Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING

Principal cross sections

N

total
absorption
elastic

gamma production

|

|

N

10

|
107’

| | |
10 10

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING

resonance total cross section

10° -

1 —— total

Cross section (barns)
o
N
I

o
[EEN
I

|
o|
(o)

Energy (MeV)

107




N-YB160 NRG TENDL-2017, AKONING
resonance total cross section

— total

=

o
N
|

Cross section (barns)

Uy M

.
_

|
o|
(6]

Energy (MeV)

107




N-YB160 NRG TENDL-2017, AKONING
resonance total cross section

| —— total

=

o
N
|

Cross section (barns)

=
—
c___

—

H
oI
N

Energy (MeV)

1073




N-YB160 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING

resonance absorption cross sections

10° —

|
o
N

capture

Energy (MeV)

|
o|
(6]




Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING
resonance absorption cross sections

2
10 IE capture |

)

H

o
H
|

=
oI
N

|
o|
(6]

Energy (MeV)

107




Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING
resonance absorption cross sections

|

o
=
I

=
o
o
|

|
o
[N
Ll L1 1 1111l
S—
=
_—
—

2
107 = capture \?

H
oI
N

Energy (MeV)

1073




N-YB160 NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

Cross section (barns)
S
o
I

|

=
[N
I

H
o
o

Energy (MeV)

10*




Cross section (barns)

|

oI
(BN
I

N-YB160 NRG TENDL-2017, AKONING
Non-threshold reactions

104 I I I I I

=
o
w

=
o
N

|
o
=

H
o
o

|

ol
N
|

| | | ] | | | |
' 10 1073 1071 10*

Energy (MeV)

=
o
o
{
=
oI
(o)
=
o
\l




N-YB160 NRG TENDL-2017, AKONING
Principal cross sections

14 | | |
_ — total L
12 —— absorption
— elastic
—— gamma production
10 g g

Cross section (barns)

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

Energy (MeV)




Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING

Non-threshold reactions

|

oI
(BN
o

=

OI
=
w

[EEY

oI
=
»

5 10

I
15

Energy (MeV)

20

25




N-YB160 NRG TENDL-2017, AKONING
Inelastic levels

1.8 '
1.6_ - (n,n*l) [
— (n,n*2)
~1.4- — (nn*3) r
2, — (n,n*4)
E — (n,n*5)
o 1.2 =
=
c _ |
S 1.0
D 0.8 L
(7))
B 0.6 L
O
© 0.4 -
- P/& |
0.0 i i i i |
0 5 10 15 20 25 30

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING

Inelastic levels

100

*1073

H (o)} 00]
o o o
| | |

Cross section (barns)

N
o
|

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

I
10

%—
15 20 25 30

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
Inelastic levels

30 '
*107
— (n,n*11)
25 — —— (n,n*12) B
— — (n,n*13)
2 — (n,n*14)
- — (n,n*15)
® 20 — —
=
o
= 15— -
(&)
Q
n
B 10— -
O
@)
5 L
0 o | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

2.5 '
— (X
— (n,2Qpd)
— (n,4n)
/\20_ —_— (n13n) [
g — (n,Ma
©
O
~ 1.5 N
c
9
O
Q
0 1.0 N
7))
n
=
O
0.5 — =
0.0 T T T
0) o0 100 150 200

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

200 ' '
*1073
1 — (nh2n)a e
15l — (n,3n)a
— (n,n%)p
— 1601 —— (n,n*)2a B
2, — (n,2n)2a
S 140 L
®©
o
~ 120 — n
S
‘= 100 — i
5)
(D)
0 80— .
%)
%)
O 60- -
@)
40 — =
20 — e
0 i i | | |
0 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

200

*1073
180 —

I =
N D O
o O O

I I I

=

o

o
I

N H (o)} 00]
o o o o o
| | | |

(n,n*)d
(n,n*)t
(n,n*)he3
(n,4n)
(n,2np)

ol

10

I I
15 20

Energy (MeV)

30




N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

2.0 ' '

0 5 10 15 20 25 30
Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

123 | |
Py
10 — (h
— (n,he3)
10 —— (n,3a)
> — (n,2p)
C — (n,pa)
@ 8-
=)
S
.; 6_
O
Q
N
D 4-—
O
@)
2_
0 | |
0 5 10

Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
Threshold reactions

160 ' '

-6
*10

— (n,pd)
140 —— (n,pt) m
— (n,da)

= =

=) N

o o
I I

80 — =

Cross section (barns)

40 — —

0 | | | — — T
0 5 10 15 20 25 30
Energy (MeV)




N-YB160 NRG TENDL-2017, AKONING
angular distribution for elastic

0 ~ \ ' ~>
((% 10 \\ U VA ’ ’
= - ) <>
S\
<o jﬁﬂ g Q}®
=5 jgﬁg <
0\5\//)@ \0\5\ > >
o O




0
%)
@\, .
O, T
)
0,4
—_— ! D
%, %
O
>
2 ’
0
< 9
- O
_W_% A Qv
S 72
o &W» Os
als =
2 S =
T.m \R\\ 7 @V
Z o = oo ;
o T = .
o 3 = 4 %
0 S Q Oo
> 2 v v Q0
Z © S\Y = ‘SY
o "o

SR\ N\SXY




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*1)

SO0\




LYoniCos

N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

d}Q

§
@0\(?0 0
\




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*3)

SR\ N\SXY




N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

>

(8 0 A
10
o

—
g / >> > &

> "
'\'Q Q/’Q




N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

/
100 g \ !
s
0 >
2 \ >
s L
N\ - =
s J%ﬁJ >
%@ ’QO e >>>>JJJ <«
e C >




LYoniCos

N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*7)

/
100 g \ .
s
g \ =
, >
2 \ S
g« N > -~ ‘\;\
\ & &
< [ %@ ey
< j;ﬁ Q/{\
%j °QO o >>>>JJJ£<°
Py C >




LYoniCos

N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*8)




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*9)

SR\ N\SXY




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*10)

SR\ N\SXY







LYoniCos

N-YB160 NRG TENDL-2017, AKONING
angular distribution for (n,n*12)




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*13) ‘

—
o
o
v\

LXAnlCosS
\/
\/
%VV
\/
Y

S
- - ﬂ? > > A§§\
. S
ol ;yw S
%, %o g
~S>,>® O




N-YB160 NRG TENDL-2017, AKONING

angular distribution for (n,n*14) ‘

—
o
o
v\

LIonlCos
\/
\/
%VV
\/
P

S
o ﬂ? > > A§§\
. S
T J%JB S
% ,QO < >>>>>JJ <>
Z, 2







LronieN

N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

@\{90

)
g

S 4
]
Q

0




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)
1 ~
10 .l k

SO

é 10,1/ -
— _ Q)
5 T
> &

o P S

- <SS
*%06\ <o p
T,
2




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2n) w
b \\\\ |

25
- 10 i
Z >
:‘é 2 J/ S ~ S
0 10 RV \@
0/ '\c'b ®®
S > <&
'S.@c* ~o N'g
S, XS N




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,3n) |

A =
10
é ) / >
7 >
8 3 N N
5’, 10 T ¥
0/ \®
‘\()’ <<§\Q’
S
" >
<, o
% 25




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

é
Z j ~>
@, N
5’, > %
P - Q~>®
D S
®®




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

é 10 % <
—_— “ Q
5 T
o =

<> <

kS\'Q ~ S
< S g
<,




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a

v S
2
5 3
1057 S
-S'@: ~ >
.&O o ’&




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

2/
10 | ““&\\
/0 -
a 0 J
Z . JUERES >
p A
@) N
& > &
- N
) S
S ~> <
S&., <&
[ o <>
®)®, 2
QP 90 %Y




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

® 10
5
s,
g 7
1554
1 - >
S
SQ&V@ <D
2 S




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)2a

LronieN

N
\




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

210 S
2 g N
0 A XN
.3 A [®
p ES TN
1 S
Vo . SN
- P S
S NS
6}26%? ,\y
R




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

A
@ P
? S
) o<
N
’é 2 A =~
10 V¥
0’ / %\
2 > &
n
S < NS <
S < .
T, @ ~
<z D




2 ®
5 3 S5
100/ ’\<’;" é)\®
<& <
S o >
< >

N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3 ‘
\\\\\ @




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,4n)

LronieN




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

TronieN
\
/L




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,3np)

1 4
10 Lﬁ
A
a 10
Z &
J2 A N
0 N a4t N
e <
S
o < L <&
S Y o
S, & v
(e
L = QR




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

10
% 40" / %
=1 A
s - h S
g TS
<SS
o - 5 S
(& - é}%
AN
<
S, S =
®Q ~
0
<




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

y S
é 10 \E <>
= “ S
g s
o B3 P ¥
10c~ &>
<> S
Ry <~
e
% S <D
<




N-YB160 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

N

LronitieN
\A
LD
—
\
—=
_-""‘.__...
l—=
i
=
] —=
———




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,x)

QO
O
< 25 «
//@@
1z,

=
=




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

1/
10 \
|
D4
v
Z 10
8 A
3
- -
< S
o< <
= S




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2n) ‘

0 S
0 >
9V &
Z >
5 5 v
> 10 S -
o 10 %%§®
o ~ <<
N
< S g
>z, o
@@ NS




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronieN
\

™
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

LronieN
\

€

—
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

LronieN
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

LronieN
\

—
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

7 1

¥ 10 Il

zr l)&

e

o A

100 ©
< < <
e,
%@




N-YB160 NRG TENDL-2017, AKONING

Photon emission for (n,n*)2a

NS\NCOQ



N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2n)2a

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

LronieN
\

N
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,4n)

6.1
10
H_
10
7 4 SN
%10 >
% 3. Q\?‘Q
o 7 SN
- O CbQ <<
SR <S>
< >
= S




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN
\

N
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)




N-YB160 NRG TENDL-2017, AKONING

Photon emission for (n,2np)

0 N
) l ///w

~>
S
SIS
<<




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,npa)

3/

10

7 1

v 10

zY

e

o

100 ©
«j:@e <

L




N-YB160 NRG TENDL-2017, AKONING

Photon emission for (n,n*c)

NS\NCOQ




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,gma)

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,p)

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,d)
i
Y /7
. /] M\\
>
\@Q)
> <

Ul .




: /W~
/////




N-YB160 NRG TENDL-2017, AKONING

Photon emission for (n,he3)

NS\NCOQ




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN







N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,3a)

LronieN
T




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

N
\

LronieN
\




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,pa)

3/
10
Z -
O,
zr
2
0105/
«j:@e <
L




N-YB160 NRG TENDL-2017, AKONING

Photon emission for (n,pd)

\
<\
<\ /00

NS\NCOQ




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,pt)

LronieN




N-YB160 NRG TENDL-2017, AKONING
Photon emission for (n,da)

/ ‘[l\\\\\\

0/
% W0
z - -
:‘é - o N
(P4 '& T
‘i\@S “
Sy
—/




Gamma Prod (barns/MeV)

N-YB160 NRG TENDL-2017, AKONING
thermal capture photon spectrum
I | |

=
o
N

=
o
[EEN

=
o
o

=
oI
[IEN

I I
0 2 4 6

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

|
=)

|
ol

|
=)

=
ol

N-YB160 NRG TENDL-2017, AKONING
14 MeV photon spectrum

i

I I
0 10 20

Gamma Energy (MeV)

30




MeV/collision

N-YB160 NRG TENDL-2017, AKONING
Particle heating contributions

30 '

protons
deuterons
tritons
he-3
alphas

25—

20 —

15

0 50 100
Energy (MeV)

150

200




N-YB160 NRG TENDL-2017, AKONING
Recoll Heating

30 '

recoil heating
20 =

=

o
I
I

o
I
I

N

(@
I
I

Heating (MeV/reaction)
8 B B
I I
I I

IN

o
|
I

o
O

I I
50 100 150 200

Energy (MeV)

o




N-YB160 NRG TENDL-2017, AKONING
Particle production cross sections

5 | |
—— protons
4 — dc_auterons |
,U? — E’ItO?E]S
— he-
= — alphas
®
@]
\/3— -
c
O
-
(&)
(D)
N 2 — —
7))
7))
o
| -
O
1- .
0
0 200

Energy (MeV)







N-YB160 NRG TENDL-2017, AKONING
protons from (n,n*)p

{ il / ““\\ |
O A
7 10 L : o
% / H”M J >
0 OZ/ - @é\
Bl o ®\
> Q,Qé}




N-YB160 NRG TENDL-2017, AKONING
protons from (n,2np)

1 oSO
% 10 >
- &
7 >
5407 | v &

o’ S &

<SS
Ky >
SR -
RS
”e, ~-




N-YB160 NRG TENDL-2017, AKONING

protons from (n,3np)

LronieN




LranieN
NN
?
0
7

10 NS
o g '\<,') ®®
<>
S& Yo S
P
2.

N-YB160 NRG TENDL-2017, AKONING
protons from (n,2np) w




N-YB160 NRG TENDL-2017, AKONING
protons from (n,npa)

% s
%1 ] -
g N @‘§\
- N
(P4 S Q;\Q.)
R
S
%




N-YB160 NRG TENDL-2017, AKONING
protons from (n,p)

¢

z 1 L
5 i «WM\HJ NN
5 L P F
0/ S Qé}®
T <&




N-YB160 NRG TENDL-2017, AKONING
protons from (n,2p)

é 10 ) <
< S
0 3. /M ; KNS
o <> <
o 10 ] > S
o o =S
R
<,
<.




N-YB160 NRG TENDL-2017, AKONING
protons from (n,pa)

é 10 ) &

q S
2 IS ©
2 s [l SN
g 10 J/ - >~ S

o o =S
RS
<,
S




é 0" M
07 A ()
2 ® =~
| S
<SS
S o S
<,

N-YB160 NRG TENDL-2017, AKONING
protons from (n,pd)

0
10 ~




N
\ \

4
[

7 <
Z 10
A ()
2 | T
0 ) NS
<SS
S Y5 S
<,

N-YB160 NRG TENDL-2017, AKONING
protons from (n,pt)
0 - |




N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,x)

3
— - \} \L\L
’é LLEERE
o H

1007
O
®®O & >4 <3
<.
LT <::’00 S

@\{90

)
g

S 4
]
Q

0




N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,2nd)

élo / / -
2 3 RPN
o 40 ) <

o v ch}®

<
k%Qé\\;O ~\v
s
L2 <y




N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

ranineN
7
A

g <
10 L~ S S
o S
'\ﬂb <<§\
S, s >
<, ~>




N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,d)

1| l.Mlllllll

) N >
g 1 | < R q’

9 “ A
g > ¥
o - QQ}®

>~ &
<

2V




A

d) 2

Z 10 Q

5 //

3
o’ N

<

'S.@c* <o >

N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,pd)
0
10 “‘l
' I




N-YB160 NRG TENDL-2017, AKONING
deuterons from (n,da)

10 |

%00

w10

zr

c

g 7

100 ©

Q@,




N-YB160 NRG TENDL-2017, AKONING
tritons from (n,x)

40
D .3
v 3
Z 40 e
g7 A \L\} A
% QU
P y
(&%
O
®®Q &\g OO <>
.
22 <olTo

§
%, O

%

@\{90

)
g




N-YB160 NRG TENDL-2017, AKONING

tritons from (n,n*)t

TranineN
—
O \
NN

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




N-YB160 NRG TENDL-2017, AKONING
tritons from (n,t)

% 3 /J/\ﬂ >
d 0’ 7] | @é
& 1 0/ '\<? x®\
i
S S
'




N-YB160 NRG TENDL-2017, AKONING
tritons from (n,pt)

é 0" M
07 A ()
0 Q T
0 ) NS
<SS
S o S
<,




N-YB160 NRG TENDL-2017, AKONING
he3s from (n,x)

9 3 =
j 10 N
? A \Ej\}\b}\\1 .
0 NN >
o ) ~> S
<
S
®®O & >4 <>
o, <
L OO S




N-YB160 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

|
s 1 T
0 ) NS
<SS
R S
<,




N-YB160 NRG TENDL-2017, AKONING
he3s from (n,he3)

/ W / / I
1 A
7 10 | |
% / @ENNJN
P i
g 103/J/
< S
®®Q®)€O <




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,x)

LronieN
\

=
\




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,n*)a

4
10
3
10
D 2
»
0 O 1
! g \\HN
= S
®®Q ~ <
S, <
QP *ZO S




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,2n)a

™ S

oy
é 10 Ve
& P 4
0 .3 1 NS

<S>
R S
<,




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,3n)a

7 O’Z/ |
% 1
z 5y
0/\ > &L
<S
ON o NS
‘) (&4
<, NS




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,n*)2a

/2 d
7 10
2 s >
9 /JNM KN
5 4 '§> @Q’
) P NS
100 S
> <<§g’




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,2n)2a

g N
E ©
[ A S
5 .

100 o &>
&
2




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,npa)

N
/

LronieN
\A
(-

\
\E




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,a)

% <
Z >
% JAN
1 NS
% NS
<
S )
T &S
S
<,
<.
7




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,2a)

élo,
7 4 L >
0 U N
S 4 L SRS
>0 AL N
pler N > &
<,




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,3a)

—
S

LronitieN
=~
\ \
>
//L‘
=

100/\
>
Y
& 6530 =
2.




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,pa)

o4 I “WWWI\ \
0L | »

® 2
Z 10 IR >
% [ NN
o g P ¥
A S
(% S Q;\Q.)
~ S




N-YB160 NRG TENDL-2017, AKONING
alphas from (n,da)

LronitieN
\A
L

~

\ \

\E

F=Y
Q\
/




