Cross section (barns)

RA223 NRG TENDL-2015, AKONING
Principal cross sections

I I I I I
10%* —
10° —
10° —
10t
100 — — total
—— absorption
— elastic
- —— gamma production
il = S P
n
11 I I_9 I I_7 I I_5 I I_3 I I_1 I1
10 10 10 10 10 10 10

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
resonance total cross section

— total

=

o
w
I

Cross section (barns)
o
N
I

10* . .

T |T||||

107

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
resonance total cross section

total

=

o
N
|

Cross section (barns)

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
resonance total cross section

total

=

o
N
|

Cross section (barns)

Jll MR

o
[N
I

H
oI
N

Energy (MeV)

1073




RA223 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




RA223 NRG TENDL-2015, AKONING
resonance absorption cross sections

] ] ] ] ]
3
107 —
= Capture
1 -—-—-- fission
0 102
(- =
— S
CU i
®) 7
N’ -
c 1
o 10° = 7
= . / \\
O T /I ¥ ’\\
(D) . / \ P
(7)) - ,’ \\ I “
]
7] 0 g \ ;Y
»n 107 = Y \ roy \
(@) - ’ \ ,' \ " \
5 : //// \\\ / ’l ‘l
- 7 \ r U
_ /// \\ '\ |‘
- S ! |
11T - AN 1
10 —: —————————————— \\ /\ /
T T T T T
-6
10

Energy (MeV)




Cross section (barns)

RA223 NRG TENDL-2015, AKONING
resonance absorption cross sections

] ] ] ] ]
Capt e ﬂ
102 o -—--- fissio M
- h \}
- I
N Iy \ \
- 1
1 1 I
- l|| Ao 'lll l|| ’
'L
I o Iy I 1
. 1 I ! |
Iy 'l' ll I !
0 Iy l|,|l | 1y . il ﬁ
10 = l' ' :l'l II :I 1 n |:|
= h ‘\ ] \l' \ |'| l|| :‘I 1 |" l:} ~
. 1 Vi I 1] [ [
- 1 \\ : 1 I || :'l Il b ':IH =
- I \ I 1 [ iy il L Fongh -
) \ I | Iy 1 '| ] o |||||I
] 1 I \ 1 1 1 T [ -
I \ (I L BT nooo ) g b
! \ ' . I I [ T
10-1— / \ l " v h b
3 / \ ! v A N A TR
= | P \ II \l| ; v \ lI 1 1 I||| 1 1
1 / b i oo oy
\ ; \ / ) - \’| [N} 1y I |' \
J| % , N/ ‘\ ] v P \: ! \
- \
S -7 \ N v ! Y 1 ! 1
~—=- / \ [ T v 1 \
7 \\ 7/ \ ] \ 1 I
\ Iy \/
'2 \ 1 \
10 = = \ p
- \ /
- \ /
T T T T T

|
o|
(6]

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
resonance absorption cross sections

Cross section (barns)

\

4

] 1l
R
TR
W Ny ! g
\"llli'! m Nk
Vi nt
ML 1 1
l‘:l::lll M o
iy
Uy l‘l

M - ——

!

\
|
i
§

I

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
resonance absorption cross sections

10'1 1 1 1 1 1 1

capture
----- fission

e ——— - -
- —_—— —
- _——— —_——
- —_——— —

Cross section (barns)
= =
o =)
(03] ~
I I

|
oI
o
|
\
\

|

ol
~
I

H
o
o

Energy (MeV)




Cross section (barns)

RA223 NRG TENDL-2015, AKONING

Non-threshold reactions

104 I

|

o
=
I

[EEY

o
o
|

|

oI
(BN
I

|

ol
N
I

fission

II

i

p

O|
=
=

I I I
107 1073
Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Principal cross sections

16 I I I

14 — total i
absorption
elastic

gamma production

oo :

=
N
|

=
o
I
I

Cross section (barns)
oo
I

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

Energy (MeV)




Cross section (barns)

RA223 NRG TENDL-2015, AKONING

Non-threshold reactions

|
101 A
—| \———=ission
= (n,gma)
_ g)
104 ] (n1 a)
= (n,3a)
_L
107 —
o]
10-13
10-16
I I I
0 50 100 150

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Inelastic levels

350 '

*1073
300

Cross section (barns)

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

Energy (MeV)

30




Cross section (barns)

RA223 NRG TENDL-2015, AKONING

Inelastic levels

0.7

O
o
|

O
&
|

o
~
I

o
w
|

—
N
|

o
H
I

(n,n*6)
(n,n*7)
(n,n*8)
(n,n*9)
(n,n*10)

o
o
o

10

T I
15 20 25

Energy (MeV)

30




RA223 NRG TENDL-2015, AKONING
Inelastic levels

160 '

%107

140 — — (n,n*11) m
— (n,n*12)
— (n,n*13)
— (n,n*14) B
— (n,n*15)

= =

=) N

o o
I I

Cross section (barns)
(o)) oo
o o
I I

1N
o
I

N
o
I

o
o
(J'"_
=
o
=
ol
N _|
o
NS
ol

Energy (MeV)

30




RA223 NRG TENDL-2015, AKONING
Inelastic levels

60 '
10 | |
ﬂ — (n,n*16)

50 — —— (n,n*17)
— — (n,n*18)
2 — (n,n*19)
- — (n,n*20)
® 40
=
S
= 30—
&
Q
@ h
? 20 -
o
O

10 —

0)

0) 5 10 15 25

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Inelastic levels

30

*1073

N
ol
I

N
o
|

Cross section (barns)
= =
o o1
I I

ol
|

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

5 10

I | [

15
Energy (MeV)

20

25

30




RA223 NRG TENDL-2015, AKONING
Inelastic levels

18 '

*1073

16 — ——  (n,n*26)

Cross section (barns)

= - =
EEN o o o N AN
I I I I I I

N
I

o

I I I
10 15 20 25

Energy (MeV)

o
ol




Cross section (barns)

RA223 NRG TENDL-2015, AKONING

Threshold reactions
3.0

= = N N
o & o &
| | | |

O
&
|

o
o

(n,x)
(n,2nd)

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

n)

*)a

o

50

I
100

Energy (MeV)

150

200




RA223 NRG TENDL-2015, AKONING
Threshold reactions

350 ' '
*1073
— (n,n*)3a
4 — (nh,2n)a L
2400 — (n,3n)a
= — (n,ni)p
c 250 — (n,n*)2a B
®©
=
— 200 — =
i)
:
D 150 =
0
N
© 100 —
@)
50 — i
0 | — | = i
0 5 10 15 20 25 30

Energy (MeV)




RA223 NRG TENDL-2015, AKONING

Threshold reactions

83 I I
r
1 — (n,2n)2a
- —— (n,n®d B
—  (n,n*)t
6 — (n,n*)he3 N
g — (n,n¥*)d2a
@©
S5- -
S
= 4 -
&)
@
(7))
N 3 |
(7))
=
Q 2 |
1 |
0 | | | . |
0) 5 10 15 20 25 30

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Threshold reactions

14
— (n,n%)t2a
4 — (n4n) L

1.2 — (honp)
— —— (n,3np)
U) -
C 1.0- (n,2np) =
®©
=
— 0.8 .
i)
:
D 0.6 - =
0
N
© 0.4 -
@)

0.2 - =

0.0 i i | i i

0 5 10 15 20 25 30

Energy (MeV)




RA223 NRG TENDL-2015, AKONING

Threshold reactions

2.0

15 20 25 30

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Threshold reactions

1406
i
L ——  (n,he3d)
120 —— (n.2p) L
— (n,pa)
- —— (n,t2a)
U) -
c 100 — (n,d2a) B
®©
=)
— 80— e
e
:
Q60 =
(7))
(7))
O 40 L
@)
20 — =
0 i | — i i
0 5 10 15 20 25 30

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Threshold reactions

400 ' '

*107°

—— (n,da)
350 —

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

o)
o
|

o

I
10 15

Energy (MeV)

o
ol




LYoniCos

RA223 NRG TENDL-2015, AKONING

angular distribution for elastic

D Q
,b&(?o QC)
\




RA223 NRG TENDL-2015, AKONING
angular distribution for elastic

LYoniCos




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)

i),
@,
J
9
t
o
<o
L

§
@0\(?0 0
\




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*2)

SO0\




LYoniCos

RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*4)

SOD\00Na




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*5)

SR\ N\SXY




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*6)

SR\ N\SXY




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

J
O
%
”
g
{0
=N L
C\O® O.O LB <>
I o g
7 S 2
< 5 O




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*8)

SR\ N\SXY




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)

LYoniCos
\—)
O \
T

d}Q

§
@0\(?0 0
\




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*10)

SR\ N\SXY




LYoniCos

RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*11)




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*12)

0 -
10
%
Q «1 ' \
% 10
t
o
<5
s
o “o




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*13)

SR\ N\SXY




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*14) \\
T N "»’
/ T
A ) >

((% 10 > w
3 ) Mt e
<o JJJJ > ~> QQ’\®
s 1> <
o Jiﬁi
S, @ > 2
'S‘/,>® o >




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*15) [




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*16)

il

l
IS W ‘

N

Q \

O 4 ,’

%

o j>>

S
wﬁy >
>>JJ <




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*17)

LYoniCos
W
\ \




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*18) N

LYoniCos
\—)
o

d}Q

§
@0\(?0 0
\




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*19)




LYoniCos

RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*21)

LYoniCos
W
\ \




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*22)

SO0\




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*23)

LYoniCos
ViJ
\/
%VV
\/
P

S
3. "~
0 y>> ¥ =
& SN
< 2L ﬁﬁJJJJ > SE
(. O’O >>>JJJi<o
2, 2




RA223 NRG TENDL-2015, AKONING
angular distribution for (n,n*24)

LYoniCos
W
\ \

:




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*25) \
. L

10 "
9] \ P' .

2, I e
o 4 TS
% QO < >>>JJ N
% @




RA223 NRG TENDL-2015, AKONING

angular distribution for (n,n*26) \\
. L

10 "»’ =
A »P'

)
0 40 -
—_— 1 N ’
2 . / >> S
o 10 > R §§\
= MJJ >SS
% QO < >>>JJJ;£G‘>
e < >




Fission nubar

RA223 NRG TENDL-2015, AKONING
Total fission nubar

5.5 '

5.0 — B

4.5 ~

4.0 B

3.5 L

3.0 - L

2.5 ~

0 50 100 150 200

Energy (MeV)




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,x)

LronieN




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

e
) ~
2 10 ¢/ S
2 A >
o
g P
o >
\S\@Q\—" - P
6)?@,7 S
<z o) <




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

7 - <~
Gy .
2 1 >
9 J‘\\Q [ % $
o2 Jle NS

(& '\<? x®

- <S¥
S S
S, So




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

1
10 H
il SO
>

5 0'1 >
Z 1 >
’5 / / At N
o S ®

0/ & ®®

S o <&
'S.@c* ~<o ~>
L so N




RA223 NRG TENDL-2015, AKONING

Neutron emission for fission

\\\\\\\

\\\\\\\

NOIHWEN




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

LronieN




/////
N




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

7
Z LS =
% ’ I
o O' <> @Q@
g1V NS
o S Qé}%
5 > <
®®Q <
<, o




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

y S
é 10 8 >
. 5 .
AN &
100/ <o é}®
NS
S <’
Y >
®)®, 2
- < Tw




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

10
A
0 Ve
2l I 1%

2 { O S
o Sl
0/ $» ®®

<>
S S =
@Q ~N
<, Yo
S
Qk {6\ %




/////
N




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a

5 0'1 i
2! SN
% A i NN
e
g o
- >
'S.@c* ~o <




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

A4
20 =
c
0«10’0/
\%Q RS




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

SO

é 10,1/ -
— _ Q
2 ® =
o N

o NS S

<SS
S S




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

LronieN
\




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d2a

y S
210 <
= = S
g S
5’, 3 > SF
100/ S
N
v’)
®®Q <
<, ¥




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t2a

2 10

)

Z )

c

o 07
100 =
®®




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

>
© 10 e
Z 7 / A
% ~L N
5 ,3 - N @QJ

100/ N é}®
A S <&
kS\@O




RA223 NRG TENDL-2015, AKONING

Neutron emission for (n,2np)

10
v 1
Z° Q/
g S
9 34
0*100/

e

-S'® <z

(&

<% o ¥




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

S
21 ~
Ve
% SN
o Sl
o\
0/ % ®®
IS5
- > <
S >
<, ¥ ~
<.
<z o) ©




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

LronieN




RA223 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

1

7 10 )\i

%1 ) W

¢,

g 3
100 > =
'S.@c* ~o <




Z ] "
Q) E
< ’1. @
N -
: &
A, = 4\,, Q
L0 X Q« |
e \mil X
25 S
3 £ \»
i .9 \\\-......\\..!ll ,
- S \ \ \ \ @
™M O . N 0
N S Ny -
(Q\| w >,
x 2

NOIHWEN




RA223 NRG TENDL-2015, AKONING

Delayed nubar

22 '
*1073

20 —

= =
o 00
I I

Delayed nubar
=
I

=
N
|

=
o
I

I I
100 150

Energy (MeV)

200




Probability

RA223 NRG TENDL-2015, AKONING
Delayed neutron spectra

=
oI
=

— group 1 frac 0.0581 decay/shake 1.000E-07
— group 2 frac 0.1893 decay/shake 2.124-322
—— group 3 frac 0.1723 decay/shake 0.000E+00
—— group 4 frac 0.4650 decay/shake 0.000E+00

=
oI
N

—— group 6 frac 0.0133 decay/shake 0.000E+00

107 10 10 107
Energy (MeV)

1071

10°




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,x)

TraninveN
-
\¥ \ ?3 \ \
5 ’_/
‘é" 7
/
\760/




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

LronieN




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

LronieN
DN

=
/b\

V)




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,n*)3a




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

1
T \\
0
1 1 ,”b '
P i
%10 ) ‘Hﬂ,l‘h
5 1O£: > <<,§Q)
S -
/@@ =




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

LronieN




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

7
0 j
% /
{

0 2 A
540 J

>

<> < S

~

<
~>
S
SIS
<<




RA223 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a
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