72—-Hf-158

MAT 7177

Ma jor
294 Kelvin Cross Sections

Flastic
— -— Inelastic

Total
——- (n,7)

10

(Suaeq) uorq109g SSOJI)

10 10 10 10 10 10 10 10° 10t
72-Hf-158

10

10

Incident Energy (MeV)



72-Hf-158

Neutron Production
294 Kelvin Cross Sections

MAT 7177

——

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

(suaeq) uorq09g

SS0.a)

10 10 10 10 10 10 10 10° 10t
72-Hf-158

10

10

Incident Energy (MeV)



72-Hf-158

MAT 7177

Neutron Production
294 Kelvin Cross Sections

-_— — — =====
—_—— gy
—_— e P

—-—-—(n,n') He-3

-——--—- (n,3n) p

(Suaeq) uo1q109g SSOJI)

10 10 10 10 10 10 10 10° 10t
72-Hf-158

10

10

Incident Energy (MeV)



72-Hf-158

Charged Particle
294 Kelvin Cross Sections

MAT 7177

(o
i T 8 8 a9 o
E AN SN AN TN N NN
- a g - - - -
FENNMa = a A
e R - a A
| N N N SN N SN N
R
| | |
HEREEN
| |
E [T IRV 1 [T 1 Lo Lo
0 0 0 0 0 0
©) AV, <F © (00)
o o @) o ©)
— — — — —

(Suaeq) uo1q109g SSOJI)

72-Hf-158

Incident Energy (MeV)



72—-Hf-158

Charged Particle
294 Kelvin Cross Sections

MAT 7177

1_ B T — N
: D N — A =)
. N\ -3
\ . \ 0
// . /// s T
s \d J /A 3 S
\ \ /
! v / ) 1o
oo S
\\ \\ \\ -%O
3 Vs / s 17 =
/ / / 2
/ / \\ 0, =
E \\ \\ IM i m
] )
\ \\ v &
3 \\ / 19 o
/ / -
/ / \ ] o
/ / / 1o =
-/ \ \\ 7o 9
- ~ L
~ ~_ ~__
~_ ~ ©
- — ~. T~ ] 1o
Ay A A re—
, / o ]
i / \\ oo o m,ﬁo
/ A~ N 3 -+~
/ / adARTod%q
/ / EEEEEFdE s
3 \ / C 1
/ / N .
/ / I
\ / \ 9_0
3 S \ L R . \ L L [T bsiand  — O
0 0 0 0 0 0
N o N <
S S = 9

(Suaeq) uo1q109g SSOJI)



72—-Hf-158

MAT 7177 Charged Particle
294 Kelvin Cross Sections
5 :"I | R T LR | LR | LR |
—— (n,3a) / \
F | (n,2p) N
L | —— (n.p) a A
o —— (n,t) 2a«a [
10 L | ——- (n,d) R« / / 3
5 ¢ / /
/g ] /,i ,/ u_
3 5 f
= 164 L ,'I | i
0O E 1 / |
o 5 ¢ H
-.8 'I ]
b _ N
I a :
0 F !
o N
@) —6 I
0" | [ .
5 /\\\ ,"/ /‘ .I
S / N I ,
| \ / // \\\\ \\ /II / { i
; - / / \\\ \ |
5 :\\\\\\\ \\ // /// \\\\ \\\ // // {
— i ~o \\\ // \\\\\ \\ // ! I
10° | ~._// N\ ;) []
3 AN / \\ \ /// / BE
5 b i T R T S R BT T R ./../.I L !.
10° 10° 10" 10° 10° 1ot 10° 107 10! 10° 10!
Incident Energy (MeV) 72-Hf-158

6



Particle Production 72—-Hf-158

MAT 7177
5 294 Kelvin Cross Sections
i"l EERR M | bl B | EER AL | EER | ERR M | ERALA | EERR M | EER AL | T
1O2 I
m 10° :
E 5
o 3
<
g 3
o 5¢F
2 \
% 162 - \\_/"\""/ i /_
n 51 [ ]
0 ,f'// ]
5 P
5] 15
—4 [ | —— Hydrogen Production f#
10 Z EEEEEEES Deuterium Production fﬁ 3
°F | —-— Tritium Production i
——- He—-3 Production ;'
. | ——-— He—4 Production i 4
5F E
:||| Lol il el Ll e enaaaal L taaaal et Lol il |:||/ .
107 10° 10" 10° 10° 10% 10° 10° 10! 10° 10!
72-Hf-158

7 Incident Energy (MeV)



Cross Section (barns)

10

10

10

10

MAT 7177 (n,n') Level 72-Hf-158
294 Kelvin Cross Sections

— Inelastic

55 e— MT= 51 (n,n') Level | |

i ——— MT= 52 (n,n') Level | |
——— MT= 53 (n,n') Level

i —-— MT= 54 (n,n') Level | |
—— MT= 55 (n,n') Level

I p— MT= 56 (n,n') Level | J
——— MT= 57 (n,n’') Level

- ——- MT= 58 (n,n’') Level | -
—-—-— MT= 59 (n,n') Level

Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

10

10

10

10

10

MAT 7177 (n,n') Level 72-Hf-158
294 Kelvin Cross Sections
T T T
I — MT= 60 (n,n’') Level | |
I [E—— MT= 61 (n,n') Level ]
—-— MT= 62 (n,n’') Level
_ ——- MT= 63 (n,n') Level i
—-— MT= 64 (n,n') Level
- —— MT= 65 (n,n') Level -
—————— MT= 66 (n,n') Level
- ——— MT= 67 (n,n’') Level | -
——— (n,n') Continuum

9 Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

—_
@)

—_
o

10

—_

o

MAT 7177

(n,p) Levels 72-Hf-158
294 Kelvin Cross Sections

| —— (n,p) )
S T T R N RN AN ST AT I
157 10° 10" 10° 10° 10% 10° 107 10 10° 10!
10 Incident Energy (MeV) 72-Hf-158



—_
ol
N

Cross Section (barns)

MAT 7177 (n,d) Levels 72—-Hf-158
294 Kelvin Cross Sections

[ T T

| — (0.q)

11 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

MAT 7177 (n,t) Levels 72—Hf-158
294 Kelvin Cross Sections

— (n,t)

12 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

MAT 7177 (n,He3) Levels 72—-Hf-158
294 Kelvin Cross Sections

— (n,He-3)

107 10° 10" 10° 10° 1ot 10° 107 1ot 10° 10t

13 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

10

MAT 7177

(n,a) Levels 72-Hf-158
294 Kelvin Cross Sections

— (n,a)

-9 -8

14

10 10 10"

10° 10° 1ot 10° 107 1ot 10° 10t

Incident Energy (MeV) 72-Hf-158



(eV-barns)

10

10

14

12

MAT 7177

Energy Release
Heating - Damage
.~

72-Hf-158

— Kerma
Kerma
—— Kerma
— —- Kernma
—--— Kerma
—— Kerma
Kerma

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

inelastic (mt51-91) .
disappearance (mt102-120)
capture (mt103) i
capture (mt107)

| -~

sl 77

=7

o 10

10 10

~6

P~ ~4

10 10 10

Incident Energy (MeV)

-3

107

72-Hf-158



(eV-barns)

MAT 7177 Energy Release 72-Hf-158
Heating — Damage

| ./. sl Lt
-3 —2

-9 -8 =7 ~6

10 10 10 10 165 10 10 10 10 10 10

~4

=1 0 1

16 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

MAT 7177 (n,remainder) 7_2-Hf-158
Radionuclide Production Cross Section

p——— /ﬂ/’/

3 ______’_____,__:,/___,:,_;.——f—"_/_:__ ___________ - ]
L T = s
/__5_/__:;:_’_—_———————

—— Neutron

——————— 1-H -1
|| ——- 1-H -2

——  1-H -3

—--—- 2-He-3
I — <—He—4

------- 62-Sm—-130g
|| —— 62-Sm-131g
| | ——- 6:2-Sm—-132¢g
|| —-- 62-Sm-133g

—— 62-Sm—133ml
- I : : . " ) !
3 4 5 6 - 8 o =

17 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

10

MAT 7177 (n,remainder)

Radionuclide Production Cross Section

72-Hf-158

—— 62-Sm-134¢g
------- 62—Sm—135¢g
- | —-— 62-Sm-136g
| ———- 62-Sm-137g
L | —-— 62-Sm—138g¢g
L | —— 63-Eu-133g
A — 63-Eu-134¢g
—-— B63-Eu-135¢g
——- B3-Eu-136g
—--— 63-Eu-136mn1
— B3-Eu-137g

E ././.|/./..

18 Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

MAT 7177 (n,remainder) 7_2-Hf-158

Radionuclide Production Cross Section
T T T T T

- | —— 63-Eu-138¢g
A 63-Eu—-139¢
—-— B63-Eu-140g
——- 63-Eu-141g
—-—-— 63-Eu-141m1

------- 64-Gd-136g
F | —-— 64-Gd-137g
- | ——- 64-Gd-138g
— _ B4-Gd-139g
— 64-Gd-139m1

19 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

—_
ol
N

MAT 7177

Radionuclide Production Cross Section

(n,remainder)

72-Hf-158

64-Gd—140g
64-Gd-141g
64-Gd—141m1
64-Gd-142¢
64-Gd—143g
64-Gd—143m1
64-Gd—144g
65-Tb-138g
65-Tb-139g
65-Tb—140g
65-Tb-141g

20

Incident

Energy (MeV)

72-Hf-158



—_
Q|

Cross Section (barns)

N

MAT 7177

(n,remainder)
Radionuclide Production Cross Section

72-Hf-158

65-Tb—141ml | 3
65-Tb—142g 3
65-Tb—142m1 | |
65-Tb—143g ]
65-Tb—143m1 | i
65-Tb-144g
65-Tb—144n1
65-Tb—145g
65-Tb—146g
65-Tb—146m1
65-Tb—147g

Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

10

10

10

10

MAT 7177

(n,remainder)
Radionuclide Production Cross Section

72-Hf-158

65-Tb—-147m1
66—-Dy—-139¢
66—-Dy—-140g
66-Dy—-141¢g
66-Dy—-142¢g

66—-Dy—-143m1
66-Dy—144¢g
66—-Dy—145¢g
66—-Dy—-145m1
66—-Dy—146¢g

Incident Energy (MeV)

72-Hf-158




Cross Section (barns)

MAT 7177

(n,remainder)
Radionuclide Production Cross Section

72-Hf-158

66—-Dy—-146m1
66-Dy—147g
66-Dy—-147m1
66—Dy—148g
66—Dy—149g
66—Dy—149m1
66-Dy—-150g
67-Ho-142g
67-Ho—-143g
67-Ho—-144¢g
67-Ho—145¢g

Incident Energy (MeV)

72-Hf-158




Cross Section (barns)

MAT 7177 (n,remainder) 7_2-Hf-158
Radionuclide Production Cross Section
T T T T T T
_-——"”””——’::;—~’//’/:jji::t::r~i? S ST—
T e
] P — - A N L —
T ——— T T T T T
e T /// 7 v T
- — - i I
T T — Rt el LT T T T T T
7 - % _ Tt
1 Y/ . — T
/ ,’/ //7 ///
3 S V4 i
a/
/ / /4/ ///
3 ’S S / 3
/ /
L // /// ///
|/ i // —  67-Ho-146g
sEl /’/ N 67-Ho-147g | 3
1 ' — — B67-Ho-148g :
1/ /’ J/ ——- 67-Ho-148ml
- /} —-—— B7-Ho-149g | 3
51 ; / — B7-Ho-149m1 | 1
1 2 (P 67-Ho-150g |
i // / —— 67-Ho-150m1 | ]
5 /’/ | ——- 67-Ho-151g ;
A / —--— 67-Ho-151m1
—  67-Ho-152g
s | :' |
3 4 5 6 7 8 9 2
10°
72-Hf-158

24 Incident Energy (MeV)



Cross Section (barns)

MAT 7177 (n,remainder)

72-Hf-158

Radionuclide Production Cross Section

67-Ho—-152m1

68-Er—144g
68-Er—145g .
68—-Er—145m1 3
68-Er—146g ]
68-Er—147g i
68—Er—147m1 | 3
68-Er—148g
68-Er—149g
68—-Er—149m1l
68-Er—150g

[
]
[}
I
I
1
I
1
|
|
i L |
8 9 2
10

25 Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

MAT 7177

(n,remainder)

Radionuclide Production Cross Section

72-Hf-158

68-Er-151g
68-Er—151m1

68-Er-152¢g E
68-Er—153g 3
68-Er-154g ]
68-Er—155¢g ]
69-Tm-148¢g 3
69-Tm-149¢g
69-Tm-150g
69-Tm-151g
69-Tm-151m1

26

5 6 7 8 9

102

Incident Energy (MeV)

72-Hf-158



MAT 7177 (n,remainder)

72-Hf-158

Radionuclide Production Cross Section

Cross Section (barns)

69-Tm—152g
------ 69-Tm—-152m1 | ]
— _ 89-Tm-153g ]
—— 69-Tm—-153m1 3
— —— 69-Tm-154g
—  B9-Tm-154ml
------ 69-Tn—155g
— —— B69-Tm-155ml
— —  89-Tm-156g
.~ 70-Yb-151g E
— 70-Yb-151m1 | ]

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

27 Incident Energy (MeV) 72-Hf-158




Cross Section (barns)

10

MAT 7177

(n,remainder)
Radionuclide Production Cross Section

72-Hf-158

70-Yb-152¢g ]
70-Yb—-153g 1
70-Yb—154g 3
70-Yb—155¢g
70-Yb-156¢
70-Yb-157g
71-Lu-153g
71-Lu-154g
71-Lu—154m1 | 3
71-Lu-155¢g 3
71-Lu—155m1

28

5 6 7 8 9

10
Incident Energy (MeV)

72-Hf-158



Cross Section (barns)

10

10

10

10

10

MAT 7177 (n,remainder) 7_2-Hf-158

Radionuclide Production Cross Section
T T T T T T

i —— 71-Lu-156g
—————— 71-Lu-157¢g
—— 71-Lu-157m1
i ——— 71-Lu—-158¢g 7
—--— 72-Hf-155g
72-Hf-156¢g
—————— 72-Hf-157¢g
—-— 72-Hf-158g¢g
B ——- 72-Hf-159¢g 7
—--— Photon

29 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

—~10 |

10

—~12 |

10

MAT 7177 (n,2n) d 72—-Hf-158
Radionuclide Production Cross Section
-I T T LARAALARRAL T T T T LARAALARRAL T LA | T T T T 'I_
L | — 71-Lu—-155¢ .
——————— 71-Lu—155m1 i

| | |

22 30
30 Incident Energy (MeV) 72-Hf-158



72-Hf-158

MAT 7177 (n,n') 3«
5 Radionuclide Production Cross Section
_| 1 T LARRARAAAM 1 T LALLM 1 T T 1
| — 66—-Dy—-146¢ 1
5F | —-—— 66—-Dy—146m8 3
1610 3 E
5 !
3 5} |
© : i
53 =12 | !
qlo 3 :'l_:
S s f
2 ' !
0 !
[} |
n s .
0N 5E ,.'
N F 1
© 1077 | e
5§ 5
|
5 E f
| i | [T PPUT TR PR TR | st | | l‘.
_ 5 — 5 — 5
1O3 102 1O1 10O 101
Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

10

MAT 7177 (n,n') p 72-Hf-158

Radionuclide Production Cross Section
T T T T T

— 7-Lu-i57 | = T i
------- 71-Lu—-157m1

2 3
101
32 Incident Energy (MeV) 72-Hf-158



(n,2n) Ru
Radionuclide Production Cross Section

72-Hf-158

MAT 7177
5
- | 68-Fr-149g
6 [ | 68-Er-149m2
100 |
5 ¢
-
z -
5 100 | .
0 s /
~ 5 E Il
= /
o) ///
) - / E
S s [
N 3 !
n 10 |
g 10 3 / E
O . /
/
1612 3 / 3
5 /
E N N N N | “II 3
3 4 5 6 1 2 3
10
Incident Energy (MeV) 72-Hf-158

33



Cross Section (barns)

10

MAT 7177 (n,n') t 72—-Hf-158
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
- | —  71-Lu-155g '
——————— 71-Lu—155m1
| | |
15 30
34 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

MAT 7177 (n,3n) p 72—-Hf-158
Radionuclide Production Cross Section

——— 71-Lu-155¢g
------- 71-Lu—-155m1

30

35 Incident Energy (MeV) 72-Hf-158



72-Hf-158

MAT 7177 (n,n') p «
Radionuclide Production Cross Section
l T T T T T T T T T T T T T
5|
— 89-Tm-153g
107 [ |- 69-Tn—153m1 A
5 ; ///
5§ / %
n {
_4 /I
o 10 3 ! 3
. |
=] /I
0 L ;’ -
B 5t /
3 ,'
n 10° 3 // E
8 5E ! 3
g 3 /
O /
5| ,"
-8 i
10 3 i 3
5§ 5
E|I | " " | Leebeentatintl N N | et ol N N | | I : ol E
_ 5 — 5 — 5 5
103 102 101 lOO 101
Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

MAT 7177 (n,d) 72—-Hf-158
Radionuclide Production Cross Section

- | —— 71-Lu-157¢g
S 71-Lu—157m1

37 Incident Energy (MeV) 72-Hf-158



72—-Hf-158

MAT 7177 (n,Rx)
Radionuclide Production Cross Section
5 T T A T T T R T T T A T T T T
5 ¢ :
16" : .
5§ 3
= 3 ; e
S 5E /
© /
)
[ 166 2 //// -
2 5 /
-+ /
O /
[} /
n L / .
0 5 /
g :
° 1° | ]
5 ¢ /
5 E //// E
| —— B8-Er-151g
1010 | 68-Er-151m10 ]
5 ¢ J
» A el . el ) e ] ol |
_ 5 — 5 — 5 5
1O3 102 1O1 10O 101

Incident Energy (MeV) 72-Hf-158



72-Hf-158

MAT 7177 (n,3a)
Radionuclide Production Cross Section
166 = // =
5 F —— 66-Dy-147g /| 3
——————— 66-Dy—-147m2 /
5§ / E
168 3 / E
/&)\ 5 E I/I 3
o 3 /
S i
© |
Mo _ ) i
5E !
5 /
2 /
5 100 | f]
% 5 E ///
/) //
/) !
0 |
g E // —
@) 5 F /
1(—)12 i / ]
5§ /
| ol et ) N ,'/.
_ 5 — 5 — 5 5
103 1O2 1O1 10O 101
Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

MAT 7177 (n,p) « 72—-Hf-158
Radionuclide Production Cross Section

— 89-Tm-154g
e 69-Tm—154m2 / 4

— 5 — 5 — 5 5
1O3 102 1O1 10O 101

40 Incident Energy (MeV) 72-Hf-158



Cross Section (barns)

—~10 |

10

—~12 |

10

~16 |

10

MAT 7177 (n,t) 2«a 72—Hf-158
Radionuclide Production Cross Section

——— 67-Ho-148g¢g
------- 67-Ho—148m4

— 5 — 5 — 5 5
1O3 102 1O1 10O 101

41 Incident Energy (MeV) 72-Hf-158



72-Hf-158

MAT 7177 (n,d) 2«a
166 Radionuclide Production Cross Section
:'_| T T T I T T LA I T T T I T T LA I T '_:
5 .
- | —— B7-Ho-149¢ ]
——————— 67-Ho—-149m1
_ !
10° |
5 ;
u /
= |
& L Do
@ 3 e
Q 5 ‘,'
" !
2 1010; Pl
8 5 !
0 i
0 {
y Co
8 E ! 3
g St ',
© i i
1612 3 ; E
5 ; E
1014 | : i
Ful \ el , el . el ) ] 3
_ 5 — 5 — 5 5
1O3 102 1O1 10O 101
Incident Energy (MeV) 72-Hf-158



72-Hf-158

MAT 7177 (n,d) «
Radionuclide Production Cross Section
| 1 T LARRARAAAM 1 T LALLM 1 T T 1
—4
100 L | —— 69-Tm-153¢ .
CH N 69-Tm—153m1 ,
N 166 3 / 3
2 5 / 3
- b /
© )
Mo !
5 s Pl
+ !

8 10° | j ]
n 3 ' E
5t !

n E i
N !
0 ]
5 /
O 3 ! E
5E !
E i
1610 3 ; E
5§ !
; :
-l 1 [P T PP TN | 1 PR TPUUT TUTTT T I T | ) PN DT TUUI ORI AR T | I TP .|I’.I
_ 5 — 5 — 5 5
1O3 102 1O1 10O 101
Incident Energy (MeV) 72-Hf-158



