N-MOO084 NRG TENDL-2017, AKONING
Principal cross sections

I I I I I
~~
n
C
S
©
O
N’
-
O
el
&
Q
n
n
S
6 103— — total -
—— absorption
— elastic
—— gamma production
10° -
>
I I I I I I I I

101 107 1077 107 107
Energy (MeV)




N-MOO084 NRG TENDL-2017, AKONING
Non-threshold reactions

107 I I I I I

Cross section (barns)
= = = = =
o o o o o
N w ~ ol (o)}
I I I I I

o
[EEN
I

[ [ [ [ [ [
- 10 10

Energy (MeV)

=
o
o
{
=
oI
(o)
=
o
\l




Cross section (barns)

N-MOO084 NRG TENDL-2017, AKONING

Non-threshold reactions
| | | | |

(RN

—— (n,pa)

= =
oI oI
N
I I

=

ol
w
I

=

=
I
I

101t 10 10”7 10 10

Energy (MeV)




Cross section (barns)

N-MOO084 NRG TENDL-2017, AKONING
Principal cross sections

7 I I I

total

absorption

elastic

gamma production

o
|

ol
|

N

w

—

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-MOO084 NRG TENDL-2017, AKONING
Non-threshold reactions
| |

10" 1"— (ngma)

H

ol
SN
|

|

ol
~
I

|

oI
(BN
o

|

oI
(BN
w

I I I I
0 5 10 15 20

Energy (MeV)

25 30




Cross section (barns)

N-MOO084 NRG TENDL-2017, AKONING
Non-threshold reactions
| |

—— (n,pa)

= = =

oI oI oI
~ o1 w
I I I

[N

<
O
I

=

oI
[N
[EEY

|

=
[N
w

I I I I I
0 5 10 15 20 25

Energy (MeV)




N-MOO084 NRG TENDL-2017, AKONING
Inelastic levels

0.5

o o o
N w EAN
| | |

Cross section (barns)

=
=
I

0.0

— (n,n*1)
— (n,n*2)

10

I
15

Energy (MeV)

20

25

30




N-MOO084 NRG TENDL-2017, AKONING
Threshold reactions

1.6 I I I
— (Y

144 — (n,2n) B
— (n,")a
— (n,4n)a

124 —— (n,n*)p [

.
o
I
I

Cross section (barns)
o o
o 0
I I
I I

=
~

I
I

o o
o N
|
I

I I I I I I I I I
20 40 60 80 100 120 140 160 180 200

Energy (MeV)

o




N-MOO084 NRG TENDL-2017, AKONING

Threshold reactions

53
o -
1 — (n,n*)2a
— (n,n*)d
—  (n,n*)t
,\4_ —— (n,n*)he3 B
é’ —— (n,2np)
©
O
\/3_ -
c
O
O
@
" 2 L
7))
(7))
=
@)
l_ -
é_
0 | | | | |
0) 5 10 15 20 25 30

Energy (MeV)




N-MOO084 NRG TENDL-2017, AKONING
Threshold reactions

300, ' '

A

1 — (n,2np)
— (n,npa)

2501 —— (n,n*c) .
— (n,d)

(n,y)

N
o
O

I
I

100 — —

Cross section (barns)
o
o
I
I

al

o
|

I

0 5 10 15 20 25 30
Energy (MeV)




N-MOO084 NRG TENDL-2017, AKONING
Threshold reactions

603
e
107 (n,2a)
—— (n,3a)

501 —— (n,pd)
= — (n,pt)
c — (n,da)
o 40 -
L
S
= 30
)
5}
(0))
B 20—
o
@)

10 —

0 | i | ] |

0 5 10 15 20 25

Energy (MeV)




N-MOO084 NRG TENDL-2017, AKONING

O
)
7))
©
(D)
S
@)
Y
-
O
e’
>
O
—
o
i)
©
| -
©
>
(@)
-
©

SR\ N\SXY




N-MOO084 NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




LYoniCos

N-MOO084 NRG TENDL-2017, AKONING
angular distribution for (n,n*1)




LYoniCos

N-MOO084 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,x)

LronieN




N-MOO084 NRG TENDL-2017, AKONIN

Neutron emission for (n,2n)

2.0 ’
%1 /\J
Q AN
P y

(&%

S
S5 S =
’Q@ {O &
2 e




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)a

0
7 1
? A
7 IS
-
3 100/
P >
SR o <
<S5, 2L




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,2n)a ‘

1 S
é 10 &
< 7] >
% q’&
g3 T Q¥
100 @ &
- D S
S
=2 >
<, 7
7>
&z o




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)p

A «‘
40 P ‘t
p Mn "“‘
1 e
210 m
? A JM\QS ~ (\9
: o &
O >~ S
o o Q‘?}®
S Yo o<
<
) Q@f 5’0 <>
7 630 S




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)2a ‘

LronieN

N
\




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)d

1/
10
A
)
= 10
% A
'l
p y
(&%
e
-S'@O 4 '&
S, © ~




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)t

LronieN

N
\




N-MOO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*)he3 \‘

1 S
3 &
% 10 &
2 >
: o
v S <
0 3 - NG

0~" > >

:L (4 ~- é}%

= > <&
ST >
“s. © N
L ST




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,2np)

1
é 10 /
[ “ N\
Z =
5 3

1057
>
S5 St
* Q@ {O &
2 e




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,2np)

A
@, Ve
2 ¢
¢ SO T
5 S
o P S
S <
S
< Yo >
<S5, 2L




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,npa)

é 10 < <

P N
: - .
v 3 <
o 477 <

< <
Ry
< >
S, Yo
<
Qk {6\ %




N-MO084 NRG TENDL-2017, AKONIN
Neutron emission for (n,n*c)

3//

LronieN




N-MOO084 NRG TENDL-2017, AKONIN
Photon emission for (n,x)

LronitieN
— —
O ()
= N o
\ \ \ \ \




N-MOO084 NRG TENDL-2017, AKONIN
Photon emission for (n,2n)

7
Z g &
Z‘é OIZ/ qy®
piv 4 X
o W((/{\\
6\9 >
L




N-MOO084 NRG TENDL-2017, AKONIN

Photon emission for (n,n*)a

NS\NCOQ




LronieN

N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,2n)a

3 4
10 |
) \l W ~
0 ' ™
g &
> L AN
100/ \@Q‘
DS
S < s
<L




N-MOO084 NRG TENDL-2017, AKONIN
Photon emission for (n,n*)p

LronieN
\

™
\




N-MOO084 NRG TENDL-2017, AKONIN

Photon emission for (n,n*)2a

N\

—\

S 00
—\

NS\NCOQ




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,n*)d

102 ) /rﬂ/
) ;‘, ,/
75 it
2 A \
0
o A
10 >
< >
- %@e o




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,n*)t

LronieN
\

™
\




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,n*)he3

LronieN




N-MOO084 NRG TENDL-2017, AKONIN
Photon emission for (n,2np)

™
\

LronieN
\




N-MOO084 NRG TENDL-2017, AKONIN
Photon emission for (n,2np)

LronitieN
\A
()
N (-
\ \ \

T
%




N-MOO084

NRG TENDL-2017, AKONIN

Photon emission for (n,npa)

7 / /"//’/"
’ 1 l 4
" [ l il ! \;‘
2 0 ‘ ] 4
0 10 i <>
25
2 >
b 2 AN
100" > <<,§
S e S
—/




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,n*c)

| il
02 i i ,ﬂi!i"l:,:' i
1 i 'ﬁl'm;.,"‘:'.*
~ t IF.;" '5”'““ 'i
| L it ,’! h'" J * t
2 0 It rbj ! \ 3 *lt
% 10 | “‘ J‘ i JJ ﬂﬂ iu F’ l
[ A | ‘,“‘-l .'IHHI'\ "' 11
% R
s 2] 3
o 2~ Q0
100 -
< S
/// <>
“Zz, L










N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,d)

LranieN
\

7

?‘- 4

A
=g o
N
<.~ “
%b
—




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,t)

roniveN
— —
(- (-
(Y N
=
————
[ e
F'é"
i~ —

LA
1057 >




N-MOO084 NRG TENDL-2017, AKONIN

Photon emission for (n,he3)

NS\NCOQ




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,a)

LronieN




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,2a)

3 4
10
i S
Z -
O,
zr
2
0105/
6\9
//@@

\)




N-MOO084 NRG TENDL-2017, AKONIN

Photon emission for (n,3a)

A\
=

0
0
100"

NS\NCOQ










N-MOO084 NRG TENDL-2017, AKONIN

Photon emission for (n,pd)

NS\NCOQ




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,pt)

LronieN




N-MO084 NRG TENDL-2017, AKONIN
Photon emission for (n,da)

3/

10

7 1

v 10

zY

e

o -

100 -
«j:@e <

L




Gamma Prod (barns/MeV)

N-MO084 NRG TENDL-2017, AKONING
thermal capture photon spectrum

=

o
N
|

—

I I
5 10

Gamma Energy (MeV)

15




N-MOO084 NRG TENDL-2017, AKONING
14 MeV photon spectrum
I |

102

Gamma Prod (barns/MeV)
= = = = = = =
o o o o o o o

SR b N s o e

|
OI
(o))

I I I
0 10 20

Gamma Energy (MeV)

30




MeV/collision

N-MO084 NRG TENDL-2017, AKONING
Particle heating contributions

40 '
35| —— protons —
— deuterons
— tritons
30 — he-3 —
— alphas
0 | | |

0 50 100 150
Energy (MeV)

200




N-MOO084 NRG TENDL-2017, AKONING
Recoll Heating

40

N N
o o o
| | |

Heating (MeV/reaction)

N
(@)
I

recoil heating

-60

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-MOO084 NRG TENDL-2017, AKONING

Particle production cross sections

5

protons

I I
50 100

Energy (MeV)

150

200




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,x)

LronieN




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,n*)p

=
210 g
? 7 JJJJ\N\M >
0 AN\
L P ¥
10 o @\‘2’@
e B <




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,2np)

7
7"
z < =+
:‘é 0,3/ /dQ ‘\?‘@
o 10/ RN
QQ)
o S S <
[
’Q@ {O &
2 e




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,2np)

-
— F G
9 o I TS
g 10 L7 <=
<SS
'S.@c* <o >




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,npa)

LronitieN
\_A
LD
\

o~ NS
<
Ry
< Yo >
<




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,p)

LronieN
\

=~
\




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,2p)

é 10 |
— / Q
: WSS :
0 S -
AR JMMM <
RN :
@@Q > <O
<,




LronieN




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,pd)

A S
2 PSS ©
9 53 \ <> S
o 40 >~

0/ \®

'\9 <<§\Q’
S %o <
<,
S
QP 90 S




N-MO084 NRG TENDL-2017, AKONIN
protons from (n,pt)

0
530
% % L Ve
\ e
50 > &
o e
- NS <
<~ <o ~>
<, a




N-MOO084 NRG TENDL-2017, AKONIN
deuterons from (n,x)

A
9 5 <S>
Z 10 S ~
? A \}\}wu\}\}\\}\ -
2 NS & S
o ) ~
<
O
®®O ‘ZOO <3
')
%, <
L OO S




N-MO084 NRG TENDL-2017, AKONIN
deuterons from (n,n*)d

LronitieN
\_A
LD
\
/[

7~
o =
>
<, =




N-MO084 NRG TENDL-2017, AKONIN
deuterons from (n,d)

1 ~1
40 ,/{ / ﬁ)f”‘f}l’!ﬂn
% 0
% 10 ) 1L N
0 R
0 ,3:
100 -
SR <




N-MOO084 NRG TENDL-2017, AKONIN

i

% W
/ Ny

? L >
2 P,
9 3~ ~ <> S
o 10 ~ S

o - &@?

~ &S
SR <
<

2V




N-MO084 NRG TENDL-2017, AKONIN
deuterons from (n,da)

9 2
Z 10 >
2 J e
0 PN\
o > &

o =S

> <SS
S
2.




N-MOO084 NRG TENDL-2017, AKONIN
tritons from (n,x)

é 0,3 §
1 ~
? A \}\}\L\L\J -
@, oSy
e
g )
(P4
)
®®O & >4 <3
‘S
%, o
/- OO S




N-MO084 NRG TENDL-2017, AKONIN
tritons from (n,n*)t

/

oy
0
2r .
B
5 5 RN
2 .0 ¥
D’lo/N L \®\
<
L <&
Ky
@O S >
<, %
<.
&L Yo @




N-MO084 NRG TENDL-2017, AKONIN
tritons from (n,t)

% 1
z A
2 3 >~
o 10 _F
o~ NS
<s¥
'S.@c* ~o >
s




N-MO084 NRG TENDL-2017, AKONIN
tritons from (n,pt)

| &
510 < =
% >
v
50 > &
- S S
(&4 N QQ;\Q.)
< SRS
> <o N'g
= v




N-MOO084 NRG TENDL-2017, AKONIN
he3s from (n,x)

210 =3
[ A \}

“ 1SS s &S
o AL >
100 Q}®

- <
®®O ‘ZOO <3




N-MO084 NRG TENDL-2017, AKONIN
he3s from (n,n*)he3

%10
Z
:‘é .3 L
040 -
S
'S.@c* ~o N'g
< v




N-MO084 NRG TENDL-2017, AKONIN
he3s from (n,he3)

é O’Z _ <
Z 1 N
% LK T
A || > &
o o Q‘?}®
S




N-MOO084 NRG TENDL-2017, AKONIN

alphas from (n,x)

0
L\ 1\ lk Q\O
/) !
= /¢ o%
\ /// @0&
< 0 9

NS\NCOQ




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,n*)a

ST ”‘"

7 10
Z~ L
Jo. Mm
0 L~
4 N
0 03:
Vo <
SR <
6)’@,
Gz > O




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,2n)a

[ o
% S
0 0,1/ >
610 s
‘\()’ <<§\Q’
S
< Yo S
<, =




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,n*)2a

(] 4 S
9 o

@, ™~ N
g A P ﬁ@‘z’

100 o &>
RS
S
2




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,npa)

LronieN
\_A
O \
NN

o N~
<
Ry
< o >
<




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,a)

LronieN




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,2a)

7 55

é O,z . v

Z 1 \H\H\L\H ‘ e

2 L e

p P /\J*JJ > \@

SRS
SR <
<,
<.




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,3a)

g <
[ - S
% (\/A\
o A P ¥

100/\ \®
> <<§\Q’
S
2




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,pa)

LronieN




N-MO084 NRG TENDL-2017, AKONIN
alphas from (n,da)

LronitieN
\_A
LD
NN

o
>
S
< <o <>




