Cross section (barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Principal cross sections

104 I I I I I
10° — “
102 —X H
o \/ ;
10° -
— total
-1 —— absorption
10 — elastic
—— gamma productio
10— M
11 I I_9 I I_7 I 5 I I_3 I I_1 I I 1
10 10 10 10 10 10 10

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance total cross section

— total

Cross section (barns)

10°® 107
Energy (MeV)

10*




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance total cross section

1 — total

=

o
w
I

Cross section (barns)
o
N
I

10*

107
Energy (MeV)

107




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance total cross section

10°

1 —— total

Cross section (barns)
o
N
I

10*

107°
Energy (MeV)

107




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance total cross section

10° -

1 —— fotal

=

o
N
|

|

Cross section (barns)

o
[EEN
I

I

:J UnuuuLLouL J

107

|
o|
(6]

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance total cross section

10*

1 — total

Cross section (barns)

10!
Energy (MeV)

102




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance absorption cross sections

10° —

capture

I~
-~
~

-~
-
~

Cross section (barns)
S
=
I

~
~~
-~ -
-~ o -
—_——————

10°®
Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
resonance absorption cross sections

Cross section (barns)

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

resonance absorption cross sections

Lo
(@)
/ 1
- —— L
— =
— ==
\
\
L c
m..m
S D
O =
“
1
|
! ©
EI_O
| | | | S
N — o s N a
o o o o o o
— — — — — —

(suJeq) uonoas ssoI)D

Energy (MeV)




Cross section (barns)

|

ol
w
I

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

resonance absorption cross sections

102

10t - \r
10° - 5
10 -
107 -

H

ol
SN
|

rw kh

———
J—————

PRy
ae====
Y e
——— . .
= Ca
—
S
e e i i

— ————

[ —
s

—————
== —————
S
e = o

T e

- —_—= T -

|
o|
(6]

Energy (MeV)

107




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

resonance absorption cross sections

= =

oI oI
A o
I I

Cross section (barns)
S
(0]
I

capture
fission

-
I
—
——
=
-
-

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Heating
|

Heating (MeV/reaction)

heating

10-11

[ [ [
10 10 10t 10*

Energy (MeV)




Damage (MeV-barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Damage

=

o
o
I

=

oI
=
I

=

ol
N
I

[EEN

=)
w
I

—— damage

L

10

[ [ [
10 10 10t 10*

Energy (MeV)




Cross section (barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Non-threshold reactions

|
10°
— fission
— (n,gma)
— (n,a)
102 1 — (nh,xa)
10t -
10°
101 -
1072
3
10 " P i
10 10 10

[ [ [ [ [ [
10 10t 10*

Energy (MeV)




Cross section (barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Principal cross sections

20 I I I

18 total

absorption
elastic
gamma production

[EEN
N
I

=
N
I

=
o
I

(00)

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

Energy (MeV)

200




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Heating

2.5

s - I
o ol o
I I I

Heating (MeV/reaction)

O
&
|

heafing

0.0

50

I I
100 150

Energy (MeV)

200




Damage (MeV-barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Damage

0.7

O
o
|

O
&
|

=
~
I

i
w
|

O
N
|

O
H
I

—— damage

©
o
o —

I I
100 150

Energy (MeV)

200




[N
=)
N

&

=
o

1
(o0}

=
o

(I
[HEY

|
=

[N
N

Cross section (barns)

|
=

[REN
\l

=
ol

=
oI

FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Non-threshold reactions

T T T 1T T T T T T 1T T T T T T T T T 1

N
(@]

I I I
50 100 150 200

Energy (MeV)

o




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Inelastic levels

60 '

%107
— (n,n*1)

o)
o
|

N
o
I

Cross section (barns)
N w
o o
I I

=
o
I

0 | | |

0 5 10 15 20 25
Energy (MeV)

30




Cross section (barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Threshold reactions

3.0

N
&
|

N
o
|

=
o1
I

=
o
I

O
&
|

o
o

o

50

I
100

Energy (MeV)

150

200




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Threshold reactions

703
1 A
1 — (n,2n)a

604 — (n,3n)a B

— (h,n")p

—_ — (n,n*)2a
(7)) — *
c 50 - (n,n*)d B
®
=
— 40— i
O
g
0 30 - B
7))}
7))
© 20 B
O

10 =

0 | | | | — ]
0 5 10 15 20 25 30

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Threshold reactions

50

wr -3
1 —  (n,n%)t
— (n,n*)he3
— (n,4n)
407 —— (n2np) B
g — (n,3np)
©
O
c
O
O
Q
n 20— =
7))}
7))}
O
@)
10 — .
0 | | | =
5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Threshold reactions
3.0 '

N
&
|

N
o
|

=
o1
I

=
o
I

0.5

Energy (MeV)

30




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Threshold reactions

103 | |
e
10 — (h
— (n,he3)
— (n,2a)
—~ 87 — (2p) B
g — (n,pa)
(qv]
o
N 6— -
c
O
O
5}
" 4 L
w
(7))
o
@)
2 — e
0 | |' | | |' —1
0 5 10 15 20 25 30

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Threshold reactions

20 I I I
-3
*10
18 — (n,pd) L
— (n,pt)
16 — B
14 — =

=
N
I
I

Cross section (barns)
o
I
I

0 | | | | | | | 1
10 12 14 16 18 20 22 24 26 28 30

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Threshold reactions

12 '

(n,xp)
(n,xd)
(n,xt) C
(n,xhe3)

=
o o
I I

Cross section (barns)
(@)}
I

0 — T | |
0 50 100 150 200

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
angular distribution for elastic

7))
§ 10
%
t
D, ’Z 4 > T/r S
10'70/ g>l>1 g
s ;;999 o
< “o >>;
S >
/’>® ‘S L
o O




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

angular distribution for elastic




LYoniCos

—
o

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
angular distribution for (n,n*1)




Fission nubar

FR228 NEUTRON ACER TENDL-2021 LIBRARY: T=293.6K
Total fission nubar

6.5

6.0 —

o
ol
|

on
o
|

B
&
|

B
o
|

oo
ol
|

oo
o
|

N
&
o

50

I I
100 150

Energy (MeV)

200




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,x)

RY; T=293.6K

LronieN




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,2nd)

9
o 31
100 -
<~ >
Sy, = 3
6),@ & NS
7
<z S ,»b‘




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,2n)

é )
a (S
N

',‘é ’y |
510 |

< S

<
®® o
Qé}) 90 <n




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,3n)

RIS
2
o 0 ~
g 1V
(&4 -
S NS
S XS %




—
S,
Ay
\

LronitieN
\r.k
o

=~
\

Q)(OQ




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,n*)a

A X
W)
Z 1
2 i N
'l
g o
- >
®®
< ¥ B
S, &




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,2n)a

7 0

(&)

2 0 J

’é A

o
< S
S




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,3n)a

é 10,1/ o
— _ Q
5 T
5 S
<
S S >
- -




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,n*)p

ﬁ

O A
10
72 g <
z IS
5 2. S > N
o 10 Sl
0/ ’\<’¢) Qé}®
S <
<S5, 2L




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,n*)2a

LronieN

N
\




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,n*)d

é 100 d LV
— _ Q
5 T
& S
= <5
S = S
<, &




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Neutron emission for (n,n*)t

R

élo S Ve
s N S
¢ =
o 3 N
100/ ’\<’;" é)\®
Y <>
S = S
<. &




FR228 NEUTRON ACER TENDL-2021

Neutron emission for (n,n*)he3

LronieN

N

N

=3

TN

ARY; T=293.6K




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,4n)

LronitieN
\A
(D
\

N
\




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,2np)

O/
© 10
Z )
%
o
105~ >
< NS
'S'@O = - >
= S N




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,3np)

2
£ 34
100/ Vv
o~ >
®Q <z >
<. & ™~
7
SR




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,2np)

LronieN

N
\




FR228 NEUTRON ACER TENDL-2021
Neutron emission for (n,npa)

LronieN




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Neutron emission for (n,n*c)

N
\
L
Z
Z
yA—
yA—

LranieN
—-"’/
——
—=
—

o
Q \
\




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Delayed nubar

34
*107
g7l

30 —

Delayed nubar
N N N N N
o N SR o oo
I I I I I

=
o
I

=
(0))
o

50

I I
100 150

Energy (MeV)

200




Probability

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Delayed neutron spectra

=
oI
=

— group 1 frac 0.0620 decay/shake 1.300E-10
— group 2 frac 0.1783 decay/shake 3.195E-10
— group 3 frac 0.1740 decay/shake 1.235E-09

=
oI
N

group 4 frac 0.4818 decay/shake 3.380E-09

group 6 frac 0.0097 decay/shake 9.010E-08

1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 LI 1 1 IIIIIII 1 1 IIIIIII 1 1 1
107 107 1073 1072 1071 10°
Energy (MeV)




LronieN

FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,x)

RY; T=293.6K

=~
\




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,2nd)

O/

% 1

Z A

5 5

e

o 10
o -

e
S~ o
%@ S




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,2n)

e

% 10

2

0 2.

o 10
< S
‘5/\%\70 <




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,3n)

LronieN




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,n*)a

O/
% 10 |
Z A
5 2 NN
e
o 40
< S
‘2\@6\ <
L,




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,2n)a

\ "
% 101 | >
v .
2y RS
p 100/ &
SR
«j:@e <
Nz




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,3n)a

0’
9V <
%
()
0 2. %
v NN
o 10 | >
Yo v S
S
§:@€ ~
Qb
—)




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,n*)p

LronieN
\A
O
S
\ \
N —
I\

’ S
0 &
Yor v S
< _ <o >
%@




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,n*)2a

LronieN

RY; T=293.6K




LronieN

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,n*)d

0’ (b%
4
] A
10
QO
Sz,




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,n*)t

LronieN
N




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,n*)he3

%10 ) Q
% e
> 10/ - AN
Y
S, - S
Q@ ~-




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,4n)

LronieN




FR228 NEUTRON ACER TENDL-2021 LI BRARY; T=293.6K
Photon emission for (n,2np)

O/
% 10
Z /
2
o 10
QO
§@S
L




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,3np)

0 S
7 10 A2
a
z ®
é 2 RN
040 . o P

o <

S >

&




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Photon emission for (n,2np)

0/
% 10
Z /
5 5
I
o 10
QO
e
S~ .
%@ S




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,npa)

LronieN
\

N
\




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,n*c)

<

\\

»@




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,gma)

LronieN
— —
S, =
T
—
__J—j‘
T




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,p)

7

2 i

c

g

100 <
<S> o
/// <n
%@




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,d)

:
— d (\9
:‘é » .§> $
> 100/ \@
SR
‘i\@ <~ <
L




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,t)

LronieN
\




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,he3)

LronieN




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Photon emission for (n,a)

\
/

_
Z

o
Q \

V)




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,2a)

LronieN
\

=
\

RY; T=293.6K




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.

Photon emission for (n,2p)

1 1 2
%10 >
200 >
% b
2 S
o > &

100 RSN

NS
>

«j:@e ~

6K




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,pa)

O/
% 1
Z A
2
o 10

QO

N
‘2\@6\ <
L




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,pd)

0/

% 1

Z A

5 5

e

o 10
< >
S, >

%@ '\?‘




FR228 NEUTRON ACER TENDL-2021
Photon emission for (n,pt)

O A
% 10
Z A
5 4.
& 40
o’ NS
NS
< < ~
“ 7
%@ Ne%




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
thermal capture photon spectrum

102 — | |

|
o
=
I
I

=

o
(@)
I

Gamma Prod (barns/MeV)

|
=
[N
I
I

I I I
0 1 2 3 4

Gamma Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
14 MeV photon spectrum
I |

S
)
=
V)
-
S
=
go)
o
D- —
®© 10° —
- i
% i
& 1012
10-15_ -
| |
0 10 20

Gamma Energy (MeV)




MeV/collision

FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Particle heating contributions

1.8 '
1.6
1.4

1.2 -

I I
100 150

Energy (MeV)




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
Recoll Heating

30

Heating (MeV/reaction)
= - N N
o1 o o1 o o1
I I I I I

o
|

recoil heating

0 50

I I
100 150

Energy (MeV)

200




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

Particle production cross sections
12 | |

=
co o
I I

Cross section (barns)
(@)}
I

deuterons
tritons
he-3

alphas

— |

0 50 100
Energy (MeV)

150

200




FR228 NEUTRON ACER TENDL-2021
protons from (n,x)

RY; T=293.6K

LronieN




FR228 NEUTRON ACER TENDL-2021
protons from (n,n*)p

é 10 Ve
— d /\m
o L T
IRl =
100/ ’\<’¢) é)\®
<S>
R S




FR228 NEUTRON ACER TENDL-2021

protons from (n,2np)

LronitieN
— —
(- (D)
S o
\ \ \ \




FR228 NEUTRON ACER TENDL-2021

protons from (n,3np)

D2
0 i
Z 10
% A
I
P J
QO
>
'S.@c* ~<o
o)
<, S




FR228 NEUTRON ACER TENDL-2021

protons from (n,2np)

LronieN




FR228 NEUTRON ACER TENDL-2021
protons from (n,npa)

%00

v 10

z

P

g A

100 <




FR228 NEUTRON ACER TENDL-2021
protons from (n,p)

LronieN




FR228 NEUTRON ACER TENDL-2021
protons from (n,2p)

LronieN
\

=~
\




FR228 NEUTRON ACER TENDL-2021
protons from (n,pa)

LronieN
\

=
\




FR228 NEUTRON ACER TENDL-2021
protons from (n,pd)

D a2
v 2
Z 10
8 A
y N
g )
(P4
NS
S, s >
< ~>




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K

protons from (n,pt)

LronieN
\

=~
\
/

>
>
Vs
3%
Q(\’A\
CSF
P S
SRS
.\b‘




LronieN

FR228 NEUTRON ACER TENDL-2021
deuterons from (n,x)

RY; T=293.6K




FR228 NEUTRON ACER TENDL-2021
deuterons from (n,2nd)

D0

Q2

Z 10

% A

I

P P

o >
e
<, S




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
deuterons from (n,n*)d

0 54 - T
o 40 <~
0/ ’\<’¢) \®
<s¥
'S.@c* N >
‘<




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
deuterons from (n,d)

4 >
7% 10 <
% / HMJ >
9 3~ <> S
o410 _ >~ &

o &S

T <&
SR <
<,




FR228 NEUTRON ACER TENDL-2021
deuterons from (n,pd)

D 2
v 2
g Ny
g y
< S
S o >
< ~>




FR228 NEUTRON ACER TENDL-2021
tritons from (n,x)

RY; T=293.6K

LronieN
\

N
\




FR228 NEUTRON ACER TENDL-2021
tritons from (n,n*)t

=

D2
d 1 /q g
Z 40 I
5 J/
e
s o’ N
<
S >
')

RARY; T=293.6K




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
tritons from (n,t)

% <>
z I[N >
= iJ
:‘é 3~ / ) & S
510 _ >~ &

o &S

>~ &
SR <
<,




FR228 NEUTRON ACER TENDL-2021

tritons from (n,pt)

LronieN
\

=~
\
/




FR228 NEUTRON ACER TENDL-2021
he3s from (n,X)

RY; T=293.6K

LronieN
\




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
he3s from (n,n*)he3

1 S

Py e q%
% 10 =
% i >

3%

0 3. RPN
5’, 10 I NS

0/ '\c'b é}®

NS <>
'S.@c* ~<o ~>
< K




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
he3s from (n,he3)

© 2 <
Z 10
s A T
& S
<SS
R S
<,




FR228 NEUTRON ACER TENDL-2021
alphas from (n,x)

RY; T=293.6K

LronieN




FR228 NEUTRON ACER TENDL-2021
alphas from (n,n*)a

4 2

0 .

210 MJUJ

g PN _
-




FR228 NEUTRON ACER TENDL-2021
alphas from (n,2n)a

ranineN
N .
\ \
=




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
alphas from (n,3n)a

0/

0

1 .

“ SO
D2
Q2
Z 10
s T
o ) S

<
<,




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
alphas from (n,n*)2a

(] S
5 S
0 4 NN
5 10 > &F
(P4 S Q;\Q.)
S
RN <
<,




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
alphas from (n,npa)

10 -
-S>

% .00 &
§ 10 ¢
= - <SS
g L =
5 A P ¥

100" LS

NS
2




FR228 NEUTRON ACER TENDL-2021
alphas from (n,a)

7
a
Z
5 bt
3 I
S JJQ
o Ik o




FR228 NEUTRON ACER TENDL-2021
alphas from (n,2a)

z) A
Z
5 4
& 40
o N -
NS
'S'@ <>
o
Q&O <D




FR228 NEUTRON ACER TENDL-2021 LIBRARY; T=293.6K
alphas from (n,pa)

(] S
5 S
0 4 NN
5 10 > &F
(P4 S Q;\Q.)
S
RN <
<,




