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Tb) in JENDL-3.2 with available experimental data, various evaluated data, and those estimated from
systematics are summarized to assess validity of cross sections for threshold reactions for fission product
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1. Introduction

Nuclear data for fission product nuclei are of importance for design of nuclear reactors and assessment
of safety of nuclear facility. The (n,2n) and (n,3n) reactions are most dominant cross sections among
threshold reactions in fast neutron energy range. To assess validity of cross sections for threshold reactions
of the fission product nuclei in JENDL-3.2 "2, comparison of the (n,2n) and (n,3n) reaction cross sections
for 155 nuclei (Ge — Tb) in JENDL-3.2 with available experimental data as well as those estimated from
the systematics ® and other evaluated data were carried out. In this report, plotted data for comparisons
were compiled and issues in cross section data of JENDL-3.2 were also discussed. The data for Dy isotopes

are also included in this report though there is no evaluation for that in JENDL-3.2.

2. Comparison of (n,2n) and (n,3n) Reaction Cross Section Data

Cross sections of (n,2n) and (n,3n) reactions in JENDL-3.2 were compared with those in ENDF/B-VI¥,
BROND-2 %, ADL-3 9, EAF-97 7. Available experimental data were also considered in the comparison.
Analysis of the cross sections by empirical systematics is an effective way to check differential data of
cross sections for the fission product nuclei because measured cross section data are very limited for those
nuclei. In the present comparison, Manokhin’s systematics », which can represent excitation function of
threshold reactions, was adopted for comparison. Plots of cross sections using evaluated cross sections,
systematics and available experimental data were drawn for comparison purpose. List of figures prepared in
the present work is shown in Table 1. In the figures, cross sections calculated by the systematics  are
drawn by solid line and denoted by ‘recom’. In addition to the work ¥, there is some information about the
systematics used in the report ¥. For some nuclei, data from JENDL Dosimetry File 99 (JENDL/D-99)
are also plotted and refered as ‘JDOS99’.

3. Results of Comparison

Results of comparison of the (n,2n) and (n,3n) reaction cross sections for fission product nuclei in

JENDL-3.2 with other evaluated data and available experiment data are briefly described below.

(1) Se isotopes

"’Se(n,2n) and "Se(n,2n) reaction cross sections in JENDL-3.2 have larger cross section values than
those in other evaluated data in the energy range from 8 to 11 MeV (Fig. 5, 9). Comparing with other
evaluated data, ¥*Se(n,2n) and *Se(n,2n) reaction cross sections in JENDL-3.2 rapidly decrease near 18
MeV (Fig. 11, 13).
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(2) Kr isotopes

A shape of excitation function of ¥Kr(n,2n) reaction cross section in JENDL-3.2 slightly differs from
data in the other evaluation: data in JENDL-3.2 are larger from 8 to 11 MeV and lower from 14 to 20 MeV
(Fig. 21).

(3) Rb isotopes
8Rb(n,2n) reaction cross section in JENDL-3.2 does not follow experimental data by Konno et al. '%,

while #Rb(n,2n) reaction cross section in JENDL-3.2 represents the experimental data (Fig. 33, 29).

(4) Zr isotopes

%071(n,2n) reaction cross section in JENDL-3.2 shows good agreement with experimental data (Fig. 46).
Excitation function of °'Zr(n,2n) reaction cross section in JENDL-3.2 has more steep curve near threshold
energy than that calculated from the systematics (Fig. 49). ¥ %% 9% 9Zr(n,2n) reaction cross sections in

JENDL-3.2 rapidly decrease near 18 MeV compared with other evaluated data (Fig. 51, 53, 55, 57, 59).

(5) Mo isotopes

95,96, 97, 98, 99, 100\ [o(n,2n) reaction cross sections in JENDL-3.2 rapidly decrease near 18 MeV compared
with other evaluated data (Fig. 63, 65, 67, 69, 71, 73). For **°" 1®Mo(n,2n) reactions, excitation functions
of JENDL-3.2 have more steep curve near threshold energy compared with other evaluated data. Rapid
decrease of the (n,2n) cross sections of JENDL-3.2 for Mo isotopes from 18 MeV results in rather large

values for (n,3n) reaction cross section compared with other evaluated data (Fig. 72).

(6) Ru isotopes

Excitation functions of % 1L 19Ry(n,2n) reactions in JENDL-3.2 have more steep curve near threshold
energy compared with other evaluated data (Fig. 77, 79, 83). 19% 1% 104 10Ry(n,2n) reaction cross sections in
JENDL-3.2 give lower values than those in other evaluated data above 16 or 17 MeV (Fig. 81, 83, 85, 87).
This tendency results in larger value for the (n, 3n) reaction cross sections in JENDL-3.2 (Fig. 82, 84, 86,
88).

(7) Rh isotopes

1R h(n,3n) reaction cross section in JENDL-3.2 does not follow experimental data by Veeser et al. 'V
and gives larger cross section value than those in other evaluated data (Fig. 90), while '®Rh(n,2n) cross
section in JENDL-3.2 is in good agreement with available experimental data and other evaluated data (Fig.
89). Excitation function of 'Rh(n,2n) reaction has more steep curve near threshold energy and rapidly
decreases from 17 MeV compared with other evaluated data (Fig. 91). This tendency results in larger value
for 1%Rh(n,3n) reaction cross section in JENDL-3.2 (Fig. 92).
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(8) Pd isotopes

Excitation functions of 104 105 106,107, 198p4(p 911} reactions in JENDL-3.2 have more steep curve near
threshold energy and rapidly decrease from 17 or 18 MeV compared with other evaluated data (Fig. 93, 95,
97, 99, 101). This tendency results in larger value for the (n,3n) reaction cross sections of Pd isotopes in
JENDL-3.2 (Fig. 94, 96, 98, 100, 102).

(9) Cd isotopes

Cross sections of 110 111 112, 113, 114, 116Cq(n 2n) reactions in JENDL-3.2 rapidly decrease from 17 or 18
MeV compared with other evaluated data (Fig. 109, 111, 113, 115, 117, 119). This tendency resuits in
larger value for (n,3n) reaction cross sections of Cd isotopes in JENDL-3.2 (Fig. 110, 112, 114, 116, 118,
120).

(10) In isotopes
Cross section of *In(n,2n) reaction in JENDL-3.2 rapidly decreases from 18 MeV (Fig. 121) and that

of (n,3n) reaction is larger than other evaluated data (Fig. 122).

(11) Sn isotopes

Cross sections of 1% 116, 117, 118, 115, 120, 122, 123, 124, 126Gy 21)) reactions in JENDL-3.2 rapidly decrease near
17 or 18 MeV compared with other evaluated data (Fig. 123, 125, 127, 129, 131, 133, 137, 139, 141, 145).
This tendency results in larger value for (n,3n) reaction cross sections of Sn isotopes in JENDL-3.2 (Fig.
124, 126, 128, 130, 132, 134, 138, 140, 142, 146). Excitation functions of !> 1% 11°Sn(n,2n) reactions have
more steep curve near threshold energy (Fig. 123, 127, 131).

(12) Sb isotopes
Comparing with available experimental data and evaluated data, peak energies of 2 2Sb(n,2n)

reaction cross sections in JENDL-3.2 are shifted to higher energy side and cross section values are larger
(Fig. 147, 151).

(13) Te isotopes

Cross sections of 2% 123 124,125,126, 128, 130T\e(y 2n) reactions in JENDL-3.2 rapidly decrease near 17 or 18
MeV compared with other evaluated data (Fig. 161, 163, 165, 167, 169, 171, 173). This tendency results in
larger value for the (n,3n) reaction cross sections of Te isotopes in JENDL-3.2. There exists structures in
excitation functions of ' 1%Te(n,2n) reactions of JENDL-3.2 which cannot be found in other evaluated
data (Fig. 163, 167).

(14) L isotopes
Cross sections of 212 BI](n 2n) reactions in JENDL-3.2 are larger near threshold energy and rapidly

decrease from 17 MeV compared with experimental data and evaluated data (Fig. 177, 179, 183)..

__3_
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(15) Xe isotopes

Cross sections of 128 129 130, 131, 132, 133, 134, 135, 36X o1y 21)) reactions in JENDL-3.2 rapidly decrease from
17 or 18 MeV compared with other evaluated data (Fig. 185, 187, 189, 191, 193, 195, 197, 199, 201). This
tendency results in larger value for the (n,3n) reaction cross sections of Xe isotopes in JENDL-3.2 (Fig. 186,
188, 190, 192, 194, 196, 198, 200, 202). Excitation functions of the (n,2n) reactions for odd mass nuclei of
Xe have structure which is not found in other evaluated data (Fig. 187, 191, 195, 199).

(16) Cs isotopes

Cross sections of 1% 134 135,136, 137Cg(p 2n) reactions in JENDL-3.2 rapidly decrease from 17 or 18 MeV
compared with other evaluated data (Fig. 203, 205, 207, 209, 211). This tendency results in larger value for
the (n,3n) reaction cross sections of Cs isotopes in JENDL-3.2 (Fig. 204, 206, 208, 210, 212).

(17) Ba isotopes

Cross sections of 1** 136 138Ba(n,2n) reactions in JENDL-3.2 rapidly decrease from 17 or 18 MeV
compared with other evaluated data (Fig. 213, 217, 221). This tendency results in larger value for 134 136
13¥Ba(n,3n) reaction cross sections in JENDL-3.2 (Fig. 214, 218, 222).

(18) Pr isotopes
For the (n,2n) and (n,3n) reactions for “!Pr, larger cross section values are given in JENDL-3.2
compared with other evaluated data (Fig. 241, 242).

(19) Nd isotopes
Shapes of excitation functions for 142 143. 144, 145, 146, 147, 148, 150N 4 ( 21) reactions differ from those from

other evaluated data and calculated data by the systematics (Fig. 245, 247, 249, 251, 253, 255, 257, 259).

(20) Pm isotopes

Cross sections of 4% 148 149Pm(n,2n) reactions in JENDL-3.2 rapidly decrease from 14 MeV compared
with other evaluated data (Fig. 261, 263, 265). This tendency results in larger values for the (n,3n) reaction
cross sections for Pm isotopes in JENDL-3.2 (Fig. 262, 264, 266).

(21) Sm isotopes

Cross sections of 148 150. 152 134gm(n, 2n) reactions in JENDL-3.2 represent experimental data (Fig. 269,
273, 277, 281). *’Sm(n,2n) reaction cross section in JENDL-3.2 gives lower values compared with other
evaluated data (Fig. 267). Cross section of °Sm(n,2n) reaction has larger values near threshold energy
compared with other evaluated data (Fig. 271). Excitation functions of the (n,2n) reaction for '** 1*Sm in
JENDL-3.2 have structure which cannot be found in other evaluated data (Fig. 275, 279).
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(22) Eu isotopes
Excitation functions of the (n,2n) reaction for ** 155 1%Ey in JENDL-3.2 have structures which cannot

be found in other evaluated data (Fig. 285, 287, 289).

(23) Gd isotopes

Cross sections of 1% 15% 156, 157 138, 180Gq(n 2n) reactions in JENDL-3.2 were evaluated to follow
experimental data, but the cross sections rapidly decrease above 16 MeV compared with other evaluated
data (Fig. 291, 293, 295, 297, 299, 301). This tendency results in larger values for the (n,3n) reaction cross
sections for Gd isotopes in JENDL-3.2 (Fig. 292, 294, 296, 298, 300, 302).

(24) Tb isotopes

Cross section of **Tb(n,2n) reaction in JENDL-3.2 rapidly decreases above 16 MeV (Fig. 303) and as
the result 1**Tb(n,3n) reaction cross section in JENDL-3.2 has larger values than other evaluated data (Fig.
304).

(25) Ge, As, Br, Sr, Y, Nb, Tc, Ag, La, and Ce isotopes
There is no significant differences between data in JENDL-3.2 and those in other evaluated data for Ge,
As, Br, Sr, Y, Nb, Tc, Ag, La, and Ce isotopes.

(26) Dy isotopes
No data is stored in JENDL-3.2.

4. Discussion

From the above described results of comparison, the following issues of the (n,2n) and (n,3n) reaction
cross sections for fission product nuclei in JENDL-3.2 can be extracted: (1) some (n,2n) cross sections
rapidly decrease above its maximum value, (2) some excitation functions of the (n,2n) reaction have steep
curve near the threshold energy, (3) some (n,3n) cross sections are larger than other evaluated data in the
energy range from the threshold energy to 20 MeV because the (n,2n) cross sections are small in the energy
region where the (n,3n) reaction channel opens.

Most of data for fission product nuclei stored in JENDL-3.2 were evaluated by Fission Products
Evaluation WG of Japanese Nuclear Data Committee 2 and most of the (n,2n) and (n,3n) reaction cross
sections were evaluated by using the PEGASUS code '? on the basis of the closed form exciton model
preequilibrium theory and the multi-step evaporation theory. The calculated values were normalized to the
cross sections at 14.5 MeV which were estimated from available experimental data or systematics by
Bychkov et al.’ Although comparison of the (n,2n) cross sections between JENDL-3.2 and experimental

data around 14.5 MeV indicated that those data are in good agreement, it was found that there are above
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mentioned issues in the cross sections for JENDL-3.2. To solve the discrepancies of data in JENDL-3.2 and

other evaluated data, more sophisticated nuclear model analysis for some typical nuclei are recommended.
5. Summary

In this report, the present status of (n,2n) and (n,3n) reaction cross sections for fission product nuclei
in JENDL-3.2 was studied by comparing them with other evaluated data and available experimental data.
From the results of comparison, issues existing in the (n,2n) and (n,3n) reaction cross section for fission

products nuclei in JENDL-3.2 were extracted.
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Table 1 List of figures

Figure No. Reaction Figure No. Reaction Figure No. Reaction

1 %Ge(n,2n)"Ge 51 27 r(n,2n)°'Zr 101 19%8pd(n,2n)!9Pd
2 %Ge(n,3n)"*Ge 52 °271(n,3n)°°Zr 102 1%8pd(n,3n)'%Pd
3 SAs(n,2n)"*As 53 $371(n,2n)°2Zr 103 1%Pd(n,2n)'**Pd
4 SAs(n,3n)As 54 %71(n,3n)°'Zr 104 19Pd(n,2n)!Pd
5 "’Se(n,2n)"Se 55 %47Zr(n,2n)*Zr 105 19Ag(n,2n)%Ag
6 "Se(n,3n)"°Se 56 %47r(n,3n)*?Zr 106 1¥A0(n,3n)'Ag
7 ®Se(n,2n)"’Se 57 5Zr(n,2n)**Zr 107 1A 0(n,2n)!%Ag
8 "8Se(n,3n)"°Se 58 57r(n,3n)**Zr 108 MAg(n,3n)!%Ag
9 Se(n,2n)’*Se 59 %Z1(n,2n)>Zr 109 19Cd(n,2n)'®Cd
10 ®Se(n,3n) 'Se 60 %7 10,30 Zr 110 Cd(n,3n)Cd
11 %Se(n,2n)”Se 61 %Nb(n,2n)**Nb 111 1Cd(n,2n)"°Cd
12 ®Se(n,3n)*Se 62 5Nb(n,3n)°Nb 112 MCd(n,3n)®Cd
13 82Se(n,2n)®!Se 63 %Mo(n,2n)**Mo 113 12Cd(n,2n)'!'Cd
14 82Se(n,3n)*Se 64 *Mo(n,3n)**Mo 114 12Cd(n,3n)!°Cd
15 81Br(n,2n)*'Br 65 *Mo(n,2n)*’Mo 115 BCd(n,2n)!"*Cd
16 *By(n,2n) °Br 66 %Mo(n,3n)" Mo 116 BCd(n,3n)"'Cd
17 $2Br(n,2n)*'Br 67 *"Mo(n,2n)**Mo 117 14Cd(n,2n)'*Cd
18 $2Br(n,3n)*Br 68 "Mo(n,3n)**Mo 118 14Cd(n,3n)'>Cd
19 82K r(n,2n)*'Kr 69 *Mo(n,2n)*’Mo 119 16Cd(n,2n)"*Cd
20 82K 1(n,3n)*Kr 70 %Mo(n,3n)*Mo 120 16Cd(n,3n)'°Cd
21 8K1(n,2n)*Kr 71 %Mo(n,2n)**Mo 121 5[n(n,2n) “In
22 8K 1(n,3n)* ' Kr 72 Mo(n,3n)°’"Mo 122 In(n,3n)PIn
23 #Kr(n,2n)*Kr 73 1%0Mo(n,2n)”Mo 123 1158n(n,2n)*Sn
24 ¥Kr(n,30)Kr 74 ®Mo(n,30)*Mo 124 Sn(n,30)°Sn
25 ®Kr(n,2n)"Kr 75 Tc(n,20)* Te 125 68 n(n,2n) >Sn
26 $K1(n,3n)"Kr 76 %Te(n,3n)° " Tc 126 168n(n,3n)'*Sn
27 8K r(n,2n)*Kr 77 YRu(n,2n)*Ru 127 17Sn(n,2n)"*Sn
28 8K r(n,3n)**Kr 78 1%Ru(n,3n)**Ru 128 117Sn(n,3n)**Sn
29 $Rb(n,2n)*Rb 79 1%1Ru(n,2n)!*Ru 129 18Sn(n,2n)'"’Sn
30 #Rb(n,3n)*Rb 80 91Ru(n,3n)*’Ru 130 1861 (n,3n)!%Sn
31 8Rb(n,2n)*Rb 81 12Ru(n,2n)'"'Ru 131 19Sn(n,2n)!*Sn
32 8Rb(n,3n)*Rb 82 12Ru(n,3n)!*Ru 132 Sn(n,3n)!!’Sn
33 §7Rb(n,2n)*Rb 83 18R u(n,2n)'"Ru 133 1208n(n,2n)'°*Sn
34 8Rb(n,3n)**Rb 84 103Ru(n,3n)'*'Ru 134 1208n(n,3n)"**Sn
35 8Sr(n,2n)*Sr 85 10/Ru(n,2n)'®Ru 135 218n(n,2n)'*°Sn
36 88Sr(n,2n)®’Sr 86 1%Ru(n,3n)!*?Ru 136 1218n(n,2n)*°Sn
37 ¥Sr(n,2n)*Sr 87 1%6Ru(n,2n)!*Ru 137 1228n(n,2n)"*!Sn
38 9Sr(n,3n)*'Sr 88 1%Ru(n,3n)'*Ru 138 1228n(n,3n)?°Sn
39 0Sr(n,2n)Sr 89 1R h(n,2n)"Rh 139 Sn(n,20)2Sn
40 *°Sr(n,3n)**Sr 90 1%Rh(n,3n)!*'Rh 140 1238n(n,3n)'*'Sn
41 ¥Y(n,2n)*®Y 91 15Rh(n,2n)'*Rh 141 1248n(n,2n)'*Sn
42 Y (n,2n)*Y 92 1%Rh(n,3n)!®Rh 142 124Sn(n,3n)!#*Sn
43 Y (n,3n)¥¥Y 93 194pd(n,2n)'"Pd 143 128n(n,2n)'**Sn
44 1Y (n,2n)°Y 94 104pd(n,3n)'?Pd 144 1258n(n,3n)'#Sn
45 1Y (0,30)°Y 95 5pd(n,2n)"*Pd 145 288 n(n,20)Sn
46 0Z1(n,2n)*Zr 96 195pd(n,3n)!®Pd 146 1268n(n,3n)'**Sn
47 %07r(n,2n)*8Zr 97 196pd(n,2n)'"Pd 147 121Sb(n,2n)'°Sh
48 %07 r(n,2n)*™Zr 98 196pd(n,3n)'%“Pd 148 121Sh(n,3n)!°Sh
49 17r(n,2n)°Zr 99 197Pd(n,2n)'%Pd 149 1228b(n,2n)!2!Sb
50 17r(n,3n)*Zr 100 197pd(n,3n)!Pd 150 1228b(n,3n)'*°Sb

_.8_
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Table 1 List of figures (Contd.)

Figure No. Reaction Figure No. Reaction Figure No. Reaction
151 BSb(n,2n)'*Sb 201 B6Xe(n,2n)**Xe 251 1Nd(n,2n)*“Nd
152 138b(n,3n)12!Sb 202 136X e(n,3n)3*Xe 252 1Nd(n,3n)*Nd
153 Ti5b(n,2n) Sb 203 T Cs(n,20)2Cs 253 6N d(n,2n) Nd
154 45b(n,3n)228b 204 Cs(n,30)P'Cs 254 %N d(n,3n)™Nd
155 58(n,2n)'Sb 205 B%Cs(n,20)Cs 255 ¥Nd(n,2n)"Nd
156 1238b(n,3n)'2Sb 206 134Cs(n,3n)*2Cs 256 “Nd(n,30)'Nd
157 %6g(n,2n) Sb 207 B5Cs(n,20)*Cs 257 N d(n,20)"'Nd
158 %68b(n,3n) 2*Sb 208 B5Cs(n,3n)%°Cs 258 8N d(n,3n)"*Nd
159 127Sb(n,2n)'#5Sb 209 136Cs(n,2n)**>Cs 259 150N d(n,2n)**Nd
160 127Sb(n,3n)'**Sb 210 136Cs(n,3n)**Cs 260 BONd(n,3n)“*Nd
161 12T¢(n,2n)'*'Te 211 137Cs(n,2n)1*Cs 261 7Pm(n,2n)**Pm
162 12Te(n,3n)'*Te 212 137Cs(n,3n)!**Cs 262 47Pm(n,3n)**Pm
163 13Te(n,2n)'*Te 213 1*Ba(n,2n)**Ba 263 18Pm(n,2n)*"Pm
164 123Te(n,3n)*'Te 214 134Ba(n,3n)*’Ba 264 1pm(n,3n)*Pm
165 124Te(n,2n)'BTe 215 135Ba(n,2n)**Ba 265 “Pm(n,2n)!**Pm
166 12Te(n,3n)*Te 216 135Ba(n,3n)**Ba 266 Pm(n,3n)**"Pm
167 133Te(n,2n)'2*Te 217 136Ba(n,2n)"**Ba 267 47Sm(n,2n)**Sm
168 5Te(n,3n)'3Te 218 136Ba(n,3n)**Ba 268 7Sm(n,3n)*Sm
169 126Te(n,2n)'*Te 219 3Ba(n,2n)**Ba 269 18Sm(n,2n)'*’Sm
170 126Te(n,3n)'**Te 220 137Ba(n,3n)'**Ba 270 18Sm(n,3n)**Sm
171 128T¢(n,2n)1*"Te 221 138Ba(n,2n)*"Ba 271 149Sm(n,2n)**Sm
172 128Te(n,3n)!Te 222 133Ba(n,3n)**Ba 272 19Sm(n,3n)’Sm
173 130Te(n,2n)®Te 223 139Ba(n,2n)"**Ba 273 150Sm(n,2n)**Sm
174 139Te(n,3n)*Te 224 13Ba(n,3n)"*’Ba 274 139Sm(n,3n)'**Sm
175 132Te(n,2n)!Te 225 140Ba(n,2n)**Ba 275 11Sm(n,2n)*°Sm
176 32Te(n,3n)'Te 226 149Ba(n,3n)**Ba 276 51Sm(n,3n)**Sm
177 127](n,2n)!251 227 9L a(n,2n)"**La 277 152Sm(n,2n)*!'Sm
178 Z7(n,30) 2] 228 ] a(n,3n)" La 278 28 m(n,30)"Sm
179 129](n,2n)1%*] 229 197 a(n,2n)'*La 279 153Sm(n,2n)*2Sm
180 129](n,3n)1?"I 230 149 a(n,3n)'*La 280 53Sm(n,3n)*!Sm
181 1B30](n,2n)!%1 231 40Ce(n,2n)**Ce 281 154Sm(n,2n)'**Sm
182 130(n,3n)'*1 232 140Ce(n,3n)**Ce 282 154Sm(n,3n)*2Sm
183 B](n,2n) ™1 233 #1Ce(n,2n)Ce 283 Eu(n,2n)’Eu
184 311(n,3n)'%1 234 11Ce(n,3n)*°Ce 284 3Eu(n,3n)"*'Eu
185 128X e(n,2n)*"Xe 235 2Ce(n,2n)*!Ce 285 13Eu(n,2n)*3Eu
186 128X e(n,3n)' %X e 236 12Ce(n,3n)"*°Ce 286 5Bu(n,3n)*?Eu
187 129X e(n,2n)'%Xe 237 3Ce(n,2n)'**Ce 287 B5Eu(n,n2)**Eu
188 129%e(n,3n)'?"Xe 238 3Ce(n,3n)*!Ce 288 55Eu(n,3n)**Eu
189 130X e(n,2n)'?Xe 239 144Ce(n,2n)'*Ce 289 1%Eu(n,2n)**Eu
190 130X e(n,3n)'%Xe 240 144Ce(n,3n)***Ce 290 156Eu(n,3n)**Eu
191 1B1¥e(n,2n)*Xe 241 41pr(n,2n)'“Pr 291 154Gd(n,2n)**Gd
192 131X e(n,3n)'?Xe 242 11pr(n,3n)*°Pr 292 %4Gd(n,3n)"*?Gd
193 132X e(n,2n)Xe 243 43pr(n,2n)!*?Pr 293 13Gd(n,2n)**Gd
194 132X e(n,3n)*%Xe 244 143pr(n,3n)“!Pr 294 153Gd(n,3n)*Gd
195 133¥ e(n,2n)32Xe 245 12Nd(n,2n)*'Nd 295 1%Gd(n,2n)**Gd
196 133X e(n,3n)3'Xe 246 142N d(n,3n)*°Nd 296 1%Gd(n,3n)**Gd
197 34X e(n,2n)*3Xe 247 3Nd(n,2n)***Nd 297 7Gd(n,2n)**Gd
198 B4Y o(n,3n) 2Xe 248 Nd(n,3n)"'Nd 298 B7Gd(n,3n)°Gd
199 135X e(n,2n)34Xe 249 4Nd(n,2n)'**Nd 299 P8Gd(n,2n)*’Gd
200 35Xe(n,3n)**Xe 250 %Nd(n,3n)**Nd 300 %8Gd(n,3n)**Gd

.__9_
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Table 1 List of figures (Contd.)

Figure No. Reaction Figure No. Reaction Figure No. Reaction
301 MGd(n,20)Gd | 307 ST Th(n,20)1*Tb 313 1Dy (n,20) Dy
302 MGd(n,3n)*Gd | 308 TTh(n,3n)™Th 314 2Dy (n,30)“Dy
303 5 Th(n,2n)* T 309 Dy(n,2n)®Dy | 315 ©Dy(n,20)Dy
304 1Th(n,3n)""Thb 310 190Dy (n,3n)"**Dy 316 1$Dy(n,3n)'Dy
305 190Th(n,2n)'*Th 311 11Dy (n,2n)!*Dy 317 19Dy(n,2n)**Dy
306 10Tb(n,3n)**Tb 312 151Dy(n,3n)'*Dy 318 1%Dy(n,3n)!*Dy
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Fig.72. *Mo (n,3n) Mo reaction cross section .
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Fig.82. '™Ru(n, 3n) " Ru reaction cross section.
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Fig.83. Ru(n,2n) “Ru reaction cross section.
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Fig. 206. “‘Cs(n,3n)"”Cs reaction cross section.
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Cs — 137(n,3n)
e ity s et Ky EY B
1.0] ——— JENDL-3 £
------- ADL-3 /]
I / ]
C / ]
N / ;]
L / R
[ / A
o.8[ / Vak
L / ’ r
i / i ]
[ / /" A
~—~~ - , k
| / / ]
g 0.6[ £ e .
2] [ /! ]
@] L 7 ]
— - / 1
~— 3 /' ]
b 0-4f z ]
o.2f ]
o.of e 1
10 11 12 13 14 15 16 17 18 19 20
En (MeV)
135

Fig.212. "'Cs(n,3n)

—116—

Cs reaction cross section.



JAERI—Data/Code 2001—019

Ba — 134(n,2n)

5 0 — AR A AR A] LA IASAAARAS AALAARALA) IR BARAAAAAA AAAAAAAMIAL
———. JENDL-3 1

------- ADL-3 ]

O KONNO + 93 ]

O HOLUB E.+ 78 i

1.5] ]

- / ‘\

[ y ]

[ \ ]

~~ B \ .

0 - \ ]

=] [ // % \ 4

[ 4 \ ]
© 1.0 \

O X N

~—

3] i ]
0.5L 1
0.0[ A i

8 9 10 11 12 13 14 15 16 17 18 19 20
En (MeV)
. 134 133 . '
Fig.213. Ba(n,2n) "Ba reaction cross section.
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Fig.215. "*Ba(n,2n) ‘Ba reaction cross section.
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Fig.216. *Ba(n,3n)'’Ba reaction cross section
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Fig.219. Ba(n,2n) Ba reaction cross section.
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Fig.221, Ba(n,2n) 'Ba reaction cross section.
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Fig.223. **Ba(n,2n)"’Ba reaction cross section.
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Fig.225. ""Ba(n,2n) "Ba reaction cross section.
Ba - 140(n,3n)
e AR RAARNEN S AAERARIES LR T T T
———- ADL-3 sl E
g JEF-2 LT 3
1.6 E "l'— ’§
; ! VR E
1 7 3
1.4 l” ’/ E
' 7 3
: ! 4 E
3 i / ////5
1.2¢ ! / E
3 ] / E
: ; / E
g E E
1.0F ',' . £
o H / E
: ! / / 3
0.8 ! / E
7 7 E
P/
0.8 / / E
r 1 7 7
s I' / 1
F ! / ]
0.4F J Y E
- 1 7 B
F ! / E
3 i/ ;
o.2f i/ E
4 E
/ E
s E
o.0f o E
0 2 4 8 8 10 12 14 18 18 20
En (MeV)

Fig.226. ““Ba(n,3n)"”'Ba reaction cross section.
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Fig.227. La(n,2n) La reaction cross section.
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Fig.228. ""La(n,3n)"'La reaction cross section.
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Fig.231. Ce(n,2n) Ce reaction cross section.
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Fig.232. “Ce(n,3n)"Ce reaction cross section.
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Fig.233. Ce(n,2n) Ce reaction cross section.
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Fig.234. “'Ce(n,3n)'”Ce reaction cross section.
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Fig.235. ""Ce(n,2n) "Ce reaction cross section.
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Fig.236. Ce(n,3n)'’Ce reaction cross section.
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—130—



JAERI—Data/Code 2001—019

Pr — 141(n.2n)

—
1.8 ———- ADL-3 et S ;
------- JENDL-3 ’ P B
O Murahira+ 96 ; \NE
1.6] © Kasugai+ 97 / ] E
1.4f P IL_—-——_ E
i - i < 1
- 4 ~ 3
_ 7 ek NE
¥ NI
1.2F ; / [l il ]
~ F Y/ Y
2 F Y E
1.0f / E
L) E i ]
O g y g
— F N/ E
~— 0.8E I ]
: 1 E
b [ i E
E i ]
0.6F L] E
3 i ]
E i E
E Hi E
0.4f ! ]
g 7 E
- I‘ E
0.2f i :
z ] ;
o0.0f 7
) 2 4 6 8 10 12 14 16 18 20
En (MeV)
. 141 140 . .
Fig.241. Pr(n,2n) Pr reaction cross section.
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Fig.246. *Nd(n,3n)'Nd reaction cross section.
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Fig.247. "“Nd(n,2n) "Nd reaction cross section.
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Fig.260. “’Nd(n,3n)'*Nd reaction cross section.
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Fig.262. 'Pm(n,3n)'”Pm reaction cross section.
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