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The helium and hydrogen production cross section libraries based on
the JENDL-3 data file were compiled for use in neutronics and shielding
design calculation of a fusion reactor. These libraries have the same
group structures as the transport cross section sets, FUSION-J3 and
FUSION-40 which are often used in fusion neutronics design and can be
used as the response function libraries for the reaction rate calcula-
tion code, APPLE-3., These libraries were processed from the JENDL gas-
production cross section file which is one of the JENDL special purpose
files.

Some sample calculations using the discrete ordinate code, ANISN
with these libraries were performed and the results were compared with
the existing results. Consequently it was found that the appropriate
results can be obtained with these libraries.

The generated multi-group cross sections for helium and hydrogen

production are presented in graphs and tables in appendices.
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1. Introduction

Gas (in particular helium and hydrogen) production in fusion reactor
materials, such as structural materials, ceramic breeding materials and beryllium,
due to neutron irradiation, affects physical and mechanical properties of the
materials in terms of helium (hydrogen) embrittlement, void swelling and
weldability of the irradiated alloys. Gas concentration in materials, usually
expressed in the unit of atomic parts per million, i.e. appm, is an important index
for material damage study (another important index is displacements per atom,
i.e, dpa). In neutronics/shielding analysis for in-vessel components (e.g. first
wall, blanket and vacuum vessel), therefore, gas production rate must be
evaluated to predict lifetime of the components and weldability of the irradiated
components.

The JENDL gas-production cross section file was compiled at the Japan
Atomic Energy Research Institute (JAERI) as one of the JENDL special purpose
files]). The cross section data used for this file were taken from the JENDL-3
general purpose file2).

Since in the neutronics/shielding design at JAERI neutron flux distribution
is calculated with discrete ordinates codes, such as ANISN and DOT3.5 with the
multi-group nuclear cross section sets, FUSION-40 and FUSION-J33), it is
necessary to compile gas production cross sections as multi-group response
function libraries with the same group structure as the above-mentioned
transport cross section sets.

In this report the multi-group helium and hydrogen production Cross
section libraries compiled in the present work are described and some
calculational results which were obtained using these libraries are presented.
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2. Processing of Cross Sections

2.1 Processing method

The nuclear data processing code, CRECTJI54) was used to compile the
JENDL gas-production file into the multi-group cross section sets. A weighting
function of 1/E was applied to all the energy groups to calculate the averaged
cross sections. These data were written with the ENDF/B-V format and were
converted into the format of the response function library which can be applied
to the reaction rate calculation with APPLE-35).

2.2 Description of libraries
The following three libraries were compiled ;

(1) Helium production cross section library (I)
Neutron 125 groups (gamma-ray 40 groups)
Group structure of FUSION-J3 (see Table 2.1)
21 nuclides (see Table 2.3)

(2) Helium production cross section library (II)
Neutron 42 groups (gamma-ray 21 groups)
Group structure of FUSION-40 (see Table 2.2)
21 nuclides and 5 alloys (see Table 2.3)

(3) Hydrogen production cross section library
Neutron 42 groups (gamma-ray 21 groups)
Group structure of FUSION-40 (see Table 2.2)
20 nuclides and 3 alloys (see Table 2.3)

The three response function libraries are shown in formats of graphs and tables
in Appendix 1 and Appendix 2, respectively.
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Neutron 125 and Gamma-Ray 40 Energy Group

Structure of FUSION-J3

Table 2.1
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Table 2.1

Neuon 125 groups
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42-Group Neutron Energy Group Structure

Structure of FUSION-40
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Table 2.3 Nuclides and Alloys Contained in the Helium and
Hydrogen Production Libraries

Nuclides
or
Alloys

- Helium

Production
125 Groups

Helium

Production
42 Groups

Hydrogen
Production
42 Groups

Li-6

Li-7

Be-9

B-10

B-11

C-12

N

F-19

Al-27

Si

Ti

V-51

Cr

Mn-55

Fe

Co-59

Ni

Cu

Zr

Nb-93

Mo
.316SS

HT-9

V-5Cr-5Ti

INCONELG625

Ti-6A1-4V

KR HKOOCOO0O2COCOOCOO0O0QCO0O00

CQOCO0OCCOCOCOCOOCOOOOCOCO0O

KO QCOOOOOOOOOOO0O0LOOOOO0O0OO XD

O : Contained in the library
X : Not contained in the library
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3. Sample calculations.
3.1 Calculational method.

The ANISNO) neutron transport code with the FUSION-403) and
FUSION-I33) libraries of multigroup constants are used in this study.
Neutron transport calculations were carried out in one-dimensional
cylinder geometry. The P5S§ approximation was used.

The simplified geometrical model of an experimental thermonuclear
reactor build-up is shown in Fig. 3.1. A uniform volume source of 14-
MeV monoenergetic neutrons in the first energy group (15.00-13.72 MeV)
was assumed to exist at zone 1. The scrape-off layer is assumed to be a 15-
cm-thick void zone 2. A neutron wall load of I MW/m2 was assumed to
exist on the first wall of employed calculational model. The first
wall/blanket/shield/ vacuum vessel/magnets composition is assumed to be a
200-cm-thick homogeneous mixture of water and stainless steel or blanket
materials so that the results obtained could provide useful design-
independent information on the helium production in metals of a fusion
reactor.

The atomic densities and fractions of shield and blanket components
in the four homogeneous compositions employed for neutron transport
calculations are shown in Table 3.1. The chemical contents of the five
alloys used for helium production calculations are shown in Table 3.2.

3.2 Helium production in metals.

Four homogeneous compositions (zone 3 in Fig. 3.1) were used for
neutron transport calculations, namely steel-rich (80% steel/20% water)
shield, water-rich (80% water/20% steel) shield, Li2O/Be blanket
composition (15% SS, 10% H20, 15% Li20, 60% Be) and liquid lithium
blanket composition (21.4% V, 20.3% Be, 58.3% Li), so that the results
obtained could be extrapolated, if necessary, on any mixture of steel and
water. The lithium is enriched with the 50% of OLi isotope in both
employed blanket compositions.

The results of transport calculations of neutron/gamma ray fluxes
for the the steel-rich, water-rich, the Li2O/Be blanket and the liquid
lithium blanket compositions versus the distance from the plasma axis are
shown in Figs. 3.2-3.5, respectively. The results of helium production
calculations for above-mentioned compositions are shown in Figs. 3.6-3.8,
Figs. 3.9-3.11, Figs. 3.12-3.14 and Figs. 3.15- 3.17, respectively.
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Only limited information we have at present on the radiation limit of
helium production, subject to rewelding. It is belicved that the total helium
production in the construction stainless steel components to be rewelded
must be limited by 0.17) to 18) He appm.

The concentrations of helium produced in metals in the first wall of
a fusion reactor are very high, relative to helium production in the shield,
the vacuum vessel and the superconducting magnets, particularly so in the
case of nickel, iron and chromium contents. This is both due to the hard
neutron spectra at the first wall, as shown in Figs. 3.18-3.21, and the high
neutron fluxes at the first wall, relative to other components of a fusion
reactor, as shown in Figs. 3.2-3.5.

The highest and smallest helium production rates at the first wall
containing metals were observed for aluminum and zirconium,
respectively, namely 332 He appm/I MW-a/m2 and 21.7 He appm/1
MW -a/mZ2, respectively. The highest and smallest helium production rates
at the first wall containing alloys were observed for the PCA and the V-
5Cr-5Ti alloy, respectively, namely 139 He appm/1 MW-a/m2 and 46.6 He
appmy/1 MW-a/mZ2, respectively.

The helium production rates at the first wall of a fusion reactor after
1 MW-a/mZ operation time and at some representative cuts behind the first
wall for all considered in this study alloys and metals are summarized in
Tables 3.3-3.5. The result of helium production calculations at the stainless
steel first wall of a fusion reactor published in Ref. 9 is shown in Tables
3.3 and 3.5 for comparison. The difference between the result of Ref. 9
and that obtained in this study is less than 7%. According to Table 3.4 the
difference between the calculational results with FUSION-40 and FUSION-
J3 nuclear data libraries are negligible at the first wall and less than 10% at

the vacuum vessel zone.
The helium production rate linearly increases with the operation

time. This behavior is shown in Fig. 3.22 for some alloys. After 3
MW-a/m2 operation time, the helium production at the first wall containing
V-5Cr-5Ti vanadium alloy is less by about three times than that of the first
wall containing PCA.

The helium production rate in any alloy containing considered in this
study elements can be easily obtained by combining results obtained for
single elements. For instance, the helium production rate at the first wall
containing a binary alloy can be obtained as follows:

F;FA-X+FB-Y (3.1)
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, Where

Fa and Fp are the helium production rates of elements "A" and "B",
respectively;

X and Y are the fractions of elements "A" and "B" in a binary alloy,
respectively;

Let suppose the steel-rich (80% steel/20% water) blanket/shield is
placed behind the first wall. Therefore, the helium production rate in the
first wall having a binary Fe-16Cr alloy is calculated by the Eq. (3.1) as
follows:

F=Fp-X +Fp-Y =116:0.84 + 95.1-0.16 = 113 appm/1 MW-a/m?

, where
116 and 95.1 are the helium production rates measured in appm/1
MW -a/mZ2 and given in Table 3.3 for the iron and chromium, respectively;
0.84 and 0.16 are the iron and chromium fraction in the binary Fe-
16Cr alloy, respectively.

3.3 Helium production in blanket materials.

The gas production in blanket materials, such as a neutron
multiplier, lithium-bearing materials etc., has been investigated in some
studies. For instance, the He production has been investigated for Li2010),

a perspective candidate material for a fusion reactor blanket, and Bell),
the best neutron multiplier.

The direct helium production in Be via (n,01) reaction is calculated in
this study for the outboard ITER buildup with the ceramic blanket with
beryllium multiplyer!2) proposed by Japan for ITER design. However, as
shown in Ref. 11, the helium production by (n,2n) reaction is by about ten
times larger than the helium production by (n,a) reaction. The
calculational results are shown in Fig. 3.23. The maximum helium
production rate at the first (behind the first wall) beryllium layer reaches
188 He appm/1 MW-a/mZ2 (see Fig. 3.23, R=231.55 cm). The calculation of
maximum helium production rate with the FUSION-J3 nuclear data library
gives the helium production rate of 185 He appmy/1 MW-a/mZ2.

The helium production in Li2O reaches its maximum at the first
~ (behind the first wall) Li2O layer. The helium production rate at this layer

in 6Li and 7Li reaches 2.18-105 He appm/1 MW-a/m2 and 824 He appmy/1
MW-a/m?2, respectively.
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Table 3.1 The atomic densities* and fractions of materials of the two
shield and the two blanket compositions.

| Composition Homogenedus shields H.orn-ogeneous blankets
(Zone 3 in Fig. 3.1) (Zone 3 in Fig. 3.1)
80% SS | 20% SS 15% SS 21.4% V
20% H0 | 80% H20 10% H;O 20.3% Be
15% Li,0 58.3% Li |
Component 60% Be
H 1.338-2%| 5.352-2 6.690-3 -
O 6.680-3 | 2.672-2 6.700-3 -
Cr 1.264-2 | 3.160-3 2.370-3 -
Fe 4.728-2 | 1.182-2 8.865-3 -
Ni 7.880-3 | 1.970-3 1.478-3 -
Mo 1.008-3 | 2.520-4 1.890-4 -
6Li - - 3.360-3 1.353-2
TLi - - 3.360-3 1.353-2
Be - - 7.496-2 2.579;2
Y - - - 1.759-2

+ 1024 1/cm3

* Read as 1.338 x 102




Table 3.2
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The chemical contents (weight percent) of PCA, HT-9, V-5Cr-5Ti,
INCONEL 625 and Ti-6A1-4V alloys used for heliu m production
calculations.

Alloy PCA* | HT-9**| V-5Cr-5Ti | INCONEL 625|Ti-6Al-4V

Element |

.Cr 14 11 4.6 22 -
Fe 68 87.15 - 4 -
Ni 16 0.5 - 61 -
Mo 2 0.85 - 9 -
Ti - - 5.1 - 90
W - 0.5 - - -
\% - - 50.3 - 4
Nb - - - 4 -
Al - - - - 6

* 316 stainless steel

** Ferritic steel containing 11% Cr
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Table 3.3 Eelium production in metals and alloys of steel/water compositions
of a fusion reactor after 1 MW - a/m? operation.

Helium First Behind Behind Behind
production, wall blanket shield vacuum vessel
Metal/ Nappm (A*=50 cm) | (A=70 cm) (A=100 cm)
Alloy
27A1 322% 1.39-1 8.33-3 1.23-4
332** 1.14 1.48-1 7.01-3
Ni 273 1.91-1 1.19-2 1.80-4
266 1.27 1.71-1 8.46-3
Fe 116 4.81-2 2.86-3 4.18-5
119 3.89-1 5.03-2 2.37-3
Ti 100 3.97-2 2.34-3 3.39-5
103 3.08-1 3.93-2 1.82-3
Cr 95.1 3.66-2 2.15-3 3.10-5
97.3 2.81-1 3.57-2 1.65-3
55Mn 77.1 3.01-2 1.77-3 2.57-5
79.0 2.35-1 2.99-2 1.39-3
5ty 41.3 1.55-2 9.02-4 1.29-5
42.2 1.16-1 1.45-2 6.62-4
Mo 34.1 1.41-2 8.34-4 1.21-5
34.7 1.07-1 1.37-2 6.38-4
Zr 21.7 7.73-3 4.47-4 6.33-6
22.1 5.68-2 7.04-3 3.18-4
PCA 138(148+) | 6.90-2 4.18-3 6.22-5
139 5.12-1 6.72-2 3.22-3
HT-9 114 4.68-2 2.78-3 4.06-5
117 3.77-1 4.68-2 2.29-3
V-5Cr-5Ti 46.6 1.76-2 1.03-3 1.48-5
47.6 1.33-1 1.67-2 7.67-4
INCONEL 625 196 1.27-1 7T.88-3 1.19-4
193 8.58-1 1.15-1 5.65-3
Ti-6A1-4V 111 4.47-2 2.64-3 3.84-5
114 3.50-1 4.48-2 2.09-3

# Distance from the first wall (see Fig. 3.1)

* For 80% steel/20% water composition in zone 3 (see Fig. 3.1)

** For 80% water/20% steel composition in zone 3 (see Fig. 3.1)

+ Ref. 9, page 71.
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Table 3.4 Helium production in some metals of steel-rich (80 %SS and 20Y% water)
composition of a fusion reactor after 1 MW -a/m? operation.

Helium First | Behind Behind Behind
production, wall blanket shield | vacuum vessel
Metal/ ~\appm (¥=50 cm) | (A=70 cm) (=100 cm)
Alloy
Ni 273* 1.91-1 1.19-2 1.80-4
274& 1.86-1 1.14-2 1.68-4
Fe 116 4.81-2 2.86-3 4.18-5
116 4.52-2 2.64-3 3.83-5
Cr 95.1 3.66-2 2.15-3 3.10-5
93.7 3.36-2 1.93-3 2.84-5
* - FUSION-40
& . FUSION-J3
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Table 3.5 Helium production in metals and alloys of blanket compositions
of a fusion reactor after 1 MW - a/m? operaticn.

Helium First Behind Behind Behind

production, wall blanket shield vacuum vessel
Metal/\appm ' (8%=50 cm) |(4=70 cm) (A=100 cm)

Alloy | | . ) ,

27 A1 361* 8.08-1 7.85-2 2.25.3

364™* 4.20 8.24-1 7.00-2

Ni 324 1.25 1.32-1 4.17-3

322 6.00 1.28 1.19-1

Fe 128 2.68-1 2.60-2 7.46-4

_ 130 1.40 2.71-1 2.29-2

Ti 109 2.01-1 1.90-2 5.32-4

111 1.09 2.07-1 1.71-2

Cr 102 1.79-1 1.68-2 4.65-4

105 9.86-1 1.87-1 1.53-2

55Mn 83.7 1.53-1 1.45-2 4.07-4

85.3 8.28-] 1.58-1 1.31-2

51y 44.0 7.06-2 6.48-3 1.75-4

: ' 45.1 4.02-1 7.49-2 6.01-3

Mo 37.0 7.29-2 7.06-3 2.04-4

_ 37.6 3.83-1 7.38-2 6.21-3

Zr 1 22.8 3.29-2 2.99-3 7.97-5

23.5 1.90-1 3.48-2 2.75-3

PCA 155(148+) 4.11-1 4.14-2 1.25-3

157 2.07 4.18-1 3.70-2

HT-9 126 2.58-1 2.50-2 7.15-4

127 1.35 2.62-1 2.20-2

V-5Cr-5Ti 49 .8 8§.24-2 7.61-3 2.07-4

- 51.0 4.64-1 8.69-2 7.02-3

INCONEL 625 230 §.14-1 8.53-2 2.68-3

229 3.96 8.33-1 7.71-2

Ti-6A1-4V i21 2.32-1 2.21-2 6.21-4

123 1.25 2.38-1 1.98-2

# Distance from the first wall (see Fig. 3.1)
* For Lio0O/Be blanket composition in zone 3 (see Fig. 3.1)
** For liquid lithium blanket composition in zone 3 (see Fig. 3.1)

+ Ref. 9, page 71.
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Zone No. | No. 2 No. 3

Radius, ¢m 215 230 430

Fig.3.1

Simplified geometrical calculational model of an experimental
thermonuclear reactor. 1-Plasma (isotropic 14.1-MeV neutron
source); 2-Scrape-off layer(void); 3-Homogeneous compositicn

as shown in Table 3.1.
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4. Conclusions

The main conclusions of this study are summarized as follows ;

(1) The helium and hydrogen production cross section libraries based on the
JENDL-3 data file were compiled for use in neutronics/shielding design
calculation of a fusion reactor.

(2) These libraries have the same group structures as FUSION-J3 (neutron 125
groups and gamma-ray 40 groups) and FUSION-40 (neutron 42 groups and
gamma-ray 21 groups) and can be used as the APPLE-3 response function
libraries.

(3) Some sample calculations using ANISN with these libraries were performed
and it was found that they gave the appropriate results by comparing them
with the existing results.
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Appendix 1 Graphical presentation of cross section libraries

The three libraries are presented in graphs in the following order :

(1) Helium production cross section library (I)

Neutron 125 groups
Group structure of FUSION-J3 (see Table 2.1)

21 nuclides (see Table 2.3)

(2) Helium production cross section library (I

Neutron 42 groups
Group structure of FUSTION-40 (see Table 2.2}

21 nuclides (see Table 2.3)

(3) Hydrogen production cross section library

Neutron 42 groups
Group structure of FUSION-40 (see Table 2.2)

20 nuclides (see Table 2.3)



10°

(BRARNS )

10¢

HE PROBUCTICGN CROSS SECTION

0

10 H|I T T T 1T Il T T 11 III T TTTT] EL 'IIII T HRRELL l T Tl\llfi
5] r ]
Z -
= L
jn -1
!0 e S
- ]
= [
— -
S o oGPPI, SO -
] o ]
w
W
2 3
O L 0% L o e e
o 3 3
= - ]
D -
! -
- i
(@] -4
OO L -
o} F ]
o ]
o ]
o
ud
105 i ul J d L L I ul

JAERI—M 93-175

3L|FUSIDN J3 HE PRODUCTION CROSS SECTION

T T T T T T T T T T T
T i T T ™ I 2

T ¥ FTTFF

itttk ¥ ittt 3
3 3

Ll Lol rovsened ol Csd il 1 il sl Lt

107! 1 10! 1 13 1o 1 108 17 108

NEUTRON ENERGY (EV]

3L|FUSION J3 HE PRODUCTION CROSS SECTICN

107! 10° 101 102 103 104 109 108 107 108
NEUTRON ENERGY (EV)



JAERI-M 93-175

%5, FUSTON-J3 HE PRODUCTION CROSS SECTION
T LR T T IEEELEERLL RRLARLY | T T

100 = II|'['\||1 Illlll‘l ¥ l]Tll:
U] ~
= 1 r
o B e e e e e e — v —m = = — = g~ T —
CEID ETCTTTTToToTITTTITTTTTT E
= L. - 4
L out-2 IS S ]
. _ E
&) F 1
wr -

(D a r o

U"JIO e bk il 3
wl o 3
-} L 3
o 3 i
w2 = J
210'4 L e m e e mm s m e B et e el " e - _E
© £ 3
— C ]
() .
D -

210°® RS SR e -
CK r -
a 4
W L

IlD-E vy gaanl vyl | i1 | | ool ol Lol 11 i

1071 10 10t 102 103 104 100 108 107 108
NEUTRON ENERGY (EV]

6 8B FUSION-J3 HE PROOUCTION CROSS SECTICN
Ty T T UL DL ALY B

E T T T T T T T 7
w =

= =

o

= ~
(o] ]
= 4
]

— e e e e e e e e e e e e e e e e e e e e e e MM S S S S mmm o T Ty
— 3
[ ]
Ll i
93]

w —
w 3
] 3
o 4
[} i
= B e e P
o 3
— 3
— ]
o .
o

o] —
o 3
o -
o ]
w4 1
I].D INTT| R T SRR | Loy osaand C s n eyl L | I WERTT| vl

10! 100 10 102 103 10 100 100 107 108
NEUTRON ENERGY (EV)



[BHENSJ
<

H
2
w

HE PRGDUCTION CROSS SECTION
=]

10! 100 10! 102

JAERI-M 93—-175

T N AR R R REE!

''s FUSION-J3 KE PRODUCTION CROSS SECTIGN
E 7T T LA LRRELRRLLY | T LA o

Loa ki

r -
e e e D e Ittt —
ol ol Ll Ll Lo I v sl ol PRI ER Tl [ N S

103 104 10 108 107 108
NEUTRON ENERGY (EV)

g & FUSION-J3 HE PRODUCTION CROSS SECTION

T rTTmm LR LALLM T LY ALY | LULELILLLLL T T ‘“:
. :
= 0 I
glo :_ """"""""""""""""""""""""""""""""""""""""""""" _5
an] F E
= L ]
OO ]
[ H E
(8] L ]
L.l..] = -
[Ip) > -
U)lo e e _E
U " 3
[an] L ]
o k- i
[ L 4

—3

%10 T T T e T
— i
(8] L i
I N S _
(v 3
|8’ :
o
%10_5 1 ol N sl ol I RTeIT| v el sl y bl [ ERTIT

1071 109 10! 102 103 104 108 108 107 - 108

NEUTRON ENERGY (EV)



(BARNGS)

HE PRODUCTION CROSS SECTION

100§?NHKHS}QN;J?”ﬁ§ PRODUCTION CROSS SEt Tl :
| I
1072 oo nnnensoesssisosesoiienooooooooee %—1
10"3- il el el ol o3 R IT] RN R

JAERI-M 93-—175

107! 100 10! 102 103 104 108 108 107 108

NEUTRON ENERGY (EV]

.o '§ FUSION-J3 HE PRODUCTION CROSS SECTION

E UL DL LA L AL IR I A L ARl B LY LAY | ng
o :
= L R
o
G: =
jam]
0
=
o
o N
(W8]
L1l L
[#p]
3 F 3
s ]
O I |
= -
O
00 0 USRS FEEES -
O . ' . ]
= ]
jon] r ]
o L
m b=
m -
LI:EIID_‘I ool coa sk il Lol Lol oraiind [IEETTTE DL SRRy Pouorragns

ot e 10! 107 103 10 1P 10P 107 108

NEUTRON ENERGY - {EV ]



JAERI-M 93—175

» U FUSION-J3 HE PRODUCTICGN CROSS SECTICN
LERLELILLALY | LR rorrTTI T T RARLL LERSLRALLL]

T T T T T T T T T

o
10 T o o o e o o L e e e e e e e o e e e e e R mEEE e mm e m mmm e m e s m e —— e —m =
Ll E :
j:ID_1 Lol il izl vl RISy PR P | sl llh]lud o
ot aadf 10! 107 103 104
NEUTRCGN ENERGY [EV)

& FUSION-J3 HE PRODUCTIOGN CROSS SECTION
AR T AL A L R | LY | T T R | T

gy USSR ey
g S Y e L
VAV g e e ity

el [ S RATH | Lol Lol iyl [N (W RETT| IRt IR RN L1 1 il
100 10! 102 10° 104 10° 106 107 108
NEUTRON ENERGY (EV)




A itk A B L e T e

JAERI-M §3—175

107t —

T

wj FUSTON-J3 HE PRODUCTION CROSS SECTION

i

=
™~

(BARNS)
ll\lll

H
S
)

H
S

[=2]
!

M
“
~]

Lol EETERTT B EE WWRITT] i 11l Lol SR EETT 1
ost N N SR Aok 102 103 10t 108
NEUTRCN ENERGY (EV)

HE PRODUCTION CROSS SECTION

H
9
i

10! ) FUSION-J3 HE PRODUCTION CROSS SECTION
LLELARLL B AAAL ELLELLLLLL) B LA LA S T

Y URRARLH

T LASLELERRLY

E ™
£ ]
— £ % ]
w _3 [ 4
0 2 e _
o g 3
T ]
m 3 4
R o = P (RPN
=z 2 3
o C 3
107 L e —
Q) E E
ul E E
< c L J
o 078 ]
w
jun}
o -
GO0 8 L e P _
= E 3
O C ]
0T L ]
o £ E
= L
| al
o
o N B ]
a
Let F . . -
I]D_g v gl st ezl aaaeul L dd | Lt | EETRETI | RTINS EET b1 1rgin

1ot 10 1ot 12 10d 1ot 18 108 10 1cR
NEUTRON ENERGY (EV) |

— 35—



A A i 88

O T N

H
9

5

5

<
™~

(BARN
o
&

4

ON CROSS seiTiON
2 Q@ 5§ 9 9
o ~] o a

,_.
<
@

107!

HE PRODUCTION CROSS SECTIO

—
O
1
—_
(o]
1

1U‘
. L T T TIT T i| TTT T LR REL ] T T ITIIIlIi T T TTTTT i T II\IITE

— of 1
e b0 e e e
zZ
(2SN ]
%]D e e iieiele Sl =
= : 3

L0 L e ]
= = E
jam E 3
—, =5 F ]

10 e
— et di e db i St
O E ﬁ:
[ —St .
070 L e e ]
[D a
w1 ]
e - ™ E
m =
08 L o B ]
= e E
o L ]
o R S ]
— E 3
o C 3
231[]'”; ___________ )
) -
o E
LI
0_10 ikttt A —3
110_12— Lo aanl Lol gt il L] ol gl ro1ooabin L Ll!Jul_

1071 10° 10 107 108 10* 10°

JAERI-M 93-175

ﬁrFUSION J3 HE PRODUCTIUN CROSS SECTIUN

UREERLL| T T T LRI LR T T L B R R R R AL} TV

TV TTTTT

¢

T T 7T

—

el Ltriid fa el Ll gt aanl Lol 1l

NEUTRCN ENERGY (EV]

i_fmnFusmN J3 HE F—’RDDUCTION CROSS SECTIGN

NEUTRON ENERGY (EV]

! 1P 10! 102 103 10 109 108 107 108

108



it s S At AR T T L e e e e e el e T e e s

(QBRNS]
S

HE PRODUCTION CROSS SECTION

1w

Dl

=] o
' i

o,

107t

JAERI-M 93—175

P, FUSION-J3 HE PRODUCTION CROSS SECTI
T LTI TR LABRAARLH | LELSRERRLL LR T

T T T

MR TTIT| SR W R ETTL) I I IR ot aeranl

oN

h L Lo soaennl )L L
ot L Lo o e (N L 0

NEUﬂRUN ENERGY (EV)

<
[44]

H
S
-

M
=
e

_
9
“——im

HE PRODUCTION CROSS SECTION
L1 ICLAL AL RLLL S L R SR L ELLE N AL ALY I DL

vand 1y arnl t il Lol e o1onnd IR T SR W B R R TI0Y; L 11Tr||u| R EESIT

IS Sr:

1 10 12 108 1ot 105 108
NEUTRON ENERGY (EV)

ja]
[

107

108



JAERI-M 93—175

' oNj FUSION-J3 HE PRODUCTION CROSS SECTION
g '-;lnnnnl T LRI T T T T T T T T T T T |1|llr§
(.010“1: a
=
o
rgle

103;

HH_HH
Q o 9 9
~J m ol =

FA
S
@

HE PRODUCTION CROSS SECTION

10_][: —. |1II||||‘ Ll - sl ] el vl podetaeinl Ll L1l
107! 109 10t 102 103 104 10° 108 107 108
NEUTRON ENERGY (EV)

o L4 FUSION-J3 HE PRODUCTION CROSS SECTION
AL ML ALY RS LAY WRERRREL

||||| T T T T T ;111”'!!] T SRR

-7 F ]
;310 T Ak ~
=, 30 E
Dﬁlo =22 i i
T F ]
(s D B IS S SPE M h
;:lﬁﬁ L o e e é
o ‘55 : & 3
N g 3
F_ID - - e e e o o e e e e m P — -
W _SE 3
07 L e e 3
w E E:
-8 [k ]
UDID =il ittt o itk -
ip} gE 5
P )4 B
e E
G ad 3
u mac ____________________________________________________________________________ ]
= E
A ey 3
0 = e Al et -
Cig't ]
- B T T T T T T T T T T T T T T T T 3
D af E
L0 T e
[l l 3
(VIR ps
10 e - e o e e e oo ~]
i F 3
LG ik e gl PRI | Lettvrind 11 1 PRETETRPRT 11 MR S A SN U1 . B it

10t 0 108 10t 102 108 104 108 108 107 108
NEUTRON ENERGY [(EV)




A A2 B3 S b

-1
]'O 5 Iill'l\[ TTr E
2 USRS S |
o :
T o
m L
Lol IR SR S
= F 3
e C 1
e wC _
w E
L 3
w I 1
o078 g oo
gp] c 3
[\ L 3
08 L e e _
= E
© ]
X S PREUSEREEESEtT S LS SEESE S S
(&) E E
) [ Bl
S -
cr_]D el E
a E ]
Uj—:JID—g h. 1 I\llll!l 1 IIIII\Ll 1 ll\llill 1 llllrll[ ] IIIHIIL 1 P11 111t 1 IIIIM 1 IlIH' 1 11 ]
107t 100 10t 102 103 10t 108 108 107
NEUTRON ENERGY (EV)
Lol aNb FUSION-J3 HE PRODUCTION CROSS SECTION
g TorTTTR LR LERLEERLRLL | T E T T T LENLELELAARN LEELELLALL T T ‘_
Y2 I S a
0z g E
a o ]
m L
O3 e
= c 3
[} - 2
O L e _
(D) E E
b1y [ 3
o ]
o 08 L g
D £
g I
OO L ]
= F E
o r ]
0 Y U
- C b
SO ]
D:lO e el el e
[0 o 5
%10*9 Loaaaernl il Ll ol el Y R U R eIt | ol jlnn—
107! 10 1ot 1 07 10° 10f - 108 106 107

T P L

JAERI-M 93-175

gy FUSION-J3 HE PRODUCTIEN CROSS SECTICN
UL B 2y e AR L B I RULALY B

108

NEUTRON ENERGY (EV]



JAERI-M 93—175

1 f;ﬁo FUSION-J3 HE PRODUCTION CR0OSS SECTICN
IO E T LI RLL | LR LELELELLL! B ELALALALA R LR LR | TOTTTTY T “'”3
5t ‘
Z -
s -2
%10 :—~--—————--v-f—----—--—-~vf~-——-————--—ff-—--————-77-——--——-—-v7‘--—--——-—
=
o
A U SRS
Ll C
5] r
. C
wl
s e U S
w c
= -
]
-
078 L e
(o]
[an)
[0
D—- -
%10_8 il \I<_Il\ll L ILII'II 1 IIIHII[ i I‘Illlll 1 I\IIIIII i BN NI L il \Illlll L ILI||II] 1 l!ll‘lll’
1071 1P 10t 102 108 10 100 106 107 108
NEUTRON ENERGY (EV)
1ot iLi,‘__FUSION—AlO HE PRODUCTION CR0OSS SECTION
EromorrrT ELERLRRLY| TrTTITT R ERRSRERARY | T T LRERELLLLL T ”;
s :
Z - -
= 3
= A ]
= I -
o e U _
L r 3
[dp] C ]
W L ;
[4p] 3 4
o}
10 M ]
e g 3
C) r -
— b
0 - DU 0 S -
O E ]
(D' r -
[ P 4
= A
%IDAI NIRRT | ol v Loaaa ol Lol sy sl ol o el '
1ot 109 10t 107 103 104 10° 108 107 108
NEUTRON ENERGY ([EV)




A L« R TS e s A 100 ) e T e L e L T e

JAERI-M 93-175

1 i FUSION-40 HE PRODUCTION CROSS SECTION

T T T T T T T TTT

10f

(BARNS )

o

i

vyl

108 107 108

'HE PRODUCTION CROSS SECTION

10-4 - L L ilIIIII L 1 !Ill!w] L 1 ItIIIII 1 1 Ij]l-ld L 1 IIIIIJJ. 1 I 111111 1 11
107! 10 1ot 102 108 104 10°
NEUTRON ENERGY (EV)

100 EBBFUSION—4D HE PRODUCTION CROSS SECTION ,
F T \I\Ilill T ¢|\I|Il'[ T IIIHIHh T IIllIHI T Il||lll| T Illlllll T l|||.|||| T IIIIIII| T IIIlllE
o ]
Z -
= 1
G: -
=S L TRt
= C
5 C
102 Lo e
[ o
w r
w L
|52 L
jum}
102 L e
(D] o
=
(v ]
- I
0 O S B
[} 5 ]
[} N
o 8
o= r
UIEJID-E 1 l_lnuf ool ool |‘\|\||r!| Lo ol Lol P ohl| vl Lo gdater
10! 100 10t 102 102 - 108 108 108 107 108

NEUTRON ENERGY (EV]



A e ANt b b A P S L e

JAERI-M 93—175

1ot &3 FUSION 4O HE PRODUCTION CROSS "SECTION

F T T T T TT T TTTTY TOTTTOT T

L1 1

(BARNS)

1Ll

. Iy S G et |

[IEEET

[ lLLlL.Ll

HE PRODUCTION CROSS SECTION

10_1 1 1. IILI.UI L L lll!ll! 1 1 IIIHII 1 L Jlllll‘ 1 L IIIIIII L. A1 lIIIIII 1 1 IiIlU.I L L [llIIII L L1 11
1ot 100 ot 1P 13 10t 1P 100 107 108
NEUTRON ENERGY (EV]

10° B FUSION 4O HE PRODUCTION E_ROSS SECTION

E T rT'll T IIIHI T T II'IITT] T T 1T 1TTI T TTFT T T 111_”5
o f )
Zz 0 _
L .
o F |
= J
e £ 28 U IR
— :
o 3 i
L‘L-J i -
¥p] N
LDID i —5
Tp) F ]
) I ]
o L
) L J
1074 s e
) g ]
_ - i
-] L ]
S L O A ]
=) E 3
[0 r 4
T '
%IO$F NPT B ST S R B U T B S AN TTT T VT RS A wvTT ,.”Im S

1071 10 10t 102 108 104 108 108 107 108
NEUTRON ENERGY (EV




(BARNS)

HE PRODUCTION CROSS SECTION

(BARNS)

HE PRODUCTION CROSS SECTION

JAERI-M 93—175

\p & FUSION-40 HE PRODUCTION CROSS SECTION
10“1; ___________________________________________________________________ ;{_u_";
10‘25_ ____________________________________________________________________________ _
1073 e oo H_,_______;
10‘4;_ ____________________________________________________________________________ -
1075 __
1078 A R _
10-7E T R Y T DU R L i

1ot 1 10t 102 103 1 0%

NEUTRON ENERGY (EV)

108 108 107 10_B

L :‘;TNI FUSION-40 HE PRODUCTION CROSS SECTION E

10_2__ --------------------------------------------------------------------- _

Igﬂk P Y EE U AU E VY ROV RSP SRR
RS AREY: Y Vs o v N s S (v e D £t

NEUTRON ENERGY (EVI



AR b A 3 s 5 i A o £ T2, 0+ T e a2 s e A e

100

(BARNS )

107!

1072

1073

" HE PRODUCTIDON CROSS SECTION

JAERI-M -93—175

'S FUSION-40 HE PRGDUCTION €RGSS SECTION
r oI T [ERLERILLRLL | LI ELEALE | LSRR ALC L] RN L | ToT TR T '”:~
T TR R R ST ST Ty BRI EITT RPN TIT SRR e e [1 Y
0! 10 10t 102 103 10 108 108 107 108

NEUTRON ENERGY (EV]

Al FUSION-40 HE PRODUCTION CROSS- SECTION
E T TTTTT T AR T v Ty LR |

| AR RS A1) e T

¥ illlm[ TTTHm

mnl IRRRLL

R Lo gl il AN A BN RR T 11| g vl vy e a f: vl L .mnE
ot o100 10 102 103 104 10 108 1g7 108
NEUTRON ENERGY (EV)




10

JAERI-M 93-175

ROSS SECTION

—107"

w2

=, 2
Z10
L =3
M0

—10*
[as]

0 1
E—T

e

- —

‘@ FUSION-40 HE PRODUCTION C
LELLRRAL] LRLELLERAL LELRELARLL | LELERILLLL LMRELALERLL T TTTT LERELRRLL T

LRRRAL| T |:|||l§
P -

e e e e e e e e e e mmm—mmmmm e mEmE—mm— e S m o — oo NS — oS RS S ST S E T F R

T R RTTT e tal Lt ] 121 |

107!

10°
(FV)

102 103 104
NEUTRON ENERGY

100 i 0t

¥ FUSION-40 HE PRODUCTION CROSS SECTION

._.
=
~

H‘[BRRNS]
3 9

—
S
an
T F T

._.
S
<)

~J

H
2

HE PRGDUCTION CROSS SECTION

._.
S
w

L

il 111 Ll Lo 11

I[II|I\] 1 J]ill!ll 1 1.1 11 IIll'[ IlIIIHE

—
() T T T
i

—_

108
(EV)

10 10 102 103 104
NEUTRON ENERGY



10! -
E T T rTrT I T l|ET\I1 T |I|'[Tl'i T T TTT IITIl!III T 1 T l| I-TIIIII T IIITI! lll\llT%
. L ]
Z -
o -2
1072
=
=
Ao Y U
Lt o
w o
o i
w2 L
[un]
R i U S
© 2
= 5
()]
—
£ I O SO
o 5
fan) L
e i
o i
%1045 |llll i !I!IIHI 1] wll!llli 1 lllIIII! 1 I]l)llll 1 I!IIIIIE A |7II|I1| L III\IiII L N
107! 100 10t 102 103 104 100 1B 107 108
NEUTRON ENERGY (EV)
o] zdrFUSION 40 HE PRODUCTION CROSS SECTIDN
E T 'III T | T 11[11”' |E
S N A ]
= 3
[ _35 E‘
%]‘D ;‘""“'"""""""""""__'"‘“__“_‘_‘“‘___‘_““‘“""""“‘ '""“"’_-'E
210“4:_ ___________________________________________ :
< 2 5 _i
OGS L b ]
Lul E E
AP & 3
LDIO ettt —3
§1U7; _______________________________________ l
@] E cTTTTTTTTTTTmmEm T “""""“E
R R A I A _
— g ]
2 O S
] = B
- ]
D:lo—ld- L 7
o 50 3
%101 T BT B R T R T BT j

107! 100 10t 102 103 104 100 108 107 108

JAERI-M" 93—175

] FUSION-40 HE PRODUCTION CROSS SECTION

NEUTRON ENERGY (EV)



o e AR e A e o et e TP T e B e e L

JAERI-M - 93175

[o! 22 FUSION-40 HE PRODUCTION CROSS SECTION
i AN IR A A L

E !llll\\' IllIHl" T l!‘lﬂll T 'FI'IT'HE
W, ~7 ]
S e . S -
o 3 E
T N |
m 3 ]
0T L e
= E 3
o ]
—1074 Y S ]
€3 E 3
Ll E
8 L
-5
nl0 o e
w E
o o
o .
L I _
= E
e r
0 ]
&) £ 3
- o 3
e gl ]
D1
0:10 St (il -
[l E 3
w Lk ]
. I]_O 3 peenl sl el v o1l vl il 1oL L 11g AN ETTY |

107! 100 10! 10¢ 10° 104 108 108 107 108
NEUTRON ENERGY (EV)

CROSS SECTION
ISR A

10

T T

4 e FUSION-40 HE PRODUCTION

IID_I: Lol MR RTINS a1l AT e I L | vl R R AT B SRR IR aT!

1ot 1 10! 167 103 10t 10° 10° 107 108
' NEUTRGN ENERGY (EV)



A bt S M B 0 Sk Rt R

JAERI-M . 93—175

/g1 o FUSION-40 HE PRODUCTION CR0OSS SECTION

R A RSN e e L B 4 S SRS L I AL ST E SRR RS Ty
- ;
Z b
= -7
%10 :_""_-__'_'77""_'_"'__-"__"""A'__""'—____'__"'“"-_'__'—___'_" 77‘_-____5
= ]
S o T S _
[EE) E 3
w3 o
" .
s} N 4
1 0
) E 3
= F ]
© L ]
- L ]
S Y QR -
o 3
o 3
2= ]
0_” i -
UleO'S N T SRETIT R N T YTY SRR R R IR RTTT TR BRI T B R EY:

gt 100 10! 102 109 14 108 1P 107 108
NEUTRON ENERGY. (EV)

1o} ANi FUSTON-40 HE PRODUCTION CR0OSS SECTION
‘."" HARALY Bl IR AL B R R AL AL S UL A S AL R RS B ”

w1l

L NS UUR—
o E m
[an 3 N ]
o M-

._,IO i |
= - :
o 10l I == AU
[ E 3
(8] , r ]
L].—] -

LDID e et 3
w E 2 ]
9] -6 [ 1
DO o ]
o E 3 ' 3
) F . 3
107 L o _
[l E - E
-

1078 s ]
= 3
O 3
= 4
10 3 I S -
o :
.} -10 E:
Ii D v Lol s vaonl L el TN NNR T A T W RN T T Lt soagnl Ll I

107! 10° 10! 102 103 104 108 108 107 108
NEUTRON ENERGY [(EV)

g



AR ek et s s P58 Mmoot TS o s e e £

JAERI-M  93—175

! S FUSION-40 HE PRODUCTION CROS3 SECTION
E AR A URARL T

T flTllHI T !l!’i[lli T lIIITII] T lillllll Ifllllll T 1 T l)a

12 U ORI P =
[$p] E E
=z 3: E
[am] E 3
10 D el -
z 3
ot ISR EEEEESS S -
— £ E
e L PSSP .
p E 3

e e
T R E
w2 3
1 R —
o e e e B
[_) -1
10 L D ;
o 3 :
T e ]
(]
] .
alld “=_ _____________________________________________________________________________
o E
o 4
L U U U O PIOUY SUE USSP _
wl £ r 3
Ilo—k: gl s el Lol vl Ll Lol ooyl NSRRI IR IR

107! 100 gt 1R 108 10 108 108 167 . 108
NEUTRON ENERGY (EV)

102 oty FUSION-40 HE PRODUCTION CROSS SECTION
T T T R AL LA AL L LA B L AL L

0 4
= - 1.
a1 -
CE]D E_ ________________________________________________________________________ E
jam} C ]
Z -
et 0 2 O SN S
— r E
[ £
L L 4
W J
-5
U'Jlo ittt s Rt =
) C E
) r 3
o ]
O 4
= O L P
«Q 3
e
—
S
D A
QIDT__ ___________________________________________________________________________ -
o E E
o r ]
o ]
o |
— 10 8 vl o ol el gl el Lol asennd v

107! 100 10! 162 108 10t o3 108 107 108
NEUTRON ENERGY (EV)



1072

(BARNS)

HE PRODUCTION CROSS SECTION

(BARNS)

- HE PRODUCTION CROSS SECTION

._.
S
w

107}

1072

1073

104

JAERI-M 93—17b

SECTION

T T T

"Np FUSION-40
N T

T

HE PRODUCT
e

TTT

[ON CROSS
AL AU AR B AR UL UL

!

L1l

l!llill* 1 1L Liill
1P
(EV)

| |

102 103 104
NEUTRON ENERGY

10t

i1 [ [

PRODUCTION

T T Ty

. FUSIGN-40 HE CROSS SECTION
UL DL L IR RRRAAL S AL N

TTTTOT

T T
IR

L1 |1111|

ERETIT)

108

IIEIII I<lllll‘ 1 1t 1 L L rrir
102 103 10? 10°
NEUTRON ENERGY (EV)

il I

10}




TR T LR AR L SO R P AR SRS S N

H PRODUCTION CROSS SECTION

(BARNS)

H PRODUCTION CROSS SECTION

(BARNS )

JAERI-M 93—178

| sLi FUSION-40 H PRODUCTION' CROSS SECTION

T

T LR ALE R RLL T T T

L0 2

1078 e el Ll Ll + el Ll

|

Y

TTTTT

107! 100 10t 102 108 104
NEUTRON ENERGY (EV)

|3 Be FUSION-40 H PRODUCTION CROSS SECTION
T LR T T AR AR | LR

1 g5 108

107

108

T II‘TIII T T 'l‘ll'YI T LI T
o '
1 TN EETT! A W W R Rt il vl gl il r ol rea il Lt

107! 100 10! 102 108 104 1P 108
NEUTRON ENERGY (EV)

107

108



R A A i o e T S TR BT i et T

{ BARNS)

H PRODUCTION CROSS SECTION

[BARNS )

H PRODUCTION CROSS SECTICN

1ot

-JAERI-M §3-175

% FUSION-40 H PRODUCTION CRGSS SECTION

||1T1Il] |1IT1|T IIIIIIII T T T l| T T T T U Illll illlll] T | T T IIIII;
10_5 - i1 llIIIlF H l!llllll 1 |||||1\] 1 \II\II L IlrlIPII 1 \IIH||1 IIlLUIW 1 Jlllll\l 1 IR}
167! 100 10! 102 102 104 108 108 107 108
NEUTRON ENERSGY (EV)
10°2 B FUSION 40 H PRGDUCTION CROSS SECTION
L T HERELLRRLU | LR T T RN IABRRLRRLL | T
i ]
VO3 e |
10-4 A i 'Y inl I rrvnl Lo aennl 4ot ! NI RSt gl vl Laatiar
107! 100 10t 108 103 104 108 106 107 108
NEUTRON ENERGY [(EV)




[BRARNS )

H PRODUCTION CROSS SECTION

H PRGDUCTION CRGSS SECTION

1073

1074

1078

10°E
1

10t

107!

1073
1

JAERI-M 93-175

‘o FUSION-40 H PROBUCTION CROSS SECTION
B L) L L B U S AL B A I L A I

108

sl Lot taa] NIRRT | sl L1l Lol Lol ) sl !
0! 1P 10! 102 103 104 109 108 107
NEUTRON ENERGY (EV)
ﬁN FUSION-40 H PRODUCTICN CR0CSS SECTION
E T LELELRRALL LAY | T rorrTT T AL LEREULALLY “5

100

107

1Li1tel)

108

sl

108

| Lottt Lozl
102 103 10
NEUTRON ENERGY

gl 1

10!

141 TN

10°
(EV)

I [N




,o1 ' FUSION-40 M PRODUCTION CROSS SECTION

C T T iIIHII T 7 IIIIILI T F ITIIIIl T T l[!lll; L II\YIIT T T IITHI! l. T ITIIHI T T IilflT[ 1 \Il:
U,_.:) B =
=
o
= | _
(a 8]
=
o 2 VPN S—
l_ E
[&8] .
(BN
(.D -
w
op!
s 4
[0
o
o O IO _
un} L :
— ;
(] r 4
] r 4
(an] L i
[wm}
0z
o
Il[]“" YR BT B | Cevle n 11 PRI B S STTY N

JAERI-M 93—175

Lt ] Ll 1 ol
107! 100 10! 102 109 104 108 108 107 108
NEUTRGN ENERGY (EV)

| QI FUSION-40 H PRCDUCTION CROSS SECTION

E T T |llIH| T T IYIIiIl T lli!”l" T fll‘le T II|iTll'[ T IIIHII[ T T Ill|1|| T I'lll|lll T lTllili
0 - ]
= _ T
L e =
fae) - 3
= o ]
EIU g‘“ """"""""""""""""""""""""""""""""""""""""""""""""""""""""" j‘
o f :
Ll r N
o
S It -
[9p] r E
o} r ]
o i
o .
0 L
S f ;
— : ]
(o]
08 L _
i~ 3
|88
o 4
I],D_B | SRR | vyl ol ol 11 I pagrind vyl [n:lunl Lo

10-! 10 1ot 102 102 10 108 03 107 108
NEUTRON ENERGY (EV)




0
N 10 é T Illlllll T llllllll T llll”l] T Illl”l T Y \IIIIII [ T T IIIIE%
o | :
Z
D:lO E—"*‘“"“""‘““"“"“"“'“*“‘“"‘““““““"‘“"“""“"“ -
[mil r 3
an) u ]
S o SO SSRURRRERS SRS 4
o 2 3
- 3
[}
e S PRSI SR
& 4 3
e C ]
o - 4
OO e _
o E E
L .
= L 3
O L e
— 2 :
Q) o ]
2 -
0 L o
o F E
o : i
j:1[]‘7 s et e el e b v vaed ol .t......l ) .....<-

107! 100 10! 102 102 104 108 108 107 108

JAERI-M 93—175

B FUSION-40 H PRODUCTION CRGSS SECTION

NEUTRON ENERGY (EV]

/@ aTi FUSION-40 H PRODUCTION CROSS SECTION

E 'I T Iilli%
n )
=
= 1
CE -
CDlD E‘———‘---'--~**‘—---"—--‘-----'*“"-'-"--------*"‘---""—----""“““ -
= 2 1
(s} _
L 2 SO (S _
Lt C ]
w e ]
- i ]
[y . N
[}
e K ue- I U PRSI
© 2 3
= ]
C) -
- |
e R SUR _
) - .
[y - 3
0: -
. ]
IID—S i llll!l!* 1 llllllli 1. IIIIIIII 1 1 IIIIH[' i LIII|I!' 1 1 Illllll 1 1 Ll 1 L

107! 100 10! 108 103 104 108

108
NEUTRON ENERGY (EV)



i W kb 8 b e ST DA 7 et e e TR e L e T a R

JAERI-M 93175

gt % FUSION-40 K PRODUCTION CROSS SECTION

: II\IIIIII T IIllllll |1'|lll|7] IFITIIFII Ill?l'lll lIlTII"I‘ ||||l|l\| I|Llllll| ‘II"IT'HE
oL ]
= L 4
x
G: |-
il
2 2 S U 4
prd L 5
o L ]
— i ]
w
Ll |
ud
0 1 OO R
s} E
o C
o [ J
) - N
=
o
o O PR -
(85 ] 3
o ]
D -
o
. 7
ol ]
IlO_S Lol gl Lol [ sl ek r sk r: EEETIn e

1071 100 10t 102 103 104 108 108 107 108
NEUTRON ENERGY (EV)

VYT T T T T

L FUSION-40 H PRGDUCTION CROSS SECTION
AL AL HRRN AL LR L BN |

T IIUIIT[ TTTTTI

T T

T T

REauy |

10_11 s ool tedottanl] ool vl RNy n J_Iwnul
SRR H ol 1ot 102 10° 10 10°
NEUTRON ENERGY {EV)




Y S PP STt B SRR P VR E R  SE NRE SN

H PRODUCTION .CROSS SECTION

JAERI-M 93— 175

25MnFUSION 40 H PRGDUCTION CROSS SECTION

10 E T T TTI T T LB I} T T "'I'll'l IY[II[' l=
nl10? L e L -
= E 3
& s ]
1 03 [ e
O L e L ]
o 3 E
— -5 [ 3
O L0 o e o
L E
w3 X E E
U)lom i et A ﬁ:
w E 3
2 £ h
o NI SO
(6] 3 ?
= __afF N
O L0 8 [ b -
— c ]
Oy m-9 7T
G100 L ]
o ; .
K ]
Il[]‘lr TR T BT B T R DTN T DT

107! 10° 10 102 108 104 108 108 107 108
NEUTRON ENERGY (EV)

1 _ofy FUSION-4D H PRODUCTION CROSS SECTION

T LA EL R | T T T T LEUNALL

E
5 I E
n-1

szlo §_'"'“"'"""7“*'Lg“""*L““'_"__'_'_"""‘"""'"""""""""'*"’ """"_E

@ o E
. r

L0 |

O

IS S ]

: 3

DO e ]

I U A |

1077 L 1 vl aennl ol L .m-

SRR TIT! IR NI Lo ool ! N ARSIt !
107! 19 10t 102 109 104 105 108 107 108
NEUTRGN ENERGY (EV)



R s oAl MR i T et MR et L

[op}

d
[l
a

(B

H

PRODUCTION CROSS SECTION

JAERI-M" 93-175

;0 2Ly FUSION-40 1 PRODUCTION CROSS SELIION oo
el Y S

1073 e
1074 ;, __________________________________________________________________________

107° A
10°° ;________; _________________________________________________________________ vé
1077 Eﬁ___________wd_-__________ﬂ,_____________‘______________bq____________H____é
108 T _2
1@95 T RV R BT BRI BT R ¥ o0 .H”mlé.,mf

107! 1P 10t 102 103 104 1P 108 107 108

NEUTRON ENERGY (EV)

5 Ni FUSION-40 H PRODUCTION CRGSS SECTICN
AR | T LR T AL LL IR R A LR AN r"’

_{F—o
10 MR EETY B A R TN | sl TN ITT N WAt v el gl N Rutn| Lo

107! 10 10t 102 103 104 10° 108 107 108
NEUTRON ENERGY (EV)



ARSI W IRTER SRR R TR L P O SR

10°

)

NS
<

TION (BAR
9 o

_
S

# PRODUCTION CROSS SECTION
o

p
9

10

_
S

o ofr FUSION-40 H PROD
NI ARLL oo T T LR

JAERI-M 93-175

2:ﬁUFUSION—élO H PRODUCTICGN CROSS SECTICN
Eororrr UL DAL I LA BN AL B T

TTYTIIY

—

TTTTI

~

w
Tt

[e)]
—r T T

~J
—rT

(o]
T

L [ EEE I RN NIt N J Ledd i

T T T T T T 17T

| 1l Lol Lyt

! 100 10! 102 108 104 1° 108 107
NEUTRON ENERGY (EV)

H
S

UCTICGN CRCSS SECTION

TTTTT T T T T Ty

T T T T 17777

ril PSRRI PR i At 1 P 1 Lol PR P B AR W R T TT1 M B S W W

=

gt oo 10t 102 103 104 108 100 107
NEUTRON ENERGY (EV)



T ST BT WO T DV P S PESPIVISIIP N PR SN ERE ES

10

e

10 el el e

&

-1 R

o

1

5 .
LI nnnT T T T 17T

JAERI-M 93-+175

i 3?[\]}3 FUSION-40 H PROCUCTION CRGSS SECTION
JLSIERLLY I DAL S AL B B HRALL LA

T T 17

g
FrTTm

1l ool gl Ll Lo

1078 108 10 102 108 104 108 108 107 108

NEUTRCN ENERGY (EV]

T LU

M, FUSION-40 H PRODUCTION CRCSS SECTION.

I e i

it i it Rty St

itk ittt i

ittt Lot gl Lol [ W £ Lol L sl L1 1111l

ol 1 g j® 108 10t 105 0 i® 17 1P

NEUTRON ENERGY (EV)

o e 1 s et R i P



SPTRTSNE R SV SSTUSPEISSRE IS MRS BRRCR S P O A,

JAERI-M 93—175

Appendix 2 Numerical data of cross section libraries

The three libraries are presented in tables in the following order ;

(1) Helium production cross section library O
Neutron 125 groups (gamma-ray 40 groups)
Group structure of FUSION-J3. (see Table 2.1)
21 nuclides (see Table 2.3)

(2) Helium production cross section library (ID
Neutron 42 groups {gamma-ray 21 groups) :
Group structure of FUSION-40 (see Table 2.2)-
21 nuclides and 5 alloys (see Table 2.3)

(3) Hydrogen production cross section library
Neutron 42 groups (gamma-ray 21 groups)
Group structure of FUSION-40 (see Table 2.2)

20 nuclides and 3 alloys (see Table 2.3)



1165 21

14 %%

' REACTION
4L_221-1
4.521-1
4L.929-1
5.400-1
6.009-1
6.766-1

7.517-1

5.4666-1
2.354-1
2.624-1
4.4611-1
1.849

6.620-1

B.643-1

1.487
3.521
1.489+1
8.573+1
40RO.0O
' REACTION
2.564-1
2.870-1
3.175-1
3.343-1
3.480-1
3.687-1
1.479~1
6.541-3
112R0.0
' REACTION
1.835-2
2.361-2
3.142-2
3.634-2
L.176-2
6.140-2
?.431-2
1.065~1
5.495-2
1.721-3
@7R0O.0
' REACTION
5.948-1
6.538-1
.301-1

L4961
.333-1
.291-1
L4341
L.473-1
2.975-1
§.528-1
1.406

2.177

(O IRV B¢ SIRV, IRV, BY o

L6841,

JAERI-M 93—175

. {1) Helwrmn production cross'section library (I)

ND. 1 LIé
42541
4.570-1
5.008-1
5.507-1
6.100-1
6.9861-1
7.483-1
L. B63-1
2.283-1
2.729-1
5.385-1
1.225
§.743-1
9.102-1
1.678
3.994
1.911+1
1.100+2

NO. 2 LIV
2.589-1
2.933-1
3.206-1
3.368-1
3.500-1
3.690-1
8.329-2
4.020-3

NO. 3 BE?

1.893-2
2.475-2
3.259-2
3.712-2
L_.294-2
6.369-2
9.804-2
1.039-1
4L.675-2
4.131-4

NO. & B1lO
5.961-1
6.645-1
6.165-1
5.645-1
5.483-1
6.066-1
5.219-1
3.412-1
5.599-1
3.064-1
8.730-1
1.513
2.281

4.297-1

4.619-1
5.072-1
5.614-1
6.166-1
7.160-1
7.373-1
3.923-1
2.208-1
2.846-1
7.202-1

9.261-1,

6.939-1
9.612-1
1.897
L.531
2.455+1
i.412+2

2.635-1
2.987-1
3.231-1
3.393-1
3.516-1
3.674-1
5.065-2
1.68&4-3

1.966-2
2.590-2
3.314-2
3.791-2
4.3832-2
6.636-2
¢.975-2
1.029-1
3.911-2
8.716-5

6.033~1

6.718-1

6.051-1
5.605-1
5.474-1
5.402-1
5.215-1
3.4688-1
6.447-1
3.347-1
9.022-1
1.613

2.392

4L.346-1
4.661-1
5.119-1

5.694-1
S 6.2346-1

7.267-1
7.260-1

3.234-1

2.149-1
2.993-1
1.099

7.676-1

7.184-1
1.016
2.145 -
5.472
2.153+1
1.815+2

2.681-1
3.029-1
3.250-1
3.411-1
3.531-1
3.6466-1
3.006-2
7.663-5

2.043-2
2.690-2
3.3484-2
3.850-2
L_669~2
6.989-2
1.057-1
9.933-2
3.202-2
3.712-5

6.144-1
6.730-1
5.965-1
5.573-1
S.466-1
4.703-1
5.103-1
3.726-1
6.566-1
3.865-1
9.725-1
1.712

2.517

4.385-1
4.722-1
5S.176-1
5.775-1
6.350-1
7.365-1
7.167=-1
2.560-1
2.242-1
3.183-1
1.924

7.012-1
7.482-1
1.074

2.427

C7.024

4.0464+1

2.331+2

L 2.717-1

3.070-2

3.268-1

3.429-1
3.575-1
3.618-1
1.933-2

2.105-2
2.788-2
3.415-2
3.904-2
4.785-2
7.468-2
1.124-1
8.826-2
2.230-2
6.095-6

6.233-1
6.642-1
5.887-1
S.541-1
5.556-1
4.876-1
4.697-1
2.483-1
5.337-1
4.656-1
1.0699
1.817
2.656

L.433-1 .

§.786-1
5.230-1
5.875-1
6.4676-1
7.438-1
§.800-1
2.354~1

2.391-1

3.445-1
3.103

6.688-1
7.830-1

1174

2.749
$.015
5.195+1
9.063+3

2.763-1
3.111-1

'3.293-1

3.451-1
3.634-1
3.512-1
1.203~2

2.184-2
2.891-2
3.483-2
3.998-2
5.243-2
8.055-2
1.1346-1
7.561-2
1.198-2

6.344-1
6.537-1
5.789-1
$.513-1
5.699-1
5.087-1
4.042-1
3.315-1
3.722-1
5.783-1
1.1791
1.930
2.806

L 4L82-1
4L .849-1
5.298-1
5.941-1
6.611-1
7.492-1
6.248-1
2.380-1
Z2.514-1
3.825-~1
2.927

6.588-1
8.211-1
1.322

3.112

1.158+1
6.674+1

.817-1
Ll44-1
.318-1
L4651
L6761
L7PT7-1
-181-3

O MWW W WM

L277-2
.000-2
.555-2
.086-2
.700-2
.782-2
L104-1
LL38-2
.331-3

Ao N o LV I PY O PV I\ 8]

L453-1
LA33-1
.723-1
.504-1
.033-1
.219-1
-602-1
.620-1
.173-1
-356-1
.290

2 N W W WU O O O

n
o
o
~J

2.963
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3.
5.
1.
&.
3.

130
744
L0441
042+
LBB+2

40RO.0
' REACTION

4.
2.
1.
5.
2.
1.

222-1
333-1
123-1
626-2
542-2

225-3 .

127R0.0
' REACTION

1.

171

¢.876-1

5.
3.
2.
1.

586-1
LB84-1
558-1
593-1

125R0.0
' REACTION

2.
1.
1.
1.
1.
1.
1.
3.
a.

070-1
579-1
200-1
186-1
S24-1
666-1
86C-1
151-1
300-2

102R0.0
' REACTION

2.
.387-1
.356~1
.308-1
.239-1
.940-1
.233-1
5.

AR I AP I ¥ ]

Y

404-1

912-3

113R0C.0
' REACTION

1.
1.
1.
1.
9.
3.
2.

LL6-1
261i-1
279-1
153-1
83¢9-2
975-2
B79-5

116R0.0
' REACTION

2.
2.
2.
2.
2.

232-1
205-1
301-1
269-1
1346-1

3.333
6.531

JAERI-M 93—-175

3.573
7.422

1.598+1 1-817+1
7.760+1 g.971+1
L.4T78B+2 5.752+2

NO. 5

3.986~
2.100-
?.719-
4L.987-
2.277-
2.663-

ND. 6
1.168

$.250~
5.144-
3.209-
2.541~
4.872-

NO. 7

2.008-
1.475-
1.168-
1.223-
1.578-
1.657-
2.433-
2.616-
3.456-

ND. 8

2.401-
2.383-
2.350-~
. 2.300-
2.225-
1.875-
1.000-
2.481-

NO. @

1.428-
1.248~
1.269-
1.127~
9.547-
2.878-
2.553-

NO. 10

2.217~
2.220-
2.307-
2.252-
2.103-

B11

1 3.4696-1
1 1.868-1
2 8.893-2
2 4.348-2
2 2.079-2
4L 5.904-6
c12

1.152

1 8.561-1
1 4L.942-1
1 2.993-1
1 2.683-1
2 1.071-3
N
1 1.940-1
1 1.372-1
1 1.145-1
1 1.264-1
1 1.615-1
1 1.608-1
1 3.268~1
1 2.075-1
2 4£.390-2
F19

1 2.400-1
1 2.379-1
1 2.343~1
1 2.288-1
1 2.214-1
1 1.891-~1
1 8.%960-2
3001.129-4
ALZ27

1 1.411-1
1 1.258-1
1 1.253-1
1 1.099-1
2 $.327-2
2 1.781-2
6 1.202-7

Si

1 2.208-1
1 2.241-1
1 2.307-1
1 2.235-1

1 2.075-1

3.836
8.432
2.200+1
1.281+2
7.393+2

3.403-1
1.683-1
8.329-2
3.870-2
1.881-2

1.135
7.954-1

4.802-1

2.872-1
2.545-1
3.216-4&

1.871-1
1.298-1
1.128-1
1.315-1
1.636-1
1.228-1
3.251-1
1.304-1
1.195-1

2.3%8~1
2.376-1
2.338-1
2.280-1
2.202-1
1.790-1
$.392-2

1.393-1
1.24%9-1
1.239-1
1.079-1
9.107-2
8.810-3
2.645-9

2.202-1
2.258-1
2.307-1
2.223-1
2.039-1

4.113
?.577
2.831+1
1.645+2
9.499+2

3.153-1
1.527-1
7.762-2
3.389-2
1.417-2

1.112

7.353-1
4L.558-1
2.79C0-1
2.668-1

6.561-5

1.815-1
1.275-1
1.114-1
1.370-1
1.613-1
1.730-1
3.713-1
9.226-2
1.382-2

2.396-1
2.372~1
2.333-1
2.271-1
2.169-1
1.783-1
6.570-2

1.368-1
1.251-1
1.226-1
1.057-1
8.110-2
3.247-3
1.553-11

2.198-1
2.272-1
2.303-1
2.211-1
1.928-1

4L.5640

1.088+1
3.643+1
2.112+2
3.698+4

2.837-1
1.403-1
7.00%9-2
2.938-2
8.870-3

1.074

6.771-1
4.159-1
2.723-1
2.276-1

1.744-1
1.254-1
1.121-1
1.435-1
1.461-1
1.561-1
2.948-1
7.583-2
1.478-2

2.393-1
2.367-1
2.325-1
2.259-1
2.140-1
2.090-1
3.646-2

1.323-1
1.2664-1
1.207-1
1.028-1
6.753-2
2.561-4
9.718-15

2.193-1
2.281-1
2.2%4-1
2.186-1
1.712-1

..5.098

1.237+1
L.692+1
2.714+2

2.528-1
1.279-1
6.279-2
2.741-2
4.811-3

1.034

6.219-1
3.800-1
2.630-1
1.042-1

1.661-1
1.230-1

"1.139-1

1.480-1
1.345-1
1.396-1
3.436-1
8.292-2
2.357-3

2.3%90-1
2.363-1
2.317-1
2.249-1
2.186-1
1.900-1
1.730-2

1.285-1
1.275-1
1.181-1

1.006-1

S.402-2
2.030-4
2.023-16

2.195-1

2.290-1
2.284-1
2.161-1
1.543-1



S LB A n i LA T L7

JAERI-M 93-175

1.357-1 1.102-1 8.416~-2 5.713-2 3.103-2 1.280-2 B8.097-3
4L.043-3 1.645-3 1.316-3 1.027-3 7.565-4& 5.722-4 - 4£.248-4
2.868-4 1.563-4 7.517-5 5.915-5 4.666-5 3.529-5 2.427-5
1.399-5 4.701-6 1.752-6 1.531-6 1.219-¢ B.442-7 5.171-7
2.285-7 1.923-8 2.042-11 1.790-11 1.668-11 1.372-11 1.200-11
1.047-11 9.128-12 7.942-12 6.890-12 5.974-12 5.163-12 4.442-12
3.799-12 3.237-12 2.747-12 2.308-12 1.917-12 1.574-12 1.275-12
1.011-12 7.782-13 5.717-13 3.896-13 2.284-13 B8.671-14 1.955-15

74R0Q.0
' REACTION NO. 11 TI

4L.663-2 4L_.494-2 4L_386-2 4.318-2 4.264-2 4.196-2 4.129-2
4.077-2 4.012-2 3.947-2 3.887-2 3.778-2 3.662-2 3.545-2
3.399-2 3.254-2 3.138-2 3.051-2 2.963-2 2.847-2 2.729-2
2.599-2 2.467-2 2.335-2 2.237-2 2.138-2 2.006-2 1.907-2
1.807-2 1.675-2 1.576-2 1.477-2 1.270-2 1.026-2 B8.417-3
7.287-3 6.222-3 5.178-3 4.216~3 3.324-3 2.593-3 2.108-3
1.664-3 1.313-3 1.078-3 9.020-4 7.511-4 46.125-4 4 _BS6-4

3.668-4 2.536-4 1.670-4 1.339-4 1.053-4 7.918-5 5.368-5
3.025-5 B8.895-46 2.286-6 1.997-6 1.591-6 1.i01-6 6.745-7
2.980-7 2.506-8
100R0.0 ‘

' REACTION NO. 12 V51
1.971-2 1.949~2 1.919-2 1.884-2 1.856-2 1.821-2 1.779-2
1.737-2 1.6B84-2 1.632-2 1.587-2 1.530-2 1.470-2 1.411-2
1.336-2 1.263-2 1.208-2 1.660-2 1.124-2 1.068-2 1.013-2
9.569-3 9.013-3 B8.455-3 B8.039-3 7.619-3 7.082-3 6.696-3
6.306-3 5.798-3 5.425-3 5_.048-3 4.098-3 2.B84-3 1.947-3
1.099-3 5.971-4 2.002-4 9.310-5 B8.494-5 7.720-5 &.986-5
46.303-5 5.661-5 5.060-5 4.505-5 3.977-5 3.471-5 3.003-3
2.564-5 2.146-5 1.759-5 1.392-5 1.046~5 7.303-6 4.243-¢
1.393-6 1.215-9 '
107R0.0

' REACTION NO. 13 CR
5.172-2 4.98B8B-2 4.80%-2 4.634-2 4.493-2 4.317-2 4.149-2
4.021-2 3.862-2 3.703-2 3.576-2 3.456-2 3.337-2 3.217-2

3.068-2 2.924-2 2.81S-2 2.733-2 2.632-2 2.543-2 2.435-2
2.334-2 2.234-2 2.134-2 2.059-2 1.984-2 1.887-2 1.817-2
1.747-2 1.653%3-2 1.583-2 1.513-2 1.311-2 1.041-2 7.883-3
5.463-3 4.031-3 2.870-3 2.054-3 1.4B2-3 1.041-3 7.061-4
4L.655-4 2.283-4 5.252-5 3.976-7 7.B78-8 1.927-9 1.728-9
1.542-9 1.364-9 1.200-9 1.044-9 B.964-10 7.620-10 6.318-10
5.106-10 3.978-10 2.8946-10 1.899-10 5.418-11
104RC.0

' REACTION NO. 14 MNS5S
4.652-2 4L.255-2 4.067-2 3.88B-2 3.744-2 3.563-2 3.395-2
3.272-2 3.123-2 2.981-2 2.871-2 2.774-2 2.679-2 2.583-2
2.464-2 2.353-2 2.274-2 2.215-2 2.155-2 2.076-2 1.999-2
1.932-2  1.867-2 1.802-2 1.754-2 1.705-2 1.643-2 1.600-2
1.556-2 1.498-2 1.455-2 1.411-2 1.283-2 1.098-2 9.089-3
7.052-3 5.021-3 3.195-3 1.839-3 9.695~4 - 4 470-4 '1.916-4
8.139-5 2.757-5 1.006-5 3.233-6 9.148-7 3.372-7 3.127-7

2.898-7 2.679-7 2.477-7 2.285-7 2.104-7 1.938-7 1.779-7
1.629-7 1.490-7 1.358-7 1.235-7 1.062-7 8.552-8 6.742-8
5.147-8 3.763-8 2.544-8 1.448-8 4.781-9 7.017-12

96R0O.0

' REACTION NO. 153 FE : :
5.849-2 S.464-2 S5.486-2 5.310-2 5.168-2 4£.991-2 4.836-2

&L.737-2 4L.613-2 4L.48B%9-2 4L.3%2-2 4.303-2 4L.216-2 4.129-2
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1

T

1

4.020-2
2.405-2
2.820-2
1.555-2
1.058-3
3.759-5
2.221-6
1.405-7
3.513-13
1.466-13
6.108-14
2.546-14
7.777-15
1.355-15
7.684-17
2.321-18
LORO.O
REACTION
4.339-2
3.687-2°
2.955-2
2.323-2
1.840-2
8.146-3
1.883-4
121R0O.0
REACTION
1.063-1
9.268~2
8.411-2
8.078-2
8.070-2
6.507-2
4.200-2
2.715-2
1.752-2
9.056-3
3.788-3
1.581-3
6.586-4
2.745-4
8.385-5
1.462-5
B.285-7
2.502~8
4L0R0.0
REACTION
5.486-2
L_431-2
3.574-2
2.876-2
2.361-2
L341-2
L700-3
.213-4
2.406-6
4L.337-13

U

JAERI-M 93-175

3I.910-2 3.819-2
3.310-2 3.214-2
2.718-2 2.642-2
1.272-2 9.965-3
4L.B99-4 3.531-4
2.122-5 ©9.261-6
1.176-6 7.923-7
4L.914-8 3.200-8
3.102-13 2.737-13
1.293-13 1.143-13
5.392-14 & .758-14
2.246-14 1.983-14
6.058-15 4.717-15
1.053-15 8.185-16
4.665-17 2.828-17
1.409-18 §.552-19
NO.. 16 CO59
4.207-2 4.090-2
3.617-2 3.513-2
2.812-2 2.721-2
2.242-2 2.162-2
1.760-2 1.700-2
6.208-3 4 .388-3
1.40%9-6
NO. 17 NI
1.0463-1 1.021-1
9.096-2 B.927-2
8.319-2 8.267-2
8.072-2 B.065-2
8.078-2 B8.085-2
6.115-2" 5.742-2
3.946-2 3.707-2
2.550~2 2.396=-2
1.647-2 1.546-2
8.006-3 7.080-3
3.344-3 2.952-3
1.395-3 1.233-3
5.814-4 5.131-4
2.422-4 2.136-4
6.532-5 5.086-5
1.135-5 B8.824-6
5.029-7 3.049-7
1.519-8 9.222-9
NO. 18 CU
5.333-2 5.169-2
4.294-2 4 .157-2
3.439-2 3.334-2
2.783-2 2.691-2
2.288-2 2.234-2
1.109-2 8.894-3
1.133-3 8.460-4
4.8B96-5 3.0164-5
1.537-6 1.055-6
3.791-13 3.308-13

1.594-13 1.364-13 1.159-13

3:.751=2
3.143-2
2.565~-2
7.341-3
2.296-4
7.283-6
6.979-7
2.321-8
2.414-13
1.008-13
4L.19%9-14
1.751-14
3.675~-15
5.679-16
1.714-17
5.179-19

3.983-2
3.400-2
2.653-2
2.101-2
1.640-2
2.988-3

9.991-2
8.799-2
B.227-2
8.060-2
B.0%92-2
5.394-2
3.487-2
2.250-2
1.453-2
6.247-3
2.604-3
1.088-3
4.528-4
1.888-4
3.963-5
&.123-6
1.848-7
5.584-9

5.001-2
4.048-2
3.256-2
2.622-2
2.179-2
6.823-3
5.830-4
1.934-5
7.591-7
2.875-13

3.682-2
3.072-2
2.359-2
4L .BB7-3
1.1646-4

5.884~6

5.646-7

1.543-8

2.134-13
B.886~-14
3.704-14
1.545-14
2.865-15
I.447-16
1.041-17
3.141-19

3.898-2
3.312-2
2.585-2
2.041-2
1.4L686-2
1.788-3

%.817-2
8.702-2
8.188-2"-
8.055-2
7.826-2
5.071-2
3.276-2
2.112-2
1.322-2
5.511-3
2.301-3
9.581~4
3.994-4
1.666-4
3.089-5
3.716~6
1.123-7
3.386-9

4.8465-2
3.937-2
3.157-2
2.552-2
2.029-2
4.895-3
3.405-4
1.042-5
3.422-7
2.4691-13

3.591-2
2.973-2
2.086-2
2.975-3
7.406-5
4.608-6
4.039-7
B.407-9
1.885-13
7.837-14
3.270-14
1.281-14
2.229-15
2.093-16
6.319-18
2.328-20

3.791-2
3.228-2
2.495-2
1.960C-2
1.233-2
8.956-4

¢.604-2
8.611-2
8.136-2
8.056-2
7.353-2
L.763-2
3.076-2
1.987-2
1.164-2

4L .B63-3

2.032-3
B.L49-4
3.526-4
1.381-4
2.404-5
2.257-¢
¢.813-8
2.511-10

L.696-2
3.825-2
3.073-2
2.470-2
1.826-2
3.363-3
2.349-4
4.510-6
6.098-9
2.154-13

2.500-2
2.897-2
1.824-2
1.972-3
5.537-5
3.373-6
2.639-7
2.593-9
1.664-13
6.918-14
2.887-14
9.973-15
1.737-15
1.269-16
3.829-18

3.715-2
3.120-2
2.406-2
1.%00-2
1.022-2
5.229-4

2.407-2
B.522-2
8.090-2
8.063-2
6.928-2
L.472-2
2.889-2
1.866-2
1.027-2
4.294-3
1.794-3
7.459-4
3.113-4
1.075-4
1.873-5
1.368-6
4L.128-8

L.541-2
3.714-2
2.970-2
2.415-2
1.58%9-2
2.495-3
1.762-4
3.357-6
4.,970-13
1.857-13

9.788-14 8.209-14 &6.813-14 5.571-14

— 65—
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4.458-14 3.492-14 2.651-14 1.892~14 1.219-14 6.299-15 1.307-15

81RC.0

' REACTION NO.

1.422-2
F.664-3
5.919-3
3.633-3
2.309-3
7.804-4
1.275-4
2.443-5
5.868-6
1.081-6
2.353-7
6.090-8
B2RO.O
" REACTION
1.199-2
1.024-2
8.527-3
7.044-3
5.712-3
2.659-3
5.459-4
1.379-4
2.697-5
5.119-6
1.528-46
3.577-7
1.414-7
76RC.0
' REACTION
1.774-2
1.424~2
1.017-2
7.099-3

5.159-3

3.040-3
1.714-3
6.210-4
2.163-4
7.080-5
3.897-5
3.942-5
82R0O.0
T
END

LAV o+ B R I s S SR VYRRV, BV I

VA NP Prfoun o000 - 0

‘WUJO‘D—*U'\HNJ\O\\OI—‘I—‘O

19 IR
.362-2 1.287-2
.024-3 B.385-3
.425-3  5.039-3
.368-3 3.127-3
.133-3  2.011-3
.020-4  4.671-4
.931-5 7.622-5
.994-5 1.628-5
.968-6 4.091-6
.632-7 6.8B9-7
.002-7 1.692-7
.623-8 3.345-8

20 NB93

.172-2  1.145-2
.968-3 9.661-3
.258-3 8.037-3
.822-3 6.601-3
.489-3  5.322-3
.181-3 1.7546-3
.233-4  3.478B-4
.181-4 9.845-5
.121-5  1.745-5
.206-6 3.402-6
.201-6 9.364-7
.Q91-7 2.695-7
.B41-8 6.033-8

. 21 MO

LT37-2 1.4687-2
.364-2 1.300-2
.546~3 9.040-3
.725~3 6.375-3
.B90-3 4.699-3
.832-3 2.659-3
.520-3 1.312-3
L370-4 4 .643-4
LB91-4  1.662-4
.182-5 5.569-5
.906-5 3.914-3
L.948-5 3.942-5

1.207-2
7.895-3
4L,768-3
2.962-3
1.896~3
3.56%9-4
6.045-5
1.292-5
3.369-6
5.555-7
1.417-7
2.195-8

1.119-2
9.433-3
7.8B73-3
6.4635-3
5.155~3
1.420-3
2.786-4
7.643-5
1.474-5
2.818-6
7.430-7
2.513-7
2.675-8

1.629-2
1.249-2
8.684~3
6.127-3
4.516-3
2.485-3
1.144-3
3.919-4
1.466-4
5S.036-5
3.921-5
3.032-5

1.150-2

7.379-3.

4.512-3
2.805-3
1.601-3
2.766-4
4L.B67-5
1.036-5
2.574-6
4L.324-7
1.178-7
1.173-8

1.099-2
9.218-3
7.707-3
4£.268-3
L.649-3
1.128-3
2.145-4
5.552~-53
1.092-5
2.575-6
5.932-7
.3%5-7
.172-9

NN

.583-2
.190-2
.343-3
.B94L~3
.072-3
.323-3

U oo

1.001-3-

3.331-4
1.233-4
4L.635-5
3.927-5
1.4621-5

1.084-2
6.889-3
4.192-3
2.600-3
1.265-3
2.150-4
3.808-5
8.478-6
1.852-6
3.431-7
$.661-8
2.896-9

1.074-2
9.006-3
7.487-3
6.046-3
3.957-3
8.826-4
1.811~4
4.024-5
L4066
.335-46
.042-7
.284-7

AN IRV RS BN

1.528-2
1.133-2
7.908-3
5.595-3
3.603-3
2.136-3
8.510-4
2.871-4
9.988-5
4.306-5
3.932-5
4.001-6

1.019-2
6.438-3
3.912-3
2.450-3
1.002-3
1.630~4
3.023-5
7.009-6
1.391-6
2.798-7
7.776-8

1.046-2
8.793-3
7.266-3
5.88BC-3
3.302-3
7.073-4
1.588-4
3.326-5
6.172-6

S 1.622-6

4.250-7
1.902-7

1.472-2
1.080-2
7.495-3
5.372-3
3.283-3
1.901-3
7.231-4
2.-485-4
8.307-5
4.016-5
3.937-5
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(2) Helium production cross section library (II)

1 63 26
14 %%
' REACTION NOC. 1 LIé
0.4594 0.4937
0.6867 0.72456 0.7242
0.3406 0.2320 0.2260
1.0205 2.7917 1.2303
1.8301 2.6755 3.9234
26.746 39.281 57.609
1641.2 21R0.0
' REACTION NOL. 2 .17
2.951-1 3.177-1
3.48%-1 3.651-1 3.551-1
9.930-4
LORO.O
* REACTION NO. 3 BE
2.526-2 3.132-2
6.262-2 6.949-2 7.893~2
9.704-2 5.585-2 2.209-2
44R0O.0
' REACTION NO. 4 B10O .
&.626-1 6.285-1
6.202-1 5.009-1 5.035-1
3.591-1 L. 6771 5.188-1
g.520-1 1.227 1.532
7.158 1.059+1 1..56%9+1
1.087+2 1.597+2 2.343+2
6.697+3 21R0.0
' REACTION NO. 5 B1l1
2.014-1 1.121-1
6.947-4 2.708-6
55RG.0
" REACTION NO. 6 C11
8.91%-1 5.687-1
1.046-1 6&.091-4 2.692-7
S4R0O.0
' REACTION NO. 7 N :
1.445-1 1.196-1
1.668~-1 1.467-1 1.714-1
1.574-1 6.267-2 3.758~2
46RO .0
' REACTION NO. 8 Fi@
2.382-1 2.356-1
1.903-1 1.800-1 2.-056-1
2.995-4
49RO.C
" REACTION ND. 9 ALZ27
1.258-1 1.268-1
3.407-2 1.111-2 1.310-3
50R0.0 i
' REACTIGN NO. 10
2.231-1 2.298-1
1.226-1 6.230-2 1.592-2
6.981-5 1.55%1-5 1.203-6
1.072~11 7.294-12 4.872-12
‘37R0O.0 :
* REACTION NOD. 11
3.976-2 3.384-2

0.5320
0.7499
0.2549
0.7113
5.7527
84.616

3.319-1
2.352-1

3.559-2
g.981-2
4.335-3

5.751-1
5.246-1
3.124-1
1.816

2.314+1
IL4L3+2

6.357-2

21.856-1

1.158-1
1.483-1
3.676-3

2.317-1
1.683-1

1.179-1
1.590-4

2.281~1
6.865-3
4.259-7
3.151-12

2.724-2

— 67—

0.5829
0.7455
0.2799
0.6915
8.4513
124.25

3.442-1
7.662-2

3.976-2
9.829-2
2.456-4

5.567-1
5.222-1
3.238-1
2.337

3.413+1
5.059+2

3.259-2

2.753-1

1.404-1
2.779-1

2.264-1
9.717-2

1.040-1
2.523-4

T 2.190-1

1.641-3
1.119-8
1.941-12,

2.060-2

0.6278

C0.7246

0.3224
0.8955
12.413

182.21

3.552-1
2.820-2

5.629-2
1.072-1
1.183-5

5.526-1
5.008-1
4. 836-1
3.288

5.031+1
7.423+2

1.678-2

2.645-1

1.610-1
3.430-1

2.187-1
8.419-2

8.584-2
4L.304-9

1.984-1
9.700-4
1.557~-11
7.307-13

1.391-2

0.6555
0.6188
0.4411
1.2660
18.206
267 .63

3.658-1

9.290-3

5.508-2
1.099-1

5.892-1
2.726-1
8.139-1
4 .882

7.393+1
1.091+3

6.508-3

1.568-1

1.396-1
3.156-1

2.160-1
2.094-2

5.966-2
3.403-14

1.613-1

4.220-4

1.513-14

9.195-3



6.734-3

1.475-4

4&5R0.0
REACTION

8.3461-4

1.472-5

48R0O.0
REACTION

4L.708-3
1.077-9
4L7R0O.0°
REACTION

5.998-3
2.326-7
44R0O.0
REACTIOGN

1.406-2
B.919-6
2.539-13
5.247-15
29R0O.0
REACTION

7.138-3
52R0.0
REACTION

6.303-2
2.282-2
2.738-3
S.657-5
2.624-7
3.225-10
REACTION

1.220-2

2.503-5

446R0.0
REACTION

6.873-4
1.388-5
1.523-7
39R0.0
REACTION

2.409-3
8.078-5
8.283-7
38R0O.0
REACTION

2.932-3
L.106~4

JAERI-M. 83—175

4L.LOB-3 2.748-3
3.376-5 1.549-6
NO. 12 V51
1.660-2 1.330-2
1.340-4 . 7.908-5
2.431-6
NDO. 13 (R
3.799-2 3.058-2
2.253~3 1.141-3
5.158-10 7.378-11
NO. 14 MNSS
3.073-2 2.460-2
2.182-3 5.508-4
1.636-7 1.054-7
NO. 15 FE
4L.564-2 4L.009-2
7.859-3 3.3556-3
2.381-6 5.574-7
1.800-13 1.267-13
2.434-15 1.113-15
NO. 16 €059
3.547-2 2.953-2
"3.288-3 1.063-3
NO. 17 NI
9.041-2 B8.419-2
5.464-2 4.838-2
1.757-2 1.315-2
1.936-3  1.347-3
2.624-5 1.216-5
1.217-7 5.657-8
21R0.0
NO. 18 CU
4.238-2 3.563-2
7.235-3 3.677-3
2.510-¢& - 3.510-7
ND. 19 ZR
8.780-3 5.895-3
3.829-4 2.297-4
6.039-6 2.591-6
8.896-8 4.399-8
NO. 20 NB93
9.833-3 §.497-3
1.492-3 9.362-4
2.757-5 1.093-5
4.720-7 3.030-7
NO. 21 MO
1.336-2 1.012-2
2.519-3 2.190-3
2.203-4 1.232-4

1.973-3
S.556-7

1.014-2
6.678-5

2.442-2
6.285-4

2.008-2
1.625-4
6.239-8

3.500-2
1.694-3
2.250-7
8.961-14
5.247-16

2.413-2
L.212-4

8.117-2
4L.389-2
$.BBs6-3
¢.661-4
5.657-6
2.624-8

2.979-2
2:253-3
4.770-13

3.935-3
1.525-4
1.299-6
1.2346-8

7.270-3
6.583-4
5.839-6

2.402-7

7.530-3
1.845-3
7.938-5

_68_

1.260-3
1.456-8

7.317-3
5.515-5

1.928-2
1.854~4

1.671-2
2.452-5
3.062-8

3.011-2
4L.723-4
4.043-8
5.247-14
2.434-16

1.993-2
7.965-6

8.063-2
3.888-2
7.473-3
5.657-4
2.624-6
1.216-8

g

.510~-2
1.073-3

691-3
.373-5
.643-7

0D Mg

~

6.135-3
4.066-4
F.744-5
9.043-8

5.727-3
1.468-3
5.832-5

8.708-4

4L_.619-3
£.397-5

1.418-2
4.703-7

1.350-2 -

2.740-6
5.591-9

2.470-2
2.052-4
1.506-8
2.434-14
1.128-16

1.557-2

7.926-2
3.443-2
5.475-3
2.624-4
1.216-6
5.657-9

2.109-2
5.309-4

1.764-3
5.817-5
4.333-7

£.912-3
2.649-4

2.553-6

4.321-3
1.116-3
4.622-5

4.832-4

2.338-3
2.994-5

8.939-3
1.725-9

9.878-3
3.121-7

1.933-2
5.502-5
9.868-10
1.129-14
5.247-17.

1.110-2

7.106-2
2.886-2
3.872-3
1.216-4
5.657-7
2.624-9

1.689-2
1.751-4

1.112-3
3.101-5
2.437-7

3.576-3
1.584-¢
1.597-6

2.417-3
7.309-4
3.945-5




3.918—5
39R0.0
' REACTION

.04-2
.66~3
.38-4
.05-6
.20-8
5.12-11
21R0.0
' REACTICN

0 g

1.31-2
7.94-4
2.23-13
4.66-15
29R0O.0
' REACTION

1.33-3
2.06-5
45R0.0
' REACTIOCN

3.95-2
1.39-2
1.67-3
3.45-5
1.60-7
1.97-10
21R0.0
' REACTION

8.14-3
1.33-4
45R0.0
T
END 0

3.934-5

NO. 22 PCA

5.15-2
1.44-2
2.82-3
3.10-4
4.20-6
1.95-8

JAERI-M 93—175

3.933-5

NO. 23 HT-9

4.48-2 3.90-2
7.24-3 3.11-3
2:12-6 4L.96-7
1.60-13 1.13-13
2.17-15 9.88-16
NO. 24 V-5CR-5TI
1.87-2 1.52-2
4.53-4 2.65-4
3.88-¢6 7.85-8
ND. 25 INCONEL 625
6.70-2 &.07-2
3.37-2 2.96-2
1.07-2 8.62-3
1.18-3 8.34-4
1.60-5 7.42-6
7.42-8 3.45-8

NO. 26 TI-6AL-4V

4L.40-2
4£.63-3
3.04-5

3.86-2
2.55-3
1.41-6

1.708-5

2.88-2
L. 414
3.60-8"
4.70-14
2.16-16

8.58-3
1.22-4
7.28-10

3.18-2
5.64-3
8.76-4
4.20-5
1.94-7
9.12-10

2.59-2
4L.66-3
6.20~4
1.95-5
9.05~8
4.20-10

1.82-2
L .90-5
8.78-10
1.00-14
L.67-17
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1 63 23

14%x

T

REACTION N

1.48-2
50R0.0
REACTICN N

62R0.0
REACTION N

4.381-2
2.294-2
1.509-6
5.813-6
8.539-5
5.236-3
REACTION N

40R0O.C
REACTIDN N

61RO .0
REACTION N

1.824~2
4.540-2
4R1.207-3
7.367-3
1.08¢-1
21R0.0
REACTION N

3.7%8-2
51R0.0
REACTION N

8.485-2
6.511-4
48RC.0O
REACTION N

2.162-1
1.940-7
49R0.0
REACTION N

3.339-2
2.316-3
4L4RO.0
REACTION N

1.177-2
3.089-4
47R0.0
REACTION N

4.244-2

JAERI-M 93-175

(3) Hydrogen production cross section library

0. 1
6.62-3
1.79-2

2. 2 BE
1.35785-4

0. 3
6.991-2
{.285-2
2.161-2
1.509-¢6
8.539-6
1.254-4

0. 4 B1l1
6.125-3

0. 5 C11
3.258-4

0. 6 N
6.292-2
1.500-2
1.851-2

1.080-2
1.586-1

g. 7 F19
9.037-2
3.102-2

0. 8 ALZ
3.664-1
$.455-2
3.277-6

0. ¢ SI
3.266-1
1.497-1

0. 10 TI
1.222-1
2.414-2
1.455-3

. 11 V5
4.623-2
8.115-3
2.143-4

0. 12 CR
1.953-1
3.313-2

B1Q

6.265~2
4.461-2
1.32¢0-2
1.509-46
1.253-5
1.838-4
21R0.0

2.695-3

1.063-6

5.741-2
1.612-2
3.889-2
1.246-3
1.586-2
2.329-1

7.764-2
2.269-2

7
2.882-1
47422

2.559-1
7.297-2

?.770-2
1.765-2
4,951-4

1

3.757-2
5.480-3
1.727-5

1.254-1
2.116-2

5.991-2
L_693-2
8.175-3
1.509-6
1.838-5
2.700-4

3.202-4

4.889-2
1.986-2
3.857-2
1.548-3
2.329-2
3.616-1

6.233-2
5.911-3

2.001-1
3.443~2

2.564-1
3.397-2

7.535-2
1.349-2
1.674-4

3.092-2
4.052-3

7.879-¢
1.439-2

— 70—

5.636-2
4 .452-2
2.927-3
1.838-56
2.700-5
3.965-4%

4.059-2
3.914-2
9.776-3
2.309-3
3.416-2
5.017-1

4 .827-2

2.483-3

1.468-1
2.123-2

2.760-1
5.019-3

6.179-2
9.932-3
7.349-5

2.724-2
2.235-3

6.247~2
1.018-2

5.223-2
3.789-2
9.879-5
2.700-6
3.965-5
5.814-4

3.297-2
9.296-2
5.959-2
3.416-3
5.017-2
3.077

L.006-2
2.043-4

1.142-1
1.193-2

2.750—1

1.474-3

5.050-2
7.118-3
1.101-5

2.23C0-2
9.522-4

5.403-2
9.354-3

64—

s

4.431-2
2.619-2
2.207-6
3.965-6
5.814-5
8§.539-4

2.557-2
7.092-2
2.282-72
5.017-3
7.367-2

3.984-2

1.003-1
4L.762-3

2.519-1
3.461-5

4,.153-2
4.138-3

1.633-2
5.009-4

4.620-2
6.530-3
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2.825-3 8.398-4 1.723~4
2.173-9 6.731-11
41R0.0 :
REACTION NO. 13 MHNS55
7.930-2 6£.234-2
1.388-2 1.100-2 B.068-3
% .156-6 2.168-8 1.699-11
4L7R0.0
REACTION NO. 14 FE
2.342-1 1.850-1%
6.869-2 5.179-2 3.984-2
6.233-3 2.03%9-3 2.766-4
4L5R0.0
REACTION ND. 15 C0OS9
1.184-1 1.077-1
2.218-2 1.798-2 1.483-2
2.912-4 B.062-5 4.BS8-5
L4R0O.O
REACTION NO. 16 NI
7.127-1 6.723-1
4.322-1 4.160-1 3.909-1
1.106-1 4 .446-2 1.388-2
1.731-6 1.224-6 B.642-7
3.577-8 1.65%9-8 7.692-9
1.659-10 7.692~11 3.577-11
2.039-13 21R0.0
REACTION NO. 17 CU
2.510-1 2.966~1
6.842-2 6.493-2 6.410-2
3.322-2 1.819-2 7.194-3
6.378-5 3.768-5 1.914-5
36R0.0
REACTION NO. 18 ZR
7.023-2 5.897-2
3.661-3 1.827-3 8.424-4
8.680-8 4.318-11 4.319-13
45R0.0
REACTION NO. 1% NBG3
' 5.122-2 4.027-2
6.283-3 3.378-3 1.891~3
1.594-4 5.576-% 1.455-5
1.844-8 8.561-10 3.014-10
4.215-12 1.323-12 2.731-13
33R0.0 '
REACTION NO. 20 MO
1.102-1 8.4%91-2
2.126-2 1.984-2 1.792-2
5.822-4 6.762-5 1.951-6
7.266-15 4.245-15 2.099-15
39R0.0
REACTION NO. 21 PCA
3.04-1 2.53-1
1.23-1 1.07-1 9.29-2
Z.24=2 5.62-3 2.48~3
2.77-7 1.95-7 1.38-7
5.73-9 2.66-9 1.23-9
2.64~11 1.23-11 5.71-12
3.25-14

.6.105-5

L.BLT-2
5.001-3

1.396-1
3.043-2
2.563-5

1.003-1
1.210-2
2.493-5

.887-1
.561-1
.384-3
.109-7
3.577-9
1.659-11

O W

3.385-1
S.977~2
2.678-3
6.107-6

3.196-2
3.7468B-4
1.555-13

3.081-2
1.314-3
2.505-6
1.785-10

L.723-2
1.495-2
3.035-8
5.8%8-16

2.01-1
7.99-2
7.28-4
9.76-8
5.72-10
2.66-12

1.618-6

3.599-2
1.769-3

1.165-1
2.269-2
67719—?

B.434-2
B.696-3
7.449-6

4L.889-1
3.106-1
6.117-4
3.577-7
1.659-9
7.692-12

2.76%-1
5.539-2
9.111-4
6.733-7

1.506-2

1.197-4
4. 077-15

2.328-2
B8.244-4
B.112-7
6.516-11

3.04%9-2
1.037-2
1.029-9

1.67-1
6.68-2
?.85-5
5.73-8
2.66-10
1.23-12

1.179-8

2.407-2
8.865-4

9.845-2
1.734-2

4.595-2
5.141-3
1.690-9

L.478-1
2.687-1
2.181-4
1.659-7
7.692-10
3.577-12

1.725-1
5.315-2
42814
2.520-7

9.662-3
2.785-5

1.647-2
5.723-4
1.693-7
9.770-12

2.490-2
6.370-3
2.88%-12

1.47-1
5.62-2
3.49-5
2.64-8
1.23-10
S.73-13

6.157-9

1.724-2
1.415-4

8.415-2
1.289-2

2.762-2
1.883-3

4.417-1
1.947-1
1.651-5
7.692-8
3.577~10
1.659-12

9.564-2
4 .572-2
1.187-4
5.64%9-8

6.068-3
3.043-6

1.045~2
3.432-4
8.863-8
6.474-12

2.247-2
2.622-3
1.751-14

1.35-1
4.08-2
2.64-6
1.23-8
5.71-11
2.64-13




JAERI-M 93-—-175

21R0.0

" REACTION NO. 22 HT-9
2.30-1 1.78-1 1.33-1 1.11-1 9.36-2 7.99-2

6.58-2 L.57-2 3.78-2 2.87-2 2.13-2 1.65-2 1.22-2
5.86-3 1.91-3 2.65-4 2.95-5 7.76-7 1.29-9  &.77-10
2.39-10 7.37-12

4£1R0.0

' REACTION ND. 23 V-5CR-5TI
5.75-2 4.50-2 .55-2 3.07-2 2.53-2 1.91-2

3
1.44~2 1.02-2 6.87-3 5.04-3 3.02-3 1.68-3 9.83-4
5.35-4 3.08-4 L.B%-5 1.14-5 3.76-6 5.85-10 3.08-10
1.08-10 3.34-12 :
41R0.0

END . 0




