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ABSTRACT

It is suggested that in the "cold-fusion" experiments of

Fleischmann and Pons new tightly-bound molecular states of D« are formed

with binding energies predicted to be of the order of 50 keV accounting

for the heat released without appreciable fusion. Other tests of the

suggested mechanism are proposed and the derivation of the new energy

levels is given.
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We discuss new tightly-bound states of the three-body problem H^Cor D^),

called H2 (D2)» with binding energy in the 50 keV-reglon, which might be

relevant to the observations reported in the recent "cold-fusion" experiments.1

These new quantum states arise from what one may call the anti-Born-Oppenheimer

approximation of the three-body problem and correspond to configurations in

which the negative electron is squeezed between two positive nuclei which

rapidly rotate about the electron. The normal states of H2, on the other hand,

correspond to the rapid motion of the electron in the field of two almost fixed

nuclei, and is easily understood from the Born-Oppenheimer approximation.

From their experiments Fleischmann and Bans conclude that "the most

surprising feature of our results, is that the fusion processes (D+D + T+p and

D+D * He + n) are only a small part of the overall reaction scheme and that the

bulk of the energy release is due to an hitherto unknown (nuclear) process or

processes", which, since they cannot be electrochemical, they attribute it to be

"nuclear". This new process is not surface dependent, but volume-dependent.

This conclusion, plus the fact that the fusion processes have not been so far

apparently duplicated might be explained by the formation of the new tightly

bounds states of D 2. We shall disucss at the end other experimental tests of

this suggestion.

Consider the configuration of three particles shown below, Fig. 1, (a) and

(b), with masses and charges as indicated.
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In the center of mass frame, and for the configuration shown, the Hamiltonian

with Coulomb interactions (neglecting first the spin interactions, for

simplicity) is given by (in units c - "fr • 1)

H - 2 E ! + a ( )

2M r 2r J

We now quantize the symmetric circular orbits of the two masses M around the

center of mass by putting j pdq • pr - n and minimize the energy, 3H/3p « 0.
This gives p - - £2 Z (2z + Z/2) and the energy levels E - - I J f i Z2(2z + I ) 2 ,

n n 4 n 2

Firs t for the examples of H" (i • 1, Z • - 1) and Ife-atom (z - 2, Z - - 1),

where m is the nuclear mass and M the electron mass (Fig.l (a)) we obtain

Eo - - 1.12 Ryd and EQ - - 6.12 Ryd which are very close to the complicated

variational calculations, Eo - - 1.054 Ryd and EQ « - 5.69 Ryd. respectively.

Now, if on the other hand M is the nuclear mass and m the electron mass

(Fig. l(b)) we obtain for Z - 1, z - - 1, the energy levels EQ - - 2_ Ma2/n2.
16

-+ ~+
The ground state energy for H 2 is 28.1 keV and for D 2 , 56.2 keV. A
relativistic calculation gives for the total mass

M - 2M/
n

1 - f j 2 s

4n

0
2M —

16 "

2

n

This method of Bohr-Sommerfeld quantization of regular collective motions

of many-body systems works rather well and has been applied not only to

positronium and other two-body interactions,2 but also to other triangular,

tetrahedral, cubic,...configurations and provides simple estimates of energies

of low lying atoms and ions. The classical analogues of Fig. 1 and the triangle

configurations are the well-known stable exactly soluble restricted 3-body

problems of lagrange (1772), abundantly occuring in celestial astronomy.

We now give a more general treatment of the three-body problem which shows

the existance of both states, H2 and H2. Consider the configuration shown in

Fig. (2)
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Fig.2

We proceed in two step as in Born-Oppenheimer approximation. For the vertical

oscillations of the electron m in the field of two nuclei the electronic

Hamiltonian is
- 2

2m /(R/2)* + r*

which is approximately an oscillator around V mi n « - ̂ S. with frequency

R

w ™ m R~ * ^ e 1 u a n t l z a t ^ o n °^ ^c by means of y pdq - n gives for

the quantized energy He - kfll R3/2 n.
m

In the second step we quantize the nuclear motion with this quantized electronic

energy.
™ 2M R ~R~ ' m

The effective potential V(R) » L(L+1? - i ° + hj~B R~3/2n has two kinds of widely
MR2 R mMR2 R

separated minima, one in the region i_ (L«0), Bohr radius of the electron, the

in the region of 1/Mcx (L>0, n-0), the Bohr radius of the proton. For the energy

of the normal state of H2 the quantization rule applied to the above approximate

Hamiltonian gives E o - - J. Ryd • - 3.4 eV compared to the exact value -2.79 eV.

4

So far we have neglected the spin interactions between the electron and

nuclei. At distances r - i. JLfif 40 fermis for H (20 fennis for D) the largest

3 Ma

+ •*•

effect is the spin-orbit interaction. The potential VLg - eue — 1 | - Ma**C-) is
Mr m

of the order of 10 KeV (40 keV for D), hence comparable to Coulomb potential.

-4-



The spin forces are about four times as big in deuterium as in hydrogen. The

importance of spin forces at short distances has often been emphasized In

particle and nuclear physics.

It can be attractive or repulsive depending on the sign of L»S - — (J(J+1) -

L(L+1) - 3/4). the attractive case will increase the binding energy. Therefore

a full relativistic calculation including spin-interactions should be made for a

more accurate value of the binding energy.

One immediate test whether these new states H2,
 n2 are formed inside

the palladium, besides the absence of fusion products, is that the heat energy

should also be observed with hydrogen but about one fourth of the amount as with

dueterium. The approximativity of nuclei in D2 would of course greatly increase

also the tunneling probability so that a small amount of fusion may be also

possible. Another test that comes to mind would be to look for X-rays in the

spectroscopy of the new H2 (D2) levels. Finally we should remark that the

formation of these (HeH) or(DeD) - super molecules can extend to chains or

clusters.

Concerning the energy production, if we assume that only about a fraction
g

of 1 part in 10 of the deuterium atoms form these supermolecules per unit

time and unit volume we obtain an energy of 2(1023/108) x 50 KeV x 10~19J/ev

~ 10 Watts which is the energy reported in the experiments of Ref.l.

Finally, we remark that the solution we have given above in WKB"

approximation can also be obtained as special solutions of the three-body

Schrodinger equation in the rest frame of the electron
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