N-CS117 NRG TENDL-2017, AKONING

Principal cross sections

10° -
N 1 A5
g 10° -
®
S
O
.
7))}
7))}
S 2
= 10° — — total
O —— absorption
— elastic
— gamma production
101_ g P
1 /\‘
I I I I I I I I I I I
101t 107 10”’ 107 1073 10t 10t

Energy (MeV)




N-CS117 NRG TENDL-2017, AKONING
Non-threshold reactions

Cross section (barns)

0
10 | | | |

101t 10 10”7 10 10 10t 10*

Energy (MeV)




Cross section (barns)

N-CS117 NRG TENDL-2017, AKONING
Non-threshold reactions

10° -

|

oI
[MEN
I

[N

=)
N
I

[HEN

=)
w
I

H

ol
1SN
I

=

ol
a1
I

=
oI
(o)

— (n,2p)
(n,pa)

,\

o|

[ [ [ [ [ [ T [
10 10”7 10 10 10t 10*

Energy (MeV)




N-CS117 NRG TENDL-2017, AKONING
Principal cross sections

12 I I I

total
absorption B
elastic

gamma production

=
o
I

0o
|

Cross section (barns)
NEN (0)]
L

N
I
I

0 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)

[HE
o

=
ol

=
ol

|
=

N-CS117 NRG TENDL-2017, AKONING

Non-threshold reactions

1
(e}

[N
[EEY

=
w
I

[N
a1

I I
15 20

Energy (MeV)

25 30




Cross section (barns)

N-CS117 NRG TENDL-2017, AKONING

Non-threshold reactions

10° -

= =

S =
N o
I I

|

ol
a1
I

I I
15 20

Energy (MeV)

25

30




N-CS117 NRG TENDL-2017, AKONING
Inelastic levels

80

*1073
70 —

o)}
o
|

o)
o
|

Cross section (barns)
w H
o o
I I

N
o
I

=
o
|

o
OL

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

10

I - 1]

15
Energy (MeV)

20

25

30




N-CS117 NRG TENDL-2017, AKONING
Inelastic levels

60 '

*1073

o)
o
|

N
o
I

Cross section (barns)
N w
o o
I I

=
o
I

0 | | |

— (n,n*6)

0 5 10 15
Energy (MeV)

20

25

30




N-CS117 NRG TENDL-2017, AKONING
Threshold reactions

2.0 '
4 — (hX L
1.8 M,
— (n,4n)

,\1-6_ — (n,3n) B
2, — (n,Ma
S 14- —
©
i®)
~ 1.2 m
S
= 1.0 -
(&)
(b
N 0.8 m
7))}
7))}
O 0.6 - i
O

0.4 m

0.2 i

0.0 — | | |

0 50 100 150 200

Energy (MeV)




N-CS117 NRG TENDL-2017, AKONING
Threshold reactions

0.5 ' '
— (n,n*)3a
— (n,2n)a
— (n,n*)p
/\04_ —_— (n1n*)2a B
g — (n,2n)2a
M
O
~ 0.3 -
c
O
O
()
N 0.2- m
7))
(7))
=
@)
0.1 .
0.0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-CS117 NRG TENDL-2017, AKONING
Threshold reactions

503
1 A
1 — (n,n%)d
—  (n,n*)t
— (n,n*)he3
207 —— (n2np) B
g — (n,3np)
qv)
O
c
9
O
O
N 20— .
7))
n
=
O
10 — ~
0 | | — 1 T
) 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-CS117 NRG TENDL-2017, AKONING

Threshold reactions

0.6
— (n,2np)
— (n,npa)
05 —— (n,n*c)
— (ny)
— (n,he3)
0.4
0.3 -
0.2
0.1
0.0 | | ]
0 5 10 15

Energy (MeV)

20

25

30




N-CS117 NRG TENDL-2017, AKONING

Threshold reactions

403
o
107 (n,3a)
351 —— (n,t2a) .
— (n,d2a)
—_ — (n,pd)
gBO —— (n,pt)
®©
Q 25 -
S
= 20 .
)
)
N
7p) 15_ [
7
o
& 10— -
5— .
0 i | E— i i
0 5 10 15 20 25 30

Energy (MeV)




N-CS117 NRG TENDL-2017, AKONING

Threshold reactions

600

*107°

o)

o

o
|

N

(@)

o
I

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

=

o

o
I

— (n,da)

I I I
5 10 15

Energy (MeV)

20

25

30




N-CS117 NRG TENDL-2017, AKONING
angular distribution for elastic

LYoniCos




N-CS117 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




LYoniCos

N-CS117 NRG TENDL-2017, AKONING
angular distribution for (n,n*1)




N-CS117 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

A |
0 4 s
510 ° \ !’
2 V >
5‘ 10,1/2 \ o @é\
P <
S >
o, “o “
\S‘/,’)@ o




LYoniCos

N-CS117 NRG TENDL-2017, AKONING
angular distribution for (n,n*3)




LoniCos

N-CS117 NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

248

d}Q

§
@0\90 0
\




LYoniCos

N-CS117 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)




N-CS117 NRG TENDL-2017, AKONING

0 = >N
] > S
{%10 : >R
9 1 ’ (‘/A\
40 S
. QO
00..5\ > 4 >SS
o
(@ O <>
O\S\/O,@ \Q




LronieN

N-CS117 NRG TENDL-2017, AKONING

Neutron emission for (n,x)

@\{90

)
g

S 4
]
Q

0




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd) |

LronieN
\A
(-
RN
v

N
3 _F
100 A S
S S <
< Vv
: 6)?@, -
<z &S >




N-CS117 NRG TENDL-2017, AKONING

Neutron emission for (n,2n)

\

0
A y
Z P S
S sl |
5
510 |
QO
S
®)®, 2
2 PO

oS>
&
&
"\?‘
W e
S &
> Q,Qé}
N
,\,V




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

1
© 10
z . &
8 AN
9 S B
Df ’3: o \@
10 Ry
o~ L <&
®Q <z >
S, & v
%,
2




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

10
é )
Q
2 EH\Q@\&\K\ =
0 2 IS s S
5 10 > &
0/ x®
SIS
\S\@O\’O




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)3a

LronieN




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

1 -
10
A
d
= 10
% A
'l
P y
o
e
-S'@ 4 '\<¢°
< S
<,
., &
L Yo N




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

0 A
g 10 <>
Z - N S
9 S (S SN
o 2s <> S
0 2 A ~- \@

100/ ®®
> S
S, <o
o




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

- s
10 M«
A
¢ 10
21
2 i \td\\&\
o y
< S
Sy S
QQ}@,{O <
Qk {6\ S




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)2a

LronieN

N
\




N-CS117 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)d

10
S
Sel
7 A4 e
0 >
2 40 - -
% / N VN
5’, RS
- > N
o ~- Q;\Q.)
o o S
o o >
/)6)’59 & SV
L Yo >




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

0 ~
% 10 ™
Z ) >
2 / >
2,1 o S
g 0~ NS
o > &
<
>
-&@O\"’ 3
<, W NS
<.
<z o) ,»b‘




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3

é 10 o >
—_— “ \
. .
1 <
o =
100/ ’\<’;" é)\®
<
% T RS
<, ¥




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

¢ < -
Z N ¥
,’é J/ O 2
007 S &
100 \®
S S
- PSS
S5 <
<, Yo >




N-CS117 NRG TENDL-2017, AKONING

Neutron emission for (n,3np)

0
1
é )
fé 3.
510 |
(P4
<D
O v
< >
SRS Vv
L.
&z el




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

7 A |
d) N
Z 10 ) HQ“\L\ R
5 N
o > &

o =S

S ~> <
®®O ~o <>




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

5 0'1 i
=1
% “ JJ:?\RK\KK\
;o
- >
®®O ~o <~




N-CS117 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

A
d
Z 10 | g
2 1 v
@) N
5’, P ¥
o o =S
T &S
S, <o
(&
s, <




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,x)

100" S
O
S _ % i
S
L

=
U=




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

1 A
5 10 ®
24
2 >
¥ SN
o A <&
100 Vs o~
< 2
//@\7 U
S/
—/




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

| I //’/\

Y —

Z N
2 2. D
040 ST
N > <
(&4
S _ 2
%@e ~>




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

O/
% 10
z <>
é b ({/\A\
040 . SIS
QO <
&
S <o
£ o<
Ze, )
—J




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,n*)a

NS\NCOQ




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,n*)3a

NS\NCOQ




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

7
v 10
z
s
0105/
<>
o< ”
2,
L,




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,n*)p

NS\NCOQ




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

3 4
10
1/
%10
20 !
2,
g 7
100 ©
ST
/// <>
%@




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2n)2a

3/

10
7
0)10 Ve
240
g >
& N
o =
10o '6)<<,§

S
«j:@\? ~
L




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

LronieN




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN
R




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

LronieN
\

€

™
\




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

2 A
10 k
O A
7 10
- 2
2 >
5/' 2] ” Q\ =N
40" >
SRS
S, 7 <
= S




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

A
/lk/l/\/W\/”\”\/\\\ @

>
/2 v é) @
107 <

LranheN




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,npa)

\
<\
<\ /00

NS\NCOQ

—\




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,n*c)

NS\NCOQ




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,gma)




LronieN




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,d)

LronieN
\

=
QO
\




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,t)

7

0,

z5 N“u

:

g

100 ©
< o
/// <>
%@




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

LronieN
\

=
QO
\




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,2a)

, il
/ i 'l/\\
"l ""K/'&\\\
0l
i o




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,3a)

‘?\Q\)\N\\E\I
-

A
=g o
N
<.~ “
%b
—







N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,pa)

LronieN
\

€

™
\




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,t2a)

LronieN




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,d2a)

—
S
S

\
N

LronieN

Q%




N-CS117 NRG TENDL-2017, AKONING

$
O &&x
w
=amd 9V
—=Z
v, /
/.“/MI\ ’
e I
oL
&
= ==/
o =/7/
c )
— = —
— ——
O = — 4
= —--7
(- —
Is =/
V)
N
&
(D)
S
\ \ \ N\

..nlu. 1/0 1,,00
= A = =

NS\NCOQ




N-CS117 NRG TENDL-2017, AKONING
Photon emission for (n,pt)

102/ [ [l Ll

g ‘ | I/ | A

7. 0 - “ il{.ﬂ

21 4

fé /. \

> 105/ >
S _ < >

%@




N-CS117 NRG TENDL-2017, AKONING

Photon emission for (n,da)

NS\NCOQ




Gamma Prod (barns/MeV)

N-CS117 NRG TENDL-2017, AKONING
thermal capture photon spectrum

= =
o @)
= N

IIII | | ||||||| | | | I |

=
o
o

=
oI
[IEN

o

2 4 6 8

Gamma Energy (MeV)

10




N-CS117 NRG TENDL-2017, AKONING
14 MeV photon spectrum

=
oI
=

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

=
oI
\l

I I
10 20

Gamma Energy (MeV)

o

30




MeV/collision

N-CS117 NRG TENDL-2017, AKONING
Particle heating contributions

40 '

35| —— protons —
— deuterons
— tritons

301 —— hes3 =
— alphas

0 50 100 150
Energy (MeV)

200




N-CS117 NRG TENDL-2017, AKONING
Recoll Heating

40

N N
o o o
| | |

Heating (MeV/reaction)

N
(@)
I

recoil heating

-60

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-CS117 NRG TENDL-2017, AKONING

Particle production cross sections

6

ol
|

protons
deuterons
tritons

50

I
100

Energy (MeV)

150

200




N-CS117 NRG TENDL-2017, AKONING

LronieN

=
\

protons from (n,x) ‘




N-CS117 NRG TENDL-2017, AKONING
protons from (n,n*)p

+ S
1 A

A J N\
Z Ny >
0 ,«w“ s &
o A > &

100/ S
> SF
s
o




N-CS117 NRG TENDL-2017, AKONING
protons from (n,2np)

7
él ) &
Z ~ aVs
0 34 |4 ) * &
g 40 S

< D &

<
S, s >
<, ~>




N-CS117 NRG TENDL-2017, AKONING
protons from (n,3np)

A
0
o
5 3 < T
0’10/4 o \®\
<
L <&
S
@O S >
<, %
<.
L Yo




N-CS117 NRG TENDL-2017, AKONING
protons from (n,2np)

7% 10 ‘ ©
Z .
[ S S
2 | v
@) 3 NN
o <> <
o 10 ~ ®§
o S Qé}
T <&
<,




N-CS117 NRG TENDL-2017, AKONING
protons from (n,npa)

LranieN
.
O\
NN
\L
/%
==
y

g <>
10 | > SF
T &S
Y
e e =
2.




N-CS117 NRG TENDL-2017, AKONING
protons from (n,p)

é )
5 =
5 yp | N - KN
e <
640 I (L S
~T &
<,




N-CS117 NRG TENDL-2017, AKONING
protons from (n,2p)

g 10,2 e ‘l (\<;>

\
2 JUSY iy
2 JJ\JJ‘ > < 2
o NS < &

TS
S& <2
o
< 6}2 <D




N-CS117 NRG TENDL-2017, AKONING
protons from (n,pa)

0 ~ i
10
i 25
%00 &
G 1 ¢
[ -1 S
5 S "
QN PN\

5 A ‘ P ¥

100 5 ~ Qé}®

T &
<
<.




N-CS117 NRG TENDL-2017, AKONING
protons from (n,pd)

50
z | L
= \H S
2 3 :
g 40
< S




D 2

v L

Z 10

g p

5
o’ N

<

'S.@c* ~<o >

N-CS117 NRG TENDL-2017, AKONING
protons from (n,pt)
/
0 -
10 |




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,x)

LronieN
\

=
\




e e T

0
2 4 ] e
4 . 2
& 100/ ‘\y‘ x®\

i
\%Q& S v
s
L oD

N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,2nd)




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

z) b
Z >
3%

% 3 VN
& i ¥
o 10 S

o NS Q)@?

o K&
'S.@c* ~<o ~>
<, v




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,d)

0 A
10
% s
% g LR >
9 JJJJNJ <> S
o > S
o o Q‘?}®
> &
s




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,d2a)

T

210
5 - =
0 KN
o ! @ﬁ@‘z’
100 o &>
TS
S
< Yo <




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,pd)

% W0

2 LR =

0 3. / NN

o 0 ,§> @q,

) - o
N




N-CS117 NRG TENDL-2017, AKONING
deuterons from (n,da)

o
10
7] 25

D 2 <
% . JWJN >
0 i L =~
53 /J/ > ¥

o o QQ)\Q?

>~ &
2.




N-CS117 NRG TENDL-2017, AKONING
tritons from (n,x)

7 =
% W -
Z “ \}\L\L NES
go, Q«ﬂﬁ\ ~
0 ,A’ ~ \ﬁ jb N Q A\
& S S <
o 40 ~

0/ \®

i
<OQ
®®Q <%
<
Y, <
27 &5




N-CS117 NRG TENDL-2017, AKONING
tritons from (n,n*)t

O
® A ~
27 >
0 | AN\
| D ®

o’ S &
<SS
O N >
( (&4
S, >




—

N-CS117 NRG TENDL-2017, AKONING
tritons from (n,t)
i / ‘ l l“‘
<f.>

% 1
Z i /Mﬂm >
% s S
& 40 > F
o o Q‘?}®
> &




N-CS117 NRG TENDL-2017, AKONING
tritons from (n,t2a)

<
2 7 >
0 NN
o A 1 N ﬁ@‘z’
100 o &>
K
S
2




N-CS117 NRG TENDL-2017, AKONING
tritons from (n,pt)

P v
Z 10
»é - j ~> N
0 ) NS
<S>
S Yo S




N-CS117 NRG TENDL-2017, AKONING
he3s from (n,x)

0 -
10 ﬂf I \\\\
%00
% 10 >
% ] J ﬂ@\ﬁé\q\ - N
5 yw /<~:&\§\ N ,@Q §®

10o” &>
<
\%Q <o o
6)’@,
7 <::’00 S




N-CS117 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

7 <
Z 10
A S
0 ~ s
o &F
<SS
S S
<,




N-CS117 NRG TENDL-2017, AKONING
he3s from (n,he3)

(Al '

|l W i

oy S
210 HI f ’ . &
< N o
’é 341l JJMJJJJMJJ o “é
5 10 I P &

o S

> ¥
KS\.@Q&‘DO <
o,




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,x)

\
%00 ‘
d O TN S
2 BRI %
Jz. ’ |
0 ‘.:!‘| > A\
5: ’A/J/j\:l ’ll '@Q @QJ
1007 &>
<>
S
®®O ‘ZOO <>
‘S
Y, <
27 2




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,n*)a

/ QW
] e <
é 10; : {M i @\@ <&
SR < e
Q)G%
2 2 s




N-CS117 NRG TENDL-2017, AKONING

alphas from (n,n*)3a

é ] v
= <
7 >
0 A A XN
5 40 > &€

o ™ =S

<
S %




N-CS117 NRG TENDL-2017, AKONING

alphas from (n,2n)a

LronieN
N

%

~
N
> S
ﬁ
S
<




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,n*)2a
10 L

LronieN




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,2n)2a

/.
v 10
zY
:‘é 4 N
g
100 >
<
'S.@c* ~<o >
S




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,npa)

)
i

210 l <
£ i g ~
2 JJNJ~\H°
0 .34 N NN
5 10 /\/ R

o <

Sl
<o




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,a)

7 | <
- -
£ i i L > &
1067 JW*J S
D S
'S'@ <>
) (& <>
<,




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,2a)

=
\

LronieN

S
Q
\

2




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,3a)

2 5
Z L =
% A A /\ J\H\t}:b\\h\ RN\
e 0 O ,§> @q,
610 I S

o S

> <<§\Q’
<,
<




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,pa)

LronieN
\

=
\




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,t2a)

é ] <>
[ S
p o
0 A A PN\
v <> )
o 10 1| VY S

(&4 S Q;\Q.)

N
S
<,




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,d2a)

% O,z/ <
%1 ] -
0 N
5’, P ¥
o N Y
S S
TS
<,




N-CS117 NRG TENDL-2017, AKONING
alphas from (n,da)

AT
1N

S
é O,z . v
- LS >
g / [ < @g
> o ®\
> <<§\Q’\
<,




