Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING
Principal cross sections

| | | | |
10% — L
10° — =
102 —\
10t -
10° -
— total
—— absorption
-1 — elastic
10~ —— gamma production
-2
10 | | | | | | |

10 10 107 107
Energy (MeV)




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING

resonance total cross section

=

o
w
|

=

o
N
I

|

o
[N
I

1 — total

|
o|
(6]

Energy (MeV)

107




N-RN222 NRG TENDL-2017, AKONING

resonance total cross section

: — total

10° L
n
-
S
=
S 10° L
O
5]
7))}
7))}
3 K&
| - 1— -
) 10 LE

10° .

10 10°3

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING
resonance total cross section

10° -

total

=

o
N
|

Cross section (barns)
! ......IH Lo
Jﬁ
——
=
==
<
=

=

o
o
|

|
o|
w

Energy (MeV)

1072




N-RN222 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING

resonance absorption cross sections

10° -

=
o
= N
|

=
o
|

=

o
o
|

capture
fission

|

Ol
N
I

|
o|
(6]

Energy (MeV)




Cross section (barns)

|

ol
N
I

N-RN222 NRG TENDL-2017, AKONING

resonance absorption cross sections

10"

=

o
N
|

|

o
=
I

=

o
o
|

=

ol
=
I

|

ol
w
I

capture
fission

H
oI
N

Energy (MeV)




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING
resonance absorption cross sections

102

capture
-F--- fiskion

|

o
=
I

=

o
o
|

|

OI
[N
I

H
ol
N
S—

|

ol
w
I

=
o
D
|

|
o|
w

Energy (MeV)




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING

resonance absorption cross sections

=

ol
w
I

=

=
I
I

|

Ol
(0))
I

capture

H
o
o

Energy (MeV)




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING

Non-threshold reactions

3 — fission
109 — (ngma)
— (n,a)
10% —
10t —
10° —
10 -
1072 - \ \}
11 [ [ 9 [ [ . [ [ 5 [
10° 10° 10° 10°

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING
Principal cross sections

s | | |
— total
— absorption
— 20 = — elastic _ B
C(/:) —— gamma production
S
©
O
-
O
el
&)
Q
N 10 ~
7))
n
o
| —
@)

0= i i i i i i

80 100 120
Energy (MeV)

140

160 180 200




=
oI
N

1
(62}

=
o

1
(o0}

=
o

BN
[EEY

=
oI

(BN
IS

=

Cross section (barns)
o

=
oI

=
oI

N-RN222 NRG TENDL-2017, AKONING
Non-threshold reactions
|

fSQ;%T/////’—

)

(BN
\l

N
(@]

I I I
50 100 150 200

Energy (MeV)

o




N-RN222 NRG TENDL-2017, AKONING

Inelastic levels

1.4

Cross section (barns)
©c o o r P
EEN o 00] o N
I I I I I

O
N
|

o
o
o

5 10

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

I I—

15
Energy (MeV)

25

30




N-RN222 NRG TENDL-2017, AKONING
Inelastic levels

70

*107
60 —

Cross section (barns)
N w D Ul
o o o o

I I I I

=
o
|

— (n,n*6)
— (n,n*7)
— (n,n*8)

I I I I I
5 10 15 20 25

Energy (MeV)

30




Cross section (barns)

N-RN222 NRG TENDL-2017, AKONING
Threshold reactions

3.0

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

O
&
|

o
o

(n,x)
(n,2nd)
(n,2
(n,3n)
(n,*)a

o

50

I
100

Energy (MeV)

150

200




N-RN222 NRG TENDL-2017, AKONING

Threshold reactions

353
q
1 — (n,2n)a
304 —— (n3na e
—— (h,n*)p
Py — (n,n*)2a
7)) S
c o5 | (n,2n)2a B
@®©
=
c 20 .
O
2
o 19~ =
7))
n
© 10 B
@)
5 |
0 | | | n |
0) 5 10 15 20 25 30

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING

Threshold reactions

1.4

Cross section (barns)
© o o o kP
N EEN o oo o N

o
o

I
— (n,n%)d
4 — (n,nMt L
— (n,n*)he3
— (n,4n)
| — (nh,2np) |
| | | | — |
) 10 15 20 25 30

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING

Threshold reactions

2.5
— (n,3np)
— (n,2n
— (n,yipa)
— 20 - — (n n*c) [
g —  (nyp)
®
@)
~ 1.5 m
c
O
O
()
N 10— m
7))}
7))}
O
@)
0.5 i
0.0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING

Threshold reactions

103
e
10 )
— (nt)
— (n,he3)
—~ 87 — (n2a) B
g — (n,2p)
(qv]
o
N 6— -
c
O
O
5}
" 4 L
w
(7))
o
@)
2 — e
0 i | | i i
0 5 10 15 20 25 30

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING

O

2

m \\. Q
E \ , -
IS \\\ y
E l X
S \ O
o )

> Y /\ ) %00 ¢

a OO ,&.

SR\ N\SXY




N-RN222 NRG TENDL-2017, AKONING
angular distribution for elastic

LYoniCos
\ \
——

O <
. X BD S
ARV
. < \‘\”'dﬂ’l ©
B o N

= ST
&




N-RN222 NRG TENDL-2017, AKONING

angular distribution for (n,n*1)

SO0\




LYoniCos

N-RN222 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-RN222 NRG TENDL-2017, AKONING

angular distribution for (n,n*3)

) \

)

|




N-RN222 NRG TENDL-2017, AKONING

angular distribution for (n,n*4)

SOD\00Na




N-RN222 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

LYoniCos
\

W
\




N-RN222 NRG TENDL-2017, AKONING

angular distribution for (n,n*6) \w
i

0 -
) 10 \ s
8 1/ \ VV ’ ‘ﬁb
% 10 ) >> S
5‘ ,2 A > ,\,<co §§\
10 y? S
e PP &
o [ ~
%@ ’QO X, >>>>JJ “
e C -




LYoniCos

N-RN222 NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




LYoniCos

N-RN222 NRG TENDL-2017, AKONING
angular distribution for (n,n*8)




Fission nubar

N-RN222 NRG TENDL-2017, AKONING

Total fission nubar

6.5

6.0 —

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

oo
o
_|

N
&
o

50

I I
100 150

Energy (MeV)

200




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

LronieN




N-RN222 NRG TENDL-2017, AKONING

Neutron emission for (n,2nd)

i
1/
10
7 A /
%10 ] S
= p N >
5 N
o ) v S
o S &
<S>
Sy S NS
< o
6)?@,7 S
<z o) Ve




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

A .
¢ 10
][]
9 /~‘J’JQQ
P )
o N <
S, <o S <
S
Q@, ~o




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,3n) H
b \\\\\

S

7 10 &
% g \l >
Z Vs
% 3 Q/ W N
=~ 10 > P
g 1V S

S o <&

S XS N2




—
O\

LronitieN
\r.k
o

’b@ Q\

=~
\




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

Z
1
)

‘?\Q\)\N\l&\\
—
.
7
/
3
@% Y,

ﬁ
(&4 S Q;\Q.)
N
®®




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

LronieN
\.A
LD
\
J—

-
'ﬁ




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a

:
2,
g A7
153
107 -
Sy ~




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p
1 - ,
10 \\

oSO

é 10,1/ g o
— _ Q
5 T
& S

By <SS

S& S
<, Yo




N-RN222 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)2a ‘

4 \\\\ >
Q

:

-_— - Q
5 N -
5o 3 P ¥

100/ S
N
S5 < -
s, =




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)2a
n \\\\\\\\

y 25
é 40 <
@) NN
o B3 P ¥
100/ ®®
- > S
®®Q = <
<SS, &




N-RN222 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)d

10
S
&
é 10'1 | &
<
2 - AN o
0 RANp
1 ASINSE
p <
A > S
o ~- Q;\Q.)
- = o S
DS >
. SV
<z o) S




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

7 4
Z 10
2 .
I <
0 ) NS
<SS
S ¢ S
SRS




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3 \‘

LronieN

N
\




Neutron emission for (n,4n)

3 S
2 10 &
@ y
Z o
% 3 A SN
5 40 S
0/ % ®®
A S <&
'Séo -
’Q@ {O N
=
R RN

N-RN222 NRG TENDL-2017, AKONING '




N-RN222 NRG TENDL-2017, AKONING

Neutron emission for (n,2np)

e
@
2 40 <
% A
v
o )
(&4
é)
% =
., & ~
2z T

oS>
&
&
"\?‘
W
S &
\‘?@Q’\
>




N-RN222 NRG TENDL-2017, AKONING

Neutron emission for (n,3np)

% 10
z . &
g A7 S
- ASEERS
Xy
@Q >
<, ¥ g
<
R




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

LronieN




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

LronieN

N
\




N-RN222 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

//
103 / % ~
FOs N
z) 1 - . \* '. ‘ Ve
2 IS
2 o’ '\3;@@@
S, Yo <
< <, <5 <>




N-RN222 NRG TENDL-2017, AKONING

Delayed nubar

36 '
*1073
34 —

32

0 50

I I
100 150

Energy (MeV)

200




Probability

N-RN222 NRG TENDL-2017, AKONING
Delayed neutron spectra

=
oI
=

— group 1 frac 0.0660 decay/shake 1.300E-10
—— group 2 frac 0.1671 decay/shake 3.215E-10
—— group 3 frac 0.1756 decay/shake 1.251E-09
— group 4 frac 0.4989 decay/shake 3.423E-09

=
oI
N

— group 6 frac 0.0061 decay/shake 9.476E-08

107 10 10 107
Energy (MeV)

1071

10°




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,x)

N>
D 2 .
Z 40 53 N
:‘é ] ‘\\\ >
0% 0/ '\'<</§<Z)
SR <>
//%2




LronieN

N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

O/
10
2
10
o s
e
o< ”
%@ NS




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

LronieN




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

7 &
2 >
2 : v
524N S &
100" SN
<<,Q
NS
v’)
< _ N\
%z, < Ny

\)




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

i
% it
7 - J At ,/,
10 J ﬂ:
B RS ‘l,.l!‘
%wo/ .il’m
: |
PN
100 \9
s < <o
%@




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

3 4
10
Z - !
9 10 I
¢ 4
0 0:1:
Ve S
6\0
<
//@@ o




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

LronieN




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

7

v 10

2.

5

5 1

100~ >

«j:@e >
L




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

LronieN
T




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2n)2a

A
d
Z A
5 5
e
o 10
< S
«j:@e <>
L,




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d ‘
k @
o)

0 >
9V &
Z >
2 ’. v
> 10 S -
o 10 | > S

Yo e S

N
< >
//@é’ (\,.\

@@ NS




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

A
%10 ) |~
9
o A
100~ >
«j:@e >
L

TR




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

roniveN
\A
o
(e
\ \




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,4n)

LronieN




LronieN

N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

Y

1/
10
] >
-1~ o
10 -
NS
(\/
S
o % §
SR
S _ < ~
“Z >
@@ N

S




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

%10

Z

5 2

5 10
o’ S

COQ
DS =
%@ D




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

O/
% 1
Z A
2
o 10
QO
L




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,npa)

T

1/
5 >
2y RS
0’100/ \@
SR Y
«j:@e <
Sy
—










N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,p)

TronieN
el
s

—
\




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,d)

TranineN
—

O\A

\ \

—
\




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,t)

S \\\\\\\\

1/
%10
23 -
g
2 » AN
0’100/ \@
> <
«j:@e <
Sy
—

2V




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

1 A
7 10
zZ~
2 >
=~ N
o A <&
10o > <<,<\\
S
«j:@e ~
S/
—




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2a)

/2
9




N-RN222 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN
\

N
\




N-RN222 NRG TENDL-2017, AKONING
thermal capture photon spectrum
| |

|

o
=
I

=

o
(@)
I

=

Gamma Prod (barns/MeV)
S
I

I I
0 1 2

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

N-RN222 NRG TENDL-2017, AKONING
14 MeV photon spectrum

= = = = = = =
o o o o @ O Q,
|

=
o

[

o

[BEN

N

w

N

-

I I I
5 10 15

Gamma Energy (MeV)

20




MeV/collision

N-RN222 NRG TENDL-2017, AKONING
Particle heating contributions

18 '

16 protons

deuterons
tritons
he-3
alphas

14 —

12 —

10

0 | |
0 50 100

Energy (MeV)

150

200




N-RN222 NRG TENDL-2017, AKONING
Recoll Heating

20

=
o
I

recoil heating

o

Heating (MeV/reaction)
' S
I

N
o
|

-30

50

I
100

Energy (MeV)

150

200




N-RN222 NRG TENDL-2017, AKONING

Particle production cross sections

1.2 '
—— protons

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

0.2 - L

0.0 i i i

0 50 100 150 200

Energy (MeV)




N-RN222 NRG TENDL-2017, AKONING
protons from (n,x)
By
10 ||||||||'
A q§

é 10 3
@) LTS NN
5 5 \ N
10o” &>
<S>
)
®®O ‘ZOO <>
N
Yo, <
22 &5




N-RN222 NRG TENDL-2017, AKONING
protons from (n,n*)p

< t"“ -
0 “ g
2 ®
0 / S
2 o TS
<<
®>®ﬁ

¢
§
$




N-RN222 NRG TENDL-2017, AKONING

protons from (n,2np)

0 >
él ) =
Z o>
O 5 NN
o 10 S &

- N

(& > Q;\Q.)

S
S, s >
e ~>
Gz <o NV




® 2
Z 10 /q &
% 1 A N
b RN
0/ v ®®
S <
S
<, =
<
L S e

N-RN222 NRG TENDL-2017, AKONING
protons from (n,3np)
A ‘
0 -
10 ¢




N-RN222 NRG TENDL-2017, AKONING

protons from (n,2np)

/
0/
10
D 2
v 2
Z 10
g §
e
p y
(P4
S
\5\%6\ >
/,@ﬁo
R CNPN

&
&
"\?‘
W e
S &
> Q,Qé}
N
,\,V




N-RN222 NRG TENDL-2017, AKONING

protons from (n,npa)

LronieN
\

=
\




N-RN222 NRG TENDL-2017, AKONING
protons from (n,p)

i v |
< KU
fé s S
o410 _
< S

9




N-RN222 NRG TENDL-2017, AKONING
protons from (n,2p)

é 10 <>
2 * S
5 4 S§
105" S
<SS
S o S
<,




N-RN222 NRG TENDL-2017, AKONING

deuterons from (n,x)

b 3
d) A
:‘é / / \{Nﬂ
s J

(&

O
®®O ‘ZOO <3
<.
<z <::’00 S

@\{90

)
g

S 4
]
Q

0




e,
/ \
*h_
?

é 4 >
< | >
0 0 \/ e %@é\
g P S
o S &
AN
- <
K> 2
< Yo
RSN N

N-RN222 NRG TENDL-2017, AKONING
deuterons from (n,2nd) "




LronieN

N-RN222 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

A
10
A ﬂj
P
100~ N
- NS
> v




N-RN222 NRG TENDL-2017, AKONING
deuterons from (n,d)

:
% 3 4 ﬂ >
o “ / <2$\
o 40 U N
0/ '\<C) \®
<S¥
R S
‘s




N-RN222 NRG TENDL-2017, AKONING

tritons from (n,x)

4 N
% ,4 A /ngﬁ\}\\j\\t \ - =~
& S <
o 10 ~ S

o S

<s¥
S
®®O & >4 <>
'S




N-RN222 NRG TENDL-2017, AKONING
tritons from (n,n*)t

0 b ‘ S
510 ©
Z /l
5 . >
v £ <2$\
o 40 <~
'S.@c* <o >




N-RN222 NRG TENDL-2017, AKONING
tritons from (n,t)

4 g

i ¥ |
“ {
2 =
0 3.
o 100/
S
'S'@Q @:30 <




N-RN222 NRG TENDL-2017, AKONING
he3s from (n,x)

a L0
9 LR AN\
& g > S 2
o 40 ~

0/ \®

<s¥
S <>
ST <
‘<
o, <
72 &5




N-RN222 NRG TENDL-2017, AKONING

he3s from (n,n*)he3

10
1 I

7 A

O,

zY

s,
010’0/ S
®>®f

S

>
>
Vs
3%
Q(\’A\
CSF
P S
SRS
.\b‘




N-RN222 NRG TENDL-2017, AKONING
he3s from (n,he3)

LronieN




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,x)

0 ~
10
2 A
7 10
240
2 |
5/, > Sl
100"
®®O {OO
<
L <::’00 S




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,n*)a

% -
Z 10 =

% i il JJJJJJJN q’&

5 /MHJNJJ ,§> §®

o S
S Sl
>
e




N-RN222 NRG TENDL-2017, AKONING

alphas from (n,2n)a

ranineN
W
\ \
—
/[

s

&
N
P &
S
~ =
'»<<§\




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,3n)a

O A
10 ™
D2
0 i
g .
g )
(P4




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,n*)2a
10 J‘ ‘

AN

S

2 A
(] 4 S
17 LK e

N
g > /JJJ .§> §$
1007 o @\‘2’@
SR <
«%@ﬁ




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,2n)2a

ranineN
W
\ \
‘%{_‘\
—




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,npa)

UL

/2 d <’.)
[ - S
5 =
A e P ¥
100 d \®
> <<§\Q’
<




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,a)

7 -
% 10 | |
? | \H >
0
g s |l v &
100 LI o &
S S




N-RN222 NRG TENDL-2017, AKONING
alphas from (n,2a)

z) e
% -
O 4 NN
2 0" LI S
g v Q! NS
N <
N




