Cross section (barns)

PM154 NRG TENDL-2015, AKONING
Principal cross sections

I I I I I
10% —
10° -
10° —
101 = \ \ \v..
. )
10° — — total
—— absorption
— elastic
10_1 B —— gamma production
A
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)




PM154 NRG TENDL-2015, AKONING
resonance total cross section

10% =

=
o
w

=
o
N

Cross section (barns)

|
o
[N

1 —— total

|
o L1l
o)

Energy (MeV)

|
o|
(6]




PM154 NRG TENDL-2015, AKONING
resonance total cross section

1 —— total

=

o
w
|

Cross section (barns)
o
N
I

=

o
=
I

107
Energy (MeV)

107




Cross section (barns)

PM154 NRG TENDL-2015, AKONING
resonance total cross section

1 —— total

i B
““MW \M \\ M I -

Energy (MeV)




PM154 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10!
Energy (MeV)

102




PM154 NRG TENDL-2015, AKONING
resonance absorption cross sections

10% =

=
o
w

=
o
N

Cross section (barns)

|
o
[N

capture

|
o L1l
o)

Energy (MeV)

|
o|
(6]




PM154 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=

o
w
|

=

o
N
|

=
o
=
|

Cross section (barns)

=

o
o
|

|
o L1ll
an

Energy (MeV)

107




Cross section (barns)

PM154 NRG TENDL-2015, AKONING
resonance absorption cross sections

I
10" u' | .IM _
100—3 &/\) U JUU | | -

WV \/ T |

Energy (MeV)




PM154 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

[HEN

<)
w
I

Cross section (barns)

10!
Energy (MeV)

102




Cross section (barns)

|

oI
(BN
I

PM154 NRG TENDL-2015, AKONING
Non-threshold reactions

104 I I I I I

— (n,gma)
— (a)

=

o
w
I

=

o
N
I

|

o
=
I

=

o
o
I

|

ol
N
I

[ [ [ [ [
) 10 10

Energy (MeV)

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




PM154 NRG TENDL-2015, AKONING
Principal cross sections

12 I I I

total

absorption

elastic

gamma production

=
o
I

0o
|

Cross section (barns)
NEN (0)]

N
I

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

Energy (MeV)

200




Cross section (barns)

1072

= = = =

OI oI oI oI
= oo (o)) EAN
o

|

=
[N
N

.16
10 i i i i i

PM154 NRG TENDL-2015, AKONING
Non-threshold reactions
| |

0 5 10 15 20 25 30
Energy (MeV)




PM154 NRG TENDL-2015, AKONING

Inelastic levels

0.7

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

o
H
I

—

o
o
o

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

10

I
15

Energy (MeV)

20

25

30




PM154 NRG TENDL-2015, AKONING
Inelastic levels

100 '
*1073

00)
o
|

(o)}
o
|

Cross section (barns)
D
o
I

N
o
|

0 5 10 15 20 25 30

Energy (MeV)




PM154 NRG TENDL-2015, AKONING
Inelastic levels

180 '
*1073
160 — —— (n,n*11) B
— (n,n*12)
—~ 140 - — (nn*13) -
2 — (n,n*14)
- — (n,n*15)
@ 120 — .
L
c _ L
5 100
o 80— L
(7))
B 60— -
o
O 4o- L
20 — =
0 | | |
0 5 10 15 20 25 30

Energy (MeV)




PM154 NRG TENDL-2015, AKONING
Inelastic levels

1.2 '

=
o
I

o
)
|

Cross section (barns)
o o
IN o
I I

—
N
|

o
o

(n,n*16)
(n,n*17)
(n,n*18)
(n,n*19)
(n,n*20)

o
o1
[EEN
o
[EEN
o1

Energy (MeV)

30




PM154 NRG TENDL-2015, AKONING
Inelastic levels

50

*1073

1N
o
I

Cross section (barns)
S
I

=
o
I

w
o
|

(n,n*21)
(n,n*22)
(n,n*23)
(n,n*24)
(n,n*25)

5 10

I
15

Energy (MeV)

20

25

30




Cross section (barns)

PM154 NRG TENDL-2015, AKONING
Inelastic levels

180 '

%107
160 — — (n,n*26)
—  (n,n*27)
— (n,n*28)

e e
o N b
© O o
I I I

(o)) 0
o o
| |

N
(@)
I

N
o
|

o

I I I I
10 15 20 25

Energy (MeV)

o
ol




Cross section (barns)

PM154 NRG TENDL-2015, AKONING
Threshold reactions

2.5

— (nX)

— (n,2nd)

— (2
201 — (n,3n) B

—— (n,M%a
1.5 i
1.0 =
0.5 .
0.0 | | | | | | | | |

0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




PM154 NRG TENDL-2015, AKONING

Threshold reactions

40

*1073

35—

w
o
|

N
ol
I

=
6]
|

ol
|

o

Cross section (barns)
S
I

=
o
|

(n,2n)a
(n,3n)a
(n,n*)p
(n,n*)d
(n,n*)t

ol

10

I I
15 20

Energy (MeV)

25

30




PM154 NRG TENDL-2015, AKONING
Threshold reactions

2.0 ' '

I
0 5 10 15

Energy (MeV)

20 25 30




PM154 NRG TENDL-2015, AKONING

Threshold reactions
16 '

*1073

(n,p)
14 —

(n,d)
(n,1)
(n,he3)

(n,2p)

Cross section (barns)
= =

EaN o o o N
I I I I I

N
I

o
o
Ul —
[

—
15

Energy (MeV)

20

25

30




PM154 NRG TENDL-2015, AKONING
angular distribution for elastic

y \

LYoniCos
N
/
\A
\/
\/
N
)

§
@0\(?0 0
\
!
G

=
QQ&\
G
A
VAR
R
v
N
&
%, Y0
9
b
@




0
7
@\, \
O, Ty
LY
©
V)
On Y
Q\/ Y
= %
=z
0
2, %
5 G A%
£ 22
N 22 =N
48 =
O c — Q
= S — 2 />
Os = )
x o = Q
Z O —— Qr .0@
< —— O 9
— 3 \l Oo
=2 RN
O © n/,.m./ On4UL, naUL,J,

SO0\




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




LoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)




PM154 NRG TENDL-2015, AKONING

angular distribution for (n,n*5)

SR\ N\SXY




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)




LXAnlCosS

—
o

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

2




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)

LXAnlCosS
VV -
\/
%VV
\/
Y

S
KN

i ﬁ? > '§°®§‘Z’
Zo N

L Jiﬂﬁ J>UJ > &sT

%@ ~QO S, >>>>JJJ <

/OQ 0. s’>>
<z O




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*10)

LYoniCos

d}Q

§
@0\(?0 0
\




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*11)




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*12)




LXAnlCosS

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*13)




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*14)

LYoniCos

d}Q

§
@0\(?0 0
\




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*15)

A
/A
;V-

> Vo
Ft\ ” ‘W/Q

> ﬁ? e A§(§\

. S

ol ;QJJJJ S

%® QO ~ >>>>JJJ e
Yy 2
<S5 QO




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*16)

N/
X/
Y/
1/
1/,

1//

//,
/;

)

LXAnlCosS




PM154 NRG TENDL-2015, AKONING

angular distribution for (n,n*17)
\ ‘
? Al

0
o 10 ° V’ >
% O,l/ >> ~
o 1 T~
g 9 >> ,\,<o §®
{0 S Q}®
s iy <&
<, ‘o “
\S‘/,’)@ O




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*18)




PM154 NRG TENDL-2015, AKONING

&
7777 i % |

i
L

N

0 >
?, >
O 4 \ ST
2 10 e
S ﬁ? S
s QJJJ > <
o, %o B
\S\/’?@ .\5\\ U
o ©




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)

1))
: W
Je, > M)
Z 10 3 i
g // >>
= wﬁ
%@ ’QO e, >>>>JJ e
s : L




LXAnlCosS

—
o

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*21)

2




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*22)




LXAnlCosS

—
o

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*23)

)




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*24)




PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*25)

(

LXAnlCosS
VV -
\/
%VV
\/
Y

P
N AN Y

i ﬁ? > '§°®§‘Z’
O SN

L Jiﬂﬁ J>UJ > &sT

%@ ~QO S, >>>>JJJ <

/OQ 0. s’>>
<, O




LYoniCos

PM154 NRG TENDL-2015, AKONING

angular distribution for (n,n*26)




PM154 NRG TENDL-2015, AKONING

angular distribution for (n,n*27) ‘
: \

LYoniCos
L

d}Q

§
@0\(?0 0
\




LYoniCos

PM154 NRG TENDL-2015, AKONING
angular distribution for (n,n*28)




PM154 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NS\NICOQ




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

c
Il
0/
o sy
T-)
" >
SR
<.
&z T




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

. °
e AN <
o 4 N
10c~ P &S
<S>
<,
S&. S
S, So




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

5 J/
5 3
1007 -
S '»
&06)/, <5 '\V
2 <G O




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

S

0 A
é 10 <
= = S
5 o
@, NN
5 A Y &

100/ S

SIS
®®




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

y S
10 g <
Z . N

S
5 T
o =
<SS
Sq T S
. -




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

il

% 10
25 .
3 >
3V
:‘é o <2$\
b 3 VS
10c" S &>
> <
(&
<< g o
s, ~
L S r\?‘




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p
] //
0 ‘\\

g 10 o > v
% ) J/\\ -
2 MEY
o <~

0/ '\<? x®

¥
S S S
< ~




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

0 S
—~ 1 >
) P >
Z >
% 2 A At N
o 1V N
o NS &S
- o S
'S.@c* ~>
< =
”@,@ NS
L NS




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

- 10
% y &
5 Na
g 2 RN
5 10 >

- D

@ S Q}Q’

N LS
S S




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

5 0'1/
21 =
Ve
; T
P a S
o’ “/Q@@?
P S <
% .
SRR ~
L.
R N




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

2 10
zZ - L co
g N ~
0 AN
o 3 T Q¥
100/ S
b <<§\Q’
S
" >
<, o
o 2




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

10
S
A >
“ <
g2 - v
g D
0’ e "\/Q ﬁ\@
(P4 > Q;\Q.)
<> TS
-S'® <z .\,Co
"o, O >
o, © ~
L Yo NV




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

1 A
é 10 / >
5 T
o 3 N
<z <S5
P o v
S, &
7>
&z T




PM154 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

7
Z §
“ J
5’, O,Z: 5
Vo > S
&, Yo




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,x)

0/
10
7y
d) 2
Z 10
g - \
s g
(&4
<'_'>
§’\KO <~z %Q
%@0

<>
N

S
> &5
N

<<




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

LroniNeN
'—r* =
. ’.\

Y,




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN




PM154 NRG TENDL-2015, AKONING

Photon emission for (n,n*)a

NS\NCOQ




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

7 1 - [ll “l\
% 10 s
g =
o SN
o &
100 > <<,§
«j:@e >
S/
—




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

LronieN




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

LronieN
\

™
\




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

LronieN
\

€

™
\




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

LronieN




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

LronieN
\

™
\




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,4n)

LronieN




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

7
d
Z A
5 4
o
o 10
(&4
~-
<
@@ ~N




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

i

10

<

SxaohneN
\‘_A
(D

<D

/6\
%@
25




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,gma)




PM154 NRG TENDL-2015, AKONING

Photon emission for (n,p)

NS\NCOQ




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,d)

z  §
® 10 o
A l\\
g y >
5 A AN
g 10o” > <<,§
S
«j:@e ~
L




PM154 NRG TENDL-2015, AKONING

Photon emission for (n,t)

N\

—\

S 00
—\

NS\NCOQ




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

S

1 - v
% 10 >
200 >
2 o
'l S R

g >
o 100/ NS \@

<<
N
>
«j:@e ~




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,a)

g -

|
|
|
l Y
1 S N
1
,

.

:H"’EL'&

—
\

LronieN
\

o
Q \

\

<l

W
N

e
()
1z,




PM154 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

7 2%
%10 ~~
— - (\y‘
: -
“ 105/ T ¥
P T
é\/ < '\'Co
“Z D>
L




PM154 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

|

o
=
I

=

o
(@)
I

=

Gamma Prod (barns/MeV)
S
I

I I I
0 2 4 6

Gamma Energy (MeV)




PM154 NRG TENDL-2015, AKONING
14 MeV photon spectrum
I |

= =
o @)
- N
I I
I I

Gamma Prod (barns/MeV)
ISO
I
I

[N
=)
N
I
I

=
oI
w

I I
10 20 30

Gamma Energy (MeV)

o




MeV/collision

PM154 NRG TENDL-2015, AKONING
Particle heating contributions

18 '

16 —

protons
deuterons
tritons
he-3
alphas

14 —

12 —

10

0 | |
0 50 100 150

Energy (MeV)

200




PM154 NRG TENDL-2015, AKONING
Recoll Heating

20

=
o
I

recoil heating

o

Heating (MeV/reaction)
' S
I

N
o
|

-30

50

I
100

Energy (MeV)

150

200




PM154 NRG TENDL-2015, AKONING
Particle production cross sections

1.6 ' '

1.4 —— protons -
—— deuterons
— tritons

1.2 - ——— he-3 —

=
o
I

Cross section (barns)
o o
o 0
I I

o
~
I

alphas

0.0_ | |

%‘

0 50 100
Energy (MeV)

I
150

200




PM154 NRG TENDL-2015, AKONING
protons from (n,x)

=— d \}\}
5 Nﬂﬂ\*\{d‘{
s 5
10o”
SO
®®O & >4 <3
<.
L <::’00 S




PM154 NRG TENDL-2015, AKONING
protons from (n,n*)p

S
é 10’1/ A >
5 - | S
0 J - ﬁ\@

(P4 N é}%

<>
R S
<,




PM154 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN
— —
S, S .
\ \:) \ \
L\

34
e
100
A
S, s >




PM154 NRG TENDL-2015, AKONING

protons from (n,3np)

1

A
’é 3 q% RPN
o 40 <

o v ch}®

<
\%Q& s s
.
L o D




PM154 NRG TENDL-2015, AKONING
protons from (n,p)

1
10 | / /
D A <>
Z 10 # JJ\NJ ~
5 | -
o o Q‘?}®
> &
6))@
7
2




PM154 NRG TENDL-2015, AKONING
protons from (n,2p)

04
10
-S>
24 &
é 10 &
Z 1 >
g D
yy S
p ES TN
100" s
~T &
S, s >
) e
Q)‘S”@ ~
L so NV




PM154 NRG TENDL-2015, AKONING
deuterons from (n,x)

g 0’3/ =
Z 1 i N ™
5 NI KN
& S 2
p ~

0/ \®

<s¥
O
®®O ‘ZOO <3
‘S
o, <
27 SN




PM154 NRG TENDL-2015, AKONING

deuterons from (n,2nd)

%10
Z
2 3
o 40
(P4
'S.@c* ~<o
<




PM154 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

N
A
.
=
=
[

9V &
Z >
3%

% 3 VN
3 ) T F
o 10 NS

o NS Q)@?

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




PM154 NRG TENDL-2015, AKONING
deuterons from (n,d)

’é 54 | AL P =
S
040 . S S
(&4 N é}%
<
Y >
<




PM154 NRG TENDL-2015, AKONING
tritons from (n,x)

>

D -
é 10 3
=— ' \\
% NS KN\
o 4 S RZ
0’ - ~ %\

1o &>
- <
®®O & >4 <>
o, <
7L OO S




PM154 NRG TENDL-2015, AKONING
tritons from (n,n*)t

LronieN
— —
O \ O \
AR R
L\




PM154 NRG TENDL-2015, AKONING
tritons from (n,t)

g - " ‘
10 ’ | "‘l‘
% 10’1 | >
@) (e N
<
e
<z %5 <o




PM154 NRG TENDL-2015, AKONING
he3s from (n,x)

% 1
Zz .
Z Y
9 / U
e
o 40
(&
S5 <o <S>
‘S
<.
L <::’00 S

O
NS
N
()
S SF
&\o?
<




PM154 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

1/
10
T 1~
DA
v -
Z 10
g y
e
o AN
QO
~>
'S.@c* ~<o
., o)
<, -
L.
N R s




PM154 NRG TENDL-2015, AKONING
he3s from (n,he3)

%10

Z

5 5

I AN

o 100/

o
'S.@c* ~<o ~>
<, g%




PM154 NRG TENDL-2015, AKONING
alphas from (n,x)

A
2 &
% LB RN
& > > S 2
o - ~ S
100/ \®
<s¥
O
®® S5 <35
C LD
e, =
22 SRR




PM154 NRG TENDL-2015, AKONING
alphas from (n,n*)a

. Jtl’l"l’ﬂ“'

S

2V

LronieN
\A
O
S
\ \
X |
—
[~
Y,

D - NN
40 h ¥ &
g S
o S S
~T S
Xy
S <2
< o <>
6),@
7>




PM154 NRG TENDL-2015, AKONING
alphas from (n,2n)a

P v
Z 10 P
5 i y > N
e <
0 ) NS
<
<,




PM154 NRG TENDL-2015, AKONING
alphas from (n,3n)a

% 10 v
Z A >
2 >
:‘é 3 o S
o 10 L VS

o > &

<
S >
< Yo
RSN N




PM154 NRG TENDL-2015, AKONING
alphas from (n,a)

X |l ©
Z <
2 [ -
o 10 | [{lR >~ S
o o QQ)\@
TS




