
PhysicsLettersAl8O(1993)25—32 PHYSICSLETTERS A
North-Holland

Preliminaryobservationson
possibleimplicationsof new Bohr orbits
(resultingfrom electromagneticspin—spin
andspin—orbit coupling)
in “cold” quantummechanicalfusion processes
appearingin strong“plasmafocus”
and“capillary fusion” experiments

R. Antanasijeviè,I. Lakiceviè, Z. Marie, D. ZeviC, A. ZariC
InstituteofPhysics,Maksima-Gorlog118, Zemun,11080,Belgrade,Yugoslavia

and

J.P.Vigier
CNRS/UPMC,URA 769, GravitationetCosmologieRelativistes,
Tour22-12, 4èmeétage,Boite142. 4 PlaceJussieu,75005Paris, France

Received28 April 1993; acceptedfor publication10 May 1993
Communicatedby V.M. Agranovich

Thetheoreticalinterpretationof recentlyobserved“excessheat” (i.e. break-even)in low intensityelectrolyticanddischarge
experiments(with bothdeuteriumandhydrogen)asresultingfrom a new typeof non-nuclearquantumphenomena(i.e. spin—
spinandspin—orbit couplingsaddedto theusualCoulombpotential in speciallystructureddensemedia)leadstotheprediction
that “fusion ashes”of deuterium(or deuteriumcompoundsnow in vanishingly small quantities)will grow with thecurrent
intensityinput, thusincreasingtheexcessenergyoutput.Totest thispredictiononecanstudythedynamicoffusion reactionsin
simplecapacitorbankdischargesintodeuteratedmedia,both in plasmafocus(PF) andcapillaryfusion (CF) typeexperiments.

1. Introduction numberof controlexperimentsfailed to reportany
generallyacceptablesignificant results.Somesam-

Thediscoveryin 1989 by FleischmannandPons plesworked,somenot; andno explanationfor this
that low intensity electrolytic set-upsusing palla- differencehasbeengiven to this day.
diumcathodesgeneratedexcessenergywhich could — Theclaim suggestedby theauthors(andwidely
not be explainedby usual chemical reactions,has developedby the media) that the excessheatwas
generateda scientific andmediacommotion,which somehowrelatedto “cold” nuclearfusion processes
subsequentlyreceded,forevidenttheoreticalandex- wasalso not acceptablefor both experimentaland
perimentalreasons,andnow presentlyreboundsafter theoretical reasons.In the first place, all the ob-
the 1992 NagoyaConferenceon cold fusion, served“fusion ashes”correspondingto known nu-

The reasonsfor the first wave of desillusionare clear fusion reactionsweremany ordersof magni-
clear: tude (if, andwhen, detected)too small to explain

— The processwas not reproducibleon all palla- quantitativelytheexcessheat(FleischmannandPons
dium samples;so that an apparentlyunacceptable shouldhavebeendeadif presentlyknown nuclear
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fusion processeswere responsiblefor their calori- sumptionswhich can/shouldbe testedexperimen-
metricresults~‘) andnoalternativesatisfyingmodel tally:
of possiblefusion mechanismwas proposedat that (1) The overwhelmingpart of theexcessheatob-
time52 servedat low energiesdoesnot result from fusion

Resultspresentedat, andposteriorto, theNagoya reactions,but from the interventionof new (hith-
Conferencehavemodifiedthe situation. erto neglected)ion—electron, spin—spin and spin—

(a) Low energy input experimentshave con- orbit couplingswhich appearin specialconditionsin
firmedthe excessheat (break-even)announcedby densemedia (suchas palladium, titanium, nickel,
Fleischmannand Pons (see,e.g., refs. [2,3]). It etc. [5]).
seemsthat thecorrespondingenergeticreactionslast (2) If oneacceptsthe ideathat theobserved“nu-
for sometime, are associatedwith bursts,andgrow clear fusion ashes”result from the tunnelingof as-
with the intensity input. sociatedionsthroughthe Coulombrepulsivepoten-

(b) Electrolytic anddischargeexperimentshave tial barrier, this can betrivially explainedusingthe
Coulomb potential (alongthe lines of the cold fu-(with deuteriumandheavywater) also confirmed

the presenceof “nuclearashes” (neutrons,tritium, sion processesobservedwith muonic atoms)by an
helium 3 and 4) but alwaysin insufficient number increased“effective” electron mass: since heavier
to explain the energybalance.The numberof such (with respectto electrons)“effective” massesyield

new Bohr orbits with smallerradii, which facilitate
fusion asheshasbeenobservedto increasewith the
growth of the energy input, quantumtunneling. Alternatively the introductionof a supplementaryspin—spinandspin—orbit attrac-

(c) Experimentshavebeenpresentedwhich show
tive potential (betweenoppositecharges)to thethatexcessenergyis also associatedwith light water Coulombpotentialfacilitatestunnelling, sinceit also

andhydrogenin electrolysisandglow discharge.If implies new Bohr orbits with smaller radii. Since
confirmedthis is a crucial point, sinceit showsthat known Bohr orbits associatedwith ordinarychem-
the excessheatobservedhasa different origin from ical reactionsonly yield 2 to 3 eV per reactionper
fusion processeswhich are only marginal at low atom (comparedwith MV for nuclearreactions)one
energies. needsvery tight electron orbits (with orbital ener-

Theaim of the presentpaperis to presentset-ups gies of 50 kV to explain the observedfacts).
andpreliminary results (devisedto test a possible (3) Oneis thusled to add to the Coulombforces
new interpretationof thesethreesetsof facts) pre- new spin—spinandspin—orbitforces,dueto a strong
sentedby one of us (J.P.V.)at the NagoyaConfer- (average)magneticfield generatedby themediaun-
ence [4]. dercertainspecific conditions,suchas the splitting

Qualitativelythis interpretationrestson threeas- (beadformation)of currentsin capillarystructures
[6] underthe actionof Ampereforces.

Thesenewforces,which resultfromtheknown in-
~ As statedby Rabinowitz[1]: “If theenergyoutput claimed teractionof the correspondingantiparallelproton—

calorimetrically is at onelevel, theenergyequivalentfor the
tritium measurementsis five ordersof magnitudelower. The electronmagneticmoments,havebeenknownfor a
energyequivalentfor theneutronmeasurementsis some7 to longtime (Born—Pauli,Barut,etc.,butgenerallyne-
8 ordersof magnitudedownfrom that. That is about13 or- glected)andyield plausiblequantitativepredictions
dersof magnitudelowerthanthecalorimetricenergylevel.” [4]: they include, of course,the appearanceof soft
Nopresentlyknownfusionreactioncanexplaintheexcessen-
ergyrecentlyobserved. X-raysinall suchreactions(includingthosewith hy-

*2 The only knownlow-energyalternative“cold” fusion mecha- drogenandordinarylight water [51).The newtight
nisms for deuteriumions (establishedby Jones)basedon Bohr orbits (assumedby us) generatea new exotic
quantumtunnellinggeneratedby muonsmovingon thesmaller quantumchemistry tied to the existenceof tightly
Bohr orbits, resultingfrom their mass,wasout; and theion boundatoms.Since theyalso helpthe atomic nuclei
velocity (i.e. thetemperature)was muchtoo weak to over-

to tunnel throughthe barrier, we explain bothheat
come theCoulombrepulsivebarrier. No form of quantum
mechanicalbehaviourcould apparentlyexplaintheclaimed anda small amountof nuclearproducts.
experimentaldata. The observedappearanceof “fusion ashes”,when
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using deuteriumandheavywater,canthus also be 2. Experimentalmethod
relatedwith the structureof the metalsutilized. In-
deed,if oneassumesthat theycontaincapillary-type 2.1. Plasmafocuschamber
structuresin which ionizationcurrentsarebrokenby
the longitudinal forcespredictedby Ampere [7], it Theplasmafocuschamberis of the Mathertype
hasbeenobserved[4,5] that neutronsappearwhen andconsistsoftwo brasscoaxialelectrodes(theouter
the current splits into a string of beads,and are electrodeconsistsof 18 cylindrically positionedbrass
ejectedlongitudinally:both propertiescould be ex- roads:fig. I) separatedby a glassinsulatorsleeveat
plainedby the orientationof the magneticfield [41; oneend,wherethe breakdownof a gasdischargeat
excessenergywould bemaximizedif oneonly con- aninitial densityof aboutl0’~cm—3 takesplace.This
servesthe first bump (figs. 7—9). In otherterms,if chamberhasbeendesignedfor currentsup to 1 MA
thismodelis correct,oneshoulddistinguishtwo 1ev- and l0’° neutrons/pulse.Developmentand accel-
els in experimentsandfuture exploitation: erationof the plasmafocuscurrentsheathhavebeen

(a) At low energyinput, onestudiesin fact the measuredby meansof the fiberoptic cablesthatare
nature(andfallouts) of thenewexotictypeof quan-
tum chemistryrelatedwith thespin—spinandspin—
orbit forces (i.e. work towardsa new type of quan-
turn accumulators).In that situation you are not ______

thanyou put in) but put it in slowly andget it out ~
convertingmassto energy (i.e. obtain moreenergy ________

fast.
15

(b) At higherenergyinput, oneaddsto thisbasic
quantumchemical energy real fusion energy,since
tunnelling is increasinglyfavored by higher input
pulsesdischargedin the plasma:both in plasmafo- -

cus (PF) and capillary fusion (CF) experiments.
(This couldyield real fusion reactors.) . -

This summaryexplainsthe natureof our set-ups,
evidently tied to the problems(or questions)that
we haveattemptedto explore in theseexperiments.
We shall now successivelydiscussthe experimental
methodandpreliminaryresults.

The PF and CF experimentalfacilities are com- p
plernentaryto the experimentalfacilities for fusion 10

plasmaconfinementand give possibilitiesto study
processesimportant for controlled thermonuclear _______

fusion.At thesametime, productionof hardandsoft 11

X-ray radiation,very intenseneutronbeamsandvery ~
intensechargeparticlebeamsis studied.

We only presentherepreliminaryexperimentalre- LJ”~’~@~
sults on neutronburstsin denseplasmasobtained — 13

from dischargesin deuteratedmedia.Theselection
Fig. 1. Schematicsectionalview oftheplasmafocusdevice.(1)was made considering the different nature and Innerelectrode;(2) outerelectrode;(3) interelectrodegap;(4)

mechanismsof realizedfusion reactions. breechwall; (5), (6) muzzleends;(7) insulatorsleeve; (8) field

Theproductionof the neutronburstin denseplas- distortionelement;(9) cylindricalbrassknife edge; (10), (11)
masobtainedfrom dischargesin deuteratedmedia breechbrassplates;(12) insulatorlayer, (13) switch; (14) power

is also presented, supply;(15) opticalwindow flanges; (16) pressurecontrol; (17)
vacuumpumpflange; (18) CR-39orCA 80-15with Al pinhole
(diameter1 mm); (19) opticcables,proportion:1: 3.
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“looking” at certainspotsinsidethechamber.Cor- 2.2. “Capillary fusion” chamber
respondingwindowsare intendedfor the laserscat-
tering measurements.Electric circuit parameters The CF chamberis a modified version of the
(chargingvoltage,capacitanceandexternalinduct- Uppsalaapparatusand a schematicview of it is
ance), electrodegeometricaldimensions,and gas shown in fig. 2.
filling, are chosenin such a way that the radial The chamberconstructionensuresthat the pres-
compressionstartsnearthe currentmaximum. For sureof nitrogengasinsidethechambercouldbe 15
investigationsof a possibleinfluence of different atm. Nitrogen gas is used to preventsliding dis-
materialson plasmaproperties,the inner electrode chargesalong the capillaries surfaces.The dimen-
is designedin sucha waythat we canputon the top sionsof glasscapillaryare /=22 mm andd= 1 mm.
differentmaterials(for examplePd foil) in orderto For “capillary fusion” experiments,the materials
study a channelof the D thermonuclearreaction used are deuteratedcompounds (LiOD, 2D20,
D~—~

3T+p using~3-autoradiography. K
4Fe(CN)63D20,deuteratedPd powderand Pd

Thedimensionsof our plasmafdcuschamberare wire).
chosenfor its optimizedoperationat an energy up
to 40 kJ and a potentialup to 40 kV. The working 2.3. Capacitorbank
gas in thePF chamberwasD with pressurebetween
1 and 10 mbar. Forproducinga currentup to MA and~.Lselectric

discharges,a low inductancecapacitorbank (c=45

9

IL4 __ __it

Fig. 2. Schematicsectionalview of thecapillaryfusion device.(1) Capillary; (2), (3) capillarysupport; (4) quartzwindow; (5) elec-
trode; (6) insulatorG- 10; (7) insulator; (8) brassplate;(9) gasinlet; (10) safetyvalve; (11) chamber;(12) stainlesssteelplate.
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j.tF, L=62 nH, R= 15 m~,Vm~=40kV, Em~36
kJ) with triggeredsparkgapas a switchingdevice is
usedasan energysourcewith a powertransmission
line between the power supply and two coaxial

2.4. Data acquisitionsystemandneutron -
measurement .~ -2

At this stageof the experimentdevelopment,the
main part of the dataacquisitionsystemis a digital
storageoscilloscopeTektronix 2440 (500 Msam-
ples/s). It allows all voltage andcurrent measure-
ments.Thisisthe mostconvenientandaccurateway
of takingdatafrom a neutrondetector.A datatrans-
fer from the oscilloscopeto the personalcomputeris
completed,so all data are availablefor numerical -~ ‘~‘‘ 20 30 40

analysis. rime [ps]

The voltage measurementsare taken with high
voltageprobes.A Rogowskicoil betweenthepower Fig.4. Neutronflux measurementwith NE323. V= 16kV,P=4.5

Torr, V,,,=4cm4ts,Y~=l0n/pulse.transmissionplatesmonitorsvariationswith time of
the electrodecurrent.

Becauseof the sensitivityof our nuclearelectronic
equipmentto electromagneticinterferences(EM!)
generatedby the dischargeof the capacitorbankin
the PF and CF chamber,signals from the photo-
multiplier tubesare mixed andrecordedon the os-

a

200

100 ~.:~

-1,0 I I I
0 10 20 30 40

Time [pa]

Fig. 5. Neutronflux measurementwith NE213. V= 16 kV, P= 4.5
Torr, Y~=l0~n/pulse.

-100

cilloscope,which isexcellentlyprotectedagainstEM!.

0 ‘‘‘‘~‘‘‘ 20 The shapesof the signalsare easyto analyze.The
Time possibleerrorsdueto EM! on the amplifierdiscrim-

Fig.3. PFcurrentandphotodiodesignals (8and11 cm signals). inator andcountingcircuitry areavoided.
V 9.2kV, P

0= 1.3 mbar, I”,,, = 2 cm/~ss. Fora neutronflux measurement,we haveselected
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Fig. 6. Our resultson internationalscale. (1) Bucharest;(2) 50 n S Time
Darmstadt;(3) Düsseldorf;(4) El Sequndo;(5) Frascati;(6)
Hoboken;(7) Jülich; (8) Langley; (9) Livermore;(10) Limeil; Fig. 9. Currentprofile in deuteratedPdwire.
(11) LosAlamos; ( 12) Moscow; ( 13) Osaka;( 14) Sandia;( 15
Stuttgart;(16) Sukhurni; (17) Tokio; (18) Urbana;(19) War- It is very importantin thecaseof thePF andCF ex-
saw;(20) Zemun.

periments— sincea dischargeproducesEM! — that
theseEMI canbe avoidedby a few l.ts delayof the
startof the neutroncounting.

A pin hole camerahasbeenused for determina-
CAPILLARY BREAK

tion of positive particle fluxes emitted from the
plasmafocus (Pd, 3He).

~ 270

3. Results and discussion50’

100 ns Time Until now, we haveperformedmeasurementsin

Fig. 7. Currentprofile in K.
4Fe(CN )6 3D20. the caseof PFof thefollowing values: (1) capacitor

bankvoltage; (2) pinch current; (3) neutronyield;
a largevolume (600 2) liquid scintillation detector (4) fluencesandenergiesof positive ions emitted in
with a gadolinium (NE323)loadedscintillator. theenergyrange1—20 kJ,aswell astheir angulardis-

For the time andangulardistribution of emitted tribution andtheaxial velocity of thecurrentsheath
neutrons were used the NZ213 (proton recoil propagation.
method)basedliquid scintillatordetector,because The neutronyield was measuredby usinga large
of its excellenttime responsecharacteristics, liquid scintillator(NE232)tanksurroundedwith 12

Our detectionsystemis able to detect2.45 MV photornultiplierswhich wasplacedat a distanceof
neutronsemittedsimultaneouslyin abroadtimein- 8 m from the PF andCF chamber.For highfluxes
terval (about40 p.s) withan efficiencyof about80%. (>106 neutrons/pulse)the integralflux of neutrons
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wasmeasuredby a detector.Thetresholdof the large performedat GSI [10]. Indeed the K-matrix for
detectoris 1 0~neutrons/pulse.Typical resultsfor PF electron—positronscatteringevaluatedin the 0~
are shown in figs. 4 and5. channel (for threeequationsderived from QED)

For the measurementof the positiveparticle flu- yields verynarrow resonanceat massvalues1.351,
ences,apinholecamera(withCR-39andCA85-15 1.498, 1.659, 1.830, 2.099and 2.195 MeY. Direct
Kodak film) wasplacedat the optical window po- eke— (Bhabha) scatteringexperiments[9] have
sition.Themaximumyield of positiveparticlefluxes shown resonanceswith masses1.702, 1.684, 1.832
wasobtainedin the casewhenthe pin hole camera and 1.662MeV. A morerecentexperiment[9] has
wasplacedat thepositionnormaltothePFaxeswhen alsoshown a peakat 1.51±0.02 MeV closeto 1.498
theneutronyield was maximalin thesamedischarge. MeV. All experimentsagreeon the strongestpeakat

The comparisonof our resultswith dataof other -~ 1.83 MeV andon a secondarypeakat 1.65 MeV.
laboratoriesis shown in fig. 6. Despite the evidently encouragingevidence of

Measurementsof thecurrenttimedevelopmentin break-evenin present-dayexperimentsa considera-
CF with different deuteratedcompoundshow two ble amountof work is necessaryto understandthe
currentpeakssimilarto thepublishedresults [1,4,5]. realphysicalnatureof the newhydrogenenergyand
Typical results for the deuteratedcompoundand to developthecorrespondingtechnology.We arestill
deuteratedPd are shown in figs. 7—9. discussingon a semi-heuristiclevel but

The neutronyield in theseexperimentswassmaller (a) on the theoretical level one has still no gen-
than l0~neutrons/pulse. erallyacceptedmodel of theorigin of theexcessheat

As we werefinishingthe preparationofthis Letter observedin low intensityelectrolytic andglow dis-
for publicationone of the authors(J.P.V.) was in- chargeexperiments.In our opinion thedetectionof
formedby ProfessorHagelsteinof MIT of theresults a soft X-ray spectrumwould stronglyenhancethe
by Spenceand Vary on the existenceof electron— validity of our “exotic” quantum chemistry
proton [8] andelectron—positron[9] resonancesat interpretation.
low energyfrom a relativistic two-body wave equa- (b) on theexperimentalleveloneshouldpassfrom
tion. Theyareevidently relatedwith theassumption a low energyto a highenergyinput. To thateffectthe
of this Letter sincein the former casethe K-matrix our further investigationswill be directedtowards
for electron—protoonscatteringcanbe evaluatedin detailedstudiesofvoltage,energyrelationships,con-
the0~channelfrom0.5 to 50eVusinga relativistic ductivity, the input currentintensitydependenceof
waveequationderivedfrom QEDbutdifferent from the neutron yields, and the lowering tresholdsin
theapproximateequationsuggestedby oneofus [4]. neutrondetection.
Theyfind verynarrowresonancesatE~0.748, 1.347,
2.095,3.032and4.707eV. Sincetheseareshortrange
phenomenatheseresonancesmay provide a super Acknowledgement
screeningmechanismfor fusion reactions:somewhat
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