Cross section (barns)

N-TE119M NRG TENDL-2017, AKONING
Principal cross sections
I I I I I

10° —

=

o
IS
I

[HEN

o
w
I

[N

o
N
I

=
o
=
/

absorption
0 elastic
10™ —— gamma production
-1
£ P O B e L » e
10 10 10 10 10 10 10

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
resonance total cross section

— total

=

o
N
|

Cross section (barns)

10*

107°
Energy (MeV)

107




N-TE119M NRG TENDL-2017, AKONING
resonance total cross section

total

=

o
N
|

Cross section (barns)
-
(C

I

|

o
[N
I

|
o|
(6]

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
resonance total cross section

Cross section (barns)

10!
Energy (MeV)

102




N-TE119M NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

=

o
N
|

Cross section (barns)

10*

107°
Energy (MeV)

107




N-TE119M NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

=

o
N
|

Lol 111

Cross section (barns)
o
[EEN
I

=

o
o
|

|
o|
(6]

Energy (MeV)

107




N-TE119M NRG TENDL-2017, AKONING
resonance absorption cross sections

5 capture

|

o
[N
I !
——

Cross section (barns)

10°

10 10
Energy (MeV)




Cross section (barns)

N-TE119M NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

=

o
o
|

|

oI
(BN
I

1072 . . .

10°
Energy (MeV)




Cross section (barns)

N-TE119M NRG TENDL-2017, AKONING
Non-threshold reactions

10* -

=

o
w
|

=

o
N
|

|

o
=
I

=

o
o
|

=

oI
(RN
I

=
oI
N

(n,gma)

— (n,a

/N

o|

[ [ [ [ [ [
10 10”7 10 10

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Principal cross sections

12 I I I

total
absorption B
elastic

gamma production

10

Cross section (barns)
(@)}
I

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

Energy (MeV)




Cross section (barns)

N-TE119M NRG TENDL-2017, AKONING

Non-threshold reactions

100 5 | | 5
E _ ma) E
11— ™ C
(— I

101 = .

107 = .

10 = .

107 = 3

[ [ [ [ [ F
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

100 '
*107
— (n,n*1)
— (n,n*2)
. 80 — —  (n,n*3)
%2 — (n,n*4)
E — (n,n*5)
®
®)
c
O
O
Q
0 40—
7))}
7))}
O
@)
20 —
0 | | | |
0 5 10 15 20 25

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

35
*10°3
o — (n,n*6) L
= — (n,n*7)
— — (n,n*8)
) — (n,n*9)
c 25 —— (n,n*10) B
®©
=
c 20 i
O
g
» 15 m
7))}
7))
© 10 B
@)
5 - |
0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

60 '
%107
— (n,n*11)
50 — —— (n,n*12) B
— — (n,n*13)
7p) — (n,n*14)
- — (n,n*15)
® 40 — L
=
S
= 30— B
&)
()
(7))
B 20— -
=
@)
10 L
0 — | | | |
0) 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

6 |
*107
— (n,n*16)
i ——  (n,n*17) -
— — (n,n*18)
) — (n,n*19)
= — (n,n*20)
@ 4 L
=}
S
..: 3 ] I
(&)
(D)
7))}
B 2 -
O
@)
1 |
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

50 '
%107
— (n,n*21)
— (n,n*22)
— 40 — (n,n*23) B
2 — (n,n*24)
- — (n,n*25)
®©
O
c
9
O
()]
N 20— B
7))
n
=
O
10 — B
0- | | | |
0) 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Inelastic levels

60 '
*107
— (n,n*26)
50 ——  (n,n*27) -
— — (n,n*28)
N — (n,n*29)
- — (n,n*30)
@ 40 |
=)
o
= 30 m
(&)
Q
7))}
B 20— -
O
@)
10 — |
0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING

Threshold reactions
1.8 '

(n,x)
(n,3nd)
(n,3n)
(n,3n)

1.6

Cross section (barns)
© o o r r P
SR o oo o N AN

I I I I I I

—
N
|

o
o

o

50

I I
100 150

Energy (MeV)

200




N-TE119M NRG TENDL-2017, AKONING
Threshold reactions

160_ ' '
o
1 — (n,2n)a
1401 —— (n,3n)a ~
— (n,n*)p
=120 - — (n,n*)2a N
g — (n,n%)d
©
L 100 — —
S
= 80— m
(&)
Q
)
7)) 60 ] [
N
O
QO 40— —
20 — —
0 | | | |_ |
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Threshold reactions

160 ' ' '
*1A-3
1 —  (n,n%)t
1401 —— (n,n*)he3 ~
— (n,4n)
— (n,2np)
— (n,3np) B

= =

=) N

o o
I I

Cross section (barns)
oo
o
I
I

60 — B
40 — —
20 — B
0 | | | 1 | ] T‘él_
10 12 14 16 18 20 22 24 26 28 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Threshold reactions

2.5 ' '
— (n,2np)
— (n,npa)
— (n,n*c)
/\20_ - (n,d [
2 |0
®
@)
~ 1.5 .
c
O
O
(D]
N 1.0 .
7))}
7))}
O
@)
0.5 i
0.0 | | | B |
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING
Threshold reactions

53 | |
e
107 (n,he3d)
—— (n,2a)
— (n,2p)
@4‘ — (n,pa) B
c — (n,pd)
(qv]
o
\/3_ -
-
O
0
a5}
n 92— L
w
w
o
@)
l_ __
0 i | T — =T — 1
0 5 10 15 20 25 30

Energy (MeV)




N-TE119M NRG TENDL-2017, AKONING

Threshold reactions

70

1070
60 —

Cross section (barns)
N w D Ul
o o o o

I I I I

=
o
|

— (n,pt)
— (n,da)

10

I N
15 20

Energy (MeV)

25

30




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for elastic




N-TE119M NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

=

5
:‘é ¥< N ” >
o > < 2
‘o y? TS
SN
< K 9J9B > > &sT
o JJJJi
<> = L <>
\S\/’?@ RN [
o O




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

]
0 4 S
0 10 >
O A
O =
%
o S &
S SS
<
&
<S> <




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*3)




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

LonlCos
\/
VV
Y ¥
%)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*5)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*8)

7

Q

fé FFL§§ ” (j/Q

N
” [T
ol <
< s g;ﬁﬂ e <
o, “o IS
Qs - < > “
e < >
<S5 QO




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*9)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*10)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*11)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*12)




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*13)

=

5
@ \ ;’ =
N
“o JJy S &>

s JiﬂﬁﬁJ >

% QO < >>>>JJJ <>

'S‘/,>® o g

<z O




—
o

LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*14)

<

d}Q

§
@0\(?0 0
\




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*15)

P
o
o
NERUA

d}Q

§
@0\(?0 0
\




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*16)

=

5
fé ~— F% ” ‘W/Q
AN
” e s
ol S
ol MJJ e
o, “o [
Qs - < > “
%, O
<5 O




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*17)

=

0, NN
5 \\ p
5 NN p’ S
N
o > &>

5 JJJ@Q

Q - >

O\S\/O.G)O \0. s$>>>> =




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*18)

=/

0 NN
8 . \\ >> Ve
5 N e
N
% QO >>>JJ N
\S\/O.Q \0. s’>>>




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*19)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*20)




LXAnlCosS

—
o

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*21)

=




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*22)

=

g NS
0, - >> Vo
5 S
s/ N
e JJJJ& = {\Q}®
s ; yﬁj >~
%@ ’QO e, >>>>>JJJ <
s : >




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*23)




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*24)

P
o
o
NERUA

d}Q

§
@0\(?0 0
\




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*25)

P
o
o
NERUA

LXAnlCosS

d}Q

§
@0\(?0 0
\




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*26)

P
o
o
NERUA

LXAnlCosS

d}Q

§
@0\(?0 0
\




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*27)

=

%
: I >
<
“o JJy S &>

s J?JJJ >

% QO < >>>>JJJ <>

'S‘/,>® o g

<z O




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*28)

P
o
o
NERUA

LroniCos

d}Q

§
@0\(?0 0
\

0
%




N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*29)

=/

(‘8 ¥
g - >
\ N
<z 5 S
ol MW S s
%@ ~QO \ >>>>>JJ =
“e 2 b
<, O




LXAnlCosS

N-TE119M NRG TENDL-2017, AKONING
angular distribution for (n,n*30)




N-TE119M NRG TENDL-2017, AKONIN

Neutron emission for (n,x)

NSNS




é 10 &
2 * o
5 3 <®
100 A S
- <SS
S o v
<, >

N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,2nd) |




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

0 A
é 10 <
2 I >
4 2 A Qi
g A S
10 S
. <SS
S& © S
S, So




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,3n) ‘

LronieN
\

>
3 L KN
< <
10 VS
o Q)\Qb
- AV S
S
()
‘) )
: @)@ 5 >
7
R CEN




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

=
Z
7

2 20 <
2 10
2 J >
@, I\ N
5 > &

0/ \®

o > <<§\Q’
S
QQ& ~ <
> &




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a ‘

i
3
% 10 p o
2 !
5 T
o 3 N
10 S
< <&
Sz
< >
<, Yo




N-TE119M NRG TENDL-2017, AKONING

Neutron emission for (n,3n)a

% 10
z . &
s ’ : . S
10 g
- ASEERS
Sy
@Q >
<, = ~
<
R




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

0 ~
® 10 <
>
:‘é M\L >~
<
o 4 N
10 S
S <
<S5, 2L




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

LronieN




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d \‘

1 S
1 &
® 10 &
zZ - >
: o
' S <

3 D 8
> 0-~" > S

10 ~- é}%
= > <&
ST >
%, © >
S




N-TE119M NRG TENDL-2017, AKONING

Neutron emission for (n,n*)t

1 -~
10
A X
d
2 10
% A
'l
p y
o
v’)
\%Q
S,
7 o) <

>
q?‘®
c{)/ \\&%
ﬁ
> &
AN
<
NS
o)




N-TE119M NRG TENDL-2017, AKONING

Neutron emission for (n,n*)he3

A
2 10
% A
o
p y

(&4

S5 <>

Q)G% = Ko
<z o) S




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,4n)

LronieN




N-TE119M NRG TENDL-2017, AKONING

Neutron emission for (n,2np)

/

LronieN
/

N
\




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,3np)

1 A
10 /
z . &
Z A
0 ‘XN
IS N S
100/ v ®®
o < L <&
@Q < 9
S, & v
7
A




Neutron emission for (n,2np)

N-TE119M NRG TENDL-2017, AKONING

] S
1 &
% 10 S
zZ - >
: oL
o S <
0 3 AV \@
0~" > >
10 ~- é}%
< > S
S
o o >
/)6)’59 & N
L Yo >




é 10 <
5 T
o 3 N
10 S
Y &S
S = S
<, &

N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,npa) ‘




N-TE119M NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

é
2 J >
0 JAN
5 N é) \@Q)
P g \®
S <
T &S
S, <o
(& <D
<, o




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,x)

g
-
[

>
¥ .§ $
100/ \@
<<
SR <>
//@




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,2n)

il 'f'\\ﬁ\\\\

M u." ’

LronitieN
\A
()

>
/2 $
100/ '\<,') §
< S S
//@@ g
&




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronieN




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

LronieN




N-TE119M NRG TENDL-2017, AKONING

Photon emission

for (n,2n)a

//////




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,3n)a

0/
% 1 ,
o 40
(P4
S, < =
= >

O
Qf\?
Q'f,o
Q'\‘,O

Q'\?‘
Q'\‘,‘/

> &5
NS

<<




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

7 07
b 10 <
20
% | >
b 2 AN
10o” 2 S
S
L

o
§




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

LronieN




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*)d

LronieN
\

™
\




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN




N-TE119M NRG TENDL-2017, AKONING

Photon emission

for (n,n*)he3




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,4n)

0 - =
0 S
él 1 S
Z ©
2 ‘ i< ™
0 2 A >
5102 , QQQ/$
o’ \({ SN
SRS
S, 7 <
2, ©
L




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,2np)

O/
% 1
Z A
5 5
e
o 10
QO
N
£, F >
o<
@@ N




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)

«
s
€
Vs
S
S <




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,2np)

0/
%10 S
24 >
2 v
3 S XN
o i > &
10o '\c'b<<,<\\

NS
< >
>z, o
@@ NS




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,npa)

LronieN




N-TE119M NRG TENDL-2017, AKONIN
Photon emission for (n,n*1)

2/
10
A q§
/0 -
0
Z 10
’é A
> 4
<




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*3)

\
\
4

LronieN
N

P

Q S
V) QZ\
E/
b
&
"




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*4)

0 1 >
% Y g
By ;
0 .2
0’ 100 /4\” ~ \@‘Z)
(&4 = N
<OQ
S, %
&




N-TE119M NRG TENDL-2017, AKONIN
Photon emission for (n,n*5)

2/
10
A q§
/0 -
0
Z 10
’é A
&zso/
<




N-TE119M NRG TENDL-2017, AKONIN
Photon emission for (n,n*6)

2/
10
A q§
/0 -
0
Z 10
’é A
> 4
<




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*7)

LronitieN
\A
()
\
'y

7 % S
- XS
183 i o~
<OQ
(&
§@®'7
&




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*8)

0 A
% 10
7
5
g 2
13
‘5/\@0'@
L,




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*9)

—
S
S
\

LronieN
\

®
O\
) —

V)
QQZ

q§
S
N
S
&
S
<<




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*10)

Z 100 )
|
% O,z/<&//
> 15 |
§@Q 3 ) N{ S
@@ N

O
Qf\?
Q'f,o
Q'\‘,O

Q'\?‘
Q'\‘,‘/

> &5
NS

<<




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*11)

\

—
S
(-
\

LronieN
—

oQO\
N
Q\ \ \

/\
4

\.,
SN

/=

V)
Q ,




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*12)

LranieN
=
Q N
Vb NN \
=
Q
N\

Qf\?
Q'f,o
Q'\‘,O

Q'\?‘
Q'\‘,‘/

> &5
NS

<<




N-TE119M NRG TENDL-2017, AKONIN
Photon emission for (n,n*13)

LronieN




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*14)

0 - a
S
% V0 £
7 A S
[ ~F
» S
% Y gie Q\‘,‘/
o 10 ] S &
25 N S
= ‘J.JJ S <<
~.J. %
‘2\@0'@\1 =
= >
< S




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*15)

LronieN
\




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*16)

LronieN
\




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*17)

LronieN
\

o,
\?\v
/




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*18)

0 QQ?
“ LD
7 10 <
> =
2 <
& S N
SO
(&4 N
§@ > >
®@ ‘\9




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*19)

0 >
i S
% V0 £
z | S
e >
g 2 / QQ'\'A\
> 40 < S
o S NS
J S >
S
J
SRR S
Sy N
~ o O




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*20)

0 >
S
7 10 -
d S
z . >
% 2 A // '\()9
= S
(&P ‘¢ Q/Q
Y <
< oN ©
"% =
L
< S




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*21)

0 - Qf\?
<SS
7 10 =
% J \yg\?
:‘é ,Z/ Q'\‘ﬁ
o 10 S &
o SRS
O <<
{ S
o ~
S S N "
®@ ‘\9
< S




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*22)

O A
% 10
z >
% Z/ //
540 I

AN

< Q?JNJ 3
L




LronieN

Q
\

N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*23)




N-TE119M NRG TENDL-2017, AKONING
Photon emission for (n,n*24)

1/
10
A Q‘\§
B
% 01/ S
Z 1 >
3 e
| 12 >
g S
s 95
O‘O/ .N“JQ S <</<\\
{ O
< L =
“rz, S
@@ N




N-TE119M NRG TENDL-2017, AKONING

Photon emission for (n,n*25)
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Photon emission for (n,n*26)
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Photon emission for (n,n*27)
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Photon emission for (n,n*28)
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Photon emission for (n,n*29)
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Photon emission for (n,n*30)
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Photon emission for (n,p)
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Photon emission for (n,d)
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Photon emission for (n,he3)
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Photon emission for (n,a)
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Photon emission for (n,2a)
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Photon emission for (n,2p)
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Photon emission for (n,pa)
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Photon emission for (n,pd)
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Photon emission for (n,pt)
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Gamma Prod (barns/MeV)

N-TE119M NRG TENDL-2017, AKONING
thermal capture photon spectrum
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14 MeV photon spectrum
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N-TE119M NRG TENDL-2017, AKONING
Particle heating contributions
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Recoll Heating
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Particle production cross sections

3.0 ' '

ING

N
&
|

N
o
|

Cross section (barns)
- -
o o
I I

O
&
|

protons
deuterons
tritons
he-3
alphas

o
o
|

/

I
0 50 100

I
150

Energy (MeV)

200




N-TE119M NRG TENDL-2017, AKONING

LronieN

protons from (n,x) '




N-TE119M NRG TENDL-2017, AKONING
protons from (n,n*)p

® - <
7 I >
0’ (& d ’\<’¢) é}@\
<
<,




N-TE119M NRG TENDL-2017, AKONING

protons from (n,2np)
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protons from (n,3np)
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protons from (n,2p)
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protons from (n,pa)
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deuterons from (n,pd)
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