Cross Section (barns)

MAT 6449 Ma jor 64—-Gd-160
294 Kelvin Cross Sections
i B A MM I A T T T T T e T ™ ™ T
i ___________________________
oo
-
~
~
~
-
i ~
~N 3
~ 3
~ ]
— Total | \
------- Elastic i z
- | —-— Inelastic i !:
——- (n,7) | i
Ll v il Lol Lol Lol Lol Ll AR .....|..| L wl L wl , |I
10° 10° 10" 10° 10° 1ot 10° 107 10! 10° 10!
1 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

10

MAT 6449 Neutron Production
294 Kelvin Cross Sections

64-Gd—160

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

| (n,2n) o E

t | —— (n,3n) «

, Zamt
:’ / /1
l /

3 E / 3
! /
i /
| /

| I
| I
)

3 | / / / 3
|/ I

i )

3 /E / /

/ i I’

3 i / 3

| L L L L L L L 1 i )

100 2 3 4 5 6 7 8 9 0 2 3

2 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

10

10

MAT 6449

Neutron Production
294 Kelvin Cross Sections

64-Gd—160

—— (n,n') d
——————— (n,n') t

t | —-— (n,n’) He-3
- | ———~ (n,4n)

—— (n,2n) p

15

Incident Energy (MeV)

64-Gd-160



64-Gd—-160

Charged Particle
294 Kelvin Cross Sections

MAT 6449

(Suaeq) uo1q109g SSOJI)

7
0]
T 8 8 &4 = &
))))) NN
== - a
= AVAN oA R = a O
g g a 4c a a A
((((( S "
NN
HEREEN
| |
. . 1 Lt 1 1 [ 1 I
0 0 0 0 0
AY] <F © o8]
@) @] (@] ©)
~— — — —

1OO

64-Gd—-160

Incident Energy (MeV)



64-Gd—-160

Charged Particle
294 Kelvin Cross Sections

MAT 6449

_ e
(o
— 3
g~~~
M a3d +
e a
~

e (n,2p)
—— (n.p) a

(Suaeq) uorq09g SSOJI)

64-Gd-160

10 10 10 10 10 10 10
Incident Energy (MeV)

10



Cross Section (barns)

MAT 6449

Particle Production

294 Kelvin Cross Sections

64-Gd—-160

—— Tritium Production
——- He—3 Production
—--— He—4 Production

— Hydrogen Production
——————— Deuterium Production

— 2 4 6 B8 —
1O2 101

2 4 6 8
100
Incident Energy (MeV)

64-Gd-160



Cross Section (barns)

10

10

10

MAT 6449 (n,n') Level 64—-Gd-160
294 Kelvin Cross Sections

— Inelastic
o [ MT= 51 (n,n’') Level i
—-— MT= 52 (n,n’') Level
——- MT= 53 (n,n') Level
L | —-—— MT= 54 (n,n') Level ]
—— MT= 55 (n,n') Level
S MT= 56 (n,n') Level i
——— MT= 57 (n,n’') Level
——- MT= 58 (n,n’') Level
L | —-—— MT= 59 (n,n’') Level 7
——— MT= 60 (n,n’') Level

8 1 2 4 6 8 0 2 4 6 8 1 2

7 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

10

10

10

10

10

10

MAT 6449

(n,n') Level
294 Kelvin Cross Sections

64-Gd—-160

—~—

61

(n,n")

(n.,n")

Level
Level
Level —
Level
Level
Level
Level
Level
Level
Level -
Level

e
——

2 3 4 5 6 7 8 9 1

Incident Energy (MeV)

64-Gd-160



Cross Section (barns)

10

MAT 6449 (n,n') Level 64—-Gd-160
294 Kelvin Cross Sections

Continuunm

2 3 4 5 6 7 8 9 1 2 3
10
9 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

10

MAT 6449

(n,p) Levels
294 Kelvin Cross Sections

64-Gd—160

— (n,p)

10

Incident Energy (MeV)

64-Gd—-160



Cross Section (barns)

=10 |

10

MAT 6449 (n,d) Levels 64—-Gd-160
294 Kelvin Cross Sections

— (n.d)

20 25 30

11 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

MAT 6449 (n,t) Levels 64—-Gd-160
294 Kelvin Cross Sections

— (n,t)

10 30

12 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

12 |

10

MAT 6449

(n,He3) Levels 64—-Gd—160
294 Kelvin Cross Sections

— (n,He-3)

10

13

15 20 25 30

Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

MAT 6449 (n,a) Levels 64—-Gd-160
294 Kelvin Cross Sections

BT T T T T T T LML AL | T T T T T T T T T T T T T LML AL | L

— (n,a)

Erul sl sl sl | ol | sl sl NRRAA |

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

14 Incident Energy (MeV) 64—Gd—160



(eV-barns)

1014

1012

10

10

10

10

10

10

MAT 6449

Energy Release
Heating — Damage
.~

64-Gd—160

L B A B AL I T T T T
— Kerma total (eV-barns)

o Kerma elastic .
—-— Kerma non-elastic (all but mt2)

L | ———- Kerma inelastic (mt51-91) .
—--— Kerma disappearance (mt102-120)

| | —— Kerma capture (mt103) i
——————— Kerma capture (mt107)

B I k

pul L ataaal Ll Ll Ll Lt L wr:ulnul I:I Lt

107 10° 10" 10°  10° 10t 10° 107

15 Incident Energy (MeV) 64—Gd—160



(eV-barns)

1012

10

10

10

10

10

10

MAT 6449 Energy Release 64-Gd—-160
Heating - Damage
Bl LML | LR | LR | T LA | LA | LR | R | LR | LR |
| | —— Total photon (eV-barns) i
——————— Total kinematic kerma (high limit)
- | —-— Dpa total (eV-barns) 7
——- Dpa elastic (mt2)
- | —--— Dpa inelastic (mt51-91) s
—— Dpa disappearance (mt102 —120)
- BN ///
i = ]
B N
‘\“‘. ,///// \_//_\<r;!,
I | / ,/ &
-
- “ // —
n: ,
pul et taal Ll Ll Ll Lt LR h‘ |‘ | L ||||/|| Ll Ll
107 10° 107 16° 10° 10* 10° 10° 10! 10° 10!
16 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

10

10

10

10

10

10

MAT 6449 (n,remainder) 64—-Gd—-160
Radionuclide Production Cross Section
T T T T T T

| | —— Neutron i
——————— 1-H -1

- — 1-H -2 .
S 1-H -3

o — 2—-He—-3 ]
——————— 58-Ce—-135¢

- | —-— 58-Ce—-135m1 .
——- 5H8-Ce-136g¢g

| ———- 59-Pr-136g ]

. | —— H59-Pr-137g |

L ’/’,/"
///,

3 s 5 5 v 8 9

64-Gd-160

17 Incident Energy (MeV)



Cross Section (barns)

MAT 6449 (n,remainder) 64—-Gd—160
162 Radionuclide Production Cross Section
[ T T T T LI T ’\‘R\ LRI L AL LI T
S ,/// //\’\'(‘\‘::\\\\‘\
A ——= S
=T = —— T
T T T T v
3 . ’ e
5E / //// // ﬁﬁﬁﬁﬁ = 3
164 E g ///// “:::/’____-‘_“T::i\\’_‘—zg\f‘_i-\t\f;\\\ 3
5 ¢ . ‘ ------- e ——
/A S ~
3 / ‘\\\\\\?
5 ’
166 3 E
5 -
——— bH59-Pr-138g
g sl 1 N BECE e 59-Pr-138m1 1
5F — -~ 59-Pr-139g 3
a ——- 59-Pr-140g
168 —--—— B60-Nd-137g
5 3 60—-Nd—-137m1 E
S 2 L N RN 60-Nd-138¢
—-— 60-Nd-139¢g
3 ——- 60-Nd-139m!1 E
5S¢ —--— 60-Nd-140g
10| ——— 60-Nd-141g
10 L -
A ST | T D B DS et bttty et 13
120 140 160 180 200
18 Incident Energy (MeV) 64—Gd—160



10

—_
Ol
i

Cross Section (barns)

MAT 6449

(n,remainder)

64-Gd—-160

Radionuclide Production Cross Section

- ———_——— =

_—
—_—

~——
—
—_— 3
—

—_—_—

60-Nd—-141m1
60—-Nd-142¢g
60-Nd—-143g ]
60-Nd—-144¢g .
60—-Nd-145¢g 3
60-Nd-146g
60-Nd—-147¢g
60-Nd—-148g
61-Pm—138g
61-Pm—138m1
61-Pm—139¢g

L |
200

19

L | L
100

Incident

L | L
150

Energy (MeV)

64-Gd-160



Cross Section (barns)

MAT 6449 (n,remainder) 64—-Gd—160
Radionuclide Production Cross Section

\

|

| — B81-Pm-139ml
[ - 61-Pm—140g
| — — 61-Pm-140m1
| — ~ 61-Pm-14lg
| ___ 61-Pn-142g
I — B81-Pm-143g
T T 61-Pm—144g E
| —-— ©61-Pm-145g E
| — —— 81-Pm-146g -
| —--— 61-Pm-147¢g .
| k
|

|

0

*__
RN

— B1-Pm-148g

20 Incident Energy (MeV) 64—Gd—160



64-Gd—-160

MAT 6449 (n,remainder)
Radionucl ide Production Cross Section
E T T T T T T
_ LTI e _
= el =" e = —
104 8 P i = ]
3 L /’/’ = -7
VA e
J oo
- P o _
E -, /// Ve /’ / 3
. // ///// //// //
E@ -6 44//;Wh7f_ ',',//
© 3 / -7
-Q 5: / / / //
= 7))
s et -
P 7 ;o E
o £/ 7
B g /. —  61-Pn-148n1
p 100 L i/ N 61-Pm-149g¢ | ]
S 5 Y —— 61-Pu-150g | }
5 / ol ——- 61-Pn-151g | |
i / o | —-— 61-Pm-152g | |
: S / L) — B81-Pm-152m1 |
5 f / 3
S /o / Y 61-Pn—152m2
10 / /) / [ — — 61-Pu-153¢g
10 s il 61-Pm—154 E
A S — - SiPeiddg
" I b —-—— 61-Pm-154m1
/) ) I // )/ —__ B1-Pm-155¢
g_/ / F / ./ :‘I L L 1 ._:
3 4 5 6 7 8 9 2 2
10
64—-Gd—160

Incident Energy (MeV)



Cross Section (barns)

10

[EEN
Ql

W

MAT 6449

64-Gd—160

(n,remainder)
Radionuclide Production Cross Section

=~ e
\ -— —_— P

62-Sm—-139g '
62-Sm—139m1
62-Sm—-140g
62-Sm—141g
62-Sm—141ml
62—-Sm—142¢g
62-Sm—-143¢g
62-Sm—-143m1
62-Sm—144¢g
62-Sm—-145¢g
62-Sm—146¢g

22

64-Gd—-160

Incident Energy (MeV)



MAT 6449

(n,remainder)

Radionuclide Production Cross Section

64-Gd—-160

Cross Section (barns)
)

-

N

62-Sm—147g
62-Sm—148¢g
62-Sm—149g
62-Sm—150g
62-Sm—151g
62-Sm—152¢g
62-Sm—153g
62-Sm—154¢g
62-Sm—155¢g
62-Sm—156¢g
62-Sm—157¢g

8 v 8 9 2

10
Incident Energy (MeV)

64-Gd-160




Cross Section (barns)

10

MAT 6449

(n,remainder)
Radionuclide Production Cross Section

64-Gd—-160

62-Sm—158¢
62—-Sm—159¢g
63-Eu—-140¢g
63-Eu-141g
63-Eu—-141ml

63—-Eu-142m1
63-Eu—-143g
63-FEu—144¢
63-Eu-145¢g
63—-Eu—-146¢g

4 5 6 i 8 9

Incident Energy (MeV)

64-Gd—-160




Cross Section (barns)

MAT 6449 (n,remainder) 64—-Gd—160
Radionuclide Production Cross Section

—_— .

—_————
- -
—— ——

\\
- N\

— B63-Eu-147g
------ 63-Eu-148g E
—— 63-Eu-149g 3
——- 63-Eu—-150g ]
—--—— 63-Eu-150m1 |
— 63-Eu-15l1g 3
------ 63-Eu-152¢g
—-— 63-Eu-152mn1
63-Eu-152m2
—--—— 63-Eu-153g
—  63-Eu-154g

L |
8 9 2
102

25 Incident Energy (MeV) 64—Gd—160




Cross Section (barns)

10

10

10

10

10

MAT 6449 (n,remainder) 64—-Gd—160
Radionuclide Production Cross Section

——— 63-Eu-154m!
—————— 63—-Eu—-155¢
_ —-— 63-Eu-156g¢g i
——- 63-Eu-157¢g
i —--—— 63-Eu-158g¢g ]
—— 63-Eu-159g¢
—————— 63-Eu-160g
- —-— 64-Gd-141g .
——- 64-Gd-141m!
—-—— 64-Gd-142¢
_ ——— 64-Gd-143g i

3 4 5 6 7 8 9
102
26 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

MAT 6449 (n,remainder)

Radionuclide Production Cross Section

64-Gd—-160

64-Gd—143m1
64-Gd—144g E
64-Gd-145g 3
64—-Gd—145m1 | |
64—-Gd—146g -
64-Gd—147g 3
64-Gd—-148¢g
64-Gd—-149g
64—-Gd—150g
64-Gd—-151g
64-Gd—-152¢g

27 Incident Energy (MeV)

64-Gd-160



Cross Section (barns)

MAT 6449 (n,remainder) 64—-Gd—160
Radionuclide Production Cross Section

—— 64-Gd-153g¢
(N [P 64-Gd—-154¢ 7
—-— 64-Gd—-155¢g
i ——- 64-Gd—-156¢ 7
—--— 64-Gd-157g
i —— 64-Gd-158¢ 7
—————— 64-Gd—-159¢g
i —-— 64-Gd-160g 7
——- 64-Gd-161g
B —--— Photon T

_——
—_—
————

———
—_—

3 4 5 6 7 8 9 2
102
28 Incident Energy (MeV) 64—Gd—160



Cross Section (barns)

—~10 |

10

—~12 |

10

~16 |

10

(n.p) «

Radionuclide Production Cross Section

64-Gd—160

MAT 6449
——— 61-Pm-156¢g
------- 61-Pm—156m2
. é - -

29

10

Incident

1

Energy (MeV)

64-Gd—-160



