Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
Principal cross sections

10% -
10° —
10% —
10" \/ | \
10° - \
— total
—— absorption
-1 — elastic
10~ —— gamma production
- [
W T 1T 1. T 1. T T_. T I, "
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING

resonance total cross section

10% -

1 — total

=

o
w
|

=

o
N
I

|

o
[N
I

=

o
o
|

|
o LLll
N

Energy (MeV)

|
o|
w




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
resonance total cross section

10° _ — totahl

|

o
=
I

=

o
o
|

=
oI
[IEN

=
o
N
|
/

|
o|
w

Energy (MeV)

1072




N-DY166 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING

resonance absorption cross sections

capture

Energy (MeV)

1073




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
resonance absorption cross sections

2
10 4 — capture

H
oI
=
| | IIIIIII |

=
oI
N

10° = \f

|
o|
w

Energy (MeV)

1072




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
resonance absorption cross sections

101

capture

|

ol
N
I

|

ol
w
I

H
o
o

Energy (MeV)

10*




Cross section (barns)

|

ol
N
I

N-DY166 NRG TENDL-2017, AKONING

Non-threshold reactions

=

oI
=
I

|

ol
w
I

(n,gma)

o|

[ [
10 10

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Principal cross sections

12 I I I

total
absorption B
elastic

gamma production

=
o
I

(00)
I
I

\/“/__/\_/\_

Cross section (barns)
(@)}
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)

N-DY166 NRG TENDL-2017, AKONING

Non-threshold reactions

10-1 : I I
(n,gma)
1072 -
102 -
[ [ [ [ [
0 5 10 15 20 25 30

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Inelastic levels

2.5 '
— (n,n*1)
— (n,n*2)
/\2.0— _— (n,n*g)
2 — (n,n*4)
E — (n,n*5)
®
@)
~ 1.5
c
O
O
()
N 10—
7))}
7))}
O
O
0.54‘
0.0 | B | |
0 5 10 15 20 25

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING

Inelastic levels

300

*1073

N

o)

o
|

N

o

o
|

100 —

Cross section (barns)
o
o
I

o)
o
|

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

10

I I I
15 20 25

Energy (MeV)

30




N-DY166 NRG TENDL-2017, AKONING
Inelastic levels

250 '
%107
f — (n,n*11)
— (n,n*12)
200 ——  (n.n*13)
7p) — (n,n*14)
- — (n,n*15)
©
O
~ 150 —
-
9
O
Q
" 100 —
7))
n
=
O
- &
0 | | D —— |
0) ) 10 15 20 25

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Inelastic levels

80

*1073
70 —

o)}
o
|

o)
o
|

Cross section (barns)
w H
o o
I I

N
o
I

=
o
|

/\

o
o

10

15
Energy (MeV)

20

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

25

30




N-DY166 NRG TENDL-2017, AKONING
Inelastic levels

50 '
%107
— (n,n*21)
— (n,n*22)
— 40 — (n,n*23)
2 — (n,n*24)
- — (n,n*25)
©
O
c
9
O
Q
N 20—
7))
n
=
O
10 —
0 | | | |
0) 5 10 15 20 25

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Inelastic levels

50 '
*10°3

— (n,n*26)
— (n,n*27)

— 40 ] (n1n*28)

2 — (n,n*29)

- — (n,n*30)

©

O

c

O

O

(D)

N 20—

7))

(7))

=

@)

10
0 | | | | |
0 5 10 15 20 25

Energy (MeV)




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
Threshold reactions

2.5

N
o
|

=
o1
I

=
o
I

O
&
|

0.0

— (nx)
——  (n,20d)

/- (o

(n,n

n)
n)

*)a

20

40

60

I I I
80 100 120

Energy (MeV)

I
140

I
160

I
180

200




N-DY166 NRG TENDL-2017, AKONING
Threshold reactions

50, '
1 -
1 — (n,2n)a
— (n,3n)a
— (n,n*)p
407 — (nnvd B
g —  (n,n"t
®
O
c
O
O
(b
N 20— i
7))}
7))}
O
@)
10 — m
; | | | /
5 10 15 20 25 30

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Threshold reactions

1.4 ' '
— (n,n*)he3
4 — (n4n)
1.2 — (honp)
= — (n,3np)
c10 "W
®©
L
— 0.8
O
E
D 0.6 -
w
(7))
© 0.4
@)
0.2 -
0.0 | | | i i
14 16 18 20 22 24

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING

Threshold reactions
25 '

= = N
o & o
| | |

Cross section (barns)

O
&
|

0.0 |

| | - 1
15 20 25 30

Energy (MeV)




N-DY166 NRG TENDL-2017, AKONING
Threshold reactions

3.5 ' '

13
10° -
3.0 —— (2p)

Cross section (barns)
- - N N
o w o W

I I I I

o
ol
|

o
o

I
10 15

Energy (MeV)

o
ol

20

25

30




N-DY166 NRG TENDL-2017, AKONING
angular distribution for elastic

5
Q - 7D U J ‘ '
g SN >
3 o N S S
10{0/ jﬁﬂﬁﬁﬁ '»\@\@
i LSS S
2 !
C\O'S‘/O@O \0\5\ > >>>
o O




N-DY166 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*1)

SO0\




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

LYoniCos
—
\ NECCR\N A\

d}Q

§
@0\(?0 0
\




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*3)

LYoniCos
\_)
o

D0
,b&(?o QC)
\

Q
G




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*4)

SOD\00Na




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

d}Q

§
@0\(?0 0
\




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*6)

LXAnlCosS

z




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*8)

SR\ N\SXY




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*9)




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*10) ‘

0
j
10" -
. ~ s
8 >
2 Sl
: \ e
“o JJy > &>
s J?JJJ <&
%@ ’QO e, >>>>>JJJ <
E IR
d S




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*11)

SO0\




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*12) ‘

—
o
o
v\

LXAnlCosS
\/
\/
%VV
\/
Y

s
N A\
e
<z 5 S
% QO
2 ;%JJJ e F
%@ ~QO ~ >>>>>JJ <«
% @ >
O




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*13)

LXAnlCosS




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*14)

SO0\







N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*16)

—
100 77 "*%

5
: >
g
MJJJ Jﬁ%
JJJJi{O




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*17)




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*18)
|
0 € |

LYoniCos

d}Q

§
@0\(?0 0
\




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*19)




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*20)

LYoniCos
\-A
o
—
NECCR\N LV N

d}Q

§
@0\(?0 0
\







N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*22)

7))
:8/ >\ ” q/Q
~
“o JJﬁ > &>
s JiﬂﬁﬁJ >
%@ ~QO ~ >>>>JJJ <«
%, ©




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*23)




—
(-

LroniCos

(-
NERUA

d}Q

0
fb\&o 0
\

e
>> Ve
S
e &
;W%s e
;iﬂjo <




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*25)

LYoniCos
L

d}Q

§
@0\(?0 0
\




N-DY166 NRG TENDL-2017, AKONING

angular distribution for (n,n*26)

SR\ N\SXY




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*27)




LYoniCos

N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*28)




—
(-

LroniCos

(-
NERUA

d}Q

0
fb\&o 0
\

e
>> Ve
e
e &
;W%s e
;iﬂjo <




N-DY166 NRG TENDL-2017, AKONING
angular distribution for (n,n*30)

0 =
10 2 ' y’ 5>
c(% \ i 'P' &
¢ | >
9 ,1 pe " .«-‘9
2 40 >
o% < S

: > TS

s QJJJ > <

(. O’O >>J;Ji<o

O-S'//)@ < o >




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

LronieN




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)

.

1 4
10
il S
g) O,i/ ~>
2 1 v
g > §$
- S
(P4 N Q;\Q.)
- <& VLS
=T >
T, @
AR




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

A
= p L
¥ ) =~
- <
S o S
< ~
S, So




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

] S
Py e ‘\</b
é 10 S
z - >
,’é J/ O 2
o 0’3 g S S
Vo o S
< TS
S, s >
< <5 ~>




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

7R %
% K i >
0 .2 N
610 > &
TS
O
< <>
<, ¥




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a
4 - |
10 \\\\\

oS>

é 10,1/ o

— _ Q

5 T
5 S

<
S S >
- -




N-DY166 NRG TENDL-2017, AKONING

Neutron emission for (n,3n)a l
1 t\ l

- 10
% y &
5 Na
g 3 RN
5 10 >

- D

(P4 > Q;\Q.)

N LS
S S




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p
1 - 3
10 . . ~ \
i S

é
— _ Q
% VN
I <
o ) <
@ P &S
<
\S\.S
S >
0




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

>
0 A ~
é 10 S
2 g Na
0 A XN
S Qi
0’ 0/ % "\/Q ﬁ\
Vo o S
& T LS
Sy, o S
<. @ ~>*
=
AN




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

é - >
Z s
0 I- A XN
2 .0 <
0’ 1 7 "\/Q ﬁ\
(& > Q;\Q.)
< TS
. o >
T, @ ~>*
- =z v




N-DY166 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)he3

_ Qe
% . >
21 ~
Ve
% O N
o Sl
0/ ({)/ Q~>®
RS
- > <
@Q >
<, < ~
L.
R N




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,4n) l

3 S
- 10
% / >
% 34 "c’°®
2 .0 <
o1 - > %\
o % Q;\Q.)
AN
<> <
®®O <~ o ‘{)’
<,
., &
L o D




LronieN

N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

10
>
10
Ve
7
o >
< S
®®Q - - AN
Q@ﬁ o) ~N-
<z S ,»b‘




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,3np)
- ’* l

SO

é 10,1/ -
— - Q>
5 T
> &

o P S

- <SS
*%06\ <o p
T,
2




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

LronieN




N-DY166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

e rf !4
0’ | F |
35
Z
% 24 [l
510 |
&
<,
®® o
Qé}) 90 <n




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,x)

—
fr—
e

O
) S &
O
S, > ”
%
&




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

LronieN




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronieN
\

™
\




N-DY166 NRG TENDL-2017, AKONING

Photon emission for (n,n*)a

NS\NCOQ




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

LronieN




N-DY166 NRG TENDL-2017, AKONING

Photon emission for (n,3n)a

0’ o
9V
Z
2 24 A
o 10
QO
S <
L
= S




LronieN

N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

10
2. >
100/ > <<,§Q)
<
S S
)




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

roniveN
\A
o
(e
\ \ \

>
D - P
0 Qq/$
10/ N
NI 2
s >
2, < >
S N
L




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

™
\

LronieN
\

€




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

7
Z 7 o
é b4 qy®
040 o P
>
S <o
2z o)
@@b NS
—J




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,4n)

LronieN




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

>

0 4
%10 v
2 e
2 >
:‘é O’Z/ RN
17 - ¥

o > <<

N
~
L




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

10

5

10
7 4 SN
%10 Q\C,OQ
% 3 Q\?‘
£ o e
o 3d '\9 \@

< ESSEERS

SR <S>

> S

= S




N-DY166 NRG TENDL-2017, AKONING

Photon emission for (n,2np)

2
100"
s
S <o
N N2
—/

roniveN
\A
O
(-
\ \




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

\
L|

|

|
“ ‘ ‘.
|

@\

LronieN




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,gma)

LronieN




N-DY166 NRG TENDL-2017, AKONING

Photon emission for (n,p)

NS\NCOQ




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,d)
3
40 \\\\
[

S
7
0)10 >
zZ~
2 >
- N
> g2l S
100 P oS
<l S
//@e $
Sy
)




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,t)

% 10 >
2
2 >
g N
0 ,1: B
10o > <<,§
<l S
//@e S
SL-
_/




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

v 10
2.
¢
0105/ >
«j:@e >
L

9




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,a)

2o o
/N
‘2\%;’ “




N-DY166 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

1/
— e "\?‘
' 5
0105/ T ¥
CORS
S, < >
2, >
L




N-DY166 NRG TENDL-2017, AKONING
thermal capture photon spectrum

102 = |

|

o
=
I

Gamma Prod (barns/MeV)
ISO
I

|

=
[N
I

] I I
0 2 4

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

N-DY166 NRG TENDL-2017, AKONING
14 MeV photon spectrum

10°

=
o
N

=
oI
=

=
oI
N

o

I I
10 20

Gamma Energy (MeV)

30




MeV/collision

N-DY166 NRG TENDL-2017, AKONING
Particle heating contributions

25 '
—— protons
— deuterons
20 — tritons r
— he-3
— alphas
15 =
10 — =
5 i
0 | |

0 50 100
Energy (MeV)

150

200




N-DY166 NRG TENDL-2017, AKONING
Recoll Heating

20

=
o
I

o

N
o
|

w
o
|

N
o

recoil heating

Heating (MeV/reaction)
s BB
I

o

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-DY166 NRG TENDL-2017, AKONING
Particle production cross sections

2.5 ' '
—— protons
— deuterons
2.0 —— tritons B
— he-3
— alphas
1.5 —
1.0 —
- % _
I I

0 50 100 150 200
Energy (MeV)




d

A
J{
/

7 P
0 10
? 1 A \} '\Q?Q
g7 O N
5 (LLboet o s
o S <
% 5 - ~ @
100/ Q~>®
<
SO
®®O & >4 <>
%, <
Z/L- OO S

N-DY166 NRG TENDL-2017, AKONING

protons from (n,x) |
By

10




N-DY166 NRG TENDL-2017, AKONING
protons from (n,n*)p

q

0,1/ < >
j J/ S
0 3. RN
& 40 _F

0/ '\<? x®

<S¥
'S.@c* <o >
‘<




N-DY166 NRG TENDL-2017, AKONING
protons from (n,2np)

A S
%10 v
? - >
) =<

o
:‘é 3 SR>
o 10 VW

o S &

<

S5 - NS

o o
6),@ NS
2, >




N-DY166 NRG TENDL-2017, AKONING

protons from (n,3np)

/

LronieN




N-DY166 NRG TENDL-2017, AKONING
protons from (n,2np)

Se)
® 2 ~
Z 10 =
‘. St
o S

S <
'S.@c* PN -
‘o 3




N-DY166 NRG TENDL-2017, AKONING
protons from (n,p)

% P
J

%1 1R J ~
9 &
;3 > ¥

0/ \®

> ST
'S.@c* <o <
S

2V




protons from (n,2p)

N-DY166 NRG TENDL-2017, AKONING l
"

0 1]
10
S
24 &
é 10 &
Z 1 >
a0 D
IRl c
100/ S
AN <<§\Q’
S, s >
) e
Q)‘S”@ ~
L so NV




N-DY166 NRG TENDL-2017, AKONING
deuterons from (n,x)

b 3
Z 10 IN
5 (LA
v
s p
(&4
O
®®O ‘ZOO <>
<
o, <
7L OO S




N-DY166 NRG TENDL-2017, AKONING

deuterons from (n,2nd)

%10
Z
fé 34
o 40
(&
'S.@c* ~o
<

=
XN
v SF
D
S
<5




N-DY166 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

0 >
ke ) >
Z ﬂ Ve
:‘é ,3/ g "\()’ Qé\

~>
o 10 S S
(& D Qé}%
T &
S, s >
<, ~>




N-DY166 NRG TENDL-2017, AKONING
deuterons from (n,d)

7 <
Z 10 y
A S
’é A v NN
o2 ) NS
<>
S < S
<,




N-DY166 NRG TENDL-2017, AKONING
tritons from (n,x)

40
D 3
Z 10 R
% g wﬂﬁﬁkﬂ“
'l
p J
o
S
®®O ‘ZOO <3
S
22 <olTo

§
%, O

%

@\{90

)
g




LronieN

N-DY166 NRG TENDL-2017, AKONING
tritons from (n,n*)t

10
A
.3
0 d >
Vo .
32
S, s >




0
7 [

5 5. / > N
& 40 S
0/ '\<? x®

i
Se <5 S
S

N-DY166 NRG TENDL-2017, AKONING
tritons from (n,t) w




N-DY166 NRG TENDL-2017, AKONING
he3s from (n,x)

i
ks =
z L ~
9 ,w/w%x < N
& S S
o 10 ~
<
O
®®O ‘ZOO <3
')
o, <o
2B PSRN




N-DY166 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

e
'y
Se)
i -
N
% 3 O N
& 40 @
0/\ % ®®
S <
Ry
<~ <o
o)
<, -




N-DY166 NRG TENDL-2017, AKONING
he3s from (n,he3)

O /
é 10 <>
% h > NN
I 2/ \@Q)
> 1057 >
<
<SS
S o S




L
I
/,
/

7 -
v 10
= 1 g >
=— 1 L
9 LBt N
& S S <
% 5 - ~ @
100/ Q~>®
<
O
®®O & >4 <35
o, <
L OO S

N-DY166 NRG TENDL-2017, AKONING
alphas from (n,x)

By
10




N-DY166 NRG TENDL-2017, AKONING
alphas from (n,n*)a

% 10 <
% /]J]JNJJ >
g 3 S S
010 K NG

“ SR




N-DY166 NRG TENDL-2017, AKONING
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N-DY166 NRG TENDL-2017, AKONING
alphas from (n,a)
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