Cross section (barns)

TE112 NRG TENDL-2015, AKONING

Principal cross sections

10% —
10° -
10% | ‘
i}
h‘ |
101 — \ A~
‘-—‘
NS

100 — — total

—— absorption

— elastic
10_1 B —— gamma production

11 I I_9 I I_7 I I_5 I I_3 I I_1 I1
10 10 10 10 10 10 10

Energy (MeV)




TE112 NRG TENDL-2015, AKONING
resonance total cross section

| | | | | | | I
104 4 — total %
a 7] -
c
S
= 10° -
(=
O
=]
D
(0]
7
O 10° 5 -
@)
101 1 1 1 1 1 1 1 1
107 107

Energy (MeV)




TE112 NRG TENDL-2015, AKONING
resonance total cross section

10* 5

1 — total

=

o
w
I

I

Ll 11

=

o
N
I

I

Cross section (barns)

N | |

 _
10 | | | | - |10'3
Energy (MeV)

10*




TE112 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




TE112 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

Cross section (barns)

107 10
Energy (MeV)




TE112 NRG TENDL-2015, AKONING
resonance absorption cross sections

3
10 E capture B

@
E 102_: —
S ]
= i
9
O

1
% 10" = =
) u
) _
O £
O \_

1073

H
oI
N

Energy (MeV)




Cross section (barns)

TE112 NRG TENDL-2015, AKONING
resonance absorption cross sections

10 -

capture

[N

=)
N
I

10°
Energy (MeV)




Cross section (barns)

TE112 NRG TENDL-2015, AKONING
Non-threshold reactions

104 I I I I I

[HE
o
w

[N
o
N

|
o
=

[EEY

o
o
|

|

oI
(BN
I

|

ol
N
I

[ [ [ [ [
) 10 10

Energy (MeV)

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




TE112 NRG TENDL-2015, AKONING
Principal cross sections

8 I I I

\l
|

total

absorption

elastic

gamma production

o
-

ol
|

w
S —

Cross section (barns)
N
|

N
I

=
I

o

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

Energy (MeV)

o

200




Cross section (barns)

TE112 NRG TENDL-2015, AKONING
Non-threshold reactions

| |
10° = -
_m)ma)\
- -1 —— (p
10° 4 — (3
| —— .29
1 — (pa)
10° 4
10° -
10712
10
18
10 i i i i i

0 5 10 15 20 25
Energy (MeV)




Cross section (barns)

TE112 NRG TENDL-2015, AKONING
Inelastic levels

300 '

*1073

N

o)

o
|

N

o

o
|

=

a1

o
I

100 —

o)
o
|

Energy (MeV)




TE112 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)




TE112 NRG TENDL-2015, AKONING
Threshold reactions

1.0 ' '
— (n,n*)3a
— (n,2n)a
— (n,3n)a
~087 — (np B
g — (n,n%)2a
@®©
O
~ 0.6 B
c
O
O
()]
N 0.4 -
7))
(7))
=
@)
0.2 - |
0.0 | | | | |
0) 5 10 15 20 25 30

Energy (MeV)




TE112 NRG TENDL-2015, AKONING

Threshold reactions

140

*1073

120 —

Cross section (barns)
~ o o o
o o (@) o

| | | |

N
o
|

(n,2n)2a
(n,n*)d
(n,n*)t
(n,n*)he3
(n,2np)

10

I I
15 20

Energy (MeV)

25

30




TE112 NRG TENDL-2015, AKONING
Threshold reactions

0.7

Cross section (barns)
© o o o o
N w EAN 6] o
I I I I I

o
H
I

o
o

(n,3np)
(n,2np)
(n,npa)
(n,n*c)
(n,d)

o

Energy (MeV)

30




TE112 NRG TENDL-2015, AKONING

Threshold reactions

0.7
— (nY
1 —— (n,hel)
06 (n'33)
> — (nﬁp)
c 0.5- (n,d2a)
©
=
— 0.4
O
2
o 0:3-
7))
(7))
©0.2-
@)
0.1
0.0 i i i -
0 5 10 15 20

Energy (MeV)

25

30




TE112 NRG TENDL-2015, AKONING
Threshold reactions

30 I I

-3
*10
— (n,pd)

— (n,pt)
— (n,da)

N
ol
I

N
o
|

Cross section (barns)
= =
o o1
I I

ol
|

0 | | T
0 5 10 15

Energy (MeV)

20

25

30




LYoniCos

TE112 NRG TENDL-2015, AKONING
angular distribution for elastic




TE112 NRG TENDL-2015, AKONING

angular distribution for elastic

SR\ N\SXY




LYoniCos

TE112 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




LYoniCos

()

\

A LV VA VAN LN WL W\
,/
/

TE112 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)




TE112 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)

LYoniCos
g
N
\/
\/
%

Vo
e
> §§\
<5 S
ol MJJJ s =
< O’O \ >>>Jiﬁi<o
\S‘/,’)@ O




LoniCos

TE112 NRG TENDL-2015, AKONING
angular distribution for (n,n*4) ,




TE112 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NS\NICOQ




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

A
a
2 10
2 .
0
I
P y
(&
< >
®®Q = 2V
<, > >




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

LronitieN
\A
LD
Z

A N
N
0/
>

S -
®)® <5 ~>

2

2L oy




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

N
\

LronitieN
\A
(D
\




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

z’ N
7 q
: IS
9 2 A J\\EE ==
510 |
< > RS
®® o
Qé}) é’o <n




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)3a

LronieN




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

1 ) >
é 10 i <
- ° .
AN <

100/ N ®®
NS
S, S <
% >
<, Yo
S
Qk {6\ %




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

—_— “ %
5 =
o 3 qyﬁ\@@
- D s
" >
S, 7
7>
&z T




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

7 0 -
d
10 |
% P JJJ.MJJ\\L >
2 o &S
o >
3 TS
®®Q = <
<, ~o




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a ‘

SO

-
é 10 <
Z i NSSS\N >
0 NN
o B3 P ¥

100/ S
N
S
S5 -
S, Yo




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a

LronieN

N
\




7 A
2 10
2
¥
o p
o
= >
®®O <z \%)
<. & ~>
7>
2z T

TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d
1 ~
10 \\




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

9 10
Z 7 / >
% < SN
S @é
N
- - > <
S >
S 3
o,
SN




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

oSO
éw’” L 2%
— _ Q
5 T
® S
o o Q}®
> <SS
S& S
e




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

S -
(\/
% 4 e N
'l o <
0 34 N \@
10o" > &
> <
Sy S NS
o
S Yo >




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

 ,
s 3
e o
<
" <
S, <
S
<z > q/b‘




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

[ =
_—
"

240" - >
5" ;\8 N
g e S
1 <
o ) <~

S <

S o S
<S5, 2L




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

y S
® 10 J . v
\}\
? A S S
5 >
0 RANp
5o 3 P ¥
100~ S
> <<§\Q’
S
O <
<, Yo
<.
Qk {6\ S




TE112 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

% .0 “‘“4“1 <
@) N
5 e &
5 <
®®
) _ <

9




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,x)
0 // ‘ &L{L
10
10,2/ \\\\\ @Q S

é
g
9 O N\
> A2 NG
1o <
O
S < b
//@@
o




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

0/

% 4

Z 114

% 4

e

040 L
(& u CbQ
o< <

=, ©




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

roniveN
\A
O
(-
\ \ \

2

100"
§@ S
>




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

—
(-
D)
\ \
—
e —

0 ~ | Q
% 10 < >
2
2 >
g N
0 ,Z: >
10o v <<,§
v’)
s 0
“Zz, " =
_/




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

LronieN




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*)3a

TranineN




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

Hil
: ﬂ//hu///m{’///’//l///’//\/”/
%10 ] 4] : .




LronieN

TE112 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

. 17
10 i' \

S
1 >
2
10
7 Vs
- D
100/ \@
o <
S s
L




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,n*)p

NS\NCOQ




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,n*)2a

\ \ \ \ \
o o R
—\ —\

NS\NCOQ




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,2n)2a

— —
S

W

\

S

TranineN

&

V)




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

2/
10
7 0
v 10
Zl A lq
Jz.
o ™~
0105/
P
//@@ —

\)




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

LronieN
R

o
Q \

\w
N
G 4




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

A

~ iﬂmb,!" /I,L l
7 1 g q"ll"”"
@ 10 <
z 1
g =
2 102: P <</§$

«j:@e >

L




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

2/

10

Z 0

O,

zr

2

0105/
6\9
//@@ -

\)




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

0" T
105/
é o
2 34
£
< S
SO
§”%; s

«
s
€
Vs
S
Q/Q




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,2np)

\ \ \
<\
—\ \
S 00
—\ —\

NS\NCOQ

\




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,npa)

N\
—\

S 00
—\

NS\NCOQ




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

LronieN
\

—
\







TE112 NRG TENDL-2015, AKONING
Photon emission for (n,p)

LronieN




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,d)

— —
S S

— W

\ \ \

&/
===
Lt
Lt

~§

e
7 (il K
2 T L
2 ."L’!i!."l‘llh\
AP\
10o" \ >
<.~ “
iz
%@




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,t)

o NI
10 ,*Js'w"i
A | ynﬁ '”H,
1 'iiill!, \
940 igIn
10 "\|
% g § 2 I\
9 1
“ 105/
S _ < >
g, L




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,he3)

NS\NCOQ




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,a)

LronieN







TE112 NRG TENDL-2015, AKONING

O &&x
)
OV
O
©
™
c
O
C
O
w
R0
-
O
-
o \ S S S A\
@) O _— 1,,00
£ o o <=

NS\NCOQ




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,2p)

LronieN
\

=
QO
\




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,pa)

LronieN
\

—
\




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,d2a)

LronieN
\

—
\




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,pd)

NS\NCOQ




TE112 NRG TENDL-2015, AKONING
Photon emission for (n,pt)

) '//'//i/”k
g 4 !fli’?[/l'/ M//M/
2 —




TE112 NRG TENDL-2015, AKONING

Photon emission for (n,da)

\
—\
S 00
—\

NS\NCOQ




TE112 NRG TENDL-2015, AKONING
thermal capture photon spectrum

102 — | |

|

o
=
I

=
o
(@)
I

TTTT] | —

Gamma Prod (barns/MeV)

|
=
[N
I
I

I I I I
0 2 4 6 8 10

Gamma Energy (MeV)




TE112 NRG TENDL-2015, AKONING
14 MeV photon spectrum
I |

= =
@) @)
= N

H
o
o

=

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

=

OI
63
I

—

I I
10 20

Gamma Energy (MeV)

o




MeV/collision

TE112 NRG TENDL-2015, AKONING
Particle heating contributions

35

30

25—

protons
deuterons
tritons
he-3
alphas

_4" I

50 100
Energy (MeV)

150

200




TE112 NRG TENDL-2015, AKONING
Recoll Heating

40

N N
o o o
| | |

Heating (MeV/reaction)

N
(@)
I

recoil heating

-60

50

I
100

Energy (MeV)

150

200




TE112 NRG TENDL-2015, AKONING
Particle production cross sections

5 | |
—— protons
—— deuterons

— 4= —— tritons B
n — he-3
= — alphas
®©
O
N—r 3 —] |
-
O
3]
QO
" 2 -
)]
0p)
=
O

1 -

O = %

0 50 100 150 200

Energy (MeV)




TE112 NRG TENDL-2015, AKONING

ﬁ I\K\K\&K

O
NE
NN
()
S
&\®
<

LronieN




TE112 NRG TENDL-2015, AKONING
protons from (n,n*)p

I Mt\\\\\\\

D A <>
? 10 JJ J\}\H\l S
- i v
g SN
O > S
o o Q‘?}®
> &




TE112 NRG TENDL-2015, AKONING
protons from (n,2np)

1 S
’ >
% 10 ’ ~
z v
2 >
:‘é 0'3/ A b @‘2’&
P p <
Yo S &
> <
Xy, 3
< Yo
TS, ~e
<
- <P WD




TE112 NRG TENDL-2015, AKONING
protons from (n,3np)

1

LronieN
\_A
(D
NN
\
/L

< o
S
e © Vo
<,
L.
L o >




TE112 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN
N
/

Ve
S
VN
<
NS
P S
<




TE112 NRG TENDL-2015, AKONING
protons from (n,npa)

S
élo ) ir <
= S
J2 j v
@) 3 NN
5 40 > &€

o =S
> <SS
S
<,
S
QP 90 S




TE112 NRG TENDL-2015, AKONING
protons from (n,p)

D
Z 40 g
? o>
0 7 LN =~
5 (LU L &
o Q}@
'\9 <<§\




TE112 NRG TENDL-2015, AKONING
protons from (n,2p)

LronieN




TE112 NRG TENDL-2015, AKONING
protons from (n,pa)

LronieN




TE112 NRG TENDL-2015, AKONING
protons from (n,pd)

oy 25
% 10 3 <
Z ] (Y S}
5 J/J. s
g 3 <> =2
o 10 >~
o <
> ST
<,
<
QP 90 S




TE112 NRG TENDL-2015, AKONING
protons from (n,pt)
0 -

' oSO
7 <]
2407 M
07 A ()
5 T
g =
<SS
S o S
<,




—
s
/5

7

7
v
Z 40 >
— ) L
% 1 §8S ok o o
& 5 S <
o ) ~> S
<
SO
®®O ‘ZOO <35
N
%, <
27 &5

TE112 NRG TENDL-2015, AKONING
deuterons from (n,x)
0 ~
10 ff I \




TE112 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

5 %J
0 3.
I N
010
(&
<
vS'@Q PN o
&/) rﬁb




TE112 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

é
2 >
0 3. TN
o 10 S S

) S

'\ﬂb <SS
S o
SIS ~5




TE112 NRG TENDL-2015, AKONING
deuterons from (n,d)

4
% 10 <
2 LS S
% 5 | JEN

3 | RN Y
o 0 L~ ,§> @q,
g1 N

o o =S

> S
<,
<.




TE112 NRG TENDL-2015, AKONING
deuterons from (n,d2a)

o//
10
% .00
v 10
zY
c
o A
100 -




TE112 NRG TENDL-2015, AKONING
deuterons from (n,pd)

—
—— ]

% 1
1 {
Z /H 4 S
2 e J o &
640 _ S
> SF




TE112 NRG TENDL-2015, AKONING
deuterons from (n,da)

0 -
10 "

S
D 2 <>
Z 10 o S
ge, g
5 > &
o =S
> <SS
2




TE112 NRG TENDL-2015, AKONING
tritons from (n,x)

7 10’
Z d \}\}\L\L
5 (b
o b
1007
)
®®O ‘ZOO <3
‘S
o, <
27 SRR

@\{90

)
g

S 4
]
Q

0




TE112 NRG TENDL-2015, AKONING
tritons from (n,n*)t

S

oy >
% 10 v
2800 &
% /L 2 aENN
o 34N L Sl

1007 VS
S <
'S.@c* ~<o
>




TE112 NRG TENDL-2015, AKONING
tritons from (n,t)

% 1
z I
’é 34 /AJ
o 40
(P4
'S.@c* <o >
<




TE112 NRG TENDL-2015, AKONING
tritons from (n,pt)

10 |
) l -

é 0" M
g7 A J S
2 ® =~
0 ) NS
<SS
S o S
<,




%00
0 10
?1 >
2 i LKL
o | Al -
5 4 SIS
10o” &>
<
SO
®®O ‘ZOO <3
<
%, <
Z/L- OO S

TE112 NRG TENDL-2015, AKONING
he3s from (n,X)
0 ~
ST fmecy \
S




TE112 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

A 4
@
P
s )
(&
'S.@c* ~o >
<




TE112 NRG TENDL-2015, AKONING
he3s from (n,he3)

:
] N
2 WJ“J i
O 3| L HIT “ S
o 10 | >~
0/\ o é}@
~ S
S& <2
o
< Q) <D




TE112 NRG TENDL-2015, AKONING
alphas from (n,x)

LronieN




TE112 NRG TENDL-2015, AKONING
alphas from (n,n*)a

s
i .“
2" -
2 \
Z fill LN “ S
o O,Z:\/ . g A§
Vo S {(/QQ,@
S <3¢
o <<>)@0 <
2




TE112 NRG TENDL-2015, AKONING

alphas from (n,n*)3a

100 >
%00
v 10
zY
c
0*10'0/\
'S.@c* ~<o
<

>
&
N
P &
S
~ =
'»<<§\




TE112 NRG TENDL-2015, AKONING
alphas from (n,2n)a

7oA |
v 10
zr
2
0105/
<




TE112 NRG TENDL-2015, AKONING
alphas from (n,3n)a

LronitieN
\A
(D
\

10 .
0/
v
S
e o S
<,




TE112 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

LraontieN
\
4—
yAl
AR




TE112 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

A
v 10
zr
0105/
'S.@c* ~o >
<




TE112 NRG TENDL-2015, AKONING
alphas from (n,npa)

LronitieN
\_A
LD
\
T~

N
0 7
>
Sy
S <




TE112 NRG TENDL-2015, AKONING
alphas from (n,a)

z) N
z° ] >
% N - N
~\

5 A L P &

O I >

Jbo 8 S &

S& <2
< 6}2 o <D




TE112 NRG TENDL-2015, AKONING
alphas from (n,2a)

2 A
210
5 - S
9 | J\Aﬂiw\ AN
= A A \]M\]J.J“ > '§> @Q’
0’ 0 P a J\J : ﬁ\
Vo ‘ < S
N
2




TE112 NRG TENDL-2015, AKONING
alphas from (n,3a)

I
0
100 N
S
7 =
g 1
= 4 L S
2 s
5 A P ¥
1007 LS
R
S
O@
7




TE112 NRG TENDL-2015, AKONING
alphas from (n,pa)

g

1 A
i
2 . JJJ\L\HKL >
g IGE “ S
o S
S S
~T S
'S'@ <2
[,
QQ) <>




TE112 NRG TENDL-2015, AKONING

alphas from (n,d2a)

01
10
%00
O,
0
5 A ~
1007
'S.@c* ~o
<

l S
Ve

&
N
P &
S
~ =
'»<<§\




LronieN
\_A
(D
\
\t

(&4
>
S
<,
<

TE112 NRG TENDL-2015, AKONING
alphas from (n,da)
0" p I““l“




