Cross section (barns)

PO199 NRG TENDL-2015, AKONING
Principal cross sections

I I I I I
10%* —
10° —
10° —
10t
100 — — total
—— absorption
— elastic
- —— gamma production
g = JAmmap
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)




PO199 NRG TENDL-2015, AKONING
resonance total cross section

— total

=

o
N
|

Cross section (barns)

10*

107°
Energy (MeV)

107




PO199 NRG TENDL-2015, AKONING
resonance total cross section

total

=

o
N
|

Cross section (barns)

lSH

|
—
—

|
o|
(6]

Energy (MeV)

107




Cross section (barns)

PO199 NRG TENDL-2015, AKONING
resonance total cross section

4| ——| total

10
Energy (MeV)

1073




PO199 NRG TENDL-2015, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




PO199 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

=

o
N
I

Cross section (barns)
B
=
I

|'|'||||||

107°
Energy (MeV)

|
o|
(6]




PO199 NRG TENDL-2015, AKONING
resonance absorption cross sections

10° —

capture

Cross section (barns)
BI—‘
] ] ] ] | I I | I ] ] ] ]
<
—

H
o
o
|
=

|
o|
(6]

Energy (MeV)




PO199 NRG TENDL-2015, AKONING
resonance absorption cross sections

|| —1—| capturg

|
o
[N
Lo

e e———

|

Cross section (barns)

H
o
o
III
o ——

H
oI
N

Energy (MeV)

1073




PO199 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

ZI.OO N

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

PO199 NRG TENDL-2015, AKONING
Non-threshold reactions

104 | | | | |
(n,gma)
10°  — D)
— (n,2a
— (n,2p)
102 —
10% -
10° -
101 - N
107 —
11 | | 9 | 7 | 5 | 3 | 1 I1
10 10° 10° 10 10° 10 10

Energy (MeV)




Cross section (barns)

PO199 NRG TENDL-2015, AKONING
Non-threshold reactions
| | | | |

IN

—— (n,pa)

=
o
|

=

ol
(6
I

=

ol
(o))
I

|

=)
~
I

[ [ [ [ [
101t 10 10”7 10 10

Energy (MeV)




Cross section (barns)

PO199 NRG TENDL-2015, AKONING
Principal cross sections

20 I I I

187 total B

absorption
elastic
gamma production

[EEN
N
I
I

=
N
I
I

=
& (o)) co o
I

I

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)

PO199 NRG TENDL-2015, AKONING
Non-threshold reactions

| |
- —— (ngma) _—
10_2 = /%HTDT
= (na)
1 —— (n,2a)
-1 — (h,2p)
10> —
108 -
101
10-14
10-17
| | | | |

0 5 10 15 20 25
Energy (MeV)




Cross section (barns)

=
o

=
ol

|
ol

10

1
(62}

11|

PO199 NRG TENDL-2015, AKONING
Non-threshold reactions
| |

-1 —— (npa)

\]

(o)

I I I
0 5 10 15

Energy (MeV)

20

25 30




PO199 NRG TENDL-2015, AKONING
Inelastic levels

80

*107
70 —

o)}
o
|

o)
o
|

w
o
|

Cross section (barns)
N H

o o

I I

=
o
L

o
o

Energy (MeV)

25 30




*1073

Cross section (barns)

PO199 NRG TENDL-2015, AKONING
Inelastic levels

50 '

N
(@)
I

w
o
|

N
o
|

=
o
I

0 | | |

— (n,n*6)
— (n,n*7)

0 5 10 15
Energy (MeV)

20

25

30




Cross section (barns)

PO199 NRG TENDL-2015, AKONING

Threshold reactions

2.5

= N
& o
| |

=
o
I

O
&
|

0.0

nd)

,4n)
,3n)

)a

50

I
100

Energy (MeV)

150

200




PO199 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)




PO199 NRG TENDL-2015, AKONING
Threshold reactions

1403
i
1 — (n,n%)d
4 — (n,nMt -
L2 — (n,n*)he3
— — (n,4n)
N N
C 100 - (n.2np) L
®
=)
— 80— =
i)
s
D 60 -
%)
%)
O 40- L
@)
20 — B
0 | | | | | —
0 5 10 15 20 25 30

Energy (MeV)




PO199 NRG TENDL-2015, AKONING
Threshold reactions

2.5 ' '
— (n,3np)
— (n,2np)
— (n,npa)
_ 200 — (nn%o) -
g — (n,d)
®
®)
~1.5- B
c
i)
O
Q
1.0 B
(7))
(7))
O
@)
0.5 =
0.0 | | | = |
0 5 10 15 20 25 30

Energy (MeV)




PO199 NRG TENDL-2015, AKONING

Threshold reactions

163 | |
I
10 —
14—+ —— (n,held) B
— En,pfl))
= — (np
ng —— (n,da)
®
L 10 —
S
= 8- m
O
Q
7))}
n 6- L
7))}
O
O 4 -
2 — i
0 | | = T |
0 5 10 15 20 25 30

Energy (MeV)




P0O199 NRG TENDL-2015, AKONING
angular distribution for elastic

LYoniCos
N

0 B
1% ! ygﬁ .
<, Fo >>;gﬂ
\S\/O.@ \0.\5\ >>>




\ %

0
\ 234
[ [ 7ZX
WA
\ ,"P}

PO199 NRG TENDL-2015, AKONING

angular distribution for elastic

—— Y
u S W AN\ 0
n/,.m./ On4UL, naUL,J,




PO199 NRG TENDL-2015, AKONING

angular distribution for (n,n*1)

SO0\




PO199 NRG TENDL-2015, AKONING

angular distribution for (n,n*2) "
]
40 "
’ 2

%
O 077 e p
% 1 N >> ~
o y ’ R R §§\
< 5 )
“al ﬁﬂ e @
& O’O >>Jiﬁi<o
O\S\/O.@ \0. s’>>>>>




PO199 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)

0 -
10
)
@) 1A T
Q10 i
: >
o 2~
0,
G [
%@ ’QO X, >>>>JJ “
e G &




LoniCos

PO199 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)




LYoniCos

PO199 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)




PO199 NRG TENDL-2015, AKONING

angular distribution for (n,n*6) \
O/ \
40 \\ \"
\ >l
K ——— W ] FH«L >"

3 10 -
0 >
5 2 > SN
0 e 8
V& | J;§> o &>
s Jﬁiﬁﬁ <&
%@ ’QO O >>>>JJ ©
e ’




PO199 NRG TENDL-2015, AKONING

angular distribution for (n,n*7)

SO0\




PO199 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NSNS0




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

c

o 27

0/

Vo e
T-)

" S
S
<.
.




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

1 4
T \
i S
% 10,1/ J <
Z IR
2 g S S
;3 Sl
0/ '\Q') ®®
S <
®)®, 2
L <> <




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

LronieN




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

= =
S O

TranineN




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

7 A A
@
2 0 s >
% A
'l
g 7
< >
R % <
<S5, 2L




PO199 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a /‘

1 S
44 &
® 10 &
zZ - >
. e
e S <

3. S S
> 0-~" > S

:L (4 ~ é}%
= > <&
ST >
/)6)@ S N
2 s




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p

j ”M\
O A
0
% ) M\DNHQ >
5 10 v &
o =S
< S > S
/)6), <5
QP 90 S




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

] S
% 10’ <>
% | i >

Q
g 3 N &\\\\ ,§> §$
1057 LS
RS
Sy S
(o) <, o <
S
Qk {6\ S




PO199 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)2a ‘

; 5
210 <
[ = S
? . =
s ~

100 s &S
< > &L
Sy ~
<
% S <D
<,




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

é 10 <
5 T
o 27 N
10 S
I >
S S
S




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t
1 ~
10 \\\

25
z) A >
? 10 AV
Z j Vs
g D
o ) c
ﬁ
(&4 > Q;\Q.)
- ~T &S
S NS
< 4 <
2o, ~
Z,- SN




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

] S
é 10 <
= = S
% q;\
5o 3 P ¥
100/ S
'\9 <<§\Q’
T-)
®®Q <
<, =




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,4n)

LronieN




PO199 NRG TENDL-2015, AKONING

Neutron emission for (n,2np)

LronieN
\

N
\




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

SO
é 10,1/ -
— - Q>
5 T
o &
o P S
- <SS
S o 2
<, >




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

é 10 ¥ <
% S RSN
e <
o 27 N
10c~ P &S
- <SS
S S
<, Yo




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

S
A oy <~
() AV
10
% ) IS NN S
0 NN
o > &
0/ \®
N
S
xS\@O -—
S, Yo




P0O199 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

s |
10
p . "
7 4 | ‘ 3
g
o -
®®Q:) < =




PO199 NRG TENDL-2015, AKONING

Photon emission for (n,x) '
9. \\ >

10 \§§§§h§\

7
a
z >
:‘é 0’4/ S N
~-
b1 ¥
<<
O
S, > ”
/@@
4




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

O A
5 10 Ve
z° | |
: >
p g 2
10 > <<,<\\
<& S
//@S ~
S/
—J




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

\A
(-
S
\
[——

LronieN
NN




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

7 -
10
S

7 07
0 10
Zl
2
P O’Z O
Vo PITN

SRS

/// <D

%@




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

LronieN
\

€

™
\




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

LronieN




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

7 ‘w
() 10
2 “
2 I
o O:Z: J
s <
< (&
//@ < <>
L




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

N
\

LronieN
\




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2n)2a

LronieN




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

I

LronitieN
\A
(D
(e
\ \
[
[ =
//:
<

7 >
4 <N
10 - T
o ~ Q,:
§,\@6\ N
Sy
)




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

LronieN




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

. ,,// IIMI[ 'I///
o , /;7' /l; I//”I/%/W
7 07 J ["




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,4n)

0/

% 1

Z A

5 5

e

o 10
< S
£ ©

=, ©




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2np)
1 4 ’#\
10 ‘\l

% A UJ
Z 10 «»v
s - >
2 ESTECN
Y %
&
NS
< ™
//@S (\/.\'
@@ NS




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

LronieN




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

TraninveN
A\ %O \EN
\ \ \ \
/ —
"y
: 'I
5 ‘,
)

24 <&
100 P oS
< S S
//@@ ~
&




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,npa)

1/
10
i S
A
%10
2 -
g
2 y >
&100/ \@
> <
‘2\@6\ <
Sy
—




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

—
S

LronieN
\

™
\

€







LronieN

PO199 NRG TENDL-2015, AKONING
Photon emission for (n,p)

1
10
S
1A
10
!
:l
o ]
< S
2z <>
%b




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,d)

N ,.
10 ) ”,/"/
1 A iy ”/W\
%10 ) 7 | ’H &l/l
0 » ""l‘i"tl‘:ﬁlﬂjﬂ
"0 I
s - -
%@e




PO199 NRG TENDL-2015, AKONING
Photon emission for (n,t)

LronieN
\

€

N
\




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

LronieN
T

€




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,a)

—
S

LronieN

Q%







PO199 NRG TENDL-2015, AKONING

Photon emission for (n,2p)

NOIHWEN




P0O199 NRG TENDL-2015, AKONING
Photon emission for (n,pa)

\
N

LronieN

Q%




PO199 NRG TENDL-2015, AKONING

Hn..'.l‘ ‘
L
=
fﬂﬂ,uu 7
=
= ==L
o X7
-
N —————
| -
O ——
e
-
O
w
v
&
)
S
\ \ \ \ N\

s ) N— = 0
i o (D S
2l —\ <\ —\

NOIHWEN







PO199 NRG TENDL-2015, AKONING
Photon emission for (n,da)

%10
Z
@ 3.
o 10
< S
‘2\@6\ <
L




P0O199 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

=

o
N
I

=

o
[EEN
I

=
o
o

Gamma Prod (barns/MeV)

=
oI
[IEN

I I I
4 6 8

Gamma Energy (MeV)

o
N

10




o o o
[ N

=

Gamma Prod (barns/MeV)
ol

[EEN

=)
w
I

=
oI
LN

P0O199 NRG TENDL-2015, AKONING
14 MeV photon spectrum
I |

o

(BN

I
10

Gamma Energy (MeV)

o
ol




MeV/collision

P0O199 NRG TENDL-2015, AKONING
Particle heating contributions

30

25—

20 —

15

protons
deuterons
tritons
he-3
alphas

i I I
50 100 150

Energy (MeV)

200




PO199 NRG TENDL-2015, AKONING
Recoll Heating

30 '

recoil heating
20 =

=

o
I
I

o
I
I

N

(@
I
I

Heating (MeV/reaction)
8 B B
I I
I I

IN

o
|
I

o
O

I I
50 100 150 200

Energy (MeV)

o




P0O199 NRG TENDL-2015, AKONING
Particle production cross sections

4.0 ' '

3.5 - —— protons =
—— deuterons
— tritons

3.0 ——— he-3 —

alphas

N
&
|

Cross section (barns)
N
o
I

I

0.0 I |
0) 50 100 150

Energy (MeV)

200




P0O199 NRG TENDL-2015, AKONING
protons from (n,x)

\
JHNE
I HHNEE
N

LronitieN
\_A
LD




PO199 NRG TENDL-2015, AKONING
protons from (n,n*)p

101 | f //ﬁL “‘.‘\\‘1
7% ‘“‘
0 10

N

% i /mmi o >
0 J o O
o 03: ~ ®§

Jvo S a

'S'@Q @:30 <

2V




P0O199 NRG TENDL-2015, AKONING
protons from (n,2np)

D .
Z 10
% A
e
p P

(P4 -

NS
'S.@c* ~<o ~>
S
o, ~
L so N

?
/
-""..
e
-




PO199 NRG TENDL-2015, AKONING

protons from (n,3np)

:‘é 3 Ad R
o 40 ) Sl
0/ ‘\?‘ \®

<S¥
b s v
‘<,




P0O199 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN
\r.k
O \ \
N




P0O199 NRG TENDL-2015, AKONING
protons from (n,npa)

LronitieN
\r.k
o
N




PO199 NRG TENDL-2015, AKONING
protons from (n,p)

D
9 -
Z 10 >
s JJJNJJMJ NN
o QI > &
o N \®
> s¥
®®

)
&
§




P0O199 NRG TENDL-2015, AKONING
protons from (n,2p)

710 ||| <
2| ‘
[ S

p \}\D\ v

0 .3 JJ\IJ\ > RANp

o N <> <
010 A v

> <<§\Q’\
S
< o <
<




P0O199 NRG TENDL-2015, AKONING
protons from (n,pa)

0 \
30" || At “
| 1 T
D -
Z - Al ©
@) NN
g A gl \_J.JNJ‘NJ T ¥
100/ S
S Sl
.




P0O199 NRG TENDL-2015, AKONING
protons from (n,pd)

o | p
10
D 2
v 24
Z 10 !
% /
o’ N
P y
< S
s
QP 90 S




P0O199 NRG TENDL-2015, AKONING
protons from (n,pt)

0/
10
® 2
Z 40 =
? o>
7 §
g > &
o =S
'\9 <<§\
O@
7
QP 90 S




PO199 NRG TENDL-2015, AKONING

deuterons from (n,x)

0 -
10 i}
D -
7 10
20 Q
5 SSS
£ 4
1007
®®O {OO
‘S
<
7 <o

—

-y
I/
/

O
NS
N
()
S SF
&\®
<

N




PO199 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

%10
Z
2 3
o 100/ N
v
®®O *ZO

=
XN
v SF
D
S
<5




LronieN
\

3
10 -
(& -
<
'S'@Q < >
<,

PO199 NRG TENDL-2015, AKONING
deuterons from (n,n*)d
i !
¢
N




P0O199 NRG TENDL-2015, AKONING
deuterons from (n,d)

-
%10 §
: (e
2 34| M
o 10

QO

'S'@ <>

< <<>)@0 <>




P0O199 NRG TENDL-2015, AKONING
deuterons from (n,pd)

D2

0 2

Z 10

% A

e

g )
< S
\S\@Q@:"’O <




PO199 NRG TENDL-2015, AKONING
deuterons from (n,da)

T e llll‘i'h\\\

S
2V

\
a

TraninveN
NI
\g
T
%
/4
@% 90




PO199 NRG TENDL-2015, AKONING
tritons from (n,x)

D 2
0 2
< 40 R
- N
’é /JMM@“ S o
NN S <
0 ) ~ S
<
O
®®O ‘ZOO <>
'S
Yo, <
27 % O




P0O199 NRG TENDL-2015, AKONING
tritons from (n,n*)t

100/ N
>
S <5 >

roniveN
\A
O\
N U
L/
/[ T
h




P0O199 NRG TENDL-2015, AKONING
tritons from (n,t)

| {f
0/
10 |
S
% 0’2/ &
%1 < /J%JJ - A
g ~ sy S
2 P S
“ S
'S'@ <>
Q®)®0 <D
=




P0O199 NRG TENDL-2015, AKONING
tritons from (n,pt)

0 4 I
10
% .00
O,
zY
2 |
o ,4:
100 o




PO199 NRG TENDL-2015, AKONING
he3s from (n,x)

é 0,3 P
1 .
2 J S
% LbeeSS
g J
QO
O
®®O & >4 <>
Y
Y, <
/- OO S

O
NS
N
()
S SF
&\®
<




-
%10
Z
5 5 N
e
MOO/
S

P0O199 NRG TENDL-2015, AKONING
he3s from (n,n*)he3
P ™S flll
{ =
N~




P0O199 NRG TENDL-2015, AKONING
he3s from (n,he3)

LronieN




PO199 NRG TENDL-2015, AKONING
alphas from (n,x) ~
| N | \
A H 1/
i, LY |
e,
e
d) ad | \‘
B e




P0O199 NRG TENDL-2015, AKONING
alphas from (n,n*)a

By
é 10 Ve
[ - S
9 N
0 \ ql\l N
5 3 i JJNJJJJ N \@Q)

TSN S
N
R N
<,




P0O199 NRG TENDL-2015, AKONING
alphas from (n,2n)a

1/
40 i
RN
— 4 [
® 10
Zl A JJ
) |
9
o 03: N
Lo <
O@,
Gz > O




P0O199 NRG TENDL-2015, AKONING
alphas from (n,3n)a

% 0
® 10
A
0
B BTN
100
>




P0O199 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

2 A
[ - S
2 L e
g« 4 /MJMJMN S a
100 s S
N
S <2
(S o <o
<,




P0O199 NRG TENDL-2015, AKONING
alphas from (n,2n)2a

2\

LronieN
\_A
O \
NN
\




P0O199 NRG TENDL-2015, AKONING
alphas from (n,npa)
|
) |

PP H I H S
% 10 <
? A
Z HJ\\J:L >
@) 3 A JAN
5 10 NS
D’ 1 0/\ \®\

> <<§\Q’
'S'@ <2
[,
Qé}) <>




P0O199 NRG TENDL-2015, AKONING
alphas from (n,a)

=~
\

LronieN

S
Q
\

Q{o




P0O199 NRG TENDL-2015, AKONING
alphas from (n,2a)

A g
0" \\\
71 |
AR N i
> |
o o\ JI J >
Ry
GQQ):/? <~
Gz %5 O




P0O199 NRG TENDL-2015, AKONING
alphas from (n,pa)

D 24 |
Z 10 o
7R “’
0 S N
5 (NS L
0/\ J.\Hd{o \@
' > 5T
S
< o “
<,
<
<z




P0O199 NRG TENDL-2015, AKONING
alphas from (n,da)

P ’ 0
° 0 / e
pv
2 <




