Cross Section (barns)

MAT 9364

Ma jor
294 Kelvin Cross Sections

93-Np-243

1

Incident Energy (MeV)

—_ Total L ! / \

------- Elastic N | / \

—-— Inelastic \\\ i \,\
F | ———- Fission \\\\\ . \/ [

— (n.7) T L
Ll Lol Lol Lo gl Lol Lol Lol Lol L ....I..I L Ll | .\1 ]
10° 10° 10" 10° 10° 1ot 10° 107 10! 10 10!

93-Np-243



93-Np-243

MAT 9364

Neutron Production
294 Kelvin Cross Sections

i S 8 T
3 AN TN N TN TN
g 9~ o 4o
M g m
g g a o a
| N N N S SN
. . -
ol
]
T
ml. Lovraiires [} [} Lovtateren o [} [} [}
0 To] o] Te] Te] To]
(@] AV, <t ©
(@] @) 1O @)
~ ~— ~ ~—

(Suaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 10° 10t
93-Np—-243

10

10

Incident Energy (MeV)



Cross Section (barns)

10

10

MAT 9364

Neutron Production
294 Kelvin Cross Sections

—— (n,n') d
——————— (n,n') t
—-— (n,n') He-3
——— (n,4n)

—— (n,2n) p

10

Incident Energy (MeV)

93-Np-243

93-Np-243



93-Np-243

Charged Particle
294 Kelvin Cross Sections

MAT 9364

(Suaeq) uo1q109g SSOJI)

i
Qo
T 8 3 4T T &
AN N AN NN NN
- gg- - -
NN MmMa = a o
g a 4a a4 a4
N N N SN N SN N
RN
| | |
HEREEN
| |
1 Lo 1 Lovorivirn s Lovorivirin o o Lovarovevivon oy [RAR Lua
0 (o] 0 0 [le]
(AY <t © ©
@) 1o @] o
i i i i

10 10 10 10 10 10 10 10° 10t
93-Np-243

10

10

Incident Energy (MeV)



93-Np-243

Charged Particle
294 Kelvin Cross Sections

MAT 9364

10

- //;HWHJ:.”WH’jNﬂ —_—
[oN ~~
™M _
—~ | —~
M a7 L T A
g g a 4c a o
~— O N e ~
| | | 3
]
I I
N
ul... 1 1 1 [IRRRT L 1 1 L 1 Im
0 0 0 0 10 0 Te] o
< © 00] v~
@) (@) e 1O
i i i i

(Suaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 100 101
Incident Energy (MeV) 93—-Np—-243

10

10



Particle Production

93-Np-243

MAT 9364
294 Kelvin Cross Sections
5 E”I LR | T R | LR | LML | LR | T R | LR | T Hi| T ':
2 — Hydrogen Production ﬂ-
100 L | Deuterium Production W?
5fF | —-— Tritium Production ’,'
—— - He—3 Production /'
| — He—4 Production L
5t |
3 | ;
o0t | |
g 5 I
£ ' -
o !i |
0 E | 3
Y 1k
0 1]
T !4 ]
% 5- i:ll !'
0 I [
$_| ll' }'
- o]
3 ' ’_:
5 I k
- i (3
10 | [ ]
St f! f:
.
3 bl
5 :|| Lo aaaaal Lol Lol Lol Lol Lol Lol Lo aaaaal Lol | |||||||II‘ |r |
10° 10° 10" 10° 10° 1ot 10° 107 10! 10° 10!
93-Np-243

6

Incident Energy (MeV)



Cross Section (barns)

MAT 9364

294 Kelvin Cross Sections

Fission

93-Np-243

— Fission
(n,f) First Chance

—-— (n,nf) Second Chance
——— (n,2nf) Third Chance
—--- (n,3nf) Fourth Chance

102

7

10°

10"

10°

10

Incident Energy (MeV)

—4

93-Np-243



Cross Section (barns)

10

10

10

10

MAT 9364 (n,n') Level 93-Np-243
294 Kelvin Cross Sections
T L AARARAMML MMM T T T T T

- | —— Inelastic i

I - MT= 51 (n,n’') Level ]
—-— MT= 52 (n,n’') Level

- | ——- MT= 53 (n,n’') Level .
—-— MT= 54 (n,n') Level

T | —— MT= 55 (n,n’') Level ]

| - MT= 56 (n,n') Level i
——— MT= 57 (n,n’') Level

| | ——- MT= 58 (n,n') Level ]
—-—-— MT= 59 (n,n') Level

& 0 2

Incident Energy (MeV)

93-Np-243



93-Np-243

(n,n') Level
294 Kelvin Cross Sections

MAT 9364

60 (n,n’') Level
61 (n,n’') Level
62 (n,n’') Level
63 (n,n') Level
64 (n,n') Level

—— MT= 65 (n,n') Level

_MT
. MT
— _ MT

——_ MT
 MT

66 (n,n’') Level
67 (n,n') Level
68 (n,n’') Level
69 (n,n') Level

feeeo MT
— _MT
— _MT
—  MT

———

~—o

(Suaeq) uorq109g SSOJI)

93-Np-243

Incident Energy (MeV)



Cross Section (barns)

10

MAT 9364 (n,n') Level 93-Np-243
294 Kelvin Cross Sections
T T T T T T T

—_ MT= 70 (n,n') Level | ?

5 MT= 71 (n,n’') Level

i —-— MT= 72 (n,n’') Level

3 ——- MT= 73 (n,n') Level E

3 —-—— MT= 74 (n,n') Level E

B 76 (n,n') Level | ]

3 77 (n,n') Level 3
2 3

10 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

10

—~10 |

10

MAT 9364 (n,p) Levels 93-Np—243
294 Kelvin Cross Sections
—— (n.,p)
2 5
11 Incident Energy (MeV) 93—-Np—-243




Cross Section (barns)

MAT 9364 (n,d) Levels 93-Np—-243
294 Kelvin Cross Sections

— (n.d)

4 5 6 7 8 9 1 2 3
10
12 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

—_
ol

(@)

MAT 9364 (n,t) Levels 93-Np—243
294 Kelvin Cross Sections

| =)

13 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

=10 |

10

=12 |

10

MAT 9364 (n,He3) Levels 93-Np—-243
294 Kelvin Cross Sections
T EAAR! RARRLARRALARAMAARAAARRALARAMLARAREMRRRLRARALERAR! MARRARARALARRALERARLAMARLAREMLARMMLARARERARALARARY RAAREAARRARARALMARLAARARARAARRRAL AR RARRARRRN M
— (n,He-3)
10 15 20 25 30
14 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

MAT 9364 (n,a) Levels 93-Np—243
294 Kelvin Cross Sections

— (n,a)

102 10° 10" 10° 10° 1ot 10° 10° 1ot 10°

15 Incident Energy (MeV) 93—-Np—-243




(eV-barns)

10

10

10

MAT 9364

Energy Release

Heating — Damage
SRR~ U ~c e

93-Np-243

— Total v
——————— Delayed v
—-— Prompt v

Erol L ataaal Ll TN AR Ll Lt Ll I ARA] | pul L |\|.|_|_ _____
107 10° 10" 0° 10% 10° 10! 10° 10!
16 Incident Energy (MeV) 93—-Np—-243



Energy Release

93-Np-243

MAT 9364
Heating - Damage
FT T ™ ™ L A I A L B A T ™ T
5 :
10° |
5¢ ]
| )
_ \‘ \“ [
5¢ / //\
~ 6 ' ) 1
g 10 3 ;A N
jg 5 f \\\\\\\ //7{ AN
| S i
:> \\\\ “““““ ’—IL’/ ///
2 - | —— Kerma total (eV-barns) / T
5¢E R R
E | - Kerma elastic / PN
4 —-— Kerma non—elastic (all but mt2) {/ —————— - i
100 L | — Kerma inelastic (mt51-91) /% [
5t | —-——— Kerma fission (mt18 or mt19-20-21-38) yd | i
—— Kerma disappearance (mt102-120) yd / i
[ | - Kerma capture (mt103) e / .
5 : //// ’ I’, E
_ v { ;
102 3 | | 3
5F yd | :
bad vl e e i .J/......l vl .....I..l vl Ly s
107 10° 10" 10°  10° 10 10° 10°0  10] 100 10!
Incident Energy (MeV) 93—-Np—-243

17



MAT 9364 Energy Release 93-Np—243
Heating — Damage

— Kerma capture (mt107)

——————— Total photon (eV-barns)

—-— Total kinematic kerma (high limit)
——- Dpa total (eV-barns)

—--—— Dpa elastic (mt2)

- | —— Dpa inelastic (mt51-91) .
——————— Dpa disappearance (mt102 —120)

(eV-barns)

10

10

10

10

paal T .I\.N.,.J //. Lol

10 10 10 10 10° 1ot 10° 10°

-9

-8

=7

e

18 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

10

10

10

10

10

10

MAT 9364

(n,remainder)

Radionuclide Production Cross Section

93-Np-243

Neutron
1-H -1
1-H -2
1-H -3

2—He—-3

87-Fr-218¢
87-Fr-219¢
88-Ra—-219¢g
88—-Ra—-220g
88-Ra—-221¢g

i __——-—""__-—__——_—_—;_/’-;’/_’M_(_,_;_—_——_——_—;—:L:f
i ’////’—”’___,,
—
— ////
v
3 4 5 6 7 8
19 Incident Energy (MeV) 93—-Np—-243



Cross Section (barns)

MAT 9364

(n,remainder)

Radionuclide Production Cross Section

93-Np-243

88—-Ra-222¢g
88—-Ra—-223g
88-Ra-224¢g
88—-Ra—-225¢g
89—-Ac-220g
89-Ac-221g
89-Ac-222¢
89-Ac-222m1
89—-Ac-223¢g
89—-Ac-224¢ ]
89-Ac-225¢ 3

Incident Energy (MeV)

93-Np-243



Cross Section (barns)

10

[EEN
Ql
(&)

10

MAT 9364 (n,remainder)
Radionuclide Production Cross Section

93-Np-243

—_—
—_
—_—

—_—

89-Ac—-226¢g
89-Ac—227g
89-Ac—228¢g
89—-Ac—229g
89-Ac—230¢g
89-Ac—231g
89-Ac-232¢g
90-Th-221¢g
90-Th—-222¢g
90-Th—-223¢g
90-Th—-224¢

21 Incident Energy (MeV)

2

93-Np-243



93-Np-243

MAT 9364 (n,remainder)
o Radionucl ide Production Cross Section
107 [ ' ' ' ' ' '
5
g
10" i
—~ 5t
2
H /
0 3 i , [
N 5 : / / ! | / i
5 -8 /I / / // i /j/?
S 100 | [ / | . ]
0 5 )/ YA :
[} 5¢ / / / |I ,/ ( /
0 ' Y [l ——  90-Th-225¢g
0 L / I | Sl 90-Th-226¢g
g F /] / o / / i — —— 90-Th-227g | 3
O E / ( I ,,I :/ h ’II —_— 90_Th_228g
8 / ] — -~ 90-Th-229g
107 L / / J e , —  90-Th-230g | 4
>t ‘ / / // 1 , l// ------ 90-Th-231g
| [ J J — — 90-Th-232g | |
] /, J f | i y /,; ——- 90-Th-233g ]
5 ¢ A A —-— 90-Th-234g | i
i | / | l/ [ —_ 90-Th-235¢
~10 | ! Co
10 E J /. ! |’ ] ’: , , | 3
4 5 6 7 8 9 2
10°
93-Np-243

22

Incident Energy (MeV)



Cross Section (barns)

MAT 9364 (n,remainder) 93-Np—243

Radionuclide Production Cross Section
T T T T T T

—  90-Th-236g
------ 90-Th-237g

——- 91-Pa—223g
—--—— 91-Pa—224¢g
—— 91-Pa-225g | =
------ 91-Pa—226g | 1
—-— 91-Pa-227g | ]
——- 91-Pa—228g | |
——— 91-Pa-229g | i
—  91-Pa—230g

// | / Il
]
|

1 !
/

. . L

|
|
3 4 5 6

|
|
|
‘ —-— 91-Pa—-222g
|
|
|
|
|
|

2
1O2

23 Incident Energy (MeV) 93—-Np—-243



10

MAT 9364 (n,remainder)

Radionuclide Production Cross Section

93-Np-243

Cross Section (barns)

——— 91-Pa-231g
—————— 91-Pa—-232¢
—-— 91-Pa-233g
——- 91-Pa-234¢g
—--— 91-Pa-234ml
— 91-Pa-235g
—————— 91-Pa-236¢g E
—-— 91-Pa-237g 3
——- 91-Pa-238¢g ]
—--—— 91-Pa-239g i
— 91-Pa-240g 3

L L L L L 1 L

5 6 7 8 9 2
102

24 Incident Energy (MeV) 93—-Np—-243




(n,remainder) 93-Np—243

Radionuclide Production Cross Section

MAT 9364

(Suaeq) uorq09g SSOJI)

™M
<
¢
Q,
N_
9]
()]
—~
=
O
=
>
o)}
S
0]
=
=
2
o
(0]
o
ot
O
a
b
Te]
R0 Q0 Q) o) &) L) Q) ' ’) ) Qb
— N W O >0 O — QN
AV AV AVER AV AN AVEN AV AV IR A RO RN o)
RERELEDELE
©
TITRITTITETIT ]
LAV AV AVER AVENAVANAVAN AV IR AVERAVAN AV,
OO OO OO OO,
L
i i i i
BN,
i i
0
L L L et L L lattars T AV}
0 o] o] 0 0 0 0 0 '®)
o <t © 00] —
(@) 1O 1O 1O 1O
— — — — —



Cross Section (barns)

MAT 9364 (n,remainder)

Radionuclide Production Cross Section

93-Np-243

—_—  ————— — ——— ——— ———

_— - _——————_—— T

—_——

92-U -233g
92-U -234g
92-U -235g
92-U —-235m1
92-U -236g
92-U -237¢
92-U -238¢
92-U —239g | 1
92-U -240g :
92-U -241g _
92-U —-242¢ |

3 4 5 6 7 8 9
102
26 Incident Energy (MeV)

93-Np-243



(49)] ™M
< <
? 3
o] o,
T T
™ M
)] (®)]
a
o]
o=
)
0
O
08}
[0)] —~
nr -
0 0}
~ =
~Q0 ~
r L
O g >
< 0O Qf
g~ S
— 2 | 0)
© O a
g 3 =
(O e}
~ 0 +
~ N a
jajal [0}
~ Lo
o) o
o O
o— n
— b
O
=
=
0
T
al
A 80 o) B0 &) B0 B0 ) &0 B) B0
M T O 00O N M <
AV AV AVER AV AN AVAN AV oA B AS RO RN A0
QGG a
o, 0 00 00 00 0 O
ITii i il I
NN OONMNM
(O e INe) BIO)EEO)ENO)ENe) NN0) BIO) BN N 6)]
<
R L
3 .
- NN R
= L L [T I htaterery Lo I ® Y
0 (o] 0 o] (o] 0
™ <t o) © o~ 00]
e 1O 1O 1O 1O @)
— — — — — —
AWGMMQV U0 13098 SSOJ)



Cross Section (barns)

10

MAT 9364 (n,remainder) 93-Np—243

Radionuclide Production Cross Section
T T T T T T

Lo —  93-Np-235g ]

;/ ------ 93-Np—-236g .
/ 5/ —— 93-Np-236m1 | ]
/ 1 ———  93-Np-237g
/ | _ . 93-Np-238g

y — 93-Np-239g
------ 93-Np-240g

——- 93-Np—24lg E
—--— 93-Np-242g 3
—  93-Np—242ml

|

|

| —-—  93-Np—240m!
|

|

|

|

E L L L L L |
3 4 5 6 7 8 9 2
1O2

28 Incident Energy (MeV) 93—-Np—-243




Cross Section (barns)

MAT 9364 (n,remainder) 93-Np—-243
Radionuclide Production Cross Section

T — |

—— 93-Np-243g¢g

——————— 93-Np—244¢

——-—  Photon

| | \\\u
3 4 5 6 7 8 9 2
102

29 Incident Energy (MeV) 93—-Np—-243



Radionuclide Production Cross Section

(n,2n)

93-Np-243

MAT 9364
T
10° | -
8
6 L
4 t
—_ 21
)]
a
5 -1
£ 107 | -
8
=
S e
D) 3
9 4l
N }
0 /
S 1
g 21 !
O ;
10° | | | ]
8 !
6f | |
4t — 93-Np-242g
) 93-Np-242m3
21| I , , , , ]
6 8 9 1 2 3
10
93-Np-243

30

Incident Energy (MeV)



Cross Section (barns)

10

—_
Ql
N

MAT 9364 (n,4n) 93-Np—243
Radionuclide Production Cross Section

— 93-Np-240g
------ 93-Np-240m1

31 Incident Energy (MeV) 93—-Np—-243



