Cross section (barns)

N-CE146 NRG TENDL-2017, AKONING

Principal cross sections

10° -
10% —
i
10t -
10° - "
10 -
— total
—— absorption
) — elastic
10" —— gamma production
-3 .
£ P e O s PR
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-CE146 NRG TENDL-2017, AKONING

resonance total cross section

1 — tota

W\

Energy (MeV)

1072




Cross section (barns)

N-CE146 NRG TENDL-2017, AKONING
resonance total cross section

total

(Y
o
=
[
B ———

Ll ! L1 L111ll

=

o
(@)
|

|

oI
(BN
I

|
o|
N

Energy (MeV)

1071




N-CE146 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

[N

=)
N
I

N-CE146 NRG TENDL-2017, AKONING

resonance absorption cross sections

102

|

o
=
I

=

o
o
|

|

oI
(BN
I

=

ol
w
I

capture

U

|
o|
w

Energy (MeV)




Cross section (barns)

|
ol
N

N-CE146 NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

IIIIII 1 |||FIIII L1 1 111l

|

ol
w
I

|
o LLll
N

Energy (MeV)

1071




Cross section (barns)

N-CE146 NRG TENDL-2017, AKONING
resonance absorption cross sections

107 —

capture

[HEN

<)
w
I

10°
Energy (MeV)

10*




Cross section (barns)

N-CE146 NRG TENDL-2017, AKONING
Non-threshold reactions

=
o
N
|

=
o
=
I

=

o
o
|

|

=
[N
I

(n,gma)

10

[ [ [ [
10 10”7 10 10

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Principal cross sections

10 I I I
— total
— absorption

— 8 — elastic B
C(/:) —— gamma production
| -
qv)
O
N 6 -
c
S
&)
Q
04— L
7))
(7))
o
-
@)

2 .

I
0 | | | | | | | | |

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




N-CE146 NRG TENDL-2017, AKONING
Non-threshold reactions

102 - | |
(n,gma)
»
=
(qv]
=
S
‘= 10 & .
O
5}
)
V)
)
o
@)
4
10 i i i i i
0 5 10 15 20 25 30

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING

Inelastic levels

1.6

1.4

=
N
|

=
o
I

Cross section (barns)
o o
o 0
I I

o
~
I

O
N
|

(n,n*1)
(n,n*2)
(n,n*3)
(n,n*4)
(n,n*5)

o
o
o

5 10 15

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING

Inelastic levels
160 '

%107

140 ] - (n’n*G) r
—  (n,n*7)
— (n,n*8)
— (n,n*9) B
— (n,n*10)

= =

=) N

o o
I I

60 —

Cross section (barns)
oo
o
I

40 —

20 — 7\

0 5 10

15 20 25
Energy (MeV)

30




N-CE146 NRG TENDL-2017, AKONING
Inelastic levels

100 '
%107
— (n,n*11)
— (n,n*12)
— 80 — — (n,n*13) B
2 — (n,n*14)
- — (n,n*15)
©
O
-
9
O
Q
40— .
7))
n
o
O
20 — B
0)
0) ) 10 15 20 25 30

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING

Inelastic levels

80

*1073
70 —

o)}
o
|

o)
o
|

Cross section (barns)
w H
o o
I I

(n,n*16) n
(n,n*17)
(n,n*18)
(n,n*19) B
(n,n*20)

10

15 20 25 30
Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Inelastic levels

50 '
*10°3
— (n,n*21)
— (n,n*22)
— 40 ] (n,n*23)
2 — (n,n*24)
- — (n,n*25)
©
O
c
O
O
(D)
N 20—
7))
(7))
=
@)
10
0 - | | | |
0 5 10 15 20 25

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Inelastic levels

30
*107
— (n,n*26)
25 —— (n,n*27) =
— — (n,n*28)
g — (n,n*29)
@ 20— =
=)
S
= 15— m
(&)
Q
7))}
B 10— -
O
@)
5 - .
0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Threshold reactions

2.0 '

(n,X) &=
(n,3nd)
(n,3n)

(n,3n) B
(n,*)a

1.8

ns)
|

0.0 T i i
0 50 100 150 200

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Threshold reactions

40

*1073
35

w
o
|

N
ol
I

Cross section (barns)
= N
o1 o
I I

=
o
|

ol
|

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

o
ol

10

I I
15 20

Energy (MeV)

1

I
25

30




N-CE146 NRG TENDL-2017, AKONING

Threshold reactions

1.2
— (n,n*)he3
— (n,4n)
1.0 —— (n,2np) B
— — (n,3np)
g — (n,2np)
@ 0.8 |
=)
o
= 0.6 m
(&)
Q
N
B 0.4 L
O
@)
0.2 |
0.0 | | | | | |
16 18 20 22 24 26 28 30

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
Threshold reactions

2.0 ' '

0.0 i i i

0 5 10 15
Energy (MeV)

20

25

30




N-CE146 NRG TENDL-2017, AKONING

Threshold reactions

2.53
o
10 — ha)
— (n,2a)

AZ.O— — (2p) i
(0]
=
(qv]
o
~ 15— i
c
O
O
5}
N 1.0 .
w
(7))
o
@)

0.5 .

0.0 | | i i i

0 5 10 15 20 25 30

Energy (MeV)




N-CE146 NRG TENDL-2017, AKONING
angular distribution for elastic

[

\ \/
' N
Qr/ l Y
10- 0 S
e 1> <&
Cs > <
‘e
(@ O‘O >;
LBy, o >
0@ \5\\ >
o ©




N-CE146 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*1)

SO0\




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*3) ‘

s
o1 ¢ 57 \“m

Q g <
®, ] >> <
“o JJy S &>
s #JJ >~ <
o, “o IS
W, o -
%y &




LoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*4)




N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

LYoniCos




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*7) ’\‘
w \
"

0
10 ,
Q 0,1 4 >> Ve
s QJJJ >~ <
2, 2




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*8)

SR\ N\SXY




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*9)

SR\ N\SXY




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*10)

) ]
10"
g )
14
10 2 =
S
<z 5 ;ﬂ \®
< N QJJJJ > <
o, “o <
O\S‘ 2 e, >>>> “
s ‘S




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*11) ’\‘
w \
07
’ W
>

10 '
2 S
g <o <

- oo
L iJﬁJ; J >SS
< QO >>>JJJ£<0
\S‘/,’)@ o g




LXAnlCosS

—
o

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*12)




N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*13)

LYoniCos




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*14)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*15)
% \

LYoniCos
L

0\5\

% O’O

S o
o s




N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*16)

1
0 ~
10" 2
0 )
0 A
O 4
2.0 €
010
o
{O/
o
S s
% O’O >>JJJJ§<0
\S‘/,’)@ o >




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*17)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*18)

SR\ N\SXY




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*19) ‘

—
o
o
v\

LXAnlCosS
\/
\/
%VV
\/
Y

>}
(j/
| RGN
<o ;ij Q}®\
P MJB MR
% QO ~ >>>>JJJ i%
\S‘/,’)@ O




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*20)




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*21)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*22) ‘

—
o
o
v\

LXAnlCosS
\/
\/
%VV
\/
Y

Bt
(\/
At
o JJﬂy é®\
% QO ~ >>>>JJJ i%
\S‘/,’)@ O




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*23)




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*24)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*25)
a \\%

0 -
2 > I ’ >
0 > S
o 10 ’ ~
D‘ <> <
SRS
s #JJ >~ <
Od},’;@ o &




LYoniCos

N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*26)




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*27)
% \\%

0 ~
P 10 "” <
Z > I ’ >
0 >
o 10 > N
D‘ <> <
P&
s #JJ >~ <
Od},’;@ o =




N-CE146 NRG TENDL-2017, AKONING
angular distribution for (n,n*28)

N b
V‘~

LroniCos
/
\/

\/
<
9

s
> =
e
N od BN
< K i;JJJJJ ~> <<§\Q)GJ
SN [
\S‘/,’)@ o




N-CE146 NRG TENDL-2017, AKONING

angular distribution for (n,n*29)

SR\ N\SXY




N-CE146 NRG TENDL-2017, AKONING

Neutron emission for (n,x)

NS\NCOQ




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)

roniveN
\A
(DY
()
\ \




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

% 10
2 A
z s
@) N
2 4
105~ > <
<S5
DN >
S, So




LronieN

N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

S
0,1/ | >
1 ) >
- / f\?‘
~d ¥
\ < U
0,3: ) A§
s NSRS
S
T &
Os)f <s N
LT <o




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

ranineN
— —
LD o
NI —
\ \ \ \
L‘z —
I
A

0/
S
S ~ ~
@O <z <
<SS, &




10 ) 22
zZ N
2 >
5o 3 <_F
100/ ’\<’;" é)\®
= <SS
& = S
<, s

N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a ‘




N-CE146 NRG TENDL-2017, AKONING

Neutron emission for (n,3n)a

% 10 > &
% - SO Vs
3%
2 o &
0 3 N> \@
10c~ P &
NS <>
Y <> S
@Q ~N
e ™ Ne%
L e




N-CE146 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)p

10
S
>
7 10,1 -
Z / aVs
“ o
5 I VN
o ~ S <
s p v ﬁ\@
o P S
- NS <
S
T < >
s, © SV
R N




LronieN

N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

1 -
10
g >
10 >
< Vs -
N
V¥
o’ > S
> &8
> <
O AN
o
<< g o
s ~
<z o) Ve




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

1 ~
10
il S
>
A P 2
Z j Vs
g D
o c
- S
(&% > Q;\Q.)
- T &S
oY) =
R <z >
29 ~
Z,- SN




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3

10
Z . &
s ’: . S
10 g
- S <
S
@Q -
S, ~
<.
R N




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,4n) |

3 S
10
é ) &
Z &
e
240 S
o1 S
0/ \®
v <<§\Q’
S
" >
<, o
7
R RN




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

Qe

® 10 v
Z = / (\C’CD
’é ; L f\?‘@q@
b A7 NS

= S <

xS"@O <~
S, © P




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,3np)

» h
10
A
2 10 / A
- p L
% h "c’°®
e <
o2 ) NS
o > Q)@?
<
v’)
@,@ﬁ?
S




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

LronieN




N-CE146 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

Y
" i |
0 - ..
% 10 !
Z rd
N
AR
1057
S, <o >
Qé}) <5 <D




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,x)

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

10"

0 - |
0 i
% “ ifrh
9
> ol

v’)
<
//@@ -




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

Z" I Wf'\'!m"” ;
Z Jﬂ "[llr..'..hy!“l '
z X
o o >
s = -
@@@ =




N-CE146 NRG TENDL-2017, AKONING

Photon emission for (n,2n)a

\
N\
o 00
—\

NS\NCOQ




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN
\




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN
\

™
\




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,4n)

0 - 4
7 10
0 i
Z A
? .
g 40

< O

6\9

)




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

10

5

10
7 4 SN
%10 Q\C,OQ
% 3 Q\?‘
£ o e
o 3d '\9 \@

< ESSEERS

SR <S>

> S

= S




N-CE146 NRG TENDL-2017, AKONING

Photon emission for (n,2np)

LronieN
\

N
\




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

102 | | | ;‘ Y ! |
. | .wi"ilill” \
é 10 H\. .‘Illr
0 i
1007
< _ s <
%@

*ZOQ




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,gma)

LronitieN
\_A
LD




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,p)

—
\

LronieN
\




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,d)

0 L
| NN .
F
510" i | /I\\ ©
g =
2 B
> 102/ P <</§
< S
Sy S




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,t)

" 1R M\\

1 A
7 10
zZ~
2 >
=~ N
o A <&
10o > <<,<\\
S
«j:@e ~
S/
—




@
P
)]
N
\ 5 &\\Q
= \ o)

N-CE146 NRG TENDL-2017, AKONING

Photon emission for (n,he3)

N\
<\
L9 <\ \
S
<—\ <\ <\

NS\NCOQ




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN
\

—
\




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,2a)

3 - qHIH\
0 SN

= l‘lg\ tk

N S
1/
%10 w
23 -
g
E 1 L O
100/ \@
> <
«j:@e <
Sy
—




N-CE146 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

%0
29
2
g 4.
1007 s
So @ .




N-CE146 NRG TENDL-2017, AKONING
thermal capture photon spectrum
|

|

o
=
I

=

o
(@)
I

=

Gamma Prod (barns/MeV)
S
I

I I
0 2 4

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

N-CE146 NRG TENDL-2017, AKONING
14 MeV photon spectrum
| |

= = = =
o o o o
= © o I o

=
ol

|

=
[N
a1

I I I
0 5 10 15

Gamma Energy (MeV)




MeV/collision

N-CE146 NRG TENDL-2017, AKONING
Particle heating contributions

18

16

14 —

12 —

10

protons
deuterons
tritons
he-3
alphas

50

/ |

100
Energy (MeV)

I
150

200




N-CE146 NRG TENDL-2017, AKONING
Recoll Heating

20

=
o
I

recoil heating

o

Heating (MeV/reaction)
' S
I

N
o
|

-30

50

I
100

Energy (MeV)

150

200




N-CE146 NRG TENDL-2017, AKONING

Particle production cross sections

1.2

=
o
I

o
)
|

Cross section (barns)
o o
IN o
I I

protons

deuterons

tritons
he-3
alphas

I
100

Energy (MeV)

150

200




N-CE146 NRG TENDL-2017, AKONING
protons from (n,x)

10
é 0,3 p
1 N
g7 A \}\}\L )
:‘é Q:EQ\H\\L )
p J
(&4
SO
®®Q <% e
<
S
22 <olTo

§
%, O

%

@\{90

)
g




N-CE146 NRG TENDL-2017, AKONING

protons from (n,n*)p

1/
10 | ."
%0 f &

o

- :
? v
S s 9%

100/ '\ib é)\®

o K&
'S.@c* ~o ~y




N-CE146 NRG TENDL-2017, AKONING
protons from (n,2np)

% 10
Z &
' St
g 7 NS
100 VoS
S <
'S.@c* ~<o >
<, ~




N-CE146 NRG TENDL-2017, AKONING
protons from (n,3np)

P f
10

oy
é 10 >
% J RSN
e <
o O <

<
b s v
@,@ﬁ
L o D




N-CE146 NRG TENDL-2017, AKONING
protons from (n,2np)

LronieN




N-CE146 NRG TENDL-2017, AKONING
protons from (n,p)

é ) -
’é 3 | AHJQ "\/Q ~~
40 L~ =

- <o

(% - QQ;\Q.)

<
S
< o >
<,




LronieN

N-CE146 NRG TENDL-2017, AKONING
protons from (n,2p)

-
0 A
10
“ S
) &
10 L
p Ve —
S
V¥
o > S
S &
<
Sy S P
(&
<, o >
7




N-CE146 NRG TENDL-2017, AKONING
deuterons from (n,x)

D .3
n 3
Z 10
i N
% i wﬂﬁw
'l
p J
(&4
SO
®®O & >4 <3
<.
7 <::’00 S




N-CE146 NRG TENDL-2017, AKONING

deuterons from (n,2nd)

TranineN
—
O \
NI




N-CE146 NRG TENDL-2017, AKONING

deuterons from (n,n*)d

1 -
10
A 4
d) y
Z 40
2
g A
(&%
'S.@c* ~o

&
>
q?‘®
Vv \\&%
ﬁ
c\/g \Q-)
&
<
NS
r\c,o




N-CE146 NRG TENDL-2017, AKONING
deuterons from (n,d)

A oSO
0

%) {
8 3 / > N
& 40 S

0/ '\<C) é}®

<SS
R S
<,




N-CE146 NRG TENDL-2017, AKONING
tritons from (n,x)

40
b 3
Z 10 ! DY
A NOL
2 QS
'l
p y
(&%
O
®®O ‘ZOO <>
S
22 <olTo

§
%, O

%

@\{90

)
g




N-CE146 NRG TENDL-2017, AKONING
tritons from (n,n*)t

é
> >
g 34 V&
0’ 10 A "\/Q §\

o S

NS <
S o
®O \ZO -




N-CE146 NRG TENDL-2017, AKONING
tritons from (n,t)

7 !

3 {
% 3 / > NN
& 40 S

0/ '\<? x®

i
S <o S
/)Q/

¢
§
$




N-CE146 NRG TENDL-2017, AKONING
he3s from (n,x)

— \}\}\L
% ,A// N ‘\[\'\
'l
510
(&%
O
®®Q <% e
<
S
7 <::’00 S

O
NS
N
()
S SF
QQ)\@
<




N-CE146 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

=S

1A B
% 10 e
24 &
% O N
AR RN RN

1007 VS

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




N-CE146 NRG TENDL-2017, AKONING
he3s from (n,he3)

I
1/
10

Dl
0 1
Z 10
% /
e
o AN

(P4

N
'S.@c* ~<o ~>
<, a




N-CE146 NRG TENDL-2017, AKONING
alphas from (n,x)

10
.3 A
é 10 3
? ] J\N\L
@) WS <~
5 54 > N
10o” &>
<
O
®®O ‘ZOO <>
<
o, <
L OO S

—
—
Z7




N-CE146 NRG TENDL-2017, AKONING
alphas from (n,n*)a

o (L

1A
210 .
s flH ~
o O > &
100/\ \®
> ST
'S'@ <2
) (& <>
<,




N-CE146 NRG TENDL-2017, AKONING
alphas from (n,2n)a

LronitieN
\_A
LD
\

N
7
o N~
<
Ry
< o >
<

oSO
<>
S
VN
<
NS
<>




LronieN

N-CE146 NRG TENDL-2017, AKONING
alphas from (n,3n)a

) >
L >
f\,

3 VS
0 ~ NS
10/ P S

NS

Ky

<~ <o ~>

<, K




N-CE146 NRG TENDL-2017, AKONING
alphas from (n,a)

1 - ]
10 IJ’F { "'! 7 /
il MW : |‘,","1 |
70 JHW ,‘ |
21 A LK ~>
:‘é i Jw«ww &
> 10 AL it - ;\@* S

SSOQ):O <~

=3




N-CE146 NRG TENDL-2017, AKONING
alphas from (n,2a)

0/
— Q
2 v
0 A A NN
5 10 T ¥
N ﬁ
(& )
> s
S S
<,




