Proton Major 83-Bi—-213

MAT 8337
O Kelvin Cross Sections
T R | R RAML | LR | LML | LR | LR | LR | T R |
_2 i
10 5 - | — Proton Inelastic 3
2 (p.7)
—~~ 164 E III 3
g ,'
& 1
© i
éi !
c 5F ! 3
S i !
+ _6 ';'
8 10 3 i 3
y ' ;
N |
o |
| | I i
(_) E ,I 3
5¢ )
5§ /
5t | 5
:I ol Lol Lol Lol Lol Lol Lol Lo aaaaal Lol | I:|||||| |
o 10" 10° 10° 10% 10° 107 10! 10° 10!
83-Bi—213

10° 10
Incident Energy (MeV)

1



83-Bi—-213

Proton Neutron Production
0O Kelvin Cross Sections

MAT 8337

10°

(p.2n)
—— (p.3n)
—-— (p,n') «
—— (p,2n) «
—— (p,3n) «

———-— (p,n'") Ra

(Suaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 10 10°

10

83-Bi—213

Incident Energy (MeV)



83-Bi—-213

MAT 8337 Proton Neutron Production
0O Kelvin Cross Sections
O bl | LR | T LEMLRAMALMAL | LR | LML | LR | T R | LR | T LEMLRAMALMAL | T
10 E N 3
*t | — (p.2n) 2a ]
S (p,n') d .
L |~ (pn') t 1
st | — (p.n') He-3 13
N y
10° | /]
—~~ 5 I'I
0 l
g i
S
© 3 l 3
53 5 | ;
5 1
-+ 10 3 ! }?
) :, ; 1
N L i
0 s i 3
g 5¢E |
O 2 ] |
10° | in
5§ i J/
; |
i e
5 Jf
| |
-8 | VE:
10 Bl RTITTRRA | Ll Lol Lol Ll Lol Ll RTITTRRA | Ll ! .......|‘:| [ 3
10° 10° 10" 10° 10° 10% 10° 107 10! 10° 10!
83-Bi—213

3 Incident Energy (MeV)



Proton Charged Particle 83-Bi—-213

0O Kelvin Cross Sections

MAT 8337

o
3 0}
T3 8 o T L O
AN TN N TN TN AN NN TN N
- gg- - - - - gg
g Mm o a a8 aum
0,0 O O Qo O &
N N N S NS S N N S N
| | | | | |
R
] ]
] )
Logiranan ey R [} Lovterires [} Lua
Te] Te} 0 Te} Te]
AV} <t © [00]
[®) 1O [®) (@]
~ ~ ~ ~

(suaeq) uorq109g SSOJI)

83-Bi—213

Incident Energy (MeV)



Proton Charged Particle 83-Bi—-213

O Kelvin Cross Sections

MAT 8337

(suaeq) uorq09g SSOJI)

M 5 T
| —~
oMl o N I Sl N & o e
(o Vi oY s Wi¥ TN o} o oo
N N N S SN SN N N S
i Lo i !
R A
I I
L
Liariies [ AR l [ARRR l [
Te] Te] 0 Q Te]
AV} <t © ®
@] 1O 1O @]
~ ~ ~ —

10 10 10 10 10 10 10 10 10°

10

83-Bi—213

Incident Energy (MeV)



Cross Section (barns)

10

MAT 8337 (p.,n') Level 83-Bi—213
O Kelvin Cross Sections

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

——— Proton Inelastic

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

6 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p.p) Levels 83-Bi—213
0O Kelvin Cross Sections

— (p.pP)

4 6 8 0 2 4

7 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337

(p,d) Levels
O Kelvin Cross Sections

83-Bi—213

| (p.d)

Incident Energy (MeV)

83-Bi—213



Cross Section (barns)

MAT 8337 (p,t) Levels 83-Bi—213
O Kelvin Cross Sections

L [— (1)

2 3 4 5 6 7 8 9 2 3
100 101
9 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

—~10 |

10

MAT 8337 (p,He3) Levels 83-Bi—213
O Kelvin Cross Sections

— (p,He-3)

3 4 5 6 7 8 9 1 2 3
10
10 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,a) Levels 83-Bi-213

0O Kelvin Cross Sections
bl | LR | T LEMLRAMALMAL | LR | LML | LR | LR | LR | T LEMLRAMALMAL |

— (p,a)

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

11 Incident Energy (MeV) 83-Bi—-213




Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—213
Radionuclide Production Cross Section

79-Au-190g
80-Hg—190g |
80-Hg-191g f
Sl 80-Hg—-191m1 J

|
— 80-Hg-192¢ }/
|

3 4 5 6 i 8 9 2 2

12 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—213
Radionuclide Production Cross Section

80-Hg-193¢g E
80-Hg-193m1 | i
80-Hg—194¢g ]
80-Hg—195¢g =
80-Hg-195m1 | ]
80-Hg—196¢g
80-Hg-197¢g
80-Hg-197m1
80-Hg—-198¢g
80-Hg—-199¢g
80-Hg—199m1

L L L L L | L L L L L L L L L | L L L L L L L L L |
50 100 150 200

13 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,remainder)

Radionuclide Production Cross Section

83-Bi—213

——— e ——

80-Hg—-200g
80-Hg—201g
80-Hg-202¢
80-Hg—203g
80-Hg—204¢
80-Hg-205¢
81-T1-191g -
81-T1-191m1 | 4
81-T1-192g :
81-T1-192m1
81-T1-193g

3 4 5 6 7 8 9
1O2

Incident Energy (MeV)

83-Bi—213



Cross Section (barns)

MAT 8337 (p,remainder)

Radionuclide Production Cross Section

83-Bi—213

ST AR AR AR AR AR AR A AR
5| ] = :
164 E 3
5; 3
166 E 3
5Z
i 81-T1-193m1 | |
st A4 81-T1-194g 3
3 — — 81-T1-194m1
168 ——- 81-T1-195g
5? — — 81-T1-195m1 | 3
3 — 81-T1-196g
------ 81-T1-196m1
3 —— 81-T1-197g .
St — _ _ 81-T1-197mi
10 Z — - 81-T1-198g
1077 [ —— 81-T1-198m1 | |
5 E 3
:I. ......... | I T R B R S B 1 | I P S T TP S BV B 1 | I N S T R T SV 1 | I T R B R S B 1 I:
60 100 120 140 160 180 200
15 Incident Energy (MeV) 83-Bi-213



(p,remainder) 83-Bi-213

Cross Section (barns)

Incident Energy (MeV)

MAT 8337
Radionuclide Production Cross Section
T T T T T T
e
i N T e ]
P i T - S~ 3
= ~

; —— 81-T1-199¢
3 | Y 81-T1-200g | -
//! ( 5 —-— 81-T1-201g 3
S Lo ——- 81-T1-202g .
- . . — -~ 81-T1-203g | .
/ | b — 81-T1-204g 1

| : J N N R 81-T1-205¢
] ! | / — -~ 81-T1-206g | |
st | / —— 81-T1-206m1 | }

s j —--— 81-T1-207g

/ f —— 81-T1-207m1
3 ! RS g
3 4 6 i 8 9 2

10°

83-Bi—213



Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—-213

Radionuclide Production Cross Section
T T T T T T

—  81-T1-208g
_______ 81-T1-209g
— -~ 81-T1-210g
— —~ 82-Pb-192g
— - 82-Pb-193g
|| ——  82-Pb-193m1
[ pE—— 82-Pb-194¢g
|| —-— 82-Pb-195g
|| ——- 82-Pb-195m1
|| —-- 82-Pb-196g
—  82-Pb-197g

\
™~
N
N

5 6 7 8 9 2
102
17 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—-213
Radionuclide Production Cross Section

, ! 82-Pb-197m1
/ 4/ - 82-Pb-198g

—-— 82-Pb-199g
——- 82-Pb—-199n1
r —--— 82-Pb-200g
/ —— 82-Pb-201g E

N 82-Pb—201m1 E

— —  82-Pb-202g ]

——- 82-Pb-202m1 .
_____ 82-Pb-203g 5
——— 82-Pb—203m1

| .
4 5 6 8 9 2
102

L AN
N oo

18 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337

(p,remainder)

83-Bi—213

Radionuclide Production Cross Section
T T T T T T

82-Pb-203m2 | |
82-Pb—204g :
82-Pb-204mn1
82-Pb-205¢
82-Pb—206¢
82-Pb-207g
82-Pb-207n1
82-Pb-208g E
82-Pb-209g :
82-Pb—210g .
82-Pb—211g ]

19

5 6 7 8 9
1O2

Incident Energy (MeV)

83-Bi—213



Cross Section (barns)

10

[EEN
Ql
W

MAT 8337

(p,remainder) 83-Bi-213

Radionuclide Production Cross Section

— 82-Pb-212g
------- 83-Bi-193g
— — B83-Bi-193m1
. B83-Bi-194g
— -~ 83-Bi-194nm1

——————— 83-Bi-195¢g
—-— 83-Bi-195ml
——- 83-Bi—-196¢g
—--— 83-Bi-196m1
. | —— 83-Bi-196m2

20

8 v 8 9 2

Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337

(p,remainder) 83-Bi-213

Radionuclide Production Cross Section

21

— - S —
. ~
A S ———
/S TS e _—
//g/// c—— T T
T
J 77 :
Ay
s S e
v T T e
/' /// /// ( /// ]
’ II ! S
d
/ f /
| __ 83-Bi-197g | |
(!1 7 83-Bi—-197m1
____ 83-Bi-198g
pdw ——- 83-Bi-198m1 | ]
/| — _ 83-Bi-198m2 | :
/ / _____ 83-Bi-199g¢
¥ N 83-Bi—199m1
i | e " — — 83-Bi-200g | |
3 ‘ / — — - 83-Bi-200m1 | i
b/ — -~ 83-Bi-200m2
[ —  83-Bi-201g
/
3 L Lo ’. ! / ......... | R T T S T R 1 | T T A T T S T B | R S R T S T T 1 | T T A T T I T B I_-
80 100 120 140 160 180 200

Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

10

MAT 8337 (p,remainder) 83-Bi—-213
Radionuclide Production Cross Section

—_——

—_— e __

e D

—_ k|
T —— 4

83-Bi—-201m1
------ 83-Bi-202¢
-~ B83-Bi-203g
— - 83-Bi-203m1
— - 83-Bi-204g
— 83-Bi-205g
------ 83-Bi-206g .
— -— 83-Bi-207g :
— - 83-Bi-208g _
-~ 83-Bi-209g ]
— 83-Bi-210g 5

6 7 8 9 2
102
22 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

10

10

MAT 8337 (p,remainder) 83-Bi—-213
Radionuclide Production Cross Section

— 83-Bi-210ml |
------- 83-Bi—211g -
—-— B83-Bi-212¢g !
— - 83-Bi-212nl i
— -~ 83-Bi-213g

— 84-Po-194g
------- 84-Po-195¢g
— —— 84-Po-195ml
— - 84-Po-196¢g
—--—— 84-Po-197g
—  84-Po-197ml

3 4 5 6 i 8 9 2 2

23 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,remainder)
Radionuclide Production Cross Section

83-Bi—-213

84-Po-198¢g
84-Po-199¢
84-Po-199m1
84-Po—-200g
84-Po-201g
84—-Po-201m1
84-Po-202¢g
84-Po-203g
84-Po-203m1
84-Po-204g
84-Po-205¢g

_—_———
——

=
— Te— T ~—

~—
~ _—

= _

S~ ———

3 . . . . . ]
20 100 150 200

24 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—213

Radionuclide Production Cross Section
T T T T T T

——— 84-Po-206g
——————— 84-Po-207g
—-— 84-Po-207ml
——- 84-Po—-208¢g
—--—- 84-Po-209g
——— B84-Po-210g
——————— 84-Po-R2l1g
—-— 84-Po-211ml
——- 84-Po-212¢g
—--— B84-Po—-212ml
——— 84-Po—213g

I SO

3 4 5 6 7 8 9 2
1O2

25 Incident Energy (MeV) 83-Bi—-213




Cross Section (barns)

MAT 8337 (p,remainder) 83-Bi—-213
Radionuclide Production Cross Section
T T T T T T

| —— B84-Po-214g

R Photon

] . . . . . . - ]
3 4 6 7 8 9 2

102

26 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

—~10 |

10

MAT 8337

(p.2n) d 83-Bi-213

83-Bi-210g
83-Bi—210m2

Radionuclide Production Cross Section

27

15

30

83-Bi—213

Incident Energy (MeV)



Cross Section (barns)

[EEN
Ol
i

MAT 8337 (p.2n) 83-Bi—213
Radionuclide Production Cross Section

= | —— 84-Po-212¢g
S [E— 84—-Po—-212m10

10
28 Incident Energy (MeV) 83-Bi—-213

1 2 3

'S
(V)]
O) -
\1



83-Bi—-213

MAT 8337 (p.,3n)
Radionuclide Production Cross Section
T T L L B A A A A A AN AN MR AR AL AN AL AL MMM
5
ot | _
— 5
N
o
S
©
2
g —
’2 1O2 B _
2
)
¥ 5
n
N
0
|
O
100 | _
5¢ /
f —— 84-Po-21l1g
f —————— 84—-Po—-211m10
1% | ]
l TN P Y P T ' T P U DU T T T TUTIE TUUIE TUTTT T
15 20 25 30
83-Bi—213

10
29 Incident Energy (MeV)



Cross Section (barns)

—~10 |

10

12 |

10

MAT 8337

Proton Fission 83-Bi—213
Radionuclide Production Cross Section

—_— 0-7??-Nat

-3 S —2 ] =1 S 0 S 1

10 10 10
Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

10

[EEN
ol
N

MAT 8337 (p.3n) a 83-Bi-213

Radionuclide Production Cross Section
T T T T T T T

- | —— 82-Pb-R07g
S 82—-Pb—207m3

3 4 5 6 7 8 9 1 2 3
10
31 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p.n') p 83-Bi-213

Radionuclide Production Cross Section
: : , :

| —— 83-Bi-212¢g
= | 83-Bi—212md

32 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p.n') t 83-Bi—213
Radionuclide Production Cross Section

-+ | —— 83-Bi-210g )
e | 83-Bi—210m2 -~ 3

25 30

33 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

—~10 |

10

MAT 8337 (p.3n) p 83-Bi—213
Radionuclide Production Cross Section
E T T T T T T T T T T T T T T T T T T ’:
—— 83-Bi-210g
I 83-Bi—210m<2 ]
3 " | 3
15 30
34 Incident Energy (MeV) 83-Bi—-213



Cross Section (barns)

MAT 8337 (p.d) 83-Bi-213

Radionuclide Production Cross Section
T T T T T

—— 83-Bi-Rl12g
_______ 83-Bi—R12mb5

10
35 Incident Energy (MeV) 83-Bi—-213



