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Fig. 2-1: Multi-Photon Absorption in Pd nucleus by QED Coupling to PdDx Plasma Oscillation
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Multi-Photon Induced Fission Model To E1 Giant Resonance
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Nuclear Transmutation

n,, atoms/sec 10W Ex. heat level

I'W Ex. heat level

Fig.4. Impurity production rate in Pd cathode sample (near at the surface
layer 8 = 100 nm, d =9 mm).

References:
A.B. Karabut, Proc. ICCF9, 151 (2002).
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Fig. 3-1: 4D and 8D Fusions in Pd lattice
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Fig. 3-2: Two-dimensional schematic view of coherent motion
(a) incoherent (b) anti-coherent (2D)
(c) coherent (3D) (d) coherent (4D)
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Multi-body Fusion Reaction

(1) 3D — 6Li* — d + 4He + 23.8 MeV

(2) 4D — 8Be’ — 2 “He + 47.6 MeV

(3) 8D — 160" (109.84 MeV) — 2 8Be + 95.2 MeV
8Be* — 2 4He + 47.6 MeV

4D and 8D Fusions can be selective.

References:
[1]: A. Takahashi, Proc. JCF4, 74 (2002).

Nuclear Transmutation

(1) M + Photons — FP1 + FP2 (Ti, Cr, Fe etc.)

(2) M+4He = M’ (Cd for Pd)
— FP1’+FP2°  (Ti, Cr, Fe etc.)

(3) M+28Be —>M" (Sn for Pd, Pr for Cs, Mo for Sr)
— FP1” + FP2”  (Ti, Cr, Fe etc.)
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Table 3-1: Natural abundance of Pd isotopes and

excitation energies of compound nucleus by + o and + 8Be reactions

Nuclides | Natural (i‘/ob)“ndame +a (23.8 MeV) eri);‘;iym(ﬁ’;v) +5Be (47.6 MeV) eri’;?;‘?;f;w
102Pd 1.02 106Cd* 25.4 1108 * 50.4
104Pd 11.14 108Cq* 26.1 128n* 51.8
105Pd 22.33 109Cd* 26.3 13Sn* 52.5
106Pd 27.33 1oCd* 26.7 1148n* 53.2
108Pd 26.46 12Cd* 27.3 116Sn* 54.5
110Pq 11.72 14Cd* 27.9 18Sn* 55.8




Slide 18

FBSDN B

60

WASS NUMBER OF FP

MASS NUMBER OF FP

100

20 40 60 80 100 0 20 10 60 80 100
106 a0
0 >0
10
o
20008 3 D s
° 00000M 000 95 0 ° 000 odg0c0c, 0000 ©
000 ) % 00 B3R8RBREE 0095 &
> o o
%0gp) @ 00000, %‘? 2908 @%%ﬁ%g‘? %gz@%@
9000 060000
qoo @ o oeeoaeo g, 0 kg @g 0ogvgoo %m ®
o8 °x, Eacagoap 50 Boo o RIS B o
o %o Fo00 o o ©0Q o
o 00000 0 o 50 o o ©
60
WASS NUMBER OF FP NUMBER OF FP
2 10 50 s 100 0 2 6 50 100
0
108 iz
Q>0 Q>0
10
=
ogo g
00 0
o S o
°Oo§ o, @ﬁ;’%& &%® o %ooo &;%%?%
© 0V oo
o oo 10 %% g@
%2 § 00005% % 00%08 so‘”?g"
%eooeq&o > o 208 800
50
60
MASS NUMBER OF FP MASS NUMBER OF FP
20 80 100 0 20 40 60 80
Cd-109 Cd-114
0 >
10
D
D090 o o %
= 00 9,
ooa%‘*’s@?@ s&@% 2, % @ % Rk
50 0° sw % 65 9¢y.98, % 06° @ o° 0:@%200% %
) 8 8, °o ) 0o
0%°® R0 o 50
60

4Cd abundance( %)
106 1.02
108 11.14
109 22.33
110 27.33
112 26.46
114 11.72




Slide 19

)

FP YELD

100

10

0.1

ATOME NUMBER

“pd+) Pd:NATURAL) ] escs
[ SCS
r m MIZUNO-EXP
Ca
(6] Zr
F ° ¢ q
| ]
N
Ne Sr
| Mg Si >
L Se
| |
Al
Mo
0 10 20 30 40

Fig. 4-7 :Fission Product Yield for Atomic number (Pd+a)

50




Slide 20

FP YELD &)

100

10

e
=

0.01

0.001

E Pdt) Pd:NATURAL)
r SCS "

—e—SCS

= MIZUNO-EXP

0 20 40 60

MASS NUMBER

Fig. 4-8: Fission Product Yield for Mass number (Pd+a)

80

100




Slide 21

20

30

40

90

100

MASS NUMBER OF FP

MASS NUMBER OF FP

20 10 60 80 100 0 20 40 60 80 100
Sn-110 Sn-114
%0 10 g5
o o
& %
o S e o] 0. o
OGP B Bogegt B B0
o Sog BaoooB G0,
©%06,400000° 0
90
100
MASS NUMBER OF FP WASS NUNBER OF FP
20 10 60 80 100 0 20 40 60 80 100
0
Sn-l12 o [smie
Q>0

Sn-113
@0

90
100
MASS NUMBER OF FP MASS NUMBER OF FP
20 10 6 80 100 0 20 10 60 80 100
0

Sn-118
00

4Sn abundance( %)
110 1.02
112 11.14
113 22.33
114 27.33
116 26.46
118 11.72




Slide 22

FP YELD )

100

—
o

0.1

FPd+"Be Pd:NATURAL) . o5
:SCS Cr m MIZUNO-EXP
Sr Zr
- u
L ]
LT MoN
Ca ¢
[§]
\%
0 10 20 30 40

ATOM L NUMBER

Fig. 5-7 :Fission Product Yield for Atomic number (Pd+8Be)

50




Slide 23

FP YELD &)

100

e
=

0.01

0.001

F Pd+*Be PA:NATURAL)
Fscs

10

—e—SCS

MIZUNO -EXP

20 40 60 80
MASS NUMBER

Fig. 5-8 :Fission Product Yield for Mass number (Pd+8Be)

100




Slide 24

100 ONatural

mM ZUNO
O WAMURA
OKarabut
WPd MPT)
@mPd+He-4
WP d+Be-8

10 |

abundance @)

Fe-54 Fe-56 Fe-57 Fe—-58

Fig. 6-1: Comparison of isotopic ratio between natural Fe, SCS analysis and experiments.




Slide 25

Discussion

Existence of ,;Cd and ;,Sn in some ,,Pd-system experiment
Cs — Pr and Sr — Mo in Mitsubishi experiment

Suggestion of Pd + a and Pd + Be reactions

Nuclear transmutation (Production of Ti, Cr, Fe etc.)

Suggestion of Fission
(Pd-photo fission or Pd + o or Pd + Be ?)
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Future work

Application of mode analysis
(e.g. U. Brosa et al., Phys. Rep. 197 (1990) 167.)

Analysis of y-ray emission

Conclusion

Nuclear Transmutation was analyzed by Selective
Channel Scission model.

* M + photons (e.g. A. Takahashi et al., Proc.ICCF8 p.397)
*M + “4He
*M + 8Be
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Table: Top 10 channel of Pd + a reaction

106Cd — 12C + %Mo + 1.28 MeV.  (E;=22.76 MeV)
106Cd — 160 + %%Zr + 6.37 MeV.  (E;=23.44 MeV)
106Cd — S0Ti + 5Fe +24.89 MeV.  (E;=24.78 MeV)
106Cd — 52Cr +34Cr +25.21 MeV.  (E;=24.80 MeV)
108Cd — S0Ti +38Fe +24.32 MeV.  (E;=25.06 MeV)
108Cd — %4Cr +>Cr +24.60 MeV.  (E;=25.09 MeV)
19Cd — S0Tj + %Fe +23.58 MeV.  (E,=25.65 MeV)
108Cd — 160 + 2Zr +3.94 MeV.  (E,=25.73 MeV)

109Cd — SITi +%8Fe +23.37 MeV.  (E;=25.85 MeV)

(10) 109Cd — $Cr + 5Cr +23.53 MeV.  (E,;=26.01 MeV)
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Table: Top 10 channel of Pd + 8Be reaction

110Sn — 12C + %Ru +2.39 MeV.  (E;=35.87 MeV)

112Sn — 12C 4 19%0Ru + 0.56 MeV.  (E;=37.53 MeV)
110Sp — 160 + %Mo + 7.31 MeV.  (E;=40.23 MeV)
112Sn — 160 + %Mo + 4.87 MeV.  (E;=42.46 MeV)
110Sp — BN+ %Tc + 0.08 MeV.  (E;=42.74 MeV)

113Sn — 160 + Mo + 3.95 MeV.  (E;=43.28 MeV)
114Sn — 160 + %Mo +2.29 MeV.  (E;=44.83 MeV)
10Sp — 180 + 92Mo + 1.75 MeV.  (E,=45.34 MeV)

110Sn — 70 + %Mo + 1.78 MeV.  (E;=45.53 MeV)

(10) 119Sn — 20N +%Zr +9.98 MeV.  (E,=45.61 MeV)
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Fig. 4-4: Fission barriers for Cd-110
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