Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING
Principal cross sections

| | | | |
10° -
10% —
10t -
10° -
10 -
— total
—— absorption
) — elastic
10" —— gamma production
-3
£ P O s
10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-HG202 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-HG202 NRG TENDL-2017, AKONING
Principal cross sections

16 | | |
14 — — total -
— absorption
— — elastic
2 12 — —— gamma production ~
| -
qv)
2L d
c
O
S
&)
(b
N
)
N
@)
| -
O
0 | | | | | | | | |
0

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




Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING
Non-threshold reactions
| |

— (n,gma)

=

ol
N
I

=

ol
w
I

I I I
0 5 10 15

Energy (MeV)

20

25

30




N-HG202 NRG TENDL-2017, AKONING

Inelastic levels

0.8

0.7

o
o
|

O
&
|

Cross section (barns)
o o
w IN
I I

O
N
|

o
|_\
I

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

o
o
o

5 10 15

Energy (MeV)

20

25

30




N-HG202 NRG TENDL-2017, AKONING
Inelastic levels

140 '
*107
o — (n,n*6) L
L2 — (n,n*7)
— — (n,n*8)
) — (n,n*9)
< 100 —— (n,n*10) B
®
=
— 80— =
O
g
7 60 — -
7))}
7))}
O 40 L
@)
20 — -
0 | | T T
0 5 10 15 20 25 30

Energy (MeV)




N-HG202 NRG TENDL-2017, AKONING
Inelastic levels

100 '
%107
— (n,n*11)
— (n,n*12)
— 80 — (n,n*13)
2 — (n,n*14)
- — (n,n*15)
@®©
O
c
O
O
()]
0 40—
7))
(7))
=
@)
20 —
0 | | | | T
0) 5 10 15 20 25

Energy (MeV)




N-HG202 NRG TENDL-2017, AKONING
Inelastic levels

80
%107
70 — — (n,n*16) =
— (n,n*17)
— — (n,n*18)
) 60 — — (n,n*19) B
- — (n,n*20)
@©
L 50 — —
S
= 40 — B
&)
()
(7))
7)) 30 ] [
(7))
=
QO 20 =
10 —
0 | | | | |
0) 5 10 15 20 25 30

Energy (MeV)




N-HG202 NRG TENDL-2017, AKONING
Inelastic levels

60 '
*107
— (n,n*21)
50 — —— (n,n*22) B
— — (n,n*23)
7p) — (n,n*24)
- — (n,n*25)
® 40 — L
=
o
= 30 -
(&)
Q
n
B 20 - -
O
@)
10 — L
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-HG202 NRG TENDL-2017, AKONING
Inelastic levels

50 '
*10°3

— (n,n*26)
— (n,n*27)

— 40 ] (n1n*28)

2 — (n,n*29)

- — (n,n*30)

©

O

c

O

O

(D)

N 20—

7))

(7))

=

@)

10
0 | | | | |
0 5 10 15 20 25

Energy (MeV)




Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING
Threshold reactions

2.5

N
o
|

=
o1
I

=
o
I

O
&
|

0.0

— (n,X

50

I
100

Energy (MeV)

150

200




N-HG202 NRG TENDL-2017, AKONING
Threshold reactions

40 '

%103
1 (n,2n)a
35 (n,3n)a
(n,n*)p
(n,n*)d
(n,n*)t

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

ol
|

o

_—

I i I
10 15 20

Energy (MeV)

ol

25 30




Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING
Threshold reactions

1.2 ' '

— (n,n*)he3

— (n,4n)
1.0 —— (n,2np) B

— (n,3np)

— (n,2np)
0.8 i
0.6 i
0.4 m
0.2 i
0.0 | | | | — 1 | | I

14 16 18 20 22 24 26 28 30

Energy (MeV)




Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING

Threshold reactions
25 '

N
o
|

=
o1
I

=
o
I

O
&
|

0.0 |

15 20 25 30

Energy (MeV)




*1073

Cross section (barns)

N-HG202 NRG TENDL-2017, AKONING
Threshold reactions

ol
|

N
I

w
I

N
I

=
I

— (n,a)
— (n,2p)

10

I
15

Energy (MeV)

20

25

30




N-HG202 NRG TENDL-2017, AKONING
angular distribution for elastic

LYoniCos




N-HG202 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




LoniCos

—
o




LoniCos

—
o




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*3) ‘
0 g '
| \ \'} )
\ : }'

((é; ,1 ~ " ‘\</°
5 10 f Pt
D‘ ,2 A1 > ,\,<co §§\
10 y? S
< K ﬁﬁJJJJ > SE
%@ ’QO o >>>>JJJ£<°
o - g




LoniCos

—
o

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*4)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*5) ‘
0 g '
) \ \" )
\ }'

((é; ,1 - " ‘\</°
2 10 [ >

2 e

D‘ ,2 A > ,\,<co §§\

10 - y? >
ol (s RS
%@ ’QO o >>>>JJJ£<°
Py C >




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*8)

LYoniCos




N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*9)

o0 >
8 A >' ‘\</°
5 10 piEats

5‘ ,2 A > ,\,<co §§\

10 - y? >
“og yﬂ S
%@ ’QO o >>>>JJJ£<°
e C :




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*10) \
'!
>

0 -
% 19 \ o
S 7 Y P
D‘ ,2 A <> @é
10‘2.0/ J;>1> ’\,\0?\
s yﬂ > <
O\S\/O,G) < Q N>




N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*11)

/fff

LXAnlCosS




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*12)




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*13)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*14) N
A \1"
v >
| [

3 .
—_— fl '
2 10 e
= \
o | > AN §<§

o ! TS

% O’O >>>JJ <>

\S‘/,’)@ o .




N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*15)

LYoniCos




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*16)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*17) N
A \m
\ ¥ ~

c% > P
240" e
“o JJy s &
s #JJ >~ <
% QO ~ >>>>JJJ;i<’>
\S‘/,’)@ O




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*18)




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*19)




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*20)




N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*21)

0
10"
1))
o
J
@ S
Y
s yJ > <
% O’O >>Jiﬁi<’>
\S‘/,’)@ o o~ >




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*22)




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*23)




LXAnlCosS

—
o

//,f

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*24)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*25)

SR\ N\SXY




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*26)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*27) \
0 A
; '!» s
\ f

7))
5 SR
= 0 I >>
g* >
5‘ ,2 A1 > ,\,<co §§\
10 - y? =
ol %JJJJ T
%@ ’QO e ,>>>JJJ£<’>
s ‘S




LYoniCos

N-HG202 NRG TENDL-2017, AKONING
angular distribution for (n,n*28)




N-HG202 NRG TENDL-2017, AKONING

angular distribution for (n,n*29) &
0" \’
s

(8 O':L d ' Vo
%1 e
g =
5 2/ - S

0 e o

1{ - ﬂ? <
%0 .O‘O NS ,>>>JJ <>
s z




N-HG202 NRG TENDL-2017, AKONING

~—~~
o
9p)
X
c
c
N
S
@)
Y
c
s
e
>
@)
-
d
§2
™)
| -
©
>
(@)
C
©

SR\ N\SXY




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

LronieN




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd) ‘

0 - S
- 10 >
@, y § v
Z h &
:‘é O'Z/ Na @qé\
) - - Q}®\
- & VLS
S < S
o
T, @
7 >




A
D <>
2 10 iz ~
2 1 S
v <
o ) <~
<
S <o S
< ~-
<, o

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)
1 ~
“T k\\\\l“‘




N-HG202 NRG TENDL-2017, AKONING

Neutron emission for (n,3n)

0
1
é )
fé 3.
510 |

(P4

S
/)6), <5
LT <3 <>

S
&
>
q?‘®
c{)/ \\&%
ﬁ
S &
~Z
<
2
r\c,o




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

y 25
%10 <
z - Ay =
c e &
0 . : ~- \@

100 s &S
= >
®®O - -—
<, s




é 10 <
5 T
o =
2 <SS
S S
S

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a \‘




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a

LronieN




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p
1 - |
10 ‘\\

S
A
2 J S
G =
o2 ) NS
<
Ky S
e >
<, Yo




LronieN

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

10

oy
40 - i

q‘%@@
0/ > (\9 é)\®\
S < © M
S S
e ™ 2
L o) \‘)/




LronieN

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

10
p >
10 >
) >
"
S
o’ PN
'\ﬂb <<§\Q’
v’)
% S
RS >z S
”@,@ ~
ZL- SN




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3

LronieN




N-HG202 NRG TENDL-2017, AKONING

Neutron emission for (n,4n)

>
7 10 ©
(&) P
j >
= A
:‘é 3 \ AN
o 10 V¥
o” v &S
A
< S <
S5, 2
rey) ~
<, — >




LronitieN
\A
LD
N
Y
%

XN
R

- N

= > &
< > <<
S ~
Q@ﬁ o) ~-
<z S ,»b‘

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)
e
1 ~
10
) o




é 10 &
g7, Yo
¢ ®
o =
100 A S
- <SS
S o e
S, &
7>
e

N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,3np) |




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,2np) '

LronieN

N
\




N-HG202 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

A ’4 Ry
I
O/
% 10
- >
Q
g 2] v &
1057 LS
>SS
S, <o
(&




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,x)

=
=
'

O
NE
()
) N §$
& <
O
S _ < =
2,
1z,




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

\

ranineN
— —
L LD
N (- N
\ \ \ \ \
e——

o
Q \

V)
NI
\)
(




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

T
: h///'////;,'///ﬂ,l
Tl




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

S /‘I// >
%1 h‘ ’/
5 4
MOO/

§@®Z >




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

3 4
10
i S
7 1 | IH >
2 10 | &
s ~
9 1 ({)/A\
> 05 L
1 & <<
S, < >
Ve
@@ ~-




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,4n)

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-HG202 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-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN
DN

€




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

| 1/
i ,,,..'.g';'u'll'n"l/ ,m

L ,,// /,,///,”
’ \\@” \

\\'\‘\\\\

mﬁ

—
S
S

LronitieN
=

Q
\ \

\w
N
O 9

0
0







N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,p)

m\\\\\\\\\\\ :

:
— d (\9
o 100/ \@
SRS
‘i\@ <~ <
L




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,d)

LronieN




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,t)

3/
10

i S
7 1
v 10
zY w
2 ~>
o JAN
o =
10o 'é)<<,§

«j:@e >

L




N-HG202 NRG TENDL-2017, AKONING

Photon emission for (n,he3)

NS\NCOQ




N-HG202 NRG TENDL-2017, AKONING

Photon emission for (n,a)

TN

103: /P'//F
AETTITITLNS
B oy




N-HG202 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN




N-HG202 NRG TENDL-2017, AKONING
thermal capture photon spectrum

102 = |

|

o
=
I

CTTT—

=
o
(@)
I 1 1 1 |

Gamma Prod (barns/MeV)

|
=
[N
L] ] I
L
|-

I I
0 2 4

Gamma Energy (MeV)




N-HG202 NRG TENDL-2017, AKONING
14 MeV photon spectrum
|

=

o
w
|

=

o
N
|

Gamma Prod (barns/MeV)
S o,
I I

|

=
[N
I

=
oI
N

I
10

o

I
20

Gamma Energy (MeV)

30




MeV/collision

N-HG202 NRG TENDL-2017, AKONING
Particle heating contributions

20 '

18

protons
deuterons
tritons
he-3
alphas

16

14 —

12 —

0 |
0 50 100

Energy (MeV)

150

200




N-HG202 NRG TENDL-2017, AKONING
Recoll Heating

20

=
o
I

o

N
o
|

w
o
|

N
o

recoil heating

Heating (MeV/reaction)
s BB
I

o

50

I
100

Energy (MeV)

150

200




N-HG202 NRG TENDL-2017, AKONING
Particle production cross sections

1.8

1.6

Cross section (barns)
© o B B P
(@)} oo o N SR
I I I I I

o
~
I

protons
deuterons
tritons
he-3
alphas

A

50 100
Energy (MeV)

I
150

200




N-HG202 NRG TENDL-2017, AKONING

protons from (n,x)

d

A
J/
/

D .3
© 3
Z 40 N >
? - \}\NL\L ~
0 QU NN
5 L7 S
o =S
<
>
®®O & >4 <>
‘s
S
22 <olTo




N-HG202 NRG TENDL-2017, AKONING
protons from (n,n*)p

0’
ke <
Z P
0 24 T
o 40 N

0/ '\<? x®

<s¥
'S.@c* <o >
S




-
% 10 v
j A >
=— \} <
% 3/ \/ ‘\,®
e (\/ <
o 10 VS
- N
2 > &
<
Ky >
<~ <o
< >

N-HG202 NRG TENDL-2017, AKONING
protons from (n,2np) "




=
.

0 g
é v &
g7 {
5 4 T
& 40 S
o’ S
i
\%Q& S v
/)®,~
L o D

N-HG202 NRG TENDL-2017, AKONING
protons from (n,3np) h




N-HG202 NRG TENDL-2017, AKONING

protons from (n,2np)

LronieN

Vs
f\?‘A\
W SF
ﬁ
> &
A
<<
N
NS




N-HG202 NRG TENDL-2017, AKONING
protons from (n,p)

/1/
% 10 >
Zo IR o
2 fid
0 & SR
o 34 ~ SF

100/ Q~>®
D S
S <2
[
< < <




N-HG202 NRG TENDL-2017, AKONING

protons from (n,2p)

0 1
10
%00
v 10
zY
c
SRl {
100

6),6%
IS,

>
>
RSN
> ¥
P S
o <&
.\,b‘




9 2 =
p d Bl \}\}\L\L N
2 / L USN S S\
& N S <
0 ) N
<
S
®®O ‘ZOO <3
o, <
L OO S

N-HG202 NRG TENDL-2017, AKONING
deuterons from (n,x)
0 ~
o \‘\\ b




N-HG202 NRG TENDL-2017, AKONING

deuterons from (n,2nd)

1/
10 ]

A 4

d) 2

Z 10
A

% y

(&%
'S.@c* ~o
<

~
RANp
v SF
Sy
o <
WV S

9




N-HG202 NRG TENDL-2017, AKONING

deuterons from (n,n*)d

~
\
VA

LronitieN
\A
()
\

LT,

Vs
LA
NS
S
'\<3><<§@'
N
D




N-HG202 NRG TENDL-2017, AKONING
deuterons from (n,d)

1/
10
1A
2 10
il
5 3 ’e
100~ >
<S>
S >
‘s




z) 3 S
< 410 N >
g //waﬂﬂ
S o o
0’ ~ %\
) S
<
O
®®O & >4 <>
%, <
Z/L- OO S

N-HG202 NRG TENDL-2017, AKONING
tritons from (n,x)

o ]
10




N-HG202 NRG TENDL-2017, AKONING

tritons from (n,n*)t

014 N
% 10
Z /
2
g 40 L

QO

O@,
<7 ‘DO \‘)/

&
&
"\?‘
W e
S &
> Q,Qé}
N
,\,V




N-HG202 NRG TENDL-2017, AKONING
tritons from (n,t)

210 Ve
d 3/ : \@Q)
> 0o S
Jvo ~ &
<
R S




N-HG202 NRG TENDL-2017, AKONING

he3s from (n,x)

RN
£ L \1\} .
% > /{Q\\H SN
'l
o 10
(&4
SO
®®Q <% e
<
S
7 <::’00 S

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




N-HG202 NRG TENDL-2017, AKONING

he3s from (n,n*)he3

LronieN

&
>
q?‘A\
W SF
ﬁ
c\/g \Q-)
QQ)
<
NS
r\c,o




k
[ T

P v
Z 10
A (Y
’é J VS
0 ) NS
<S>
R S
<

N-HG202 NRG TENDL-2017, AKONING
he3s from (n,he3)

0 -
10




N-HG202 NRG TENDL-2017, AKONING
alphas from (n,x)

oy
10
.3 A
7 10
4 QN
g / NS
0 ,5:
100
S
®®O ‘ZOO <>
: Q)@
= eOO S




N-HG202 NRG TENDL-2017, AKONING
alphas from (n,n*)a
[
i ll‘ '
y | f /

LronieN
N

. JAN
<> <
10 SIS
o N S
S L
~T &
S
(S <>
(& o <D
6),@
7
7




N-HG202 NRG TENDL-2017, AKONING

alphas from (n,2n)a

,1/ S
2 3 >~
o 40 . _F
o’ L S
>
> >
')




N-HG202 NRG TENDL-2017, AKONING

alphas from (n,3n)a

0/

10 S
D 2
v 2
Z 10
,é /

N
(P4

6)’@,

2 <P O

&
&
"\?‘
W e
S &
> Q,Qé}
N
,\,V




N-HG202 NRG TENDL-2017, AKONING

alphas from (n,a)

% 100 { o
2N fT | <
“ {E RS S
o 2 [ Y S
100 S
'S'@ <2
) (& <>
S

¢
§
0




