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ABSTRACT 

A mechanism for the cold n uclear fusion is suggested, based 
on reduction of the barri er  penetration factor A due to screen ing  b y  
enhanced e lectron density around deuterium at eXCited/ion ic  s t a t e s  
under trans ient  coherent flow o f  d in  metals. For D- state, )..=70 0 r 
the rate of - 1  f u s i o n /s · c m3 is obtained. The effective region and 
probabi l ity of the transient  coherent D- state are d iscussed .  

1 .  I n t roduct i o n  

The cold fusion reported i n  1 989 by Fleischmann and Pons[ 1 ]  
and Jones et. al .[2] has been investigated extensively[3- 6] .  Many 0 f 
the mechanisms suggested for e nhancement over the stan d a rd 
theory (see,e.g. ,  ref . [7]) ,  which fai ls to explain the anomalous c o l d  
fusion rate, are summarized in  refs. [3 , 6] .  At present, however, none 
of these mechanisms is  readi l y  satisfactory.  Among al l ,  the m o s t  
stri k ing  of the cold fusion phenomena i s  i rreprod u c i b i l i ty .  T h i s  
would strongly suggest that the cold fusion involves extre m e  
transient  o r  f l uctuat ing processes as d iscussed b e l ow .  

In  th is paper, a mechanism i s  suggested based o n  reduction 0 f 
the barri er  due to screening by en hanced e lectron density around d 
at excited and/or ionic states u nder transient  coherent f low 0 f 
deuteri u m .  The effective region and probabi l ity are discussed w i t  h 
e mphasis on the i r reproduci b i l i ty and the fusion rate is  derived.  
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2. Barrier  Reduction by Screening at Transient S t a t e s  

The present model fol lows that t h e  d-d fusion rate i s 
proport ional  to the square of the overlap of two d e u t e r i u m  
wavef u n c t i o n s. During e lectrolysis of � O  or discharge a f t e r  
charge of d under high pressure or by i m plantat ion ,  the d 
concentrat ion would be near satu rat ion and hence the c o h e r e n t  
(fl u i d - l i ke)  movement of d i s  expected, u n less otherwise no space 
is avai lable[8,9] .  Under these movements, deuterium would pass 
through the transien t, i . e . ,  excited and/or ionic states, at which t h e  
electron density around d might be enhanced due to the c harge 
transfer from metal atom to d,  l i ke non- and a nt i-bonding s t a t e s ,  
and thus reducing the barrier  factor. The cohesive energy of t h e  
ionic states is comparable with that of m etal-hydrides as 
discussed later. Since there is l i tt l e  i nformatio n  on  the  t r a n s i e n t  
states, the fol l owing  potential  i s  used i n  th is s t u d y ;  

V (x)=(1 -z}/x + (z/x}exp(-x/b) , ( 1 ) 
where b is the screening parameter and z is the effective number o f  
e lectrons around d (z=1 and 2 correspond to [)O and 0- sta t e s ,  
respect i v e l y ) .  Here in  atomic u n i ts(au) are used u n less specified.  J n 
the cohere nt movement of d, the relative energy £ would be close t o  
zero and the turning point Xo satisfy ing  V (Xo)= £= O  is g iven by ;  

xo=b Jog{z/(z - 1 )} . ( 2 )  
The barrier  factors calculated using the WKB method are g iven i n 
Table 1 for various b and z, inc luding f.... obtained w it h  an 
approximate formu Ja(error< 1 0%);  

f....= ( 27rk )1 / 2{ ( 1 hrxo)2 + ( 1 /8 b )2} - 1 / 4 - l o g(8 kXo) ,  ( 3 )  

where k=mr/ me i s  the reduced mass m r  of d-d system divided by t h e  
e lectron mass m e. For z= 1 ( D°), xo=0.5 i s  e mpl oye d .  

Table 1 .  The barrier factor f.... for the screening parameter b (au) and 

the effective number of e lectrons z(z= 1 , 2  correspond to [)O, D - ) .  The 
values in  the parenthesis are obtained w it h  eq .(3) . 

b 0 . 0 5  0 . 1  0 . 2  0 . 3  
z= 1 5 9 ( 5 8 )  8 3 ( 8 2 )  1 0 5 ( 1 0 5 )  1 1 3 ( 1 1 4) 
z = 1 . 5  3 4 ( 3 6 )  5 1  ( 5 3 )  7 4 ( 7 7 )  9 2 ( 9 6 )  
z = 2  2 7 ( 2 9 )  4 0 (4 2 )  5 9 ( 6 2 )  7 4 ( 77 )  
z=3 2 0 ( 2 1 )  3 0 ( 3 2 )  4 5 (4 7 )  5 7 ( 5 9 )  
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A small  contri bution from the log term in eq . (3) and WKB f o r m u l a  
which should be e l im inated to match the Gamow factor for t h e  
Coulomb pote n tia l (V(x)= l Ix) wi l l  not ch�nge "A s i g n if icantly.  One 
sees that "A is close to 70 for z=2 or D- state w ith the scree n i n g  
parameter b=0.3,  t h is b value being close to that i n  free H2 
molecule[ 1 0 , 1 1 ]  and the ground state of H in  Pd[ 1 2] .  

3.  Fusion Rate 

Let the probabi l i ty and fract ional  volu me being at t h e  
transient states be f t and f v ' the fusion rate Y is given b y  

Y ( I s ·  c m3)=AN"Ae x p (  -A) / a03( ft f v) , ( 4 )  

here ao= O . 529x 1 0- 8 cm is the Bohr radius, A = 1 . 5x 1 0- 1 6 c m3Js i s  

the reaction constant[ 1 3 , 1 4] and N is the dod pair concentration .  
For A=74(e .g . ,b=0.3,z=2) with f t f v=l  and N=1 02 2/ c m3 ,  Y ", S / s · c m3 i s  

obtained.  The factors f t and f v , which depend on dlmetal a t o m  

ratio, defect densities and etc, wou ld have valu es much less t h a n  
un ity and large f luctuat ions.  The parameter b and z may also have 
f luctuation as contrast to t hat at the ground state . These w o u l d  
result i n  " i rre pro d u c i b i l i ty"  of the cold fusion. 

The cohesive energy Ec for an ionic l attice of MH is given b y  
Ec=(Madelung en e rgy) - ( Ion izati on energy of M)+(Electron affi n i ty o f  
H), neglectin g  a repulsive contributio n .  Suppose a h y p o t h e t i c a l  
ionic states of Pd+ H- (H- a t  tetrahedral s ites o f  the fcc P d  l a t t i c e ) ,  
t his i s  equivalent to ZnS structu re with dnn=O. 1 7  nm,  where dnn  i s  
the n earest n eighbor distan ce between metal ion and H- , and one 
gets Ec=6.4 eV( l S , 1 6] .  S i  m i  l a r l y ,  one finds Ec=8 eV for T i 2 +H2 2 - (H
at the m id points of the 2nd nearest neighbors of the fcc Ti I a t t  i ce ,  
equivalent to NaCI structure with d n n=O.28 nm). These values are  
comparable wi th  Ec of  metal hydrides, 6.7 and 1 0  ev for PdH[1 2] and 
T i H2 ' respectively. The repulsive contri but ion is small  un less dnn  
is too small  and Ec is re lat ive l y  i nsensit ive to  the structure.  Thus 
high probab i l i ty being at the ion ic states is expected for t h e  
transient states, if the activation energy in to these states i s 
smal ler than that of d iffusion . The present model does not r eq u i re 
contraction of two d nuclei  nor acceleration of deute rium.  The 
detai ls wi l l  be described e l s e w h e re .  
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4. Conclus ion 

The fusion rate is derived based on the reduction of t h e 
barrier penetration factor due to screening by enhanced e l e c t r o n  
density around d a t  excited ionic states under transient coherent  
f low of d i n  m etals. The fusion rate can reach to  - 1 1  s·  c m3 and 
crit ica l l y  depends on the  effective t ime and region of  the  t ra n s i e n t  
states, result ing i n  the " i rreprod u c i b i l i ty"  of the cold fusion . M ore 
i nvesti gations on the transient states would be f r u i t f u l .  
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