Cross section (barns)

Y085 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)




Cross section (barns)

Y085 NRG TENDL-2015, AKONING
Non-threshold reactions

| | | | |
3 (n,gma)
L0 (np)
a)
10% —
\\
10% - | |
10° -
101 -
107 —
11 | | 9 | 7 | 5 | 3 | 1 I1
10° 10° 10° 10 10° 10 10

Energy (MeV)




Y085 NRG TENDL-2015, AKONING
Principal cross sections

4

Cross section (barns)
N w
I |

total

absorption

elastic

gamma production

I I I I I
0 20 40 60 80 100

I I I I
120 140 160 180

Energy (MeV)

200




Cross section (barns)

[HEN

<)
(0]
I

Y085 NRG TENDL-2015, AKONING
Non-threshold reactions

= =

oI oI
A &
I I

|

ol
a1
I

-8
10 i i i

0 5 10 15
Energy (MeV)

20

25

30




Y085 NRG TENDL-2015, AKONING
Inelastic levels

0.5 « '
— (n,n*1)
— (n,n*2)
AO.4— —  (n,n*3) B
2 — (n,n*4)
E — (n,n*5)
©
i®)
~ 0.3 m
c
O
3]
(b
N 0.2 =
7))}
7))}
=
O
0.1 i
0.0 | | | |
0 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

*1073

Y085 NRG TENDL-2015, AKONING

Inelastic levels

300

N

o)

o
|

N

o

o
|

=

a1

o
I

100 —

50

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

Energy (MeV)

30




Y085 NRG TENDL-2015, AKONING
Inelastic levels

160 '

%107

140 — — (n,n*11) m
— (n,n*12)
— (n,n*13)
— (n,n*14) B
— (n,n*15)

= =

=) N

o o
I I

Cross section (barns)
(o)) oo
o o
I I

N
o
I

N
o
I

o
o -
(J'"_
=
o
=
ol

Energy (MeV)

30




Y085 NRG TENDL-2015, AKONING
Inelastic levels

100 '
*107
— (n,n*16)
— (n,n*17)
— 80 — — (n,n*18)
N — (n,n*19)
E — (n,n*20)
©
O
c
O
O
Q
0 40—
7))}
7))}
O
@)
20
0 | | | | |
0 5 10 15 20 25

Energy (MeV)




Y085 NRG TENDL-2015, AKONING
Inelastic levels

60

*1073

o)
o
|

N
o
I

Cross section (barns)
N w
o o
I I

=
o
I

(n,n*21)
(n,n*22)
(n,n*23)
(n,n*24)
(n,n*25)

5 10 15

Energy (MeV)

20

25

30




Y085 NRG TENDL-2015, AKONING
Inelastic levels

35 '

*1073
30

N
ol
|

N
o
I

=
O]
|

=
o
|

Cross section (barns)

ol
|

(n,n*26)
(n,n*27)
(n,n*28)
(n,n*29)

0 | | |

0 5 10 15
Energy (MeV)

20

25

30




Y085 NRG TENDL-2015, AKONING
Threshold reactions

1.6
— (nX)
1.4 — (n,2nd) B
— (n,4n)

=, | — 0w )
g : — (n,Ma
®©
2 1.0 -
S
= 0.8 .
)
5}
o
7)) 06 ] [
7
o
3 0.4- -

0.2 - i

0.0 i | | | | | | | |

0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




Cross section (barns)

Y085 NRG TENDL-2015, AKONING

Threshold reactions

1.2

— (n,2n)a

— (n,n%)p
1.0 —— (n,n%)2a B

— (n,n%)d

—  (n,n")t
0.8 .
0.6 .
0.4 — .
0.2 .
0.0 | | | | =T — 1

0) 5 10 15 20 25 30

Energy (MeV)




Y085 NRG TENDL-2015, AKONING
Threshold reactions

0.5 ' N
— (n,n*)he3
— (n,2np)
— (n,3np)
0471 — (n2np) B
g — (n,npa)
®
O
~ 0.3 i
c
O
O
]
N 0.2- =
7))}
7))}
O
@)
0.1 L
0.0 | | . -
5 10 15 20 25 30

Energy (MeV)




Y085 NRG TENDL-2015, AKONING

Threshold reactions

1.4

o o = =
o o) o N
| | | |

Cross section (barns)
o
N
I

Energy (MeV)




Y085 NRG TENDL-2015, AKONING
Threshold reactions

103 | |
e
10 — (n,2p)
-
I, iy
—~ 87 — (p B
g — (n,da)
(qv]
o
N 6— -
c
O
O
5}
" 4 L
w
(7))
o
@)
2 — e
0 | |' | T |
0 5 10 15 20 25 30

Energy (MeV)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for elastic




Y085 NRG TENDL-2015, AKONING

angular distribution for elastic

SO0\




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)

0
0 X ~
0 \
5 X
o \ >
<o ;Jﬁy -
s s
B
& O‘O >>J$i{{)
N TeN o




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)

LroniCos




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)

LXAnlCosS
VV
e
AV,
N
AV
\/
P

.y §>>'@§§$
7 <S>
ol ;yw TS F
% QO >>>JJJ N
\S\/O. \Q s’>>>
(S




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

|
0 -4
10 2
o0
0
J
2 1
g -l A
% 10 ]
& ~
“o s
S5 g
% o < >>>>> N
\S\/O.@ (& >




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)

4

LXAnlCosS
\/
\/
N
3\
\/
Y

S
\ =~
e &
o ;5 S
N Jiﬂgﬂﬂ TS ®
%@ ~QO~ >>>>>JJ =
Ze 2 -
<5 O




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*10)

1
0 ]
10" °
;
:‘é oy I T/V
240 1
i [P
‘S 1 ig#
%@ ’QO X, >>>>JJ “
s < >




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*11)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*12)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*13)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*14)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*15)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*16)




LXAnlCosS

—
o

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*17)

%f(




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*18)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*19)

LYoniCos

‘200/0 J
"S> >
o, “o Jﬁy
o S
S, o >
S :




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)

//f(

LXAnlCosS




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*21)

LYoniCos




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*22)




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*23)




Y085 NRG TENDL-2015, AKONING

angular distribution for (n,n*24) ‘
0 4 \

LoniCosS
'/
\/
Vv‘
<
Y Vv;
¢ VV
’ \/
9




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*25)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*26)

1
0 -4
10" °
;
0 M
:‘é oy | [ /
240 1
<o Jﬁj >Q
s ; yﬁﬁJ ™
%@ ’QO e >>>>JJJ <«
e




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*27)




Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*28)

.

LXAnlCosS




LYoniCos

Y085 NRG TENDL-2015, AKONING
angular distribution for (n,n*29)




Y085 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NOIHWEN




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

LronieN

N
\




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

A
o) 0 y
21 S
5 s
P y

(P4

S
'\%6\\7 NS
- )
< <5 ~>




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

LronieN




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

2N

LronieN




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

LronieN
\A
O \
\




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p
) i A‘\\\*\“

S
0 ~
é 10 ©
2 LSS o
0 AN\
b 2 P ¥
1057 LS
= S
Ry (&
<
S “




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)2a

LronieN

N
\




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

0 ~
%10 >
Z ) >
2 s
c 4 D S
g 0~ NS
JPo S &
<
>
-&@O\"’ N
<, W NS
<
<z o) ,»b‘




™
\

LronieN
\

Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t ‘




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

1 ~
10
| S
P &
Z 10 &
: <
s - . S
o VS
< S <&
S
% <o .
S, & ™
7
R




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

] S
-3~ >
% 10 e
2 . / &
’é N¢ 2 el
D’ ’3/ N \@Q)
100/ v ®®
A S <&
S5




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

LronieN

N
\




LronieN

Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

1 4
10
A
0/
S
S NS
S, o ~




Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,npa)

é 10 >
% o .
e <
o 27 N
< <
Ry <~
e >
- (o)
<,




LronieN

Y085 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

gl -.mtm :

e ©
S
A J\H v
I (e <> S

) >~ S

g S Q’@
g NS

S o




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,x)

—
—
[

>
- O
10 TE
o’ <<,<\\
SO
< @“"0 i
S
L




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN
\

™
\




Y085 NRG TENDL-2015, AKONING

Photon emission for (n,2n)

LronieN

N




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN
\

N
\




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*)a

LronieN
\

™
\




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,2n)a

0"
| LS
7 b /
%10 ] ’“. li
Jz.
Z o4
107 \
< © >
//%@\7 P




Y085 NRG TENDL-2015, AKONING

Photon emission for (n,n*)p

NOIHWEN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*)2a

LronieN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

ranineN
— —
OCD ON
\ \ \ \
—
‘ ————
/=
Y%
%

2 WS
100 D s
e
S -
%@ S




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

LronieN
\

N
\




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

LronieN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

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




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

d

10

5

10
7 A S
2 10 o
% 3 Q\?‘
o NSNS

S %S
£ ©
=, ©




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

5 |
% 1 i
Z A
% 1
o 40
(P4
£, >
%@ '\?‘




Y085 NRG TENDL-2015, AKONING

= Y
— %,
%
=
<
o
n’
=
O
C
o
%)
R0
-
(D)
-
je) \ \ \ AR
m 301/ 1/W/ ,Om/

NOIHWEN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

LronitieN
\_A
LD




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,gma)

LronitieN
\_A
LD




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,p)

I i | l][’/"
T | ”*/
0 A IS )
,’é 200
g 100 L
s >
%@




Y085 NRG TENDL-2015, AKONING

Photon emission for (n,d)

NOIHWEN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,t)

3 |
10 [ N
Wil
7 R
% 10 <li <
R >
e 1/ $
> 100/ N <<,§
v’)
< >
//@@ -

\)




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

—
\

LronieN
\







Y085 NRG TENDL-2015, AKONING
Photon emission for (n,2a)

1A

>

g R
100 N
S <<

N
\

LronieN
\




//////

Y085 NRG TENDL-2015, AKONING

Photon emission for (n,2p)

NOIHWEN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,pa)

3 4
10
Z -
® 10
zr
2,
0*10'0/
-
6\\—3
<>
//@@ -

\)




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,pd)

0/
% 10
Z /
% 1
o 10
QO
§@S
L




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,pt)

LronieN




Y085 NRG TENDL-2015, AKONING
Photon emission for (n,da)

Il W [ fll
; | I
10 » <,,i,4//////ﬂ
| il I
/ JH i
é 40’ 4 |
E >
5 2 A ®$
1057 >
S )
e,




Gamma Prod (barns/MeV)

Y085 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

|

o
=
I

=

o
(@)
I

=
ol
=

I I I I
2 4 6 8

Gamma Energy (MeV)

10




Y085 NRG TENDL-2015, AKONING
14 MeV photon spectrum

103 I

Gamma Prod (barns/MeV)

I
0 10

20

Gamma Energy (MeV)

30




MeV/collision

Y085 NRG TENDL-2015, AKONING
Particle heating contributions

25 '
—— protons
—— deuterons
20 — — tritons r
— he-3
— alphas

0- =T | |
0 50 100 150

Energy (MeV)

200




Y085 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




Cross section (barns)

Y085 NRG TENDL-2015, AKONING
Particle production cross sections

3.0

N
&
|

N
o
|

=
o1
I

=
o
I

O
&
|

o
o

protons
deuterons
tritons
he-3
alphas

50

I I
100 150

Energy (MeV)

200




Y085 NRG TENDL-2015, AKONING

. P
X’

c

= \
$
o

O 2 Y 0

m ‘S o 0 9

o

NOIHWEN




Y085 NRG TENDL-2015, AKONING
protons from (n,n*)p

All\\m

% 0,1/ N <
<
% 1 ) I JJJMM\M >
¢ e &
o p > ﬁ\@
“ S
R N




Y085 NRG TENDL-2015, AKONING
protons from (n,2np)

S
510 s
zZ : &
% .34 /Jq AVAENCNN
& 40 @
0/ % ®®
S <&
Ss <
o (&P
S, NS
()
o, o
7/ ‘DO &




Y085 NRG TENDL-2015, AKONING
protons from (n,3np)

’é 3 Jﬂw
510 _
(&%
\S\@Q\" o
626,, =
L S q</o




Y085 NRG TENDL-2015, AKONING
protons from (n,2np)

LronieN
N
\,L




Y085 NRG TENDL-2015, AKONING
protons from (n,npa)

210/ /Q
:‘é 3 RSN
0 N\
g v - NS
o S
<S>
S S =
®O ~
<, o




Y085 NRG TENDL-2015, AKONING
protons from (n,p)

A |
0 2
0
5’ 4 \JJJM 2 @QJ
o~ &>
~- Q,Q
‘%Q < “




% 1 L
? - JJ\V\H .
5 o
MOO/
S

Y085 NRG TENDL-2015, AKONING
protons from (n,2p) ’




Y085 NRG TENDL-2015, AKONING
protons from (n,pa)

LronieN
N
\
4




Y085 NRG TENDL-2015, AKONING
protons from (n,pd)

) =S

0 >
Rl < =
- q >

3%

:‘é 3 / Q(\/ Qé\
o 10 NS

< o S

<~ <o ~>
<, a




Y085 NRG TENDL-2015, AKONING
protons from (n,pt)

® 2
Z 10 o
g T S
g S
S <&
\9@0 PN -
o g




Y085 NRG TENDL-2015, AKONING
deuterons from (n,x)

7 P
v 10
2! g -
=— ] \\}
% N{SSSen o o
& S <
o P ~> &
100/ Q~>®
<S>
)
®®O ‘ZOO <>
>
Y, <
27 &5




Y085 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

1 ~
10 o
% 0
® 40
0 A
o 37
100"
<
-S'®Q PN .
S 2%
&L Yo AP




Y085 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

7
% p S
2 N
'é /3//& ~ Qé\
o 10 VS

o S &

<SS

Ky >

<~ <o

<, =




Y085 NRG TENDL-2015, AKONING
deuterons from (n,d)

(I
0
£ N
:‘é 3] jil JMMJ
o 10
o
'S'@ <2
) (& <>
e
7 > O




Y085 NRG TENDL-2015, AKONING
deuterons from (n,pd)

LronieN
N
\L




Y085 NRG TENDL-2015, AKONING
deuterons from (n,da)

/
0/
10
D a2
v -
Z 10
% /
e
P y
(P4
'S.@c* ~<o >
<

<>
S
VN
<
NS
<>




Y085 NRG TENDL-2015, AKONING
tritons from (n,x)

7 10’
Z A W\L
9 N
c 5
10"
SO
®®O & >4 <3
<
L <::’00 S

§
%, O

o

@\{90

)
g




Y085 NRG TENDL-2015, AKONING
tritons from (n,n*)t

S

By >
% 10 v
2 ©
s | - T S
g 7 NS

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




Y085 NRG TENDL-2015, AKONING
tritons from (n,t)

é 10’ <>
9 1 RPN

e <

g 37 =

<
‘%Q&zo S
.
- < Tw




Y085 NRG TENDL-2015, AKONING
tritons from (n,pt)
0 /”L ‘
10 4‘
<

S
5 - S a
Z 10 : &
% i S
b <

S )%

o VS

S <&
'S.@c* ~o
<, P




Y085 NRG TENDL-2015, AKONING
he3s from (n,x)

D A
- d \} \Q
9 LGS RN
oA N
10o” &>
<
SO
®®O ‘ZOO <35
‘<
%, <
L OO S




Y085 NRG TENDL-2015, AKONING
he3s from (n,n*)he3

W
\
/

LronitieN
\A
L
\




Y085 NRG TENDL-2015, AKONING
he3s from (n,he3)

1 A
10
7
v
Z 10 §
9 { /ﬂl
s U
(&
S >




Y085 NRG TENDL-2015, AKONING
alphas from (n,x)

7 10’
0 ng\\b}\w S
Z 5 :
1007
SO
®®O ‘ZOO <3
<
L <::’00 S

O
NS
N
()
S SF
&\®
<




Y085 NRG TENDL-2015, AKONING
alphas from (n,n*)a

T

D A

Z 40 i -
2 A i v
@) NN
o > &

o o =S
D s
2.




Y085 NRG TENDL-2015, AKONING
alphas from (n,2n)a

iy “r“

D A
7 >

0 %J > S
> DS

o S

S <&
S <
<, ~




Y085 NRG TENDL-2015, AKONING
alphas from (n,n*)2a

P
0/
10
D a2
v -
Z 10
5
e
P y
(P4
'S.@c* ~<o >




Y085 NRG TENDL-2015, AKONING
alphas from (n,npa)

f—=
[ s
[

2V % «ﬁ>
’é 3 N > NN
o 10 Sl
o’ L S
i
S& Yo S
o




Y085 NRG TENDL-2015, AKONING
alphas from (n,a)

N
4 i
TR
o HJ H“F f .
é 10" ] J i[ f j Jj f[,r
= § | N >
2 U
9 2 A JJ\H Q$\
o 100 X H éi@@
> ¥
'S'@O =
' o <>
e




Y085 NRG TENDL-2015, AKONING
alphas from (n,2a)

o

9 2
2 10 ~ -
5 i N
~\

F AN o

(& S Q;\Q.)

S
S
< Yo <
<,




Y085 NRG TENDL-2015, AKONING
alphas from (n,pa)

ranineN
\
—
.
yAR




Y085 NRG TENDL-2015, AKONING
alphas from (n,da)

é 0" M
g - =
Y N o
g &F

o o Q}®

<SS
S o S
<,




