Cross section (barns)

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Principal cross sections

I I I I I
10%
10°
A
102 ] | I | |
il
1 MM
10™ 1t
’ ‘M” w N\
100 — — total " | |
—— absorption , ’ 1M
— elastic
10_1 B —— gamma production
[
11 I I_9 I I_7 I I_5 I I_3 I I_1 I I1
10 10 10 10 10 10 10

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance total cross section

— total

=

o
N
|

Cross section (barns)

10*

107
Energy (MeV)

107




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance total cross section

— total

=

o
N
I

Cross section (barns)

10*

107°
Energy (MeV)

107




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance total cross section

102

]l — total

Cross section (barns)

J\JUN . UMU\JW

10*

107
Energy (MeV)

107




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance total cross section

10*

— total

Cross section (barns)

10°
Energy (MeV)

10*




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance absorption cross sections

capture L
----- fission

~—~~
@2 5
€ 10° - 3
®© C
@) R
N’ i
C -
i)
) |
(&)
CD i
(7))
(7))
7))} T
e 100 T —
@) C

10”7 10°6

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

107

Energy (MeV)

Ll ] I ] _:___ Ll ] L1l
llllll
N
— \\\
_ I
=---,
==-_"__
7] —Z~~
/
\\
\\\
— -
i l\:\\
||||||||||||||||
lll:ll//
~
N
. \
/
\\\
A“\J\ \\\\\\
-
1 T T T==a_ .
\
1
7)) L/
- Al
@) -7
" — \\\
- |\ T -
— A\‘
.
\
7
7)) -7
n -7
o
-
~
— -
”~
&) ’
c 4 "~.
//
@) ~<
= .
D N
| - ///
@) AN
N\
(7)) o 4
b = C 1
a =) 7
o)
=7
N p
e ﬁ //I
O ~
- 1 S
© “ \
- I \
@) : \
S rrriri 1 1 ______—_ 1 rrriri 1 1 LI
O _ _ _
| -
N — o -
(@) (@) (@) (@)
— — — —

(suJeq) uonoas ssoI)D

107




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

resonance absorption cross sections

I"/
Illlb
__—=-=
S
=
lll\ ="
T =
—e
==
=TT
—_— e
. —-.
====--_
==
==
===
‘l“\
==
\J
O L —=
20 ====oEln 0
o wn ==
C »n - —"----2
O = -3
===
I LT -
| ~q
! )
| -
1 ==l
T | | | |
~ — o n S oy N
(@) (@) (@) (@) (@) (@) (@)
— —i —i —i — — —i

(suJeq) uonoas ssoI)D

107

Energy (MeV)

107




Cross section (barns)

MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
resonance absorption cross sections

capture
100 = fission
107! =
107 -
1073 -
10™ E
lO0 lo1

Energy (MeV)




Heating (MeV/reaction)

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

Heating
| |
102_ — heating
10! -
10° -
M " I L P ] M
10 10 10 10 10 10 10

Energy (MeV)




Damage (MeV-barns)

=

oI
w
I

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Damage

10" - | |

damage

=

o
(@)
I

=

oI
[IEN
I

=

oI
N
I

=
oI
LN

[ [ [
10 10

Energy (MeV)

o|




Cross section (barns)

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

Non-threshold reactions

10% | | | |
fission
10° (:I)ma)
(n,a
—— R2a)
10°
10! -
10°
101
10-2 —\ ﬂ
T P = L P P |'1\
10 10 10 10 10 10 10

Energy (MeV)




Cross section (barns)

MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Non-threshold reactions

| | | | |
1074 = (0
107 -
10
10™ -
10° -
107 -
o 10° 0 107 105 100 10t 10

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Principal cross sections

8 I I I

\l
|

total O
absorption
elastic

gamma production r

o
|

ol
|

w
|

Cross section (barns)
N
I

N
I
I

|_\
I
I

o

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

Energy (MeV)

o




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Heating

120
— heating

100 — =

00
o
|

I

N
o
I

I

Heating (MeV/reaction)
3
I
I

N
(@
I

I

0 | | |
0 50 100 150 200

Energy (MeV)




Damage (MeV-barns)
= = N N
o o1 o o1
o o o o

I I I I

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Damage

350
*107

300 —

o)
o
|

—— damage

50

I I
100 150

Energy (MeV)

200




[N
=)
N

&

=
o

1
(o0}

=
o

(I
[HEY

|
=

Cross section (barns)

|
=

[REN
\l

D
[ T [ I )
& = F_

=
ol

=
oI

MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Non-threshold reactions
|

— fission
n,gma)
(n,d)

)
(n,2a)

N
(@]

I I I
50 100 150 200

Energy (MeV)

o




Cross section (barns)

MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Non-threshold reactions
|

(n,xa)

[HE

2
w
I

[N

=)
&)
|

=

ol
~
I

=

ol
(o)
|

|

oI
[IEY
[EEY

|
<)
[N
w
% I

I I
50 100 150

Energy (MeV)

o

200




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Inelastic levels

12

*1073

=
co o
I I

Cross section (barns)
(@)}
I

(n,n*1)
(n,n*2) C
(n,n*3)
(n,n*4)

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Threshold reactions

160 '
*1073
140 -

(n,

(ﬁS
(n,nY)a
(n,2n r

= =
=) N
o o
I I

80 — =

60 — B

Cross section (barns)

40 — —

0 | | |
0 50 100 150 200

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

Threshold reactions

18

*107
16 —

Cross section (barns)

= - =
EEN o o o N AN
I I I I I I

N
I

o

(n,n*)p
(n,n*)d
(n,n*)t
(n,n*)he3
(n,4n)

o

I I I
15 20 25

Energy (MeV)

30




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Threshold reactions

100 ' '
*1073

(o)) 0
o o
| |

Cross section (barns)
N
o
I

20 —

0 | | — ]
0 5 10 15 20 25 30
Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Threshold reactions

1600 ' '
o
10 — (h
1400 —— (n,hel) ~
==
— — (n,pa
g 1200 ——  (n,pd)
(qv]
Q 1000 - -
S
= 800 -
O
D
(0]
s 600- -
(0))
o
QO 400 .
200 — i
0 i i - i i - i —
0 5 10 15 20 25 30

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Threshold reactions

3.0 ' '

a1 9
Lo — (n,da)

N
ol
I

N
o
I

Cross section (barns)
- -
o o
I I

O
&
|

o
o

i I I
10 15 20 25

Energy (MeV)

o
ol

30




MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Threshold reactions

Cross section (barns)

I I
100 150 200

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for elastic

ARY; T=293.6K

LYoniCos




MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for elastic

ARY; T=293.6K

LYoniCos
N
0/ —=
0 ——
—
%
9
6,
@/ \]
9%
/% o
)%
%
\7(90
%

\\M % <S>
') i Vi h s
S ~ | ) ! |",> O

R




LYoniCos

MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for (n,n*1)

ARY; T=293.6K




LYoniCos

MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for (n,n*2)

ARY; T=293.6K

—
o

AN
\




LYoniCos

MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for (n,n*3)

ARY; T=293.6K

d}Q

§
@0\(?0 0
\




LoniCos

MD249 NEUTRON ACER TENDL-2024 LI
angular distribution for (n,n*4)

ARY: T=293.6K

d}Q

§
@0\90 0
\




Fission nubar

MD249 NEUTRON ACER TENDL-2024 LIBRARY: T=293.6K
Total fission nubar

7.0

6.5 —

o
o
I

o
&
|

o
o
|

B
&
|

B
o

O_

50

I I
100 150

Energy (MeV)

200




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,x)

LronieN

=
\




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Neutron emission for (n,2n)

0 .. l >
— 10 . N
() p Vo
Z s
9 0~Z/ e RPN
= <[
>3 - S
<>
5, @ S
S, So




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,3n)

% 10
zZ - >
5 ¢
d 3/
o 3
10 =
e
S5 St 2
S, Yo >




—
S,
Ay
\

\
~

LronitieN
\r.k
o

Q)(OQ




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Neutron emission for (n,n*)a

% 10 “\\ “ A2

Z 1 . . ~>

é O,Z/ UNSN MI ‘ ' ' .h N \@é\
Jlo” > {(/QQ,\®

<
Qk {6\ S




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,2n)a

7 10 )
%1 ) 1N
c
g a7
0/
Vo 2 >
S Z
< o <>
6>) <5




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,n*)p

TraninveN
=
N
=
@‘(

“ IS
0 e
- >
S
< Yo <




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,n*)d

é 10 < <
. .
'l <
o =
100/ ’\<’;" é)\®
= <
S ~
D >
3 &
<




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,n*)t

é 10 <
5 T
o =
- <SS
& = S
<, &




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,n*)he3

é 10 <
5 T
o =
I <SS
S S
S




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Neutron emission for (n,4n)

] 5
-1 7 >
% 10 v
z . &
5 T
5 ,3/ o @QJ
100/ v é}®
- > <
S5
<, W Vs
<
% ol




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,2np)

»
é 10 Ji <
2 ® <
o 37 Sl
100/ ’\<’;" é)\®
< <S>
S S
<, Yo




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,n2p)

- 10
% g Ve
% 34 A N
e <
510 | S

Y <>

S = S
<. s




MD249 NEUTRON ACER TENDL-2024
Neutron emission for (n,npa)

519 '

c

b A7

100 o
- S
<S5, 2L




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Neutron emission for (n,n*c)

«
< >
Jl| (AR gy y >
5100 //Wé}m ‘.. <
Z §
Z L o
@ 11k @J«M SIS
% O,Z: N ~- %\@
i > <<,°Q’®
S Yo
S <
S, So




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Delayed nubar

3400 '

*107°
3200 — L
3000 — —

« 2800 — B

a
il

2 5600 - L

n

© 2400 —

2200 — ~

Delaye

2000 — L

1800 — L

1600 — L

1400 i i i
0 50 100 150 200

Energy (MeV)




Probability

MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Delayed neutron spectra

=
oI
=

=
oI
N

group 1 frac 0.0071 decay/shake 1.490E-10
group 2 frac 0.3316 decay/shake 2.870E-10
group 3 frac 0.1511 decay/shake 1.027E-09
group 4 frac 0.2478 decay/shake 3.130E-09

group 6 frac 0.0590 decay/shake 2.577E-08

107

107

LN o LN L '
1073 102 10t 10°
Energy (MeV)




LronieN

MD249 NEUTRON ACER TENDL-2024 L4BRARY; T=293.6K
Photon emission for (n,x)

0 ~
10
S
oy
10 ) <SS
A S SN
- NS
1o <
<S>
§@
(4




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,2n)

LronieN




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,3n)

Z
% { L
2 2 4
0«10 J |
S s
(& >
S o
G@ g ~>

BRARY; T=293.6K




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,n*)a

LronieN




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,2n)a

ranineN
W
\ \
/=




BRARY; T=293.6K

MD249 NEUTRON ACER TENDL-2024

Photon emission for (n,n*)p

NS\NCOQ




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Photon emission for (n,n*)d

LronieN




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Photon emission for (n,n*)t

7 ‘
v 10 <>
010 8
g >
¥ SN
o =

< © S

/// ~

%@e




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,n*)he3

1 A

10 |
b L J J
Z 10
',‘é )
o =

(&
«j:@e >
@@ ~

SBRARY:; T=293.6K




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K

Photon emission for (n,4n)

LronieN
\

=
/b /\\\\\e

—
S

H

\
L%\




MD249 NEUTRON ACER TENDL-2024 L4BRARY; T=293.6K
Photon emission for (n,2np)

LronieN




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,n2p)

0 4
% 1
Z A
9 4
5 40
= o
< © S
Tz, <o ~
L

BRARY; T=293.6K




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,npa)

LronieN




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,n*c)

LronieN




MD249 NEUTRON ACER TENDL-2024 L1IBRARY; T=293.6K
Photon emission for (n,gma) |

—
S

LronieN




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,p)

SBRARY:; T=293.6K

LronieN




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,d)

—
\

LronieN
\




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Photon emission for (n,t)

—
\

LronieN
\




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,he3)

LronieN
\

—
\




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,a)

LronieN




MD249 NEUTRON ACER TENDL-2024
Photon emission for (n,2a)

10"
P
z) 01 = J /i@%\{
2 v LY
2 | \
g L0 I ‘
P o
2z <>
%@e

BRARY; T=293.6K




MD249 NEUTRON ACER TENDL-2024 L4BRARY; T=293.6K
Photon emission for (n,2p)

LronieN
\

—
\




MD249 NEUTRON ACER TENDL-2024 LiB
Photon emission for (n,pa)

RARY; T=293.6K

—
\

LronieN
\




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Photon emission for (n,pd)

LronieN




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
Photon emission for (n,da)

II q 4

0 - |
% 10 |
Z A
: .
510

N

(&4
< < <




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
thermal capture photon spectrum
| |

Gamma Prod (barns/MeV)

I I I
0 2 4 6 8

Gamma Energy (MeV)




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
14 MeV photon spectrum
I |

|
oI
(BN

H
OI
D

=
oI
\l

|

=
[N
o

Gamma Prod (barns/MeV)

=

oI
(BN
w

|

<
[N
(0]}

I I
10 20

Gamma Energy (MeV)

o

w
o




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Particle heating contributions

1.0 '

protons
deuterons
tritons
he-3
alphas

0.8 —

o
o
|

MeV/collision
o
N

0.2

0.0 I
0 50 100 150

Energy (MeV)

200




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Recoll Heating

180 '

recoil heating

= =
N S
o o
| |
I

100 — =

00
o
|
I

Heating (MeV/reaction)
3
| __
I

N
(@)
I
I

N
(@
I
I

o

I I
50 100 150 200

Energy (MeV)

o




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
Particle production cross sections

35 I I
*107
o protons L
30 deuterons
— tritons
n he-3
C 25— alphas B
®
=)
— 20 =
e
s
b 15 - m
7))}
7))}
© 10— —
@)
5— L
P =
0 = | |
0 50 100 150 200

Energy (MeV)




MD249 NEUTRON ACER TENDL-2024
protons from (n,x)

roniveN
n
\ \
yAl
yAR
VAR
/[




MD249 NEUTRON ACER TENDL-2024
protons from (n,n*)p

!
» HHH QN '/
% 10 |
AP
% 54 |LW
g 40 L7

< S

S <

®Q®)®f <

Gz S




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
protons from (n,2np)

é s <
27 J >
0 o
o ) NS
<SS
S o S
<,




MD249 NEUTRON ACER TENDL-2024
protons from (n,n2p)

é 10’ <>
2 S
5 4 S§
105" S
<SS
S o S
<,




MD249 NEUTRON ACER TENDL-2024
protons from (n,npa)

D0
0 2
Z 10
% A
I
P P
< S
'S'@ <>
[P
QQ) <n




MD249 NEUTRON ACER TENDL-2024
protons from (n,p)

o i ﬂ[\ """

7 Z A \/
0 .
% o L
2 J«JJJNN
p AL \\JJ
< >




MD249 NEUTRON ACER TENDL-2024
protons from (n,2p)

LronieN
—
O \
=~
\ \




MD249 NEUTRON ACER TENDL-2024
protons from (n,pa)

[
DA q
é 10 I r
= 1 J \J
:‘é 4 /««J«JNNN
0’ 1 0’0 P
S <2
) (& <>
e
7 > O




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
protons from (n,pd)

---I
-‘
[

D 2 <>
% 10 =
5 | > &
- D
(& S Q;\Q.)
TS
2




MD249 NEUTRON ACER TENDL-2024
deuterons from (n,x)

D 3
:‘é i w\NNJ
0’ 7
(&4
\%Q <o <S>
e
2z S5 o




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
deuterons from (n,n*)d

1K -
© 2 <
Z 10 /J
’5 i g > N
e <
¥ ) =~
<
<,




MD249 NEUTRON ACER TENDL-2024
deuterons from (n,d)

LronieN




MD249 NEUTRON ACER TENDL-2024
deuterons from (n,pd)

D2
0 2
0 -
P J
< S
S G
(&P
QQ) <n




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
deuterons from (n,da)

D 2 <>
%10 ) LKL >
0 N
5 > &
AN ﬁ
(& S Q;\Q.)
TS
Sy
O@
7>
<z




tritons from (n,x)

By
10
~ .3 A
v 10
zr
% www
'l
5 5
1007
®®Q <%
6)’@,
7 eOO S




MD249 NEUTRON ACER TENDL-2024
tritons from (n,n*)t

P v
Z 10
A S
0 \ s
0 ) NS
<SS
R S
<,




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
tritons from (n,t)

2 s >
%1 . [ >
g ﬂ KN
A > &
N
®®O <o <>
‘s
<
K2




MD249 NEUTRON ACER TENDL-2024
he3s from (n,x)

D 3
:‘é 7 S
0’ 7
(&4
\%Q <o <S>
e
2z S5 o




MD249 NEUTRON ACER TENDL-2024
he3s from (n,n*)he3

j RN
210’2/ M
y7 A S
5 T
g P S

o SIS

<SS
S S
<




MD249 NEUTRON ACER TENDL-2024 L1BRARY; T=293.6K
he3s from (n,he3)

2 s >
21 LN S
0 XN
o > &
0/\ \®
S S
S
> “
S
7>
&




MD249 NEUTRON ACER TENDL-2024 L4BRARY; T=293.6K
alphas from (n,x)

AR

Z “I \M\} ™
3 (L o =
o S <
% B ~ @
10o” &>
<
s, D <S>
< <
®)® <
> pSIENY




MD249 NEUTRON ACER TENDL-2024
alphas from (n,n*)a

A
d
- i
) LG
g 10’3 J«J«@M\\
0/\\ '&




MD249 NEUTRON ACER TENDL-2024
alphas from (n,2n)a

7 10
() |
% /HU
c b
P y
1 o o
'S.@c* <o <
: 6)?@,
7 > O




MD249 NEUTRON ACER TENDL-2024
alphas from (n,npa)

%00

v 10

7' }

9

4

10607 <




MD249 NEUTRON ACER TENDL-2024 LIBRARY; T=293.6K
alphas from (n,a)

LraontieN
\A \Q;
S, o
N ()
\ \ > \
—
Iy
=
=
;?_,
—
=y
—=
—
—=

yy L
10 meﬁ
<:>
O “ <
<, o

¢
0@
0




MD249 NEUTRON ACER TENDL-2024
alphas from (n,2a)

BRARY; T=293.6K

‘h i\\iﬂ‘mm 1 ‘
0 | | ~
7 ]
Z A
2 M | &
RN Ny 7SS
S
N <
o @)@0 <
2 > O




MD249 NEUTRON ACER TENDL-2024
alphas from (n,pa)

ranineN
.
\ \

—
§
/
/[
T
/
/
/
/




MD249 NEUTRON ACER TENDL-2024
alphas from (n,da)

ranineN
\_A
LD
\
\
=
/ //:L

e
N
>
S
<,




