bath technique to make an accurate measurement of the ?Be(n, 2n)
cross-section averaged over a pure 2 f fission neutron specttum. The technique measures neutron multiplication
and therefore eliminates completely the need for a flux measurement, The ®Be(n, o) reaction was corrected
using a calculated average cross-section of 38,2 + 3.8 mb. Fission neutron spectra of **Cf and By are similar
enough to justify averaging (n, 2n) cross-section values of Green and of Felber.

(16) The original value of 65 mb has been corrected by Fabry (see Ref. FA72).
(17) Data communicated by S.B. Wright to W.H. Martin and D. M. Clare.

(18) The original value was computed by integration of an evaluated excitation function o(E) over a Watt
spectrtum. It is clearly our recommended value in this case. Whenever a check is possible, the agreement
between our recommended values and Barrall's computed values is generally good, therefore we can arbitrarily
use a 10% relative error.

{19) Nasyrov's computed values are based on the relation
w0

@0
S =0gff / X(E)AE ([ X(E) dE = 1)  where x(E) ~ e "T%E
Eeff 0

The calculation was performed whenever it was possible to choose o.¢f among experimental or evaluated data.
When no other data are available, Nasyrov's calculated data become our recommended values with an arbitrary
relative error of 30%.

(20) Two standards were used for the neutron flux determination: 72,6 mb and 0.307 mb for *Fe(n, p) and
"'As(n,Zn) cross-sections, respectively.

(21) Four standards were used far the neutron flux determination: 92 mb, 3.4 mb, 1.2 mb and 0.63 mb for
% Ni(n,p), 2Al(n, p), % Mg(n, p) and "Al(n, &) cross-sections, respectively,

(22) The standard chosen depends too much upon the shape of the fission spectrum to allow a renormalization.

(23) Ricabarra et al. have measured the following ratio:
(¥ p(n,p)¥sil/3[ **s(n, p)**P] = 0.51 ¢ 0,03,
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(24) Value calculated frem an empirical formula valid for 8 = Z =< 42, This value becomes our recommended
value for which we estima:e a 30% relative error.

(26) Cross-section averaged over a reactor spectrum from 0,1 MeV to infinity. The standard reaction used was
*5i(n, p), for which an average cross-section of (10.4 + 2.4) mb, computed over the same energy range, has
been accepted. No renorraalization.

(26) Hegediis has measwed the excitation function of **Nb(n, n*) *™MNb which he integrated over a Watt
spectrum (Ref, WT52) to ootain 97 + 35 mb. He used a standard value of 595 + 150 mb for ***Rh(n, n*) **™Mgh,
This value was computed from Butler’s excitation curve (Ref. BT68) using a larger conversion coefficient ratio
ak/e for 24 (0.131 instead of 0. 099). This explains the lower value of 595 mb instead of 716 mb obtained
by Butler and Sanury. The errot on the **Nb(n,n*)*™Nb cross-section includes the uncertainty of the standard,

(27) Obtained by integration of a Vogt and Cross (Ref. VC64) excitation function over a Cranberg spectrum
(Ref,CR56). No renormal.zation,

(28) The measued excitation function was integrated over a Cranberg spectrum (Ref. CR56). Value not
retained for the average (sze Note (26)), No renormalization,

(29) Kimura et al. measwred the excitation curve up to 4,6 MeV. Above this value, they used the curve
calculated by Vogt and Cross (Ref. VC84) to compute G using a Cranberg spectrum (Ref. CR56).
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TABLE VI, ESTIMATED AVERAGE CROSS-SECTIONS FOR (n, p), (n,a) AND (n, 2n) REACTIONS IN A FISSION
NEUTRON SPECTRUM
Samples (n, p) reactions (n,a) reactions (n,2n) reactions
E Eeff G AG/5 ET Eeff o NG/T ET G 25/5
Z | Element | M T €
emen B (Mev)  (MeV) (mb) (%) (MeV)  (MeV)  (mb) (%) (Mev) (mb) %)
3| Li 6 3.18 3.8 39. + 35, -25 -4.78 6.41 2.1 +70, -40
71 191 12.5 <0.0001 6.13 8.29 0.37
4] Be 9| 142 151 < 0.0001 0.67 2.1 33. +80, -45 1.85 250.
10| 2415 249 <0.0001 8.64 10.3 0.029 7.49 1.0
sl B 10| -0.23 0.7 -2.79 -0.8 9.28 0.18
1n| 170 126 < 0.0001 7.24 9.2 0.15 12.50 0.008
6| c 12| 13.64 14,7 < 0.0001 6.18 8.6 0.37 20.28 < 0.0001
13| 13.63  14.8 <0.0001 4.13 6.5 3.3 5.33 10. +70, -40
7 w 14| -0.63 0.7 0.17 3.1 25.0 11.81 0. 030
15 9.59  11.0 0.001 +150, -60 8.13 1.1 0.012 11.56 0. 024
s o 16| 1024 118 0.0005  +150, -60 2.35 5.7 6.0 16.65 0. 0002
1 8.36 9.9 0.0006  +150, -60 -1.82 1.6 4.39 3l
18] 14.01  13.5 < 0.0001 5.29 8.7 0.42 8.49 0.56
9| F 19 4.25 5.9 0.23 +150, -60 1.60 5.4 8.0 10.98 0.050
10| Ne 20 6.56 8.5 0.078 +100, -50 0.62 4.8 12, 17.71 0.0001
21 5.14 7.0 0.049 +150, -60 -0.70 3.5 26. 7.08 2.5
22| 1053  12.4 0.0003  +150, -60 5.97 10.2 0.056 JL 10.84 0.064 L
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TABLE VI (cont.,)

Samples (n,p) reactions (n, o) reactions (n,2n) reactions
ET Eeff s AG/G ET Eeff 3 AG/T Er 3 0515
Z | Element | Mas ©
en 1 (Mevy  (Mew) (mb) (%) (MeV)  (MeV) (mb) (%) (MeV) (mb) (%)
19 | K 41 1.75 5.2 1.1 +150, -60 0.11 7.8 2.6 180, -45 | 10.34 0.16 +70, -40
20 | ca 40 0.54 4.2 7. + 35, -25 -1.75 6.3 7.8 16.02 0.0006
42 2.80 6.5 2.6 + 60, -40 -0.35 7.8 2.7 11.75 0.040
43 1.06 4.1 2.3 +150, -60 -2.29 5.9 10. 8.12 1.5
44 4.99 8.6 0.11 +100, -50 2.81 10,9 0.033 11.39 0.059
46 7.08  10.7 0.005 +150, -60 6.05  14.2 0. 0003 10.63 0.13
48 13.22  16.8 <0,0001 8.81  16.9 < 0.0001 10.16 0.21
21 | sc 45 -0.53 3.2 22. +150, -60 0.40 8.8 0. 67 80, -45 | 11.57 0.050
22 | Ti 46 1.62 5.5 12. + 60, -40 0.08 8.9 0.59 13.48 0.008
41 -0.18 3.7 11. +150, -60 -2.18 6.6 7.3 9.06 0.61
48 3.27 7.2 0.98 +100, -50 2.07  10.9 0.035 11.87 0.039
49 1.25 5.1 1.4 +150, -60 -0.23 9.0 0.53 8.31 13
50 6.23  10.1 0.013 +150, -60 3.51  12.3 0.005 11.17 0.079
23 | v 50 -3.00 1.0 -0.76 8.3 1.5 9.52 0.40
51 .7 5.1 0.60 +150, -60 2,10  11.2 0.024 11.27 0.073
24 | 50 0.26 4.5 51. + 35, -25 -0.32 9.1 0.47 13.20 0.011
52 3.26 7.5 0.66 +100, -50 .23 10.6 0.057 12.27 0.028
J 53 2.69 6.8 0.12 +150, -60 -1.80 7.6 4.1 d 8.09 1.7 J
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TABLE VI (cont.)

(AR

Samples (o, p) reactions (n, @) reactions (n,2n) reactions
ET Eeff B 26/G ET Eeff ) 25/G ET < A6 /S
Z | Element Mass
(MeV) (MeV) (mb) (%) (MeV) (MeV) (mb) (%) (MeV) (mb) (%)
31 Ga 69 0.13 5.2 L5 +150, -60 -2.58 9.0 0,67 +80, -45 10.46 0.20 +10, -40
71 2,05 7.2 0.083 +150, -60 -0.93 10.4 0,092 9.43 0.56
32 Ge 70 0.88 6.1 6.5 + 60, -40 -2,96 8.1 1,0 11,70 0. 059
T2 3.26 8.5 0.18 +100, -50 -1,48 10,2 0.12 10,90 0.13
13 0.78 6.0 0.49 +150, -60 -3.91 7.7 4.4 6.88 7.0
14 4.78 10.0 0. 020 0.45 12.1 0.008 10.34 0.23 o
|
76 6.72 11,9 0.001 2.4 14.0 0, 0006 9.57 0.51 N
g
33 As 15 0.41 5.8 0.67 -1,20 10,7 0.0063 10.38 0.23 %
34 Se 74 0.58 6.0 7.9 + 60, -40 -3.34 9.3 0,46 12,23 0.036
76 2.21 1.7 0,63 +100, -50 -1.69 10.5 0. 084 11,31 0.091
71 -0.10 5.3 1.4 +150, -60 -4.47 7.1 4.6 7.51 3.9
78 3.53 9.0 0. 092 +150, -60 -0.46 11,8 0.013 10.63 0.18
80 5.29 10.7 0,007 +150, -60 0.96 13.0 0,002 10.02 0.34
82 7.17 12.6 0.0004 +150, -60 2,58 14.7 0. 0002 9.39 0.64
35 Br 79 -0.64 5.0 2.3 +150, -60 -1,86 10.6 0.075 10,83 0.15
81 0.81 6.4 0,29 +150, -60 -0.43 12.0 0.010 10.29 0.26
36 Kr 78 -0,09 5.6 15, + 60, -40 -3.67 9.0 0.72 12,13 0.041
80 1.24 6.9 2.2 + 60, -40 -2.35 10,4 0,10 J 11,67 0.066 4
P R rm e med e e e —————— - B S PRI RpEPROEpEp R e - —— .- ——————————— - - -
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TABLE VI (cont.)
Samples (n,p) reactions (n, o) reactions (n,2n) reactions
E E i %y E E o Lo ja E el Nofo
Z | Element Mass T eff T eff T
(MeV)  (MeV) (mb) (%) (MeV) (MeV) (mb) (%) (MeV) (mb) (%)
42 Mo 96 2.43 8.9 0.12 +100, -50 -3.99 10.4 0.11 +80, -45 9.25 0.81 +70, -40
N 1.16 7.6 0. 057 +150, -60 -5.37 9.0 0,84 6.89 8.4
98 3. 86 10.3 0,015 -3.20 11.2 0,037 8.73 1.4
100 5.27 11.7 0.002 -2.39 12,0 0.012 8,38 2.0
43 Te 97 -1,13 5.4 1.4 -4,81 9.9 0.23 9,51 0.63
98 -2.37 4.1 160. + 35, -25 -5.91 8.8 1.1 7.47 4,8 2
=
99 0.60 7.2 0.10 +150, -60 -3.92 10.8 0. 065 8.97 1.1 ;
o
44 Ru 96 -0.57 6.1 8.1 + 60, -40 -6.38 8.5 1.7 10.81 0.17 %
98 0,93 7.6 0.87 +100, -50 -5.14 9.8 0.27 10.35 0,28
99 -0.49 6.2 0,45 +150, -60 -6.82 8.1 3.1 7.54 4.5
100 2.62 9.3 0,069 -3.97 10.9 0. 057 9.77 0.50
101 0. 86 7.5 0,067 -5.80 9.1 0.75 6,87 8.8
102 3.76 10,5 0,012 -2,50 12,4 0. 007 9.31 0.80
104 4,56 11,2 0,004 -1,06 13.8 0, 0009 9,00 1.1
45 Rh 103 -0.02 6.7 0,22 -3.48 11,8 0.016 9.40 0.74
46 Pd 102 0.37 7.2 1,6 +100, -50 -5.34 10,1 0.18 10,69 0.20
104 1,70 8.6 0.20 +100, -50 ~4,19 11,3 0,033 10.12 0.36
105 -0,22 6.7 0,22 +150, -60 -6,33 9.1 0.77 7.14 6.9
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TABLE VI (cont.)

g81¢e

Samples (n, p) reactions (n,o) reactions (n,2n) reactions
E Eeff o A6 /G E Eeff ) 0G[G ET o OG[F
Z | Element | Mass T e T ef
(MeV) (MeV) (mb) (%) (MeV) (MeV) (mb) (%) (MeV) (mb) (%)
50 sn 119 1,58 8.9 0.009 +150, -60 -4,30 11.9 0.015 +80, -45 6.54 14. +70, -40
120 4,86 12,2 0.001 -0.96 15.6 0. 0001 +80, -45 9.18 1.0
122 5.97 13.3 0.0002 0.08 16.5 < 0,0001 8.88 1.4
124 6.67 14,0 0,0001 1,98 18.5 < 0,0001 8.56 1,9
51 Sb 121 -0,40 7.0 0.16 -3.51 14.5 0. 0004 +80, -45 9.32 0.89
123 0.63 8.1 0,032 -1,92 14.8 0. 0003 9.04 1.2
0O
52 Te 120 0.21 7.7 0.86 +100, -50 -6.64 10.4 0.13 10.37 0.31 ,_3_’.
>
122 1.21 8.8 0.17 +100, -50 -5.40 11,6 0, 024 9.87 0.52 E
z
123 -0,84 6.7 0.25 +150, -60 -7.58 9.4 0. 56 6.99 8.9 o
124 2,13 9.7 0,044 -4.34 12,6 0. 006 9.50 0.76
125 -0, 02 7.5 0,078 -6,56 10.4 0.13 6.64 13.
126 2.97 10.5 0,013 -3.39 13.6 0.001 9.18 1,0
128 3.53 11,0 0,006 -2,55 14.5 0, 0004 8.84 1.5
130 4,25 11.8 0,002 -1,81 15.1 0. 0002 8.48 2.1
53 1 127 -0,09 1.6 0,068 -4,28 13,0 0. 003 ‘ 9.21 1.0
129 0.72 8.4 0,021 d -3.417 13.8 0. 001 8.91 1.4
54 Xe 124 -0.69 7.0 2.5 + 60, -40 -6.79 10.8 0. 076 10.31 0.34
126 0.47 8.2 0,42 +100, -50 -5.64 11.8 0.018 10,17 0,39
128 1.35 9.1 0.11 +150, -60 -4,81 12.6 0. 006 9.69 0.64 v
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TABLE VI (cont.) bt
o
Samples (n,p) reactions (n, o) reactions (n, 2n) reactions
E E 9 AG/T E Eeff 54 Mo/ E 5 OB [T
Z | Element | Mass T eff T T
(MeV)  (MeV) (mb) (%) (MeV) (MeV) (mb) (%) (MeV) (mb) (%)
59 Pr 141 -0.20 8.1 0.035 +150, -60 -6.15 12.5 0,007 +80, -45 9.46 0.86 +10, -40
60 Nd 142 1,39 9.8 0.042 -6.64 12.3 0.010 9,88 0.57
143 0.15 8.6 0,017 -9.72 9.3 0.71 6.17 22.
144 2.23 10.6 0,013 -7.33 11,6 0,027 7.87 4,2
145 1,03 9.4 0,005 -8.73 10.2 0,20 5.80 32.
146 3.32 11,7 0.002 -6.34 12.7 0.006 7.62 5.4
148 4.15 12.5 0, 0008 -5.37 13.5 0.002 7.317 6.9 Q
&
150 4.25 12.7 0, 0008 4 -4.21 14.17 0,0003 7.41 6.7 E
=
62 Sm 144 -0.22 8.3 0.39 +100, -50 -7.92 11.5 0.031 10,63 0.27 %
147 -0.56 7.9 0,048 +150, -60 -10,11 9.4 0.63 6.42 18,
148 1.69 10.2 0,023 -7.73 11.17 0.024 8,20 3.1
149 0.29 8.8 0.013 -9.43 10.2 0.20 5.91 29.
150 2,74 11.3 0.005 -6.74 12.8 0,005 8,04 3.6
152 2.64 11.2 0,005 -5.28 4.1 0. 0008 8,32 2.8
154 3.24 11.7 0,003 -4,10 15.4 0, 0001 8,03 3.7
63 En 151 -0.71 7.9 0.049 -7.87 11,8 0,021 8.03 3.7
153 0.02 8.7 0.015 -5.83 13.8 0,001 8,61 2.1
64 Gd 152 1,05 9.7 0. 050 -8.07 11,9 0.018 8.65 2.0
154 1.20 9.9 0.038 L -6.51 13,4 0. 002 J L 8.71 1.9 d
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TABLE VI (cont.)

Samples (n,p) reactions (n,a) reactions (n,2n) reactions
ET Eeff g £6/5 ET Eeff o 06 /o ET ] AG/a
Z | Element | Mass € e
(MeV)  (MeV) (mb) (%) (MeV)  (MeV) (mb) (%) (MeV) (mb) (%)
70 Yb 168 -0.50 8.9 0.18 +100, -50 -8.60 12.9 0.005 +80, -45 9,11 1.4 +10, -40
170 0.19 9.6 0,063 +150, -60 -8.17 13.3 0.003 8.52 2.4
171 -0.69 8.7 0.016 -9.33 12.2 0.013 6.66 15,
172 1,09 10.5 0.017 -7.31 14.2 0.0007 8.07 3.8
173 0.54 10.0 0.002 -8.20 13.3 0.003 6.40 20.
174 2.29 11,7 0.003 -6.41 15.1 0. 0002 7.51 6.7
176 3,38 12.8 0. 0005 -5.58 15.9 0.0001 6.92 12,
71 Lu 175 -0.31 9.2 0.008 J -7.817 13.8 0.001 7.70 5.6
176 -0.90 8.5 0.33 +100, -50 -8.49 13.2 0,003 6.33 22.
72 Hf 174 -0.58 9.0 0.16 +100, -50 -9.17 12.8 0,005 8.64 2.2
176 0.41 10.0 0. 036 +150, -60 -8.62 13.4 0. 002 8.13 3.7
177 -0.29 9.3 0. 007 -9.71 12.3 0.011 6.42 20.
178 1.48 11,1 0.007 -7.91 14,1 0. 0009 7.67 5.8
179 0.57 10.1 0.002 -8.68 13.3 0.003 6.13 21.
180 2.53 12.2 0,001 ' -6.86 15.2 0. 0002 7.43 1.4
3 Ta 180 -1171 8.0 0.72 +100, -50 -9.18 13.0 0,004 6.62 17,
181 0.24 10.0 0. 003 +150, -60 -7.41 14.8 0. 0003 7.69 5.8
14 w 180 0.03 9.8 0,049 -8.86 13.6 0. 002 8.54 2.5
182 1,03 10.9 0,009 -7.89 14,9 0, 0003 8.10 3.9
RPN R R, . cnmmmemmeecemmm—————— mmeemmmm o mmme e e e et e eiaemaeem
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TABLE VI (cont.)
Samples (n,p) reactions (n, ) reactions (n,2n) reactions
E Eeff ° 03/5 E Eeff ] AG /3 E S AG/T
EL t | Ma T e T e T
Z | Flemen | (Mev)  (Mev) (mb) (%) (MeV)  (MeV) (mb) (%) (MeV) (mb) ()
80 Hg 196 -0.10 10.3 0,024 +150, -60 -8.25 15.0 0,0003  +80, -45 8.79 2.1 +10, -40
198 0.59 11,0 0,009 -7.46 16,3 <0, 0001 8,34 3.2
199 -0.33 10,0 0,003 -8.73 15.0 0. 0003 +80, -45 6.68 17,
200 1,43 11,8 0.003 -6.55 17.3 < 0, 0001 8.07 4.3
201 0.72 i1.1 0, 0005 -7.89 15.9 < 0, 0001 6.26 25.
202 2.73 13.1 0.0004 -5.71 18.0 < 0, 0001 7.79 5.6
204 3.74 14.1 0. 0001 -4.46 19,2 < 0.0001 7.53 7.3
81 Tl 203 -0.29 10.2 0,002 -7.20 16.8 <0, 0001 7.76 5.8
204 -1,13 9.4 0. 096 -7.46 16.2 0.0001  +80, -45 6,69 17,
205 0.75 11,2 0, 0005 -5.68 18.0 < 0, 0001 7.58 7.0
82 Pb 204 -0.02 10,5 0,019 -8.20 16.1 0.0001 +80, -45 8.44 3.0
206 0.75 11.3 0. 006 -7.14 17.1 < 0.0001 8.12 4.1
207 0.65 11,2 0. 0005 | -7.89 i6.4 < 0.0001 6.77 16.
208 4.23 14.8 <0,0001 -6.19 18.2 < 0,0001 7.40 8.5
83 Bi 208 -3.65 7.3 2,2 +100, -50 ~10,58 14,1 0,001 +80, -45 6.94 13.
209 -0.14 10.5 0.001 +150, -60 -9.63 14,9 0.0003  +80, -45 7.49 7.8
210 -0.72 9.9 0. 046 +150, -60 -11.88 12.6 0.008 +80, -45 4.62 130, L
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EXCITATION FUNCTIONS FOR
CHARGED-PARTICLE-INDUCED

NUCLEAR REACTIONS IN LIGHT ELEMENTS
AT LLOW PROJECTILE ENERGIES

J. LORENZEN, D. BRUNE
Aktiebolaget Atomenergi,
Studsvik, Sweden

ABSTRACT. This ccmpilation of data should be useful in various fields of nuclear applications,
with the emphasis on charged particle activation analysis, Activation analysis of light elements using
charged particles has proved to be an important tool in solving various problems in analytical chemistry,
e.g. those associated with metal surfaces. Scientists desiring to evaluate the distribution of light elements
on the surface of various matrices using charged-particle reactions require accurate data on cross-sections
in the MeV-region. Also, a knowledge of cross-section data and yield functions is of great interest in many
applied investigations involving work with charged particles, such as radiological protection and health
physics, material research, semiconductor material investigations and corrosion chemistry. The authors
therefore decided to collect a limited number of data which find use in these fields. Although the compilation
is far from being complete, it is expected to be of assistance in devising measurements of charged-particle
reactions in Van de Graaff or other low-energy accelerators.

INTRODUCTION

It is well known that nuclear reactions with charged particles are
hindered by the repulsive Coulomb interaction with the nucleus. Thus,
charged-particle reactions with acceptable yields occur only where low-
or medium-weight nuclei are involved. Elements heavier than Z > 12
have therefore been omitted from this compilation. The central problem
in activation analysis is the identification of a given nuclide and a quantitative
determination of its concentration in a more or less complex matrix. In
this connection it iz necessary to search for special reactions which exclude
competitive processes. This can be done, for example, by using selected
bombarding energies which lead to as few competitive reactions as possible.
Thus, resonances in the excitation function have been used in order to obtain
a dominant yield from the selected nuclide, or coincidence measurements
with reaction products have been made. Consequently, differential cross-
sections have been included, wherever they were available, as well as
integral curves. Furthermore, the compilation contains various yield
curves.

In some cases the emerging particle is specified with an index i.

This denotes whether the light product is produced in the ground-state (0)
or in the i-th excited state of the product nucleus. The excited states
and the corresponding gamma-ray energies can be obtained for instance in:
Nuclear Data Sheets, National Academy of Sciences, National Research
Council, Washingtcn, D,C. (1962).

Where the values for angular distribution are related to the centre-of-
mass system this is denoted by the index ¢.m. for the units of the cross-
section in the graphs, Otherwise the graphs show values in the laboratory
system.
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The authors are of the opinion that a diagram showing the shape of
cross-sections or excitation functions provides a more rapid and useful
source of information than do data from tables. TFor this reason, only
diagrams of absolute, normalized experimental values have been presented,
even in those instances where tables were provided by the experimentalists.,
Unified symbols and units (see below) have been used, and abbreviated
references and comments have been included. The absolute errors as
determined by the experimentalists are shown in the diagrams.

Following the compilation of graphs, a list of references is given
which is arranged in P (number) for proton, D (number) for deuteron,

A (number) for alpha and H (number) for 3He-particle-induced reactions.

In some cases there are several publications concerned with the
same reaction. Where the cross-section was measured in different energy
regions an attempt was made to fit and normalize the different results to
a mean value at the point of intersection. Where identical information was
presented by several authors the choice was restricted to that of the most
recent origin.

In most cases the cross-sections collected for this compilation are
up to 20 MeV. To optimize irradiation conditions, it may be necessary
to know whether the cross-section increases at higher energies or whether
the resonance for the reaction concerned is already exceeded at low bom-
barding energies. Unfortunately, there are only very few measurements
for reactions induced by charged particles at higher energies. Therefore,
a request was made to H, Munzel at the Kernforschungszentrum Karlsruhe
for permission to publish parts of the systematic study made by him and
his co-worker on experimental cross-sections for charged-particle-induced
reactions at higher energies.! We received the kind permission to select
from this report the parts of interest. This reduced version is given in
Appendix 12

(p, v) reactions exhibit several resonances in the MeV region. These
resonances are of special interest in charged-particle activation analysis.
For calibration purposes and depth distribution studies of light elements
in heavy matrices, these sharp resonances can be used favourably. In most
of the cases the shape of the resonances is not so important as the charac-
teristic data, such as position (resonance energy in keV), resonance width
(FWHM in keV) and height (cross-section in mb), Therefore, a request
was made to J,W. Butler, U.S. Naval Research Laboratory, Washington,
D.C., for permission to publish the systematic collection made by him on
(p, v)-resonances® (see Appendix 2).

In Table A2-1, the cross-section given is the total cross-section in
millibarns at the resonance peak. Where more than one primary gamma
ray is emitted, the tabulated cross-section value is the sum of all such
individual primary gamma-ray cross-sections. For those resonances
which are too narrow for such cross-section measurements, the integrated

1 LANGE, J., MUNZEL, H., Estimation of Unknown Excitation Functions for (o, xn)-, (o, pxn)-,
(d, pxn) -, and (p, xn)-Reactions, Rep. KFK-767 (1968).

Z A more comprehensive compilation is published in Landolt-BSrnstein, New Series 1/5, Vol.a,
Q-Values; Vol.b, Excitation Functions for Charged Particle Induced Nuclear Reactions, Springer Verlag (1973).

s BUTLER, J.W., Table of (p,y) Resonances, Rep. NRL-5282 (Apr.1959).
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cross-section, [odE, has been tabulated where this measurement has been
made. In these instances, the abbreviation "evb" for "electron-volt barn"
has been inserted in the cross-section column.

As far as the gamma energies are concerned, only the most predomi-
nant ones have been compiled in Table A2-I. A question mark means doubt
about the number,

Finally, Appendix 3 is a Bibliography listing publications containing
various data for charged-particle-induced reactions.
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GRAPHS OF EXCITATION FUNCTIONS

Conventions and symbols

c total cross-section

Oexc excitation function

% angular distribution

-g—% (09 diffusion cross-section for 0°

c.m, centre-of-mass system

0 laboratory angle of measurement in angular distributions
E energy in laboratory system

P subscripts refer to proton

d subscripts refer to deuteron

3He subscripts refer to helium-3

o subscripts refer to alpha particle
gr.st. ground-state

exc. st. excited state

* residual nucleus left in excited state
(p,p") inelastic proton scattering

dpm disintegrations per minute
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PROTON
Reaction Cross-sgctign _ Energy range Page
and angular distribution (MeV)
1. TLi(p,n)"Be o (0°) 3 - 13 329
2. TLi(p,a)*He o (90°, 1209 0.5-2.3 330
3. "Be(p,v)%B o 1-3,5 330
4, Be(p,e)®Li :—; 6 -11.5 332
5. Vgep, v)'B o (0°, 90°) 0-86 334
6. B, v)C o (90°) 3 - 17 334
7. UB(p,~y)¥C s, % (90°) 1- 14 335
8. 2C(p, v) N o 0-2.2 337
9. Bop,n) BN o; o (5°, 40°) 3.14 337
10. ¥UNp, )0 o (90°) 2-19 339
11. 5N(p, n)®0 o; o (5°, 40°) 4- 14 340
12. Bop, p') o o (0°) 3.2 -5.4 341
13. Bo(p,a)®N o (09 3.2-5.4 342
14, ®Fp,e)0 o o 4 .12 342
1)

o (70°, 165°); -g—;’z- 9 - 12 343
15, Bpp,ay) o relative yield 0-5.6 347
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Reaction and aggrslsasr-csiiescttri'?gution Ener(‘l%gesfe)mge Page
1. 9Be(d, y)11B o 0.5 - 3.5 349
2. 19B(d,n)liC o o(0); 5= 3-9 350
o 5-12 352
3. B(,n)c o (0°) 0.6 - 3 352
4. UB(,2n)c o 8- 18 353
5. cw,p)c a(6) 5-10 354
o (30°) 1-9 358
6. 264, n) N o 1-4.51-12; 358
4-19

L 7-12 360
7. 2c(4,a) B a(9) 5- 10 361
8. N, p) N o 1.0 - 3.5 363
9. 1N, n)¥®0 o; o(6); —3—% 1-5.5 363
10. %04, n)'F o; o(6) 2.5 - 4.5 366
11, %o@d,a) "N g—g; () 4-5.3;3-15 368
a(8) 3-59-15 3171
g_g 5.7 - 11 373
12, 2Ne(d, p)?!Ne o (30°, 150°) 0.8-2.6 375
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Cross-section

Energy range

Reaction and angular distribution (MeV) Page

1.  %H(%He,n)’Li %; o (0°, 40°) 1-4 392

2. TLi(®He, t)"Be ¢ (30°) 2-4 393
do

< 3; 3.5; 4 393

3. TLi(%He, ) Li o (40°) 2 -4 394

4, Be(®He, n)!'C o 3-10 394

5. Be(®He, t)°B o (40°) 2.5 -4 394
do

—d—ﬁ 3 - 3. 8 395

6. g (%He, p)t?C o (90°, 150°) 11 - 18 396

7. ®p(%He, d)c o (150°) 11 - 19 396

8. g (3He,a)’B o(8) 2-19 397

a(8) 9-19 398

9.  1°B(°He,n)n o 1-7 399

10.  B(°He,q)’B o(0) 2-10 399
do

= 3.4-9.8 400

11. Z2c(He, p) 1N do. 3.11 402
e

12, 2c(®He, YN ¢ 6 - 10 422

13, 2¢(%He, d)¥N

+ 12(C(3He )pﬂ)13N Cexc 6 -~ 30 422

14, BC(®He,a)C o 1-6 423

15.  c(®He,n)*0 o 1.6 -6 423

1.6 - 11 424

Oexc 2 - 32 424

16. LN(3He, p)itO o 3-12 425

17. UN(He, o) N ¢ 4-10 425

18. 160(°He, p)18F G 2-9 429

19. 160(°He, o) 0O G 2-9 429

20, BP(°He, o) ¥F o 3-9 430

21. Ypr(%He,an) 'F o 3-9 430
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Reaction 17, Ref. H12
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Reaction 17, Ref. H11

x Indicates data from: KNUDSON, YOUNG,
Nuc!. Phys. A 149 (1970) 323.
The plotted cross-section must be multiplied
by the number in brackets to obtain the true
cross-section.
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YIELD CURVES
ot Energy range
Reaction (MeV) Page

9Be(®He, n)iiC 6 - 18 432
108 (%He, v)1*N + 1B(°He, n)1¥N 6-18 432
10B(3He, )11 C + 1IB(°He, t)!1C 6 - 18 432
14N(°He, d)**0 6-18 433
14N(%He, 2)®N 6 - 18 433
2®*Na(*He, 2p) **Na 9-18 433
9Be(3He, n)l1C 0-18 434
10g8(3He, d)!c + 1B(°He, t)!C 0-18
12¢(%He, a)iC 0-18
11g(3He, n) 13N 0-18
12 3 13

C(°He, d)°N 0-18
“N(°He, o) *N 0-18
12Cc(3He, n) 140 0-18
“N(PHe, d) 0 0-18 435
160(°He, o) %0 0-18
Yr(°He,en)’'F 0-18
160(3He, p) '*F 0-18
18 p(%He,a)'8F 0-18
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YIELD, dpm per 3He ion per min

YIELD, dpm per He ion per min

YIELD, dpm per e ion per min
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433



434 LORENZEN and BRUNE
S T NN N N N O N O N N O N N R
= -
- 2¢ (3He, a)''C .
2k i
» d 2¢(3ne. 413N
0 ' 19N (3He, af N
5 i
+"18(3He,1C
é
S 2'- -1
b
o~ £ %8e(PHe,n"'c
o 12¢(3He,n) 0 :
5| b -
- —
¢ .3 13
: B(”He,n)'°N
(]1 g
{ | 1 Ill | S N Y T I O I T I I O |
0 4 8 12 i6 20

EsHe (MeV)

Reactions 7, Ref. Y2



CHARGED-PARTICLE NUCLEAR EXCITATION FUNCTIONS 435

5
T1T T T T VT T LT ITT T U O T T T T 11
- 160(3He, p)18F ]
o ’4N(3He,d )f50-
16~/,3 15
102:-_ O( He,a) 0 _-:
5r 19_,3 17 1
e F(°He,an)''F i
- -
o)
E ,L i
b
9F(3He,a) '8F
B c ]
S d B
cd
21 b }Eo -
aly e
’llll{llllllllllLlllll
0 4 8 12 16 20
E'_,,He (MeV)

Reactions 8, Ref. Y2



436 LORENZEN and BRUNE

REFERENCES TO GRAPHS

FProton

P1 BORCHERS, R.R., POPPE, C.H., Phys. Rev. 129 (1963) 2679.

P2 SWEENY, W.E., MARION, 1.B., Phys. Rev. 182 (1969) 1007.

P3 VAUGHN, F.J., et al., Phys. Rev. 2 (1970) 1657.

P4 BLIEDEN, H.R., TEMMER, G.M., WARSH, K.L., Nucl. Phys. 49 (1963) 209.

P5 GOOSMAN, D.R., ADELBERGER, E.G., SNOVER, K.A., Phys. Rev. 1 (1970) 123.
P6 KUAN, H.M., et al., Nucl. Phys. ALS1 (1970) 129.

P7 ALLAS, R.G., et al., Nucl, Phys. 58 (1964) 122.

P8 JARMIE, N., SEAGRAVE, ].D., Rep. LA-2014 (1957).

P9 WONG, C., et al., Phys. Rev. 123 (1961) 598.

P10 DAGIEY, P., HAEBERLI, W., SALADIN, J.X., Nucl. Phys. 24 (1961) 353.

P11 BERGDOLT, G., GUILLAUME, G., J. Phys. 30 (1969) 145.

P12 WARSH, K.L., TEMMER, G.M., BLIEDEN, H.R., Phys. Rev. 131 (1963) 1690.
P13 WILLARD, H.B., et al., Phys. Rev, 8_5(1952) 849.

P14 CHAO, C.Y., et al., Phys. Rev. 79 (1950) 108.

Deuteron

D1 BATTLESON, K., McDANIELS, D.K., Phys. Rev. 4 (1971) 1601.

D2 DIN, G.U., NAGARAJAN, M. A., POLLARD, R., Nucl, Phys. A93 (1967) 190.
D3 BRILL, O.D., SUMIN, L.V., At. Ehnerg. 7 (1959) 377.

D4 CORDS, H., DIN, G.U., ROBSON, B.A., Nucl. Phys. ég_l(lQGQ) 95.

D5 DAVIS, J.R., DIN, G.U., Nucl. Phys. A179 (1972) 101.

D6 JASZCZ AK, R.J., MACKLIN, R.L., GIBBONS, J.H., Phys. Rev. 181 (1969) 1428.
D7 PORTO, V.G., et al., Nucl. Phys, A136 (1969) 385.

D8 RETZ-SCHMIDT, T., WEIL, J.L., Phys. Rev. 119 (1960) 1079.

D9 BAHNSEN, R.M., WYLIE, W.R,, LEFEVRE, H.W., Phys. Rev. 2 (1970) 859.

D10 THORNTON, S.T., et al., Phys. Rev. 3 (1971) 1065.

D11 JOBST, J., MESSELT, S., RICHARDS, H.T., Phys. Rev. 178 (1969) 1663.

D12 COMSAN, M.N.H., Atomkermenergie 18 (1971) 317.

Alpha

Al BLIEDEN, H.R., TEMMER, G.M., WARSH, K.L., Nucl. Phys. 49 (1963) 209.

A2 VAN DER ZWAN, L., GEIGER, K.W., Nucl. Phys. A180 (1972) 615.

A3 OBST, A.W., GRANDY, T.B., WEIL, J.L., Phys. Rev. C 5 (1972) 738.

A4 DAVIDS, C.N., Nucl. Phys. A110 (1968) 619.

AS BRILL, O.D., SUMIN, L.V., At. Ehnerg. 7 (1959) 377.

A6 SEKHARAN, K.K., et al., Phys. Rev. 156 (1967) 11817,

AT GRUHLE, W., SCHMIDT, W., BURGMER, W., Nucl. Phys. A1B6 (1972) 257.
Helium

Hl KLOPCIC, J.T., DARDEN, S.E., Phys. Rev. C§(1971) 2171.

H2 ORIHARA, H., et al., Nucl., Phys. A139 (1969) 226.

H3 HAHN, R.L., RICCI, E., Phys. Rev. 146 (1966) 650.

H4 BELL, R.A.I., et al., Rep. ANU-P/550 (1972).

H5 PETERSON, R.W., GLASS, N.W., Phys. Rev. 130 (1963) 292.

H6 PATTERSON, J.R., POATE, J.M., TITTERTON, E.W., Proc. Phys. Soc. 85 (1965) 1085.
H7 HAAS, F., et al., Phys. Rev. 188 (1969) 1625.

H8 SINGH, J., Nucl. Phys. A155(1970) 443.

HY CIRILOV, §.D., NEWTON, J.O., SCHAPIRA, J.P., Nucl. Phys. 17 (1966) 472.
H10 OSGOOD, D.R., PATTERSON, I.R., TITTERTON, E.W., Nucl. Phys. 60 (1964) 503.
H11 GUAZZONI, P., MICHELETTI, S., PIGNANELLI, M., Phys. Rev. C 4 (1971) 1086.
H12 KNUDSON, A.R., YOUNG, R.C., Nucl. Phys. i];iQ_(IQ’TO) 323.

Yield curves

Y1 HAHN, R.L., RICCI, E., Nucl. Phys. A101 (1967) 353.
Y2 RICCI, E., HAHN, R.L., Anal. Chem, 40 (1968) 54,



CHARGED-PARTICLE NUCLEAR EXCITATION FUNCTIONS 437

APPENDIX 1

EXCITATION FUNCTIONS OF
CHARGED-PARTICLE-INDUCED REACTIONS AT HIGHER ENERGIES™

Sy_stematics

Table Al-I, Characteristic data for the excitation functions,

Figure Al-1, Positions of the maxima for the excitation functions dependent
on the atomic number Z of the target nucleus.

Figure Al-2. Full width at half maximum for the excitation functions
dependent on the atomic number Z of the target nucleus.

Figure Al-3, Heights of maxima for the excitation functions dependent
on the atomic number Z of the target nucleus.

Figure Al-4, Characteristic data of the excitation functions dependent
on the atomic number Z of the target nucleus.

Figures Al-5to Al-12, Estimated and experimental excitation functions.

Figure Al-13. Yield from irradiation of thick targets.

* From: LANGE, J., MUNZEL, H., Estimation of Unknown Excitation Functions for (o, Xn)-, (e, pxn)-,
(d,xn)-, (d, pxn)~, and (p,xn)-Reactions, Rep. KFK-767 (1968), with kind permission from the authors.
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TABLE Al-I, CHARACTERISTIC DATA FOR THE EXCITATION

FUNCTIONS

Reaction Position of Height of
No.2 l;It‘xacrl‘gE; Q-value maximumDP maximum
(MeV) (MeV) (mb)
(o, )
1 21 Sc-45 -2.2 12,7 630
2a 25 Mn-55 -3.5 8.7 680
2b 25 Mn-55 -3.5 10.9 520
3 26 Fe-54 -5.8 10.5 190
4 27 Co-59 -5.1 - -
5 28 Ni-60 -7.9 11.1 550
6 Ni-62 -6.5 9.7 950
7 29 Cu-63 1.5 8.9 700
8a Cu-65 -5.8 - -
8b Cu-65 -5.8 11.8 820
9a 30 Zn-64 -9.2 10.9 770
9b - 30 Zn-64 -9.2 10.2 320
10 Zn-68 -5.7 - -
11 37 Rb-85 -3.5 12.0 250
12 Rb-87 -3.8 10.0 240
i13a 41 Nb-93 -7.0 9.4 470
13b 41 Nb-93 -7.0 - -
14 42 Mo-92 -8,4 11,6 370
15 Mo-100 -4, 6 9.6 760
16a 47 Ag-107 7.6 9.2 420
16b 47 Ag-107 -7.6 10.8 340
17 Ag-109 -6.4 10.0 360
18 48 Cd-106 -10.1 10.9 670
a

in Figs Al-5 to Al-12.
b With respect to the energy scale E + Q.

The numbers refer to the numbered excitation function curves
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TABLE Al-] (cont.)

Reaction Position of Height of

No. iijgj; Q-value maximum maximum
(MeV) (MeV) (mb)
(@,n)
19 49 In-115 -7.2 12.1 300
20 50 Sn-112 -13.0 6.4 550
21 Sn-114 -11.1 7.0 290
22 Sn-124 -5.6 13. 4 160
23a 56 Ba-138 -8.6 7.4 130
23b 56 Ba-138 -8.6 17.2 900
24a 57 La-139 -9.2 9.1 115
24b 57 La-139 -9, 2 8.4 110
24c 57 La-139 -9, 2 8.3 110
25a 67 Ho-165 -9.2 11.8 79
25b 67 Ho-165 -9.2 8.8 30
26 68 Er-164 -11.1 6.9 260
27 79 Au-197 -9.8 - -
28 82 Pb~207 -12.1 10.3 110
29 Pb-208 -15.0 6.4 90
30 92 U-235 -10.9 - -
31 94 Pu-238 -13.1 - -
(@, 2n)
i 21 Sc-45 -12.8 13.3 200
2a 25 Mn-55 -12.1 - 640
2b #5 Mn-55 -12.1 - 670
3 26 Fe-54 -16.0 16,3 10
27 Co-59 -14.0 14. 4 390
5 28 Ni-60 -17.1 14,9 180
29 Cu-63 -16,6 14.4 260
Ta Cu-65 -14,1 13. 4 650
b Cu-65 -14.1 - 1000
8 10 Zn-64 -19.0 13.5 86
9 32 Ge-70 -16.1 16.9 320
10 35 Br-79 -14,. 4 - 2300
i1 37 Rb-85 -12,7 12.3 810

12 47 Ag-107 -15.6 11.4 1000
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TABLE Al-I (cont.)

Reaction Position of Height of
No, :::;gs: Q-value maximum maximum
(MeV) (MeV) (mb})

(o, 2n)

13 Ag-109 -14.3 10.2 1050
14 48 Cd-106 -19.2 12.3 430
15 52 Te-130 -11.8 13.7 66
16 67 Ho-165 -16.2 7.3 750
17 68 Er-164 -18.0 11.0 820
18a 79 Au-197 -16.4 12. 6 640
18b 79 Au-197 -16. 4 13,6 800
18c¢ 79 Au-197 -16.4 12.4 650
19 82 Pb-206 -20.0 11.0 1050
20 Pb-208 -19.5 10.5 1000
21ia 83 Bi-209 -20.3 9.9 900
21b 83 Bi-209 -20.3 10.5 910
22 92 U-233 -19. 14 8.9 6.5
23 U-235 -17.9 8.3 16
24 93 Np-237 -18.3 9.7 16
25 94 Pu-238 -17.8 8.2 15.5
26 Pu-239 -18.2 10. 8 13
27 Pu-242 -17.2 7.8 10.5
28 98 Cf-252 -18.2 10. 4 9.5
(a, 3n)

1 25 Mn-55 -23.5 - -

2 26 Fe-56 -26.3 17.3 16

3 30 Zn-64 -31.5 - -

4 37 Rb-85 -24.7 15,1 600

5 47 Ag-107 -26.1 13,1 550
6a Ag-109 -24.1 11.9 1000
6b Ag-109 -24.1 13.9 950

7 49 In-115 -24. 4 - -

8 50 Sn-124 -21.0 15,0 1400

9 57 L.a-139 -24.5 11. 7 1400
10 67 Ho-165 -24.,7 10.1 840

11 68 Er-164 -27.5 12.9 1180
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TABLE Al-I (cont.)

. Reaction Position of Height of
No. Target Q-value maximum maximum
nucleus (MeV) (MeV) (mb)
(a, 3n)
12a 79 Au-197 -25.4 13.6 1100
12b 79 Au-197 -25.4 12.8 1400
13 &2 Pb-206 -28.5 - -
14 Pb-207 -26.8 12 8 1400
15 83 Bi-209 -28,0 - -
16 83 Bi-209 -28.0 11.5 1200
17 92 U-233 -25,3 9.1 1
18 U-235 -23.8 9.8 8
19 $3 Np-237 -25.4 13,4 14
20 ¢4 Pu-239 -23.8 13,2 4,5
21 $8 Cf-252 -25,0 12,4 3.3
(@, p)
1 .6 Fe-54 -1.8 16.2 600
2 28 Ni-58 -3.1 - -
3 30 Zn-64 -4,0 15.0 520
4 42 Mo-92 -5.6 14,4 185
5 48 Cd-106 -5.6 17.3 245
6 50 Sn-124 -6.4 23,0 18
(o, pn)
1a 26 Fe-54 -13,2 14.8 750
ib 26 Fe-54 -13,2 14,6 470
2a Fe-56 -13.7 13.7 840
2b Fe-56 -13.7 14,7 790
2¢ Fe-56 -13.7 16,3 630
28 Ni-60 -14.6 16,4 890
4 Ni-62 -14.3 17.2 495
5 29 Cu-63 -12,6 17.4 870
6a 30 Zn-64 -16.0 - -
6b 30 Zn-64 -16.0 16. 6 790
Zn-66 -15.5 - -
Zn-70 -13.9 17.1 88
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TABLE Al-I (cont.)

Target Reaction Position of Height of

No. nucleus Q(-N\Ir:i/‘u)e ma(:lcvilr:‘\/‘1§n maf(nilr;l)um

(a, pn)
10 47 Ag-107 -13,6 17. 4 91
11 48 Cd-106 -16.7 18. 6 225
12 50 Sn-124 -14.8 24.2 46
13 57 La-139 -15, 6 - -
14 94 Pu-238 -18.3 20.7 15
(d,n)

22 Ti-47 4,6 12.4 200
2 24 Cr-50 2.9 8.3 265
3 26 Fe-54 2.8 10.5 155
4 30 Zn-66 3.1 11. 4 450
5 32 Ge-70 2.4 10. 4 270
6a 40 Zr-94 4.6 13,8 ‘ 120
6b 40 Zr-94 4,6 12.3 130
7a Zr-96 5.2 12.7 85
Tb Zr-96 5.2 13.0 85
8 42 Mo-92 1.9 10.9 190
9 52 Te-130 5.2 16,2 15
10a 58 Ce-142 3.5 - -
10b 58 Ce-142 3.5 15.9 60
11a 83 Bi-209 2.8 20,8 34
11b 83 Bi-209 2,8 - 32
12 92 U-235 2.6 22.2 10
13 94 Pu-239 2.2 24,2 14
(4, 2n)
i 22 Ti-47 -5.9 9.5 400
2 Ti-48 -7.0 10.0 38
3a 24 Cr-52 -1.7 - -
3b 24 Cr-52 -7.7 14.3 200

26 Fe-56 -7.6 10.0 310
5 29 Cu-63 -6.4 - -
6a Cu-65 -4. 4 11,3 - 920
6b Cu-65 -4.4 9.6 820

- - o A S - " o . S o TR T e e -



CHARGED-PARTICLE NUCLEAR EXCIT ATION FUNCTIONS

TABLE Al-I (cont.)

443

Reaction Position of Height of
No. Target Q-value maximum maximum
nucleus (MeV) (MeV) (mb)

(4, 2n)

7b 30 Zn-66 -8.2 - -

8 _ Zn-68 -5.9 - -

9 32 Ge-70 -9.2 - -

10 34 Se-82 -3.1 - -
iia 40 Zr-96 -2.8 - -
11b 40 Zr-96 -2.8 8.2 1050
12 52 Te-126 -5.2 7.3 750
13 Te-128 -4,3 9.0 - 800
14a Te-130 -3. 4 8.8 700
14b Te-130 -3.4 8.5 750
i5 53 J-127 -3.7 10.9 700
16 55 Cs-133 -3.5 10.3 600
17a 58 Ce-142 -3.8 - -
17b 58 Ce-142 -3.8 7.8 750
18 73 Ta-181 -3.2 8, 660
19 74 W-184 -4,7 - -

20 w-186 -3.6 9.2 380
21 79 Au-197 -3.8 10.8 600
22 33 Bi-209 -4.9 9.9 540
23 92 U-234 -4.8 9.2 32
24a U-235 -3.1 8 6 19
24b U-235 -3.1 10.8 25
25 U-236 -3.9 8.4 43
26a U-238 -3.1 8.9 48
26b U-238 -3.1 10.5 70
27 94 Pu-239 -3.8 10. 6 28
(4, 3n)

1 40 Zr-96 -10.0 - -

2 53J-127 -10.9 - -

3 59 Pr-141 -12.7 12.9 1200
4a 33 Bi-209 -11.9 - -

4b 33 Bi-209 -11.9 - -

5 32 U-234 -10.9 7.9 19
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TABLE Al-I (cont.)

Reaction Position of Height of

No, rrlIL;acIl‘iE; Q-value maximum maximum
(MeV) (MeV) (mb)
(d, 3n)
6a 92 U-235 -10.1 10.1 26
6b 92 U-235 -10.1 8.9 24
7 U-236 -9.6 9.4 57
8 94 Pu-239 -10.9 - -
(4, p)
1 27 Co-59 5.3 13.1 300
2 29 Cu-63 5.7 14,7 275
3 30 Zn-68 4.3 12.5 450
4 32 Ge-70 5.2 13.4 450
5 33 As-75 5.1 13.6 250
6 35 Br-81 5.4 13.9 370
7 39 Y-89 4.6 13.6 205
8 40 Zr-94 4,2 13.4 280
9a Zr-96 3.4 12.8 220
9b Zr-96 3.4 12.6 300
10 45 Rh-103 4.8 14,5 200
11 46 Pd-110 3.5 12.8 285
12 48 C4d-114 3.9 13.3 265
13 52 Te-130 3.7 13.5 200
14 55 Cs-133 3.9 13.5 175
15a 58 Ce-142 2.9 - -
15b 58 Ce-142 2.9 12,9 230
16 59 Pr-141 3.6 15.8 260
17 73 Ta-181 3.8 15.8 230
18 74 W-184 3.5 15.8 280
19 W-186 3.3 15.7 310
20 75 Re-187 3.0 17.0 210
21 78 Pt-196 3.1 - -
22a 79 Au-197 4.3 18,8 280
22b 79 Au-197 4,3 19.3 160
23 82 Pb-208 1.7 15.1 205
24 83 Bi-209 2.4 15,4 115
25 Bi-209 2.4 15. 6 110
26 92 U-238 2.6 18. 6 220
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TABLE Al-I (con:.)

Target Reaction Posi.tion of Height of
No Q-value maximum maximum
nucleus (MeV) (MeV) (mb)

(p,n)

1 22 Ti-47 -3.7 6.5 300
2 Ti-48 -4.8 7.2 510
3a 23 V-51 -1.5 - -

3b 23 V-51 -1.5 11.5 700
4a 24 Cr-52 -5.5 7.1 600
4b 24 Cr-52 -5.5 - -

5 25 Mn-55 -1.0 - -

6 26 Fe-56 -5.4 6.6 450
7 Fe-57 -1.6 7.4 400
8 27 Co-59 -1.9 8.1 500
9 28 Ni-61 -3.0 6.6 700
10 Ni-62 -4.17 - -

11 Ni-64 -2.5 7.9 850
12 29 Cu-63 -4,2 8.2 500
13 Cu-65 -2.1 - -

14 31 Ga-69 -2.2 - -

15 39 Y-89 -3.6 9.4 730
16 47 Ag-107 -2.2 - -

17 Ag-109 -1.0 8.2 360
18 48 Cd-110 -4, 7 8.3 870
19a Cd-111 -1.9 11.1 530
19b Ca-111 -1.9 - -

20 Cd-112 -3.4 - -

21 Cd-114 -2.2 - -

22 50 Sn-124 -1.4 - -

23 57 La-139 -1.1 - -
24 58 Ce-142 -1.6 7.4 120
25 59 Pr-141 -2,6 - -
26a 73 Ta-181 -1.0 8.5 100
26b 73 Ta-181 -1.0 9.0 100
26c 73 Ta-181 -1.0 9.0 105
26d 73 Ta-181 -1.0 12 100

27 79 Au-197 -1.6 9.2 95
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Reaction ©Position of Height of

No. :L‘iriiits Q-value maximum maximum
(MeV) (MeV) (mb)

(p, 2n)
1 23 V-51 -10.8 4,2 240
2 27 Co-59 -10.9 - -
3 28 Ni-62 -13, 6 9.9 210
4 29 Cu-63 -13,3 11,7 180
5 31 Ga-69 -11,6 7.4 500
6 39 Y-89 -12,8 13,2 1300
7 41 Nb-93 -9.3 - -
8 47 Ag-107 -10.1 - -
9 48 Cd-110 -12.7 - -
10 Cda-111 -11.7 - -
11 Cd-112 -11.3 9.7 1050
12a 73 Ta-181 -7.9 - -
12b 73 Ta-181 -7.9 6.8 900
13a 79 Au-197 -8.2 - -
13b 79 Au-197 -8.2 - -
14 82 Pb-206 -11,6 9.4 1050
(p, 3n)
i 23 V-51 -23.7 16.3 100
2 27 Co-59 -23.1 17.9 i1
3 29 Cu-65 -22.0 16.0 160
4 31 Ga-69 -23.8 13,2 65
5 Ga-71 -20.0 10.0 550
6 39 Y-89 -20.8 20,2 390
7 48 Cd-112 -21.1 9.9 780
8 73 Ta-181 -15,5 9.5 1200
9 82 Pb-206 -20.0 9.0 900
10 83 Bi-209 -18.0 12.0 850
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APPENDIX 2

TABLE A2-1I. (p,vy) RESONANCES AS A FUNCTION OF PROTON ENERGIES
RANGING FROM 163 keV TO 3.0 MeV™

Proton Cross- Res?nance Half-life and
energy Reaction Gammjl‘wr:g)e"ergy section (F‘."v:,ﬁ&) B* energy?®
(keV) (mb) (keV) (MeV)

163 | B, yct? 16.11, 11.68, 4.43 | 0,157 7

224 F %, ay)0!® | 7.12, 6.92, 6.13 >0.2 1

226 Mg®4p,y)a1%% | 2.06, 1.56, 0.95 17 7.28 3.3

226 a7 (p,y)si%8

251 NaZ3(p, y)Mg?4 0.3

261 cl%p, yn?t?

278 N4, yo!’® 6.82, 6. 14, 1,47 1.6 | 2.03 min; 1.7

294 a1%7(p, 5128 <1

295 | Mg%%p,y)a1%7

308 Na?3(p,y)Mg?t | 10.6, 7.8, 6.7 0.8

317 Mg2%(p,v)a1%¢ | 6.19, 4.86, 0.82 12 6.48 3.2

326 A% (p, y)si 7.6, 7.2, 6.2 <1

326 5i29(p, y)P30 5.88, 5.17 2,50 min; 3.2

330 Be’(p,y)B!° 6.9, 6.2, 5.2 160

339 Mg?8p, ya12? | 7.74, 5.85, 5. 61

340 F19%0,ay0® | 7.12, 6.92, 6.13 160 3

355 P3l(p, 832

356 ct¥p,ynt® 10.5, 7.1, 5.4

360 N!5(p, y)o1® 12, 43, 6. 37 0. 007 94

360 N(p,ay)cl? | 4.43 0.03 94

374 | Na?3(p,yMg?* | 6.26 2

392 | Mg?(p,y)A1%® | 6.26, 4. 67, 3.52 4 8 6.48; 3.2

405 | afp,ysi®® | 7.3, 5.1, 2.8

414 si%(p, y)P3° 5,25, 0,70 2.5 min; 3.2

418 Mg?4(p,y)A12% | 2,70, 2.25, 0.89 1 7.28; 3.3

429 n! 5(p, m,)c1 4,43 300 0.9

429 N'3(p, y)0? 6. 46 0. 001 0.9

437 | Mg®(p,a12® | 6.72, 6.30, 4. 667 648 3.2

39 | a%(p,y)si?®

440 P3(p,y)s3? 34

441 Li(p,y)Bed 17.64, 14.74, 12.24 | 6 12

Pt . v O o 8 T e g e e Y O e O m e e s e o Y B o o P = o  — n v 9 Ae

*

From: BUTLER, J.W., Table of (p,y) Resonances, Rep. NRL-5282 (1959), with kind
permission from the author.
2 From: Chart of the Nuclides, 3rd Edn, Federal Ministry for Education and Science,
Bonn (1968).
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Resonance ;

Proton . Gamma-ray energy Cross- width };ilf;rll;f:g;nd
energy Reaction (MeV) section (FWHM) (MeV)

(keV) (mb) (keV)
444 Na23(p, y)Mg?* 0.8
448 cl¥p, ynt4
454 | Mg%%p,)a1%7 | 7.85, 7.68, 5.71
457 clZp, Ont3 2. 36 0.127 39.5 | 9.96 min; 1.
473 Mg27(p, y) A12° 6.48; 3.2
84 | F%,e00%% | 7.12, 6.92, 6.13 | >32 0.9
496 Mg?3(p, a2 | 6.36, 4.24, 4.212 6.48; 3.2
500 5i3%(p, y)P3! 7.75, 6.48, 4. 62
504 8a(p, 5128 | 12.07 <0.20
s06 | a1?l(p, 828 | 10.29 <0.17
511 NaZ3(p, yMg?? | 10.8, 8.0, 6.9 0.8
513 Mg?(p, ) a128 3 6.48; 3.2
530 | Mg?%(p,y)a1?® 3 6.48; 3.2
532 cl¥p,yN15 10.7, 5.3
540 P (p, )52
550 c3p, yntt 8.06, 4.11 1.44 32.%
580 Mg?2(p.y)A1%8 | 6.857, 6.43, 4.28 6.48 3.2
594 Na23(p,)MgZ* | 10.9, 8.0, 7.0 2
594 53%(p, y)c13? 2,86, 2,05, 0.806 2.538; 4.5
597 F9%p,ay)0!® | 7.12, 6.92, 6.13 7.1 30
607 Mg2¥(p,y)a128 | 6.887, 6. 46, 4.34 6.48; 3.2
612 |a1%7(p, y)5i%? <1
625 513%(p, y)P3! 7.87
630 o'¥p, yF1? 8.5 2.6
632 a7 (p, 823 | 10,41, 7,589, 1.77 <0.06
636 NeZZ(p,y)Na®3 | 9. 40
640 cl4p,yNt3 10.8, 5.3
648 P (p, y)s32 17
650 cat(p, y)sct! 0.596 8; 5.6
654 M (p, )82 | 10.43, 7,61  <0.06
6607 |NeZ¥(p,y)Na™3
661 Mg28p,y)a1>7 | 7.88, 6.68, 5.9
667 | Mg?%(p.y)A1%® .48 3.2

2
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Proton . Gamma-ray energy Cross- Re?:;;::ce Hilf'life and
energy Reaction (MeV) section (FWHM) g™ energy
(keV) (mb) (keV) (MeV)
672 F19%,)Ne2® | 11,88, 1.63 0.5 6.0
672 | F!%p,ay0!® |7.12, 6.92, 6.13 57 6.0
675 Bt!(p,y)C 12, 15, 4.43 0. 050 322
675 Na?3(p,y)Mg?* | 11,0, 8.1, 7.1 <1
675 Mg?%(p.y)M1%8 | 6.55, 5.21, 3.30 6.48; 3.2
675 si¥%p, P3| 7.92, 6,65, 1,27
678 a%7(p,y)512% | 10.45, 7 63 <1
693 | 8i%%p, P30 | 6.26, 4.29, 3.51 2.5 min; 3.2
700 | N'%p, 0% |s.0 100
7037 | Si(p,y)P 2.03 min; 1.7
710 niPp, 1018 6.72 40
7172 | si(p,y)P
720 | Mg®3(p,)A12¢ | 6.59, 4.93, 2,46 6.48; 3.2
720 | Mg%%(p,)A127 | 6.74, 5.96, 5. 28
725 Ni%%p, cu®t [ <5, 52 0.0t evb | <1 3.3m; 1.2
730 5i2%(p, y)P3° 3.33 2.5 min; 3.2
731 M (p, )5i%8 <0.16
736 m?(p, 5128 <0.09
740 NaZ3(p, Mgt | 11 <3
741 a%(p, )81 <1
744 | Na%¥p,y)Mg?t |8 <3
759 a?(p, 5128 <0.06
760 s13%p, y)P3! 6.71, 4.57, 1.27
765 Ne?(p, y)NaZ? 2.62yr; 0.5, 1.8
766 M%7 (p, 5128 <0. 08
773 a(p, 5% | 12,33 0.009
775 513%p, y)P3 8.00, 6.73, 1.27
177 | Mg?(p, y)A1%® | 6,652, 4.99, 3.90
780 F 95, ay)01® 7.6 | 6.4 3.2
8007 | Si(p,y)P
813 Mg?8(p, y) 127
g (Pvy
816 P3(p, )5 7.39
820 | Mg%3(p,y)a1%8 | 7.69, 5.04, 4.56 6.48; 3.2
825 Mg, Na1%5 | 3.09, 2.64, 2.14 1.5
825 P (p,y)s 9. 64 7.28; 3.3
828 Ne?¥(p, y)Na23
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PO cacton | Commaray energy Croar yid il and
(keVg)y (MeV) (mb) (F;v}:'g]r»;[) (MeV)

835 F“’(g, 1038 | 7.12, 6.92, 6.13 19 6.5

840 Mg28p, y) 2127

840 si7%p, y)P3! 6.82, 4.80, 1.27

849 [0'%p,F!? | s.8 40

854 Ne? (p,y)N:lZS 9.61, 9.17, 5,70

855 c135(p, y)A¥ 7.2, 5.1, 4.3 <5

855 Ni%8(p,y)ce®? | <a. 26 0.007 evb] <t 81 s 3.7

872 F9%p,ay0!® | 7.12, 6.92, 6.13 540 4.5

877 Na?3(p.y)Mg?t | 11 8

8832 |K3%p,y)cal® | 92

884 a1 (p. y)si*8 <t

888 c133(p, y)a38

890 Mg2%(p, y)A128

892 | P (p,y)s3? 9

8952 | Si(p.y)P

895 | Ni®%p,y)cu®! | <5.69 0.0t evb | <1 3.3h; 1,2

898 | N'S(p,ay)c!? | 4.43 800 2.2

900 At0(p, k!

901 Ne?Z(p, y)Na®3 | 9.667,9.227

902 F%,ay)0!® | 7.12, 6.92, 6.13 23 5.1

916 si29%(p, yp3Y 5.74, 4.48 2.5 min; 3.2

922 | a1%7(p,y)si%® <0.19

9257 |[k3%(p.y)cat? | 92

933 | Ne?%(p,y)Na23 | 9.697, 9.257

935 | F!%p.ay)0!® | 7.12, 6.92, 6.13 | 180 8.6

936 | a1%%(p,y)si28 0.34

940 | Mg?%(p,y1a1%8 | 6.99, 5.15 6.4 3.2

9437 | Ne?¥(p, y)Na?3

9447 | Si(p,y)P

947 Ni®8(p.y)cu®? | <4 35 0.14 evb | <t 81 s 3.7

954 Mg2%(p, y a1’

955 | 5%, P>t | 8.19, 6,92, t.27

956 5i%%p,y)P3° 6.49, 5.04, 4.52 2.5 min; 3.2

960 Mg2(p. y)a1% | 5.17, 4.70, 3.572 6.48 3.2

9807 | F19(p,y)Ne2’
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Proton ) Gamma-ray energy Cro;s- Re:c;gta:ce Hflf-life and
energy Reaction (MeV) gection (FWHM) 87 energy
(keV) (mb) (keV) {(MeV)

980 si3%(p, yP3! 4.96, 4.84, 1.27

980 | K3%p,y)cal® | 92

982 Ne?Z(p, y)NaZ?

989 Na2¥(p, y)Mg?t | 9 <t

990 Mg (p, y)A12° 6.48; 3.2

991 BeX(p,y)B 10 7.5, 6.8, 5.8 89

992 Mszf’(p- v}Al 21

992 A1 (p,y)8i%8 | 10,78, 7.93, 1.77 0.05

995 si3%p,y)P3! | 6.98, 6,02, 1,27

1000 | si3%p,y)p3! 8.25, 6.98, 5.12

1001 | a1(p, y)si?® <1

1002 Nezz(p,y)Na23

1006 | Ge ¥(p,y)As’ <2.5

1010 | Ni%8(p,y)cu®? | <441 0.007 evb| <t 81 85 3.7

1011 | Na®3(p,yIMg?®t £0.5

1015 | Mg%¥p, ya1??

1022 | Na%¥(p,yMg?t | 9 6.6

1024 | a1%7(p, y)5i%8 <0. 24

1029 | Ni®p.y)cu <5.82 0.02 evb | <1 3,3h; 1.2

1030 | Li'(p,y)Bed 18,15, 15.25, 0.478 ‘ 168

1040 | N'3p,g0t8 13,09 1 130

1040 (N'30p.ey)ct? | 4.43 15 130

1046 Mgz"’(p,y)Al26 6,48, 3.2

1050 [ P3(p, )52 <5

1050 | a%%(p, yx#!

1056 | Mg2¥(p,y)a1?’ :

1059 | N'%(p. y)0!® 8.34, 5,27, 3.04 4

1066 | Ni®(p,y)cubl | <5.86 0.05 evb | <1 2.03 min; 1.7

1068 | P3Y(p, 1532 6 3.3h; 3.2

1070 | Ne?¥(p,y)Na?3

1070 |c1¥(p,y)ar3® | 9.1, 7.5, 6.3 <5

1078 | Ni®%p,y)cub? | <5.87 0.03 evb | <i

1080 | a%%(p, k!

1084 |Be’(p,y)B!° 6.9, 5.4, 0.7 3.8

1086 | Mg23(p, y)a12® 6.48; 3.2
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Proton . Gamma-ray energy Cross- Re:’f;:;?:ce Hilf-life and
e(xlx‘ee;g)y Reaction (MeV) se(;c;t;n (FWHM) B (i:;::/g)y
(keV)
1087 | Na®¥(p,y)Mg?* 1.1
1088 | Ne2¥(p,y)Na?3
1089 | a1%7(p,y)si%® <0. 11
1090 | F'9%p,\)Ne?® | 12.28, 8.84, 1.63 | >0.05 0.7
1090 | F!%p,ayct® [7.12, 6,92, 6.13 | >13 0.7
1090 | c1¥'(p,y)Ar3®
1096 | a%7(p,y)si3® <t
1094 | Ge'4(p,y)A0"" 9.5
1100 | a%%p, yx#!
1100 | Ni*%(p,y)cu®? [ <4.50 0.05 evb | <t 818 3.7
1101 | P3(p,¢)s3*
110z | a135(p,y)ar3¢
1105 | Mg?%(p, Mm% 648 3.2
1106 | NeZ(p,y)Na?3
117 | m¥p, )58 0. 80
117 | P(p, s> 9.92 5
1120 | k3%p,y)cat® | 9.5 6.1, 3.8 <5
11237 | F!%p, ay)0?® 22
132 | Ni®%p, cu®! | <5.92 0.04 evb | <t 3.3n 1.2
13s | c1®(p.ar3® | 9.1, 7.5, 6.3 <5
1140 | F1%p,ay)0 7.12, 6,92, 6,13 15 2.5
1146 | 8!%p,c!? 9.7, 5.57, 4.27 0.0055 | 450 20.3 min; 1.0
1146 | P3'(p,y)s3* 7.7
1160 | c!3p, Nt 8. 62, 4.67, 2.39 0. 56 6
1163 | ct¥p,ynt® 11, 30 12
1165 | Ne?%p,y)Na2! | <4 22.88; 2.5
1166 | Na®3(p, y)Mg?* 1.2
1167 | Ni%%p, )cu®! | <5.96 0.15 evb | <1 3.3h 1.2
1167 | Ge'4p,y)As"> 4.5
1169 | ot¥(p,yFt? 6.3 1
un | A, 962 0.25
1172 | Mg®¥(p,y) 1?7
1176 | Na%¥(p,y)Mg?* 2.5
1180 | B!%p, !t 9.4 0.0075 | 570 20.3 min; 1.0
sz | a1¥(p, 5128 0.71
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TABLE A2-] (cont.)

Proton ) Gamma-ray energy Crosﬁ- Re:(::::ce Half-life and
energy Reaction (MeV) section (FWHM) 8™ energy
(keV) (mb) (keV) (MeV)

1185 | Mg%3(p,y)a12° 6.48 3.2

1182 |F!%p,ay0!® | 7.12, 6.92, 6.13 19 110

1197 | Ni®%(p,y)cu®! | <5.99 0.13 evb | <t 3.3h 1.2

1198 | a%7(p,y)5i% 6.3

1200 | Mg?%(p,y)A1%° | 3.44, 1.83, 1. 61 <10 7.28 3.3

1209 | Ni®%p,y)cu? | <6. 00 0.14 evb | <t 3.3h 1.2

1210 | N15p,ay)ci? | 4.43 425 22.5

1212 | a1¥7(p, y)5i28 <0. 21

1213 | NaZ¥(p,y)Mg?? 0.4

1213 | Ge Y (p,y)As"> <2.5

1227 | Ni%¥(p.y)cu®® | <4.63 0 045 evb | <1 818 3.7

1235 | A%%p, x#!

1239 | Ni%(p,y)cu®! | <6.03 0.13 evb 3.3h 1.2

1247 | Ni%%p,y)cu®? | <6.04 0.1 evb | <1 3.3h; 1.2

1248 | P3(p,y)s¥ 10. 05, 7.80 9

1250 [ci3yp, Nt 8.71 0.062 500

1255 | Mg?%(p,y)a1%7

1257 | Ge ¥p,y)As > <2.5

1258 | c135(p,y)A28

1261 | m%(p,y)5128 <0.20

1262 | Ne?¥(p,y)Na?3

1213 | Na?3(p, y)Mg2t

1274 | a1¥(p, y)si%8 <t

1278 | Ne?¥(p,y)Na2?

1283 | F!%p.ay)0'® | 7.12, 6.92, 6.13 29 19

1295 | Mg?%p,y)m?7

1300 |K3%p,ycat® | 9.6, 6.3, 3.8 <5

1308 | Ni>%(p,y)Cu? | <4.71 0.11 evb | <1

1312 | c¥p,ynt? 11.43 43

1313 | Ni®%(p, y)cu®! | <6, 10 0.21 evb | <t 3.3h 1.2

1315 | m1%(p, y)5i28 v <0, 16

1316 | Ni>o(p,y)Cu®® | <471 0.08 evb | <t 81 8; 3.7

1319 | Ni®(p.y)cu®! | <611 0.25 evb | <1 3.3h; 1.2

1321 | Na3(p.yMg?? | 11 ' 2.1

13222 | F!%p,y)Ne2® | 12.50, 1.63 0. 081 4.0
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(keVg)y (MeV) (mb) ‘F(V:g}‘;” (MeV)
1322 | Ne?¥(p,y)Na23
1232 | Ni%%p, y)cu®! | <6, 11 0.29 evb | <1 3.3h 1.2
1327 | A1%7(p, 5328 <0.16
1338 | Ni®%, )cu®t | <612 0.06 evb | <1 3.3h; 1.2
1332 | Ge'Yp,y)As"° 5.0
1338 | k3%p,y)cat® | 591, 5.74, 3.8 <5
1343 | Ni%%p, )cu®! | <6.13 0.45 evb | <1 3.3h; 1.2
1347 | Ni®%p,y)cu®t | <614 0.40 evb | <1 3.3h; 1.2
1348 | F1%p,{)Ne? 0.1 5.6
1348 | F%p.ap0!® | 7.12, 6.92, 6.13 89 5.6
1350 | NeZ¥(p, y)Na23
1362 | m1%7(p, y)51%8 <0.12
13707 | s3%(p,y)c13*
1371 | Ni®%p, y)cu®? | <6.16 0.15 evb | <t 3.3h; 1.2
1375 | F1%p,ey)0!® | 7.12, 6,92, 6.13 | 300 11
1375 | Ne?¥(p, y)NaZ3
1376 | Ni%%p,y)cu? | 4,77, 4. 28, 3.86 019 evb | <1
1380 | a1?7(p,y)s:i%® 0.70
1387 | a1%(p, y)si%8 0.29
1381 | Ni®%p,y)Cu <6. 17 0.2evb | <1 3.3h; 1.2
1386 | Ne2Z(p, y)Na??
1388 | B!!(p, c!? 17.23, 12.80 0053 }270
1395 | P3(p,y)s3* 15
1398 | Na%3(p,y)Mg?* | 8 0.5
1399 | o8, F!? | 9.3 <15
1408 | P3(p, )53 15
1415 | Ni®%p, ycu®! | <6.20 0.35 evb | <t 3.3h; 1.2
1419 | NaZ¥(p,yMg?4 | 9 <0, 3
1422 | Ge'4(p,y)As"° <2.5
1424 Ni™"(p, y)Cu 4.82, 4,33 1.7 evb <0.05
1425 | Mg2(p,y)a1%7
14312 | F19%p, \)Ne?® | 12,60, 1.63 0.19 15.7
1431 | Ni%%p,y)cubt | <6.22 0.18 evb | <t 3.3h 1.2
1433 | Ne?¥(p,y)Na?3
1443 | P3(p, 453 12

e men---- - . - - e D e o O e
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TABLE A2-I (cont.)

Proton . Ga.mma.-ra.y energy CPOS.S- Res\:)ir;ﬁce Hflf—llfe and
energy Reaction (MeV) section (FWHM) 87 energy
(keV) (mb) (keV) (MeV)
1451 | Ni%%p,y)Cu®! | 6. 24 0.75 evdb | <1 3,3h 1.2
1461 | Ni®%(p,y)cu®? | <625 0.14 evb | <t 3.3m 1.2

1465 | Mg%(p,y)a1%7

1465 | Nif%p,y)cu®! | <625 0.11 evh | <1 3.3m 1.2
1470 | c!3(p,yntt 5,83, 5,10, 3.07 0.074 20

1482 | P3}(p,y)5% 6

1483 | Ni®0(p, y)cu®l | <6. 27 0.14 evb | <1 3.3m 1.2
148¢ [ C1*%(p,y)Ar®® | 9.9 <5

1490 | Mg?4p.y)a1?® | 3.72, 1.91 0.3 | 7.2 3.3
1491 | Ni®%p, y)cubt | <6, 28 0.14 evb | <1 3.3n 1.2
1492 | Ne?¥(p,yNa??

1500 | c¥p,ynt3 11. 61 520

1500 | a1%7(p,y)si%

1502 | Ne?%(p.y)Na?3

1510 | c13%(p.y)ar3® | 9.9 <5

1515 | Ni®%p,y)cu®! | <6.30 0.4evb | <t 3.3 1.2
1519 | N1®%p, y)cu®! | <6. 30 0.7 evb | <1 3.3h 1.2
15207 | Si(p,y)P 9.0

1522 | Ni*%(p,y)Cu®? | <4.92 0.012 evb| <1 81 s 3.7
1527 | P3Y(p,y)s3? 14

1529 | Ni%(p,y)cu®? | <6.31 0.06 evb | <1 3.3k 1.2
1530 | Ge 4(p.y)An"> 9.0

1533 | c1¥(p,y)ar?® |95 <5

1538 | Ni®%(p,ycu®! | 6.32 0.35 evb | <t 3w 1.2
1540 | Ni*%(p,y)cu®? |[<4.93 0.020 evb| <1 8183 3.7
1544 | N'%p.y)0!5  |s.82 34 2.03 min; 1.7
1550 |ci¥p Nttt 8,99 0.037 7

1559 Ge.“(p,y)As.’s : 6.5

1566 | K3%p,y)ca® | 9.9, 6.6, 6.1 <5

1566 | Ni%%p,y)Cu®? | <6.35 0.22 evb | <t 3.3m 1.2
1570 | m%(p,y)5i%8

15711 | P3Y(p,)s32 7

1577 | Ni®%p,y)cu®? | <6.36 0.35evb | <i .3k 1.2
1580 | C1%%(p,y)ar3® | 10 | <5

- e s . S e S = o P O P e S e e = e TS R A e e e e -
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men . Gamma-ray ene!‘gy CX‘OS.S- Reilolg:;:ce Hai}f-llfe and
energy Reaction (MeV) section (FWHM) B energy
(keV) {mb) (keV) (MeV)
1582 (p,y)Cu <4.98 0.066 evb| <1 81 s 3.7
1588 (p, )Cu 6,37, 5.90 0.9 evb <i 3.3h; 1.2
1598 p" ,,,)s32 5
1599 | Ni%0(p,y)cu®! | 6.38, 5.00 2.3evb | <t 3.3h; 1.2
1608 (p,y)Cu“ 6.39, 5.01 2.0evb | <1 3.3h; 1.2
1607 ‘ ( ayyol® ' 6.0
16107 | s3%(p,y)C1
16187 Sl(p V)P
1620 g2 p,y)A1*® | 3.40, 2.90, 1,34 36 7.2 8; 3.3
1620 Op.y)cu®! | 6,40, 5.02 1.8 evb | <t 3.3h; 1.2
16357 Si(p,y)P
1635 Cl(p y)Ar
1639 (p,y)Cu ¢ 642 0.14 evb | <1 3.3h; 1.2
1640 N’s(p, )i | 443 340 68
1640 Al (p Y)Slz“
1643 | Ni®%p,y)cu®! | .43 0.35 evb | <t 3.3h 1.2
1643 Hp.y)As'> ~15
1645 | Ci(p,y)Ar
1649 | Ni®%p,y)cu®! | <6.43 0.29 evb | <t 3.3h; 1.2
1650 | si 28( ,Y)Pz9 4.30 50 4.20 5 4.0
1653 | Ni%8(p,y)cu®? | <5.05 0.045 evb| <1 81 s 3.7
1656 (p,y)Cubl 6.44, 5.97 1.0evb | <t 3.3h 1.2
1659 1 7(.;,,,)Size
1660 4p.y)A1%® | 3.88, 3.43, 2.93 0.1 | 7.28 3.3
1660 | Ci(p,y)Ar
16632 | Si(p,y)P
1663 (p.y)Cu>? | 5.06, 4.15, 3.28 0.16 evb | <t 81 s; 3.7
1665 | Ge'(p,yAs’> ~15
1669 | Ni%(p,gcub’ | <6.45 0.4evb | <t 3.3h; 1.2
1670 Cl(p YATr
1674 60(p,pcu®® | 5.50, 5.08 f.oevb | <t 3.3m 1.2
1679 °(p, )Cu61 <6.46 0.5evb | <t 3.3h 1.2
16807 Si(p,y)P
1680 Cl(p,y)Ar
1685 | 0'8(p,y)F 9.6 15
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LORENZEN and BRUNE

Proton Cross- Resqnance Half-life and
energy Reaction Gamma-ray energy section width B* energy
(keV) (MeV) (mb) (FWHM) (MeV)
(keV)
1690 | s>%p,yc1%®
1690 | Ge'%(p,y)As’> 30
1691 | F!%p,oy)0t® | 7.12, 6.92, 6.13 35
1694 | Ni®%p,y)cu®! | 6.48, 5.52 1.0 evb | <1 3.3h 1.2
1698 | c!'¥p,yN1t3 3.51, 2.37, 1.14 0.035 70 9.98 min; 1.2
1698 | Ni%%(p,y)cu®! | <6.48 0.3evb | <t 3.3hy 1.2
16997 | Si(p,y)P
1700 | a187(p, y)s5i%8
1710 | Ci(p,y)Ar
1711 | Ni®%p,y)cu®! | <6.49 0.23 evb | <t 3.3k 1.2
1716 | Ni*%(p,y)cu®? | 5,11, 4. 20 0.35 evb | <1 81 8 3.7
1721 | Ni%%p,y)cu®! | <6.50 0.11 evb | <1 3.3h 1.2
1725 | c1¥(p,y04%% | 5.2, 3 <5
1726 | a1%¥7(p, )si%8
1734 | Ni%%p,y)cu®! | 6.52 0.7 evb | <t 3.3k 1.2
1739 | Ni®%p,y)cu®? | <6.52 0.3evb | <1 3.3h; 1.2
1742 | N'%p,y)0!° 9.0? 5 2.03 min; 1.7
1748 | c'3p, N | 9,17, 6.43, 2.74 | 340 0.075
1755 | Ci(p,y)Ar
1757 | Ni®%@p,y)cu®? | <6.54 0.5evb | <t 3.3h 1.2
1764 | Ni®%0p,)cu®! | <6.55 0.6 evb | <t 3.3h 1.2
1765 | Ci(p,y)Ar
1769 | 0¥8(p,y)F!? 9.6 4
1770 | Ni®%p,y)cu® | <6.55 0.75 evb | <1 3.3h 1.2
17742 | Si(p,y)P
1781 | m17(p,)8i%8
1783 | Ni%%p,y)cu®! | <6 56 0.55 evb | <1 3.3 1.2
1797 | Ni®%p,y)cu®t | <657 0.45 evb | <t 3.3m 1.2
18002 | s34(p,y)c13®
1805 | Ge'Y(p.y)as > 20
18107 | Si(p,y)P
1807 | N'%(p,y)0!3 9.0? 5 2.03 min; 1.7
1833 | Mg?%(p,)a12% | 4.05, 2.43, 1. 62 7.2 8 3.3
1833 | Ni°%(p,y)Cu’? | <5.22 0.063 evb| <1 81 s 3.7
1844 | Ni°%(p,y)Cu’? | 5.23 2.1evb | <0.1 | 81 3.7
18492 | Si(p,y)P
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TABLE A2-] (cont.)
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Proton ) Gamma-ray energy Cros.s- Re:c;g::ce Ha;lf-life and
energy Reaction (MeV) section (FWHM) 7 energy
(keV) {mb) (keV) (MeV)

18607 | s3%(p,y)c13°

1870 | ca%¥(p,y)sct! 0.596 83 5.6

18797 | Si(p,y)P

1890 | A1¥7(p,y)5i?®

1892 | P*i(p,y)s 10. 68 24

1906 | Ge'4(p,y)ae’® 15

1916 | P3(p, 5%

1926 | Ge'4(p,y)AL"® 15

1931 | o8 F!? |98 .5

1940 | a1%7(p,y)si?®

1945 | F'%p,ay)0'® | 6-7 40

1972 | Ge 4(p.y)As’" 35

1979 | N'3(p,ay)c!? | 4.43 35 23

1985 | P3!(p,y)s32 10.77

20007 | Li’(p,y)Be® 19.07, 16.12

2000 | c'3(p, Nt 5.10, 4.80 20

2010 | Mg%%p, a1 | 3.77, 3.27 0.15 | 7.28.3.3

2025 | ct¥p,Nt* 18

2026 | F'%p,ay)0'® | 6-7 120

2026 | a%7(p,y)8i28

2027 Psi(p,y)s 10. 81

2074 | Ge'¥(p,y)As"° 13.5

2079 | c'%p,yN!® 55

2083 | m%7(p,y)si%®

2090 | si%%p, P2 | 4.74 12 4.20 8 4.0

2120 | c!¥p, N1t | 510, 4.39 0.20 45

2120 | P3Y(p,y)s%2 10.90 5

2130 | Li'(p,y)Be® 19.12, 16.21 400

2135 | Ne¥%p,)Na?!

2161 | Ge Hp,y)as’® 15 22.8% 2.5

2180 | m%(p,y)si%®

2200 | m%(p,y)8i28

2210 Ge-“(p.y)AuTs 40

2212 | m?(p, )28

2282 | m¥(p,y)si%®
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TABLE A2-.] (cont.)

LORENZEN and BRUNE

Resonance

:l::ogyn Reaction Gamma(;/x[':{/)energy (;:::Jtsizn (F“g‘g?/[) Izilfei;f:g;" ‘
(keV) (mb) (keV) (MeV)

2295 | Ge %p.y)as’’ 27

235 |F'9%p,ap0'® 6.7 85

2320 | p3(p,y)s¥ 11.09 8

2340 | P3(p,ys¥ 11. 11

2342 | Ge'4(p,y)as’> 15

2344 | a1%7(p,y)5i28

2350 | n'4(p, pol® 9.52 14 2.03 min; 1.7

2400 | Mg24(p.y)A1%° | 3.65 0.3 |7.28 3.3

2440 | Ge'¥(p,)As™® 11

2480 | ni%p,y0!5 9.72 11 2.03 min; 1.7

2510 | F!%p,ay)0!® | 6-7 30

25207 |Si(p,y)P

2528 | Ge %(p.y)As’" 15

2542 | A1%7(p,y)si%®

25432 | Si(p,y)P

25537 | Si(p,y)P

25587 | Si(p,y)P

2564 | Be%(p,y)B!° 8.1, 0.7 39

2564 | Be’(p,ay)Li 3,56 39

25707 | Si(p,y)P

2515 | Ni%p, )03 9.8? 1000 2.03 min; 1.7

25757 | Si(p,y)P

2593 | Ge'%(p,y)as’> 44

2630 | B!(p,y)ct? 13.94, 4.43, 2. 14 300

2630 | Fi%p,ay)0t® |6-7 90

2664 | Ge Hp.y)as’® 10

2800 | Fi9%p,ay10'® | 6-7 60

3000 | N'5(p,ey)c!? | 4.43 750 45
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ABSTRACT: A comgilation is given of about sixty (y,n) cross-sections in the giant resonance region,
which are sometimes complemented with cross-sections for other types of reactions. Special reference is
taken to needs in activation anafysis.

INTRODUCTION

Photonuclear absorption

The photonuclear absorption cross~section is comparatively small
and has a maximura value of only a few millibarns per nucleon. Ifa
photonuclear interaction takes place, the nucleus can be excited in a number
of different ways, depending on the energy of the photon.

At low energies (10-25 MeV), the dominant feature of the photo-absorption
cross-section is the giant resonance which occurs in all elements., Light
nuclei have a resonance peak, at an energy around 22 MeV, which value
decreases to about 13 MeV for heavy ones (Fig.1).

The resonance width is about 4 MeV for spherical nuclei and increases
to about 8 MeV for strongly deformed ones (Fig.2). The energy dependence
of the giant resonance absorption cross-section for medium and heavy nuclei

100—T T T 7T T LB B LN B
—& w < > — [ XY * y
= . -t - i
< | I ]
g _ ° -
= 60— ° ~—
w " . 7
LO‘%#HW
0 240
A

FIG.1. Giant resonance energy times A* as a function of A (Ref.[1]). Data for light elements from total
absorption experiments and for heavy elements from neutron yield.
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has often been approximated by a Lorentz-shaped resonance line, with the
width I":
2.2
_ kT
olk) = o, (kT - K7 + KoL 2

For deformed nuclei, the giant resonance splits into two main peaks.
For light nuclei, the giant resonance shows considerably fine structure
related mainly to the properties of individual levels but also to collective
surface vibrations.

The giant resonance results primarily from electric dipole absorption
and can be explained as a vibration of the groups of neutrons and protons
confined in a nucleus with a rigid surface., The cross-section integrated
over the resonance is of the order of the classical value of the dipole sum

Ep

fadE = 0.06 NZ/A (MeV-barns)
0

where E, is the meson production threshold and o is the electric dipole
absorption cross-section. Consequently, the integrated cross-section is
approximately proportional to the mass number. In Fig.3 the integrated
cross-sections up to 30 MeV are given.

(MeV) 2+,

gt FEE 8 4 ]
=< -] c g + ©
L3 (-
# 2 3 Bﬂ i R
- . asts : £
4 L 3 - &; z 8 —
&3 2
- (N=50) (Z=50)(N=82) (N=126,Z2=-82) —
0 i 1 |
100 150 200

A

F1G.2. Giant resonance width as a function of A (Ref.[2]).
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FIG.3. Integrated absorption cross-sections normalized to the classical dipole sum rule value. For more
detailed information see Ref.[ 3].

In the energy region above the giant resonance, but below about 200 MeV,
the photon mainly interacts with n-p clusters (quasi-deuterons) inside the
nucleus. In this region the cross-section drops to small values. Thus the
integrated cross-sections given in Fig.3 are expected to almost exhaust
the dipole sum. New resonances appear in the cross-section curve when
the photon energies are above the photomeson threshold at about 150 MeV
(Fig.4). These resonances are related to the baryon resonances. The
average photonuclear cross-section is about 0.30 mb per nucleon for photon
energies between 300 MeV and 1000 MeV.

Nuclides produced in photonuclear reactions

In the giant resonance region, the most probable result of photonuclear
absorption is the emission of a single neutron, but other processes must
also be considerec such as the emission of gamma rays, the emission of
more than one neutron and, particularly for light nuclei, the emission of
charged particles. Medium- and high-energy photon spallation yields are
systematically treated in Ref.[4].

Bremsstrahlung spectrum

Since there exist no intense monochromatic photon sources, the brems-
strahlung beam obtained when electrons hit a target is used as photon source
in almost all photoactivation studies. The energy spectrum of the photons
inabremsstrahlung beam from a thin target is well known and is shown
in Fig.5.
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FIG.4. Reaction mechanism and cross-section as a function of the photon wavelength and energy for *'Au.

The spectra shown are calculated from the spectrum formulae given
by Schiff [6]. The average angle of emission of the photons 6 is, for

relativistic electrons,
5= 2
6 = myc“/k,

k, being the maximum photon energy.

Bremsstrahlung activation yield

Let n(k, kj)dk be the number of photons with energies between k and
k + dk per unit radiator thickness per second in a bremsstrahlung beam

where k; is the maximum photon energy.
The energy content of the beam in the sample is then

kg

Uk, = f kn(k, kof(k)dk

0
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10

kn(kko}

6
k/ko

FIG.5. Dependence of the bremsstrahlung spectrum shape on the electron kinetic energy for a platinum
target normalized to one al zero energy (Ref.[ 5]).

where f(k) is a correction factor which accounts for the distortion of the
bremsstrahlung spectrum by the effects of photon absorption in the machine
target, in the walls of the accelerator chamber and in the sample.

We define the number of equivalent quanta Q by

1
Q= X U(k,)

i.e. Q is the number of quanta with energy ky that have the same energy
content as the bremsstrahlung beam and define the cross-section per

equivalent quantum, o by

ko
JotkIn(k, kof(k)dk
Q

0lq (kO) =

The bremsstrahlung activation yield measured in monitor response units
can be written

ko
Jo(k)n(k, k )f(k)dk

[}
Y(k,) = & y

UR (k) " K R{k,)

The monitor measures only some part of the energy content of the
beam and thus R(k;) gives the sensitivity of the monitor for a k;-
bremsstrahlung beam,
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While f(k) and R(ky) are quantities specific for the laboratory, n(k, k)
can be tabulated for a bremsstrahlung spectrum, The relation between the
number of photons per MeV per incident electron per g - em™ of a radiator
(Z,A) is

_Na
n(k, ko) 3 ok, k

0 )brems

2 2
Ny Zrea ®(Z, k, ky)

=32A "

z¥ 1 -1
111.84 7= = ®(Z,k, k) (Mev™ . g

1. em?)

where r, is the classical electron radius
N, is the Avogadro number
a is the fine structure constant.

In Tables 1andll, ®(Z,k, k;) defined from the bremsstrahlung cross-
section integrated over angles given by Schiff {6] has been used. The
value of Z used in ®(Z, k, k;) was 78 (platinum) and the screening constant
was taken to be 111,

kp

6[«:»(k, kgdk is tabulated in Table I, @(k, k) is tabulated in Table II for

different k, in the giant resonance region.

kg

TABLE I. VALUES OF fd? (k, ky)dk (Ref.[7])
0

Ko
ko { @(k, ko)dk
(MeV) (MeV)
10 03.55488
13 04.78641
16 06. 04665
19 07, 32788
22 08, 62522
27 10. 81470
32 13. 02999
36 14, 81454
“ 18.41618
52 22, 04727
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TABLE II. VALUES OF &(k, k;) (Ref.[7])

: d(k,k
k b(k,ko) k d?(k,ko) k ( o)

(MeV) (ko=10MeV) (MeV) (ko=13MeV) (MeV) (ko=16MeV)

10 .02933 13 .02814 16 .02739
09 .16426 12 .16239 15 L 16140
08 .22660 11 L2227 14 .22105
07 .27063 10 26222 13 .25883
06 .30926 09 .29321 12 .28676
05 .34821 08 .32093 11 .30985
ok .39085 07 . 34829 10 .33081
03 .43959 06 .37720 09 .35136
02 49629 05 .40900 08 .37269
01 .56252 04 .Lhheg 07 .39564
00 .64010 03 48504 06 .42083
02 .53068 05 L4875

01 .58215 ok .47975

00 64010 03 L5141k

02 .55217

01 .59406

00 .64010

(MeV) (ko=19MeV) (MeV) (ko=22MeV) (MeV) (ko=27MeV)

19 .02687 22 .02649 27 .02604
18 .16080 21 .16040 26 .15997
17 .22024 20 .21981 25 .21949
16 .25731 19 .25661 24 .25620
15 .28386 18 .28250 23 .28170
14 .30476 17 .30229 22 .30068
13 .32262 16 .31852 21 .31563
12 .33907 15 .33275 20 .32805
1 .35519 14 .34601 19 .33891
10 .37176 13 .35905 18 .34891
09 .38935 12 .37239 17 .35855
08 .40838 11 .38643 16 .36820
07 .42918 10 .40146 15 .37813
06 .45198 09 1772 14 .38855
05 L7700 08 .43539 13 .39964
oL .50438 0y .45hé 12 k1151
03 .53426 06 47548 1 52428
02 .56676 05 .49812 10 .43803
01 .60200 04 .52258 09 .45283
00 .64010 03 .54895 08 46873
02 .57728 07 .48577

01 .60764 06 .50401

00 .64010 05 .52347

04 54418

03 .56618

02 .58948

01 61411

00 .64010

This table is continued on the next page.
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TABLE 1I (cont.)

k ¢(k,ko) k ¢(k,ko) k ¢(k,ko) k ¢(k,ko)

(MeV) (k°=32MeV) (MeV) (ko=36MeV) (MeV) (ko=hhMeV) (MeV) (ko=52MeV)

32 .02573 36 .02554 by .02527 52 .02508
31 .15970 34 .21935 42 .21938 50 .21943
30 .21938 32 .28178 4o .28224 48 .28273
29 .25619 30 .31479 38 .31534 46 .31613
28 .28163 28 -+ 33550 36 .33553 L .33631
27 .30037 26 .35057 34 .34931 42 .34967
26 .31483 24 .36335 32 .35990 4o .35936
25 .32647 22 .37568 30 .36909 38 .36713
24 .33625 20 .38869 28 .37797 36 .37402
23 .34483 18 .40308 26 .38720 34 .38070
22 .35270 16 .h1931 24 .39725 32 .38761
21 .36020 14 b3 22 .4o84 30 .39504
20 .36759 12 .Ls8hg 20 .42090 28 .40322
19 .37508 10 .48182 18 .43488 26 .h1229
18 .38283 8 .50782 16 RLILTS 24 42236
17 .39096 6 .53657 14 L6772 22 .43352
16 .39958 b .56816 12 L8674 20 44583
15 .40875 2 .60265 10 .50757 18 .b5936
14 41854 0 .64010 8 .53025 16 b7h12
13 .h2902 6 .55482 14 .49017
12 44021 4 .58129 12 .50753
11 L5216 2 .60971 10 .52621
10 .L6h90 0 .64010 8 .54623
09  .47846 6 .56762
08  .49285 4 .59039
07 .50810 2 .61454
06 .52423 0 .64010
05 54124

0h  .55915

03 .5779%

02 .59774

01 .61844

00 .64010

Comments

In the following compilation, (v, n) cross-section curves are given,
which are sometimes complemented with cross-sections for other types
of reactions. Preference has been given to monochromatic photon data
when such are available. Estimates of non-tabulated cross-sections can
be made from Figs 1, 2 and 3, When data for monochromatic photons are
not available, continuous photon data have been used and the graphs are
marked with "brems''. For some nuclei equivalent data exist from several
laboratories. They are then given without preference, for comparison.
The separation energies of particles or groups of particles have been taken
from Ref.[ 8] and are given in MeV. For further cross-section data and
more detailed information, refer to the Photonuclear Data Index, Ref.[3],
and the Photonuclear Data Center at NBS which offers a digital data library
of cross-section data.
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The survey of literature pertaining to this compilation was concluded
in January 1974. Simultaneously with the compilation of the present cross-
section data, B.L. Berman has compiled photonuclear cross-sections
obtained with monoenergetic photons. To make our compilation as complete
as possible, we have used results from Berman's atlas {9].

Example of how to determine the yield curve

Problem: We want to determine the (v, n) yield curve for gold for 19 MeV
bremsstrahlung.

Solution: Look at the page with the gold cross-section. We choose the
upper figure, from which we get the o(k)-value. From Table II
we find k and ?(k, k,} and derive the following:

k, = 19 MeV
K (k) = ('k'lk'k' !
[e)
®(k, k)
20
(MeV) (mb) b - Mev )
8 0.40838 5.9 0.3012
9 0.38935 42.4 1.8343
10 0.37176 84.1 3.1265
11 0.35519 170.6 5.5087
12 0.33907 323.5 9.1408
13 0.32262 517.6 12.8452
14 0.30476 505.9 11,0127
15 0.28386 376.5 7.1249
16 0.25731 211.8 3.4061
17 0.22024 100.0 1.2955
18 0.16080 61.8 0.5521
19 0.02687 40.0 0.0566

Z= 56.2046

Zc(ki) 20,k - 562046
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FIG. 6. oq(ko) as a function of kg .
As kg

Joto 2k qic s ) o) - 2k py
0 i '

ko
and with the value of [&(k, ky)dk from Table 1 we get the cross-section
0

per equivalent quantum

ko K,

o (k) = f o) - 2K g/ f a(k, kp)dk
0 0

’

56,2046 - 19 _ . _
———7.—357—8'5——-145.7 mb lff(k)-l

In similar ways we get oq(ko) for other values of k:

k, = 16 MeV o (k) = 39.9553 - 16/6.04665 = 105.7 mb
ko = 13 MeV oq(ko) = 12.7755 - 13/4.78641 = 34.7 mb
k, = 10 MeV oqlkkg) = 1.1876 - 10/3.55488 = 3.3 mb

Figure 6 gives oq(ko) as a function of k;.
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GRAPHS OF CROSS-SECTIONS

Symbols
Z atomic number
A nuclear mass number
G photon
N neutron
P proton
fis fission
tot total photon absorption
I Lorentz line width
5 proton ground-state transition
brems bremsstrahlung
mono monoenergetic

Compt scatt Compton scattering
oly, Tr) o(y,n) + ofy,pn) + o(y, 2n) + ...
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CONTENTS LIST OF GRAPHS

-/ Element Page -/ Element Page
1 D deuterium 487 40 Zr zirconium 521, 554
2 He helium 488 41 Nb niobium 522, 554
3 Li lithium 489 42 Mo molybdenum 523
4 Be beryllium 490, 557 45 Rh rhodium 524. 555
5 B boron 491 46 Pd palladium 525, 555
6 C carbon 492, 557 47 Ag silver 526, 555
7 N nitrogen 493 48 Cd cadmium 527, 555
8 ¢} oxygen 494, 557 49 In indium 528, 555
9 F fluorine 495 50 Sn tin 529
11 Na sodium 496 51 Sb antimony 530, 555
12 Mg magnesium 497 52 Te tellurium 531, 555
13 Al aluminium 498, 557 53 I iodine 532
14 Si silicon 499, 558 55 Cs caesium 533, 555
15 P phosphorus 500 56 Ba barium 534, 556
16 S sulphur 501 57 La lanthanum 535, 556
18 Ar argon 502 58 Ce cerium 536, 556
19 K potassium 503 59 Pr praseodymium 537, 556
20 Ca calcium 504, 558 60 Nd neodymium 538, 556
21 Sc scandium 505 62 Sm samarium 539
22 Ti titanum 506 63 Eu europium 540
23 v vanadium 507 64 Gd gadolinium 541
24 Cr chromium 508 65 Tb terbinm 542
25 Mn manganese 509 67 Ho holmium 543
286 Fe iron 510 68 Er erbium 544
27 Co cobalt 511 71 Lu lutetium 545
28 Ni nickel 512 3 Ta tantalum 546
29 Cu copper 513 74 W tungsten 5417
30 Zn zinc 514 79 Au gold 548
32 Ge germanium 515 82 Pb lead 549
33 As arsenic 5186 83 Bi bismuth 550
34 Se selenium 517 90 Th thorium 551
37 Rb rubidium 518, 554 92 U uranium 552
38 Sr strontium 519, 554 93 Np neptunium 553
39 Y yttrium 520, 554
Giant dipole resonance in A=90 nuclei .............. . 554
Giant dipole resenance in 103 <A $133 nuclei ......... 5565
Giant dipole resonance in N=82 nuclei ............... 556
Total photonuclear absorption: g, «...vvvveennn.... 557, 558
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DEUTERIUM
2-5t aty.tot)
24F 1 Data point
B 1 designations —
¢ V71 1 see reference

(mb) |

1.3r ]

0.9

0.5 /| 1 1 1 1 L

L 8 12
EY (MEV)

Ref: Proc. Int. Conf. Photonuclear Reactions and Applica=-
tions (1973) Asilomar, page 323

G, Breit

oo —r————
Rt 1200 | olvtod
e00 pvet-taniiale r O STANFORD
= paRTOVI - QCALTECH
o £ ~ PARTOVI
{(pb) «oo}f Soun ) 90} X ORSAY
S . - 1 O BONN
200 b
o L
I {nb) sol 4
o
0 OXITATION ENERGY (::» i t L 4 1 ‘-‘
- 1
Ref: Nucl. Phys. 4201 (1973) 593 3ot §
S i
J.E.E, Baglin | [ 3
N
H
0

60100 200 300 400
Ey(MeV)

For data points see reference

Ref: Proc. Int. Conf. Photonuclear Reactions and Applica-
tions (1973) Asilomar, page 363
E. B, Dally
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HELIUM
20T Y T T T T
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+*+ $ d ;
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151 + } h
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O 10 oty int .
" Hf{;
g* {}l [
1] ’Q ‘lh(Y,ﬂ) !
oo ¥ ‘
1
0 h LJ' i L " L i i L N 1
20 22 24 2% 28 0 32 34

L
He(Y,p) Nucl. Phys. A148 (1970), 211, Meyerhof et al.
Ref: Phys. Rev. Ch (1971) 723, B.L.Berman et al.

“ & @orbunor (08)
Hely,n) { — Bermon o ot (70}

° Webb et all73)

20 “Hely,p) St Gorbunov (68)

1.25 3..
il fiilyl 1 1
o om ”iiiwﬁi“ ‘{n,}]}; 1]”}”;"}{}” i
(mb) | I }H[{}il i }
028 l]" lj [ll*l]l)] )
" {
P
1012 3415 18 20 22 24 26 28 30 32 ° %0 36 R £
Evy (MeV) Eycu (MeV)

Ref: Phys. Rev. Lett.24 (1970) Ref: Proc. Int.Conf. Photonuclear
159&, B. L.Berman et al. Reactions and Applications (1973}
Asilomar, page 149
D. V. Webb et al.

z A ABUND G,N G,P G,2N G,NP G, 2P

2 L 100,0 20.6 19.8 28.3 26,1 28.3



Cress Sectien (md)

Cress Sectioe (wh)
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Cress Section (wb)

Ref:
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j'. ]]

Cress Section (mb}
13

Pt
Yo Tnae)

LITHIUM

| hs v

K aly,Tn) 15
J"AW\,H'”I ! 3

# ![[*]lllll”” I[] I [ I i 10

BLAT!
/ W,
’
T R o . °
ul(l,n)‘(x.pn)l

ally.n) ‘(x.pn)l

7 T O *
e . 20— — -~
al(y.2n)+{y.p2n)} v((,.Zn)‘(x,pln)l
a2 15
} i
o H. ” 1 o
”d “ } L i
AT rae)? I'll I . I N
.............. o) _puam” . . ‘
4 ¢ 8 1012 14 8 )8 20 22 % 2% 28 B R W %% 'z W w U™z MM S ™2
E+y (MeV) Evy (MeV)

Phys. Rev. Lett. 15 (1965) 727 Ref:
B.L.Berman et al.

A

ABUND

7.0
92.6

G,N G,P G, 2N

5.7 4.6 27 .2
7.3 10.0 12,9

Proc. Int, Conf, Photonuclear
Reactions and Applications
(1973) Asilomar, page 175

R.L.Bramblett et al.

G,NP G,2P

3.7 26.4
1.8 33.5
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BERYLLIUM
6.00
9Be __l__ aly.Tn)
bremg ’ ”
T Wnl,nm 1,'*“!1”1
o l | Il l ( ‘
b f] IHHI'NH
1] iHH | um
) 4
0 z% ;MHWMazu 800 s.00 ~ 100 800
|
nl ag, ot |
brems . I_{‘—
8.00 _"T l
o l
(mb) IH "“‘l |_'I|T
e W | |
4.00 * l I
| "”I|'|l|'_+|||m|ll| N / |(||
| "rH "H“ll'ﬂ“f' “|
ﬁf r h#ﬂJ
e TR 1800 2500
Ey (MeV)
Ref: Proc. Int. Conf., Photonuclear Reactions and Applica-~
tions (1973) Asilomar, page 151
R. J, Hughes et al.
Z A ABUND G,N G,P G,2N G,NP G,2P
4 9 100.0 1.7 16.9 20,6 18.9 29.3
See total cross-sec tions for the nuclear photoeffect.
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BORON

10g
|

6 IPra-nI meqsurement

m'AE 1-0MaV ]*’ { :
aty.n)+ iy pni+20ly.2n) _'lh

A
Ob) brems ’L’
(m
A
2
m |
(Kon -‘T""..:'
0 l":”: I‘I.hl
8 12 16 20 24 28
Ey (MeV)
+
11E3 ‘

a. sty.)+ oty, it + 20ty.2n) ))'
“uwu ,N'M (il w

l'l
n'ﬂil"#” S
LAy

oRie.

12 16 20 24 28
Ey (MeV)
Ref: Nucl. Phys. A215 (1973) 147
R. I, Hughes and E, G, Muirhead

~N

A A ABUND G, N G, P G,2N G,NP G,2p
5 10 19,6 8.4 6.6 27.0 8.3 23,5
11 80.4 11.5 11,2 19,9 18,0 30.9

For (¥,p) cross-section data see
Sov. J. Nuecl. Phys. 11 (1970) 4, 1I.Sorokin et al.
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CARBON
20
oo
(mb) 44
0
v I 1
10

Ref': gy,tot) Nucl. Phys. A128 (1969) 426, N.Bezié et al(fig)
¥sP0) Nucl. Phys. E_ (1964) 122, R.G.Allas et al
(y,4n) Phys. Rev. 143 (1966) 790, S.C.Fultz et al.
L ’“ﬂ T T Tetmietvaon 12 oly.n}
M M
L ’ brems
Ny 8
() ‘[ ; W (mb)
b &
2+ , M‘*ﬂ if ‘"I“| E V
Lo WMHUM”H!. ‘ApN
(rm g | l oA
0 2 26 30 ) 3 70 3
Evy (MeV) Ey (MeV}

Phys. Rev. 143 (1966)790 Ref: Sov. J. Nucl.Phys. 14 (1972) 142

Ref:
C.Fultz et al. B. S. Ishkhanov et al.
Z A ABUND G, N G, P G,2N G,NP G,2P
6 12 98.9 18.7 16.0 31.8 27.4 27.2
13 1.1 4.9 17.5 23.7 20.9 31.6

See total cross-sections for the nuclear photoeffect.
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NITROGEN
2
1Br iu,Tn).uvzmonE .
1I'N -m-= {B,n0), OTTAWA
164 » (¥, Po), YALE & MELBOURNE
i * () YALE
14} 131 i—suuors«mmnncnz
i §  cross secios
12 1
g 10 -
{mb)
8
6f 4
4f
2 l!ll"““"l 1L g nass. Jbr
0 l'l!!.,.---...-....--u..__‘ e "---..._.,..-o' '-.,:‘?‘ﬁm.‘l’ ome
2 % 6 8 20 22 2 76 28
Evy (Mev)
(¥,Tn) Phys. Rev. €2 (1970) 2318
B. .. Berman et al.
Ref: Proc. Int. Conf. Photonuclear Reactions and Appli-
cations (1973) Asilomar, page 727
J. M.Dixon
z A ABUND G,N G,P G,2N G,NP G,2P
7 14 99,6 10.6 7.6 30.6 12.5 25.1
15 O.h 10.8 10.2 21.4 18.4 31.0
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OXYGEN
I L LN T B B 1116 ]
01— ,’l &\ l 44 ty.total) —
- # § -— (V.p} .1
- + Y ' - (v
brems i i‘{ | (¥ totol),theory
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20— tl —
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- | t
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I “‘ il 't T‘[T
[ 1*‘1‘ 1 J-_J_LL Lo by : .
[ 20 25 0 35

EY (MeV)

Ref: éy,tot) Nucl. Phys. A128 (1969) 426, N. Bezié et al. (fig)

vsP Phys. Rev. Lett. 15(1965)367, R.C.Morrison et al
¥sTl Phys. Rev. 143 (1966) 712, B.C.cook et al.

yytot)theory Nucl. Phys 495(1967)271, B.Buck et al.

np) (7,2m)

Ey (Mev)

Ref: Phys, Rev. 133 (1964)B869
R. L. Bramblett et al.

Z A ABUND Gy, N G, P
8 16 99.8 15.7 12,1

15 ofy.n) :
0% ‘,‘ b
10‘ brems V! i'{
o ) "
(mb) A 5
T 0 1
i / ,‘1 '
oA A V{\“.\ ! _
% 18 20 22 2% 2%
Evy(MeV)

Sov. J. Nucl. Phys. 12 (1971)484
B. S. Ishkhanov et al.

G,2N G,NP G,2P
28.9 23.0 22.3

See total cross-sections for the nuclear photoeffect.
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FLUORINE
T \ g Y T .
‘QF oC{y.n)+(y.pn)d
10 4
o]
(mb)
lg <4
clx.Tn)-ot(;,n)*lx.pn)].““
abt, YY)
i i i AAQ.....‘ ‘A
0“ 14 17 20 23 26

Ey (MeV)

Ref: Proc. Int. Conf. Photonuclear Reactions and Applica-
tions (1973) Asilomar, page 525

R. Bergdre et al.

19F
151~ ol{y.n}+(vy,pn)+(y,2n)]

I i 1 l ! 1 | 1

)
10 14 18 22 26
Ey (MeV)

Ref: 2.Physik 261 (1973) 125, D. CatanX et al.

z A ABUND G,N G,P G,2N G,NP G,2P

9 19 100.0 10. 4 8.0 19,6 16.0 23.9

495
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SODIUM
T T T T T I T
OL(Y.n)+(Y.PN)+(y.2n)] 23Na
16t ]
121 : AT i {{ .
§ o . Y RN 4+
0 LIRS *};g”’f,-iﬁ-——/ i
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0 Xy
. 1 —_l . i | 212 N 214 ‘;216 N 28
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Evy (MeV)
Total photoneutron cross-section.
Ref: Plotted points: Dash-dotted curve:
R.A. Alvarez et al. D. S. Fielder et al.
Phys. Rev. C4 (1971) 1673 Proc. of the Int. Conf. on Nucl. Phys.
Paris 1964, page 1025
Dashed curve:
K. Sato
J. Phys. Soc. Japan 18 (1963) 1353
Z A ABUND Gy, N G,P G,2N G, NP G,2P

11 23 100.0 12.4 8.8 23.5 19,2 2h.1
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MAGNESIUM

M
10 o Cly.n)+ly.pn)]

16 20 24 208
Ey (MeV)

24,25,26

Ref: Phys. Rev. C4 (1971) 149, 1673 Mg Fultz et al.

] ~ Dolbilkin et al. (v, total)
201 \-—\ 1 Nucl. Phys. 72 (1965) 137
100 4 Min & Whitehead{brems)
‘/’//FM/\/\/A\V’ Phys. Rev. 137 (1965) B301
Miller et al. (mono)
5[#///\/\\/A/\\ 1 J. de Phys. 27 (1966)

o 4
(mb) ,EF J Anderson et al. (brems)
j\/\\/\—\\ Nucl. Phys. A127 (1969) 474

Ol—

o]

| N\/\\/ Fultz et al. (mono)
MJJ T Phys. Rev. ch (1971) 149

Webb et al. (brems)
JV\N\/~\/A\ Nucl.Phys. 4159 (1970) 81 (fig)

o 15 20 25 30

Ey (MeV)
Z A ABUND G,N G,P G, 2N G,NP G,2P
12 24 78.7 16.5 11.7 29.7 24 .1 20.5
25 1041 7.3 1241 23.9 19.0 22.6
26 11.2 111 14.1 18.4 23.1 24.8
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ALUMINIUM

27Al )

ﬁ%ﬁﬂﬁw+édli:
i

Ey (MeV)

Upper curve of(¥,n) + (¥Y,pn) + 2(y,2n)]

Lower curve c(y,Zn)

Ref: Phys. Rev. 143 (1966) 790, S.C.Fultz et al.

15} ZZAI olly.n)ely.pn)] 1
) * mono
10t 1
o e
(mb) i
5t "Al('.n)z"‘ﬂ brems ) E
nd
0=% 7 20 23 36 29
Ey(MeV)

2751(y,n)2%41™ Nucl.Phys. 64 (1965) 486, M.N.Thompson et al.

Ref: Proc. Int. Conf. Photonuclear Reactions and Applica-
tions (1973) Asilomar, page 525

R. Bergére et al.

z A ABUND G,N G,P G,2N G,NP G,2P

13 27 100.0 13.1 8.3 24 .4 19.4 22.4

See total cross-sections for the nuclear photoeffect.
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SILICON
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Ref: gy,tot) Nucl. Phys. A117 (1968) 124, N.Bezié et al. (fig)
y,po) Nucl. Phys. 85 i1965) 577, P. P. Singh et al.
(¥ ,n+np) Phys. Lett. 6 (1963) 213, J. T.Caldwell et al.
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285i
15t {J\Ihut(x.nb(x.pn)l
o 4l
{mb) ' Y 3\\
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0 1 A
RT3 17 20 23 26 29
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Ref: Proc. Int. Conf. Photonuclear Reactions and Applica=-
tions (1973) Asilomar, page 525

R. Bergére et al.

VA A ABUND G,N G,P G,2N G,NP G,2p
14 28 92,2 17.2 11.6 30.5 24,6 19.9
29 4,7 8.5 12,3 25,7 20,1 21.9
30 3.1 10,6 13.5 19,1 22,9 24,0

See total cross-sections for the nuclear photoeffect.
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PHOSPHORUS
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Top curve represents U(V,n) + U(V,pn)
Lower curve represents o(y,pn)
Ref: Proc, Int, Conf. Photonuclear Reactions and Appli-

cations (1973) Asilomar, page 525

R. Bergére et al,
Z A ABUND G, N G,P G, 2N G,NP G, 2P

15 31 100.0 12.3 7.3 23.6 17.9 20.8
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Ref: Proc. Int. Conf. Photonuclear Reactions and Appli-
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R. Bergére et al.
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ARGON
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1 1 L L. 4
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Top curve represents o(r,n) + o(y,pn) + o(r,2n)
Lower curve represents o(7,2n)

Ref: Proc. Int. Conf, Photonuclear Reactions and Appli-

cations (1973) Asilomar, page 525
R. Bergére et al.

A A ABUND G,N G, P G,2N . G,NP G,2P

18 Lo 99.6 9.9 12,5 16.5 20,6 22,8
other 0.4
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POTASSIUM
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Top curve represents o(¥,n) + o(¥y,pn)

Lower curve represents c(v,2n)

29

Ref: Proc. Int, Conf. Photonuclear Reactions and Appli-
cations (1973) Asilomar, page 525
R. Bergére et al.
Z A ABUND G, N G,P G,2N G,NP G, 2P
19 39 93.1 13.1 6.4 25.2 18,2 16.6
49 5.9 10.1 7.8 17.9 17.7  20.3
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CALCIUM
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Ref: (y,tot) Nucl.Phys.A117 (1968) 124, N.Bezié et al.(fig)
(v,n) Nucl. Phys. 54 (1964) 549, J,E.E.Baglin et al.
(y,po) Phys.Rev, 135 (1964)B365, J.C.Hafele
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) M
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Ref: Sov.J.Nucl.Phys, 13 (1971) 655, B.S.Ishkhanov et al.

Z A ABUND G,N G,P G,2N G, NP G,2P

20 Lo 97.0 15.6 8.3 29.0 21.4 14.7
Ly 2.1 11.1 12,2 19.1 21.8 21.6
other 0.9

See total cross-sections for the nuclear photoeffect.
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SCANDIUM
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The smooth curve represents the Danos model fit which is

the sum of the two dashed Lorentz curves.

Ref: Nucl.Phys. A205 (1973) 139
R.H.Sambell and B.M. Spicer

z A ABUND G,N G,P G,2N G,NP

21 45 100.0 11.3 6.9 21.0 18.0

G,2P

19.1
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TITANIUM
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The solid curve is calculated.

Open circles represent the (y,Tn) cross=-section

corrected for neutron multiplicity.

Bef: Nuovo Cimento 48B (1967) 460
S.Costa, F.Ferrero, C.Manfredotti, L.Pasqualini,
G.Piragina and H. Arenhdvel
Z A ABUND G, N G, P G,2N" G,NP G,2P
22 ke 8.0 13.2 10.4 22.7 21.7 17.2
L7 743 8.9 10.5 22.1 19.2 18.7
L8 73.9 11.6 1.4 20.5 22.1 19.9
L9 5.5 8.1 1.4 19.8 19.6 20.8
50 5.3 10.9 12,2 19.1 22.3 21.8
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VANADIUM
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Ref: Proc. Int.Conf., Photonuclear Reactions and Applica=-
tions (1973) Asilomar, page 525
R. Bergére et al.

z A ABUND G,N G,P G,2N G,NP G, 2P
23 50 0.2 9.3 7.9 20.9 16,1 19,3
51 99.8 11,1 8.1 20,4 19.0 20,2
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- ) §u oly.Tn)
e # %
2 s ,/' i;&i-,x' {
E 40 ‘l ”"“”"“
é 0 f ﬂw ’
© 2 f .':A..Jf‘il
| A P ;Hl
foa] el oz T 1r ]
100 —————————
%0 u[('.nh(',pn)l
80
=P *&lﬂ
LY ﬂﬂ
g 50
40 o
Bx ulm I
Sl S {Hnml&qf,i‘
o HUMMI
¥ paer T Toaw [I‘LL
“ T
33 otly.2n) +ty. p2n)d
0
’.; 23
518 h*
-g 0 A i mn ’*Hh f iH ‘
s .MA/ l 1
b (I RCTILCTT) "‘(13-) 1
T N R T
Evy (MeV)

Proc. Int. Conf. Photonuclear Reactions and Appli-

cations

(1973) Asilomar, page 547

R. A. Alvarez et al.

ABUND

100.0

G, N G,P G,2N G,NP

10.5 7.4 19.0 17.4

G,2p

19.2
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a(y.Tn)

Y

Jmze)

T S S
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W J

§

’mﬁ
#

o '|m

w "‘*Wﬂw{‘&m {

Joa

_
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512 BULOW and FORKMAN
NICKEL
» T 100
» Sy :
» ;"'MI[' ely.Tn) »
i” W”§Wm,ﬂ- ket
1. y 'np)f! m 3°
1‘ 10 i l“} k }l{{}{l}}]{m“ ]{ { H“. i £
g H iu’?‘}l ‘ ] M‘ g = iy
M L2
° o T2 MDD
_— S o
%0
© otly n)*(x pnll 0
= (“lm} » n
T Wy 3«
=0 I
ie i ]m Yy ﬂ }l } "1 i
bl ’;’"'{ » 1y
il L] B
ot Tinza Yo
5 v ﬁﬁl— — . L T
A atiy.2n)+ (y,p2n} "
3 3
;
s
H A i WH ‘MJ !
t, [ Iy o o
oM UHW — ‘ T
TP T o BIF Rr R R R oo
Evy (MeV}
Ref: Proc. Int. Conf. Photonuclear Ref:
Reactions and Applications
(1973) Asilomar, page 549
S.C. Fultz et al.
z A ABUND G, N G,P G,2N
28 58 67.9 12.2 8.2 22,5
60 26.2 1.4 9.5 20.4
61 1.2 7.8 9.9 19.2
62 3.6 10,6 11.1 18,4
64 1.1 9.7 12.5 16,5

U S G Tt U S SO
4 18 1B 20 2 X 26 N DN N M

Evy (MeV)

Proc. Int. Conf. Photonuclear
Reactions and Applications
(1973) Asilomar, page 551

S.C. Fultz et al.

G,NP G,2P
19.6 14,2
20.0 16.9
17.4 18,1
20.5 19.9
20.9 -
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COPPER
00 T A 100 —
© o, © L]
i © |I”“|.| y u(x,Tn) g © [[”Mwlﬂm o(‘.Tn)
'l it 1
g © h m”'[f ’l!“ i w0 fl! HHIH‘]
3 2 ."Il [ ““H]l .l » H;'” Hml
' K “{[Jl “,‘;} l”]] 1 ¥ l
° "(r.lli L&) o ) ¥i2m)
1o . — 100 —— :
) ! ol(y.n)+(y.pn)] 0 ”HWHI olly.n)+(y,pnl)
3w ,” “nim e l]’ #{i
i ! H, !
: © "| ! Hl,“ " i © “H [h
: .u‘ i .! 2 “ll
E» “'-,i.- Hm]][“ll “;'|| "q‘lmim' d[
..7(7,:) Tizn) t o ¥oran [
[ — B—— so B———
2 aC{y.2ni+(y,2pn N1 © oliy.2m+1y.p2nl}
1= z»
i gy, |3 it
X it » i l |
i i th] , #fl Int
* "l] ]l 3 1 }lf l ’
° T o) O vy % )
1 m i ) = 8 12 6 20 24 28
Ey {MeV) Ey (Mev)
Ref: Phys. Rev. 133 (1964) B1149, S.C.Fultz et al.
z A ABUND G, N G,P G,2N G,NP G,2P
29 63 69,1 10.9 6.1 19.7 16.7 17.2
65 30.9 9.9 7.4 17.8 1741 20.0
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ZINC
50 T T T T T
i Zn
ok — (y.n) _
| --- (y.n+np+2n)
sk -=- ty.np) _
o -=(y.2n) ]
{mb)
20— -
brems
Vo~ . . ) - 1
—
- s DN
° g |_/'/ Pl wialnies h = _4_4___5*__\~§
0 15 20 25 30 35 40
Ey (Mev)
Ref: Phys. Rev. Lett. 25 (1970) 685, B.C.Cook et al.
6ol \,. Zn
H +
, 60 brems 4\‘*—”‘ i++++
(mb) O Y ++++
& . .°°° +++++
20 o * ,._t++
0 ..... n " " N . )
12 1% 16 1 20 2
Ey(MOV)
ol (y,n) + 2(y,2n) + (y,np)]
Solid curve is calculated
Open circles give the (V,Tn) cross-section corrected
for neutron multiplicity
Ref: Nuovo Cimento 48B (1967) 460, S.Costa et al.
Z A ABUND G,N G,P G,2N G, NP G,2P
30 64 L4g.,9 11.9 Te7 21.0 18.6 13.8
66 27.8 11.1 8.9 19.0 18.8 16.4
67 4.1 71 8.9 18.1 16.0 17.3
68 18.6 10.2 10.0 17.3 19.1 18.5
other 0.6
For (y,p) see Nucl.Phys. A213 (1973) 388, G.E.Clark et al.



Ref':

32

A

70
72
73
74
76

PHOTONUCLEAR CROSS-SECTIONS

GERMANIUM

- brems

T6aty £ 360

G,NP

18.8
19.0
16.5
20.2

G,2P

15.1
17.6
18.5
19.9

515

L) 1 1 1 1 1
9 4 9 24 29 4 39
Evy (MeV)
8
brems
6
7°Ge(r.np)6860
4
2
0 Z\ L 1 r
{mb)
4 726e(7,0p) "%
2 /
N S , . : ,
: 7660( 7.np) 7460
| /l-\
0 1 L i 1 1 L
12 17 22 27 32 37 42
Ey(MeV'
Nucl.Phys, A213 (1973) 371, J.J.McCarthy et al.
ABUND G,N G,P G,2N
20.5 11.5 8.5 20.0
27.h 10.7 9.7 18.2
7.8 6.8 10.0 17.5
36.5 10.2 11.0 17.0
7.8 9.4 12.0 15.9

20.7
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ARSENIC
135 oL(y.n)+(y.pn)l
75&\5
. .!"'”'Hih
o . 1’
(mb) [1] 1
4st ., '
lll !!i {
Foo? !!*! , {
O === L iy
rn Cye2m RS
0 b T T T 80 3
Ev(MevV)

Dashed curve: estimated maximum systematic error owing to bremsstrahlung normalization.

45
a(v,2n)
30 fva
g i I]Hl
(mb) ; 1,“,*111{
\ i
0 ty, n} :f(y.zn) Tty,2m
10 14 18 22 26 30 34
E(MeV)

Ref:

H. S. Davis,
Z A ABUND
33 75 100.0

Phys. Rev. 177 (1969) 1745
B. L, Berman, R.L.Bramblett,

J. T. Caldwell,

M. A.Kelly and S.C.Fultz
G, N G,P G,2N G,NP
10.2 6.9 18.2 171

G,2P

179
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SELENIUM
F ooy, Tn) g
i brems )
90} :
0 ol ]
(mb) 60_ 1
30t . .

03

The solid curve is calculated.

51B (1967) 199

S. Costa, F. Ferrero, C.Manfredotti, L.Pasqualini,

Ref: Nuovo Cimento
G. Piragino
Z A ABUND
34 76 9.0
77 7.6
78 23.5
80 49.8
82 9.2

other

0.9

and H.Arenhével

G, N

11.1
74
10.5
9.9
9.3

G, P

9.5
9.6
10.4
1.4
12.3
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RUBIDIUM
—
Rb
150 .
(o] L -
(mb) 100
50 .
o IO T S _l...l.gﬁ'ﬁjukl.L.
12 16 20 24
Ey(MeV)
¢ ol(y.n)+(y.pn)]
X C)(Y-ZTW)

See compilation for giant dipole resonance in A =~ 90 nuclei.

Ref: Nucl. Phys. A175 (1971) 609
A, Leprétre, H.Beil, R.Bergeére, P.Carlos,
A.Veyssiére and M, Sugawara

Z A ABUND G, N G,P G,2N G,NP G,2P

37 85 72.2 10.5 7.0 19.4- 1745 177
87 27.8 9.9 8.6 18.6 18.5 20.5
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STRONTIUM
T T | T M T T T
Sr
200 _
150 ]
(o]
(mb)

1001 -
S0 -

~f’ PV ke s }

0 i P BT P B "y ST B

0 12 18 22 26
Ey(MeV)

¢ oC(v.n)+(y.pn)]
x oC(y.2n)]

See compilation for giant dipole resonance in A = 90 nuclei.

Ref: Nucl. Phys. 175 (1971) 609
A.Leprétre, H.Beil, R,Bergk&re, P.Carlos,
A.Veyssidre and M. Sugawara

4 A ABUND G, N G, P G,2N G,NP G,2P
38 86 9.9 11.5 9.6 20.0 20.1 16.6
87 7.0 8.4 - 9.4 19.9 18.1 18.0
88 82.6 1.1 10,6 19.5 20.5 19.2

other 0.5
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YTTRIUM

T T i T T 1 T T T

I~ * oL{v.n)+(Y.pn)] ]
#
180 ' ; .
i . BSY
[ [ T
1
120- B ! .
s
- N ] .
N ]
[ ! §
(mb) o0 ‘ ' 1
l' .l‘
o ..' ‘{} J
o s N
- :’ m*

" (y pn}  (y.2n) __-—d
al——as —"' —'— RNy
T

{y.n)
10 14 18 22 26
Ey(MeV)

Dashed curve: estimated maximum systematic error owing to bremsstrahlung normalization.

Ref: Phys. Rev., 162 (1967) 1098
B. L. Berman et al.

20 T T T T T T T T

o(y,n) +o(y,pn)
? a(y,2n) 4

200

180

[¢]
{mb)
100

50 -

10 12 L] 16 18 20 2 b, % E:]

Ey (MeV)
Ref: Nucl.Phys. 175 (1971) 609, A.Leprdtre et al.
Z A ABUND G, N G,P G,2N G,NP  G,2P
39 89 100,0 11.5 71 20,8 18.2 177

See compilation for giant dipole resonance in A =~ 90 nuclei.



PHOTONUCLEAR CROSS-SECTIONS 521

ZIRCONIUM

200 Y T T - * - 200 s T T T T T

10 o, 0z, m ',""i. Siz¢

o Y oh ottgnistypan 10 v oTty.n+ly.pnid
i‘” / :I ila f 2
i 100 ; ey 00 / \

0 " ~“Vm ™ : "

20 (! 0
g © S “ﬂun . d".' "ﬁ

® -"' ; h.\ ~ "lﬂlm RN TR

o f('!..l) Tv.ae) I‘fhy”“%“ - 1r('r‘,n) L ('r,gl)lll ) "1}!'-)']'”‘1“"”L

10 % . 22 2% 6 10 1 18 22 26 30

E.y (MeV) Evy (MeV)

0 100 T T T T T

" ; 927, : % 97,

1% ‘M, aliy.m+{y,pn1 ot ! ] oCiy.n)+(y,pni
1= i R 1 '

00 U ® !
i ! \ i « : |
3 el .’ ' ! © |..n {}

» Vh ﬁ 2 o H’ |

2 A it , ok M o i r ol g

0 » Ha . Hhgaad 11‘11[11 ¥ T nrlufl[]x 1 [H”{

) Toaw w1 pn ton o ool 1]
8§ 1z 6 20 2% 28 a2 8 12 18 20 24 28 %
Evy (MeV) Evy (MeV)

Ref: Phys. Rev. 162 (1967) 1098, B.L.Berman et al.

2z A ABUND G, N G,P G,2N G,NP G, 2P
Lo 90 51.5 12,0 8.4 21.3 19.8 15.4
91 11.2 7.2 8.7 19.2 15.6 16.3
92 17.1 8.6 9.4 15.8 17.3 17.1
94 17.4 8,2 10,3 14.9 17.8 18.9
96 2.8 7.8 11.5 14.3 18.5 21.2

See compilation for giant dipole resonance in A = 90 nuclei.
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NIOBIUM

200

150

(0]
(mb)
100

50

Evy (MeV)

g 0C(y,n)+(y.pn)]
x o((y.2n)]

Ref': Nucl. Phys. 175 (1971) 609

A. Leprédtre, H.Beil, R Bergeére, P.Carlos,
A.Veyssidre and M. Sugawara

z A ABUND G,N G,P G,2N G,NP G,2P

41 93 100.0 8.8 6.0 16.7 14,7 15.4

See compilation for giant dipole resonance in A = 90 nuclei.
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MOLYBDENUM
T T T * .l.' T T T 1T T T T
. .‘S:%i . 92"0
v S0y 2 94
ﬁd% a Mo
150 LT . _
a c 3‘ x Mo
*v a ° o‘:é: 98
v+.‘: © ﬂix . Mo
o L ot ) 100 |
(mb) ‘00 A *i'é L4 Mo
o . ‘a%‘
Y *3’.‘% .
v o« 4o : o 1 ¢ A4
] g‘?:" * [
50 A ®4 .
ot & : ik Tabutnt
. |4 $ 9‘.\. P L) a 30‘“‘
vm__‘ ‘ J L $‘.‘
9% * P d
ol f‘?~ I ! ! i 1 [
10 V4 18 22 26
Ey (MeV)

Experimental total photoneutron cross-section

c\'('y,n) + (:”Pn) + (')’9211)]

for Mo isotopes

Ref':

42

1

A

92
9k
95
96
97
98
00

Nucl. Phys. A129 (1974) 61,

ABUND G.N G,P
15.8 12.7 745
9.1 9.7 8.5
1547 7.4 8.6
16.5 9.2 9.3
9.5 6.8 9.2
23.8 8.6 9.8
9.6 8.3 10.6

P. Carlos et al.

G,2N G,NP G,2P
22.8 19.5 12.6
177 17.3 14.5
17.0 15.9 15.1
16.5 17.8 16.1
16.0 16.1 1645
15.5 17.9 173
14,2 18.0 19.5

523
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RHODIUM
T T T T T T T T
103Rh
200 +— 4
'0.0..
o L]
(}'nb) c‘ .
® .
100 — L] . -
..
'o . ada
° ‘.' “.‘.‘.A
o s * . baas )
...' 'S ... “A.A‘
.. r Y L]
. a ®4o00nse*
J i 1 1 L _a8 1 1 1 1
10 14 18 22
Ey(MEV)
Top curve represents c[(y,n) + (7,pn)]
Lower curve represents 0(7,2n)
Ref: Nucl. Phys. A219 (1974) 39
A.Lepratre et al.
Z A ABUND G,N G,P G,2N G,NP G, 2P
Ls 103 100,0 9.3 6.2 16.8 15.4 16,3
See giant dipole resonance in 103 s A < 133 nuclei.
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PALLADIUM

525

Pd

)

200 0..MNAHWmm1

¢

ag
{mb)

¥

100 . ’

ot
.°. #‘:“““A La

. ofy.2n) &

-.' a .’
.nQ. A“ ..‘
oL L Y ] L *°
10 14 18
Ey (MeV)

Ref: Nucl.Phys. A219 (1974) 39, A,Leprétre et al.

pA A ABUND G,N G,P G,2N G,NP G,2P
Le 102 1.0 10.6 7.8 18.9 17.7 13.3
104 11.0 10.0 8.7 17.6 18.0 14.9
105 22,2 7.1 8.8 171 15.8 15.7
106 27.3 9.6 9.3 16.6 18.3 16.4
108 26.7 9.2 10.0 15.8 18.5 17.8
110 1.8 8.8 10.5 15,0 18,7 19.2

See giant dipole resonance in 103 < A < 133

nuclei.
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SILVER
90|
w °'Ag y - oly.2n) 0aq
- i “'., otly.n)+(y,pn)} .
[« B }! ] o 0|
(mb) « 0', 'H (mb) w ;I"l ll*
N I o o nli" g
o o it ,;*umh fiyh yn " ¢ )
Yoo —T(y,:.) o 1T Ty, & Yoy tm Tiy,3)
8 14 20 26 32 ] 14 20 26 32
Evy (MeV) Ev (MeV)
Ref: Phys.Rev. 177 (1969) 1745, B.L.Berman et al,
200} OC{v.n)+(v.2n)] |°7Ag J
{
150F ]
[ N % brems
(mb) 100 | d
iy
Ag oL{y.n}+{y.pnl) 4M 1
200+ , R S SR [ I T — Y
sy Ey (MeV)
o - orty.m)e(v2r) )
{mb) . . 150f ‘osAg 4
100 . ‘. 1 w W brems
. . o oot 1
. ", {mb)
'.‘.-'“ o} (Y.Z nl‘b“d.e‘t:”ltouqy so- M W 1
oMy 0 12 e |
E'Y (Mev) Ey(NIV)
Ref: Nucl.Phys.A219 (1974)39 Ref: Bull.Acad.Sci.USSR
A.Lepr&tre et al. 3 (1969) 1889
B. S. Ishkhanov et al,
z A ABUND G,N G,P G,2N G,NP G,2P
b7 107 51,4 9.6 5.8 17.5 15,4 15,1
109 48,6 9.2 6.5 16.5 15.7 16 .4
See gilant dipole resonance in 103 < A < 133 nuclei.
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CADMIUM
T T T T T T T T
Cd e otlym+ly,pn)
200 - . . T
100} ! . ]
n. .’
¢ ants
.'. oly.2n) ,* “. “‘.“‘A .
..0' s ‘ °., ¢ .“‘A sy
o .“ .‘o * o..:*.'
() 1 1 ] _adt 1 L 1 |
10 14 18 22
Ey(MEV)

Ref: Nucl.Phys. A219 (1974) 39, A.Leprdtre et al.

z A ABUND G,N G,P G,2N G,NP G,2P

48 110 12.4 9.9 8.9 17.2 18.1 15.h
111 12.8 7.0 9.1 16.9 15.9 16.2
112 2.1 9.4 9.6 16.4 18.5 16.8
113 12.3 6.5 9.8 15.9 16.2 17.6
114 28.9 9.0 10.3 15.6 18.8 18,3
116 7.6 8.7 11.1 14,8 19.1 -

other 1.9

See gilant dipole resonance in 103 < A < 133 nuclei.
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INDIUM
300 T T 1 T 1017 7 T
240 .."‘\\g “sln - 120 }— "sln oly.2n) _|
1801 oV otlynlelyprd ] o B
(gbwm— S 0 . s+ bl i
b (mb} .“ e 'rm f
. J ] - [
&0 . W, 30 : HMHH]H[
0 .‘.. ———————— "‘i‘ﬂ_rf i l I_L } . “ { I
Ty,ny fv,2n; TTIT TTJ'I[Y' 0 Ta,n g Y20 Ty, 3n
8 12 16 20 24 28 32 ] 12 16 20 24 28 32
Evy (MeV) Ey (MeV)
Ref: Phys. Rev. 6 (1969) 1255, S.C.Fultz et al.
1 i T T T T T T
In ." . ol{y,n)+{y.pn)
b4 ¢
2007 . .
[) .
o . *
(mb) . ‘
]OoL . '. -
..o ",
i A‘Al )
..o oly. 2n) o .
0’ ab #‘...‘ £ +‘.
[ ] a
ol ‘1 L 1L [ 1 1 I
10 12 14 16 18 20 22
Ev (MeV)
Ref: Nucl.Phys. A219 (1974) 39, A.Leprétre et al.
Z A ABUND G,N G,P G,2N G,NP G,2P
49 113 4.3 9.4 6.1 1741 15.5 15.7
115 95.7 9.0 6.8 16.3 15.9 171

See giant dipole resonance in 103 < A < 133

nuclei.
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TIN
LI B A LA L B B
L < e glly.n)sly.pn)+(y.20)]
200 C o~ ., -
— ‘ ’. .-. .‘I -
.« 2 AN
100 B .'. -‘ Y .." .‘o . ]
| ..o ..: ‘Jo '.' ..'.. . . . B
0 -0--... /-' :‘ ‘-. ‘.'.0.‘ ! 12ksn
¢ Y -, —
o < T . KN 0""'0..'
(mb) a2 . 12°SnT
N . ]
o=~ s . , dldl
¢ . .. . "y
B .-fl .. ./\". ‘. . - -
- ol— LS T\ " W8gp
et \ Nigy, |
o— .
- N,
- ~ b -
P n Gsn
0 I | IR SRPE SR NS A B
8 12 16 20 24
Ey(hﬂEV)

Ref: Nucl.Phys. A219 (1974) 61, P.Carlos et al,

Z A ABUND G,N G,P G,2N G,NP G,2P

50 112 1.0 10,8 7.5 19.0 17.6 12,9
116 14.3 9.6 9.3 17.1 18.3 16.1
117 7.6 6.9 9.4 16.5 16.2 16.9
118 24,0 9.3 10.0 16,3 18,8 17.5
119 3.6 6.5 9.9 15.8 16,5 18,2
120 32,9 9.1 10.7 15.6 19.0 19.0
122 4.7 8.8 11,4 15.0 19.8 -
124 5.9 8.5 12,1 14,4 20,4 -

other 160

See also: Phys. Rev. 186 (1969) 1255, S.C.Fultz et al.



530 BULOW and FORKMAN

ANTIMONY
T 1 T i I L 1 1 1
300} Sb
-".
200} :
o .
(mb) ‘, .
*
100} S
‘ .
. “A“"lro‘
‘. K * -:M‘““. ..‘.a
-..- “ ’-0.....:.....:l:‘
0L 1 1 a 1 L s 1 1 1 1
10 14 18 22 26 30
Ey (MeV)
Top curve represents 0((7,n) ¥ (7,pn)]
Lower curve represents 0(7,2n)
Ref: Nucl.Phys. A219 (1974) 39, A, Leprétre et al.
z A ABUND G,N . G, 2N G,NP G,2P

G,P
51 121 57.2 9.2 5.8 16.3 14,9 16.5
123 42,8 9.0 6.6 15,8 15.4 18.0

See giant dipole resonance in 103 < A < 133 nuclei.
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TELLURIUM
T ' T T T T T
30()r Te
.’ ’
. ol{y.n)+{y,pn)]
2001 .
O .‘ .
(mb) .
100 - g
¢ a%e™
. o(y.20) 4 © Vaay
. . . Msp
.. . . ‘...rr... 'r
4 "’...'c ALY ‘ .'t
0 ] L autt | } | 1 ] 1
12 16 20 24
Ey (MeV)
Ref: Nucl.Phys. A219 (1974) 39, A.Lepretre et al.
z A ABUND G,N G,P G, 2N G,NP G, 2P
52 122 2.5 9.8 8.0 17.0 17.3 13.8
124 4,6 9.4 8.6 16.4 17.5 15,2
125 7.0 6.6 8.7 16.0 15,2 15,8
126 18,7 9.1 9.1 15.7 17.8 16,4
128 31.8 8.8 9.6 15,1 18.0 17.6
130 34.5 8.4 10,0 14,5 18.0 18.5
other 0.9
Ses giant dipole resomance in 103 < A < 133 nuclei.
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IODINE
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|
N — S — o
0 '.!m’;#‘ oL(y.ni+(y.pnl] = '"l""’ aC{y.n)+(y.pnil
ilso 'l x } 00 " i‘
%m f [ 1 ‘)‘ "'
i é 100 | !"
Swo o I { ' iy
¢ %;) Fmam) L H*[iu”%“!(uﬂ}% lm“ { ¢ "ﬂ(."-') ¥r.2m) e K]
o B — w0 - -
© ol{y.2n)+ly.p2n)] " olly.2n) +{y.p2n)]
it 3
1° i, 1. |l”””ll|n
. . [ |H i WloE. ,| HH}NI; 'Hll '
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See gilant dipole resonance in 103 < A s 133 nuclei.
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See compilation for giant dipole resonance in N = 82 nuclei.
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Ref: Nucl. Phys. A121 (1968) 463
R. Bergére, H.Beil and A.Veyssidre

See compilation for giant dipole resonance in N = 82 nuclei.

z A ABUND G,N G,P G,2N G,NP G,2P
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See compilation for giant dipole reionance in N = 82
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See compilation for giant dipole resonance in N = 82 nuclei.
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z A ABUND G,N G,P G,2N G,NP G, 2P
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Z A ABUND G,N G,P G,2N G,NP G,2P
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Giant dipole resonance in A® 90 nuclei
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PHOTONUCLEAR CROSS~SECTIONS

Giant dipole resonance in 103=A<£133 nuclei
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Giant dipole resonance in N=82 nuclei
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PHOTONUCLEAR CROSS-SECTIONS

Total photonuclear absorption: 0,4
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Total photonuclear absorption: 0,y

(cont.)
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