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Atheoreticalmodelis proposedin orderto explain, viavalue reached at Bose-Einstein condensation (BEC) and
ordinary physics, fundamental aspects of the cold fusiothatthe electrical repulsion field between positive ions dis-
phenomenaexperimentally observed. These phenomenaappears below the critical temperature for BEC. Inside the
clude unexpected high fusionreaction rates atlow temperoids created by defects, the behavior of the cold degener-
atures, the paradox of low neutron emission compared tate plasmabelow critical temperature suppressesthe Cou-
the energy release observed, the cold fusion dependenk®nb barrier between any pair of ions, in particular those
on critical temperature, neutronic stimulation, and thethatwill fuse. The absence of Coulomb barrier allows one
constitution of nucleiwith high electric charge. Thistheoryto simply predict fusion reaction rates of the order of those
is based on the hypothesis that a degenerate, cglteD  found experimentally and the particle trapping in high-
plasmamay be createdinside lattice defects through a sudlensity condensate causing fusion chains. The main reac-
dendeuteron discharge from a saturated metal lattice. Th&ons involved are B-T3 and DZ-He3. Subsequent fusions
proposed method is based on the perturbative solution aifthe main reaction products lead to nuclei of greater com-
Vlasov-Poissonkinetic-electric equations. A Fourier trans-plexity. A high neutron multiplication factor via deuteron
formation of such equations proves that the plasma bedisintegrations is calculated. Neutron bursts, tempera-
haves like an ideal Bose gas of electronically screeneture, and pressure excursions are also predicted. Finally,
deuterons. This approach shows that a high particle dennew procedures for inducing such reactions outside metal
sity can exist with no pressure increase above the limitindattices are suggested.

1. INTRODUCTION eration in terms of fusion chairt$. However, the high-
density hypothesis itself and the high fusion reaction rates
. . still demanded a fundamental interpretation.

In a number of cold fusion experimeritS unexpected At the same time other authors suggested that the

results were observed, such as the paradox of low newy o maiously high fusion reaction rates were due to a
tron emission compared to the number of fusions needeg‘asma made of deuterons and conduction electrons in-
to generate the released energy, together with the Uidjye the metal lattice. This approach focuses on electron
expectedly high fusion reaction rates rising with the tem'screening of the Coulomb repulsion between deuterons

perature decrease. or on a coherent fusion mechani&ffor a deuteron with

One* of the first theoretical explanations for these | 1hose helonging to a coherence plasma domain inside
experimental paradoxes was a phenomenological hypot%e lattice

esis proposing the existence of small zones having a high ;o6 vecently, some research groups have proposed
density of deuterium to explain energy and tritium gen+y, ¢qngjder screening improvement by electrons at dis-

continuity surface4?'2 such as grain surfaces, inter-
*E-mail: francesco.premuda@mail.ing.unibo.it faces between different metals, or between air and metal.

350 FUSION TECHNOLOGY VOL. 33 MAY 1998



Downloaded by [Australian Catholic University] at 05:53 21 September 2017

Premuda SCREENING BY BOSE-EINSTEIN-CONDENSED DEUTERIUM

However, despite reports in Refs. 13, 14, and 15, andf possible CNF deuterium plasma-metal systems is not
discussion in the scientific community on the attractiveso wide ranging because it must exhibit the following:
pseudoforces due to bosonic affinity, prior studies seem ) ) ) N
to have completely ignored the quantum mechanical im- 1. high deuterium absorption capability
plications of Coulomb barrier screening in cold nuclear 5
fusion (CNF) phenomena occurring at the temperature
and density conditions typical of strongly degenerate plas- 3. capability to generate sufficiently high pressures
mas in solids. without destroying the lattice, i.e., to act as an ef-

While Coulomb barrier suppression and asymptotic ficient ionic pump
freedom are very importafithese issues are not satisfac- : . .
torily resolved by many authors. The proposed superradi- 4 @PPropriate working temperature rarigeorder
ance theory for CNF, which explicitly violates “asymptotic to allow BEC)
freedom,’16i5also difficulttoacceptasisadmittingthe pos- 5. Capabmty to have |arge defects or suitable con-
Slblllty that a whole domain of deuterons, localized in the tainment Ce”gwhere the deuterium p|asma could
lattice sites, could interact coherently with a somewhat lo- undergo BEC with improved superconductivity
calized surplus deuteron. For this to happen, the deuteron and Coulomb barrier suppressjon
has to overcome the barriers preventing its free motion in-
sidethe latticé/ Only the delocalization of deuterons, such For a metal lattice with such characteristics, a deute-
asthatoccurringinside aBose-Einstein-condensed plasmi@am plasma is created inside defects via a two-step pro-
in a lattice defect, could allow free coherent fusion. cess2h22First, a high loading leved(>0.8) of D2 per Pd

The heuristic idea of high densiti€s0® to 10* times  atom is reached in the Pd lattice generating a positive
solid density explaing~ the few neutron paradox and potential distributiofl due to deuterium plasma internal
high fusion reaction rates between many freely neighbotto the lattice. This plasma is highly unstable in itself and
ing deuterium-deuteriurtD-D) couples avoiding the in- for the inclusion of additional deuterons, so a sudden dis-
troduction of exotic D-D fusion laws. In this framework charge of * ions, followed by electrons, occurs to
a theory for CNF inside defects, where deuterons of areate a cold degeneratg @~ plasma under high pres-
Bose-Einstein-condens€BEC) phase are completely de- sures in the lattice blisters. This pressure condition rep-
localized, appears more “natural” than CNF models iresents the main difference between the foundations of
lattices or at lattice surfaces. This does not necessariljre present theory and the Lib&i#*hypotheses for CNF
exclude the other two classes of models: Surface CNI a degenerate plasma at a temperature near absolute zero
effects should in any case be taken into account sepa the external void.
rately; future studies could further develop also in de-  Much higher temperatures with respect to the Liboff
fects a partially coherent—partially incoherent fusionconditions(=300 K rather than a few kelvinsre pos-
model, though inside strongly degenerate BEC plasmaible for BEC at the high pressures generated by the dis-
the high density seems to restrict the coherence domaimhiarge from the metal to the blisters.
in favor of incoherent fusion. The BEC of 2De™ As a matter of fact, Liboff>?4on the basis of a vari-
plasma inside defects represents the main evolution @tional technique proposed by Lee and Feenbepge-
the present work with respect to previous contributibfs. dicted an electron screening at temperatures near absolute

The present approach, by predicting CNF insidezero and at low pressures, allowing a deuteron wave-
D%"e” BEC plasma within defects, explains Coulombfunction superposition, which favors nuclear fusion
barrier suppression and thus explains how all wellsignificantly in a sort of liquid deuterium metal state.
established nuclear physics laws are acting in fusion freeldowever, the Hansen-Mazigliiwork, based on a dif-
with respect to Coulomb barrier and to any other nonferent variational approach, invalidated the wave-function
nuclear physical reality. In this way, the proposed modebverlap predicted by Liboff, thus leaving Liboff's theory
remains completely in the domain of “ordinary physics,”open to question.
leaving the explanation of the low neutron emission and  Onthe other hand both the Hansen-Maz#§haind the
of the discrepancy between fusion reaction and tritiunLiboff 22 models describe the plasma as constituted by
accumulation rates to the mechanism of fusion chains inrcharged bosonsin a constant, i.e., static, neutralizing back-
side BEC deuterium plasma spots. ground. The present work proposes a dynamic model in-

Independently of the preceding considerations, a denolving both bosonic and fermionic plasma components to
sity of the order of 18to 10* times solid densities, like solve the open question about a possible large particle-
those reached in inertial confinement fusion reactors, agparticle overlap within the BEC limit. The adopted method
pears difficult to reach inside the metal lattice. In fact,consists in a perturbative solution of the Poisson-Vlasov
CNF phenomena were observed in various métals system, which describes the actual long-wave hydro-
with no strict correlation to the characteristics of the pardynamic fluctuations of the plasma. Since these fluctua-
ticular lattice structure. However, according to the astionswere notincluded invariational calculations of Refs.
sumptions at the basis of the proposed model, the clagb or 23 and 24, more sophisticated effects of dynamic

. good ionizing properties
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screening of both electrons and bosons in even more gen- 9. lattice damage observed after fusions and the CNF

eral conditions can now be incorporated.

In fact, a study of a B*e~ degenerate plasma under
high pressure@up to 1¢ to 10’ bar and at temperatures
starting from=300 K is considered from a quantum me-
chanical transport point of view. Such an approach leads
step by step to the conclusion that deuterons, screened
by electrons, induce the degenerate plasma to behave as
an ideal Bose gas undergoing BEC. This conclusion im-
plies the absence over short time intervals of the macro-
scopic Pd blistering effect typically found after light
hydrogen loading and can explain the superconductivity
phenomena in deuterated Pd. In addition the high deute-
rium density reached locally during BEC in the system,
which causes particle trapping and consequently fusion
chains with gamma- and X-ray damping, is also ac-

efficiency of the load-unloadhigh-low current
mechanism adopted by Takah&Stas improving
BEC. With this mechanism the deuterium satura-
tion process at high current, leading to instability
of x = 1 and then to download of deuterium into
defects, is induced without apparent lattice dam-
age any time the current rises; this happens be-
cause repeated lattice saturations, induced through
current injection, increase the BEC zones both in
size and number. Note that the initial absence of
lattice damage is observed only with deuterium
loading, whereas cracks are observed from the be-
ginning with light hydrogen loading. For this rea-
son the proposed model cannot be considered a
fracto-fusion model.

counted for. Finally, the most fundamental aspect of cold
fusion—the practical disappearance of the Coulomqinu
barrier—is justified both mathematically and physicallya,[io
via BEC of deuterons; the resulting high reaction rate
increase as Pe~ plasma temperature decreases an%
reach the maximum values when the deuterium plas
temperaturd becomes less than the criticl~ n?? for
deuteron BEC. Due to such density dependemgcstarts

at 0 before the deuterium loading and then readhes

= X o pears to apply to all Preparata-type CNF systearsd
To = 300K, finally achieving values of thousands of kel- .o 5154 partially explain gas-discharge experim@hts.
vins, as the deuterium loading of the blisters proceeds. ;o validity is tied to CNF phenomena involving a
This “density hysteresis” allows sufficiently long t'mesageuterium background; however, experiments involving

for energy generation via fusion reactions before a fin redominantly li :

. ) . . y light hydrogen background are explained
Bose-Einstein decondensation, possible onlyffgreater by an extension of this theory now in progress.
than the finalT; value.

The model proposed not only provides a valid mech-
anism for Coulomb barrier suppression, satisfying comtl. VLASOV PERTURBED EQUATIONS FOR BOSONS AND
pletely asymptotic freedom requirements for nuclear FERMIONS INSIDE A COLD D?*e~ DEGENERATE
fusions without barrier, but also coherently explains the PLASMA LOCATED IN LATTICE DEFECTS
following phenomena:

1. disagreement between energy, neutron, and tr
tium rates of emission from CNF systems, in
whose dense zones the particles generated by f
sion are trapped

As an explanation of both neutron bursts and con-
ous neutron and energy emissions with tritium cre-
n on the basis of a local protonic fusion chain in a
ingle BEC zone of a blister or of simultaneous local pro-
on and collective neutron chains in a blister lattice in-
M&de the metalthe latter corresponding to the highest
energy production and to the lowest neutron escape prob-
ability from the whole systemthe proposed model ap-

. According to Refs. 21 and 22, the saturation of a Pd
|attice with deuterium first induces a sudden discharge of
lp_%* ions, followed by conduction electrons, inside lattice
voids such as blisters orrifts, either preexisting or created
by the discharge itself. The consequent rapid rise of pres-
2. temperature dependence of CNF phenomena du@, e inside such defects creates density conditions where
to the existence of BEC critical temperatures  qighhoring atomic potential wells exhibit strongly low-
need for highk values to cause BEC in defects ered thresholds with respect to a dilute atom sy$fevith
4. possible generation of high{ons in no-barrier a consistent decrease of ionization potential, vanishing
fusion reactions, involving any ion in the plasmaas the density assumes Mott density vattst that point,
with deuterium the high discharge rate precludes a consistent recombina-
5. occurrence of CNF in various metals tion, thus allowing constitution of ap e~ cold degener-
6. possibility of CNF stimulation through extra- ate plasma. To treat its electrical behavior and ded_uce an
: neutron iniection extended Debye length f_or such a plasma, a_classmal ap-
I ] . proach? based on combined Vlasov and Poisson equa-
7. key role of the concentration offTn determin-  tjons has been adopted. In fact, in view of such neutral
ing the success of CNF experimefitsyeakly ac-  plasma properties near equilibrium, the collisional as-
tive with detritiated heavy water pects entering the Boltzmann-Uehling-Uhlenb&BkU)
8. higher critical temperature for superconductivityequation®® generalizing the Boltzmann equation in the
of D-loaded palladium and less blistering whenquantum mechanical sense, are taken into account by sim-
the lattice is loaded with D instead of H ply assuming that the equilibrium distributions, to which

w
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electron and deuteron distributions will rapidly approachrepulsive screeningConsequently the calculation af
with time after a perturbation, are those of Fermi-Dirac anadeduced to that oAr Fermi screening length, which re-
Bose-Einstein statistics related to the vanishing propemplaces in this instancgp Debye length, could then be
ties of BUU collisional operator¥.3® restricted to take into accougt # 0 only, when proving
Let usintroduce now in our neutrakDe ™~ plasma, at that our plasma is a degenerate “ideal” plasma and find-
equilibrium with temperatur@ = To= 300 K, the pertur- ing on this basis the character of Fequilibrium D"
bation constituted by anion bf +Ne positive charge trav- boson distribution, in order to go back finally, with a
eling withvg velocity. The collisional termin BUU operates known R}, to a complete treatment of the problem tak-
in approximate proportion to the differencé F F§ be-  ing into account botly™ # 0. For brevity, a complete
tween the actual and equilibrium distributions through thesolution is offered from the beginning for non-vanishing
inverse of the greatest of its time constants. Asthey are aff~ andg* equations. The § is left to be determined
very short with respect to the mean, between collisiondater in line with the conclusions aboug Fermi screen-
time A/vq for the slowyg in which we are interestedimit ~ ing length.
of vg — 0) in view of CNF phenomena, then the positive Via substitution of expressiod) inside Vlasov equa-
and negative ions of our plasma satisfy, respectively, Vlation (1) and Poisson equatid8) and appropriate linear-

sov equations ization, the equation
DF*(x,0,t) e DF*(x,u,1) ag* g e _ iFg
- - @ _—ey — T = R — + — — =
Dt " m ¢ Do 0 @ ot TV TmEE ey 70 ©®
with m* = mg andm™ = mZ being effective masses of IS obtained, as the equilibrium distributiong olve
deuterons and electrons, Vlasov equation(1) for € = 0 in a plasma optically as
wide as ours due to the higly reached in the lattice dis-
D d d charge, and

= tv-—_ 2
Dt ot X V-E =4m(ps+pi +pp) (7a)
substantial time-derivative ar&delectric field satisfying  providedps andp: are defined as
Poisson’s equation "

Ps = N@(X - Uot)

Ve =4mp . 3
] ] . and
The perturbative approach adopted then implies that
F* = F¢ +eg* Py = iefng . (7b)
and Once introduced, the Fourier transforms via
e =0+¢E , (4) 1 ” )
*X,o,t) = —— f dk de *(w,k,v)e k-x—ot
where the Fermi-Dirac distribution can be assumed fo(r“:l ( ) (2m)* 9" )
Fo , then (8a)
1
— _ and
Fo (E) dE = de (5a)

1 - _
= — i(K-Xx—wt)
with Fermi energy E(x,1) 2m)* f dk fdw E(w,k)e :

3 \2/3 p2 (8b)
E - <_> 3 (5b) | |
8 2m representing* andE expanded into planar waves, Vla-

sov equations lead to

no being the common value ofP ande™ equilibrium B
densities. . _leng E ofg"
When looking at an overestimation of screening O = 0 ok v (93)
length, the influence of deuterons can be disregarded be-
cause they should in any case increase the efficiency gfhen lettingf;" = 1/noF. The Fourier transform of
the screening of the Coulomb interaction between deugq. (7a) further yields
terons or between thé ion and any deuteron?). (See 5
Refs. 14 and 15 for attractive pseudoforces created by a ik-E =47 (ps+ pp + pp) (9b)
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with w§+ wﬁ—
e(k,0) =1+ Fh"’-f-?h_ (139
ps = 2mNeS (w — K-vg)
and with
ofg"
ﬁr;_r = iefgi dov , (9C) h= = — dv do (13b)
k-v
to be then coupled with E49a). that suitable elaborations reduce to the form
27 (2m*)%2 of st
h* = _77(—3) J E1/2_0dE . (14)
I1l. DIELECTRIC CONSTANT AND SCREENING FOR h JE

D?"e” DEGENERATE COLD PLASMA . . I
e Temporarily neglecting the contribution &gx, 0) of

. . o _ the positive ions by roughly settirtg” = 0, as could be
The conS|d~erat;0n of longitudinal waves, i.e., of theappropriate in the usual heavy ion metal lattice, for our
componenf(k-E)/k*]k of Eonly, leads, after combining |ow-temperature degenerate cold plasma, the unique non-

Downloaded by [Australian Catholic University] at 05:53 21 September 2017

Egs.(9), to the solution

. = 477'[33('(,(1))
B k) (10
with
o5+
2 R
_ _ Wp+ ay
ek,w) =elkw)=1+ 2 f P dv
ofg
5 %o
©p- v
+ 2 P dv (11
and
47rnye?
wl = 7Tm—i , (118

for the transformed electric field induced by the igroff
charge+Ne traveling with velocityg in our cold degen-
erate F"e~ plasma at temperatufie= To = 300 K. The
qguantity e (k,w) represents the dynamic dielectric re-

sponse function of the plasma to the perturbation; thus,
the corresponding time- and position-dependent electric

field will be, via Eq.(8b), written again for longitudinal
waves only as

1 i(k-X—at) k-E
E(x,t) = W dk | dwe e k
B —2ieN Jdk eik(x—uot) 1
- (2m)? k?e(k, k-vg) * (12

The static special case of E(l.1), of course valid also
forvg =0, is

354

vanishingh is approximately

2m(2m)? 1
- h3 No

h™ f EY25(E — Eg) dE
0
= § 2m~ i 15

so that the static dielectric constant is

ke \2
e(k,0) =1+ ) (169
where
~ 6mnge?
kg = a)g—h = E—F (16b

Thus in the static case, expressidr2) for the electric
field becomes

Elx) _ZNefdk ike'kx 17
(X) - (277_)2 k2+k§ . ( )
A comparison of Eq(17) with
1 I
= — R i ik-x
E(x) Vo (X) 2m)? flkqb(k)e dk ,
(18
introducing the electrical potential, shows that
30K = (k) = 47rNe 19
500 =30 = 15 (19
and hence that
Nee k&
$(r) = — (20
FUSION TECHNOLOGY ~ VOL.33  MAY 1998



Downloaded by [Australian Catholic University] at 05:53 21 September 2017

Premuda

represents the screened potential created at fest in

SCREENING BY BOSE-EINSTEIN-CONDENSED DEUTERIUM

gas is strictly connected with the idea that there is no

the plasma. For the degenerate cold plasma with a depin correlation between the screening free-electron back-
generate electronic component now under consideratioground and any single screened deuteron.

the distance

1 = 1/2
Ar = k_F B <67Tnoez> (213
will replace the classical Debye length
T 1/2
Ap = <W> . (21b)

The aforedetermined Fermi leng# results indepen-
dent of temperature and less affected tharby density
variations, as can be seen from

e
o\ 6mnge?

3 \V3 h 1
- (87) (27m &7 nys - 22

According to Rosenbluth and Sagdéthe “ideality pa-
rameter’ngA® assumes fon = Ap the expression

3 T \¥2 1
NoA° = <m> @ (239

and forA = Ag the form
h3

3 _ - 0 nl2
MoA 87 (12mm e?)%2 o™ -

(23b)

As is well known, for an ideal Bose gas the boson
energy distribution is

1
F§(E)dE= ———

eT -1

dE foru <0,

e, T>T., (24a

whereu represents the chemical potential.
The critical temperature for BEC is

hz

3 2/3 n(%/s.
”[5 (zﬂ 2m’

in which ¢ represents the Riemarhfunction. After Pd
saturation, the deuteron discharge from the metal lattice
increases plasma densityinside defects from 0 tog =

No,, at which the corresponding critical temperatiige
expressed in Eq24b), equals the fixed laboratory tem-
peraturel = Ty. At this point BEC begins ag vanishes
inside Eq.(24a, where an(ng — ng_)8(E) term should

be addeé to obtain BUU solutions taking into account
that some deuterons go to occupy the fundamental quan-
tum state characterized Ipy= 0 (E = 0). Additional N
deuterons being discharged increageleaving the B

T. =

(24b)

This means that for a classical hot plasma the idea@XPressiorEq. (24a] invariant asN additional deuter-

ity decreases with decreasifi@nd increasingo, whereas

ons in turn occupy the fundamentak O state, so that,

for a degenerate cold plasma the ideality for sufficiently2ccording to the well-known equation of state

low T values remains instead unchanged wfiede-
creases and increases for increasipg

Thus, for sufficiently high pressures, a cold degen-
erate [Fe~ plasma is expected to be sufficiently ideal,

27m*\¥? (5
P=\=z") ¢(5)T* T<T., @9

at least in the sense that, on the average, kinetic energyessureP will no longer increase with deuteron dis-
will predominate over potential energy. In addition, whencharges during BEC because the additional deuterons in

the problem was faced from another point of vigw, in

the E = 0O state cannot transmit any impulse.

the case of a degenerate plasma appeared reduced by elec- According to Eq.(25) the plasma pressure far=

tron screening at least to the order of magnitude of a BohT, = 300K reaches a value, constant during the dis-
radius, the potentiap(r) satisfying the Thomas-Fermi charge, of 1.5 10° bar lower thanPg = 10’ bar re-
equation for the atomic potential. The conclusion is thatjuired to have blistering or rifts generated inside a Pd
the deuteron gas component of our plasma behaves likattice. This fact explains why loading Pd wittgDions

an ideal Bose gas in the conditions considered—Iow temdoes not cause blistering in the first days of a CNF cell’'s
peraturesT = Tpo = 300K, and densities much higher operation, when fusions have not yet started to release a
than solid densitiegsee white dwarf conditions in the significant amount of energy. This is in contrast to the
Rosenbluth-SagdeéVintroductory diagram for plasma continuous pressure increase, ugPtoor higher, during

classification.

IV. THE IDEAL BOSE GAS OF SCREENED DEUTERONS

an Hi loading of Pd lattice and successive discharge into
defects.

On the contrary, aftef, = To = 300 K is reached and
T.>T=Tyare also attained, in agreement with E2ftb)
during initial Pd load with deuterium and discharge, then

The conclusion that the set of deuterons in our deEq. (25) ensures that for P ions,P = P(Ty) will be the
generate cold plasmasDe~ behaves like an ideal Bose maximum pressure during the process. Thus, once the BEC
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begins, very higimgvalues can be reached without plasma 8m2e?
resistance because the plasma cannot oppose further dé(k 0 =1+ hek2
teronload increasing the pressure. This possibility of very

highng values not only leads the system to occupy the re- (2m*)¥2 f‘” dE
gion of “degenerate ideal plasma,” typical of white dwarfs X o E—p

in the plasma classification diagrathbut also allows Elfz[e T - 1}

neutrons and charged particles to be trapped inside the de-

generate cold plasma itself; these are the conditions for fu- a2 [T 1

sion chains with low neutron emission, provided of course +(@m) fo dE E—Er

that high fusion reaction rates can be reached, as shownin ELV2 [e L 1]

Sec. VII, for both D-D and deuterium-tritiutD-T) fu-

sions(and many other collateral fusion reactions includ- (26)

ing D-He and D-H fusions tgoIn Secs. V and VI it will hat is essential for an understanding of the physical

gguﬁ[eor\cl)ﬁg (tjr;)aéztssr?&rct:frgﬁﬂtcgtﬁgllijrlr?i?iqr? rfi\ p():ltj(ljsrrlfon;[non ehavior of the cold degenerate plasma considered is that,
g o while the “fermionic contribution integral”

ues butis rather the energy released by fusions, beginning

for T<T,, that preventagto reach the nuclear density level, 0 1

~10'® times solid density. dE e (27)
In fact a sort of thermodynamic hysteresis may be 0 E1/2|:e T 4+ 1]

expected for the Bose-Einstein-condensed plasma. The

initial value Ty assumed by plasma temperatdrean
take any value smaller than 300 K to make easier, a
cording to Eq.(24b), the achievement of. = T = T,.

always remains convergent and finite for ahgnd even
Sor T — 0, the “bosonic contribution integral”

As ng increases because of the injection gf'Cande™ © 1

at a constant rate and temperatiiiedue to Eq.(24b), dE = : (28)
T. increases withn3’®, being a pure expression of 0 E1/2 {eT _ 1}

plasma degeneracy.

When the critical parameters take the vallgs T
and P, = P, the BEC process starts, and any furtherthough convergent fop < 0 goes to+ cofor T— Te +

injection of D" at a constanT increases, andT,, and and sou — 0.
in turn the fraction[1 — (T/T.)*?] of Bose-Einstein-

condensed B atp = 0. Finally, such a high maximum y|. coLD DEGENERATE D2*¢” PLASMA

T. = Tuc will be reached th.at a rise of to the labora- BOSE-EINSTEIN-CONDENSED AS A SUPERMETAL
tory temperature or even higher, due to energy released

by fusion, could not lead the system to verify the de-  The divergence of the dielectric constatk,0) as
condensation conditio > T, for a sufficiently long T — T. means that once the degenerate plasfizD is
time, allowing increases ob(T) up to possible final Bose-Einstein-condensed, no more electric fields can be
microexplosions, with macroscopic blistering effects, be-established through the introduction of a positive ion at
fore fusions stop wheil exceedsTyc. rest or slowly moving within the partially condensed sys-
tem of deuterons.

The deep physical reason of the divergence(&f0)
in deuterium plasma fof < T, will be discussed foN =1,
although Sec. V considerations hold evenlfor- 1 (as
for He3™). Before an ion of charge (e.g., H", D",
T3%)isintroduced in the original neutraliDe ™ plasma,
the fieldE = O exists everywhere, as a sum of both vanish-
ing fields created by the electronically screened deuterons

The scope of this section is to reconsider the assumm{the excited phase and by the delocalized condensed phase
tion for h* made in Sec. Il and then solve Eq42), p=0deuterons, spreadinamediumwide intermss.
(13), and (14), having at our disposal the results of Aftertheintroduction of aperturbativeion, the plasmacan
Secs. lll and IV for a better evaluation bf', both now be schematically represented as one where the additional
considered as nonvanishing. Once assumpt®#a is ion (Hi*, D?*, T3") replaced a deuteron?D of the
justified for the screened deuterons, a much more accyrevious distribution. Without BEC this original deu-
rate evaluation of dielectric static constaik,0) be- teron with the remaining deuterons of the original plasma
comes possible with an appropriate calculation®via  should cause a perturbed deuteron distribution with den-
Egs.(14) + (58 + (248. On this basis fof > T.and so  sity n, oscillating with respect to the original equilib-
for u <0, rium distributionny. However, BEC forn, > ng and

V. VLASOV PERTURBED EQUATIONS WITH
A CONTRIBUTION FROM BOSON MOBILITY
AND ACCURATE STATIC DIELECTRIC CONSTANT
FOR D?"e” COLD DEGENERATE PLASMA
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Bose-Einstein decondensation foy< no will lead to an  cross-section behavior fop, — vg| — 0. Simple quan-
electronically screened excited deuteron distribution ofum mechanical consideratiotislead to Fermi's sec-
the previous shape, creating, together with the additionaind golden rule and so to

positive ion substituting for the previous deuteron, a zero 5
electrical field. The excess deuteron remains, mixed With|v — vg|-or(jua — vg|) = i (Hi 12) L
the electron bath, in a delocalized state witk 0 with- A TBUTRNEA EBU T pad M g — vl
out contributing to the electric field, because a homo- (30)
geneous system of screened deuterons in BEC is

practically infinite in terms of units and consequently where

is symmetric around any internal position. As a result,

the vanishing field conditions are reached witlk,0) = (Hi |2 = Q2(Hy |2) = Q2
+oo only for T = T, whatever the singly ionized positive

ion introduced is, thus allowing Coulomb barrier annihi- . . . .
lation not only for D-D but also for D-T and D-H fusions andU is the nuclear interaction energy acting only at a

and others. Of course, a partial effect of field balandnqsr:]eogudiesfaggi?i.o-rgvaxi/r;\f)eli?jniti%ig?Eozlj\er?gggrf:/%%me
through BEC can also occur f@r> T to the extent that Perp '

the perturbed deuteron distribution can lead, in speci vlvhereasQ represents the volume occupied by the sys-

positions, to deuteron densities such that locally the inte™ ("OW the defect volumeon which the wave func-
creased, exceedsT. tions are normalized. There is thus no reason, from a

Inaddition, Coulomb barrier annihilation occurs anal_quantic point of view, to discriminate between excited

ogously for D-Hg and D-Hgfusions and for many other 271 GCEIRE (RN A EEB I SO
fusion reactions, thus leading to the generation of Hgh- b

nuclei, which have been detected experimentally. t'on?r?]:lg%ifﬁse't'gfntﬁg gfu?c?nilt??);\r/roigjrrg?low temper-
This system could be called a "supermetal” becauseturesT = T, causes the exponential tunnelin factF())rs
not only electrons, as in metals, but also positive ion e 5 P 2 g 12
not to appear i|H;; )% TheH;; matrix will be also in-

can freely move in it to balance perturbative fields per'dependen”f‘ of |ua — vg| due to the exothermic character

3

2

f\lf;"U\Ifi dr| (3D

fectly for T=T. of fusion reactions. Since the remaining part of the right

side of Eq.(30) also exhibits the same property for the

VII. COLD FUSION REACTION RATES IN D3'¢ identical reasons, the conclusion is that approximately
BOSE-EINSTEIN-CONDENSED PLASMA [va — vg|oe(|lva —wg|) = yas = cOnst. , (32

An accurate treatment of dynamic effects(k,k-vo)  |eaving a more detailed and accurate treatment to future
on the Coulomb barrier between fast-moving deuteronstydies.

when collisional aspects causing BEC have insufficient  The normalization of *(vs) andf®(vg) to n4 and
time to actand an accurate treatment for the nonvanishingg then leads to

Coulomb barrier effects for temperatures T, for BEC R AB

are leftto future investigations. The present analysis is con- RREE = yagnong forT=T., (33
fined to the effects of the statidk,0) divergence and of whereas the Coulomb barrier effects should appear and

the corresponding static Coul(_)mb_barrlerannlhlla_tlonforStrongly attenuate reaction rates for> T. In this last
T =T, on the couple of nuclei going to fuse. Fusion re-

; . . condition theRRRE can be temporarily approximated to
ggtlonrates betweenAand B nucleiclassically represente zero value, leaving a study of the effects RREE of
the gradual reappearance of the Coulomb barrier to fu-
RR:¢ ture investigations.
Note thag at this point, eithexy or n§ ,2/2r both, can
_ A B _ _ equalng of D" e~ plasma and that, ~ n§’>.
qudUA qudef (@)1 "(va)lon ~ vel7e(2n = v Thus for sufficiently highng , T, will be even greater
(29) than the plasma temperatufe= T, = 300K, and the
reaction ratesRRRE will be proportional tony and n§
will assume an especially simple form for cold fusion(= n§ = ng or n™, n", n"¢). Despite that in principle no
in a Bose-Einstein-condensed plasftifa= T). In such  upper limit exists for these densities other than nuclear
conditionsf” andf® are Fermi-Dirac or Bose-Einstein matter density(10' times solid density the real phys-
statistics distributions with an addition&l E) term3*3° ical densities are self-limiting due to power density gen-
Since the Coulomb barrier wheh = T, is practically eration by fusion. In fact fof. > T, an increase in density
eliminated for slow-moving ions, the contribution to ny will cause an increase in reaction raiRB-r and as-
RRer of interacting low-energy particles will strongly sociated energy generation, increasingvhich can re-
predominate, giving special importance to the fusiorsult locally in a final Bose-Einstein decondensation of
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the plasma. This happens if finally> T or a pressure Hence the density in CNF phenomena, already of
P(T) > Pg is reached befor@ exceedsl, a condition 75-10%° at the beginning of BEC, often reaches values
that may cause lattice failure and blister microexplo->10%.10% i.e.,>10°® times the solid densities. The neu-
sion. In this instance the whole phenomenon is accontronic optical sized = d/A = ny o P"d with d blister di-
panied by a neutron pulse, as is shown in more detail iameter and-°" total neutron-deuteron cross section can
Sec. VIII, where realistiong values expected in CNF thus arrive at valued > 1, at least for the biggest hy-
phenomena are discussed. perdense B"e~ zones or at least for a set of many hy-
perdense B'e~ zones.
This implies two main consequencea) the possi-

VIil. HYPERDENSITY IN BOSE-EINSTEIN-CONDENSED bility to reach highRREE for a time sufficient to heat

DEUTERIUM plasma spots from 300 to 2000 K afig) the possibility
for hyperdense zones within a blister to trap neutrons and
charged particles originating fusion chains.

Thus the annihilation of the Coulomb barrier pre-

Onceng reaches critical density, , i.e., the density
whereT. = T = Ty (initial real system temperaturghen

Ny, which does not appear in ER5), continues to in- . . . o
crease without affecting the pressure. The ultimate derfiicted in Secs. V.and VI alone explains the possibility of
very high densities and fusion reaction rates, consistent

sity levels depend on the efficiency of the deuterorh

discharge from the Pd metal lattice and on the feedba eat ge?tehratlorrl], anddfusmn chains. ‘I‘n add|t|o;1 Ithe be-"
created by fusion-driven Bose-Einstein decondensation'&V/0 OTthese Nyperdense zones as ‘supermetal zones,

According to Eqs(33) and(24b), an efficient CNF sys- under BEC conditions, strongly damps any electromag-
tem should reach sufficiently High(? densities, higher netic emission generated by the nuclear reactions inside

thanng_, to achieve a density hysteresis, precluding éhe highly dense plasma spots itself.

too-fast Bose-Einstein decondensation consequent to a Of course the realization of such eclatant phenom-
fusion-driven temperature increase. After the maximunf!10109Y with the highest efficiency strongly depends onthe

densityny, is reachedwith corresponding maximum crit- OPtical thickness of plasma spots. Jones et’afw sim-
ical temperaturd,c > T), then, due to the energy re- ilar experiments, showing relatively high neutron emis-
leased by fusions, plasma temperatdr@nd pressure S/ONWith undetectable energy generation, are probably due
P(T) will rise accérding to Eq(25). The blisters and to insufficient values of blister density and of maximum
fifts often found enlarged in CNF cells result frapgT) ~ Plasmadensitny in the blisters. Efficient CNF systems,
exceedingPs = 107 bar before fusions terminate after a optically thick for neutrons, are characterized instead by
temperaturel > Tyc is reached. In other terms, once low neutron emission compared with the energy release.

computed through Ed25), the temperatur&g at which 'rll'hen(ajmd Tt orpand ggen_wugiplicaéi_ve tphenomctlana ind
P = Pg, the condition reached is yperdense zones off ose-Einstein-condense

cold plasma are discussed in Sec. IX.
1_07 /5 T. = 10%5T. = 2000 K The dynamics of the creation and of the evolution of
10° o 0= ' a single dense plasma zone and of the complete system
(343 resul'ting fr_om jcheir interactions will be the object of fu-
ture investigations.

TM02T2T55<

which combined with Eq(24b) leads to

m _ <M>3/2 = <I>3/2 > (10%5)%¥2 = 10%5 = 16

Ne To To IX. NEUTRON AND T3 MULTIPLICATION VIA D?

(34b) DISINTEGRATION IN D-T AND D-He FUSION CHAINS
INSIDE HYPERDENSE ZONES OF D?*e”

and BOSE-EINSTEIN-CONDENSED PLASMA

To

ng3=—2 _
0.08.10° 17

The D-D fusions are the main source of any other
type of nuclear reaction. Eventual contributions of addi-
tional D-D-D fusions are ignored for simplicity.

The neutrongn) or protons( p) emitted with energy

= 75X 10%* deuterongcm® . (349 of 2.4 MeV (n) and 3 MeV(p) during D-D fusions stay

Finally, Egs.(34b) and (34c) combined show that below the 3.3-MeV deuteron disintegration threshold and

when lattice failures are experimentally found, a maxi-consequently slow down through pure elastic collisions.

3 3/2
Ne=Ng= <§ 1021> deuterongm?

mum plasma density The Vv absorption cross section for low-energy neu-
ny = 16n, = 16.75-10% deuterongcm? trons in ¥" associated with highd implies that the ma-
_ 3 3 jority of D-D fusion neutrons(or protons will be
= 1200x 10?° deuterongcm completely thermalized and finally absorbed b§; Dhe
is actually reached. scheme of the reactions involved,

358 FUSION TECHNOLOGY VOL. 33 MAY 1998



Downloaded by [Australian Catholic University] at 05:53 21 September 2017

Premuda SCREENING BY BOSE-EINSTEIN-CONDENSED DEUTERIUM

2(Di+ DY)
( 2 fusions ]
T3" +p+ 4 MeV He3 + n+ 3.2 MeV
3 \2
D+p—o>HeE+y+55MeV  DKE+n—o>T5+y+6.2MeV

D2 + D2 + 2(D2 + D?) —2(T3 + Hel + y) + 18.9 MeV

shows that any D-D fusion creates, directly or indirectly, ojeafid one H& nucleus, which in turn, inside high-
density B¥* e~ regions, give rise to-T-n andp-He-p chain loops as

n-T-n chain p-He-p chain
D? + T3 — Hed + n+ 17.6 MeV Df + Hel — Hef + p + 18.3 MeV

I 2 l
D+ n—>T;+y+6.2MeV DX+p—>He+y+55MeV .

The elimination of the Coulomb barrier for fusions, when
T < Tue, makesRR:¢ for D" -p of the same order of Other collateral effects are the enhancement of the
magnitude as the reaction rate fof'Bn. The only evi- fusion rates due to high-energy deuterons, resulting from
dent difference between the neutron and proton slowinglastic collisions with high-energy neutrons or positive
down is essentially the much shorter distance covereibns generated by fusions, and the decreased multiplica-
by the proton before absorption, which also impliestion introduced in thep-Hep chain by the continuous
much lower proton than neutron escapes from a hypeproton slowing down due to electromagnetic interactions
dense zone. The neutronic and protonic chains, crossgvith the surrounding plasma charges. These last three ef-
correlated through deuteron disintegration®2n)pand  fects, disregarded for simplicity in the present work, are
D(p,np)p generate additional neutrons and protonsthe aim of further calculations in progress. Since the two
Thep-He+ is a strictly local multiplicative chain inside chains are symmetric with respect jo= n exchange,

a single blister, whereasT-n is a collective multiplica- we concentrate only on the T-n chain.

tive chain because neutrons generated inside a hyper- As shown in Ref. 6 and summarized in the Appen-
dense plasma spot may go to interact with particles imlix, Monte Carlo and analytical treatments of the high-
another spot. energy neutron slowing down by both elastic scattering

There are reactions collateral to the preceding maiand D(n, 2n) p disintegrations show a remarkable multi-
chains, typically neutron absorptions in3Her T-p fu-  plication of neutrons) and T; in n-T-n chains. In fact,
sions, responsible for reducing the number of neutron$4-MeV neutrons generated by D-T fusions and insuffi-
and protons reacting with deuterium in the main chaingiently slowed down, due to the high anisotropy of elas-
and subtracting from them$Tand He ions. tic scattering, exhibit such a high cross section for the

Although the related cross sections are high, thd(n,2n)p reaction that-20% of the 14-MeV source neu-
number of reactions is limited due to the negligible con+rons directly disintegrate deuterium. The consideration
centrations of Tand Hg in the D¢ "e~ plasma. Further- of additional disintegrations, induced by scattered neu-
more, the effect of cross multiplication via the interactiontrons, together with second-order disintegrations, leads
between the two chains should largely overcome the aforée the calculated value for multiplication factor of the
mentioned reductive effects. n-T-n chain alonek, = 1.4 inthe e~ plasma Bose-

In fact, neutron multiplication via Dh,2n)pinn-T-n  Einstein-condensed. This result proves thatdor 1 or
chain yields protons to theHe-p chain, and proton multi- when a hyperdense “liquid” deuterium drops system of
plication via D(p,np)p in the p-Hep chain yields neu- sufficient optical thickness fills the blisters;T-n chain
trons to then-T-n chain, leading tdk,, — 1 two times reactions—and a fortiog-He-p chain reactions—are pos-
greater with respect to the value expected for gadhn  sible, even when the effects on multiplication of the

or p-He+ chain considered in isolation. D(y,n)p reaction and of the interaction between the two
The additional contribution tk,, — 1 of 6.2 and 5.5 chain loops are disregarded.

MeV gammas due to-D andp-D reactions is negligible. The neutron multiplication mechanism active dur-

Once the H& nuclei are generated, secondarysH¥ ing slowing down is illustrated in Fig. 1, where, for

fusions generating Bimay also occur. simplicity’s sake, the multiple nonmultiplying elastic
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—2\1’3 4 multiplication
Dy +7, > He, +1 reaction
]
-7 % 4 2 d’
Lij(n, Tn')He) J | D >n+p

T i
! |- - - - = < J
l
:LIZ(K,T)He‘; D +n— T’ +y+6.2MeV

- v v |

Fig. 3. The main two steps link.

hance CNF phenomena, whereas the substitution of Na

for Li in the cell solution should nevertheless allow CNF,

as experimentally verified by AppleByand others.

Fig. 1. Neutron multiplication via deuterium disintegrations. The small fraction of neutrons escaping, after re-
peated collisions, from the hyperdense deuterium drops
occupying the blister system implies an effective multi-
plication factokes not so much less thdg,. Although less

collisions occurring between disintegrations have beepoptically thick CNF systent§-*°exhibit a somewhat hard

omitted. Once thermalized inside hyperdense zones, ttepectrum, more effective optically thick CNF systems will
neutrons captured by Dnuclei generate an equal show a soft energy spectrum tail, suitable fG(®y) T3
number of tritons. These tritons then diffuse at thermateactions in weakly dense deuterium zones inside Pd or in
energies up to when D-T fusions occur with associateé@xternal BO solution. Thus only afew neutrons will escape
emission of new 14-MeV neutrons. In this process, defrom the entire CNF cell. Thence, though Multiplies
scribed in Fig. 2, any thermal neutron generates a tritoby ket < k,, inside the hyperdense “liquid” deuterium

in a way thatk,, is identical for both T anch. drops system, will nevertheless multiply bk., = 1.4

Lithium nuclei eventually present in hyperdense deu{or more due to cross multiplication of chajmsthe phys-
terium drops, as a product of triple D-D-D fusions orical system as a whole, with a continuougFowth?#°-42

Heg-D fusions, contribute to ¥multiplication and con- during CNF phenomena. For extremely effective CNF

sequently to CNF phenomena, as indicated in the schemeells, the spectrum of neutrons escaping from the hyper-

of Fig. 3, reducing itself in pure deuterium drofso  dense deuterium drops system could be so soft that prac-

Li) to the form with undotted lines only. Furthermore, tically all neutrons would be thermalized and quickly

since Li" is not expected to enter the metal lattice fromabsorbed in heavily or weakly dense deuterium regions

outside, the presence of D-D-D or #B fusions gen- and in heavy water surrounding the Pd or Ti rod. This
erating L§ should improve T multiplication and so en- explains the excess heat and Jeneration sometimes
measured without neutron emissions, i.e., despite that the
external neutron emission is of the order of the back-
ground. For these efficient CNF systems, the neutron
chains of highke, resulting from the relatively few neu-

tron escapes from the multiple-blisters system, allow a

collective behavior of the whole CNF system inside the

metal. This collective neutronics causes a fortiori a pro-
ton chain highke¢, with synergetic effects on the cross-

correlated neutron chains. In weakly efficient CNF
systems instead, proton multiplication could neverthe-
less take place inside isolated blisters, with only local-
ized and correlated generation of neutron bursts.

n staring thermal

X. TEMPERATURE AND PRESSURE EXCURSIONS
'|"3 CONSEQUENT TO FUSIONS

Inside any hyperdense deuterium drop, assumed to be
Fig. 2. Then-T-n chain kinetics. initially composed of pure deuterium, the heat generated
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by D-D fusions, represented by a souSeginitially causes  consequently the pressuPexceed$s by starting a pro-

a low temperature distributiotg(x). The heat sourc&, cess of blister expansion within the lattice. Consequently,
is initially independent of D-T and D-Hdusion sources, ngandT, values decrease upTg= T < Tyc and then to
being instead completely determined by the D-D fusionT, < T with the effect of gradual reappearance of the Cou-
sourcesSey[x, to(x)] and Sil X, to(x)], associated with  lomb barrier that inhibits the fusions. This behavior oc-
the direct or indirect production of3Tand He nuclei  curs in blisters of highly efficient CNF systems where
through D-D om-D andp-D fusion reactions. If the con- ny is as high as 19solid density or more.

ditionty(Xx) < T¢is uniformly maintained through the drops, If Tuc < Tg, the increase of andP(T) should con-

the fusion sources are independent of plasma tempertinue until the fusion reaction rates are attenuated be-
ture. The tritium and H%densitiesnTg andnyg, as hap-  cause ofl exceedindlyc, but notTg, so thatP(T) stays
pens for neutron density in a fission reactor, will vary withbelow Pg. In this instance the fusion phenomenon could
time in accordance with the value kf;. Thent andnye  cease or become steady state, leaving invariant the den-
densities will increase exponentially feg; > 1, lin-  sity at its maximum level during the whole fusion excur-
early forkes = 1, and monotonically toward the asymp- sion, with no modification of the metal lattice structure.
totic nFa = SEPLX, to(X)]/(1 — kerr) andng;e values until

Kett < 1 and the densitiesrs andny,g remain at levels for

which D-T and D-H@fusion heating cannot substantially XI. INTERPRETATION OF CNF PHENOMENOLOGY

affect plasma temperature. AND CONCLUSIONS
The dependence s andnye on (1 — ker), when
0.95 < ker < 1 causes a sensible increasenig and In this section we utilize the results obtained to ex-

Nueg, correspondingly causing a rise in the D-T, D3He plain the different CNF phenomenologies experimen-
fusion reaction rates and in the fusion heating in turntally observed and to formulate the conclusions.
Note thatke for a neutron chain and a proton chain may  The last considerations in Sec. X directly explain the
be different, due to weaker proton escapes from plasmappearance, after 1 to 3 weeks, of blistering in palladium
spots. However, the local proton chain contributes to théoaded with deuterium when the CNF phenomena occur ef-
neutron chain inside the same blister, whereas the neficiently, i.e., at highn, density, wheMyc > Tg.
tron chain in a blister provides neutrons supporting pro- The second aspect of CNF phenomenology to dis-
ton chains locally active in other blisters. In other termsgcuss is related to the influence of the formation and dis-
neutron chains, locally less efficient than proton chainssolution of hyperdense zones in BEC on the neutronic
have a global influence on the efficiency of the wholekgs; and so on the CNF cell behavior.
system. The fast increases in fusion reaction ralRR2P or
During the ¥ discharge from the lattice into defects, RREY andRRRE® resulting from a sudden BEC in single
the critical temperatur€&. for the boson component of the blisters or from the increase imy., and the local gen-
plasma-filling blisters, due to EQR4b), increases withy  eration of protons with cross-correlated neutron gener-
density through the following steps. ation, represent fusion and neutron bursts. Such fusion
For an initial range ofg values starting from zerd,  bursts, involving, fofTyc > Tg, plasma and blisters mac-
assumes values less than plasma temperdtinigially ~ roexplosions, could be modeled via the equations of tri-
egual toambienttemperatufig Asngapproachesthevalue tium and heat balances. These balances are connected
Noc, Critical for BEC at temperature= Ty, the associated via the source terms expressed by the energy released
T.nearsT = Tpand plasma approaches BEC. Oncerthie  during the slowing down of fast particles and by D-D,
density is reached, BEC begins and further increases @-T, and D-He fusion reaction rates corresponding to
No Up to a maximumy,, depending on the local CNF T3 and Hé generations, directly or via chain multipli-
efficiency, leadT. to a maximum critical temperature cation, with thek,, factor. The dynamics will then de-
Tmc > To. Due to heat removal by the lattice, during thepend onP(T) relative to the temperature via E@5).
BEC proces3 remains at firstapproximately constantandAs already mentioned in Sec. VIII, this occurs for effi-
so does the pressuRET) = P(T; (ng.)) = P(Tp) = 1.5X  cient CNF systems when E¢3448 holds so that finally
10° bar(for To= 300 K). This continues up to the moment T exceeds 2000 K, at least locally in a few blisters. For
when the amount of heat generated by fusions, only pareutronickes near 1 or greater than 1, the phenomenon
tially removed, increaseBaboveTy and soP(T) above  will assume a collective character leading quickly to high
P(Ty), according to Eq(25). If Pg (P blistering ofthe or-  temperatures throughout the metal.
der of 10 bar represents the pressure required to modify  If, after the initial charge of Pd via deuterium and
the metal lattice surrounding the gap containing our Bosezonsequent BEC, the multiplicatidqg factor for neu-
Einstein-condensed plasma aids the temperature such trons is<1, then the decrease of the neutiqq result-
thatP(Tg) = Pg, fusions will create different situations ac- ing from hyperdense zone explosions should prekgnt
cording toTyc > Tg or Ty < Tg. from exceeding 1. This fact suggests that a CNF system
If Twc > Tg, fusions, and thus temperatdrand pres- s intrinsically safe, provided that sudden increases in cur-
sureP rise, will continue even wheil exceedslz and rent density or sudden decreases in temperdtare not
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induced from outside. In such a case additional disconsity distribution of voids. An optimal void density in
tinuous deuteron injections will increase the optical sizenetal could then be identified and achieved as follows.
of hyperdense zones and thysg. This means that a sud- Since the equilibrium concentration of voids varies
den decrease ifi or increase in current could lead the with temperature according to the = e =/KT Jaw, a
system to neutronically divergent hazardous conditionfast temperature decrease from a higdquilibrium state
with a corresponding rapid increase in energy releasedill freeze in the lattice the level of defects required. Once
from the system, as has been previously observed. n, is known, cell calculation techniques, currently used
For cells where thé&. decrease due to a single blis- for fission reactors, could be applied to complteand
ter explosion is quickly counterbalanced by regular nuke¢ for neutron multiplication in a hydrogenized metal
cleation of new high-density BEC deuterium zones, thdattice of blisters filled with hyperdenseDe~ Bose-
bursts merge into a continuous neutron and heat emi&instein-condensed plasma. Monte Carlo or stochastic cal-
sion. However, for less-efficient cells, the burst will re- culations could eventually be adopted for complicated
main isolated. When isolated bursts may simply followblister shapes.
from BEC and D-D fusions with associated proton chain A strong suppression of electromagnetic emissions
generation, a collective CNF phenomenon involving thdrom inside the Bose-Einstein-condensed plasma results
whole system is necessarily related torafi-n neutron  from Coulomb barrier annihilation by BEC with associ-
fusion chain and correlated phenomena, if no protons arated high densities and supermetallic behavior. Emis-
injected from the outside. sions of electromagnetic radiation could occur during the
In gaseous CNF, the low temperature reached in coolnitial BEC or the final Bose-Einstein-decondensation pe-
ing, followed by temperature increase, enhances the cretod of a hyperdense single zone, creating cold surface
ation of D2*e” plasma Bose-Einstein-condensed zonessources in the first case and much warmer ones in the
whereas resulting higher temperatures cannot dissolsecond.
these zones before a few neutron and fusion bursts could Of course the strong tritium multiplication inside the
occur, eventually enhanced by the aggregation or enlargeshole system as well as low neutron emission depend on
ment of BEC zones induced just by tliéncrease with the high ¥ density reached in initial BEC.
D?" expulsions from the lattice. Also, collateral superconductivity effects, better for
The third aspect of CNF phenomenology to be in-D% than for H, can be justified on the basis of the elec-
terpreted is the interaction of a CNF cell with an ex-trical behavior of the B'e~ BEC plasma.
ternal, involving neutron chain, gamma emission and The CNF sensitivity to the Tpercentage in BD, to
superconductivity, and the CNF dependence on the detthe neutron background, to the concentration of 8ed
sity of voids inside the cell, seen before in view of re-of other neutron multipliers, such as Pb, and finally to
actions of the cell to external actions and then as théhe density of defects in the lattice should be essentially
possibility of controlling the CNF cell. tested and then used in view of CNF control. Neutron
Within the framework of the CNF theory proposed multipliers or tritiogenic materials, such asSLicould
here, experimentally observed neutron spectra exhibitalso be incorporated in metals through ion implantation
ing remarkably wide peaks at energies higher thamand high-temperature diffusion techniques or insertion
2.4 MeV, e.g., from 3 to 14 Me\(see, for example, of regular heterogeneous zones into the metal by stan-
Refs. 39 and 44 can be interpreted as due to 14-MeV dard techniques.
D-T fusion neutrons, slowed down by elastic collisions  The present theory confined itself to explain the main
and deuteron [n,2n)p disintegrations inside an opti- CNF phenomenologies to provide a few indications to
cally thin (not effective hyperdense Bose-Einstein- researchers. The given description of CNF systems points
condensed Be plasma drops system and escapingup the need for new and more profound studies, in view
from them after a few interactions. The CNF sensitivityof their optimization and control, in the special follow-
to neutron backgrourfd and the possibility of CNF in- ing areas:
duction by external neutron injectibhare obV|_ous con- 1 time-dependent nonequilibrium study of the BEC
sequences of considering neutrons as chain carriers in process
n-T-n fusion chains. This fact indicates a clear way to
control and enhance CNF via neutronics. Future experi-
ments should be planned to measugespace distribu-
tions outside Pd to deduce the neutron emission spectrum

2. evolution of hyperdense zones during fusion-
driven heating and successiiRR-r attenuation
via Coulomb barrier reappearance Bexceeds

from the cathode of a CNF cell and determine total T Twe ] ) ) )

generation, further detecting neutron emissions with ap- 3. detailed evolution of fusion chains and collateral

propriate diagnostics. nuclear reactions in CNF systems made by mul-
The hysteresis in the coupling of the BEC initial tiple blisters filled with Bose-Einstein-condensed

phenomenon and the fusion-driven temperature rise with D% plasma

related blister microexplosions indicates that CNF phe- 4. neutron, proton, and gamma-ray cross-combined

nomena may be controlled by varying the size and den- transport processes.
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These unexplored fields of research call for a new appropriately developed mathematical physics and for the
associated calculational algorithms, which are to some extent already in préftfress.

A last indication of the proposed qualitative theoretical approach to CNF is that CNF phenomena could be ob-
tained even outside metal lattices, provided a sufficiently high containment présgiseiddenly applied to a suf-
ficiently cold ionized deuterium whose temperatiireorrelated td® by Eq.(25), is much less thafy = 300 K; once
BEC occurs, temperature can be allowed to increase, as in the D’Amat& eixpleriment, due to density hysteresis,
as previously illustrated. An initial efficient cooling system should not only lead deuteriumoT, temperature
(near absolute zero to reduce the containment pressure reghireshould also remove the heat released by Bose-
Einstein-condensing plasma. According to Ref. 48, a facility to test the predicted results could be composed of a
diamond anvil cefi®>tirradiated by a suitable X-ray source.

APPENDIX
HIGH-ENERGY NEUTRON MULTIPLICATION VIA D(n,2n)p REACTION DURING SLOWING DOWN IN DEUTERIUM
Until now, neutron-induced deuterium disintegrations were disregarded in neutron slowing-down treatments be-

cause the 3.3-MeV threshold energy for such reactions is higher than the energies usually exhibited by most neutrons
in fission reactors. But, appropriate modeling of CNF phenomena and hot fugigerieration in BO blankets
demands an accurate consideration of the,Pn)p reaction effects on neutron slowing down. The Monte Carlo
simulation of such effects requires a detailed knowledge of the energy-angle transference function for such reactions.
Analogous to the kinematics of neutron-nucleus inelastic scattering, classical conservation laws (m,2re D
reaction yield

E,, = B, [1/(A+ 1)2][A?R3 (B, B, B°) + 2AR, (E/,, B,8))cosd + 1] ,

E, = Eq [1/(A+ 1)2][A’R3(E,,, B,B©)) + 2AR,(E;,, B, 8'))cosd, + 1] ,
and

En, = En[V/(A+ D?I[APRE,(En,, B, 8'7) + 2AR,,(Ey,, B,B'7)) cosd, + 1]

for the energy of the outgoing particles in terms of the original en&ngyof the neutron inducing the reaction,
throughA = 2 for the deuteron,

A+1Ep V2
A Ey .
Rnl(Er’llfBiB(C)) = A + , with ED = 2.2 MeV
2 (©)
2A+1X (B,B'Y)+1
and
~ cosp[1—cos’ B9+ [cosB @ | {[1~ cos’ B][1 - cos’ B]} V2
X= 2[cos2 B© — co< B] :
Ro(Ef,, B.8@) = (x* + xcosB + 3)Y?R,, (Eh,. B.BY) ,

and

an(El’,thlB(C)) = (XZ - XCOSB + %)l/anl(Ergllelﬁ(C))

with angles defined as in Fig. A.1.
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) M initial data stored, following another history for am
/ Wen neutron.

The calculation performed within the framework of
a 30-energy-group scheme allows one to obtain the en-
ergy spectrum of escaping neutrons, the space distribu-
tion of the thermalized neutrons within the cylindrical
geometry adopted, and the multiplication factor

B neutrons thermalized inside the system
~ fast neutrons generated by the 14-MeV source

=k,

¥ <0 for an optically wide system. For cross control with Monte
‘A B " Carlo results ork.,, an analytical spectral calculation for
an infinite system has been performed on the basis of the

/ W(ccﬁ/\ equation
3
. o : _ 3(E)e(E) = 8(E - Eo)
Fig. A.1. Deuterium disintegration seen from its c.m. system

E/a
cb. +f e (E' = E)S(E")@(E') dE’
E

f2d (E)
+ f II4(E' - E)S4(E")e(E") dE’ .
f

From theR,,; definition follows a threshold energy (E)

w_ At1_ 3 B In terms of the fluxesp,, (E) of the neutrons passed
En, = 4 Ep=3-22Mev=33Mev, throughn disintegrations and disregardingy, (E) for
n=1,k, is finally expressed as
as the minimum energy of the incident neutron allowing
deuteron disintegration without violation of energy and
momentum conservation laws.

The cosines of the angles between the incident neu-
tron velocity and the velocities of the three outgoingthrough the solutiory, (E) of the equation
particles with respect to the laboratory reference syste _
cosdf, cosds, cos; are then expressed in terms of thelg(E)d’O(E) =8(E—Eo)
corresponding cosines cds, cosd,, cosd, with re- E/a
spect to the three particles center-of-méssn,) refer- + f e (E" — E)Zs(E") do(E') dE
ence system as E

Eo

Ko =1+ 24(E")¢o(E') dE’

Ethd

i = = 1
AR\ np(En BB ) oy + 1 with 3 (E) =34(E) + S4(E)anda = (A— 1)%/(A+ 1)%2= :
Pi2p = AZR2 / 1(Zcr;( : A : 1,2p ©) for deuterium 24(E) being the disintegration cross sec-
Riinop(Enys B:B™) + 2ARn n,p(Bfy BB ) pazp + 1 tion for a neutron.

with With the separation op(E) into the sum of virgin
flux 8(E — Eo)/2 (E) and collided flux¢o.(E) once de-
Mizp = COST 1y ,  piap = COST oy . fined the collision densitfF (E) = 2 (E) ¢o.(E) and
The Monte Carlo model simulating 14-MeV neutron 3(E) . Z4(E)

h(E) =

slowing down in deuterium adopts standard techniques for S(E)  © 3(E)
elastic scattering and combines the precediftg En) p ki-

nematic results with the usual randomization for emittedhe solution of the equation

neutrons and protons. The main problem for Monte Carlo 1 Eo dE’ h(E
simulation is that posed by the bifurcation of neutron his- gy = ——— h(E")F(E') — + _h(B)
tories implied by the Dn, 2n)p reaction. After any disin- 1- E E' (1-ak

tegration, the history of the, neutron is further followed, | . o
whereas position, energy, and direction of th@eutron 1" the group discretization scheme assumes the recurrent

are stored one by one; the corresponding proton data af@aracter

also stored in view of future proton transport calculatitns. E ag h
Every time that for a specific neutrdan, becomes (=2 E ith =23
. g g-1 WI Qg )
less tharE. it = | €V, the computation restarts from the Eq 1-«a
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expressing in a discretized form the “continuous recur-3. A. J. APPLEBY, “Evidence for Excess Heat Generation

sivity” of the Volterra integral equation fof (E). This
finally leads to the recurrent algorithm

Q=1 Oy = Qg—1 — [1- hg]ag

with
1
8g = 7 [Eg-1Fg-1 — EgFg]
Qg
and
Ke=2—0do  [asO(Ena) = (Oglg=0 =2~ K] ,

finally allowing the estimation ok.,.
The numerical results obtained féy, are the fol-
lowing:

Analytical | Monte Carlo

1. isotropic scattering with| k., = 1.29 1.29
one disintegration

2. isotropic scattering with| k., = 1.33
any number of disinte-
grations

3. anisotropic scattering
with any number of
disintegrations and ex-
trapolated results

4. for neutron contribution| k., =~ 1.80
due to D(p,np)p
5. for neutron contribution| k., = 1.82
due to Dy,n)p

Ko = 1.40

Rates During Electrolysis of D in LiOD Using a Palladium
Cathode-A Microcalorimetric Study,” presented at Workshop
on Cold Fusion Phenomena, May 23-25, 1989, Santa Fe, New
Mexico.

4. F. PREMUDA,Sci. Corresp. Nature238 712 (Apr. 27,
1989.

5. F. PREMUDA, “Fusion Chain Reactions in Fleischmann
and Pons Experiment,” LIN Report 0901989.

6. F. PREMUDA, “Multiplication of High Energy Neutrons
in a Deuterium Plasma,” presented at ICIAM 91, Washington,
D.C., July 8-12, 1991see Abstracts, p. 169

7. M. VASELLI, M. HARITH, V. PALLESCHI, G. SAL-
VETTI, and D. P. SINGH, “Screening Effect of Impurities in
Metals: A Possible Explanation of the Process of Cold Nuclear
Fusion,”Nuovo Cimentp11D, 6, 927 (June 198%

8. T. BRESSANI, E. DEL GIUDICE, and G. PREPARATA,
“First Steps Towards an Understanding of Cold Nuclear Fu-
sion,” Nuovo Cimentpl01A, 5, 845(May 1989.

9. G. PREPARATA, “Some Theories of ‘Cold’ Nuclear Fu-
sion: A Review,”Fusion Techno).20, 82 (1991).

10. H.HORA, J. C.KELLY, J. U. PATEL, M.A. PRELAS, J. H.
MILEY, and J. W. TOMPKINS, “Screening in Cold Fusion De-
rived from D-D Reactions,Phys. Lett.A175, 138(1993.

11. Y. E. KIM, “Surface Reaction Mechanism for Deuterium-
Deuterium Fusion with a G#Solid-State Fusion DeviceFu-
sion Technol.19, 558(1991).

12. R.A.RICE, G. S. CHULICK, Y. E. KIM, and J.-H. YOON,
“The Role of Velocity Distribution in Cold Deuterium-
Deuterium Fusion,Fusion Techno).18, 147 (1990.

Finally, Monte Carlo simulation of the transport of 13. G. E. UHLENBECK and L. GROPER, “The Equation of
neutrons generated by a 14-MeV source inside a smajitate of a Non-ldeal Einstein-Bose or Fermi-Dirac G&hYs.
high-density cylinder immersed in a deuterated cell, repReVv: 41, 79 (1932.
resenting a realistic system, confirms that only a fewi4. A. ISIHARA and M. WADATI, “Screening Constants for
strongly slowed down neutrons can escape outside tHgystems of Charged Particle®hys. Rev.183 312(1969.

CNF cell.
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