Cross Section (barns)

10

10

10

MAT 9140

Photon Major 91-Pa-234

O Kelvin Cross Sections

— Photon Inelastic
(7.7)

Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

MAT 9140

Photon Neutron Production
0O Kelvin Cross Sections

91-Pa—-234

— (7,2n)
| (7,3n)
| —— (7.n7)
F | —— (7,2n)
= | —— (7,3n)

——- (7.4n)
—-— (7,2n)
—— (7.3n)

10

Incident Energy

91-Pa-234



Cross Section (barns)

—~10 |

10

MAT 9140 Photon Charged Particle 91-Pa-234
O Kelvin Cross Sections
i , ]
- | —— (7.n') « |3
------- (7,2n) a e i
—— (7,3n) « ///// el
e | —— (vn')p P ]
| ——— (y7,n') d /// -

10

Incident Energy (MeV)

30

91-Pa—-234



Photon Charged Particle

91-Pa—-234

MAT 9140
164 0O Kelvin Cross Sections
e
- |—— (7.2n) p e
——————— (7,3n) p /
E , - 3
s | —— (v.p) s
| ——- (7.d) //
_ e (7.1)
106 3 // E
5 F :
_ - / -
0 / / /]
= ! / |
B 3 / ek
© _ / N ]
< j / Nk
5 o8 ’ VA
S 10 | / [ |-
I 5t / { / /
% 1 /} // //
% = l / / l'l —
o) 5 3 ) x / i 3
g : / : |
© i /l / /' |
1610 i /‘ / // R
5 ! / ! 5 3
L / |
E / //I 3
5 /// / ),' I//
_12 i | / / I/I
10 _ / ! ]
X . . R [ [ ] ! ‘
3 4 5 6 7 8 9 2 3
1OO 1O1
Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

—_
Q|

10

i

MAT 9140

(y,n') Level 91-Pa-234

0O Kelvin Cross Sections

|
[
S_ { ////’~ \\\\\ S~ 3
3 ' /// \\\\\
: // //\\\\\ \\\\\
L ‘ // // \\\ \\\\ _
E |/ NN
E ‘l,/ \\ \\\\
: “:/ \\ \\\\
i / N .

\
= | \\\\\\\\\ i

NN

AN
NS
B NN i
- || —— Photon Inelastic A
------- (v,n") Ground \\Q\\
—-— MT= 51 (v,n') Level ‘\Q\
\
|| — (7,n') Continuum N 3
\\\
L 1 ) N
6 7 8 9 1 2 3
10

Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

—~10 |

10

—~12 |

10

MAT 9140 (7,p) Levels 91-Pa—-234
O Kelvin Cross Sections
— (7.p)
20 25 30
6 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

MAT 9140 (7,d) Levels 91-Pa—-234
O Kelvin Cross Sections

— (7.4d)

25 30

7 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

—~10 |

10

~14 |

10

MAT 9140 (7,t) Levels 91-Pa—-234
0O Kelvin Cross Sections
— (7.t)
25 30
8 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

—_
Ol

10

—_
©

[9)]

12 |

MAT 9140 (7,a) Levels 91-Pa—-234
O Kelvin Cross Sections
- — (v a)
4
100
9 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

10

10

10

MAT 9140

(7, remainder) 91-Pa-234

Radionuclide Production Cross Section

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

2—He—-3

86—Rn—-209¢g

86—-Rn—-210g 7

86-Rn-211g

86-Rn—-212¢g

86-Rn—-213¢g .

"_— //,//:::::l::;"’”'———————-___———__
i i
i o
| ~
//’
N "
S/
L s
- //
3 4 5 6
10 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

MAT 9140 (7,remainder) 91-Pa—-234
R — SN Radionuclide Production Cross Section S ,
ST \::\\“\\
i T \/\\\\> = T ]
5| oy Y N :
- A S R——
-6 s \/7\‘ N, S - ===
100 | Y N N, e — ]
3 7 " // , ~_ \\\\\ 4
St % /J//4( z // o ~\~-§r?:3111“===;~
_. S ._
5 / ]
10° i // __
5F f 3
i ’ — 86-Rn-214g | _
5| N 86-Rn-215g | |
a e — -— 86-Rn-216¢g
olof ’ —— 86-Rn—218g | |
S ——— 87-Fr-210g | 1
- — 87-Fr-2l1g
------ 87-Fr-212g
3 —-— 87-Fr-213g E
5t —— - 87-Fr-214g
12| —--—— 87-Fr-215¢g
10°° L — 87-Fr-216g | |
5F 3
E. 1 M I S A TP T R T T | A T AT T S B T T | T T T A T B T | T A T B B B T | A T AT T S B T T 1.4
60 100 120 140 160 180 200
11 Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

MAT

9140

(7,remainder)
Radionuclide Production Cross Section

91-Pa—-234

—~10 |

10

87-Fr-217g
87-Fr—-218g
87-Fr-219g
87-Fr—220g
87-Fr-221g
87-Fr-222g
88-Ra—-211g
88-Ra—212¢g
88—-Ra—213¢g
88-Ra—-214g
88—-Ra—215¢g

2

10

Incident Energy (MeV)

91-Pa—-234




(7, remainder) 91-Pa-234

Radionuclide Production Cross Section

MAT 9140

e e T T T T T T T
o) o) Q0 ) ) &) o) Q) ) ol b
O~ 00O0O N MIF WO
— o o= = 02 0 Q022 QQ
Jagaddaaag
g ¢ @ d © © © @ © d
fagadiaaads
0Q O WW OO DO
00 0O 0 W WOawOWwOowwawo
b _ _ o _ _
| | | |
R
| |
‘//HHA |||||||||||||||| ////
|’|// ||||||||||||||||||||
—— /Illl
— — ]
/// AN
l:]n;llluJ/ |||||||
/////
// /////I
—— T
.
~__ ///[ ///
—. I|||.|//
N - AN
/l//nl.'lllll“”/[.
//
N
L [ TR T A T SR T TR PO
0 0 0 0 '®) 0 0 o
O (00) — —
©) ©) @) @) (@)
— — — — —

(Suaeq) uo1q109g SSOJI)

102

91-Pa-234

Incident Energy (MeV)

13



(v, remainder) 91-Pa-234

Radionuclide Production Cross Section

MAT 9140

L |
200

89-Ac—220g

89-Ac-212¢g
89-Ac—-213g
89-Ac-214g
89-Ac—215¢g
89-Ac-216g
89-Ac-217g
89-Ac—218g
89-Ac-219g
89-Ac—221g
89-Ac—-222¢

L | L
150

A
.
100

——————

c——— . TTmememee ]

———

50

(Suaeq) uo1q109g SSOJI)

91-Pa-234

Incident Energy (MeV)

14



Cross Section (barns)

MAT 9140

(7,remainder)

Radionuclide Production Cross Section

91-Pa—-234

89-Ac-222m1

89-Ac—223g E
89-Ac-224¢g 3
89-Ac—225¢g ]
89-Ac—226¢g ]
89-Ac-227¢g 3
89-Ac—228¢g
89-Ac—229¢g
89-Ac—230g
89—-Ac-231g
90-Th-213g

6 7 8 9
1O2

Incident Energy (MeV)

91-Pa-234



91-Pa-234

90-Th-214g
90-Th—215g
90-Th—216g
90-Th—217g
Th-218g
Th-219g
~Th—220¢g
90-Th-221¢

90—
90—
90

90-Th—-222¢g
90-Th—-223g
90-Th—-224¢

200

150

(7,remainder)
Radionuclide Production Cross Section

~a

100

e—— _

e —

—_———

——

—_——— ——

MAT 9140

(Suaeq) uo1q109g SSOJI)

91-Pa-234

Incident Energy (MeV)

16



Cross Section (barns)

10

10

10

MAT 9140

(7,remainder)

Radionuclide Production Cross Section

91-Pa—-234

e

90-Th-225¢
90-Th-226¢
90-Th-227¢g
90-Th—-228¢
90-Th-229¢
90-Th—-230g
90-Th-231¢g
90-Th-232¢
90-Th-233¢g
91-Pa-214g
91-Pa-215¢g

6 7 8 9
102
Incident Energy (MeV)

91-Pa-234




< T T T T T %
=t | ) R
8 /| |
n_a ) Q) &) ) o) o) L) vl o) 1) ol of
a. _ OM~-0 00O —~QMm< 1O
_ — o o= = 02 0 Q0O QQ
- o |Ragagiaanay
o | T 66006006060 T
AL I LI LY
e
\ OO NONONONONONO RO
I ' [ I
.l Co
g \ N
o I
)
%. ]
ol 3
S i
0t
0
St
—~0
S
O arf
< 0
o -~k
e D
o Of
g2 3
0T
S OF
-~ N
S~
p—
e- T et e ]
o)
] ]
@)
| N 2
i —
g —
ot ————
~
O |||||||||
<t ——
= __
(o) e e—
ATn @)
= L Ly 1 1 R 1 1 0
0 0 0 0
<# 0 © ™~ ©
@) (@] (@) @] @]
— — — — —

(sSuaeq) uorq109g SSOJI)

91-Pa-234

Incident Energy (MeV)

18



Cross Section (barns)

10

10

10

10

MAT 9140

(7,remainder)

Radionuclide Production Cross Section

91-Pa—-234

91-Pa-227g -
91-Pa—-228¢g
91-Pa-229¢g -
91-Pa—-230g
91-Pa-231g 5
91-Pa—232¢g
91-Pa-233¢g .
91-Pa-234g
91-Pa—-234m1 7
Photon

Incident Energy (MeV)

91-Pa-234



Cross Section (barns)

—_
Ql
N

MAT 9140

Photon Fission 91-Pa—-234
Radionuclide Production Cross Section

0-7??-Nat

10
20

2 3 4 5 6 7 8 9 1 2 3
10
Incident Energy (MeV) 91-Pa-234



Cross Section (barns)

MAT 9140

(7.7)

91-Pa—-234

Radionuclide Production Cross Section

91-Pa—234g
91-Pa—234m2

4 5 6 7 8 9

10
Incident Energy (MeV)

1

91-Pa-234



