SM133 NRG TENDL-2015, AKONING

Principal cross sections

10° -
U 115
g 10°
qv)
S
i) (11
8 ly
¢ 107~ Hl“nmr
n I
n
O . 2
= 10° — — total
O —— absorption
— elastic
101 B —— gamma production
AN _ .
11 I I_9 I I_7 I I_5 I I_3 I I_1 I 1
10 10 10 10 10 10 10

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
resonance total cross section

10% -

4 — total

Cross section (barns)
o
w
I

107°
Energy (MeV)

107




SM133 NRG TENDL-2015, AKONING
resonance total cross section

total

=
o
w
|

Cross section (barns)
T
=

102

bkl 11

107
Energy (MeV)

107




SM133 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




SM133 NRG TENDL-2015, AKONING
resonance absorption cross sections

10"

capture

=

o
w
|

Cross section (barns)

=

o
N
|

107°
Energy (MeV)

107




SM133 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

103—; ﬁ (‘ﬂ

Cross section (barns)
o
N
L I
=
-
—_—
- =
i ———
—
I

100 I 1 1 1 1 | \
107

10
Energy (MeV)




SM133 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=

oI
N
|

Cross section (barns)

1073

10°
Energy (MeV)

10*




SM133 NRG TENDL-2015, AKONING
Non-threshold reactions

106 I I I I I

=

o
(0]
|

—~
-3 -~
QD
~

=

o
D
|

=

o
w
|

=

)
N
|

[

Cross section (barns)

[EEN
o
[EEN
I

=

o
o
|

[ [ [ [ [
- 10 10

Energy (MeV)

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




Cross section (barns)

SM133 NRG TENDL-2015, AKONING
Non-threshold reactions

| | | | |
4 | (n,3a)
L0 (n.2p)
10° -
10% —
10% -
10° -
101 -
11 | | 9 | 7 | 5 | 3 | 1 I1
10° 10° 10° 10 10° 10 10

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
Principal cross sections

10 I I I

total

absorption

elastic

gamma production

0o
I

Cross section (barns)

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

Energy (MeV)




=
oI
[IEN

IN

[HEN
o

1
\l

=
o

|
OI
[N

=

Cross section (barns)
o

[N
(o)}

|
OI

(RN
(o]

=
oI

SM133 NRG TENDL-2015, AKONING
Non-threshold reactions

(RN
w

o
I ) I ([ I A

I I I I I
10 15 20 25

Energy (MeV)

o
ol

w
o




Cross section (barns)

SM133 NRG TENDL-2015, AKONING
Non-threshold reactions

| |

10° —

il -

5 10 15

Energy (MeV)

20

25 30




SM133 NRG TENDL-2015, AKONING
Inelastic levels

250 '

*1073

200 —

=

a1

o
I

100 —

Cross section (barns)

o)
o
|

Energy (MeV)

30




SM133 NRG TENDL-2015, AKONING
Threshold reactions

2.0 '
4 — (hX) &=
= — (n,2nd)
— (n,2n)
/\16— —_— (n13n) —
0 — (n,Ma
S 1.4- —
®©
O
~ 1.2 =
g
= 1.0 B
&)
()]
N 0.8 -
7))
n
O 0.6 - .
@)
0.4 — =
0.2 =
0.0 — | | |
0) 50 100 150 200

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
Threshold reactions

0.5 ' '
— (n,n*)3a
— (n,2n)a
— (n,3n)a
047 — (np B
g — (n,n%)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)




SM133 NRG TENDL-2015, AKONING

Threshold reactions
40 '

%107
(n,2n)2a
35 (n,n*)d
(n,n*)t
(n,n*)he3

(n,2np)

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

ol
|

o
ol

10

| | ] - |
15 20 25 30

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
Threshold reactions

0.7 ' '
— (n,3np)
064 —— (n2np) L
— (n,npa)
= — (n,n*c)
C 0.5 (n.d) —
®
=)
— 0.4 B
O
g
7 0.3 —
7))}
7))}
O 0.2+ -
@)
0.1 /\; L
0.0 | — | | |

o
o1
[EEN
o
[EEN
o1

Energy (MeV)

30




SM133 NRG TENDL-2015, AKONING
Threshold reactions

40

*1073
35

w
o
|

N
ol
I

Cross section (barns)
= N
o1 o
I I

=
o
|

ol
|

()
(n,d2a)
(n,pd)
(n,pt)
(n,da)

o
o

15
Energy (MeV)

20

25




SM133 NRG TENDL-2015, AKONING
angular distribution for elastic

;
% 10 ’ ’ ~
¢ A <=7
~
g TS
o ﬂg <
O'S‘/,’) o | >
=~ S 1
o ©




0
7
@\, .
O, Ty
L
©
—_ V)
On Y
Q\/o«

O
£
5
%, ’
5,.¢uu Qv
1_n|a .Nb
o o \..“bb Q
N 5 =W
a8 =
A c Q
O S e \
x o ——— Q
> 5 ——— 0" &
© 3 ——— 6 &
M S 07 (P
=2 RN
) © n/,.m./ On4UL, naUL,J,

SR\ N\SXY




SM133 NRG TENDL-2015, AKONING

angular distribution for (n,n*1)

SO0\




SM133 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

ﬂ \\Snw
32 \\ 'rﬁ ’ -
2 o i | L s
3 E | > | 2 = §<§\

{0/0.6\ WJJ s <<§\Q’\®




SM133 NRG TENDL-2015, AKONING

angular distribution for (n,n*3)

SO0\




LoniCos

SM133 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)




LYoniCos

SM133 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)




SM133 NRG TENDL-2015, AKONING

Neutron emission for (n,x)
<<

NSNS0




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

2,
g A7
100
<
>
\5\@0\’
S, Vs
<
RS




LronieN

SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

Se)
,2/ co‘\/
10 J o
) / N (\/"\/
N VN
. > F
P S
o NS Q)@?
S NSRS
Ky
T &
b <5 NS




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

(N
\
/

LronitieN
\A
(D
N




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

| "m
7 0 S
v 1
7 M
g | IS
g 2
100 =
<,
vS'@ o
QQ) 90 <n




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)3a \‘
» \\\\\\

0 >
7 1 >
z h
= S
7 N>
0 .3 N
510 > ¥

o <

o > <<§\Q’
Ry
2. (o)




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

—
[~
[
~%

1
7 10 ~
@ ™~ <>
310 L <
: - .
L 3 @Q)
g 47 <
10 S
S <
<S5, 2L




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

LronieN

N
\




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

AN

0 -
7 10 |
z LIRS S
2 7 LS A
610 S

\S\Q o

QQ) <5 <o




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

] 25
é 10 <
z -+
0 S e &
0% .3 ~- \@
100/ S
> <<§\Q’
S
®®Q <
<, Yo
<
Qk {6\ S




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a

. S
é 10 ©
. o .
g 3 &

10c~ P &S
<> <
®®Q6\ >~ >
. ©
<z S <




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

; SO
r >
% 10 S
ZzZ o>
% / W
S > ¥
g 0~ NS

- SRS

'S.@c* ~>
e
s NS
S




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

7 A |
10 =
2 \g £
¢ T S
g P S
- ASEERS
S
@Q >
<, ¥ g
S
<z o) ©




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

10
S

A
- ’
o ) - S

(&4 N é}%

NS
- <S
S - S
O@,
7 & <




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

1 =
A &
é 10 &
2 1 |- >
g J S IPENN
e N o =
> 007 > S
10 )
- S
o8 S
@,@f‘zo >
R CNPN




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

oy
- 10
% g ~>
9 3 \ P
= 10 P
o 17 N\
o % Q;\Q.)
- <
®®Q6\ < &
s
2 ST




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

7 p
a ﬂN
Z 10 JJS@\\\
% A
e
g 7
< NS
SR o <
<S5, 2L




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

10
S
D At <>
Z 1
27 LSS >
0 N
F > &
> S
Ky S
@O <
S, Yo
<
Qk {6\ S




SM133 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

s
10 / .\i\}.' ~
% .0 YO Y E <
2] s 4
o é’@\@‘z’
~<o ~> Q/QQ)
S —_ <




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,x)




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

S
0 - s
% 1
Z A
% 1
o 40
(P4




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

LronieN
\

=
O
\




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

LronieN
DN

€




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*)3a

LronieN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

00 // // //l///

7 2 | l/ .
% 10 4 N v
g J\ S

[ 1/ $

g 10‘\"/ > <<,§

< ° S
%@e




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

%10

Z

5 2

d

o 10
< S
£ ©

=, ©

«
s
€
Vs
S
Q/Q




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

O/
% 10
Z /
% 1
o 10

QO

N
‘2\@6\ <
L




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

LronieN
\

N
\




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2n)2a

LronieN
\

N
\




SM133 NRG TENDL-2015, AKONING

Photon emission for (n,n*)d

X A
=\ 1,,00
—\ =\

NOIHWEN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

1 A >
%)10 e
2 ©
: >
N L2

100 %Q,{\\

>
ST
> >
%b ~
—/




SM133 NRG TENDL-2015, AKONING

Photon emission for (n,n*)he3

\

<\
—\ \ 0
—\ —\

NOIHWEN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

LronieN
\

™
\




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

0/
% 1 i
Z A
% 1
o 40
< S
‘2\@6\ <
L,




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,npa)

gre

S
1/
%10 v
23 -
2.
E > P &
100/ \@
SR Y
«j:@e <
Sy
—




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

™
\

LronieN
\










SM133 NRG TENDL-2015, AKONING
Photon emission for (n,d)

SIS
S

2V




SM133 NRG TENDL-2015, AKONING

Photon emission for (n,t)

\
—\
S 00
—\

NOIHWEN




ooooooooooooooooooooo

6\9




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,a)

LronieN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2a)

11N !’/I/'
|

7 10
20 -
%

V)




SM133 NRG TENDL-2015, AKONING

Photon emission for (n,3a)

NOIHWEN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

LronieN
\A




SM133 NRG TENDL-2015, AKONING




LronieN

SM133 NRG TENDL-2015, AKONING
Photon emission for (n,d2a)

|




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,pd)

I/
- W I[/ ’/ ’/ I/ \
! M\/\\\\\ s

~
g N~ @
100" N

LronieN




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,pt)

AL “I
o W {
) JL i




SM133 NRG TENDL-2015, AKONING
Photon emission for (n,da)

3 1

10 ‘
Pll, \\\ >

5 >
2 o N
0 ,1: ~ <&

< _ < <

%@




SM133 NRG TENDL-2015, AKONING
thermal capture photon spectrum

10 5

|

o
=
I

Gamma Prod (barns/MeV)
ISO
I

|

=
[N
|

I I
5 10

Gamma Energy (MeV)

15




SM133 NRG TENDL-2015, AKONING
14 MeV photon spectrum

= = = = = =
o o @) Q,

=

Gamma Prod (barns/MeV)
o|

=
o

oI

=)

[

o

=

N

w

N

0 10
Gamma Energy (MeV)

I
20

30




MeV/collision

SM133 NRG TENDL-2015, AKONING
Particle heating contributions

50 '
—— protons
—— deuterons
40 — — tritons r
— he-3
— alphas
0 | | |

0 50 100
Energy (MeV)

150

200




SM133 NRG TENDL-2015, AKONING
Recoll Heating

40 '
recoil heating
20 — =
(=
O
O - L
m O
2
>
O -20 L
=
(@)
S 40 |
qv)
b
I
60 — L
-80 | | |
0) 50 100 150 200

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
Particle production cross sections

7 | |

6 — protons .
)
€ 5 =
(qv)
=)
c 4 —
O
e
D 3 _
%)
%)
©2- L
@)

1 e

\—Jf
0 - | | —
0 50 100 150 200

Energy (MeV)




SM133 NRG TENDL-2015, AKONING
protons from (n,x)

LronieN




SM133 NRG TENDL-2015, AKONING
protons from (n,n*)p

1 4 p
10 | | { i
| S
-
2 | MJMNMJ >
2 A N
v <> <
o 3 N
100" LS
TS
S w5 <
6),@,
27




SM133 NRG TENDL-2015, AKONING
protons from (n,2np)

=

] J S

0 >
él ) >
Z o>
% 5 SN
o 10 S ﬁ\@

QO > QQ;\Q.)

~ &S
Ry o
% Yo ~
e ~>*
I




SM133 NRG TENDL-2015, AKONING

protons from (n,3np)

® 2
Z 40
,é ] %\}
g y

(&4

S s

>
L o P

>
Se)
VN
<
NS
N N
aP: Q)\Qb
<




SM133 NRG TENDL-2015, AKONING
protons from (n,2np)

iy
i ¥ : -
z L <
5 | / S
9 3 <> S
o 10 ~ S

o <

Sl
R N
<




TraninveN
\
=
b —
%
/4
@% 90

SM133 NRG TENDL-2015, AKONING
protons from (n,npa)




SM133 NRG TENDL-2015, AKONING
protons from (n,p)

— | q\ ‘
100 TR T T ""
A N |
2 A
10

é

= -1 S
p o

0 N RN
. 5\ [l [ P ¥

100/ N NHQ# Q~>®
'\9 <SS
S <
<,




SM133 NRG TENDL-2015, AKONING
protons from (n,2p)

=~
\

LronieN
\




SM133 NRG TENDL-2015, AKONING

AN
7
A‘W %
=29
s ] 0
—— N
{ 0
.Wlllll.ll-l
2 e 3
g S
= .-lllllllllllllll \\
£ VAN
g ——— V¥

NOIHWEN




SM133 NRG TENDL-2015, AKONING

protons from (n,pd)

iy
i
o .
g 40
(P4
'S.@c* ~<o
'

>
&
N
P &
S
S =
'»<<§\




SM133 NRG TENDL-2015, AKONING
protons from (n,pt)

SO

g q
% 10 < <
? A /]\}
[ > S
gz | v
0 3 N
5 10 > &F

- D
QO S QQ;\Q.)
T &
®®Q <o <
<,




SM133 NRG TENDL-2015, AKONING

deuterons from (n,x)

0 ~
10 i
2 A
— - \}
8 \i\\k\t\}wQ\\
5/, A A ;
1007
®®Q <%
Q’@,
7 <o

@\{90

)
g

S 4
]
Q

0




SM133 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

1T i
1 o
% 1
Z A
5 5
e
p 10 L~
QO
<D
%
vS'@O PN
6)) q,b‘
<.
L o @




SM133 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

LronieN
N




SM133 NRG TENDL-2015, AKONING
deuterons from (n,d)

ranineN
W

\ \

\\

e

2V

Y,




SM133 NRG TENDL-2015, AKONING
deuterons from (n,d2a)

T

5 - =
0 AN
| @ﬁ@‘z’
100 o &>
>~ S
S
© Yo “




% 10
% / JQNJ\H\N >
0 3 NN
5 10 - NS

10 N

QO S Qé}

T &
®®Q ~o <
<,

SM133 NRG TENDL-2015, AKONING
deuterons from (n,pd)
o “nn]]
(




SM133 NRG TENDL-2015, AKONING
deuterons from (n,da)

LronieN
\
\t
yAR
7




SM133 NRG TENDL-2015, AKONING
tritons from (n,x)

f——
A
i{

/

=— ] \j
% w%\}\q*\t\} R
5 5 | N
10o” &>
<
O
®®O & >4 <>
<
%, <
Z/L- OO S




SM133 NRG TENDL-2015, AKONING
tritons from (n,n*)t

] -S>
7% 10 &
z &
% 3. 2 AN
& 40 . <
0/ ({)/ ®®
S <&
'S.@c* ~o
NS
<, ~




SM133 NRG TENDL-2015, AKONING
tritons from (n,t)

101 1| | ‘ “""
g [
1 { ’ =
7 7 <>
% 10 JJA m >
? d | /J AV
0 SN
5/, 03: NS ﬁ\@q’
o S {(/QQ,@
'S'@Q @:30 <




SM133 NRG TENDL-2015, AKONING
tritons from (n,pt)

T L

0
é 1 { / J ) (ﬁ)
[ S
gz J v
@, 3 N
5 10 > &F
1 - S
QO S Qé}
T <o
®®Q ~o <
<




SM133 NRG TENDL-2015, AKONING
he3s from (n,x)

7
z - =
2 LSS
0 4 - g ﬁl\\L\ - JANDN
510 | S
<
<OQ
®®Q %
<,
<
7 <o




SM133 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

7

® 10 ~

25

9 /

v

0 ,Z:\

100 ~
'S.@c* <o >




SM133 NRG TENDL-2015, AKONING
he3s from (n,he3)

7
d
% / W“ |
o 74 qJJ\H
o 10 | LmN
< S




SM133 NRG TENDL-2015, AKONING
alphas from (n,x)

TN

7. |
% -
2 | ‘ |
| S &

! S

<S
®®O \ZOO <OQ
<
e




SM133 NRG TENDL-2015, AKONING
alphas from (n,n*)a

ranineN
N
(D
\
j—————
— 2
——
[
[
Y,
%

4 h BN
40 > &€
- D
o Q)\Qb

'\9 <<§\
Ry
L =
2.




SM133 NRG TENDL-2015, AKONING
alphas from (n,n*)3a

LronieN




SM133 NRG TENDL-2015, AKONING
alphas from (n,2n)a

é 100 / A
= P =
5 T
& S
<SS
S o S
<,




SM133 NRG TENDL-2015, AKONING

alphas from (n,3n)a

LronieN




SM133 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

0 -
10
é O,z . v
2 I\ v
A Q|
(&4 S Q;\Q.)
TS
R N
<,
<




SM133 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

D -
é 10 <
2 ®
'l <
0 > _

<
S o S
<,




SM133 NRG TENDL-2015, AKONING
alphas from (n,npa)

{W
0 A
100 |~ 1
g =
7 0’2/ A
2 AN -
0 JAN
o U o
s
7 > O




SM133 NRG TENDL-2015, AKONING
alphas from (n,a)

—
S
Ay
\ \
/

< | ~
5 4l | MJ\W N
5/« 10 JJJJ '§> @Q)
P JJJQ =
o I R
> ST
S, O
= - “
6),@ 7o




SM133 NRG TENDL-2015, AKONING

alphas from (n,2a)

NOIHWEN




SM133 NRG TENDL-2015, AKONING
alphas from (n,3a)
0 ‘ |
gl w |“m

S
2 .-
240 *
|
= 11 | >
Jz.
@) N NN
o A | Q P ¥
DN IS
TS
Xy
s
7




SM133 NRG TENDL-2015, AKONING
alphas from (n,pa)

é
[ -1 S
5 JL e
2y JMN‘J - SR
0’ Y S
100~ LS
~T S
" & e
O@,
L




SM133 NRG TENDL-2015, AKONING
alphas from (n,d2a)

DA
[ A S
% (\/A\
5 A P ¥
&
2




SM133 NRG TENDL-2015, AKONING
alphas from (n,da)

0" :\ Wﬂwf ‘ ““‘

N

LronieN
\
7=
-
yAR




