Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Principal cross sections

I I I I I I I I
103 - /VMI
10° —
10t
10° —
10'1— — total
—— absorption
— elastic
- —— gamma production
10 2 | g p /\
I I I I I I I I I I

I I
101 107 107’ 10 10 1071 10*
Energy (MeV)




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance total cross section

1 — total

=

o
w
|

Cross section (barns)
o
N
I

|

o
[N
I

H
oI
N

Energy (MeV)

1073




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance total cross section

1 — total

=

o
w
I

.

=
o
N
I

Cross section (barns)

10*

10
Energy (MeV)

1072




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance total cross section

1 — total

=

o
w
|

Cross section (barns)
o
N
I

|

o
[N
I

|
o|
N

Energy (MeV)

1071




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance absorption cross sections

101 — capture

=

o
(@)
I

|

=
[N
I

10-2 T T T | I

10
Energy (MeV)

1073




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance absorption cross sections

capture

Energy (MeV)

1072




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance absorption cross sections

10° capture
10t -
10° -
10_1—§
| MU M\ ““ b/\
10-2_§ U / U bJ

Energy (MeV)

1071




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
resonance absorption cross sections

capture

=

oI
N
I

Cross section (barns)
S
w
I

10°
Energy (MeV)

10*




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Heating

Heating (MeV/reaction)

— heating

10

[ [ [
10 10 10t 10*

Energy (MeV)




Damage (MeV-barns)

|

ol
(63
I

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Damage

H

ol
1SN
|

|

ol
(o)
I

—— damage

o|

[ [ [
10 10 10t 10*

Energy (MeV)




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Non-threshold reactions

=
o
N
|

=
o
=

=
o
o

|

=
[N
I

[ [ [
10 10

Energy (MeV)

10-11




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Principal cross sections

10 I I I

total

g — —— absorption |
— — elastic _
CU:) —— gamma production
| -
®
o
N’ 6 -
-
O
o
O
D
" 4 L
0
0
O
O
2 -
0 | | | | | | | | |

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




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Heating

25

— heating

= = N
o o1 o
| | |

Heating (MeV/reaction)

ol
|

0 = | | |
0 50 100 150

Energy (MeV)

200




Damage (MeV-barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Damage

0.6

o
&
|

o
~
I

I
w
|

O
N
|

=
=
I

—— damage

©
o
o —

I I I
50 100 150

Energy (MeV)

200




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Non-threshold reactions
|

= = =
= S, =
(0] ()] N

= =
oI oI
= (B
IS N
I I T A O I

=

OI
=
\]

N
(@]

10 | | |
50 100 150

Energy (MeV)

o

200




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Inelastic levels

1.6

1.4

=
N
|

=
o
I

Cross section (barns)
o o
o 0
I I

o
~
I

o
N
L

o
o
o -

10

I
15

Energy (MeV)

_ (n,n*l) L

— (n,n*2)

— (n,n*3)

— (n,n*4) B

— (n,n*5)
I N
20 25 30




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

Inelastic levels

350

*1073

300 —

Cross section (barns)

(n,n*6)
(n,n*7)
(n,n*8)
(n,n*9)
(n,n*10)

Al
A

I I I
15 20 25

Energy (MeV)




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Inelastic levels

160 '

%107
140 — (n,n*11)
(n,n*12)
(n,n*13)
(n,n*14)

m (n,n*15)
80 —

= =
=) N
o o

I I

Cross section (barns)

20

I I I
15 20 25

Energy (MeV)

60 —
40 —
/\\I
5 10




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Inelastic levels

120

*1073

=

o

o
I

00)
o
|

Cross section (barns)
S (o)}
o o
I I

N
o
|

— (n,n*16)
— (n,n*17)

10

1  _1° 1

15 20 25
Energy (MeV)

30




Cross section (barns)

ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Threshold reactions

2.5

— (nX)

— (n,2nd)

— (2
2.0 — i

(n,3n)

T e
1.5 i
1.0 =
0.5 .
0.0 | | | | | | | | |

0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Threshold reactions

35

*1073
30

Cross section (barns)
= = N N
o o1 o o1
I I I I

ol
|

(n,2n)a
(n,3n)a
(n,n*)p
(n,n*)d
(n,n*)t

—

10

I i I I
15 20 25

Energy (MeV)

30




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Threshold reactions

2.5 ' '

N
o
|

=
o1
I

Cross section (barns)
=
o
I

O
&
|

0.0 i i i

0 5 10 15 20 25
Energy (MeV)

30




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Threshold reactions

0.7

O O O
S o1 o
I I I

o
w
|

Cross section (barns)
o
o
I

(n,p)
(n,d)

(n,1)
(n,he3)

(n.xp)

I I I I I I I I
20 40 60 80 100 120 140 160 180

Energy (MeV)

200




ND154 NEUTRON ACER TENDL-2023 LIBRARY:; T=0.K
Threshold reactions

180 | | |
*107
160 —

— (n,xd)
— (n,xt)
— (n,xhe3)

= = =

o N N

o o o
| | |

80

60

Cross section (barns)

40 —

20 —

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

Energy (MeV)




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for elastic

i <
0 - ' >
) y
o 10 \\ \ | >
Q \ | 1'4. v >>
:‘é 7 —>>/>/ ) ’ <
> 40 P (°
‘ZO/ j>1>1 S
2L I ﬂjﬂg% <s¥
o Go >>;J
\S\/’}@ G >
<, O




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

angular distribution for elastic
25 \ “
@ s
%

SR\ N\SXY




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*1)




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*2)

SO




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*3)




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*4)

LoniCos
v J
\/
\/
RV
\/
P

| >
ol

~

y e
Nl e

< “o >>>JJJ <>
\S\/’? o >

(g




LXAnlCosS

—
o

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

angular distribution for (n,n*5)

2
c




LoniCos




ND154 NEUTRON ACER TENDL-2023 LIB
angular distribution for (n,n*7)

LYoniCos

RY; T=0.K




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K

angular distribution for (n,n*8)

—
o
o
v\

LXAnlCosS
\/
\/
%VV
\/
Y

\ e
AN Y
! <
ol ;@JW > sT
SN g
\5‘/,)@ O >




ND154 NEUTRON ACER TENDL-2023 LIB

RY; T=0.K

angular distribution for (n,n*9)

0

TUNE

: N ~
O - Ve
2 10 ° o
5 < = @A\@é\

7 S

“ag L e P

o Jﬁiﬂ
% o >>>> N
\5‘/,’)@ ‘0\5\ p>




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*10)

1),
: >
<o JJ& >
o JJ > Sil
& [ <
%@ ’QO e, >>>>JJ e
e C >




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*11)




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*12)

LYoniCos
—
\ NECCR\N A\

d}Q

s
&




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*13)




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*14)

2

LXAnlCosS




LYoniCos

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*15)




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*16)

40" N
g \ (e ’y’ s>
®, >
2 Sl
: >
0 > R S
(. O’O >>JJJJij<o
O-&,/}@ 2 3




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
angular distribution for (n,n*17)

0 >
:‘é 1011 [ K >
“o JJy S &>
i > <
Y
%6‘/;;@0 o S




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,x)

/ WM
— b | e
- =
2
g i @Qﬁ\@@
1 (%4 é}%
s> - <&
®®O ‘ZOO <3
<, 555




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,2nd)

0 - S
- 10
% g ~>®
% 2 - A N
o 10 Sl

0/ ‘\?‘ é}®

- <& <

S < ‘{)’
T, @
&z T




ND154 NEUTRON ACER TENDL-2023 L8
Neutron emission for (n,2n)

g 10 <
2 X RPN
5/, 24 T %
10c~ > &S
<S
<
S © S
S, So

RARY; T=0.K




ND154 NEUTRON ACER TENDL-2023
Neutron emission for (n,3n)

~yD
DTS

1 A
10
5 10'1/ >
% >
“ 3%
0 = o &
o ) v S
o N Q)@?
S NSRS
'S.@c* ~<o ~>
&06)/, <5 r\(,\/
L SN

ARY; T=0.K




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,n*)a

, S
é 10 <>
(] = S
5 o
@) N
5,2 R

100/ \®
SIS
®®




ND154 NEUTRON ACER TENDL-2023
Neutron emission for (n,2n)a

é 10,1/ o
— _ Q
5 T
5 S
<
S S >
- -




ND154 NEUTRON ACER TENDL-2023
Neutron emission for (n,3n)a

£

¢

g A7

100 -
- 3

S, o N
T, @ ~>*
- =z v




ND154 NEUTRON ACER TENDL-2023

Neutron emission for (n,n*)p

7 A
()
Z 10 -
gz g e
0
d
&
(4
S
\%Q
S, o v
<
RO

BRARY; T=0.K




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,n*)d

AT

A
2 10
% A
o
g y
o >
\S\@O\—" P
o v =
@// o) e




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,n*)t

>
Z 7 : >
N
’é LA
D - S NS
0’ O ~ ) N
10 Q;\Q.)
- PSS
ORI S
<. @ ~>*
W
- =z v




ND154 NEUTRON ACER TENDL-2023
Neutron emission for (n,n*)he3

LronieN

~yD
D

ARY; T=0.K




ND154 NEUTRON ACER TENDL-2023 LHBBRARY; T=0.K
Neutron emission for (n,4n)

] S
5 7 2y
Iz, !

0 XN
o 3 T Q¥
100~ S

v <<§\Q’
S
" >
<, o
7
R CEN




ND154 NEUTRON ACER TENDL-2023
Neutron emission for (n,2np)

A 2
2 10
2
d
> - 9
o< s
®Q <z >
<. & ™~
7
RN




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,3np)

00/ S
~ 1 s
% - &
2 s
9 O'Z/ o S
o v RS

&
o <
x%o\’ gV
RSN 2
7
R




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Neutron emission for (n,n*c)

7
0 \
===

7 4. <
2] s :
5 SN
> o’ \/\®§
> ¥
S, <o
[ &/) 90 <>




ND154 NEUTRON ACER TENDL-2023
Photon emission for (n,x)

=
=
ﬁvF

O
" S
100 <<,<\\
O
S _ < =
(S
L




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K

Photon emission for (n,2nd)

LronieN
\

™
\

//’/




ND154 NEUTRON ACER TENDL-2023
Photon emission for (n,2n)

‘?\Q\)\N\%\:l
[ —

BRARY; T=0.K




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,3n)

LronieN
\

€

™
\




ARY; T=0.K

~yD
D

ND154 NEUTRON ACER TENDL-2023

Photon emission for (n,n*)a

N\
<\
'S
—\

NS\NCOQ




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,2n)a

LronieN




ND154 NEUTRON ACER TENDL-2023
Photon emission for (n,3n)a

l,
. il
10 l ”/’fi/l
) il /el
. H W, dl/lh
-
o 10£: -
S, < Y
6)@ N

BRARY;

T=0.K




ND154 NEUTRON ACER TENDL-2023 LBRARY; T=0.K
Photon emission for (n,n*)p

LronieN




LronieN

ND154 NEUTRON ACER TENDL-2023 LIBR
Photon emission for (n,n*)d

ARY; T=0.K

™
\




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,n*)t

LronieN
T




LronieN

ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,n*)he3

2 A
10
i S
O A
10
2 A
100"
§@ <
L




ND154 NEUTRON ACER TENDL-2023 LHBR
Photon emission for (n,4n)

ARY; T=0.K

LronieN




ND154 NEUTRON ACER TENDL-2023 LHBR
Photon emission for (n,2np)

0/
% 10
Z y
% 2
g 40
(&%
< _ <
k@@@ S

ARY; T=0.K




ND154 NEUTRON ACER TENDL-2023

Photon emission for (n,3np)

0/
% 1
Z A
?
o410 _
(P4
S
4 7 223
%@ v

BRARY; T=0.K




ARY; T=0.K

~yD
D

ND154 NEUTRON ACER TENDL-2023

Photon emission for (n,n*c)

NS\NCOQ







ND154 NEUTRON ACER TENDL-2023
Photon emission for (n,p)

: il \ ®_
5/, ,1: J\ <
10‘\" N <<,§
< © S
£ >
%@é’




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,d)

LronieN




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,t)

P

O
(- N
\ \ \

l—'
f— z
H
'J%

5
7
v 10 | <
jj’ ) ‘1|‘ :
% >
g N
0 ,Z: >
100 > <</§
v’)
> S
PO
%bv
_/




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,he3)

7 2%
%10 ~~
— - (\y‘
. 54
0105/ T ¥
A <
§/\ < '\Cc)
7 >
~>
L




LronieN

ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
Photon emission for (n,a)

3 /
10
i S
1 A
10
1A
100"
‘i\@ < <
L




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
thermal capture photon spectrum

102 = |

|

o
=
I

=

o
(@)
I

Gamma Prod (barns/MeV)
[

|

=
[N
I

| |
2 4

Gamma Energy (MeV)

O | I |




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
14 MeV photon spectrum
I |

Gamma Prod (barns/MeV)
|_\
S

I I I
0 5 10 15

Gamma Energy (MeV)




MeV/collision

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Particle heating contributions

16 '

14 —

protons
deuterons
tritons
he-3
alphas

0 | |
0 50 100 150

Energy (MeV)

200




Heating (MeV/reaction)

ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Recoll Heating

1.4

1.2 -

1.0

0.8

0.6 —

0.4

0.2 -

0.0 —

-0.2

recoil heating

0

50

I I
100 150

Energy (MeV)

200




ND154 NEUTRON ACER TENDL-2023 LIBRARY; T=0.K
Particle production cross sections

0.7 ' |

protons

O
o
|

© o o
w EAN ol
| | |

Cross section (barns)
o
o
I

0.0 I | |

0 50 100 150
Energy (MeV)

200




ND154 NEUTRON ACER TENDL-2023
protons from (n,x)

7 10’
2]k
’ L
o 54
1007
>
®®Q <5 e
6))6%
7 <::’00 S




ND154 NEUTRON ACER TENDL-2023 LHIBRARY:; T=0.K
protons from (n,n*)p

9V &
Z >
3%

% 3 VN
1 ASINSE
o 10 NS

o NS Q)@?

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




ND154 NEUTRON ACER TENDL-2023 LHBBRARY; T=0.K
protons from (n,2np)

Se)
® 2 ~
Z 10 S
‘. St
o <

S <&
'S.@c* ~<o
<, NS




ND154 NEUTRON ACER TENDL-2023 LHBBRARY; T=0.K
protons from (n,3np)

1 S
% 10 2
- &
= A
; 0 > %@5\
& S \
Yo v &S
SN
e <
SN %
&/) rﬁb




ND154 NEUTRON ACER TENDL-2023 LHIBRARY:; T=0.K
protons from (n,p)

? HHJ S
o0 s34 |- VS
o 40 <~
S >
‘s




ND154 NEUTRON ACER TENDL-2023
deuterons from (n,x)

[
1
10
D .3
o 3
Z 40 N
9 i WJNN
'l
P )
o
S
®®Q <5 e
Q@,
7 <::’00 S

RY; T=0.K

@\{90

)
g

S 4
]
Q

0




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
deuterons from (n,2nd)

[

g
é v &
fé 3. P~
o 40 <~

0/\ ‘\?‘ \®

i
\%Q& X v
2.
L oD




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
deuterons from (n,n*)d

% 10 v
? A >
0 Vs
:‘é 3 . <2$\

0 > vV S
0’ 1 ~ ﬁ\

= > &

<
Ky >
<~ <o
< ~2




ND154 NEUTRON ACER TENDL-2023
deuterons from (n,d)

LronitieN
\_A
LD
NN

aillianl

BRARY; T=0.K

S
VN
<

) NS

o NE Q)@?
<S>

Ky

< Yo >

<




ND154 NEUTRON ACER TENDL-2023
tritons from (n,x)

D .3
H 3
Z 10 L
3 N
9 i R
'l
p J
(&4
SO
®®O ‘ZOO <>
<
7 <::’00 S




ND154 NEUTRON ACER TENDL-2023

tritons from (n,n*)t

1 ~

10 g
A

% 1 Jﬁf

b 3
1007

626%

2 PO

~yD
D

ARY; T=0.K

oS>
&
&
"\?‘
W e
S &
> Q,Qé}
N
,\,V




ND154 NEUTRON ACER TENDL-2023 LIBR
tritons from (n,t)

ARY; T=0.K

LronieN
\




ND154 NEUTRON ACER TENDL-2023 LBRARY; T=0.K
he3s from (n,x)

>
% .00 |
)
2 (S
0 U KN
& S <
p A ~>
10o” &>
<
O
®®O ‘ZOO <3
<
<z <::’00 S




ND154 NEUTRON ACER TENDL-2023

he3s from (n,n*)he3

0 A
10 -
5 2
d) 2
Z 10
NN
P y
(P4
'S.@c* ~<o
<

BRARY; T=0.K




ND154 NEUTRON ACER TENDL-2023
he3s from (n,he3)

.

~yD
D

ARY; T=0.K

O NS
10
‘ >

z) r (S
Z 10 ~
Z ) >
@, A SN
d N <
o c

0/ > Q~>®

K&
S, s >
e ~>
2L oy




ND154 NEUTRON ACER TENDL-2023
alphas from (n,x)

D .3
n 3
Z 0 |
% A
e
p J
(&4
SO
®®O & >4 <>
<.
L <::’00 S




ND154 NEUTRON ACER TENDL-2023 LHBBRARY; T=0.K
alphas from (n,n*)a

LronieN
\_A
(D
\
Y,

NN
b P &
- N
(& S Q;\Q.)
TS
S
< ~o <
<,




ND154 NEUTRON ACER TENDL-2023 LHBBRARY; T=0.K
alphas from (n,2n)a

© 2 <
Z 10
s ] T
o <
<SS
S S
<,




LronieN

ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
alphas from (n,3n)a

>
10'2/ S
) >
N ({’\/@‘2’&

P "\/Q ﬁ\

QO > Q;\Q.)
T LS

Ky o

% Yo N

<, ~>




ND154 NEUTRON ACER TENDL-2023 LHBRARY; T=0.K
alphas from (n,a)

S
2 s >
Z1 |
~\
: | > °
0/\ o Qé}@
&S
S <
<,
<.
7




