Cross section (barns)

N-1118M NRG TENDL-2017, AKONING
Principal cross sections

I I I I I
10°
10%
10°
10% - A
101 —\m‘t‘L
- al "\/\Nw
absorption

0 elastic
10™ —— gamma production

-1
£ P O B e L T 1,

10 10 10 10 10 10 10

Energy (MeV)




N-1118M NRG TENDL-2017, AKONING
resonance total cross section

1 — total

102 N

Cross section (barns)

107°
Energy (MeV)

107




N-1118M NRG TENDL-2017, AKONING
resonance total cross section

102

]l — total

Cross section (barns)

10*

107
Energy (MeV)

107




N-1118M NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING
resonance absorption cross sections

=

o
N
|

|

o
[EEN
I

capture

|
o|
(o)

Energy (MeV)

107




N-1118M NRG TENDL-2017, AKONING
resonance absorption cross sections

10%

capture

Cross section (barns)
o
=
-
==
—
&s

10°

Energy (MeV)




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

=

o
(@)
I

=

oI
[IEN
I

=

oI
N
I

H
o
o

Energy (MeV)

10*




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING
Non-threshold reactions
| | | | |

10%
(n,gma)
_ c )
— (n,a
103 i (n,2a)
(n,pa)
10°

oiy‘ |

|

o
=
I

10°
10™ ‘
-2
10 11 | | 9 | 7 | 5 | 3 | 1 I1
10° 10 10° 10° 10 10° 10

Energy (MeV)




N-1118M NRG TENDL-2017, AKONING
Principal cross sections

14 I I I

total L
absorption
elastic

amma production
10 g P

Cross section (barns)

0 20 40 60 80 100 120 140 160 180 200
Energy (MeV)




Cross section (barns)

10

=
OI

=
oI

N-1118M NRG TENDL-2017, AKONING
Non-threshold reactions
| |

(BN
o

=
w

(BN
»

I I I
0 5 10 15

Energy (MeV)

20

25 30




N-1118M NRG TENDL-2017, AKONING
Inelastic levels

8 I
*10°3
7 — (n,n*1)
— (n,n*2)
— — (n,n*3)
0 6 ——  (n,n*4)
E — (n,n*5)
®©
2 5-
S
O
@
n
n 3
n
=
Q 2
1_
0 | | | |
0) ) 10 15 20 25

Energy (MeV)




N-1118M NRG TENDL-2017, 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*6)
— (n,n*7)

o
o
ol

10

I I I
15 20 25

Energy (MeV)

30




N-1118M NRG TENDL-2017, AKONING

Threshold reactions

1.8 '
| — (X |
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 | | |

o

50

100 150
Energy (MeV)

200




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING

Threshold reactions

0.7

— (n,2n)a
064 —— (3na L

— (n,n%)p

— (n,n*)2a
0.5 — — (n,2n)2a |
0.4 — .
0.3 .
0.2 .
0.1 .
0.0 | | | | |

0) 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING

Threshold reactions

0.6

O
&

o
~

o
w

—
N

=
=
I

o
o

(n,n*)d
(n,n*)t
(n,n*)he3
(n,4n)
(n,2np)

ol

10

I I
15 20

Energy (MeV)

25

30




N-1118M NRG TENDL-2017, AKONING
Threshold reactions

1.6 ' '

e
N H
I I

=
o
I

Cross section (barns)
o o
o 0
I I

o
~
I

Energy (MeV)




N-1118M NRG TENDL-2017, AKONING
Threshold reactions

183
o
1106 . (n.0 L
— (n,he3)
— (n,3a)
> 144 —— (n2p) —
c — (n,pd)
o 12 - .
L
c 10— L
S 10
o 8- L
(0))
QD 6- -
o
G 4 )
2 — e
0 |' | » T i
0 5 10 15 20 25 30

Energy (MeV)




N-1118M NRG TENDL-2017, AKONING

Threshold reactions

on o3
10 — (n,pt)
— (n,da)
~ 47 B
(7))
=
(qv]
o
N’ 3 — -
c
O
0
5}
" 2 L
w
w
o
@)
1- e
0 | | | = i
0 5 10 15 20 25 30

Energy (MeV)




N-1118M NRG TENDL-2017, AKONING
angular distribution for elastic

LXAnlCosS




N-1118M NRG TENDL-2017, AKONING

angular distribution for elastic

SR\ N\SXY




LXAnlCosS

N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*1)




N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*2)

5
o = > “ S
‘o y? TS
SN
ol MW > sT
SN [
\S\/’?@ 0\5\\ [
o ©




N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*3)

5
5 >
AN
s JiﬂﬁﬁJ >
% QO < >>>>JJJ <>
\S\/’?@ 0\5\\ [~
o ©




N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*4)

!
0 4 N
@ 10 =
@) g
Y @Q
2
: - -
S &
<
Q‘Z’
<> <




N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*5)

LXAnlCosS

)




LXAnlCosS

N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*6)




LXAnlCosS

N-1118M NRG TENDL-2017, AKONING
angular distribution for (n,n*7)




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,x)

>
A 1012/
@)
Z
e
1 A1
o 100




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2nd)

% 10
Z N -
? o
0 N
5’, ,3: qyﬁ\@@
- D s
S
- >
S, 7
7
2 T




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

- \\\

O A
- 10
0 y Ve
Z J)¢/
2 7 J ,\9@ =~

<S5
DN >
s 2




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

N
\

LronitieN
\A
(D
\




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

LronieN




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

é 10 f <
2 > o
5 3 _F
- <SS
S S
<, Yo




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a

% 10
Z . &
s ’ : . S
10 g
- ASEERS
Sy
@Q -
<, = ~
<.
R




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

/ Wm

0 - S
- 10 o
> -
— N Q
% » MJ\J\\&H q’\
540 % &

0/ x®

N
S5 <o
<.




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

oy
® 10
Z .
2,
b A7
0/
10@ S
S
SQg@ <D




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2n)2a

LronieN

N
\




7 4
a N
Z 10 /
: ®
I <
& S

- <5

S = S
<, &

N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d
1 ~
N




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t

7 10 >
% - &
5 -
9 2 - W\ S
5 10 >
- N
(& > Q;\Q.)
P S
S o




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3

10
% 2 - (\’QA\
= 10 P
g1V S
<
'\S\éoé> >
@) -




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,4n)

LronieN




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

5 0'1/ L2
z N
0 A / .
o \ RgENN
e S <
¥ RN
0/ & ®®
Py NS <
Se >
< ~
S, o v
2,
S




N-1118M NRG TENDL-2017, AKONING

Neutron emission for (n,3np)

N

% 10
a0
c
g 3

100

\S\@Q\"

S = >
e




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

9 10 P &
zZ - -
@ o =
0, ,3/ \@
10c~ P &S
- <SS
S S
<, Yo




% .5 ©
= 10 L
Z S s
% A
SANp
& > &
0/ \®
N
S
S5 -
S, Yo

N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,npa)
|
1 ~
10




N-1118M NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

LronitieN
\A
LD
—=
g
—
=
/ >
D
%

| N
P &
- N
QO S Q;\Q.)
T &S
S Yo




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,x)




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN
DN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,2n)

LronieN
\

™
\




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

LronieN
\

€

—
\







N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

— —
S

W

\

S

TranineN

&

V)




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

' '

o |

1 / ‘,'\\\\\
ml\\\ -
5 | M =
> 0 o i§$

< _ S <

£




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

S\

% 10 //‘

Z A

5 4

g 40
< S
6\9
//@@ < <n

\)




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,2n)2a

0" T
105/
é 104/
2 3
25
o
§”%2 S




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

3 / I"/" J
g | ; !7?" bﬂ! \
%40 Nﬁfﬂ EJ{&\
20
éloi: é\‘\\u\\\‘? zé\




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronieN
DN




<

Z

N

<

~ @

—

*

nll

e

o

WO

=5 X

O

X ¥

Z & ¢

2 S s

T S W v e o S A

= O N

£ o = <=
NSNIOE




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,4n)

6.
10
H_
10
7 4 SN
%10 >
% 3. Q\?‘Q
o 7 SN
- O CbQ <<
SR <S>
< >
= S




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,2np)

roniveN
— —
(- (-
(- N
\ \ \ \

o,
0%
e

\w
A}
O o
o
%




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,3np)

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,2np)

0/
% 10 |
Z A
2
o 40
(P4
L




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,npa)

\
<\
<\ /00

NS\NCOQ




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*1)

2/
10
e q§
2 0 -
2 10
’é A
0*{00/

V)
N\

<
<o

()
1z




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,n*2)

O/
% 1
Z A
% 2 d
'l
o 10
(&%
O
(&4 u\
S o
@@‘3




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*3)

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*5)

O/
% 10
> - - &
? L1
9 OZ/ S N
0’10/ ™ \@@
O { <<
6\0\2 N <S>




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,n*6)

0 4

% 1

z i<

15 - S
J«J\Lu Q)Q
(&4 e N

§@ e = e

@@ )




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,n*7)

NS\NCOQ







N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,gma) /

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,p)

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,d)

":"'-"',:,-/'r:";
=
5/1

4
10"
‘i\@ <~ <>
S
—J




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,t)

NS\NCOQ




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,he3)

Ry |
% 40" B ©
| g
J2 QU v
E 4 \ P S
1057 s
SR
S
/// <>
%@




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,a)

LronitieN
\_A
LD




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,2a)

LronieN




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,3a)

LronieN
\

™
\




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,2p)

el L/

NS\NCOQ




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,pa)

2/

10

7 0

v 10

zY

e,

o 2

100 ©
‘2\@6\ <

L

0
0




N-1118M NRG TENDL-2017, AKONING
Photon emission for (n,pd)

LronieN
\

™
\




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,pt)

\
=0
= Tz <

NS\NCOQ




N-1118M NRG TENDL-2017, AKONING

Photon emission for (n,da)

\
=0
= Tz <

NS\NCOQ




Gamma Prod (barns/MeV)

N-1118M NRG TENDL-2017, AKONING
thermal capture photon spectrum

10°

=

o
N
I

=

o
[EEN
I

=

o
o
I

I I I
4 6 8

Gamma Energy (MeV)




Gamma Prod (barns/MeV)

N-1118M NRG TENDL-2017, AKONING
14 MeV photon spectrum
I

= = = = = =
o o o o @ Q,

=
o

=

o

[BEN

N

w

IN

I I
10 20

Gamma Energy (MeV)

30




MeV/collision

N-1118M NRG TENDL-2017, AKONING
Particle heating contributions

30 '
—— protons
25 — —— deuterons .
— tritons
— he-3
— alphas
20 — I
15 I
10 — I
5 — -
/
0- - | |

0 50 100 150 200
Energy (MeV)




N-1118M NRG TENDL-2017, 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




Cross section (barns)

N-1118M NRG TENDL-2017, AKONING
Particle production cross sections

5

N
I

w
|

N
I

protons
deuterons
tritons
he-3
alphas

_% |

50

100 150
Energy (MeV)

200




N-1118M NRG TENDL-2017, AKONING
protons from (n,x)

LronieN




N-1118M NRG TENDL-2017, AKONING
protons from (n,n*)p

1 ~
o' T (b / I
) 1 -
By
9 10 y >
% i J J-JJ\H\HJ >
o .)MJ KN
5/, ,3: N \@Q’
10 o @\‘2’@
S& <2
) (& <>
e
Gz > O




N-1118M NRG TENDL-2017, AKONING
protons from (n,2np)
1 ~
10 | "\\
g

25

oy =
9 40 . &
% ) » o>

o
9 \ RN
L |~ RS
NS <
'S.@c* ~o N'g
= v




N-1118M NRG TENDL-2017, AKONING
protons from (n,3np)

LronieN
—
O \
N




N-1118M NRG TENDL-2017, AKONING
protons from (n,2np)

,
2 3 >~
o 10 Sl
0/ '\<C) Qé}®
<
S o S
<,




LranieN
\
-
/
y

N-1118M NRG TENDL-2017, AKONING
protons from (n,npa)
i m‘\\




N-1118M NRG TENDL-2017, AKONING
protons from (n,p)

LronieN




N-1118M NRG TENDL-2017, AKONING
protons from (n,2p)

[
) M
gy
% 10 ) <
2 LS >
0 3 L RN
5« 10 | L > @QJ
o S
N
Q@,
Gz > O




N-1118M NRG TENDL-2017, AKONING
protons from (n,pa)

LronieN




N-1118M NRG TENDL-2017, AKONING
protons from (n,pd)

D .
Z 10
A ()
2 % ® =~
o e <~
<SS
S Y5 S




S
) N
o NE Q)@?
<S>
Ky
< Yo >
<,

N-1118M NRG TENDL-2017, AKONING
protons from (n,pt)
0 -
10
p N

LronieN
\_A
(D
NN
),
b




N-1118M NRG TENDL-2017, AKONING
deuterons from (n,x)

0 ~
10 pH <
1 ~
< ) \}\}
0 (e
p J
(&4
SO
®®Q &\ZOO <35
O@,
L <::’00 S

@\{90

)
g

S 4
]
Q

0




N-1118M NRG TENDL-2017, AKONING

deuterons from (n,2nd)

—

LronitieN
\A
(D
\




N-1118M NRG TENDL-2017, AKONING
deuterons from (n,n*)d

'l <
o O <
<’
'S.@c* <o >




N-1118M NRG TENDL-2017, AKONING
deuterons from (n,d)

i

gy
%10
Z NJ\H\N >
% 3 MJJJJN N\
o 207 A <> S
o 10 >~

o o Q‘?}®

> &




N-1118M NRG TENDL-2017, AKONING
deuterons from (n,pd)

,
2 3 >~
o 10 Sl
0/ '\<C) Qé}®
<
S o S
<,




N-1118M NRG TENDL-2017, AKONING
deuterons from (n,da)

9 2
Z 10 J\W\} >
2 - v
0 RANp
5 > &
o o =S
RS
O@
=




N-1118M NRG TENDL-2017, AKONING
tritons from (n,x)

7 =
Z 9 I8 N
0 oL
2 A %@\\bw\ S o
& S <
o 10 ~ S
<
O
®®O ‘ZOO <>
'S
Yo, <
ZL- % O




N-1118M NRG TENDL-2017, AKONING
tritons from (n,n*)t

/.

O,

zr

5

o N

P 03: >
Vo -
S, s >




N-1118M NRG TENDL-2017, AKONING
tritons from (n,t)

% 10 <
z @JLNJN >
Jo. HN
9 3 / < S
o 10 >~
= LS
&L




N-1118M NRG TENDL-2017, AKONING
tritons from (n,pt)

O A

10
D 2
Z 10
5 g i > N
e <
0 ) NS

<
<,




N-1118M NRG TENDL-2017, AKONING
he3s from (n,x)

D3
v 3
Z 40 I >
% ) / wwﬂ\{&“ \ S s
e N Q @Q)
g y > S

o <

<S¥
)
®®O ‘ZOO <>
‘S
o, <
27 &5




N-1118M NRG TENDL-2017, AKONING
he3s from (n,n*)he3

i
% 5] N s
o 40 N
0/ '\<C) é}®
<
S S
<,




N-1118M NRG TENDL-2017, AKONING
he3s from (n,he3)

A # S
210 ) <
2 S
0 3. J NN
W > &

0/ \®

SIS
<,
<.




N-1118M NRG TENDL-2017, AKONING
alphas from (n,x)

=
\

LronieN
\




N-1118M NRG TENDL-2017, AKONING
alphas from (n,n*)a

i
9 0- | N U | (1
% 10 W >
g [N R < ch%\
> o~ \®\
> sF
'S'@ <2
) (& <>
6)?@,
K/




S

P <
Z 10

A (Y
5 T
o S <~

<
Ky
&~ o >

N-1118M NRG TENDL-2017, AKONING
alphas from (n,2n)a
014 ~
40 “‘.
g r




N-1118M NRG TENDL-2017, AKONING

alphas from (n,3n)a

SN
0
9V
2
Q 3 .
o 10
QO
'S.@c* ~<o
' o




N-1118M NRG TENDL-2017, AKONING
alphas from (n,n*)2a

%00

v 10

z

c

o A1

100 ©




N-1118M NRG TENDL-2017, AKONING
alphas from (n,2n)2a

A
v 10
g BN
100~ >
<
'S.@c* ~<o >
‘S




N-1118M NRG TENDL-2017, AKONING
alphas from (n,npa)
| ““‘.

LronieN
N
,t:
/[
b
@ 0




N-1118M NRG TENDL-2017, AKONING
alphas from (n,a)

LronieN
\

=
\

100




N-1118M NRG TENDL-2017, AKONING
alphas from (n,2a)

210' e
= e (\9
:‘é JJ\NJ%\} w\ < S
100"\ S
ESIEPES
‘%Q < “




N-1118M NRG TENDL-2017, AKONING
alphas from (n,3a)

é ] v
[ <SS
ge %
0 A SN
5 40 > &€

(& S Q;\Q.)

ST
S
<,




N-1118M NRG TENDL-2017, AKONING
alphas from (n,pa)

= -1 S

J2 | [ v

@) N Y

o A MJ*M‘M » &

PN s
S S
TS
”@,
L




N-1118M NRG TENDL-2017, AKONING
alphas from (n,da)

9 7 .
%1 § \H\'\’J | >
¢ _—
o Y &
0/\ Q~>®
S




