70-Yb—-176

MAT 7049

Ma jor
294 Kelvin Cross Sections

S i
E ~

Total

Flastic
— -— Inelastic

——- (n,7)

10t
10°
10

(Suaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 10° 10t
70-Yb—176

10

10

Incident Energy (MeV)



70-Yb—176

MAT 7049

Neutron Production
294 Kelvin Cross Sections

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

(sSuaeq) uorq109g SSOJI)

70-Yb—-176

Incident Energy (MeV)



Cross Section (barns)

10

10

MAT 7049

Neutron Production
294 Kelvin Cross Sections

70-Yb—-176

—— (n,n') d

A (n,n') t

. | —-— (n,n') He-3
- | ——— (n,4n)

—— (n,2n) p

Incident Energy (MeV)

70-Yb—-176



70-Yb—-176

Charged Particle
294 Kelvin Cross Sections

MAT 7049

i
Qo
T 8 3 4T T &
AN N AN TN N NN
- gg- - - g
=R AV A e a o
g a g a4 a4
N N N SN N SN N
RN
| | |
HEREEN
| |
Loorivinen o 1 1 Loorirines 1 L
0 0 0 0
aY] < © o0]
1o 1o 1o o
i i i i

(Suaeq) uo1l109g SSOJI)

70-Yb—-176

Incident Energy (MeV)



MAT 7049 Charged Particle 70-Yb-176
294 Kelvin Cross Sections

162 :_"I EERR M | EER AL | EERRA | T T T T ERALA | T T T T '/?i_;

——————— (n,2p)

. 5
2 | —— (n.p) |
N f«
.-8 3 "/Ir E
~ 5: l’,l
5 g | 1
5100 L N
- 1IN
n b l,"
5o I
T i
10” | |
51 ol
N
1l
Iy
|

~10 |
10 Bzl Ll Lol ool Lol Ll Lol Lol Lol sl
—3 —2 ~1 0 1

102 10° 10" 10° 10° 1ot 10 10 10 10 10
70-Yb—176

5

Incident Energy (MeV)



Cross Section (barns)

MAT 7049 Particle Production 70-Yb-176
294 Kelvin Cross Sections

— Hydrogen Production
L Deuterium Production
. | —-— Tritium Production
——- He—-3 Production

—--— He—4 Production

bt sl sl sl | | | sl sl NRRAA |

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

6 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

10

10

10

MAT 7049

(n,n') Level 70-Yb—176

294 Kelvin Cross Sections

Inelastic

MT=
MT=
MT=
MT=
MT=
MT=
MT=
MT=
MT=
MT=

o1
52
53
o4
55
o6
o7
o8
59
60

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

Level
Level
Level
Level
Level
Level
Level
Level
Level
Level

—_—
—_—
—_

O [~ —— == - == — = ——— = ——

2 4 6 8 1 2

—_
o
[N
@]

Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

10

10

10

10

MAT 7049 (n,n') Level 70-Yb—-176
294 Kelvin Cross Sections
T T T T T T T

i — MT= 61 (n,n') Level | |

I MT= 62 (n,n’') Level | |
—-— MT= 63 (n,n’') Level

- ——— MT= 64 (n,n') Level s
—-— MT= 65 (n,n') Level

i —— MT= 66 (n,n') Level ]

[ [—— MT= 67 (n,n') Level | |
—— MT= 68 (n,n’') Level

L —— MT= 69 (n,n’') Level | -
—-—-— MT= 70 (n,n') Level

B —— MT= 71 (n,n’') Level | T

2 3 4 5 6 7 8 9 1

8 Incident Energy (MeV)

70-Yb—-176



Cross Section (barns)

MAT 7049 (n,n') Level 70-Yb—-176
294 Kelvin Cross Sections
T T T T T T T
—— MT= 72 (n,n’') Level
e MT= 73 (n,n') Level | -
—-— MT= 74 (n,n’') Level
- ——— MT= 75 (n,n') Level .
—-— MT= 76 (n,n') Level
- — MT= 77 (n,n') Level 7
—————— MT= 78 (n,n') Level
i ——— MT= 79 (n,n’') Level |
——- MT= 80 (n,n’') Level
i ———— (n,n") Continuum )

2 3 4 5 6 7 8 9 1

9 Incident Energy (MeV)

70-Yb—-176



Cross Section (barns)

10

—~10 |

10

MAT 7049 (n,p) Levels 70-Yb-176
294 Kelvin Cross Sections

— (n,p)

10 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

10

~10 |

10

MAT 7049 (n,d) Levels 70-Yb-176
294 Kelvin Cross Sections

— (n.d)

10 30

11 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

MAT 7049 (n,t) Levels 70-Yb-176
294 Kelvin Cross Sections

| —— (n,t) ]

10 30

12 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

—~10 |

10

MAT 7049 (n,He3) Levels 70-Yb—176
294 Kelvin Cross Sections
— (n,He-3)
10 15 20 25 30
13 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

MAT 7049

(n,a) Levels 70-Yb—176
294 Kelvin Cross Sections

T T T T

10| |— (n.a)
1510 |

5 Eul sl

102 10

14

-8

P~ —4 -3 —2 =1 0

10 166 10 10 10 10 10 10

=7

Incident Energy (MeV) 70-Yb-176



(eV-barns)

10

10

10

10

10

10

10

MAT 7049

Energy Release
Heating — Da
. ————

70-Yb—-176

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

total (eV-barns)
elastic

non—-elastic (all but mt2)

inelastic (mt51-91)

disappearance (mt102-120)

capture (mt103)
capture (mt107)

~o
-~
-~

| TR SSWRAR |

102 10

15

-8

=7 e

Incident Energy (MeV)

10 10 10°

70-Yb—-176



(eV-barns)

1012

10

10

10

10

10

10

MAT 7049

Energy Release
Heating - Damage

70-Yb—-176

— Total photon (eV-barns)

I - Total kinematic kerma (high limit)
—-— Dpa total (eV-barns)

——- Dpa elastic (mt2)

—--—— Dpa inelastic (mt51-91)

—— Dpa disappearance (mt102 —120)

l

l

M

109 108 107 106

16

10 8
Incident Energy (MeV)

70-Yb—-176



Inelastic 70-Yb-176

MAT 7049
Radionuclide Production Cross Section
™ T RN | T T T RN |
100 E =
5
1wt | ._
N 2
£ 5[
©
O
o
S 107 | i
+ 3 3
) 3
[} 5L
n
n
N
0 -3 /
© 10 e // E
5 //
0% | i
F|| —— 70-Yb-176g J
CJ1 3 [ 70-Yb—176m5 /
| | | | | | | | | //I | I | |
8 — 2 4 8 8 2 4 8 8 2
101 10O 1O1
Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

10

10

10

10

10

10

MAT 7049 (n,remainder) 70-Yb-176
Radionuclide Production Cross Section
T T T T T T

| | —— Neutron ]
——————— 1-H -1

L — 1-H -2 .
S 1-H -3

m — 2—-He—-3 T

[ — 65-Tb-152¢ |

- | —-— 65-Tb—152m1 .
——- 65-Tb-153¢g

T | —-——- 65-Tb—154¢ .

| | —— 65-Tb—-154m1 1

-—-———"'""__—————-_~_—-——_—_———_-——_-—_————-____________________—___—____-__—_—_%_‘__/_-:-_:—-"{}’;

- //,—/’— _
///

L /’

3 s 5 5 v 8

70-Yb—-176

18 Incident Energy (MeV)



Cross Section (barns)

—_
ol

MAT 7049 (n,remainder) 70-Yb—176
Radionuclide Production Cross Section
5? et :
4
o T e |
5? \—\-5\“\_;
6

5% I
s 65-Tb-154m2 | |

F 65-Tb—-155¢g

8 65-Tb—-156¢g
g 65-Tb-156ml | 3

5t 65—-Tb—156m2

65-Tb—-157g
: 66-Dy-153¢ | 4

5t 66-Dy—154g

; 66-Dy—155g
10 66-Dy-156g | |
. 66-Dy—157g 3
||||||||| ||||||||||I:
180 200
19 Incident Energy (MeV) 70-Yb—176



(n,remainder) 70-Yb-176

MAT 7049
Radionuclide Production Cross Section

— 66-Dy-158g
------- 66-Dy—159¢
| —-— 66-Dy-160g

- | ——- 66-Dy-161g
°t | —— 66-Dy-162¢
_4 L | —— 66-Dy-163g
107 L | v 66-Dy—164g
5f | —-— 66-Dy—166g
——- B87-Ho-154g
67-Ho—154m1
—  B87-Ho-155g

Cross Section (barns)
()
AN

o
N
—
~
—

L L | L
8 9 2
102

O B . S
|

»
a [~ ==
(@]

20 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

10

=10 |

10

MAT 7049 (n,remainder)
Radionuclide Production Cross Section

70-Yb—176

67-Ho—-156g
67-Ho—156m1
67-Ho—-156m2
67-Ho—-157g
67-Ho—158g
67—-Ho—158m1
67-Ho—-158m2
67-Ho—-159g
67-Ho—159m1
67-Ho—-160g
67-Ho—160m1

80 1

21 Incident Energy (MeV)

70-Yb—-176



(n,remainder)

70-Yb—-176

MAT 7049
Radionuclide Production Cross Section
T R A R A A AR S AN AN AR AR RAARRARRAARRRS '
3 /47’/ ______________ —_— T3
o s ST — - m=--——ssm—Ii
i /”/,,Z;/_‘_‘ __________________
Y e e
10* . ,/ 74 ,"I 7 e 5
g Ay =
o 3 / / Y/ 3
g 5¢E /( {// E
& 3 / if
© [ ] y
Qo - 1 / y
~ 10 | / A .
= 5 3 / / / E
.2 3 // / //// /
g Ly
" 3 Ry ———  67-Ho-160m2 | 3
/ 5 | | / F o 67-Ho-161g
S g / i — -~ 67-Ho-161nl
5 100 | ." /1' - B7-Ho-162g ]
5 " —-— 67-Ho-162m1
/ 7 5, /l/ —_ B7-Ho-163g ;
i Lo P/i' —————— 67-Ho—-163m1 i
5 ¢ I / I/ / —-— 67-Ho-164g 3
3 j / “/} —— B7-Ho—164nml
1610 i i e —--— 67-Ho-165¢g
5? f ; [/ ‘ ——— 67-Ho-166¢g 3
1 I. I’ J L 1 L L 1 L L 1
90 100 150 200
70-Yb—-176

22

Incident Energy (MeV)



Cross Section (barns)

10

MAT 7049 (n,remainder) 70-Yb—176
Radionuclide Production Cross Section

r | —— 67-Ho-166ml
N I 67-Ho—-167g
. | —-— 6B67-Ho-168g
| [ ——- 67-Ho—168ml
2 67-Ho—-169g
67-Ho—-170g
------- 67-Ho—-170m1
—-— 67-Ho-171g
——- 6B67-Ho-172g
—--— 68-Er-155¢g
68-Er—156¢

3 4 5 6 7 8 9 2
102
23 Incident Energy (MeV) 70-Yb-176



(n,remainder) 70-Yb-176

Radionuclide Production Cross Section

MAT 7049

68-Er—-157g
68—-Er—158¢g
68-Er—159g
68-Er—160g

68-Er—161g

68-Er—162g

68-Er—163g

68-Er—164g

68-Er—165g

68-Er—-166g

68-Er—167g

A_.._ ©

10
10

(Suaeq) uorq09g SSOJI)

70-Yb—-176

Incident Energy (MeV)

24



70-Yb—-176

MAT 7049 (n,remainder)
5 Radionuclide Production Cross Section
F T T T T T T
10° i e ]
5F |- I e e :
- - 7
\\\\\\A________,/_—————jli ______________________________________________________
e / ! // e —
g ——— | |
E // //
4 A / J
@ 1w L ]
" A
,_\Q/ // ///
R | I R 'f
5 i
+ 3 / //,
5 =6 / /
w 100 || | — 68-Er-167ml | .
y st| | R [ 68-Fr—168g
0 ) j —-— 68-Er-169g
O |/ ——- 68-Er-170g | |
Sl / — —— 68-FEr-171g | 1
| | —  B8-Er-172g
8 A e, pe— 68-Er—173g
) —— 68-FEr-174g | 3
. ——- 69-Tm-156¢
— —~ B9-Tm-157g
3 / —— 69-Tm—158¢g 4
5 | : E
: . . . . R L g
4 5 6 7 8 9 2
102
Incident Energy (MeV) 70-Yb-176




Cross Section (barns)

MAT 7049 (n,remainder) 70-Yb—176
Radionuclide Production Cross Section

—_——
_—

_—

NN

69-Tm—-158m1
—————— 69-Tm—-159¢g
—-— 69-Tm-160g
——— 69-Tm—160m1
—--—— 69-Tm-161g
—— 69-Tm—-162¢g
—————— 69-Tm—-162m1
—-— 69-Tm-163g .
——- 69-Tm—164g E
—-— 69-Tm—-164m1
—— 69-Tm—-165¢g

o

0]
Ot
'—\

26 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

MAT 7049 (n,remainder)

70-Yb—-176

Radionuclide Production Cross Section

—
-

:— ’/ / / /
5 [ [ . . R

B =y —

P U

—_—

69-Tm-166g | |
69-Tm—167g | |
69-Tm—168g | 1
69-Tm—169g
69-Tm—170g
69-Tm-171g
69-Tm—172¢g
69-Tm—173g
69-Tm—174g | 3
69-Tm—175g | 3
69-Tm—176g

3 4 5 6 7 8 9
10

2

Incident Energy (MeV)

70-Yb—-176



Cross Section (barns)

MAT 7049 (n,remainder) 70-Yb-176
Radionuclide Production Cross Section

—— 70-Yb-157g
------ 70-Yb—158¢g
—-— 70-Yb-159g
— - 70-Yb-160g
3 —--—— 70-Yb-181g
3 —  70-Yb-162g
5 (e 70-Yb—-163¢g

3 —-— 70-Yb-164g | =
3 —— - 70-Yb-165g | 1
—--— 70-Yb-166g
70-Yb-167¢g

—_——_ ——

[}

|
|
|

| .’

| i

| i

\ |
ol s X NI NI R ]
80 100 120 140 160 180 200

28 Incident Energy (MeV) 70-Yb-176



(n,remainder) 70-Yb-176

MAT 7049
o Radionucl ide Production Cross Section
107 [l ' ' ' ' ' ' i
51 > e <t
— i}‘::fi\é\?%?:- .=/~-\ ~.. >x__\
—1 | e e e
10° | / / TN T ——— ]
5 / / / T N3
/ / // / \\\ i
162 // / I// / \5\\‘-‘_
/g\ E_ / //I // \ih_\‘_“\-\_~?
5 ¢t ! /
8 ' I /f / j
- 100 | J / L |
S / | /
P / ,’ /|
By / | ;/ — 70-Yb-168g
n 107 | ' | 1 70-Yb—169g .
S 5 | | | — — 70-Yb-169ml | ]
5 | J i . 70-Yb-170g
_5 . / —-—— 70-Yb-171g
10 ' /
2 | | 70-Yb-172g 3
5t i , 1 70-Yb—173¢ :
| | l — —  70-Yb-174g
.6 i | 4 —— 70-Yb-175g
3 : | /) —-—— 70-Yb-176g
5t | { . — 70-Yb-176ml
| | ] . I .
3 4 5 6 7 8 9 2
10°
70-Yb—176

29

Incident Energy (MeV)



Cross Section (barns)

MAT 7049 (n,remainder) 70-Yb-176

101 Radionucl ide Production Cross Section
T T T T T T T T
51—_ __________________________________________ -
|
1OO :! =
51|
ol
I vo-vb-177e ;
: ‘ ------- 70-Yb—177m1
5 L' | —-— Photon
16° [l ._
51|
5 ]
10 :_‘ —
5 F
|
0% N i
O ]
——
3 4 5 6 7 8 9 2 2

30 Incident Energy (MeV) 70-Yb-176



Cross Section (barns)

MAT 7049 (n,vy) 70-Yb-176
Radionuclide Production Cross Section
T T T T T 1 T T T T 1 T T T T 1 T T 1
— 70-Yb-177g
2| I T T [t 70—-Yb—-177m6 E

_ 5 — 5 — 5
1O3 102 1O1 10O

31 Incident Energy (MeV)

70-Yb—-176



