
III. Proposal for Experimental III. Proposal for Experimental 
Tests of the BEC MechanismTests of the BEC Mechanism

1.
 

Quantum Coherence Requirement for the BEC
2. Size Consideration for Active Spots
3. Role of External Stimulations
4. Possible Schematic Designs for Experimental Setups



1.   Quantum Coherence Requirement for Deuteron 1.   Quantum Coherence Requirement for Deuteron 
BEC BEC –– High Deuteron Density/Loading RequiredHigh Deuteron Density/Loading Required
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373373 0.950.95 2.122.12
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• d = 2.45Ao for n = 6.8 x 1022cm-3 • d = 24.5Ao for n = 6.8 x 1019cm-3

• If the average D+ velocity  is slower in metals, the effective temperature 
of mobile D+’s can be lower than the ambient temperature.



2. Size Consideration for Active Spots2. Size Consideration for Active Spots

• A sufficient number of Bosons is required for BEC:
L and N    for n = 6.8x1022cm-3  (n=N/V = N/L3)

LL N(deuterons)N(deuterons)
25nm25nm 101066

0.250.25μμmm 101099

2.5 2.5 μμmm 10101212

• Quantum coherence may be difficult to achieve
for the entire volume (L3) if L is too large



3. Role of External Stimulations3. Role of External Stimulations

Attain high density/flux of (DAttain high density/flux of (Dnn
++, e, emm

--))
Cool (DCool (Dmm

++, e, enn
--) in atomic clusters, bubbles, or ) in atomic clusters, bubbles, or 

cavitiescavities
Type/modeType/mode
–– AcousticAcoustic
–– Electromagnetic FieldsElectromagnetic Fields

»» Electric Field (electrolysis, charge discharge, etc.)Electric Field (electrolysis, charge discharge, etc.)
»» Magnetic Fields (affect mostly electrons, electron cooling?)Magnetic Fields (affect mostly electrons, electron cooling?)
»» Lasers (affect mostly electrons, electron cooling?)Lasers (affect mostly electrons, electron cooling?)



4. Schematic Designs for 4. Schematic Designs for 
Experimental SetupsExperimental Setups

A.  Vyco Glass, Aerogel, and Carbon AerogelA.  Vyco Glass, Aerogel, and Carbon Aerogel

B.  Designs for Electrolysis ExperimentsB.  Designs for Electrolysis Experiments

C.  Designs for Gas ExperimentsC.  Designs for Gas Experiments



Vycor GlassVycor Glass



AerogelAerogel



AerogelAerogel

Matches on Aerogel 
over a Flame

Aerogel Supporting a Brick



Carbon AerogelCarbon Aerogel 
R.W.Pekela et al. in “ Sol Gel Science and Applications” (PlenumR.W.Pekela et al. in “ Sol Gel Science and Applications” (Plenum, 1994) p. 369, 1994) p. 369



A Schematic Design for Electrolysis ExperimentA Schematic Design for Electrolysis Experiment
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Negative Electrode

Vycor Glass or Aerogel
(to prevent convection currents 
for stabilization and to enhance 
the effect and reproducibility)

Electrolyte
(D2 0 + PdCl2 , etc.)

Very Large Surface Area
to enhance the effect and reproducibility

Cathode (Cathode (--):):
–– Carbon Carbon aerogelaerogel film film 

on Ni mesh/foil, Ni on Ni mesh/foil, Ni 
mesh/foil, or Pd foilmesh/foil, or Pd foil

External External 
electromagnetic electromagnetic 
fields to be applied fields to be applied 
for slowing down for slowing down 
D+’s (cooling)D+’s (cooling)



A Schematic Design for DA Schematic Design for D22 GasGas 
Experiments with Electric FieldExperiments with Electric Field

(+) (–)

+

+
+
+

+
+

+

+
+

+

+
+
+

+
+
+

+

+
+

+

Carbon 
Aerogel

~5 Å

Electrolyte

Carbon 
Aerogel

Mesopore

Negative Electrode

Vycor Glass or Aerogel
(to prevent convection currents 
for stabilization and to enhance 
the effect and reproducibility)

D2 gas at different
temperatures and pressures

Very Large Surface Area
to enhance the effect and reproducibility

DeteriumDeterium--Loaded Loaded 
Negative Plate:Negative Plate:
–– Carbon Carbon aerogelaerogel film on film on 

Ni mesh/foil, Ni Ni mesh/foil, Ni 
mesh/foil, or Pd foilmesh/foil, or Pd foil

Apply external Apply external 
electromagnetic field to electromagnetic field to 
slow down D+’s (cooling)slow down D+’s (cooling)
(alternating currents, etc.)(alternating currents, etc.)



A Schematic Design for DA Schematic Design for D22 Gas ExperimentsGas Experiments

D2 gas at different temperatures and pressures in Vycor 
Glass or Aerogel (to prevent convection currents for 

stabilization and to enhance the effect and reproducibility)

Carbon aerogel with
deuterated Pd

Apply external Apply external 
electric field, electric field, 
magnetic field, or magnetic field, or 
laser to slow laser to slow 
down down deuteriumsdeuteriums
(cooling)(cooling) Coolant (N2 or 4He)



Phase Diagram of Para HydrogenPhase Diagram of Para Hydrogen



Summary: Requirements for Design of Experimental Tests of  Summary: Requirements for Design of Experimental Tests of  
the BEC Mechanismthe BEC Mechanism

Mobile Deuterons: Mobile Deuterons: 
(1)    Non(1)    Non--equilibrium fluctuations may be able to make vacancies or equilibrium fluctuations may be able to make vacancies or 
impurities sufficiently  mobile so as to allow Bose nuclei to moimpurities sufficiently  mobile so as to allow Bose nuclei to move ve 
collectively in localized regions.      collectively in localized regions.      
(2)    Provide mobility by external stimulation.(2)    Provide mobility by external stimulation.
High Deuteron Density and Low Temperature: High Deuteron Density and Low Temperature: 
(3)    Average de Broglie wavelength of  Bose nuclei shoul(3)    Average de Broglie wavelength of  Bose nuclei should be d be 
comparable to or greater than average distance between Bose nuclcomparable to or greater than average distance between Bose nuclei, ei, 
thus providing “Quantum Coherence”. thus providing “Quantum Coherence”. 
(4)    Provide cooling by external stimulation (electron c(4)    Provide cooling by external stimulation (electron cooling ?).  ooling ?).  
(5)    Achieve a high deuteron density by loading and/or p(5)    Achieve a high deuteron density by loading and/or pressure.ressure.
Sufficiently Large Number of Deuterons inSufficiently Large Number of Deuterons in a Stable Ion Trapa Stable Ion Trap: : 
(6)     Maintain a minimum size for ion traps.(6)     Maintain a minimum size for ion traps.
(7)     Maintain an optimal maximum size for ion traps for(7)     Maintain an optimal maximum size for ion traps for stability.stability.
(8)     Use Vycor Glass, Aerogel, and/or Carbon Aerogel (8)     Use Vycor Glass, Aerogel, and/or Carbon Aerogel 

(a)  to control optimam sizes of ion traps, (a)  to control optimam sizes of ion traps, 
(b)  to maintain stability of the system, and (b)  to maintain stability of the system, and 
(c)  to enhance the LENR effects  and reproducibility(c)  to enhance the LENR effects  and reproducibility !!!                              !!!                              



IV. Generalization to Low Energy Nuclear TransmutationIV. Generalization to Low Energy Nuclear Transmutation 
(Kim and (Kim and ZubarevZubarev, ICFF, ICFF--11)11)
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