Cross section (barns)

MGO028 NRG TENDL-2015, AKONING
Principal cross sections

102 I I I I I
10!
10° —\
10—
107
— total
-3 ] —— absorption
10 — elastic
—— gamma production
10-4 N A
I I I I I I |

I I
107 1073
Energy (MeV)

H
o
=
=
H
o|
(e}
H
o
~




MG028 NRG TENDL-2015, AKONING
Non-threshold reactions
| | | | |

(n,gma)

Cross section (barns)
S
D
I

[HEN

<)
63
|

[N

<)
(0))
I

[ [ [ [ [
‘ 10 10

Energy (MeV)

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




MGO028 NRG TENDL-2015, AKONING
Principal cross sections

35 I I I

w0
o
|

Cross section (barns)
PR NN
o o1 o o1

I I I I

o
ol
|

total

absorption

elastic

gamma production

—

o
o

I I I I I I
0 20 40 60 80 100

Energy (MeV)

120

140

I I
160 180

200




Cross section (barns)

MG028 NRG TENDL-2015, AKONING
Non-threshold reactions

| |
1 — (n,gma)
107 =
10™ —
10° -
[ [ [ [ [
0 5 10 15 20 25 30

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Inelastic levels

0.7 '
o — (n,n*1)
0.6 (D)
— — (n,n*3)
%2 — (n,n*4)
c 0.5 —— (n,n*5)
®
=)
— 0.4
e
g
7 0.3
7))}
7))}
O 0.2+
@)
0.1
0.0 | | | L
0 5 10 15 25

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Inelastic levels

120 '
*107
— (n,n*6)
lOO— - (n1n*7) -
— — (n,n*8)
) — (n,n*9)
- — (n,n*10)
@ 80 £
=
o
= 60 m
(&)
(]
7))}
7))}
g 40 N
@)
20 — \ =
0 | T | |
5 10 15 20 25 30

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Inelastic levels

80
*10°3
70 — — (n,n*11) B
— (n,n*12)
— — (n,n*13)
n 60 — (n,n*14) n
- — (n,n*15)
©
L 50 — m
S
= 40 — =
&)
()
7))}
(7)) 30 ] —
7))
=
Q 20— m
10— N I
0 | —1 — | |
5 10 15 20 25 30

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Inelastic levels

50

*1073

N w H
o o o
| | |

Cross section (barns)

=
o
I

10

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

I I
15 20

Energy (MeV)

25

30




MG028 NRG TENDL-2015, AKONING
Inelastic levels

40

*1073
35

w
o
|

N
ol
I

Cross section (barns)
= N
o1 o
I I

=
o
|

ol
|

o
ol

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

I I
10 15 20

Energy (MeV)

25

30




MG028 NRG TENDL-2015, AKONING
Inelastic levels

18 '

*1073
16 —

Cross section (barns)

= - =

EEN o o o N AN
I I I I I I

N
I

o

ol

10 15 20

Energy (MeV)

(n,n*26)
(n,n*27)
(n,n*28)
(n,n*29)

25

30




Cross section (barns)

MG028 NRG TENDL-2015, AKONING
Threshold reactions

1.0

o
)
|

o
o
|

o
~
I

—
N
|

0.0

(n,3
(n,n

(n,x)
(n,2nd)
(n,2n)

")

20

40

60

I I I
80 100 120

Energy (MeV)

I
140

I
160

I
180

200




MG028 NRG TENDL-2015, AKONING
Threshold reactions

253 | |
e
1 — (n,2n)a
— (n,3n)a
— (n,n*)p
,\20_ —— (n,n*)2a B
g — (n,n%)d
qv)
i®)
c
O
3]
(b
N 10— |
7))}
7))
=
O
5 |
0 | | | | | |
16 18 20 22 24 26 28 30

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Threshold reactions

25, '
1 A
1 —  (n,n%)t
— (n,4n)
— (n,2np
2071 —— (nnx) -
g —— (np)
qv)
O
c
9
O
O
N 10 - -
7))
n
=
O
) /%
0 _ _ _
I I I I
) 10 15 20 25 30

Energy (MeV)




MG028 NRG TENDL-2015, AKONING
Threshold reactions

16 '

*1A-3
10 (n.d)
14 (n,t)
(n,hel)
(n,a)

(n,2a)

Cross section (barns)
= -

EaN o o o N
I I I I I

N
I

o
—

I i I
15 20

Energy (MeV)

o1
=
o

25

30




MG028 NRG TENDL-2015, AKONING
Threshold reactions

180 '

*107
160 - ey

= = =

o N N

o o o
| | |

80

60

Cross section (barns)

40 —

20 —

0 | | »

25 26 27 28
Energy (MeV)

29 30




MG028 NRG TENDL-2015, AKONING
angular distribution for elastic

1 A
0
1 O
) OO d ’ >
31 AT >
2 4 s
0 10 ’
) = -
g (LS
2L ﬂjﬂg% <
& O’O >;§9
O\S\/O. \O.S >>>>>
= <, O




MGO028 NRG TENDL-2015, AKONING

angular distribution for elastic

SO0\




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)

;
i N
0 4
c%lo ; >
g e
< -1 N\
> 40 ST o
s JiﬂgﬁJ >
% O’O . >>>JJJ <>
\S‘/,’)@ O >




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

]
N
a 0 ~
J 10 7
5
v
D‘ A
<5 |
s gﬁy ==
o Jﬁi
C2>® o <
/’>® ‘S




LYoniCos

MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*4)

]

0 2

410 °

o ]

s

40
<5 |
= Jiﬂﬁ

o
% °O\ <>
\S\/’}@ O\S‘




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)

LYoniCos




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)

]
” N
0 ~ '
o ] >
Jo.
’2 ,1/; ’ ("Q é\
10 3 > =

o <

C"S\O'O >J§> ~>

Qs . < P

e < [




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*7) ‘
0 =
10" 3 \

U
=7

PP

) | ' S
/) \
0 \ > ‘f?
5 P
0 10 ch,*\

7S

C\O O‘O >>;Jﬂ> S

e < >




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)

Tl

LYoniCos

d}Q

§
@0\(?0 0
\




LYoniCos

MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)




LYoniCos

MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*10)




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*11)

\

\

\

g
0 4 ." S
(8 10 : '> I
Q >
Je,
’2 ,1/; ’ ("Q é\
10 3 > =
o
o ;§> S ~
%0 < K, >>>> ~
s : - ><o




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*12)

\

\

\

!
1 O0 E
g 10"
SN
o RS
0 ,1/; Q)A\
10 >><o Na
<o > ~° X
2L <
o ;§> S
C\O®~’O~ >>> ™
Ze 2 &
<, o




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*13)

SO0\




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*14)

LYoniCos

% QO < >>9; '\9
\S‘/,’)@ O
NP




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*15)

7

0 1
s ..r' =
0 ’}
), &
Z‘é 1 >
0 10 2 S
10 > S
o > <<§\Q’
‘vS\ >
%0 ’QO R >>9;; =
/’>® ‘S




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*16)
w \\\
0 ~
10" -

; P
Q >
5 e
040 ch,*\
> 2 S <5
<, Zo [P
\S\/’}@ \0\5‘




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*17)

|
N
A‘\&‘
MYV

! \\
0 4
10 3 d’ s>
g~ L
O J >
5 | S
g (\/Q S~
~ O/ > > Q}®
2L >> <
<, o s
\S‘/,’)@ o >




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*18)

]
0 4 ." S
(8 10 : '>
o >
Jo.
’2 ,1/; ' ("Q é\
10 >><o Na

2L S <

o, “o >9; ~>

O\S\/O, o >

) S




LXAnlCosS

MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*19)




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)

%
o >
9 N ”
o 4. o
7 N

>0 > <

2L ) <

e 4

S




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*21)

SO0\




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*22) |

w \
0 4
0
o ..»’

S
2 >
Q >
'y s
0 10’ > §Q,A\
<5 > P S
2L >> <
C\O® .O.O X ;;; '\'Q
/’>® 0.,5\




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*23)

\

\

\

g
0 4 ." S
(8 10 : '>
O >
Je,
’2 ,1/; ’ ("Q é\
40 > &
<o > > {\Q}G’
o T
o %o SRS
\S\/’}@ \0\5‘




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*24)

LYoniCos




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*25)

LYoniCos




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*26)

LYoniCos

P bl <
C\OKS‘/,’).O‘O >
% =




MGO028 NRG TENDL-2015, AKONING

angular distribution for (n,n*27)
0 4
10" - "

i),
@,
o F >
@ » e
> 40 Pl
o > <
T = <
SN ~
%, @




MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*28)

LYoniCos




LXAnlCosS

MGO028 NRG TENDL-2015, AKONING
angular distribution for (n,n*29)




MGO028 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NOIHWEN




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

100 g s>
é - =7
(] { S
2 . <
2 .0 <
o 10 < S NS
"o BT S
2L <
s N R
<, 2




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

£10 p ©
£ ] )Q -
5 T
o 7 N
S <
®®Q ~o >
<S5, 2L




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

N
\

LronieN
\




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

>
10 p &
z - >
¢ %
%
g RS
3 T
g O S %\
- o <K
S
<, Yo Vv
< >
S




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

1 A
7 A N\ o
2 * =
0% ) NS

o Ve Q)@?

<>
< <
T e
~
/)®,~
S




MGO028 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

LronieN




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

5 0'1/
Z 1 &
¢ - <
s - . S
&, S S
(&
* Q@ {O &
7
R CNS




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

LronieN




MGO028 NRG TENDL-2015, AKONING

Neutron emission for (n,n*)d

LronieN

N
\




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

10
é A / "\?
= {
’é 2 A N
o 10 S
0/ ‘\?‘ é}®
<> <
b w o
<. &




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

7 S
%" >
0, )

S
Z S
5 5. o
2 .0 <
o 1v > S
S
S o
6);@ S 2
W
GRS




MG028 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

1/
10
7 4
d
Z 0
% A
e
P )
< o
T-)
" ©
s
L.
7 o) q/b‘




MGO028 NRG TENDL-2015, AKONING

——
/7 O
/77 \°
7 &&
[ ]7 8
4’.] )
777
ﬁ O
_ \ /
ez — ,
5 Y 9
E X g
@ I — N
= N %
) A\o
S o
= N
2 = 2

NOIHWEN




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,x)

b

7 10 7
d
% '/ \n\«
9 ,4/ N 3§
o 100/
<OQ
§,4¢:o
= ‘ZOO S




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

2/

10

70

d

210 | |

’é A

A e

< S
£ ©
= S

S
3
S
S
S
e
S &
<<,Q




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,2n)

NOIHWEN




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,3n)

\
N
S /00

NOIHWEN




MG028 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

10"
% .5 N
210 \
2 2
5o
< NS
‘2\%2 Q\?‘




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,2n)a

7
O,
zY
¢
0*10'0/
«j:@e abs
L

0 'l«tm




MG028 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

TranineN




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,n*)p

LronieN
\

N
\




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,n*)2a

=~
\

— —
S

W

\

S

TranineN

\

«
s
€
Vs
S
Q/Q




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,n*)d

7
w10
zr
c
0*10'0/
<
S >
%@ U




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

I
- 14//
é 1()jL | “ &
g &
o P N
>0 > S
S O o

\)




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,4n)

2/

10

7 0

v 10

z¥ 1l

5 rd

5/, ,Z: w

10 L -
£ ©

=, ©

S
>
>
S
< as
SIS
<<,Q




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

\
L\

éio t A
5 S ©
0
d 2L R
2 v S
0«100/ Nl
> %S
S &
S,
—/




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,n*c)

NOIHWEN




MG028 NRG TENDL-2015, AKONING
Photon emission for (n,gma)

LronieN




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,p)

NOIHWEN




MG028 NRG TENDL-2015, AKONING
Photon emission for (n,d)

/\

LronieN
\

™
\




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,t)

0/
% 1
\
z - 9
Z ~
0 D A
'l
g 10
o >
>
£, -
N
S,




MG028 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

3 4

10

Z -

O,

zr

2

0*10'0/
<« = v
//% 4 >

\)




\
=0
= Tz <

NOIHWEN

MG028 NRG TENDL-2015, AKONING
Photon emission for (n,a)
1<
<
S
L
— %5




MGO028 NRG TENDL-2015, AKONING
Photon emission for (n,2a)

LronieN
\




MGO028 NRG TENDL-2015, AKONING

Photon emission for (n,pa)

LronieN

«
s
€
Vs
S
Q/Q




MG028 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

=

o
N
|

Gamma Prod (barns/MeV)

I I
0 1 2

Gamma Energy (MeV)




MG028 NRG TENDL-2015, AKONING
14 MeV photon spectrum
| |

|
o
=

|
OI
w
E

S
=
—_—

|
ol
a1

T

1,

Gamma Prod (barns/MeV)
S
I

[N

<)
(o)
I

[EEY

oI
=
=

I I
5 10

Gamma Energy (MeV)

o




MeV/collision

MG028 NRG TENDL-2015, AKONING
Particle heating contributions

16 I I I I

14 — protons
deuterons
tritons
he-3
alphas

12

10

0 i i = i i
0 20 40 60 80 100 120

Energy (MeV)

I
140

I
160

I
180

200




MGO028 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




Cross section (barns)

MG028 NRG TENDL-2015, AKONING
Particle production cross sections

400

*1073
350

[y = N N w
o o) o o) o
o o o o o

| | | | |

50

protons

I I I
80 100 120

Energy (MeV)

I
140

I
160

I
180

200




MG028 NRG TENDL-2015, AKONING
protons from (n,x)

é 0,3 p
1 I
< R
% A1 JQN\\j\L >
o
p y

(&

SO
®®O & >4 <3
<
L <::’00 S

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




MGO028 NRG TENDL-2015, AKONING
protons from (n,n*)p

1 A .
10 ‘ '. I
® A
Z 10 S
% 7 )J SN
o Sl
0/ ({)/ ®®
S <&
S
<, ~
<
L2 e




MG028 NRG TENDL-2015, AKONING
protons from (n,2np)

e
o/
10 y
D0
0
Z 10
% A
I
o
< o
v’)
" ©
e
<




MGO028 NRG TENDL-2015, AKONING
protons from (n,p)

D 2 P ” ' |
Z 10 4 ~J
g 1 1
p y
< G
S o N
< ~>




MGO028 NRG TENDL-2015, AKONING
protons from (n,pa)

0
5 5 P
& 40 S
o D S
i
s
2z = a2




MGO028 NRG TENDL-2015, AKONING
deuterons from (n,x)

.-\
0’
o
Z N
5 4 Iy
e
g 40 _
(P4
®® 5
QQ) (&




MGO028 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

1 // J
10
099
1A
=— ' >
9 % VT
1 3/ @Q)
p o S <> %\
Jvo BT &
<
<,
<
7 RN




MGO028 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

A <]

- i<

% 1

Z A

5 5

e

o 10
o <

<
xS"@O PN oV
RSN >




MG028 NRG TENDL-2015, AKONING
deuterons from (n,d)

0 (B

él 7 /JJ !

A ~

2

o 40
o o
¥ % P

<, o




MGO028 NRG TENDL-2015, AKONING
tritons from (n,x)

é 0,3/
1 N
g7, A \\}\N\} )
5 |
'l
p y
o
S
®®O ‘ZOO <>
%, <
Z/L- OO S

O
NS
N
()
S SF
&\®
<




MGO028 NRG TENDL-2015, AKONING
tritons from (n,n*)t

2/
10 H
0/
=— - {
2 -
5 2
100~ 2Va
<
b s v
Q@,
2 o D




MG028 NRG TENDL-2015, AKONING
tritons from (n,t)

\A;
(-
I —
\ \ \
P —
[————
—
/\
[ ———
[\

LronieN
\
X

.3
S
>
K%O 5 ~-
&O ,\Q"o




MGO028 NRG TENDL-2015, AKONING
he3s from (n,x)
S \ \
M Q

p q S
%V -
zZ LNN\ >
0 S
9 /3/ S Qé\
o 10 | SIS

<SS
)
®®Q ‘ZOO <3
<,
%, o
/- OO S




MGO028 NRG TENDL-2015, AKONING

he3s from (n,he3)

LronieN

Q)(OQ




MGO028 NRG TENDL-2015, AKONING
alphas from (n,x) s
10 k

%) .3 S
7 ) NJN\
@ ~OOE N
e O é
o ) > S
- <
®®O & >4 <>
%, <
Z/L- OO S




MG028 NRG TENDL-2015, AKONING
alphas from (n,n*)a

s>
0 &
é : =
7 >
£ o
%
% 3 v PN\
5 10 > F
v > S
@ T S
> <&
S
T &
s NS
<z <o O




MG028 NRG TENDL-2015, AKONING
alphas from (n,2n)a

iy
%10 <
24
5 |
Ay
100~ Vs
<S>
b s v
6),@,
2 o D




MGO028 NRG TENDL-2015, AKONING
alphas from (n,3n)a

» S
0 >
7R iz
>
> - &5
- <>
%o
é 03/ J %9%@
% N NS
A
S £
®Q < <
<, 5
<.
Qk <z S




MGO028 NRG TENDL-2015, AKONING

alphas from (n,n*)2a

LronieN

oSO
>
o
N

T ¥
ﬁ
Qé}%

<




MGO028 NRG TENDL-2015, AKONING
alphas from (n,a)

2
2 ALY
9 lizs >~
5 5 &
100/ ’\<’¢) é)\®
<
®®Q ~o >
<,




é 0" >
— / o
5 T
o ) =~

o T sS

<SS
\%Q& S v
s
&

MG028 NRG TENDL-2015, AKONING
alphas from (n,2a)
-
0 -
10




MGO028 NRG TENDL-2015, AKONING
alphas from (n,pa)

0 -
10
7 S
z) 2 v
A S
2 e
0 A ~ ﬁ\@
o % Q;\Q.)
<
O@,
&




