Cross section (barns)

IN124 NRG TENDL-2015, AKONING

Principal cross sections

10%* —
10° —
10° —
10t
100 — — total
—— absorption
— elastic
- —— gamma production
il = S P
I I I I I I I I E
101t 107 10”’ 107 1073 10t 10t

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
resonance total cross section

4
10 4 — total

=

o
w
|

Cross section (barns)
o
N
I

|

o
[N
I

'u

|
o|
(6]

Energy (MeV)

H
oI
N




IN124 NRG TENDL-2015, AKONING
resonance total cross section

10% =

total

=

o
w
|

Cross section (barns)
o
N
I

|

o
[N
I

=
o
o

H
oI
N

Energy (MeV)

1073




IN124 NRG TENDL-2015, AKONING
resonance total cross section

total

Cross section (barns)

10!
Energy (MeV)

102




Cross section (barns)

IN124 NRG TENDL-2015, AKONING
resonance absorption cross sections

10* —

capture

=

o
w
|

=
o
N
|

|

o
=
I

=

o
o
|

=
oI
[IEN

|
o|
(6]

Energy (MeV)




Cross section (barns)

IN124 NRG TENDL-2015, AKONING
resonance absorption cross sections

10"

=

o
N
|

=
o
=
I

capture

Energy (MeV)

1073




Cross section (barns)

|

=
[N
I

IN124 NRG TENDL-2015, AKONING
resonance absorption cross sections

:l.O1 E

=

o
o
|

capture

1073

Energy (MeV)

|
o|
N




IN124 NRG TENDL-2015, AKONING
resonance absorption cross sections

capture

[HEN

<)
w
I

Cross section (barns)

10!
Energy (MeV)

102




Cross section (barns)

IN124 NRG TENDL-2015, AKONING

Non-threshold reactions

— (n,gma)

[
10

1073

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Principal cross sections

10 I I I
— total
— absorption

— 8 — elastic B
C(/:) —— gamma production
| -
CU 7\
O
N—r 6_ -
c
O I
S
&)
m k
N 4 L
7]
n
@)
O

2 L

0 | | | | | | | | |

0 20 40 60 80 100

120 140 160 180

Energy (MeV)

200




Cross section (barns)

IN124 NRG TENDL-2015, AKONING
Non-threshold reactions

10-2 . I I

(n,gma)

[HEN

=)
w
I

I I I
0 5 10 15

Energy (MeV)

20

25

30




IN124 NRG TENDL-2015, AKONING

Inelastic levels

350 '
*1073
o — (n,n*1) L
300 )
— — (n,n*3)
2, — (n,n*4)
C 250 —— (n,n*5) B
®©
=)
— 200 =
ke
:
D 150 =
(7))
(7))
© 100 L
@)
50 =
0 | | | | |
0 5 10 15 20 25 30

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Inelastic levels

160 '
*1073
140 -

= =

=) N

o o
I I

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

N
o
I

N
o
I

o
o
|
ol

10 15 20 25 30
Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Inelastic levels

100 '
%107
— (n,n*11)
— (n,n*12)
— 80 — — (n,n*13)
2 — (n,n*14)
- — (n,n*15)
©
O
-
9
O
Q
0 40-
0N
n
o
O
20 —
0 |
0) ) 10 15 20 25

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Inelastic levels

35 '
*10°3
o — (n,n*16) L
30 — (n,n*17)
— — (n,n*18)
2 — (n,n*19)
C 25 —— (n,n*20) B
qv)
=
c 20— .
O
9
B 157 =
7))}
7))
O 10- -
O
5 -
0 - | | | |
0 5 10 15 20 25 30

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Inelastic levels

12 '
%107
— (n,n*21)
10 — —— (n,n*22) B
— — (n,n*23)
2 — (n,n*24)
- — (n,n*25)
@ 8- L
=
g
..: 6 ] [
&)
()]
(7))
D 4- -
=
@)
2 — L
0 1 | — 1 | |
0) 5 10 15 20 25 30

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Inelastic levels

60

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

5 10 15 20 25 30
Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Threshold reactions

18 | | |
N (n,X) |
1.6 (n.4nd)
(n,3n)
c (n,*)a
© 1.2 .
L
c 104 L
S 1.0
D 0.8 L
(7))
B 0.6 L
o
© 0.4~ -
0.2 .
0.0 | | | | | | | | |
0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




IN124 NRG TENDL-2015, AKONING
Threshold reactions

35

*1073
30

Cross section (barns)
= = N N
o o1 o o1
I I I I

ol
|

(n,2n)a
(n,3n)a
(n,n*)p
(n,n*)d
(n,n*)t

10

12 14

I
16

18 20 22
Energy (MeV)

I
24

I
26

I
28

30




IN124 NRG TENDL-2015, AKONING
Threshold reactions

2.5 ' '

(n,n*)he3

2.0 —

=
o1
I

Cross section (barns)
=
o
I

O
&
|

0.0

I
0 5 10 15

Energy (MeV)

20

25

30




IN124 NRG TENDL-2015, AKONING
Threshold reactions

18

*1073
16 —

Cross section (barns)

= - =

EEN o o o N AN
I I I I I I

N
I

o

(n,p)
(n,d)
(n,t)
(n,he3)
(n,a)

o

Energy (MeV)




IN124 NRG TENDL-2015, AKONING

angular distribution for elastic

7
=
=14
I\ /=/

l»
d NN
2- S
1% 5 ;ﬂﬁ >
< N <
S ;gﬂ <
(. O‘O >;;
O\S\/O, o >>>>
(S “ST <
o O




IN124 NRG TENDL-2015, AKONING

angular distribution for elastic

e S W A R\ 0
S\ < Z,O;\
2 = o

SR\ N\SXY




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*1)




LXAnlCosS

—
o

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*2)




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*3)

w \\\

\\
N

100 E E
/ -S>
55 1 SR
2 >
<o o JJJJ > > QQ’\%
5 1> <
O\S\/O,@ \Q ,,,>>>>>




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*4)

w \\\

\\
N

OO ] E
- S
g ¥ 1 g
@) J ~ <
5 S
9 > S
> J }1> N A@‘b
St jgﬁ <
O\S\/OQ o ,,,>>>>>




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*5)

LYoniCos




LXAnlCosS

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*6)

c

(j/
N > R §§\
<o ;ij &S
s yﬂ > <
% QO\ >>>>JJJJi<’>
‘S\/O’G) Q >
O




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*7)

d}Q

§
@0\(?0 0
\




LXAnlCosS

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*8)




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*9)




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*10)

LYoniCos




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*11)

d}Q

§
@0\(?0 0
\




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*12)

LYoniCos
N

o e
6\0 | I igﬁ

o, Fo =
Sz, o b
S




IN124 NRG TENDL-2015, AKONING

angular distribution for (n,n*13)
w \\\

> /
0 ~
5 o >
O ]
<o P &>
s WJ >~ <
% O’O >>>Jigi<o
%, <2




IN124 NRG TENDL-2015, AKONING

angular distribution for (n,n*14) \
|

LYoniCos
\_)
o

d}Q

§
@0\(?0 0
\




LXAnlCosS

—
o

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*15)

o
NERUA




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*16)

LYoniCos




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*17)

LYoniCos

d}Q

§
@0\(?0 0
\




LXAnlCosS

—
o

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*18)

o
v\




LXAnlCosS

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*19)




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*20)




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*21)




LXAnlCosS

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*22)




IN124 NRG TENDL-2015, AKONING

angular distribution for (n,n*23) \
1 \

LYoniCos

d}Q

§
@0\(?0 0
\




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*24)

7))
% S
<z 5 ﬂ \®
o >}JJ S <

s ﬁJJ >~ <

o 2 2

(& = < >>>>> <

'S‘/,>® o g




LXAnlCosS

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*25)




LYoniCos

IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*26)




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*27)

LXAnlCosS

) >
Cs yJ ™
o, “o s
o - | > <>
\S\/O.@ (& >
<z, O

z




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*28)

1
0
10" 3
2 ]
@) N
2 Ofl E
01
o
~ 0/ J S
P o Jiﬁiﬁjﬂ \'
C\O'S‘/O < o ,>>>>>>> =2
o -




IN124 NRG TENDL-2015, AKONING
angular distribution for (n,n*29)




IN124 NRG TENDL-2015, AKONING

Neutron emission for (n,x)

NS\NICOQ




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,2nd)

0 - S
- 40
I e ©
5 y
g 2 T
510 | S
- <SS
SN oV
<, >




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)

£ S
- S
é \\\JQQ ‘\/ Q$\
o &
o P S
<, Q/Q
- O
e >
< S
=
7
<z S5 <o




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)

] S
7 >
é it ®
2 1 |- >
0 J D S
0, A q/Q \@
100/ ®®
S NS <SS
S, s >
Q)‘S”@ s d
L so NV




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)a

7 4
a
2 10
% A
I
o
QO
S S




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,2n)a

210 S
2 g N
0 A XN

.3 A &
0 SRS

0" > s

10 Q;\Q.)

'\ﬂb <<§\
DN &S
<, < >




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,3n)a

LronieN

N
\




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)p ‘

S
0 A >
% 10 S
zZ - >
2 - D
g N () <
0% 2 A iV \@
0-~~ > N
:L (&4 N é}%
NS <>
Ry St S
e ~
<, Yo Vv
o, >
S




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)d

S
A >
[ <
g2 - v
g D
> S S
0/ Q~>®
'\ﬂb <<§\
S K
(&
<, ¥ D>




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)t

OO i S
7 1 P
% - &
gz >
2 10” v &
o v NS
(& QQ;\Q.)
<5
>
S5 <~ N
<, ¥ NS
<
L o) ,»b‘




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*)he3

LronieN




é 10 / >
[ = o
5 < *
o > Qﬁ\
0 .3 A 1 \@
100/ \®
‘\()’ <<§\Q’
S
" >
<, o
o 2

IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,4n) ‘




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,2np)

c

b A7

100
e
-S'@ 4 '&
(& o) o
Q’@, = S

2NN




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,3np)

TranineN
—
O \
N




IN124 NRG TENDL-2015, AKONING
Neutron emission for (n,n*c)

LronitieN
—
=
o
T
<5
/\
<7
[ 7
[ 7




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,x)

-
=

DO
@3
,A’/ >~ \@ $
I NS
10
N Q/Q
<S>
< ~<o
L




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,2nd)

LronieN




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,2n)

102: J ‘ T "l/' /,/'
- | iy ﬁ% ”/, W /' \

LranieN
VA—— '-=




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,3n)

LronieN










IN124 NRG TENDL-2015, AKONING
Photon emission for (n,3n)a

TranineN




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,n*)p

102 / i /\1

7 0~ J
v 10 |
2SN %
¢
0105/

6\9

\)




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,n*)d

LronieN
\A
(-
S
\ \ \
N\ =
[—
/
/é%/]

) g
100
~3
<> o
~S
§@ = >
L




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,n*)t

A

3

280 4

c

0105/

e

s = ~
g, = S

\)




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,n*)he3

LronieN




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,4n)

LronieN




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,2np)

W
4 *I/hj!/ll
i
> 105/
< S
L




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,3np)

=~
\

— —
S

W

\

S

TranineN
\

0

V)

«
s
€
Vs
S
S <




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,n*c)

LronitieN
\_A
LD







IN124 NRG TENDL-2015, AKONING

Photon emission for (n,p)

NS\NCOQ




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,d)

LronieN

9







IN124 NRG TENDL-2015, AKONING
Photon emission for (n,he3)

103/ II.‘/I';II
i 11 //k
AP ijl{,{k
v 10
zr
5
0102:
S
< G e
—/




IN124 NRG TENDL-2015, AKONING
Photon emission for (n,a)

;’éﬂ?
7
0

%
20 <
2
2y RS
0’100/ \@
SRS
«j:@e <
S
=




IN124 NRG TENDL-2015, AKONING
thermal capture photon spectrum
| |

|

o
=
I

=

o
(@)
I

=

Gamma Prod (barns/MeV)
S
I

I I
0 2 4

Gamma Energy (MeV)




IN124 NRG TENDL-2015, AKONING
14 MeV photon spectrum
|

Gamma Prod (barns/MeV)
o S o, o,
I I I |

|

ol
N
I

I
10

o

I
20

Gamma Energy (MeV)

30




MeV/collision

IN124 NRG TENDL-2015, AKONING
Particle heating contributions

18 I I I I

16 protons

deuterons
tritons
he-3
alphas

14 —

12 —

10

—

0 - | |
0 20 40 60 80 100 120
Energy (MeV)

I
140

I I
160 180 200




IN124 NRG TENDL-2015, AKONING
Recoll Heating

20

=
o
I

recoil heating

o

Heating (MeV/reaction)
' S
I

N
o
|

-30

50

I
100

Energy (MeV)

150

200




IN124 NRG TENDL-2015, AKONING
Particle production cross sections

1.2 | | | | |
—— protons
1.0 —— deuterons B
— tritons
— he-3
— alphas

o
o
|
I

Cross section (barns)
o o
IN o
I I
I I

o
N
|

I

/

I I I I I I I
0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)

o
o
I




IN124 NRG TENDL-2015, AKONING
protons from (n,x)

LronieN
\

=
\




IN124 NRG TENDL-2015, AKONING
protons from (n,n*)p

A
a)
% )
0 )
Z s
10o”
NS
'S.@c* ~<o ~>




IN124 NRG TENDL-2015, AKONING
protons from (n,2np)

s
2 N
:‘é 3 ~ Q@
o 10 VS

o S &

<SS
Ky >
<~ <o
<, %




IN124 NRG TENDL-2015, AKONING
protons from (n,3np)

W
\
L

LronieN
\




IN124 NRG TENDL-2015, AKONING
protons from (n,p)
[l / ll",,'
‘ r

» / S

% 10 <
4 (.

Z 1 RS
Jo. JJMJ N
9 3 <> S
o 40 >~

0/ S Q~>®

S S
<,
<.




IN124 NRG TENDL-2015, AKONING

deuterons from (n,x)

-
1
10
D .3
Q 3
Z 10 g
% B QY \J \H\N L
'l
P )
(&%
®®Q <%
Q@,
7 <o

@\{90

)
g

S 4
]
Q

0




IN124 NRG TENDL-2015, AKONING
deuterons from (n,2nd)

2 ] JAJ
5 3
100"
b s v
«%@ﬁ
L o D




IN124 NRG TENDL-2015, AKONING
deuterons from (n,n*)d

é ) =
5 >
0 3. SR
o 40 c

- S

(& > Q;\Q.)

~T &
S, s >




IN124 NRG TENDL-2015, AKONING
deuterons from (n,d)

é 10 /JJ e
— d { <

0 g T
o O <

100/ ’\<’¢) é)\®
<
S <> S
‘<




IN124 NRG TENDL-2015, AKONING
tritons from (n,x)

% 10
O
g7, J O
% 4 L SSass SN
& S <
o 10 ~
<
O
®®O ‘ZOO <>
')
o, <
7> TSI




IN124 NRG TENDL-2015, AKONING
tritons from (n,n*)t

A S
%10 v
? - >
) =<

o
:‘é 3 SR>
o 10 VW

o S &

<

S5 - NS

o o
6),@ NS
2, >




IN124 NRG TENDL-2015, AKONING
tritons from (n,t)

% 3 /J (\/Q JANDN
& 40 S
0/ '\<? x®
il
Se < S
o




IN124 NRG TENDL-2015, AKONING
he3s from (n,x)

é 40 L =
2 | 1 \N\N‘\L \
0 S KN
& S 2
o A / S
10o” &>
<
S
®®O & >4 <3
Yo, <
2z &




IN124 NRG TENDL-2015, AKONING

he3s from (n,n*)he3

) N
% 1
Z A
ISR
040

(&

\5\@0 <

N
L o D




Se)
® 2 ~
Z 10 =
% i SN
o Sl

0/ ({)/ Q~>®
n
_ S <
@O >
’Q@ {O N
=
R RN

IN124 NRG TENDL-2015, AKONING
he3s from (n,he3)
e
.- T
. ]




IN124 NRG TENDL-2015, AKONING

alphas from (n,x)

A
10
D .3
v 3
Z 10

5 ] <

0 g
g y
(P4

®®Q <%

<,
<.
7

>
Sy
E6S D
~ S
Q)@?
s <>
<:’00 S




IN124 NRG TENDL-2015, AKONING
alphas from (n,n*)a

0 - N
% 1
Z i /l
2 24
o 10
(&4
S >
<




IN124 NRG TENDL-2015, AKONING
alphas from (n,2n)a

100 |
e P &
7] -
— | (\/
ge, g
0 A X
e <
IS S S
o S
> <
~ <SS
S, s >
RS S
/)6,@ ~




IN124 NRG TENDL-2015, AKONING

alphas from (n,3n)a

LronieN




IN124 NRG TENDL-2015, AKONING
alphas from (n,a)

% 10 <
% / i NJN >

0 3 il R

5 40 e S

o o Q‘?}®
> &
<,
<




