N-RE165M NRG TENDL-2017, AKONING
Principal cross sections
I I I I I

16—

— total

Cross section (barns)
o
w
I

absorption
1 elastic
107~ amma production
0
T 1.1 1. T 1. T 1. T T, VL
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING
Non-threshold reactions

[HE

o
(6]
I

=

o
IS
I

[HEN

o
w
I

[N

o
N
I

=
o
=
I

[HEY

o
o
|

=
oI
[IEN

[ [
101t 10 10”7 10 10

Energy (MeV)




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING

Non-threshold reactions

10-11

10 10 10t 10*

Energy (MeV)




N-RE165M NRG TENDL-2017, AKONING
Principal cross sections

16 '

H
N
I

= =
N
I

Cross section (barns)

total O
absorption

elastic

gamma production

I I I I I I I I
40 60 80 100 120 140 160 180 200

Energy (MeV)




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING

Non-threshold reactions

10°

[N
=
w

=
ol
(0))

il -

(n,n*)a

(n.gma) —

I I
15 20

Energy (MeV)

25 30




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING
Non-threshold reactions

10

I
15

Energy (MeV)

20

25

30




N-RE165M NRG TENDL-2017, AKONING
Inelastic levels

1400 '

*107°

= — (n,n*1)
1200 e

=

o

o

o
I

800 —

600 —

400 —

Cross section (barns)

200 —

O/\_’_ | | | |

0 5 10 15 20 25
Energy (MeV)

30




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING
Threshold reactions

2.5

= N
& o
| |

=
o
I

O
&
|

0.0

(n.,x)

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

n)
*)3a

50

I
100

Energy (MeV)

150

200




N-RE165M NRG TENDL-2017, AKONING
Threshold reactions

1.0

o
)
|

o
o
|

Cross section (barns)
o
N
I

—
N
|

0.0

T I I

5 10 15

Energy (MeV)

20

25

30




N-RE165M NRG TENDL-2017, AKONING

Threshold reactions

250, '
o
1 — (n,n%)d
—  (n,n*)t
— (n,n*)he3
2001 —— (n2np) B
g — (n,3np)
®©
O
~ 150 — .
c
O
0
)
100 — .
(7))
(7))
o
@)
50 .
0 i i - i | -
5 10 15 20 25 30

Energy (MeV)




N-RE165M NRG TENDL-2017, AKONING
Threshold reactions

0.5
— (n,2np)
—— (nh,npa)
— (n,n*c)
/\04_ — (n,t) [
g — (n,3a)
qv)
O
~ 0.3 -
c
O
O
)
N 0.2- m
7))
(7))
=
@)
0.1 L
0.0 | |_ T — ] |
0 5 10 15 20 25 30

Energy (MeV)




N-RE165M NRG TENDL-2017, AKONING
Threshold reactions

14, ' '
e
107 (n,t2a)
4 — (n,d2a)

12 — (n,pd)
= — (n,pt)
c 10 — — (n,da)
®©
=
c 8-
i)
:
» 67
0
N
O 4+
@)

2_

0 | | = .

0 5 10 15

Energy (MeV)




LXAnlCosS

N-RE165M NRG TENDL-2017, AKONING
angular distribution for elastic




N-RE165M NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




N-RE165M NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

]
0 4 S
0 10 >
O A
O =
%
o S &
S SS
<
&
<S> <




LXAnlCosS

N-RE165M NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,x)

>
A 1012/
@)
Z
e
1 A1
o 100




% .0 K
21 >
; T
g P S
- ASEERS
S
S >
<, ¥ g
<.
<z o) ©

N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)
/lr
1 ~
10 l




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,2n)

A

% 10

v 1

Z AN

7 e

AR

105~ 32
S >

'S.@c* ~o ~>

S XS %




N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,3n) l

- =
- 10
% g >
% 34 "c’°®
2 .0 <
o1 - > %\
o % Q;\Q.)
N
< <<
®®O o o ({)/
<
ST
L o D




N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

>
7%

\ i'EJ P =
& TS
Sy, o -
S, 6




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)3a

é 10 <
[ “ S
% (LA\
5o 3 P ¥
100/ S
> <<§\Q’
Ky S
()




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,2n)a

710
) >
2P M
S
5 T
o 3 N
10c~ P &S
S <
S %o S
<S5, 2L




N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a
y A . “\\

0 1 S
10 &
% L e
? 7 2
%) <
:‘é 2 (\, q’@
510 R
= > &
<> > <
S5, 32
o >~ “
Q@ o) N
W
<z S ,»b‘




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)p

0
70
%
g 0'2/ Nw&
510
< S
<
xS\@ o
Qé}) é’o <n

—
—
7=
ﬁ




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)2a

:
= “ S
: e
O AN ¥ &F
< > &L
Ry <~
2 S




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,2n)2a

> =
- 10 =
z h
[ S
9 o
0 3 N
5 10 > &

o o Q‘?}®

~ S
®®




é 104/ f (ﬁ)
— - Q
5 T
g ) NS
Y <
S w S
< &

N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d
|




LronieN

N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,n*)t

10 &
4 Vs
P
S g <z$\
A VRN
U7 S
:L (4 ~- é}%
- > &S
'S.@c* ~>
il <
®’®, g%
S




é 10 >
? A \j\ -
@) NN
e <
o 3 N
<
% T S
<, ¥

N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3 ‘




N-RE165M NRG TENDL-2017, AKONI

Neutron emission for (n,2np)

% 10 S
Z >
: o o
I () <
0 ,3: AV \@
10 S
o S
Ry St S
®Q ~N>
<, Yo o
% ™
S




1 A
2 . &
g - S$a
I <SS
S, 7
S

N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,3np) ‘




5 0'1/
Z 3 JL\iu
? _ JQ}\\\\ "\9
@) N
5 > &

0/ \®

S > <<§\Q)
Ry
2 <5

N-RE165M NRG TENDL-2017, AKONING
Neutron emission for (n,2np)
i |
1 ~
10
N




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,npa)

é 10,1 A
N
7 4 IS ®
g S <> S
o2 > S
- S
(&4 S Qé}%
5 ~o<
®®Q <
<, o




N-RE165M NRG TENDL-2017, AKONI
Neutron emission for (n,n*c)

0
7 4 X O
2 10 W\
i

<J




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,x)

&

O
< 25 «
//@@

1z,

=




N-RE165M NRG TENDL-2017, AKONI

Photon emission for (n,2nd)

LronieN

N
\

<J




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,2n)

> \
% 1
Z A
5 4
& 40
o’ NS
NS
< S >
“ 7
%@ Ne%




N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,3n)

1/

10
% 0
O,
zY
s,
0105/

L




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

3/
10
| S
7
v 10
zY
e
g
100 <o
«j:@e <
L




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*)3a

2V

LronieN

>
'@’Qé\
y NS
SR




N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,2n)a

/ |

10
9 A P |
Z 10 ‘G
g I 5
Y SN
g o <> <</§‘Z’
>




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,3n)a

LronieN
\

—
\




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,n*)p

f %
%;10; \“mn\‘\\\\ m @;




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

T

1/
30" | |

i S

A
%10 v
- .
@)
5 ,3/ ~ON '§> $
0«100/ N N

> <
‘i\@S “
S




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,2n)2a

DA
0 -
Z 10
% A
e
g )
< S
‘2\@6\ <
S
—/




N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,n*)d

7 0 ~ J
© 40 )M
Z 1 A J\
e
> 105/

L

N,
<>
~>
SN
<
v
'\’<<,<\\




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN




0’
9V <
%
S
0 2. v
¥ NN
o 10 &
Yo v S
<
< S
L
T, <
—J

N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3 ‘




N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,2np)

0 - [
% 10 [
Z A
? .
g 40

(P4

NS
< S >
L
@% v




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,3np)

LronieN




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,2np)

0/
%10
20 -
o,
2y RS
&100/ \@
> <
‘i\@S “
Sy
—~




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,npa)

z) |
It
2" @!!ht"ﬁk
g A
100 ~>
& = i
@%

<J




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,n*2)

LronieN
Q
\

v X




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

g\

| |
| ‘
0 -
% 1
Z
2 o
1 3 XS
o < <<,<\\
< _ S <
%@

*ZOQ




LronieN

€

N
\







N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,d)




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,t)

TraniieN
\
/e
=

A
=g o
N
<.~ “
%b
—




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,he3)

\\\\\\\\




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN




N-RE165M NRG TENDL-2017, AKONING

LronieN

Photon emission for (n,2a) ‘




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,3a)

\:Pm\s\\l\e\\
NS
/2

\w
N




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,pa)

LronieN




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,t2a)

LronieN




N-RE165M NRG TENDL-2017, AKONI
Photon emission for (n,d2a)

7 A0
v 10

z
c
g 2
100 -

‘2\@6\ <
L,

<J




N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,pd)

2/
10 w \\\\
| 25
% 100 | >
- .
2 2 P SO
g 100/ &
> <
< S
/// <>
%@




LronieN

N-RE165M NRG TENDL-2017, AKONING
Photon emission for (n,pt) ‘
0 - >
10 < &\ <
>




N-RE165M NRG TENDL-2017, AKONING

Photon emission for (n,da)

z) u‘|“ l: |

!

% \)li

e /2/

e <
< S




N-RE165M NRG TENDL-2017, AKONING
thermal capture photon spectrum

10° - | |

=

o
D
|

=

o
w
I

Gamma Prod (barns/MeV)

=

o
N
|

I I
0 2 4

Gamma Energy (MeV)




N-RE165M NRG TENDL-2017, AKONING
14 MeV photon spectrum
I |

= =
o o
R BN

|
Ol
w

Gamma Prod (barns/MeV)
S o o
I I I

=

oI
[N
[EEY

|

Q
=
|

I I
0 10 20

Gamma Energy (MeV)




MeV/collision

N-RE165M NRG TENDL-2017, AKONING
Particle heating contributions

40

35—

30 —

protons N
deuterons
tritons

he-3 I
alphas

I I I
50 100 150 200

Energy (MeV)




N-RE165M NRG TENDL-2017, AKONING
Recoll Heating

40

N
o
|

o
|

N
o
I

(o)}
o
|

o
S

Heating (MeV/reaction)
2 5 B
I

recoil heating

o

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-RE165M NRG TENDL-2017, AKONING
Particle production cross sections

7 I

o
|

ol
|

N
I

w
|

N
I

protons
deuterons
tritons

0 50

100 150
Energy (MeV)

200




LronieN




N-RE165M NRG TENDL-2017, AKONING
protons from (n,n*)p

o M ““‘\\\\\

é 0,1 g |
1
27 . | [N >
2 UL SRS
0’ J » 'l,~\\ NS \@Q)
" > Qé}®
<S
'

2V




N-RE165M NRG TENDL-2017, AKONI
protons from (n,2np)

-
O A
10 f
P &
% 10 >
A o
2 o &
o v S
0/ '\c'b é}®
NS <S>
®’®, g%
L SN




N-RE165M NRG TENDL-2017, AKONI
protons from (n,3np)

é 10 >
e A’ p @‘Z)
g 7 NS
<’
\%Q 5 ~\v
<,




N-RE165M NRG TENDL-2017, AKONING
protons from (n,2np)

i v
— \L N N
g 4 L SN
o 40 > S
0/ \®
S Sl
S %o <
<,




N-RE165M NRG TENDL-2017, AKONI
protons from (n,npa)

1 -

10 [ fV (/V |
7 ,1/ ‘, F <~
@, 10 v
% g S >
9 RS < S
o 0,3 :J/ ~> %\@

- ~> <<,°Q’®




N-RE165M NRG TENDL-2017, AKONI
protons from (n,p)

A tLL
0’
9V
Z
’% 0'4/ [
10 L s




N-RE165M NRG TENDL-2017, AKONI
protons from (n,2p)

® 2
Z 10 S
:‘é l JJJ J\ij\ < S
0’ { ~\_\\\'\IJ\ S > \@
0/ = \®
S S
TS
S
< <o <>




N-RE165M NRG TENDL-2017, AKONI
protons from (n,pa)

7 P
v 10
A1
5 1
I L
100 L. <




N-RE165M NRG TENDL-2017, AKONI
protons from (n,pd)

LronieN




® 2
Z 10 L

A ()
5 T
| S

<SS
S o S
<,

N-RE165M NRG TENDL-2017, AKONING
protons from (n,pt)
0
N




N-RE165M NRG TENDL-2017, AKONING
deuterons from (n,x) ~
0 ~
S \\\ b
=

D a2
0 -
< 40 I R
5 et SEN
o > S <
o ) ~
<S>
)
®®O ‘ZOO <>
N
Y, <
27 &5




N-RE165M NRG TENDL-2017, AKONING
deuterons from (n,2nd)

® A
Z 10 A &
] St
g P S
S <&
'S.@c* <o >
<, ~




N-RE165M NRG TENDL-2017, AKONING

deuterons from (n,n*)d

% 1 P
? A
fé 3. J
o 40
(P4
S >
<




N-RE165M NRG TENDL-2017, AKONI
deuterons from (n,d)

LronieN




N-RE165M NRG TENDL-2017, AKONI
deuterons from (n,d2a)

%10
% Uy s
0 > NN
510 | o

(& S QQ;\Q.)

T &
®®Q ~o <
<,




N-RE165M NRG TENDL-2017, AKONI
deuterons from (n,pd)

0 -
10
5 o N ~
%1 y LU >
5 / &
. N
(&4 S Q;\Q.)
TS
SR <
<,
<.




N-RE165M NRG TENDL-2017, AKONING
deuterons from (n,da)

L

W {j |
i !
5 3 i ¢JJ§45£\ ) >
e \\\\\ N
£ 40 [ > F
0/ \®
SIS
RN <
<,
o,




D a2

v 2

< 40 R
? A \}\}Vu\

9 \ﬁﬂ\%\\\‘ S N
5 L s °
o S

i
)
®®O ‘ZOO <>
N
Y, <
27 TSI

N-RE165M NRG TENDL-2017, AKONING
tritons from (n,x)
0 ~
40 ‘\\\\\ \
\




N-RE165M NRG TENDL-2017, AKONING

tritons from (n,n*)t

1 ~

10
% 0
® 10
0
AP P

100"

6)’@,
&

>
>
Vs
3%
Q(\’A\
CSF
P S
SRS
.\b‘




N-RE165M NRG TENDL-2017, AKONING
tritons from (n,t)

o7 Il L l’ M‘.nn

o
? i /LjJJ ' ) A
0 XN
b 34 SRS
100" LS
RS
e B <




N-RE165M NRG TENDL-2017, AKONING
tritons from (n,t2a)

h_r-

[ T
/] =
”l -
o

g N
= - <O
0 q;\
g A P ¥

100 o &>
~S
K>
© Yo “
<




é 10 <>
2 ®
o A Sl
105" S
<SS
R S
<,

N-RE165M NRG TENDL-2017, AKONING
tritons from (n,pt)
0 <
10 ““
| I
Q




N-RE165M NRG TENDL-2017, AKONI

he3s from (n,x)

7, 0
5 /8
7/
«I\“\\
NN
Y Q
/ %\
\ v\ QO
o 0 7

NS\NCOQ




! e ! IS
210’2/ M
s T
g N S
S
R S
<

N-RE165M NRG TENDL-2017, AKONING
he3s from (n,n*)he3

0 |
10 |~ ,ll




N-RE165M NRG TENDL-2017, AKONING
he3s from (n,he3)

é 101/ \Q\F\Q’\H

5V TS ' -
2 01 T Y S
g 100/ il < @\@

S
S
') “
o w5l

9




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,x)

LronieN




N-RE165M NRG TENDL-2017, AKONING
alphas from (n,n*)a

LronieN
\

N
\

100




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,n*)3a

—
S
N S
\ \ \
/

7 P
v 10
%1 | J
g g /WJW :
1007 o
-




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,2n)a

7 40 P
0 J
z 1
2 4
0’ 1 0/ N
'S.@c* <o >

[ T
[

<J




N-RE165M NRG TENDL-2017, AKONING
alphas from (n,3n)a

A t / {
710 I
% A
@) 3
0’10/ I o
SN, < NS
S, NS




N-RE165M NRG TENDL-2017, AKONING

alphas from (n,n*)2a

LronieN

&
N
P &
S
~ =
'»<<§\




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,2n)2a

LronieN
\

=~
\

<J

M




N-RE165M NRG TENDL-2017, AKONING
alphas from (n,npa)

W FH il .n“‘

=
b 2 l <>
Z 10 \ =
5 A LS K
2 I v &€

0/\ S ®®

>~ &S
SR <
<




N-RE165M NRG TENDL-2017, AKONING
alphas from (n,a)

% 10 <
% / N >
0 4 K NN
N
540 L [l v &
O .\,.J S Q;\Q.)
S &S
®®O o -—
° S
6),@ O




N-RE165M NRG TENDL-2017, AKONING
alphas from (n,2a)

LronieN




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,3a)

é )
(] ‘ S
17 [ v
0 ,4/ ) A\
5 10 > &F

2 WIS S

J\J‘\\\ '\9 Q/Qé
Ky
% ~o <
<,




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,pa)

LronieN
\

€

=~
\




N-RE165M NRG TENDL-2017, AKONI
alphas from (n,t2a)

D .
Z 40
% P
3
2N
>
O@
2.
QP 90 S




<J

N-RE165M NRG TENDL-2017, AKONI

alphas from (n,d2a)

NS\NCOQ




N-RE165M NRG TENDL-2017, AKONI

alphas from (n,da)

LronieN




