Cross Section (barns)

MAT 7643 Proton Major 76—-0s—-190
O Kelvin Cross Sections

b | LRI ML | LRI ML | LRI ALY | LRI | LALLM | LALLM | LALLM | LRI ML | LRI ML | LRI ALY |
— Proton Inelastic
------- (p.7)
el Lot araraaal Lot araraanl Lt aaaaal Lot ataaaal Lot erarnaanl Lot araraaal Loererarnaanl Lot araraaal Lot araraanl .III......I "
107 10° 10" 10° 10° 1ot 10° 107 1ot 10° 10t

1 Incident Energy (MeV) 76—0s-190



Proton Neutron Production 76—0s-190

O Kelvin Cross Sections

MAT 7643

(p,2n)
e (p.2n)
—-— (p,n") «
———— (p,2n) «
—— (p,3n) «

(suaeq) uorq09g

SS0.1)

10 10 10 10 10 10 10 10 10°

10

76—0s—190

Incident Energy (MeV)



Cross Section (barns)

10

MAT 7643

Proton Neutron Production

76—0s—-190

0O Kelvin Cross Sections

—— (p.n') d
"""" (p,l’l') t
—-— (p,n') He-3
——- (p.4n)
—-— (p,2n) p

_—
_—
‘//

—

—

—

B

Incident Energy (MeV)

30

76—0s—190



76—0s—-190

MAT 7643 Proton Charged Particle
O Kelvin Cross Sections

E_I T T T T T T T T T T /‘_E

5¢E 3

| —— (pn') a |

2 [ | (p,2n) « s

10 - | —-— (p,3n) « | E

°t | —— (p.n") p /fi

_——— (p,n') d /l ]

_ 5? ——————— (p,n') He-3 /;
7 | —— (p.2n) p ik
F(Y-Si 164 I — - (Py3n) p ( :II—:
S it
= ] s
9 e
+ 3 s
8 55 f qu
2 10° | | ‘
% ] 1] 13
[ 5¢E r | 3
O : :-
B
E } -

5 | 1
168 3 ]; E?
5 F ;r-
Bl o0l Lol Lol Lol Lol Ll TR BT | Lol , .......J .| 3

10° 10° 10" 10° 10° 1ot 10° 107 10! 10° 10!
76—0s-190

4 Incident Energy (MeV)



Proton Charged Particle 76—0s—-190

O Kelvin Cross Sections

MAT 7643

—--—- (p,2p)
—-— (p.p) «

(Suaeq) uorq109g SSOJI)

10 10 10 10 10 10 10 10 10°

10

76—0s—190

Incident Energy (MeV)



Cross Section (barns)

10

—_
Ql
N

MAT 7643 (p.,n') Level 76—0s-190
O Kelvin Cross Sections

——— Proton Inelastic

3 4 5 6 7 8 9 1 2 3
10
6 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

MAT 7643 (p.p) Levels 76—-0s—190
O Kelvin Cross Sections

— (p.P)

2 4 6 8 0 2 4

7 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

MAT 7643

(p.d) Levels 76—0s—190

O Kelvin Cross Sections

- | —— (p.d)

10

1 2 3

Incident Energy (MeV) 76—0s-190



Cross Section (barns)

—~10 |

10

MAT 7643 (p,t) Levels 76—0s-190
O Kelvin Cross Sections

| — (.t

9 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

MAT 7643 (p,He3) Levels 76—-0s—190
O Kelvin Cross Sections

2 (p,He-3) E

10 15 20 25 30

10 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

MAT 7643 (p,a) Levels 76—-0s—-190

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

| —— (p.a) 3
-..I Lot araraaal Lot araraanl Lt aaaaal Lot ataaaal Lot erarnaanl Lot araraaal Loererarnaanl Lot araraaal Lot araraanl Lt daaag
107 10° 10" 10° 10° 1ot 10° 107 1ot 10°

11 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

MAT 7643 Proton Inelastic 76—0s-190

Radionuclide Production Cross Section
T T T T T T

— 77-Ir-190¢ | :
——————— 77-Ir-190m2 N
F | —-— 77-1r-190m10 P .
S T
2 ——
3 . I . . . . . | . E
3 4 5 6 7 8 9 1 Q 3

10
12 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

10

10

10

10

10

MAT 7643 (p,remainder) 76—-0s—190

Radionuclide Production Cross Section
T T T T T T

. | —— Neutron
——————— 1-H -1
R 1-H -2

1-H -3
_— 2—He—-3

_______ 72-Hf-166¢g

- | —— 72-Hf-167g .

| | —— 73-Ta-167¢ |
———— 73-Ta-168g

L | ——  73-Ta-169g i}

- //’,/

3 s 5 6 7 8

13 Incident Energy (MeV) 76—0s-190



76—0s—-190

MAT 7643 (p,remainder)
5 Radionuclide Production Cross Section
F T T T T T T
10" i
—~ =6
2 100 |
E 5
b 3
£
o] E
5 s
3 3
$ 10° | I /s / — 73-Ta-170g
a 51 /j /’ | ‘ ------ 73-Ta-171g
o /7 if { . — — 73-Ta-172g
5 ] 7 | . 73-Ta-173g
N /// ’ . | — - 73-Ta-177g
- g [ | i —— 73-Ta-178g
510 | . A p— 73-Ta—-178m1
. 3o/ )| ) _ _ 73-Ta-179g
5: ) 2 '// / //E _ '73—Ta—180g
/e / /] — -~ 73-Ta-180ml
3 // / ” [ / | — 73-Ta-181g
5 E Il | /:" I i E
3 // / ’/.’ .I l : 1
3 4 5 6 7 8 9
102
Incident Energy (MeV) 76—0s-190

14




Cross Section (barns)

MAT 7643 (p,remainder) 76—-0s—-190
Radionucl ide Production Cross Section
T T T T T T
/N
| —— 73-Ta-182¢g ! ]
N 73-Ta—182m1 3
—— 73-Ta-182m2 SR~ Tl
——- 73-Ta-183g
= | —-—- 74-W -168¢ E
—— 74-W -169g
------- 74-W —-170g ,
- | —— 74-W -171g 1
2 e W=7 S O 72 B R
VAW -173g | S s T
| —— T74-W -174g ]

R

Incident

102

Energy (MeV)

76—0s—190



76—0s—-190

MAT 7643 (p,remainder)
Radionucl ide Production Cross Section
T T T T T T
164 E 3
5
—~~ | ////// / / // .
n / / / /
= s 7/
E // // // /ll // // Jl
N—" 106 i /// // / /// /// / :l ]
5 ® a / fo / /
-.g /‘ / /J /JI‘ /J J j //II
& . VA ;) 74V -175g | 4
0 5 ¢ A O 74-W -176g | ]
S [l [ 7AW -177g |
5 10° | /" / f P P . 74-W -178g ]
5 s g L] o~ 74-W -179g f
/ // /’ P/ ) ’ !  74-W -179m1
/ / / S // A 74-W —180g
5 b ( / / ! ,/ / ~ | — - rah-ldle ?
_ g ’ A o ——-  74-W -182g
/ [ |
_10f , oo L/ —-——  74-W -183g
10 E/ // | P ’! /7 ——  74-W -183nl | 1
o | | Y A . e .
3 4 5 6 7 8 9 102 2
76—0s—190

Incident Energy (MeV)



Cross Section (barns)

MAT 7643 (p,remainder) 76—-0s—-190
Radionuclide Production Cross Section
T T T T T T
10° | | —— 7a-¥ -184g ]
3 — 74-W —185¢g 3
- | —-—  74-W -185m1
——- 74-W -186¢g o
| | —— 74-W -187¢ At T
| 74w -188g _ A N
PR S 75-Re-169g 7 N
100 L | —— 75-Re-169m1 | 5
5 | ——_ 75-Re-170g o
—--— 75-Re-171g | | i/
| | —— 75-Re-172g ] |
5 F L {
3 ! |
10° | |
N .
.
o
5 | |
.
10° ] .
5 1 |
.
|
: | 5
5 | | 3
' . . . . e | .
3 4 6 7 8 ° R 2
17 Incident Energy (MeV) 76—0s-190



m ’ _\\ 7 T T T T T T ®
noLHE 1
g /i) £ b0 b0 b0 B0 b0 ) 80 8D &) B
_ Ry NOFOO-0D O — N
® IRy A A (S O S S N oo ROl e ¢!
/o S TR TR O O A R A A
Q0 O0OVOLOOOLOIOOO
W/ bbbkl
1/ RRERRLRRR LY
\/,
,_< I
m FH:A/ ! | ! |
o __ W\ / " 7 _ _ " 7 _ _
+ L
IR RAERS
e \ / ///
0 \ / ////
1) NN ////
Al NN
o / I\ // //////////////
)ﬂw.w. 3 /r \//N/ j/ |||||||||||||||||||||||||||||||||||||||||||||
Mw_ o /\ / N //
\ 'R ~ S~
d O P /, ~ //.{J ——— T o
m “.u \\ // /
m m ’/ /// ///
0gt TAN Thee— e ] ©
50 /\/ N S
AN S~
0.0, x, N -
~ ; ~o
(0] I} N S~
r N -
m *_ N //// ////////
m \ /// //// llllllllllllllll N
= N /// ///I e
or AN ™ i ©
M ///I /// ///!
o - f’l// [ N
//////. ////I ~
[[[[[ . e T M —— T
AN
L
p)
< 1<
©
~
: //
—1 | | | " | T T

AV ™ <t (o) © >~ ©
@) @] @) (@) @] (@] @)
i i i <~ i i

<~

(sSuaeq) uo1q109g SSOJI)

102

76—0s—190

Incident Energy (MeV)

18



Cross Section (barns)

MAT 7643 (p,remainder) 76—-0s—190

Radionuclide Production Cross Section
T T T T T T

— 75-Re-182ml
A 2 p— 75-Re—183g ]
/ — — 75-Re-184g __
— - 75-Re-184nm1l 3
—--— 75—Re—-185g
— "75-Re-186g
e 75-Re-186m1 |
3 — —— "75-Re-187g 3
— - 75-Re-188¢g
_____ 75-Re-188ml
3 — "75-Re-189g 3

C L L L L L L 1 L
3 4 5 6 7 8 9 2
102

19 Incident Energy (MeV) 76—0s-190




140 160 180 200

0

100

O T T T T T T T
& [ \ 7
i
0 _ o0 80 B0 B0 B0 0 ) b) &) 8l ap
3 | O~ NMN<FHONDDO
_ | o N N N N S N N N N o
© _ TTTTT T T T T
&~ ! mMnnnnmnonnaoaonaon
| 177999337989
Eo © ©© OO OO O O O O 3
L PRI N I N Y N N N
o
oo
| T__mm__;
ar 1 1
OH H "7__ "7__
b
OF
o)
nit
nt -
ne/ (o T ——— T
at/
r-§
)C-_
& 5
(0NN =R —
< 0
g
:I.t-
© OFf
g ot - .
e d - —————— e —————,—,———e—,—,— e ———
& OFf
-G F
oAk
N
el
!
—
of
=3
2t
of
Tt -
G F | N N S T, T
2
39)
< ————
3t
&~
T L
< L
= E.. ™ | i or o | |
0 To] [To] Q o]
) ™ < 0 ©
e Ie) Ie) o o
— i ~ «— —

(Suaeq) uorq109g SSOJI)

2

1

76—0s—190

Incident Energy (MeV)

20



Cross Section (barns)

10

MAT 7643

(p,remainder)

Radionuclide Production Cross Section

76—0s—-190

O U

76-0s-181g
76—0s—-181m1
76-0s-182¢g
76—0s—183g
76—0s—-183m1
76—0s—-184g
76-0s-185¢g
76—-0s—-186¢g
76—-0s—-187g
76—0s—-188g
76—0s—-189¢g

]

]

1

!

I L L L |

3 4 5 6 7 8 9 2 2
10

21 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

10

10

MAT 7643 (p,remainder) 76—-0s—190

Radionuclide Production Cross Section
T T T T T T

—_—— -
—_—
—_—
—_—
—_—

— 76-0s-189ml
------- 76—-0s—190g
—_  76-0s-190ml
— . 77-Ir-171g
—— 77-1r-171ml

------- 77-1r-172m1
—— 77-1r-173g
——  77-1r-173mi
. 77-1r-174g
— 77-1r-174ml

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

102
22 Incident Energy (MeV) 76—0s-190




Cross Section (barns)

MAT 7643 (p,remainder)
Radionuclide Production Cross Section

76—0s—-190

/
[
I
]
I
I
i
]
i
I
)
I
I
]
i
7

77-1r—-175¢
77-1r-176¢
77-1r-177g | 4
77-1r-178g | 3
77—1r-179g

77-1r-181g
77-1r-182¢g | 3
77-1r-183g | :
77-1r-184g
77-1r-185¢g

23

8

Incident Energy (MeV)

76—0s—190



Cross Section (barns)

10

10

MAT 7643 (p,remainder)

76—0s—-190

Radionuclide Production Cross Section

77-1r-186g
77-1r—186n1
77-1r—187g
77-1r-188g E
77-1r-189g 3
77-1r-190g
77-1r—190m1
77-1r—190m2
77-1r-191g
77-1r—191m1
77-1r—191m2 | 3

24 Incident Energy (MeV)

76—0s—190



Cross Section (barns)

MAT 7643 (p,remainder) 76—-0s—190
Radionuclide Production Cross Section

-| | —— Photon ]

3 4 5 6 7 8 9 2
102
25 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

10

10 |

12 |

MAT 7643 Proton Fission 76—0s-190
Radionuclide Production Cross Section
T T T T 1 T T T 1 T T T 1 T T 1
- 0-??-Nat
o | | Lot | | PR TR TR | | | | Lt ol ol
_ 5 — 5 — 5
103 1O2 101 10O 101
26 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

—~10 |

10

MAT 7643 (p.n') « 76—0s-190
Radionuclide Production Cross Section

L | —— 75-Re-186¢
| 75—Re—-186m4

— 5 — 5 — 5 5
1O3 102 1O1 10O

27 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

—~10 |

10

MAT 7643 (p.3n) « 76—0s-190
Radionuclide Production Cross Section

T T T T T T T T

| 75-Re-184g -
——————— 75—Re—184mb

| | | III | | | | | | | | | | | |

15 20 25 30
28 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

MAT 7643

(p.n') p

76—0s—-190

Radionuclide Production Cross Section

76-0s-189¢g
76-0s—189m1

a3

29

Incident Energy (MeV)

30

76—0s—190




Cross Section (barns)

9]

—_
Ol
O

—~12 |

10

—_
o

MAT 7643 (p.2n) p 76—0s-190
Radionuclide Production Cross Section
T T T T T T T T T T T T T T T T T
- | —  75-Re-188g
——————— 75—Re—188mb
L I
15 20
30 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

—~14 |

10

MAT 7643 (p.n') p « 76-0s-190

Radionuclide Production Cross Section
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T3

— 74-VW -185g
------- 74-W —185m6

15 30

31 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

MAT 7643 (p.7) 76—0s-190
Radionuclide Production Cross Section

— 77-1r-191g
- 77-1r-191m3
- | ——  77-1r-191m10

bl | | PP TP PP AR TR | | | T TOR TR T O | | | PP TP PR ORI |

_ 5 — 5 — 5
1O3 102 1O1 10O

32 Incident Energy (MeV) 76—0s-190




Cross Section (barns)

MAT 7643 (p.p) 76—0s-190
Radionuclide Production Cross Section

——— 76-0s-190g
------- 76—0s—-190m30

_ 5 — 5 — 5
1O3 102 1O1 10O

33 Incident Energy (MeV) 76—0s-190



Cross Section (barns)

10

MAT 7643

Radionuclide Production Cross Section

76-0s-189¢g
76-0s—189nm1

76—0s—-190

76—0s—190

Incident Energy (MeV)



Cross Section (barns)

10

10

10 |

MAT 7643

(p.He-3) 76—0s—190

Radionuclide Production Cross Section
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

75-Re—188g
75-Re—188m5

35

10

20 25 30

Incident Energy (MeV) 76—0s-190



