Cross section (barns)

[HEN

o
o
I

N-NP236M NRG TENDL-2017, AKONING
Principal cross sections

105 I I I I I

10! - ‘II'I'”I
total - I
absorption

i
III

gamma production ‘ I

|

oI
(BN
I

A

10 1073
Energy (MeV)

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




N-NP236M NRG TENDL-2017, AKONING
resonance total cross section

— total

=

o
N
I

Cross section (barns)

10*

107
Energy (MeV)

107




N-NP236M NRG TENDL-2017, AKONING
resonance total cross section

— total

=

o
N
I

I

Cross section (barns)

11—

10 10
Energy (MeV)

10*




N-NP236M NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10!
Energy (MeV)

102




N-NP236M NRG TENDL-2017, AKONING
resonance absorption cross sections

] ] ] ] ] ] ] ]
2
10~ — capture ,'"n C
1 ----- fission %\ R ¥ ! -
7] ! I| r C B
. X i ! '
—~~ = ] \ /) \ "“ | I‘I‘l
2 i | A WA I I i
C I \ // 7 | I\ I \
E N ‘\ ] l’ \\ !
1 l R I
o 10" — S | U i
~— . vl ! v N |': .7
- \ \ \
S i \ /II \\\ / ‘u'\‘ ;: "\ lls"
-9 S 4 |‘ | \\
46 | ! /I N [
] Y £
7))
0
»n 107 — —
7)) . u
-1
10~ = 3
I I I I I I I I
5 4
10 10

Energy (MeV)




Cross section (barns)

N-NP236M NRG TENDL-2017, AKONING
resonance absorption cross sections

102

|
o
=

H
o
o

|
oI
(BN

] ] ]
i i N
| Capture I B
4 --1-- ifissian -

! hoo
7] 1 |"| r|l| : 1Y -
g ———
\ I 1 ] ||' T T T T e —— e
— Ul K T T T T T e —
— |,' l‘l ll h |I,' T T T e -
] vy l:l | [~
. ‘\'IH =
T "‘,I -
| / —
T T T
4 -3
10 10

Energy (MeV)




Cross section (barns)

N-NP236M NRG TENDL-2017, AKONING
resonance absorption cross sections

10°

T capture

-

-

----- fission=~--_

~

|
=)
[N
/
/
/
/
/
/

| | IIIIIII
!

=
ol
N

[EEN
=)
w

-
—_
-
—_
-

10°
Energy (MeV)

[EEN
o
[EEN




Cross section (barns)

N-NP236M NRG TENDL-2017, AKONING
Non-threshold reactions

105 | | | |
fission
w0t — (n:ma)
— ()
10° -
10% —
10% - |
10° - '
101 -
11 [ [ 9 [ . [ [ 5 [ [ 3 [ 1 Il
107 10° 10° 10° 10° 10° 10

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Principal cross sections

16 I I I

14 —

=
N
|

=
o
I

Cross section (barns)
o oo

N

N
I

total

absorption

elastic

gamma production

o

I I I I I I
20 40 60 80 100 120

Energy (MeV)

o

140

I I
160 180

200




Cross section (barns)

10°

1072

= = = = =

o o o o o
[ = (o0] o >
N (@)

|

=
[N
N

N-NP236M NRG TENDL-2017, AKONING

Non-threshold reactions

_\E fission

(n,gma)
N )
(e

I I
100 150

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING

Inelastic levels

160 '
*107
140 — — (n,n*1) m
— (n,n*2)
— — (n,n*3)
n 120 — — (n,n*4) I
E — (n,n*5)
o
L 100 — i
o
= 80 m
(&)
Q
7))}
7)) 60 ] [
7))}
O
QO 40— i
20 i
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Inelastic levels

35
*107
o — (n,n*6) L
= — (n,n*7)
— — (n,n*8)
) — (n,n*9)
c 25 —— (n,n*10) B
®
=
— 20— =
O
g
7 15 — -
7))}
7))}
© 10 B
@)
Skm i
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Inelastic levels

160 '
107
140 — — (n,n*11)
— (n,n*12)
— — (n,n*13)
»n 120 — — (n,n*14)
- — (n,n*15)
®
L 100 —
S
= 80
(&)
(b
7))}
7)) 60 ]
7))}
O
QO 40—
20 —
0-— | | | | |
0 5 10 15 20 25

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING

Inelastic levels

140 '
*107
o — (n,n*16) L
L2 — (n,n*17)
— — (n,n*18)
N — (n,n*19)
< 100 —— (n,n*20) B
®
=
— 80— =
O
g
7 60 — =
7))}
7))}
O 40 L
@)
20 — i
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Inelastic levels

3.0 '
%107
— (n,n*21)
2.5 —— (n,n*22) B
— — (n,n*23)
2 — (n,n*24)
- — (n,n*25)
@ 2.0 - L
8
S
= 1.5 B
&)
()]
n
) 1.0 -
=
@)
0.5 - L
0.0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Inelastic levels

16 '

*1073

14 — — (n,n*26)
—  (n,n*27)

=
N
|

=
o
|
E—

Cross section (barns)
o oo
I I

N
I

N
I

o

I I I
10 15 20 25

Energy (MeV)

o
ol




Cross section (barns)

N-NP236M NRG TENDL-2017, AKONING
Threshold reactions

1.4

=
N
|

=
o
I

o
o)
|

o
o
|

o
~
I

O
N
|

o
o

(n,x)
(n,2nd)
(n,2n)
(n,3n)
(n,n*)a

s

o

50

I I
100 150

Energy (MeV)

200




N-NP236M NRG TENDL-2017, AKONING
Threshold reactions

503 I I
-
1 — (n,2n)a
— (n,3n)a
—— (h,n*)p

07 — (nd B
g —  (n,n"t
©
O
c
O
O
()]
N 20— N
7))
(7))
=
@)

10 — B

0 I I I /

0 5 10 15 20 25 30
Energy (MeV)




N-NP236M NRG TENDL-2017, AKONING
Threshold reactions

20

%113
1](_)8 4 —— (n,n*he3 e
— (n,4n)
— (n,2np)
1671 —— (n3np) B
2 — (n,2np)
S 14+ =
©
O
S
= 10— m
(&)
Q
" 8- L
7))}
7))}
S 6- -
@)
4 |
2 =
0 | | = |
5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-NP236M NRG TENDL-2017, AKONING

Threshold reactions

3.5

w0
o
|

N
&
|

N
o
|

I I I
15 20 25

Energy (MeV)

30




N-NP236M NRG TENDL-2017, AKONING
Threshold reactions

800

107
700 —

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

o

— (n,2p)
— (n,pa)

o

I I
15 20

Energy (MeV)

30




LYoniCos

N-NP236M NRG TENDL-2017, AKONING
angular distribution for elastic




N-NP236M NRG TENDL-2017, AKONING

angular distribution for elastic

72 A
10 \
1))
o o ANQY
Q10
fé A
o E
10,
s
SN
D2

=
(Y
Q'\‘,b
- NS
.\?‘
O
S S5
SO NS
~ N
S
S s
P S
N




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

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




LXAnlCosS

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

V4
V4
0




—
(-
o
NERUA\

LroniCos

d}Q

0
®\>\(?0 N
\

S
AN §®




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

LranlCaos .
C;o
VV~J
<’$vv
\/
%

S
AN
ﬁ? v S
<z 5 <
% QO >>>>JJ <>
\S\/’? \0. ,,>>>
(g




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

)




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*6)

)

LXAnlCosS




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




LXAnlCosS

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*8)




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*9)

/ Q
Hvﬁ!

5
5 >
<
“o JJﬁ S &>
s Ji%ﬁJ >
% QO < >>>>JJJ <>
‘S\/O’G) Q >




N-NP236M NRG TENDL-2017, AKONING

angular distribution for (n,n*10)




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*11)

2




N-NP236M NRG TENDL-2017, AKONING

angular distribution for (n,n*12)

P
o
o
NERUA

d}Q

0

@0\(?0 0
\

LXAnlCosS




LYoniCos

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*13)




LXAnlCosS

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*14)




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*15)

‘-=J_f{(f




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*16)

LXAnlCosS

2




LroniCos




N-NP236M NRG TENDL-2017, AKONING

angular distribution for (n,n*18)

\

i),
o,
J
5
t
o
<o |
S >
o, “o Jﬁiy
(& > <
% \Oo :’>>>
S




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*19)

[




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*20)

0] '.
: i l P
’ ’ i s
O / >
% S
o - > >
o S
<5 | ::i®§
o2 o T
O-S'//)@ < o I8 >




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*21)

2




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*22)

=




LXAnlCosS

—
o

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*23)

2




LXAnlCosS

N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*24)




N-NP236M NRG TENDL-2017, AKONING
angular distribution for (n,n*25)

X/
A4
1/,
¥
7,
/)
v/

=

LXAnlCosS




N-NP236M NRG TENDL-2017, AKONING

angular distribution for (n,n*26) '

—
o
o
v\

LXAnlCosS
VV —
\/
VV
X

N A\
S | ﬁ? e A§Q)
- ;Jiyy Mg
% QO >>>JJ N
'S‘/,> o (X
% .




N-NP236M NRG TENDL-2017, AKONING

angular distribution for (n,n*27)

P
o
o
NERUA

LXAnlCosS

< 0/
s
SN
/OG)




Fission nubar

N-NP236M NRG TENDL-2017, AKONING
Total fission nubar

6.0 '

5.5
5.0 — L
4.5 ~
4.0 L
3.5 L

3.0 - L

0 50 100 150 200

Energy (MeV)




<J

N-NP236M NRG TENDL-2017, AKONI

Neutron emission for (n,x)

S

iy 7/
o L LT 6

7 =/ [N
T s N f@
=
=
—— gy —— O .
o 9
o
—\

NS\NCOQ




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,2nd)

% 10 >

Z - N

% N

d 3/

g 47

100 S
\%Q < P
S, ¥ >
<z o) ,»b‘




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,2n)

g <
2 (™ s ~>
@) (N N
I 3 N <
g g N
10 S
<S>
S Yo S
®Q ~
<, o




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,3n)

7 10 >
> A
Z >
Z / v
0 34 q PN
510 | SO
o
S N%
S, s >
< <5 ~>




N-NP236M NRG TENDL-2017, AKONI

Neutron emission for fission

7




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)a

LronieN
N




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,2n)a

10
A
d
= W g
— P (\/
% JAN
5 > &
- S
(& S Q;\Q.)
Y ST LS
®®Q ~ <
SN
7 S O




N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a ‘

é 10 <
5 T
o 3 N
10 S
<
S S




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)p

1A
% 10 'S
Z A TSN
c
b A7

100 -
PN ~
/)6), <5
QP 90 S




é ) <
% 2 - (\’QA\
2 .0 <
o 1v S
(&% - é}%
& <
S o S
< >

N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d ‘
10 \\\ N




N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t
1 ~
10 \\

20 - M
5 o -
2 MEY
o ) NS
<
S S >
o, -




N-NP236M NRG TENDL-2017, AKONING

Neutron emission for (n,n*)he3 ‘

LronieN




N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,4n) ‘

3 S
10
é ) &
Z &
2
240 S
gl NS
0/ \®
‘\()’ <<§\Q’
S
" >
<, o
7>
<z NS




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,2np)

LranieN
=
\
)




% 10
z . &
g A7 S
- ASEERS
Xy
@Q >
<, ¥ g
<
R

N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,3np) ‘




N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Neutron emission for (n,npa)

[ - S
“ «\,&
5o 3 P ¥
100/ S
> SF
®®




N-NP236M NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

LranieN
=
S
[ 7
[ 7
/ R

©
S
N

/2/ N '\Q'D \@Q)

S

- Q,Q
<,

S o

S

RS <°




N-NP236M NRG TENDL-2017, AKONING

Delayed nubar

24 '
*1073
22 —

Delayed nubar
= = = N
AN (@)} oo o
I I I I

=
N
|

=
o
|

(00)
o

50

I I
100 150

Energy (MeV)

200




Probability

N-NP236M NRG TENDL-2017, AKONING
Delayed neutron spectra

101 4
— group 1 frac 0.0383 decay/shake 1.300E-10
10-2 _| —— group 2 frac 0.2445 decay/shake 3.070E-10
1 —— group 3 frac 0.1641 decay/shake 1.134E-09
1 —— group 4 frac 0.3807 decay/shake 3.116E-09
1 —— group 6 frac 0.0310 decay/shake 6.179E-08
IIIIIIII I IIIIIIII I IIIIIIII I LI I

107 10 10 107
Energy (MeV)

10t 10°




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,x)

%10
Z
5 5
e
o 10

& \g\

%Q

S %

L

“,




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,2n)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,3n)

R

A
5 >
E D
o410 _ > ¥
“ SIS
é\/ < '\'Co
2, >
L




*

<
7
z - >
2
Y o =~
o110 . S
0 SR
<&
//@e <
S/
_/




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

3 - ! | A
i 1
7 a7 <
4)10
" -
2 4 SN
0'100/ &
SR
‘5/\@\7 <
L




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,3n)a |

1/

10

D

v -

Z 10

g p

3

o’ N

S
«j:@e ~
L




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*)p

<J

103 ] | ‘\
l\\\ Q
7 7 >
g » NP

. g QQ,
< _ < <
“g, L

2V




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*)d

0 a8

] s“;‘ ///

- 0 /1 'l

g 40 '

¢

0105/
S _ < >
%@




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

\
| ILM\,\M\\\

SO
7 A1
0 10 +
2
g o
¥ Y
o <&
100 P oS
< S
//@e ~
S
—/




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,4n)

0/
% 1
Z A
2
o 10
QO
S >
L




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,3np)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,2np)

0/
% 1
Z A
5 4
e
g 40

(&4 N

NS
< < ~
“ 7
%@ _ v

<J




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,npa)

LronieN




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*2)

2/
10
e q§
/0 -
)
= 10
% A
'l
P y
SO
<
— G
Lo
\703




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*3)

2/
10
A q§
/0 -
0
Z 10
’é A
> 4
<




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*4)

\

S
\

7 10
)
Z .
5
o ,Z:
165
o
‘2\% 2
/—,
~ MR SARNY

<J




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*5)

2/
10
A q§
/0 -
0
Z 10
’é A
> s
<




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*6)

2/
10
A q§
/0 -
0
Z 10
’é A
> s
<




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*7)

2/
10
A q§
/0 -
0
Z 10
’é A
> s
<




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*8)

\

—
S
S
\

LronieN
\ \

&
¥ OR
y

<J




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*9)

TraninveN
= =
Vb Q\ \? \ \
é' \/N\
9

SO

>

%@ <
<
555
O~>

<J

S
N
S
&
S
<<




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*10)

0’
)
3
z i =
0 1.
g S
p 10 P ~ QQ,
os oS
<OQ
< %Qe
L




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*11)

LronieN
\

<J




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*12)

LronieN
— —
Q S s
\ \ \ \
Q
A S

<J




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*13)

\

(-
\

LranieN
0. S
Vb Q \ \? \
Q
’\/[ N

W
)
T
{
O
0

<J




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*14)

\

(-
\

LranieN
0. S
Vb Q \ \? \
Q
A
L\

W
)

T
{

<J




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*15)

0’
7l
d
7 - -] =
2
@) D A
% S
O <<
<
S, %
L




N-NP236M NRG TENDL-2017, AKONING

Photon emission for (n,n*16)

\

—
S
S
\

\

LronieN

®
0%
A

V)
\




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*17)

0’
)
a
z - -] <
2
0 7
& S
019, 4 > ®
QO <<
<OQ
s, %
S,




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*18)

AN
\
AN

LronieN

—
OQ O\
\
JAN
=

Q

V)
\

<J




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*19)

\

0 A
% 10
Z §
5
g 2
LA
§@%
L

<J




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*20)

\

—
S
S
\

\

LronieN

®
O\
A

V)
\

<J




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*21)

1 A
10
Dl
0 A
< 40 R
é | ,@Q N
P S
= JU\ <<,<\\
<OQ
s, %
L,




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*22)

O A
7 10
z - A S
5 e
0 2.
Y S
o 10 /L< ¥

o \ Q/Q

<OQ
s, %
@@ q




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*23)

LronieN

<J

q§
S
N
S
&
S
<<




N-NP236M NRG TENDL-2017, AKONING
Photon emission for (n,n*24)

O A
7 10
0
0 2.
g S
o 10, < RS

o <<

<OQ
SR
S J
L




N-NP236M NRG TENDL-2017, AKONI
Photon emission for (n,n*25)

<J

0’
71
A £
? /
0 2.
o ) S
o 40, & MRS

‘O N\ Q/Q

< o <>

//@




N-NP236M NRG TENDL-2017, AKONI

Photon emission for (n,n*26)
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Photon emission for (n,2p)
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Gamma Prod (barns/MeV)
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MeV/collision

N-NP236M NRG TENDL-2017, AKONING
Particle heating contributions

10 '
—— protons
—— deuterons
8 — tritons r
— he-3
— alphas
6 =
4 — L
2 — =
0 = |

0 50 100
Energy (MeV)

150

200




N-NP236M NRG TENDL-2017, AKONING
Recoll Heating

10

ol
|

o

=
o
I

=
o1
I

N
S

recoil heating

Heating (MeV/reaction)
o1
I

o

50

I
100

Energy (MeV)

150

200




Cross section (barns)
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