Cross section (barns)

P0O218 NRG TENDL-2015, AKONING
Principal cross sections

| | | | |
10° —
10° —
10" — L |
) ~
10° —
oy |
— total \
—— absorption |
) — elastic
107 = —— gamma production ' ' /
-3
10 | | | | | | | | | |

I I
107 107 1073
Energy (MeV)

H
o|
=
=
H
o
(e}




P0O218 NRG TENDL-2015, AKONING
resonance total cross section

103—: —-+— total

=

o
N
I

—
i

Cross section (barns)

AN

10°

10
Energy (MeV)

1072




P0O218 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

|

ol
N
I

P0O218 NRG TENDL-2015, AKONING
resonance absorption cross sections

=

ol
=
I

|

ol
w
I

—T—— capture
----  fission

A

|
o|
w

Energy (MeV)

1072




Cross section (barns)

|

ol
(o)
I

P0O218 NRG TENDL-2015, AKONING
resonance absorption cross sections

1071

|

ol
N
I

[EEN

=)
w
I

H

OI
D
|

=

ol
(6
I

|

OI
~
I

fission

H
o
o

Energy (MeV)




Cross section (barns)

P0O218 NRG TENDL-2015, AKONING
Non-threshold reactions

103 I I I I I

— fission
— (n,gma)
— (n,a)

[N

o
N
I

[N

o
o
|

=

ol
=
I

|

ol
N
I

|

ol
w
I

I I
107 1073
Energy (MeV)

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

10




P0O218 NRG TENDL-2015, AKONING
Principal cross sections

12 I I I
— total

10 — —— absorption n
— — elastic
2 —— gamma production
=
qv)
=
c
O
O
Q
n
n
n
=
@)

2 .

0 | | | | | | | | |

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

Energy (MeV)




Cross section (barns)

P0O218 NRG TENDL-2015, AKONING
Non-threshold reactions
|

iSSion
ma
(n,a/

[N
=)
N

= =
= S,
(0] (0]

= =
oI oI
= (B
IS N
[ I I T A A O I

=

OI
=
~

N
(@]

10 | | |
50 100 150 200

Energy (MeV)

o




P0O218 NRG TENDL-2015, AKONING
Inelastic levels

1.0 '
— (n,n*1)
— (n,n*2)
/\08— - (ﬂ,ﬂ*3) —
2 — (n,n*4)
E — (n,n*5)
qv)
O
~ 0.6 =
c
O
O
@
N 0.4 -
7))
(7))
=
@)
0.2 L
0) 5 10 15 20 25 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING

Inelastic levels

100
*107
— (n,n*6)
—  (n,n*7)
. 807 — (nn*8) B
) — (n,n*9)
E — (n,n*10)
®
O
c
O
O
]
40— L
7))}
7))}
O
@)
20 i
0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING
Inelastic levels

35 '
*107
o — (n,n*11) L
£ — (n,n*12)
— — (n,n*13)
7p) — (n,n*14)
C 25 —— (n,n*15) B
®
=)
— 20— =
O
g
B 157 —
7))}
7))}
O 10- B
@)
5 - .
0 | — | | |
0 5 10 15 20 25 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING
Inelastic levels

25
%107
— (n,n*16)
— (n,n*17)
- 20 — — (n,n*18) B
N — (n,n*19)
- — (n,n*20)
qv)
O
c
9
O
O
N 10 i
7))
n
=
O
5 .
0 . | | |
0) 5 10 15 20 25 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING
Inelastic levels

35 '
*107
o — (n,n*21) L
£ — (n,n*22)
— — (n,n*23)
7p) — (n,n*24)
C 25 —— (n,n*25) B
®
=)
— 20— =
O
g
B 157 —
7))}
7))}
O 10- B
@)
5 - .
L
0 7 | | | |
0 5 10 15 20 25 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING

Inelastic levels

35

*1073
30

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

ol
|

— (n,n*26)
—  (n,n*27)
— (n,n*28)

I I I
15 20 25

Energy (MeV)

30




Cross section (barns)

P0O218 NRG TENDL-2015, AKONING

Threshold reactions

2.5

N
o
|

=
o1
I

=
o
I

O
&
|

0.0

T

(n,X
(n,2
(n,2
(n,3
(n,n

50

I
100

Energy (MeV)

150

200




Cross section (barns)

P0O218 NRG TENDL-2015, AKONING
Threshold reactions

Energy (MeV)

120, ' '
o
1 — (n,2n)a
— (n,3n)a
100 —— (np B
— (n,n%)d
—  (n,n")t
80 — -
60 — -
40 — —
20 — -
0 | | | — 1 |
0 5 10 15 20 25 30




Cross section (barns)

P0O218 NRG TENDL-2015, AKONING
Threshold reactions

1.2

— (n,n*)he3

— (n,4n)
1.0 —— (n,2np) B

— (n,3np)

— (n,2np)
0.8 — L
0.6 — L
0.4 O
0.2 L
0.0 | | | | | | | =T

10 12 14 16 18 20 22 24 26 28 30

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING
Threshold reactions

2.5 ' '

N
o
|

=
o1
I

=
o
I

Cross section (barns)

O
&
|

0.0 i i i

0 5 10 15
Energy (MeV)

20

25

30




P0O218 NRG TENDL-2015, AKONING
Threshold reactions

25

*107°

= = N
o o1 o
| | |

Cross section (barns)

ol
|

— (n,he3)
—— (n,2p)

I I I
10 15 20

Energy (MeV)

25

30




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for elastic




P0O218 NRG TENDL-2015, AKONING

angular distribution for elastic

LYoniCos
\

>

>

~>
()
Q'\‘,b
Q\SO
.\?‘
S
SV o
SRS
S
>~ S
NN
<
<




LYoniCos

—
o

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

5
%fff

LXAnlCosS




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*3) ‘

0 g '
T\ \"

’ |

P NZ)
% 101 / ST
2 \ P
e y>> TS

< S
Tl ;;JJJ e
<, %o |
\S\/OG) Q N>




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*4) ‘

0
10
N 1A
O 1Y
: .
o 10
<5
s
o “o




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*6)




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*7)

SO0\




LXAnlCosS

—
o

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)

2




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*10)




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*11) ‘

—
o
o
v\

LXAnlCosS
Vv-
v_
AV
\/
Y

< ﬂ? > > A§§\
. <>
< K ﬁﬁﬂ& > SE
<, “o IS
O® . o > <
e C




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*12)




P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*13)

—
o
—
_\

LYoniCos
\

d}Q

§
@0\(?0 0
\

0
%




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*14)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*15)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*16)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*17)




P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*18)

10"
2 S
Q -
Q10
@ J
g

{ -

% O’O >>Jiﬁi<’>
\S‘/,’)@ o




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*19)




P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)

0
10"
7))
Q
O
:
o >
Fs o JJ@JQ
C\O'S‘/,').O o ’>>J e
S ST




P0O218 NRG TENDL-2015, AKONING

angular distribution for (n,n*21) ‘

—
o
o
v\

LXAnlCosS
Vv-
v_
AV
\/
Y

< ﬂ? > > A§§\
’ <>
< K ﬁﬁﬂ& > SE
<, “o IS
O® . o > <
e C




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*22)




P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*23)

7)) \
& bP% >> "\</°
5 ' e
Qo > R ch,*\
JJJJ§>Q {\Q}®\
I
>>>JJ <




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*24)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*25)




LXAnlCosS

—
o

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*26)

3
)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*27)




LYoniCos

P0O218 NRG TENDL-2015, AKONING
angular distribution for (n,n*28)




Fission nubar

P0O218 NRG TENDL-2015, AKONING

Total fission nubar

6.5

6.0 —

oo B B o on
Ul o & o U1
| | | | |

o
o
_l

N
&
o

50

I I
100 150

Energy (MeV)

200




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,x)

104/
0 =
9 4
Z 40
2 4
5 10




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

A X
2 10
% A
'l
p y
)
>
S5 <~ AN
* o)
Q’@, = ~S
<z o) Ve




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

2
9 NN
g s -
10~
<,
S&. © S
S, So




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

2 10
v 1 H
% ) | P
2
g 100/
@@O‘ZO >
s




P0O218 NRG TENDL-2015, AKONING

Neutron emission for fission

NOIHWEN




P0O218 NRG TENDL-2015, AKONING

Neutron emission for (n,n*)a

NSNS0




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

0 ~
~ Q
2 JURESSS >
AN
5 .2 R
1007 o Q@@?
Z <
OSSR -
S, So




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

1 -
10 ‘
i S
1 A J
Z 1 3 ~
5 7 ~
5 ¥ &
o o =S
S RS
S %o <
®)®, 2
QP 90 S




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

7 A
a
10
% y J\V
0
I
P J
QO
% >
<, Yo




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

S
>
Z >
2 - >
1 ASINSE
g P S
o S Q)@?
= o K&
'S.@c* ~>
<  a
s NS
<z o) S




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

é 10 <
5 T
o A N
10 S
I <SS
S S
S




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

0 ~
10 J\ &
Z - >
2 >
o 27 > ¥
100/ > é}®
- o K&
®®Q6\ < >
s N
RS




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

N
\

LronitieN
\A
(D
\




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

'y
% 10
Z §
c
b A7
100
e
'S'@O = - >
<, - N\a




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

] S
S X >
% 10 ~
2 > &
¢ | T
s ’ : . S
10 g
- S <&
S
S >
SR ~
<
RN




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

LronieN




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

% 10 N

Z .

2,

b A7

100 > =
®®
s <

—
=
=
ﬂ




P0O218 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

O/
0
A
Z
s
510 |
< S
<,
®® o
Qé}) 90 <n




| -

O
>

a

n

[

Delaye

P0O218 NRG TENDL-2015, AKONING
Delayed nubar

3400 '
*107°
3200 —
3000 —
2800 —
2600 —
2400 —
2200 —

2000 —

1800 —

1600 —

1400 i i i
0 50 100 150

Energy (MeV)

200




Probability

P0O218 NRG TENDL-2015, AKONING
Delayed neutron spectra

=
oI
=

— group 1 frac 0.0739 decay/shake 1.490E-10
—— group 2 frac 0.1445 decay/shake 2.870E-10
— group 3 frac 0.1786 decay/shake 1.027E-09
— group 4 frac 0.5319 decay/shake 3.130E-09

=
oI
N

—— group 6 frac 0.0010 decay/shake 2.577E-08

|

107 10 10 107
Energy (MeV)

1071

10°




P0O218 NRG TENDL-2015, AKONING

LronieN
\

=~
\




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

LronieN
\

2
b

O
N
N
{




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN
\

€

™
\




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

—
S
AN

—
S
S

LronieN

=
(RS




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

LronieN

-
-




Photon emission for (nana
L
Il M
RS
it b .

0 - |
% 1 B
z . ‘
[ N\
% 7 \ -
> 10 L
o 40 . S

™

A <D

Ly, <




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

7
v 10
zr
2
0*10'0/
«j:@e >
L




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

0 - |
% 1
Z A
5 5
e
o 10

QO

o
S < >
L
f%@ v




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

%
2V J
e
o A
Y SO
0 ,Z: >
10‘\" > <<,§
< © S
~
2z
@@be
—/

A




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

LronieN
\

N
\




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,4n)




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

LronieN




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

1 N
5 10 e
2 ©
e g L2
10‘\—’> \ v Q,:
< < >
> >
%be AN
~ o




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

roniveN
\A
o
(e
\ \ \

Vs
2 A v
OZ 2 N
10/ S
NS <
S, 7 ~
>
@@ N




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,npa)

LronieN







Photon emission for (n,gma)

i \\\\\\** AJ /Y
1 \\\\\\\\Q\{w s “




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,p)

:
= e (\9
é 1 >
&100/ \@
SRS
‘2\@\’ “
S




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,d)

7 1
v 10
zY
e
0*10'0/
S
«j:@e ~
L

0’ ‘ \\\\\\\\

~>
S

SIS
<<

2V




P0O218 NRG TENDL-2015,
Photon emission for (n,t)

ST
g 0 ,‘M\/M’\\\\\




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

3/
10
7 1
w10
zY
2 ~>
4 JAN
o =
10o '@)@a\\@
S
«j:@e ~
L




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,a)

LronieN




P0O218 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

7 1

v 10

zY

c

g

100~ 3

.\Cp

S < >
“ 7
%@ v




P0O218 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

=

o
o
|

=

oI
=
I

Gamma Prod (barns/MeV)
S
II\)

=
oI
w

I
2

Gamma Energy (MeV)

o
=




P0O218 NRG TENDL-2015, AKONING
14 MeV photon spectrum

102

Gamma Prod (barns/MeV)
S o o S

|

oI
(BN
(o))

I
10

Gamma Energy (MeV)

15




MeV/collision

P0O218 NRG TENDL-2015, AKONING
Particle heating contributions

18

16 —

14 —

12 —

10

protons
deuterons
tritons
he-3
alphas

I I I
50 100 150

Energy (MeV)

200




P0O218 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




P0O218 NRG TENDL-2015, AKONING
Particle production cross sections

1.2 '
—— protons

1.0 - —— deuterons i
— —— tritons
%2 — he-3
- — alphas
@ 0.8 i
=
S
= 0.6 .
(&)
(D)
7))}
B 0.4- L
O
@)

0.2 i

0 100 150 200

Energy (MeV)




P0O218 NRG TENDL-2015, AKONING
protons from (n,x)

d

A
J,
J

7 P

0

240 . S
— | \}\}

o S <
o P ~> &
10o” &>

<
)
®®O ‘ZOO <>
N
o, <
L OO S

w




P0O218 NRG TENDL-2015, AKONING
protons from (n,n*)p

é 7 ©
1
3 P J >
5 - T
& S
<SS
Se < S
<




P0O218 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN
N




P0O218 NRG TENDL-2015, AKONING
protons from (n,3np)

) S
%1 >
% 7 %\1 ~o
Av28
g 0,3/ ~ﬁl %§$
1 - v S
S <&
'S.@c* <o
>
<, ~~




P0O218 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN




P0O218 NRG TENDL-2015, AKONING
protons from (n,npa)

o//
10
% .00
O,
zY
c
0*10'0/




P0O218 NRG TENDL-2015, AKONING
protons from (n,p)

P
S
P
\ \
h__

7

v 10

z

g L7

10 o
Ss <3¢
o <<>)@0 <
2 S




LronieN

P0O218 NRG TENDL-2015, AKONING
protons from (n,2p)

D -
10 ~
g Vs
o
o
. S
o’ N v \@
AN
- NS <
S < D
‘) (&4 -
< v




P0O218 NRG TENDL-2015, AKONING
deuterons from (n,x)

® 3 4
Z 10 \N\L
2 Sk
e
p J
(&4
SO
®®O & >4 <>
<
L <::’00 S

@\{90

)
g

S 4
]
Q

0




P0O218 NRG TENDL-2015, AKONING

deuterons from (n,2nd)

%10 ~>
= p &
2 N
2 . e
o 10 AN VS

o S &

<SS

S5 - >

o o

<, %




P0O218 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

9V &
Z e >
3%

:‘é 3 /J chzé\

0 SRS
17 > S

(P4 N é}%

o S
'S.@c* ~<o ~>
< a




P0O218 NRG TENDL-2015, AKONING
deuterons from (n,d)

2
2 { q ~>
A /i Sa
=7 SIS
<SS
R S




P0O218 NRG TENDL-2015, AKONING
tritons from (n,x)

7 10
Z N
LS
’é . /\g; | Lot o oS
g 40 SR
- N
o Q)\Qb
<S>
<OQ
®®Q <%
<
Yo, <
L OO S




P0O218 NRG TENDL-2015, AKONING
tritons from (n,n*)t

N
\

LronieN
\




P0O218 NRG TENDL-2015, AKONING

tritons from (n,t)

NOIHWEN




P0O218 NRG TENDL-2015, AKONING
he3s from (n,x)

7 10
% y S
Z L
ge AR
> 4 R <
v # S0 S é
g 40 > S
e ﬁ
o S
) Q/Q
X Yol <S5
<
W
<,
- S8, o




P0O218 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

%10
Z
5 4
7 10
0’10/ S S
NS <
'S.@c* ~<o ~>
< v




P0O218 NRG TENDL-2015, AKONING
he3s from (n,he3)

LronieN




P0O218 NRG TENDL-2015, AKONING
alphas from (n,x)

LronieN




|

H

- i1 {{{{M”/ I/



P0O218 NRG TENDL-2015, AKONING
alphas from (n,2n)a

£ \
10 | %“‘
| H % /HH J | q S
7 0 1 <>
® 10 I} V.
Z 1 A | /J\J\\ ™ >
2 MU
g L N
g 2 N ﬁ@‘z’
100 S
'S'@ <2
) (& <>
6)’@,




P0O218 NRG TENDL-2015, AKONING
alphas from (n,3n)a

-~
0

) y

a J

0 3

540 J
QO




P0O218 NRG TENDL-2015, AKONING
alphas from (n,npa)

10 N
% .00
w10
S PN
> 2
Vo <




P0O218 NRG TENDL-2015, AKONING
alphas from (n,a)

gl ' ',”’
'Jl L
b AR -




