LU165 NRG TENDL-2015, AKONING
Principal cross sections

107 I I I I I
10°
2
= 10° —
S 10
=
-
O 10*-
O
3
0 10° -
S
= — total
O 102_ —— absorption
— elastic
—— gamma production
101
11 I I_9 I I_7 I I_5 I I_3 I_1 I1
10 10 10 10 10 10 10

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
resonance total cross section

4 — total

=

o
(63
I

Cross section (barns)
B
D
I

107
Energy (MeV)

107




LU165 NRG TENDL-2015, AKONING
resonance total cross section

— thtal

=

o
D
|

Cross section (barns)

10°

107°
Energy (MeV)

107




LU165 NRG TENDL-2015, AKONING
resonance total cross section

total

=

o
D
|

| I I N

-

Cross section (barns)

=

o
w
|

|
o L1 11
an

Energy (MeV)

107




LU165 NRG TENDL-2015, AKONING
resonance total cross section

=
o
HAN
I

Cross section (barns)
o
w
I S
I

—

10 10
Energy (MeV)

102




LU165 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

S —

Cross section (barns)

10t 102
Energy (MeV)




LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

105 N

Cross section (barns)

10°®
Energy (MeV)

107’




LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

Cross section (barns)

10°

=

o
(6
I

=

o
N
I

capture

107’

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

4 — c¢apture

=

o
AN
I

Cross section (barns)
o
w
I

107°
Energy (MeV)

107




LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

% | ””M

_%104— | ﬂMﬂ
£ ] |

é | I |
olog UU\}UU \)UUU UUUU”U

107
Energy (MeV)

107




LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

=
o
w

Cross section (barns)

=

o
N
|

H
oI
N

Energy (MeV)

1073




Cross section (barns)

LU165 NRG TENDL-2015, AKONING
resonance absorption cross sections

=
o
o

=

oI
(BN
I

1072

capture

10°

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
Non-threshold reactions

=

o
(o)
I

=

o
(6
I

=

o
D
I

Cross section (barns)
= =
o o
N w
I I

=
o
[EEN
I

[ [ [ [ [ [ [
10 10

Energy (MeV)

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

=
o
o




LU165 NRG TENDL-2015, AKONING

Principal cross sections

18
16 :“

[EEN
N
I

=
N
I

Cross section (barns)
o
|

total
absorption
elastic

gamma production

40

I
60

I I I I I
80 100 120 140 160

Energy (MeV)

I
180

200




Cross section (barns)

LU165 NRG TENDL-2015, AKONING
Non-threshold reactions

| |
10°
- —— (n,gma)
-3 : — (n,a
10 n,2a)
: — (n,pa)
10° -
107 4
1012 _
10715 _
107 - | | | | |
0 5 10 15 20 25

Energy (MeV)

w
o




Cross section (barns)

*1073

LU165 NRG TENDL-2015, AKONING

Inelastic levels
350 '

300 —

— (n,n*1)

I I I
15 20 25

Energy (MeV)

30




LU165 NRG TENDL-2015, AKONING
Threshold reactions

2.5 '
— (nx)
—— (n,2
— (n,2n)
/\20— —_— (n13n) —
g — (n,Ma
®©
O
~ 1.5 m
c
9
O
()]
0 1.0 m
7))
n
=
O
0.5 — .
0.0 i i i
0) o0 100 150 200

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
Threshold reactions

140, ' '
o
1 — (n,2n)a

120 —— (,3n)a

— (n,n*)p

—_ — (n,n*)2a
7)) -
= 100 = (n,2n)2a
M
=
c 80
O
2
5 60 —
7))
(7))
O 40-
@)

20 —

0 | | |

0) 5 10 15

Energy (MeV)




LU165 NRG TENDL-2015, AKONING

Threshold reactions

1203
o
1 — (n,n%)d
—  (n,n")t
100 —— (n,n*)he3 B
—_ — (n,4n)
g — (n,2np)
@ 80 =
=
g
= 60 m
(&)
Q
7))}
A 40 -
O
@)
20 .
0 | | | —]
5 10 15 20 25 30

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
Threshold reactions

2.5 ' '

(n,3np)
(n,2np)
(n,npa)

N
o
|

=
o1
I

Cross section (barns)
=
o
I

O
&
|

OO | | | -
0) ) 10 15 20 25 30

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
Threshold reactions

123
e
10 —
— (n,he3)

104 —— (n,2p)
> — (n,pd)
= — (n,pt)
C 8-
L
S
.; 6_
)
5}
(0))
» 4
o
@)

2_

0 i | = i

0 5 10 15 20

Energy (MeV)

25

30




LU165 NRG TENDL-2015, AKONING
Threshold reactions

4.0

1070
3.5

Now
o1 o
I I

Cross section (barns)
N
o
I

— (n,da)

I I I
5 10 15

Energy (MeV)

20

25

30




LU165 NRG TENDL-2015, AKONING

angular distribution for elastic

LYoniCos

70 y | ’ ~
/ I R
B TSS

jgﬁg% <

\V.
\Vi




LU165 NRG TENDL-2015, AKONING

angular distribution for elastic

SO0\




LU165 NRG TENDL-2015, AKONING

angular distribution for (n,n*1)

SO0\




LU165 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NSNS0




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

z) 1A / >
2 10 - &
z - ~ .
o XN
o _F
0/ (\‘)/é)\@
< S <&
®®
[ < S
S, & ™
W
R




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

S

- 10
% P / Ve
) {
% r > KN
5 10 Sl

0/ '\<C) é}®

< S <

SQ&‘ZO >
/)6), <5
- < Tw




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

LronitieN
\A
LD
\




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

N
Q5
A
d
= 10 g
2 9 v
; HE v &
/ N
(&4 S é}%
< S TS
& Yo <
<, 2




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

2 10
A
oy I
¢,
0«10’0/
X T >
<, Yo




2 10
d 1 ~
2r
:‘é 3
b A7
100
< >
®®Q - ~-
<, & NS
<
L S ,»b‘

LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a ‘




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

0 - SO
10

[ S
p JJ\L\P\\L v
g 4 o S
5 10 ~ &

o =S

S > <SS
®®O <o <>




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

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




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a

LronieN




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

10
5 0'1/ >
Z 1 >
A ,
“ SV s
0 v S
- > N
o S
NS <S>
S = >
&/)@ﬁ ~ '{,\,
<z o) S




LronieN

LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

A
0 >
| | -
q )
Vd
W
h Q(\/ <z$\
) v S
o S Q)@?
NS <S>
N >
o -
< =
s NS
<z o) S




LU165 NRG TENDL-2015, AKONING

210 <
o ®
g A7 S
10 SIS
s <&
S o >




LU165 NRG TENDL-2015, AKONING

Neutron emission for (n,4n)

1/
0
3
Z
:
510
(P4
\5\@0\’ o
' o

RN
<>
>
S
N
Nl
N ®\
BT &




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

1

1 \
40 |
A 2
% 10 / &
Z § >
e 7 ~
2 1 >
d v <
o ) c
P S
5. T <>
R CNPN




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

] S
é 10 / P
9 \ RPN
g 3 <X
100 A S
2 <
S o
s, -
7
S




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

LronitieN
\A
LD
N

(P4
<
S S~
e >
S, ©
2.




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

ST

% 10
% 7 Ji\ >
g s S
0% .3 : ~- \@
100 s &S
S ™ <
®®




LU165 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

s




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,x)

=
,
S

- ()
10 S @
o~ <<,<\\
S
S, %o =
()
1z




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

%10
Z
% 1
o 10
QO
>
S <o
k@@@ NS




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

LronieN




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

ranineN
DN
e -




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

LronieN




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

LronieN




LU165 NRG TENDL-2015, AKONING

o 1\\\\\\\\\ -

M
) 4 H 1"1 >
0
5 D N
s T \@‘2’
> LS
‘i\@ = =
L




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

LronieN
\

N
\




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2n)2a

LronieN
\

N
\




LronieN

LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

‘ ]
0 | |
7 S
10 # | =
i N
2 W
’ S X
1015\/ & §®
o) <
o N
§@ oY >




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

o A
540" llL "'iw,"k S
% ]

e

>
§”%2 N >




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

(U
-
e ——
i
——a
——
——
—
ua\ =

—
S

A
0 <SS
¢ 0 S
g J S
Yo v &
< >
S~ NS
L
_/




LU165 NRG TENDL-2015, AKONING

Photon emission for (n,4n)

=~
\

— —
S

W

\

S

TranineN
\

0

V)

S
>
>
S
< as
SIS
SRS




LU165 NRG TENDL-2015, AKONING

Photon emission for (n,2np)

1 A
10
/.
v
Z 10
% /
e
B y
(P4
§@S
L

\\




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

0/
%10 n
T
| Il
g 40
< S
£ ©
=, ©




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2np) ‘
S

0’
9V <
Z
Z‘é OIZ/ (\/QA\
g P S
10 N <</§
< >
//@S ~
Sy
—/




LU165 NRG TENDL-2015, AKONING

Photon emission for (n,npa)

\
<\
—\ \ 0

NOIHWEN




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

/| \\\\\\\\\

*ZOQ

&




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,gma)

N
\

LronieN

€




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,p)

LronieN




LU165 NRG TENDL-2015, AKONING

Photon emission for (n,d)

NOIHWEN




ranineN
\A
(-
\
-—=_—_
Fr-

~>
1 >
105" N
> <
< ©
//@@ N <n

LU165 NRG TENDL-2015, AKONING
Photon emission for (n,t)
3
10 ""\




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

LronieN
\A
O\A
\ \

>
4 >
100/ <<,§
>
<
//@e <
S,
—/




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,a)

LronitieN
\_A
LD







LU165 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

LronieN
T




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,pa)

LronieN

€

N
\




LU165 NRG TENDL-2015, AKONING
Photon emission for (n,pd) ‘
‘ S

0’
9V <
Z
Z‘é OIZ/ (\/QA\
p P S
10 N <</§
S
Sy
Z.







LU165 NRG TENDL-2015, AKONING

Photon emission for (n,da)

\
<\
—\ \ 0

NOIHWEN




LU165 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

=

o
()]
|

=

o
IS
I

Gamma Prod (barns/MeV)
o

IIHII

I I
0 2 4

Gamma Energy (MeV)




= = = =
o o

=

Gamma Prod (barns/MeV)
o|

=
o

oI

=)

LU165 NRG TENDL-2015, AKONING
14 MeV photon spectrum

=

N

w

N

I

I
10

I
20

Gamma Energy (MeV)

30




MeV/collision

LU165 NRG TENDL-2015, AKONING
Particle heating contributions

30

25—

20 —

15

protons
deuterons
tritons
he-3
alphas

50 100
Energy (MeV)

150

200




LU165 NRG TENDL-2015, AKONING
Recoll Heating

30 '

20 — recoil heating

Heating (MeV/reaction)
AW N =
o o o o o o
I I I I | I
I I I I I I

o

O
|
|

o
S

I I
50 100 150 200

Energy (MeV)

o




LU165 NRG TENDL-2015, AKONING
Particle production cross sections

5 I I
—— protons
— deuterons

,\4_ —— tritons B
2, — he-3
= — alphas
©
O
\/3_
-
9
O
Q
N 2 —
n
n
o
O

l_

0 1 |

0) 50 100 150 200

Energy (MeV)




LU165 NRG TENDL-2015, AKONING
protons from (n,x)

LronieN
\r.k




LU165 NRG TENDL-2015, AKONING
protons from (n,n*)p

T

7 5
% 0,1/ g <
Z1 [ >
Z 1 il
0 % “ NN
o ~ ¥
o o =S
S
®®O <o <>
‘<




LU165 NRG TENDL-2015, AKONING

protons from (n,2np)

LronieN

L

o
Vs
LA
NS
S
'\<3><<§@'
N
NV




LU165 NRG TENDL-2015, AKONING
protons from (n,3np)

LronieN
\




LU165 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN




LU165 NRG TENDL-2015, AKONING
protons from (n,npa)

7R

g
Z !
0 3 XN
5 10 > &F
0/q \®
N
e Yo “
>




LU165 NRG TENDL-2015, AKONING
protons from (n,p)

A
:‘é 3 J«JNNJ\H <> S
040 Iy [ > &
0/ § \®
SIS
®®O <o <>




LU165 NRG TENDL-2015, AKONING

protons from (n,2p)

oy
% '
~ N
% / J@Nw‘
g 34
o 40 L
(&
5,
LT %

S
>
&
N
P &
S
S =
'»<<§\




LU165 NRG TENDL-2015, AKONING
protons from (n,pa)

0,
-
[ S
2 N e
o 0’3/ [ = @Qé\
g AV ®\

(& S Qé}

> &
®®O <o <>




LU165 NRG TENDL-2015, AKONING
protons from (n,pd)

0 1
10

A
d
= 10
% A
'l
p y

(&%

s
L <> <




LU165 NRG TENDL-2015, AKONING
protons from (n,pt)

LronieN

il




LronieN

LU165 NRG TENDL-2015, AKONING
deuterons from (n,x)

L i
10 .
>
3

i

10 \[ <SS
i KL
5 NS © S
5 > S
100 =S
A
Xy <S> <
% <%
Q@,
7 <::’00 S




LU165 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

LronieN
\_A
O \
RN

(P4
>
S& G
‘) (&4 >
<, ~




LU165 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

e
[T
[
7

z) b
Z >
3%

% 3 VN
1 ASINSE
o 10 L S

o NS Q)@?

o S
'S.@c* ~<o ~>
<, v




LU165 NRG TENDL-2015, AKONING
deuterons from (n,d)

% 10 <
% LR -
0 34| | SN
o 10 ~ S

o _

S
R N
<,
<.




LU165 NRG TENDL-2015, AKONING
deuterons from (n,pd)

é 0" >
—— P =
5 T
e <

o L S

<
S
< <o >




LU165 NRG TENDL-2015, AKONING
deuterons from (n,da)

® 2
Z 10 \H\N\l
% A
v
g A
< >

g




LU165 NRG TENDL-2015, AKONING

tritons from (n,x)

>
10
.3 A
7 10
% A \}\l\j\\}\
@, QSs
5’, 5 A
1007
®®Q <%
6))6%
7 <o

=
O
NE
Y
S ~\
S SF
<>
i




LU165 NRG TENDL-2015, AKONING
tritons from (n,n*)t

7 NS
v 0
Z 10 1
o J/
s p
(&4
NS
'S.@c* ~o ~>
< v




LU165 NRG TENDL-2015, AKONING
tritons from (n,t)

7 10
240 gilstly
: -
S .3
b0
R N




LU165 NRG TENDL-2015, AKONING
tritons from (n,pt)

o//
10
% .00
O,
zY
P
0*10'0/




LU165 NRG TENDL-2015, AKONING
he3s from (n,x)

D3
0 3
< 40 L >
g7 A \} N
9 S o o
g P >~ S

o <

<S¥
>
®®O ‘ZOO <>
‘s
o, <
27 2




LU165 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

%10
Z
fé 3. N
o 40
(P4
'S.@c* ~<o >
<




LU165 NRG TENDL-2015, AKONING
he3s from (n,he3)

2 , |

10 q...
L IR,
% 0" | 1‘ <
z’ i
2 (N -
g S &
>0 TS
1 S a
'S'@Q @:30 <




LU165 NRG TENDL-2015, AKONING
alphas from (n,x)

A
a
Z - >
2
0 & Q N
5’ A gl N S
<
O
®®Q ‘ZOO <>
<,
Y, <
Z/L- OO S




LU165 NRG TENDL-2015, AKONING
alphas from (n,n*)a

o4 |l W I'r 1 '..
% ﬂ e "
“ O,Z/ i JMQJQ <> @QS
‘) SN \®\

N
B <
®Q®)®f <
<z




7 SO
é 0" >
9 g RSN
S N QO
0’ / %\
o P S
<>
Ky
ST >

LU165 NRG TENDL-2015, AKONING
alphas from (n,2n)a
0 -
g F




LU165 NRG TENDL-2015, AKONING

alphas from (n,3n)a

Q)(OQ

LronieN
\A
O

N

\

Q
>
S
f\?‘®
Vv %

ﬁ

> &
<

>
NS




LU165 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

N‘ﬂ
. it
10 1
| S
D -
240 . ©
g /JNJ\W | =
c e &
0% 0,4 :\ ~ ﬁ\@
Vo S {(/QQ,@
'S'@ <2
) o <
®>®f
Gz > O




LU165 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

o

[ A S
:‘é AN <> q’&
> e Y &
10 S QQ;\Q.)
> &
2.




LU165 NRG TENDL-2015, AKONING
alphas from (n,npa)

! ”2
0 -

100 1
% 7
Zj‘ J\HQ\’\L >
2 Y S
o L >

(& S Q;\Q.)

S S
O@,




LU165 NRG TENDL-2015, AKONING
alphas from (n,a)

7
o)
% )
@, Q
;3 0,4 14 J«JJJJJJJ\H\H
100" >IN <
>




LU165 NRG TENDL-2015, AKONING

alphas from (n,2a)

LronieN
\

=~
\
4
yam
/.
T
L

JN@N\J




LU165 NRG TENDL-2015, AKONING
alphas from (n,pa)

D 2
0 2
Z 10 i
% 111 ! J\H\H
v \[J N
o LA
0/\ N
>
R N
<,
<
P

P
o
S
NI
/[
=
=3
=




LU165 NRG TENDL-2015, AKONING
alphas from (n,da)
il ﬁ
0 -
10 1 H [

S

2 A
5 10 L\ >
? A \j\l\L S
% /\} |G >

XN
5 A P ¥
100/\ S
N
Ss <3¢
< o <>
<




