Cross Section (barns)

MAT 9146

Ma jor

294 Kelvin Cross Sections

91-Pa—-236

Vo

\ ]

—_ Total ~_ | \\j :

. ~ E

------- Elastic AN I / \ | ]

. ~ | \ ]

——-— Inelastic \\\\“ff/// ! ‘_

| | ———- Fission . \,/\ ‘_

(1) | v \‘d:

T R R R T R R I .|.....| L wl oo
10° 10° 10" 10° 10° 1ot 10° 107 10! 10 Tk

1 Incident Energy (MeV) 91-Pa-236



91-Pa—-236

MAT 9146

Neutron Production
294 Kelvin Cross Sections

(n,2n)
-—--— (n,3n)
—-—(n,n'") «
———— (n,2n) «
—-—— (n,3n) «

(suaeq) uorq09g SSOJI)

10 10 10 10 10 10 10 10 10°

10

91-Pa—-236

Incident Energy (MeV)



MAT 9146 Neutron Production 91-Pa—-236
294 Kelvin Cross Sections

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

—— (n,2n) p

Cross Section (barns)

10

10

3 Incident Energy (MeV) 91-Pa-236



91-Pa—-236

Charged Particle
294 Kelvin Cross Sections

MAT 9146

?

Q
T8 8 44T =
AN NN TN N N N
- gg- - - -
g Mm o a o O
g g a o a a a
N N N S SN SN N

T
.

] ]
T L
L b1 [} Lo

0 0

AV} <t
o) (@)
~ ~

(Suaeq) uorq109g SSOJI)

10 10 10 10 10 10 10 10 10°

10

91-Pa—-236

Incident Energy (MeV)



91-Pa—-236

Charged Particle
294 Kelvin Cross Sections

MAT 9146

(suaeq) uorq09g SSOJI)

LA L T T T T T T ki
(< —_— e
///// = e i
,,,,,,,,,,,,,,, e B ©
:::::::::::::::::::::::::::: E ~—
O
1l O
]
—
410
I
V)
4 10
|
1M
410
3
IRy
1 10
]I -
10
4 10
3
1@
1 10
I
1~
[oN ~
4 10
— T o~ ;-
g ~—~— 0 (o 3
M a7 L T AV ]
e R - a 1o
N N N SN N S— B _O
R i i -
1 | 7 1 1
| .
]
(o)
4 10
[T Lo 1 1 IR 1 1 L 1 . E: ~
0 0 0 0 0 0 0 0 '®)
Y] < © 00] —
(@) @) (@) (@) (@]
— — ~— — ~—

91-Pa—-236

Incident Energy (MeV)



Cross Section (barns)

Particle Production 91-Pa—-236

MAT 9146
294 Kelvin Cross Sections

Fl EERR M | EER AL | EERRA | EER AL | EER | ERR M | ERALA | EERR M | EER AL | Bl
— Hydrogen Production j

| - Deuterium Production ?@

. | —-— Tritium Production k/i
——- He—3 Production "/ ]
—--— He—4 Production y ]

5 P

_ |

L
52 F J;
_ i
i |1
5 ¢ ! ¥
I
E : !—.
E ]
5 ¢ ! | 3
3 o
- o
|
] (_
i N
S| .
i [ {
;I Lol il el Ll e enaaaal L taaaal et Lol il ||||!||||| .‘ 3
167 10° 10" 10°  10° 10 10° 10°0  10] 100 10!
Incident Energy (MeV) 91-Pa-236

6



Cross Section (barns)

Fission 91-Pa—-236
294 Kelvin Cross Sections
e

MAT 9146

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

|
— Fission {
|
|
|

107 10° 10" 10° 10° 1ot 10° 107 1ot 10° 10

7 Incident Energy (MeV) 91-Pa-236

|



Cross Section (barns)

10

10

MAT 9146

(n,n') Level

294 Kelvin Cross Sections

91-Pa—-236

- | —— Inelastic

——————— MT= 51 (n,n')
- | —-— MT= 52 (n,n")
——— MT= 53 (n,n")
—-— MT= 54 (n,n')
— MT= 55 (n,n')
——————— MT= 56 (n,n')
- | —-— MT= 57 (n,n')
——- MT= 58 (n,n’)
— —— MT= 59 (n,n’)
— MT= 60 (n,n')

Incident Energy (MeV)

91-Pa—-236



Cross Section (barns)

MAT 9146 (n,n') Level 91-Pa-236
294 Kelvin Cross Sections
I —__ MT= 61 (n,n') Level | |
[ MT= 62 (n,n') Level i
——— MT= 63 (n,n') Level
_ ——— MT= 64 (n,n') Level i
———— MT= 65 (n,n') Level
_ —— MT= 66 (n,n') Level -
______ MT= 67 (n,n') Level
B —-— MT= 68 (n,n') Level | A
——- MT= 69 (n,n') Level
B ———— MT= 70 (n,n') Level | T
—— MT= 71 (n,n’') Level
- /_—\\\ -
////:\\“::\\Z\t\- < T
nr RS P — |
// //// \: T T T — Tt
/ T /\/\/\\i\ ///——— o
i // o 7 o \\\\ e 1
| e ,/’// __________ \\\\ /// |
‘// /,///”//” \\\\\\\ \\\\\ \\ \\\\ /
| I' // ///,’/ \\\\\\\\ \/ .
! //////// \\\\\\:\\\\\\\
B /// s \\\\\ \\\\ 7]
|// - \x N
I/ S \\\\\ Y
| s NN -
/ NN
v N\
i e \\\1\\\ -
. e AN
7 8 9 2 3 4 5 6 7 8 9 2 3
100 1O1
9 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

—_
o

V)

MAT 9146 (n,n') Level 91-Pa—-236
294 Kelvin Cross Sections

Continuum

7 8 9 O 2 3 4 5 6

10 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

10

—~10 |

10

MAT 9146 (n,p) Levels 91-Pa—-236
294 Kelvin Cross Sections

— (n,p)

2 4 6 8 0 2 4

11 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

10

10

MAT 9146 (n,d) Levels 91-Pa—-236
294 Kelvin Cross Sections

— (n.d)

4 5 6 7 8 9 1 2 3
10
12 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

MAT 9146 (n,t) Levels 91-Pa—-236

294 Kelvin Cross Sections
T T T T T T

=

L L L L L L 1
3 4 5 6 7 8 9 1 2 3

10

13 Incident Energy (MeV) 91-Pa-236




Cross Section (barns)

MAT 9146 (n,He3) Levels 91-Pa—-236
294 Kelvin Cross Sections

— (n,He-3)

10 15 20 29 30

14 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

=10 |

10

MAT 9146 (n,a) Levels 91-Pa-236
294 Kelvin Cross Sections

BT T T T T T T LML AL | T T T T T T T T T T T T T LML AL |

— (n,a)

I

| RRRR |

P~ ~4 -3 —2 =1 0

10 10 10 166 10 10 10 10 10 10

-9 -8 =7

15 Incident Energy (MeV) 91-Pa-236



(eV-barns)

MAT 9146 Energy Release 91-Pa-236
Heating — Damage

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

107 10° 10" 10° 10° 1ot 10° 107 1ot 10° 10t

16 Incident Energy (MeV) 91-Pa-236




(eV-barns)

10

10

—_
@)

14

12

—_
o

—_
o
@

10

10

MAT 9146

Energy Release
Heating — Damage
NN~

— Kerma
Kerma
——— Kerma
— —- Kernma
—--— Kerma
—— Kerma
Kerma

total
elastic
non—-elastic (all but mtR2)
inelastic (mt51-91)

fission (mt18 or mt19-20-21-38)
disappearance (mt102-120)
capture (mt103)

(eV-barns)

il il el

02 10° 10"

10
17

10

~6 P~

10 10

Incident Energy (MeV)

~4

163 —2

10

91-Pa—-236

91-Pa—-236



(eV-barns)

10

10

10

10

10

10

14 |

12

10

Energy Release
Heating — Damage
e

91-Pa—-236

— 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)

~ ~e
[ |::l'| \\\\\ Seom T
P
i ~__ //\/VM ll
JV Pt
\MM' J‘l
- ) W
|
i |
|
|
il N T TN T TN R TR R SN
10° 10° 10° 1ot 10° 107
18 Incident Energy (MeV) 91-Pa-236




Cross Section (barns)

10

10

10

10

10

MAT 9146

(n,remainder) 91-Pa-236

Radionuclide Production Cross Section

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

2—He—-3

85-At-211g
86-Rn-212¢
86-Rn—-213¢g
86-Rn—-214¢
86—-Rn—-215¢

19

6

91-Pa—-236

Incident Energy (MeV)



Cross Section (barns)

MAT 9146 (n,remainder)

Radionuclide Production Cross Section

91-Pa—-236

86—-Rn—-216¢g
86—-Rn—217g
86—-Rn—218¢g
87-Fr—-213g
87-Fr-214g
87-Fr-215g
87-Fr-216¢g
87-Fr-217g
87-Fr-218¢g
87-Fr-219g
87-Fr—220¢g

E L L A L L L | L L | L
20 100 150

20 Incident Energy (MeV)

L |
200

91-Pa—-236



Cross Section (barns)

MAT 9146 (n,remainder) 91-Pa—-236

Radionuclide Production Cross Section
T T T T T

A

\———-———_

—  87-Fr-221g
------ 87-Fr-222g
— — 87-Fr-223g | 1
——- 87-Fr—224g | i
—— 87-Fr-225g | |
— 88-Ra—214g |
------ 88-Ra—215g | 1
— -~ 88-Ra-216g
——- 88-Ra-217g
—--— O88-Ra—218¢
— 88-Ra-219g

21 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

10

10

MAT 9146 (n,remainder) 91-Pa—-236
Radionuclide Production Cross Section

: e
P ——— =
P L D = =
> —— T -
==
T eI
____________________ _
— - Tt ———
—_—
—_———— T T
e —_——
e—
—_—

—  88-Ra—220g
------ 88-Ra—221¢g
— -~ 88-Ra—222g
— - 88-Ra—223g
—--— 88-Ra—224g
—— B88-Ra—225g |
------ 88-Ra—226g | |
—-— 88-Ra—227g | |
——- 88-Ra—228g | 4
— -~ 88-Ra-229g | i
—  88-Ra—230g

3 4 5 6 7 8 9 2
102
22 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

MAT 9146 (n,remainder) 91-Pa—-236
Radionuclide Production Cross Section

e ——— ——— —— _

RSN e — 3

—_—

—_——— =
—_— —_———

—_—

— 89-Ac-215g
------ 89-Ac-216g
— — 89-Ac-217g
——- 89-Ac-218¢g E
— -~ 89-Ac-219g ;
— 89-Ac-220g _
------ 89-Ac—221g i
——  89-Ac-222g 5
——  89-Ac-222ml
—--— 89-Ac-223g

— 89-Ac-224g

L L 1 L L L L L L L L L L L | L L L L L L L L L 1.7
S0 100 150 200

23 Incident Energy (MeV) 91-Pa-236



Cross Section (barns)

—_
ol
W

MAT 9146 (n,remainder) 91-Pa—-236
Radionuclide Production Cross Section

- - ==
———— - ———

-——— . . .

. - — —_——
e ———— e —— _

L e ——— —— ——— S ]

89-Ac—-225¢g .
—————— 89-Ac—226¢g 3
89-Ac—227¢g
89—-Ac—228g
89-Ac—229¢g
89-Ac—230g
—————— 89-Ac-231g
89-Ac—-232¢g 3
89-Ac—233¢g ]
89—-Ac—-234g ]
90-Th—-216¢g .

3 4 5 6 7 8 9 2
102
24 Incident Energy (MeV) 91-Pa-236



(n,remainder) 91-Pa—-236

Radionuclide Production Cross Section

MAT 9146

200

90-Th-217g

90-Th—-218¢g

90—
90—

Th-219g
Th-220g

90-Th-221¢g

90

~Th-222g

90-Th—-223¢g

90-Th-224¢g
90-Th—-225¢g
90-Th—-226¢g
90-Th—-227¢g

UO 13098 SSO0J)

50

1

91-Pa—-236

Incident Energy (MeV)

29



Cross Section (barns)

10

10

10

10

10

10

MAT 9146

(n,remainder)
Radionuclide Production Cross Section

90-Th-228¢
90-Th—-229¢
90-Th-230¢g
90-Th-231¢g
90-Th-232¢
90-Th-233g
90-Th-234¢
90-Th-235¢g
90-Th-236¢g
91-Pa-217¢g
91-Pa—-218¢g

10

2

Incident Energy (MeV)

91-Pa—-236

91-Pa—-236



Cross Section (barns)

MAT 9146

(n,remainder)

Radionuclide Production Cross Section

91-Pa—-236

=T

————

_—

91-Pa—219g
91-Pa—220g
91-Pa—221g
91-Pa—-222¢g
91-Pa—223g | 1
91-Pa—224g | 1
91-Pa—225g
91-Pa—226g
91-Pa-227g | 3
91-Pa—-228¢ :
91-Pa—229g

27

1O2

Incident Energy (MeV)

91-Pa—-236



Cross Section (barns)

10

10

10

10

10

MAT 9146

(n,remainder)

Radionuclide Production Cross Section

91-Pa—-236

91-Pa-230g
91-Pa-231g 7
91-Pa-232¢g
91-Pa—-233¢g
91-Pa-234g
91-Pa—234m1
91-Pa-235¢g i
91-Pa-236¢g
91-Pa-237g i
Photon

Incident Energy (MeV)

91-Pa—-236



Cross Section (barns)

MAT 9146
Radionuclide Production Cross Section
AR AR AR AL AR LA AR AL AL AL AL AARL AR MRS AN T]
100 E =
Y
10! I
5 f
10° | ._
5 f
163 E =
s
4 5
100 L] 91-Pa-234g | |3
SE| 91-Pa-234m2
l: | | | | | | | J
15 20 30
91-Pa—-236

(n,3n)

91-Pa—-236

29

Incident Energy (MeV)



