Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING
Principal cross sections

105 I I I I I
10%
10°
10°
o W
— total
0 | —— absorption
10 — elastic
—— gamma production
10
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)

N-PR129 NRG TENDL-2017, AKONING
resonance total cross section

=

o
w
|

— total

107

Energy (MeV)

107




Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING
resonance total cross section

4 — total

107
Energy (MeV)

107




N-PR129 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10°
Energy (MeV)

10*




N-PR129 NRG TENDL-2017, AKONING
resonance absorption cross sections

10°

capture

=

o
N
|

Cross section (barns)

|

o
[N
I

107°
Energy (MeV)

107




N-PR129 NRG TENDL-2017, AKONING

resonance absorption cross sections

=
o
N
I

Cross section (barns)
B
=
I

capture

B

107

Energy (MeV)

107




N-PR129 NRG TENDL-2017, AKONING
resonance absorption cross sections

capture

=

oI
=
I

Cross section (barns)
S
N
I

10°
Energy (MeV)

10*




Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING
Non-threshold reactions

| | | | |
4 | (n,gma)
(n,a
10° 4 — tqpa)
10°
10t -
10°
101 \
11 9 7 5 '3 1 1
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING
Principal cross sections

10 I I I

total

absorption

elastic

gamma production

0o
|

0 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)

N-PR129 NRG TENDL-2017, AKONING
Non-threshold reactions

[
o
o

[N
o
w

|
OI
(0]

|

<
[N
N

=

oI
(BN
a1

=
oI 1
(o)

[ 1 ‘&t 1+ 1 1 { 1 | ] [ |

|

<
[N
oo

I I I I
0 5 10 15 20

Energy (MeV)

25

w
o




Cross section (barns)
= N w S Ul
o o o o o
o o o o o

I I I I I

N-PR129 NRG TENDL-2017, AKONING
Inelastic levels

700 '

1070
600 —

Energy (MeV)

30




N-PR129 NRG TENDL-2017, AKONING
Threshold reactions

2.0 '
1879 — Eﬂé)nd) B
164 — d L
— a
1.4 m
~ 1.2 7 m
1.0 -
N 0.8 - -
O 0.6 .
0.4 — m
0.2 L
0.0 — | | |
0) 50 100 150 200

Energy (MeV)




N-PR129 NRG TENDL-2017, AKONING

Threshold reactions

1.4
— (n,2n)a
12 —— (3na L
— (h,n")p

Py — (n,n*)2a
0 S *
E 1.04 (n,n*)d B
®
=
— 0.8 i
O
g
h 0.6 — -
7))}
7))}
O 0.4 -
@)

0.2 L

0.0 | | | | | mE

0 5 10 15 20 25 30

Energy (MeV)




N-PR129 NRG TENDL-2017, AKONING

Threshold reactions

0.5
—  (n,n%)t
— (n,n*)he3
— (n,2np)
0471 — (n3np) B
g — (n,2np)
g8}
O
~ 0.3 i
c
O
O
Q
N 0.2- .
7))}
7))}
O
@)
0.1 =
0.0 | B - | | =
5 10 15 20 25 30

Energy (MeV)




N-PR129 NRG TENDL-2017, AKONING
Threshold reactions

100, ' '
o
10 — (n,npa)
— (n,n*c)
—— (n,d)

—~ 807 — @y
g —— (n,hel)
®
o
c
9o
O
@
N 40—
7))}
7))}
O
@)

20 —

0 | —

0 5 10 15 20

Energy (MeV)




Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING
Threshold reactions

Energy (MeV)

400, ' '
-
L — (n,3a)
3501 —— (n,2p) =
— (n,d2a)
— (n,pd)
300 -1 — (n,pt) —
250 — -
200 — —
150 — —
100 — —
50 =
0 | | | - |
0 5 10 15 20 25 30




N-PR129 NRG TENDL-2017, AKONING
Threshold reactions

160 ' '

* '6
10 — (n,da)
140 —

= =
=) N
o o
I I

80 — =

Cross section (barns)

40 — —

0 | | — | |
0 5 10 15 20 25 30

Energy (MeV)




N-PR129 NRG TENDL-2017, AKONING

angular distribution for elastic

i),
o,
J
5
o ’2 /
o 10

<5

s
<, o
/OQ




%

%
A Qv
=N

S/
Y A

AN
\\ V\.
—— \\ o
— \
——— DR

6 &

N-PR129 NRG TENDL-2017, AKONING

angular distribution for elastic

———— 0. Q
e S W A R\ 0
o AR %
LN\ ()
Ou OAL —\

SR\ N\SXY




N-PR129 NRG TENDL-2017, AKONING
angular distribution for (n,n*1)

|
0 4
10 3
P ]
0 A
Q4 P
2 0" >
0 10 h =
N
<5 S
< L 9JJJ > s
<, Co |l
S, o |1
S




LYoniCos

N-PR129 NRG TENDL-2017, AKONING
angular distribution for (n,n*2)




N-PR129 NRG TENDL-2017, AKONING

Neutron emission for (n,x)

NS\NCOQ




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,2nd) ‘

SO
0 /
é 10 &
2 ®
5 P ¥
100 A S
- <SS
S o v
<, >




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)

A
® 10
zZ - -
% /N
5 3
105~ >
S NS
'S.@c* ~o ~>
S XS %




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,3n) ‘

LronitieN
\A
(D
\
@

AN
34 N
100 T sS
A

<> <

Ry

ST o v

S

e, ©
S Yo D




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

j i
11
0 A S
- 10 o
2 Y >
0 24 IS “ NN
5 10 ~
o =S
S ~> <
<S5, 2L




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a \‘

1 S
A4 &
® 10 &
Z >
. e
o S <

3 ESINE
> 0-~" > S

:L (&4 N é}%
= > <&
ST >
/)6)@ =) SV
2 s




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a l

LronieN

N
\




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

10

A4
RNl
:‘é 2 A N Q;th\
510 |

< > S

®® o

Qé}) é’o <n




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

[ - S
5 =
g 3 P ¥
100 s &S
= >
S = =




LronieN

N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d

10
S
» v
0 >
1 Vs
- QP
Q(\/Qé\
) v S
-~ > <
@Q <z n\?‘
<. & N
7
L ST




N-PR129 NRG TENDL-2017, AKONING

Neutron emission for (n,n*)t

P
2 10
v 1
Z )
: -
N
5 34
1007
\S\@Q\"
®’®,7
<z o) ,»b‘




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3
1 ~
10 \\
i S

—~ 4 >
%10 N{ Ve
- .
e <
0 ) NS
<S>
S T S
s, =




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

1 S
7 >
é 10 S
Z 7 P s
g N D
007 S &
100 S
> G
S ™ <
O -
<, Yo ~>




N-PR129 NRG TENDL-2017, AKONING

Neutron emission for (n,3np)

% 10
7 M
g 3
100
\S\@Q\"
<. 7 >
e




% 01/ Q Ve
Zl ))\\
J2 7 @aN ~>
0 AN
e <
¥ ) =~

o N~ Q@

<
e ~
0

N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

4 // A
10




N-PR129 NRG TENDL-2017, AKONING
Neutron emission for (n,npa)

72 10

)

Z / \@t{u\\

%

z 5

b A7
10 =
Sy S




3 :

Z w Q\/

Z .I.l

0 L

. & @
59 L.

S E X/ 0
RS =7

O

Z O ~=_7 &O
I —

T.nlu —\ \
g & v 8
z 5 o &
S v 9
X = \ \ \ \ \ Q
Q3 - "o 0 9

zZ Z <\ <\

NOIHWEN




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,x)

7
QO
O
< 25 «
//@@
1z,

[
=
=




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN
\

™
\




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

A4
a
Z A
% ,Z/ /
I
o 10
o
\(;o
<L S ~>
k/
%@ %




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

1/

10
Dl
v A
Z 10
% /
3

o ‘\?‘Q/

(\/
L




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

LronieN
\

™
\




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a

1 A
10

A 4 q
v -
Z 10
% /
3

o NS

NS
s ~
%@ = v




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a

— —
S

W

\

S

TranineN

&

V)




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p

LronieN
\

€

—
\




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

A
d
Z A
5 5
e
o 10
< S
‘2\@6\ <
S
—J




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d

2/
10
7 0
v 10
zY
5
5 1
100~ N
NS
< S ~>
k@% a2




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

3

10

Z -

© 10 {

Zb i

2

0105/
S, >
%@ NS




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

0’ ‘ . i{{\
0 th@Lt
é 101 = 1‘ -
g =
o 1001: - %§$
<§@®i ~>
_/




N-PR129 NRG TENDL-2017, AKONING

Photon emission for (n,2np)

0/
% W
Z A
5 4
e
g 40
(P4
o<
@@ N

\




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

10
z )
10
7 4 SN
%10 >
2 3. Q\y%
210 RPN
o S SF
SRS
£, <
=, ©




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

%10 >
200
2 ~>
2 NN
> o2 S
100 P oS
>
§@S >
S/
—




N-PR129 NRG TENDL-2017, AKONING

Photon emission for (n,npa)

NS\NCOQ




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)

LronieN
\

—
\







LronieN




N-PR129 NRG TENDL-2017, AKONING

Photon emission for (n,d)

0

I

y D

\
A
A

NS\NCOQ




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,t)

LronieN
T




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

TraninheN

S
= —
=

>
4 >
100/ <<,§
>
<
//@e <
S/
—/




LronieN

N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,a)




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2a)

LranieN
e > S
-
=

-
< =
@b
—J




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,3a)

LronieN




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN
T

€




N-PR129 NRG TENDL-2017, AKONING




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,d2a)

LronieN
\

€

™
\




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,pd)

/.

v 10

zr

¢,

0105/

-
‘2\@6\ <
L




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,pt) (
|

=

y |
10
) !
I {

® A
Z 10
% /
53

o NA

L,




N-PR129 NRG TENDL-2017, AKONING
Photon emission for (n,da)

LronitieN
\A
()
(-
-_'—#'
[
[ —
/)
b




N-PR129 NRG TENDL-2017, AKONING
thermal capture photon spectrum
| |

=
o
w
|
|

=

o
N
I

|
o
[N
I
I

Gamma Prod (barns/MeV)

=
o
o

I I I
4 6 8 10

Gamma Energy (MeV)

o
N




N-PR129 NRG TENDL-2017, AKONING
14 MeV photon spectrum

10% —

|

o
=
I

=

o
o
|

1
(BN

=

ol
N
I

Gamma Prod (barns/MeV)
o S
I I

H

OI
D
|

L

=
oI
a1
o

I I
10 20

Gamma Energy (MeV)

30




MeV/collision

N-PR129 NRG TENDL-2017, AKONING
Particle heating contributions

35

30

25—

protons
deuterons
tritons
he-3
alphas

50 100
Energy (MeV)

150

200




N-PR129 NRG TENDL-2017, AKONING
Recoll Heating

40

N
o
|

o
|

N
o
I

(o)}
o
|

o
S

Heating (MeV/reaction)
2 5 B
I

recoil heating

o

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-PR129 NRG TENDL-2017, AKONING

Particle production cross sections

Energy (MeV)

6 I
—— protons
5 —— deuterons i
— tritons
— he-3
— alph
4 alphas B
3 L
5 _f/\/\ll B
1 L
]
0 /_j
0 50 100 150 200




N-PR129 NRG TENDL-2017, AKONING

LronieN




N-PR129 NRG TENDL-2017, AKONING
protons from (n,n*)p

il i ‘“\\ -
% 10 r >
? A
5 N >
:‘é on/ /,HJWNJ > &
&1 o < {(}\Q} N
'S'@Q @:30 <




protons from (n,2np)

N-PR129 NRG TENDL-2017, AKONING '
1/ Jﬁ

S

0 a5
él ) >
Z >
o 34 4 AL GPIN
o 40 NSRS

0/ v \®

PSS
S o >
e ~>
7 90 Q




N-PR129 NRG TENDL-2017, AKONING
protons from (n,3np)

T
0 f

D2
Y -
Z 10 /
R N
g )
o &
<
DA ¥
SN >
RN




N-PR129 NRG TENDL-2017, AKONING
protons from (n,2np)

LronieN
\A
O
N
=
/
),

, AN
10 NS
0/ '\<,') ®®
<
S
< 6\‘20 >
2




TraninveN
o,
\é
o
%
/4
@% 90

N-PR129 NRG TENDL-2017, AKONING
protons from (n,npa)
N ([ ‘ \




N-PR129 NRG TENDL-2017, AKONING
protons from (n,p)

A
[ S
510 I L MRS
0/ \®
S &2
&
®®O <o <~




N-PR129 NRG TENDL-2017, AKONING
protons from (n,2p)

LronieN




N-PR129 NRG TENDL-2017, AKONING
protons from (n,pa)

;
/=
S
L=
=
e —

9 2
Z 10 -
% Ve \H S\\ \
N ~\
g IR P &F
0/ Q~>®
'\9 <<§\
S
- =
O@
7




N-PR129 NRG TENDL-2017, AKONING
protons from (n,pd)

=
% v
z S =
J
0 .3 XN
5 40 > &€
o =S
> S
<




® 2
Z 10 |
% A
5
o~ NE
<SS
S Y5 S

N-PR129 NRG TENDL-2017, AKONING
protons from (n,pt)

0 -
10 ““‘




N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,x)
0 ~
10 < \
=

A
v
Z 40 K
2 . N
0 KN
()
& NN
o S
i
O
®®O S5 <35
., (&4
<,
%, o
/- OO S




TraninveN
X
/
i}
Y

0 8 NS
NS
<
RS
2,

N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,2nd) h




N-PR129 NRG TENDL-2017, AKONING

deuterons from (n,n*)d

o’ >
9V &
% >

¥
507N S
/ > S
(P4 N QQ;\Q.)
<
'S.@c* ~<o ~>
<, v




N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,d)

e W’ﬂ“ ‘."""" -

1A

% 10 2
i ~

0 AL AN
g N Z
o 10 | >~ S

0/ x®

> <<§\Q’
®®O <o <~
‘)




LronieN

N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,d2a)

0 -
10
S
2 A
10 Ve
7 ~>
JAN
y» P ¥
0o~ >
:l, (&% S QQ;\Q.)
T <&
S
& Yo <
<,
<.
QP 90 S




N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,pd)

9
z 1 | >
2 |
0 3. NN
5 40 > &€
% S
) S
S
<
<.




N-PR129 NRG TENDL-2017, AKONING
deuterons from (n,da)

MﬂM
0 -
10
7 S
D 2 : <>
Z 10 JN\H\} ~
5 i / NN
v ,§> @q,
> o \®\
> ST
'S'@ <2
) (& <>
Q’@,
Gz > O




N-PR129 NRG TENDL-2017, AKONING
tritons from (n,x)

T

S
i/
/

é 10 3
5 KU
5 QiSSse NN
& ) S 2
% b : ~ @
100 =S
< <
®®O & >4 <35
<
Gz <::’00 S




N-PR129 NRG TENDL-2017, AKONING

tritons from (n,n*)t

1/
10
%0
v 10
0
5’, ,3//h
100/\
'S.@c* ~o

&
>
q?‘®
Vv \\&%
ﬁ
c\/g \Q-)
&
<
NS
r\c,o




N-PR129 NRG TENDL-2017, AKONING
tritons from (n,t)

10’1: i 1‘“”"

7z A
0 10 M

g
% { L~ I A
0 KNS
5 B34 MESE

10" o &S
~ &S




N-PR129 NRG TENDL-2017, AKONING
tritons from (n,pt)

0
5 5. ! >
& 40 S
0/ '\<C) é}®
<SS
S o S
<,




N-PR129 NRG TENDL-2017, AKONING
he3s from (n,X)

Z N
J2 ««i ~
O A I PN\
g0 ] S F
“ &
S Yoo <S>
'S




N-PR129 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

/
[
[

fac

[ 5
[
[

7 07
21 ] v
5 R T
o 4 <
100/ ’\<’¢) é)\®
<




N-PR129 NRG TENDL-2017, AKONING
he3s from (n,he3)

00 (f"..‘
s
é TUN W // if ".‘

2 | e ~
5 2T & &
100/\ < Q)\®

SR
KS\.@QQ):O <>
%,




N-PR129 NRG TENDL-2017, AKONING

alphas from (n,x)

100 | || \
|

2 Al
10 !
Pl

7
d |
g {:-”’!|I '@% §$
s <
®®Q <%
<




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,n*)a

% <>
Z 40 N

A S a

o S
> ST
<,
<.
7




N-PR129 NRG TENDL-2017, AKONING

alphas from (n,2n)a

/

LronieN
\_A
O \
NN
LI_‘

/[

0"’6 %
o

>

>

RSN

> ¥

P S
o <&
.\,b‘
N




N-PR129 NRG TENDL-2017, AKONING

alphas from (n,3n)a

0/

10 I
7y
d) 2
Z 10
PN
o

QO

'S.@c* ~<o

<,

>
AN
T ¥
D
S
<&




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,n*)2a

| mﬂ"

0 -~ /‘
10 1
D -
% 10 %
Z N =
5 - s
@) JAN
5 A P ¥
100/\ \®
S Sl
s




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,npa)

2 s >
%1 ) LN -
0 XN
& > &

] ®

o S Qé}

>~ &
®®O <o <~




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,a)

7
() .
Z 10 \ -
Jo. A
g wﬂw &
0/\ 3 J ﬂ JJQM \®
N




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,2a)

100 iy \

~l

SO
2 -

% 10 >
% l N .
0 \H\\“\ N
5 A 1 J«JNM A > ﬁ\@é

10 o &>

<
2




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,3a)

A
[ S
p o
0 A N
5 40 > &€

1 /\ D

(& S Q;\Q.)

&
Sy
<,




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,pa)

/ M
o T e
\
2
9 10
% 11] L -
0 | [0 N
N IR i
Jvo S a
2




N-PR129 NRG TENDL-2017, AKONING

alphas from (n,d2a)

D -

210 N
[ - S

7 >

0 PN\

5 A P ¥

100/\ S
<s¥
<,




N-PR129 NRG TENDL-2017, AKONING
alphas from (n,da)

i
0 -
10 L
i 5
%00 &
21 § -
5 / / NJL\H\ ~
0 ' SO
5 A P &€
10 o @\‘2’@
S <3¢
) (& <>
e
7 > O




