61-Pm—138

MAT 6123

Ma jor
294 Kelvin Cross Sections

7 —

—
—
—

\

Flastic
— -—— Inelastic

Total

\

10°
10

(sSuaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 10° 10t
61-Pn—138

10

10

Incident Energy (MeV)



T
—_—

61-Pm—138

Neutron Production
294 Kelvin Cross Sections

—_—
—_ E
[R——
_—— 3
—_—
-_—

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

- (n,n'") Ra

MAT 6123

(Suaeq) uo1q109g SSOJI)

61-Pm—138

Incident Energy (MeV)



Cross Section (barns)

Neutron Production

61-Pm—138

MAT 6123
100 294 Kelvin Cross Sections
T T A AL AN MMM T T
5 E
— (n,2n) Ra
L | - (n,n') d i
5f | —— (n,n") t ek
i I —— (n , 1 ! ) He*S //// :
107 | (ndn) T ;7” 1
5¢ T ST
N — (n,3n) p L ’/,7*’ -
7 — / -
- 7 / / // _
E /,/ - // pd
5¢E pid / -
3 L - Ve
/// / // 'Il
164 E /// / // ///J -
5 3 // // / /// 3
3 /// ; // ‘//
/// // y ll
E / / / 'l’
5¢ )// / S :
E // J // :
10° | /o
5 E /// ! / ///
E y, / / !
/ ! / H
l/ J // ,“
5 g /// // / :‘
5 | / | / |
10 3 / |/ |
E | | | | | | | ]/ | | | | | : | |
10 15 20 25

Incident Energy (MeV)

61-Pm—-138



61-Pm—138

Charged Particle
294 Kelvin Cross Sections

o
o Q
i T8 8 T LI
3 AN N AN TN N AN NN TN N
- o 4g- - S = A =
= AV o0 B e e g g8 aum
o a a o a a8 aaca
N SN N S N SN N N S N
™ E ) )
N ol ol
— “ | 7 | “ | _ |
© .
=
< L
= 3 [ [ L [ L Lo ™
0 0 0 0 e}
o N <t © ®
o 1O 1O o @
— — — — —

(Suaeq) uorq109g SSOJI)

10 10 10 10 10 10 10 10 10°

10

61-Pm—-138

Incident Energy (MeV)



Charged Particle 61-Pm—-138

294 Kelvin Cross Sections

Cross Section (barns)

——————— (n,3a) i/i}/_

—-— (n,2p) b ]
E_ - (nrp) & ’/', ([H f

I n, d ;:' J 1’
-..I | .......I( | .I).?..ul b ool Lol Lol Lol Lol Lo aaaaal Lol | ..”.II..I’J[
10° 10° 10" 10° 10° 10% 10° 107 10! 10° 10!

5 Incident Energy (MeV) 61-Pm—138



Particle Production 61-Pm-138

MAT 6123
294 Kelvin Cross Sections

ET EERR M | EER AL | EERRA | T T T Bk EERR M | EER AL | EERRA |
10° |
2 5
$_| -
g o
~ 10 !
5 s
:.3
)
)
n 3
5t
)] L
6
5 10° :
| | —— Hydrogen Production f!/_
5f | ———— Deuterium Production ff} 3
t | —-— Tritium Production i W
164 [ | ——- He—3 Production .y
5 + | —--— He—4 Production i “ 3
: ]
-||| Lol il el Ll e enaaaal L taaaal et Lol il L |||||llul’j| L
107 10° 167 16° 10° 10* 10° 107 10} 10° 10}

6 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

MAT 6123 (n,n') Level 61-Pm-138
294 Kelvin Cross Sections

= || —— Inelastic

2 [ [— MT= 51 (n,n') Level /
|| —-— MT= 52 (n,n') Level
[ [| ——- MT= 53 (n,n’') Level
|| —--— MT= 54 (n,n') Level

_______ MT= 56 (n,n') Level
—-— MT= 57 (n,n') Level
——- MT= 58 (n,n') Level
—-—— MT= 59 (n,n’') Level
|| —— MT= 60 (n,n') Level

I
|
|
—— MT= 55 (n,n') Level ‘
|
|
|
|
|

10t 10° 10° 10!

7 Incident Energy (MeV) 61-Pm—138




Cross Section (barns)

10

10

10

10

10

MAT 6123

(n,n') Level
294 Kelvin Cross Sections

61-Pm—138

~—

\\

61
62
63
64
65
66
67
68
69
70
71

(n,n")
(n,n")
(n,n")
(n,n")
(n,n")
(n,n")
(n.n")
(n.n")
(n,n")
(n,n")
(n.,n")

Level
Level 4
Level
Level
Level
Level
Level
Level
Level
Level i
Level

N
)}

2 3 4 5

Incident Energy (MeV)

6 7 8 9
1O1

61-Pm—-138



Cross Section (barns)

10

MAT 6123 (n,n') Level 61-Pm-138
294 Kelvin Cross Sections

(n,n’') Level
(n,n') Level
(n,n') Level
(n,n') Level
(n,n') Level
(n,n') Level
(n,n') Level
(n,n') Level
Continuum

-
;
k
k
§
i
§
§
g
i
§
i
E
k
k
i
;
k
k
g
i
k
§
E
k
§
3

5 68 7 8 9 O 2 3 4 5 6 7 8 9 1 2

9 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

10

10

10

MAT 6123 (n,p) Levels 61-Pm—138
294 Kelvin Cross Sections

2 (n,p) ;

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

10 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

—_
ol
N

MAT 6123 (n,d) Levels 61-Pm-138
294 Kelvin Cross Sections

— (n.d)

i 5 6 788 0 2 5 4 5 6 7809 1 2 3
10 10

11 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

—~10 |

10

MAT 6123 (n,t) Levels 61-Pm-138
294 Kelvin Cross Sections

— (n,t)

12 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

10

MAT 6123 (n,He3) Levels 61-Pm—138
294 Kelvin Cross Sections

— (n,He-3)

5 6 7 8 9 0 2 3 4 5 6 7 8 9 1 2 3
10 10

13 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123 (n,a) Levels 61-Pm—138
294 Kelvin Cross Sections

— (n,a)

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

14 Incident Energy (MeV) 61-Pm—138




(eV-barns)

10

10

10

10

10

12

10

MAT 6123

Energy Release
Heating - Damage
N~ A

61-Pm—138

— Kerma
——————— Kerma
—-— Kerma
——- Kerma

total (eV-barns)
elastic
non—elastic (all but mtR)

inelastic (mt51-91)

—--—— Kerma disappearance (mt102-120)
—— Kerma capture (mt103)
capture (mt107)

I / NE
\\\\\\ / /////
\\\\\ / /—_—////
e S
1.
I ps |
s /// |
/ \\\ /’//// /)
L / ~— -
/ /////
wd 4y N T R R R U AT R T IR I
109 107 106 105 104 108 102 101 100 101
15 Incident Energy (MeV) 61-Pm—138



(eV-barns)

MAT 6123 Energy Release 61-Pm—-138
Heating — Damage

1012 — Total photon (eV-barns)

R [Ee— Total kinematic kerma (high limit)
—-— Dpa total (eV-barns)
_ ——- Dpa elastic (mt2) i
— - Dpa inelastic (mt51-91)

10~ L [ 4

| Lol il el | ol .......I/. TNRRAA | Lol il el L u_l

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

16 Incident Energy (MeV) 61-Pm—138




Cross Section (barns)

10

MAT 6123

Inelastic

Radionuclide Production Cross Section

61-Pm—138

5 | —— 61-Pm-138g
....... 61-Pn—138m1

1
f
1
1
!
|
|
|
|
|
|
1
!
!
!
!
|
|
|
|
|
|
|
:
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

_ 5 _
1O3 102

s 1 s

10
Incident Energy (MeV)

10

0

101

61-Pm—138



Cross Section (barns)

10

MAT 6123 (n,remainder) 61-Pm—138
Radionuclide Production Cross Section

- //:
B S
//////// = 7
____ ’/ /
- _~
- T ~ 3
3 __’_____————————‘—’_*—’_’_ —_/__/ /
— o
,rﬂ’;ﬂjd’:_,;fﬂﬁ;’ ———————————————————— _—
—— Neutron
——————— 1-H -1
|| —— 1-H -2
——- 1-H -3
—--— 2-He-3
=l 2—He—4
——————— 51-Sb—-109¢g
|| —-— 951-Sb-110g
|| —- 51-Sb-111g
|| —-—- 51-Sb-112g
—— bH1-Sb-113g
3 ! L 1 1 L 1 ]
3 4 5 6 7 8 9 2

18 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

MAT 6123

(n,remainder) 61-Pm—138
Radionuclide Production Cross Section

52-Te-110g
o2-Te—-111g
52-Te-112¢g
52-Te—113g
o52-Te—-114g
52-Te—-115g
52-Te-115m1
o2-Te-116¢g
o3-1 -112¢g
53—-1 -113g
63-1 -114g

19

Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

MAT 6123 (n,remainder)

61-Pm—138

Radionuclide Production Cross Section

r———

——————

-

20

: 53-1 —114m1 | ]
N 53—-1 —-115¢g
! —-— 53-1 -l16g
3 | —— 53-1 -117g E
5 —— 53-1 -118¢g
P —— 53-1 -118m1
- L - 54-Xe—114g :
— -~ B4-Xe-115g :
——- 54-Xe-1l6g
i —— B4-Xe-117g ]
' — 54-Xe-118¢g ‘
..... L ' A P P T T T T T T T T TR PO S TP S S P U TP T S AU ST S S TP R TP T SR SR PO TP SR S S S R R B R |
80 100 120 140 160 180 200
Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123

(n,remainder)

61-Pm—138

Radionuclide Production Cross Section

-

—— e

—————

t—— e ——— —— ——

54-Xe-119g
54—Xe-120g
54-Xe-121g E
55—-Cs—116g 3
55—Cs—-116m1 ]
55-Cs—117g ]
55-Cs-117m1 E
55-Cs-118g
55—-Cs—118m1
55—-Cs-119¢g
55—Cs—119m1

21

Incident Energy (MeV)

61-Pm—-138



Cross Section (barns)

—~10 |

10

MAT 6123 (n,remainder) 61-Pm—138
Radionucl ide Production Cross Section
T T T T T T T T T
: // ////// o
/// ////
/////
E ////{//, /4/// 3
,J ,/ 7 //
’// '///’// ///
] s vd 3
/ ’ //,/ ll
/ // Al — B55-Cs-120g
N {!/ 5 [ — 55-Cs—120m1
3 / 4 J ,/ — — B5-Cs-121g | 1
s —__ 55-Cs—121iml | }
_ J/ v .~ 55-Cs-122¢ _
s ya //; —— 55-Cs-122ml | |
: g i [l 55-Cs—122m2 | |
/ J | — — 55Cs-123g
A —— 55-Cs-123ml
] /,J ) —--— bH5-Cs-124¢g E
77 —— 55-Cs—124ml
0ol
= | j J/ |l‘ ! | ! ! | ! ! 1 =
50 100 150 200
22 Incident Energy (MeV) 61-Pm—138



MAT 6123 (n,remainder) 61-Pm—138

Radionuclide Production Cross Section
T T T T T

—— ©56-Ba-118g
——————— 56—Ba—119¢g
—-— 56-Ba-120g
——- b66-Ba-121g
—--— 56-Ba—-122¢g
- | —— 56-Ba—-123g
——————— 56—-Ba—-124¢g
—-— 56-Ba-125¢g
——- 56-Ba—-126¢g
—--—— bH6-Ba-127¢
—— 56-Ba-127ml

_ e ———

——————

Cross Section (barns)

10

10

23

Incident Energy (MeV)

61-Pm—138



MAT 6123

Radionuclide Production Cross Section

(n,remainder)

61-Pm—138

[EEN
ol
N

Cross Section (barns)

16:_

/
o

]
]

|
!
|
|
|
I
|
I
|
|
I/
1

[
f
|
|

o

|
1

-o

—

,——

—————

56—-Ba—-128g
—————— o7-La—-121g
—-— ©957-La-122¢g
——- 5H7-La—-123g
—--— O7-La—-124g¢g
—— 57-La-124ml
—————— 57-La—-125¢
—-— 57-La-125m1
——- 97-La-126¢g
—--— ©57-La-126ml ]
——— 57-La-127¢g 3

102

Incident Energy (MeV)

6

61-Pm—-138



Cross Section (barns)

10

61-Pm—138

MAT 6123 (n,remainder)
Radionuclide Production Cross Section
T T T T T T
220 T 3
:’7/ T ,_,_—- > /’__ :;\/\\ .
3 P el P
e, v S B ——=
- /// . —-— // [—7 // // /'/___/
//////,/ /// // / / /
3 r__ \‘-“‘~-~_7/4// // //~ -\~/ /l / ! E
| 7 / / / / /
V4 L s
= ,// // 4 ! ’! // 3
/ /’/ | /' {
L / /,' ; //' Y, (
/ { / / / || —— 57-La-127ml | 3
W i j VAR 57-La-128g
- / / , / — — 57-La-128ml
3 ;o l | , ——- 57-La-129g E
1 o ; | / ——— 57-La-129m1 | i
] / I | —— 57-La-130g | |
i /o A . 57-La-131g | |
' . | I | — -~ 58-Ce-123g¢ ;
j J ‘ | ‘ —— - 58-Ce-124g
i S ! | i —--— 68-Ce-125¢ ]
: i I — 58-Ce-126g |
; I : L :
3 4 5 6 7 8 9 2
10°
25 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123 (n,remainder) 61-Pm—138
Radionuclide Production Cross Section

—————

__ —_ — —_———

———
—_—

———me—— -~ oIS
- ———
o

T ee——
——
—_—
——
—_—

58-Ce-127g
—————— 58-Ce—127m1
—-— b58-Ce—-128¢g
——- H8-Ce—-129¢g
—--—— 58-Ce-130g
___ 58-Ce-13lg
—————— 58-Ce—131m1
—-— 58-Ce-132¢g
——- 58-Ce-133g E
—-—— 58-Ce—133m1 3
——— 58-Ce-134g¢g

3 4 5 6 7 8 9 2
102
26 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123

(n,remainder)

Radionuclide Production Cross Section

61-Pm—138

58-Ce—135g ]
58—-Ce—135m1 | |
59-Pr—126g 3
59-Pr-127g
59-Pr—128¢g
59-Pr—129g
59-Pr-130g
59-Pr-131g
59-Pr-131iml | -
59-Pr-132¢g 3
59-Pr—133g

27

9
1O2

Incident Energy (MeV)

61-Pm—138



Cross Section (barns)

10

(n,remainder)

61-Pm—138

28

Incident Energy (MeV)

MAT 6123
Radionuclide Production Cross Section
T T T T T T
:r\\\§ T e e :
i ST T e
\\ R I
| T /ST e
) _ >‘:>h\__:_:;$¢__ i
/ / 7 T — =
/ / ,/ /,___-————————--"“--:::I:: e
= / / // ’//// 3
: / / v :
/ Y
] / / / ]
: / J / / :
/ / ) /
/ / / //I
, / [
L I/ ’ h /// E
/ J J / — 59-Pr-133m!
; / A N 59-Pr—134g
- | / ; —— 59-Pr-134m1 | 3
! / |
| / , : ____ 59-Pr-135 3
/ . .
/ | [ : — — 59-Pr-136g -
i | { j f — 59-Pr-137g | .
: | , 2 [ 60-Nd—-129¢g :
| A — —  B80-Nd-130g
i j o / —— - B80-Nd-131g ]
. /, ] | — —— B0-Nd-132g :
/ / I | — B0-Nd-133g
E L I I . l |: . | L3
3 4 5 6 7 8 9 2
10°
61-Pm—138



Cross Section (barns)

10

MAT 6123 (n,remainder) 61-Pm—138

Radionuclide Production Cross Section
T T T T T T

—_——
————— T T~
e — T TTme—
_______
T e—— T T

—_——

~——
T
- —_—
— —
—_—— —_—
_—
—_
—_— —— B
—_— —_—
—_—

—_———
_——

60-Nd-133m1 | |
/ ------ 60-Nd-134g 3
/ — — B80-Nd-135¢g 3

— —— B0-Nd-136g
— -~ B0-Nd-137g
—  B0-Nd-137ml
------ 60-Nd-138¢g
— —— 61-Pn-133g
——~ 61-Pm-133mn1
—--—— 61-Pm-134¢g
— 61-Pm-134n!

3 4 5 6 7 8 9 2
102
29 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123 (n,remainder) 61-Pm—138
Radionuclide Production Cross Section

—— 61-Pm-135g
N [P 61-Pm—135m1 .
—-— 61-Pm-136¢g
——- 61-Pm—136m1
—--— 61-Pmn—-137g
——— ©61-Pm—138¢g
—————— 61-Pm—138m1
—-— 61-Pm-139g
- ——- 61-Pm—139m1 .
—--— Photon

30 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123 (n,3n) 61-Pm-138
Radionuclide Production Cross Section

——— 61-Pm-136¢g
------- 61-Pm—136m1

L % B O Va0 ol (o]

31 Incident Energy (MeV) 61-Pm—138



61-Pm—138

MAT 6123 (n,n') «
Radionuclide Production Cross Section
5§| 1 T LARRARAAAM 1 T LALLM 1 T T 1
o ——— 59-Pr-134g¢g
10 | 59-Pr-134m1l .
n o -
g 1O4 L i
S |
2 : ,
5 /
O :_ l‘ -
o) 5F |
(@) I
§ . :'
%10 3 / 3
) S| /
g I
O !
5§ ;l 3
16° | :'
5§ ;
_ 5 _ 5 _ 5
1O3 102 1O1 101
Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

—_
ol
N

MAT 6123 (n,2n) «a 61-Pm—138

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 T T T T T T T3

—— 59-Pr-133g
------- 59-Pr—133m3

10 15 20 25 30

33 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

MAT 6123 (n,n') p 61-Pn—138

Radionuclide Production Cross Section
T T T T T T

-

—— 60-Nd-137¢g
——————— 60-Nd—-137m4 v

_____

3 4 5 6 7 8 9 1 2 3
10
34 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

=10 |

10

MAT 6123 (n,2n) Ru 61-Pm-138
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 T T T T E
. | —— 57-La-129g
| 57-La—129m2 ®
] | | | | | | | | | | | | | | | | | | | | | | | | | | :
10 15 20 25 30
35 Incident Energy (MeV) 61-Pm—138



X10
4.0
M
o
S
©
Q0
3.5
a
O
P
O
Q
n
N
8 3.0
o 3.
(@)
2.5

MAT 6123 (n,4n) 61-Pm-138
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
—— 61-Pmn-135g
| | | | | | | | | | | | | | | | | 1
29.4 29.6 29.8 30.0
36 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

—~10 |

10

MAT 6123 (n,n') p « 61-Pn—138

Radionuclide Production Cross Section
T T T T T T

— 58-Ce-133g
o — 58-Ce—133m1

3 4 5 6 7 8 9 1
10
37 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

10

10

MAT 6123

(n,vy) 61-Pm—138

Radionuclide Production Cross Section

— B1-Pm-139g
——————— 61-Pm—-139m1 )

| ! ! TFPPR TR RN | ! ! FRPPR T | ! ! ! 1 IRTR TR | N N N N IR TR |

_ 5 _ 5 — 5 5

103 102 101 100 101

38 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

MAT 6123 (n,d) 61-Pm—138

Radionuclide Production Cross Section

- | —— B60-Nd-137g E
——————— 60-Nd-137m4
s 5 6 789 0 2 5 4 5 6 7809 1 2 3
10 10
39 Incident Energy (MeV) 61-Pm—138



Cross Section (barns)

—~12 |

10

MAT 6123 (n,d) « 61-Pm-138
Radionuclide Production Cross Section

—— 58-Ce-133g
------- 58-Ce—133m1

— 5 — 5 — 5 5
1O3 102 1O1 10O

40 Incident Energy (MeV) 61-Pm—138



