
Ufelime state. Then, the usual nuclear technology for neutron or gamma radiation is no
longer appUcable to detect this low energy sub-barrier resonance. The calorimetric
technology in chemistry turns out to be the better choice, because the energy released in a
nuclear reaction is always there. If there is any energetic charged panicle as a ';uclear
product, we may use the nuclear track detector; or we may detect the heUum directly. Ifwe
are able to identilY such kind of low-energy resonant tunneling; then, this is a fusion
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FigA The shape of d+t fusion cross section predicted by the selective
resonant tunneling model for the low energy resonance (if any).

reaction without strong nuclear radiation.
[n conclusion, the nuclear physics for sub-barrier fusion provides a new approach towards
nuclear fusion energy with no strong nuclear radiation.
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Introduction

There have been numerous reports of observations of anomalies in metal deuterides
during the past eleven years. The anomalies that we recognize for the purposes of
the present discussion include; low-level neutron emission; fast ion emissionj gamma
emission; the Kasagi effect (3-body ddd-fusion reaction): excess heat and correlated slow
4He emission: slow tritium production; and lattice-induced radioactivity. Many of these
effects are under discussion in other papers that were presented at ICCF8. For many
years we ha~e sought physical mechanisms that might provide a theoretical explaoatioD
for these anomali s. During the past 2-3 years, our efforts have Jed to a unified picture
that appears to provide mechanisms systematically for all of these anomalies. In this
conferCllce proceeding, we will provide an overview of the general approach, the basic
model, and the relevant physical mechanisms.

We note that there have been a number of reports of observations of a massive
tranm;lUtation effect that would involve reactions that increase the nuclear mass of the
hl'lSt. mpts.1 Thilll!ff.."t i'l nnt indllrlf'ri within thp mndp) 'lnd"r dis"! ion

Overview of the Model

The premise of the model is that nuclear reactions in the lattice can take place,
and that the lattice must be included in the physical description. There exists well­
studied models for fusion reactions in free space, W hielt we must generalize to include
lattice effects. WhCll the nuclei and lattice are described together within the basic
formulation J we find that the lattice phonon degrees of freedom mix with the microscopic
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when th mtem41 nucl t I.e. included m <)J' and wbere Fj is th ch nel p-
arabon factor, The to mal nuclear stat are presumed to be fixed, and th chann
factors are d tennlned from 8OIulJon oC the coupled-ehannel equations

Includlng Lattice Efli cts in th Basi Formulation

Mo theoretical papers on the dd·fu Ion reactIOn have made use of tbe r onating
group me od or the R-mal.rix method. Consequently, wish to generalize th
methods to tOclud la 'ce effects. The naung gTOUp method [31 assum a to aI
wavefuna on o{IT of the Corm

ph c es and 0 • low ejecta can be IOnized from bigh-Z nu ei 'thin t.he
Ia.."tlce through We ectl' tat cally'" medial.«l phonon exchange, as the second pact oi a
two-step second order process where the energy is pIOVlded by a fusion reaction 3

first step There exist r PON oi such an effec (2) The lat ice-tOduced radioactivIty
n Olf would result from a. pr to which the initial fusIOn were mediated by

7O-p 0 exchange ptOa!SS, WI each f i:.he pnonoJ:lS . 'pating h" energy to a.
roughly 350 KeV weak-interac Ion decay chann I.

Th model also predicts a prolon-deuteron reaction pathway, involving SHe final
• While th ble exi3ten of uch pathway been noted by many, I

bas uauall ' been essumed hat any llllSOCIated anomalollS would proceed a
rate propor 'anal to th overlap prob hili I which is orders 0 magnitud great~ for ~he

proton deuteron system, ull reactions involving protons and deu erans would lead to a
large Ina; in h associated probability short range, which uld be qull1itatively
simil to the situat; n Cor d teroo-deuLCrOn reactiOns. Consequently a efli
tOvolVUlg proton-d uteron pathway u1d likely be limited by pho on dissipa ion
effects, and llOt by th over! p probability of tbl: associated mol ular system as bas
been often conjectured U th light WB.ter heat expenmenls are conjectured to be the
consequence of p ton-d uteron r 'ons, ben i would be "ble to y for SHe
a p ble h. The pTesen model suppa conjecture.

In all cases the wavefunctioDS must be properly antisymm lrized (a requinnnent no
mad explicit by the abs ra.c:t fonnulwon presented h re).

The channel parabon r Fj IS functlOn of the r van relative c:oor-
dina s) bet the center of masa coordinates of the constituen nuclei in the jtb
channel. the center of mass coordlnat of th const.ituen~nuclei also occur In a In
lee descnplion, w can generalize the resonating group me hod to indud lattice effec

SImply by replacing the &epara 'on c:hannd fact.ors wi b \at 'ce channel factors. Conse­
quen y, RenenWze n group 1Illl hod by using an ini ial veIunction of
the form

3

ou ear degrees o· ireedom This coupliJlg comes abou a very fundamen
a coDSequence of he natural separation oC II11croocopic pOlli ion coordinates Iota center
of mass coordinates, relative coordinates and loternll1 coordinates.

V it comes no urprise phono II11ght play a reI in a fus on reaction
eu. WIthin a lour UJtw .on suggesU ng y any ch er-

actions can haVl! only a sma.ll impllCT. 00 th physICS of reactlOn. In fac the model
under con&id ration can be used to qu ueify just how small the effect of the lattice is
on all lim order reactIon prOcessei, Th change of SUlgle phonon would n t be

to C&USl! much. change to dynauucs of d-fusion 0 invo ving exit
",ith produc nncll!! separaung with several leV of rel.a \'e energy, The new

th ory I cOllllistent with this expectation,
However, I.here exists he possibility oC n w second order £fects when the I ttice

15 1nVOI • Fi r example, r n mlgb 0<X:Ur at 0 'te wbere phonon exchange
takes pi with a highly excted phonon mode. second 'on might place
at different ite, agatn with phollon exchange WIth a highly excited mode, WhU the
effect of phonon e.'<change for all first order process is arguably negUgible, t second
order ituauon can be \'ery dUl'eren Wllhin a second order pro , it may be the

that energy co. parent.ly violated - tOm process bu
rigorous energy conserva.t on mw be required for the two-s p second order process.
When phonon exchange wil.h the lattice occurs, we must collllid r th· possibility that
an exothermic fusio resc on oceunng a on site might be coupled with some other
endo p a dilI.'eml\ si

Th co ences of enormous, and the ry tha. resuI appear.! to
coincide with many of the experimental obl rvatlons, The most important second
order site-oth r-site preces:; of this sort is th "null" reaction, in which a fusion of two
d utero to "He nuele a site is coupled to a dis3ocial. on of 'He nucl us at
a.noUier In such 'on, no lIl'W products e formed. The only effect oi
process IS to exchange excitation be n two sites One finds th t th (E2) microscopic
scI dion rules for lhis can be sa isfied through phonon xchange, One also finds that
thIS process can b greatly enhanced when many sites are involveli One consequ nce
" Ius IS tlw. pro ty of deu b g founrl close Wge iIlcr

greatly (when the helium di.ssodAtes. he resulting deute are born clOlll! together)
In the simplest case, thes deut rons call r act to make n utroRS alld other dd-fusion
produc , U SIgnificant phonon exchange occurs, then the two deuterons will hay

gnilicaDt re1Atve angular momentnm,. wbJch can exclude th ron "anal dd-fu.slon
reacUon channels. In Uus case, ey may I1llll9J.D loge with oigni li, ...nt Iirobabili'}'
There presence can be d tetted then brough 3-body reaction when Cas (lOO keV)
deuterons a.r lDcident This appears lo lead naturally to the KllSagi trect [lJ

The close coupliog of the phono and deuterons thal. occurs in such process
to a strong mixing of the phonon and IlI1cl degrees of freedom, nder these

COnditIOns, phonon dissJpation will lead. to loss of nuclear energy from he coupled
syst.em, because th degr of £reedom ar mixed, The ash from this proc will
be ·He. produced in place with no kineuc energy, as ob5erved The same b8Slc
m'lChanism abo app es to tritium P ucf n, wh 'ared "null reaction is
two deuterons reactmg to produce asp tOn d tntium pair at one tc, and
Inverse process occurs at different site. Fast charged par icles can r ult when a fusion

t one site is coupled to 18 ice-induced particle ejection at another site. or example.
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coupling strengths,

(3)

where I{rJ now includ h

include coupling between reacUo . rent
of 'lei here The -null" react:on of in

This equa 'on can then be used to WId
mverse at site b, If we ~ on

each of the sites 0

........... (·He).. - (d- •

WllV1efunctio'n of the genere1 form

(5)
E

[

- 2
• 2

2.11 2. f

r - L (6)

For tBDSitions between orth nal chann ,th nud and Coul mb in
pears through

(9)

'on ap-

10m ung n w eflj e pr at first order. We can eliminA e mtermediate
stales to obtain second order model

E I{I.,~ ~~~4>nIHI<lIj~~~~) 1(I.,n

(~I ~~r/lnl (H - E) 1<lI;<lI'4>,.. (~j<ll~.pn·1 (H - E) 1<I>°<I>~Ifi"""'k.n·))
E Ej,n'

( )

~~ = ( 'eE - E)l (lO)

We see in the first line of equ ion () ~ u-body problem for th d uterDnS at.

site 0, which is essentia1ly the molecular O2 probl m external potential, This
problem is written in terms oC the resJdual local poenl1on variabl I and 2. which
are the true posltion variables mmus he contribution of th exCIted phonon mode (see
Ref [41) The second and hird lin In Iud oure terms du to the dissociation oC the
.He nucleus at site o. This dissociatIon com bout 88 part of II he ond order null
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Discussion

nd order coupling be rea.c .ons at
ed m e initial rmulatloll of the nw:

to the lee o. reqUlIl! ;o-phODDD

tioo rules. This kind of ec uld I
, smoe close range uId run ioto each other

onally d react If more than ?- phonons are excba.u , th n strong inhibl . n
of oonna! dd·fi ion channels OCCur.! In case, a very lars amoun of probabili y
ampli ud CIOuld accumulate at sho range, which would be e in a Kasagi-type
of experiment. 111 Pl1roach outlined b can be applied uniformly to neu on enussiOD
as well as La the I<asagi effecL Inclusion of pbonOD dissipation io the model leads to
heat and b Hum production.

It remllio. to be proven experim tally that the Kasagl effect is due to a 3-body
reaction (this will probably require coincidence measurement of the proton and alpha
particle). If it proves to be du to ddd·fusion, Lben t.h model outlined bere may pro­
vide t.h 0111y pass ble explanation. Th l'.xperimental [ ul muIr! then be interpreted
in proving th t energy could be exchanged through the lattice between reactions at
different 8lles. In our view, this is ultim ely the basis for understanding all of th
8JIomali .

IDtroduaioD

Experimental • ce m pport of anomali in metal deuterid has 8CC11II1U-

I during Lh pas decade These anom include Deut 0 0, ( ieV)
charged particle emission, cess poweT gen on and c:orre1ated He producbon, tri-
tIUm production and LDduced radioactivity yet, there IS 00 coos MUS on a thea-
r tical explana .on for h effects. Prior La t.h tntroduction of any n w physics that
p rtlUD specifically to th anomalies, on would like to have 8 basIC understa.nding of
the deuleroo...<J.euLeron interactioo at close range du to conventional olid sta.te effects.
fn this work w exanrlne the general issue of el tron screerung betw 'cn deuterons in a
m tal deuteride.

creening- and Recent ccelerator Experim nts
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