Cross section (barns)

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

Principal cross sections

elastic
—— gamma production

MV
(

10

I I
107 1073 107 10!
Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance total cross section

10% -

=

o
w
|

Cross section (barns)
o
N
I

=
o
=
I

=
o
o

J — total

|
o|
(6]

107

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance total cross section

: — total

=

o
w
I

I

[N
o
N
Ll ]
—_—
I

Cross section (barns)

=
o
=
|
_—
S ——
|

10°

10 10
Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance total cross section

| — total

=

o
w
|

|

=

o
N
|

|

Cross section (barns)

|
o
[N
I
_—
I

10 107
Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance total cross section

10*

1 — total

Cross section (barns)

10!
Energy (MeV)

102




Cross section (barns)

10*

=

o
w
|

N

ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance absorption cross sections

capture

10
Energy (MeV)




Cross section (barns)

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

resonance absorption cross sections

capture

Energy (MeV)

1073




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance absorption cross sections

10% -
capture
U Al
C 10" = -
T
L
(-
O
O 100 _ L
S 10
)
0 \J
)
o J\
5 L
10~ o t L
: \ j“ \v
10'3 10-2

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
resonance absorption cross sections

capture

[HEN

<)
w
I

Cross section (barns)

10!
Energy (MeV)

102




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Heating

Heating (MeV/reaction)

— heating

10

[ [ [
10 10”7 10 10 10t 10*

Energy (MeV)




Damage (MeV-barns)

=

ol
(6
I

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Damage
| |

—— damage

=

oI
=
I

=

ol
N
I

=

ol
w
I

H

ol
1SN
|

W

=

ol
(o))
I

[ [ [
10 10 10t 10*

Energy (MeV)

H
o
=
=
H
o|
(e}
H
o
~




Cross section (barns)

|

oI
(BN
I

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

Non-threshold reactions

=

o
o
|

|

ol
N
I

— (n,gma)

o|

[ [ [ [
10 10

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Principal cross sections

10 I I I

total

absorption

elastic

gamma production

0o
|

o
I

o

Cross section (barns)
N
I
I

N
I
I

0 i i i i i i i i i
0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Heating

30

— heating

N
o1
I

I

N
(@
I

I

Heating (MeV/reaction)
o o
I I
I I

6]
I
|

0 = | | |
0 50 100 150 200

Energy (MeV)




Damage (MeV-barns)

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Damage

0.5

o
~
I

I
w
|

O
N
|

=
=
I

—— damage

0.0

50

I I
100 150

Energy (MeV)

200




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Non-threshold reactions

| |
(n,gma)

w
C 107 -
S
=
(-
O
0
)
)
%
O 1073 -
@)

[ [ [ [ [

0 5 10 15 20 25 30

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Inelastic levels

0.6 '

— (n,n*1)

O
&
|

o
~
I

Cross section (barns)
o o
N w
I I

=
=
I

o
o
|

I I I
15 20 25

Energy (MeV)

o
o1
=
o

30




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Threshold reactions

2.5 I I I
— (nX)
— (n,2nd)
—— (n.2
/\2'0_ f[ (n,3n) B
g (n,*)a
®©
o
~ 15— =
c
O
O
5}
N 1.0 =
w
(7))
o
@)
0.5 .
0.0 | | | | | | | | |

0 20 40 60 80 100 120 140 160 180 200
Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Threshold reactions

303
1 -
1 — (n,2n)a
— (n,3n)a
251 — (nn)p B
—_ — (n,n*)d
g —  (n,n"t
@® 20— -
=
S
= 15— m
(&)
(]
7))}
B 10— -
O
@)
} /_
0 | | — ] =
5 10 15 20 25 30

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Threshold reactions

2.5 - ' '

= = N
o & o
| | |

Cross section (barns)

O
&
|

0.0

Energy (MeV)

30




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

Threshold reactions

10
*107

0o
|

Cross section (barns)

(n,p)
(n,d)
(n,t)
(n,he3)
(n,a)

I I I
15 20 25

Energy (MeV)




Cross section (barns)

ND155 NEUTRON ACER TENDL-2019 LIBRARY: T=293.16K
Threshold reactions

1.4

o = =
o) o N
| | |

o
o
|

o
~
I

(n,xp)
(n,xd)
(n,xt)
(n,xhe3)
(n,xa)

100
Energy (MeV)

150 200




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
angular distribution for elastic

:
>

i )
0 A ' ~>
N O \\ v ’
é 1 \\ \ V ’ \(/o
’é ; < ’
0o " W >]>1 S S
10 TS =S
“ o ﬂy; Q/QQ}%
06\00 >J99§ e
O‘Y‘/ o ,>>>>
= 6‘:{ » N




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

angular distribution for elastic
| PM\
.
@ \0\5‘
%

SR\ N\SXY




LYoniCos

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
angular distribution for (n,n*1)




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,x)

/

N =
Z 00
9 ,A'/ :@Q §$
D’ O S ﬁ
Vo QQ}QJ
© SO S <
S *ZOO
S s
. S5
7 <::’00 S




ND155 NEUTRON ACER TENDL-2019
Neutron emission for (n,2nd)

LronieN
\

N
\




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,2n)

—
[~
7 =
o=
28
i,

0 A
é 10 <
NN
5,2 R
100/ \®
- > <<§\Q’
o
®®Q <
<, o




ND155 NEUTRON ACER TENDL-2019
Neutron emission for (n,3n)

A
2 P
5 s j/w\
3 100/ >
> NS
'S.@c* ~<o ~>




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,n*)a

0’ >
-1 o
d P v
Z <
p o>
0 2~ N
510 | > ¥
> S &S
®®Q <
<, ¥




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,2n)a

S
0 ~
é 10 <
: ®
5 P ¥
10c~ P &S
AN
<& <
S o S
S, o




ND155 NEUTRON ACER TENDL-2019 LHBR
Neutron emission for (n,3n)a

ARY; T=293.16K

0/
% 10
Z .
¢
g A7

100

\%Q\’

Q)@,e
7 S .\?‘




ND155 NEUTRON ACER TENDL-2019

Neutron emission for (n,n*)p

BRARY; T=293.16K

0’ >
>
%1 ) > S
Z JK\\ v
% 2 A "9'&
s o~ ® >
<S¥
Ky S
S
o
S, o v
<.
RO




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,n*)d

LronieN




ND155 NEUTRON ACER TENDL-2019
Neutron emission for (n,n*)t

~yD
D

ARY; T=293.16K

1/
10
i S
Se)
A P 2
%1() / vq‘?
9 P w\ q/"\/
9 P Q@
> S &
o S
> <
LS
DN &S
R g <
’?@,@ ~
Z,- SN




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,n*)he3

LronieN
N




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,4n)

TraninveN
v
% 96’

3 S
a S
100/ N é}®
A S <&
S
S
[
Q@ {O &
>
R RN




ND155 NEUTRON ACER TENDL-2019
Neutron emission for (n,2np)

LronitieN
\A
LD
\

o’ W
< <
S v
< D S
<. & ™~
2
ZL- SN




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,3np)

LranieN
i}
P
e,
g, e

10o" v &S
<&
~ >
S, - gV
<
S, @ b
s




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Neutron emission for (n,n*c)

TraninveN
—
OC)
\ \
yA t;,
—"-,.—-’
_’_-;-—5"",
=
!

R
> F
0/ \®
S S
N Q,Q
S, <o
(& <n
<, ~o




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

Photon emission for (n,x)

LronieN

S




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,2nd)

1 A
10
7 SO
4 &
10 &
> N
(\/
> ¥
o %S
S s
S,
—/




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,2n)

10" \\\\\\\{

- " >

g o s
‘5/\%2 <




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,3n)

LronieN




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,n*)a

3
10
i S
1/
%10
23 -
g
2 4 AN
&100/ §
> <
«j:@e <
L




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,2n)a

LronieN
\

/




ND155 NEUTRON ACER TENDL-2019
Photon emission for (n,3n)a

LronieN
\

—
\

BRARY; T=293.16K




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,n*)p

kel &
Z >
5 4 5
> 10 S -
o040 %%§®

o ~ <<

NS
< >
//@e %\,
@@ ~-




ND155 NEUTRON ACER TENDL-2019
Photon emission for (n,n*)d

0/

% 10

Z A

5 5

e

o 10
< >
s >

%@7 ,\?‘

BRARY; T=293.16K




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,n*)t

>
2. o
0 o TS
10/ AN
SRS
s >
2, < >
S N
1z




ND155 NEUTRON ACER TENDL-2019
Photon emission for (n,n*)he3

LronieN
\

™
\

~yD
D

ARY; T=293.16K




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,4n)

LronieN




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,2np)

0 - S

10 A2

g L

O,z/ f\?‘®
Vo o ¥
<<
o >
<
&




ND155 NEUTRON ACER TENDL-2019

Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)

BRARY; T=293.16K

-
s
£
s
RSN
S
S <




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,n*c)

’%/
q







ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,p)

% 10 >
Z A |
2 >
g N
0 ,1: B
10o > <<,§
S
«j:@ <> ~
S/,
_/




ND155 NEUTRON ACER TENDL-2019
Photon emission for (n,d)

BRARY; T=293.16K

3 -
g =
0 D A
g N
010 &
Yo v S
< S
//@e S
=
—/




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
Photon emission for (n,t)

A |
0 10 <
A \\
2 >
g N
o S
0o SIS
S
«j:@e ~
L




ND155 NEUTRON ACER TENDL-2019

Photon emission for (n,he3)

1/
10
Dl
0 -
Z 10
% /
e
g y
(P4
L

BRARY; T=293.16K




ARY; T=293.16K

ND155 NEUTRON ACER TENDL-2019 LiBR




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
thermal capture photon spectrum

102 = |

|
o
=
I
I

=
o
(@)
I
I

Gamma Prod (barns/MeV)

|
=
[N
L] ] L1111l
‘r—
I

I I
0 2 4 6

Gamma Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
14 MeV photon spectrum
I |

102

|
o
=

H
o
o

=
ol
N

Gamma Prod (barns/MeV)
= =
o o

H
OI
D

—

=
oI
a1

I I I
5 10 15

Gamma Energy (MeV)

20




MeV/collision

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Particle heating contributions

18 '

16 protons B

deuterons
tritons L
he-3

alphas

14 —

12 —

10

0 | |
0 50 100 150 200

Energy (MeV)




ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K
Recoll Heating
|

2.5

recoil heating

s - I
o ol o
I I I

Heating (MeV/reaction)

O
&
|

0.0_ | | |
0) 50 100 150

Energy (MeV)

200




Cross section (barns)

ND155 NEUTRON ACER TENDL-2019 LIBRARY; T=293.16K

Particle production cross sections

1.4

=
N
|

=
o
I

o
o)
|

o
o
|

o
~
I

protons
deuterons
tritons
he-3
alphas

50 100
Energy (MeV)

150




protons from (n,x)

By
10
~ .3 A
v 10
zY
9 N
£ 5.
1007
®®Q %
Q?@,
<7 eOO S




ND155 NEUTRON ACER TENDL-2019 LHIBRARY: T=293.16K
protons from (n,n*)p

kel v
Z >
3%

% 3 VN
I (Y <
o 10 NS

o NS Q)@?

o S
'S.@c* ~<o ~>
<, v




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
protons from (n,2np)

o < >
% 10 >
zZ &
’é 03//¢ VAR
% J N
10 b £
S <&
'S.@c* ~o
>
S, 3




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
protons from (n,3np)

1 S
%10 2
Z / >
= A
; 0 > %@5\

& /# \
Yo v &S
SN
e <
X ¥
<, o>




ND155 NEUTRON ACER TENDL-2019 LHIBRARY: T=293.16K
protons from (n,p)

—
e
[T,
[ >
[ D
[
.I‘
[

J
:‘é 54 | deﬁi > o=
o 40 N

0/ '\<C) \®

<s¥
S <o S
=
L %5 <o




ND155 NEUTRON ACER TENDL-2019
deuterons from (n,x)

D .3
n 3
Z 10
5 L
'l
P y
(&%
O
®®O ‘ZOO <3
<.
7 <::’00 S




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
deuterons from (n,2nd)

2" ®
% >
% 5. J ~
5 40 v ®
0/ \®
‘\()’ <<§\Q’
Ky
< <o S
<, ®




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
deuterons from (n,n*)d

1 A

10
SO

14 >

10 =
7 %J Ve
] v X

3 S @QJ

100~ Vv >
> <
T LS
S, s >




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
deuterons from (n,d)

Z !
% - >
0 3 AN
o 40 <~
0/ '\<C) \®
i
S o S
<,




ND155 NEUTRON ACER TENDL-2019
tritons from (n,x)

é 0,3/
z 1 L
2 g L NJ\NJ
'l
p J
(&4
SO
®®O ‘ZOO <3
<.
7 <::’00 S




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
tritons from (n,n*)t

é
Z Ve
0 3. D=
o 10 S S

o S

'\ﬂb <<§\
S o
S 25 S




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
tritons from (n,t)

=S

0’
é : i AJ A
7 l
9 54 L7 T
o 40 N

0/ '\<C) \®

<S¥
S <o S
/)6)/,

¢
§
$




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
he3s from (n,x)

2 A

10 p N >
S o

> S S

10o” &>
<
SO
®®O & >4 <3
Q@,
7 <::’00 S




ND155 NEUTRON ACER TENDL-2019

he3s from (n,n*)he3

LronieN

BRARY; T=293.16K




ND155 NEUTRON ACER TENDL-2019

he3s from (n,he3)

LronieN

~yD
D

Ay,

ARY; T=293.16K




ND155 NEUTRON ACER TENDL-2019
alphas from (n,x)

D .3
v 3
Z 10 ]
% i \N\\M\}
e
p y
(P4
)
®®O ‘ZOO <3
>
Yo, <
L OO S




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
alphas from (n,n*)a

P
OO
\ \
/
—
[\
L N\
[

ranineN
\_A
LD
NN
Jn—
Y,
%

N N
P &

- N

(& S Q;\Q.)

RS
S
© ~o <
<,




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
alphas from (n,2n)a

S
é 0" M
— Py Q
’é N VS
2 ) <~
<SS
S S
<,




LronieN

ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
alphas from (n,3n)a

2 &
10 £
b
<
o
N
A A V¥
% \ ﬁ\
100 S &
RS
- <
S ~
(&
<, ~




ND155 NEUTRON ACER TENDL-2019 LHBRARY; T=293.16K
alphas from (n,a)

2 [ >
0 L N
5 a4 > &F
10" o &S
>~ &
®®O <o <>
‘<
<.




