Cross section (barns)

TE115 NRG TENDL-2015, AKONING
Principal cross sections

I I I I I
10%
10°
10°
10!
10°
— total
—— absorption
-1 — elastic
10~ —— gamma production
-2
W T 1T 1. T 1. T 1. T I, "
10 10 10 10 10 10 10

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
resonance total cross section

— total

=

o
N
|

|

Cross section (barns)

107° 107
Energy (MeV)




TE115 NRG TENDL-2015, AKONING
resonance total cross section

102

B

total

Cross section (barns)

10*

107
Energy (MeV)

107




TE115 NRG TENDL-2015, AKONING
resonance total cross section

— total

Cross section (barns)

10*

10
Energy (MeV)

1073




TE115 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




TE115 NRG TENDL-2015, AKONING
resonance absorption cross sections

102 - capture

Cross section (barns)
o
[EEN
I

=

o
o
|

107

Energy (MeV)

|
o|
(6]




Cross section (barns)

TE115 NRG TENDL-2015, AKONING
resonance absorption cross sections

10% -

capture

|
()
o
|
——

<
T

|

oI
(BN
I

|
o|
(6]

Energy (MeV)




Cross section (barns)

TE115 NRG TENDL-2015, AKONING
resonance absorption cross sections

:l.O1 E

H
o
o

|

=
[N
I

capture \__

N

10°
Energy (MeV)

1073




Cross section (barns)

TE115 NRG TENDL-2015, AKONING
resonance absorption cross sections

10° —

capture

|

oI
[MEN
I

|

ol
N
I

H
o
o

Energy (MeV)

10*




Cross section (barns)

TE115 NRG TENDL-2015, AKONING
Non-threshold reactions

[ [ [ [ [
101t 10 10”7 10 10

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
Principal cross sections

10 | | |
— total

g — —— absorption |
— — elastic _
C(/:) —— gamma production
S
©
O
N’ 6— L
-
@)
S ‘
&
Q
N 4 .
0N
n
@)
| —
O

L

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)

TE115 NRG TENDL-2015, AKONING
Non-threshold reactions
| |

|

<
[N
I

[HE

2
w
I

= = =
oI oI OI
(o} ~ o1
I I I
I I I

=

oI
=
[ER
I

[EEY
oI

=

w

I I I
0 5 10 15 20 25 30

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
Inelastic levels

120 '
*107
— (n,n*1)
100 — —— (n,n*2) B
— — (n,n*3)
2 — (n,n*4)
E — (n,n*5)
@ 80— =
=
S
= 60— B
O
Q
N
B 40— L
O
@)
20 — .
l
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




*1073

Cross section (barns)

TE115 NRG TENDL-2015, AKONING
Inelastic levels

25

N
o
|

=
o1
I

=
o
I

ol
|

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

5 10 15 20 25

Energy (MeV)

30




TE115 NRG TENDL-2015, AKONING
Inelastic levels

18 '

*107
16 —

Cross section (barns)

= - =
EEN o o o N AN
I I I I I I

N
I

— (n,n*11)

o

I
10 15

Energy (MeV)

o
ol

20

25

30




TE115 NRG TENDL-2015, AKONING
Threshold reactions

1.8 '
| — (X L
16 — (ndna)
— (n,4n)
c — (n,"a
@© 1.2 i
=
c 10— L
S 1.0
o 0.8 L
7))}
B 0.6 — L
O
© 0.4 -
0.2 — i
_—
0.0 | | |
0 50 100 150 200

Energy (MeV)




TE115 NRG TENDL-2015, AKONING

Threshold reactions

0.8
— (n,2n)a
0.71 —— (n,3n)a B
— (n,n*)p

0.6 — (n,n*)2a |
g : — (n,2n)2a
M
2 0.5- -
S
= 0.4 ~
&)
()
(7))
7)) 03 ] [
(7))
=
Q 0.2 B

0.1 - .

0.0 | | | — |

0) 5 10 15 20 25 30

Energy (MeV)




TE115 NRG TENDL-2015, AKONING

Threshold reactions

0.6 '
— (n,n%)d
—  (n,n*)t
0.5 —— (n,n*he3 B
— — (n,4n)
g — (n,2np)
@ 0.4 — —
=)
o
= 0.3 -
(&)
Q
N
B 0.2 -
O
@)
0.1- L
0.0 | | | — | — 1
5 10 15 20 25 30

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
Threshold reactions

1.2 ' |

=
o
I

o
)
|

Cross section (barns)
o o
IN o
I I

Energy (MeV)




*1073

Cross section (barns)

TE115 NRG TENDL-2015, AKONING
Threshold reactions

50 I I

N
(@)
I

w
o
|

N
o
|

10

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
Threshold reactions

5 I I

-3
*10
— (n,pd)

— (n,pt)
— (n,da)

N w EAN
| | |

Cross section (barns)

=
I

0 | | |'

0 5 10 15
Energy (MeV)

20

25

30




TE115 NRG TENDL-2015, AKONING

angular distribution for elastic

—
g/

D44
g
1 ‘ ~
< Qiﬂ
6\0 ;999 <
.. @ >
"S\/O’ K, < >>>>>
@ S >
o O




TE115 NRG TENDL-2015, AKONING

angular distribution for elastic

— 6 &

07 (P
\ \ \ \ AN 0
2 2 =

SR\ N\SXY




LYoniCos

TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




LYoniCos

TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

|\




LYoniCos

TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)

% ' g
% Vi
2 i >
:‘é F > >> qi\
% -
NS
P e
<>




TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)

LYoniCos
*A
OC)
IR EUT\ N R
y
: f

>
14 ) . PR
103 > Y S
<o P &>
s iﬂﬁ oY s
<, o I,
\S\/O.@ \0.\5\ >




TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)

LYoniCos
#
\/
\/
N
\/
V =2
%

NS >
10 > Y =
< 3 N
%@ ’QO e >>>>JJJ <«
e C >




LYoniCos

TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

d}Q

§
@0\(?0 0
\




TE115 NRG TENDL-2015, AKONING

angular distribution for (n,n*8)
0 ~
10" °

LYoniCos

0\5\

% O’O

S o
o s




TE115 NRG TENDL-2015, AKONING

angular distribution for (n,n*9)
; \

LYoniCos

d}Q

§
@0\(?0 0
\




LYoniCos

TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*10)




TE115 NRG TENDL-2015, AKONING
angular distribution for (n,n*11)

W

?
0 ~
0 10 7 “
0 o N!P' =
% J 7 >> =
o ~ S
.'\5\0
(. - O
Oo,;}@ \0\5\




TE115 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NS\NCOQ




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

. ’
10
i S
A
7 A N
2 ® o
e <
g ) NS
o > Q)@?
& <
S o v
T, @
R




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

/

A
() Ve
Z o JA)
% J > NN
'l <
¥ ) <~
<
S <o S
< ~-
<, o
S
L S5 <o




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,3n) |

- =
- 10
% B >
% 3 A N
e <
510 | S
o > Q)@?
< <
®®Q ({)/
<, o
R SRS




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

i “\&&‘
0 ~
5 S T
5 /2/ SN @ §®
153 S
1Yo S
S, Yo
SN .
'




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

10
72 B <
Z BN
% 2 - A N
= 10 P
g1V NS
<
“%Q RS




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

y S
210 &
== - %

g T s
g 3 V¥
100 @ &

- WS

S

- >

S ¥
7>
&z T




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

I
0 A S
0
% 1 - | H AP
5 2. NN
610 > &
- > S
O “ <
<, o




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

% 10 <
z - S S
0 NN
o B3 P ¥
153 >
1 (&4 S QQ;\Q.)
S R
S
<
S, <o <




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a ‘

LronieN

N
\




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

S
&
6 10'1 p &
Z >
- %
% N RPN
1 ASINSE
> > S
(& QQ;\Q.)
-~ > <
T >
. © NS
L ST




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

0 - | s>
10 &
7 NS
% - / &
(2] N
N o<
5 2 R
o 10 VS
o’ S &
- <SS
S < AN
(&
S -
% ~
7/ o) ,»b‘




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

oS>

1
é 10 w) Vo
5 T
5 S

<
S S >
- -




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

LronieN
\A

Qo
\

Q




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

10 '
R
P >
é 10,1 gl
5 ) / >
0 l AL GFANN
0’ e "\/Q ﬁ\@
(P4 > Q;\Q.)
< T LS
3 S
S Yo ~>
7
R CNPN




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

LronieN

N
\




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

7 10

)

2 IS N
e,

P 10’0/

X S S
@,@f‘zo
Qk {6\ %




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,npa) \‘

S
>
% 10 Y <
Z §
z ) S
@) RN
e <
o =
RS
< <S
S S
<, Yo




TE115 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

3 —
10 **
| *\** -S>
7 1 ~ ‘ N
20 ] s -
¢ J N
> \Q@@
S, <o > <
Qé}) <5 <>




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,x)
0 // |
10
>
2 -
10 s
NG

:
%
Ay <
100" s
<S>
s, %o
>

eog




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

7 0
0 10
Pl
¢ A
o 4
100"
L




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

1/

10
Dl
0 -
Z 10
% /
e
P y

(P4

(\/
L




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

LronieN




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,2n)a

(g

o S
<\

NS\NCOQ

A\
=




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

7 A0
v 10

z
c
g 2
1l o

S S
L,




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

% W ‘
Z A
2 2 h
o 100/
S
< _ s <
@%




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

/ Il
103 Hrh”/
It
, tll!%'i"li'
%10 B ™
25 |
2,
g
10o <
< _ < <
%@




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,2n)2a

\ \ \
N\
S \
= S
—\ —\

NS\NCOQ







TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

LronieN




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

LronieN
\

10
-
1007
S
«j:@ <> ~
L




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,4n)

— —
S

W

\

S

TranineN

&

V)

«
s
€
Vs
S
Q/Q




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,2np)

NS\NCOQ




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

- =
S

TranineN
LD

W
\

V)

\

Q

«
s
€
Vs
S
Q/Q




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

O/
% 1
% /
()
@ 2 %
T NN
o 10 | >
Yo v S
S
§@~9 S
Qb
—)




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,npa)

0/ I
% 1
Z A
5 5
e
o 10
QO
S
§@®~9 ~
L




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

LronieN







TE115 NRG TENDL-2015, AKONING
Photon emission for (n,p)

LronieN




LronieN

TE115 NRG TENDL-2015, AKONING
Photon emission for (n,d)
1S
103 / l( / / f \\Q

N
] - b
B (N >
<o
40 Z§$
‘5/\%2 <




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,t)

0"
7 o | I/'l
2 g ==;'-.”'l
5 14
1007
S,
=

—
——
e —




TE115 NRG TENDL-2015, AKONING

) "
= =
Q — A
= =4
N—r u.m.'l
= =/
L — =
- ——/
ie) v
T {/
0
-
)
S
X \ \ \ I
..nlu. N <« = 0
c (- o S
o s = =

NS\NCOQ




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,a)




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,2a)

LronieN

% Ii u

2,

W’
W

| H ,"
i

|
il i ,,‘lmn
il '“ !

s
L

*ZOQ




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,3a)

LronieN
DN




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,2p)

NS\NCOQ




TE115 NRG TENDL-2015, AKONING

Photon emission for (n,pa)

NS\NCOQ




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,pd)

LronieN
\

€

™
\




O
<
=
@)
¥
<
L0 =
o
S E
e
oL
=
TS
T-I
O .=
xx &
=
L X
5 o %o N
oy = =N =

NS\NCOQ




TE115 NRG TENDL-2015, AKONING
Photon emission for (n,da)

103 g ”,/ /l,/{\\
: AN
é 0 i ’"’twlk
> y
Z 102: -
< _ = < ;
%@




Gamma Prod (barns/MeV)

TE115 NRG TENDL-2015, AKONING
thermal capture photon spectrum

102 — | |

|

o
=
I

=

o
(@)
I

10t

I I I I I
0 2 4 6 8

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

TE115 NRG TENDL-2015, AKONING
14 MeV photon spectrum
|

I I
10 20

Gamma Energy (MeV)

30




MeV/collision

TE115 NRG TENDL-2015, AKONING
Particle heating contributions

30 '

protons
deuterons
tritons
he-3
alphas

25—

20 —

15

0 50 100 150
Energy (MeV)

200




TE115 NRG TENDL-2015, AKONING
Recoll Heating

40

N N
o o o
| I |

Heating (MeV/reaction)

N
(@)
I

recoil heating

-60

50

I
100

Energy (MeV)

150

200




TE115 NRG TENDL-2015, AKONING
Particle production cross sections

4.0 ' '
3.5 - —— protons =
— deuterons
— —— tritons
0 3.0 — he-3 -
- — alphas
©
Q &=
-
9 L
O
Q
n
5 &=
n
o
O _—
0.0 i i i
0 50 100 150 200

Energy (MeV)




TE115 NRG TENDL-2015, AKONING
protons from (n,x)

LronieN




TE115 NRG TENDL-2015, AKONING
protons from (n,n*)p

g 1

9 10

Z }HJH N >

5 1 b s

0 NN

5 B34 > ¥
100" LS

TS




TE115 NRG TENDL-2015, AKONING
protons from (n,2np)

10
S
By >
é 10 &
Z 1 >
g D
3 (N N
0’ 0 s o D
o > S
K
S, s >
< ~>
2
L so NV




TE115 NRG TENDL-2015, AKONING
protons from (n,3np)

LronitieN
\_A
LD
\

< o
S
e © Vo
<,
L.
L o >




TE115 NRG TENDL-2015, AKONING
protons from (n,2np)

S

A
£ I h
0 5 T
o 40 <~

0/ '\<C) Qé}®

<S
S o S
<




TE115 NRG TENDL-2015, AKONING
protons from (n,npa)
O 1 L
10
N

LronieN
\_A
Q \
\
),
Q
/

| <~
(& - '\<,') ®®
<
S
< Yo >
<




TE115 NRG TENDL-2015, AKONING
protons from (n,p)

LronieN




TE115 NRG TENDL-2015, AKONING
protons from (n,2p)

LronieN




TE115 NRG TENDL-2015, AKONING
protons from (n,pa)

LronieN




TE115 NRG TENDL-2015, AKONING
protons from (n,pd)

pd
0/
10
D 2
v -
Z 10
2 y
e
p y
(&%
6)’@,
<z <> <




TE115 NRG TENDL-2015, AKONING
protons from (n,pt)

/\
0/
10
D a2
v 24
Z 10
5 1 |
e
P y
(P4
Q@,
- < Tw




TE115 NRG TENDL-2015, AKONING
deuterons from (n,x)
0 ~
10 , \
=

—
7
Z

A
v
Z 40 K
0 y
0 KN
()
& NN
o S
i
O
®®O S5 <35
., (&4
<,
%, o
/- OO S




TE115 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

% IS
5 5 \
I
o 10

QO

*%Q&s ~v

O@,
L oD




TE115 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

z) b
Z >
5 4 W N
1 ASINSE
o 10 N

o NS Q)@?

KRS
'S.@c* ~<o ~>
<, %




TE115 NRG TENDL-2015, AKONING
deuterons from (n,d)

A
® 10
2" I
e ) e
s
100 <

2V




TE115 NRG TENDL-2015, AKONING
deuterons from (n,pd)
d
0 -
10
q
<

é 0" M
07 A N ()
2 - ® =~
0 ) NS
<SS
R S
<,




TE115 NRG TENDL-2015, AKONING
deuterons from (n,da)

A

% s
%1 ] -
0 ! NN
& > &
o o =S
~T S
'S.@c* ~o <




TE115 NRG TENDL-2015, AKONING

tritons from (n,x)

>
10
.3 A
7 10
Z 7 ¢q\l\L
% w\w\{d )
o 5
1007
®®Q <5
6)?@,
7 <o

=
O

NE

NN
()

S SF
<>

i




TE115 NRG TENDL-2015, AKONING
tritons from (n,n*)t "

LronitieN
N
Yl
%
v

. 4 SANp
40 W S®
o’ S &
<&
SN, < >
<
<, NS




By S
% 10 <
% 1 e =
0 3 AN\
5 40 > &€

0/ \®

> 5T
'S.@c* <o <

TE115 NRG TENDL-2015, AKONING
tritons from (n,t)
A ﬂ/ / l‘l.
I




TE115 NRG TENDL-2015, AKONING
tritons from (n,pt)

P v
Z 10
A S

0 J ®
0 ) NS

o o Q}®

<SS
S& Yo S




TE115 NRG TENDL-2015, AKONING

he3s from (n,x)

A
10
D .3
v 3
Z 10
% i &
0 g
g y
(P4
®®Q 6\{00
2.
7




TE115 NRG TENDL-2015, AKONING

he3s from (n,n*)he3

NS\NCOQ




By "
% 1 | ©
% Jiﬁﬂ J\NJJ > A
0 3 \} =~
5 10 | > &

o o Q‘?}®

> &
> “
<,
<

EE;;EQ:E%LEQ;DL-ZOJ-S’ AKONING
[ il “'
i/ I '




TE115 NRG TENDL-2015, AKONING
alphas from (n,x)

LronieN




TE115 NRG TENDL-2015, AKONING
alphas from (n,n*)a

LronieN
DN
N
yA




TE115 NRG TENDL-2015, AKONING
alphas from (n,2n)a

S

z) 0,1/ <~
! AN ~
=— d J
2 11 ® .
p S A <

100/ ’\<’¢) é)\®

<
'S.@c* ~o >




TE115 NRG TENDL-2015, AKONING
alphas from (n,3n)a

LronieN
\_A
O \
NN
LI_‘

>
AN
T ¥
D
S
<&




TE115 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

0 |
U “"ll‘

7 S
b 2 | <
j 10 \N.
= >
% A
NN
3 P ¥
o S
S )
TS
S
=
W




TE115 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

LronieN
\

=
\




TE115 NRG TENDL-2015, AKONING
alphas from (n,npa)

LronieN




TE115 NRG TENDL-2015, AKONING
alphas from (n,a)

%

27 >
5 A | | I P ¥
0 AN | @J N
Vo N S

D S
‘%Q < “




TE115 NRG TENDL-2015, AKONING
alphas from (n,2a)

z s ~
@, S N
5 yw | I J\]N\Q\U\j <> §§
NSNS =
> ST




S
D -
é 10 Ve
2 7 >
g y» > @‘§\
0 N ﬁ
Vo SO
> S
S
<,

TE115 NRG TENDL-2015, AKONING
alphas from (n,3a)

0 ~
TUSIN ‘.l“‘




TE115 NRG TENDL-2015, AKONING
alphas from (n,pa)

A Bl W .“\\\‘
g =

.
£ ~ S
% 3 M \]J J\Hul\“\l ) o "\/&
< C”
'S.@c* <o <




TE115 NRG TENDL-2015, AKONING
alphas from (n,da)

Y

% s
%1 ] -
0 RANp
5 ~ > &F
o o =S
>SS
2




