Cross section (barns)

TA165 NRG TENDL-2015, AKONING
Principal cross sections

I I I I I
10%
10°
10° - ™ MM II
i M
L
10!
100 — — total
—— absorption
— elastic
10_1 B —— gamma production
11 I I_9 I I_7 I I_5 I I_3 I I_1 I1
10 10 10 10 10 10 10

Energy (MeV)




TA165 NRG TENDL-2015, AKONING
resonance total cross section

— total /\

=

o
N
|

Cross section (barns)

107°
Energy (MeV)

107




TA165 NRG TENDL-2015, AKONING
resonance total cross section

10°

1 —— total

Cross section (barns)
o
N
I

10*

107
Energy (MeV)

107




TA165 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




TA165 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=
o
N
I

Cross section (barns)
B
=
I

107°
Energy (MeV)

107




TA165 NRG TENDL-2015, AKONING
resonance absorption cross sections

103 : | | | | | | | :
capue |
)
C 10°%- -
T
L
(-
O
2
D 10" 3 -
V)
V)
o
@)
100 - L
10 10™

Energy (MeV)




TA165 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=

o
o
|

Cross section (barns)

|

=)
(BN
I

H
o
o

Energy (MeV)

10*




Cross section (barns)

TA165 NRG TENDL-2015, AKONING
Non-threshold reactions

104 | | | | |
(n,gma)
10% - (n:)
—— (n,2a
—— (n,pa)
102 = ‘l
1 i
o Il
10° -
101 - \\
107 —
a1 9 7 5 '3 1 1
10 10 10 10 10 10 10

Energy (MeV)




TA165 NRG TENDL-2015, AKONING
Principal cross sections

e

=
NN
I

total O
absorption
elastic

gamma production r

=
N
|

=
o
|

Cross section (barns)
oo
|

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)

TA165 NRG TENDL-2015, AKONING
Non-threshold reactions

| |
1 — (n,gma
-1 1p)
10 — (n,a)
— oo
| (n,pa)
10 —
10™ —
107 —
107 —
[ [ [ [ [
0 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

*1073

TA165 NRG TENDL-2015, AKONING
Inelastic levels

300 '

N

o)

o
|

N

o

o
|

=

a1

o
|

100 —

50

0 | | |

0 5 10 15 20 25
Energy (MeV)

30




TA165 NRG TENDL-2015, AKONING
Threshold reactions

2.5 '
— (X
— (n,2
— (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)




TA165 NRG TENDL-2015, AKONING

Threshold reactions

1.4
— (n,n*)3a
4 — (nh,2n)a L
1.2 — (n,3n)a
a - (n,ni)p
E 1.04 — (n,n*)2a B
©
=
— 0.8 i
O
E
o 0.6 — m
7))}
7))}
O 0.4 -
@)
0.2 i
0.0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




TA165 NRG TENDL-2015, AKONING
Threshold reactions

123
r e
1 — (n,2n)2a
— (n,n*)d
10 —— (n,n®)t B
Py — (n,n*)he3
g — (n,n)t2a
@ 8- |
8
S
.; 6 ] [
&)
()]
(7))
Q 4- -
=
@)
2 |
0 | | | T |
0) 5 10 15 20 25 30

Energy (MeV)




TA165 NRG TENDL-2015, AKONING

Threshold reactions

0.6
— (n,2np)
— (n,3np)
0.5 —— (n.2np)
— — (n,npa)
g —— (n,n*c)
@ 0.4
=)
o
= 0.3
(&)
Q
(7))
B 0.2
O
@)
0.1-
0.0 i |
0 5 10

I I I
15 20 25

Energy (MeV)

30




TA165 NRG TENDL-2015, AKONING
Threshold reactions

503 | |
o
10 )
— (nt)
— (n,he3)

A0 — (n3a) B
g — (n,2p)
(qv]
o
c
O
O
5}
0 20— .
w
(7))
o
@)

10 — .

0 | ’ T = i

0 5 10 15 20 25 30

Energy (MeV)




TA165 NRG TENDL-2015, AKONING
Threshold reactions

12006
oo
107 (n,t2a)
— (n,d2a)
1000-{ —— (n'pa) -
= — (n,pt)
= — (n,da)
@ 800 — .
L
S
= 600 -
)
5}
(0]
B 400 - L
o
@)
200 — n
0 | | | i - |
0 5 10 15 20 25 30

Energy (MeV)




TA165 NRG TENDL-2015, AKONING

angular distribution for elastic

N V
0 - \ \ © ' >
(% 10 \ \ ) ’ ’
~ A N
> 40 ) TS o
<5 ﬂgﬂ S
“s 9999 Jg@ <
o
%\S}’%O Cs g




TA165 NRG TENDL-2015, AKONING

angular distribution for elastic

SR\ N\SXY




TA165 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)

LYoniCos




LYoniCos

TA165 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)




TA165 NRG TENDL-2015, AKONING

angular distribution for (n,n*3)

SR\ N\SXY




b

Y

0. G

Q\, NQ
= 0
=
2
< /[ /
0 — 0
= A7 5
AL/__ W\ /\\Nw ,/A\o
S ¢ —~ .
w .Q /77 S
-8 Z /N
CNE / o
= = \ p
G 5 A Ry
<3 =NV
- Z

NSNIO0NQ




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd) ‘

. S
% 10 = A
Z . g &~
g A S
NS S <
S
S >
T, @ ™
<z ©




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

é )
% .3 A J/
2 10
g 1V
o
06\ NS
N> SN N SV




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

LronitieN
\A
(D
\

N
\




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

% A ™ o




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)3a

7
: A
9 ,3/ \\\
3 100/
- >
Sy ~
S
*ZO S




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

Z 10
v 1
2" I
 ,
0«10’0/
% >
<, Yo




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

72 10
g0 A
°
b A7
100
< >
®®Q - 3
Q’@, & NS
<z S ,»b‘




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

0 - S
10

A J ©
% \\\#\\\ >
0 ,Z A ) Lj\\k NN - <N
5 40 > =

0/ x®

S Sl
S, <o
o




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

0T o i \‘\\\\\
%10,1/
’g T L &\\\
s J
S S >
GQQ) 5 <
6){?// <5 O




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a

710

)

Z p

c

b A7

100 o
@é’ >
<& ¥ <
< &




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

LronieN
\A
(-
N
//}




LronieN

TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

S
» >
0 / ~
I Ve
A { 3%
- VN
> SF
0/ S Q~>®
NS <>
Ry <> S
DS >
~
2. NS
<z o) S




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

A
d
2 10
% A
'l
P y

o

<
®®o < '\9
<, >




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t2a

LronieN

N
\




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)
1 -
10 ‘\\ l.

25
z) A >
2 P / >
¢ & o S
o ) c
o S
> S
< N LS
S NS
S Yo ~>
7>




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

] SO
é 10 &
2 ®
5 3 SE
- <&
S oV
s, -
=
&z et




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

A
A
% 10 )q)
“ Q

0 S0
P y

QO

% >

<, Yo




LronieN

TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

S
) q <>
LN >

7. J J§H§\K\\\ e —

‘ < S
10 ~

0/ Q~>®

- > S
S




TA165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

3//
10
ﬁ (O
A il
5 -
o .
&, Yo >
GQQ) < <




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,x)

[
%z
=

- ()
10 S @
o~ <<,<\\
>
S, %o =
()
1z




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN
\

=
O
\




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

1 A
10
A 4
d) 2
Z 10
',‘é p
p p
(&4 -
NS
< S >
L
@% v




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,3n) ‘
S

0 4
7% 10 &
z - -
:‘é . >
o 40 . T®
0 o <S
S s
S/
—/




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a
103 | \\\

L J ©

=
'@’Qé\
NS
<<

LronieN
\

S
Q \

—
AVAN
/X

>

\w
N
G 4




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)3a

TranineN
—

O\A

\ \

A
=g o
N
<.~ “
%b
—




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

LronieN




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

LronieN




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

LronieN
\

—
\

€




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

3
10
i S
1/
%10
23 -
g
E % > SO
- 3
100 <<,<\\
«j:@e <
L




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)2a

LronieN




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

O A
% 1
Z A
5 4.
& 40
o’ N
S
‘2\%@ ~
L




TA165 NRG TENDL-2015, AKONING

Photon emission for (n,n*)t

)
‘)
7
Op
X
y D
N
/ / < A\
- D ¢

NS\NCOQ







TA165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t2a

LronieN
\

™
\




0 4
5 >
2 2. D
040 S
S >
2, >
L

TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2np) ‘




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

LronieN




O A
% 10 K
Z A
5 4.
& 40

o’ N

«j:@s >
L

TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2np) ‘




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,npa)

LranieN
\A
S
o
\
e ——
H_'

2 A
10
QO
S
N
‘i\@S =
L,




TA165 NRG TENDL-2015, AKONING




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,gma) ' , f
1 "
10 N ’

LronieN
\

N
\







LroonheN

TA165 NRG TENDL-2015, AKONING
Photon emission for (n,d)

0"
Sl i «'«'ffg"\ LS
~ | | I‘“w" |
] .\.L‘-!!.,us?ﬂtb”‘s\ ‘
10’0: \n
S < ~
@@@




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,t)

——/——

B \\\\\\K

7 10
20 -
5
«j:@e <
Sy
—/

2V




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

‘?\Q\)\N\\E\I
=
=

A
=g o
N
<.~ “
%b
—




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,a)

LronieN




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2a)

LronieN




TA165 NRG TENDL-2015, AKONING




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

N
\

LronieN
\







TA165 NRG TENDL-2015, AKONING
Photon emission for (n,t2a)

LronieN
\

™
\




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,d2a)

Jrd J
) ) A &
10 “Q ¥ ~:I\

0/
%10
2 -~
2
2y RS
0’100/ \@
SRS
P
//@@ < <>

\)

2V




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,pd) ‘

0/
7 10 l ©
- <
:‘é 2~ < N
040 . Y&
‘2\@6\ <
S/
—/




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,pt)

LronieN




TA165 NRG TENDL-2015, AKONING
Photon emission for (n,da)

P




TA165 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

Gamma Prod (barns/MeV)

I I
0 2 4

Gamma Energy (MeV)




TA165 NRG TENDL-2015, AKONING
14 MeV photon spectrum
I |

|
o
[EEN

=
ol
N

= =

oI oI
(0] (0]
I I

Gamma Prod (barns/MeV)
|_\
S

=

oI
5
|

I I
0 10 20

Gamma Energy (MeV)




MeV/collision

TA165 NRG TENDL-2015, AKONING
Particle heating contributions

35

30

25—

protons
deuterons
tritons
he-3
alphas

| I
50 100

Energy (MeV)

150

200




TA165 NRG TENDL-2015, 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)

TA165 NRG TENDL-2015, AKONING
Particle production cross sections

6

ol
|

N
I

protons
deuterons
tritons
he-3
alphas

- =

T 1 7T

50

100
Energy (MeV)

150

200







TA165 NRG TENDL-2015, AKONING
protons from (n,n*)p

=
-~
7
[
7

By

. ﬂ
% 10
? A
Z [ S
'y ,MUWJN RN
540 L > &€
o 40 . s

D s
'S'@ <>
(&4
QQ) <n




TA165 NRG TENDL-2015, AKONING
protons from (n,2np)

e

S
>
é ) =
gz Vs
0 3 A < v SN
% N <
g 100/¢/ > \®§
> <<§\Q’
S, s >
< ~>
7>
2L oy




TA165 NRG TENDL-2015, AKONING
protons from (n,3np)

5 3.
'l
g 10
(&%
%Q 5 ~\v
<,
<.
N o




TA165 NRG TENDL-2015, AKONING
protons from (n,2np)

fé ’3/ /\#\ﬂ (\/Q Q$\
o 10 X <
0/ '\<C) é}®
<SS
S o S
<,




TA165 NRG TENDL-2015, AKONING

N

1 >
2 ﬂ LN ™
0 UGN SANp
;1 P &

o o Q‘?}®
&8
<
<.
QP 90 %Y

2V




TA165 NRG TENDL-2015, AKONING
protons from (n,p)

%
% | | -
Y N RN
3 o’4 g’ wa = g\@@
Lo >
&S
S <3¢
(&4
(S 6)) <o




TA165 NRG TENDL-2015, AKONING
protons from (n,2p)

il

S

é 10 ) <

= S

J2 IS q’

o 3~ ’JJ\]J.J.\" N

g N <o Z

g 100/4/0\ '»\@\@

> <<§\Q’
<,




TA165 NRG TENDL-2015, AKONING
protons from (n,pa)

0 ~
10 w
25

7 <
g
[ - S
g S
= A A '§> @Q’
D’ o /JJ “J\\J ﬁ\

Ve > ch}%

<
<




TA165 NRG TENDL-2015, AKONING
protons from (n,pd)

® 2
Z 10 N
5 1 |
e
o
< S
“& oo “
s
QP 90 S




TA165 NRG TENDL-2015, AKONING
protons from (n,pt)

D0
Q-
Z 10
8 A
I
o
QO
S Y5 S

h—-
-I
_.I
y




TA165 NRG TENDL-2015, AKONING
deuterons from (n,x)

10'1: [ m )\\\ ~

3~
210 N =
[ - \}\L
9 NJ\JN\\QL ) AN\
5 5 \ N

1007 &>
<
O
®®O & >4 <>
<
o, <2
L D O




TA165 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

N
\

TranineN
—
O \
NI

10o”
>
S& G
< o >
<, ~




TA165 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

< \
A ~ H r

) T | s

0
) <
a 2V
2 - <
0 2 <&
& 100/ '\<? x®\

<s¥
'S.@c* ~o >




TA165 NRG TENDL-2015, AKONING
deuterons from (n,d)

g

1A
7% 10 (ﬁ)
- w
. NJ\MJJ )
2107 [N <o $
o2 10 1 ~

o~ Q Q}@

S S
-&@Q > <o
>




TA165 NRG TENDL-2015, AKONING
deuterons from (n,d2a)

P S
% 10 <
Z >
g
0 A NN
640 | > &
TS
S, <o
o
s <
S




7
e
o

LronieN
\_A
(D
\
\i

(&4
>
S
<,
<

TA165 NRG TENDL-2015, AKONING
deuterons from (n,pd)
0 -




TA165 NRG TENDL-2015, AKONING
deuterons from (n,da)

. <
n Y
e
% A J;J:JIJL : ‘
o 100/ g
S @)‘:’0 <




TA165 NRG TENDL-2015, AKONING
tritons from (n,x)

=

2 A
é 10 3
=— 1 \}
% JJ\{{N\ NN
oA \ > &

10o” &>
<
O
®®O ‘ZOO <>
<
o, <
L OO S




TA165 NRG TENDL-2015, AKONING
tritons from (n,n*)t

oy
40 &
% ) >
v
9 N S Q$\
0 ,3: VS
NS <S>
< v




TA165 NRG TENDL-2015, AKONING
tritons from (n,n*)t2a

o//
10
%00
w10
zY
g |
o A
100 <




TA165 NRG TENDL-2015, AKONING
tritons from (n,t)

) >
% 10 ) <
% /ﬁm . >
0 3 J S
040 TS
o S Qé}
~ <8
<,
<




TA165 NRG TENDL-2015, AKONING
tritons from (n,t2a)

(-
\
4

7
0 10
25
c
0’ 10/0/\1
-

D




TA165 NRG TENDL-2015, AKONING
tritons from (n,pt)

é 10’ <
2 S
o AT Sl
1007 P &
<SS
S % S
<,




TA165 NRG TENDL-2015, AKONING
he3s from (n,x)

AR
S 2
_—

[

453
0 3
< 40 g K
7 y L
% wﬂ&*ﬂ\‘ N
4 h S Q¥
g P <

o S

i
O
®®O ‘ZOO <>
'S
%, o
27 SSEN




TA165 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

LronitieN
\A
(D
\

3 Ny
10
QO
R S
<,

Ve
S
VN
<
NS
P S
<




TA165 NRG TENDL-2015, AKONING
he3s from (n,he3)

D 0- <
Z 40 {H -
? P ﬂ J %
g = > &
o o Q‘?}®
DS
'S.@c* <o <
o







TA165 NRG TENDL-2015, AKONING
alphas from (n,n*)a

7 -
it «{
| | )
%10 J | { u i ‘1‘“‘ ©
N <
gloii (LUES @@@é
S > <<§\Q)
GQQ:DO <




—
S

\

LronitieN
=~
\
él_;
=
=
T

100/\
>
Y
& 6530 =
2.

TA165 NRG TENDL-2015, AKONING
alphas from (n,n*)3a
fiile
4 |




TA165 NRG TENDL-2015, AKONING
alphas from (n,2n)a

LronieN
\_A
O \
\
/

N
7
(P4
S
&~ o >




TA165 NRG TENDL-2015, AKONING

alphas from (n,3n)a

LronieN

&
| S
f\?‘®
Vv %
ﬁ
> N
QQ)
<
>
N




alphas from (n,n*)2a

TA165 NRG TENDL-2015, AKONING
0 - NN i
10 1

7 SO
D 2 <>
Z 10 1L S
1 J\H N
2 Pl v &
> o ™ S
S S
~T S
<,
<
N> S




TA165 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

210 ) <
< S
’é ¥ D
o 10 L >~ S

o S Qé}%

T &
®®Q <
<,




TA165 NRG TENDL-2015, AKONING
alphas from (n,n*)t2a

0/
10 I
D2
0 2
5 L
< S

/44 <
% 0
QS
‘90

6)& 0
9




TA165 NRG TENDL-2015, AKONING
alphas from (n,npa)

g0 i v
[ ~ S
g 03/ U < @é\
> ST
'S.@c* <o <




TA165 NRG TENDL-2015, AKONING
alphas from (n,a)

i\ P S¥
o 10 L [lILHA N
o | o =S
= NEERS
S5 o -
<, o




TA165 NRG TENDL-2015, AKONING

alphas from (n,2a)

0 /
10 [
%00
w10
zY
“ !
0 > I SN
100/\ M\W\’
'S.@c* <o
s
=3




TA165 NRG TENDL-2015, AKONING
alphas from (n,3a)

o,
2r

[ S
Z < v

0 4 - § > NN
£ 40" [l IS >

1 AN Nﬁ ®
(& Q S SN
N
/)6),

¢
§
0




TA165 NRG TENDL-2015, AKONING
alphas from (n,pa)

—
[—
A
.
———

0 ~
10
D -
7 10
% i | >
@) QLS N
5 A &J\@N‘J a S
O~ L N
jvo " > &
TS
'S.@c* <o <




TA165 NRG TENDL-2015, AKONING
alphas from (n,t2a)

= - <SS
5 =
5 A P ¥
100/\ S
> <<§\Q’
<,




TA165 NRG TENDL-2015, AKONING
alphas from (n,d2a)

é \ <
(] 4 S
2 S
5 A P ¥
100/\ \®
'\9 <<§\Q’
Ky
< P <
>




TA165 NRG TENDL-2015, AKONING
alphas from (n,da)

44 {
7% 10 ) |
2 il L
g 3 /jm\W?LN
0101
>
S
@Q @:30 <




