Cross section (barns)

N-RE166 NRG TENDL-2017, AKONING
Principal cross sections

I I I I I

10° -
10% -
10° -
10° -
10! _w J X

absorption

elastic
lOO B —— gamma production

17 ! g ! o 5 | 5 | 4 |,
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-RE166 NRG TENDL-2017, AKONING
Non-threshold reactions

10° —

=
o
D

=

o
w
|

=

o
N
|

=

o
=
I

=

o
(@)
|

=
oI
[IEN

[ [ [ [
10 10 10t 10*

Energy (MeV)

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




Cross section (barns)

N-RE166 NRG TENDL-2017, AKONING
Non-threshold reactions

10t -

=

o
(@)
I

|

=
[N
I

[N

=
N
I

=

OI
w
I

H

ol
SN
I

(n,3a)
2P)
(n,pa

=

oI
O
oI

10 10”7 10 10

Energy (MeV)




N-RE166 NRG TENDL-2017, AKONING
Principal cross sections

14 I I I

total e
absorption

elastic

gamma production

Cross section (barns)

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)

10

=
OI

N-RE166 NRG TENDL-2017, AKONING
Non-threshold reactions

(BN
o

=
w

I I I
0 5 10 15

Energy (MeV)

20

25 30




Cross section (barns)

N-RE166 NRG TENDL-2017, AKONING
Non-threshold reactions

H

ol
SN
|

=

oI
\l
I

=

oI
[IEN
o

|

oI
(BN
w

I I I
0 5 10 15

Energy (MeV)

20

25 30




N-RE166 NRG TENDL-2017, AKONING

Inelastic levels

350

1070
300

Cross section (barns)

— (n,n*1)

I I I
15 20 25

Energy (MeV)

30




Cross section (barns)

N-RE166 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

50

I
100

Energy (MeV)

150

200




N-RE166 NRG TENDL-2017, AKONING

Threshold reactions

1.2

=
o
I

o
)
|

Cross section (barns)
o o
IN o
I I

—
N
|

o
o

o

I I I
15

Energy (MeV)

20 25 30




N-RE166 NRG TENDL-2017, AKONING

Threshold reactions

lO3
r
1 — (n,2n)2a
— (n,n*)d
—  (n,n*)t

— 81 — (n,n*)he3 B
g — (n,n¥*)d2a
@®©
O
N—r 6— -
c
O
O
()]
N 4- L
7))
(7))
=
@)

2_ -

0 | | . | |

0) 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-RE166 NRG TENDL-2017, AKONING

Threshold reactions

0.5

— (n,2np)

— (n,3np)

— (n,2np)
0.4 — (n,npe r

— (n,n*Q
0.3 i
0.2 — i
0.1- i
0.0 | | |_ | |

0 5 10 15 20 25 30

Energy (MeV)




N-RE166 NRG TENDL-2017, AKONING

Threshold reactions

183
N
6] — @
— (n,he3)
— (n,t2a)
—~14- —— (nd2a)
g — (n,pd)
® 12—
=
(- |
S 10
O 8-
n
B 6-
=
O ,.
2_
0 |
0) )

15 20
Energy (MeV)

25 30




N-RE166 NRG TENDL-2017, AKONING

Threshold reactions

12

*1073

=
o o
I I

Cross section (barns)
(@)}
I

— (n,pt)
— (n,da)

I
15

Energy (MeV)

20

25

30




N-RE166 NRG TENDL-2017, AKONING

angular distribution for elastic

/
<

10 )
~
O
s b
5>
o, “o )
B, o P
< o O




0
0
@\, .
O, T
\,Q &\\A
2 &&
0
Dy ¥
0 ‘.
w @
0
< 9
- O
N \-.nw@
Vo TN
a5 =, ©
Z \ = N
55 — o
Z o = o.o 5
O O — .
W = 0" @
X o T N v /0
L S - = N \?
Z © m./ nauL, AAUL,

SR\ N\SXY




N-RE166 NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

)

LXAnlCosS




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,x)

3 4

10
A q§

72 1

210 |

’é A

g A
o

S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)

LronitieN
\A
(D
\

.3
1007
oV
T-)
" >
S, 7
@// o) >
~-




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2n) ’

] S
%10 <
AP Q
@) RN
'l 3 <
o 477 -

<& <
S © S
<, o




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,3n) |

> ~
- 10
2 °
5 3 N S
5 10 55
o’ S
< <s¥
xS"@O ~ o ({)/
<,
SRS
&L o D




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

i \

0 I I \‘k

710

v 1

% p

 , {8

g AT

100 =

S, Yo
GQQ) < <




N-RE166 NRG TENDL-2017, AKONING

. 5
- 10 =
z N
[ S
9 o
0 .3 A N
610 > &

o <

N > <<§\Q’
\S\@Oé\ - <
2 S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

-
=

7
%10 N
— “ Q
p o
2 2 P @é\
P S %\

< TS

<S5, 2L




N-RE166 NRG TENDL-2017, AKONING

Neutron emission for (n,3n)a

- -~
7 10 v
%1 ) N o
0 >
5 N
0 3 o\ \@
100/ ®®
= <
S ~
D
< S ~S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

i \\\\\\\

O/
3" * v
Z s
:‘é 24 >ttgﬂlb <> S
510 T

S, Yo

S <

s w5




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

y S
% 10 <>
2" -
0 NN
5’, 3 - \Qé N %
100/ S ®®
LS
- S
< <
<, Yo
<.
Qk {6\ S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)2a \‘

3 S
7V J ©
> N
[ S
ge %
@) .34 AN
610 > &

TS
DN =




0
71
@) B Vo
Z YL
g 2 NN >
2 .0 <
g1V NS

<>
S T S
s

N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d ‘
O / \\\\\\




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

1 4
10
A
Z j Vs
g D
> S S
- S
(P4 > Q;\Q.)
- T &S
'S'@O >
R < >
s ~
R




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3

7 4 ©
2 10 ~
5 ) >
% A1
AN
o > =
< S =&
- <5
S
R “
S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d2a

LronieN

N
\




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

- 10
% A ) "\33
% 34 A N
= 10 P
o- 17 S S
(&% - é}%
S <S>
S o S
<S5, 2L




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,3np) |
N ‘b

-
- 40
% ) &
% .3 "c’°®
I 10 \@Q)
R S
QQ)
< <S
& = oV
. &
A




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

| ‘l\\\
1 A
10

% 0'1/ \) Vg
Z ! J!:M\\ N ~
7 -
5 ¥ &

0/ \®

- S ~> <<§\Q)

< Yo <
Q’@, <5
QP 90 %Y




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

1/
10
il S
% 011/ e
z 1} 5
0 LS SN
D > S
o o =S
T &S
Sy S
o
S o <
<.
Qk {6\ S




N-RE166 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

‘P\Q‘Q\N\%\L

— g
———=

*

=

4

7
>




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,x)




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-RE166 NRG TENDL-2017, AKONING

Photon emission for (n,2n)

1/
10
Dl
0 -
Z 10
% /
e
P y
(P4
§@S
L




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

101 - &
1A

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

P Y

57
2 S
s “
e 0, | | @ A\
gV \@@
o s
§@ > <
S/
=




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)3a

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

7 A1
v 10

z
c
g A
100 ©

«j:@e <>
L,




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

LronieN
\

N
\




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

I
0 B
) N I\
? 100 i \\\\\\\\\
N i
10o" =
‘5/\%2 <




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

—
—

A
=g o
N
<.~ “
%b
—




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

2 ] “
g | Mﬂ
é y OO < )J ‘L 'H\
% 7 @ \
o 2
100~ >
S, s >
%@




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

7
0 o
0 O,Z: S
(&4
1 G
S >
2, < >
@@ ~N




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

7 A0

v 10

z

¢

o i

100 ©
6\9

<D

//@@ —

\)

2V

=
'@’Qé\
NS
<<




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d2a

LronieN
\

™
\




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN
DN

€




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

1 -
10
7
d
2 1" '
= ) |
% |
5: S
o = g
< S
§@ = S ©
) o<




N-RE166 NRG TENDL-2017, AKONING

Photon emission for (n,2np)

TN

-S>
2 P >
%1 ] =
g & =
g 7 §
SRS
‘i\@S <«
SL-
_/




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,npa)

BT

>
<> @
> <<

oraoheNl
\? \




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,gma)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,p)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,d)

LronieN
\

=
QO
\




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,t)

LronieN
T




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

RPN 'Q\,\'\\\

el S
A 1y "1 1
% 10jL il \ <
5/, ,1: >
< < <
%@




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronieN







N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,3a)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,pa)

LronieN




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,t2a)

10

7 a0 'k

v 10

zY

¢,

g 4

100 ©
6\9

<>

//@@ —

\)




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,d2a)

LronieN
\

—
\




N-RE166 NRG TENDL-2017, AKONING

Photon emission for (n,pd)
0 \

10jL | /(/// \\\

® A
Z 10 =
2 - e
9 RS
> - ¥
SR
‘i\@S “
S/
—/




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,pt)

25

0/
[ - S
% N>
o0 T

< _—

P2 <>
%bv
—/




N-RE166 NRG TENDL-2017, AKONING
Photon emission for (n,da)

—
\

LronieN
\A
(-
\
[ o2




Gamma Prod (barns/MeV)

N-RE166 NRG TENDL-2017, AKONING
thermal capture photon spectrum

=

o
N
|

|

o
[N
I

=

o
o
|

I I
5 10

Gamma Energy (MeV)

15




N-RE166 NRG TENDL-2017, AKONING
14 MeV photon spectrum
I |

10°

|
<
[N

=
=
IS

=

ol
~
I

Gamma Prod (barns/MeV)
H
oI

=
oI

=
|

I I
0 10 20

Gamma Energy (MeV)




MeV/collision

N-RE166 NRG TENDL-2017, AKONING
Particle heating contributions

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

0 50 100
Energy (MeV)

150

200




N-RE166 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




N-RE166 NRG TENDL-2017, AKONING
Particle production cross sections

7 I I

protons

o
|

w EEN ol
| | |

Cross section (barns)
N
I

=
|

R —
0

I I I
0 50 100 150

Energy (MeV)

200




N-RE166 NRG TENDL-2017, AKONING
protons from (n,x)

<
>




N-RE166 NRG TENDL-2017, AKONING
protons from (n,n*)p

1

g a i
%0
® 10
Z P LN
2 N
g U
0 O,B:Q/”

Vo >

=
Gz > O




N-RE166 NRG TENDL-2017, AKONING
protons from (n,2np)

=

f—2
T
e

® 2
Z 10
A q S
5 T
T S
<SS
S Y5 S




N-RE166 NRG TENDL-2017, AKONING
protons from (n,3np)

0
él ] 2
’é op A RSN
o 10 Sl

o v ch}®

<
Ky
s
7 < O




N-RE166 NRG TENDL-2017, AKONING
protons from (n,2np)

,1/ a3

0
310 | =
% S S
0 3 XN
v ) <
o 10 ~ ®§

o S Qé}

&S
<




N-RE166 NRG TENDL-2017, AKONING
protons from (n,npa)

1/
10 ) liiy
A
% 10 l AV
- s
@) (¥ N
G ® &
100 o &>
N
<,
<.
QP 90 S




N-RE166 NRG TENDL-2017, AKONING
protons from (n,p)

7

» L

(S -
2 '\ | ’”

@) > J NN
510 ], m [ e &
o > o =S

TS




N-RE166 NRG TENDL-2017, AKONING
protons from (n,2p)

LronieN
\

=
\







N-RE166 NRG TENDL-2017, AKONING
protons from (n,pd)

1 !
? Py J\H N (\/Q
g SN
o \ >
o o =S
>~ &S
2




N-RE166 NRG TENDL-2017, AKONING
protons from (n,pt)

O A
10
“ S
e ( <
% 10 i~ 5
g J > &
- N
< > ch}%
<S5
S
.
QP 90 S




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,x)
0 ~
10 | \
‘ i s

|
A 9 |
d 22d |
Z 40 ! R
9 LSS o o
o S <
0 ) ~ S
<
)
®®O ‘ZOO <3
‘S
Yo, <
27 SRR




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,2nd)

% 0
v 10
% 1 ) %\1
0 .
5’ 0’3: \/
Lo oy




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,n*)d

é 0 M
g7 A AJ S
’é /L VS
g ) N
<S>
R S
<




LronieN

N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,n*)d2a

0 ~
10
7] S
O,Z/ Ve
1 >
y o
A
P &
N N
(& S Q;\Q.)
TS
S
< Yo <
<
S
QP 90 %Y




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,d)

% 10 <
zZ 7 N
2 JJNJJJJ >
2 AL SR
o 10 [l >~ S
0/ \®
> ST
<,
<.




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,d2a) w

2. >
7% 10 <
% N >
@) > N
510 | MESE

0/ \®

S )
RS
S <o -
S, So




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,pd)
Ay
0~
10

5
9 7 u
% 1 1 qJ\HL'\H | >
o ~ >~
o o =S
&
'S.@c* <o <




N-RE166 NRG TENDL-2017, AKONING
deuterons from (n,da)

| >
% 10 <
z LS >
% .3 A J ! NJN\H RN
510 > =&
10 A N
o S Qé}
&L




N-RE166 NRG TENDL-2017, AKONING
tritons from (n,x)

D 2
o -
Z 40 R
? “ § N
0 1 AN N
5 L SR

o =S

<S>
)
®®O ‘ZOO <>
N
Yo, <
22 &5




N-RE166 NRG TENDL-2017, AKONING
tritons from (n,n*)t

LronitieN
S,
N
;
/T
%
v
9

N
,3 7 "\()/ Qé\
10 N "\/Q ®§
(&4 D S
TS
S, s >
<, ~>




N-RE166 NRG TENDL-2017, AKONING
tritons from (n,t)

i §
5 i
W P
o 10 U
< S




N-RE166 NRG TENDL-2017, AKONING
tritons from (n,t2a)

7 7 >
0 N
5: A gl > ﬁ\@@
100 s &S
TS
2




N-RE166 NRG TENDL-2017, AKONING
tritons from (n,pt)

LronitieN
\_A
LD
\
E

= S
>
Ry
<
<
LT




N-RE166 NRG TENDL-2017, AKONING
he3s from (n,x)

7 ”’
v 10
2 =
0 qJ\L
g | SOS SR
o A > S>> S

100/ Q~>®

<
O
®®O ‘ZOO <>
‘<
%, o
7> &5




N-RE166 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

0 - ™ H 4
10 " ;
| q

7y
d) 2
Z 10
2 1A
o

< S




N-RE166 NRG TENDL-2017, AKONING
he3s from (n,he3)

H

I
%1 1) IH BN (i\
5 L > P

0/ \®

> ¥
®®
Q®:30 <




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,x)

LronieN




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,n*)a

. wﬂf"nmf i "“‘
40 J

1 )
é ] <>
17! >
o 3 [ 5 &
0 | > XS
p 1 2N \J %\
o S
> <SS




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,n*)3a

2 S
élo ) <
= S
) ~
9 04/ RS ch%\
RPN S

(&% S Q;\Q.)

RS
S
<,




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,2n)a

TranineN
—
O \
NI

N
7
(&
Sy
S <




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,3n)a

%10
Z
2 s
3 10
0’10/ \ ¢j/Q
>
\%Q 5 ~
<, ~>




N-RE166 NRG TENDL-2017, AKONING

alphas from (n,n*)2a

LronieN

&
N
P &
S
~ =
'»<<§\




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,2n)2a

. iy
--
[T~
[ N

/2 d <’.)
[ A S
g =
5 A P ¥

1007 o &>
~TS
S
2>




N-RE166 NRG TENDL-2017, AKONING

alphas from (n,n*)d2a

=
\

LronieN
\

0
/

>
&
N
P &
S
~ =
'»<<§\




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,npa)

/ MWF | “.““ )

%10 |
% nd .
) &L
N
'S'@ <2
o
< < <>




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,a)

=
\

LronieN

S
Q
\

2




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,2a)

LronieN




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,3a)

LronieN




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,pa)

=
\

LronieN

S
Q
\

2




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,t2a)

: >
[ A S
5 =
5 A P ¥
100/\ S
> <<§\Q’
S
& P <
>




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,d2a)

it ‘l“
g

% 10 <
% 4 / NJ\\L >

M A AN\
y ) &2
010 1 G

o S Qé}

> &
<,




N-RE166 NRG TENDL-2017, AKONING
alphas from (n,da)

0 WJ‘“
10 |

7 SO
é O,z . v
[ 1 N\
5 qu\i“& S
5 /QMJ\N P ¥
2\ S
(& S Q;\Q.)
~T &
S& <2
o
= < <




