Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Principal cross sections

| | | | |
10%
10°
10% f “
|
10 u\”{‘ i) —
10°
— total
—— absorption (
-1 — elastic
10~ —— gamma production
-2 /\‘
£ P O e s » "
10 10 10 10 10 10 10

Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING
resonance total cross section

1 — total

=

o
w
I

Cross section (barns)
o
N
I

10* . . .

107
Energy (MeV)

|
o|
(o)




N-FM245 NRG TENDL-2017, AKONING
resonance total cross section

total p
| |

|
o
N
|
I

Cross section (barns)

|_\
OI—\
|
<
—

|
o|
(o)

Energy (MeV)

107




N-FM245 NRG TENDL-2017, AKONING
resonance total cross section

10*

1 — total

Cross section (barns)

10!
Energy (MeV)

102




N-FM245 NRG TENDL-2017, AKONING

resonance absorption cross sections

O
| | I | | | I | | | | | | | _O
--=7 —i
\\\\\\
/II’ -
-=>
»H\
-—_
S~ —
-~ —
r\\v
lllllll N
__= =
P
——
llllll
N
’ -
|
1
/
/
/
/
\ -
’
s
P
7
”
-
\\
|I|\‘\
\\\\\\\\
’
I’
-
lllll
N
“\\
-7
¢
III'
~~—__
<
A
\
1
\{
N
~
~
~
N
\
\
\
\
\
1 -
|
1
]
I/
/
/
/
’
Vs
()] &
= C _-7
-
29 T
(@ NN7)) -
=
T 0 -
O = ~\
N
~
| S~
=
1 ~—a_
| =
I =~
~
| //
\ —/_
\
T [rrrrrr 1 [rrrrrr 1 [rrrr T [T T o
(90 (q\] — o

i i i

—i
(suJteq) uonodas ssoiD

Energy (MeV)




107

N-FM245 NRG TENDL-2017, AKONING

resonance absorption cross sections

(suJeq) uonoas ssoI)D

Energy (MeV)




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
resonance absorption cross sections

capture =T I
- -—===="figsion T T mmmmm e ——m-mm T T TTTTT 3
10°
10
1072 4
10° 10}

Energy (MeV)




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Non-threshold reactions

104 I I I I I

fission
,gma)

|

o
=
I

[EEY

o
o
|

|

oI
(BN
I

i

%
%

H
o
=
=
H
o|
(e}
H
o
~

I I
107 1073
Energy (MeV)

[
1071

[
10*




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Non-threshold reactions
| | | | |

—— (n,pa)

=

ol
a1
I

=

ol
(o))
I

=

ol
~
I

[HEN

=
00}
|

[N

)
(o)
I

|

oI
(BN
o

[ [ [ [ [ [ [
101t 10 10”7 10 10 10t 10*

Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING
Principal cross sections
| | |

oo
| __g—

\l

total O
absorption
elastic

gamma production r

o
|

ol
| |

w
|

Cross section (barns)
N

N
I

T 1 | | | | | | |
0 20 40 60 80 100 120 140 160 180 200

Energy (MeV)




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Non-threshold reactions
|

— fission

=

ol
0o
I

|

=)
[N
o

=

oI
(BN
N

I I I
0 50 100 150

Energy (MeV)

200




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Non-threshold reactions
| |

—— (n,pa)

=

ol
(o))
I

[HEN

=)
oo
|

=

oI
[REN
o

|

oI
(RN
N

|

OI
[N
I

[EEY
oI

=

(o)}

I
10 15

Energy (MeV)

o
ol

20 25 30




N-FM245 NRG TENDL-2017, AKONING
Inelastic levels

0.5

o o o
N w EAN
| | |

Cross section (barns)

=
=
I

— (n,n*1)

10

I
15

Energy (MeV)

20 25

30




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING
Threshold reactions

0.6

o o o
w EAN o1
| | |

—
N
|

=
=
I

o
o

(n,x)
(n,2nd)
(n,2n)
(n,3n)
(n,n*)a

o

50

I
100

Energy (MeV)

150

200




N-FM245 NRG TENDL-2017, AKONING
Threshold reactions

803 | |
1 -
1 — (n,2n)a
/01 —— (n,3n)a B
— (n,n*)p
60 — — (n,n*)2a |
g — (n,n%)d
®©
L 50 — m
S
= 40 — =
&)
()
(7))
7)) 30 ] [
(7))
=
Q 20— m
10 — m
0 | | | . |
0 5 10 15 20 25 30

Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING
Threshold reactions

163
r
1 —  (n,n%)t
14—+ —— (n,n%)he3 B
— (n,4n)
— — (n,2np)
g 12 — (n,3np)
®
L 10— m
S
.; 8 ] [
(&)
(b
7))}
on 60— .
7))
=
O 4- -
2 — .
0 | | | T — T —
0 5 10 15 20 25 30

Energy (MeV)




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING

Threshold reactions

1.2

=
o
I

o
)
|

o
o

o
~

15 20 25 30
Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING

Threshold reactions

1000 ' '
o
107 (n,he3d)
=
I
. 8001 —— (npy B
g —— (n,da)
(qv]
o
~ 600 — i
c
O
O
5}
O 400 -
(0))
(0))
o
@)
200 — .
0 | | | — ni
0 5 10 15 20 25 30

Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING
angular distribution for elastic

LYoniCos




N-FM245 NRG TENDL-2017, AKONING

angular distribution for elastic




N-FM245 NRG TENDL-2017, AKONING

angular distribution for (n,n*1)

SO0\




Fission nubar

N-FM245 NRG TENDL-2017, AKONING
Total fission nubar

6.5 '

6.0 — L

Ul
U1
|
I

Ul
o
|
I

B
&
|
I

B
o
|
I

oo
&

I I
50 100 150 200

Energy (MeV)

o




N-FM245 NRG TENDL-2017, AKONING

Neutron emission for (n,x)

NS\NCOQ




N-FM245 NRG TENDL-2017, AKONING

Neutron emission for (n,2nd)

LronieN

N
\




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)
1 ‘
01 i \ “‘

S
7 10,1/ i o
2o JIUS Q
¢ o T
Iz ) NS
- <
S o S
e ~>
S, So




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)

7 O' >
% 1 ) - >

g7 / NG Na

9 N G

0 ,3: a \@

10 > &
<S5
DN S P
S Yo >
7




Neutron emission for fission

y

//
0
//




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)a

=
2 -
[ 4
4
[
=
/2
NG
INT 7

NN
2~ P
7
TS

<
<. Yo
)

RS <°




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,2n)a

o T

S

% . <
2 - e
0 SN
& > &

0/ \®

> <<§\Q’
S, Yo




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,3n)a N
A ‘\\\\

SO

10
A
% p Ve
% .3 q’Q®
2 .0 <
g1V NS

<
S S =
@Q ~N
0




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)p

1 -~
10 Q
| | xS
é 0 ©
gz p JMJ\ N >
0 o N
3 P ¥
- N
o S Qé}%
S S > <
/)6), <5
QP 90 S




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)2a

LronieN

QQ N \\
NN
WSS
0/
S
S S >
<S5, 2L




5 T
o =
10 S
- <&
S&n >
e

N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)d N
N




é 10 <
5 T
o =
<SS
S S

N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)t ‘




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*)he3
1 4 ‘
10 \\
| S
. >

|
3 S
z/ e
9 e
o > =

< S =&

< <
e @ “
< @




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,4n)

O/
10
A
%10 S
— _ /\
o
0 o
o v S
o” v &S
n
- - <5
-S'@ S~ o\
(&




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,2np)

LronieN

N
\




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,3np)

] S
é 10 / &
Z 7] | >
@, N N
5 3 . A el

100/ \®
‘\()’ <<§\Q’
- <
=2 >
<, =
o,
L & L




LranieN
NN
?
0
7

) =~
<
Ky —
% >
S, =

N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,2np) \‘




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,npa) |
| \\\\\\\\\

<

- \ >
é 10 <
— “ Q
2 SN ®
o < Qﬁ\
0 ,3: ~ \@

100 s &S
< > &
S ~
D
% S <D
<




N-FM245 NRG TENDL-2017, AKONING
Neutron emission for (n,n*c)

LronieN
— =
—
=
=7 -
9
%




N-FM245 NRG TENDL-2017, AKONING
Delayed nubar

12 '
*1073

10

o 0o
| |

Delayed nubar

N
I

0 i i i
0 50 100 150

Energy (MeV)

200




Probability

N-FM245 NRG TENDL-2017, AKONING
Delayed neutron spectra

=
oI
=

—

— group 1 frac 0.0110 decay/shake 1.300E-10

— group 2 frac 0.3207 decay/shake 2.925E-10
— group 3 frac 0.1527 decay/shake 1.016E-09
—— group 4 frac 0.2644 decay/shake 2.809E-09

=
oI
N

—— group 6 frac 0.0555 decay/shake 2.885E-08

107 10 10 107
Energy (MeV)

1071

10°




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,x)

/

—
,
7

3 S
100/ \@
<<
O
S >
%b
=




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2nd)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2n)

7
v 10
2
é 2~ J\ “i&
10o” 2 S
«j:@e >
L




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,3n)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)a

0"
T i
élo,l/
2"
g 10:;: MMQNK ) ©
S o o
oL,




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2n)a
2 - o
10 \\
| S
0 ~

H
9 40 W v
Z ~ *J ~
5
53 ozi \Q’)\@‘Z%\
«j:@e <
L




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,3n)a \‘
\ S

i
Z‘é 0*3/ (\/QA\
g P S
10 > <</§
< S
//@S g
S/
—




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)p
P |

® A
Z 10 =
2 - e
9 RS
> - ¥
SR
‘i\@S “
S/
—/




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)2a

LA \
o

NS

N
/ > @
(&

S
>

LronitieN
\_A
LD




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)d N
P 1 / \

S

0’
ke J -
z |1
602/ (\/QA\
g v S

(P4
S
«jj%e > ~
Iz




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)t

LronitieN
\_A
LD
N




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*)he3

/

|
100 i j< >

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




N-FM245 NRG TENDL-2017, AKONING

Photon emission for (n,4n)

1/
10
Dl
0 -
Z 10
% /
e
P y
(P4
L

|




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,3np)

— —
S

W

\

S

TranineN

&

V)




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2np)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,npa)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,n*c)
7 -
10 \\\
i) | ‘ @
I

LronieN
P
(-
v (=)
}_ \
"

€

™
\




N-FM245 NRG TENDL-2017, AKONING

Photon emission for (n,gma)

NS\NCOQ




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,p)




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,d)

lﬁh"”[" |
% 10" M | \\
% e
5« ,1:
100 -
S _ < .
@@@




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,t)

0’ ML
%;’1011 ﬁ '\\\\ >
e Y - =3

S e “




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,he3)

7 1 //

v 10

zY L

c

o

100 ©
<> o
/// <n
%@







N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2a)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,2p)

LronieN
\

N
\




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,pa)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,pd)

LronieN




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,pt)

7 A0
v 10

z
c
g 24
100 ©

«j:@e <>
L,

2V

=
'@’Qé\
NS
<<




N-FM245 NRG TENDL-2017, AKONING
Photon emission for (n,da)

LronieN




N-FM245 NRG TENDL-2017, AKONING
thermal capture photon spectrum

10° - |

=

o
N
|

Gamma Prod (barns/MeV)
BI—‘
I

=

o
o
|

I I
0 2 4

Gamma Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING
14 MeV photon spectrum
I |

Gamma Prod (barns/MeV)
S
I

|

<
(BN
N

101° | |
0 10 20

Gamma Energy (MeV)




MeV/collision

N-FM245 NRG TENDL-2017, AKONING
Particle heating contributions

12 '

protons
deuterons
tritons
he-3
alphas

10

0 50 100 150 200
Energy (MeV)




N-FM245 NRG TENDL-2017, AKONING

Recoll Heating

15

10

ol
|

o
|

=
o
I

=
o1
|

X
o
|

N
U1

Heating (MeV/reaction)
o1
I

recoil heating

o

50

I
100

Energy (MeV)

150

200




Cross section (barns)

N-FM245 NRG TENDL-2017, AKONING

Particle production cross sections

1.2

=
o
I

o
)
|

o
o
|

o
~
I

—
N
|

;

o

—h#

50

protons
deuterons
tritons
he-3
alphas

100
Energy (MeV)

200




N-FM245 NRG TENDL-2017, AKONING

protons from (n,x)

7 3 A \[
) 10 \J\L
Z - \H\H\\L ‘
2 (S
s 5
10"
\9@0 900
<.
L 700 S

@\{90

)
g

S 4
]
Q

0




N-FM245 NRG TENDL-2017, AKONING
protons from (n,n*)p

1 -~ ]

A [
% 10"
Zl g MW ~>
2 - S
0,10,3: N@@

(&4 SN

> ¥
®®O <o <~ =
<

2V




LronieN

N-FM245 NRG TENDL-2017, AKONING
protons from (n,2np)

|
1/
10
0
1 ) <
~>
3. <&
< S
100/ ’\<’¢) é)\®
<SS
S o S




N-FM245 NRG TENDL-2017, AKONING
protons from (n,3np)

-
%10
Z /
2 5. ¢
e
010 &
v
Ry




N-FM245 NRG TENDL-2017, AKONING
protons from (n,2np)

LronieN
—
O \
N
\
/
),
Q
/

<~
(& - '\<,') ®®
<
S
< Yo >
<




P
% 1
Z i \H\N >
? o
0 .3 A RANp
540 | > &
o <
> s¥
<,

N-FM245 NRG TENDL-2017, AKONING
protons from (n,npa)
o m
S




N-FM245 NRG TENDL-2017, AKONING
protons from (n,p)

iy
% 10
% | KN
@) N
5 a|[[lL %
100 S
2




N-FM245 NRG TENDL-2017, AKONING
protons from (n,2p)

AR
O e
10
7] 5

b 2 <>
% 10 J JJ\HU‘\L >
o U
: L S

- <

o Q@f <

Gz S




N-FM245 NRG TENDL-2017, AKONING
protons from (n,pa)

‘] A"MWMM ll‘/‘/’ ' ','

|
7 \ &
240 \ N
% i QJ:H\\} >
B || | G S
D’ g QU NN AN

100/ \®
> sF
s




N-FM245 NRG TENDL-2017, AKONING
protons from (n,pd)
0 \\
10
- S
>

(] 4 S
5 S
@) L N
o O,A: P %\@@
Lo >
T <&




protons from (n,pt)

25

% O,z/ <
%1 ] -
0 L >
3 P ¥

o o =S

N
S
>

N-FM245 NRG TENDL-2017, AKONING
o A
10 ‘ ““\\ I




N-FM245 NRG TENDL-2017, AKONING
deuterons from (n,x)

0’
310
Z L
% ,4//*]*\\}#‘\}\
0 §
510

(&%

S Yoo <S>

Q’@,
7 <::’00 S

@\{90

)
g

S 4
]
Q

0




LronitieN
\_A
LD
NN
Y
%

N KN
R
A N
= > &
<
S5 - >
‘) (&4
<, ~

N-FM245 NRG TENDL-2017, AKONING
deuterons from (n,2nd)
0 - |
10 lf‘
=)




N-FM245 NRG TENDL-2017, AKONING

deuterons from (n,n*)d

7 ] =

2’ “
i /J

fé 34 A i o
o 40 <~

0/ ’\<’¢) Qé}®

<
=




N-FM245 NRG TENDL-2017, AKONING
deuterons from (n,d)

T / "'."
0| f |
% 1 H § F -
Z d JJ S
% » /Jj ﬁ ﬁl ﬁﬂ A "\/&
o 10 A MESE
o < <<§\Q}®
N <
s Q@f <
Gz S




N-FM245 NRG TENDL-2017, AKONING
deuterons from (n,pd)

<o
(] 4 S
9 o
@ { N
o O,A: P ﬁ@‘z’
Lo >
T &
>




N-FM245 NRG TENDL-2017, AKONING
deuterons from (n,da)

T ,mllilll

A
% 10 N v
% “ N
5 31, ~
10 o @\‘2’@




=
JI,
/

D .3
v 3
Z 40 L R
2 - Sy
AN N
o S <
o ) ~> S
<
)
®®O ‘ZOO <>
>
Yo, <
27 SN

N-FM245 NRG TENDL-2017, AKONING
tritons from (n,x)
A
10 \




N-FM245 NRG TENDL-2017, AKONING
tritons from (n,n*)t

0’
0 24 T
o 40 N
0/ '\<C) Qé}®
<
S Y5 S




N-FM245 NRG TENDL-2017, AKONING
tritons from (n,t)

2 ) % hjﬂ : i >
0 AN
A > ¥
10" o &S
&S




/

N-FM245 NRG TENDL-2017, AKONING
tritons from (n,pt)
0 ~

<o
(] 4 S
9 o
0 4 N
o O,A: P ﬁ@‘z’
Lo >
T &
>




N-FM245 NRG TENDL-2017, AKONING

he3s from (n,x)

é 0,3/
z 1 N
Z - O
: e
P )
(&%
®®O {OO
'S
Y, <
27 SN

@\{90

)
g

S 4
]
Q

0




N-FM245 NRG TENDL-2017, AKONING
he3s from (n,n*)he3

101: ".’14 ll .

RS

1A
[ - S
g . S
o 34 ~ SF
100/ S

> 5T
<,




N-FM245 NRG TENDL-2017, AKONING
he3s from (n,he3)

T IIM’IM" :

ranineN
\é
%
b 2
0, <0
g

1007 L S
T &S
Y
L =
2.




N-FM245 NRG TENDL-2017, AKONING

alphas from (n,x) ~
3l A

7z
()
Z >
2
0 AN\
5 S &
S
<s¥




N-FM245 NRG TENDL-2017, AKONING

alphas from (n,n*)a

hf
< Q\,
—= Tz
e .
g %
—_—t
—s=" 3
L,/
—=" " 7
——— ¢
.’L‘qﬂ.] ——, 0
— = §
=7
; — 3
= /P §

NS\NCOQ




N-FM245 NRG TENDL-2017, AKONING

alphas from (n,2n)a

NS\NCOQ




N-FM245 NRG TENDL-2017, AKONING
alphas from (n,3n)a

oSO

0
él ] L <
c s P
g i NS

<
R S
<,




N-FM245 NRG TENDL-2017, AKONING

alphas from (n,n*)2a

|
o7l i
A
2.
10

o «JJ.J\]J‘J 3

LronieN




ranineN
=
, %L
%
Y

<
<~
23N - =S
~ <&
S
<,

N-FM245 NRG TENDL-2017, AKONING
alphas from (n,npa)
]
i
0 -
10




N-FM245 NRG TENDL-2017, AKONING
alphas from (n,a)

LronieN




N-FM245 NRG TENDL-2017, AKONING
alphas from (n,2a)

0’
310
2 J

) N

0 0,4 |l N
p 1 2 HMJJJJ

< S

®®Q o <

<, o




N-FM245 NRG TENDL-2017, AKONING
alphas from (n,pa)

. i P ' ’ ’ ‘

b - LR
Z 10 n“ =
’% / u S a
P ) 18 S

oI o S

®®O <o <~

e
3




N-FM245 NRG TENDL-2017, AKONING

alphas from (n,da)

LronitieN
\_A
LD
\
-
=
;

Q\
/

2

>
&
N
P &
S
~ =
'»<<§\




