SB109 NRG TENDL-2015, AKONING
Principal cross sections

106 I I I I I

10°
2
= 104 _
S 10
=
-
S 10°-
O
O \
7y 2 L
n 10
8 .
= — total
@) 101 _kzbsorption

astic
—— gamma production
10°
11 I I_9 I I_7 I I_5 I I_3 I_1 I I1 I
10 10 10 10 10 10 10

Energy (MeV)




SB109 NRG TENDL-2015, AKONING
resonance total cross section

total

=
o
w
I

=
o
N
I

Cross section (barns)

'MUWQ

S

107
Energy (MeV)

107




SB109 NRG TENDL-2015, AKONING
resonance total cross section

total

=

o
N
|

Cross section (barns)

=
=
£

=

bbud\k\\‘l}\u

10*

10
Energy (MeV)

1073




SB109 NRG TENDL-2015, AKONING
resonance total cross section

10°

1 — total

Cross section (barns)

=

o
[EEN
I

10 107
Energy (MeV)




SB109 NRG TENDL-2015, AKONING
resonance total cross section

— total

Cross section (barns)

10!
Energy (MeV)

102




SB109 NRG TENDL-2015, AKONING
resonance absorption cross sections

1035” ﬂ

ca;ﬁtu re ﬂ

=

o
N
|

L L L LI

Cross section (barns)
SH
I
-
I

H
o
o
|
—
—

107

|
o|
(6]

Energy (MeV)




SB109 NRG TENDL-2015, AKONING
resonance absorption cross sections

%101—? |
%100—E '
S . WUU\/\ ! A/ I\ I
T U UWJ hu U& |

Energy (MeV)




Cross section (barns)

SB109 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=

o
=
I

H
o
o

=
ol
=

|

ol
N
I

|
o L1ll
w

Energy (MeV)

|
o|
N




SB109 NRG TENDL-2015, AKONING
resonance absorption cross sections

1072

capture

Cross section (barns)

1073

10°
Energy (MeV)

10*




SB109 NRG TENDL-2015, AKONING
Non-threshold reactions

Cross section (barns)

ny
[ [ [ [ [
101t 10 10”7 10 10 10t 10*

Energy (MeV)




SB109 NRG TENDL-2015, AKONING

Principal cross sections

7 i\ I I I

w EAN
| |

Cross section (barns)
N
|

0 i i i i i

total

absorption

elastic

gamma production

0 20 40 60 80 100

I I I I
120 140 160 180

Energy (MeV)

200




Cross section (barns)

10°

[HE
<)
w

[HE
=)
(0]

=
OI
(o)

=
ol

=
N

SB109 NRG TENDL-2015, AKONING
Non-threshold reactions

I I I
0 5 10 15

Energy (MeV)

20

25 30




*1073

Cross section (barns)

SB109 NRG TENDL-2015, AKONING
Inelastic levels

50 '

1N
o
I

w
o
|

N
o
|

=
o
I

(n,n*1)

Energy (MeV)




*1073

Cross section (barns)

SB109 NRG TENDL-2015, AKONING
Inelastic levels

25 '

N
o
|

=
o1
I

=
o
I

ol
|

0 5 10 15 20 25 30
Energy (MeV)




SB109 NRG TENDL-2015, AKONING
Threshold reactions

1.8 '

(n,x)
(n,3nd)
(n,3n)

(n,3n) —
(n,*)a

1.6

Cross section (barns)
© o o r r P
SR o oo o N AN

I I I I I I
I I I I I

o
N
|
I

o
o

I I
50 100 150 200

Energy (MeV)

o




SB109 NRG TENDL-2015, AKONING
Threshold reactions

1.2 ' |

=
o
I

o
)
|

Cross section (barns)
o o
IN o
I I

—
N
|

o
o

I
15

Energy (MeV)

o
o1
=
o

20

25

30




SB109 NRG TENDL-2015, AKONING
Threshold reactions

250 | | |
*107
— (n,2n)2a
— (n,n*)d
—  (n,n")t
_ 200 —— (nn9hes |
g — (n,2np)
®
®)
~ 150 — .
c
i)
O
Q
N 100 - .
(7))
(7))
O
@)
50 — B
0 | | 1 1 | T 1

10 12 14 16 18 20 22 24 26 28 30
Energy (MeV)




SB109 NRG TENDL-2015, AKONING
Threshold reactions

0.5 ' '
— (n,3np)
— (n,2np)
— (n,npa)
/\04— —_— (n,n*c) [
g — (n,d)
®
®)
~ 0.3 -
c
e
O
Q
N 0.2- —
n
n
O
@)
0.1 .
0.0 | — | — 1 |
0 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

SB109 NRG TENDL-2015, AKONING
Threshold reactions

Energy (MeV)

400, ' '
i
10 —
3501 —— (n,hel) =
— (n,338)
— (n,2p)
300 —— (n,d2a) =
250 — i
200 =
150 — =
100 — —
50 i
0 | | ] |
0 5 10 15 20 25 30




SB109 NRG TENDL-2015, AKONING
Threshold reactions

25 I I

-3
*10
— (n,pd)

— (n,pt)
— (n,da)

= = N
o &) o
I I I

Cross section (barns)

ol
|

0 | | T

0 5 10 15
Energy (MeV)

20

25

30




SB109 NRG TENDL-2015, AKONING

angular distribution for elastic

%
_
=

& i
1
~<7 0/
(. O‘O >;
O‘S\/’ K>, >>>
0@ S L
o O




SB109 NRG TENDL-2015, AKONING

angular distribution for elastic

LYoniCos
o o
QQ\ NN
7

O
Qf\?
Q'\‘,b
Q'\‘,O
.\?‘
S
SV o
SRS
S REEN
S




SB109 NRG TENDL-2015, AKONING

0N 10 ?
55 ' >P' ©
< 1 S
b 1 P < S
o BN S <
s J?JJJ; <&
%@ ’QO e >>>>JJJ <«
s = [




SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

LYoniCos

d}Q

§
@0\(?0 0
\




LYoniCos

SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




SB109 NRG TENDL-2015, AKONING

angular distribution for (n,n*4)

\

\

—

LoniCos

d}Q

§
@0\90 0
\




LYoniCos

SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)




LYoniCos

SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)




SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

1))
o
0 > P
10 >
L A\
D‘ ) ,\<,o §®

<5 > S

“ol MJJ e

o L
% o < >>>>> N
\S‘/,’)@ O o~ >




LYoniCos

SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)




LYoniCos

SB109 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)




SB109 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NOIHWEN




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)
 } ‘\\

0 s>
- 10
= -
9 a2 N S
5 10 <
o’ S
<S¥
T’)
S, 7
&z et




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

- 10
() p >
Z >
% > ({’\/A\
2 40 > &
g 1V S
o > Q}®
S o <&
S XS %




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

0 - S
10
7
% g >
g7 N
% 2 A (ﬁo&
= 10 P
g 1V NS
o P S
<> <
S = v
Sy, o
e e




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

Mm
0 - S
10
- E v
~ S
[ J\L [V
:‘é 24 S ) S
510 | >
(&4 S Qé}%
T <&
\S\@O\’O -
S, So




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)3a

LronieN




LronieN

SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

-
10 = N
e
o
S &
J v TS
o S
Py o <K
S
S >
< -
Z
Q@, o g%
R N




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

7 4
Z 10
% A
I
o

QO

S S o

S 7
&z et




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

i ‘\\\\\

0 |
% 10
z . -
0 S e &

1bo < {(/QQ,@
S Yo
SN “
o, 2




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

10 v
% 1 N ~

0 NN

5o 3 P ¥

100/ S
> <<§\Q’
- S
S




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a ‘

LronieN

N
\




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

S
>
5 100 >
20| -
Ve ({/\/
2 > &
g P S
o S Q)@?
- > &S
'S.@c* ~>
<, ¥ v




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t ‘

é s J/ >
5 i >
~

’é VD

2 A S®
p g ES TN

100 S
PSS
DN &S
6}26% ~ D>
&z Ty




LronieN

SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

0 - SO
40 &
P >

M Ve
2~ S i <z$\
10 RS
- > N
o ~- Q;\Q.)
- SIS
'S.@c* ~>
< =
o, ~
L NS




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

S
o
A B
% 10 &
? _ \\/ "\yg
g D
o ) c
o S
> S
< >~ &
S N
<, o >
N SN




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

1 -S>
7 >
10 >
zZ - v
3 O\
N
0 o
0 ,3: NS
10 > &
e <
O %
[
RS 2
<
e




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

/. 14
d
g 4 K
@)
'l
p y

o

S
S Lo S
/)6), <5
- < Tw




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

17

S

LronieN

N
\




SB109 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

A ’ i'l b o <
2 | -
5 i g KN
s ¥ &
S, <o
< 6)) <5 <D




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,x)




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN
\

™
\

|

|

S

|

[ ///
({/b

25

\@é\

SN

<
Vo




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

ranineN
\A
(D
S
\ \ \
[
il ——
ey ——

2
10
(4
e
<o Y
< ~
= S




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN
\

™
\







SB109 NRG TENDL-2015, AKONING
Photon emission for (n,n*)3a

LronieN




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

LronieN




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

TranineN




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,n*)p

NOIHWEN




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

5 - ui’"l
10 ) 1,,«#/’5;’1,,#
dl /mL/’” {i
1 "'I,'In' I <
2 Ll
% b
5 1
g
100 o
< _ = <
%@




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,2n)2a

— —
S

W

\

S

TranineN

&

V)




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,n*)d

NOIHWEN




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

— 0 Ui \
0 10
% / O \
2 /
P 10'0/
< S




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

) - ‘
%10 ) -
100"
=
Ve
§%2 - “ ~




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

SaTr
23 t '//’/l ////k/\\




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

10
7 07
%10 A
9
5/, ,Z: ‘4'
100 -
£ ©
=, w©

S
Qf\?
Q'f,b
N
S
<
S
o
>~ N
S ¥
~ AN
<<




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

LronieN




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,npa)

\
<\
'

NOIHWEN




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,n*c)

NOIHWEN







SB109 NRG TENDL-2015, AKONING
Photon emission for (n,p)

LronieN




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,d)

Z 7 TAALIT]
II!“hl.m.l\whlh
> o Ay

NOIHWEN

S — — \ 77
— — T -,
Il S~ - oy o




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,t)

NOIHWEN




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

LranieN
=
2

7/

%

y

%@ 5

<’>

-
<>
//@@ < <>










SB109 NRG TENDL-2015, AKONING
Photon emission for (n,3a)

5 A | | ‘\
10 0 {4
- l"',lu\
Gtk
z) 01 A ‘L
zr
¢
g
100 o
<_ < <
.
%@




SB109 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

LronieN
T

€

\

V)







SB109 NRG TENDL-2015, AKONING

Photon emission for (n,d2a)

(g

o S
<\

NOIHWEN

A\
=N




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,pd)

NOIHWEN




0 - f‘
% 1 4
Z A
Z‘é OZ/ (\/QA\
g P <
10 N <</§
S
Sy
=

SB109 NRG TENDL-2015, AKONING
Photon emission for (n,pt) ‘




SB109 NRG TENDL-2015, AKONING

Photon emission for (n,da)

NOIHWEN




SB109 NRG TENDL-2015, AKONING
thermal capture photon spectrum

102 : | |
S
S
1
B 10~ — 41—\_|_\_\_‘_
-
qv]
=
o
O
o 10° -
qv]
&
&
(qv)
O
101 4
| | |
0 2 4 6

Gamma Energy (MeV)




SB109 NRG TENDL-2015, AKONING
14 MeV photon spectrum
I |

|
=
~

Gamma Prod (barns/MeV)
H
oI

=

ol
=
w

I I
0 10 20

Gamma Energy (MeV)




MeV/collision

SB109 NRG TENDL-2015, AKONING
Particle heating contributions

35

30

25—

protons
deuterons
tritons
he-3
alphas

//__‘VZ"’/’f |

50 100
Energy (MeV)

150

200




SB109 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)

SB109 NRG TENDL-2015, AKONING
Particle production cross sections

5

N
I

protons
deuterons
tritons
he-3

alph

50

%

100 150
Energy (MeV)

200




SB109 NRG TENDL-2015, AKONING
protons from (n,x)
0 ~
S K
) |
Hi

=
% .00
v 10
zY
c
0«10'0/\
S




SB109 NRG TENDL-2015, AKONING
protons from (n,n*)p
St “\\\\\

7 S
2 P >
~J
20 LJ&W >
0 Ik e
D« A NS \@Q)
o o =S
&
Ss <3¢
(&4
P “




SB109 NRG TENDL-2015, AKONING
protons from (n,2np)

e
0" |
10
-
2 % P
10 -
>
S o >
e ~>*
2 P




SB109 NRG TENDL-2015, AKONING
protons from (n,3np)

1T
100 1 o

LronitieN
\_A
LD
\




SB109 NRG TENDL-2015, AKONING
protons from (n,2np)

é 10 .y
8 3 A ) > KN
I <
o 10 - S
o Q)\Qb
<SS
S Y5 S




SB109 NRG TENDL-2015, AKONING
protons from (n,npa)

ranineN
\%
/
43
Y




SB109 NRG TENDL-2015, AKONING
protons from (n,p)

gl 'mm -

2 >
o | SN
2 A A ) JJQJJJ '§> §’
P {18
100 S
S <
~- Q,Q
‘%Q < “




SB109 NRG TENDL-2015, AKONING
protons from (n,2p)

i
P \r
0"
219 |
Z \H\\L\L\L (\9
Jz JJJ.« —

Rl I “ S
610 A% VY &
= LS

> &
S <2
(S o <o
<,




SB109 NRG TENDL-2015, AKONING
protons from (n,pa)

0 A mmaiy
0 1
/ =
é 1 <
| .
5 (S v P
| (LN ®\
“ N
e T “
Q’@,
Gz > O




SB109 NRG TENDL-2015, AKONING
protons from (n,pd)

% 1V £
Z d <
’é 3 /J« > N
<

o 10 | e S

o Q)\Qb

<SS
S& Yo S




SB109 NRG TENDL-2015, AKONING
protons from (n,pt)

/(
0 A
10

é 0" >
s T
53 S

0/ '\<C) é}®

<SS
‘%Q&zo S
O@,
- < Tw




SB109 NRG TENDL-2015, AKONING
deuterons from (n,x)

® 2
Z 10 g
% 7 qu\}\\t\}\ )
o S
g g

o

S
®®O ‘ZOO <>
%, <
Z7- %D




SB109 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

LronieN
\r.k
O \
N
N
V3
Q
/

NS
QO - ‘\?‘ é}®
<>
Ry
T ©
o,
- <o D




SB109 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

D
g |
p p@
(P4
NS
'S.@c* ~<o ~>
<, a




SB109 NRG TENDL-2015, AKONING
deuterons from (n,d)

B W
2

i N
% [ ~
o 3 JJJJM " <2$\
o 10 JHES >~ S

<
®®O <o <>
‘<




SB109 NRG TENDL-2015, AKONING
deuterons from (n,d2a)

S
2 .-
210 N
[ - S
% (LA\
o A P ¥
100/ S
> <<§\Q’
Xy
O@
7>
QP 90 %Y




SB109 NRG TENDL-2015, AKONING
deuterons from (n,pd)

0,1/ 1 >
0 N‘Q S
0 3//H v AN
g 10 J =~
0/~ ’\<’¢) \®
i
S S




SB109 NRG TENDL-2015, AKONING
deuterons from (n,da)

2 s >
~J

2 ity ©
g / S S
9 | > S

% N

®®O <o <>

‘S
2,




SB109 NRG TENDL-2015, AKONING
tritons from (n,x)

=
% .00
(&) 10 >
=— ] \} L
2 M;\{{*\“ SN
& s S <
o A > S
10o” &>
<
)
®®O ‘ZOO <>
')
Yo, <
27 TSI




SB109 NRG TENDL-2015, AKONING

tritons from (n,n*)t

LronitieN
\A
(D

N

RS

o
Vs
LA
NS
S
'\<3><<§@'
N
NV

>

S




SB109 NRG TENDL-2015, AKONING
tritons from (n,t)

A
% 10 4 <
Z A
— 4<“ S
9 s =
v g ) <
o 10 ~ ®§

(&4 S Qé}

T &
R N
<,
<




SB109 NRG TENDL-2015, AKONING
tritons from (n,pt)

D -

A S
2 MEY
D ) NS

o > Q}®

<
S
< <o >




SB109 NRG TENDL-2015, AKONING
he3s from (n,x)

7 P

v 10

A &
2 I«

(@, LINSN NN
5 /A_//qjéi\\\ '§ \Q)
10o” &>

<S>
O
\S\@O \700 <S
<
o, <
27 o




SB109 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

LronieN
\

D -
N
100~
N
S




SB109 NRG TENDL-2015, AKONING
he3s from (n,he3)

\ wf F I Hl r M
0" f

b -
Z 10 I N
% | MU o
3 /\/

< S

'S'@Q @:30 <







SB109 NRG TENDL-2015, AKONING
alphas from (n,n*)a

.
0
& r ”ll‘
i |
7 0~ FHIWH{F ‘F“
63 |
z VSt
e, || A
0’ 10’0/\ o
~-
'S'@O <2
.@) o <D
e




SB109 NRG TENDL-2015, AKONING
alphas from (n,n*)3a

00 TP “‘
Ve

[ - S
- -
o ’4: N g A§Q)
100 o &>
SRS
S
2




SB109 NRG TENDL-2015, AKONING
alphas from (n,2n)a

7 P
w10
zr
2 J
5/« 34N
100"
NS




SB109 NRG TENDL-2015, AKONING
alphas from (n,3n)a

® 2 &
Z 10
5 i T
o Sl

BN S

S
\%Q& S ~v
s
2




SB109 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

0 - !
10 1

D2
d ad }
Z 10
% A
e
P .

< S

s




LronieN

SB109 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

2 A
10
Ve
N
7
(P4
© >
<~ <o ~>
<, a




SB109 NRG TENDL-2015, AKONING
alphas from (n,npa)

] l’] i
%10 ©
% / Lo >
0 3 NN
510 L > &

o =S

> <SS
> “
<,
<.




SB109 NRG TENDL-2015, AKONING
alphas from (n,a)

7
d) P
Z 0 ! =
0 NN
3 I LS > &
p ~ N S

o I )

> <<§g’
‘%Q < “




SB109 NRG TENDL-2015, AKONING

alphas from (n,2a)

NN

LronieN

o
N
P &
S
S =
'»<<§\




S
% &
G 0 ©
2 7 b >
@) KN
5’, yy N %
AN
'\9 <<§\Q’
S
- =
O@
7

SB109 NRG TENDL-2015, AKONING
alphas from (n,3a)
0 ~




SB109 NRG TENDL-2015, AKONING
alphas from (n,pa)

0" 1 TS ".'lm

D2
v 200
< 410 |\
2 1 ‘ \HJ\\H >
0 Sy o
p AN ‘\\\\]J@\" ™ ﬁ\@

“ S

'S'@ <2

) o <
<,




SB109 NRG TENDL-2015, AKONING
alphas from (n,d2a)

100 T ““
<

= 1 <O
: S
O AIN > &€
100 o &>
> S
S
2




SB109 NRG TENDL-2015, AKONING
alphas from (n,da)

LronieN
\
=
=
/




