Cross section (barns)

N-SN106 NRG TENDL-2017, AKONING

Principal cross sections

10* —

= = = =
@) o (@) o
o = N w
I I I I

|

oI
(BN
I

total

absorption

elastic

gamma production

10

| | |
10 10”7

| | |
10 10

Energy (MeV)




Cross section (barns)

|

oI
(BN
I

N-SN106 NRG TENDL-2017, AKONING
Non-threshold reactions

104 I I I I I

— (ngma)

—— (n,p)
(n,a)

=

o
w
I

=

o
N
I

|

o
=
I

=

o
o
I

|

ol
N
I

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

Energy (MeV)

10 10




N-SN106 NRG TENDL-2017, AKONING
Principal cross sections

i

o
|

ol
|

N
I

w
|

Cross section (barns)

N
|

=
|

total
absorption
elastic

gamma production

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

Energy (MeV)

I I
140 160

I
180

200




Cross section (barns)

N-SN106 NRG TENDL-2017, AKONING
Non-threshold reactions

=

o
o
|

|

=
[N
I

I I I I I
0 5 10 15 20 25 30

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Inelastic levels

0.5 '
— (n,n*1)
— (n,n*2)
/\04— — (ﬂ,ﬂ*3) —
2, — (n,n*4)
E — (n,n*5)
®
O
~ 0.3 m
c
O
O
]
N 0.2 m
7))}
7))}
O
O
0.1 N L
0.0 . | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Inelastic levels

30 '
*1073

N
ol
I

N
o
|

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

6]
I
|

0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Threshold reactions

1.8 '
| — (X |
16 — (ndna)
— (n,4n)
c — (n,"a
@© 1.2 i
=
c 10— L
S 1.0
o 0.8 L
7))}
B 0.6 — L
O
© 0.4 -
0.2 i
o
0.0 | | |
0 50 100 150 200

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Threshold reactions

1.0 ' '
— (n,2n)a
— (n,3n)a
— (n,n*)p
/\08_ —_— (n1n*)za B
g — (n,n%)d
M
O
~ 0.6 - -
c
O
O
()
N 0.4- m
7))
(7))
=
@)
0.2 .
0.0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Threshold reactions

0.7 '
—  (n,n%)t
4 — (n,n*)he3 L
0.6 — (2
= — (n,3np)
C 05— — (n.2np) i
®
=
— 0.4 i
i)
=
D 0.3 -
%)
%)
©0.2- =
@)
0.1- =
0.0 | |' |' |
5 10 15 20 25 30

Energy (MeV)




N-SN106 NRG TENDL-2017, AKONING
Threshold reactions

70 ' '

*1073
60 —

(n,npa)
(n,n*c)
(n,d)
(n,t)
(n,hel)

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

I I I I

=
o
|

o -

I I I
0 5 10 15

Energy (MeV)

I
20

I
25




N-SN106 NRG TENDL-2017, AKONING
Threshold reactions

1.0 ' '
—— (n,2a)
—— (n,3a)
— (n,2p)
=087 — (pa i
g — (n,pd)
(qv]
o
~ 0.6 - i
-
O
0
s}
N 0.4- -
w
(7))
o
@)
0.2 .
0.0 i | - | - |

0 5 10 15
Energy (MeV)

20 25 30




N-SN106 NRG TENDL-2017, AKONING

Threshold reactions

10

*1073

0o
|

Cross section (barns)

— (n,pt)
— (n,da)

I
15

Energy (MeV)

20

25

30




N-SN106 NRG TENDL-2017, AKONING
angular distribution for elastic

LYoniCos




N-SN106 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




LYoniCos

N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

\\\\u

y >
W L2
ARG
JJJJﬁ %Q <<§\Q}®
;;iﬂi




LYoniCos

\
A LV AV VAN LN W S\

N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-SN106 NRG TENDL-2017, AKONING

angular distribution for (n,n*3) ‘
1 \\\.\v
0 ~
10" °
1 s
, ST

5

% 1011/5 ” >
5 > N
o > e <

ol S
o Jiﬁy
Sl 2 P o
\S\/’}@ s




N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

LonlCos -
=
\/
V==
;o

q<,°
Sl
0" W
L ST
<5 | =
o, “o JJJiiO
O\S\/’.%) \0\5‘




N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

2

5
2O ﬂ ; <
o “o Les
B o D
O@ 2




LYoniCos

N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*7)

{
S

4 10" S
g ] >> £
L g =
s ; igﬁJ R
J
C\O'S‘/,')O.O K =
S ‘S




N-SN106 NRG TENDL-2017, AKONING

angular distribution for (n,n*8)

SR\ N\SXY




LYoniCos

N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*9)




LYoniCos

N-SN106 NRG TENDL-2017, AKONING
angular distribution for (n,n*10)




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

LronieN




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)

1/
10
7 4
d
Z 10
% A
e
g y
< o
<
" ©
S
L.
LT S q/b‘




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,2n) |
o T I .

S
[e)

A 2
% 0, )N &
Z / >
J2 1 N
9 N DS
o ) c

< TS

< <5 ~>




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

,1/ S
10
7 ~
d) / Sl
? N
= A
:‘é 3 o (\/cz$\
510 | T
= v &S
<> o <&
-S'@ <z Vv
Qé\ o) o
> Vv




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

LronieN




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

>

é 10 > &
) i \ s
0 A XN

3 - Qi
0’ O ~ "\/Q ﬁ\

Vo > S
<> TS
'S'@O = - NS
<, - N\a




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a

LronieN




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

% 104/ ) 0
z5 Jq) N
5 NS N
e ,/\t <
0 A NS
<S>
S Yo
S >
S, So




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

4

% 10

Z )

¢,

o 0

1554

107 -
®®Q = <




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

LronitieN
\A
LD
\

Sy 7 N
'
- (o)
&O o




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

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




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3 w

y S
r >
% 10 S
zZ - >
: o
S > P
g 0~ NS

- S

'S.@c* ~>
‘e o«
2. NS
L e




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

P &
= 10 / &
Ve
’é G Ve NN
o2 L N
o’ % QQ)\@
- S S
e
’Q@ {O &
7
R RN




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,3np)

LronieN

N
\




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)
1 ~

SO

7 A
2 40 Ple >
2 MEY
g S

By <SS

S& S
<, Yo




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

1A
710 r
vl
25 I
5
o B3
105~ > <
<
X = >
@,@f‘zo
Qk {6\ <N

<>
S
VN
<
NS
<>




N-SN106 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

LronieN




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,x)

rooeN
\700 /
b, N/
) \7&0




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

10
z )
10
AP SN
%10 >
2 3. Q\y%
210 RPN
o S SF
SRS
S, 7 <
=, ©




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

JAN

LronieN
\

™
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronitieN
\A
LD
\




N-SN106 NRG TENDL-2017, AKONING

Photon emission for (n,n*)a

NS\NCOQ




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

10"
R
,é N
010£:
S O
S

\)




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

10
z )
10
AP SN
%10 >
2 3. Q\y%
210 RPN
o S SF
SRS
S, 7 <
=, ©




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

LronieN
T

€




N-SN106 NRG TENDL-2017, AKONING

Photon emission for (n,n*)2a

\ \ \ \ \
SR
<—\ <\ <\

NS\NCOQ




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

LronieN




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

A
v 10
zY
5
g 4.
1007 W
>
<S> o
/// D>
%@ ~




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN
\

™
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

d

10

H_

10
7 A SN
%10 Q\C,OQ
% 3 Q\?‘

o S

SRS
£, <
=, ©




©)

Z

Z

@)

\ve

<

~ o~

S £ =

2 £

0 e

=5

oM 8

X &

< 2

O o

o

— <

=z 9 \ \ \ AR
Q_um o o 00
Z o = = =

NOIHWEN




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,npa)

LronieN
\

€

™
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

LronieN
\

—
\







N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,p)

g

{

)
I\
N ~

LronieN




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,d)

i T
3 - ! I
o Wil #n.','"’l'.. ’\
AR
é 0 \'ﬁ!"ﬁ}'i#‘iﬁdh 5\\\\
P
2 102: |
< < < ;
%@




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,t)

N
103: g //(///\\\ .

PN

s
5 >
o Y
o <&
100 P oS

v’)

< >

L

g, <




N-SN106 NRG TENDL-2017, AKONING

Photon emission for (n,he3)

NS\NCOQ




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,a)

O /
% 1
Z
2 .
o 10
0 \\
§@ S
L




N-SN106 NRG TENDL-2017, AKONING

Photon emission for (n,2a)

NS\NCOQ




N-SN106 NRG TENDL-2017, AKONING

Photon emission for (n,3a)

—
S
(-
\

LranieN
=
Vb Q\ \? \

NI
N
q




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN
\

€

™
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,pa)

LronieN
\

—
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,pd)

3 - r ' 3 i
10 | ’.ﬁysyﬁh
’ i 1ffbhf'.ﬂ§‘FL~
~ 1 A B | ~
21 ( E< Lo ”
2 S
: 1057 \Q\\@ @§$
§@® 2 ~>




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,pt)

LronieN
\

—
\




N-SN106 NRG TENDL-2017, AKONING
Photon emission for (n,da)

3 4 "”I |
10 i |”t‘."ll /"'".’.,," Il
||| ke
A 'n 4 "’!,/', I,,ik
il %
é 0 '
:‘é 1
o
100 >
S <o -
g, .




Gamma Prod (barns/MeV)

N-SN106 NRG TENDL-2017, AKONING
thermal capture photon spectrum

|

o
=
I

=

o
(@)
I

|

=
[N
I

=
oI
N

o

I I I I
2 4 6 8

Gamma Energy (MeV)

10




N-SN106 NRG TENDL-2017, AKONING
14 MeV photon spectrum
I

Gamma Prod (barns/MeV)

= = = = = = =

o o o o o o o
N T

=
OI
63

o

I
10

I
20

Gamma Energy (MeV)

30




MeV/collision

N-SN106 NRG TENDL-2017, AKONING
Particle heating contributions

35 '

30 - —— protons L
—— deuterons
— tritons
— he-3

25 7 — alphas B

0 50 100 150
Energy (MeV)

200




N-SN106 NRG TENDL-2017, AKONING
Recoll Heating

30 '

20 — recoil heating

Heating (MeV/reaction)
AW N =
o o o o o o
I I I I | I
I I I I I I

o

O
|
|

o
S

I I
50 100 150 200

Energy (MeV)

o




N-SN106 NRG TENDL-2017, AKONING
Particle production cross sections

5 | |
—— protons

4 —— deuterons |

,U? — Lnto;s
— he-

c
Fum — alp
(qv)
o)
N’ -
c
ie)
dd
(&)
Q
7))} |
(7))
(7))
@)
| -
@)

0 50 100 150 200
Energy (MeV)




LronieN




N-SN106 NRG TENDL-2017, AKONING
protons from (n,n*)p

LronieN




N-SN106 NRG TENDL-2017, AKONING
protons from (n,2np)

D 2
Z 10 S
’é ] /w S 2N
<[
> - DS
o Q)\Qb
S <
Ky
<, -
<.
7 <o Lo




N-SN106 NRG TENDL-2017, AKONING
protons from (n,3np)

0 -
10 o
d %@9
z) 7 Q‘\?”
< 410 ~>°
g - &2
g S
5 B &
(4 /\<fD <>
N G
= ~ <
®®O <Oq,
o T =
<.
7 & S




N-SN106 NRG TENDL-2017, AKONING

protons from (n,2np)

\

LronieN
N
N




N-SN106 NRG TENDL-2017, AKONING
protons from (n,npa) w

0
2 3 >~
o 10 Sl
0/ '\<C) Qé}®
<
S o S
<,




N-SN106 NRG TENDL-2017, AKONING
protons from (n,p)

b
2 \ >
0 i NS N
A | > &
0/ < S ®®
S
2.




N-SN106 NRG TENDL-2017, AKONING
protons from (n,2p)

IMH

0"
3] |
Z Y O
S 3 I 5 S
o 10 P S

o <

N




N-SN106 NRG TENDL-2017, AKONING
protons from (n,pa)

1
i
] J Q
5 RS ~
:‘é 3 \JN\“H'N <> S
o 10 I >~ S
o’ RSy
N
<




N-SN106 NRG TENDL-2017, AKONING
protons from (n,pd) w
‘(“

SO
0

7 =
@) P (N LAV
Z 0 3 | - @é\

0/ '\<C) \®

i
S o S
<,




N-SN106 NRG TENDL-2017, AKONING

protons from (n,pt)

7 ;
Z 1 L >
5 ] / VW~
1 ASINSE
p / NS
o > Q}®
<S>
'S.@c* ~<o




N-SN106 NRG TENDL-2017, AKONING
deuterons from (n,x)

0 ~
0
1 j Ffﬁr"ﬂ j
9 2
Z 10 QwQ\l
:‘é A J@J\\L\L\L\L\ N
p y
(&4
SO
®®Q % e
<
<.
L <::’00 S

@\{90

)
g

S 4
]
Q

0




N-SN106 NRG TENDL-2017, AKONING

deuterons from (n,2nd)

% 1
z L
5 5
e
o 10
QO
S <
S &
6)’@,
<7 o >




N-SN106 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

A
[T
/T
T
[

7 -

2 10 &
g 7 oV

¢ e
0 ,3: L VS

100 S &
LS
®®O 5 ~
S S




N-SN106 NRG TENDL-2017, AKONING
deuterons from (n,d)

A
% 1
Z i NJ\N
5 jlits
0 .34
510
< S
'S'@ <2
< <<>)@0 <>




N-SN106 NRG TENDL-2017, AKONING
deuterons from (n,pd)

0,1/ (} 25
4

a il
5 4 /M | >~
'l <
o 10 | - ﬁ\@

(&4 N é}%

<
b S




N-SN106 NRG TENDL-2017, AKONING
deuterons from (n,da)

= S
) ~
0 3. ! NN
5 40 > &€
0/ \®
'\9 <<§\Q’
<,




N-SN106 NRG TENDL-2017, AKONING
tritons from (n,x)

|
10
=
3
é 10 3
— | \\L
9 QU KN
& > S RZ
g -~ ~ %\
1o &>
S <
®®O & >4 <3
<.
L <ulTo




N-SN106 NRG TENDL-2017, AKONING
tritons from (n,n*)t

0
£r .
o
’é 0,3/ N ‘\?‘@2@
o1 o ¥ Q}®\
S <
S
> <o
>
<, ~




N-SN106 NRG TENDL-2017, AKONING
tritons from (n,t)

LronieN
N

10 -
(& -
<
S
& S
<,




N-SN106 NRG TENDL-2017, AKONING
tritons from (n,pt)

51 ©
% q f\,qy
9 3 / Q(\/ S
o410 L~ AN
o <SS
'S.@c* ~<o ~>
<, v




N-SN106 NRG TENDL-2017, AKONING
he3s from (n,x)

7 ”’
% 10 <SS
— d \}
2 S
0 JHOSS KN
E N
<
)
®®O ‘ZOO <3
‘S
%, o
7 o O




N-SN106 NRG TENDL-2017, AKONING

he3s from (n,n*)he3

A RN
0
2y
2
0 3
510 L
QO
'S.@c* ~<o
o,

>

>

RSN

> ¥

P S
o <&
.\,b‘
N




N-SN106 NRG TENDL-2017, AKONING
he3s from (n,he3)
1 / /f .
0" ; J I ““l
r

S
% O’Z p <
N
%1 ] MR i
0 L =~
A > F
N
s




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,x)

LronieN




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,n*)a

[ gL

7 10 N i |

2 LLJ Ll >

0 OZ/ /M - @é\

e 10/\ \®\
> ST




N-SN106 NRG TENDL-2017, AKONING

alphas from (n,2n)a

0 >

é : § >
<

— J L D
5 3. / : AN
5: 10 N S

0/\ D v <2§®

TS
S o >
<, ~>
<.
LT <o ,\‘)/




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,3n)a

S

A
g7 o
‘ 7 S TS
% ) S

10 v ch}®
<
\%Q& S v
O@,
L o D




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,n*)2a

210
[ - S
- -
g ’4: N g A§Q)
100 o &>
N
S




[ T
[T
[ T

D a2

v -

Z 10

g y

o g

o NA
<S>

<

N-SN106 NRG TENDL-2017, AKONING
alphas from (n,npa)

0 - '
10| p




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,a)

LronieN




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,2a)

® 2
Z 10 1N
5 NS
g | JJ\.N .
0’ /\/ \.\\\J N
< S




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,3a)

c <>
[ -1 S
5 =
5 A P ¥

100/\ \®
> <<§\Q’
S
2.




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,pa)

510
Z U -+
9 3 l MJHJJJ N
50 | > &
1 0/\ \®
> <<§\Q’




N-SN106 NRG TENDL-2017, AKONING
alphas from (n,da)

LronitieN
\_A
LD
NN

N
o 7
>
S
< <o <~




