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SUMMARY

I. Title
Theoretical Study on the Cold Fusion

II. Objectives and Importance

Controlled nuclear fusion has been a dream for decades. If fusion
power could be harnessed, unlimited energy would be available to the
whole world. But controlled nuclear fusion demand massive equipment,
difficult experimental conditions and experiment on the international
scale. The objective of this project is to investigate the reaction
mechanism of the cold fusion using an electrolytic cell and to calculate
the collisional processes in the muon catalyzed fusion for the purpose

of investigating the probability of the cold nuclear fusion.

. Contents and Scope

The contents of this project include

° Investigation of the probabilities of electrochemically induced
nuclear fusion,

®* Calculation of the collisional processes involving a negative muon

in the deuterium and tritium system using the classical binary-

encounter theory.

N. Results and Applications
In the first year of this report the following results have been

attained.

° Theoretical consideration for the probabilities of the



electrochemically induced nuclear fusion,

°* The stopping powers of muon in the Hz, D2 and Tz of gas and liquid

states were calculated(Fig.9,10).

°* The slowing down times of muon in the H2, Dz and Tz of gas and

liquid states were calculated(Fig.11,12).

These results are applicable to calculate the sticking probability of

muon and the muon catalyzed fusion rate.

vi
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D+D ————> T+ H+ 4,03 MeV (1)
D+D ————— 3He + n + 3,27 MeV (2)
D+D ———— 4He + y + 23.85 MeV (3)
H+n —— D+ p + 2,225 MeV (4)
H+D —— 3He + y + 5.49 MeV (5)
D+ T ————— 4He + n + 17.59 MeV (6)
6li + n —— T + 4He + 4.78 MeV (7)
i +n —— T + 4He + n - 2.47 MeV (8)
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Fig. 3. Schematic diagram of cold fusion research.
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Table 1 : Cold Fusion rates in isotope hydrogen molecules(Entries are

logio of the rates s-1)(5),

P+ d 55.0 - 36.0 - 19.0 - 10.4
P+t 57.8 - 37,7 - 19.7 - 10.5
d + d 63.5
d + t 68.9

WY A S AAZ A ¥ &L 10-30/D-D/sE I, mers7} 5S4 108)
Z7151H A2 ¥gito] dojd HEE F7IY Zojt}. ol{ &S &Y
#H3lq 42 YoM oEy FABFA FHFA MY v BY XA
o] H @ 3}r},

o] A7]Eel &¥t A2 ¥ygo| &33I| ol FHYHLE F(muon)
a JuUEY A2 Yy o] AFFHo St 19379 FFAHALERH
Anderson%-©] negative F2& WAL o]z 1957 Alvarezi:= YA AEf(44
et Fa44)Y AMGRIA F2ol YT F2YFY VLS HRE &SI
T, 2 Axte} 2 H4AE 7IX|A A AFo] Hxjol v ¢f 207w 7}
T & dxleltt. 1 EE Fig. 6olAM 2t Zo] &4 €A A= AR
BERc 2070y o JhpbE ol dxp¥o] $ix5H7] wiFel FHY ¥
2 B3R Agled o ZHE £ Ao H2 YFYUYY e LS.
agy F2Y 482 ¢f 2usoli, F22 B4 JIG7]|E wE gaigol o
ol A o] o] Hag ouxet HEgyolM B A= 27} olF F A
o] gl TAlolY ¥A nj=F, &, syct A 4£F FolAM A7 AlsEHaL
dth HZT AA F44E FFY Helsd F2HE APRIE Z3 Heledd



AME WEAH7 g RO Yehyr). (6)
a9 BA A2 g3 Fo ol P E2S v Hrch YD)
7. A2&et2ot g

UehEolu ElelE uiFol A2 Eel2ni7t ¥4 HE7t ExE +
v 2UE 718 ALE cracke] ¥ HR2 F44 Aol ¥ 5ol
A F2YEol dold 7ol st ol E.

L}. ula] -8 ¥t-8(Fusion in Condensed Matter)

SaulMUol g Fohe) ol AxE TRt olmE A FFEAHL &
age] WHE WY YEo| wold F tumneling HFol HolxE Fof
gy AL Ygyo] Yol 4 gt o &,

Ct. <& ¥l2 7|3 (Chain Reaction Mechanism)

Helws S50 AT dSUI7IFE 827 5] EHEEAM oA
TR Uels UL HAopd & U FeaYo] EE3A thA] Tt
F8xE Uwol a5 UtSo] doun A2y gUo] dojdrie o=,

g}, ¥ w8 B9 (Surface Reaction Model)

AF2] oA YgYo| dojudti= o|ELE HHO F54F FE Do
Zo] WEEo ZEY AHAol 3 EHY Fo4ed FEMA U2 4H
tunnelingoll 2J3l 2 ¥{Fio| dojd 4 YUti= o L&.

olfloll = W2 oA I+t H xRt W, FFHA olEx W
ol BAE o] 77 AAIYLR REI U2H (B Y20
7ol 7 RN Yol HEYe YoUs Uk eI HESL A
Hd dEZEAF vl -4 ¥ 7+ A& ol €47 2F¥cCh
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8 0 3 .
433 & 4 d5HdHY $50IE
A 13 &(Muon)
19373 Anderson %°| negative 7¥2& F+F4 #BEF Fo F=RE WAIYA
T}, 722 U3 £ygxte dFosg AFS AxpRc) 2078y FHL 5

B 2.2 puso|th. w28 7|E3< dAZ Table 28} .

Table 2. Physical characteristics of muon

m (MeV) 105.65946(24) 105.659(1)
spin ¥ 7]
tic fact
-@“;_;af—g (2/2) 1.001165910(12) 1.001165936(12)
life time in vacuum 2.19711(8) x 10-6 2.948(10) x 10-6
(7)
decay type e’ + Vu- + Ue (100%)

& mlo]2osiE AAHEY To| e UIEIE A da
ZFol&& TAYRAAA 7H4AA g3} FEAA $PA AT}

x> ur o+ Vi m - ou o+ VY
AxtRolE AL F&, o], KYA T2 A=} Al2|ulE& SIBEA
HAE MET U3 o] A& £y A Yxielil ol Hxpdzpo] uidfr L=}
Q=L upetdele] A= 2HF S Ao st AAAEL(Fig. 63¢aL), 1
Holl FYPolYx|= Hgo] ul3dly AAAF A= A7 ARA FF
-13.6eV o] F2¢ B$+= -2.8keV7} Hrl.



A 23 F2 &of ¥g3 (Muon Catalyzed Fusion)

Fr2&ul ¥ 1957'd Alvarezo]| &3t A3 Faa PejoA AL
E dSHALn A7t @2 471 Holed glen FoAF RS v}
22} 2tc}), (9712)

1937 : negative F2A(13)

1947 : MCFe] o]|&3 3 xaH(14)

1957 : MCF&] |z H&(15)

1967 : F2UAF o] 2B EY FB 7| A ¢1s)

1977 : d-t EY S oA MCFE] = yield § o d(17)

Be &) Ugye] YWAPE Y3Y $47hA(n = 4.2522 atons/cnd 2
2 AYH YA44L WE)o] negative H&o] YrAFASW i3 TS
chain ¥h-§o] dofyir}, -

-8 Z+& (slowing down)

- (U=} level2 u- 7} EHE I {2} i Jej(1S) 2 Hol Z

- - wAIB A FXEIYATEl ® de-excitation

- u- o AN TIBAR e Ygio] dojdrh. (FLFHYUL).
pu- 7t MR BPYEE XY B YEHr (u- sticking)

e} {22 3ol 47 chaintg A|%ECTE ZAohd WS {EgY S
dold 4 3irh. o2} chain WEFE w2 Hvi YFU(muon catalyzed
fusion : MCF)o|z} ¥ Erl.

Fig. 70 MCF& schemee Y}E}I i cl.
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T&, o548, HeTd FolMe negative F20l thl stopping power £}
slowing down time AAM3l] B Qic}.
aelal O e} oju] AAtE gxlo]E(complex o] & )ol] & ¥ Zk3t v a3
X gkt

1. 382Y
F4a0 ABE4A o] WE negative H&9 oYz £AKE AitolA)
AFER ©EE AlE 1927d Thomasol o3te] S5¥ AL 7Eozy
2l EE(18) & AE3I4 20 ti&2} -2 approximations& 2-§313ct.
7} A AR QA jol g ¥ gyt
. fa}da}(atomic electron)o} Wijole] HE &L FE}E Fet
< FAIE 4 glch
&, ES URIAIY| vl 22 FHoi dojdr). Thomase w222
8 oy T7} Yx1AzE AEsE = Gy S cpFA o2 el

x et 1 4E
o met 2 222y 4t
W=~ e '™ ° ;) (1)

T
o 7lof A I2& target R} o] oYR] ol Ez= IAFEAYR|o]iL E;



< UALARIY] EFoYA] ojtt, o[H AAitejA Dz - Tz Al YxpAxze} ¢
Al B2 FEO tidt (11)48] YAHAZR} il R 2 XH3jMq L3313
Ch. Fig.80l nvle}itejolj o] 4=t o] 3o iyt TR E& 1A F w0l
=0 8 A4Sl gxlo]E(Born’'s approximations)ol] FA3Iq L3 Zh
H] 2.3t LIER STt (19)
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2. 4

Negative 12| stopping power 2} slowing down time 2] AAF2 Al (11)

ol E1& -—;— mVi2E X VY AL AT

(T)dT = wedz? ( 1 . 4E,
1 (%) myVi2 + 12 + E» T2 373

) dT (12)

a(T) : &9 oluz Adg o chad
m o YAz A
Vi@ AANEAY &%
I, : EHYALS] Ao
E2 : 2z 5=
T: GAIRIAIZRE YR FALHE oy

HF&of t]¥ stopping power &} slowing down time2 q(T)EHE A F+YH

4 gt

7}. STOPPING POWER(-4E/4x)

[ Tmax
-dE/qx = | NTq(T)dT
1J Tmin

N @ E3UAe HE
Tmin @ FEH QYR A of 7|0 A]
Tmax : ] HE 715 oy A

F20l thyt stopping powerdl]l 7|osl=Z22 =2} Yo|Bg Hxlof 2%t
stopping power (Se)& Al4t3t7] #13%lo] w22 AP 1.89 x 10-25g, A=}
o] AFZ 9.11 x 10-28g&, 7] | A] (Tmin) 11.18eV, HX}E] EFoly
2] (E2)+= 13.6eVE 22} AL&3t4 3 2] B 7Hs olWA] (Tmax)= 4mimzE;



/(mg + m2)2 o] m me FH23 AHxPe] AFo|tl, Ie]il nuclear
stopping power (Sn)&| AAltel] ci3jA= Hz, D2, T28 ZF 7] ol yx]o] cj
3l 0.52eV, 0.37eV, 0.34eVE 2t Al (2003l o] e N Table 32}
rdgs

Table 3. Density(2!) of Hs, D2, T2

(nuclei/cm3) (nuclei/cm3) (nuclei/cm3)
BT R BT
ZIN Al 2f YA el el Hz, Dz, Tzol thyt stopping power®] ZA2}E Fig. 9
2} Fig.100} Z}2Z} ey elct,

U, B2 $%0uR|7} Bl E 2 7tA %t e] SLOWING DOWN TIME
t' 28] At
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E

t = (dt/dx) (dx/dE) dE
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|
J
E’ 1

S T

Eo 1/ 2E/ my (dE/ dx)

m ¢ A28

E : slowing-down {F&¢ &%y =x]

Eo ¢ w28 27|1¢F Ay # (10keV)

Re Ful 98l Yol4 R Ut p2t FeEate Reyag
583t Aol 2483t} 2 &u] Y832 2 cycledA] AFHLL oY



Stopping power , eV/cm

1010

10° Se

108 St f""';""""““"'----..\,.“‘_..%~

10" 77 ! _ ‘%{\\

10° | \‘%{\

0°H AN

10* | NN

103 l H2

102 i - D2

10 . —— T2

0

{10 10% 10° 10* 10° 10° 10" 10° 10°

Energy , eV

Fig. 9. Stopping power for negative muon in gas hydrogen.

Se : electronic components, Sn : nuclear components,
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