Cross Section (barns)

10

10

[EEN
Ql

W

MAT 8655

Photon Major

86—Rn—221

O Kelvin Cross Sections

Photon Inelastic
(7.7)

4 5 6 v

8 9

Incident Energy (MeV)

10

1

86—-Rn—-221



Cross Section (barns)

MAT 8655 Photon Neutron Production 86—-Rn—221
O Kelvin Cross Sections

T T

- | —— (7.,2n)
5_ """" (7!311)
| (ym) a

——- (7.,2n) «
L (7,3n) o

/

3 /
| ! ! ! ! ! ! ! // |
100 2 3 4 5 6 7 8 9 0

2 Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

10

MAT 8655 Photon Neutron Production 86—Rn—221
O Kelvin Cross Sections
X | S 1]
E / ‘:
—— (7,2n) Ra / E
------- (7,n') d [
] t / ‘
| —— () A
| —— (7.4n) [
—— (7.2n) p | i
i | ]
E 1 ‘:
| )
: /|
I/////
I
3 ZV 3
///
/|

[/

. . e J
2 4 5 6 7 8 9 2 3

1OO 101

3 Incident Energy (MeV) 86—-Rn-221



Photon Charged Particle 86—-Rn—221

MAT 8655

O Kelvin Cross Sections

86—-Rn—-221

Incident Energy (MeV)

o
o
o
P
2a

(y,n")
—--—-- (7,2n)

—— (7,3n)

——- (7,n")
—-— (7.2n)

e () t

10O

0 0 0 0

®) 0 0
© —
@]
—

(sSuaeq) uo1q109g SSOJI)



Photon Charged Particle 86—-Rn—-221

MAT 8655
164 0O Kelvin Cross Sections
T - - ' ' i —— 3
5§ 3
—— (7,2n) p
A (7,3n) p .
st | —— (v.p)
| ——- (7.d)
_ (7.t
.58 :_ (7.,t) ]
5§ 3
o
=
3 3 ;
g s ,'
o — )
S 10° | ) f
5 s Lo N T
8 / /[ :
| [ ] i
w E / /I || =
) - ! R
0 5 ¢ ( |
g 3 ! |
(@) : ) ' // :
1610 | / // j /]
]
.. o ]
| ) |
12 | | /] !
10°° L ! [ : ]
¥ . . . A ! :
100 2 3 4 5 6 7 8 9 101 2 3
Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

MAT 8655 (7.,n') Level
O Kelvin Cross Sections

86—Rn—221

—— Photon Inelastic .
—————— (v,n') Ground :
—-— MT= 51 (y,n') Level

SO —— (7,n") Continuum

T T T
/
7/

\
\
| \

5 6 7 8 o . 1
10
6 Incident Energy (MeV)

86—-Rn—-221



Cross Section (barns)

10

12 |

10

MAT 8655 (7,p) Levels 86-Rn—-221
O Kelvin Cross Sections
— (7.p)
20 25 30
7 Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

12 |

10

MAT 8655 (7,d) Levels 86—-Rn—221
O Kelvin Cross Sections

| —— (7.4d) :

25 30

8 Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

—~12 |

10

—~14 |

10

MAT 8655 (7,t) Levels 86—-Rn—221
0O Kelvin Cross Sections
— (7.t)
25 30
9 Incident Energy (MeV) 86-Rn—-221



Cross Section (barns)

MAT 8655 (7,a) Levels 86-Rn—-221
O Kelvin Cross Sections
FT T T T T T T T
— (7. a)
1 L L L L L L 1 L
4 5 6 7 8 9 2 3
100 101
10 Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

10

10

10

10

MAT 8655

Radionuclide Production Cross Section

(7,remainder)

86—Rn—221

Neutron

1-H -1

1-H -2

1-H -3
2—He—-3
80-Hg—-195¢
80-Hg—-195m1
80-Hg—-196¢
80-Hg—-197¢g
80-Hg—-197m1

Incident

Energy (MeV)

86—-Rn—-221




Cross Section (barns)

MAT 8655 (7,remainder) 86-Rn—-221
Radionuclide Production Cross Section
[T T o T T LML o T T
5 P eSS C TN i
| S
—6 G S :
10 E //:/// - /// /// /’ T T T -
5 ; ’///// /// /// //// ////
' I o /
I:/// ¥ , Vs z
s i/ / i ]
51 S g Ay -
-8 // /,(/ ///// /// /4I
10 - ! ////I // // =
5 3 / // // // E
3 | /// ] /
I S /
- 'IIII/ // ///l // -
5 ; //y // /// / -
: / , /// —  80-Hg-200g
1619 ) ! / ------ 80-Hg—201g
o F | ! / —__ 81-T1-196g E
; -/ ! ——- 81-T1-196ml
' ; —-—— 81-T1-198g
3 i | — 81-T1-198m1 | 1
St /;’/ 1 A 81-T1-199¢ ]
12 | / ¥ i % —-— 81-T1-202¢g _
1077 | [ ) Vi ——- 81-T1-203g | J
5 oA /i -~ 81-T1-204g :
| ’ )/ / — 82-Pb-197g
:_I L l L /. ILI/. L L { ......... | 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 I_:
60 80 100 120 140 160 180 200
Incident Energy (MeV) 86-Rn-221



Cross Section (barns)

MAT 8655

(7,remainder)

Radionuclide Production Cross Section

86—Rn—221

S~

~~o
~—_

__ — e — =

- —_—
T ——— =

------ 82-Pb—198g
— _ 82-Pb-199g
— —_ 82-Pb-199ml
.~ 82-Pb—200g

82-Pb-197m1

——— 82-Pb-201g
—————— 82-Pb—201m1 3
—-— 82-Pb-202g E
——- 82-Pb-202m1 ]
—--— 82-Pb-203g i
—— 82-Pb-203ml | ]
|||||||||||||||||| | I T R T U R S P R A T SO S T S A TP TP A U TP S SO TP SR S TP BT PR |
140 160 180 200
13 Incident Energy (MeV) 86-Rn-221



Cross Section (barns)

MAT 8655 (7,remainder) 86—-Rn—-221

Radionuclide Production Cross Section
T T T T T T

— 82-Pb—203m2
------- 82-Pb—204¢
— -~ 82-Pb-204nl
— —_  82-Pb-205g
| | ———— 82-Pb-206g i

I I 82-Pb—207m1 i
—-— 82-Pb-209g
- | ——- 83-Bi-198g |

-~ 83-Bi-198m1
- | —— 83-Bi-198m2

14 Incident Energy (MeV) 86—-Rn-221



Cross Section (barns)

—~10 |

10

MAT 8655 (7,remainder) 86-Rn—-221
Radionuclide Production Cross Section
"""" I I I I I L L I LML UMMM
//— > -\\\\ _\\\\\\
3 == T~ T Rl S . 3
' = /. S TR s T '
’ e S T TSI T
/ / / //,r /. //, /—————‘\:‘\\\%\ \\\\\ ~ \\A\
- A AT T T =
L / / // - 7 \\\\\\ — \_
E / | i ////_/L/‘__\ N §\ ~a 3
/ // ////// // ‘~\\\\ \\\\\\\\\\
/ / 7 // //I \\\—\ T
| / s T T -
] /J// - /// // // ;
Vs raydl
/ Iy "ll/ / ,’I
- / , 4 }1/ / | 3
/ /] !
f /' ,;’45// o
- AV aR v —— 83-Bi-199¢ )
: 20 T V2 R 83-Bi-199m1 | |
| //// —-— 83-Bi-200g
| /o ——- 83-Bi-200m1
] P [ — -~ 83-Bi-200m2 | 1
/ / —  83-Bi-20l1g
// e 83-Bi—-201m1
3 / —__ 83-Bi-202¢ | -
| ——- 83-Bi-203g
! — -~ 83-Bi-203ml
L ! EE— —bl— _
l ' 83-Bi-204¢
E l //I ///’ E 3
..... I./..J//.....,i....|.........|.........|.........|.........|
80 100 120 140 160 180 200
15 Incident Energy (MeV) 86-Rn-221



(7,remainder)

86—Rn—221

MAT 8655
Radionuclide Production Cross Section
E T T T T T T
SE e
e T
L // //// P i 4 ///r\ .
5 i // /////, //// / ¥ /// 3
VA A Ay A
—6 0 / g T
100 | [ ey .
5 E / // / / / 3
i / / / / / ,/ f
N / [ !
= L e ! / | .
;_' E / // // / // 3
g s S/ Sy oy
~ I / / /’ / / ! I/
8 [ / /’/ / / / ! /
8 10 3 / 7 i ," / / /J ," 3
o o . s/ — 83-Bi-205g
y 104 | / R 83-Bi-206g | 1
0 5 :I! / J j , ] —_ 83-Bi-207g
& | - L — __ 83-Bi-208g .
510 L] / l ! :
1077 L} ; | | —-— 83-Bi-209¢g |
5 F ; / / // ; —— 83-Bi-R10g 5
; / / N [— 83-Bi-210m!
] ' | j [/ — — 83-Bi-2llg | |
5t | ( ——- 83-Bi—Rl12g f
3 ; ' —--— 83-Bi-212ml
—12 | l i —  83-Bi-212m2
3 h " . . 1 =
3 4 5 6 7 8 9 2
10°
86-Rn—221

16

Incident Energy (MeV)



Cross Section (barns)

—~10 |

10

MAT 8655 (7,remainder)

86—Rn—221

Radionuclide Production Cross Section

~—e

84-Po-199g
—————— 84—-Po—-199m1
—-— 84-Po-200g
——- 84-Po-201g
—--—— 84-Po—-201ml
—— 84-Po—-202g
—————— 84-Po-203g
—-— 84-Po-203ml
——- 84-Po—-204¢
—--— 84-Po-205g
—— 84-Po—-206¢g

60 80 100 120 140

17 Incident Energy (MeV)

86—-Rn—-221



Cross Section (barns)

—~10 |

10

MAT 8655

(7, remainder)
Radionuclide Production Cross Section

86—Rn—221

e _

84-Po-207g
84—-Po-207m1
84-Po-208g
84—-Po—-209g
84-Po-210g
84—-Po-211g
84-Po-211ml ]
84-Po-212¢g ®
84-Po-21<2m1 3
84-Po-213g
84-Po-214¢g

5 6 7 8 9
1O2

Incident Energy (MeV)

86—-Rn—-221



Cross Section (barns)

—10 |

10

MAT 8655 (7,remainder)

86—Rn—221

Radionuclide Production Cross Section
T T T T T T

84-Po-215g
84-Po-216g
84-Po-217g
84—-Po—-218g
85-At-200g

85—-At-200m2
85-At-201g
85—-At-202¢g
85—-At-202m1
85—-At-203g

3 4 5 6 7 8 9
1O2

Incident Energy (MeV)

86—-Rn—-221




MAT 8655 (7,remainder) 86—-Rn—-221
Radionucl ide Production Cross Section
3 ' ' ' MMM
4 - —= T —— ]
10" | A .
5 g / ’ // // ,/// // / / n ~ :\;:T‘_;
/ / ,/ /// /,/ ///’ /’/ ______ B \\\\
3 / /[ /] E
5 ¢ ! /// / // s \\‘\5_\
3 Y / / / / o // e
w6 7 YN/
E 10 E // / ! /'I // // ’ ’, 3
g 5 ¢ ; {/ / Ve /,' )
5 i | J / / VAR ]
:03 5 : , ,/ i {’ l/ // :
3 PR o
n 107 | Y / A N 85-At-204m1 | -
Q 5 ¢ /7 o o —_  B85-At—205g ’
5 I/ ( | T — - 85-At—206g
i ' | | ,,“ \ — ——— 85-At-207g )
5t ,’ P / ,’ | _ B85-At-208g :
_ | S L . 85-At-209g
510 | | / ; / | | —_ 85-At-210g¢
N3 | / | I ‘ —— 85-At-211lg | 3
: | , L ! _____ B85-At-212¢
I |/ | = | —_ 85-At-212m1
5;. | ' f | | | ;
4 5 6 7 8 9 102 2
86-Rn-221

20 Incident Energy (MeV)



Cross Section (barns)

10

10

10

MAT 8655

(7,remainder)

Radionuclide Production Cross Section

86—Rn—221

85-At-213g T
85—-At-214¢
85-At-215¢g
85-At-216¢ i
85-At-217g
85-At-218g T
85-At-219¢g
85-At-220g
86-Rn-201g .
86—Rn—-201m1
86-Rn—-202g T

5 6 7 8 9
1O2

Incident Energy (MeV)

86—-Rn—-221



m r T T T |%
a2 a
| — ]
=)
s R0 £ Q) @) o) L) ) ') _) f
_ MO O-000 0 — QN
© OO QOO0 O0OOQ — —
: 173737355898
g &d da o ddgdggag
TTTTITTTYTAT
Q © © © © © © © © O O
00 0 00 0O O O OWOWOWoO®D
[ [ [
= m__“ m__"
o T
“.M | _ | _
Ot ]
O @]
nr 0
—
nk ]
0}
ot
~
~Q0
0 b
O g
T O}
g~
=D
© O
g3t N T~ T —— e T
OOof
“ 0
S
oA
~ L Loy~ Te—— T —
0}
golls ]
—_ o
oF = S
5 —
at
o -
St __
d
e F
5 l‘/l||'|||||
o)
o
a 1O
= N0
<t
= L L L [ s L L NP
0 0 10 0 0 0 0 O_.O
< O ® —
1O (@) 1O 1O
— — — —

(sSuaeq) uorq109g SSOJI)

86—-Rn—-221

Incident Energy (MeV)

22



Cross Section (barns)

10

10

10

MAT 8655

(7,remainder)

Radionuclide Production Cross Section

86—Rn—221

86-Rn—213¢g
86-Rn—214g 7
86-Rn—215¢g
86-Rn—216¢g i
86-Rn—217g
86—-Rn—218¢g
86-Rn—219¢g
86—-Rn—220g
86-Rn—-221¢g
Photon

23

5 6 7 8 9
1O2

Incident Energy (MeV)

86—-Rn—-221




Cross Section (barns)

—~10 |

10

MAT 8655 Photon Fission 86—-Rn—221
Radionuclide Production Cross Section

—_— 0-7??-Nat

2 3 4 5 6 7 8 9 2 3
1OO 1O1

24 Incident Energy (MeV) 86—-Rn-221




