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Introduction:

Very intriguing results have been presented the last few years by a Japanese team (Iwamura et alt.) A detail description of these experimental findings can be found in [1] and [2]. An extraordinary kind of transmutation is claimed, with following characteristics: no neutrons and no radiations are observed, despite the high rate of the nuclear reaction (some 108 Bq).

The reaction seems to occur between a nucleus
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 and an even number of deuterium atoms (4 in the most spectacular of the cases), yielding nuclides of the type
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. A patent has been filed [2], with the objective of providing a means to transmute radioactive nuclides (nuclear wastes reclamation) and/or to transmute common elements into rarer ones.        

The object of this paper is to assess the reality of such a nuclear reaction and to examine whether an other interpretation is possible, provided the experimental results are reliable.

This analysis could point to a strategy different from what is currently proposed. 

Expected nuclear signatures of the transmutation reaction :

The most spectacular suspected reaction, implies a nucleus of 
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The excess energy of 50.5 MeV has not been measured and is inferred from the mass deficit of (1). The process described in details in [1] and [2] is claimed to have transmuted 0.8*1014 Cs nuclei into Pr nuclei in 120 hours. If this claim is true, the Pr nuclei formed are in a very highly excited state and have to dispose of 50.5 MeV to reach a stable state. Excited Pr* produced by the reaction should thus form a highly energetic and intense (some 1.8*108 Bq) radioactive source, which would have deposited 691 J in 120h [1]. The lethal dose for radiations is 0.05 gray (J/kg). Should a human being, weighing 50 kg and working close to the experimental device, have been submitted to only 10% of the radiations emitted by this hypothetical source, he would  have received this lethal dose in some 250 minutes (4 hours and 10 minutes). Happily for the experimenters, the total absence of nuclear signature (no gamma photons and no neutrons as observed in the experiment) rules out with no doubt the occurrence of a nuclear reaction. The reasons for this are now discussed.  

The direct de-excitation of Pr to the lattice is ruled out by all what is known of the Mossbauer effect. The Mossbauer effect occurs when a sizeable collection of radioactive nuclei, decaying by 
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photon emission (
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 for instance), form a crystal lattice. In that case, when one nucleus emits a photon, the recoil energy of this nucleus is transferred to the lattice in a coherent way, through phonons. Quantum mechanics shows that this transfer occurs through zero or more phonons. The sizeable collection of radioactive nuclides thus emits a series of gamma photons (with energies equal to the energy of the transition minus the energies of the phonons), resulting in a 
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photon spectrum with several peaks. The interesting thing is that the transitions with more than zero phonon form a broad peak (related to the phonons energy: 10-1 eV), whereas the zero phonon peak is very thin (related to the uncertainty on the excited nuclear level, typically lower than 10-7 eV) and has exactly the energy of the transition. Thus resonant emission/absorption of 
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 photons can be achieved with convenient sources of the same isotope. This effect is used in Mossbauer spectroscopy (with some secondary complications like Doppler effect). But the essence of the Mossbauer effect is that the recoil energy of the decaying nucleus (and the recoil energy only, not at all the total energy of the transition) is transferred in a coherent way to the lattice. This effect is limited to low energy 
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 photons and is not observed above photon energy of 160 keV (above this value, the recoil energy is too high to be disposed of in a reversible way like phonons and irreversible modifications of the lattice occur).

Pr* can thus only decay through two routes: either level transition(s) with the emission of one or several
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photons or fission of the excited nuclei with, of course, neutrons emission and signatures of the excited and/or radio-active fission fragments [13, and recent discussions with the author]

 The 
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photon emissions should follow a pattern in line with what is known from the excited levels of Pr*. These levels can be found in [3]. The highest-level known is at 8.883 MeV above ground state. A possible level at 50.5 MeV above ground state is still unknown. If this level does not exist, the de-excitation of Pr* would proceed through fission. 

Anyhow, each of these two channels should have following characteristics:
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- De-excitation through 
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photon emission: what can be expected is either one transition from the hypothetical 50.5 MeV excited state to ground state, with the emission of a 50.5 MeV 
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 photon, or a cascade through various levels with the emission of several 
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 photons of various energies (< 50.5 MeV). Could that have been observed with the small germanium crystal used by the Iwamura team? The answer is definitely yes.  The type of interaction of 
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 photons with matter depends on the energy Eg of the photon. It is mainly photoelectric emission for low Eg, Compton diffusion for Eg up to a few MeV (18 for Al and 5 for Pb) and pair creation for Eg higher. The intensity of the absorption coefficient 
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is comparable for all materials: see figure 75 as an example for lead, (taken from [4]). In the case of a 50.5 MeV photon, the main type of interaction would have been pair creation, resulting, on a small germanium crystal in a huge peak at 511 keV (annihilation

-De-excitation through fission:  the main characteristic of fission is the emission of neutrons. As an example, in the case of fission into Zn and Cu, one of the possible channels could be:


[image: image17.wmf]14163701

5929300

Pr*8  Q = 50,5-16,35 = 34.15 MeV

CuZnn

®++

    (2)

the Q value of  (2) being calculated when supposing 
[image: image18.wmf]63

29

Cu

 and 
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 in their ground states.

Q would be 0, either if the neutrons have a mean energy of 4,3 MeV and the Cu and Zn formed are in their ground states or if the neutrons have a mean energy of 0 and the Cu and Zn are in excited states or any combination of both situations. Of course many other fission channels are possible either yielding other isotopes of Cu and Zn, or other nuclei with a total number of protons of 59. The general characteristics of these channels are:

- a neutron source of some 5*108 Bq is formed that would have been even more lethal than the hypothetical gamma
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 source.

- most of the fission products are either radioactive or stable but in an excited state and form a radioactive source of some 3*108 Bq that would have be seen with the germanium crystal used (see above).    

The conclusion is that none of the expected nuclear signatures have been observed (although the hypothetical source is very energetic and of very high intensity). The proposed nuclear reaction (1) is thus not explaining the experimental results observed.

The theoretical approaches :

The great difficulty of claiming nuclear reactions at very low energies (room temperature) and with no radiation emission (no 
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gammas, no neutrons, no radioactive products formed) have prompted the emergence of a number of theoretical models aiming at giving explanations to those findings. 

The first of these justifications was proposed by Fleischmann and Pons [5] to explain what they claimed to be “cold fusion of deuterium”: collective effects between deuterons were proposed to justify the acceleration of deuterons, trapped in a sufficiently loaded palladium lattice, that could thus acquire sufficient energy to overcome the coulomb barrier and undergo fusion reactions. Similar approach was proposed by G. Preparata [6]. Initially, the usual channels of deuterium fusion were looked for: tritium, neutrons, 
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gammas. The absence of these signatures (except 
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with no 
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gamma and close to detection limits), was tentatively explained by a preferred and selective 
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 channel for fusion at room temperature. A last problem then arose: the absence of the corresponding high-energy 
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 photon (24 MeV). Another imagination effort explained that by a direct transfer of this huge quantum, directly to the lattice by phonons. Unfortunately and despite very respectable and elaborated calculations, this explanation is ruled out by all what is experimentally known of the Mossbauer effect (see above). So this class of theoretical explanation clearly looks inadequate.      

Another class of explanations were proposed : the formation of electrically neutral species (from deuterons and electrons in the lattice) that could subsequently trigger nuclear reactions. 

-The first approach was proposed by Russel [7]: a virtual di-neutron was claimed, with life time of 10-17 s, sufficient for a subsequent nuclear reaction to occur. A non zero mass of the neutrino and a non classical quantum mechanical treatment were claimed to explain this very long life time, which is indeed much greater than would be allowed by Eisenberg uncertainty relations: the di-neutron being formed from an electron and a deuteron through an endothermal reaction, the life-time should not exceed some 10-22 s. This was stated in [8].

- Another similar approach was proposed: the EINR model (Electron Induced nuclear reactions) [9], which violates the laws of energy conservation. Moreover, the reaction mechanisms proposed implies many body nuclear reactions, which is very highly improbable.

- Yet another approach of this type was proposed by Spence and Vary [10]. A quantum electro-dynamic calculation tends to justify the occurrence of a resonance between a proton (deuteron) and an electron, with small size (tens of fm) and lifetime in the order of seconds. This resonance was proposed by Dufour [11], to explain various nuclear reactions. The resonance (called Hydrex) occurred at energies available in the lattice (5 to 7 eV), under the influence of a strong (at fm distances) attractive potential: the proton/electron spins interaction. Unfortunately, this working hypothesis was not confirmed by the experimental data gathered. Interviews with J. Dupont-Roc [12] also led to the conclusion that the formation of such a resonance, although possible due to the strong attractive potential, was in fact very highly improbable. Discussions with one of the best french specialist in QED, led to the same conclusion. Moreover, Spence and Vary did not carry on in that direction.  

- Finally, A. Takahashi [13], proposed a very complicated and highly questionable condensation mechanism of 4 deuterons and 2 electrons Cooper pairs, yielding ultimately a transient Bose condensate (TBC), formed of 4 deuterium atoms reduced to fm size, that could interact with a nucleus. The TBC reacting with a nucleus is proposed to explain reaction (1), where TBC (
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to yield 
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. This concept is so questionable that it is likely to be not only highly improbable, but also impossible (there is no central potential that could drive the condensation envisaged and applying the methods currently used to evaluate chemical bonds -the LCAO method- seems inappropriate). Moreover, the conclusions of the model (
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 decaying either through 
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 photons emission or through fission) are not experimentally verified (see above: none of the expected nuclear signatures are observed).   

As a general conclusion on the theoretical approaches, is that only highly qualified theoretician in the field of quantum mechanics can give a valid judgment on the basic hypothesis used to carry out a detailed calculation: indeed, the results obtained only have the validity of the basic hypothesis used. In that respect, the advice of internationally renowned scientists [12], are convincing.  

Moreover, the various proposed models are all (each in different cases) in contradiction with known experimental facts (see Mossbauer effect for instance).

A strategy to understand what happens in the experiment:

So two questions arise now : are Iwamura results valid and if so, what is their signification and what could be the strategy to proceed further. 

A number of errors can be traced back in [1] or [2] (for instance, the chemical state of Cs or Sr deposited on the palladium structure is ill defined). Anyhow, the fact that Cs and Sr are detected proves that they are there. One can then argue that diffusion could explain a disappearance of Cs and an appearance of Pr from and on the surface. Concentration of Pr from the bulk of the Palladium/Cao structure to the border is ruled out by thermodynamics (that might have been different with a single crystal). A continuous electrolysis on the high-pressure side of the composite, might have concentrated Pr present as traces in the electrolyte. But in the experiments where Cs or Sr is deposited by ion injection, this source of pollution does not exist. Finally in this case, kinetics (at temperatures in the order of 70%), are not in favour of diffusion of big atoms like Cs and Sr in the palladium.  

The conclusion is that a source of pollution explaining the experimental findings is not obvious to find.

Iwamura's results, thus don't look as an artefact, but further experiments are required to confirm that and understand what happens. 

Having ruled out the occurrence of a nuclear reaction, there are only 2 possible explanations: the artefact (very improbable see above) or the formation of an exotic chemical compound that mimics Pr.

So the strategy to proceed further could be following: 


- To demonstrate that the observed Pr* has really been formed from Cs. The proposition to replace 
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 by radioactive 
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, can definitely prove that. Indeed, it can be expected that the apparent transmutation of 
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 into 
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 will be observed, but with no variation of the intensity of the characteristic ray of 
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(mainly 661,62 keV, with branching ratio 84,62 %) and no apparition of the rays of 
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(mainly 674 and 749 keV with respective branching ratios 51 and 43 %). This will prove that the nucleus of 
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is not affected by the experiment, that the Cs atom has not moved by diffusion inside the Palladium structure and that it has given something that mimics Pr (mass and electronic cortege close to that of Pr), but is not Pr. 

- To considerably increase the rate of the reaction (by a factor of some 106), in order to 

be able to measure the actual enthalpy of the reaction by using a calorimeter (1 h experiment). Indeed, an enthalpy of the reaction of a few keV is expected: the formation of some 1018 of these exotic species in 1 h is thus required to perform a reliable measurement (compared to 1014 in 120 h in the experiment of Iwamura). This is of course very difficult to achieve! 

 
- Once this is hopefully achieved, the quantity of exotic compound formed (a few µmoles), will allow complete characterisation, with reduced error bars and internal calibrations of the characterization methods used. In the case of Cs, a species that mimics Pr, but with a mass between that of Pr (140,91) and the mass of Cs + 4 deuterium (140,96) is expected. The amount of product formed, will also allow a chemical characterization.


- If all these experiments are successful, it will remain to explain how such a chemical species is formed. Considerations about an increase of gravitation at atomic distances, as presented in [14], might then prove relevant.
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radiation) and a huge increase of the background (pair bremhstrallung). In the case of several photons, a huge increase of the background would also have been observed (Compton diffusion) and either a smaller peak at 511 keV and/or several characteristic peaks related to the known excited levels of Pr*.
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