
,

"

II. NliOVO C'1l\IENTO

NOTE BilE"!

\'OL. 101 A. I\. ;j Mags-rio 198fl

..
t

I

First Steps Toward an nderstanding of .Cold .. Nuclear Fusion,

T. BnES::;ANI

Diparlimrntfl di FisiCl1 Sperilllcntalt dcff'C,IiI'('71}ita • Tt.mlto
lsfitulu ,,'n=lmUllC di Fisi.co Sucll'urc ~ St::.imlf dl TonlUl

E. DEL GIL"DICE

ISfltldfJ Xn:;imla[e dl Fisico Xul"ietlr(' - Sl'::UII/(' d ,11i1mlU

G. PREPARATA

Diparlimc)/tu di Fisica delfCnt!JCrsita - .lJilanu
Isfilulo /I.:o'::;01/(/{(' di Fi:JiC'Q ."':ucloon • Sc::.icmJ' di .1filclIw

Summary. - W~ point Out that the rU'Sl step" in understanding the recent
J'esults repol1.C'd on cold nuclear fusion c~m be made by considering the
imp(ll"tant role that th£' coherent intel'<lctions with the quantized e.m. field
play in cOlldenst::d mattei', Indeed we fu1d natural mechanisms to decrease
the Coulomb I'epulsion and to suppress the usual nucleal'-fusion channels
with respect to I.he t.ransfer uf I.he excess energy directly to the electrons of
the metal.

PACS. 25.70 - Hea\'y panicle induced reactions and !icattering.
PArS. 71.55 - Impulity lInd defect levels.
PACS. 67.00 - Quantum fluids lInd solids: liquid and solid helium.

Since the fir:'l announcement by Flei::;chmann and Pons (I) (hereafter' referr~
to a::: PHP) of an electJ'ochemicaU~' induced nuclc:ar fusion of c1euteriwn. ~e\-eral

other reports ha\'c been given of analogous phenomena in different experimental
condilions(·~).

(') M. FLEISCFL\lANX. M. HA WKIXS .mel S. Poxs: J EledruQ)wl. Chcl1t .. 261. ;)()l (l9~91.

0l So E. JOKES pI al.: Brigham Yuunj! L'ni\'el·~it~· pl'Cprim (989).
(') F. SCARAML'ZZl ct al.: press report.
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t'l l;. PHEI'AI{ATt\: I-·Ii,ll.~. Hc/'. :\. 3S. :!33 (Hl:-;"'l.
,) E, D£Ll;Jt'OJt'E, G. Pm':I'AHAT..\ lind G. "ITIELLO: Ph!/f!. R,.,.. I.A't! .. 61, 10.'"0 1~'''I,

E, DEL l;ll'D1CE a.lld G. PREI'AI:AT·\: I.~ hiflh·T '/'lHrrmld/,('fi,'iI,II a l'i1!JW1'1,(1(/lulln

p!Wllom('1/lJ/1 (, Milan(l pn:'pl'!llt I J!-J~).
n G. l'Rt:I'AH,\TA: IA·dlll"l,.... at f'olgtl/'iu ISF" ~('hfJ(l' cF"bnJa!',\' 1H:-l91. to apP('m'-

It I:' now rather Cll'"ll' thal told lllu,lto<u' fu:-;iun i:-. a J"l!al ph,\'si..:al pl'oc:e::.:-..
Hnw(:'\'el'lh(~ ('\'iclE-I1<:£', ,!!in'l1 :-U far, tan lw dassified in t\\'o di.-:'linct tatpg-fll'ies,
FHf' n.'IK.lI1. ahnut ;til t'1t'clI'olyti(:al Pl'o('clhm' for !;;tClckin,g dl'utl']'ll1m i(Jn~ insidl
palladium plK'lI'(I(Il::-' \\'hith lasl:-:. 1'01' prolong-tot! timl'::' ;lIld jllducl(:~ ;1 l'~h~"ISl' I';

lar!!f' (IUantities oj' heal. iJt:(,lJlll panie-d hy <I \"(-'ry modest rdl'"I::it:' of IlellLrolls (] Ollt
of 10 l:stiml.ltNI ftl!'iun:-:l. OUWI' ,l!I'UUps e·'), on the other hand, sl'{'mingly ha\ {'
n'pOl,tl:'<1 thl;' oh:-'el'\"atioll of t."pical :-igmtls of nuclear fusion, ~ltch <t.'-. IWUU'Olls il
th{' 1't'll'Y<J,nt l'nt>I'~"'Y ranges, in experimenLal comlilion~ which diffc:l' 1""101 tho:'ol
of FBI', Lnth in duration and the nux of dr'uterinm ~tocking and in the mN"I!
llsed <1:- a l':.ttalyzl'l' (titanium instead oj' palladium).

TIlt" gTl'at sllrprise and ('onsequent ;.;(·t;'pticism that IWH' ('n~hrourh"d tht,
n·...;l1lt~ aJ'(· ('asily LUlller:,too<l in term!' of the j)l'e\'iuling- \'it'w~ about hoth
condl'n~ed matter and lIudt-a!' fJhysic~, Ind~('(l. the vel'y fact that a metal tall
inclUl..'l' nudear fu;.;ion on the ab~orb€-d dl:'l1tel'on~ mf<an::; that t'nerg-ie:-- and l'fft'C't~

whi('h wen.' bpJi('\'ed to Iw in 1.11(' ('\' range turll out in l~let UJ he in th(' Mp\' nUl!!"
(or. put differently, tl1l' dist"Ull'e~ ilwol\'ed are fm in~Ll!ad of A). Furthermore tht·
larg(> allwunt of heat produced. without an)' lal'.I!e flux of neutrons 01' "-I"ay~ of a
few )'Ie\', ~e-em.s to indicate that the fusion proces:' in the FHP st:t~up rnu;.;t t"lkt,
place in W~l,\'~ hut ha\'e neye!' bren obsel'vt'd in 1'(IC!W.

Il i~ th€' ptwpo",e of thi::; paper to pJ'o\icle a fcw hint;.; that might lead tlJ <l

theoretical tU1der~tanding-of thl-" fascinating phenomena that han:' been reve"ued
in the last fE'w \\'eek::;.

The pl'oblem!" that the !rene-rally acteptt'd \'iew::; on condensed matte]' anrl
nudeal' phY8ics encounter in making sense of cold nuclear fu~ioll are t \\'ofold:

il why and how can th~ lattice of metal.:' such as Pd and 1'i ~catalyze' a
nuclear-fusion procel'~;

ii I why and huw the fu~ion process. under certain condition:-o. lakf's ph-IN'
diflerently than in /'OCIIO. i,e without the production of neutl'on~.

It i~ our "i!:'\\ thai one cannot oveJ'{'ome thi::, dilemma without a major shift in
QUI' perteption of the fundam('nt.al wa:n; in which condensed 1l1"ltter organizt·,.
itself, while, of l'our~~, keeping the fundamental laws or (·Iectromagnpti:"m "md
quant um me~hanics, that haye been ('oIToborated in a count1e~:-. number of
Obgernltions,

Thi!-' is just the baRi~ of a reRcan::h program th"l1 has bel'll initiated a coupl€' 'Ir
.n~ar:- aged''') which aim:- to d{'~('rib€', b.., th~ methodg of quantum field th€'nry

T. BF:.E~~A:'\J. E, lIEI. <.i)l"l)l('l:.: and G. PI:J;:PA!:A1 ...~ Hi
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((~FTI. CUndell:'l'<1 mattl"'1" in collfdin interaClion~ thl"flUg'h th£' quantizHl

deenomaJ!lwlit fidel ( ).
ThE' ba"jc flh~(,l'\'ation i~ that tilt.' ch..lrg-ed particlt:::- ('xi::'ling- in a latticE'

(elt'<'tron~. ab~orix'd hydrog'«:-I1. etc.l tan tx- lookt>fl at a.... ('ompl'ising a pla~ma
verflwming o:,cillalioll:-:' around tht·ir cla....;:-:ical equilibrium !)(,;:;ition:-; with lhl;'

typical pla:-:;ma fn'quene.\' (wp shall ~N I, =- {' = 11

when' (' is their charge. III thrir ma~!' and .".,,; their (\e\l~it.\'. QuanLUm
meclulI1ically Olll' can ~ho\\' thal the das~iclll equilihrium Nmliguratioll b
unstable when the' coupling to thp quantized ek'cLromalll1etit tielt! is brought into
the picture. A::. a result thE" charged particle:- of the s..une kind will perforlll
("o1tUfllt (I~(.illation!' with frN)Ul::Ill'y and amplitudE' that depend on the

appropriatE' parameters. (t.).
Let u::: luok, in pa.rticular, tu the- Z E.'lcctrons that o:::cillau' c.:oherently around

thE' metal nuclei ( , ),
Callin!! d. the minimum distance betw~en tW(I nuclei of tht' lattice. their

plasm'l fl'equenc~' I~

III

(' (1 )0,(,)", = -,-, -I Z
me· (f

and the dispersion of the plasma o~ci1lat.ion is than given by

(3)
6,7 ·10 '

?= ? 12= \4 em.
(_rII, N,.~) Z

It should now be clt'ar how these o~(:illations. can exhibit a catalytiC' propel'lY·
The _cloud, of Z electrons in a ball of radius ~ investing two deUlerons distort

their Coulomb potential \'r (r) = ~ T a::-

(~ I \"Irl~=-[J - Z -"-1" ,) ~- -

(.) Th~ fir,;t application IIf thil:' prog'l'atn ttl free ~lectrc)ll l<bt.'r. \\,at(;'r. and to hig-h T
;;:uper(:ondu(:to~ (0') appeal":' flO\\ extr(·tnt'ly promi~ill~.
( ) lncid£'ntally Lht' plectric dipoles j!('IH:r<lled by ~uch cuhE.'rcnt motitlll should hUH' a
major r()!p ill the tllh£'~ion of thl' cry:'t<ll. a~ they lead to nct attracti(ll15' with :1 lor" lav.
in,.tt:'ad of tlw typical 1 '1·" bchayiour (If Lond(lIH:--'pe fon·C':- .

...- - . ------
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and the:- classical tuming point i~ then given by

(5) .) )'
R, ~ 'l.ii .

It i!' now a trivial excerci:;;(' to eompme the barrier penetration factor D between
Rami T." (r:.; = afm) when the nuclear attraction overcomes the Coulomb
repulsion. One obtains (u. is tht, reduced mass)

Putting no\\' the appropriatf' Z. 46 and ?? for Pd and 11 respectively for dd. one
computes DI'd-10411 and DT,-lO-41'. which must be compared v..ith D<1..-10-94
that one compute:; fol' the d;! molecule (Z =2). However. due to the crudene~" of
our calculation we should not be sUI'prise<! if our estimate of the arb'1Jrnenl in the
exponent is in en'or of a few pen:ent. Once the barrier gets penetrated (\\ith
probability D) the system will undergo a fusion process. Will fusion proceed as it
does i1/ VClC1.W? The ;:Illswer must be no for the following reasons. Once the
deuterons reach equilibrium in the lattice they will also be subject to collective
plasma oscillation~ with frequency

(7)

where.r is the number of deuterons per metal atom. The domain in which the
deuterons \\ill oscillat.e coherently has the linear size i.dp = 2:-: 'Wdp =
= 9 .10-4/ l'2 cm. Inside the coherence domain the deuterons will act. collectively
and are described by a single quantum-mechanical wave function (the classical
limit of the <wave field. (")).

The transition between the excited state 4He" (the compowld nucleus of the
fusing deuteron!') and the ground state ~He ii!- the source of an oscillating electric:
field

E 2e [. l(N) rD,·=~l'exp -lwl T 2 -.

where In = 24 MeV is the energy difference between ~He* and ~HE'. and t" is it

typical value of the velocity of the deuterons inside ~ He. vi = 0.1. The important
aspect of E (eq. (8» is its independence from the space coordinate. \\;thin. of
cour~e. the coherence domain. within which all the plasma electrons are acted
uwn coherentl\'. A !'imulf' c:alt'ulatioll ~hnwe;; t h::l.t 1hp nPI'!ln-h:H i\'P fl'}ln.::.itlfln
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field (eq. (~») j;:. given hy

I~JI
A( sin {r",f2l I
,-' fJ- .,

(v-'~

wher£' S~ = Z(.<\'" ')(/.,,) = Z.r -. a. 7 . 101
:1 i~ thE' ~5upenadiant factor due to the

coherent dectJ'omagnelic interaction insidf;' the' coherencE' domain. We can no\\
estimatf' the C,I11. transitic}]l rate:

(10)

which must be compared \\ith tht' nuclear rilte r'tO. (Ii, = j MeV)

(Ill r~ = r.:. Dr,,=r- D' Hr: ;:.-1.'. .

We call now determine the specific power ,'eleased in dd fusion from

(12) w =- r c" (N\ = 3· JO'lh (D W/cm:1 •
~_m \'1 .

We end this paper with a brief discussion of some of the experimental findings in
the light of the present theoretical conclusions:

i) A comp3J;son between eqs. (l0) and (I]) shows that the suppression
factor of the nuclear cbaJUlels is C(= 1) about nine orders of magnitudes. This is
in agreement with the findings of FHP.

ii) The mentioned suppression factO)' cannot apply when the stocking of
deuterons is Ilot in equilibrium. III this case the fusion must go through the
nuclear channels. Thi~ might account for the obse.nations in ref. (~ .. ).

iii) A('cording to eq, (6) the fusion rate in Ti should be :;uppre~~ed. with
respect to Pel. by about 10 thus. 3t-('owtting for the very small heat rate reponed
in ref. e·~).

i\") According to cq, (6) the reaction pc!---------'" He + 5.4 MeV should be
enhanced with respect La dd - He + 23.~ Me," si:'\ orders of magnitude, heing the
relevant reduced ma.c,;s a facwr 2/3 smaller.

Intere::-ting discussions with R. A. Ricci are !,JT"<l.tefully acknowtedb'"CtL \\'1:'
~hould a]!'o like to thank Drs. E. Campochiaro ilnd A. Kicoletti 101' th<:-ir
e)ICOUra~emenL.


